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STATISTICS Practice




Goals

= Exploratory Data Analysis
= o-diversity: how diverse is my community?

= B-diversity: how different are two communities?
= Visual assessment of the data
= Barplots: what is the composition of each community?
= Multidimensional Scaling: how are communities related?

= Heatmaps: are there interactions between species and (groups of) communities?
= Use a distance matrix to study structures:

= Hierarchical clustering: how do the communities cluster?

= Permutational ANOVA: are the communities structured by some known environmental factor (pH,
height, etc)?

= Differential abundance analysis: are there OTU with differential abundance between conditions



FROGSSTAT with Phyloseqg R package

" R package (McMurdie and Holmes, 2013) to analyse community composition data in a
phylogenetic framework

It uses other R packages:

* Community ecology functions from vegan, ade4
* Tree manipulation from ape

= Graphics from ggplot2

= Differential analysis from DESeq2



Exercise 1

=>» At the end of FROGS pipeline, what kind of data do we have ?




Exercise 1

=>» At the end of FROGS pipeline, what kind of data do we have ?

FROGS biom containing:
= OTU count tables (required)
= OTU description : taxonomy

Phylogenetic tree in Newick format

Metadata: sample description in TSV file



Exercise 1

=» Take a look at the metadata




Exercise 1

=» Take a look at the metadata

FoodType:
Meat or Seafood

EnvType: 8 environment types

| EnvType |

BHTO.LOTO1
BHTO.LOTOZ3
EHTO.LOTO4
BHTO.LOTOS
BHTO.LOTOG
BHTO.LOTO?
BHTO.LOTOS
EHTO.LOT10
VHTO.LOTO1
VHTO.LOTO2
VHTO.LOTOZ2
MHTO L OTNA

BoeufHache
BoeufHache
BoeufHache
BoeufHache
BoeufHache
BoeufHache
BoeufHache
BoeufHache
VeauHache

VeauHache

VeauHache

VealHarhe

Meat - Ground Beef, Ground veal, Poultry sausage, Diced bacon
Seafood - Cooked schrimps, Smoked salmon, Salmon filet, Cod filet

Description | FoodType |

LOT1
LOT3
LOT4
LOTS
LOTE
LOTY
LOTS
LOT10
LOT1
LOTZ
LOT2
I T4

Meat
Meat
Meat
Meat
Meat
Meat
Meat
Meat
Meat
Meat
Meat
Meat



Phyloseq Import Data
tool

PHYLOSEQ OBJECT CREATION




Phyloseq : Data import

The FROGS biom format contains:
= OTU count tables (required)

= OTU description : taxonomy

Others information used in FROGSSTAT are:
= sample description in TSV file

* phylogenetic tree in Newick format
(nwk or nhx)

- Create 2 phyloseq objects, with and without
normalisation (rename them)

FROGSSTAT Phyloseqg Import Data from 3 files: biomfile, samplefile, treefile (Galaxy Version 3.2.2)

= Options

Abundance biom file with taxonomical metadata

€ [ || 19: FROGS Affiliation OTU: affiliation.biom

- ‘

The file contains the OTU informations (format: biom1).

Sample tsv file

| O |2: metadata_chaillou.tsv

The file contains the samples informations (format: tabular).

Tree file (optional)

th O |24: FROGS Tree: tree.nwk

The file contains the tree informations (format: Newick - nhx or nwk).

Names of taxonomics levels

| Kingdom Phylum Class Order Family Genus Species

The ordered taxonomic levels stored in BIOM. Each level is separated by one space.

Do you want to normalise your data ?

Yes

O normallse data Defore staustical anarysis default @ Mo).




Exercise 2

1. What are the resulting datasets ?
2. What is the difference between the resulting objects with and without normalisation ?

3. Explore the HTML results



Exercise 2

1. What are the resulting datasets ?

— Rdata file: R object used by phyloseq package for statistics

- HTML report: summary of the phyloseq object




Exercise 2

2. What is the difference between the resulting objects with and without

normalisation ?
Ranks Names Sample metadata Plot tree

phyloseqg-class experiment-level object

Code

Without normalisation otu_table() OTU Table: [ 495 taxa and 64 samples ]
sample data() Sample Data: [ 64 samples by 4 sample variables ]
tax_table() Taxonomy Table: [ 495 taxa by 7 taxonomic ranks ]

phy _tree() Phylogenetic Tree: [ 495 tips and 494 internal nodes ]



Exercise 2

2. What is the difference between the resulting objects with and without

normalisation ?
Ranks Names Sample metadata Plot tree

Code
phyloseq-class experiment-level object
. . . . otu_table() OTU Table: [ 495 taxa and 64 samples ]
With normalisation (rarefactlon) sample_data() Sample Data: [ 64 samples by 4 sample variables ]
tax_table() Taxonomy Table: [ 495 taxa by 7 taxonomic ranks ]
phy _tree() Phylogenetic Tree: [ 495 tips and 494 internal nodes ]
Code

Minimum number of sequences
kept in each sample

el Number of sequences in each sample after normalization: 7638



Exercise 2

2. What is the difference between the resulting objects with and without

normalisation ?
Ranks Names Sample metadata Plot tree

Code
phyloseq-class experiment-level object
. . . . otu_table() OTU Table: [ 495 taxa and 64 samples ]
With normalisation (rarefactlon) sample_data() Sample Data: [ 64 samples by 4 sample variables ]
tax_table() Taxonomy Table: [ 495 taxa by 7 taxonomic ranks ]
phy _tree() Phylogenetic Tree: [ 495 tips and 494 internal nodes ]
Code

Be aware the number of OTU (taxa) Number of sequences in each sample after normalization: 7638
may decrease



Exercise 2

3. Explore the HTML results

Phyloseq 1.20.0

Summary Sample metadata Plot tree

Taxonomlc IEVEIS Rank names : Kingdom, Phylum, Class, Order, Family, Genus, Species

Code

Code



Exercise 2

3. Explore the HTML results

Summary Ranks Names Sample metadata Plot tree

Code
Sample variables: EnvType, Description, FoodType, SampleID

Code
EnvType : DeslLardons, MerguezVolaille, BoeufHache, VeauHache, SaumonFume, FiletSaumon, FiletCabillauwd, Crevet

te
Description : LOT1, LOT3, LOT4, LOTS, LOTG, LOT7, LOTS, LOT1@, LOT9, LOT2

FoodType : Meat, Seafood

SampleID : OLT@.LOT@1, DLT@.LOT®3, DLTO®.LOTe4, DLT@.LOT@S, DLTe.LOT@G, DLTE.LOT®7, DLT®.LOTES, DLT®.LOTle, MV
Té.L0Tél, MVTa.L0Té3, MVTe.LOTes, MyTe.LOoTas, MVTe.LOoTa7, MVTe.LOTes, MVTe.LOTeZ, MVTe.LOTle, BHTe.LOTal, BHT

@.L0T&3, BHTG.LOT@4, BHT®.LOTE@S, BHT@.LOT&s, BHTA.LOTE7, BHTO.LOT@E, BHT2.LOT1E, VHTe.LOT@l, VHTE.LOT@2, VHTa.
LOT@3, VHT@.LO0Ta4, VHTe.LOTésé, VHTA.LOTe7, VHTO.LOTés, VHTe.LOTle, SFTe.LOTel, SFTa.LOoTe2, SFT8.L0Te3, SFTa.Lo

Warning !

Metadata order (in each sample variable) are used to
organize graphics.

So take extra care when you construct your
sample_metadata file




Exercise 2

3. Explore the HTML results

Phylogenetic tree colored by Phylum
Summary Ranks Mames Sample metadata Flot tree .

Phylum
*  Actinobacteria
* Bacteroidetes
# Candidate division TM7
® CK-1C4-19
® Cyanobacteria

* Firmicutes

® Fusobacteria
* GNo2

©  Protecbacteria
= Spirochastes

® Tenericutes




Exercise 2

3. Explore the HTML results

Phylogenetic tree colored by Phylum
Summary Ranks Mames Sample metadata Flot tree .

=>» Information: Most represented phylum

Phylum
*  Actinobacteria
* Bacteroidetes
# Candidate division TM7

Bacteroidota

® CK-1C4-19

® Cyanobacteria

® Firmicutes

Firmicutes

® Fusobacteria
* GNo2

* Proteabacteria

Actinobacteriota

= Spirochastes

® Tenericutes

Proteobacteria




Biodiversity analysis




Biodiversity analysis

1. Exploring sample composition
2. Notions of biodiversity
3. o-diversity analysis

4. B-diversity analysis



. Biodiversity analysis

COMPOSITION VISUALISATION




Exploring biodiversity : visualisation

FROGSSTAT Phyloseq Composition Visualisation with bar plot and compaosition plot (Galaxy Version 3.2.2) + Options

Phylosaq object (format rdata)

2| O |26: Phyloseq.Rdata - |

This is the result of FROGS Phyloseq Import Data tool.

Grouping variable

| EnvType |

Experimental variable used to group samples (Treatment, Host type, etc).

axonomic level To Titer your da

| Kingdom |

ex: Kingdom, Phylum, Class, Order, Family, Genus, Species

Taxa (at the above taxonomic level) to keep in the dataset

| Bacteria |

ex: Bacteria {when filtering at the Kingdom level), Firmicutes (when filtering at the Phylum level). Multiple taxa (separated by a space) can be
specified, i.e. Firmicutes Proteobacteria

Taxonomic level used for aggregation

| Phylum |

ex: Family (when filtering at the Phylum level). The aggregation level must be below the filtering level.

Number of most abundant taxa to keep

E |
ex: 9, i.e. Tool keeps the @ most abundant taxa and the remaining taxa are aggregated in a group 'Other’

Explore the sample RAW or NORMALISED
count

Choose a sample variable to organize
graphics: either EnvType or FoodType

For the first usage, let the default
parameters




Exercise 3

1. What are the resulting datasets ?
2. Difference between Bar plot and Plot composition ?

3. What biological information could you extract? ?

4. Perspectives to go further ?




Exercise 3

1. What are the resulting datasets ?

- HTML report: summary of the phyloseq object
Phyloseq 1.20.0

Bar plot Composition plot

- Barplot
- Composition plot




Exercise 3

-V

2. Difference between Bar plot and Plot composition

Bar plot colored by Phylum
DesLardons  MerguezVolaille  BoeufHache VeauHache SaumonFume FiletSaumon FiletCabillaud Crevetle

Phylum
Actinobacteriota
Bacteroidota
Campylobactercta
Cyancbacteria
Desulfobacterota
Firmicutes
Fusobactenota
Patescibacteria
Proteobacteria
Spirochaatota
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Composition within Bacteria ( 9 top Phylum )

DesLardons Merguezvolaille BoeufHache  VeauHache SaumenFume FiletSaumon  FiletCabillaud Crevette Phylum

1.007
0.75]
0.5
0.2

NN RN o o
P e e Yeptee o]

OoODCO0—  ODooO0D0— DODO0C00

[sssssssciesssssscissssssss)
171 i ot ot e

e Tt

Actinobacteriota
Bacteroidota
Campylobacterota
Cyanobacteria
Desulfobacterota
Firmicutes
Fuscbacteriota

Protecbacteria

P

Spirochaetota

Other

o

OO
AARRAAAR  Srrrrrr e




= one rectangle is one OTU
= one coloris one phylum

Campylobactercta
Cyancbacteria

Actinobacteriota
Bacteroidota

Phylum

Crevette

FiletCabillaud

SaumonFume  FiletSaumon

Bar plot colored by Phylum
VeauHache

Exercise 3

DesLardons  MerguezVolaille  BoeufHache
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2. Difference between Bar plot and Plot composition ?
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Exercise 3

2. Difference between Bar plot and Plot composition ?

Bar plot colored by Phylum

DesLardons  MerguezVolaille  BoeufHache VeauHache SaumonFume FiletSaumon FiletCabillaud Crevetle

Limitations:

= Plot bar works at the OTU-level...

- u— = ..which may lead to graph cluttering and useless
S legends
< — = No easy way to look at a subset of the data

= Works with absolute counts (beware of unequal
depths or used normalised function)

LOLOY
E0LO
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G0LO7
20107
£0107
80107
oo
oo

[7:]
o
3
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Exercise 3

Composition within Bacteria ( 9 top Phylum )

2- Difference between Bar pIOt and PIOt CompOSition ? DesLardons MerguezVolaille BoeufHache — VeauHache SaumonFume FiletSaumon  FiletCabillaud Crevette Phylum

= one rectangle is one phylum (no borderline)
one color is one phylum
= vy axis: normalise to 1 = relative abundance

Actinobacteriota
Bacteroidota
Campylobacterota

Cyanobacteria

w

Desulfobacterota
Firmicutes

Fusobacteriota

Proteobacteria

=~

Spirochaetota

Abundance

Other

th
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load-extra-functions.R

Exploring biodiversity : visualisation
Customization: plot_composition function : Bar plot

Taxonomic level to filter your data

= Works with relative abundances [Kingdom |
ex: Kingdom, Phylum, Class, Order, Family, Genus, Species

= Subsets OTUs at a given taxonomic level Taxa (at the above taxonomic level) to keep in the dataset
| Bacteria |

ex: Bacteria (when filtering at the Kingdom level), Firmicutes (when filtering at the Phylum
level). Multiple taxa (separated by a space) can be specified, i.e. Firmicutes Protecbacteria

Taxonomic level used for aggregation

= Aggregates OTUs at another taxonomic level | phyium

ex: Family {(when filtering at the Phylum level). The aggregation level must be below the filtering level.

Number of most abundant taxa to keep

9

ex: 9, i.e. Tool keeps the 9 most abundant taxa and
the remaining taxa are aggregated in a group 'Other’

= Shows only a given number of OTUs


https://github.com/mahendra-mariadassou/phyloseq-extended
https://github.com/mahendra-mariadassou/phyloseq-extended

Exercise 3

Bar plot Composition plot

3. Information ?

Abundance

Composition within Bacteria ( 9 top Phylum )

DeslLardons MerguezVolaille BoeufHache VeauHache SaumonFume FiletSaumon FiletCabillaud Crevette Phylum

1.007
0.757
0.5
0.2
0.00-

Actinobacteriota
Bacteroidota
Campylobacterota
Cyanobacteria
Desulfobacterota
Firmicutes
Fusobacteriota

Proteobacteria

<

Spirochaetota

Other

L
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eeRPeReeee i e i e o ot
ST VUL I K
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Exercise 3

Composition within Bacteria ( 9 top Phylum )

3_ Information ? DesLardens MerguezVolaille BoeufHache  WeauHache SaumenFume FiletSaumon FiletCabillaud Crevette Phylum
1.007
B Actinobacteriota
[l Bacteroidota
B campylobacterota
= Meat type on the left share common Phylum 075 o om—
composition, with a majority of Firmicutes W Fmictes
(easy to remark thanks of ordered levels) E : :::::::::
é 050 I Spirochaetota
< W Other
= Seafoods seem to be much more variable .
= Firmicutes and Proteobacteria are present in all
samples, but with a wide range of abundance .




Exercise 3

Bar plot Composition plot

4. Perspectives to go further ?

Abundance

Composition within Bacteria ( 9 top Phylum )

DeslLardons MerguezVolaille BoeufHache VeauHache SaumonFume FiletSaumon FiletCabillaud Crevette Phylum

1.007
0.757
0.5
0.2
0.00-

Actinobacteriota
Bacteroidota
Campylobacterota
Cyanobacteria
Desulfobacterota
Firmicutes
Fusobacteriota

Proteobacteria

<

Spirochaetota

Other

L
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Exercise 3

Composition within Bacteria ( 9 top Phylum )

4. Pe rs pectives to go fu rther ? DesLardens MerguezVolaille BoeufHache  WeauHache SaumenFume FiletSaumon FiletCabillaud Crevette Phylum
B Actinobacteriota
[l Bacteroidota
B campylobacterota
o, . 0.75 B Cyanobacteria
=» What are the composition of the 9 most N
abundant Families of Firmicutes ? .
8
% I Protecbacteria
=» What are the composition of the 9 most 3 =
o . Other
abundant Families of Proteobacteria ?

T
[ ]

BEnomoon SZporse LLILIITr IITITILT




Exercise 4

1. What are the composition of the 9 most abundant Families of Firmicutes ?

2. What are the composition of the 9 most abundant Families of Proteobacteria ?




Exercise 4

1. What are the composition of the 9 most abundant
Families of Firmicutes ?

Taxonomic level to filter your data

| Phylum
ex: Kingdom, Phylum, Class, COrder, Family, Genus, Species

Taxa (at the above taxonomic level) to keep in the dataset

| Firmicutes

ex: Bacteria (when filtering at the Kingdom level), Firmicutes {(when filtering at the Phylum level).
Multiple taxa (separated by a space) can be specified, i.e. Firmicutes Protecbacteria

Taxonomic level used for aggregation

Composition within Firmicutes ( 9 top Family )

DesLardons MerguezVolaille BoeufHache

1.00r

Abundance

| Family

ex: Family (when filtering at the Phylum level). The aggregation level must be below the filtering level.

Number of most abundant taxa to keep

o

ex: 9, i.e. Tool keeps the 9 most abundant taxa and the remaining taxa are aggregated in a group 'Other’
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E Xe rC I S e 4 Composition within Firmicutes ( 9 top Family )

DeslLardons MerguezVolaille BoeufHache  VeauHache SaumonFume FiletSaumon FiletCabillaud Crevette Family

1. What are the composition of the 9 most abundant oo

Families of Firmicutes ?
= top 9 families of Firmicutes are most
represented in meat food - |

Carnobacteriaceae
Enterococcaceas
Erysipelotrichaceae
Lachnospiraceae
Lactobacillaceae
Listeriaceae
Mycoplasmataceae
Staphylococcaceae

Streptococcaceas

Other

Abundance
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Exercise 4

Caomposition within Proteobacteria ( 9 top Family )

DeslLardons MerguezVolaille BoeufHache VeauHache SaumonFume FiletSaumon FiletCabillaud Crevette Family
2. What are the composition of the 9 most abundant oo
o . . Comamonadaceae
Families of Proteobacteria ? ,
I Hydrogenophilaceae
I Moraxellaceae
. B nsisseriaceae
Taxonomic level to filter your data 075
. I Oxalobacteraceae
| Ph'f'l..lm | . Pseudomonadaceae
ex: Kingdom, Phylum, Class, Order, Family, Genus, Species M Rhizobiaceae
i)
Taxa (at the above taxonomic level) to keep in the dataset g B Rhodobacteraceae
_r-g 0.50- I vibrionaceae
| Proteobacteria | 3 B oter
=L

ex: Bacteria (when filtering at the Kingdom level), Firmicutes (when filtering at the Phylum level).

Multiple taxa (separated by a space) can be specified, i.e. Firmicutes Proteobacteria

Taxonomic level used for aggregation oas
| Family |

ex: Family (when filtering at the Phylum level). The aggregation level must be below the filtering level.

Number of most abundant taxa to keep

E |
ex: 9, i.e. Tool keeps the 9 most abundant taxa and the remaining taxa are aggregated in a group 'Other’ 538385582 0385859 55355582 SOS3S5ES SS830S5E SO8385ES o808858S 83355882
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Exercise 4

2. What are the composition of the 9 most abundant
Families of Proteobacteria ?

= top 9 families of proteobacteria are most
represented in seafood

= \ibrionaceae dominate in SaumonFume for 4
samples

Abundance

1.00-

0.75°

0.500

Caomposition within Proteobacteria ( 9 top Family )

DesLardons MerguezVolaille BoeufHache

VeauHache SaumonFume FiletSaumon FiletCabillaud

Crevette

b ik

MO oo
[al=lalal=t=l=lo]

DGO
[=lalelelelelei]

HTELN D000
CO00 00—

I OGO
[=lalalel=tale

N D00
CO0D0 0000

IO D
[=lalalal=tale ]

I DGO
COD0 00—

[ gia il puteats el
[=l=Talelal=tai]

99999999

99959995

99959995

99959995

99959955

99959999

9998999e

99999299

[al=lalalalal=ls]

[=lalalal=lalal=]

[alnlalalelelel=]

[=lalalal=lalal=]

[alnlalalelelel=]

[=lalalal=lalals]

[alnlalalelelele]

[=l=lalelalalala]

A A L Ll
[alaTalalalalalal

oz msms
TEEEIIEE

[salsalsnlunlunlunlunlun}

IR

wnnnnwunnn

NNWWWNLNL
TR T TR TR

(88,8 818888
[ntinfnind i niinin

[alalalalalalale]
(slelelelelelole]

Family

Comamonadaceae
Hydrogenophilaceae
Moraxellaceae
Meisseriaceae
Oxalobacteraceae
Pseudomonadaceae
Rhizobiaceae
Rhodobacteraceae
Vibrionaceae

Other




Exploring biodiversity : visualisation

Remark 1 : An example of what happens when sample metadata file is not sorted in a meaning full way

Bar plot colored by Phylum Bar plot colored by Phylum

BoeufHache VeauHache DeslLardons  SaucisseVolaille Crevette SaumonFume  FiletSaumon  FiletCabillaud BoeufHache Crevette DeslLardons FiletCabillaud  FiletSaumon MerguezVolaile SaumonFume  VeauHache
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Exploring biodiversity : visualisation

Composition within Bacteria ( 30 top Family )

DeslLardons MerguezVolaille BoeufHache  VeauHache SaumonFume FiletSaumon FiletCabillaud Cravette Family

Remark 2 : Keep in mind that human eye B Comobacteriscese |
cannot distinguish more than 12 colors at Comamonadacese
the same time.

Corynebacteriaceae
Enterococcaceas
Erysipelotrichaceae
Family XI

Flavobacteriaceas

Example of the 30 most abundant Families
among Bacteria

Fusobacteriaceae
Hydrogenophilaceae
Lachnospiraceas

Lactobacillaceae

Abundance

Leptotrichiaceas
Listeriaceae
Microbacteriaceae
Micrococcaceas
Moraxellaceae
Mycoplasmataceae

Neisseriaceae

Oxalobacteraceae

|
[T T

Sopmes IITITIT T
SESSSEST  vfererencienen

T UIWLAUINUILILN X X X )¢
e L T L R T R N N F R N F R i i i T T i T T S TS TS S S [5]




|. Biodiversity analysis

DIVERSITY INDICES




Exploring biodiversity : descriptors

* The richness corresponds to the number of OTUs or functional groups present in communities.
It characterizes the composition.

= The diversity takes into account the relative abundancy of species. It characterizes the structure

%*%*
-
Bk

e W
T
-
e
e W W

Ecosystem 2

Ecosystem 1




Exploring biodiversity : descriptors

* The richness corresponds to the number of OTUs or functional groups present in communities.
It characterizes the composition.

= The diversity takes into account the relative abundancy of species. It characterizes the structure

Ecosystem 1

Richness : Ecol = Eco2
Diversity: Eco2 > Ecol



Exploring biodiversity : statistical indices

Compute and compare diversity indices. 3 levels of
diversity:

= a-diversity: diversity within a community o Community
87
* B-diversity: diversity between communities /8
= B-dissimilarities/distances - >

= dissimilarities between pairs of communities
= often used as a first step to compute diversity

y

Landscape

= y-diversity: diversity at the landscape scale (blurry
for bacterial communities)




Exploring biodiversity : statistical indices

Qualitative (Presence/Absence) vs. Quantitative (Abundance )
= Qualitative gives less weight to dominant species

= Qualitative is more sensitive to differences in sampling depths

= Qualitative indices emphasize differences in taxa diversity while quantitative are more
sensitive to raise differences in composition

Compositional vs. Phylogenetic
= Compositional does not require a phylogenetic tree

= Compositional is more sensitive to erroneous OTU picking
* Compositional gives the same importance to all OTUs



1. Biodiversity analysis

a-DIVERSITY INDICES




Exploring biodiversity : a-diversity

a-diversity is equivalent to the richness : number of species

Richness Chao

Richness + (estimated) number of

Number of observed species .
unobserved species

G, =529

Sreal =1000
Schao = 889
Srich =471

Chbsenved

[
Obsernved abondance




Exploring biodiversity : a-diversity

a-diversity is equivalent to the richness : number of species

Shannon Inv-Simpson
Evenness of the species abundance Inverse probability that two sequences sampled at
distribution random come from the same species

Even

Interpretation :

Sinvsimp = 5,45 Sinvsimp = 15 15 observed species, but according to
Sshan = 1log(7,85) Sshan = log(15) Shannon, the uneven community acts
Srich =15 Srich =15 like there is 7.85 equally abundant
species (5.45 for invSimp)

‘II It is called effective diversities
II---------- IIIIIIIIIIIIIII

o oful  ofud  ofuS ol ol ofuB  ofud otul0 ofull ofui2 otuld otuld otuls

cdul 0112 01113 oiud 01115 oh.ﬁ oiu? oiuB cduﬂ 011110 o‘iull 011112 01u13 oiul-t oiulS otul




Exploring biodiversity : a-diversity

a-diversity indices available in phyloseq :

= Species richness : number of observed OTU
= Chaol : number of observed OTU + estimation of the number of unobserved OTU

= Shannon entropy / Jensen : the width of the OTU relative abundance distribution. Roughly, it
reflects our (in)ability to predict OTU of a randomly picked bacteria.

= Simpson : 1 - probability that two bacteria picked at random in the community belong to
different OTU

* Inverse Simpson : inverse of the probability that two bacteria picked at random belong to
the same OTU



Exploring biodiversity : a-diversity

FROGSSTAT Phyloseq Alpha Diversity with richness plot (Galaxy Version 3.2.2) + Options

Phyloseqg object (format rdata)

. |2Et: Phyloseq_raref.Rdata - | EXplore the Sample NORMALISED count

This file is the result of FROGS Phyloseq Import Data tool.

Experiment variable

| EnvType | Choose a sample variable to organize graphics
The experiment variable that you want to analyse. test on Eanype

The alpha diversity indices to compute
B select/Unselect all

¥ Observed \
# Chaol
¥ Shannon

& InvSimpson > Choose which a-diversity indices you want to compute
(O Simpson

O ACE
(J Fisher )




Exercise 5

1. What are the resulting datasets ?

2. Which interpretation could you make on the boxplot results ?

3. Have EnvType got an impact on a-diversity indices ?




Exercise 5

1. What are the resulting datasets ?

-> Tabular file: contain the detailed value of indices in each sample

- HTML report: graphical and statistical results




Exercise 5

1. What are the resulting datasets ?

— Tabular file: contain the detailed value of indices in each sample

BHTO.LOTO1
BHTO.LOTO3
BHTO.LOTO4
BHTO.LOTOS
BHTO.LOTOG
BHTO.LOTO?
BHTO.LOTOE
BHTO.LOT10
COTO.LOTO2
COTO.LOTO4

Observed
a9
129
137
127
135
126
172
155
73
145

Chaol

90.875

134.2

152
122.526315789474
136
141.260869565217
189.652173913043
173.9
87.5263157804737
168.25

se.chaol
2.25640704112416
3.98819923457003
£.65612088483201
3.97261840192821
1.30982775947977
F.7960250320146
B.66767047151361
9.42281349546639
7.85749286229502
10.9999445485673

Shannon
2.46283438240559
3.01399812576965
2.77419314445453
2.82022278153272

2.6365904270666
2.36922299088595
3.32220303923076
2.96129954607031

0.968874907875041
3.1208274916296

InvSimpson
6.4374614755645
11.6378947553209
7.04904738429417
7.543304761220893
6.30810073317464
5.65591172677601
11.229239517499
7.55645792419119
1.935691052993309
11.0298385276267




Exercise 5

1. What are the resulting datasets ?

- HTML report: graphical and statistical results




Rarefaction curves

Alpha Diversity Indice Anova Analysis

Richness plot with boxplot
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Exercise 5

Alpha diversity distribution in function of EnvType

InvSimpson

Shannon

Chao1

Observed
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= FiletCabilaud

= FiletSaumon

- SaumonFuma

= VeauHache

= BoaulHache

- MerguezVolalle
- Deslardons

- Crevette

= FiletCabillaud

- FiletSaumon

- SaumonFume

= VeauHache

- BoeufHache

= MerguezVolaille
= DesLandons

= Cravetta

- FiletCabillaud

= FiletSaumon

= SaumonFume
-VeauHacha

= BosuiHache

- MerguezVolaille
- DeslLardons

- Crevette

= FiletCabiltaud

= FileiSauman
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- BoaufHache

= MerguezVolaille
- DesLardons

EmvType




Rarefaction curves

Alpha Diversity Indice Anova Analysis

xplot

it with Do

Richness ple

Richness plot

Exercise 5

Informations ?

InvSimpson

Shannon

Alpha diversity distribution in function of EnvType
Chaaol

Observed
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E X e r C i S e 5 Richness plot Richness plot with boxplot Alpha Diversity Indice Anova Analysis Rarefaction curves

. Alpha diversity distribution in function of EnvType
Informations ?

Observed Chaol Shannon InvSimpson

¢ | 1
. "Il EnvType

| w e E DesLardons
! kD 20~

’j ) o|® F&] MerguezVolallie
1 T _H J B+ BoeutHache
L] I - E VeauHache

$ SaumanFume

= 4 plots for the 4 indices

= Same legend for all plots

= X axis: 8 boxplot for each EnvType, dots
represent samples

Alpha Diversity Measure

-
i1 ! .
I 5] FiletCabillaud

Blm . F+ Crevetts
= y axis: values of each alpha index l | H ] ATl I

= Scales iny axis are different 4 - H 1

;.
1= Ll
................................
= ] 3 @

= @ -} = - =] - -4 ° = ] -
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E X e r C i S e 5 Richness plot  [EUSII A Ul L@l Alpha Diversity Indice Anova Analysis  Rarefaction curves

2. Which interpretation could you make on the boxplot results ?

Alpha diversity distribution in function of EnvType

Obaarved Chaol Shannon InvSimpaon
BB -

+ -
H 200 -
-
T - . EnvType
@ 1 —| -
E a U 20 E DeslLardons
$ 150- — ofl® E MerguezVolallle
g L 1 £+ BosufHachs
g E VeauHache
% : . g E SaumonFume
Eﬂ ™ 1 ] $ FiletS aumon
g T . I E=] FiletCabillaud
100+ Blm . Crevetls
. 100= - o - $
L] T 1 . ™
2 ! |
L]
50 -[
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E X e r C i S e 5 Richness plot Richness plot with boxplot Alpha Diversity Indice Anova Analysis Rarefaction curves

2. Which interpretation could you make on the boxplot results ?

Alpha diversity distribution in function of EnvType

Chbaerved Chaol Shannon InvSimpaon
250~

= Observed and Chao have almost the same scale

—> All species have been detected t ; j v }
x 200+ ! J_
# . J EnvType
g a. ml a0 E DeslLardons
. . §150- ' % of|® E'+-| Merguez\olaille
= Many taxa observed in DeslLardons (high Chaol, % M H ™ ' J . o
high Observed) S I ‘ l e | T o
.% L2 . 1 E FiletCabillaud
100 l " 2_T ulm ‘ . Ll £+ Crevette
= Most foods have low effective diversities ' 0 H i R I
(InvSimpson) I T |- —
- communities are dominated by few - I y I"
abundanttaxa 0 "IN 1 [HEENEA I

EnvType



[ ]
E Xe rC I S e 5 Richness plot  Richness plot with boxplot  [EEERIERS ARG WGP UEIES 0N Rarefaction curves

Test the significance of the previous observations by performing an ANOVA of

alpha-diversity indices against the covariate of interest (EnvType)




Exercise 5

Richness plot

Richness plot with box

Anova interpretations

#Perform ANOVA on Observed, which effects are significant
anova.observed «<-aov( Observed -~ Depth + EnvType, anova_data)
summary{ancva.observed)

Df sum =g Mean 5q F value  Pri:F)
EnvType 7 57328 81859 7.721 1l.6le-0g ===
Residuals 55 55312 1359

Signif. codes: @ '¥¥¥' g.@g1 "**' @81 '*¥' .85 "." 2.1 ' ' 1

#Perftorm ANOVA on Chaol, which effects are significant
anova.Chacl <-aov( Chaol -~ Depth + EnvType, anocwva_data)

summary{ancva.Chaol)
Df sum 5g Mean =q F value  Pri:F)
EnvVTYpe 7 B43ei 9185 8.445 5.142-07 ===

Residuals 55 &8971 1289

signif. codes: @ '¥¥¥' g.@81 "**"' 4,81 '*' @.85 "." 8.1 ' ' 1

#Perform ANOVA on Shannon, which effects are significant
anova.shannon <-zov{ Shannon -~ Depth + EnvType, ancva_dzta)
summary{ancva.shannon)

Df sum 5g Mean =q F value Pri=rF)
EnVTYpe 7 J.81 1.283878 l.69 @.129
residuals 56 35.92 @.5412

#Perform ANOVA on Invsimpson, which effects are significant
anova.Invsimpson «<-aovi{ Invsimpscn ~ Depth + EnvwType, anova_data)
summary{ancva. Invsimpson )

Df Sum 5g Mean 5q F value PrixF)
EnvType 7 382.4 EG5.26 1.254 @.255
Residuals S5 2484.3 44,35




Exercise 5

Richness plot

summary{ancva.observed)
Df sum =g Mean 59 F value  Pri:F)
EnvType 7 57228 8189 ?.?31[1.51&-@5 SEE ]

Richness pl@t with box Residuals 56 59312 12549

Signif. codes: @ '¥¥¥' g.@g1 "**' @81 '*¥' .85 "." 2.1 ' ' 1

Anova interpretations

-@ov( Chaol =~ Depth + EnvType, anova_data)

Cwa.Chaol)
Df sum 5g Mean =q F value  Pri:F)
EnvType 7 64365 9195  §.446 5.14e-07 === |

Residuals 55 &8971 1289

signif. codes: @ '¥¥¥' g.@81 "**"' 4,81 '*' @.85 "." 8.1 ' ' 1

on Shannon, which effects are significant
d-a@ov({ Shannon -~ Depth + EnvType, anocwva_data)
summary{ancova.shannon)

Df sum Sg Mean sq F value Pri:F
EnVTYpe 7 J.81 1.283878 1. E-BE-

Residuals 55 25,92 G.5214

Invsimpson, which effects are significant

nova. Invsimpson [-aov{ Invsimpscn ~ Depth + EnvType, anova_data)
. Simpsaon)

Df Sum 5g Mean 5q F value PrixFl

EnvType 7 292.4 C5.88 1.264  B&,28%
Residuals 56 2484.3 44,35




#Perform ANOVA on Observed, which effects are significant
anova.observed [<-aov( Observed -~ Depth + EnvType, anova_data)
summary{ancva.observed)

Df sum =g Mean 59 F value  Pri:F)
EnvType 7 57328 81859 7.731 1l.6le-8g =%*

. -
E Xe r C I S e 5 Richness plot  Richness plot with box Residuals 56 53312 1853

signif. codes: @ '"***' g .g@g1 "**' @.@1 '*¥' B.85 8.1

#Perform ANOVA on Chaol, which effects are significant
anova.Chaol| <-aov( Chaol -~ Depth + EnvType, anowva_data)

Anova interpretations SUMFGTy{atiova. chaol)
Df sum 5g Mean =q F value  Pri:F)
. . . EnvType 7 B4366 9195  B.4465.14e-@7 #=*
= Environments differ a lot in terms of Residuals 56 60971 1883
richness... signif. codes: @ '*¥¥F' @.@e1 "**' @@l '*' @.e5 '.' 2.1 ' ' 1
= ...but not so much in terms of Shannon and s=ssssssssssssssssssssssososcsssscssosssmooossosoocsoscssosssaos

#oarform AMOWA on Shannon, which effects are significant
anova.shannon <-zov{ Shannon -~ Depth + EnwType, ancwva_dzta)
summary{ancova.shannon)

Df sum 5g Mean =q F value Pri=rF)
EnVTYpe 7 J.81 1.283878 l.6%6] @.129

=» Effective diversities are quite similar Residuals 58 35.92 @.64s

InvSimpson diversity

grerform Amovs _on Invsimpson, which effects are significant
anova. Invsimpson ¢-aovi Invsimpscn ~ Depth + EnvType, anova_data)
SUMEET Y anovd. Livsimpson )
Df Sum 5g Mean 5q F value PrixFl
EnvType 7 382.4 EG5.26 1.254  @.255
Residuals SE 2484.3 £4.38




Exercise 5

Richness plot Richness plot with boxplot Alpha Diversity Indice Anova Analysis

Rarefaction curve interpretations

250 -
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50-

0-

250~
200~
150 -
100-
50-

0-

OTU Richness
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150 -
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[ ]
Exe rC|Se 5 Richness plot  Richness plot with boxplot  Alpha Diversity Indice Anova Analysis

DeslLardons MerguezVolaille BoeufHache
250 -
Rarefaction curve interpretations =
100~
* Most of the curves reach a plateau 50- ﬁ % o
0- EnvType
. eauHache aumonFume iletSaumon —— Deslardons
= A deeper sequencing doesn't add more OTU e SRR e — ——
§ 200 ; BoeufHache
= It confirms the Chao index iy ? S veateche
b ) | SaumonFume
= DeslLardons reach the plateau later which ° o i A i
. FiletCabillaud Crevette B
correspond to a higher Chao 250- T crevette

0 2000 4000 6000 80000 2000 4000 6000 8000
Sample Size



Exploring biodiversity : a-diversity

WARNING : Many diversity indices (richness, Chao) depend a lot on rare OTUs. Do not trim rare
OTUs before computing them as it can drastically alter the result.

a-diversity: without (left) and with (right) trimming on rare OTU (total abundance < 500)

Alpha diversity distribution in function of EnvT
Alpha diversity distribution in function of EnvType pha diversity distributiol unction of ype
mmmmmm Chaot Shannon InvSimpson [ | Observed Chaol Shannon InvSimpsen
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V. Biodiversity analysis

B-DIVERSITY INDICES




Exploring biodiversity : B-diversity

Many diver§ity indice§ (both gompositional and 3 communities:
phylogenetic) are available with the Phyloseq package A B C
e @

through the generic distance function. OTU 1

Different dissimilarities capture different features of the
communities.




Exploring biodiversity : B-diversity

Many diversity indices (both compositional and
phylogenetic) are available with the Phyloseq package
through the generic distance function. oOTU 1

3 communities:

A B C
oo @

Different dissimilarities capture different features of the
communities.

In this example :

= qualitatively, communities are very similar

= quantitatively, communities are very different

= phylogenetically, two communities seem to be closer

than the third one. ‘ QO



Exploring biodiversity : B-diversity

Jaccard:

* Fraction of species specific to either 1 or 2

Bray-Curtis:

* Fraction of the community specific to either 1 or 2




Exploring biodiversity : B-diversity

= 2 communities

= 15 0OTUs

15-
8 -
3
=
8
-
n ‘ [ I Il N [ [ [ Il B
ot otz otuz otud otus ot otu7 otuB otud atul0 ottt atuiz otu13 otul4 otuls




Exploring biodiversity : B-diversity

154

20

H

2

8

54

o] ‘- Il = =N = Il B N = =
ofut o2 o ot ot o o7 otis o oo ottt otz otz ot ot

Jaccard

Jaccard:

= Fraction of species specific to either 1 or 2

D, = 10/15 = 0.667

o [N [N (NN (U Y NN [N NN N N N N NN R




Exploring biodiversity : B-diversity

= Fraction of the community specific to either 1 or 2

Bray-Curtis:

Dy, = (8+8+3+3+10) / (24+26+28+17+9+10) = 0.281




Exploring biodiversity : B-diversity

W asED

i1 otul2 otuld otuld otuls

otud otul otuld otul

g ased




Exploring biodiversity : B-diversity

W asED

otu? i1 otul2 otuld otuld otuls
otu

otuld otul

g ased




Exploring biodiversity : B-diversity

bc—0091
.. =0.667

D
D

bc—0909
.= 0.667

W asED

g ased




Exploring biodiversity : B-diversity

Unifrac:

OTU1
* Fraction of the tree specific to either 1 or 2

OTUZ2
Weigthed-Unifrac : OTU3
= Fraction of the diversity specific to either 1 or 2

OoTu4



Exploring biodiversity : B-diversity

Unifrac:
* Fraction of the tree specific to either 1 or 2 Unifrac= Zsp‘mﬁc—bmmk—zmgm
Z all branch length
pommmmmee OTU1 ® OTU1
FPessssssssssccccsnssnnnnn. i
E beceecccccn- OTuU2 Ceeccccacans OTU?2
Community A Community B
& 0OTU3 ©® OTU3




Exploring biodiversity : B-diversity

Unifrac: ® OTU
* Fraction of the tree specific to either 1 or 2 ‘ 4
OTuU2
Specific branches = 3
OTU3
If all branch lengths are equal to 1, only branches | ® OTU4
present in at least one community are taken into
account :
OTU1
_ Z specific _branch length OoTu2
Unifrac= Z 1 branch lenoth =0.6 Shared branches = 2 |
- —tens ‘ | © oTU3
OTuU4



Exploring biodiversity : B-diversity

Weigthed-Unifrac :

reduced branch length
= Fraction of the diversity specific to either 1 or 2 WUnifrac= 2 = —ens
Z non_reduced branch length

Fomemeanaann OTU1 7
SR : O oTu1
E Lecemeannnn OTU2 beemaenanann OTU2
Community A 2 Community B 3
® 0OTU3 ® OTU3
8




Exploring biodiversity : B-diversity

Weigthed-Unifrac :

reduced branch length
= Fraction of the diversity specific to either 1 or 2 WUnifrac= 2 = —ens
Z non_reduced branch length

Fomeenananns OTU1 o

........................ ' 0.7 O oTu1
Comeeannns OTU2 e OTU?
Community A 0.2 Community B 0.3
1 » OTU3 - ® OTU3
0.8




Exploring biodiversity : B-diversity

Weigthed-Unifrac :

Z reduced branch length

= Fraction of the diversity specific to either 1 or 2 WUnifrac=
Z non_reduced branch length
10-0.7]/|0+0.7| Blue b " |0 —0,7] N |0 —0,7| 14122
ue branches = = =
10-0.7/]0+0.7] ® o |0+0,7] [0+0,7]
0-08

Red branches = =
OTU2 |0+ 0,8 |

11— 0,3] +|o,2—o,3| _0,7+0,1_
|1+03]| 10,2+03] 03 05

0,73

0.2-0.3|/|0.2+0.3] Pink branches =

| * OTU3
1-0.3]/]1+0.3] Z reduced branch length = 3,73

|0-0.8)/|0+0.8]

O oTu4



Exploring biodiversity : B-diversity

Weigthed-Unifrac :

reduced branch length
= Fraction of the diversity specific to either 1 or 2 WUnifrac= 2 = —ens
Z non_reduced branch length

@ oTu1
Z non reduced branch length =5
OTuU2
@ 0OTU3 WUnifrac— Y reduced _branch_length 3,73

= 0,75

Z non_reduced branch length 5
(HoTu4




Exploring biodiversity : B-diversity

=» What do you conclude in terms of Jaccard, Bray Curtis, Unifrac and weigthed Unifrac values?

]
100a e




Exploring biodiversity : B-diversity

=» What do you conclude in terms of Jaccard, Bray Curtis, Unifrac and weigthed Unifrac values?

Low Unifrac / High Jaccard

]
100a e




Exploring biodiversity : B-diversity

=» What do you conclude in terms of Jaccard, Bray Curtis, Unifrac and weigthed Unifrac values?

Low Unifrac / High Jaccard High Unifrac / High Jaccard
— . —
— —
— . — .
— —

— 9.
— % — §.
— 9
L 9




Exploring biodiversity : B-diversity

=» What do you conclude in terms of Jaccard, Bray Curtis, Unifrac and weigthed Unifrac values?

Low Unifrac / High Jaccard High Unifrac / High Jaccard

— .
— .
— .
—

Low wUnifrac / High Bray Curtis

—
—
—
[
— % — o
— o
— .
.




Exploring biodiversity : B-diversity

=» What do you conclude in terms of Jaccard, Bray Curtis, Unifrac and weigthed Unifrac values?

Low Unifrac / High Jaccard High Unifrac / High Jaccard
— . —
— —
— . — .
— — .

Low wUnifrac / High Bray Curtis High wUnifrac / High Bray Curtis

—{ o
e B — 9
—
e




Exploring biodiversity : B-diversity

Phyloseq supports currently 43 beta diversity distance methods,
(see phyloseq distanceMethodList documentation )

unifrac, wunifrac,
dpcoa, jsd, manhattan, euclidean, canberra,
bray, kulczynski, jaccard, gower, altGower, morisita, horn, mountford, raup, binomial

chao, cao...


https://www.bioconductor.org/packages/devel/bioc/manuals/phyloseq/man/phyloseq.pdf

Exploring biodiversity : B-diversity

FROGSSTAT Phyloseq Beta Diversity distance matrix (Galaxy Version 3.2.2) « Options

Phyloseq object (format rdata)

@ | & | 28: Phyloseq_raref Rdata - Explore the sample NORMALISED count

This is the result of FROGS Phyloseq Import Data toaol.

Grouping variable
| EnvType | Choose a sample variable to organize
Experimental variable used to group samples (Treatment, Host type, etc). graphics.

The methods of beta diversity
¥ Select/Unselect all

[ Unifrac . . . .
& Weightad Unifrac Choose which beta diversity distances

& Bray-Curtis you want to compute

[ Jaccard {as cc method in betadiver vegan funcion)

MN.B. if the tree is not available in your RData, you cannot choose Unifrac or Weighted Unifrac

Other method

The other methods of beta diversity that you want to use (comma separated value). c.f. details below.




Exercise 6

Try it with the 4 most commonly used distance methods

1. What are the output datasets ?
2. A priori, abundant OTU are they shared among samples?
3. Considering that Jaccard is higher than Unifrac, what can you conclude ?

4. Considering that Unifrac is higher than weighted Unifrac, what can you conclude ?



Exercise 6

1. What are the output datasets ?

- Tabular file: a tabular file per distance method containing the “all samples against all”
matrix of beta diversity distance

- HTML report: heatmap representing the distance matrix computed




Heatmap plot of the beta distance : cc

Heatmap plot of the beta distance : bray

Exercise 6

1. What are the output datasets ?

distance

0.75

0.50

0.25

0.00




Exercise 6

1. What are the output datasets ?

Heatmap plot of the beta distance : bray Heatmap plot of the beta distance : cc

= Each square represent a comparison between 2 samples
= Lighter means more similar

= The diagonal represents the comparison of a sample
with itself

= Along the diagonal we can spot clearer square
structures

= We can assume that these are the different EnvTypes as
the samples are ordered.




[ ]
Heatmap plot of the beta distance : bray Heatmap plot of the beta distance : cc
5 B
k = F
= a
-I
-

2. A priori, are abundant OTU they shared
among samples ?



Exercise 6

Heatmap plot of the beta distance : bray Heatmap plot of the beta distance : cc

2. A priori, are abundant OTU they shared
among samples ?

Jaccard lower than Bray-Curtis

abundant taxa are not shared




[ ]
Heatmap plot of the beta distance : bray Heatmap plot of the beta distance : cc
5 B
k = F
] = a
-I
-

3. Considering that Jaccard is higher than Unifrac,
what can you conclude ?



[ ]
Heatmap plot of the beta distance : bray Heatmap plot of the beta distance : cc
5 B
1 = 1
= a
-I

3. Considering that Jaccard is higher than Unifrac,
what can you conclude ?

Jaccard higher than Unifrac

communities' taxa are distinct but
phylogenetically related




[ ]
Heatmap plot of the beta distance : bray Heatmap plot of the beta distance : cc
5 B
k = F
= a
-I
-

4. Considering that Unifrac is higher than
weighted Unifrac, what can you conclude ?



Exercise 6

4. Considering that Unifrac is higher than
weighted Unifrac, what can you conclude ?

Unifrac higher than weighted Unifrac

abundant taxa in both communities are
phylogenetically closed.

Heatmap plot of the beta distance : bray

Heatmap plot of the beta distance : cc




Exploring biodiversity : B-diversity

*|n general, qualitative diversities are more sensitive to factors that affect presence/absence of
organisms (such as pH, salinity, depth, etc) and therefore useful to study and define bioregions
(regions with little of no flow between them)...

"... whereas quantitative distances focus on factors that affect relative changes (seasonal
changes, nutrient availability, concentration of oxygen, depth, etc.) and therefore useful to
monitor communities over time or along an environmental gradient.

Different distances capture different features of the samples.

There is no "one size fits all"




Exploring the structure




. Exploring the structure

ORDINATION AND HEATMAP PLOTS




Exploring the structure : Ordination plot

= Each community is described by OTU abundances

* OTU abundances may be correlated

= PCA finds linear combinations of OTUs that
= are uncorrelated

= capture well the variance of community composition

But variance is not a very good measure of B-diversity




Exploring the structure : Ordination plot

The Multidimensional Scaling (MDS or PCoA) is equivalent to a Principal Component Analysis (PCA)
but preserves the B-diversity instead of the variance.

The MDS tries to represent samples in two dimensions

=» The samples ordination.

Distance Matrix
s1 S2 S3 sS4 S5 N
s1 000 |[221 |631 099 |7.50 <
S2 221 |000 |540 |1.22 |5.74
S4
S3 631 |5.40 |0.00 |575 |3.16
S3 S
54 099 |[1.22 |575 |000 |6.64
S5 750 |574 |3.16 |6.64 |0.00




Exploring the structure : Heatmap

" Heatmap is an other representation of the abundance table.

" |t tries to reveal if there is a structure between a group of OTUs and a group of samples.

" |t
* Finds a meaningful order of the samples and the OTUs
= Allows the user to choose a custom order (in R)
= Allows the user to change the colour scale (in R)

" Produces a ggplot2 object, easy to manipulate and customize




Exploring the structure : Ordination plot

and Heatmap

FROGSSTAT Phyloseq Structure Visualisation with heatmap plot and ordination plot = Options
(Galaxy Version 3.2.2)

Phyloseq object (format rdata)

1 O |2Et: Phyleseq_raref.Rdata . |

This IS the result of FROGS Phyloseq Import Data Tool.

The beta diversity distance matrix file

& O | 37: Beta Diversity cc.tsv . |

E5e TIIe 15 the result of FTRoGs p”"p" os5eq Beta DI"JEFSIE}' toaol.

Experiment variable

|Eanvpe |

Ordination method

| MDS/PCoA - |

Explore the sample NORMALISED count

Choose the beta diversity distance matrix

Choose a sample variable to organize
graphics.

Choose the ordination method (most
commonly used is MDS/PCoA)




Exploring the structure : Ordination plot
and Heatmap

Try it with the 4 distance method matrix

1. What are the output datasets ?
2. What is the best distance matrix to use to better separate samples ?

3. Guess why Lardon are somewhere between Meat and Seafood ?

4. Based on your favourite distance matrix, what can you conclude on the heatmap ?




Exploring the structure : Ordination plot
and Heatmap

MDS

EnvTyp
.........
1. What are the output datasets ? .
oeufHache
auHache
= HTML report: ordination plot urmonFu
iletSau
iletCab
evetl

Axis.2 [10.7%)]
[==]

0.0
Axis.1 [13.4%]




Exploring the structure : Ordination plot
and Heatmap

2. What is the best distance matrix to use to better separate samples ?




JACCARD

EnvType

BoeufHache

® Crevette

® Deslardons

® FiletCabillaud
® FiletSaumon

®  Mergueziolaille
® SaumonFume

®  \f=auHache
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E'Q [ ]
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-0.2 0.0 0.2
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]
% . .
reyette
ﬁle?(:a 'ﬁaud
. L 'Y 4
0.2+ . L] ® L[]
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[ ]
[ ]
— e
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m 0.0 ° L ]
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FiletSaumon °
° [ ]
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.
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. .
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.
. ®
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.
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° a
.
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0.2 0.0 0.2
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L]
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. L ]
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.
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0.4

0.2

Axis.2 [10.7%]

-0.2

0.5+

0.0

[13.5%]

AXiS,z

-0.5

-0.25 0.00 L

"ﬁ"
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Axis.1 [17.5%)]

Axis.2 [16.3%]

Axis.2 [12.7%]

0.254 S4

0.00

-0.25-
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Axis.1 [43.2%]

UNIFRAC



JACCARD

o
Saumon®ume

Axis.1 [13.4%]

e®
[ ]
0.25-
— .
5 .
™ L]
] FiletSaufhon
— . ° L ]
o ° M
o ® °
= 0.00 . BogufHa:he
[J MerguegV, Haghe o
FiletCipillaudy L s
O’} °
. [ ]
. CPevette »
[ ]
. : . [ ] .
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° ®
-0.25- -
0.2 0.0 0.2

Axis.2 [12.7%]

aumonFume

UNIFRAC

o
0.2-
s %
L ]
.
[ ] L]
. .
eauHa
% . . BoeufHache\‘ se
¢ FiletSaumon - ¢ o °
MegguezVolaille
0.0 s . s of ® e
. L] .
Figt‘iatg'llaud .
.
- .
.
. .
DeslLdo
0] Creve.tte - 55
* .
.
an
0.2 0.0 0.2
Axis.1 [20%]

= Qualitative distances (Unifrac, Jaccard) separate meat products from seafood ones

=» detected taxa segregate by origin




Exploring the structure : Ordination plot
and Heatmap

3. Guess why Lardon are somewhere between Meat and Seafood ?

MDS MDS
EnvType EnvType
° ® BoeufHache ° ® BoeufHache
° .
o .
Saumoniun;e ® Crevette . ® Crevette
°®
- ® Deslardons aumonFume ® Deslardens
®  FiletCabillaud . ®  FiletCabillaud
% )
® FiletSaumon - " ®  FiletSaumon
® Merguezvolaille . ® MerguezVolaille
= ° = . .
E L ®  SaumonFume = . s ® SaumonFume
] st n ° \eauHag®
= FiletSauthon ® VeauHache - . . s BoeufHache ® VeauHache
= st ) .
e ~ FiletSaumon MegguezVolaille ¢
b v s ° e o® ® .
= ™ 2
3 E
< . . ° ° .
L Mergue;\-’ﬂ%ﬁ%"%he. . Flgtgatgllaud .
FiletC&illaudy - . ®
[ Dl ] L .
] . .
L
.
CPevette . .
o ° Crevette DesL.Eﬁdc::p
. L . -0.24 L
L] . . .
Deﬂa.rdsms .
-0.25- ° as
-0.2 0.0 0.2 -0.2 0.0 02

Axis.1 [13.4%] Axis.1 [20%]




Exploring the structure : Ordination plot
and Heatmap

3. Guess why Lardon are somewhere between Meat and Seafood ?

MDS

Saumon®umn
o
2 .°
=] FiletSaufhon
= ']
N

Filet(g.ﬂj.illaud.

o CPevette
L ]

.
BogufHache
L ]
Mergue;\!ﬂgﬁwafhe LI
L] . P

[ ]
Deseardgns
P

0.0
Axis.1 [13.4%]

..........

.........

® Merguezvolzille

*DesLardons is somewhere in between

MDS
.
aaaaa Fume
* %
Hadgfe
. . BoeufHach yeautiad
FiletSaum ¢
MegguezVolaill
.
.
Fiftgabgliaud
o °
.
.
Cre DesL.Eﬂiogs
®
[ ]

0.0
Axis.1 [20%]

=» contamination induced by sea salt

..........

eeeeeee



Exploring the structure : Ordination plot
and Heatmap

Other conclusions ?




Exploring the structure : Ordination plot
and Heatmap

Other conclusions ?

*Quantitative distances (weighted Unifrac ) exhibit a ‘meat — seafood’ gradient (on axis 1) with
DesLardons in the middle and a ‘SaumonFume - everything else’ gradient on axis 2.

* Note the difference between weighted UniFrac and Bray-Curtis for the distances between
BoeufHache and VeauHache.

= Warning
" The 2-D representation captures only part of the original distances.

= Ellipse are not always an advantage for visualisation




Exploring the structure : Ordination plot
and Heatmap

4. Based on your favourite distance matrix, what can you conclude on the heatmap ?

Try to identify:
= Block-like structure of the abundance table

" Interaction between (groups of) taxa and
(groups of) samples

» Core and condition-specific microbiota
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Exercise /

matrix, what can you conclude on the
OTU shared by all samples

4. Based on your favourite distance
heatmap ?




Crevette
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Heatmap plot with EnvType
VeauHache
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4. Based on your favourite distance

matrix, what can you conclude on the

heatmap ?
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|. Exploring the structure

HIERARCHICAL CLUSTERING




Exploring the structure : clustering

Clustering aims to represent samples in a tree based on a distance matrix and a linkage function:

Complete linkage: tends to produce compact, spherical clusters and guarantees that all samples
in a cluster are similar to each other.

Ward: tends to also produce spherical clusters but has better theoretical properties than
complete linkage.

single: friend of friend approach, tends to produce banana-shaped or chains-like clusters.

Complete Ward Single

A B

>\ d(A, B) )Y'




Exploring the structure : clustering

FROGSSTAT Phyloseq Sample Clustering of samples using different linkage methods (Galaxy Version
3.2.2)

= Options

Phyloseq object (format rdata)

O |2Et: Phyloseq_raref.Rdata

i |

This is the result of FROGS Phyloseq Import Data tool.

The beta diversity distance matrix file

&1 O | 38: Beta Diversity unifrac.tsv

1S THe 15 The result o yioseq Beta Liversity tool.

_Experiment variable

| EnvType

The experiment variable that you want to analyse.

Explore the sample NORMALISED count

Choose the beta diversity distance matrix

Choose a sample variable to organize
graphics

The three different linkage functions will be used, generating three different dendrograms




Exercise &

Try it with « a good » distance method matrix on EnvType and on FoodType

=» Which linkage method seems better to fit the data ?




Exercise 8

single linkage clustering tree

31
}
H
-

® Deslardons B BoeufHache W SaumonFume ™ FiletCabillaud
®m MerguezVolaille ™ VeauHache m FiletSaumon o Crevette

ward.D2 linkage clustering tree

Al

W SRR SSSSEEERNSR PSS
IABASERASSESEuE Y

= FiletCabillaud

™ DesLardons ™ BoeufHache
® MerguezVolaille ™ VeauHache ™ FiletSaumon = Crevette

™ SaumonFume

complete linkage clustering tree
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= BoeufHache
iletSaumon = Crevette
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® MerguezVolaile ™ VeauHache




Exercise 8

= Consistently with the ordination plots, clustering works
quite well for the UniFrac distance

" The method (Ward.D2) give almost a perfect separation
between the different type of food

Remarks

Clustering is based on the whole distance whereas
ordination represents parts of the distance (the most it
can with 2 dimensions)

ward.D2 linkage clustering tree

T

TIIITTD

SRR
T

B DeslLardons W BoeufHache W SaumonFume ™ FiletCabillaud
B MerguezVolaille M VeauHache M FiletSaumon W Crevette




Diversity partitioning




Diversity partitioning

Do the structures seem linked to metadata ? Does the metadata have an effect on the composition
of our communities ?

To answer these questions, multivariate analyses :
test composition differences of communities from different groups using a distance matrix

compare within-group to between-group distances

124

€54

C44

C34

Cc24

Ciq

B5+

B44

B34

B24

Bi4q

A5+

A4

A3+

A2+

aid

Al Az A3 A4 A5 Bi B2 B3 B4 BS Ci €2 C3 C4 C5




Diversity partitioning : Multivariate ANOVA

Idea : Test differences in the community composition from different groups using a distance matrix.

B3

B2-

How it works ?
= Computes sum of square distance
= Variance analysis B1-

Sample

Al -

no-

A -

B2 B3

B1

A1 A2 A3
Sample




Diversity partitioning : Multivariate ANOVA

FROGSSTAT Phyloseq Multivariate Analysis Of Variance perform Multivariate Analysis of Variance
(MAMOWA) (Galaxy Version 3.2.2)

» Options

Phyloseq object (format rdata)

& O |28: Phyloseq_raref.Rdata

This is the result of FROGS Phyloseq Import Data tool.

The beta diversity distance matrix file

[ O &1 DO |3Et: Beta Diversity unifrac.tsv

This file is the result of FROGS Phyloseq Beta Diversity tool.

Experiment variable

‘ EnvType

The experiment variable that you want to analyse.

Explore the sample NORMALISED count

Choose the beta diversity distance matrix

Choose the variable to explain the variability
between samples




Exercise 9

Try it with a good beta distance matrix with EnvType and FoodType

1. Does EnvType have an influence on the beta diversity variance ?

2. What about FoodType ?




Exercise 9

1. Does EnvType have an influence on the beta diversity variance ?

With Unifrac distance

Call:
adonis{formula = dist ~ EnvType, data = metadata, permutations = 2993}

Permutation: free
Number of permutations: 9999

Terms added sequentially {first to last)

Df Zums0fsgQs Meansqs F.Hodel R2 Pr{>F}
EnvType 7 5.1849 8.88356 11.154 ©.58255 1leg-f4 %%
Residuals G& 4.4328 6.a7914 8.41745
Total B3 l1a8.&517a 1.8a088

zignif. codes: @ '*¥¥' @.@81 "**' 4,81 '*' 8.85 "." 8.1 ' ' 1




Exercise 9

1. Does EnvType have an influence on the beta diversity variance ?

Environment type explains roughly 58% of the total variation, which is very high

With Unifrac distance

Call:
adonis{formula = dist ~ EnvType, data = metadata, permutations = 9939}

Permutation: free
Number of permutations: 9999

Terms added sequentially {first to last)

Df Zums0fsgQs Meansqs F.Hodel B2 Pr{>F}

EnvType 7 5.134% @.88356 11.154[3.58255 le-pgg =*% I
Residuals 56 4.432a @.a7914 8.41745
Total B3 18.6178@ 1.88888

zignif. codes: @ '*¥¥' @.@81 "**' 4,81 '*' 8.85 "." 8.1 ' ' 1




Exercise 9

2. What about FoodType ?

With Unifrac distance  cau:

adonis{formula = dist ~ FoocdType, data = metadata, permutations = 9933}

Permutaticon: free
Mumber of permutations: 9999

Terms added sequentially {first to last)

Df Sums0fSgs Meansqs F.Model R2 Pr{»F}
FoodType 1 1.7858 1.78579 12.537 ©.1682 1e-pg ***
Residuals &2 2.8312 B8.14244 a.8318
Total B3 18.&8178@ 1.a0a8a

signif. codes: @ '¥¥¥' @g.@@1 "**' @.81 'F' 8.85 "." 8.1 ' ' 1




Exercise 9

2. What about FoodType ?

Food type explains only 17 % of the total variation

With Unifrac distance  cau:

adonis{formula = dist ~ FoocdType, data = metadata, permutations = 9999)

Permutaticon: free
Mumber of permutations: 9999

Terms added sequentially {first to last)

Df Sums0fSgs Meansqs F.Model R2 Pr{»F}
FoodType 1 1.7858 1.7857% 12.537)@.1682 12-g4 ==+ ||
Residuals &2 2.8312 B8.14244 a.8318
Total B3 18.&8178@ 1.a0a8a

signif. codes: @ '¥¥¥' @g.@@1 "**' @.81 'F' 8.85 "." 8.1 ' ' 1




Differential abundance
analysis




Differential abundance analysis

Are there OTU with differential abundance between 2 conditions ? And which are they ?

To answer these questions, we perform a differential abundance analysis using DESeq2 on
the phyloseq object

The package DESeq2 provides methods to test for differential expression by use of negative
binomial generalized linear models




Differential abundance analysis

Are there OTU with differential abundance between 2 conditions ? And which are they ?

To answer these questions, we perform a differential abundance analysis using DESeq2 on
the phyloseq object

The package DESeq2 provides methods to test for differential expression by use of negative
binomial generalized linear models

Be aware to use data without normalisation

DESeq has is own normalisation method suited to this kind of data.

It uses the poscount function optimised for metagenomic count table




Differential abundance analysis

FROGSSTAT DESeq2 Preprocess import a Phyloseq object and prepare it for DESeqg2 « Dptions
differential abundance analysis (Galaxy Version 3.2.2)

Phyloseq object (format rdata)

||__°| | O |26: Phyloseq.Rdata .

This is the result of FROGSSTAT Phyloseq Import Data with normalise option set to NO (DESeq2 is
more powerful on unnormalised counts).

Experimental variable

| EnvType

The factor suspected to have an effect on OTUs' abundances. Ex: Treatment, etc.

Do you want to correct for a confounding factor?

ez E

)

Explore the sample RAW count

Choose the factor on which the differential
abundances will be compared

Specify a confounding factor if necessary
(example : testing antibiotic treatment effect
with 2 different mice phenotypes, or testing
drought effect on soil microbiome with two
soil compositions)




Differential abundance analysis

=>» What are the output datasets ?

— Rdata file: dds object with results of the DESeq analysis




Differential abundar

ce visualisation

FROGSTAT Deseq?2 Visualisation to extract and visualise differentially abundant OTUs {Galaxy Version 3.2.2) - Options

Phyloseq object (format rdata)

e |26: Phyloseq.Rdata . |

This is the result of FROGS Phyloseq Import Data, used in FROGSSTAT DESeq2 Preprocess tool

DESeq2 object (format rdata)

@ | [ | 50: DESeq2 dds.Rdata

This is the result of FROGSSTAT DESeq?2 Preprocess tool.

Experimental variable

| EnvType |

The factor suspected to have an effect on OTUs' abundances {one of the variables used in FROGS DESeq2 Preprocess tool). Ex :
Treatment

Is your Variable quantitative or qualitative?

| qualitative - |

It qualitative, choose 2 conditions to compare.

Condition 1 considered as reference

| BoeufHache |
One condition of the experimental variable (e.g. with).

Condition 2 to be compared to the reference

| VeauHache |

o

| 0.05

Adjusted p-value threshold ‘

Explore the sample RAW count

Result of FROGSSTAT DESeq2 preprocess

Factor on which the differential abundances have
been tested

Specify qualitative or quantitative

Precise the two conditions to compare

Statistical significance threshold (default 0.05)




Differential abundance visualisation

FROGSTAT Deseq2 Visualization to extract and visualize differentially abundant OTUs {Galaxy Version 3.2.1) - Options | |

Phyloseq object (format rdata)

|| 17: Phyloseq.Rdata
[his i Bheloceg

DESeq2 object (format rdata)

(O] & | & | 25: FROGSSTAT DESeqz Preprocess: dds.Rdata

This is the result of FROGSSTAT DESeg? Preprocess tool,

Experimental variable

| EnvType |

The factor suspected to have an effect on OTUs' abundances (one of the variables used in FROGS DESeq2 Preprocess tool). Ex @ Treatment

Is your Variable guantitative or qualitative?

| qualitative - |

If gqualitative, choose 2 conditions to compare.

Condition 1 considered as reference

| BoeufHache |
One condition of the experimental variable {(e.g. with).

Condition 2 to be compared to the reference

|VeauHache |

Another condition of the experimental variable {e.g. without).

Adjusted p-value threshold

| 0.05 |
Threshold used for statistical significance of the differentially abundant OTUs analysis.

Compare BoeufHache vs VeauHache



Differential abundance visualisation

What are the output datasets ?

- HTML report: result table and several plot

Differentially abundant OTU table Pie chart Volcano plot MA plot Heatmap plot




Differential abundance visualisation

Differentially abundant OTU table Pie chart Volcano plot MA plot Heatmap plot

Since we only have a binary factor we can use the following syntax to format the log2 fold change from the fitted model if not, we will use the other
syntax with contrast=c()

Code

You choose to compare VeauHache to the reference modality BoeufHache. This implies that a positive log2FoldChange means more
abundant in VWeauHache than in BoeufHache.

1 F

Then we extract significant OTUs at the p-value adjusted threshold level (after comection) and enrich results with taxonomic informations and sort
taxa by pvalue.




Differential abundance visualisation

Only significantly differentially abundant
’ " " | | . . : OTU are displayed

oTU baseMean log2FoldChange IfeSE stat pvalue padj Kingdom

1 Cluster_53 16.7845 7.93954 1.21935 €.51127 7.45192e-11 261562e-8  Bacteri H H H H
R ; © =e mareE (with an adjusted p-value < previously defined
2 Cluster 43 10.4196 15,6431 248659  -6.29099 3.15453e-10 5.53619e-8  Bacteria th reshold)
3 Cluster_120 7.49645 -5.21487 0.842194 -6.19200 5.94038e-10 6.95024e-8  Bacteria
p-value are adjusted using the Benjamini-
4 Cluster_4 284.010 4 46973 0.730032 6.12265 9.20306e-10 8.0756% -8 Bacteria
Hochberg method
& Cluster_85 525312 14 8546 2.69005 552204 3.35084e-8 000000235229 Bacteria
6 Cluster_174 2.99262 17.3671 3.27384 5.30481 1.12788e-7  (0.00000659812 Bacteria
7 Cluster_44 22.0406 6.03395 1.14995 5.24715 1.54472e-7  0.00000677746  Bacteria

& Cluster 141 926135 -H 96R49 1 13R29 -5 25083 151M15e-7  O0OODO0R77746  Racteria




Differential abundance visualisation

Why log2Foldchange ?

Foldchange:
It's the ratio of the normalized counts between VeauHache and BoeufHache

log2 is used for interpret and scale reasons:

= Positive values denote an increase, and negative a decrease of abundance

= Jog2FC=1 means a doubling

= |og2FC =2 means a quadrupling
= |og2FC=-1 means a halving

= |og2FC=-2 means a quartering




Differential abundance visualisation

oTU baseMean log2FoldChange IfeSE stat pvalue padj Kingdom
/ Al All ! ! All All ¢ .
You can sort by log2FoldChange and filter
1 Cluster_53 16.7845 7.93954 1.21935 6.51127 7.45192e-11 261562e-8 Bacteria on taxonomy Cr|te I‘Ia
2 Cluster_43 10.4196 -15.6431 2.48659 -6.29099 3.15453e-10 553619e-5 Bacteria
) Cluster_120 7.49645 -5.21487 0.842194 -6.19200 5.94038e-10 6.95024e-8 Bacteria
4 Cluster_4 284.010 4.46973 0.730032 6.12265 9.20306e-10 807569e-8 Bacteria
=) Cluster_85 525312 148546 2.69005 552204 3.35084e-8 0.00000235229 Bacteria
6 Cluster_174 299262 17.3671 3.27384 5.30481 1.12788e-7 0.00000658812 Bacteria
7 Cluster_44 22.0406 6.03398 1.14995 524715 1.54472e-7  0.00000677746 Bacteria

& Cluster 141 926135 -H 96R49 1 13R29 -5 25083 151M15e-7  O0OODO0R77746  Racteria




Differential abundance visualisation

=>» Significance of the sign of the log2Foldchange ?

oTU baseMean log2FoldChange IfeSE stat pvalue padj Kingdom
4 Al All All All ¢

1 Cluster_53 16.7845 7.939%4 1.21935 6.51127 7.45192e-11 261562e-8& Bacteria

2 Cluster_43 10.4196 -15.6431 2.43859 -6.29099 3.15453e-10 5.5361%e-5  Bacteria

3 Cluster_120 7.49645 -5.21487 0.842194 -6.19200 5.94038e-10 6.95024e-8 Bacteria

4 Cluster_4 284.010 4 46973 0.730032 612265 9.20306e-10 B8.0756%e-5 Bacteria

5 Cluster_85 5.25312 14.8546 2.69005 5.52204 3.35084e-& 0.00000235229 Bacteria

) Cluster_174 299262 17.3671 3.27384 5.30481 1.12788e-7 (0.000005858812 Bacteria

T Cluster_44 220406 6.03398 1.14995 524715 1.54472e-7 (0.00000677746 Bacteria

a Cluster 141 G 2R135 -5 9RR49 1 13R29 -5 25083 1 51415e-7 0 0OONODNDART7T4R  Racteria

Differentially abundant OTU table




Differential abundance visualisation
=» Significance of the sign of the log2Foldchange ?

oTU baseMean log2FoldChange IfeSE stat pvalue padj Kingdom
/ Al Al . . Al Al / Positive |og2F0|dChange means
1 Cluster_53 16.7845 7.93954 1.21935 6.51127 7.45192e-1 2.61962e-8 Bacteria more abundant in Veau HaChe than
2 Cluster_43 10.4196 -15.6431 2.48629 -5.29099 3.1545%e-10 5.53619e-8 Bacteria in BerfHaChe
3 Cluster_120 7.48645 -5.21487 0.842194 -6.19200 5.94038e-10 6.95024e-8 Bacteria
4 Cluster_4 284.010 4.46973 0.730032 6.12265 9.20306e-10 8.07569%9e-8 Bacteria Cl u Ste r 5 3 is m O re a b u n d a nt i n
5  Cluster 85 5.25312 14.8546 269005 5.52204 3.35084e-8  0.00000235229 Bacteria Ve au H ac h e th an | N Boe uf H ac h e
) Cluster_174 2.99262 17.3671 3.27384 5.30481 1.12788e-7  0.00000659812 Bacteria
7 Cluster_44 22.0406 6.03398 1.14995 5.24715 1.54472e-7  0.00000677746  Bacteria

a Cluster 141 926135 -5 96R49 1 13R29 -5 25083 151415e-7 0 0OO00O0ART7746  Racteria




Differential abundance visualisation

=2 Which species have the highest negative log2Foldchange ?

oTU baseMean log2FoldChange IfeSE stat pvalue padj Kingdom
4 Al All All All ¢

1 Cluster_53 16.7845 7.939%4 1.21935 6.51127 7.45192e-11 261562e-8& Bacteria

2 Cluster_43 10.4196 -15.6431 2.43859 -6.29099 3.15453e-10 5.5361%e-5  Bacteria

3 Cluster_120 7.49645 -5.21487 0.842194 -6.19200 5.94038e-10 6.95024e-8 Bacteria

4 Cluster_4 284.010 4 46973 0.730032 612265 9.20306e-10 B8.0756%e-5 Bacteria

5 Cluster_85 5.25312 14.8546 2.69005 5.52204 3.35084e-& 0.00000235229 Bacteria

) Cluster_174 299262 17.3671 3.27384 5.30481 1.12788e-7 (0.000005858812 Bacteria

T Cluster_44 220406 6.03398 1.14995 524715 1.54472e-7 (0.00000677746 Bacteria

a Cluster 141 G 2R135 -5 9RR49 1 13R29 -5 25083 1 51415e-7 0 0OONODNDART7T4R  Racteria

Differentially abundant OTU table




Differential abundance visualisation
=» Which species have the highest negative log2Foldchange ?

oTU baseMean log2FoldChange +
Al All . . . .
: It's the Cluster_9 which is a Weissella ceti
9 Cluster 9 150.302 -28.4432
Phylum Class Order Family Genus Species
All All All All All All

Firmicutes Bacilli Lactobacillales Lactobacillaceae Weissella Weissella ceti




Differential abundance visualisation

Pie chart to view OTUs number of Differential Abundance test

| Differentially Abundant (log-fold change < 0)
| Ditfersntialy Abundant (log-fold change > 0)
_ Not Differentiallly Abundant




Differential abundance visualisation

Most of the OTUs are not significantly affected
between the conditions

Pie chart to view OTUs number of Differential Abundance test

35 OTUs are significantly affected between
conditions

| Differentially Abundant (log-fold change < 0)
| Ditfersntialy Abundant (log-fold change > 0)
_ Not Differentiallly Abundant




Differential abundance visualisation

Volcano Plot
Colored by effect sign

s
1

1]
L

padj = 0.05

—log;o(adjusted p-value)

30 20 10 0
logz(FoldChange)

10

20

Volcano plot

Visualisation of OTUs log2FoldChange
and their associated adjusted p-values

Only OTUs with a significant adjusted
p-value are colored



Differential abundance visualisation

Post Normalisation DESeq2: MA plot of log2FoldChange

< ] s Visualisation of the relation between
_ ’ _ log2foldchange between conditions, and
. Pe el . mean abundance of OTUs
g . ’ (significantly affected OTUs are colored)
g o . Colored OTUs on the right : abundant
, o0 OTUs affected by the conditions
" . — —— — Colored OTUs on the left : affected rare
5e-01 5e+00 5e+01 Se+02 OTUs

mean of normalized counts




Differential abundance visualisation

Post Normalisation DESeq2: MA plot of log2FoldChange

= ] S Visualisation of the relation between
) ) ) log2foldchange between conditions, and

o Pe . . mean abundance of OTUs
g . ’ (significantly affected OTUs are colored)
5 © -
=]
% ' |
2 e Triangles represent OTU out of scale

G".‘ - v v

[ [ [ " | | | |
5e-01 5e+00 5e+01 5e+02

mean of normalized counts




Differential abundance visualisation

MA plot

Post Normalisation DESeq2: MA plot of log2FoldChange -
S cone =» Which Cluster is the triangle spotted?
[Tp] —]

o)

&

S

T ©

=]

od

8
© - s
2 4 v | v |

5e-01 5e+00 5e+01 5e+02

mean of normalized counts




Differential abundance visualisation

Post Normalisation DESeq2: MA plot of log2FoldChange

< ] R =>» Which Cluster is the triangle spotted?
- -
% . . i »
8 It's Cluster_9 !
5 © -
o
ﬁ‘él._. .
=} e o, " oTuU baseMean log2FoldChange “
w ve, . ¢
. ¢ Al All
G‘.‘ B v I v I 9  Cluster 9 150.302 -28.4432
[ [ [ I | | — | |
Se-01 5e+00 Se+0f 5e+02 2 Cluster_43 10.4196 -13.6431

mean of normalized counts




Differential abundance visualisation
S -

Cluster_152 -
Cluster_174 -

Visualisation of the DESeg2 normalised
w52 abundances of differentially abundant
OTUs grouped by condition

Cluster_332 -
Cluster_278 =
Cluster_135-
Cluster_4 -
Cluster_219-
Cluster_41=
Cluster_111=
Cluster_171=
Cluster_163 -
Cluster_42 -
Cluster_64 =
Cluster_32 -
Cluster_15-
Cluster_1 -
Cluster_33 =
Cluster_71-

OTUs are ordered from top to bottom
e - in descending order

Abundance

4096
256
16

1

oTu

i

i

Cluster_220- -
Cluster_133 -
Cluster_58 - -
Cluster_164 -
Cluster_120 =
Cluster_121+=
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' ' ' '
=
I
=
o .
=
=]
=
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0LLOTOLHE
901070LHE-
S01070LHE-
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2010701HE-
LOLOTOLHA
E0LOTOLHA
90LOTOLHA
0LLOTOLHA-
80LOTOLHA-
20LOTOLHA-
LOLOTOLHA-

Sample




Differential abundance visualisation

FROGSTAT Deseq2 Visualization to extract and visualize differentially abundant OTUs (Galaxy Version 3.2.1)

| + Options |

Phyloseq object (format rdata)

|| 17: Phyloseq.Rdata

-

This is the result of FROGS Phyloseg Import Data, used in FROGSSTAT DESeqg2 Preprocess tool
DESeq2 object (format rdata)

(O] & | & || 35: FROGSSTAT DESeq2 Preprocess: dds.Rdata

-

This is the result of FROGSSTAT DESeq2 Preprocess tool.

Experimental variable

| EnvType

The factor suspected to have an effect on OTUs' abundances {one of the variables used in FROGS DESeq2 Preprocess tool). Ex : Treatment

Is your Variable quantitative or qualitative?

| qualitative

If qualitative, choose 2 conditions to compare.

Condition 1 considered as reference

| FiletSaumon

One condition of the experimental variable (e.g. with).

Condition 2 to be compared to the reference

| SaumonFume

Another condition of the experimental variable (e.g. without).

Adjusted p-value threshold

0.0

Threshold used for statistical significance of the differentially abundant OTUs analysis.

Compare FiletSaumon vs SaumonFume



Differential abundance visualisation

Differentially abundant OTU table Pie chart Volcano plot MA plot Heatmap plot

Since we only have a binary factor we can use the following syntax to format the log2 fold change from the fitted model if not, we will use the other
syntax with contrast=c()

Code

You choose to compare SaumonFume to the reference modality FiletSaumon. This implies that a positiv log2FoldChange means mor
e abundant in SaumonFume than in FiletSaumon.

Then we extract significant OTUs at the p-value adjusted threshaold level (after correction) and enrich results with taxonomic informations and sort
taxa by pvalue.




Differential abundance visualisation

oTU baseMean log2FoldChange Ife SE stat pvalue padj Kingdom

} Al All All All ¢
1 Cluster_4 284.010 497034 0.718373 6.91888 4.55217e-12 2.25333e-9 Bacteria
2 Cluster_85 5.25312 17.5013 2.66091 6.57718 4.79461e-11 1.18667e-8 Bacteria
3 Cluster_s5 19.0634 483859 0.825830 5.85906 4.65500e-9 7.6807%e-7 Bacteria
4 Cluster_123 10.3886 -7.90236 1.39576 -5.66171 1.49873e-8 0.00000185468 Bacteria
5 Cluster_31 37.4358 5.51672 1.04587 5.27478 1.32917e-7T 0.0000131588 Bacteria
6 Cluster_13 139.041 -4.03643 0.8381590 -4.81565 0.00000146724 0.000121047  Bacteria
T Cluster_27 41.5512 5.32505 1.13155 470599  0.00000252641 0.000178653  Bacteria
8 Cluster_257 5.08275 661874 1.42043 -4.65966  0.00000316729 0.000195976  Bacteria
9 Cluster_73 7.76604 6.95033 1.50918 460537  0.00000411740 0.000226457 Bacteria
10 Cluster_182 4.88645 -6.69016 1.57626 -4.24433 0.0000219230 0.00108529 Bacteria

4

Show |10 w|entries

Showing 1 to 10 of 47 entries

Previous 2 3 4 5 Next

Diferentially abundant OTU table




Differential abundance visualisation

Most of the OTU are not significantly affected between
your conditions
Only 47 OTUs are significantly affected between conditions

Pie chart to view OTUs number of Differential Abundance test

| Differentially Abundant (log-fold change < 0)
| Differentially Abundant (log-fold change > 0)
~ Not Differentiallly Abundant




Differential abundance visualisation
Volcano Plot

Colored by effect sign

©) =» Which Cluster is it ?

~
n
1

o
(=]
1

g

n
1
1)

L]
‘padj=003 * .o.:

—logyo(adjusted p-value)

0.0

10 0 10
logz(FoldChange)




—log,o(adjusted p-value)

Differential abundance visualisation

Volcano Plot
Colored by effect sign

7.54

5.01

2.51 -

‘padj=003 * .o.:

L]

0.0

-10

logz(FoldChange)

10

=» Which Cluster is it ?

Volcano plot

oTU baseMean log2FoldChange »
/ Al All
2 Cluster_85 9.25312 17.9013
22 Cluster 76 12.5611 8.43272
9 Cluster 73 7.76604 6.95033




Differential abundance visualisation

. MA plot
Post Normalisation DESeq2: MA plot of log2FoldChange -
o _ A
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Differential abundance visualisation

Heatmap plot of DA otus, between 2 conditions Heatmap plot
EnvType_FiletSaumon_vs_SaumonFume

SaumonFume FiletSaumon
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FROGSStat Summary

| #° FROGS Phyloseq Import Data %

Sample tsv file

Tree file

Biom file

data (rdata)

html (htmi) >

(} FROGS Deseq2 Preprocess % A
Phyloseq object (format rdata)
dds (rdat

\ s (rdata) y

rf' FROGS Deseq?2 Visualization 8\
Phyloseq object (format rdata)
DESeq2 object (format rdata)

htm (htmi) J

Which OTUs are
differentially abundant?

What is the sample composition ?

# FROGS Phyloseq Composition x
Visualization

Phyloseq object (format rdata)

htrnl (html) +J

r & FROGS Phyloseq Alpha Diversity %

What are the sample diversities ?

Phyloseq object (format rdata)
alphaD (tabular)

htm (htmi) g

( # FROGS Phyloseq Beta Diversity x )

[
Phyloseq object (format rdata)
htmi (htmi)

betaD (tabular) y
(f FROGS Phyloseq Structure x )
Visualization

What is the samples dissimilarity ?

Phyloseq object (format rdata)

The beta diversity distance matrix file

\ e (htmi) J

{ # FROGS Phyloseq Sample Clustering X

Is there any relation between
species or communities?

Phyloseq object (format rdata)

The beta diversity distance matrix file

\ htmi (ntmi) J
0’ FROGS Phyloseq Multivariate 8\
Analysis Of Variance

how do the communities cluster?

Phyloseq object (format rdata)

The beta diversity distance matrix file

\Jitmi (htmi)

Which variable influence the diversity ?

Composition
analysis

p—

Structure
analysis




Conclusion and advices
reminder




FROGSTAT advices

= Before starting, check taxonomy format : how many levels? What are their names ?

= Carefully construct your sample_metadata TSV file, and after its import,
check that your variable order is meaningful

= Keep in mind that :
* Phyloseq composition and structure analyses need to be perform on normalised (=rarefied) counts

= Different indices or distance methods will give different but complementary information
= Test different distances and choose which one fits better your data
= Richness indices are highly dependent on rare OTUs

= DESeq analysis need to be performed on counts without normalisation
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