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Wheat (Triticum aestivum L.) is one of the world’s most widely grown crops. As such an important crop, wheat is 
consistently being enhanced for yield and quality traits. Barley yellow dwarf virus (BYDV) is a worldwide problem in 
wheat and resistance to BYDV is an important objective in many breeding programs. High grain protein content 
(HGPC), important for its nutritional value and its contribution to bread baking quality, is another common breeding 
objective though it is often negatively correlated with grain yield. Molecular markers associated with BYDV resistance 
(‘TC14’ source from Thinopyrum intermedium) and HGPC (‘Glupro’ source from Triticum turgidum var. dicoccoides) 
may be used in marker-assisted selection (MAS) to identify genotypes that carry these introduced segments. For 
BYDV resistance, the BYAgi sequence characterized amplified region (SCAR) marker was developed as a tool to 
identify plants that carry the translocation that confers resistance (Stoutjesdijk et al., 2001). For HGPC, the 
microsatellite marker Xuhw89 was reportedly diagnostic for the Gpc-B1 region that confers the introduced HGPC 
characteristic (Distelfeld et al., 2006). Few studies have reported on the use of these markers in MAS for these traits. 

Our objective was to characterize the direct and indirect effects of MAS-based introgression of BYDV and HGPC 
genes on grain yield, quality, and agronomic traits in hard winter wheat near-isogenic lines.

INTRODUCTION AND OBJECTIVES

• Sets of BC5F2-derived near-isogenic lines differing for the 
presence of BYDV resistance (TC14 source) or HGPC 
(Glupro source) were developed via backcrossing with 
marker-assisted selection. For both traits, different genetic 
backgrounds were used. 

• The SCAR marker BYAgi (Fig. 1) was used for marker 
analysis for the BYDV set using marker protocols as 
described in Stoutjesdijk et al. (2001). The microsatellite 
maker Xuhw89 (Fig. 2) was used for the HGPC set using 
marker protocols as described in Distelfeld et al. (2006). 
Homozygosity of the NILs for the respective linked marker 
was confirmed by progeny testing of BC5F2:3 plants. 

• Field experiments were conducted in 2007 in a latinized 
row-column split-plot arrangement with two replications at 
five locations in eastern Colorado (Fort Collins, Akron, 
Burlington, Julesburg, and Walsh). Main plots were the 
different recurrent parent-gene combinations and subplots 
were the respective homozygous marker positive and 
marker negative BC5F2:4 lines. Several BC5F2:4 lines for 
each recurrent parent-gene combination were tested. 
Recurrent parents were also included as checks.

• A subset of the marker positive and marker negative NILs 
for BYDV resistance were evaluated in a field BYDV 
screening nursery in Manhattan, KS in 2006-07. Forty-eight 
total lines were tested in an RCBD with four replications. 
BYDV resistance scores were collected on a row basis as 
the percentage infection. 

• Grain yield, yield components, plant height, heading date, 
and NIR-predicted grain protein content and wheat ash 
were recorded. Data were analyzed with Proc Mixed of the 
SAS system (SAS Institute Inc., 2003) as a split-plot design 
with a nested random entry effect and parents and location 
as fixed effects.

MATERIALS AND METHODS
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SUMMARY

REFERENCES

Distelfeld A., C. Uauy, T. Fahima, and J. Dubcovsky. 2006. Physical map of the wheat high-grain protein content gene Gpc-B1 and development of a high-
throughput molecular marker. New Phytol. 169(4):753-763.
SAS Institute. 2003. The SAS system for Windows. Release 9.1. SAS Inst. Cary, North Carolina.
Stoutjesdijk, P., S.J. Kammholz, S. Kleven, S. Matsay, P.M. Banks, P.J. Larkin. 2001. PCR-based molecular marker for the Bdv2 Thinopyrum intermedium
source of barley yellow dwarf virus resistance in wheat. Aust. J. Agric. Res. 52(11-12):1383-1388.

Fig. 1. BYAgi marker shown as presence or 
absence for BYDV resistance. 

Fig. 2. Xuhw89 shows codominance for 
HGPC. 

Table 1: Least squares means for traits in BYDV

Figure 3: One-way Analysis of 
the average BYDV rating by 
marker

Table 3: Least squares means for traits for HGPC

For each main effect, means within a column followed by the same letter are not 
significantly different at the 0.05 probability level. 

•Marker-assisted selection (MAS) was effective in producing nearly-isogenic lines (NILs) with reduced susceptibility to BYDV, though the overall 
difference between the marker-positive and marker-negative groups was not great. 

•For the BYDV NILs, several instances of reduced grain yield and increased test weight were associated with the presence of the BYDV 
introgression in the NILs. No consistent differences were observed between the groups for heading date, plant height, grain protein content, or 
wheat ash. 

•Marker-assisted selection (MAS) was effective in producing NILs with increased grain protein content, though the differences were only observed 
in the high yielding, irrigated environment. Reduced yield was observed in these cases, though the differences were significant in only one genetic 
background. Multiple instances of reduced test weight were observed among the NILs carrying the marker linked with the HGPC gene. 

•Significant differences were observed in several 
instances between the recurrent parent and the 
BYDV marker-positive and BYDV marker-
negative groups (Table 1, highlighted in yellow). 
In several cases, the recurrent parent showed 
higher values than the marker-positive group, 
suggesting some negative pleiotropic effect of 
the BYDV translocation on these traits. This 
effect was generally not observed, however, in 
the comparisons between the respective marker-
negative and marker-positive groups. 

•Significant differences were observed between 
the marker-positive and marker-negative groups 
for BYDV resistance (Table 2). This suggests 
that the marker was effective in selection of 
BYDV during backcrossing using MAS. 

•For the HGPC group, significant differences in 
grain protein content were observed in only three 
of 15 comparisons (Table 3, highlighted in 
yellow). These differences were only observed at 
the Fort Collins location, which was an irrigated 
location. In each of these cases, the marker-
positive group had higher grain protein content 
than the recurrent parent and the marker-
negative group. 

•Grain yield was significantly lower in the 
marker-positive group in only two comparisons, 
one of these being Fort Collins with the 
CO970547-7 background (Table 3). 

•Significant reductions in test weight were 
observed in 11 out of 15 comparisons (Table 3), 
with genetic background apparently not involved 
as a factor in the reductions (Table 3). 

We acknowledge the financial support from Colorado Agricultural Experiment Station (AES) Projects 795 and 646, the Colorado Wheat Administrative Committee (CWAC), and the Colorado Wheat 
Research Foundation (CWRF). We also acknowledge the assistance of John Stromberger, Joshua Butler, Hayley Miller, and Emily Heaton in the conduct of the field and lab analyses. 

BYDV resistant (center)
and susceptible (left)
lines. 
(Manhattan KS 2007) 

Genotype Location Yield Test weight Heading Height Protein Ash
Ankor Akron 4081a 774a 140.9a 68.2a 158.9a 15.6a
Ankor + 3935a 780b 141.0a 67.8a 156.5a 15.4a
Ankor - 3897a 777ab 140.8a 66.0a 156.1a 15.4a
Ankor Burlington 2174a 773a 48.8a
Ankor + 1979b 774a 49.2a
Ankor - 2056ab 771a 49.9a
Ankor Fort Collins 5193a 777a 88.4a 136.6a 14.7a
Ankor + 5219a 782b 89.0a 135.3a 14.3a
Ankor - 5127a 776a 87.2a 136.3a 14.5a
Ankor Julesburg 2332a 683a 61.2a
Ankor + 2119a 683a 61.1a
Ankor - 2240a 678b 61.1a
Ankor Walsh 3194a 743a 82.0a
Ankor + 3088a 746a 84.0ab
Ankor - 3091a 745a 84.9b
Above Akron 4295a 776a 138.6ab 64.8a 153.5a 15.3a
Above + 3671a 777a 138.3a 77.2b 155.0a 14.6a
Above - 4142a 771a 138.8b 69.0ab 156.1a 15.3a
Above Burlington 2182a 781a 52.4a
Above + 1762b 771a 56.3a
Above - 1964b 774a 54.6a
Above Fort Collins 5389a 773a 81.3a 127.7a 14.0a
Above + 4550b 756a 89.3a 132.8a 12.9b
Above - 4973ab 767a 84.8a 133.5a 13.5ab
Above Julesburg 3784a 686a 67.8a
Above + 2970a 693a 78.2a
Above - 3318a 688a 74.3a
Above Walsh 3250a 735a 79.9a
Above + 2597b 737a 90.8a
Above - 2958ab 733a 85.9a
Avalanche Akron 2915a 795a 140.0a 59.7a 152.6a 15.3a
Avalanche + 2471a 797a 140.1a 56.3a 152.4a 15.5a
Avalanche - 2957a 794a 139.5a 57.7a 152.1a 155.4a
Avalanche Burlington 2195a 791a 50.8a
Avalanche + 2023b 799a 48.9a
Avalanche - 2074ab 796a 50.4a
Avalanche Fort Collins 5820a 789a 86.8a 136.7a 12.4a
Avalanche + 5618a 790a 85.2a 137.8a 12.0b
Avalanche - 5708a 787a 86.9a 137.9a 12.3ab
Avalanche Julesburg 2250a 671a 61.6a
Avalanche + 2249a 678ab 62.1a
Avalanche - 2239a 682b 64.8a
Avalanche Walsh 2839a 762a 81.4a
Avalanche + 2768a 773b 81.1a
Avalanche - 2695a 771b 81.0a
CO970547-7 Akron 4657a 765a 139.0a 68.0a 144.8a 15.2a
CO970547-7 + 4651a 776b 138.8a 67.9a 144.6a 15.9a
CO970547-7 - 4884a 775b 138.9a 70.1a 143.4a 15.8a
CO970547-7 Burlington 2772a 776a 52.9a
CO970547-7 + 2583a 782a 52.3a
CO970547-7 - 2644a 777a 52.6a
CO970547-7 Fort Collins 6186a 788a 84.9a 131.7a 13.4a
CO970547-7 + 6199a 784a 86.5a 131.8a 12.8b
CO970547-7 - 6285a 780a 85.0a 132.9a 13.0ab
CO970547-7 Julesburg 3043a 684a 61.5a
CO970547-7 + 2791a 685a 64.8a
CO970547-7 - 3005a 687a 66.2a
CO970547-7 Walsh 3421a 757a 81.9a
CO970547-7 + 3334a 774b 80.6a
CO970547-7 - 3486a 771b 81.1a

Triticum dicoccoides
(Israeli Center of 
Diversity for Wheat and 
Barley Improvement 
2004)

Genotype Locations Yield Test weight Heading Height Protein Ash
Ankor Akron 2437a 772a 142.2a 55.6a 167.1a 16.2a
Ankor + 2380a 763b 141.0b 56.8a 168.8a 16.7b
Ankor - 2256a 770a 140.6b 56.1a 166.5a 16.6ab
Ankor Burlington 2244a 781a 51.0a 160.9a 16.7a
Ankor + 2203a 773b 52.2a 160.6a 16.5a
Ankor - 2224a 780ab 51.2a 159.7a 16.6a
Ankor Fort Collins 5185a 782a 87.2a 144.1a 15.0a
Ankor + 4908a 775b 87.1a 150.3b 14.8a
Ankor - 5008a 779ab 86.9a 146.7ab 14.7a
Ankor Julesburg 2320a 672a 68.0a 154.5a 16.9ab
Ankor + 2231a 668a 69.5a 151.8a 16.6a
Ankor - 2338a 681ab 67.9a 154.2a 16.9b
Ankor Walsh 3160a 744a 82.4a 130.2a 14.1a
Ankor + 2993a 740a 80.2a 131.9a 13.9a
Ankor - 3097a 748a 81.3a 130.5a 14.0a
Avalanche Akron 1424a 780a 140.2a 53.3a 168.9a 15.7a
Avalanche + 1224a 762b 140.9a 54.3a 173.6a 15.7a
Avalanche - 1507a 773a 140.2a 53.2a 170.6a 15.8a
Avalanche Burlington 2207a 797a 52.2a 157.0a 16.6a
Avalanche + 2155a 780b 52.5a 158.7a 16.5a
Avalanche - 2314a 791a 53.2a 158.8a 16.4a
Avalanche Fort Collins 5257a 792a 83.4a 146.6a 13.2a
Avalanche + 4984a 780b 81.9a 154.9b 13.2a
Avalanche - 5606a 786b 84.5a 144.8a 13.3a
Avalanche Julesburg 2229a 683a 67.0a 165.8a 16.6a
Avalanche + 2200a 664b 66.8a 163.2a 16.4a
Avalanche - 2324a 677a 65.6a 162.2a 16.4a
Avalanche Walsh 2974a 760a 80.1a 136.0a 13.8a
Avalanche + 2881a 743b 78.0a 131.7a 14.0a
Avalanche - 2979a 758a 81.1a 133.1a 13.6a
CO970547-7 Akron 3647a 768a 138.4a 55.5a 168.9a 16.3a
CO970547-7 + 3141a 759b 138.6a 59.1a 164.5a 16.4a
CO970547-7 - 3339a 768a 138.3a 56.7a 165.2a 16.2a
CO970547-7 Burlington 2965a 778a 54.5a 164.6a 16.7ab
CO970547-7 + 2740b 778a 58.8b 157.6a 16.8a
CO970547-7 - 2934ab 782a 56.7ab 160.7a 16.3b
CO970547-7 Fort Collins 5899a 781a 87.0a 137.0a 13.5a
CO970547-7 + 5146b 766b 89.9a 148.2b 13.4a
CO970547-7 - 5895a 777ab 86.6a 135.4a 13.6a
CO970547-7 Julesburg 2909a 695a 67.0a 156.9a 17.1a
CO970547-7 + 2659a 689a 71.3a 159.1a 17.2a
CO970547-7 - 2775a 693a 64.7a 157.4a 16.9a
CO970547-7 Walsh 3586a 766a 83.7a 133.1a 14.8a
CO970547-7 + 3227a 766a 85.1a 130.6a 14.3a
CO970547-7 - 3332a 775a 79.7a 131.8a 14.5a

For each main effect, means within a column followed by the same letter are 
not significantly different at the 0.05 probability level. 

Present ↘

Absent ↘

Xuhw89 ↘

Source DF Sum of Squares Mean Square F Ratio Prob > F
Marker 1 1063.1818 1063.18 14.6985 0.0004
Error 40 2893.304 72.33
C. Total 41 3956.4858

Table 2: Analysis of Variance for the average BYDV 
rating by marker


