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Plant Pathology 2023

Three day event hosted
at Edgbaston Park Hotel & Conference Centre,

53 Edgbaston Park Rd, Birmingham B15 2RS UK
6™ - 8™ September 2023

(BASIS points will be applied for)

This annual meeting of the British Society of Plant Pathology is organised in collaboration
with the Association of Applied Biologists. This event features sessions composed of speakers
invited by BSPP President Professor Rob Jackson and those chosen from submitted abstracts.
The RKS Wood Prize, PH Gregory Prize and J Colhoun Poster Prize will be awarded during the
meeting. The AAB Applied Plant Pathology specialist group co-organised sessions focussed
on ‘Climate change-induced patterns of plant pests and pathogens’.

PROGRAMME
Wednesday 6™ September

08:45 REGISTRATION and COFFEE

10:20 WELCOME and INTRODUCTION
RICHARD OLIVER (University of Nottingham, UK)

Session One
CHAIR: DAVID COLLINGE (University of Copenhagen, Denmark)

10:30 BSPP President
Stress, adaptation and collaboration — a plant pathology journey
ROBERT JACKSON (University of Birmingham, UK)

11:10 [Invited speaker
Rapid dissemination of host-metabolism-manipulating genes via integrative and conjugative
elements
PAUL B RAINEY (Max Planck Institute for Evolutionary Biology, Germany)

11:40 The secreted serine protease ChpG of Clavibacter michiganensis acts as a host specificity
determinant that restricts it from eggplants
DORON TEPER (Agricultural Research Organization (ARO) - Volcani Institute, Israel)

12:00 Type IlI-secreted effectors and toxins play a tissue-specific role in the pathogenicity of
Pseudomonas syringae pv syringae
ANDREA VADILLO DIEGUEZ (NIAB, Cambridge, UK)



12:20 Pikobodies: What does it take to bioengineer NLR immune receptor-nanobody fusions
JIORGOS KOURELIS (The Sainsbury Laboratory, University of East Anglia, UK)

12:40 LUNCH and BSPP AGM

Session Two
CHAIR: GAIL PRESTON (Oxford University, UK)

14:00 Invited speaker
Modularity-driven diversification of pathogen effectors
WENBO MA (The Sainsbury Laboratory, Norwich, UK)

14:30 Invited speaker
Deploying durable resistance to turnip mosaic virus in Brassica
CHARLOTTE F NELLIST (NIAB, Cambridge, UK)

15:00 BREAK

15:20-16:40 P H GREGORY AWARD TALKS: Session One
CHAIR: MOJGAN RABIEY (University of Warwick, UK)

1. Gene-for-gene relationship: Detection of effector-gene virulence in the fungal pathogen of sugar
beet, Cercospora beticola
CHEN CHEN (Institute of Integrative Biology, Zurich, Switzerland)

2. Biochemical basis of activation and inhibition of an NLR/PRR immune receptor network
MAURICIO P CONTRERAS (The Sainsbury Laboratory, University of East Anglia, UK)

3. Investigating plant persistent viruses in pepper
SATISH B VISWANATHAN (University of Cambridge, UK)

4. Investigating the future threat of wheat stem rust in the UK in a changing climate
CESAREE MORIER-GXOYIYA (John Innes Centre, UK)

5. Combined drought stress and nematode infections induced unique transcriptomic responses in
Arabidopsis
AHMED REFAIY (University of Leeds, UK)

6. Host pathogen interaction between European strains of red algae ‘Bangia’ and oomycete
Olpidiopsis porphyrae var. scotiae
BASEM ATTAR (Newcastle University, UK)

7. Exploring resistance within Egyptian wheat germplasm against the fungus Zymoseptoria tritici
ABDELRAHMAN M QUTB (University of Birmingham, UK)

16:40-17:20 RKS Wood Prize winner’s talk
Fifty fruitful years from phytoalexins to effectors, with an emphasis on function - progress made
and questions unanswered

JOHN MANSFIELD (Imperial College London, UK)

CHAIR: ROB JACKSON (University of Birmingham, UK)

17:30-19:00 POSTER SESSION



Thursday 7™ September

Session Three
CHAIR: SASKIA HOGENHOUT (John Innes Centre, UK)

09:00

09:30

10:00

10:20

10:40

11:00

Invited speaker
How to use six genes to conquer a plant: learning from geminiviruses
ROSA LOZANO-DURAN (University of Tiibingen, Germany)

Invited speaker
Engineering plant NLR immune receptors to combat blast disease
MARK J BANFIELD (John Innes Centre, UK)

Horizontal mini-chromosome exchange as a source of genetic variation and adaptation in the
blast fungus Magnaporthe oryzae
CRISTINA BARRAGAN (The Sainsbury Laboratory, University of East Anglia, UK)

Controlling downy mildews using microbial products and ds RNA
MAHMUT TOR (University of Worcester, UK)

Are we really CCin it all, or just TIRribly blinded? Cross-talk between plant disease resistance
proteins

MURRAY GRANT (University of Warwick, UK)

BREAK

Session Four
CHAIR: TRISNA TUNGADI (Keele University, UK)

11:30

12:00

12:20

12:40

13:00

Invited speaker
Breaking the witches’ spell
JOS M RAAIJIMAKERS (Netherlands Institute of Ecology, The Netherlands)

Plant-parasitic nematodes are SWEET
CHRISTOPHER A BELL (University of Leeds, UK)

SUGR: the subventral gland “master” regulator of plant-parasitic cyst nematodes
SEBASTIAN EVES-VAN DEN AKKER (University of Cambridge, UK)

TEnhancing orchard ecology for improved resilience to climate change and apple canker disease
LOUISA ROBINSON BOYER (NIAB, East Malling, UK)

LUNCH

Session Five
CHAIR: DAWN ARNOLD (Harper Adams University, UK)

14:00 Invited speaker

14:30

Tuning the wavelength: Pathogen effectors, light and immunity
ELEANOR M GILROY (James Hutton Institute, UK)

Discovery of protein markers of oomycete Evs
SUSAN BREEN (University of Dundee, UK)



14:50 Unravelling the Role of Phytophthora pluvialis RxLR Effector Proteins during Early Pine Needle
Infection
CLAUDIA MEISRIMLER (University of Canterbury New Zealand)

15:10 BREAK

15:40-16:40 P H GREGORY AWARD TALKS: Session Two
CHAIR: JORUNN BOS (James Hutton Institute/Dundee University, UK)

8. Imaging elemental defences in metal hyperaccumulator plants
ROSE BOURDON (University of Oxford, UK)

0. Battling for the symplast: Why are plasmodesmal HMA proteins targeted by fungal pathogens?
EMMA K TURLEY (John Innes Centre, UK)

10. The Pec effector complex of Ustilago maydis interferes with carbohydrate metabolism in maize
YOON JOO LEE (University of Cologne, Germany)

11. Improving crop immunity by deciphering the interplay between pathogens and the plant
ubiquitin system
KAROLINA BRZEZINSKA (University of Edinburgh, UK)

12.  Air-seq: Detecting strawberry pathogens from the air
MIA BERELSON (Earlham Institute, UK)

13.  Activation of the NRC class helper NLRs by transient interaction with the sensor NLRs, Rpi-
amrl and Rpi-amr3, identified by using proximity labelling (TurboID and miniTurbo)
CAMILLE-MADELEINE SZYMANSKY (The Sainsbury Laboratory, University of East Anglia, UK)

19:00 CONFERENCE DINNER

Friday 8™ September

08:55 Introduction to the Association of Applied Biologists
GERAINT PARRY (Association of Applied Biologists, UK)

Session Six
CHAIR: GERAINT PARRY (Association of Applied Biologists, UK)

09:00 [Invited speaker
Improving climate data and modelling to inform plant biosecurity
DEBORAH HEMMING (Vegetation-Climate Interactions group, Met Office Hadley Centre, UK)

09:30 [Invited speakers
The pros and cons of different surveillance and monitoring approaches to detect sporadic
pathogens
JONATHAN S WEST and KEVIN KING (Rothamsted Research, UK)

10:00 New technology =New insights; 3-D printed fluidics growth chambers for long-term physiological

root-microbe interaction studies
SEBASTIAN SAMWALD (Max Planck Institute for Plant Breeding Research, Germany)

10:30 BREAK



Session Seven
CHAIR: JONATHAN S WEST (Rothamsted Research, UK)

11:00

11:20

11:40

12:00

12:30

Genomic diversity, pathogenicity and stability of epiphytic Pseudomonas populations in Prunus
spp. - searching for the sources of new disease outbreaks
ZIYUE ZENG (NIAB, Cambridge, UK)

Eve Billing lecture
Diversity, diagnostics and control of Xanthomonas plant pathogens that might threaten UK crop

production
JOANA G VICENTE (Fera Science Ltd, York, UK)

Host-pathogen interactions in the soil environment and defence of Brassica napus to Rhizoctonia
solani AG2-1
RUMIANA RAY (University of Nottingham, UK)

Invited speaker
Climate change effects on plant pests and pathogens
DAN BEBBER (University of Exeter, UK)

Invited speaker
Uncovering Virulence Landscapes and Host Immunodiversity using Effector Pangenomes
DAVID S GUTTMAN (University of Toronto, Ontario, USA)

Prize announcements
ROB JACKSON (University of Birmingham, UK)

13:00

LUNCH

Session Eight
CHAIR: STEPHEN PARNELL (University of Warwick, UK)

14:00

14:20

14:40

15:10

Fungal endophytes for Ramularia leaf spot control in barley
ANGELA FEECHAN (University College Dublin, Ireland)

Mitigating plant health risks for conservation
MATT ELLIOT (Royal Botanic Garden Edinburgh, UK)

Invited speaker
Voyage of fungal pathogen small RNAs into plants
HAILING JIN (University of California, USA)

Invited speaker
Forests in the Anthropocene: Combatting invasive pathogens and climate change
RICHARD HAMELIN (University of British Columbia, Canada)

15:40-16:00 FINAL THOUGHTS and MEETING END

CHAIR: ROB JACKSON (University of Birmingham, UK)



Posters

P1
NLR Bioengineering: Pikobodies confer systemic resistance to Potato virus X
ANDRES POSBEYIKIAN (The Sainsbury Laboratory, UK)

P2
Haml is present in Secoviruses as well as Ipomoviruses and displays I'TPase activity
SHEKHAH ALQAHTANI (University of Bristol, UK)

P3

Efficient isolation and transformation protocol of Zymoseptoria tritici protoplast from the global
reference strain IPO323

MICHAEL CHOI (University of Birmingham, UK)

P4
Trophic, genomic or phylogenetic; what is the most meaningful way to categorise plant pathogens?
RICHARD P OLIVER (University of Nottingham, UK)

PS5

The 2023 update to the unified nomenclature of target site mutations associated with resistance to
fungicides and a web-tool to assist label designations

RICHARD P OLIVER (University of Nottingham, UK)

P6

Phylogenomic analysis supports the transfer of 20 pathovars from Xanthomonas campestris into
Xanthomonas euvesicatoria

DAVID J STUDHOLME (University of Exeter, UK)

P7

PhytoBacExplorer: A Phylogenomic Resource for the Phytobacterial Community
DAVID J STUDHOLME (University of Exeter, UK)

P8
Chloroplast immunity: A neglected mechanism to enhance sustainable agriculture?
LAURA CIVOLANI (The University of Warwick, UK)

P9

Identification of essential components for protein secretion in the phytopathogen Zymoseptoria tritici
ALEXANDER FEATHERSTONE (University of Birmingham, UK)

P10

Investigating the functional diversity of Zinc finger fold (ZiF) effectors of the cereal killer Magnaporthe
oryzae

JOSH W BENNETT (John Innes Centre, UK)

P11
Manipulation of plant NAD metabolism by bacterial effectors
LENA KNORR (The Sainsbury Laboratory, UK)



P12
Extending the functionality of Solanaceae NLRs to new plant families
MAHEEN ALAM (The Sainsbury Laboratory, UK)

P13

Bacillus and Pseudomonas species show synergistic effect on the suppression of pea downy mildew
pathogen

EMEKA CHIBUZOR OKECHUKWU (University of Worcester, UK)

P14

High-throughput screening of pathogenicity and developmental genes by using siRNA in Arabidopsis
downy mildew

DENIZ GOL (University of Worcester, UK)

P15

Small peptides as potential enhancers of a plant’s response to pathogen attack — investigating their
uptake into plant cells following exogenous application

MARION WOOD (PFR Auckland, New Zealand)

P16

Altered branched chain amino acid homeostasis- mediated defense priming in wheat regulated by SIZ1
SUMO E3 ligase

SWATHY PUTHANVILA SURENDRABABU (The John Innes Centre, UK)

P17
Unveiling Avr Genes in Zymoseptoria tritici: A Novel High-Throughput Forward Genetics Strategy
HAIDER ALI (University of Birmingham, UK)

P18
Under Attack by a Cereal Killer: the Hunt for Disease Susceptibility Factors
SARAH BAILEY (The John Innes Centre, UK)

P19

Identification of novel resistance sources against Tomato spotted wilt virus and Tomato brown rugose
fruit virus

VOLKAN CEVIK (University of Bath, UK)

P20
Defining the molecular basis of the Pmk1-dependent cell-to-cell movement in Magnaporthe oryzae
MARK JAVE A BAUTISTA (The Sainsbury Laboratory, University of East Anglia, UK)

P21

Elucidation of immune signalling mediated by an atypical resistance protein White Rust Resistance 7
in Arabidopsis

ZHOU ZOU (University of Bath, UK)

P22

Characterisation of phage that lyse Brenneria goodwinii and Gibbsiella quercinecans, the causative
agents of Acute Qak Decline

EMILY GRACE (University of Birmingham, UK)



P23
Structural determination of Myzus persicae effector proteins
RONAN FISHER (University of Dundee, UK)

P24
Understanding plant responses to pathogen starts with a good protocol
JIAQI WEI (The University of Birmingham, UK)

P25

Phenotypic testing of candidate virulence genes in Pseudomonas syringae pv. aesculi associated with
adaptation and infection in horse chestnut

SABRINE DHAOUADI (University of Birmingham, UK)

P26
Investigating the cell biology of plant infection by the rice blast fungus Magnaporthe oryzae
BERLAINE G QUIME (The Sainsbury Laboratory, University of East Anglia, UK)

P27

Investigating the RNA binding dynamics of Arabidopsis GLYCINE RICH PROTEIN 7 during PAMP-
triggered immunity

BRETT WADLEY (University of Oxford, UK)

P28
Genome-wide patterns of genetic variation in the pest Myzus persicae
THOMAS HEAVEN (The John Innes Centre, UK)

P29
Flavonoids and fatty acids, key metabolites during Pseudomonas syringae adaptation in cherry shoots
DIANA VINCHIRA-VILLARRAGA (University of Birmingham, UK)

P30
A root-specific NLR network confers resistance to plant parasitic nematodes
DANIEL LUDKE (The Sainsbury Laboratory, University of East Anglia, UK)

P31
Diversity of Pyrenophora tritici-repentis population in Latvia
JANIS KANEPS (Latvia University of Life Sciences and Technologies, Latvia)

P32

Functional characterization of the Target of Rapamycin signalling pathway during Magnaporthe oryzae
infection-related development

MATTHEW WENGLER (The Sainsbury Laboratory, University of East Anglia, UK)

P33
NLR Bioengineering: Pikobodies confer systemic resistance to Potato virus X
ANDRES POSBEYIKIAN (The Sainsbury Laboratory, University of East Anglia, UK)

P34
Metaviromics of Helianthus annuus L. (sunflower) in South Africa
DAVID READ (University of Pretoria, Pretoria, South Africa)



P35
Exploring close-rotation microbiome dysbiosis in legume
SUPAKAN PANTURAT (The John Innes Centre, UK)

P36
What is driving the diversification of the N-terminal al-helix of NRC helper NLRs?
AMIRALI TOGHANI (The Sainsbury Laboratory, University of East Anglia, UK)

P37

The use of multispectral UAV imagery to identify damage from ash dieback within mixed broadleaf
woodland

SCARLET MAGUIRE (University of the West of England, UK)

P38

A dual-action of chitosan in Fusarium graminearum and barley — transcriptome analysis
PAWEL POZNANSKI (Plant Breeding and Acclimatization Institute - National Research Institute, Poland)

P39

Impact of arbuscular mycorrhizal fungi on raspberry plants: Focus on phytophthora root rot
HAZEL MARSDEN (The James Hutton Institute, UK)

P40
Epigenetic defence priming in plants via the N-degron substrate VERNALIZATION2
RORY OSBORNE (University of Birmingham, UK)

P41
Understanding True Eyespot Disease of Cereals: Past, present and future
FAREED BHATTI (Rothamsted Research, UK)

P42
Discovery of novel cucumovirus infecting tomato
ANA VUCUROVIC (National Institute of Biology, Ljubljana, Slovenia)

P43
Dynamic ubiquitin signaling coordinates transcriptional reprogramming in plant immunity
BUSHRA SAEED (University of Edinburgh, UK)

P44
Comparison of molecular diagnostic tools for fungal plant pathogen detection in soil
DASUNI JAYAWEERA (University of Nottingham, UK)

P45

Diversity of novel viruses associated with olives in South Africa
DAVID READ (University of Pretoria, South Africa)

P46

Bacterial Pathogens Hijack Host Metabolism to Promote Virulence
MICHELLE HULIN (The Sainsbury Laboratory, UK)

P47

Chemical priming of defence in forest health: oak- powdery mildew case of study
ROSA SANCHEZ-LUCAS (University of Birmingham, UK)



P48
Genetic and transcriptomic variants involved in Oak Powdery Mildew resistance
THOMAS WELCH (University of Birmingham, UK)

P49
Understanding the cooperation of Myzus persicae effectors Mp1 and Mp58 in aiding aphid infestation
JADE BLEAU (University of Dundee, UK)

P50

Host lysine deacetylases rescue WRKY33 phosphorylation from bacterial pathogen effector inhibition
to protect plant immunity

JIANHUA HUANG (The Sainsbury Laboratory, UK)

P51

Phosphorylation landscape of early appressorium morphogenesis reveals novel virulence determinants
during rice blast disease

NEFTALY CRUZ MIRELES (The Sainsbury Laboratory, UK)

P52

Meloidogyne incognita and the host range paradox: RNAseq analysis of different infested hosts highlights
the complexity of root-knot parasitism

VICTOR SOUZA (University of Cambridge, UK)

P53

Mutation of Sucrose:Fructan 6-fructosyltransferase (6-SFT) in hexaploid wheat may reduce Fusarium
head blight susceptibility

WANXIN CHEN (Rothamsted Research, UK)

P54
Rhizomania - the way of sugar loss in the world
AISHA ABDRAKHMANOVA (Institute of Plant Biology and Biotechnology, Kazakhstan)

P55
Exploring the Functional Diversity of NLR Immune Receptors in Divergent Lineages
KHONG SAM CHIA (The John Innes Centre, UK)

P56
The role of dormancy-associated (DRM) disordered proteins in plant-pathogen interactions
MARION WOOD (PFR Auckland, New Zealand)

P57

Malus niedzwetzkyana Dieck ex Koehne — potential source of fire blight resistance
MARIYA KOLCHENKO (Institute of Plant biology and biotechnology, Kazakhstan)

P58

Unraveling the dynamics of stem-loop structures: A comprehensive investigation of variations in
multipartite nanoviruses through molecular dynamics simulations and experimental approaches
AAMIR LAL (Sungkyunkwan University, Korea)

P59
The Role of EAR domain in Plant Immunity
SARA ABDELSAYED (University of Warwick, UK)



P60

Comparative genomic analysis of Pseudomonas savastanoi pv. fraxini isolated from ash trees in the UK
KATHERINE HINTON (University of Birmingham, UK)

Po61

Susceptibility of different United Kindgom wheat varieties to Fusarium spp. and their associated
mycotoxin accumulation

RITA LAWSON (University of Hertfordshire, UK)

P62
Solving old problems — a new R gene that provides protection against cereal eyespot
DAVID GILBERT (University of Cambridge, UK)

P63

Evaluation of the effect of an organic biostimulant on ZYMYV transmission and infection in Cucurbita
pepo

CARLA LIBIA CORRADO (Sapienza University of Rome, Italy)

P64

Identifying global regulators of effector gene expression in the rice blast fungus, Magnaporthe oryzae
CAMILLA MOLINARI (The Sainsbury Laboratory, UK)

P65

Deciphering mechanisms of nonhost resistance against Zymoseptoria tritici in model plant species
ALINA IGNA (Rothamsted Research, UK)

P66

Allele-specific Immunity in Barley to Divergent Cereal Rusts Conferred by Immune Receptors with
Different Integrated Domains

LI LONG (The Sainsbury Laboratory, UK)

P67

Timing and regulation of key signalling events in ETI are influenced by delivery of effectors in
combinations

MEGAN LEWIS (University of Warwick, UK)

P68

A complex Solanum americanum resistance gene locus confers resistance to multiple Phytophthora
species

ROBERT HEAL (The Sainsbury Laboratory, UK)

P69

Small RNAs as an important regulatory layer mediating tolerance and resistance to potato virus Y in
potato

MAJA KRIZNIK (National Institute of Biology, Ljubljana Slovenia)

P70

Assessing resistance to Septoria tritici blotch in a multi-parent advanced generation inter-cross (MAGIC)
population of wheat (Triticum aestivum L.)

OLADAPO FOLARIN (University of Reading, UK)



P71

Molecular phylogeny and pathogenicity of Fusarium oxysporum f. sp. elaeidis isolates from oil palm
plantations in Cameroon

TONJOCK ROSEMARY KINGE (University of Bamenda, Cameroon)

P72
Impact on plant-pathogen interactions by bacteriophages in a tripartite system
SEBASTIAN H ERDRICH (Institute of Bio- and Geosciences, Forschungszentrum Juelich, Germany

P73

Understanding the role of XopG2 in the pathogenicity of Xanthomonas campestris pv. campestris, the
causal agent of black rot of brassicas

NAJEEB ULLAH (University of Warwick, UK)

P74

A MADS-box transcription factor gene expressed in multicellular appressoria impairs Sclerotinia
sclerotiorum virulence on Arabidopsis thaliana and soybean

LAURENCE GODIARD (INRAE-CNRS, France)
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Convention. Multiple copying of the contents of this publication without permission
from both the Association of Applied Biologists, through the AAB Office, and separately
from the author, or other holder of the unilateral copyright, is always illegal.
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BSPP President
Stress, adaptation and collaboration — a plant pathology
journey

ROBERT W JACKSON

School of Biosciences and Birmingham Institute of Forest Research,
University of Birmingham, Edgbaston, Birmingham B15 2TT, UK

ABSTRACT

Like most organisms, plants require microbes to help them grow, be healthy and to
help protect themselves. But they are also susceptible to microbes that exploit them,
in some cases leading to disease. Understanding how microbes and plants have
adapted to each other is important to both understand what mechanisms and traits
have changed, as well as trying to understand future changes. | will provide a short
career overview of my work on plant-associated bacteria and how | have collaborated
with a range of colleagues on various projects. This will encompass understanding of
how bacteria use plasmids and effectors to cause disease and subdue the stress they
endure when they face plant immunity. | will also discuss how plants can drive bacterial
adaptation and evolution. | will then move on to more recent work examining bacterial
pathogens of trees, to understand how the bacteria are causing disease and whether
we can develop strategies to reduce infections and disease.



Rapid dissemination of host-metabolism-manipulating
genes via integrative and conjugative elements

ELENA COLOMBI', FREDERIC BERTELS?, GUILHEM DOULCIER?,
ELLEN MCCONNELL?, TATYANA PICHUGINA?, KEE HOON SOHN#*%6.7,
CHRISTINA STRAUB®®, HONOUR C MCCANN'® and PAUL B RAINEY?23

'School of Agriculture, Food and Ecosystem Sciences, Faculty of Science,
The University of Melbourne, Victoria 3010, Australia
2Department of Microbial Population Biology, Max Planck Institute for Evolutionary
Biology, Plén, Germany
3 aboratoire Biophysique et Evolution, CBI, ESPCI Paris, Université PSL, CNRS,
75005 Paris, France
4Department of Agricultural Biotechnology, Seoul National University, Seoul 08826,
Republic of Korea
SResearch Institute of Agriculture and Life Sciences, Seoul National University,
Seoul 08826, Republic of Korea
8Plant Immunity Research Center, Seoul National University, Seoul 08826,
Republic of Korea
"Plant Genomics and Breeding Institute, Seoul National University, Seoul 08826,
Republic of Korea
8/nstitute of Environmental Science and Research, Health and Environment,
Auckland, New Zealand
9Genomics Aotearoa, New Zealand
"Max Planck Institute for Biology Tiibingen, Germany

ABSTRACT

Integrative and conjugative elements (ICEs) are self-transmissible mobile elements
that transfer functional genetic units across broad phylogenetic distances. Accessory
genes shuttled by ICEs can make significant contributions to bacterial fitness, yet ICEs
that carry accessory genes encoding functions other than antimicrobial resistance
remain poorly characterized. Recent observation of the rapid acquisition of ICEs in a
pandemic lineage of Pseudomonas syringae led to investigation of the structural and
functional diversity of these elements. Fifty-three unique ICE types were identified
across the species complex. ICEs display distinct evolutionary histories, are highly
recombinogenic, exhibit a conserved structure and are punctuated by hotspots of
accessory gene integration. Many ICEs carry a 16 kb transposon-like entity (Tn6272)
that enhances bacterial fitness on TCA-cycle sugars. RNA-seq performed on a set of
nested Tn62712 mutants show striking succinate-dependent genome-wide
manipulation of gene expression with the majority of effects attributable to a single
LysR regulator. The selective advantage underpinning recent global dissemination of
Tn6212 arises from capacity to manipulate bacterial metabolism in response to TCA-
cycle sugars resulting in redistribution of cellular resources in order to maximize growth
rate.



The secreted serine protease ChpG of
Clavibacter michiganensis acts as a host specificity
determinant that restricts it from eggplants

RAJ KUMAR VERMA and DORON TEPER

Agricultural Research Organization (ARQO) - Volcani Institute, Rishon LeZion, Israel

ABSTRACT

Clavibacter michiganensis (Cm) is the causal agent of bacterial canker of tomato.
Data regarding the host range of Cm outside of tomato is not well established. We
found that eggplant is resistant to Cm strain 382. A screen of a Cm mutant library for
HR elicitation found that a marker exchange mutant of the secreted serine protease
chpG failed to elicit HR in eggplant. In addition, the chpG mutant was able to cause
disease in eggplant and the mutant bacterial populations in eggplant were 1000-fold
higher than Cm 382, indicating that chpG acts as an avirulence gene.
Complementation analysis conducted with wild-type and catalytically inactive chpG
variants showed that immune recognition of ChpG is dependent on its catalytic activity.
To examine whether chpG acts as a host specificity determinant within Cm
populations, we screened 50 Cm isolates for virulence and HR elicitation in eggplant.
We identified that only two isolates, C47 and C48, were pathogenic on eggplant, and
both failed to elicit HR. We sequenced chpG regions of Cm isolates and found that
eggplant-pathogenic clones harbor a unique allelic variant of chpG. Introduction of the
chpG variant of C48 into the 382 chpG mutant failed to complement it while the
introduction of the chpG variant of 382 into C48 abolished its virulence in eggplant.
Our data shows that chpG is an avirulence gene of Cm in eggplant, and that natural
allelic variations in chpG act as a host range determining factor in different Cm isolates.



Type lll-secreted effectors and toxins play a tissue-specific
role in the pathogenicity of Pseudomonas syringae pv
syringae

ANDREA VADILLO DIEGUEZ', M T HULIN?, Z ZENG", N HAWKINS',
J W MANSFIELD?3, R W JACKSON* and R J HARRISON®

'NIAB, 93 Lawrence Weaver Road, Cambridge CB3 OLE, UK

2The Sainsbury Laboratorg, Norwich, UK
3Faculty of Natural Sciences, Imperial College London, London, UK

4Birmingham Institute of Forest Research (BIFoR), University of Birmingham,
Birmingham, UK
SPlant Science department, University of Wageningen, The Netherlands.

ABSTRACT

Pseudomonas syringae pv syringae (Pss) has a reduced type |l effector repertoire,
but often produces syringomycin, syringopeptin, and syringolin A toxins. Comparative
genomics was used to categorize the effector abundance in Prunus-infecting Pss
strains. In addition to the conserved effector locus (CEL) identified in most P. syringae
(Ps) pathogens (hopAA1, hopM1, and avrE1), a Core of effectors was found to be
common in Ps phylogroup 2 (hopAG1, hopAH1, hopAl1, and hopl1). A set of Prunus-
specific effectors is associated with cherry pathogenicity (hopAR1, hopH1, hopAZ2,
hopAE1, and avrRpm1) and a Flexible set (hopAF1, hopAZ1, and hopBE1) varies
among isolates. RNA-seq of Pss9644 validated effector gene expression in Hrp-
Inducing Minimal Media. Effectors were then deleted group-by-group using the
Flexible, Prunus, Core, CEL, and toxin gene sets. The pathogenicity of the mutants
was tested on wood, leaves, and fruits of sweet cherry (Prunus avium). Toxins were
found to play a key role in disease development in wood and fruit. The effectorless
mutant had a zero-pathogenicity phenotype in leaves and CEL played an important
role in the early stages. HopAF1 in an otherwise effectorless background was found
to be required for virulence in wood, despite deletion having no phenotype when more
conserved effectors were present. Our results highlight the niche-specific differential
roles of toxins in cherry tissues and the complexity of effector redundancy in cherry
pathogens.

Spray formulations are often traced in the environment by fluorescent tracers. Spray

drift and overall spray distribution is often measured by sampling spray onto artificial
targets. More realistic measurements of the distribution of the spray in plant canopies
can be determined by measuring the volume collected onto leaf surfaces by elution
and fluorescent spectroscopy. If measurements are carried out at differing levels within
the plant canopy this can be used to target sprays. However, the efficacy of pesticides
can be strongly influenced by the form of the deposit on the plant. For this reason it is
desirable to develop methods of tracing sprays which can be used to assess not only
the volume deposited, but also the form of the deposit in-situ.
Techniques have been developed to use Tinopal as a tracer to measure spray
deposits on artificial targets, natural targets, and in the soil. Tinopal is soluble in water
and fluoresces both in the dry state and in solution. Its stability to light, and
compatibility with pesticides have been investigated and found to be satisfactory
(Smith & Brown, 2004).



Pikobodies: What does it take to bioengineer NLR immune
receptor-nanobody fusions

JIORGOS KOURELIS, CLEMENCE MARCHAL, ANDRES POSBEYIKIAN,
ADELINE HARANT and SOPHIEN KAMOUN

The Sainsbury Laboratory, University of East Anglia, Norwich Research Park,
Norwich NR4 7UH, UK

ABSTRACT

Recurrent epidemics caused by plant pathogens pose a significant threat to global
food security. While modifying natural components has been successful to retool the
plant immune system, this approach can be rapidly rendered ineffective by the
emergence of new pathogen strains. Made-to-order synthetic plantimmune receptors,
however, offer a promising solution for tailored resistance to pathogen genotypes
present in the field. Here we define four technical and conceptual advances which
enabled successful engineering of NLR immune receptor-nanobody fusions, termed
Pikobodies, for this purpose. These advances include 1) evolutionary analysis to
identify domain boundaries, 2) structural modelling to predict nanobody integration
boundaries, 3) rapid screening using transient immune and disease assays, and 4)
guided mutagenesis to abolish autoactivity triggered by some nanobody integrations.
We show that plant immune receptors can serve as effective scaffolds for nanobodies
that bind fluorescent proteins (FPs), and that the resulting immune receptor-nanobody
fusions trigger immune responses and confer resistance against plant viruses
expressing FPs. Since nanobodies can be raised against most molecules, immune
receptor-nanobody fusions have the potential to generate resistance against most
plant pathogens and pests delivering effectors inside host cells.

References
Kourelis J, Marchal C, Posbeyikian A, Harant A, Kamoun S. 2023. NLR immune

receptor-nanobody fusions confer plant disease resistance. Science 379(6635):934—
939
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Modularity-driven diversification of pathogen effectors

HUI LI", JINLONG WANG?, ARIEL KUAN3, JAN SKLENAR', PAUL DERBYSHIRE',
FRANK MENKE", YANLI WANG? and WENBO MA'3

1The Sainsbury Laboratory, Norwich NR4 7UH, UK
2Institute of Biophysics, Chinese Academy of Sciences, Beijing, China
3University of California, Berkeley, CA 94720, USA

ABSTRACT

Pathogens produce diverse effector proteins to manipulate host cellular processes.
However, how functional diversity is generated in an effector repertoire is poorly
understood. Many effectors in the devastating plant pathogen Phytophthora contain
tandem repeats of the “(L)WY” motif, which are structurally conserved but variable in
sequences. We discovered a functional module formed by a specific (L)WY-LWY
combination in multiple Phytophthora effectors, which efficiently recruits the
Serine/Threonine protein phosphatase 2A (PP2A) core enzyme in plant hosts. Crystal
structure of an effector-PP2A complex shows that the (L)WY-LWY module enables
hijacking of the host PP2A core enzyme to form functional holoenzymes. While sharing
the PP2A-interacting module at the amino terminus, these effectors possess divergent
C-terminal LWY units and regulate distinct sets of phosphoproteins in the host. This
research highlights the appropriation of an essential host phosphatase through
molecular mimicry by pathogens, and importantly, functional diversification promoted
by modular protein architecture in an effector repertoire.



Deploying durable resistance to turnip mosaic virus in
Brassica

JOHN A WALSH', CAROL E JENNER', GUY C BARKER', WILLIAM H BRIGGS?
and CHARLOTTE F NELLIST?®

'School of Life Sciences, Gibbet Hill Campus, The University of Warwick, Coventry,
CV4 7AL, UK
2Syngenta Seeds, The Netherlands
3NIAB, 93 Lawrence Weaver Road, Cambridge CB3 OLE, UK

ABSTRACT

Viruses are a significant cause of plant disease in both cultivated plants as well as
natural habitats. Reports estimate that plant viruses have a global economic impact
of >$60 billion annually. Minimising yield and quality losses from crop diseases will
be crucial to achieving the 60% increase in food production needed by 2050 to meet
the demands of a growing population. Climate change and the withdrawal of
insecticide active ingredients will exacerbate plant virus disease problems across the
world.

Turnip mosaic virus (TuMV) is an economically important plant virus infecting a broad
range of arable and vegetable crops and many wild plant species (Nellist et al., 2022).
Expression of TuMV symptoms in Brassica crops depends on the virus strain, host
plant and environmental conditions. A range of dominant R genes (TuRB01 — TuRB06)
conferring resistance have been identified and mapped in the brassica A genome, but
all provide narrow-spectrum resistance. Potentially durable, broad-spectrum disease
resistance has been identified in Chinese cabbage (Brassica rapa). The recessive,
loss-of-susceptibility resistance gene responsible, retr01, was identified as the ‘a’ copy
of eukaryotic initiation factor (iso)4E and is likely to provide a more stable and durable
source of resistance (Nellist et al., 2014). Following the identification of the gene,
within-gene markers have been designed and found to be robust. The markers have
dramatically accelerated the introgression of the resistance into commercial lines of
Chinese cabbage and Syngenta anticipate release of commercial Chinese cabbage
varieties possessing retr01 in 2025.

With the recent advances in gene editing, efforts will now be focused on replicating
the natural retrO1 resistance in susceptible B. rapa lines by knocking out
Bra.A.elF(iso)4E.a. In addition, work will focus on transferring the resistance to the
related diploid Brassica oleracea, which includes many vegetable brassica types e.g.
cabbage, kale, broccoli, cauliflower (it also comprises weeds, ornamental plants etc.).

References
Nellist C F, et al. 2014. Plant J 77:261-268. doi: 10.1111/tpj.12389

Nellist C F, Ohshima K, Ponz F, Walsh J A. 2022. Ann Appl Biol 180(3):312—
327. doi: 10.1111/aab.12755.
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Gene-for-gene relationship: Detection of effector-gene
virulence in the fungal pathogen of sugar beet,
Cercospora beticola

CHEN CHEN', HARALD KEUNECKE?, FELIX BEMM?, GABOR GYETVAI?,
ENZO NEU?, FRIEDRICH J KOPISCH-OBUCH?, BRUCE A MCDONALD' and
JESSICA STAPLEY

'Plant Pathology, Institute of Integrative Biology, ETH Zurich, 8092 Zurich,
Switzerland
2KWS SAAT AG, Grimsehlstrasse 31, 37574 Einbeck, Germany

ABSTRACT

Fungal plant pathogens are a major threat to agriculture and food security. Although,
cultivars with resistance genes are a major part of disease control strategies,
pathogens can evolve virulence — eventually overcoming resistance. This is a natural
process of co-evolution between cultivars and pathogen. A well-known pathway to
virulence is via mutations in pathogen effector genes, which encode proteins that
modulate plant immune response. Recently, a cultivar of sugar beet with a previously
unmatched resistance level to Cercospora beticola, the causal agent of Cercospora
Leaf Spot (CLS) was developed. This was possible through the combination of a newly
identified resistance gene conferring a high phenotypic effect with the widely deployed
polygenic resistance used traditionally. Field sampling and genotyping at two sites in
Switzerland identified single isolates that were potentially virulent to this new
resistance gene. To validate the virulence of these isolates and search for candidate
virulence genes, we performed a large-scale field trial and GWAS. Virulence could be
confirmed for single isolates and was most pronounced on a sugar beet hybrid without
additional background resistance. Using GWAS, we identified a single locus
associated with virulence containing a single effector gene. Virulent isolates were
either lacking the effector gene or had non-synonymous mutations within the gene.
This study is a perfect example of the classic gene-for-gene model. To slow down
further evolution of virulence, new resistance needs to be embedded in a genetic
background with polygenic resistance. In addition, the cultivation of resistant hybrids
needs to be accompanied by a proper fungicide application strategy to reduce
selection pressure on the CLS population.



Biochemical basis of activation and inhibition of an
NLR/PRR immune receptor network

MAURICIO P CONTRERAS", HSUAN PAI', MUNIYANDI SELVARAJ,
AMIRALI TOGHANI', YASIN TUMTAS?, ENOCH LOK HIM YUEN?,
CIAN DUGGAN?, HEE-KYUNG AHN', JIORGOS KOURELIS', ADELINE HARANT",
ABBAS MAQBOOL', CHIH-HANG WU?3, TOLGA O BOZKURT?,
LIDA DEREVNINA'* and SOPHIEN KAMOUN

'The Sainsbury Laboratory, University of East Anglia, Norwich NR4 7UH, UK
2Department of Life Sciences, Imperial College, London, UK
3Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan
4Crop Science Centre, Department of Plant Sciences, University of Cambridge,
Cambridge, UK

ABSTRACT

The plant immune system utilizes intracellular nucleotide-binding domain and
leucine-rich repeat (NLR) receptors to recognize and respond to pathogen-secreted
proteins, termed effectors. NLRs can function individually or in higher-order
configurations, such as pairs or networks. In solanaceous plants, the NLR- required
for cell death (NRC) network is a complex NLR network that mediates resistance
against diverse pathogens by connecting sensor NLRs and cell surface receptors to
helper NLRs of the NRC clade. While the genetics underlying the NRC network are
well characterized, until recently, our understanding of the biochemical mechanisms
of activation in this network were limited. We established native PAGE electrophoresis
using the NRC-dependent sensor NLR Rx and its helper NRCs as an experimental
system to study the activation mechanisms of the NRC network. We report that upon
pathogen perception, Rx mediates the formation of NRC homo-oligomers. The
activated NRC resistosomes then accumulate at the plant plasma membrane without
the sensor NLR Rx. Additionally, we discovered that the previously characterized
nematode effector SPRYSEC15, which suppresses NRC function, can inhibit NRC2
oligomerization and plasma membrane association to prevent immune signaling. To
overcome this suppression, we bioengineered an NRC2 variant that is resilient to this
inhibition and capable of restoring immune signalling. Our work establishes an
activation-and-release model for sensor-helper activation of NLRs in the NRC network
and leverages this understanding to bioengineer disease resistance.



Investigating plant persistent viruses in pepper

SATISH B VISWANATHAN, ALEX M MURPHY, ADRIENNE E PATE and
JOHN P CARR

Department of Plant Sciences, University of Cambridge,
Cambridge CB2 3EA, UK

ABSTRACT

Plant viruses have been mostly studied for their role as pathogens. However,
research on plant-viral interactions in populations of wild plants has shown that some
viruses have non-pathogenic effects on their hosts. Plant persistent viruses (PVs) are
vertically transmitted, i.e., inherited through pollen and seed, and are not infectious.
PVs cause little or no disease symptoms in their hosts, and it has been hypothesised
that these RNA viruses are mutualists rather than pathogens. Building on these ideas,
PV-mediated effects on host phenotypes are being investigated in pepper (Capsicum
annuum). Using RT-PCR genomic RNAs for Partitiviridae and Endornaviridae were
detected in 8 out of 18 accessions of pepper. PV RNAs were observed in all tissues
of PV-harbouring lines. Virus-virus interactions between PVs and pathogenic viruses
have been investigated in pepper using tobacco mosaic virus (TMV) and cucumber
mosaic virus (CMV). Preliminary experiments show that TMV and CMV RNA levels
were lower in PV-harbouring pepper varieties compared to PV-free varieties, possibly
due to interaction between PVs and pathogenic viruses. To improve future analyses,
virus-induced gene silencing using tobacco rattle virus vectors has been used
successfully to generate isogenic PV-harbouring and PV-free pepper plant lines. The
effects of PVs on a broad range of host traits, from seed yield, resistance to aphids
and aphid-vectored pathogens and pollination, to drought tolerance are being
examined using these isogenic lines.

10



Investigating the future threat of wheat stem rust in the UK
in a changing climate

CESAREE MORIER-GXOYIYA, CLARE M LEWIS, RICHARD J MORRIS and
DIANE G O SAUNDERS

John Innes Centre, Norwich Research Park, Norwich NR4 7UH, UK

ABSTRACT

Fluctuations in environmental conditions caused by climate change have been linked
to alterations in the distribution and aggressiveness of plant pathogens and could
influence future yield losses attributed to disease outbreaks. Due to the interaction of
multiple factors in a pathosystem, forecasting the incidence of plant disease epidemics
in a changing climate depends on the availability of robust climate scenarios and
descriptions of likely changes in both host and pathogen in response to modifications
in prevailing environmental conditions. Additionally, climate change can impact the
effectiveness of disease management strategies, making it imperative to proactively
develop and implement strategies to address these challenges. Of particular concern
is preparing for the emergence of new crop diseases. In the United Kingdom (UK), the
incidence of wheat stem rust, Puccinia graminis f. sp. tritici (Pgt), a historically
damaging disease, has been increasingly reported in recent years. Given that stem
rust has a tendency to develop optimally in warmer conditions, it is important to study
the impact of global warming in potentially facilitating the re-emergence of this disease
in the UK. Particularly, insights into the pathogen life cycle over a range of
temperatures are urgently needed to accurately assess the current and future risk of
wheat stem rust infection and disease development in the UK. To investigate the
potential re-establishment of wheat stem rust in a changing climate, physiological
responses of UK Pgt isolates to temperature were generated under controlled
conditions and used to estimate future wheat stem rust infection risk in the UK. Also,
the genetic relationship between global and UK Pgt isolates was evaluated through
phylogenomic analyses to assess the likely origin of recent outbreaks. These findings
could better inform the need for wheat stem rust monitoring and surveillance efforts,
ultimately improving the UK’s preparedness and response to emerging wheat
diseases.

11



Combined drought stress and nematode infections
induced unique transcriptomic responses in Arabidopsis

AHMED REFAIlY, CATHERINE LILLEY and PETER URWIN

Centre for Plant Sciences, University of Leeds, Leeds, UK

ABSTRACT

Plants are exposed to multiple concurrent stresses under field conditions that can
include a combination of several biotic and abiotic stress factors. Drought stress and
plant parasitic nematodes are among the most damaging stress factors limiting plant
growth and production. Plants have developed complex responses to combined biotic
and abiotic stresses, which significantly differ from their responses to individual
stresses.

To understand plant responses to a combinatorial stress, Arabidopsis thaliana plants
were either infected with root-knot nematodes Meloidogyne incognita, subjected to
drought stress or underwent the two stresses concurrently. RNA-seq analysis
determined that Arabidopsis plants activated a unique suite of genes in response to
the joint stress, which significantly differed from the response to either individual
stress. Among these differentially expressed genes, Azelaic Acid Induced 1 (AZI1) and
Small Auxin Upregulated RNA 71 (SAUR 71) may play important roles in the plant
response. Azelaic acid is a key mobile metabolite, which induces the systemic
acquired resistance in plants (Jung et al., 2009). The expression of AZI1 was highly
upregulated in Arabidopsis leaves in response to combined drought and nematode
stress compared to the individual stresses. M. incognita induced the expression of
AZI1 in the distal leaves, thus inducing defence priming and enhancing systemic
acquired resistance. Combined stress induced the expression of SAUR71 in
Arabidopsis leaves. SAUR 71 is a member of the Small Auxin Upregulated RNA genes
family, the largest family of primary auxin response genes, which play an important
role in plant growth and development (Stortenbeker & Bemer, 2019). These genes
uniquely induced by combined stress, and they are involved in plant responses to
simultaneous biotic and abiotic stress.

References

Jung et al. 2009. Science 324:89-91.
Stortenbeker N, Bemer M. 2019. Journal of Experimental Botany 70:17-27.
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Host pathogen interaction between European strains of red
algae ‘Bangia’ and oomycete Olpidiopsis porphyrae var.
scotiae

BASEM ATTAR', JANINA BRAKEL?, YACINE BADIS® and CLAIRE GACHON*

'School of Natural and Environmental Sciences, Newcastle University, Newcastle
upon Tyne NE1 7RU, UK
2Helmholtz Institute for Functional Marine Biodiversity at the University of Oldenburg
(HIFMB) Ammerldnder Heerstral3e 231, 26129 Oldenburg, Germany
3Station Biologique, UMR8227 CNRS UPS, Laboratoire de Biologie Intégrative des
Modeéles Marins, Place Georges Teissier, 29680, Roscoff, France
“Directrice de I'UAR 2700 - Analyse et Acquisition de Données
Muséum National d'Histoire Naturelle, CNRS CP 26, 57 rue Cuvier, 75005 Paris,
France

ABSTRACT

Marine oomycetes of the genus Olpidiopsis (sensu lato) are one of the main disease-
causing agents affecting Neoporphyra (commonly known as Nori) sea farms.
Mechanisms of host resistance remain largely unknown. A recent study described a
Scottish variety in the Scottish water Olpidiopsis porphyrae var. scotiae. We studied
the resistance of 11 red algae (‘Bangia’) strains against this new described variety by
using brightfield and fluorescence microscopy and RTqPCR assay. Results from
microscopy inspection showed a significant effect for ‘Bangia’ strain identity on
incubation period (days from inoculation until observation of the first symptom) and the
percentage of infection (the number of infected cells as percentage). QPCR assay
showed also significant effect for the ‘Bangia’ strain identity suggesting different levels
of resistance for different ‘Bangia’ strains. These results open up novel possibilities to
investigate underlying mechanisms of resistance in the model.

13



Exploring resistance within Egyptian wheat germplasm
against the fungus Zymoseptoria tritici

ABDELRAHMAN M QUTB'2, MEGAN C MCDONALD?, CYRILLE SAINTENAC?
and GRAEME J KETTLES

'School of Biosciences, University of Birmingham, Edgbaston, Birmingham,
B15 2TT, UK
2Department of Agricultural Botany, Faculty of Agriculture, Al-Azhar University,
Cairo, Egypt
3Université Clermont Auvergne, INRAE, GDEC, 63000, Clermont-Ferrand, France

ABSTRACT

Wheat is one of the world's most important cereal crops, accounting for a significant
proportion of agricultural production. However, fungal pathogens like Zymoseptoria
tritici can cause disease epidemics, leading to reduced wheat yields. With climate
change, pathogens such as Z. tritici are expected to advance into geographical areas
previously unaffected by the disease. It is currently unknown how Egyptian wheat will
perform in the face of this incoming threat. This project aims to assess the resistance
levels present in Egyptian wheat germplasm and identify individual cultivars with
naturally high levels of resistance for prioritisation in future breeding programs.

18 Egyptian wheat cultivars were screened against two model isolates of Z. ftritici
(IPO323 and IPO88004). The Egyptian cultivars displayed a wide spectrum of
resistance against these isolates, with four cultivars showing complete resistance
against both. These four highly resistant cultivars were then screened against a
collection of modern UK field isolates collected in 2021. Disease levels were higher in
these experiments, however, symptom development on Gemmeiza-12 was noticeably
slower than on the other cultivars. Infection assays using the IPO323 WT and
IPO323AAvrStb6 Z. tritici strains indicated that several Egyptian cultivars (including
Gemmeiza-12) likely contain the Stb6 resistance gene. The Kompetitive allele-specific
PCR (KASP) diagnostic assay confirmed the presence of an Stb6 resistant allele in
several Egyptian wheats including Gemmeiza-12. Robustness of the resistance
shown by Gemmeiza-12 was confirmed in experiments mimicking Egyptian
environmental conditions, where overall STB aggressiveness was lower. The
resistance of Gemmeiza-12 phenotype was characterized using the IPO323 CZtGFP
and confocal microscope. IPO323 spores showed lower adherence to Gemmeiza-12
compared to Riband. Moreover, spore germination and fungal growth on Gemmeiza-
12 leaves were lower than on Riband. Z-stack images indicated that in Gemmeiza-12,
invading hyphae entered the stomatal aperture but did not colonize the substomatal
cavity, unlike in Riband.

14
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Fifty fruitful years from phytoalexins to effectors, with an
emphasis on function - progress made and questions
unanswered

JOHN MANSFIELD

Department of Life Sciences, Imperial College London SW7 2AZ, UK

ABSTRACT

| will introduce some areas of progress made by my group and through
collaborative research, and highlight unanswered questions. Our work involved
studies on diverse hosts and their pathogens. Emerging topics are:

1. Phytoalexins — detection, localisation and toxicity. Q. Do they accumulate at the
right time, in the right place and at the right concentration to restrict microbial
colonisation?

2. Necrotrophic outcomes as a balance between phytoalexin production and
degradation mediated by the rates of plant cell death. Q. What determines host
specificity in Botrytis?

3. Plasma membrane damage as a primary marker for the onset of the HR. Q. Why
do different R genes condition the HR at different stages of infection?

4. Localised wall alterations as key components of PTI as mechanisms of restriction
of fungal penetration and bacterial multiplication. Q. How do ROS generated in
chloroplasts cause oxidative changes in the plant cell wall?

5. Delivery of bacterial effectors through the Hrp pilus. Q. How do the proteins travel

through the pilus and cross the plant cell wall?

Cloning bacterial avr and vir genes by function — the web of suppression.

Q. How do we explain the ability of an individual effector to suppress both ETI

and PTI mediated defences?

8. Phage-mediated transfer of hopAR1 between pseudomonads. Q. Do phages
drive the evolution of virulence in P. syringae and could epidemiological
surveillance of virulence factors in epiphytes predict the emergence of new
aggressive strains of bacterial pathogens?

9. The hemibiotrophic lifestyle of Hymenoscyphus. Q. Could natural resistance to
ash dieback be controlled by ETI?

No

RKS Wood in 1967 wrote that the more we know about the fundamental ability of
plants to resist microbial colonisation the more we will be able to develop sustainable
methods of disease control. We still have such a long way to go but, look how far we
have come.
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How to use six genes to conquer a plant: Learning from
geminiviruses

ROSA LOZANO-DURAN

Department of Plant Biochemistry, Centre for Plant Molecular Biology (ZMBP),
University of Tiibingen, D-72076 Tiibingen, Germany

ABSTRACT

Viruses, as obligate intracellular parasites, need to subvert the host cell in order to
enable their replication and efficient spread. Due to strict restrictions in genome size,
viruses commonly produce a limited number of proteins; this is the case of
geminiviruses, plant viruses with circular single-stranded (ss)DNA genomes that are
believed to contain only 4-8 translated open reading frames. Strikingly, despite their
limited armoury, geminiviruses are able to establish an infection, overcoming plant
defence, dramatically altering plant development and physiology, and ultimately
causing devastating diseases to crops worldwide. How these viruses successfully
invade and manipulate their plant hosts by deploying only a handful of proteins is a
long-standing, fascinating question.

In our group, we are interested in understanding how geminiviruses co-opt the plant
cell and lead to disease, for which we use a combination of approaches, including
molecular biology, cell biology, and genetics. Our results have shed light onto the
molecular mechanisms underlying the replication of viral DNA, plant anti-viral defence
and geminiviral counter-defence, and symptom development, and hint at novel
virulence strategies potentially employed by geminiviruses to maximize their coding
capacity and their impact on the host cell. We expect that our work will contribute to a
deeper understanding of the infection process, which may in turn pave the way to the
design of effective and sustainable anti-viral strategies and assist breeding programs
to obtain virus-resistant plants.
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Engineering plant NLR immune receptors to combat blast
disease

MARK J BANFIELD

Dept. Biochemistry and Metabolism, John Innes Centre, Norwich Research Park,
Colney Lane, Norwich NR4 7UH, UK

ABSTRACT

Nucleotide-binding leucine rich repeat (NLR) proteins activate plant defences on
perception of pathogen effectors. These intracellular immune receptors are important
for defence against plant disease and are a major component of crop breeding
programs for disease resistance. A molecular mechanistic and structural
understanding of their function underpins efforts to engineer these proteins with
enhanced/extended activities that have potential for deployment in agriculture. One
route by which NLR immune receptors detect effectors is by direct binding to non-
canonical integrated domains. These integrated domains likely have their evolutionary
origin in virulence-associated targets of effectors that have been genetically
incorporated into NLRs to act as bait domains. Binding of effectors to integrated
domains likely induces conformational change and oligomerisation in full-length
receptors to generate a signalling platform. Studies of the interaction between the
integrated HMA domain of the rice NLR pair Pik and the rice blast pathogen effector
AVR-Pik has enabled engineering of novel disease resistance profiles in rice.
Recently, novel domains that bind different effectors have been incorporated into the
Pik NLR chassis, opening new opportunities for engineering resistance to pathogen
strains that infect different cereal crops. Structure-led approaches continue to allow
for optimisation of effector recognition potential by integrated domains but are also
applicable to engineering canonical NLR domains. The diversity of NLRs, and
evolution of different recognition specificities, suggests there is significant potential for
mining and engineering new immune receptors to tackle plant diseases and limit their
impact on agriculture and the wider environment.

Further, studies of recently identified novel effector families from the rice blast
pathogen also present new opportunities to understand novel disease resistance
mechanisms and offer potential for bespoke engineering.
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Horizontal mini-chromosome exchange as a source of
genetic variation and adaptation in the blast fungus
Magnaporthe oryzae

A CRISTINA BARRAGAN', SERGIO M LATORRE?, ANGUS MALMGREN},
ADELINE HARANT', JOE WIN', PAUL G MOCK?'2, KURT LAMOUR?, HERNAN A
BURBANO?, SOPHIEN KAMOUN'" and THORSTEN LANGNER™

'The Sainsbury Laboratory, University of East Anglia, Norwich Research Park,
Norwich, UK

2Centre for Life’s Origins and Evolution, Department of Genetics, Evolution and
Environment, University College London, UK

3Department of Entomology and Plant Pathology, University of Tennessee, USA
aCurrent address: Newcastle University, UK

®Current address: Department of Molecular Biology, Max Planck Institute for Biology,
Tibingen, Germany

ABSTRACT

The blast fungus Magnaporthe (Syn. Pyricularia) oryzae is a destructive pathogen
that targets cereal crops and wild grasses. This fungus consists of distinct lineages
specialized for specific hosts, with limited genetic exchange between them. Most of
the blast fungus strains responsible for widespread crop pandemics are clones that
reproduce asexually. Despite their limited genetic diversity due to the absence of
sexual recombination, clonal M. oryzae strains can rapidly adapt to new host plants
and overcome disease resistance, posing a significant challenge for developing
resistant crops. This leads to the question of how clonal blast fungus populations can
continually adapt to different host plants despite having minimal genetic variation.

One potential source of genetic variation is the presence of supernumerary mini-
chromosomes (mChrs), additional chromosomes found in many plant pathogenic fungi
alongside the essential core chromosomes. We propose that the exchange of mChrs
between different blast fungus lineages contributes to their adaptive evolution. To
investigate this hypothesis, we traced the origin of a specific mChr shared between
blast fungus lineages infecting rice and goosegrass. Our findings suggest that clonal
rice blast fungus lineages acquired this mChr through horizontal transfer from the
lineage that infects goosegrass. Furthermore, this mChr carries multiple virulence
genes, implying its potential role in influencing the pathogen's disease-causing ability.

In conclusion, the horizontal acquisition of mChrs may play a significant role in the
adaptation of the blast fungus, particularly for clonal lineages. This mechanism
provides a means for introducing genetic variation and potentially impacting the
pathogen's virulence. Understanding the importance of horizontal mChr transfer can
shed light on the adaptive processes of the blast fungus and has implications for
managing and developing resistant crop varieties.
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Controlling downy mildews using microbial products and
ds RNA

MAHMUT TOR', DENIZ GOL', RACHEL OSBORN', EMEKA C. OKECHUKWU',
YIGUO HONG'2, JAMIE HARRISONS3, DAVID STUDHOLME?, JOHN MCDOWELL?*,
OMUR BAYSALS, SUREYYA KOCAMAZ®, BURHAN ARIKANS, SANU ARORAY,
CLAIRE DOMONEY”’, JANE THOMAS®, ANNE WEBB® and TOM WOOD?

'"Department of Biological Sciences, School of Science and the Environment,
University of Worcester, Henwick Grove, Worcester WR2 6AJ, UK
2Research Centre for Plant RNA Signaling, College of Life and Environmental
Sciences, Hangzhou Normal University, Hangzhou, 311121, China
3Biosciences, College of Life and Environmental Sciences, University of Exeter,
Exeter, UK
4School of Plant and Environmental Sciences, Virginia Tech, Blacksburg, VA,
24061-0329, USA.

SDepartment of Molecular Biology and Genetic, Faculty of Life Sciences,
Mugla Sitki Kogman University, 48000 Mugla, Tlirkiye.
%Department of Biology, Faculty of Life Sciences, University of Cukurova,
Adana 01330, Tirkiye.

’Department of Biochemistry and Metabolism, John Innes Centre,
Norwich Research Park, Norwich, NR4 7UH, UK.
8NIAB, Cambridge, CB3 OLE, UK & Biosciences, College of Life and Environmental
Sciences, University of Exeter, Exeter, UK.

ABSTRACT

Downy mildews (DM) are obligate oomycete pathogens and cause serious losses in
yield and quality reduction in many important arable and horticultural crops including
sunflower, onion, pea, faba bean, lettuce, spinach, hops, grapes, brassicas and
cucurbits (Tor et al.,, 2023). Effective control relies on R-genes, which can be
overcome by the pathogen, and pesticides, which has been gradually withdrawn from
the market. Biopesticides are another option, but commercially available ones are
usually thermophilic and not effective against downy mildews as they are psychrophilic
or mesophilic microorganisms. We have been carrying out collaborative projects on
different downy mildews and exploring various strains of Bacillus and Pseudomonas
against downy mildew. In vitro and in planta antagonism assays are showing very
promising results. In addition, we are using siRNA-based gene silencing approach to
reveal pathogenicity and developmental genes (Bilir et al., 2019; 2022). Till now, more
than 50 genes have been targeted and numerous genes that can be used as a target
for ds-RNA based Spray Induced Gene Silencing (SIGS) technology for downy mildew
control have been identified. Details of the approach we have taken, genes that can
be targeted and the possibility of translating this research into crop protection in
combination with the microbial products will be discussed.

References
Tor et al. 2023. Seminars in Cell and Developmental Biology 148-149:42-50.

Bilir et al. 2019. Molecular Plant Pathology 20:1523-1534.
Bilir et al. 2022. Front. Plant Sci.13:951097.
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Are we really CCin it all, or just TIRribly blinded? Cross-
talk between plant disease resistance proteins

MURRAY GRANT', TRUPTI GAIKWAD', JOHN SIDDA', NESTORAS KARGIOS",
MEGAN LEWIS', EMILY BREEZE', ALICE FLINT', CARMEN BEUZON?,
JAVIER RUIZ-ALBERT?, JOSE SEBASTIAN RUFIEN?, MARC NISHIMURAS?,
ADAM BAYLISS® and LIJIANG SONG*

'School of Life Sciences and Department, University of Warwick, Gibbet Hill
Campus, Coventry CV4 7AL, UK
2Departamento de Biologia Celular, Genética y Fisiologia, Universidad de Malaga,
Spain
3Department of Biology, Colorado State University, USA
4Chemistry, University of Warwick, Gibbet Hill Campus, Coventry CV4 7AL, UK

ABSTRACT

Following a hiatus of 25 years, the past five have seen remarkable progress in
understanding the function of the two classical plant disease resistance (R) protein
classes; CNLs and TNLs, respectively characterised by amino terminal coiled-coil and
Toll-Interleukin 1 (TIR) domains. Most notable was the discovery that the TIR domain
had NADase activity that is essential for effective resistance through the generation of
complex nucleoside derivatives. We have studied these derivatives and examined R
signalling dynamics using a combination of whole plant imaging, chlorophyll
fluorescence, metabolomics and fluorescent/genetically encoded reporters. We
present new data revealing unexpected cross-talk between CNLs and TNLs and
describe additional novel nucleoside derivatives formed by TIR domains that positively
or negatively regulate modulate the immune response and outline how we are trying
to functionally dissect these.

20



Session Four



Breaking the witches’ spell

RAUL MASTELING', DOROTA KAWA?, URGESA TSEGA?,
SEWUNET ABERA-DINKE?, GETAHUN MITIKU-BENT?,
BENJAMIN THIOMBIANO#, MAHDERE SHIMELS', DESALEGN ETALQO",
LUISA ARIAS-GIRALDO', DOMINIKA RYBKA', PEDRO CROUSS,
LORENZO LOMBARD?®, EWALD GROENEWALD®, TAMERA TAYLOR?,
MARCIO LEITE', FRANCISCO DINI-ANDREOTES®, EIKO KURAMAE',
HARRO BOUWMEESTER?, TAYE TESSEMA?, SIOBHAN M BRADY?,
WIETSE DE BOER' and JOS M RAAIJMAKERS"’

"Netherlands Institute of Ecology, Department of Microbial Ecology, Wageningen,
The Netherlands

2Department of Plant Biology and Genome Center, University of California,

Davis, USA
3Ethiopian Institute of Agricultural Research, Holeta, Ethiopia

4Plant Hormone Biology Group, University of Amsterdam, Amsterdam, the

Netherlands
SWesterdijk Institute of Fungal Biodiversity, Utrecht, The Netherlands
6Department of Plant Science, The Pennsylvania State University,
Pennsylvania, USA
"Institute of Biology, Leiden University, Leiden, the Netherlands

ABSTRACT

Striga is a genus of parasitic plants that pose major limitations on cereal production
in Sub-Saharan Africa. This parasite, referred to as witch weed, infects the root system
of a broad range of crop species, including sorghum, millet, maize, and upland rice.
The development of effective strategies to control Striga has been a major focus of
research in the past decades. Among the approaches with most impact are those
based on agricultural practices (e.g., push-pull), resistance breeding and chemistry.
To date, however, none of these strategies is singularly effective on different crops
and across a diverse range of agroecosystems. In the PROMISE (Promoting Microbes
for Integrated Striga Eradication) program, we focused on characterizing microbial
communities associated with Striga and the host plant sorghum to understand their
role in the life cycle and infection process of this root parasitic weed. More specifically,
we studied a diversity of mechanisms by which soil and root-associated
microorganisms could diminish the Striga seed bank or interfere with the early stages
of root infection to enhance crop productivity. The experimental work ranged from
studying the effects of edaphic factors on microbial community diversity and
functioning across different Ethiopian agro-ecologies and sorghum cultivars to
microbe-mediated changes of host root architecture, root exudation, and induction of
Striga resistance. More specifically, we discovered the functional potential of soil and
root-associated bacteria and fungi to i) disrupt the early stages of the parasite’s life
cycle through the production of volatile organic compounds, ii) cause Striga seed
decay or suicidal germination, iii) degrade host-derived germination signals and
haustorium-inducing factors, and iv) induce structural barriers (aerenchyma, suberin)
in the host plant roots. In collaboration with local research institutes, we developed
strategies to augment Striga-suppressive activities of indigenous soil microbial
communities to achieve Striga suppression in greenhouse and field settings.
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Plant-parasitic nematodes are SWEET

CHRISTOPHER A BELL', KATIE J FIELD? and P E URWIN'

'School of Biology, Faculty of Biological Sciences, University of Leeds, LS2 9JT, UK
2Plants, Photosynthesis and Soil, School of Biosciences, University of Sheffield
S10 2TN, UK

ABSTRACT

Plant-parasitic nematodes have evolved sophisticated mechanisms to enable
successful feeding from root tissue. For sedentary nematodes, feeding is enabled by
the formation of specialised feeding sites. Sugars Will Eventually be ExporTed
(SWEET) are an emerging class of genes that facilitate the movement of
carbohydrates with recent studies reporting their role in resourcing feeding sites. Here,
we have shown that these parasites express their own array of SWEETs. We report
an increase in the expression of Globodera pallida SWEET3 (GpSWEETS3), a likely
hexose transporter, in nematodes that are receiving a reduced intake of carbon-based
resources, as a possible ameliorating mechanism. SWEETS3 is present in all major
plant-parasitic nematode genomes and expression is elevated in feeding-stages.
GpSWEETS is localised to the intestine, increasing the likelihood of a role in feeding.
Knockdown of this gene reduced nematode growth and development up to 28dpi.
Additionally, RNAI increased the hexose content of the nematodes, possibly by
reducing their export out of the intestine and subsequent breakdown. Gel-shift assays
indicated that GpSWEETS3 interacts with the transcription factor HBL1, potentially
through several identified promoter motifs. The spatial expression of Gphbl/1 overlaps
with GpSWEET3 and knockdown of Gphbl1 elevated expression of GpSWEETS3,
indicating a negative regulatory function. Overall this suggests that these nematodes
utilise SWEETSs to enable intake of root-derived solutes and that their expression is
negatively regulated through HBL1 and responsive to food composition.
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SUGR: the subventral gland “master” regulator of plant-
parasitic cyst nematodes

ANIKA DAMM', CLEMENT PELLEGRIN', BETH MOLLOY', THOMAS MAIER?,
THOMAS J BAUM? and SEBASTIAN EVES-VAN DEN AKKER'

'The Crop Science Centre, Department of Plant Sciences, University of Cambridge,
93 Lawrence Weaver Road, Cambridge CB3 OLE, UK
2Department of Plant Pathology and Microbiology, lowa State University, Ames,
lowa 50011, USA

ABSTRACT

Plant-parasitic nematodes are devastating pests that cause over $100 billion yearly
in crop losses to worldwide agriculture. Cyst nematodes, belonging to the most
damaging nematodes, have evolved unique and intimate relationships with their host
plants. At the core of these interactions are effectors, proteins that enable nematodes
to successfully parasitise their host plant. Effector production is restricted to
specialised tissues, primarily two sets of gland cells, in the nematode. Investigation of
this spatial confinement led to the discovery of the first regulatory mechanism that
unifies effector production in the nematode.

We used RNA interference to identify a transcriptional regulator of effector production
in cyst nematodes: the Subventral Gland Regulator (SUGR). SUGR controls the
expression of 261 genes, with 45% of these genes encoding for secreted proteins,
including half of all known cell wall degrading effectors. SUGR, in conjunction with the
transcription factors that it also activates, constitute a regulatory network that directly
binds the promoters of effector genes in a partially overlapping manner. At the top of
this network, transcription of SUGR itself is activated several discrete plant-derived
small molecules found inside roots of hosts: termed here “effectostimulins”.

The discovery of SUGR and the effectostimulins allow us to build a working model
for effector regulation in the subventral gland cells that ultimately describes a careful
balancing of resource-sparing when you must, and promoting parasitism when it
counts. Excitingly, these findings could build the foundation for novel, much-needed
approaches to nematode control, targeting effector production instead of individual
effectors.
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Enhancing orchard ecology for improved resilience
to climate change and apple canker disease

LOUISA ROBINSON BOYER', MATETEVZ PAPP-RUPAR' NIGEL JENNER? and
ALEX RADU3

'NIAB, East Malling, New Road, East Malling, West Malling ME19 6BJ, UK
2Avalon produce Ltd, UK
3Agrovista Ltd, UK

ABSTRACT

European apple canker, caused by Neonectria ditissima, is a major disease of apple
(Malus domestica), however effective N. ditissima control is difficult to achieve.

This work aims to address the two most important factors threatening apple
production, apple canker disease and unpredictable weather events such as drought
and waterlogging. Abiotic stress further increases susceptibility to apple canker. Both
factors have the highest impact in newly planted orchards and there is currently little
or no mitigation strategies available to growers at present. Up to 30% of young trees
are lost every year due to canker and abiotic stress. Evidence shows arbuscular
mycorrhizal fungi (AMF) can improve drought and waterlogging tolerance. AMF are
known to mitigate the effects of pathogens in many crops and have been shown to
reduce canker in cider apple in the UK.

This project will:

1) Use sustainable beneficial microbe products, containing (AMF) and Trichoderma,
to increase abiotic stress tolerance and reduce apple canker susceptibility in newly
established commercial orchards.

2) To pioneer AMF delivery technology in existing orchards to improve abiotic stress
and canker disease tolerance, productivity and longevity of existing plantings using an
adapted root pruner or via AMF inoculated wildflower mixes established in the
alleyway).

3) To develop sustainable strategies for apple canker control for mature and newly
planted orchards.

Assessments will be made over three growing seasons for AMF colonisation, tree
establishment, growth, and canker disease susceptibility.

It is hoped that this project will develop sustainable management strategies, using
existing products, to combat the financial and crop losses faced by growers in the
immediate future and offer resilience in the future against climate change.
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Tuning the wavelength: Pathogen effectors, light and
immunity

AMANPREET KAUR', HAZEL MCLELLAN', SUSAN BREEN", VIKRANT SINGH?,
LYDIA WELSH?, GABRIELA TOLEDO-ORTIZ?, INGO HEIN'2, PAUL BIRCH' and
ELEANOR M GILROY?

'Division of Plant Science, University of Dundee DD2 5DA, UK
2Cell and Molecular Sciences, James Hutton Institute DD2 5DA, UK

ABSTRACT

The 40% losses to crop production caused by pests and diseases are a major threat
to food security that will be exacerbated by climate change. A key question is: how
does perception of light in the environment impact on plant immunity?

The potato blight pathogen Phytophthora infestans deploys RxLR effectors into host
cells to promote virulence. Effector interactions with host proteins often highlight
weaknesses in host regulatory networks exploited by pathogens. Some P. infestans
effectors have recently been shown to target host components of light perception
pathways (Breen et al., 2023). For example, Pi06099 directly interacts with the red
light receptor, Phytochrome B (Wang et al., 2019). Another RxLR effector Pi02860,
has been shown to target the potato orthologue of Arabidopsis NRL PROTEIN FOR
CHLOROPLAST MOVEMENT1 (NCH1). Pi02860 promotes NCH1 activity to degrade
the positive immune regulator SWAP70 (He et al., 2018). The requirement for NCH1
for pathogenicity of P. infestans suggests that NCH1 acts as a susceptibility factor
which is regulated by phototropin blue light receptors. We revealed that blue light
suppresses INF1 cell death and enhances P. infestans infection, most probably
through phototropins (Naqvi et al., 2022). Furthermore, phototropins appear to act as
susceptibility factors.

We will also present some preliminary data from recently performed transcriptional
analyses of susceptible and resistant host plants challenged with P. infestans under
different light environments. Early analyses reveal evidence of interplay between the
nucleus and the chloroplast genes which are differentially expressed during infection.
Phototropins and NCH1 play a published role in chloroplast accumulation movement
in low blue light in model systems, but there is still much to understand about how this
pathway impacts on the outcome of a pathogen challenge. These data imply that
pathogens can remodel light responses to promote disease and so tailored light
treatments could manipulate host immunity for sustainable crop protection strategies.

References

Breen S, McLellan H, Birch P R J, Gilroy E M. 2023. Int J Mol Sci. 24:3803.

He Q et al. 2018. Proc Natl Acad Sci U S A. 115:E7834—-E7843.

Naqvi S, He Q, Trusch F, Qiu H, Pham J, Sun Q, Christie J M, Gilroy E M, Birch
P R J. 2022. New Phytol. 233:2282-2293.

Wang S, et al. 2019. J Exp Bot. 70:343—-356.
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Discovery of protein markers of oomycete EVs

SUSAN BREEN', HAZEL MCLELLAN', WEI WANG', SEAN CHAPMAN?,
STEVE WHISSON?, PETRA BOEVINK? and PAUL BIRCH"2

'Division of Plant Science, University of Dundee, at The James Hutton Institute, Errol
Road, Invergowrie DD2 5DA, UK
2Cell and Molecular Sciences, The James Hutton Institute, Errol Road, Invergowrie
DD2 5DA, UK

ABSTRACT

The movement of effector proteins and RNAs from pathogen into host cells during
infection is known to occur. However, the exact mechanisms facilitating this movement
are still being widely studied. One possible delivery route involves the secretion and
uptake of extracellular vesicles (EVs) between organisms.

In this study we isolated EVs from the oomycete Phytophthora infestans, cause of
potato late blight, with the aim of identifying oomycete-associated EV markers and
investigating the cargo of these bodies. This is being achieved by a proteomics
approach to identify both secreted and vesicular proteins during in vitro growth. We
have identified some known EV proteins found widely in EV proteomes, supporting
our methodology and approach. Additionally, we have identified some oomycete-
specific proteins that have as yet unknown functions but appear to be transmembrane
proteins, including TMP1 (Trans-Membrane Protein 1). TMP1 accumulates in the
same density fraction in sucrose gradients as the RXLR effector protein, PITG_04314,
during EV isolation implying they could be associated with the same EV. The overall
aim of this work is to find markers of EVs that we can use to determine how these EVs
are secreted and taken up into the plant cell and whether this is a mode of transport
for pathogenicity factors such as RXLR effectors.
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Unravelling the Role of Phytophthora pluvialis RxLR
Effector Proteins during Early Pine Needle Infection

SOPHIE ECCERSALL', PREETI PANDA?3, MICHAEL CURRIE',
REBECCA MCDOUGAL*, REN DOBSON'2, CRAIG HERBOLD"? and
CLAUDIA MEISRIMLER"?

'University of Canterbury, School of Biological Science, Private Bag 4800,
Christchurch, New Zealand
2Biomolecular Interaction Centre, University of Canterbury, Private Bag 4800,
Christchurch 8140, New Zealand
3 Plant and Food Research, Lincoln 7608, New Zealand, # Scion, Private Bag 3020,
Rotorua 3046, New Zealand

ABSTRACT

Phytophthora pluvialis affects a variety of trees including western hemlock, tanoak,
pine and Douglas fir. It was originally reported in Oregon (USA) on tanoak and
Douglas fir. Subsequently, it was identified as the causative agent of 'red needle cast'
of radiata pine in New Zealand. Even though P. pluvialis is known to infect a variety of
gymnosperm tree species it is considered a specialist within the Phytophthora genus
with a narrow host range.

Like other oomycetes, P. pluvialis utilizes host-translocated effector proteins to
promote successful infection. RNA sequencing allowed elucidation of differential
expressed effector genes in mycelium and pine needles of susceptible and resistant
pine lines infected with P. pluvialis at 3 and 5 days post-infection. In total, 311 effector
genes were identified to be differentially expressed, including 115 RxLR effectors.
Further downstream analysis focused on early expressed RxLR effectors. Initially, we
employed a complementary computational approach to gain an understanding of
protein sequences and structural conservation. Structural modelling revealed that
more than 90% of the early expressed RxLR effectors contained at least one WY-
motif. To investigate the localization of early RxLR effectors in planta, transient
expression in N. benthamiana was performed for nine selected candidates. Effectors
localized in the nucleus, cytosol and vesicles upon transient expression. Successful
protein expression was confirmed through Western blotting, and identification of
effector targets was pursued using co-immunoprecipitation (colP) and Yeast-2-Hybrid.

Out of the nine effector candidates, three WY-motif containing proteins, PpR03,
PpR06, and PpR0O7 were successfully expressed in E. coli, purified, structurally
analysed and characterized in detail. Infiltration assays with purified proteins in pines
confirmed that PpR0O3 was not recognized, while samples infiltrated with PpR06 and
PpRO7 exhibited significant browning of needles. Overall our data indicate differential
function of these P. pluvialis RXLR effectors during early infection of pine needles.
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Imaging elemental defences in metal hyperaccumulator
plants

ROSE BOURDON"2, KONSTANTIN IGNATYEV? and GAIL PRESTON'

'Department of Biology, University of Oxford OX1 3RB, UK
2Diamond Light Source, Harwell Campus, UK

ABSTRACT

Metal hyperaccumulation is a relatively rare trait that has been identified in
approximately 700 plant species and is characterised by the active uptake and storage
of normally toxic concentrations of heavy metals within aerial tissues. Elevated zinc
concentrations within the leaves of such plants have been shown to confer protection
against the bacterial pathogen Pseudomonas syringae, providing support for the so-
called “elemental defence hypothesis” (Fones et al., 2010). The contribution of
hyperaccumulated zinc in the defence against bacterial disease, however, is not fully
understood and will depend on both the local concentration of the metal to which the
pathogen is exposed and on the host’s immune responses.

Here, synchrotron-based x-ray fluorescence imaging has been used to build a
spatially resolved picture of metal distribution within the leaves of the
hyperaccumulator plant Noccaea caerulescens. We show how this distribution varies
depending on the concentration of zinc the plant is exposed to and discuss how this
could affect disease resistance. Additionally, we present evidence that zinc acts
synergistically with other plant defence mechanisms such as reactive oxygen species
to limit pathogen growth within the plant environment.

References

Fones H, Davis C A, Rico A, Fang F, Smith J A C, Preston G M. 2010. PLOS
Pathogens 6:¢1001093.
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Battling for the symplast:
Why are plasmodesmal HMA proteins targeted by
fungal pathogens?

EMMA K TURLEY, JOANNA JENNINGS, MARK J BANFIELD and
CHRISTINE FAULKNER

John Innes Centre, Norwich Research Park, Norwich NR4 7UH, UK

ABSTRACT

Tight regulation of molecular transport via membrane-lined channels called
plasmodesmata, which span the cell wall of adjacent cells, is a vital component of the
plant defence response. Intercellular fungal pathogens are capable of hijacking
plasmodesmata to promote the spread of their hyphae and secreted effector proteins.
However, the molecular events governing pathogen-mediated modification of host
symplastic connectivity, as well as the defensive strategies used by plants to counter-
act this, are not well understood. As part of a localisation screen of putative effectors
from the anthracnose fungus Colletotrichum higginsianum, a manipulator of
plasmodesmal function was discovered, called ChEC108. When transiently expressed
in Nicotiana benthamiana, or the host plant Arabidopsis, ChEC108 localises to the
plasmodesmata, cytosol and nuclei. Quantitative mobility assays in N. benthamiana
indicate that ChEC108 enhances the cell-to-cell movement of translationally fused and
co-expressed fluorescent proteins. A co-immunoprecipitation/mass spectrometry
approach identified HEAVY METAL-ASSOCIATED (HMA) ISOPRENYLATED PLANT
PROTEIN 6 (HIPP6) as a putative host target of ChEC108, and confocal imaging
revealed that these two proteins co-localise at plasmodesmata. In vitro and in vivo
binding assays suggest that either of the two HMA domains of HIPP6 are sufficient for
ChEC108 association, and progress has been made towards defining the structure of
ChEC108/HMA complexes using X-ray crystallography. Surprisingly, experiments
suggest that ChEC108 manipulation of plasmodesmata differs between host and non-
host species. How this effector targets and manipulates cell-to-cell connectivity in the
host will elucidate how a fungal pathogen exploits plasmodesmal connections to
establish an infection.
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The Pec effector complex of Ustilago maydis interferes
with carbohydrate metabolism in maize
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ABSTRACT

Ustilago maydis, a corn smut fungus, secretes a repertoire of effectors in a
spatiotemporally regulated manner to form nutrient-rich leaf tumors. These effectors
manipulate host’s metabolic processes to increase starch accumulation in tumors and
disturb sink-source relationship in leaves. A comprehensive cell-type-specific
transcriptome profiling of U. maydis during tumor formation revealed a set of highly
upregulated effectors in hypertrophy (Matei et al., 2018). However, the precise roles
of effectors in hypertrophy are still poorly understood. Here, we show that Pec (Primary
metabolite Effector Complex) 1-3 are required for full virulence and interact with each
other inside the host tissue. Moreover, we observed reduced and mis-localized starch
accumulation in plants infected with U. maydis Pec single-, double-, and triple knock-
out mutants in comparison to wild-type infected plants, indicating that Pec effectors
act cooperatively to disrupt the normal metabolic processes of maize. To gain further
insights into the potential cooperative mechanism of Pec effectors within the plant, a
large-scale mass spectrometry analysis was performed, which identified Pec1 as the
central Pec-effector. Notably, Pec1 interacts with maize SnRK1 (Snf1-related protein
kinase), which is a central integrator of the plant stress and energy starvation signalling
pathways. We hypothesize that Pec effector interfere with maize SnRK1, leading to
reduced uptake and increased extracellular sugars. Current approaches including
phospho-proteomic profiling aim to understand how the Pec-effector - ZmSnRK1
interaction contribute to the metabolic reprogramming in U. maydis triggered tumor
formation.
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Improving crop immunity by deciphering the interplay
between pathogens and the plant ubiquitin system
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ABSTRACT

Barley (Hordeum vulgare) is the second most important crop in the UK and the fourth
most important cereal crop worldwide. Diseases, including those caused by the brown
rust-causing pathogen Puccinia hordei, result in up to 40% of barley yield losses.
Understanding and improving plant immune responses against P. hordei is therefore
important to ensure barley production.

Plants defend themselves using a multi-layered immune system in which the post-
translational modifier, ubiquitin, plays pivotal role in providing proteome plasticity.
Even though ubiquitin signalling has been found to be particularly important for
establishing immunity, the molecular mechanisms by which this is achieved in barley
remain largely unknown.

We employed a proteomic approach to identify proteins modified by ubiquitin upon
activation of immune responses, in response to the key immune hormone salicylic acid
(SA) and a devastating fungal pathogen Puccinia hordei. We found, that ubiquitinated
substrates accumulate in a dosage-dependent manner in both SA-treated and
Puccinia-infected barley plants, suggesting that widespread cellular ubiquitination is
a key aspect of the immune response in crops. Using our immune-induced ubiquitome
proteomics dataset, we created protein networks that reveal the relationships between
ubiquitinated proteins and their interactors. We discovered an extensive overlap in
ubiquitinated substrates between SA-treated and Puccinia-infected barley, with 113
substrates common to both datasets. A gene ontology analysis performed on this
dataset allowed us to identify immune-related ubiquitin targets involved in key cellular
processes such as immune-hormone biosynthesis, translation, protein folding and
epigenetic remodelling. Moreover, we identified components of the ubiquitin
machinery that have potential roles in immune-induced ubiquitination.

Our ubiquitome proteomics approach provides a system’s view of the vital role of
ubiquitin signalling in crop immune responses. Further, our findings provide new
insights into molecular mechanisms underpinning immune-induced protein
ubiquitination in barley. This knowledge can be exploited to enhance resistance
against Puccinia hordei.
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Air-seq: Detecting strawberry pathogens from the air
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ABSTRACT

Fungal pathogens can devastate crop yields, to mitigate losses fungicides are used
but efficacy is decreasing as pathogens develop resistance. Fungal spore detection
increases disease knowledge which can be used to enhance pathogen control by
targeting fungicide use. Previously spore detection has been conducted via culturing
or microscopy. Air-seq is a new method which is faster and less biased than previous
techniques. In this method airborne particles e.g. fungal spores are collected and
sequenced for taxonomic identification. Here we present data demonstrating the
potential of Air-seq for monitoring pathogen levels in a controlled agricultural setting.

In this study, monthly air samples were collected within a UK strawberry farm. DNA
was extracted from the samples, shotgun sequenced, and taxonomically assigned by
reference genome alignment. To verify the sequencing data Agronomist disease
scores for grey mould, powdery mildew and crown rot were collected fortnightly.
Additional temperature and humidity metadata was integrated into the analysis.

Our findings indicate a correlation between the airborne sequencing data of the
pathogens (number of reads for a genus) and the disease scores, showing Air-seq
accurately identifies pathogen type and abundance. Our data suggests that Air-seq
can detect these fungal spores before crops develop symptoms. Increases in disease
sequence data were later followed by increases in the severity of disease scores when
the environmental factors were conducive to infection. Additionally, we observed
fungicide application did not reduce the prevalence of disease in the air or on the crops
indicating that applying fungicides based on disease scores may be too late as the
pathogen is already established.

These results highlight Air-seq as a potential tool for enhancing fungicide efficacy.
As it could allow for targeted application of fungicides before crops are visibly infected
once spores are detected in the air and the environmental conditions are favourable
for infection.
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Activation of the NRC class helper NLRs by transient
interaction with the sensor NLRs, Rpi-amr1 and Rpi-amr3,
identified by using proximity labelling (TurbolD and
miniTurbo)
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JONATHAN D G JONES
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ABSTRACT

Protein-protein interactions (PPIs) are involved in almost all cellular processes, and
therefore identification of new PPIs is essential to investigate biological processes.
Proximity labelling (PL) methods, including the engineered biotin ligases called
TurbolD and miniTurbo (Branon et al., 2018), allow us to explore for the first time an
entirely new area of PPIs that corresponds to weak or transient interactions.
Traditional methods used for the identification of PPIs usually miss these interactions
unless combined with cross-linking.

In plant immunity there are many molecular components which come into play when
plants sense pathogens and activate plant defence mechanisms. One plant immune
system is effector-triggered immunity (ETI) in which pathogen virulence factors, called
effectors, are recognised by plant nucleotide-binding leucine-rich repeat (NLR)
intracellular immune receptors, leading to the activation of plant defence responses.
Upon effector recognition by the so called “sensor” NLRs, Rpi-amr1 and Rpi-amr3 from
Solanum americanum, it was recently shown that NRC2 and NRC4, part of the NLR-
Required for Cell death (NRC) class which support the function of many NLRs in
Solanaceae and are referred to “helper” NLRs, oligomerize into multiprotein
complexes known as resistosomes (Ahn et al., 2023; Contreras et al., 2023). In these
studies, it was also demonstrated that “sensor” NLRs do not become incorporated into
the NRC2 oligomer, suggesting that NRC2 transiently interacts with these “sensor”
NLRs prior to resistosome formation. However, the mechanism by which NRCs are
activated by “sensor” NLRs is poorly understood.

The aim of this work is to use TurbolD and miniTurbo to identify the specific and
dynamic intracellular protein interactions between “sensor” and NRC class “helper”
NLRs, which would help us better understand the signalling pathways involved in ETI.
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Improving climate data and modelling to inform plant
biosecurity
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ABSTRACT

The global expansion of trade and travel combined with changes in climate
(including more extreme weather events) and land use have increased plant
biosecurity risks from pests and pathogens worldwide. Variations and trends in
climate influence environmental (biotic and abiotic) processes that affect the survival
and spread of many pests and pathogens, as well as their host species. However,
there is a vast array of climate data and model outputs available for assessing
pest/pathogen risks making it challenging to identify which are most useful for
specific applications.

In this talk | will provide a brief overview of the different types of climate data and
model outputs available and highlight some common uses of these to inform
biosecurity. I'll also discuss opportunities for improving the utility of climate data and
models for biosecurity applications and encourage closer collaborations between
climate and biosecurity experts to enable such improvements.
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The pros and cons of different surveillance and monitoring
approaches to detect sporadic pathogens

KEVIN M KING, GAIL G M CANNING and JONATHAN S WEST

Rothamsted Research, Harpenden AL5 2JQ, UK

ABSTRACT

Crop protection is important for food security and to meet net-zero carbon goals by
preventing losses to disease. Pathogen surveillance and monitoring is needed to
enhance the timing and efficacy of crop protection products, particularly due to climate
change causing diseases to be more sporadic. There are various trade-offs of
different surveillance approaches (cost, accuracy and timeliness),

Optical sensing (spectrographic or imaging) can cover a wide land area but usually
only indicates a problem that has already started to develop, which may be too late to
control. The most promising optical sensing approach appears to be from proximal
sensors using fluorescence or image analysis to identify anomalies caused by early
infection stages.

In-field diagnostic assays are increasingly available (mainly as LAMP assay kits or
LFDs) and can be used to detect incubating infections that would otherwise be missed
by a simple visual inspection. They can also be used manually with samples from
spore traps.

For those diseases initiated by airborne spores, automation of spore traps can now
detect pathogen inoculum before infection occurs. Detection can be based on optical
properties of the spores themselves or application of a diagnostic test such as an LFD
or LAMP assay. Wireless reporting improves the timeliness of results from automated
devices compared to samples being sent to a lab and this is essential for rapidly
developing diseases such as potato blight. The area represented by a single spore
trap, depends on the wind speed and turbulence, which varies daily and the spore
trap’s height above ground but can serve as a proxy for relatively large areas.
Combining automated spore traps with metagenomic sequence-based technologies
(e.g. minlON sequencing) will in future enable rapid real-time monitoring of the entire
aerobiome to profile abundance and genetic traits (e.g. fungicide resistance) of many
pathogens simultaneously.
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New technology = New insights;
3-D printed fluidics growth chambers for long-term
physiological root-microbe interaction studies
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2Institute for Biological Research - CONICET - UNMDP, Mar del Plata, AR

ABSTRACT

The initial stages of plant-microbe interactions are generally limited to individual or
small clusters of plant cells. Processes at these infection stages are of utmost
importance for the success or failure in pathogen establishment. To successfully infect
— or mount the appropriate defence responses — signals need to be coordinated
across a multidimensional space and executed precisely on the single-cell level. Whilst
we have some understanding of the overall mechanisms governing the outcome of
this at the tissue-level, our current tools lack sufficient sensitivity to describe this with
high spatiotemporal resolution in vivo.

With this driving us, we are developing a root imaging platform, that allows long-term
physiologically meaningful imaging at high spatio-temporal resolution. Utilising 3-D
printed fluidics we created a customisable growth chamber. We combined this with a
vertical microscope setup and a fluorescence reporter toolbox to study plant
responses in detail over long time periods. This system can be used to study different
growth and developmental stages of roots of different species. Further it enables
precise timing of inoculation, tracking of the initiation, and progression of infections.
The same growth chamber can be “clicked” into stereomicroscopes for lower
resolution overview studies, as well as into confocal microscopes to allow the
utilisation of higher resolution techniques up to super-resolution techniques such as
Airyscan imaging. Our system is open source and we predict it will lead to novel
insights of how both plant root cells, as well as microbes, integrate and communicate
signals followed by their reactions into a holistic whole root-level response with high
novel agricultural applicability.
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Genomic diversity, pathogenicity and stability of epiphytic
Pseudomonas populations in Prunus spp. - searching for
the sources of new disease outbreaks
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ABSTRACT

Despite advances in disease management, the bacterial
phytopathogen Pseudomonas syringae remains a threat to commercial cherry
production. Aside from the known causes of canker, such as P. syringae pathovars
syringae (Pss) and morsprunorum (Psm), pathogenic potential has also been found
in P. syringae strains from diverse environments.

This study investigates regional and temporal variations in epiphytic P.
syringae populations in cherry orchards in four regions of the UK across two years. In
addition, to enrich insights into the prevalence of P. syringae in non-agricultural
environments, we also sampled wild cherry and related plant species in woodlands
nearby. A total of 12,000 bacterial strains were isolated from leaves and shoots in May
and September of both 2021 and 2022. Multiplex PCR was used to identify P.
syringae and detect the presence of genes encoding the Type 3 Secretion System
(T3SS), a hallmark of pathogenicity, followed by whole genome sequencing.
Intriguingly, a distinct reduction in the frequency of T3SS+ strains has been found in
strains isolated from Scotland. These results indicate the reduced prevalence of
potentially pathogenic strains in Scotland, and equally importantly, an interesting
regional variation in P. syringae populations. Through further analysis of these
environmental isolates, we will improve our understanding of how evolution of
epiphytic populations leads to new outbreaks of cherry canker.
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Diversity, diagnostics and control of Xanthomonas plant
pathogens that might threaten UK crop production
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ABSTRACT

Plant diseases caused by Xanthomonas species can affect a large number of crops
worldwide. These include diseases that occur frequently in the UK and worldwide, e.g.
black rot of brassicas caused by X. campestris pv. campestris, infrequent diseases in
the UK, e.g. angular leaf spot of strawberry caused by X. fragariae and absent/never
reported diseases in the UK, e.g. bacterial leaf streak of maize caused by X. vasicola
pv. vasculorum (Xvv) and black rot of watercress caused by X. nasturtii.

Angular leaf spot of strawberry was first identified in the 1960s and is a A2 pathogen
in EPPO. We have tested the pathogenicity of a selection of isolates and refined the
method for isolation using different media. Screening of popular varieties grown in the
UK identified tolerant varieties that could contribute to disease management.

Bacterial leaf streak of maize was first reported in South Africa and has now been
identified in 10 US states and some regions of Argentina and Brazil, but not present in
Europe. We have selected inoculation methods and screened some varieties grown
in the UK and found them all susceptible. We have compared whole genome
sequences of a range of isolates from different countries and found diversity within
some regions. Seed testing could contribute to prevent the movement and use of
contaminated seed lots.

Black rot of watercress was described in 2017 and is known to be present in Florida,
Hawaii, Spain and Portugal. Whole genome sequence comparisons shown genetic
diversity amongst the isolates and some evidence for the presence of genes linked to
heavy metal tolerance. Starting crops from clean (tested) seed lots or from plants
obtained via tissue culture could contribute to disease control.

The characterisation of pathogens wusing different approaches including
pathogenicity and genomics, will inform the selection or development of diagnostic
tests.
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Host-pathogen interactions in the soil environment and
defence of Brassica napus to Rhizoctonia solani AG2-1

RUMIANA V RAY, ISABELLE SIMS, CRAIG STURROCK and
DASUNI P JAYAWEERA

University of Nottingham, Loughborough, Nottingham NG7 2RD, UK

ABSTRACT

Rhizoctonia solani Anastomosis Group (AG) 2-1 causes damping-off and
root/hypocotyl rot of Brassica napus (Oilseed Rape; OSR) resulting in significant crop
losses in field. The effects of the soil environment on host-pathogen interactions,
resistance variation and the regulation of defence of OSR to AG2-1 have not yet been
identified. Thus cultural practices and/or seed treatment remain as the main methods
of disease control (Jayaweera & Ray, 2023).

In these studies, we carried out a series of experiments to determine varietal
responses of B. napus to AG2-1 and used confocal microscopy and computed micro-
tomography to visualise infection and to quantify the temporal effects of soil type,
moisture and seed treatment on pathogen growth and development. Molecular
approaches and functional analysis with Arabidopsis thaliana mutants were employed
to define the defence response to AG2-1. Auxin, abscisic acid, and the MYC2 branch
of jasmonate signalling contributed to plant susceptibility, whilst induced systemic
resistance was enhanced by NAPDH RBOHD, ethylene signalling and the ERF/PDF
branch of jasmonate signalling (Sims et al., 2023). AG2-1 development and infection
was favoured by low soil moisture irrespective of soil type, with excessive moisture
causing preferential pathogen growth on the soil surface in the absence of seed
treatment. The findings from these studies identify defence pathways, sources of
resistance and soil environmental factors that can lead to improved OSR management
of soil-borne R. solani.
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Climate change effects on plant pathogens
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ABSTRACT

Climate change poses a significant threat to global food security. It affects crop
physiology and productivity both directly, and indirectly via plant-associated organisms
including plant pathogens. Understanding the complex interactions between host
plants, pathogens, and environmental factors is key to comprehending the future
impact of plant diseases on crop production.

Three methodological approaches have been employed to investigate this issue
(Raza & Bebber, 2022): large-scale observational studies, process-based disease
models, and experimental comparisons of pathosystems under current and future
atmospheric conditions. Each approach provides valuable insights.

Observational studies have consistently highlighted rising temperatures as the
primary driver of disease impact. As temperatures increase, the risk of plant diseases
intensifies, posing a threat to crop production. Process-based disease models suggest
that rising temperatures will cause latitudinal shifts in disease pressure. However,
drying conditions could potentially mitigate disease risk. These models help predict
how climate change may alter the geographical distribution of plant diseases.

Experimental studies indicate that the rising atmospheric carbon dioxide levels will
exacerbate disease impacts. This suggests that the benefits of increased COz2, such
as enhanced photosynthesis and crop yield, could be counteracted by a greater
susceptibility to plant diseases. In summary, these research findings highlight the
complex relationship between climate change and plant diseases, and their potential
impact on crop production. Rising temperatures emerge as a significant driver of
disease impact, while drying conditions and increased atmospheric CO2 levels further
compound the risk. As we strive for global food security, it is essential to consider
these factors and develop effective strategies to mitigate the negative consequences
of climate change on crop health and productivity.
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Uncovering virulence landscapes and host
immunodiversity using effector pangenomes

DAVID S GUTTMAN

Department of Cell & Systems Biology, University of Toronto, Toronto, Ontario,
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ABSTRACT

All species harbour vast pools of genetic diversity shaped by their ecological
interactions and evolutionary histories. In the context of host-pathogen interactions,
this diversity provides insight into fundamental co-evolutionary processes and
mechanisms. Here we show how a systematic study of global type Il effector diversity
from the bacteria Pseudomonas syringae can shed light on the disease potential of
this pathogen and the immunodiversity of its hosts. We created the P. syringae Type
Il Effector Compendium (PsyTEC) to reduce the complexity of P. syringae’s
pangenome effector diversity (>5000 unique effector proteins among 70 families) to
529 representative alleles. Our initial PsyTEC screen on one A. thaliana ecotype
identified 59 immune-eliciting alleles from 19 families with orthologs distributed among
96.8% of strains, meaning that nearly every P. syringae strain carries at least one
effector predicted to elicit effector-triggered immunity. Since this initial screen, we have
expanded our analysis to ~200 A. thaliana ecotypes and related brassica crops,
tomato and its wild relatives, and soybean and its wild relatives. These screens show
remarkable levels of both diversity and conservation depending on the system and
scale. We have also used PsyTEC to understand how effectors can function as public
goods to enable the emergence of collective, population-level virulence, even among
strains that are otherwise unfit on the host. This system revealed that as few as four
effectors are required to cause disease in A. thaliana, and multiple minimal effector
complements confer high pathogen fithess. Swapping effectors in and out of these
minimal complements reveals the underly adaptive landscape of effector trigger
susceptibility as well as functional redundancy among effectors. These studies not
only provide novel insights into the host-pathogen arms race but also provide new
ways to protect plant health.
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Fungal endophytes for Ramularia leaf spot control in
barley
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ABSTRACT

Ramularia leaf spot (RLS) is an emerging disease of barley, caused by the
Ascomycete fungus Ramularia collo-cygni. RLS can result in up to 70% vyield losses
with current control strategies reliant on intensive fungicide programs (Havis et al.,
2015; McGrann & Havis, 2017). However, due to the increased incidence of fungicide
resistance and recent global strategies to reduce the use of pesticides e.g the EU
Farm to Fork Strategy, there is a need for the development of alternative RLS control
strategies. To address this we aim to identify novel biopesticides as part of the
collaborative project “Biostimulants and Biopesticides for Crop Production® funded by
the Department of Agriculture, Food and the Marine (https://www.biocrop.ie/).

Wild relatives of cereals are a rich source of beneficial fungal endophytes. These
fungal endophytes represent a previously unexplored resource for crop disease
control and particularly for RLS control (Hayer et al., 2019). Screening a collection of
140 fungal endophytes isolated from wild barley relatives, we identified 10 isolates
which strongly inhibit the growth of R. collo-cygni in culture. The 10 fungal isolates
were identified as belonging to the same genus using ITS sequencing. The culture
filtrate of these fungal endophytes can control RLS symptoms in planta following spray
application. Metabolomic analysis of the fungal endophyte culture filtrate has identified
9 compounds consistently present in those which inhibit RLS. Each of these 9
compounds are currently being tested to confirm inhibition of R. collo-cygni growth.
Future studies will determine how specific the antifungal activity might be and if these
fungal endophytes and compounds could be used to control additional fungal disease.
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Mitigating plant health risks for conservation

MATT ELLIOT, A FINGER and M BORGE

Royal Botanic Garden Edinburgh, EH3 5LR, UK

ABSTRACT

Conserving native plants through conservation activities such as relocations and
translocations is key to their continued survival. However, such activities pose a further
threat due to the inadvertent introduction of novel species, both during planting
activities, and during nursery production of the threatened plant species. Some plant
pathogens, e.g., Phytophthora spp., have been shown to be commonplace in plant
production nurseries. Therefore, effective biosecurity during the collection of seed,
raising of the plants in the nursery, and the eventual placing back into the natural
environment, needs to be prioritised.

The Royal Botanic Garden Edinburgh (RBGE) is currently conducting critical
conservation work on ten native plant species. This has resulted in a review of
biosecurity related to our conservation activities. Given the plant health risks to these
rare species, RBGE has developed new biosecurity processes to address the risk of
pest, pathogen and weed seed introductions into sensitive habitats. This review covers
all aspects of nursery-based plant production as well as the biosecurity related to
carrying out the work in the wider environment.
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Voyage of fungal pathogen small RNAs into plants
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ABSTRACT

The fungal pathogens deliver small RNAs (Bc-sRNAs) into plant cells to hijack host
Argonaute protein 1 (AGO1) to silence host immunity genes. However, the mechanism
by which these fungal sRNAs are secreted and enter host cells remains unclear.
Extracellular vesicles are membrane-bound vesicles released from cells that can
transport cargos, including proteins, nucleic acids, lipids, glycans, and pigments,
between cells as a form of intercellular communication. These EVs can provide
protection to their cargos from degradation by extracellular enzymes, which is
especially important for RNA trafficking. Here, we demonstrate that B. cinerea utilizes
extracellular vesicles to secrete Bc-sRNAs, which are then enter plant cells through
clathrin-mediated endocytosis. The B. cinerea tetraspanin protein, Punchless 1,
serves as a biomarker for EVs and plays an essential role in fungal pathogenicity. We
observed numerous Arabidopsis clathrin-coated vesicles around B. cinerea infection
sites We used biochemistry, genetics, and cell biology approaches to demonstrate that
fungi secrete sRNAs via extracellular vesicles, which then enter host plant cells mainly
through clathrin-mediated endocytosis.
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Forests in the Anthropocene: Combatting invasive
pathogens and climate change

RICHARD C HAMELIN
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ABSTRACT

The world’s forests are under threat during the Anthropocene, the era during which
we are changing the planetin irreversible ways. We live in a time of megadisturbances,
with climate change, exceptional droughts and floods, and invasive pathogens
creating conditions that could push some forests beyond thresholds of sustainability.
Invasive forest pathogens that are accidentally introduced across borders can cause
irreversible changes to planted and natural forest ecosystems. Some forest pathogens
are also favored by climate change, resulting in unprecedented outbreaks. Even native
diseases that were previously innocuous can cause large scale damage, driven by
new conditions that favor disease development. Early intervention is key to preventing
large scale impact of such diseases. This requires diligent surveillance and monitoring.
Genomic surveillance has transformed how we monitor forest pathogens. We can
detect and identify pathogens and increasingly uncover patterns indicative of
population shifts that could inform and impact management and mitigation actions. As
an example, population genome sequencing of Phytophthora ramorum, the causal
agent of sudden oak and larch death, revealed the presence of lineages, variants and
subvariants in British Columbia. When plotted over time and space these genomic
patterns indicate multiple introductions of the pathogen to BC nurseries, a potential
super-spreader event in 2009-2010 and the appearance of an interlineage hybrid.
Importantly, genomic profiling before and after interventions allow us also to document
eradication success or failure. This is extremely important for regulators and managers
to adjust and fine-tune their management efforts. Real-time genomic data acquisition
from disease outbreak samples provides previously unavailable intelligence that will
be part of the future toolbox of managers of planted and natural forest.
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NLR Bioengineering: Pikobodies confer systemic
resistance to Potato virus X
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ABSTRACT

Plant pathogens constantly face selective pressures that drive their evolution to
overcome recognition by the plant immune system, leading to recurring epidemics that
threaten global food security. It is thus crucial to keep pace with pathogen evolution
through various strategies, including engineering and transferring new disease
resistance to crops. Pikobodies are a novel pair of bioengineered NLR-ID immune
receptors designed by using the rice Pikm-1/Pikm-2 NLR receptor pair as a scaffold
for VHH nanobody fusions that bind fluorescent proteins (FPs) (Kourelis J, et al.,
2023). We generated Nicotiana benthamiana lines stably expressing the Pikobody
system targeting EGFP and carried out viral infection assays using a variant of Potato
virus X expressing EGFP (PVX:EGFP). We demonstrate that stable Pikobody lines
confer systemic resistance to PVX:EGFP with performance comparable to lines
expressing the R gene Rx, which evolved to sense the coat protein of PVX.

Since nanobodies can be raised against most molecules, these proof-of-concept
results indicate that receptor-nanobody fusions can be leveraged to generate made-
to-order resistance genes to protect crops from virtually any pathogen strain secreting
effectors into plant cells.

References
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Ham1 is present in Secoviruses as well as Ipomoviruses
and displays ITPase activity
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ABSTRACT

The production of cassava, a staple crop for many people in Africa, Asia, and Latin
America, is threatened by viral infections such as cassava brown streak disease
(CBSD) and cassava torrado-like virus (CsTLV). These viruses encode atypical Ham1
proteins with a specific structural domain known as the Maf/HAM1, which has a highly
conserved inosine triphosphate (ITP) pyrophosphohydrolase (ITPase) domain.The
Maf/HAM1 domains in viral genomes are uncommon; only two other viral species that
infect euphorbia hosts have been identified by the Euphorbia ringspot virus (EuRV)
and (CBSD). This study investigated the role of HAM1 proteins and their ITPase
activity in CsTLV, the cassava plant, Nicotiana benthamiana, and CBSV. Our results
showed that all the Ham1 proteins studied had high ITPase activity against non-
canonical nucleotides such as ITP.Interestingly, we found that the CsTLV-Ham1 and
Cassava plant Ham1 proteins had higher pyrophosphohydrolase activity specifically
for ITP but not for dITP. Furthermore, we observed that the CBSVD-Ham1 protein with
a specific point mutation (SHA) significantly reduced ITPase activity against
noncanonical and canonical nucleotides such as GTP. These findings suggest that the
leucine residues in the GLR motif of CsTLV-HAM1 may be important for substrate
selection and activity in CsTLV-HAM1 protein, and further research is required. This
study provides a deeper understanding of the mechanism of ITPase activity in CsTLV
and its potential role in reducing viral mutation rates during infection.
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Efficient isolation and transformation protocol of
Zymoseptoria tritici protoplast from the global reference
strain IPO323
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ABSTRACT

Zymoseptoria tritici is a devastating filamentous fungus and the causal agent of
Septoria tritici blotch (STB) in wheat. It has been documented STB could cause up to
50% vyield loss in severe conditions while it is also responsible for up to 70% of the
total fungicide usage on wheat in Europe. Z. tritici has one of the most expansive
genome resources for any plant pathogen, with over 1000 publicly available genomes
along with over 20 high-quality long-read assemblies. However, our ability to take full
advantage of this rich dataset is limited by the lack of a high-throughput method for
genetic manipulation of this species.

This is especially more complicated in Z. tritici as the novel global reference strain
IPO323 has anecdotally been reported to be difficult to protoplast. Adding to this
difficulty was the only published enzyme (glucanex, Sigma) used to generate Z. tritici
protoplasts has now been discontinued. Here we developed a protocol for protoplast
isolation and transformation of the Z. tritici reference IPO323 and other modern Z. tritici
isolates using the cheap and commercially available wine-making enzyme ‘extralyse’
(Laffort). We will present an overview of our optimised protoplast isolation method, and
transformation efficiency of IPO323 using PEG-mediated transformation.
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Trophic, genomic or phylogenetic; what is the most
meaningful way to categorise plant pathogens?

RICHARD P OLIVER
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ABSTRACT

The dominant model used to categorise filamentous plant pathogens is the
biotroph/hemibiotroph/necrotrophy system. There are many aspects of this system
that are unsatisfactory. First, many pathogens have been placed by eminent authors
in 2 or even all 3 of these classes. Second, root and wilt pathogens do not fall into any
of the classes. Third, the system has little predictive value in the important task of
controlling the diseases they cause. My group attempted to define a more objective
classification based on genomic data alone (CATAStrophy). Whilst CATAStrophy
stimulated much discussion, it suffered from a lack of clear-cut and objective divisions
between the classes. Fungal taxonomy has undergone a root and branch revision in
the last 20 years. Examination of the current phylogeny provides some novel insights.
Of the ca 10,000 described phytopathogenic fungal species, the large majority are in
just 10 of the ca. 130 orders. Seven of the orders comprise species with coherent
pathogenic types. The Sordariomycetes orders may also resolve into clear categories
but currently is a work in progress. Phylogenetic placement is therefore an objective
and effective method to classify pathogens. This method provides insight into the
evolution of pathogenicity during the evolution of their plant hosts and suggests
methods to combat the diseases that they cause.

Key words: Hemi-biotrophy, necrotrophy, catastrophy
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ABSTRACT

Many cases of fungicide resistance are caused by homologous mutations in the
target genes. As the genes differ in length in different pathogen species, the
numbering of homologous mutations can cause confusion. We introduced the idea of
giving ‘labels’ to homologous mutations based on alignment to the sequence in an
archetype sequence (Mair et al., 2016). Cases of resistance-associated mutation
published since 2019 will be summarised. In some cases, the archetype gene
sequence has been given a new identifier. A complete list is available from the authors.
The species abbreviations are given: gd.eppo.int. We have also developed a simple
web-tool called FRAST - Fungicide resistance associated Sequence Tool -
FRAST.com.au — to identify the label number for new species. Users can input protein
sequences, align them with the 11 major target site genes and identify the label
number of new or known mutations.

Reference
Mair W, et al. 2016. Proposal for a unified nomenclature for target-site mutations

associated with resistance to fungicides. Pest Management Science 72(8):1449—
14509.
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ABSTRACT

The Gram-negative bacterial genus Xanthomonas includes numerous infra-specific
taxa known as pathovars, which are defined primarily on host range and disease
symptoms. With the advent of molecular sequence data, many pathovars have been
transferred from X. campestris into other Xanthomonas species to better harmonise
taxonomy and phylogeny. We performed whole-genome shotgun sequencing on
pathotype strains of several X. campestris pathovars. These genomes showed more
than 98% average nucleotide identity with the type-strain of X. euvesicatoria and less
than 88% with the type-strain of X. campestris. We propose the transfer of these
pathovars into X. euvesicatoria and present an emended species description for X.
euvesicatoria. We also present genome sequences for several other taxonomically
important strains of Xanthomonas spp.
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ABSTRACT

Bacteria that infect plants are diverse and can be transmitted via air, water, and soil,
or via vectors like insects or nematodes. For bacteria that infect humans, the medical
community has benefited immensely from EnteroBase, a computational system for
processing and analysis of bacterial DNA sequences. It is used by labs around the
world to promptly identify the causes of outbreaks, track multi-country outbreaks,
inform prompt public health decision making and subsequent recall of contaminated
products in increasingly global food chains. We will use the EnteroBase platform to
develop PhytoBacExplorer, a new system dedicated to plant bacteria. We will provide
curation to ensure rich, consistent, and high-quality data including geographic
information, host ranges, and genes underlying pathogenicity. The system will inherit
many useful features from EnteroBase, including processing of raw data, identification
of the shared "core" genome in a population, identification of the phylogenetic
(ancestry) tree based on core genomes, and powerful interactive visualisations. Users
can upload raw sequencing data for PhytoBacExplorer to process and integrate with
the full data set. Users will learn whether their strains are new species or have been
previously observed and can identify their likely functional characteristics. This will
enable monitoring of ongoing pathogen evolution, and significantly reduce time spend
on data processing tasks. Users will have input into the development of the system.
The project has a budget for sequencing to cover poorly represented clades. The
system will enable identification of DNA sequences unique to specific pathogens and
enable faster development of more precise molecular tests. This will greatly facilitate
regulatory bodies and Plant Health field officers in tracking new threats to the
environment and contribute to precision agriculture.
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Chloroplast immunity: A neglected mechanism to enhance
sustainable agriculture?
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ABSTRACT

Biotic stress can lead to a loss of up to 25% of the yield of crop cultivation and in
order to avoid crop loss, it is crucial to develop an approach to restrict pathogen
infections. Chloroplast immunity is an emerging field, recently my lab has
demonstrated, using the model organisms Arabidopsis thaliana and Pseudomonas
syringae pv. tomato, that chloroplasts are a target of a pathogen’s virulence strategy.
The recognition of pathogen-associated molecule pattern (PAMP) activates different
pathways, including a burst of reactive oxygen species (ROS) from chloroplasts, which
is attenuated by delivery of pathogens proteins (effectors). My project involves
proteomics, genetics and cell biology. Proteomic data capturing changes in the
chloroplast proteome during pathogen infection has been generated and analysed,
comparing infection of Arabidopsis thaliana leaves with the pathogenic Pseudomonas
syringae pv. tomato (Pst) DC3000 and effector secretion deficient, non-pathogenic Pst
DC3000 HrpA mutant.

As a result of this analysis, over 240 proteins presented a change in abundance. We
define components of specific chloroplast processes altered by this virulent pathogen
and are initially focussing on the role in the immune system of Psb27 protein, with
repairing photosystem Il functionality.
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ABSTRACT

Septoria tritici blotch (STB), caused by the dimorphic fungus Zymoseptoria tritici, is
one of Europe’s most devastating diseases of wheat. With increasing resistance to
fungicide treatment, new targets of essential Z. tritici processes are required. Following
its invasion through wheat leaf stomata, Z. tritici hyphae remain exclusively in the
apoplastic space, secreting effector proteins for the manipulation of the host immune
response. The various mechanisms of effector action emphasise the need for novel
targets that address all effector proteins, such as the pathways of their secretion.
Essential components for protein secretion are well identified in model yeast, however,
gene discovery is lacking for Z. tritici.

To identify essential secretory pathway components, this project first aims to develop
a reporter assay for Z. tritici secretion using the luciferase CLuc system previously
employed in yeast, where protein secretion is sensitively measured as luminescence
(Kanjou et al., 2007). To transform Z. tritici with the CLuc gene, a ‘soft’ selectable
landing site will be used in which the succinate dehydrogenase locus gains a point
mutation that confers carboxin resistance (Kilaru et al., 2015). This reporter system
will be used in large-scale forward genetics screens by UV mutagenesis to identify
mutants with hampered protein secretion.

References
Kanjou N, Nagao A, Ohmiya Y, Ohgiya S. 2007. Biochemical and Biophysical
Research Communications 358:429—-434.

Kilaru S, Schuster M, Latz M, Das Gupta S, Steinberg N, Fones H, Gurr S J, Talbot
N J, Steinberg G. 2015. Fungal Genetics and Biology 79:118-24.
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ABSTRACT

Magnaporthe oryzae deploys a repertoire of effectors to overcome host plant
immunity and cause blast disease in staple cereal crops such as rice and wheat. These
effectors form discrete structural families, one of which is the well characterised MAX
effector family. AVR-Pii, an effector utilised by Magnaporthe adopts a zinc finger fold
and interacts with specific rice Exo70 alleles with high affinity, this interaction
underpins recognition by the rice nucleotide-binding leucine-rich repeat receptors
(NLR) pair Pii. A Hidden Markov Model (HMM)-based search revealed AVR-Pii was a
member of a broader zinc finger fold (ZiF) effector family. Sequence-based tribing
clusters available ZiF effector sequences into 10 clades, while demonstrating a
pervasive distribution across blast pathogen lineages. However, the molecular
mechanisms of how AVR-Pii and the ZiF effectors promote virulence are currently
unknown. Preliminary data suggests not all ZiF effectors bind to the same host targets.
Through yeast two-hybrid screens and immunoprecipitation mass spectrometry
experiments, we aim to identify the variation of potential host targets of a
representative ZiF effector subset and subsequently investigate their structure,
function, and roles in disease. Together, through this project we aim to elucidate the
functional diversity of the ZiF effector family and reveal the underlying molecular
mechanisms of infection. This in turn could provide novel opportunities to engineer
new to nature resistance in crops.
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Manipulation of plant NAD metabolism by bacterial
effectors
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ABSTRACT

Nicotinamide adenine dinucleotide (NAD) is a universal co-factor and redox carrier
involved in a variety of metabolic processes in cells across kingdoms. Recently, it was
found that NAD can be hydrolysed by Toll/interleukin-1 receptor (TIR) domains of
proteins, which are often found in intracellular immune receptors in plants. This
discovery links NAD metabolism and degradation to immune signalling. However, the
specific products of the degradation and the exact mechanism by which they induce
immunity are still under investigation. Interestingly, pathogens produce host-
manipulating effectors that can hydrolyse NAD. We recently analysed the pangenome
of the model bacterial pathogen Pseudomonas syringae, which revealed type Il
secreted effectors that have diverse NAD hydrolase domains. Here, we will report
functional characterizations of these effectors, including immune suppression, NAD
hydrolase activity, and impact on plant NAD metabolism during infection. This study
reveals novel virulence mechanisms and provides insight into immune signalling
mediated with NAD-derived small molecules.
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ABSTRACT

Disease Resistance (R) genes often encode NLR immune receptors and have long
been used in breeding for crop protection. However, functional transfer of R genes
between taxonomically different families can be difficult. For example, transfer of an
NLR Bs2 from pepper (Solanaceae family) into Arabidopsis (Brassicaceae family)
failed to confer recognition of the effector, AvrBs2 from Xanthomonas vesicatoria (Tai
et al.,1999). “Sensor” NLRs from the Solanaceae family, including Bs2, require the
NRC “helper” NLRs. We hypothesize that co-delivery of sensor and helper NLRs could
break the restricted taxonomic functionality (RTF) of the sensor NLRs in crops that
lack their corresponding helper NLRs such as the Brassicaceae family. Resistance to
Phytophthora infestans (Rpi)-amr1 and Rpi-amr3 genes from Solanum americanum
recognize effectors from different Phytophthora pathogens. Rpi-amr1/3-mediated
effector recognition and resistance are dependent on the helper NLR NRC2. We aim
to break the RTF of the sensor NLRs by co-delivering the sensor (Rpi-amr1/3) and
helper (NRC2) NLRs in Arabidopsis thaliana. We are assessing whether NRC2 can
oligomerize in the presence of the sensor NLR and its cognate effector and whether
the Arabidopsis plants expressing the sensor-helper NLRs can show resistance
against different Phytophthora pathogens. Functional interfamily transfer of R genes
would serve as a powerful strategy for providing resistance to a broad range of
pathogens.

References
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ABSTRACT

Downy mildew (DM) is caused by the obligate oomycete pathogens and a serious
disease that reduces yield (~80%) and quality of world important pulses and
horticultural crops notably during humid-cool seasons. DM pathogens are difficult to
control because they can produce long-term survival spores and mutate rapidly. Use
of pesticides has been the most effective way to control DM pathogens, but their
associated hazards to the environment are of global concern. Research is increasingly
focusing on exploiting untapped potentials of microbial biological control agents
(MBCA) for managing plant diseases in eco-friendly manners. Among the mostly
studied MBCA, Rhizobacteria Bacillus and Pseudomonas species have been shown
to suppress wide range of plant pathogens. However, to our current knowledge, no
MBCA has been reported against DM pathogens in pulses. Here, we present the
efficacy of Bacillus and Pseudomonas strains as potential biopesticides against pea
DM pathogen Peronospora viciae f. sp. pisi (Pvp). The in-vitro assays showed 100%
inhibition of Pvp spore germination. In-planta antagonism assays also showed
significant inhibition of Pvp in peas sprayed with B. subtilis / P. flourescens or their
filtrates. There was a synergistic effect of dual application of the microbes. Drenching
application was only effective for Pseudomonas. Molecular analysis also agreed with
the spore count data suggesting that these MCBA could be effective against Pvp.

Key words: Downy mildew, microbial biological control agents and pea
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ABSTRACT

Downy mildew (DM) is a widespread disease affecting important crops. Due to
severe losses in crop production, an effective and environmentally friendly protection
for DM is needed. The lack of genetic manipulation has led to difficulties in dissecting
the molecular mechanism of obligate pathogens. In recent years, the siRNA approach
has shown potential as a tool to uncover the role of genes at different developmental
stages of the pathogen life cycle. In the current study, using the Arabidopsis-
Hyaloperonospora arabidopsidis (Hpa) model system, we aimed to catalogue genes
for different developmental stages of Hpa including germination, infection, and
mycelium development using synthetic siRNA-based genetic screening. RNA-seq
analysis was performed and differentially expressed genes (DEGs) at different stages
of Hpa development were identified. Synthetic siRNAs were designed to target more
than 50 genes selected from the DEG list. The effect of these siRNAs was examined
in germination and infection assays. Among these siRNAs, 23 siRNAs stopped
germination, while 20 siRNA increased germination. Furthermore, 13 siRNAs stopped
infection and 10 increased sporulation compared to that of control. Currently, trypan
blue staining, biomass analysis and gqRT-PCRs are being performed on siRNAs that
showed altered phenotype. The promising results provide evidence that siRNA
approach can be used as a reverse genetic tools and help identify targets for disease
control in crops.

Key words: Downy mildew, oomycete, Arabidopsis, SRNA, and gene expression.
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ABSTRACT

Small peptides (<100 amino acids) are involved in a wide range of biological
responses in plants to both biotic and abiotic stimuli, including Programmed Cell Death
(PCD). In the presence of the exogenously applied, plant-derived small peptide Kiss
of Death (KODpep), Arabidopsis thaliana root hairs undergo a morphological PCD-like
response at low KODpep concentrations and/or limited incubation periods. The
efficacy of two cell penetrating peptide (CPP) fluorescein isothiocyanate (FITC)
labelled tags was also investigated: a classic CPP tag (RQIKIWFQNRRAKWKK) and
the more recently discovered amoeba-derived CPP tag (RRVQIWFQNKRAKVKR).
The presence of either CPP tag resulted in increased intracellular uptake of
KODpep as indicated by an increase in fluorescence activity. However, this was
associated with a loss of a PCD-like morphological response which was superseded
with a necrotic-like response at high peptide concentrations and/or longer incubation
periods. Biological activity of the KODpep to induce a PCD-like morphological
response in the absence of a CPP tag was detected, with novel intracellular uptake of
KODpep observed. The potential role of KODpep in a plant’s response to a pathogen
and the utility of small peptides to participate in the arsenal of plant defence strategies
will be presented.
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ABSTRACT

The branched-chain amino acids (BCAAs) Leu, lle, and Val are the primary
metabolites synthesised in plants and are essential for plant growth and defense
responses. The interface of BCAAs metabolism lies with branched-chain
aminotransferases (BCAT) that catalyse both the last anabolic step and the first
catabolic step. Previous studies revealed that disruption of the branched-chain amino
acid transferase, TaBCAT1in wheat could induce defence priming through the
accumulation of salicylic acid (SA) and elevation of pathogenesis-related gene
expression against wheat yellow rust Puccinia striiformis f. sp tritici (Pst). However,
the novel association between BCAAs metabolism and SA- mediated defense
response, had yet to be explored. In this study, comprehensive transcriptomic and
proteomic analysis of TaBCAT1 disruption and knock-out mutant lines was conducted.
This analysis identified a set of genes linked to salicylic acid activation, synthesis, and
systemic acquired resistance. Subsequent virus-induced gene silencing (VIGS) of a
subset of these genes revealed the involvement of the SUMO (small ubiquitin-like
modifier) SIZ1 SUMO E3 ligase. SIZ-1 is the significant SUMO conjugation enhancer
for the plant stress response and modulates hormonal re-programming in the system.
Current phytohormone profiling in these VIGS-mediated plants will further explain the
role of SIZ-1 in BCAAs metabolism and SA- mediated defense response. Identifying
the molecular mechanism that links modulated branched-chain amino acid
homeostasis to defense priming will elevate the potential of TaBCAT1 disruption as a
new source of resistance in breeding programmes, whilst also revealing important
insight into the mechanisms regulating defense responses.
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ABSTRACT

Septoria ftritici blotch is a devastating wheat disease caused by the fungus
Zymoseptoria tritici, which consistently adapts to bypass resistance (R) genes in wheat
crops. Understanding the specific genes and mutations responsible for overcoming
individual R genes remains a critical challenge. This study presents an innovative
forward genetics pipeline aimed at identifying elusive Z. tritici genes that confer
virulence to previously resistant wheat varieties. We developed and executed this
pipeline by leveraging the gene-for-gene interaction between Stb6 and AvrStb6. By
subjecting avirulent Z. tritici strain IPO323 to UV mutagenesis, we generated a library
of >100,000 mutants and meticulously evaluated their disease development in the
Stb6-possessing cultivar Cadenza. Utilising a novel approach akin to creating soups
from surviving UV mutants and subsequent inoculation of Cadenza, we identified nine
mutants that acquired virulence and subjected them to comprehensive whole-genome
lllumina sequencing. Our analysis revealed a remarkable pattern—each mutant
harboured mutations associated with AvrStb6. Among these mutations, we observed
a single nucleotide polymorphism (SNP) within the coding region of AvrStb6 in one
mutant, whereas the other eight mutants displayed significant deletions at the end of
chromosome 5, encompassing the AvrStb6 locus. These findings demonstrate the
potential of our forward genetics approach for elucidating the genes governing
qualitative resistance to Z. tritici. Importantly, this methodology holds promise for
identifying other currently unidentified Avr genes within this notorious pathogen,
paving the way for more effective disease-management strategies.
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ABSTRACT

Yellow rust caused by the fungus Puccinia striiformis f. sp. tritici and stem rust caused
by Puccinia graminis f. sp. tritici are major threats to global wheat production.
Identification of new sources of host resistance is required to enhance our resilience
to these biotic threats. One avenue to enhance host resistance is through the
disruption of host susceptibility factors. These are host proteins that are essential for
a pathogen to manipulate to support successful infection. Thus, disrupting their
function can prevent pathogen invasion and create durable and race-nonspecific
genetic resistance. Previous RNA-seq experiments of yellow rust-infected wheat has
revealed several genes with expression profiles linked to disease susceptibility.
Evaluation of disruption mutants for three of these genes have shown that they are
required to support yellow and stem rust development. This includes: (i) a branched
chain amino acid transferase, TaBCAT1, (ii) a putative chloroplast localising protein
involved in RNA metabolism TaCSP41a, and (iii) a putative isocitrate lyase, a key
enzyme of the glyoxylate pathway, TalCL. However, it is considered that disruption of
such susceptibility genes may confer a fithess cost that could limit their utility in
breeding programmes. To assess any pleiotropic effects linked to disrupting these
genes, we set out to conduct a thorough developmental study of the mutant lines.
Initial analysis of TaBCAT1 disruption mutants has shown negligible negative
pleiotropic growth effects in a hexaploid, bread wheat background. This suggests that
disruption of TaBCAT1 could be a good candidate for use in resistance breeding
programmes, enhancing the sources of resistance at our disposal. (255)
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ABSTRACT

Tomato spotted wilt virus (TSWV) has a very broad host range and it can infect more
than 1,000 plant species from over 80 families including tomatoes (Solanum
lycopersicum) and peppers (Capsicum annuum). It is mainly transmitted by thrips and
causes significant crop losses (~$1 billion) annually. Tomato brown rugose fruit virus
(ToBRFV) is a positive single-stranded RNA virus that was identified relatively
recently. TOBRFV can infect over 40 plant species including tomato and pepper, and
it is considered as a major threat to tomato production worldwide. Multiple resistance
genes identified against both viruses and introgressed in to cultivated tomato or
pepper plants, but fast evolutionary rate of the viruses made those resistance genes
ineffective in a very short period of time. It is therefore crucial to identify additional
resistance sources against the viruses. To achieve this, we screened diverse Solanum
americanum lines with the viruses and identified a number of accessions resistant to
TSWV or ToBRFV. We also carry out TurbolD-based proximity labeling (PL) with
TSWV and ToBRFV proteins in Nicotiana benthamiana to identify host proteins
required for the successful replication and transmission of the viruses. Genes (so
called susceptibility genes) encoding such host proteins will then be utilized to develop
crop plants with durable resistance against the viruses through genome editing
approaches.
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ABSTRACT

To understand the role of Pmk1 in the transpressorium mediated cell-to-cell
movement, we have carried out a discovery phosphoproteomics experiment studying
the Magnaporthe oryzae analogue sensitive mutant pmk14S during blast invasive
growth. This analysis has identified 39 phosphorylated proteins that are putative
targets of Pmk1. These proteins are related to different cellular processes, such as
cytoskeleton remodelling, vesicular trafficking, and cell cycle control. Interestingly, we
have also identified a subset of three phosphorylated effector proteins that are
dependent on Pmk1 activity for their expression. Transcriptomic data of M. oryzae
plant infection has revealed that these Pmk1 Regulated Effectors (PREs) are
specifically expressed at 24-48h during plant infection. Localisation of PREs during
blast disease shows that PRE2 accumulates at the Biotrophic Interfacial Complex
(BIC), whereas PRES localises at the tips of invasive hyphae. We have generated
barley transgenic lines expressing PRE2 and PRE3 to identify their interactome in
planta by using immunoprecipitation-mass spectrometry (IP-MS). We are currently
analysing putative PRE targets in planta. In parallel, we have generated gene deletion
mutants of PRE1 and PREZ2 in M. oryzae. The Apre2 mutant shows a significant
reduction in virulence compared to an isogenic wild type strain. Furthermore, Alphafold
2 prediction revealed distinct structures for PREs, with no structural similarities to
previously known effectors. Our focus is to determine if PREs are specifically
associated with Pmk1-dependent processes such as transpressorium-dependent cell-
to-cell movement.
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ABSTRACT

Plants use cell surface and intracellular receptor proteins to perceive the presence
of pathogens and activate defence. The resistance gene White Rust Resistance 7
(WRRY7) encodes an atypical resistance protein with a non-canonical integrated
domain and confers an effective immunity to pathogen Albugo candida in Arabidopsis.
We carried out suppressor screen and identified CAMTA2, MAP3K&4 and CHR4
contributing to WRR7 mediated immunity. CAMTA2 and CHR4 were found to be
involved in transcriptional regulation and dynamics of WRRY7 following pathogen
infection. MAP3Kd4 was identified as a potential downstream signalling component of
WRR?7 mediated immunity. We found that MAP3K&4 forms previously uncharacterised
dynamic bodies in the endoplasmic reticulum and co-localised with some of the
mitochondria in the plant cell. We carried out biotin ligase—based proximity labelling
(TurbolD) experiments to identify MAP3K®4 associated proteins in Arabidopsis. This
approach identified a number of proteins implicated in liquid-liquid phase separation,
suggesting that MAP3K®4 is likely part of biomolecular condensates. Overall,
deciphering the contribution of MAP3Kd4 to immune signalling following WRR7
activation will provide important insights into poorly understood plant immunity
signalling following NLR activation.
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ABSTRACT

Acute oak decline (AOD) is an emerging disease of oak trees (Quercus spp.), which
causes dark weeping lesions on bark and potential tree mortality within 3 to 5 years.
AOD is caused by a polymicrobial complex of several bacterial species, the most
important of which are the gram negative phytopathogens Brenneria goodwinii and
Gibbsiella quercinecans. No treatments are yet available against AOD, and
environmental impacts restrain the use of antibiotic treatments and copper
compounds. However, a potential avenue for biocontrol of these bacteria species is
the use of bacteriophage (phage), which have been proven effective in treating several
other bacterial tree diseases. Multiple phages from diseased lesions of oak trees have
been isolated that can lyse G. quercinecans and B. goodwinii in England. A subset of
unique phages has been characterised via a number of assays, including killing curve
assays, one-step growth curves, and temperature and UV survival assays, to
determine their suitability as biocontrol agents. In addition, their genomes have
sequenced. The results of this study will help identify phages or phage cocktails to
treat AOD. It will also form the basis of research on phage identification and dynamics
within the AOD pathosystem.
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ABSTRACT

Agricultural industry faces multifaceted and ever-evolving biotic pressures such as
crop infestation by Myzus persicae (green peach aphid). While feeding, aphids secrete
effector molecules to modulate host responses to enhance host susceptibility.
Structural elucidation of aphid effector proteins implicated in insect virulence on
economically important crop species will open new avenues towards improving food
security in the face of biotic and abiotic environmental pressures. Our work focuses
on setting up an experimental pipeline to produce in-silico and in-vitro structural
models for aphid effector proteins through the application of bioinformatic, proteomic
and spectroscopic techniques including X-ray crystallography, solution NMR, double
electron-electron resonance (DEER) and relaxation-induced dipolar modulation
enhancement (RIDME) where applicable, for the elucidation of protein conformational
states, form and function. Here we present some of our initial findings, such as groups
of proteins with limited sequence, but strong structural homology and predictions for
functionally and structurally important residues.
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ABSTRACT

Fraxinus excelsior, European ash, is a commercially and ecologically important tree
species in the UK, that is host for a devastating fungal pathogen as well as an endemic
bacterial disease. Developing knowledge of tree responses to pathogens is helpful for
understanding how plants can resist pathogens as well as develop biomarkers for
disease surveillance. The quantification of secondary metabolites could prove
particularly useful in understanding the processes of disease progression. We used
an untargeted metabolomics approach to do this and examined different protocols that
are least biased towards one group of compounds. A fully factorial experiment was
conducted, using healthy tree samples, to test the best metabolite extraction method
using the following variables: three different temperatures (4, 20 and 50°C), number
of extraction cycles (1 and 3), and three different solvents (10% and 80% methanol,
and methanol:chloroform(MCH)). All variables had significant effects of on the overall
variation of the metabolites extracted, with the solvent being the most important,
explaining ~70% of the total variation. The more non-polar the solvent, and the higher
the temperature, resulted in the largest amount of metabolite diversity in extracts, while
the number of extraction cycles significantly affected the amount of yield. The best
protocol to use for ash is 50°C, 80% methanol or MCH and three cycles.
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ABSTRACT

The bleeding canker of European horse chestnut is a recently emerged disease
caused by Pseudomonas syringae pathovar aesculi (Pae). The major virulence
mechanisms driven by this pathogen to infect woody hosts are scarcely investigated.
However, genome comparison of the Pseudomonas syringae complex revealed
conserved regions only present in Pae which are implicated in the metabolism of
aromatic and phenolic compounds, in sucrose uptake and utilization and in fatty acid
biosynthesis. The hopAB1 effector and HrpL regulon are essential for suppressing
and/or triggering defences in different plant species and for symptom development,
respectively. However, their contribution to the virulence of Pae is also important to
analyse.

Our goal was to investigate the main components contributing to Pae virulence on
horse chestnut. Therefore, we conducted functional analyses through mutagenesis
and complementation experiments to evaluate the genetic adaptations to infection of
the woody parts of the tree. Our study revealed the important role of hopAB1 and hrpL
in suppressing the plant immune response and causing disease in tobacco plants and
horse chestnut. The deletion of the genes encoding for the catabolism of anthranilate
and catechol reduced virulence in horse chestnut as well as those encoded within
sucrose and fatty acid clusters. Our results highlight the role of the enzymatic activities
encoded within Pae and their implication on its evolution and adaptation to woody
hosts.
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ABSTRACT

Rice blast disease, caused by the filamentous, ascomycete fungus, Magnaporthe
oryzae, is one of the most important limiting factors in rice production. Infection starts
when a three-celled conidium lands on the leaf surface, carried by wind or splash
dispersal. To enter the rice leaf, the fungus forms a dome-shaped infection structure
called an appressorium. The melanized appressorium develops a penetration peg,
which differentiates into a narrow primary invasive hypha (IH) and subsequently into
bulbous invasive hyphae that colonize the first host cell. Previous live-cell imaging
studies have demonstrated that IH are surrounded by the extra-invasive hyphal
membrane (EIHM), an invagination of the host plasma membrane, which bounds IH
as they proliferate in epidermal rice cells. We have generated a series of rice (cv.
Kitaake) transgenic lines expressing green fluorescent protein (GFP)-labelled
subcellular components, including the plasma membrane, endoplasmic reticulum
(ER), Golgi, nuclei, F-actin, microtubules, early and late endosomes. Using these
transgenic lines, we aim to characterize the temporal development of blast disease
and create a spatial atlas of the major cellular changes associated with blast infection,
in both compatible and incompatible interactions. We have shown that blast infection
is associated with disintegration of the F-actin cytoskeleton. We have also classified
major changes in membrane organization and integrity during invasive growth. We will
report the major plant cellular changes that accompany host tissue colonization by M.
oryzae.
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ABSTRACT

In eukaryotes, mRNA exists as a ribonucleoprotein complex consisting of an mRNA
transcript associated with RNA-binding proteins (RBPs). RBPs regulate gene
expression by orchestrating mRNA processing. The RBP GLYCINE RICH PROTEIN
7 (GRP7) plays a critical role in many physiological processes and stress responses
in Arabidopsis by regulating alternative splicing (AS). Its RNA binding activity is
important for an effective plant immune response as interfering with its RNA
recognition motif through targeted mutagenesis, or via the action of the Pseudomonas
syringae pv. tomato DC3000 virulence effector HopU1, suppresses pathogen-
associated molecular pattern (PAMP)-triggered immunity (PTI). Here, individual
nucleotide crosslinking and immunoprecipitation (iCLIP) has been used to profile
changes in the RNA targets and binding sites of GRP7 in Arabidopsis following PTI
activation by the bacterial elicitor peptide flg22. The targets of GRP7 in the PTI
activated condition were significantly enriched in biotic stress associated gene
transcripts, many of which have previously been reported as being differentially
alternatively spliced following biotic stress exposure. As the binding sites of GRP7 on
many of its target transcripts differs following PTI activation, we are investigating if
GRP7 regulates PTl-associated AS of these transcripts. We will also determine if any
of these alternative isoforms contribute to enhanced resistance or susceptibility to P.
syringae.
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ABSTRACT

The peach potato aphid Myzus persicae is a globally relevant plant pest and the
vector for more than 100 plant viruses. Tens of millions to billions of US$ in yield losses
are attributed to aphids each year. Phloem feeding insects maintain long term close
contact with their hosts and are therefore reliant upon effector based molecular
suppression of a host plant’'s immune system for survival. Unusually amongst aphid
species, M. persicae has an exceptionally broad host range and is able to colonise
over 400 plant species from 50 different families. It is unclear what molecular
adaptations underly M. persicae generalism. The existence of M. persicae subspecies
with preferences for different host plants has been proposed, with evidence for
specialisation of some lineages to Nicotiana. We have collected genome sequencing
data from M. persicae samples across five continents and six plant families. Using this
resource, within species adaptation to different hosts, geographies and pesticide
regimes is investigated. Genes implicated in host specialisation represent good
effector candidates and may elucidate how M. persicae maintains such a broad host
range. Association with insecticide use may unravel the ecological and evolutionary
emergence and spread of insecticide resistance in global M. persicae populations,
with implications for effective management strategies.
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ABSTRACT

Pseudomonas syringae pv. syringae (Pss) and pv. morsprunorum (Psm) are the
causal agent of the bacterial canker of cherry trees (Hulin et al., 2018). Both pathogens
infect woody tissues but exhibit different pathogenicity towards their host, which may
be related to their adaptation to this environment (Hulin et al., 2020). Therefore, we
aimed to characterize (in vitro) the changes in Pss and Psm metabolism in the
presence of their host using mass-spectrometry-based untargeted metabolomics. After
five days of inoculation on sterile cherry shoots, Pss and Psm caused the accumulation
of several flavonones, such as naringenin, suggesting the degradation of their
respective glycosylated forms. This hypothesis was supported by the reduction in the
abundance of the o- glycosylated flavonoids (e.g., Naringenin-7-O-glucoside), which
remained stable on the control shoots. Additionally, a significant decrease of
epicatechin (a potential antimicrobial compound) was observed in Pss, and Psm
inoculated shoots. Pss seemed to be more efficient at degrading cherry flavonoids than
Psm, which could explain why this bacterium grows better while using cherry as the
sole source of nutrients. Interestingly, only Psm accumulated Rhamnolipid-related
backbone fatty acid chains while growing on cherry shoots. Despite its role in the
pathogen infection process remains unclear; a relationship with Psm motility is
suggested. Further research will be done to understand the differences between Pss
and Psm interaction with cherry and to confirm the observed results under in vivo
conditions.
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Abstract

The NRC immune receptor network has undergone significant evolutionary changes
in asterid plants, evolving from a pair of linked NLR (nucleotide-binding domain and
leucine-rich repeat-containing receptor) genes into a phylogenetically structured
network of sensor and helper NLRs. The degree to which the NRC network is
differentially expressed across plant tissues, however, remains unknown. In this study,
we combined genetic linkage and phylogeny of the tomato (Solanum lycopersicum)
NLRome and identified a root-specifically expressed gene cluster consisting of the
NRC paralog NRC6 and sensor NLRs that are phylogenetically related to the cyst
nematode resistance gene Hero. The gene cluster is found across Solanum species
and Hero-cluster NLR (HCN) sensors exclusively signal through cluster encoded
NRCG6 helpers for a hypersensitive response (HR). The recently identified root knot
nematode resistance gene MeRl is also part of this cluster and relies on NRC6 for HR.
Our findings suggest that the NRC6/HCN gene cluster evolved from the larger NRC
network to specialize for resistance against root pathogens, including cyst and root
knot nematodes. Tissue-specific NLR networks may have evolved to adapt to tissue-
specific pathogens and reduce the risk of autoimmunity.

76



P31
Diversity of Pyrenophora tritici-repentis population in
Latvia

JANIS KANEPS', BIRUTA BANKINA" and INGA MOROCKO-BICEVSKA?

'Latvia University of Life Sciences and Technologies, Jelgava, Latvia
2|nstitute of Horticulture, Dobele, Latvia

ABSTRACT

Tan spot caused by Pyrenophora tritici-repentis is rapidly becoming a major concern
in all largest wheat-growing regions, including the Baltic Sea region. Recent studies
show that Pyrenophora tritici-repentis races 1, 2, 3 and 4 can be found in Lithuania,
while in Latvia, only races 1 and 2 have been confirmed (Abdullah et al., 2017).
However, the information about pathogen diversity in this region is still insufficient.

The aim of this study was to describe the genetic and phenotypic diversity of
Pyrenophora tritici-repentis isolates from various hosts, including wheat, triticale,
orchard grass, and couch grass obtained from 2020 to 2022. Pathogen phenotypic
diversity was characterised by colony and mycelium morphological traits. The genetic
diversity of the fungus was described by sequence analyses of mating type locus
(MAT) and translation elongation factor 1-a (tef1-«) gene.

The mycelium of Pyrenophora tritici-repentis isolates on the potato dextrose agar
was mostly dark grey with a greenish tint and some dark mycelium aggregations.
About 30% of the colonies had light grey mycelium with orange-coloured colony
reverse.

Analysis of teff-a and MAT sequences showed that the isolates obtained from
various hosts and geographic locations were almost identical. Only one isolate
obtained from couch grass was different from other Pyrenophora tritici-repentis
isolates, having one insertion in both genomic regions analysed. Further research on
Pyrenophora tritici-repentis obtained from alternative hosts is needed to describe
species diversity better.
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ABSTRACT

Eukaryotic growth and homeostasis are driven by the Target of Rapamycin (TOR)
kinase which forms two functionally distinct, multiprotein complexes named TORC1
and TORC2. These complexes integrate nutrient status and stress with fundamental
anabolic and catabolic cellular processes. In contrast with yeast and mammalian
systems, the orchestration of these signalling pathways in filamentous fungal plant
pathogens remains largely fragmented. In the rice blast fungus Magnaporthe oryzae,
the TOR signalling pathway has been implicated in processes indispensable for
infection-related development including autophagy, cell-cycle progression, membrane
homeostasis, and effector secretion. Although homologs of TORC1 and TORC2
subunits are identified in the blast fungus, no direct evidence has been presented to
support their putative interaction in vitro or in vivo. We aim to assess the interaction
between putative subunits and MoTOR by performing a preliminary yeast two-hybrid
assay. The temporal regulation of TORC1 activity will be assessed during infection-
related development by monitoring the phosphorylation status of Rps6, a known
readout marker for TORC1 activity. To obtain a deeper understanding of the global
and temporal mechanisms by which the TOR signalling pathway regulates infection-
related development we aim to perform a large-scale AP-MS with both TORC1 and
TORC2 subunits as well as perform a comparative phosphoproteomic study. These
studies will provide an in-depth mapping of the TOR signalling network during M.
oryzae infection-related development and uncover novel targets for fungicide
development as TORC2 regulated signalling is absent in plants.
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ABSTRACT

Plant pathogens constantly face selective pressures that drive their evolution to
overcome recognition by the plant immune system, leading to recurring epidemics that
threaten global food security. It is thus crucial to keep pace with pathogen evolution
through various strategies, including engineering and transferring new disease
resistance to crops. Pikobodies are a novel pair of bioengineered NLR-ID immune
receptors designed by using the rice Pikm-1/Pikm-2 NLR receptor pair as a scaffold
for VHH nanobody fusions that bind fluorescent proteins (FPs). We generated
Nicotiana benthamiana lines stably expressing the Pikobody system targeting EGFP
and carried out viral infection assays using a variant of Potato virus X expressing
EGFP (PVX:EGFP). We demonstrate that stable Pikobody lines confer systemic
resistance to PVX:EGFP with performance comparable to lines expressing the R gene
Rx, which evolved to sense the coat protein of PVX. Since nanobodies can be raised
against most molecules, these proof-of-concept results indicate that receptor-
nanobody fusions can be leveraged to generate made-to-order resistance genes to
protect crops from virtually any pathogen strain secreting effectors into plant cells.
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ABSTRACT

Sunflower (Helianthus annuus L.) is a globally important oilseed crop, and South
Africa contributes approximately 2% to worldwide production. Fungi such as
Sclerotinia, Verticillium, Phoma, and rusts, are the primary pathogens leading to of
sunflower yield losses in the country. A diverse set of viruses from the Potyvirus,
Begomovirus, and Umbravirus genera are known to infect sunflower, although little to
no information is available regarding viral diversity associated with sunflowers in South
Africa. During 2021 and 2022, sunflowers that exhibited symptoms of severe leaf
mottle, mosaic, or ringspots were sampled from Gauteng, Free State, Mpumalanga,
and North-West provinces. RNA-seq libraries were produced for each sample and
sequenced using an lllumina NextSeq 2K sequencer. De novo assembly was
performed using metaSPAdes (Nurk et al., 2017), and blast analyses of the resulting
contigs showed that the samples were infected with either bidens mottle virus (BiMoV),
pepper ringspot virus (PepRSV), or a new member of the Umbravirus genus, which
has been tentatively named sunflower blotchy mosaic virus (SBMoV). RT-PCR was
used to confirm the presence of all three viruses. Plants infected with BiMoV exhibited
chlorotic mottle symptoms throughout the entire leaf blade, while SBMoV was
associated with striking blotchy mosaic symptoms. PepRSV-infected plants displayed
classical viral ringspots. This is the first time that BiMoV has been detected in South
Africa, and most of the genomes shared high nucleotide homology (~98%) with other
variants from Taiwan. This is also the first report of PepRSV infecting sunflower.
Phylogenetic analyses suggest that SBMoV is most closely related to Ixeridium yellow
mottle-associated virus 2. Further research is needed to determine the prevalence and
distribution of these viruses and to quantify the associated yield losses.
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ABSTRACT

Legumes play a significant role in crop rotation cycles. The loss in yield brought on
by close rotation, however, is a significant obstacle to boosting legume production.
Pea was found to have a substantially larger rhizosphere effect than wheat and oat in
a previous study. To enhance productivity, it is important to consider the soil microbial
community. In our study, pea seeds (Pisum Sativum hakuna) were replanted using the
same soil over the course of three harvests to examine the impact of soil microbiota
on production. After the second harvest, we observed a large drop in output as well
as an alteration to the general health of the plants. To investigate further, Rhizobium
spp. and Pseudomonas spp. isolated from the rhizosphere were subjected to high-
throughput phenotyping assays. The first harvest shows widespread evidence for
phenotype selection after plants were put in the soil. In addition, the microbial
communities were examined using 16s rRNA amplicon sequencing. We observed the
shifting between bacterial population during three harvests of cropping. From the
nutrient analysis, the nutrient level remains stable during close rotation as well as the
pH level and organic matter percentage.
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ABSTRACT

Nucleotide-binding leucine-rich repeat (NLR) proteins are intracellular immune
receptors that recognize and trigger immune responses to pathogens. Plant NLRs can
function as single receptor units or in networks with functionally specialized sensor-
helper configurations. Upon pathogen perception by upstream sensors, helper CC-
type NLRs form a higher-order “resistosome” complex that presumably integrates into
the plasma membrane as a calcium-permeable channel to initiate immune signaling.
Approximately 20% of plant CC-NLRs carry a conserved N-terminal motif, termed as
MADA, that defines an a1-helix funnel structure on the resistosome for channel activity
and cell death induction. The MADA a1-helix is functionally conserved across
angiosperms, as it can be swapped between phylogenetically unrelated CC-NLRs
without affecting NLR activity. Additionally, the MADA a1-helix is crucial for
resistosome function, as mutations and truncations in this region usually abolish its
immune signaling function. Despite the conservation of the MADA motif, N-terminal
regions of MADA-containing NLRs display diversity in sequence and length. The
drivers of N-terminal diversification of MADA-CC-NLRs and the possible roles of the
N-termini, besides calcium channel activity, are unknown. To study CC-NLR N-
terminal sequence diversity and its molecular function, we focused on the well-
characterized NRC clade of MADA-CC-NLRs that function as helpers in the Asterids
NRC network. We curated a dataset of 1937 NRC proteins from 124 Solanales
genomes and performed phylogenomic analyses on their N-termini to reconstruct their
molecular evolution. Furthermore, we will evaluate the role of NRC N-termini using
biochemistry, structural biology, and cell biology approaches. Our work provides
insights into the evolution and molecular function of the N-terminal MADA-type a1-
helix in NLRs.
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ABSTRACT

Ash-dieback, caused by the invasive ascomycete Hymenoscyphus fraxineus, is
predicted to kill between 80-95% of Common Ash (Fraxinus excelsior) in the UK. This
rapid and widespread tree loss will have significant ecological and economic
consequences. Within the UK, F. excelsior does not occur as pure woodlands, and
instead occurs as a secondary component within mixed woodland, with the proportion
and density of F. excelsior varying widely between woodlands. Time-consuming and
expensive ground surveys are required to assess the F. excelsior population within
woodlands, which severely limits efforts to locate diseased F. excelsior over large
scales. The ability to identify diseased F. excelsior among other species is essential
to managing ash-dieback, as doing so allows the severity of future tree loss to be
predicted for specific locations.

Remote sensing using multispectral photography provides novel opportunities to
model H. fraxineus within woodlands. This is because foliar spectral signatures vary
between healthy and diseased trees, and multispectral photography can detect these
spectral differences. In the current study, an Unmanned Aerial Vehicle (UAV) with a
multispectral sensor was used to photograph a mixed-species woodland infected with
H. fraxineus. The Normalised Difference Vegetation Index, a spectral index commonly
used to assess plant health, was used to assign scores to individual pixels. Clusters
of pixels with low NDVI scores were identified as potential locations of diseased F.
excelsior, which was confirmed with ground truthing. These findings indicate the
potential of multispectral remote sensing photography to rapidly locate infected F.
excelsior over large spatial scales, which has implications for developing affordable
techniques of surveying H. fraxineus within mixed woodland.
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ABSTRACT

Fusarium graminearum is a fungal pathogen that reduces cereal plant yield and
quality on a global scale. While susceptible to F. graminearum infection, barley
(Hordeum vulgare L.) is one of the world's most important cereal crops. Chitosan is a
biopolymer with numerous biological functions - it acts as a strong antifungal agent
against F. graminearum and as an immunity elicitor in plants.

The primary objective of this study was to investigate the biological effects of chitosan
on both F. graminearum isolate BW5 and barley cv. Golden Promise. To assess
chitosan's effect, both organisms were examined individually and together where
barley leaves were inoculated with F. graminearum macrospores. In this model,
comparative transcriptomics was used to investigate the interaction between
F. graminearum and the plant, as well as the response of each organism to chitosan
treatment. The application of chitosan to barley results in increased biomass and
up-regulation of genes that function in pathogenesis as well as chitinase and ROS-
associated enzymes. In F. graminearum, the application of chitosan reduced growth
and mycotoxin concentration, and differential expression of genes involved in redox
balance, cell respiration, nutrient transport, cell wall degrading enzymes, ergosterol
biosynthesis, and trichothecenes production.

By comparing the gene expression patterns in chitosan-sprayed barley and barley
inoculated with F. graminearum, it was discovered that the majority of immune
response genes (such as the PR, WRKY and PAL gene families) in barley exhibit
similar upregulation following both chitosan spray and F. graminearum inoculation.
Collectively, these data contribute to understanding the dynamics between chitosan,
F. graminearum, and barley, providing insight into transcriptional responses and the
potential of chitosan in enhancing plant immunity.

Research financed by National Science Centre, grant no 2019/35/B/NZ9/00323.

84



P39
Impact of arbuscular mycorrhizal fungi on raspberry
plants: Focus on phytophthora root rot

HAZEL MARSDEN', CRAIG SIMPSON', MIRIAM GIFFORD?, PETER ORRELL?and
ELEANOR GILROY

The James Hutton Institute, DD2 5DA, UK
2The University of Warwick, UK
3MycoNourish, The James Hutton Institute, UK

ABSTRACT

Phytophthora root rot (PRR) of raspberries is a disease predominantly caused by the
oomycete Phytophthora rubi. Severe infections may kill susceptible plants over a
single season. There are currently no effective treatments for this pathogen, which can
persist in a dormant state in infected soil for decades. PRR has devastated the UK
raspberry industry over the last 30 years, halving the maximum productive lifespan of
plants and reducing field-grown raspberry production by over 80%, as growers shift to
pot-based production to avoid the disease. The UK now imports large quantities of
both raspberry fruit and plants for planting, increasing both the environmental costs
and the chances of importing further pests and pathogens.

Arbuscular mycorrhizal fungi (AMF) associate with raspberry plants, but at present,
little data are available regarding impacts of these symbiotes on raspberry. AMF have
been found to impact the effects of pathogens in multiple ways, often being associated
with reductions in diseases caused by necrotrophic root pathogens; however,
increases in disease damage are also sometimes found. There is therefore potential
for different AMF isolates to either increase or decrease the damage caused by PRR.
Evidence has also been found for variations in the interactions of AMF isolates
associated with different plant cultivars, however, there is still limited understanding of
this. This project aims to investigate the effects of multiple AMF isolates on multiple
raspberry cultivars sourced from The James Hutton Institute raspberry breeding
program. Initial results are presented here on effects of commercially produced AMF
on raspberry growth and PRR impacts.
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ABSTRACT

It is well known that eukaryotes regulate gene expression through the molecular
restructuring of chromatin through post-translational modification of histones. This
higher order organisation allows for a more versatile control over which genes are
expressed in different cell types during development, but also gives rise to molecular
‘memory’ in which genes can be switched ‘on’ or ‘off in response to different
environmental signals. This memory is often important for enhancing the likelihood of
survival should the same signal be encountered again.

In Arabidopsis thaliana, a well-studied mediator of chromatin remodelling in response
to the environment is the POLYCOMB REPRESSIVE COMPLEX 2 (PRC2), which
deposits the H3K27me3 mark to repress gene expression. Despite its important role
in development and stress regulation, our understanding of how this histone mark
contributes to plant responses to pathogens and the structuring of the immune system
is limited. We recently reported that VERNALIZATION2 (VRNZ2), a flowering plant-
specific component of the PRC2, is regulated proteolytically by the PCO N-degron
pathway of protein degradation. This regulation means that VRN2 accumulates in
response to environmental cues that either locally or systemically restrict oxygen (O2)
or nitric oxide (NO) availability. Whilst the canonical functional context for this pathway
is flooding stress, where Oz diffusion is severely restricted, plant-pathogen interactions
and flg22-mediated immune elicitation have also recently been shown to induce
hypoxia and stabilise N-degron proteins.

We have now shown that VRN2 is stabilised during pathogen attack, and that vrn2
mutants have altered susceptibility to biotic stress. We hypothesise that VRN2
therefore acts as a direct sensor of pathogens, coordinating histone methylation via
the PRC2 to encode a memory of plant defence that may enhance plant performance
should the stress arise again. This exciting new project aims to test this hypothesis by
combining molecular and biochemical tools with RNA sequencing.
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ABSTRACT

Eyespot disease, a significant threat to cereal crops like wheat and barley, poses
challenges to temperate parts of the world and global food security amid pollution and
climate change. The causal agents, Oculimacula yallundae (OY) and Oculimacula
acuformis (OA), closely related fungal pathogens, cause distinct lens-shaped lesions
on stems. These lesions obstruct water and nutrient transport, resulting in lodging and
yield losses of up to 30% (AHDB, 2023).

The disease remains underestimated and understudied, leading to knowledge gaps
in pathogen interactions with its environment. Understanding OY/OA is vital for
effective management due to differences in host range, epidemiology, and sensitivity
to fungicides. Our study aims to expand knowledge and enhance disease control
through three inter-related work packages:

1. The past: Exploring, using archive wheat (from mid-1800s to present), how
OY/OA dynamics has changed in response to climate change, pollution, fungicide use
and agricultural practices, similarly to previous work on wheat foliar pathogens
(Bearchell, et al., 2005).

2. The present: Investigating the degree to which OY/OA interacts with air and soil
as sources of inoculum for eyespot outbreaks and assessing how this may change in
response to environmental changes.

3. The future: generating high-quality genomes for both OA/OY while examining
the potential for future evolution of fungicide resistance.

These comprehensive investigations into the pathosystem will inform the
development of current and future management strategies for eyespot disease,
ensuring its effective mitigation against the backdrop of pollution, climate change, and
the challenges posed by fungicide use.

References

Available at:  https://ahdb.org.uk/knowledge-library/eyespot-in-cereals-and-risk-
assessment-in-wheat [Accessed 18" May 2023].

Bearchell S J, Fraaije B A, Shaw M W, Fitt B D. 2005. \Wheat archive links long-term
fungal pathogen population dynamics to air pollution. Proceedings of the National
Academy of Sciences 102(15):5438-5442.

87



P42
Discovery of novel cucumovirus infecting tomato

ANA VUCUVROVIC1, ANJA PECMAN'2, DENIS KUTNJAK', KATARINA BACNIK"?2,
MAGDA TUSEK-ZNIDARSIC', NEJC JAKOS'?, MARK PAUL SELDA RIVAREZ'24,
MAJA RAVNIKAR'" and NATASA MEHLE"®

'Department of Biotechnology and Systems Biology, National Institute of Biology,
Ljubljana, Slovenia
2JozZef Stefan International Postgraduate School, Ljubljana, Slovenia
3Niba Labs d.o.o., Ljubljana, Slovenia (current affiliation)
4Department of Entomology and Plant Pathology and Bioinformatics Research
Center, North Carolina State University, Raleigh, North Carolina, USA; College of
Agriculture and Agri-industries, Caraga State University, Butuan City, Philippines
(current affiliation)
5School for Viticulture and Enology, University of Nova Gorica, Vipava, Slovenia

ABSTRACT

Tomato, one of the most important vegetables, is associated with more than 300
viruses and with the use of high-throughput sequencing (HTS), the number of new
tomato viruses is steadily increasing (Rivarez et al., 2023). In 2018, a sample with
necrotic spots on the leaves was collected in West Slovenia as part of an official survey
for tomato yellow leaf curl New Delhi virus (TOLCNDV) in Slovenia. The sample tested
negative for the presence of TOLCNDV and was subjected to further analysis with HTS
of total RNA using the lllumina platform. The results of HTS and confirmatory RT-
PCR/RT-qPCR testing showed the presence of southern tomato virus, potato virus Y
(PVY) and a possible new species from the genus Cucumovirus. Phylogenetic and
BLAST analyses of three obtained RNAs of a new cucumovirus showed highest
similarities with different cucumoviruses. By mechanical inoculations we managed to
transfer the virus to different test plants and to separate the new virus from PVY.
Electron microscopy of the test plants showed the presence of isometric particles with
a size of about 30 nm. Our further efforts are directed towards detailed characterisation
of the virus.

This discovery extends the existing knowledge about the tomato virome and
underlines the importance of continuous monitoring for tomato viruses.
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ABSTRACT

Ubiquitination or covalent attachment of ubiquitin to a target protein is a major post-
translational modification that affects the turnover, activity and/or localization of target
proteins. Differential ubiquitination of proteins under varying environmental conditions
serves as an important mechanism to precisely modulate the activity of key regulatory
proteins. Ubiquitination of NPR1, a critical coactivator of the immune-responsive
transcriptome, controls its transcriptional activity. Initial short-chain ubiquitination
events have a positive effect on chromatin association of NPR1 and promote activation
of immune-responsive genes. Subsequent elongation of ubiquitin chains, however,
leads to proteasome-mediated degradation of NPR1, indicating that its activity
depends on its ubiquitination status. Here, we employed a proteomics strategy to
specifically identify interactors of transcriptionally active, short-chain modified NPR1.
We are validating these putative NPR1 interactors and analyze the consequences of
differential ubiquitination on their interaction with NPR1. Because dysregulation of
master transcriptional coactivators can have detrimental effects on the genome, we
also analyzed if differential ubiquitination of NPR1 affects genome stability. Our data
indicate that when the enhanced activity of short-chain modified NPR1 is left
unchecked, plants are more susceptible to DNA damaging agents. These findings
suggest that fine-tuning of the ubiquitination status of NPR1 is a critical regulatory
checkpoint to prevent transcription-induced genome instability. Thus, our study
provides new insights into the regulation of NPR1 activity by differential ubiquitination
and begins to reveal how this controls transcriptional reprogramming, while preventing
genome instability during establishment of immunity.

89



P44
Comparison of molecular diagnostic tools for fungal plant
pathogen detection in soil

DASUNI JAYAWEERA', BRIGITTE SLAATS?, MATTHEW DICKINSON' and
RUMIANA RAY'

"University of Nottingham, Loughborough, UK
2Global Syngenta Seedcare, Basel, Switzerland

ABSTRACT

Soil-borne plant pathogens can cause significant economic and yield losses due to
reduction in plant establishment and seedling death. Early diagnosis of these
pathogens in the soil is therefore important for effective disease control to protect
seedling health. In this study a series of soil DNA extraction methods and diagnostic
techniques were compared for ease of use and to identify the most effective method
for the detection of plant pathogens Fusarium graminearum, Microdochium nivale, M.
majus, Rhizoctonia solani and Pythium spp, in soils sampled from UK and Europe.

Diagnostic methods used for comparison included DNA quantification using real time
gPCR, LAMP and MinlON oxford nanopore technology. Results showed that soil
sample size affects the efficiency of extraction for pathogen DNA detection. The LAMP
assay showed potential trade-offs between sensitivity and specificity, but was
identified as the most easily deployed method for commercial testing for pathogen
detection and semi-quantification. LAMP and Nanopore sequencing analyses were
comparable to qPCR analysis for F. graminearum, R. solani and Pythium spp.
Nanopore sequencing provided further information on the wider network of pathogens
present in the soil. The findings from these studies can be utilised for further
development of point-of-care rapid diagnostics of key soil-borne pathogens.
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ABSTRACT

Mediterranean woody crops are particularly vulnerable to viral pathogens, yet olives
(Olea europaea) has received relatively little attention compared to Citrus and Vitis.
The South African olive industry is small but growing in importance with ~3000
hectares planted. During the 2021 and 2022, leaf samples from olives in the
Stellenbosch area. Potentially virus-like symptoms were observed including leaf
yellowing, mosaic, and decline. RNAseq was used to generate metaviromes, and the
nearly complete genomes of seven different viruses were recovered from the de novo
assembled contigs. Based on shared amino acid identities with related viruses and
currently accepted species demarcation thresholds, we consider six of these viruses
to be previously undescribed. Four of the viruses are putative members of the
Closteroviridae family, tentatively named olive virus A (OIVA) (Amplelovirus, 21,087
nt), olive virus O (Olivavirus, 16,514 nt), olive virus P (Olivavirus, 16,589 nt), and olive
virus V (Velarivirus, 17,050 nt). Olive virus M (Marafivirus, 7219 nt) , is a putative
member of the Tymoviridae family, showing the greatest homology to olive latent virus
3. The sixth virus, from the Solemoviridae family (4,226 nt), may represent a new viral
genus based on current demarcation thresholds. Incidence of previously described
olive leaf yellowing-associated virus (Closterovirus) was found to be high among
sampled trees. Although we could not ascribe specific symptoms to these viruses,
many closteroviruses are known to be yield-limiting pathogens. Notably, the OIVA
genome is the longest non-segmented RNA genome of any plant virus reported to
date. RT-PCR assays have been developed and are being used to determine the
diversity and distribution of these viruses withing the industry. Our findings provide
important insights into the viral diversity of cultivated olives in South Africa, and may
have important implications for the management and sustainability of the olive industry
in this region.
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ABSTRACT

The small molecule nicotinamide adenine dinucleotide (NAD) is a crucial component
of both prokaryotic and eukaryotic immune systems. Recently, the discovery that
Toll/interleukin-1 receptor (TIR) proteins function as NAD hydrolases (NADase) has
linked NAD-derived small molecules with plant immune signalling. Here we
investigated how the bacterial pathogen Pseudomonas syringae may manipulate host
NAD metabolism as a virulence strategy. We searched the P. syringae pangenome for
type Il effectors (T3Es) with potential NADase activity. Thirteen T3Es were identified,
including five new candidates, that possess potential NAD-hydrolysing domains. Most
P. syringae strains encode at least one NAD-manipulating T3E. One novel T3E, named
HopBY, showed structural similarity to adenosine diphosphate ribose (ADPR) cyclase.
This domain has not been found in pathogen proteins before to our knowledge. We
found HopBY possesses enzymatic activity and hydrolyses NAD in vitro and in planta
to produce cyclic ADP-ribose (CADPR). cADPR is also produced by TIR immune
receptors of plants and other bacteria. Intriguingly, HopBY promoted bacterial
virulence, indicating that cADPR is unlikely to directly initiate plant immune signalling.
Evolutionary analysis revealed hopBY is likely to be mobile in P. syringae and
homologues were identified in the genomes of Enterobacteriaceae plant pathogens
such as Pectobacterium and Brenneria. This suggests past horizontal gene transfer of
this effector between bacterial genera. Interestingly, additional homologues were
predicted to be Type VI effectors in diverse bacteria. These proteins possessed the
NADase domain and therefore may also target NAD in other bacteria-host/bacteria-
bacteria interactions. The ADPRC domain of HopBY may have been shuffled by
recombination in different bacteria to facilitate secretion through distinct secretion
systems. NAD is therefore a major target in diverse interspecies interactions.
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ABSTRACT

Plants have developed highly sophisticated strategies to face (a)biotic stress,
currently more accused because of climate change scenario threats. One strategy is
the priming, a sensitisation of plant defence mechanisms. Many chemicals can trigger
priming, but it is not well studied in oak. This work aims to determine whether oak
seedlings can express chemical-induced priming and its potential trade-off in growth.
Oak seedlings were treated with salicylic acid (SA), jasmonic acid (JA) and [3-
aminobutyric acid (BABA) 7 days before infection with Erysiphe alphitoides, causal
agent of oak powdery mildew (PM), to which seedlings show extremely high
vulnerability. Growth presented greater differences after PM infection, generally,
BABA-treated plants were smaller. SA and BABA treatments result in enhanced
resistance to PM and JA in enhanced susceptibility. Resistance by SA and BABA was
exclusively based on priming of SA-dependent gene expression and callose
deposition, respectively. Additionally, untargeted metabolome and transcriptome
analyses were performed. Metabolites were extracted from leaves and subjected to
LC-MS/MS. Spectra were filtered using XCMS R script and MarVis was employed to
putatively identify metabolites and pathways. A total of 272 for SA and 313 for BABA
differentially accumulated masses were observed. Pathway enrichment analysis
determined that BABA priming is mostly dependent on alkaloids biosynthesis, whereas
SA failed to identify any specific pathways. Transcriptome data was analysed using
Python (HTSeq) and R scripts (DESeqg2). DEG profiling showed similar patterns with
some of the metabolite enriched pathways observed. Summarising, we have identified
molecular markers of priming in oak seedlings. Our results, in terms of enhanced
resistance to PM and early/late responses depending on the chemical applied, provide
valuable information to fight pathogens in oak seedlings, as PM is considered a
bottleneck for woodland regeneration. Currently, we are testing the effect of putative
identified metabolites responsible for priming by BABA and SA.
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ABSTRACT

The genomes of woody tree species frequently exhibit expansion and diversification
of gene families related to disease resistance, leading to speculation that large cohorts
of resistance (R)-genes are an important facet of the long life-span of trees (Plomion
et al., 2018). The role of such gene families in immunity is well studied among model
and crop plants, but not in trees; a significant knowledge gap considering their
ecological importance, the importance of woodlands to climate change mitigation, and
the increasing threat they are facing from invasive diseases. One such invasive
disease threatening a critically important woodland tree species in Europe is oak
powdery mildew (PM).

Potentially useful innate resistance to PM exists within the European oak population,
but its genetic basis is not understood. The experiments described here work towards
addressing this. Oak seedlings resistant and susceptible to PM were identified using
an adopted screening assay, in doing so we confirmed Bartholome et al, (2019)
findings that a large number of oaks are resistant to PM infection.

Differences in transcriptional responses among likely R-genes, and genetic variant
differences between resistant and susceptible plants, are currently being assessed
using RNA-seq. Our most notable findings and recent progress will be reported.
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ABSTRACT

Aphids are phloem-feeding insects that cause significant crop loss worldwide. There
is an increasing need for new and sustainable approaches to combat aphid infestation;
understanding molecular plant-aphid interactions is important for developing new
protection strategies. While probing and feeding, aphids secrete effector molecules
into host cells. Several individual aphid effectors have been found to interact with host
proteins to enhance susceptibility, but if and how they work together is unknown. We
previously identified a highly conserved effector pair that is physically linked in the
genome of several aphid species, which appears to be under shared transcriptional
control, suggesting that their coregulation may contribute to susceptibility (Thorpe et
al., 2018). In the major agricultural pest Myzus persicae, this effector pair consists of
Mp1 and Mp58. We have found that Mp1 and Mp58 interact when co-expressed in
Nicotiana benthamiana. In addition, using confocal microscopy we have observed that
predominantly nuclear-localised Mp1 co-localises to the cytoplasm when expressed
with Mp58. We are using a combination of proteomics to detect host targets of the
Mp1/Mp58 pair when expressed individually and together and aphid performance
assays to determine if this physical and transcriptional linkage also reflects functional
linkage. Together, this would provide insight into the cooperative nature of aphid
effectors, increasing our knowledge of the molecular dialogue at the plant-aphid
interface.
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ABSTRACT

Lysine acetylation is a reversible post-translational modification conserved in
prokaryotes and eukaryotes and regulates various biological processes. Effector
PopP2 of bacterial pathogen Ralstonia solanacearum is an acetyltransferase
belonging to the YopdJ effector family, whose members are distributed in animal and
plant pathogens. PopP2 is recognized by the RPS4/RRS1 immune receptor complex
but how PopP2 suppresses immunity is poorly understood. Through TurbolD-based
proximity labeling coupled with Mass spectrometry, we found that PopP2 targets
WRKY33, a transcription factor controlling systemic acquired resistance. PopP2
acetylates WRKY33 and inhibits its phosphorylation, which is indispensable for its
control of gene expression in immune responses. Biochemical assays showed that 4
host lysine deacetylases can remove the acetylation of WRKY33 imposed by PopP2,
thereby restoring WRKY33 phosphorylation. Our study elucidates the molecular
mechanism of PopP2 in immune suppression and a mechanism by which plants
attenuate this mechanism.
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ABSTRACT

Rice blast, caused by Magnaporthe oryzae, is among the most devastating fungal
diseases affecting agriculture worldwide. The blast fungus enters plant cells using a
specialised dome-shaped structure called an appressorium, which requires the Pmk1
MAP kinase for its morphogenesis. Although the Pmk1 pathway controls
phosphorylation changes in the appressorium, little is known about the
phosphorylation events on the fungal proteins. Here, we report the phosphorylation
landscape of early appressorium morphogenesis in the blast fungus. Using MS1
analysis from a time series study of appressorium samples, we mapped 5,737
phosphosites corresponding to 2,101 proteins. Interestingly, many phosphorylated
residues are conserved in proteins from the major signalling pathways governing
appressorium formation, such as the cAMP-dependent protein kinase A pathway, the
SIn1 turgor sensing pathway, autophagy, the Vast pathway, and the Pmk1 MAPK
pathway. This approach reveals a dramatic rewiring of phosphorylation during early
appressorium development. Furthermore, using quantitative phosphoproteomic
analysis, we identified 33 putative direct downstream targets of the Pmk1 MAPK
during plant infection. One of the targets, named Vts1, is phosphorylated by Pmk1 at
two proline-directed sites. Targeted mutation showed that Vis1 is necessary for
mycelium growth, sporulation, appressorium development and pathogenicity.
Additionally, Vits1 phosphomimetic and phosphodead mutants demonstrated the
importance of its phosphorylation. Our results show how quantitative
phosphoproteomics can identify novel regulators, such as Vis1, which are essential
for rice blast disease. Taken together, this study provides new insight into the complex
regulatory mechanisms of the early appressorium morphogenesis. We aim to utilise
the phosphorylation landscape of appressorium formation as a platform to functionally
dissect the biology of infection structures in fungi.
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ABSTRACT

The root-knot nematodes, Meloidogyne spp., have been identified as the single
greatest threat to crop production in the tropics, with M. incognita likely the single most
important plant pathogen globally. It damages important crops, is widespread in
agricultural areas, and is a challenge to manage. One of the main reasons for this is
the host range paradox: despite that M. incognita has an extremely intimate biotrophic
interaction with its hosts, it also has the broadest host range of any obligate parasite
(>3,000 species) encompassing representatives from almost every order of flowering
plants.

In order to understand its parasitism, sought to determine whether and how M.
incognita tunes its gene expression to each host. We carried out transcriptomic
profiling of ten different host species. Galls and symptomless adjacent roots were
collected from each host 21 days after inoculation. Total RNA was extracted and
sequenced. While some M. incognita genes were always expressed regardless of the
host, sets of host or group specific genes were identified. Unexpectedly, we found that
nematodes infecting extremely distantly related plants have extremely similar
expression profiles, while those infecting closely related plants have distinct
expression profiles. Using these data, we propose a model where M. incognita has at
least three “programs” of gene expression that it deploys depending on the host,
although at present the basis for this choice remains elusive.
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ABSTRACT

In plants fructans are important storage compounds synthesized from sucrose in
many grass species including wheat, which accumulate in stems and are remobilized
to spikes and grain post anthesis. Fructans have also been implicated in abiotic stress
tolerance. Our previous study, based on Virus-Induced Gene silencing individually of
the three fructosyltransferase (FT) genes, 1-SST, 6-SFT and 71-FFT, significantly
reduced levels of Fusarium head blight (FHB) disease and lowered concentration of
the fungal mycotoxin deoxynivalenol (DON) in wheat spikes, especially in the 6-SFT
silenced plants. Metabolome analysis revealed that silencing of the FT genes resulted
in altered fructans profile in wheat spikes, while in vitro growth assays revealed that
Fusarium. graminearum could effectively utilize some fructans as carbon sources
required for growth, indicating fructans could also act as host susceptibility factors
contributing to FHB disease severity. Homozygous Cadenza TILLING lines were
identified harboring single stop codon mutation respectively on the three 6-SFT
homoeologs located on chromosome 4AL, 7AS and 7DS. After inter-crossing, double
homozygous mutants of 7D/4A, 7D/7A and 4A/7A were identified and propagated. The
generation of triple 6-SFT mutants is in progress. Simultaneously, 6-SFT genome-
edited (GE) Cadenza plants were generated, and triple mutants with 60-70 bp
deletions of all three homoeologs were identified. Phenotyping of all TILLING and GE
fructan biosynthesis pathway mutants for FHB resistance is in progress. Our FT gene
knock-out mutant lines will be explored as new resource for future breeding strategies
to increase resilience against fungal diseases.
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ABSTRACT

Rhizomania is one of the most damaging soil-transmitted sugar beet pathogens in
the whole world. Even though nowadays sugar beet (Beta vulgaris L.) is farmed
across Europe, Asia, North Africa, North America, and even South America, beets
have long been planted in the Mediterranean region. All sugar beet seed material
grown in Kazakhstan is imported from Europe.

We collected 246 samples from South-eastern Kazakhstan. Notably, out of 147
specimens which tested positive, 51 did not display visible symptoms of BNYVV
(Beet necrotic yellow vein virus) infection. We developed a g-PCR system for
BNYVV strain differentiation, and identified 29 isolates of P strain, 116 isolates of A
strain and 2 isolates of B strain.

A random selection of 22 isolates were sequenced, and were used for phylogenetic
analysis along with reference sequences from GenBank. The tree revealed two
groups, one of which comprised all Kazakh samples and French references. No
clear differentiation between strains could be detected.

For the first time in 25 years, large scale rhizomania survey was carried out on
sugar beet in Kazakhstan. An natural vector of transmission for BNYVV is fungus-
like Polymyxa betae Keskin, and must be investigated as well.
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ABSTRACT

Nucleotide-binding domain and leucine-rich repeat (NLR) immune receptors are
crucial for plant immunity against pathogens. To date, most studies of NLR proteins
are centered on the evolutionarily young angiosperm (flowering plant) lineage. By
comparison, we know much less about the conservation and functional diversification
of NLRs across the full diversity of land plant lineages. To begin to explore the diversity
of plant NLRs, we first focused on broadly distributed NLR N-terminal domains (CCs
and TIRs) as they are directly involved in executing immune responses in flowering
plants. Through heterologous expression in the model angiosperm Nicotiana
benthamiana, we demonstrated functional conservation of CC and TIR families across
all major plant lineages, from algae to angiosperms. Moreover, we identified
comparable CC-induced immune-like responses in the liverwort Marchantia
polymorpha, which hints to the existence of an ancestral CC-mediated response in
plants. Moving forward, we are now examining whether full-length CC-NLRs are
transferable across distantly related plants like Marchantia and Nicotiana. We discuss
emerging data that supports the deep functional conservation of CC-NLR proteins and
challenges the established notion that immune receptors have limited transferability
across the plant kingdom.

Reference
Sam Chia Khong, Kourelis Jiorgos, Sakai Toshiyuki, Vickers Martin, Kamoun
Sophien, Carella Philip. 2022. The N-terminal executioner domains of NLR immune

receptors are functionally conserved across major plant lineages. 1
10.19.512840; doi: https://doi.org/10.1101/2022.10.19.512840.

101



P56
The role of dormancy-associated (DRM) disordered
proteins in plant-pathogen interactions

MARION WOOD

PFR Auckland, 120 Mount Albert Road, Mount Albert, Sandringham 1025,
New Zealand

ABSTRACT

Intrinsically disordered proteins (IDPs) are surprisingly common in biological systems
and comprise approximately 25% to 30% of eukaryotic proteomes, with additional data
suggesting that over 50% of eukaryotic proteins and 70% of signalling associated
proteins have regions of long disorder. Due to their inherent plasticity and lack of
ordered structure, IDPs rapidly undergo conformational changes when bound to their
biological partners. Indeed, it is this plasticity that lends itself to the characteristic
promiscuous nature of an IDP, often occupying salient roles as hub proteins in
signalling cascades. Amino acid composition analyses of the highly conserved plant-
specific Dormancy-associated (DRM) protein family clearly demonstrates that
members of this family are enriched in major disorder-promoting residues and
depleted in major order-promoting residues; in a manner typical for structurally
characterized IDPs. Using the DRM protein family as an exemplar, we present data
that this protein family plays a pertinent role in a plant’s response to both biotic and
abiotic stresses, with individual members displaying potential antagonistic functions to
each other, including the regulation of reactive oxygen species (ROS) following
pathogen infection. We will also discuss further the importance of protein disorder in
biological signalling cascades within plant-pathogen interactions.
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ABSTRACT

Wild apple species are an essential source of molecular resistance against various
diseases, and Tian Shan, as the center of Malus spp. domestication, is characterized
by great abundance of apple biodiversity. Within this work, 23 genotypes of M.
niedzwetzkyana Dieck ex Koehne, an endangered ornamental apple tree endemic to
southeastern Kazakhstan, were tested for fire blight resistance using SCAR markers
tied to the FBF7 QTL. Seven genotypes were positive for one of the markers (AE10-
375) and one for the other (GE80-19). The specimens carrying fire blight resistance
alleles were propagated in vitro to create a gene pool for biodiversity conservation. In
order to confirm phenotypic resistance in planta, regenerants were inoculated with a
local strain of Erwinia amylovora. Four out of eight showed fire blight infection
symptoms ranging from mild to severe, while the three wild genotypes were found to
be resistant. Regenerants were genotyped using 12 standardized SSR markers to
confirm their genetic individuality. Both marker-assisted breeding and conservation
efforts will benefit from the creation of comprehensive genetic and phenotypic profiles.
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ABSTRACT

Multipartite viruses package their genomic segments independently and mainly infect
plants; few of them target animals. Nanoviridae is a family of multipartite single-
stranded DNA (ssDNA) plant viruses that individually encapsidate ssDNA of ~1 kb and
transmit them through aphids in a circulative nonpropagative manner, thereby causing
important diseases in host plants, mainly leguminous crops. All these components
constitute an open reading frame to perform a specific role in nanovirus infection. All
segments contain conserved inverted repeat sequences, potentially forming a stem-
loop structure and a conserved nonanucleotide “TAGTATTAC” within a common
region. In this study, we employed molecular dynamics (MD) simulations and wet-lab
approaches to investigate the variations in the stem-loop structure of nanovirus
segments and their impact.

While MD simulations have limitations due to force field approximations and
simulation time scale, explicit solvent MD simulations were effectively employed to
analyze critical aspects of the stem-loop structure. Mutants were designed based on
the observed variations in the stem-loop region, followed by the construction of
infectious clones and subsequent inoculation. Expression analysis was conducted to
examine the nanosecond dynamics of the stem-loop structure. Our findings revealed
that the original stem-loop structures exhibited greater conformational stability
compared to the mutant stem-loop structures. The mutations introduced were
expected to induce alterations in the neck region of the stem-loop through nucleotide
additions and substitutions. These changes in conformational stability suggest
potential variations in the expression of stem-loop structures observed in host plants
infected with nanoviruses.

However, it should be noted that our results serve as a preliminary step toward further
structural and functional analyses of nanovirus infections. Future investigations should
delve into the comprehensive understanding of nanovirus infection through a broader
scope of structural and functional analyses.
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ABSTRACT

Plants have evolved a multi-layered immune system with well-orchestrated defence
strategies against pathogen attack. Consequently, pathogens have evolved various
strategies to overcome these defences. A key early outcome is transcriptional
reprogramming mediated by pathogen effectors. This can be achieved by activation
or repression. The latter involves the rapid and targeted removal of negative
regulators, enabling specific induction of key response pathways.

We previously undertook a 13 time point infection series designed to capture
transcriptome changes associated with disease and defense following challenge of
Arabidopsis thaliana with the virulent hemibiotrophic pathogen, P. syringae pv. tomato
strain DC3000 or its non-pathogenic hrpA type Ill secretion deficient mutant (Lewis et
al., 2015). Only 1% of the transcriptome was differentially expressed between DC3000
challenged and mock treatment 3 hpi, which rapidly increased to 20% by 7 hpi, and
37% across all the 13 time points. These DE genes represented ~30% of all the
annotated Arabidopsis transcription factors (TFs) in Arabidopsis. To understand the
role of ABA in enhancing the susceptibility of plant to DC3000 (de Torres et al., 2007,
de Torres et al., 2010) we modelled these TFs against genes encoding proteins
involved in ABA perception and signalling. The model identified as a core hub a Myb
TF hub encoding a transcriptional repressor EAR domain with unusual expression
dynamics, predicted to influence known ABA signalling components. The projects key
objectives are to characterise this novel Myb transcription factor and elucidate its role
in DC3000’s virulence strategy using a variety of genetic and physiological methods.
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ABSTRACT

Pseudomonas savastanoi pv. fraxini (Psf) causes ash canker and is widespread in
the UK. The genetic diversity and variation in virulence of this species is understudied.
With the widespread infection of ash dieback, the health of the ash tree population is
decreasing. This may alter the Psf-ash interaction, leading to loss of the bacterial
disease or changes in severity due to a weakened tree immune system. This study
aims to establish the genetic diversity of Psf in the UK, the impact of disease on the
ash microbiome, and the potential for increase in virulence due to progressive tree
stress caused by ash dieback. Epiphytic and endophytic populations of Psf were
isolated from healthy and diseased trees from a range of woodlands in the UK. REP-
PCR was used to assess the genetic diversity of collected isolates. Nine distinct
fingerprint patterns were found, clustering into two main clades. Two genotypes were
identified in 84% of isolates, indicating that Psf is a highly clonal species. Next, these
isolates will be whole genome sequenced to investigate phylogeny and population
structure. Phylogenetic analysis will be conducted based on core genome single
nucleotide polymorphisms (SNPs), after removal of recombinant regions. The pan-
genome will then be characterised, and functionally significant genomic features will
be annotated to identify genes with putative involvement in virulence. This information
will give insight into the molecular basis of this disease and how the pathogen has
evolved within the UK.
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ABSTRACT

In the United Kingdom, wheat breeding focuses on evaluating visible symptoms of
Fusarium Head Blight (FHB) but overlooks mycotoxin content. However, mycotoxins
can accumulate in both symptomatic and asymptomatic grain. To prevent food losses
and comply with regulations, it is essential to consider mycotoxin concentration in
grains when assessing varietal susceptibility to mycotoxin production during breeding.
This approach ensures a more comprehensive evaluation and helps mitigate the
impact of Fusarium on the wheat production chain.

Aim: |solation and identify the range of fungi found on wheat and their potential
mycotoxin accumulation.

Methods: The research was conducted on five 2021 harvested wheat varieties (Viki,
Keitum, Talent, Ferrum and Extase) from KWS Ltd breeding company in Thriplow,
Cambridge, UK. To isolate fungi from grains, fifteen kernels from each variety were
placed onto Potato Dextrose Agar PDA with antibiotic (chloramphenicol 0.2%)
supplement. Plates were incubated at 25°C and observed for seven days.
Subsequently, colonies were purified, and their characteristics were observed
morphologically and under the microscope. Using all five varieties from 2021 harvest,
a mycotoxin extraction was conducted using the Liquid Chromatography-Tandem
Mass Spectrometricmethod at Cranfield University

Results: The use of PDA with antibiotic supplement inhibited bacteria and slowed
Fusarium growth, aiding observation of coexisting fungal species in grains.
Ulocladium, F. graminearum, and sterile mycelia were identified in wheat varieties,
with Extase showing the highest infection of. F. graminearum. Mycotoxin extraction
revealed variable levels of deoxynivalenol, zearalenone, nivalenol, and Fumonisim B1
in all five varieties. Despite being rated moderately resistant to FHB on the
recommended list, Extase registered a high level of Zearalenone in mycotoxin
analysis.

Future work: Fungal and mycotoxin assessment will be performed in wheat harvested
on 2022 and 2023 to compare results reliability. In addition, FHB sympthoms in wheat
will be assessed to decipher potential correlation with final mycotoxin contamination
in the kernels.
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ABSTRACT

Eyespot is a stem-based cereal disease that is prevalent in temperate climates,
caused by the fungal pathogens Oculimacula yallundae and Oculimacula acuformis.
Predominantly a disease of wheat and rye, plant infection causes moderate to severe
stem lesions that can affect nutrient and water movement through the plant, with
associated symptoms including lodging and premature grain ripening that can result
in significant yield losses of 40%. Historically this disease has been controlled using
the limited genetic resistance available, predominantly R gene Pch1, or alternatively,
through fungicide application. We phenotyped a diversity panel of Aegilops tauschii,
the wheat D-genome progenitor in order to identify unexploited genetic resistance that
may be pertinent for introduction into UK and European wheat breeding programs.
Utilising a k-mer based association mapping pipeline (Kumar et al., 2021)', we identify
a clear candidate gene on chromosome 1D, temporarily designated Pch4. This gene,
the first new eyespot resistance characterised in over 25 years, encodes a canonical
nucleotide binding leucine-rich repeat immune receptor protein. We show that Pch4
conveys specific protection against O. yallundae but not O. acuformis, and that the
presence of this gene reduces disease severity in both Ae. tauschii and synthetic
hexaploid wheat.

References

Kumar Gaurav, Arora Sanu, Silva Paula, Sanchez-Martin Javier, Horsnell
Richard, Gao Liangliang, Gurcharn S Brar, et al. 2021. Population Genomic
Analysis of Aegilops Tauschii Identifies Targets for Bread Wheat Improvement. Nature
Biotechnology 40(3). Springer Science and Business Media LLC:422-431.
doi:10.1038/s41587-021-01058-4.

109



P63
Evaluation of the effect of an organic biostimulant on
ZYMV transmission and infection in Cucurbita pepo

CARLA LIBIA CORRADO"?, TRISNA TUNGADI?, TOBY BRUCES,
MASSIMO REVERBERI" and SABRINA BERTIN?

'Department of Environmental Biology, Sapienza University of Rome,
00185 Rome, Italy
2Council for Agricultural Research and Economics—Research Centre for Plant
Protection and Certification, 00156 Rome, Italy
3School of Life Sciences, Keele University, Keele ST5 5BG, UK

ABSTRACT

Biostimulants are fertilizers whose function is to stimulate nutrition process of the
plants by improving plant and/or rhizosphere characteristics. The effect of a
biostimulant containing alfalfa, brown algae, and molasses extracts on the interaction
between zucchini (Cucurbita pepo) and zucchini yellow mosaic virus (ZYMV) was
evaluated. ZYMV is an aphid-transmissible potyvirus that affect several crops and
weeds worldwide. We compared plants which were treated or untreated with
biostimulant, looking at healthy and ZYMV-infected plants. ZYMV titre and defence
gene expression level (seven from systemic acquired resistance, one from pattern-
triggered immunity and three from oxidative stress pathway) were quantified using
gPCR. Viral symptoms and plant growth parameters (number of leaves, flowers and
fruits) were also recorded. Preliminary data showed that biostimulant-treated plants
exhibited an increased growth and upregulation of plant defence genes, both in
healthy and ZYMV-infected conditions. Virus titre was also reduced in biostimulant-
treated plants compared to untreated plants. We further investigated the biostimulant
influence on the settling preference of the aphid vector of ZYMV, Aphis gossypii. Aphid
choice test experiments using detached zucchini leaves showed that fewer A. gossypii
specimens settled on biostimulant-treated plants, with and without ZYMV. Volatile
organic compounds (VOC) produced by these plants and the potential effects of VOC
on aphid choice are under study (olfactometer experiments) to tests if the biostimulant
not only boosts plant growth but also increases resistance to aphids and the diseases
they transmit.
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ABSTRACT

Global rice production is threatened by rice blast a devastating disease caused by
the filamentous fungus Magnaporthe oryzae. To invade its host the fungus secretes a
battery of effectors which are differentially expressed during infection with distinct
functions and sub-cellular targets. Little is known, however, regarding the specific
mechanisms by which M. oryzae regulates effector gene expression. Typically,
effector-encoding genes are not expressed when the fungus is not growing in a plant
and show enhanced expression during host infection. Based on this simple concept,
we have designed a series of forward genetic screens to discover novel transcriptional
regulators that control effector expression in the rice blast fungus. We have selected
representative effector MEP3 which peaks in expression at 48h of M. oryzae infection.
Then we constructed fusions of this effector to GFP and expressed it in M. oryzae.
Later we selected mutants showing constitutive GFP expression, which must result
from an alteration that leads to up-regulated effector gene expression. Using a
combination of bioinformatic analysis and gene mapping experiments we have
identified putative effector regulators in the rice blast fungus which are currently being
validated. In parallel, using a transcriptomic dataset of M. oryzae-infected rice tissue
putative transcriptional activators of effector-encoding genes have been selected and
are being functionally characterised. | will present complementary strategies and
progress in identifying novel transcriptional regulators in the rice blast fungus.
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ABSTRACT

Zymoseptoria tritici is the causal agent of the foliar disease Septoria tritici blotch
(STB) of wheat. Currently, STB is managed through deployment of resistant wheat
varieties in conjunction with fungicide applications. However, Z. tritici populations
rapidly mutate, evolving resistance to fungicides and virulence towards STB resistant
wheat cultivars. This stresses the need of novel ways of resistance. In a previous study
by Kettles and colleagues (2017) several apoplastic effectors from Z. tritici were found
to be recognised by the immune system of the non-host plant Nicotiana benthamiana
leading to cell-death. The cell-death was shown to be dependent on BAK1 - well-
known co-receptor for many Cell Surface Immune Receptors (CSIRs). This indicated
that the recognition of these effectors in N. benthamiana is governed by BAK1-
dependent CSIRs. This project aims to identify N. benthamiana CSIRs conferring
recognition of Z. tritici effectors using a proteomics approach that uses GFP-tagged
BAK1 as a molecular bait which is expected to associate with putative CSIRs upon
treatment with the Z. tritici effectors. For this, MAPK activity was investigated to
provide insights into the timepoint at which a hypothetical CSIR is recruiting BAK1.
The results so far show that transient expression of Z. tritici effectors in N.
benthamiana leads to MAPKSs activation prior to cell-death, also suggesting a role of
MAPKSs in the N. benthamiana immune system response to Z. tritici effectors.

Key words: CSIR, BAK1, cell-death
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ABSTRACT

Stripe rust caused by Puccinia striiformis f. sp. tritici (Pst) is a major threat to wheat
worldwide production. Pst exhibits host species specificity with different lineages
adapted to different grass species such as wheat and barley. In previous work, we
found that non-adapted resistance in domesticated barley to wheat stripe rust was
primarily conferred by three resistance genes, Rps6, Rps7, and Rps8. In this study,
WBDC266, a wild barley accession that lacks Rps6, Rps7, and Rps8, was identified
as carrying a new resistance gene to wheat stripe rust, Rps70, which is located in the
long arm of chromosome 5H. We used a high-resolution recombination screen and
found complete coupling between Rps70 and wheat/rye stem rust resistance
Rpg4/Rpgb locus. Haplotype variation in the NLR encoding genes Rga1 and Rpg5
were predictive of the presence or absence of Rps70. The Rps10 haplotype is present
in diverse barley accessions, including the recently sequenced wild barley accession
B1K-04-12. Substantial structural variation between alleles in the haplotype
underscores ancient variation in protein domain structure of Rpg5. Our results show
that the allele of Rpg5 in WBDC266 encodes an integrated NLR with a domain derived
from a CBP60 (calmodulin binding protein) and protein kinase domain derived from
the DLSV family. Collectively, this work has links allelic variation in immunity to
divergent cereal rusts and implicates two lineage-specific subfamilies in grass
immunity.
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ABSTRACT

Successful infection of plant hosts by pathogens requires the delivery of a collection
of effector proteins to suppress host immunity and enhance the environment for
pathogen proliferation. Effectors can be detected by intracellular host receptors, R
proteins, to trigger a cascade of signalling events cumulating in a hypersensitive
response, often referred to as effector-triggered immunity (ETI). Two major groups of
intracellular receptors, classified by their N-terminal domain as CNLs and TNLs, rely
on different signalling pathways to activate ETI, including interaction with ‘helper’
proteins and triggering dynamic changes in signalling molecules such as reactive
oxygen species and calcium. Key signalling events were dynamically tracked upon
recognition of the different effectors and effectors delivered in combination, using
intracellular reporters and non-destructive imaging techniques such as chlorophyll
fluorescence and biophoton emission imaging. Co-delivery of AvrRpt2 and HopZ1a,
recognised by CNLs, RPS2 and ZAR1 respectively, caused an acceleration in key
signalling events indicating a synergistic amplification of a signalling pathway, while
delivery of HopZ1a in combination with AvrRps4, recognised by the TNL, RPS4,
resulted in a decelerated response, implying that simultaneous activation of different
signalling pathways is antagonistic. These synergistic and antagonistic responses rely
on intact downstream signalling pathways. Co-delivery of HopA1, recognised by a TNL
RPS6, alongside HopZ1a also caused an acceleration in signalling events indicating
that antagonism isn't dependent on competition between CNL/TNL pathways.
Synergism between effectors may be a result of signal amplification and crosstalk
between shared components of signalling pathways. The mechanism behind effector-
triggered antagonism is unknown.
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ABSTRACT

The genus Phytophthora contains many economically important plant pathogens.
The most well-known is Phytophthora infestans, the causative agent of potato late
blight and the pathogen responsible for the Irish potato famine in the 1840s. Field
infection results in substantial annual crop losses and multiple fungicide sprays are
required for blight control. The non-tuber bearing potato relative Solanum americanum
(S.am) exhibits strong "non-host" resistance (NHR) to P. infestans. S.am is the source
of two late blight resistance genes, Rpi-amr1 and Rpi-amr3, that confer strong
resistance against multiple P. infestans isolates, and are found in most accessions in
our collection. To understand NHR and facilitate its transfer into cultivated potato
varieties we aim to identify additional Rpi genes from S.am.

Using AVRamr1 and AVRamr3 recognised by Rpi-amr1 and Rpi-amr3, we have
identified several "non- amr1,3" resistance genes in S.am. These genes can be rapidly
mapped using bulked segregant analysis and resistance gene enrichment sequencing
(RenSeq). One gene, designated Rpi-amrb, maps to a cluster of 16 NLRs. Virus-
induced gene silencing of this cluster renders the resistant parent susceptible and
implicates one paralogue in resistance. We used CRISPR and stable transformation
of S. americanum to confirm the identity of Rpi-amr5. Interestingly, from another
accession, we identified an allele of Rpi-amr5 (named Rpc2) which also confers strong
resistance to Phytophthora capsici, a pathogen of tomato and pepper. | will report on
the characterisation of these R-genes, their potential for elevating resistance in crop
species, and the identification of the recognised effectors from P. infestans, P. capsici
and other Phytophthora species.
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ABSTRACT

In recent decades, small RNAs (sRNAs) in plants have been shown to play important
roles in fine-tuning defense responses against various pathogens, including viruses.
Our study aimed to identify key components that control the establishment of tolerant
and hypersensitive response (HR)-conferred resistance of potato against potato virus
Y (PVY). Using high-throughput sequencing technology, we compared the expression
of SRNAs between tolerant, resistant, and sensitive potato genotypes. This information
was linked to expression profiles of their target transcripts and used to construct sSRNA
regulatory networks. We discovered an interesting new sRNAs-gibberellin regulatory
circuit that is activated only in tolerant plants. We also discovered that sSRNA regulation
in tolerant interactions resembles that required for the establishment of mutualistic
symbiosis. In addition, used spatially resolved approach to gain detailed insights into
spatial distribution of SRNAs in resistance response. More than 30 sRNAs were found
to show different gradients around the site of viral entry. Certain sRNAs showed
opposite expression patterns in response to PVY infection in tolerant and resistant
plants, suggesting that some common modules of the sSRNA regulatory network are
activated but the behaviour of its components is different. Moreover, we identified
novel link between miR160 and ROS signalling being important in mediating
programmed cell death responses during HR. sRNAs identified in this study are now
being further investigated as they have high potential for genetic manipulation to
enhance the potato immune response to PVY.
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ABSTRACT

Septoria tritici blotch (STB) caused by Zymoseptoria tritici, is the most economically
important fungal disease of wheat in the UK (Fones & Gurr. 2015). STB has been
estimated to cause an annual economic loss of £100-200M in the UK and costs
wheat growers an expenditure of about £140-280M per year on fungicides. STB is
majorly controlled by using fungicides and resistant cultivars. However, the pathogen
rapidly adapts to fungicides and resistant varieties which makes it difficult to control.
Thus, there is constant effort to develop new sources of resistance against Z. tritici,
one of which is the use of multi-parent advanced generation inter-cross (MAGIC)
wheat populations, which allows fine mapping of resistance traits as a result of high
level of genetic recombination (Mackay et al., 2014). The aim of this study is to
conduct accurate measurements of disease incidence and severity of STB using
automated image analysis and visual assessment, on a UK MAGIC wheat
population. A replicated field experiment using 300 wheat lines was carried out at the
University of Reading Crops Research Unit, Sonning. The population was evaluated
under natural STB infection at two time points (T1 and T2) separated by 56 days.
Result showed that correlation between STB mean incidence at T1 and T2 was
weak with rs = 0.25, P=6.1x10% while heritability values of 0.6866 (T1) and 0.4738
(T2) showed that STB resistance is largely heritable. STB severity measured as the
percentage of leaf area covered by lesions ranged from 9.78% to 75.58%. This
research will aid quantitative trait loci mapping in order to locate genetic markers
correlating with STB resistance, to inform wheat breeding for sustainable STB
control.
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ABSTRACT

In Cameroon and other countries, oil palm (Elaeis guineensis Jacq.) is of economic
importance. The fruit of oil palm is utilized to produce crude palm oll
and palm kernel oil which is used for diverse purposes. However, it is affected by
vascular wilt presumed to be caused by Fusarium oxysporum f. sp. elaeidis (FOE).
Accurate species identification requires molecular-based comparisons. The aim of
this work was to molecularly identify Fusarium species associated with diseased oil
palms and to determine the pathogenicity of selected isolates. Fungal samples of
diseased palms were collected from the canopies and the soil of five oil palm estates
of the Cameroon Development Corporation and characterized by sequencing and
comparing the translation elongation factor 1a gene.

The results revealed the presence of FOE from approximately 80% of the isolates.
Cameroonian isolate within FOE clade 1 exhibited the greatest variability grouping
with isolates from Suriname, Brazil and Democratic Republic of Congo. Other
isolates found in FOE clade 2 formed a unique group which was comprised solely of
isolates originating from Cameroon. Twenty-two isolates were chosen for
pathogenicity tests. After a short time, 14 isolates were found to be pathogenic to oil
palm seedlings. This study revealed the pathogenicity of FOE isolates from
Cameroon and demonstrated that FOE in Africa is more diverse than previously
reported, including a lineage not previously observed outside of Cameroon.
Comparisons between all isolates will ultimately aid to devise appropriate control
mechanisms and better pathogen detection methods.
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ABSTRACT

With the world population on the rise, it is crucial to optimize the utilization of arable
resources and minimize food loss. Plant pathogenic bacteria which are estimated to
account for 10% of our annual yield losses are gaining resistance against classical
control strategies like antibiotics, which are a major problem. But bacteriophages as
very specialized bacterial viruses hold great potential to overcome this challenge.
Therefore, we investigate phages as a sustainable and targeted solution for biocontrol
in agriculture.

Recently, we isolated and characterized novel phages for the economically relevant
plant pathogen Xanthomonas (Erdrich et al., 2022). However, the influence of
bacteriophages on plant physiology especially during interactions with pathogenic
bacteria in planta is not well understood. A better understanding of phage influence on
bacterial dynamics and their impact on plant defence responses could lead to new
application strategies. We aim to understand the plant-bacteria-phage interaction on
a molecular and physiological level. Here, we present characterization of phage
Seregon infecting Xanthomonas campestris as well as the first results of disease
control in the model system Arabidopsis thaliana. The phage displays a typical
Siphovirion morphology (visualized by TEM), it shows a lytic lifestyle, which is
supported by genome sequencing and phage infection curves. When applied in planta
(using a sterile plate-based system) it can recover the rosette leaf area of infected
plants significantly 14 days post-treatment, measured using non-invasive
phenotyping. RT-qPCR and consequent transcriptomics will give indications of how
bacteriophage application influences plant defence responses and increases
performance.

In conclusion, we show that natural phage diversity can be harnessed for phage-
based plant biocontrol. Furthermore, our findings indicate that the application of
phages effectively protects Arabidopsis thaliana against the pathogen Xanthomonas
campestris. These results highlight the promising role of phages in plant protection
strategies and pave the way for further exploration of their use in agricultural practices.
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ABSTRACT

Xanthomonas campestris pv. campestris (Xcc) causing black rot of brassicas utilizes
multiple effector proteins to promote infection and suppress host plant immune
responses. These effectors are secreted into the plant cell via the type 3 secretion
system (T3SS). However, our understanding of the exact role of effectors in Xcc
virulence/ avirulence in brassicas is still limited. Based on the effectome analysis of
different isolates of Xcc using whole genome sequences, we identified a potential
candidate effector XopG2 that is exclusively present in Race 5 isolates. To further our
understanding of XopGZ2 function in Xcc Race 5 virulence, a pull-down assay was used
to identify potential plant interactors in a resistant and susceptible brassica species.
XopG2 was first expressed in Escherichia coli, purified, and then used in pull-down
assays from brassica protein extracts. Many putative interactors of XopG2 were
identified by Mass spectrometry analysis after subtraction of unspecific binders. Six
possible interactors were shortlisted for validation of the protein-protein interactions
using a split-luciferase assay. Two interactors Enhanced disease resistance 2 (EDR2)
and Aspartic protease in guard cell 1 (ASPG1) of XopG2 were validated using this
method. Currently, we are testing the corresponding Arabidopsis mutants to assess
the importance of these proteins on Xcc Race 5 virulence. Based on our current
results, we conclude that Xcc-XopG2 may interact with several host proteins to
compromise host defence systems.

Key words: XopG2, pull-down assay, EDR2 and ASPG1
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ABSTRACT

Sclerotinia sclerotiorum is a generalist plant pathogen, responsible for white mold
diseases on many cultivated species and is number one disease of irrigated soybean.
An improved understanding of the molecular bases of S. sclerotiorum virulence will
lead to conceptual advances in plant pathology and renewed opportunities for
engineering durable disease resistance in crops. S. sclerotiorum infects also the model
plant Arabidopsis thaliana, which we use as a plant model to decipher S. sclerotiorum
virulence molecular components at early infection stages. S. sclerotiorum differentiate
specific multicellular appressoria, referred to as infection cushions (ICs) that are
dedicated to the penetration of host tissues. In order to identify key determinants of IC
formation in S. sclerotiorum, we exploited RNAseq in multiple conditions to find 55 S.
sclerotiorum genes expressed specifically in ICs. Taxonomic conservation of S.
sclerotiorum |C-specific genes was looked in 602 fungal proteomes. Among the ten
IC-specific genes with reduced taxonomic distribution, we selected a MADS-box
putative transcription factor called SSMADS4 strongly induced in ICs. S. sclerotiorum
mutants deleted of or overexpressing SSMADS4 have been generated. Functional
analysis of this putative TF supports a role in IC number regulation and host virulence.
Further functional studies of SSMADS4 mutants should help to get insight in the
interweaving between fungal virulence and IC formation in S. sclerotiorum and other
Leotiomycetes.
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