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 The soil microbiome

 Plant-microbe interactions

 Part II: Microbiome Manipulation
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 Reproducibility of effects on plant function

 Part III: Investigating the Microbial Component



Part I: Introduction to the Plant-

Microbe Holobiont

 Holobiont – The functional “whole” or 

community formed by an organism and its 

associated microbiota2

References Slide is at the end of the presentation



The Plant-Microbe Holobiont



Soil microbial diversity

 Estimates range 

from ~1000 –

several million 

bacterial species per 

gram of soil.

 Genetic diversity is 

the marble to 

evolution’s 

Michelangelo



Plant-microbe interactions

 Best characterized:

 Disease

 Direct symbiosis

 Rhizobia

 Plant Growth 

Promoting Bacteria

 Poorly Understood:

 Complex 

communities

 Temporal shifts

 Role in, and 

response to, stress



Part II: Microbiome Manipulation



Can a microbiome shape host-plant 
development?



Artificial selection

 “Genetic diversity is 

the marble to 

evolution’s 

Michelangelo”

 Can we pick up the 

sculptors tools?



Yes, we can. However,



Microbiomes require another approach



Resolution/Scale



Iterative Selection Process
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Reproduction of  function

 Early- and late-flowering microbiomes were 

inoculated into novel plant hosts4

 Brassica rapa

 Arabidopsis thaliana genotypes

 LER

 BE

 RLD

 Col-0

 Digitaria ischaemum



Flowering Time



Exoenzymes and Reproductive Biomass



Part III: Investigating the Microbial 

Component

 Full Disclosure:

 I am not a computational biologist

 My informatics skills are not fluent

 I can code *lightly* in perl

 My R skills are intermediate

 I spend A LOT of time trying to figure out what I’m 

doing wrong



Tools

 Quantitative Insights Into Microbial Ecology 

(QIIME)

 R

 Cytoscape

 Photoshop



QIIME1

 Heavy Lifting

 From raw fastq to OTU biom table

 Scripts for 2D and 3D visualization

 Alpha/Beta diversity calculation

 Continuously under development

 Support for Illumina, paired-end reads

 Python-based

 Highly active dev community



1



QIIME Workflow

 Demultiplex

 Join reads

 Pick OTUs (Many options)

 Calculate Diversity (Alpha/Beta)

 Visualize Data

 Statistics

 Export OTU tables for external uses

 R, Cytoscape, etc.



Visualizing community composition

 Relative abundance bar charts (QIIME)



Community Structure

 Major Phyla (Classes)

 Late Flowering

 Acidobacteria

 Cyanobacteria

 Verrucomicrobia

 Gamma-Proteobacteria

 Early Flowering

 Beta, Delta-

Proteobacteria

 Bacteroidetes

 Planctomycetes

 Cyanobacteria



Community Structure

 Cytoscape5, 6, 8

 Network mapping



Cytoscape Network Maps
Mammal Gut Microbiomes3



Ternary Plots

R: Package ‘ggtern’



Prediction Analysis of  Microarrays for R (PAMR)

 Nearest Shrunken 

Centroid-based 

classification7

 Can be repurposed 

for use in community 

analysis

 Gene = OTU, 

Expression = RA, 

Class = Treatment

 Standardized 

centroid calculated 

for each class

 Class centroids 

“shrunken” toward 

centroid of overall 

data by threshold 

value

 Reduces noise



R Code



PAMR Heatmap



LER



Sequential Filtering

 Application of 

successive filters

 Identify what differs 

between LER and all 

other hosts

 Taxa switching



PAMR Heatmap



Thank you for your time.
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