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L’évolution dans son plus simple appareil

Mutation → variance héritable
= hérédité

Dérive

N Générations…

Sélection

…



Les ingrédients essentiels (ce que nous devons formaliser)

2. Mutation (hérédité)

1. Reproduction ✓= Autocatalyse

3. L’individu



Deux hypothèses à contraster
Impasse

du réplicateur

Le cycle autocatalytique :
Une alternative, mais plus difficile

Le réplicateur :
Une solution simple, mais simpliste



Le réplicateur: une solution simple
Impasse

du réplicateur

èUn ribozyme?
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Figure 3: Folding kinetics and conformational states of the catalytic core of the hammerhead
ribozyme. (a) Schematic folding scheme for the transition from the unfolded state (U) to
some partially folded intermediate (I) and to the folded state F0; an additional conforma-
tional change may occur through tertiary contacts (red arrow) between the extensions of
the stem-loops from domains I and II found in full-length hammerhead RNAs (red dashed
line); modified with permission from Hammann et al. (2001).98 Copyright (2001) National
Academy of Sciences. (b) 3D structures of the hammerhead ribozyme in its truncated form
corresponding to the F0 state and its minimal full-length form corresponding to the F1
state. From left to right: the 3D structures were taken from PDB IDs: 299D,99 1HMH,107

and 2QUS.108 The nucleotides from domain I (magenta) and from domain II (cyan) are
brought close to each other during the folding into the I and F states; the nucleotides from
those two terminal domains (red) can establish tertiary contacts (red arrow) that help to
fold into the active conformation (F1) with an increased catalytic e�ciency. The cartoon
representation of the RNA backbone includes a variable width which is proportional to the
B-factors.
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… mais simpliste 
Impasse

du réplicateur

Une hypothèse trop discontinue

Le paradoxe 
de Eigen

Une hypothèse trop improbable

Une hypothèse trop biologique

ARNADN Protéines

Une hypothèse non soutenue empiriquement
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Figure 3: Folding kinetics and conformational states of the catalytic core of the hammerhead
ribozyme. (a) Schematic folding scheme for the transition from the unfolded state (U) to
some partially folded intermediate (I) and to the folded state F0; an additional conforma-
tional change may occur through tertiary contacts (red arrow) between the extensions of
the stem-loops from domains I and II found in full-length hammerhead RNAs (red dashed
line); modified with permission from Hammann et al. (2001).98 Copyright (2001) National
Academy of Sciences. (b) 3D structures of the hammerhead ribozyme in its truncated form
corresponding to the F0 state and its minimal full-length form corresponding to the F1
state. From left to right: the 3D structures were taken from PDB IDs: 299D,99 1HMH,107

and 2QUS.108 The nucleotides from domain I (magenta) and from domain II (cyan) are
brought close to each other during the folding into the I and F states; the nucleotides from
those two terminal domains (red) can establish tertiary contacts (red arrow) that help to
fold into the active conformation (F1) with an increased catalytic e�ciency. The cartoon
representation of the RNA backbone includes a variable width which is proportional to the
B-factors.
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Une alternative plus vraisemblable, mais plus difficile

• Comment émerge 
l’individualité à partir 
d’un collectif ?

• Comment évolue la 
mutation ?

Que nous apprend la 
biologie évolutive?

Un cycle 
autocatalytique

Mutations
???

Individuation  
???
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Deux processus « d’individuation darwinienne »

• Sélection de parentèle
è Altruisme entre apparentés

• La réciprocité
è Symbioses mutualistes



Comment commencent les symbioses mutualistes?

Interdépendance

?
+

Dépendance + ?
Dépendance +

>
?



Une condition essentielle : la structuration spatiale



Un cas d’école: la transmission verticale

è Coopération

G1

G0

è Conflit



Wolbachia et consorts  : des exceptions, pour préciser la règle



Pourquoi les conflits génétiques ?

=
=

Transmission uniparentale

Projet Horizon - DEFI des autres savoirs - PRC AAPG ANR 2017

HORIZON project

Pa�erns and processes of horizontal DNA transfer:

An in-depth explora�on of the host-parasitoid route

Patrons et processus du transfert horizontal d’ADN :

Une explora�on approfondie de la voie hôtes-parasitoïdes

Figure 1. A schema�c illustra�on of our study system and

approach. Green lines represent host-parasitoid ecological

links, known from long-term !eld studies. Red arrows

represent pa�erns of horizontal DNA transfer, recent (at

the �ps of the host and parasitoid trees) or ancient (on

internal branches), that we will document through whole

genome sequencing and cophylogene�c analyses. We will

inves�gate the processes underlying these transfers, and

speci!cally test the hypotheses that ecological

connec"vity between hosts and parasitoids allow direct

transfers, while reduced phylogene"c distances might

facilitate indirect gene�c exchanges between two closely

related hosts or parasitoids.
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Project summary

It is now recognised that DNA can move across species barriers, not only in bacteria and archaea,

where this has been long-recognised, but also among eukaryotes, including metazoans. In the laBer

however, Horizontal Transfers (HTs) are only documented from a few case studies, providing us with a

highly-fragmented picture of which gene�c elements can actually move, and by what processes.

Evidence for HT between insect parasitoids and the hosts in which they develop indicates that this

�ght ecological connec�vity can allow the transmission of DNA. Other data sets suggest that

Transposable Elements (TEs) tend to be exchanged most frequently between closely related lineages,

possibly because of the resemblance between the donor and recipient organisms. Building on these

observa�ons, we hypothesize here that ecological connec�vity and phylogene�c relatedness

represent the major determinants of HT. To test this hypothesis, we will combine full genome

sequencing with the results of 40 years of !eld work in a Costa Rican Na�onal Park that have

exhaus�vely documented the network of interac�ons between Lepidoptera caterpillars and their
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è Continuité des individualités darwiniennes



L’individuation darwinienne

Structuration è Coopération è Individuation
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Figure 3: Folding kinetics and conformational states of the catalytic core of the hammerhead
ribozyme. (a) Schematic folding scheme for the transition from the unfolded state (U) to
some partially folded intermediate (I) and to the folded state F0; an additional conforma-
tional change may occur through tertiary contacts (red arrow) between the extensions of
the stem-loops from domains I and II found in full-length hammerhead RNAs (red dashed
line); modified with permission from Hammann et al. (2001).98 Copyright (2001) National
Academy of Sciences. (b) 3D structures of the hammerhead ribozyme in its truncated form
corresponding to the F0 state and its minimal full-length form corresponding to the F1
state. From left to right: the 3D structures were taken from PDB IDs: 299D,99 1HMH,107

and 2QUS.108 The nucleotides from domain I (magenta) and from domain II (cyan) are
brought close to each other during the folding into the I and F states; the nucleotides from
those two terminal domains (red) can establish tertiary contacts (red arrow) that help to
fold into the active conformation (F1) with an increased catalytic e�ciency. The cartoon
representation of the RNA backbone includes a variable width which is proportional to the
B-factors.

12

???



1. Le problème: hérédité et individualité 

2. L'individu collectif: règles et exceptions

3. Evolution de l’hérédité

4. La perspective métaévolutive

5. Quelques pistes plus « concrètes »



Les mécanismes mutationnels ne sont pas figés

Les effets des mutations évoluent Des processus Lamarckiens peuvent évoluer

Les taux de mutations évoluent La nature des mutations évolue
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En biologie ? En-deçà et au-delà ?

è L’évolution: un processus récursif

Physique Biologie
Sciences 

humaines

Métaévolution: expliciter et initialiser cette récursion

Définition et objectifs

Individualité Hérédité

L’évolution: une théorie circulaire ?

Individus
Hérédité Evolution Individus

Hérédité
𝑛 + 1

Individus
Hérédité

𝑛

Individus
Hérédité
𝑛 + 2

Evolution
Evolution

… …



1. Le problème: hérédité et individualité 

2. L'individu collectif: règles et exceptions

3. Evolution de l’hérédité

4. La perspective métaévolutive

5. Quelques pistes plus « concrètes »



Un modèle de « soupe physique »

Hérédité…? Individualité…?

Des objets en interaction dans espace structuré Auto-catalyse

∆𝐺

𝐸%

Coarse graining Individuation

𝑁𝑃?
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+ +
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