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8-05   NEW PROPOSAL 

 
TITLE: Characterization of imazamox resistant jointed goatgrass 
 
PERSONNEL: Robert S. Zemetra - University of Idaho 
   Frank Young – USDA-ARS Pullman, Washington 
   Joe Yenish – Washington State University 
   Carol Mallory-Smith    Oregon State University 
 
TIME LINE: July 1, 2006 to June 30, 2007 
 
HYPOTHESIS: Imazamox resistant jointed goatgrass found in Clearfield wheat research trials 
originated from naturally occurring independent mutation events and not from gene flow for 
Clearfield wheat carrying the gene for Imazamox resistance.   
 
SUMMARY OF PROPOSAL: Crosses will be made to Imazamox resistant jointed goatgrass to 
determine the genome location of the resistance gene and whether the mutation is the same or 
different than the ALS mutation utilized in Clearfield wheat cultivars.  Progeny from the 
resistant jointed goatgrass will be screened for resistance by spraying the seedlings with 
Imazamox to determine if the resistant jointed goatgrass is homozygous for the resistance gene.  
Homozygous plants will be selfed and then used for reciprocal crosses to susceptible jointed 
goatgrass and an imazamox resistant jointed goatgrass carrying the ALS mutation found in 
Clearfield resistant wheat.  The selfed seed will be germinated and used to determine if the 
resistance conferred by the field derived mutation shows a similar response (resistance or 
susceptibility) to other ALS inhibiting herbicides.  Progeny from the reciprocal crosses to jointed 
goatgrass will be used to determine if normal transmission of the resistance gene occurs through 
the male and female gametes.  The progeny from the cross to the Clearfield based imazamox 
resistant jointed goatgrass will be used to determine if the field derived mutation is in the C or D 
genome of jointed goatgrass.  DNA collected from the resistant jointed goatgrass will be used to 
determine if the mutation in the field derived resistant jointed goatgrass is the same as the ALS 
mutation utilized in the development of Clearfield wheat. 
 
OBJECTIVES: 
 

1. Determine if Imazamox resistant jointed goatgrass from two field trials is homozygous 
for the resistance gene. 

2. Determine is male and female transmission of the resistance gene is different. 
3. Determine if the genome location of the resistance gene is on the C or D genome. 
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4. Determine if the mutation in the field derived resistant line is the same or different than 
the ALS gene mutation on the D genome in Clearfield wheat. 

 
JUSTIFICATION: Clearfield wheat cultivars offer an alternative in the management of grassy 
weeds in the western United States.  The presence of an ALS gene mutation in Clearfield wheat 
cultivars that confers resistance to Imazamox herbicide allows for the use of Imazamox to 
control weeds such as jointed goatgrass with minimal damage to the wheat.  One concern with 
the use of Imazamox is the selection of a naturally occurring mutation in jointed goatgrass that 
would result in a herbicide resistant jointed goatgrass.  In a rotation study involving Clearfield 
wheat, apparent Imazamox resistant jointed goatgrass was identified in two different locations.  
It is important to study these resistant jointed goatgrass lines to determine the source of 
resistance and how and/or if the resistance is different than that found in Clearfield wheat.  One 
concern with the development of a resistant jointed goatgrass is that a naturally occurring 
mutation might confer resistance to a wider spectrum of ALS inhibiting herbicides than the ALS 
mutation found in Clearfield wheat.  This information is important if management strategies are 
to be developed to minimize the spread of this resistant jointed goatgrass from the site of the 
original mutation. 
 
METHODS: 
 
Two to four resistant jointed goatgrass lines will be selected for evaluation from each field site.  
These plants will have already been selfed using a glassine bag to insure no cross-pollination.  
The selfed progeny will be evaluated to determine if the resistant jointed goatgrass lines are 
homozygous or heterozygous for resistance by spraying the plants at the four leaf stage with 4 
oz. of Beyond in a greenhouse spray chamber.  Lines found to be homozygous will be used for 
crossing and as a source for DNA extraction. 
 
Crossing: 
 

1. Heterozygous plants will be created by crossing the resistant jointed goatgrass to 
susceptible jointed goatgrass.  The F1 plants will then be used in reciprocal crosses to 
susceptible jointed goatgrass using the approach method.  A minimum of 40 seeds will be 
produced from each direction of crossing.  The seed produced from the crosses will be 
planted and the seedlings screened at the four leaf stage with 4 oz. of Beyond in a 
greenhouse spray chamber to determine the number of resistance genes present 
(segregation ratio should be 1:1 for one gene, 3:1 for two genes) and determine if 
transmission rate differs between male and female gametes. 

 
2. Crosses to an Imazamox resistant jointed goatgrass that carries the ALS mutation found 

in Clearfield wheat will be made to determine if the resistance in the field derived 
resistant jointed goatgrass is on the C genome or the D genome.  Genome location will be 
determined by letting the progeny from the crosses self to produce F2 progeny.  The F2 
progeny will be planted then screened at the four leaf stage with 4 oz. of Beyond in a 
greenhouse spray chamber to determine if any segregation for resistance is occurring.  If 
there is no segregation then the mutation is on the D genome but if there is segregation 
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(expected ratio 15:1) then the resistance gene in the field derived resistant jointed 
goatgrass is on the C genome. 

 
Molecular evaluation of the mutation in the field derived resistant jointed goatgrass lines using 
molecular markers specific for the ALS mutation found on the D genome in Clearfield wheat 
cultivars.  DNA will be extracted using the method described by Kroiss et al.(2004) and 
evaluated using primers developed from sequences provided by BASF for screening Clearfield 
wheat cultivars using Polymerase Chain Reaction (PCR).  If the PCR produces differ among the 
jointed goatgrass samples and/or between the jointed goatgrass samples and a Clearfield wheat 
control sample it would indicate the mutation or mutations in the field derived jointed goatgrass 
is/are different at the molecular level from the ALS mutation utilized in the Clearfield cultivars. 
 
To further confirm differences between the ALS mutation found in the Clearfield cultivars and 
the field derived jointed goatgrass lines or among the jointed goatgrass lines two studies would 
be conducted.  Progeny of the resistant jointed goatgrass lines along with a Clearfield wheat 
check cultivar will be screened for whole plant response and ALS enzyme activity with ALS 
inhibiting herbicides that show differing levels of damage on Clearfield wheat.  If the response of 
the jointed goatgrass lines to the different herbicides differ from that of the Clearfield wheat it 
would indicate that the mutation(s) in the jointed goatgrass are indeed different from the ALS 
mutation that confers imazamox resistance in Clearfield wheat. 
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PLANNED TECHNOLOGY TRANSFER: Results from this study will be published in refereed 
journals and presented at regional and national meetings.  The results will also be incorporated 
where appropriate into extension management guides associated with the National Jointed 
Goatgrass Initiative.  
 
 
BUDGET: 
    2006-2007 
 
Salary 
 Hourly        6,000 
 
Fringe Benefits (13%)          780 
 
Operating Expenses       5,000 
 
Travel         1,000 
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Publication Costs       1,000 
 
Total     $13,780 
BUDGET JUSTIFICATION: 
 
University of Idaho 
 
Salary: $6,000 is allocated for an undergraduate assistant to plant screen and harvest plants as 

part of an undergraduate research project.  The person’s work will be under the direct 
supervision of Jenny Hansen, the Support Scientist II who will be doing the crossing 
described in the research. 

 
Fringe Benefits: The fringe benefits of $780 based on a rate of 13% will be needed for the 

undergraduate research position. 
 
Operating Expenses:  Operating expenses consist of greenhouse costs and laboratory costs.  The 

greenhouse costs would be approximately $2,500 which includes costs for bales of soil, 
planting trays, 4 inch pots, pot stakes crossing supplies, and greenhouse space fees 
(approximately $400)  The laboratory costs would be split between DNA marker 
screening (approximately $1,000) and ALS enzyme assay test ($1,500). 

  
Travel: Travel expenses are to cover one trip to Corvallis, Oregon to consult with collaborators at 

Oregon State University on the ALS enzyme assay ($500) and travel to the 2007 National 
Jointed Goatgrass Initiative research review in Portland, Oregon ($500). 

 
Publication: $1,000 is allocated in the second year of the study to cover the costs of publishing 

the results from the study. 
 
 
 


