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Why do we want to perform comparison of sample groups?

Large within group variation - Need multiple samples in order to build evidence

il

Group A Group B



Compositional comparison of samples or groups

Compare the microbial composition between samples or groups of samples, eg:

Microbiome of patients treated with medication against untreated patients

Microbiome of healthy people against sick people
Microbiome of individuals before and after treatment
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Obese individuals have lower diversity

Lean individuals have higher abundance of
Christensenellaceae

Faecal transplantation to germ free mice:
e From obese donors = obese mice
* From lean donors = |lean mice

 From obese donors + Christensenellaceae
= lean mice

A family of bacteria
called
Christensenellaceae
(red) is more prevalent
in lean twins

D

Transplant microbiome
from gut of each twin
into germ-free mice
Transplant microbiome
from gut of obese twin
into germ-free mice &_'
BUT add Microbiome of lean

Christensenellaceae Microbiome of obese twin causes mouse

3 to become lean
twin causes mouse to

‘ =“ become obese

L~

Microbiome of obese twin
with Christensenallaceae
causes the mouse to
become lean

Nan Pazdernik, PhD, Technical Training and Education Specialist, IDT



How can we perform comparison of microbial communities?

Lean kn =)

&

Obese (n =)

Collect metadata Taxonomic profiling Join profiles
Sample I;E:rs'é Age Samplea-L Sample1-o SampleN Samplea-L | Sample1-o | SampleN
Sample1-L | Lean 10 Taxa1 | 100 Taxa1 | 100 Taxa 1 Taxa1 | 100 100
Sample1-O | Obese | 10 Taxa2 | 500 Taxa2 | o Taxa 2 Taxa2 | 500 0
Sampe2-L Lean 20 Taxa3 | 200 Taxa3 | 200 Taxa 3 Taxa3 | 200 200
Sample2-O | Obese | 20 Taxas | o Taxa 4 | 1000 Taxa 4 Taxas4 | o 1000
Sample3-L | Lean 15 Taxas | 30 Taxas | 30 Taxa s Taxas | 30 30
Sample3-O [ Obese 15 Taxa 6 | 800 Taxa 6 | 800 Taxa 6 Taxa6 | 8oo 800

Sample group comparisons




The human microbiome project — characterisation of the

human microbiome

Characterised microbial communities at several different sites on the human body

Investigated the role of these microbes in human health and disease
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Hubert E.Blum. The human microbiome. Science Direct. 2017



Microbial community profiling - terminology

Community

“"Group or association of populations of two
or more different species”

Richness

The species richness is how many species
there are in a sample

Evenness

The species evenness is how equal the
relative number of species are in a sample

Diversity = Richness + Evenness




Alpha diversity — Within sample diversity

Evenness
The species evenness is who equal the relative number of species are

High evenness Low evenness
1 4/21
Richness (0.19) Relative
The species abundance
richness is 2 5/21 | Number of
how many (0.24) | each species
species relative to
there are in 3 8/21 total number
a sample (0.38) of all species
in a sample
4 4/21
! (0.19)




Alpha diversity — How many different species are in each
sample and how evenly they are distributed

Community 1 Community 2

Richness = 4 Richness = 4

Evenness (high) > Eveness (low)

Diversity > Diversity
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How do we measure Alpha diversity - Diversity indices
A diversity index is a mathematical measure of species diversity in a community

Richness estimators: *"How many?”

Basically count the number of different species in the sample

OTU richness (amplicon) — count of different OTUs
Observed Species — count of unique species

Chaoa richness — estimate richness by adding a correction factor to the observed number of species

n'2 Sobs is the number of observed species

v v 1

SCllaol — bubs _f)n N1 is the number of singletons (species captured once)
&lt)

N2 is the number of doubletons (species captured twice).



How do we measure Alpha diversity - Diversity indices
A diversity index is a mathematical measure of species diversity in a community

Richness estimators: *"How many?”

Basically count the number of different species in the sample

OTU richness (amplicon) — count of different OTUs
Observed Species — count of unique species

Chaoa richness — estimate richness by adding a correction factor to the observed number of species

Taxa Community Taxon
ID 2
n2 1 Taxa 1 8
Schaol = Sobs + —— =4+ — =5
Chaol — ~obs

Qn ) 1 — Taxa 2 4

Taxa 3 2

Taxa 4 1




How do we measure Alpha diversity - Diversity indices
A diversity index is a mathematical measure of species diversity in a community

Richness and evenness estimators: “How different?”

The calculated value of diversity increases both when the number of species
increases and when evenness increases.

Simpson and Fisher index

Shannon diversity: accounts for both abundance and evenness of the species present

H = Nin N — > (n;ln n;) N is the total number of species counts
N ni is the number of individuals in species i



How do we measure Alpha diversity - Diversity indices
A diversity index is a mathematical measure of species diversity in a community

Richness and evenness estimators: “How different?”

The calculated value of diversity increases both when the number of species
increases and when evenness increases.

Shannon diversity: accounts for both abundance and evenness of the species present

Taxa Community Taxon
ID 2
,  NInN - Y (nilnn;) 15 x In15—((8 x In8) + (4 x Ing) + (2 x In2) + (2 x In1)) S
H = = Taxa 1 8 )
N 15 n
@
T i
40,620~ (16,636 + 5,545 + 1,386 + 0) e 3,
) 15 Taxa 3 2
Taxa 4 1
= 1,137 o




How do we measure Alpha diversity - Diversity indices
A diversity index is a mathematical measure of species diversity in a community

Richness and evenness estimators: “How different?”

The calculated value of diversity increases both when the number of species
increases and when evenness increases.

Shannon diversity: accounts for both abundance and evenness of the species present

Taxa Community Taxon
ID 1
,  NInN - Y (nilnn;) 15 x In15 = ((4 X Ing) + (4 x Ing) + (4 x Ing) + (3 x In3)) S
H' = - Taxa1 4 b
N 15 =
Taxa 2 4 ‘[@h
_ 40,620 (5,545 + 5,545 + 5,545 + 3,295) b
15 Taxa 3 4
Taxa 4 3
= 1,379 .




Visualisation of Alpha diversity

Alpha diversity is normally visualised through box plots — using multiple diversity
indices

Analysis can be performed on different taxonomical levels (eg. species or genus)
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Determine if alpha diversity is statistical significant between
samples or groups that are compared

We are testing if the samples or groups we are comparing are equal (null hypothesis)
Output is normally a p-value, and p < 0.05 is regarded as “statistically significant”
This means that it is highly unlikely that the samples or groups are equal

The statistical tests normally performed with statistical packages
ANOVA - when the data is roughly normally distributed

Wilcoxon rank-sum test (Mann-Whitney) - when the data is not normally distributed
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oooooo | ¢ Group 1 n=15
I E h H tl‘ Group 2 n =15
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Beta diversity — Between sample diversity, or the number of
species that are not the same in two different environments

How different is the microbial composition in one environment compared to another?
A B
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Hubert E.Blum. The human microbjome.
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Beta diversity — differences between environments

Beta diversity analysis is often performed to identify the influence of a treatment
versus a control, or to explore the differences between two sample sites

Age Gender Body site
Sample 1 10 Male Skin
Sample 2 10 Female Skin
Sample 3 20 Male Skin
7 o 220 Sample 4 20 Female Tounge
© OOOOO Sample 5 30 Male Tounge
o S . OOO g Sample 6 10 Male Stool
0 5n° o Sample 7 30 Female Stool
O
Sample N 30 Female Skin



Beta diversity — differences between environments

Beta diversity analysis is often performed to identify the influence of a treatment
versus a control, or to explore the differences between two sample sites

Age Gender Body site
Sample 1 _ Male Skin
Sample 2 30 Female Skin
e o O© Sample 3 20 Male Skin
@)
"’ . o °Ce Sample 4 20 Female Tounge
® ° Oo°o° Sample g 30 Male Tounge
@
o Cfo' ° 0 Sample 6 _ Male Stool
© 0g" o Sample 7 30 Female Stool
@)
Sample N 30 Female Skin




Beta diversity — differences between environments

Beta diversity analysis is often performed to identify the influence of a treatment
versus a control, or to explore the differences between two sample sites

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7

Sample N

Age

10
10
20
20
30
10
30

30

Gender

Female

Female

Female

Female

Body site
Skin
Skin
Skin

Tounge
Tounge
Stool
Stool

Skin



Beta diversity — differences between environments

Beta diversity analysis is often performed to identify the influence of a treatment

versus a control, or to explore the differences between two sample sites

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7

Sample N

Age

10
10
20
20
30
10
30

30

Gender
Male
Female
Male
Female
Male
Male
Female

Female

Body site

Tounge
Tounge
Stool
Stool



Beta diversity — differences between environments

Beta diversity between samples within body sites

More variability between the samples on the skin than in the oral cavity

More variability between individuals than between visits

Between-sample beta diversity
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Huttenhower C, Gevers D, Knight R, et al. Structure, function and diversity of the
healthy human microbiome. Nature. 2012;486:207-214.



How do we measure Beta diversity — Diversity metrics

Beta diversity describes how different every sample is from every other sample.
Thus, each sample has more than one value.

Many different distance measures:

Some metrics take abundance into account (i.e. diversity: Bray-Curtis, weighted UniFrac) and

Some only calculate based on presence-absence (i.e. richness: Jaccard, unweighted UniFrac)

Calculation of beta-diversity appears like this (made up numbers)

Sample1 | Sample2 | Sample3
Sample 1 0 0,444 0,888
Sample 2 WANA 0 0,666
Sample 3 0,888 0,666 0




How do we measure Beta diversity — Diversity metrics

Bray—Curtis dissimilarity is based on abundance or read count data

Measure differences in microbial abundances between two samples (e.g., at
species level)

values are fromoto 1
o0 means both samples share the same species at exact the same abundances

1 means both samples have complete different species abundances

2C;

BC;; =1

| & j are the two sites

S;is the total number of specimens counted on site i

S;is the total number of specimens counted on site j

Cjj is the sum of only the lesser counts for each species found in both sites



How do we measure Beta diversity — Diversity metrics

Bray—Curtis dissimilarity is based on abundance or read count data

Measure differences in microbial abundances between two samples (e.g., at

species level)

values are fromoto1

o0 means both samples share the same species at exact the same abundances

1 means both samples have complete different species abundances

Taxa Community | Community Taxon
ID 1 2
4 Taxa 1 4 8 %
2C;; , ,,
BC;; = 2 - 4. X9 <50 4 Taxa 2 4 4 %
Si + 5; 15 + 15 / 2
— Taxa 3 A 2 w ]
1 -
i & j are the two sites o _ Taxa 4 3 1 A
S;is the total number of specimens counted on site i == == B
S; is the total number of specimens counted on site | Si=4+4+4+3=15 | 5;=8+4+4+1 =15

Cjj is the sum of only the lesser counts for each species found in both sites

/




Ordination - summarise multivariate data in fewer dimensions
than the original data set

True biological samples can consist of > 1000 species —impossible to visualise in plot

Solution: reduce to a few key trends that are shared = possible to derive a smaller

set of axes (e.g., two) that could be plotted to summarize most of the variation in
the data set

Pair wise distances of all samples = huge table.

Need to project the whole beta diversity table down to 2-3 dimensions in order to
visualise

Sample1 | Sample2 | Sample3
Sample 1 0 0,444 0,888
Sample 2 WANA 0 0,666
Sample 3 0,888 0,666 0




Ordination - summarise multivariate data in fewer dimensions
than the original data set

PCoA (Principal Coordinates Analyses) also called MDS (Metric Dimensional Scaling)
NMDS (Non Metric Dimensional Scaling)
PCA (Principal Components Analysis)



Visualisation of Beta diversity

Beta diversity is normally visualised
through PCA, PCoA or NMDS plots

Each symbolin the plot represents
the total microbial community of

e Gastrointestinal
e Urogenital
e Nasal

e Skin _

that sample

PC2 (4.4%)

Symbols closer together have more
similar microbiotas while those
farther apart have less similar

PC1 (13%)
Huttenhower C, Gevers D, Knight R, et al. Structure, function and diversity
of the healthy human microbiome. Nature. 2012;486:207-214.



Determine if beta diversity is statistical significant between
samples or groups that are compared

Common to test statistically whether there is a significant difference between groups
We test whether the overall microbial community differs by your variable of interest
We are testing if the samples or groups we are comparing are equal (null hypothesis)
Output is normally a p-value, and p < 0.05 is regarded as “statistically significant”
This means that it is highly unlikely that the samples or groups are equal

The statistical tests normally performed with statistical packages
ANOISM (Analysis of similarities)
tests whether distances between groups are greater than within groups
PERMANOVA (Multivariate ANOVA with permutations)

tests whether distance differ between groups

PC2 (4.4%)

PC1 (13%)



Differential abundance analysis - identify taxa that are
significantly different between two groups

Compare the relative proportions of each bacterial species across microbiome
samples and sample groups

DESeq2 estimate variance-mean dependence in count data and test for differential
expression
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Time for a break




R is a programming language for statistical computing and
graphics

Widely used by professional statisticians and in bioinformatics
R is a dynamically typed interpreted language, and is typically used interactively
This means that you type commands and run them interactively to produce results — all in the consol

It has many built-in functions and libraries, and is extensible, allowing users to
define their own functions

R has lots of great functions for producing publication quality plots
Reproducible analysis
Document what you have done with your data in code

Collaborative

Share your data and analysis




R is a programming language for statistical computing and
graphics

R is harder to learn than excel, but the capabilities is much greater

DS4B Tools: Capability Vs Learning Curve

R has a longer learning curve but has a massive business capability rating
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Some R basics

Typical usage is to read data into R from other sources (eg. taxonomy read count
tables from Kaiju)

What you do with the data is then written in code (R language)
Assignment operator <- or = (It assigns values on the right to objects on the left)

All text after the pound sign "#" within the same line is considered a comment

® ® R Console

.y N i | 0

B
LD
]
C
|

Command prompt —— >

>
> X = 3 # comment
> X

[1] 3



R packages - additional functionality beyond those offered
by the core R library

An R package is a collection of functions, data, and documentation that extends
the capabilities of base R.

Packages are the fundamental units of reproducible R code

Packages includes documentation that describes how to use them, and sample
data

Once you have installed a package, you can load it with the “library() function



RStudio — a graphical interface for R

RStudio allows the user to run R in a more user-friendly environment
Install R packages
Visualise tables and plots

Import/export functionalities



RStudio - screen

RStudio screen is divided into four parts:

The upper left part

of RStudio displays information
about objects and show tables
(will be empty when you

start RStudio). If you click on a
table in the Environment list, you
can see the data on a screen to
the left.

The console is where you
can type commands and see
output

1] 4

>

> ##Transform to percentage of total available

> RelAB.phylum = transform_sample_counts(RelAB.phylum, function(x) 100 * x/sum(x))

> RelAB.phylum.melt <- psmelt(RelAB.phylum)

> theme_set(theme_bw())

> ggplot(RelAB.phylum.melt, aes(x = Group, y = Abundance, color = Phylum, fill = Phylum)) + geo
m_bar(stat = "identity", position = "fill") +ggtitle("Phylun")

>

) RStudio
[+ K = Go to file/function ~ Addins ~ R Project: (None) ~
sub.firm Sample taxmat sampleSelect2 —[7]  Environment History Connections =0l
/ Filter 2 [ [# Import Dataset - | & List ~ -
“ Domain Phylum Class Order Family ‘!\ Global Environment ~
TAXA1 Data
TAXA2 Archaea Crenarchaeota D T Pyr bact Large phyloseq (821 Kb)
TAXA3 Archaea Euryarchaeota  Archae Archaeoglobi Archaeoglobaceae ) bact_filtered Formal class phy)
counts int [1:2535, 1:8 1114513450 ...
TAXA4 Archaea Euryarchaeota  Archae Archaeoglobi Archaeoglobaceae
df 8 obs. of 11 var
TAXAS  Archaea Euryarchaeota Methan| metadata 8 obs. of 11 var]
TAXA6 Archaea Euryarchaeota  Methan| phy Large phyloseq (
TAXA7 Archaea  Euryarchaeota  Methan| phyRelAB Formal class phy|
TAXA8 Archaea Euryarchaeota iales phyRelAB_filter Formal class phyloseq
TAXA9 Archaea Euryarchaeota ales © RelAB.phylum Formal class phyloseq
© RelAB.phylum.melt 32 obs. of 16 variables
TAYAIA Archaas taria Mathannhartariacaaa
Showing 1 to 10 of 2,535 entries, 7 total columns © Sample 8 obs. of 11 variables
O taxmat Large matrix (17745 elements, 574.1 Kb)
Console |ERIUES NS =0 0 taxon 2535 obs. of 7 variables
2o b Values
> #Remove taxa not seen more than S times in at least 20% of the samples in the total dataset. countsAB Formal class otu_table
> bact_filtered = filter_taxa(bact, function(x) sum(x > 5) > (@.2*length(x)), TRUE) © taxclass Large taxonomyTable (17745 elements, 574.5 Kb)
>
> ####FILTER ON RelAB
> #Transform . ) Files Plots Packages Help Viewer =0
> phyRelAB = transform_sample_counts(bact_filtered, function(x) x / sum(x) ) ~ — &7 =
> ntaxa(phyRelAB) #449 / Zoom | = Export - ¥ % Publish ~
[1] 449 Phylum
1
>
> #filtered such that only OTUs with than 10A-5 are kept (fractional abundance > 1.00
0.00001).
> phyRelAB_filter = filter_taxa(phyRe x) mean(x) > le-5, TRUE)
> . 0.75 Phylum
> #Sla sammen (agglomerate) OTU/taxa (NB! glom fjerner NAI1):
> RelAB.phylum <- tax_glom(phyRelAB_f ="Phylum") Actinobacteria
> ntaxa(RelAB.phylum) #5

. Bacteroidetes
[ Fimiues

Proteobacteria

Abundance
o
8

o
i
&

Treated

0.00

Untreated

Group

The Environment tab shows all
the active objects.

The History tab shows a list of
commands used so far

The Files tab shows all the files
and folders in your default
workspace as if you were on a
PC/Mac window. The Plots tab
will show all your graphs.

The Packages tab will list a
series of packages or add-ons
needed to run certain processes.
For additional info see

the Help tab



RStudio — Some nice features

Allow you to change general appearance (eg. set a default working directory)

Install Packages

Install from: (2) Configuring Repositories
[ Repository (CRAN) D

Packages (separate multiple with space or comma):

ggplot2

ggplot2
ggplot2movies

rks/R.framework/Versions/3.5/Resources/libral #J

(] Install dependencies

Install | Cancel

Files

@l Install

O|C

0008000 O

Plots  Packages

@ Update

Name
nelinay

KernSmooth
knitr

labeling
lambda.r
later

lattice
latticeExtra
lazyeval
limma

Help  Viewer

Q

Description
RSIHSImDA>TU MALHIIE Leal iy Lay

Functions for Kernel Smoothing Supporting Wand & Jones
(1995)

A General-Purpose Package for Dynamic Report Generation
inR

Axis Labeling

Modeling Data with Functional Programming

Utilities for Delaying Function Execution

Trellis Graphics for R

Extra Graphical Utilities Based on Lattice

Lazy (Non-Standard) Evaluation

Linear Models for Microarray Data

Install R packages

Version
v.r—cs

2.23-15

1.22

0.3
1.2.3
0.8.0
0.20-38
0.6-28
0.2.2
3.38.3

=0

Files  Plots

Packages

Help Viewer

A Zoom - Export ~ | © i’
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o
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= Save as Image...
7 Save as PDF...

D Copy to Clipboard...
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T
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Group

=0

‘S Publish ~ | (]

Phylum
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. Proteobacteria

Export plots (png, pdf, eps, svg, etc)




Bioconductor — source for most bioinformatics libraries and

tools for R

Bioconductor project provides many additional R packages for statistical data

analysis in different life science areas

Bioconductor is needed to install and run other R packages such as phyloseq

Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

About
Bioconductor

Bioconductor provides tools for the
analysis and comprehension of high-
throughput genomic data.
Bioconductor uses the R statistical
programming language, and is open
source and open development. It
has two releases each year, and an
active user community. Bioconductor
is also available as an AMI (Amazon
Machine Image) and a series of
Docker images.

News

Bioconductor 3.10 is available.

Core team job opportunities for scientific
programmer / analyst and senior
programmer / analyst! contact
Martin.Morgan at RoswellPark.org
Bioconductor F1000 Research Channel
available.

Orchestrating single-cell analysis with
Bioconductor (abstract; website) and other
recent literature.

Install Help

Install »

= Discover 1823 software packages
available in Bioconductor release 3.10.

Get started with Bioconductor

Install Bioconductor
Get s
Lates
Follow us on twitter
Install R

Use »

Create bioinformatic solutions with
Bioconductor

Software, Annotation, and Experiment

Developers

Learn »
Master Bioconductor tools

= Courses

= Support site

Package vignettes
Literature citations
Common work flows

* FAQ

Community resources
Videos

Develop »
Contribute to Bioconductor

= Developer resources
= Use Bioc ‘devel’

packages

Docker and Amazon machine images
Latest release annoucement
Community Slack sign-up

Support site

= ‘Devel’ packages
Package guidelines

New package submission
Git source control

Build reports

About



http://www.bioconductor.org/

phyloseq - R package to analyse community
composition data in a phylogenetic framework

A tool to import, store, analyse, and graphically display complex phylogenetic
sequencing data

Provides an object-oriented programming infrastructure
Simplifies many of the common data management and preprocessing tasks

Provide powerful analysis functions, building upon related packages available in R

Eg. calculating ecological distances

Use advanced/flexible graphic systems (ggplot2)

Produce publication-quality graphics of complex phylogenetic data

Well documented functions and active user community

Easy to share data and reproduce analyses



phyloseq in the experimental and analysis workflow

Extract DNA
Measure sample properties

V

variables \

Barcoded PCR or
ligate barcode to DNA fragments

o import 7
% |mport > preprocess @
e inference LA
o validation
Kgraphics /
sample data The phyloseq package

—> LI

sequencer

Parallel sequencing

sequences>

barcodes >

mixture of barcoded DNA
(amplicon or shotgun)

samples  DPOCFGS

OTUs

OoTu

table

Modified from: Paul J. McMurdie Susan Holmes. phyloseq: An R Package for Reproducible Interactive Analysis and Graphics of Microbiome Censu?{ata

Taxonomic
classification

Kaiju
Kraken
Metaphlan2

1 37— aatcggt

V

4 N

Taxa 1

Taxa 2

tgcctgg

Taxonomy Phylogenetic Reference

table

Sequences

Z



phyloseq analysis workflow

Need input data that has already been clustered into OTUs for amplicon data, or

that has been taxonomically classified for metagenomic data

Input

sample data
OTU cluster output

Preprocessing

Import

import biom
import mothur
import_pyrotagger
import giime
import RDP

filter taxa
filterfun sample
genefilter sample

prune_taxa

—

prune_samples
subset_ taxa

subset

transform_sample_counts

samples

=

C

—

phyloseq Direct Plots
s
raw
plot_richness
plot_tree
hylose
pnyloseq

processed plot_bar

l \ Inference, Testing

~

) —C(

distance

Summary / Exploratory
Graphics

plot_network

bootstrap

_ i
permutation tests

/
)

ordinate

plot_heatmap

regression
discriminant analysis
multiple testing

gap statistic
clustering

procrustes @
N J

plot ordination




phyloseq - access and query the data in the phyloseq
object

Accessors are functions to access components in a phyloseq object
Processors are functions to extracts parts of a phyloseq object

In addition are functions that performs analysis and/or graphics task

. A matrix is a collection —— Al it paiﬁgge E:)'gigéis . Data frames are tabular
of data elements read.tree|  DNAStringSet data objects. Unlike a
. R i sample_data ax_table . read.nexus RNAStringSet i, .
arranged in a two- i T R a b read tree| _ Anstringset matrix in data frame each

. otu_table sample_data taxonomyTable phylo XStrJ.ngSet .
layout. A matrix can only different modes of data.

contain characters or The first column can be

. otu_table sample data tax_table phy tree refseq Accessors: Processors: . .
only logical values. get_taxa sitter taxa | numeric while the second
get_samples merge_phyloseq
get_variable merge_samples
_ gt cu g e column can be character
Experiment Data ntaxa prune_samples
constructor: phyloseq rank names prune taxa

otu_table, sample names subset taxa

k phyloseq
sam_data, sample_sums subset_samples
> tax_table, P |sample_variables tip glom
import phy_tree taxa_names tax_glom

refseq taxa_ sums




phyloseq — Some basic example after importing data

The main phyloseq object in this example is named phy
Accessors: How many taxa are there in my data (in phy)?

> ntaxa(phy)
> 1000

Processors: Collaps all taxa to phylum level
> phy.phylum <- tax_glom(phy, taxrank="Phylum")

> ntaxa(phy)
>10

Analysis functions: Calculate alpha diversity for all samples

<alpha.diversity <- estimate_richness(phy)

> head (alpha.diversity)

Samplel
Sample2
Sample3
Sample4
Sample5
Sampleb

Observed
1411

490

623

522

511

426

Chaol

2042.2418

904 .3810

1211..6719

896.5161
921.0600

1160.5882

P
82.
78

104.
2
83.

160.

chaol
76011
16085
77347
17895
87716
67905

ACE

1947.4397
1018.8332
1200.5020

947 .5645
881.8277
905.1891

se.ACE
23.28101
20.28168
20.27128
1872522
16.36221
17.48230

S e e

Shannon

.6190928
.6626745
.7901943
.5540733
.3649780
.6509008
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Plot functions: Plot alpha diversity for all samples
> plot_richness(phy.prune)
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Shiny-phyloseq: Web application for interactive
microbiome analysis with provenance tracking 3

Paul J. McMurdie ™, Susan Holmes  Author Notes
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Dynamic interaction with microbiome data
Runs on any modern Web browser

Requires no programming, increasing the accessibility and decreasing the
entrance requirement to using phyloseq and related R tools

Select Dataset Filter  AlphaDiversity  Network  d3Network  Ordination Heatmap  Tree  Scatter  Bar

Distance Threshold Network - D3

Network Structure

Type Transform
Samples A4 Countts v
Distance Max D 3
o
veay - 03
[a]

- & 4
Aesthetic Mapping ° ©°
Label Color ®, o

TREATMENT DIAGNOSIS ~
Details
Y Bl
Opacity Scale  Shade ° o % 4 °

40 w665

Dimensions and Download
Width  Height DL
600 600 &



Phyloseq - Highlights

Import abundance and related data

Convenience analysis wrappers for common analysis tasks

44 supported distance methods (UniFrac, Jensen-Shannon, etc)

Ordination —> many supported methods, including constrained methods
Microbiome plot functions using ggplot2 for powerful, flexible exploratory analysis
Modular, customisable preprocessing functions supporting fully reproducible work.

Functions for merging data based on taxa/sample variables, and for supporting manually-
imported data.

Native R/C, parallelised implementation of UniFrac distance calculations.
Multiple testing methods specific to high-throughput amplicon sequencing data.
Examples for analysis and graphics using real published data.



