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Fungicidal resistance to Diplocarpon rosae.
Ali, A & Hall, A M

University of Hertfordshire, College Lane, Hatfield, Herts AL10 9AB  Tel: 01707-285092

Roses are among the most economically important ornamental plant species in the UK, with exports alone worth £669,000 in 1997. One of the most severe diseases of field grown roses is Rose Blackspot, caused by the host specific facultative parasite Diplocarpon rosae (Horst, 1983). Infections can be controlled by regularly spraying leaves with a broad range of protectants and systemic fungicides which are available to both commercial growers (e.g. Captan, dichlofuanid, mancozeb, myclobutanil and triforine) and amateurs (bio Spraydex, Nimrod-T and Roseclear 2). Due to the repeated and continual use (up to 40 times a year) of fungicides with similar modes of action, the selection pressure on the fungus is greater and so the development of fungicide resistance in the fungal population is a possible response.

The aim of the study is to screen selected isolates of D. rosae (collected from different rose varieties and also from a wide geographical area) for their sensitivity (resistance/tolerance) to a range of active ingredients that are used to control this disease.

A range of methods has been employed to screen the different active ingredients. Detached leaves were sprayed with the systemic fungicide ingredients and then inoculated with an isolate one week later. Poison disk and poison plate methods were used to assess the sensitivity of a range of contact fungicides.

Preliminary results show that the isolates are still sensitive to the active ingredients when tested using the poison disk method.

As the presence of fungicidal resistance would have an impact for control, the results of this study will be used to inform commercial and amateur growers and ultimately develop an integrated management plan. 

Interactions between host roots and plant-parasitic nematodes.

M.R. Armstrong, B. Banks, P. Birch, J. Jones, M.S. Phillips, J. Wishart and V.C. Blok

Unit of Mycology, Bacteriology and Nematology, Scottish Crop Research Institute, Invergowrie, Scotland DD2 5DA
Nematodes are economically important pests both in the UK and throughout the rest of the world.  Sources of readily exploitable host resistance are limited. We are using differential molecular techniques (cDNA AFLPs and suppressive subtractive hybridisation (SSH)) to identify genes involved in interactions between various potato and tomato genotypes and nematode parasites which may offer opportunities for novel and stable resistance to several EU quarantine organisms.

To undertake these studies, root systems were generated either directly from seed, potato shoots taken from tubers or from in vitro propagated plants. For synchronized infections, roots were inoculated with juvenile nematodes and invasion allowed to proceed for 24h. Root tissues were collected at various time points, RNA extracted, cDNA synthesized and used in SSH or cDNA AFLP analyses. 

Host genes induced during the susceptible responses to Globodera pallida, G. rostochiensis and Meloidogyne chitwoodi have been identified using both techniques. Some have previously been identified in stress responses and in wounding by pathogens whilst others are common to response pathways induced by aerial pathogens. 

Nematode genes have been identified in infected root material using SSH.  Resistant and susceptible potato genotypes infected with Globodera rostochiensis were compared 24h after infection.  In the resulting library, 60% of sequences were of nematode origin.  This approach thus shows promise for investigating nematode gene expression during invasion, induction of the susceptible response and development in the feeding stages, which have thus far been difficult to study in vivo.  

These techniques are also being used to compare avirulent and virulent nematode populations of Meloidogyne and Globodera spp..  Induction of the host resistant response differs with different combinations of host and nematode genotypes.  Some host responses are rapid whereas others have a delayed response.  Where the response is rapid, direct comparison of juvenile nematodes is being conducted.  However, the SSH techniques is being used for gene expression analysis in planta where the host resistant reaction is delayed.

Funding from EU PL98-4235 (No Nematode), QLK5-CT-1999-01501 (Nonema), QLRT-1999-1462 (DREAM), and the Scottish Office Agriculture, Environment and Fisheries Department is gratefully acknowledged.

Building physical maps of Erwinia carotovora subspecies to compare their genomic organisation and to identify novel pathogenicity and host range-related genes.

Avrova A1, Bell KS1, Waugh R2, Milbourne D2, Toth IK1, Dellagi A1, De Jong W2, Hyman L1, Bryan G2 and Birch PRJ1
Unit of Mycology, Bacteriology and Nemotology1 and Unit of Genomics2, Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, UK

Erwinia carotovora subspecies atroseptica (Eca) and Erwinia carotovora subspecies carotovora (Ecc) are commercially important potato pathogens. Both bacteria secrete a wide range of plant cell wall degrading enzymes but while the host range of Eca is restricted to potato, that of Ecc is much wider. Although the molecular basis for these phenotypic differences is unknown, the recent discovery of a type III secretion system (hrp cluster) in the soft rot erwinias suggests that their pathogenicity and host range are more complex than previously thought.

We have created Bacterial Artificial Chromosome (BAC) libraries of Eca and Ecc and are using AFLP fingerprinting and a hybridisation strategy to generate complete physical maps of the genomes. For hybridisation, a selection of genes/sequences are being used as probes: Erwinia carotovora genes from international databases including known or putative pathogenicity genes, differentially expressed Eca genes (obtained using cDNA-AFLP), and end sequences of the Eca BAC clones including Eca-specific sequences. These Eca-specific sequences include matches to a putative integral membrane transport protein from Escherichia coli and a periplasmic linker protein from Pseudomonas putida. Regions of interest, including the hrp cluster and putative avirulence genes, have been identified and are currently being studied in more detail. 

A comparison of the Eca and Ecc physical maps, as expected, shows the genomic organisation of the two subspecies to be highly related, although the position of some genes do differ between the genomes. The Eca and Ecc physical maps are also being compared with the fully sequenced E. coli genome to examine similarities in the genomic organisation of these closely related plant and human pathogens. 

Biological properties of two Moroccan isolates of barley yellow dwarf virus-PAV 

B. BENCHARKI1 and M. EL YAMANI2
1Université of Hassan 1st, Faculty of Sciences and Technology, P.O. Box 577 Settat, Morocco; e-mail: benchark@uh1.ac.ma. 2Centre Aridoculture INRA-Settat , Morocco.

Background and objectives

One the most common field cereal viruses in Morocco is the barley yellow dwarf virus (BYDV), a Luteoviridae with a wide host-range, particularly affecting gramineacous plants. BYDV is persistently transmitted by various aphid species of which Rhopalosiphum padi and Sitobion avenae appear to be the most important natural vectors. The BYD disease is caused by a complex of at least five viruses of which BYDV-PAV has a large geographical distribution and occurs at high incidence. The observation of plant-pathogen interactions revealed a high level of variation within BYDV-PAV. Based upon symptom expression on barley cultivars of the Moroccan BYDV-PAV isolates and their differences in the coat protein coding sequences showed that isolates were separated into two different clusters CPI (moderate) and CPII (severe) [1]. However,  replication and spread of these two clusters have not yet been investigated. In this research, we investigated concentration and its evolution, within the two clusters for three barley genotypes and related the behavior to symptoms. 

Results and conclusion

The evolution of the concentration of isolate CPI MA9501 (moderate) and CPII MA9514 (severe) was investigated in barley. We have used two resistant genotypes 80-81-BQCB-10 and Atlas 68, and a sensitive one Atlas 57. The concentration of the virus has been estimated by DAS-ELISA at different periods after inoculation. The resistant genotypes significantly reduced virus accumulation in aerial part of the plant. However, the level of resistance varied according to the genotype and isolate of the BYDV-PAV. When comparing resistant and sensitive genotypes, we noted that the concentration of the virus in the resistant plant leaves is lower than sensitive genotype. Moreover, the isolate MA9501 is less concentrated than MA9514. The isolates of the BYDV-PAV reached their maximal concentration in the plants two weeks after inoculation. Four weeks after inoculation, reduction of the viral concentration in the resistant genotypes compared to the sensitive ones for the MA9501 was 48% and 46%, in 80-81-BQCB-10 and Atlas 68, respectively. For the isolate MA9514, reduction in the accumulation was 64% and 54%, respectively.

The transmissibility of BYDV-PAV isolates by different sub-populations of R. padi and S. avenae was also examined after 4 and 48-hr acquisition access period. Especially, isolate MA9514 was more efficiently transmitted compared to the MA9501 isolate by all aphid sub-populations.

The simultaneous presence of the two viral clusters in host was not yet investigated, but could have various and unpredictable consequences in terms of symptomatology. 

[1] Bencharki, B., Mutterer, J., El Yamani, M., Ziegler-Graff, V., Zaoui, D., and Jonard, G. 1999. Annals of Applied Biology 134: 89-99.

Identification and differentiation of Erwinia carotovora subspecies using 16S-23S ribosomal spacer PCR-RFLP and AFLP.

Anna O Avrova, Lizbeth J Hyman, Rachel L Toth and Ian K Toth 

Unit of Mycology, Bacteriology and Nematology, Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, UK.  

The soft rot erwinias cause substantial crop losses world-wide, especially on potato. Understanding the relationships between these closely related pathogens is important for accurate disease diagnosis, pathogen detection and epidemiological analyses. In this study two complementary molecular approaches, PCR-RFLP of the intergenic 16S-23S ribosomal spacer region (ISR-RFLP) and Amplified Fragment Length Polymorphism (AFLP), were used to provide a rapid means of identifying E. carotovora subspecies and E. chrysanthemi, and to investigate genetic variation within the soft rot erwinias. ISR-RFLP, gave unique banding profiles for these pathogens, providing rapid and unequivocal identification within two days and allowing identification of strains previously classified as "atypical". AFLP increased the level of discrimination still further, and was used to examine the relatedness of species/subspecies at the molecular level. 

The Erwinia amylovora type III secretion chaperone DspB is necessary to stabilize DspA production.

Barny Marie-anne and Gaudriault Sophie

Laboratoire de pathologie végétale, UMR 217 INRA/INA-PG/Université Paris VI, 16 rue Claude Bernard, 75231 Paris cedex 05

Erwinia amylovora is a Gram negative bacteria responsible for fire blight, a necrotic disease affecting plants of the Rosaceous family.  E. amylovora virulence is dependent on a functional type III secretion system.  To date, four proteins have been shown to travel through this secretion system, HrpN, HrpW, HrpA and DspA (also called DspE).  Cotranscribed with dspA, dspB (also called dspF) encodes a small acidic protein sharing similarities with the type III secretion chaperone described in animal system.  Secretion chaperones assist specifically the secretion of one or two type III-secreted proteins.  Here, we show that DspA was not secreted in a dspB background while other known type III-secreted proteins (HrpN, HrpW, HrpA) remained secreted to wild-type level.  Therefore, DspB acts as a specific DspA chaperone.  Further analysis showed that DspA was not detected in a dspB mutant background.  Actually, expression of a dspA::lacZ translational fusion was abolished in a dspB background while expression of a dspA::uidA transcriptional fusion was slightly enhanced.  Far western blot experiments demonstrated a physical interaction between DspA and DspB.  All these results show that DspB acts downstream of dspA transcription and is necessary to stabilize the DspA protein production before secretion.

Molecular mapping of the Rph7.g leaf rust resistance gene in barley (Hordeum vulgare L.).

S. Brunner, B. Keller and C. Feuillet

Institute of Plant Biology, University of Zürich, Zollikerstr. 107, CH-8008 Zürich, Switzerland

In many temperate areas of the world, leaf rust is becoming an important disease of barley. In the last decade, new races of Puccinia hordei G. Otth have emerged which are virulent against the so far most effective race-specific resistance genes, such as Rph7. Marker-assisted selection greatly facilitates the pyramidization of two or more resistance genes in a single variety to achieve a more durable resistance. Such a strategy requires the development of efficient and reliable markers. Here, we have developed a linkage map and found RFLP markers closely linked to the Rph7.g resistance gene on chromosome 3HS of barley. The receptor-like kinase gene Hv3Lrk that maps at 3.2 cM from Rph7.g was used to develop a PCR-based marker by exploiting a single nucleotide polymorphism. This marker was detected in 11 out of 12 (92%) barley lines having Rph7 and represents a valuable tool for marker-assisted selection. In addition, the identification of markers flanking Rph7.g provides the basis for positional cloning of this gene.

Keywords: Barley, leaf rust, marker-assisted selection, resistance gene, Single nucleotide polymorphism.

Analysis of Differential Gene Expression in Ralstonia solanacearum using a cDNA-AFLP approach.

Kirsty Bryant and Mark Bailey

NERC Centre for Ecology and Hydrology, CEH-Oxford, Mansfield Road, Oxford, UK.

The causative agent of potato brown rot and bacterial wilt, Ralstonia solanacearum, results in serious world-wide economic losses, particularly in the tropics.  In the last decade, however, the incidence of bacterial wilt in potatoes grown in Northern Europe has increased presenting an interesting epidemiological puzzle. Is the occurrence due to change in agricultural practice or the emergence of a novel bacterial variety better adapted to cooler conditions?  Our aim is to look at the fate and survival of this pathogen in European soils and water systems.  One approach is to look at how the pathogen copes with different individual stresses, e.g. cold temperatures or dessication.  Comparison of differential gene expression under different environmental conditions may provide insight for answering such questions.  

The analysis of prokaryotic gene expression by cDNA-AFLP was first described by Dellagi et al. (2000)1, using Erwinia carotovora as a model system.  We have applied this method to Ralstonia solanacearum.  For any study of gene expression, it is desirable to synthesise cDNA representative of the whole transcriptome.  Following the selection of appropriate 11mer primers (Fislage et al., 1997), designed to anneal to conserved regions of bacterial genes, a combination of ten primers was used to synthesise cDNA.  Amplified fragment length polymorphism (AFLP) analysis of cDNA was undertaken to compare the ‘fingerprint’ patterns of the transcriptome of bacteria grown under different environmental conditions.  Novel fragments were identified and sequenced.  Northern analysis was used to confirm that differentially amplified cDNA fragments are derived from differentially expressed genes. 

To illustrate the utility of this comparative approach, cDNA was extracted from R. solanacearum grown in either LB broth or 10% (w/v) TS broth + sucrose.  Specific PCR amplifications with primers designed to known differentially expressed R. solanacearum genes (epsC and phcA) confirmed the expression of both genes, thus suggesting that the cDNA may have good genome coverage.  Optimisation of the method for use with R. solanacearum included comparison of different RNA extraction methods, different Taq polymerases, and primer design / combinations for differential display PCR.  Imposed stress conditions tested to date include osmotic stress, nutrient limitation, (Halverson and Firestone, 2000), novel carbon sources e.g. potato dextrose agar, and growth on potato discs.

Transcripts isolated from LB vs 10% TS broth, and from minimal media with different equivalent matric potentials (-0.15 MPa vs –0.5 MPa) have been sequenced.   By BLAST sequence analysis, five putative ORFs, with significant homology to bacterial (E. coli and B. subtilis) proteins, have been detected, including a B. subtilis protein with a possible osmotic protection function.  These are being further characterised using RT-PCR and Northern hybridisations.

1 Dellagi, A., Birch, P. J. R., Helibronn, J., Lyon, G. D. and Toth, I. K.  (2000) Microbiol. 146: 165-171 

The distribution of avr / vir genes in Pseudomonas syringae legume pathogens.

Dianne Butcher

52, Chandos Road, Rodborough, Stroud, Glos. GL5 3QZ

A pathogenicity island (PAI) containing virulence (vir) and avirulence (avr) genes on a 154 kb native plasmid from the phytopathogen, Pseudomonas syringae pv. phaseolicola race 7 strain 1449B, was previously identified.  Curing of this plasmid resulted in loss of virulence and the initiation of a hypersensitive response in previously susceptible bean cultivars.  It was established that a 30 kb region on this plasmid, which contained known avirulence genes (avrD, avrPphC and avrPphF), also contained several putative genes (virPphA, ORF2, ORF3, ORF4 and tnp), which control virulence, along with a transposase gene.  possession of this 30 kb region by genomic clones was responsible for restoration of virulence in the native strain (R.W. Jackson et al., 1999: Proc. Natl. Acad. Sci. USA 96:10875).  The presence of homologues of the genes avrD, avrPphC, avrPphF, virPphA, ORF2, ORF3, ORF4 and tnp, was investigated in the related pathovar, Pseudomonas syringae pv. pisi.  PCR and hybridization studies revealed the absence of virPphA, ORF2 and ORF3.  ORF4 and tnp were present, but located on the chromosome.  The significance of this pattern of gene distribution will be considered.

Pathogenicity and Resistance in Xanthomonas blight of cassava.

Cooper, R.M., Kemp, B.,  Day, R., Gomez-Vasquez, R. and Beeching, J.R.

Department of Biology and Biochemistry, University of Bath, Bath BA2 7AY, UK, 
email: bssrmc@bath.ac.uk
Resistant genotypes offer the only durable, practicable means of controlling, X. axonopodis pv manihotis (Xam) but the nature of defence of this key, staple crop is unknown; HR is not expressed to Xam and resistance, based on polygenes, is incomplete and dependent on environment and pathogen inoculum level. Rapid generation of reactive oxygen species (apparently via superoxide) occurred in suspension cells to diverse elicitors (but not to bacterial LPS) and to bacteria in leaf cells in response to incompatible bacteria but not to Xam. HR in leaves was preceded by superoxide production and was not affected by nitric oxide inhibitors. Subsequently, defence-related genes were expressed in elicited suspension cells including PAL (after 30 min, max 9-12h), HRGP and peroxidase (after 12h, max 48h) whereas catalase was rapidly down-regulated. AFLP analysis is revealing genes new to cassava; of 78 transcript-derived fragments ca. 75% were up-regulated and 25% down-regulated. Preformed putative defences include copious latex production which contains protease, â1,3 glucanase and lysozyme activities. The major phenolics are scopoletin, esculetin, ferulic acid and quercitin but these have relatively weak antifungal activity (enhanced after oxidation by peroxidase) and no toxicity to Xam.

Pathogenicity determinants of Xam are being investigated by disruption of a gum biosynthesis gene (EPS is produced copiously in planta) and a pel gene (pectate lyase appears as a single isoform); a putative toxin, MCPA, does not appear to contribute to infection.

Plate, tube and immuno-chromatographic assays for detection and quantification of Botrytis cinerea in plant tissues and grape juice.

Frances M. Dewey (Molly) 1, Ulla Meyer1, Chris Danks2 & Ian Barker2.

1University of Oxford, Department of Plant Sciences, South Parks Rd, Oxford, OX1 3RB; 2Central Science Laboratories, Sand Hutton, York, YO41 1LZ.  

Methods that are relatively rapid and “user-friendly", such as immunoassays, are needed for monitoring the levels of Botrytis in infected plants and juice from wine grapes at harvest time. Previous attempts to develop such methods have not been satisfactory1,2,3,.  Using a Botrytis-specific monoclonal antibody, BC-12.CA4, raised at Oxford4, we developed a laboratory-based 3 hour plate-trapped antigen ELISA5, a robust 20 min tube-ELISA, suitable for use on the testing stands at wineries and a semi-quantitative immunochromatographic or Lateral Flow device, that can be completed in 5 min.  Additionally, in collaboration with SAPS (Science and Plants in Schools), a mini- plate assay, for the detection of Botrytis in fresh or frozen raspberries, has been developed for use in schools as a teaching exercise that can be completed in 40 mins (now available as a kit from SASA).  The Tube and immunochromatographic assay are currently being tested in field trials in wineries in California.   The antibody recognizes a water soluble thermostable antigen that is present in the extracellular matrix surrounding the hyphae. Competition assays have shown that the antigen binds to compounds containing rhamnose and molecular sieving indicates that the molecular weight of the antigen is approximately 100 to 30kD. 

1.Ricker,  R.W.,  Marois, J.J., Dlott, R.M., and Morrison, J.C. 1991. Immunodetection and quantification of Botrytis cinerea  on harvested wine grapes. Phytopathology 81:404-411.

2. Bossi, R. and Dewey, F.M. (1992) Development of a monoclonal antibody-immunodetection assay for Botrytis cinerea (Pers).Plant Pathology  41, 472-482.

3.Dewey, F. M. & Cole, L. (1997) Monoclonal antibody-based assays for the detection and quantification of Botrytis cinerea. In: Diagnosis and  Identification of Plant Pathogens, Ed: H.W.Dene; G. Adam; M. Diekmann; J. Frahm

4. Meyer, U and Dewey, F.M.(2000) Efficacv of different immunogens for raising monoclonal antiobides to Botrytis cinerea . Mycological Research, 104, 979-987.

5. Dewey, F.M., Ebeler, S.E., Adams, D.O., Noble, A.C. and U. .M. Meyer (2000). Quantification of Botrytis in grape juice determined by a monoclonal antibody-based immunoassay. American Journal of Viticultre and Enolog in press..

Identification and characterisation of host factors controlling susceptibility to plant viruses.

David Edge and Sue Angell.

Department of Virus Research, John Innes Centre, Colney Lane, Norwich, NR4 7UH.

Natural variation existing between different ecotype of the model plant species Arabidopsis thaliana has previously been used to elucidate the genetic basis for a number of plant pathogen interactions. In this study screens of Arabidopsis were performed using Potato Virus X tagged with the beta-glucuronidase gene (GUS) (PVX-GUS). A second screen was performed with Tobacco Rattle Virus tagged with the jellyfish green fluorescent protein gene (GFP) (TRV-GFP). The presence of the marker genes allowed the progression of the viral infection to be visualised within the plant. Ecotypes of Arabidopsis showing phenotypic variations in their response to viral infection were identified and the phenotypes observed were further characterised in order to discern the mechanisms underlying the observed phenotypes.The screens have shown that some ecotypes are unable to support long-distance movement of PVX, whereas other ecotypes are fully susceptible to PVX-GUS infection. The TRV screens have revealed ecotypes showing differences in susceptibility to TRV-GFP infection and to a TRV-mediated necrotic response. Genetic analyses on the ecotypes showing phenotypic variation will be performed using a map-based cloning approach in order to clone the loci controlling the observed phenotypes. cleaved amplified polymorphic (CAPS) markers will be used for the mapping and the region containing the locus responsible will be isolated from a bacterial artificial chromosome (BAC) library for further characterisation.

Structure/function analysis of Rx.- Conserved sequences within the ARC domain of Rx are involved in negative regulation of the disease resistance response.

Garry Farnham and David C.Baulcombe

The Sainsbury Laboratory, John Innes Centre, Colney Lane Norwich NR4 7UH, UK

The resistance gene Rx from Solanum tuberosum confers extreme resistance to the single-stranded RNA potex virus potato virus X. Rx has the typical modular structure of cytoplasmic plant resistance proteins. It comprises an N-terminal coiled coil or leucine zipper like domain (LZ), a nucleotide binding site (NBS), a domain which shares homology with Apaf1 other plant Resistance (R) genes and CED4 (ARC) and a leucine rich domain (LRR). The similarity between plant R-genes and regulators of apoptosis suggests they may share common mechanistic features.  

Here we investigate the contribution of the ARC domain of Rx towards negative regulation of the disease resistance response. A series of C-terminal deletions of Rx were made at conserved motifs in the ARC domain. Deletants were then over-expressed in N. tabacum. The results indicate that successive removal of conserved sequence motifs within the ARC domain cause a more rapid and severe hypersensitive response, when transiently over-expressed in the absence of the elicitor. Protein levels were unaffected by removal of conserved motifs suggesting that the ARC domain is involved in negative regulation of the Rx mediated disease resistance response.

Mycosphaerella fijiensis disease development in leaves on whole plants and in a detached leaf assay.

Jill Foundling, Michaela Corsten, Naomi A. Pain.

Zeneca Agrochemicals, Jealott’s Hill International Research Centre, Bracknell, Berkshire, RG42 6EY

The development of black Sigatoka (Mycosphaerella fijiensis) in detached banana leaves and on intact plants was compared.  Disease development on detached leaves was extensive on the external surface of the leaf, with accumulations of fungal hyphae and extracellular material present on or near stomata.  On intact plants, far less fungal growth was observed on the surface of the plant.  Internal disease development also differed.  In detached leaves, plant cells remained relatively intact, inspite of the necrosis which was visible macroscopically.  Isolated hyphae could be detected ramifying between intact cells throughout the depth of the plant tissue by freeze fracture SEM.  In contrast, in an inoculated area of a leaf on an intact plant, regions of collapsed spongy mesophyll could be observed following freeze fracture and SEM.  Significant hyphal development could be observed within the leaf, stretching across the cavities.  In addition, plugs of material of unknown origin and composition were observed in stomata on the abaxial surface of the leaf.

HXC2, a new component of the eds-1  pathway leading to resistance in Arabidopsis ? 

Godard François, Fabienne Persello-Cartieaux, Lummerzheim Marie, Balagué Claudine, and Roby Dominique.

Laboratoire de Biologie Moléculaire des Relations Plantes-Microorganismes, UMR CNRS/INRA 215, BP 27, 31326 Castanet Tolosan, FRANCE

In plants, one of the most efficient resistance reaction to pathogen attack, is the so-called Hypersensitive Response (HR). By screening an EMS-mutagenized seed library of Col-0 by spray- and/or manual inoculation of leaves with Xanthomonas campestris pv. campestris (strain 147, Xcc 147), we identified novel Arabidopsis mutants displaying alterations in the HR  to Xcc 147 (Lummerzheim et al., 1993). An EMS mutant,  hxc2 (for hypersensitivity to Xanthomonas campestris) displays a susceptible phenotype in response to Xcc 147, as shown  by measurement of in planta bacterial growth, and histochemical detection of GUS-expressing virulent and avirulent strains. The use of common biochemical and molecular markers of disease resistance and susceptibility showed that the mutation causes pleiotropic alterations of defense responses and acts upstream of salicylic acid accumulation in the signalling events leading to the onset of these responses. Genetic analysis showed that the hxc-2 mutation is inherited as a monogenic recessive trait, different from the R gene involved in the recognition of the Xcc 147 strain, and localized on chromosome 3 between mi413 and atpox RFLP markers.

To address the question of the placement of hxc-2 mutation in the signalling pathways leading to resistance, different approaches including testing of virulent and avirulent pathogens and crossing with mutants affected in resistance have been undertaken. The hxc-2 mutation does not affect resistance to avirulent isolates of Pseudomonas syringae DC3000 harboring avrRpm1, avrRpt2 and avrB genes, recognized by the LZ-NBS-LRR class of resistance proteins. In contrast, the mutant is altered in the TIR-NBS-LRR mediated resistance to DC3000/avrRPS4, suggesting that HXC-2 might be a new component of the eds-1 pathway. An additional evidence in favor of this hypothesis comes from the susceptible phenotype exhibited by  eds-1 mutant in response to Xcc 147. Experiments involving tests of other pathogens engaging the eds-1 or ndr-1 pathways, and generation of double eds-1/hxc-2 mutant, are underway, and should confirm the role of HXC-2 in the EDS-1 pathway.

Lummerzheim M. et al. Identification of compatible and incompatible interactions between Arabidopsis thaliana and Xanthomonas campestris pv. campestris and characterisation of the Hypersensitive Response. Mol. Plant-Microbe Interact. 6 (1993), 532-544.

Form and concentration of nitrogen affects resistance of wheat (Triticum aestivum cv Brigadier) to Septoria nodorum
J. L. M. Greenhouse1, R. Sylvester-Bradley2, J. F. Farrar1
1School of Biological Sciences, University of Wales, Bangor, Gwynedd, LL57 2UW UK

2ADAS Boxworth, Boxworth, Cambridge CB3 8NN

The amount of nitrogen supplied to plants can increase or decrease susceptibility to infection by fungal plant pathogens. Both leaf morphology and metabolism are affected by nitrogen supply and these factors may play a role in resistance. The form of nitrogen may also be important in determining disease severity, perhaps influencing either host defence mechanisms or fungal development. The aim of this experiment is to test the hypothesis that plants supplied with low amounts of nitrogen will be more resistant to infection by S. nodorum than those supplied high amounts of nitrogen, and plants supplied with nitrate will be more resistant than those supplied with ammonium.

Wheat seedlings were grown in controlled environment cabinets in hydroponics. Plants were grown in Long Ashton solution minus nitrogen, and supplied either NaNO3 or (NH4)2SO4 at high (2 mmol dm-3) or low (40 µmol dm-3) concentrations. When seedlings were 12 d old they were inoculated with S. nodorum. Harvests were carried out 1, 6 and 14 days after inoculation (dai) and at each harvest measurements of disease, chlorophyll contents and leaf areas were made. All plant parts were dried and weighed and the second seedling leaves were analysed for total carbon and nitrogen and soluble carbohydrates.  Data was subjected to one way ANOVA (SPSS 9.0).

Plants grown in low amounts of nitrogen were much smaller and had fewer leaves and tillers than those grown in high amounts of nitrogen. Chlorophyll content was lowest in plants supplied low amounts of nitrogen. Chlorophyll content was initially highest in the plants grown in high NH4, but by the final harvest it was 50% lower than plants grown in high NO3. Differences between the two high nitrogen treatments and between the low and high treatments were significant at P <0.01. Specific leaf areas (sla) were significantly different between the treatments although there was no significant difference between the plants grown in low NH4 and those grown in low NO3. Plants grown in high NH4 had the lowest mean sla and plants grown in both low NO3 and low NH4 had the highest mean sla. 

Disease severity was assessed at the final harvest. There was no disease on the plants grown in low NO3 and low NH4 and very little on the plants grown in high NO3. The most disease occurred on the plants grown in high NH4 and both lesion number and severity (area of leaf occupied by lesions) were significantly higher than on plants grown in high NO3 (P<0.01). This experiment suggests that both the form and the concentration of nitrogen supplied to a plant can affect its susceptibility to disease. The key questions are whether the fungus is responding to the nutritional status of the host, or whether the host’s defence mechanisms are affected by its nitrogen status? At which stage of infection is resistance expressed? In future work we aim to determine further the mechanisms by which nitrogen affects resistance.

Mapping the Atr1 Locus: An Avirulence Gene in Peronospora parasitica.

Laura Grenville1, 2, Anne Rehmany1, Nick Gunn1, Eric Holub1, Chris Caten2 and Jim Beynon1
1Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, UK

2School of Biosciences, University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK
Peronospora parasitica (At) is the causal agent of downy mildew on Arabidopsis.  Several Resistance or RPP genes, (Recognition of Peronospora parasitica) have been cloned from the host plant.  We are attempting to clone the complementary pathogen ATR genes (Arabidopsis thaliana Recognised), the products of which are recognised by the host resistance genes.  Three such ATR loci segregate in the mapping cross and initial AFLP bulk segregant analysis has defined a mapping interval for the ATR1 locus.  We have redefined the selective bulks and report new markers linked to the ATR1 locus.  These have been used to identify BAC clones linked to ATR1.

To increase the precision of the mapping 60 new F2s have been generated, to add to the 40 F2s used initially.  We will also report data that suggest up to nine new ATR genes segregate in the mapping cross.

In planta expressed genes in the interaction between Gaeumannomyces graminis and cereals.

Morgane Guilleroux and Anne Osbourn

The Sainsbury Laboratory, John Innes Centre, Colney lane, Norwich, UK

Suppression subtractive hybridization (SSH) has been used to generate a cDNA library enriched for sequences that are differentially expressed during infection of wheat roots by Gaeumannomyces graminis. This library has been assessed to confirm that representative constitutively expressed plant and fungal sequences ((-tubulin and actin, respectively) have been subtracted and XYL1 (a xylanase that is known to be expressed during infection) of GgA is expressed. A pilot study of the subtracted library has been carried out on 215 clones. These clones have been sequenced to check the quality of the library and subjected to a BLASTX search. Of these 215 clones, 150 reliable DNA sequences were obtained, 7 of which showed significant homology with fungal gene sequences available in the databases. However, the small average insert size (200bp) impairs both reliable homology search and hybridizations in Southern and northern blot experiments. A cDNA library has therefore been constructed from mRNA from infected roots, and is being used to isolate full-length cDNAs corresponding to subtracted clones of interest. Larger cDNAs fragments of two of the SSH clones have been used as probes on Northern blots and shown to be upregulated during infection. These clones are both of plant origin. An arrayed genomic DNA library of Gaeumannomyces graminis has been constructed and is being screened with the SSH library and other complex probes to gain a better understanding of the metabolic requirements of this root pathogen during the infection process. Gene function will be tested by gene disruption in related fungus Magnaporthe.

Artificial induction of a Cf9/Avr9 mediated HR induces enhanced resistance to Leptosphaeria maculans in Brassica napus L. 

Caroline Hennin†, Monica Höfte† and Elke Diederichsen‡
† Faculty of Agricultural and Applied Biological Sciences, Laboratory for Phytopathology, Ghent University, Coupure Links 653, B-9000 Gent, Belgium

‡ Aventis CropScience NV Belgium, J. Plateaustraat 22, B-9000 Gent, Belgium
The hypersensitive response (HR) is a rapid and strictly localised cell death at the infection site in the host plant, limiting the spread of the pathogen and preventing its propagation through the plant. Based on the gene-for-gene concept, it is accepted that a dominant plant resistance (R) gene and the corresponding dominant pathogen avirulence (Avr) gene are the basic components required for a HR. 

The tomato Cf9 resistance gene confers resistance to particular races of Cladosporium fulvum that express the corresponding avirulence gene Avr9. Injection of the Avr9 peptide into leaves of Cf9 tomato plants induces an oxidative burst, electrolyte leakage, production of ethylene, salicylic acid (SA), pathogenesis related (PR) proteins and hypersensitive cell death at the injection site. The Cf9/Avr9 system has been successfully transferred to other Solanaceous species such as tobacco and potato. 

In our work, we investigated if the specificity of the Cf9/Avr9 interaction could be demonstrated in an unrelated plant species and transformed the Cf9 and Avr9 genes into oilseed rape, Brassica napus spp. oleifera L. We have studied whether the Cf9 and Avr9 genes can be functionally expressed in oilseed rape and whether the presence of their gene products induces defence responses that are effective to control diseases.  We successfully expressed Cf9 and Avr9 genes in oilseed rape. We demonstrated that transgenic oilseed rape plants produced the Avr9 elicitor with the same specific necrosis-inducing activity as has been reported for Cladosporium fulvum. Cf9 oilseed rape exhibited necrotic symptoms upon injection of intercellular fluid containing the Avr9 peptide. Phytopathological analyses revealed that induction of a HR by Avr9 injection on the pathogen inoculation site delayed the development of Leptosphaeria maculans. Reciprocal crosses of Cf9 oilseed rape to Avr9 oilseed rape did not result in seedling death of the F1 progeny. However, the F1 (Cf9 X Avr9) plants were initially slightly more resistant to L. maculans. This is the first report of the functional expression of a stable integrated disease resistance gene and its corresponding Avr gene in a plant species taxonomically not related to the original host plant species.
Effect of plant age on resistance to snow mould in perennial rye-grass and expression of PR genes.

Ingerd Hofgaard, Leslie A. Wanner and Anne Marte Tronsmo
Planteforsk, Plantevernet avd plantesjukdommer, Høgskoleveien 7, 1432 Ås, Norway
Microdochium nivale causes pink snow mould on cereals and grasses.  This fungus is widely distributed in the temperate and cooler zones and is the most common snow mould on over-wintering grasses and cereals worldwide.  There is great variation in resistance to snow moulds between species of grasses, and perennial rye-grass (Lolium perenne) is among the most susceptible grass species in Northern Europe.  Earlier studies have shown increased resistance to snow mould with increasing plant age and after hardening.  The variation in resistance could be due to differences in size, morphology, or carbohydrate content.  PR gene expression is induced in response to snow moulds and other pathogens, and has also shown to be enhanced during hardening.  We are studying the effect of age and hardening on resistance to M. nivale in perennial rye-grass.  The objective of this work was to determine whether plants of different ages or hardiness differ in their ability to express PR genes, which could be a possible explanation for their different snow mould resistance.

The age of plants at inoculation was 4, 5, or 6 weeks, or 4 weeks plus 2 weeks hardening at 2°C.  Resistance to M. nivale increased with plant age and after hardening.  Hardened plants were smaller in size and had less dry weight than non-hardened plants sown at the same date, but had the same degree of snow mould resistance, measured as the relative dry weight (inoculated divided by control plants) after re-growth.  Resistance increased with increasing age of non-hardened plants.  Expression of chitinase and PR1a mRNA was stronger in inoculated compared to control plants after 6 days, but there was no clear difference in expression of these PR genes between plants of different ages, or in hardened versus non-hardened plants.  Therefore age- and hardening-related differences in resistance to snow mould in rye-grass do not seem to be explained by differences in capacity to express these PR genes.

The identification and characterisation of genes involved in appressorium formation and function in the rice blast fungus Magnaporthe grisea.

Lucy J. Holcombe and Nicholas J. Talbot

School of Biological Sciences, University of Exeter, Washington Singer Laboratories, Perry Road,  Exeter, EX4 4QG   (L.J.Holcombe@exeter.ac.uk)

The rice blast fungus Magnaporthe grisea causes a serious disease of cultivated rice and is widely studied in order to develop an understanding of the mechanisms by which fungi initaite infections of cereal hosts. The life-cycle of M. grisea begins during periods of high humidity with the production of three-celled, asexual conidia.   These spores germinate to produce a short germ tube, which differentiates into a specialised infection cell called an appressorium.  The formation of a septum at the base of this appressorium leads to the generation of enormous turgor pressure within the cell.  Appressorial pressure gives rise to a penetration peg that ruptures the host cuticle, allowing the fungus to ramify within and between plant cells.  We are attempting to understand the process of turgor generation by M. grisea in order to determine how appressoria function..  Measurements of the pressure within M. grisea appressoria produce an estimated a value of up to 8 MPa.  Biochemical analysis has revealed that the most abundant solute in appressoria is glycerol, and this provides an ideal candidate for a cytoplasmic osmolyte that could generate appressorial turgor.  The purpose of this project is to determine the role of glycogen metabolism in the ability of M.grisea to cause plant disease.  Previous observations have shown that large numbers of glycogen rosettes are degraded during appressorial turgor generation providing evidence for a role of glycogen degradation in appressorium turgor generation. 

Two genes involved in glycogen metabolism have been identified; GPH1, which encodes glycogen phosphorylase, and AGL1, which encodes the glycogen debranching enzyme (amyloglucosidase).  Both genes are expressed in appressoria and preliminary characterisation both genes and their products will be presented.

A Molecular Study of the Type III Secretion System in the Potato Pathogen Erwinia carotovora subsp. atroseptica.

Maria C. Holeva1, Anna Avrova1, Kenneth Bell1, Glenn Bryan1, Richard Parsons2, Ian Toth1, Paul Birch1

1Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA Scotland; 

2 Department of Biological Sciences, University of Dundee, Dundee, DD1 4HN;  email: mholev@scri.sari.ac.uk
The importance of plant cell wall degrading enzymes in the pathogenicity of the soft rot erwinias has long been established. Recently, however, genes associated with a type III secretion system (hrp, avr, dsp genes) involved in pathogenicity have been identified in E. amylovora, a closely related pathogen. As part of a genomics effort at SCRI to produce a physical map of the soft rot erwinia E. carotovora subsp. atroseptica (Eca), clone 2B8 from a bacterial artificial chromosome (BAC) library of Eca was identified as carrying the entire hrp cluster and part of the dsp gene. 

The purpose of this study is to analyse the structure and function of the hrp genes and hrp-associated genes from 2B8 and to compare their structural and functional similarity to other bacterial pathogens. Work has begun on completing the entire sequence of the hrp region by PCR amplifying DNA between sub-clones (produced as part of another project at SCRI) from the 2B8 clone. To investigate the function(s) of this region, the hrp and dsp genes will be mutagenised using an omega-kanamycin cassette. These mutations will then be analysed in planta. The generation of a mutant dspEca is now underway and its comparison with wild type Eca, and with known avirulent dsp mutants in E. amylovora, will shed new light on its role in pathogenicity or host range. This strategy will then be extended to other genes. Furthermore, complementation tests between Eca BAC clones and E. amylovora mutants, together with an investigation into the effect of the hrpEca cluster (clone 2B8) on the non-host response in tobacco, will help to determine the function to this region. Results so far have shown a structural similarity between the hrp/dsp cluster in Eca and E. amylovora, implying a functional similarity. A plant response which resembles a hypersensitive response (HR) has also been shown in a number of Nicotiana species and is now being investigated further.   

A second resistance gene that confers AVR9 recognition in Lycopersicon pimpinellifolium is distinct from Cf-9 and reveals intragenic recombination between Cf-9 homologues.

Renier van der Hoorn, Marco Kruijt, Pierre de Wit and Matthieu Joosten

Laboratory of Phytopathology, Wageningen University, The Netherlands

The tomato Cf-9 gene confers resistance towards the fungal pathogen Cladosporium fulvum carrying the matching avirulence gene Avr9 and is reported to be introgressed into cultivated tomato from the wild relative Lycopersicon pimpinellifolium. Several accessions of L. pimpinellifolium were identified that show a hypersensitive response upon PVX-based expression of AVR9 (Laugé et al. Plant Journal 2000, 25: 735). Here we examined the molecular basis of AVR9 recognition in these accessions. After PCR-based amplification on genomic DNA isolated from AVR9-responsive accessions, fragments of Cf-9 homologues (Hcr9s) were cloned into binary expression vectors and transiently co-expressed with Avr9 through agroinfiltration of tobacco (Van der Hoorn et al. MPMI 2000, 13: 439). Surprisingly, the Cf-9 gene was not identified in this screen. In all 10 AVR9-responsive accessions, a hybrid between Hcr9-9D (a homologue adjacent to Cf-9 at the Cf9 locus) and the Cf-9 gene itself (representing homologue Hcr9-9C), was present (hence called Hcr9-9DC). As a result of the presence of the 5’ Hcr9-9D sequence, the encoded 9DC protein carries 61 amino acid substitutions when compared to wild-type Cf-9. Most of these amino acid substitutions are present at putative solvent-exposed positions of the leucine-rich repeats. Despite these differences, the 9DC protein confers AVR9 recognition with the same sensitivity, activity and specificity as Cf-9. Although the L. pimpinellifolium population contains selfing and outcrossing accessions, AVR9 recognition was only present in selfing accessions, collected from the coastal plains in the middle and the southern parts of Peru, the southern part of the L. pimpinellifolium distribution range. The distribution pattern of 9DC genes in the population, and evidence for recombination between 9DC alleles, suggests that the 9DC gene existed in the initial, outcrossing species before the population started to spread over its current distribution range.

Comparison of A group and B group Leptosphaeria maculans ascospores germination and infection on oilseed rape.

Y.J. Huang1, J.S. West1, B.D.L. Fitt1, A.M. Hall2
1IACR-Rothamsted, Harpenden, Hertfordshire AL5 2JQ, UK; 

2 Environmental Science, University of Hertfordshire, College Lane, Hatfield, Hertfordshire, AL 10 9AB, UK
Stem canker (blackleg), caused by Leptosphaeria maculans, is a common disease of oilseed rape worldwide. Previous studies show that the population of L. maculans can be divided into at least two main sub-groups, which are often termed A and B groups. Ascospores released from infected debris are the main source of inoculum. Air-borne ascospores can infect leaves to cause leaf spots, then the fungus can grow systemically down to the leaf petiole to reach the stem and cause stem canker. The poster will report work comparing the germination and infection of ascospores of A group and B group L. maculans, which will provide new evidence whether the two groups are different species.

The A group ascospores were obtained from infected oilseed rape stem from UK debris, while the B group ascospores were obtained from Polish oilseed rape stems. A group and B group ascospore suspensions were inoculated onto water agar slides and detached oilseed rape leaf surfaces and incubated at different temperatures. The percentage germination of ascospores, the lengths of germ tubes, the number of germ tubes per ascospore, the position of germ tubes and the diameter of germ tubes were observed. To study infection, oilseed rape plants were inoculated with A group & B group ascospore suspensions at growth stage 1,3, and ascospore germination and penetration of leaf surfaces were observed.

The results indicated that ascospores of A group and B group L. maculans germinated on water agar and leaf surfaces over a wide range of temperatures (5 - 20°C). Nevertheless, germination started later and the percentage of germination was lower at 5°C than at 10 - 20°C. Compared with germination on water agar, % germination on leaf surface was lower. B group ascospores germinated faster than A group ascospores, but the maximum % germination on leaf surfaces was lower than for A group ascospores. With increasing temperature, the germ tube extension rate of A group ascospores increased more slowly than that for B group ascospores. Thus, the germ tube length of the B group ascospores was longer than that of A group ascospores at 15 - 20°C, but the germ tube diameter was smaller than that of A group ascospore.

Under the same conditions, A group ascospores produced more germ tubes than B group ascospores and the positions of germ tubes differed between A group and B group ascospores. B group ascospores generally produced 3.1 germ tubes per ascospore, mainly from terminal cells, whilst the A group ascospores produced 3.8 germ tubes per ascospore, mainly from medial cells. After 24 hours incubation, the hyphae of the B group grew almost in straight lines, whilst the hyphae of the A group grew tortuously. The hyphae of both A group and B group ascospores penetrated the leaf through stomata, but an appresorium-like structure was observed with A group ascospores and not with B group ascospores. The penetration rate of A group ascospores was greater than that of B group ascospores.

Initial events in the colonisation of tomatoes by Oidium lycopersici, a distinct powdery mildew fungus of Lycopersicon species.

Hannah Jones1, John Whipps2, Tim Carver3, Barry Thomas3, Sarah Gurr

1Department of Plant Sciences, University of Oxford, South Parks Road, Oxford, OX1 3RB, UK. 2Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, UK.

3Institute of Grassland and Environmental Research, Plas Gogerddan, Aberystwyth, SY23 3EB, UK.

Oidium lycopersici is a highly polyphagous pathogen of glasshouse grown tomatoes. The identification of this tomato powdery mildew, in the late 80s, led to a number of hypotheses as to its origin. Our recent work has revealed, from ITS sequence analysis, that O. lycopersici to have a close similarity to the Erysiphe aquilegiae var ranunculi, the buttercup powdery mildew. 

The initial events involved in the germination of conidia and subsequent formation of appressoria in the newly-described powdery mildew of tomato, Oidium lycopersici, was studied by light and scanning electron microscopy. The greatest rate of spore germination was determined to be 3 - 5 hours after inoculation and appressoria formed some 6 - 8 hours after inoculation. Scanning electron microscopy revealed the conidial coat to be smooth to slightly rugose and the appressoria to be multi-lobed and attached to the host by a mucilaginous ring of extracellular material. 

Further investigations into the early development of O. lycopersici, has revealed timed secretion of specific enzymes which coordinate closely to key stages of development. The results will be presented.

Jones, H.E., Whipps, J.M., Thomas, B.J., Carver, T.L.W., Gurr, S.J. (2000) Initial events in the colonisation of tomatoes by Oidium lycopersici, a distinct powdery mildew fungus of Lycopersicon species. Can. J. Bot.  78: 1 - 6

Purification of oligochitin elicitor-binding protein from plasma membrane of rice cells and survey of its gene.

Hanae KAKU, Eiichi MINAMI and Naoto SHIBUYA

Department of Biotechnology, National Institute of Agrobiological Resources, Tsukuba, Japan.

N-Acelytchitooligosaccharides (>GlcNAc6) could induce the formation of phytoalexin in suspension-cultured rice cells(1-3).  High affinity binding site for this elicitor was detected in the plasma membrane of rice cells (4) and a corresponding binding protein was identified by affinity labelling (5).  In the present study, we report the purification of this elicitor-binding protein (EBP) from the plasma membrane (PM) by affinity chromatography using newly designed affinity matrix.

The PM was solubilized with Triton X-100 and the solubilized fraction was applied to a GlcNAc8-APEA-CH-Sepharose column, which was then washed with buffer and several elicitor-inactive sugar solutions.  The bound fraction was eluted with Glycine-HCl buffer (pH2.3) and the eluate was immediately neutralised with 1M Tris solution.  The purified protein showed the specific binding activity to 125I-labeled GlcNAc8-APEA derivative as proved by the affinity crosslinking with glutaraldehyde.  SDS-PAGE followed by silver-staining as well as affinity labelling showed the presence of two protein bands, corresponding to 75 and 55 kDa.  The result suggested that EBP was cleaved with protease during purification.  The bands detected by the affinity labelling disappeared by the addition of the unlabeled elicitor active sugar.  The recovery of EBP obtained by the use of the new affinity matrix was approximately 18 times better than that by GlcNAc7-Lys-Sepharose.  The increased recovery of EBP paved the way for the analysis of the N-terminal amino acid sequence.  The survey of this EBP gene using a probe corresponding to the N-terminal amino acid sequence of EBP is in progress.

(1) A. Yamada et al., Biosci. Biotech. Biochem., 57, 405 (1993).

(2) T. Yamaguchi et al., Plant Cell, 12, 817 (2000).

(3) D. Y. He et al., MPMI, 11, 1167 (1998).

(4) N. Shibuya et al., Plant Cell Physiol., 37, 894 (1996).

(5) Y. Ito et al., Plant J., 12, 347 (1997).

Characterisation and cloning of a wide spectrum nematode resistance gene (Hero) of tomato (Lycopersicon esculentum L.).

KUMAR, A., ERNST, K., SOBCZAK, M., PHILLIPS, M., GANAL, M.

Scottish Crop Research Institute, Invergowrie, Dundee, DD2 5DA, SCOTLAND and IPK, Corrensstr. 3, D-06466 Gatersleben, GERMANY

Potato cyst nematodes (PCN; Globodera rostochiensis and G. pallida) are major pests worldwide. However, major resistance genes to both species are lacking in potato cultivars and their related wild Solanum species. In tomato, we have shown that the major nematode resistance gene (Hero) confers complete resistance to G. rostochiensis and 80% to G. pallida pathotypes. Thus, the Hero gene is a wide spectrum nematode resistance gene. This gene has been introgressed from the wild tomato species L. pimpinellifolium into the cultivated tomato in early 1970. To-date, such a resistance gene has not been identified within Solanum species and thus the Hero gene could be valuable for incorporating PCN resistance in potato cultivars. 

Comparative histological studies of the infected in vitro roots of susceptible Money Maker and Hero tomato lines with G. rostochiensis Ro1 have revealed that the functional syncytia were developed in Money Maker roots whereas the syncytia induced in Hero roots were mostly found to degenerate a few days after their induction. Some syncytia developed and supported the development of males rather than females. Thus, the ratio between males and females development was biased towards males on Hero roots whereas it was approximately equal on MM roots. Furthermore, microscopic analysis has revealed that the resistant response conferred by the Hero gene is activated after establishment of a functional syncytium. A series of changes occur in resistant plants leading to formation of a layer of necrotic cells separating the syncytium from stellar conductive tissues and this is followed by degradation of the syncytium. Thus, a combination of events, involving reduction in the number of functional syncytia developing together with biasing the sex ratio towards males, is responsible for drastically lowering the rate of nematode multiplication in the resistant plants. This is in contrast to the tomato Mi gene-induced resistance, which is based on a rapid hypersensitive response.

Previously, the Hero gene has been mapped onto the short arm of tomato chromosome 4, which is not equivalent to any of the previously mapped G. rostochiensis and G. pallida resistance genes in potato1. A number of cosmid clones ranging from 10-20 kb spanning the Hero locus have been identified and sequencing analyses have revealed that the Hero gene belongs to a multigene family, which comprises 13 copies of the Hero gene homologue. Recently, a number of cosmid-based transformation constructs in Agrobacterium have been used to transform the PCN susceptible tomato line Money Maker. PCN tests on these transgenic tomato plants have revealed that one of the cosmid clones contains the functional copy of the Hero gene. 

1. GANAL, W.M., SIMON, R., BROMMONSCHENKEL, S., ARNDT, A., TANKSLEY, S.D., PHILLIPS, M.  KUMAR, A. 1995.  Genetic mapping of a wide spectrum nematode resistance gene, Hero, against Globodera rostochiensis in tomato. MOLECULAR PLANT-MICROBE INTERACTIONS. 8: 886-891.

Analysis of Bax-induced cell death and N-mediated hypersensitive response to TMV.

Christophe Lacomme, Simon Santa Cruz*.

Unit of Cell Biology, Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA, Scotland.

(*) Horticulture Research International, East Malling, West Malling, ME 19 BJ, Kent.

A well-studied plant response to invading pathogens involves localized cell death at the infection sites. This programmed cell death (PCD), referred to as the hypersensitive response (HR), is often associated with pathogen resistance. Similarly animal cells can also undergo PCD in the face of invading pathogens. Although some similarities exist between the ultrastructural and physiological hallmarks of PCD in animals and plants evidence for common pathways leading to cell suicide are limited. In animal systems, studies of PCD have identified many regulators of death-inducing stimuli including the prodeath protein Bax. We previously showed (Lacomme and Santa Cruz, PNAS, 96:7956-7961) that murine–Bax protein induces HR-like cell death in tobacco. Some similarities are observed between Bax-induced cell death in plants and the HR, as they require both an active host response mediated via transient activation of protein phosphatases and lead to PR1 accumulation. Structure-function analysis indicates that the cell-death function requires domains of the Bax-protein involved in homodimerization and mitochondrial localization to respectively potentiate or trigger cell death. This supports the hypothesis that mitochondria may play an active role in Bax-induced cell death in plants as described in other systems. We address the question to what extent cellular events preceding the TMV-induced HR-cell death can be compared to PCD mechanisms in other eukaryotes. Data concerning ultrastructural observations and molecular approaches used to study the TMV-HR pre- and post-necrotic stage will be presented. 

Systemic resistance to anthracnose disease in cowpea seedlings treated with acibenzolar-S-methyl. 

Olu Latunde-Dada and John Lucas

IACR-Long Ashton Research Station, Long Ashton, Bristol, BS41 9AF, UK. Email: John.lucas@bbsrc.ac.uk
Plant defence activators are non-fungicidal compounds which alter the susceptibility of plants to microbial pathogens. The mechanisms of induction and expression of resistance following treatment with defence activators are not fully understood. Cowpea (Vigna unguiculata (L.) Walp.) seedlings, raised from seeds of a susceptible cultivar treated with acibenzolar-S-methyl (= benzo (1,2,3) thiadiazole-7-carbothioic acid S-methyl ester; BTH), were inoculated with the fungal pathogen Colletotrichum destructivum. The penetration of treated tissues was reduced markedly with intracellular infection vesicles of the fungus restricted to the initially infected epidermal cells. The destructive secondary phase of disease development, in which spreading lesions are formed, was effectively blocked, thereby protecting seedlings against damping-off. This enhanced resistance of BTH-treated tissues was associated with rapid, transient increases in the activities of two key enzymes of the phenylpropanoid/flavonoid pathway, phenylalanine ammonia-lyase (PAL) and chalcone isomerase (CHI). Subsequently, there was an early, accelerated accumulation of the isoflavonoid phytoalexins kievitone and phaseollidin in treated hypocotyls. In addition, a number of PR protein bands were observed exclusively in the electrophoresed extracts of inoculated, BTH-treated tissues. These responses were not observed in induced, uninoculated tissues. The results suggest that the defence activator protects cowpea seedlings by potentiating an early defence response rather than by altering the constitutive resistance of tissues. 

Inhibition of phenylpropanoid metabolism breaks non-host resistance in wheat .

Loades C.J. and Barber M.S.

University of Southampton, Division of Cell Sciences, Bassett Cresent East, Southampton S016 7PX.

Recently, several new enzyme inhibitors of general phenylpropanoid and lignin specific pathways have been identified that are likely to be of value in the investigation of lignin dependant processes in plants.  The inhibitors that are likely to be most useful must demonstrate highly specific inhibition of the target enzyme, be water soluble and capable of reducing lignification in planta at non-toxic concentrations.  The current work assesses the ability of a range of previously known and recently identified inhibitors for their ability to reduce defensive lignification and break non-host resistance in wheat. The inhibitors were screened for their ability to reduce lignification induced by Botrytis cinerea, their ability to break non-host resistance and for their fungal and phytoxicity.  Lignification was quantified by Fast GG staining combined with a scanning densitrometic procedure.  Breaking resistance was defined as hyphal growth in the tissues beyond the point where normal defensive lignification would have occurred and was assessed by alcoholic lactophenol cotton blue staining and light microscopy.  Fungal toxicity was monitored by light microscopy to directly observe inhibition of conidia germination.  Phytoxicity was assessed spectrophotometrically by measuring the reduction in extractable chlorophyll.  Most of the compounds tested reduced lignification, but many were phytoxic or had adverse effects on fungal germination.  Unfortunately, all of the lignin specific pathway enzyme inhibitors were ruled out due to lack of potency or toxicity problems. The possible exception was the cinnamyl alcohol dehydrogenase (CAD) inhibitor coniferal thiol (ML19) that broke resistance, albeit at levels approaching toxicity.  In contrast, the most promising compounds identified in this study were the inhibitors of the general phenylpropanoid pathway enzymes phenylalanine ammonia-lyase (PAL), cinamate-4-hydroxylase (C4H) and 4-coumarate-CoA ligase (4CL).  Two of the widely used PAL inhibitors, 2-aminoindan-2-phosphonic acid (AIP) and (-aminooxi-(-phenylproponic acid (AOPP) substantially reduced lignification and broke resistance.  Similarly, the recently identified C4H inhibitors 1-aminobenzotriazole (ABT), and the two hydroxynapthoic acids (1-OH-2-NA and 2-OH-1-NA) dramatically reduced lignification, although only 1-OH-2-NA broke resistance.  The 4CL inhibitor methylenedioxycinnamic acid (MDCA) was capable of reducing lignification, although its ability to alter resistance has yet to be assessed.  The work provides some insight into the causal relationship between non-host resistance and lignification in wheat, but more importantly identifies several new tools to enable lignin dependent processes to be investigated in plants.

Virus-induced gene silencing in a high throughput system to identify genes involved in Rx- and pto-mediated resistance.

Rui  Lu , Abdelhafid Bendahmane and David Baulcombe

Sainsbury Laboratory, John Innes Centre,Colney lane, Norwich, UK

Virus induced gene silencing (VIGS) is a process whereby virus infection causes sequence specific down-regulation of plant RNA(s) sharing homology with the infecting virus.

We have developed a high throughput system for VIGS of random genes. A Nicotiana benthamiana cDNA library was normalised and cloned into a binary PVX vector. The PVX-cDNA library was then transformed into Agrobacterium  and a direct inoculation technique for PVX infection was developed. 

A random screen was carried out to identify genes required for Rx- and Pto- mediated disease resistance. Resistance assays were performed on optimally silenced leaves. These assays  are dependent on the hypersensitive response (HR) which arises after infiltration of Agrobacterium expressing the resistance gene and its corresponding Avr product. If a gene required for resistance ( for example Prf  in the case of Pto resistance) is silenced, we do not observe a HR.  

Of approximately 5000 genes, we 62 candidates required for the Pto HR, 12 candidates  for the Rx  HR and 17  candidates for both resistances. We are now further testing these candidate genes by challenging plants transgenic for Pto or Rx with the corresponding pathogens. Thus PVX-GFP  or P. syringae (carrying avrPto) are used to assay loss of  Rx-mediated or Pto-mediated resistance respectively. To date, candidate genes in the Pto  reistance pathway have been confirmed using the bioassay. Further analysis is being carried out to investigate the structure and function of these candidates.

References:
Baulcombe D.C. 1999.Fast forward genetics based on virus-induced gene silencing. Current Opinion In Plant Biology.2,109-113.
Cloning and characterisation of avirulence gene Avr2 of Cladosporium fulvum.
Rianne Luderer, Frank L.W. Takken, Suzan H.E.J. Gabriëls, Pierre J.G.M. de Wit and Matthieu H.A.J. Joosten

Laboratory of Phytopathology, Wageningen University and Research Centre, Binnenhaven 9, 6709 PD Wageningen, NL.  

E-mail: Rianne.Luderer@fyto.dpw.wau.nl
The interaction between tomato and the biotrophic fungus Cladosporium fulvum complies with the gene-for-gene model. The tomato resistance locus Cf-2 contains two homologous genes, Cf-2.1 and Cf-2.2. Both genes confer a hypersensitive response (HR)-mediated resistance to isolates of C. fulvum producing the matching elicitor. Attempts to clone the Avr2 gene by reverse genetics have not been successful. Therefore, a PVX-based binary expression vector was used to allow Agrobacterium tumefaciens-delivered functional expression of a cDNA library of C. fulvum in tomato plants (Takken et al., Plant J., in press).

Upon toothpick inoculation of Agrobacterium colonies onto tomato leaves, five independent clones, containing an identical open reading frame  (ORF), were identified that gave Cf-2-specific HR. Avr2 encodes a cysteine-rich protein of 78 amino acids (AA), with a predicted signal peptide for extracellular targeting of 20 AA. Tobacco lines expressing either Cf-2.1 or Cf-2.2 responded with a HR upon AVR2, indicating that both Cf-2 genes confer AVR2 recognition. Strains of C. fulvum virulent on Cf2 tomato plants circumvent recognition by various single mutations in the ORF of the Avr2 gene, that either result in a frameshift or in the insertion of a stopcodon. To prove that Avr2 is indeed responsible for avirulence of C. fulvum on Cf2 plants, a strain virulent on Cf2 plants will be transformed with the Avr2 gene.
Compatible powdery mildew infection suppress the hypersensitive response to incompatible mildew in Mla-1 resistant barley.

M. F. Lyngkjær1* and T. L. W. Carver2
1Plant Biology and Biogeochemistry Department, Risø National Laboratory, DK-4000 Roskilde, Denmark. 2Institute of Grassland and Environmental Research, Aberystwyth, Ceredigion SY23 3EB, U.K.

Two different Mla-1 resistant barley lines were sequentially inoculated with compatible (virulent) and incompatible (avirulent) powdery mildew (Blumeria graminis f.sp. hordei) isolates. When the barley lines were attacked by the compatible B. graminis isolate, infection attempts either failed due to papilla formation or succeeded and a haustorium was formed in the attacked epidermis cell. However, when leaves were attacked by the avirulent B. graminis isolate, a very high percentage of attacked epidermal cells die in a rapid, hypersensitive response which is almost always restricted to the single cell under attack

The double inoculation treatments were performed, by applying first the compatible inoculum, then incubate for 48 h before removing superficial fungal structures leaving epidermal cells that either contained an inducer haustorium or a papilla. The second, incompatible challenge inoculum was then applied and incubated for 48 h before preparation for histological analysis (Lyngkjær & Carver 1999a ).

As previously demonstrated where a papilla due to inducer attack was present, the cell, and to some extent its neighbours, showed induced inaccessibility (preventing fungal penetration by papilla response) (Lyngkjær & Carver 1999a & b, Carver et al., 1999). By contrast, when compatible inducer haustoria formed in Mla1 epidermal cells, these cells not only showed very high accessibility to challenge attack by the incompatible isolate, but also the plant cell survived in the presence of the incompatible haustorium, and vigorous colonies developed. Despite this, mesophyll underlying such epidermal cells sometimes showed extensive whole-cell autofluorescence indicating that they were dying or dead. It appears that establishment of the compatible inducer infection maintained vitality of the epidermal cell containing the incompatible haustorium but that signals from the incompatible fungus disrupted the underlying mesophyll generating a novel response phenotype. 
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Morphological and molecular identification of Pythium species pathogenic to common beans in Uganda.

J. Mukalazi, G. White1, S. Muthumeenakshi1, T. Pettitt1, J. Carder1, R. Buruchara2, . Adipala & N.J. Spence1
Department of Crop Science, Makerere University, P.O. Box 7062, Kampala, Uganda

1Horticulture Research International (HRI), Wellesbourne, Warwick CV35 9EF, UK.

2 Pan-Africa Bean Research Alliance, Centro Internacional de Agricultura Tropical (CIAT), P.O Box 6247, Kampala, Uganda.

The common bean (Phaseolus vulgaris L.) is one of the most important sources of dietary protein and calories produced in Uganda. Bean yield is estimated at 349 kg/ha compared to 787 kg/ha ten years ago. The main causes of this reduction in bean yield are declining soil fertility and the effect of insect pests and diseases, most specifically root rots.  One of the major pathogen genera causing severe bean root rots in Uganda has been identified as Pythium, other genera involved are Fusarium and Rhizoctonia. The identification of Pythium to species level in this disease complex is critical for effective epidemiological studies leading to control strategies. The aim of this study is to identify bean pathogenic strains of Pythium spp. using both morphology and DNA-based molecular markers. Samples of bean plants displaying root rot symptoms were collected from three regions in Uganda. Twenty-one Pythium strains identified to species or groups using morphology were considered for the preliminary study. These Ugandan strains were compared with selected Pythium species obtained from culture collections. The ITS spacer regions flanking the 5.8S rRNA gene were amplified and digested with one of the following restriction enzymes: CfoI, MboI, HinfI and TaqI. Groupings arising from RFLP banding pattern were compared with groupings based on morphology.  This work will be linked with results from pathogenicity studies currently in progress using representative isolates from each group, which may be useful in identifying pathogen specific markers. 

Natural variation in Arabidopsis reveals multi-component resistance to the downy mildew Peronospora parasitica(At) isolate Cala2.

Lucy Nott, Eva Sinapidou, Kevin Williams, Eric Holub and Jim Beynon

Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, UK.

Resistance to Peronospora parasitica (At) isolate Cala2 in Arabidopsis accession Col-5 has been mapped to a single locus, RPP2, on chromosome 4.  A gene, RPP2A, has been cloned and shown to complement a Cala2 susceptible mutant.  However, we have shown that a second gene required for resistance to Cala2 is closely linked to RPP2A.  To identify this second component susceptible F2’s from the Col-5 x Nd-1 cross are being screened for individuals that contain RPP2A.  These individuals will contain recombination events between RPP2A and the second component, allowing the mapping interval of the second resistance gene to be reduced to a very small region.  A second approach to identify the gene is to sequence candidate genes closely linked to RPP2A from mutants shown to be altered in the function of the second component of Cala2 resistance.  Progress towards cloning the second component will be reported.

Transient expression of the green fluorescent protein in Nicotiana benthamiana mimics pathogen attack?

Anthony Page and Sue Angell
Department of Virus Research, John Innes Centre, Colney, Norwich, UK. NR4 7UH.

The jellyfish green fluorescent protein (GFP) is probably the most popular reporter gene currently in use.  It has been used extensively as a “tag” to monitor the cellular localisation and intra- and intercellular movement of proteins, organelles, and viruses and as a reporter gene in transgenic plants.

In this study we investigated whether expression of GFP in Nicotiana benthamiana alters plant gene expression.  We introduced a 35S-GFP5 construct into plants using a transient expression assay based on Agrobacterium tumefaciens infiltration of leaves.  The mRNAs produced in these leaves were compared with those produced in leaves infiltrated with control constructs (35S-GUS, 35S-GFP4, and vector alone constructs) using cDNA-AFLP analyses.  53 AFLP bands were induced and 10 AFLP bands were repressed specifically by 35S-GFP5.    Database searches revealed that most of the induced bands showed homology with proteins involved in plant defence.

The genes were not induced in 35S-GFP5 transgenic N. benthamiana plants but could be induced by Agrobacterium infiltration of the 35S-GFP5 construct.  As in the non-transformed plants, none of the control infiltrations induced gene expression.

The GFP5 sequence differs from GFP4 in that it has a chitinase (CHT) signal peptide at the N-terminus (which targets the protein to the endoplasmic reticulum (ER)) and an ER retention signal at the C-terminus.  To determine whether the CHT signal peptide or localisation of foreign proteins to the ER induces gene expression, we also infiltrated a 35S-CHT-GUS construct and a 35S-VIC-GFP construct (VIC; the vicilin storage protein signal peptide).  The data from these cDNA-AFLP analyses will also be presented.

Identification of genes required for N-mediated resistance against TMV by virus-induced gene silencing.

Jack R Peart, Rui Lu, Graeme Cook, Jane Parker and David C Baulcombe

The Sainsbury Laboratory, John Innes Centre, Norwich, UK

The aim of this project was to identify genes required for the N-mediated defence response against tobacco mosaic virus (TMV). 

Infection of plants by a virus carrying a fragment of a host gene leads to suppression of the corresponding host gene in a process termed virus induced gene silencing (VIGS). Here VIGS was exploited to identify genes required for N-mediated resistance; silencing genes necessary for N function will break resistance and enable TMV susceptibility.

Nicotiana benthamiana plants are amenable to VIGS. Thus an N genomic fragment from tobacco was used to transform N. benthamiana plants. N transgenic plants were resistant to recombinant TMV isolates demonstrating that components necessary for N function are likely to be conserved between tobacco and N. benthamiana. 

In order to validate the notion that VIGS could be used as a tool to identify components of the N resistance response, N itself was targeted for suppression. Infection of N transgenic plants with virus vectors carrying a fragment of N led to silencing of N and TMV susceptibility. 

The requirement of EDS1 in the N resistance pathway was then tested. VIGS of a N. benthamiana EDS1 homologue compromised N resistance; TMV replication on EDS1 silenced plants occurred to a similar extent as on N silenced plants. These observations provide evidence that EDS1 is required for function of TIR-NBS-LRR resistance genes in species other than Arabidopsis.

Finally, VIGS was used to identify a novel N resistance pathway gene. A normalised N. benthamiana cDNA library was cloned into a potato virus X (PVX) vector. 5 000 N transgenic plants were inoculated with PVX-cDNA constructs from the library to induce silencing of corresponding genes. The plants were then screened for loss of N resistance. The N response was consistently compromised by VIGS of NRG1 (for N requirement genes). NRG1 is predicted to encode a non-TIR NBS-LRR protein. Transient over-expression of NRG1 elicited a hypersensitive response in the absence of N or the elicitor of N implying that NRG1 functions downstream of N.  VIGS of NRG1 in non-transgenic N. benthamiana, i.e. TMV compatible plants, did not enable enhanced TMV replication. NRG1 silencing did not suppress the resistance response mediated by Rx or by Pto. 

In summary, VIGS was used to demonstrate that EDS1 is a necessary component of the N resistance response and that N function depends on another NBS-LRR encoding gene, NRG1.
The role of alkylresorcinols in protection of cereal seedlings against infection of some pathogenic fungi.

Stanisław J. Pietr, Teresa Lewicka, Robert Żarnowski

Department of Agricultural Microbiology, Agricultural University of Wrocław, Grunwaldzka 53, 50‑375 Wrocław, Poland. E-mail: pietr@ozi.ar.wroc.pl

The naturally occurring polyketide-derived phenols, 5-n-alk(en)ylresorcinols (ARs) showed significant antifungal activity in vitro versus Rhizoctonia cerealis and Rhizoctonia solani, but significantly lower against Fusarium culmorum. Due to their strong antibacterial and antifungal activity, those ARs are biosynthesised to protect the plant against pathogens. The objective of this study was to determine the sensitivity of barley, rye and wheat cultivars, which display significantly different concentrations of ARs in the waxy epicuticular layer of grains. Seeds of tested cereals were sown in sand artificially infested with Rh. cerealis or Rh. solani. Additionally, we compared the sensitivity of seedlings to fungal infection after 10-seconds washing away waxy epicuticular layer of grains with chloroform. 

The infection of seedling was monitored during first five days. The seedlings of cultivars with higher amount of ARs in the waxy epicuticular layer were infected in smaller degree by tested Rhizoctonia strains. The comparison of seedlings of the same cultivar with various quantities of ARs has also proved our observations mentioned above. 

We did not observed any effects of chloroform on growth and germination of seeds in control pots without pathogens. Drastically differentiations were observed in susceptibility for Rhizoctonia infections between chloroform treated and control seeds germinated in infested pots. The number of germinated seedling decreased in the range from 20% to 60% after removing the waxy epicuticular layer in comparison with control seeds in infested pots. Additionally, we observed significant decline of the length of roots (15 - 45%) as well as the increase of number and size of lesions (20 - 60%) on the roots of seedlings grown from chloroform treated seeds. 

The result has confirmed the antifungal activity of analysed phenolic compounds against Rhizoctonia fungi in vitro. The ability to production of saturated resorcinols could be taken into account as one of possible factors of plant resistance against fungal infection during germination.

Biochemistry of the tomato disease resistance gene Cf-2.

Rebecca L. Poole, Paul Seear and Mark S. Dixon.  

School of Biological Sciences, Universtiy of Southampton.

The tomato Cf genes confer resistance to races of the leaf mould fungus Cladosporium fulvum expressing the corresponding avirulence (Avr) genes, in a gene-for-gene manner.  The Cf genes are predicted to be predominantly extracellular membrane bound glycoprotein receptors, which recognise fungal Avr gene products.  One Cf gene, Cf-2 encodes 38 extracellular-type leucine rich repeats, a single potential transmembrane domain and a 37 amino acid tail, predicted to be cytoplasmically located (Dixon et al 1996).  Recently studies examining the subcellular localisation of Cf-9 have produced conflicting results. Using an epitope tagged version of Cf-9 Piedras et al. (2000), demonstrated a plasma membrane localisation, whilst Benghezal et al. (2000) using both fusion proteins and epitope tagging revealed an endoplasmic reticulum localisation.

To resolve the issue of subcellular localisation, we have produced myc epitope tagged versions of Cf-2 under the control of its native promoter.  These are being transformed into both tomato and tobacco. Functionally active transgenic plants carrying these constructs will be used for subcellular fractionation studies. 

Benghezeal, M., Wasteneys, G.O., Jones, D.A. 2000. The C-terminal dilysine motif confers endoplasmic reticulum localization to type I membrane proetins in plants. Plant Cell. 12: (7) 1179-1201.

Dixon, M.S., Jones, D.A., Keddie, J.S., Thomas,C.M., Harrison, K., Jones, J.D.G. 1996. The tomato Cf-2 disease resitance locus comprises two functional genes encoding leucine rich repeat proteins. Cell. 84: 451-459.

Piedras, P., Rivas, S., Droge, S., Hillmer, S., Jones, J.D.G. 2000. Functional, c-myc-tagged Cf-9 resistance gene products are plasma membrane localised and glycosylated. Plant Journal. 21: (6) 529-236.

Type III Secretion in Root-Colonising Pseudomonas.

Gail M. Preston, Nicolas Bertand, Claire Linney and Paul Rainey. 

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

Type III protein secretion is used by plant-associated bacteria to deliver proteins into the apoplast and cytoplasm of plant cells. Plant pathogens such as Pseudomonas syringae use type III secretion to promote parasitism and virulence in compatible host plants, however, type III secreted proteins can also act as elicitors of the hypersensitive response in non-host and resistant plants. We have characterised a type III secretion pathway from the plant growth-promoting bacterium Pseudomonas fluorescens SBW25 that is very similar to the type III secretion pathway of P. syringae, and have shown that type III secretion genes are widespread in both pathogenic and plant growth-promoting plant-associated Pseudomonas strains. P. fluorescens SBW25 possesses a 20 kb gene cluster which encodes both the type III secretion pathway (rsp genes) and a putative type III secreted protein RopE, similar to the type III secreted proteins AvrE and DspE from P. syringae and E. amylovora respectively. Although the organisation and sequence of the P. fluorescens cluster is very similar to the Hrp gene cluster of P. syringae, it does not contain all the components of the conserved type III secretion mechanism, or a homologue of the glycine-rich type III accessory proteins known as harpins.  P. fluorescens SBW25 can elicit a type III-dependent HR in Arabidopsis thaliana and Nicotiana clevelandii leaves when the positive regulatory proteins RspR and RspL are constitutively expressed.  However, rsp genes are not induced in the leaf apoplast in wild-type bacteria, which fail to elicit a visible HR on any host plant tested. Current evidence suggests that the primary location of rsp expression and activity is the rhizosphere. We have used reporter gene fusions to investigate the regulation and expression of rsp genes, and have found that although the elements of the rsp regulatory cascade function similarly to the hrp regulatory genes of P. syringae, the environmental signals that induce rsp gene expression are quite distinct. In addition, we have used rsc, rsp and ropE mutants to investigate the role of type III secretion in rhizosphere colonisation, and have found that type III secretion is not required for colonisation of sugar beet seedlings.

The Molecular and Cellular Basis of Spore Adhesion in Colletotrichum lindemuthianum.

Sarah L. Rawlings1, H. Bleddyn Hughes1, Richard J. O’Connell2, Jonathan R. Green1.

1 School of Biosciences, University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK.

2 IACR-Long Ashton Research Station, Department of Agricultural Sciences, University of Bristol, Long Ashton, Bristol, BS41 9AF, UK.

Fungi of the genus Colletotrichum are successful plant pathogens causing anthracnose diseases in a wide variety of crops. C. lindemuthianum infects Phaseolus vulgaris (French bean). The first feature of successful fungal pathogenesis is the adhesion of spores onto the host surface, without which the infection process could not take place. Within the genus Colletotrichum, very few moleculaes thought to be involved in  adhesion have been identified and no adhesive glycoprotein directly involved in adhesion has been cloned. In recent studies, spores of  C. lindemuthianum have been shown, by TEM, to possess a pre-formed, carbohydrate-rich, fibrillar spore coat arranged perpendicular to the cell wall that is not found on either germ tubes or appressoria. The spore coat is thought to mediate C. lindemuthianum spore adhesion. A monoclonal antibody (UB20) has been raised which binds to the two major components of the spore coat. We have developed an adhesion assay which has allowed us to investigate the mechanisms of spore adhesion in C. lindemuthianum and the role of the spore coat in this process. Removal of the spore coat by proteases significantly inhibited adhesion onto polystyrene petri dishes. Incubation of spores with purified UB20 IgG also inhibited adhesion. Evidence reported here suggests that the adhesion of C. lindemuthianum spores involves mainly hydrophobic interactions between a pre-formed protein in the spore coat and the hydrophobic surface of polystyrene.

Progress towards cloning an avirulence gene from Arabidopsis thalliana downey mildew (Peronospora parasitica (At)).

Anne Rehmany, Laura Grenville, Nick Gunn, Eric Holub and Jim Beynon.

Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, U.K.

The interaction between Arabidopsis thaliana and the oomycete Peronospora parasitica is mediated by RPP loci (Recognition of P. parasitica) in the plant and corresponding ATR loci (Arabidopsis thaliana-recognised) in Peronospora. Here we describe the map-based strategy in use and progress made towards cloning the ATR1 gene from Peronospora, which interacts with genes at the RPP1 locus in Arabidopsis accessions Nd-1 and Ws-3.

A bulked-segregant analysis using the AFLP technique is in progress and AFLP markers have been identified that span the ATR1 locus. We report the construction of a genomic BAC library from Peronospora and preliminary efforts to construct a BAC contig across the interval.

Histological and cytological expression of the host – parasite specificity in Lactuca spp. - Bremia lactucae interaction.

Sedláøová Michaela & Lebeda Aleš

Palacký University, Faculty of Science, Department of Botany, Šlechtitelù 11, 78371, Olomouc-Holice, Czech Republic. sedlarova@prfholnt.upol.cz, lebeda@prfholnt.upol.cz
The interaction between lettuce (Lactuca sativa), closely related L. serriola and lettuce downy mildew (Bremia lactucae) follows gene-for-gene relationship. Race-specific resistance is generally expressed as a hypersensitive reaction (1, 3). According to microscopical observations, a great variation in pathogen development, host cells and tissue reaction can be distinguished during initial stages of the host-pathogen interaction based on different resistance mechanisms (2). 

Nine genotypes of Lactuca spp. were involved in the study: L. sativa (Cobham Green, UCDM2, Mariska), L. serriola (PIVT 1309, LSE/18), L. saligna (CGN 05147, CGN 05271) a L. virosa (CGN 04683, NVRS 10.001 602) representing different mechanisms of compatibility and incompatibility to B. lactucae (race NL16). Germination, number and size of infection structures (primary and secondary vesicles), formation of infection hyphae of B. lactucae, tissue and cell reaction (HR) of host genotypes were examined on leaf discs 3, 6, 12, 24, 36 and 48 h after inoculation (hai) under light microscope. These features were related to the changes of host cytoskeleton.

Formation of pathogen primary infection structures (PV, SV) in epidermal cells of susceptible genotypes (L. sativa Cobham Green and UCDM 2, L. serriola LSE/18) was faster (6-12 hai) than in resistant genotypes (12-24 hai). The proportion of SV formed from PV was much lower in L. saligna than in other genotypes of Lactuca spp. HR was very rare in compatible interaction and only ever involved one cell per infection site. Great variation was found in the expression of HR among genotypes with different resistance mechanisms. Rapid HR and arrest of the fungus following formation of PV and SV is related to resistance in L. virosa. In CGN 04683 necrosis was detected in about 60% of penetration sites and also included subepidermal necrosis (SEN). In NVRS 10.001 602 both the PN and extent of HR were higher but spread just in attached epidermal cells.

Rearrangement of microtubular cytoskeleton have been investigated in infected epidermal cells by immunofluorescence microscopy (4). Alterations of microtubular array were mostly focused into the infected cells, only in two L. virosa genotypes (where more cells is involved in HR) they occurred also in 1-3 adjacent cells. Timing and extent of all processes taking place during the early stages of infection (pathogen infection structures development, reorganization of cortical microtubules, etc.) were specificaly related to the susceptibility/ resistance mechanism of  different Lactuca spp.  genotype.

Abbreviations: hai - hours after inoculation; PV, SV – primary, secondary vesicle; HR – hypersensitive reaction; PN- proportion of infection sites with necrotic epidermal cells; SEN - subepidermal necrosis
This research was supported by grant of Czech Ministry of Education „Plant stress and pathological biology, biochemistry and bioenergetics“ (MSM 153 100010).

1. Lebeda, A., Pink, D.A.C.: Histological aspects of the response of wild Lactuca spp. and their hybrids, with L. sativa to lettuce downy mildew (Bremia lactucae). Plant Pathol. 47, 723-736, 1998.

2. Lebeda, A., Pink, D.A.C., Mieslerová, B.: Host-parasite specificity and defense variability in the Lactuca spp. – Bremia lactucae pathosystem. J. Plant Pathol., 2000 (in press)

3. Lebeda, A., Reinink, K.: Histological characterization of resistance in Lactuca saligna to lettuce downy mildew (Bremia lactucae). Physiol. Mol. Plant Pathol. 44, 125-139, 1994.

4. Sedláøová, M., Binarová, P., Lebeda, A.: Changes in microtubular alignment in Lactuca spp. epidermal cells during early stages of infection by Bremia lactucae. Phyton, 2000 (in press). 

Molecular analysis of Avra12 in the barley powdery mildew pathogen, Erysiphe graminis fsp.hordei.

Paraskevi Skamnioti†, Christopher J. Ridout†,‡ and James K.M. Brown†

†Cereals Research Department and ‡Sainsbury Laboratory, John Innes Centre, Norwich, NR4 7UH

The avirulence gene Avra12 segregates in a cross between virulent (CC52) and avirulent (DH14) isolates of Erysiphe graminis f.sp. hordei (barley powdery mildew). Avra12 is recognised by the corresponding resistance gene in barley, Mla12, an allele of the Mla gene which was cloned recently in the Sainsbury Laboratory. Molecular characterization of Avra12 will help in determining the basis of gene-for-gene interactions and the origin of genetic variation in the fungus. It may also be useful in genetic manipulation of resistance, by recognition-based induction of plant defences.

First, Avra12 was mapped as a pre-requisite to map-based cloning. In an attempt to map the gene more precisely, bulk segregant analysis was conducted. 951 AFLP primer combinations, scanning over 65,000 loci, were used, but Avra12 was consistently located at the end of linkage group III. This suggests that the gene is in a region of high recombination, possibly in a subtelomeric region. Therefore, to find markers distal to Avra12, we are investigating polymorphism in PCR products with homology to the consensus ascomycete telomere sequence, so enabling telomere-associated  sequences to be mapped in relation to Avra12.

To complement the mapping approaches, we are investigating differences in expressed genes which may be associated with the Avra12 phenotype, using suppression subtractive hybridisation. Lastly, a new cross (CC148 x DH14) is being set up, in order to map Avra12 in relation to other avirulence genes that segregate in this cross.

Light and electron microscopy of the compatible interaction between Arabidopsis and downy mildew pathogen Peronospora parasitica.
E. Mine Soylu1, Soner Soylu1 and John Mansfield2
1 University of Mustafa Kemal, Faculty of Agriculture, Department of Plant Protection. 31034 Antakya/Hatay. TURKEY

2 University of London, Imperial College at Wye, Department of Biology, Wye, Ashford, KENT. TN25 5AH. U.K
Peronospora parasitica causes downy mildew disease in a number of crucifers including Arabidopsis thaliana. In this study we focused on compatible interactions between Peronospora and Arabidopsis using light and electron microscopy (E.M). Light microscopy of compatible interactions revealed that sporangia germinated and penetrated along the junction of line of the anticlinal cell walls of two epidermal cells. Penetration of a mesophyll cell and formation of first haustorium occurred within 12 hr after inoculation. Rapid spreading of the fungal hyphae with formation of numerous haustoria was subsequently followed by profuse sporulation 5 days after inoculation, in the absence of host cell necrosis. During the time course, examination of infected cells under UV radiation did not reveal any autofluorescence indicating the absence of the hypersensitive reaction. E.M observations revealed that coenocytic hyphae ramified and spread intercellularly throughout the host tissue. The cytoplasm of intercellular hyphae was bounded by the fungal membrane and contained typical organelle. Further growth of hyphae within the intercellular spaces and penetration of individual host mesophyll cells led to the formation of haustoria. Intracellular haustoria were lobed with the diameter of 6-7 &#61549;m. Each haustorium was connected to intercellular hyphae by a wide and very short neck. The cytoplasm of the haustorium included the organelles characteristic of the fungus, vacuoles were seldom formed. The haustorial body contained numerous mitochondria which were much more frequent than elsewhere in the fungus. Callose like deposits were frequently observed at sites of penetration around the proximal region of the haustorial neck. No obvious response was observed in host cells following formation of haustoria. By 24 hr, one or two haustoria were often observed in single mesophyll cells but as many as 4-5 haustorial profiles were found within a single cell at 5 dai. Apart from a few callose ensheatments, most of mesophyll cells contained normal haustoria and the host cytoplasm displayed a high degree of structural integrity. Absence of host cell wall alteration and cell death in penetrated host cell suggest that the fungus exerts considerable control over basic cellular processes and in this respect, response to this biotroph fungus differs considerably from responses to other pathogens such as necrotrophs.
Histochemical localisation of hydrogen peroxide during compatible and incompatible interaction between Arabidopsis and Peronospora parasitica.

E. Mine Soylu1, Soner Soylu1 and John Mansfield2
1 University of Mustafa Kemal, Faculty of Agriculture, Department of Plant Protection, 31034 Antakya, Hatay. TURKEY

2 University of London, Imperial College at Wye, Department of Biology, Wye, Ashford, KENT. TN25 5AH
Diaminobenzidine (DAB) was used to determine the localisation and timing of the accumulation of a component of active oxygen species, hydrogen peroxide (H2O2) in planta. H2O2 was visualised histochemically by its reaction with DAB in the presence of peroxidase to produce brown-red colour staining. Treatment of tissue with catalase either abolished or reduced the level of staining suggesting that the staining was dependent on the presence of H2O2.  In uninoculated Arabidopsis cotyledon and the infected cotyledons from compatible interaction, (Ws-eds-1 accession inoculated by Emoy-2 isolate), H2O2 staining occurred within the vascular tissue. No staining was observed on cell wall at site of fungal penetration. Major H2O2 accumulation was detected on resistant accession of La-er following inoculation with the avirulent isolate Emoy-2 which caused a rapid hypersensitive reaction (HR). Striking and highly localised H2O2 staining was observed in the plant cell walls undergoing the HR, at sites of wall alterations and papilla formation around the penetration point and adjacent cells. These sites were previously  found as sites of active lignin deposition as revealed by staining with phloroglucinol. Early appearance of H2O2 was coincident with the development of the HR. The earliest time for observation of H2O2 in epidermal cells undergoing the HR was 18 hr after inoculation. In the intermediates extensive deposition of papillae was identified as the main mechanism of resistance. Less marked accumulation of H2O2 was observed at sites with cell wall alterations. Intense staining was only observed in cells undergoing the HR and within the adjacent cells. In conclusion, highly localised accumulation of H2O2 at reaction sites suggest that production of H2O2 may be critical to development of resistance as manifested by the HR, accumulation of phenolic and cell wall lignification during incompatible interactions between Arabidopsis and Peronospora.

mlo-Resistance to Barley Powdery Mildew: Instability After Stress.

Keith Stewart and Sarah Gurr

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

mlo-resistance is currently the only durable and effective resistance mechanism in spring barley to the powdery mildew pathogen Blumeria (Erysiphe) graminis f. sp. hordei. It mediates a broad-spectrum resistance to virtually all known pathogen isolates, and is used as the primary resistance mechanism in the vast majority of the European spring barley crop. The cellular manifestation of mlo-resistance is that of the rapid formation of localised cell wall appositions – papillae – which prevent fungal penetration of the host epidermal cells. 

mlo-resistance breakdown has been observed under field, glasshouse and laboratory conditions. It is a temporary phenomenon, which follows the relief of drought stress1,2. More recently, the relief of drought induced chemically by osmotica has also been demonstrated to result in the breakdown of mlo-resistance. Additionally, mlo-resistance is unstable following the relief of exposure to low temperatures (+4°C). Following the relief of salt stress, no resistance breakdown is observed on mlo-resistant varieties and a reduced infection frequency is observed in susceptible barley genotypes.

Extensive physiological studies, have ruled out any significant difference in the stress tolerance of mlo-resistant and Mlo-susceptible barley varieties as being responsible for mlo-resistance breakdown. These studies include continuous, non-invasive measures of change in leaf thickness following the relief of stress and cryoscopic osmometry of cell sap extracts. 

Current investigations focus on the effects of the induction and relief of abiotic stresses on the expression of the Mlo-gene, together with other defence genes induced by abiotic and biotic stresses. Results from this work will be presented here.

1. Baker SJ, Newton AC, Crabb D, Guy DC Jefferies RA, Mackerron DKL, Thomas WTB, Gurr SJ. 1998. Temporary partial breakdown of mlo-resistance in spring barley by sudden relief of soil water stress under field conditions: the effects of genetic background and mlo allele. Plant Pathol. 47:401-410.

2. Baker SJ, Newton AC, Gurr SJ. 2000. Cellular characteristics of temporary partial breakdown of mlo-resistance in barley to powdery mildew. Phys. Mol. Plant Pathol.56:1-11.

Effects of fungicide seed and spray treatments on the progress of septoria leaf blotch (Mycosphaerella graminicola) on winter wheat.

Wanzhong Tan, Bruce Fitt

IACR-Rothamsted, Harpenden, Herts AL5 2JQ

 On naturally infected winter wheat (cv. Riband), different septoria leaf blotch (Mycosphaerella graminicola) epidemics were established in 1999/2000 by using fungicide seed treatment (fluquinconazole) and spray treatments (azoxystrobin) at GS32 and/or GS39. Data on % leaf areas which were senesced (LAS), affected by leaf blotch (LAB) or covered by M. graminicola pycnidia (LAP) and green leaf area (GLA, cm2) were collected weekly from GS31 (19 April) to GS85 (12 July) and grain yield (t/ha) was recorded at harvest. Seed treatment effectively reduced septoria blotch on leaves 5 and 4 before GS34, and maintained GLA of these leaves, but these effects were not observed on leaves 3 to 1 (flag leaf). The sprays at GS32 and/or GS39 decreased septoria blotch after GS57 and decreased septoria blotch on the upper 3 leaves, thus greatly reducing losses in grain yield. Septoria leaf blotch epidemics followed different patterns on different leaves and in different treatments. The Gompertz, logistic and exponential functions fitted well to the data for the progress of epidemics on leaves 1, 2 and 3 and to those of most treatments on leaf 4. The integrated areas under progress curves for LAS, LAB, LAP and GLA on leaves were all related to each other. Grain yield was correlated negatively with integrated LAB and LAP, and positively with integrated GLA, on the upper 3 leaves. The yield-disease models established through regression on integrated LAS, LAB and GLA on leaves 1, 2 and 3 alone were significant, but the best yield-disease models were those established with the totals of integrated LAB and GLA, respectively, of the top 4 leaves of the plants.

Expression of elicitor responsive genes in rice plants.

Shigeru TANABE, Mitsuo OKADA, Eiichi MINAMI and Naoto SHIBUYA

Natl. Inst. Agrobiol. resources, Tsukuba, Japan, 305-8602.

N-acetylchitooligosaccharides elicit a set of defence responses in suspension-cultured rice cells (Oryza sativa cv Nipponbare).  We have reported that mRNAs for elicitor responsive genes, EL2, EL3 and PAL, transiently accumulate by elicitor treatment.  In this study, we investigated the expression of these genes in rice plant using northern blot analysis and in situ hybridization.

In excised rice leaves, and incubated in (GlcNAc)7 solution, EL2 and EL3 mRNAs were shown to accumulate 15 minutes after treatment with elicitor in the mesophyl cells.  These results suggested that the expression of both genes in rice plants were regulated in a similar manner to the suspension-cultured rice cells.  It was indicated by 125I-APEA-(GlcNAc)8 transport assay that the expression of both genes in the excised leaves in response to elicitor results from diffusion of elicitor into leaf tissue through the vascular bundles.

In intact plants, 125I-APEA-(GlcNAc)8 applied to the root of rice seedlings was not sucked up to leaves.  EL2 mRNA accumulated transiently in root exodermis cells and middle part of root cap, but not in the leaves.  On the contrary, PAL mRNA accumulated in the leaves but not in the roots.  These results strongly indicate that EL2 is expressed in the cells exposed to the elicitor, whereas PAL is induced by systematic signals from N-acetylchitooligosaccharides in rice seedlings.

Avirulence and virulence functions of effector proteins produced by Pseudomonas syringae.
George Tsiamis1, Rob Jackson2, Alan Vivian2 and John Mansfield1
1Department of Biology, Imperial College at Wye, Ashford, Kent TN25 5AH, UK

2Department of Biological Sciences, University of the West of England, Coldharbor Lane, Bristol BS16 1QY, UK
Numerous avirulence (avr) genes have been cloned by function from pathovars of P. syringae.  In many cases the avr function has been shown to be associated with gene-specific interaction with a matching resistance (R) gene in the responding plant.  The first virulence (vir) gene, designated virPphA was cloned for its ability to restore virulence to plasmid deficient strains of P.s. pv. phaseolicola; VirPphA is located in a pathogenicity island.  Dual function was assigned to virPphA following discovery that it regulates induction of the HR in soybean.  The avr gene avrPphF, which matches the R1 gene for resistance to halo-blight in bean cv. Red Mexican was found to have cultivar and gene specific virulence activity in bean cv. Tendergreen.  In the absence of the PAI containing virPphA, avrPphF also elicits a strong HR in cv. Canadian Wonder which is fully susceptible to all wild-type strains of P.s. pv. phaseolicola.  A gene masking the activity of avrPphF in Canadian Wonder was identified to be avrPphC which was initially cloned for ability to cause the HR in soybean.  An intriguing web of avr and vir gene interactions has emerged which adds complexity to the basic gene-for-gene interaction.  Models illustrating how effector and receptor proteins may interact are presented.

Identification and characterisation of two metallothionein-encoding genes from the rice blast fungus, Magnaporthe grisea.

Sara L. Tucker and Nicholas J. Talbot 

School of Biological Sciences, University of Exeter, Washington Singer Laboratories, Perry Road,  Exeter, EX4 4QG,   (S.L.Tucker@exeter.ac.uk)
Magnaporthe grisea is the causal agent of rice blast disease. Considerable research has led to our current understanding of this pathogen however little emphasis has been placed on identifying genes specifically involved in plant tissue colonisation and growth of the fungus in planta. I this project we have adopted tow strategies to study plant tissue colonisation by M. grisea.  The first strategy involved differential cDNA screening to isolate transcripts expressed in the wild-type strain of M. grisea, Guy-11 but not in a non-pathogenic MAP kinase mutant pmk1.  Secondly, a candidate gene approach was used to identify a homologus of a gene identified in Uromyces fabae called PIG11. Because characterisation of PIG11 in this obligate biotrophic fungus is difficult, the presence of a homologue in the more experimentally amenable fungus M. grisea is significant.  Using these approaches two metallothionein (MT)-encoding genes have been identified called MMT1 (the PIG11 homologue) and MMT2. Metaolothioneins are ubiquitous proteins with metal-binding propteries, although their function is somewhat elusive. Preliminary characterisation of the two MTs carried out to date will be presented, revealing their relatedness to other MTs, their patterns of expression in developmental mutants of M. grisea and the possible functions they may carry out during growth of the fungus in planta. 

Rhizoctonia: Cerberus in the paddy fields: A new perspective on rice sheath diseases and their causal organisms.

H. C. TURNER,1 M. A. RUTHERFORD2 and U. D. SINGH3 

1 Natural Resources Institute, University of Greenwich, Chatham, Kent ME4 4TB

2 CABI Bioscience, Bakeham Lane, Egham, Surrey TW20 9TY

3 Central Rice Research Institute, Cuttack-753006, Orissa, India

Rhizoctonia sheath blight is a serious problem for rice growers around the world, particularly in areas of intensifying rice production.  The causal organism has been identified as R. solani.  However, two other species, R. oryzae and R. oryzae-sativae (causing sheath spot and aggregated sheath spot of rice respectively), produce symptoms that are often indistinguishable under field conditions, making accurate diagnosis of the particular culprit(s) in a given situation difficult.  Reliance on traditional isolation-based methods is slow, subject to problems of preferential isolation, and requires the services of an expert mycologist.  We report here on the successful application in India of a newly-developed PCR-based diagnostic method that can provide an accurate species diagnosis within 36 hours of receipt of infected plant samples in the laboratory.  Application of this tool has revealed a greater complexity in the Rhizoctonia sheath disease problem than previously recognised. The implications of our finding for the development of appropriate disease control methods for use under sustainable agricultural systems are explored.

Detection and diversity of Fusarium solani f.sp. phaseoli from common beans in south-western Uganda.

G. Tusiime, J. H. Carder1, R. A. Buruchara2, E, Adipala, N. Spence1, C. L. Grant1 and S. Mayanja2

Department of Crop Science, Makerere University, P.O. Box 7062, Kampala, Uganda

1Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, UK

2Pan-Africa Bean Research Alliance, Centro Internacional de Agricultura Tropical (CIAT), P. O. Box 6247, Kampala, Uganda

Fusarium solani f.sp. phaseoli is one of a complex of organisms that can cause bean root rot disease, currently epidemic in the Great Lakes Region of Africa. Molecular studies have been initiated with the aims of (i) development of specific detection systems for this pathogen and (ii) examining population diversity. RFLPs of PCR products of the ITS region have successfully differentiated F. oxysporum and F. solani isolates from bean plants showing symptoms of root rot. A pair of PCR primers designed from the ITS region of Fusarium solani f.sp. phaseoli amplified target DNA from F. solani but not from several other Fusarium species. Molecular variation within a set of F. solani isolates collected from bean plants in south-western Uganda has been evaluated using RAPDs. The pathogenicity of these isolates is being determined and, in conjunction with RAPD data, may allow us to identify pathogen-specific markers. These, in turn may permit the design and utilisation of pathogen-specific PCR primers.

Basis of differences in aggressiveness between Microdochium nivale isolates on rye grass.

Leslie A. Wanner1, Nina Lynnebakken2, Gunhild Hageskal2, Ingerd Skow Hofgaard1, Anne Marte Tronsmo1, 2

1)Norwegian Crop Research Institute, Plant Protection Centre, Dept. of Plant Pathology, Høgskoleveien 7, N-1432 Ås, Norway 

2)Agricultural University of Norway, Plant Protection Centre, Dept. of Plant Pathology, Høgskoleveien 7, N-1432 Ås, Norway 

Microdochium nivale causes pink snow mould on winter cereals and grasses in the Nordic countries.  At warmer temperatures it also causes leaf blotch, stem rot and head blight.  Based on morphological traits, the species has been divided into two varieties, var. nivale and var. majus.  We have isolated more than 30 M. nivale strains from different grass and cereal hosts.  Individual isolates displayed variation in aggressiveness on rye grass, as measured by a plant re-growth assay after infection and incubation under artificial snow cover.  Selected isolates were also inoculated onto winter wheat and other grass and cereal species. These isolates showed variation in aggressiveness on all hosts examined.  The relative aggressiveness of individual isolates was not the same on all host plants, suggesting that factors in both plant and pathogen are involved in pathogenicity.

To better understand the basis for differences in aggressiveness on a single host plant, rye grass, we examined various characteristics of a selection of M. nivale isolates under culture conditions.  Rates of growth on a rich culture medium (PDA) were measured at several different temperatures.  Growth rates at 2°C (the temperature under artificial snow cover) were generally low for M. nivale var. majus isolates, but were variable for M. nivale var. nivale isolates.  There was no strict correlation between growth rates in culture and aggressiveness on rye grass (or on wheat), suggesting that factors in addition to robust growth at (low) temperature are involved in pathogenicity.

To determine what factors in addition to growth rate might contribute to differences in aggressiveness on rye grass, we examined the profile of proteins secreted by different M. nivale isolates into a basal salts medium containing rye grass cell walls as the carbon source.  There were differences in the timing and specific activity of cell wall-degrading enzymes secreted into the medium by individual isolates.  These differences could account for some of the additional variation in aggressiveness observed between M. nivale isolates.

Geminiviral AC2, a pathogenicity determinant.

R Van Wezel1, H Liu2, Po Tien3, J Stanley4 and Y Hong1 

1 Horticulture Research International, East Malling, Kent ME19 6BJ, UK

2 University of St. Andrews, St Andrews, Fife KY16 9ST, UK

3 Beijing Institute of Microbiology, Beijing 100080, China

4 John Innes Centre, Conley, Norwich NR4 7UH, UK

AC2 (also known as AL2 or C2), encoded by the members of Begomoviruses of the Geminiviridae, is a transcriptional activator protein. It transactivates viral coat protein and movement protein gene expression. Recent work on the African cassava mosaic virus (ACMV) has indicated that direct expression of AC2 protein induces necrosis in plants, implying its role in pathogenicity, and AC2 protein acts as a suppressor of post-transcriptional gene silencing. Here, we present that AC2 of the Tomato yellow leaf curl virus (TYLCV), localising in the nucleus, is a determinant of viral pathogenicity. To express TYLCV AC2 in Nicotiana benthamiana, the coding sequence for wild-type AC2, its mutant derivatives, and AC2-GFP fusion protein were cloned into a potato virus X (PVX)-based vector. These PVX RNA transcripts produced by in vitro transcription were infectious to N. benthamiana. Expression of wild-type TYLCV AC2 and AC2-GFP fusion protein induced necrotic ringspots on the inoculated leaves, rather than necrotic lesions induced by the ACMV AC2. The nucleus localisation of GFP fluorescence in the plant cells infected with PVX/AC2-GFP clearly indicated AC2 translocated GFP into the nucleus, which was further evidenced by that AC2-mediated translocalisation of GFP into insect cell nucleus.

Influence of Pseudomonas fluorescens strain PSR 21 on the alkylresorcinols composition in barley and their potential antifungal activity.

Robert Żarnowski1, Yoshikatsu Suzuki2, Włodzimierz Kita3, Isamu Yamaguchi2, Teresa Lewicka1, Stanisław J. Pietr1
1Agricultural Microbiology Dept., Agricultural University, Wrocław, Poland; 

2The Institute of Physical & Chemical Research (RIKEN), Hirosawa, Wako-shi, Saitama, Japan; 

3Plant Protection Dept., Agricultural University, Wrocław. E-mail: robert@ozi.ar.wroc.pl

Pseudomonas fluorescens strain PsR 21 previously isolated from the rhizosphere of cannola (Brassica napus ssp. oleifera L.) had shown the ability for plant growth promotion of some field cultivated crops. We studied the influence of seed treatment with the strain on the yield, the seed infestation as well as on the quantity and quality of naturally occurring non-isoprenoid phenolic lipids, 5-alkylresorcinols in seeds after harvest under field conditions. These polyketide-derived, odd-numbered, long-chain homologues of orcinol (1,3-dihydroxy-5-methylbenzene) are constitutively present in barley both in all vegetative organs and grains. Due to their strong antifungal activity and their localisation in the hydrophobic epicuticular wax layer, alkylresorcinols are an important protective factor in biology of barley grains and seedlings against external aggression and predators.

For the purpose of this research, seeds of barley cv. Rudzik were inoculated before sowing with a suspension of P. fluorescens PsR 21 cells. Control seeds remained untreated. The effect of the seed’s treatment resulted in significant increase of the yield in comparison with control plants. Moreover, we clearly observed a lower number of colony forming units of Atlernaria alternata, Botritis cinerea and general number of fungi on seeds harvested from plots treated with P. fluorescens PsR21 than from control ones. 

Both control and inoculated plants contained comparable amounts of alkylresorcinols. However, some differences in homologue compositions were being observed. Plants treated with the bacterium as well as control plants biosynthesised the same homologues with carbon side-chains from C17 to C25. In comparison with control, the relative content of the short-chain alkylresorcinols (C17 and C19) in tested plants was decreased, and that of the longest homologue (C25) increased. Recently, we have proved that antifungal activity of saturated alkylresorcinols is in direct proportion to the carbon side-chain length. Thereby, induction of long-chain alkylresorcinols in barley improves the activity of such mixtures against some undesirable phytopathogens. Thus, direct interactions between barley and the tested pseudomonad resulted in the induced plant-host resistance acquisition versus certain phytopathogenic microbes.

Undoubtedly, this finding has proved that changes in alkylresorcinol homologue ratios in barley grains may be one of still weakly recognised mechanisms of actions of P. fluorescens strain PsR 21.

Extracellular matrix and surface attachment of Stagonospora nodorum sporelings: an immunocytochemical analysis.

Einat Reichert-Zelinger1, Molly Dewey2 and Chris Hawes1
1 Research School of Biological and Molecular Sciences, Oxford Brookes University, Headington, Oxford, OX3 0BP UK

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

Stagonospora nodorum (Berk.), previously known as Septoria nodorum (Berk.) Berk. is an air borne foliar pathogen of cereals. It is responsible for leaf and glume-blotch disease and is common in temperate climates such as the UK. S. nodorum often appears in the field together with the fungal leaf pathogen, Septoria tritici1. Together they are known as the Septoria spp. complex, and account for a worldwide annual yield crop loss estimated at around £0.6 billion.

Most of our current knowledge focuses mainly on the molecular genetics of S. nodorum and in studies of the advanced stages of the disease. However, it is now recognised that new strategies in the development of early disease control lay in close inspection and detailed understanding of the initial stages of infection. Thus, the initial stages of fungal contact with the host surface play a crucial role in subsequent infection2.

The aim of this study was to investigate these early stages focusing on the production of the fungal extracellular matrices (ECMs) and the adhesion of sporelings to the wheat leaf surface. Understanding such mechanisms could provide a new insight into the control of leaf and glume-blotch.

Monoclonal antibodies (MAbs) SN.MG11-EF7, SN.CH9-EG8 were raised against S. nodorum surface molecules and recognise a protein epitope on the surface of fungal walls or a carbohydrate epitope present in the secreted extracellular matrix. The possible roles of these S. nodorum antigens in the early host-pathogen interaction were studied. A variety of light and electron microscopy methods were employed to visualise the fluorescent or gold-labelled MAbs and were used to document the spatial relationship between sporeling attachment, ECM secretion and the host surface.

The results suggest that there is a rapid and strong adhesion of the ungerminated conidia to the leaf surface. The ECM appears to be secreted in two stage-specific phases, notably from the ungerminated pycnidiospores and around emerged germ-tubes. The level of secretion from pycnidiospores appears to be dependent on substratum surface factors and upon relative humidity.

1. Shaner G. and Buechley G. 1995. Epidemiology of Leaf Blotch of Soft Red Winter Wheat Caused by Septoria tritici and Stagonospora nodorum. 79:928-938

2. Nicholson R.L., Epstein L. 1991. Adhesion of fungi to the plant surface. In: The fungal spore and Disease initiation in plant and animals (ed. G.T Cole and H.C Hoch) New York , Plenum Press. pp: 3-23
Isolation of genes induced during compatible interactions between leaf rust (Puccinia recondita) and wheat.

Lin Zhang and Matt Dickinson

Plant Science Division, School of Biosciences, University of Nottingham

The rust fungi are obligate biotrophic pathogens that depend on living host tissue for their growth. In compatible interactions they go through a number of development stages to form intercellular hyphae and haustoria within host cells, through which they obtain nutrients to support colony growth. Therefore, the isolation of genes induced in both host and pathogen during their compatible interaction may provide an approach for understanding the molecular mechanism of disease development in the biotrophic plant pathogens. Here we have exploited the cDNA-AFLP technique to isolate wheat and wheat leaf rust genes expressed at specific defined time-points during the infection process.  Most of genes isolated from the cDNA-AFLP showed the identical expression patterns as Northern blotting analysis. Sequence analysis has revealed similarities amongst the fungal genes to bacterial, fungal and yeast chitinase, sorbitol dehydrogenase, proteaseome regulatory unit and tyrosinase, whilst in wheat, we have identified sequences with homology to Arabidopsis katanin and cell enlargement protein. The origin of wheat or rust genes has been conformed by PCR and Southern analysis. A cDNA library constructed from post-inoculation pooled cDNAs from wheat leaves has been screened to isolate the full-length cDNAs for further analysis.

Walking into the unknown: a “step down” PCR-based technique leading to the direct sequence analysis of flanking genomic DNA.

Ziguo Zhang and Sarah Jane Gurr. 

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

We describe a novel and efficient PCR-based technique for walking into unknown flanking genomic DNA without recourse to protracted laborious library screening for overlapping sequences. This two component “hot start” and “step down” PCR method uses 6 x 1(g of genomic DNA (c. 20 kb in length) restricted with 6 different endonucleases and ligated to adaptors with the inclusion of 2 further restriction enzymes to prevent self-ligation. It allowed us to walk, in a single step, up to 6 kb into flanking Erysiphe graminis DNA and gave sufficient PCR products for up to 200 different walking experiments. This technology enabled us to clone and characterise the previously elusive 5’ sequence of the barley powdery mildew chitin synthase gene, BgChs2, which includes a myosin motor-like sequence fused to a type V chitin synthase gene1,2

To-date, using this technique, we have gathered rapidly genomic sequence data from a further 16 mildew genes and 10 promoter sequences. We have performed more than 60 walking steps, yielding some 60 kb of sequence in rapid succession and without a single failed attempt.

1. Zhang, Z., Gurr, S. J.  (2000). Walking into the unknown: a 'step down' PCR-based technique leading to the direct sequence analysis of flanking genomic DNA. Gene 253 (2), 145-150.

2. Zhang, Z., Hall, A., Perfect, E., Gurr, S. J.  (2000). Differential expression of two Blumeria graminis chitin synthase genes. Molecular Plant Pathology 1 (2), 125-138.

A pharmacological and molecular approach to the study of signal transduction in the barley powdery mildew fungus.

Ziguo Zhang, Gemma Priddey, Pushpa Chaure, Alison Hall, Emma Perfect, Sarah Gurr

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. Conidia germinate and produce a short primary germ tube followed by a second formed germ tube which elongates, swells and produces a specialised infection structure, the appressorium.

B. graminis is an obligate biotroph, meaning that it cannot be grown axenically and consequently, tissue for experiments is limiting. Thus, we have employed and described a range of techniques to assess how B. graminis perceives, integrates and relays signals for morphogenesis up to the point of penetration. Previous work has demonstrated that both physical properties of the leaf surface, such as hydrophobicity, and cuticle-derived chemicals, such as cutin monomers and cellulose, 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 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. 

We have identified several component genes of signal transduction and cell integrity pathways in B. graminis, including two PKC genes, two MAPK genes and two chitin synthase genes. Their expression profiles show that they are regulated differentially during conidia germination and appressorial differentiation. They putatively play important roles in host penetration and pathogenicity. We aim to ascribe functions to these genes, by using our recently-described stable DNA transformation technique and also to study the interplay between the PKA, PKC and MAPK signal transduction pathways. 

PR-10 genes of the apple seedlings : analysis of regulation and spatio-temporal expression after induction by acibenzolar-S-methyl (an analogue of salicylic acid).

ZIADI Smaïl1,2, PouparD Pascal2, Brisset Marie-Noëlle1, Simoneau Philippe2
UMR Pathologie Végétale : 1INRA, Station de Pathologie Végétale 42, rue Georges Morel BP 57 49045- Beaucouzé ;  2LMV, Faculté des sciences, Université d'Angers, 2 Bd Lavoisier, 49045 Angers cedex.   e-mail : ziadi@angers.inra.fr

A large number of acidic PR proteins presenting similar molecular weight (16 to 19 kDa) and amino acid sequences have been grouped into the PR-10 family (Van Loon et al., 1994). Their intracellular localisation and the presence of pollen and food allergens in this family (Breiteneder et al., 1989; Vieths and Schöning, 1996) constitute two specific features of this family of defense proteins. PR-10 proteins, have been identified in various organs in numerous plant species but little is know about their expression patterns and genes regulation.

Four PR-10 transcripts named AP2, AP3, AP4 and AP5 have been identified in the young leaves of apple seedling (Malus domestica ‘Golden Delicious’) after treatment with acibenzolar-S-methyl (ASM, a synthetic analogue of salicylic acid). These transcripts have been grouped on the basis of their amino acid sequences in two subfamilies: APa, grouping AP2 and AP5 and APb grouping AP3 and AP4. The expression of the APa and APb genes were analysed between 8 h and 48 h after treatment with ASM at the transcripts level by RT-PCR and northern blot, and at the protein level by western blot. Results showed that these two subfamilies are induced by ASM with a strong accumulation of transcripts between 20 h and 48 h. Otherwise, the immunoblotting (using antibodies raised against the major birch pollen allergen Bet v1) revealed the presence of two bands of 17 and 18 kDa at 48 h after treatment by ASM. Northern blot analysis of PR-10 genes expression also showed that there was a systemic accumulation of transcripts of the two subfamilies APa and APb at 120 h after application of ASM. The immunolocalisation of PR-10 proteins in the young leaves of apple seedlings showed that they are mainly localised in vascular tissues. Promoters of the four genes (AP2, AP3, AP4 and AP5) have been cloned with the aim of analysing their nucleotide sequences in order to identify the potential fixation sites for transcription factors. Subsequently, constructions with reporter genes will be achieved to analyse the in vivo regulation of the expression of these genes.

Breiteneder H., Pettenburger K., Bito A., Valenta R., Kraft D., Rumpold H., Scheiner O. and Breitenbach M. 1989. The EMBO J. 7, 1935-38.

Van Loon L. C., Pierpoint W. S., Boller T. and Conejero V. 1994. Plant Mol Biol Reporter, 12, 245-264.

Vieths S. and Schöning B. 1996. Wüthrich B, Ortolani C. (eds) : Highlights
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Development of host resistance to Phytophthora pod rot disease of cocoa, is there hope for the future?

Alex Asante Appiah

Department of Biology, Imperial College, Silwood Park, Ascot/CABI Bioscience, Egham

The economies of 57 tropical countries world-wide particularly in West and Central Africa largely depends on cocoa (Theobroma cacao, L) production, the raw material for chocolate manufacture. Unfortunately, the sustainability of these economies and the livelihood of the majority of their small-scale farmers have been increasingly threatened by numerous factors including fungal diseases; the most important one being Phytophthora pod rot. For several decades efforts have been made to develop resistant varieties to this disease, but until recently, progress had been hampered by a number of factors. These include the lack of reliable early screening methods, variation in pathogen populations from country to country and the lack of global or regional collaborative projects to tackle these problems in an integrated manner. However, recently, significant progress has been made in overcoming these problems. This includes the development of the leaf disc inoculation technique for rapid screening of germplasm, the establishment of strong correlation between field resistance and rapid screening techniques, and the initiation of several global projects investigating genotype-isolate interaction. 

This current study focused on the implications of pathogen variability and others factors such as inoculum density and the period of assessment after inoculation, on screening cocoa germplasm for resistance, using the leaf disc inoculation technique. An inoculum concentration of 3.0 x 105 zoospore/ml with assessment of lesions 7 days after inoculation was the most effective combination for the separation of clones tested. 

Seven clones belonging to the Amazon Forestario parentage, MA12, GU225P, GU144C and VENC4/4 (Lower Amazon Forestario), and PA120, LCTEEN162/10 and SCA6 (Upper Amazon Forestario) showed good levels of resistance to Phytophthora pod rot. Two Trinitario hybrids (ICS48 and ICS1) and a Forestario clone, PLAYA ALTA2 were highly susceptible. Thus, cocoa materials identified from very susceptible to resistant can now be used for detailed studies of resistance mechanisms; some clones exhibited hypersensitive response to the pathogen.

The implications of these positive findings, effects of variability and distribution of the pathogen species on in-country screening programmes and the advantages of screening cocoa germplasm outside the cocoa growing countries are discussed. 

Pathogenicity and crucifer isolates of Verticillium dahliae.

Alexandra Collins, 1  D. Parry, 2   S. Edwards 3  &  D. Barbara,1 
1Horticulture Research International, Wellesbourne, Warwick.

2Horticulture Research International, East Malling, Kent.

3Harper Adams University College, Newport, Shropshire.

Verticillium dahliae and V. alboatrum are important soil-borne plant pathogens causing vascular wilts in a wide range of crops throughout the world.  Although more than 300 agriculturally important plants are susceptible to these two species, the majority of isolates do not infect cruciferous plants.  Most isolates of both species are short (<5.5µm) spored and are haploid but some classified as V. dahliae because they produce the distinctive microsclerotial resting structures are long (>7.0µm) spored and have a higher DNA content.  These isolates appear to be natural hybrids which probably arose through parasexual hybridisation between V. dahliae and V. alboatrum.  As a means of identifying interspecific hybridisation events the presence and identity of both major and minor ITS sequences in the rRNA genes was examined by PCR amplification and direct sequencing or SSCP.  Sequence analysis of 30 isolates from diverse geographical locations and hosts revealed that at least 4 different hybridisation events have occurred.  Isolates arising from different hybridisation events were also found to contain different repeat structures within the intergenic spacer region of the rRNA genes.  Further work using a broader genomic approach will also be used to investigate the relationships of these isolates to haploid isolates of V. dahliae and V. alboatrum and help to elucidate the molecular mechanisms governing this novel crucifer pathogenicity.

Catching the Crooks: diagnostics and phylogenetic analysis of Spongospora subterranea f. sp. nasturtii.
Graeme Down

HRI – East Malling, West Malling, Kent, ME19 6BJ

The plasmodiophorid organism Spongospora subterranea f. sp. nasturtii is the causal agent of crook root disease of watercress (Rorippa nasturtium-aquaticum). The only current control measure is zinc, the use of which is restricted due to environmental concerns. Zinc is currently added to watercress beds throughout October to April in most years, and a means of rationalising applications would be beneficial to the watercress industry. Such an approach would require accurate determination of the presence and quantity of S. subterranea f. sp. nasturtii zoospores in watercress beds, but no adequate methods are currently available.

Using internal transcribed spacer (ITS) and 18S ribosomal DNA (rDNA), a PCR-based diagnostic test was developed for S. subterranea f. sp. nasturtii.  Primers designed were shown to be specific, able to amplify from samples collected from a range of geographic locations, and could be used to amplify DNA directly from zoospores. Efforts to develop a sampling technique for zoospores in watercress beds were successful based on washing of root material prior to PCR. 

In addition, the 18S rDNA sequence was used to infer phylogeny of S. subterranea f. sp. nasturtii. When analysed alongside other plasmodiophorids, S. subterranea f. sp. nasturtii appeared most closely related to S. subterranea f. sp. subterranea and Plasmodiophora brassicae, based on 270 bases at the 3’ end of the gene. Examination of 18S rDNA sequence data from Spongospora and Plasmodiophora suggested that these form a distinct taxonomic grouping, not closely linked to either protists or fungi.

Genetic diversity among isolates of Xanthomonas hortorum pv. hederae from ivy.

S. R. Holcroft and S. J. Roberts
Horticulture Research International, Wellesbourne, Warwick CV35 9EF  Sarah.Holcroft@hri.ac.uk
Bacterial leaf spot causes significant losses for commercial growers of English ivy (Hedera spp.) in the UK. Ivies represent a considerable proportion of production at many nurseries, with an ex-nursery value estimated at approximately £4 million. Seventy-one bacterial isolates were obtained from lesions on diseased ivy and five putative isolates of Xanthomonas hortorum pv. hederae (Xhh) were obtained from the NCPPB (National Collection of Plant Pathogenic Bacteria), including three isolates from ivy and two isolates from Schefflera arboricola. Fifty-four of the isolates from ivy, including the three from the NCPPB, were identified as Xanthomonas based on phenotype and were pathogenic on Hedera helix cv. Green Ripple and were therefore considered to be Xhh. Two isolates from Schefflera arboricola from the NCPPB were not identified as Xanthomonas based on phenotype and were not pathogenic on ivy or Schefflera actinophylla. The genetic diversity among 33 isolates of the pathogen Xhh, representing three countries, six different regions in the UK and sixteen different Hedera species and cultivars was examined using Random Amplified Polymorphic DNA (RAPD) PCR. Isolates of Xhh from ivy were all closely related (>76% similarity) although it was possible to distinguish three sub-groups at the 80% similarity level. However, these sub-groups did not appear to show any relationship with the geographical origin or cultivar of origin.  The implications of these results for the epidemiology of this disease will be discussed.

Keywords: Bacterial leaf spot, RAPD PCR, group, cluster analysis

Omnipotent Oidium – Surfaces, Signals and Sensing.

Hannah Jones

Department of Plant Sciences, South Parks Road, University of Oxford, Oxford, OX1 3RB, UK

Oidium lycopersici is a highly polyphagous pathogen of glasshouse grown tomatoes. The identification of this tomato powdery mildew, in the late 80s, led to a number of hypotheses as to its origin. Our recent work has revealed, from ITS sequence analysis, that O. lycopersici to have a close similarity to the Erysiphe aquilegiae var ranunculi, the buttercup powdery mildew. 

Early work led to the identification of the key stages in the development of O. lycopersici. The sequence of development was followed from germination at 3 -5 hours after inoculation (h.a.i.) and differentiation between 6 - 8 h.a.i. Scanning electron microscopy has revealed specific morphological features on the conidial coat and on the appressorial body. 

Host penetration has been found to result from concomitant action of force, as determined by turgor measurements by plasmolysis and cytorrhysis, and from cutinase activity, assessed using p-nitrophenyl fatty acid substrates. 

An early peak in spore conidial cutinase activity was observed prior to germination, but within 1 hour of host contact. The development of a novel adhesion assay has revealed cutinase activity to be involved in early conidial adhesion. Further work has identified a second peak in cutinase activity post germination but prior to full appressorial differentiation. This peak in activity was found to be pivotal for host surface perception and subsequent differentiation, assessed by timed application of the cutinase inhibitors, the ebelactones.

Current work aims to bring this research full circle: to establish a role for surface receptors in pathogen development. RGD peptides have been used in assessment of conidial adhesion, germ tube development, and appressorial formation, in addition to the development of turgor within the appressoria.

Jones, H.E., Whipps, J.M., Thomas, B.J., Carver, T.L.W., Gurr, S.J. (2000) Initial events in the colonisation of tomatoes by Oidium lycopersici, a distinct powdery mildew fungus of Lycopersicon species. Can. J. Bot.  78: 1 - 6

Identification of genes required for N-mediated resistance against TMV by virus-induced gene silencing.

Jack R Peart, Rui Lu, Graeme Cook, Jane Parker and David C Baulcombe

The Sainsbury Laboratory, John Innes Centre, Norwich, UK

The aim of this project was to identify genes required for the N mediated defence response against tobacco mosaic virus (TMV). 

Infection of plants by a virus carrying a fragment of a host gene leads to suppression of the corresponding host gene in a process termed virus induced gene silencing (VIGS). Here VIGS was exploited to identify genes required for N-mediated resistance; silencing genes necessary for N function will break resistance and enable TMV susceptibility.

Nicotiana benthamiana plants are amenable to VIGS. Thus an N genomic fragment from tobacco was used to transform N. benthamiana plants. N transgenic plants were resistant to recombinant TMV isolates demonstrating that components necessary for N function are likely to be conserved between tobacco and N. benthamiana. 

In order to validate the notion that VIGS could be used as a tool to identify components of the N resistance response, N itself was targeted for suppression. Infection of N transgenic plants with virus vectors carrying a fragment of N led to silencing of N and TMV susceptibility. 

The requirement of EDS1 in the N resistance pathway was then tested. VIGS of a N. benthamiana EDS1 homologue compromised N resistance; TMV replication on EDS1 silenced plants occurred to a similar extent as on N silenced plants. These observations provide evidence that EDS1 is required for function of TIR-NBS-LRR resistance genes in species other than Arabidopsis.

Finally, VIGS was used to identify a novel N resistance pathway gene. A normalised N. benthamiana cDNA library was cloned into a potato virus X (PVX) vector. 5 000 N transgenic plants were inoculated with PVX-cDNA constructs from the library to induce silencing of corresponding genes. The plants were then screened for loss of N resistance. The N response was consistently compromised by VIGS of NRG1 (for N requirement genes). NRG1 is predicted to encode a non-TIR NBS-LRR protein. Transient over-expression of NRG1 elicited a hypersensitive response in the absence of N or the elicitor of N implying that NRG1 functions downstream of N.  VIGS of NRG1 in non-transgenic N. benthamiana, i.e. TMV compatible plants, did not enable enhanced TMV replication. NRG1 silencing did not suppress the resistance response mediated by Rx or by Pto. 

In summary, VIGS was used to demonstrate that EDS1 is a necessary component of the N resistance response and that N function depends on another NBS-LRR encoding gene, NRG1. 

Characterization of a 40kb plasmid in Pseudomonas syringae pv maculicola involved in pathogenicity in Arabidopsis.

Laurence Rohmer, Susanne Kjemtrup, Jeffrey Chang, Jeffrey L. Dangl

Department of Biology, UNC Chapel Hill

We are interested in understanding the interactions between pathogens and their host, using as a model, Pseudomonas syringae pv maculicola strain M6 (PsmM6) on Arabidopsis. A 40kb region of PsmM6, carrying the avr gene avrRpm1, excises from the chromosome and replicates as a plasmid (FKN plasmid). Based on the sequences of the borders of the region in the chromosome and of the plasmid itself we have developed a putative mechanism for the excision and integration process. FKN has been shotgun cloned and sequenced with an average of 6-fold redundancy. The G+C content is significantly lower than in the rest of the chromosome (53.35% vs 58.5%). It harbors open reading frames with homologies to known avr genes, genes encoding transcriptional regulators, transmembrane proteins as well as proteins necessary for the maintenance of the plasmid. FKN also carries DNA sequences with homologies to mobile elements. These features are found in known pathogenicity islands in other pathogenic bacteria. The FKN plasmid has been cured from PsmM6. We are in the process of characterizing the phenotypic differences between the cured strain and PsmM6 on Arabidopsis cultivars. Preliminary results suggest that the FKN plasmid plays a role in the interaction between PsmM6 and Arabidopsis. The function of the proteins encoded by the plasmid will be discussed, as well as the potential mechanisms of integration and excision of the plasmid.

Elemental sulphur formation in plants and defence against pathogens.

Williams, J*., Hall, S*$., Hawkesford, M. J$., Beale, M. H+., and Cooper R. M*.  

*Dept. of Biology and Biochemistry, University of Bath, UK. $IACR, Rothamsted, Herts. +IACR Long Ashton, Bristol.

Elemental sulphur formation is well documented in certain specialised prokaryotes but rarely in eukaryotes. Our evidence suggests that man’s oldest fungicide may function in some plants as a phytoalexin. Elemental sulphur (S0) was detected (as S8) in the xylem of resistant genotypes of Theobroma cacao and tomato to infection by the vascular pathogen Verticillium dahliae. S0 was identified and quantified (S34 standard) for the first time by GC-MS. SEM-EDX revealed accumulation of sulphur in xylem parenchyma cells and other vascular structures in potential contact with V. dahliae,  which is a rare example of cellular localisation of an antimicrobial substance. Furthermore, elemental sulphur has been detected in the xylem of resistant or tolerant genotypes of tomato plants in response Ralstonia solanacearum and in tobacco and cotton plants in response to fungal vascular pathogens. S0 has not been detected in leaves of diverse plant species exhibiting the hypersensitive response to incompatible bacterial pathogens but appeared to be constitutive in leaves of Arabidopsis thaliana. Currently we are elucidating the biogenic route for S8 formation in response to infection by both biochemical and molecular techniques. Its production is by an uncharacterised pathway that may involve oxidation of sulphide. One route could be from glutathione and cysteine pools. Sulphate and thiol pools were determined by HPLC in infected, resistant tomato tissues. Glutathione increased ca. threefold in xylem and leaves during early invasion (14d) and cysteine also increased in vascular tissues at this time but only in plants grown under a high sulphur regime. Accumulation of glutathione may be linked to reduction of active oxygen species, which are rapidly generated during incompatible interactions. The effect of sulphur levels on this putative defence response may be significant in view of current sulphur defiency in many European crops. Toxicity of S8 to a wide range of fungal pathogens has been confirmed but, as with bacteria, some species are insensitive. 

Dissecting Cf-4 and Cf-9 disease resistance gene specificity by domain swaps and DNA shuffling.

Brande B. H. Wulff, Colwyn M. Thomas and Jonathan D. G. Jones, 

Sainsbury Lab, John Innes Centre, Norwich, UK.

The tomato Cf-4 and Cf-9 genes confer resistance to the fungus Cladosporium fulvum through recognition of the Avr4 and Avr9 elicitors.  Cf-4 and Cf-9 are 91% identical.  Differences between the two proteins are found in domains A and B and their N-terminal leucine-rich repeats (LRRs) in domain C1, and consist of deletions, LRR copy number variation and amino acid polymorphisms.  Thirty-two of the sixty-seven polymorphic amino acids are putative solvent exposed residues in the LRRs. 

In order to determine which of the structural differences account for Cf-4 and Cf-9 specificity we have carried out domain swaps between Cf-4 and Cf-9.  The chimeric clones have been tested in transgenic tobacco and tomato plants and/or Agrobacterium-mediated transient expression assays for their ability to induce an Avr-dependent hypersensitive response (HR).  Gene shuffling (Crameri et al., Nature, 391:288-291) was carried out to increase the number of chimeras that could be analysed.  This has enabled us to identify structural differences and amino acid residues that contribute to recognition specificity in Cf-4 and Cf-9.  These include LRR copy number, sequence residues in domain B and in the central LRRs of domain C1, a region that exhibits hypervariability when homologues of Cf-4 and Cf-9 are compared.

We have recently used the gene-shuffling technology to shuffle homologues other than Cf-4 and Cf-9.  These libraries will be screened for clones that confer a HR towards Avr4 or Avr9 in an attempt to evolve ‘synthetic’ Cf-4 and Cf-9 genes.
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