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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 PROGRESS: Selfed seed from three plants from one field trial that 
appeared to be resistant to Imazamox were grown out in the greenhouse and screened for 
resistance.  One population appeared to be 100% resistant to prior to vernalization but all 
plants died post-vernalization.  The second population was found to be 100% susceptible 
to the herbicide prior to vernalization.  The third population was found to segregate for 
resistance with 3 of 10 plants being susceptible and 7 of 10 plants surviving the herbicide 
treatment and setting seed post-vernalization indicating that the original plant was 
heterozygous for resistance.  Of the 7 plants the level of herbicide injury differed with 
some plants giving more of a heterozygous response to the herbicide while the remaining 
plants giving a homozygous resistance response with little or no injury.  The surviving 
plants were all self and reciprocal crosses were mad between the tentatively resistant 
plants and a susceptible control.  The reciprocal crosses are currently being grown and 
screened with Imazamox herbicide to determine if any of the progeny from the third 
resistant plant were homozygous for resistance to the herbicide.  Selfed seed from any 
plant found to be homozygous for resistance will be made available for additional 
analysis. 
 
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. 

 
EXPERIMENTAL DESIGN: 
 
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 (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 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. 
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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. 
 
PROGRESS TO DATE: 
 
To date none of the plants from field harvested seed were found to be homozygous for 
resistance.  Only one of the three plants tested appeared to be resistant to the herbicide 
based on progeny screening.  Progeny from that plant appear to be segregating for 
resistance with some plants showing more injury that others possibly indicating the 
presence of both heterozygous and homozygous plants.  All surviving plants were selfed 
using glassine bags to prevent cross-pollination and crossed reciprocally to herbicide 
susceptible jointed goatgrass.  Progeny from these plants are currently being evaluated in 
the greenhouse for resistance. 
 
REMAINING WORK: 
 
Results from the progeny testing will indicate which if any plants from the third 
population is homozygous for Imazamox resistance.  Selfed seed from the homozygous 
plants will be made available to researchers at ARS-Pullman and Oregon State University 
of dosage response studies and ALS enzyme assays.  The progeny from the homozygous 
plants will be crossed to Imazamox resistant jointed goatgrass carrying the herbicide 
resistance gene on the D genome.  This resistant goatgrass was created by backcrossing 
to Imazamox resistant wheat (Perez-Jones et al. 2006).  Progeny from these crosses will 
be analyzed to determine if the gene in the jointed goatgrass with field derived resistance 
is on the C or D genome.  Molecular marker analysis will be done on the resistant plants 
to determine if the resistance in the field harvested jointed goatgrass has the same 
mutation as the Imazamox resistance in wheat. 
 
Depending on the results of the progeny evaluation, additional jointed goatgrass lines that 
survived the initial herbicide screening will be evaluated to identify lines homozygous for 
resistance for further study. 
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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: 
Received $13,780 in FY-2006. 
No additional funds requested for completion of this research 


