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Supplemental Table 2. Spearman rank correlation coefficients between

morphometric traits. (A) Avalon x Candenza, (B) Beaver x Soissons, (C) Shango x

Shamrock, (D) Spark x Rialto, (E) Malacca x Charger and (F) Savannah x Rialto.

Values in bold represent non-significant correlations, (*) denotes p<0.05, all the other

TGW year 1 year 2

Area 0.883 0.895 year 1 year 2

Width 0.902 0.873 0.754 0.743 year 1 year 2

Length 0.547 0.622 0.829 0.862 0.319 0.376 year 1 year 2

L/W FFDTGW Area Width LengthA (AxC)     

correlations are significant at p<0.01.  

Length 0.547 0.622 0.829 0.862 0.319 0.376
L/W -0.171 -0.043 0.175 0.271 -0.457 -0.379 0.644 0.675 year 1 year 2

FFD 0.848 0.789 0.537 0.477 0.781 0.684 0.119 0.117 -0.478 -0.405 year 1 year 2

TGW year 1 year 2 

Area 0.768 0.778 year 1 year 2 

Width 0.856 0.807 0.705 0.566 year 1 year 2 

Length 0.194 0 277 0 645 0 716 0.006 -0.084 year 1 year 2 

L/W FFDTGW Area Width LengthB (BxS)

*Length 0.194 0.277 0.645 0.716 0.006 0.084 y y

L/W -0.132 -0.284 -0.078 0.187 -0.156 -0.654 0.058 0.774 year 1 year 2 

FFD 0.868 0.821 0.4 0.35 0.681 0.64 -0.2 -0.155 -0.103 -0.523 year 1 year 2 

TGW year 1 year 2

Area 0.907 0.904 year 1 year 2

width 0.871 0.887 0.737 0.814 year 1 year 2

Length 0.583 0.487 0.811 0.731 0.297 0.294 year 1 year 2

L/W FFDTGW Area Width LengthC (SxS)

*

* *

TGW Area Width Length L/W FFD

TGW 1
Area 0.886 1
Width 0.849 0.842 1
Length 0.682 0.855 0.531 1

g
L/W -0.171 -0.522 0.127 -0.299 -0.521 -0.756 0.626 0.359 year 1 year 2

FFD 0.833 0.928 0.581 0.724 0.754 0.767 0.177 0.249 -0.455 -0.576 year 1 year 2

D (SpxR) TGW Area Width Length L/W FFD

TGW 1

Area 0.904 1

Width 0.868 0.85 1

Length 0.548 0.745 0.379 1

E (MxC)

*
*

*
L/W -0.288 -0.137 -0.574 0.331 1
FFD 0.875 0.589 0.607 0.354 -0.336 1

TGW Area Width Length L/W FFD

TGW 1

Area 0.908 1

Width 0.817 0.736 1

Length 0.674 0.845 0.375 1

L/W 0 007 0 212 0 426 0 625 1

F (SaxR)

g
L/W -0.476 -0.336 -0.748 0.271 1

FFD 0.931 0.72 0.718 0.337 -0.455 1
* *

**
*
*

L/W -0.007 0.212 -0.426 0.625 1

FFD 0.728 0.471 0.473 0.203 -0.195 1

Supplemental Data. Gegas et al. (2010). Plant Cell 10.1105/tpc.110.074153
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Supplemental Table 4. QTL for the morphometric traits in the AxC population. QTL

are annotated as follows: initials of population, year of harvest, trait, ascending

number of QTL. Genome-wide LOD threshold for significant QTL was set at 3.1 after

a permutation test (10,000 simulations). Position refers to the map position (cM) that

corresponds to the marker with the highest LOD score with the 2-LOD confidence

intervals (from-to) shown next to it.  
Chromosome QTL LOD % explained position from to Effect

2D AvXC_07_Length_1 3.0 6.6 144.6 141.1 149.6 0.074
3A AvXC_07_Length_2 6.0 12.8 55.2 35.0 67.1 0.103
3A AvXC_08_Length_1 6.0 14.2 53.7 47.1 63.1 0.106
3B AvXC_07_Length_3 3.8 8.7 64.7 46.0 103.1 0.085
3B AvXC_08_Length_2 3.1 7.1 95.3 48.0 113.1 0.075
5A AvXC_07_Length_4 18.1 35.4 23.1 16.0 29.2 -0.170
5A AvXC_08_Length_3 16.3 35.4 25.1 13.0 30.3 -0.162
6A AvXC_08_Length_4 3.2 7.2 85.6 69.7 94.4 -0.076
7D AvXC_07_Length_5 3.3 7.2 27.6 1.0 42.1 -0.077
7D AvXC_08_Length_5 3.6 8.5 21.0 5.0 37.6 -0.083
2B AvXC_07_Area_1 3.2 7.0 111.0 105.6 120.0 -0.364
3B AvXC_07_Area_2 3.9 10.7 26.7 0.0 83.1 0.452
3B AvXC_08_Area_1 3.1 7.6 78.1 39.7 118.1 0.373
4B AvXC_07_Area_3 4.5 10.8 23.4 9.5 37.4 -0.451
4B AvXC_08_Area_2 5.1 12.4 23.4 10.5 34.4 -0.477
5A AvXC_07_Area_4 11.7 24.2 28.2 17.0 32.7 -0.674
5A AvXC 08 Area 3 12.2 25.6 29.2 14.0 32.7 -0.679_ _ _
2B AvXC_07_TGW_1 3.2 7.1 111.0 79.3 120.0 -1.368
3B AvXC_07_TGW_2 4.2 10.1 7.1 0.0 54.0 1.630
4B AvXC_07_TGW_3 6.2 14.6 23.4 3.3 38.1 -1.966
4B AvXC_08_TGW_1 6.1 16.1 23.4 11.5 33.4 -1.791
4D AvXC_08_TGW_2 3.1 7.4 0.0 0.0 13.1 -1.245
5A AvXC_07_TGW_4 4.2 9.4 28.2 12.0 34.5 -1.572
5A AvXC_08_TGW_3 4.8 11.2 25.1 2.0 34.5 -1.539
6A AvXC_08_TGW_4 6.3 13.6 21.5 10.4 29.8 1.736
1D AvXC_07_Width_1 3.1 6.9 21.0 8.1 27.7 -0.040
1D AvXC 08 Width 1 3 2 7 9 19 1 0 0 34 7 -0 0371D AvXC_08_Width_1 3.2 7.9 19.1 0.0 34.7 -0.037
3B AvXC_07_Width_2 3.7 8.9 7.1 0.0 43.7 0.045
4B AvXC_07_Width_3 4.6 11.7 23.4 10.5 38.1 -0.052
4B AvXC_08_Width_2 5.2 13.1 23.4 13.5 34.4 -0.046
6A AvXC_07_Width_4 3.4 7.8 19.0 0.0 56.1 0.043
6A AvXC_08_Width_3 6.3 13.6 21.5 12.4 39.0 0.049
1D AvXC_07_L/W_1 3.1 7.0 0.0 0.0 26.0 0.020
1D AvXC_08_L/W_1 3.24 7.2 0 0.0 16.1 0.019
2D AvXC_07_L/W_2 6.4 14.8 144.6 136.3 151.6 0.030
3A AvXC_07_L/W_3 8.8 18.4 70.0 49.7 78.4 0.033
3A A XC 08 L/W 2 8 6 18 7 69 3 48 7 77 4 0 0303A AvXC_08_L/W_2 8.6 18.7 69.3 48.7 77.4 0.030
5A AvXC_07_L/W_4 7.9 20.1 23.1 4.0 29.2 -0.034
5A AvXC_08_L/W_3 6.8 17.4 18.0 5.0 32.7 -0.029
6A AvXC_07_L/W_5 4.6 10.8 88.3 71.7 94.4 -0.025
6A AvXC_08_L/W_4 5.6 12.7 86.6 74.7 94.4 -0.025
7D AvXC_07_L/W_6 4.6 10.1 20.0 6.0 36.6 -0.024
7D AvXC_08_L/W_5 3.2 8.9 20.0 2.0 39.6 -0.019
1D AvXC_08_FFD_1 3.3 7.8 5.5 0.0 27.7 -0.021
3A AvXC_07_FFD_1 3.0 6.9 73.4 60.7 84.4 -0.025
3A AvXC_08_FFD_2 3.5 8.4 63.1 27.0 97.6 -0.022
3B AvXC_07_FFD_2 3.6 8.6 8.1 0.0 43.7 0.027
3B AvXC_07_FFD_3 3.7 8.2 175.7 154.9 191.1 0.027
4B AvXC_08_FFD_3 4.0 10.0 17.5 0.0 36.4 -0.025
4B AvXC_07_FFD_4 4.8 11.5 23.4 0.0 38.1 -0.032
4D AvXC_08_FFD_4 5.0 11.9 3.0 0.0 13.1 -0.027
4D AvXC_07_FFD_5 3.3 7.8 0.0 0.0 12.2
6A AvXC_08_FFD_5 9.9 20.8 21.0 13.4 30.0 0.036
6A AvXC_07_FFD_6 3.8 8.6 19.0 0.0 51.0 0.028

-0.029

Supplemental Data. Gegas et al. (2010). Plant Cell 10.1105/tpc.110.074153



Chromosome QTL LOD % Var. position from to Effect
7A SxS 06 Length 1 3.4 20.1 7.0 0.0 18.0 0.081

 Supplemental Table 5. QTL for the morphometric traits in the SxS, and BxS

populations. 

7A SxS_06_Length_1 3.4 20.1 7.0 0.0 18.0 0.081
7A SxS_07_Length_1 6.8 30.9 7.0 0.0 10.0 0.098
2D SxS_07_Area_2 3.2 14.4 4.0 0.0 4.0 0.348
6B SxS_06_Area_1 3.2 15.1 82.0 69.0 82.0 -0.297
7A SxS_07_Area_1 4.7 23.1 0.0 0.0 5.0 0.451
5A SxS_07_TGW_1 3.3 20.6 8.0 3.0 13.0 -1.919
7A SxS_06_TGW_1 3.7 19.1 1.0 0.0 18.0 1.277
7B SxS_06_Width_1 3.3 18.9 20.0 9.0 37.0 -0.041
5A SxS_07_Width_1 3.7 18.3 34.0 27.0 36.0 -0.061
5A SxS 06 L/W 1 3 8 30 0 20 0 4 0 43 0 0 0355A SxS_06_L/W_1 3.8 30.0 20.0 4.0 43.0 0.035
5A SxS_07_L/W_1 4.4 29.8 36.0 27.0 45.0 0.033
3D SxS_06_FFD_1 4.0 23.6 2.0 0.0 9.0 -0.030
5A SxS_07_FFD_1 3.6 22.9 8.0 3.0 13.0 -0.048

1A BxS_07_Length_1 4.6 29.4 36.0 19.0 45.0 -0.118
1A BxS_08_Length_1 2.4 15.8 25.0 17.0 31.0 -0.091
2D BxS_08_Length_2 4.3 26.1 8.0 0.0 28.0 -0.118
4B BxS_07_Area_1 3.6 26.9 22.0 8.0 27.0 -0.532
3A BxS 07 TGW 1 4 2 27 9 8 0 0 0 26 0 0 9193A BxS_07_TGW_1 4.2 27.9 8.0 0.0 26.0 0.919
4B BxS_07_TGW_2 5.1 34.0 19.0 9.0 27.0 -2.606
4B BxS_08_TGW_1 5.1 34.1 18.0 0.0 27.0 -2.241
3A BxS_07_Width_1 3.1 21.1 17.0 0.0 42.0 -0.079
4B BxS_07_Width_2 6.0 41.1 20.0 9.0 27.0 -0.112
4B BxS_08_Width_1 9.3 50.2 16.0 12.0 24.0 -0.088
2D BxS_07_L/W_1 3.8 23.5 20.0 0.0 30.0 -0.060
2D BxS_08_L/W_1 3.3 20.9 20.0 2.0 31.0 -0.037
4B BxS_07_L/W_2 3.9 24.1 13.0 0.0 27.0 0.062
4B BxS 08 L/W 2 5 6 32 8 14 0 5 0 24 0 0 0484B BxS_08_L/W_2 5.6 32.8 14.0 5.0 24.0 0.048
2D BxS_08_FFD_1 3.4 21.6 14.0 0.0 29.0 0.039
3A BxS_07_FFD_1 4.7 31.6 6.0 0.0 24.0 -0.071
4B BxS_07_FFD_2 3.9 25.1 0.0 0.0 27.0 -0.063
4B BxS_08_FFD_2 4.3 26.2 14.0 0.0 27.0 -0.044

Supplemental Data. Gegas et al. (2010). Plant Cell 10.1105/tpc.110.074153



Supplemental Table 6. QTL for the morphometric traits in the SpxR, MxC, and 
SaxR population.  

Chromosome QTL LOD % Var. position from to Effect

1A SpxR_07_Length_1 3.8 14.2 11.6 0.0 21.6 -0.067
5A SpxR_07_Length_2 3.1 11.3 1.0 0.0 25.5 0.067
1B SpxR_07_Area_1 4.0 15.4 20.6 0.0 24.7 -0.381
5A SpxR_07_Area_2 3.8 16.2 7.0 0.0 30.5 0.390
1B SpxR_07_TGW_1 3.5 14.0 0.0 0.0 26.7 -1.369
4D SpxR_07_TGW_2 3.2 12.6 33.0 0.0 47.0 1.297
5A SpxR_07_TGW_3 4.2 17.5 7.0 0.0 27.5 1.529
1B SpxR_07_Width_1 3.5 14.8 1.0 0.0 25.7 -0.047
5A SpxR_07_Width_2 3.9 15.9 13.5 0.0 32.5 0.048
4D SpxR_07_FFD_1 3.9 17.1 24.0 3.0 39.0 0.036

2A MxC_08_TGW_1 6.3 34.9 45.0 23.0 63.0 2.324
6A MxC_08_TGW_2 2.9 13.2 31.0 18.0 50.0 -1.499
2A MxC_08_Area_1 4.3 27.4 45.0 10.0 65.0 0.477
6A MxC_08_Area_2 2.9 13.8 29.0 6.0 54.0 0.942
2A MxC_08_Width_1 3.5 22.3 48.0 9.0 83.0 0.066
3A M C 08 Width 2 3 6 18 5 94 0 73 0 101 0 0 0613A MxC_08_Width_2 3.6 18.5 94.0 73.0 101.0 -0.061
2B MxC_08_Length_1 3.1 12.5 37.0 20.0 58.0 -0.060
2A MxC_08_L/W_1 5.5 23.9 40.0 10.0 46.0 -0.033
3A MxC_08_L/W_2 3.7 20.8 94.0 78.0 101.0 0.031
2A MxC_08_FFD_1 5.5 29.6 45.0 10.0 65.0 0.052

5A SaxR_08_TGW_1 3.9 19.5 12.0 0.0 37.0 1.577
6A SaxR_08_TGW_2 3.4 19.0 43.0 8.0 77.0 1.570
5A SaxR_08_Area_1 4.0 19.3 10.0 0.0 42.0 0.459
5A SaxR 08 Width 1 3 9 18 8 5 0 0 0 21 0 0 0505A SaxR_08_Width_1 3.9 18.8 5.0 0.0 21.0 0.050
6A SaxR_08_Width_2 3.0 20.9 37.0 2.0 80.0 0.053
3A SaxR_08_Length_1 4.4 19.4 70.0 52.0 94.0 -0.097
5A SaxR_08_Length_2 2.8 13.4 61.0 48.0 61.0 0.080
7A SaxR_08_Length_3 3.4 15.8 60.0 39.0 102.0 -0.086
1A SaxR_08_L/W_1 3.5 16.3 25.0 10.0 46.0 -0.023
2A SaxR_08_L/W_2 3.2 15.1 15.0 0.0 17.0 -0.022
7A SaxR_08_L/W_3 4.4 21.7 78.0 59.0 102.0 -0.026
6A SaxR_08_FFD_1 3.1 14.2 50.0 25.0 72.0 0.023

Supplemental Data. Gegas et al. (2010). Plant Cell 10.1105/tpc.110.074153



Supplemental Table 7. QTL for the principal components in the AxC, SxS, BxS, 
SpxR, MxC and SaxR populations.  

Chromosome trait LOD % Var. position from to Effect
3B AvXC_PC1_1 3.6 9.5 31.7 0.0 82.1 0.29
4B AvXC_PC1_2 6.1 14.4 23.4 10.5 35.4 -0.36
5A AvXC_PC1_3 7.5 16.2 28.2 13.0 33.7 -0.39
6A AvXC_PC1_4 3.6 7.9 21.5 0.0 40.0 0.27
1D AvXC_PC2_1 3.2 7.3 0.0 0.0 22.0 0.26
2D AvXC PC2 2 4 9 11 4 144 6 133 7 155 5 0 312D AvXC_PC2_2 4.9 11.4 144.6 133.7 155.5 0.31
3A AvXC_PC2_3 10.6 22.5 69.3 48.7 77.4 0.45
5A AvXC_PC2_4 10.3 25.5 18.0 7.0 28.2 -0.48
6A AvXC_PC2_5 4.9 11.6 85.6 71.7 94.4 -0.31
7A SxS_PC1_1 3.6 23.4 1.0 0.0 18.0 0.35
5A SxS_PC2_1 4.1 29.7 20.0 3.0 43.0 0.51
3A BxS_PC1_1 4.0 26.8 13.0 0.0 25.0 -1.04
4B BxS_PC1_2 5.7 36.4 18.0 8.0 27.0 -1.22
1A BxS_PC2_1 4.6 29.2 36.0 19.0 45.0 0.72
1B SpxR PC1 1 3.9 14.9 20.6 0.0 25.7 -0.391B SpxR_PC1_1 3.9 14.9 20.6 0.0 25.7 0.39
5A SpxR_PC1_2 4.4 18.2 5.0 0.0 26.5 0.43
1A SpxR_PC2_1 3.5 11.3 7.5 0.0 10.5 -0.34
3A SpxR_PC2_2 2.9 9.2 58.8 54.9 60.5 -0.31
2A MxC_PC1_1 4.3 20.6 46.0 7.0 69.0 0.93
6A MxC_PC1_2 3.3 15.1 31.0 26.0 39.0 -0.78
2B MxC_PC2_1 5.6 23.2 32.0 17.0 51.0 -0.58
5A SaxR_PC1_1 4.2 20.5 11.0 0.0 22.0 0.86
6A SaxR_PC1_2 3.1 18.3 40.0 5.0 87.0 0.82
1A SaxR PC2 1 4.1 18.5 24.0 7.0 67.0 -0.57_ _
7A SaxR_PC2_2 4.6 22.1 79.0 67.0 102.0 -0.62

Supplemental Data. Gegas et al. (2010). Plant Cell 10.1105/tpc.110.074153
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Supplemental Text 1. Details of the QTL locations and effects on each 

homoeologous group and their corresponding meta-QTL.               

Homoeologous group 1 

Grain length QTL were identified in the distal region of chromosome 1A in at 

least two populations. In the SpxR population a significant effect in the region of 

marker wPt-4765 was found (14.2% variation explained) with the Spark allele 

decreasing grain length (Supplemental Figure 3C). In the BxS population a QTL 

was identified in both years that explained between 15.8% and 29.4% of the 

phenotypic variation in grain length with the Beaver allele having the decreasing 

effect (Supplemental Figure 3A). In the AxC population a suggestive QTL 

(LOD=2.46) was also present over two years at the same region of chromosome 

1A with the Avalon allele decreasing grain length. Moreover, an effect was 

detected on 1A in the SaxR population, which explained 16.3% of the L/W 

variation with Savannah contributing the decreasing allele (Supplemental Figure 

3E). Meta-analysis identified two meta-QTL for grain length that spanned the 

intervals barc263-wPt7030 and wPt8347-s12/m25.6, respectively, on the wheat 

consensus map.  

QTL for grain size parameters, i.e. TGW, grain area and width, were identified on 

the short arm of chromosome 1B in the SpxR population with the Spark allele 

decreasing the value of all three parameters (Supplemental Figure 3C). In the 

AxC population, small but stable effects for grain width, L/W and FFD were 

identified at the distal end of chromosome 1D with the Avalon allele reducing 

grain width and FFD, and increasing L/W (Supplemental Figure 3A). The same 

very distal location of these QTL suggests that these effects could be under the 

control of homoeoalleles. 

Homoeologous group 2 

Significant effects for TGW, grain area, width, and FFD were identified on the 

distal part of chromosome 2A in the MxC population (Supplemental Figure 3E). 

Specifically, all the QTL identified are around marker gwm95 with LOD scores 

ranging between 3.5 and 6.3 and explaining between 22.3% and 34.9% of the 

trait variation. The Malacca allele increases the phenotypic value of the traits. 
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QTL for L/W were identified at an equivalent region of 2A in the MxC and SaxR 

populations (Supplemental Figure 3D and 3E). These effects explained 20.8% 

and 15.1% of the variation present in MxC and SaxR, respectively, with Malacca 

and Savannah decreasing the phenotypic value of the trait. Meta-analysis 

identified one meta-QTL in the interval wmc819-gwm47. 

An effect for L/W was identified on chromosome 2D in the BxS population that 

was stable over two years. The QTL interval spanned around marker wmc412 on 

the long arm of 2D, with an LOD ranging between 3.3 and 3.8 and explained 

~22% of the phenotypic variation (Supplemental Figure 3B). In the same 

mapping interval, QTL for grain length and FFD were also identified, but only for 

one year.    

QTL for grain width and TGW (Sun et al., 2009), and grain area (Breseghello, 

2007) were previously identified on the sort arm of chromosome 2A at an interval 

approximately equivalent to the QTL reported for MxC in this study. Effects for 

grain length were detected on the long arm of chromosome 2B in three other 

populations (Campbell et al., 1999; Dholakia et al., 2003; Sun et al., 2009) at 

similar position as the grain length QTL in MxC. Markers associated with grain 

length (Campbell et al., 1999) and FFD (Dholakia et al., 2003) have been 

previously identified on the long arm of 2D that co-locate with the QTL for these 

traits in the BxS population.  

Homoeologous group 3 

Significant QTL for grain size and shape parameters were identified on 

chromosome 3A in AxC, BxS, MxC and SaxR. In the AxC population, large 

effects for grain length and L/W were identified around marker wmc264 that 

explained ~13% and 18% of the trait variation, respectively (Supplemental Figure 

3A). The Avalon allele increases the phenotypic value for both traits. Small but 

stable effects were also detected for FFD in the same mapping interval. Strong 

QTL for grain size related parameters, i.e. TGW, grain width and FFD, were 

detected in the BxS population around marker wPt-4692, each of which 

explained 27.9%, 21.1% and 31.6% of the variation, correspondingly 

(Supplemental Figure 3B). QTL for grain width and L/W were identified in the 
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MxC population that explained ~19% of the phenotypic variation (Supplemental 

Figure 3E). An effect was also found in SaxR that explained 19.4% of the 

variation in grain length (Supplemental Figure 3D). Three meta-QTL were 

identified in the following mapping intervals: wPt1688-barc45, wPt9562-wPt9215, 

and barc19-cfa2262.  

Small effects for grain length, area, TGW and FFD were detected on 

chromosome 3B in the AxC population. The grain length and area QTL were 

stable in both years and explained ~8% and ~10% of the trait variation, 

respectively (Supplemental Figure 3A). Significant QTL for TGW and FFD were 

identified only in one year but suggestive QTL (LOD 2.7 and 2.4, respectively) 

were present in the same interval in the second year.        

Homoeologous group 4 

Some of the largest QTL for grain size parameters were detected on 

chromosome 4B in the BxS and AxC populations. Specifically, in the BxS 

population, significant QTL for TGW, grain area, width and FFD identified around 

the marker s14/m15.6 that explained between 25.1% and 50.2% of the variation  

(Supplemental Figure 3B). For all the QTL, Beaver contributed the decreasing 

allele. Interestingly, a strong effect was also detected in the same mapping 

interval (around marker s14/m15.6) for L/W (24.1-32.8% variation explained) with 

Beaver increasing the trait value. In the AxC population, the 4B effect on TGW, 

grain width, area and FFD was identified in both years around marker wmc349 

with the Avalon allele reducing the phenotypic value of the traits (Supplemental 

Figure 3A). Meta-analysis identified one meta-QTL, between s14/m15.6 and 

wmc349. QTL for TGW and FFD were identified on chromosome 4D in SpxR 

around the Rht-D1 locus with the Spark allele increasing the trait value 

(Supplemental Figure 3C). Effects at the same region for FFD, TGW, and grain 

width were identified in the AxC population that also segregates for Rht-D1.  

Homoeologous group 5 

Multiple QTL for both grain size and shape parameters were identified on 

chromosome 5A in the AxC, SxS, SpxR, and SaxR populations. In AxC, a strong 

effect for grain length and L/W was detected around the marker gwm156 that 
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was stable in both years (Supplemental Figure 3A). Grain length QTL had a LOD 

ranging between 16.3 and 18.1 and explained ~35.4% of the variation, while the 

L/W QTL had an LOD between 6.8 and 7.9 and explained ~20% of the variation 

apparent in the population. Large QTL for grain area (LOD 11.7-12.2) and TGW 

(LOD 4.2-4.8) were identified spanning the same mapping interval, each of which 

explained ~25% and 10% of the phenotypic variation, correspondingly. The 

Avalon allele considerably decreases the value of the traits above. In the SpxR 

population, QTL for grain length, width, area and TGW were detected spanning 

the interval between markers gwm443 and wPt-4131 on chromosome 5A, with 

Spark contributing the increasing allele (Supplemental Figure 3C). QTL for the 

same traits were also found in the SaxR population with the Savannah allele 

increasing the phenotypic values of all the traits but grain length (Supplemental 

Figure 3D). Significant effects for TGW, FFD, grain width and L/W were identified 

in the same mapping interval in the SxS population (Supplemental Figure 3F). 

The L/W QTL was stable over the two years and explained ~30% of the variation 

with the Shamrock allele increasing the trait value. QTL for TGW, FFD, and grain 

width were detected in that interval only for one year, with Shamrock reducing 

the phenotypic value. This is consistent with the significant negative correlation 

between TGW, grain width and L/W apparent only for that specific year. Meta-

analysis identified four meta-QTL that spanned the intervals wmc443-cfa2104, 

wmc492-wmc475, wPt0654-wPt3069, and wmc110-wmc727, respectively.          

Homoeologous group 6  

Two distinct clusters of QTL, i.e. one for grain size and the other for grain shape 

parameters, were identified on chromosome 6A in the AxC population. Effects for 

grain width, FFD and TGW (one year) were detected on the short arm of 6A, 

around marker barc171, with the Avalon allele conferring an increase in the trait 

values (Supplemental Figure 3A). A QTL for L/W was detected in both years on 

the long arm of 6A, around marker wPt7204, that explained ~12% of the trait 

variation with Avalon contributing the decreasing allele (Supplemental Figure 

3A). Additionally, a QTL for grain length was identified only in one year spanning 

an interval equivalent to the L/W QTL and conferring the same negative effect on 
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the trait. Effects for TGW and grain area in MxC and TGW, grain width, and FFD 

in SaxR were detected in an equivalent interval of chromosome 6A 

(Supplemental Figure 3D and 3E). Meta-analysis identified two meta-QTL at the 

proximal (wmc6807-psp3071) and the distal end (cos07Tb-wPt5480) of the 

chromosome, respectively.        

Homoeologous group 7 

A large effect controlling grain length was identified on chromosome 7A in the 

SxS population that was stable over the two years of trials (Supplemental Figure 

3F). The LOD score of the QTL ranged between 3.4 and 6.8 and explained ~30% 

of the variation in grain length. QTL for grain area and TGW were detected in the 

same interval but only for one year. In the SaxR population, two significant QTL 

were detected at an equivalent chromosomal region of 7A, each of which 

explained 15.8% and 21.7% of the variation in grain length and L/W. In both 

instances, the Savannah allele decreased the trait values. Minor effects, but 

stable over two years, for grain length and L/W, were detected on chromosome 

7D in the AxC population with Avalon decreasing the trait value.  
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