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PROJECT SUMMARY

Our aim is to import multiple rust resistance genes from wild emmer (Triticum dicoccon) into a high-yielding cultivar of bread wheat (Triticum aestivum), resulting in bread wheat varieties that show wide resistance to many strains of the wheat stem rust fungus Puccinia graminis, including Ug99.  We will employ single-backcross selected-bulk breeding to achieve this polygenic resistance.  The initial cross, the single backcross, and four subsequent generations of bulk selection will take place in Punjab.  We will test the F5 seed in Kenya, where Ug99 is rampant, for resistance to Ug99.  Ug99-resistant F6 seed will be returned to Punjab for final selection.  Success will provide us with bread wheat strains with non-race specific resistance that should last for years.
Please consider funding this proposal for research on protecting the world’s wheat crops against the wheat stem rust pathogen Puccinia graminis strain Ug99.  This fungus is spreading at an alarming rate in the Middle East and Africa.  The arc of its spread is pointing at Punjab, the “wheat basket” of India, making this a matter of the utmost urgency for this institution and our nation.

BACKGROUND

India has much to lose if Ug99 establishes itself in our country, Punjab in particular.  Punjab produces 60% of India’s wheat and, in fact, 2% of the entire world’s wheat.  Ours is one of the most fertile areas on earth, with climate and soil ideal for the production of wheat, which is our state’s most important agricultural crop.

As Ug99 has spread, workers in Africa have tested some existing wheat cultivars for Ug99 resistance but have failed to identify any.  To the best of our knowledge, major current efforts are directed at attempting to find and incorporate single genes providing adequate resistance to Ug99.  Our project takes a different approach, based on multiple resistance genes.  It addresses the crucial issue of Ug99; and, if successful, it may afford protection against other wheat rust strains that arise by future mutations of the fungus.
PROPOSED RESEARCH

We propose to develop wheat varieties with non-race specific adult plant resistance to wheat stem rust.  By this, we mean a general resistance to all or many strains of Puccinia graminis, not simply strain Ug99.  This would provide a solution to the problem of emergence of new strains such as Ug99. Such resistance might be expected to significantly reduce the amount of infection irrespective of the strain of the wheat stem rust which attacks it. Such resistance is complex or polygenic, meaning that several genes are involved. The exact number of genes involved is unknown, however.

To the resistance genes of bread wheat (Triticum aestivum) we will add resistance genes of the emmer wheat (Triticum dicoccon) common in the Middle East.  Emmer is known to possess many resistance genes. One gene, Sr2, originally present in an emmer wheat variety called Jaroslav which had durable resistance, has been identified that confers a slow-rusting quality to wheat irrespective of the race of wheat stem rust involved. Fortuitously, this gene can be detected in the progeny from crosses due to its complete linkage to a readily visible characteristic called pseudo-black chaff. (Complete linkage means here that plants possessing Sr2 invariably have chaff that is black; Sr2 and the pseudo-black chaff gene are adjacent to each other on their chromosome.) Unfortunately, Sr2 does not confer sufficient resistance on its own to Ug99. However, field assessment of different low-yielding wheat varieties grown in Kenya under severe wheat rust conditions in the presence of strain Ug99 revealed that several of these varieties (such as Pavon 76 and Kiritati) have considerable resistance. This resistance is assumed to be polygenic (multigenic) in nature. We will transfer the resistance of Jaroslav emmer, based on multiple resistance genes, to a high-yielding bread wheat (T.  aestivum) cultivar.

We will accomplish this transfer of resistance—based on multiple genes—by applying a method known as single-backcross selected-bulk breeding.  This method involves a single backcross to the bread wheat parent followed by 4 generations (F2-F5, see below) of selection and bulk harvesting (see flowchart). Plants will be selected for desirable crop traits such as resistance to local diseases, high grain yield (seeds per plant), absence of seed hull, vigorous growth, and others.  In the fourth (F5) generation a selected bulk population of about 2500 plants will be screened for resistance to Ug99 under field conditions in Kenya. The idea is to rebuild in a high-yielding bread wheat the durable resistance typical of the old emmer wheat variety Jaroslav. 

The first step—introducing emmer genes into bread wheat:
Working in Punjab we will cross Jaroslav emmer with the high-yielding bread wheat cultivar most used in Punjab.  The purpose of this step is to combine the genes for all the virtues of both parents.  Note that Jaroslav emmer has no agricultural virtues other than disease resistance.  Our bread wheat has all the agricultural virtues except for disease resistance.  The resulting seeds will be harvested and planted in Punjab
The single-backcross step:
Plants from the first step will be crossed with the original bread wheat cultivar.  (Such a cross with one of the original parent varieties is called a backcross.  This backcross is the only one in the proposed breeding program—hence the “single-backcross” name.)  The generation produced by the backcross is designated BC1.  The purpose of the backcross is to increase the probability that BC1 and subsequent generations will retain the many desirable properties of the original high-yielding bread wheat.
The bulk selection steps:
About 400-500 BC1 seeds will be planted, and the resulting plants individually selected for the desirable characteristics mentioned above.  Their seeds will have resulted from random, natural pollination in the field as the plants grew.  We will harvest and pool the seeds of all the selected plants.  This pooling is called bulk harvesting to distinguish it from a method in which the seeds of the individual selected plants are kept separate.  These bulk-harvested seeds represent the F2 generation.  (The term F2, or “second filial” generation identifies the “grandchildren” from a particular cross—in this case the backcross.  Subsequent generations resulting from random crossing among the F2 are numbered F3, and so forth.)
We will plant about 2500 F2 seeds in the field in Punjab, allowing the resulting plants to cross at random, producing an F3 generation of seed.  These again will be selected and bulk-harvested to produce an F4 generation.  We will repeat these steps through the production of the F5 generation, each generation requiring one year.  By this stage, the plants will be relatively true-breeding for the desirable agricultural traits, including resistance to local diseases, for which we will have selected.  (That is, they should yield few progeny that lack the selected traits.)

Testing for resistance to Ug99:

We will plant about 2500 F5 seed densely in a field in Kenya where Ug99 is prevalent.  Resulting plants not showing rust symptoms will be harvested, and we will select the plumper F6 seeds.  Plump seeds are likely ones possessing more genes for resistance, because the Ug99 has not interfered with their development.  Please note that this plumpness criterion is invoked at this step only as a very rough screen.  The plants themselves have survived their growing season in the presence of Ug99 and have some degree of resistance; the plump seeds may imply an increased level of resistance.  Shriveled seeds would suggest insufficient resistance.  If no F5 plants are rust-free, the attempt to instill resistance to Ug99 will have failed.

Back to Punjab for further development:
We will plant the selected F6 seed in Punjab and, again, finally select the resulting plants on the bases of their general resistance to disease and other desirable properties as bread wheat.  If the program succeeds, we should find plants that are high-yielding as well as resistant to Ug99 and many other strains of Puccinia graminis.

We will seek to find markers for the resistance genes incorporated in the previous steps, in order to use marker-assisted selection in subsequent work. Markers are short DNA sequences easily recognized in extracts of small amounts of even young plant material.  Markers that are very close on a chromosome to a gene for the desired trait (or, best of all, part of the gene itself) can be recognized within hours in the laboratory, as opposed to waiting for weeks to determine whether the plant itself shows the trait.
If we can find markers for resistance genes (in addition to the known marker Sr2, above) we and others can use marker-assisted selection in a conventional breeding program to preserve resistance while eliminating undesirable emmer genes that have persisted through F6.
THE PAYOFF

The primary goal is to develop a cultivar of wheat with robust resistance to Ug99, based on the presence of multiple resistance genes, all making contributions.  If we succeed, we will in the process also identify appropriate markers for some of those genes—markers useful to breeders around the world.

We hope for a further payoff as well.  This polygene approach has long been advocated as an ‘ideal’ answer to what we term the ‘boom and bust’ cycle. (The boom and bust cycle is the appearance of a new, resistant variety of crop that succeeds for some years but ultimately declines because of the appearance of new mutations in the pathogen.)  The idea is that a number of genes working in concert may confer durable resistance, entirely independent of the wheat stem rust race involved. The polygene approach is difficult in the absence of suitable markers, but we hope to observe sufficient Ug99 resistance to enable us to proceed to a search for markers.  Certainly the type of research envisaged here may go a long way toward providing tangible data to either support or refute the suitability of the polygene approach.

TIME FRAME

Assuming that only a few, say 4 or 5, genes are needed and if marker-assisted selection methods can be developed, it will take a minimum of about 8-10 years to develop the knowledge of the additional candidate genes and identify suitable genetic markers for these genes. At this point the research will shift to the application of marker-assisted selection.  Thus a best estimate for completion would be 16-20 years, assuming a relatively simple genetic (4 or 5 gene) scenario.
CAN IT WORK?

Technically we have the capability to succeed. Human resources are readily available with trained technicians able to do much of the basic work: breeding and field assessments of wheat quality and resistance to Ug99. In the sixth year the bulk populations selected for desirable crop qualities will be screened for resistance in Kenya. Experienced plant breeders are available and can successfully supervise and carry out the complex single-backcross selected-bulk breeding.

.

Because marker-assisted selection is only possible at this time for one gene, Sr-2, selection will initially depend on the growing conditions and the prevalence of wheat stem rust strains such as Ug99 (in the F5 selection phase in Kenya).  The end result is difficult to predict, partly because we do not have markers available to help with the selection of additional resistance genes, and especially because we do not even have a good idea of how many genes might be involved.  It should be possible to select high-yielding, high grain quality varieties. It is less clear if these will have a sufficiently high level of resistance to withstand the attack of Ug99.

In past breeding programs where attempts were made to incorporate several major resistance genes into a crop variety the end results were not very successful. This was primarily because the lack of linked markers resulted in the inadvertent introduction of many undesirable traits into the breeding lines. So in the absence of suitable linked markers and no knowledge of the number of genes that might be involved the likelihood of success in producing a high yielding, high quality wheat variety with durable resistance to wheat stem rust (non-race specific adult plant resistance) is uncertain.  Our proposal calls for an increased number of generations of bulk steps as well as an increase in the number of traits for which to select. The payoff for success is so great as to justify our attempt.  What may come out of this work in any case is an improved understanding of the genetic nature of such polygenic, durable resistance.
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  Overall project supervision

Staff in Punjab (P.I., 1 field supervisor, 1 laboratory technician, 2 laboratory assistants, 3 field laborers)

  Initial breeding and selection steps through production of F5 seed; breeding and

  selection in later generations; search for markers; marker-assisted selection
Staff in Kenya (local Plant Pathologist, 1 plant breeder, 2 technical assistants, 3 field laborers)

  Field testing in the F5 generation

OTHER DIRECT EXPENSES

Travel

Growing materials

Expendable greenhouse and laboratory supplies

Reagents and equipment for marker-assisted selection

Equipment and tools for work in the field

Secretarial and administrative services

APPENDIX 1

	Polygene Breeding Process



	Generation
	Steps in the Process

	Project Start
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	Plant Jaroslav emmer and bread wheat in same field (allowing them to cross, yielding offspring with genes from both parents)
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	Harvest seed from the plants
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	Plant those seeds and bread wheat in same field (this is the backcross, to give the seeds of these plants an extra dose of the known desirable genes of the bread wheat)
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	Harvest seed from the plants (these seeds are the beginning of the BC1 generation)



	BC1
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	Plant BC1 seed and allow those plants to interbreed freely (this is the beginning of a series of crosses aiming at eventual true-breeding varieties with desirable genes)
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	Harvest seed from the plants (these seeds are the beginning of the F2 generation)



	F2
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	Plant F2 seed and allow those plants to interbreed freely to bear seed (F3 generation)
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	Select F2 plants for desired properties (resistance to local diseases, high grain yield, absence of hull, vigorous growth, etc.) 
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	Bulk harvest their F3 seed



	F3
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	Plant F3 seed and allow those plants to interbreed freely so that they bear seed (F4 generation)
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	Select F3 plants for desired properties 
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	Bulk harvest their F4 seed

	F4
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	Plant F4 seed and allow those plants to interbreed freely so that they bear seed (F5 generation)
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	Select F4 plants for desired properties 
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	Bulk harvest their F5 seed

	F5
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	Plant about 2500 F5 seed IN KENYA (exposing to UG99), allowing the plants to interbreed freely, thus bearing seed (F6)
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	Select healthy F5 plants (no rust symptoms) 
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	Bulk harvest their F6 seed

	F6
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	Select plump F6 seeds
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	Plant them IN PUNJAB
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	Select F6 plants for disease resistance and other desirable properties (as above)



	Conduct further breeding program if warranted by observed Ug99 resistance.





