
Brassica napus is widely cultivated for its oil and seed

meal. Its narrow genetic base and wide cultivation has

made the crop prone to various biotic and abiotic

stresses. Blackleg disease, caused by pathogen

Leptosphaeria maculans, causes devastating losses in

yield and oil quality. Integrated disease management

practices although crucial, are not a sole strategy to

control the devastating blackleg disease. The virulent

strains of L. maculans continuously evolve and pose

constant threat to the stability of the resistant B.

napus. Resistance genes and loci in the genome are

known to facilitate breeding durable resistance

cultivars. Qualitative (R gene) and quantitative trait loci

(QTL) in the germplasm can mediate resistance at

different stages of the plant growth. In this

communication, we will discuss the complex life cycle

of the deadly pathogen and understand the genetic

interactions between the host crop and the pathogen.

Further, we will explore the genetic basis of resistance

facilitated by the R genes, and QTLs against blackleg

disease.
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In addition, we will dwell into the different

resistance genes identified and emphasize their

combined use in crop breeding through gene

pyramiding for durability of the developed

resistant cultivars. 
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Introduction 

Brassica napus is an important oilseed crop worldwide

with a global production of over 85,000 million metric

tons (USDA-FAS 2025). As cultivated varieties of B.

napus were bred focusing on agronomic traits they

became genetically uniform; thus, resulting in their

increased susceptibility to diseases, pests, and

environmental stresses. In particular, blackleg fungal

disease became a prominent, causing an annual yield

loss of 10-15% on average and has a potential to cause

up to a 90% yield 
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loss during epidemics (Fitt et al., 2006a; Wang et al.,

2020, 2023).The prominent symptom of this disease is

stem canker, which affects the vascular system that

facilitates water and nutrient transport.The first

blackleg disease epidemic was recorded in total

collapsed fields of oilseed rape in western Australia

during the 1970s (Sivasithamparam et al., 2005).

Subsequently, further losses were observed in early

2000s in other regions of Australia, with complete

breakdown of single dominant gene-based resistance

from B. rapa supb.sylvestris. Many other significant

losses were reported from the UK, Canada, and

mainland Europe in the following years (Neik et al.,

2017). In addition to L. maculans, which mainly causes

blackleg, a closely related but lesser-known species,

Leptospheria biglobosa, is also often associated with

this disease (Cai et al., 2014). L. biglobosa causes less

severe symptoms, specifically on the upper stem;

however, it is often out-competed by L. maculans

when present together (Fitt et al., 2006b). In this

communication, we will be discussing the disease

pertaining to the main pathogen species, L. maculans.

Recognizing the importance of blackleg disease,

scientists have explored the Brassica genetic base for

resistance. However, eventually the research

converged in one direction: mining for single major

genes (qualitative resistance) from B. rapa due to its

ease of use in breeding. Unfortunately, because of

changing environments and evolving new pathotypes,

this qualitative resistance rapidly breaks down. In

response to this challenge, scientists have recently

shifted their focus to finding novel stable resistance

from other sources, specifically from B. oleracea.

Therefore, it is crucial to delineate the underlying

genetic and molecular mechanism of blackleg

resistance (BR) for breeding resistant B. napus cultivars.

Blackleg disease pathogen, Leptosphaeria

maculans

Leptosphaeria maculans belongs to Ascomycetes family

of Fungi kingdom, which follows a hemi-biotrophic 

mode of nutrition, capable of infecting all stages

of the crop growth.  Its life cycle consists of both

sexual (ascospore) and asexual (pycnidiospores)

spores, facilitating high evolutionary potential and

adaptivity to harsh environments. The crop debris

from the previous crop cycle acts as a congenial

environment for the resting spores, acting as a

primary source of inoculum (Hall et al., 1992).

Upon the spore germination, it first enters

through the leaf stomata or wounds and causes

necrotic lesions (Rouxel et al., 2003). Further, the

blackleg pathogen enters and grows through the

petiole to establish in the stem. However, during

this initial infection phase, no significant symptoms

are visible. As the plant grows and matures,

pathogens turn to a necrotrophic mode of

nutrition and colonize the stem crown region

which restricts the flow of nutrition, weakens the

plants, and reduces yield. In severe cases, infection

leads to stem canker leading to plant death

(Hammond et al., 1985). Primary infection during

the early stages is initiated through ascospores,

and subsequently, the pycnidiospores inflicts

multiple cycles of infection throughout the

growing season (West et al., 2001). Ascospores

rapidly multiply and have the ability to travel via

wind, facilitating infection in subsequent crops and

the spread of the disease to distant regions

(Rouxel and Balesdent et al., 2005).

L. maculans has evolved unique strategies to

overcome the resistance incorporated into canola.

One of its most dangerous features is its ability to

build a large population, attributed to its ability to

reproduce through both sexual and asexual modes.

This facilitates pathogens to undergo rapid evolution

and overcome single gene resistance. In addition to

these biological features, the main character that

determines its efficiency is its compartmentalized

genome that facilitates rapid diversification and quick

adaptation to new host resistance (Rouxel et al.,

2011). 
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The variation in the avirulence (Avr) gene profile of

the pathotypes is likely a result of the pressure

exerted by race-specific resistance of the qualitative

genes present in resistant cultivars. Consequently,

emergence of new pathotype isolates carrying novel

Avr genes is the result of pathogen’s evolutionary

dynamics (Van de Wouw et al., 2024). Therefore,

updating and standardizing differential sets will be

essential for effectively defining evolving

pathotypes/races in the future. To mitigate this

disease, several cultural, chemical and mechanical

management practices are followed (West et al.,

2001). However, these efforts have been quite futile

for complete control. Developing canola cultivars

carrying genetic resistance against the blackleg

pathogen is the most environment friendly and

economical approach. 

Sources of genetic resistance against

blackleg disease 

B. napus (AABB) and its diploid progenitors, B. rapa

(AA) and B. oleracea (CC), are the primary source of

genetic resistance against blackleg. Winter – type B.

napus is genetically more diverse with broad range of

resistance genes in comparison to spring- type B.

napus varieties that majorly relies on few genes e.g.,

Rlm1, Rlm3, Rlm4 genes for resistance (Rouxel et al.,

2003; Light et al., 2011; Larkan et al., 2016). However,

as a consequence of its highly inbred nature,resistance

in B. napus is scarce. The A genome has been a major

source of BR carrying several resistance genes—such

as Rlm1, Rlm2, Rlm7, LepR1-4, and Rlm11—mapped

on B. rapa genome. In contrast, resistance genes have

been less frequently identified in B. oleracea, among

the few known genes, Rlm13 and Rlm14 have been

characterized in detail (Ferdous et al., 2020, Raman et

al., 2021; Degrave et al., 2021). Additionally, some

level of resistance is reported in B. oleracea var.

capitata (Korean germplasm) and in the C genome of

the allotetraploid species B. carinata (Robin et al.,

2017; Ferdous et al., 2020).  

The approach to broaden the genetic diversity in

resistance to combat the blackleg disease is the most

sustainable approach (Rouxel et al., 2024). Breeding

effort are being carried out to identifying newer

resistance species from the wide gene pool of

Brassicacea family. Attempts in crossing these wild

resistance species and progenitor species with

cultivated B. napus are being carried out to introduce

the resistance into the commercial lines. For instance,

wild brassica species, Sinapis arvensis, is reported to

demonstrate strong resistance against multiple

aggressive strains of L. maculans (Winter et al., 2003;

Snowdon et al., 2007). Further, B. napus has been

hybridized with its related allopolyploid species such as

B. juncea (AABB) and B. carinata (BBCC), which are

known to carry novel genetic resistance against the

disease (Katche et al., 2019; Quezada-Martinez et al.,

2021, Wu et al., 2024). In the following sections, we

will discuss in detail the two major categories of BR;

qualitative resistance, which is mediated by major R

genes and quantitative resistance which is brought

about by multiple minor-effect loci.

Understanding qualitative resistance for

Blackleg disease

Single gene resistance (R) that produces robust and

rapid gene response is termed as qualitative resistance.

These qualitative genes mediate resistance

independently or in coordination with environmental

factors at different stages of the plant development.

Interaction between B. napus and L. maculans follows

gene for gene interaction, where a response is

triggered as a reaction to the pathogen, which carries

corresponding Avr gene (Bent and Mackey et al.,

2007). Hence the R-mediated resistance (RMR) is

usually considered to be race- specific. RMR is linked

with cell death and hypersensitive response (HR)

reaction and can be easily accessed through cotyledon

assay (Table 1.). RMR genes are mostly found to be

highly heritable and hence, are tested at the cotyledon

stage efficiently. The presence and absence of the Avr

genes, forms the basis for the pathogen race

classification.Many of the RMR genes identified do not

have a published genomic location and are recognized

by their characterized Avr (Rlm5, Rlm6, Rlm10, 
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Rlm14) despite being introgressed into B. napus and

thus are assumed to segregate as single gene (Borhan

et al., 2022). In addition, LepR series of qualitative

genes on the A genome of B. rapa ssp. sylvestris have

been introgressed successfully into B. napus (Yu et al.,

2013). Genes especially LepR1 and LepR2, play a

crucial role in resistance at both cotyledonary and adult

plant stages (Yu et al., 2005). LepR1 offers complete

resistance at all stages of plant growth and LepR2

confers partial resistance at cotyledonary stage only

(Yu et al., 2005). However, as the plant grows, it faces

several diverse pathotypes, as a consequence, cultivar

resistance is not retained consistently till crop reaches

adult stage.

The huge phenotypic effect of the R gene in a cultivar,

imparts strong selection pressure which forces the

pathogen to evolve higher virulence and new

pathotypes. Consequently, resulting in complete

breakdown of resistance within a few years of the

resistant cultivar/variety release. Hence, the constant

race between the host and pathogen, characterized as

the boom-and-bust cycle needs to be strongly

considered while breeding for resistance. The genetic

basis of BR is very complex, loci of RMR genes that

facilitate the resistance at cotyledonary stage are

known to overlap with quantitative trait loci (QTL),

which mediate resistance at adult plant stage. 

Understanding quantitative resistance for

Blackleg disease

Quantitative Resistance (QR) provides partial, race

non-specific resistance against a broad range of

pathogenic isolates imparting low selection pressure on

the pathogen (Table 2.). Therefore, despite being

highly influenced by environmental factors, it is very

durable in comparison to RMR (Brun et al., 2010).

Phenotype evaluation found that QR reduces only

disease symptoms and doesn’t completely eliminate

the disease (Amas et al., 2021). There is a huge effect

of genotype × environment interaction on the QR

identified in a mapping population and hence, their

effect is significantly lower than the RMR.The major

reasons behind the ambiguity and ignorance towards

their use in breeding resistance varieties is due to: (i)

complex genetics of QR, where several QTLs control 

resistance at various levels during different stages of

plant growth. (ii) Influence of varying environmental

factors on disease progression and (iii) lack of

precision in phenotyping of minor resistance

showcased by the minor effect of QR genes. 

Identifying characteristic quantitative gene

resistance (QR) by genome-wide markers

gene The goal of QTL mapping is to sort continuous

(QR), non-Mendelian variation into discrete groups of

Mendelian factors (R sets) (Paterson et al., 1988).

Researchers developed mapping populations including

Double haploid populations from Major × stellar and

resistant lines, Caiman, Canberra, Sapphire and

Rainbow, which were then used to identify and map

several QTLs (Ferreira et al., 1995, Kaur et al., 2009).

Exploration of Australian B. napus cultivars AG-Castle

and AG-Sapphiare was found to be immensely vital in

identifying four prominent QTLs with constant

heritability on previously identified blackleg QTLs on

chromosomes A01, A09, A08 and C06 (Larkan et al.,

2016).

AV

Darmor has been the primary source for evaluating

blackleg QR in canola (Pilet et al., 1998, Pilet et al.,

2001, Jestin et al., 2012, 2015). DH lines from

Darmor-bzh/Yudal (DYDH) population in Australian

field conditions were used to identify 27 significant

QTLs across 12 chromosomes explain 2.14% - 10.13%

of the genotypic variance. Among these, seven QTLs

on chromosomes A02, A07, A09, A10, C01 and C09

were found consistently across different experiments

in multiple environments (Raman et al., 20r18). The

consistent identification of QTLs on Darmor and its

parent Jef Neuf reiterate their significance as vital

germplasms for BR. However, identifying exact

location of the QTLs in canola has been challenging

due to non-uniform evaluation of different genetic

mapping populations from diverse backgrounds (e.g.,

spring, semi-winter, or winter). With the recent

publication of B. napus cv. Darmor-bzh sequence and

knowledge on physical positions of 425 R genes

(Alamery et al., 2019), it is now possible to compare

different QTLs and RMR genes identified across

various studies and locations
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 RMR gene (location)
  

  Mapping population/ Genotype 
  

  References
  

Rlm1 on chr. A7
  

B. napus (DH “Maxol”, and “Columbus”,
Cultivar “Westar,” “Quinta,” and “Glacier,”) 
  

Raman et al., (2012a), Ansan-
Melayah et al., (1995), (1998)
  

Rlm2   and LepR3 (Allelic
version of the same
gene) on Chr. A10
  

B. napus (Cultivar “Westar,” “Quinta,” and
“Glacier,”) and B. rapa (cultivar “Surpass 400”)
  

Ansan-Melayah et  al., (1998), Li
and Cowling (2003); Yu et al.,
(2008); Larkan et al.,( 2015)
  

Rlm3 on Chr. A7
  

B. napus (Cultivar “Glacier, Maxol”)
  

Li and Cowling et al., (2003);
Delourme et al., (2004); Yu et al.,
(2008)
  

Rlm4, Rlm7 and Rlm9
(Allelic version of the
same gene) mapped on
chr. A7 
  

B.napus (Cultivar “Jet Neuf,   Caiman,
Darmor- bzh”)
  

Balesdent et al., (2001), (2002);
Delourme et al., (2004); Raman
et al., (2012b) Larkan et al.,
(2020); Haddadi et al., (2022)
  

Rlm5 and Rlm6 (have
epistatic interaction)
  

B. juncea(Cultivar “Aurea” and “Picra”)
  Balesdent et al., (2002)

  

Rlm8
  

B. rapa (Line “156-2-1”) 
  

Balesdent et al., (2002)
  

Rlm 10 on Chr. B4
  

B. juncea (Cultivar “Junius” )
  

Chevre et al., (1997)
  

Rlm11on Chr. A7
  

B. rapa(Accession “02-159-4-1” (R)* × DH
“Z1” (S)*, and with “Darmor” and “Eurol”)
  

Balesdent et al., (2013)
  

Rlm12 on chr. A1
  

B. napus (GWAS panel of 179 accessions
from DH population SAgS) 
  

Raman H. et al., (2016)
  

 Rlm 13 on C03 B. napus (Cultivar “ATR-Cobbler”)
  

Raman et al., (2021)
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Rlm14 
  

B. oleracea (Cultivar “Monaco”)
  

Degrave et al., (2021)
  

BLMR1 and BLMR2,
single major gene on
chr. N10
  

B. napus (Mapping populations of cultivar
“Surpass 400” (R) ×“Westar” (S)) 
  

Long et al., (2011)
  

ClmR1(same genetic
interval as LmR1) chr.
A7
  

B. napus (Two different mapping populations,
“DH12075” from cultivar “Cresor” (R) × re-
synthesized line “PSA12” (S) and “Shiralee”
(R) ×“PSA12” (S))
  

Mayerhofer et al., (2005)
  

LepR1(dominant
nuclear allele) on
chr.A2 
  

B. napus (DH population, “DHP95”
and“DHP96” with resistance introgressed
from B. rapa subsp. Sylvestris)
  

Yu et al., (2005)
  

LepR2
(incomplete,reduces
growth) onA10 
  

B. rapa ( Cultivar “Surpass 400”)
  

Van De Wouw et al., (2009); Neik
et al., (2022)
  

LepR3 on A10
  

B. rapa  (Cultivar “Surpass 400”)
  

Li and Cowling et al., (2003); Yu et
al., (2008); Larkan et al., (2013);
Larkan et al., (2014); Larkan and
Bohran et al., (2015)
  

LepR4 recessive on A
genome, N6 linkage
group of B. napus
  

B. napus (“DH12075” derived from
cultivar“Cresor” that has R gene LmR1 ×
  Westar (S))
  

Yu et al., (2013)
  

  RlmSTEE98 on A9
  

B. napus (Cultivar “Yudal”)
   
  

Jiquel et al., (2021)
  

LmR1 onLinkage group
6
  

B. napus (DH population from cultivar
“Shiralee” and “Maluka” (R)× advanced
breeding lines (S))
  

Mayerhofer et al., (1997), Long et
al., (2011)
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LEM1Linkage
group 6
  

B. napus (DH population from cultivar “Major”
(R) × “Stellar” (S)) 
  

Ferreira et al., (1995)
  

LmFr1 on A7
  

B. napus (DH from cultivar “Cresor” (R) ×
“Westar” (S))
  

Dion et al., (1995), Kaur et al.,
(2009)
  

 Two independent
genes,onedominant
(LMJR1 on J13 and
one recessive
(LMJR2 on J 18)
  

B. juncea (F2 population from F1progeny of
Cultivar “AC Vulcan” × Inbred line “UM3132”)
  

Christianson et al., (2006)
  

QR gene (location)

  

Mapping population/crosses
References

aRLMc

  and aRLMrb (Adult stage)

linked to cRLMm & cRLMrb

(cotyledon stage)

  

B. napus (DH population developed from cultivar

“Maluka,”“Cresor,” and “RB87-62” × “Westar” (S)) 

  

Rimmer et al.,

(1999)

  

Three QTL (Adult plant

resistance)

  on chr. A1, A8, A9, and C6

  

B. napus (DH populations developed from cultivar

“AG-Castle” and “AV-Sapphire”(R) × “Topas” (S))

  

Larkan et al.,

(2016)

  

17 QTL for adult plant resistance

across 13 linkage groups

B. napus (DH lines from BnaDYDH mapping

population, initially derived from “Darmor-bzh”(R) ×

“Yudal” (S))

  Huang et al.,

(2016)

  

One major QTL on chr. A1

  

B. napus(Worldwide accession from Germplasm

Resource  Information Network)  

  

Rahman et al.,

(2016)
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*(R)- Resistant, (S)- Susceptible

(Table 2.) List of other QR genes identified in B. napus 
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Discussion

A constant threat is posed by evolving pathotypes of L.

maculans, making it essential to develop resistant lines

by employing race-specific genes in rotation with

stable quantitative genes. Major challenge in identifying

QTL for BR is its sensitivity to environmental variation

which necessitates evaluating the lines under uniform

disease conditions. Next-generation sequencing is a

useful tool to associate phenotypic observations with

putative molecular mechanisms and capture the large

genetic variability (Starosta et al., 2024). Today,

genome sequences of all Brassica diploids and

amphidiploids species, including B. napus are available

for study and application (Chalhoub et al., 2014; Bayer

et al., 2017). Further, utilizing advance genotyping tools

like 60K Brassica Infinium SNP array and genotyping-

by-sequencing (GBS) has swiftly accelerated

identification of genes/ QTLs for BR (Rahman et al.,

2016). 

Earlier, to avoid the pathogen population buildup and

RMR gene breakdown, rotation of resistant gene

sources every year was recommended. However, as

qualitative resistance started staggering, researchers

have diverted their attention to the prospects of

utilizing QR alongside RMR. While it's undeniable that

quantitative resistance (QR) is controlled by multiple

genes, exerts low pressure on pathogen evolution and

reduces the risk of resistance breakdown, it's also

necessary to consider that QR doesn't completely

prevent allele diversification, and eventually losses

occur over time. Nevertheless, QR plays a significant

role in extending durability of R-genes and preventing

sudden blackleg epidemics. A Five-year research study

by Brun et al., (2010) evaluated Darmor MX

introgression line carrying both major gene (Rlm6)

and Darmor QR genes and found prolonged

resistance in comparison to lines with only RMR genes.

Additionally, this strategic use of both RMR and QR

genes maintained the avirulence/ virulence alleles of

the pathogen resulting in stable resistance (Delourme

et al., 2014; Huang et al., 2018). Hence, it can be

concluded that during the initial stage of plant growth,

RMR restricts the pathogen’s colonization and as the

plant grows, QR further restricts the spread of

21www.enlightenagriculture.com
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blackleg to the petiole main crown region, thereby

exhibiting effective resistance.

Conclusion and Future perspectives

Blackleg disease remains a persistent challenge in B.

napus (canola) cultivation, significantly impacting crop

yields and economic sustainability. Integrating genetic

resistance with sustainable cultural management

practices is vital for a comprehensive disease

management strategy. The continuous evolution of L.

maculans poses a formidable barrier to breeding

durable, resistant canola cultivars. To combat this

pathogen, plants employ two primary resistance

mechanisms: qualitative (major gene) resistance and

quantitative resistance (QR). It is mandatory to

pyramid both qualitative and quantitative genes for

developing stable B. napus. Where major gene

resistance provides strong but often short-lived

protection, quantitative resistance—due to its

polygenic nature—offers more durable and

sustainable defense.

Given the dynamic nature of the pathogen, the

demand for novel resistance genes will remain

ongoing. A collaborative effort targeting in

compositing a universally accessible database

encompassing resistant germplasm is essential.

Further, advancements in genome sequencing,multi-

omics and gene technologies need to be employed for

identifying novel resistant genes and understanding

the complex genetic and molecular basis of resistance.

Rapid expansion in use of computational biology,

machine learning, data mining, and artificial intelligence

and high-throughput phenotyping, has revolutionized

resistance breeding by facilitating the development of

prediction models for precise selection in breeding

programs. Therefore, integrated approach combining

modern molecular tools with agronomic practices will

enhance the durability of resistance, ensuring stable B.

napus yields.
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