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A) Introduction



‘ Increasing problems to control plant pathogens ‘

v Emerging pathogens

v Increasing resistance against pesticides

v Pesticide residues

v" Non-target effects and environmental problems



‘ Increasing problems to control human pathogens‘

Deaths attributable to antimicrobial resistance every year by 2050

Morth America \
317,000

Latin America
392,000 4150,000

Source: Review on Antimicrobial Resistance 2014

v" Increasing resistance against antibiotics World Health
v Incresing number of chronic diseases Organization



Missing microbes and human health

The theory of disappearing microbiota and the epidemics
of chronic diseases by Martin Blaser (2017)
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I. What role does diversity play in the agroecosystem?

II: What is the role of domestication for the plants?

III. What role does diversity play in human health?
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I. What role does diversity play in the agroecosystem?




Biocontrol of soil-borne pathogens

New biological control products
for sustainable farming and forestry




Verticillium wilt — the disease

> Biocontrol solution needed?




Ollseed rape: biocontrol of Verticillium wilt

Paenibacillus polymyxa Sb3-1 and Verticillium longisporum
ELV 43 have an ongoing dialogue through their VOCs:

Verticillium Paenibacillus

> Growth reduction » Constant growth

> Constant production of the » Constant production of the
antimicrobial (e.g. 1-Butanol) & antimicrobial (e.g. Pyrazines) &
PGP (e.g. Acetoin) VOCs PGP (e.g. 2,3-Butandione) VOCs

> Upregulation of some > Downregulation of some
antimicrobial volatile substances antimicrobial volatile substances

> Downregulation of the protein > Upregulation of the protein and
and DNA components and cellular DNA components

stress response




The biocontrol effect was cultivar-specific

Artificial infection with V. longisporum

2N
| 1]

2
Sherpa Avatar

15
1
0,5
0

Traviata

Natural infection with V. longisporum
2

15
1

0,5

0

Traviata Sherpa Avatar

' | Untreated control

'+ P. polymyxa Sb3-1

> Increase of the disease rate in
Traviata

> No differences due to Sb3-1 in Sherpa

> Disease control by Sb3-1 in Avatar

* this part of the project was performed by Dr. Mariann Wikstrom (Agro Plantarum, Sweden)



The seed microbiome was cultivar-specific

PCoA - PC3 vs PC2

PC2 — Percent variation explained 15.12 %

PC2 — Percent variation explained 8.98%

Avatar seed microbiome:

> lower alpha diversity

> increased amount of some potential pathogens (e.g. Ralstonia:
13.1%!)

» decreased amount of beneficial phyla

[Rybakova et al. Microbiome 2017]



CONCLUSION I

Microbial dlverS|ty av0|ds pathogemmty
Phyllob aceae_ ; \vjw 3 Saprospirae_1
w;:; Rh Z Om 2 =

Burkhblc. tuberum  Acetof aceae

[Berg et al. Microbiol Biotech 2015, J Exp Botany 2016, FEMS Microb Ecol 2017]




II: What is the role of domestication for the plant microbiome?




Lettuce: Microbial networking for health

The Lettuce project (EU)

Armin Erlacher, Massimiliano Cardinale
Martin Grube (KFU Graz)




Lettuce: The impact of domestication

Acidobacteria O

Co O 240 average reads per sample Actinobacteria O

Alphaproteobacteria .

Bacteroidetes O

Lactuca sativa Lactuca serriola Betaproteobacteria [
- o s\ Ps Chloroflexi

&L Rt rm .*/ D Gammaproteobacteria [lJ

§ A Saccharibacteria (TM7) []

Convar incocta Spm

—_—

Subsp. capitata Subsp. crispa

e significant differences at species and cultivar level
e 12.5% cultivar-specific bacteria; 49% core microbiome

Domestication (breeding) lead to bacterial diversification in
lettuce root system.

Loose network structure was observed — health relevant

[Cardinale et al. Environ Microbiol 2014]




Lettuce: The lettuce microbiome and disturbance
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Yersinia
Xenorhabdus
Wigglesworthia
Sodalis

u Shigella
Serratia

w Salmonella

u Rahnella

» Providencia

u Proteus

® Photorhabdus

" Pectobacterium

® Pantoea

u Klebsiella

u Escherichia

u Erwinia

u Enterobacter

w Edwardsiella

u Dickeya

u Cronobacter

u Citrobacter

® Candidatus Regiella

m Candidatus Hamiltonella

u Candidatus Blochmannia

® Buchnera

u Arsenophonus

Enterobacteriaceae; Other
70%

Moraxellaceae;
Alkanindiges

Enterobacteriaceae;
Fantoea

| Moraxellaceae:
Acinetobacter

Disturbances increase the abundance of Enterobacteriaceae:
Enterobacter in lettuce and Escherichia and Pantoea in rucola.




Lettuce: Looking for biocontrol agents
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[Erlacher et al. Frontiers Microbiol 2014]




Lettuce: Biocontrol solutions
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The antagonistic spectrum comprise
mainly plant-beneficial
Enterobacteriaceae as promising
biocontrol agents.
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Novel broad-spectrum antagonists

Untreated (negative control)

[with Leo van Overbeek]



Lettuce: vizualizing the lettuce microbiome




bial networking for health
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The pumpkin microbiome

Line A-D - Austria ”‘ *

G!emdorfer Line Ax Line B Austria
Diamant

GL Opal Gl. Diamant x Line C Austria
GL Rustikal Gl. Diamant x Line D

GL Classic - Austria %

—
Naxos - Netherlands g™
Line E—1 Sl "’
B Slovenia, China "%

[Adam et al. Plant and Soil 2016]




hepumpkintmicrobiome

Chlorenchyma layer with
vascular bundle , Nucellus

Cotyledon pe Root-hypocotyl embryo



IThe pumpkin microbiome

GL Oassic
Gleisdorfer

GL Rustikal Diamant

| Huss et al., 20099 J (_‘ -

P. carotovorum (Erwinia carotovora)
causes soft rot of fruits.

Connection of higher diversity
Unique and shared Enterobacteriaceae OTUs of ‘with the displacement and

the four cultivars ‘GL Rustikal’, ‘GL Opal’, ‘GL
Classic’ and ‘Gl. Diamant’. Counts of Erwinia sp.

are in superscript.

Germination rate field trials 2016

Control
untreated: 39%
Maxim XL/Captan stripper: 89%

% S b =
[ 28rdt 5 .

Mircrobial consortium
without chemical stripper: 90%

Pumpkin plants 16 days after sowing in the field.
A, B: untreated negative control showing low plant
vigor; C: plant after ‘Peposan’ seed treatment.



CONCLUSION II

> Seeds transfered a core microbial diversity

> Domestication changed the seed and plant microbiome

Shown for other crops, e.g.

 maize (Peiffer et al., 2013)

- barley (Bulgarelli et al., 2015)

- bean (Pérez-Jaramillo et al., 2016, 2017)



III. What role does diversity play in human health?




The microbiome connection

Exploiting the microbiome

connection for one health

[Microbiome connections: Davis et al. Nature 2014; Qian et al. Indoor Air 2012;
Mahnert et al. Frontiers Microbiol 2015]




A) The Indoor microbiome

Afipia

Nitrospica. . graqyrhizobium

.\\

Pseudomonas

il cteri
chge//a

Enterc laceae

Rhlzomicmllum

Burkholderia

Massilia

® Methylobacterium
Yersinia

Comamonadaceae

Bmdyrhizslame - @ <7 A
Staphylococcus

Paracoccus

Staphylococcaceae @®
, Curvibacter
Pseudomonas

Role of the plant microbiome as source for beneficials?

[Oberauner et al. Sci Rep 2013, Berg et al. Frontiers Microbiol 2014]



The plant microbiome as source for beneficials

before isolation

Aspergillus ochraceus

Schizophyllum commune

N e

M— .
1 (X } . 1063383 1 (N } . 1063383
L 1 L '}

- i . A e 2us o
[Mahnert et al. Frontiers 2015] s



The plant microbiome as source for beneficials

greenhouse - built environments fungal volatile
- organic

compounds

. (VOCs) of
Penicillium,
Cladosporium,
and
. Cryptococcus

growth and
sporulation
inhibition of
Botrytis cinerea by
fungal VOCs

[Ortega et al. FEMS Microb Ecol 2016]



B) Plants — gut microbiome diversity




The banana microbiome

[Rossmann et al. AEM 2014]

Enterobacteriaceae

R3a R3b E1 E? E3a Eib 51 S2 S3a S3b

-
=]

log,, copy number g fw
O = MW Bt~ oW

FIG 1 165 rRNA copy numbers per gram of fresh weight (g fw™') determined
erobacteriaceae-specific quantitative PCR. Log,, ,‘.Lluc« are shown for the
rhizosphere (R), the endosphere (E), and soil () for the four investigated field
sites: field 1, no herbicide treatment, no agro-forest; field 2  intensive herbicide
treatment, no agro-forest; field 3a, no herbicide treatment, agro-forest; and
field 3b, no herbicide treatment, no agro-forest. Error bars indicate confidence
intervals at P = 0.005.




Gut-beneficial endophytes from Brassicaceae

& & 3 N
«\)k «Qﬁ \§(\ \X\‘\
Pseudomonadales Enterobacteriales Sphingomonadales Burkholderiales B Xanthomonadales Actinomycetales
B Fimbriimonadales B Cytophagales Flavobacteriales 1 Sphingobacteriales M Saprospirales M Herpetosiphonales
m Cyanobacteria m Bacillales m Lactobacillales Caulobacterales m Rhizobiales m Rhodobacterales

Rhodospirillales Methylophilales Aeromonadales Alteromonadales = Verrucomicrobiales Deinococcales



Gut-beneficial endophytes from Brassicaceae

THE HEALTH-
CRUCIAL DRIVERS - PROMOTING FUNCTIONS
1. THE PLANT GENOTYPE
determines the microbiome of all plant tissues 1. MYROSINASE-ACTIVE ENDOPHYTES

2. THE PROCESSING PATHWAY L RN LT IR

has only a vegetable type-specific effect on the microbiome 2. PUTATIVE BIOLOGICAL CONTROL AGENTS

3. THE RARE GROUPS especially in naturally processed vegetables
are decisive for the microbial differences

LINKING FUNCTIONS WITH METAGENOMIC DATA
Myrosinase-active bacteria are enriched in GLS-secreting tissues of Eruca sativa and Brassica napus

[Wassermann et al. under revision]



> The plant-associated microbial diversity is a key for plant

and human health issues
> Supplementary biologicals can enhance microbial
diversity and avoid pathogen outbreaks

> We have to re-think sterility and microbial diversity



