Workshop

www.biolaweb.com

(O BIOLAWEB

Acronym:

Grant No:
Type of action:

Starting Date:

Duration:

BIOLAWEB

Boosting Institute of Chemistry,
Technology and Metallurgy in
Water Biomonitoring

101079234

HORIZON Coordination and
Support Actions (HORIZON - CSA)

01/10/2022

36 months



(O BIOLAWEB

Workshop, Belgrade, October 2023

BIOLAWEB
presentation

Funded by
the European Union www.biolaweb.com




(O BIOLAWEB

Use of phylogenies In
ecology

F. Rimet

UMR Carrtel, INRAE, Thonon France




schedule Ly 551 AWEB
V4

0. Including phylogenies into ecological studies 2. Phylogenies

0.1 Phylogenetic diversity 2.1 Choose appropriate model of sequence evolution
0.2 Measuring phylogenetic signal 2.2 Phylogeny inference
0.3 Measuring and testing community phylogenetic structure 2.3 Graphical representation of phylogenies
1. Theory of sequence alighment 3. Phylogenetic placement
1.1 What is an alignment? 3.1 Definition
1.2 Objective of aligning sequences 3.2 Why using this
1.3 Edit distance 3.3 Example with RaxML in R
1.4 Local alignments 4. Ecophylogenetic training in R (R studio)
1.5 Global alighments PD
NRI NTI

Funded by European Union www.biolaweb.com



Ressources to download at:

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



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
e So, it is important to study them together

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

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

Sample A Sample B
tee S R R
LowPD High PD
Less evolutionary More evolutionary

history history
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0.1 Phylogenetic diversity

* Faith’s index (PD)

*PD = sum of the Iengths of branches where species are
occuring
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0.1 Phylogenetic diversity

* Faith’s index (PD)

*PD = sum of the Iengths of branches where species are
occuring
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0.1 Phylogenetic diversity

e 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

Diversity and inflammation correlation
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Fig. 1.1 X axis is PD amounts and Y axis is inflammation rating. Blue points indicate less
susceptible individuals and red points indicate more susceptible individuals. Shapes of the points
indicate treatment groups. Overall, the plot shows that increased inflammation was associated with a
decrease in caecal microbial PD. For further information, see Bassett et al. (2015). Figure
reproduced from Bassett et al. (2015)



0.1 Phylogenetic diversity
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Cadotte MW, Cavender-Bares J, Tilman D, Oakley TH (2009) T T T T T T T
Using Phylogenetic, Functional and Trait Diversity to Understand
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0005695

0.2 Measuring phylogenetic signal

* What is phylogenetic signal?

* Itis 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 (Miinkemiiller et al. 2012 Meth. Ecol. Evol.).
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Neidium affine
Neidium bisufcatum
Neidium productum
Scoliopleura peisonis
Luticola goepperitiana
Diploneis subovalis
Craticula accomodsa
Craticula molestiformis
Eolimna subminuscula
Craticula cuspidata
Stauroneis anceps
Stauroneis phoenicenteron
Stauroness gracifior
Stauroneis acuta
Stauroneis knegen
Fistuldfera saprophila
Fistulifera pelliculosa

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

e Various indices can quantifying It: Abouheif’s Cmean, Pagel’s A, Moran’s |, Blomberg’s K.


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. These. Université
Grenoble Alpes.



0.3 Measuring and testing community
phylogenetic structure

If there is a niche conservatism
in the evolution,

] Environmental
phylogenetic over- filterin
then phylogenetic structure of clustering -Ting
dominates

samples can be interpreted in
terms of ecological processes ”000( @
Indices:
NRI - NTI*

Environmental filtering

VS
Competitive exclusion
phylogenetic
overdispersion

Competition
dominates

*Webb 2000, Kembel et al., 2010

MOOK 1 30K



NRI: Net relatedness index

Measure the mean pairwise phylogenetic distance Pliviaaany
* Example with a 4 species community |
* First: define the community with the highest |
pairwise distance: ABEF
e Somme of distances/nb of nodes : 22/6 = 3,66 CA) 5 =
1+5+5+5+5+1=22
——
6 nodes

T m O 0O ® >

Greatest possible mean panwise
nodal distance for a community of
4 taxa (given this phylogeny)
= 3.66 nodes (for A, B, E, F)

Greatest possible mean nearest
nodal distance for a community of
4 taxa (given this phylogeny)
=2.00 nodes (for A, C, D, F)

Distance matrix

A

@
2
4
©®
®

B
1

2
4
®
®

D E F
4 5 5
4 5 5
3 4 4

2 2
2 1
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NRI: Net relatedness index

Measure the mean pairwise phylogenetic distance

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

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

Phylogeny
Greatest possible mean panwise
nodal distance for a community of
I 4 taxa {given this phylogany)
= 3.66 nodes (for A, B, E, F)

]
I_ql_l ,J_l Greatest possible mean nearest
nodal distance for a community of

A B C D E F 4 taxa (given this phylogeny)
OO OO
OO

=2.00 nodes (for A, C, D, F)
O O

Distance matrix

A B C D E F
A 1 2 4 5 5
B @ 2 4 5 5
c @ @ 3 4 4
DIONCNE! 2 2
E 5 5 4 2 1
F 5 5 4 2 1



NTIl: Nearest Taxon index

Measure the mean nearest phylogenetic neighbor

* 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 =

Phylogeny

T m O 0O ® >

Greatest possible mean panwise
nodal distance for a community of
4 taxa {given this phylogany)
= 3.66 nodes (for A, B, E, F)

Greatest possible mean nearest
nodal distance for a community of
4 taxa (given this phylogeny)
=2.00 nodes (for A, C, D, F)

Distance matrix

A

o 01 BN

B

g U1 AN

D E F
4 5 5
4 5 5
3 4 4

2 (2
2 1
2 1



NTIl: Nearest Taxon index

Measure the mean nearest phylogenetic neighbor

* 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

Phylogeny
Greatest possible mean panwise
nodal distance for a community of
I 4 taxa {given this phylogany)

1 = 3.66 nodes (for A, B, E, F)
l_ql_l 'J_| Greatest possible mean nearest
nodal distance for a community of

4 taxa (given this phylogeny)

CA) B 5 CD) E CF) = 2.00 nodes (for A, C, D, F)
OO OO
OO0 O
Distance matrix
A B C D E F
A D @ 4 5 5
B @ 2 4 5 5
cC 2 2 ® 4 4
D 4 4 3 2 2
E 5 5 4 2 1
F 5 5 4 2 1



NTIl: Nearest Taxon index

Measure the mean nearest phylogenetic neighbor

e 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(Netindex):1-1,75/2 =0,125
* ABEF

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

* NTI(Netindex):1-1/2=0,5

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

Phylogeny
Greatest possible mean panwise
nodal distance for a community of
I 4 taxa (given this phylogeny)
= 3.66 nodes (for A, B, E, F)

]
l_ql_l 'J_| Greatest possible mean nearest
nodal distance for a community of

4 taxa (given this phylogeny)

CA) B 6 CD) E CF) = 2.00 nodes (for A, C, D, F)
ONO) OO
OO0 O
Distance matrix
A B C D E F
A @ 2 4 5 5
B @ 2 4 5 5
cC 2 2 3 4 4
D 4 4 3 2 2
E 5 5 4 2 @)
F 5 5 4 2 @



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

EH skembel / picante  Public

{> Code (&) Issues 7 i Pull requests 1 ® Actions [ Projects [0 Wiki @ Security [~ It

¥ master ~ § 2 branches ) 3tags

&; skembel Updating package info for 1.8.2 CRAN release



¢ Sign?ﬁcant NI 90 % of sites
o Significant NTI
O Non-significant NRI and NTI 80
Significant NTI and NRI :
@ Significan an ,_O“““G = 70
of " S 60
o’ %, % | s0
: B o 000 O % 40
1:\;“5" “T W Q‘ -5 LB
e .,v”‘ X \\ 30
) .;“, .7_1‘.
20
4 10
o
© 0 -
,.o’ Estuary Lake
A '7ﬁ W Significant NRI Significant NTI
(a) (b) = ¢ .

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

* 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



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

e 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.

. PalrW|se

b J[-Jill
b|JN41l
b|JN41l
b|JN4l
b|JN41

b|JN41859

b|JN41859

Pinnularia =
Pinnularia s

Pinnularia s
Pinnularia s

Pinnularia
Pinnularia
Pinnularia
Pinnularia
Pinnularia
Pinnularia
Pinnularia
Pinnularia

2|AAGCTCGTIAGTTGGATGIGTCGAGTGGCTCGTGC C—:GTU:HHHHTI—:TTTTC—:E:—:TE-JI'"TI-:TI-:TTI-
) JBAGCTCGTAGTTGGATTTIGTIGGTGTTGCCRTIGCAGTCCAATTAGCTTTGGTGCTAGCH

AAGCTCGTAGTTGCGATGTET t:—= GTEECTCETGCGETCCARRATGTTTTGETGCTGTGET TG
AAGCTCGTAGTTGGATTTGTGGT GTTGCCRTGCAGT CCAATTAGCTTTGGTGCTAGCGGE
A AGCTCGTAGTTGGACTTGTGGTGGTGCCCATTGGTCCARRATGTTTIGGIATTTTAGGG
GAGCICGIAGTIGAATCIGIGGIGGTIACCTGGGGICCIARATGITTERTGGTTCCTTGGE
AAGCTCGTAGTTGRATTTGTGGAGGTTCACEATGGTCCARRATGTTTITGGTACTGTIGCG
nodosa str|BAGCTICGIAGITGGATTIGTGGIAGIGCCTGCGGTCCAAAATETTTTGGIACTGCTGGGT
grunowii s|BAGCICGIAGITGGATTIGTGGCGGCATCTGIGGICCGAATTGITTTGGIACTGCGIGGT
firidifc1n1*HGCTEGTHGTTGEHTCTGTGGTGGTTCCH!GGGGTCEEHHHTGTTTTGGTETEHEGHGG
sp. 10 CS-|RAGCTCGIAGTTGGACCIGIGGAGGCGTGGMGACGTCCARAATGTTTTGGTACGGCTTIGT
parvulissifAAGCTIGTAGTTGGATTTGIGGTGCTACCTGCAGTCCAATTAGTTTIGGTGCTAGCGGGT

subcommuta
neo mcL‘| or
_J-F_l

W MW A N R



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:
* |nsertion

e Deletion
e Substitution
of a single character B . LTI IO AND REVERSALS

V. L Levensheein



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
e Substitution: helo-> help

of a single character
* Try with:
kitten > sitting

kitten > sitten > sittin > sitting —2> distance =3



1.4 Local alignment

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

;<| | | | | ll|ll|llll|llll|llll|llll|l lll | l|llll|llll|ll | | |J
- 40 50 60 70 80 90 100 110 120

B =) s FoY=Yole F-Yai sk A NI IR b b Reted motbhubbiy (e Yo} A T GTCTAAGTATAAAT CTTTTACTTTGAAACTGCGAATGGCTCATTATATCAGTTATAGTTTATTTGATAGTCCCTTCACTATTTGGATAACC
ISRl iR k- R o (ol a=F- RN WAk ar-hB sl GieN . | GTCTAAGTATGAATATTTTACTTTGAAACTGCGAATGGCTCATTATATAAGTTATAGTTTATTTGATAGTCCTTTGTTACTTGGATATCCG
1| Pinnularia neomajor strain (To}----——--"-"-"""-"-""-"--“---—--— AATCTGCGAATGGCTCAATATATAAGTTATAGTTTATTT

* 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

8 Dlast nchinim. ahgoy/!
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Query Length

Other reports 12 . sl 1GA [7)

Descriptions Graphic Summary Algnmerits

Taxanomy

Sequences producing significant alignments
us-jl&-jall 00 e emcen 2o

(CECH BN RN R

Download Selectcolumns *~ Show 10V | @
erLar ]
Vs ® Qu 4
arf. Save
tne vatue ~
v pe .
144 : o
N ] 4 "4t
4 = 14 Ry byt 7
‘ “ o4
‘ A { 04
- s !
3 B
A ,
4 A )


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)

D — —_— — B )

jl‘l‘l‘l‘ll‘l‘l‘l‘llllllllllllII'I'I'I'ITTTT|TTTT|TTTT|TTTT|TTTT|T

- 70 80 90 100 110

Phaeodactylum tricornutum jNEEV:VASNEIGE -V NNEIEoU 0NN PN VNN EU N N D CH N RV B RHET U D CIHOe104 k
Pinnularia borealis strain [NCEVVGHNEISIEI VN NEIE(04NOr NN PN PN DVCU N VN V{CI MNPV R R HEV Y D CU He(05 ]
I2ERsN bR E sl=lo R ielamn- et | CAATCTGCGAATGGCTCAATATATAAGTTATAGTTTATTTGATAGTCCCT




1.5 Global alignment

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

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

r to alignl.fasta

File Edit Align Props Sites Species Footers Trees |Search:” ﬂ” ﬂl

o 3

sel=0 1 Seq 1 Pus 1|1 [g1|359335103|emh|maﬁ5514 1|]
gi|359385103 |emb|FRS

gi|359385104 |emb | FR2 ! 3 n-

gil354779635 |gb|HQT1 . 0

gil354779637 |gb|HQT1 : GG

gi|354806015|gb|JN4l
gil|354806018 |gb|JN4l
gil|354806037 gb|JN41

Presence of insertion/deletions/substitution

r 18s-aligned.fasta

File Edit Align

Props Sites

Species Footers

3

3el=0
Cyclotella
Surirella
Asterionella

Thalassiocsira .

Pinnularia
Pinnularia
Caloneis



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

ignment

1.5 Global al

iatbarcode.fasta »

« rbcl-d

e Use SeaView to open « rbcl-d

r rbcl-diatbarcode fasta

ile

« 2"d example, use f

t align it, it’s already done)

U

iatbarcode.fasta » (don

Species Footers Trees |Search:”

Align  Props Sites

File Edit

[ A T R R A O A A A L L L A s B R L A L A

(AT A R A A L A o A A L A

SISISISISISSISISISESISESIERERSEE] (SESESLERE

ththihehchihihththththch chththcheh th choh th cth th

(e A T R A A L A A L L L L

(LA T R R A A A L A o A A L L A

SISESISESISESISISISISLE] |[SISESISESESISESESLS

SISESISESEE] |SISESESEE]

445

. C

UEDDG | Cymbella excis

KC5854577 | Amphora ova

TCCT02 | Amphora_pedic

KEJ011827 | Encyonema p
TCC4590 |[Navicula cryp

UK372 | Encyonema minu

UE445 | Encyonema minu

TCCe74 |Encyonema sil

TCC455 |Navicula_cryp

TCC712 |Navicula wene
KY320297 |Navicula gr

UK036 |Navicula grega

Achnanthidium
Achnanthidium
Achnanthidium
Lehnanthidium
KJ011306 | Cymbella la

TCC696 | Achnanthidium

TCCS564

KJ463454 | Amphora cop
BC554575 | Amphora ped
KEJ0117%6 |Cymbella ex
UE31l4|Encyonema minu

EJ011825 | Encyone

TCCaa7
TCCa79
TCCa3l

3el=0

-

it is a coding marker

Absence of insertion/deletions



* 3 nucleotides
=1 codon

=1 amino acid

or a stop codon

Sor Arg Val

Lys
G U Ala
Gu‘“ L

Uc

AGUC

Asp

Glu

:‘.'-'r' .
‘ | C A G

Gly

©
s . U

,.. CUG

e A G ¢
U

U
o
A
G
U
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Leu Ts Cyso
-
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2.1 Choose appropriate models of sequence

evolution

e 4 nucleotides

e A=T -> 2 hydrogen bonds
e C=G -> 3 hydrogen bonds

* A, G: double ring structure
e C, T: single ring structure

e 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)

NH,
N N
</ | \)N Purines </ | /'\lt’
= =
NTON N~ "N TNH,
Adenine Transitions Guanine
< >
A A
Transversions Transversions
Y \J
=< ot
Cytosine Transitions Thymine
NH-» O
fgr\l Pyrimidines \ELNH
N/go N/&O
H H



2.1 Choose appropriate models of sequence
evolution

NH,

* to model the substitution process in

g Y Purines Y NH
DNA sequences, the corresponding < J <H | P,
transition matrices will look like the Adenine Transitions _ Guanine
following matrix ®3 N

Transversions Transversions

Y \{
©= >
Cytosine Transitions Thymine
NH

0]
i SN Pyrimidines \f‘\NH
A, B

o)

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



2.1 Choose appropriate models of sequence
evolution

NH,

* Also given in the rate matrix (Q matrix), </N | \)N Purines N by
o = N P
L = mutation rate EdN o N Gu:nineNH2
< >
A A
( —lA  HAG  PAC ,UAT\
Transversions Transversions
0 = HGA —MHG MGC MGT
HcA MHce —HMHC HeT @') N Y
-¢
\ HT A HTG M = T) Cytosine Transitions Thymine

NH,

0]
i SN Pyrimidines \f‘\NH
A, X

o)

Ma = Mag T Hac T Har

Sum of entries of Q equals O



2.1 Choose appropriate models of sequence
evolution

NH,
* The simplest model: Juke & Cantor 1969 qu%N Purines el
N N/) N N/)\NHQ
" v 7 A Adenine Transitions Guanine
(* T T % 3 >
1 T A A
e * — Ay
. 4 4 4
Q = L 7 W Transversions Transversions
1 ¢ * 7
T Y Y
1 1 1 */ ©= >T)
Cytosine Transitions Thymine
NH, o)
* Strong hypothesis: Ny pyrimidines fki
* Equal base frequencies (1/4) N~ ° N~ O

* Equal mutation rates



2.1 Choose appropriate models of sequence
evolution

NH,
* 2 parameters: Kimura 1980 A Purines Y
N N/) N N/)\NHQ
Adenine Transitions Guanine
(* (87 ,8 ,8\ A@( 3 >A
a=|2 * # P . .
lB IB % o Transversions B B Transversions
\ﬂ ﬁ Q */ Y a3 Y
Cytosine ©<Transitions Thymine

NH,
* Hypotheses: Sy Pyrimidines f\H
| JY By
* Equal base frequencies (1/4) No© N
* has distinct rates for transitions (a) and
transversions (B)



2.1 Choose appropriate models of sequence

evolution

* 3 parameters: Kimura 1981

(*aﬂ’y\
_|a *x 7 B
““ls v+ a
\’vﬁa*/

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

* has distinct rates for transitions (a) and two
distinct types of transversions (B, v)

NH,

N XN .
74 Purines
<H L/

N
</ | NH
N N/)\NHQ

Adenine Transitions Guanine
< >
A a A
Transversions E; [.:D Transversions
Y a X \J
-¢
Cytosine Transitions Thymine

NH;

0]
i SN Pyrimidines \f‘\NH
A, X

o)



2.1 Choose appropriate models of sequence
evolution

NH,
* F81 model (Felsenstein 1981) el Purines el
N N) N N/)\NHQ
Adenine @ Transitions O Guanine
= >(G
/ 2 \ X X
Q — Transversions Transversions
‘ \ A\
\ZATATAVY O——0
Cytosine Transitions Thymine
NH,
* Hypotheses: Ny pyrimidines \“\*LH
* Base frequencies are different (#1/4, N~ ° N~

T, # Tl # TU. % TUG)



2.1 Choose appropriate models of sequence
evolution

NH,
* Generalised time-reversible model a \)N Purines M Y
V4 - P
(Tavaré 1986) - GTR NN NTONT Nk,
Adenine Transitions Guanine
I
<€
A A
—(amg + Bre + ymr) ang Bre I
QT 4 —(amy + ome + eny) iYive, ETT Transversions Transversions
B a ome —(Bmg + dmg + nmr) nrr
YT A €TG nre —(ymwq + emg + nme) Y Y
< e
Cytosine Transitions Thymine

NH,

O
° HypOtheseS: SN Pyrimidines \f‘\NH
* Base frequencies are different (#1/4, i, # | o | H)\o
M % T # ) "
* All mutation are different (a, B, v, 6, €, n)



2.1 Choose appropriate models of sequence
evolution

* We need to choose the correct model to weight the nucleotide
differences between sequences.

A A
e Juke&Cantor? Kimura81? F81? GTR? ? ><
o \ Y




2.1 Choose appropriate models of sequence
evolution

* Test of the model: in MEGA-X Download:

* Open : “rbcl-diatbarcode.fasta” https://www.megasoftware.net/index.html
* Click: “Analyze”

* Click: “nucleotide sequence”

* Protein coding nucleotide sequence? “Yes”

* Select a genetic code: “standard”

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



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

| MEGA Caption Expert: Find Best-Fit Substitution Model (ML) — O
File Edit View Help
LEED
tesus |
Table. Maximum Likelihood fits of 24 different nucleotide substitution models
dal Parameters BIC AlCc InL (+) (+G) R flA) AT) AC) AG) rAT) nlAC) rlAG) r(TA) fTC) rTG) riCA) r(CT) r(CG) r(GA) r(GT) r{GC)
54 13432.100 12976.843 -6434.334 n/a 0.20 098 0297 0.318 0.177 0.208 0.134 0.019 0.077 0.125 0.123 0.035 0.032 0221 0.037 0.110 0.054 0.031
55 13438.310 12974.625 -6432.222 0.03 0.21 0.99 0297 0.318 0.177 0.208 0.135 0.019 0.077 0.126 0.125 0.035 0.032 0.225 0.033 0.110 0.054 0.028
GTR+ 54 13469.205 13013.947 -6452.886 0.68 n/a 098 0297 0.318 0.177 0.208 0.128 0.021 0.079 0.120 0.119 0.035 0.035 0.215 0.043 0.114 0.054 0.036
TN93+G 51 13492.119 13062.144 -6479.994 n/a 019 1.08 0.297 0.318 0.177 0.208 0.074 0.041 0.073 0.069 0.128 0.048 0.069 0.231 0.048 0.105 0.074 0.041
T92+G 48 13497.008 13092.318 -6498.090 n/a 0.18 1.10 0.308 0.308 0.192 0.192 0.071 0.044 0.103 0.071 0.103 0.044 0.071 0.166 0.044 0.166 0.071 0.044
T92+G+| 49 13507.442 13094.323 -6498.090 0.00 0.18 1.10 0.308 0.308 0.192 0.192 0.071 0.044 0.103 0.071 0.103 0.044 0.071 0.166 0.044 0.166 0.071 0.044
HKY+G 50 13513.893 13092.347 -6496.098 n/a 0.18 1.11 0297 0.318 0.177 0.208 0.073 0.041 0.112 0.068 0.095 0.048 0.068 0.172 0.048 0.160 0.073 0.041
TN93+| 51 1351645? 13[]8R A7 RAQGD AR2 NR2 nia 4 NR N207 N2A42 NAT7TT N2N2 NN7TE nndd Nnn7e Nnn7n 424 nndAG Nono7n N2 {}049 {}109 {}DT5 0041
™osG+l 52 13519221 1308 Bagt model (lowest BIC Bayesian Information Creterion) GTR + G 0041 0097 0,063 0035
HKY +G+| 51 13524.297 1309 0.048 0.160 0.073 0.041
HKY+| 50 13534.553 1311, 0.048 0.160 0.074 0.041
K2+G 47 13732171 1333 Generalised time-reversible model — GTR: 0.061 0.127 0.061 0.061
K2+G+ 48 13757.773 1335 . : 0.053 0.145 0.053 0.053
JC+G 46 13812.998 1342 Base frequencies are different (¢1/4' T # T # T # nG) 0.083 0.083 0.083 0.083
JC+G+ 57 13823560 1342 All mutation rates are different (o, B, v, 8, €, n) 0.083 0.083 0083 0.083
T92+ 48 13854.070 1344 0.046 0.159 0.074 0.046
K2+ 47 14066.386 1367 Gamma distribution - G: 0.063 0.124 0.063 0.063
JC+| 46 14142 616 0.083 0.083 0.083 0.083

T

£

44444 A4 4

1375 Modelise evolutionary rates among sites which are not uniform

43N

[ANAT &)

ANAlaw)

mnNnEE

moin2F



2.2 Phylogeny inference

* There are different methods to construct a phylogeny:
e Distance methods
e Parsimony methods
* Likelihood methods

Depending on the method used, they can give different results



2.2 Phylogeny inference

e Distance methods:

 find a tree such that branch lengths of paths A
between sequences fit the matrix of

pairwise distances e ﬁ<
B e s = \
C ec.;
D =3 \7\5
—

. D E

* An example of distance method: 7 E— & & W ¥
Neighbor Joining: 53 - Hep T

. . . . . ; D 3 . > .
based on the principle of minimal evolution. Ele432- el3 32 -  El3
Assumes that the best tree |S the tree Of Figure 8. Neighbor Joining algorithm: start from a star phylogeny (left); find the nearest

pair of nodes (according to the distance matrix, either of A-B or D-E) (middle); recalcu

Sma”eSt Iength' late the distance matrix using the new node (AB); repeat until the tree is fully resolved
It starts with a tree star, then there is an (right)

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

Lown \oo‘ss An\c\opo \c Moo Lown \oo\ss A\n\-C\opb eaq)\c Aligyotron”
‘W’ \ < ‘m’ 2N
yy @ \/y

/.
@

This dvee 1S less
poCsivonious
Hhon the one ooove

Robert Bear et al., CCBY 4.0


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

2.2 Phylogeny inference

Maximum Likelihood method:

e What is likelihood ? * |If we don’t know p, some values of p
will generate the observed data (ex.
. Example with coin tossing: HHTTH with hl%her probabilities. The
.o ba of landi head - H hlghest probability will be obtained
p = proba of landing on head - with p=0.5.
* 1-p = proba of landing on tail = T

-0.5 * How can we find p to maximize L(p)?
> o The solution is: p= h/n

2 tossings: HH
. 2 (1g o e This is the maximum likelihood
iy estimate (MLE)
e 0.52,(1-0.5)°=0.25

5 tossings: HHTTH
. p3.(1-p)? * In evolution, point mutations are

considered chance events, just like
* 0.5°.(1-0.5)>=0.03125 tossmE a coin. Therefore, tllu
This probability defines de likelihood function: probability of fmde a mutation along
. o one branch in a phylogenetic tree can
L(p) = p".(1-p) be calculated b usmg the same
with n nb of tossings, h nb of heads maximum likelihood framework.



2.2 Phylogeny inference

e Maximum Likelihood method:

* This method compares phylogenetic trees on the basis of their ability to predict the observed
dat?. Th?j 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).
Suppose we have:
A fixed topology
Observed data (a:G, b:G, c:T, d: G)
Ancestral states
Mutation rates t

) Other tree
Likelihood = Pr(g:G). topology
Pr(e:Glg:G, t,). Pr(f:Glg:G, t;,) 2

Pr(a:Gle:G, t,.). Pr(b:Gle:G, t,,)
Pr(c:GIf:G, t). Pr(d:GIf:G, ty)
-conditional probabilities are used
from (GTR+G) model




2.2 Phylogeny inference

e 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 | nferred (for instance we can set the initial tree from a neighbor joining tree)

>RaXM L (Randomized Axelerated Maximum Likelihood)



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)

MIE |G

o3 00 UK372 Encyonema minutum
UK445 Encyonema minutum
gzw% 0.001

0.020

UK314 Encyonema minutum
900 | 0-015 | 0.001
5 0-53?0674 Encyonema silesiacum
039/ 0.015 87% 0,024 KJ011825 Encyonema caespitosum
- 0.020 — KJ011827 Encyonema prostratum
0.025 0.0
90% [0.011
97% 0.016 72% s KJ011796 Cymbella excisa
0.016 0.016 — UKOO6 Cymbella excisa
92% ool TCCS64 Achnanthidium minutissimum
069,004 TCC831 Achnanthidium straubianum
0.023
99% 0.030 87% § 003 TCC696 Achnanthidium minutissimum
0.014 0.020 92% 0,009 TCC667 Achnanthidium minutissimum
0-047W TCC679 Achnanthidium pyrenaicum
84% F TCC490 Navicula cryptotenella
97% 96% 0.050 J(%g:495 Navicula cryptotenella
oloo7 0.039 9% [ o019 TCC712 Navicula veneta
0.0d7 90% 3 [ood KY320297 Navicula gregaria
0.031 ]— UK036 Navicula gregaria
83% 0|—5K0954577 Amphora ovalls
0.048 3% KJ463454 Amphora copulata
d.ooz 92% O‘(I)'CC?OZ Amphora pediculus
0.019 oK(%0954575 Amphora pediculus
TCC532 Melosira varians
0.121
—



2.3 Graphical representation

* Interpret tree topology

You can flip the leaves, the tree
will have the same meaning

97%

99%

03% (0 HK372 Encyonema minutum
UK445 Encyonema minutum
PHH2 0.0

UK314 Encyonema minutum
0.015 | 0.001

5 0'5§3C674 Encyonema silesiacum
KJ011825 Encyonema caespitosum

90%

0.015 57%

0.020

0.024

93%

97%

{007

0.014

0.016

0,005 KJ011827 Encyonema prostratum

KJ011806 Cymbella lanceolata

008 KJ011796 Cymbella excisa

— UK006 Cymbella excisa

TCCSG4 Achnanthidium minutissimum
TCC831 Achnanthidium straubianum

0.025

90%
0.016

0.011
72%

0.016

92%
0.021

969,004

:}223m TCC696 Achnanthidium minutissimum
0.020 9&W TCC667 Achnanthidium minutissimum
0. Oﬂw TCC679 Achnanthidium pyrenaicum
84% E TCC490 Navicula cryptotenella
(;l_-()%(():d'% Navicula cryptotenella

0.030

96% 0.050

0.039

9%
0.0Q7

0.019

90% [ i
/nl&)4KY320297 Navicula gregaria

TCC712 Navicula veneta

0.031 UK036 Navicula gregaria

839 /0|—5K0954577 Amphora ovalls

0.048

KJ463454 Amphora copulata
4.002 92% O‘(I)’CC?OZ Amphora pediculus
0.019 3((%(5)954575 Amphora pediculus

TCC532 Melosira varians

83%

0.020

0.121



2.3 Graphical representation s

UK314 Encyonema minutum

909 | 0-015 | 0.001
° 5 0'5%3C674 Encyonema silesiacum

93 0.015 87% oo KJ011825 Encyonema caespitosum

o I nte rp ret tree to po | Ogy o 0.020  — KJO011827 Encyonema prostratum
] ] . 90% [ o11 KJ011806 Cymbella lanceolata
Branch length indicate genetic o0t6 |__72% ooy KI0LL796 Cymbelia excisa
0.016 0.016 — UK006 Cymbella excisa
Ch d nge . O, 1 - O, 1 02% o TCCSG4 Achnanthidium minutissimum
. . . . 963004 L———— TCC831 Achnanthidium straubianum
0.023

SuU bStItUt 10 n/S |te |f we use th e 99% 0.030 87% § oog | C 096 Achnanthidium minutissimum

0% ——— TCC667 Achnanthidium minutissimum

Slmp|ESt SUbStItUtlon mOdE| o P QESJOO— TCC679 Achnanthidium pyrenaicum
(equal prob. of substitutions)

4% E TCC490 Navicula cryptotenella
(;I'g(:)(():495 Navicula cryptotenella

oloo7 0.039 2% [ oo TCC712 Navicula veneta

0.0d7 90%_ %4KY320297 Navicula gregaria

97% 96% 0.050

0.031 ]— UK036 Navicula gregaria
839 /0|—5K0954577 Amphora ovalls
KJ463454 Amphora copulata

d.ooz 92% O‘(I)’CC?OZ Amphora pediculus
0.019 3((%(5)954575 Amphora pediculus

TCC532 Melosira varians
&)

0.048 83%

0.020



2.3 Graphical representation =l
. D00 0UK445 Encyonema minutum

UK314 Encyonema minutum
0.015 | 0.001

TCC674 Encyonema silesiacum
0.003

0.015 87% ————— KJ011825 Encyonema caespitosum
93% 0.024

° I nte rp ret tree to po | Ogy Ton 0.020 " KJ011827 Encyonema prostratum

90% KJ011806 Cymbella lanceolata
° |0.011
@ 0.016 2% s KJ011796 Cymbella excisa

Bootstrap value: number of X
. . ovre” 0.016 UK006 Cymbella excisa
tl m e t h |S n Od e Wa S fO u n d QZ%—T TCCSG4 Achnanthidium minutissimum

969,004 oo TCC831 Achnanthidium straubianum

during the iterations S CC696 Achnanthidium minutissimum

.008
0.014 0.020 92% 0,009 TCC667 Achnanthidium minutissimum

0. ONW TCC679 Achnanthidium pyrenaicum
84% EozTCCA'gO Navicula cryptotenella

97% ) 96% (;l_-()%(():d'% Navicula cryptotenella

0loo7 0.039 2% [ oo TCC712 Navicula veneta

0.0d7 90%_ H)4KY320297 Navicula gregaria

0.031 ]— UK036 Navicula gregaria

90%

0.050

830/0|_5KC954577 Amphora ovalls
KJ463454 Amphora copulata

4.002 92% O‘(I)’CC?OZ Amphora pediculus
0.019 3((%(5)954575 Amphora pediculus

TCC532 Melosira varians

0.048 83%

0.121

0.020



Studio
2.3 Graphical representation

e in R studio

* Open “phylogeny.R”

e Discover Newick format

* All trees follow the newick standard E L
e Simple tree: ((a,b),(c,d));
* With branch lengths: ((a:0.2,b:0.3):3,(c:0.4,d:0.1):5); m -
« With bootstrap: ((a:0.2,b:0.3)95:3,(c:0.4,d:0.1)90:5); A
L.

(L]
}
}
}
}
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
¥
¥
¥
¥
¥
¥
¥
¥
§
|
|
|
|
4

I —
S :


http://evolution.genetics.washington.edu/phylip/newicktree.html

2.3 Graphical representation

* Load the phylogeny

inferred in MEGA-X with R

###Load the phylogeny of example data of the course###
#you can make a simple copy paste of t ck file

0.127

Studio

TCC532 Melosira varians

B

1.0000

054575 Amphora pediculus
L702 Amphora pediculus

0.048

0.6200

54577

L]
463454 Amphora copulata

Ar"mhoraovalis

0.52

0

0.031 1.0000

036 Navicula gregaria
320297 Navicula gregaria

00

.039(1 1.0000

o

0.3800

L1
Uul9[TCC712 PL?Vlcula veneta

495 Navicula cryptotenella

0.05 1.0000

C490 Navicula cryptotenella

[ ]

Fa¥aVa¥Val

19FTCC679 Achnanthidium pyrenaicum

0.7800 o o
DICC667 Achnanthidium minutissimum

10| 16666

—1 0.03 1.00

0J 0.7800

U.0U8 CC696 Achnanthidium minutissimum

023 [—TCC831 Achnanthidium straubianum
D21

564 Achnanthidium minutissimum

T

006 Cymbella excisa

1.0000 .
31J011796 Cymbella excisa

— 0.0 1.0000

) 1.000‘|
| u.u¢1l’pﬂ71_‘l.5-_06 Cymbella lanceolata

10.

1011827 Encyonema prostratum

0.9800(

0.9800

024 —KJ011825 Encyonema caespitosum

I o
aaaal(C674 Encyonema silesiacum

FaVa¥Val

0

+:6666 814 Encyonema minutum

U.98UU45 Encyonema minutum
0.8600

72 Encyonema minutum

L]



RaxML inference in R

e Infer a ML with RaxML

0.008

01
0.007

—1lg0

0.021

6 Achnanthidium minutissimum

CB67 Ac

nanthidium minutissimum

0.022

0.031

D Achnanthidium pyrenaicum
%TCCSM Achnanthidium minytissimym

TCC831 Achnanth

Studio

0016

0.025

0016

01

—KJ011825 Encyonema caespitosum

14 Encyonema minutum

=TCC674 Encyonema silesiacum

06 Cymbella lanceolata
06 Cymbella excisa

J0117| bella excisa
0134

0016

0.034

I_ TCC532 Melosira varians
0.019

Navicula veneta
0.003

0032 036 Navicula gregaria
004

0.06

=KY| p0297 Navicula gregaria

10053 495 Navicula cryptotenella

C490 Navicula cryptotenella

0.006
3

54 Amphora copulata

02 CC702 Amphora pediculus

C954575 Amphora pediculus
954577 Amphora ovalis

0.004
—RKUC




schedule Ly 551 AWEB

0. Including phylogenies into ecological studies 2. Phylogenies

0.1 Phylogenetic diversity 2.1 Choose appropriate model of sequence evolution

0.2 Measuring phylogenetic signal 2.2 Phylogeny inference

0.3 Measuring and testing community phylogenetic structure 2.3 Graphical representation of phylogenies
1. Theory of sequence alighment 3. Phylogenetic placement *

1.1 What is an alignment? 3.1 Definition

1.2 Objective of aligning sequences 3.2 Why using this

1.3 Edit distance 3.3 Example with RaxML in R

1.4 Local alignments 4. Ecophylogenetic training in R (R studio)

1.5 Global alighments PD

NRI NTI

Funded by European Union www.biolaweb.com



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

N >

(usually) long sequences

\ F
Reference B Reference B Query B Phylo- [ N\
Tree Alignment Sequences genetic
I Placements
. Placement
! —>
ﬁr‘_‘_‘ ] u] g : t Algorithm penes
l : I " é
n K L .
J

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:
e can be an alternative to DADA2 taxonomic assignation

—— UK729+Eunotia arcus
— UK740+Eunotia implicata
UK590+Eunotia minor
UK092+Eunotia minor
UKO088+Eunotia minor
Guyane+ASV3
— HQ912500+Eunotia pectinalis
—AY571744+Eunotia minor
*AM710468+Eunotia implicata
UK104+Peronia fibula

—{




3.2 Why using phylogenetic placement?

* For ecological studies
Phylogenetic diversity
> integration of the phylogenetic dimension in diversity metrics

Y tee |
LowPD High PD
Less evolutionary More evolutionary

history history



3.2 Why using phylogenetic placement?

* For ecological studies

> If there is a niche conservatism in Environmental
the evolution, phylogenetic over- filtering
> Phylogenetic structure of clustering dominates

samples can be interpreted in
terms of ecological processes

MOOOK

Environmental filtering
VS

Indices:
NRI - NTI*

phylogenetic
overdispersion

Competitive exclusion

Competition
dominates

*Webb 2000, Kembel et al., 2010

MOOK 1 30K



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

& frontiers

Front

ersin

REVIEW
Broinformatics by

Metagenomic Analysis Using
Phylogenetic Placement— A Review of
the First Decade

Lucas Czech ", Alexandros Stamatakis®’, Micah Dunthorn* and Pierre Barbera®

Placement Tool

RAPPAS
APPLES
APP-SPAM

Alighment

yes
yes
yes
no
no
no

Multiple

yes
yes
yes
yes
no
no

Uncertainty

yes
yes
yes
yes
no
no

Branch Lengths

yes
yes
yes
no

yes
yes



®Studio‘”

3.3 Example with RaxML in R

* Go back to the script and go to
“Make a phylogenetic placement with RAXML”

i
98 ~ ###E###FFRERFFFFFFEFFEFFEF SRR R R R R

We Wi” use this alignment: 99 - ### Make a phylogenetic placement with RAXML #####

100 ~ ##EFF#FRFFFFFFFFFFFFT TSI AF A RA R AR A

101

« rbcl-diatbarcode-ASV.fasta »

Sequences used in
the reference tree
> 1000 bp

Query sequences
263 bp



TCC696 AChmuln&@é Litli"?:lhnanthldlum straupjanum

| ASV1/72 Achnanthidium straubianum
_CTCCE'z) 4 Achnanthidium minutissimu

R | t ASV22 Achnanthidium m'”‘12§8'{’11‘}613 C mbeIIa excisa
esu e 45
_5&0118063 Cym e alanceolatta

k‘ oﬁéfEJPEn% SR bostraty
V33 Enc o ema rostratum

4 ANy,
KJ(§113?3 Eﬁ%yonemﬁ’spnosum

SV92 Encyonema mingtum
TCC674 Enc onema silesiacum
X 3% Enc onema minutum
U

ncyonema minutum

K445 Encyonema mjnutum

SV70 Encyonema mjnutum
UK372 Encyonema minutum _ )

3'2 Melosira varians

KC954575 Amphora p edC iculu

A 059 Aol e
,&)mor ora |gu usIus *
mﬁ ora COBP ata&
p ora cop

phora ovali
or ovalls

a? ovalis .
vicula gregaria
9NaV|cua regaria
89 Navicula grégaria
97 Nawcula% aria

Extraction of the

phylogenetic
distances

J—

L TC icula veneta
1 LL gKI%wculac ptotenella
TC icula cryptotenell
%QZQWav?cular% toten aIla
———L_hava Naveds cypienel
ASV66 Achnanthidi um pyrenaicum ﬁ

TTCC679 Achnanthidium pyrenaicum
TCC6 7 Achnanthidium minuti um

5 % nanthidium minutissimum
nanthidium minutissimum

A
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Example on mock communities

A B C D E F G H |
sitel site2 site3 sited sites sited

ASVS Achnanthidium_minutissimum ASV5_Achnanthidium minutissi i | 10 [ 5 olE] 1wl s 2
\SV7 Achnanthidium_minutissimum ASV7_Achnanthidium_minutissi [ 25 [IF] 7 ol sH 3l 3
\SV22 Achnanthidium_minutissimum ASV22_Achnanthidium_minutislill | 10 [ 5 olll 3 all 2
ASven Achnanthidium_pyrenaicum ASVEE_Achnanthidiumjn',rrenait.j 10l 2 4] ol s 5
\SV172 Achnanthidium_straubianum  ASV172_Achnanthidium_straubil] 5] 1] 1 oll 2l a
\SV276 Amphora_copulata ASV276_Amphora_copulata 0 0 -E 0 I] 3 [| 4
\SV139 Amphora_ovalis ASV139_Amphora_ovalis ol sHIE o ol s 6
\SV76 Amphora_ovalis ASV76_Amphora_ovalis ol sEE] 10} 1l 2l 3
\5vV14 Amphora_pediculus ASVI1A Amphora_pediculus [| 5 .:| 10.] 5 'D[| 4'] 3
\SV17 Amphora_pediculus ASV17_Amphora_pediculus .:| 10[| 5 .] 10 'IZI'I] 2[| 5
\SV26 Amphora_pediculus ASV26_Amphora_pediculus [| 5 I] 2 -:| 12|] 2 [| 5 [| 4
\SV16 Cymbella_excisa ASV16_Cymbella_excisa 0 o] 10 ol sfl 2
\SV18 Cymbella_excisa ASV18_Cymbella_excisa 0 ol 5| 1l 2 5
ASV100 Cymbella_lanceolata ASV100_Cymbella_lanceolata o oll 2 1l sl 2
\SV11 Encyonema_caespitosum ASV11_Encyonema_caespitosur 0 0 o] 10 ] || 3
\SV37 Encyonema_caespitosum ASV37_Encyonema_caespitosur 0 0 ol ] 15H a| 1
\SV52 Encyonema_minutum ASVS52_Encyonema_minutum ofl 2 o] s s 2
\SV70 Encyonema_minutum ASV70_Encyonema_minutum ol 5 ol sl ] i 6
1SV92 Encyonema_minutum ASV92_Encyonema_minutum ol 3 il ) s 5
\SV33 Encyonema_prostratum ASV33 Encyonema_prostratum 0 0 o] 10H alll 4
15V29 Mavicula_cryptotenella ASV29 Mavicula_cryptotenella B s 10 0 ol s 5
\SV23 Mavicula_cryptotenella ASV23 Mavicula_cryptotenella B s ] 15 ol 1l ] i 6
A5W25 Mavicula_cryptotenella ASY25 Mavicula_cryptotenella i ]l 3 4] ol 3l 3
15W183 Mavicula_gregaria ASY1E9 Mavicula_gregaria ] 3l 5 ol 1l alfl 5
15v229 Mavicula_gregaria ASY229 Mavicula_gregaria i 2l 2 ofl 2 [l s 4
\SV465 Navicula_veneta ASV465_ Navicula_veneta ] 3l 3 ol 1 sl 6

reads number 100 100 100 100 100 100

ASV richness 15 20 11 18 27 27



Studio
Calculation of NRI NTI

e Back to R

151 ~ ####4AARRRRRARRRIRREEHEEEES
152 Tibrary(picante)
1C2

* Load the file « community-asv.csv »

@' phylogeny-ecology.R communi ity tr3 community.asy trd

- ASV100_Cymbella_lanceolata ASV11_Encyonema_caespitosum ASV139_Amphora_ovalis ASV14_Amphora_pediculus ASV16_Cymbella_excisa ASVIT_Amphor:z
sitel

site?

site3

sited 1

site5 5 3

sitef 2 3 & 3

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



Calculation of NRI NTI

e Look at the NTl.csv and NRI.csv

sitel
site2
site3
sited
site5
|5|'te6

ntaxa

14
19
10
17
26
26

0,024
0,012
0,009
0,012
0,019
0,019

0,034
0,024
0,047
0,027
0,017
0,017

0,011
0,006
0,015
0,009
0,002
0,002

189
17
1
32
826
7122

NTI
mntd.ol mntd.re mntd.re mntd.ol mntd.o/ mntd.olruns

0,897
1,946
2,536
1,693
1,029
0,663

p value

0,189
0,017
0,001
0,032
0,826
0,722

999
999
999
999
999
999

0,117
0,127
0,059
0,084
0,133
0,134

e Significant overclustering for sites 2, 3, 4

0,122
0,128
0,117
0,123
0,132
0,132

0,009
0,006
0,011
0,008
0,002
0,002

NRI

275 -0,517
437 -0,105
1 5,237
1 -4,682
681 0,529
805 0,911

p value

0,275
0,437
0,001
0,001
0,681
0,805

mpd.ob mpd.raimpd.raimpd.ob mpd.ob mpd.obruns

999
999
999
999
999
999



Phylogenetic diversity

 Comparison of PD and
Shannon diversity

Shannon

0.5 1.0 15 2.0 2.5 3.0 3.5

0.0

s3

s4

0.0

0.2

0.4

PD

0.6

0.8

1.0
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