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Definition

4 Microbiome N

" Microbiota | 4 “Theatre of activity”
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Fungi Protists | peptides sacha-das 5

Algae ) [ Nucleic acids N
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mobile genetic elements
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incl. viruses/phages relic DNA /
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Biome: a reasonably well defined habitat which has distinct bio-physio-chemical properties

Berg et al., Microbiome 2020
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Soils as hotspot for biodiversity

1 g of soil harbors up to
10° microbiota

10° different species
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Ecosystem services provided by soils
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Drivers for microbial diversity in solils

Moisture Fertility

Soil aeration
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Temperature

] Nature/Type of soil

Cultural practices

-

@ Plant pecles

Viral lysis

Organic matter
FAO, 2020
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e herbivores
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Biodiversity losses and drivers . peistot
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Biodiversity losses and coseqguences
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Ecosystem functions

Dung decomposition
N availability
Nitrogen retention

P availability
Phosphatase
Phosphorus retention
Root biomass

Root decomposition
== Soil C cycling

== Soil N cycling

Ecosystem services

== Charismatic butterflies
== Cultural value plants
== Edible fungi

== Edible plants

== Forage biomass

== Forage quality

== Herbivory control

== |nfiltration

== Pest control

== Potential bird-watching
== Soil C stock

== Temperature regulation
== Timber

== Trees C stock
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Allan et al., Ecology 2016
La Provost et al. Nature Ecol Evol. 2022

Land-use intensity

2.00

Felipe Lucia et al., PNAS. 2020
Neyret et al., Nat. Comm. 2024
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Losses in (microbial) diversity

Fertilizers Agricultural and industrial emissions Waste treatment |

i . ; Anthropogenic climate change caused by high
N and P fertilizers affect microbial processes N,O and CO, emissions from agriculture and
industry affects microorganisms

-
Microbial diversity @

Eutrophication

Anthropogenic climate change reduces
microbial diversity and the functional capacity
\Eutrophication perturbs microbial ecology R\ of microorganisms to support plant growth

Extensive farming (grassland) Intensive farming (wheat)

Methanogens produce high levels of CH,,
affecting climate change

Land use directs microbial community composition
"

Cavicchioli et al. 2019
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Plant performance and soil quality

"Good" soil ) "Bad" soil
High photosynthesis | "« Reduced photosynthesis
High Yield
Less disease
Stress Resilience

L ]
e Low Yield

e More disease

* Low stress resilience

Plant trait
Plant trait

Soil trait

Soil trait

suboptimal  optimal “~ beneficial = measurements/

N - ==.pathogen . - microbes & analysis Giovannetti et al., 2022
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The plant associated microbiome

FTY

Water and nutrient

Plant probiotics
uptake

(PGPR)

UV protection

Core gycolpx
O-specific polysacchande chain

Degradation of
pollutants

fee gzl e g
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(m'fm Urea transporters
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f ¢ 25:035. e n §
: 8 oqiMdyrE: i
A 3a2 Ed .

|} canfe 3 42 i ]
S e i e

Biocontrol of
phytopathogens

Nutrient

mobilization
f L, Berg et al., Front. Plant Sc. 2014
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Aquistion strategies of barley plants for associated microbiota

Transmission between
generations

Traits provided by the
seed microbiome:

_ _ Osmoprotection

Traits provided by the ROS detoxification

airborne microbiome: Phytohormone production
UV protection P mobilization

Biocontrol
Traits provided by the
soil microbiome: :
_ Biocontrol Entery pathway via
Entery pathway via 10C o root:
flowers and leaves: T Nutrient mobilization Quorum sensing,  Radl etal. Microbiome 2020
Quorum sensing, adhesion, chemotaxis Young et al. Fron Microbiol 2020

Fischer at al. Front. Microbiol. 2013
Uksa et al., Appl. Env. Microbiol. 2015
Uksa et al. Front. Microbiol. 2015
Uksa et al. Microbial Ecol. 2017
Young et al. sub.

Vestergaard et al. sub

Zadel et al., Env. Poll. 2022
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Next generation agriculture for healthy food production in a healthy

environment
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In silico metagenome assembly

(1) Raw reads (DRA)

Unknown taxa

Raw reads

:

Assembled into contigs Metagenome
\l/ Sample
(2) Primary metagenome (DRA) e
Unknown taxa /\
l
Binning into single taxon assemblies Derive Project

(3) Binned metagenome (DRA) / va by e l

Binned Sample
Known taxonomy |

Chosen or de-replicated representative MAGs Derive
4) MAG (DDBJ : o
(4) ( ) MAG MAG Sample

Unique taxonomy

Targeted isolation of keystone taxa
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Use of novel bioinocula

Bacteria Fungi
Intraceliular Inter / Extra-cellular RAF
(Root-assockaned fungl)
Bacillus, Burkholdena, Paenbecilius
RRis0sn Erwinla, Psoudomonas, 5 .' v
Ovadyvhizobhum Astheobactor, Coulobactor, Sorratia pcan
Sinorhizobium / Ensier Stenotrophomonas, M o Penicilium
Azorhizobium Floy - - ° A L Saccharomycotes
Mesornizobium LK i B
Chrom “" S

Allorhizotium Ameriied into oo 5
Act i

| () Primary motagonam (DRA)
Chnknou e = |
) -\.ld.-].;:l-\-:rlnunlmlllr.\. :ui-o- Pt
e *, T
{4) Binned metagenome (DRA) . . Pirveadt Sarmpls

Anawn bsonamy | |

Urwimn o dh-sepliowiond reproserdatien Wi

(43 MAG (DDEB)

Bio-stimulants

(produce hormones 10 growh ¢ g sudn)

Chiba e al. Res. An. 2022
Duffner et al Res. An. 2022
Benning et al. Res. An 2022
Zadel et al. Res An. 2022
Wang et al. Res. An 2022
Mohamed et al. Res An. 2023.
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Use of novel bioinocula
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plant-microbe Causality analjees \ Insights: /
interactions / | analyses \ rhizosphere dynamics //
X S ses oe o 7 i e e ~
— e Marin et . 2022
Reductionist approach Holistic approach
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Use of novel bioinocula (Apple replant disease) Genomic reconstruction of isolated

Rhodococcus strains O

-

N

..\ Plant growth promoting
Metagenomics reconstruction of N ;.. bioassay

. Relative Shoot Growth
phenyl degrading pathways _ 7

I (

Control

Shoot Growth in %

B4 BS B6 B7 B8 H20 R4 RS R6 R7 R& R9
Treatment

Radl et al. Microbiome 2020
Benning et al. Arch. Microb. 2022
Mahnkopf et al. Front. Microb. 2022

Multifunctional Bioinoculum (Rhodococcus, Bacillus, AMF) mglﬂzlr(nogc: Z'f[ ZII. ;'g)s/ts;emgc'zgngjr' 2021
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Soil transplantation

l | 2
: J A 'I‘* =
|

Phenotyping of _ ’ | ‘ . )
desired traits in \ < ‘
the soil A — o e
microbiome: % = " "
e WY
a"‘;{_ g\'ﬂfz:‘a"t Rhizo- Soil mixture
: microbiome and
promotion profiling in Lab blending Riizoniome
Filtration transplant

D 2> 3 49 6
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Soil transplantation

Richness after soil transplantation

A
B C Bubble Chart low OM
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Schroder et al., sub.
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Composts using substrates from urban

environments
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Relative abundance (%)
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Resistance mechanism 1B Drug class

) Antibiotic efflux
Antibiotic inactivation
Antibiotic target alteration
Antibiotic target protection
Antibiotic target replacement 1
B Reduce permeability

Aminocoumarin
Aminoglycoside
Beta-lactamase

B cephamycin

W 0'aminopyrimaine

W ety

B Fruoroquinoione

Fosfomycin

Glycopeptide

soniazid
{
Uincosamide
Macrolide

] B Munisrug

B wcieosice
I

W Forom
Variable region (2.8 kb)
L

W Feotce
Il Prenco
Totracycline

Triclosan

1 13 18 26 34
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scs ; . wes
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e 2
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B e =
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[ac -} ——
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Wallisch et al., sub.
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Composts using substrates from urban environments

Cop & - Worm
Y- - blanket
ﬁ“\ L L A2 1] :0:. ,
Air vents U }"&h = é\

Active area with

Worm casting <—"scraps, worms

(compost) . oy
\_ﬂ 6\
— Drainage
Worm tea holes
collection

Tap for tea

More reproducable ?
Less pathogens/AMR ?

Higher quality ?

m
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Next generation agriculture for healthy food production in a healthy environment

Applications directed to

microbiome and system
improvements

Prebiotics

Single strain microbiome
applications (e.g. fermentation
starters, biofertilisers,
biopesticides)

Microbiome consortia applications
(e.g. rumen transfaunation, faecal
microbiota transplant, soil
transplants)

Analytical tools derived from
microbiome understanding

Health biomarkers

Response prediction tools (e.g. to
diet, pharmacological therapies or
environmental applications)

Monitoring tools (e.g. hygiene or
resistance potential)

Applications derived from
— microbiome understanding

Enzymes
Signalling molecules

Metabolite-based therapeutics

Kostic et al. Trends Microbiol. 2022

disease tolerance

change effects

Farmed Animals

microbiome by feeding
= reduced CHa

&

Food & Feed

i Do good: Use microbiome insight
" for improved public health

Do good: Make gut-healthy feed for
reduced need for antibiotics

Respect: Recognize traditional microbiome-
based food and learn from fermentation of
food & feed

Crop Plants & Forests
Do good: Microbiomes for improved growth and

Do good: Microbiomes for robustness to climate

Don’t harm: Harness microbiomes to
substitute harmful pesticides

Do good: Hereby ensuring rich
biodiversity and clean water

Microbiome
Ethics
for One Health

resilience

for the future

—

Do good: Microbiome by fe!'tlllty.by mtagt
improving feed for d!vers!ty of soil
better animal welfare Do Good, microbiome ;

Don’t harm: Hereby Don’t Harm, Dop t harm: Enrich soil
reducing antibiotics and Respect microbiome for reduced
piglet mortality p N20, CHs & CO2

Don’t harm: Modulate rumen and Act Justly emissions

/
[V«

Aquatics

Do good: Monitor microbiomes for early

warning of deterioration

Do Good: Monitor fish microbiome; identify

threatened populations

Holobiont
Biodiversity
Don’t harm:
Loss of biodiversity
is loss of planetary

Do good: Keep pool
of natural products
intact for future use
Respect: Protect Nature’s
biodiversity, as heritage

Do good: Maintain soil

Do good: Improve
microbiome for soil

remediation

Lange et al. Microbiome 2022
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From single microbes to microbial communities
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From single microbes to microbial communities
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From single microbes to microbial communities
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Microbiota
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Postulates of Koch (1896)

»swWenn nun die Diphtherie eine durch
Mikroorganismen bedingte Krankheit ist, so
mussen sich auch bei ihr jene drei Postulate
erfullen lassen, deren Erfillung fur den strikten
Beweis der parasitdren Natur einer jeden
derartigen Krankheit unumganglich notwendig
ist:

Es mussen constant in den local erkrankten
Partien Organismen in typischer Anordnung
nachgewiesen werden.

Die Organismen, welchen nach inrem Verhalten
zu den erkrankten Teilen eine Bedeutung fur das
Zustandekommen dieser Veranderungen
beizulegen ware, missen isoliert und rein
gezlichtet werden.

Mit den Reinkulturen muss die Krankheit wieder
erzeugt werden konnen.”

HELMHOLTZ
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Postulates of Koch (1896) - revised

»swWenn nun die Diphtherie eine durch
Mikroorganismen bedingte Krankheit ist, so
mussen sich auch bei ihr jene drei Postulate
erfullen lassen, deren Erfillung fur den strikten
Beweis der parasitdren Natur einer jeden
derartigen Krankheit unumganglich notwendig
ist:

Es mussen constant in den local erkrankten
Partien Organismen in typischer Anordnung
nachgewiesen werden.

Die Organismen, welchen nach inrem Verhalten
zu den erkrankten Teilen eine Bedeutung fur das
Zustandekommen dieser Veranderungen
beizulegen ware, missen isoliert und rein
gezlichtet werden.

Mit den Reinkulturen muss die Krankheit wieder
erzeugt werden konnen.”

Microbiomes are strongly
interacting microbes that have built
up stable network structures, which
determine resilience of ecosystems
more than total diversity

The functionality of the microbiome
IS  mainly determined by the
position of the organisms in the
consortium and is synthrophic or
antagonistic  behavior  towards
neighbors

The core microbiome is a small
subunit of the total microbes
present in an environment



Problems of modern agriculture

High Input Agriculture

Inorganic Fertilizer e— @
Pesiticides

Reduced cropping sequences

Reduced carbon stocks
g “ Inefficient nutrient cycles

Reduced microbial diversity & ——————®

Need for more ...

e g Fertilizer
Plant protection

Accelerated by Climate Change

Negative impact for...
Food quality

Climate

Ecosystem Services
Quality of neighboring
ecosystems
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Solutions ?

Low Input Agriculture
Low levels of (organic) fertilizer
Reduced use of pesiticides
Reduced soil management (tillage)
Increased cropping sequences

Increased microbial diversity o

Resistent to Climate Change

Positive impact for...
Food quality

Climate

Ecosystem Services
Quality of neighboring
ecosystems

® Increased carbon stocks
Efficient nutrient cycles

o Smart Agriculture
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Reduced soil management (tillage)
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Resistent to Climate Change

Increased carbon stocks
Efficient nutrient cycles

Smart Agriculture:
Use of new amendments

Use of new forms of cropping
(intercropping etc.)

Use of precision agriculture

Use of biofertilizer
(bioinocula)
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