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L’Arbre du Vivant 

arbre du Vivant ; Haeckel (1866)

• domaine de la
biologie étudiant
les relations de
parenté entre les
organismes

• fondé sur la
théorie de
l’évolution
(Darwin, 1859)

• utilisant l’arbre
comme
métaphore et
méthode de
représentation E. HaeckelCh. Darwin

1859 1866

L’arbre du Vivant est une 
classification des êtres 
vivants tenant compte de 
leur histoire évolutive.
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groupes d’êtres vivants ?
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Les 5 règnes du Vivant 

gether are the Archimycetes of Giiu-
mann (65, 57)] become phyla of
protists, adjacent to absorptive and
spore-forming organisms regarded as
protozoans, the Sporozoa and Cnidospo-
ridia. Other wall-less fungi, the slime
molds, probably include at least three
separate evolutionary lines from the uni-
cellular condition (66), the true slime
molds (Myxomycetales), cellular slime
molds (Acrasiales), and cell-net slime
molds (Labyrinthulales). These have, for
their separate origin and different orga-
nization, been treated as three phyla and
grouped in a polyphyletic subkingdom
Gymnomycota.

This treatment results in a consider-
able elevation of taxa; groups which are
orders and classes in most other classi-
fications become phyla here, in some
cases separated into different branches
and subkingdoms. Recognition of three
phyla of slime molds and seven of chy-
trid and mycelial fungi is not, however,
undue taxonomic inflation. The range
of forms comprised in the fungi is wide,
and the evidence of independent origin
of various fungal and slime mold groups
is clear. It is suggested that true fungi
and slime molds are not best treated as
two phyla, that their designation as such
is in part a consequence of the effort to
treat these groups within the plant or
the protoctist kingdom, and that the ex-
pansion of each into a number of phyla
is more reasonable.

I believe that this system better rep-
resents broad relationships in regard to
both levels of organization and nutritive
modes affecting kinds of organization
than the two-kingdom and Copeland
systems. The red and brown algae and
the fungi may seem better placed, the
former as the higher plants of the sea,
the latter as the third major evolution-
ary direction among higher organisms.
The system may further have much ad-
vantage over the two-kingdom system
and some over the Copeland system in
the coherence and definable character
of the kingdoms as units of classifica-
tion.

Limitations of the Five-Kingdom System

1) The distinction of the unicellular
versus the multicellular and multi-
nucleate conditions becomes the line of
division and difficulty. The phylum
Chlorophyta includes intergrading uni-
cellular, colonial-unicellular, and multi-
cellular forms and consequently violates
the definition either of the Plantae (in
10 JANUARY 1969

which it is placed here) or of the Pro-
tista (in which it could with equal jus-
tice be placed). The slime molds cross
the distinctions of the kingdoms in both
nutrition and organization, and offer a
free choice of treatment as aberrant
fungi, eccentric protists, or very peculiar
animals. The line from the unicellular
to multicellular and multinucleate
organization has been crossed by a num-
ber of independent phyletic lines. I sug-
gest that the transition between the uni-
cellular and multicellular-multinucleate
conditions is a better conceptual division
between lower and higher organisms
than degree of tissue differentiation. The
practical difficulties with borderline
groups are at least as great, and may be
greater, when the separation is based on
the unicellular condition rather than
degree of tissue differentiation. There is
room for different judgments on the
merits of the two lines of division.

2) The three higher kingdoms are
polyphyletic. The Rhodophyta and

Plantae

Phaeophyta are recognized to have
come from different unicellular ances-
tors than the Chlorophyta; the resem-
blance of these three groups as higher
plants results from convergence. There
is reason also to suspect that these
algae supplement photosynthetic nutri-
tion by absorption (67). Judged by the
criterion of monophyly, the Plantae as
treated here may seem less a kingdom
than an alliance of separate groups
which are multicellular and predomi-
nantly photosynthetic. It is also true
that the Metazoa in its traditional form
is polyphyletic, with separate derivation
to be assumed for two and probably all
three of its subkingdoms. The kingdom
Fungi includes, as indicated, probably
two convergent groups of chytrid and
mycelial fungi and three of slime molds.

3) Even with the multicellular algae
and higher fungi excluded, the Protista
is a grouping of diverse organisms of
disparate directions of evolution. Neces-
sarily, some protist phyla are more

Fungi Animalia

0el

Fig. 3. A five-kingdom system based on three levels of organization-the procaryotic
(kingdom Monera), eucaryotic unicellular (kingdom Protista), and eucaryotic multi-
cellular and multinucleate. On each level there is divergence in relation to three
principal modes of nutrition-the photosynthetic, absorptive, and ingestive. Ingestive
nutrition is lacking in the Monera; and the three modes are continuous along numerous
evolutionary lines in the Protista; but on the multicellular-multinucleate level the nutri-
tive modes lead to the widely different kinds of organization which characterize the
three higher kingdoms-Plantae, Fungi, and Animalia. Evolutionary relations are much
simplified, particularly in the Protista. Phyla are those of Table 1; but only major animal
phyla are entered, and phyla of the bacteria are omitted. The Coelenterata comprise
the Cnidaria and Ctenophora; the Tentaculata comprise the Bryozoa, Brachiopoda, and
Phoronida, and in some treatments the Entoprocta.
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Fig. 3. A five-kingdom system based on three levels of organization-the procaryotic
(kingdom Monera), eucaryotic unicellular (kingdom Protista), and eucaryotic multi-
cellular and multinucleate. On each level there is divergence in relation to three
principal modes of nutrition-the photosynthetic, absorptive, and ingestive. Ingestive
nutrition is lacking in the Monera; and the three modes are continuous along numerous
evolutionary lines in the Protista; but on the multicellular-multinucleate level the nutri-
tive modes lead to the widely different kinds of organization which characterize the
three higher kingdoms-Plantae, Fungi, and Animalia. Evolutionary relations are much
simplified, particularly in the Protista. Phyla are those of Table 1; but only major animal
phyla are entered, and phyla of the bacteria are omitted. The Coelenterata comprise
the Cnidaria and Ctenophora; the Tentaculata comprise the Bryozoa, Brachiopoda, and
Phoronida, and in some treatments the Entoprocta.
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grouped in a polyphyletic subkingdom
Gymnomycota.

This treatment results in a consider-
able elevation of taxa; groups which are
orders and classes in most other classi-
fications become phyla here, in some
cases separated into different branches
and subkingdoms. Recognition of three
phyla of slime molds and seven of chy-
trid and mycelial fungi is not, however,
undue taxonomic inflation. The range
of forms comprised in the fungi is wide,
and the evidence of independent origin
of various fungal and slime mold groups
is clear. It is suggested that true fungi
and slime molds are not best treated as
two phyla, that their designation as such
is in part a consequence of the effort to
treat these groups within the plant or
the protoctist kingdom, and that the ex-
pansion of each into a number of phyla
is more reasonable.

I believe that this system better rep-
resents broad relationships in regard to
both levels of organization and nutritive
modes affecting kinds of organization
than the two-kingdom and Copeland
systems. The red and brown algae and
the fungi may seem better placed, the
former as the higher plants of the sea,
the latter as the third major evolution-
ary direction among higher organisms.
The system may further have much ad-
vantage over the two-kingdom system
and some over the Copeland system in
the coherence and definable character
of the kingdoms as units of classifica-
tion.

Limitations of the Five-Kingdom System

1) The distinction of the unicellular
versus the multicellular and multi-
nucleate conditions becomes the line of
division and difficulty. The phylum
Chlorophyta includes intergrading uni-
cellular, colonial-unicellular, and multi-
cellular forms and consequently violates
the definition either of the Plantae (in
10 JANUARY 1969

which it is placed here) or of the Pro-
tista (in which it could with equal jus-
tice be placed). The slime molds cross
the distinctions of the kingdoms in both
nutrition and organization, and offer a
free choice of treatment as aberrant
fungi, eccentric protists, or very peculiar
animals. The line from the unicellular
to multicellular and multinucleate
organization has been crossed by a num-
ber of independent phyletic lines. I sug-
gest that the transition between the uni-
cellular and multicellular-multinucleate
conditions is a better conceptual division
between lower and higher organisms
than degree of tissue differentiation. The
practical difficulties with borderline
groups are at least as great, and may be
greater, when the separation is based on
the unicellular condition rather than
degree of tissue differentiation. There is
room for different judgments on the
merits of the two lines of division.

2) The three higher kingdoms are
polyphyletic. The Rhodophyta and

Plantae

Phaeophyta are recognized to have
come from different unicellular ances-
tors than the Chlorophyta; the resem-
blance of these three groups as higher
plants results from convergence. There
is reason also to suspect that these
algae supplement photosynthetic nutri-
tion by absorption (67). Judged by the
criterion of monophyly, the Plantae as
treated here may seem less a kingdom
than an alliance of separate groups
which are multicellular and predomi-
nantly photosynthetic. It is also true
that the Metazoa in its traditional form
is polyphyletic, with separate derivation
to be assumed for two and probably all
three of its subkingdoms. The kingdom
Fungi includes, as indicated, probably
two convergent groups of chytrid and
mycelial fungi and three of slime molds.

3) Even with the multicellular algae
and higher fungi excluded, the Protista
is a grouping of diverse organisms of
disparate directions of evolution. Neces-
sarily, some protist phyla are more

Fungi Animalia

0el

Fig. 3. A five-kingdom system based on three levels of organization-the procaryotic
(kingdom Monera), eucaryotic unicellular (kingdom Protista), and eucaryotic multi-
cellular and multinucleate. On each level there is divergence in relation to three
principal modes of nutrition-the photosynthetic, absorptive, and ingestive. Ingestive
nutrition is lacking in the Monera; and the three modes are continuous along numerous
evolutionary lines in the Protista; but on the multicellular-multinucleate level the nutri-
tive modes lead to the widely different kinds of organization which characterize the
three higher kingdoms-Plantae, Fungi, and Animalia. Evolutionary relations are much
simplified, particularly in the Protista. Phyla are those of Table 1; but only major animal
phyla are entered, and phyla of the bacteria are omitted. The Coelenterata comprise
the Cnidaria and Ctenophora; the Tentaculata comprise the Bryozoa, Brachiopoda, and
Phoronida, and in some treatments the Entoprocta.
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and the evidence of independent origin
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and slime molds are not best treated as
two phyla, that their designation as such
is in part a consequence of the effort to
treat these groups within the plant or
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pansion of each into a number of phyla
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the fungi may seem better placed, the
former as the higher plants of the sea,
the latter as the third major evolution-
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The system may further have much ad-
vantage over the two-kingdom system
and some over the Copeland system in
the coherence and definable character
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tion.

Limitations of the Five-Kingdom System

1) The distinction of the unicellular
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division and difficulty. The phylum
Chlorophyta includes intergrading uni-
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cellular forms and consequently violates
the definition either of the Plantae (in
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tice be placed). The slime molds cross
the distinctions of the kingdoms in both
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free choice of treatment as aberrant
fungi, eccentric protists, or very peculiar
animals. The line from the unicellular
to multicellular and multinucleate
organization has been crossed by a num-
ber of independent phyletic lines. I sug-
gest that the transition between the uni-
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conditions is a better conceptual division
between lower and higher organisms
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practical difficulties with borderline
groups are at least as great, and may be
greater, when the separation is based on
the unicellular condition rather than
degree of tissue differentiation. There is
room for different judgments on the
merits of the two lines of division.

2) The three higher kingdoms are
polyphyletic. The Rhodophyta and
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Phaeophyta are recognized to have
come from different unicellular ances-
tors than the Chlorophyta; the resem-
blance of these three groups as higher
plants results from convergence. There
is reason also to suspect that these
algae supplement photosynthetic nutri-
tion by absorption (67). Judged by the
criterion of monophyly, the Plantae as
treated here may seem less a kingdom
than an alliance of separate groups
which are multicellular and predomi-
nantly photosynthetic. It is also true
that the Metazoa in its traditional form
is polyphyletic, with separate derivation
to be assumed for two and probably all
three of its subkingdoms. The kingdom
Fungi includes, as indicated, probably
two convergent groups of chytrid and
mycelial fungi and three of slime molds.

3) Even with the multicellular algae
and higher fungi excluded, the Protista
is a grouping of diverse organisms of
disparate directions of evolution. Neces-
sarily, some protist phyla are more
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Fig. 3. A five-kingdom system based on three levels of organization-the procaryotic
(kingdom Monera), eucaryotic unicellular (kingdom Protista), and eucaryotic multi-
cellular and multinucleate. On each level there is divergence in relation to three
principal modes of nutrition-the photosynthetic, absorptive, and ingestive. Ingestive
nutrition is lacking in the Monera; and the three modes are continuous along numerous
evolutionary lines in the Protista; but on the multicellular-multinucleate level the nutri-
tive modes lead to the widely different kinds of organization which characterize the
three higher kingdoms-Plantae, Fungi, and Animalia. Evolutionary relations are much
simplified, particularly in the Protista. Phyla are those of Table 1; but only major animal
phyla are entered, and phyla of the bacteria are omitted. The Coelenterata comprise
the Cnidaria and Ctenophora; the Tentaculata comprise the Bryozoa, Brachiopoda, and
Phoronida, and in some treatments the Entoprocta.
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Echelle ≠ Arbre du Vivant 
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adapté de H. Philippe (CNRS Moulis); Pearson Education, Inc. 

Phylogénie = Spéciations 
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Homme chimpanzégorilleorang-outangibbon

dauphin hippopotamevachesouriséléphant

crocodilesoiseaux tortues lézards amphibiens

groupes
monophylétiques

Homme et chimpanzé sont
des groupes frères

groupe paraphylétique

groupe polyphylétique

Systématique phylogénétique 

adapté de H. Philippe (CNRS Moulis); Willi Hennig (1966)

1966

Willi Hennig



Les 3 domaines du Vivant 
SSU rRNA (16S/18S)

3 domaines

  1. eubactéries (Procaryotes)

  2. archébactéries (Procaryotes)

  3. Eucaryotes

Woese (1987) Microbiol Rev 51:221-271; http://pacelab.colorado.edu/

Carl Woese

3 domaines
1. Archées
2. Bactéries
3. Eucaryotes

Procaryotes

1977

http://pacelab.colorado.edu


changes, and progresses towards clearly representing the evo-
lutionary history.

This revision was led by the Committee on Systematics and
Evolution of The International Society of Protistologists (S.M.
Adl [Chair], C.E. Lane, J. Lukeš, A.G.B. Simpson). They were
joined by colleagues to make the primary contributors to the
various sections as follows: ALVEOLATA: S.M. Adl, M. Dun-
thorn, M. Hoppenrath, J. Lukeš, D.H. Lynn, S. Rueckert;
AMOEBOZOA: S.M. Adl, E. Lara, E. Mitchell, L. Shadwick, A.V.
Smirnov, F.W. Spiegel; ARCHAEPLASTIDA: C.E. Lane, L. Le

Gall, H. McManus; EXCAVATA: V. Hampl, J. Lukeš, A.G.B.
Simpson; OPISTHOKONTA: S.M. Adl, M. Brown, S.E. Mozley-
Stanridge, C. Shoch; RHIZARIA: S.M. Adl, D. Bass, S. Bowser,
E. Lara, E. Mitchell, J. Pawlowski; STRAMENOPILES: S.M. Adl,
C.E. Lane, A.G.B. Simpson; Incertae sedis EUKARYOTA: S.M.
Adl, F. Burki, V. Hampl, A. Heiss, L. Wagener Parfrey, A.G.B.
Simpson. While these individuals share authorship of this work,
this does not mean that all the authors endorse every aspect of
the proposed classification.

Fig. 1. A view of eukaryote phylogeny reflecting the classification presented herein.

432 J. EUKARYOT. MICROBIOL., 59, NO. 5, SEPTEMBER–OCTOBER 2012

Adl et al. (2012) J Eukaryot Microbiol 59: 429-493

2014

Diap
ho

re
tic

ke
s

A
m

orphea



Phylogénie morphologique 
On compare les caractères qu’on peut observer à l’oeil.

• Caractères morphologiques

• assez subjectifs

• parfois absents (ex. micro-organismes)

Roma

Beep-beep

Mascarpone

mammifères

vertébrés



Phylogénie moléculaire 
On compare les génomes sous-tendant les phénotypes.

Mónica & Penélope : Homo sapiens

César : Pan troglodytes

Andy : Homo sapiens
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Phylogénie moléculaire 
L’accumulation des erreurs forme le signal phylogénétique.



Phylogénie moléculaire 
On peut reconstituer l’arbre en suivant la piste des erreurs.
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Phylogénie moléculaire 
On peut reconstituer l’arbre en suivant la piste des erreurs.
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AACAAAAA AAAAATAA

AACAAAGT AACATAAA CAAAATAAAGAAATAA
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Phylogénie moléculaire 
On peut reconstituer l’arbre en suivant la piste des erreurs.

AAAAAAAA

AACAAAAA AAAAATAA

AACAAAGT AACATAAA CAAAATAAAGAAATAA
espèce 1 espèce 2 espèce 3 espèce 4

1 AACAAAGT
2 AACATAAA
3 AGAAATAA
4 CAAAATAA
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Phylogénie moléculaire 
On peut reconstituer l’arbre en suivant la piste des erreurs.

AAAAAAAA

AACAAAAA AAAAATAA

AACAAAGT AACATAAA CAAAATAAAGAAATAA
espèce 1 espèce 2 espèce 3 espèce 4

1 AACAAAGT
2 AACATAAA
3 AGAAATAA
4 CAAAATAA

Les erreurs étant assez rares,  
la majorité des différences de 

séquence entre espèces sont donc 
héritées des ancêtres communs.
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Il est impératif de comparer des positions homologues.
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Phylogénie moléculaire 
Il est impératif de comparer des positions homologues.

AAAAAAAA

AACAAAAA AAAAATAA

AACAAAGT AACATAAA
espèce 1 espèce 2 espèce 3 espèce 4

1 AACAAAGT
2 AACATAAA
3 AAAATAAT
4 CAAAATAA

CAAAATAAAAAATAAT

délétion
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Phylogénie moléculaire 
Il est impératif de comparer des positions homologues.

AAAAAAAA

AACAAAAA AAAAATAA

AACAAAGT AACATAAA
espèce 1 espèce 2 espèce 3 espèce 4

1 AACAAAGT
2 AACATAAA
3 AA-AATAA
4 CAAAATAA

1 AACAAAGT
2 AACATAAA
3 AAAATAAT
4 CAAAATAA

CAAAATAAAAAATAAT

délétion
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Exemple : cytochrome c



>cheval
MGDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGFSYTDANKNKGITW
KEETLMEYLENPKKYIPGTKMIFAGIKKKTEREDLIAYLKKATNE

Exemple : cytochrome c
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>cheval
--------MGDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGFSYTDA
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>humain
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>plante (arabette des dames)
MQVADISLQGDAKKGANLFKTRCAQCHTLKAGEGNKIGPELHGLFGRKTGSVAGYSYTDA
NKQKGIEWKDDTLFEYLENPKKYIPGTKMAFGGLKKPKDRNDLITFLEEETK

>microbe (amibe)
MSDIIARGNVENGDKLFKARCAQCHTTANGAPNKQGPNLYGLFFPKSRSFPGYAYSDPNK
NTGKFCIMWGEQTLFDYLENPKKYIPKTKMAFAGFKSEQDRADVVAYLEQSTK
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>cheval
--------MGDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGFSYTDA
NKNKG---ITWKEETLMEYLENPKKYIPGTKMIFAGIKKKTEREDLIAYLKKATNE

>humain
--------MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAA
NKNKG---IIWGEDTLMEYLENPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

>poisson
--------MGDVEKGKKVFVQKCAQCHTVENGGKHKVGPNLWGLFGRKTGQAEGFSYTDA
NKSKG---IVWGEDTLMEYLENPKKYIPGTKMIFAGIKKKGERADLIAYLKSATS

>plante (arabette des dames)
MQVADISLQGDAKKGANLFKTRCAQCHTLKAGEGNKIGPELHGLFGRKTGSVAGYSYTDA
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>microbe (amibe)
--MSDIIARGNVENGDKLFKARCAQCHTTANGAPNKQGPNLYGLFFPKSRSFPGYAYSDP
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Exemple : cytochrome c



Exemple : cytochrome c
La comparaison des séquences alignées produit un arbre.

Walter M. Fitch

1967

Fitch & Margoliash (1967) Science 155:279-284



Phylogénomique 
un exemple tiré de la linguistique

Français

Italiano

English

Nederlands

Euskara

Potential relationships among European languages
based on the naive analysis of 1 word

TU

TU

YOU

JE

DUZU



Phylogénomique 
un exemple tiré de la linguistique

Français

Italiano

English

Nederlands

Euskara

Potential relationships among European languages
based on the naive analysis of 1 word

NO

NO

NON

NEE

EZ



français italiano english nederlands euskara

1 un

2 deux

3 trois

4 je

5 tu

6 qui ?

7 oui

8 non

9 mère

10 père

11 dent

12 coeur

13 pied

14 souris

uno one een bat

due two twee bi

tre three drie hiru

io I ik I

tu you je duzu

chi? who? wie? nor?

si yes ja bai

no no nee ez

madre mother moeder ama

padre father vader aita

dente tooth tand hortz

cuore heart hart bihotza

piede foot voet oinez

topolino mouse muis saguaren



Phylogénomique 
un exemple tiré de la linguistique

Français

Italiano

English

Nederlands

Euskara

Known relationships among European languages
strongly supported by the naive analysis of 14 words

indo-european

italic
germ

anic
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 frameworks of phylogenetic inference (see the exchange 
between myself and JOHN GATESY in particular: GATESY 
et al. 2002; BININDA-EMONDS et al. 2003; BININDA-EMONDS 
2004b;  GATESY et al. 2004). Criticisms of supertrees range 
from shortcomings in specifi c implementations of the 
method to perceived shortcomings that are fundamental 
to the method itself. Among the latter, the key concern is 
that supertrees, by combining and analyzing the trees de-
rived from character data rather than analyzing the data 
directly, represent a meta-analysis one step removed from 
the real data (GATESY & SPRINGER 2004). The inherent loss 
of information this fact entails automatically translates for 
some to an inherent decrease in accuracy compared to a 
supermatrix analysis. Instead, the meta-analysis nature of 
supertrees can also be viewed as a potential strength. Be-
cause issues of character data combinability do not affect 
supertree construction, more of the total phylogenetic da-
tabase can be used to derive the evolutionary trees. This 
fact, in large measure, accounts for the ability of super-

trees to obtain more comprehensive phylogenetic trees for 
most groups than is currently possible using a superma-
trix approach. Even so, it is held by some that phyloge-
netic supertrees merely represent a stopgap measure for 
phylogenetic inference until suffi cient molecular data be-
come available to enable the more desirable supermatrix 
analyses. With the ever-increasing pace and ever-decreas-
ing costs of high throughput sequencing, this opinion does 
have a certain validity to it, albeit much more so for char-
ismatic groups (e. g., mammals or fl owering plants) than 
for other far less well studied ones (e. g., rotifers and many 
other microfaunal taxa).

What then does the future hold for supertrees, if an-
ything? As I argued some years ago (BININDA-EMONDS 
2004a), the application of a supertree framework will 
gradually shift from its traditional application of combin-
ing source trees obtained from the literature to become 
more integrated with the supermatrix framework (see  
Fig. 1). The timing of this shift depends largely on the 

Fig. 1. Breaking down the wall between supermatrix (left) and supertree (right) analyses. Instead of being based on distinct data sets 
(top left and top right respectively), both frameworks will analyze the same (molecular) data set (top left) in the future. A supertree 
analysis of partitions in this data set will then be compared directly to the supermatrix solution in a global congruence framework 
(bottom middle) and/or used to seed a supermatrix analysis as part of a divide-and-conquer strategy (middle).

Supermatrix
analysis

Single-gene
analyses

Tree comparisons

Supertree
construction

SUPERTREESUPERMATRIX

Phylogénomique
application aux gènes des génomes à comparer

Bininda-Emonds (2010) Palaeodiversity 3 (Suppl.):99–106
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