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Fig.1 Broadbalk. Mean yields of wheat grain, and changes in husbandry
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[ growth & development] [ nutrient acquisition ]
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[ tolerance to abiotic stress ]

[ protection against pathogens ]

e — the o

(e [ physiology / metabolism ] [ immune response ]

g7 the rhizosphere

< ‘,\ [
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[ plant diseases] [ food contamination]
' the plant
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Development
and Growth

Health

« Impact on physiology/metabolism
« Nutrient aquisition

» Protection against pathogens » Production of amino acids
» Production of enzymes and antibiotics « Production of vitamins

» Immune system modulation » Production of growth hormones

| /ut and rhizosphere microbiome

‘ structures are shaped according
- - to host genotype and age.
Gut and rhizosphere are characterized

by a gradient of oxygen, water and pH
resulting in a diversity of niches.

Gut and rhizosphere are open
systems with large surface areas
overpopulated with microbes.

Cross-kingdom similarities in
microbiome functions

[ Mendes & Raaijmakers, ISME J 2015 MlCROBl l



[ see Turnbaugh et al., Nature 2006 ]
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Sugarbeet

Deciphering the rhizosphere
microbiome for disease-
suppressive bacteria

[ Mendes et al., Science 2011 ]
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Sugarbeet
Rhizoctonia solani

s 3
35,000 — o |s
T T T T T T S_2
30,000 7 — ¥
Unclassified Unclassified Unclassified o2 o
S 25,000 - o S50
x ’ S50 2
_| L S50
- — 850
5 20,000 | ss0¢
5 oro eria Pro teria Pro teria c3
E 15000 - | o |¢C
pd — — e — B e |
Fi s Fi es F es cs 2 CS
5,000 ] = — — — —— S
, | == — S S ——— S80_3
Lillllee Bl ~ollee B ol —— 2 | s
0 I T I T I T I T I I L —-— 380:1
S C s S50 S80 Sr - - y " -
" Acidobacteria = Actinobacteria = Bacteroidetes 80 85 90 95 100
® Chloroflexi " Cyanobacteria ® Firmicutes e Qimilar
" Planctomycetes * Proteobacteria Unclassified Bray Curtis Similarity

[ Mendes et al., Science 2011 ]



. Del i
Sugarbeet Gammaproteotaciera T

27.2% -
>~_Unclassified, 7.8%

= - - Betaproteobacteria,
Rhizoctonia solani M —_ Allothers, 3.1%
Alphaproteobacteria, Acidobacteria, 9.1%
4.1% .

Planctomycetes, 2.0%
Firmicutes, 0.2%
Cyanobacteria, 0.7%

Chloroflexi, 1.8%

Bacteroidetes, 2.2%
’ Actinobacteria, 39.9%

Gammaproteobacteria,
64.4%

Acidobacteria, 2.1%
Unclassified, 9.8%_~

Gammaproteobacteria, Actinobacteria, 73.4%
6.3%
Betaproteobacteria, S>C
6.3% N

\_Unclassified, 8.9%
Actinobacteria, 4.4%
\_Firmicutes, 2.2%

Firmicutes, 0.7%
Bacteroidetes, 1.4% d

Betaproteobacteria,
20.0%
/_Betaproteobacieria, Deltaproteobacteria,
14.5% . 0.2%
Gammaproteobacteria, e
Gammaproteobacteria, 43.6% Unclassified, 8.3%
Alphaprotecbacteria, 20.5% All others, 0.9%
14.0% &Acidobacteria, 2.1%
Planctomycetes, 1.1% ctinobacteria, 0.7%
Firmicutes, 5.6% IR Unclassified, 9.3% é/gacteroidetes,DJ%
Cyanobacteria, 1.4% / "'hcmolr}oﬂexnl. 0-3‘::/
Chloroflexi, 1.3% Sr>S ¢s>C yanobaceria, 0.7%
) o Firmicutes, 1.4%
Bacteroidetes, 1.4% \_Verrucomicrobia, 0.1% Planctomycetes, 1.6%

\Allothers, 6.3% Betaproteobacteria,_|

Actinobacteria, 21.8% b
Acidobacteria, 2.5% 17.7%

Alphaproteobacteria,

Gammaproteobacteria, 22.0%
50.7%

Gammaproteobacteria,
41.2% ___Unclassified, 11.6%
ctinobacteria, 0.4%
e ———/ Bacteroidetes, 0.7%
\_Firmicutes.0.4%

Alphaproteobacteria,
21.0%

Betaproteobacteria,J
52.9%

_Firmicutes, 5.9%

Betaproteobacteria,

[ Mendes et al., Science 2011 | 15.2%



Sugarbeet

[ Mendes et al., Science 2011]
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Sugarbeet
Rhizoctonia solani
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Sugarbeet
Rhizoctonia solani

Root exudates
structure and modulate the
rhizosphere bacterial community
and trigger fungal pathogen
germination and hyphal growth o

Plant responds
to oxalic acid (OA)

o
e Rhizosphere bacterial community
1(%: . ° reponds to root exudates and fungal invasion by:
(-]
- - i. Enriching and activating specific bacterial families
# 00 ® (e.g. Oxalobacteraceae and Burkholderiaceae)
Rhizoctonia solani & « li. Activating functions related to general bacterial
thOWSftOYrItifd t{letFOOYdSYSlitm o & \. stress response (e.g. HtrA/Sec, (p)ppGpp alarmone
- - 0 Intect the piant and exeris & metabolism and oxidative stress)
Fungal invasion Of oxidative and acidic stress
the rhizosphere

miCI‘Obiome Plant roots

are shielded from

[ Chapelle et al., ISME J 2016 ] fungal infection
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Sugarbeet
Rhizoctonia solani

Proteobacteria .
Composition

Gammaproteobacteria

Pseudomonadaceae
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Pathogen-induced activation ~ (Betaproteobacteria e
of disease-suppressive a7 Firmicutes ol e
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[ Carridn et al., Science 2019 | o

O Non-significant



Sugarbeet
Rhizoctonia solani
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d ®
* Glycosyltransferase

L Carbohydrate- " Oxidoreductase
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o
o o
o
0 o

[] Enriched in suppressive soil
O Glycosyltransferases (GTs)
@ Glycoside hydrolases (GHs) @ Polysaccharide lyases (PLs)
. Carbohydrate esterases (CEs) O Not validated

[ Carrion et al., Science 2019 ]

B
Chitinophagaceae Burkholderiaceae
Beta-glucanase Cellulose synthase
(PFO0722) (PF03552)
Carbohydrate- Chitinase
binding module (PF03537)
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(PF00150 and Glycosyl transferase
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PF08531) a-glucosidase deacetylase
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and PF16657) 1,4-a-glucan branching
a-1,6-glucosidase enzyme
(PF03425 and PF06202) (PFO2806, PF02922 and
B-galactosidase PF11896)
(PF02837)

@ Non-catalytic carbohydrate-binding modules (CBMs)

Microsi l‘



Sugarbeet

From the 730 BGCs identified in
the metagenome by antiSMASH,
157 were found in a set of 25
metagenome-assembled
genomes (MAGs) and only 12
were previously described.

[ Carrion et al., Science 2019 ]
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Sugarbeet
Rhizoctonia solani
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Ancestrality

Back to the Roots

“Domestication of plant species has
substantially contributed to human

DOMESTICATION IMPACT ON RHIZOSPHERE MICROBIOME
1. MOVING OUT OF NATIVE HABITATS
‘ Exposure to different environmental
conditions and rhizasphere assembly
from different soil microbial pools.
2. USE OF AGRICULTURAL PRACTICES

civilization, but also caused a ~. -y Changes in soilstructure. N and P
. . _ 4 fertilization affects rhizobia and AMF
strong decrease in the genetic - ntaractions.
diversity of modern crop cultivars | 3. CHANGES IN LITTER QUALITY
[ ' Flant biomass returned to soil changes
that may have affected the ability C | iy

of plants to establish beneficial >

associations with rhizosphere
microbes.”

4. CHANGES IN ROOT ARCHITECTURE

Fertilization, watering and other practices
changes the root system topology.

5. ALTERED ROOT EXUDATION

Changes in plant genetics caused by
traits selection/breeding results in
different exudate composition.

IMPACT: UNDERMINING MICROBIOME
COMPOSITION AND FUNCTIONS

Impact of plant domestication on
rhizosphere microbiome
assembly and functions

[ Perez-Jaramillo et al., Plant Mol Biol 2016; see also http://backrootsproject.wixsite.com/backroots ] M|CR°B| l
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Ancestrality

G51283K1 - M1

G50398 - M2

G5773 - M3

Linking rhizosphere microbiome
composition of wild and domesticated
Phaseolus vulgaris to genotypic and root
phenotypic traits

[ Perez-Jaramillo et al., ISME J 2017 ]
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Ancestrality
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Linking rhizosphere microbiome
composition of wild and domesticated
Phaseolus vulgaris to genotypic and root
phenotypic traits

[ Perez-Jaramillo et al., ISME J 2017 ]
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.
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.;ow..

@ Ancestral common bean
@ Modern common bean
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Ancestrality

agricultural soil

Deciphering rhizosphere microbiome
assembly of wild and modern common
bean (Phaseolus vulgaris) in native and
agricultural soils from Colombia

[ Perez-Jaramillo et al., Microbiome 2019 ]

native soil

M

the plant

ICROBI



Ancestrality

Wheat domestication impacts
on rhizosphere microbiome
assembly

[ Rossmann et al., under review ]
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Protection Common bean

¥
Lat
. 4; . =
- = k.

Resistant Moderately Resistant Susceptible
IAC Milenio IAC Imperador BRS Estilo IAC Alvorada

O Acidobacteria O Actinobacteria @ Bacteroidetes @ Chlamydiae @ Chloroflexi @ Cyanobacteria @ Firmicutes @ Planctomycetes @ Proteobacteria O Verrucomicrobia @ Archaea O Others

In the resistant genotype
More Pseudomonadaceae, Bacillaceae, Solibacteraceae and Cytophagaceae
More genes related to antifungal phenazines and rhamnolipids
More complex and highly connected bacterial community

Influence of resistance breeding
in common bean on rhizosphere
microbiome composition and function

[ Mendes et al., ISME J 2017 ]

Breeding for soil-borne pathogen
resistance impacts active rhizosphere
microbiome of common bean

[ Mendes et al., ISME J 2018 ]
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John A. Kelley, USDA Natural Resources Conservation Service

The next big war might be over

phosphorus

By Nathanael Johnson on May

The role of common bean rhizosphere
bacterial communities on phosphorus

mobilization

[ Chiaramonte et al., in prep. ]

Effect TSP gradient in P-Efficient Cultivar

o
o
Il

o
=1
il

CAP2 [11.3%]

0.5

Effect TSP gradient in P-Unefficient Cultivar

05

CAP1 [16.6%]

0

0.5

e
=]
1

CAP2 [7.5%]

&
o
il

05

"CAP1 [21.8%]

Dose
@ D1
D2
®D3
D4

Dose
® D1
D2
® D3
D4

Effect PR gradient in P-Efficient Cultivar

0.8

=
=
1

CAP2 [9%]

0.4

L
[ ] f.
Dose
® D1
D2
® D3
D4

-04

CAP1 [14.4%]

T
08

Effect PR gradient in P-Unefficient Cultivar

CAP2 [6.2%]

&
o
1

..
® L ]
®
® L ]

e o ° ?;7

D2

® D3

D4

CAP1 [201%]
-

M

the plant y

ICROBI)ME

4



Nutrition

Foto: Maria Carolina Pezzo Kmit

The role of common bean rhizosphere
bacterial communities on phosphorus

mobilization

[ Chiaramonte et al., in prep. ]
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Nutrition

IAC Imperador
[P-efficient]

Dor-364
[P-inefficient]

The role of common bean rhizosphere

bacterial communities on phosphorus
mobilization

[ Chiaramonte et al., in prep. ] M 1
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[ see Cook et al., PNAS 1995 ]

The plant's first line of defense

“Selection pressure imposed by soilborne
pathogens may favor a different defense
strategy - namely, plants with the ability,
during monoculture, to support and
respond to populations of rhizosphere

microorganisms antagonistic to their
pathogens.”

tttttttt
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[ Raaijmakers & Mazzola, Science 2016 ]



Relative Abundance of Bacterial Phyla

Relative Abundance of Bacterial Families

Relative Abundance of Proteobacteria Classes

Impact of soil heat on reassembly
of bacterial communities

in the rhizosphere microbiome
and plant disease suppression

[ Voort et al., Ecology Letters 2016 ]

Bacilaceae  [F

Relative abundance of bacterial groups

Disease suppression

Tolerant and fast

Sensitive and fast

Tolerant and slow

Sensitive and slow

Pre-treatment
community

Heat treatment
effect

Reassembled
community
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Iran 1-29-11334f0  Karakilcik® Pakintan 81 : | Frontana
Origin: Iran Origin: Turkey, Origin: Pakistan ' [ Brazilian cultiva

BRS Guamirim. Quartzo
Brazilian cultivarf@Brazilian cultivar

(2005) (2007)

Wild 3

Wheat domestication impacts
on rhizosphere bacterial
community assembly

[ Rossmann et al., in prep. ] MICROBI
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Landraces Cultivars

8%
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Bacterial Community
8,964 OTUs
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4,043 OTUs

Landraces Cultivars

47% 0%

(8) ()

Cercozoa Community

1,934 OTUs

M

the plant

ICROBI



-
ICROBI l

the plant

=

o — -Q
A.NT

niana

]

1
=
=t o

(9%) xapul AlaAas aseasIq

Wheat
Bipolaris sorok.



Wheat

100,00 . i
IAC (Resistant) Frontana (Resistant) 100,00 . ) . .
90.00 Karakilcik (Susceptible) Guamirim (Susceptible)
. 90,00
2000 | With pathogen [l With pathogen
’ No pathogen 80,00 No pathogen
S 70,00 S
> ) o b
> . b 3 70,00
2 60,00 b < >
S . i b é 60,00 B A
S 50,00 S
3 b B ¢ > 50,00 b
g b C =
) b B
o 40,00 5 @ 4000 | b B
S o b B a4 @
@ Q B
(2]
"oﬁ 30,00 . B T 30,00
a a g B
20,00 20,00 a
10,00 I 10,00 A
A A
0,00 0,00
1 2 3 4 5 1 2 3 4 S 1 2 3 4 5 1 2 3 4 5

Cycles Cycles Cycles Cycles

the plant |\
MIcroOBIOME



Wheat

100,00 _ .
IAC (Resistant) Frontana (Resistant) 100,00 o : . .
90.00 Karakilcik (Susceptible) Guamirim (Susceptible) Frontana
. 90,00
4000 W With pathogen B With pathogen
' No pathogen b 80,00 No pathogen
S 70,00 D g
N 7 o b
< . b 9. 70,00
2 60,00 b e b b
> B . b é 60,00 B 3
S 50,00 S
3 b B c > 50,00 b
g b C =
o b B
g 4000 a a © 40,00 | b B
S o b a a a
3 30,00 @ 5 5 5 ®
a > a B S 30,00
a a g B
20,00 20,00 a
10,00 10,00 A
A A A A
A A
0,00 . 0,00
SOi soil
Cycles Cycles * + pathogen Cycles Cycles ** Frontana
+ pathogen

the plant |\
MIcroOBIOME



Wheat
Bipolaris sorokiniana
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Wheat
Bipolaris sorokiniana
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Wheat
Bipolaris sorokiniana
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ldentificacdo | Cédigo | Origem* | Prod. Solub. Antag. Fix. de N
(16S) do de AIA | deP (Fusarium)
isolado
B. megaterium | CMAA | WA1-5/7 + + - +
1743
Lysinibacillus | CMAA | W2-5/1 + ¥ - +
1742
Paenarthrobacten CMAA | C6-3/11 + + - +
1740
Paenibacillus | CMAA | W2-3/5 + + 4 4
1739
Pseudomonas | CMAA | W2-3/2a + + & +
1741
Streptomtyces | CMAA | W1-2/2 + + + "
1738

M

the plant

ICROBI ME



1.0 5

Soil

-0.8 ¢
-1.0

Axis 2 (15.2%)
} .

Rs

Sc

Axis 1 (71.3%)

Influence of resistance breeding in
common bean on rhizosphere
microbiome composition and function

[ Mendes et al., ISME J 2017 ]
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Influence of resistance breeding in
common bean on rhizosphere
microbiome composition and function

[ Mendes et al., ISME J 2017 ]
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Influence of resistance breeding
in common bean on rhizosphere
microbiome composition and function -

[ Mendes et al., ISME J 2017 ] Microsi ) ME



