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What is the Phytobiome? 

 All organisms living in, on and around plants 
 microbes (the plant microbiome) 
  animals (insects, nematodes, etc)  
 other plants 

G  & L h 1989 

Hilaire et al. 2001 

    

Hoch et al. 1987 

Lebies et al., 2012 

Wergin et al., 
USDA 

Tisserat, 2014 



What is the Phytobiome? 
 Encompasses the many organisms that 

influence or are influenced by the plant 
or plant environment (including the soil) 

Lebies et al., 2012 



Phytobiomics is focused on systems biology: 
 Understanding interactions in context 

 

 Integrated analysis of biotic and abiotic 
impacts on plants and their environment 



The Phytobiomes Initiative targets an 
understanding of: 

• how organisms associated with plants influence 
or are influenced by the plant or the plant 
environment,  

• how that information can be used to improve 
crop productivity, quality, and safety 
 

GOAL 
• By 2025, a comprehensive understanding of 

phytobiomes to improve crop productivity 
 



Where are we starting? 
Phytobiomes:  

 include cultured and non-cultured organisms 
 Most studies of cultured organisms  Roles for non-cultured? 

 are influenced by many biotic and abiotic stresses 
 Most studies of one plant/microbe/stress at a time 
   Can we integrate our knowledge of the SYSTEM?  

 include individual organisms that function as commensals,  
 pathogens and beneficials 

 Most studies of one/few organisms  What about communities? 



Why the Phytobiomes Initiative now? 
• Advances in metagenomics-enabling technologies: 

– high-throughput sequencing  
– computational biology 
– other ‘omics’ technologies  

 
• Systems-level approaches 

 

• Human Microbiome discoveries 
– lessons learned 
– paradigm shifts 
– applications 

 

These advances are enabling us to assess the community composition, 
function, and activity of culturable and non-culturable organisms in 
the phytobiome  
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“What can they do?” “What are they doing?” “Who is there?” 
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Ottesen et al 2013. BMC Microbiology  

Census of the 
microbial 
communities on 
distinct tissues 
of tomato 

Who is 
there? 
Bacterial 
communities 



Ottesen et al 2013 BMC Microbiology  

Census of the 
microbial 
communities on 
distinct tissues 
of tomato 

 
Who is 
there? 
Fungal 
communities 
 



Is there a core 
rhizosphere 

microbiome? 

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

• amplicon sequencing 

 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:  
– Communities are not a product of random 

assembly,  
– may be predicted based on knowledge of the 

processes that drive their development 
Lundberg. Nature 2012  
Bulgarelli. Nature 2012  
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• Can we breed plants that 
select for a beneficial 
phytobiome? 

 
• Have we inadvertently 

selected against plant 
traits that help support 
beneficial microbes by 
breeding for high yield 
under conditions of high 
inputs and soil tillage? 
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Influence of disease on 
the microbiome?  
• Extracted DNA from bacteria 

in the rhizosphere for: 
– Amplicon sequencing 

(Who is there?) 
– Analysis of functional 

genes via hybridization 
(What can they do?) 

 
Trivedi et al. 2012. ISME J 6:363 

Healthy 
orange tree 

Tree with 
 citrus greening 
(Huanglongbing) 

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

 

http://www.dreamstime.com/stock-photography-orange-tree-image21993482
http://www.insectimages.org/images/768x512/0656075.jpg


Healthy 
trees 

Infected 
trees 

What did they find? 
•Rhizosphere 
communities on 
infected trees were 
different from those on 
uninfected trees 
 Disease is associated 
with detectable shifts in 
the phytobiome Trivedi et al. 2012. ISME J 6:363 



Citrus greening is 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 

  
• Phytobiomes studies may: 
provide more precise insights into the 

mechanisms and consequences of disease 
(and resistance) 

 

 identify microbial indicators of disease (and 
resistance) progress  
 

 
 



Plant-Plant Interactions 

Plant-Microbe  Microbe-Microbe 

• Complex factors influence 
the structure and function 
of the soil microbiome: 
– Mixed plant communities   

 (Plant-Plant) 
– Different plant hosts  
 (Plant-Microbe) 
–  Streptomyces antibiosis 

 (Microbe-Microbe) 

Bakker et al., 2014 

 
 
• What factors most 

influence the 
phytobiome  
content/function or 
plant health? 

 
• What functions that 

affect microbe-
microbe interactions 
can be manipulated 
to improve soil health 
or control disease? 
 

 



Insects and the Phytobiome? 

• Bacteria associated 
with the Colorado 
potato beetle 
manipulate plant 
defenses to facilitate 
beetle feeding 

PNAS  110:15728 

 



Functional soil microbiome: Belowground solutions to an aboveground problem. 
Laksmanan V1, Selvaraj G1, Bais H2.  Plant Physiol 2014 [Epub ahead of print] 

Science (2011) 332:1097 Trends Biotech (2012) 30:177 

Environ Microbiol (2012) 14:4 

Trends Plant Sci  (2012) 17: 478 

Mol Ecol (2014) 23:1571  
Annu Rev Phytopathol (2014) 51:17 

(2014) 

Frontiers Microbiol (2014) 5:1 

http://www.ncbi.nlm.nih.gov/pubmed?term=Laksmanan V[Author]&cauthor=true&cauthor_uid=25059708
http://www.ncbi.nlm.nih.gov/pubmed?term=Selvaraj G[Author]&cauthor=true&cauthor_uid=25059708
http://www.ncbi.nlm.nih.gov/pubmed?term=Bais H[Author]&cauthor=true&cauthor_uid=25059708


 
 

 

 

Many questions to address: 
 

How do phytobiomes affect plant disease, 
plant resistance or plant performance?  

How does the phytobiome influence plant 
tolerance to abiotic stresses? 

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

Can phytobiomes be ‘managed’ to 
maintain soil health, or to rebuild depleted 
soils, in an environmentally sound manner? 
 

 
 



By 2025, build a foundation to: 
– Assess climatic impacts on crop-related 

phytobiomes 
– Understand inter-relationships with 

nutrient uptake and their utilization 
– Relate the phytobiome to its impacts on 

animal and human health and safety 
– Safely and sustainably intensify production 

of food, feed and fiber 
– Change the discovery paradigms for plant 

disease control, crop improvement, etc.….. 
 
 
 
 
 



On the Phytobiomes Initiative near-horizon: 

 APS PPB Policy 
Fellowship for an early- 
career plant pathologist 
to work at a high level of 
government for 1 year.  
 Negotiating placement of the 

Fellow with OSTP 
 

 Supported by APS Council  
and 

APS Foundation 



On the Phytobiomes Initiative horizon: 
 Phytobiomes 2015: Designing a New Paradigm for Crop 

Improvement:  A Workshop, May 2015, Washington, D.C. 
 

 Bring together a broad community of scientists to establish current 
and future priorities in phytobiomes research 
 

 Forge interdisciplinary, interagency, 
international, and public-private 
collaborations 
 

 Translate phytobiomes knowledge to safe 
and sustainable crop production 
practices 



Seeking Phytobiomes Initiative 
Partners: 

www.phytobiomes.org 



What can you do? 
• Ask your local 

and national 
representatives 
to add $100 
million/year in 
NEW funding to 
Phytobiomes 
Research! 

Let’s get congress to agree to something!!! 



Tweet Your Representative! 
@SenBennetCo Let’s double 
production of safe and nutritious food, 
feed and fiber #phytobiomes 
www.phytobiomes.com 

Vision 
Comprehensive 
knowledge of 
phytobiomes 

New strategies for reducing: plant 
disease, environmental degradation, 

resistance to antimicrobials, non-
renewable inputs, and impacts of 

weather extremes; and for increasing: 
food safety, soil health, human health, 
and the beneficial impacts of microbial 

communities. Increased and more 
robust human, genetic and 
technological infrastructure 

Impact 
increase in 

safe and 
healthy 

food, feed, 
and fiber  
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