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Date: Sunday, September 06, 2009 4:18:00 PM
Attachments: Goal 3 v2.0.doc

David:

Attached is a adjusted version of the Goal 3 document.
| took and merged a couple of our objectives - on the screening and evaluation.

It also needs expertise on the cloning and mapping of iap. John - your insight is appreciated.
However, as we will discuss tomorrow,

I ' be thinking about that this evening.

| expect we can merge these tomorrow after the meeting.

Goal 1 needs more work......
regards,

bill

Dr. William L. Rooney

Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee

Texas A&M University

College Station, Texas 77843-2474

979 845 2151


mailto:wlr@tamu.edu
mailto:stelly@tamu.edu
mailto:jmullet@tamu.edu

Goal 3:  Create revolutionary next-generation energy crops by wide hybridization of diverse sorghums with sugarcanes and other energy grasses.  


Deliverables: 


1. Elite intergeneric hybrid assessed for vegetative propagation and biofuel production characteristics, and collectively diverse, offering additional traits that expand adaptation and production range.


2. Assessment of the value and range of production for the elite intergeneric hybrids.   


3. Development of parental lines that optimize intergeneric F1 or BC1F1 seed production for seed-based production of “sor-canes” and other hybrids.  


4. Genetic types that expanded ease and scope of wide-hybridization among C4 grasses for deriving additional biofuel crops.


Rationale: Because the highest yields of plant biomass are derived from exceptional C4 grass hybrids, the most energy and cost-effective plant-based biofuel strategies will rely on C4 hybrids. TAMUS recently established technology that revolutionizes the range and facility of wide-hybridization between sorghum and other C4 grasses, including sugarcanes. TAMUS is uniquely capable of creating extremely large numbers of genetically unique intergeneric hybrids that have never been produced before.  These have the potential for [1] strong vegetative hybrid vigor, [2] unique combinations of useful traits from the species and genotypes being crossed, [3] high capacities for cloned-based production, like sugarcane, and [4] large enough seed sizes to allow for a seed-based “wide-hybrid” cane production system, like sorghum.  Potential trait combinations include resistances to multiple diseases, pests, drought, heat, cold, salinity, and soil deficiencies, perennial or annual growth, high nitrogen-use efficiency.  The DARPA project will expectedly lead to a suite of novel next-generation energy grasses for advanced biofuels and biopower generation, the revolutionary benefits of which will include significantly higher biofuel yields, greater diversity of bio-fuel crops available to DARPA and other bio-fuel producers, [3] expanded geographic, climatic and environmental ranges usable for biofuel production (thereby reducing impact on food production), and a seed-based system for producing cane-like intergeneric crops which eliminate costly vegetative plantings (up to $1,000/acre)

Project Objectives:


1. Create large numbers of individually distinct sorghum/energycane and sorghum/miscanthus hybrids.


2. Multi-location screening of wide-hybrids to identify elite and unique hybrids. 

3. Determine agronomic performance of vegetatively propagated intergeneric hybrids.


4. Develop seed-based propagation systems for sorghum/energycane hybrids.  


5. Identify and characterize the iap gene.


Research Plan


Objective 1: Create large numbers of individually distinct sorghum/energycane and sorghum/miscanthus hybrids.  (All Years)


Rationale: Evaluation of current hybrids indicates that each hybrid is unique, and elite hybrids comprise <2% of all currently produced hybrids.  Thus, successful identification of elite intergeneric hybrids requires the screening of large numbers.  The best hybrids will be advanced for use in crop testing and hybrid development.  


Implementation Plan: Sorghum line Tx3361 and other iap derivative lines will be hybridized in large numbers in special crossing greenhouses in Weslaco and College Station, Texas.  On an annual basis, we expect to produce at least 10,000 seed for evaluation; at least 1,000 derived seedlings will be planted or transplated to the field in College Station for evaluation and selection.  By year 3, production of at least 30,000 hybrid seed are produced and directly seeded into the field for selection.  Select hybrids will be propagated at the end of the season for use in other objectives.  

Budget: 
$_____/year




$_____/year for hybridization




$_____/year for hybrid evaluation nursery


Objective 2: Multi-location screening of wide-hybrids to identify elite and unique hybrids.  (All Years)

Rationale: Like any crop, the performance of wide-hybrid progeny will be affected by interactions of genotype and environment (GxE).  Thus, subsequent production may be best served by selection directly in each area of subsequent use.  Given this possibility, we will conduct and selecting early-generation wide-hybrids in multiple locations that are expected to be biofuel production sites.  Selections from these sites may collectively reveal site-specific and site-nonspecific trait and/or genetic tendencies that foster improved selection subsequently.     


Implementation Plan: Large numbers of wide-hybrids will be grown as transplanted seedlings or direct-seeded seedlings in three different production environment (to be determined).  Depending on the abundance of seed, seedlings and vegetative propagules, transportation costs, infrastructure and manpower for planting and plant maintenance, and possible phytosanitary concerns, we follow one of two general approaches for distributing materials to multiple locations destined to serve as biofuel production test sites.  

a. F1 seedlings selected in breeding nurseries will be vegetatively propagated and distributed clonally for replicated evaluation at the test sites.   

b. Wide-hybrid F1 seed identified as to parentage will be distributed to the multiple-location sites, for either direct seeding or greenhouse-based germination and subsequent transplanting; in this case, results from multiple locations would be collated according to parentage, not individual genotypes (ie, family-based selection).  


Budget: 
$_____/year




$_____/year for hybridization




$_____/year for hybrid evaluation nursery


Objective 3: Determine agronomic performance and conduct pilot scale testing of intergeneric hybrids. (Years 2 3)


Rationale: Agronomic characterization of wide-hybrid progeny is needed to determine the real value of these hybrids and to determine the exact hybrids with the most potential.  These tests will be used to determine the best management practices for these crops, the relative strengths of the crop and to identify the best genotypes for commercialization.    The information is also necessary to identify important clones to advance for research objectives 4.

Implementation Plan: Hybrids selected from Objective 1 or 2 will be clonally propagated and planted in multiple locations to assess productivity in different environments and for different phenotypic traits.  Replicated trials will be established in Weslaco, College Station, and Beaumont, Texas.  In both locations, two complete trials will be planted; one will be grown under full irrigation and the second will be produced under limited irrigation to fully assess the level of drought tolerance.  Trials will be evaluated for at least three years to determine adaptation, perenniality and biomass yield.  All trials will have comparative checks of bioenergy sorghum and energycane.  

In year 3, the elite lines will be identified and vegetatively increased for advanced testing in a larger number of locations; including but not limited to sites of important to DARPA and DOD production.  The elite wide-hybrid selections that emerge from two years of replicated tests at two-location and two years in year-4 (beyond the scope of this initial project), it will be helpful in year-3 to “pilot test” 1-4 wide-hybrid clones that perform well in year-2 (one year of replicated test data).  These can be “piggy-backed” onto biofuel tests of energy-sorghums, so that idiosyncratic problems can be minimized subsequently.    


Budget: 
$_____/year




$_____/ year for evaluation – College Station




$_____/ year for evaluation – Weslaco


Objective 5: Develop seed-based propagation systems for sorghum/energycane hybrids


Rationale: Seed-based planting of an energycane-like crop would have world-wide impact due to reduced production costs and increased flexibility in production and management.  Seed-based planting for biofuel production offer up to 90% reduction in planting costs for vegetative propagation methods, which range from ~$400 to ~1000/acre (depending on location).  Our data show energycanes vary widely in their effectiveness for seed production on sorghum, Tx3361 as the seed parent, and that selection will result in major improvements in seed production and quality.  


Implementation Plan: Breeding programs to optimize hybridization will be developed for both sorghum (seed parent) and energycane derived hybrids (to be used as pollinators).   The timeline on this objective is five years, at which time we expect to produce quantities of seed derived hybrids suitable for advanced testing and development.  


· Sorghum Seed Parental Line Development (iap) – improved sorghum seed parents are under development.  These include iap sorghum with high stem sugar, enhance disease resistance, and improved drought tolerance.  Both male-fertile and male-sterile versions are under development and this process is continuous throughout the project. 


· Energycane Pollinator Parent Line Screening – research in objective-1 will assess seed set of different energycane pollinators.  This information will be used to develop energycane populations that will be screened for enhanced seed set on Tx3361.  Selected hybrids from the best pollinators will be used to develop true breeding pollinators for hybrid seed production.


· Cytological Manipulations of Pollinator Parent to Produce Uniform Commercial Hybrids.  Because energycane is genetically heterogeneous, it will be necessary to stabilize the genetics of the pollinator to produce genetically uniform sorghum/energycane hybrids.   The most logical approach to stabilize the pollinator parent and further enhance seed set is to create an amphiploid of each elite sorghum/energycane hybrid.  These lines will be genetically stable (homozygous), and the presence of the sorghum genome will combine with the sorghum genome in the seed parent during hybrid seed production.  


Budget: 
$_____/year


$_____/year for breeding sorghum (College Station)


$_____/year for breeding energycane (Weslaco, College Station)


$_____/cytological manipulations and crossing trials (College Station)


Objective 6: Molecular characterization of iap and other important genes that influence intergeneric hybridization and recombination.

Rationale: Identifying the gene responsible for the iap phenotype will facilitate (1) marker-assisted breeding to enhance the breeding program,  (2) assess in the identification of additional genes involved in enhancing wide hybridization not only in sorghum but in other crop species as well.  


Implementation Plan:  Initial mapping of a small subset of progeny has located the iap location to linkage group __ on chromosome __.  To fine map the iap locus, a large (300 individual) BC1F1 population has been created and is ready to be phenotyped.   


Budget: 
$_____/year


$_____/year for phenotyping mapping population (College Station)


$_____/year for genetic analysis (Weslaco)
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