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Ressources to download at:
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https://filesender.renater.fr/?s=download&token=2bf3be86-0b5c-4fde-8ace-852d4ae56853


0. Including phylogenies into ecological studies

• Central question in Community Assembly and Species 
Coexistence

• Why do species occur at particular places?

• Why do some pairs of species coexist while others not?

• There are 2 main predictions:
• Environmental filtering: Ecologically similar species should coexist 

in ecologically similar environments.

• Limiting similarity: Ecologically dissimilar species should coexist 
because too similar species competing for the same resources 
cannot stably coexist.



0. Including phylogenies into ecological studies

• Including phylogeny into ecological thinking represents an 
opportunity for biologists because:

• Species distributions are shaped by evolutionary and ecological processes 

• These 2 processes are intimately related

• So, it is important to study them together

• “Ecophylogenetic” Mouquet et al. 2012 (Biological Reviews)

ECOLOGY PHYLOGENIES



0. Including phylogenies into ecological studies

Examples of ecophylogenetic analyses through different types of measures:

0.1 Measure of phylogenetic diversity

e.g. Phylogenetic diversity and ecosystem functioning (Faith 1992, Cadotte et al. 2008)

0.2 Measure of phylogenetic signal

e.g. Phylogenetic signal and measure of niche conservatism (Bloomerg et al. 2003, Pagel et al. 
1999…)

0.3 Measure and test of community phylogenetic structure

e.g. Assembly rules (environmental filtering vs competition): NTI, NRI indices (Webb et al. 2000)



0.1 Phylogenetic diversity

• What is phylogenetic diversity (PD)?

PD is a measure of diversity based on phylogeny

1st step: reconstruction of the phylogeny
of the clade

2nd step: use of the phylogenetic distances between
organisms to weight the diversity metric

Sample A

Sample A Sample B

Sample B



0.1 Phylogenetic diversity

• Faith’s index (PD)
•PD = sum of the lengths of branches where species are 

occuring
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0.1 Phylogenetic diversity

• Faith’s index (PD)
•PD = sum of the lengths of branches where species are 

occuring

PD = 9

PD = 14



0.1 Phylogenetic diversity

• 1st example: gut microbial diversity

Reduced microbial PD in the human body 
may indicate reduced resilience, and it is 
now associated with many human 
diseases

Bassett SA, Young W, Barnett MPG, Cookson AL, McNabb WC, 
Roy NC (2015) Changes in composition of caecal microbiota
associated with increased colon inflammation in interleukin10 
gene-deficient mice inoculated with Enterococcus species. 
Nutrients 7:1798–1816



0.1 Phylogenetic diversity

• 2nd example: ecosystem 
productivity and PD 

• Study on a 20 years grassland monitoring (flora)

• Evolutionary relationships among species 
appear to explain patterns of grassland 
productivity. 

Cadotte MW, Cavender-Bares J, Tilman D, Oakley TH (2009) 
Using Phylogenetic, Functional and Trait Diversity to Understand 
Patterns of Plant Community Productivity. PLOS ONE 4(5): 
e5695. https://doi.org/10.1371/journal.pone.0005695
https://journals.plos.org/plosone/article?id=10.1371/journal.po
ne.0005695

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0005695


0.2 Measuring phylogenetic signal
• What is phylogenetic signal?
• It is the tendency of related species in a tree to resemble each other more than species taken 

randomly from the same tree. This pattern is of considerable interest in ecological and evolutionary 
studies (Münkemüller et al. 2012 Meth. Ecol. Evol.).

• Various indices can quantifying it: Abouheif’s Cmean, Pagel’s λ, Moran’s I, Blomberg’s K.

Keck, F., et al. 2016. phylosignal: an R 
package to measure, test, and explore the 
phylogenetic signal. Ecology and 
Evolution 6, 2774–2780. 
https://doi.org/10.1002/ece3.2051

https://doi.org/10.1002/ece3.2051


Phylogenetic tree of 262 
diatoms species and their
respective IPS sensitivity
value (s). 
The colors delineate 68 clusters based on t = 0.6 and 
p = 0.1. Diatoms names are reported using 4-letter 
codes (Lecointe et al., 1993, see Appendix B, Section 
B.2.1 for corresponding Linnaean names).

Keck, F., 2016. Evaluation des liens 
entre phylogenie et traits écologiques 
chez les diatomées : pistes d’utilisation 
pour la bioindication des milieux 
aquatiques. Thèse. Université 
Grenoble Alpes.



0.3 Measuring and testing community 
phylogenetic structure

If there is a niche conservatism
in the evolution, 

then phylogenetic structure of 
samples can be interpreted in 
terms of ecological processes

Environmental filtering

vs

Competitive exclusion

phylogenetic over-
clustering

phylogenetic
overdispersion

Indices:
NRI - NTI*

Environmental
filtering

dominates

Competition
dominates

*Webb 2000, Kembel et al., 2010



A B C D E F

A 1 2 4 5 5

B 1 2 4 5 5

C 2 2 3 4 4

D 4 4 3 2 2

E 5 5 4 2 1

F 5 5 4 2 1

NRI: Net relatedness index

• Example with a 4 species community

• First: define the community with the highest
pairwise distance: ABEF

• Somme of distances/nb of nodes : 22/6 = 3,66

1+5+5+5+5+1=22

Distance matrix

Measure the mean pairwise phylogenetic distance

6 nodes



A B C D E F

A 1 2 4 5 5

B 1 2 4 5 5

C 2 2 3 4 4

D 4 4 3 2 2

E 5 5 4 2 1

F 5 5 4 2 1

NRI: Net relatedness index

• Example with a 4 species community

• First: define the community with the highest
pairwise distance: ABEF

• Somme of distances/nb of nodes : 22/6 = 3,66

• Compare 2 communities

• ABCD : 
• Mean pairwise distance : (1+2+2+4+4+3)/6 nodes = 

2,66

• NRI (Net index) : 1- 2,66/3,66 = 0,273

• ABEF
• Mean pairwise distance : (1 + 5 + 5 + 5 + 5 + 1) / 6 = 

3.66

• NRI (Net index) : 1 - (3.66 / 3.66) = 0

Distance matrix

> ABCD is less dispersed that ABEF in terms of average distances

Measure the mean pairwise phylogenetic distance



NTI: Nearest Taxon index

• Example with a 4 species community

• First: define the community with the greatest 
possible mean nearest nodal distances: ACDF 

(A->C, C->A, D->F, F->D)

• Somme of distances/nb of nodes : 8/4 = 2

A B C D E F

A 1 2 4 5 5

B 1 2 4 5 5

C 2 2 3 4 4

D 4 4 3 2 2

E 5 5 4 2 1

F 5 5 4 2 1

Distance matrix

Measure the mean nearest phylogenetic neighbor



NTI: Nearest Taxon index

• Example with 4 species

• First: define the community with the greatest 
possible mean nearest nodal distances: ACDF 

(A->C, C->A, D->F, F->D)

• Somme of distances/nb of nodes : 8/4 = 2

• Compare 2 communities
• ABCD : 

• Mean nearest nodal distance : (1+1+2+3)/4 nodes = 
1,75

• NTI (Net index) : 1- 1,75/2 = 0,125

• ABEF
• -

• -

• -

A B C D E F

A 1 2 4 5 5

B 1 2 4 5 5

C 2 2 3 4 4

D 4 4 3 2 2

E 5 5 4 2 1

F 5 5 4 2 1

Distance matrix

Measure the mean nearest phylogenetic neighbor



NTI: Nearest Taxon index

• Example with 4 species

• First: define the community with the greatest 
possible mean nearest nodal distances: ACDF 

(A->C, C->A, D->F, F->D)

• Somme of distances/nb of nodes : 8/4 = 2

• Compare 2 communities
• ABCD : 

• Mean nearest nodal distance : (1+1+2+3)/4 nodes = 
1,75

• NTI (Net index) : 1- 1,75/2 = 0,125

• ABEF
• Mean nearest nodal distance : (1+1+1+1)/4 nodes = 1

• NTI (Net index) : 1- 1/2 = 0,5

A B C D E F

A 1 2 4 5 5

B 1 2 4 5 5

C 2 2 3 4 4

D 4 4 3 2 2

E 5 5 4 2 1

F 5 5 4 2 1

Distance matrix

> ABCD is more dispersed that ABEF in terms of average nearest neighbor

Measure the mean nearest phylogenetic neighbor



NRI and NTI calculation

• Calculations are carried out using the picante package

• The NRI and NTI values of each sample are compared to a null model 
(randomisation process) and a p-value is associated to NRI and NTI 
values



• Rimet, F., Canino, A., Chonova, T., Guéguen, J., Bouchez, A., 2023. Environmental filtering and mass effect are 
two important processes driving lake benthic diatoms: Results of a DNA metabarcoding study in a large lake. 
Molecular Ecology 32, 124–137. https://doi.org/10.1111/mec.16737

• Assessment of environmental filtering vs competition in diatom 
communities of lake Geneva: only environmental filtering (over-clustering)

https://doi.org/10.1111/mec.16737
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1.1 What is an alignment?

• Sequence alignment is the procedure of comparing 2 (pairwise 
alignment) or several sequences by searching series of individual 
characters or patterns that are in the same order in the sequences.

• Pairwise

• Multiple



1.2 Objective of aligning sequences

• Major objective: compare sequences between each other

• Applied objectives:
• Find evolutionary relationships

• To search databases (eg reference barcoding libraries) -> pairwise alignment

• Prediction of protein structure and function (if same sequences -> same 3D 
structure -> same function)



1.3 Edit distance (Levenshtein distance)

• How do we measure distance between strings?

• The edit distance between 2 strings is defined as the minimum 
number of edits needed to transform one string into the other, with 
the following edit operations: 

• Insertion

• Deletion

• Substitution 

of a single character



1.3 Edit distance (Levenshtein distance)

• How do we measure distance between strings?

• The edit distance between 2 strings is defined as the minimum 
number of edits needed to transform one string into the other, with 
the following edit operations : 

• Insertion: helo -> hello

• Deletion:  helo -> he-o

• Substitution: helo -> help

of a single character

• Try with:

kitten > sitting

kitten > sitten > sittin > sitting  distance = 3



1.4 Local alignment

• Local alignment is to try to find the regions with highest density of 
matches. 

• Local alignment is based on Smith-Waterman: Focuses on the region of 
greatest similarity between two sequences

• Suitable for aligning more divergent sequences. Used for performing 
searches on large databases 



1.4 Local alignment

Use the following file:

Query.fasta

and blast it on NCBI nucleotide

https://blast.ncbi.nlm.nih.gov/Blast.cgi

https://blast.ncbi.nlm.nih.gov/Blast.cgi


1.5 Global alignment

• A global alignment is attempting to match as much of the sequence 
as possible. 

• Global alignment is based on Needleman-Wunsch algorithm.

• Suitable for aligning two closely related sequences, homologous 
genes (=gene inherited in two species from a common ancestor)



1.5 Global alignment

• 1st example, use file « 18s-to align.fasta »

• Use SeaView : https://doua.prabi.fr/software/seaview

Presence of insertion/deletions/substitution

https://doua.prabi.fr/software/seaview


1.5 Global alignment

• 2nd example, use file: « rbcl-diatbarcode.fasta »

• Use SeaView to open « rbcl-diatbarcode.fasta » (don’t align it, it’s already done)

Absence of insertion/deletions: it is a coding marker



• 3 nucleotides

= 1 codon

= 1 amino acid

or a stop codon
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2.1 Choose appropriate models of sequence 
evolution
• 4 nucleotides

• A=T -> 2 hydrogen bonds
• CΞG -> 3 hydrogen bonds
• A, G: double ring structure 
• C, T: single ring structure

• 2 kinds of mutations : 
• Transitions
• Transversions

• Transitions are more frequent than
Transversions (easier to change from a single ring 
structure to a single ring structure, than from a single 
to double ring structure)



2.1 Choose appropriate models of sequence 
evolution
• to model the substitution process in 

DNA sequences, the corresponding 
transition matrices will look like the 
following matrix

Where p(t) probability to change from a 
nucleotide to another in a time t



2.1 Choose appropriate models of sequence 
evolution
• Also given in the rate matrix (Q matrix), 

µ = mutation rate

µA = µAG + µAC + µAT

Sum of entries of Q equals 0



2.1 Choose appropriate models of sequence 
evolution
• The simplest model: Juke & Cantor 1969

• Strong hypothesis:
• Equal base frequencies (1/4)

• Equal mutation rates



2.1 Choose appropriate models of sequence 
evolution
• 2 parameters: Kimura 1980

• Hypotheses:
• Equal base frequencies (1/4)

• has distinct rates for transitions (α) and 
transversions (β) 

α

α

β β
β

β



2.1 Choose appropriate models of sequence 
evolution
• 3 parameters: Kimura 1981

• Hypotheses:
• Equal base frequencies (1/4)

• has distinct rates for transitions (α) and two 
distinct types of transversions (β, γ) 

α

α

γ γ

β β



2.1 Choose appropriate models of sequence 
evolution
• F81 model (Felsenstein 1981)

• Hypotheses:
• Base frequencies are different (≠1/4, 

πA ≠ πT ≠ πC ≠ πG)



2.1 Choose appropriate models of sequence 
evolution
• Generalised time-reversible model 

(Tavaré 1986) - GTR

• Hypotheses:
• Base frequencies are different (≠1/4, πA ≠ 

πT ≠ πC ≠ πG)

• All mutation are different (α, β, γ, δ, ε, η)



2.1 Choose appropriate models of sequence 
evolution
• We need to choose the correct model to weight the nucleotide 

differences between sequences. 

• Juke&Cantor? Kimura81? F81? GTR? 

?



2.1 Choose appropriate models of sequence 
evolution
• Test of the model: in MEGA-X

• Open : “rbcl-diatbarcode.fasta”

• Click: “Analyze”

• Click: “nucleotide sequence”

• Protein coding nucleotide sequence? “Yes”

• Select a genetic code: “standard”

• Analysis > Model > “Find best DNA model” > “Ok”

Download:
https://www.megasoftware.net/index.html

https://www.megasoftware.net/index.html


Best model (lowest BIC Bayesian Information Creterion) : GTR + G

Generalised time-reversible model – GTR:
Base frequencies are different (≠1/4, πA ≠ πT ≠ πC ≠ πG)
All mutation rates are different (α, β, γ, δ, ε, η)

Gamma distribution - G:
Modelise evolutionary rates among sites which are not uniform



2.2 Phylogeny inference

• There are different methods to construct a phylogeny:
• Distance methods

• Parsimony methods 

• Likelihood methods

Depending on the method used, they can give different results



2.2 Phylogeny inference

• Distance methods: 
• find a tree such that branch lengths of paths 

between sequences fit the matrix of 
pairwise distances

• An example of distance method: 
Neighbor Joining: 
based on the principle of minimal evolution. 
Assumes that the best tree is the tree of 
smallest length. 
It starts with a tree star, then there is an 
iterative process to reach the smallest tree. 

• There are other methods (ex: UPGMA)



2.2 Phylogeny inference

• Maximum Parsimony methods:
• The assumption is that the true evolutionary story is the one that involves the 

fewest evolutionary events

• The objective is to identify the phylogenetic tree that requires the smallest 
total number of evolutionary events. There is an iterative process, the best 
tree is the one with the maximum parsimony

Robert Bear et al., CC BY 4.0

https://creativecommons.org/licenses/by/4.0/


2.2 Phylogeny inference

• What is likelihood ?

• Example with coin tossing:
• p = proba of landing on head - H
• 1-p = proba of landing on tail – T
• p=0.5
• 2 tossings: HH

• p2.(1-p)0

• 0.52.(1-0.5)0=0.25

• 5 tossings: HHTTH
• p3.(1-p)2

• 0.53.(1-0.5)2=0.03125

This probability defines de likelihood function:

L(p) = ph.(1-p)n-h 

with n nb of tossings, h nb of heads

• If we don’t know p, some values of p 
will generate the observed data (ex. 
HHTTH) with higher probabilities. The 
highest probability will be obtained
with p=0.5.

• How can we find p to maximize L(p)? 

The solution is: p= h/n

• This is the maximum likelihood
estimate (MLE)

• In evolution, point mutations are 
considered chance events, just like 
tossing a coin. Therefore, the 
probability of finding a mutation along 
one branch in a phylogenetic tree can 
be calculated by using the same 
maximum likelihood framework.

Maximum Likelihood method:



2.2 Phylogeny inference
• Maximum Likelihood method:

• This method compares phylogenetic trees on the basis of their ability to predict the observed 
data. The tree that has the highest probability of producing the observed sequences is 
preferred.

• More in details:
• the nucleotides of all sequences at each site are considered separately 
• the likelihood of having these bases are computed for a given topology by using the same evolutionary 

model (ex. GTR+G). 

G

GG

GTGGa b c d

e f

g

Suppose we have:
- A fixed topology
- Observed data (a:G, b:G, c:T, d: G)
- Ancestral states
- Mutation rates t
Likelihood = Pr(g:G).
Pr(e:GІg:G, teg). Pr(f:GІg:G, tfg)
Pr(a:GІe:G, tae). Pr(b:GІe:G, tbe)
Pr(c:GІf:G, tcf). Pr(d:GІf:G, tdf)
-conditional probabilities are used
from (GTR+G) model

tae tbe tcf tgf

teg tfg

?

??

GTGGa b c d

e f

g

tae tbe tcf tgf

teg tfg

Other tree
topology
?



2.2 Phylogeny inference
• Maximum Likelihood method:

• This method compares phylogenetic trees on the basis of their ability to predict the observed 
data. The tree that has the highest probability of producing the observed sequences is 
preferred.

• More in details:
• the nucleotides of all sequences at each site are considered separately 
• the likelihood of having these bases are computed for a given topology by using the same evolutionary 

model (ex. GTR+G). 
• This likelihood is added for all sites, and the sum of the likelihood is maximized to estimate the branch 

length of the tree.
• This procedure is repeated for all possible topologies, and the topology that shows the highest likelihood 

is chosen as the final tree.
• Number of topologies is factorial of the number n of sequences: (2n – 5)!!

• Problem: long to compute (need to calculate for all tree topologies possible), but 
very robust (no assumptions behind).

• Solution: some heuristics (simplifications) are needed especially when large trees 
are inferred (for instance we can set the initial tree from a neighbor joining tree)

>RaxML (Randomized Axelerated Maximum Likelihood)
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2.2 Phylogeny inference

• Let’s infer a ML phylogeny in 
MEGA-X software

• Open « rbcl-diatbarcode.fasta »

• Analysis > Phylogeny > 
Construct test Maximum 
Likelihood tree

Use in the substitution model « GTR »

Use in the rates and patterns 
« Gamma distributed»

Bootstrap = 50 (this is quite low, usually, use 100 and even more)

Result in Mega-X: 

Use “original tree” (=best tree). 

Don’t use the “Bootstrat consensus tree” (= not all trees have the same 
topology, the consensus tree summarize the most frequently observed 
topologies)
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2.3 Graphical representation

• Interpret tree topology

You can flip the leaves, the tree
will have the same meaning
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2.3 Graphical representation

• Interpret tree topology

Branch length indicate genetic
change : 0,1 = 0,1 
substitution/site if we use the 
simplest substitution model 
(equal prob. of substitutions)
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2.3 Graphical representation

• Interpret tree topology

Bootstrap value: number of 
time this node was found
during the iterations



2.3 Graphical representation

• in R studio

• Open “phylogeny.R”

• Discover Newick format

• All trees follow the newick standard
• Simple tree: ((a,b),(c,d));

• With branch lengths: ((a:0.2,b:0.3):3,(c:0.4,d:0.1):5);

• With bootstrap: ((a:0.2,b:0.3)95:3,(c:0.4,d:0.1)90:5);
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http://evolution.genetics.washington.edu/phylip/newicktree.html


2.3 Graphical representation

• Load the phylogeny 
inferred in MEGA-X with R
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RaxML inference in R

• Infer a ML with RaxML

KC954577 Amphora ovalis

KC954575 Amphora pediculus

TCC702 Amphora pediculus

KJ463454 Amphora copulata

TCC490 Navicula cryptotenella

TCC495 Navicula cryptotenella

KY320297 Navicula gregaria

UK036 Navicula gregaria

TCC712 Navicula veneta

TCC532 Melosira varians

KJ011796 Cymbella excisa

UK006 Cymbella excisa

KJ011806 Cymbella lanceolata

TCC674 Encyonema silesiacum

UK314 Encyonema minutum

UK372 Encyonema minutum

UK445 Encyonema minutum

KJ011827 Encyonema prostratum

KJ011825 Encyonema caespitosum

TCC831 Achnanthidium straubianum

TCC564 Achnanthidium minutissimum

TCC679 Achnanthidium pyrenaicum

TCC667 Achnanthidium minutissimum

TCC696 Achnanthidium minutissimum

0.021

0.031

0.016

0.06

0.004

0.003

0.02
0

0

0.006

0.011

0.034

0.053
0.003

0

0.007

0.032
0.004

0.003

0.019

0.134

0.025

0.016

0.017
0.009

0.005

0.012

0.016

0.016

0.004

0.002

0.001

0
0

0.001

0.021
0.006

0.025

0.005
0.024

0.022

0.007
0.02

0.01

0.008



Schedule

0. Including phylogenies into ecological studies

0.1 Phylogenetic diversity

0.2 Measuring phylogenetic signal

0.3 Measuring and testing community phylogenetic structure

1. Theory of sequence alignment

1.1 What is an alignment?

1.2 Objective of aligning sequences

1.3 Edit distance

1.4 Local alignments

1.5 Global alignments

2. Phylogenies

2.1 Choose  appropriate model of sequence evolution 

2.2 Phylogeny inference

2.3 Graphical representation of phylogenies

3. Phylogenetic placement

3.1 Definition

3.2 Why using this

3.3 Example with RaxML in R

4. Ecophylogenetic training in R (R studio)

PD

NRI NTI



3.1 Definition

• Phylogenetic placement: A family of methods to place query sequences onto the 
branches of a reference tree

• Query sequence: a sequence to be placed in a tree. Typically: short sequences from 
metabarcoding

• Reference tree: the phylogenetic tree used to place the queries, inferred with ML and 
(usually) long sequences

Czech, L., Stamatakis, A., Dunthorn, M., Barbera, P., 2022. Metagenomic Analysis Using 
Phylogenetic Placement—A Review of the First Decade. Frontiers in Bioinformatics 2.



3.2 Why using phylogenetic placement?

• To investigate the taxonomic composition of samples: 
• can be an alternative to DADA2 taxonomic assignation



3.2 Why using phylogenetic placement?

• For ecological studies
Phylogenetic diversity

> integration of the phylogenetic dimension in diversity metrics



3.2 Why using phylogenetic placement?

• For ecological studies
> If there is a niche conservatism in 
the evolution,

> Phylogenetic structure of 
samples can be interpreted in 
terms of ecological processes

Environmental filtering

vs

Competitive exclusion

phylogenetic over-
clustering

phylogenetic
overdispersion

Indices:
NRI - NTI*

Environmental
filtering

dominates

Competition
dominates

*Webb 2000, Kembel et al., 2010



3.2 Why using phylogenetic placement?

• For metabarcoding studies, we need to place our ASV in a reference 
tree and extract their pairwise phylogenetic distances 

• It is not possible to calculate directly the distances between ASV 
because they are too short >> underestimation of the distances for 
phylogenetically distant ASV.

Pairwise
ASV distances

Pairwise ASV distances 
in the reference tree



Which algorithms?

• Several algorithms exist



3.3 Example with RaxML in R

• Go back to the script and go to 

“Make a phylogenetic placement with RAXML”

We will use this alignment:
« rbcl-diatbarcode-ASV.fasta »

Query sequences
263 bp

Sequences used in 
the reference tree
> 1000 bp



Result

ASV7 Achnanthidium minutissimum
ASV5 Achnanthidium minutissimum

TCC667 Achnanthidium minutissimum
TCC679 Achnanthidium pyrenaicum

ASV66 Achnanthidium pyrenaicum
ASV25 Navicula cryptotenella
ASV23 Navicula cryptotenella

ASV29 Navicula cryptotenella
TCC490 Navicula cryptotenella

TCC495 Navicula cryptotenella
ASV465 Navicula veneta
TCC712 Navicula veneta

KY320297 Navicula gregaria
ASV189 Navicula gregaria

ASV229 Navicula gregaria
UK036 Navicula gregaria

KC954577 Amphora ovalis
ASV76 Amphora ovalis

ASV139 Amphora ovalis
ASV276 Amphora copulata
KJ463454 Amphora copulata

ASV26 Amphora pediculus
ASV14 Amphora pediculus

ASV17 Amphora pediculus
TCC702 Amphora pediculus
KC954575 Amphora pediculus

TCC532 Melosira varians
UK372 Encyonema minutum
ASV70 Encyonema minutum
UK445 Encyonema minutum
ASV52 Encyonema minutum
UK314 Encyonema minutum
TCC674 Encyonema silesiacum

ASV92 Encyonema minutum
KJ011825 Encyonema caespitosum

ASV37 Encyonema caespitosum
ASV11 Encyonema caespitosum

ASV33 Encyonema prostratum
KJ011827 Encyonema prostratum

ASV100 Cymbella lanceolata
KJ011806 Cymbella lanceolata

ASV18 Cymbella excisa
ASV16 Cymbella excisa
UK006 Cymbella excisa

KJ011796 Cymbella excisa
ASV22 Achnanthidium minutissimum
TCC564 Achnanthidium minutissimum
ASV172 Achnanthidium straubianum
TCC831 Achnanthidium straubianum

TCC696 Achnanthidium minutissimum

Extraction of the 
phylogenetic
distances



Schedule

0. Including phylogenies into ecological studies

0.1 Phylogenetic diversity

0.2 Measuring phylogenetic signal

0.3 Measuring and testing community phylogenetic structure

1. Theory of sequence alignment

1.1 What is an alignment?

1.2 Objective of aligning sequences

1.3 Edit distance

1.4 Local alignments

1.5 Global alignments

2. Phylogenies

2.1 Choose  appropriate model of sequence evolution 

2.2 Phylogeny inference

2.3 Graphical representation of phylogenies

3. Phylogenetic placement

3.1 Definition

3.2 Why using this

3.3 Example with RaxML in R

4. Ecophylogenetic training in R (R studio)

NRI NTI

PD



Example on mock communities



Calculation of NRI NTI

• Back to R

• Load the file « community-asv.csv »

• Load the phylogenetic distance (order in the same way as the species in the 
community data) « distfromtree_asv-ord.csv »



Calculation of NRI NTI

• Look at the NTI.csv and NRI.csv

• Significant overclustering for sites 2, 3, 4



Phylogenetic diversity

• Comparison of PD and 
Shannon diversity
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