Supplementary Figures
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Figure S1: Pearson’s correlation coefficients across environments for BK population. Years of experiment
are marked as following: (a) 2009, (b) 2010, and (c) 2011. The data in the upper-right triangle represent the
location Osijek, while those in the lower-left triangle represent location Slavonski Brod.
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Figure S2: Pearson’s correlation coefficients across environments for MG population. Years of experiment
are marked as following: (a) 2009, (b) 2010, and (c) 2011. The data in the upper-right triangle represent the
location Osijek, while those in the lower-left triangle represent location Slavonski Brod.
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Figure S3: Modified AMMI2 biplots for (a) WGC, (b) MTW, and (c) MPH traits of BK RIL population. RILs
are marked with dots, while environments and parental cultivars (Bezostaya-1 and Klara) are marked by
abbreviated labels (with or without a frame, respectively). Within each environment one “winning” RIL is
labeled and linked with its winning environment by a matching super/subscripted letter. The color

indicates the mean value of the trait.
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Figure S4: Modified AMMI2 biplots for (a) GPC, (b) MPT, and (c) MTI traits of MG RIL population. RILs
are marked with dots, while environments and parental cultivars (Monika and Golubica) are marked by
abbreviated labels (with or without a frame, respectively). Within each environment one “winning” RIL is
labeled and linked with its winning environment by a matching super/subscripted letter. The color

indicates the mean value of the trait.
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Supplementary Tables

Table S1. Average daily temperatures (°C) per location during three growing seasons (from planting to

harvesting).
2008/09 2009/10 2010/11

Month Slavonski Slavonski Slavonski

Osijek Brod Osijek Brod Osijek Brod
X 13 12.2 11.5 11 9.1 8.9
XI 7.5 73 8.2 7.8 8.9 8.1
XII 3.8 3.8 3.1 3.4 0.2 0.3
I -1.1 -1.6 -0.8 0 1.1 0.8
1I 2.3 2.9 1.4 1.8 0.7 1
I 6.8 7.1 6.8 6.8 6.4 6.4
v 14.6 14.2 12.4 12.3 13.2 13.1
\Y 18.3 18.1 16.5 16.2 16.7 16.3
VI 19.2 19.3 20.4 20.2 20.8 20.6
VII 23.2 22.6 23.2 22.7 22.2 22.6
Average 10.76 10.59 10.27 10.22 9.93 9.81

Table S2. Rainfalls (mm) per location during three growing seasons (from planting to harvesting).

2008/09 2009/10 2010/11

Month Slavonski Slavonski Slavonski

Osijek Brod Osijek Brod Osijek Brod
X 34.4 44.2 55.3 45 67.1 58.2
X1 449 64.9 67.8 68.1 56.3 715
XII 40.5 46.8 100.8 106.1 735 68.5
I 60.3 62.9 83.9 79.5 23.6 27.2
1I 28.6 26.2 58.6 81.8 18.4 16.6
I 26.5 414 22.2 49.5 37.1 35.9
1A% 18.7 13 71.1 52.9 19.4 17.7
\Y 39.4 43.6 120.8 1614 81.2 43.8
VI 62.8 103.8 234 176.9 49.9 474
VI 13.8 61.1 31.5 42.3 73.9 108.7

Total 369.9 507.9 846 863.5 500.4 495.5




Table S3. Soil temperatures (°C) at 5 cm soil depth per location during three growing seasons (from

planting to harvesting).

2008/09 2009/10 2010/11

Month Slavonski Slavonski Slavonski

Osijek Brod Osijek Brod Osijek Brod
X 13.9 13.9 134 13.3 10.6 11.5
XI 8.5 8.4 8.3 8.3 8.6 8.7
XII 4.5 4.2 4.8 4.8 2.3 2.2
I 0.4 0.8 1.6 1.7 1.6 1.5
II 2.8 3.2 1.9 2.0 1.5 2.0
I 6.9 7.3 6.7 7.2 6.2 6.9
v 15.0 154 13.9 13.6 13.6 14.8
\Y% 21.5 21.0 18.3 18.4 18.4 194
VI 22.8 21.7 22.8 21.9 23.8 241
VII 27.1 26.1 25.8 26.0 25.0 25.7
Average 12.3 12.2 11.8 11.7 11.2 11.7

Table S4. Structure of nested effects in optimal models for each trait in both RIL populations examined.

1 1
Trait Population Environments
Rep Row Col

BK 3 All2 2,4,5
GPC

MG 1,3 All 1,3,45

BK ingle3 All 4
WGC Single , 5

MG 1,36 1,3,45,6 All

BK Single 1,2,4,5 2,4,5
™W

MG 1,2,56 2,4,5,6 2,4,6

BK 2/ 5 2/ 3/ 4/ 5 4/ 5
MPT

MG 1,3,5 4,56 1,3,4,6

BK 2 4 2,4
MTW . .

MG Single Single None*

BK Single 2,3,4,5 2,4,5
MTI

MG 1,2,3,6 1,3,4,5,6 3,4

BK 3,5 2,3,4,5 4,5
MPH .

MG Single All All

I Numbers indicate environments for which this effect was included (1 — OS09, 2 - OS10, 3 - OS11,
4 - SB09, 5-SB10, 6 — SB11).

2 All” indicates different effect in all environments.

3 ,Single” indicates unique effects for all environments.

4 ,None” indicates that model did not include this effect.



Table S5. Summary of parental means, RIL means and ranges, and rates of transgressive segregants within

environments for seven quality traits assessed in BK RIL wheat population.

) Positive Negative
Parental cultivars R .
) RILs transgressive transgressive
Trait Mean
segregants! segregants?
Bezostaya-1 Klara Min Mean Max N % N %
0S09 environment
GPC 14.1 13.9 11.9 14.1 15.9 74 51.8 57 39.9
WGC 334 33.7 25.6 33.6 39.5 73 51.1 63 44.1
™ 81.4 82.0 77.0 81.6 84.5 64 448 57 39.9
MPT 5.8 5.2 34 5.8 7.7 74 51.8 43 30.1
MTW 19.3 16.9 12.4 20.4 27.8 104 72.7 8 5.6
MTI 373.8 320.5 249.8 363.5 463.4 58 40.6 13 9.1
MPH 45.6 39.4 29.8 43.9 55.1 49 34.3 21 14.7
0S10 environment
GPC 16.0 14.9 13.9 15.7 17.5 47 329 29 20.3
WGC 39.9 37.7 32.9 394 43.9 64 44.8 33 23.1
™W 73.9 76.8 64.8 75.3 79.8 53 37.1 38 26.6
MPT 6.9 4.6 2.5 5.8 9.2 27 18.9 21 14.7
MTW 20.8 20.8 13.9 21.2 29.6 71 49.7 71 49.7
MTI 378.0 456.1 311.3 409.5 504.9 14 9.8 27 18.9
MPH 43.0 52.5 36.7 46.2 58.9 11 7.7 37 25.9
0OS11 environment
GPC 12.7 12.7 11.0 12.5 14.6 54 37.8 88 61.5
WGC 32.5 32.5 26.4 31.6 37.3 48 33.6 94 65.7
™ 85.1 84.2 78.9 84.1 86.9 30 20.9 69 48.3
MPT 4.2 2.9 1.3 4.6 9.9 82 57.3 18 12.6
MTW 18.3 17.7 14.7 20.4 30.3 108 75.5 22 15.4
MTI 342.7 359.8 259.1 328.6 4184 24 16.8 97 67.8
MPH 37.7 38.9 28.4 37.1 51.2 43 30.1 86 60.1
SB09 environment
GPC 12.5 12.6 10.6 12.4 14.9 49 34.3 86 60.1
WGC 27.7 28.7 20.5 27.4 35.6 41 28.7 81 56.6
™ 79.6 79.3 73.7 79.3 82.5 66 46.2 67 46.9
MPT 5.0 49 1.3 5.1 8.2 79 55.2 60 41.9
MTW 21.1 16.3 10.8 21.7 35.1 67 46.9 3 2.1
MTI 304.1 290.9 2373 3235 4113 96 67.1 26 18.2
MPH 36.7 34.9 25.5 38.0 49.8 88 61.5 39 27.3
SB10 environment
GPC 16.0 15.1 12.6 15.3 17.2 38 26.6 58 40.6
WGC 40.1 37.6 30.7 38.6 439 44 30.8 47 32.9
™™ 75.5 76.9 65.6 77.4 81.5 94 65.7 17 11.9
MPT 4.3 5.5 1.8 5.8 10.0 86 60.1 24 16.8
MTW 20.9 22.0 12.1 22.9 33.3 87 60.8 30 21.0
MTI 399.2 408.4 284.6 3815 464.6 41 28.7 93 65.0
MPH 44.8 46.3 32.1 43.6 53.2 42 29.4 82 57.3

1 RILs that exhibited values higher than the parental cultivar with higher trait value.
2 RILs that exhibited values lower than the parental cultivar with lower trait value.



Table S6. Summary of parental means, RIL means and ranges, and rates of transgressive segregants within

environments for seven quality traits assessed in MG RIL wheat population.

) Positive Negative
Parental cultivars . .
) RILs transgressive transgressive
Trait Mean
segregants! segregants?
Monika Golubica Min Mean Max N % N %
0S09 environment
GPC 13.1 14.0 11.6 13.7 16.1 55 31.8 50 28.9
WGC 28.2 34.0 25.4 31.6 39.0 39 22.5 23 13.3
™W 81.5 84.3 77.9 82.1 84.3 0 0.00 44 25.4
MPT 6.4 5.1 2.0 49 7.6 31 17.9 92 53.2
MTW 10.0 222 6.5 19.6 35.4 53 30.6 19 11.0
MTI 359.4 510.4 3299 420.8 527.8 4 2.3 10 5.8
MPH 42.1 60.8 36.9 49.3 73.2 8 4.6 20 11.6
0S10 environment
GPC 14.8 15.1 13.5 15.3 17.3 106 61.3 51 29.5
WGC 32.3 39.5 32.0 38.4 43.9 59 34.1 1 0.6
™ 73.5 73.8 65.7 724 77.6 54 31.2 110 63.6
MPT 3.2 4.7 1.9 4.4 8.5 64 37.0 33 19.1
MTW 5.8 9.2 4.4 9.4 23.4 55 31.8 13 7.5
MTI 334.0 394.6 301.6 3772 4708 47 27.2 19 11.0
MPH 44.2 47.1 34.8 45.8 59.3 52 30.0 73 42.2
0OS11 environment
GPC 13.0 14.3 11.1 13.5 16.2 28 16.2 59 34.1
WGC 33.5 36.7 29.6 34.6 42.2 29 16.8 54 31.1
™ 84.6 84.5 81.9 84.4 86.2 74 42.8 89 51.5
MPT 29 34 1.8 3.9 7.4 126 72.8 22 12.7
MTW 11.6 13.3 6.9 15.2 23.7 127 734 23 13.3
MTI 442.8 4854 3271 394.0 489.3 1 0.6 162 93.6
MPH 53.8 58.0 36.1 46.8 62.9 2 1.2 157 90.8
SB09 environment
GPC 12.6 14.0 10.9 12.9 15.6 16 9.3 61 35.3
WGC 26.1 32.7 21.8 28.0 36.4 8 4.6 40 23.1
™ 78.6 80.7 75.4 79.1 81.6 13 75 52 30.1
MPT 6.1 5.7 2.0 5.3 8.5 52 30.1 100 57.8
MTW 13.2 26.6 4.8 20.2 45.9 24 13.9 26 15.0
MTI 314.6 442.3 208.7 3709 4727 4 2.3 4 2.3
MPH 36.3 53.7 33.8 43.6 58.4 5 2.9 7 4.1
SB10 environment
GPC 12.8 13.6 12.1 13.7 16.3 97 56.1 19 11.0
WGC 30.0 34.9 29.6 34.6 42.1 73 422 3 1.7
™ 78.4 79.1 75.3 79.0 82.4 85 49.1 51 29.5
MPT 2.8 4.3 1.6 5.3 9.1 122 70.5 7 4.1
MTW 8.1 21.2 5.1 14.3 30.1 14 8.1 30 17.3
MTI 347.5 436.9 2855 3724 5029 9 5.2 44 25.4
MPH 39.2 50.5 30.8 43.1 60.8 16 9.3 47 27.2
SB11 environment
GPC 12.0 13.3 11.7 13.5 16.4 103 59.5 5 2.9
WGC 29.4 33.8 28.0 33.7 41.4 84 48.6 9 5.2
™ 79.6 79.9 76.1 80.3 83.0 112 64.7 47 27.2
MPT 6.1 6.1 2.1 5.2 8.0 51 29.5 118 68.2
MTW 7.1 15.3 49 12.9 27.2 57 32.9 24 13.9
MTI 286.7 363.2 286.7 360.6 451.4 76 43.9 0 0.00
MPH 33.2 42.9 33.0 43.7 54.5 90 52.0 1 0.6

1 RILs that exhibited values higher than the parental cultivar with higher trait value.

2 RILs that exhibited values lower than the parental cultivar with lower trait value.



Table S7. Results of tests for IPCA terms for four mixograph traits containing missing values in the BK population.

imputed data sets based on different AMMI models.

Tests were conducted on the

MPT MTW MTI MPH

< s boommy ™ | e boomey ™ | cjue  boommp ™ | coue  boommp ™

&

a IPS(;A % T va’;ue F vu’;ue IPS(;A % T vu’;ue F va’;ue IPS(;A % T va’;ue F vu’;ue IPS(;A % T va’;ue F vu’;ue
=] L 4002 455 041 0000 204 0000 | 15811 533 046 0000 245 0000 | 1273833 382 032 0269 136 0009 | 19932 374 030 0650 125 0.042
é 2 2688 306 047 0001 174 0000 | 7974 269 042 0084 144 0005 | 1117555 335 041 0202 136 0015 | 18699 351 040 0281 132 0.024
< 3 2099 239 069 0.000 222 0.000 | 5872 198 054 0.627 116 0.188 | 945165 283 059 0120 140 0.024 | 14709 276 053 0761 1.12 0.254
= 1 4007 456 041 0000 205 0000 | 17124 555 048 0.000 268 0000 | 1277525 383 032 0255 137 0.009 | 20085 377 030 0.606 127 0.036
é 2 2684 305 047 0001 173 0000 | 7989 259 043 0061 146 0.003 | 1115372 334 041 0210 135 0016 | 1863.0 349 040 029 1.32 0.026
< 3 2102 239 069 0.000 223 0.000 | 5737 18.6 054 0.684 1.14 0215 | 945652 283 059 0120 140 0.024 | 14638 274 053 0792 1.11 0.275
o 1 4002 455 041 0000 204 0000 | 17743 564 049 0.000 277 0.000 | 1264046 375 031 0370 133 0.015 | 1999.9 375 030 0.630 126 0.039
é 2 2688 306 047 0001 174 0000 | 8003 254 043 0059 147 0003 | 1165134 345 042 0109 142 0007 | 18664 350 040 0286 1.32 0.025
< 3 2099 239 069 0.000 222 0.000 | 571.6 182 054 0707 113 0226 | 94460.8 280 059 0.120 140 0.024 | 1466.6 275 053 0777 111 0.265
o 1 4113 457 041 0000 206 0.000 | 1654.6 546 047 0.000 258 0.000 | 1838458 455 0.39 0.000 1.87 0.000 | 1970.9 366 030 0772 122 0.063
é 2 2669 296 046 0004 1.66 0000 | 7977 263 043 0064 146 0.004 | 1252266 31.0 044 0.030 1.52 0.001 | 1899.7 353 040 0272 1.33 0.023
< 3 2228 247 071 0.000 237 0.000 | 576.7 19.0 0.54 0.662 1.15 0204 | 947889 235 059 0.111 140 0.022 | 15149 281 054 0.639 1.16 0.193




Table S8. Results of tests for IPCA terms for four mixograph traits containing missing values in the MG population.

imputed data sets based on different AMMI models.

Tests were conducted on the

MPT MTW MTI MPH
Sum of Simple Fa-test Sum of Simple Fr-test Sum of Simple Fr-test Sum of Simple Fatest
5 Squares bootstrap Squares bootstrap Squares bootstrap Squares bootstrap
&
a IPS(;A % T va,;ue F vu’;ue IPS(;A % T vu’;ue F va’;ue IPS(;A % T va’;ue F vu’;ue IPS(;A % T va,;ue F vu’;ue
1 3371 437 039 0000 1.85 0.000 | 3879.2 485 043 0.000 223 0.000 | 2544321 363 032 0000 137 0004 | 47047 343 030 0001 126 0.025
E 2 1543 200 029 0822 080 0953 | 1560.6 195 031 0390 0.87 0.855 | 195682.8 279 036 0.001 1.11 0210 | 36704 268 034 0028 1.00 0508
5 3 1514 196 040 0254 0.66 0997 | 13922 174 039 0330 0.64 0998 | 1372552 19.6 040 0301 065 0998 | 2770.1 202 038 0561 061 0999
4 1283 166 056 0266 255 0.000 | 11602 145 054 0556 235 0.000 | 113363.1 162 054 0571 234 0000 | 2567.0 187 057 0156 2.67 0.000
1 3498 447 040 0.000 193 0.000 | 3882.6 486 043 0.000 224 0.000 | 2552889 36.4 0.32 0.000 138 0.003 | 4708.1 343 030 0.001 126 0.025
§ 2 1540 197 029 0817 080 0953 | 15585 19.5 031 0402 0.87 0.858 | 1955282 279 0.36 0.001 111 0211 | 36714 268 034 0.027 1.00 0.506
5 3 1497 192 040 0302 065 0998 | 13921 174 039 0332 0.64 0998 | 1369721 195 040 0311 0.65 0998 | 27769 202 038 0535 0.61 0.999
4 1283 164 056 0283 254 0000 | 1160.0 145 054 0563 234 0.000 | 1142048 163 054 0509 238 0.000 | 25632 187 057 0155 2.68 0.000
1 3520 449 040 0.000 194 0.000 | 39964 483 043 0000 223 0.000 | 255111.6 36.4 0.32 0.000 138 0.003 | 4709.2 343 030 0.001 127 0.024
% 2 1540 196 029 0815 080 0952 | 17267 209 031 0397 096 0.612 | 1955564 279 036 0.001 111 0210 | 3671.7 268 034 0027 1.00 0.505
E 3 1497 191 040 0301 065 0998 | 1391.3 168 039 0333 0.64 0998 | 137022.0 195 040 0313 0.65 0998 | 27792 203 038 0538 0.62 0.999
4 1282 164 056 0284 253 0000 | 11651 141 054 0561 238 0.000 | 1140222 163 054 0511 237 0.000 | 25621 187 0.57 0155 2.68 0.000
1 5383 545 049 0.000 287 0.000 | 3959.1 483 043 0.000 223 0.000 | 254779.7 363 032 0.000 138 0.004 | 47247 343 030 0.001 127 0.024
§ 2 1711 173 031 0291 089 0816 | 16871 206 032 0104 094 0.677 | 1956141 279 036 0.001 111 0210 | 36759 267 0.34 0.029 099 0.511
5 3 1529 155 040 019 067 099 | 13915 170 039 0326 0.64 0998 | 1371265 19.6 040 0305 0.65 0.998 | 28132 204 039 0456 0.62 0.999
4 1262 128 056 0327 250 0000 | 11644 142 054 0507 238 0.000 | 113691.5 162 054 0544 236 0.000 | 25512 185 0.57 0.159 2.67 0.000
1 3515 444 039 0.000 191 0.000 | 42052 486 044 0.000 227 0.000 | 2568979 365 0.32 0.000 139 0.003 | 47180 343 030 0.001 127 0.024
% 2 1589 201 029 0680 082 0928 | 1897.0 219 035 0.005 106 0.333 | 195329.5 277 036 0.001 110 0220 | 36741 267 034 0028 1.00 0.507
5 3 1528 193 040 0210 066 099 | 1390.8 161 039 0330 0.64 0998 | 136641.2 194 039 0346 0.64 0998 | 27982 204 039 0483 0.62 0.999
4 1276 161 056 0272 255 0000 | 11673 135 055 0494 239 0.000 | 1160144 165 055 0434 242 0.000 | 25550 186 0.57 0.154 2.68 0.000




Table S9. ,,Winner” RILs within each environment for both populations examined.

Trait
Environment GPC WGC ™ MPT MTW MTI MPH
BK population
0S09 BK032 BK032 BKO012 BK042 BK131 BK059 BK037
0S10 BK032 BK032 BK037 BK042 BK041 BK040 BK040
OS11 BK007 BK007 BK012 BK131 BKO083 BK057 BK032
SB09 BK007 BK007 BKO012 BK124 BK032 BK059 BK059
SB10 BK034 BK024 BK048 BK042 BK017 BK039 BK039
MG population
0Ss09 MG124 MG124  MGO089  MG180  MGI169  MG002  MGI166
0s10 MG124 MG084 MGOl6  MGIll6  MGll6  MG104  MGO027
OS11 MG120 MG193  MGI155  MG150 MG035  MG031  MGO31
SB09 MG124 MG124 MG192 MGI188  MGO16  MGO035  MG096
SB10 MG124 MG084  MGI124 MGO16  MGO01  MGI08  MGI108
SB11 MG124 MG124 MG087 MGI142 MGI36 MGO09  MG009

10



