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Overview

Intro to Microbiome Research
phyloseq - a microbiome BioC package
(RNA-Seq methods solve a microbiome problem)

Shiny-phyloseq: a shiny interface to phyloseq



What are microbes? Cell structure

Nucleoid Membrane

Ribosome
f

Wall

Plasmid

Organelle A\ 0

Flagellum

AN

N \

(they don’t all look like this)

Pilus



What are microbes? Ancestry of Life
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http://en.wikipedia.org/wiki/Tree_of_life_(biology)



What is a microbiome?

The totality of microbes in a defined environment,

especially their genomes and interactions with each
other and surrounding environment.

® A population of a single species/strain is a culture,
extremely rare outside of lab, some infections

® A microbiome is a mixed population of different
microbial species (microbial ecosystem)



Why study microbiomes!?

Earth MiCt*’obiome Project:
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Human Body Sites, HMP

Hair Oral cavity

>10 times more
Nostril f Oesophagus microbial cells than
| human cells

H. pylori (<)
Skin stomach

H. pylori (+)
Vagina stomach
& Actinobacteria
@ Firmicutes ‘
. Proteobacteria Colon
@ Bacteroidetes
&> Cyanobacteria
& Fusobacteria

Nature Reviews | Genetics

Entire human
microbiome weighs less
than 2 kg, at most




Healthy colon

Fecal Transplants

(Clostridium difficile infe Heatthy Indiidual

Resolution of symptoms

‘Healthy'
microbiota

Reduced gut microbial
species and diversity

Filtration

Administration by:

= Enema

= Transcolonic infusion

= Nascduodenal or
nasogastric infusion

Recurrent infection Ingestion
of C. difficile

speres from
C.difficile killed but the envircnment
spores can remain 00 @

= C. difficile spores
germinate
= Bloom of C. difficile

Antibiotics

Pseudomembranous colitis

Dysbiosis of the
Eut microbiota

Borody, et al (201 1)
Nature Rev Gastroenterology &
Hepatology

Development of CDI

= Severe diarrhea, abdominal pain, nausea and fever
= C. oifficile toxins induce inflammation and cell death
= CDI can cause pseudomembranous colitis




Why is microbiome research new!

Bias for cultivable microbes, especially pathogens

® Culture-based methods fail to detect most microbes
® Microbes are easy to miss (except pathogens)

® Most microbes are NOT pathogens (even the human-associated)

Availability of tools limited to last 3 decades

® PCR,fast & cheap DNA sequencing, microarrays, etc

® Discovery of culture-independent techniques - 16S-rRNA



How do we query microbiomes??
16S rRNA ribosome
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How do we query microbiomes??

Number of
Microbial Species
Counted

® Universal (e.g. |6S rRNA) Gene census
® Shotgun Metagenome Sequencing

® Transcriptomics (shotgun mRNA)

® Proteomics (protein fragments)

® Metabolomics (excreted chemicals)




phyloseq: An R Package for Reproducible Interactive
Analysis and Graphics of Microbiome Census Data
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P h)’l Oseq data structure & API
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phyloseq

Input Import
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phyloseq
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Side Note: BioC tools for microbiome

edgeR, DESeq(2), metagenomeSeq
perform better than popular alternatives
in differential abundance detection:

McMurdie and Holmes (2014) PLoS Comp Biol
DOI: 10.137l/journal.pcbi.100353 |

samples samples

genes species

gene
counts

species
counts

http://joey/ | | .github.io/waste-not-supplemental/
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Shiny-phyloseq

Live Demo

How to Run:

install.packages(“shiny”)
shiny: :runGitHub(“shiny-phyloseq”, “joey711”)

http://joey7 | | .github.io/shiny-phyloseq/



End.
Questions?



