
 

 

 

 

 

 
 

 

 

Supplementary figure 1: Histograms of distributions of (a) complete panel, (b) European 

panel for AE, (c) complete panel, (d) European panel for DONcPHDH and (e) complete 

panel, (f) European panel for FHBcPHDH for all tested environments and across environment 

means. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary figure 2: Principal Component Analysis showing the correlations among the 

traits AE, DONcPHDH and FHBcPHDH in different tested environments and across 

environment means. 
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Supplementary figure 3: Chromosome locations of quantitative trait loci (QTL) for FHB 

resistance that were detected in one or more environments. The positions of marker loci in Mega 

base pairs (Mbp) are shown along the left side of the linkage groups. Markers are shown on the 

right of the linkage groups. The most consistently detected markers for each QTL region are 

highlighted in both italics and blue colour (Note: Only the significant markers of the 

respective QTL regions from the GWAS results were shown in the maps). 

AX-94739546
AX-111037615

2.0

BS00037002_513.0
Tdurum_contig97611_1509.0

BS00033795_51402.0
wsnp_Ku_c8394_14267750403.0
AX.95660329420.0
BS00078715_51424.0
BS00086046_51425.0
AX.94632750
wsnp_Ex_c18965_27868480
AX.95010988

429.0

AX-158587853430.0
wsnp_Ex_c1104_2118684431.0
AX.95143453432.0
Kukri_c38882_391434.0
Excalibur_c49239_97440.0
AX-158588008446.0
BS00062823_51447.0
AX-110030055448.0
AX-95194014449.0
TA003858-0637452.0
BS00063175_51480.0
BobWhite_c14915_156
AX.94974293

520.0

BS00074752_51
AX.94446095

531.0

Kukri_c6128_373
Kukri_rep_c104521_601

564.0

CAP7_c7415_267
GENE-4204_738

565.0

Ku_c3895_2991574.0
AX-158600352579.0
wsnp_Ex_c12433_19827016591.0
Kukri_rep_c95718_868597.0

6A.1

AX-94739546
AX-111037615

2.0

BS00037002_513.0

Kukri_c6128_373
Kukri_rep_c104521_601

564.0

CAP7_c7415_267
GENE-4204_738

565.0

Ku_c3895_2991574.0
AX-158600352579.0
wsnp_Ex_c12433_19827016591.0
Kukri_rep_c95718_868597.0
AX-158527190
RFL_Contig1490_386

605.0

D_GA8KES401DISTP_65
AX.94557166

608.0

Excalibur_c6258_692
Excalibur_rep_c67100_1541
IAAV5595
tplb0031m24_341
AX-158534493
Kukri_rep_c68091_971
AX.95140962
AX.94384372

609.0

AX.94736299611.0
BS00003723_51614.0

6A.2

AX.947044184.0
AX.949322425.0
wsnp_CAP11_c1355_76787713.0
AX-15852946520.0

AX.9501238099.0
AX.94789435107.0

AX-158559346591.0
AX.94416085
AX.94398320
AX.94541269

634.0

AX.94421041637.0
AX.94861181639.0
BobWhite_c33227_82641.0
wsnp_Ex_c1276_2445537642.0
AX-89561905644.0
AX.94650166646.0
Kukri_c3292_670651.0
AX.94736688653.0
BS00037462_51666.0
AX.95630051669.0
AX.95630592687.0
wsnp_Ex_c45713_51429315712.0

6B.1

AX.94648060
AX.95200397

2.0

AX.9443684016.0
Tdurum_contig15285_58819.0
AX.9498804520.0
AX-15859160825.0
AX-9446398254.0
AX-15855630280.0
wsnp_Ex_c24400_33645206
Kukri_rep_c101532_1046

85.0

RAC875_c48684_527103.0
RAC875_c1863_3196109.0
AX.94534717124.0
AX.95100889125.0
AX.94747953128.0
AX.95219347
AX.94551713
AX.95147674
AX.95217657
AX.94698211

129.0

AX.94488714130.0
wsnp_Ex_c10094_16590615252.0

7A.1

AX.94648060
AX.95200397

2.0

AX.9443684016.0

wsnp_Ex_c10094_16590615252.0
AX-111071437271.0

D_F5XZDLF01B7ECX_54521.0
AX.94627932540.0
wsnp_Ex_c9982_16429661575.0
AX.95629382581.0
AX-94411411586.0
AX-158559731626.0
AX.94387111640.0
RAC875_c27696_718
RAC875_c27696_798

645.0

AX.95097301671.0
AX-95250628
AX.95250628

691.0

wsnp_Ex_c22547_31738007695.0
AX-158625765697.0
BS00098483_51699.0
Kukri_c57593_79702.0
Kukri_c43981_300710.0
AX.94841408727.0

7A.2



 
(a) 

 

-
lo

g
1

0
(p

)

AE2013GV

0

2

4

6

8

-
lo

g
1

0
(p

)

AE2013V

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

AE2014S

0

2

4

6

8

-
lo

g
1

0
(p

)

AE2014V

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

AE2015S

0

2

4

6

8

-
lo

g
1

0
(p

)

AE2019V

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

AE2020T

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

AE2020V

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

AEmean

Chr 1D 2B 2D 3A 3B 3D 4B 5A 5B 5D 6B 7A 7B 7D UN

0

2

4

6

8

10



 

(b) 

 
 

 

 

 
 

-
lo

g
1

0
(p

)

FHBcPHDH2013V

0

2

4

6

8

-
lo

g
1

0
(p

)

FHBcPHDH2014V

0

2

4

6

8

10

-
lo

g
1

0
(p

)

FHBcPHDH2015S

0

2

4

6

8

-
lo

g
1

0
(p

)

FHBcPHDH2015V

0

1

2

3

4

5

6

-
lo

g
1
0
(p

)

FHBcPHDH2019M

0

2

4

6

8

-
lo

g
1

0
(p

)

FHBcPHDH2019V

0

2

4

6

8

-
lo

g
1

0
(p

)

FHBcPHAD2020T

0

2

4

6

8

-
lo

g
1

0
(p

)

FHBcPHDHmean

Chr 1B 1D 2A 2B 2D 3A 3B 3D 4A 4B 5A 5B 5D 6A 6B 7A 7B 7D UN

0

2

4

6

8



 

(c)

 
 

 

 

 

 

 

 

 

 

 

 

-
lo

g
1
0
(p

)

DONcPHDH2013V

0

2

4

6

8

10

12

-
lo

g
1

0
(p

)

DONcPHDH2014V

0

5

10

15

-
lo

g
1

0
(p

)

DONcPHDH2015S

0

2

4

6

8

10

-
lo

g
1

0
(p

)

DONcPHDH2015V

0

2

4

6

8

10

-
lo

g
1

0
(p

)

DONcPHDH2019M

0

2

4

6

8

10

-
lo

g
1

0
(p

)

DONcPHDH2019V

0

2

4

6

8

-
lo

g
1

0
(p

)

DONcPHDHmean

Chr 1B 1D 2A 2B 2D 3A 3B 3D 4A 4B 4D 5B 5D 6A 6B 6D 7A 7B 7D UN

0

1

2

3

4

5

6

7



 

(d) 

 

-
lo

g
1

0
(p

)

AE2013GV

0

2

4

6

8

10

-
lo

g
1

0
(p

)

AE2013V

0

2

4

6

8

-
lo

g
1

0
(p

)

AE2014S

0

2

4

6

8

10

12

-
lo

g
1

0
(p

)

AE2014V

0

2

4

6

8

-
lo

g
1

0
(p

)

AE2015S

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

AE2019V

0

1

2

3

4

5

-
lo

g
1

0
(p

)

AE2020T

0

1

2

3

4

5

-
lo

g
1

0
(p

)

AE2020V

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

AEmean

Chr 1B 1D 2A 2B 2D 3A 3B 3D 4A 4B 5A 5B 5D 6A 6B 7A 7B 7D UN

0

2

4

6

8



 

(e) 

 
 

 

 

 
 

-
lo

g
1

0
(p

)

FHBcPHDH2013V

0

1

2

3

4

5

-
lo

g
1

0
(p

)

FHBcPHDH2014V

0

1

2

3

4

5

-
lo

g
1

0
(p

)

FHBcPHDH2015S

0

2

4

6

8

10

-
lo

g
1

0
(p

)

FHBcPHDH2015V

0

1

2

3

4

5

-
lo

g
1
0
(p

)

FHBcPHDH2019M

0

1

2

3

4

5

-
lo

g
1

0
(p

)

FHBcPHDH2019V

0

1

2

3

4

5

6

7

-
lo

g
1

0
(p

)

FHBcPHAD2020T

0

1

2

3

4

5

-
lo

g
1

0
(p

)

FHBcPHDHmean

Chr 1B 1D 2A 2B 2D 3A 3B 3D 4A 4B 4D 5B 5D 6A 6B 6D 7A 7B 7D UN

0

1

2

3

4

5
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Supplementary figure 4: Manhattan plots of traits AE (a and d), FHBcPHDH (b and e), and 

DONcPHDH (c and f) in complete panel and European panel respectively for 35K, red line 

represents significant threshold (-log10p = 3.0) and blue dotted line is FDR @ 0.05% based on 

across environment means. Suffix to the trait names indicate the names of experimental 

locations: “GV” for “GreenhouseVollebekk”, “M” for “Morden”, “S” for Staur, “T” for Tulln, 

and “V” for Vollebekk.
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Supplementary figure 5: Manhattan plots of traits AE (a and d), FHBcPHDH (b and e), and 

DONcPHDH (c and f) in complete panel and European panel respectively for 25K, red line 

represents significant threshold (-log10p = 3.0) and blue dotted line is FDR @ 0.05% based 

on across environment means. Suffix to the trait names indicate the names of experimental 

locations: “GV” for “GreenhouseVollebekk”, “M” for “Morden”, “S” for Staur, “T” for Tulln, 

and “V” for Vollebekk.
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Supplementary figure 6: QQ-plots of traits AE (a and d), FHBcPHDH (b and e), and DONcPHDH (c and f) in complete panel and 

European panel respectively for 35K, red line represents significant threshold (-log10p = 3.0) and blue dotted line is FDR @ 0.05% based on 

across environment means. Suffix to the trait names indicate the names of experimental locations: “GV” for “GreenhouseVollebekk”, “M” 

for “Morden”, “S” for Staur, “T” for Tulln, and “V” for Vollebekk.
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Supplementary figure 7: QQ-plots of traits AE (a and d), FHBcPHDH (b and e), and DONcPHDH (c and f) in complete panel and 

European panel respectively for 35K, red line represents significant threshold (-log10p = 3.0) and blue dotted line is FDR @ 0.05% based on 

across environment means. Suffix to the trait names indicate the names of experimental locations: “GV” for “GreenhouseVollebekk”, “M” 

for “Morden”, “S” for Staur, “T” for Tulln, and “V” for Vollebekk.
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Supplementary figure 8: Boxplot showing the haplotype effect of QTL Qfhb.nmbu.1A.1 on 

chromosome 1A based on the a) mean AE, b) mean corrected DON content, c) mean 

corrected FHB disease severity of complete panel, and d) mean AE, e) mean corrected DON 

content, f) mean corrected FHB disease severity of European panel. Wilcoxon method is used 

for pair-wise comparisons (***P < 0.0001, **P < 0.001, *P < 0.05, ns > 0.05). Comparisons 

with ns are not shown in this figure. 

 

 
Supplementary figure 9: Boxplot showing the haplotype effect of QTL Qfhb.nmbu.3A.1 on 

chromosome 3A based on the a) mean AE, b) mean corrected DON content, c) mean 

corrected FHB disease severity of complete panel, and d) mean AE, e) mean corrected DON 

content, f) mean corrected FHB disease severity of European panel. Wilcoxon method is used 

for pair-wise comparisons (***P < 0.0001, **P < 0.001, *P < 0.05, ns > 0.05). Comparisons 

with ns are not shown in this figure. 
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Supplementary figure 10: Boxplot showing the haplotype effect of QTL Qfhb.nmbu.4B.1 on 

chromosome 4B based on the a) mean AE, b) mean corrected DON content, c) mean 

corrected FHB disease severity of complete panel, and d) mean AE, e) mean corrected DON 

content, f) mean corrected FHB disease severity of European panel. Wilcoxon method is used 

for pair-wise comparisons (***P < 0.0001, **P < 0.001, *P < 0.05, ns > 0.05). Comparisons 

with ns are not shown in this figure. 

 
 

Supplementary figure 11: Boxplot showing the haplotype effect of QTL Qfhb.nmbu.5A.1 on 

chromosome 5A based on the a) mean AE, b) mean corrected DON content, c) mean 

corrected FHB disease severity of complete panel, and d) mean AE, e) mean corrected DON 

content, f) mean corrected FHB disease severity of European panel. Wilcoxon method is used 

for pair-wise comparisons (***P < 0.0001, **P < 0.001, *P < 0.05, ns > 0.05). Comparisons 

with ns are not shown in this figure. 
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Supplementary figure 12: Boxplot showing the haplotype effect of QTL Qfhb.nmbu.6A.1 on 

chromosome 6A based on the a) mean AE, b) mean corrected DON content, c) mean 

corrected FHB disease severity of complete panel, and d) mean AE, e) mean corrected DON 

content, f) mean corrected FHB disease severity of European panel. Wilcoxon method is used 

for pair-wise comparisons (***P < 0.0001, **P < 0.001, *P < 0.05, ns > 0.05). Comparisons 

with ns are not shown in this figure. 

 

 

 
 

Supplementary figure 13: Boxplot showing the haplotype effect of QTL Qfhb.nmbu.7A.2 on 

chromosome 7A with KASP markers based on the a) mean AE, b) mean corrected DON 

content, c) mean corrected FHB disease severity of complete panel, and d) mean AE, e) mean 

corrected DON content, f) mean corrected FHB disease severity of European panel. Wilcoxon 

method is used for pair-wise comparisons (***P < 0.0001, **P < 0.001, *P < 0.05, ns > 0.05). 

Comparisons with ns are not shown in this figure. 
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Supplementary figure 14: Cluster plots for the three KASP markers used for genotyping the NMBU spring wheat panel: a) BS00098483_51, 

b) AX-95248570, and c) Kukri_c57593_79.  Genotype calls for allele one (FAM) and two (HEX) are indicated in blue and red, respectively. 

Heterozygous scores are shown in pink and negative controls in black. The source of the resistant allele of Qfhb.nmbu.7A.2, Ning8343, for is 

shown in green.  


