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BSPP25 and ECPP25
Welcome from the President

On behalf of the British Society for Plant Pathology, it is a pleasure to welcome you
to our annual meeting. The meeting provides an opportunity for researchers and
plant pathology professionals from across the BSPP community and beyond to
come together, share discoveries and make connections that will support them in
the future.

The 2025 meeting provides an opportunity for people at all career stages and
working on different aspects of plant pathology to come together. We start with a
one-day meeting on the Tuesday for early career plant pathologists (ECPP25)
organised by the BSPP and including a talk about the art of publishing in our BSPP
Journals. Running in parallel there will be a session on Applied Pathology in British
Agriculture (APBA), organised by the BSPP in conjunction with AAB. Please feel
free to move between the parallel sessions but try to keep disruption to a minimum.

This will be followed by a full day of plenary lectures, offered papers, the PH
Gregory prize presentations and posters on the Wednesday, with our Conference
dinner in the evening. | am greatly looking forward to hearing some of our early
career researchers giving their first talk at an international meeting during the PH
Gregory prize presentations, which is always a highlight for me. We will also be
awarding the JH Colhoun poster prize for the best poster presented by a BSPP
member, including new post-graduate members, at our annual meeting, for which
there will no doubt be many outstanding contenders.

The final day will start with two concurrent sessions on topical themes proposed by
BSPP members; Artificial Intelligence Revolution in Plant Health (AIRPH)
organised by Adam Kleczkowski, and Induced Resistance (IR) organised by Rosa
Sanchez-Lucas, and we will then reconvene for an afternoon of plenary lectures
and offered papers, concluding with the 2025 RKS Wood Prize winning talk. This
year it is a pleasure to welcome one of our distinguished members, Prof Paul Birch
from the University of Dundee to talk about RXLR effectors.

The BSPP exists to support a thriving, diverse community of plant pathologists,
welcoming plant pathologists from all backgrounds, career-stages and corners of
the world. | hope that you will all be able to make the most of the opportunities the
meeting will provide to connect, collaborate and find new solutions to the many
ongoing challenges facing plant health.

Prof. Matt Dickinson, President of the British Society of Plant Pathology 2025
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BSPP25 and ECPP25

ECPP 2025 Tuesday, 9 September
Room C3, Exchange Building, Jubilee Campus, University of Nottingham

08:30

Registration

Abstract
Page

09:25

Welcome and Introduction — Matt Dickinson

SESSION 1: Chair Matt Dickinson

09:30

Lisa E. Lamberte; A forward genetics approach to
investigate gain of virulence in Zymoseptoria tritici against
the resistant wheat cultivar Cougar

40

09:45

Abdelrahman M Qutb; Proximity labelling for detection of
effector-receptor interactions in the Nicotiana benthamiana
apoplast

41

10:00

Najeeb Ullah; The XopG2 effector defines Race 5 in
Xanthomonas campestris pv. campestris and is recognised
by a Brassica oleracea resistance locus on chromosome 3

42

10:15

Andrea Vadillo-Dieguez; Sweet but Psycho? A novel Type
[l Effector Protein, with two putative enzymatic domains, is
enriched in Pseudomonas syringae isolated from Prunus
avium

43

10:30

Chloe Harper; Oxidative stress tolerance in the plant
pathogen Pseudomonas syringae

44

10:45

Tarhan Ibrahim; A helper NLR targets organellar
membranes to trigger immunity

45

11:00

Coffee

SESSION 2: Chair Katherine Denby

11:30

Saleem Mohammed; Exploring UV-C radiation for Induced
Resistance against Ramularia collo-cygni in barley

46
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BSPP25 and ECPP25

Rebecca Lowry Palmer; Harnessing Bdellovibrio 47
11:45 | bacteriovorus as a Biocontrol Agent Against Pseudomonas
syringae in Tomato Plants
KEYNOTE TALK
12:00 Publishing in Journals — Rosie Trice and Sophia Brockley,
John Wiley & Sons Limited
12.30 | Lunch
SESSION 3 Chair Trisna Tungadi
13:30 | Thomas M. Adams; The Potato Pan-NLRome 48
13.45 Yue Lin Loh; Tiled amplicon sequencing as a diagnostic 49
' tool to indicate virus viability
Elin Falla; Repellent or trap companion plants can control 50
14:00 | non-persistently transmitted plant viruses: a mathematical
model.
14:15 Katherine Wheeler; Elucidating conserved gene regulatory 51
' networks controlling lettuce response to Botrytis cinerea
Faheem Uddin Rajer: Harnessing the Biocontrol Potential 52
14.30 | of Bacillus cabrialesii FA26 for Sustainable Soilborne
Disease Management
14.45 Said El-Hassan; Antifungal metabolites of the beneficial- 53
| microbe Trichoderma hamatum AhepA
15:00 | Coffee
SESSION 4 Chair Mahmut Tér
Amy J Webster; Comparative Genomics Reveal the 54
15:30 | Diversification of an Oomycete Pathogen Infecting Endemic
Trees on Saint Helena
Daisy Crowson; Evidence for heritable genetic variation in 55

15:45

resistance to Phytophthora austrocedri in natural juniper
populations
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BSPP25 and ECPP25

16:00

Michelle Thompson; Developing and validating HTS
surveillance methodology for detecting plant nursery
pathogens

56

16:15

Rutika Sansaria; Characterizing RePat Genes Function
During Bacterial Infection

57

16:30

Gizem Unal; Silencing Peronospora viciae f. sp. pisi: A
New RNA-Based Strategy to Combat Downy Mildew in
Peas

58

16:45

Conor Copeland; Novel Genetic Markers and Candidate
Genes for Septoria Tritici Blotch Resistance in Wheat

59

17:00

Poster Session: Room C33, Exchange Building

18.30

Themed Talk: Room C3, Exchange Building

Paul Dyer ‘Cheese with a Fungal Sex and Plant Pathology
Twist’ with cheese samples

19:00

Dinner — Atrium

BSPP



BSPP25 and ECPP25

Applied Plant Pathology in Agriculture (APPA), Tuesday, 9 September
LT2, Exchange Building, Jubilee Campus, University of Nottingham

08:30 | Registration Abstract
page

09:25 | Welcome and Introduction — Geraint Parry
SESSION 1 — Chaired by James Fortune

09:30 | Faye Ritchie; Oilseed rape disease management: are we 25
ready for the future?

10:00 | Helen Bates; Using nanopore sequencing to characterise 60
the range of fungicide resistance mutations in field
populations of the foliar wheat pathogen Zymoseptoria tritici

10:15 | Ashleigh Holmes; Application of a bacteriocin-based 61
treatment to protect seed potatoes from blackleg disease
and tuber soft rot.

10:30 | Aimee Fowkes; Using High Throughput Sequencing to 62
Resolve Diagnostics Challenges in Plant Virology

10:45 | Amjad Shahzad Gonndal; Endophytic Bacteria Colonized | 63
on Agricultural Wastes Suppress Early Blight and Enhance
Tomato Growth

11:00 | Coffee
SESSION 2 — Chaired by Rumiana Ray

11:30 | Alistair Wright; IPM in action — Delivering the details to 27
protect the UK’s sugar beet crop

12:00 | James Fortune; Rotten Luck: Fighting Fusarium from Soil 64
to Store

12:15 | Lawrence Bramham; Pursuing improved knowledge of UK | 65

barley yellow dwarf virus (BYDV) variation for robust yet
deployable diagnostics

BSPP



BSPP25 and ECPP25

12:30

Lunch

SESSION 3 — Chaired by Jon West

13:30

Rumiana Ray; Mechanistic insights into Ryd4-conferred
resistance to Barley yellow dwarf virus and the bird cherry-
oat aphid (Rhopalosiphum padi (L.)) in hybrid barley

24

14:00

John Bonkowski; Vascular Streak Dieback (VSD) in
Woody Ornamental Crops in the USA: an Update on
Collaborative Research and Extension Efforts

66

14:15

Mojgan Rabiey; Impact of phage therapy on Pseudomonas
syringae pv. syringae and plant microbiome dynamics
through coevolution and field experiments

67

14:30

Katherine Steele; The commercialization conundrum: can
Sarpo potatoes ever become part of the solution to reduced
input production?

68

14:45

Don Leon Pendergrast; Evaluation of Aureobasidium
pullulans as a control for Canker and Ginger blotch in
Parsnips.

69

15:00

Coffee

SESSION 4 — Chaired by James Fortune

15:30

Xiangming Xu; Developing and implementing sustainable
strategies for managing fruit crop diseases.

26

16:00

Adela Gaja Jezierska-Suwinska; By the Order of the
Root: Plant Signals in Nematode Parasitism

70

16:15

Jonathan West; Using Rotorod spore traps for crop
disease monitoring

71

16:30

Elsie Emmanuel Olatunji; Identification of Resistance
Alleles in Tomato in Breeding against Early Blight
(Alternaria spp.)

72

16:45

Fahimeh Jami; A serious threat to papaya production in
South Africa: Phytophthora palmivora

73
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17:00

Poster Session: C33, Exchange Building

18.30

Themed Talk: Room C3, Exchange Building

Paul Dyer ‘Cheese with a Fungal Sex and Plant Pathology
Twist’ with cheese samples

19:00

Dinner — Atrium
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BSPP25 and ECPP25
PPATH 2025, Wednesday, 10 September
LT2, Exchange Building, Jubilee Campus, University of Nottingham

08:00 | Registration Abstract
Page

Session Chair Richard Oliver, BSPP Programme
Secretary

09:30 | Presidential address Matt Dickinson; Overcoming a 15
lack of culture

10:00 | Peter Scott Memorial Lecture 16
Evans Lagudah; Durable resistance to a global wheat
pathosystem: ‘backbone’ and ‘muscle’ R genes scorecard

10:45 | Coffee

11:15 | Leena Tripathi; Genome Editing of banana for disease 17
resistance

11:45 | Ruth Bryant; Biological fungicides — Is there potential for | 18
mainstream use on cereals?

12:15 | Reem Aboukhaddour; Evolution of stripe rust lineages in | 33
Canada

12:30 | Luca Cornetti; Improved field and environmental 34
diagnostics for sustainable pest management

12:45 | Jens Tilsner; Can viral negative sense RNA replication 35
intermediates be visualised in vivo?

13:00 | Lunch and AGM
Session Chair Louise Gathercole; BSPP Executive
Director

14:00 | Ronnie de Jonge; Dissecting mechanisms of root 19
microbiota establishment using beneficial microbes and
synthetic communities

BSPP
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BSPP25 and ECPP25

14:30 | Matevz Papp-Rupar; Factors affecting apple microbiome | 20
and its potential role in apple canker management caused
by Neonectria ditissima

15:00 | Ziyue Zeng; Genomic surveillance of an epiphytic plant 36
pathogen highlights shared reservoirs and cross-habitat
threats to agricultural crops and wild plants

15:15 | Erh-Min Lai; Enhancing Agrobacterium-mediated 37
genome editing in Arabidopsis through floral stage
optimization and immunity evasion

15:30 | Coffee

16:00 | PH Gregory Competition talks (see next page)

17:30 | Poster Session: Room C33, Exchange Building

19:30 | Conference Dinner - Atrium

BSPP
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BSPP25 and ECPP25

PPATH 2025 Wednesday, 10 September
LT2, Exchange Building, Jubilee Campus, University of Nottingham

PH Gregory Talks Abstract
Session Chair Mojgan Rabiey

16:00 | Jade van Wijk; Using AirSeq for cereal rust surveillance to 82
prevent crop infection

16:10 | Alexander Featherstone; Identification of essential 83
components for protein secretion in Zymoseptoria tritici

16:20 | Rita Lawson; Assessment of Fusarium graminearum 84
infection and mycotoxin accumulation in UK winter wheat
varieties under controlled inoculated and field trial

16:30 | Hyeonmin Jeong; Lineage-specific divergence of an 85
immune chaperone complex important for NLR-based
immunity in land plants

16:40 | Maniruzzaman Maniruzzaman; Interactions between Faba | 86
bean and its Botrytis pathogens

16:50 | Emily L. Van Brabant; Race variants within Fusarium 87
oxysporum f.sp. lactucae causing wilt disease of lettuce

17:00 | Prathamesh Pawar; Intraspecific variation in in vitro 88
antagonism of 183 wild Aureobasidium pullulans strains
against Colletotrichum acutatum

17:10 | Vanja Milenkovic; When drought meets disease: a 89
metabolic key to Acute Oak Decline

17:20 | Aftab Ahmad; The RNAi machinery revealed and validated | 90

through Spray Induced Gene Silencing (SIGS) in a group of
hyperparasitic fungi (Ampelomyces spp.), biocontrol agents
of important crop pathogens

BSPP
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BSPP25 and ECPP25

PPATH 2025 Thursday, 11 September
Exchange Building, Jubilee Campus, University of Nottingham

Artificial Intelligence Revolution in Plant Health: Parallel Abstract
Session: LT2, Exchange Building

09:15 | Introduction & Session Chair Adam Kleczkowski

09:20 | Adam Kleczkowski; Atrtificial Intelligence Revolution in 28
Plant Health — a Brief Introduction

09:50 | Srikanth Rupavatharam; Using Al at Farmer’s level: last- 29
mile-delivery of Plant Health Management.

10:20 | Vojtéch Mikes$; Automated Plant Disease Detection with 76
3D Spectral Scans

10:35 | Coffee

11:00 | John Doonan; Extracting knowledge from large datasets 30
using Al related approaches

11:30 | Jack Rich; Integrating Computer Vision and Mathematical 74
Modelling for the Characterisation of Leaf Scale Disease
Dynamics in Septoria Tritici Blotch of Winter Wheat

11:45 | Martin Urban; PHI-base 5: A new gene-centric web portal 75
for the Pathogen-Host Interactions database to explore
fungal virulence genes and 1st host targets
Induced Resistance Parallel Session: C3 Exchange Building

09:15 | Introduction & Session Chair; Rosa Sanchez-Lucas

09:20 | Hans Hoenicka; Alternative Approaches for Resistance 32
Induction in Forest Tree Species

09:50 | Saskia Hogenhout; Aphid effectors suppress plant 81

immunity via recruiting defence proteins to processing
bodies

BSPP
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10:05 | Isabella Frost; Biocontrol activity in Pseudomonas spp. 79
against Pseudomonas syringae pv. actinidiae, linked to a
novel natural product cluster

10:20 | Diana Vinchira-Villarraga; Oak vs. AOD-Associated 77
Pathogens: Metabolic Responses to Host-Derived
Compounds

10:35 | Coffee

11:00 | Rosa Sanchez-Lucas; Chemical priming of defence in 31
forest health

11:30 | Lamya Majeet; Development Regulation and Molecular 80
Mechanisms in the Establishment of Long-Lasting Induced
Resistance

11:45 | Erin Stroud; Long-distance defence signalling is modulated | 78
by jasmonic acid and abscisic acid in Arabidopsis thaliana.

12:00 | Lunch
Plant Pathology 2025 Main Session, LT2
Session Chair Matt Dickinson

13:00 | Jan van Kan; How (not) to control diseases caused 21
by Botrytis

13:30 | Andrew Armitage; Botrytis crown rot: A reemerging 39
disease of strawberry in protected cropping?

13:45 | Helen Cockerton; Host and tissue specific plant pathogen 22
interactions in horticultural powdery mildews

14:15 | Chih-Hang Wu; Spatiotemporally resolved organelle 38
dynamics in resistosome-mediated hypersensitive cell death

14:30 | Coffee

15:00 | RKS Wood - Paul Birch; The Outs and Ins of RXLR 23
effectors

15:45 | Final Remarks and departure

BSPP
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BSPP25 and ECPP25
Invited Speaker Abstract 1

Overcoming a lack of culture
Matt Dickinson

President of the BSPP and Emeritus Professor of Plant Pathology, University of
Nottingham

Model plant pathogens that can be grown in axenic culture have led the
way in advances in plant pathology research over recent decades, as they can
often be readily characterised and manipulated through mutagenesis and
transformation techniques to further our understanding of molecular mechanisms
of pathogenesis. However, there are also many significant plant diseases caused
by organisms that have as yet remained uncultured, and having focussed on these
for much of my 40 year career, it is two of these, the rusts and the phytoplasmas,
that | am going to discuss in this talk. Having started working with rusts as a postdoc
in the 1980s in Australia, principally on flax and wheat, a fascination has always
been the role of haustoria in infection — how do these structures form and how are
they used to obtain nutrients from the host plant? Some of what we currently know
will be discussed along with examples of some of our own work on rust haustoria
over the years.

| will then switch to a second group of uncultured plant pathogens that have
fascinated and frustrated me throughout my career, the phytoplasmas. These
phloem-limited bacteria that lack cell walls and are transmitted between plants by
insect vectors are responsible for numerous crop diseases worldwide, and many
different ‘species’ and ‘sub-species’ exist. In particular, | will highlight our work on
the phytoplasmas that infect coconuts and cause lethal-yellowing type diseases.
Different strains of phytoplasmas cause these diseases in the Caribbean and
Central America, West and East Africa, and also now in parts of South-East Asia.
Work on clarifying the taxonomy of these different phytoplasmas, developing rapid
diagnostic techniques and using these in attempts to identify the insect vectors, and
progress in identifying palms that exhibit resistance/tolerance to the pathogens
and/or their vectors will be discussed, along with the ongoing challenges of working
with organisms that cannot be grown in culture or propagated in model plant hosts.

15
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BSPP25 and ECPP25
Invited Speaker Abstract 2

Durable resistance to a global wheat pathosystem: ‘backbone’
and ‘muscle’ R genes’ scorecard

Evans Lagudah', Ricky Milne', Kathy Dibley’, Caixia Lan?, CIMMYT Wheat Rust
Program?®

'CSIRO Agriculture & Food, Australia; 2Huazhong Agriculture University, China;
SCIMMYT, Mexico

Diverse resistance (R) genes continue to be unveiled in global efforts at
defining the causal genes that confer a spectrum of resistance phenotypes to the
numerous rust pathotypes that infect wheat. For practical purposes, the most
important features of resistance are the level of protection from economic damage
afforded and durability of this protection. The late Dr Roy Johnson’s, (ex-president
and BSPP honorary member) definition of durability, “Resistance, which has
remained effective in a cultivar during its widespread cultivation for a long sequence
of generations or period of time in an environment favourable to a disease or pest’,
has proven useful in the scorecard of R genes. Two distinct categories of rust
resistance genes have been identified — all-stage resistance (ASR) genes and adult
plant resistance (APR) genes. These designations reflect the host plant
developmental stage when the resistance phenotype is expressed, with ASR genes
providing resistance throughout plant growth and APR genes only protecting plants
in the latter stages of development. Most of the classical immune receptors
underpinning ASR exhibit pathogen race specificity and while strong in their effects
(‘muscle’) have largely proven to be less durable. By contrast a subclass of APR
genes encode atypical plant immunity proteins and confer partial resistance to
multiple pathogens (‘backbone’) including non-adapted pathogens in other crop
species. These multi-pathogen resistance genes in combination with poorly defined
genes of minor effect undergird more durable resistance found in global wheat
programs. Current progress in gene stacking technology using ‘muscle’, multiple
race specific resistance genes combined with ‘backbone’ genes, provides a route

to generating stronger, more durable resistance.

16
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BSPP25 and ECPP25
Invited Speaker Abstract 3

Genome editing of banana for disease resistance
Leena Tripathi, Samwel Muiruri, Jaindra Tripathi
International Institute of Tropical Agriculture (IITA), Nairobi, Kenya

Bananas including plantains (Musa spp.) are a staple food for over 400
million. Banana yields are severely impacted by Banana Xanthomonas Wilt (BXW),
Fusarium wilt, Black Sigatoka, Banana Bunchy Top Virus (BBTV) and Banana
Streak Virus (BSV). Disease outbreaks contribute to significant losses—estimated
at 20-40%. Existing management strategies are often labour-intensive,
inconsistently applied, and ineffective for long-term control, especially for
smallholder farmers who form the backbone of banana cultivation.

Genome editing (GE) offers a precise, efficient, and scalable approach to
develop broad-spectrum disease-resistant banana varieties. With a well-annotated
genome and established transformation protocols, bananas are highly amenable
to genetic manipulation. Researchers at the IITA have made significant progress in
GE by disrupting key susceptibility (S) genes identified through comparative
transcriptomic analysis of resistant and susceptible banana genotypes. The edited
banana events exhibit enhanced resistance to BXW while retaining key agronomic
traits, offering a sustainable and farmer-friendly solution.

A major barrier in plantain improvement is the presence of endogenous

BSV sequences. These sequences can activate into infectious viral particles,
hindering breeding efforts. IITA scientists have successfully inactivated them in the
plantain cultivar ‘Gonja Manjaya’ using targeted genome editing, thus opening new
avenues for utilizing B-genome germplasm in breeding programs.
Importantly, these genome editing approaches can be applied without introducing
foreign DNA enabling the development of transgene-free plants. This reduces
regulatory barriers and enhances the likelihood of public acceptance. It is crucial
for the deployment of improved banana varieties in regions like sub-Saharan Africa,
where regulatory landscapes for genome-edited crops are evolving.

This presentation will showcase recent advances in genome editing for
disease resistance in banana, highlighting the development and validation of BXW-
and eBSV-resistant events.It will also explore the broader implications for breeding
strategies, regulatory considerations, food security, and the resilience of banana-
based farming systems. Genome editing holds transformative potential to secure
and sustain banana production in the face of persistent and emerging biotic threats.

17
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Invited Speaker Abstract 4

Biological fungicides — Is there potential for mainstream use on
cereals?

Ruth Bryant
Disease Control Scientific; Syngenta Crop Protection, Stein, Switzerland.

Biological fungicides are a fast-evolving market but not without challenges.
Cost of production, effectiveness, and sensitivity to the environment make them a
challenge to work with on crops like cereals. Ruth Bryant works on both biological
and chemical fungicide projects with an emphasis on wheat and barley, and early-
stage research. With a background in plant breeding, she is exploring ways to
maximise the potential of biological products from both a crop protection and
breeding perspective. Biologicals come with an element of defence activation and
priming, and we need to understand how to utilise this element to obtain a good
level of efficacy without impacting on crop yields.

18
BSPP



BSPP25 and ECPP25
Invited Speaker Abstract 5

Dissecting mechanisms of root microbiota establishment using
beneficial microbes and synthetic communities

Gijis Selten', Florian Lamouche??, Adrian Gomez-Repollés?, José Luis Lopez *9,
Zuzana Blahovska?, Simon Kelly?, Ronnie de Jonge', Simona Radutoiu 2

"Utrecht University, The Netherlands; 2Aarhus University, Denmark; 3Present
address: Institut Agro, Angers, France; *CONICET, Bariloche, Rio Negro,
Argentina; °Friedrich-Schiller-University Jena, Germany

Plants harbour dynamic complex microbial communities in and around their
roots. These communities can inhibit pathogens, prime or activate the plant’s
immune system, aid in nutrient uptake, stimulate plant-growth, and induce
resilience against a variety of abiotic stresses. To leverage these plant-beneficial
microbial traits in sustainable agriculture, a thorough understanding of root
microbiome assembly and functioning is essential. However, these processes are
shaped by the plant and vary across environments and hosts, challenging
microbiome prediction and engineering. To uncover principles of bacterial
selection, we applied a systems-level approach using reconstitution studies with
communities of hundreds of isolates from Arabidopsis, Barley, and Lotus roots
grown in soils. Functional divergence among their microbiota reflected distinct
strategies: in Arabidopsis and Barley, recruitment was primarily shaped by
inoculum, while the Lotus root environment favoured fewer, functionally diverse
isolates, akin to a 'Swiss army knife' strategy. Despite taxonomic variability, root
microbiomes encoded largely overlapping functions. Across major taxa, isolates
with broad but distinct functional repertoires within their families were consistently
more abundant. Using a genome-to-function framework that is function-centric,
taxonomically inclusive, and host-context aware, we identified 266 functions
enriched across all root microbiomes. This functional backbone emerged as a core
signature of plant-associated bacteria, providing a solid foundation for microbiome
engineering in agriculture.

19
BSPP



BSPP25 and ECPP25
Invited Speaker Abstract 6

Factors affecting apple microbiome and its potential role in
apple canker management caused by Neonectria ditissima

Matevz Papp-Rupar, Amanda Karlstrom', Greg Deakin, Tom Passey, Hamish
McLean, Jennifer Kingsnorth, Georgina Fagg, Xiangming Xu.

NIAB East Malling, UK; "Currently at SLU, Sweden

The use of microbiome solutions holds great potential to alleviate abiotic
stress and control pests and pathogens but has not been widely adopted in food
production. One of the reasons is high variance in efficacy of microbes depending
on environmental conditions, target host and disease. Better understanding of plant
microbiomes is therefore required to design microbial solutions with consistent
efficacy.

The European apple canker pathogen, Neonectria ditissima, is one of the
most devastating apple pathogens worldwide. It infects apple trees through
pruning, picking, and leaf scar wounds. It causes dieback and reduced fruit quality
in mature orchards and can kill up to 30% of young trees within a few years of
planting. There are no effective chemical or biological control products available,
which is the main driver for research on new microbiome-based solutions.
Endophytic microbes residing within apple trees could reduce canker infection
frequency by protecting wounds from infection over an orchard’s long lifespan.

We first investigated the factors affecting apple endophyte community
composition, assembly and dynamics to guide the development of effective
microbial solutions. We investigated the leaf scar microbiome via ITS/16S amplicon
sequencing, and showed that planting site, location within site and apple cultivar
affected bacterial and fungal communities. Bacterial and fungal endophytes also
varied in abundance, diversity and composition across seasons. Interestingly, we
found quantitative trait loci (QTLs) in the apple genome associated with both
abundance of endophytes and canker susceptibility of the host. Based on
microbiome analyses we isolated candidate fungal (Epicoccum nigrum) and
bacterial (Sphingomonas spp.) endophytes and tested them for canker control in
vitro and in orchard conditions with various levels of success.

We are currently looking into origins of different endophyte microbiome
components and their persistence in apple tissues over time, to identify a group of
candidates for long term improvement of the apple microbiome and sustainable
reduction of apple canker impact.

20
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Invited Speaker Abstract 7

How (not) to control diseases caused by Botrytis

Jan A.L. van Kan
Wageningen University, Laboratory of Phytopathology, The Netherlands

Species of the genus Botrytis are notorious necrotrophic phytopathogens
that infect >1600 host species and cause major economic damage. Botrytis cinerea
and B. pseudocinerea are the most renowned and most problematic pathogens
because of their broad host range, including numerous important vegetable, fruit
and ornamental crops. Around 35-40 other Botrytis species are host-specific but
also cause major damage on their respective hosts.

Chemicals are commonly used to control Botrytis diseases, resulting in the
development of fungicide resistance in fungal populations. The application of
fungicides is under increasing scrutiny because of its possible association with rises
in the occurrence of neurological disorders such as Parkinson’s disease. There is
in recent years growing concern among Dutch residents living in proximity of flower
bulb production fields about the health risks from agrochemical applications. A
marked increase was reported in fungicide resistance in fungi that grow in compost
heaps of flower bulb growers, e.g. the human pathogen Aspergillus fumigatus
causing pulmonary Aspergillosis. There is higher probability that clinical cases of
Aspergillosis cannot be cured with currently available medication. The situation
causes an urgent demand on the agricultural production chain to control Botrytis
diseases in more sustainable and eco-friendly ways.

I will discuss the principles, perspectives and drawbacks of various
approaches that are currently explored to develop methods for controlling Botrytis
diseases: resistance breeding by generating mutants in susceptibility genes;
screening germplasm with effector proteins to predict susceptibility to Botrytis
infection; applying mycoviruses; crop protection by sRNAs; biocontrol agents.
Botrytis is often referred to as “grey mould”, for very good reasons. Nothing in
Botrytis biology or its interaction with host plants is black or white. Any (partial)
solution for mitigating diseases caused by Botrytis species requires a better
understanding of their lifestyle and ecology, as well as their molecular interactions
with hosts. Developing a combination of control methods will be essential for
optimal efficacy. Integration of fundamental and translational research will be
required to achieve successes. There are many challenges ahead but also great
opportunities for young scientists engaging on this ambitious objective.

21
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BSPP25 and ECPP25
Invited Speaker Abstract 8

Host and Tissue Specific Plant Pathogen Interactions in
Horticultural Powdery Mildews

Helen Cockerton', Samatha Lynn?, Klara Hajdu®, Thomas Heaven?, Harry
Meades', Andrew Armitage*

"University of Kent; 2NIAB, East Malling, *Wye Hops Ltd., China Farm (4) Natural
Resources Institute, University of Greenwich

Powdery mildew epidemics have a negative impact upon crop quality and
yield and can lead to complete crop abandonment. Preventative and curative
fungicide applications are required throughout the growing season.

Many fungal species cause powdery mildew, all within the Erysiphaceae
family. This disease is typically host-specific. Here, we discuss our recent work on
the three species that cause powdery mildew on hop, apple and strawberry:
Podosphaera macularis, P. leucotricha and P.aphanis, respectively. Despite the
relatedness between these three pathogenic fungi, we observed stark differences
between both their effector complements and the host’s resistance response.

The use of both genome wide association and quantitative trait loci (QTL)
mapping of hop populations segregating for powdery mildew disease resistance we
identified the same major loci controlling resistance in both. In contrast, in
strawberry, we identified multiple medium effect genetic loci associated with
strawberry powdery mildew disease resistance. Notably, multiple genes were
involved in the strawberry foliar resistance response which differed from the
response observed in strawberry fruit. This tissue-specific response was
investigated further through RNA sequencing of infected fruit and foliage.

The development of the first genomic resources for P. aphanis and P.
leucotricha has enabled the investigation of the pathogens infecting both strawberry
and apple. A greater insight into the virulence mechanism was identified in the
contrasting effector complements present in each species. Furthermore, core gene
gains and losses were catalogued across the Erysiphaceae family.

Through this work, we have generated resources that can be used to help
detect powdery mildew in the field and inform management strategies. We have
also provided crop developers with information to assist in the implementation of
genomic selection and marker assisted breeding. Such genomically informed
breeding strategies can support the development of high-quality disease resistant
varieties. Application of this work supports the transition towards non-chemical
control strategies.
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The Outs and Ins of RXLR effectors

Paul RJ Birch'?, Hazel McLellan', Susan Breen', Wei Wang', Shumei Wang', Lin
Xu', Bea Atkinson', David McLean', Lydia Welsh?, Steve Whisson?, Petra C
Boevink?

"Division of Plant Sciences, University of Dundee; and 2Cell and Molecular
Sciences, James Hutton Institute, Invergowrie, Dundee DD2 5DA

This year marks the 20th anniversary of the identification of the Arg-any
amino acid-Leu-Arg (RXLR) motif, often followed by a second motif, Glu-Glu-Arg
(EER), in the N-terminal halves of oomycete cytoplasmic effectors (Rehmany et al
2005). The motifs were revealed following alignment of four oomycete avirulence
proteins: ATR1 (Rehmany et al 2005) and ATR13 (Allen et al 2004) from
Hyaloperonospora arabidopsidis (Hpa), Avrib (Shan et al 2004) from Phytophthora
sojae, and AVR3a (Armstrong et al 2005) from P. infestans. By serendipity, ATR1
and AVR3a reside in syntenic regions of the respective Hpa and P. infestans
genomes, and AVR3a and Avr1b share similar sequences, suggesting proteins with
a common evolutionary origin.

The motifs had an instant impact: acting as signatures to reveal hundreds
of expressed effectors in oomycete genomes/transcriptomes. They accelerated the
discovery of avirulence and corresponding nucleotide-binding leucine-rich repeat
resistance (NLR) proteins. This revealed the ongoing arms race characterising the
zig-zag-zig model between plants and oomycetes and explained why resistances
were so readily overcome when deployed in the field. Armed with the identities of
so many oomycete cytoplasmic effectors, the door was open for the research
community to explore the multitude of plant proteins targeted, and corresponding
modes-of-action, by which RXLR effectors modify host processes to create a
susceptible environment.

A large and often controversial topic centred around the secretion and
delivery of RXLR effectors into host cells. This is an ongoing topic that is entering
an exciting phase. | will share the journey we have enjoyed taking with many
colleagues through the challenges and revelations of RXLR effector research in
the past two decades, and speculate upon the challenges to come.

References; Allen et al. (2004) Science 306:1957-1960. Shan et al. (2004) MPMI 17:394-403.
Rehmany et al. (2005) The Plant Cell 17:1839-1850. Armstrong et al. (2005) PNAS 102:7766-7771.
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Mechanistic insights into Ryd4-conferred resistance to barley
yellow dwarf virus and the bird cherry-oat aphid
(Rhopalosiphum padi (L.)) in hybrid barley

Rumiana V Ray', Amma L Simon', Dasuni Jayaweera', Daniel Verburg?, Dong-
Hyun Kim', Toby Bruce?

T University of Nottingham, UK; ? Keele University, UK

The bird cherry-oat aphid, Rhopalosiphum padi, is a major pest of cereal
crops and transmits Barley Yellow Dwarf Virus (BYDV). Genetic sources for
resistance against the aphid vector and/or BYDV are limited. Here we investigated
aphid and BYDV resistance in the barley hybrid, Kestrel, conferred by Ryd4. We
used plant settlement and olfactometry bioassays with plant volatile organic
compounds (VOCs) to assess antixenosis. Post-alighting life history traits and
feeding behaviour studies using electrical penetration graph were used to assess
antibiosis resistance. To disentangle the effects of Ryd4 on plant physiology and
resistance to viruliferous and non-viruliferous aphids, chlorophyll fluorescence and
gas-chromatography were carried out. We show that Ryd4 in Kestrel elicits strong
antixenosis and antibiosis to R. padi with the former resulting in release of VOCs
perceived by R. padi as non-host signals repulsing the aphid, whilst the latter
caused reduced aphid survival and reproduction associated with increased time of
not probing and reduced sap ingestion. Improved regulation of photosystem Il
efficiency and reduced viral gene expression suggested Ryd4 effectively conferred
resistance to the vector and BYDV systemic infection.
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Oilseed rape disease management: are we ready for the future?
Faye Ritchie, Philip Walker, Isabelle Sims,
ADAS, UK.

Oilseed rape (OSR) production in the UK has faced a number of
challenges. The crop became more risky to grow due to damage caused by
cabbage stem flea beetle (CSFB), when neonicotinoid seed treatments were
banned in 2013. The growing area declined from 712,671 ha in 2012 to 249,758 ha
in 2024. As a result, UK imports have increased. OSR remains an important break
crop in the UK, accounting for 20% of alternative crops grown on arable land.
Research into CSFB management is ongoing, and the hope is that best practice
guidance will help to encourage growers to increase the home-grown area and
reduce reliance on imported supplies.

Disease control practices rely on the use of varieties with good resistance
and targeted fungicide applications, however, climate change, changes in
pathogen virulence/populations and fungicide sensitivity are all current threats.
Significant changes in virulence and fungicide sensitivity have already been
observed for the major pathogens, light leaf spot (Pyrenopeziza brassicae) and
phoma leaf spot/stem canker (Leptosphaeria maculans/L. biglobosa), in the UK and
abroad. OSR disease management has not changed substantially over the last 20
years, therefore we need to explore how novel technology can support disease
management strategies. Yield potential for OSR in the UK was predicted to be 6.5
t/ha (Spink, 2006), and this has been demonstrated to be achievable through the
Yield Enhancement Network, with the highest yielding crop achieving over 7.0 t/ha
in 2020. The current ten-year (2015 to 2024) average across the UK is 3.3 t/ha.
We need to understand better the contribution of crop protection strategies to
overall yield, and provide guidance on how to integrate these as part of a complete
crop growth strategy. This is particularly pertinent to meet targets set by the UK
National Action Plan for Pesticides, which looks to reduce the environmental risk of
pesticides by 10% by 2030. This talk will focus on where we are at present with
OSR disease control, and the short-, medium- and long-term considerations to
ensure we maintain environmentally and economically sustainable and effective
OSR disease management in the UK.
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Developing and implementing sustainable strategies for
managing fruit crop diseases

Xiangming Xu
NIAB at East Malling, West Malling, Kent, ME19 6BJ

The main fruit crops in the UK, apples, strawberries and raspberries, are
susceptible to many diseases under the UK climatic conditions. Consumers
demand blemish-free high-quality fruits, necessitating stringent disease control
management, which has been relying on synthetic pesticides. Due to ever-
decreasing commercial availability of effective fungicide and public concern about
the potential negative environmental impact of over-using pesticides, much effort
has been directed to developing and implementing alternative more sustainable
management strategies over the last two decades. These include prediction of
disease development for timing intervention, manipulating growing environmental
conditions, application of beneficial microbes, and use of physical control methods.
Three examples are used to illustrate the recent advances in the management of
fruit crop diseases in the UK. Firstly, grey mould of strawberry and raspberry,
caused by Botrytis cinerea, used to be the most important disease in soft fruit crops
under open-field production. The risk of grey mould under protected environment
is much reduced due to absence of rainfall, eliminating the need for using pesticides
pre-harvest. Effective use of pre-harvest cool-chain management can maintain fruit
quality satisfactorily for commercial fruit production. Secondly, use of biocontrol
products is recognised as one key approach for disease management in
sustainable agriculture. However, one potential issue with using biocontrol agents
is the often-observed inconsistency of disease control efficacy under field
conditions. Recent research at East Malling suggested that this inconsistency
results more likely from host growth dilution than from the mortality of biocontrol
microbes. This new ecological knowledge of biocontrol microbes is now being used
to guide more effective deployment of these products under commercial conditions.
Finally, apple replant disease is a disease complex, caused by several pathogens
and exacerbated by other abiotic and biotic stresses. We recently developed a
strategy to combat replant disease to support tree establishment in young orchards.
This strategy combines the use of biocontrol and mycorrhizal fungi with rotating
planting locations and rootstock genotypes to manage apple replant disease.
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IPM in action — delivering the details to protect the UK’s sugar
beet crop

Alistair Wright
British Beet Research Organisation, Norwich Research Park, NR4 7UG

The UK’s home-grown sugar beet crop produces enough sugar to supply
over half of our domestic demand. Annually, c.8m tonnes of sugar beet is grown in
Eastern England by over 2,000 growers which is refined into over 1.2m tonnes of
sucrose. Unlike many crops, sugar beet’s yield potential continues to rise, however,
the threats from pest and diseases are also increasing and approaches using
integrated pest management are needed to solve these problems in the future.
Bans of neonicotinoid seed treatments have allowed an old threat to re-emerge,
that of Virus Yellows (VY). VY is a complex of three viruses which cause between
25-50% vyield losses. All these viruses are vectored by aphids, principally Myzus
persicae, who migrate through sugar beet crops in the spring as the crop is
establishing. Without seed dressings to control these aphids, the crop must now
turn to a range of IPM approaches to tackle VY. This includes adopting novel VY
tolerant varieties, encouraging predatory insects, push-pull techniques, detailed
aphid forecasting/monitoring and using novel aphicides. This research forms a
core-part of BBRO’s ongoing research to ensure the crop remains viable into the
future.

Ongoing pest problems also persist in sugar beet. Heterodera schachtii,
the beet cyst nematode (BCN), has been an established problem for nearly a
century. Until recently growers could do very little to manage the problem except
long rotations without viable host crops/weeds. In 2010 this situation changed when
partially resistant varieties of sugar beet became available. These are now widely
used by growers with known BCN infestations although it appears incidence is
underappreciated. Recent efforts have been made to ensure that more is
understood about the distribution of BCN to ensure the correct varieties are
available where they are needed.

New threats are also emerging. BBRO is undertaking new research to tackle
Cercospora leaf spot. This fungal disease, a major problem in North America and
Continental Europe, has come to the fore in the UK since 2020. Research is being
undertaken to understand the spread of Cercospora, its resistance to fungicides
and varietal susceptibility to inform growers of the best possible means of

integrated control.
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Artificial intelligence revolution in plant health — a brief
introduction

Adam Kleczkowski', Jana Kholova?

"University of Strathclyde, UK; 2Czech University of Life Sciences, Czech
Republic

In recent years, there has been revolutionary progress in molecular and
computational tools available to scientists working in biology, ecology and
epidemiology. We are now able to collect and analyse terabytes of data collected
across spatial, structural and temporal scales, from satellite images to rapid PCR
and field-ready LFD tests. Scientists regularly use tools like Machine Learning (ML)
and image analysis to study systems at scale and depth, which has not been
possible so far. Large Language Models (LLMs) are increasingly used to assist with
designing and carrying out experiments, analysing data, and summarising the
findings. It is predicted that ‘Al-enabled biology and medicine will allow us to
compress the progress that human biologists would have achieved over the next
50-100 years into 5-10 years’ (Dario Amodei, CEO of Anthropic, 2024). However,
the new tools come with problems, including the opaqueness of the reasoning
process, the potential for hallucinations, and intellectual property issues. In this brief
introduction to the PPATH25 special session, we will provide basic definitions and
review opportunities and challenges in maximising the potential for using Al
technology in plant health research applications.
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Using Al at the farmer’s level: last-mile-delivery of plant health
management

Srikanth Rupavatharam
International Crops Research Institute for the Semi-Arid Tropics, India

Pests and diseases cause an estimated 40% loss in global crop yields
annually. Selected case studies of applying Al in addressing plant health at field
level will be presented. A major breakthrough in real-time disease diagnosis has
been achieved through the advent of artificial intelligence (Al) and machine learning
(ML) applications. An innovative Al-powered initiative, the ‘AgriLLM Project’, is set
for launch at COP30 in Brazil (November 2025). Leveraging Large Language
Models (LLMs) and the scientific expertise of the Consultative Group on
International Agricultural Research (CGIAR), AgriLLM aims to deliver real-time,
tailored crop advisories to farmers.

In the Global South, extension systems are often limited, making it
challenging to reach smallholder farmers, particularly during critical crop stages.
Successful Al-driven solutions, such as ‘Plantix’, the largest agricultural app on
Google play store demonstrate the potential of technology to bridge this gap.
‘Plantix’ can diagnose over 780 pest, disease, and nutrient deficiency problems
across 45 major crops and is available in 18 global languages. Farmers upload
plant damage images, which are analysed by ML algorithms to provide real-time
diagnoses and detailed crop management advisories, including biological,
chemical, and cultural methods. To date, farmers worldwide have uploaded over
130 million images through the application and received feedback.

Similarly, the ‘Plant Health Detector’, recently launched by the International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT), automates the
diagnosis of 45 plant health problems. Al and computer vision technologies have
also enabled real-time tracking of invasive pests, such as the fall armyworm
(Spodoptera frugiperda), and facilitated the use of citizen science for sustainable
agriculture. Together, these Al innovations are revolutionizing pest and disease
management, empowering farmers with actionable insights for resilient and
productive farming in developing countries.
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Harnessing phenotyping and Al to understand plant stress
responses

John Doonan', Kevin Williams', Jason Brook', Fiona Corke', David Evershed'
Kieran Atkins', Baharehsadat Haddadi?, Manfred Beckmann?, Luis Mur?, Chuan
Lud

"National Plant Phenomics Centre, 2DLS and Computer Science, Aberystwyth
University

The National Plant Phenomics Centre (NPPC), located on the weather-
variable western seaboard of the UK, plays a pivotal role in supporting pre-
commercial breeding and research programmes. At the heart of our work is the use
of advanced, high-throughput phenotyping platforms that operate under controlled
environment conditions. These systems employ automated conveyors to transport
individual plants or plant groups to a suite of non-invasive sensors, gravimetric
watering stations, and sampling points. In addition, cost-effective solutions have
been developed to address specific aspects such as root biology.

We simulate defined abiotic stress scenarios—including drought, heat, and
plant-plant competition—to investigate how UK-relevant crops respond to
increasingly erratic weather events. Longitudinal (seed-to-seed) studies in crops
such as wheat, oat, and rapeseed, as well as model species, enable us to dissect
both immediate and life-cycle responses to stress at key developmental stages. To
bridge the gap between controlled environments and field conditions, we are
extending our phenotyping capabilities outdoors using mobile platforms that take
sensors to the plants. By integrating phenotypic data with metabolomic profiling,
we gain insights into the biochemical pathways underpinning stress resilience.
The scale and complexity of the data generated demand innovative analytical
approaches. We are developing and applying Al-driven pipelines alongside
conventional methods to extract meaningful traits and link them to genetic and
metabolic markers. This integrative approach is helping to identify key physiological
and biochemical traits associated with resilience.

These approaches complement traditional agronomic and breeding
techniques, enabling high-resolution, scalable monitoring of crop performance in
controlled and real-world settings, including biotic interactions such as grazing and
disease. Al and modelling approaches are central to this effort, offering new
opportunities to accelerate the breeding of crops that can thrive in diverse and
challenging environments—supporting sustainable agriculture in the face of climate
uncertainty.
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Chemical priming of defence in forest health

Rosa Sanchez-Lucas', Jack Bosanquet', Helit Jain', Rajan Lidhar', Victoria
Pastor?, Estrella Lun'

"University of Birmingham, Birmingham, 2Universitat Jaume |, Spain

Plants can face numerous abiotic and biotic stresses by different strategies
including resistance induction by chemical priming. Some chemicals are known to
trigger priming, but it is not well studied in tree systems. This work aims to
determine whether oak seedlings can express chemical-induced priming against
different pathosystems. For this, 3-months-old oak seedlings were infected with the
powdery mildew (PM) pathogen and at 9-months with the bacterial species
associated with acute oak decline (AOD) syndrome. Seedlings were treated with
salicylic acid (SA), jasmonic acid (JA) and B-aminobutyric acid (BABA) 7 days
before infection with both pathosystems. Disease symptoms were monitored and
scored over weeks and months. Disease scoring demonstrated that BABA was
found to cause enhanced resistance for both pathosystems. In contrast, JA caused
enhanced susceptibility. SA treatments resulted in enhanced resistance against PM
but not against AOD. Regarding PM disease, resistance by SA and BABA was
based on priming of SA-dependent gene expression and callose deposition,
respectively. PM-infected leaves were sampled at 0, 1 and 2 days post infection
(dpi) for untargeted metabolomic and transcriptomic analyses. Timepoints were
selected to coincide with the expression of priming phenotypes. AOD-infected
trunks were collected at final point 120 dpi to perform untargeted metabolomic
analysis. Metabolites were extracted from leaves and trunks (avoiding AOD
inoculation points) and subjected to LC-MS/MS. Pathway enrichment analysis
determined that BABA priming is mostly dependent on alkaloids biosynthesis,
whereas SA failed to identify any specific pathways. Transcriptome data showed
similar patterns but inverting the early-late responses observed in metabolites
accumulation among SA and BABA. Interestingly, whilst we observed similar
resistance-susceptible phenotypes against AOD, the metabolic pathways were
slightly different, showing higher influence of phenylpropanoids, secoiridoids and
lignins on BABA-treated plants. This work has identified molecular markers of
priming in oak seedlings. Our results, provide valuable information for future forest
health, as both diseases threaten the future of Britain natural forests: one,
jeopardizing the survival of mature trees, while the other creates a critical
bottleneck to woodland regeneration.
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Alternative approaches for resistance induction in forest tree
species

Hans Hoenicka
Thiinen-Institute of Forest Genetics, Sieker Landstr. 2, 22927 GroRhansdorf

Forest ecosystems are increasingly threatened by climate change and the
spread of invasive pathogens and pests. Recent research highlights the crucial
roles of plant-associated microbiomes and epigenetic mechanisms in enhancing
stress adaptation. Among potential interventions, B-aminobutyric acid (BABA) has
demonstrated efficacy in priming stress responses in various crops, though its
application in forestry remains largely unexplored.

This study investigates the impact of BABA on field elms (Ulmus minor),
analyzing morphological, physiological, and epigenetic adaptations. The results
demonstrate that BABA not only modulates elm development and stress tolerance
but also triggers significant epigenetic reprogramming in both DNA and RNA
(Hoenicka et al., 2024). Notably, BABA triggers changes in canonical epigenetic
markers such as 5-methylcytosine (5mC), as well as in atypical nucleobases
including 5-hydroxymethyluracil, N6-methyladenine (6mA), DNA uracil, and RNA
thymine. The marked increase in 6mA levels in DNA—a key bacterial epigenetic
marker—raises critical questions about whether these modifications originate from
the plant genome, its microbiome, or both.

In a related project, we studied the bacterial and fungal microbiome and
epigenetic factors in a Dutch elm disease (DED)-resistant (Ulmus parvifolia) and a
susceptible (Ulmus glabra) elm species. Seedlings of the same age were grown
under identical environmental conditions to minimize confounding variables. The
results revealed significant differences in both microbiome composition and
epigenetic profiles between the two elm species. Plant phenotypic plasticity results
from dynamic interactions among genetic, microbial, and environmental factors. We
hypothesize that cross-kingdom epigenetic signaling between the plant and its
microbiome may underlie rapid environmental adaptation, functioning as a form of
“pbiological memory.” By elucidating these mechanisms, this research aims to
advance strategies for engineering stress-resistant forests capable of withstanding

global change.

Reference; Hoenicka et al. (2024) B-Aminobutyric acid promotes stress tolerance, physiological
adjustments, as well as broad epigenetic changes at DNA and RNA nucleobases in field elms (Uimus
minor). BMC Plant Biol. 24(1):779.
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Evolution of stripe rust lineages in Canada

Reem Aboukhaddour Bohan Wei'?, Ryan Gourlie', Rhodesia Celoy', Rodrigo
Ortega Polo’, Nathaniel Lim', Stephen E. Strelkov?

"Lethbridge Research and Development Centre, Agriculture and Agri-Food
Canada, 5403 1 Avenue S, Lethbridge, AB, Canada, T1J 4B1; 2Department of
Agriculture, Food and Nutritional Science, University of Alberta, 116 St & 85 Ave,
Edmonton, AB, Canada, T6G 2R3

Stripe (yellow) rust of wheat, caused by Puccinia striiformis f. sp. tritici (Pst),
threatens global food security. In Canada, the risk of stripe rust has increased since
2000 due to the emergence of new races with broad virulence spectra, adapted to
higher temperatures. However, since 2010, the Pst population in Canada has
shifted further, with increased virulence overcoming additional, previously effective
Yr genes. To understand this shift at the genomic level, we analyzed over 31
assembled genomes generated from isolates collected across Canada from 1984
to 2023 and sequenced with short-reads. SNP calling and mating-type allele
analyses were also conducted. Our results indicate a shift in the Pst population in
Canada from the dominant PstS0 lineage before 2000 to a PstS1-related lineage
after 2010. Additionally, two isolates collected around 2000 shared Pst-b1-HD, Pst-
b1*-HD, and Pst-b8-HD mating type alleles, identifying them as a South African
lineage, which in addition to PstS1, may have contributed to the incursion of heat
adapted races into North America. Several isolates exhibited recombinant patterns
from various lineages, including the previously reported PstPr. Notably, we
identified a novel lineage, PstC-2022, in two isolates from eastern Canada collected
in 2022 and 2023. This may be a recombinant lineage between PstS1 and a foreign
lineage from the Eurasian-East African Corridor. SNP analysis revealed distinct
genetic clusters correlating with sampling periods and lineage designation rather
than geographic origin, highlighting the pathogen’s capacity for long-distance
dispersal. Overall, this study underscores the value of phenotyping and genotyping
for accurately tracking Pst virulence, evolution, and long-distance incursions.
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Improved field and environmental diagnostics for sustainable
pest management

Cornetti L, Lindenberger N, Accardo S, Moles T, Wullschleger J, Borghi L
Syngenta Crop Protection Miinchwilen AG, 4332 Stein, Switzerland

Fungal plant pathogens are among the most significant threats to global
food security, as they can severely impact yield with up to 50% reduction in case
of high disease pressure. Currently, disease control relies largely on fungicide
applications, however an increased number of resistance outbreaks has been
recently reported. This situation coupled with governmental decisions to limit the
use of phytosanitary products, requires new and more sophisticated strategies for
pest management. A precise profiling of disease epidemic progression and
fungicide resistance are essential to provide efficient tailored recommendations. In
this contribution, we focus on Zymoseptoria tritici, the causal agent of Septoria leaf
blotch of wheat. We screened a collection of a few thousand Z. tritici strains for their
fungicide sensitivity and their related genetic markers. The results were combined
to generate adaptation indexes for the most relevant fungicides, that allow a precise
mapping of sensitivity in Zymoseptoria fungal populations. This approach resulted
in effectively supporting the development of new strategies aiming to maximize
disease control and resistance management. In addition, a network of
environmental sensors is proposed as a tool for precision agriculture. The
presented approach will result in the generation of a large set of data, which can
be combined to offer relevant information for modelling and supporting the definition
of a sustainable disease control management
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Can viral negative sense RNA replication intermediates be
visualised in vivo?

David Burnett'?, Mohamed Hassan Mohamed Hussein'?, Zoe Kathleen Barr'-?,
Laura N. Nather!, Graham Cowan?, Kathryn M. Wright?, Jens Tilsner"?

T University of St Andrews, 2James Hutton Institute, Dundee

Plant RNA viruses spread through their hosts by transporting their
genomes through plasmodesmata, membranous inter-cellular nano-channels, with
the aid of virus-encoded movement proteins. The ability of movement proteins to
target plasmodesmata has been well documented by fluorescence microscopy
using fluorescent protein fusions. However, movement proteins need to ‘pick up’
viral RNAs somewhere in the cell and insights into how this connects to viral
replication can be gained by imaging the RNA in addition to viral and host proteins.
We have developed a sensitive RNA imaging system that allows visualising viral
genomes even inside plasmodesmata during cell-to-cell transport and enables new
insights into the recruitment of RNA and the mobile ribonucleoprotein complexes.

| will present results obtained with this system and also report on our efforts
to image viral negative strand replication intermediates using different RNA imaging
systems, funded by a BSPP Small Project award.
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Genomic Surveillance of an Epiphytic Plant Pathogen
Highlights Shared Reservoirs and Cross-Habitat Threats to
Agricultural Crops and Wild Plants

Ziyue Zeng'?, John W. Mansfield®, Andrea Vadillo-Dieguez'?, John Connell",
James Irvine'?, Michelle T. Hulin'#4, Fernando Duarte Frutos'®, Mojgan Rabiey?$,
Nastasiya F. Grinberg', Richard J. Harrison'’, Xiangming Xu® & Robert W.
Jackson?

TNIAB, 2University of Birmingham, Imperial College London, “Michigan State University,
SUniversity College London, SUniversity of Warwick "Wageningen University and Research,
Netherlands, éNIAB at East Malling

Plant surfaces host microbial communities that can act as reservoirs for pathogenic
lineages, yet the ecological dynamics and evolutionary consequences of these reservoirs
remain underexplored. We conducted landscape-scale genomic surveillance of
Pseudomonas syringae on symptomless leaves of both cultivated cherry in orchards and
wild plant species in adjacent woodlands across the UK to investigate how phyllosphere
populations contribute to disease emergence.

Genomic surveillance over two years and across four UK regions identified ten
diverse phylogroups (PGs), with similar PG diversity across environments but distinct
differences in prevalence. PG2d strains predominated in orchards, while PG2b and PG13a
were more common in woodlands. Distinct subclades within PG2d recovered from both
environments exhibited high virulence on both cultivated and wild cherry. The pathogens
were characterised by the presence of genes encoding the synthesis of the pathotoxin
syringolin A and a subset of effector proteins including HopAW1, AvrRpm1 and HopAR1.
The widespread presence of highly virulent P. syringae strains across cultivated and natural
environments, often in close proximity, highlights the capacity of these pathogens to persist
in overlooked reservoirs beyond the main crop system. Moreover, interaction with wild
species provides reservoirs for the pathogens outside of the agricultural area, thus providing
opportunities for pathogen evolution and further dispersal. The repeated recovery of
particular genotypes from both orchards and woodlands suggests evolutionary strategies for
survival outside susceptible crops.

Ongoing work focuses on investigating the phylodynamics of the PG2d pathogen
populations and the divergence and movement of bacterial lineages between orchards and
woodlands, providing new insights into how reservoirs shape pathogen emergence. Our
findings underscore the need to study pathogen ecology across the broader landscape and
highlight the importance of integrating agricultural and natural habitats when developing
disease management strategies.
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Enhancing Agrobacterium-mediated genome editing in
Arabidopsis through floral stage optimization and immunity
evasion

Mao-Sen Liu, Teng-Kuei Huang, Yi-Chieh Wang, Si-Chong Wang, Chih-Hang
Wu, Chih-Horng Kuo, Erh-Min Lai

Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan 115201

Agrobacterium-mediated transformation via floral inoculation (AMT-FI)
enables genetic engineering without tissue culture. It is widely used in the model
plant Arabidopsis thaliana, yet its efficiency and broader applicability remain limited.
Here, we identify key floral stages and develop novel strategies to enhance AMT-
Fl-based genome editing. Using a dual-reporter system (RUBY and hygromycin
resistance), we determined that flowers opened at 6 days post-inoculation (DPI)
are optimal for high transformation efficiency, with nearly 100% of siliques
harboring transformants. However, Agrobacterium infection induced ovule
abortion, particularly in wild-type (Col-0) plants, whereas efr mutants lacking the
EF-Tu receptor (EFR)-mediated pattern-triggered immunity (PTI) showed reduced
ovule abortion. Notably, efr mutants exhibited more RUBY-positive ovules and
significantly enhanced genome editing efficiency, despite showing no improvement
in stable transformation rates. These results suggest that PTI restricts transient
transformation rather than T-DNA integration. To further suppress immune
responses, we engineered a stealth Agrobacterium strain expressing a chimeric
EF-Tu that evades recognition by EFR. This GV3101-derived strains enhanced
both transient transformation and genome editing efficiency without significantly
altering stable transformation frequency. Remarkably, genome-edited T1 plants
could be recovered based on phenotype or direct sequencing without the need for
antibiotic selection when targeting flowers opened at 6 DPI. Our findings reveal
EFR-mediated immunity as a key barrier to efficient transient transformation and
genome editing via AMT-FI. By integrating floral stage selection, immune
suppression, and Agrobacterium engineering, this study provides a practical and
versatile platform to advance plant genome engineering.

37
BSPP



BSPP25 and ECPP25
PPATH25 Offered Papers Abstract 6

Spatiotemporally resolved organelle dynamics in resistosome-
mediated hypersensitive cell death

Yi-Feng Chen', Kuan-Yu Lin', Ching-Yi Huang', Liang-Yu Hou', Enoch Lok Him
Yuen?, Chin-Wen Chang’, Hung-Yu Wang', Tolga Bozkurt?, Chih-Hang Wu'

TInstitute of Plant and Microbial Biology, Academia Sinica, Taiwan, 2Department of
Life Sciences, Imperial College London.

Plant nucleotide-binding domain leucine-rich repeat (NLR) proteins
function as immune receptors that recognize pathogens and confer resistance.
Upon activation, many NLRs assemble into membrane-associated resistosomes
that trigger immune signalling and lead to hypersensitive cell death. However, the
sequential subcellular events that connect resistosome activation to cell death
remain unclear. In this study, we explored the spatiotemporal dynamics of
organelles upon activation of NLR required for cell death 4 (NRC4) resistosome.
Using a copper-inducible system, we performed time-lapse imaging upon triggering
NRC4-mediated hypersensitive cell death. By employing various subcellular
markers, we observed that cytoplasmic streaming and organelle movement were
disrupted upon visible resistosome puncta appeared. Coinciding with the
emergence of resistosome puncta, both actin and microtubules were
depolymerized. This was followed by a loss of plasma membrane (PM) integrity,
fragmentation of the endoplasmic reticulum into vesicle-like structures, and nuclear
envelope breakdown. Eventually, the cells collapsed, with the PM and tonoplast
shrinking toward the cell centre. These findings define the temporal order of
subcellular changes during plant hypersensitive cell death and lay the foundation
for future research on the molecular mechanisms underlying subcellular processes
following immune activation.
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Botrytis crown rot: A reemerging disease of strawberry in
protected cropping?

Lauren Farwell', Olaide Ogunsanya', Vijay Mane', Kelsey Orr?, Sarah Palmer?,
Helen Cockerton®, Andrew Armitage’

"Natural Resources Institute, University of Greenwich, United Kingdom; 2Driscoll’s
Genetics Ltd, United Kingdom; 3University of Kent, United Kingdom

Botrytis cinerea is a devastating pre- and postharvest pathogen of over
1,000 plant species and represents one of the predominant diseases of
strawberry. Despite typical association with post-harvest rots in strawberry,
significant losses due to Botrytis crown rots have been recently reported by UK
growers. Botrytis crown rot infections of strawberry may lead to die-out of
individual crowns, or whole plants over the winter rest phase of the double-
cropping cycles used for glasshouse production.

Our work aimed to (1) characterise causal agents of Botrytis crown rot
disease in UK protected cropping, (2) understand pathogen evolution through
genomic study of host-adaptation, and (3) develop novel in-field RPA-LFD
diagnostic approaches for disease management.

Field sampling allowed characterisation of Botrytis species leading to
crown rot symptoms. Multi-locus sequence typing of >30 strains allowed
phylogenetic placement in relation to reference Botrytis material, indicating a
diverse panel of strains across B. cinerea clades and absence of the emergent
multi-fungicide resistant species B. fragariae reported in EU/USA.

Genome sequencing of 11 strains, including near-chromosome level
assemblies from nanopore sequencing of key strains, has generated the first
genomic resources for crown-rot isolates. Whole genome alignment and read
mapping have allowed identification of population-level lineage specific regions
within B. cinerea. These have been associated with phylogenetic clades resulting
from genome-based phylogenetic analyses, allowing phylogenetic placement of
crown-rot strains in relation to previously reported host-adapted strains infecting
grape and tomato.
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A forward genetics approach to investigate gain of virulence in
Zymoseptoria tritici against the resistant wheat cultivar Cougar

Lisa E. Lamberte', Nicola Kettles', Haider Ali', Thomas Wood?, Kostya Kanyuka?,
Megan C McDonald', Graeme J Kettles'

'School of Biosciences, University of Birmingham, 2NIAB, Cambridge

Wheat is a cornerstone of global food security yet is vulnerable to diseases
such as Septoria tritici blotch (STB), caused by the fungal pathogen Zymoseptoria
tritici. This disease leads to significant yield losses through necrotic leaf lesions that
inhibit photosynthesis. Host genetic resistance to Z. tritici can be improved through
incorporation of major disease resistance genes, including Stb genes, into new
wheat varieties. However, the rapid evolution of Z. tritici often leads to the
breakdown of such resistance, as was demonstrated for the UK wheat cultivar
Cougar in 2015. One of the objectives of our project, SeptPROTECT, is to identify
the Z. tritici gene(s) that facilitate increased virulence on the previously resistant
Cougar wheat variety.

We employed the “ZymoSoups” forward genetics approach to randomly
mutagenise the IPO323 strain avirulent on Cougar and generate gain-of-virulence
(GoV) mutants. GoV mutants recovered from two soups were subjected to whole-
genome sequencing. Analysis using GATK and SnpEff identified mutations across
the genome, including deletions and high-impact SNP variants. Several candidate
genes with potential roles in virulence have been identified, based on their
predicted functions and genomic locations. Ongoing functional assays aim to
determine the contribution of these genes to the pathogen’s ability to overcome
wheat resistance mechanisms. In parallel, we also employ a classical genetic
approach through quantitative trait locus (QTL) analysis, leveraging both
established genotypic data and newly derived populations to map effector gene loci
associated with virulence. Future work will focus on gene knockout experiments to
elucidate the function of candidate virulence genes
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Proximity labelling for detection of effector-receptor
interactions in the Nicotiana benthamiana apoplast

Abdelrahman M Qutb?, Graeme J Kettles'

'School of Biosciences, University of Birmingham. 2 Department of Agricultural
Botany, Al-Azhar University, Cairo, Egypt

Wheat is a major cereal crop globally, contributing significantly to
agricultural production. Zymoseptoria tritici causes Septoria tritici blotch (STB), a
damaging disease in all wheat-producing regions. Given the limited genetic
diversity among elite cultivars, identifying new and effective resistance sources is
crucial. This study builds on the observation that several Z. tritici effectors are
recognised in the apoplast and induce cell death in the non-host plant Nicotiana
benthamiana, but not in the natural wheat host. Our goal is to identify the
recognition determinants for these Z. tritici effectors which could provide new
sources of resistance.

Proximity labelling using TurbolD has emerged as a powerful tool for
studying proximal and low-affinity protein interactions. However, applying this
approach in the apoplast presents challenges due to the unique extracellular
environment. In a pilot experiment, we characterised the interaction between the
oomycete apoplastic elicitor INF1 and the cell-surface receptor-like protein (RLP)
REL to demonstrate the feasibility of proximity labelling in the apoplast. We
demonstrated that INF1-TurbolD is successfully expressed in N. benthamiana,
retains cell death-inducing activity in the apoplast, and has biotinylation activity
when ATP and magnesium acetate are supplied exogenously. We are currently
confirming biotinylation of the known target receptor REL by a combination of co-
immunoprecipitation and mass spectrometry. Simultaneously, we are extending
this approach to investigate the interactomes of the Z. tritici apoplastic effectors
Z19, Zt11, and Zt12 to understand their recognition mechanisms.
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The XopG2 effector defines Race 5 in Xanthomonas campestris
pv. campestris and is recognised by a Brassica oleracea
resistance locus on chromosome 3

Najeeb Ullah', Ana Dominguez Ferreras', Shannon Greer', David J. Studholme?,
Joana Vicente?, Murray Grant', and Vardis Ntoukakis'

"The School of Life Sciences, University of Warwick, ?Biosciences, University of
Exeter, °Fera Science, UK

Black rot, caused by Xanthomonas campestris pv. campestris (Xcc) poses
a significant risk to different brassicas. Xcc has 11 known races differentiated on a
set of brassica cultivars. However, our understanding of the role of race-specific
effectors in Xcc pathogenicity remains limited. Through comparative genomics, we
identified the XopG2 effector (a predicted metalloprotease) as the determinant of
Xcc Race 5. Deletion of XopG2 in Xcc R5 (Xcc R5 DXopG2) and mutations in the
metalloprotease active site of XopG2 avoid recognition by the resistant SxD1 line
while complementation of Xcc R5 DXopG2 with XopG2 restores the wild type R5
phenotype. Furthermore, expression of XopG2 in the highly virulent Xcc Race 6
compromised its pathogenicity. Consistent with these observations, we identified
naturally occurring allelic variants of XopG2 with a truncated metalloprotease active
site that evolved to evade recognition. In addition, we have mapped the resistance
locus for XopG2, containing three receptor-like kinase (RLKs) genes, at the end of
the chromosome 3 of Brassica oleracea. Currently we are studying the function of
these identified RLKs using Arabidopsis orthologues.
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Sweet but psycho? A novel Type lll Effector Protein, with two
putative enzymatic domains, is enriched in Pseudomonas
syringae isolated from Prunus avium

Andrea Vadillo-Dieguez', Daniel Maddock?, Diana Vinchira-Villarraga', Michelle
T. Hulin?, Robert W. Jackson'

' School of Biosciences and the Birmingham Institute of Forest Research,
University of Birmingham, 2Department of Plant Soil & Microbial Sciences,
Michigan State University, East Lansing, USA.

Type I effector proteins (T3E) are major virulence factors in the
phytopathogen Pseudomonas syringae pv. syringae (Pss). They are translocated
into the host cell through the type Il secretion system (T3SS) to suppress plant
immunity and enhance bacterial proliferation in susceptible plants. Some T3E have
enzymatic activity, which targets plant molecules within various plant cellular
compartments.

The sweet cherry pathogen Pss 9644 harbours T3E genes with unknown
functions. Here, we show that a pathogenicity islet, harbouring contiguous hopBE1
and a linked gene, is enriched in Pss strains isolated from Prunus sp. A hrp-box
promoter was identified upstream of hopBE1, driving the transcription of both
genes.

The putative protein of the linked gene is structurally homologous to the
glucosyltransferase domain of the toxin TcdA produced by the animal pathogen
Clostridium difficile. Bioinformatic tools suggest it is a novel T3E with a putative
glucosyltransferase and a kinase domain. To see if HopBE1 and TcdA are both
functioning T3Es, we introduced HA-tagged versions into Pseudomonas to test
expression and secretion. Both were induced in minimal medium, but we only
observed the secretion of TcdA in a T3S-dependent manner. Expression of
HopBE1-TcdA in effectorless Ps pv. tomato D28E induces chlorosis in Arabidopsis
thaliana leaves, associating this pathogenicity islet with a strong virulence activity.
However, a glucosyltransferase catalytic mutant of TcdA lacks virulence. Future
enzymatic activity assays in vitro, subcellular localization experiments in Nicotiana
benthamiana and pathogenicity tests in sweet cherry (Prunus avium) will be used
to functionally characterise TcdA with the aim of understanding how it supports Pss
growth and disease causation in sweet cherry.
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Oxidative stress tolerance in the plant pathogen Pseudomonas
syringae

Chloe Harper', Julianna Piat'!, Nattapong Sanguankiattichai’, Leighton Pritchard?,
Stephan Uphoff!, Gail Preston’

"University of Oxford, ? University of Strathclyde

During host colonisation the plant-associated bacterium Pseudomonas
syringae encounters reactive oxygen species (ROS), such as hydrogen peroxide
(H202), released by the host, as well as endogenous ROS generated in response
to environmental stressors. P. syringae must suppress the release of or tolerate
ROS to prevent lethal oxidative stress. P. syringae strains from different
phylogroups exhibit varying abilities to tolerate ROS, but the causes are not fully
understood. Upon exposure to H202, the transcriptional regulator OxyR plays a
vital role by regulating genes involved in the response to H202. By predicting the
OxyR regulon for strains with varying H202 tolerances and correlating this with
RNA-seq data containing gene expression changes in two model strains under
H202 treatment, we have identified candidate genes that may contribute to the
differences in ROS tolerance. One candidate is an operon encoding an alternative
methionine biosynthesis pathway that is only present in higher tolerance strains,
potentially providing an alternative way to synthesise methionine, especially under
oxidative stress. In vitro experiments with a knockout mutant of the operon
demonstrates a two-fold reduction in H202 tolerance. Further characterisation of
these candidates will help us to further understand of how the synthesis and
metabolism of key metabolites contributes to bacterial stress tolerance and
infection outcomes and inform the development of targeted antimicrobials.
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A helper NLR targets organellar membranes to trigger immunity

Tarhan Ibrahim', Freddie King', Enoch Lok Him Yuen', Hung-Yu Wang"?, AmirAli
Toghani®, Cristina Vuolo', Vanda Adamkova', Baptiste Castel®, Jonathan Jones?,
Chih-Hang Wu?, Jiorgos Kourelis', Sophien Kamoun® Tolga Bozkurt'

"Department of Life Sciences, Imperial College London, ?Institute of Plant and
Microbial Biology, Academia Sinica, Taipei 115201 Taiwan, 3The Sainsbury
Laboratory, University of East Anglia, Norwich

Nucleotide-binding leucine-rich repeat (NLR) receptors are central to
innate immunity. Upon activation, plant NLRs oligomerize into resistosomes that
insert into the plasma membrane, forming calcium-permeable pores to trigger
programmed cell death (PCD), a key feature of the current model for NLR function.
NLRs converge on the plasma membrane (PM) to promote calcium influx, however,
their N-terminal coiled-coil (CC) domains, the membrane-penetrating regions,
exhibit great diversity. Here, we show that the helper NLR NRG1 exhibits a distinct
mode of action by targeting organellar membranes to initiate immune signalling.
Using AlphaFold-driven structural modelling and live-cell imaging, we demonstrate
that NRG1 contains an extended CC domain that enables the formation of
elongated resistosomes capable of associating with both single- and double-
membrane organelles, such as the endoplasmic reticulum and chloroplasts. Upon
activation, NRG1 channels calcium from these organelles to trigger immune
responses, expanding the functional landscape of resistosome activity beyond the
PM. Localization assays using nanobody-mediated trapping of NLRs at specific
organelles confirmed that membrane targeting is crucial for immune activation.
Domain-swap experiments further demonstrated that NRG1’s N-terminal domain
dictates both localization and immune output. Our findings challenge conventional
models of NLR activation and localization, opening promising avenues for
engineering enhanced disease resistance in crops.
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Exploring UV-C radiation for induced resistance against
Ramularia collo-cygni in barley

Saleem Mohammed, Gabriel Castrillo and Matt Dickinson
Division of Plant and Crop Sciences, University of Nottingham

Ramularia collo-cygni (Rcc) is a necrotrophic fungal pathogen responsible
for Ramularia leaf spot (RLS) in barley, posing a growing threat due to its latent
infection strategy during early developmental stages, which later shifts to an
aggressive necrotrophic phase during critical growth periods, leading to significant
yield losses. Current control measures against Rcc are becoming ineffective with
reports of widespread resistance against fungicides in several regions of the world,
and no fully resistant genotype of barley identified to date. In this study, we
investigated the efficacy of high intensity pulsed UV-C radiation in inducing
resistance against Rcc using two barley genotypes with varying susceptibility.
Infected seeds were treated with mild and high UV-C doses, and both pathogen
load and symptom expression were evaluated in the resulting seedlings. We also
analysed the impact of UV-C on microbial communities, mineral profiles, and
developmental traits. While UV treatments did not alter overall microbial diversity
in both genotypes, beta diversity analysis revealed genotype-specific interactions
with Rcc, leading to the assembly of distinct root-associated microbial communities.
Transcriptome profiling uncovered genotype-specific metabolic responses: mild
UV-C doses elicited priming effects, while higher doses mimicked pathogen attack,
triggering immune-like responses in both genotypes. These responses were
reflected in phenotypic differences in disease symptom expression and
developmental variation between the two genotypes.
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Harnessing Bdellovibrio bacteriovorus as a biocontrol agent
against Pseudomonas syringae in tomato plants

Rebecca Lowry-Palmer?!, Anne Cotton’, Duncan Cameron’, Chris Knight', David
Negus?

"The University of Manchester, 2Nottingham Trent University

With the growing demand for sustainable agriculture, there is an urgent
need for alternatives to pesticides and antimicrobials, which contribute to
environmental damage and antimicrobial resistance. Bdellovibrio bacteriovorus, a
predatory bacterium that preys on Gram-negative bacteria, could offer a nature-
based solution for managing plant pathogens without disrupting ecosystems.

This work uses P. syringae pv. tomato infected tomato plants as a model
system, providing a practical and relevant platform for investigating B.
bacteriovorus biocontrol dynamics. Ongoing studies are assessing whether B.
bacteriovorus has the capacity to manage disease progression. Additionally, the
impact of B. bacteriovorus treatment on plant and soil microbiomes is being
evaluated to offer insight into the broader effects of this bacterial predator on
microbial communities.
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The Potato pan-NLRome
Thomas M Adams', Gaynor McKenzie', Micha M Bayer?, Ingo Hein':3

"Department of Cell and Molecular Sciences, The James Hutton Institute,
2Department of Information and Computational Sciences, The James Hutton
Institute; 3 Division of Plant Sciences, University of Dundee

Potatoes are the most important non-cereal food crop and an important
element for the agriculture industry in the UK and a key element in the Scottish
economy. A key constraint on potato production is crop losses due to a diverse
range of plant pathogens. A major method for control of these pathogens is through
the breeding of resistant varieties.

A major mechanism of diseases resistance is mediated by intracellular
resistance (R) genes. Many of these R genes encode for a structurally conserved
class of genes, termed nucleotide-binding, leucine-rich repeat (NLR) genes. The
full complement of these NLRs in an individual plant is termed an NLRome.
Through the use of enrichment sequencing technologies (RenSeq) and the
decrease in sequencing costs in recent years, it is now feasible to assess the
NLRome of a population, termed a pan-NLRome, as was first done for Arabidopsis
thaliana ecotypes (Van de Weyer et al., 2019). However, for potato, long read
technologies, such as PacBio HiFi, are required to accurately represent the
NLRome (Wang et al., 2023).

Using Pacbio HiFi RenSeq reads (termed SMRT-RenSeq), the deep
learning tool Helixer and other cutting-edge annotation techniques, we have
produced a pan-NLRome of over 100 accessions of diploid Solanum wild species
and landraces selected from the Commonwealth Potato Collection (CPC), a unique
germplasm resource held in trust at the Hutton. We show that a k-mer based pan-
NLRome analysis can reliably distinguish species and reproduces the accepted
phylogenetic structure. The total number of predicted NLRs for a species ranges
from 188 to 1,571. This pan-NLRome provides critical insight into the diversity and
evolutionary dynamics within a key gene family for potato breeding efforts to
safeguard potato production into the future. All resources generated in this work
will be made available to the wider scientific community, accelerating efforts to
produce resilient potato cultivars.
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Tiled amplicon sequencing as a diagnostic tool to indicate
virus viability

Yue Lin Loh'2, Aimee Fowkes', Ankush Prashar?, Patricia Lopez-Calcagno?, Neil
Boonham?', Adrian Fox’
"Fera Science Limited, > Newcastle University

Accurate, reliable, and rapid diagnostic tools for determining the causal agents of
diseases are important for surveillance and outbreak management. Molecular methods
(such as PCR and high throughput sequencing) are established as detection methods in
plant health laboratories, however, these methods cannot be used directly to infer the
biological relevance of a detection.

Tomato brown rugose fruit virus (ToBRFV) emerged in Jordan in 2014 and now
affects tomato production around the globe and is a focus for regulatory phytosanitary
controls. TOBRFV is highly stable, readily transmissible by contact and seed. Viral RNA is
still detectable by RT-gPCR from seed samples and contaminated surfaces even after heat
or chemical treatments have inactivated the virus (Davino et al., 2020; Skelton et al., 2023).
Currently, bioassay using a local lesion indicator host plant is the standard method to verify
the viability of the virus (ISF, 2024). This method lacks reliable sensitivity, requires skill, and
takes up to 21 days to obtain a result making it unsuitable as a routine test.

In this study, targeted whole genome sequencing by combining long range PCR
and tiled amplicon multiplex PCR with high throughput sequencing using Flongle (Oxford
Nanopore Technologies) were developed to detect the whole ToBRFV genome. This
technique has been compared to RT-PCR, real-time RT-PCR, ELISA and bioassay to allow
result quantification. The working dilution for source of viral inoculum has been determined
for all methods to ensure these are performing within their relative limits of detection.

Following virus deactivation, using methods such as heat and chemical treatment,
the detection methods will be used to investigate the difference between detection of treated
(non-viable) and untreated (viable) virus samples. The methods developed in this study and
the current standard diagnostic methods will be compared to understand the correlation of
the test results with virus viability.

This study will assess tiled amplicon sequencing as a proxy diagnostic tool in indicating the
virus viability in diagnostic samples. The latest results and potential applications of this
approach will be discussed.

1) Davino et al. 2020. Plants 9(11):1615; 2) Skelton et al. 2023. Viruses 15(10):2076 3) ISF.
2024. ISHI Methods. Available at: https://worldseed.org/our-work/seed-health/ishi-methods/.
Accessed 25th February 2025.
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Repellent or trap companion plants can control non-
persistently transmitted plant viruses: a mathematical model

Elin K. Falla, Nik J. Cunniffe
Department of Plant Sciences, University of Cambridge

Non-persistently transmitted (NPT) plant viruses are a major threat to
global food security, and are transmitted between plants by aphid vectors, acquired
and inoculated through brief epidermal probes. This fast mode of transmission
makes control of NPT viruses difficult. Companion plants — a secondary plant
species intercropped with the main host — could be used for disease control. Two
options are ‘trap’ and ‘repellent’ companions, that attract the aphid away from the
main host or repel the aphid from the field, respectively. However, while explored
for aphid pest control, their use has been scarcely explored for NPT virus control
despite experimental evidence of their efficacy. Via a mechanistic mathematical
model of NPT virus transmission, we show that both companion plant types can
control NPT viruses. However, trap plants appear to be a more reliable method with
more consistent yield benefits, being more robust to model parameterisation.
Repellent plants may be most useful in scenarios with highly mobile aphids
migrating across an infected landscape, as with less mobile aphids they can
counterintuitively worsen an epidemic through increasing aphid movement, despite
decreasing aphid numbers. We also show that virus manipulation of plant
phenotype (in particular ‘attract-and-deter’), which changes aphid behaviour to
increase virus transmission, often reduces control efficacy, particularly for trap
plants, but in certain circumstances can increase repellent plant control efficacy.
Overall, we conclude that these companion plant types, rarely considered for NPT
virus control, could be valuable tools.

50
BSPP



BSPP25 and ECPP25
ECPP Offered Paper Abstract 12

Elucidating conserved gene regulatory networks controlling
lettuce response to Boftrytis cinerea

Katherine Wheeler', Pink H', Kara M.F', Claxton J?, Denby K'
T University of York, York; ?A. L. Tozer Ltd., Cobham, Surrey,

Botrytis cinerea is a destructive necrotrophic fungal pathogen affecting
hundreds of crop species including lettuce, UK production of which in 2022 was
valued at £228 million. Plant defence towards such generalist necrotrophs is not
conferred by one resistance gene but is a quantitative trait governed by many small-
medium effect genes. Upon infection, lettuce undergoes massive transcriptional
reprogramming, coordinated by transcription factors (TFs). Previously, we used a
gene regulatory network model to identify TFs acting as key positive and negative
regulators of immunity to B. cinerea in lettuce and Arabidopsis (Pink et al., 2023).
From this, NAC53 was identified as a novel negative regulator of defence, but its
downstream target genes and how it impacts the defence response is not yet clear.
Arabidopsis nac53 knockout lines show increased resistance to B. cinerea;
constitutive expression of the lettuce NAC53 orthologue complements the nac53
mutant, restoring B. cinerea susceptibility, and suggesting a conserved role
between species. To investigate the role of NAC53 as a conserved regulator of
immunity, we use RNA-seq to profile the transcriptomes of nac53 lines and two
nac53 lines constitutively expressing LsNAC53, to identify downstream targets of
NAC53. We then screen the upstream promoter regions of putative targets for
NACS53 binding sites to identify those likely to be direct targets. Preliminary results
identify several potential target genes which have been shown to have roles during
B. cinerea infection. This work contributes to an improved understanding of
quantitative plant immunity to generalist necrotrophic pathogens and may aid future
efforts to selectively breed pathogen-resistant varieties of crop through re-
engineering of the gene regulatory networks involved in pathogen defence.
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Harnessing the biocontrol potential of Bacillus cabrialesii FA26
for sustainable soilborne disease management

Faheem Uddin Rajer
Sindh Agriculture University, Pakistan.

Soilborne fungal pathogens significantly threaten global agriculture,
necessitating sustainable alternatives to chemical fungicides. This study explores
the biocontrol potential of Bacillus cabrialesii FA26, focusing on its antimicrobial
volatile organic compounds (VOCs) and their effectiveness in disease suppression.
FAZ26 exhibited strong inhibition against major phytopathogens, including Fusarium
oxysporum (78%), Rhizoctonia solani (82%), and Phytophthora capsici (69%)
through VOC emissions, with spreading inoculation proving more effective than
dropped application. Headspace SPME/GC-MS analysis identified 26 volatiles,
with benzaldehyde, nonanal, benzothiazole, and acetophenone demonstrating
complete pathogen inhibition, highlighting a long-distance biocontrol mechanism.
Additionally, preliminary findings suggest that VOCs may trigger induced systemic
resistance (ISR) in plants, enhancing their ability to withstand pathogen attacks.
These findings establish the foundation for integrating microbial volatiles into plant
disease management strategies, offering an eco-friendly alternative to chemical
fungicides. By bridging the gap between laboratory research and agricultural
applications, this study contributes to sustainable plant protection, aligning with
integrated pest management (IPM) principles and long-term food security.
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Comparative genomics reveal the diversification of an
Oomycete pathogen infecting endemic trees on Saint Helena

Amy J Webster', Megan C McDonald', Mojgan Rabiey*, Norbert Maczey?, Philip
Taylor?, Lisa Offord?, Alan Buddie?, Jayne Crozier?, Rebecca Cairns-Wicks?,
Robert Reeder?, Robert W Jackson'

"University of Birmingham, 2CABI; 3 St Helena Research Institute, St Helena;
4School of Life Sciences, University of Warwick

Saint Helena is a volcanic island with an endemic cloud forest across the
island’s peaks. Conservation of endemics through field gene banks and forest
restoration has been underway for some time. However, an emerging tree disease
causing sudden death in multiple species has threatened these efforts and
increased the vulnerability of this highly fragmented forest to extinction. Isolations
of microbiota from diseased tree roots putatively identified the causal agent as
Phytophthora kelmanii within the Clade 8a Phytophthora species complex, which
later was used to fulfil Koch’s postulates through pathogenicity assays. Nested
PCR soil screening and field sampling also showed the extensive distribution of this
pathogen in the cloud forest and field gene banks. To better understand the
relationship of the island isolates with described species in Clade 8a, 23 isolates
sampled across 2022-2025 were sequenced, including one phased de novo
assembly with PacBio HiFi reads, and the remaining isolates with lllumina short-
reads. Using 242 single copy orthologs, a phylogeny was built from the island
strains and eight Clade 8a type strains. This confirmed 21 island isolates were
closely related to P. kelmanii and two to Phytophthora pseudocryptogea. Despite
this relatedness, SNP density plots of phased haplotypes aligned against the two
type strains, showed equal distributions of SNPs across 10kb sliding windows,
indicating high dissimilarity between the isolates. Effector gene profiling of island
strains and Clade 8a type strains also suggest a unique effector profile is
established for island isolates from gene loss and/or duplication. Comparative
population genomics was then carried out using a collapsed and phased reference
genome (1,197,456 and 1,014,694 SNP datasets, respectively). ADMIXTURE
analysis and distance matrices inferred population structure through genomic
clustering and reconstruction of the phylogenies using several algorithms,
indicating rapid clonal expansion of the pathogen within the island. This project has
instigated new management protocols from local governance including nursery
phytosanitation and restricted forest access, to protect remaining individuals
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Evidence for heritable genetic variation in resistance to
Phytophthora austrocedri in natural juniper populations

Daisy Crowson', Stephen Cavers?, Joan Cottrell®, Richard Ennos’, Sarah Green?

"University of Edinburgh, 2UK Centre for Ecology and Hydrology, 3Forest
Research

Juniper (Juniperus communis) is an ecologically valuable native conifer
that is currently suffering extensive mortality across northern Britain due to the
invasive pathogen Phytophthora austrocedri. Previous work has suggested that
juniper may show some degree of natural resistance to P. austrocedri. Here we
present results from a progeny-provenance inoculation trial involving 54 half-sib
families from 13 populations that demonstrated that elevated resistance is a
genetically determined heritable trait. There is evidence of both qualitative
(presence/absence of lesion) and quantitative (lesion size) variation in resistance.
The probability of lesion development was significantly higher in juniper populations
that have not yet been exposed to P. austrocedri, compared to populations where
extensive juniper mortality has occurred, suggesting that natural selection may
already be taking place in exposed populations. Finally, an RNAseq trial comparing
more resistant vs more susceptible juniper clones inoculated with P. austrocedri
detected significant differential gene expression between juniper genotypes,
indicating some candidate gene pathways through which increased resistance to
this pathogen may be mediated.
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Antifungal metabolites of the beneficial-microbe Trichoderma
hamatum AhepA

Said El-Hassan, Lijiang Song, & Murray Grant
University of Warwick, UK

Plant inoculation with the beneficial strain of Trichoderma hamatum
AhepA—or its associated secondary metabolites—offers a promising biological
approach to combat soilborne pathogens, potentially reducing the reliance on
synthetic agrochemicals and fertilizers in the UK’s agricultural, horticultural, and
environmental sectors. Trichoderma species have garnered interest for decades
due to their plant growth-promoting and antimicrobial capabilities. Notably, the T.
hamatum AhepA mutant, derived from T. hamatum GD12 through targeted deletion
of a gene encoding a heterochromatin protein (a global regulator of transcription),
displays an enhanced ability to stimulate plant growth and suppress the soilborne
pathogen Sclerotinia sclerotiorum in pre-emergent assays with lettuce. These
findings indicate that T. hamatum AhepA may unlock previously uncharacterised
biosynthetic pathways, revealing novel specialised metabolites within the
Trichoderma genus. The identification of these cryptic metabolites is being pursued
through a suite of advanced analytical techniques, including liquid and gas
chromatography-mass spectrometry (LC-MS, GC-MS) and nuclear magnetic
resonance (NMR) spectroscopy. These methodologies, combined with functional
bioassays, are instrumental in pinpointing the specific metabolites responsible for
the observed bioactivities. This research underscores the potential of T. hamatum
AhepA as a multifunctional agent for sustainable crop protection and enhancement.
By reducing the need for synthetic agrochemicals, this approach aligns with the
growing demand for eco-friendly and sustainable agricultural practices.
Furthermore, the study contributes to the broader understanding of secondary
metabolite regulation, production and purification within T. hamatum, offering
insights that could lead to the discovery of new bioactive compounds with
applications beyond agriculture. The ongoing research into its secondary
metabolites promises to unveil new pathways and compounds that could
revolutionize sustainable agriculture and environmental management.
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Silencing Peronospora viciae f. sp. pisi: a new RNA-Based
strategy to combat downy mildew in peas

Gizem Unal', Deniz Gol', Weibo Jin', Anne Webb?, Tom Woods?, Yiguo Hong"?,
and Mahmut To6r'

"Molecular Plant and Microbial Biosciences Research Unit, University of
Worcester, Worcester: 2’NIAB, Cambridge; *College of Horticulture, Hebei
Agricultural University, Baoding 071000, China.

Downy mildew, caused by the oomycete Peronospora viciae f. sp. pisi
(Pvp), is a major challenge to sustainable pea (Pisum sativum) farming. RNAI-
based spray-induced gene silencing (SIGS) offers a promising, eco-friendly
alternative.

This study explored the potential of exogenously applied double-stranded
RNAs (dsRNAs) to silence Pvp genes implicated in pathogenicity and development.
Twenty-eight candidate genes were initially tested using short, synthesized
dsRNAs (SS-dsRNAs), leading to the selection of several key targets—including
cellulose synthase 3 (CesA3), Argonaute (AGO) and Dicer-Like (DCL)—for further
experiments using longer dsRNA constructs. Gene expression analyses validated
effective silencing, which translated to complete inhibition of pathogen
development in both in vitro and in planta conditions.

Furthermore, small RNA (sRNA) sequencing uncovered evidence of
bidirectional cross-kingdom RNA communication. sSRNAs derived from pea and Pvp
were found to target each other. We selected five of these targeted genes and
silenced using SS-dsRNAs. Gene silencing was confirmed by gqRT-PCR and led to
inhibition of spore germination and infection. Notably, the two of these targeted
genes were effectors, which shared 55%—100 % sequence identity with additional
Pvp effectors. In addition, and these homologous sequences were found to be
conserved across 40 different Pvp isolates with available genomic data. This high
sequence conservation suggests that a single dsRNA may be sufficient to suppress
an entire effector gene family. Moreover, further sSRNA sequencing from infected
pea leaves, which were treated with 100 bp long dsRNA treatment, revealed that
the dsRNAs were taken up and processed it into smaller fragments.

Overall, our findings advance the understanding of dsRNA-based
approaches for disease control and support SIGS as a viable, non-GMO strategy
for managing downy mildew in pea crops.
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Novel genetic markers and candidate genes for septoria tritici
blotch resistance in wheat

Conor Copeland’, Julio Isidro y Sanchez?, Humberto Fanelli 2, Fiona Doohan'
"University College Dublin, Ireland; ? Universidad Politécnica de Madrid, Spain

Septoria tritici blotch (STB) caused by Zymoseptoria tritici is among the most
damaging diseases of wheat in Europe. Breeding for STB resistance is among the main
strategies for control, however the fast-evolving nature of Z. ftritici requires the
continuing discovery of new resistance sources. This study aimed to identify markers
and genes associated with STB resistance in European winter wheat.

147 genetically diverse varieties from the INNOVAR panel were grown under
polytunnel conditions and inoculated with a mixed population of five STB isolates.
Disease progression was assessed at 14, 21, and 28 days post-inoculation (dpi), and
Area Under the Disease Progress Curve (AUDPC) was calculated. RNA was extracted
from leaf samples at 1 and 8 dpi for transcriptomic analysis. A Genome-Wide
Association Study (GWAS), expression-phenotype correlation analysis and
Transcriptome-Wide Association Study (TWAS) were performed.

Substantial phenotypic variations was observed among the sampled
population, with Southern European varieties showing particularly high susceptibility.
28dpi percentage diseased leaf area ranged from 8% (cv. Antonello) to 48% (cv.
Bandera) with a mean of 21% and a standard deviation of 7. AUDPC ranged from 68
(cv. Tiepolo) to 350 (cv. Alhambra) with a mean of 170 and standard deviation of 57.
Correlation between AUDPC and 28dpi percentage diseased leaf area was 0.86,
indicating a strong relationship between these two variables.

Three novel markers associated with STB resistance were identified using
GWAS with AUDPC as the trait of interest: IWB5774 on chromosome 2D, and
IWB72742 and IWB11406 on chromosome 1B. IWB5774 was also associated with
28dpi disease severity. All identified genes were located within RefSeq v2.0 annotated
genes from families which are linked to fungal disease resistance in plants.

In total, the expression of 291 genes showed strong negative or positive
correlation (Pearson correlation coefficient <-0.3 or .0.3, respectively) across both traits.
Additionally, 1700 genes were identified by TWAS as being significantly associated with
phenotypic traits. Of particular interest among these is gene TraesCS2B03G1152700,
a WRKY transcription factor which was significant across both traits in the TWAS as
well as showing a strong negative correlation with AUDPC.

These findings provide new molecular markers and candidate genes for STB
resistance, offering valuable resources for breeding more durable wheat varieties.
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Developing and validating HTS surveillance methodology for
detecting plant nursery pathogens

Michelle E. H. Thompson', Kes Daly?, Colin Kelleher?, Donall Flanagan', Brian
McGuinness', Adam P. Ryan?, Craig Murphy?, Helen Grogan', Michael Gaffney’,
Trevor Hodkinson?, Richard O’Hanlon*

"Teagasc Ashtown Food Research Centre, Department of Horticulture, IE; ?Trinity
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Science Division, IE

Plant nursery disease inspections are time consuming, and by the time plants
show visible symptoms, pathogens have had opportunity to spread and cause damage
to economies and ecosystems. Earlier detection could prevent the spread of disease
within a nursery and at a larger scale (e.g. international trade). This project aims to
develop and validate methodology for high throughput sequencing (HTS) of
environmental DNA (eDNA; genetic material that is shed into the environment) for early
detection of pathogens. In glasshouse experiments, Phytophthora spp. (oomycete) will
be inoculated into stems of susceptible Rhododendron ‘Cunningham’s White’ as a
model system. Water that passes over plants and through growth media (runoff water)
will be collected repeatedly to detect and quantify Phytophthora over time. Rather than
sampling individual plants, water from inoculated and healthy plants will be combined,
representing realistic dilutions (1:6 and 3:6, infected:healthy). Water will be filtered to
concentrate DNA. Visual symptoms will be tracked (lesion length, dieback), and rt-PCR
will be used to confirm infections. Results from DNA isolation and HTS will be compared
to symptom onset and development over time to determine how early disease may be
detected. We also aim to determine threshold levels of detection that could be
considered positive results. Growth media will also be sampled. The methods will be
tested across various systems, including plants such as Prunus and Viburnum, and the
bacterial pathogen Pseudomonas syringae. Since the industry is shifting to peat
alternatives, we will test these methods with alternative growth media to determine how
it affects pathogen growth, survival, and detection. eDNA sequencing will utilize
platforms such as lllumina MiSeq, MinlON, and PacBio. Additionally, this project
includes culturing and whole genome sequencing of Phytophthora spp. to improve the
knowledge of species in Ireland. We aim to produce a roadmap for HTS to improve
plant health surveillance, and in turn mitigate the spread of disease and inform farm
management decisions.
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Characterizing RePat genes’ function during bacterial infection
Rutika Sansaria®, Diane Bonnet?, Hanh Nguyen?, Pauline E. Jullien'

TInstitut de Biologie Moléculaire des Plantes, Strasbourg, France; 2Institute of
Plant Sciences, Plant Epigenetics, University of Bern, Switzerland

Defense mechanisms against pathogens are key for an organism's survival. In
plants, small RNA pathways are an integrated part of the plant defense machinery against
pathogens such as bacteria, viruses or fungi. DNA methylation has emerged as a regulatory
process of defense gene expression during plant immunity responses (1).

In our lab it has been shown that the bacterial virulence factor Syringolin A (SylA)
secreted by Pseudomonas syringae specifically induces several non-canonical RNA-
directed DNA methylation (RdDM) components upon treatment (1). These genes encode
reproduction-specific members of the RdDM pathway: AGO3, DRM1, and AGQO9 (2) (3),
which are normally silenced in somatic tissues and function primarily during reproduction.
We have designated these as "RePat" (Reproduction-associated Pathogen-responsive)
genes. Importantly, genuine bacterial infection by Pseudomonas syringae pv. tomato (Pst)
DC3000 also triggers similar induction of these reproduction-specific RdADM components,
confirming their relevance during actual pathogen challenge.

Intriguingly, we found that ago3, drm1, and ago9 mutants are more resistant to
bacterial infection compared to wild-type plants. This indicates that bacteria are not only
inducing RePat gene expression in plants, but that these genes are actually required for
successful bacterial infection. We hypothesize that bacteria manipulate plant RePat
expression to serve their interests, where bacterial virulence factors co-opt reproductive
epigenetic machinery to subvert somatic defense mechanisms.

This research project focuses on the functional characterization of RePat genes
during bacterial infection. We will investigate how and where RePat genes are induced and
examine their function during infection using epigenomic methods, deep sequencing,
bioinformatics, and imaging tools to understand epigenetic mechanisms behind increased
resistance in RePat mutants.
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Using nanopore sequencing to characterise the range of
fungicide resistance mutations in field populations of the foliar
wheat pathogen Zymoseptoria tritici

Helen Bates, Anne Webb, Nichola Hawkins, Mareyam Mukhtar, Aoife O’Driscoll,
Thomas Wood

NIAB, Park Farm, Villa Road, Histon, CB24 9NZ, UK

Septoria leaf blotch (SLB), the primary foliar disease of winter wheat in the
UK is caused by the ascomycete Zymoseptoria tritici (Zt), with crop losses as high
as 50% when environmental conditions favour the pathogen. Control of SLB is
through a combination of partially resistant wheat varieties, management practices
such as the timing of sowing, and fungicide applications.

Zt reproduces both sexually and asexually, leading to rapidly evolving
populations. As a result, Zt has developed resistance to many classes of fungicides
including azoles, quinone outside inhibitors (Qols), and succinate dehydrogenase
inhibitors (SDHIs), but not yet to the more recent quinone inside inhibitors (Qils).
Mutations conferring fungicide resistance in the target genes have been
characterised enabling population monitoring of known individual SNPs in each
target gene using pyrosequencing. In addition, Sanger sequencing of target genes
can detect novel mutations and reconstruct whole haplotypes to identify additive or
synergistic mutations occurring together, but only at the level of single isolates not
at a population monitoring level.

Knowledge of the range of mutations present in current field populations
around the country would enable improved targeting of fungicides to minimise over-
use and guide spray programmes, thus benefitting industry, farmers, the
environment and ultimately human health.

To enable the identification of haplotypes present at population level in
each target gene (cyp51, cytB, sdhB, C, and D), as well as the detection of novel
mutations, we have been developing a high throughput system based on nanopore
sequencing of field samples (leaf and spores). Whole genes including promoter
regions have been targeted to capture the full range of mutations. In addition to
parallelising target sequencing, we are using unique molecular identifiers (UMIs) to
barcode individual molecules prior to PCR to facilitate quantification, increase the
accuracy of variant calling and thus the level of detection and potentially pick up
new mutations as they arise. An update on our progress will be presented.
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Application of a bacteriocin-based treatment to protect seed
potatoes from blackleg disease and tuber soft rot.

Ashleigh Holmes', Prisca Hill', Katherine Baxter?, Kirstyn Beattie®, Elizabeth
Cairns?, Khedidja Mosbahi3, Sonia Humphris', Daniel Walker®, Joel Milner?
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3University of Strathclyde, Glasgow

Potato is the third most consumed crop in the world but is at risk to
substantial losses from pests and diseases during both plant growth and tuber
storage. Potato blackleg, caused by Pectobacterium species, is responsible for
significant economic losses worldwide, but there are no chemical treatments
available to control disease.

To address this problem, we are developing a bacteriocin-based treatment
against Pectobacterium atrosepticum (Pba); the primary species causing
significant losses for Scotland’s potato seed industry. Bacteriocins are antimicrobial
proteins excreted by bacteria to kill related species. They are ideal candidates for
an environmentally benign treatment for bacterial plant diseases as they show no
killing activity against non-target bacterial species within the environment. Spot
overlay and tuber infection assays demonstrate that Bacteriocin A has potent
activity against Pba. To determine Bacteriocin A’s efficacy as a crop protection
product, we are assessing its application in two ways: (1) as a prophylactic
treatment to protect seed tubers from Pba contamination during storage and (2) on
blackleg disease incidence from growing treated seed tubers under glasshouse and
field conditions.

Year on year, use of pesticides in agriculture is being reduced by
regulations, therefore alternative and sustainable methods of control are required
to protect crops from diseases and safeguard food security.
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Using high throughput sequencing to resolve diagnostics
challenges in plant virology

Aimee Fowkes'?, Adrian Fox', Neil Boonham'
"Fera Science Ltd, 2Newcastle University

High throughput sequencing (HTS) has revolutionised virus discovery.
Previously, viruses were identified due to symptoms or impact on crops. Viruses
were then characterised by host range, serology etc. Since 2009, HTS has been
increasingly used to determine disease of unknown aetiology and also to
investigate viromes of crops, weeds and environmental samples. Within these
studies, known and novel viruses may be identified but without any context e.g. if
they'’re plant viruses or if they’re associated with symptoms on the plant. Case
studies will be discussed of how applying HTS has given clarity to taxonomy,
regulatory status, or revealed the presence of an unexpected virus in survey.

(1) Resolving the “rediscovery” of plantain virus X by, sequencing of
historical isolates allowed for taxonomic clarification and avoidance of unnecessary
regulation (Hammond et al., 2021).

(2) In Ullucus, regulated viruses had previously been reported, testing
intercepted plant material by HTS allowed the resolution of virus identity with novel
and previously described viruses informing risk assessment (Fox et al., 2019).

(3) In UK pea crops, HTS informed surveillance demonstrated presence,
distribution and impact of a virus not previously associated with this host in the UK
and demonstrated novel approach to crop surveillance (Fowkes et al., 2021,
Fowkes et al., In Review).

With the increasing use of HTS, what challenges do we need to consider
to ensure we’re presenting an accurate diagnosis and, with the increasing numbers
of viruses identified, how can we focus on the viruses that could impact industry
and plant health regulation? (Fox et al., In Review).
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Endophytic bacteria colonized on agricultural wastes suppress
early blight and enhance tomato growth
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Early blight, caused by Alternaria solani, is one of the most destructive
diseases of tomato. In the present study, a survey conducted across the Multan
region revealed widespread prevalence of early blight in tomato fields. Seven
fungal isolates were recovered from symptomatic tomato plants, characterized by
dark brown concentric lesions and typical morphological features. On potato
dextrose agar (PDA), fungal colonies appeared dark brown to greenish brown with
smooth, aerial mycelial growth, regular white margins, and prominent concentric
zonation. Microscopic examination revealed horizontal septations ranging from 2—
7, vertical septations from 1-3, conidial lengths between 24.6—76.8 ym, widths from
10.1-16.7 ym, and beak lengths ranging from 93.06—102.3 ym. Based on cultural
and microscopic characteristics, five isolates were identified as A. solani and two
as A. alternata. Four already tested endophytic bacterial strains (Azotobacter,
Bacillus, Pseudomonas, and Rhizobium spp.) were found effective in inhibiting A.
solani. In vitro dual culture assays demonstrated Pseudomonas and Bacillus
exhibited the highest mycelial growth inhibition (59.53% and 53.29% respectively)
compared to Azotobacter (42.23%) and Rhizobium (39.40%) against A. solani. In
pot trials, these bacterial strains were pre-colonized on agricultural wastes,
including wheat straw, kikar sawdust, rice straw, and sugarcane bagasse, all of
which supported high bacterial viability for up to 60 days prior to application.
Pseudomonas colonized on wheat straw exhibited the highest seed germination
rate (93.5%), maximum shoot (122.8 cm) and root length (20.3 cm), and the lowest
disease incidence (19%) compared to control. This was followed by Azotobacter
on rice straw (91.2% germination, 22% disease incidence), Bacillus on sugarcane
bagasse (73.5%, 23%), and Rhizobium on kikar sawdust (72.5%, 31%). These
findings confirm endophytic bacteria colonized on agricultural wastes as effective
bio-inoculants for managing early blight and improving tomato growth.

Keywords: Tomato early blight, Alternaria solani, Endophytic bacteria, Agro-waste,

Biocontrol.
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Rotten luck: fighting Fusarium from soil to store
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The UK onion industry produces approximately 450,000 tonnes of cured
onions annually, contributing over £150 million to the national economy. However,
the sector’s long-term viability is under severe threat from Fusarium basal rot
(FBR), caused by the soilborne fungus Fusarium oxysporum f. sp. cepae (FOC).
This pathogen causes premature crop death in the field and post-harvest losses in
store, with recent years seeing yield reductions of 10-40%, costing the industry
more than £10 million annually. Climate change, evolving agricultural practices, and
diminishing availability of clean arable land are compounding the problem, leaving
growers in urgent need of more effective diagnostic and management strategies.

In response, we have assembled a multidisciplinary team spanning remote
sensing, onion agronomy, laboratory diagnostics, and fundamental biology to
develop and implement innovative FBR detection and control solutions across the
production pipeline—from soil to store. Our work is delivering a suite of practical
tools and technologies, including a commercially viable soil test for FOC to inform
agronomic decision-making, and novel methods for in-field, harvest, and storage-
level disease monitoring.

This integrated approach aims to significantly reduce FBR-associated
losses, strengthen the resilience and profitability of UK onion production, and
reduce dependence on imports—currently around 300,000 tonnes per year.
Minimising waste from FOC-infected onions will also improve the environmental
sustainability of the sector.
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Pursuing improved knowledge of UK barley yellow dwarf virus
(BYDV) variation for robust yet deployable diagnostics

Lawrence Bramham, Izayana Sandoval-Carvajal, Kim Hammond-Kosack
Rothamsted Research, Harpenden

Sap-sucking aphids detrimentally impact plants through direct feeding and
the secretion of honeydew, promoting saprophytic fungi and reducing the
photosynthetic ability of a colonised host. Combined with their ability to readily
transmit devastative plant viruses, they represent a notable threat to important
crops. Wheat cultivation is significantly impacted by aphids and associated viruses,
most prominently barley yellow dwarf virus (BYDV). In terms of worldwide
distribution and economic significance, BYDV is the most important viral disease
affecting cereal crops. Genetic sources of resistance to aphids and/or or BYDV may
provide a reliable, environmentally friendly, and economically attractive control
solution if deployed responsibly within a wider integrated pest management (IPM)
approach.

However, the presence and variation of BYDV strains across the UK has
not been thoroughly explored. This is despite knowledge of UK BYDV strain
diversity being crucial for robust disease monitoring, development of improved
diagnostics, breeding for/deployment of effective genetic resistance(s), and the
identification of resistance-breaking viral variants. Here, work has explored UK
BYDV strain diversity via BYDV coat protein sequencing and phylogenetic analyses
using viruliferous aphid samples collected from suctions traps across the
Rothamsted Insect Survey since 2020. Our results suggest the presence of
previously unreported UK variants already predominant in some European
countries. This has potentially significant ramifications for the UK and has assisted
with development of refined molecular assays with both high-throughput options
and isothermal variants established. Combined, these present potential tools for
more informed IPM decisions as aphid-host-virus interactions may be explored in
more depth, and robust yet rapid near/in-field diagnosis of UK BYDV strains.
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Vascular streak dieback in woody ornamental crops in the
USA: an update on collaborative research and extension efforts
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Vascular streak dieback (VSD) is a disease of cacao in Southeast Asia that
is caused by the fungus Ceratobasidium theobromae. In 2019, a previously
unknown Ceratobasidium species was found associated with VSD-like symptoms
in woody ornamental plant species native to North America. It has since been
detected in 13 US states in over 50 plant species that are significant to the U.S.
nursery industry. Symptoms and severity can vary by host, but include stunted
growth, marginal leaf scorch, branch tip dieback, and vascular streaking. Redbud
(Cercis spp.) growers have already experienced significant crop failure and losses
totaling in $5M in 2023 due to VSD, but the potential impact on three major crops,
redbud, maple (Acer spp.), and dogwood (Cornus spp.), is estimated to be more
than $175M. Due to the increasing distribution and concomitant importance of VSD
in the USA, a multi-disciplinary team of researchers and Extension specialists, with
expertise in plant pathology, breeding, diagnostics, physiology, and production
systems and agricultural economics, was assembled to evaluate and address
questions and challenges that the disease poses. A stakeholder needs-
assessment was conducted to determine the impact of VSD and current
management practices in nurseries. Subsequently, scientists and stakeholders met
and developed a comprehensive research and Extension plan with the goal of
improving VSD management and minimizing its economic impact on the US green

industry.
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Impact of phage therapy on Pseudomonas syringae pv.
syringae and plant microbiome dynamics through coevolution
and field experiments

Matevz Papp-Rupar'™, Emily R. Grace?*, Naina Korotania?, Maria-Laura Ciusa?,
Robert W. Jackson?, Mojgan Rabiey?3

'NIAB EMR; 2University of Birmingham, 3University of Warwick, Coventry; *These
authors contributed equally to this work.

Lytic bacteriophages (phages) are viruses that infect and kill bacteria, thus
holding promise for treating bacterial diseases. The isolation of phages that infect
the cherry pathogenic bacterium, Pseudomonas syringae pv. syringae (Pss), has
identified five genomically distinct phage genotypes, but previous work has shown
that phage resistant Pss rapidly emerges in vitro, rendering the phages ineffective.
Indeed, even when using a 5-phage cocktail, a maximum of two mutations in genes
encoding lipopolysaccharide (LPS) biosynthesis genes is enough to overcome the
phage treatment. Replicating these treatments in planta, in a controlled glasshouse
and in a field orchard, enabled an assessment of whether phage-resistance occurs
in a more natural setting. Coevolution of phage, individually and as a five-phage
cocktail, with Pss in the cherry leaf environment revealed no evidence of phage
resistance emergence in the bacterial population. However, the Pss population
could be reduced in planta by the application of phages. The field trial in a cherry
orchard also revealed that the phages could persist in the leaf environment as long
as the bacterial host was present. These observations suggest that, in contrast to
in vitro studies, the plant environment plays an important role in constraining the
emergence of phage-resistant LPS mutants. Together, these observations provide
the key knowledge required to complete the rational design of phage treatments of
bacterial diseases in plants. It raises the possibility that phage treatments can be
used safely for controlling a bacterial disease in woody tissue of a tree.
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The commercialization conundrum: can Sarpo potatoes ever
become part of the solution to reduced input production?
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The released varieties of Sarpo potato all carry Rpi genes against late
blight (Phytophthora infestans) derived from Soviet-era breeding in Hungary and
selected in the UK since the early 2000s. They have become favoured by many
amateur organic growers but have not become widely commercialised due to them
having some traits that are rejected by growers and supermarkets and processors.
The UK potato industry currently relies on comprehensive blight protection
programmes, but this level of protection could be reduced significantly if future
varieties carried appropriate combinations of late blight resistance genes. As part
of a current Innovate UK project, we are testing the field performance and late blight
resistance in novel clones that were previously selected for late blight resistance
from crosses between Sarpo varieties and other released varieties containing
additional Rpi genes. Field Trials in 2023 and 2024 were managed with no chemical
sprays and naturally occurring blight was encouraged using spreader rows. Blight
incidence was scored weekly following its initial observation in the field and it was
demonstrated that some of the novel clones have excellent levels of field
resistance. Two clones were independently tested by Eurofins for field blight
resistance in 2024 with impressive results under severe disease pressure. Leaf
DNA samples from all trial entries, including potential donor parents, were analysed
using dRenSeq and the data set revealed some new combinations of Rpi alleles
among the novel Sarpo clones. Plans for additional trait improvement by further
inter-crosses between selected clones will be discussed in this presentation. The
goal is to develop late blight resistant varieties which have improvements in traits
including resistance to viruses, Potato Cyst Nematode and abiotic stresses as well
as market appeal.
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Evaluation of Aureobasidium pullulans as a control for canker
and ginger blotch in parsnips.

Don Leon Pendergrast
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The bio-fungicide Aureobasidium pullulans was tested in parsnip as a
potential control for pathogen that cause root blemishes. Aureobasidium pullulans
work by outcompeting plant pathogen for space and resources, and we have
observed efficacy against other soil borne pathogen in field. A field site was
selected where root blemishes have previously been recorded. A complete
randomised block trial with three replicates was designed, to test A. pullulans
efficacy against five commercial standards (including both conventional and
biological controls) and an un-treated.

All treated plots were sprayed three times starting at BBCH 16 on 11th July
then 8th August and 29th August. The trial was assessed for disease on 28th
November. Thirty parsnips were harvested from the centre of each plot, washed
and assessed for the presence or absence of disease. Black Shoulder lesions of
Canker and Ginger blotch were scored at harvest as characterised by (McPherson
et al, 2013).

For Canker 11.1% of the untreated plants were affected, all treatments
including A. pullulans significantly reduced the developed Black Shoulder Canker
compared to the untreated, but there was no significant difference between any of
the treated plots. Ginger Blotch was more inconsistent, with no significant
difference from any treatments over the control. However, Ginger Blemish was
reduced from 7.8% plants affected in the untreated to 0.0% plants affected in the
A. pullulans treated plots.

Although the difference in control of Ginger Blemish was not significant the
A. pullulans treatment it was the only treatment in the trial which would have
resulted in no rejections or class reductions in commercial practice for root blemish.
The results of the trial suggest that A. pullulans is a potential effective control of the
effect of soil pathogen on root vegetables and warrants further investigation.

References:

McPherson G M, Gladders P, Goodson M, Huckle A, Kerley J, Lambourne C & Wright K. 2013.
Parsnips: An improved understanding of root blemishes and their prevention. Agriculture and
Horticulture Development board FV 366 Report Final 2013. p12.
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By the Order of the Root: plant signals in nematode parasitism

Adela Jezierska-Suwinska'?, Anika Damm?', Clement Pellegrin®, Alexis L.
Sperling, Beth Molloy', Dio S. Shin, Jonathan Long', Paul Brett®, Tochukwu
Chisom Iguh’, Priya Desikan', Beatrice Senatori', Paulo Vieira*, Joffrey Mejias®,
Anil Kumar®, Rick E. Masonbrink®, Tom R. Maier®, Thomas J. Baum®, Sebastian
Eves-van den Akker'

"The Crop Science Centre, University of Cambridge; 2Wageningen University,
Laboratory of Nematology, Wageningen, Netherlands; 3Department of
Biochemistry and Metabolism, John Innes Centre, Norwich; *Mycology and
Nematology Genetic Diversity and Biology Laboratory, USDA-ARS, Beltsville,
Maryland, USA; °Department of Plant Pathology, Entomology and Microbiology,
lowa State University, Ames, IA, 50011, USA;, °Genome Informatics Facility, lowa
State University, Ames, IA 50011, USA

Plant-parasitic nematodes, as with many plant pathogens, have evolved a
diverse arsenal of effector molecules designed to manipulate host cells, suppress
plant immune response, and promote successful colonization. The production of
these effectors is spatially confined to two specialised sets of gland cells and is
tightly regulated by two gene homologues: the Subventral Gland Regulators:
SUGR-1 and Dorsal Gland Regulator 1 (DGR-1). SUGR-1 and DGR-1 are nuclear
hormone receptors, which together orchestrate the expression of 160 effector
genes. These transcription factors are therefore crucial determinants in the
successful establishment of a parasitic interaction. The SUGR/DGR regulatory
pathway is hyperactivated by the presence of plant-derived small molecules:
“effectostimulins”. To investigate the natural variation in effectostimulin production
and identify the signals involved, we treated nematodes with root extracts from over
100 different lines of the Multiparent Advanced Generation Inter-Cross (MAGIC)
population of Arabidopsis thaliana. This approach revealed natural variation in
effectostimulin levels and allowed the integration of phenotypic data with genotype
information to perform a Genome-Wide Association Study (GWAS). These findings
provide new insights into the genetic underpinnings of plant effectostimulin-induced
hyperactivation of parasite effector production, laying the groundwork for future
targeted approaches in crop protection from nematodes.
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Using Rotorod spore traps for crop disease monitoring

Jon S. West', Gail G.M. Canning', Jamus Stonor?, James A. Fortune?, Patrick J.
McClean', Kevin M. King', Rohan B.E. Kimber?

"Rothamsted Research; 2 South Australian Research and Development Institute,
Australia; 3Vegetable Consultancy Services

Surveillance is a key part of Integrated Pest Management to ensure that
any interventions such as applications of crop protection products are made at the
optimal time. For airborne plant pathogens, rotorod spore traps (rotorods, rotating-
arm samplers) have been used since the 1950s for both research and practical
surveillance purposes. They work by impaction of airborne particles onto a pair of
upright, adhesive-coated, arms that are rotated by an electric motor. Each different
design has different collection efficiencies but generally they are very good at
collecting fungal spores of all sizes and due to their relatively cheap production
costs, they are the most cost-effective active sampler. Rotorods have been used to
measure dispersal gradients of spores, identify seasonality of spores and for early
detection to drive spray applications. The volume of air intercepted by each rotation
of the arms can be calculated to allow the fundamental measure of spore
concentration per unit volume of air to be calculated. Commercially available
rotorods e.g. supplied by Agri Samplers Ltd (UK), Aerobiology Research
Laboratories (Canada), or Sampling Technologies Inc. (USA), usually come with a
programmable timer to operate in set periods per day and the design available from
Agri Samplers Ltd can also be set to allow a pair of arms to sample in a cyclic mode
e.g. one minute on and three minutes off, which allows a single pair of arms to
sample for an entire week without getting overloaded. Check et al (2024) describe
how to make a simple device and the presentation will describe case studies of
rotorod use, including methods for on-site testing using LAMP or Immunological
assays, lab-based sequencing and sampling pros and cons of different adhesives

and round versus square-section rods.
Check J.C. et al. (2024) It's a Trap! Part Il: An Approachable Guide to Constructing and Using Rotating-
Arm Air Samplers. Plant Disease, 108:1923-1936, https://doi.org/10.1094/PDIS-01-24-0131-SR
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Identification of resistance alleles for breeding against tomato
early blight (Alternaria spp.)

Elsie Olatunji, Alexander Papadopulos, Katherine Steele
Bangor University

Tomato (Lycopersicon esculentum Mill.) global production was over 180
million tonnes in 2021. Fruits with less seed-gel are eaten raw while those with high
dry-matter content are processed. Early blight (EB) caused by Alternaria spp. is a
major threat to global tomato production. The source of inoculum is conidia which
germinate into germ tubes and hyphae penetrate the plant tissue directly or through
the stomata or wounds causing infection. The pathogen causes irregular brown
spots visible 2-3 days after infection on the leaves, stem and fruits causing yield
losses from 15-100%. EB conidia are seed-borne, air-borne and soil-borne, hence,
difficult to manage by cultural practices so chemical fungicides are used. There are
few tomato varieties known to carry useful EB resistance genes. Detached leaf
assays (DLAs) can be more efficient for screening compared to field and polytunnel
whole-plant screens.

This study quantified disease levels across different varieties under
controlled conditions using DLAs and growth-room whole plant screening. Two
cultured Alternaria isolates (codes 2947 and LL57) were used to prepare fungal
spores (10,000 conidia/ml) for inoculum alongside sterile distilled water as control.
For DLAs, 2947 and LL57 were tested in separate experiments using 6 leaves from
each variety (6 boxes were used for 3 replicate assays). LL57 was used for a
replicated whole plant experiment to determine the interaction with 6 different
varieties of tomato including Ailsa Craig as susceptible control variety. The fourth
to sixth nodes of each plant were inoculated with either LL57 or water (control
treatment) using a spore suspension in 0.1% agar solution. Three days after
inoculation with 2947, irregular brown spots (lesions) were observed at the 4
different positions of the inoculated leaves while the water controls were negative.
For LL57 there were no symptoms after day 3, 5 and 7 for both DLAs and whole
plant experiment, however, symptoms were observed on whole plants after plants
were allowed to suffer drought 9 days after inoculation. By day 15 LL57 lesion size
was statistically higher in Ailsa Craig than in Marmande which had the lowest level
of infection. Isolate 2947 was also higher in Ailsa Craig and Mountain Magic than
in Marmande. These results suggest that Marmande is a better option for breeding
tomato varieties against EB.

72
BSPP



BSPP25 and ECPP25
APBA Offered Paper Abstract 14

A serious threat to papaya production in South Africa:
Phytophthora palmivora

Fahimeh Jami', Wilhelm J. Botha', Maritha Schoeman?, Daneel Mieke?

Agricultural Research Council, Plant Health and Protection’, Pretoria, and ?
Tropical and Subtropical Crops, Mbombela, South Africa

Phytophthora palmivora is an Oomycete pathogen widespread in tropical
and subtropical regions, causing severe diseases such as fruit rot, bud rot, blight,
cankers, and root rot. In South Africa, papaya is grown by both smallholder and
commercial farmers, particularly in the Limpopo and Mpumalanga provinces. In
2019, widespread symptoms of crown and root rot were observed in South African
papaya orchards, leading to significant tree collapse and loss of fruit production.
This study aimed to identify and characterize Phytophthora species infecting
papaya in South Africa, as well as to investigate the distribution and
aggressiveness of identified species. Samples were collected from six commercial
orchards, and diseased stems and soil samples were analysed, resulting in the
isolation of only one Phytophthora species. Molecular identification using rDNA-ITS
sequencing confirmed the species identification as P. palmivora, and pathogenicity
tests revealed the pathogen’s aggressiveness on papaya fruits and trees. This is
the first report of P. palmivora in South Africa, where it is a regulated pathogen.
Given its destructive potential, P. palmivora poses a serious threat to the papaya
industry and other crops such as macadamia, citrus, and avocado. Understanding
the distribution of P. palmivora and its potential introduction routes is critical for
implementing effective management strategies to protect South African agriculture
from further damage.
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Integrating computer vision and mathematical modelling for
the characterisation of leaf scale disease dynamics in septoria
tritici blotch of winter wheat

Jack Rich', Nik J. Cunniffe?, Alexey Mikaberidze'

"Department of Crop Sciences, University of Reading, 2Department of Plant
Sciences, University of Cambridge

Recent advancements applying Al technologies in computer vision enable
high throughput precision measurement of foliar disease symptoms using RGB
imagery. Here we interpret such measurements using a spatially explicit,
probabilistic mathematical framework characterising three key epidemiological
processes: infection, incubation, and lesion growth.

We use neural networks to quantify senescence and disease symptoms of
septoria tritici blotch (STB) in winter wheat across time and leaf samples. The RGB
image time series we analyse were previously collected from infected wheat leaves
grown under controlled conditions inoculated with varying spore concentrations, as
well as from naturally infected field samples. We identify and align distinct leaf
samples, enabling geometric comparisons of disease symptom patterns and the
analysis of spatial symmetry and asymmetry in disease incidence across the leaf
surface. These methods are further extended to track and count individual lesions
over time, accounting for lesion merging events.

A probability mass function for the lesion count on individual leaves is
derived and applied as a statistical model to estimate the infection efficiency. This
also allows us to explain the empirical observation that lesion humber saturates
with increasing inoculum concentration. Models of lesion incubation period are
compared and evaluated, which account for the non-linear decrease in the mean
and variance of the incubation period as inoculum concentration increases. Lesion
growth rate is characterised and estimated by the rate of change in lesion area per
unit lesion boundary length over time.

This framework provides an empirically driven mathematical
characterisation of leaf scale disease dynamics of Septoria tritici blotch in winter
wheat, which can inform the structure and design of future epidemiological models,
experiments, and disease monitoring surveys.
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PHl-base 5: A new gene-centric web portal for the Pathogen-
Host Interactions database to explore fungal virulence genes
and 1st host targets

Martin Urban, James Seager, Hsin-Yu Chang, Alayne Cuzick and Kim E.
Hammond-Kosack

Protecting Crops and the Environment, Rothamsted Research, Harpenden

PHI-base is a multispecies gene-to-phenotype database that provides
expertly curated information from peer-reviewed research articles investigating
pathogen—host interactions and primary host targets. The database catalogues the
phenotypic effects observed when pathogen or host genes are deleted or mutated,
either in vivo or in vitro. Freely accessible at www.phi-base.org, PHI-base delivers
FAIR-compliant, comprehensive data to both experimental biologists and
computational researchers.

The latest release, PHI-base 4.18 (May 2025), includes curated data on
over 23,000 interactions involving 335 pathogens and 265 hosts, covering more
than 10,600 genes from over 5,800 scientific articles. Phenotypes, protein
functions, chemical resistance traits, and primary host targets are captured through
manual curation by expert biocurators and contributing authors using the PHI-
Canto community curation tool (canto.phi-base.org), or via our bulk data upload
tool. Our new user interface, PHI-base 5 (phi5.phi-base.org), presents phenotype
data and ontology annotations — including terms from the Gene Ontology (GO)
and the Pathogen—Host Interaction Phenotype Ontology (PHIPO) — in a gene-
centric format. Each gene’s complete set of annotations from various research
articles is consolidated on a single page for streamlined comparison and data
mining.

Here, we describe the new functionalities of the PHI-base 5 portal,
including its integration with major resources such as Ensembl, FungiDB and
UniProt. PHI-base supports a range of use cases, including shortening research
discovery, annotating RNAseq datasets and new (pan) genomes, constructing
knowledge networks, and identifying new intervention targets for pathogen
control.
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Automated Plant Disease Detection with 3D Spectral Scans
Mike$ V', Kholova J', Kleczkowski A2, Sharma M3, Masner J', Kartal S*, Simek P?

"Department of Information Technologies, Czech University of Life Sciences
Prague, Prague, Czech Republic; ?Mathematics and Statistics, University of
Strathclyde, Glasgow; 3International Crops Research Institute for the Semi-Arid
Tropics: Patancheru, Hyderabad, Telangana, India; “Department of Computer
Engineering, Cukurova University, Adana, Tiirkiye

Plant disease detection is a vital aspect of plant research-related
disciplines. Till date, much of the disease detection tasks rely on manual and
visual scoring that often lacks throughput and robustness required e.g. for plant
breeding. —To bridge this gap, efforts are under way to automate the disease
detection tasks using novel sensor-technologies.

Nevertheless, this requires reliable processing and analysis of large
amounts of multi-dimensional spectral data. To advance these efforts we will
present the concept of a disease detection pipeline that uses multi-spectral 3D
point cloud (3DPC) plant scans generated by PlantEye (F600, Phenospex)
technology at LeasyScan facility (Hyderabad, India). We will present the example
of disease detection approaches for the pigeonpea crop that has been infected
with the Sterility Mosaic Disease (SMD). Presented key data will be included in
analytical steps - particularly the method that integrates spatial-structural plant
features with multi-spectral indices that enables automated detection and
accurate quantification of disease symptoms with high temporal resolution at
scale relevant for applications in crops breeding programs.

The primary users of this approach include members of the plant
phenotyping community—plant pathologists, breeders, and disease researchers.
While spectral information is commonly used in remote sensing, its application in
high-resolution 3DPCs for plant disease detection remains underutilized and lacks
standardized practices.
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Oak vs. AOD-associated pathogens: metabolic responses to
host-derived compounds

Diana Vinchira-Villarraga, Sabrine Dhaouadi, Maximilian Carrington, Robert W.
Jackson

School of Biosciences and BIFOR, University of Birmingham, Birmingham.

Acute oak decline (AOD) is associated with the bacteria Brenneria
goodwinii (Bg) and Gibbsiella quercinecans (Gq). It has been suggested that Bg
and Gq contribute differently to disease development. While oak trees produce a
variety of metabolites with antimicrobial properties, little is understood about how
these pathogens respond to such compounds. In this study, we investigated the in
vitro metabolic responses of four strains of AOD-associated bacteria when exposed
to oak-derived metabolites. BgFRB141, BgFRB171, GgFRB97 and GqFRB124
were individually inoculated in broths supplemented with a water fraction obtained
from AOD-symptomatic oak wood extracts. After incubation, the metabolites
secreted by each bacterium were extracted, and their metabolic profiles were
obtained using LC-MS/MS. In paralell, the effect of several oak metabolites on the
growth, biofilm formation, and motility of the four strains was tested.

Species- and strain-specific differences in tolerance towards pure or mixed
hydrolysable tannins and fraxetin were observed, as well as alterations in biofilm
formation. Similarly, the metabolic profile of the four strains allowed us to observe
species-specific metabolic responses to the host metabolites, including differences
in amino acid and peptide biosynthesis, the production of three putative quorum-
sensing molecules, C8-HSL, 3-oxo-C8-HSL, 3-oxo-C6-AHL (Gq cultures) and
siderophores-like metabolites such as enterobactin (Bg cultures). Notably, both Bg
strains seem to be secreting citrate. This result, together with the production of
siderophore-like molecules, is suggestive of an iron scavenging mechanism carried
out by Bg in response to low iron concentration in the growth medium. The analysis
of the metabolic profiles also allowed us to observe the reduction in the abundance
of at least three gallotannins and one ellagitannin and the accumulation of one
potential degradation intermediate (Pedunculagin) in the broths inoculated with Bg
and Gq, indicating the ability of these pathogens to degrade this type of metabolites
in vitro, which in turn could contribute to their tolerance to these compounds.
Overall, this study demonstrates that AOD-associated bacteria exhibit species- and
strain-specific metabolic and phenotypic responses to oak-derived compounds,
suggesting distinct adaptive mechanisms within the AOD pathobiome.
Abbreviations: HSL-Homoserine Lactone; AHL-Acyl homoserine Lactone; LC-
MS/MS- Liquid Chromatography coupled to tandem mass spectrometry.
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Long-distance defence signalling is modulated by jasmonic
acid and abscisic acid in Arabidopsis thaliana.

Erin Stroud', Trupti Gaikwad?, Emily Breeze', Fay Bennett!, Murray Grant'
"University of Warwick; ?Marine Biological Association, Plymouth

Phytohormones regulate the induction of plant defence responses.
Systemic Acquired Resistance (SAR) is a mechanism whereby pathogen induced
local activation of host resistance proteins (termed Effector Triggered Immunity,
ETI) induces broad-spectrum systemic protection against subsequent infections.
Salicylic acid (SA) is classically associated with induction of SAR almost at the
exclusion of other phytohormones. Here, we demonstrate a concerted role for
jasmonic acid (JA), abscisic acid (ABA), electrical and calcium signalling in the
earliest stages of SAR signal propagation and subsequent translocation. Using the
JASMONATE-INDUCED SYSTEMIC SIGNAL 1 (JISS1) promoter, temporal-
spatial dynamics of ETl-elicited SAR signalling were monitored at the whole plant
and subcellular levels. Rapid systemic JISS1:LUC signalling was observed
following challenge with various ETI-inducing strains of the hemi-biotrophic
bacterial pathogen Pseudomonas syringae pv. tomato strain DC3000 (DC), and
JISS1 expression was upregulated in systemic tissue as early as 4h following
infection. Unexpectedly, pre-treatment of A. thaliana with ABA prior to bacterial
challenge totally abolished JISS1:LUC induction. JISS1:LUC signalling was
unaffected in SA pathway mutants, but was abolished in both JA biosynthetic and
signalling mutants. These data suggest a complex phytohormone interplay during
early SAR induction with JISS1 signalling dynamics dependent on JA, but not SA,
and being modulated by ABA. Intriguingly, systemic JISS1:LUC signalling was also
observed in response to wounding and the necrotrophic fungal pathogen
Sclerotinia sclerotiorum. Mirroring JA-dependent wounding responses, ETI-
activated systemic electrical surface potentials were dependent on both jasmonate
signalling and JISS1. Collectively, our results indicate that the phytohormone
signalling landscape during the early stages of SAR induction is more dynamic and
intertwined than previously thought, and that JA, but not SA, signalling is crucial for
eliciting JISS1-mediated systemic defence to DC in A. thaliana.
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Biocontrol activity in Pseudomonas spp. against Pseudomonas
syringae pv. actinidiae, linked to a novel natural product
cluster.

Isabella Frost', Javier Martinez Pérez', Joel Vanneste?, Jacob Malone'
"John Innes Centre, Norwich, UK: 2Plant and Food Research, New Zealand

Pseudomonas syringae pv. actinidiae (Psa) is the causal agent of Kiwifruit
Bacterial Canker — a disease affecting the production of kiwifruit, and therefore the
economies, of many countries around the world. In particular, New Zealand has
been badly affected after its 2010 outbreak which led to losses of over NZ$930
million. Current treatment options include copper sprays and the use of a range of
antibiotics where allowed. However, there is a need for new strategies to manage
this pathogen as, notwithstanding their environmental impacts, there is evidence
that Psa is fast developing resistance to these treatments, reducing their efficacy.
Naturally occurring Pseudomonas species have long been recognised as a large
and underutilized source of natural antimicrobials and there is growing interest in
their use as an environmentally friendly biocontrol method in the field.

Three strains of Pseudomonas, isolated from kiwifruit vine leaves, have
been shown to demonstrate significant biocontrol activity against Psa. These
strains confer effective protection to kiwifruit vines in greenhouse conditions, with
trials ongoing. Furthermore, transposon mutagenesis screening revealed a novel
biosynthetic gene cluster in one biocontrol isolate, with an as yet unknown product
linked to its biocontrol activity. There is huge potential therefore for these strains to
be developed into a new biocontrol product aimed at reducing the incidence of Psa,
and these findings may additionally lead to the discovery of a new potent
antimicrobial with utility in agriculture and medicine.
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Development regulation and molecular mechanisms in the
establishment of long-lasting induced resistance

Lamya Majeed, Katie Stevens, Marco Catoni, Estrella Luna
University of Birmingham

Botrytis cinerea, the causal agent of grey-mould disease, poses a
significant threat to global tomato production, with post-harvest yield losses
reaching up to 50%. Our research investigates whether priming elicitors, such as
B-aminobutyric acid (BABA), can enhance intrinsic plant defences and offer
sustainable alternatives for disease control. We have demonstrated that BABA-
induced resistance (BABA-IR) is long-lasting, and mediated by epigenetic
mechanisms, including DNA methylation.

Using whole genome bisulphite sequencing, we observed reduced CHH-
context DNA methylation in young tomato plants compared to older plants,
suggesting a greater epigenetic imprinting capacity during early developmental
stages. Transcriptomic analysis revealed that gene expression changes associated
with BABA-IR are strongly influenced by the plant's developmental stage.
Specifically, we identified key genes and molecular markers linked to early
development that are likely involved in establishing long-lasting resistance. BABA-
IR is consistently effective in plants treated at two to three weeks of age but declines
after four weeks, coinciding with flowering — a pivotal developmental transition.
Considering the role of RNA-dependent DNA methylation (RdDM) in CHH
methylation, we investigated the role of 24 nucleotide (nt) sRNAs in BABA-IR.
Through sRNA sequencing, we identified a cluster of 24 nt sSRNAs linked to priming
of gene expression, including genes enriching aspartic acid-related processes.
Given that BABA’s receptor in Arabidopsis is an aspartyl-tRNA synthetase, we
explored whether L-Aspartic acid affects BABA-IR. Co-treatment of L-Aspartic acid
and BABA preserved resistance similar to BABA-IR, but L-Aspartic acid application
one day after BABA treatment significantly reduced resistance, suggesting
interference with BABA molecular signatures by aspartic acid.

Our findings provide new insights into the relationship between plant
development, epigenetics, and induced resistance, offering a mechanistic
understanding of how BABA establishes durable immunity in tomato. This work
highlights its potential application in improving crop protection strategies in other
plant systems.
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Aphid effectors suppress plant immunity via recruiting defence
proteins to processing bodies

Qun Liu', Anna C. M. Neefjes', Archana Singh?, Roksolana Kobylinska', Sam T.
Mugford', Mar Marzo', James Canham', Mariana Schuster®, Renier A. L. van der
Hoorn?, Yazhou Chen* and Saskia A. Hogenhout'

"Department of Crop Genetics, John Innes Centre, Norwich; 2Department of Plant
Sciences, University of Cambridge; *Plant Chemetics Laboratory, Department of
Biology, University of Oxford; “College of Plant Science and Technology,
Huazhong Agricultural University, Wuhan, China

Aphids are small insects that use specialized mouthparts and effector
proteins to establish long-term relationships with plants. The peach-potato aphid,
Myzus persicae, is a generalist that feeds on diverse plant species and transmits
numerous pathogens. This study reveals how host-responsive cathepsins B
(CathB), exemplified by CathB6 in M. persicae oral secretions, enhance aphid
survival by modulating plant immunity. Host-responsive CathB localize to plant
processing bodies (p-bodies), cytoplasmic ribonucleoprotein granules involved in
mRNA storage and decay. Once there, they recruit key immune regulators—EDS1,
PAD4, and ADR1—suppressing plant defences. A plant protein, Acd28.9 (Hsp20
family), counteracts CathB activity, modulating plant-aphid interactions. These
findings uncover a novel role for p-bodies in plant immunity and identify a plant
defence mechanism against aphid infestation.
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Using AirSeq for cereal rust surveillance to prevent crop
infection

Jade van Wijk', Darren Heavens', Charlotte Hayes?, Diane Saunders?, Paul
Nicholson*, Matthew D. Clark?, Richard M. Leggett'

'Earlham Institute, Norwich, ?°Natural History Museum, London, 3Elsoms Wheat,
4John Innes Centre, Norwich.

Wheat is one of the most important crops worldwide, providing around 20%
of average calorie intake. However, cereal rusts are known to cause billions of
dollars of yield loss each year globally. Puccinia striiformis f. sp. tritici and P.
triticina, causing yellow rust and brown rust respectively, are two of the most
abundant cereal rust fungi, with P. striifromis f. sp tritici causing almost 5.5 million
tonnes of yield loss alone annually (Beddow et al., 2015). As these pathogens are
obligate biotrophs, they are difficult to study until post infection. Here, we use
AirSeq, a novel sequencing-based approach for studying bio-aerosols and
environmental DNA. This technology allows us to quantify rust spores in the air
before crop infection occurs. The use of AirSeq paired with environmental metadata
could offer the possibility to make more accurate, timely predictions of infection risk,
which could form part of integrated disease management strategies. Thereby
helping farmers to reduce costs while remaining environmentally friendly. Here, we
present AirSeq surveillance data from the previous wheat growing season.
Including data from multiple commercial wheat breeding sites across the east of
England. Showing how abundance of P. striiformis f. sp. tritici and P. triticina
changes both geographically and temporarily. We also benchmark our findings to
climate data to demonstrate the influence the weather has on disease spread.
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Identification of essential components for protein secretion in
Zymoseptoria tritici

Alexander Featherstone’, Megan McDonald', Sian Deller?, Graeme Kettles'

"University of Birmingham, School of Biosciences, Birmingham, 2Syngenta,
Jealott’s Hill International Research Centre, Bracknell

Septoria tritici blotch (STB), caused by the ascomycete fungus
Zymoseptoria tritici, is one of Europe’s most devastating wheat diseases. With
fungicide resistance now common, new targets for fungicide action are urgently
needed. Secretory pathways represent attractive targets as they are crucial for
fungal interaction with the environment throughout their life cycle. This includes the
secretion of adhesins and digestive enzymes during early colonization,
polysaccharides for cell wall production, and virulence proteins (effectors) during
infection. While essential components for protein secretion are well-characterized
in model yeasts, this information is lacking for Z. fritici and other filamentous
phytopathogenic fungi.

To identify essential components of the Z. tritici secretory pathway, we
have developed reporter systems for protein secretion. The first system involves
transforming Z. ftritici with a secreted NanoLuc luciferase, allowing sensitive
measurement of protein secretion through luminescence upon reaction with the
luciferase substrate furimazine either in solution or on solid media. A second
reporter system has been developed that does not require molecular cloning, which
takes advantage of lipase secretion by Z. fritici when grown in a low-nutrient
environment. Activity of secreted lipases is assessed by Rhodamine B fluorescence
on agar plates. These two reporter systems are being coupled with high-throughput
forward genetics screens, via UV mutagenesis, to identify secretion-deficient
strains. Strains with reduced reporter activity will be sequenced and genomes
compared to the parental strains to identify SNPs or other mutations that may
underpin the secretion-deficient phenotype. Recent progress towards these
reporter systems will be presented. Finally, 12 genes known to be important for
secretion in the model yeast Saccharomyces cerevisiae were selected and
orthologs identified in Z. tritici. Gene knockout strains for each candidate are being
generated and will be tested for secretion and growth deficiencies in vitro. This will
show whether genes known to be important for secretion in single-celled yeast have
similar roles in a filamentous phytopathogen.
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Assessment of Fusarium graminearum infection and
mycotoxin accumulation in UK winter wheat varieties under
controlled inoculation and field trials

Rita Lawson', Hall, A', Kotta-loizou, I', Verheecke-Vassen, C?, Garcia-Cela, E'
"University of Hertfordshire, ?Cranfield University

Fusarium spp are critical pathogens in agriculture, posing significant
threats to crop health and food safety due to their ability to produce mycotoxins.
Wheat breeding focuses on assessing visible symptoms of Fusarium Head Blight
(FHB), but it does not test for mycotoxins. However, mycotoxins can accumulate in
both symptomatic and asymptomatic grains. To prevent yield loss and comply with
regulations, it is essential to consider mycotoxin levels when evaluating varietal
susceptibility to mycotoxin production during the breeding process. This approach
provides a more comprehensive assessment and helps mitigate the impact of
Fusarium spp on wheat production. This study aims to analyse mycotoxin levels in
asymptomatic and symptomatic grains from four years of field harvest.
Simultaneously, the fungi were isolated, identified, and confirmed using molecular
methods. The glasshouse/polythene tunnel experiment further investigated the
level of Fusarium inoculum that gave symptomless infection. Symptoms were
observed in all four years of the field trial. Fungi were isolated from grains on potato
dextrose agar with 0.01% chloramphenicol. Isolates were identified using
morphological and molecular methods, including polymerase chain reaction (PCR),
for species confirmation. Mycotoxins were extracted annually and quantified using
liquid chromatography-tandem mass spectrometry (LC-MS/MS). To study
inoculation, disease development, and mycotoxin accumulation, five wheat
varieties were grown in a glasshouse/ polythene tunnel. Fusarium graminearum
was used for artificial inoculation at GS65 (mid-anthesis), with spore concentrations
of 10%, 10* spores/ml, and a control (20% V8 juice + CaCQO3;). Post-inoculation,
humidity was kept above 70% for 48 hours. Weekly disease assessments
continued until harvest, after which fungal isolation and mycotoxin quantification
were measured. The field plots were symptomless from 2021 to 2023 but showed
symptoms in 2024. Mycotoxins level was highest in 2021, despite no visible
symptoms, which correlates with specific weather conditions favourable to disease
development. The predominant Fusarium sp isolated in all four years of harvest
was F. graminearum.
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Lineage-specific divergence of an immune chaperone complex
important for NLR-based immunity in land plants

Hyeonmin Jeong and Philip Carella
John Innes Centre, Norwich

Over 450 million years of evolution after terrestrialization, land plants have
developed a diverse range of mechanisms to neutralize non-adapted pathogens,
including NLR immune receptors and the RAR1-SGT1-HSP90 chaperone complex
required to sustain NLR proteins. To unravel the evolutionary history of the immune
chaperone complex, we interrogated the critical RAR1-SGT1 binding interfaces
across land plants. Using yeast two-hybrid assays, we determined that the RAR1-
SGT1 interaction is so highly conserved that the protein-protein interaction even
occurs between distantly related ortholog pairs. Interestingly, we identified a single
exception in the model fern Ceratopteris richardii, where its RAR1 and SGT1
homolog could not interact outside of its lineage. Through subsequent phylogenetic
analyses and protein-protein interaction assays, we discovered fern-specific
mutations in the CHORD Il domain of RAR1 and CS domain in SGT1 were
sequentially acquired in early leptosporangiate ferns and the differed binding
interface fully explain RAR1-SGT1 ortholog incompatibility. Ancestral
reconstruction indicated that the change in the protein interaction dynamics
occurred first in SGT1 in Hymenophyllales ferns, which preceded further
divergence in most extant fern species. Strikingly, introducing fern-specific
mutations into Arabidopsis thaliana homologs could mimic the species-specific
binding interface. Collectively, our findings demonstrate that the RAR1-SGT1
interaction is conserved in land plants, with ferns experiencing an atypical
divergence at the RAR1CHORD II-SGT1CS interface.
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Interactions between Faba bean and its Botrytis pathogens

Maniruzzaman Maniruzzaman', Hamid Khazaei?, Marja Jalli?, Minna
Haapalainen?, Alan Schulman'?, Frederick Stoddard’

"University of Helsinki, Finland, ?Natural Resources Institute of Finland, Finland,

Chocolate spot, caused by Botrytis spp, is the major disease of faba bean
worldwide. Use of fungicide is the only way to manage the disease, and genetic
resistance would be more sustainable. The disease-causing efficacy of 21 isolates
of six Botrytis species was investigated. The isolates were grown for 14 days on
half-strength PDA media treated with NUV light to induce sporulation. Spores were
suspended to 5 x 106 ml-1 and inoculated onto six- to eight-week-old of detached,
fully expanded leaves of genotypes ‘Kontu’, ‘Mélodie/2’ and ‘ILB 938/2’. B. fabae
19B053-4 was the first isolate to cause water-soaked black necrosis and produced
the largest lesions, followed by B. fabiopsis 19B175. Kontu was the most
susceptible one, followed by Mélodie/2, then ILB 938/2. The most virulent isolate
of each of the four main species was chosen for further work. An existing,
genotyped population of 165 RILs from the cross ILB 938/2 x Mélodie/2 was used
to identify QTLs for response to the four isolates, using the detached-leaf method.
The significant QTL peaks were found on chromosomes 1, 2 and 4. Two on
chromosome 1, one on 2, correspond to those previously identified using a different
isolate on whole plants, while another on chromosome 4 is new. Furthermore, NEP
marker analysis displayed two main clusters and four distinct subclusters of the
Botrytis species, with a few variations among each group.
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Race variants within Fusarium oxysporum f.sp. lactucae
causing wilt disease of lettuce

Emily L. Van Brabant', Helen J. Bates?, John P. Clarkson’, Andrew D. Legg'
"University of Warwick, National Institute of Agricultural Botany, Cambridge

The Fusarium oxysporum species complex (FOSC) is responsible for wilt
and root rot diseases of many species of commercial crops worldwide with
pathogenic strains grouped into host-specific formae speciales (f. spp.). F.
oxysporum f.sp. lactucae (FOL) is one of the most significant fungal pathogens of
lettuce where crop losses of up to 70% have been observed. There are four FOL
races with FOL race 1 (FOL1) and the newly emerged race 4 (FOL4) the most
widespread. As F. oxysporum f. spp. are morphologically identical, distinguishing
between isolates relies on pathogenicity tests and molecular techniques while
races are identified using differentially resistant cultivars. There have been recent
reports of new races or variants of FOL1 and FOL4, some of which break resistance
in some lettuce cultivars. Therefore, 83 FOL isolates from Spain, USA and France
were characterised by sequencing of part of the TEF-1a gene, race specific PCR
assays and presence / sequence of secreted in xylem (SIX) genes previously
associated with virulence in F. oxysporum. FOL1 and FOL4 isolates had identical
TEF-1a sequences, different from FOL2 and FOL3. SIX gene complement also
varied between races; FOL2, FOL3 and FOL4 contained SIX8, 9 and 14 while only
SIX9 and SIX14 were present in FOL1. Most isolates were identified as FOL1
based on TEF-1a sequence, presence of SIX9 and SIX14, absence of SIX8 and
race specific PCR tests. However, 5 isolates from the USA had a typical FOL1
profile but lacked SIX14 while one isolate exhibited a FOL4 profile. Three isolates
pathogenic on lettuce from France were negative for all race specific PCR assays
and exhibited unique sequences for TEF-1a, SIX8, 9 and SIX14 suggesting a
potential new race. Pathogenicity testing on lettuce differentials confirmed the
French isolates broke several sources of FOLa resistance indicating that a new
race has emerged, while the FOLa1 variants broke resistance in cultivars ‘Costa
Rica #4’ and ‘Palmos’.
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Variation in in vitro antagonism of 183 wild Aureobasidium
pullulans strains against Colletotrichum acutatum

Prathamesh Pawar'-?3, Natallia Khomutovska', Johan A. Stenberg’

'Swedish University of Agricultural Sciences (SLU), Sweden, 2University of Padua
(UNIPD), Italy; 3Universitét Politécnica de Valéncia (UPV), Spain

Colletotrichum acutatum is a major fungal pathogen causing anthracnose
in strawberries and other fruit crops worldwide. lts rising tolerance to fungicides
challenges sustainable crop protection [1]. This study investigates the biocontrol
potential of 183 strains of Aureobasidium pullulans, isolated from diverse European
ecosystems, against C. acutatum using in vitro dual culture assays.

Strains originated across Europe's alpine, maritime, continental, and
temperate zones. Antagonistic activity was quantified using Percentage Inhibition
of Radial Growth (PIRG) [2]. Results revealed that 37% of the tested strains
exhibited significant antagonistic effects (PIRG >20%). The most potent strain
isolated from a maritime climate region in Western Europe (United Kingdom)
achieved a PIRG of 35%. Strains collected from central European lowlands
(Germany), eastern alpine foothills (Austria), and northwestern temperate zones
(Belgium) also demonstrated consistent inhibitory activity exceeding 25%. Beyond
growth suppression, several strains (Denmark, United Kingdom, Finland) induced
morphological changes in C. acutatum sporulation patterns, while some A.
pullulans strains displayed melanisation, suggesting complex interspecies
interactions.

These findings highlight the potential of A. pullulans as a nature-based
solution for sustainable anthracnose. In line with European Union targets to halve
pesticide use by 2030, high-performing strains could be developed into bio-
fungicides or integrated pest management (IPM) tools, reducing dependence on
synthetic fungicides [3]. Harnessing these naturally occurring strains could reduce
reliance on synthetic fungicides, contributing to more resilient and sustainable
strawberry production systems.

References:

1. Stenberg, J.A. et al. (2025). Classical and Augmentative Biological Control. Reference Module in
Earth Systems and Environmental Sciences.

2. Tulukoglu-Kunt, K. S., Ozden, M., & Di Francesco, A. (2023). Exploring Wild and Local Fruits as
Sources of Promising Biocontrol Agents against Alternaria spp. in Apples. Horticulturae, 9(10), 1156.
3. Di Francesco, A. et al. (2023). Aureobasidium spp.: Diversity, Versatility, and Agricultural Utility.
Horticulturae, 9(1), 59.P
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When drought meets disease: a metabolic key to Acute Oak
Decline

Vanja Milenkovic', Diana Vinchira-Villarraga®, Robert Jackson', Mojgan Rabiey'-2

"School of Biosciences and BIFOR, University of Birmingham; 2School of Life
Sciences, University of Warwick

Acute Oak Decline (AOD) is an emerging disease complex linked to
environmental stressors, especially drought [1]. In this study, we investigated the
impact of drought on the progression of AOD in oak saplings inoculated with AOD-
associated bacteria. In a controlled greenhouse experiment, saplings were
exposed to drought conditions and inoculated with AOD-associated bacterial
pathogens. Over three months, stem samples were collected from inoculation sites
and analysed using untargeted metabolomic profiling via LC-MS/MS to identify
metabolic changes. Saplings under combined drought and biotic stress exhibited a
distinct profile compared to single stressors. Of 290 detected metabolites, 62 and
99 were upregulated in the dual-stress condition compared to infection-only and
drought-only groups, respectively, while 41 and 21 were downregulated. Notably,
one metabolite, putatively annotated as quinic acid, a precursor for lignin and
defence-related polyphenols, was significantly upregulated only under combined
stress, with levels far exceeding those in single-stress treatments. To investigate
its role, quinic acid was tested against three AOD-associated bacterial species. It
inhibited the growth of all three, with particularly strong inhibition against Brenneria
goodwinii and Rahnella victoriana, while Gibbsiella quercinecans was inhibited only
at the highest tested concentration. Although quinic acid exhibited antimicrobial
properties, disease symptoms still developed, implying its production may not fully
prevent pathogen establishment. Alternatively, its accumulation may reflect
broader drought-induced processes, such as lignin biosynthesis, rather than direct
antimicrobial defence. Quinic acid thus emerges as a potential biomarker for AOD
risk under drought conditions, reflecting the complex interplay between abiotic and
biotic stresses in oak health. This study is one of the first to experimentally
demonstrate drought as a predisposing factor in AOD development, providing novel
insights with implications for forest disease monitoring and management under
climate change scenarios.

1. Gosling, R.J., et al., Oak Declines: Reviewing the Evidence for Causes, Management Implications
and Research Gaps. Ecological Solutions and Evidence, 2024. 5(4).
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The RNAi machinery revealed and validated through Spray
Induced Gene Silencing (SIGS) in a group of hyperparasitic
fungi (Ampelomyces spp.), biocontrol agents of important crop
pathogens

Aftab Ahmad’, Kinza Khalid', Alexandros G. Sotiropoulos’, Sadegh Balotf',
Lauren Goldspink', Alexander Idnurm?, Niloofar Vaghefi?, Levente Kiss'

" Centre for Crop Health, University of Southern Queensland, Australia; 2Faculty
of Science, The University of Melbourne, Australia

The RNAi machinery is present in some eukaryotes but absent in others.
In filamentous fungi, the RNAi pathways have gone through evolutionary
adaptations that have led to gain or loss of the genes of Argonaute proteins (AGO),
dicer-like proteins (DCL) and RNA-dependent RNA polymerase (RDR). Model
fungi, e.g., Saccharomyces cerevisiae and Ustilago maydis do not possess the
RNAIi machinery. Ampelomyces spp. are common hyperparasites and biocontrol
agents of powdery mildew pathogens, a group of fungi that infect important crops.
To reveal the RNAi machinery in these hyperparasites in silico, the genomes of four
phylogenetically different Ampelomyces strains and their close relatives
(Pyrenophora tritici-repentis, Zymoseptoria tritici, Paraphaeosphaeria minitans and
Parastagonospora nodorum) were analysed using sequences of the RNAI
machinery of Blumeria graminis (Bgt), a model crop pathogen, and Arabidopsis as
queries. All the RNAi machinery components of Bgt and 12 out of the 23
Arabidopsis RNAi system were found in Ampelomyces. Spray-Induced Gene
Silencing (SIGS) of an exoglucanase gene, exgA, was used to verify the
functionality of RNAi in an Ampelomyces strain isolated in Australia. We designed
a dsRNA construct that targets exgA, a gene involved in hyperparasitism, and
sprayed 100ug/ul on 3-week-old Ampelomyces colonies grown in culture. g°PCR
results indicated significant reduction of exgA mRNA 3 and 6 days post treatment
compared to the control. The exgA expression was similar to the control 9 and 12
dpt. Ampelomyces colonies continued their growth in culture during and after
treatments. This is the first report of the RNAi machinery and SIGS in
Ampelomyces. The project will continue with CRISPR-Cas9 knockout of exgA and
other genes involved in the biocontrol of a group of important crop pathogens.
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Understanding the role of RNA-binding proteins in plant
immunity during Pseudomonas syringae infection

Athira Menon', Marcel Bach-Pages’, Brett Wadley', Sarah Skinner?, Honglin
Chen?, Farnusch Kaschani®, Markus Kaiser®, Alfredo Castello?, Renier A L van
der Hoorn', Gail M Preston’.

"University of Oxford, UK; 2 University of Glasgow, UK; 3 University of Duisburg-
Essen, Germany

RNA binding proteins (RBPs) are proteins that interact with RNA, modulate gene
expression, and play a role in the growth, development and defence responses of
plants. Previous work using a technique known as plant RNA interactome capture
(ptRIC) has shown that RBPs show differential RNA binding activity upon
treatment with the immune elicitor flg22. Pathogens use multiple strategies to
evade the plant’'s immune system and establish infection including the use of
effectors and other small molecules to directly or indirectly modulate RBP activity.
We have used ptRIC to profile changes in the leaf RBPome of Arabidopsis
thaliana during Pseudomonas syringae pv. tomato DC3000 (PsPto) infection. 105
RBPs were identified that showed differential RNA binding activity upon infection,
which suggests their potential involvement in plant immunity or susceptibility.
Infection assays were used to determine whether mutant lines of selected
candidates showed altered resistance to PsPto infection. The characterisation of
RBPs involved in plant immunity would help develop crops in the future that are
more resistant to pathogens by exploiting RBPs and associated networks.
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Responding to the cry-for-help: Exploiting disease suppressive
microbes and signalling to control soil-borne crop disease

Caleb Morgan’, Stephen Rolfe!, Jurriaan Ton', Manoj Menon', Nancy Muringai,
Dimitrios Drakopoulos?

"University of Sheffield, 2Syngenta, Switzerland

The use of grass-clover leys is a key practice in regenerative agriculture
that can remedy soil health degraded by high-intensity farming. Leys influence the
soil microbial community, increasing diversity and biomass by providing diverse
nutrient sources through root exudates. However, these exudates may also
negatively affect subsequent crops. Greenhouse experiments showed that crops
grown in ley soils had improved disease resistance but reduced growth. Soil
washing and microbial transplantation demonstrated that the microbial community
from ley soil induced systemic resistance without hindering plant growth. This led
to the hypothesis that grass-clover leys promote disease-suppressive microbial
communities while causing allelopathic effects on crops. Understanding of ley
exudate profiles and their variable effects remains incomplete. Therefore, we will
use soil washing to isolate chemical extracts, followed by bioassay-guided
fractionation and mass spectrometry to identify key compounds. The aim is to
distinguish prebiotic and allelopathic effects of cover crop exudates, enabling the
selection of grass-clover ley species that rehabilitate soil health without hindering
subsequent crop growth.
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Systematic investigation of Agrobacterium genes affecting
transient expression efficiency in Arabidopsis seedlings

Hagos Mohammedseid Juhar'?, Hsi-Ching Yen', Teng-Kuei Huang', Chih-Horng
Kuo'?, Erh-Min Lai'-?

TInstitute of Plant and Microbial Biology, Academia Sinica, Taiwan; ?National
Chung Hsing University, Taiwan

Transient gene expression via Agrobacterium-mediated transformation
(AMT) offers a simple and fast method for gene functional studies, but many plants
remain poorly transformed. We previously developed a transient expression
method, named AGROBEST (Agrobacterium-mediated enhanced seedling
transformation), a robust gene function analysis in Arabidopsis seedlings. Our
previous study revealed two C58-derived Agrobacterium strains with high and low
efficiencies but the genetic factors governing the AMT efficiency remain unknown.
Here, we aim to systematically identify genetic determinants affecting AGROBEST-
mediated transient expression efficiency in Arabidopsis seedlings. Agrobacterium
strain C58 has a multipartite genome, including two chromosomes, a tumor-
inducing plasmid (pTi), and a pAt cryptic plasmid. Thus, we assessed the effect of
pTi, helper plasmid, pAt and chromosomal background on AMT efficiency using
AGROBEST. Our results indicate that the same pTi and helper plasmid can exhibit
differential AMT efficiencies depending on the pAt and/or chromosomal
background, suggesting that the pTi is not the determinant factor. Thus, we
performed systematic comparative genomic analyses between high- and low-
efficiency strains, excluding pTi. These analyses revealed genetic variations in the
pAt and chromosomal regions, despite both strains being derived from C58. This
study identified candidate genes and loci that may contribute to differences in AMT
efficiency. Strikingly, we discovered that deleting an 84-kb region in the pAt of the
low-efficiency strain significantly enhanced its AMT efficiency. Furthermore,
overexpression of two genes from the low-efficiency strains in the high-efficiency
strain reduced AMT efficiency. These findings suggest a shift in focus towards
understanding how both the pAt and chromosomal background influence AMT
efficiency. Our discoveries may pave the way for developing super-AMT strains for
diverse crops and advancing applications in basic research, biotechnology, and
agriculture.
Key words: Agrobacterium-mediated transformation (AMT), AGROBEST, genome
comparison, Agrobacterium, Arabidopsis
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Suppression of ROS production and alteration of stomatal
dynamics by effectors from Zymoseptoria tritici

Haider Ali", Elisha Thynne?, Graeme Kettles'

'School of Biosciences, University of Birmingham, UK; 2 Botanical Institute,
Christian-Albrechts University, Kiel, Germany

Zymoseptoria tritici is a fungal pathogen that poses a serious threat to
wheat production. Despite its economic impact, the molecular events during early
infection remain poorly understood. At this stage, the fungus must enter the leaf
mesophyll through stomata while avoiding the activation of host immunity. In this
study, we screened a library of previously cloned Z. tritici candidate effectors® to
identify proteins that (i) suppress pathogen-associated molecular pattern (PAMP)-
triggered immunity (PTI) and/or (ii) interfere with stomatal function. Candidate
effectors were transiently expressed in Nicotiana benthamiana and tested for their
ability to suppress reactive oxygen species (ROS) production in response to
PAMPs. We identified 17 effectors with strong ROS suppression activity,
suggesting that this is a key strategy for early leaf colonisation by this fungus. Using
thermal imaging and microscopic observation, , we found that 11 effectors altered
stomatal aperture, either inducing stomatal closure or suppressing ABA-induced
stomatal closure. This indicates a complex interplay between Z. tritici effectors and
stomatal immunity. One effector, Zt-LRR, is predicted to have structural similarity
to plant LRR-RLKs involved in defence, suggesting interference with immune
signalling by functional mimicry. Zt-LRR strongly suppresses ROS production
induced by several PAMPs and also triggers stomatal closure. These phenotypes
are dependent on protein localisation to the apoplastic space. Transgenic wheat
expressing Zt-LRR were deficient in PAMP-induced ROS production, supporting its
role in immune evasion. These findings provide insights into the effector functions
that helps Z. tritici during the early stages of infection and highlight the importance
of diverse array of effectors in immune suppression.

Reference: 1. https://doi.org/10.1111/nph.14215
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Decoding the fungal immune system: the role of NLR genes in
interactions between Zymoseptoria tritici and environmental
bacteria

Jack A. Rodgers, Graeme J. Kettles, Lisa E. Lamberte
School of Biosciences, University of Birmingham

NOD-like receptor or nucleotide-binding and leucine-rich repeat domain
(NLR) genes are found in large families in plants and animals. They are activated
by pathogen-associated molecules such as virulence factors (effectors) and
stimulate immune responses involving host cell death. Whilst their role in plant and
animal immunity is well known, how they contribute towards a fungal immune
system is unclear.

Zymoseptoria tritici causes septoria tritici blotch disease of wheat and is
one of the most devastating wheat-infecting pathogens, responsible for losses of
5-10% in Europe annually. Z. tritici is an appealing system to study fungal NLRs as
it is genetically tractable and has a relatively small NLR complement compared to
other ascomycetes. Our goal is to investigate how NLRs contribute towards
interactions between Z. tritici and other microorganisms in the environment.

The Z. tritici IPO323 genome encodes 20 NLRs based on presence of NB-
ARC or NACHT domains, with the majority (17/20) containing NACHT domains. In
common with other fungi, some Z. fritici NLRs contain C-terminal ankyrin repeat or
WD40 domains. However, the majority of N- and C-terminal domains have no
obvious function. Using published RNAseq data, we selected the four most highly-
expressed NLRs for gene knockout and functional characterisation. To this end, we
are developing in planta and in vitro co-culturing assays with anti-fungal bacteria
such as Bacillus velezensis and three species associated with acute oak decline
(Brenneria goodwinii, Gibbisiella quercinecans and Rahnella victoriana). These
assays will be used to assess resistance to bacterial attack, and ability to colonise
plants of wild-type and NLR knockout mutants.

Understanding the role of fungal NLRs in microbial interactions could
provide insights into how fungal pathogens such as Z. tritici adapt to the hostile
environment of the plant apoplast. This work contributes to a broader
understanding of microbial ecology within plant hosts and the evolution of fungal
virulence. Our most recent data will be presented.
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Downy but not out — identifying resistance to downy mildew in
pea

Kara Boyd"', Nicolas Trenk', Claire Domoney', Sanu Arora’
John Innes Centre, UK

Pea (Pisum sativum) is an increasingly economically important crop due to
its implication in sustainable agriculture and the recent increase in demand for
plant-based protein. Peas, like other legumes, can biologically fix nitrogen thereby
negating the need for synthetic fertilisers. They are also high in protein whilst being
low in allergens when compared to more traditional sources of plant-based protein
such as soy. However, at present, peas are unattractive to growers because of
yield instability due to biotic and abiotic stresses. One of the most prevalent
diseases of pea in the UK and Europe is downy mildew, caused by the oomycete
pathogen Peronospora viciae f. sp. pisi (Pvp). Currently, no resistances have been
characterised to Pvp. One P. sativum accession JI0085 is resistant to every isolate
of Pvp we have challenged it with, yet the resistance remains unidentified. To locate
the JI0085 resistance, bulked segregant analysis (BSA) was undertaken using an
F6 RIL population of JIO085 crossed with a highly susceptible P. sativum accession
JI1194. The most resistant RILs were pooled into a resistant pool and the most
susceptible pooled into a susceptible pool and each pool was sequenced. The
analysis revealed a large QTL on chromosome 2. KASP markers were designed
along the QTL to reduce the region size, comparing the genotype to the phenotype.
A marker near a cluster of NLRs had only ~1% recombination with the phenotype.
The cluster of NLRs was analysed using RNAseq data and candidate genes have
been identified. These candidate genes will be functionally validated through
transient expression approaches to identify the responsible resistance gene. In
conclusion, we have identified a pea downy mildew resistance locus that gives
broad spectrum resistance, and narrowed this down to the candidate gene level.
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The role of ATP-dependent chromatin remodelling complexes
in regulation of plant immunity against Fusarium oxysporum

Litsa Ampntelnour', John Clarkson?, Vardis Ntoukakis'
"School of life Sciences and ?Warwick Crop Centre, University of Warwick

Fusarium wilt is among the most destructive and economically significant
fungal diseases, drastically reducing plant yield and quality worldwide. We have
previously shown the involvement of ATP-dependent chromatin remodelling
complexes (CHRs), of the Swi2/Snf2 protein family, in Arabidopsis leaf immunity
against bacterial pathogens. However, their role in regulating immunity against soil-
borne pathogens remains unexplored. Using a reverse genetic screen, we identify
AtCHRS8, AtCHR9, and AtCHR25 (the yeast RAD54 homologue) as negative
regulators of Arabidopsis root immunity against Fusarium oxysporum (Fo). The
RADS4 family of CHRs is involved in facilitating the effectiveness of the DNA-
damage repair (DDR), and we found that mutants of AtCHRS8, AtCHR9, and
AtCHR25 display enhanced resistance to the DNA-damaging agent zeocin,
suggesting altered DDR mechanisms. To further investigate this link, we are
currently quantifying DNA damage from zeocin-induced double-strand breaks
(DSBs) using comet assays. In parallel, we are using genome-wide transcriptomic
approaches to explore how these CHRs contribute to genome integrity during Fo
infection.
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Genome-Wide identification of DOMON domain genes in rice
(Oryza sativa) and functional characterization of OsDomon4.1
in blast resistance

Mareyam Mukhtar, Ashfak Mujawar, Amresh Kumar, Amitha Sevanthi,
Amolkumar Solanke

ICAR-National Institute for Plant Biotechnology, India

Understanding plant defence against rice blast disease is essential for
sustainable crop production. In this study, we present a comprehensive genome-
wide analysis of the DOMON domain gene family in Oryza sativa and explore their
potential roles in biotic and abiotic stress responses. A total of 15 DOMON domain-
containing genes were identified, many of which co-occur with cytochrome b561
domains and multiple transmembrane helices, indicating potential roles in redox
regulation and membrane-associated signaling. Promoter analysis revealed
enrichment of stress-responsive cis-elements, including WRKY, NAC, ERF, and
MYB, particularly in the blast-resistant cultivar Tetep. Expression profiling following
Magnaporthe oryzae infection revealed strong upregulation of several OsDOMON
genes, with OsDomon6.1 showing the highest early induction at 6 hours post-
infection, indicating a possible role in initiating early defence responses. Notably,
OsDomon4.1 was also highly expressed in panicles following infection, indicating
tissue-wide activation during pathogen challenge. Tissue-specific expression
studies showed that genes such as OsDomon1.4 and OsDomon6.1 were
constitutively expressed across roots, stems, leaves, and panicles under normal
conditions. To functionally validate the role of OsDomon4.1, it was overexpressed
in the susceptible TP309 background. Transgenic lines exhibited enhanced
resistance in detached leaf, panicle inoculation, and seedling spray assays.
Confocal microscopy confirmed plasma membrane localization of OsDomon4.1,
while histochemical staining indicated increased reactive oxygen species (ROS)
accumulation and reduced pathogen-induced cell death, supporting its involvement
in defence signaling. Abiotic stress experiments further demonstrated the
upregulation of specific DOMON genes in Tetep: OsDomon3.3 under drought,
OsDomon9.1 under heat, and OsDomon9.2 under salt stress, suggesting that this
gene family also contributes to broader environmental stress tolerance. This study
offers the first systematic insight into the DOMON gene family in rice, identifying
OsDomon4.1 as key player in blast resistance and highlighting other candidates for
improving abiotic stress tolerance. These findings provide promising targets for the
genetic improvement of rice through molecular breeding and transgenic
approaches aimed at enhancing multi-stress resilience.
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Mechanisms driving horizontal movement of Starship
transposons between plant pathogenic fungi

Maria Serrano-Henandez, Prince Amoah, Megan McDonald
School of Biosciences, University of Birmingham

The necrotrophic effector ToxA, which induces host-specific cell death in
Tsn1-carrying wheat varieties, has been horizontally transferred between three
major pathogens (Pyrenophora tritici-repentis, Bipolaris sorokiniana, and
Parastagonospora nodorum) (1). Comparative genomic analyses revealed that
ToxA is embedded within the ToxhAT transposon (14kb), exhibiting over 92%
nucleotide identity across species despite their phylogenetic divergence (1, 2).
ToxhAT is also the cargo of two giant ~200-kb mobile elements known as Starships
(Sanctuary and Horizon)(2, 3) . Starships encode the machinery required for
autonomous mobilization, including a conserved tyrosine recombinase ("Captain”)
and accessory genes that may facilitate horizontal gene transfer (HGT)(4).
However, the mechanisms underlying Starship mobilization remain poorly
understood (4). This project attempts to develop an experimental tracking system
to facilitate the isolation of HGT events in vitro (co-cultures) and in planta (co-
infections). Secondly, this project will investigate the environmental triggers (e.g.,
antibiotic stress, UV) that may activate Starship mobility. Preliminary results include
the establishment of B. sorokiniana and P. nodorum protoplasting and CRISPR-
Cas9-mediated transformation protocols. We are currently generating constructs
by inserting a hygromycin resistance marker within and outside the ToxhAT in B.
sorokiniana to create Sanctuary donor strains. In parallel using P. nodorum we will
knockout the ToxA gene, located in a derelict Horizon, and replace this with a
phleomycin resistance cassette. These foundational tools will enable functional
validation of Starship transposition mechanisms under controlled conditions and
provide insights into the contribution of mobile genetic elements to fungal
adaptation and pathogenicity.

1. McDonald MC, et al.. The discovery of the virulence gene ToxA in the wheat and barley pathogen
Bipolaris sorokiniana. Molecular Plant Pathology. 2018/02/01;19(2); 2. Bucknell A, et al. Sanctuary: A
Starship transposon facilitating the movement of the virulence factor ToxA in fungal wheat pathogens.
bioRxiv. 2024-03-08; 3. Gourlie R, et al. The pangenome of the wheat pathogen Pyrenophora tritici-
repentis reveals novel transposons associated with necrotrophic effectors ToxA and ToxB - PubMed.
BMC biology. 10/24/2022;20(1) ;4. Urquhart A, et al.. Starships: a new frontier for fungal biology. Trends
in Genetics. 2024/12/01;40(12).
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Defeating the wilt: unravelling fusarium resistance in kale and
collards

Mikail Bayrak'2, John Clarkson', Vardis Ntoukakis', Sara Jennings?
"University of Warwick; °Tozer Seeds, UK

Leafy green Brassica vegetables such as cabbage, collards, and kale are
globally significant due to their nutritional benefits, providing essential vitamins,
minerals, fiber, and antioxidants with anti-cancer properties. However, these crops
are highly susceptible to Fusarium wilt disease, primarily caused by the fungal
pathogen Fusarium oxysporum f.sp. conglutinans (Foc). Fusarium wilt is
particularly problematic in warmer regions including the USA, Africa, China, and
southern Europe, causing symptoms such as yellowing, stunting, and plant death,
significantly reducing yield and quality.

Although Fusarium wilt resistance was previously developed in cabbage,
it was overcome by the emergence of a new pathogen variant, Foc race 2, which
continues to threaten brassicas, particularly collards and kale. Despite their global
dietary and economic importance, there has been limited research on genetic
improvement of resistance in these crops, especially collards, which are vital for
subsistence farmers in Africa.

To address this knowledge gap, we have collected Foc isolates from
diverse geographical locations. Molecular analyses and differential screening
confirmed their identity and classification into different races. By utilizing publicly
available genomic data, we identified potential effector genes and loci
distinguishing races 1 and 2. These findings are facilitating the development of a
diagnostic test capable of differentiating between Foc races. Additionally, initial
screening efforts have identified resistance to race 1 in several collard and kale
cultivars, highlighting promising initial sources for resistance breeding.

Building on this, the main objectives of this project, conducted in
collaboration with Tozer seeds, is to investigate Fusarium wilt resistance in collards
and kale. The susceptibility of Arabidopsis thaliana, a close relative of collards, to
Foc infection provides a valuable model for screening geographically diverse
Arabidopsis accessions. Genetic mapping in Arabidopsis will inform the
identification of candidate genes, accelerating the breeding of resistant collards and
kale. These findings can then be validated in collards and kale to validate breeding
efforts.
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Keep it down! The epigenetic mechanisms behind effector
silencing in wheat stem rust and blast pathogens (Pgt and
MoT).

Phoebe Elvin', Loizos Savva', Nicholas J. Talbot?, Diane G.O. Saunders'
John Innes Centre, and ?The Sainsbury Laboratory, UEA, Norwich

Magnaporthe oryzae pathotype Triticum (MoT) and Puccinia graminis f. sp.
tritici (Pgt) rank among the most devastating fungal pathogens of global wheat
production [1]. Both pathogens continue to evolve highly virulent strains, resulting
in substantial yield losses and posing serious threats to food security. Fungal
pathogens secrete effectors to hijack plant processes, but co-evolved plant
resistance (R) genes can recognize a subset of these effector proteins, termed
avirulence factors (Avr), triggering an immune response. To evade detection,
strong evolutionary pressure on Avr effectors favours their genetic modification.
However, pathogens can also evade recognition by altering the levels at which
these effectors are expressed, in a process known as epigenetic switching. Yet, the
contribution of epigenetic regulation to virulence gains is not well understood in
fungal plant pathogens. The aim of this project is to investigate the epigenetic
mechanisms that may underlie these expression-level differences in Pgt and MoT,
with a specific focus on the genomic regions encoding Avr effectors and
candidates. To achieve this, we selected six South African Pgt isolates (UVPgt54,
UVPgt54+Sr9g, UVPgt56, UVPgts7, UVPgt62, UVPgt64) and two MoT isolates
(BR48, N06047) that have differences in virulence to Sr27 and Rmg8 respectively.
In the first stage of the project, we have conducted an infection time-course to
visualise the fungal developmental structures produced during infection, using
fluorescent staining of samples fixed during infection. This allows for identification
of the timing of penetration into the host which coincides with effector secretion.
The determined timing will be used for subsequent sampling to explore different
epigenetic modifications that could be influencing the expression of candidate Avr
effectors for these pathogens. This will include analysis of DNA methylation through
bisulphate sequencing, abundance of small RNAs (sRNAs) linked to effector
regions and histone modifications through Chromatin immunoprecipitation
sequencing (ChlP-Seq). At the completion of this project, we will have determined
the potential for epigenetic switching in Pgt and MoT to contribute to Sr27 and

Rmg8 virulence gains and beyond.
Maulenbay, A. & Rsaliyev, A. 2024. Fungal Disease Tolerance with a Focus on Wheat: A Review.
Journal of Fungi
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Molecular characterization and identification of fungal
pathogens associated with Fonio diseases

Shina Salihu'23., Clement Gboyega Afolabi’, Ololade Adeduro Enikuomehin’,
Christopher Olusanya Alake', and Andrew Armitage®

"Federal University of Agriculture, Abeokuta, Nigeria; ?National Cereals Research
Institute Badeggi, Nigeria; *Natural Resources Institute, University of Greenwich

Fonio (Digitaria exilis Stapf), is a cereal indigenous to West African
countries. In 2023, Nigeria cultivated approximately 171,000 hectares of fonio, with
market value estimated to be $643 million. High incidence of brown leaf spot
disease has been reported on the crop in the country, leading to 45-100% crop
losses under severe infection. Previous studies isolated and morphologically
identified Curvularia spp. from symptomatic fonio plants. However, morphological
identification can be imprecise and there is need for further studies using molecular
approaches. This study aims to undertake morphological and molecular
characterisation of pathogenic fungi causing brown leaf spot symptoms over fonio
growing regions of Nigeria and identify putative effectors that may contribute to
virulence on the plant. Through field sampling of 18 sites over three states (located
in South-West and North-central Nigeria), 180 diseased samples were collected. In
total 27 fungal species were morphologically identified, representing 11 genera
from symptomatic fonio plant and seeds. Pathogenicity assays demonstrated that
only five genera were able to cause disease on fonio. Molecular characterisation of
pathogenic isolates was performed through sequencing the rDNA Internal
Transcribed Spacer (ITS) region. This led to identification of Fusarium, Curvularia,
Exserohilium, Epicoccum and Colletotrichum genera. Curvularia and Epicoccum
strains were also able to cause brown leaf spot symptoms, whilst Epicoccum and
Colletotrichum species were causal agents of dry rot on fonio seedlings, and
Fusarium strains caused wilting (stem rot) symptoms. Currently, additional
secondary barcoding regions are being screened to refine pathogen identification
to the species level. The study has shown that not only Curvularia spp. was
responsible for brown leaf spot disease on fonio, hence this will help in breeding
resistance for multiple pathogenic fungi.
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How does elevated CO2 concentration impact oak leaf
metabolites and microbes?

Sophie E Powell', Robert W Jackson', James McDonald', Mojgan Rabiey'?
"University of Birmingham; 2University of Warwick

Climate change, driven by elevated concentrations of carbon dioxide
(e[C0O2)), is predicted to significantly impact the health and fitness of trees. English
Oaks, Quercus robur, are threatened by emerging pathogens, which could be
exacerbated by additional climate stress. Trees rely on microbial communities to
enhance tolerance to various stressors, including pathogenic threats, by boosting
defense responses and promoting resilience. However, climate change, particularly
e[CO2], may cause alterations in leaf metabolite composition and microbial
community diversity thereby increasing tree susceptibility to disease. At the
Birmingham Institute of Forest Research (BIFOR) Free Air Carbon dioxide
Enrichment (FACE) facility, we are investigating the effects of e[CO2] on metabolite
profiles, microbial community diversity (bacteria, archaea, and fungi), and
interactions between these microbes and tree pathogens. At BIFOR-FACE, open
arrays of oak-dominant forest are fumigated with + 20% e[CO2] (~510 ppm)
modelling the predicted atmospheric composition from 2050 onwards. Oak leaves
were collected from 12 BIFOR-FACE trees 3 times across the growing season in
2016, 2019, and 2024 from e[CO2] and ambient arrays. We conducted untargeted
Liquid Chromatography — Mass Spectrometry (LC-MS) to determine whether
e[CO2] drove changes in the leaf metabolome composition. Microbiome analysis
was conducted using 16S rRNA gene and ITS gene amplicon sequencing to
identify shifts in microbial community diversity. Additionally, a microbial culture
collection of over 1,200 isolates were generated, with colony forming unit counts
measured to compare changes in microbial abundance across [COZ2]. Here, we
present results which indicate that e[CO2] and month causes a shift in the
metabolite profile of oak leaves, with variable metabolites including flavonoids,
alkaloids, and prenol lipids. Additionally, microbial culturing from oak leaves
revealed a decrease in colony-forming units per mL under e[CO2] at the end of the
growing period. These changes may impair the oaks’ ability to suppress pathogen
establishment, leading to increased disease susceptibility. These investigations are
crucial for making accurate predictions regarding future tree health and may
facilitate the development, and implementation, of innovative climate-change
based protection strategies to safeguard oak trees from climate change prior to
significant woodland decline.
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Use of a phased genome assembly in an association study to
identify the H1 resistance gene against potato cyst nematodes

Yuk Woon Cheung'?, Lynn H Brown'?, Yuhan Wang'?, Thomas M Adams’,
Micha Bayer®, Amanpreet Kaur', Jamie Orr', XinWei Chen', Ingo Hein'2

"Department of Cell and Molecular Sciences and * Department of Information and
Computational Sciences, The James Hutton Institute, Invergowrie;?Division of
Plant Sciences, University of Dundee, Dundee

Potatoes (Solanum tuberosum) are a globally important crop, central to
food security and agricultural economies. However, they are threatened by a
diverse range of unrelated pathogens. Central to breeding for durable resistance is
the identification and deployment of disease resistance (R) genes, such as H1, a
key gene conferring resistance to the potato cyst nematode Globodera
rostochiensis.

This research encompasses the identification of H1 resistance gene
candidates and highlights how advancements in phased genome assembly have
enabled precise genetic and physical mapping of the underlying resistance loci.
Using cutting-edge sequencing technologies such as Oxford nanopore technology,
we have achieved haplotype-resolved assemblies of a dihaploid potato genomes,
allowing detailed structural characterisation of the H1 resistance gene cluster with
the use of an adapted SMRT-Agrenseq-d workflow.

The study integrates high-resolution genome assembly with association
genetics approaches, including R-gene enrichment sequencing (RenSeq), to
delineate resistance loci at both the genetic and physical levels. The workflow
combines ONT Seq (Oxford Nanopore Technology sequencing), AgRenSeq (k-mer
based association genetics), and dRenSeq (presence/absence diagnostics),
together termed ONT-AgRenSeqg-d. This pipeline enables the high-resolution
mapping of the H1 locus and its variants, offering a blueprint for discovering
additional R-genes.

By leveraging the power of phased genome assemblies, we can not only
pinpoint resistance genes such as H1 but also provide a gateway to unravelling the
genomic architecture surrounding them. This provides insight into gene evolution,
structural variation, and linkage, ultimately guiding the development of markers for
efficient breeding. Our research demonstrates how state-of-the-art genomic tools
are reshaping our understanding of plant immunity and accelerating the breeding
of disease-resistant potato cultivars.

104
BSPP



BSPP25 and ECPP25

BSPP

Notes

105



BSPP25 and ECPP25

BSPP

Notes

106



BSPP25 and ECPP25
Other Posters 1

Mechanisms of host specificity of a wheat fungal pathogen

Aeshah AL Alyan'2, Oluwaseyi Shorinola', Graeme J Kettles'

’School of Biosciences, University of Birmingham; ?Biology, King Khalid
University, Saudi Arabia

Mechanisms of host specificity of a wheat fungal pathogen Zymoseptoria
tritici causing septoria tritici blotch (STB), is a major threat to wheat production
resulting in substantial yield losses. Z. tritici infects both durum (DW) and bread
wheat (BW), though isolates are highly cultivar- and host species-specific. For BW,
there are 23 known disease resistance genes (Stb genes) which confer qualitative,
strain-specific resistance. In addition, there are numerous QTLs which provide a
lower level of quantitative resistance. However, the mechanisms that control
BW/DW specificity of a particular strain are unknown. The aim of this study is to
investigate the physiological and genetic components that contribute towards this
host specificity.

To confirm the BW/DW host specificity of Z. tritici, we screened six wheat
cultivars (three BW and three DW) for resistance against 14 fungal isolates. This
indicated that BW-derived strains were virulent on BW cultivars but less infectious
on DW; however, DW-derived isolates were mostly virulent on DW cultivars and
avirulent on BW cultivars, thus confirming previous observations. To investigate
preformed physiological differences between hosts, we investigated traits related
to stomatal aperture, which identified large variations in stomatal dimensions and
density among hexaploid BW and tetraploid DW cultivars. However, larger stomatal
aperture, as well as higher stomatal density seen in BW cultivars was not linked to
the resistance profile of these plants. We continued to investigate rates of fungal
spore adhesion, spore germination, and hyphal branching on leaf surfaces, which
were similar on all cultivars tested, suggesting that pre-penetration growth of the
fungus was not host-dependent. Using the GFP-expressing IPO323 strain—we
found that DW resistance occurred at the point of stomatal penetration, similar to
Stb-gene mediated resistance of Stb6-containing BW cultivars. Our future work will
focus on identifying fungal and host genetic components contributing to
BW/Specificity. A fungal forward genetic screening approach using the ZymoSoups
method will be employed to identify fungal genes involved in gain-of-virulence
(GoV) on a normally resistant wheat cultivar. Additionally, host genetic components
of resistance will be explored through screening the wheat TILLING populations in
Kronos (DW), leveraging known QTLs and genetic markers.
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Rhizoctonia solani manipulates the host-auxin response
network for increased root pathogenesis of Arabidopsis
thaliana

Abdulqudus Ibrahim'2, Ranjan Swarup’, Etienne Farcot?, Leah Band'?, Rumiana
Ray’

"School of Biosciences and ? School of Mathematics, University of Nottingham

The fungal pathogen, Rhizoctonia solani causes damping off on several
important crops including oil seed rape and potatoes. Infection is characterised by
leaf and root rot, reduction in lateral root emergence, poor crop establishment and
overall stunted growth. Isolates of R. solani produce auxins, indole acetic acid
(IAA) and phenylacetic acid (PAA), at varying levels, however the role of these
auxins in host pathogenesis remains unclear.

Using auxin-responsive reporter lines of Arabidopsis thaliana, we
investigated the auxin dynamics in plant roots during infection by isolates of R.
solani anastomosis group (AG) 2-1. A mathematical model was developed to
provide information on the interaction between pathogen-derived IAA and PAA
and the plant's auxin network.

Rhizoctonia solani produced auxins prior to and during the infection
process, with auxin response being elevated during host penetration. Exogenous
auxins altered fungal growth invitro, and virulence of the isolates invivo. Our
model revealed that the interaction between pathogen-produced auxins and auxin
receptors of the host root was dose and time dependent. Our findings suggest
that R. solani manipulates the host-auxin response network for increased
pathogenesis, altered root development and architecture. Further work is
progressing on the role of host produced auxins in regulating root development
and the immune response to R. solani.
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Loop Mediated Isothermal Amplification (LAMP) as a rapid and
portable diagnostic tool for the detection of pea root rot
pathogens

Alba Pacheco-Moreno', Sam Bruty', Henry Tidd"2, Eyerusalem Morka' and Sanu
Arora'
John Innes Centre; 2NIAB, Cambridge.

Legumes play a crucial role in sustainable agriculture through their ability

to fix nitrogen, which reduces the need for synthetic fertilisers enhancing overall
soil health. However, the widespread threat of root rot, driven by pathogens like
Aphanomyces euteiches, Fusarium spp. or Pythium spp, poses significant
challenges to legume cultivation, including peas. Their coexistence exacerbates
the severity of the disease, and the lack of effective genetic resistance and chemical
treatments forces growers into control strategies like long rotations and field
avoidance to minimise crop losses. Within this scenario, accurate and timely
identification of pathogens becomes crucial for effective disease management.
Int his work, we developed and assessed a rapid, portable, and cost-effective
LAMP (Loop-Mediated Isothermal Amplification) assay for the detection of pea root
rot pathogens: A. euteiches, F. solani, F. oxysporum, and P. ultimum. Primers were
designed by identifying conserved unique regions within the ITS1 sequence for
each target pathogen. These primers exhibited high specificity and could detect
DNA concentrations as low as 0.02 ng within 45 min, with a further reduction to 20
min for concentrations exceeding 10 ng.

Furthermore, we evaluated the efficacy of both colorimetric and RealAmp

assays for detecting A. euteiches and F. solani spore concentrations ranging from
10 to 105 in planta and in soil under different growth conditions, from sterile
vermiculite to standard soil. This allowed us to assess the correlation between
disease severity and the detection threshold of our tool.
Lastly, we implemented the use of a portable real-time quantitative colorimetric
LAMP device (PEBBLE) and a magnetic beads based gDNA extraction protocol for
in situ detection. We assessed its efficacy against A. euteiches using field soil
samples with known history of root rot and after comparison with the traditional soil
baiting method, we could conclude that the detection of A. euteiches using PEBBLE
was of a higher accuracy.

This study acts as a baseline to develop a rapid and portable tool for
detecting soil pathogens in agricultural settings without the need for specialised
thermal cycling equipment or the technical expertise associated with other
molecular tools.
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Investigating an insect secondary symbiont in the English grain
aphid, Sitobion avenae

Alex Andersson”, Moni San"), Tom Foster", Trisna Tungadi("

'Keele University, UK

A majority of plant viruses are transmitted (vectored) by Hemipteran insects such
as aphids. More than 80 species of aphids vector approximately 30 % of known plant viruses.
Aphids also directly damage plants from their feeding activities. Most aphid species harbour
heritable bacterial symbionts throughout their lifetime. These are categorised into primary
and secondary symbionts. Primary symbiont such as Buchnera aphidicola, are vital for aphid
survival and provides aphids with essential amino acids. Secondary symbionts confer
various fitness benefits to the aphids such as protection against predators and increased
tolerance against environmental stress. The English grain aphid (Sitobion avenae) is a major
insect pest for cereal crops and is a vector for Barley yellow dwarf virus (BYDV). BYDV is a
Luteovirus which cause significant yield loss in cereal crops by reducing plant root and shoot
growth. BYDV is vectored by aphids in a circulative, non-propagative way. Prolonged aphid
feeding is needed for successful BYDV acquisition and transmission. BYDV enters the
aphid’s body through the stylet, into the aphid gut, haemolymph, and finally into aphid
salivary glands where it remains throughout the aphid’s lifetime. Controlling BYDV spread
remains a challenge as aphids are developing tolerance to insecticide.

Secondary symbionts can influence aphid fitness and potentially aphid-mediated
transmission of plant viruses'. We utilised two Sitobion avenae colonies (Hasse Fen and
SA33) which harbour Regiella insectiola as a symbiont and one aphid colony (Narborough)
without R. insecticola. Aphids were collected from fields in 2023 and reared on barley
(Hordeum vulgare) cv. Planet. Previous studies showed that R. insecticola protect pea
aphids against fungal pathogens?. Certain Regiella strains were involved in pea aphids’ host
plant adaptation®. We confirmed the presence of R. insecticola using PCR with specific
primers. Aphid survival and colony growth were recorded on barley using aphid colonies with
and without R. insecticola. Following this, successful BYDV acquisition from virus-infected
barley plant were determined using RT-PCR. Preliminary data showed an observable but
non statistically significant trend that harbouring Regiella might lead to greater nymph
production. Further studies are ongoing to study aphid-symbiont-virus interactions,
specifically in how symbionts may influence aphid vectoring competence.

References :
1. Leybourne et al., 2020 https://doi.org/10.1111/1744-7917.12606
2. Higashi et al., 2023 https://doi.org/10.1111/mec.16801
3. Tsuchida et al., 2004 https://pubmed.ncbi.nim.nih.gov/20880856/
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Exploring vector-virus complexities: the effect of
endosymbionts on virus acquisition and transmission in
Sitobion avenae

Ananya Yadav !, Rebekah Duke ', Andrea Ceribelli !, Daniel J. Leybourne '
"Department of Evolution, Ecology and Behaviour. The University of Liverpool, UK

Barley yellow dwarf virus (BYDV) is a widespread pathogen that infects
cereal crops, posing a serious threat to global food security. Several cereal aphid
species vector BYDV, although the efficiency with which aphid populations can
transmit BYDV varies. Many aphid species can form associations with a range of
facultative endosymbionts that influence aphid behaviour and fitness. However, it
is unclear how these endosymbionts acquire the capacity of an aphid to acquire or
transmit BYDV.

To examine the effects of facultative endosymbionts on the vector-virus
relationship, we conducted an acquisition-transmission feeding experiment using
the English grain aphid, Sitobion avenae. We used two aphid lines: one free of
facultative endosymbionts and an additional experimental line generated through
microinjection of the defensive endosymbiont Hamiltonella defensa into
endosymbiont-free aphids. By experimentally manipulating the endosymbiont
status in this manner, we can control for any confounding effects of aphid genotype.
Experimental overview: BYDV load in aphids following virus inoculation was
quantified through relative gPCR. Viral load results indicate that H.defensa-infected
aphids had a higher relative abundance of BYDV, approximately threefold higher
than the endosymbiont-free aphids. Transmission efficiency experiments are
currently ongoing, and DAS-ELISA will be used to identify BYDV-infected plants
following virus incubation.

These findings contribute to a deeper understanding of the effect aphid
endosymbionts have on virus-vector relationships, particularly furthering our
understanding of the role these microbial partners play in vector competency. They
also provide a basis for discussions on the evolutionary advantages of facultative
endosymbionts and future strategies for pest and disease management in cereal
systems.
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Enhancing pathogenic spore longevity — the biomechanical
and morphological responses of Phytophthora zoospores and
cysts to osmotic stress

Ayelen Tayagui', Chi Minh Truong?, Yiling Sun®, Maddie Sergent', Ashley
Sedcole!, Abbie Watson', Volker Nock?, Geoff R. Willmott?, Ashley Garrill'

School of Biological Sciences, University of Canterbury, Christchurch, New
Zealand; 2Department of Physics, The University of Auckland, Auckland, New
Zealand; 3Department of Electrical and Computer Engineering, University of
Canterbury, Christchurch, New Zealand

Zoospores are motile, asexual reproductive propagules that enable
pathogenic Phytophthora species to locate and infect new host tissue. Once they
locate host tissue, they lose their flagella and develop cell wall forming cysts that
then germinate and infect the host. During the zoospore/cyst stages of their life
cycle, they may be exposed to significant osmotic stresses due to rainfall and/or
evaporation. Any mechanisms that enable them to survive these stresses will
clearly impact spore longevity and hence their infective capability, yet surprisingly
little is known about them. We have recently reported that the oomycete Achlya
bisexualis may change its Young's modulus (E) either through turgor regulation
and/or cell wall properties in response to osmotic stress, mechanisms that enable
subsequent germination of cysts (1). We are using a combination of Lab-on-a-Chip
(LOC) and the biophysical technique of microaspiration (MA) to investigate
changes to the biomechanical properties and morphology of Phytophthora
zoospores and cysts in response to osmotic stress. LOC devices have been
designed to facilitate very rapid changes to the osmotic potential (both hyper- and
hypo-osmotic stresses) of the media surrounding isolated zoospores and cysts and
the observation of their morphological changes. These morphological changes
include a novel “blebbing” process that appears to replenish protoplast in a
plasmolysed cyst that then enables the cyst to germinate and form a germ tube.
MA measurements of E indicate a biphasic viscoelastic response likely due to
changes in turgor (viscous) and cell wall cross-linking (elastic). Irrespective of the
imposed stress, cysts are able to survive and germinate, which suggest these
mechanisms enhance both spore longevity and infective capability in nature.

Ref; Lacalendola, N., Tayagui, A., Ting, M., Malmstrom, J., Nock, V., Willmott, GR. and
Garrill, A., 2022. Biomechanical responses of encysted zoospores of the oomycete Achlya
bisexualis to hyperosmotic stress are consistent with an ability to turgor regulate. Fungal
Genet. Biol. 159, 103676. DOI: 10.1016/j.fgb.2022.103676
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The diversity of fungi associated with Pisum sativum

Biruta Bankina', Katrina Apsite!, Gunita Bimsteine', Inga Moro¢ko-Bi¢evska?,
Janis Kaneps', Kristine Drevinska2

"Latvia University of Life Sciences and Technologies, Latvia; ?Institute of
Horticulture, Latvia

Pea (Pisum sativum) has become an increasingly important crop in
Europe. Literature data on pea diseases are limited. Therefore, the aim of this study
was to identify the spectrum of fungi associated with pea in Latvia. Five farms where
peas were produced commercially were visited in 2023 and 2024. Samples from
diseased plants (leaves, pods, stems, and stem bases) were collected. In addition,
seed samples without visible disease symptoms were also taken. Pure cultures of
fungi were obtained and grouped based on their morphological characteristics.
Representative isolates from each group were randomly selected for molecular-
genetic analyses. Fungal genera were identified by sequencing ITS region and
performing phylogenetic clustering. A total of 343 pure fungal cultures were
obtained and identified from both plant and seed samples. Ascochyta blight was
the dominant disease observed on leaves and pods. Of the isolates obtained and
identified, 48% from leaves and pods and 20% from seeds belonged to causal
agents of this disease. This disease can be caused by several closely related
genera — Didymella, Ascochyta and Phoma. Further analyses using relevant
genus-specific markers are necessary to study the spectrum of these fungi.
Alternaria spp. was the dominant fungal genus, detected in 61% of seed samples
and 17% of aboveground plant parts. In contrast, Stemphylium spp. were
significantly less prevalent, occurring in 4% and 9% of the respective samples.
Although data on the pathogenicity of these fungi are contradictory, both genera
are known to co-occur at the same infection sites. Fusarium spp. has been found
in the stem base from the plants showing symptoms of wilt and root rot. In addition,
Fusarium was important component of the fungal spectrum isolated from seeds
(11%). The presented study provides the first results on fungi associated with pea
in Latvia, contributing to better understanding of pea diseases and potential
emerging issues related to the expansion of sowing areas. Further investigation is
necessary to identify fungal species involved and to assess their pathogenicity.
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Mechanisms of membrane-associated effector proteins in
phytopathogenic Oomycetes: inhibition of NAC transcription
factor activation

Chiara Mercer', Claudia-Nicole Meisrimler2

’School of Biological Science, and ?Biomolecular Interaction Centre, University of
Canterbury, New Zealand.

Phytopathogenic oomycetes such as Phytophthora infestans (late blight in
potatoes) and Bremia lactucae (downy mildew in lettuce) utilise effector proteins to
suppress plant immune responses and successfully colonise the host. Membrane-
bound NAC transcription factors (TFs) are conserved across many plant species
(e.g., lettuce, potato, and Arabidopsis) and relocate from the endoplasmic reticulum
(ER) to the nucleus during pathogenic stress. Translocation of NAC TFs is
associated with cellular reactive oxygen species regulation and host cell death.

ER-localising RXLR effectors from P. infestans (Pi03192) and B. lactucae
(BLRO5 and BLRO09) interact with NAC TFs StNTP1, StNTP2, LsNACO069,
ANACO013, and ANACO017, inhibiting NAC TF relocation to the plant nucleus during
stress. This research aims to further investigate how membrane-associated RXLR
effectors are translocated into the host, and how they inhibit NAC TF translocation.

Transient expression of BLR05, BLR09, ANACO013, and ANACO017 in
Nicotiana benthamiana was confocal microscopy, confirming co-localisation at the
ER membrane. Further, preliminary data suggest dimerisation of BLR05 and
BLRO09, confirmed by co-immunoprecipitation and FRET analyses. The C-terminal
transmembrane domain is essential for effector interaction with NAC TFs.
Furthermore, bioinformatic analyses and sequence alignments have identified
conserved amino acid motifs within these domains, suggesting a critical role in
mediating membrane association and interaction with host transcription factors.

The precise mechanisms by which these effectors are translocated into the
host remain poorly understood. To address this, fluorescently tagged Pi03192,
BLRO05, and BLRO09 are expressed in P. infestans to enable visualisation of effector
localisation and potential translocation dynamics via confocal microscopy. In
parallel, differential centrifugation combined with Western blotting is employed to
track effector localisation.

Characterising Pi03192, BLR05, and BLR09 and their interactions with
conserved NAC TFs will elucidate effector features critical for host manipulation
and infection. These insights will advance strategies to disrupt pathogenicity in
phytopathogenic oomycetes such as P. infestans and B. lactucae.
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Decoding Host Manipulation: Characterisation of the Mg3LysM
Effector in Zymoseptoria tritici

Dimitra Valsami', Jem Stach', Patricia Lopez-Calcagno', Neil Boonham?, Aoife
Dillon?, Paul Race'

"Newcastle University, UK; ?Fera Science, UK

Septoria leaf blotch, a devastating wheat disease caused by the fungus
Zymoseptoria tritici, remains a persistent threat to agricultural productivity. The
pathogen's ability to evade detection during early infection stages is linked to its
LysM effector proteins, which bind chitin and inhibit host immune recognition.
Among the three effectors encoded by Z. tritici, Mg3LysM is thought to play a
dominant role, as knockout mutant strains have demonstrated a significant
reduction in pathogenicity. However, the biophysical and structural properties of
Mg3LysM remain largely uncharacterised, due in part to challenges associated with
its structural complexity and post-translational modifications. This study addresses
these obstacles through heterologous expression in both bacterial and plant
systems, resulting in substantial improvements in protein yield and solubility.
Biophysical assays, structural characterisation and in vivo localisation experiments
are underway, with the aim of empirically clarifying the precise function and host
interactions of this elusive effector.
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EVOCA™ and AGROBODY™ bioactives: novel biocontrol
agents for plant disease control

Enrico Ferrarini, Jan Geerinck, Thomas Hainaux, Sabrina Inigo, Son Nguyen,
Michael Csukai and Carlo Boutton

Biotalys NV, Buchtenstraat 11, Ghent 9051, Belgium

Phytopathogenic fungi and oomycetes remain a significant threat to global
food security, causing extensive crop losses. While chemical crop protection
remains the standard approach for controlling plant diseases, concerns over the
environmental and health impacts of pesticide use, the emergence of resistant
pathogen strains, and the recent ban of key fungicides are challenging current
disease management strategies and driving the need for innovative alternatives.

Biotalys is committed to the development of an AGROBODY ™ technology
platform, a new type of protein based crop protection solution aiming to replace or
reduce conventional chemical pesticides and contribute to more sustainable and
resilient agricultural systems.

Members of the Camelidae family produce both standard antibodies and a
distinctive type of antibody that does not contain light chains. The antibody
fragments derived from these heavy-chain only IgG are dubbed VHHs. VHHSs are
approximately 1/10th the size of conventional IgG antibodies, are smaller than scFv
antibodies but still display high affinity and specificity for their target antigens.
Furthermore, VHHSs also display higher stability than conventional antibodies but
do not persist in the environment being rapidly broken down to their constituent
amino acids. Because of these advantages VHH antibodies have been applied for
neutralizing bacterial mycotoxins and have been successful developed as human
therapeutics, diagnostic tools and biosensors. However, EVOCA™ is the first VHH
to be developed for the agricultural market.

EVOCA™ controls Botrytis cinerea and powdery mildew in strawberries
and vines and is undergoing registration in both the USA and Europe. However,
AGROBODY ™ bioactives can also be applied to other fungal and oomycete control
and here we present how the AGROBODY FOUNDRY™ is being applied in the
development of multiple novel modes of action for plant disease control.
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Exploring the role of CCg1o-type NLRs in a novel plant system,
Vicia faba.

Edward Holtom', Freddie King?, Tarhan lbrahim?, Tolga Bozkurt?, Jiorgos
Kourelis?

"University of York, UK; 2Imperial College London, UK

In response to a diversity of pathogens, plants have evolved complex, multilayered
immune systems involving cell-surface and intracellular immune receptors.
Nucleotide-binding and leucine-rich repeat receptors (NLRs) are a family of
intracellular receptors which recognise pathogen effectors. By oligomerising into
resistosome structures and inserting into the plasma membrane to trigger Ca 2+
influx, they initiate a type of localised cell death called the hypersensitive response
(HR). While singleton NLRs perform both effector detection and HR initiation, other
NLRs sub-functionalise into sensors, which detect pathogen effectors, and helpers,
which respond to signalling from sensors by triggering HR. Sensor-helper networks
have been extensively studied in model species such as Nicotiana benthamiana,
whereas we lack understanding of NLR functions in a broader range of Angiosperm
species. In this study we aim to characterise the roles of 11 candidate CC G10 -
NLR genes identified in the genome of Vicia faba, broad bean, a representative
species of the Fabaceae family which holds importance for global food security. Al-
based structural modelling was used to predict the resistosome structures of 11
candidate CC G10 -NLRs identified in the V. faba genome, using outputted
confidence scores to aid classification into predicted sensor and helper roles. We
additionally generated protein alignments to identify conserved residues associated
with the ability to trigger HR. After these computational predictions, we will express
the NLRs in V. faba and N. benthamiana by transient Agrobacterium-mediated
transformation. Cell-death assays will be conducted to identify which NLRs are
capable of triggering HR in the plant systems. This findings of this study could
provide valuable insight into the NLR network of V. faba, guiding future
biotechnological developments for improved disease resistance in Fabaceae
crops.
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Identification of High-Affinity Peptides for Ralstonia
solanacearum Using Phage Display Technology Towards Novel
Biocontrol Strategies

Emmanuel Mwampale'?, Lyimo B?, Venkataramana P2, Yamabhai M3

"Tanzania Agricultural Research Institute; > Nelson Mandela African Institution of
Science and Technology, Tanzania; *University of Suranaree of Science and
Technology, Thailand.

Potato (Solanum tuberosum) is a major food and cash crop in Tanzania,
contributing a significant role in ensuring food security and income generation
among smallholder resource poor farmers. However, like any other crop, its
production is reduced by diseases particularly from bacterial wilt, primarily caused
by Ralstonia solanacearum, a highly aggressive and soil-borne pathogen (Wang et
al., 2023).

In Tanzania Bacterial wilt, caused by the soil-borne pathogen Ralstonia
solanacearum, poses a significant threat to potato production, leading to substantial
yield losses up to 75%. Conventional management strategies have had limited
success due to the pathogen’s genetic diversity, soil persistence, and
environmental adaptability (Rostand et al., 2018). This study aims to identify
peptides with high binding affinity to R. solanacearum using phage display
technology, a crucial step in developing targeted and effective biocontrol agents. A
phage-displayed peptide library will be screened against prepared R.
solanacearum cells to enable protein-protein interaction. Through multiple rounds
of incubation, affinity binding, stringent washing, and elution, phage particles
exhibiting high specificity and affinity for the bacterial target will be enriched. The
DNA of selected phage clones will be sequenced to deduce the amino acid
sequences of the binding peptides. The successful identification of such high-
affinity peptides will provide a foundation for engineering novel phage-based
biocontrol solutions, offering a promising, eco-friendly, and sustainable approach
to manage bacterial wilt and enhance potato productivity in smallholder farming
systems.

References
Rostand et al; African Journal of Biotechnology, 17(52), 1455-1465.
Wang et al; Plant Science (Vol. 14). Frontiers Media S.A.
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Seedling Emergence and Growth of Peanut Plants Infected By
Macrophomina phaseolina

Francisca Okungbowa, Oluwatoyin Isalar
Department of Plant Biology and Biotechnology, University of Benin, Nigeria.

Macrophomina phaseolina causes 10 - 50% loss in peanut and other crops,
yet it has not been widely studied, leading to sparse documentation. To manage a
pathogen, its biology and interaction with host have to be understood.

s study sought to determine the effect of M. phaseolina on the germinability of
peanut seeds and growth of seedlings, as a step in understanding the
pathogenicity of the fungus.

M. phaseolina was isolated from peanut samples in Nigeria, using potato
dextrose agar amended with 0.02gm/200ml. Eighteen isolates were identified by
cultural and molecular methods and confirmed by CABI. Viable peanut seeds were
inoculated separately, with one M. phaseolina isolate spore suspension in Petri
dishes. Germinability of seeds was measured by emergence percentage. Seedling
height, girth, leaf area and leaf number were measured daily for five weeks.

Germination occurred in seeds inoculated with only four M. phaseolina
isolates out of 18 (22.2%) while death of seeds occurred in the others (77.7%).
Seedling emergence was 50% in two isolates and 25% each for another two.
Various degrees of symptoms occurred, with necrotic lesions being the most
common, and damping — off the least. Stem girth and leaf number did not vary
significantly for different isolates, but were lower than the control values. Shoot
length and leaf area values had significant differences. Phylogenetic analysis
showed isolates 6 and 8 were most closely related. M. phaseolina, an understudied
pathogen, has variability in virulence worthy of further study for disease control.
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Virulence profiling of Pseudocercospora griseola, the causal
agent of common bean angular leaf spot in the western
highlands agro-ecological zone of Cameroon, and Biological
control

Gael Chatue Chatue'-?, Christopher Suh?, Pierre Eke', Louise Wakam Nana',
Fabrice Boyom Fekam'

"University of Yaoundé 1, Cameroon; ?Institute of Agricultural Research for
Development, Cameroon; 3 IITA, Democratic Republic of Congo

Angular leaf spot (ALS), caused by Pseudocercospora griseola, is one of
the most devastating diseases of the common bean, impacting grain quality and
profitability worldwide. The broad genetic heterogeneity alongside the high
virulence of P. griseola seriously impede the implementation of effective and long-
term strategies to manage this disease. The purpose of this work was to determine
the virulence variability of P. griseola isolates causing Angular leaf spot of bean in
the western region of Cameroon, and to assess the biocontrol potential of
Trichoderma asperellum strains against this foliar pathogen. The results indicated
that all of the 11 obtained isolates are responsible of Angular leaf spot, with disease
severity ranging from 3.5 to 8.4 according to the 1-9 disease grading scale. The
most aggressive isolate (ND2E) was found to be in the same lineage with a
reference Mesoamerican strain from GenBank (JX454557.1). In addition, T.
asperellum PR11, PR12 and 659-7 completely inhibited the growth of P. griseola
during the dual culture test. The cell-free culture filtrates of all those T. asperellum
strains inhibited the mycelial growth and spore germination of P. griseola. The
highest percentage of inhibition of the mycelial growth and spore germination
(26.33% and 27.14%, respectively) was observed with the culture filtrate from T.
asperellum PR11 at 25% (v/v). Furthermore, treatment of infected bean leaves with
T. asperellum PR11 reduced by 22.5% the disease severity 21 days after
inoculation. Also, an increase of 287.087, 43.116, and 72.010% of the chlorophyll
content, total phenols and flavonoids was observed when infected leaves are
treated with T. asperellum PR11. This research is consequently a first report of a
Mesoamerican race of P. griseola in Cameroon, well-known for its high virulence
and broader host range. The overall result supports the use of Trichoderma
asperellum PR11 as a biocontrol agent for the management of ALS disease in
common bean. Our findings provide a promising avenue for the setting up of a
biological solution to manage ALS in Cameroon and contribute to sustainable food
security.
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Sharp eyes in the archives: Investigating Rhizoctonia cerealis
Grace Brookman', Fareed Bhatti®?

"University of Exeter; 2Rothamsted Research; 3University of Nottingham

Rhizoctonia cerealis is a hemibiotrophic fungal pathogen which can infect
the stems of cereals including wheat - causing defined, necrotic lesions called
sharp eyespot. Around 2-20% of UK wheat stems in annual visual surveys have
been reported as presenting sharp eyespot symptoms since 1975!", and despite
average annual yield losses being low (<0.5%), severe outbreaks can be
devastating — causing reductions of up to 25%. The factors that drive this year-
on-year and regional variation in sharp eyespot damage remain poorly understood
— compounded by difficulties in accurately identifying R. cerealis in the field given
the similarity of its symptoms to those of several other stem-base diseases. With
suggestions that climate change, altered fungicide use, and different sowing dates
may be increasing sharp eyespot severity globally®!, the ability of farmers to
effectively monitor and manage stem-base diseases is vital.

To investigate these challenges in identification and monitoring, we used a
quantitative PCR assay!¥ to document the molecular evidence for R. cerealis
across the UK using stem samples from recent UK Pest and Disease Surveys
provided by ADAS; and over a 174-year period using stems archived from the
Broadbalk winter wheat experiment at Rothamsted Research — the world’s longest-
running scientific experiment and a globally unique resource for investigating long-
term disease dynamics.

This revealed R. cerealis had a sporadic distribution across time and space
from which it was challenging to draw conclusions on the influence of agronomic
and environmental factors — highlighting the value of continued monitoring using
molecular diagnostic methods. This project was funded by the BSPP
Undergraduate Vacation Bursary.

[1] ADAS. Defra Survey of Crop Pests & Diseases — Data Explorer.
https://www.pestanddiseasesurvey.co.uk/platform

[2] Clarkson JDS and Cook RJ. Plant  Pathology. 1983.
https://doi.org/10.1111/j.1365-3059.1983.tb02856.x

[3] Hamada MS et al Pest Management  Science. 2011.
https://doi.org/10.1002/ps.2236

[4] Woodhall JW et al. Eur J Plant Pathol. 2017. https://doi.org/10.1007/s10658-
016-1083-7
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A hydrophobic core in the coiled-coil domain is essential for
NRC resistosome function

Hung-Yu Wang'?, Enoch Lok Him Yuen?, Kim-Teng Lee', Foong-Jing Goh',
Tolga O. Bozkurt?, Chih-Hang Wuf1,

! Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan;
2Department of Life Sciences, Imperial College London

The nucleotide-binding leucine-rich repeat protein (NLR) required for cell
death (NRC) family represents a group of helper NLRs that are required by sensor
NLRs to execute hypersensitive cell death during pathogen infection. NRCs contain
an N-terminal coiled-coil (CC) domain essential for their function, yet our knowledge
of how this domain contributes to NRC function remains limited. Here, we identified
a novel hydrophobic feature within the CC domain that contributes to NRC-
mediated immunity. We screened for conserved hydrophobic residues among
NRCs and identified seven required for NRC4-mediated cell death. Structural
analysis revealed that four of these residues form a hydrophobic core in the CC
domain. This hydrophobic core is important for NRC4 subcellular localization,
oligomerization, and phospholipid association, but not for NRC4 focal accumulation
at the extrahaustorial membrane during Phytophthora infestans infection.
Sequence analysis and functional assays revealed this core is highly conserved in
NRCs and some singleton NLRs but has degenerated in NRC-dependent sensor
NLRs. Our study identifies a novel hydrophobic feature in the CC domain of NRCs
and reveals its contribution to NLR-mediated immunity.
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Genetic diversity of the mating-type locus in Pyrenophora
tritici-repentis isolates from Latvia

Janis Kaneps', Biruta Bankina', Inga Moroc¢ko-Bi¢evska?

"Latvia University of Life Sciences and Technologies, Latvia; ?Institute of
Horticulture, Latvia

Tan spot, caused by the fungal pathogen Pyrenophora tritici-repentis, (Ptr)
is a significant foliar disease of wheat that has gained global importance since its
emergence in the 1970s. In Latvia, tan spot was first documented in the early
1990s, and has since become one of the most prevalent leaf diseases affecting
wheat crops in the region. Aim of this study was to reveal genetic diversity of Ptr
isolates obtained from wheat and other hosts, such as wheat, triticale, orchard
grass, couch grass. According to previous studies, Ptr mating type locus (MAT)
haplotypes form three groups with group | being the largest (Lepoint et al., 2010).
The final MAT gene dataset included 58 sequences of Latvian isolates and 69
sequences from GenBank, including 12 haplotype representatives from Lepoint et
al. (2010). Several haplotype groups were identified by TCS haplotype network.
Most of the isolates were included in the group |. From newly identified haplotypes
in group |, four haplotypes were unique to Latvia. The second largest group
consisted of eight haplotypes with two haplotypes being unique to Latvia. The third
group comprised rare haplotypes, represented by strains mainly isolated from
alternative hosts. This shows that alternative hosts are more likely to harbour
strains that are genetically more distant from those found in wheat, indicating that
they may serve as important reservoirs of genetic diversity that warrant further
studies.

References

Lepoint, P., Renard, M. E., Legréve, A., Duveiller, E., & Maraite, H. (2010). Genetic
diversity of the mating type and toxin production genes in Pyrenophora tritici-repentis.
Phytopathology, 100(5), 474-483.

Acknowledgement: The research was supported by the European Social Fund project
No.8.2.2.0/20/1/001 'LLU Transition to a new funding model of doctoral studies and
program ‘Implementation of fundamental research at Latvia University of Life Sciences and
Technologies', project G13, 'Phenotypic and genetic diversity of Pyrenophora tritici-
repentis’.
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Establishing a Reporter Assay for Chitin Synthase Inhibition
for Pesticide Research

James Irvine', Joe Gingell?, John Mina?, Shradha Singh?, Xinghao Zhou?, Tim
Dafforn’, Graeme Kettles'

"University of Birmingham; 2 Syngenta, Bracknell,

Chitin is an important fungal and insect cell wall component. It is a long
straight chain polymer of $-1,4 N-acetylglucosamine, produced and exported to the
cell wall by the membrane protein chitin synthase. Chitin synthesis is an attractive
pesticide target due to both chitin’s importance in maintaining cell wall structure and
its absence from both plants and mammals. Despite this, few commercial
pesticides target chitin synthases as there are currently no high throughput assays
to screen chemical libraries for this mode of action. This project seeks to tackle this
bottleneck by developing two high throughput methodologies for assaying chitin
synthase inhibition, (I) a whole fungal cell growth rate assay and (ll) a styrene
maleic acid lipid particle (SMALP) protein activity assay.

The cell-based approach will utilise strains of the phytopathogenic fungus
Zymoseptoria tritici that have been made hypersensitive to chitin synthase inhibition
via gene knockouts. These will be tested for response to pesticides with known or
suspected chitin synthase inhibition. The SMALP approach will utilise heterologous
expression systems such as E. coli, P. pastoris and insect cells to express gfp-flag-
His-tagged fungal or insect chitin synthases. These will be extracted using styrene
malic acid polymers (SMA) to generate SMALPs, which, once purified using Ni-
IMAC beads, will be used in activity assays to determine rate of chitin synthesis
directly when putative chitin synthase inhibiting pesticides are present.
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AirSeq as a tool for cereal rust surveillance

Jade van Wijk ', Darren Heavens', Charlotte Hayes?®, Diane Saunders®, Paul
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Cereal rusts are known to be some of the most devastating diseases in
wheat, causing billions of dollars of yield loss each year globally. Puccinia striiformis
f. sp. tritici and Puccinia triticina, causing yellow rust and brown rust respectively,
are two of the most abundant cereal rust fungi, with P. striifromis f. sp tritici causing
almost 5.5 million tonnes of yield loss alone annually (Beddow et al., 2015). As
these pathogens are obligate biotrophs, they cannot be cultured, leading to limited
knowledge regarding their disease spread. We have developed AirSeq, a novel
sequencing-based approach for studying bio-aerosols and environmental DNA.
This technology allows us to capture spores from the air before infection occurs.
The use of AirSeq paired with environmental metadata could offer the possibility to
make more accurate, timely predictions of infection risk, which could form part of
integrated disease management strategies. Thereby helping farmers to reduce
costs while remaining environmentally friendly. Here, we present AirSeq
surveillance data from multiple commercial wheat growing sites, showing how
abundance of P. striiformis f. sp. tritici and P. triticina changes both geographically
and temporarily. We also benchmark our findings to climate data to demonstrate
the influence the weather has on disease spread.
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Comparative genomics provides insights into the evolution of
novel Fusarium oxysporum f. sp. lactucae race variants

R. Jordan Price’, Helen J. Bates', Emily van Brabant?, Emma Vines', John P.
Clarkson?

'NIAB, Cambridge; 2University of Warwick, Warwick

Fusarium oxysporum (Fo) is a species complex comprising both
pathogenic and non-pathogenic isolates. Pathogenic isolates are grouped into
formae speciales (f. spp.) by host specificity, with isolates infecting lettuce classified
as F. oxysporum f. sp. lactucae (Fola). Fusarium wilt of lettuce is a significant threat
worldwide, causing crop losses over 50%. While races 1, 2, and 3 have historically
affected warmer regions, race 4 (Fola4) emerged in 2015, spreading across
Northern Europe, threatening both glasshouse and open field lettuce production.

We characterised 83 Fola field isolates from Spain, the USA, and France,
as well as Fola2 and Fola3, using TEF-1a sequencing, race-specific PCR, as well
as presence/absence and sequencing of SIX (secreted in xylem) genes, which
resulted in distinct molecular profiles for different races. All field isolates could
generally be identified as Fola1 or Fola4, but variations were observed in SIX gene
profiles in some isolates. Furthermore, unique molecular characteristics were
identified in three French isolates, suggesting the potential existence of a new race.
Selected Fola variants were tested against a lettuce differential set where some
Fola1 variants broke resistance in cv. Costa Rica, while the potential new race
isolate broke several sources of both Fola1 and Fola4 resistance.

The Fo genome comprises conserved core chromosomes and highly
variable accessory regions (ARs) enriched with transposable elements (TEs) and
effector genes involved in pathogenicity. To understand the genetic differences
between Fola races, variants, and the potential new race, and the implications for
pathogen evolution, we performed the first comparative genomics study across 16
diverse Fola isolates, including 10 newly assembled genomes representing Fola1
variants (4x), Fola4 variants (2x), the potential new race (1x), and the first
assemblies for Fola2 and Fola3. Phylogenomic analysis indicated Fola isolates do
not share a single evolutionary ancestry as although Folal and Fola4 cluster
closely, Fola2, Fola3, and the potential new race isolate are distributed throughout
the Fo phylogeny. We also analysed the diversity and evolution of the ARs and
identified both common and race-specific putative effectors that potentially drive
differences between race pathogenicity profiles across lettuce cultivars.
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Independent mutations in master regulators reveal adaptive
strategies in Pseudomonas savastanoi colonising ash trees

Katherine G Hinton', Sabrine Dhaouadi', Diana Vinchira-Villarraga', Mojgan
Rabiey?, Megan C McDonald', Richard J A Buggs®*, Robert W Jackson'
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Ash tree populations are declining across Europe, yet most research has
focused on ash dieback (ADB), overlooking diseases like ash canker. Caused by
Pseudomonas savastanoi pv. fraxini (Psf), ash canker is widespread in the UK but
elicits mild symptoms and rarely kills its host, suggesting a shift towards a less
aggressive lifestyle possibly linked to loss of phytohormone biosynthesis genes.
This study investigates the diversification of Psf and its potential interaction with
ADB, focusing on how genetic and phenotypic diversity underlie adaptation in ash.
In 2022-23, we isolated Psf from healthy and diseased trees across six UK
woodlands. Whole-genome sequencing and phenotyping for motility, biosurfactant
production, and growth rate were performed. After masking mobile elements and
recombination, a core alignment of 124 genomes revealed 833 SNPs. A Mantel
test showed a positive correlation between genetic and geographic distance
(r=0.6368, p<1e-4), while variance analysis also revealed co-occurrence of
divergent strains, suggesting limited gene flow and distinct lineages within sites.
Clustering 31 representative strains by phenotype uncovered five groups, some
matching phylogenetic clades, others spanning them, highlighting frequent, strain-
specific phenotypic divergence. A significant negative correlation between
swarming and growth rate (p<0.0005) suggests a fitness trade-off. Independent
swarming losses arose in multiple clades: clade 7 showed a fixed loss, while clade
9 exhibited a variable, potentially transient loss. Comparative genomics identified
deleterious mutations in the GacA/S two-component regulatory system in all non-
swarming clade 9 strains. Allelic replacement in a motile reference confirmed these
mutations abolished swarming and biosurfactant production, restored by
complementation with wild-type alleles. While spontaneous GacA/S mutations are
known in soil- and rhizosphere-associated Pseudomonas, this is the first functional
validation of such disruption in phyllosphere-associated P. syringae. These findings
show regulatory mutations can drive rapid, repeated shifts in phenotypic traits,
contributing to local adaptation. Overall, this work provides novel insights into how
P. syringae evolves with long-lived woody hosts and the role of regulatory plasticity
in shaping ecologically relevant traits.
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Using eDNA and high-throughput sequencing to detect plant
pathogens in nurseries
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Horticultural trade is the main pathway causing the spread of
phytopathogens and is responsible for most phytopathogen outbreaks worldwide.
Most inspections for disease symptoms are conducted visually. This is insufficient
given the large number of plants and the prevalence of asymptomatic infections.
There is increasing interest in the use of high-throughput sequencing (HTS) and
environmental DNA (eDNA) for plant health surveillance. This project aims to
design optimal, practical sampling methodologies for use by plant health
inspectors, to be routinely applied in plant nurseries in the future. eDNA samples
of runoff irrigation water, growing media, and plant material will be taken from
several nurseries around Ireland on multiple occasions. Nursery staff and plant
health inspectors will be consulted during method development to ensure the
methods are practical and applicable in working nurseries. A survey of plant
growers opinions relating to these issues is being used to guide the work. A trace
back system for testing runoff water in drains will be designed to be used in real
phytosanitary inspections, should HTS technology become widespread in plant
health surveillance. This system will allow an inspector to take the minimum number
of samples necessary (e.g. from the final drainage point of the nursery) to rule out
or confirm the presence of a pathogen in the entire system. If the sample is positive,
then further samples from other pre-designated points in the system can be taken
to triangulate the infection. This work will provide a fuller picture of the microbial
communities present in nurseries in Ireland and will likely detect many
asymptomatic infections. The results may reflect changes made in the nurseries
over time and may inform management decisions going forward. In the future,
methods developed by this project could improve plant health surveillance and,
thus, reduce the spread of damaging phytopathogens worldwide.
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Distribution of plantago asiatica mosaic virus in underground
tissues of commercial lily bulbs
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Plantago asiatica mosaic virus (PIAMV) causes necrotic disease in lilies
and spreads globally through the lily trade. Despite the report on genome
sequences of PIAMV isolates from necrotic lily plants, biological studies on PIAMV
in lilies have been limited. We previously established a reproducible PIAMV
inoculation system in lilies (Lilium cv. ‘Casa Blanca’) and investigated relationships
between virus inoculum concentration and symptom severity in leaves. Results
obtained by disease evaluation and quantitative RT-PCR (RT-gPCR) indicated a
positive correlation between virus accumulation and necrotic symptom severity in
leaves (r = 0.67), although many plants exhibited low disease severity despite
substantial PIAMV accumulation. However, PIAMV accumulation patterns in
underground tissues including bulbs, and whether infection causes any symptoms
in these tissues, remained unknown. In this study, lily plants were mechanically
inoculated with PIAMV in 2023 and 2024, and bulbs were maintained in soil for two
and one years, respectively, until 2025. RNA was extracted from individual bulb
tissues, including basal plates, inner and outer scales, along with roots and
emerging leaves, and virus accumulation was analyzed by RT-qPCR. Basal plates
and inner scales consistently harbored the highest virus titers compared to other
tissues, with mean values of 1.96 x 10° and 8.64 x 10* copies per tissue from bulbs
inoculated in 2023 and 2024, respectively. Notably, visible necrosis was observed
in scales of infected bulbs, but not of non-infected bulbs. To examine host
responses in virus-accumulated tissues, we analyzed expression of LOCALS3, a
lily callose synthase gene previously reported to be involved in bulb development
and potentially associated with plant defense responses. LOCALS3 transcript levels
were elevated in highly virus-accumulated tissues and there are significant
correlation between them and virus accumulation (r=0.52 in 2023 plants; r=0.45
in 2024 plants), indicating localized activation of callose deposition. These findings
demonstrate tissue-specific PIAMV persistence and distribution in bulbs, providing
novel insights into virus-host interactions relevant for managing PIAMV infections
in propagated lilies
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Exploring chromosomal plasticity and Starship diversity of
ToxA carrying fungal wheat pathogens

Leena Alharb, Mahboobeh Behruznia, Megan McDonald
School of Biosciences, University of Birmingham, Birmingham

Bipolaris sorokiniana is a significant global wheat pathogen that lowers
crop production by causing spot blotch disease (1). Recent studies have shown the
role of transposable elements such as ToxhAT and large mobile elements known
as Starships, in horizontal gene transfer (HGT) and genome plasticity (2). ToxhAT
is a 14Kb transposon caring the necrotrophic effector gene ToxA, which has been
transferred between wheat-infecting fungi. This transposon is inserted within a
larger mobile element called Sanctuary that belongs to the Starship transposon
superfamily. ToxhAT has also been captured by another Starship called Horizon,
which is found in two other global wheat pathogens Parastagonospora nodorum
and Pyrenophora tritici-repentis (3). These Starships are thought to mediate the
movement of adaptive genes like ToxA between species, possibly increasing
pathogenicity (2). This study will use a population level approach to characterise
the global Starship transposon content of each of these important pathogens. This
work will shed light on the evolutionary history of each Starship within each species
and enable more precise inference of the timing and direction of horizontal transfer
events. Moreover, this work aims to assess the adaptive genetic potential of
Starships by comprehensively annotating the gene content of these giant
transposons. This will be achieved by re-sequencing and assembling multiple
isolates of B. sorokiniana, Pyrenophora tritici-repentis and other closely related
species using Oxford Nanopore. These assemblies will help identify new Starships,
identify effector genes, and identify transposons insertion events and mobility within
the pangenome. Together, this work will help us to understand how genome
plasticity facilitates virulence evolution in this important group of wheat pathogens.

Keywords: horizontal gene transfer, Starship transposons, wheat pathogens
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The conserved aphid saliva chemosensory protein effector
Mp10 targets plant AMSH deubiquitinases at cellular
membranes to suppress pattern-triggered immunity

Matteo Gravino, Sam T Mugford, Nathan Kreuter, Abbas Maqgbool, Joshua Joyce,
Adi Kliot, James Canham, Claire Drurey, Christine Wilson, Thomas C. Mathers,
Carlo Martins, Gerhard Saalbach, and Saskia A. Hogenhout

Dept. Crop Genetics, John Innes Centre, Norwich Research Park, Norwich

Sap-feeding insects of the order Hemiptera, such as aphids, whiteflies and
leafhoppers, use specialized mouthparts -stylets- to feed from the plant vascular
system for long-term feeding. We previously demonstrated that aphids deposit the
effector protein Mp10 into the cytoplasm of mesophyll cells. Mp10 (CSP4) belongs
to a family of chemosensory proteins (CSPs) that are conserved in arthropods, and
have diverse functions. How CSPs regulate cellular processes in plants, and in
insect cells, is largely unknown. We found that Mp10 suppresses plant immunity in
response to a variety of elicitor molecules, including aphid-derived elicitors. Mp10
interacts with conserved plant target proteins -AMSH deubiquitinases- that have
key roles in the trafficking and stabilization of membrane proteins, in agreement
with our data showing that Mp10 inhibits ROS and Ca2+ bursts to flg22 and
promotes the degradation and cellular trafficking of the pattern recognition receptor
FLS2. Mining of available genome-sequence data revealed that Mp10 belongs to a
clade shared with homologues from other plant-feeding hemipterans, and Mp10
orthologues from other sap-feeders share PTI-suppressive functions and
interactions with plant targets. Thus, CSPs in the Mp10 clade may have evolved to
suppress PTI in plants early in the evolution of plant-feeding hemipterans. Given
that aphids deposit Mp10 in cells upon probing, this effector appears to act as a
local anaesthetic to inhibit plant perception of aphid feeding.
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Development of a loop mediated isothermal amplification
technique (LAMP) for the molecular detection of Ceratocystis
cacaofunesta and Dematophora pepo in cacao (Theobroma
cacao L.)

Martinez-Becerra Jenny Catalina', Jaimes Suarez Yeirme?, Gonzalez Almario
Adriana’

" Departamento de Agronomia, Facultad de Ciencias Agrarias, Universidad
Nacional de Colombia sede Bogota, Colombia; 2Centro de Investigacion La
Suiza, Corporacién Colombiana de Investigacion Agropecuaria-Agrosavia, ,
Puerto Arturo, Rionegro, Santander, Colombia

In recent years, phytosanitary issues affecting cacao in Colombia have
been the main cause of reduced crop production, with losses reaching up to 100%.
Ceratocystis wilt caused by Ceratocystis cacaofunesta and black root rot caused
by species of Dematophora genera. (syn. Rosellinia) have become significant
diseases in cacao crops as symptoms are only perceived in the advanced stages
of infection. Therefore, the timely detection of these pathogens, without lengthy
processes and robust laboratory equipment is a priority for reducing crop losses.
As an alternative to detecting pathogens in the field, rapid methods based on
isothermal DNA amplification, such as loop-mediated isothermal amplification
(LAMP), have been developed. This technique is rapid and sensitive, requiring only
a single amplification temperature, and the results can be interpreted with the
naked eye using colorimetry or fluorescence. Therefore, this study aimed to
develop a LAMP technique for detecting C. cacaofunesta and D. pepo in cacao.
LAMP primer sets were designed, and their specificity was determined using DNA
from other cacao pathogens. Sensitivity tests were carried out by performing serial
dilutions of DNA with known concentrations. Detection was performed using 3%
agarose gel electrophoresis and green fluorescence emission under UV light (520
nm). Pathogenicity tests were performed on cacao-susceptible seedlings of CNN-
51 for C. cacaofunesta and IMC-67 for D. pepo to validate this technique. The
results showed that the primer sets in the internal transcribed spacer (ITS) and
large subunit ribosomal ribonucleic acid (LSU) regions were specific to C.
cacaofunesta and D. pepo, respectively. The detection limits were 500 pg/uL of
DNA for C. cacaofunesta and 0.5 pg/uL of DNA for D. pepo. Finally, the detection
technique was validated by amplifying the DNA from the inoculated plants. This
study demonstrates that the LAMP method can be used as a specific and sensitive
test for detecting C. cacaofunesta and D. pepo in cacao.
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Diversity and control of plant parasitic nematodes of apricot in
District Hunza

Mian Sayed Khan

Department of Zoology, University of Swabi, Anbar, Swabi 23561, Khyber
Pakhtunkhwa, Pakistan

Plant parasitic nematodes parasitize and affect not only commercial fruits
but also a variety of other crops. The purpose of the study was to determine the
percentage of plant parasitic nematodes (PPN) infecting to apricot trees in different
areas of the Hunza district. Samples were collected from Nasir Abad, Aliabad,
Karim Abad, Atta Abad, and Sost. These were then analysed using the Baermann
funnel technique. The results showed that Karim Abad had the most PPN recorded
(52%) of any locality, while Sost had the lowest PPN recorded (24%) of all the
areas. The following species, belonging various genera, were identified in a variety
of apricot orchards: Tylenchorhynchus  annulatus,  Helicotylenchus
psuedorabustus, Longidorus larvae, Aphelenchus avenae, and Merilinius larvae.
Three organic manures were used for PPN management: pigeon manure (8 kg),
chicken manure (6 kg), and cow dung (4 kg). The most commonly used organic
manure among these amendments was cow dung, which demonstrated the
greatest PPN population decline. In addition, pigeon manure was less common
than cow and chicken manure. It was concluded that the presence of PPN in apricot
trees in Hunza district causing damage to apricot trees and reduced the yield and
its growth. For their management, three types of organic manure were used, but
the study revealed that cow manure is the best nematicides it should be used. And
it is recommended that a program be started that raises the use of organic
amendments and its benefits for those farmers who unaware are and lack
knowledge about nematode damage.
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Research on the spread of disease in the clonal plant Japanese
knotweed

Miki Nakano, Jun-ichiro Suzuki, Toshiko Furukawa

Tokyo Metropolitan University, Japan

The clonal plant Japanese knotweed (Fallopia japonica (Houtt.) Ronse
Decr. var. japonicais) native to East Asia and was introduced to the Netherlands in
the 19th century, and then spread to the UK due to its popularity as a gardening
species. It has spread destructively due to its strong reproductive ability through
rhizoids and the absence of natural enemies and is currently designated as one of
the 100 of the World's Worst Invasive Alien Species (IUCN, 2000). In Japan, where
it originates, several diseases have been reported to be spreading nationwide
(Kurose et al. 2009), so we conducted fixed-point surveys over a few years based
on the results. As a result, lesions were observed on most of the individuals
surveyed at least for part of the year. In the process, we also discovered a new
disease caused by Lasiodiplodia sp. (2024 JSPP Ann. Meeting), which forms
lesions but does not form spores on the leaves. Lesion surveys of specimens at the
Makino Herbarium of Tokyo Metropolitan University and field surveys revealed that
this disease was already widespread in the late 19th century and is currently
occurring throughout Japan. We therefore used this fungal disease, which is
thought not to be transmitted by spores, to study the mode of disease spread in
Japanese knotweed. In germination experiments using seeds derived from infected
ramets, healthy individuals were obtained from both surface-sterilized and non-
sterilized seeds, suggesting that infection of the fungus via the seed coat and the
embryo and endosperm located inside the seed do not occur. In addition, small
brown spots were confirmed to develop in all offspring ramets derived from the
aboveground stems of infected ramets under sterile condition. Furthermore,
Lasiodiplodia was isolated from the inside of the infected ramets. From the above,
the general mode of infection in Japanese knotweed is thought to be the spread by
mycelium via rhizoids.
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Viral pathogens of geophytes

Naomi Beddoe?, Alice McCallister!, David Lisgarten’, lan P. Adams?, Sam
McGreig?, Adrian Fox?, Alec Forsyth'

"Canterbury Christ Church University, UK; ?Fera Science Ltd., York Biotech
Campus, Sand Hutton, UK

Many perennial plants accumulate viruses over time, to their long term
detriment. Two popular geophyte perennials nerine and dahlia are not only prized
by gardeners but grown commercially. Virus accumulation can cause detriment to
the commercial crop and weakens stock plants used for propagation. We are
investigating the viruses present within these two species. We have identified four
viruses common in UK nerine plants; nerine latent virus (carlavirus latensnerinis),
nerine potexvirus 1, nerine yellow stripe virus (potyvirus nerinis) and a novel
secovirus. Interestingly, we did not detect nerine virus x (potexvirus ecsnerinis),
which was previously described as being common in nerines. We have developed
PCR-based tools to identify all five of these viruses. In dahlia we have identified
four viruses from a range of accessions, of which only two are well described
(tomato spotted wilt virus (orthotospovirus tomatomaculae) and tobacco streak
virus (ilarvirus TSV)). The other two viruses we have found in dahlia are a novel
potyvirus and an uncharacterised fabavirus. We have developed PCR-based tools
to specifically identify these four viruses. However, we did not find cucumber
mosaic virus (cucumovirus CMV), dahlia mosaic virus (caulimovirus
tessellodahliae) or dahlia common mosaic virus, which have been described as
prevalent in dahlia. Screening a range of accessions of dahlia and nerine suggests
that the viruses we have identified are endemic in UK plants and often occur in
mixed infections. We are developing protocols for the regeneration of virus-free
tissue, which will allow the clean-up of important stock plants for propagators.
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Fungicide sensitivity changes in UK Septoria field populations
over two decades

Nichola Hawkins', Henry Tidd', Pooja Pandey'?, Natalie Shores'3, Bart Fraaije*

'NIAB, Cambridge; 2Askham Bryan College; 3University of Birmingham;
“Wageningen University and Research, The Netherlands

Fungicide resistance is an ongoing challenge in the control of plant
diseases, including the wheat pathogen Zymoseptoria tritici. Through successive
resistance monitoring projects, UK Z. tritici isolates have been collected for the past
20 years, and in each case, they were tested for sensitivity against the key
fungicides in use at the time. For the key fungicide groups of azoles and SDHls,
different fungicides within each group have been applied over the years. As
sensitivity to older compounds declined, new compounds were introduced which
were more effective against contemporary fungal isolates. This may be partly due
to negative cross-resistance between different fungicides against some fungal
genotypes, or to higher intrinsic activity of newer compounds across all fungal
genotypes. To test the relative contribution of those two possible explanations, we
have tested isolates from five different years spanning a 20-year range, against a
range of older and more recently introduced fungicides.

Our results highlight how small qualitative sensitivity shifts from year to
year can accumulate to result in substantial changes over the longer term. The
continued effectiveness of the azole and SDHI fungicide classes against UK Z. tritici
populations over the last two decades has been partly dependent on the
development of new, more active chemistry within each class, but we should not
rely on the introduction of new products always keeping pace with resistance
development. Our results also demonstrate the complexity of cross-resistance
patterns between azoles, indicating that within-mode-of-action mixtures may have
some benefits within a growing season but mixtures of different modes of action,
along with non-chemical control measures, are needed for longer-term durability.
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Influence of Entomopathogenic Nematodes on Plant Pathology

Nona Mikaia'; Irina Khelisupali?; Zaira Tkhebuchava?; Lela Tsitashvili?; Mzia
Lobjanidze?

'Sokhumi State University, Tbilisi, Georgia; 2Samtskhe-Javakheti State University,
Akhaltsikhe, Georgia

Entomopathogenic nematodes (EPNSs), particularly Steinernema and
Heterorhabditis species, have been widely used in pest management strategies
due to their ability to parasitize and kill a variety of insect pests. Recent research
has highlighted the potential role of EPNs not only in pest control but also in plant
pathology. EPNs can influence plant health by indirectly controlling insect vectors
responsible for transmitting plant diseases, as well as by directly affecting plant-
pathogen interactions through their impact on soil microbial communities and plant
defense mechanisms. This study explores the influence of EPNs on plant
pathology, focusing on their effects on plant disease suppression, enhancement of
plant growth, and modulation of soil microbial populations. Through controlled
laboratory experiments, the study investigates the impact of Steinernema feltiae
and Heterorhabditis bacteriophora on plant health under various conditions. Both
nematode species were applied to plants infected with common soil-borne
pathogens, and their effects on disease progression, plant growth parameters, and
the microbial composition of the rhizosphere were evaluated. The results show that
EPNs significantly reduce the severity of disease symptoms by controlling insect
pests that transmit plant pathogens, such as root weevils, aphids, and beetles. In
addition, the nematodes themselves influence plant health by stimulating plant
defense mechanisms and promoting beneficial microbial populations in the soil.
Furthermore, both nematode species enhanced plant growth compared to
untreated control plants, suggesting that EPNs may indirectly support plant health
by improving nutrient availability and soil quality.

The study concludes that EPNs are promising biocontrol agents not only
for pest management but also for integrated disease management in agricultural
systems. Their ability to enhance plant resistance to pathogens, modulate soil
microflora, and improve plant growth makes them a valuable tool in sustainable
agriculture. Future research should explore the long-term effects of EPNs on plant-
pathogen interactions in field conditions and investigate their compatibility with
other biocontrol agents to develop integrated pest and disease management
strategies.
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Investigating wheat stomatal immunity by single-nucleus RNA
sequencing

Putu Wirya Suputra'?, Graeme Kettles'
"University of Birmingham;?Udayana University, Indonesia

The fungus Zymoseptoria tritici causes septoria tritici blotch (STB) disease,
a major threat to global wheat production leading to substantial yield losses.
Infection of leaves by Z. tritici is highly dependent on successful stomatal
penetration, therefore stomatal resistance plays a crucial role as a frontline defence
against this pathogen. There are currently 23 known qualitative disease resistance
genes (Stb genes) against Z. tritici, and several of these, including the well-studied
Stb6-AvrStb6 interaction, have been demonstrated to function largely through
prevention of stomatal penetration. However, the mechanism for Stb gene-
triggered stomatal immunity is unknown. Previous studies have employed bulk
RNA-seq on infected leaf tissues to examine resistance responses. However, this
lacks the resolution required to capture cell-specific dynamics, particularly within
guard and subsidiary cells during pathogen invasion. This study aims to use single-
nucleus RNA sequencing (snRNAseq) to probe stomatal cell-specific immune
responses during fungal infection. Using fluorescent Z. tritici reporter strains, we
are developing methodology for leaf infections that enrich for contacts between
stomata and infectious hyphae, followed by epidermal peels of infected leaves to
enrich for stomatal cells. Subsequently, we will develop a protocol for optimal nuclei
extraction from leaf epidermal peels followed by snRNAseq. Ultimately, the single-
nucleus sequencing data will be processed and analysed using bioinformatics
pipelines to interpret differentially expressed genes and cell-type-specific
transcriptional patterns related to stomatal immunity. Our most recent findings will
be presented.

Keywords: Single-nuclei RNA sequencing, plant resistance, Zymoseptoria tritici, stomatal
immunity, transcriptomic.
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Gene Expression Analysis of HbPPO in Hevea brasiliensis
Clone GT1 Infected with Pestalotiopsis sp.

Retno Lestari', Windya Fajira!, Sanya Khaerunnisa', Fathia Ainusyifa’, Tri Rapani
Febbiyanti?, Minami Matsui®

"Universitas Indonesia, Indonesia; ?Indonesia Rubber Research Institution,
Indonesia; *RIKEN, Japan

A new leaf fall disease of rubber (Hevea brasiliensis), caused by
Pestalotiopsis sp. was first reported in South Sumatra, Indonesia in 2016, leading
to substantial defoliation and a significant drop in latex production, was infecting
over 30,000 hectares of rubber plantations by 2021. Plants utilize defence
mechanisms, including the activation of enzymes like polyphenol oxidases (PPOs).
In Hevea brasiliensis, PPO activity is associated with latex coagulation, a key
defence response to wounding and pathogen invasion. Quinones can bind to plant
proteins, reducing nutrient availability for pathogens and exerting bacteriostatic
effects. Secondary quinone reactions can form melanin, sealing wounds and
preventing infection spread. PPOs also contribute to phenolic synthesis, wound
healing, and stress tolerance. This study analysed the expression of the HbPPO
gene in H. brasiliensis clone GT1 following inoculation with Pestalotiopsis sp.
isolates. The HbPPO gene sequence was obtained from the NCBI database. In
planta inoculation was followed by RNA extraction, and quantitative PCR (qPCR)
was performed to assess relative expression at 2, 4, 6, and 8 days post-inoculation
(dpi). The results showed a dynamic expression pattern: an increase from 3.82 at
2 dpi to 6.75 at 4 dpi, a decrease to 0.48 at 6 dpi, and a further increase to 7.67 at
8 dpi. The upregulation of HbPPO in the early infection stage suggests its
involvement in initiating plant defence, potentially through reactive oxygen species
(ROS) production. reactive oxygen species (ROS) are key in activating defence
genes and reinforcing cell walls, acting in both early and late defence responses.
The decline at 6 dpi followed by a sharp increase at 8 dpi indicates a complex
regulatory mechanism which associated with PPO-related programmed cell death
(PCD), where ROS play a central role. These findings suggest that HbPPO plays a
crucial role in the defence of H. brasiliensis against Pestalotiopsis sp., acting
through ROS signalling, compound oxidation, protein modification, and melanin
formation, across different infection stages.
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Functional characterization of the WHOP region in
Pseudomonas syringae pv. aesculi reveals a role in phenolic
compound metabolism and bacterial fithess in woody hosts

Sabrine Dhaouadi, Diana Vinchira-Villarraga, Max Walker, Robert W. Jackson
Biosciences and BiFOR, University of Birmingham, Birmingham.

Pseudomonas syringae pv. aesculi (Pae), the causal agent of bleeding
canker in horse chestnut, exhibits a unique ability to colonise woody tissues linked
to a genomic region, described as WHOP (Woody Host and Pseudomonas), which
is absent in other P. syringae pathovars infecting herbaceous plants. The WHOP
region includes two key operons, antABC and catBCA, responsible for the
degradation of the phenolic compounds including anthranilate and catechol,
respectively.

We constructed deletion, complemented an empty-vector strains for both
operons. In M9 minimal media supplemented with anthranilate, HPLC analysis
revealed a strong anthranilate peak in supernatants of the antA mutant, indicating
defective degradation. In contrast, wildtype and complemented strains efficiently
degraded anthranilate.

Furthermore, we explored the role of WHOP in the fitness and virulence of
Pae in woody tissues. Our working hypothesis is that WHOP-encoded pathways
confer an adaptive advantage for colonisation and survival in the lignified
environments of trees. In planta experiments on horse chestnut stems showed
clear phenotypic differences. Trees inoculated with wildtype or complemented
strains developed characteristic dark fluid bleeding cankers, whereas those
inoculated with knockout strains remained visibly healthier. Colony-forming unit
(CFU) counts revealed reduced bacterial populations for both mutants across the
4 weeks. The antA mutant exhibited a continuous CFU decline, while the catB
mutant followed a wildtype-like pattern but with lower overall growth. Metabolomic
analysis of infected plant tissues showed that the antA mutant induced
accumulation of fraxin, umbelliferose and a-methylaconitate in early infection.
Metabolites such as lignans and biflavonoids were also depleted in antA infections.
Together, these results suggest the WHOP region contributes to phenolic
compound catabolism and is associated with virulence and endophytic fitness in
woody tissues. These findings support the hypothesis that WHOP provides a
metabolic advantage for colonisation of lignified hosts, highlighting a potential
mechanism underpinning tissue specificity in Pae.
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Biocontrol efficacy of Bacillus amyloliquefaciens strain Maf-
811 against Thielaviopsis spp.-induced black scorch disease in
date palm (Phoenix dactylifera)

Samiya Saleh Al-Maawali', Rethinasamy Velazhahan?, Umaima Al-Sulaimi',
Fatima Al-Haddabi', Hashim Al-Fazari', Abdullah M. Al-Sadi®?

"Directorate General of Agriculture and Livestock Research, Ministry of Agriculture,
Fisheries and Water Resources, Muscat P.O. Box 50, Oman; ?Department of Plant
Sciences, College of Agricultural and Marine Sciences, Sultan Qaboos University,
PC 123, Oman; 3College of Agriculture, University of Al Dhaid, Sharjah P.O. Box
27272, United Arab Emirates

The biocontrol potential of antagonistic bacteria has been the promising
alternative measure for black scorch disease in date palm caused by Thielaviopsis
punctulata. The current research aims to identify native bacteria that antagonize
black scorch disease in date palms and assess their field performance and optimal
application timing. A total of 58 bacterial isolates were obtained from the
rhizosphere soil and roots of healthy date palms. The antagonistic activity of these
isolates was assessed against T. punctulata. Pseudomonas aeruginosa, Bacillus
amyloliquefaciens, and Bacillus paramycoides showed high antagonistic effect
against T. punctulata, respectively. However, Bacillus amyloliquefaciens (Maf-811)
showed unparalleled features to control the disease and promote date palm growth
in prevention applications. Beyond B. amyloliquefaciens potential to suppress 90%
of the disease severity of black scorch disease in date palm, it significantly
increased the leaf area and fresh and dry weight of the shoot and root of date palm
seedlings by approximately two times more than non-treated plants. Moreover, it
shows compatible properties with Trichoderma spp. and other antagonistic
bacteria. The findings highlight B. amyloliquefaciens strain Maf-811 as a
sustainable and highly effective biocontrol solution, offering significant potential to
replace synthetic fungicides and enhance date palm cultivation practices.
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Disease diagnostics: Developing a molecular tool for Fusarium
basal rot in onion

Sascha Jenkins', Ben Maddison?, John Clarkson'
"University of Warwick, Warwick; 2ADAS Biotechnology, Helsby

Onion is one of the world’s biggest vegetable crops with over 100M tonnes
produced annually. UK production of onion exceeds 500k tonnes annually, with an
economic value of £160M. Production in the UK is severely affected by Fusarium
basal rot, caused by the soil-borne fungal plant pathogen Fusarium oxysporum f.
sp. cepae (FOC), which can cause losses of up to £20M for UK growers. Infection
can occur at any stage (seedling, mature plant or directly into the bulb, even after
harvest during bulb storage) which makes control very difficult. Detection of the
pathogen early in the season is an important strategy for disease control, so
growers can make informed decisions about disease risk in fields and bulbs in
storage. As part of the DEFRA-funded FUSED (Integrated fusarium early
diagnostic and management) project, we have developed a FOC specific gPCR
assay to identify the pathogen in soil and in infected plants. However, detecting
FOC at low levels in the soil is challenging, especially in pre-planting samples.
Therefore, we developed a media-based enrichment method for FOC to enhance
detection by the gPCR assay to get a better understanding of inoculum levels in
onion fields before onions are sown. This method allowed detection of low spore
concentrations of 1-10 spores per 500 mg soil, compared with 1000 spores per 500
mg soil without enrichment. We found that FOC DNA quantities in soil from onion
fields correlated well with disease data collected from the same fields, indicating
that this could be a useful tool in the future management of Fusarium basal rot in
onion.
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Bee-mediated delivery of bacteriophage for biocontrol of the
cherry canker pathogen Pseudomonas syringae pv. syringae

Shannon F. Greer'!, Sneha Chakravorty', Kieran Cooney-Nutley', Dave
Chandler', Gregory Firth?, Rajesh Odedra? and Mojgan Rabiey’

"University of Warwick, Gibbet Hill Campus, Coventry, UK; 2Carus Animal Health
Ltd, UK

Bacteriophages (phages) offer a targeted and sustainable approach to
managing bacterial plant diseases, yet their effective delivery to infection sites in
agricultural settings remains unstudied. This study explores the use of
commercially managed bumblebees (Bombus terrestris audax) as vectors to
deliver phages targeting Pseudomonas syringae pv. syringae (Pss), the causative
agent of cherry canker. Freeze-dried phage powder was formulated with powdered
skimmed milk and demonstrated stable viability for up to seven days in artificial bee
feed under various storage conditions. Both artificial and glasshouse experiments
with cherry flowers showed that bumblebees successfully transferred phages to up
to 88% of flowers, significantly reducing Pss populations. Furthermore, bee-
mediated phage delivery interrupted the pathogen transmission cycle between
flowers. These findings highlight the promising potential of using bumblebees as
natural delivery agents for phage biocontrol, providing an innovative strategy to
manage floral bacterial pathogens in orchards.
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Endophytic pyrroloquinoline quinone enhances banana growth
and immunity against Fusarium wilt for plant-microbe
mutualisms
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Fusarium wilt has a substantial impact on global banana production, posing a threat
to food security worldwide. Endophytic biostimulants that can combat such pervasive plant
diseases have been considered as novel solutions. Our prior research demonstrated that a
pyrroloquinoline quinone (PQQ)—producing endophytic bacterium, Burkholderia seminalis
869T2, can enhance the growth of various plant species and protect bananas from Fusarium
wilt in the field. PQQ is a peptide-derived redox cofactor known to stimulate mitochondrial
biogenesis and metabolism in animals, but its molecular roles in plants remain unknown. In
this study, multi-omics approaches were employed to explore how PQQ influences plant
physiology. The result of in situ imaging mass spectrometry revealed that the endophytic
PQQ does not function through direct antagonism against Fusarium. The follow-up
transcriptomics showed that it could regulate plant respiration, the TCA cycle, oxidative
phosphorylation, NAD/NADP-dependent dehydrogenases, MAPK signalling, and various
phytohormone signalling pathways. Furthermore, PQQ appeared to trigger plant systemic
immunity, thereby enhancing plant health and resistance to biotic stress. Additionally, the
complete genome of 869T2 was determined for comparative genomics analyses, revealing
its genetic context, potential evolutionary events of PQQ operons among Burkholderia
species, and the absence of human virulence-facilitating genes within those PQQ-producing
agricultural isolates. In summary, this study facilitates our understanding of PQQ in plant-
microbe mutualisms and provides evidence for its future application in agriculture.

Hung et al., 2024 (bioRxiv) doi.org/10.1101/2024.08.20.608638
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RXLR-EER Motifs Determine an Unconventional Secretion Pathway
Associated with Extracellular Vesicle Production

Shumei Wang', Wei Wang"', Lin Xu?, Lydia Welsh?, Petra C Boevink?, Steve C
Whisson?, & Paul RJ Birch'?
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Phytophthora infestans, an oomycete pathogen, secretes a diverse array
of RXLR (arginine- any amino acid-leucine- arginine) effectors that function inside
plant cells to manipulate host immunity. By contrast, apoplastic effectors act outside
plant cells. The RXLR motif functions as a translocation signal, as mutations in this
motif prevent effector delivery into host cells. Additionally, both RXLR and EER
(glutamate-glutamate-arginine) motifs undergo cleavage before secretion, but the
biological significance of this process remains unclear. Previous findings indicate
that RXLR and apoplastic effectors follow distinct secretion pathways, leading us
to hypothesize that the RXLR and EER motifs determine the pathway for secretion.
Recently, we have found that RXLR effectors are associated with extracellular
vesicles (EVs), consistent with them following an unconventional secretion
pathway.

In this study, we employed a genetic approach combined with cell biology
and molecular techniques to investigate the secretion of RXLR effectors. By tagging
RXLR effectors with the KDEL (lysine-aspartate-glutamate-leucine) motif, which is
recognized by KDEL receptors in the Golgi apparatus leading to their retrograde
transport to the ER. we found that RXLR effectors were still secreted at levels
comparable to unmodified versions, indicating that they bypass the conventional
ER-Golgi secretion pathway. By contrast, apoplastic effectors followed
conventional ER-Golgi secretion, as KDEL-modified versions were mostly retained
in the ER. Furthermore, we discovered that mutating the RXLR motif redirected
effectors from the unconventional Golgi-bypass secretion route to the conventional
ER-Golgi pathway and abolished their association with EVs.

These findings suggest that the RXLR and EER motifs play a critical role
in sorting RXLR effectors into an unconventional secretion pathway linked to EV
production. This work provides new insights into effector secretion mechanisms in
plant-pathogen interactions and highlights the potential role of EVs in pathogenicity.
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Exploring 14-3-3 protein interaction with ANAC013 and
ANACO017.
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Environmental factors of abiotic nature are constantly changing, influencing plant
growth, development, and physiological function. If left unregulated, these factors can
induce stress, disrupt plant homeostasis, and ultimately increase plant mortality. To
mediate the effects of abiotic stress, plants have evolved complex signalling pathways that
engage in crosstalk to coordinate and prioritize response mechanisms.

Shuttling proteins play a critical role in transporting molecules between cellular
compartments, thereby regulating signalling and metabolic pathways. This allows for the
formation of complex functional networks by facilitating protein-protein interactions,
localization, and activation. Among these shuttling proteins, 14-3-3 proteins are pivotal
modulators of plant signalling, particularly during stress responses. They bind to
phosphorylated targets, such as transcription factors, to alter their activity and subcellular
localization.

Here we investigate the interaction between Arabidopsis thaliana 14-3-3 proteins
and membrane-bound transcription factors ANAC013 and ANACO017, which are known
targets of effector proteins from diverse plant pathogens and play critical roles in regulating
reactive oxygen species (ROS) and retrograde signalling during stress responses. Initial
co-immunoprecipitation (co-IP) followed by mass spectrometry identified potential
interactions between 14-3-3 and both ANAC013 and ANAC017. Computational analysis
revealed a conserved phospho-hub in ANAC013/017, indicating possible 14-3-3 binding
sites. Protein interaction modelling predicted an amphipathic binding groove in 14-3-3
accommodating the NAC phospho-hub, suggesting a strong non-covalent interaction.

Transient expression and Western blot analysis confirmed successful cloning and
expression of fluorescently tagged 14-3-3 and ANACO013/017 in Nicotiana benthamiana.
Localization studies showed that when expressed individually, 14-3-3 and the NAC
transcription factors occupy distinct cellular compartments. However, co-expression led to
a redistribution of 14-3-3 localization, indicating possible interaction. Quantitative co-
localisation analysis demonstrated partial overlap of the proteins within the same
subcellular structures, supporting spatial and temporal co-occurrence.

Although follow-up co-IP/Western blot assays did not corroborate the interaction,
yeast two-hybrid assays provided further evidence: a strong interaction between 14-3-3
and ANACO017 and a weaker one with ANACO013. By elucidating these interactions within
the NAC signalling network, this study contributes to a deeper understanding of plant
abiotic stress response pathways and may highlight novel targets for crop improvement in
stress resilience and immunity.
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Sponsored Small Project Fund
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Fruits and vegetables are an integral part of human diet attributed to their
appealing flavour, taste, nutrients and health-promoting properties. However in
Cameroon, there is a decrease in the yield of fruits and vegetables due to diseases
and pests’ infestation. The aim of this project was to train teachers in field and
laboratory identification of pests and diseases of fruits and vegetables. Field and
laboratory work was done with 50 secondary school teachers in the North West
region of Cameroon. A field survey was conducted in selected farms in Mezam,
Bamenda while market survey was carried at Mile 3 Nkwen and the Bamenda food
markets in 2022 and 2023. Teachers were taught the signs and symptoms of
diseases caused by fungi, bacteria, and viruses on fruits and vegetables by plant
pathologists while insect pests’ identification was taught by agriculture
entomologists. Host plant was identified and the pathogens causing disease was
identified based on signs, symptoms and morphology. Also, infected vegetables
and fruits samples were cultured in PDA and identified by use of cultural characters.
The aid of photographs and dichotomous key was used to identify insects’ pests.
High number of vegetables and fruits were found to be infected by fungi, bacterial
and viral pathogens. The symptoms observed in farms and markets ranged from
fusarium wilt caused by Fusarium oxysporum on Passifora edulis, bacteria canker
of Persea americana to leaf spot disease caused by Pleospora spp. on Talinum
fruticosum. The insect pests identified were Dacus punctatifrons, Helicoverpa
armigera, Podagrica spp., Bemisia tabaci and aphids. Some of these insect pests
serve as vectors of plant diseases.
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Genomic Profiling of Plant Viruses and Viroids in the Centre for
Plant Health Reference Collection

Yahya Z. A. Gaafar, Allison Gratz, Isabella Schmidt, James Phelan, Mike E. Rott

Centre for Plant Health, Canadian Food Inspection Agency, 8801 East Saanich
Road, North Saanich, V8L 1H3, British Colombia, Canada

The Centre for Plant Health in North Saanich, BC, Canada, maintains a
curated collection of fruit trees and grapevines (including Cydonia, Malus, Mespilus,
Prunus, Pyrus and Vitis spp.) infected with a diverse range of plant viruses and
viroids. Over several decades, isolates in this collection has been sourced from
different geographic locations and maintained in screenhouses through serial
vegetative propagation. A deep understanding of the genomic diversity of plant
viruses and viroids is essential for effective plant disease management and
sustaining agricultural productivity. The recent advances in high-throughput
sequencing (HTS) have significantly improved plant virus and viroid detection and
identification. Employing HTS and comparative bioinformatic analyses, we have
characterized the genomes of the virus and viroid species present in this collection
and examined their phylogenetic relationships. Our results revealed a wide range
of taxonomic groups, including known plant virus and viroid species, and novel virus
sequences that are potentially infecting fungi and insects. Mixed infections were
identified with distinct genetic variants within a virus species. A subset of our
findings highlights the genetic diversity within Betaflexiviridae family and its virus
infection populations. This research underscores the need to enhance our
knowledge of plant viral diversity to support future efforts in research, diagnostics,
and disease control. Finally, this curated collection will form part of the Canadian
Plant Virus Collection and represents a valuable resource for plant virology
researchers and diagnostic communities.
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