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IT IS AN HONOUR AND A GREAT PLEASURE to welcome delegates to the British 
Society of Plant Pathology’s Annual Meeting here in Newcastle Upon Tyne, 
where I did my postgraduate study in genetics four decades ago. 

The theme of the conference is microbial lifestyles. From symbionts to 
pathogens, we will explore important questions concerning the continuum of 
interactions between microbes and plants. We’re familiar with the plant 
pathogens; less well known is that they can be assisted or hindered by other 
microbes and viruses. “Great fleas have little fleas upon their backs to bite 
'em, And little fleas have lesser fleas, and so ad infinitum … ”1.  

We will delve into the complex interactions involving communities of diverse 
microbes associated with plants - the plant microbiome – for enlightenment 
and inspiration. The programme is, however, wide-ranging, covering many 
aspects of research, from the biology and discovery of disease to state of the 
art solutions for disease management. We also have, for the first time, 
informal discussion groups on Tools and Tricks of the Trade, aimed at 
widening the appeal of annual meetings to members. 

The society places great importance on support to the next generation of 
plant pathologists, so they can continue to tackle the many persistent 
challenges in understanding and managing plant diseases. I am therefore 
delighted that we have a record number of talks for the PH Gregory award, a 
postgraduate competition named after a renowned BSPP member. Combined 
with an array of exciting speakers and posters, there is a rich variety of topics 
for everyone, from those at the forefront in the laboratory to those working 
in the field with growers. 

My thanks to the speakers who are taking part in this meeting. A few will 
contribute remotely, a reminder that, while COVID has disrupted many 
social interactions, new opportunities are offered by hybrid events and online 
participation. I also welcome those who have registered online. Global 
climate change means that we need to continue to develop opportunities for 
remote interactions. 

David Collinge 

University of Copenhagen 

  
 

1 Siphonaptera, a poem based on the writings of Jonathan Swift 



Programme 
Monday, 5 September 

All talks will take place in the Herschel Building. Refreshments and meals will be provided in the adjacent areas. 

0815 – 0915 Registration 

0915 – 0920 Welcome by David Collinge, BSPP President 

Presidential address 

0920 – 1000 From defence to microbial lifestyles and back again 
David B. Collinge (University of Copenhagen, Denmark) 

Session 1: Fungal Endophytes  (moderator: Rob Jackson) 

1000 – 1030 1.1 KEYNOTE    Sweet talk: A plant protein releases a fungal β-glucan to enhance colonisation 
Alga Zuccaro (University of Köln, Germany) 

1030 – 1100 BREAK 

1100 – 1120 1.2 Fungal endophytes of Salicornia europaea  
Katarzyna Hrynkiewicz (Nicolas Copernicus University, Torun, Poland) 

1120 – 1140 1.3 The effect of plant domestication on the seed microbiome 
Gail Preston (University of Oxford) 

1140 – 1200 1.4 Fusarium langsethiae - mycotoxigenic pathogen or endophyte of cereals? 
Simon Edwards (Harper Adams University) 

1200 – 1220 1.5 Molecular mimicry by fungal leucine-rich repeat proteins – a role in host immune 
suppression? 
Graeme Kettles  (University of Birmingham) 

1220 – 1400 BSPP AGM (Lecture theatre, 1220-1310, members only) AND LUNCH 

Session 2: Coat Changers (moderator: David Collinge) 

1400 – 1430  2.1 KEYNOTE  Fusarium oxysporum: endophyte or pathogen? 
Martijn Rep (University of Amsterdam, Netherlands) 

1430 – 1450 2.2 SsHADV-1 converts Sclerotinia to a biological control agent 
Daohong Jiang (Huazhong Agricultural University, Wuhan, China) 

1450 – 1510 2.3 Tandem repeats in Phytophthora effectors enables elaborate mimicry of a host 
phosphatase 
Wenbo Ma (The Sainsbury Lab, Norwich)  

1510 – 1530 2.4 Giant transposons facilitate horizontal gene transfer of the necrotrophic effectors in 
fungal wheat pathogens 
Megan McDonald (University of Birmingham) 

1530 – 1600 BREAK 

PH Gregory Competition Part 1 (moderator: Gail Preston) 

1600 – 1800 Diane BUCUR; Joy CLARKE; Alicia FARMER; James FORTUNE; Matteo GRAVINO; Abraham Gomez 
GUTTIEREZ 



CONFERENCE DINNER at the Biscuit Factory (NE2 1AN) begins at 1930. The venue is a 25 min walk from the 
main university campus. 

Tuesday, 6 September 
All talks will take place in the Herschel Building. Refreshments and meals will be provided in the adjacent areas. Venue for 
Career Chats to be announced. 

Session 3:  What are Latent Pathogens?  (moderator: Richard Oliver) 

0900 – 0930 3.1 KEYNOTE  Exploiting the dual functionality of the Tox3 effector to dissect plant immunity 
Peter Solomon (Australian National University, Canberra) 

0930 – 0950 3.2 The lifestyle of the maize foliar pathogen Cercospora zeina – shy invader or party 
animal? Dave Berger (FABI, University of Pretoria, South Africa) 

0950 – 1010 3.3 Pyrenophora tritici-repentis: what makes a pathogen? 
Reem Aboukhaddour (AAFC: Lethbridge Research and Development Centre) 

1010 – 1030 3.4 Exploring the function of two paralogous F. graminearum effectors reveals the existence 
of a new genetic pathway required for virulence on wheat spikes 
Kim Hammond-Kosack (Rothamsted Research) 

1030 – 1100 BREAK 

Session 4: Open Session (moderator: Murray Grant) 

1100 – 1130 4.1 Pseudomonas syringae effectively manipulates diverse and distantly related host plants 
Phil Carella  (John Innes Centre, Norwich) 

1130 – 1150 4.2 Multitrophic interactions in the rhizosphere: soil micro-fauna as a link between microbes 
and plants 
Patricia Gilarte Padilla (Western Sydney University, Australia) 

1150 – 1210 4.3 Exploiting allelic compatibility in plant paired immune receptors to facilitate engineering 
of new pathogen effector recognition specificities 
Adam Bentham (John Innes Centre, Norwich)  

1210 – 1230 4.4 The application of rapid evaporative ionisation mass-spectrometry to the diagnosis of 
plant parasitic nematode infections 
Alice Flint (Queens University, Belfast) 

1230 – 1400 CAREER CHATS AND LUNCH 

Session 5: Looking Forward, Thinking Back 

1400 – 1430 5.1 Give me the money: the wonders and woes of finding funds 
Eric Boa (University of Aberdeen) 

Tools and Tricks of the Trade  (seminar rooms, 4th floor Herschel) 

1430 - 1530 TToT 1 - Epidemiology and spatial distributions (Mike Shaw, Reading) 
TToT 2 – Getting to grips with fungal endophytes (Iñigo Zabalgogeazcoa, Spain) 
TToT 3 – Field surveys: boots in the ground, apps and artificial intelligence (Dave Berger, 
South Africa) 
TToT 4 – To be confirmed 

1530 – 1600 BREAK 



PH Gregory Competition Part 2 (moderator: Gail Preston) 

1600 – 1715 Erika KROLL; Andrew LEGG; Laura ROEHRIG; Luca STEEL; Rafal ZDRZALEK; Wadzania Dauda PALNAM; 
Asmaul HUSNA 

1715 - 1800 Roundtable on BSPP Outreach and Engagement Activities led by Jorunn Bos and Gail Preston 

1800 REASSEMBLE IN THE BOILER ROOM 

Poster Session and Reception 

1800 – 1930 Posters will be displayed in the Boiler Room, accompanied by drinks and canapés. Winners 
of the J Colhoun (best poster) and PH Gregory (best talk) competitions will be announced 

Wednesday, 7 September 
All talks will take place in the Herschel Building. Refreshments and meals will be provided in the adjacent areas. 

Session 6: Communities and their Exploitation  (moderator: Mike Shaw) 

0900 – 0930 6.1 Keynote Structure and functions of the fungal microbiome from a maritime plan 
Iñigo Zabalgogeazcoa (CSIC Salamanca, Spain) 

0930 – 0950 6.2 Identifying plant genes shaping microbiota composition in the barley rhizosphere 
Carmen Maria Escudero Martinez (University of Dundee) 

0950 – 1010 6.3 Jumping genes: phage-mediated transfer of a Pseudomonas effector in the cherry 
phyllosphere bacterial community 
Mojgan Rabiey (University of Birmingham) 

1010 – 1030 Eve Billing Lecture 6.4 Unravelling the wheat response to the Fusarium mycotoxin, 
deoxynivalenol (DON) 
Fiona Doohan (University College Dublin) 

1030 – 1100 BREAK 

RKS Wood award 

1100 – 1110 Introduction to 2022 Winner 
Fiona Doohan (University College Dublin) 

1110 – 1140 Fusarium head blight and wheat blast – same host tissue but very different diseases 
Paul Nicholson (John Innes Centre, Norwich) 

1200 END 

  





Career Chats 
These will take place during the lunch break on Tuesday. We’ve been running this popular event since 2018, with 
senior researchers talking to small groups about their careers. Discussions are wide-ranging and informal. Learn 
more about what decisions and events shaped the path to the presenter’s current job. Find out what has shaped 
choices and the often unexpected ways in which new opportunities arise. 

The Career Chats are targeted at PhD students and early career researchers, but anyone is welcome to join. The 
chats last for around  30 minutes; plenty of time to get your lunch afterwards and before the afternoon sessions 
begin. You’ll be asked to sign up during the conference and assigned to a table to ensure an even distribution of 
participants. You can always move between tables if there’s a particular person you want to listen in to. 

 

  

 

  



Tools and Tricks of the Trade 
The BSPP is always looking to broaden the appeal of annual meetings to our membership (and beyond). Tools 
and Tricks of the Trade (TToT) is a new event aimed at exploring productive methods and useful approaches in 
research. Each topic will be led by a convenor before opening up the topic for wider discussion. These are 
informal discussions involving small groups, with the chance to learn more about what works and what doesn’t. 

TToT 1 

Epidemiology and Spatial Distribution 

Convenors | Mike Shaw (Reading) and Stephen Parnell (Warwick) 

A particular type of question recurs in epidemiology.  Examples include "are these infections closer together 
than would be expected at random?"; "is this pattern consistent with a suspected mode of transmission?", "has 
the pattern we observe a preferred scale?"; " could these infections be independent?". It should be of interest to 
compare the advantages and disadvantages of diverse approaches to these problems.  I will use up to three 
examples to stimulate discussion: (1) A two-scale example from Zymoseptoria tritici (2) A genotypic clustering 
example from Botrytis cinerea. (3) conditional incidence as a tool to visualise spatial patterning . 

TToT 2 

Getting to Grips with Fungal Endophytes 

Convenor | Iñigo Zabalgogeazcoa (IRNASA-CSIC, Spain)	

Endophytes are an intriguing group to work with. I'll cover different practical aspects of doing research before 
opening up the session to wider discussion. I'll start with the use of culture-dependent and culture-independent 
(DNA) methods for endophyte surveys before turning to isolation methods and the classification and 
identification of isolates. I also want to discuss what is (and isn't) an endophyte. 

TToT 3 

Field Surveys: Boots in the Ground, Apps and Artificial Intelligence 

Convenor |  Dave Berger (FABI, South Africa) 

Field disease surveys are the bread and butter of applied plant pathology. They can be conducted at different 
scales from individual student projects to countrywide government initiatives. I will provide a perspective from 
our experiences at FABI of maize disease surveys with small-holder farmers. The aim will be to stimulate 
discussion on field survey scope, planning, stakeholder engagement and feedback, cultural sensitivity, and 
diagnostic methods. Digital plant pathology will also be covered, including (i) the use of Apps for data 
collection, (ii) artificial intelligence for disease diagnostics, and (iii) countrywide surveillance based on 
diagnostic clinics linked to a centralised cloud-based data hub.  This session should be of interest to lab-based 
postgraduates who are looking for the field context of their molecular research, as well as those embarking on 
international plant pathology collaborations. 

TToT 4 

To be confirmed 

  



Biographies | invited speakers 

David Berger 

 

Dave Berger is a professor in the Department of Plant 
and Soil Sciences and the Forestry and Agricultural 
Biotechnology Institute (FABI) at the University of 
Pretoria, South Africa. He is a molecular plant 
pathologist who conducts collaborative research on 
crop diseases of economic importance in Africa and 
globally. His research group interrogates grey leaf spot 
disease in maize as a model system to understand 
molecular mechanisms of fungal pathogenicity and 
plant host resistance. Genomics and data science 
approaches are employed to integrate and interpret 
field and laboratory data obtained from maize and the 
pathogen.  

His main research aim is to develop sustainable 
management strategies for long-term food security.  
The National Research Foundation of South Africa 
places him in the category of “internationally 
acclaimed researcher” in their scientist rating system 
based on peer review.  

He was a USDA Norman E. Borlaug International 
Agricultural Science and Technology Fellow at the 
University of Arkansas, USA in 2013. He received the 
2016 Special Award for Crop Science and Food 
Security from the National Science and Technology 
Forum/South 32. 

Katarzyna Hrynkiewicz 

Katarzyna Hrynkiewicz is a professor of microbiology. 
The main area of her scientific work are the 
interactions between microorganisms and plants.  

The scientific work involves a wide range of 
microorganisms associated with plants, from symbiotic 
mycorrhizal fungi (ectomycorrhizal and arbuscular), to 
endophytic and rhizosphere bacteria and fungi.  

By studying the interactions between microorganisms 
and plants, she put a special emphasis on 
microorganisms’ adaptive mechanisms for adverse 
environmental conditions, such as the heavy-metal 
contamination of soils, high salinity, drought, nutrient 
deficiencies and the contribution of microorganisms 
in increasing the tolerance of host plants to 
environmental stress.  

The potential of this research is not only scientific but 
also practical and is the basis for the development of 
new technologies applied in agriculture, forestry and 
microbial assisted remediation of soils. 

 



Daohong Jiang 

 

Dr Daohong Jiang, Professor of Plant Pathology and 
director of State Key Laboratory of Agricultural 
Microbiology, Huazhong Agricultural University. In 
1999, he received a doctor's degree in Microbiology 
from Huazhong Agricultural University. He was 
supported by the NSFC for Distinguished Young 
Scholars in 2011, and he was selected as a 
distinguished professor of Changjiang Scholars of the 
Ministry of Education in 2012.  

He is the vice president of the Chinese Society of Plant 
Pathology, and the Chair of the Mymonaviridae Study 
group of ICTV. He mainly studies biocontrol of plant 
diseases with mycoviruses and mycoparasites, and the 
plant microbiome.  

He first reported DNA mycoviruses and negative-
stranded RNA mycoviruses, and found that the DNA 
mycoviruses could convert a pathogenic fungus into an 
endophyte; he also found that Sclerotinia sclerotiorum is 
not only the pathogen of dicotyledonous plants, but 
also a mutualistic endophyte of gramineous plants. He 
first proposed the concept of plant vaccine and 
established the corresponding application technique to 
promote plant health. 

His research has broadened the channels for mining 
beneficial microbes. He has published more than 200 
papers, with an H index of 44. 

Paul Nicholson 

I am a group leader within the Department of Crop 
Genetics of the John Innes Centre.  

My group is investigating the genetic basis of resistance 
to facultative diseases of cereals. We have studied 
eyespot, Fusarium head blight and, more recently, 
wheat blast. Each disease poses different challenges but 
the critical aspect in all cases is that of obtaining 
accurate phenotype data for downstream analysis.  

We work very closely with plant breeders to minimise 
delays in providing information for practical 
exploitation of our work. 

 



Martijn Rep 

 

Martijn Rep has contributed to research on plant 
pathogenicity of Fusarium oxysporum at the University 
of Amsterdam since 2000, when he started to form his 
research group. His initial focus was the identification 
of proteins that F. oxysporum secretes during tomato 
xylem colonisation. Among these ‘Six’ (Secreted in 
xylem) proteins, his group identified three proteins 
that are recognized by the I, I-2 and I-3 immune 
receptors in tomato that confer resistance to Fusarium 
wilt. With the first genome of F. oxysporum becoming 
available in 2008, it became clear that all SIX genes are 
located on the same chromosome.  

A breakthrough was the demonstration that this 
chromosome can be horizontally transferred between 
strains, conferring pathogenicity towards tomato to the 
recipient strain. The same process was later 
demonstrated for cucurbit-infecting strains. Based on 
the presence of a small transposable element upstream 
of SIX genes, his group developed a method to identify 
effector genes in genome sequences of F. oxysporum, 
that can be used as markers for host-specific forms.  

His group also identified transcription factors that 
promote expression of SIX genes during host 
colonisation, and a histone modification that 
suppresses this expression 

Peter Solomon 

I completed my undergraduate degree and subsequent 
PhD studies at The University of Queensland before 
undertaking a postdoctoral position at the Carlsberg 
Laboratory in Denmark with Richard Oliver 
investigating the nutritional basis of the tomato-
Cladosporium fulvum interaction. In 2000, I moved to 
the Australian Centre for Necrotrophic Fungal 
Pathogens located at Murdoch University in Perth, 
Western Australia, to further investigate fungal-plant 
interactions using the Parastagonospora nodorum-wheat 
interaction.  

In 2008, I accepted a Lab Leader position in the 
Research School of Biology at The Australian National 
University where my research group is focused on 
wheat biosecurity. In 2012, I was awarded a prestigious 
Australian Research Council Future Fellowship to 
expand my group's research interests to cover other 
important wheat and barley diseases such as 
Zymoseptoria tritici, Bipolaris sorokiniana and 
Rynchosporium commune.  

Over recent times, I have expanded my interests to 
understanding the enigma of PR1 proteins and their 
role in plant-microbe interactions. 

 



Iñigo Zabalgogeazcoa 

 

Iñigo Zabalgogeazcoa received his Ph.D. in Plant 
Pathology from Pennsylvania State University in 1992.  

After a period of work in plant and fungal virology at 
the National Institute of Agricultural Research (INIA) 
in Madrid, he moved to the Institute of Natural 
Resources and Agrobiology of Salamanca (IRNASA-
CSIC), where he started to study Epichloë endophytes 
of grasses. Currently he is a Scientific Researcher and 
Vice director at IRNASA.  

His research is focused on fungal microbiomes of wild 
plant species, discovering the functions of endophytes 
in plant symbioses, and endophyte applications for 
agriculture. From 2001 to 2019 he taught a Plant 
Pathology course at the Faculty of Biology of the 
University of Salamanca. He has published more than 
70 papers in refereed scientific journals, and has been 
PI of public and privately funded projects. 

Alga Zuccaro 

My group is at the forefront of fungal effector biology 
and fungal-root symbioses and evolution research. 
Understanding the function of effectors secreted by 
mutualistic/beneficial root symbionts and identifying 
their plant targets are currently priority area for 
research in the field of plant-microbe interactions. 

We thus started a broad screening that aims to assign 
biological functions to fungal effectors that interfere 

with the plant immune response but also such 
effectors that might promote plant growth and 
protection. Among others, we have identified and 
characterized FGB1, the first fungal effector that binds 
to beta-glucan, a ubiquitous component of fungal cell 
walls that is detected by the immune system of plants. 
We systematically tested immune responses towards 
different beta-glucan structures and showed that 
responses vary between plant species.  

Additionally, in the past five years we have made 
substantial contributions to the understanding of root-
microbe interactions and the balance between 
pathogenesis and mutualism.  

 
We have paved the way to study evolutionary biology 
of successful fungal broad host-range symbionts and 
shown that broad compatibility in root fungal 
symbioses are associated with host-adapted 
colonization strategies. This is the foundation for 
exploring how distinct fungal and host symbiosis 
determinants modulate interaction with different 
plants.  

Expected future breakthrough contributions from my 
group in the field comprise, but are not limited to: 
mechanisms that act in inter-microbial interactions of 
fungi with their microbiota co-inhabitants in the soil 
and in different plant hosts, functionality of host-
specific effectors of fungal symbionts, mechanisms of 
compatibility and cell death in accommodation of 
microbes with beneficial functions in the root 

  



BSPP President 2022: David Collinge 

 

I studied genetics in Liverpool (BSc 1979) and Newcastle Upon Tyne (PhD 1982). I moved into the field of plant 
pathology in 1985, when I took a position with Mike Daniels at the John Innes to study plant defence responses 
against Xanthomonas in brassica.  

I continued working on plant defences in Copenhagen from 1988 aiming at biotechnological applications for 
disease resistance, and our work led to discovery of the DAB histological staining method for hydrogen peroxide 
which is widely used in plant science.  

For the 15 years, we have studied mycotoxigenic Fusarium species causing head blight and root rot of cereals. 
More recently, the emphasis has been in the identification of endophytic fungi in cereals and tomato as potential 
new biological control agents against disease.  

I am also immersed in plant pathology education in the Nordic countries initially via a joint Nordic MSc 
programme (2008 to 2012) and PhD courses (since 1991) which resulted ultimately in a textbook in Plant 
Pathology published in 2020. I am also chair of the Faculty PhD board serving over 1000 PhD students. 

 

  





 

Talks and Posters 

abstracts arranged alphabetically by presenter 

 
Mycelium of Athelia rolfsii (Sclerotium rolfsii) on onion, Sri Lanka 

  



Tuesday | TALK 3.3    reem.aboukhaddour@agr.gc.ca 

Pyrenophora tritici-repentis: what makes a pathogen? 
Gourlie R (1), Hafez M (1), McDonald M (2), Ortega-Poloa R (1), Strelkov S (3), Reem ABOUKHADDOUR (1) 
(1) Agriculture and Agri-food Canada, Lethbridge, Alberta, Canada (2) University of Birmingham, Institute of Microbiology and Infection, 
School of Biosciences, Edgbaston, Birmingham, UK (3):University of Alberta, Fac. of Agricultural, Life, and Environmental Sciences, 
Edmonton, Alberta, Canada 

Pyrenophora tritici-repentis (tan spot) has emerged recently as a foliar pathogen of wheat worldwide. Its 
populations are composed of isolates that have the ability to produce combinations of different necrotrophic 
effectors, which independently play a vital role in disease development. This diversity is mirrored in the 
presence and absence of effector-encoding genes in the Ptr genome. The aim is to present the recent advances 
in our knowledge of the Ptr genome, its effectors genes diversity and evolution. A comparative genomic analysis 
of its fully sequenced and aligned genomes representing a global collection of 40 isolates, followed by allelic 
diversity analysis of its effectors genes in 435 isolates from worldwide origins has revealed the following: Ptr has 
an open pangenome that is rich with accessory contents, reflecting on its adaptability as cosmopolitan 
pathogen. We discovered the involvement of large mobile elements associated with its effector genes. ToxA, the 
gene encoding for the necrosis effector was found as a single copy within a 143 kb ‘Starship’ transposon 
(dubbed ‘Horizon’), and this transposon has a defined target site and a target site duplication. ‘Horizon’ was 
located on different chromosomes in different isolates. The ToxhAT, a previously identified 14 Kb transposon 
associated with ToxA horizontal transfer among related species was nested within this newly identified 
‘Horizon’. Notably, ToxB, the gene encoding the chlorosis effector, was clustered as three copies on a 294 Kb as 
a different putative ‘Starship’ in a ToxB-producing isolate. ToxB and its putative transposon were missing from 
the ToxB non-coding reference isolate, but the homolog toxb and its putative transposon were both present in 
a different non-coding isolate. This suggests that ToxB could have been mobile at certain evolutionary times 
contrary to the previous assumption of its vertical inheritance. The genome architecture of Ptr was defined as 
‘one-compartment’ based on the calculated gene-distances and evolutionary rates. Finally, ToxA and ToxB 
haplotype networks based on the polymorphisms observed in these genes showed a predominance of the 
nonsynonymous mutations which suggest evolution under a positive selection pressure. These findings together 
reflect on the high plastic nature of the Ptr genome which likely drove its rapid adaptation worldwide, and has 
illuminated a larger role for giant transposons in Ptr evolution of virulence, which is likely a case to be 
recognize across fungi in the future. 

POSTER  s.aigbe@aauekpoma.edu.ng 

Isolation and molecular identification of fungal endophytes from exotic vegetables in 
Aberdeen 
Sylvester Osemare AIGBE 
Ambrose Alli University, Ekpoma, Nigeria 

In an experiment involving the isolation and molecular identification of fungi associated with exotic vegetables 
in two Aberdeen shops, four fungal endophytes, Xylaria adscendens, Acremonium zeae, Epicoccum nigrum, and 
Cladosporium cladosporioides were isolated and identified from scotch bonnet chilli (Capsicum chinense), baby corn 
(Zea mays), snowpea (Pisum sativum var. saccharatum), mango (Mangifera indica) and pawpaw (Carica papaya) 
imported from Uganda, Kenya and Brazil. Isolates were identified using colony and morphological characters 
on Potato Dextrose Agar and PCR analysis. The DNA of the fungi were extracted using a QiagenDNeasy Plant 
Mini Kit and PCR products were purified with a QIAquick PCR Purification Kit after electrophoresis. PCR 
amplifications were run using the primer pair ITS1/ITS4. DNA sequences were compared to published 
sequences in GenBank using BLASTn. All the identified fungi have been reported as endophytes of many 
important crops plants with potential to serve as biocontrol agents against some pathogenic fungi. 

  



POSTER hxa178@student.bham.ac.uk 

Functional characterisation of immune suppressing effectors from Zymoseptoria tritici 
Haider ALI (1), Rudd JJ (2), Kanyuka K (3), McDonald MC (1), Kettles GJ(1) 
(1) School of Biosciences, University of Birmingham, B15 2TT, UK; (2). Wheat Pathogenomics Team, Rothamsted Research, Harpenden 
AL5 2JQ (3). Cambridge Crop Research, National Institute of Agricultural Botany (NIAB), Cambridge CB3 0LE 

Zymoseptoria tritici causes Septoria blotch disease, a major threat to wheat yield worldwide, particularly in 
Europe. Z. tritici is a hemibiotrophic fungus with a long symptomless infection phase that lasts 8-12 days 
following spore germination on leaf surfaces. Following this phase, there is the appearance of disease 
symptoms, the onset of necrosis and fungal sporulation. During symptomless infection, there is minimal 
activation of host defences. We hypothesise that wheat defences are efficiently suppressed during this period 
due to the action of numerous secreted fungal effector proteins. We propose that successful immune 
suppression during the symptomless phase is key for successful infection. To test this hypothesis, we used an 
Agrobacterium-mediated transient expression system to screen a library of 49 previously cloned Z. tritici 
candidate effectors for immune-suppressing activity in N. benthamiana (1). We found that seven candidate 
effectors partly suppressed cell death when co-expressed with one of three Z. tritici cell death elicitors (Zt9, Zt11 
and Zt12). We are currently assessing whether these 49 candidate effectors are also able to suppress other 
immune responses. This will include suppression of the PAMP-induced reactive oxygen species (ROS) burst or 
previously described gene-for-gene interactions that lead to cell death. Our most recent findings will be 
reported.  

References: (1) Kettles, GJ et al. Apoplastic recognition of multiple candidate effectors from the wheat pathogen Zymoseptoria 
tritici in the nonhost plant Nicotiana benthamiana. New Phytologist 213.1 (2017): 338-350. 

POSTER  victoria.armer@rothamsted.ac.uk 

A Fusarium graminearum virulence factor facilitates plasmodesmatal crossings in wheat 
floral tissue 
Victoria ARMER (1,2), Deeks MJ (2), Hammond-Kosack KE (1) 
(1) Rothamsted Research, AL5 2JQ; (2) University of Exeter, EX4 4PY 

Fusarium graminearum is the ascomycete fungal pathogen responsible for Fusarium Head Blight (FHB) on small 
grain cereals such as wheat. During infection, F. graminearum secretes a number of effectors both damaging the 
host plant and contaminating grain with potent mycotoxins, rendering grain unsuitable for both human and 
livestock consumption. Here, a previously reported virulence factor is re-evaluated with regard to plant cell wall 
interaction in wheat floral tissues. The single-gene deletion mutant failed to penetrate through cells with 
reinforced walls and was observed to have impaired plasmodesmatal (PD) crossings. Exogenous application of 
the virulence factor in inoculum failed to restore the wild-type phenotype in planta at both macro- and 
microscopic levels, indicating highly targeted excretion by F. graminearum to plant cell walls. PD have evolved 
defence mechanisms against fungal, bacterial and viral pathogens which includes modifying the surrounding 
cell wall. Homologues of cell wall modifying enzymes identified from the Arabidopsis plasmodesmatal proteome 
are upregulated in wheat during F. graminearum infection, indicating local cell wall modifications during 
infection. This study poses new hypotheses surrounding the working disease model for F. graminearum, creating 
new questions encompassing the role of the cell wall structure in disease resistance and the role(s) PD have in 
modifying host-pathogen interaction outcomes. 

Tuesday | TALK 4.3  adam.bentham@jic.ac.uk 

Exploiting allelic compatibility in plant paired immune receptors to facilitate engineering of 
new pathogen effector recognition specificities 
Adam BENTHAM (3), De la Concepcion JC (1), Jones S (3), Vega Benjumea J (2), Mendel M (6), Stubbs J (5), 
Stevenson C (3), Maidment J (4), Kourelis (J)4, Kamoun S (4), Banfield MJ (3) 



(1) Gregor Mendel Institute of Molecular Plant Biology, Austria; (2) Hospital Universitario Puerta de Hierro, Spain; (3) John Innes Centre, 
UK; (4) The Sainsbury Laboratory, UK; (5) University of Southampton, UK;  (6) Utrecht University, The Netherlands 

Engineering the plant immune system offers genetic solutions to mitigate crop diseases caused by diverse 
agriculturally significant pathogens and pests. Modification of intracellular plant NLR immune receptors, to 
expand their recognition of pathogen virulence proteins (effectors), has proven to be a promising method for 
engineering novel disease resistance. However, engineering of NLRs can cause autoactivity, resulting in effector-
independent defence responses that are deleterious to the plant. Furthermore, plant NLRs are often found in 
highly complex signalling networks that have coevolved together, and changes in the pairing of NLRs through 
breeding or genetic modification can result in autoimmunity, rendering certain combinations of NLRs 
incompatible. Here, we present a molecular dissection of the incompatibility between a pair of rice NLR alleles 
and demonstrate how this information can be used to facilitate new effector recognition specificities. We show 
that by mismatching alleles of the rice sensor and helper NLRs Pik-1 and Pik-2, we can facilitate engineering of 
the effector recognition domain of Pik-1, enhancing recognition of the AVR-Pik effector from the blast fungus 
Magnaporthe oryzae. Furthermore, we found mismatching of Pik alleles can allow for integration of new effector 
recognition domains, which previously resulted in effector-independent cell death due to autoactivity. Using a 
structural and biophysical approach, we characterise the interaction between an engineered NLR effector 
recognition domain and different M. oryzae effectors and highlight the relationships between effector affinity 
and in planta defence responses. Taken together, our results demonstrate a new strategy for engineering NLRs, 
which has the potential to allow for a variety of unique integrations and therefore new disease resistance 
specificities. 

Tuesday | TALK S3.2  dave.berger@fabi.up.ac.za 

The lifestyle of the maize foliar pathogen Cercospora zeina – shy invader or party animal? 
David BERGER 
Department of Plant and Soil Sciences, Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, South Africa 

Cercospora zeina is a Dothideomycete fungal pathogen with a narrow host range limited to maize leaf infection.  
It causes grey leaf spot (GLS) disease of maize in Africa, China, Brazil and the USA. GLS is generally 
widespread in the wetter regions of a maize producing country. Disease surveys that we conducted in the 
Eastern maize region of South Africa revealed that GLS incidence dropped from 71% to 2% during a drought 
year. Field observers may conclude that C. zeina has a necrotrophic lifestyle (“party animal”) due to the necrotic 
lesions and extensive blighting that develops. However, glasshouse inoculations indicate a latent period of up to 
three weeks before the first symptoms of chlorotic spots appear, indicating a biotrophic phase (“shy invader”).  
Our current knowledge of this fungal pathogen is both deep and narrow (pathogenicity gene catalogue from 
long read sequencing of an African isolate of C. zeina), and broad and wide (population genetics and genomics 
of C. zeina from five African countries).  Microsatellite analysis of 964 African isolates indicated some 
population differentiation between East and Southern Africa, pointing at the potential for geographic 
adaptation. Interestingly, this adaptation was not reflected in the pathogenicity effector gene catalogues of 30 
diverse isolates (six per country) since only 11% of the effector genes had two or more SNPs.  As part of setting 
up countrywide crop health monitoring systems, an artificial intelligence (deep learning) method was developed 
to identify GLS disease symptoms in realistic mixed disease field images. To date the model is operating at an 
accuracy of 73%. Ongoing research is focused on (i) the molecular events as C. zeina progresses from “shy 
invader” to “party animal”, (ii) the ecology of its interaction with other “players” in the maize leaf; and (iii) 
adaptation at field and landscape level. 

  



Tuesday | TALK 5.1 e.boa@abdn.ac.uk 

Give me the money: the wonders and woes of finding funds 
Eric BOA 
University of Aberdeen 

At the end of a long career covering everything from clove disease to rural bamboo, edible mushrooms and 
agricultural extension and advisory services, I reflect on the necessary evil of writing proposals and applying for 
funds. At first, I naïvely assumed that getting funds would be straightforward. If only. It was rarely simple to do 
what I trained for: ask questions, seek answers, collaborate with others, publish and develop a research career. 
All too often, I encountered frustration, disappointment and, occasionally, outright dismay. But, amidst the 
woes, there were wonders, too. Things turned out better than the lingering despondency created by rejection. 
Or the bewilderment that others had failed to recognize a great project. I’ll share tips and insights on finding 
funds; what worked – sometimes unexpectedly – and why things went wrong. I’ll draw on a diverse set of 
experiences of fund raising from the public and private sector, as well as bilateral and multilateral donors, on a 
journey from Central Asia to Scotland via Colombia and Malawi. I’ll round-off with a look at what BSPP has to 
offer members seeking funds, and an overview of the newly launched Small Project Fund. 

POSTER diana.bucur@teagasc.ie 

Mycotox-I: field to fork assessment and mitigation of mycotoxin exposure risk in Ireland 
Diane BUCUR (1), Subramani N (2), Danaher M (3), Black L (4), Parnell A (5), Elliot C (6), Kildea S (1), 
Doohan F (2) 
(1) Teagasc, Crops Science Department, Carlow R93 XE12, Ireland; (2) University College Dublin, School of Biology and Environmental 
Science, Dublin, D04 V1W8, Ireland; (3) Teagasc, Food Research Centre, Ashtown, Dublin, D15 KN3K; (4) AFBI, Crossnacreevy, 
Antrim, Northern Ireland; (5) Hamilton Institute, Faculty of Science and Engineering, Maynooth University; (6) School of Biological 
Sciences, Queens University Belfast 

Mycotoxins are secondary metabolites produced by fungi during the growth of a crop or during transportation, 
processing, or storage, that when ingested by humans or animals can have acute or chronic cytotoxic, 
carcinogenic, mutagenic, or immunosuppressive effect at low concentrations. Fusarium species represent one of 
the most economically important genus of fungi producing such mycotoxins, which include deoxynivalenol 
(DON), zearalenone (ZEA), T-2 toxin, and HT-2 toxin. To obtain a broader knowledge on the spectrum of 
mycotoxins present in Irish cereals, in particular oats, and the Fusarium species responsible for their 
production, Mycotox-I is conducting field-based surveys of Irish cereal crops. In parallel, field and glasshouse 
based studies are being conducted to determine specific influences of current agronomic practices on both 
Fusarium development and mycotoxin contamination specifically in oat crops. Combined, it is expected that 
the outcomes from the project can be used to provide more targeted and effective Fusarium and mycotoxin 
control strategies for Irish cereals. 

Monday | PH Gregory Competition Part 1 diana.bucur@teagasc.ie 

Azole fungicide sensitivity and molecular mechanisms of reduced sensitivity in Irish 
Pyrenopeziza brassicae populations 
Diane BUCUR (1), Huang YJ (2), Fitt DBL (2), Kildea S (1) 
(1) Teagasc, Crops Science Dept., R93XE12, Ireland; 2 University of Hertfordshire, School of Life and Medical Sciences, AL10 9AB 

Light leaf spot, caused by Pyrenopeziza brassicae, is amongst the most damaging diseases of winter oilseed rape 
(Brassica napus). Currently, the sterol 14α-demethylase (CYP51) inhibitors (azoles) represent the main class of 
fungicides used to control light leaf spot development. However, a shift in sensitivity to azole fungicides in P. 
brassicae populations has been observed in different European countries, including Ireland (King et al., 
2021).To determine if the results previously published are representative for the P. brassicae populations in 
Ireland, the sensitivity status of three collections of P. brassicae from 2018-2020 was assessed in vitro for against 
tebuconazole and prothioconazole-desthio; additionally, to confirm the mechanism of reduced sensitivity are 
present, the PbCYP51 gene targeted by this class of fungicides was genotyped. A change in sensitivity to azole 



fungicides was observed, and differences in sensitivity to tebuconazole between Irish populations were present. 
Two substitutions were identified within PbCYP51 (G460S and S508T) and inserts of different sizes were 
present in its promoter region, the diversity in insert size being greater than previously known. Compared to 
wild type isolates, those carrying G460S or S508T were less sensitive to both fungicides, and where inserts were 
also identified, they further reduced sensitivity to azole fungicides. The results of this study suggest that azole 
fungicides are still very effective in controlling light leaf spot in Ireland. However, using azole fungicides in 
mixtures of fungicides with different modes of action should be investigated as a form to control light leaf spot. 
Moreover, the use of fungicides is not the only strategy of disease management, and integrative pest 
management should be, therefore, empathised.  

Reference: King KM., Bucur DE, Ritchie F et al, 2021: Fungicide resistance status and chemical control options for the 
brassica pathogen Pyrenopeziza brassicae. Plant Pathology 70, 2086–2103. 

Tuesday | TALK S4.1  philip.carella@jic.ac.uk 

Pseudomonas syringae effectively manipulates diverse and distantly related host plants 
Grenz K, Chia K-S, Philip CARELLA 
John Innes Centre, Norwich, NR4 7UH, UK 

Pseudomonas syringae (Psy) is a widespread bacterial pathogen that causes significant damage to plants worldwide. 
Though much attention is paid to interactions in agricultural settings and with model angiosperms (flowering 
plants), ecological surveys have identified Psy strains with expansive host ranges that includes non-flowering 
lineages. To better understand mechanisms underpinning broad host pathogenicity, we screened diverse Psy 
isolates for their ability to infect representatives of three divergent land plant lineages: Marchantia polymorpha 
(bryophyte: non-vascular, non-seed), Ceratopteris richardii (monilophyte: vascular, non-seed), and Nicotiana 
benthamiana (angiosperm: vascular, flowering seed plant). Infection phenotyping identified differential 
capacities for Psy isolates to promote disease in distantly related land plants, with several phylogroup 2 (PG2) 
Psy strains exhibiting a broad experimental host range capable of infecting each lineage. Comparative genomic 
analyses revealed a higher prevalence of phytotoxins and type-3 effector families in broad host isolates relative 
to all other tested strains. Mutants defective in phytotoxin production and type-3 effector translocation 
exhibited drastic reductions in host range, revealing essential roles for both in the manipulation of divergent 
host plants. In addition, we characterise host responses to virulent (wildtype) and toxin or effector deficient Psy 
mutants using RNA-sequencing to understand how these virulence factors contribute to disease progression in 
such divergent plants. Collectively, our work supports the idea that broad host Psy isolates employ keystone 
virulence factors that exploit deeply conserved vulnerabilities present across distantly related land plants. 

Monday | PH Gregory Competition Part 1 joy.clarke@mu.ie 

The biological control of cobweb disease on mushroom farms 
Joy CLARKE (1) (2), Grogan H (2), Fitzpatrick D (1), Kavanagh K (1) 
(1) Dept. of Biology, Maynooth University, Maynooth, Co. Kildare, Ireland; (2) Teagasc, Horticulture Development Dept., Ashtown 
Research Centre, Dublin 15, Ireland 

Cobweb disease, caused by members of the genus Cladobotryum is a major concern for growers of the white 
button mushroom (Agaricus bisporus). Fungicides are currently employed to manage this disease, though the 
number of approved fungicides is decreasing rapidly. Biocontrol agents are being investigated as alternative, 
more environmentally friendly treatment options. In this work a large-scale growth trial which investigated the 
treatment of cobweb disease during A. bisporus cultivation was carried out. The resistance of two C. mycophilum 
strains (1546 & 618) was investigated against two fungicides (Prochloraz-Mn and Metrafenone). Prochloraz-Mn 
could control both strains of C. mycophilum with efficacy values of 73% against 1546 and 70% against 618 (p-
value >0.05). Metrafenone could only control strain 618 with efficacy of 96% (p-value >0.05) but was not 
effective against strain 1546. Two biocontrol treatments were also included in this trial. Bacillus velezensis QST 
713 is the active agent in the commercially available biocontrol product Serenade ® while B. velezensis is a novel 
strain which has been shown to be inhibitory to C. mycophilum in vitro (1). The commercially available strain 



QST 713 was not effective against C. mycophilum 1546 in vivo. The novel Kos strain did show some efficacy 
against the C. mycophilum in terms of reducing disease incidence (efficacy=30%) but did not perform as well as 
the fungicide treatments. This work highlights that further research into biocontrol and other integrated pest 
management strategies for mushroom disease is needed. Fungicides will continue to play a role in disease 
treatment on mushroom crops, however their role will be limited in the future necessitating the development 
of novel, environmentally sustainable control strategies.  

Reference: (1) Clarke J, Grogan H, Fitzpatrick D, Kavanagh K (2021). Analysis of the effect of culture filtrate on the growth 
and proteome of Cladobotryum mycophilum. Fungal Biology (doi.org/10.1016/j.funbio.2021.09.003) 

Monday | Presidential address  dbc@plen.ku.dk 

From defence to microbial lifestyles and back again 
David COLLINGE 
University of Copenhagen, Denmark 

The interactions of fungi with plants range from the pathogenic, commensal to mutualistic. How do fungi 
achieve this? How do plants react to their presence? Can we use our understanding of these reactions to 
improve disease control for sustainable agriculture? Throughout my career, I have studied plant responses to 
pathogens using various molecular tools as they developed. We identified differentially expressed genes by 
comparing the defence response of infected with healthy plants. Especially studies exploiting barley powdery 
mildew led to the demonstration that the defence response is massive and complex, revealing both components 
possessing direct antimicrobial activities (Pathogenesis-related proteins and enzymes implicated in phytoalexin 
biosynthesis) and diverse regulators (14-3-3 proteins, NAC transcription factors and receptor-like protein 
kinases). For the 15 last years, we have studied mycotoxigenic Fusarium species causing head blight and root rot 
of cereals. Proteomics identified important components involved in interactions including potential effectors. 
The role of lactone-derived mycotoxin zearalenone in F. graminearum and its detoxification by the biological 
control agent Clonostachys rosea indicated that this compound is produced primarily by Fusarium to inhibit other 
fungi. More recently, the emphasis has been in the identification of endophytic fungi in cereals and tomato as 
potential new biological control agents against disease and to provide improved resilience against abiotic stress 
(1). Studies of endophytic populations using amplicon sequencing have revealed potential pathogens living in 
healthy tissues, and when reintroduced individually in axenic culture, they can cause disease. Several 
mechanisms underlie the ability of biological control agents to reduce disease, including competition, 
antibiosis, mycoparasitism and induced resistance (2). Our studies point to the latter as an important 
mechanism where endophytic fungi are involved, but how can they survive induced resistance themselves? 

References: (1) Collinge DB, Jensen B, Jørgensen HJL, 2022. Fungal endophytes in plants and their relationship to plant 
disease. Current Opinion in Microbiology 69, 102177. (2) Latz MaC, Jensen B, Collinge DB, Jørgensen HJL, 2018. Endophytic 
fungi as biocontrol agents: elucidating mechanisms in disease suppression. Plant Ecology and Diversity 11, 555 

Wednesday | Eve Billing Lecture S6.4 Fiona.doohan@ucd.ie 

Unravelling the wheat response to the Fusarium mycotoxin, deoxynivalenol (DON) 
Fiona DOOHAN, Perochon A, Benbow H, Heckmann A, Ajaz S, Kahla A, Vranic, M 
(1) School of Biology and Environmental Science, UCD Earth Institute, UCD Institute of Food and Health, UCD Centre for Plant Science, 
University College Dublin, Ireland. 

Over the past decade, we have used a functional genomics approach to identify genes and genomic hotspots 
associated with the ability of cereals to resist the deleterious effects of deoxynivalenol (DON) and Fusarium 
head blight (FHB) disease. One of the interesting trends emerging from this research output is that many of the 
genes that impact upon DON and/or FHB resistance also impact grain development. The taxonomically 
restricted ‘orphan’ gene TaFROG that enhances FHB/DON resistance co-located with other DON-responsive 
genes and thus we hypothesised that some FHB/DON resistance genes locate within specific gene clusters 
located within specific genomic loci. We developed a pipeline to identify the FHB-associated FRGC (Fusarium 
responsive gene clusters) using publicly available RNAseq data. This enabled us to delineate 44 FRGC, 



including metabolic and non-metabolic gene clusters. One of these clusters encoded non-homologous 
metabolic genes previously uncharacterised in wheat but associated with potent antimicrobial activity in other 
plant species. Another FRGC co-locates with a FHB resistance genetic locus. Interestingly, the hotspot that 
included the DON/FHB-responsive TaFROG orphan gene also included another DON/FHB-responsive 
orphan gene. We thus hypothesised that rapidly evolving orphan genes play a significant role in the defence 
against FHB and DON, and this was validated using a pipeline developed to identify disease/toxin-responsive 
orphan genes from RNAseq data. Transcriptomic analysis using TaFROG overexpression lines highlighted the 
downstream pathways regulated by this gene, both constitutively and in response to Fusarium. Our work now 
moves to understanding the relationship between DON, wheat and the microbiome, with compelling 
indications that mycotoxins play an important role in regulating ecosystem interactions. 

Monday | TALK S1.4 sedwards@harper-adams.ac.uk 

Fusarium langsethiae - mycotoxigenic pathogen or endophyte of cereals 
Simon EDWARDS, Imathiu SM, Opoku N, Stancic T, Blackshaw-Crosby JC 
Harper Adams University, TF10 8NB, UK 

Fusarium langsethiae is a toxigenic fungus that was formally described as a new species in 2004. This fungus was 
first detailed in the 1990s but was initially referred to as ‘powdery Fusarium poae’ having a spore morphology 
similar to F. poae but a mycotoxin profile like that of Fusarium sporotrichioides. The species has been isolated 
from oat, wheat and barley with some disease symptoms reported on wheat and barley but none on the primary 
host, oats. The fungus appears to be able to readily colonise oats without causing any symptoms or negative 
impact on the host. Host colonisation/infection has been achieved in glasshouse studies with long durations of 
high humidity but no successful inoculation under field conditions has been demonstrated. Whilst the 
epidemiology of F. langsethiae remains unclear, the fungus has been shown to produce high levels of type-A 
trichothecenes HT-2 and T-2 toxins in small-grain cereals. HT-2 and T-2 toxins are two of the most potent 
trichothecenes capable of inhibiting protein synthesis in eukaryotes. In this regard, mycotoxin contamination 
caused by F. langsethiae is a food and feed safety hazard irrespective of the fungus’ lifestyle. The European 
Commission are currently drafting legislative limits for HT-2 and T-2 toxins, as such, more information is 
required not only on the producer and conditions favouring mycotoxin production, but also on reliable 
methods of detection and reduction of cereal contamination. 

Monday | PH Gregory Competition Part 1 Alicia.Farmer@hutton.ac.uk 

Investigating genetic diversity and selection amongst UK populations of Bremia lactucae, 
the cause of lettuce downy mildew 
Alicia Ann FARMER (1, 2), Cooke DEL (1), Lees AK (1) 
(1) The James Hutton Institute, DD2 5DA, UK, (2) The University of St. Andrews, KY16 9AJ, UK 

Lettuce downy mildew (LDM) caused by the biotrophic oomycete Bremia lactucae  is a foliar disease, symptoms 
of which include angular sporulating lesions. LDM negatively affects crop value through a reduction in yield, 
visual quality, and increased risk of secondary infection. Disease management strategies are usually 
preventative, employing resistant cultivars in conjunction with fungicides to preserve crop quality. Little is 
known about the current UK population of B. lactucae and there is an ongoing risk of the emergence of new 
strains with reduced sensitivity to fungicide active ingredients and/or the ability to overcome host resistance 
genes. The aims of this research are to develop tools for the genotypic characterisation of B. lactucae, to use 
them to study population diversity and dynamics, and to monitor phenotypic traits relevant to disease control 
in support of integrated LDM management strategies.  Simple sequence repeat (SSR) markers were developed 
by in silico screening of the B. lactucae genome (1) to enhance existing markers shared from previous research. 
Seventeen candidate markers were tested for their ability to identify genotypic (allelic) diversity in UK and 
other reference isolates. Commercial UK samples from 29 outbreaks were discriminated by 10 markers 
generating over 50 multilocus genotypes (MLGs). The 10 SSR markers were used to investigate the effect of 



cultivar on selection for specific genotypically diverse isolates in mark and recapture experiments conducted 
under field conditions. Results showed clear interactions between cultivar and pathogen genotypes. 
Additionally, isolates have been characterised for phenotypic traits, including fungicide sensitivity and virulence 
profile (race), in relation to geographical location and host cultivar.  

Reference: (1) Fletcher K et al., (2019). Genomic signatures of heterokaryosis in the oomycete pathogen Bremia lactucae. 
Nature Communications, 10. doi:10.1038/s41467-019-10550-0 

Tuesday | TALK S4.4 a.flint@qub.ac.uk 

The application of rapid evaporative ionisation mass-spectrometry to the diagnosis of plant 
parasitic nematode infections 

Alice FLINT, Cameron SJ, Weir R, Dalzell J 
Queen's University Belfast 

Plant parasitic nematodes (PPNs) are major agricultural pests which exhibit broad host ranges, causing £100 
billion of crop damage annually. However, the PPN symptoms of stunting, wilting and chlorosis resemble other 
environmental stresses and display delayed onset. Current PPN diagnosis requires root and soil analysis; a low 
throughput, destructive process necessitating specialist expertise. Therefore, the development of non-destructive 
assay would improve early detection. Host defence responses include nutrient remobilisation, structural 
reinforcement, phytohormone signalling, phytoalexin biosynthesis and oxidative species generation, requiring 
metabolic rewiring. Thus, metabolomics is an emerging tool for the study of these interactions. However, 
current analyses involve time-consuming sample processing, extraction and chromatographic separation in 
laboratory settings, again requiring specialist expertise. Rapid evaporative ionisation mass spectrometry 
(REIMS) is an ambient ionisation technique which utilises sample heating to generate an analyte-rich vapour. 
Analysis is performed within 5 seconds, compared to typical LC-MS runtimes of 15 minutes and requires 
minimal sample preparation, increasing throughput and usability. REIMS has been employed in clinical, 
microbiological and food authenticity analyses. This work has applied REIMS to the analysis of vegetative plant 
tissue, in tandem with the development of low-cost heating methods to establish an effective and economic 
solution for in-field PPN diagnosis. Results from tomato leaf 10 days post-infection with the root-knot 
nematode Meloidogyne incognita demonstrates metabolomic separation of control and infected samples, 
suggesting REIMS can detect PPN-associated metabolic changes and could present an economical solution for 
PPN diagnosis. These changes include compounds putatively identified as C18 fatty acids and serine 
metabolites, suggesting alterations to jasmonic acid and ethylene biosynthetic flux respectively. To evaluate the 
diagnostic potential of REIMS, work has commenced on the application of this method to Pseudomonas 
syringae tomato infection to determine whether the changes observed represent generic plant pathogen 
responses or whether pathogen-specific alterations occur. 

Monday | PH Gregory Competition Part 1 james.fortune@adas.co.uk 

Leptosphaeria biglobosa inhibits the production of the phytotoxin Sirodesmin PL by L. 
maculans to increase its competitiveness 
James A. FORTUNE (1,2), E. Bingol E (1), Qi A (1), Baker D (1), Ritchie F (2), Karandeni Dewage CS (1), Fitt 
BDL (1), Huang YG (1) 
(1) University of Hertfordshire, AL10 9AB; (2) ADAS, CB23 4NN 

Phoma stem canker is an economically important disease of oilseed rape that causes annual yield losses worth > 
£74M to UK growers. The disease is caused by two co-existing pathogens Leptosphaeria maculans and L. biglobosa 
that have similar lifecycles. Despite L. maculans’ ability to produce a phytotoxin called sirodesmin PL, that has 
an inhibitory effect on L. biglobosa, they co-exist because of their temporal and spatial separations, that is 
associated with the differences in their pseudothecial maturation and subsequent differences in ascospore 
release timing. However, recent studies have shown that Leptosphaeria spp. ascospores are more frequently 
being released at similar times. Therefore, this study investigated the effect of this increased interspecific 
competition in relation to phytotoxin production and disease development in vitro and in planta. Colony areas 



of L. maculans or L. biglobosa were compared when different secondary metabolite culture extracts were applied 
in vitro, and the lesion area was compared when cotyledons were inoculated with either L. maculans only, L. 
biglobosa only or both simultaneously. The presence and concentrations of sirodesmin in secondary metabolite 
extracts from both in vitro and in planta samples were identified using HPLC and LC-MS. The results showed 
that L. biglobosa inhibits the production of sirodesmin by L. maculans to increase its competitive advantage when 
interacting simultaneously before L. maculans starts to produce sirodesmin PL. This investigation suggests that 
changes in the ascospore release patterns between Leptosphaeria spp. resulting in more frequent simultaneous 
infection events are influencing the interspecific interactions between L. maculans and L. biglobosa and may 
cause unforeseen challenges in the future due to changes in phytotoxin production and disease development. 

POSTER  l.gimenez-molina2@herts.ac.uk 

Comparison of two phenotyping methods for light leaf spot detection in oilseed rape 
Laura GIMENEZ-MOLINA, Fell H, Ali A, Stotz H 
Centre for Agriculture, Food & Environmental Management, School of Life and Medical Sciences, U of Hertfordshire, Hatfield AL10 9AB 

Pyrenopeziza brassicae is a pathogenic fungus responsible for light leaf spot (LLS) disease, one of the most 
important diseases that affect winter oilseed rape (Brassica napus) crops across the UK and Europe. It is 
currently considered the most economically damaging disease affecting this UK crop. Current cultural and 
chemical control practices are insufficient to manage epidemics of the disease, therefore the study of the genetic 
host resistance against P. brassicae has become of increasing importance as an effective strategy to control LLS. 
To study the interaction of the B. napus - P. brassicae pathosystem, it is fundamental to establish a reliable 
method to detect and quantify the phenotypical changes related to the colonisation and determine the severity 
of the disease. Currently, the strategies used to assess this are based on the presence of acervuli on the surface 
of the leaves, visually measuring the percentage of area covered by the sporulating structures, classifying the 
disease severity on a scale of 1 to 6. Visual assessment, however, can lead to error; therefore, spore counts were 
used as a quantitative phenotyping method. Spores washed from leaf samples were counted using a 
haemocytometer, and the data obtained was compared to visual assessment data. It was determined that spore 
counting was more reliable than visual assessment. There was a positive correlation between spore 
concentrations and the visual disease assessments. Experiments were done both in the glasshouse and in the 
field using the same cultivars. 

Reference: Karandeni-Dewage C.S. et al. (2021) Interactions in the B. napus – P. brassicae pathosystem and sources of 
resistance to P. brassicae (light leaf spot). Plant Pathol J, 70, 2104– 2114 

Monday | PH Gregory Competition Part 1 matteo.gravino@jic.ac.uk 

Myzus persicae suppresses plant defence responses induced by oligogalacturonides, cell wall 
damage-associated molecular patterns (DAMPs) 
Matteo GRAVINO (1), Pontiggia D (2), Mugford ST (1), Drurey C (1,3), Prince DC (1,4), Cervone F (2), De 
Lorenzo G (2), Hogenhout SH (1) 
(1) Dept. of Crop Genetics, John Innes Centre, NR4 7UH, UK; (2) Dipartimento di Biologia e Biotecnologie “Charles Darwin”, Sapienza 
Università di Roma, 00185, Italy. (3) Wellcome Centre for Integrative Parasitology, Institute of Infection, Immunity and Inflammation, 
University of Glasgow, G12 8TA, UK; (4) School of Biological Sciences, University of East Anglia, NR4 7TJ, UK 

Aphids are sap-feeding insects that use their piercing-sucking mouthparts to penetrate the rigid plant cell walls. 
Cell wall-damage usually leads to the release of damage-associated molecular patterns (DAMPs), including 
oligogalacturonides (OGs), which trigger plant-defence responses against pathogens. However, whether aphids 
release cell wall-derived DAMPs and how these DAMPs affect plant defence against insects is not known. Here 
we dissect the role of OGs in plant defence of Arabidopsis thaliana against the green peach aphid Myzus persicae. 
We show that elicitor-active OGs are released during aphid feeding, though in lower amounts than in 
untreated plants. Plant-defence responses induced by OGs reduce the ability of aphids to colonize plants 
depending on calcium-dependent protein kinases (CDPKs) CPK5 and CPK6, and glycine-rich protein 3 
(GRP3). This plant defence is suppressed by an aphid effector protein, named Mp10, known to be delivered by 



the aphids into the cytoplasm of plant cells. Current work is aiming at understanding how immunity induced 
by OGs is suppressed by aphids. Together, our results suggest that the dynamics of plant-aphid interactions 
involves the activation of defences by cell wall-derived OGs and the capacity of aphids to counteract this cell 
wall-damage response. It is expected that this work will help towards the identification of plant resistance 
mechanisms to aphids. 

Monday | PH Gregory Competition Part 1 gomezga@nbil.ac.uk 

Finding new sources of downy mildew in Brassica oleracea 
Abraham Gomez GUTIERREZ (1), Shrestha ST (2), Ridout C (1) 
(1) John Innes Centre, (2) CN seeds 

The brassica genus includes many economically important crops cultivated worldwide to provide nutrition and 
health-promoting compounds to humans. Hyaloperonospora brassicae also known as downy mildew (DM) is one 
of the most damaging diseases for brassicas in the field, especially to seedlings but also at later growth stages 
reducing yield considerably. DM control with fungicides or cultural strategies has only achieved limited or 
partial control at a considerable expense. Therefore, the adoption of genetically resistant plants is one of the 
most efficient, low-cost, and environmentally friendly ways of plant disease prevention. In this study, a total of 
529 Brassica oleracea genotypes were assessed for DM resistance and biparental mapping populations were 
created using selected resistant individuals. Using a bulk segregant analysis approach a broad dominant 
resistance to DM present in the genotype 1028 at the seedling and adult plant stage was mapped to an NLR 
cluster in the B. oleracea chromosome 2. The NLR cluster was observed to have a high level of copy number 
variation when compared to other genome assemblies. Therefore, to resolve the NLR cluster, a draft genome 
assembly of the resistant parental line was created using long read sequencing. I used the assembly to create 
diagnostic KASP markers of the resistance and validate them using 466 F2 individuals for marker assisted 
selection. These identified markers linked to this novel resistance in C2 will be very useful for brassica breeders 
to improve their commercial varieties against downy mildew in the fields. 

Monday | TALK S3.4  kim.hammond-kosack@rothamsted.ac.uk 

Exploring the function of two paralogous Fusarium graminearum effectors reveals the 
existence of a new genetic pathway required for virulence on wheat spikes 
Kanja C (1, 2), Rudd J (1), Dickinson M (2), Kim E. HAMMOND-KOSACK (1) 
(1) Rothamsted Research, Harpenden, Herts; (2) University Of Nottingham, Nottingham 

The effector repertoire of plant pathogens is a key determinant of the success of pathogen-host interactions. 
The ascomycete fungus Fusarium graminearum is the causal agent of fusarium head blight (FHB), one of the 
most destructive diseases threatening wheat production worldwide. Despite the publication of the refined F. 
graminearum secretome in 2012, prioritising candidates for functional studies from a pool of almost 300 
secreted proteins with unknown functions remains problematic (Brown et al., 2012). We have adopted in silico 
bioinformatic pipelines encompassing a multifaceted approach to effector discovery, incorporating 
transcriptional analysis (RNA-seq and microarray), proteomics, taxonomic distribution and genomic location of 
candidates. We identified a paralogous pair of candidate effectors that are expressed during the early 
symptomless (latent) stage of F. graminearum infection. These effectors, FgSSP34 and FgSSP53 are adjacent to 
each other on the F. graminearum chromosome and divergently orientated. Both effectors, and their orientation, 
are highly conserved within the wider F. graminearum species complex (FGSC) and also in some distantly related 
grass infecting ascomycetes. Of the pair, FgSSP53 induces cell death in the non-host Nicotiana benthamiana, 
independent of the cell-surface co-receptors NbBAK1 and NbSOBIR1, whereas FgSSP34 fails to induce a 
detectable response in tobacco. In wheat coleoptile infections ΔFgSSP53, ΔFgSSP34 and ΔFgSSP34ΔFgSSP53 
fungal deletion strains produced smaller lesions compared to the wildtype, indicating a reduction in virulence. 
Whereas, in wheat spike inoculations, both the single ΔFgSSP34 and ΔFgSSP53 strains have reduced virulence, 
however the double ΔFgSSP34ΔFgSSP53 mutants unexpectedly restored wildtype pathogenicity. These results 



reveal that the simultaneous loss of two crucial effector paralogs leads to the abandonment of the preferred 
primary genetic pathway controlling infection and the adoption of an alternative genetic pathway to ensure 
successful wheat spike colonisation.  

Reference: Brown (2012) The predicted secretome of the plant pathogenic fungus Fusarium graminearum: a refined 
comparative analysis. PLoS One, 7, e33731 

POSTER  erin.hill@anu.edu.au 

Developing molecular tools to investigate Zymoseptoria tritici extracellular vesicles in vitro 
and during infection of wheat 
Erin H HILL, Solomon PS 
The Australian National University 

Zymoseptoria tritici is the fungal pathogen responsible for septoria tritici blotch (STB), a foliar disease of wheat. 
Z. tritici is an apoplastic pathogen, proliferating in the extracellular space of leaves during a long, latent period 
of infection before transitioning to necrotrophy and inducing host cell death. Given the pathogen’s extended 
time in the apoplast, this space is likely the site of key molecular host—pathogen interactions. Past research has 
largely focused on identifying and characterising canonically secreted Z. tritici proteins implicated in disease, 
but there is increasing evidence non-canonical secretion mechanisms may contribute to plant—pathogen 
interactions. Extracellular vesicles (EVs) have emerged as a potential mechanism for the non-canonical 
secretion of plant defence-associated molecules and as mediators of cross-kingdom communication in plant—
pathogen contexts. It remains unclear if fungal plant pathogens also use EVs to facilitate infection. We 
hypothesised EVs may play a role in the Z. tritici—wheat interaction and questioned whether fungal EVs 
contribute to the pathogen’s infection process, particularly during its prolonged colonisation of the apoplast. 
To begin addressing this, we have shown EVs can be isolated from Z. tritici in vitro using ultracentrifugation; 
these EVs morphologically resemble those isolated from other fungi. Initial proteomic profiling of Z. tritici EV 
preparations identified a membrane protein similar to CaSur7, a proposed molecular marker for Candida 
albicans EVs. We have experimentally validated this ZtSur7-like protein as Z. tritici EV cargo in vitro and 
investigated its utility as a tool for studying fungal EVs in the apoplast during infection. We concluded this 
ZtSur7-like protein may be useful for in vitro studies of Z. tritici EVs but the search continues for molecular 
markers suitable for in planta investigations. 

Monday | TALK S1.2 hrynk@umk.pl 

Fungal endophytes of Salicornia europaea 
Katarzyna HRYNKIEWICZ, Furtado BU 
Dept. of Microbiology, Faculty of Biological and Veterinary Sciences, Nicolaus Copernicus University, Lwowska 1, 87-100 Toruń, Poland 

Endophytic fungi are the functionally vital members of the plant microbiome. Abiotic factors, e.g. high salinity, 
can disturb the microbiological balance, eventually favouring the survival of the more robust and competitive 
microbes.  Salicornia europaea L. is one of the most salt tolerant halophytes in the world. The true endophytic 
status in S. europaea is established during their long-term association in the host plant. Despite extensive work 
on fungal endophyte-halophyte systems, there is limited information on the properties of endophytic fungi 
from saline habitats and how they contribute to improving the plant performance. 

  



POSTER michelle.hulin@tsl.ac.uk 

Do bacterial plant pathogens manipulate NAD in the host to promote disease? 
Michelle HULIN, Bennett J, Ma W 
The Sainsbury Laboratory, NR9 3PS, UK 

Recent research has revealed small molecules such as nicotinamide adenine dinucleotide (NAD+) play a key 
role in the plant immune signalling, including Toll/interleukin-1 receptor (TIR)-mediated resistance. 
Manipulation of these signals would provide microbes a potent strategy to subvert host immunity. We 
addressed this using the bacterial pathogen Pseudomonas syringae. We conducted a pangenomic analysis of 531 
strains across the species complex and performed structure-based similarity searches from 35,000 orthology 
groups for proteins with potential NAD+ hydrolysis activities. From these proteins, we further identified 15 
Type III effectors (T3Es) including nine known effectors and five novel effectors. Our results show that most P. 
syringae strains encode at least one NAD+-manipulating T3E, suggesting that it is an important virulence 
strategy. We experimentally confirmed the protein OG18056, which harbours an ADPR cyclase domain, as a 
true T3E and found that it enhanced bacterial virulence through its enzymatic activity. In addition, we analyzed 
bacterial proteins with putative TIR domains for NAD+-binding residues at the catalytic site using AlphaFold2 
structural prediction and in silico molecular docking. These analyses revealed that residues at the same NAD+-
interacting positions are divergent, suggesting that variation in the catalytic site may explain the diverse role of 
these enzymes in pathogenicity and immunity. 

Monday | PH Gregory Competition Part 1 ahusna.pstu@yahoo.com 

Fusarium incarnatum and F. equiseti as the potential pathogen associated with rice bakanae 
disease 
Asmaul HUSNA (1, 2), Miah MA (2), Latiffah Z (1), Mohamed Nor NMI (1) 
(1) Universiti Sains Malaysia, 11800, Malaysia ; (2) Patuakhali Science and Technology University, 8602, Bangladesh 

Symptomatic rice plants were found with adventitious roots, thin stems, yellowish leaves, and tall plants like 
bakanae disease during a series of surveys conducted in the rice-growing areas of peninsular Malaysia in 2019. 
The pathogens responsible for the disease were identified using morphological characteristics, DNA sequences, 
and phylogenetic analyses of two genes, translation elongation factor 1-alpha (tef1-α) and RNA polymerase 
subunit II (rpb2). A total of 30 isolates recovered from diseased stems of rice (18 isolates), adventitious roots (4 
isolates), roots (4 isolates), leave (1 isolate), and grain (1 isolate) showed morphological features that resembled 
Fusarium incarnatum-equiseti species complex (FIESC). The identity of the isolates was further determined up 
to the species level by comparing DNA sequences and phylogenetic analyses of two genes. The phylogenetic 
analyses of the combined dataset of tef1-α and rpb2 clarified that all the isolates obtained were Fusarium 
incarnatum and Fusarium equiseti. The results of pathogenicity tests revealed that most of the isolates of F. 
incarnatum and F. equiseti are pathogenic on rice. The root and stem of the inoculated seeding became short, 
discolored, and rot. Mostly F. incarnatum/F. equiseti species complex (FIESC) is typical saprophytes, endophytes, 
or opportunist pathogens associated with plants. Species delimitation and their pathogenic traits within the 
FIESC are still lacking. The aims of the present study were to identify the species, determine the phylogenetic 
linkage among the different species of F. incarnatum/F. equiseti species complex (FIESC) commonly occurring in 
Malaysian rice and assess their ability to cause diseases in rice. Our results contribute novel information on 
species limits within rice plants infecting FIESC in Malaysia and their pathogenic effect on rice. 

  



POSTER Sascha.jenkins.1@warwick.ac.uk 

Diagnostic approaches to assess Fusarium disease risk in lettuce 
Sascha JENKINS (1), van Amsterdam S (1), Bates H (2), Clarkson JP (1) 
(1) University of Warwick, CV35 9EF, UK. (2) NIAB, CB3 0LE 

Fusarium oxysporum is a soil borne plant pathogen with a worldwide distribution and causes vascular wilt, root 
rot and bulb rot diseases in many economically important crops. F. oxysporum is a species complex comprised of 
over 150 formae speciales (f. spp.) which are adapted to infect specific crops. Fusarium wilt of lettuce, caused by 
F. oxysporum f. sp. lactucae (FOL), has spread to most production areas globally. Of the four cultivar specific 
races (1-4), only race 4 is present in the UK and is confined so far to indoor lettuce production. FOL emerged 
relatively recently (2017) but has spread rapidly to different growing areas in the UK and Ireland. Early 
detection is vital to prevent spread to non-infected areas. The ability to determine the inoculum level is 
important as this will help growers decide where they can safely grow crops to reduce risk of losses. To address 
this, the relationship between FOL4 inoculum concentration, disease development and the amount of FOL 
DNA detected in soil using FOL4 specific qPCR was determined to understand whether molecular diagnostics 
could be used to detect and predict disease levels in soils. Another important tool to reduce losses is the 
application of successful soil treatments to lower the pathogen burden in the soil. Steam sterilisation was 
evaluated to determine how rapidly FOL proliferates again after treatment, and whether biological control 
agents could be used to reduce the build-up of FOL in the soil after continuous lettuce cropping. This research 
has deepened our understanding of a new and emerging threat to UK lettuce production and will help to 
reduce economic and crop losses for growers. 

Monday | TALK S2.2  daohongjiang@mail.hzau.edu.cn 

SsHADV-1 converts Sclerotinia to a biological control agent (BCA) 
Daohong JIANG 

Huazhong Agricultural University, Wuhan, 430070, China  

Sclerotinia sclerotiorum is a cosmopolitan pathogenic fungus with a wide host range. In China, S. sclerotiorum 
seriously restricts the production efficiency of rapeseed (Brassica napus). Some mycoviruses can inhibit the 
pathogenicity, growth and reproduction of plant pathogenic fungi. Therefore, they also have the potential to 
control plant diseases. Among them, the successful control of chestnut blight with Cryphonectria hypovirus 1 in 
Europe is a classic example. However, due to the weak reproductive ability of virus-infected strains, the lack of 
transmission vector in nature, and the limitation of transmission by host vegetative incompatibility system, the 
use of mycoviruses to control plant fungal diseases has not been widely used. Our initial aim was to isolate and 
identify suitable mycoviruses from S. sclerotiorum for the control of S. sclerotiorum in oilseed rape. We found 
abundant mycoviruses in S. sclerotiorum, and found DNA mycoviruses and negative strand RNA mycoviruses for 
the first time. DNA mycovirus, named S. sclerotiorum hypovirulence-associated DNA virus 1 (SsHADV-1), was 
isolated from a field strain DT-8 that lost its pathogenicity. SsHADV-1 can transmit horizontally among 
vegetative incompatible strains, and its virus particles can invade directly from the mycelium of the host. 
Furthermore, we found that SsHADV-1 reciprocally interact with mushroom fly and drive the insect as a 
transmission vector. SsHADV-1 inhibits the expression of PCWD and effector genes of S. sclerotiorum, and 
converts its host from a necrotrophic pathogen to a mutualistic endophyte of rapeseed which promote plant 
growth and disease resistance. And then, we developed SsHADV-1-infected strains as plant vaccines to control 
rapeseed stem rot, which could increase the seed yield of rapeseed by more than 10%. This research has 
completely overcome the technical bottleneck of using mycoviruses to control diseases, so that more mycovirus-
mediated non-pathogenic fungi can become beneficial microbial resources, which can be widely used in the 
control of field crop diseases. 

References: Zhang et al, 2020. Molecular Plant Pathology 13 (10):1420-1433 

  



Monday | TALK S1.5 g.j.kettles@bham.ac.uk 

Molecular mimicry by fungal leucine-rich repeat proteins – a role in host immune 
suppression? 
Thynne E (2), Ali H (1), Rudd JJ (3), Kanyuka K (4), Graham KETTLES (1) 
(1) University of Birmingham, B15 2TT, UK; (2) Christian-Albrecht University of Kiel, 24118, Germany; (3) Rothamsted Research, AL5 
2JQ, UK; (4) NIAB, CB3 0LE, UK. 

Zymoseptoria tritici causes septoria tritici blotch disease, one of the most damaging foliar wheat diseases. Z. tritici 
has a hemibiotrophic lifestyle, with an unusually long symptomless infection phase of 10-12 days, before the 
appearance of disease symptoms. It is unknown how Z. tritici is able to suppress host immune activation for 
such an extended period prior to the switch to necrotrophy. We hypothesise that Z. tritici deploys an extensive 
suite of secreted protein effectors to suppress immunity during symptomless colonisation. To assess this, we 
made use of a library of previously cloned Z. tritici secreted proteins (Kettles et al. 2017) that display 
characteristics of fungal effectors and are upregulated during the symptomless infection phase. Using 
Agrobacterium-mediated co-infiltration assays, we demonstrated that several of these proteins were able to 
suppress cell death induced by the previously described Z. tritici effectors Zt9, Zt11 and Zt12. As many of these 
are uncharacterised proteins, we used the Robetta (RoseTTAFold) structural prediction server to gain insight 
into their putative functions. One secreted protein contains a leucine-rich repeat (LRR) domain and is 
predicted to be structurally similar to the ectodomains of several plant cell-surface immune receptors, including 
the flagellin receptor FLS2. We propose that this secreted LRR (sLRR) protein is a structural mimic, interfering 
with assembly of host immune complexes from the apoplast to suppress defence activation. Given the 
prevalence of sLRR proteins in the secretomes of many phytopathogens, we suggest this form of mimicry may 
be a common strategy of immune suppression by diverse fungi.  

Reference: Kettles GJ, Bayon C, Canning G, Rudd JJ, Kanyuka K (2017), Apoplastic recognition of multiple candidate 
effectors from the wheat pathogen Zymoseptoria tritici in the nonhost plant Nicotiana benthamiana. New Phytol, 213: 338-350. 

POSTER  n.khomutovska@pb.edu.pl 

Leaf litter decomposing microbial communities: metagenomic profiling, structure, and 
production of volatile organics 
Nataliia KHOMUTOVSKA( 1), Jasser I (2), Sarapultseva P (3), Zaitsev A (4), Isidorov V (5) 
(1,5) Institute of Forest Sciences, Fac. of Civil Engineering and Environmental Sciences, Bialystok University of Technology, 15-351, 
Bialystok, Poland; (2) Biological and Chemical Research Centre, Fac. of Biology, University of Warsaw, 02-089 Warsaw, Poland; (3,4) Fac. 
of Geography, Perm State University, 614990 Perm, Russia 

Volatile organic compounds (VOCs) released during the decomposition of plant litter are formed as a result of 
physicochemical and biological processes. Microorganisms play the leading role in these latter processes, but 
both the microbial communities themselves and the composition of the produced VOCs remain still 
insufficiently studied. Thus, the main goal of this study was to investigate the composition and structure of 
litter-decomposing microbial communities, as well as VOCs released by bacteria and fungi. The communities 
isolated from leaf litter were analyzed using culture-independent (whole-shotgun sequencing - WMS) and 
culture-dependent methods (light microscopy and Sanger sequencing). Most bacterial communities were 
dominated by Proteobacteria, Firmicutes, and Bacteroidetes. Identification of marker genes of fungal 
communities showed the predominance of Ascomycota and Basidiomycota. The results of marker gene 
sequencing of bacterial cultures revealed that most of the cultures belong to Firmicutes (mostly represented by 
Bacillus spp.) and Proteobacteria (Pseudomonas spp.). Among cultivated fungi Cladosporium sp., Trichoderma sp., 
Fusarium sp. dominated. In the composition of VOCs of isolated bacterial cultures, identified by the HS-
SPME/GC-MS method, sulphur (alkyl sulphides) and nitrogen (pyrazines) compounds prevailed. On the 
contrary, these groups were completely absent in the secretions of microscopic fungi, characterized by a high 
content of aromatic compounds, carbonyls, and alkanes. The caprolactam was detected in a few environmental 
samples only. 



Tuesday | PHG Competition Part 2  erika.kroll@rothamsted.ac.uk 

Using network analysis to investigate host-pathogen interactions between Fusarium 
graminearum and wheat 
Erika KROLL(1), Urban M (1), Brown NA (2), Ames R (3), Hammond-Kosack K (1) 
(1) Rothamsted Research, AL5 2JQ; (2) University of Bath, BA2 7AY; (3) University of Exeter, EX4 4QD 

Fusarium graminearum which infects wheat and other cereals is the causative agent of the highly destructive 
fungal disease Fusarium head blight (FHB). FHB causes devastating crop losses by dramatically decreasing grain 
quality before harvest. Furthermore, the pathogen produces harmful toxins which deem grains unfit for human 
or animal consumption. Faced with a growing population, climate change, environmental pressures, and 
fungicide resistance, the ability to control fungal plant pathogens has become a global concern requiring urgent 
solutions. With F. graminearum being one of the most economically important plant pathogenic fungi globally, 
developing our understanding of its ability to infect and inflict disease is paramount. Following on from 
advances in fungal genomics and NextGen sequencing technologies, there have been a substantial number of 
RNA-sequencing (RNA-seq) studies investigating the genetic interaction between F. graminearum and its cereal 
hosts during infection. This includes stage and tissue specific investigation of the biphasic F. graminearum 
infection process (1). We performed weighted gene co-expression network analysis (WGCNA) using this dataset 
alongside other pre-existing datasets to generate the first fungal pathogen/crop dual co-expression networks in 
wheat. Differential co-expression analysis distinguished network modules containing genes with stage and tissue 
specific expression. By studying these modules, we have identified previously uncharacterised potential 
virulence genes in F. graminearum, alongside possible interacting/co-responding genes in wheat. Overall, this 
project and its results demonstrate the utility of an integrated network-level analytical approach to provide new 
knowledge on wheat fungal infection.  

Reference: (1) Dilks, T, Halsey K, De Vos RP, Hammond-Kosack, KE, Brown NA, 2019. Non-canonical fungal G-protein 
coupled receptors promote Fusarium head blight on wheat. PLoS pathogens, 15(4), p.e1007666. 

POSTER  glangen1@uni-koeln.de 

The fungal root endophyte Serendipita vermifera displays inter-kingdom synergistic 
beneficial effects with the microbiota in Arabidopsis thaliana and barley 
Gregor LANGEN (1), Mahdi L (1), Miyauchi S (1,2), Eichfeld R (1,3), Zuccaro A (1,3) 
(1) University of Cologne, Germany; (2) Max Planck Institute for Plant Breeding Research, Germany; (3) Cluster of Excellence on Plant 
Sciences (CEPLAS), Germany 

Plant root-associated bacteria can confer protection against pathogen infection. By contrast, the beneficial 
effects of root endophytic fungi and their synergistic interactions with bacteria remain poorly defined. We 
previously demonstrated that both local and systemic root colonisation by the Sebacinales endophyte Serendipita 
vermifera (Sv) afford protection against infection with the soil-borne plant pathogen Bipolaris sorokiniana (Bs) in 
barley. Here we explore how Sv and Bs colonisation capacities in two plant species, barley and Arabidopsis, are 
modulated by the presence of individual members of the core bacterial microbiota or synthetic communities 
(SynComs) isolated from the barley rhizosphere or Arabidopsis roots. Bs also infects and causes disease 
symptoms in Arabidopsis roots. Therefore we developed a set of physiological measurements to characterize 
disease severity and plant growth in Arabidopsis under different microbe treatment regimes. These 
measurements include ion leakage and photosynthetic activity as readouts for host cell death progression and 
biotic stress. Analyses of inter-kingdom activities in barley and Arabidopsis revealed that Sv can functionally 
replace root-associated bacteria by mitigating pathogen infection and disease symptoms in both hosts. 
Additionally, we show that cooperation between bacteria and fungi leads to inter-kingdom synergistic beneficial 
effects. We found that inter-kingdom protective benefits are largely host-independent while synergism leading 
to early growth promotion is driven by host species and microbiota composition. Using RNA-sequencing, we 
additionally analyzed transcriptional responses of S. vermifera and the closely related S. indica to Arabidopsis, 
barley, Brachypodium distachyon, bacterial Syncoms and to the pathogen Bs at 4 time points providing insights to 
how microbes respond to plants and to other microorganisms. We conclude that plants have evolved to 



preferentially accommodate communities that support their health and that root-associated prokaryotic and 
eukaryotic microbes can act synergistically with the plant host in limiting fungal disease.  

Reference: Mahdi et al. ISME J (2021). https://doi.org/10.1038/s41396-021-01138-y 

Tuesday | PHG Competition Part 2  u1991330@live.warwick.ac.uk 

Exploiting pathogenomics and resistance for the control of Fusarium wilt of lettuce 
Andrew LEGG (1), Clarkson JP (1), Teakle GR (1), Pel M (2) 
(1) University of Warwick CV4 7AL UK; (2) Enza Zaden Netherlands 

Fusarium wilt of lettuce which is caused by the soilborne fungus Fusarium oxysporum f.sp lactucae (FOL) is 
responsible for huge economic losses worldwide in both protected and field grown lettuce. Four races of FOL 
have been identified so far, with race 1 (FOL1) being the most prominent globally and race 2 and 3 confined to 
Asia. FOL race 4 (FOL4) is newly emerged in Europe and has been reported in Belgium, France, Italy and the 
UK where up to 70% yield losses can occur. A lack of plant resistance to FOL4 is therefore a major threat to 
commercial production of lettuce. The main aims of this project are to examine new sources of resistance to 
FOL4, as well as study interactions with FOL1 and FOL4 isolates. A collection of FOL1 and FOL isolates from 
different European locations has been assembled where a potentially important virulence gene (SIX8) with 
variable sequence was found in FOL4 isolates but was absent in FOL1. Furthermore, an in vitro lettuce 
seedling inoculation system has been developed for an RNAseq experiment to examine FOL4 gene expression 
when inoculated onto susceptible and resistant lettuce cultivars. Further functional studies using gene 
knockouts will then establish the role of different putative virulence genes In FOL4. Furthermore, resistance to 
both FOL1 and FOL4 has been identified within a lettuce diversity set as well as differentials, and selected lines 
are now being used by our project collaborator Enza Zaden to produce mapping populations with the aim of 
discerning the genetic nature of the resistance. 

Monday | TALK S2.3 wenbo.ma@tsl.ac.uk 

Tandem repeats in Phytophthora effectors enables elaborate mimicry of a host phosphatase 
Li H (1), Wang J (2), Sklenar J (1), Menke F (1), Wang Y (2), Wenbo MA (1) 
(1) The Sainsbury Laboratory; (2) Chinese Academy of Sciences 

The devastating Phytophthora pathogens produce a large number of effectors that consist of the “(L)WY” motif 
in the form of highly organized tandem repeats. While structurally conserved, the (L)WY units are variable in 
sequences, indicating that they may mediate interactions with specific host molecules. Here, we discovered a 
specific (L)WY-LWY combination that is present at the amino terminus of multiple Phytophthora effectors and 
enabling direct interaction of these effectors with the protein phosphatase 2A (PP2A) in plant hosts. PP2A is 
the major serine/threonine phosphatase in eukaryotes that has a profound impact on the phosphoproteome. A 
PP2A holoenzyme is composed with three subunits, including a scaffold A and catalytic C subunits that form 
the core enzyme, and a regulatory B subunit that recruits the core enzyme to dephosphorylate various 
substrates. We solved the crystal structure of an effector-PP2A complex, which revealed that the effector binds 
to a region in the PP2A A subunit that overlaps with the binding site for endogenous B subunits but with a 
higher affinity. As such, the effectors efficiently hijack the PP2A core enzyme to form functional holoenzymes. 
Importantly, although these effectors all harbour the same PP2A-interacting module at their N terminus, they 
have divergent C-terminal LWY units, which allow them to interact with distinct sets of host proteins. These 
findings indicate that these effector-PP2A phosphatases have differentiating capacities in substrate-binding. Our 
results discovered a virulence strategy widely employed by Phytophthora in which an essential host phosphatase 
complex is appropriated to promote disease and highlight protein modularity-based functional diversification 
in an effector repertoire. 

  



Wednesday | TALK S6.2 c.m.z.escuderomartinez@dundee.ac.uk 

Identifying plant genes shaping microbiota composition in the barley rhizosphere 
Carmen Escudero-MARTINEZ (1,11), Coulter M (1,2,11), Terrazas RA (1,3), Foito A (4), Kapadia R (1), 
Pietrangelo L (1,5), Maver M (1,6,7), Sharma R (8), Aprile A (1,9), Morris J (4), Hedley PE (4), Maurer A (10), 
Pillen K (10), Naclerio G (5), Mimmo T (6,7), Barton GJ (2), Waugh R (1,4), Abbott J (2), Bulgarelli D (1) 
(1) Plant Sciences, Univ. of Dundee, UK; (2) Computational Biology, Univ. of Dundee, UK; (3) Mohammed VI Polytechnic University, 
Agrobiosciences Program, Plant & Soil Microbiome Subprogram, Bengurir, Morocco; (4) The James Hutton Institute, Invergowrie, UK; (5) 
Dept. of Biosciences and Territory, University of Molise, Campobasso, Italy; (6) Fac. of Science and Technology, Free University of Bozen-
Bolzano, Bolzano, Italy; (7) Competence Centre for Plant Health, Free University of Bozen-Bolzano, Bolzano, Italy; (8) Scotland's Rural 
College, Edinburgh, UK; (9) Dept. of biological and environmental sciences and technologies, University of Salento, Lecce, Italy; (10) 
Institute of Agricultural and Food Science and Plant Breeding, Martin Luther University, Halle-Wittenberg, Germany 

A prerequisite to exploiting soil microbes for sustainable crop production is the identification of the plant 
genes shaping microbiota composition in the rhizosphere, the interface between roots and soil. Here, we use 
metagenomics information as an external quantitative phenotype to map the host genetic determinants of the 
rhizosphere microbiota in wild and domesticated genotypes of barley, the fourth most cultivated cereal globally. 
We identify a small number of loci with a major effect on the composition of rhizosphere communities. One of 
those, designated the QRMC-3HS, emerges as a major determinant of microbiota composition. We subject soil-
grown sibling lines harbouring contrasting alleles at QRMC-3HS and hosting contrasting microbiotas to 
comparative root RNA-seq profiling. This allows us to identify three primary candidate genes, including a 
Nucleotide-Binding-Leucine-Rich-Repeat (NLR) gene in a region of structural variation of the barley genome. 
Our results provide insights into the footprint of crop improvement on the plant’s capacity of shaping 
rhizosphere microbes.  

Reference: Escudero-Martinez C, Coulter M, Alegria Terrazas R. et al. Identifying plant genes shaping microbiota 
composition in the barley rhizosphere. Nat Commun 13, 3443 (2022). https://doi.org/10.1038/s41467-022-31022-y 

Monday | TALK S2.4 m.c.mcdonald@bham.ac.uk 

Giant transposons facilitate horizontal gene transfer of the necrotrophic effectors in fungal 
wheat pathogens 
Wilson H (1), Gourlie R (2), Choi M (3), Solomon P (1), Aboukhaddour R (2), Megan C. McDONALD (1,3) 
(1) The Australian National University, Division of Plant Sciences, Canberra, ACT, Australia; (2) Agriculture and Agri-food Canada, 
Lethbridge, Alberta, Canada; (3) The University of Birmingham, Institute of Microbiology and Infection, Birmingham, UK 

Horizontal gene transfer (HGT) is a tool that many organisms use to rapidly adapt to novel hosts or 
environments. One well-known example of HGT is the movement of the necrotrophic effector ToxA between 
three fungal wheat pathogens, Parastagonospora nodorum, Pyrenophora tritici-repentis and Bipolaris sorokiniana. ToxA 
interacts in a gene-for-gene manner with the wheat susceptibility gene Tsn1 to induce necrosis. This gene-for-
gene interaction is important as necrosis induced by ToxA has a direct negative impact on global wheat yields. 
Defining the extent of horizontally transferred DNA is also important because it can provide clues to the 
mechanisms that facilitate HGT. Our previous analysis of ToxA and its surrounding 14 kb showed that this 
region was a type II DNA transposon we named ToxhAT due to the “hAT-like” transposase gene neighbour to 
ToxA. Importantly, there was some evidence that this transposon may remain active and mobile in B. 
sorokiniana. Long-read genome sequencing of eight ToxhAT carrying B. sorokiniana isolates confirmed that 
ToxhAT is an active transposon with a two base-pair “TA” target site duplication. This feature of the Class II 
transposon in combination with the long terminal inverted repeats suggests that it should be re-classified as a 
member of the Tc1/Mariner transposon superfamily. In addition to confirming the active movement of 
ToxhAT, these genome assemblies also revealed that this transposon was a passenger within a much larger 170-
196kb mobile genetic element. This element, termed Sanctuary I, has been classified as a member of the giant 
“Starship” transposons. In parallel, the region carrying ToxhAT in P. tritici-repentis has also been shown to be a 
mobile Starship, named “Horizon” (1,2). While Sanctuary I and Horizon are both part of the same transposon 
family, they are not closely related by sequence data. This indicates two independent captures of the smaller 



ToxhAT by these large transposons, adding further complexity to the history of the HGT between these three 
fungal pathogens.  

References: (1) Gluck-Thaler E, Ralston T, Konkel Z et al.(2022). Giant starship elements mobilize accessory genes in fungal 
genomes. Molecular Biology and Evolution 39(5):msac109 https://doi.org/10.1093/molbev/msac109 (2) Gourlie R, 
McDonald M, Hafez M, et al. (2022). Dissecting the Pyrenophora tritici-repentis (tan spot of wheat) pangenome. bioRxiv 
https://doi.org/10.1101/2022.03.07.483352 

POSTER amm131@student.bham.ac.uk 

Exploring resistance within Egyptian wheat germplasm against the fungus Zymoseptoria 
tritici 
Abdelrahman Magdy Abdellatif MOHAMMAD, Am QUTB, McDonald MC, Kettles GJ 
School of Biosciences, University of Birmingham, Birmingham, B15 2TT 

Wheat is one of the most important cereal crops in the world accounting for a significant proportion of 
agricultural production. One major limitation to wheat yields is  disease epidemics caused by fungal pathogens. 
Zymoseptoria tritici, the fungus causing Septoria tritici blotch (STB) is regarded as a disease threat in many wheat-
producing regions. With climate change, it is expected that pathogens such as Z. tritici will advance into 
geographical areas previously unaffected by the disease. It is currently unknown how Egyptian wheat will 
perform in the face of this incoming threat. This project aims to assess the level of resistance present in 
Egyptian wheat germplasm and to identify individual cultivars with naturally high levels of resistance for 
prioritisation in future breeding programs. 18 Egyptian wheat cultivars were screened against two model 
isolates of Z. tritici (IPO323 and IPO88004). The Egyptian cultivars displayed a wide spectrum of resistance 
against both isolates. However, four cultivars showed complete resistance against both. These four highly 
resistant cultivars were then screened against a collection of modern UK field isolates collected in 2021. 
Disease levels were higher in these experiments, however, symptom development on Gemmeiza was noticeably 
slower than on other cultivars. Infection assays using the IPO323 WT and IPO323ΔAvrStb6 Z. tritici strain 
indicated that several Egyptian cultivars (including Gemmeiza-12) likely contain the Stb6 resistance gene. 
Future experiments will use the competitive allele specific PCR (KASP) diagnostic assay to investigate the 
presence of the resistant alleles of Stb6 and Stb16q resistance genes within the Egyptian wheat germplasm. 
Furthermore, we will fully characterise the resistance mechanism of the resistant Gemmeiza cultivar using Z. 
tritici reporter strains and fluorescence microscopy. 

POSTER saleem.mohammed@nottingham.ac.uk 

CRISPR-Cas12-based diagnostics for rapid field detection of Ramularia collo-cygni in barley 
(Hordeum vulgare) seeds 
Saleem MOHAMMED, Robbins T, Dickinson M 
Division of Plant and Crop Sciences, University of Nottingham, Sutton Bonington, LE12 5RD 

Ramularia collo-cygni (Rcc) is an emerging dothideomycetes fungus of barley, causing a serious disease known as 
ramularia leaf spot (RLS), which causes foliar necrosis that leads to decreased photosynthesis, and consequently 
affecting yield by as much as 70%1. The strategy of infection used by this pathogen is intriguing as well as 
concerning as symptoms induced by RLS are visually similar to other fungal diseases of barley, and infection 
can remain unnoticed in the seed and throughout early stage of growth, only to appear with symptoms when 
the plant is at flowering stage, hence making it difficult to control. Current detection methods for Rcc available 
are based on qPCR, which has a range of limitations for field diagnostics ranging from high cost to complexity 
in handling. In this work we have demonstrated how the novel CRISPR-Cas12 system was used to accurately 
detect Rcc from Barley seeds at different infection levels using simple Lab equipment. Our method is based on 
a 2-step reaction involving isothermal amplification of Rcc specific DNA region with LAMP and precise 
detection of samples with the CRISPR-Cas12 system, using fluorescence signal and lateral flow device (LFD) 
readouts. Positive results were easily identified with green fluorescence signal after samples were excited with 



UV light for about 10 mins in the fluorescence assay, while for the LFD readout, positive samples were 
identified with a presence of band at the T-line in just 2 mins.  

Reference:  Oxley et al. (2009) Aspects of Applied Biology 92:91–96 

Wednesday | RKS Wood Award Paul.nicholson@jic.ac.uk 

Fusarium head blight and wheat blast – same host tissue but very different diseases 
Paul NICHOLSON 

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

Fusarium head blight (FHB) caused largely by Fusarium graminearum and wheat blast (WB) caused by Pyricularia 
oryzae pathotype tritici both affect the heads of wheat with the former also contaminating grain with 
mycotoxins. Breeding for resistance to Fusarium head blight (FHB) is challenging because of the polygenic 
nature of resistance and interactions with environmental and host factors such as plant height and flowering 
time. In contrast, although resistance to WB, is largely conferred by conventional resistance genes there is a 
paucity of useful sources of resistance. Investigations have shown how various phytohormones affect 
susceptibility and resistance to FHB. The relationships between particular pathways and susceptibility are not 
always clear-cut, possibly because of the hemi-biotrophic nature of the interaction between F. graminearum and 
wheat. The pathogen appears to exploit these pathways to prevent the plant from mounting an effective 
defence. Early reports suggested that resistance to FHB and WB may be difficult to incorporate into a single 
variety, but we demonstrated that QTL for the two diseases are independent and so can be combined 
effectively. Recent advances in wheat genomics have produced a step-change in the ability to rapidly identify 
resistance genes in wheat. We have used some of this technology combined with inoculation with isolates of P. 
oryzae pathotype tritici differing in individual effectors in studies on WB resistance to identify the cognate 
resistance genes and provide DNA markers to breeders as well as initiate studies of effector-resistance 
interactions and specificity. While resistance to FHB and WB in agronomically adapted varieties can 
undoubtedly be enhanced by the introduction of resistance or elimination of susceptibility factors, the 
challenge in both cases is to provide robust disease resistance without compromising other important 
agronomic characteristics required by breeders and growers. 

POSTER  mayolowe@yahoo.com 

Characterization and mycoparasitic abilities of selected rhizosphere Trichoderma species 
against some Fusarium species 
Olumayowa Mary OLOWE (1, 2), Nicola L (2), Dare Asemoloye M (3), Akanmu AO (1), Babalola OO (1) 
(1) North-West University, 2735, South Africa; (2) University of Pavia, 27100, Italy; (3)Tianjin University, 300072, China 

Trichoderma fungi have been proved as efficient bioagents with great antifungal properties while many species in 
the plant’s rhizospheres have been characterized as plant growth-promoting agents. However, many rhizosphere 
Trichoderma are yet to be fully explored for plant disease management. In this study, Trichoderma species were 
isolated from the rhizosphere of maize, banana, and cassava, and their biocontrol potentials were screened 
against some Fusarium species from oak leaves (F2B and F3) and laboratory cultures (Fus 296 and Fus 294). The 
isolated rhizosphere Trichoderma were identified as Trichoderma virens 1 (TCIV), T. virens 2 (TCVII), T. virens 3 
(TMSI), T. harzianum strain 1 (TCVI), T. harzianum strain 2 (TCVIII), T. erinaceum (TMZI), and T. koningiopsis 
(TMZII). The dual culture experiment recorded the highest percentage inhibition in T. koningiopsis against 
OakF2B (31.17%), T. harzianum strain 2 against Fus 294 (45.18%), T. erinaceum against Fus 296 (47.37%), 
while T. virens strain 1 was most effective against Oak F3 (44.15%). Among the Trichoderma filtrates evaluated, 
T. virens strain 1 showed the highest percentage inhibition against Oak F3 (52.39%), Oak F2B (48.54%), Fus 
294 (46.65%), and Fus 296 (44.48%). All the Trichoderma isolates demonstrated mycoparasitic activity against 
the pathogens and expressed varying levels of antagonism against the Fusarium pathogens in vitro. 

  



Tuesday | TALK 4.2 Patricia.GilartePadilla@fera.co.uk 

Multitrophic interactions in the rhizosphere: soil micro-fauna as a link between microbes 
and plants 
Patricia Gilarte PADILLA (1,2), Pendall E (1), Carrillo Y (1), Prior T (2), Nielsen U (1) 
(1) Western Sydney University, NSW, Australia; (2) FERA Science Ltd, York, UK 

Soil microbes are responsible for key bio-chemical processes to the functioning of terrestrial ecosystems. While 
often overlooked, soil microfauna are in direct contact with soil particles and plant roots, where such processes 
take place. Hence, through their interactions with microbes, soil microfauna directly impact essential ecosystem 
functions like bacterium dispersal, soil aeration, nutrient mineralization and decomposition. These complex 
soil networks are diverse and involve a range of mechanisms from beneficial tri-trophic interactions involving 
plant roots, to bacterial symbiosis with biocontrol applications, to vectors of viruses and carriers of pathogens. 
Here, we use nematodes as a proxy for soil microfauna to explore the intricate interactions between soil 
microbes and soil fauna and how these translate to natural and agro-ecosystem functioning in a changing 
world. 

Tuesday | PHG Competition Part 2  wadzanidauda@gmail.com 

Characterization of a novel phytotoxic metabolite produced by Rhizoctonia solani AG 1A 
inducing sheath blight of rice 
Wadzani Palnam DAUDA (1, 2), Rana VS (1), Bashyal BM (1), Aggarwal R (1), Shanmugam V (1) 
(1) ICAR-Indian Agricultural Research Institute, New Delhi -110 012, India;  (2) Federal University Gashua, Yobe State, Nigeria 

Phytotoxins produced by Rhizoctonia solani AG1–1A play a significant role in the development of sheath blight 
disease in rice. A phytotoxin, R. solani toxin (RST) purified using column chromatographic method from toxic 
ethyl acetate fraction of R. solani (RIRS-K) isolate, incited characteristic necrotic symptom was identified as 3-
butylpyridine (3-BP) by Gas Chromatography-Mass Spectrometry analysis by comparing its mass fragmentation 
pattern with NIST library as well as a mass spectrum with the standard. The toxicity of purified bioactive 
fraction and standard (3-BP) was further validated and compared at 1000 ppm concentration. The result 
showed that both the bioactive fraction and 3-BP caused necrosis, similar to the one induced by R. solani. 3-BP 
was found to be one of the major metabolites responsible for the necrosis in the rice plant during ShB disease 
development and is a hitherto unexplored toxin of R. solani. To understand its mechanism of inciting necrosis, 
the metabolomic changes induced by the phytotoxic metabolite in a ShB susceptible rice cultivar were further 
determined using GC-MS profiling of metabolites and compared with that of the pathogen to identify 
metabolites variation in the rice induced by the phytotoxin. Hexadecanoic acid and dotriacontane were found 
to be the highly expressed metabolites specific to the phytotoxin and pathogen-treated samples, respectively. 
The study concluded that certain metabolites induced by the phytotoxin in the susceptible variety during 
necrosis share with that of the pathogen, indicating that the phytotoxin also modulates the host metabolism 
and hence is a potential pathogenicity factor of the fungus. 

Monday | TALK S1.3  gail.preston@plants.ox.ac.uk 

The effect of plant domestication on the seed microbiome 
Soldan R (1), Fusi M (2), Cardinale M (3), Homma F (1), Santos LG (4), Wenzl P (4), Bach-Pages M (1), Bitocchi E 
(5), Chacon Sanchez MI (6) , Daffonchio D (7), Gail PRESTON (1) 
(1) Dep. of Plant Sciences, University of Oxford, UK; (2) School of Applied Sciences, Edinburgh Napier University, UK; (3) Dept. of 
Biological and Environmental Sciences and Technologies, University of Salento, Italy; (4) Biodiversity/CIAT, Colombia; (5) Dipartimento di 
Scienze Agrarie, Alimentari ed Ambientali, Università Politecnica delle Marche, Italy; (6) Departamento de Agronomía, Facultad de 
Ciencias Agrarias, Universidad Nacional de Colombia, Colombia; (7) King Abdullah University of Science and Technology (KAUST), 
Saudi Arabia 

Plant microbiomes are increasingly recognized as pivotal contributors to plant phenotypes but the effects of 
plant domestication on plant-microbe interactions remains difficult to prove. Understanding whether and how 
plant domestication has changed plant-associated microbial communities has important repercussions for 



sustainable agriculture, and could present new opportunities for enhancing plant health. We have studied the 
effect of plant domestication on microbiome composition in one of the few model plant genera to have 
undergone four independent domestication events, Phaseolus, focusing on a plant compartment that has been 
subject to large phenotypic changes during domestication, the seed. We analysed the seed bacteriome of wild 
accessions of P. vulgaris and P. lunatus and of accessions derived from all four domestication events. We found 
evidence of a consistent effect of independent plant domestication events on seed microbiome composition. 
This can be explained, at least partially, by domesticated plant phenotypes such as increased seed size, reduced 
concentrations of antimicrobial compounds and changes in mineral content. We reflect on the implications of 
our findings for the evolution of host-pathogen interactions and the transmission of seed-borne pathogens. 

Wednesday | TALK S6.3  m.rabley@bham.ac.uk 

Jumping genes: phage-mediated transfer of a Pseudomonas effector in the cherry 
phyllosphere bacterial community 
Mojgan RABIEY (1), Hulin MT (2), Zeng Z (3), Mansfield JW (4), Harrison RJ (3), Jackson RW (1) 
(1) University of Birmingham and Birmingham Institute of Forest Research, Birmingham, B15 2TT; (2) The Sainsbury Laboratory, 
Norwich, NR4 7UH; (3) NIAB, Cambridge, CB3 0LE; (4) Imperial College London, London, SW7 2AZ 

Pseudomonas syringae is a globally important plant pathogen, infecting a wide range of crops including stone fruit 
trees such as cherry (Prunus avium). Cherry canker is caused by P. syringae pathovars syringae (Pss) and 
morsprunorum race 1 (Psm1) and race 2 (Psm2) and affects leaves, woody tissues and also fruit1. Cherry plants are 
also host to populations of non-pathogenic pseudomonads that colonise the phyllosphere (epiphytes). Some 
epiphytes harbour virulence genes encoding type III effectors such as hopAR1 that is consistently found in 
multiple clades of cherry-pathogenic P. syringae. The hopAR1 gene is often located within prophage sequences, 
suggesting that it has the potential for horizontal and vertical transmission between bacteria. The pathogenic 
Psm1 strain 5244 has hopAR1 within a prophage sequence that is predicted to be active2. However, little is 
known about the activity of such prophages and whether they can in practice facilitate evolution of 
pathogenicity via gene exchange in the phyllosphere. We examined if the Psm1 prophage encoding hopAR1 was 
mobile, able to be induced to excise from the chromosome and transfer to recipient cells. The phage genome 
was found to excise from the chromosome and circularise after exposure to UV radiation. To test for gene 
exchange, we tagged the prophage carrying hopAR1 with a marker gene and followed its transfer to a recipient 
epiphyte (lacking hopAR1) in vitro and on the leaf surface under controlled conditions. Transfer from pathogen 
to epiphyte was confirmed in both environments. Our results confirm that environmental conditions can 
trigger phages to move between strains, actively transferring virulence genes within epiphytic bacterial 
populations. We have therefore confirmed the bioinformatics-based predictions of phage activity. 

References: (1) Hulin MT, Armitage AD, Vicente JG, et al. (2018). Comparative genomics of Pseudomonas syringae reveals 
convergent gene gain and loss associated with specialization onto cherry (Prunus avium); New Phytologist; 219: 672–696; doi: 
10.1111/nph.15182; (2) Hulin MT, Jackson RW, Harrison RJ, Mansfield JW (2020). Cherry picking by pseudomonads: 
After a century of research on canker, genomics provides insights into the evolution of pathogenicity towards stone fruits. 
Plant Pathology; 69:962–978; doi: 10.1111/ppa.13189. 

Monday | TALK S2.1 m.rep@uva.nl 

Fusarium oxysporum: endophyte or pathogen? 
Martijn REP 
Swammerdam Institute for Life Sciences, University of Amsterdam, Science Park 904, 1098 XH Amsterdam 

The fungus Fusarium oxysporum is a ubiquitous soil and plant root inhabitant. It is, however, better known as 
the causal agent of wilt and root rot diseases of many vegetable and ornamental crops. Pathogenic clonal lines 
specific for particular plant species seem to have been selected in agricultural settings from a highly diverse and 
largely endophytic ‘background’ population. Based on comparative genomics, functional analysis of disease 
effector genes and experimental chromosome transfer experiments, we conclude that pathogenic clonal lines 
contain on average more effector genes than endophytic strains and that the ‘extra’ effector repertoire is located 



on mobile pathogenicity chromosomes. Endophytism is encoded in the core genome of F. oxysporum (i.e. shared 
between all strains). It remains an enigma how pathogenicity chromosomes and their effector content have 
evolved, both mechanistically and in terms of selection. Mechanistically, transposons may have played a role 
but it is not clear how. In terms of selection, a role of effectors other than promotion of plant disease seems 
likely but is unproven. 

Tuesday | PH Gregory Competition Part 2 laura.roehrig@sruc.ac.uk 

Is there a link between nitrogen remobilisation-induced leaf senescence and Ramularia leaf 
spot development? 
Laura ROEHRIG (1,2), Dussart F (1), Havis N (1) and Bingham IJ (1) 
(1) Dept. of Agriculture, Horticulture and Engineering Science, Scotland’s Rural College (SRUC), Edinburgh EH9 3JG, UK, (2) Institute of 
Molecular Plant Sciences, School of Biological Sciences, University of Edinburgh, Edinburgh EH9 3BF, UK 

One of the major threats to barley production across all temperate regions worldwide is posed by the 
Dothideomycete fungus Ramularia collo-cygni that causes Ramularia leaf spot (RLS). The development of RLS 
symptoms in barley has been linked to the interaction of abiotic stress factors, such as high rainfall and 
temperatures, and the host ontogenesis during the generative phase of infected plants resulting in reproductive 
senescence. Due to the remobilisation of nitrogen associated with leaf senescence, a nitrogen-limited 
environment in older, senescing leaves was proposed to induce the production of rubellin, a family of 
secondary metabolites produced by R. collo-cygni. To elucidate the relationship between fungal growth, 
symptom development and senescence, a series of controlled experiments using two different nitrogen regimes 
as a tool to modify senescence have been carried out. Following inoculation with R. collo-cygni, plants were 
visually assessed for symptom severity and fungal DNA was quantified via qPCR. Over a 21-day time-course, 
disease severity was lower in plants subjected to a nutrient regime lacking nitrogen and DNA levels were higher 
at the end of the experiment in these plants. These results indicate that there is no clear link between N 
remobilisation-induced senescence and Ramularia symptom development. However, the spike of fungal DNA at 
the end of the experiment suggests an initiation of a survival-mode by R. collo-cygni in response to a nitrogen-
limited environment. To test this hypothesis, a series of experiments are underway to assess the development of 
putative conidiophores on plants subjected to varying nitrogen regimes by using microscopy. 

POSTER katharina.schiessl@slcu.cam.ac.uk 

Getting to the root of symbiotic root nodule development 
Katharina SCHIESSL, Lee T, Oldroyd GED 
Sainsbury Laboratory, Cambridge University 

Legumes grow specialized root nodules to host beneficial nitrogen-fixing bacteria that provide the plant with 
ammonia in exchange for carbon. These symbiotic nodules are distinct from lateral roots in morphology and 
function as they comprise of cells that are able to accommodate nitrogen-fixing rhizobial bacteria intracellularly 
and provide favourable conditions for the biological nitrogen fixation process. Nodules initiate from the inner 
tissue layers in response to the perception of rhizobial bacteria at the root surface via cytokinin-mediated 
upregulation of the nodulation-specific transcriptional regulator nodule inception (NIN). Our previous 
findings that the initiation of lateral roots and nodules converges at a common developmental program led to 
the hypothesis that an additional nodule-specific program is required to determine nodule organ identity on 
top of the shared root-like initiation program. Here, we introduce and functionally characterize two members 
of the light sensitive short hypocotyl (LSH) transcription factor family to function pleiotropically in shoot 
development and as novel regulators of nodule organ identity. We demonstrate that these regulators are 
required for the development of functional nodule primordia that can support the intercellular cortical 
infection, the intracellular colonization, and nitrogen-fixation by the bacteria. Furthermore, we show that LSH 
genes function upstream of and together with the previously identified nodule organ identity genes nuclear 
factor Y-A1 (NF-YA1) and nodule root 1/2 (NOOT1/2) to recruit a program with pleiotropic functions in the 
shoot to differentiate nodules from lateral roots and to determine nodule organ identity. 



POSTER  sebastian.schornack@slcu.cam.ac.uk 

Exploiting conserved development regulators to achieve pathogen resistance in barley 
Brumm A (1),  Hernandez-Pinzon I (2), Evangelisti E (1), Moscou M (2), Sebastian SCHORNACK (1) 
(1) Sainsbury Laboratory (SLCU), University of Cambridge, CB2 1LR; (2) The Sainsbury Laboratory (TSL), Norwich, NR4 7UH 

Agricultural harvests are worldwide threatened by microbial pathogens causing damages to economically 
important crops. One way of generating disease resistant plants is to modulate the activity of host susceptibility 
(S) genes which support pathogen establishment, negatively regulate host defences or promote pathogen 
sustenance. However, S gene functions are often not exclusive to detrimental microbe colonization but are also 
contributing to plant developmental processes and symbiosis. Therefore, the robust engineering of resistant 
crops requires the identification of dispensable or modifiable targets without negatively impacting overall plant 
growth or beneficial interactions.  We discovered a potential target for S-gene mediated resistance engineering 
through the characterisation of a Medicago truncatula mutant. The Medicago mutant api shows quantitative 
resistance towards microbial invasions due to changes in the cell-wall architecture of specific developmental 
root zones. API is a SCAR/WAVE protein. These regulate actin dynamics and thus trafficking as part of a 
protein complex. Although the SCAR/WAVE complex has general functions, seed yield and overall plant 
growth are not impacted in api mutants likely due to the presence of API homologs. We hypothesized that a 
knockout of functional API homologues in crops will lead to local developmental and cell changes. In turn, 
these changes can confer resistance against a range of detrimental microbes while agriculturally relevant 
development traits will not be impaired. To test this hypothesis, we identified SCAR homologs in the 
economically important crop species barley and generated knockout mutant for each gene via CRISPR-Cas9. I 
will report on the phenotypic characterization and plant infection studies with different detrimental and 
beneficial microbes as well as plant yield analyses. With our study we address the question whether a 
quantitative resistance principle that is based on a development-stage specific process in a dicot species can be 
transferred to monocots. 

Monday | TALK S3.1 peter.solomon@anu.edu.au 

Exploiting the dual functionality of the Tox3 effector to dissect plant immunity 
Peter SOLOMON 

Division of Plant Science, Research School of Biology, The Australian National University, ACT 260, Australia 

It had long been thought that necrotrophic plant pathogenic fungi use a barrage of lytic enzymes to break down 
host cells releasing nutrients for growth. However, in recent years it has emerged that some necrotrophic fungi 
facilitate disease through a strict gene-for-gene mechanism as observed in biotrophic pathogens. For the wheat 
pathogen Parastagonospora nodorum, the basis of this host specific interaction is small cysteine-rich effector 
proteins secreted during infection (ToxA, Tox1 and Tox3). These effectors interact with specific dominant 
susceptibility genes in the host leading to a programmed cell death response and disease. However, whilst we 
now understand the requirement of these effector proteins for disease, their modes of action remain poorly 
understood.  To characterise these necrotrophic effectors, a search for potential host protein binding partners 
for the Tox3 effector was conducted. From this work, the wheat TaPR1-1 protein was validated through three 
independent approaches to interact with Tox3. We have now generated high-resolution crystal structures of 
several PR-1 proteins as well Tox3 and have used these dissect the basis and function of this protein 
interaction. In this talk I will present our latest findings on dissecting the dual functionality of the Tox3 
effector protein. Together with its function in causing cell death through its interaction with Snn3, we 
demonstrate that Tox3 has an important role in mediating PR-1 defence signalling and is required for disease 
development. Furthermore, I will discuss new and exciting data on how PR1 proteins function and contribute 
to disease resistance. Collectively, these data have not only significantly advanced our understanding of 
necrotrophic diseases, but also provided a rare insight into the function and mechanism of the enigmatic plant 
PR-1 proteins. 



Tuesday | PH Gregory Competition Part 2 luca.steel@rothamsted.ac.uk 

Unmasking a cereal killer: what triggers Zt3lysM effector expression in the fungal 
phytopathogen Zymoseptoria tritici? 
Luca Ruth STEEL (1,2), Smith D (1), Chen H (1), Halsey K (1), Dyer, P (2), Kanyuka K (1), Dickinson M (1),  
Rudd J (1) 
(1) Rothamsted Research, AL5 2JQ; (2) University of Nottingham, NG7 2QL 

The fungal phytopathogen Zymoseptoria tritici causes Septoria leaf blotch disease on wheat (Triticum aestivum). 
This devastating disease is associated with high fungicide use and yield losses. Current management strategies 
do not provide full control of Z. tritici. An effector protein essential for Z. tritici virulence on wheat, Zt3LysM, 
sequesters fungal chitin fragments, preventing their recognition by wheat immune receptors and ‘masking’ the 
pathogen. It also protects Z. tritici from host chitinases. This effector is strongly upregulated during the initial, 
symptomless phase of infection, but little is known about how this expression regulation occurs. Experiments 
were conducted in planta and in vitro using Zt3LysM promoter:GFP Z. tritici strains. Early findings indicated 
GFP expression was affected by nutrient source and changed temporally during wheat leaf infection. Future 
work will verify these observations, and to also further investigate the consequences and dynamics of Zt3LysM 
immune suppression, dual RNAseq was performed on Z. tritici WT and mutant strains across a wheat leaf 
infection time course. The experiment also enables us to address the question of how the pathogen 
compensates for a lack of Zt3LysM, and survives enhanced wheat defence responses during attempted 
infection. Understanding more about Zt3LysM could enable the development of new disease management 
strategies, blocking the secretion of the effector. This would allow wheat to mount a full immune response to Z. 
tritici, preventing disease and associated yield losses. 

POSTER  email 

Novel gene loci associated with susceptibility or quantitative resistance to Pyrenopeziza 
brassicae in Brassica napus 
Henrik STOTZ (1), Fell H (1), Muthayil Ali A (1), Wells R (2), Mitrousia GK (1), Woolfenden H (3), Schoonbeek 
H-j (2), Fitt BDL (1), Ridout CJ (2) 
(1)  Centre for Agriculture, Food & Environmental Management, U Hertfordshire, Hatfield AL10 9AB; (2) Crop Genetics Department, 
John Innes Centre, Norwich, NR4 7UH; (3) Computational and Systems Biology, John Innes Centre, Norwich, NR4 7UH. 

Quantitative disease resistance can provide crops with durable control against pathogens in contrast to 
resistance (R) gene-mediated resistance, which can break down through pathogen evolution.  QDR is a 
desirable trait for crop improvement but little is known about causative genes, which makes incorporation into 
breeding programmes difficult.  Light leaf spot, caused by Pyrenopeziza brassicae, is an important disease problem 
of oilseed rape (Brassica napus) in the U.K. and Europe (1).  To identify new QDR gene loci, we have used a 
high-throughput screening pathosystem with P. brassicae on 195 lines of B. napus in combination with an 
association transcriptomics platform.  We have demonstrated that all resistance against P. brassicae was 
associated with QDR and not R gene-mediated.  We have used genome-wide association mapping with an 
improved B. napus population structure to reveal four gene loci significantly associated with QDR in regions 
showing linkage disequilibrium.  On chromosome A09, enhanced resistance was associated with heterozygosity 
for a cytochrome P450 gene that co-localised with a previously described locus for seed glucosinolate content 
[Qian et al. (2014) BMC Genomics 15: 1170].  In addition, eight significant gene expression markers were 
associated with QDR against P. brassicae.  For seven of these, expression was positively correlated with resistance 
whereas for one, an HXXXD-type acyl-transferase, negative correlation indicated a potential susceptibility gene.  
The work identified novel QDR loci for susceptibility and resistance, including novel cryptic QDR genes 
associated with heterozygosity, that will inform future crop improvement. 

Reference: (1) Stotz et al. (2014) Trends Plant Sci. 19: 491-500 

  



POSTER  eli.thynne@gmail.com 

How does the fungal pathogen, Zymoseptoria tritici, make the molecular landscape of its 
wheat host more amenable to infection? 
Eli THYNNE (1), Kettles G (2), Stukenbrock EH (1) 
(1) Christian-Albrechts University, 24118, Germany; (2) University of Birmingham, B15 2TT, UK. 

Zymoseptoria tritici is a major fungal pathogen of wheat; however, very little is known about how it is able to 
overcome the molecular challenges faced within the host. Before inducing necrotic lesion symptoms, the 
pathogen undergoes an extended latent phase of asymptomatic growth (approximately two weeks). During this 
time, the pathogen needs to evade host immune responses and compete with established microbes inhabiting 
the leaf tissue. One of our research goals has been to identify novel protein effectors expressed by Z. tritici 
during this phase that have immune suppressing and/or antimicrobial activity. 

POSTER  martin.urban@rothamsted.ac.uk 

Comparative genome analysis of Fusarium culmorum and F. graminearum reveals a 
different type of chromosomal organisation but a common gene repertoire linked to 
virulence on wheat 
Martin URBAN, Smith D, King R, Hearnshaw J, Hassani-Pak K, Hammond-Kosack KE 
Rothamsted Research, Harpenden, AL5 2JQ 

The ascomycete fungus Fusarium culmorum causes floral, seed, stem-base, and root diseases of both cereal and 
non-cereal plant species, thriving in cooler conditions than F. graminearum. The hybrid (PacBio and Illumina) 
assembly of the 1998 South East England wheat isolate UK99 (DON/3-ADON chemotype identified four core 
chromosomes, rich in orthology and synteny with F. graminearum and other closely related Fusaria . However, 
UK99 also has a gene sparse, transposon-rich 5th supernumerary chromosome of 1.91 Mb absent from four 
other genome sequenced Fc strains, namely UK97, UK98, PV1 and CS7071. In contrast to the core 
chromosome genes that are closely related to F. graminearum and F. pseudograminearum, the 5th chromosome 
contains genes more closely related to distant Fusaria such as F. langsethiae and some F. oxysporum pathovars. F. 
culmorum is considered to be an asexual species, but our analyses identified two mating loci in isolates from 
three continents. The functional evaluation of six selected transcription factors essential for floral pathogenesis 
in F. graminearum, but not DON production, indicates that only a subset is required for F. culmorum virulence 
on wheat spikes, stem bases, and coleoptiles. In an additional computational approach devised to survey 
globally candidate F. culmorum virulence genes, we built a combined knowledge gene network graph for F. 
culmorum and nine related fungal genomes including five Fusaria, Magnaporthe oryzae, and Zymoseptoria tritici. 
The network graphs are searchable at https://knetminer.org/Fusarium_culmorum using the KnetMiner gene 
network discovery platform which collates information on gene ontology (GO terms), protein domains, PHI-
base retrieved phenotypes (1) and publications. Protein-protein interaction networks were built using 
orthologous data from STRING (https://string-db.org). This newly available resource allows researchers to 
pinpoint inter-species differences and similarities in graphically displayed gene networks for cereal infecting 
ascomycetes of major economic importance.  

Reference: (1) Urban et al (2022) PHI-base in 2022, Nucleic Acids Research 50, D837-D847  

POSTER  t.e.welch@bham.ac.uk 

Identifying candidate resistance genes for acute oak decline and oak powdery mildew using 
transcriptome sequencing 
Thomas E WELCH (1, 2), Kettles GJ (1, 2) 
(1) University of Birmingham, (2) Birmingham Institute of Forest Research 

Tree genomes frequently encode an increased number of resistance (R)-genes compared to herbaceous plants, 
including intracellular and cell-surface receptors such as RLKs, RLPs, and NLRs. It has been speculated that 
these large cohorts of R-genes are important for the long lifespan of woody perennials. However, the role of 



tree R-genes is poorly understood; a significant knowledge gap considering the increasing threat trees face from 
invasive diseases. English oak (Quercus robur) is under threat from diseases like oak powdery mildew (OPM), a 
biotrophic fungal pathogen that infects the leaf, and acute oak decline (AOD), a multi-species bacterial complex 
that infects the stem. Individual trees resistant to these diseases do exist, but no Q. robur R-genes have been 
demonstrated to play a role in disease resistance. Our project therefore aims to identify R-genes important for 
resistance to OPM and AOD. To identify highly resistant or susceptible trees, we performed two large-scale 
infection screens against either OPM or AOD. For AOD, many oak seedlings were able to clear the bacterial 
infection, whilst for some, the AOD bacteria proliferated and colonised the stem. For OPM, we found 
significant plant-to-plant differences in mycelial growth rate on the leaf surface, confirming previous findings 
(1). RNA from groups of highly susceptible and highly resistant individuals for each disease was sequenced and 
is now being analysed for consistent corresponding genetic differences within R-genes. Such differences may 
allow identification of R-gene candidates important for AOD or OPM resistance. Strong R-gene candidates may 
also be identified by consistent differences in gene expression. Using the same RNA-seq data, differential gene 
expression analysis will therefore soon be conducted across two time points of OPM infection, and between 
AOD infected and uninfected individuals.  

Reference: (1) Bartholomé et al. "The genetics of exapted resistance to two exotic pathogens in pedunculate oak." New 
Phytologist 226.4 (2020): 1088-1103. 

Wednesday | TALK 6.1  i.zabalgo@irnasa.csic.es 

Structure and functions of the fungal microbiome from a maritime plan 
Iñigo ZABALGOGEAZCOA, Pereira E, Toghueo R, Arellano J, Vazquez de Aldana BR 
Institute of Natural Resources and Agrobiology of Salamanca (IRNASA-CSIC), 37008 Salamanca, Spain 

Plants living in unhospitable environments are an interesting system to study the role of the microbiome in 
habitat adaptation. An example is Festuca rubra subsp. pruinosa (FRP), a perennial grass which grows in rocky sea 
cliffs of the Atlantic coasts of Europe. In this habitat soil and nutrients are very limited and exposure to salinity 
is intense. FRP plants have particular characters helpful to adapt to this environment, but the contribution of 
their fungal microbiome is unknown. The culturable endophytic microbiome of FRP roots is composed by 
more than 100 fungal species, mostly ascomycetes. Fusarium oxysporum and several Diaporthe species are 
dominant components of this microbiome (1). For this reason, these fungi were tested for their involvement in 
FRP habitat adaptation, and their capacity to confer benefits to agricultural crop species. FRP plants artificially 
inoculated with Fusarium and Diaporthe strains showed increased biomass and salinity tolerance. Similarly, 
agronomic species such as tritordeum, perennial ryegrass or tomato inoculated with Diaporthe endophytes from 
FRP plants showed increased growth, salinity and drought tolerance (2). Fungal modulation of plant 
mechanisms used to control osmotic stress (sodium accumulation, proline synthesis) and growth (indole acetic 
acid), coupled with fungal roles in organic nutrient cycling might be responsible for the beneficial effects 
observed in symbiotic plants. However, the fact that Diaporthe strains repressed the growth of some cucurbit 
species suggests that the benefits of these symbionts are limited to a particular set of plant species.  

References: 1) Pereira et al. 2019. Frontiers in Microbiology 9:3321. doi: 10.3389/fmicb.2018.03321; (2) Toghueo et al. 2022. 
Frontiers in Plant Science 13:896755. doi: 10.3389/fpls.2022.896755 

Tuesday | PH Gregory Competition Part 2 rafal.zdrzalek@jic.ac.uk 

Chimeric receptor Pikm-1OsHIPP43 perceives effectors from the PWL family 
Rafal ZDRZAŁEK (1), Langner T (2), Petit-Houdenot Y (2,3), Bentham AR (1), Kamoun S (2), Banfield MJ (1) 
(1) John Innes Centre,NR4 7UH, UK, (2) The Sainsbury Laboratory, University of East Anglia, NR4 7UH, UK, (3) Université Paris-
Saclay, INRAE, AgroParisTech, UMR BIOGER, 78850, France 

Plant nucleotide-binding, leucine-rich repeat (NLR) receptors specifically recognise effectors secreted by 
pathogens to deliver an immune response. Generating NLRs with novel recognition specificities is a promising 
way to provide durable resistance in crops against ever-evolving pathogens. A subset of Magnaporthe oryzae 
effectors belong to the MAX (Magnaporthe AVRs and ToxB) effector family. These proteins likely share a 



similar protein fold and some interact with HMA (heavy metal associated) domain containing proteins. Here, 
we characterise the interaction between M. oryzae effectors of the PWL family, and their putative host target 
OsHIPP43 (rice HMA containing isoprenylated plant protein 43). We demonstrate that PWL effectors bind 
OsHIPP43 with nanomolar affinity. To investigate whether this can be used to engineer immune responses, we 
swapped the integrated HMA domain of the Pikm-1 NLR for OsHIPP43, generating the chimeric receptor 
Pikm-1OsHIPP43. We show that this receptor responds to all tested PWL effectors using transient expression. 
Additionally, we determined the crystal structure of the PWL2/OsHIPP43 complex, revealing that PWL2 is a 
MAX effector. We also demonstrate that the binding between PWL2 and OsHIPP43 cannot be easily 
compromised. This reveals the potential of tailoring NLRs to specific effectors and the potential to expand 
resistance beyond specific pathogen lineages. 

Monday | TALK S1.1 azuccaro@uni-koeln.de 

Sweet talk: a plant protein releases a fungal β-glucan to enhance colonization 
Chandrasekar B, Wanke A, Wawra S, Saake P, Mahdi L, Charura N, Neidert M, Poschmann G, Malisic M, Thiele 
M, Kai Stühler, Dama M, Pauly M, Alga ZUCCARO 
University of Cologne, CEPLAS, Germany 

When plants or animals interact with fungi, the first site of physical contact is often the fungal extracellular 
polysaccharide (EPS) matrix, a layer that surrounds the cell wall. The EPS matrix is mainly composed of sugars 
and proteins and it is not surprising that some EPS components modulate immune responses in organisms the 
fungus interacts with. The functions of β-glucans have been well characterized in animal pathogenic fungi: 
some act as microbe-associated molecular patterns (MAMPs) that trigger host immune responses, while others 
have antioxidative properties and do not elicit immunity. In plant-associated fungi, little is known about the 
composition and function of the EPS matrix; however, it has been established that soluble glycans released 
from this matrix are likely a general molecular feature of the interaction with plants. Here we present a yet 
undescribed strategy used by both fungal endophytes and parasites to mitigate plant immune defences through 
the selective release of a β-glucan with reactive oxygen species (ROS) scavenging activity (1, 2, 3). 

References: (1) Wawra S, Fesel P, et al. (2016). The fungal specific ß-glucan binding lectin FGB1 alters cell wall 
composition and prevents glucan triggered immunity in plants. Nat Commun. 7, 13188. doi: 10.1038/ncomms13188; (2) 
Wanke A, Rovenich H, Schwanke F, Velte S, Becker S, Hehemann JH, Wawra S, Zuccaro A (2020). Plant species-specific 
recognition of long and short ß-1,3- linked glucans is mediated by different receptor systems. The Plant Journal. doi: 
10.1111/tpj.14688; (3) Chandrasekar, B., Wanke, A., et al. (2022). Fungi hijack a plant apoplastic endoglucanase to release 
a ROS scavenging β-glucan decasaccharide to subvert immune responses. The Plant Cell 
https://doi.org/10.1093/plcell/koac114 
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