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In natural epidemics, populations of highly diverse isolates of
Zymoseptoria tritici usually co-exist and very frequently co-infect the same
leaf or lesion. Additionally, there is a quantitative distribution of virulence
phenotypes, ranging from highly virulent to completely avirulent strains. In
general, how these strains interact with each other remains unexplored. In
particular, it remains to be determined if there is host immunity cross-
reaction in mixed infections in which an avirulent strain and a virulent
strain co-exist. AvrStb6 is an avirulence factor that is present in numerous
strains of Z. tritici, including 1E4. AvrStb6 is recognized by the resistance
gene Stb6 (present in Chinese Spring), which will subsequently trigger an
immune response that prevents the infection by the avirulent strain.

Objectives

Conclusion

Introduction

Avirulent strains reproduce on a resistant cultivar

Follow-up

Figure 1: An avirulent
strain of Zymoseptoria
tritici can reproduce in
coinfections with an
avirulent strain. A) The
avirulent strain 1E4 tagged
with eGFP produces
pycnidia on the resistant
cultivar Chinese Spring in
coinfections with the non-
labeled virulent strain 1A5.
Leaves were harvested at
19 dpi. A’: Leaf surface with
mature pycnidia and
extruded cirrhi. Scale bar: 1
mm. A’’: fluorescent pycnidia
of 1E4-eGFP. Scale bar:
100 um. A’’’: Pycnidiospores
collected from the
fluorescently labeled
pycnidia. Scale bar: 100 um.

Figure 3: Pre-infection with the virulent strain
does not favor the following infection of the
avirulent strain, however, virulent infection
advantage the avirulent strain not only locally
but also distally. A) Barplot of the average
reproduction (pycnidia/12 leaves) of 1E4 in
single, sequential (3D7 is inoculated 7 days
before 1E4) and simultaneous infection on
second and third leaf of Chinese Spring. B and
C) Two examples of 1E4 pycnidia labelled with
eGFP in distal infection from the virulent 3D7
tagged mCherry. D) Table summarizing the
results of the distal infection including number of
pycnidia of 1E4, number of observations,
specification whether the pycnidia were found in
close vicinity to 3D7 or separate.

The avirulent strain successfully reproduces on a resistant cultivar in
the presence of a virulent strain. Furthermore, the reproduction rate
was higher in mixed- than in single-infections, while the reproduction
rate (transmission potential) of the virulent strain remained unaltered.

Mixed infection on dying tissue of a resistant cultivar revealed that the
avirulent strain suffered from competition of resources, while the
virulent strain was not affected. In addition, tissue or cell damage
allowed the reproduction of the avirulent strain on a resistant cultivar

Pre-infection with a virulent strain does not facilitate the reproduction
of the avirulent strain. However, infection of a virulent strain facilitated
the infection of an avirulent strain distally.

Early observation of the infection revealed more frequently deeper
colonization of the apoplastic space of the avirulent strain in mixed
infections compared to single infections.

Investigate the expressional changes between single avirulent infection and virulent-avirulent mixed infection. Does the immune 
response play a role?
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Treatment Nr. of 1E4
 pycnidia

Nr. of 
observation 

(tot)

Nr. of 1E4
pycnidia in

contact with
 3D7

Nr. of 1E4
cluster in

contact with
3D7

Nr. of 1E4
pycnidia

alone

Nr. of 1E4
cluster alone

1E4 & Mock 0 0 0 0 0 0

1E4 & 3D7 22 12 12 8 10 4
Abbreviation: Nr. = number, tot = total, 1E4 = avirulent strain, 3D7 = virulent strain
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Figure 4: The avirulent
strain explore deeper
the substomatal cavity
in coinfections with a
virulent strain. A)
Progress of the avirulent
strain penetration was
estimated by defining
four infection stages: I,
the hyphae attempts to
penetrate the stomata
but it does not reach the
substomatal cavity; II,
the hyphae reach the
substomatal cavity; III,
The hyphae reach the
mesophyll cell; IV, the
hyphae fully colonize the
apoplastic space in the
mesophyll. B) Hyphae
from the avirulent strain
1E4 reach the mesophyll
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The avirulent strain reaches the mesophyll cells 
more frequently in the presence of virulent strains
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Single Infection: 1E4-GFP

Virulent strain infection do not favor following 
avirulent infection, but it favors distal infection 

Figure 2: Mixed infection on dying tissue of a
resistant cultivar showed that the avirulent strain
undergoes competition for resources, and on
living damaged leaves, the avirulent strain
produces pycnidia. A) Barplot of the average
reproduction (pycnidia/12 cm leaf) of 1E4 or 3D7 on
dying second and third leaf of Chinese Spring in
single and mixed infection. Error bar represents the
standard error. Stars indicate statistical differences
according to the student test (* = p<0.05, ** = p<0.01
and ns = not significant). Second leaves of Chinese
Spring were damaged with celite B) or poking C)
prior to inoculation with the avirulent strain 1E4
labeled with eGFP. 20 days after infection, the
pycnidia pattern was evaluated. Scale bar: 500 um.

Avirulent strains compete for resources and cell 
damage allows avirulent strain reproduction

1. Comprehend if in mixed infections:
1) a virulent strain’s infection process is hindered by the

presence of an avirulent strain

2) an avirulent strain’s infection process is enabled by a
virulent strain

2. Determining the mechanisms behind the success of the avirulent
strain

3. Do the virulent strains suppress the immune response?

• The avirulent strain successfully reproduces and with higher
success in mixed- than in single-infections

• The avirulent 1E4 does not impact the reproduction of the virulent
strain 3D7; however, the reproduction of 1E4 is reduced in the
presence of the virulent strain 3D7.

• Cell damage enables the reproduction of the avirulent strain on a
resistant cultivar, while host priming does not advantage the
avirulent strain. Furthermore, the effect produced by the virulent
strain act not only locally but also distally.

• The avirulent strain reaches the mesophyll cells more frequently in
the presence of a virulent strain than in a single infection.

B) Same experiment of A) conducted with 3D7 tagged mCherry. B’: Scale bar: 500 um. C) 1E4
produces more pycnidia in mixed infections with the virulent strain 3D7 than in single infections. D) The
virulent strain reproduction is not affected by the presence of the avirulent strain 1E4. Asterisks
indicate significant differences according to student t-test (C) and Wilcoxon test (D).

cells more frequently in mixed infections with the virulent strain 3D7 than in single infections (11 dpi).
C) Picture illustrating the penetration of 1E4 labeled with eGFP in single or D) in mixed infections with
the virulent strain 3D7 (bottom panel).


