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How diverse and rich are the microbial communities?

Which/how conditions/factors influence communities? 

What are the content and structure of the metadata file?

Are there species with different abundances between conditions?

What are the composition of the microbial communities?

Are samples in the same conditions similar?

Does/how the samples organise according to conditions?

At which taxonomic level do significant differences emerge?



Resources and packages

ade4

Exploratory Data Analysis is mainly based on phyloseq:

It also relies on several additional R packages:
- vegan and ade4 for community ecology analyses
- ape for phylogenetic tree handling
- Ggplot2 for data visualisation
- DESeq2 for differential abundance analysis
- A set of in-house scripts (accessible here : https://github.com/mahendra-mariadassou/phyloseq-extended/)

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


Practice session

Exercise: Available data

What data do we have at our disposal after running FROGS Core?

What are the content and structure of the metadata file?



Practice session

Exercise: Available data

- a FROGS .biom containing
- an ASV count table
- taxonomic descriptors when available

- (optional) a phylogenetic tree in Newick format

- a metadata file containing sample descriptions (in .tsv format)

What data do we have at our disposal after running FROGS Core?



Practice session

Exercise: Available data

What are the content and structure of the metadata file?

A table with 
- in the first column the sample IDs (identical to 

.fastq files names)
- Several other qualitative metadata 

(samples/experimental plan description):
- Type of cheese (PPC, PPNC, PPS)
- AOP
- Season
- …

- Quantitative external measures:
- pH,
- qPCR on bacteria or fungi
- …



FROGS Stat

Phyloseq Import



Practice session

Import data in R Phyloseq format

With the R package phyloseq, all the different data (count table, taxonomy, 
metadata, and optionally phylogenetic tree) are regrouped in a single 
complex R object.
This object thus needs to be created with our FROGS Core outputs.

In FROGS tools, select FROGS Stat and choose Phyloseq: Import data

The required inputs are:
- A .biom file with count table and taxonomic annotations
- A metadata table (in tabular separated values, .tsv or .tabular)

Other information:
- (optional) a phylogenetic tree in Newick format (.nwk or .nhx)
- Names of the taxonomic ranks (in case of specific databanks)
- Rarefaction or not (subsampling to the smallest sequencing depth)

Choose subsample



Practice session

Exercise: Phyloseq Import outputs

What are Phyloseq Import outputs?

What are the differences between with and without normalisation?



Practice session

Exercise: Phyloseq Import outputs

What are Phyloseq Import outputs?

- an asv_data.Rdata file: an R object, here at the phyloseq format

- a .html report with a description of the phyloseq object

“OTU” and otu_table() are Phyloseq names. 



Practice session

Exercise: Phyloseq Import outputs

What are Phyloseq Import outputs?

When organising a figure according to a variable, the order of 
apparition of its different modalities will be used.
It is thus important that this order make sense in the metadata file.



Practice session

Exercise: Phyloseq Import outputs

What are Phyloseq Import outputs?

For fungi, ITS (and particularly ITS length) variation does 
not always reflect true fungal phylogeny, and phylogenetic 
trees based on ITS may contain inconsistencies.



Practice session

Exercise: Phyloseq Import outputs

What are the differences between with and without normalization?

It is not the case here, but normalisation by subsampling can lead to a loss of taxa 
(rare taxa that randomly will not be kept), and some ASV may no longer satisfy the 
abundance filters thresholds (but won’t be filtered again)



FROGS Stat

FROGS Stat
&

Easy16S



FROGSFUNC & Easy16S
Historically FROGS provided its Exploratory Data Analysis tools through the Galaxy platform.
Although they remain available and fully functional in the FROGS Stat tool, Galaxy is not ideal for 
interactive data exploration. To improve usability, colleagues developed a ShinyR application that 
brings all FROGS Stat tools (already coded in R) into a more responsive interface : Easy16S.

You still can configure the next FROGS Stat tools as we just did with Phyloseq Import

or download the .Rdata file to continue outside Galaxy

Local installation

https://easy16s.migale.inrae.fr/

if (!requireNamespace("remotes", quietly = TRUE)) 
install.packages("remotes")
remotes::install_gitlab(repo="migale/easy16S@main", host="forge.inrae.fr")
easy16S::run_app()

Online web instance

https://shiny.migale.inrae.fr/app/easy16S

Publication: Midoux et al. 2024 https://joss.theoj.org/papers/10.21105/joss.06704

https://easy16s.migale.inrae.fr/
https://shiny.migale.inrae.fr/app/easy16S
https://joss.theoj.org/papers/10.21105/joss.06704


Practice session

Import .Rdata in Easy16S

Use the online instance (https://shiny.migale.inrae.fr/app/easy16S) or launch a local installation ( easy16S::run_app() )

Select your data
Choose RData / RDS

Browse your .Rdata file

https://shiny.migale.inrae.fr/app/easy16S


Practice session

Preprocess your data: select samples to keep for your analysis

Preprocess

Choose samples to keep

With the Add button, choose the variable(s) to use to select your samples.
Here, only the PPC and PPNC modalities of the Tech_family will be selected, 
and the modality AOP2 of the AOP variable will be excluded. 

It is ok to discard samples to perform separated analyses or figures, 
but ALL THE SAMPLES used for swarm clustering or dada2 should be included in 
your future data deposit linked to your publication (for reproducibility issues).
It is thus recommended to do separated analyses for unrelated samples.

Switch between Preprocessed and raw data 



Practice session

Preprocess your data: transform your data

Preprocess

Agglomerate data at a taxonomic level 
(merge all ASV of the same species, genus, etc…)

Scroll down

Rename unknown taxa

Rarefy to smallest abundance

Transform abundances 
(relative abundances, transformation, 
CLR transformation)



Practice session

Abundance tables by taxonomic ranks

In Tables you can have access to the different tables (abundance, taxonomy and metadata) 
and to abundance tables agglomerated (summed) by taxonomic ranks.



FROGS Stats

Sample composition



Practice session

Visualise abundances

In FROGS Stat select

Choose a variable in the metadata 
(used to group samples)

Choose the phyloseq_import .Rdata

The others parameters are used for filtering / focusing on specific taxonomies



Practice session

Visualise abundances

In Easy16S select

Choose a rank and a 
taxa to filter (zoom on)

Choose a rank to color

Choose a number of taxa to color
(the rest will be grouped in “Others”)

Choose a metadata variable 
to draw separate barplots



Practice session

Exercise: Sample composition visualisation

How to read the output?

What biological interpretation can be extracted?



Practice session

Exercise: Sample composition visualisation

How to read the output?

Each bar is a sample

Bars are grouped according to 
the variable chosen for subplot

Relative abundances are stacked, 
colored by the chosen taxonomic rank

“Abundances” are amplicon abundances,  
not actual species abundances



Practice session

Exercise: Sample composition visualisation

What biological interpretation can be extracted?

Shared genera (with variable abundances)
Some AOP-specific genera
High homogeneity in AOP1
Higher and variable heterogeneity in the 
other AOP



Practice session

Exercise: Sample composition visualisation

What biological interpretation can be extracted?

Fewer genera, with high abundances 
(sometime >90%)
Several AOP-specific genera
AOP from the same technological groups 
are very similar



Practice session

Exercise: Visualisation of details of composition

What is the composition inside the Phylum with the highest count? Inside the Genus?

Are there seasonal effects?



Practice session

Scales adapt 
to max 

abundance

Exercise: Visualisation of details of composition

What is the composition inside the Phylum with the highest count?

Comparable AOP in phylum composition 
can display different genus composition 
inside phyla. For example, AOP5 has 
lower Actinobacteria levels and a 
completely different composition



Practice session

Exercise: Visualisation of details of composition

What is the composition inside the Genus with the highest count?

swarm dada2

AOP3 and AOP4 had similarities in 
Corynebacterium levels, but 
different species compositions

and

produce very similar results 
at Genus and species level



Practice session

Dada2 can produce more ASV than swarm       inside a species (and these extra ASV could have biological consistency).

Exercise: Visualisation of details of composition

What is the composition inside the Genus with the highest count? 

swarm

dada2

AOP1 & 
AOP3 share 

ASV ID_1

ASV ID_1 is split into 
ID_1 and ID_14

dada2

swarm



Practice session

Dada2 can produce more ASV than swarm       inside a species (and these extra ASV could have biological consistency).

Exercise: Visualisation of details of composition

What is the composition inside the Genus with the highest count? 

swarm

dada2

AOP1 & AOP5 
share ASV ID_7

ASV ID_7 is split into 
ID_9, ID_29 and ID_30

dada2

swarm



Practice session

Exercise: Visualisation of details of composition

Are there seasonal effects?

No strong seasonal variation visible at large scale, but some minor changes 

Cognitive bias : easier to detect when at the barplot base

Seasonal variation of Bacteroidetes 
Sphingobacterium lactis in AOP2

Seasonal variation of Proteobacteria 
Psychorbacter pacificensis in AOP6



Practice session

Exercise: Visualisation of details of composition

Are there seasonal effects?

No seasonal variation visible at Phylum, Class and Order levels, but observable starting at Family and Genus levels



FROGS Stats

Exploring biodiversity



What is microbial diversity?
Sample / Community 1 Sample / Community 2 Sample / Community 3

Which microbes are present? How are they distributed? 

α-diversity captures and summarise what happens within a single sample.

How communities differ from one sample to another?

β-diversity quantifies the similarity or difference between two samples.



FROGS Stats

α-diversity



How to describe and measure biodiversity?

Sample / Community 1 Sample / Community 2

Which community is the more diverse?

Sample / Community 3



How to describe and measure biodiversity?
Which community is the more diverse?

How many species in each sample?
This number of observed species is called “Richness”

It can be measured at the ASV level or any other taxonomic level.

Sample / Community 1 Sample / Community 3Sample / Community 2



How to describe and measure biodiversity?
Which community is the more diverse?

Same richness
Different distributions

Intuition that diversity of Sample 1 < Sample 3 < Sample 2

More balanced distributions involve more diverse communities

Sample / Community 1 Sample / Community 3Sample / Community 2



How to describe and measure biodiversity?
α-diversity indices are quantitative measures that describes the diversity within a single sample.
It summarises the number of present taxa and how they are distributed. 

α-diversity indices can be calculated in many different ways, which can be grouped according to 
how much weight they give to three key components:
- Richness
- Abundance distribution : Shannon example
- Evenness : Simpson / invSimpson example



Richness-based indices

Observed richness (S) is the simplest richness-based 
index: it just counts the number of observed species.

But could some species have been missed?
How many would we observed if we sampled more than 
20 individuals?

Sample / Community 1 Sample / Community 3

Sample1 Sample2 Sample3

4 4 1

1 4 1

2 4 8

12 4 9

1 4 1

Richness 5 5 5

Sample / Community 2



Richness-based indices : Chao1
Chao1 was designed to estimate how many taxa are missing from your sample because rare taxa are easily 
overlooked in sequencing data.

The intuition is simple:
If you see many singletons or doubletons (taxa observed only once or twice), you probably missed species 
(you see them by chance but others stayed unseen)
If you see few or no singletons, your sampling was deep enough to capture most species.

Sample1 Sample2 Sample3

4 4 1

1 4 1

2 4 8

12 4 9

1 4 1

Richness 5 5 5

Chao1 6 5 8

Chao1 = S + singletons2

2∗doubletons

In case there is no doubletons (to avoid division by 0)

Chao1 = S + singletons(singletons −1)
2



Richness-based indices : Chao1
Weren’t all singletons removed??

Singletons and rare ASVs were filtered 
at the whole dataset scale
“Sample-singletons” exist when the 
ASV filled the global abundance 
(0.005%) and occurrence filters.

Chao1 estimation is thus possible 
even on filtered data.



Shannon index
To introduce the abundance, Shannon index (H’) expresses how unpredictable the identity of a randomly chosen 
individual is (physics notion of “entropy”). A community is considered more diverse when :
- It contains more taxa (higher richness)
- Their abundances are more evenly distributed

The index is computed by:
- Taking the relative abundance of each taxon (𝑝𝑝)
- Evaluating how much each taxon contributes to the overall uncertainty ( −𝑝𝑝(ln(𝑝𝑝) )
- Summing these contributions across all taxa

𝐻𝐻′ = − �
𝑖𝑖=1

𝑆𝑆

𝑝𝑝𝑖𝑖ln(𝑝𝑝𝑖𝑖)

Any log function (ln, log2, log10…) can be used in the definition of Shannon index… 
log2 and ln and are the most common, but several tools / R packages use different log functions… 
and thus provide different Shannon values, and this information is rarely (never?) indicated in publications.  



Shannon index

Sample1 Sample2 Sample3

0.2 0.2 0.05

0.05 0.2 0.05

0.1 0.2 0.4

0.6 0.2 0.45

0.05 0.2 0.05

Sample1 Sample2 Sample3

1.61 1.61 3.00

3.00 1.61 3.00

2.30 1.61 0.92

0.51 1.61 0.80

3.00 1.61 3.00

pi (Relative abundances) −ln(𝑝𝑝𝑖𝑖)

Sample1 Sample2 Sample3

0.32 0.32 0.15

0.15 0.32 0.15

0.23 0.32 0.37

0.31 0.32 0.36

0.15 0.32 0.15

−𝑝𝑝𝑖𝑖ln(𝑝𝑝𝑖𝑖)

1.16 1.61 1.18Shannon

𝐻𝐻′ = − �
𝑖𝑖=1

𝑆𝑆

𝑝𝑝𝑖𝑖ln(𝑝𝑝𝑖𝑖)

Sample / Community 1 Sample / Community 3Sample / Community 2



Shannon index

%abund Hcontrib

20% 0.32

5% 0.15

10% 0.23

60% 0.31

5% 0.15

1.16

Sample / Community 1 Sample / Community 3Sample / Community 2

%abund Hcontrib

20% 0.32

20% 0.32

20% 0.32

20% 0.32

20% 0.32

%abund Hcontrib

5% 0.15

5% 0.15

45% 0.37

40% 0.36

5% 0.15

1.61 1.18= ln 𝑆𝑆
H’ has a maximum (linked to richness) when all abundances are equal 



Shannon index
𝐻𝐻′ = − �

𝑖𝑖=1

𝑆𝑆

𝑝𝑝𝑖𝑖ln(𝑝𝑝𝑖𝑖)
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−𝑝𝑝(ln(𝑝𝑝) has a maximum for 𝑝𝑝=0.3679

If a species is too rare, its contribution is small because 𝑝𝑝 is small.

If a species is too dominant, its contribution is small because 
ln(𝑝𝑝) approaches 0.

The maximum contributions happens at an intermediate 
abundance : 37% abundance.

Shannon balances richness and evenness. It’s maximum value is related to the richness (ln 𝑆𝑆 )
Rare or very dominant species have a weak effect on the index.
Same or close values can be due to different distributions AND/OR richness.  



Simpson / invSimpson
Simpson diversity (D) captures how dominated a community is by its most abundant taxa, asking
“What is the probability that two randomly chosen individuals belong to the same taxon?”

The index is computed by:
- Taking the relative abundance of each taxon (𝑝𝑝)
- Calculate the probability of randomly drawing two times in each taxon (𝑝𝑝2) 
- Summing these probabilities across all taxa

𝐷𝐷 = �
𝑖𝑖=1

𝑆𝑆

𝑝𝑝𝑖𝑖2



Simpson / invSimpson
With this formula,

higher D means lower diversity.

This counter-intuitive direction is why raw Simpson is rarely used and transformed versions are preferred.

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 1
𝐷𝐷

Interpretation: 
- If one species dominates completely : D = 1 and 1/D = 1 (minimal value)
- 1/D increases with diversity (as would Shannon, richness and others)

𝐷𝐷 = �
𝑖𝑖=1

𝑆𝑆

𝑝𝑝𝑖𝑖2



Simpson / invSimpson index

Sample1 Sample2 Sample3

0.2 0.2 0.05

0.05 0.2 0.05

0.1 0.2 0.4

0.6 0.2 0.45

0.05 0.2 0.05

Sample1 Sample2 Sample3

0.04 0.04 0.003

0.003 0.04 0.003

0.01 0.04 0.160

0.36 0.04 0.202

0.003 0.04 0.003

pi (Relative abundances) 𝑝𝑝𝑖𝑖2

0.415 0.02 0.37Simpson

Sample / Community 1 Sample / Community 3Sample / Community 2

𝐷𝐷 = �
𝑖𝑖=1

𝑆𝑆

𝑝𝑝𝑖𝑖2

2.41 5 2.70invSimpson



Simspon / invSimpson index

%abund Dcontrib

20% 0.04

5% 0.003

10% 0.01

60% 0.36

5% 0.003

0.415

Sample / Community 1 Sample / Community 3Sample / Community 2

%abund Dcontrib

20% 0.04

20% 0.04

20% 0.04

20% 0.04

20% 0.04

%abund Dcontrib

5% 0.003

5% 0.003

45% 0.160

40% 0.202

5% 0.003

0.02 0.37

= 𝑆𝑆

1/D has a maximum (equal to richness) when all abundances are equal 

2.41 5 2.70



Simpson / invSimpson index

𝑝𝑝2 is strictly increasing with relative abundance.

Squaring 𝒑𝒑𝒊𝒊 amplifies the contribution of dominant species and 
suppresses the influence of rare ones.

Simpson index captures dominance, and is driven almost entirely by the most abundant taxa.
invSimpson is more intuitive as it increases with diversity.

𝐷𝐷 = �
𝑖𝑖=1

𝑆𝑆

𝑝𝑝𝑖𝑖2

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

0.1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Relative abundance

p²



Sample / Community 1 Sample / Community 3Sample / Community 2

α-diversity indices

count %abund

4 20%

1 5%

2 10%

12 60%

1 5%

5

count %abund

4 20%

4 20%

4 20%

4 20%

4 20%

count %abund

1 5%

1 5%

9 45%

8 40%

5%

5 5

invSimpson

6 5 8

1.16 1.61 1.18

2.41 5 2.70

Shannon

Chao1

Observed richness

invSimpson
Shannon

Chao1

Observed richness

invSimpson
Shannon

Chao1

Observed richness

There are of course many others α-diversity indices, all equally valid, and their use often depend on disciplinary 
habits and the need to remain comparable with previous studies.



Practice session

Visualise α-diversity 

In Easy16S select

Choose a variable 
to regroup points Choose a variable to color points

Draw boxplots with the X variable



Practice session

Exercise: α-diversity analyses

How to read the output?

What biological interpretation can be extracted?



Practice session

How to read the output?

Boxplots per modality 
of the selected variable

How to read a boxplot:

median

First quartile (25% highest values)

2nd quartile

3rd quartile

4th quartile

outlier
(beyond 1.5x IQR)

IQR 
(interquartile range)

Scales adapt 
per index

4 graphs, 1 per index

Calculated values are 
available through

Exercise: α-diversity analyses



Practice session

What biological interpretation can be extracted?
swarm

Chao1 > richness so there are some rare species 
undetected at this sequencing depth

Lower richness for PPS

For PPC, differences between AOP for richness/Chao1 
but not for Shannon/invSimpson

For PPNC, no differences between AOP for 
richness/Chao1 but differences for Shannon/Simpson

Seasonal variations for several AOP

Exercise: α-diversity analyses



Practice session

Different values with  swarm     and   dada2      but same patterns / variationsdada2swarm

What biological interpretation can be extracted?

swarm dada2

Exercise: α-diversity analyses



Testing α-diversity differences between groups
What does an ANOVA test?

ANOVA evaluates whether group means differ significantly 
by testing if there is a difference of means between at least two groups.

ANOVA test the “null hypothesis” H0 that all group means are equal.

ANOVA has several assumptions that need to be filled:

- Observations must be independent (measures of samples are not linked)

- Normal (“bell-shaped”) distribution of the values around the mean value

- Similar dispersion around the mean value between samples



Practice session

Test α-diversity differences 

In Easy16S select

Choose the index 
for the test

Choose the variable to test

Visualise pairwise 
comparisons



Practice session

Exercise: test α-diversity differences

How to read the output?

Are there seasonal effects?



Practice session

Exercise: test α-diversity differences

How to read the output?

Pr: Probability of observing this 
distribution by chance if AOP has no 

effect on observed richness

Usually we consider the tested variable 
to have a significant effect if P<0.05

P<0.05 means 
at least one modality has a 

different mean richness

Pairwise comparisons test if there are significant differences 
between modalities (only if ANOVA is significant!)



Practice session

Exercise: test α-diversity differences

Are there seasonal effects?

No, and same for other metrics

Here we asked to compare the seasonal 
distributions across all AOP



Practice session

Exercise: test α-diversity differences

Are there seasonal effects? If we want to consider AOP with ANOVA analysis, the variable should include it

There are lot of non-
relevant comparisons in the 
pairwise comparisons, but 
the intra-AOP are relevant



Practice session

Exercise: test α-diversity differences

Are there seasonal effects? Another option is to focus on a specific AOP

But it is not recommended except on a very limited number of conditions, 
as repeating separated tests without multiple-test correction is not statistically rigorous.



Practice session

Exercise: draw rarefaction curves

How to read the output?

How to draw rarefaction curves at the species or Genus level?



Practice session

Draw rarefaction curves

In Easy16S select

Detected richness

Data were subsampled 
thus all samples have 
the same depth

Draw separate plots and 
choose colors



Practice session

Draw rarefaction curves

No more ASV detected when 
increasing the number of reads

How to read the output?

Still ASV detected when increasing the number of 
reads: richness is probably underestimated

Rarefaction curves can easily mislead the eyes: depending on the axis scales, zoom level and plot 
dimensions, a curve may or may not look flat and saturated even though the data are identical 



Practice session

Draw rarefaction curves

How to draw rarefaction curves at the species or Genus level?

Use “agglomerate taxa” in 



α-diversity and sequencing depth
When not at saturation, sequencing depth as a effect on the detected ASV, thus on richness…

and thus on all metrics depending on richness  

To mitigate this effect, subsampling samples to a common sequencing depth is the “least bad” option

Richness value with raw data

Richness value with rarefied data

All α-diversity and β-diversity analyses should 
be realised on subsampled / rarefied data



FROGS Stats

β-diversity



Sample / Community 1 Sample / Community 2 Sample / Community 3

How to compare communities?
Which community are the more similar?

α-diversity tells what happens within a sample.

But microbial ecology also has to measure how (and how much) communities 
change across samples (or environments or conditions).

β-diversity measures how similar or different microbial communities are across samples.



A B C

5 0 0

5 5 1

0 5 1

0 0 8

How β-diversity is measured?

1 shared species 2 shared species

1 shared species
1-Qualitatively (no abundance consideration):

B and C are the closest
A B C

4 microbes shared10 microbes shared

2 microbes shared

2-Quantitatively (considering abundance):

A and B are the closest

3-Phylogenetically (considering phylogeny):

qualitatively B and C are the closest

quantitatively A and C are the closest

are very close relatives

is close to 

is very distant



Qualitative Jaccard index

A B C

The qualitative Jaccard index measures
the proportion of taxa specific to either a sample or the other

2/3 =0.66

A B C

5 0 0

5 5 1

0 5 1

0 0 8

A-specific

shared

B-specific
1/3 =0.33

shared

shared

C-specific

3/4 =0.75

A-specific

shared

B-specific

B-specific

min(Jaccard) = 0 (all taxa are shared)
max(Jaccard) = 1 (all taxa are specific)

𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐴𝐴𝐵𝐵 =
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐴𝐴

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝐵𝐵
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡



Bray-Curtis index

A B C

The Bray-Curtis index measures
the proportion of abundances specific to either a sample or the other

10/20 =0.5

A B C

5 0 0

5 5 1

0 5 1

0 0 8

5 specific

all shared

5 specific
16/20 =0.8

4 specific (5-1)

4 specific (5-1)

8 specific

18/20 =0.9

5 specific

4 specific (5-1)

1 specific

8 specific

min(Bray) = 0 (all abundances are shared)
max(Bray) = 1 (all abundances are specific)

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐴𝐴𝐵𝐵 =
𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝐴𝐴

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝐵𝐵
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡



Practice session

Exercise: calculate Jaccard and Bray-Curtis indices

Contribution for each taxa:
Jaccard: 0 if the taxa is shared, 1 if it is specific
Bray: the absolute value of the differences in abundances for this taxa
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Jaccard: 0 + 0 + 0 + 0 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1
12 =

8
12 = 0.66

Jaccard 
1
1
1
1
1
1
1
1
0
0
0
0

Bray: 4 + 2 + 2 + 0 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1
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1
1
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0
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/12 /80



Practice session
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Exercise: calculate Jaccard and Bray-Curtis indices

𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐶𝐶>𝐷𝐷 =
0 + 0 + 0 + 0 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1

12 =
8

12 = 0.66

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶>𝐷𝐷=
0 + 0 + 0 + 0 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1

24 + 20 + 16 + 12 + 4 + 4 =
8

80 = 0.1

𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐶𝐶>𝐸𝐸 =
1 + 1 + 1 + 1 + 0 + 0 + 0 + 0 + 1 + 1 + 1 + 1

12 =
8

12 = 0.66

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶>𝐸𝐸=
12 + 10 + 8 + 6 + 0 + 0 + 0 + 0 + 6 + 8 + 10 + 12

24 + 20 + 16 + 12 + 4 + 4 =
72
80 = 0.9



Practice session
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Exercise: calculate Jaccard and Bray-Curtis indices

High Jaccard -> high proportion of specific ASV𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐶𝐶>𝐷𝐷 = 0.66

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶>𝐷𝐷= 0.1

𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐶𝐶>𝐸𝐸 = 0.66

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐶𝐶>𝐸𝐸= 0.9

Low Bray-Curtis -> high proportion of shared abundances

High Jaccard -> high proportion of specific ASV

High Bray-Curtis -> low proportion of shared abundances

Combination: a lot of specific but rare ASV, some shared but abundant 

Combination: a lot of specific and abundant ASV



10/17 =0.59 10/17 =0.59

Unifrac index
The Unifrac index measures

the proportion of the length of the phylogenetic tree specific to either a sample or the other

A B C

5 0 0

5 5 1

0 5 1

0 0 8

min(Unifrac) = 0 
all tree branches are shared (abundances can vary)

max(Unifrac) = 1 
all tree branches are specific

𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐴𝐴𝐵𝐵 =
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝐴𝐴

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝐵𝐵
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

A B C

1
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4

7

1
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3

4

7

1
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3

4

7

1

9/18 =0.5



1|0.5-0|

2|0-0.8|
1|0.5-0|

7/17 =0.41 8/17 =0.47

Weighted-Unifrac index
The weighted Unifrac index measures

the proportion of the length of the phylogenetic tree specific to a sample, weighted by the abundance differences

A B C

5 0 0

5 5 1

0 5 1

0 0 8

min(WUnifrac) = 0 
all ASV are shared with the same abundances

max(WUnifrac) = 1
all ASV are specific and have no tree branch in common

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝐴𝐴𝐵𝐵 =
∑𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟_𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

∑𝑛𝑛𝑛𝑛𝑛𝑛_𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟_𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

A B C

3|0.5-0.5|
4|1-0.5|

7|0-0.5|

4|0.5-0.9|

7|0.5-0.1|

3|0.4-0.1|

4|1-0.9|

7|0-0.1|

3.9/18 =0.21

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟_𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙: 
branch length multiplied by the relative
abundance of the taxa that descend from it

1|0-0.8|

3|0.5-0.1|

2|0.5-0|

1|0-0.8|

2|0.5-0.8|



Summary: β-diversity metrics
Qualitative Quantitative

No phylogeny Jaccard Bray-Curtis

With phylogeny Unifrac Weigthed-Unifrac

A - B B - C

0.66

Weighted-Unifrac

0.5

0.59

0.41

Unifrac

Bray-Curtis

Jaccard 0.75

Weighted-Unifrac

0.9

0.5

0.21

Unifrac

Bray-Curtis

Jaccard

A B C

A - C

0.33

Weighted-Unifrac

0.8

0.59

0.47

Unifrac

Bray-Curtis

Jaccard



Combining β-diversity indices

High Jaccard (=1)
all ASV are specific

Low Unifrac:
only the last branches are specific

High Bray (=1)
all abundances are specific

Low wUnifrac
strong abundance differences 
but on close branches

High Jaccard (= 1)
all ASV are specific

High Unifrac (=1)
all the branches are specific

High Bray (=1)
all abundances are specific

High wUnifrac (=1)
strong abundances differences 
on independent parts of the tree

Low Jaccard (=0)
all ASV are shared

Low Unifrac (=0)
all the branches are shared

High Bray
Strong abundances differences

Low wUnifrac
strong abundances differences 
but on close branches

Low Jaccard (=0)
all ASV are shared

Low Unifrac (=0)
all the branches are shared

High Bray
Strong abundances differences

High wUnifrac
strong abundances differences 
between the basal branches



Other β-diversity metrics

Several other distances exist.
Phyloseq currently supports 43 β-diversity distance methods.
They are all accessible through the FROGS Stat Galaxy tool:

On Easy16S, a small selection is avaible, including the 4 most 
usual, bray, jaccard, unifrac and wunifrac:



Practice session

In Easy16S select

Analyse β-diversity

And choose a distance



Practice session

Draw β-diversity heatmaps

How to read the output?

What biological interpretation can be extracted?



Practice session

Draw β-diversity heatmaps

How to read the output?

All samples

Al
l s

am
pl

es

Bray-Curtis distances between AOP2_PPC_W1 and all other samples

Color scale of the distance

Bray-Curtis distances between AOP2_PPC_S1 and all other samples

Bray-Curtis distances between 
AOP2_PPC_S1 and AOP2_PPCW1

Heatmap is 
symmetric



Practice session

Draw β-diversity heatmaps

What biological interpretation can be extracted?

Tech group block

AOP block
season block

Production unit block

dada2

Samples of the same AOP share more ASV
Inside AOP samples from the same site 

(1-3 & 4-6 replicates) share more ASV
Seasons effect for AOP1 ; PPNC effect.

High Jaccard, High Bray, and Bray > Jaccard:
lots of specific ASV with high abundances

High Jaccard, Low Unifrac: 
lots of specific ASV, but with close relatives

High Bray, Low weighted-Unifrac: 
strong abundances differences but on close branches

Very low wUnifrac, without strong structuration:
All samples are similar in phylogenetic abundance



Practice session

Draw β-diversity heatmaps

What biological interpretation can be extracted?

swarmdada2 swarmdada2

Dada2 shows strong differences where swarm shows weaker ones:
Dada2 split ASVs of the same species into several distinct ASV 

Strong impact on Jaccard and Bray-Curtis

Considering phylogeny, as the split ASVs are very close, there are only 
small differences between dada2 and swarm



Practice session

Draw β-diversity heatmaps

What biological interpretation can be extracted?
dada2

Quite High Jaccard even inside AOPs
Strong “production unit” effects

Strong intra/inter families differences
Strong tech families effect 

Almost no structuration and Unifrac<Jaccard
Specific but close ASV, random differences

Strong intra/inter families differences
Strong tech families effect 



Practice session

Draw β-diversity heatmaps

What biological interpretation can be extracted?

Bacterial phylogenetic composition depends on tech 
families and AOP for rare ASVs but the abundant taxa 
are similar for all conditions 

Fungal phylogenetic composition randomly varies 
between samples, but the abundant taxa are strongly 
dependent on tech families.

ITS is not a good marker for phylogeny and 
Unifrac distances may not correctly reflect phylogeny



FROGS Stats

β-diversity

Structure analyses



How communities are structured based on β-diversity?
Are there better solutions than eye-observations on heatmaps?



Exploring structures: the hierarchical clustering
1- Find the two most similar samples (the smallest distance)
2- Merge them into a group linked by a node (keep the distance between them)
3- Recalculate the distance between this new group and the remaining samples

(depending on the linkage method)
4- Repeat until all samples are merged into a single tree

Hierarchical clustering produces a tree where it is possible to:
- Visualise the structure of similarities between samples
- Identify natural groups (clusters)
- Visualise hierarchical relationships (who is similar to who, at which level)
- Detect subgroups and subgroups hierarchy



Exploring structures: the hierarchical clustering

A B

A B

A B

Complete linkage
d(A,B)= longer distance between elements in A and B
Tends to produce compact spherical clusters, can fragment a lot

Single linkage
d(A,B) = shorter distance between elements in A and B
Tends to produce chain-like clusters, noise-sensitive

Average linkage
d(A,B) = average distance between elements in A and B
Preserves the actual structure without structure assumptions

Linkage methods: several exist and are available but the main are

ward.D2 linkage produces visually beautiful clusters but relies on several 
mathematical hypothesis that are not respected by β-diversity distances.  



Practice session

Explore β-diversity structure with hierarchical clustering

How to read the output?

What biological interpretation can be extracted?

In Easy16S select



Practice session

Explore β-diversity structure with hierarchical clustering

How to read the output? swarm
Jaccard

Branch ordering at each 
node is random and has 

no signification

AOP3 W1-2-3 are the closest, and 
grouped with a node regrouping all 

the other AOP3 samples

AOP3 and AOP4 samples are mixed 
but well-separated by season

Bottom-up reading

Long terminal 
branches: lot of 

variability between 
replicates



Practice session

Explore β-diversity structure with hierarchical clustering

How to read the output?
Top-down reading

First separation is between AOP5 and all others Second division separates PPC and others

swarm
Jaccard

Third division separates AOP6 and AOP3/4



Practice session

Explore β-diversity structure with hierarchical clustering

What biological interpretation can be extracted? swarm

Jaccard Bray-Curtis

Same separation of AOP5, 
then AOP1 & AOP2

AOP6 is split with Bray-Curtis



Practice session

Explore β-diversity structure with hierarchical clustering

What biological interpretation can be extracted?

Jaccard
Bray-Curtis

AOP1 is the outgroup 
instead of AOP5

One AOP1 “outlier”

dada2

Production units are split for AOP6



Practice session

Explore β-diversity structure with hierarchical clustering

What biological interpretation can be extracted? swarm

Unifrac
Weighted-Unifrac

Accounting for phylogeny 
AOP6 is the most different

AOP5 and AOP6 are grouped 
(but not all AOP5, some are split)



Practice session

Explore β-diversity structure with hierarchical clustering

What biological interpretation can be extracted? swarm

Bray-Curtis

Jaccard

Samples are well-separated by tech family

Terminal branches 
are shorter: high 

intra-group similarity

Long terminal 
branches: high intra-
group heterogeneity

AOP5 Summer samples are 
separated from AOP5/6



Practice session

Explore β-diversity structure with hierarchical clustering

What biological interpretation can be extracted?

AOP has a strong effect on the structure of bacteria data (stronger than tech family)

Ultimately samples are generally well-grouped by replicates 
(same AOP, same production unit, same season)

Fungal data are well-separated by technical families, then AOP, then sometimes seasons, 
with strong differences between groups (stronger than intragroup differences)

Intragroup differences are higher with bacteria than with fungi (especially with quantitative 
metrics) 



How communities are structured based on β-diversity?
Are there better solutions than eye-observations on heatmaps?



Exploring structures: Multidimensional Scaling
Another way of visualising data with high dimensions (data with a large number 
of variables) is to use “projection methods” to reduce the data and represent 
them on only two dimensions (two variables).



Dimensionality-reduction methods: principle

x
y

z

Projections methods are generalising this to several dimensions, 
and are thus “looking for the best angle” to reduce them to two.

How to represent a 3d object in two dimensions?

Axis1=x

Ax
is2

=y

Axis1=y

Ax
is2

=z

Axis1=x

Ax
is2

=z

Intermediate angles would combine axes :
Axis1=0.4x + 0.7y ; Axis2=0.6x + 0.2y + 0.1z 



Dimensionality-reduction methods: PCA
There are many projection methods, which differ in how they define “the optimal viewing angle”,
e.g. the combination of variable (“axes”) to used in the resulting component (axis1 & axis2).

PCA (Principle Component Analysis, in French ACP Analyse en Composantes Principales) is the most usual one. 
It assumes Euclidean distances between samples and choose its angle by maximising variance 
(maximising the spreading of the points).

This is good strategy in most of the cases but β-diversity, as PCA would focus on differences between rare ASVs 
and distort ecological dissimilarities.

Moreover, PCA requires independency between variables (that should not be linked), and this is not the case 
with β-diversity distance matrix.

The projection of high-dimensional relationships into a smaller space cannot preserve 
all the original structure, and thus projection methods lose information.



Dimensionality-reduction methods: MDS/PCoA
Whereas PCA maximise variance, MDS (Multi-Dimensional Scaling, also named PCoA Principal Coordinate Analysis) 
expect a distance matrix as input and find a projection angle such that 

the distances between points match the original multi-dimension distances as closely as possible. 

That means that if two samples were close in the distance matrix, they end close on the plot (respectively distant).
A B

Cjaccard A B C

A 0 0.66 0.75

B 0.66 0 0.33

C 0.75 0.33 0

bray A B C

A 0 0.5 0.9

B 0.5 0 0.8

C 0.9 0.8 0

Axis1

Ax
is2

Axis1

Ax
is2

B
A

C

A

B

C

Several other methods exist with their specificities.
In particular, NMDS is similar to MDS but only consider the rank (higher distance, 2nd one, 3rd one etc.) 
and not the absolute values of distances.



Practice session

Explore β-diversity structure with Multi-Dimensional Scaling

How to read the output?

What biological interpretation can be extracted?

In Easy16S select



Practice session

Explore β-diversity structure with Multi-Dimensional Scaling

How to read the output? swarm

Dots are samples, identifiable 
by pointing them

variable to color samples 
(and draw ellipse if selected)

variable to add shapes

% of the original distances structure preserved in that dimension

Separation according to axis1

Separation according to axis2



Practice session

Explore β-diversity structure with Multi-Dimensional Scaling

What biological interpretation can be extracted?
swarm

Strong tech family effects

Stronger separation with low 
intragroup differences

A lot of heterogeneity (warning, could be due 
to bad phylogenetic ITS tree construction!)

A lot of heterogeneity (warning, could be 
due to bad phylogenetic tree construction)

Season effect for AOP2? Very high % (rare, due to 
low diversity of cheese)



Practice session

Explore β-diversity structure with Multi-Dimensional Scaling

What biological interpretation can be extracted?

swarm

Sign (+/-) is random 
and not significant

Dada2 spreads AOP5 points 
whereas swarm does not

dada2

swarm

dada2

Remember AOP5 Penicillium composition:
Summer Winter

Summer Winter



Practice session

Explore β-diversity structure with Multi-Dimensional Scaling

What biological interpretation can be extracted?
swarm

Strong tech family effects, 
strong AOP effect for PPS

Less clear separation considering abundances 
(abundant ASV are more shared than rare ones)

Considering phylogeny, clear separation 
between PPS and PPC/PPNC

Axis2 separates PPS AOPs and AOP6 seasons

Unclear separations and effects when 
integrating abundances and phylogeny



Practice session

Explore β-diversity structure with Multi-Dimensional Scaling

What biological interpretation can be extracted?

Outgroup not visible with swarm
(observable only on axis3)

Clearer AOP separation than with swarm

Considering phylogeny, swarm and dada2 have more 
similar results (almost identical with weighted-Unifrac)

dada2



FROGS Stats

β-diversity

Partitioning



Diversity partitioning
How to measure these effects and there significancy? 

?

Eyes-observations of groups are not measurable 
and not statistically testable…



PERMANOVA principle
PERMANOVA tests whether the distances between groups are larger than the distances within groups.

If it is the case, samples of a same group are similar, and more similar than compared to other groups.
This implies that the tested factor (which defines the tested groups) affects the composition.

To answer this question, PERMANOVA:
- Computes the average distance between, and within, groups
- Randomly shuffles the group labels a LOT of times (permutate samples group identity)
- Measures the impact of these permutation on the inter/intra- groups ratio
If the real grouping produces much stronger separation than random permutations, the effect of the tested factor is significant.



Practice session

Evaluate and test metadata factors effects on β-diversity indices

How to read the output?

What biological interpretation can be extracted?

In Easy16S select

Add one ore more variables that will be sequentially tested together

Interactions are effects that differs depending 
on the combination of factor modalities

For example, Season could affect differently each AOP so 
interaction between seasons and AOP could be tested



Practice session

Evaluate and test metadata factors effects on β-diversity indices

How to read the output?

Tested factorsTested distance

When p-value < 0.05 the factor has 
a significant effect on the distance

R² represents the proportion of the overall distance among 
samples that can be explained by the tested factor



Practice session

Evaluate and test metadata factors effects on β-diversity indices

What biological interpretation can be extracted?

swarm

Bray-CurtisJaccard weighted-UnifracUnifrac

dada2

Same p-values. Small R² differences
Same R² when integrating 

phylogeny and abundances



Practice session

Evaluate and test metadata factors effects on β-diversity indices

What biological interpretation can be extracted?

swarm

Bray-CurtisJaccard weighted-UnifracUnifrac

dada2

33% of Jaccard distance is related 
with Tech_family, 22% with AOP

Season has on small effect (2%) but 9% of Jaccard distance 
is related to seasons effects specific to the different AOP

Balance between Tech and AOP is 
variable with the tested distance ;

Season vs AOP:Season is more stable



Practice session

Evaluate and test metadata factors effects on β-diversity indices

What biological interpretation can be extracted?

dada2

With non-independent factors, the order strongly matters!

When AOP is set first, Tech_Family has no effect… because 
there are no different Tech families inside a given AOP.

AOP effect becomes the sum of Tech_family and AOP effects



Practice session

Evaluate and test metadata factors effects on β-diversity indices

What biological interpretation can be extracted?

Bray-CurtisJaccard weighted-UnifracUnifrac

Strong Tech_family effects with abundances

Same R² when integrating 
phylogeny and abundances

swarm

dada2

Stronger Tech families effects on fungi than on Bacteria (opposite with AOP effect).
Similar very low global seasonal effects, but stronger AOP:Season effects.  



FROGS Stats

Differential abundances
analyses



Differential abundances analyses
Are there ASV with differential abundance between 2 conditions? 

Eyes-observations of groups are not measurable 
and not statistically testable…



DESeq2 principle
Several methods exist to identify ASV with significantly different abundances between conditions, including DESeq2, which is 
integrated in FROGS.

DESeq2 :
- Calculates size factors that correct for differences in sequencing depth, 

so it does not require normalised/rarefied abundances (it is even recommended to use raw data)

- Estimates dispersion for each taxon (across replicates)

- Use a “generalised linear model” to transform data and test whether normalised counts differ between conditions

It has strong hypothesis and related limitations:
- “Sparse” tables with a lot of 0 values prevent DESeq to correctly estimate dispersion
- Highly unbalanced groups (different number of samples per conditions) / low numbers of replicates 

can provide unreliable results
- DESeq2 is sensitive to compositionality (the normalisation model does not correct it)

DESeq2 should only be used when comparing samples with similar community compositions, 
where most taxa are shared and only a small subset is expected to differ in abundance



Practice session

Identify abundance differences between conditions with DESeq2

How to read the output?

What biological interpretation can be extracted?

In Easy16S select

Choose a factor Compute!

All factors are not pre-calculated 
(as it is quite heavy computation)



Practice session

How to read the output?
Modalities are compared by pairs only

“Volcano plot” 
(log2FC x pvalue)

Corresponding 
raw abundances

Clickable to visualise 
specific abundances

Details on all the 
differentially abundant ASV

Identify abundance differences between conditions with DESeq2



Practice session

What biological interpretation can be extracted? swarm

“Everything is different”
→ not relevant level for DESeq2

Identify abundance differences between conditions with DESeq2



Practice session

What biological interpretation can be extracted? swarm

Only two ASV differentially abundant between 
seasons AT THE WHOLE DATASET SCALE

ASV composition is strongly 
AOP-dependant
Are higher taxonomic level 
more comparable?

Identify abundance differences between conditions with DESeq2



Practice session

RAW DATA
(not subsampled)

What biological interpretation can be extracted? swarm

9 differentially abundant ASV when using raw data!

Identify abundance differences between conditions with DESeq2



Practice session

RAW DATA
(not subsampled)

What biological interpretation can be extracted? swarm

At the Genus level, 9 genera identified

Identify abundance differences between conditions with DESeq2

A larger part of the total 
abundances is concerned

Streptococcus and Lactobacillus are 
decreasing AT THE WHOLE DATASET SCALE



Practice session

RAW DATA
(not subsampled)

Size factors and dispersion are computed on the complete dataset, differences 
that are too specific to a small fraction of samples are not well identified

?

Identify abundance differences between conditions with DESeq2

What biological interpretation can be extracted?



Practice session

Bisifusarium is significantly 
differentially abundant between 
seasons in AOP1 AT AOP1 SCALE

Identify abundance differences between conditions with DESeq2

What biological interpretation can be extracted?

RAW DATA
(not subsampled)



DESeq2 summary

Differential abundance analyses are not relevant in all cases 
(biological questions and/or object, experimental designs…)

When factors are “nested” (e.g. seasons within AOP), DESeq2 works with all samples, not within each subgroups
(even if you compare two conditions). This global estimation can distort results if the nested groups differ strongly.

→ use subgroups with Preprocess

Overall, DESeq2 (and other differential analysis methods) are very sensitive to input parameters: slight changes can 
have a strong impact on the output. Handle with care!

https://doi.org/10.1093/bib/bbaf130



DESeq2 in FROGS Stat

Using raw data (not subsampled) is recommended

In FROGS tools, select FROGS Stat and choose 
DESeq2: Preprocess for differential analysis of ASV

Set your experimental variable

Fill with a phyloseq import output

Confounding factors are available with FROGS Stat:
Relevant when you have mixed or nested effects and are interested 
in a single factor, despite the variation of the second one

Two steps:



DESeq2 in FROGS Stat

In FROGS tools, select FROGS Stat and choose 
DESeq2: Visualisation of differential analysis of ASV

Set your experimental variable

Fill with the phyloseq import output

With Galaxy it is required to run as many DESeq2: Visualisation of 
differential analysis of ASV tools as you have comparisons to visualise

2nd step:

Fill with the DESeq2 preprocess output

Choose your comparison



DESeq2 in FROGS Stat

Same outputs than Easy16S

And a specific one

DESeq2 here lead to identify only 5 ASVs while not 
considering confounding factor allowed to identify more



FROGS Stats

Networks analyses



Network analyses principle
Network analyses aim to infer relationships between taxa by examining how their abundances vary across samples

A network represent taxa as nodes and their association (co-occurrences or correlations) as edges.



Why there are no network analyses in FROGS?
Network analyses are based on co-occurrences or correlations.

These two metrics are highly biased in metabarcoding data!

Metabarcoding are sparse and compositional

Tables with many 0 values:
- Strong depth and random effects on ASV 

detection for low abundances
- Can creates artificial co-absence patterns
- Difficulty to distinguish “true abundance” 

from “undetected”

Methodologically (through equimolar pooling), 
sequencing produces relative, not absolute abundances

Total read counts is constrained.
An increase in one taxa (especially if it is abundant)
forces decreases in all others, even if it is not biologically true



Data compositionality
Methodologically (through equimolar pooling), sequencing produces relative, not absolute abundances.

https://doi.org/10.3389/fmicb.2017.02224
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Data compositionality
Methodologically (through equimolar pooling), sequencing produces relative, not absolute abundances.

Total read counts is constrained.
An increase in one taxa (especially if it is abundant)
forces decreases in all others, even if it is not biologically true

Spurious correlations are unavoidable

Correlations are particularly sensitive to compositional effects.
Correlation analyses and especially correlation networks should therefore be handled with great caution (or avoided…) 

It would theoretically be possible to convert counts and proportions into absolute abundances if:
- Total biomass is known
- DNA extraction is performed under non-saturating conditions
- Copy-number correction is effective
- Extraction and amplification biases are negligible (or neglected)

Several data-transformation methods are designed to mitigate compositional effects that sometimes work well, 
but their effectiveness is variable, and it is very difficult to know whether or not they are effective for a given dataset.



Exploratory Data Analysis in summary

Abundance Table
+

Samples metadata

Composition 
analysis

Structure 
analysis

Differential 
analysis

What are the sample compositions?

What are the samples diversity?

How much samples are similar/different?

How are the samples clustered?

Are the samples grouped by a factor?

Which/how much factors influence diversity?

How much samples are similar/different?

How are the samples clustered?

Are the samples grouped by a factor?

Which ASVs are differentially abundant 
between conditions?



A few pieces of advice
Carefully build your metadata .tsv file with as much information as possible

Don’t hesitate to include variables that combine several others, or to turn quantitative variables into categories

Exploratory data analysis need to be performed on normalised (e.g. subsampled / rarefied) data
(to correct for sequencing depth biases)

DESeq2 is neither magical nor suitable for every situations. It is recommended to use it on raw counts.

No distance is universally “best”. Each provides different information, sometimes more relevant in a given context, but 
more often complementary.

Above all, exploring metabarcoding data takes time – a lot of it.
As with omics in general, following a real scientific workflow (question → hypothesis → test → answer) 

is what keeps you moving in a direction rather than sinking in the ocean of omics data.
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