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ORIGINAL HYPOTHESIS:  Differences in the cytoplasmic background of BC1 plants 
derived from wheat x jointed goatgrass hybrids will affect viability of the BC1 seed 
reducing or enhancing the potential for gene flow between the two species. 
 
SUMMARY OF PROGRESS:  A total of forty-four BC1 plants harvested in 2000 and 
2001 from Idaho, Oregon and Washington were screened to determine whether wheat or 
jointed goatgrass was the maternal parent of the hybrid.  Of the 44 plants, 37 or 84% had 
jointed goatgrass as the maternal parent of the hybrid and 7 or 16% had wheat as the 
maternal parent.  Of the plants that had wheat as the maternal parent 2 of the 7 had 
Madsen as the maternal wheat parent.  Reciprocal crosses involving jointed goatgrass and 
Madsen (D genome), Hubbard, Jagger and Above (B) genome have been produced and 
are currently being grown to produce BC1 seed.  DNA and heads were collected from 
hybrids in Colorado, Idaho, Washington and Oregon in 2004.  Based on molecular data, 
jointed goatgrass appears to be the maternal parent in the majority of the hybrids 
collected.  BC1 seed has been collected from all the collection sites but not all the hybrids 
at each site. 
 
OBJECTIVES: 
 

1) Determine the cytoplasmic genome of BC1 plants harvested in 2000 and 2001 in 
Idaho, Oregon and Washington to determine the maternal parent of the hybrid. 

 
2) Determine the affect of B and D cytoplasms on BC1 production and germination.  
 
3) Determine if the cytoplasm of field derived hybrids from Colorado, Idaho and 

Oregon affect BC1 production and germination. 
 
EXPERIMENTAL DESIGN:  
 
Objective 1:  Determine the cytoplasmic genome of BC1 plants harvested in 2000 and 

2001 in Idaho, Oregon and Washington to determine the maternal parent of 
the hybrid. 

 
DNA collected from forty-four field derived BC1 plants in 2000 and 2001 will be 
screened using SSR markers that differentiate between the B cytoplasm of wheat, the D 
cytoplasm of jointed goatgrass and the D cytoplasm found in Madsen wheat.   
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Objective 2: Determine the affect of B and D cytoplasms on BC1 production and 

germination.   
 
Reciprocal crosses will be made between jointed goatgrass and wheat cultivars from 
Colorado (‘Above’ and’ Jagger’) and the Pacific Northwest (Madsen and’ Hubbard’) to 
produce hybrids with the D cytoplasm of jointed goatgrass, the D cytoplasm of ‘Madsen’ 
wheat or the B cytoplasm of Midwest or PNW wheat cultivars.  Crosses between jointed 
goatgrass and the four wheat cultivars will be made at the same time of year in the 
greenhouse to produce hybrid seed of the same age for this study.  The hybrid seed of the 
eight cross combinations will be planted and crosses will be made to the hybrids in using 
the approach method with jointed goatgrass as the paternal parent to produce BC1 seed.  
Percent seed set on the hybrids will be determined based on number of seed/number of 
florets emasculated.  Any seed produced will be germinated in a growth chamber and 
percent seed germination will be determined.  Percent seed set and percent seed 
germination will then be related back to hybrid cytoplasmic genome to determine if  
cytoplasmic background influenced production and/or viability of the BC1 generation.   
 
Objective 3:  Determine if the cytoplasm of field derived hybrids from Colorado, Idaho 

and Oregon affect BC1 production and germination. 
 
Leaf tissue and mature heads of hybrids were harvested form wheat fields in from wheat 
fields in Colorado, Oregon and Washington in 2003 and Colorado, Idaho, Oregon and 
Washington in 2004.  DNA will be extracted from the tissue of each hybrid to determine 
the type of cytoplasm in the hybrid using SSR markers.  Hybrid heads with be checked 
for seed and percent seed set per site/state will be recorded.  BC1 seed will be germinated 
and percent germination will be recorded.   Seed set and BC1 performance will then be 
related back to cytoplasm background of the hybrid to determine if there is a difference in 
BC1 production and germination due to cytoplasm of the hybrid. 
 
PROGRESS/CONCLUSIONS: 
 
Objective 1: Of the 44 BC1 plants studied, 37 had jointed goatgrass as the maternal parent 
and 7 had wheat as the maternal parent.  Of the BC1 plants with wheat as the maternal 
parent 2 of the 5 had Madsen wheat as the maternal parent.  In situ hybridization analysis 
of the BC1 plants did not show any relationship between the recurrent parent being 
jointed goatgrass and jointed goatgrass or Madsen being the cytoplasmic donor to the 
hybrid.  These results agree with the results of other studies that jointed goatgrass is the 
primary maternal parent for the production of hybrids in the field.  This may be due to the 
more open floret observed at anthesis with jointed goatgrass increasing the potential for 
cross pollination.  
 
Objective 2: Reciprocal crosses were made between jointed goatgrass and wheat cultivars 
from Colorado (Above and Jagger) and the Pacific Northwest (Madsen and Hubbard) to 
produce hybrids with the D cytoplasm of jointed goatgrass, the D cytoplasm of Madsen 
wheat or the B cytoplasm of Midwest or PNW wheat cultivars, 2004.  Hybrid seed was 
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produced on all crosses using either jointed goatgrass or wheat as the reciprocal parent in 
the fall, 2004 (Table 1).  Percent seed set varied slightly with cultivar and direction of the 
cross but the difference did not appear to be significant.  Hybrid seed of the eight cross 
combinations has been planted and crosses will be made to the hybrids in spring, 2005.  
Percent seed set on the hybrids will be determined based on number of seed/number of 
florets emasculated.  BC1 seed produced will be germinated in a growth chamber in late 
spring/summer 2005 and percent seed germination will be determined.  Percent seed set 
and percent seed germination will then be related back to hybrid cytoplasmic genome to 
determine if  cytoplasmic background influenced production and/or viability of the BC1 
generation.   
 
Table 1.  Percent hybrid seed production from reciprocal crosses between jointed 

goatgrass and either Above, Hubbard, Jagger or Madsen wheat. 
 
  female parent           male parent    percent seed set  
 
       Above       jointed goatgrass   71% 
jointed goatgrass                 Above    71% 
 
     Hubbard   jointed goatgrass   87% 
jointed goatgrass        Hubbard    88% 
 
      Jagger   jointed goatgrass   63% 
jointed goatgrass         Jagger    82% 
 
      Madsen   jointed goatgrass   77% 
jointed goatgrass         Madsen    86% 
 
 
Objective 3:  Leaf tissue and heads were harvested from hybrids in Oregon, Washington 
and Colorado in 2003 and in Oregon, Washington, Idaho and Colorado in 2004.  BC1 
seed was found at all sites and in all states in 2003 with the percent seed set on the 
hybrids ranging from 0.4% in a field in Colorado to 5.3% seed set on hybrids from 
Weidert, Oregon (Table 2).  Germination of the BC1 seed was variable ranging from 0% 
germination of seed from Cunningham, Oregon to 80% germination of BC1 seed from 
Hay, Oregon.  Analysis of the DNA using cytoplasmic markers indicated that the 
maternal parent of the majority of the hybrids harvested was jointed goatgrass.  
 

The 2004 hybrid harvest is currently being processed.  The number of sites per 
state harvested was Oregon – 2, Washington – 8, Idaho – 2, and Colorado - 6.  To date 
BC1 seed was recovered from each site in every state.  DNA analysis again showed that 
the majority of the hybrids had jointed goatgrass as the maternal parent.  In Washington, 
two sites had Madsen wheat as the predominant maternal parent for the hybrid.  BC1 seed 
harvested from the hybrids will be planted to determine the percent germination from 
each site. 
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Table 2.  Wheat x jointed goatgrass hybrid collections made during 2003 from wheat 
fields in Colorado, Oregon, and Washington.   
 
Location State % seed set % germination Wheat Cultivar in field 
Brewer  OR 0.7 17 Stephens – Madsen – Weatherford  
Hay  OR 0.6 80 Hiller – Coda - Weatherford 
MacNab OR 1.6 39 Stephens - Madsen 
Weidert OR 5.3 14  
Cunningham OR 1.0 0  
Payne  WA 4.3 18 Madsen – Rod 
Penner  WA 2.3 9 Madsen – Rod 
Archer  WA 3.4 42 Madsen – Rod 
Ely  WA 2.4 41 Madsen – Rod 
Field 1 CO 1.2 67 Edge of field 
Field 2 CO 4.5 33 Akron 
Field 3 CO 0.4 50 Jagger 
Field 4 CO 0.8 67 Tam107 
Field 5 CO 0.5 0 Clearfield 
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TECHNOLOGY TRANSFER ACTIVITIES: 
 
Presentations were made at meetings of the Western Society of Weed Science and the 
Western Society of Crop Science.  Results related to this and other jointed goatgrass 
research was presented at field days and growers meetings in Oregon and Idaho. 
 
STATEMENT OF WORK TO BE CONDUCTED:   
 
Objective 1: Has been completed. 
 
Objective 2: Hybrids for all eight combinations have been produced and planted for 
crossing in late spring, 2005.  BC1 seed produced will be germinated and germination 



  Zemetra et al. – Cytoplasm Effects 

data will be collected and analyzed to determine the affect of cytoplasm on production of 
the BC1 generation. 
 
Objective 3: Data from DNA and heads harvested in 2003 has been analyzed.  Hybrid 
DNA and heads were harvested in Idaho, Colorado, Oregon and Washington in 2004.  
Analysis of the DNA to determine the maternal parent of the hybrids is currently under 
way and will be completed in spring 2005.  BC1 seed harvested from the hybrids will be 
germinated to produce BC1 viability data.  Production and viability of the BC1 generation 
will be compared to DNA data to determine if cytoplasm origin has an affect on 
production of the BC1 generation in the field. 
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BUDGET: 
 
     Idaho             Oregon                  Colorado 
  Total 
       2003          2004     2003         2004          2003          
2004      2003 2004 
 
 Salary    
 support sci. (5%)    $1,600        $1,600       
      $1,600        $1,600 
 hourly       1,500          1,500        5,000         5,000  1,500       
1,500       8,000  8,000 
 
Fringe Benefits         570   727        250           250     150          
150          970     970 
 
Operating Expense      2,500          2,343     5,000        5,000  2,000       
2,000       9,500  9,500 
 
Travel        2,000          3,000     2,000        3,000             2,000         
3,000       6,000  9,000 
 
Total requested               $8,170          9,170   12,250      13,250  5,650       
6,650     26,070        29,070        
Total received     $8,170          9,170   12,250      13,250  5,650         
6,650             26,070        29,070 
 
Funding from 2004 is adequate for completion of this research 


