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Supplemental Figure 1. Frequency distributions of the morphometric traits for
AxC, BxS, and SxS. (A-F) Avalon x Candenza, (G-L) Beaver x Soissons, and (M-
R) Shango x Shamrock. Mean parental values for each year are indicated by either a
grey or black arrow for year 1 (grey bar) or 2 (white bar), respectively. Trait values
(x-axis) are untransformed and expressed in g (TGW), mm (width, length) and mm?®

(area).
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Supplemental Figure 2. Frequency distributions of the morphometric traits for
Spark x Rialto, Savannah x Rialto, and Malacca x Charger. (A-F) Spark x Rialto,
(G-L) Savannah x Rialto, and (M-R) Malacca x Charger. Mean parental values are
indicated by a grey arrow. Trait values (x-axis) are untransformed and expressed in
g (TGW), mm (width, length) and mm? (area).
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Supplemental Figure 3. QTL identified for the morphometric parameters in the six
mapping populations. (A) AxC, (B) BxS, (C) SpxR, (D) SaxR, (E) MxC, and (F) SxS
mapping populations. QTL are projected on the corresponding linkage maps with a
solid bar and a closed line representing 1-LOD and 2-LOD mapping intervals,

respectively. The numerical suffix at the end of the QTL name denotes the year oi

trial (i.e. 07 or 08).
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Supplemental Figure 4. Common genetic components for grain size and shape in

the DH mapping populations. Schematic representation of co-located QTL identified
for PC1 and PC2 on five main chromosomes, i.e. 1A, 3A, 4B, 5A, 6A, and their
corresponding meta-QTL. QTL for each PC and DH population are depicted as black

boxes. Meta-QTL are depicted as red boxes. The length of each QTL denotes 2-

LOD confidence intervals on the wheat consensus map.
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Supplemental Figure 5. Morphometric traits for Triticum species. Values represent
the mean of 20-30 grains * standard deviation (SD). The genome type of each
species is given in parenthesis. The species taxonomy follows the classification
appearing in the John Innes Centre Triticeae Collection

(http://data.jic.bbsrc.ac.uk/cgi-bin/germplasm/triticeae/). Entries with the same

species hame represent different accession number (see Supplemental Table 7).
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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

correlations are significant at p<0.01.

A (AxC) TGW Area Width Length LW FFD
TGW year1 year2

Area 0.883 0.895 Year1 year2

Width 0.902 0.873 0754 0743 Vyearl year2

Length 0547 0622 0829 0.862 0319 0376 Year1l year2

L/W 0171 -0.043 0.175 0271 -0457 -0.379 0644 0675 vyearl year2

FFD 0.848 0789 0537 0477 0781 0684 0119 0117 -0478 -0405 Year1 year2
B (BxS) tGw Area Width Length Lw FFD
TGW year1 year2

Area 0.768 0.778 year1 year2

Width 0.856 0.807 0.705 0.566 Yyear1 year2

Length 0.194 0277* 0645 0716 0.006 -0.084 year1 year2

LW 0.132 -0.284* -0.078 0.187 -0.156 -0.654 0.058 0774 Year1 year2

FFD 0.868 0.821 04 035 0681 064 -0.2 -0.155 -0.103 -0.523 Year1 vyear2
C (SxS) TGW Area Width Length LW FFD
TGW year 1 year2

Area 0907 0904 Yearl year2

width 0871 0887 0737 0814 yearl year2

Length  0.583 0487 0.811 0731 0.297% 0.204% year1 year2

LW 0171 0522 0427 0208 -0521 -0.756 0626 0359 yearl year2

FFD 0.833 00928 0581 0724 0754 0767 0477 0.249% 0455 -0.576_year1 year2
D (SpxR) TGW Area  Width Length LW  FFD E (MxC)TGW Area Width Length LW  FFD
TGW 1 TGW 1

Area 0.886 1 Area 0.904 1

Width 0.849 0.842 1 Width  0.868 085 1

Length 0.682 0.855 0.531 1 Length 0548 0745 0379% 1

LW -0.288% -0.137 -0574 0.331* 1 LW -0.476 -0.336 -0.748 0.271% 1
FFD 0.875 0.589 0.607 0.354% -0336* 1 gpp 0931 072 0718 0.337%-0455 1
F (SaxR)TGW Area  Width Length LW  FFD

TGW 1

Area 0.908 1

Width 0.817 0.736 1

Length  0.674 0.845 0.375 1

LW 0.007 0.212 -0.426 0.625 1

FFD 0728 0471 0473 0203 -0195 1
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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 71 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 9.5 374 -0.451
4B AvXC_08_Area_2 51 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 71 111.0 79.3 120.0 -1.368
3B AvXC _07_TGW_2 4.2 10.1 71 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 11.5 334 -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 13.6 215 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 79 19.1 0.0 34.7 -0.037
3B AvXC_07_Width_2 3.7 8.9 71 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 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 4.8 115 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 -0.029
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
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Supplemental Table 5. QTL for the morphometric traits in the SxS, and BxS

populations.

Chromosome QTL LOD % Var. position from to Effect
7A SxS_06_Length_1 3.4 201 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 0.035
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 24 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 -0.5632
3A 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 3.1 211 17.0 0.0 42.0 -0.079
4B BxS_07_Width_2 6.0 411 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 20 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 0.048
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
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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 4.0 154 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 3.9 171 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 29 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 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 55 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 0.050
6A SaxR_08_Width_2 3.0 20.9 37.0 2.0 80.0 0.053
3A SaxR_08_Length_1 44 194 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
TA 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
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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 14.4 234 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 0.31
3A AvXC_PC2_3 10.6 22.5 69.3 48.7 77.4 0.45
5A AvXC_PC2_4 10.3 255 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 -0.39
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 4.6 221 79.0 67.0 102.0 -0.62




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

v9'C 6L €9'G 6L ebuey

6LY [4%7 €0'LL 80'€E  Xep

vS'L 8Lz or's 697l U

S50 €70 oLl 8s'e  a's

€9 eee 258 182z ues
(recart 8€°0 6T (576291 R4 8¢ (0zL-v'8)9°€ 980 60L (9°28-6'€2)L°€EL L1e Leg Mysnoxnyz L 1000921
(€2-L'1)90 GL'0 0z 8+-9¢)TL 62°0 4 (z6-0lze 0S50 €8 (zee-g02)L2) 1Lz gLz ajiqe.i Jen nAojineA L L000EZL
(82-02)L0 8L'0 9C (Gv-zeeL €€°0 e (zoL-€9)6'L 1¥°0 €6 (r'ee-Lea)Le 0.2 L1z ejjods wnAgsee | /000ZT)
(L'e-1'2)60 [440] 9z (Lv-62)T L 9z'0 v'e (ZoLvl)8e ¥9'0 6'8 (G0e-28L)8°LL 59 15z eyoeu wnAysee L 1L000¥CL
172-9'1)S°0 6€0 6L (L8261 950 9¢ (Z2-99)9°0 90 L9 (€'92-8'51)S°01 4% 96l wnoedwod wnaysee "| VIN
(0z-9'V¥0 €20 L' (8€92) ¢t €20 e (69-1°9)L'L 1€0 z9 (9€c-vol) T € g8l wnoooo0JoEYdS wnapsee | VIN
(0zv'1)90 ¥€0 Sl (8vvave 0v'0 S¢ (99-27) 6L 440 v (€1e-v'v1)69 €T GGl wnoooo0.08YdS wnApsee | L0001LZ
(zz-s'1)90 810 61 (0'6-1€)6'L 0¥'0 6¢€ (98-2°9)¥'C 150 €L (€'82-7'91)6°LL 10°¢ rze wnayses wnAgsee | 80611
(Lezast €0 8¢ (6'€-972)'L ze0 ze (e0L-92Le 89°0 06 (60€-5'8L)Y'ZL 89'C (R74 oeulji seupw L 1L000LLL
(0v-L2)€ ) 9€0 ¥'e (re-ea)L 820 Le (0oL-62)12 [44d0] z6 (r'ge-L'91)L'8 G6°1 €1z wnodA} Ineaydown ' ¥0009L )
(0v-92)'L 7v'0 1'e (Le-s2)TL 0¥'0 [ (roL-L'e)et 6€°0 L'6 (€722-L6L)9°L €' 91z wnoueAsylIyoRU wnoyesere | Z0OOOSLL
(zgzeeL %0 Al (8'2-6'1)6°0 ¥20 €T (LoL-ve)LL S0 v'6 (rez-09Lv'L g8l 1’6l Iuejuewn) wnojjesese " L000SLL
(rega 820 o€ (ZeLa 120 8¢ (z6-89)r2 250 z8 (e'ze-zel)Le forard 16l wnjejsielun wnoueydst | L000ELL
(evr1eet S€'0 e (Levoel L€0 0€ (L1-00L)2L 2 40) oLl (¥'Le-v'22)06 zee 02 wnesuelq wnojueyds! | Z000ZL L
(6€-8'1)0°2 6€°0 Sz (L1 1)9e 650 r'e (8'6-€1)5'S 190 v'8 (zze-89)vLe yiad 62C wninp wnpibuny L 1L000¥LL
(92-2'1)6'0 120 4 (8%-0€)8'L o (04 (8'6-8'9)0°€ 00 7’8 (g'ge-€LL)z8L oLy 1Lz wnojuein) wnpibiny L LO0OLLL
(re-eaL 9z'0 1z (€v+€)6°0 120 8¢ (e1-28)E¥ 06'0 7ol (L6e-€s2)r vl 6t'¢ 9'le wnoyuojod wnpibiny L 20000 L
(€2-9'1)9'0 110 0C (Ly-82)EL Ge'0 g€ (627952 fa 0] 89 (e'€2-07L)E6 6€C 88l wnolypes wnpiBiny L 200060
(02-+'1)50 710 8l (zg-e€)6'L 6€°0 4 (z'8-09)ze 0t'0 v'L (0°0€-1°21L)6°2) €9 (474 wninuip S9pI02209Ip "L 190080}
(9z-91)0'L 020 e (8%-2€)9'L 8€°0 6¢€ (g6 L' L¥e 750 7’8 (6'7€7°02)5 1L €0'¢ 99z wnsopads $8pI02209Ip L 0900801}
(82-02)L0 220 ¥z (zy-0€)TL 62°0 g€ (re-L'2)ee 0S50 S8 (z'8z-g6L)L8 8L 622 $8pI02209Ip L 10000}
(6e-gL)ze v'0 €€ (6e-L'1)Te 70 62 (901-€) 9L vl v'6 (e'1e-Lv) 992 ¥'S 0€z wnibjuosuejuods $8pI02200Ip L 110090}
(Lye2) 8L 70 0¢ (6¢-12) 8L 70 0¢ (o1-zo 8z 90 6'8 (L'62-891) 621 €€ 81z wnsojjinoAIny S6pI02200IP L 600090}
Triae €0 8¢ (91-81) 8¢ ¥'0 v'e (015282 90 €6 (10e-9'L1) g8 g€ 672 ejjosuosey S9pI0200IP '/ 01,0090}
(rv-v2)0C 6€°0 [ (0t-12)6°L 0v'0 ze (zor-gl)ze 950 8'6 (20e-z8L)g°CL 10 9'6e $8pj0000oIP L 2000901
(ze1a 9l €0 8¢ (8eva vl €0 0€ (LeLe S0 z8 (zve-g61) L8 €T 86l wnuissyoe| wnogooouow | €000l
(12 ee 70 r'e (11 ee S0 se (re-8v) 9y L0 7’8 (eLz9) €12 €€ 622 wnuissioe| wnooooouow L LE00YOL
(§z-21) 80 z0 0¢ (rv62 91 €0 8¢ (€8-6'9) ¥'L L0 L2 (8'Gz-1'21) L8 6L 122 suoeosenely wnoodooouow | 8Z00%0}
(e gL €0 vz (L9261 4] g€ (€6 1T S0 €8 (6'G2-9'91) €6 8l 6'le luueweuIoH wnogooouow | LZ0O0YOL
(ee02) 2L €0 k4 (zv92 91 ¥'0 9€ (56-92) 6L ¥'0 L8 (r'82-6'91) G'LL 9¢ 6'€z wnueyos wnodoo0uow | 9Z00%0}
(geza) el €0 9z (rv2) 9L 70 v'e (G612 ¥e S0 L8 (692T'LL) L'6 9C g€ wnynoubu wnod0o0uOW | GZOOYOL
(eez2) L) z0 9C (9¢-62) 1L z0 ze (Lg€)vL €0 €8 (zez-1LL) 19 vl Lz wnjejsueLye wnoodooouowW L €Z00%0L
(L'e-02) L) 20 €T (ev-22) 9L 70 9¢ (g6eL)ze S0 S8 (8'gz-1'81) L'0L gz 0t wnojuopadew wnod0o0uUOW L ZZ00Y0L
(6261 1L €0 e (Sv62) 91 70 8¢ (L6-€2) 8L ¥'0 €8 (€°22-9°91) L'0L o4 (5874 wnyejsyeubiu wnodoo0uow L LZ00Y0L
(L2 12) 90 10 r'e (ze-92) 90 z0 6C (9°2-6'6) L'L 70 69 (98L-e€l) € €l 991 swiojwnapioy wnod0o0uowW | 0Z0OOYOL
(82-2) 80 z0 e (6'€-92) €L z0 g€ (98-2) 9L ¥0 8L (r'v2-91) ¥'8 8l Lz wnueyos wnoodooouow L 6L00%0L
(62-12)8°0 0Z'0 9z (Le-L2)0') 9z'0 ze (z6-z°2)0C €70 z'8 (Lyez-8LL)E9 08'L 602 wnooooouow L L100%0L
(Le-12) 9l ¥'0 VA4 (oeva et €0 Le (oL-2) ¢ 90 z8 (zez-6'91) €9 6L zoz nuuewauIoH wnooooouow f  8000%0}
(gezael €0 <4 (8¢L2) 1L z0 v'e (ge€eLee S0 S8 (z9z-6'8L) €L 6L €€T sueosenely wnoodooouow | S000%0}
(8212 L0 10 €T (8¢-6'2) 60 4] 9¢ (7'8-9°2) 8°0 4] 18 (ye-z6lL)8¥ €l Y44 suaosaneyy wnogooouow I 0000}
(9€-92) 0') 4] L'e (re-1a el €0 6T (roLve L0 88 (z62-€°61) 6EL o€ ole sapjodojiboe wnoposoq L LZ00E0L
(062 L) €0 €€ (reve) L €0 o€ (1'01-2'6) 60 €0 L6 (r'9z-1'02) €9 0¢ 1've Jepnoey) wnoposoq L ¥00020}
(eev2) 60 z0 8¢ (r'€-972) 80 €0 Le (re-22) L) S0 S8 (S'v2-81) 59 4 1z wnoposoq L ,00020}
(ee1aet €0 9z (rv2) oL 70 ze (e6€l)e 70 z8 (8'v2-6'G1) 68 0C 902 IueunssAew sepjodojiboe wnopoeoq L ZZO0EOL
(Trze) ol €0 9¢€ (L'ez2) 60 €0 1z (Lo1-z6) gL S0 L'6 (8'9z-9'81) '8 9T 9ze ousjay sepjodojiboe wnoposoq L G000E0L
(9e-671) L'L 70 sz (6e-L2) gL 0 L'e (e'6-279) L'e 10 Il (9zz-veL) 26 £z 28l imouoLie seplodojiboe wnojosoq | 000L0L
(8'€-2°2)5"L 120 1z (0%-62)5°} L0 ge (roL-e8)e %0 v'6 (g0e-L'ca)v's or'e (414 seplodojiboe wnopoeoq "L L0000}
(8e-€2) 9L v'0 6¢C (zyv2) 8L S0 €€ @1-1e) e 90 56 (ree-1'21) €91 84 z'se siunjboajn| sepnoey) wnopoeoq L €00020)
(€v-0€)e’L 1€°0 Se (92-8'1)8°0 ¥2'0 a4 (7'8-5'9)6°L G50 9L (L7 11)0'9 08'L L'yl npeinf  Z000LOL

(xew-uiw) abuey AOPIS ues|y (xew-uiw) abuey  AopIS ues|y (xew-uiw) abuey A9P)S ues|y\ (xew-uiw) abuey ASPIS ues|y
M (ww) YipIp (ww) yybus Q@ wuw) ealy Jen/dss mwo_ooaw ON UOIS820y

'sa108ds wnanl | uo eyep oudwoydio g ajqe] jeyuswajddng



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

h
Collection (http://data.jic.bbsrc.ac.uk/cgi-bin/germplasm/triticeae/).

bValues represent the mean of 20-30 grains.

Supplemental Table 8
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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 s74/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



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

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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