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PROJECT SUMMARY

We propose an attempt to discover and import Ug99 resistance genes from wild emmer (Triticum dicoccon), a native wheat in the Middle East, into an elite cultivar of bread wheat (Triticum aestivum).  We will first gather emmer seed from seed banks in Israel and in the field in Israel and Kenya.  We will test the resulting plants for Ug99 resistance in fields in Kenya.  Finally, we will cross a Ug99-resistant emmer with the elite bread wheat cultivar.  For several generations resistant progeny will be back-crossed to the elite cultivar, the goal being to arrive at a hybrid bread wheat strain that combines the desirable properties of the elite cultivar with the resistance derived from emmer.
BACKGROUND

Historically Puccinia graminis has had catastrophic impacts on wheat production in the United States and Canada as well as elsewhere.  Continuing efforts to address these impacts have led to the development, by selective breeding, of numerous cultivars (varieties found only under cultivation) of common (bread) wheat, Triticum aestivum, that are resistant to P. graminis and other major plant pathogens.  However, as time goes on new mutations appear in the fungus, enabling the mutant strains to attack previously resistant wheat cultivars.
A potentially devastating threat has arisen in eastern Africa and the Middle East, in the form of P. graminis strain Ug99.  Thus far, none of the wheat cultivars grown in the region are resistant to Ug99, and this fungus is spreading rapidly through the Middle East and into Southern Asia.  Cereals are by far the top agricultural products in the world, with wheat a close second to corn.  Wheat provides about 20 percent of the current world calorie intake.  If Ug99 cannot be stopped, the impact will be global.

Ug99 has spread in recent years. Other workers based in Kenya have tried to identify existing wheat cultivars showing resistance to Ug99, but without success.  As for new, untested wheat lines, there has in fact been no intensive exploration and testing for new sources of resistance to wheat stem rust for over 50 years.  Consequently, new plant explorations and their testing as resistance sources are long overdue. Our project addresses this important issue.
PROPOSED RESEARCH

Our goal is to discover genes that will help plants resist Ug99 and to introduce those genes into high yielding lines of wheat.  We will seek such genes in emmer (Triticum dicoccon), a type of wheat that has been the major source of resistance genes effective against wheat stem rust even though emmer is not itself a major crop plant.  The center of diversity of emmer wheat is in the Middle East and especially in parts of Israel.  We will base our explorations of wild emmer germplasm (the genetic resources of the species) on both existing seed collections and our own new seed-collecting activity in the Middle East.

Our work will proceed in three sequential stages: accumulation of emmer seed for testing, testing for resistance to Ug99, and incorporation of resistance genes into a high-yielding variety of wheat.  All three stages follow well-established methods; no new techniques need to be invented.

In the first stage, we will accumulate seed in two ways.  In one, we will obtain seed samples from existing seed banks in Israel.  In the other, we will make field collections of seeds from emmer plants growing in the wild in Israel and Kenya.  This stage is relatively easy to implement, being based on existing resources and standard techniques of seed acquisition.

In the second stage of the project we will plant seed from the old and new collections in experimental plots in Kenya, where new races of wheat stem rust, including Ug99, are prevalent.  As the resulting plants grow, they will be exposed to Ug99 spores.  Plants that do not develop rust are, by definition, resistant and thus contain one or more resistance genes.

This work is vital, because other existing wheat strains known to be generally rust-resistant have failed to show resistance to Ug99.  There are no guarantees that our approach will result in a new source of resistance, but this is the only short-term approach available.  Since essentially all the existing wheat stem rust resistance was found in this way, it represents the most obvious approach to finding new resistance genes.   Similar searches for resistance to other rust fungi attacking wheat have been proven successful in recent years.

The one most obvious weakness is that it repeats past approaches (but with new sources of germplasm).  Even if new resistance is found, it will likely fail in due course—the boom and bust cycle in which a new, resistant variety succeeds for some years but ultimately declines because of the appearance of new mutations in the pathogen.  It will, however, buy time while new, more stable approaches to resisting Ug99 are developed.

We will also perform supplementary screening in greenhouses in the United States to test any lines showing resistance to Ug99 in our Kenya study for resistance to other wheat stem rust races that are capable of overcoming known resistance genes.  The supplementary screening potentially expands the impact of our project.

If successful, stages one and two will provide the genetic resource from which we can develop new Ug99-resistant, high-yielding cultivars to replace the current ones which are threatened by Ug99.  That development is the task for the third stage of our project.

In the third stage, we will carry out a breeding program using Ug99-resistant emmer plants identified by our screening and an elite line of bread wheat (Triticum aestivum).  An elite line is a crop line that has many genes for good traits that result in high yields in a particular environment.  A resistant emmer will be crossed with the elite line of bread wheat, followed by testing of (hybrid) progeny plants for Ug99 resistance.  By continued crossing of successive Ug99-resistant progeny generations with the elite T. aestivum we aim to arrive at a high-yielding T. aestivum that is resistant to Ug99—our end goal.  (This pattern of crossing hybrid plants with the desired trait—Ug99 resistance in this case—to elite plants is referred to as backcross breeding.)

The breeding program just outlined follows the standard pattern that has been employed to produce most of the disease-resistant cultivars of crop plants.  It can be highly effective, but it suffers from two drawbacks.  One is that it is a tedious, inefficient process which often requires that plants be grown to near maturity before the breeder can be sure that they possesses the desired trait.  For another, undesirable traits from the emmer parent, linked to the resistance gene(s), may be carried along during the backcrossing process.  Undesirable traits might include such things as poor milling quality, poor flavor, or anatomical features making harvesting of the grain difficult.

To minimize such problems we will use marker-assisted selection (MAS) to identify Ug99-resistant plants at a very early stage in each generation.  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.  MAS is now widely used in both plant and animal breeding.  The methods are fully developed and reliable, and trained scientists and technicians are available to conduct such studies.  We have been able to recruit some of them for our project if it is funded.

THE PAYOFF

The discovery of new resistance sources to Ug99 will provide the plant breeder with invaluable new genes to incorporate into high-yielding varieties.  The genes will be identified with appropriate markers, further increasing their utility to the breeder.

Since the available resistance to Ug99 is very limited, the discovery and incorporation of new Ug99 resistance genes into wheat is a critical need in order to sustain the current global wheat production targets, which need to increase by 2 to 3 percent each year to meet the needs of the expanding world population.  Given wheat’s role in global nutrition, success in this project is vital if there are not to be calamitous consequences.

TIME FRAME

The first and second stages of the project—the initial screening of wild emmer germplasm—will take two to three years.  As resistance is identified and characterized it can be utilized in marker-assisted breeding of new wheat varieties by backcrossing resistance to existing high yielding varieties.  Our marker-assisted breeding program will take about five years.  We anticipate that the entire project could be completed in eight to ten years.

SALARIED PERSONNEL

Principal investigator: Miles Hanson, University of Western North Dakota

  Overall project supervision

Staff in North Dakota (P.I., 1 graduate student, 1 laboratory technician, 3 technical assistants)

  Testing Ug99-resistant hybrid lines for resistance to other strains of Puccinia graminis
Staff in Israel (local Plant Pathologist, 3 technical assistants)

  Gathering samples from seed banks; some field collection of wild emmer seed

Staff in Kenya (local Plant Pathologist, 1 graduate student, 1 laboratory technician, 3 technical assistants)

  Field collection of wild emmer seed, initial testing for Ug99 resistance (using local and Israeli seed), conduct MAS-based breeding program

OTHER DIRECT EXPENSES

Travel

Growing materials

Expendable greenhouse and laboratory supplies

Reagents and equipment for MAS

Equipment and tools for work in the field

Secretarial and administrative services




