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What was the challenge/demand for the work? 
Light leaf spot – caused by the fungal pathogen Pyrenopeziza brassicae – is currently the most 
damaging foliar disease on winter oilseed rape (Brassica napus) in the UK. A number of severe 
disease outbreaks have been reported since the first major epidemic in 1974. Initially, severe disease 
epidemics were recorded in Scotland and northern England, where the climatic conditions are 
particularly favourable for disease development. However, recent disease survey data suggest that 
the severity of epidemics has increased progressively across the UK since 2006. Severe disease 
epidemics have also been reported in some regions in continental Europe. New Zealand experienced 
a severe outbreak of light leaf spot in vegetable brassicas in 1978.  Recent studies have reported the 
occurrence of light leaf spot on Brassica species in Oregon, USA. 

Management has often relied on fungicide applications. However, there has been evidence for the 
development of insensitivity to azole fungicides in UK P. brassicae populations. Deployment of cultivar 
resistance remains an important aspect of effective management of the disease. Nevertheless, the 
genetic basis of resistance remains poorly understood. Often, plant breeders have to rely on unknown 
genes when breeding for cultivar resistance against P. brassicae. 
 

How did the project address this? 

Host resistance can serve as an effective disease management strategy, provided sufficient diversity 
is present within commercial cultivars and variation of P. brassicae populations is considered. Study of 
genes responsible for resistance against P. brassicae can greatly improve understanding of this 
pathosystem and help to identify new sources of resistance.  

Identification of phenotype/s of resistance plays a key role in screening genotypes for resistance 
against pathogens. In this project, a series of plant inoculation experiments identified specific 
interactions between B. napus and P. brassicae and phenotype/s of resistance. These included 
comparison of the production of black flecking phenotype in B. napus genotypes using single spore 
isolates of P. brassicae and identification of differential host-pathogen interactions using different B. 
napus lines/cvs and single spore isolates of P. brassicae.  Four different disease assessment criteria 
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(1-6 scale, percentage leaf area covered with P. brassicae asexual sporulation, percentage leaves 
with leaf deformations and presence/absence of a necrotic response) were used in these experiments 
and relationship between these criteria were analysed. Furthermore, the effects of resistance on the 
meristematic infection of P. brassicae were analysed using a controlled environment experiment. In 
this experiment, plants were spray-inoculated, particularly on the shoot tips, and the disease 
development and the presence of pathogen DNA was detected using qPCR. This provided insights 
into light leaf spot epidemiology.  

The second objective of this project was to identify new sources of resistance against P. brassicae. To 
achieve this, a doubled haploid (DH) population of B. napus was phenotyped using controlled 
environment, glasshouse and winter oilseed rape field experiments. These experiments provided 
disease severity and molecular (quantitative PCR) data that were used in linkage mapping analysis to 
identify resistance QTL segregating in the DH population. Selected resistant and susceptible lines 
were further analysed using scanning electron microscopy and qPCR to understand the mechanisms 
of resistance. 

In addition, a major gene locus for resistance against P. brassicae that had been mapped to the 
bottom end of B. napus chrA1 in a previous study was used as a starting point to develop molecular 
markers to obtain increased resolution of the corresponding genomic region and to identify candidate 
resistance genes. Physical localisation of the resistance locus was done by PCR amplification and 
sequencing of the closest flanking marker identified in the previous study and single nucleotide 
polymorphisms in this genomic region were identified. Marker genotyping (KASP marker analysis) and 
linkage mapping of the segregating DH population was used to identify new molecular markers linked 
to the resistance locus and narrow down the corresponding chromosomal region. Gene content in this 
genomic region was analysed and potential candidate genes were identified.  
 
 

What outputs has the project delivered? 
Study of specific B. napus-P. brassicae interactions provided information on relative importance of 
different light leaf spot assessment criteria. There was a significant positive correlation between light 
leaf spot severity determined by the 1-6 scale and the % leaf area with P. brassicae asexual 
sporulation. However, the latter appeared to be more effective in determining minor differences 
between different oilseed rape genotypes. In contrast, there was a poor correlation between the light 
leaf spot severity and the occurrence of leaf deformations. There have been concerns among oilseed 
rape breeders about the light leaf spot assessment criteria in AHDB RL trials, since this mainly takes 
P. brassicae asexual sporulation into account.  However, results from the present study suggests that 
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incorporation of leaf/plant deformation into light leaf spot assessment criteria may not improve the 
selection for cultivar resistance. However, leaf/plant deformations are the initial signs of 
infection/disease and therefore, these need to be taken into consideration.  
 
We were able to provide some insights in to the light leaf spot disease development in terms of host-
pathogen interactions and the operation of host resistance. Furthermore, this was the first study to 
report the quantitative nature of the black flecking phenotype, which is considered as a host resistance 
response against the pathogen. Resistance QTL against P. brassicae were identified and can be 
exploited in oilseed rape breeding programmes. This project has identified the physical location of a 
major gene locus for resistance against P. brassicae in B. napus chrA1 and developed new molecular 
markers linked to this major gene locus.  
 

Who will benefit from this project and why? 
Information on the specific host-pathogen interaction in light leaf spot disease can help improve 
disease management strategies and therefore benefit the farming community and agronomists. 
Results from a QTL analysis could provide new information that will enable oilseed rape breeders to 
explore whether it is possible to introgress this resistance against P. brassicae into commercial oilseed 
rape cultivars. Furthermore, the flanking marker information for these QTL can be used to identify the 
candidate resistance genes present in this region using the B. napus genome sequence, so this will 
benefit the scientific community as well. Molecular markers developed for the major gene locus for 
resistance can be beneficial to oilseed rape breeders helping them to select for resistance genotypes. 
Fine mapping of this resistance locus can lead to the identification and subsequent cloning of the 
gene/s responsible for resistance against P. brassicae, which will be of great practical and scientific 
interest.  
 

If the challenge has not been specifically met, state why and how this could be overcome 
The specific gene/s responsible for resistance against P. brassicae have not been identified or cloned 
yet.  Due to time restrictions, verification of the candidate resistance genes has not been done in this 
project. However, the genomic information for the corresponding chromosomal region determined by 
fine mapping is currently being analysed in order to achieve this target.  
 

How have you benefited from this studentship? 
This studentship helped me to develop numerous skills that will enable me to establish my career in 
agriculture-related plant pathology. I was able to gain knowledge and experience of novel genetic and 
genomic research, which play a major role in modern plant pathology research. In addition, I 
participated in a number of knowledge transfer activities, including major international conferences, 
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and presented my research to a wider scientific community and network with other researchers, which 
is essential to the establishment of an early stage researcher.  
 
This studentship also provided me with the opportunity to gain supervisory experience through the 
AHDB undergraduate research bursary scheme, where I was able to gain skills in developing research 
grant applications and project management. I have also participated in AHDB Crops Studentship 
Industry Visits and symposia, networking with other students and gaining insights in to the UK 
agricultural industry and potential career opportunities.  During my PhD project, I had the opportunity 
to work as a visiting lecturer in the University, which involved performing laboratory demonstrations in 
a wider subject area, and to supervise a Nuffield student placement project, which improved my 
teaching and supervisory skills.  
 

Lead partner University of Hertfordshire 
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