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Aims

• Develop molecular markers for routine 
screening of blackleg resistance genes

• Identify candidate genes for genetically 
mapped resistance genes

• Deliver novel sources of qualitative blackleg 
resistance 



Molecular marker development

Rlm1, Rlm4, LepR1 2018 72
72A1

310
29.60 200 PCR#01

72A (-) (+) (-) (-) Spring Hybrid Rlm1, Rlm4, LepR1 Correct
72A2 33.80 1.89 200 NovaSeq

Rlm4 2016-4 73
73A1

430
157.00 35 PCR#01

73A (-) (+) (-) (-) Spring OP Rlm4 Correct
73A2 238.00 1.88 35 NovaSeq

Rlm4, Rlm6 2016-4 74
74A1

330
128.00 1.84 35 NovaSeq

74A (-) (+) (-) (-) Spring Hybrid Rlm4, Rlm6 Correct
74A2 46.00 35 PCR#01

• Screened 112 current and past Australian 
varieties

• Undertook genome sequencing 

• Correlated information with phenotypic 
screening



Molecular marker development



44%

56%

rlm1/lepR3

Rlm1/LepR3

LepR3

Rlm1

R

S
8%

47%

LepR3 screening



Rlm1/LepR3 screening

• 5 cultivars were previously thought to have Rlm1

• 1 cultivar was thought to have LepR3 

Cultivar Proposed Genotype
LepR3

Amplification

Surpass 501TT LepR3, RlmS Yes

Surpass 603CL LepR3, RlmS Yes

Carbine Rlm1, Rlm4 Yes

Pioneer 45T01TT Rlm1, Rlm4, Rlm9 Yes

Pioneer 44T02TT Rlm1, Rlm4, LepR1 Yes

Monola G11 LepR3, RlmS, Rlm4 No

Pioneer 45Y88CL Rlm1 Yes

ATR Marlin LepR3, RlmS Yes

Pioneer 45T03TT Rlm1, Rlm4, LepR1 Yes

SF Spark TT Rlm1, Rlm4, Rlm6, LepR1 Yes



Rlm2 screening

• Screening prior to 2018 could not detect 

Rlm2

• Presence of Rlm2 detected in four 

cultivars



Rlm9 screening



Rlm9 screening

• 22 lines confirmed to have Rlm9
• 4 lines heterogeneous



Locating candidate region for Rlm4 
and 7 with linked genetic markers

• Rlm4 and Rlm7 are closely 
linked

• Rlm4 and Rlm7 interact with 
the same AvrLm4-7

• 8 linked markers to Rlm4
• 2 linked markers to Rlm7
• The region where the 10 

markers overlap covered 100 
kbp

A7



Sequencing Rlm4 candidate region

• The 100kbp candidate region was 
broken down to 10 10 kbp long-
range PCR amplicons

• R gene domains found in one 
amplicon F8-R9 



Minion seq of the amplicon F8-R9

• Identified a candidate gene



Minion seq of the amplicon F8-R9

• Identified a candidate gene

The Rlm4 allele is significantly 
different from the reference (rlm4) 



All Rlm4 lines share the same 
polymorphisms
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• Sanger sequence and compare 
the alleles between Rlm4 and 
rlm4 lines



Rlm3 and 7 identification

• Using same method have identified 

candidate genes for Rlm3 and Rlm7

• Markers developed for Rlm7

• Rlm3 marker development currently 

underway
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Marker development

• In 90% of the varieties tested, the genotypic 

and phenotypic data correlated. 

• In a further 6% of the varieties, LepR3 or Rlm2

were detected using molecular markers but 

are not detectable phenotypically due to the 

masking of other resistance genes in the 

differential isolates used for screening.

• Remaining 4% undergoing ongoing testing to 

include more replicates to confirm the findings



Marker deployment

• MGP to offer service in 2020 for routine screening for 

known resistance genes using molecular markers

• New markers added to set as developed

• Screening all germplasm with four differential isolates 

that between them are virulent towards the 10 known 

resistance genes (Rlm1, Rlm2, Rlm3, Rlm4, Rlm6, 

Rlm7, Rlm9, RlmS, LepR1 and LepR3). 

• If isolates show avirulent reactions on the 

germplasm then it must harbour either completely 

new sources of resistance or a resistance source 

that is known but not currently used in Australian 

germplasm (e.g. Rlm5, Rlm8, Rlm10, Rlm11).



Screening for novel sources of 
resistance

• Identified wild lines, synthetic napus and 

introgression lines for screening

• 200 lines currently selected for screening

• Initial screening of 20 lines identified a line 

for further analysis



Summary

• Identification of Rlm1 and Rlm6

• Molecular markers developed for routine screening of 

Rlm2, Rlm4, Rlm7, Rlm9 and LepR3 in Brassica napus

lines. 

• Molecular markers developed for routine screening of 

AvrLepR2, AvrLm10 and AvrLm11 in L. maculans

• Pan genomes developed for Brassica napus and L. 

maculans for candidate R and Avr gene identification

• Genome sequence obtained for all commercial 

Australian canola cultivars

• Novel germplasm sourced for future screening for 

candidate gene identification


