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“RNAi in Plants” 
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Maike Both, Imperial College, London

Gene expression profiles in Blumeria graminis
15.30-15.45
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Rajarshi Gaur, Sugercane Research Institute, India


Sequence analysis of the entire RNA genome of sugarcane yellow leaf luteovirus of an Indian isolate

15.45-16.00

PH4
Catherine Henderson, University of Oxford

Antioxidants in Blumeria graminis and Magnaporthe grisea

16.00-16.15
PH5
Marilou Ramos-Pamplona, National University of Singapore

The dual role of peroxisomes in Magnaporthe grisea pathogenicity

16.15-16.30

PH6
Sarah Coulthurst, University of Cambridge

Bacterial Communication: the Role of luxS in a Plant and an Animal Pathogen

16.30-16.45
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Joanna Jenkinson, University of Exeter

Investigating the role of trehalose metabolism in pathogenicity of the rice blast fungus Magnaporthe grisea
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Sarah Bearchell, University of Reading
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Session 4 - Emerging insights into pathogens and their interactions with plant hosts

CHair:
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Siv Andersson, Uppsala University, Sweden



“Microbial history revealed by genome analysis”

09.25–09.50
Ricardo Flores, Universidad Politécnica-CSIC, Valencia, Spain
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09.50–10.15

John Mansfield, Imperial College at Wye, UK
“Pathogenomics and finding effectors, their function and the affected”

10.15–10.40

Kim Hammond-Kosack, Rothamsted Research, UK
“Pathogenicity and trichothecene mycotoxin production by the ear blight pathogens Fusarium graminearum and F. culmorum”  
10.40–11.20
 


Tea / Coffee

11.20–11.45
Richard Oliver, Australian Centre for Necrotrophic Pathogens, Murdoch University, Australia

“Molecular Dissection of the Stagonospora nodorum – wheat interaction”
 

11.45–12.10

Sarah Gurr, University of Oxford, UK

“Sensing, signalling and stress in the barley powdery mildew fungus” 

12.10–12.35

Barbara Howlett, University of Melbourne, Australia

“Molecular Analysis of Pathogenicity of Leptosphaeria maculans” 

12.35–13.00

Jane Parker, Max-Planck Institute, Cologne, Germany 

“Multiple layers of host resistance to pathogens”

13.00–14.00  


LUNCH
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CHAIR:

John Lucas
14.00–14.25

Arianna Tavanti, University of Aberdeen, UK

“The use of multi-locus sequence typing to study the epidemiology and molecular evolution of Candida albicans"  

14.25–14.50
David Denning, Wythenshawe Hospital, Manchester, UK
“Sequencing Aspergillus fumigatus – a remarkable human pathogen and allergen” 

14.50–15.15
 
Bart Fraaije, Rothamsted Research, UK

“Fungicide resistance diagnostics based on sequence analysis”

15.15–15.45



Tea / Coffee

15.45–16.10

Pedro Crous, CBS, Utrecht, The Netherlands  

“Genomics: A new dimension to fungal taxonomy”  

16.10–16.35

John Hamer, Paradigm Genetics, North Carolina, USA

“Can genomic technologies really impact commercial crop protection”

16.35–16.45



Break  

16.45–17.30



FINAL KEYNOTE ADDRESS  

Pierre de Wit, Wageningen, The Netherlands    

"Beyond gene-for-gene. Where we go from here in understanding the Cladosporium fulvum tomato interaction”

19.00  

RECEPTION AND CONFERENCE DINNER
ABSTRACTS

Twenty-five Years of Resistance Genes.

Richard W. Michelmore.

The Genome Center, University of California, Davis, CA 95616.

There has been remarkable progress over the last twenty-five years in our understanding of plant-pathogen interactions particularly in the area of the molecular bases of specificity.  We have advanced from classical genetic and biochemical studies to detailed knowledge of the types of proteins involved and the evolution of the genes that encode them.  A significant proportion of genes in plant genomes potentially encode resistance related genes and large numbers of virulence effector proteins are secreted from pathogens into their hosts.  This results in at least three types of molecules involved in cycles of selection: the bacterial virulence effector proteins, their plant targets and the plant resistance genes that directly or indirectly detect the virulence effectors.  In addition, proteins downstream of the initial recognition events are also subject to cycles of selection and adaptation.  Genes encoding virulence effector proteins can move horizontally between bacterial pathogens resulting in the exposure of many plant species to overlapping sets of virulence effectors.  We are taking a comparative approach to understanding the evolution of specificity in plant-pathogen interactions using Arabidopsis, lettuce and tomato.  A variety of genetic events occur at loci encoding disease resistance in a range of plant species; these include point mutations, insertion/deletions, intragenic and intergenic unequal crossing-over, and gene conversion.  The relative frequencies and importance of each of these processes to the evolution of new resistance specificities is now being determined.  Clusters of resistance genes exhibit a complex variety of patterns of evolution.  Even within a cluster, different groups of genes may exhibit different evolutionary histories.  In the major cluster of resistance genes in lettuce, some genes evolve slowly as distinct lineages with little sequence exchange between paralogs.  Orthologs of these genes are readily detectable in diverse germplasm.  Polymorphism is maintained by balancing selection.  Deletion events have led to loss of certain lineages in some haplotypes.  Other genes undergo frequent sequence exchange with other paralogs and close orthologs are rare in germplasm.  Similar patterns are seen in Arabidopsis and tomato.  In vitro evolution using DNA shuffling of the tomato Pto gene is providing additional insights into ligand binding and downstream signaling.




-----------------------------------------------------------

Structural and functional analysis of fungal pathogenesis: the rice blast fungus genome project
Ralph A. Dean and members of the International Rice Blast Consortium
Center for Integrated Fungal Genomics, NCSU, Raleigh NC 27695, USA. Ralph_dean@ncsu.edu
The recent availability of genome sequences for fungi provides unprecedented opportunities to dissect the molecular pathways governing fungal pathogenesis.  Rice blast disease caused by Magnaporthe grisea is one of the most devastating threats to food security worldwide.  The fungus is amenable to classical and molecular genetic manipulation and is a compelling experimental system for studying host-pathogen interactions.  In 1998, an international consortium (IRBGP) was established to sequence the rice blast genome.  Initially, a draft sequence (~5X coverage) of chromosome 7 was created using the “BAC by BAC” approach coupled with a comprehensive EST program.  In collaboration with the Whitehead Institute Center for Genome Research, a shotgun approach was undertaken to sequence and assemble the entire genome.  Sequenced BAC clones, known Magnaporthe genes and ESTs were used to validate the 6X assembly.  Based on gene predictions and other evidence, publicly available whole genome oligo-based micro-arrays were developed in partnership with Agilent Technologies.  These unique arrays also contain oligos designed on rice genes.  These resources in conjunction with a genome-wide gene knock out program are being used to functionally dissect pathogenesis.  The current status of the genome project, including annotation, comparative and functional analyses pertaining to pathogenesis, will be presented.  Sequence data and other information are publicly available at www.mgosdb.org and http://www-genome.wi.mit.edu/annotation/fungi/magnaporthe/. 



-----------------------------------------------------------

Genome Dynamics in Bacterial Pathogens

Julian Parkhill

The Sanger Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, CB10 1SA, U.K.

Much of the initial emphasis in bacterial genomics has been concentrated on human pathogens. Although plant pathogens are beginning to take their share of this effort, there is still a great deal more primary and comparative data available for human pathogens. It should therefore be instructive to look at some of the results that have come from this analysis in order to consider what kind of data will be available to the plant pathogen community in the near future. One of the strongest of such underlying themes is that of genomic variation and diversity.

Bacterial genomes are not static; the structure and content of these genomes can vary in a number of ways, and over many different timescales. Such variation can be random or directed, and the rates of change can be affected by environments and evolutionary pressures. These concepts will be discussed with reference to genome sequences from two genera: Bordetella and Bacteroides.

Bordetella pertussis is the causative agent of whooping cough, and is host restricted to humans; Bordetella bronchiseptica is a broad-host range organism, capable of causing chronic and asymptomatic respiratory infections in a number of mammals. Bordetella parapertussis also causes whooping cough and infects humans and sheep. These organisms are extremely closely related at the DNA level, yet have different host tropisms and levels of virulence. Comparative genomics has revealed that Bordetella pertussis and Bordetella parapertussis are independent derivatives of a Bordetella bronchiseptica-like ancestor, and that the recent evolution of the derivative organisms has been almost entirely due to gene loss and degradation.

Bacteroides fragilis is a member of the human gut commensal micro-fauna, and can cause severe opportunistic infections, especially after injury or surgery. Bacteroides is known to exhibit extensive phase-variation of surface polysaccharides, and the genome sequence has revealed an unusual and extensive mechanism for phase-variation involving site-specific DNA inversion. An overview of the system will be presented, along with comparative data against other Bacteroides strains and species. 




-----------------------------------------------------------
Using genomics to identify Pseudomonas syringae Type III effectors and determining their activities in plants
James R. Alfano

Plant Science Initiative and the Department of Plant Pathology, University of Nebraska, 1901 Vine St., Lincoln, NE, 68588, USA

The ability of Pseudomonas syringae pv. tomato DC3000 to be pathogenic on plants and to elicit the hypersensitive response (HR), a programmed cell death (PCD) that occurs on resistant plants, is dependent upon the type III secretion system (TTSS). The genome of DC3000 has recently been mined for hop (Hrp outer protein) genes that encode TTSS substrates substantially enlarging the Hop inventory of DC3000. Several of the strategies utilized to identify TTSS substrate genes will be discussed. We developed screens to determine whether any of the Hop proteins could suppress the HR and/or other plant defenses. Cosmid pHIR11 enables nonpathogens to elicit an HR dependent upon the TTSS and effector HopPsyA. We used pHIR11 to determine that effectors HopPtoE, AvrPphEPto, AvrPpiB1Pto, AvrPtoB, and HopPtoF could suppress a HopPsyA-dependent HR on tobacco and Arabidopsis. Another effector, HopPtoD2, possessed protein tyrosine phosphatase activity and was capable of suppressing the HR elicited by an avirulent P. syringae and an HR-like cell death elicited by a constitutively active MAPK kinase, called NtMEK2DD. DC3000 mutants lacking these proteins elicited an enhanced HR consistent with these mutants lacking an HR suppressor. Many of these suppressors inhibited the expression of the tobacco PR1a defense-related gene. Remarkably, these proteins functioned to inhibit the ability of the pro-apoptotic protein, Bax to induce PCD in plants and yeast, indicating that these effectors function as anti-PCD proteins in a trans-kingdom manner. The high proportion of effectors that suppress PCD and/or plant defenses suggests that suppressing plant immunity is one of the primary roles for DC3000 effectors and a central requirement for P. syringae pathogenesis.




-----------------------------------------------------------

C. elegans and plant parasitic nematodes

Charlie Opperman 

North Carolina State University, Raleigh, USA  

During the past ten years, dramatic advances in the study of the free-living nematode Caenorhabditis elegans, have provided insight into the genetics and biochemistry of nematodes. In addition, a genetic system to study plant parasitic nematodes has been established. With these two systems in hand, it has become possible to study the biology of parasitism directly and also in a model system. The remarkable degree of conservation in structure and function thus far observed in Nematoda suggests that data from one system will be transferable to others. The recent completion of the genome sequence of C. briggsae will enable powerful comparative genomic approaches to be undertaken.  Other genomics programs that focus upon parasitic nematodes will further empower these comparisons. It is likely that inroads into both the nature and evolution of parasitic abilities will directly result from application of genomic approaches.

Using the tools of genetics, genomics and biochemistry, rapid application of information from one system to the other, and to many other important parasitic nematodes is possible. In addition to specific parasitic abilities, basic mechanisms of nematode development will also be approachable. There are several key things that all parasites must do to successfully complete their life cycles. These include location and penetration of a host, migration to an appropriate feeding site, development to maturity, and reproduction. In addition, all parasites must evade host defense responses. Because all parasites must function in a similar manner, we believe that the basic biological mechanisms used will be conserved between plant and animal parasitic nematodes, although the direct signals and functions may be somewhat different. The conservation of the basic mechanisms makes these parasites vulnerable to the use of their own biology against them in designing new control methods.




-----------------------------------------------------------

Genome sequencing and functional genomics of Erwinia carotovora subsp. atroseptica.
Ian Toth1, Kenneth Bell1, Julian Parkhill2, Mohammed Sebaihia2, Leighton Pritchard1, Lizbeth Hyman1, and Paul Birch1 . 

1Scottish Crop Research Institute, Invergowrie, Dundee.

2Pathogen Sequencing Unit, Wellcome Trust Sanger Research Institute, Cambridge.
Erwinia carotovora subsp. atroseptica (Eca) is an economically important pathogen of potato, causing blackleg of plants in the field and soft rot of tubers post-harvest.  Its pathogenicity is primarily dependant on the tightly regulated production of large amounts of extra-cellular enzymes that degrade plant cell walls, with other factors such as iron acquisition and defence against the plant response also playing a role.  In recent years, however, it has become clear that soft rot pathogenesis is more complex than previously thought and the relationship of Eca with potato and non-host plants is still far from being understood. To address these issues, the complete genome sequence and annotation of Eca has been determined at the Sanger Institute.  Analysis of the genome has revealed a wealth of new information, including putative pathogenicity factors previously unknown in this organism. We are using computational analysis to determine as much as possible about these factors, and to compare the Eca genome sequence with those of other bacteria. Finally, a number of functional genomics programmes are being developed, including the use of micro-arrays, proteomics, mutation grids and improved bioassays to determine the role of target genes/regions in pathogenesis.    




-----------------------------------------------------------

Signalling in the U. maydis/maize pathosystem: what we can learn from expression profiling. 

Regine Kahmann 

Max Planck Institute for terrestrial Microbiology, Karl-von-Frisch-Strasse, D-35043 Marburg, Germany (email kahmann@staff.uni-marburg.de) 

Ustilago maydis is the causative agent of corn smut disease. The pathogenic form is generated after mating of two compatible cells. Results from several laboraties have shown that the signalling pathways required for transmission of the pheromone signal during mating are also needed during pathogenesis. In particular, the components of a conserved MAP kinase module as well as tightly regulated cAMP signalling are needed for disease progression.Recent results suggest that these pathways have partially overlapping as well as distinct functions.

To analyze these pathways in more details we have performed a comparative transcriptome analysis using Affymetrix arrays that represent about 6200 of the estimated 7000 U. maydis genes. To this end we have generated strains in which the different signalling pathways can be activated genetically. We have then compared conditions where the MAP kinase Kpp2, the MAP kinase Kpp6 or the PKA Adr1 are active and have included pheromone-treated cells for comparison. I will present the results and then focus on a coregulated gene cluster involved in siderophore biosynthesis and iron uptake that came up as being differentially regulated by Adr1.




-----------------------------------------------------------

Genomic studies on the late blight pathogen, Phytophthora infestans
Paul R J Birch 

Plant-Pathogen Interaction Programme, Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA, UK. Email: pbirch@scri.sari.ac.uk

Potato is the world’s fourth largest crop, global production of which is increasing at 4.5 % annually (http://www.cipotato.org/potato/POTstats.htm). The most serious constraint to potato production is the oomycete pathogen Phytophthora infestans, cause of late blight. Resistance to P. infestans in wild or cultivated potato species can be either race-specific or non-race specific (field resistance). The hypersensitive response is implicated in all forms of resistance, whether host or non-host. An increasing number of genomic resources (including ESTs and BAC libraries) and functional genomic tools (such as microarrays, proteomics and viral vectors for expression of pathogen genes within the host or for silencing of endogenous host genes) are becoming available to study the mechanisms of pathogenicity in P. infestans and of resistance in potato. At SCRI, we are using some of these tools and resources to determine transcriptional changes at different stages of compatible and incompatible P. infestans-potato interactions. We are seeking candidate regulators and effectors of resistance, particularly involving the HR, in potato. We are also seeking, through forward genetics, association genetics and functional genomics, the avirulence genes in P. infestans that trigger resistance in the host.



-----------------------------------------------------------
Plant Virus Infections: Interactions between three genomes

Roger Hull

Department of Disease and Stress Biology, John Innes Centre, Norwich Research Park, Colney, Norwich NR4 7UH

The successful infection of a plant with a virus often requires the interaction of three genomes, those of the virus, the host and the arthropod or nematode vector. The understanding of these interactions is leading to new approaches to controlling viruses.

Viruses have genomes of either RNA or DNA, with most plant viruses having RNA genomes. The genome organizations of all but one of the 70 genera of plant viruses have now been determined. These genomes comprise a replicon, those genes required to replicate the viral nucleic acid, and various other gene cassettes that facilitate functions such as movement within a host plant and transmission from an infected to a healthy plant host.

The functions on the host plant genome that interact with the virus include those that the virus “highjacks” to enable its replication and those from defence genes. Similarly, plant functions that interact with the arthropod (or nematode) vector include attractants, both chemical attractant and colour, and those that protect the plant against pests. 

Little is known about the detailed genomes of arthropod or nematode vectors of plant viruses. However, there must be genes that enable specific interactions with the viruses that they transmit and the host that they feed on or colonize. 

Obviously the details of many of these interactions are complex and, in many cases, unknown. There are both positive and negative interactions between the virus and host and vector and host and successful virus infection is often a balance between attraction and defence. In this talk, I will give some examples of these interactions to illustrate the complexity and to identify specific situations that can be capitalized upon to effect control of important diseases.




-----------------------------------------------------------

Functional genomics of plant infection by the rice blast fungus Magnaporthe grisea.  

Nicholas J. Talbot, Martin J. Gilbert, Michael J. Kershaw, Darren M. Soanes, Zheng Yi Wang, Joanna M. Jenkinson, Lucy J. Holcombe, and Gurpreet Bhambra.

School of Biological Sciences, University of Exeter, Washington Singer Laboratories, Perry Road, Exeter, EX4 4QG, UK. (E mail: N.J.Talbot@exeter.ac.uk)

The rice blast fungus Magnaporthe grisea causes one of the most serious diseases of cultivated rice, and understanding the early events of the infection is of paramount importance if durable control measures are to be developed.  M. grisea forms a specialised infection structure called an appressorium which is used to penetrate the tough outer cuticle of rice leaves, allowing the fungus entry to the underlying tissues (Talbot, 2003).  Appressoria are melanin-pigmented, dome shaped cells, which form in response to the hydrophobic leaf surface and generate massive turgor pressure. Turgor is translated into mechanical force and a narrow penetration hypha is formed at the base of the appressorium, puncturing the cuticle We are using a multi-disciplinary approach, involving gene functional analysis, cell biology and analytical biochemistry, to investigate the biology of appressorium-mediated plant infection.

Insertional mutagenesis previously identified a P-type ATPase-encoding gene, PDE1, which plays a role in elaboration of the penetration peg during cuticle penetration (Balhadère and Talbot, 2001).  This protein is a plasma membrane-localised aminophospholipid translocase and related to the Saccharomyces cerevisiae DNF3 gene.  We will present evidence that a second P-type ATPAse, encoded by DRS2, also plays a significant role in appressorium function, associated with Golgi function and exocytosis, implicating this class of protein in microbial virulence.  We will also present the results of experiments aimed at understanding the process of appressorium turgor generation, based on utilisation of the M. grisea genome to guide the large-scale analysis of genes encoding the likely biosynthetic enzymes for glycerol production in the appressorium during turgor generation.  We have investigated glycogen, trehalose, and lipid metabolism, fatty acid beta-oxidation and the glyoxylate cycle and have evidence that each of these processes contributes to virulence, albeit at different stages of pathogenesis-related development.  The results have begun to provide an insight into the processes that occur within a M. grisea spore during germination, germ tube elongation, appressorium formation and subsequent plant infection.

References:

Balhadère, P.V., and Talbot, N.J. (2001) PDE1 encodes a P-type ATPase involved in appressorium mediated plant infection by Magnaporthe grisea. The Plant Cell 13: 1987-2004
Talbot, N.J. (2003) On the trail of a cereal killer: investigating the biology of Magnaporthe grisea. Annual Review of Microbiology 57: 177-202




-----------------------------------------------------------

ColiBASE, an online resource for E. coli, Salmonella and Shigella comparative genomics

Roy R. Chaudhuri and Mark J. Pallen
Bacterial Pathogenesis and Genomics Unit, University of Birmingham.

We have developed coliBASE, an online resource for E. coli comparative genomics. At the heart of coliBASE is a relational database containing data from all completely sequenced E. coli, Salmonella and Shigella strains, together with preliminary sequence data from a number of genome projects currently in progress. Genes of interest can be retrieved based on their annotation text using a flexible and intuitive Google-like search interface. Alternatively a gene can be selected by chromosomal location or by sequence homology using a customised BLAST search.

Once a gene is retrieved a clickable image of the surrounding chromosomal region is generated, allowing easy navigation of the genome. Annotation from GenBank and Swissprot is displayed, including a list of relevant articles. Numerous analytical tools are also provided, including sequence retrieval, BLAST, the applet version of Artemis, a primer design facility based on Primer3 and links to other relevant online resources (including PubMed, CDD, ViruloGenome and RegulonDB). Graphical comparisons of the chromosomal region with homologous regions of other strains, as determined using MUMmer, can be displayed using a novel genome alignment viewer.

coliBASE is available online at http://colibase.bham.ac.uk/.

More recently, we have adapted the coliBASE schema for other pathogens, including clostridia (http://clostri.bham.ac.uk) and campylobacters (http://campy.bham.ac.uk). We hope to extend the family of databases to include selected plant pathogens and welcome collaboration with the plant pathogen research community.



-----------------------------------------------------------
Exploring the potential of plant virus sequences

Mike Adams and John Antoniw

Plant Pathogen Interactions Division, Rothamsted Research, Harpenden, Herts AL5 2JQ, UK

The public nucleotide databases contain over 9000 accessions from plant viruses, viroids and satellites, totalling well over 13 million nucleotides. Accessing and comparing the data, except for relatively small sets of related viruses, can be very time-consuming. As part of the electronic version of the Association of Applied Biologists Descriptions of Plant Viruses, we developed and provided software (DPVMap) to display selected virus sequences interactively. A separate enhanced feature table (EFT) file was written for each sequence containing the start and end nucleotide positions of the features (e.g. open reading frames, untranslated regions) within the sequence. In DPVMap any of the features of the sequence could be dragged into a sequence editor to display its nucleotide sequence (as RNA or DNA), or the predicted amino acid sequence of an open reading frame. The number of sequences provided has steadily increased and now includes all complete sequences of plant viruses, viroids and satellites and all sequences that contain at least one complete gene (>5700 sequences; 31 October 2003). The information contained in the individual EFT files is especially valuable because it is checked for accuracy and is often more detailed than that provided in the original sequence file. These data were therefore transferred into a database so that multiple data sets could be selected and extracted easily and then used for further analysis. 

Three examples are used to demonstrate the usefulness of this information:

The data have been used to generate text files that run batch jobs in GCG for pairwise comparisons of large numbers of related sequences. Results are presented showing the distribution of nucleotide and amino acid identity amongst all coat protein genes of the genus Carlavirus and the family Potyviridae. Such data help provide a robust basis for species demarcation criteria.

A web-enabled Windows client application (VirusCodon) was written in Delphi for IBM-compatible PCs to access the database tables and calculate various codon statistics. Codon usage was analysed for each gene of one example of each fully-sequenced plant virus. Selected results are presented to show that mutational bias rather than translational selection appears to account for most of the variation detected. 

A second client application (TMpredict) works in a similar way but each complete ORF was translated into its amino acid sequence and transmembrane (TM) regions predicted using the TMPRED algorithm.

The database and tools should provide a powerful resource for many types of comparative genome analysis. They have been placed on a public internet site, DPVweb (http://www.dpvweb.net/analysis/index.php) from where the client applications can be freely downloaded. Further applications are planned.




-----------------------------------------------------------

RNAi in Plants

Jasmina Dedic, Varsha Wesley, Chris Helliwell, Ming-Bo Wang, Neil Smith, John Watson, and Peter Waterhouse

CSIRO Plant Industry, PO Box 1600, Canberra, ACT, Australia

As early as the 1920s it was known that plants could be protected against a severe virus by prior infection with a related but mild strain of the virus. The mechanism providing this "vaccination-like" protection has remained largely unknown until recently. However, over the last 6 or so years we, and others, have elucidated the mechanism and shown it to be involved in defence against plant viruses. It operates by the sequence-specific degradation of single-stranded RNA and is targeted by small fragments of double-stranded (ds) RNA.  This discovery has led to an extremely powerful technology for the destruction of, not only viruses, but also of any specific mRNA, and hence the silencing of any gene, within a cell. The specificity of the destruction is simply governed by the sequence of the dsRNA introduced into the cell.  In this talk, I will describe how dsRNA is being expressed in plants as a tool for gene discovery, gene validation and to engineer desirable traits in plants. During the last year, it has become clear that this dsRNA-induced mechanism also plays a key role in regulating the growth and development of almost all eukaryotes ranging from fungi to humans. I will discuss the widening perspective of how this regulatory pathway, that was not contemplated fifteen years ago, plays a central role in multi-cellular life. 




-----------------------------------------------------------

Survival, surfaces and susceptibility – the sensory biology of pathogens

John Lucas 

Plant-Pathogen Interactions Division, Rothamsted Research, Harpenden, Herts AL5 2JQ, UK. john.lucas@bbsrc.ac.uk
Ever since validation of the germ theory of disease in the late 19th century, the basis of microbial pathogenicity has fascinated and frustrated generations of scientists. As new and more powerful tools and technologies have become available, from electron microscopes to molecular genetics and now comparative genomics, the special properties of pathogens have been continually revisited, usually without definitive answers. Pathogenicity has proved to be, in the large majority of cases, a complex and elusive trait. The advent of genomics, and especially the capacity to compare gene and genome sequences across contrasting pathogen types, has for the first time opened up the prospect of identifying conserved and divergent genetic blueprints required for the disease process in plant and animal hosts. Is there a common core of genes necessary for pathogenesis, and if so, what are they? One thread already emerging from functional genomic analyses is the involvement of conserved signal networks in disease initiation by a variety of fungal pathogens with contrasting infection strategies and different hosts. This is not surprising, given the need for the successful pathogen to locate, penetrate and colonise a living host, a developmental programme involving precise regulation of “when to go”, “where to go” and how to survive a harsh environment which includes both basal and innate host defence responses.

The hyphal habit of filamentous fungi is uniquely adapted for exploratory growth on surfaces, within the pore space system of soils, organic substrates, or plant and animal hosts. Optimum deployment of energy and resources relies on appropriate responses to environmental cues. In rust fungi, environmental sensing starts in the hydrated spore, which is photosensitive. This adaptation synchronises germination with periods when the risk of death by dessication or UV radiation is least. Contact sensing then aids orientation of the germ tube to stomatal penetration sites. Topographical signals trigger appressorium formation. The cereal eyespot fungus, Tapesia, forms specialised infection plaques in the tight spaces between leaf sheaths at the base of the plant. The signal for plaque induction appears to be mechanical pressure. This mechano-sensing response partly explains the location of eyespot lesions and can be used to extend the range of plant organs and hosts attacked. In contrast, the leaf blotch pathogen Mycosphaerella graminicola (Septoria tritici) enters through stomata without forming highly differentiated infection structures, and then grows for an extended period within intercellular spaces. The signal-response pathways controlling this endophytic phase and the transition to necrotic lesion formation are not known, but analysis of the transcriptome at specific stages should provide clues. A unigene set representing almost one third of the M. graminicola genome has been arrayed at Manchester University and is now being interrogated with cDNA probes prepared from the pathogen growing under a range of conditions, including within host tissues. Metabolic regulation in these different circumstances will, we hope, reveal pathways necessary for pathogenesis, and novel targets for intervention in the disease process.

To date, less than fifteen fungal genomes have been sequenced. More are arriving in an accelerating pipeline. But the scale of the task should not be underestimated. Recent calculations based on biodiversity indices suggest that there may be 1.5 million fungal species, the second largest group after the insects. Of these a high proportion form associations with plants and animals, in a myriad different relationships. We are sitting on the tip of a vast and unexplored iceberg awaiting discovery.
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Bioinformatic resources for studying phytopathogenic fungi: The COGEME phytopathogen EST database 

Darren M. Soanes, and  Nicholas J. Talbot

School of Biological Sciences, University of Exeter, Washington Singer Laboratories, Perry Road, Exeter, EX4 4JQ, United Kingdom.

Currently, there are only a limited number of publicly accessible genomic resources available to researchers studying phytopathogenic fungi. The COGEME EST database (http://cogeme.ex.ac.uk/) contains expressed sequence tag (EST) sequences collected from 13 species of phytopathogenic fungi and oomycetes.  The EST sequences have been clustered into unisequences to reduce redundancy and to allow comparative genomic analysis of phytopathogenic species. The relational database currently contains 30,819 unisequences.  Putative products have been assigned to each unisequence by homology to known sequences and they have been classified according to function using the MIPS ontology scheme. The database has been implemented using MySQL and has an easy to use web interface that allows the user to identify sequences using simple text queries, by functional classification, and by homology to Saccharomyces cerevisiae genes.  The web interface also allows the use of BLAST algorithms to search for unisequences that have homology to entered sequences. Complete unisequence datasets are also available to download. The database also contains a tool to analyse transcript abundance based on representation of EST sequences in raw data-sets from the rice blast fungus Magnaporthe grisea, assigning a probability value to the frequency of occurrence in cDNA libraries derived from the fungus at different developmental stages. A demonstration tool that uses probability analysis to predict the occurrence of amino acid biosynthetic pathways in the different species of phytopathogen from incomplete datasets is also provided in the suite of COGEME databases.
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Microbial history revealed by genome analysis
 

Siv G. E. Andersson, Bastien Bosseau, Wagied Davids, Carolin Frank, Hans-Henrik Fuxelius, Olof Karlberg, Lisa Klasson, Boris Legault, Hillevi Lindross, Gabor Nyori

Dept. of Molecular Evolution, Evolutionary Biology Center, Uppsala University, Norbyvagen 18C, 752 36 Uppsala, Sweden 

Some members of the alpha-proteobacteria have evolved elaborate interactions with plants, while others are pathogens of wild and domestic animals. Yet other species in this subdivision are pathogens of humans causing diseases such as typhus, trench fever and cat scratch disease. The recent sequencing of a dozen alpha-proteobacterial genomes, including our own genome data from Rickettsia prowazekii, Bartonella quintana and Bartonella henselae, enables a global genomic comparison of human, animal and plant-associated bacteria. Here, we present a phylogenetic reconstruction of the alpha-proteobacteria for which complete genome sequence data is available and discuss genomic features that are shared between human, animal and plant pathogens.  We identify differences in gene numbers, gene contents and genomic architectures that correlate with major lifestyle changes. We show that genome size expansions of a few thousand genes have accompanied the evolution of the plant-associated bacteria. In contrast, shifts to intracellular animal environments and vector-mediated transmission pathways are characterized by massive gene loss. We present a reconstruction analysis of the alpha-proteobacterial ancestral genome and discuss its relationship with mitochondria. We conclude that the genomic evolution of the alpha-proteobacteria is driven by the many different interactions with animals, humans and plants.
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Plant-viroid interactions

Ricardo Flores

Universidad Politécnica-CSIC, Valencia, Spain 

Viroids are small (246-401 nt), non-coding, circular, single-stranded RNAs that replicate autonomously into certain host plants and incite specific diseases in some of them. Disorders affect plants of interest for the food industry (potato, tomato, cucumber, hop, grapevine, and tropical and temperate fruit trees that include coconut palm, citrus, avocado, peach, plum, apple and pear) and ornamentals (chrysanthemum and coleus). Some viroids have destructive effects whereas others are asymptomatic.

The lack of coding capacity of viroids establishes a fundamental distinction with viruses, with implications on their replication (viroids strongly depend on pre-existing cell enzymes) and pathogenesis (viroids must induce diseases by direct interactions with host factors). The underlying mechanisms of replication and pathogenesis are most likely diverse because some viroids like Potato spindle tuber viroid (PSTVd), the type species of family Pospiviroidae, replicate and accumulate in the nucleus whereas others like Avocado sunblotch viroid (ASBVd), the type species of family Avsunviroidae, replicate and accumulate in the chloroplast.

Viroids replicate through an RNA-based rolling circle mechanism with three steps: i) synthesis of longer-than-unit strands, ii) cleavage to unit-length, and iii) circularization. Depending on whether cleavage and circularization occurs only in the plus (the most abundant in vivo) or in both polarity strands, the mechanism is termed asymmetric or symmetric, respectively. The first step is catalyzed by the nuclear RNA polymerase II in family Pospiviroidae, which follows the asymmetric pathway, and by a chloroplastic RNA polymerase in family Avsunviroidae, which follows the symmetric pathway. Remarkably, the second step is mediated in family Avsunviroidae by hammerhead ribozymes embedded in both polarity strands, whereas a host RNase is presumed to act in family Pospiviroidae. The third step has been proposed to occur via an RNA ligase or autocatalytically. However, viroid replication *as well as the intracellular, cell-to-cell and long-distance movement* most likely need additional host proteins whose nature remains poorly understood.

The host range of different viroids is very variable: some can infect a broad range of species, while others are restricted to a few related members of the same genus or family. One of the most intriguing aspects of viroids is how they elicit pathogenic effects into their hosts. In members of both families, changes affecting to approximately 1% of the sequence, the so-called virulence-modulating region or pathogenicity determinant, are sufficient to transform a severe into a latent strain. These changes most likely influence the interaction of the viroid with a host factor(s), presumably a protein, which as a result of being diverted from its normal physiological role, may induce a primary alteration and through a signal transduction pathway lead to the onset of symptoms. However, the recent finding in tissues infected by representatives of both families of the viroid-specific small interfering RNAs (siRNAs) associated with post-transcriptional gene silencing (PTGS), opens the possibility that these siRNAs could mediate viroid pathogenicity as well as cross-protection phenomena which, like in viruses, have been also reported in viroids.
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Pathogenomics and finding effectors, their function and the affected.

John Mansfield, Marta de Torres, George Tsiamis, Hassan Ammouneh; Department of Agricultural Sciences, Imperial College, Wye Campus, Ashford, Kent TN25 5AH, Andy Pitman, Dawn Arnold, CRIPS, Biological Sciences, UWE Bristol, BS16 1QY, Rob Jackson; Department of Plant Sciences, University of Oxford, OX1 3RB, Jens Boch; Martin-Luther-Universität, Institut für Genetik, Halle(Saale), Germany 

This talk will focus on avr gene mobility as illustrated by avrPphB and the function of the effector VirPphA. Genes for avirulence and virulence (encoding effectors) have been cloned from Pseudomonas syringae pvs. phaseolicola (Pph) and pisi (Ppi)using four approaches. The first three are based on functional screens involving 1: exchange of genomic libraries between avirulent and virulent races of each pathovar (e.g. avrPphB, avrPphE, avrPphF, avrPpiA and avrPpiB), 2: library exchange between the pathovars (avrPphD, avrPpiC),and 3: restoration of virulence to plasmid-cured avirulent strains of Pph (virPphA, avrPphF and avrPphC).  The fourth approach has been through use of PCR primers based on regions of DNA found to flank avrPpiA (giving avrPpiC and avrPpiG).  Certain genes such as avrPphF and avrPpiC have been recovered using more than one approach.  Dual avirulence and virulence functions have been assigned to several genes.  Homologues of some of the effectors cloned by function have been detected through bioinformatics-based mining of the sequenced P.s. pv. tomato and P.s. pv. maculicola genomes.  Intriguingly, the effector proteins all seem to be injected by bacteria into plant cells through an 8nm diameter needle, the Hrp pilus.

The presence of functional alleles of the avr genes in Pph determines virulence on differential cultivars of bean.  Race change leads to breakdown of resistance and can be achieved through mutation (avrPphE) or gene loss (avrPphB). Analysis of the race 4 * race 2 alteration caused by loss of avrPphB from strain 1302A has identified deletion of a 100 kb region of the race 4 chromosome which is flanked by tRNA genes.  Sequencing the deletion containing avrPphB reveals a region with characteristic features of an ICEland (Integrative conjugal element) with sequence similarity to P.s. pv. syringae B728A and also Xylella fastidiosa.  Unlike some other effector genes, homologues of avrPphB are not widely distributed in strains of P. syringae, however, regions flanking avrPphB were used to amplify DNA from other P.syringae pvs and this approach recovered avrRpt2 from P.s. pv. tomato.  The avrPphB gene is located within a mobile mosaic of apparently interchanged gene cassettes and provides a useful model for the analysis of avr gene mobility. 

In contrast to avrPphB, homologues of virPphA are widespread and include avrPtoB which was identified as an avr gene “interacting” with Pto in tomato.  In Pph virPphA, avrPphC  and avrPphF are located on a pathogenicity island (PAI) containing several avr genes and mobile elements.  We have examined the virulence function of virPphA homologues.  Completion of a pathogenicity matrix using alleles and tests on bean, soybean and Arabidopsis reveals differential effects. Both avrPtoB and virPphA suppress the HR in bean.  In soybean, virPphA but not avrPtoB acts as an avr gene.  In Arabidopsis, only avrPtoB acts as a virulence factor but does so by suppressing basal resistance associated with cell wall alterations rather than the HR.  Expression of AvrPtoB in Arabidopsis leads to enhanced symptom production by non-pathogenic bacteria.  Targets for AvrPtoB activity in Arabidopsis are being examined using yeast two hybrid and immunoprecipitation approaches.  Putative targets, including both constitutively expressed (e.g. fibrillin) and induced proteins (e.g. receptor like kinase) have been identified.  The emerging pattern is that mobile effectors and PAIs have evolved to overcome basal defences in plants in addition to modulating activation of the HR. 
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Pathogenicity and trichothecene mycotoxin production by the ear blight pathogens Fusarium graminearum and F. culmorum  
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1 Wheat Pathogenesis Programme, Rothamsted Research, Plant-Pathogen Interactions Division, Harpenden, Herts, AL5 2JQ, UK and 2 Departments of Plant Biology and Plant Pathology, Michigan State University, East Lansing MI 48824, USA  

This Fusarium ear blight project is part of the new Wheat Pathogenesis programme at Rothamsted Research which aims to identify the common molecular themes underlying disease formation on cereal hosts caused by non-biotrophic fungi.  The two other species investigated are the leaf blotch pathogen Mycosphaerella graminicola (Septoria tritici) and the eyespot pathogen Tapesia yallundae.

In the laboratory, we are undertaking an experimental approach that combines forward and reverse genetics with comparative bioinformatics analyses of other sequenced fungal genomes and EST collections to identify the Fusarium genes required for pathogenicity and mycotoxin production.   

F. graminearum and F. culmorum cause ear blight disease on small grain cereals1. Infections at anthesis, not only lower grain quality but also lower grain safety because both fungal species produce a range of trichothecene mycotoxins post-infection. Within different genetic lineages of F. graminearum unique trichothecene mycotoxin chemotypes exist. Each of these genetic lineages has a distinct global distribution pattern and the different mycotoxin chemotypes appear to have independently evolved in each lineage2.  In the UK and North West Europe, F. culmorum is the major pathogenic species, whereas in North America and Asia, F. graminearum predominates. It is not known whether F. graminearum and F. culmorum differ in their infection biology of the wheat ear and whether their mycotoxin chemotype influences the invasion process.  If species differences do exist, this may influence the development of disease control options.  

At the molecular level, it is not known which genes and gene networks are essential for Fusarium pathogenicity on wheat ears and whether the pathogenicity genes required differ between the two Fusarium species. A molecular genetic analysis has indicated that deoxynivalenol (DON) mycotoxin production is not essential for F. graminearum to cause disease in wheat ears3.  Also our laboratory and others have demonstrated that two distinct Mitogen Activated Protein Kinases (MAPKs) Map1 and Mgv1, are independently required for infection and subsequent spread within the wheat ear4. 

Recently, our group has shown that both F. culmorum and F. graminearum can infect Arabidopsis floral tissue causing disease symptoms. During these floral infections DON mycotoxin synthesis also occurs5.  This experimental system can be used to explore the Fusarium genes required to penetrate and cause floral disease in cereal and non-cereal host species separated by over 100 million years of evolution. 

The resources and techniques available to undertake a large scale exploration of Fusarium gene function are exceptionally good. They include 10x genome sequence coverage for F. graminearum (Whitehead Institute, Cambridge, USA) (http://www-genome.wi.mit.edu/annotation/fungi/fusarium/index.html), various libraries of expressed sequence tags (ESTs) (http://cogeme.ex.ac.uk) and efficient transformation systems to create specific gene knockouts within 4-6 weeks. 

References 1 http://www.scabusa.org; 2 O'Donnell K et al.  (2000) Proc. Natl. Acad. Sci. USA, 97: 7905-7910, Ward TJ et al. (2002) Proc. Natl. Acad. Sci. USA, 99: 9278-9283; 3 Proctor RH et al. (1995) Mol. Plant-Microbe Interact. 5: 249-256; 4 Hou Z et al.  (2002) Mol. Plant-Microbe Interact. 15: 1119-1127, Jenczmionka NJ et al.  (2003) Current Genetics 43: 87-95, Urban M et al. (2003) Mol. Plant Pathol. 4: 347-359, 5 Urban M. et al.  (2002) The Plant Journal  32, 961-973. 
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Molecular Dissection of the Stagonospora nodorum – wheat interaction 

Richard P. Oliver, Peter S. Solomon, Kar-Chun Tan, T.J. Greer Wilson & Robert Lee  

Australian Centre for Necrotrophic Fungal Pathogens, Murdoch University, Perth 6150, Western Australia, Australia. 

The Australian Centre for Necrotrophic Fungal Pathogens (ACNFP) was created to develop an understanding of necrotrophic fungal pathogen/host interactions at the molecular level, particularly those affecting Australian crops. One such project within the centre is focused on the interaction between the fungus Stagonospora nodorum and wheat. Stagonospora nodorum is the causal agent of leaf and glume blotch on wheat and is responsible for $60M (AUD) of crop loss in Australia each year. Whilst also appearing to be an economically important pathogen throughout the world, very little is known at a molecular level about how the fungus infects wheat. Using a range of classical microscopic techniques supplemented by the use of GFP-expressing strains, we have characterised the infection biology of the fungus. The fungus appears to penetrate the leaf both via stomata and directly through the cuticle. Small penetration structures, which we term hyphopodia, are normally found at penetration sites. Within 2-3 days the fungus ramifies through the depth of the leaf. This precedes obvious cell death. Pycnidia develop within 5-8 days or as soon as the leaf senesces.

We have begun dissecting this interaction using a variety of molecular techniques. We have developed a small collection of ESTs and developed moderate throughput methods to generate knock-out strains. Transformation and homologous recombination are efficient. 

We have investigated genes previously associated with pathogenicity and some novel genes. Amongst the known genes are a heterotrimeric g-alpha protein encoding gene. The mutants have multiple phenotypes including lack of sporulation, lack of pigmentation, reduced osmo-tolerance and reduced secretion. Analysis of this gene has differentiated stomatal and direct penetration and has identified DOPA as the likely precursor of the melanin. Amongst the genes not previously associated with pathogenicity is a mannitol-1-phosphate dehydrogenase. Knock-outs of this gene lack all detectable M1PDH activity and have radically altered neutral sugar contents. Gross symptom production was not changed but the time taken to sporulate was increased markedly. This mutant has focused our attention on the conditions required for sporulation on the host.
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Sensing, signalling and stress in the barley powdery mildew fungus

S.J. Gurr, Z. Zhang, C. Henderson, E. Perfect  

Department of Plant Sciences, University of Oxford, OX1 3RB, UK.

Blumeria graminis is the causal agent of barley powdery mildew disease. Infection is spread by asexual conidia, which, on contact with the leaf surface, undergo a complex and highly regulated programme of development. They germinate and produce a short primary germ tube (PGT) followed by a second formed germ tube, the appressorium germ tube (AGT) which elongates, swells and produces a specialised, hooked infection structure, the appressorium.

B. graminis is an obligate biotroph; it cannot be grown axenically and consequently, tissue for experiments is limiting. We have described a range of techniques to assess how B. graminis perceives, integrates and relays signals for morphogenesis up to the point of penetration. Previously, our work demonstrated that both physical properties of the leaf surface, such as hydrophobicity, and cuticle-derived chemicals promote B. graminis differentiation. But how does B. graminis transduce signals to drive differentiation and development? Applications of exogenous agonists and antagonists have allowed us, with Richard Oliver’s group, to demonstrate a role for cAMP signalling and PKA in germling differentiation, but this work also highlights that cAMP alone is not sufficient to trigger the complete programme of differentiation. Hitherto, we have identified other genes involved in signal transduction and cell integrity pathways in B. graminis, notably PKC and MAP kinase cascades. 

Plants defend themselves against pathogen attack by invoking a myriad of mechanisms, including the hypersensitive response, the production of antimicrobial metabolites, cell wall fortification and the papilla response. Much is known about the host defence, but, by contrast, virtually nothing is known about how true obligate plant pathogenic fungi cope with the hostile environment of the plant. As the pathogen must tolerate .O2- and H2O2 during colonisation of host tissue, the evolution of antioxidant detoxifying systems may arm it with a major selective advantage. We have turned our attention to look at the pathogen’s management of host-derived oxidative stress during development and penetration. In particular, we have focussed on the characterisation of the B. graminis catalase B gene, immunolocalisation of the mildew CATB protein, the detection of H2O2 during the infection process and the use of Magnaporthe grisea as a surrogate host in these studies.
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Molecular Analysis of Pathogenicity of Leptosphaeria maculans
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Blackleg caused by the dothideomycete, Leptosphaeria maculans is the major disease of canola-oilseed rape (Brassica napus) worldwide.   This fungus is outcrossing and amenable to molecular genetic analysis.   It has a genome size of about 34 Mb, and its chromosomes are of a size range (0.7 to 3.5 Mb) and number (16) that can be readily resolved by electrophoretic karyotyping.  

We are using molecular genetic approaches, in particular random mutagenesis, to analyse fungal genes involved in the disease process.   Using Restriction Enzyme Mediated Integration we identified two pathogenicity genes - one that encodes an open reading frame of 529 amino acids with no matches to databases, and the other encoding isocitrate lyase, an enzyme enabling the fungus to use lipids as a carbon source in planta.   In parallel at Versailles and Melbourne, we have developed an efficient Agrobacterium-based transformation protocol for random insertion of selectable markers such as hygromycin resistance and Green Fluorescent Protein genes into the fungal genome.  A range of vectors with properties that optimise insertions into coding regions of genes has been developed.  In Melbourne, of 360 transformants analysed, six show reduced or loss-of-pathogenicity.  In Versailles nine of 150 transformants analysed showed altered phenotypes in terms of pathogenicity.  When five of these latter mutants were crossed with untransformed isolates to check whether the insertion co-segregated with the phenotype, three were shown to be untagged and two were tagged. Of the two tagged mutants, one showed loss-of-pathogenicity with an insertion in the putative promoter regions of two head-to-tail oriented ORFs.  The second mutant showed increased pathogenicity in terms of speed of development of symptoms and sporulation on plant tissues.  The analysis of all these mutated genes is underway.

We are also examining a cluster of about 15 genes, which is predicted as the pathway for biosynthesis of an epipolythiodioxopiperazine (EPT) phytotoxin named sirodesmin PL that is secreted at high levels by L.maculans.  The presence of this cluster in other fungi correlates with the ability of such fungi to secrete EPTs.  We are examining the regulation of expression of genes in this cluster and also disrupting them and then determining phenotype of the resultant L. maculans mutants. 

Knowledge of the sequence of the L. maculans genome would greatly enhance the ability of the international community of blackleg researchers to advance knowledge of this important disease and would also be valuable for comparative analysis with genomes of closely related phytopathogenic fungi such as Stagonospora nodorum.  Our common objective is to acquire the sequence of the L. maculans genome. 
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Multiple Layers of Host Resistance to Pathogens
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Max-Planck Institute for Plant Breeding Research, Dept. Plant-Microbe Interactions, Carl-von-Linné Weg 10, 50829 Cologne, Germany.

Plants are resistance to the majority of pathogen species and this resistance is exerted by a combination of constitutive barriers and inducible defences. Once a particular pathogen strain has evolved mechanisms to invade plant tissues the host is under strong selection pressure to recognize pathogen-derived effectors and engage these to trigger local and systemic immune responses. Genetic analysis of Arabidopsis –pathogen interactions has helped us to identify plant recognition components (Resistance of R proteins) and unravel some of the complex defence regulatory circuits involved. Early redox changes and the activities of small signalling molecules, such as salicylic acid and lipid derivatives, are important for induction of appropriate defences to attack by necrotrophs or biotrophs. So far, little is understood about the nature of R protein complexes or how recognition events are transduced to downstream defences. We are particularly interested in the activities of two defence regulators, EDS1 and PAD4, that are required by a structural subset of R proteins in local race-specific resistance. In the absence of specific R protein recognition, EDS1 and PAD4 are more broadly utilized in basal resistance against virulent pathogens as well as in systemic immunity. A combination of genetics, protein biochemistry and cell biology is providing clues about how these proteins operate at different levels of cellular defence.  Two other signalling components, RAR1 and SGT1, are required for full expression of race-specific resistance. RAR1 is a small zinc-binding protein necessary for the accumulation of a number of R proteins examined. SGT1 has been shown to have multiple activities in yeast and is essential for SCF (Skp1-Cullin-F Box protein) E3 ligase activity during cell cycle progression. SCF complexes mediate polyubiquitination of target proteins, often directing them for degradation. Recent evidence from yeast and plants points to a role of SGT1 as a molecular co-chaperone that may assist the assembly and/or activation of protein complexes. We are using genetics and protein biochemistry to define the functions of RAR1 and SGT1 more precisely in plant defence and development. 
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The use of multi-locus sequence typing to study the epidemiology and molecular evolution of Candida albicans  
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Multilocus sequence typing (MLST) is an unambiguous procedure for characterising microbial species by the sequences of internal fragments of seven housekeeping genes.  Approximately 400-700 bp internal fragments of each gene are used, as these can be accurately sequenced on both strands with an automated DNA sequencer.   For each housekeeping gene, the different sequences present within a microbial species are assigned as distinct alleles and, for each isolate, the genotypes observed at each of the seven loci define the allelic profile or sequence type (ST).  Each isolate of a species is therefore unambiguously characterised by a series of seven integers, which correspond to the alleles at the seven housekeeping loci. We applied multi-locus sequence typing (MLST) to a panel of 300 Candida albicans strains selected to include two that were expected to be identical. The rest came from diverse geographical and clinical sources.  We sequenced 7 DNA fragments encoding housekeeping genes, including CaVPS13, CaADP1, CaSYA1 CaACC1, AAT1a, MPI and ZWF1.  A total of 104 polymorphic loci was found among the 300 strains.  PCR for variation at the transcribed spacer region of the 25S rRNA gene and for homozygosity at the Mating-Type-Like (MTL) locus provided additional typing information.  MLST of additional sets of consecutive isolates from single patients showed they were identical or highly related. The sequences of seven fragments, obtained from hundreds of C. albicans isolates, provide data that can be used to address the population genetics and evolutionary biology of this opportunistic pathogen. The BURST (Based Upon Related Sequence Types) algorithm, which specifically examines the relationships between very closely related genotypes within clonal complexes, makes it possible to identify the most likely "ancestral" genotype of each clonal complex, from which the clonal variants have descended.  MLST provides a portable, unambiguous, accurate, and highly discriminating typing system that can be used for Candida albicans molecular epidemiology.
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Sequencing Aspergillus fumigatus – a remarkable human pathogen and allergen.

David W. Denning

University of Manchester
Aspergillus is a genus of moulds found world-wide; over 180 species are officially recognised, some of which impact positively or negatively in medicine and industry. The genomes of A. fumigatus, nidulans and oryzae are nearing completion. Aspergillus fumigatus is the most common mould pathogen of humans, causing both life-threatening invasive disease in immunocompromised patients, aspergillomas in those with cavities left over from tuberculosis or other cystic lung disease and allergic disease in patients with atopic immune systems. Aspergillus nidulans, an occasional human pathogen (fifth most common Aspergillus spp.), is a model organism that has contributed to our understanding of genetics, gene regulation and cellular biology, while Aspergillus niger and Aspergillus oryzae are both used in industrial processes. Several other Aspergilli are thought to be significant allergens and/or to be responsible for mycotoxin production in food. To gain a better insight into the pathogenicity of this organism, an international consortium was established in 1998 to sequence the small (~30Mb) A. fumigatus genome. Sequencing is almost complete, and first pass computational annotation is being carried out by the Wellcome Trust Sanger Institute (UK) and The Institute for Genomic Research (USA). The A. nidulans genome has been sequenced to 13x by the Whitehead Institute and an automated annotation has been made available. The A. oryzae genome has been sequenced almost to completion by a Japanese consortium lead by the National Institute of Advanced Industrial Science and Technology, Tokyo. After detailed discussions it has been decided to share the genomic data between the sequencing centres to improve the quality of gene finding and annotation and to allow comparative genomics amongst the species. This process is underway. The genome sizes appear to be similar for A. fumigatus and A. nidulans, but A. oryzae is larger (37Mb). Gene finders in A. fumigatus have identified approximately 9,500 genes, in A. nidulans about 10,000 genes, and in A. oryzae about 11,500, without the information from genome comparisons. Long term curatorship has been funded by the Wellcome Trust [Central Aspergillus Data Repository (CADRE)] in 2002 to manage the information produced by the sequencing efforts, to contribute secondary annotation, and to facilitate future comparative studies by incorporating other genomic data from Aspergillus nidulans and other species as they become available.  
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Fungicide resistance diagnostics based on sequence analysis  

Bart Fraaije

Rothamsted Research, Harpenden, UK

The first systemic fungicides were introduced on to the market in the early 1970s. Because these fungicides have a very specific mode of action, often targeting a single site, they are very effective in controlling diseases, and have with less deleterious effects on plants and other non-target organisms. In contrast, with the older multi-site fungicides, active ingredients of systemic fungicides are absorbed/translocated within plant tissues and remain biologically active for long periods. While older fungicides have mainly preventative properties, most systemic fungicides have (additional) curative/eradicant properties allowing more targeted disease control after infection. 

Unfortunately, more resistance problems have been encountered with the use of systemic site-specific inhibitors. This can be explained by the higher selection pressures associated with the use of systemic fungicides due to increased efficacy and eradicant properties. Additionally, for single site-specific inhibitors less genetic changes might be needed to compensate/overcome their actions. The evolution and speed of resistance development is different for each pathogen and depend on many factors such as mutation rate, generation time, sporulation, population size and occurrence of a sexual stage. Besides detoxification, reduced uptake and enhanced efflux, resistance mechanisms based on metabolic compensation, increased production of the target enzyme and target site alteration have been reported. High resistance levels affecting disease control are often associated with target-site mutations. With optimal sampling procedures and clear genotype-to-phenotype relationships, recent developments in DNA diagnostics allow us to detect and monitor resistance development much earlier so that measures can be taken in time to avoid product failures and to prolong the life time of (new) fungicides. This paper will show some practical applications of novel DNA diagnostic assays in order to track down resistance development over time (benzimidazole resistance in Mycosphaerella graminicola) and how diagnostics can be used to evaluate anti-resistance strategies (strobilurin resistance in Blumeria graminis and M. graminicola).
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Genomics: A new dimension to fungal taxonomy

Pedro W. Crous

Centraalbureau voor Schimmelcultures, Uppsalalaan 8, 3584 CT Utrecht, The Netherlands

Genomics, which I define broadly to include comparative studies of genes as well as gene expression studies, is revolutionizing all aspects of mycology, including taxonomy and systematics. For the purpose of this talk, I will address phytomycology, which is the systematics of plant pathogenic fungal organisms.  Although genomics is having a major impact in plant pathology, it has within a few short years completely rejuvenated phytomycology.  Genomics has not only brought phytomycology to a crossroads – it has actually redefined the science.  Unfortunately, the synergism between plant pathology and phytomycology has largely been lost, and hence plant pathology as a science finds itself in a serious predicament.  Most plant pathologists work with names that relate to outdated concepts.  Few actually work with the organisms named in their grant proposals.  In this talk I will present data to address various issues related to: (a) genomic data vs. the Saccardoan system and the anamorph names it gave rise to; (b) Index Fungorum, GenBank, and MycoBank, and an exposé of how your virtual laboratory is being hampered by bad scientific journals; (c) pathogen diagnostics and the value of epitypification; (d) genomic data that will indicate that many of the pathogen names we are currently using need to change; (e) the need of plant pathologists to ensure that they are represented in ATOL initiatives; (f) the understanding that clonality, sex and variation mean we have to think about studying populations rather than random strains; (g) the proposition that old-fashioned voucher specimens and cultures will determine the success of genomic initiatives in systematics; (h) and the poignant reality that the day of morphological and biological species concepts has now passed, while the ecological species concept, incorporating phylogenetic data, holds the key to the future.  Although the pros and cons of various proposed changes remain debatable, the mycological dogma we were taught is changing due to genomics.  The biggest advantage of genomics to systematics is that it promises eventual stability to a science which underpins plant pathology.
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Can crop genomic technologies really impact commercial crop protection?

John E. Hamer 

Paradigm Genetics Inc.  RTP, North Carolina 27709-4528.

The vast majority of genome initiatives over the past decade have been rationalized to funding agencies and governments as having direct impacts on human health.  For agriculture the rationale has been less compelling.   With a heavily subsidized northern hemisphere farm industry and continued European angst over genetically-modified crops, one may question the value of funding large scale genomic research for northern hemisphere agriculture. With European approval of commercial scale planting of GMO crops unlikely in the foreseeable future, crop protection chemicals will continue to be the major way that pests are controlled on crops.  Although a $27B industry, there has been a surprising shortage of innovation in the form of newer and safer active ingredients.  For example less that 30 modes of action are known for fungicides and herbicides combined.  Genomic scale approaches to crop protection have the potential to revolutionize this industry while providing important tools to the academic community. By example genomic discovery platforms were developed by Paradigm Genetics Inc. for crop protection discovery.  These platforms can be judged successful based on commercial partnerships and revenue generation, intellectual property generated, new chemical licenses and publications.   These platforms also point the way to still newer innovations in combining recent advances in chemistry with rapid high throughput screens.  For a modest up-front investment these chemical-genetic approaches could provide a set superior research tools with which to probe the complex reactions of host and parasite and provide new development opportunities for crop protection companies.
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"Beyond gene-for-gene. Where we go from here in understanding the Cladosporium fulvum tomato interaction”.

Pierre J.G.M. de Wit.

Laboratory of Phytopathology, Department of Plant Sciences, Wageningen University, Binnenhaven 5, 6709 PD Wageningen, The Netherlands; e-mail: pierre.dewit@wur.nl 

Since their discovery by Flor in the early forties of last century, gene-for-gene systems have intrigued many plant pathologists and disease resistance breeders. More than a decade ago the first Cladosporium fulvum avirulence gene (Avr9) and the matching tomato resistance gene (Cf-9) were cloned. So far, we have cloned three additional Avr and four Ecp genes that all encode small cysteine-rich peptides that are secreted by C. fulvum in the host apoplast after penetration of tomato leaves. Expression of some of these Avr genes is also induced in vitro, when the fungus is cultured under nutrient-limiting conditions. Recognition of the Avr and Ecp genes-encoded cysteine-rich peptide elicitors is mediated by Cf resistance genes and eventually leads to a hypersensitive response (HR). C. fulvum can avoid recognition and subsequent induction of HR by various mechanisms: the Avr gene (i) is absent (Avr9; Avr4E), (ii) contains point mutations in the ORF leading to protease-sensitive elicitors or frame shift mutations leading to truncated non-active elicitor proteins (Avr2, Avr4), (iii) contains point mutations in the ORF leading to production of stable non-active elicitors (Avr4E) or (iv) contains transposon insertions in the Avr gene leading to a lack of Avr protein production (Avr2). The biochemical basis of the gene-for-gene system would imply that the Avr gene product directly interacts with the matching Cf gene product leading to HR. However, so far, no physical interaction between Avr and Cf proteins could be shown and the mechanism of Avr perception by Cf proteins is still unknown.

In contrast to Avr genes, the Ecp genes are present in all strains of C. fulvum and all encode active elicitors that can be recognized by some accessions of the wild tomato species Lycopersicon pimpinellifolium. The Cf genes occurring in those accessions have not yet been introduced in commercially-grown tomato cultivars and as a result the Ecp genes have not yet been under natural selection. All Avr and Ecp genes are supposed to represent virulence functions, but deletion of single genes did show significant effects on fungal growth in susceptible tomato cultivars. Probably, single Avrs and Ecps play only a minor role in virulence. Presently, we try to simultaneously knock down several Avr and Ecp genes in C. fulvum by RNAi. For two Avr proteins we have some indications for their biological function. The Avr4 elicitor appears to be a chitin-binding protein that can protect fungi against basic plant chitinases. Avr4 proteins encoded by virulent alleles in strains of C. fulvum are no longer recognised by Cf-4 plants, but still bind to chitin, suggesting that chitin-binding by Avr4 could represent a defensive virulence function. The Avr2 elicitor appears to be a cysteine protease inhibitor. For recognition of the Avr2 elicitor, in addition to Cf-2 protein, the tomato Rcr3 cysteine protease is required. Avr2 also inhibits Rcr3, but whether inhibition of Rcr3 by Avr2 itself or the modulation of Rcr3 by Avr2 is required for Cf-2-mediated HR is not known yet. Although we envisage that Avr and Ecp proteins of C. fulvum most probably interact with virulence targets in tomato plants that are guarded by the Cf proteins, it is not clear whether Rcr3 represents a virulence target of Avr2. 

Presently we are also studying downstream responses induced by C. fulvum elicitors both in susceptible (to identify virulence targets) and resistant (to identify defence-related genes) tomato plants, and in Arabidopsis. Induction of HR in Cf-4 tomato leaves by the Avr4 elicitor is temperature-sensitive. Tomato seedlings expressing both the Avr4 gene and the Cf-4 gene quickly (within minutes) develop a synchronous systemic HR at 230C, but grow normally at 33OC. By cDNA-AFLP analysis we have identified, ca. 200 mRNAs that are either up- or down-regulated during the synchronous cell death program. By virus-induced gene silencing (VIGS) of the upregulated genes we discovered several candidates that play a role in mounting a HR in Nicotiana benthamiana expressing the Cf-4/Avr4 gene pair. The role of these genes both in HR and resistance to C. fulvum will also be tested by VIGS in tomato.Plans for future work on gene-for-gene systems will be discussed.
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PH GREGORY TALK ABSTRACTS

PH1
Partial sequencing of an endophytic Fusarium oxysporum that mediates complex plant defense for Lycopersicon esculentum Mill.
Idress H. Attitalla

Uppsala University, Evolutionary Biology Centre, Department of Molecular Evolution, Norbyvägen 18C, SE-752 36 Uppsala, Sweden.Tel. +46 18 471 6430; Fax: +46 18 4716404; e-mail: Idress.Attitalla@ebc.uu.se

The plant defense of a susceptible tomato (Lycopersicon esculentum Mill.) cultivar involved a complex plant-pathogen-endophyte relation mediated by an endophytic fungus Fo-(IMI 386351). A study of that plant defense and the involved three-organism relationship was complemented by an analysis of the molecular phylogenetics of Fo-(IMI 386351). The results show that plants inhabited by Fo-(IMI 386351) had a considerably enhanced capacity to deter fusarium wilt caused by the fungal pathogen Fusarium oxysporum f. sp. lycopersici. The results also indicate that the endophyte was able to induce dose-dependent systemic resistance in the tomato cultivar, and was able to promote plant growth, which can contribute to the overall ability of a plant to defend itself against pathogens.
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PH2

Gene expression profiles in Blumeria graminis
Maike Both*, George Dimopoulos**, Mike Csukai# and  Pietro Spanu*

*Imperial College, London, **Johns Hopkins University, Baltimore, # Syngenta Ltd., Jealott’s Hill

Blumeria graminis f. sp. hordei (Bgh) is the causal agent of barley powdery mildew, an economically significant disease that can cause yield losses of up to 40%.  Bgh is an obligate biotrophic plant pathogen; it can only complete its life cycle on a living host.  The asexual life cycle of Bgh on the host proceeds in a highly ordered fashion.  The conidiospore produces a primary germ tube and subsequently an appressorial germ tube, which forms the appressorium.  By a combination of physical force and enzymatic action, the appressorium sends a penetration peg into the plant cell, where a haustorium starts to develop.  Once the nutrient supply is established, the fungus grows by spreading mycelium over the plant leaf surface. We have developed microarrays to study global gene expression in Bgh. The arrays are about 3500 sequenced and annotated cDNAs derived from Bgh libraries. We probe the arrays with fluorescent cDNA from RNA extracted from the fungus at 8 different stages of development, from the ungerminated conidium to a fully sporulating, mature colony. Expression analysis is examined with Genedata ExpressionistTM software and reveals patterns of expression that identify some gene clusters that are likely to play key roles at various developmental stages. This data allows us to propose some models for metabolic and signalling pathways that regulate and control development of infection in this obligate biotrophic pathogen. 
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PH3
Sequence analysis of the entire RNA genome of sugarcane yellow leaf luteovirus of an Indian isolate

R.K.Gaur1, G.P.Rao1, Maneesha Singh1 and Axel T. Lehrer2

1Sugarcane Research Station, Kunraghat, Gorakhpur-273008, UP, India, 2Hawaii Biotech. Inc, 99-193 Aiea Heights Drive, 200, Aiea, Hawaii, USA

The complete nucleotide sequence of the single standard RNA genome of an Indian isolate of sugarcane yellow leaf luteovirus (SCYLV-IND) was determined. The RNA genome is 5899 nucleotides long having six open reading frames (ORFs). These ORFs encodes multifunction protein (ORF 1, 72.5 kDa), RdRp (ORF 2, 64.4 kDa), capsid protein (ORF3, 21.8), putative movement protein p17 (ORF 4, 16.6 kDa), putative aphid transmission factor (ORF 5, 52.1 kDa) and ORF 0 (30.2 kDa) with unknown function. The phylogeny of the RdRp of sequence strongly suggests that SCYLV contains a sobemovirus-like rather than a carmovirus-like polymerase gene that included SCYLV in the Polerovirus genus. Comparison of the coat protein and 17 kDa sequence revealed that SCYLVis also closely related to viruses in the genus Luteovirus. Based on this consideation it is supposed that the 5’ coding blocks of SCYLV is more similar to that of the genus Polerovirus while its 3’ coding block is closest to that of the genus Luteovirus. This is the first molecular characterization of SCYLV from India.
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PH4

Antioxidants in Blumeria graminis and Magnaporthe grisea
Catherine Henderson

University of Oxford

Phytopathogenic fungi elicit a range of defence responses in their hosts, the oxidative burst being one of the most rapid. Reactive oxygen species (ROS), in particular H2O2, accumulate at sites of pathogen invasion and are thought to have a number of functions including being directly antimicrobial, signalling, and bringing about the cross-linking of cell wall proteins. I am interested in the pathogen’s perspective on this defensive action. Since it is faced with .O2- and H2O2 during invasion of host tissue, the evolution of reactive oxygen detoxifying systems may arm it with a major selective advantage. My work compares antioxidant strategies in both the genetically intractable obligate biotroph Blumeria graminis, and the more amenable Magnaporthe grisea. I will discuss use of a combination of immunolocalisation, real-time RT-PCR, mutant analysis and a novel H2O2 scavenging assay to investigate the role of a secreted catalase, CATB, and how I am now extending the work to encompass further putative antioxidant genes. 
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PH5

The dual role of peroxisomes in Magnaporthe grisea pathogenicity.

Marilou Ramos-Pamplona, Shanthi Soundararajan and Naweed Isaak Naqvi.

Fungal Genomics, Temasek Life Sciences Laboratory. 1 Research Link The National University of Singapore. Singapore 117604.

During a screen of random T-DNA insertional mutants in Magnaporthe grisea, TMP6-2 was identified as a nonpathogenic isolate with nonmelanized and aberrant appressoria.  Flanking sequence tag data revealed that the T-DNA insertion in TMP6-2 occurred in PEX6, a gene essential for peroxisome biogenesis. Peroxisomes are ubiquitous organelles with key metabolic functions such as fatty acid metabolism. Further studies conducted in TMP6-2 and a pex6 strain confirmed defects in peroxisome-related functions such as inability to utilize complex fatty acids as sole carbon source; and mislocalization of GFP tagged with a peroxisomal targeting signal (PTS1). Detailed characterization of pex6indicated that acetyl-CoA generated by peroxisomal activity in appressoria is essential for melanin biosynthesis. Deposition of a melanin layer underneath the appressorial cell wall enables the appressorium to maintain a high turgor pressure needed to penetrate the host epidermis. Thin-section EM revealed that pex6appressoria lacked melanin completely and are unable to penetrate host surfaces. Genetic complementation of the pex6 with a full length PEX6 gene fully restored appressorial melanization and pathogenicity.  Phenotypic defects such as aberrant appressoria and the inability to plug septal pores under hypotonic conditions could be attributed directly to the loss of peroxisome-derived Woronin bodies in the pex6strain.
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PH6
Bacterial Communication: the Role of luxS in a Plant and an Animal Pathogen

Sarah Coulthurst 

Department of Biochemistry, University of Cambridge, UK

Quorum sensing, the mechanism by which bacteria detect and respond to their population cell density, is an important example of bacterial intercellular communication. Autoinducer-2 (AI-2), produced by the enzyme LuxS, has been proposed to be a quorum sensing signal molecule in a variety of bacteria. The role of luxS has been investigated in the plant pathogen Erwinia carotovora subsp. carotovora (Ecc) and the opportunistic human pathogen Serratia marcescens. Production of AI-2 activity was detected and the luxS locus identified and sequenced in Ecc ATTn10 and S. marcescens ATCC274. luxS mutants were constructed in both strains and their phenotypes were examined. Compared to the wild type, the luxS mutant of S. marcescens ATCC274 exhibited decreased prodigiosin and haemolysin production and decreased virulence in a C. elegans model. In Ecc ATTn10, a proteomic comparison of the luxS mutant with the wild type using 2D-DiGE technology was performed. This identified a limited set of proteins whose abundance is altered in the luxS mutant compared to the wild type. It was also demonstrated that the culture supernatant of one wild type strain (but not its isogenic luxS- derivative) contains a signal, presumably AI-2, capable of complementing the prodigiosin defect of the luxS mutant of another species. Therefore luxS regulates virulence and antibiotic production in S. marcescens, as well as the expression of a limited set of proteins in Ecc. Also, for at least one phenotype, this regulation is via extracellular signalling. 
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PH7
Investigating the role of trehalose metabolism in pathogenicity of the rice blast fungus Magnaporthe grisea.

Joanna M. Jenkinson and Nicholas J. Talbot

School of Biological Sciences, University of Exeter, Washington Singer Laboratories, Perry Road, Exeter, EX4 4JQ, United Kingdom.

The heterothallic ascomycete Magnaporthe grisea causes rice blast disease of cultivated rice. The potentially devastating effects of this disease are determined by the ability of the fungus to mechanically penetrate the plant cuticle and epidermis. The force necessary for cuticle penetration is due to the enormous hydrostatic turgor generated within the appressorium as a result of the high concentrations of compatible solutes, notably glycerol, which accumulate in appressoria. Glycogen, lipid and trehalose are the most likely potential precursors for glycerol biosynthesis in M. grisea as they represent the most abundant storage products in spores of the fungus. The aim of this project is to understand the role of trehalose synthesis and metabolism in the infection cycle of Magnaporthe grisea. Trehalose is synthesized by the trehalose 6 phosphate synthase complex (T6PS), and we have shown that TPS1, encoding the catalytic sub-unit of T6PS, is required for pathogenicity of M. grisea and appressorium turgor generation (Foster et al., 2003). However, the subsequent predicted breakdown of trehalose, which would be required for glycerol synthesis, is dispensable for appressorium turgor generation, and, therefore, it seems more likely that trehalose accumulation contributes to appressorium function, either due to trehalose acting in a protective capacity, or by accumulating as a solute to contribute to turgor.  TPS1 also, however, exhibits a regulatory effect on glycolysis and tps1 mutants are unable to grow on glucose and a range of other simple sugars. We speculate that trehalose-6-phosphate may be able to act as a signalling molecule for glycolytic control in M. grisea and that this mechanism is perturbed by loss of TPS1.  Using a combination of gene functional analysis, cell biology and metabolite profiling, we have been examining the mechanisms by which T6PS exerts control over glycolysis, and how this impacts upon appressorium function in M. grisea 
Reference:

Foster, A.J.Jenkinson, J.M., Talbot, N.J. (2003 Trehalose synthesis and metabolism are required at different stages of plant infection by Magnaporthe grisea. EMBO J. 22, 225-235.
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PH8
Symptomless Stagonospora nodorum - the 'disappearance' of glume blotch of wheat

Sarah Bearchell

University of Reading and Rothamsted Research 

 

Surveys of wheat diseases have been conducted in England and Wales since 1970.  The data show that symptoms of glume blotch (Stagonospora nodorum) were extremely common in the 1970s but are now rare.  Conversely, symptoms of leaf blotch (Mycosphaerella graminicola) were almost absent at the start of the period but this is now the most damaging foliar wheat disease in England and Wales.  They have effectively swapped in prevalence. One reason suggested for this change in incidence is the increase of a symptomless form of S. nodorum.  The presence of the pathogen in symptomless leaves was confirmed by spore washing and ELISA at GS38.  Both methods yielded similar results, suggesting that they measure the same aspect of the fungal population.  There are several possible explanations for the presence of this prolonged symptomless phase and future avenues of research are discussed.




-----------------------------------------------------------

PH9

On the origins of Verticillium isolates associated with crucifers

Emily Clewes

Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, Harper Adams University College, Newport, Shropshire, TF10 8NB

Isolates of the plant pathogenic soil-borne wilt fungal genus Verticillium have been studied at HRI to better understand the nature and origins of those which generally infect crucifers only. All Verticillium crucifer isolates produce microsclerotia and the majority produce long conidia with a high nuclear DNA content (V. dahliae var. longisporum). The long-spored isolates are interspecific hybrids that are genetically amphihaploid. The parents were thought to be V. dahliae and V. albo-atrum. The long-spored isolates were previously divided into two groups (α and β) (Collins et al., 2002). Sequence analysis of the 5S rRNA intergenic region (IGR), a partial sequence of the β-tubulin gene and mitochondrial cytochrome B gene, shown that group β may be further divided, allowing for a third group of crucifer isolates, γ. Furthermore, the 5S rRNA IGR and the β-tubulin provide direct evidence that long-spored amphihaploid isolates are hybrid. PCR amplification of these regions produced two amplicons for the long-spored crucifer isolates whereas a single amplicon was produced for haploid isolates. Sequence analysis of these regions suggests that one parent in all crosses was akin to V. dahliae however, although the other ‘parent’ of the amphihaploids was more like V. albo-atrum it was very distinct from all isolates studied to this time.
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Additional short talk

ATR13: An avirulence gene from Peronospora parasitica 
Rebecca L. Allen, Peter Bittner-Eddy, Laura Grenville, Anne P Rehmany, Sharon Hall and Jim Beynon.

HRI Wellesbourne, Warwick, UK

The obligate biotrophic oomycete Peronospora parasitica is an important pathogen of brassica crop species in which it causes downy mildew. We are studying the interaction of this pathogen with another natural host, Arabidopsis, in order to understand the molecular mechanisms involved in pathogenicity and plant responses. We have cloned several resistance genes from Arabidopsis including the RPP13 gene that recognises pathogen isolate Maks9. This gene causes a highly localised HR and the resistance is independent of known signalling pathways. We decided, therefore, to clone the complementary avirulence gene from Maks9 in order to understand its role in pathogenicity and the nature of RPP13 resistance. We will describe the isolation and structure of ATR13.
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POSTER ABSTRACTS

PP1
Identification of race-specific avirulence genes in Phytophthora infestans  by transciptional profiling

Rays H.Y. Jiang, Guo Jun, Lars Kamphuis and Francine Govers

Laboratory of Phytopathology, Wageningen University, and Graduate School Experimental Plant Sciences, The Netherlands.
Phytophthora infestans is a destructive oomycete pathogen causing potato late blight worldwide. Genetic analyses of potato and P. infestans have demonstrated that in this pathosystem, monogenic resistance mediated by resistance (R) genes, is based on a gene-for-gene interaction. We aim at cloning and characterising avirulence genes in P. infestans. We performed cDNA-AFLP analysis on a F1 population carrying different avirulence phenotypes. From the two parental isolates and from 19 F1 progeny mRNA was isolated from the stage that Avr genes are most likely to be expressed, i.e., the germinating cyst stage. Candidate genes were selected by cDNA-AFLP analysis on bulks of samples representing the same phenotype. The association of expression and avirulence phenotype was verified by cDNA-AFLP analysis on individual progeny and by RT-PCR. The transcriptional profiling will provide information on genes differentially expressed in different races and possibly lead to identification of Avr genes of P. infestans.
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PP2
A proteomic approach to investigate the infection process of Phytophthora infestans
Pieter van West1, Laura J. Grenville1, Catherine R. Taylor1, Anna Avrova2, Alison Williams1, and Paul R.J. Birch2.

1 University of Aberdeen, Department of Molecular and Cell Biology, Foresterhill, Aberdeen, AB25 2ZD, Scotland UK. 2 Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, Scotland UK. E-mail: p.vanwest@abdn.ac.uk

A thorough understanding of the molecular events taking place during early interactions between P. infestans and host and non-host plants is crucial for developing new control measures. The appressorial stage of the interaction is the first point in which direct contact between the pathogen and the plant occurs via the formation of highly specialised infection structures, such as the appressorium, penetration peg, and the infection vesicle. Moreover, it is during this phase that plant defence responses are initiated. Resistance is based, principally, on recognition of a particular elicitor component from the pathogen. Therefore, we anticipate that secreted and cell wall proteins from the appressorial infection stage of P. infestans are likely to be rich in important signalling molecules involved in disease resistance or establishing a successful infection process. A proteomic approach is employed to accelerate the discovery of novel extra-cellular and appressorial stage-specific proteins. Here we present our latest results.
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PP3

Sigatoka Forensics

Skye Thomas-Halla, Susan Porchunb, Juliane Hendersonb, Julie Pattemoreb Elizabeth Aitkena.
a Department of Botany, The University of Queensland, St Lucia, QLD, 4072, Australia. b CRC for Tropical Plant Protection, Molecular Diversity and Diagnostics Research Laboratory, Plant Pathology Building, Indooroopilly Research Centre, 80 Meiers Rd, Indooroopilly, QLD, 4068, Australia.  

An outbreak of the leaf disease black Sigatoka caused by Mycosphaerella fijiensis, in the Tully banana production area in Australia, April 2001, raised the question as to how this pathogen could have passed through Australia’s strict quarantine barrier and where did it originate from?  The Tully region in north Queensland produces over 65% of Australia’s bananas , therefore this outbreak was of major concern to the industry, already under pressure from potential imports. A molecular diagnostic based on the ITS region has been crucial for the quick and definitive identification of Mycosphaerella fijiensis, which in its early stages, is indistinguishable from the less aggressive Mycosphaerella musicola (causal agent of yellow Sigatoka).  In this study, the ITS region was sequenced from numerous isolates of M. fijiensis and M. musicola from around the world and throughout Australia including those from the recent outbreak.  The results were used to validate and improve the molecular diagnostic and to determine the diversity within each species to help trace the origin of certain strains. The data gave clear phylogenetic distinction between the two different fungal species, but only a small level of variation was observed within the M.fijiensis isolates whereas a comparatively large amount of variation was found within the M.musicola isolates, indicating several possible distinct strains of that species. As the ITS region did not vary sufficiently enough to distinguish between isolates of black Sigatoka from different locations, a new region had to be analysed.  Sequencing of the 5.5kb IGS (intergenic spacer) region in M.fijiensis revealed a highly variable 2.5kb region.  This starts 800bp in, with a mircosatellite region that would often vary in size, followed by a 700bp element (possibly a transposon) that is found in different locations or not at all, then is followed by unique sequence before becoming a conserved 450bp repeat element.  The IGS region proved to have enough diversity to distinguish between strains of M.fijiensis from different locations. The ITS and IGS data identified two distinct genotypes of M. fijiensis which  had spread throughout the Tully region in roughly equal proportion.  One of these genotypes was found on islands in the Torres Straits as well as from the Philippines and Papua New Guinea, the other genotype was different from the entire 220 samples we had in our collection of isolates from all around the world including those from previous incursions from Cape York in Far North Queensland. It therefore seems that the Tully 2001 incursion did not arise from the predicted sources in Cape York or the Torres Straits but possibly from further a field such as PNG, which is one of the proposed centres of diversity. 
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PP4
Downy mildew genomics: identification and functional analysis of genes encoding secreted proteins

Posthuma, K., Elberse, J., Weisbeek, P. and Van den Ackerveken, G.

Molecular Genetics, Molecular and Cell Biology, Utrecht University, Utrecht, The Netherlands, 3584 CH, k.i.posthuma@bio.uu.nl
Downy mildews infect many important crops worldwide. To protect crops from downy mildew disease, natural resistance genes have been introduced into cultivars. However, resistance is usually rapidly overcome by the pathogen. The project ‘Downy mildew genomics and plant disease resistance’ aims to identify new resistance genes that mediate the recognition of important pathogen proteins and may therefore be more durable. A genomics approach is used to identify downy mildew genes that encode secreted proteins and that are specifically expressed during the infection process. Two downy mildew – plant interactions are being studied: Peronospora parasitica – Arabidopsis thaliana and Bremia lactucae ​– lettuce. Over 3,000 Expressed Sequence Tags (ESTs) have been collected from B. lactucae and P. parasitica conidiospore libraries. These ESTs have been screened for signal peptides and for similarity to genes or proteins in public databases. Microarray technology is being used to study the expression of these genes during infection of the host. In addition, we are collecting as large number of ESTs from a subtracted library of the P. parasitica – A. thaliana  interaction. Functional studies of selected P. parasitica  secretory proteins will be carried out by (transient) expression in A. thaliana and Nicotiana sp. B. lactucae genes encoding secreted proteins will be transiently expressed in lettuce to identify lines reacting with a hypersensitive response. These lines will be tested further for downy mildew resistance and can be used by lettuce breeders to obtain new resistance specificities to downy mildew disease. 

This research is funded by the Dutch Technology Foundation (STW).
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PP5

Molecular Characterization of Potyvirus infecting sugarcane in India

R.K.Gaur, G.P.Rao and Maneesha Singh

Sugarcane Research Station, Kunraghat, Gorakhpur-273008, UP, India
Sugarcane mosaic virus (SCMV) is a member of the genus potyvirus infecting many of the sugarcane growing belts of India. Comparison of purified virus preparation by western blot analysis revealed a coat protein size of about 39 kDa. Part of the genomic 3’ terminal non-coding region was amplified from SCMV-IND isolates by immunocapture reverse transcriptase polymerase chain reaction (IC-RTPCR) using an universal primer and cDNA products was sequenced. BLST search revealed that the C-terminus of SCMV-IND shows 90-95% homology to that of other SCMV isolates reported from other countries. The putative capsid protein (CP) gene of SCMV-IND encoded 365 amino acid and phylogenetic analysis showed that SCMV-IND was closely related to SrMV, MDMV and SCMV. Based on this sequence analysis our result revealed that SCMV-IND could be considered a distinct  potyvirus within the SCMV subgroup.
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PP6
Secondary metabolism and avirulence in Magnaporthe grisea: is ACE1 part of an avirulence gene cluster?
Heidi U. Böhnert, Anne-Elodie Houlle, Laurent Camborde and Marc-Henri Lebrun. 

FRE2579 CNRS / Bayer CropScience, Lyon, FRANCE. 

Isolates of the rice blast fungus Magnaporthe grisea that carry the avirulence gene ACE1 are specifically recognized by rice varieties carrying the resistance gene Pi33. ACE1 was isolated by map based cloning and encodes a natural hybrid between a polyketide synthase (PKS) and a nonribosomal peptide synthetase (NRPS). Together with the lovastatin biosynthetic enzyme LNKS from A. terreus, Ace1 defines a novel family of eukaryotic PKS/NRPS that appears to be widespread in ascomycetes but not in basidiomycetes. The M. grisea genome is particularly rich in representatives of this enzyme family. ACE1 is specifically expressed during penetration, and the enzyme is localized in the cytoplasm of the appressorium. Since Ace1 biosynthetic activity is required for avirulence, we believe that the fungal signal recognized by resistant rice plants is the secondary metabolite whose synthesis depends on Ace1. ACE1 is part of a gene cluster. We identified 18 ORFs, 14 of which show homology to genes involved in secondary metabolism. Ten of these were shown to be co-regulated with ACE1 and are therefore potentially involved in the biosynthesis of the avirulence signal. We are currently testing this hypothesis by constructing individual gene deletion mutants. Additionally, we are trying to create a strain that expresses the ACE1 cluster constitutively by overexpressing the putative positive regulator of these genes. 
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Microarray data-mining and RNA expression profile of Arabidopsis thaliana glucosyltransferases induced by pathogen challenge

Claire Gachon, Mathilde Langlois-Meurinne, Patrick Saindrenan

Institut de Biotechnologie des Plantes, Bâtiment 630, Université Paris XI-CNRS, 91405 ORSAY Cedex

When challenged by a pathogen, plants induce the synthesis of a great number of secondary metabolites. Some of them play important roles in determining the level of resistance to the pathogen, either as signaling molecules or as effectors of the defence responses. Interestingly, most of them do not accumulate in their free form in planta, but rather as a conjugated form, most often to glucose. As a result, glucosyltransferases, the enzymes responsible for transferring the sugar moiety to a secondary metabolite, are prone to play key roles in the synthesis, accumulation and transport of those secondary products. The sequencing of Arabidopsis genome revealed an unexpectedly high number and diversity of glucosyltransferases (121 genes), among which only three are functionnally characterized. As a result, the identification of glucosyltransferases involved in plant defence would be a first step toward the understanding of their physiological role. For this, we took advantage of the increasing number of published microarray results concerning the transcriptome of plants infected by fungal or bacterial pathogens. A bioinformatic analysis focused on glucosyltransferases reveals candidate genes whose expression profiles are strongly affected during the interaction with the pathogens Alternaria brassicicola and Pseudomonas syringae. Their RNA expression profile was examined further by real-time PCR. The phenotypical characterization of the corresponding T-DNA insertion mutants is currently under way. The major results of this work will be presented.

References :

J. Glazebrook et al. The Plant Journal. (2003) 34:217-228

S. van Wees et al. Plant Physiology (2003) 132:607-617

Y. Tao et al. The Plant Cell (2003) 15:317-330
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Identifying expressed sequences within a Peronospora parasitica (At) BAC contig spanning an avirulence gene locus

Anne P. Rehmany and Jim L. Beynon 

HRI, Wellesbourne, Warwick. CV35 9EF

In Peronospora parasitica (At) (downy mildew), the genetic determinants of cultivar-specific recognition by Arabidopsis thaliana are the ATR (A. thaliana-recognised) avirulence genes. We are using a map-based cloning strategy to target ATR1Nd, an avirulence gene recognised by the Arabidopsis resistance gene RPP1Nd, and have constructed and sequenced a BAC contig spanning the ATR1Nd locus. We have used a cDNA enrichment method to specifically identify expressed sequences encoded by the ATR1Nd BAC clones. The identification of expressed sequences from the ATR1Nd interval has assisted in gene characterisation in this "novel" genome.
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 Genetic and physiological analysis of mutations in wheat showing enhanced adult plant resistance to yellow rust

James P.E. Melichar, Simon Berry, Mike Field, Lesley. A. Boyd,

JIC, Norwich

Puccinia striiformis f.sp. tritici, is a wholly asexual, biotrophic fungal pathogen. It is the causal agent of yellow rust (Yr) in wheat, and is a serious economic foliar disease in most temperate wheat growing areas of the world. It has a distinctive phenotype of intervenal-stripes of yellow pustules (uredia). Control in the UK is based on an integrated approach of resistance breeding with rotation of fungicides of differing modes of action. Mutagenised populations of the wheat cultivars Guardian and Hobbit ‘sib’ have been screened in field tests, and mutant lines selected that give enhanced Yr adult plant resistance (APR). These include the Guardian mutants M66 and M257, and the Hobbit ‘sib’ line I3-54.  M66 and M257 also show broad-spectrum resistance to powdery mildew, and complete and partial resistance to brown rust respectively, while I3-54 is resistant to powdery mildew but not brown rust.  The M66 mutant also shows evidence of necrotic flecking analogous to lesion mimics such as mlo barley lines. To date four double-haploid populations have been created using the maize pollination procedure for I3-54 (30 lines), Guardian (80 lines), M66 (100 lines) and M257 (100 lines), each crossed to the spring cultivar Avocet-S. Screening of SSR markers against parental lines have identified 84 potential polymorphisms. Pathology studies are looking at resistance mechanisms at three distinct growth stages (GS): seedling (GS 12), tillering (GS 22-23), and heading (GS 49-51), in order to elucidate the exact timing and development of APR in these mutants.  The synchronous GS will be inoculated with compatible Yr isolates, and pathogen development observed. DAB staining for H2O2 generation in infected mesophyll cells, and NBT staining for superoxide generation will be performed. Fungal structures will be trypan blue stained.
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Curing native plasmids in Pseudomonas syringae pathovar pisi to identify pathogenicity determinants.  

Butcher1, D., Jackson2, R.W., Roberts, S.J.3, Vivian1, A. and  Arnold1, D.L.

1Centre for Research in Plant Science, UWE-BRISTOL, UK; 2Department of Plant Sciences, University of Oxford, UK; 3Horticulture Research International, Wellesbourne, UK

Pseudomonas syringae pv. pisi (Ppi) is a seedborne pathogen which causes bacterial blight of pea (Pisum sativum). Seven races, comprising two distinct genomic groups (GG), have been identified and these interact with a series of eight differential pea cultivars (cv.). We have cloned plasmid replication genes from strains of Ppi and used them to cure Ppi strains of native plasmids by incompatibility. Race 3A (strain 870A, GG II) was successively cured of the three native plasmids it carries and the resulting cured strains were tested in pea.  Pathogenicity to pea appears to be determined primarily by a large plasmid, pAV232 (106 kb). The avirulence gene, avrPpiB1.R3, was confirmed to be located on the smallest plasmid, pAV231 (42 kb). Race 1 (strain 299A, GG I) was successively cured of its two native plasmids.  Loss of pAV212 (60 kb) resulted in compatibility to pea cvs. carrying R3, due to the loss of avrPpiB2. Loss of both pAV213 (55 kb) and pAV212 resulted in a novel pathogen phenotype, avirulence on cv. Belinda, that was not due to avrPpiB. Complementation with cosmid library clones positive for pAV213 restored virulence on cv. Belinda. DNA fragments have been cloned from the library clones positive for pAV213 and are being tested on plants to try to identify the novel virulence factor on pAV213.  
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Gene identification in the oomycete pathogen Phytophthora parasitica by expressed sequence tag analysis
Franck Panabières, Jo-Yanne Le Berre, Paul Venard and Pierre Abad
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Phytophthora parasitica Dastur (P. nicotianae Breda de Haan) is a soilborne oomycete pathogen of great importance worldwide. It exhibits an overall broad host range, but some isolates are specialized towards a single host. In order to identify the pathogenic determinants of P. parasitica, we undertook a study to profile gene expression patterns by analysis of expressed sequence tags (ESTs). Two cDNA libraries have been sequenced, the first one constructed from in vitro grown mycelium and the second from 4-day-infected tomato roots. Over 2000 clones from the in vitro library and 4000 clones from the interaction library have been sequenced to date and analyzed for similarity to known sequences, and redundancy within and among libraries. The libraries displayed distinct expression patterns. The analysis revealed ~72-74% unigenes in each library, and 20% of the ESTs are coding for novel genes. In addition, 33% of the sequences from the in vitro-grown mycelium are absent from the compilation of P. infestans and P. sojae sequences maintained at the Phytophthora Genome Consortium Database. Comparison with sequences from other plant pathogens defines hypotheses on the genes required for pathogenicity. The putative roles of some of the identified genes are discussed.
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Quorum Sensing in Bacterial Plant and Animal Pathogens: the Role of luxS

Sarah J. Coulthurst1, C. Léopold Kurz2, Graham Plastow3 and George P.C. Salmond4
1Department of Biochemistry, University of Cambridge, Tennis Court Road, Cambridge, CB2 1QW, UK; 2Centre d'Immunologie de Marseille Luminy, Case 906, 13288 Marseille-Cedex 9, France; 3Sygen International Plc, Kingston Business Park, Oxon, OX13 5RF, UK.

Quorum sensing, the mechanism by which bacteria detect and respond to their population cell density, is an important example of bacterial intercellular communication. Autoinducer-2 (AI-2), produced by the enzyme LuxS, has been proposed to be a quorum sensing signal molecule in a variety of bacteria. In this work, the role of luxS has been investigated in the plant pathogen Erwinia carotovora subsp. carotovora (Ecc) and the opportunistic animal pathogen Serratia spp. Production of AI-2 activity was detected, and the luxS locus identified and sequenced, in several strains of Serratia and Ecc. luxS mutants were constructed in Ecc and several strains of Serratia and their phenotypes examined. The phenotypes of the luxS mutants include decreased prodigiosin and haemolysin production in S. marcescens ATCC274 and decreased carbapenem production in Serratia ATCC39006. We have also shown, using a Caenorhabditis elegans model, that the luxS mutant of S. marcescens ATCC274 is attenuated in virulence. In Ecc, a proteomic comparison of the luxS mutant with the wild type identified a limited number of proteins whose expression is altered in the luxS mutant. Finally, we have shown that the culture supernatant of one wild type strain (but not its isogenic luxS- derivative) contains a signal, presumably AI-2, capable of complementing the prodigiosin defect of the luxS mutant of another strain. We conclude that luxS regulates virulence and antibiotic production in Serratia, in a strain-dependent manner, as well as the expression of a limited set of proteins in Ecc. Also, for at least one phenotype, this regulation is via extracellular signalling. 
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Non-host resistance in Arabidopsis against wheat powdery mildew

Yun B-W.1, Atkinson H.1, Gaborit C.2, Greenland A.2, Read N.1, Pallas J.A.2 and Loake G.J.1

1ICMB, University of Edinburgh, Edinburgh, EH9 3JH, UK. 2Syngenta, Berkshire, RG42 6EY, UK.

We are investigating the genetic basis of non-host resistance (NHR) in Arabidopsis against the wheat powdery mildew fungus Blumeria graminis f. sp. tritici (Bgt). Attempted infection occasionally resulted in successful penetrations that lead to the development of abnormal unilateral haustoria. Routinely, however, Bgt triggered reactive oxygen intermediate (ROI) accumulation and the rapid hypersensitive cell death of directly challenged epidermal cells. The expression of luciferase reporter genes responsive to ROIs and salicylic acid but not methyl-jasmonate, were also engaged. These defence responses were attenuated in eds1, pad4 and nahG plants but not other defence-related Arabidopsis mutants. Furthermore, Bgt often developed bilateral haustoria in eds1, pad4 and nahG plants that closely resembled those formed in wheat. A similar decrease in NHR was observed in Arabidopsis plants with a defective actin cytoskeleton. In eds1 mutants, loss of actin cytoskeletal function severely compromised NHR in Arabidopsis against Bgt. These plants permitted the infection, growth and asexual reproduction of Bgt. However, colonisation was not as extensive as the compatible interaction on wheat. Genetic screens are currently in progress to uncover the nature of non-host Bgt recognition and additional components required for the expression of NHR against this pathogen and other non-host fungi. 
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Studies on cultural characteristics and nitrogen assimilation in Macrophomina phaseolina infecting cluster bean (Cyamopsis tetragonoloba) 

Sharmishtha Purkayastha1, Bhavneet Kaur1, Neeraj Dilbaghi2, J. Brian Power3, Michael R. Davey3 and Ashok Chaudhury1, 3 

1Department of Biotechnology, Guru Jambheshwar University, Hisar 125 001, Haryana, India. 2Department of Food Technology, Guru Jambheshwar University, Hisar 125 001, Haryana, India. 3Plant Sciences Division, School of Biosciences, University of Nottingham, Sutton Bonington Campus, Loughborough, LE12 5RD, UK. E-mail: ashokchaudhury@hotmail.com

 

Thirty four isolates of Macrophomina phaseolina, collected from four major cluster bean growing states (Haryana, Rajasthan, Punjab and Gujarat) of northern India were grown on four different culture media and subjected to chlorate resistance tests. The pathogen showed maximum growth (abundant mycelia as well as sclerotia) on semi-synthetic media such as potato dextrose agar (PDA) followed by corn meal agar (CMA). Sclerotia formation was rare on synthetic media such as Czapek’s Dox agar (CZDA) and Richard’s agar (RA). There was a distinct variation in the colour of the mycelium from black grey (PDA), dark brown (CMA) to olive green (RA and CZDA). Mycelial texture was fine on semi-synthetic media, but cottony and fluffy on synthetic media. The chlorate phenotype of each isolate was determined following growth on a defined medium containing 120 mM potassium chlorate; chlorate is a nitrate analog. Among the isolates, 70.6% were chlorate-resistant and grew normally, producing numerous dark microsclerotia on medium containing potassium chlorate. The remaining isolates (29.4%) were chlorate sensitive and could be divided into two classes. One class of sensitive isolates showed sparse growth with a feather-like microsclerotial pattern, whereas radial growth of the other sensitive class was almost completely restricted. All the thirty-four isolates from cluster bean were found to be differentially sensitive to chlorate.  This information can be useful in analyzing and exploring genetic variation among these important fungal isolates infecting not only cluster bean but also a wide range of crop plants from cotton to soybean. Comparison of DNA polymorphism of fifty-six isolates from cluster bean, soybean, cotton and okra is in progress using RAPD and PCR-RFLP analyses. This is the first report of the cultural characteristics and chlorate phenotypes of M. phaseolina which infects industrially and economically important cluster bean crops worldwide. 
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Tissue culture of Lilium and its applications in fungal resistance

Gracia C. Ribas-Vargas, Michael R. Davey and J. Brian Power.

 

Plant Sciences Division, School of Biosciences, University of Nottingham, Sutton Bonington Campus, Loughborough, LE12 5RD, UK.E-mail: sbxgcr@nottingham.ac.uk 

Many members of the genus Lilium are self-incompatible and tissue culture, aided by embryo rescue, has been used to generate interspecific hybrids as part of conventional breeding strategies. Lilium is susceptible to several fungal pathogens, including Fusarium oxysporum, Botrytis elliptica and Rhizoctonia solani, which infect different parts of the plant leading, ultimately, to a reduction in the yield of cut flowers. In order to produce transgenic plants expressing novel characteristics, such as fungal resistance, reproducible in vitro regeneration protocols are essential as a baseline for transformation procedures. In vitro propagation and regeneration of L. longiflorum ‘White Heaven’ and the oriental hybrid ‘Star Gazer’ have been achieved by the culture of pedicel and stem explants on semi-solid Murashige and Skoog (MS) based medium supplemented with combinations of 2,4-dichlorophenoxyacetic acid (2,4-D) and benzylaminopurine (BAP), both at 0, 0.5, 1.0, 2.0 or 5.0 mg l-1. Explants (1 per well) were placed in 25-well plates (Bibby-Sterilin) with 2 ml of medium per well. Dishes were maintained at 23 ± 1°C under a 16 h photoperiod (80 *mol m-2 sec-1), or with continuous darkness. Somatic embryos developed, in both the light and dark, after 12 weeks of culture of pedicel and stem explants on MS medium containing 0.5 mg l-1 2,4-D and 1.0 mg l-1 BAP.  Adventitous bulblets developed on explants incubated on medium with 1.0 mg l-1 of both 2,4-D and BAP with a 16 h photoperiod. This micropropagation protocol will form a basis for the induction, selection and regeneration of transgenic Lilium plants carrying a rice chitinase gene (RCH10). It has been demonstrated previously that the action of chitinase enzymes can inhibit the growth of many fungal species as a result of lysis of their hyphal tips. This, in turn, could provide a basis for the introduction of disease resistance into Lilium species. 
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Integrative and conjugative elements: A possible role in transmission of pathogenicity factors in Pseudomonads 

Pitman, A. R.1, Jackson, R. W.2, Mansfield, J. W.3, Vivian, A1, and Arnold, D. L.1. 

1Centre for Research in Plant Science, University of the West of England, Bristol, UK. 2Department of Plant Sciences, University of Oxford, Oxford, UK. 3Agricultural Sciences Department, Imperial College, Ashford, Kent, UK. *For correspondence e-mail Andrew.Pitman@uwe.ac.uk. 

Plant pathogenic bacteria possess a myriad of factors that enable them to infect and colonise a variety of hosts. Many of these proteins, known as effectors, are secreted directly into plant cells through the type III secretion system. These effectors are described as avirulence factors if they interact with a host resistance protein, triggering a reaction in the plant that leads to a resistance response called the hypersensitive reaction (HR). Although the mechanisms by which Type III effectors elicit plant responses, including the HR, are now being elucidated, little is known about their evolution or the means by which these effectors have been transferred amongst pathogens. Several genes encoding type III effectors have been found to be located on mobile elements including reversibly integrating plasmids and genomic islands. Pseudomonas syringae pathovar phaseolicola (Pph) is the causal agent of halo blight disease in bean (Phaseolus). However, the type III effector, AvrPphB, from Pph race 4, was found to be responsible for the initiation of a hypersensitive response in cultivars of bean carrying the resistance gene R3. Inoculation of resistant cultivars with Pph race 4 usually resulted in a HR, but occasionally variants proliferated to cause disease. Further investigation established that race change was due to the loss of in excess of 40 kb of chromosomally located DNA carrying the avrPphB gene. We present evidence that the deleted region of DNA responsible for race change in Pph race 4 is actually 100 kb in size and is a member of a subclass of integrating and conjugative genomic islands termed ICElands. Comparative genomics suggests the ICEland has a modular organisation, consisting of a conserved backbone structure interrupted by several variable regions thought to be mobile gene cassettes. Components of this family of ICElands were found in a variety of other strains of Pseudomonas syringae suggesting that this family of islands could be widespread amongst pseudomonads and that they could be responsible for horizontal transfer in these plant pathogens. We identified another gene known to encode a type III effector, avrRpt2, which appears to be located on an ICEland suggesting these mobile elements could be especially important in the transmission of pathogenicity factors in Pseudomonas. 
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Transcription profiling of the Mycosphaerella graminicola (Septoria tritici) - Wheat interaction 

John Keon, John Hargreaves, Kim E. Hammond-Kosack, and John Antoniw 

Wheat Pathogenesis Programme, Rothamsted Research, Plant-Pathogen Interactions Division, Harpenden, Herts, AL5 2JQ, UK 

The Mycosphaerella graminicola (Septoria tritici) - Wheat interaction project is part of the new Wheat Pathogenesis programme at Rothamsted Research which aims to identify the common molecular themes underlying disease formation on cereal hosts caused by non-biotrophic fungi.  The two other pathogens investigated are the ear blight pathogens Fusarium graminearum and F. culmorum and the eyespot pathogen Tapesia yallundae. In this project we are undertaking micro-array based experiments to identify genes from  M.graminicola up or down regulated during invasion of wheat leaves and growth under in vitro conditions that simulate this environment. 

The project has involved four phases:- 

Phase 1 Accumulation of gene sequence data
5,000 clones derived from three cDNA libraries were sequenced and a gene inventory containing 2,926 unisequences was obtained 1. The sequences of these are available in the COGEME (Consortium for the Functional Genomics of Microbial Eukaryotes) database (http://cogeme.ex.ac.uk/) 2.

1. Keon, J., Bailey, A., and Hargreaves, J. (2000).  A group of expressed cDNA sequences from the wheat fungal leaf blotch pathogen, Mycosphaerella graminicola (Septoria tritici) . Fungal Genetics and Biology 29:118-133.

2. Soanes DM, Skinner  W, Keon J, Hargreaves J, Talbot NJ. (2002) Genomics of phytopathogenic fungi and the development of bioinformatic resources.  Mol. Plant Microbe Interact. 15:421-427. 

Phase 2 Fabrication of micro-arrays
2,568 unisequences were used for micro-array assembly. Inserts from the cDNA clones were initially amplified by PCR.  Micro-arrays were printed on glass slides at Manchester University in the laboratory of Prof. Stephen Oliver as part of the BBSRC COGEME initiative. 

Phase 3 Hybridisation of labelled M. graminicola cDNA  to micro-arrays
Direct labelling of cDNA was done using Superscript Reverse Transcriptase 

and Cy-Dye derivatised UTP. Initial experiments have focussed on investigating mycelial growth under high nutrient and low nutrient conditions in vitro.  Present experiments are investigating gene expression during sporulation of the pathogen on wheat leaves.

Current results will be presented. 

Phase 4 Bioinformatic analysis
The microarray results were analysed statistically using Informax Vector Xpression software.  Gene expression profiling is being used to identify the key metabolic pathways that are affected under specific growth conditions3.  The Genome Information Management System (GIMS database and client software) developed for yeast is also being used to analyse the M. graminicola gene expression data, sequences and associated functional information.  This latter activity is undertaken in collaboration with the University of Manchester, COGEME II 4.

3. Keon, J., Curtis, R., Cabrera, H. and Hargreaves, J. (2003)

A genomics approach to crop pest and disease research. Pest Manag. Sci. 59:143-148

4. Cornell, M. et al. (2001)., GIMS - A Data Warehouse for Storage and Analysis of Genome Sequence and Functional Data, to be published in Proc. 2nd IEEE International Symposium on Bioinformatics and Bioengineering (BIBE), IEEE Press, 15-22, 2001. 
 

Rothamsted Research receives grant-aided support from the Biotechnology and Biological Sciences Research Council (BBSRC) of the UK. This work is supported in part by a grant from the BBSRC to JK & JH as part of the COGEME initiative.
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The powdery mildew fungus – From genomics to proteomics. 

Carsten Pedersen, Ziguo Zhang, Gerhard Saalbach and Hans Thordal-Christensen.

Plant Research Department, Risø National Laboratory, Denmark 

Powdery mildew caused by Blumeria graminis is one of the most severe diseases in cereals, especially wheat and barley. The plant-pathogen interaction is controlled by specific resistance genes in the plant and matching fungal avirulence genes according to the gene-for-gene hypothesis. B. graminis is an obligate fungus that develops haustoria inside the epidermal cells and it is important for the fungus to keep the cells alive in order to obtain nutrients from the plant. We are studying the fungus and the interaction at the genome level, the transcriptome level and the proteome level. A detailed study at the genome level has been carried out by sequencing and analysing 74 kb of genomic DNA. It showed a complex mixture of genes, various kinds of retrotransposable elements and other types of repetitive DNA elements. The study gives a glimpse of what to expect of a whole-genome sequencing project, which has now been prioritised by the Fungal Genome Initiative. At the transcriptome level we are looking at expression profiles of a unigene-set of about 1520 genes from an EST-project using high-density arrays on filters. We have compared 5 isolates at three different stages and are now undertaking a more detailed study of expression during the infection process. Our proteome analysis is focusing on the intimate interaction. We have developed a method to isolate haustoria from infected leaves and are now doing proteome analysis on this material aiming at identifying proteins involved in uptake and transport of nutrients as well as proteins involved in signalling and communication with the plant. Results from our studies on the three levels will be presented.   
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Unravelling the genetics of durable resistance to Puccinia striiformis f.sp tritici 

C M Lewis, R M D Koebner and L A Boyd

Disease and Stress Biology Department, John Innes Centre, Norwich Research Park, Colney, Norwich, NR4 7UH. UK

Yellow rust (caused by the fungal biotroph Puccinia striiformis Westend. f. sp. tritici) is a serious fungal pathogen of wheat in the UK.  It is widely known that there are many single genes (race-specific) that confer yellow rust resistance but such resistance is liable to rapidly decline as the pathogen population mutates to virulence.  This leads to outbreaks of yellow rust under field conditions and consequent yield reductions. Breeders are now sourcing multi-genic resistance (non-race specific) for its potential to improve the adult plant resistance (APR) of wheat cultivars.  Such resistance is commonly termed ‘durable’ and is characteristically observed when a cultivar has maintained its resistance for several years under widespread cultivation in an environment favourable to the pathogen. Claire (Nickerson Seeds) is a wheat variety that has the durable cultivar Carstens V in its pedigree.  This cultivar has long been believed to be the donor of non-race specific resistance in many durable varieties. The main objective of this project is to determine the genetics of the resistance observed in Claire and see if it contains the durable APR from Carstens V.  The techniques employed (SSR, AFLP, ESTs) are well suited as potential markers to update and improve efficiency when breeding for durability. The specific nature of durable resistance will also be investigated microscopically to determine the wheat growth stage at which it is initiated and the defence mechanism by which the resistance manifests. 
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Endochitinase - a potential gene for phylogenetic studies in Trichoderma
H.P.Narra, A.Culham and R.T.V.Fox

 

School of Plant Sciences, The University of Reading, Whiteknights, Reading, RG6 6AS, U.K.

Species of Trichoderma (Ascomycetes, Hypocreales) are known for their biocontrol potential against a wide range of fungal pathogens. They are able to produce a large number of extracellular enzymes involved in the degradation of polysaccharides. The 42 kDa endochitinase enzyme plays a major role in mycoparasitism through its control of the ability to break down cell walls.  The nuclear single copy endochitinase gene encoding this protein was used for reconstructing the phylogenetic relationships in the genus Trichoderma. A primer set was used to partially amplify the gene in 40 isolates. The amplified fragment was sequenced for all the isolates to determine their relationship.  Alignment and subsequent cladistic analysis were conducted on this 580bp sequence. Results obtained from sequencing the endochitinase gene clearly differentiated the Trichoderma species under study indicating the potential of this region as a molecular marker. 
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Metal transporters in Blumeria graminis f.sp. hordei, the barley powdery mildew

Alice Smith, J.L. Hall and Lorraine E. Williams

School of Biological Sciences, University of Southampton, UK

Powdery mildew fungi infect a wide range of plant species causing significant losses in a number of economically important crops such as barley and wheat. When the biotrophic fungus invades a plant epidermal cell, a complex interface known as the haustorial complex is formed between the host plant and the pathogen. It is believed that all nutrient transfer from host to pathogen occurs via the haustorium. Previous research has suggested that infection with powdery mildew fungi can result in considerable modification of host photoassimilate production and partitioning. The fungus relies on the host not only for sugars but also for essential mineral nutrients. We are studying the molecular basis of micronutrient uptake (eg. iron, copper, manganese and zinc) by the barley powdery mildew fungus, Blumeria graminis f.sp. hordei. Here we describe the cloning of several putative metal transporter cDNAs from Blumeria graminis which may play an important role in heavy metal transport and homeostasis. Based on sequence infromation of metal transporters in other organisms, RT-PCR was used o amplify cDNAs from the CPx-ATPase and NRAMP families. Analysis of the expression and mechanism of these transporters should provide a basis for further characterisation of nutrient transfer in this plant pathogen interaction. Efficient nutrient uptake from the host plant is essential for fungal survival; therefore understanding the basis of this process may enable the development of fungal control strategies.
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Coordinated expression of Type III secretion system genes and effector proteins in Pseudomonas syringae pv. phaseolicaola
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Pseudomonas syringae pv. phaseolicola, like many other Gram-negative bacterial pathogens, delivers proteins directly into host cells through a type III secretion system (TTSS).  The regulation of TTSS and effector proteins in other bacteria, notably human pathogens such as Yersinia and Salmonella, has been studied in some depth.  These studies, as well as molecular and microscopic observations of the complexity of the interaction between P. syringae pv. phaseolicola and its host, suggest that genes encoding components of the TTSS and effector proteins are likely to be regulated in a deliberate and coordinated manner. We have used  Taqman® quantitative reverse-transcriptase polymerase chain reaction amplification to examine the transcriptional regulation of genes encoding components of the P. syringae pv. phaseolicola TTSS, as well as those coding for effector proteins.  TTSS and effector genes are known to be activated when the bacterium enters its plant host or when cultured in a minimal medium which mimics the plant apoplast environment. In phytopathogenic Pseudomonas spp. this induction is mediated by hrpL, an alternative sigma factor encoded within the hrp cluster. Primers targeted to genes representing all operons within the hrp cluster have revealed that there is a hierarchy of expression amongst TTSS genes in both the host (bean) and minimal medium.  Expression in planta was, however, consistently higher than that in vitro. Furthermore, we have been able to separate bacteria attached to plant cells from those unattached in the apoplasm, and have revealed that expression of TTSS and effector genes is higher in cells attached to the plant host.  These results suggest that an ability to sense contact with the plant as well as responsiveness to the apoplastic environment or minimal medium is important in regulating TTSS and effector genes in P. syringae pv. phaseolicola. In addition to TTSS genes associated with pathogenicity we have also found another gene which is induced in a hrpL-dependent manner.  The fliC gene, which in P. syringae pv. phaseolicola encodes the flagellin subunit, is itself exported via a TTSS previously thought to be unconnected with the hrp secretion system.  However, we have found that, although fliC is transcribed constitutively in rich medium, its expression is greatly increased on culture in minimal medium or following infiltration into bean leaves.  There may, therefore, be a complex regulatory network linking different TTSS systems within the same bacterium. 
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Cytokinins as Modulators of Plant Defence Responses 

Thea K. Davies and Paul Kenton
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A number of chemical signals, including jasmonates, salicylate and ethylene, have been shown to play key roles in the regulation of plant responses to pathogens. There has been some interest, over several decades, in the possible role(s) of cytokinins in plant defence. Some pathogens, chiefly biotrophs, synthesise cytokinins probably in an attempt to maintain tissue viability and establish a nutrient sink. Exogenous application of cytokinins has shown inhibition of defence responses (especially the hypersensitive response; HR) in some cases, whilst in others treatment with cytokinins appears to enhance defence. We have shown that, whilst cytokinins have a phenotypic effect on HR development, suggestive of compromised resistance, this effect was correlated with neither a delay or reduction in cell death, nor a decrease in the pathogen-induced oxidative burst. Rather, alterations in the extent of HR lesion development may reflect changes in the movement of the pathogen itself. Surprisingly, avirulent bacterial pathogens appear to ‘escape’ from HR tissue (even in fully resistant wild-type plants), and the extent of the movement of these bacteria is affected by cytokinin treatment. We have shown that, whilst cytokinins have a phenotypic effect on HR development, suggestive of compromised resistance, this effect was correlated with neither a delay or reduction in cell death, nor a decrease in the pathogen-induced oxidative burst. Rather, alterations in the extent of HR lesion development may reflect changes in the movement of the pathogen itself. Surprisingly, avirulent bacterial pathogens appear to ‘escape’ from HR tissue (even in fully resistant wild-type plants), and the extent of the movement of these bacteria is affected by cytokinin treatment.
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Transmembrane Transport of Salicylate 

Andrew Clarke, Robert M. Darby  and Paul Kenton

Institute of Biological Sciences, University of Wales, Aberystwyth, SY23 3DA, UK

Salicylate (SA) is a key regulator of plant defence responses. Although much progress has been made in several key areas of SA biology, surprisingly little is known about the mechanisms of transport across the plasma membrane. We have been using an Arabidopsis suspension cell model to study transmembrane SA transport and these studies have shown that: SA is rapidly taken up into cells and then almost completely exported. There is little evidence for any conjugation or storage in the vacuole; SA uptake is subject to prolonged inhibition following the first uptake phase; SA is pH-dependent and is associated with an inward flux of H+; SA uptake is associated with transient acidification of the cytosol but relatively prolonged alkalinisation of the apoplast; SA uptake is via a non-specific route and is subject to competitive inhibition by SA analogues. 
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Characterisation and Marker-aided Selection of eyespot Resistance in wheat 

Natalie Chapman, P. Nicholson and R.M.D. Koebner

Department of Disease and Stress Biology, John Innes Centre, Norwich Research Park, Colney, Norwich NR4 7UH, U.K

Eyespot is a fungal disease of the stem base of cereal crops.  It causes lodging and premature ripening of grain in the host plants and reduces crop yield.  The causal agents of eyespot are Tapesia yallundae and Tapesia acuformis.  A potent resistance gene Pch1, found in a wild related grass species Aegilops ventricosa, was introduced into wheat to produce the line VPM (Maia, 1967) and is located on chromosome 7D. Unfortunately there appears to be a linkage drag between Pch1 and genes deleterious to yield.  A single chromosome substitution line in which chromosome 7D from VPM was substituted into a Hobbit-sib background (Hobbit-sib (VPM7D)) was crossed with Hobbit-sib to produce a recombinant population (RVPM). The RVPM population differing in number and sizes of Ae. ventricosa segments on chromosome 7D was mapped with  simple sequence repeat markers (SSR).  An endopeptidase isozyme marker Ep-D1b, derived from Ae.ventricosa has been shown to be closely linked to the resistance gene Pch1 (McMillin, et al. 1986).  One SSR (wmc14) mapped to the same location as isozyme marker Ep-D1b and can be used for the selection of eyespot resistance.  RVPM line 25, containing a reduced Ae. ventricosa segment, was identified and crossed with Hobbit-sib to produce a recombinant population with smaller Ae. ventricosa segments to refine the mapping of Pch1 and the link to deleterious effects.  Due to a limited amount of SSR markers that map to the distal long arm of chromosome 7D, the cDNA-AFLP technique is being used to develop markers for Pch1. A second eyespot resistance gene (Pch2) is located on Chromosome 7A and is present in Cappelle Desprez (CD) and absent in Chinese Spring (CS). As above a single chromosome substitution line was available in which Cappelle Desprez 7A is substituted into Chinese spring.  A CS: CS (CD 7A) recombinant Pch2 mapping population is being developed and will be used to screen for eyespot resistance and identify suitable DNA markers for the fine mapping of Pch2.  The cDNA-AFLP technique is also being used to identify genes differentially expressed between CS and chromosome substitution CS (CD 7A), in the search for Pch2.
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Functional genomics of Pasteuria penetrans, a bacterial parasite of plant-parasitic nematodes

 

Keith G. Davies1,2, Andrew Warry1, Jenora Waterman2, David McK. Bird1,2 and Charlie H. Opperman1,2 

1Nematode Interaction Unit, Rothamsted Research, Harpenden, Hertfordshire UK, 2Centre for the Biology of Nematode Parasitism, North Carolina State University, Raleigh, North Carolina, USA. Email: Keith.Davies@bbsrc.ac.uk
Pasteuria penetrans is part of a group of Gram-positive endospore forming bacteria that are reported to infect nematodes and Cladocera (Water fleas).  Research into this bacterium has been focused on them being hyperparasites with potential for development into biological control agents of plant parasitic nematodes.  However the inability to culture large quantities of the bacterium in vitro for large field scale applications, and the fact that one population of the bacterium will attach to and infect one population of nematodes but not another has prohibited its commercial development. We have constructed four genomic libraries using a whole shot gun sequencing approach and have analysed 9,074 sequencing reads, resulting in 2,840,162 bp of primary sequence.  This initial sequence assembled into approaximately 1,500 contigs and covers more than 1.5 Mb of the Pasteuria penetrans genome.  Approximately 50% of the sequences have yielded significant (e-value < 1.0e-10) similarities to known genes in the NCBI database. Mapping our sequences onto the completed genomes of other Bacilli, using ARTEMIS, we have observed significant co-linearity between P. penetrans and other closely related Bacilli such as B. subtilis, B. halodurans and B. anthracis.  Key stages in the life cycle of Pasteuria include endospore adhesion, germination and sporulation and knowing the complete genome sequences of these other closely related bacteria enables us, by comparing genomes, to generate hypothesis that will help us to understand the unique biology, ecology and evolution of this important hyper-parasite. Comparative genomics could also provide an invaluable tool to help solve the problems prohibiting this organism from being developed into a biological control agent.  
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DiGE Analysis of the Regulation and Secretion of Virulence Factors in Erwinia carotovora subspecies atroseptica 

Mark Corbett, Sam Virtue, Kathryn Lilley and George Salmond 

Department of Biochemistry, University of Cambridge, UK 

The Gram-negative bacterium Erwinia carotovora subspecies atroseptica (Eca) is a member of the Enterobacteriacae, and causes blackleg disease in the stems and soft rot in the tubers of potato plants. Several factors have been shown to contribute to the virulence of Erwinia infections, including motility, and some strains produce the antibiotic carbapenem. Particularly important in the pathogenicity of Eca is the production of extracellular enzymes, including proteases, cellulases and pectate lyases. The production of these exoenzymes is regulated by an N-acyl homoserine lactone quorum sensing system, which delays full synthesis until population density has reached a threshold. The secretion of the exoenzymes out of the bacterial cell occurs by various routes. Cellulase and Pectate Lyase are exported to the periplasm before being secreted by the Out apparatus, a Type II secretion system. We have used 2D PAGE to investigate the array of proteins secreted by Eca in liquid culture including, although not limited, to the exoenzymes above. This is allowing the discovery of previously unidentified secreted putative virulence factors. In addition the technique is allowing further investigation of the known virulence factors, including conditions inducing their production and post translational modifications. Difference gel electrophoresis (DiGE) involves fluorescent labelling of protein and allows multiple samples to be compared on 2D gels. This technique has been used to compare the secreted proteins of various mutants, including strains deficient in secretion. An Out- mutant has revealed new proteins that use this virulence associated secretion pathway. In addition a quorum sensing mutant has shown that the production of many of the secreted proteins, including “novel” proteins, is subject to this regulation, suggesting they may contribute to virulence. This technique offers a new route to identifying factors in Eca virulence, and a greater understanding of its pathogenicity. In collaboration with the Scottish Crop Research Institute, Dundee, genes encoding novel putative virulence factors (targeted via the Type II pathway) are being mutated in a functional genomics programme.
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Metabolic fingerprinting and profiling discriminates between resistant and susceptible interactions involving the rice blast pathogen Magnaporthe grisea and Brachypodium distachyon

Allwood, J. W.*; Ellis. I. D. †, Heald, J. K.*, Draper, J.*; Goodacre, R. † and Mur, L. A. J.*

*Institute of Biological Science, University of Wales Aberystwyth, Ceredigion, Wales, SY23 3DA. UK, †Department of Chemistry, UMIST, PO Box 88, Sackville Street, Manchester, M60 1QD, U.K.

Currently, functional genomic approaches to biological phenomena are mostly focused at the levels of the transcriptome and proteome. Nevertheless, the accurate discrimination of the metabolome, although technologically more demanding, has a broader range of application and is much more information rich. We have applied two metabolomic approaches to elucidate and identify the biochemical changes occurring within the pathogen and host during the interaction of Magnaporthe grisea – the cause of rise blast disease1 – and the emerging Pooid model species Brachypodium distachyon2. Two scenarios were investigated; the establishment of disease symptoms and events associated with elicitation of a hypersensitive response (HR). Fourier-transform Infrared spectroscopy (FT-IR) was employed for high-through put metabolomic fingerprinting3, 4 (the generation of a metabolome signature with no regard for individual metabolites) the interactions of M. grisea with the B. distachyon ecotypes ABR1 (susceptible) and ABR5 (resistant) at 0, 3 and 5days post challenge (n=3 biological replicates).  Multi-variant statistical approaches, particularly discriminant function analysis (DFA), allowed the discrimination (“clustering”) between developing disease symptoms and the HR at each time point. To validate the observations, the results for two replicates were combined and the third replicate (“test-set”) was projected on to these data.  DFA again showed tight clustering indicating a high degree of agreement between data and demonstrating that the experimental approach produced highly reproducible data. Metabolomic profiling allows the detection, quantification, and identification of pre-defined target compounds within the metabolome, for which we employed electrospray ionisation mass spectrometry (ESi:MS). Focusing on the interaction of M. grisea and B. distachyon ABR1 and ABR5 at the 3 day stage of infection DFA analysis of four replicates again revealed tight clustering of challenged from healthy material.  Subtraction spectra revealed those ions that separated healthy from infected material, those which were also present in the most significant DFA loadings, were attributed as substances involved in the fungal reprogramming of the host metabolome or the plants resistance to the fungus.  These substances were identified, the identity of which are presently being confirmed via Tandem-MS.  Ten replicates of each experimental class were used for data validation.  The ten replicates showed tight clustering in DFA ran to 12 principle components, again indicating a highly reproducible system for metabolomic analyses. Our data will undoubtedly reveal novel insights, particularly into in planta fungal development and illustrate the potential of a metabolomic approach to investigate plant-pathogen interactions. 

References: 1Talbot et al., (1995).Trends Microbiol. 3:9-16; 2Draper J,* Mur LA*, et al., (2001). Plant Physiol.127:1539-55. * joint first authors 3Goodacre et al., (1998) Microbiology 144: 1157-1170; 4Vaidyanathan et al., (2001) Anal. Chem. 73:4134-4144.
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Development of phoma canker (Leptosphaeria maculans) on stems of winter oilseed rape in England in relation to thermal time

 

Bruce D. L. Fitt, Ping Sun, Julie M. Steed, Claudia T. Underwood and Jonathan S. West 

Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ, UK

In winter oilseed rape experiments at Rothamsted in 1997/98 (cvs Lipton and Capitol), 1998/99 (cv. Apex) and 1999/2000 (cvs Apex, Lipton and Capitol), development of crown canker and phoma stem lesions in spring was related to development of phoma leaf spot in the previous autumn/winter.  There were differences in thermal time (degree-days) from the first appearance of phoma leaf spot (autumn) to the first appearance of crown canker (spring) between cultivars (cvs Lipton and Capitol, 1220-1240; cv. Apex, 1120-1140 degree-days) but not between growing seasons.  In 1998/99 and 1999/2000, fungicide (November) treatment delayed the start of crown canker development in the spring but did not affect the rate of increase in severity.  In 1997/98, fungicide treatments did not delay the appearance of crown canker but decreased the rate of increase in crown canker severity.  In all three seasons, fungicide treatments generally decreased the proportions of plants at harvest with crown canker severity scores 3 or 4 and increased the proportions with scores 0 or 1.  There were differences between seasons in the distributions of crown canker severity scores at harvest.  The severity of both crown canker and phoma stem lesions increased linearly with accumulated degree-days in plots with or without fungicide treatment in 1997/98 (cv. Lipton), 1998/99 (cv. Apex) and 1999/2000 (cv. Apex).  Regressions showed that severity of crown canker at harvest in July was related to severity in the spring in 1997/98 (early June, cv. Lipton), 1998/99 and 1999/2000 (April, cv. Apex).
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Relations between light leaf spot (Pyrenopeziza brassicae), pod canopy size and winter oilseed rape yield in England

Bruce D. L. Fitt1, Gavin D. Lunn2, Julie M. Steed1, Andreas Baierl1, Neal Evans1 and Peter Gladders3 

1Rothamsted Research, Harpenden, Hertfordshire AL5 2JQ, UK, 2University of Nottingham, Sutton Bonington Campus, Loughborough LE12 5RD, UK, 3ADAS Boxworth, Cambridgeshire CB3 8NN, UK

 

Mechanisms of yield loss from light leaf spot (Pyrenopeziza brassicae) and effects of tebuconazole fungicide regimes were examined in winter oilseed rape at Rothamsted in 1997/98.  There was no evidence that light leaf spot decreased plant populations, although disease-related winter kill can decrease yield.  The best light leaf spot control was with routine or autumn/spring applications of tebuconazole, with responses greater for cv. Bristol (susceptible) than cv. Capitol (resistant).  Cv. Capitol had a greater pod green area index (GAI, estimated from light interception measurements) than cv.  Bristol and routine tebuconazole treatments produced largest GAIs for both cultivars.  Cv. Capitol yielded more (mean of all treatments 3.70 t ha-1) than cv. Bristol (3.23 t ha-1).  Routine fungicide treatments most increased yield over the untreated (by 1.29 t ha-1 for cv. Capitol and 1.93 t ha-1 for cv. Bristol).  Other treatments also increased yield, with best responses for treatments including a spring fungicide application.  Yield was positively related to pod GAI in June, indicating that the main mechanisms of yield loss from light leaf spot were reductions in numbers of pods and canopy GAI (which reduced capacity to capture light). 
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Appressorium and germinating cyst-specific gene discovery in Phytophthora infestans  

Anna Avrova1, Steve Whisson1, Laura Grenville2, Pieter van West2 and Paul Birch1  

1Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA. 2University of Aberdeen, Foresterhill, Aberdeen, AB25 2ZD. 

Phytophthora infestans, the causal agent of potato and tomato late blight, produces several different cell types prior to penetration of the host plant and during the early stages of infection. Cell types including sporangia, zoospores, germinating cysts, and appressoria can be generated in the absence of the host plant and so form the basis for stage-specific gene discovery. Amplified fragment length polymorphism based mRNA fingerprinting (cDNA-AFLP) and suppression subtractive hybridisation (SSH) are being used to target transcripts specifically up-regulated during cyst germination and appressoria formation; structures formed just prior to infection of potato. These structures are likely to contain many transcripts involved in successful penetration of the host, and establishment of a compatible interaction. Transcripts identified encode proteins potentially involved in adhesion, cell wall degradation, signalling, virulence, amino acid and protein biosynthesis, stress response, and detoxification. Expression of genes identified using SSH and cDNA-AFLP is being quantified by real-time RT-PCR, relative to the constitutively expressed actB gene, in vegetative mycelium, sporangia, zoospores, germinating cysts, germinating cysts with appressoria and at several time points post-inoculation of susceptible potato cultivar Bintje. Based on the expression profile of the identified transcripts, they will be prioritised for functional analysis to determine their role in the pathogen lifecycle and interaction with the host plant, potato.
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A candidate Avr3 gene from Phytophthora infestans  

Steve Whisson1, Miles Armstrong1, Sophien Kamoun2, Anne Rehmany3, Jim Beynon3, Anna Avrova1, Paul Birch1 

1 Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA. 2 Dept. Plant Pathology, Ohio State University, OARDC, Wooster OH 44691, USA. 3 Horticulture Research International, Wellesbourne, CV35 9EF.  

Late blight of potato and tomato, caused by the oomycete Phytophthora infestans, is a devastating disease of these important crop plants worldwide. P. infestans has a narrow host range and exhibits race/cultivar specificity matching the gene-for-gene model.  As a first step in studying the molecular basis of host/oomycete recognition and specificity, we have set out to clone avirulence genes from P. infestans.  Data mining of P. infestans ESTs yielded several genes with avirulence gene-like features, such as small size, cysteine-rich, and a predicted signal peptide.  An association genetic screen of SNPs in these potential avirulence genes has led to the identification of a strong candidate for the Avr3 gene.  Real-time RT-PCR and proteomics have revealed the gene expression profile and secretion of the gene product, respectively.  The genomic organisation of the candidate gene has shown that four copies exist in the P. infestans genome, all clustered within an approximately 250 kb region.  The association with avirulence has been pinpointed to one of these copies and the observed association breaks down rapidly with physical distance from the candidate gene.  The genomic region surrounding the candidate gene shows conserved micro-synteny with the ATR1 avirulence locus from a second oomycete pathogen, Peronospora parasitica (Arabidopsis downy mildew).  The similarity in pathogenicity and physiology shared by these diverse oomycetes suggests that the observed synteny is biologically relevant.  Recombinant P. infestans lines carrying the candidate gene are currently being evaluated to determine if the candidate gene conditions avirulence towards the cognate potato resistance gene R3.
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Regulation of infection plaque formation in Tapesia spp. the cereal eyespot fungi
Kerry Maguire1, Matthew Dickinson 2, Paul Bowyer1, John Lucas1 and Kim Hammond-Kosack1

1 Rothamsted Research, Harpenden, Hertfordshire, AL5 2JQ, 2 School of Biosciences, University of Nottingham, Sutton Bonington Campus, Loughborough

Cereal eyespot, caused by the closely-related fungi Tapesia yallundae and T. acuformis, is one of the most important diseases of wheat, barley, and rye in temperate regions of the world. These pathogens infect the stem base, predisposing the plant to lodging; if vascular tissues are penetrated the ears become white and fail to mature. This results in poor grain quality and lower yields. Tapesia infects the plant by two different mechanisms. Initially, conidia germinate and form simple infection hyphae that penetrate the coleoptile. A mechano-stimulus, created by contact between the coleoptile and the first leaf sheath, is then sensed by Tapesia and triggers the development of an infection structure or plaque. Plaques are complex multicellular mats with multiple infection hyphae required for penetration of the next leaf sheath. Mechano-sensing is therefore key to the infection process. The object of this project is to examine the mechanisms involved in mechano-sensing. An in vitro technique has been developed to test mechano-sensing and plaque formation. Both T. yallundae and T. acuformis respond to the in vitro mechano-stimulus but the architecture of the plaque is different in the two species. T. yallundae forms dense plaques whereas T. acuformis forms digitate plaques. The second part of the project involves screening for mutants, of T. yallundae, that are unable to sense pressure or to form functional plaques. Mutants have been created using N’-methyl-N’-nitro N-nitrosoguanidine (NTG), a chemical mutagen. Colonies have been identified that form more plaques than the wild type but to date mutants unable to form plaques have not been found. A range of chemicals that are known to alter signal transduction pathways have illustrated that there are two G proteins involved in plaque formation. Site directed mutagenesis and gene knockouts are being used to dissect the role these G proteins have on plaque formation. Work has also begun to look at the initial receptor for this mechano-stimulus. This research will provide information on how the mechano-stimulus is sensed and on the signal transduction pathway that leads to infection structure formation.
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Expression of a WKRY-like transcription factor in potato roots in response to infection by potato cyst nematodes (PCN)

Blok, V.C., Armstrong, M., Phillips, M.S., Paterson, A., Young, V., Avrova, A. and Birch, P. 
Plant Pathogen Interaction Program, Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA, Email vblok@scri.sari.ac.uk

Expression of the WRKY-like transcription factor, StWRKY-1, is upregulated after inoculation by pathogens Erwinia carotovora subsp. atroseptica and Phytophthora infestans in leaves and is also induced by potato cyst nematodes, Globodera pallida in roots.  This suggests activation of common host defence responses either directly by these pathogens or indirectly by plant degradation products generated following infection of the host.  Potato cv Desiree was transformed with a construct encoding the St-WRKY1 transcript and expression of the transcript in roots and leaves determined by TaqMan.  The levels of expression differ between the transgenic lines.  In a preliminary experiment levels of reproduction of PCN have been assessed and differences were found relating to different expression levels of the StWRKY1 transgene. The authors thank Dr Erika Schulte-Kappert, Planta, Einbeck, Germany for production of the transgenic lines and acknowledge funding from EU PL98-4235 (No Nematode) and the Scottish Office Agriculture, Environment and Fisheries Department.
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Mode of Action Studies of Quinoxyfen, a highly efficacious barley powdery mildewicide.
Susannah Lee

University of Oxford

Quinoxyfen is a new, low-risk, protectant fungicide which controls powdery mildew by interfering with normal appressorium formation. The exact mode of action remains unknown. Quinoxyfen-resistant isolates of Blumeria graminis f. sp. hordei produce fewer conidia, which germinate and form appressoria more promiscuously than wild type conidia. This suggests Quinoxyfen is perturbing signal perception and / or transduction in B. graminis.. Molecular data support this hypothesis, since Quinoxyfen alters the accumulation of Protein Kinase C (pkc), pkc-like and catalytic subunit of Protein Kinase A (cpka) transcripts, revealed by RT-PCR profiles. Differential display RT-PCR indicates the involvement of a GTPase activating protein (GAP), which is absent or much less abundant in Quinoxyfen-resistant isolates compared to wild type, although transcript sequences were identical so this GAP is not the target of Quinoxyfen. These data suggest Quinoxyfen inhibits mildew infection by disrupting early cell signalling events. Scanning electron microscopy (Cryo-SEM) reveals that Quinoxyfen-resistant isolates form colonies with unusual morphology, characterised by looping, aerial hyphae. This is reminiscent of filamentous fungi in which polarity is disrupted and signal transduction is perturbed. This result has prompted a comprehensive series of "scoring" experiments, where the morphology of wild type and Quinoxyfen-resistant conidia with and without Quinoxyfen are examined by light microscopy. Wild type conidia allowed to germinate on barley leaves pre-treated with Quinoxyfen show pleiotropic unusual phenotypes, such as multiple germ tubes and long, swollen but undifferentiated germ tubes. I have exploited our PCR-based "walking" technique to define the sequence for the B. graminis cdc42 gene, a key gene linking polarity to signal transduction, and plan to search for other important genes linking these processes. I will use confocal microscopy to explore the skeletal architecture of the developing appressoria, and Real Time RT-PCR to profile key gene expression over time. It is hoped that these studies will lead to the elucidation of the mode of action of Quinoxyfen.
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Stem canker of oilseed rape: molecular tools and mathematical modelling to deploy durable resistance
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SECURE (Stem canker of oilseed rape: molecular tools and mathematical modelling to deploy durable resistance; QLK5-CT-2002-01813) aims to deliver a model for deployment of cultivars with resistance to Leptosphaeria maculans (phoma stem canker/blackleg) to improve durability of resistance and minimise risk that the resistance will break down. The objectives are: 1. To construct a model of the life cycle of L. maculans and validate it with existing data; 2. To compare the fitness of virulent/avirulent races of the pathogen and develop genomic analysis of avirulence and virulence loci; 3. To analyse effects of plant genetic background and environmental factors on durability of resistance, both in field and controlled conditions; 4. To model effects of resistance deployment strategies on durability of resistance and recommend a sustainable strategy. Results will be disseminated and discussed during the course of the project using a website (www.secure.rothamsted.ac.uk), scientific and popular publications and workshops. The SECURE project is supported by the European Commission under the Fifth Framework Programme.
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Genetic analysis of disease susceptibility in the Arabidopsis thaliana-Peronospora parasitica interaction
Van Damme M, Andel A, Huibers R,  Weisbeek P, and Van den Ackerveken G.  

Molecular Genetics Group, Dept. Molecular and Cellular Biology, Utrecht University, Padualaan 8, 3584 CH  Utrecht, The Netherlands.

Plants are susceptible to a limited number of pathogens. They resist most infections by early pathogen recognition and the subsequent activation of plant defense responses. To grow and reproduce on plants and to avoid recognition, pathogens have evolved advanced mechanisms to attack host cells. The oomycete pathogen Peronospora parasitica interacts with the plant through haustoria, feeding structures that invaginate host cells but remain surrounded by a host membrane. To gain insight into the genetic basis of disease susceptibility and haustorium function, Arabidopsis EMS-mutants were created in the eds1-2 background. Fifteen downy mildew resistant (dmr) mutants were isolated so far, of which 8 are characterized in more detail. These represent 6 different dmr loci, that we have mapped. Microscopic analysis showed that in many cases Peronospora haustoria are surrounded by callose and/or have an aberrant form, indicating a distortion of the plant-pathogen interaction. dmr3, 4 and 5  show induced activation of defense responses. In addition dmr3 and dmr4, but not dmr5, show resistance to Pseudomonas syringae. We hypothesize that in dmr1, 2,and 6  important cellular targets for  Peronospora infection are disrupted. We will report on the fine mapping of the six dmr mutations and our effort to clone the corresponding DMR genes. Their functional analysis will provide new insights into disease susceptibility and the molecular processes that occur at the host-pathogen interface.
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Molecular aspects of pathogenicity of Clavibacter michiganensis ssp. sepedonicus

I. Holtsmark1, G. D. Mantzilas3, V. Eijsink2, M.B. Brurberg1
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Potato ring rot is caused by the Gram-positive coryneform bacterium Clavibacter michiganensis ssp. sepedonicus and is an economically important disease in potatoes. There are currently no strategies to combat this disease once it has established itself in a crop. We are studying molecular aspects of Clavibacter pathogenicity, the ultimate goal being identification of new targets and strategies for disease control. We have initially been focusing on antimicrobial compounds and secreted enzymes. An antimicrobial protein produced by strains of Clavibacter michiganensis ssp. michiganiensis has been identified. This protein has a narrow activity spectrum comprising its close relative C. m. ssp. sepedonicus, which makes it a potential control agent against the latter. The protein was purified from spent culture supernatant, by ammonium sulphate precipitation, followed by chromatography on SP-sepharose and Resource reverse phase columns.
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Mutagenesis and phenotypic analysis of all potential glycosylation sites in the Cf-9 resistance protein
Brande B.H. Wulff*1, Susana Rivas*1, Renier A.L. Van der Hoorn2, Pierre J. G. M. de Wit2 and Jonathan D.G. Jones1
1The Sainsbury Laboratory, Norwich, United Kingdom. 2Wageningen University, Laboratory of Phytopathology, Wageningen, The Netherlands.

The tomato Cf-9 gene confers resistance to the fungal pathogen Cladosporium fulvum through recognition of the avirulence determinant Avr9. The Cf-9 sequence predicts an extracytoplasmic membrane anchored leucine-rich repeat glycoprotein with 22 putative glycosylation sites distributed throughout its sequence. Cf-9 induces an Avr9-dependent hypersensitive response (HR) in tobacco species, that has been widely used as an experimental tool to study Cf-9 function. In this study, all 22 putative glycosylation sites in Cf-9 were mutagenized and the effect of the engineered mutations on the Cf-9/Avr9-dependent HR was analysed.

S.R. and B.B.H.W. contributed equally to this work
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Saponin Glycosyl Hydrolases as Virulence Determinants in Septoria lycopersici

Diaz-P. N., Bouarab K., Melton R., Carter J. and Osbourn A.
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A number of plant pathogens are known to degrade the antimicrobial secondary metabolites of their hosts and in some cases this phenomenon has been shown to be associated with virulence.  The fungus Septoria lycopersici (a foliar pathogen of various Solanaceous species) produces the extracellular enzyme tomatinase, which hydrolyses the tomato steroidal glycoalkaloid saponin alfa-tomatine to the less toxic product, beta-2-tomatine. Tomatinase-minus mutants of S. lycopersici are unable to degrade alfa-tomatine and display enhanced sensitivity to this compound.  These mutants are still able to cause disease on tomato leaves, but trigger enhanced cell death and elevated expression of plant defence genes during the early stages of infection.  A more striking effect of loss of tomatinase is seen on an alternative Solanaceous host, Nicotiana benthamiana.   Tomatinase-minus mutants of S. lycopersici are unable to cause disease on this host and elicit a hypersensitive-like response.  Our results indicate that tomatinase is involved in a novel two-component process in which host saponins are hydrolysed and the resulting hydrolysis products then suppress induced defence responses via interference with fundamental disease resistance signal transduction processes.  Further characterisation of the role of tomatinase in interactions between S. lycopersici and Solanaceous hosts is in progress.
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Magnaporthe grisea is responsible for the devastating blast disease of rice and other economically important grasses such as wheat, barley and maize. M. grisea is closely related to other pathogenic (M. poae, M. rhizophila and Gaeumannomyces graminis) and non-pathogenic (Phialophora spp.) root-infecting fungi. Although the rice blast fungus M. grisea is traditionally regarded as a foliar pathogen, this fungus can also cause disease symptoms on cereal roots.  We have used cytological methods to investigate this root-infection process in more detail. We generated GFP-tagged transformants of different M. grisea wild-type strains. Chlorazol Black E was also used to visualise the infection process by standard light microscopy. Remarkably, M. grisea is capable of undergoing a range of developmental processes that are typical of root pathogens and forms microsclerotia, runner hyphae and hyphopodia. Bulbous swollen hyphae can be observed within the root cortex, and the fungus progresses through the cortex and invade the stele. Genetic determinants of foliar pathogenicity have been extensively characterised in M. grisea, and a number of mutants with impaired ability to penetrate and invade leaf tissues are available.  We have assessed a collection of these mutants for the ability to infect cereal roots and have identified fungal genes that are specifically required for infection of either leaves or roots, and also those that were general determinants of pathogenicity to both tissues. Infection studies with GFP-expressing transformants indicate that M. grisea can spread from the roots to the leaves and produce lesions, suggesting that the soil may be a source of inoculum for the establishment of rice blast disease in the field.
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Puccinia coronata Corda f.sp. lolii is the casuative organism of crown rust, the most important foliar disease of perennial ryegrass (Lolium perenne L.). Both qualitative and quantitative disease resistance mechanisms have been observed, and genetic variability in the sexually reproducing pathogen may lead to differing interpretations of the mode of genetic control. Evidence has been obtained for different physiological races between and within single pathogen populations, indicating heterogeneity with respect to virulence. In order to investigate genetic diversity in this obligate biotrophic species, we have developed a suite of molecular markers for in planta genotyping of single pustule-derived uredospore isolates. A number of publicly available genomic DNA-derived simple sequence repeat (SSR) loci from the yellow rust pathogen of wheat (Puccinia striiformis f.sp. tritici) have been evaluated for cross-amplification and polymorphism detection in P. coronata. In parallel, specific marker development has been performed based on EST-SSR discovery. RNA obtained from isolated uredospores has been used to construct cDNA libraries, allowing the identification of 55 unique EST-SSR loci following sequence analysis. The EST-SSR clones have been analysed for annotation by known sequences, and derived primer pairs have been evaluated for efficient amplification of samples from crown rust and other Puccinia taxa. A method for genomic DNA extraction from single pustules based on multiple displacement amplification (MDA) has been optimised. Genetic variation has been detected within and between geographical populations from New Zealand, and a strategy for isolate sampling on an international basis is being implemented to determine global levels of genetic diversity.
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