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Use biological macromolecules (DNA, proteins) to unravel the
evolutionary history of a set of species




Molecular Phylogeny

Main Goal:

Use biological macromolecules (DNA, proteins) to unravel the
of a set of species

Basic ldeas:
@ Closely related species: molecules,
@ Distantly related species: molecules,

@ Use similarity information to reconstruct probable evolution,
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Molecular Phylogeny

Main Goal:

Use biological macromolecules (DNA, proteins) to unravel the
of a set of species

Basic ldeas:
@ Closely related species: molecules,
@ Distantly related species: molecules,

@ Use similarity information to reconstruct probable evolution,

Results:

@ Evolution is assumed to be tree-like,

@ Results are displayed as a phylogenetic tree.
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Example of A Phylogenetic Tree

common.gibbon

gorilla
chimpanzee
bonobo

human

Bornean.orangutan

Sumatran.orangutan

baboon
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Reconstructions and Limits

Two levels of reconstruction:
@ Reconstruct the phylogeny:
e Topology,
e Branchs lengths.

A B C
@ Reconstruct ancestral states (e.g. gene of ancestor).
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Reconstructions and Limits

Two levels of reconstruction:
@ Reconstruct the phylogeny:
e Topology,
e Branchs lengths.

A B C
@ Reconstruct ancestral states (e.g. gene of ancestor).

Issues:
@ Evolutionis a event,
@ Genetic information available only for species,

@ Almost no direct observations or results on the evolutionary
process.
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Data Structure

Collection:
the sequences.

Example:

gene/protein shared by all species,

@ Alignment X' = (X;;) of size s x n (6 species x 10 sites)

Fin Whale

Blue Whale
Chimpanzee

Bonobo

Gorilla

Bornean Orangutan

® Xy =N,

@ 4th site: X, = (NNNNND)’,
@ 2" species (Harbor Seal): X
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@ Assume (X;) ii.d,;

@ Choose generating evolution model M(T, 0r);
@ Discrete topology T and continuous parameter model;
e Retrieve (T, 6;) maximizing P((X;); M, T, 07).




Inference Method

Likelihood Based
@ Assume (X;) i.i.d;
@ Choose generating evolution model M(T, 07);
@ Discrete topology T and continuous parameter model;
@ Retrieve (7, 6;) maximizing P((X;); M, T, 7).

General Principle:

Alignment Phylogenetic tree
AlC C T T —
B/ G G A A ML
C/lG G A C
A B C
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@ Compare inferred free to irue tree to assess how good it is,
Inferred True
(0]
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@ Compare inferred free to irue tree to assess how good it is,
Inferred True
SN2
A B

H
C

@ But the true tree is not available!
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9
H
A B C

@ But the true tree is not available!

@ Compare inferred free to irue tree to assess how good it is,
Inferred True

@ How confident are we on the inferred tree ?

@ Which parts of the tree are reliable/not reliable ?




inferred tree;

Robustness: Tweaking the (original) data set gives (roughly) the same
inferred tree.

Confidence: Another (independent) data set gives (roughly) the same




Confidence or Robustness ?

Confidence or Robustness ?

Confidence: data set gives (roughly) the same
inferred tree;

Robustness: data set gives (roughly) the same
inferred tree.

Robustness

@ Most (if not all) available procedures are designed to check

@ The inferred tree might be far from the true tree, as long it is
consistently so, we are happy;
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Confidence or Robustness ?

Confidence or Robustness ?

Confidence: data set gives (roughly) the same
inferred tree;

Robustness: data set gives (roughly) the same
inferred tree.

Robustness

@ Most (if not all) available procedures are designed to check

@ The inferred tree might be far from the true tree, as long it is
consistently so, we are happy;
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Alignment Phylogenetic tree

AlACT 7
B(G G A 7
C/G G C ¢ £ £ Y,
A B c A B c A B c



Bootstrap Values: the Theory

Original Dataset:

Alignment Phylogenetic tree
AlA C
C|G G
A B o

Bootstrap Datasets:

AlA C €
B|G G G

W >

A A
G B
G

QQa
QQ >

C

C|G G G C
A B C

A B C A B C
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Bootstrap Values: An Example

Bootstrap Values

Without

common.gibbon

gorilla

chimpanzee

human
Bornean.orangutan

Sumatran.orangutan

—l: baboon
barbary.macaque
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With
common.gibbon

gorilla

100
Bornean.orangutan

Sumatran.orangutan

baboon

100

barbary.macaque
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Bootstrap Values: A Robustness Index ?

Bootstrap Strong Points:

@ Many potential causes for uncertainty:
Finite sequence lengths,

e Poor alignment quality (outlier sites),

e Poor species sampling (rogue species),
o Model misspecification,

o ...

@ Global measure of uncertainty,
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Bootstrap Values: A Robustness Index ?

Bootstrap Strong Points:

@ Many potential causes for uncertainty:
Finite sequence lengths,

e Poor alignment quality (outlier sites),

e Poor species sampling (rogue species),
o Model misspecification,

o ...

@ Global measure of uncertainty,

Bootstrap Weak Points:
@ Global measure of uncertainty,
@ Unable to breakdown the uncertainty,
@ Unable to pinpoint local sources of uncertainties,
@ Several other ways to tweak the data.
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@ Many potential causes for uncertainty:

]
o

]
o
()]

Finite sequence lengths,
Poor alignment quality (outlier sites),

Poor species sampling (rogue species),
Model misspecification,

measure of uncertainty,
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Seed Plant Phylogeny (Ridyn & al. 2002)

[ lsoetes amazonica
L— Lycopodium clavatum

Angiopleris evecta
100— Ophioglossum reticul
100 .
Botrychium biternatun|
100 Psilotum nudum
67— Osmunda regalis
9%

Polypodium vulgare
Equisetum arvense
Ginkgo biloba
Welwitschiamirabilis
Gnetum montanum
Gnetum gnem on
Ephedra tweediana
Ephedra californica

Pinus peuce

Picea asperata
Chamaecy paris obtusa
uniperus conferta
Thujopsis dolabrata
Sequoia sempervirens
Tasus baccata
Sciadopit ys vertcillat a
Phyllocladus trichom
Podocarpus totara
Araucaria araucana  J
Cyeas revoluta
Zamia pumila
Amborelia trichopoda )

Nymphaea odorata:
Lysimachia azorica
Capsellabursa-past
Brassicaoleracea
Glycine max
Nicotiana tobacum
Oryzasativa
Zeamays

(©)

Musa omata J
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J Lycopods

Ferns

Ginkgo

Gnetales

Conifers

Cycads

Angiosperms

Ietes amazonica

liog]

Lycopodium clavatum
Azollacaroliniana
I Peridim apuilinim

100

Gnkgo biloba
Welw itschia mirabili
Gaetun gnemon

Ephedra tweediana
Cedrus deodara

Abies grandis

Puus strobus

Araucaria araucana
Podocarpustotara

Nageia nankoensis

Piy lloclacdus trichomanvid

r mw’mum:|
— Angiopteris evecta

Chamaccy paris obtusa
Cupressus sempe rvirens
Metasequola ghptostrob
Cephalotaxus harringtonia
Tavs baceata
Sciadopitys verticillata
Cyeas revoluta

Bowenia serrulata
Nymphaea odorata
Cilorant hus japonicus
Myriophyllum excaltescens
Lysimachiaazorica

Ribes aureuwn

Glyeine max

Shapis albe
Impatiens capensis
Capselabussa-pastoris

Zeamays
Hordeum lechleri
Onzasativa
Zingiber gramineum

Jan.

Lycopods

Ferns

Ginkgo

Gnetales

Pinaceae

Coniferll

Cycads

Angiosperms
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Species Leverage Index (SL)
@ Goal: Study the robustness of the tree with respect to the species,
@ Motivation: Thanks to strange evolutionary features not taken

into account by the inference method, some species may exert a
strong pull toward a biased estimated phylogeny,

@ Method:
e Infer the phylogeny T with the species set,
o Remove species and infer a new tree T; on the

smaller species set,

e Quantify difference between T and 7.
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Species Leverage Index: Motivation and Goal

Species Leverage Index (SLI)
@ Goal: Study the robustness of the tree with respect to the species,

@ Motivation: Thanks to strange evolutionary features not taken
into account by the inference method, some species may exert a
strong pull toward a biased estimated phylogeny,
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Species Leverage Index: Motivation and Goal

Species Leverage Index (SLI)
@ Goal: Study the robustness of the tree with respect to the species,

@ Motivation: Thanks to strange evolutionary features not taken
into account by the inference method, some species may exert a
strong pull toward a biased estimated phylogeny,

@ Method:
o Infer the phylogeny T with the whole species set,

e Remove species one at the time and infer a new tree T; on the
smaller species set,

e Quantify difference between T and T;.
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Species Leverage Index (SLI)

Definition

Let:

X = (X,...,X®))" be the complete alignment,
X(=) = X\X® all the species but species i,

T the ML tree and associated parameters for X,
T the tree T after pruning species i,

—

T(=) the ML tree and associated
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Species Leverage Index (SLI)

Definition

Let:

X = (X,...,X®))" be the complete alignment,
X(=) = X\X® all the species but species i,

T the ML tree and associated parameters for X,
T the tree T after pruning species i,

—

T(=9) the ML tree and associated

The Species Leverage Index (SLI) of species i is:

—

SLI(i) = d(TC), T(=))

where d is any adapted distance .
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Method

Species set (whole)
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Method

Species set (whole)
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Definion
Let:
e X, X, T, T=), 7(=) defined as before,
@ A an internal node of 7,
The

of A is:

NLI(A) =) 1-=(4)
i=1

_—

with Mﬁ(A) being 1 if A is present in 7(=9) and 0 otherwise.




Nodes Leverage Index (NLI)

Definition

Let:
o X, X(-), 7, (-0, 7(-1) defined as before,
@ A an internal node of 7,

The Nodes Leverage Index (NLI) of A is:

NLI(A Z 14

/\

with HT/(-\( ) being 1 if A is present in T(-) and 0 otherwise.
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NLIs and SLlIs

Interpretation
SLI: e Low value: adding/removing the species from the dataset has
(almost) impact on the tree;
e High value: “rogue” species, adding/removing it greatly affects the
tree.
NLI: e High value: stable nodes, highly resilient to taxon sampling;
o Low value: weak nodes, highly sensitive to taxon sampling.
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NLIs and SLlIs

Interpretation

SLI: e Low value: adding/removing the species from the dataset has
(almost) impact on the tree;

e High value: “rogue” species, adding/removing it greatly affects the
tree.

NLI: e High value: stable nodes, highly resilient to taxon sampling;
o Low value: weak nodes, highly sensitive to taxon sampling.

Strategy towards robustness
@ Focus on rogues species: species with high SLI;
@ Rank them in increasing SLI;
@ Remove them one at the time until a stable tree is found.
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Data: Placental Mammal Phylogeny

@ Mitochondrial genome of 68 mammals,
@ Amino Acids sequences,
@ Sequences are 3658 sites long,

@ Phylogeny published in Nikaido et al. in 2003.
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Guinea pig

European red squirrel

Rabbit
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Rogue Species

American.pika fat.dormouse guinea.pig nine-banded.armadillo
Eurasian.red.squirrel greater.cane.rat mouse rabbit

FFF
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Conclusion and Perspectives

Conclusions
@ Bootstrap: global measure of uncertainty,

@ SLINLI are local ones to pinpoint the sources of uncertainties,

@ Decompose the “black box” of bootstrap values,
Perspectives

@ Impact of the evolution model,

@ Anything else | can think about.
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Thank you for your attention!
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