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Figure S2. The correlation between observed and imputed genotypes as a function of the minor allele frequency in canola lines. Figure produced in R3.6.
Figure S3a. Manhattan plot based on Whole-genome sequence variants dataset for emergence count (a), survival rate (b) and average internal infection (c) at Wickliffe site. Figure produced in R3.6 using CMplot function (https://github.com/YinLiLin/R-CMplot).
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Figure S1. Correlation of BLUEs between traits and their distribution across field trials. EME = emergence count, surv = survival rate, Avint = Average internal infection, WL = Wickliffe, GL = Green Lake, MI = Mininera, HrI16 = Horsham irrigated 2016, HrI17 = Horsham irrigated 2017, Hr17 = Horsham rain-fed 
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Figure S2. The correlation between observed and imputed genotypes as a function of the minor allele frequency in canola lines. 
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[bookmark: _Toc522132452]Figure S3a. Manhattan plot based on Whole-genome sequence variants dataset for emergence count (a), survival rate (b) and average internal infection (c) at Wickliffe site.
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Figure S3b. Manhattan plot based on Whole-genome sequence variants dataset for emergence count (a), survival rate (b) and average internal infection (c) at Green Lake site.
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[bookmark: _Toc522132454]Figure S4a. Manhattan plot based on GBS dataset for emergence count (a), survival rate (b) and average internal infection (c) at Wickliffe site.
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[bookmark: _Toc522132455]Figure S4b. Manhattan plot based on GBS dataset for emergence count (a), survival rate (b) and average internal infection (c) at Green Lake site.
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Figure S5. Manhattan plot based on whole genome sequence variants dataset for emergence count (a), survival rate (b) and average internal infection (c) for combined sites.
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Figure S6.  The quantile-quantile plot in column representing Manhattan plots results in Figure 2, S3a, S3b, S4a, and S4b
[bookmark: _Toc522132491]Table S1a. Imputation scenarios between sub-populations (spring and winter lines) using as reference (Ref) and validation (Val) sets based on 6 million whole-genome sequence variants

	Scenario
	FImpute
	Eagle + Minimac3

	Val.
	Ref.
	Accuracy
	Correlation
	Accuracy
	Correlation

	spring 
	spring + winter
	0.802
	0.68
	0.84
	0.78

	winter 
	winter + spring
	0.809
	0.67
	0.82
	0.71

	spring 
	spring
	0.869
	0.71
	0.84
	0.78

	winter
	winter
	0.785
	0.65
	0.81
	0.73






Table S1b. Number of SNPs retained at several Minimac Rsqr thresholds across imputation pipelines.  Beagle + Eagle + Minimac as chosen to impute whole-genome sequence for GWAS.

	Thresholds
	Beagle + Eagle + Minimac
	Eagle + Minimac
	Beagle + Minimac

	Rsqr Threshold
	No. of SNPs retained
	No. of SNPs retained
	No. of SNPs retained

	Initial 
	6,683,199
	6,683,199
	6,683,199

	>=0.1
	1,234,708
	1,042,276
	1,164,415

	>0.2
	888,710
	710,905
	833,220

	>0.3
	671,663
	510,795
	625,824

	>0.4
	508,235
	368,229
	472,210

	>0.5
	377,646
	259,517
	348,961



Table S2. Significant lead SNPs (at  ) detected in a meta-analysis for blackleg traits as a discovery set and single-trait GWAS for internal infection as a validated set tested under rain-fed and irrigated conditions 
	Location in Validation 
	Traits
	Number of SNPs in the Discovery set 
at P < 1 x 10-5
	No. of significant SNPs in the validation set    (


	
	
	
	p<10-2
	p<10-3
	p<10-4
	p<10-5

	Mininera 2016
	Average internal infection
	674
	670
	130
	32
	7

	
	FDR(%)
	
	1.01
	0.52
	0.21
	0.01

	Horsham irrigated 2016 
	Average internal infection
	674
	620
	164
	24
	5

	
	FDR(%)
	
	1.08
	0.41
	0.28
	0.13

	Horsham rain-fed 2017
	Average internal infection
	674
	613
	113
	18
	6

	
	FDR(%)
	
	1.10
	0.60
	0.37
	0.11

	Horsham -irrigated 2017
	Average internal infection
	674
	578
	98
	15
	2

	
	FDR(%)
	
	1.17
	0.69
	0.45
	0.34



[bookmark: _Toc522132492]Table S3. Single traits in Discovery vs single trait in validation (2016 - 2017)

	Location in Validation 
	Traits/sites
	Number of SNPs in the Discovery set 
at P < 1 x 10-5
	No. of significant SNPs in the validation set (

	
	
	
	p<10-2
	p<10-3
	p<10-4
	p<10-5

	
	Wickliffe site 2015
	
	
	
	
	

	Mininera 2016
	Average internal infection
	287
	98
	16
	3
	1

	
	FDR (%)
	
	2.93
	1.79
	0.96
	0.29

	
	Emergence score 
	269
	269
	235
	7
	1

	
	FDR(%)
	
	2.51
	0.29
	0.96
	0.67

	Horsham irrigated 2016
	Average internal infection
	287
	56
	51
	6
	1

	
	FDR(%)
	
	5.13
	0.56
	0.48
	0.29

	
	Emergence score 
	269
	269
	218
	6
	2

	
	FDR(%)
	
	2.51
	0.31
	1.12
	0.17

	Horsham rain-fed 2017

	Average internal infection
	287
	54
	15
	4
	1

	 
	FDR(%)
	
	5.315
	1.913
	0.718
	0.287

	
	Emergence score 
	269
	208
	36
	17
	3

	
	FDR(%)
	
	3.24
	1.87
	0.40
	0.22

	Horsham –irrigated 2017
	Average internal infection
	287
	69
	19
	7
	3

	
	FDR(%)
	
	4.159
	1.511
	0.410
	0.096

	
	Emergence score 
	269
	239
	107
	11
	3

	
	FDR(%)
	
	2.82
	0.63
	0.61
	0.22

	
	Green Lake site 2015
	
	
	
	

	Mininera 2016
	Average internal infection
	68
	36
	11
	2
	1

	
	FDR(%)
	
	1.889
	0.618
	0.340
	0.07

	
	Emergence score 
	20
	13
	9
	1
	-

	
	FDR(%)
	
	0.14
	0.03
	0.02
	-

	Horsham irrigated 2016
	Average internal infection
	68
	27
	14
	2
	1

	
	FDR(%)
	
	2.52
	0.49
	0.68
	0.07

	
	Emergence score 
	20
	10
	7
	1
	1

	
	FDR(%)
	
	0.20
	0.03
	0.02
	0.001

	Horsham rain-fed 2017
	Average internal infection
	68
	14
	7
	2
	1

	
	FDR(%)
	
	4.86
	0.97
	0.34
	0.07

	
	Emergence score 
	20
	14
	10
	2
	1

	
	FDR(%)
	
	0.14
	0.02
	0.01
	0.001

	Horsham irrigated 2017
	Average internal infection
	68
	12
	8
	3
	1

	
	FDR(%)
	
	5.667
	0.85
	0.223
	0.07

	
	Emergence score 
	20
	10
	8
	2
	1

	
	FDR(%)
	
	0.14
	0.03
	0.01
	0.001



[bookmark: _Toc522132493]

Table S4. Significant lead SNPs (at  ) detected in combined BLUEs (locations) are validated using additional in-field trial as a validation set 

	
	Combined BLUEs (locations)

	Location in Validation 
	Traits
	Number of SNPs in the Discovery set 
at P < 1 x 10-5
	No. of significant SNPs in the validation set (


	
	
	
	p<10-2
	p<10-3
	p<10-4
	p<10-5

	Mininera
	Average internal infection
	90
	75
	47
	16
	6

	
	FDR(%)
	
	1.2
	0.19
	0.06
	0.02

	
	Emergence score 
	20
	15
	10
	6
	3

	
	FDR(%)
	
	1.333
	0.20
	0.03
	0.01

	Horsham irrigated 2016
	Average internal infection
	90
	65
	37
	15
	8

	
	FDR(%)
	
	1.384
	0.24
	0.06
	0.01

	
	Emergence score 
	20
	14
	11
	7
	4

	
	FDR(%)
	
	1.428
	0.182
	0.029
	0.005

	Horsham rain-fed

	Average internal infection
	90
	61
	38
	14
	4

	
	FDR(%)
	
	1.475
	0.24
	0.05
	0.02

	
	Emergence score 
	20
	15
	12
	9
	3

	
	FDR(%)
	
	1.333
	0.17
	0.02
	0.01

	Horsham -irrigated 2017
	Average internal infection
	90
	56
	25
	17
	5

	
	FDR(%)
	
	1.607
	0.36
	0.05
	0.02

	
	Emergence score 
	20
	14
	11
	8
	2

	
	FDR(%)
	
	1.428
	0.18
	0.03
	0.01





[bookmark: _Toc522132494]Table S5. Significant lead SNPs (at  ) detected for average internal infection in combined traits in meta-analysis GWAS (discovery set) are validated using additional in-field trial as a validation set 

	
	Combined traits in Meta-analysis

	Location in Validation
	Traits 
	Number of SNPs in the Discovery set
at P < 1 x 10-5
	No. of significant SNPs in the validation set (


	
	
	
	p<10-2
	p<10-3
	p<10-4
	p<10-5

	Mininera
	Average internal infection
	103
	67
	35
	10
	1

	
	FDR
	
	1.537
	0.271
	0.103
	0.103

	Horsham irrigated 2016
	Average internal infection
	103
	58
	32
	5
	1

	
	FDR(%)
	
	1.776
	0.322
	0.206
	0.103

	Horsham rain-fed

	Average internal infection
	103
	51
	29
	8
	2

	
	FDR(%)
	
	2.020
	0.355
	0.129
	0.052

	Horsham irrigated 2017
	Average internal infection
	103
	61
	33
	4
	1

	
	FDR(%)
	
	1.689
	0.312
	0.258
	0.103





[bookmark: _Toc522132495]Table S6. Significant lead SNPs (at  ) detected in WGS in a single-trait analysis in integer genotype format are validated using single-trait analysis based on integer format WGS 

	
	Single-trait WGS 012 Discovery vs Single-trait WGS 012 validation

	Location in Validation
	Traits
	Number of SNPs in the Discovery set
at P < 1 x 10-5
	No. of significant SNPs in the validation set (


	
	
	
	p<10-2
	p<10-3
	p<10-4
	p<10-5

	Mininera 2016
	Average internal infection
	97
	37
	19
	6
	1

	
	FDR(%)
	
	0.262
	0.051
	0.016
	0.010

	
	Emergence count
	104
	48
	20
	4
	1

	
	FDR(%)
	
	0.217
	0.052
	0.026
	0.010

	Horsham irrigated 2016
	Average internal infection
	97
	39
	17
	4
	1

	
	FDR(%)
	
	0.249
	0.057
	0.024
	0.010

	
	Emergence count
	104
	49
	26
	3
	NA

	
	FDR(%)
	
	0.212
	0.040
	0.035
	NA

	Horsham rain-fed 2017

	Average internal infection
	32
	14
	11
	3
	1

	
	FDR(%)
	
	0.229
	0.029
	0.011
	0.003

	
	Emergence count
	12
	9
	5
	2
	1

	
	FDR(%)
	
	0.133
	0.024
	0.006
	0.001

	Horsham irrigated 2017
	Average internal infection
	32
	13
	11
	4
	1

	
	FDR(%)
	
	0.246
	0.029
	0.008
	0.003

	
	Emergence count
	12
	5
	4
	2
	NA

	
	FDR(%)
	
	0.240
	0.030
	0.006
	NA








[bookmark: _Toc522132496]Table S7. Significant lead SNPs (at ) detected in GBSt – dosage in a single-trait analysis are validated using single-trait GBSt – dosage format


	
	Single-trait GBS Discovery vs Single-trait GBS validation

	Location in Validation
	Traits 
	Number of SNPs in the Discovery set
at P < 1 x 10-5
	No. of significant SNPs in the validation set (


	
	
	
	p<10-2
	p<10-3
	p<10-4
	p<10-5

	Mininera 2016
	Average internal infection
	18
	7
	3
	3
	1

	
	FDR(%)
	
	0.257
	0.060
	0.006
	0.002

	
	Emergence count
	11
	6
	3
	1
	

	
	FDR(%)
	
	0.183
	0.037
	0.011
	NA

	Horsham irrigated 2016
	Average internal infection
	18
	5
	2
	2
	1

	
	FDR(%)
	
	0.360
	0.090
	0.009
	0.002

	
	Emergence count
	11
	4
	2
	1
	

	
	FDR(%)
	
	0.275
	0.055
	0.011
	NA

	Horsham rain-fed 2017

	Average internal infection
	8
	4
	2
	1
	1

	
	FDR(%)
	
	0.200
	0.040
	0.008
	0.001

	
	Emergence count
	4
	2
	2
	1
	

	
	FDR(%)
	
	0.200
	0.020
	0.004
	NA

	Horsham irrigated 2017
	Average internal infection
	8
	3
	1
	2
	1

	
	FDR(%)
	
	0.267
	0.080
	0.004
	0.001

	
	Emergence count
	4
	2
	1
	1
	

	
	FDR(%)
	
	0.200
	0.040
	0.004
	NA





[bookmark: _Toc522132498]Table S8. List of known resistance genes, QTLs and new genomic regions associated with blackleg disease in canola

	Chromosome
	Region
	Start
	End
	No of significant SNPs
	Gene/QTL
	
Reference or new region

	ChrA01
	1
	703972
	706447
	4
	
	New region

	ChrA01
	2
	5634661
	5669730
	10
	
	New region

	ChrA01
	3
	6091049
	6091095
	2
	Rlm12 and QTL
	29; 25; 24,77

	ChrA01
	4
	19348231
	19414300
	14
	
	New region

	ChrA02
	5
	3673553
	3696537
	92
	
	New region

	ChrA02
	6
	4526045
	4526045
	1
	LepR1 and QTL
	21, 25; 24

	ChrA02
	7
	6301998
	6402898
	30
	
	21

	ChrA02
	8
	6529771
	6529771
	1
	
	21

	ChrA02
	9
	7462199
	7462199
	1
	
	21

	ChrA03
	10
	143338
	159452
	32
	
	New region

	ChrA03
	11
	416959
	417019
	2
	
	New region

	ChrA03
	12
	1941655
	1943173
	8
	
	25; 24

	ChrA03
	13
	4802349
	4803494
	8
	
	New region

	ChrA03
	14
	13641758
	13641758
	1
	
	New region

	ChrA03
	15
	14142883
	14145323
	2
	
	New region

	ChrA03
	16
	23416409
	23416409
	1
	
	New region

	ChrA03
	17
	26273834
	26273834
	1
	
	New region

	ChrA04
	18
	5266192
	5266293
	2
	
	25; 24

	ChrA04
	19
	5646553
	5646553
	1
	
	New region

	ChrA04
	20
	6861138
	6945247
	3
	
	New region

	ChrA04
	21
	10220228
	10224546
	15
	
	New region

	ChrA04
	22
	12153549
	12153549
	1
	
	New region

	ChrA04
	23
	15531921
	15531921
	1
	
	New region

	ChrA04
	24
	17816506
	17940112
	7
	
	New region

	ChrA05
	25
	269841
	273170
	3
	QTL
	25;

	ChrA05
	26
	2917481
	2918378
	7
	
	New region

	ChrA05
	27
	4816828
	4832648
	3
	
	New region

	ChrA05
	28
	20240632
	20241449
	2
	
	New region

	ChrA05
	29
	22687299
	22687483
	2
	
	New region

	ChrA06
	30
	5407019
	5407110
	2
	LepR4 and QTL
	75

	ChrA06
	31
	15849189
	15849189
	1
	
	75; 25; 24

	ChrA06
	32
	19854215
	19854215
	1
	
	New region

	ChrA06
	33
	23324987
	23324987
	1
	
	New region

	ChrA07
	34
	1832272
	1833494
	20
	Rlm1 and QTL
	14, 25; 24,77

	ChrA07
	35
	4924604
	4924604
	1
	Rlm3
	14

	ChrA07
	36
	10606314
	10607087
	7
	Rlm4
	11

	ChrA07
	37
	13001036
	13001036
	1
	Rlm7
	13

	ChrA07
	38
	15755953
	15755953
	1
	Rlm9*
	-

	ChrA07
	39
	18544724
	18544724
	1
	LmFr1
	12

	ChrA07
	40
	23522277
	23523636
	2
	LMR1 and LEM1
	12


*Note that these resistance genes are known to be ineffective in Australia and therefore we expect that our GWAS signal is for other quantitative resistance in the same region.



Table S8. List of known resistance genes, QTLs and new genomic regions associated with blackleg disease in canola.  (cont’d)

	Chromosome
	Region
	Start
	End
	No of significant SNPs
	Gene/QTL
	Reference or new region

	ChrA08
	41
	11610634
	11692739
	28
	Rlm5 and QTL
	76; 25; 24,77

	ChrA08
	42
	16215294
	16215294
	1
	
	New region

	ChrA08
	43
	17787338
	17796402
	3
	
	New region

	ChrA08
	44
	18108921
	18110931
	5
	
	New region

	ChrA08
	45
	18816084
	18816085
	2
	
	New region

	ChrA09
	46
	741861
	741861
	1
	
	New region

	ChrA09
	47
	8946623
	9005735
	3
	
	New region

	ChrA09
	48
	12788492
	12788492
	1
	
	New region

	ChrA09
	49
	25401583
	25401583
	1
	
QTL
	25; 24,77

	ChrA10
	50
	10459187
	10459493
	2
	Rlm2*, LepR3*
	22; 16

	ChrA10
	51
	15386273
	15386274
	2
	BLMR1, BLMR2, LepR2*
	92; 93

	ChrC01
	52
	483267
	483267
	1
	
	New region

	ChrC01
	53
	8987164
	8987164
	1
	QTL
	25; 24,77

	ChrC03
	54
	20168080
	20168080
	1
	-
	New region

	ChrC03
	55
	49259071
	49265050
	10
	
	New region

	ChrC04
	56
	795412
	797105
	10
	
	New region

	ChrC04
	57
	3846333
	3846397
	3
	
	New region

	ChrC04
	58
	4791635
	4794297
	10
	
	New region

	ChrC04
	59
	6041535
	6041535
	1
	
	New region

	ChrC04
	60
	6459981
	6460584
	3
	
	New region

	ChrC04
	61
	26090780
	26090780
	1
	
	New region

	ChrC04
	62
	47331241
	47331241
	1
	QTL
	25

	ChrC05
	63
	7807600
	7807620
	2
	
	New region

	ChrC06
	64
	15935066
	15936299
	16
	
	New region

	ChrC06
	65
	25300828
	25442922
	3
	
	New region

	ChrC06
	66
	28340821
	28341208
	10
	
	New region

	ChrC06
	67
	28743171
	28743171
	1
	
	New region

	ChrC06
	68
	32555569
	32721780
	80
	
	New region

	ChrC06
	69
	32861289
	33037050
	4
	
	New region

	ChrC06
	70
	33943262
	33943262
	1
	
	New region

	ChrC06
	71
	34304258
	34389934
	40
	
	New region

	ChrC06
	72
	34982347
	35030651
	2
	QTL
	25; 24,77

	ChrC07
	73
	25730360
	25730439
	3
	Rlm6 and QTL
	76; 25; 24,77

	ChrC07
	74
	33086130
	33086132
	2
	
	New region

	ChrC07
	75
	42187529
	42187534
	2
	
	New region

	ChrC07
	76
	42436493
	42438935
	5
	
	New region

	ChrC08
	77
	30825427
	30838470
	51
	
	New region

	ChrC08
	78
	33361777
	33361873
	3
	QTL
	25; 24,77

	ChrC09
	79
	41119643
	41194171
	63
	
	New region


[bookmark: _Toc522132499]*Note that these resistance genes are ineffective in Australia and therefore we expect that our GWAS signal is for other quantitative resistance in the same region.


Table S9. List of SNP effect annotation (Effect Classes count) across 19 Brassica napus L. chromosome


	
	SNP effect annotation (Effect Classes/chromosome)

	Chr.
	Intragenic
	Intergenic
	Intron
	Synonymous coding
	Non-Synonymous coding
	Stop gained
	Stop lost

	ChrA01
	9
	11
	7
	2
	1
	
	

	ChrA02
	9
	62
	22
	21
	10
	1
	-

	ChrA03
	6
	24
	10
	3
	9
	1
	2

	ChrA04
	3
	17
	7
	-
	3
	-
	-

	ChrA05
	-
	5
	9
	-
	3
	-
	-

	ChrA06
	-
	-
	1
	1
	4
	-
	-

	ChrA07
	1
	23
	5
	3
	1
	-
	-

	ChrA08
	8
	8
	11
	3
	9
	-
	-

	ChrA09
	-
	2
	3
	-
	1
	-
	-

	ChrA10
	-
	2
	-
	-
	2
	-
	-

	ChrC01
	-
	-
	1
	-
	1
	-
	-

	ChrC03
	1
	2
	8
	-
	-
	-
	-

	ChrC04
	5
	7
	10
	5
	2
	-
	-

	ChrC05
	
	-
	-
	-
	2
	-
	-

	ChrC06
	17
	84
	41
	9
	6
	-
	-

	ChrC07
	-
	6
	2
	1
	2
	-
	-

	ChrC08
	-
	46
	7
	1
	-
	-
	

	ChrC09
	7
	32
	14
	4
	6
	-
	-



Intron = between exons; intergenic = between genes; stop-gained or stop-lost = (within an exon and translated, non-stop codon changed to stop codon or stop codon changed to non-stop codon)
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