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Three new invasive clones in Europe…

• EU_36_A2, EU_37_A2
• First spotted in 2014-2015 in the North of the Netherlands

• Rapid expansion to the South (Belgium, N. France) and West (UK), as well as to the East 
from 2016 on

• Concerns about low fluazinam sensitivity in EU_37_A2

• Replacing former asexual lineages ( 13_A2, 6_A1) in oceanic environments

• EU_41_A2
• First spotted in 2014 in Denmark

• Extension to southern Sweden and Norway, as well as to Poland in subsequent years

• Expanding in  so far sexual populations



… one recurring question

• What makes these clones invasive?

• Invasiveness = higher fitness
 One or multiple ways towards higher fitness?

• Any diagnostic phenotypic traits for these genotypes?
• Same or different drivers for invasion of sexual or asexual populations?

 Phenotypic analysis of multiple isolates from each clone
 Comparison with data from displaced populations

This presentation = a synthetic overview of different sets of experiments, 
carried out with different isolates and protocols



What did we look at?

• Fungicide sensitivity

• Pathogenicity traits
• Aggressiveness parameters: 

• lesion size, latent period, spore production, infection efficiency

• Virulence patterns
• Black differentials

• Detached leaflets test
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Fluazinam sensitivity – UK isolates

Alison Lees, James Hutton Institute, Dundee

• Isolates of 37_A2 able 
to form lesions at max. 
field rate of fluazinam

• Confirms previous tests 
and zoospore motility 
findings

Zoospore motility test Minimum Inhibitory concentration 
(µg/ml)

Clonal lineage

EU_13_A2,  EU_6_A1 0.088a

EU_36_A2 0.166a

EU_37_A2 3.675b
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Fluazinam sensitivity – IPMBlight 2.0 data

• Isolates of 37_A2 less 
sensitive than those of 
any other current EU 
lineage

• Apparent increase in 
the proportion of more 
sensitive isolates in 
2017 compared to 2016 

( : no 36-A2 isolates 
in the samples in 2016)



Fungicide studies – some conclusions

UK Fungicide testing take-home messages

• Supporting evidence for insensitivity to fluazinam in genotype 37_A2 

• No evidence of resistance to any active ingredient tested in genotype 
36_A2 (or other lineages)

• Genotype 36_A2 isolates formed slightly larger lesions than other 
genotypes across low doses of all active ingredients tested

• No change to Best Practice - Follow FRAC guidelines

• Important to monitor emergence of 36_A2 and other genotypes in the 
context of their aggressiveness, to test further isolates and to monitor 
field performance



Fungicide studies – some conclusions

NL take-home messages

• Supporting evidence for  previous research revealing insensitivity to fluazinam in genotype 
37_A2 

• For EU-36 and EU-37, no evidence of resistance to other fungicides was found. However, in a 
laboratory test, EU-36 and EU-37 consistently displayed higher disease levels at very low dose 
rates of all the fungicides tested.

IPMBlight 2.0 take-home messages

• Consistent evidence for insensitivity to fluazinam in genotype 37_A2 

• No major differences in sensitivity distribution to other active ingredients tested between 
other lineages

• Some evidence for year-to-year variation in fluazinam sensitivity distribution within each 
clone 
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2017 isolates : Lesion size and spore production per lineage

Aggressiveness comparisons



Infection efficiency

10

Droplet inoculations on leaf discs 
* 5000 spores/ml
* 10 droplets per leaflet
* 10 leaflets /isolate
* 15 isolates

% infected leaf discs

average of 2 experiments at WUR



2016 + 2017 : 152 isolates
Number of R genes overcome according to clonal lineages

0% 20% 40% 60% 80% 100%

1_A1 n=15

6_A1 n=43

8_A1 n=6

39_A1 n=3

13_A2 n=38

36_A2 n=5

37_A2 n=26

41_A2 n=16

11 genes 10 genes 9 genes 8 genes

7 genes 6 genes 5 genes 4 genes

Virulence  comparisons
Variation within and between  clones
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 Similar results in both years

Virulence  comparisons
Variation within and between  clones, per differential



Some (preliminary) conclusions:
population monitoring efforts

• Collecting relevant information
• Phenotyping still cumbersome and slow

• Look for better protocols and/or markers

• Using this information for IPM
• Rapid adjustment of control tactics to pop information…

• Ex: EU_37_A2  and fluazinam use

• … but not of strategic choices
• No changes in cultivar choice according to local clones… yet



Some (preliminary) conclusions:
invasiveness and fitness

• Multiple biological profiles = multiple roads to fitness?

• EU_36_A2: high aggressiveness

• EU_37_A2: fluazinam resistance

• EU_41_A2: high virulence

• Pathogenicity traits in emerging clones are not singular
• Aggressiveness in EU_36_A2  equivalent to that of EU_6_A1

• Virulence  in EU_41_A1 similar to that in EU_13_A2



Some (preliminary) conclusions:
predicting invasiveness from phenotypes?

• Prediction still elusive

• Fitness is relative to ‘resident’ populations

• Single traits vs trait combinations?

• Local patterns > other factors than genotype characteristics?
• Sexual vs asexual populations?
• Climate responses?
• Cultivar distributions?
• Cropping practices?
• Local weather conditions?
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