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Welcome from the President
Welcome to the 2009 BSPP Presidential Meeting, here at The Oxford
University Museum of Natural History. In 1860 this was the venue for
the now legendary encounter between The Bishop of Oxford, Samuel Wilberforce and Zoologist Thomas Henry Huxley. Here, Wilberforce poured scorn upon Darwin's "Origin of Species" and a lively debate followed. Best remembered is the heated Wilberforce-Huxley
exchange, where Wilberforce asked Huxley if he thought that his descent from a monkey was on his grandfather or grandmother's side
of the family. Huxley retorted that he would rather be related to a
monkey than be associated with a man who used his great gifts to
obscure the truth. So intense was the debate that one member of
the audience fainted.
In 2009, this is the venue for our day-long, talk-filled conference on
"Crops and Disease". The speakers have been chosen because of
the excellence and relevance of their work to the security of our major crops. Each has been charged with commenting, albeit briefly,
on the impact of Darwin's work on their research. I hope this will
stimulate some lively debate but not induce fainting in the aisles.
Sarah Gurr

Organising committee
Steve Whisson, Chris Ridout, Sarah Gurr
We would like to thank Jasper Johnson, Marketa Samalova, Solange
Mateo Montalcini, all staff at Somerville College, The Natural History
Museum, and A&J Catering for their help in organising this conference.
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21 September
14.00 – 16.30

Arrival and registration, Somerville College

16.30 – 18.30

Presentations for BSPP PH Gregory Prize, Somerville
College
Chair: Gary Foster

16.30 Helen Lovell (University of the West of England)
Bacterial evolution by genomic island transfer occurs via DNA transformation in planta.
16.45 Helen Fones (University of Oxford)
Defence spending slashed in the hyperaccumulator economy?
17.00 Federico Dorati (University of Reading)
Bacterial plant pathogen interactions with predators: survival and
spread.
17.15 Christopher Burt (John Innes Centre)
New insights into eyespot resistance.
17.30 Andrew Beacham (Rothamsted Research)
A pathogenicity factor enriched micro-region in the Fusarium
graminearum genome.
17.45 Emily Boys (Rothamsted Research)
Resistance to Pyrenopeziza brassicae (light leaf spot) in a mapping
population of oilseed rape.
18.00 Francesca Stefanato (University of Fribourg, Switzerland)
The ABC-transporter BcatrB protects Botrytis cinerea against
camalexin and is a virulence factor on Arabidopsis.
18.15 William Truman (Imperial College, London)
Arabidopsis auxin mutants are compromised in systemic acquired
resistance and exhibit aberrant accumulation of various indolic compounds.
19.00

Dinner
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22 September
Presentations from invited speakers in the Museum of Natural History,
Oxford
9.00 – 10.30

Chair: Sarah Gurr

Robert Zeigler (International Rice Research Institute, Philippines)
Coping with rice disease in a dynamic physical and social environment
Sponsored by CABI
Nick Talbot (University of Exeter, UK)
Investigating infection-related development by the rice blast fungus
Magnaporthe oryzae
Sponsored by BBSRC
Gero Steinberg (University of Exeter, UK)
The role of class XVII myosins in fungal growth and virulence
10.30 – 11.00

tea/coffee break, poster viewing

11.00 – 12.30

Chair: Gail Preston

Ian Toth (Scottish Crop Research Institute, UK)
The humble bacterium: what would Darwin have made of this master
of evolution?
Howard Atkinson (University of Leeds, UK)
The nematode; countering this nemesis of roots
Paul Birch (University of Dundee, UK)
Phytophthora infestans: the potato destroyer
Sponsored by BMS
12.30 – 14.00

lunch break, poster viewing
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14.00 – 15.30

Chair: Kim Hammond-Kosack

Ralph Panstruga (Max Planck Institute, Cologne, Germany)
The molecular basis of broad-spectrum powdery mildew resistance
Frank Takken (University of Amsterdam, The Netherlands)
How to resist a resistance protein?
Jurriaan Ton (Rothamsted Research, UK)
Priming of plant immunity: molecular mechanisms and ecological
function
15.30 – 16.00

tea/coffee break, poster viewing

16.00 – 17.15

Chair: Naomi Pain

James Brown (John Innes Centre, UK)
Improving disease resistance in plants as an evolutionary process
BSPP President’s address
Sarah Gurr (Oxford University, UK)
Life-cycles: a Fellow and a Fungus
17.30 – 18.45

Champagne reception in museum
Kindly supported by Syngenta

19.00 -

Presidential Dinner, Somerville College
(announcement of J Colhoun and PH Gregory
prizewinners)

23 September
Delegates depart
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Abstracts of invited speakers

Coping with rice disease in a dynamic physical and social environment
Robert S. Zeigler
International Rice Research Institute (IRRI)
Los Baños, Laguna, Philippines
E-mail: r.zeigler@cgiar.org
Rice is the main food crop in the world, and is likely to remain so,
partly because of the tremendous adaptability of the plant, and
partly because of the flexibility of rice-based agroecosystems. This
diversity of production situations goes hand in hand with a large diversity of diseases and pests, that affect a rice crop: in many ways,
the diversity of these pest injury profiles echoes the diversity of production situations. Thus, rice diseases are particularly relevant to
global food security. This paper addresses our present and future
need for managing rice diseases in a sustainable way. This presentation will also take into account the diversity of context farmers, scientists, and policymakers have to face, and the climatic challenges
global agriculture faces in the near term. In order to improve the performances of rice-based ecosystems, one has to manage not a particular disease, but a combination of diseases — an injury profile —
whose yield-reducing effects must be minimized. The unprecedented changes Earth's ecosystems are facing today have direct
consequences on rice farmers, on rice production, and on rice diseases. New injury profiles are emerging, in new production situations.
Innovative new research must discover ways to produce more rice
with fewer resources, while improving rice-based ecosystems performances. As an international scientific community, we must rise to
the challenge to increase the knowledge we have on rice injury profiles, their management, and from the unprecedented development
of new tools to understand, breed, and mange rice for future and
sustainable food security.
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Investigating infection-related development in the rice
blast fungus Magnaporthe oryzae
Nicholas J. Talbot, Diane G. O Saunders, Michael, J. Kershaw, Martin
J. Egan, Ana-Lilia Martinez-Rocha
School of Biosciences, University of Exeter, Geoffrey Pope Building,
Exeter EX4 4QD, United Kingdom. E-mail: n.j.talbot@exeter.ac.uk
Magnaporthe oryzae is the causal agent of rice blast, one of the
most serious economic problems affecting rice production. The
availability of genome sequences for M. oryzae and its host, Oryza
sativa, has provide the means to investigate this fungal-plant interaction in great detail and develop a system biology approach to understanding plant disease. During plant infection, M. oryzae develops a differentiated infection structure called an appressorium. This
unicellular, dome-shaped structure generates cellular turgor, that is
translated into mechanical force to cause rupture of the rice cuticle
and entry into plant tissue. My research group is interested in determining the molecular basis of appressorium development and understanding the genetic regulation of the infection process by the
rice blast fungus. We have shown that development of a functional
appressorium is linked to the control of cell division. Blocking completion of mitosis by generation of a temperature-sensitive mgnimA mutant, for instance, prevents appressorium morphogenesis and a similar phenotype occurs when MgBimE mutants are analysed. Furthermore, following mitosis, conidia undergo cell collapse and programmed autophagic cell death. The absence of non-selective
autophagic cell machinery in M. oryzae is sufficient to prevent the
fungus from being able to cause disease. These findings indicate
that appressorium morphogenesis requires completion of mitosis and
initiation of autophagic recycling of the contents of the fungal spore
to the appressorium. Appressorium formation is also associated with
an oxidative burst that requires NADPH oxidases that a virulence determinants of M. oryzae. To study appressorium physiology and function in greater detail we have used proteomics to define the major
changes in protein abundance associated with plant infection by M.
oryzae and metabolite fingerprinting by electrospray ionisation mass
spectrometry and GC-ToF-MS to define major metabolic changes in
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both the fungus and its host during the onset of rice blast disease.
This is linked to our study of the physiology of turgor generation and
the role of glycerol, trehalose and glycogen metabolism to the production of infection-competent apppressoria.
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The role of class XVII myosins in fungal growth and
virulence
Steffi Treitschke1,2, Nicolas Harmer1, Gunther Doehlemann2, Martin
Schuster1, Magdalena Martin-Urdiroz1 & Gero Steinberg1
1School of Biosciences, University of Exeter, Stocker Road, Exeter EX4
4QD, UK
2Max Planck Institute for Terrestrial Microbiology, Karl-von-FrischStrasse, D-35043 Marburg, Germany

Filamentous fungi grow by polar growth at their cell tip. This process is
essential for substrate invasion and underlies the pathogenic potential of many fungal pests. We reported previously that the cytoskeleton and associated transport processes are essential for tip growth
and morphogenesis of the corn smut fungus Ustilago maydis. In particular, F-actin and myosins are required for invasive growth. It is
thought that this is based on the activity of myosins that might deliver
secretory vesicles, such as chitin synthase-containing chitosomes, to
the expanding cell pole. Filamentous fungi contain a particular type
of myosins belong to class XVII. Here a myosin motor domain is fused
to a class V chitin synthases tail. This domain structure suggests that
the enzyme delivers itself along F-actin to the growing apex. We
have addressed the role of the myosin-motor domain of the myosinchitin synthase 1 (Mcs1) in U. maydis. Using a series of mutants in
plant pathogenicity assays and laser-based live cell imaging we reveal the mechanism by which Mcs1 gets to the growth region. Furthermore, we show that the motor domain is essential for pathogenicity of U. maydis. Our results suggest a novel fungi-specific
mechanism of exocytosis that promises to provide novel targets for
fungicide development.
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The humble bacterium: What would Darwin have made
of this master of evolution?
Ian Toth, Leighton Pritchard, Paul Birch, Sonia Humphris, Emma Douglas, Hui Liu, Jenny Morris and Pete Hedley
Plant Pathology Programme, SCRI, Dundee DD2 5DA, UK
Bacterial comparative genomic analysis is a beautiful and intricately
-detailed illustration of the principles of Darwin’s proposal, in Origin,
of descent with modification. However, at the time of its publication,
the term ‘bacterium’ had only recently been coined, and the concept of the gene, and even verification of germ theory, still lay in the
future. Only in 1995 was the first bacterial genome sequenced, that
of Haemophilus influenzae, and since then over a thousand others
have been completed – a number which will increase dramatically
as sequencing technology continues to advance. This talk will discuss the importance of genetic variation in bacteria and what we
have learned from sequencing their genomes, with a special emphasis on the enterobacterial plant pathogen Pectobacterium
atrosepticum (Pba) and its close relatives. We show that through
modification of its genome Pba has become adapted to a life on
plants and, through horizontal gene transfer (HGT), has acquired the
mechanisms needed to cause disease in this environment. Other related bacteria live as harmless saprophytes in the soil, while others still
have adapted to life as human pathogens. Even within the enterobacterial plant pathogens, the genes acquired through HGT vary
widely, highlighting the extraordinary plasticity of the genome and
the success of a modular approach to bacterial life.
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The nematode, countering this nemesis of roots
Howard J. Atkinson
Centre for Plant Sciences, University of Leeds. LS2 9JT, UK
h.j.atkinson@leeds.ac.uk
Charles Darwin observed “the dependency of one organic being on
another, as of a parasite on its prey, lies generally between beings
remote in the scale of nature”. This description characterises the
nematode/plant interaction. There are an estimated 1-10 million species of nematodes with a high abundance of individuals in marine
sediments and soils. There may be more than 1012 individuals per
hectare of agricultural top soil. Parasitism may have evolved seven
times in the group and twice in plant parasitic forms. Plant parasites
predominantly attack roots from a life stage in soil and damage
plants when the nematodes are abundant. Some of these relationships can be characterised as destructive browsing but others involve more complex interactions culminating in considerable modification to plant cells. Once a compatible interaction occurs, the relationship between some nematode pathogens and one or more
plant cells may be maintained for several weeks. Progress in our understanding of such plant/pathogen interactions made possible by
use of molecular biology and genomics will be summarised. This centres on the secretions of nematodes into plant cells and the many
changes in plant gene expression that follow.
As our understanding of plant/nematode interactions improves, it is
important that knowledge gained is translated into bases for reducing the impact nematodes have on crop yields. It may be possible to
manipulate plant gene expression in favour of the plant. It is also possible to rely on novel plant or synthetic genes that are not part of the
normal repertoire of the host response. Any novel approaches must
be effective, durable, environmentally benign and acceptable to
society.
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Phytophthora infestans: the potato destroyer
Paul Birch1,2, Miles Armstrong1, Anna Avrova2, Petra Boevink2, Susan
Breen1,2, Glenn Bryan2, David Cooke2, Stefan Engelhardt1,2, Eleanor
Gilroy2, Ingo Hein2, Alison Lees2, Hazel McLellan1, Leighton Pritchard2,
Rosalind Taylor2, Zhendong Tian2, Stephen Whisson2
Jorunn Bos3, Sophien Kamoun3
Vivianne Vleeshouwers4
1Division of Plant Science, University of Dundee, and 2Scottish Crop
Research Institute, Invergowrie, Dundee DD2 5DA, UK.
3The Sainsbury Laboratory, John Innes Centre, Colney, Norwich, NR4
7UH, UK
4Wageningen UR Plant Breeding, Wageningen, The Netherlands
In the 1840s, between the voyage of the Beagle and the publication
of Darwin’s seminal work on natural selection, late blight ravaged
potato crops in Northern Europe. In particular, this disease resulted in
a million people dying of starvation in Ireland, and mass exodus of
the Irish population; rarely can a disease of plants have precipitated
such a catastrophic effect on the life, society and politics of a country. Disease resistance to Phytophthora infestans, the causal agent of
late blight, was identified in wild ‘potato’ species and over 100 years
of breeding has seen attempts to harness this in the cultivated potato. Pathogen populations have adapted to each selection pressure imposed, and introgressed resistances have fallen, one after the
other. As a result, late blight remains one of the major constraints to
potato production worldwide. In the past few years, genome sequencing has revealed P. infestans effector proteins that are delivered inside potato cells, and these are the molecules recognised by
resistance proteins in the host. We are starting to understand, from
studies of the functions of these effectors, and their diversity in pathogen populations, why P. infestans has been so successful. Our studies
are leading us to knew strategies for controlling late blight, in which
we utilise our growing knowledge of the effectors from P. infestans to
seek sources of resistance that are likely to be more durable. An understanding of effector evolution thus promises to direct future disease resistance breeding efforts.
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The molecular basis of broad-spectrum powdery mildew
resistance
Ralph Panstruga, Pawel Bednarek, Chiara Consonni, Matt Humphry,
Justine Lorek, Cristina Micali
Max-Planck Institute for Plant Breeding Research, Carl-von-LinnéWeg 10, D-50829 Köln, Germany
Loss-of-function mutant alleles of the barley Mlo locus are known to
confer durable, broad-spectrum resistance against the powdery mildew disease caused by the Ascomycete Blumeria graminis f.sp. hordei. This type of antifungal immunity has been discovered 65 years
ago and has been widely used in European agriculture for more
than 25 years. We recently showed that powdery mildew resistance
conferred by mlo alleles is not restricted to barley, but also occurs in
Arabidopsis, tomato and pea. The molecular basis of this unusual
type of disease resistance remains, however, mysterious. We exploit
the genetic and molecular tools available for the dicot reference
species, Arabidopsis thaliana, to get insights into the molecular
mechanisms leading to mlo resistance.
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How to resist a resistance protein?
Frank Takken and Martijn Rep
Plant Pathology, University of Amsterdam, Amsterdam, the Netherlands
Microbes have been interacting with plants for hundreds of millions
of years. In cases of parasitism plant and micro-organism have competing interests, and in each battle one of the two will prevail. An
underlying evolutionary ‘arms race’ drives evolvement of factors that
direct the outcome of these encounters. On the pathogen side
these include effectors while in the host resistance (R) proteins
evolved that sense effectors and subsequently activate defense responses.
We have been pursuing identification of these factors and analyse
their interactions in the tomato - Fusarium oxysporum f.sp. lycopersici
(Fol) pathosystem. During host colonization, Fol secretes several small
proteins (‘effectors’) into the xylem sap, one of which is Avr2. Resistance to Fol strains producing Avr2 is conferred by the resistance (R)
gene I-2. I-2 encodes a typical NB-LRR R protein. Structure-function
analyses of the different (sub)domains and investigation of intramolecular interactions in wild-type and mutant proteins led to the
development a model in which R proteins function as nucleotidecontrolled molecular switches.
Avr2 was found to have a dual function; it not only confers avirulence in the presence of I-2 but is also required for full virulence on
susceptible hosts, suggesting that Avr2 is involved in suppression of
basal host defense. Point mutations in Avr2 allow the fungus to avoid
I-2-mediated recognition while maintaining full virulence. The ability
to uncouple avirulence and virulence functions provides the fungus
with the means to resist resistance protein I-2. An additional means to
resist I-2 is production of Avr1, which was found to suppress Avr2/I-2
mediated induction of host defenses. Together, these findings point
to extensive co-evolution of tomato and Fol. In this talk I will present
our current understanding of the genetic and molecular interactions
between the two sparring parties.
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Priming of plant immunity: molecular mechanisms and
ecological function.
Shakoor Ahmad1, Yuhua Zhang1, Estrella Luna-Diez1, Sjoerd van der
Ent2, Marieke van Hulten2, Corné M.J. Pieterse2, Ruth Gordon-Weeks1,
John Pickett1 and Jurriaan Ton1
1Rothamsted Research, Department of Biological Chemistry, AL5
2JQ, Harpenden, Herts, UK.
2Utrecht University, Institute of Environmental Biology, Plant-Microbe
Interactions, 3508 TB Utrecht, The Netherlands.
Specific environmental stimuli can prime the innate immune system
of plants, which results in an augmented defence expression upon
subsequent attack by microbial pathogens. To study the molecular
regulation behind this defence priming, we have examined the response of Arabidopsis to the chemical priming agent betaaminobutyric acid (BABA). This model system has allowed us to identify novel regulatory mechanisms in priming of salicylic acid (SA)dependent and SA-independent defence. Furthermore, a costbenefit analysis revealed that defence priming is a cost-efficient defence strategy that improves Arabidopsis fitness under diseaseconducive conditions. Based on these results, we predict that selected naturally occurring Arabidopsis accessions from relatively hostile environments have evolved a genetically primed immune system
that provides enhanced responsiveness to exogenous and endogenous alarm signals. Indeed, we have identified several Arabidopsis
accessions with constitutively primed responsiveness to the defence
hormones SA and jasmonic acid (JA). However, this priming of relatively late-acting defence is inversely correlated with their sensitivity
of early-acting defence upon perception of microbe-associated
molecular patterns (MAMPs). We hypothesize that these Arabidopsis
accessions have desensitized MAMP responsiveness in order to interact with plant-beneficial micro-organisms. To compensate, they
have acquired priming of late-acting SA- and/or JA-dependent defence, thereby ensuring protection against opportunistic pathogens.
Currently, we are exploiting this genetic variation to identify regulatory genes in priming of early- and late-acting immune responses.
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Improving disease resistance in plants as an evolutionary
process
James K. M. Brown
John Innes Centre, Norwich, NR4 7UH, England
In research in plant pathology, it is usual to work with one pathogen
of one host plant in highly controlled conditions. The reductive approach has enabled scientists to make rapid progress in understanding the biology of plant disease and to identify many of the genes
involved. In agriculture, however, plants are assailed by many diseases and stresses. Farmers need crop varieties which not only have
adequate resistance to all these threats but also, even more importantly, excellent yield and quality. To make the problem even more
complex, these traits interact with one another and are influenced
by environmental conditions over which farmers have limited control. There is thus a dichotomy between academic research on single genes with major effects on one disease and the practical need
to consider complex sets of genes controlling many traits.
Robust strategies for breeding disease-resistant, commercially successful varieties will be more vital than ever in a changing environment. Plant breeding uses an evolutionary approach which mimics
natural selection. It can advance many traits simultaneously when
there is plenty of genetic diversity, the breeding process is rapid and
small-scale trials make reliable predictions of the future performance
of crop varieties on farms. For most traits in most species most of the
time, this is a fast, effective route to crop improvement. Association
genetics can be employed to improve the selection of varieties with
desirable combinations of different traits, such as disease resistance
and yield, and to enable plant breeders to respond rapidly to new
challenges such as emerging diseases. Where genetic variation is
lacking, the breeding process is slow or selection is unreliable, alternatives such a GM are needed. As in plant breeding, the effectiveness of GM could be improved by exploiting the power of natural
selection: increasing the diversity of transgenes, speeding up their
introduction into crops and selecting varieties in diverse environments. This would require a radical simplification of the current regulatory regime.
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Examples will be taken from Septoria tritici blotch of wheat
(Mycosphaerella graminicola), powdery mildew of cereals (Blumeria
graminis) and Ramularia leaf spot of barley (Ramularia collo-cygni).
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Awards
The Board of BSPP wishes to encourage young plant pathologists to
talk about their work. There are two prizes awarded at the presidential meeting:
The P. H. Gregory prize, awarded for the presentation of an oral paper. The competition is open to (a) members of BSPP who have not
previously presented a paper to a meeting of a learned society and
(b) to all registered postgraduate students, whether or not they are
members the society, or have presented a paper before to a meeting of a learned society. Contestants should not have entered the
P.H. Gregory competition previously. The winner receives a certificate and a cheque for £250
Philip Gregory (1907–1986) pioneered aerobiology as a topic for research, combining many disciplines to contribute to better understanding of fungal spore dispersal and plant disease epidemiology.
He developed theories of spore dispersal, which was published in his
classic paper on the dispersion of airborne spores (Gregory PH. 1945.
Trans. Br. Mycol. Soc. 28:26–72). He became Head of the Plant Pathology Department at Rothamsted in 1958 where he further developed his research on spore dispersal and sedimentation velocities. In
his retirement, Philip Gregory, continued work on elucidating the epidemiology of black pod disease of cocoa in Nigeria, and maintained enthusiasm for his wide range of scientific interests. He proudly
and enthusiastically showed his garden to visitors and they often regarded this as the highlight of their visit to Harpenden (Source: Lacey
et al (1997) Annual Review of Phytopathology Vol. 35: 1-14).
The John Colhoun Prize, awarded for a poster. The work presented in
the poster must form part of a research project conducted by the
entrant in support of a PhD or Masters degree, and the entrant must
not have been awarded the degree prior to the deadline for abstracts date. Students need not be members of BSPP. The winner receives a certificate and a cheque for £100
John Colhoun (1913–2002): cryptogamist and plant pathologist. John
Colhoun was awarded a MAgr in 1937 at Queens University, Belfast,
and then moved to Imperial College, London, working on fungal
19

pathogens of apples for his PhD, awarded in 1940. He returned to
Northern Ireland where he worked on flax, an important crop in the
province during World War II, leading to a definitive text (Muskett, A.
E. & Colhoun, J. (1947): The Diseases of the Flax Plant.). He became
reader at Queens University in 1954. Subsequently, he took up the
Chair of Cryptogamic Botany at the University of Manchester in 1960,
where he worked on Fusaria, Phytophthoras, Septoria and Phoma,
with hosts ranging from cereals to Chrysanthemum, Yam, Oil Palm,
and Banana. In 1968 he was elected Chairman of the Federation of
British Plant Pathologists, forerunner of the British Society for Plant Pathology. He retired from Manchester University in 1980 as Professor
Emeritus, having occupied the Barker Chair of Cryptogamic Botany
for 20 years. (Source, Epton H (2003). Mycol. Res. 107 (3): 377–381
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PH Gregory abstract

Bacterial evolution by genomic island transfer occurs
via DNA transformation in planta
Helen C. Lovell1, John W. Mansfield2, Scott A. C. Godfrey1, Robert W.
Jackson3, John T. Hancock1 and Dawn L. Arnold1
1Centre for Research in Plant Science, University of the West of England, Bristol, BS16 1QY United Kingdom. 2Division of Biology, Imperial
College London, SW7 2AZ United Kingdom. 3School of Biological Sciences, University of Reading, RG6 6UR United Kingdom.
We have previously reported that the loss of the 106kb genomic island, PPHGI-1 from the bean pathogen Pseudonomas syringae pv.
phaseolicola (Pph) strain 1302A is driven by exposure to the stress
imposed by the plants resistance reaction, the hypersensitive response (HR). We now show that this genomic island is able to horizontally transfer between strains of Pph by transformation during coinoculation in planta. Transformation occurs at high frequency in the
resistant host, bean cultivar Tendergreen (TG) but is reduced in susceptible hosts and extremely limited outside of the host. Transfer has
also been achieved in the non-host plants, Tobacco and Arabidopsis. Limited transformation has been observed in vitro, under various
conditions including at very low temperatures and in apoplastic fluid,
the highest frequency being observed in apoplastic fluid extracted
from TG leaves undergoing the HR. Our results suggest that both excision of the island and competence for transformation are enhanced
within the microenvironment of the plant compared to culture. Transfer of PPHGI-1 leads to a change in virulence of the recipient strain
and could have other implications to its fitness as PPHGI-1 contains
genes clusters encoding type IV pilli, photosensory and chemotactic
proteins and enzymes involved in DNA repair a recombination. These
findings show pathogen evolution can occur by the simplest process
of horizontal gene transfer and is particularly prevalent during host
defence when the pathogen is in greatest need to acquire potentially new genetic traits to alleviate the antimicrobial stress imposed
by the host.
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PH Gregory and J Calhoun poster abstract

Defence Spending Slashed in the Hyperaccumulator
Economy?
Helen Fones, Arantza Rico, J. Andrew C. Smith and Gail M. Preston
Department of Plant Sciences, University of Oxford, South Parks
Road, Oxford. OX1 3RB
helen.fones@plants.ox.ac.uk
Thlaspi caerulescens is a ‘metal hyperaccumulator’; a plant which
takes up metals from its environment and stores them in its aerial tissues at surprisingly high concentrations, which would normally be
expected to be toxic. The explanation for the evolution of this trait is
uncertain, but the most popular theory proposes that hyperaccumulated metals may act as a defence against pathogens or herbivores. We have tested the possibility of an ‘elemental defence’
against the pathogen Pseudomonas syringae and found evidence
that this does occur in T. caerulescens. To further understand the
nature of anti-pathogen defences in this plant, we have investigated many of the basal defences found in its relative, Arabidopsis.
Surprisingly, we have found evidence that most of these defences
are severely attenuated in Thlaspi. We are now comparing the levels of these defences across a range of Thlaspi populations which
vary in their levels of metal hyperaccumulation. We are also investigating the ability of P. syringae and P. syringae mutants with altered
metal tolerance, as well as bacteria isolated from Thlaspi in the field,
to grow in plants of each of these populations. Thus we hope to
build up a clearer picture of which defences are most important to
this unusual plant.
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PH Gregory abstract

Bacterial plant pathogen interactions with predators: survival and spread.
F. Dorati1, M.S. Contreras2, N.Waterfield2, D. Arnold3 S. Godfrey3 and
R.W Jackson1
1School of Biological Sciences, University of Reading, Whiteknights,
Reading, RG6 6AJ. 2School of Biology and Biochemistry University ofBath, BA2 7AY, UK, University of Bath
f.dorati@reading.ac.uk and r.w.jackson@reading.ac.uk
Understanding the molecular mechanisms underpinning the ecological success of plant pathogens is key for developing strategies for
the control of diseases and protection of crops. Recent observations
have shown that plant pathogenic bacteria are not just interacting
with the plant itself, but with a series of potential predators present in
the soil, such as nematodes, insect larvae and amoebae. Bacteria
are therefore under strong selective pressure to avoid or survive predation and we hypothesise that bacteria have evolved mechanisms
to escape predation. The aim of this project is to identify the gene
systems that contribute to the ecological success of the plant pathogen, Pseudomonas syringae, with a specific focus on anti-predation
and pathogenicity mechanisms. A Rapid Virulence Annotation
(RVA) screening was developed to identify which mechanisms allow
the pathogen to cope against predators. This assay was developed
to identify P. syringae cosmids that enhanced Escherichia coli survival in the presence of predators (nematodes, amoeba) and insect
larvae. Approximately 2000 cosmids were screened against each
predator and 150 found that reduced bacterial killing or killed the
insect larvae of Galleria mellonella. Sample end-sequencing of ten
cosmids was carried out. Bioinformatics analysis was used to identify
the genes encoded on each cosmid, a task that was aided by the
availability of the complete genome sequence. We identified a
number of genes that could be contributing to anti-predation including Type 6 secretion system, hemolysin and insecticidal toxins. A
comparison of the genes conferring resistance within others P. syringae strains showed differences in the organization of these clusters,
indicating differential evolution. These cosmids will be mutagenized
using a transposon and the contribution of each individual gene will
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PH Gregory abstract
be evaluated. Furthermore, gene expression in vivo will be identified
by IVET (In vivo expression technology) screens. These data, will provide an important contribution to understanding how gene expression is controlled during the different phases of the bacterial life and
to give insight to the ecological function of the genes.
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PH Gregory abstract

New insights into eyespot resistance
Christopher Burt1, Bill Hollins2, Paul Nicholson1
1John Innes Centre, Norwich Research Park, Colney, Norwich, NR4
7UH, UK 2 RAGT Seeds Ltd., Grange Road, Ickleton nr. Saffron Walden,
Essex, CB10 1TA, UK
Eyespot is an important stem-base disease of wheat caused by two
fungal species; Oculimacula yallundae and O. acuformis. The durable resistance exhibited by the variety Cappelle Desprez has previously been attributed to the partial resistance gene Pch2 on chromosome 7A, and to an adult plant resistance on chromosome 5A.
Our work provides new insights into the efficacy and genetic location of these resistances.
We found Pch2 to be effective against O. acuformis, but to be ineffective against penetration from O. yallundae. We mapped Pch2
resistance to O. acuformis to the distal end of chromosome 7AL and
identified closely linked SSR markers. However, it was not possible to
map any resistance to O. yallundae on chromosome 7A. This confirms that Pch2 operates specifically against O. acuformis and has
important implications for its use in commercial varieties. In addition,
we have gained a further insight into Pch2 through cDNA-AFLP expression studies, and have identified candidate genes involved with
the resistance response.
We have found the adult plant resistance on chromosome 5A of
Cappelle Desprez to also be effective in seedlings. Furthermore, we
showed that it provides protection against both O. yallundae and O.
acuformis. We have mapped the resistance as a single major QTL on
chromosome 5AL, and have identified closely linked SSR markers. This
resistance is a potentially useful resource to plant breeders and we
propose it should be named Pch4.
In conclusion, our research provides a greater understanding into
the function of these eyespot resistance genes and informs their use
by plant breeders. In addition, the tools that we have developed
enable them to be tracked by marker-assisted selection in breeding
programmes.
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A pathogenicity factor enriched micro-region in the Fusarium graminearum genome
Andrew M. Beacham, Martin Urban, John Antoniw, Amy Freeman
and Kim E. Hammond-Kosack.
Centre for Sustainable Pest and Disease Management, Rothamsted
Research, Harpenden, Herts, AL5 2JQ, UK.
Using a novel bioinformatics approach, we have identified a genomic micro-region that appears to be enriched for verified pathogenicity genes in the important crop pathogen Fusarium graminearum. Analysis of this micro-region by a combination of bioinformatic
and reverse genetics approaches is helping to ascertain its role in
the pathogenicity of this species with the aim of locating novel virulence determinants.
Comparative genomics has been used to investigate conservation
of the micro-region in other closely and less closely related species.
Targeted deletion of nine separate genes has allowed the determination of the role of the micro-region in F. graminearum pathogenicity.
Deletion of the neutral trehalase gene NTH1 appears to slow infection of wheat ears, while deletion of the SNF1 protein kinase or PKAR
cAMP-dependent protein kinase regulatory subunit inhibits pathogen
spread from the inoculated spikelet. Targeted deletion of unannotated genes in this region has then allowed the identification of a
novel virulence determinant, FGSG_09907.
This micro-region appears to be distinctly different from the virulenceassociated biosynthetic and secreted protein clusters identified so
far in pathogenic fungi. Further investigation will reveal more about
the properties of this small genomic region.
Rothamsted Research receives grant-aided support from the Biotechnology and Biological Sciences Research Council (BBSRC) of the
UK. Andrew Beacham is supported by a BBSRC industrial CASE studentship awarded to Syngenta.
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Resistance to Pyrenopeziza brassicae (light leaf spot) in a
mapping population of oilseed rape
Emily F Boys1,2, Jon S West1, C Peter Werner3, Graham J King1, Paul S
Dyer2 and Bruce DL Fitt1
1Rothamsted Research, Harpenden, AL5 2JQ; 2School of Biology, University of Nottingham, University Park, Nottingham, NG7 2RD; 3KWS UK
Ltd., Thriplow, Nr Royston, SG8 7RE
Pyrenopeziza brassicae causes light leaf spot on winter oilseed rape
(Brassica napus), one of the most important diseases of oilseed rape
in the UK and northern Europe. Disease severity is currently reduced
through a combination of (costly) foliar fungicide applications and
cultivars with quantitative (polygenic) resistance. There has been
one report of major gene-mediated resistance to P. brassicae
(Bradburne et al., 1999) and the oilseed rape cultivar Imola was bred
from resistant material used in that study. This project aims to investigate the resistant phenotype of cv. Imola and to map the major resistance gene(s) against P. brassicae within the context of a linkage
map constructed using the N26 doubled haploid (DH) population
(derived from a cross between cv. Imola and 218-11, a susceptible
breeding line).
Results presented here show that the N26 DH population is segregating for resistance to P. brassicae in a ratio of approximately 1:1 resistant:susceptible, suggesting that it is controlled by a single major
gene. Susceptible DH lines show typical light leaf spot symptoms
(asexual sporulation) when inoculated with P. brassicae conidia in
both controlled environment and field experiments. Resistant DH lines
show no asexual sporulation, but instead show a “black flecking”
phenotype. Scanning electron microscopy reveals that this “black
flecking” is associated with the collapse of groups of epidermal cells.
This resistance phenotype is unusual because although P. brassicae
cannot undergo asexual sporulation on resistant plants, there is still
limited growth of mycelium and sexual sporulation (producing ascospores) has been observed on senescent debris of artificiallyinoculated resistant plants.
We hope to provide breeders with markers linked to the resistance
gene to make it easier to incorporate this major gene-mediated
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resistance against P. brassicae into new elite oilseed rape cultivars. A
greater understanding of the mechanisms associated with the resistant phenotype should provide insights into the durability of the resistance, if it is incorporated into cultivars grown on a commercial
scale.
Bradburne R, Majer D, Magrath R, Werner CP, Lewis B and Mithen R
(1999) Winter oilseed rape with high levels of resistance to Pyrenopeziza brassicae derived from wild Brassica species. Plant Pathology 48:
550-558
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The ABC-transporter BcatrB protects Botrytis cinerea
against camalexin and is a virulence factor on Arabidopsis.
Francesca L. Stefanato1, Eliane Abou-Mansour1, Matthias Kretschmer3, Matthias Hahn3, Christian G. Bochet2, Jean-Pierre Métraux1
and Henk-jan Schoonbeek1/4
1,2Departments

of 1Biology and 2Chemistry, University of Fribourg,
Chemin du Musée 10, CH-1700 Fribourg, Switzerland. 3Fachbereich
Biologie, Technische Universität Kaiserslautern, Postfach 3049, 67653
Kaiserslautern, Germany. 4John Innes Centre Norwich Research Park
Colney Norwich NR4 7UH UK
Arabidopsis thaliana produces the phytoalexin camalexin in response to abiotic and biotic stress. Here we studied the mechanisms
of tolerance to camalexin in the fungus Botrytis cinerea, a necrotrophic pathogen on A. thaliana.
B. cinerea inoculated on WT A. thaliana plants yields smaller lesions
than on camalexin-deficient mutants. Exposure of B. cinerea to
camalexin induces the expression of several transporter genes,
among which BcatrB, an ABC transporter that functions in efflux of
fungitoxic compounds. The accumulation of the known BcatrB substrate 14C-fludioxonil is increased by treatment with camalexin, indicating that the two compounds compete for active efflux and that
BcatrB can transport camalexin. A B. cinerea strain lacking functional BcatrB is more sensitive to camalexin in vitro and less virulent
on WT plants but is still fully virulent on camalexin mutants. Pretreatment of A. thaliana with UV-C leads to increased camalexin accumulation and substantial resistance to B. cinerea. UV-C-induced
resistance does not occur in camalexin-deficient A. thaliana mutants.
This is the first time that an ABC transporter is demonstrated to be a
virulence factor by increasing tolerance of the pathogen towards a
phytoalexin, combined with complete restoration of virulence on
host plants lacking this phytoalexin.
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Arabidopsis auxin mutants are compromised in systemic
acquired resistance and exhibit aberrant accumulation
of various indolic compounds.
William M. Truman1, M. H. Bennett2, Colin G.N. Turnbull1 and Murray R.
Grant2.
1 Biology Division, Imperial College, London, SW7 2AZ, U.K.
2 School of Biosciences, University of Exeter, Exeter, EX4 4QD, U.K.
Systemic acquired resistance is a widespread phenomenon in the
plant kingdom that confers heightened and often enduring immunity to a range of diverse pathogens. Systemic immunity develops
through activation of plant disease resistance protein signalling networks following local infection with an incompatible pathogen. The
accumulation of the phytohormone salicylic acid in systemically responding tissues occurs within days after a local immunising infection
and is essential for systemic resistance. However, our knowledge of
the signalling components underpinning signal perception and establishment of systemic immunity are rudimentary. We have previously observed that an early, and transient, increase in jasmonic
acid in distal responding tissues is central to effective establishment
of systemic immunity. Based upon predicted transcriptional networks
induced in systemic responding tissues we show that a variety of
auxin mutants compromise the establishment of systemic immunity.
Linking transcriptional and targeted metabolite studies our data provide evidence for a role of indole derived compounds, but not auxin
itself, in establishment and maintenance of systemic immunity.
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Determine the effect of foliar applications of soluble silicon on strawberry leaves
Kaneez Fatema, Avice Hall, David Naseby
University of Hertfordshire, College Lane, Hatfield, AL10 9AB,UK
The beneficial role of silicon in plant resistance against pathogens is
well recognised. Soluble silicon induces both physiological and physical changes, thereby increasing plant resistance against pathogens.
However, the mechanism by which silicon reduces disease development has not been explained fully. In strawberry, the mechanism of
suppression against powdery mildew remains uncertain. Therefore, it
has been suggested that supplying soluble silicon would help strawberry plants to absorb silicon and improve resistance against pathogen. Soluble silicon as OMEX SW7 is used regularly as a wetter in
commercial strawberry production. The main objective of this work
was to find if there were enhanced levels of silicon in strawberry
plants treated with silicon wetter (OMEX SW7). The other objective
was to identify whether the silicon supplements had any effect on
the anatomy of strawberry leaves. The silicon based wetter was
sprayed at different concentrations onto the strawberry plants. Each
treatment was applied at different timings. Enhanced levels of silicon
were quantified by the Autoclave Induced Digestion (AID) method.
Results showed that there were enhanced levels of silicon in plants
treated with silicon wetter and increased density of leaf hairs and
increased length of leaf hairs. There were higher levels of silicon in
plants that were treated more frequently. Concentrations of silicon in
strawberry leaves were increased by the addition of silicon wetter.
However, there was a significant difference in concentrations in different treatments for different timings. Moreover, the more silicon
that was applied, the higher the levels of silicon absorbed by the
plant.
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Identification and functional analysis of Mycosphaerella
graminicola small secreted proteins.
Rosalind Marshall, Andy Bailey, John Antoniw, John Lucas and Jason
Rudd.
Centre for Sustainable Pest and Disease Management, Department
of Plant Pathology and Microbiology, Rothamsted Research, Harpenden, Herts., AL5 2JQ, UK
Mycosphaerella graminicola (anamorph Septoria tritici) is an ascomycete fungus attributed to widespread damage of worldwide
[cultivated] wheat crops. Disease symptoms (necrotic lesions bearing asexual sporulation structures) occur approximately 8 to 10 days
after conidial spores alight onto the leaf surface, and form as a consequence of rapid host cell death. There is a lack of evidence for
strong host defence activation during the initial symptomless phase
of colonisation.
Pathogen derived small secreted proteins (SSPs) have been shown
to function as effectors (virulence/avirulence factors) in similar plantdisease systems. As the genome of M. graminicola has now been
sequenced at the JGI (Joint Genome Institute), bio-informatics
analyses coupled with expression data from existing microarray experiments have enabled us to identify and initiate characterisation
of genomic regions encoding small secreted proteins which may impact upon M. graminicola virulence. A genome-wide search was
conducted in M. graminicola for regions containing at least three uninterrupted consecutive SSPs. Two regions containing putative
“clusters” of SSPs were identified on chromosomes 6 and 12 of the
genome and expression analyses have been performed to (a) test
the JGI gene model predictions and (b) to investigate expression
levels during plant infection. Gene “cluster” deletion strains have
also been generated and will be used to test whether these genomic regions impact upon pathogenicity of M. graminicola towards wheat.
Protein extracts of apoplastic fluids from M. graminicola-infected
wheat leaves have also been analysed using SDS-Polyacrylamide
Gel Electrophoresis and will be used to identify potential fungal SSPs
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secreted during infection. Preliminary comparisons between inoculated and mock-inoculated samples extracted at 7dpi indicated the
presence of novel proteins of the expected size (16-21kDa). Further
extractions from a time-course over the symptomless phase of infection in the leaf (0-10dpi) also identified proteins in the same size
range at 6 and 8 dpi. Subsequent work will attempt to identify these
(and other) proteins using MALDI-TOF Mass spectrometry.
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The infection biology and transcriptome of wheat pathogen Fusarium graminearum
Neil Brown, Amy Freeman, Martin Urban, Sarah Perfect, Nick Read
and Kim Hammond-Kosack
Centre of Sustainable Pest and Disease Management, Department
of Planr Pathology and Microbiology, Rothamsted Research, Harpenden, Hertfordshire, AL5 2JQ, UK
Fusarium graminearum is one of the main causal agents of Fusarium
ear blight on wheat. How the pathogen colonises the entire ear is
not known. A controversy also remains over whether this mycotoxin
producing pathogen invades wheat floral tissue using a necrotrophic or another mode of nutrition. A detailed microscopic investigation has revealed how wild-type fungal hyphae, of the sequenced
strain PH-1, colonised susceptible wheat ears and spread from
spikelet to spikelet.
At the advancing infection front, colonisation of the cortex occurred
ahead of any vascular colonisation and the hyphae solely adopted
the form of the available intercellular space between cortical cells.
Intercellular hyphae then became abundant and host cells lost their
entire cellular contents just prior to intracellular colonisation. No host
cells died ahead of the infection. However, while this deep cortex
infections progressed, just below the surface the highly photosynthetic chlorenchyma cells present in a series of thin narrow bands,
were observed to have died prior to inter- or intracellular colonisation. Behind the infection front, hyphae were abundant in the vasculature and the cortex, often grew through the pit fields of thick wall
cells, and this high level of inter- and intracellular fungal colonisation
resulted in the collapse of the non lignified cell-types. In this middle
zone of the infection, hyphal diameters were considerably enlarged.
Far behind the infection front inter- and intracellular hyphae were
devoid of their contents and had often collapsed.
At later stages of infection, the pathogen switched from predominately vertical to lateral growth and accumulated below the surface
at the rachis node. Here the lignified host cell walls became heavily
degraded by a highly unusual process. Hyphae subsequently, ruptured the epidermis and sporulated.
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To understand how this destructive pathogen modulates its development during these key points in the infection process, specific tissues
will be isolated at the host-pathogen interface by laser capture micro-dissection. This will enable a detailed spatial and temporal exploration of fungal gene expression profiles in planta.
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Recent evolution of Rhynchosporium secalis populations
in response to selection by fungicides
Nichola Hawkins 1, Hans Cools 1, Michael Shaw 2, Helge Sierotski 3 and
Bart Fraaije 1
1 Plant Pathology and Microbiology Department, Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ. 2 School of Biological Sciences, University of Reading. 3. Syngenta Crop Protection, Stein, Switzerland
Barley leaf blotch or scald, caused by the fungus Rhynchosporium
secalis, is a highly economically damaging foliar disease of barley in
the UK, causing annual yield losses estimated at £4.8 million in 2005.
Effective control relies on the combined use of more resistant barley
varieties and fungicide applications, but host resistance can be
overcome, and fungicide use can exert a strong selective pressure
for resistance. A reduction in sensitivity to some triazole fungicides
has been found in the field, and strobilurin resistance was reported
for the first time in R. secalis at a site in Northern France in 2008.
Understanding the genetic basis of fungicide resistance enables improved detection through molecular diagnostics, facilitating a better
understanding of the spread and management of resistance. This
project aims to identify genetic changes responsible for reduced
fungicide sensitivity in R. secalis, and to study their occurrence and
spread in populations.
A fungicide sensitivity bioassay has been developed for R. secalis.
This has revealed a 100-fold reduction in in vitro sensitivity to some
triazoles over the last 10-15 years, but the resistance mechanism is
not yet known. R. secalis has two copies of the gene, Cyp51, encoding the triazole fungicide target site. Investigations into the possible
role of these genes in triazole sensitivity will be presented.
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Identification and expression of endo-1,4–betaglucanase genes by stem nematodes (Ditylenchus dipsaci Kühn) in susceptible and resistant cultivars of field
beans (Vicia faba L.).
Natalia Stawniak1, Amanda Cottage1, James Cockram1, Jane
Thomas1, David Kenyon1, Simon Gowen2
1 National Institute of Agricultural Botany, Huntingdon Road, Cambridge, CB3 0LE 2 School of Agriculture, Policy and Development, University of Reading, RG6 6AR
Plant parasitic nematodes are equipped to invade host plants with a
stylet and different types of cell-wall-degrading enzymes secreted by
gland cells. Many studies have reported potential roles of these enzymes in the establishment and maintenance of the feeding site. Disturbing the function of these enzymes with the aid of RNAi or plantibodies may provide means of suppressing nematode multiplication
within plant tissues.
The first secreted protein to be identified was endo-1,4–betaglucanase, which is employed by the nematode to degrade the
major component of plant cell walls, cellulose. Plant parasitic nematodes may have up to 26 endoglucanase genes and their functions
in pathogenesis are still to be elucidated. We successfully cloned
endoglucanases of the migratory and endoparastic nematode Ditylenchus dipsaci, a major pest of field beans in Great Britain. Genomic sequence of the endo-1,4-beta-glucanse from the giant race
was different from those found in the polyphagous race, sensu
stricto. Two distinct endoglucanases were identified from the sensu
stricto race and one from the giant race. Gene structure was analyzed and exon/intron boundaries were compared with sequences
of other plant parasitic nematodes, in both races we observed intron
losses on the identified fragments of endoglucanase.
We plan to evaluate expression levels of the endoglucanase genes
present in British isolates of D. dipsaci during the establishment of
parasitism within susceptible and resistant cultivars of field beans.
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Molecular diagnostic tools for detection of oil palm
(Elaeis guineensis) vascular wilt disease caused by Fusarium oxysporum f.sp. Elaeidis
Hefni Rusli, Alan E Wheals and Richard M Cooper
Department of Biology and Biochemistry, University of Bath, BA2 7AY
Bath, UK.
Fusarium oxysporum f.sp. elaeidis (Foe) invades the host xylem and
causes a devastating vascular wilt disease of oil palm in West and
Central Africa and parts of South America. So far this disease has not
been reported in South East Asia in spite of long term importation for
breeding purposes of African seed and pollen, now known to be
contaminated with Foe. Malaysia is the largest palm oil producer in
the world and Foe remains a major threat to this industry. Therefore,
this study is being conducted in order to help Malaysia avoid and/or
be prepared for this potential problem. Molecular diagnostic tools
are being developed for rapid detection and quantification of Foe
in diseased plant tissue, soil, seed and pollen. These tools can be
used for quarantine purposes of any imported materials and to test
infection of putative resistant palm genotypes. It is not straightforward to develop molecular diagnostic tools for this disease because
Fusarium is a very complex genus. Traditionally, at species level Fusarium has been distinguished based on morphological criteria such as
colony morphology, formation of macro and micro conidia and production of chlamydospores. A forma specialis (f.sp.) is often assumed
to have a single common ancestor from which all vegetative compatibility groups (VCGs) arise (monophyly). However, multiple VCGs
and races within a given f.sp. could have multiple independent origins, with pathogenicity and virulence evolving more than once
through mutation and/or transposition or spreading to distantly related strains through parasexuality or horizontal gene transfer. Thus, it
is difficult to design specific primers to identify Fusarium species complex members as they may share high DNA sequence similarity in the
aligned region. Nevertheless, we have managed to develop Fusarium genus-specific PCR assays based on the internal transcribed
spacer (ITS) region of rDNA and F. oxysporum-specific primers within
the translation elongation factor 1-α (TEF) gene. The specificity of the
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Fusarium genus-specific primers (Fusf1 and Fusr1) was assessed
against forty-two Fusarium spp. isolates from various hosts and origins
and seven closest out-groups to the genus Fusarium. Different isolates of Fusarium species, irrespective of formae speciales and race,
were amplified with this primer and excluded all the out-groups. Furthermore, the species-specific primer pair Foxy F2/ EF2 was able to
amplify a DNA fragment of all F. oxysporum spp. isolates tested and
no amplification was observed for F. redolens and F. foetens as these
species are phylogenetically in the same section with F. oxysporum.
Currently, we are working on Foe-specific primers using the intergenic spacer region (IGS).
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Targeted gene replacement and overexpression of Fusarium graminearum (PH1) (Fg)SKN7 and FgAP-1-like, two
transcription factors involved in oxidative stress
Jens Due Jensen1, Hans J.L. Jørgensen1, David B. Collinge1 and Rasmus J.N. Frandsen2
1Department of Plant Biology and Biotechnology, KU-LIFE, DK
2Department of Agriculture and Ecology, KU-LIFE, DK
Fusarium graminearum (Fg) is an ascomycetous fungal pathogen
that mainly infects cereals, causing the disease Fusarium head blight
(FHB) on barley and wheat as well as stalk and ear rot disease on
maize. This disease not only causes significant crop yield losses, but
also causes severe quality losses by contamination of the grain with
mycotoxins, making the products unhealthy for food or feed.
Environmental stress factors, including oxidative stress, are reported
to increase mycotoxin production of fungi, but the molecular regulation is not well understood. During infection, Fg mycotoxin biosynthesis may by modulated by host defence responses (i.e. oxidative
burst). In vitro studies of Fg cultures stressed by H2O2 showed increased accumulation of deoxynivalenol (DON) (Ponts et al. 2006 &
2007). However, it has also been shown that injection of DON into
wheat leaves resulted in H2O2 accumulation (Desmond et al. 2008),
implying that Fg also needs to be able to deal with oxidative stress
during infection.
In Yeast (Saccharomyces cerevisea), three conserved signalling
pathways have been identified in response to oxidative stress: the
stress-responsive MAP kinase cascade, the multistep phosphorelay
and the AP-1-like transcription factor (Ikner and Shiozaki 2005). Deletion of the AP-1-like transcription factor gene (CHAP1), a redoxregulated bZIP protein in Cochliobolus heterostrophus, resulted in increased sensitivity to oxidative stress caused by H2O2 and menadione (Lev et al. 2005). Likewise, deletion of SKN7 a response regulater in the multistep phosphorelay signaling pathway of Aspergillus
parasiticus resulted in increased sensitivity to oxidative stress as well
as early reactive oxygen species (ROS) formation and aflatoxin biosynthesis (Reverberi et al. 2008). The presence of putative binding
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sites in the promotor region of (aflR), a regulatory gene of aflatoxin
biosynthesis, suggests that SKN7 have role in regulation of secondary
metabolism.
In Fg, it has been shown that H2O2 triggers toxin production and that
toxin accumulation may be a part of a global response against and/
or part of an adaptation to ROS. However, the signalling pathways
which respond to H2O2 and lead to the toxin biosynthesis have yet to
be elucidated. To investigate this, targeted gene replacement and
overexpression of Fusarium graminearum FgSKN7 and FgAP-1-like
have been constructed using USER-friendly cloning (Frandsen et al.
2008) and genes under transcriptional regulation of the two targeted
genes will be identified under oxidative stress as well as in planta during infection.
References:
Desmond et al. 2008. Molecular Plant Pathology 9(4):435-445.
Frandsen et al. 2008. BMC Mol Biol 9:70.
Ikner and Shiozaki 2005. Mutation Research 569:13-27.
Lev et al. 2005. Eukaryotic Cell 4(2):443-454.
Ponts et al. 2006. FEMS Microbiol Lett 258:102-107.
Ponts et al. 2007. FEBS Lett 581:443-447.
Reverberi et al. 2008. Eukaryotic Cell 7(6):988-1000.
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Investigating the importance of effectors with lysin motifs
of the rice blast fungus Magnaporthe oryzae
Thomas Mentlak and Nicholas J. Talbot
School of Biosciences, University of Exeter, Streatham Campus, Exeter, EX4 4QD, United Kingdom
Magnaporthe oryzae, the filamentous ascomycete fungus, is the
causal agent of rice blast disease. Over three billion people depend
on rice as part of their staple diet, yet millions of tonnes of rice yield
are lost each year due to M. oryzae outbreaks. During biotrophic invasive growth, M. oryzae uses a battery of effector proteins in order
to evade host defense responses and promote biotrophic growth,
although the mechanisms by which this occurs in plant pathogenic
fungi as a whole is still largely unknown. Two putative effector proteins from M. oryzae containing lysin motifs, MoLYS1 and MoLYS2,
were investigated. Both proteins show significant homology to the
known virulence factor Ecp6, which is secreted in to the apoplastic
space of tomatoes by the leaf mould fungus, Cladosporium fulvum
(Bolton et al., 2008). Targeted gene replacement of MoLYS1 and MoLYS2 genes was carried out in order to characterize the potential importance of these genes as virulence factors. In addition, the localization of both MoLYS1 and MoLYS2 was also investigated using translational fusions to green fluorescent protein (GFP) in order to examine their localization in planta and to investigate the cellular localization and secretory mechanism of putative apoplastic effectors.
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Investigating sequence diversity in Hyaloperonospora
arabidopsidis and it's effect on virulence using Illumina
sequencing
Naveed Ishaque 1, Eric Kemen 1, Richard Morris 2, David Studholme 1
and Jonathan Jones 1
1 The Sainsbury Laboratory, Colney Lane, Norwich, NR4 7UH
1 John Innes Centre, Colney Lane, Norwich, NR4 7UH
Hyaloperonospora parasitica is an oomycete pathogen of more
than 140 species in the family Brassicaceae, including crops such as
cabbage, oilseed rape, broccoli and cauliflower. Hyaloperonospora
arabidopsidis (Hpa) is responsible for downy mildew of model organism Arabidopsis thaliana. It has been shown that Hpa secretes effector proteins, with a conserved RxLR motif, resulting in suppression of
host defence or triggering effector triggered immunity in the host
due to recognition of an effector protein. It has been shown that
Hpa effectors ATR1 and ATR13 show hyper-variability between different races of Hpa.
Using the Illumina Genome analyzer we sequenced 6 races of Hpa
to varying read levels of coverage including 33x Emoy2, for which a
9.5x Sanger shotgun assembly exists. We identify the rates of polymorphisms in the genome, genes and RxLR effector genes for these 6
races and show that the SNP rate is higher in RxLR effector encoding
genes than other genes and applying positive selection test to RxLR
effector encoding genes shows that the majority showed evidence
for positive selection. We have also identified a number of uncharacterised genes showing strong evidence for positive selection and
aim to identify other classes of virulence/defence genes in Hpa.
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Functional specificity of Arabidopsis JAZ proteins in regulating susceptibility to bacterial infection.
Bing Zhai, William Truman, and Murray Grant
School of Biosciences Geoffrey Pope Building, Stocker Road Exeter,
EX4 4QD UK
The ability to actively modulate plant phytohormones is emerging as
a key determinant in the outcome of plant pathogen interactions.
Both the host and pathogen have developed strategies to activate
or attenuate a range of plant hormones dependent upon the
pathogen lifestyle, prevailing environmental factors and the genetic
armoury of the host. A paradigm is emerging whereby hormone mediated proteasomal degradation of repressors of transcriptional activators of hormone signalling pathways leads to rapid transcriptional
reprogramming, including induction of the transcriptional repressors
that, through a negative feedback loop, can attenuate these signalling pathways resulting in a hormone mediated “transcriptional
burst”. Jasmonate signalling has been classically associated with antagonism of salicylic acid mediated plant defenses in response to
biotrophic pathogens. Recent landmark studies have identified the
12 member Jasmonate ZIM-domain protein (JAZ) family as repressors
of jasmonate signalling. The active form of JA, JA-Ile promotes JAZ
protein binding to the F-box protein Coronatine Insensitive 1 (COI1)
leading to 26S proteasome mediated degradation. Remarkably, as
part of its infection strategy Pseudomonas syringae pv. tomato
DC3000 is capable of producing the polyketide virulence toxin coronatine (COR), a JA-Ile mimetic. It is hypothesised that COR is responsible for activating JA mediated anatgoism of SA signalling. Informed
by metagenomic studies we have investigated the role of JAZ family
members in defense responses using reverse genetics and metabolite profiling. Although single mutations showed wild-type infection
dynamics, a specific double mutant combination revealed enhanced symptom development and increased susceptibility to
DC3000, consistent with enhanced susceptibility to COR. Remarkably
though, targeted metabolite profiling revealed that the JAZ mutations impacted pathogen secondary metabolism. Be believe that
this is the first example of a clear role for combinatorial effects of JAZ
proteins in a biotic interactions.
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Evaluation of pattern recognition receptors for durable
disease control in crops
H. Schoonbeek (1), C. Zipfel (2), C. J. Ridout (1),
(1) John Innes Centre, Norwich, UNITED KINGDOM; (2) The Sainsbury
Laboratory, Norwich, UNITED KINGDOM
Plants detect conserved molecules referred to as PAMPs (pathogenassociated molecular patterns) by pattern recognition receptors
(PRRs). PAMPs are essential conserved molecules that cannot be
mutated or lost, and so PRRs could potentially offer durable resistance to pathogens. Arabidopsis thaliana provides an excellent
model system to study PAMP-triggered immunity (PTI), and detects a
variety of PAMPs from bacteria and fungi. The related LRR receptor
kinases (LRR-RLKs) FLS2 and EFR are the PRRs for bacterial flagellin
and EF-Tu, respectively whereas CERK1 is required for response to
chitin, the main component of fungal cell walls. However, PRR responses in agricultural crops have not been characterised. Based on
our proof-of-concept findings that PRRs can be transferred across
plant families and confers broad spectrum resistance, we have also
transformed EFR and CERK1 into wheat to test whether their function
is preserved. In addition, we have initiated an investigation into
PAMP-perception and PRR function in wheat, barley and Brassica.
We are evaluating the range of PAMP-mediated responses in the
diverse accessions of these key crop species, and testing how the
environment influences their activity. Our research will enable us to
evaluate whether PRRs can be developed in agriculture to develop
broad spectrum disease resistance.
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Characterization of UK Rhynchosporium species from different hosts
Kevin M King 1, 2 Jon S West 1, Simon D Atkins 1, Paul S Dyer 2 and
Bruce DL Fitt 1
1Rothamsted Research, Harpenden, AL5 2JQ; 2School of Biology, University of Nottingham, University Park, Nottingham, NG7 2RD
Rhynchosporium secalis is the causative agent of leaf blotch of barley, with yield losses of 30 – 40% along with a decrease in grain quality reported. A potential source of inoculum is alternative hosts,
namely wild grass species that grow in borders alongside barley
crops. Previous investigations in this area have produced conflicting
results, with glasshouse studies suggesting that isolates from grasses
are able or unable to cause rhynchosporium lesions on barley. However, recent research by Zaffarano et al. (2008) suggests that disease may be caused by a Rhynchosporium species complex, composed of different groups which have become specialised – each
able to produce disease symptoms only on barley (R. communis), rye
(R. secalis), couch-grass (R. agropyri) or cocksfoot (R. orthosporum).
These clades can be distinguished by a PCR diagnostic test using
primers recently developed at Rothamsted.
Fifty-five isolates of Rhynchosporium have been collected from barley (Hordeum vulgare), wall barley (Hordeum murinum), couch-grass
(Agropyron repens) and an unknown grass species bordering a barley field experiment at Rothamsted. These have been confirmed using quantitative PCR (qPCR). Isolates of R. orthosporum have been
obtained from cocksfoot (Dactylis glomerata) and perennial ryegrass (Lolium perenne). Isolates obtained will be screened for their
ability to colonize barley. This will demonstrate whether Rhynchosporium has the host specificity noted by Zaffarano et al. (2008), or
whether grass borders can act as a disease reservoir for the pathogen.
Zaffarano PL., McDonald BA. and Linde CC. 2008. Rapid speciation
following recent host shifts in the plant pathogenic fungus Rhynchosporium. Evolution 62: 1418-1436.
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Metabolomic and phenotypic analyses of Fusarium
graminearum wild-type and mutant strains
Martin Urban, Rohan Lowe, William Allwood, Jane Ward, Mike
Beale and Kim Hammond-Kosack
Department of Plant Pathology and Microbiology and National
Centre for Plant and Microbial Metabolomics, Rothamsted Research, Herts, AL5 2JQ, UK
The trichothecene mycotoxin producing Ascomycete fungus Fusarium graminearum causes ear blight disease of small grain cereals.
Infections lower grain quality and safety, and are of increasing
global concern. We analysed shifts in the fungal metabolome of
two F. graminearum wild-type strains PH-1 and 16A and three virulence mutants affected in either catabolite repression, MAP kinase
cell signalling or mycotoxin production. Various in vitro growth
conditions were used and the intracellular metabolome was investigated by global 1H-NMR and ESI-MS. The various in vitro and in
planta phenotypes displayed by the SNF1 gene deletion mutant
(fg09897) will be presented. In addition, the metabolite changes in
all three mutants will be correlated to the function of the affected
gene product. The use of metabolomics to help phenotype fungal
pathogenicity mutants is discussed.
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The impact of nutrition on parasitism of nematode eggs
by Pochonia chlamydosporia.
Gerald Mutua2, Brian Kerry1, Penny Hirsch1, John Kimenju2, Rosa Manzanilla-López1, and Elaine Ward1.
1Plant Pathology and Microbiology Dept., Rothamsted Research, UK
and 2University of Nairobi, Kenya.
Effective establishment of microbes applied to soil often requires addition of an exogenous nutrient source to overcome competition
from the resident microflora. However, readily-available nutrients
may compromise the parasitic ability of microbial facultative parasites added as biological control agents. In particular, soil amendments used to improve organic matter levels in soil and increase
nematode control in African soils may reduce the efficacy of
rhizosphere antagonists as biological control agents. We are therefore investigating the role of nutrition in the switch from the saprotrophic to the parasitic phase of Pochonia chlamydosporia, a muchstudied fungus used to control root-knot nematode pests. This research is important for optimising the exploitation of P. chlamydosporia, and will also improve our understanding of other rhizosphere
fungi.
Fifty isolates of P chlamydosporia were screened by various molecular techniques to assess variation. Most of these originated from Eastern and Southern Africa and were from different host nematodes
and infested soils. Molecular characterisation included an analysis of
the VCP1 gene, an alkaline serine proteinase that is involved in the
initial stages of egg infection, indicating the beginning of the parasitic phase. Upstream flanking regions of the VCP1 gene were isolated and sequenced from around 20 isolates. They were highly conserved and all contained putative regulatory motifs. Expression of the
VCP1 gene was also investigated in media containing different nutrients.
Improvements were made to a bioassay to assess the parasitism of P.
chlamydosporia on eggs of the plant-parasitic nematodes Meloidogyne javanica and Globodera pallida. When the assay was
tested on isolates from Kenya and elsewhere, it was possible to detect variation in parasitic activity among the isolates and demonstrate host preferences.
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Bacterial oligomers and polymers play opposite roles:
MAMPs interact with each other and with host cell walls
during induction of calcium signalling, which is suppressed by bacterial EPS.
Richard M. Cooper1 Shazia, N. Aslam1, Gitte Erbs2, Kate L. Morrissey1,
Delphine Chinchilla3, Thomas Boller3, Antonio Molinaro4, Robert W.
Jackson5, Marc R. Knight6 and Mari-Anne Newman2
1Department of Biology & Biochemistry, University of Bath, BA2 7AY,
UK. 2Faculty of Life Sciences, Department of Plant Biology and Biotechnology, University of Copenhagen, Thorvaldsensvej 40, 1871
Frederiksberg, Denmark. 3Zurich-Basel Plant Science Center, Botanical Institute, University of Basel, Hebelstrasse1, 4056 Basel, Switzerland.
4Dipartimento di Chimica Organica e Biochimica, Università di
Napoli, Complesso Universitario Monte SantAngelo, Via Cintia 4,
80126 Napoli, Italy. 5School of Biological Sciences, University of Reading, Whiteknights, Reading, Berks RG6 6AJ, UK. 6Plant Stress Signalling
Laboratory, Institute of Plant and Microbial Sciences, School of Biological and Biomedical Sciences, Durham University, South Road,
Durham DH1 3LE, UK
Bacterial MAMPs are mostly conserved surface polymers released in
planta as complex mixtures along with endogenous oligogalacturonan elicitor (OGA). We studied the early responses in Arabidopsis
of calcium influx and oxidative burst elicited by non-saturating concentrations of bacterial MAMPs and OGA, used alone and in combination. This revealed that some MAMPs have additive and even synergistic effects, while some mutually interfere. The small peptide elicitors derived from flagellin (flg22) and elongation factor are potent at
sub-nanomolar levels, whereas peptidoglycan and lipopolysaccharide (LPS) only at high micromolar levels induce low and late host
responses in plant cells. This contrast seems to result from restricted
access through the plant wall matrix of these macro- or supramolecular MAMPs. Flg22 is restricted by ionic effects, yet rapidly permeates a cell wall matrix, whereas LPS, which forms micelles, is severely constrained, presumably by molecular sieving (Aslam et al.,
2009. Mol. Plant Pathol. 10, 375). Most bacteria require extracellular
polysaccharides (EPS) for virulence. Calcium influx from the apoplast
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to symplast is a prerequisite for defence responses and is prevented
or reduced by EPS produced by diverse pathogens in the apoplast
(Aslam et al., 2008. Curr. Biol. 18, 1078). For example, polyanionic
xanthan from Xanthomonas campestris chelates Ca2+ ions and
amounts of xanthan produced in the infected apoplast are well in
excess of that required to deplete this key calcium pool. EPSdefective mutants are non-pathogenic and trigger host defences
much more than wild type, and pure xanthan prevents calcium influx and consequent defences triggered by EPS- mutants or by
MAMPs. Clearly, induction and suppression of innate immunity involves complex interactions between pathogen and host polymers
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Phytophthora infestans in Ireland – an evolving pathogen
Louise R Cooke1, Steven Kildea2, Denis Griffin2, Kenneth L Deahl3
1 Agri-Food and Biosciences Institute, Newforge Lane, Belfast, BT9
5PX, UK
2 Teagasc Crops research Centre, Oak Park, Carlow, Ireland
3 USDA, ARS, Vegetable Laboratory, Beltsville, MD-20705, USA
In Ireland, Phytophthora infestans is notorious as the cause of the
Great Famine (An Gorta Mór). The extreme dependence of the
population on a single crop, the potato, and the arrival in August
1845 of what was later shown to be a newly-introduced pathogen
led to an unprecedented disaster. It is estimated that one and a
half million people died and over a million emigrated from Ireland
between 1845 and 1850: the impact of this continues to be felt to
the present day. The potato ‘murrain’ now known as late blight
was also one of the key influences responsible for the evolution of
the science of plant pathology.
The centre of origin of P. infestans and the routes by which it
reached Europe remain controversial. It is unclear whether the initial migrations of the pathogen in the 1840s included both mating
types, but by the mid-20th Century its population world-wide
(outside Mexico) was dominated by a single clonal lineage of the
A1 mating type (US-1). All this changed after a major migration
which followed the introduction of new strains of both mating types
of the pathogen to Europe, probably in a shipment of potatoes
from Mexico in 1976.
The A2 mating type was first identified in Northern Ireland in 1987
and in the Republic of Ireland the following year. By the time detailed studies of the P. infestans population in Ireland were carried
out using molecular techniques in the mid-1990s, not a trace of the
old US-1 lineage could be found and the population was dominated by new A1 strains (the new A2 types occurred only at a low
frequency). Although there is evidence that the new strains were
fitter than the old US-1 lineage, it remains hard to explain what
drove such a massive population displacement. The A2 mating
type apparently failed to establish in Ireland and was not detected
51

after the mid-1990s until 2005. In the last 3 years, its frequency has
increased: fingerprinting of selected A2 isolates from Northern Ireland
in 2007 showed that most belonged to the genotype known as
13_A2 (‘Blue 13’), which has dominated the population in Great Britain since 2006. This was the first finding of this genotype in Ireland. A
new all-Ireland blight project (with funding from the Research Stimulus Fund of Ireland’s Department of Agriculture, Fisheries & Food)
started at the end of 2007. Approx. 25% of isolates from extensive
surveys throughout the island of Ireland have proved to be A2; SSR
analysis has identified the 13_A2 genotype and variants of this
among these isolates. Once again potato blight in Ireland is on the
move.
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Do fimbriae and flagella mediate specific interactions
between human pathogenic enterobacteria and plant
hosts?
Nicola Holden
Scottish Crop Research Institute, Department of Plant Pathology,
Invergowrie, DD2 5DA
Human pathogenic enterobacteria are a major cause of worldwide food-borne illness and it is possible to detect the bacteria at
every step of the food chain. One of the key features of the Enterobacteria that accounts for their success is the ability to adapt to a
diverse array of environments. Although the food-borne bacteria
are frequently associated with animal hosts, they can also adapt
to and colonise plant hosts. As a consequence, fresh produce (raw
and minimally processed fruit and vegetables) is considered an
important source of the foodborne illness. In order to reduce or
prevent carriage of the bacteria on produce, it is necessary to
firstly understand how they interact with their plant hosts. To establish the first stage of interaction, the bacterium adheres to its host,
by way of a number of different organelles, in particular fimbriae
and flagella. We are investigating the role of fimbriae and flagella
of enterohaemorrhagic Escherichia coli (EHEC) and Salmonella
enterica in adherence to the roots of leafy vegetables. Mutation of
two different EHEC fimbrial clusters reduces the number of bacteria
that adhere to the roots of leafy vegetables. Also, confocal microscopy has been used to show apparent interaction of S. enterica
flagella with tomato roots. One important question is whether these
organelles recognise specific receptors present on the root tissue,
which has implications both for the strength of adherence as well
as host specificity.
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Using the Pathogen-Host Interactions database (PHIbase) and ONDEX data integration platform to enhance
comparative genomics analyses
Kim E. Hammond-Kosack, Martin Urban, Andrew Beacham, John Antoniw, Jan Taubert, Catherine Canevet, Mansoor Saqi and Chris
Rawlings
Rothamsted Research, Harpenden, AL5 2JQ, UK
The PHI-base database (www.PHI-base.org/) is a unique multispecies pathogen resource because it only contains expertly curated molecular and biological information on genes proven to affect the outcome of pathogen-host interactions. This information is
retrieved from the peer reviewed scientific literature. Since 2007 it
also includes information on known fungicide target sites. PHI-base
currently contains 1185 entries (n = 950 genes / 1185 interactions) for
experimentally verified pathogenicity, virulence or effector genes
from plant, fungal, insect and animal attacking fungi, Oomycetes
and bacteria (Winnenburg et al., 2006 and 2008, Nucleic Acids Research).
ONDEX combines comparative genomics with data integration
(Kohler et al., 2006, Bioinformatics) and can be used to predict potential pathogenicity, virulence and effector genes in any species.
By combining the annotated PHI-base entries with ONDEX we have
explored the entire contents of PHI-base as well as the gene repertoire predicted to be required for the disease causing ability of the
globally important cereal attacking pathogen Fusarium graminearum.
This has revealed which predicted proteins represent ancient conserved pathogenicity components, which are plant or animal pathogen specific and those which are single species specific.
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The ENDURE Virtual Laboratory: supporting the development and implementation of IPM in Europe
N. Evans, C.H. Denholm & I. Denholm
Rothamsted Research, Harpenden, AL5 2JQ, UK.
The ENDURE project (European Network for the Durable Exploitation
of Crop Protection Strategies, FP 6, Network of Excellence, project
number 031499) brings together more than 300 researchers in the
fields of agronomy, biology, ecology, economics and the social sciences from 18 organisations in 10 European countries. The objectives
of ENDURE are to define research priorities on pesticide reduction at
the European level, to pool knowledge, facilities and human resources according to the needs of the agricultural extension, industry
and non-profit sectors and to become a source of reference satisfying farmers' needs and societal expectations.
Within the ENDURE network, a “virtual laboratory” (VL) has been developed to bring together resources, collections, knowledge and
data held by the ENDURE partner organisations with the VL designed
to underpin research activities within the network. For example, the
“collections” database of the VL provides ENDURE partner organisations with direct access to over 600,000 isolates, organisms or samples
which can be used in collaborative research. Another area provides
access to standard protocols and methods with the aim of standardising research across all ENDURE partner organisations. The VL also
contains a number of “Research Platforms” that are designed to
bring together information and resources on specific research areas.
These include EURO-wheat (www.eurowheat.org), which aims to collate and displaying host - and pathogen characteristics, and pesticide efficacy on a European scale and EUResist which aims to provide a central point of reference for European research on pesticide
resistance. A new platform, QuantiPest, is currently under development that will to collate and strengthen protocols for characterising
pest and disease incidence, including support with identification
and sampling issues. This will feed into and draw upon the core
methods and protocols database within the VL and provide another
valuable resource for ENDURE scientists.
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Regulatory subfunctionalization and neofunctionalization
account for the preservation of the ancient and extended cutinase family in Magnaporthe oryzae.
Pari Skamnioti1, Rebecca Furlong2, Sarah Gurr1
1Department of Plant Sciences; 2Department of Zoology;
University of Oxford, South Parks Road, Oxford, UK.
pari.skamnioti@plants.ox.ac.uk
The cuticle is the first barrier for fungi that parasitize plants systematically or opportunistically1.The functional characterization of three
members of the cutinase family2,3 of the destructive rice blast fungus,
Magnaporthe oryzae4 and the over-representation of cutinases in
the sequenced genomes of Pezizomycotina render this a suitable
multigene family to study the evolution of functional divergence of
duplicates in fungal pathogens5. The family of cutinases shows extreme sequence diversity and is divided in two ancient subfamilies
which predate the split between the two major fungal phyla, Ascomycota and Basidiomycota1.
We discuss factors affecting the gene family size of the cutinase
families between five Ascomycetes: the phytopathogens M. oryzae,
Fusarium graminearum and Botrytis cinerea; and the model Neurospora crassa and Aspergillus nidulans. The average ratio of cutinase
gene gain to loss is 2:3, with the exception of M. oryzae and N.
crassa, which exhibit extreme family expansion and contraction, respectively1. The regulatory subfunctionalization and neofunctionalization of most M. oryzae cutinase gene pairs provide the first justification for the retention of paralogs after duplication and for gene redundancy in the genomes of fungal pathogens5.
1. Skamnioti P., Furlong RF, Gurr SJ. New Phytol 2008; 180:711-721.
2. Skamnioti P, Gurr SJ. Plant Cell 2007; 19:2674-2689.
3. Skamnioti P, Gurr SJ. Plant Signal & Behav 2007; 3:248-250.
4. Skamnioti P, Gurr SJ. Trends in Biotech; 27:141-150.
5. Skamnioti P, Furlong RF, Gurr SJ. Communic & Integrat Biol 2008;
1:196-198.
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Is KIPI30 the main virulence target of the Phytophthora
infestans effector protein Avr3a?
Stefan Engelhardt, Miles R. Armstrong, Eleanor M. Gilroy, Paul R.J.
Birch
Plant Pathogen Interactions Programme, Scottish Crop Research Institute, Invergowrie,
DD2 5DA Dundee
Plant parasitic oomycetes like Phytophthora infestans secrete diverse
classes of effector proteins to modulate host innate immune reactions. Two different alleles of Avr3a, which belongs to the RxLR effector family, are known, but only the KI-form, in contrast to the EM-form,
is recognized by the NBS-LRR resistance protein R3a. To date the
main virulence target of any eukaryotic effector protein is unknown.
By means of a Yeast-2-Hybrid-Screen using Avr3a as bait the strongest interactor of both forms, Avr3aEM and Avr3aKI, turned out to be an
N-terminally truncated pyruvate kinase-like protein, named KIPI30.
Silencing of KIPI30 in R3a-transgenic Nicotiana benthamiana plants
via VIGS caused a slight decrease of the HR response after Agrobacterium tumefaciens-mediated expression of Avr3aKI. Localization
studies show that the truncated KIPI30 is localized in vesicle-like structures, while the full-length protein is chloroplast-associated. However,
a co-localization with either form of Avr3a could not be observed.
Moreover, in vivo interaction studies using BiFC in N.benthamiana or
Yeast-2-Hybrid did not reveal any interaction between either form of
Avr3a and the full-length KIPI30. Currently we focus our investigation
on optimizing the VIGS-conditions and on interaction studies via pulldown assays to figure out if KIPI30 is a genuine virulence target of
Avr3a, and to investigate if it is the mediator in R3a recognition.
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