
Marker 
Name 

gdm0033b 

gwm0905 

barc0263 
wmc0336a 

wmc0024 
gwm3094 
gwm1097 

gwm0691 
gwm0752 
gwm3085 
barc0148 

wmc0278 
cfd0059a 
wmc0611 
gwm0164 
gwm1148 
gwm0791 
gwm4007 
gwm4699a 
gwm4049    
gwm0778 
gwm0357 
gwm0135 
wmc0312 
gwm0633 

barc0213 

barc0017 
barc0158 
gwm0750 

Dist Marker 
cM Name 

wmc0147 
5.2 

gdm0033a 
10.4 

gwm4705 
6.1 

wmc0432 0.2 
cfd0015 0.8 
wmc0336b 5.5 
gwm1640 9.3 
barc0152 6.7 
gwm0106 

5.5 
cfd0092 

11.5 

gwm0337 3.1 
gwm1291 

7.5 
cfd0059c 0.0 
cfd0072 3.5 
barc0099 4.7 
gwm0848 5.6 
gwm0458b 1.1 
gwm0458a 1.9 
gwm4780 4.3 
cfd0065b 0.0 
wmc0429 8.6 
barc0169 3.8 
cfd0019a 14.2 
gwm4857a 

8.9 
gwm0642 2.1 
gwm4795 1.9 
wmc0732 3.9 
gwm0820 

15.9 

gwm1012 2.2 
gwm0695 5.1 
gdm0126a 

9.6 
gwm3036 

9.1 
gwm4853 1.6 
gwm4442 3.2 
gwm0957 3.1 
cfa2147c 6.3 
cfd0282 2.3 
gdm0111 1.6 
gwm4695 12.0 
gwm0793 1.3 
barc0062 

Dist Marker 
cM Name 

gwm1130 
7.7 

gwm1078 
7.5 

gwm3035 
6.5 

gwm4435 
8.3 

gwm0018 3.9 
barc0137 2.2 
barc0240 2.5 
gwm0498 2.2 
gwm0762 2.1 
cfd0059b 0.4 
gwm0413 0.4 
wmc0626 0.4 
gwm0926 0.4 
gwm1369 3.5 
wmc0500b 5.4 
cfd0065a 3.9 
wmc0694 1.2 
gwm4106 4.9 
barc0174 13.0 
barc0061 19.8 
gwm1521 7.1 
gwm0806 

11.1 

barc0081 
5.5 

gwm4096 4.8 
gdm0126b 

6.6 
gwm0124 0.0 
gwm0268 1.1 
wmc0631a 12.2 
cfa2147a 

5.4 
cfa2147b 

8.1 
wmc0044 

13.4 

gwm0818 4.2 
gwm3166 0.0 
gwm0659 0.8 
gwm1364 3.6 
wmc0728 2.4 
barc0080 
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7.5 
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0.0 
1.6 
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0.5 
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2.4 
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33.0 
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Fig S1: Chromosomal location of marker-trait 
associations. 
Resistance decreasing effect, single environment, -log10(p)-value > 3.0 
Resistance decreasing effect, single environment, -log10(p)-value > 4.82 
Resistance decreasing effect, BLUEs-value, -log10(p)-value > 3.0 
Resistance decreasing effect, BLUEs-value, -log10(p)-value > 4.82 
 
Resistance increasing effect, single environment, -log10(p)-value > 3.0 
Resistance increasing effect, single environment, -log10(p)-value > 4.82 
Resistance increasing effect, BLUEs-value, -log10(p)-value > 3.0 
Resistance increasing effect, BLUEs-value, -log10(p)-value > 4.82 



Dist Marker 
cM Name 

2A 
Dist Marker 
cM Name 

2D 

gwm1053 
9.7 

cfd0036b 
5.7 

gwm0830 
5.6 

barc0124a 1.8 
barc0212 2.8 
wmc0382a 4.3 
wmc0407 3.7 
gwm4739b 3.6 
gwm0636 6.1 
gwm0512 9.1 
gwm0359 

16.7 

wmc0177 

19.2 

wmc0522 
7.7 

gwm1115 
5.1 

gwm4601 0.0 
gwm4276 1.6 
gwm0275 0.0 
gwm0425 0.9 
gwm0122 0.1 
gwm0095 5.9 
gwm1045 1.9 
gwm0895 0.8 
gwm1578 0.8 
gwm4620 1.6 
gwm0558 7.3 
gwm0372a 14.0 
gwm0047c 2.3 
gwm0445 4.7 
gwm0047b 6.8 
gwm0312 3.0 
gwm0761 2.2 
gwm0294 3.9 
cfd0006a 7.7 
wmc0794 20.0 
gwm1256 

11.0 

gwm4166 
8.3 

gwm1151 1.6 
gwm0739b 3.9 
barc0122c 0.7 
barc0109b 1.5 
gwm0265 24.5 

wmc0181a 

Dist Marker 
cM Name 

2B 

wmc0154 
4.8 

wmc0257 3.4 
gwm4142 

7.8 
gwm1128 

9.7 
barc0200 

5.0 
gwm1750 

5.1 
gwm0429 4.2 
gwm4167 

10.4 

gwm0410b 2.6 
gwm0148 6.8 
barc0013 

11.2 

gwm0374 0.0 
gwm0972 1.6 
gwm4249b 2.2 
wmc0344 2.5 
wmc0592 1.2 
gwm4338 1.3 
barc0018 0.6 
barc0160 1.8 
barc0091 3.0 
barc0167 2.7 
cfa2278 5.7 
gwm0129a 11.2 
gwm0388 5.0 
gwm0120 6.9 
gwm1249 1.0 
cfd0073a 0.0 
gwm4837b 3.0 
gwm0501 3.4 
gwm0047a 10.4 
wmc0175a 17.4 
gwm4122 5.9 
wmc0332 8.7 
gwm1501 

21.5 

gwm1691 2.3 
gwm1730 5.4 
wmc0361 0.8 
gwm1399 1.5 
wmc0317 0.7 
gwm0619 1.5 
gwm3038 1.8 
gwm1027 0.0 
gwm1325 2.7 
gwm4110 7.2 
gwm4685a 4.8 
gwm4828b 6.5 
gwm0739a 2.8 
gwm1273 

barc0124b 
5.2 

gwm4826 
9.1 

gwm4775 3.5 
wmc0111 0.8 
cfd0051 1.6 
cfd0056 0.0 
cfd0065c 3.7 
cfd0036c 4.2 
gwm0455 4.0 
gwm4739a 1.9 
gwm4815 0.8 
gwm1418 3.4 
gwm0261 5.7 
wmc0503 0.7 
wmc0025 2.5 
wmc0112 21.1 
barc0168 6.6 
cfd0043 4.3 
gwm0102 5.4 
gwm0988 5.9 
gwm4038 2.7 
gwm1628 0.0 
cfd0116 0.0 
gdm0019 1.5 
barc0145 2.1 
gwm4575 0.0 
gwm4075 1.6 
gwm4283 2.2 
wmc0018 5.5 
gwm0823 6.4 
gwm4759 5.7 
gwm1419 1.5 
gwm0157 2.1 
cfd0002a 0.0 
cfd0010a 9.3 
wmc0175b 4.5 
gwm0539 1.9 
gwm3025 2.7 
gwm1204 3.2 
gwm4837a 3.9 
cfd0073b 2.2 
cfd0233 3.8 
gwm3026 7.1 
cfd0168 1.6 
gwm1264 3.6 
wmc0181b 3.7 
wmc0041 23.2 
gwm0349 4.5 
barc0159 3.8 
wmc0167 0.0 
barc0219 4.4 
gwm0320 6.5 
gwm4691 1.2 
gwm4828a 0.0 
gwm4685b 2.2 
gwm1235 1.1 
cfd0239 
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3A 
Dist Marker 
cM Name 

3D 
Dist Marker 
cM Name 

3B 

gwm0389 
8.7 

gwm4017a 

12.5 

barc0075 
6.3 

barc0133 0.6 
barc0147 6.8 
gwm0493 3.3 
barc0092 1.6 
barc0087a 

20.2 

wmc0500c 
7.5 

wmc0808 
6.5 

gwm4145 2.9 
gwm1610 

7.8 
gwm4804b 4.2 
gwm0566 1.5 
gwm1616 0.0 
gwm0284 0.7 
gwm3087 1.8 
gwm0845 2.2 
wmc0777 0.0 
wmc0675 1.2 
cfd0006b 3.5 
wmc0612 5.3 
gwm0077 3.0 
gwm0685 0.7 
gwm0285 0.7 
gwm0376 2.2 
wmc0693 0.0 
wmc0751 0.0 
wmc0615 0.0 
wmc0366 1.5 
wmc0643 12.1 
barc0164 3.8 
gwm0802 3.1 
gwm3144 3.1 
gwm1015 3.7 
gwm4155 11.2 
gwm1005 18.3 
wmc0471a 7.5 
gwm0938 9.1 
wmc0291 26.8 

gwm0980 1.9 
gwm0705 4.2 
barc0084 

10.9 

barc0077 
9.6 

gwm1564 
7.4 

gwm1266 1.6 
gwm0655 4.1 
gwm0299 

14.7 

wmc0632 
4.3 

gwm0340 

17.3 

gwm0247 

gwm4840 
4.4 gwm4017b 
0.0 

gwm4679 
2.2 

wmc0011b 
1.0 

cfd0035 0.0 
cfd0036a 

4.3 
cfd0055 

0.0 
cfd0141 

2.6 gwm0161 
4.9 

barc0321b 
13.0 

gwm1243 
7.9 

gwm4057 16.8 

cfd0002b 1.2 
cfd0010b 3.7 
wmc0529 0.7 
gdm0072 2.7 
wmc0533 1.8 
gwm4804a 1.3 
gwm0892 3.3 
gdm0008 2.2 
gwm0052 0.1 
gwm0456 2.1 
gdm0128 0.8 
gwm1449 2.7 
gwm0795 7.7 
gwm1463 13.8 
gwm1305 4.4 
gwm4800 4.7 
cfd0201 5.9 
gwm1572 1.8 
gwm0664 5.0 
gwm4680 3.5 
cfd0152 1.9 
gwm1160 0.0 
gwm0977 2.4 
gwm0383 6.9 
gwm0707 0.6 
gwm0314 4.3 
gwm4102 3.4 
cfd0223 0.0 
cfd0232 5.7 
gwm4306 9.4 
wmc0552 2.8 
gwm0003b 2.6 
gwm0003a 7.8 
wmc631b 5.6 
gwm4113 17.0 
gwm4708 1.2 
gwm4677 1.4 
gwm0858 4.5 
gwm0973 3.7 
gwm1088 7.1 
barc0284 

gwm4024 
6.9 

gwm4017c 
5.3 

gwm0757 0.0 
barc0294 0.5 
barc0321a 2.3 
barc0057 3.7 
barc0012 2.6 
wmc0011a 7.5 
wmc0532 3.9 
gwm0369 10.0 
gwm3092 

17.6 

gwm1507 2.7 
barc0045 4.8 
gwm4018 

7.1 
gwm0005 2.5 
gwm1620 2.2 
gwm3044 5.9 
gwm0032 3.2 
gwm0674 2.7 
barc0067 0.0 
gwm0720 6.7 
gwm4012 2.2 
gwm1159 0.0 
gwm1063 3.5 
gwm1042 4.7 
gwm0638 16.1 
barc0197a 1.5 
gwm4013 4.9 
wmc0264 

23.8 

cfa2193 
6.9 

wmc0559 2.4 
cfd0002d 3.2 
gwm0155 0.0 
gwm1217 2.0 
gwm4187b 5.3 
barc0314 8.5 
cfa2076 3.8 
wmc0594 2.0 
gwm0480a 10.9 
gwm1757 

9.7 
gwm1229 3.4 
gwm0391 



Dist Marker 
cM Name 

4A 
Dist Marker 
cM Name 

4D 
Dist Marker 
cM Name 

4B 
c 

barc0206 

18.0 

gwm1093 
5.0 

gwm0165a 3.3 
cfd0071a 4.1 
gwm1531 2.6 
gwm0929 2.2 
barc0106 0.0 
gwm1516 0.6 
barc0138 4.0 
gwm4026 1.3 
gwm4445 6.4 
gwm0731 7.4 
cfa2256 0.0 
wmc0096a 3.4 
wmc0420 0.0 
wmc0491a 5.7 
gwm0610 2.3 
gwm1680 3.0 
wmc0617 8.0 
gwm4135 15.7 
gwm0937 8.1 
barc0170 

21.1 

wmc0707 

12.2 

wmc0161a 
7.1 

gwm1081 
9.5 

barc0343 

10.9 

gwm3039 1.6 
wmc0283a 1.6 
wmc0262 3.8 
gwm1251 1.2 
gwm0959 13.0 
wmc0500d 3.3 
gwm0160 1.7 
gwm0742 0.0 
gwm1694 3.2 
gwm0832 13.5 
barc0078 

19.2 

wmc0722 

barc0193 
5.9 

gwm1278 
11.0 

gwm0888 0.9 
gwm3072 1.9 
gwm0898 2.1 
gwm0891 2.8 
gwm0910 3.8 
gwm0857 0.0 
wmc0491b 2.9 
gwm4076 0.0 
gwm4264b 0.5 
gwm4465 1.6 
gwm4082 1.2 
gwm4450 7.4 
gwm0513 2.6 
gwm0495 4.4 
gwm0165c 4.8 
gwm0149 1.9 
gwm4660 3.7 
gwm4636 5.2 
gwm0251 8.3 
barc0109c 8.1 
barc0163 2.5 
barc0060 3.3 
gwm0930 7.2 
gwm0538 3.1 
wmc0047 9.0 
wmc0125 

wmc0285 

24.2 

wmc0720 3.0 
barc0288 3.6 
barc0098 2.3 
wmc0473a 1.5 
gwm0819 0.7 
gdm129 0.9 
wmc0052 0.0 
cfd0106 5.1 
gwm4346 2.5 
gwm4464 1.7 
gwm4670 0.5 
gwm4555 3.0 
gwm0165b 7.0 
cfd0071b 2.6 
wmc0457 3.8 
gwm1706 3.5 
gdm0061 10.7 
gwm1302 1.7 
gwm3156 0.0 
gwm0976 1.7 
wmc0331 9.5 
wmc0399 11.1 
gwm4001 17.1 
cfd0084 10.4 
gwm0194 5.0 
gwm1163 4.8 
wmc0825 2.3 
gwm4083 



Dist Marker 
cM Name 

5A 
Dist Marker 
cM Name 

5D 
Dist Marker 
cM Name 

5B 
c 

barc0316 0.9 
gwm0205a 10.2 
barc0186 1.4 
barc0303 5.7 
gwm4043 5.2 
gwm4136 5.3 
wmc0805a 3.3 
wmc0752 0.0 
wmc0705 0.0 
cfa2250 8.2 
gwm0304 5.0 
gwm0415 0.9 
gwm0129b 4.1 
barc0117 6.9 
barc0180 

29.8 

barc0004 1.0 
barc0100 10.3 

gwm0156 3.5 
gwm0186 2.5 
barc0141 5.8 
gwm1236 

10.0 
cfd0002e 1.0 
wmc0415a 4.2 
barc0330 3.6 
barc0197b 7.5 
barc0151 

12.9 

gwm1342 

13.9 

cfa2163 3.4 
cfa2141a 2.2 
cfa2155 5.5 
wmc0096b 

31.6 

gwm0126 0.8 
gwm0179 

11.9 

wmc0727 
9.4 

gwm0995 3.1 
gwm0291 3.3 
gwm0410a 

cfd0020a 1.4 
gwm0234 

20.1 

gwm1284 3.6 
gwm0540 2.6 
wmc0616 0.0 
wmc0376 4.5 
gwm0544 5.1 
gwm0159 4.9 
gwm4141 5.0 
gwm0067b 1.6 
gwm0067a 3.9 
wmc0363 0.7 
barc0109d 0.7 
wmc0073 4.0 
gwm1180 0.9 
gwm3088 0.0 
gwm0810 1.6 
gwm0843 3.3 
gwm0213 0.0 
gwm0335 2.1 
gwm1108 0.1 
gwm1165 6.5 
barc0109a 8.8 
gwm0831 0.9 
gwm0499 12.7 
wmc0537 2.5 
wmc0415b 5.9 
gwm0554 3.2 
gwm1043 1.6 
gwm1475 6.6 
gwm0777 17.4 
wmc0075 5.7 
gwm0408 10.5 
wmc0508 2.3 
cfd0086a 7.7 
wmc0160 2.6 
barc0232 5.5 
barc0140 2.7 
wmc0500e 23.4 

barc0059 3.3 
gwm1016 4.8 
gwm4209 

13.1 

gwm1257 
6.0 

wmc0783 

barc0130 
7.5 

cfd0018 4.0 
wmc0233 2.2 
gwm1252 5.7 
gwm0190 

9.3 
gwm0205b 4.5 cfd0189 

10.4 

barc0143 
5.8 

cfd0067 
5.6 

gdm0003 
6.4 

gwm1554 1.7 
gwm1527 0.0 
gwm3152 3.9 
gwm4752 9.6 
gwm0960 3.1 
wmc0805b 2.6 
cfd0040 3.8 
cfd0081 8.2 
gwm4811b 

16.5 

barc0044 

18.2 

wmc0799 

13.0 

gwm0583 0.7 
gwm0700 4.6 
cfd0008 6.7 
barc0286 5.3 
cfd0057 2.1 
gwm0174 2.1 
cfd0026 3.8 
gwm0182 7.6 
gwm1462 

21.1 

gwm0212 0.0 
gwm0292 3.3 
cfd0029 1.3 
wmc0215 15.0 

cfd0019b 1.3 
cfd0183 2.2 
cfa2141b 7.4 
barc0322 

19.8 

gwm4605 
6.7 

wmc0357 4.6 
gwm0931 

7.9 
gdm0063 3.1 
cfd0086b 

7.4 
barc0110 

6.2 
cfd0010c 

5.4 
gwm4822 

13.8 

wmc0161b 4.7 
barc0177 1.7 
wmc0765 1.6 
wmc0096c 6.7 
barc0144 1.9 
gwm1454 3.5 
gwm0272 



Dist Marker 
cM Name 

6A 
Dist Marker 
cM Name 

6D 
Dist Marker 
cM Name 

6B 
c 

gwm0719a 3.6 
gwm1573 1.2 
gwm0334a 

16.5 

gwm4833 

28.6 

gwm4084 

17.6 

wmc0672 1.3 
barc0195 3.5 
gwm1293 2.0 
gwm4608 5.5 
gwm4101 1.9 
gwm4443 3.3 
wmc0807 4.2 
wmc0256 4.2 
barc0107 10.8 
wmc0553 3.5 
barc0240a 7.9 
gwm0570 

33.2 

gwm1089 2.0 
gwm0427 4.3 
wmc0580 7.8 
wmc0417a 3.9 
gwm0169 

16.3 

gwm1017 

gwm4047 4.2 
wmc0486 

18.0 

cfd0013a 
9.5 

gwm0518 2.6 
gwm0825 5.1 
wmc0494 6.3 
gwm0680 1.6 
gwm0193 1.9 
gwm0816 0.0 
gwm0070 1.5 
gwm0785 1.0 
wmc0397 0.0 
wmc0756 4.7 
wmc0737 4.5 
gwm1199 9.6 
barc0354 3.5 
barc0079 0.9 
gwm0626 10.7 
barc0024 10.2 
gwm0889 7.6 
gwm0219 3.0 
wmc0417b 

14.7 

barc0134 
5.0 

gwm1486 

gwm1391 

36.4 

cfd0049 

13.0 

cfd0075 3.9 
barc0173 1.0 
gdm0132 2.3 
gwm1392 9.0 
gwm0469 7.3 
cfd0013b 

8.6 
cfd0132 

7.8 
gwm1518 

18.3 

gwm4702 2.4 
gdm0127 8.5 
barc0054 

12.4 

cfd0019c 3.5 
barc0196 4.1 
gwm1241 2.9 
gwm0325 1.9 
gwm1268 2.4 
gwm1166 0.0 
gwm0774 1.5 
gwm4787 0.0 
gwm4264a 4.6 
cfd0188 3.2 
barc0123 1.3 
barc0202 8.2 
barc0273 8.5 
barc0175 21.0 
barc0204 

14.2 

gwm1401 

13.8 

gwm1749 
5.0 

gdm0098 
4.3 

gwm0732 0.0 
gwm1103 

11.4 
cfd0005 
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cM Name 

7A 
Dist Marker 
cM Name 

7D 
Dist Marker 
cM Name 

7B 
c 

wmc0479 
10.0 

gwm0471 3.4 
gwm0681 2.5 
gwm0735a 8.6 
gwm0834 4.7 
wmc0168 

11.9 

gwm3064 2.6 
cfa2049 

12.2 

gwm0060 
5.2 

barc0127 4.0 
wmc0283b 

7.3 
cfa2028 

17.0 

barc0222 
7.0 

wmc0083 4.0 
gwm4646 

12.0 

gwm4126 3.3 
gwm1065 1.8 
cfd0006c 4.4 
gwm1532 3.2 
gwm1645 0.1 
gwm0913 0.0 
gwm0890 2.2 
barc0108 3.6 
gwm1303 0.0 
gwm1083 0.0 
gwm0631 0.0 
wmc0603 0.0 
wmc0596 0.0 
wmc0422 4.4 
gwm4857b 7.7 
wmc0488 8.8 
gwm0748 1.8 
wmc0607 2.6 
barc0049 7.2 
gwm0276 36.1 
gwm1061 0.8 
gwm1066 1.0 
cfa2257 0.0 
cfd0020b 2.2 
gwm4426b 22.8 

gwm0332 3.4 
gwm1207 

11.5 

gwm0942 
8.9 

wmc0525 

gwm0537 3.4 
gwm0400 2.6 
wmc0076 

18.2 

gwm1184 
7.5 

barc0255 1.5 
barc0072 0.9 
gwm0046 1.8 
barc0267 3.4 
wmc0471b 0.0 
wmc0364 0.0 
wmc0662 3.8 
gwm0043 0.0 
gwm0297 5.1 
gwm0333 2.6 
gwm0897 3.2 
gwm0983 0.0 
gwm0808 1.4 
wmc0396 4.7 
barc0176 5.3 
barc0278 14.1 
gwm4059 14.8 
gwm4249a 6.7 
wmc0517 5.7 
gwm0767 

32.2 

gwm1144 

21.3 

gwm0783 3.9 
gwm0577 4.7 
gwm3132 2.5 
barc0340 4.7 
barc0182 1.4 
wmc0276 

gwm0735b 2.1 
gwm3100 4.1 
wmc0506 5.4 
barc0184 2.6 
gwm1123 4.4 
gwm1055 10.3 
gwm1650 

5.7 
barc0153 

5.5 
gwm4429 3.0 
gwm1619 2.6 
gdm0130 6.3 
gwm0885 2.2 
cfd0066 10.3 

wmc0463 1.7 
gwm4187a 

12.6 

barc0087b 3.8 
gwm1672 

14.6 

gwm4335 2.3 
gwm3062 0.7 
gwm1359 7.4 
barc0126 5.2 
gwm1397 0.9 
gwm4699b 2.0 
gwm0044 14.4 

gwm1587 1.8 
gwm0676 9.3 
barc0026 

6.7 
gwm4811a 1.5 
gwm3153 0.0 
gwm1565 0.0 
gwm1044 0.0 
gwm1571 1.5 
gwm0437a 0.0 
gwm0437b 0.7 
wmc0473b 0.7 
gwm0780 0.9 
gwm1154 3.1 
gwm1242 9.9 
barc0172 7.8 
gdm0046 6.6 
gwm1168 3.8 
gwm0121 11.3 
barc0111 3.9 
gwm1335 1.0 
gwm1276 2.5 
wmc0671 9.7 
barc0235 15.4 
gwm0428a 1.0 
gwm0428b 2.2 
gwm1102 7.0 
wmc0824 6.0 
barc0053 13.6 
wmc0634 2.2 
cfd0069 4.1 
barc0076 

9.9 
wmc0014 1.8 
cfd0175 2.9 
gwm4526a 
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