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Presentation Summary

Part I. Introduction to the Plant-Microbe Holobiont
o The soll microbiome

o Plant-microbe interactions

Part Il: Microbiome Manipulation

o Group selection

o Reproducibility of effects on plant function

Part Ill: 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 microbiota?

References Slide is at the end of the presentation



The Plant-Microbe Holobiont




Soil microbial diversity

Estimates range Genetic diversity Is
from ~1000 — the marble to
several million evolution’s

bacterial species per Michelangelo
gram of soill.



Plant-microbe interactions

Best characterized:
o Disease

o Direct symbiosis
Rhizobia

o Plant Growth
Promoting Bacteria

Poorly Understood:

o Complex
communities

o Temporal shifts

o Role in, and
response to, stress



Part II: Microbiome Manipulation




Can a microbiome shape host-plant
development?




Artificial selection

“Genetic diversity is Can we pick up the
the marble to sculptors tools?
evolution’s

Michelangelo”



Yes, we can. However,
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icrobiomes

require another approac

< E\ o
@
3 : g
g @
s 3 & 3 &
= =
= =) =1 > g
¢ 3 2 3 &
= 3 s 7 g =~ @
s 2 32 m g 2 @ S
s % 3 2 : £ 5 g
A B e 2B $ f 7 F &
o, L\ s o % = 3 2
3, % % 8 & § 8 5 & & &
® e & L §F <
Q o PN 3
< > & 2
& §F & &
- ¢§’ Ol w
] & o
§0 z\\.
N o o
o
N\ <
- s
™ PR
«° AL
° S
A\ Nt
Eedi w <CC 24128
oli K- 1
120H108.5 e
i ; g6-10 81
E.coli.K-12.MG1655.8 xc,mpes\us.s\l
g phymatum sSTMBY 5 chromi B X amnopod\s,pv.cmume\o FiB
X.ax
® aecessat C"-W‘P‘D“w”\ onopodis.str.306.8
Jur 5 P.suwonansis 11
oW -1.8
WP _‘&“\ ° Ulamon 8
-88
319‘0‘6 A© uy) Rig
S A kh
o° » ey,
a\°\° 52 M, %3¢,
i b g Cg
3 N ) £y
® <O > 7 ons, %02
°\b°" \‘\c}‘ o & o 055 Sy, S
22 > X ) &, o, C, -8
o N <& 5 (> Cs I
*® & ; s 2, 0,
S " ) 2, ()
& & & @ a % % %,
N 4 & & 2 @ P . 7
& S o e o S o © S ®, Z £ L&)
& & s & & 9 ? o © % % 4 % v
& & S g § 5§ § 5 = B = % % . O %
N = s 8 5 3 2 2 z 2 & %
N £ 15 a1 S 3 3 = 2. <. 3 %o
N g =) & = a ® e > ® > =) 7,
© S S > I o < 2 » < ® 2, 2>
S 5 s s E 2 & >z = o 2
o g = = & b= w - > o, (o) 7
> { < & = = b B % > %
9 = ] ® > o ) ® Lo
£ 3¢ 8 % 3 % %
4 @ [} b @ e =
' Y
a e ] @ £
=
@
r
w




Resolution/Scale

Scales of Ecological Organization

Ecosystem Scale




‘ Iterative Selection Process
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Reproduction of function

Early- and late-flowering microbiomes were
inoculated into novel plant hosts*

o Brassica rapa

o Arabidopsis thaliana genotypes
LER
BE
RLD
Col-0

o Digitaria ischaemum



‘ Flowering Time
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Exoenzymes and Reproductive Biomass

N-Accessing Enzyme Potential Activity
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Part III: Investigating the Microbial
Component

Full Disclosure:

o | am not a computational biologist
My informatics skills are not fluent
| can code *lightly* in perl

My R skills are intermediate

| spend A LOT of time trying to figure out what I'm
doing wrong

o 0O 0O O



Tools

Quantitative Insights Into Microbial Ecology

(QIIME)
R

Cytoscape
Photoshop



QIIME!

Heavy Lifting

o From raw fastg to OTU biom table
o Scripts for 2D and 3D visualization
o Alpha/Beta diversity calculation

Continuously under development
o Support for lllumina, paired-end reads

Python-based
Highly active dev community



Quantitative Insights Into Microbial Ecology

1

What is QIIME? ===

QIIME (canonically pronounced chime) stands for Quantitative Insights Into Microbial Ecology.

QIIME is an open-source bicinformatics pipeline for performing microbiome analysis from raw DNA sequencing data. QIIME is designed to
take users from raw sequencing data generated on the lllumina or other platforms through publication quality graphics and statistics. This
includes demultiplexing and quality filtering, OTU picking, taxonomic assignment, and phylogenetic reconstruction, and diversity analyses and
visualizations. QIIME has been applied to studies based on billions of sequences from tens of thousands of samples.

Getting started with QIIME

Installing: The quickest way to get started using QIIME is with MacQIIME (if you're running Mac OS X), the QIIME VirtualBox or the QIIME
Amazon EC2 image (if you're using Windows, Mac OS X, or Linux), or pip (if you're using Linux or Mac OS5 X). See the QIIME install
documentation for details.

Running: Once you've installed QIIME, move on to the QIIME Tutorials. The lllumina overview tutorial or the 454 overview futorial are good
first analyses to run. In each of these tuterials you'll download a small data set and work through a series of commands that will introduce
you to some of QIIME's commonly used features and analyses.

Getting help: For help with QIIME, see help.giime org. For getting started on interacting with the command line, we recommend the
Software Carpentry lessons and workshops.

QIIME scripts: The QIME script documentation will help you explore and learn QIIME's functionality.

Code

CQUIME is open source software. See here for information on how to contribute to QIIME.



QIIME Worktlow

Demultiplex

Join reads

Pick OTUs (Many options)
Calculate Diversity (Alpha/Beta)
Visualize Data
Statistics

Export OTU tables for external uses
0 R, Cytoscape, etc.




‘ Visualizing community composition

= Relative abundance bar charts (QIIME)
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‘ Community Structure

FLZ - Fercent wanation explained 3. 58%
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= Major Phyla (Classes)
o Late Flowering

Acidobacteria
Cyanobacteria
Verrucomicrobia
Gamma-Proteobacteria

o Early Flowering

Beta, Delta-
Proteobacteria

Bacteroidetes
Planctomycetes
Cyanobacteria




‘ Community Structure

= Cytoscape> 68
o Network mapping




Cytoscape Network Maps

Mammal Gut Microbiomes3

E Randomized




‘ Ternary Plots

R: Package ‘ggtern’

Acidobacteriaceae 5B-12
Clostridiaceae Armatimonadaceae Alcaligenaceae
Geobacteraceae Beiierinckiaceae Caldilineaceae

Hvdroaenoohilaceae § Chthoniobacteraceae | Conexibacteraceae

Lachnospiraceae JChthonomonadaceae | Corynebacteriaceae

Cellulomonadaceae

Methviocvystaceae Emrvthrobacteraceae Dolo_23
Methvilophilaceae Flexibacteraceae Enterobacteriaceae
Moraxellaceae Gemmatimonadaceae lamiaceae
Paenibacillaceae Ignavibacteriaceae Leptospiraceae
Pseudomonadaceae kolll3 Sporichthyaceae
R4-41B Marinilabiaceae Verrucomicrobiaceae
Ricketisiaceae Patulibacteraceae WwD294

Saprospiraceae Procabacteriaceae
Spirochaetaceae

Xanthomonadaceae




Prediction Analysis of Microarrays for R (PAMR)

Nearest Shrunken
Centroid-based
classification’

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

o Reduces noise



‘ R Code

Tibrary(MASS)
library(stats)
library(ape)
Tibrary(pamr)
Tibrary{gplots)

data=pamr.from. excel {"nounassigned_TF_otu_table_L2.txt", 350, sample.labels=TRUE)
#Train the classifier

data.train=pamr.train(data)

data.results=pamr.cvidata.train,data)

pamr.plotcv(data. results)

data.results

#Compute the confusion matrix
confmatrix<-pamr.confusion(data.results, threshold=0)

#Cross-validated class probabilities and plot
cvprob<-pamr. plotcvprob{data.results, mydata, threshold=0)

#Plot the class centroids
centroid<-pamr.plotcen(data.train,data,threshold=0)

#Plot most significant ?EHES {OTUS)
5igoTUsplot<-pamr.genep lot (data.train,data,threshold=0)

# Make a 1ist of the most significant genes (0OTUS)
51goTUsTist<-pamr. 1istgenes (data. train,data,threshold=0,genenames=T)

# Estimate false discovery rates and plot them
fdr.obj<- pamr.fdr{data.train, mydatag
pamr. plotfdr (fdr.obj)

# Construct heatmap
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Sequential Filtering

Application of
successive filters

ldentify what differs
between LER and all
other hosts

Taxa switching
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‘Thank you for your time.

~
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