
The 2nd International
 Rosaceae Genome Mapping Conference

Preliminary Report 


[image: image1.png]






Clemson University
 
[image: image2.png]




May 22-24th, 2004

Introduction

The Second International Genome Mapping Consortium Conference was held at Clemson University on May 22-24th, 2004. A website (http://www.genome.clemson.edu/gdr/conference/index.html) was developed for the conference to allow participants to view the program, register online, submit and view abstracts and provide feedback at the conference conclusion.
The goals of the conference were as follows:

1. To update the community on the worldwide status of Rosaceae genomics efforts including, mapping of important traits in the different species, physical map and EST development, status of the Prunus genetic map database, and introduction of the Genome Database for Rosaceae (GDR).

2. To discuss the cooperative integration of Rosaceae genomics data into the growing database housed at Clemson University.

3. To coordinate future projects utilizing the data for gene discovery and characterization

4. To discuss genome sequencing of peach as the model genome for the family.  

This preliminary summary report provides details on the program, participants, oral and poster presentation abstracts, participant feedback and breakout session conclusions. The final report will include financial details relevant to this conference.

Conference Support


The 2nd International Rosaceae Genome Mapping Consortium Conference was made possible by the generous support of the The National Science Foundation, The United States Department of Agriculture 
The South Carolina Peach Growers, Agencourt, Tomtec and MWG.


Participants
Eighty nine people attended the conference, representing 12 countries (Canada, Chile, Czech Republic,
France, Germany, Italy, Israel, the Netherlands, New Zealand, Spain, United Kingdom and the United States). Appendix 1 contains a list of the conference delegates. Most of the major laboratories working on Rosaceae genomics were represented at the conference.


Program


The conference consisted of plenary, oral and poster presentations summarizing the current state of Rosaceae genomics research, education and outreach (see Appendix 2 for the full program). On the final day of the conference participants attended breakout sessions to discuss future direction and collaborations within the community. See Appendices 3 & 4 for the oral and poster presentation abstracts.


The oral presentations were divided into the following four sessions representing the major areas associated with Rosaceae genomics:


(1) Structural Genomics in Rosaceae - Chairs : Bert Abbott and Pere Arus

(2) Gene identification - Chairs: Ignazio Verde & Sriyani Rajapakse

(3) Rosaceae Database and Comparative Genomics - Chairs: Bryon Sosinski & Thomas Debener

(4) ESTs and Functional Genomics - Chairs: Patrick Lambert & Dorrie Main


Together with the excellent plenary talks from Albert Abbott, Pere Arus and Doreen Ware, the presentations set the stage for some very useful discussions in the four breakout sessions. Following the breakout sessions the chairs presented summary outcomes to the conference delegates for further discussion. A written summary for each breakout session is provided below:


Breakout Session 1: Disease Resistance in Rosaceae (chairs: Veronique Decroocq & Marisa Badenes)

The discussion in this breakout session focused on three different aspects of Disease resistance in the Rosaceae family.


1) What is important in Rosaceae disease resistance ?


· Identify new sources of resistance

· Understand the different mechanisms of Resistance

· Development of markers linked to Resistance AND transferable from one to another species

· Cloning of resistance genes (not always affordable and useful, a good marker linked to the resistance may be sufficient)

· Need to demonstrate that Marker Assisted Selection (MAS) is applicable and profitable to resistance, not only for resistance but also for other traits and Breeding and market requirement. MAS is currently developed and tested for other crop species. How is it transferable to Rosaceae species?

· Need to define priorities: which pathogens and quality pathogen versus quarantine pathogen ? 

· How to keep the whole Rosaceae Germplasm and characterise it for current disease and future pathogens, still unknown. We need a detailed database for those phenotypic traits.

2) How can the International Rosaceae Genome network address the points raised in question 1? 


· Need to generate a reference map of resistance within at least one or two species. This could be done through the sequencing of the entire genome or non-exhaustive mapping of ‘ALL’ resistance-related loci. 

· Need to develop co-dominant markers for each resistance loci and transfer them to other species and genera of the Rosaceae family. 


Notes: 

· Some species are under-represented. This raises the problem of the applicability of the consortium for all the important Rosaceae species.

· How practical are these point 2 goals? Will this be enough and useful for quantitative resistance. It means that we need to map also other genes, different from the Resistance Gene Analogs, mostly genes involved in other resistance and defense pathways.

· The group found it hard to imagine how co-operation will be initiated and maintained in between groups working on different species, different pathosystems and priorities. This reference map should work for major genes but more difficult to transfer from one to species to another for quantitative traits. 

3) Applicability of the Marker Assisted Selection and Conservation of Germplasm?


· Need to increase the size of population in order to select for resistance but also keep enough variability in progenies for other traits (fruit quality, tree architecture ...). How do we keep such large populations, how to we characterise all those traits?

· Once again, this should be applicable for qualitative traits but more difficult for quantitative resistance to associate with fruit quality and other traits.


Notes : 

· What is the cost of one test (per individual) for MAS?

· How do we model MAS in Rosaceae?

Breaksout Session 2:  Genes in Growth and Development  - Chairs: Renate Horn & Doug Bielenberg


The conference highlighted several successful approaches of genetic mapping and identification of individual gene sequences thought to be responsible for specific agronomical important traits. These maps have successfully used AFLP and SSR technologies to speed up marker development.  Participants commented on the lack of SNP technology available for use in most of the Rosaceous species. Those interacting with the breeding community felt that detection of sequence variation in single genes would be highly beneficial for breeding programs and cultivar mapping.  The group generally agreed that there is a need for a concerted effort to accumulate sequence information (EST library diversity, different cultivars) required to take advantage of the SNP marker technology.  


Gene identification via candidate gene approaches was also discussed.  The use of Arabidopsis ESTs or genomic sequence as probes or to develop PCR primers for isolation of homologous genes in Rosaceous species were successful in the hands of some of the participants.  However, all noted that success with this method was highly gene dependent and not uniformly reliable.  The use of primers and sequence derived from species within the genus Prunus proved to be highly transferable to other Prunus species, increasing the utility of the physical mapping project to all working within this area. 


QTL mapping as a method of gene identification of complex traits was still regarded to be of limited success by most of the participants.  In general, the population sizes available for genetic mapping of woody perennial species limit QTL mapping efforts. However, the physical map and the transcript map developed in peach will improve the chances of successful analyzing QTLs.   


One possibility to verify candidate genes is complementation of the mutant phenotype. Transformation systems have been established for some of the Rosaceous species (Table 1). Overexpression and antisense approaches have been used for functional studies. Transient transformation inducing posttranscriptional gene silencing might be the choice to verify candidate genes in species without established stable transformation systems such as peach. 

Table 1: Transformation systems in Rosaceous species

	Species
	Transformation system
	Tissues used for transformation

	Fragaria
	Agrobacterium
	Multiple tissues

	Apple
	Agrobacterium
	Leaves

	Rose
	Agrobacterium
	Leaves

	Pear
	Agrobacterium
	Leaves

	Plum
	Agrobacterium
	Hypocotyls

	Ornamental Prunus
	Agrobacterium
	Somatic embryos


The participants came to a consensus that genetic investigations concerning several of the species within the Rosaceae had reached a point where a major genome sequencing effort could be justified.  The group discussed the relative merits of choosing one species as a model upon which to focus versus the selective sequencing of the gene space of several representative species.   In general Prunus workers could agree upon peach as an excellent candidate for an initial sequencing effort because of its small genome size and ongoing efforts to produce a Prunus consensus genetic map merged with a peach physical map.  Participants particularly interested in strawberry felt that the diploid species currently in use as a genetic model was a good candidate due to its ease of growth and small genome size (approx. equal to Arabidopsis and one-half that of peach).  


A major point of consensus was the need to increase the diversity of EST libraries currently available within the Rosaceae.  Virtually all of the EST libraries currently in the public domain for all of the species represented at the meeting have been created from reproductive organs at various developmental stages.  This initial emphasis is understandable because of the economic importance of these structures.  However, many significant traits of cultural interest (e.g. dormancy, dwarfing, canopy structure, or rootstock disease resistance) are expressed during the vegetative growth of the plants.  A. Abbott communicated that his lab was in the process of sequencing two EST libraries from peach, one of seedling shoots and one from roots.  Participants agreed that EST libraries from dormant vegetative and floral bud tissues would be especially interesting as well.  If the genotypic diversity of EST libraries was increased participants also agreed that this would aid efforts to identify SNPs from genes for the purpose of genetic mapping.  


The broad-ranging discussion by participants in the genes in growth and development breakout session highlighted several areas of required emphasis to meet the future needs of the community:  


· To increase the diversity of EST libraries so as to incorporate allelic diversity within species and the development of SNP markers.  

· To increase the variety of tissue types to be represented in EST libraries, specifically vegetative (roots and shoots) and dormant structures (buds).  

· To continue to develop methodologies by which gene expression could be enhanced or knocked out for functional studies, especially in species such as peach where stable transformation and regeneration are not yet possible.  

· To develop of macro- and microarray methodologies to perform gene expression studies by making use of expanded EST diversity.

· To continue to discuss the strategies by which funding could be obtained for the genome sequencing projects within the Rosaceae.  

Breakout Session 3: Comparative Genomics - Chairs: Elisabeth Dirlewanger & Eileen Wang

The aim for this discussion group was to determine the feasibility of peach as the first choice of fully sequenced Rosaceae genome and a reference genome for plants in this family and the future direction of comparative genomes for plant species.  This discussion group focused on two questions: 

1) Why is comparative genomics so important for Rosaceae species?  

2) How much macrosynteny and microsynteny is available across Rosaceae species?

Broad interest for genome structure comparison across Rosaceae species 
People working on other members of the Rosaceae (almond, apricot, cherry, rose and strawberry) reached the general agreement that the peach genome appears as a good choice of first fully sequenced Rosaceae genome and the demonstration of synteny across Rosaceae species would provide additional support for this.  Although there are ongoing projects of comparative mapping across Prunus species, the syntenic relationships between peach and other species in the Rosaceae or species from other plant families are still poorly understood.  Thus, there was a great interest in exploring macrosynteny and microsynteny between species from different genus, e.g. peach vs. diploid strawberry and peach vs. apple.   

Approaches for exploring comparative Rosaceae genomics
Ongoing and proposed activities included development of comparative genetic maps, comparative physical maps, comparative sequences of conserved orthologous regions, EST and low density shotgun sequences which would facilitate connection of the various Rosaceae genomes to the peach reference.  

The first discussion point was to develop comparative genetic maps for peach and other major Rosaceae species in order to discover the macrosynteny and compare the genome structure.  Macrosynteny can be useful to identify major chromosomal rearrangements that differentiate species.  Genetic markers that have single loci in the genome and polymorphism in different mapping populations are required for comparative genetic maps.  Thus, a common set of markers following the standard nomenclature system were proposed to for comparative mapping.  Currently, the SSRs and RFLPs in the Prunus TxE reference map (361 RFLPs and 185 SSRs) plus many other transferable markers that can be found in other populations anchored with the TxE map can be used for constructing the comparative maps. A particularly interesting set of markers is the 150 RFLPs (all obtained with sequenced probes) used as starting point for the physical map under construction at Clemson University. Another good resource of genetic markers is the EST data for peach, almond, apricot, apple, strawberry etc. Since a set of single copy ESTs, COSI and COSII markers, were identified from tomato genome after comparing the tomato ESTs and Arabidopsis genome, orthologous Rosaceae ESTs could be identified through Blast or multialignment programs.  Then PCR-based markers could be developed from these orthologous ESTs for comparative mapping across Rosaceae species.  One population for each species was thought to be essential for comparative maps and was proposed as common plant materials that could be shared among different research groups.  BIN mapping strategy might be good approach for constructing comparative maps across different species.  A database and websites for storing and browsing the marker and related polymorphism information should be developed for data exchange among different groups.  Thus, comparative maps could link the major members of this family and radiate more analogous phenotypic traits and extensive marker resources across different species.  Genome duplications, especially small fragment duplications, in the large or polyploidy Rosaceae genomes might result in the complexity of comparative maps.   

The second discussion point was to explore the microsynteny and the degree to which macrosynteny predicts microsynteny.  Former research discovered that some genomic segments are conserved among close-related species, which results into high level of macrosynteny and microsynteny.  However, there is little knowledge for the Rosaceae species.  People in our discussion group agreed that this question needs to be addressed by sequencing the orthologous fragments from different species.  The choices of selecting orthologous regions were also discussed.  Single or low copy fragments with or without known evolutionary history could be good candidates for comparative sequencing.  Several suggestions were made, e.g. S locus (self-incompatible) and the peach genomic region near the AC55 marker, which might be the gene-rich region with a large number of tagged ESTs.   Comparative physical maps were also suggested with the cross species hybridization and physical map alignment.  Results of the study across Roseceae species would provide the prediction value from macrosynteny to microsynteny regarding the gene position, gene content, even the gene function.  The comparative genomics could also be extended to fully-sequenced model species in other families, such as Arabidopsis and rice.  This might serve as the start point of constructing the comparative genomic network of plant species.  

Follow-up and future directions:

Considering the great interest of comparative Rosaceae genomics, the following items were agreed and need to be addressed in the near future:

1. Comparative genetic maps need to be developed for facilitating the radiation of map positions of markers across Rosaceae species.  More genetics markers, such as SSR, RFLP, and COS orthologous, need to be developed for comparing purpose.  One mapping population for each economically important species need to be identified and shared among different research groups. 

2. A database and related websites need to be developed for data exchange among different groups.  This database/website should be accessible by different groups for updated information, such as markers, population, and polymorphism.   The Genome Database for Rosaceae (GDR) could be expanded to accomplish this goal.

3. A pilot comparative sequencing project needs to be initiated.  S locus, LG4 and LG5 (AC55) from Prunus consensus genetic map could be a good start for this purpose.  But more loci that are evolutionary conserved and randomly located in the genomes should be selected.  If possible, genome survey (low coverage whole genome shotgun sequencing) for major Rosaceae species should be carried out in the near future.  

4. Functional comparison of orthologous genes may further demonstrate the feasibility of comparative genomics and peach as the appropriate reference genome for the Rosaceae. 

5. Syntenic relationships between peach and model species from other plant families, e.g. Arabidopsis, rice, tomato, and medicago, should be explored.  

6. A comparative genomics project for Rosaceae species should be established for pursuing funding in different countries.  

Breakout Session 4: Databases, Chairs - Sue Gardiner & Dorrie Main


The main focus of this session involved discussion of how we could build a genome database for the Rosaceae family that would be really useful for bench scientists, breeders and bioinformaticists. 


· The Genome Database for Rosaceae (GDR) is the main database currently available to the community. Supported by funding from the NSF Plant Genome Research Program, GDR is being development at Clemson University and is principally an EST and mapping database resource. Those participants that had used GDR commented very positively on its usefulness with several groups indicating that they had used the physical mapping and EST data in their research studies and conference presentations. Others were just learning about GDR at this conference but commented favorably on it’s user friendly, easily navigable interface and willingness of the developers to provide bioinformatics assistance to researchers who needed help with sequence processing and analysis. This led to a discussion on other existing Rosaceae databases which include the Italian Consortium Peach EST database (ESTree), the Universidad de Chile Gene Expression Database (UGE DB), the HortResearch Apple EST database, the  and the INRA Prunus EST database and how we might together develop a really comprehensive genome database for this important family. The need for all these databases or datasets to be made publicly available was agreed upon by the group although difficulties could arise with some of the privately funded sources..


· The key to building a useful non redundant database will revolve round enhanced community communication and ensuring integration of data through a centralized web interface and interoperable databases. With the technology available today we agreed that we did not need for all the data to reside in one centralized database location, just that it should be accessible through a common interface providing a seamless transition for users such that they could access all the information they needed through one search portal. Four distinct database areas were identified :
       (1) ESTs, mapping and genome annotation (Clemson University), 
       (2) SNP analysis (Italian Consortium), 

                  (3) Gene Expression (INRA/Chile)

                  (4) Germplasm/Polymorphism/Phenotype/

Recommendations:


1. We should develop a common interface for the genome database for Rosaceae but have different groups responsible for housing different components of the database based on recognized expertise in a particular area. This would allow funding to be sought from various governments and facilitate cost sharing.

2. We should establish a database advisory committee with representation from bench scientists, bioinformaticists, species curators and breeders. This committee should meet once a year in person and every 3/6 months in online meetings and moderated discussions boards to ensure the database meets the needs of these representative groups. 

3. We should establish a data advisory group to work on developing a common language for future data and data submission formats with appropriate accreditation.  As with the database advisory committee we recommend that the data advisory committee meets once or twice a year (PAG & ASSH) in person and through online chats and discussion groups.  We could look to other model databases such as Gramene and TAIR to see how this is being achieved and see what lessons we can learnt from their efforts. Representatives from both these databases have indicated a willingness to share information with us.  We should be represented on the Generic Model Organism Database (GMOD) workshops to provide input into tool development that we could implement in our database (e.g. CMAP).

Feedback

Through an online web form (http://www.genome.clemson.edu/gdr/conference/feedback.html)

participants were encouraged to provide feedback on the conference. Thirty one people responded and the results are summarized in Table 2.  Of the thirty one (35%) participants who responded 100% found the relevance of oral presentations to be very good or good, 97% found indicated that the conference organization was either very good or good and 97% also rated the overall conference as very good or good. Where there were criticisms of the conference it related mainly to the sessions running over time. 

Table 2: Participant Feedback Summary

	Questions
	Very Good
	Good
	Average
	Poor
	Very Poor

	Relevance of Oral presentations
	23 (74%)
	8 (26%)
	0
	0
	0

	Conference Organization
	25 (81%)
	5 (16%)
	0
	1 (3%)
	0

	Overall Conference 
	27 (87%)
	3 (10%)
	1 (3%)
	0
	0


Conclusions

The 2nd International Rosaceae Genome Mapping Conference successfully brought together almost all the major groups working on Rosaceae genomics. The presentations and discussions that followed lead us as a community to conclude that the status of genetic investigation for several species within Rosaceae now justifies the sequencing of a model genome within this family.  It was the consensus view that peach is the logical choice given its genomic infrastructure and its importance as a model for deciduous fruiting trees. In addition, it was felt strongly that pilot sequencing of targeted regions of several species from other genera of the family should be done for comparative studies of genome evolution and to determine if other species should be sequenced as well.  These other species would be Rose, Apple, and Strawberry. The continued development of a database repository is a vital component for disseminating the genomic data for Rosaceae and minimizing redundancy of effort within the community. This database needs to be expanded from its current EST and mapping functionality to include SNPs, gene expression, germplasm, polymorphism and phenotype data. This additional functionality can be achieved through a common interface using a distributed database system with databases located in the US, Italy, France, Spain and Chile, according to area of expertise. In additional to distributing the costs of database development it will have the added benefit of continuing to bring the community together through the database advisory committee which will consist of bench scientists, breeders, species curators and bioinformaticists.   
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Appendix 2: Program
	Saturday May 22, 2004

	
	

	1:00 - 4:30  
	Registration, Madren Center Lobby
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	Sunday May 23, 2004

	
	

	Meeting location: Bellsouth Auditorium, Madren Conference Center
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	2:00 - 2:15
	Genetic linkage analysis of diploid Fragaria, Daniel Sargent

	2:15 - 2:30 
	Further development of diploid strawberry as a model test system, Janet Slovin

	
	

	Session 2.  Gene identification; Chairs: Ignazio Verde & Sriyani Rajapakse 

	
	

	2:30 - 2:45
	Mapping and identification of important genes in peach, Ignazio Verde

	2:45 - 3:00
	Molecular genetics to improve peach and nectarine post-storage quality, Cameron Peace

	3:00 - 3:15
	Mid afternoon break

	3:15 - 3:30
	A candidate gene approach for quantitative resistance to Sharka in Prunus, Veronique Decroocq

	3:30 - 3:45
	Evergrowing gene, Douglas Bielenberg

	3:45 - 4:00
	Identification of genes involved in Prunus reproductive system, Hisayo Yamane

	4:00 - 4:15
	Summary of transgenic work at AFRS, Ann Callahan

	4:15 - 4:30
	National Tree Fruit Technology Research Initiative, Jim McFerson

	
	

	
	

	
	

	Poster Session 

	4:45 - 5:30
	Bellsouth Auditorium

	
	

	Conference Dinner

	7:00 - 7:30
	Social, Madren Center - Owen Pavilion

	7:30 - 9:30
	Dinner, Welcome address - John Kelly V.P. Public Service & Agriculture

	
	

	Monday, May 24, 2004

	
	

	Session 3.  Rosaceae Database and Comparative Genomics; Chairs: Bryon Sosinski & Thomas Debener

	
	

	09:00 - 09:40
	Plenary Talk:  Gramene:  A comparative genomics databse for Poasceae, Doreen Ware

	09:40 - 10:25
	GDR:  A comparative genomics database for Rosaceae, Dorrie Main

	10:25 - 10:45
	Physical mapping of peach genome, Tatyana Zhebentyayeva

	10:45 - 11:00
	Mid morning break

	11:00 - 11:15
	Sequencing the gene space in peach, Bryon Sosinski

	11:15 - 11:30
	Plant Genomics, Dick McCombie

	11:30 - 11:45
	Identification PPV resistant genes in apricot and peach, Donna Abernathy

	11:45 - 12:00
	Comparative genomics of Solanaceous species, Ying Eileen Wang

	
	

	12:00 - 1:15
	Lunch - Ballroom C

	
	

	Session 4.  ESTs and Functional Genomics; Chairs: Patrick Lambert & Dorrie Main

	
	

	1:15 - 1:25
	Bioinformatics in the Chilean consortium, Herman Silva

	1:25 - 1:35
	The Chilean consortium on functional genomics of peach and nectarine, Ariel Orellana

	1:35 - 1:45
	ESTs in Prunus genus (apricot and peach), Patrick Lambert

	1:45 - 1:55
	ESTree:  an Italian consortium for peach functional genomics, Carlo Pozzi

	1:55 - 2:05
	EST sequencing in octoploid strawberry, Kevin Folta

	2:05 - 2:20
	Identification of genes expressed in peach bark in response to cold and photoperiod, Carole Bassett

	2:20 - 2:35
	Gene expression during development and ripening of sweet cherry, Paul Wiersma

	2:35 - 2:50
	Rootstock dependent gene expression in apple tree scions, Timothy McNellis

	2:50 - 3:05
	Profiling the mechanism of transition from maturation to ripening in apple, Shu-fei Lin

	3:05 - 3:20
	Mid afternoon break

	
	

	Breakout discussion sessions

	
	

	3:20 - 5:00
	Session 1. Databasing, Chairs: Sue Gardiner & Dorrie Main

	
	Session 2. Disease Resistance, Chairs: Veronique Decroocq & Marisa Badenes

	
	Session 3. Genes in Growth and Development, Chairs: Renate Horn & Doug Bielenberg

	
	Session 4. Comparative Genomics, Chairs: Elisabeth Dirlewanger & Eileen Wang 

	
	

	5:00 - 5:30
	Summary of breakout group discussion

	5:30 - 5:45
	Closing remarks, Albert Abbott


