Combining different potato-associated Pseudomonas
strains for biocontrol of late blight
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Exploring the potato microbiome

* The microbiome : not only in the soil and rhizosphere

» The phyllosphere is a harsh environment but still 107
microbes per cm? of leaf

» Impact on their host

* Diversity of microorganisms...

v’ Selected by the plant
v’ Potentially modified upon infection with a pathogen

v Potentially beneficial and/or protective...

...against pathogens?
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Isolation of potential potato-associated antagonists
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Fusarium oxysporum

Overall most active strains belong to the genera Pseudomonas, Bacillus, Athrobacter and
Microbacterium
Pseudomonas accounts for the most active strains

P. infestans is most affected



How do the bacteria affect Phytophthora infestans?

Effect on mycelial growth
and sporangia production

Can the bacteria establish

themselves on the plants?
Effect on sporangia

germination and germ tube
development

Can the bacteria prevent

pse““d reproductio,,

symptom development on
plants?
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Putting the pieces of the puzzle together

N NN © I < O < O O
O T ~ O O ™~ M ™M <
C Xxoowonownawvonon
Mycelial growth 0000
Different Pseudomonas strains affect
" Sparsingia geriniation’ '@ ® different lifestages of P. infestans in
o .
S5 Germ tube development & N ) ® 0 different Ways
| =g =
—
Zoospore release
~ | Zoospore germination X N X X X X X |
' What if we combine strains
_ Co-inoculation on Bintje ( X N 5] showing complementary
So
2 @ Co-inoculation on Lady Claire X N R @ phenOtypeS'
c
-

Co-inoculation on Victoria . ‘ ‘ . . ‘ .

Colonization . . . ‘ . .

Plant
colonization



Combining strains: Leaf disc assay

Single Double Triple

Sporangia
suspension

Bacterial
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...Effect on mycelial growth...
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ight after a cold choc

IoNns r

adding bacterial suspens

* Invitro zoospore release assay in water

Low bacterial cell density (OD = 0.3
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v’ Zoospore release is drastically inhibited in the presence of the bacterial strains



What are the modes of action?

Whole genome sequencing :
* Genome mining for known antimicrobial determinants

 Comparative genomics based on the phenotypic table

W CP019432_PspS49.gbk
B CP019431_PspSas.gbk
B CP019428_PspR76.gbk
W CP019427 PspS04.gbk
B CP019426_PspR84.gbk
W CP019399 PchlR47.gbk
W CP019398 PspS34.gbk
B CP019397_PspS19.gbk
B CP019396_PspR32.gbk
W GC content

W GC skew
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What are the modes of action?

Antibiotics
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New determinants?

Motile | Immobile

— | T
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R32

0 min 5 min 15 min 20 min
R32 causes lysis of zoospores but does not possess genes encoding for
cyclic lipopeptides, which are known to lyse zoospores
Comparative genomics:

* About 100 genes of interest to investigate

* Genes putatively involved in the production of toxins, a lipopeptide, secretion
systems, competition for iron



What are the advantages of combining strains?

* We have observed synergetic effects among strains
* Lower numbers of bacteria required?

e The strains have differential colonizing abilities
* More consistent results as one or the other might develop better in the given conditions

» Different strains have different modes of action
* Multisite, interesting to combine or alternate with fungicides?
* Interesting for resistance management?



Outlook

Further characterization and investigation of the inhibitory potential of Pseudomonas
What molecules/mechanisms are causing the effects?

How do bacteria interact with each other, with P. infestans and with the plant?
What about colonization abilities?

Are they compatible with fungicides?
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The potato microbiome

Question 1 Question 2
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16S amplicon sequencing
What do the bacterial communities of the potato * Does treating the plants with plant protection
phyllosphere look like? products change the communities
Do the communities change throughout the cropping * Do different types of plant protection products
season? affect the communities in different ways?

Do different cultivars have different communities?
How does an infection with P. infestans affect these
communities?



Alpha diversity : richness

How many OTU’s are found in the
communities?

Does the richness of the
communities change over time ?

Is there a cultivar effect?

Is there an effect of infection with
late blight?

number of OTU
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Beta diversity : Principal component analysis

* How diverse are the communities?
* |sthere a cultivar effect?

* |s diversity affected by infection with

late blight?
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Barplot at the phylum or family level

Relative Abundance
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The potato microbiome

Question 2
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* Does treating the plants with plant protection
products change the communities

* Do different types of plant protection products
affect the communities in different ways?



Alpha diversity : richness

How many OTU’s are found in the
communities?

Does the richness of the
communities change over time ?

Is there a treatment effect?
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Beta diversity : Principal component analysis

* How diverse are the communities?

* |sthere a treatment effect?
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Growth (% of control)

What about other P, infestans isolates?
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Exploring a little bit more...
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... With improvements?



