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 5-04  NEW PROPOSAL 
 
TITLE: Predicting success of genome placement of a herbicide resistance gene to 

minimize movement of the gene from wheat to jointed goatgrass 
 
PERSONNEL: Robert S. Zemetra – University of Idaho 
   Carol A. Mallory-Smith - Oregon State University 
   Oscar Riera-Lizarazu – Oregon State University 
 
TIMELINE: July 1, 2005 to December 31, 2006 (18 months) 
 
HYPOTHESIS: The placement of a glyphosate gene on either an A or B genome 

chromosome of wheat should lead to the eventual loss of the gene in a 
jointed goatgrass backcross due to chromosome elimination once self-
fertility is restored. 

 
SUMMARY OF PROPOSAL: Resistance to herbicides such as glyphosate in wheat 
would make a valuable tool in managing jointed goatgrass.  One concern with the use of 
herbicide resistant wheat is the potential for the resistance gene to move from wheat to 
jointed goatgrass through natural hybridization and backcrossing.  One proposed method 
to minimize this risk is to have the resistance gene on a chromosome from one of the 
genomes (A or B) that is not shared between wheat and jointed goatgrass.  The reduced 
risk is based on the theory that as self-fertility is restored the chromosome number will 
return to that of jointed goatgrass (28) and any chromosomes from the A or B genome 
will be eliminated.  This proposal will attempt to prove whether this concept works to 
reduce the potential for gene flow between wheat and jointed goatgrass.  BC2 lines with 
partial self-fertility have been developed that carry a glyphosate resistance gene on either 
chromosome 6A or 4B.  Retention of the glyphosate gene will be followed over three 
subsequent generations of selfing to determine if the glyphosate gene is lost or becomes 
integrated into the jointed goatgrass genome.  Results of this study will determine if 
genome location is an acceptable method to reduce the risk of a herbicide resistance gene 
moving from wheat to jointed goatgrass. 
 
OBJECTIVES: 
 

1. Determine if the glyphosate resistance gene located on either the A or B genome 
is transmitted through pollen. 

2. Determine the frequency of retention of the glyphosate resistance gene in the 
BC2S1, BC2S2 and BC2S3 generations of lines that carry the glyphosate resistance 
gene on either the A or B genome. 

3. Do cytological analysis of any line that appears homozygous for the glyphosate 
gene to determine if the stable resistance is due to a disomic alien chromosome 
addition or a translocation. 
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JUSTIFICATION: 
 
 Jointed goatgrass, Aegilops cylindrica, is one of the primary weeds in wheat.  One 
difficulty in controlling this weed is that it is closely related to wheat both genetically and 
in its growth habit.  To control the spread of jointed goatgrass, herbicide resistant wheat 
could be used as part of a management program for this weed in infested wheat fields.  A 
concern with the deployment of herbicide resistant wheat is the risk of movement of the 
resistant gene from wheat to jointed goatgrass.  It has been demonstrated that gene 
movement could occur through hybrid formation between wheat and jointed goatgrass 
followed by backcrossing with jointed goatgrass (Zemetra et al. 1998; Wang et al. 2001).  
It has been further demonstrated that backcrossing can occur in the field (Seefelt et al. 
1998; Snyder et al. 2000).  Kroiss et al. (2004) showed that a wheat gene on the shared D 
genome could move into jointed goatgrass after backcrossing due to homologous 
chromosome pairing and recombination between the D genome chromosomes of wheat 
and jointed goatgrass.  One potential way to avoid incorporation of the resistance gene 
into jointed goatgrass is to have the gene located on either the A or B genome of wheat 
since they are not shared between the two species and chromosome pairing and 
recombination would not be expected between the homeologous chromosomes.  Wang 
(2000) used in situ hybridization to demonstrate that A and B genome chromosomes are 
gradually lost once self-fertility is restored in the backcross population.  While this has 
been the working hypothesis for the deployment of glyphosate-resistant wheat, there has 
been no research done to demonstrate that herbicide resistance genes would be eliminated 
over time in a jointed goatgrass backcross population if they are located on the A or B 
genome.   

There are two ways that the gene could be maintained in the jointed goatgrass 
backcross population: by incorporation of the wheat gene into a C or D genome 
chromosome through a translocation or by having transmission of the A or B genome 
chromosome through the pollen allowing for the occurrence of a disomic chromosome 
addition line.  Such transmission of an extra chromosome through the male gamete would 
not be expected since pollen grains carrying an extra chromosome are not considered as 
competitive/viable as a normal pollen grain.  To study both possibilities it would be 
necessary to have jointed goatgrass backcross populations with partial self-fertility that 
carry the herbicide resistance gene on either the A or B genome.  Such populations would 
allow for the determination of the potential of the use of genome location to reduce the 
risk of movement of a herbicide resistance gene from wheat to jointed goatgrass. 

 
PROTOCOL: 
 
 We have developed jointed goatgrass backcross generations with partial self-
fertility that carry a glyphosate resistance gene on either the A or B genome.  We propose 
to use these populations to determine the probability of retention of the resistance gene 
over successive generations of selfing.  In a preliminary study of the selfed progeny of 13 
BC2 plants carrying the glyphosate resistance gene on the B genome, segregation for the 
resistance gene indicated that there was a single copy of 4B, the chromosome carrying 
the resistance gene.  The percent of BC2S1 plants carrying the resistance gene (74% 
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averaged over the 13 lines) raised questions on the potential for pollen transmission of the 
B genome chromosome. 
 
Objective 1: Determine if the glyphosate resistance gene located on either the A or B 

genome is transmitted through pollen. 
 
Plants from the BC2S1, BC2S2 and BC2S3 generations of the A genome and B genome 
populations that are known to carry the glyphosate resistance gene will be used as the 
male parent in crosses to susceptible jointed goatgrass.  Reciprocal crosses using 
susceptible jointed goatgrass as the pollen parent and the resistant backcross line as the 
female parent will also be made to get the corresponding female transmission rate.  
Seedlings produced by these crosses sprayed at the four leaf stage with 24 oz./acre of 
Round-up Ultra.  Resistance/susceptibility will be scored once the susceptible jointed 
goatgrass parent planted as a control shows symptoms. 
 
Objective 2: Determine the frequency of retention of the glyphosate resistance gene in the 

BC2S1, BC2S2 and BC2S3 generations of lines that carry the glyphosate 
resistance gene on either the A or B genome. 

 
A minimum of 30 BC2 lines from each genome population will be screened for retention 
of the glyphosate resistance gene.  Ten BC2S1 seedlings per replication and 4 replications 
per line will be sprayed at the 4 leaf stage with 24 oz./acre of Round-up Ultra.  Plants will 
be scored for resistance based on survival.  Plants that survive will be vernalized at 4 C 
for six weeks and then placed back in the greenhouse and allowed to mature and set seed 
to produce the BC2S2 generation.  Forty BC2S1 lines will then be selected from the 
survivors for the next generation of evaluation.  Evaluation of the BC2S2 and BC2S3 
generations will follow the same protocol that was used for the BC2S1 generation.  Rate 
of retention of the A or B genome chromosome will be based on whether the frequency 
of retention of the glyphosate resistance gene decreases with each generation of selfing as 
predicted by Wang (2000). 
 
Objective 3: Conduct cytological analysis of any line that appears homozygous for the 

glyphosate gene to determine if the stable resistance is due to a disomic 
alien chromosome addition or a translocation. 

 
If any line evaluated in the BC2S1, BC2S2 or BC2S3 generations is found to be 
homozygous for the resistance gene cytological analysis of the line will be conducted to 
determine the source of the homozygosity.  Mitotic analysis will be used to determine if 
the stable retention of the glyphosate resistance gene is due to a translocation (based on 
the homozygous line having 28 chromosomes) or a disomic chromosome addition (based 
on the homozygous line having 30 or more chromosomes).  The presence of the A or B 
genome chromatin carrying the glyphosate resistance gene will be confirmed using 
genomic in situ hybridization (GISH) as described by Wang et al. (2000) and molecular 
marker analysis for molecular markers specific for the chromosomes (6A and 4B) that 
carry the glyphosate resistance gene.  
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TECHNOLOGY TRANSFER ACTIVITIES: 
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.  
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BUDGET: 
                              University of Idaho    Oregon State University Total 
 
        2005  2006   2005  2006              

 Total 
Salary  
     Support Sci.   3,600                     3,700                 7,300 
     Hourly                   2,500                     2,500          5,000   
Total Salary                        6,100                     6,200           12,300 
 
Fringe Benefits                       
     Support Sci          1,512  1,554                  3,166 
     Hourly             325     325                                            650  
Total Fringe Benefits         1,837  1,879                 3,716 
 
Operating Expenses         2,000             2,500                 4,500  
 
Travel           1,000  1,000                 500  1,000   3,500 
 
Publication costs      1,000                 1,000   
 
Total         10,937           12,579                 500  1,000            25,016 
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BUDGET JUSTIFICATION: 
 
University of Idaho 
Salary: Salary costs are for 10% of a Support Scientist II position for the first year and 

20% of the Support Scientist II position for the second year.  The second year is 
not as high as the percentage would indicate because the proposal only calls for 6 
months of funding in the second year.  The Support Scientist II would be 
responsible for the crossing and screening in Objective 1, coordinating the 
screening in Objective 2, and coordinating the molecular marker efforts in 
Objective 3.  $2,500 each year is allocated for hourly help to assist the Support 
Scientist in planting, screening and harvesting the plants in Objectives 1 and 2. 

 
Fringe Benefits: The fringe benefit rates for the two salary lines are 42% for the Support 

Scientist position and 13% for the Hourly position. 
 
Operating Expenses:  Operating expenses consist of greenhouse costs and laboratory 

costs.  The greenhouse costs include about 10 bales of soil ($220), planting trays 
($300 per generation = $900), 4 inch pots ($100), crossing material including 
dialysis tubing, glassine bags and crossing tubes ($200), greenhouse fees ($400 
per year).  The laboratory costs include DNA extraction costs (about $1 per 
sample), primers for molecular marker analysis (8 – 12 markers at $6 to $60 per 
pair of primers), marker analysis costs (supplies including TAQ polymerase about 
$1 per sample), cytogenetic supplies (variable depending on what is done) and 
supplies for in situ hybridization ($500 to $600 depending on the number of 
samples).  The majority of the greenhouse costs will occur in the first 12 months 
of the study and the majority of the laboratory costs will occur in the second 9 
months of the study. 

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

collaborators at Oregon State University in the both years of the project ($500 in 
2005 and 2006).  The remaining travel funds are to cover costs associated with 
attending the National Jointed Goatgrass Initiative research review and to present 
research at the Western Society of Weed Science meeting held in conjunction 
with the National Jointed Goatgrass Initiative meeting ($1,000 in 2006 

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

publishing the results from the study. 
 
Oregon State University 
Travel: The $500 in travel funds is to cover costs associated for one trip to Moscow,Idaho 

to consult with collaborators at the University of Oregon.  The remaining travel 
funds are to cover costs associated with attending the National Jointed Goatgrass 
Initiative research review and to present research at the Western Society of Weed 
Science meeting held in conjunction with the National Jointed Goatgrass Initiative 
meeting ($1,000 in 2006 

 


