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What is the Phytobiome:

= All organisms living in, on and around plants
" microbes (the plant & soil microbiomes)
= animals (insects, nematodes, etc)

= other plants
= the Environment




The plant microbiome is one
component of the phytobiome system:
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How are plant microbiomes studied?

Sampletollection

Community Community RNA, protein,
DNA extraction . metabolite extraction

PCR amplify
(16S-18S rRNA, ITS,
cpn60)

Amplicon Metagenome Meta- Metaproteome Metabolome
sequencing sequencing transcriptome analysis analysis
sequencing

Species (taxa)
number, abundance,

composition Community function Community activity
“Who is there?” | “What can they do?” “What are they doing?”
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Bottom line:

Biota vary across plant tissue ages and types!

What is driving those differences?

Methylobacteriaceae_ Methylobacterium
Phyllobacteriaceae_ Mesorhizobium
Proteobacteria_Other
Pseudomonadaceae_Chryseomonas
Pseudomonadaceae_ Pseudomonas
Rhizobiaceae_Agrobacterium
Rhizobiaceae_Rhizobium
Rhizobiales_Other
Sphingomonadaceae_Other
Sphingomonadaceae_Sphingobium
Sphingomonadaceae_Sphingomonas
Xanthomonadaceae_Xanthomonas

o

BOTTOM LEAVES

Ottesen et al 2013. BMC Microbiology



Is there a core
rhizosphere
microbiome?

Endophytic Rhizosphere
microbiome microbiome
A

Inner root Cortex  Epidermis

 DNA from microbes in the
soil, rhizosphere, and
endophytic compartments

Sonication

 amplicon sequencing

Washlng/v Washing

Rhizosphere
compartment
Unplanted soil Root compartment
compartment

Lundberg et al, Nature 2012
Bulgarelli et al, Nature 2012
Hirsch et al, Nature Biotech 2012




What did they find?

Many microbes abundant in the soil
were NOT found in the endophytic
communities

Endophytic communities in roots
from different parts of the world
were surprisingly similar

Host genotype —dependent
selection within the root corpus fine-
tunes community profiles

Bottom line, microbiome
communities:
—are not a product of random assembly,

—may be predicted based on knowledge
of the processes that drive their
development

—can be ‘improved’ through plant
breeding

Edaphic factors

/ Rhizodeposits and

cell wall features

N Y/

Lundberg. Nature 2012
Bulgarelli. Nature 2012

Host genotype factors

Bacterlal phyla

> Acidobacteria

> Actinobacteria
Bacteroidetes and Firmicutes

«>» Proteobacteria



Are endophytic microbial populations
only selected from the rhizosphere?

N o 00000
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 BUT, plants also transmit
bacterial endophytes from
generation to generation
through seed

Johnston-Montje et al, 2014. BMC Plant Biol



Influence of plant physiological
state (disease) on the
rhizosphere microbiome?

 Extracted DNA from bacteria
in the rhizosphere for:

— Amplicon sequencing
(Who is there?)

— Analysis of functional
genes via hybridization

(What can they do?) § Tree with

citrus greenmg

Does the genome of the pathogen affect the genome response of the
plant, and alter the genome content/function of the microbiome???
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What did they find?

*Rhizosphere R
communities on 2
infected trees were s n e
different from thoseon ¢ [\ & s
uninfected trees Fol vees \\/
> Disease is associated & 7 o
with shifts in the T
microbiome O oot

Trivedi et al. 2012. ISME J 6:363



Function?
Citrus greening associated with:

* a shift away from use of easily degraded carbon
sources to more recalcitrant forms

—consistent with carbohydrate repartitioning during disease

({ photosynthate to roots...)
Trivedi et al 2012. ISME J
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How do plant roots influence the
rhizosphere microbiome composition?

T At different plant
e developmental stages,
~Who measured:

* root exudate
composition

* rhizosphere microbe
composition

A/ * microbiome function via
transcriptome analysis

. . . . Chaparro et al., PLOS ONE 8, e55731 (2013
Seedling Vegetative Bolting Flowering P (2013)



Root exudate composition changes during
plant development

—— Sugars
Phenolics
Sugar Alcohols
Amino Acids

* Plant development
influences the
classes of
chemicals in
exudate

* Increased
phenolics and

amino acid
content with age

Cumulative secretion level (peak area) , 100000

Seedling Vegetative Bolting Flowering

Chaparro et al., PLOS ONE 8, e55731 (2013)
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Corresponding functional genes in Abundance of corresponding functional

each sample genes in each sample
Pearson Spearman Pearson Spearman
Amino Acids 0.86 1.00 0.63 0.80
Phenolics 0.95 0.80 0.98 0.80

Chaparro et al., PLOS ONE 8, 55731 (2013). Numbers in bold are statistically significant at p<0.05




Bottom line

- Plant developmental stage and
physiological state impact microbiome

- One way: root exudates modulate the
rhizosphere microbiome




Also, microbiomes influence plant
traits!

[Growth & development]  [Nutrient acquisition ]

. * Disease resistance
[ Protection against pathogens ] (Mendes et al., 2011;
etc.)

[Tolerance to abiotic stress ]

The

GOO

[ Immune response ]

W  « Abiotic stress

tolerance (Lau &

Lennon, 2012; Bainard et
al., 2013; etc.)

[ Physiology/metabolism ]
A

The rhizosphere
MICROBIOME

* etc

[Plant diseases] [Food contamination]

-wvr <
Mendes et al., 2013. FEMS Microbiology Reviews




Can enriched microbiomes be
generated that reliably influence
plant traits?

Multi generation selection of
microbiome inoculants

— Plants selected at each
generation for early
flowering vs late flowering

— Soil from each ‘phenotype’
used as inoculant for next
generation; repeated for 10
generations

— Plant genotype held
constant: same seed pool
used for all plantings

Late flowerin
& Panke-Buisse et al. 2015 ISME J
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Soil microbial inoculants conferred
Early or Late flowering traits!

* p<0.05 *
Early "
Late [
&
*
B.rapus RLD LER COL
Plant Host

* |noculation of soil
with ‘adapted’
microbiome
predictably
delayed or
accelerated
flowering in
original genotype,
other ecotypes,
and other genera!

Panke-Buisse et al. 2015 ISME J
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D Simultaneous profiling of seed-associated bacteria and fungi
¢ reveals antagonistic interactions between microorganisms within
{014 shared epiphvtic microbiome on Triticum and Brassica seeds |
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Rice root-associated bacteria: insights into community structures Erview
across 10 cultivars plants

Pablo Rodrigo Hardoim™?, Fernando Dini Andreote?, Barbara Reinhold-Hurek®, Angela Sessitsch?,
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Many guestions remain:

"How do phytobiomes affect plant performance?

"How does the phytobiome influence plant
tolerance to biotic or abiotic stresses?

"What useful organisms, genes and products can
be mined from phytobiomes?

=Can phytobiomes be ‘managed’ to maintain soil
health, rebuild depleted soils, or remediate
contaminated soils?

=Can phytobiomes be manipulated to promote
‘healthy’ animal and human microbiomes?
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Constraints:
Phytobiome data are
diverse & often ill-

defined

Plant health/disease status
Plant physiological state
Plant developmental stage

Soil composition/ health/ 3-D
structure

Community metabolome, meta-
transcriptome, metaproteome

Environment (°C, humidity, etc)
Etc.

Needs:

— Standardized protocols

— Capability to scale
* Single cell vs organ vs
plant vs population?

— High throughput
e Continuous or multiple
times
* Across environments

— Ability to integrate &
store diverse data
* Novel & improved
algorithms
* Increased personnel
trained in analysis of
microbiome data
e Access to sufficient
computing power

— Reduced costs
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Developing a Roadmap for
Phytobiomes Research and Translation

= Establish current and future

priorities in phytobiomes ». [\ () e
research N S8

* Knowledge gaps?

: N
" Technological gaps? %)
b 109" Bg et
" Infrastructural gaps? Wt
) 7%
e 5
Training gaps: @ohytobiomes

www.phytobiomes.org
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