Minutes of the 2003 Annual Meeting of NCR-173, "Biochemistry and Genetics of Plant-Fungal Interactions," held October 24-25,  Sam Noble Foundation,

2510 Sam Noble Parkway, Ardmore, OK

Members Attending:

Lynda Cuiffetti (OR)
Corby Kistler (MN)
Heather Wilkinson (TX)


Marty Dickman (NE)
Jenny Lorang (OR)
Jin-Rong Xu (IN)

Dan Ebbole (TX)
Rusty Rodriguez (WA)
Regina Redman, Chair (WA)

Scott Gold (GA)
Jeffery Rollins (FL)
Michael Chippendale, Admin. Adv., (MO)

Joan Henson (MT)
Marilyn Roossinck (OK)

Nancy Keller (WI)
Barbara Valent (KS)

Guests:

Luis Marquez (OK)

Maria Garcia-Pedrajas (GA)

Regina Redman chaired the meeting and Marilyn Roossinck managed local arrangements.  The attendees represented 13 states and the following disciplines: plant pathology, mycology, microbiology, plant science/botany, entomology, and biological sciences. The meeting followed the format of in-depth presentations from the listed speakers.  Sufficient time was allowed for lengthy, substantive discussion after each presentation.  Below are listed the speakers and abstracts in the sequence of the presentations that were given.

Friday, October 24

7:15-8:00 p.m., Regina Redman: Evolution and Survival of plants in high stress environments through adaptive fungal symbiosis

Abstract: Although the time frame required for plant adaptation to environmental stresses is unknown, the adaptive process is considered to be regulated by the plant genome. However, in recent years, studies have shown that all plants in natural ecosystems have symbiotic associations with fungi and that these fungi may be responsible for plant adaptation to environmental stresses. These endophytic fungal symbionts, which reside entirely within the plant roots, stem, and/or leaves, express a variety of symbiotic lifestyles including mutualism, commensalism, and parasitism. Our studies focus on the physiological, genetic, and ecological analysis of mutalistic interactions between fungi and plants thriving in three diverse high stress environments: sub​-tropic agricultural (disease stress), geothermal soil (temperature stress), and ocean beach (drought and salt stress). Collectively, our studies indicate that fungal endophytes contribute to and are responsible for the adaptation of plants to biotic and abiotic stresses. Studies of pathogenic Colletotrichum species from sub-tropic agricultural plants indicated that single gene disruptions could convert pathogens to nonpathogenic mutualists. Furthermore, these studies revealed that pathogenic Colletotrichum species have the ability to express mutualistic lifestyles by colonizing and conferring disease resistance in asymptomatic hosts. Our geothermal environmental studies revealed that the survival of both a plant host (Dichanthelium lanuginosum) and a fungal endophyte (Curvularia sp.) is dependent on symbiotically conferred thermotolerance (Redman et al. 2002, Science 298: 1581). Analysis of a fungal endophyte (Fusarium sp.) isolated from a salt spray community plant revealed that the symbiont was responsible for drought and salt tolerance. Lastly, we have found that the host range of symbiotic fungi is greater than previously thought and individual symbionts may colonize and confer stress tolerance to genetically unrelated plant species. For example, Curvularia sp. which is responsible for thermotolerance in the monocot D. lanuginosum, is also able to colonize and confer thermotolerance to dicots such as tomato and watermelon. This suggests that the symbiotic communication responsible for thermotolerance is conserved between monocots and dicots which diverged approximately 200 million year ago. We surmise that the plant/fungal symbiosis, rather than the individual partners, allows for the adaptation to habitat-specific stress (such as disease, temperature, drought, and salt tolerance), a phenomenon we describe as adaptive symbiosis.

8:00-8:45 p.m., Heather Wilkinson: Evolution of a secondary metabolite gene cluster implicated in loline alkaloid biosynthesis of grass-endophytes (Epichloe and Neotyphodium spp.)

Abstract: Assembly of a novel fungal secondary metabolite gene cluster likely involves recruitment of genes from other dispensable pathways and/or duplication and recruitment of genes from non-dispensable primary metabolism pathways. Fungalloline alkaloid (saturated 1​aminopyrrolizidine alkaloids with an oxygen bridge) production is associated exclusively with the closely related grass-endophyte species in the genera Epichloe and Neotyphodium. Recent identification and partial sequencing of gene clusters associated with lolines production (LOL) in Epichloe festucae and Neotyphodium uncinatum has revealed at least seven (7) ORFs implicated in the trait. N. uncinatum has two separate clusters with duplicates of some of the ORFs present at both loci. There is a high degree of microsynteny (gene order and orientation) among the E. festucae and N. uncinatum clusters. The ORFs show close homology to either genes normally associated with fungal secondary metabolism (e.g. cytochrome P450, oxidoreductase) or genes involved in polyamine biosynthesis (e.g. ornithine decarboxylase, homocysteine synthase). To address the evolutionary origins of the cluster we are investigating the phylogenetic relationships of particular lol ORFs in E. festucae to both orthologous genes in lolines expressing endophyte species and to paralogous genes (or gene families) in E. festucae, other endophytes, and model ascomycetes. Additionally, to determine whether there is evidence for seeding of the cluster with recruitment and/or duplication of linked genes, we are investigating the linkage of these same lol paralogs. While it is clear that these insecticidal compounds should convey a selective advantage, thus explaining maintenance of the trait, this analysis should provide a glimpse into the events that led to their origin tested, and 52 proteins have been purified after overexpression in the fungus. Currently, we have identified one protein, a serine protease, that induces necrosis on wounded rice plants. Overexpression of this protein by M. grisea results in a reduction in pathogenicity. We hypothesize that this protease acts as an elicitor directly, or produces peptide degradation products from plant proteins that serve as elicitors of the hypersensitive response. This result indicates that the general approach will be valuable in identifying effector proteins that contribute to the interaction between host and pathogen. Analysis of the roles of these proteins in pathogenesis will provide the tools for identification of the plant targets that lead to resistance or enhanced susceptibility to fungal infection.

8:45-9:30 p.m., Nancy Keller: Global regulation of secondary metabolism

Abstract: Secondary metabolites are low molecular weight natural products that are not essential to the producing cells but likely have a survival function in nature. They are of intense interest to humankind due to their pharmaceutical and/or toxic properties. We are using the model system Aspergillus nidulans to understand the molecular genetics of secondary metabolism in fungi. Our focus is on sterigmatocystin (ST) biosynthesis in A. nidulans, ST being a polyketide mycotoxin and late precursor in the aflatoxin biosynthetic pathway. Examination of ST mutants has resulted in the discovery of a novel protein methyltransferase, LaeA, involved in global regulation of secondary metabolism. LaeA transcriptionally regulates secondary metabolite gene clusters, and current progress of mechanism will be presented.

10:15-11:00 p.m., Jeff Rollins: Regulation of pathogenicity and development of Sclerotinia 

Abstract: Sclerotinia sclerotiorum is a broad-host range necrotrophic phytopathogen which extensively colonizes and macerates most aerial portions of susceptible host plants. Major genes for resistance to Sclerotinia diseases have not been identified necessitating a heavy reliance on fungicides to manage disease. In efforts to design novel and effective methods to control Sclerotinia diseases, we are identifying and characterizing molecular regulators of essential developmental stages and pathogenicity determinants in this fungus. Our efforts have primarily focused on characterizing ambient pH-regulated gene transcription and the role it plays in endopolygalacturonase production, oxalate accumulation and sclerotial development. The pac1 locus encodes a Zn-finger trancriptional regulator of pH-regulated genes in S. sclerotiorum orthologous to the pacC gene in Aspergillus nidulans. The creation of loss-of- function pac1 alleles results in misregulated endopolygalacturonase gene expression, decreased oxalate accumulation, aberrant sclerotial development and attenuated virulence. Pharmacological assays have indicated that a second regulatory pathway, cAMP-dependent signaling, is important in regulating sclerotial development and oxalate accumulation. To determine the role of cAMP​dependent signaling on these processes and determine its relationship with pH-responsive signaling, we have cloned and functionally characterized a gene homologous to other catalytic subunits of a cAMP-responsive protein kinase (pkaS1). The creation of loss-of-function pkaS1 alleles result in no observable morphological aberrations in sclerotial development, pathogenicity, or oxalate production. Phylogenetic analyses of pkaS1 with the serine-theronine kinases from the recently sequenced genomes of Neurospora crassa and Magnaporthe grisea indicate the possibility of a second pka gene in S. sclerotiorum. We recently identified a genomic sequence that appears to encode this second pka gene and we are in the process of functionally characterizing this gene.

11:00-11:45 p.m., Scott Gold: A corn star is born: dating and mating-all ears for smut!!

Abstract: We employ the morphogenetic switch between budding and filamentous growth in Ustilago maydis, the causal agent of corn smut disease, to identify genes important to the pathogen for virulence. We have combined approaches using mutant complementation and differential gene expression to identify a number of genes that impact virulence and pathogenicity as well as morphogenesis. We are also beginning to explore the host plant response and have identified genes specifically expressed in galls induced by the fungus. One of these discussed has a potential role in cell cycle regulation.

Saturday October 25 

8:30-9:30 a.m., Michael Chippendale: Integrative trends in science and technology under the life sciences umbrella

Abstract: New horizons for research and education are opening up under the life sciences umbrella. This is possible because of advances that are occurring in science and technology in genomics, proteomics, systems biology, bioinformatics, computer technology, nanotechnology, and robotics. These convergent advances are opening up frontiers that are allowing a new integration of research and technology in the agricultural, biomedical, biological, environmental, and engineering sciences. Examples include advances in the areas of nutraceuticals, xenotransplantation, biopharming, and pharmacogenomics. At the same time, the advances open up challenges in the socio-economic arena as society deals with the ethical, legal, regulatory, and policy issues of harnessing the new technologies. Institutions are taking a new look at the design of research and education buildings needed to take advantage of this new integration of science and technology. The trend is towards the construction of flexible modular laboratory space for research and education. The building is designed to maximize interaction and opportunities for exchanges across disciplines. An atrium and cafe are often included as design features to foster a sense of community within the building. The Life Sciences Center, under construction at the University of Missouri-Columbia, will be used as an example to show the link between interdisciplinary research programming and building infrastructure.

9:30-10:15 a.m., Dan Ebbole: Genomic analysis of secreted proteins in the rice blast fungus Abstract: Protein effector molecules produced by fungal pathogens are critical in determining the outcome of the interaction of plant pathogens with their hosts. The genome sequence of Magnaporthe grisea provides an unprecedented view of the gene content of a plant pathogen. We have developed a high throughput method for cloning and over expression of predicted secreted proteins of the rice blast fungus to evaluate the roles of these proteins in the interaction. We are functionally testing the secretion of 300 proteins predicted to be secreted. For those proteins that are found to be secreted, we are using purified proteins to test for their ability to evoke a response by the plant. In addition, overexpressing M. grisea strains are being evaluated for the effects of overexpressed proteins on pathogenicity. 

11:45 a.m.-12:30 p.m., Jennifer Lorang: Cell death and signaling in disease susceptibility response Abstract: The relationship between susceptibility and resistance is perhaps nowhere more evident than in the disease we have been investigating, Victoria blight of oats, caused by the fungus, Cochliobolus victoriae. C. victoriae is a necrotrophic fungus that produces a host selective toxin called victorin. Sensitivity to victorin in oats is conditioned by a single dominant gene, Vb, which is synonymous with the Oat rust disease resistance gene, Pc2. Recently, victorin sensitivity was identified in Arabidopsis thaliana, making possible a genetic approach toward evaluating roles for known resistance pathways in victorin sensitivity. These evaluations as well as a comparison of oat and Arabidopsis with regard to victorin-induced cell death and C. victoriae susceptibility are presented.

7:00-7:45 p.m., Corby Kistler: The whole genome sequence of the wheat and barley scab fungus, Fusarium

Abstract: We have generated a draft sequence assembly of the F. graminearum genome that is available on the web for download and query. The sequence is of high quality with the entire 36 Mb assembly consisting of just 511 contigs (> 2 kb) contained within 43 supercontigs (scaffolds). The second genome release (October 2003) contains automated annotation, preliminary genome analysis and integration with the genetic map. Using organism-specific parameters for gene prediction, 11,640 protein-coding genes have been identified, representing over 1,500 more genes than predicted by the same method for the non-pathogenic filamentous fungi, Neurospora crassa and Aspergillus nidulans. A genetic map, currently consisting of 66 SNPs, 29 RFLPs, and 27 microsatellites, has been constructed that anchors 99.5% of the sequence assembly. Details of the automated annotation, efforts toward manual annotation and coordination of functional analysis of the genome will be discussed.

7:45-8:30 p.m., Barbara Valent: Avr gene function in pathogenicity and host specificity in the genomics era

Abstract: Understanding the dual functions of avirulence (AVR) genes in triggering resistance and promoting pathogenicity may provide a step toward producing durable disease resistance. We continue our characterization of the rice blast AVR-Pita gene and its corresponding resistance gene Pi-ta. Transient expression assays have shown that A VR-Pita is the only fungal protein required to trigger Pi-ta - mediated resistance in rice. Yeast 2-hybrid and membrane hybridization studies indicate that the putative mature AVR-Pita protease binds to the Pi-ta protein. Our current data suggest that the Pi-ta protein is an intracellular receptor that binds directly to the mature AVR-Pita protease inside the plant cell, initiating defense responses. Sequence analysis suggests that AVR-Pita encodes a secreted zinc metalloprotease of the Deuterolysin metalloprotease (M35) family, although the AVR-Pita pro-protein sequence is much shorter than is typical for this family of secreted fungal metalloproteases. The sequenced M. grisea strain, 70-15, contains one AVR-Pita ortholog as well as one larger, classical M35 protease ortholog, as well as related genes that are not likely to be secreted proteases. Because we have never detected AVR-Pita in axenic fungal culture, biochemical analysis depends on purifying this protein from a heterologous expression system. We are now producing large quantities of the mature AVR-Pita protease using the methylotrophic yeast Pichia pasteris, and we are focused on demonstrating protease activity for AVR-Pita in vitro. Future goals included defining its natural substrates within the infected plant tissue, and ultimately determining the relationship between protease activity and the molecular recognition event that triggers disease resistance. AVR-Pita is only expressed in planta and it has other properties characteristic of bacterial "effector" proteins that are delivered into the cytosol of living plant cells through a specialized type III secretion system. We have initiated studies to define when and how AVR​Pita is delivered into the rice plant cytosol to interact with Pi-ta. A thorough understanding of AVR-Pita biology will lead to strategies for recognition of additional fungal effector molecules in the genome sequence and for understanding the mechanisms fungi use for delivery of critical pathogenicity factors into living plant cells.

8:30 - 9:00 p.m., NCR-173 business meeting

Items:

Scope of NC-173:

This multi-state committee was renewed in 2003. The mid-term review date is 2006, and the termination date is September, 2008. The committee was renewed with an expanded scope to include the genetics and biochemistry of pathogenesis in several different economically important fungal genera. In addition, the scope includes the integration of research findings about the biology of plant-fungal interaction with new information about the basic resistance mechanisms of host plants, with the intention of providing improved management strategies against plant pathogens.

Appreciation:

           Those present expressed their appreciation to Regina Redman for organizing and chairing the meeting, Marilyn Roossinck for managing local arrangements, and the Noble Foundation for graciously hosting the meeting.


Michael Chippendale, administrative advisor, announced that this would be his last meeting with NCR-173 because he has taken on new responsibilities at the University of Missouri.  He said that he would notify the NCRA of a need to appoint a new administrative advisor for NCR-173 for the 2004 meeting.  He said that we had enjoyed seeing NCR-173 flourish.  The group expressed appreciation to him for his work over several years on behalf of NC$-173 and the special effort he put into securing the committee's renewal.


Format of the meeting:

It was agreed that the highly interactive format employed at the meeting worked well and should be preserved for next year's meeting.

Selection of a site and date for next years meeting:

Lynda Ciuffetti expressed her interest in hosting the next NCR-173 meeting in Corvallis, Oregon in 2004. All agreed that the best time to schedule the meeting would be in the period September to November.
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