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Flora Gaudillière (TIMC, Université Grenoble Alpes)
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https://alphy-aiem-2023.sciencesconf.org

3



 Journées Interdisciplinaires de l'Évolution Moléculaire Alphy/AIEM

8h30 Opening 8h30 Opening

9h00 9h00

9h45 9h20

10h05 9h40

10h25 Coffee break 10h00

10h55 10h20 Coffee break

11h15 10h50

13h00 Welcome coffee and registration 11h35 11h10

13h30 Introduction 11h55 11h30

13h45 12h05 11h50

14h30 12h25 Lunch break 12h20 Conclusion 

14h50 14h00 12h30 Lunch (to go)

15h10 14h45

15h30 Cofffee break 15h05

16h00 15h25

16h20 15h45 Coffee break

16h40 16h15

17h00 16h35

17h20 Poster session & beers 16h55

19h00 End of first day 17h15

17h35

20h00 Gala dinner @Bouillon A

Monday, January 23rd 2023 Tuesday, January 24th 2023 Wednesday, January 25th 2023

Invited speaker - Anne-Florence Bitbol - 
Optimization and historical contingency in protein 
sequences

Jean-Baptiste Grodwohl - Opening Motoo Kimura's 
archives: on the history of molecular evolution and the 
neutralist school

Ignacio Bravo - Transcriptomic, proteomic and 
functional cis- and trans-acting effects in human cells 
of gene expression with varying codon usage 
preferences, in a long-term selection experiment

Leonardo Trujillo - Adaptive walks don't do walks on 
hypercubes

Luca Nesterenko - Phyloformer: Towards fast and 
accurate phylogeny reconstruction with self-attention 
networks

Thibaut Capblancq - In search of islands of 
speciation in the genomes of two Coenonympha 
butterfly sister species

Elise Gay - Mitonuclear discordance in the great white 
shark (Carcharodon carcharias): sex biased dispersal, 
mitonuclear incompatibility, or both?

Florian Bénitière - Investigating the impact of random 
genetic drift on synonymous codon usage in 
metazoans

Margaux Jullien – COCOATree: benchmarking 
coevolution methods for sector identification

Alia Abbara - Spatially structured populations on 
graphs beyond update rules

Romain Feron - Reproducible workflows to study 
conservation of genomic sequence using multispecies 
whole genome alignments

Thomas Forest - Birds demography inference based 
on genomic data

Rémi-Vinh Coudert - MPS-Sampling (Multi Proteins 
Similarity Sampling) to select evolutionary significant 
representative genomes from large databases

Riccardo Poloni - Genetics and genomics help 
understanding the colour polymorphism in the invasive 
Box Tree Moth

Invited speaker - François Parcy - Evolution of 
the floral regulator LEAFY

Lea Bou Dagher - Evolutionary signal captured from 
topological properties of proteins via persistent 
homology

Matthieu Joron - Subtle signals of adaptive 
introgression in the late stages of the speciation 
continuum

Paul Zaharias - Robustness of Felsenstein's versus 
Transfer Bootstrap Supports with respect to Taxon 
Sampling

Nisha Dwivedi - Resolving the evolutionary history of 
Nesoenas picturata in the Mascarenes

Invited speaker - Mathieu Groussin - Evolution 
of host-gut microbiome interactions in the context 
of industrialization

Clément Gain - A quantitative theory for genomic 
offset statistics

Flora Gaudillière - Understanding the evolutionary 
dynamics of insertion sequences in prokaryotic 
genomes

Fanny Mazzamurro - Evolution of natural 
transformation in bacteria

Marie Raynaud - Population genomics reveal 
PRDM9-dependent recombination landscapes in 
salmonids

Sophie-Carole Chobert - Unraveling the relative 
emergence of quinones biosynthetic pathways

Thibault Latrille - Up to 25% of beneficial mutations in 
protein sequences are not adaptive innovations in 
mammals

Julien Joseph - Recombination and selection 
efficiency in humans

Guillaume Louvel - Causes of discord in eukaryotic 
protein domains inherited from Archaea

Antoine Taupenot - Social polymorphism and 
supergene in the ant Myrmecina graminicola: insights 
from population genomics

Anton Crombach - Cell type diversification across 
paleo– and neocortex revealed by single cell 
multiomics analysis

Jasmine Gamblin - Beyond one-gain models for 
pangenome evolution

Charles Coluzzi - Epistatic interactions between 
genetic background and antibiotic resistances genes 
(and vice versa)

Mélodie Bastian - Bridging the gap between 
population genomic and phylogenetic approaches by 
the study of the effective population size



Program



1 Population Genetics I 10
1.1 Evolution of the Floral Regulator LEAFY . . . . . . . . . . . . . 11
1.2 Robustness of Felsenstein’s versus Transfer Bootstrap Supports

with respect to Taxon Sampling . . . . . . . . . . . . . . . . . . . 12
1.3 Resolving the Evolutionary History of Nesoenas picturata in the

Mascarenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
1.4 A Quantitative Theory for Genomic Offset Statistics . . . . . . . 14
1.5 Population Genomics Reveal PRDM9-Dependent Recombination

Landscapes in Salmonids . . . . . . . . . . . . . . . . . . . . . . . 15
1.6 Up to 25% of Beneficial Mutations in Protein Sequences Are Not

Adaptive Innovations in Mammals . . . . . . . . . . . . . . . . . 16
1.7 Recombination and Selection Efficiency in Humans . . . . . . . . 17
1.8 Social Polymorphism and Supergene in the AntMyrmecina gramini-

cola: Insights from Population Genomics . . . . . . . . . . . . . . 18

2 Sequence Analysis 19
2.1 Optimization and Historical Contingency in Protein Sequences . 20
2.2 Transcriptomic, Proteomic and Functional Cis- and Trans-Acting

Effects in Human Cells of Gene Expression with Varying Codon
Usage Preferences, in a Long-Term Selection Experiment . . . . . 22

2.3 Phyloformer: Towards Fast and Accurate Phylogeny Reconstruc-
tion with Self-Attention Networks . . . . . . . . . . . . . . . . . . 24

2.4 Investigating the Impact of Random Genetic Drift on Synony-
mous Codon Usage in Metazoans . . . . . . . . . . . . . . . . . . 26

2.5 COCOATree: Benchmarking Coevolution Methods for Sector Iden-
tification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.6 Reproducible Workflows to Study Conservation of Genomic Se-
quence Using Multispecies Whole Genome Alignments . . . . . . 29

2.7 MPS-Sampling (Multi Proteins Similarity Sampling) to Select
Evolutionary Significant Representative Genomes from Large Databases 30

2.8 Evolutionary Signal Captured from Topological Properties of Pro-
teins via Persistent Homology . . . . . . . . . . . . . . . . . . . . 32

3 Genome Evolution 34
3.1 Evolution of Host-Gut Microbiome Interactions in the Context

of Industrialization . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.2 Understanding the Evolutionary Dynamics of Insertion Sequences

in Prokaryotic Genomes . . . . . . . . . . . . . . . . . . . . . . . 36
3.3 Evolution of Natural Transformation in Bacteria . . . . . . . . . 37
3.4 Unraveling the Relative Emergence of Quinones Biosynthetic Path-

ways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
3.5 Causes of Discord in Eukaryotic Protein Domains Inherited from

Archaea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
3.6 Cell Type Diversification Across Paleo– and Neocortex Revealed

by Single Cell Multiomics Analysis . . . . . . . . . . . . . . . . . 40
3.7 Beyond One-Gain Models for Pangenome Evolution . . . . . . . 41

6



3.8 Epistatic Interactions Between Genetic Background and Antibi-
otic Resistances Genes (and Vice Versa) . . . . . . . . . . . . . . 42

3.9 Bridging the Gap Between Population Genomic and Phylogenetic
Approaches by the Study of the Effective Population Size . . . . 43

4 Population Genetics II 45
4.1 Opening Motoo Kimura’s Archives: on the History of Molecular

Evolution and the Neutralist School . . . . . . . . . . . . . . . . 46
4.2 Adaptive Walks Don’t Do Walks on Hypercubes . . . . . . . . . 47
4.3 In Search of Islands of Speciation in the Genomes of two Coenonympha

Butterfly Sister Species. . . . . . . . . . . . . . . . . . . . . . . . 48
4.4 Mitonuclear Discordance in the Great White Shark (Carcharodon

carcharias): Sex Biased Dispersal, Mitonuclear Incompatibility,
or Both? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.5 Spatially Structured Populations on Graphs Beyond Update Rules 50
4.6 Birds Demography Inference Based on Genomic Data . . . . . . 51
4.7 Genetics and Genomics Help Understanding the Colour Polymor-

phism in the Invasive Box Tree Moth . . . . . . . . . . . . . . . . 52
4.8 Subtle Signals of Adaptive Introgression in the Late Stages of the

Speciation Continuum . . . . . . . . . . . . . . . . . . . . . . . . 53

5 Posters 54
5.1 Exploration of Myriapoda genomes . . . . . . . . . . . . . . . . . 55
5.2 The Influence of Genetic Dosage on PRDM9-Dependent Evolu-

tionary Dynamics of Meiotic Recombination . . . . . . . . . . . . 56
5.3 PhylteR, a Tool for Analyzing, Visualizing and Filtering Phyloge-

nomics Datasets . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
5.4 Predicting Interaction Partners Using Masked Language Modeling 58
5.5 Using Whole-Genome Data to Unravel the Evolutionary History

of a Commercially Important Species: Demographic History and
Chromosomal Inversions in the Thorny Skate (Amblyraja radiata) 59

5.6 Urban Population Genomics: Dispersal and Adaptation of the
Brown Rat (Rattus norvegicus) in Paris . . . . . . . . . . . . . . 61

5.7 Inference of the Cultural Transmission of Reproductive Success
from Human Genomic Data: ABC and Machine Learning Methods 62

5.8 Thirdkind: Drawing Reconciled Phylogenetic Trees Up to 3 Rec-
onciliation Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

5.9 Towards Alife-Generated Benchmarks for Phylogeny . . . . . . . 65
5.10 MacSyFinder v2: An Improved Search Engine to Model and Iden-

tify Molecular Systems in Genomes . . . . . . . . . . . . . . . . . 67
5.11 Towards Creating Longer Genetic Sequences with Generative Ad-

versarial Networks . . . . . . . . . . . . . . . . . . . . . . . . . . 68
5.12 Gene Conversion Drives Allelic Dimorphism in Two Paralogous

Surface Antigens of the Malaria Parasite, P. falciparum . . . . . 69
5.13 Conservation of Structured Populations : Insights from the Struc-

tured Coalescent . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

7



5.14 Bayesian Inference of the Origin of Ancient Individuals . . . . . . 72
5.15 Genome Size Variation in Animals: Impact of Effecive Population

Size and Transposable Elements . . . . . . . . . . . . . . . . . . . 73
5.16 An Early Origin of Iron-Sulfur Cluster Biosynthesis Machineries

Before Earth Oxygenation . . . . . . . . . . . . . . . . . . . . . . 74

8



Oral Presentations



1

Population Genetics I



Evolution of the floral regulator LEAFY

Francois Parcy∗1

1Physiologie Cellulaire et Végétale - Grenoble – CNRS : UMR5168, Commissariat à l’Énergie Atomique

et aux Énergies Alternatives (CEA) - Grenoble, Institut national de la recherche agronomique (INRA),

, Universitey of Grenoble Alpes (UGA) – France

Résumé

Angiosperms represent a successful group of plants characterised by the presence of flow-
ers. Molecular genetics in angiosperm monde species identified the LEAFY transcription
factor as a master regulator of flower development. However, LEAFY is also present in al-
gae, mosses, ferns and gymnosperms and we wondered what are the evolutionary steps that
lead LEAFY to become a key floral regulator. For this, we (and others) study both the
evolution of the LEAFY role and the evolution of the structural and biochemical properties
of the LEAFY protein. I will describe recent progress in both axes and discuss about what
we learned about the origin of flowers.

∗Intervenant

sciencesconf.org:alphy-aiem-2023:437475



Robustness of Felsenstein’s versus Transfer

Bootstrap Supports with respect to Taxon Sampling

Paul Zaharias∗1, Frédéric Lemoine2, and Olivier Gascuel†3

1Institut de Systématique, Evolution, Biodiversité – Museum National d’Histoire Naturelle, Ecole

Pratique des Hautes Etudes, Sorbonne Universite, Centre National de la Recherche Scientifique :

UMR7205, Université des Antilles – France
2Institut Pasteur – Hub Bioinformatique et Biostatistique – C3BI, USR 3756 IP CNRS – Institut

Pasteur de Paris – 25-28 Rue du Docteur Roux, 75015 Paris, France
3Institut de Systématique, Evolution, Biodiversité – Museum National d’Histoire Naturelle, Ecole

Pratique des Hautes Etudes, Sorbonne Universite, Centre National de la Recherche Scientifique :

UMR7205, Université des Antilles – France

Résumé

The bootstrap method is based on resampling alignments and reestimating trees. Felsen-
stein’s bootstrap proportions (FBP; Felsenstein 1985) is the most common approach to
assess the reliability and robustness of sequence-based phylogenies. However, when increas-
ing taxon-sampling (i.e., the number of sequences) to hundreds or thousands of taxa, FBP
tends to return low supports for deep branches. The Transfer Bootstrap Expectation (TBE;
Lemoine et al. 2018) has been recently suggested as an alternative to FBP. TBE is measured
using a continuous transfer index in (0,1) for each bootstrap tree, instead of the {0,1} index
used in FBP to measure the presence/absence of the branch of interest. TBE has been shown
to yield higher and more informative supports, without inducing falsely supported branches.
Nonetheless, it has been argued that TBE must be used with care due to sampling issues,
especially in datasets with high number of closely related taxa. In this study, we conduct
multiple experiments by varying taxon sampling and comparing FBP and TBE support val-
ues on different phylogenetic depth, using empirical datasets. Our results show that the main
critic of TBE stands in extreme cases with highly unbalanced sampling among clades, but
that TBE is still robust in most cases, while FBP is inescapably negatively impacted by high
taxon sampling. We suggest guidelines and good practices in TBE (and FBP) computing
and interpretation.

∗Intervenant
†Auteur correspondant: olivier.gascuel@mnhn.fr

sciencesconf.org:alphy-aiem-2023:434338

mailto:olivier.gascuel@mnhn.fr


Resolving the evolutionary history of Nesoenas

picturata in the Mascarenes

Nisha Dwivedi∗1, Ben Warren2, and Stefano Mona3,4

1Institut de Systématique, Evolution, Biodiversité – Museum National d’Histoire Naturelle, Ecole

Pratique des Hautes Etudes, Sorbonne Universite, Centre National de la Recherche Scientifique :

UMR7205, Université des Antilles – France
2Institut de Systématique, Evolution, Biodiversité – Centre National de la Recherche Scientifique, Ecole

Pratique des Hautes Etudes, Sorbonne Universite, Museum National d’Histoire Naturelle : UMR7205,

Université des Antilles – France
3Ecole Pratique des Hautes Etudes (EPHE) – Ecole Pratique des Hautes Etudes – PSL Research

University, Paris, France
4Institut de Systématique, Evolution, Biodiversité (ISYEB) – Museum National d’Histoire Naturelle,

Université Pierre et Marie Curie - Paris 6, Ecole Pratique des Hautes Etudes : UMR7205, Centre

National de la Recherche Scientifique – 57 rue Cuvier, CP39, France

Résumé

Many island species are threatened with extinction due to competition from introduced
species. Knowing whether a species is native or introduced is therefore critical for effective
conservation action which, on islands, commonly involves the culling of non-native individu-
als. The colonization history of Nesoenas picturata throughout the Mascarenes is uncertain.
Though known to be native to Madagascar, its status in Réunion and Mauritius is unclear.
Moreover, while N.picturata is protected in Réunion, it is culled in Mauritius. Fossil records
of N. picturata in Mauritius suggest that the extant population could be native, the result
of hybridization between native and introduced individuals or fully introduced after the ex-
tinction of the native population. To investigate the colonization history of N.picturata in
the Mascarenes we created a genetic time series by whole genome sequencing historical and
modern samples. Population structure analyses suggest that the N. picturata populations
of Madagascar, Reunion and Mauritius form three separate clades. Historical demographic
inferences show a similar trajectory in Reunion and Mauritius, but with discrepancies in
the effective population size and the timing of demographic events. Such results are sugges-
tive of two independent colonization events originating in Madagascar, the more ancient to
Réunion and the more the more recent to Mauritius. By harnessing the power of temporal
series, we are currently testing for hybridization and full modeling inter-island migration
using coalescence simulations. This allows us to better understand the routes and timing of
colonization to both Réunion and Mauritius, as well as refining the more recent changes in
effective population size that occurred after human arrival.

∗Intervenant

sciencesconf.org:alphy-aiem-2023:436738



A quantitative theory for genomic offset statistics

Clément Gain∗1 and Olivier François2

1Techniques de ĺIngénierie Médicale et de la Complexité - Informatique, Mathématiques et

Applications, Grenoble - UMR 5525 – VetAgro Sup - Institut national d’enseignement supérieur et de

recherche en alimentation, santé animale, sciences agronomiques et de l’environnement, Centre National

de la Recherche Scientifique : UMR5525, Université Grenoble Alpes, Institut polytechnique de Grenoble

- Grenoble Institute of Technology – France
2UMR 5525 TIMC-IMAG – Université Grenoble-Alpes – France

Résumé

Genomic offset statistics assess the maladaptation of populations to rapid habitat alter-
ation based on association of genotypes with environmental variation. Despite substantial
evidence for empirical validity, genomic offset statistics have well identified limitations, and
lack a theory that would facilitate interpretations of predicted values. Here, we clarified the
theoretical relationships between genomic offset statistics and adaptive traits, and proposed
a new measure to predict fitness after rapid change in local environment. The predictions
of our theory were verified in computer simulations and in empirical data on African pearl
millet (Cenchrus americanus) obtained from a common garden experiment. Our results pro-
posed a unified perspective on genomic offset statistics, and outlined their importance for
conservation management in the face of environmental change.

∗Intervenant

sciencesconf.org:alphy-aiem-2023:437250



Population genomics reveal PRDM9-dependent

recombination landscapes in salmonids

Marie Raynaud∗1, Pierre-Alexandre Gagnaire2, and Nicolas Galtier3

1Institut des Sciences de lÉvolution de Montpellier – Centre de Coopération Internationale en

Recherche Agronomique pour le Développement : UMR116, Ecole Pratique des Hautes Etudes,

Université de Montpellier, Institut de recherche pour le développement [IRD] : UR226, Centre National

de la Recherche Scientifique : UMR5554 – France
2Institut des Sciences de l’Évolution de Montpellier – Centre National de la Recherche Scientifique,

Université de Montpellier, Institut de recherche pour le développement [IRD] : UR226 – France
3ISEM – CNRS, UMR 5554 Institut des Sciences de l’Evolution (Université de Montpellier) – France

Résumé

In most mammals, the genomic localization of recombination hotspots is directed by the
PRDM9 protein. The complete or partial loss of PRDM9 in other taxa such as birds, some
teleost fishes or invertebrates, results in a different localization of hotspots and an appar-
ently more stable dynamics of recombination landscapes than in mammals. The existence of
mammalian-like recombination landscapes in taxa that have retained a functional PRDM9
remains unclear, raising questions about the ancestral role of PRDM9 in animals. Salmonid
fishes have a full-copy of the PRDM9 gene - Is it involved in the regulation of recombination
as in humans and mice? To address this question, we used linkage disequilibrium information
from whole-genome polymorphism data to build fine-scale population-based recombination
maps in three Salmonid species: Oncorhynchus kisutch, O. mykiss and Salmo salar. The
three species showed recombination rate variation at both broad and fine scales, with a ten-
dency for hotspots to be localized away from transcription start sites, similarly to mammals.
Moreover, the comparison of recombination landscapes among species of salmonids revealed
a rapid evolution of the recombination rate distribution. These findings strongly suggest that
PRDM9 has a function of directing DNA double strand breaks in salmonids, arguing in favor
of an ancestrally PRDM9-mediated recombination process in vertebrates. Confirmation of
these results via ChipSeq and binding motif analysis is on its way.

∗Intervenant

sciencesconf.org:alphy-aiem-2023:434538



Up to 25% of beneficial mutations in protein

sequences are not adaptive innovations in mammals

Thibault Latrille∗1, Julien Joseph2, and Nicolas Salamin1

1Département de biologie computationnelle - Université de Lausanne – Suisse
2Laboratoire de Biométrie et Biologie Evolutive – Université de Lyon, Université Lyon 1 – France

Résumé

In this work based on genome-wide studies across species and populations, we estimated
the proportion of beneficial mutations in protein coding sequences that are not adaptive
innovations.
Our study is based on the premise that slightly deleterious mutations scattered across the
genome are reaching fixation due to genetic drift. These mutations are then subsequently
reverted by beneficial back-mutations, generating a balance at which genomes are constantly
both damaged and repaired simultaneously at different loci. Even though the existence
of these back-mutations is predicted by the nearly neutral theory, they have been largely
overlooked, and positive selection has been countlessly interpreted as adaptation to changing
environments. In this work, we integrated datasets across the entire exome of 96 species at
the mammalian scale, with polymorphism for 28 populations from 6 genera (Equus, Bos,
Capra, Ovis, Chlorocebus and Homo). We then estimated selective effects of mutations
inside mammalian protein coding sequences, under a model assuming no adaptation at the
phylogenetic scale. We finally estimated the proportion of beneficial mutations that are
not adaptive innovations among all beneficial mutations at the population scale. Our work
confirms that deleterious substitutions have accumulated in mammals and are currently being
eliminated. In modern humans, it results in around 25% of beneficial mutations that are not
adaptive innovations, but instead are repairing previous deleterious changes.

∗Intervenant

sciencesconf.org:alphy-aiem-2023:435521



Recombination and selection efficiency in humans

Julien Joseph∗†1, Thibault Latrille2, Laurent Duret1, and Nicolas Lartillot1

1Laboratoire de Biométrie et Biologie Evolutive - UMR 5558 – Université Claude Bernard Lyon 1,

Institut National de Recherche en Informatique et en Automatique, VetAgro Sup - Institut national

d’enseignement supérieur et de recherche en alimentation, santé animale, sciences agronomiques et de

l’environnement, Centre National de la Recherche Scientifique : UMR5558 – France
2Université de Lausanne = University of Lausanne – Suisse

Résumé

Meiotic recombination is a major force driving genome evolution in eukaryotes. It allows
the independent segregation of alleles with different selective value hereby enhancing the ef-
ficiency of selection. However, it has also been shown in mammals and especially in humans
that recombination events can induce a transmission bias of GC alleles call GC-biased gene
conversion, which can increase the genetic load. In the end recombination can have both
a beneficial and a deleterious effect on the efficiency of selection, but it is not clear which
effect outweights the other, and if an increase of the recombination rate is overall beneficial
or deleterious in humans. In this study, we leverage an estimation of the fitness landscape at
the mammalian scale to test wether highly recombining protein are more or less fit than lowly
recombining ones in humans. We conclude that recombination and GC-biased gene conver-
sion is responsible for around a third of the fixed genetic load, showing that even relatively
low recombination rates are already deleterious because of GC-biased gene conversion. We
discuss the reason of this recombination-induced load in the light of intragenomic conflicts
involving fertility and genome integrity.

∗Intervenant
†Auteur correspondant: julien.joseph@ens-lyon.fr

sciencesconf.org:alphy-aiem-2023:437649

mailto:julien.joseph@ens-lyon.fr


Social polymorphism and supergene in the ant

Myrmecina graminicola: insights from population

genomics

Antoine Taupenot∗1, Elise Gay2, Claudie Doums†3, Mathieu Molet‡1, and Stefano
Mona§3

1Institut d´cologie et des sciences de lénvironnement de Paris – Institut de Recherche pour le
Développement : UMR242, Sorbonne Universite : UMR113, Université Paris-Est Créteil Val-de-Marne -

Paris 12 : UMR7618, Centre National de la Recherche Scientifique : UMR7618, Institut National de
Recherche pour l’Agriculture, l’Alimentation et l’Environnement : UMR1392 – France

2École pratique des hautes études – Université Paris sciences et lettres – France
3Institut de Systématique, Evolution, Biodiversité – Museum National d’Histoire Naturelle, Ecole
Pratique des Hautes Etudes, Sorbonne Universite, Centre National de la Recherche Scientifique :

UMR7205, Université des Antilles – France

Résumé

Supergenes are genomic regions of various length inherited as a single block due to the
suppression of recombination. They lock set of genes determining complex (adaptive) pheno-
types. They are well known for being responsible of some spectacular polymorphisms like sex
chromosomes, mimetic morphs in butterflies or colony social organization in ants. Up to now,
it has been shown that five distantly related ant species harbor a supergene responsible for
the number of queens per colony. This social polymorphism has been also linked to morpho-
logical, chemical, and behavioral variations involved in dispersal abilities. However, its origin
and maintenance remain to be clearly elucidated and new test cases are warranted. In this
spirit, we selected the ant species Myrmecina graminicola for which a social polymorphism
(i.e., the occurrence of both monogynous and polygynous colonies) has been described and
was shown to have a simple mendelian inheritance. To test for the presence of the supergene
and its relationship with the social polymorphism we whole genome sequenced 24 queens
from the Fontainebleau Forest (Ile-de-France) belonging to the two colony types. Genomic
scan based on Fst, linkage disequilibrium and the site frequency spectrum identified 6 scaf-
folds (for a total of ˜11 Mb) rich in coding genes ( ˜400) differentiating monogynous from
polygynous colonies, clearly identifying the presence of a social supergene. Syntenic analyses
further highlight that the genomic organization of M. graminicola supergene differs from
those of the other ant lineages, suggesting the existence of a novel evolutionary trajectory
leading to the social phenotype. Further analyses are ongoing to study the genetic structure
of the two types of colonies and to verify that the identified scaffolds constitute a single
genomic region. This will allow us to better characterize the origin and maintenance of this
supergene.
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Optimization and historical contingency in protein

sequences

Anne-Florence Bitbol∗†1

1EPFL – Suisse

Résumé

Protein sequences are shaped by functional optimization on the one hand and by evo-
lutionary history, i.e. phylogeny, on the other hand. A multiple sequence alignment of
homologous proteins contains sequences which evolved from the same ancestral sequence
and have similar structure and function. In such an alignment, correlations in amino-acid
usage at different sites can arise from structural and functional constraints due to coevolu-
tion, but also from historical contingency.

Correlations arising from phylogeny often confound coevolution signal from functional or
structural optimization, impairing the inference of structural contacts from sequences. How-
ever, inferred Potts models are more robust than local statistics to these effects, which may
explain their success (1). Dedicated corrections can further increase this robustness (2).
Moreover, phylogenetic correlations can in fact provide useful information for some infer-
ence tasks, especially to infer interaction partners from sequences among the paralogs of
two protein families. In this case, signal from phylogeny and signal from constraints combine
constructively (3), and explicitly exploiting both further improves inference performance (4).

Protein language models have recently been applied to sequence data, greatly advancing
structure, function and mutational effect prediction. Language models trained on multiple
sequence alignments capture coevolution and structural contacts, but also phylogenetic re-
lationships (5). They are able to disentangle signal from structural constraints and from
phylogeny more efficiently than Potts models (5), and they have promising generative prop-
erties (6).
(1) Dietler N, Lupo U, Bitbol A-F (2022) ”Impact of phylogeny on structural contact infer-
ence from protein sequence data”, https://arxiv.org/abs/2209.13045

(2) Colavin A, Atolia E, Bitbol A-F, Huang KC (2022) ”Extracting phylogenetic dimen-
sions of coevolution reveals hidden functional signals”, Scientific Reports 12(1):820

(3) Gerardos A, Dietler N, Bitbol A-F (2022) ”Correlations from structure and phylogeny
combine constructively in the inference of protein partners from sequences”, PLoS Compu-
tational Biology 18(5): e1010147

(4) Gandarilla-Perez CA, Pinilla S, Bitbol A-F, Weigt M (2022) ”Combining phylogeny
and coevolution improves the inference of interaction partners among paralogous proteins”,
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https://arxiv.org/abs/2208.11626

(5) Lupo U, Sgarbossa D, Bitbol A-F (2022) ”Protein language models trained on multi-
ple sequence alignments learn phylogenetic relationships”, Nature Communications 13: 6298
(2022)
(6) Sgarbossa D, Lupo U, Bitbol A-F (2022) ”Generative power of a protein language model
trained on multiple sequence alignments”, https://arxiv.org/abs/2204.07110



Transcriptomic, proteomic and functional cis- and

trans-acting effects in human cells of gene expression

with varying codon usage preferences, in a long-term

selection experiment.

Ignacio Bravo∗1, Picard Marion2, Jallet Arthur2, Borvetö Fanni2, and Decourcelle
Mathilde3

1CNRS – MIVEGEC – CNRS – France
2CNRS – MIVEGEC – CNRS – France

3Pôle Protéomique Montpellier (FPP) – CNRS : UMRUAR3426 BioCampus – France

Résumé

Codon Usage Bias (CUBias) of a gene strongly modulates its own expression (cis-acting
effects) and may lead to important changes in the cellular homeostasis (trans-acting effects).
Integrative studies quantifying the phenotypic impact of CUBias across molecular and cel-
lular levels are lacking, especially in human cells.
We generated and independently expressed six synonymous versions of the shble antibiotic
resistance gene fused to a fluorescent reporter, and performed experimental evolution on
human cultured cells over hundred generations under three different selection regimes. Our
experimental design focused on differences during translation elongation. Multiscale pheno-
type was assessed by means of: i) overall transcriptomic and proteomic analysis; ii) cellular
fluorescence, as a proxy for single-cell level expression; and iii) real-time cell proliferation, as
a proxy for cell fitness.

Differences in CUBias strongly impact the molecular and cellular phenotypes: i) for the
focal gene, they result in large differences in mRNA and in protein levels; ii) they intro-
duce non-predicted splicing events; iii) they lead to reproducible phenotypic heterogeneity;
iv) they lead to a trade-off between the benefit of antibiotic resistance and the burden of
heterologous expression; v) the global transcriptome undergoes substantial changes, not asso-
ciated with the direction of the CUBias of the heterologous sequence; vi) the global proteome
presented only modest changes.

Upon evolution, we communicate a remarkable and rapid convergence towards similar ex-
pression phenotypes, independently of the CUBias of the heterologous gene and without any
synonymous mutation in the sequence of the focal gene, suggesting that cis-mediated effects
of CUBias can be leveraged by evolution and/or plasticity. In the absence of selection pres-
sure, gene silencing through different mechanisms evolves in certain populations, possibly
benefiting of a fitness advantage by limiting overexpression. We identify significant changes
in the transcriptome over time, but leading to very limited impact on the proteome, suggest-
ing that immediate trans-acting effects of CUBias impose only a moderate effect on human
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cells in culture.
In human cells in culture, changes in CUBias can lead to important cis- acting effects in
gene expression, leading to differences in protein levels and eventually eliciting phenotypic
differences, but cellular homeostasis can buffer the phenotypic impact of overexpression of
heterologous genes with extreme CUBias.



Phyloformer: Towards fast and accurate phylogeny

reconstruction with self-attention networks

Luca Nesterenko∗1,2,3
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Résumé

An important problem in molecular evolution is that of phylogenetic reconstruction, that
is, given a set of sequences descending from a common ancestor, the reconstruction of the
binary tree describing their evolution from the latter. State-of-the-art methods for the task,
namely Maximum likelihood and Bayesian inference, have a high computational cost, which
limits their usability on large datasets. Recently researchers have begun investigating deep
learning approaches to the problem but so far these attempts have been limited to the recon-
struction of quartet tree topologies, addressing phylogenetic reconstruction as a classification
problem. We present here a radically different approach with a transformer-based network
architecture that, given a multiple sequence alignment, predicts all the pairwise evolutionary
distances between the sequences, which in turn allow us to accurately reconstruct the tree
topology with standard distance-based algorithms. The architecture and its high degree of
parameter sharing allow us to apply the same network to alignments of arbitrary size, both
in the number of sequences and in their length. We evaluate our network Phyloformer on
several types of simulations and find that its accuracy competes with that of a Maximum
Likelihood method while being significantly faster.

In our work, we rely on a supervised learning based paradigm for phylogenetic reconstruction
which exploits the fact that sampling data under probabilistic models of sequence evolution
is computationally cheap, even in cases where maximizing the likelihood under these models
is expensive. Accordingly, large numbers of pairs of phylogenetic trees and multiple sequence
alignments (MSAs) evolved along these trees can be generated, and used, via a supervised
learning approach, to learn a function which takes an MSA as input and outputs the phylo-
genetic tree. Learning this function can be a costly process, but once done the function can
be used to reconstruct a tree from an MSA very rapidly, regardless of the complexity of the
model of sequence evolution that was used to generate the training examples.

In order to parameterize this function, we propose a self-attention network that progres-
sively updates via learnable functions, the representation of each pair of sequences in the
input alignment, alternatively focusing on different pairs and on different sites and thus

∗Intervenant

sciencesconf.org:alphy-aiem-2023:436056



getting, through several layers, an increasingly predictive estimate of all the pairwise evo-
lutionary distances. The interactions across different sequence pairs enable the network to
build context aware representations allowing to exploit all the information contained in the
input MSA and overcoming, with this joint prediction, the drawback of classical distance-
based methods which usually take in input independently computed distance estimates.



Investigating the impact of random genetic drift on

synonymous codon usage in metazoans

Florian Bénitière∗†1, Laurent Duret‡2, and Tristan Lefébure3
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Résumé

The genetic code contains 61 codons for 20 amino acids. The different synonymous
codons that encode the same amino-acid are not uniformly used. These biases in synony-
mous codons usage (SCU) may result from the combination of two types of processes : i)
non-adaptive processes, such as mutational biases, that affect the nucleotide composition
of the entire genome, and ii) translational selection, i.e. selection favoring codons that are
decoded by the most abundant tRNAs, thereby optimizing the speed and the accuracy of
the translation. The intensity of translational selection increases with gene expression : the
more a codon is translated, the more its optimization will impact the fitness of the organism.
Population genetics principles state that the ability of selection to promote beneficial mu-
tations or eliminate deleterious mutations depends on the intensity of selection (s) relative
to the power of random genetic drift (defined by the effective population size, N e). Thus,
random drift is expected to set an upper limit on the capacity of selection to favor usage of
optimal synonymous codons. To test this prediction, we analyzed the relationship between
variations in synonymous codon usage and drift across metazoans. For this, we selected 262
metazoans spanning a wide range of N e for which a complete genome assembly and gene
annotations were published. In each species, we quantified gene expression level based on
RNAseq data, and we annotated tRNA genes in the genome assembly. It has been shown
in human and drosophila that the number of tRNA genes in the genome is a good proxy
of their abundance within cells. In our dataset, we observed that 94% of species show a
significant positive correlation between the number of tRNA genes in their genome and the
abundance of the corresponding amino-acids in their proteome (weighted by gene expres-
sion level). This implies that in metazoans, there is generally a strong constraint on tRNA
abundance to match the demand in amino-acid usage. For each amino-acid, we determined
which of its synonymous codons are predicted to be optimal, based on the relative abun-
dance of the corresponding tRNAs. We then quantified the intensity of selection on SCU
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within each species, by analyzing variation in the frequency of optimal codons according to
gene expression level. We controlled for possible variation in mutational biases, by analyzing
the frequency of corresponding triplets in introns. We found that signature of translational
selection vary widely across metazoans, being very strong in nematodes and dipteran insects,
very weak in vertebrates. The intensity of selection on SCU appears to be positively corre-
lated with different proxies of N e. However, we noted a strong phylogenetic inertia on SCU,
which precludes drawing clear conclusion regarding the significance of these correlations. We
will discuss different factors that may drive the strong variation in SCU across metazoans.



COCOATree: benchmarking coevolution methods for

sector identification

Margaux Jullien∗1, Sophie Abby1, Nelle Varoquaux1, and Junier Ivan1

1Translational microbial Evolution and Engineering – Translational Innovation in Medicine and

Complexity / Recherche Translationnelle et Innovation en Médecine et Complexité - UMR 5525 –

France

Résumé

Progress in sequencing has caused an explosion of available genome sequences, allowing
the study of large multiple sequence alignments (MSAs) of families of homologous proteins.
These studies provide key information about the function and structure of proteins. In
particular, coevolution information between pairs of residues can help not only predicting
structural contacts but also identifying functional domains known as protein sectors (Halabi
et al. 2009).
Several metrics have been used to quantify coevolution trend between pairs of residues, in-
cluding covariance methods and mutual information. The precise identification of coevolving
residues is also known to be limited by at least three factors: (1) heterogeneity of residue
conservation, (2) phylogeny bias due to the over-representation of similar sequences in the
MSA, and (3) background noise bias due to a low number of sequences. Various corrections
have thus been developed to counter these biases.

In this context, we introduce COCOATree, a Python package which encompasses differ-
ent coevolution metrics and corrections, thus allowing for a comprehensive benchmarking of
the different methods proposed to identify protein sectors. In addition, COCOATree aims
at systematically mapping sector composition on phylogenetic trees, establishing a link be-
tween phylogenetics and statistical approaches of residue coevolution. The package will also
include bootstrap procedures in order to quantify the relevancy of results.

As an application, we will show results obtained for the family of flavin-containing monooxy-
genases involved in the biosynthesis of ubiquinone (UQ). This family of hydroxylases is
characterized by a broad diversity of regioselectivities, with enzymes capable of hydroxy-
lating one, two or three positions of the UQ aromatic cycle. An analysis coupling sector
identification and phylogenetic information should thus provide insights dictating the func-
tioning and evolution of these enzymes.

Keywords: coevolution, protein sectors, method benchmarking, enzyme evolution, ubiquinone
pathway

References:
Halabi, Najeeb, Olivier Rivoire, Stanislas Leibler, and Rama Ranganathan. 2009. ”Pro-
tein Sectors: Evolutionary Units of Three-Dimensional Structure.” Cell 138 (4): 774–86.
https://doi.org/10.1016/j.cell.2009.07.038.
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Reproducible workflows to study conservation of

genomic sequence using multispecies whole genome

alignments

Romain Feron∗1,2

1Université de Lausanne – Suisse
2Swiss Institute of Bioinformatics – Suisse

Résumé

Thanks to ambitious initiatives like the Earth BioGenome Project and the Darwin Tree
of Life aiming to coordinate the sequencing of all identified eukaryotic species, a growing
number of high-quality assemblies is continuously filling the current taxonomic gaps in avail-
able genome sequences. These assemblies enable the study of sequence conservation across
entire genomes in progressively more diverse taxa, at different evolutionary scales, and with
an increasingly finer resolution. Conserved sequences are likely to be under selective con-
straints and therefore to play key functional and biological roles in their respective taxa.
In practice, these sequences can be identified from multispecies whole genome alignments
(MWGA), which have been successfully used to uncover new functional elements and to
identify signatures of selection in several species. Here, we present a workflow to generate a
MWGA from a set of assemblies and perform standard analyses on the resulting alignment,
including computing basic alignment metrics, PhastCons and PhyloCSF scores, identifying
conserved elements, and generating a GenomeBrowser track hub. This workflow implements
the steps used to compute the majority of MWGAs published so far (e.g. alignments avail-
able at the UCSC Genome Browser) in an open, reproducible, portable, and scalable manner
by leveraging the many features of the workflow management language and engine Snake-
make. With this workflow, we generated MWGAs for several arthropod clades and we are
now using these alignments to quantify nucleotide-level sequence conservation and explore
which features and functions are associated with high or low levels of conservation. In the
future, we plan to generate alignments and sequence conservation metrics for an increasing
number of arthropod clades. In order to select high quality assemblies to include in the
alignments, and to be able to integrate new and updated high-quality assemblies over time,
we developed an assembly quality assessment catalog, the A3Cat. This resource provides
BUSCO scores and NCBI GenBank metadata for all available Arthropod assemblies and
is updated regularly thanks to a collection of clade-agnostic workflows. We hope that the
resources and reproducible workflows we developed will help cataloging the current state of
available assemblies to guide sequencing efforts, and to leverage the influx of high-quality
assemblies to perform large scale comparative analyses.
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MPS-Sampling (Multi Proteins Similarity Sampling)

to select evolutionary significant representative

genomes from large databases
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Résumé

The recent burst of genome sequencing provides a wealth of data and an ever increasing
access to genetic information. However, available genomic data is growing in an unbalanced
way, both in terms of quality, as most sequenced genomes are in fact draft assemblies, and
in terms of diversity, with the over representation of a few species and taxonomic groups,
reflecting medical, agronomic or industrial considerations. This huge amount of sequence
data makes exhaustive analyzes complicated, costly in computation time, or even technically
impossible. For these reasons, most studies rely on subsamples of available genomic data.
Current approaches can be classified into three main categories: taxonomy based, whole
genome similarity based and phylogeny based. However, none of these approaches is suitable
to select representative genomes from very large datasets. Taxonomy-based methods are
highly sensitive to incomplete or invalid affiliation, whole genome similarity-based methods
are efficient at the genus/species level but not above, while the quality of the phylogenetic
trees inferred with large datasets is usually very low.
To address these limitations, we present MPS Sampling (Multiple Protein Similarity Sam-
pling): a fast, scalable, and efficient method for the selection of reliable representative
genomes from large datasets. MPS Sampling is ab initio and does not rely on environ-
mental, academic, historical or cultural criteria. Using a set of single copy protein families
(e.g. core proteins, ribosomal proteins), MPS-Sampling performs three successive steps of
clustering to constitute homogenous groups of genomes . Then, a representative genome is
chosen per group based on quality and centrality criteria.

MPS Sampling was tested on 158,027 bacterial genomes using 47 ribosomal proteins avail-
able in RiboDB, to obtain samples of variable density. The resulting samples have been
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investigated and compared with taxonomy and phylogeny, both globally (Bacteria) and at a
lower scale on three major taxonomic families (Lactobacillaceae, Bacillaceae, Enterobacteri-
aceae). The genomes chosen by MPS Sampling were always coherent with both taxonomic
and phylogenetic diversity, demonstrating that MPS Sampling was particularly suitable to
obtain reliable samples of representative genomes.



Evolutionary signal captured from topological

properties of proteins via persistent homology
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Résumé

Proteins are essential components of biological processes. Furthermore, their primary
sequences carry an historical (phylogenetic) signal is routinely used to infer the evolutionary
history of proteins and organisms. However, phylogenetic approaches based on the analy-
sis of primary sequences have limitations (1). Here, we explore the potential of methods
from topological data analysis (TDA) (2) to analyze the information contained in protein 3D
structures. Specifically, we apply persistent homology (PH) (3), a tool of TDA, to describe
and compare the topological properties of protein 3D structures. Our working hypothesis is
that variations in the topological characteristics of proteins could provide information on the
evolution of proteins, both quantitatively and qualitatively. This approach is original because
until now, most applications of PH in biology have been used to classify/identify biological
objects (proteins, tumors...) (4), but for evolutionary studies. To test our hypothesis, we
have investigated a large collection of protein 3D structures using three types of topological
distances. We show that these distances are strongly correlated with phylogenetic distances
estimated from the primary protein sequences, which means that they could represent a new
way to catch the evolutionary signal contained in proteins.
(1): Phylogenomics and the reconstruction of the tree of life. Delsuc F., Brinkmann H.,
Philippe H. Nat Rev Genet. 2005 May; 6(5):361-75. doi: 10.1038/nrg1603. PMID: 15861208

(2): Topology and data. Carlsson, G. Bull. Amer. Math. Soc. (N.S.). 2009 April;
46(2):255–308.

(3): Topological persistence and simplification. Edelsbrunner H., Letscher D., and Zomoro-
dian A. Discrete Comput. Geom. 2002 Nov; 28(4):511–533.

(4): Topology based data analysis identifies a subgroup of breast cancers with a unique
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mutational profile and excellent survival. Nicolau M., Levine A., Carlsson G. PNAS. 2011
Feb; 108(17):7265–7270.
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Evolution of host-gut microbiome interactions in the

context of industrialization
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Résumé

Concurrent with industrialization, the human gut microbiome has drastically decreased
in diversity and shifted in composition. However, to what extent transitioning from hunter-
gatherer to industrialized lifestyles impacted host-microbiome interactions and host physi-
ology is unknown. Here, we generate paired human and gut microbiome multi omics data
associated with host physiology and metadata from dozens of populations worldwide, rang-
ing from hunter-gatherers to fully industrialized groups, and show that microbiome compo-
sitions, microbial functions, intestinal inflammation, humoral immune response and patterns
of horizontal gene transfers (HGT) between bacteria strongly changed with industrialization.
Overall, our results suggest that industrialization perturbed our gut ecosystem and home-
ostasis on many levels, which could contribute to the rise of chronic inflammation diseases
observed worldwide.
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Understanding the evolutionary dynamics of

insertion sequences in prokaryotic genomes
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Résumé

Insertion sequences (IS) are the simplest prokaryotic transposable elements: they usually
only code for a transposase, the enzyme that catalyses their movement within genomes. The
transposition of IS elements within a genome can have drastic effects on gene expression
that are often deleterious for the cell’s fitness: as a consequence, IS are mostly considered as
genomic parasites. However, IS transposition can also be a vector of adaptation. For instance,
the acquisition of antibiotic resistance genes is often linked to IS movements. Our project
focuses on the evolutionary dynamics of insertion sequences in prokaryotic genomes. We
use automated detection tools to look for insertion sequences in a wide range of prokaryotic
species and study the distribution of IS families across phyla. We then try to model these
distributions to see which minimal factors can be invoked to explain them. One of the
key questions is to determine whether purifying selection plays a role in the evolutionary
dynamics of insertion sequences, or if a neutral dynamic is enough to recapitulate their
distribution.
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Evolution of natural transformation in bacteria
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Résumé

Natural transformation is a key mechanism of gene exchange between bacteria. While
it was the mechanism that allowed to demonstrate that DNA is the support of genetic
information almost a century ago, its existence and evolutionary benefits remain debated.
Hypothesis for the latter include acquisition of novel functions, DNA repair, and removal
of mobile genetic elements. In the light of the latter hypothesis, mobile genetic elements
may respond and defend themselves by impairing transformation. Despite the competence
genes being conserved in the bacterial core genomes and transformation being widely spread
among bacteria, very large within-species variations in natural transformation frequencies
have been observed in several species. The source of these variations remains unknown
and could provide important clues on the benefits and costs of natural transformation. We
built two representative collections of hundreds of genomes from two naturally transformable
bacterial species, which present important within-species variations in their experimentally
measured transformation rates. We analyzed these genomes, built core and pangenomes, and
inferred phylogenetic trees with and without recombination. We then used the trees to test
different evolutionary models that might explain the observed distribution of transformation
frequencies. Our results are in favor of evolution by jumps, since extant strains show sudden
and recent acquisition of genetic determinants of transformation. We searched to identify
these determinants using a variety of computational methods. We first characterized the
mobile genetic elements and bacterial defense systems susceptible to interact with them. We
then conducted unitig based GWAS on these elements to identify potential transformation-
associated genetic elements. Our results highlight the intimate link between mobile genetic
elements and the variation of transformation rates.
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Résumé

The Great Oxidation Event is thought to have had a profound impact on the evolution
of bioenergetics on Earth. We aim at getting more insight regarding how bacteria adapted
their energetic metabolism to this massive change. We focus on a family of molecules with
a key role in respiratory chains of most living organisms: the isoprenoid quinones (hereafter
simply referred to as quinones). In respiratory chains, quinones shuttle electrons and protons
between proteins in the membrane. According to their mid-point redox potential, quinones
can be classified as low potential (LP) such as menaquinone (MK) or high potential (HP)
quinones such as ubiquinone (UQ). The traditional view is to consider that LP quinones are
involved in anaerobic processes and that HP quinones emerged to cope with rising O2 levels.
We believe that quinone biosynthetic pathways have captured capital information regarding
the evolution of energy metabolisms. Several pathways can lead to the production of the
same quinone, and enzymes from different pathways often share homologies. Our group
recently showed that UQ, a HP quinone only present in Proteobacteria and Eukaryotes, is
synthesized via two biosynthetic pathways: the classical O2-dependent one, and the O2-
independent that uses a source of oxygen other than O2 (1).

To reconstitute the evolutionary history of the quinone pathways, we combined several ap-
proaches: 1) analysis of the pathways and enzymes distribution; 2) follow up of the dynamics
of genetic architecture of the pathways; 3) phylogenetic approaches. Our first observations in
Proteobacteria showed a widespread distribution of the O2-independent pathway across this
phyla which indicates that it could have existed in the common ancestor of UQ-producing
Proteobacteria. This would suggest that high O2 levels in the atmosphere were not a pre-
requisite for the emergence of UQ (1). In addition, we recently showed that UQ produced
by the O2-independent pathway can be used for anaerobic respiration (nitrate respiration in
Pseudomonas aeruginosa) (2). Our systematic investigation of quinone biosynthetic path-
ways across bacterial genomes allowed us to gather evidence to decipher their relative order
of appearance and to get a better understanding of their respective role. Altogether, our
study questions the relative timing between the appearance of HP quinones in the context
of rising O2 levels.

(1) L. Pelosi, et al., Ubiquinone Biosynthesis over the Entire O2 Range: Characterization of
a Conserved O2-Independent Pathway, MBio. 10 (2019) 21.
(2) C.-D.-T. Vo, et al., The O2-independent pathway of ubiquinone biosynthesis is essential
for denitrification in Pseudomonas aeruginosa, Journal of Biological Chemistry. 295 (2020)
9021–9032. https://doi.org/10.1074/jbc.RA120.013748.
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Causes of discord in eukaryotic protein domains

inherited from Archaea.

Guillaume Louvel∗1 and Laura Eme2
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Résumé

Eukaryotes descend from at least two prokaryotic ancestors: the alphaprotebacterium
endosymbiont that gave rise to mitochondria, and an archaeal parent, that donated most
components of the genetic machinery. However, over the last several decades, phylogenetic
analyses gave conflicting results regarding the precise placement of eukaryotes with regard
to Archaea.
The development of more complex evolutionary models –better able to model evolutionary
processes over extremely long periods of time–, as well as the discovery of novel archaeal
lineages, led to a stronger consensus in the last few years. In particular, Asgard archaea,
a superphylum identified primarily through metagenomics, appear to represent the closest
lineage to eukaryotes in recent phylogenomic analyses.

However, in the sequence-based strategy for inferring species relationships, discord among
individual genes is pervasive: different genes support different trees. This can be due to
many reasons: real incongruence caused by horizontal gene transfer, hybridization and in-
complete lineage sorting, or by sequence data contamination, or, more commonly, because
of methodological artefacts, such as hidden patterns of duplications and losses, incorrect
ortholog grouping, statistical uncertainty (erosion of phylogenetic signal), or inadequate se-
quence evolution model.

In this project, we aim to identify causes for incongruence in a set of eukaryotic protein do-
mains originating from either TACK or Asgard archaea, as identified by a previous study (1).
In particular, we aim to identify characteristics of the proteins (function, length, aminoacid
composition...), alignments (degree of conservation, length...), and tree topologies (branch
length, tree length, branch support...) that correlate with the nature of the sister-group of
eukaryotes supported by each marker.
(1): Vosseberg et al 2021
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Cell type diversification across paleo– and neocortex

revealed by single cell multiomics analysis

Sara Zeppilli∗1, Robin Attey1, Alonso Ortega Gurrola2, Pinar Demetci3, Ritambhara
Singh3, Maria Antonietta Tosches2, Anton Crombach†‡4, and Alexander Fleischmann§3

1Brown University – États-Unis
2Columbia University – États-Unis
3Brown University – États-Unis

4INRIA – Univ Lyon, ENS de Lyon, CNRS, Inria, UCB Lyon 1, IXXI, LIP, 69342 Lyon, France – France

Résumé

The mammalian cortex comprises ancient paleocortical structures, exemplified by the
olfactory cortex, as well as more recently evolved neocortical areas. Neurons in the mouse
olfactory cortex differ from neurons in neocortex in their developmental origin, morphology,
functional properties and molecular identities. However, the mechanisms driving cell type
diversification across these distinct cortical traits remain unknown.
Here, we characterize the gene regulatory network (GRN) that defines cell type identity
in the mouse olfactory cortex, and we compare GRN activity across paleo-, peripaleo- and
neocortical areas. Using single cell ATAC and RNA sequencing, we reveal enhancer-gene
interactions and identify combinatorial transcription factor activity as a key mechanism for
cell type diversification. Finally, by comparing mouse paleo- and neocortical neurons to sin-
gle cell data from turtle, lizard, and salamander, we propose semilunar cells of the olfactory
cortex as the ancestral neuronal cell type of the mammalian cortex.
Our data provide the first comprehensive molecular description of cell types in the mouse ol-
factory cortex and identify regulatory mechanisms underlying cell type diversification during
evolution.
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Beyond one-gain models for pangenome evolution
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Résumé

A species pangenome is the set of all genes carried by at least one representant of the
species. In bacteriae, pangenomes can be much larger than the set of genes carried by one
individual. Many questions remain unanswered regarding the evolutive forces shaping these
bacterial pangenomes. One of them is to explain the U-shape of the gene frequency spec-
trum: there are more genes present in very few or almost all genomes than at intermediate
frequencies. Two papers from 2012 (Baumdicker et al. and Heageman and Weitz) explained
this distribution with stochastic models allowing genes to be gained only once along the
species phylogeny. However the importance of intra-specific horizontal gene transfer (HGT)
in many bacterial species calls for more complex models. Using a dataset of 436 commensal
E.coli genomes, we show that a model with only one gain per gene is not able to reproduce
the patterns of presence/absence of genes at the leaves of the phylogeny. We thus introduce a
new model of pangenome evolution including a category of genes that can be gained and lost
in the phylogeny multiple times, interpreted as genes undergoing frequent HGT. Both the
gene frequency spectrum and the presence/absence patterns are reproduced more accurately.
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Epistatic interactions between genetic background

and antibiotic resistances genes (and vice versa)

Charles Coluzzi∗1 and Eduardo Rocha1

1Génomique évolutive des Microbes / Microbial Evolutionary Genomics – Institut Pasteur [Paris],

Centre National de la Recherche Scientifique : UMR3525, Université Paris Cité – France

Résumé

Bacterial populations can adapt quickly to environmental challenges. This process is
often concomitant with genome modifications, which can be endogenous (e.g. mutations) or
exogenous (e.g. horizontal gene transfer). Antibiotic resistance is a perfect example of this
process since it can arise in both ways. However, if we often attribute the antibiotic resistance
phenotype to well described genetic markers, these are actually the result of a subsequent,
stepwise evolutionary process. Furthermore, epidemiological data show that some lineages
are more prone to acquire such resistances than others, suggesting that adaptation requires
adequate genetic backgrounds.
Here, we inferred the correlated evolutionary events leading to antibiotic resistance in two
different contexts using a likelihood framework. In a first analysis of 1600 E. coli genomes,
we tested if specific genes were horizontally acquired prior the acquisition of point mutations
leading to fluoroquinolone resistance. We found hundreds of genes frequently acquired prior
the acquisition of the fluoroquinolone resistance. In a second analysis of 757 ST410 E. coli
genomes, we searched for point mutations acquired prior the horizontal acquisition of gene-
conferring beta-lactam resistance. We found that some point mutations were systematically
acquired before the beta-lactam genes.
This study shows how the acquisition of horizontally acquired genes potentiates future phe-
notypic evolution by point mutation. But also, how the evolution of the genetic background
by simple point mutations favors the acquisition of new functions by horizontal gene transfer.
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Bridging the gap between population genomic and

phylogenetic approaches by the study of the effective

population size
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Résumé

The study of the different evolutionary forces, their mechanisms, and their impact on the
shape of genomes is a vast research field. Among these different forces, a very interesting
one is genetic drift, which is inversely proportional to the number of breeders in an ideal
population, i.e. the effective size (Ne). Genetic drift can impact both short and long-term
evolutionary processes (estimated from polymorphism and divergence data, respectively),
which concern different disciplines of study with different proper methods.
The availability of an increasing amount of genetic data allows us to contrast these intraspe-
cific and interspecific data to bridge the gap between population genomic and phylogenetic
studies.

In this study, I estimated variations in Ne between 180 species based on synonymous polymor-
phism estimated from a set of 7200 orthologous genes, correcting for variations in mutation
rate (µ), along the mammalian phylogeny in order to study correlations between Ne, ecolog-
ical traits, and molecular traits such as selection intensity (both long-term, based on dN/dS,
and short-term, based on pN/pS).
For this purpose, I devised a pipeline from the recovery of orthologous gene sequences, eco-
logical and polymorphism data to Bayesian integrative analysis, aimed at reconstructing Ne
using a multivariate process (1).
As found previously by other Authors, I recover a positive correlation between dN/dS and
life history traits, which has been classically interpreted as a negative correlation of both
variables with long-term Ne. I also observe a correlation between synonymous polymor-
phism and pN/pS, which is compatible with an impact of Ne on the variation in selection
efficiency at the population scale. On the other hand, I did not find a significant correlation
between synonymous polymorphism and life history traits or dN/dS. This observation sug-
gests the possibility that short-term Ne (from population genomic data) and long-term Ne
(from phylogenomic data), might be partially decoupled, as also discussed in (2).
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1.Brevet, M. & Lartillot, N. Reconstructing the history of variation in effective population
size along phylogenies. 793059 https://www.biorxiv.org/content/10.1101/793059v4 (2021)
doi:10.1101/793059.
2.Müller, R., Kaj, I. & Mugal, C. F. A Nearly-Neutral Model of Molecular Signatures of
Natural Selection after Change in Population Size. Genome Biology and Evolution evac058
(2022) doi:10.1093/gbe/evac058.
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Opening Motoo Kimura’s archives: on the history of

molecular evolution and the neutralist school

Jean-Baptiste Grodwohl∗1

1Laboratoire SPHERE UMR 7219 – CNRS : UMR7219 – France

Résumé

This talk considers the history of molecular evolution from the vantage point of a historian
of science. I have recently consulted Motoo Kimura’s archive, which shed much insight into
the birth of the neutral theory. Using these sources, I will discuss the following questions: (1)
Why did Kimura take interest in molecular evolution in the 1960s and why did he develop
a neutralist hypothesis? (2) Who were the first members of the neutralist school and what
were their relationships? (3) What were the major difficulties faced by this hypothesis over
the 1970s and how did neutralists cope with them? I will then briefly compare the respective
fates of neutralists and of neutral models in the 1980s.
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Adaptive walks don’t do walks on hypercubes

Leonardo Trujillo∗†1, Paul Banse2, and Guillaume Beslon2
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Résumé

Molecular evolution is often conceptualised as adaptive walks on rugged fitness land-
scapes, driven by mutations and constrained by incremental fitness selection. The defining
property of fitness landscapes are the genotype spaces in which they reside. This space is
generally thought of as a hypercube in which each genotype is a vertex and the edges connect
neighbouring sequences that differ by one point of mutation. In this talk, in addition to the
widely used point mutations, we present a minimal model of sequence inversions to simu-
late adaptive walks. We use the well known NK model to instantiate rugged landscapes. We
show that adaptive walks can reach higher fitness values through inversion mutations, which,
compared to point mutations, allows the evolutionary process to escape local fitness peaks.
To elucidate the effects of this chromosome rearrangement, we use a theoretical graph rep-
resentation of accessible mutants and show how new evolutionary pathways are uncovered.
Thus we show that adaptive walks don’t do walks on hypercubes but in more connected and
complex networks. Our model suggests a simple mechanistic rationale to analyse escapes
from local fitness peaks in molecular evolution driven by (intragenic) structural inversions
and reveals some consequences of the limits of point mutations for simulations of molecular
evolution.
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In search of islands of speciation in the genomes of

two Coenonympha butterfly sister species.

Thibaut Capblancq∗1 and Laurence Despres2
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Résumé

In this study we took advantage of a newly produced Coenonympha reference genome
and whole genome re-sequencing data to explore the genomic landscape of speciation be-
tween the two butterfly species C. arcania and C. gardetta. Knowing that these two species
diverged relatively recently, still hybridized occasionally in the wild and occupied two very
different ecological niches, we wanted to understand if their isolation relied on a genome-
wide resistance to gene flow or was dependent on a few highly divergent genomic regions
that particularly drove reproductive isolation. We started our investigations by re-inferring
the demographic history of speciation between the two sister species and formally tested
if gene flow accompanied their divergence. We then screened the genomes of the species in
search for barrier loci. We inferred multiple population genetics statistics to look for genomic
regions of high differentiation, low diversity and/or high linkage among loci. In parallel, we
also used coalescent inferences to locate genomic regions of reduced gene flow. All analyses
were performed at the genome level but with a particular attention given to comparing the
autosomes to the Z chromosome, with the goal of assessing the role of the sex chromosomes
in this speciation event. Our results highlight several autosomal regions with strong evidence
of selection and suggest an important role of the Z chromosome in the divergence of the two
species.
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Mitonuclear discordance in the great white shark

(Carcharodon carcharias): sex biased dispersal,

mitonuclear incompatibility, or both?

Elise J Gay∗1,2, Romuald Laso-Jadart†2, Shanon Corrigan‡3, Lei Yang§3, Pierre
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Résumé

The great white shark (Carcharodon carcharias) is an ocean-wide distributed species
that lives in temperate and coastal waters. A first attempt to investigate the population
genetic structure of this species highlighted a marked difference between mitochondrial and
microsatellite nuclear markers, with the former being characterized by larger Fstvalues. This
was suggested to be the consequence of female philopatry, a pattern which is believed to be
common in many shark species. Recently, the great white shark nuclear genome has been
fully assembled at the chromosome level, including sex chromosomes (unveiling a XY sex
determination system). To shed more light on the mitonuclear discordance, we sequenced
the whole nuclear and mitochondrial genome of 21 (including 12 males and 9 females) and
283 individuals respectively. With these data, we first refined the global population structure
and inferred the most likely demographic scenario based on the nuclear genomic variation.
Then, we predicted through coalescent simulations mitochondrial and Y-chromosome vari-
ation under this scenario. We found that the observed mtDNA variation could never be
reproduced even when integrating female philopatry, while the observed Y-chromosome was
compatible with simulated data. Finally, we scanned the nuclear genome following a sliding
window approach to identify regions correlated to mtDNA variation. We found 24 candi-
date regions, one of which harboring OXPHOS genes, which are responsible for mitonuclear
cross-talk. Our results suggests that female philopatry alone cannot explain the observed
mitonuclear discordance, and we conclude that mitonuclear incompatibility plays a major
role in determining the observed pattern. This calls for a reappraisal of the origin of such
discordance also in other shark species.
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Spatially structured populations on graphs beyond

update rules

Alia Abbara∗1 and Anne-Florence Bitbol1

1EPFL – Suisse

Résumé

In a well-mixed microbial population, all individuals are equally in competition, but orig-
inal evolutionary dynamics might appear in a spatially structured population where com-
petition only holds locally. In particular, a complex structure can affect the fixation of a
mutant (1). Here, we consider a population on a graph, where each node holds a homoge-
neous sub-population, and exchanges can happen along the edges. We suggest a model in
which population dynamics evolve following cycles of two steps. First, a phase of local expo-
nential growth on each node, during which node sizes become very large. Then, a dilution
step samples a given number of individuals from each node and migrations occur along edges
according to migration rates. At the end of these two steps, node sizes reach their bottleneck
values. Our model allows to bypass the choice of an update rule (such as birth-death or
death-birth with the Moran model on graphs (2)) and provides a more universal description,
encompassing large migration regimes which were not accessible in previous models where
nodes had limited carrying capacities (3). We investigate the impact of the star graph,
a structure known to amplify selection in birth-death models with a single individual per
node (4), on the fixation of a mutant. We draw a parallel with the Wright-Fisher model to
provide an analytical prediction in the regimes of extremely rare migrations. For frequent
migrations, we use a branching process approximation to predict the extinction probability
and the average extinction time. Our results have excellent agreement with simulations. We
find that not only graph structure, but also parameter values, greatly impact the fixation
probability. In particular, the star graph can display both amplification or suppression of
natural selection in different migration regimes. It can also be an accelerator of evolutionary
dynamics, as the initial mutant can reach fixation or extinction faster on average than in a
well-mixed population with the same total size. (1) Lieberman E, Hauert C, Nowak MA.
Evolutionary dynamics on graphs, Nature, 433(7023):312–316, 2005.
(2) Yagoobi S, Traulsen A. Fixation probabilities in network structured meta-populations,
Sci Rep 11, 17979, 2021.
(3) Marrec L, Lamberti I, Bitbol AF. Toward a universal model for spatially structured pop-
ulations, Phys. Rev. Lett. 127, 218102, 2021.
(4) Allen B, Sample C, Jencks R, Withers J, Steinhagen P, Brizuela L, et al. Transient
amplifiers of selection
and reducers of fixation for death-Birth updating on graphs, PLoS Comput Biol., 16(1):e1007529,
2020.
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Birds demography inference based on genomic data
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Résumé

The quantification of demographic change is a common, yet tricky question in popu-
lation genetics. Here, techniques based on genetic information (allele frequency spectra)
are experienced on a diverse set of bird species from diverse ecozones (western palearctic,
nearctic, afrotropical...), which present different types of demographic structure, history (de-
cline, steady...) at different time scales. Some progress on species using genetic data will be
presented, including based on the genome of the green woodpecker, Picus viridis, that we
assembled recently. Convergences or inconsistencies with IUCN Red List status will also be
discussed through these examples.
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Genetics and genomics help understanding the colour

polymorphism in the invasive Box Tree Moth
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Résumé

Polymorphism under selection allows studying phenotype-fitness relationships in a con-
trolled environment. In some species, polymorphism plays a pivotal role in their ecology
with complex co-occurring evolutionary forces. The Box Tree Moth, Cydalima perspectalis
(Crambidae), is an Asian moth invading Europe and North America, displaying a colour
polymorphism, with a white form and a melanic form. It is a serious concern for habitats
where Box-Tree is a keystone species. However, the genetic and ecological determinants of
this polymorphism are not known.
We investigated the molecular mechanism of colour polymorphism using a) mendelian crosses,
b) GWAS, c) identification of structural variants. As a first step, we performed 84 controlled
crosses to highlight dominance patterns and obtain individuals with known genotype for
sequencing. Then, we produced a reference genome for a black individual and used Pool-Seq
and GWAS to highlight the region controlling the white/melanic switch. We also produced
two chromosome-scale assemblies, one per each colour morph, and whole-genome resequenc-
ing to detect structural variants associated with the polymorphism.
The white morph is recessive, whereas the melanic one is dominant with a very low homozy-
gous ratio. GWAS highlighted a very clear association in chromosome 11 of our assembly,
in the same region of the gene cortex, known to control polymorphism in other species of
Lepidoptera, placing further back in the past the role as wing colour gene.
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Subtle signals of adaptive introgression in the late

stages of the speciation continuum
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Résumé

Quantifying gene flow between lineages at different stages of the speciation continuum
is central to understanding of how distinct lineages emerge. Heliconius butterflies have
undergone an adaptive radiation in wing colour patterns driven in part by natural selection
for local mimicry. They are also well known for assortative mating based on wing pattern.
Therefore, wing patterns are sometimes considered ”magic traits” facilitating speciation.
Here, we take a multifaceted approach to explore speciation and species boundaries between
closely-related species H. hecale and H. ismenius. We focus our research in geographic
regions where the two are mimetic and contrast this with a geographic region where the
similarly co-occur but do not mimic each other. To examine population history and patterns
of inter- and intraspecific gene flow, we developed a 4-population model accounting for linked
selection. This model suggests that the two species have remained isolated for the majority of
their history, yet with a small amount of gene exchange between the co-mimics. Accordingly,
local signatures of genomic introgression were small and dispersed except at a major wing
pattern allele. We combine this with behavioural assays suggesting that other cues determine
strong sexual isolation. Finally, tests for chemical differentiation between species identified
major differences in putative pheromones which likely mediate species recognition. Our
results show that strong divergence and adaptive introgression at wing pattern loci may not
reveal the whole speciation history. In a clade where assortative mating is readily triggered
by Wing pattern differences may trigger assortative mating, but our results show that the
accumulation of other barriers to gene flow are important in the completion of speciation
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Exploration of Myriapoda genomes
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Résumé

The soil is one of the main reservoirs of biodiversity, with 40% of terrestrial species
being associated with soil at some point in their cycle. In this ecosystem, invertebrates are
important actors involved in many processes such as nutrient cycling or water regulation but
they are directly threatened by anthropic actions and their consequences (1). The diversity of
these soil invertebrates is still largely unknown, it is estimated that only one soil invertebrate
specie out of 20 is known today. Among them, myriapods are particularly poorly studied
at the genomic level with only 7 genome available. This group of small arthropods present
in all terrestrial environments is divided into four classes: chilopods (centipedes), diplopods
(millipedes), symphylans, and pauropods. The MetaInvert project was initiated to explore
the diversity of soil invertebrates with the objective of establishing reference genomes and
identifying correlations between the genomic and ecological traits of species. It allowed the
sequencing of almost 300 genomes, including 50 myriapod genomes. We selected 20 myriapod
genomes (10 chilopods and 10 diplopods) with a BUSCO-Complete score higher than 70% for
annotation and comparative genomic analysis. To do so, we developed a tool called EXOGAP
(Exotic Organism Genome Annotation Pipeline), an automated annotation pipeline adapted
to non-model species with little available data. Using EXOGAP, we predicted protein-coding
genes, non-coding genes, pseudogenes, and repetitive elements. Preliminary results showed
that repetitive elements have a determining impact on genome size in myriapods with a
marked difference in evolutionary dynamics between chilopods and diplopods. Our analysis
also revealed a strong differentiation of protein-coding gene repertoires between chilopods
and diplopods. Further comparative and evolutionary genomics studies will allow us to
functionally explore the core genome of myriapods as well as specific genes related to the
diverse ecological niches adopted by the different species. In addition, we will leverage
these new annotated genomes by conducting a phylogenomic analysis to resolve still debated
phylogenetic relationships within myriapods but also with other groups of arthropods. (1)
State of knowledge of soil biodiversity - Status, challenges and potentialities. FAO
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The influence of genetic dosage on

PRDM9-dependent evolutionary dynamics of meiotic

recombination
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Résumé

Meiosis is an important step in the eukaryotic life cycle during which recombination and
proper chromosome segregation takes place. In mammals, recombination is regulated by the
Prdm9 gene. This gene, which possesses a double function (recruitment of the double strand
break machinery and facilitation of the pairing of homologous chromosomes), induces an
intra-genomic Red Queen resulting from the opposition of two antagonistic forces : erosion
of the recombination landscape by biased gene conversion and positive selection on Prdm9.
This Red Queen was previously modeled, but without taking into account the role of PRDM9
as a pairing facilitator. Accordingly, I developed a mechanistic model taking into account
the dual role of PRDM9. This modeling work gives important insights into the Red Queen
mechanism, thus completing previous studies. In particular, it reveals that positive selection
of new PRDM9 alleles is due to the reduced symmetrical binding caused by the loss of high
affinity binding sites and, on the other hand, it demonstrate the influence of the genetic
dosage of PRDM9 on the dynamics of the Red Queen, which can result in negative selection
on new PRDM9 alleles entering the population.
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PhylteR, a tool for analyzing, visualizing and

filtering phylogenomics datasets

Damien M deV ienne∗1
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Résumé

In phylogenomics, incongruences between gene trees, resulting from both artifactual and
biological reasons, are known to decrease the signal-to-noise ratio and complicate species
tree inference. The amount of data analysed nowadays in classical phylogenomics analyses
rules out manual detection and deletion of errors but a standard for the quality control of
phylogenomics datasets is still lacking.
Here we present PhylteR, a method that allows a rapid and accurate detection of outliers in
phylogenomics datasets, i.e. species from individual gene trees that do not follow the general
trend. PhylteR relies on Distatis, an extension of multidimensional scaling to 3 dimensions
to compare multiple distance matrices at once. Distance matrices are obtained either directly
from multiple sequence alignments, or are extracted from individual gene phylogenies.
Using PhylteR on biological datasets, we show (i) that it identifies as outliers sequences that
can be considered as such by other means, (ii) that the removal of these sequences improves
the concordance between the gene trees and the quality of the species tree reconstructed
afterwards, and (iii) that the identifcation of outliers is much more accurate than other
available software. Thanks to the generation of numerous graphical outputs, PhylteR also
allows the rapid and easy characterisation of the dataset at hand, thus aiding in the precise
identification of errors.
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Predicting interaction partners using masked

language modeling

Umberto Lupo∗†1, Damiano Sgarbossa‡1, and Anne-Florence Bitbol§1

1EPFL – Suisse

Résumé

Determining which proteins interact together from their amino acid sequences is an im-
portant task. In particular, even if an interaction is known to exist in some species between
members of two protein families, determining which other members of these families are
interaction partners can be tricky. Indeed, it requires identifying which paralogs interact
together. Various methods have been proposed to this end. Here, we present a new one,
which relies on a protein language model trained on multiple sequence alignments and di-
rectly exploits the fact that this model was trained to fill in masked amino acids. We obtain
promising results on two different benchmark pairs of interacting protein families where
partners are known. In particular, performance is good even for shallow alignments, while
previous coevolution-based methods require deep ones. Performance is also found to quickly
improve by giving the model correct examples of interacting sequences.
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Using whole-genome data to unravel the evolutionary

history of a commercially important species:

demographic history and chromosomal inversions in

the Thorny Skate (Amblyraja radiata)
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Résumé

The thorny skate (Amblyraja radiata) is a vulnerable species of commercial interests living
in the North Atlantic Ocean. To date, mitochondrial data have suggested that the species
is weakly structured or even panmictic across its range, which is in contrast with ecological
evidence of strict residency. In addition, individuals with size and lifecycle differences have
been observed in the Gulf of Maine, raising the question of the existence of cryptic species.
By harnessing the power of whole-genome sequencing data from 50 individuals sampled
throughout its range, we aim here to re-evaluate population structure and investigate the
demographic history and size difference pattern in Gulf of Maine individuals. Clustering
and pairwise FST analyses showed strong genetic differentiation between the eastern (from
Norway up to East Greenland) and western (from the Gulf of Maine to Canada) part of
the range (FST ˜0.20), while limited genetic structure within each group and no genetic
differentiation within the Gulf of Maine (FST ˜0.003) were observed. Coalescence-based
inference of variation in the effective size through time (PSMC, stairwayplot) suggested an
independent demographic history of the two clusters for the last 20,000 generations. This was
confirmed by fitting an isolation with migration (IM) model to the pairwise two-dimensional
site frequency spectrum, thus reversing the previous evidence of panmixia suggested by
the mtDNA data. Sliding windows of FST, linkage disequilibrium, and allele frequency
identified the presence of two large inversions, occurring in two different chromosomes and
characterized by independent demographic trajectory. Preliminary results suggest that one
of the inversions may be related to the size pattern observed in the Gulf of Maine cluster, but
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additional data and analyses are needed to properly detect the phenotypic consequences of
both inversions. This study highlights the power of whole genome sequencing data to uncover
the population structure and historical demography of commercially important species, and
points to the relevance of chromosomal inversions in the evolutionary history of a species.



Urban population genomics: dispersal and adaptation

of the brown rat (Rattus norvegicus) in Paris
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Résumé

Urban environments are prone to drastically shape species evolution. The proximity of
human populations modifies food availability and quality and induces habitat fragmentation.
With the expansion of urbanization, understanding how species disperse within cities and
adapt to the novel habitat is becoming crucial for both ecological and public health issues.
Here we focus on the brown rat (Rattus norvegicus), which is among the most abundant
species living in urban environments, but it remains poorly studied in this ecological con-
text. As the lack of knowledge on their dispersal ability and adaptation is detrimental to
a wise control of their populations in large urban centers, we whole genome sequenced 23
specimens in Paris to investigate local population structure and search for putative signature
of selection. We found that Parisian rats present weak population structure at the city level,
with the Seine acting as the main barrier to gene flow. To model dispersal at the fine scale,
we built a raster map of Paris including various environmental features (buildings, parks,
streets, the Seine and the bridges among others). Based on this raster, we computed dis-
tances between sampling sites using both least-cost and isolation-by-resistance algorithms.
The permeability of each urban feature was estimated by maximizing the correlation be-
tween the geographic distances and the matrix of pairwise genetic relatedness computed
from genome wide autosomal data, Y-chromosome, and mtDNA. We found signatures of
sex-biased dispersal, with males being the main vector of city-wide connectivity. Finally,
we compared the genomes of the Parisian rats to twelve Chinese rats to find footprints of
natural selection. We discovered a large inversion characteristic of some Parisian rats and
several other candidate regions potentially involved in urban adaptation.
This work, by providing insights in the dispersal and adaptation dynamics, will help to
improve the monitoring and the management of the brown rat in Paris.
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Inference of the Cultural Transmission of

Reproductive Success from human genomic data:

ABC and machine learning methods
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Résumé

The Cultural Transmission of Reproductive Success (CTRS) is one of the various cultural
processes that can impact human genetic evolution. In this process, individuals from large
families have more children on average. Here, we develop and evaluate methods to infer this
process from genomic data, using two approaches: (1) Approximate Bayesian computation,
which uses summary statistics computed on inferred genealogies from genomic data and (2)
deep neural networks, which are directly trained on genomic data. These methods rely on
large simulated datasets incorporating varying levels of CTRS. Both competing approaches
show a good ability to infer CTRS on genomic data and worth investigating under more
complex evolutionary histories.
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Thirdkind : Drawing reconciled phylogenetic trees

up to 3 reconciliation levels
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Résumé

The history of a species is related to the history of its genes. Associating genome evolu-
tion to the evolution of its genes is a way to describe this relationship. Reconciliating gene
tree with species tree consists into mapping the nodes of the gene tree and the associated
events to the nodes of the species tree. Reconciliation can as well be used to map the history
of a parasite with the history of a host, or to map the history of a protein domain with the
history of a sequence.
Phylogenetic reconciliations can visualised with various programs and interfaces as NOTUNG
(1), SylvX (2), Treerecs (3), Jane (4), eMPRess (5) and Capybara (6). However at the ex-
ception of SylvX, all are integrated in a specific reconciliation software and cannot visualise
reconciliations produced by others. None of these software is handling recPhyloXML (7), a
XML format proposed as a standard to describe phylogenetic reconciliations, and none of
them is generic to any kind of reconciliation nor can handle multiple horizontal transfer and
the consideration of numerous possible scenarios.

Furthermore there is no software able to combine two nested reconciliations i.e. to get
in a single representation the gene/symbiont reconciliation and the symbiont/host reconcili-
ation.

Here we present Thirdkind (8) a command-line software allowing to easily generate graphical
output from one or several recphyloXML files with a large choice of options (orientation, po-
lice size, branch length, multiple gene trees, multiples species trees, multiple files, redundant
transfers handling, etc.) and to handle the display of two nested reconciliations (displaying
a gene/symbiont/host reconciliation for example).

Home page : https://github.com/simonpenel/thirdkind/wiki
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Résumé

Inspired by the double-blind principle that governs testing in science, we propose a new
way to test methods for molecular evolution with computer simulations. Here, two teams
(the INRIA Beagle Team, specialized in computational evolution, and the CNRS/LBBE Le
Cocon Team, specialized in phylogeny) worked concurrently, Beagle producing evolution-
ary simulations – without information about the analysis tools – while Le Cocon tested
phylogenomic tools on the simulated data without information on the way they have been
generated.
Blind sequence generation: The Beagle team adapted its Aevol platform to allow for the
simulation of 4-bases sequences (while the original platform uses binary sequences). This al-
lows analyzing the simulated genomes with on-the-shelf phylogenomic tools. Using this new
version, we let a population evolve for 800.000 generations. Then, we simulated a random
branching process and simulated evolution along the branches up to generation 1.000.000.
This results in 40 different populations that evolved for the same duration in the same con-
ditions but that diverged in their past at random times. We extracted the genome of the 40
best final organism and sent them to Le Cocon for ”double-blind” analysis.

Blind phylogenomic reconstruction: A first attempt to align the 40 sequences with MAFFT
– handling, as most alignment softwares, local mutations (substitution, InDels) – gave no
satisfying results, which convinced the inference team that it was necessary to account for
rearrangements (duplication, inversion, translocation). We then used the Mauve sequence
aligner, which segments the genomes into aligned pieces. The aligned pieces, scattered across
all initial genomes, were concatenated to produce 40 aligned virtual sequences, which are each
rearranged segments of the initial sequences. This alignment was given as input to IQtree
with a ”model test” option to let the program choose the inference model, resulting in an
inferred tree. Importantly, none of the tools used integrate knowledge about the simulation
software and the simulations have been produced without a priori knowledge about the tools
operated by the inference team.
Comparison of the inferred tree with the ground-truth showed that its shape matched almost
exactly, with three differences that correspond to the lower branch supports of the inferred
tree. As far as we know, this is the first time an artificial life simulation software produced
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sequences that could be directly analyzed with on-the-shelf tools. Although the simulated
sequences evolved in the simplest possible setting (all species evolving in the same condi-
tions and differing only by their branching times), this first result is promising. Indeed, it
opens the way to simulating more complex trees with e.g. variations in mutation rates or
population sizes (including bottlenecks) in order to challenge phylogenomic methods.



MacSyFinder v2: An improved search engine to

model and identify molecular systems in genomes
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Grenoble Alpes – Domaine de la Merci - 38706 La Tronche, France

Résumé

Complex cellular functions are most often encoded by a set of genes rather than individ-
ual ones. Furthermore, the genes in such ”systems” are often encoded nearby in microbial
genomes. MacSyFinder uses these properties to model and then accurately annotate cellular
functions in microbial genomes at the system-level rather than at the individual-gene level.
We hereby present a major release of MacSyFinder (1), MacSyFinder version 2 (v2). This
new version is coded in Python 3 (> = 3.7). The code was improved and rationalized to en-
able higher maintainability over time. Several new features were added to allow more flexible
modeling of the systems. We introduce a more intuitive and comprehensive search engine to
identify all the best candidate systems and sub-optimal ones that still respect the models’
constraints. We also present the novel macsydata companion tool that enables the easy instal-
lation and broad distribution of the models developed for MacSyFinder (macsy-models) from
GitHub repositories. Finally, we have updated, improved, and made available MacSyFinder
popular models to this novel version: TXSScan and TFF-SF, CONJscan, and CasFinder.
MacSyFinder v2 can be found at this URL: https://github.com/gem-pasteur/macsyfinder
References
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Résumé

Deep Learning has leveraged the large quantities of data produced by high-throughput
sequencing to improve our understanding of complex biological processes like evolution.The
generation of omic data, in particular proteomic data stemming from the protein design
community, has been extensively studied in the last years, yet little progress has been made
toward genome-wide scale DNA sequence generation.
Public biobanks of human genomes such as the 1000G project and HapMap are biased to-
ward the over-representation of certain populations, lack the specificity that can be found in
private datasets oriented in the study of diseases, or simply contain too few samples which
make models prone to overfitting. This raises the need to augment public databases with
artificial genomes, possibly designed to have desired properties, that will serve as proxies for
non-accessible, sensitive data.

Here, we report on current developments for creating artificial human genomes. Since we are
focusing on bi-allelic polymorphism markers, encoded as binary, we aim to generate binary
data. To do so, rather than applying a simple rounding scheme (1), we learn the binarization,
that is we use, in the last layer, a sign function in the forward pass and approximate the sign
function in the backward pass (2).
Previous generative neural networks for genomic data are not suitable for genome-wide se-
quences as they are based on dense layers, thus exploding the number of parameters needed
when the sequence length increases. To scale up to longer DNA sequences, we perform the
learning of a Wasserstein Generative Adversarial Network (WGAN) in a dimensionally re-
duced space, like the one obtained by applying PCA, which allows generating new points in
the PCs space and then projecting the generated PC scores in the original genomic space.
The WGAN is a variant of GAN where the discriminator is replaced by a critic that no
longer assigns
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Gene conversion drives allelic dimorphism in two

paralogous surface antigens of the malaria parasite,

P. falciparum
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1EMBL-EBI – Royaume-Uni

Résumé

In the malaria parasite, P. falciparum, a number of genes display exactly two, highly-
diverged sequence forms at high-frequencies across malaria-endemic countries, presumably
maintained by balancing selection for immune escape.
Why exactly two forms exist, and not more, and why these forms have not been shuffled
by recombination - a phenomenon called allelic dimorphism in the literature - has not been
resolved, however. Further, fully characterising the gene sequences from whole-genome se-
quencing data has proved difficult, as all available data for 1,000s of global P. falciparum
field samples is Illumina data.

Here, we developed a new genotyping pipeline to comprehensively characterise two highly-
variable and dimorphic malaria cell-surface antigens, DBLMSP and DBLMSP2. The genes
are paralogs, sharing multiple protein domains, and located only ˜16kbp apart. Our pipeline
leveraged multiple approaches, including genome-graph-based genotyping to alleviate refer-
ence bias, and outperformed a widely-used pipeline for P. falciparum based on GATK, a
single-reference-based variant caller.
Using our newly-resolved sequences, we confirmed dimorphism in each gene, and further
identified that one of the two diverged forms in each gene is shared between the genes. We
found clear evidence this is driven by mitotic gene conversion between the two paralogs.
Based on these data we propose a new model for allelic dimorphism, in which a strong popu-
lation bottleneck in P. falciparum (known from previous studies), followed by gene conversion
between diverging paralogs, can create allelic dimorphism.
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Résumé

Genetic data are increasingly used to inform conservation actions. It is then crucial to
predict the genetic consequences of conservation decisions. This is particularly important
given that natural habitats are increasingly fragmented with limited gene flow between pop-
ulations that used to be connected. An example of theoretical development in this field is
the work of Alcala et al. (2019) (1). In this paper, authors study the genetic diversity of
populations subdivided in one up to four demes and how changes in the number of con-
nections or in the number of demes affect it. They use the expected within-subpopulation
nucleotide diversity as a measure of genetic diversity, which is an indicator based on the
expected coalescence times of samples of two genes taken in the same deme. Their results
suggest that some configurations are able to maintain high levels of genetic diversity and that
when some connections are lost, the within-subpopulation nucleotide diversity can decrease
significantly.
However, by using only the within-subpopulation nucleotide diversity, the authors did not
make use of all the genetic information available through coalescence time distributions.
Using the structured coalescent theory (cf. Herbots (1994) (2), Mazet et al. (2016) (3), Ro-
driguez et al. (2018) (4)), we can, for instance, compute the probability of having a certain
number of differences between two sequences. By taking the probability of having at least
one difference, we obtain a new indicator of genetic diversity. It allows us to consider the
entire information provided by coalescence times and the sampling of two genes in discon-
nected subpopulations, that are not taken into account in the article.

In the present work, we compute the probability of having a certain number of differences
between two sequences for all the population configurations of (1) and prove that we can
retrieve their results with this indicator. We also varied some parameters of this measure,
such as the mutation rate of the population or the number of differences considered, to see
how it affects genetic diversity.

(1) N. Alcala, A. Goldberg, U. Ramakrishnan, and N. A. Rosenberg, ”Coalescent Theory of
Migration Network Motifs,” Mol. Biol. Evol., vol. 36, no. 10, pp. 2358–2374, Oct. 2019.
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(2) H. M. J. D. Herbots, ”Stochastic Models in Population Genetics: Genealogy and Genetic
Differentiation in Structured Populations,” 1994.

(3) O. Mazet, W. Rodŕıguez, S. Grusea, S. Boitard, and L. Chikhi, ”On the importance
of being structured: Instantaneous coalescence rates and human evolution-lessons for ances-
tral population size inference?,” Heredity (Edinb)., vol. 116, no. 4, pp. 362–371, 2016.

(4) W. Rodŕıguez et al., ”The IICR and the non-stationary structured coalescent: towards
demographic inference with arbitrary changes in population structure,” Heredity (Edinb).,
vol. 121, no. 6, pp. 663–678, 2018.
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Résumé

A number of studies in humans showed that ancient DNA data (aDNA) provide valuable
information to increase our understanding of the recent evolutionary past of human popu-
lations. However, the origin of ancient individuals is often unclear. A study ignoring the
genetic discontinuity due to waves of migration that may occur in recent past estimated that
no ancient samples represent direct ancestors of modern Europeans (Schraiber, Genetics,
2018). Using more realistic models of the recent evolution of European populations we im-
plemented new Approximate Bayesian Computation (ABC) and machine learning methods
to analyze 2,654 ancient European genomes covering multiple epochs over the last 35,000
years. The methods show that models which explicitly consider the recent waves of mi-
gration in Europe, i.e., the arrival of Anatolian farmers ˜8,500 years ago (ya) and that
of populations associated with the Yamnaya culture around ˜4,500 ya, allows to properly
infer the origin of ancient individuals. In addition, through the use of new Deep Learning
algorithms (Convolutional Neural Networks) we also show that ancient DNA data contains
enough information to provide estimations of the age of each ancient sample.
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Résumé

Animals display a remarkable variation in genome size (GS) that covers four orders of
magnitude, spanning from 20 Mb in the nematode Pratylenchus coffeae to 120 Gb in the
african lungfish Protopterus aethiopicus. While it is now acknowledged that the major
quantitative factor affecting GS is non-coding DNA, the evolutionary drivers of such variation
are still debated. Lynch & Conery (2003) observed that organisms with small effective
population size (Ne) show bigger GS than organisms with high Ne: they proposed that
strong genetic drift - measured as small Ne - allows slightly deleterious mutations such TEs
to more easily reach fixation in the population and contribute to GS increase, while the
genomes of organisms with high Ne remain more streamlined as a consequence of a more
effective selection against TE proliferation. While this hypothesis was proposed to explain
patterns of genome architecture variation across all living organisms, it is still not clear
whether its framework also applies at shorter phylogenetic scale. We leaverage a dataset of
808 animal species, including 189 insects, 148 ray-finned fish, 260 birds, 183 mammalians and
28 molluscs, to systematically test this hypothesis. In particular, we aim at (1) confirming
whether TE content affects and explains GS variation across animals as a general trend, and
(2) assessing the goodness of Ne as predictor of the variations of GS and TE density. In
order to bypass the issue of repeated sequences causing fragmented and missing information
in genome assemblies, we use the c-values of a species subset to systematically correct GS
estimations from assembly size; moreover, we estimate the TE content from low coverage
sequencing reads. Finally, we use both non-synonymous over synonymous substitution rate
and life history traits to model the relationships of Ne with GS and TE content.
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Résumé

Iron-sulfur (Fe-S) clusters are ubiquitous co-factors essential for life. It is largely thought
that the emergence of oxygenic photosynthesis and progressive oxygenation of the atmo-
sphere led to the origin of multiprotein machineries (ISC, NIF, and SUF) assisting Fe-S
cluster synthesis in the presence of oxidative stress and shortage of bioavailable iron. How-
ever, previous analyses have left unclear the origin and evolution of these systems. Here, we
combine exhaustive homology searches with genomic context analysis and phylogeny to pre-
cisely identify Fe-S cluster biogenesis systems in over 10,000 archaeal and bacterial genomes.
We highlight the existence of two additional and clearly distinct ”minimal” Fe-S cluster as-
sembly machineries, MIS and SMS, which we infer in the Last Universal Common Ancestor
(LUCA), and we experimentally validate SMS as a bona fide Fe-S cluster biogenesis system.
These ancestral systems were kept in Archaea whereas they went through stepwise com-
plexification in Bacteria to incorporate additional functions for higher Fe-S cluster synthesis
efficiency leading to SUF, ISC, and NIF. Horizontal gene transfers and losses then shaped the
current distribution of these systems, driving ecological adaptations such as the emergence
of aerobic lifestyles in archaea. Our results show that dedicated machineries were in place
early in evolution to assist Fe-S cluster biogenesis, and that their origin is not directly linked
to Earth oxygenation.
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