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Abstract

Jointed goatgrass (Aegilops cylindrica) Is a noxious weed in most wheat (Triticum aestivum) growing regions. Both species are polyploid with one genome (D) in common which allows successful hybridization to occur in the field. In the early 1990°s,
seed was found on hybrids which raised the question on whether genes from wheat could move Into jointed goatgrass. Research by the University of Idaho and Oregon State University addressed this question which became more important with the
advent of herbicide resistant wheat. Results of this collaborative research include (1) Hybrids were partially female fertile and seed on hybrids were due to backcrossing, (2) Either species could serve as the recurrent backcross parent, (3) Partial self-
fertility could be restored after two backcrosses to jointed goatgrass, (4) Backcrossing occurred in the field to produce BC, and BC, plants, (5) Recurrent backcross parent could be determined using genomic in situ hybridization and/or molecular
markers, (6) Female parent of hybrid was primarily jointed goatgrass based on chloroplast molecular markers, (7) Introgression of genes on the D genome could occur with or without selection pressure, and (8) Placement of a transgene on the non-
shared A or B genomes did not insure that gene movement would not occur. To minimize the risk of gene flow between the two species, it is critical to prevent the production of the BC, generation to prevent the restoration of self-fertility that would
allow stable introgression of a wheat gene In jointed goatgrass. Management strategies were developed to achieve this goal.

Introduction Potential for jointed goatgrass or wheat to be the Use of genomic in situ hybridization to determine the Introgression of genes from the D genome of wheat into
backcross parent recurrent backcross parent of BC, and BC, plants jointed goatgrass

Jointed goatgrass (Aegilops cylindrica ) is a noxious weed In
wheat (Triticum aestivum) production areas of the Western For gene flow to occur jointed goatgrass had to be able to For gene migration to occur from wheat to jointed goatgrass As partial self-fertility was restored in the BC, generation
United States. Since wheat (ABD genomes) and jointed serve as the backcross parent. It was determined that both through backcrossing to hybrid plants the recurrent parent evaluation was possible on subsequent generations for the
goatgrass (CD genomes) are closely related natural jointed goatgrass and wheat could serve as the backcross must be jointed goatgrass. Since chromosome numbers can Introgression and retention of genes from the D genome of
hybridization can occur between the two species. In 1991, parent in crosses to hybrids in the greenhouse. It was also be variable in the backcross generations another method was wheat Into jointed goatgrass. Using molecular markers
seed was found on hybrids in a field in Northern Idaho and shown that backcrossing to both jointed goatgrass and/or needed to determine if the recurrent parent was wheat or - assoclated with the D genome in wheat (Figure 5) It was

determined that recombination could occur between all the
D genome chromosomes.

wheat could occur naturally in the field (Figure 2).

‘ questions were raised concerning the source of the seeds jointed goatgrass. Genomic in situ hybridization (GISH)

~ since the hybrids were considered sterile. The seed was allowed for the visualization of the C genome chromosomes

 found to be due to backcrosses to either jointed goatgrass or AL S A e SR B o A “in the BC, generation and the number of C genome

~ wheat . This raised the question as to whether genes from FTREINRR (S iRl SR St 40 TR N7 8 chromosomes could be used to identify the recurrent parent. |
- wheat could move to jointed goatgrass. This question It was found that the majority of BC, plants had wheat as the

~ became more Important with the advent of herbicide resistant recurrent parent though BC, plants were found that had

- wheat. Collaborative research by the University of ldaho jointed goatgrass as the recurrent parent.

and Oregon State University over the past 17 years has

Investigated this and multiple aspects of the genetics of |

Jointed goatgrass and the potential for gene flow between the :

two species. Research included determining the source of

the seed found on the hybrids, the potential for jointed

- goatgrass to serve as a backcross parent, restoration of
fertility in backcrosses to jointed goatgrass, methods to

determine the recurrent backcross parent of field derived

backcrosses, potential for introgression of wheat genes from

| the shared D genome and potential for gene transfer from the

‘unshared A and B genomes of wheat.

t | Evaluation for specific genes on the D genome of wheat,
,. Imazamox resistance (Imi 1) and resistance to
Pseudocercosporella foot rot resistance (Pch 1) in BC,S; and |
'.: l | BC,S, plants found that introgression had occurred either
*  with or without selection.

GISH was also found to be useful in detecting the presence
of wheat chromosomes from either the A or B genomes in
. BC,S, plants where partial self-fertility had been restored
(Figure 4). The presence of the A or B genome
chromosomes would allow for the introgression of wheat
..+ genes even from the unshared genomes of wheat.
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Genetic analysis of wheat x jointed goatgrass hybrids

showed that the hybrids were not sterile but partially female

fertile (2%) allowing for the potential for backcrossing to

il \ occur. The partial fertility was most likely due to the two

i } species sharing the D genome which allowed for bivalent
formation of the D genome chromosomes during meiosis in

the hybrids (Figure 1). Cytogenetic analysis of the seeds

found on the wheat X jointed goatgrass hybrids indicated that

the seeds were the result of backcrosses to either jointed

: goatgrass or wheat.

Figure 4. BC,S, plant carrying three chromosomes from
either the A or B genome of wheat.
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o * " For gene flow to occur from wheat to jointed goatgrass, self-
fertility would need to be restored to allow for the potential for
stable gene introgression into the jointed goatgrass genetic

« background. In a greenhouse study it was found that female

3 fertility increased with each backcross (Figure 3) and that

. partial self-fertility was restored after only two backcrosses to
. g‘

\ ) jointed goatgrass and that the level of self-fertility would

| Increase with each subsequent generation of selfing.

. Impact of placement of transgenes on the A or B genome §
of wheat on the potential for gene migration
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A study was conducted using the gene for glyphosate
resistance on either the A, B or D genome of wheat to
determine if genome placement could prevent the movement
4 of a transgene from wheat to jointed goatgrass. The study
was conducted with and without selection for glyphosate
resistance. Based on the results of the study It does not
appear that placement of a transgene on an unshared
genome would prevent gene migration from wheat to
jointed goatgrass. In the case of glyphosate resistance it
appeared that selection pressure could enhance the potential
for migration due to gametophytic selection for gametes
carrying the resistance gene, decreasing the number of seed
set on each backcross generation but increasing the number
of backcross progeny carrying the gene for resistance.
Introgression of the wheat gene appears to have occurred in
the BC,S, or BC,S, generation but confirmation of the
, presence of translocations needs to be done using GISH.
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To determine the source of hybrids in the field information
on the female parent of the hybrid would be useful. This
would aid in determining methods to minimize the spread of By
the hybrid seed from jointed goatgrass infested fields.
Chloroplast molecular markers were use determine whether
the female parent was either jointed goatgrass or wheat. In
the majority of hybrids studied it was found that the female
parent was jointed goatgrass.

hybrid showing D genome bivalents.
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¥ Figure 3. Seed set on BC, and BC, with jointed goatgrass as
the recurrent parent mdlcatlng the increase in fertility with
each subsequent backcross. Arrows indicate seed.
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