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I. The genomics era

The genesis of DNA sequencing

In 1869, a mysterious phosphate-rich substance was isolated in cell nuclei. Fifty years later, it was proposed that this "nucleic acid" was made of four phosphate bases and sugar ("nucleotides") linked together through phosphate groups. The demonstration that this molecule was the constituent of genes and thus, hereditary information came twenty-five years later. A fantastic accumulation of both theoretical and experimental works finally led to the emergence of the central dogma of biology [START_REF] Crick | On protein synthesis[END_REF]. The whole framework revolves around the transfer of one key element, the sequence information: DNA carries genetic information encoded in the form of a precisely ordered succession of nucleotides. The sequence is the information. Moving from sequence composition to precise order was challenging. The first whole nucleic acid sequence, a tRNA consisting of 16 nucleotides was eventually obtained in, 1965 [START_REF] Holley | Structure of a ribonucleic acid[END_REF]. Numerous other methods were developed in parallel to sequence DNA, but all were extremely labor-intensive and restricted to short stretches of nucleic acid, until the development of Sanger's 'chain-termination' in 1977[START_REF] Sanger | DNA sequencing with chain-terminating inhibitors[END_REF]. The first complete genomes were published a few years later and the accuracy, robustness and ease of use made Sanger sequencing the standard sequencing method for decades.

Genetics to a new scale

DNA sequencing transformed biological sciences and has applications in a vast range of fields such as medical diagnosis and treatments, forensic, crop breeding or systematics. Access to genetic information more broadly accelerated our understanding of organisms diversity and functions.

Nevertheless, as Sanger sequencing can produce reads of around 1 kb at most, sequencing longer DNA fragments requires cloning overlapping DNA fragments prior to sequencing. Despite automation and technical improvement, sequencing large genomes with this technique remains prohibitively expensive and laborious. This limitation called for the development of highthroughput sequencing methods, today known as second and third sequencing generations. Most of these methods follow the same principle as Sanger sequencing (sequencing-by-synthesis). The major breakthrough of these high-throughput techniques is the parallelisation of thousands of synthesis reactions thanks to miniaturisation [START_REF] Mardis | DNA sequencing technologies: 2006-2016[END_REF]. Their introduction 15 years ago has led to a major shift in biology from genetics to genomics. As measured as sequencing throughput increased, sequencing cost plummeted, offering the possibility to sequence complete genomes for a vast diversity of organisms (Figure 1). Our understanding of phenotypes is no longer limited by the availability of few targeted genes sequences. It is now possible to investigate multi-factorial traits using thousands markers in a large number of individuals. DNA sequencing has become a key technology in numerous fields and gave birth to genomics [START_REF] Goodwin | Coming of age: Ten years of next-generation sequencing technologies[END_REF]. The progress in sequencing capacity has been exponential, and as led to an explosion of genetic data availability (Figure 2). Since 1982, the number of DNA bases in public repositories has doubled approximately every 18 months (NCBI).

The accumulation of genomics data has led some authors to use the term "data deluge" and claim that our ability to sequence DNA is outpacing our ability to decipher the information it contains [START_REF] Schatz | The DNA Data Deluge: Fast, efficient genome sequencing machines are spewing out more data than geneticists can analyze[END_REF]. Indeed, the most costly part has moved from generating the genetic data to storing and analyzing them [START_REF] Sboner | The real cost of sequencing: higher than you think![END_REF]. This sudden transition to genomescale data has prompted to major innovations in computational methods and bioinformatics. The 

Genomics contribution to study of evolution

The idea that species were not fixed but can evolve over time slowly emerged at the beginning of the 19th century with Lamarck's transformism. Darwin's theory of descent with modification in 1859 proposed the idea of a branching tree of life, where different species share a common ancestor.

The amount of evidence he gathered progressively led to the acceptance of the general concept of evolution but not that of natural selection as the mechanism of evolution. Only the integration of genetics enabled the establishment of a widely accepted theory of evolution in the 1930s and 1940s.

Evolutionary biology was greatly transformed by the rise of molecular genetics. The subfields of molecular evolution rapidly revealed the importance of neutral change and drift and molecular phylogenetics reorganized the tree of life. The resolving power was, however, rapidly limited by the availability of genetic data (few genes/few species/few individuals). Again, genomics offered a new scale at which to study the change of living organisms across time and the relationships between them. The rise of high-throughput sequencing empowered the discipline and comparative genomics now has a central position in biology. Phylogenetics and molecular evolution is not confined to evolutionary biology anymore but suffuse numerous fields in biology either functional studies, ecology, biogeography, taxonomy, paleontology or conservation. New questions are now addressable and evolutionary biologist try to understand the timing, scale, effects and interactions of genomic changes in evolutionary processes such as speciation, adaptation or domestication.

II. Study system: the Oleaceae family

This thesis focused on the evolution of Oleaceae, a particularly interesting family of plants where several of these questions remain completely unexplored with genomics data. Oleaceae is a medium-sized family encompassing about 700 species widely distributed in temperate or tropical regions of every continent [START_REF] Green | Oleaceae[END_REF]. It notably includes some genus of economic or ornamental value such as olive, ash, jasmine, privet, forsythia or lilac.

A diversity of life-history traits

The wide distribution of Oleaceae species in diverse habitats only mirrors the great diversity of morphological and life-history traits in the family. First, Oleaceae can take a variety of life forms: shrubs, trees, a few lianas and even one herbaceous species have been described (Green, 2002).

Oleaceae also exhibits an impressive diversity of floral traits [START_REF] Sehr | Floral ontogeny of oleaceae and its systematic implications[END_REF] and fruit types (e.g. capsules, samaras, drupes, berries; Figure 3; Rohwer, 1993), probably influenced by ecological shifts (Hinsinger et al., 2013). Finally, an interesting assembly of mating systems has been described in the family, from hermaphroditism to dioecy, with several intermediate stages such as polygamy and androdioecy (Wallander, 2008;Saumitou-Laprade et al., 2018). This variety of sex systems comes together with different breeding strategies. Most Oleaceae species are outcrossing but some are capable of self-fertilization (Lepart and Dommée, 1992;[START_REF] Dommée | Androdioecy in the entomophilous tree Fraxinus ornus (Oleaceae)[END_REF]. The variety of mating system in Oleaceae has been linked to the presence of a peculiar selfincompatibility system (Saumitou-Laprade et al., 2010) with only two homomorphic compatibility groups. This peculiar system is thought to have enabled the stable maintenance of androdiecy in Phillyrea but also to have facilitated transitions to dioecy in some Fraxinus (Vernet et al., 2016). This is to date the only reported occurrence of a homomorphic di-allelic self-incompatibility system in plants. Heteromorphic self-incompatibility systems (approach herkogamy, distyly) are also described in the family (Thompson and Dommée, 2000;[START_REF] Hong | The floral dimorphism in the rare endemic plant, Abeliophyllum distichum Nakai (Oleaceae)[END_REF][START_REF] Olesen | Heterostyly in the Canarian endemic Jasminum odoratissimum (Oleaceae)[END_REF]Ganguly and Barua, 2020). 

Evolutionary genomics of Oleaceae

The family experienced two recent whole-genome duplication events: a first one common with its sister family Carlemanniaceae (with which Oleaceae form a lineage sister to all other Lamiales), and a second one within the family, at the base of the tribe Oleeae (Zhang et al., 2020). This state of paleopolyploids reflects on species chromosome number which is 23 in Oleeae and ranges from 11 to 14 in other Oleaceae (Taylor, 1945). Most work on Oleaceae's systematics preceded the genomic revolution and were based on morphological, cytological, and biochemical traits (Taylor, 1945;Harborne and Green, 1980). Despite the increasing amount of genomic-scale datasets generated for Oleaceae species, the family evolutionary history has remained largely unexplored with these methods.

The olive tree (Olea europaea) is probably the most studied Oleaceae: the first plastome was published in 2011 [START_REF] Mariotti | Identification of new polymorphic regions and differentiation of cultivated olives (Olea europaea L.) through plastome sequence comparison[END_REF] and the first nuclear genome in 2016 (Cruz et al., 2016). A first genome for ash (Fraxinus excelsior) was also published that year (Sollars et al., 2017).

Sequencing efforts for Oleaceae species accelerated in the past few years and nuclear genomes are now available for Osmanthus fragrans [START_REF] Yang | The chromosome-level quality genome provides insights into the evolution of the biosynthesis genes for aroma compounds of Osmanthus fragrans[END_REF], Forsythia suspensa (Li et al., 2020), Jasminum sambac [START_REF] Chen | The jasmine (Jasminum sambac) genome and flower fragrances[END_REF] and 22 other Fraxinus species [START_REF] Stocks | Genomic basis of European ash tree resistance to ash dieback fungus[END_REF]. These genomes are of various qualities but reflects the accumulation of genomics data for this family.

More than a hundred plastomes are now publicly available as well as a few mitochondrial genomes.

The data are now available to enter Oleaceae evolution study in the genomic era.

Phylogenomics will enable revisions of the evolutionary relationships in the family. Indeed, molecular phylogenies for Oleaceae produced during the last two decades were mainly focused on specific lineages (Lee et al., 2007;[START_REF] Yuan | Molecular phylogeny of Osmanthus (Oleaceae) based on non-coding chloroplast and nuclear ribosomal internal transcribed spacer regions[END_REF]Kim and Kim, 2011;Hong-Wa and Besnard, 2013;Ha et al., 2018;Olofsson et al., 2019). The last family wide phylogenetic work was that of Wallander & Albert (2000), based on two plastid non-coding markers. It defined 5 tribes: Myxopyreae, Fontanesieae, Forsythieae, Jasmineae and Oleeae (Figure 4), as well as a division in 4 subtribes within Oleeae (Ligustrinae, Schreberinae, Fraxininae and Oleinae). The relationship at lower levels were not well resolved and the sampling not exhaustive, mostly due to the difficulty to sample rare tropical species. Development of museomics enables the sequencing of inaccessible specimens and the inclusion in genomic-scale datasets to reach a better resolution of the evolutionary relationship between lineages, as exemplified for a grass lineage in [START_REF] Silva | Museomics resolve the systematics of an endangered grass lineage endemic to north-western Madagascar[END_REF].

Moreover, the analysis of ancient DNA (aDNA) extracted from archaelogical samples can offer unprecedented possibility to trace olive domestication process. The evolutionary history of olive has been studied at length (see Besnard et al., 2018 for review). Yet, some of its aspects are still not understood. In particular, the number of independent domestication events is debated (Diez et al., 2015;[START_REF] Besnard | Single vs multiple independent olive domestications: The jury is (still) out[END_REF]. Molecular markers have been used to study the distribution of distinct lineages and infer their trajectories but the reliance on extant olive diversity is a limiting factor to arbitrate definitely between the different suggested scenario. Archaeological samples can provide additional anchor points to track olive domestication in space and time.

Phylogenomics is also a great tool to study variation in evolutionary rates. Life-history traits can have a profound impact on rates of molecular evolution (Nabholz et al., 2008;Smith and Donoghue, 2008;[START_REF] Thomas | A generation time effect on the rate of molecular evolution in invertebrates[END_REF]Lanfear et al., 2013;Bromham et al., 2015). The diversity of traits described in the previous section offers a great system to test their potential impact on evolutionary rates.

Comparative genomics is also a powerful tool to tackle the most intriguing question that emerged in the family at the discovery of the homomorphic di-allelic self-incompatibility (Saumitou-Laprade et al., 2010;Vernet et al., 2016). Most of what we know about this system comes from experimental studies of crossing (Saumitou-Laprade et al., 2010;Vernet et al., 2016;Saumitou-Laprade et al., 2017;Besnard et al., 2020;[START_REF] Cauwer | Widespread coexistence of self-compatible and self-incompatible phenotypes in a diallelic self-incompatibility system in Ligustrum vulgare (Oleaceae)[END_REF] and only two papers, published in the past two years, investigate the genetics underlying incompatibility phenotypes (Mariotti et al., 2020;Carré et al., 2021). Still very little is known on the genetic determinism, as well as regarding the evolution and maintenance of this system. Findings can have important implications both fundamentally, on our understanding of plant mating-system evolution, and economically, for olive production.

III-Thesis outline

As part of this work, we leverage the increasing availability of genomics information to investigate several pending questions about the evolution of Oleaceae.

In the first chapter, we first provide a revision of the family phylogeny, an important prerequisite to the study of trait diversification.

In the second chapter, we investigate variation in molecular evolutionary rates between lineages and genomic compartments (nuclear, chloroplastic or mitochondrial). The phylogeny obtained in the first chapter indeed revealed important variations in branch lengths in some lineages and we thus undertook a precise evaluation of this phenomenon. Our findings posit that a slight change during reproduction can impact spectacularly the evolutionary trajectory of plastid genomes.

In the third chapter, we dive into the fascinating homomorphic di-allelic self-incompatibility system present in olive. We combine genomics evidence for three subspecies of olive to uncover the genetic determinism of self-incompatibility phenotype.

The results of a transcriptomics study of jasmine flowers are presented in a fourth chapter.

The aim of this part was to identify transcripts involved in the distylous self-incompatibility system and potentially inform us on the homology of this di-allelic system to the one studied in the previous chapter.

Finally, the last chapter consists of a pilot study for the use of archeogenetics to study olive domestication. We show that ancient DNA recovered from archeological samples from around the Mediterranean basin can bring new insights on the domestication history of olive.
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Introduction

The olive family (Oleaceae) is a medium-sized group of woody plants comprising 28 genera and ca. 700 species, distributed on all continents (except Antarctica) in both temperate and tropical environments [START_REF] Green | The Families and Genera of Vascular Plants, Flowering Plants[END_REF]. Most species are trees, but there are also one herbaceous plant (Dimetra craibiana), small shrubs (e.g., Menodora spp.) and a few lianas (e.g., Jasminum spp., Chionanthus macrobotrys). Many Oleaceae species are of economic importance, for the production of oil and fruits (olive), timber (e.g., ash trees), as well as ornaments and fragrances (e.g., jasmines, osmanthuses, lilacs, etc). Moreover, Oleaceae are important components of temperate and tropical ecosystems, with, for example, several species producing drupes and palatable leaves as a common food source to wild animals. Individual species can also support a large number of other organisms, for example, nearly 1000 species (e.g., fungi, insects, birds) are known to be associated with Fraxinus excelsior [START_REF] Mitchell | Ash dieback in the UK: A review of the ecological and conservation implications and potential management options[END_REF].

Oleaceae is currently divided into five tribes, Myxopyreae, Jasmineae, Forsythieae, Fontanesieae and Oleeae, the latter being subdivided into four subtribes (Oleinae, Fraxininae, Ligustrinae, and Schreberinae) [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF]. The natural history of the group is not completely understood yet, but its diversification seems to be associated with a few events of polyploidisation (in particular a major event of whole genome duplication in the ancestor of Oleeae) [START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF][START_REF] Briggs | Some chromosome numbers in the Oleaceae[END_REF][START_REF] George | Cytology and evolution of jasmines[END_REF][START_REF] Besnard | Polyploidy in the olive complex (Olea europaea): Evidence from flow cytometry and nuclear microsatellite analyses[END_REF][START_REF] Lattier | Ploidy and genome size in lilac species, cultivars, and interploid hybrids[END_REF][START_REF] Whittemore | Ploidy variation in Fraxinus L. (Oleaceae) of eastern North America: Genome size diversity and taxonomy in a suddenly endangered genus[END_REF] and the evolution of various reproductive and dispersal strategies [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF]. This family thus presents a substantial diversity of flowers (e.g., [START_REF] Green | The Families and Genera of Vascular Plants, Flowering Plants[END_REF][START_REF] Wallander | Systematics of Fraxinus (Oleaceae) and evolution of dioecy[END_REF][START_REF] Hinsinger | The phylogeny and biogeographic history of ashes (Fraxinus, Oleaceae) highlight the roles of migration and vicariance in the diversification of temperate trees[END_REF]) and fruits (e.g., capsules, samaras, drupes) [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Rohwer | A preliminary survey of the fruits and seeds of the Oleaceae[END_REF][START_REF] Rohwer | Fruit and seed structures in Menodora (Oleaceae): a comparison with Jasminum[END_REF][START_REF] Rohwer | Die Frucht-und Samenstrukturen der Oleaceae[END_REF]; associated with different vectors of pollination and seed dispersal. Variable breeding systems were also described, from hermaphroditism to dioecy, with several stages often considered as intermediate such as polygamy and androdioecy (e.g., [START_REF] Wallander | Systematics of Fraxinus (Oleaceae) and evolution of dioecy[END_REF][START_REF] Kiew | Preliminary pollen study of the Oleaceae in Malesia[END_REF][START_REF] Lepart | Is Phillyrea angustifolia L. (Oleaceae) an androdioecious species? Bot[END_REF][START_REF] Green | A revision of Olea L. (Oleaceae)[END_REF][START_REF] Saumitou-Laprade | Polygamy or subdioecy? The impact of diallelic self-incompatibility on the sexual system in Fraxinus excelsior (Oleaceae)[END_REF]). In addition, a di-allelic self-incompatibility system, associated with distyly in some groups, has been reported for a number of species belonging to different tribes (i.e., Myxopyreae [START_REF] Kiew | Preliminary pollen study of the Oleaceae in Malesia[END_REF], Jasmineae [START_REF] Thompson | Morph-specific patterns of variation in stigma height in natural populations of distylous Jasminum fruticans[END_REF][START_REF] Olesen | Heterostyly in the Canarian endemic Jasminum odoratissimurn (Oleaceae)[END_REF], Forsythieae [START_REF] Ryu | Studies on heterostyly incompatibility of Abeliophyllum distichum[END_REF], and Oleeae [START_REF] Green | The Families and Genera of Vascular Plants, Flowering Plants[END_REF][START_REF] Saumitou-Laprade | A self-incompatibility system explains high male frequencies in an androdioecious plant[END_REF][START_REF] Vernet | Evidence for the long-term maintenance of a rare self-incompatibility system in Oleaceae[END_REF]).

To better understand trait evolution and patterns of diversification in this group, or to resolve any lingering taxonomical issues, as in the case of the paleopolyploid tribe Oleeae [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Johnson | A review of the family Oleaceae[END_REF][START_REF] Stearn | Union of Chionanthus and Linociera (Oleaceae)[END_REF][START_REF] Li | Paraphyletic Syringa (Oleaceae): Evidence from sequences of nuclear ribosomal DNA ITS and ETS regions[END_REF], a robust phylogenetic hypothesis is then required. Oleaceae's systematics has evolved from being based on morphological, cytological, and biochemical traits (e.g., [START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF][START_REF] Rohwer | Die Frucht-und Samenstrukturen der Oleaceae[END_REF][START_REF] Harborne | A chemotaxonomic survey of flvonoids in leaves of the Oleaceae[END_REF]), to the use of molecular phylogenies during the last two decades. Such advances, though, have mainly consisted in studies that focused on specific groups or partially resolved phylogenetic trees [START_REF] Hinsinger | The phylogeny and biogeographic history of ashes (Fraxinus, Oleaceae) highlight the roles of migration and vicariance in the diversification of temperate trees[END_REF][START_REF] Li | Paraphyletic Syringa (Oleaceae): Evidence from sequences of nuclear ribosomal DNA ITS and ETS regions[END_REF][START_REF] Besnard | Phylogenetics of Olea (Oleaceae) based on plastid and nuclear ribosomal DNA sequences: Tertiary climatic shifts and lineage differentiation times[END_REF][START_REF] Yuan | Molecular phylogeny of Osmanthus (Oleaceae) based on non-coding chloroplast and nuclear ribosomal internal transcribed spacer regions[END_REF][START_REF] Hong-Wa | Intricate patterns of phylogenetic relationships in the olive family as inferred from multi-locus plastid and nuclear DNA sequence analyses: A close-up on Chionanthus and Noronhia (Oleaceae)[END_REF][START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Li | Revisiting the phylogeny and taxonomy of Osmanthus (Oleaceae) including description of the new genus Chengiodendron[END_REF][START_REF] Kim | A chloroplast DNA phylogeny of lilacs (Syringa, Oleaceae): Plastome groups show a strong correlation with crossing groups[END_REF][START_REF] Lee | Gene relocations within chloroplast genomes of Jasminum and Menodora (Oleaceae) are due to multiple, overlapping inversions[END_REF][START_REF] Kim | Molecular phylogeny of tribe Forsythieae (Oleaceae) based on nuclear ribosomal DNA internal transcribed spacers and plastid DNA trnL-F and matK gene sequences[END_REF][START_REF] Ha | Molecular phylogeny and dating of Forsythieae (Oleaceae) provide insight into the Miocene history of Eurasian temperate shrubs[END_REF], and not on the whole family (but see [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Jeyarani | Phylogenetic analysis and evolution of morphological characters in the genus Jasminum L. (Oleaceae) in India[END_REF]). This has been mainly due to difficulties to sample all main Oleaceae lineages and to take into account variable ploidy levels [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF]. Recent developments in genomics and museomics present new opportunities to tackle such obstacles, though. Several Oleaceae nuclear and cytoplasmic genomes, as well as transcriptomes have been released [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Cruz | Genome sequence of the olive tree, Olea europaea[END_REF][START_REF] Unver | Genome of wild olive and the evolution of oil biosynthesis[END_REF][START_REF] Sollars | Genome sequence and genetic diversity of European ash trees[END_REF][START_REF] Kelly | Convergent molecular evolution among ash species resistant to the emerald ash borer[END_REF][START_REF] Van De Paer | Prospects on the evolutionary mitogenomics of plants: A case study on the olive family (Oleaceae)[END_REF][START_REF] Zhang | Asterid phylogenomics/phylotranscriptomics uncover morphological evolutionary histories and support phylogenetic placement for numerous whole-genome duplications[END_REF]. Also herbarium samples, previously deemed unusable, are now accessible allowing for a more comprehensive sampling, and the inclusion of rare, or recently extinct species [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Bieker | Implications and future prospects for evolutionary analyses of DNA in historical herbarium collections[END_REF][START_REF] Van De Paer | Mitogenomics of Hesperelaea, an extinct genus of Oleaceae[END_REF][START_REF] Zedane | Museomics illuminate the history of an extinct, paleoendemic plant lineage (Hesperelaea, Oleaceae) known from an 1875 collection from Guadalupe Island, Mexico[END_REF].

Another product of the recent advances in genomics is the possibility to use various, independent genomic regions to reconstruct phylogenies of plant groups. The genome skimming approach, for instance, has allowed for cost-effective sequencing of high-copy fractions of total genomic DNA, such as organellar genomes, and nuclear ribosomal DNA, but it can also generate data sets for low-copy nuclear genes [START_REF] Straub | Navigating the tip of the genomic iceberg: Next-generation sequencing for plant systematics[END_REF][START_REF] Berger | The unexpected depths of genome-skimming data: A case study examining Goodeniaceae floral symmetry genes[END_REF]. With such a diversity of genomic datasets, one can compare the phylogenetic hypothesis estimated using plastid, mitochondrial and nuclear data and increment the estimation of species trees from gene trees. Recent studies that did such comparisons include determining the origin of wild octoploid species [START_REF] Govindarajulu | Comparison of nuclear, plastid, and mitochondrial phylogenies and the origin of wild octoploid strawberry species[END_REF], the placement of the Celastrales-Oxalidales-Malpighiales (COM) clade within Rosidae [START_REF] Sun | Deep phylogenetic incongruence in the angiosperm clade Rosidae[END_REF], and the origin and evolution of species in Ludwigia sect. Macrocarpon of Onagraceae [START_REF] Liu | Genome skimming provides new insight into the relationships in Ludwigia section Macrocarpon, a polyploid complex[END_REF].

Here, we reconstructed phylogenies of the olive family using protein-coding sequences for 80 plastid coding sequences, 37 mitochondrial genes, the nuclear ribosomal cluster and one small multigene family encoding phytochromes (phyB and phyE) of 61 representative species to document any patterns of incongruence between datasets, and discuss these in the context of the evolution of Oleaceae. The use of nuclear data remains, however, an important challenge especially in a group with frequent ploidy changes (both paleo-and neo-polyploids). Due to paleo-events of polyploidisation, the basic chromosome number varies among tribes (i.e., x = 23 in Oleeae, 14 in Forsythieae,13 in Fontanesieae,11 to 13 in Jasmineae,and 11 in Myxopyreae [3,[START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF][START_REF] George | Cytology and evolution of jasmines[END_REF]. As the consequence of whole genome duplication(s), some nuclear genes could be duplicated in polyploid lineages (e.g., Oleeae), and their orthology has to be verified before using them for inferring species phylogenies.

Genes 2020, 11, 1508 3 of 18 In addition, gene duplicates as well as their pseudogenes may inform us on the polyploids ancestors. Reconstructing the phylogeny of multigene families is the first step to identify gene orthologs that could be used for species phylogenetic reconstruction. Here, we chose the closely related phytochrome genes phyB and phyE, because these low-copy genes have been frequently used for inferring phylogenetic relationships in several plant families (e.g., [START_REF] Mathews | Evolution of the phytochrome gene family and its utility for phylogenetic analyses of angiosperms[END_REF][START_REF] Mathews | Phylogenetic structure in the grass family (Poaceae): Evidence from the nuclear gene phytochrome B[END_REF]). All these new datasets will not only assist on the study of Oleaceae's taxonomy, but also its biogeography.

Materials and Methods

Taxon Sampling and Sequencing

In this study, we sampled a total of 65 species: 61 belonging to the ingroup (Table S1) and four representing outgroups (Table S2). The ingroup included species representing all currently recognized tribes, subtribes and genera in Oleaceae. For such list, we followed the current checklist of accepted taxa in Oleaceae that has been reviewed by the staff at Royal Botanic Gardens (Kew), as part of the project "World Checklist of Selected Plant Families" [START_REF]WCSP. World Checklist of Selected Plant Families[END_REF], and the most recent literature (e.g., [START_REF] Li | Revisiting the phylogeny and taxonomy of Osmanthus (Oleaceae) including description of the new genus Chengiodendron[END_REF][START_REF] Banfi | Chrysojasminum, a new genus for Jasminum sect. Alternifolia (Oleaceae, Jasmineae)[END_REF]). The outgroup comprised two species also in the Lamiales order, Avicennia marina (Acanthaceae) and Sesamum indicum (Pedaliaceae), and two species in the Solanales order, Capsicum annuum and Solanum lycopersicum (both in Solanaceae).

Whole genome sequences ('genome skims') were obtained for the 61 Oleaceae species. Twenty-two samples were removed from herbarium collections specimens (Table S1). Forty-one accessions were already characterized from previous works [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Van De Paer | Prospects on the evolutionary mitogenomics of plants: A case study on the olive family (Oleaceae)[END_REF], and we newly analyzed 20 species belonging to Jasmineae (six species, three genera), Myxopyreae (four species, three genera), Forsythieae (Abeliophyllum), and Oleeae (two accessions of Ligustrum, one of Chengiodendron, Chionanthus, Haenianthus, Syringa, Priogymnanthus, Noronhia, and Comoranthus). For these samples, total genomic DNA was extracted from ca. 5-10 mg of dried leaves. We grounded the samples in 2-mL tubes with three metal beads using a TissueLyser (Qiagen Inc., Texas). We then extracted the DNA following the BioSprint 15 DNA Plant Kit protocol (Qiagen Inc.), and eluted the extracted DNA in 200 µL of AE buffer. Shotgun sequencing (genome skimming approach) was done at the Genopole platform of Toulouse as described in Olofsson et al. [31]. Briefly, 10 to 200 ng of double stranded DNA was used to construct sequencing libraries with the Illumina TruSeq Nano HT Sample kit (Illumina), following the manufacturer's instructions. DNA was fragmented by sonication, except for extracts from herbarium specimens, which were already highly degraded. Each sample was paired-end sequenced (150 bp) on 1/24th of an Illumina HiSeq3000 lane and multiplexed with samples from the same or different projects.

Assembly of Cytoplasmic and Nuclear DNA Regions

Assembly of Plastome and Nuclear Ribosomal DNA (nrDNA) Cluster

We assembled full plastomes and the nrDNA cluster following the methods of Bianconi et al. [START_REF] Bianconi | Continued adaptation of C 4 photosynthesis after an initial burst of changes in the Andropogoneae grasses[END_REF]. Sequencing depth in these genomic regions was superior to 100× for all investigated species. We generated a consensus sequence for both regions for each accession, and mapped reads onto them with GENEIOUS v9.0.5 [START_REF] Kearse | GENEIOUS Basic: An integrated and extendable desktop software platform for the organization and analysis of sequence data[END_REF] for manually checking the assembly quality and assessing the sequencing depth. Then, assembled plastomes and nrDNA clusters were annotated in GENEIOUS by transferring annotations from the olive tree (GenBank accessions NC013707.2 and LR031475.1 for plastid and ribosomal cluster, respectively). Finally, we generated independent alignments for the two regions using the MUSCLE algorithm [START_REF] Edgar | MUSCLE: Multiple sequence alignment with high accuracy and high throughput[END_REF] with default options as implemented in GENEIOUS.

Assembly of Mitochondrial Genes

We adopted a reference-based iterative assembly approach to retrieve a set of 37 mitochondrial protein-coding genes for each sampled species (excluding Olea europaea, Capsicum annuum, and Solanum lycopersicum, for which annotated mitochondrial genomes are already available in GenBank; Table S2). Genes located in regions homologous to plastomes (for which plastid reads mapped on; so called "mtpt" regions) were excluded. Using the reference sequence of the olive tree mitochondrial genes (MG372119.1), an initial set of homologous reads were identified by mapping using Bowtie2 v2. 3.5.1 [59] in local mode (all other parameters to default values). These reads were used as the input of a de novo assembly using SPAdes v3.14.1 [START_REF] Bankevich | SPAdes: A new genome assembly algorithm and its applications to single-cell sequencing[END_REF] with default parameters. The resulting contigs were then used as reference for the next round of homologous read search and assembly. After three iterations, obtained contigs for each gene were aligned using MAFFT v7.313 [START_REF] Katoh | MAFFT: A novel method for rapid multiple sequence alignment based on fast Fourier transform[END_REF] with defaults options. Sequencing depth of mitochondrial genes was superior to 30× for all investigated species. The alignment was then inspected and annotated in GENEIOUS by transferring annotations from the olive tree and extremities were trimmed to the annotated coding-sequence.

Assembly of Genes Encoding Phytochromes

Finally, we analyzed phylogenetic relationships within the Oleaceae using a few nuclear phytochrome genes. Their coding part (cds) is relatively long (>3000 bp; 4 exons) and can be aligned on most of their sequence. A reference-guided approach was used to assemble genomic regions containing genes encoding phytochromes B and E (phyB, phyE), as described in [START_REF] Besnard | From museums to genomics: Old herbarium specimens shed light on a C 3 to C 4 transition[END_REF][START_REF] Besnard | Herbarium genomics retrace the origins of C 4 -specific carbonic anhydrase in Andropogoneae (Poaceae)[END_REF]. Briefly, raw genomic data sets were filtered using the NGSQC Toolkit v. 2.3.3 [64] to retain only high-quality reads (i.e., >80% of the bases with Phred quality score >20), and to remove adaptor contamination and reads with ambiguous bases. The retained reads were subsequently trimmed from the 3' end to remove bases with Phred score <20. We mapped cleaned paired-end reads on references for genes encoding phytochromes B and E using GENEIOUS. First, exons of phyB (two genes, see Phylogenetic analyses below) and phyE genes of the ash tree (Fraxinus excelsior; GenBank accessions LR983955 to LR983957 [START_REF] Sollars | Genome sequence and genetic diversity of European ash trees[END_REF]) were used as seeds to reconstruct full phyB and phyE genes of 15 Oleaceae accessions for which nuclear genome sequencing depth was superior or equal to 5× (i.e., Dimetra craibiana, Nyctanthes arbor-tristis, Abeliophyllum distichum, Forsythia × mandschurica, Fontanesia fortunei, Jasminum didymum, Jasminum pauciflorum, ChrysoJasminum fruticans, Olea europaea subsp. laperrinei, Noronhia emarginata, Ligustrum ovalifolium, Syringa pubescens, Schrebera swietenioides, Comoranthus obconicus, and Fraxinus ornus). These species are representative of all main Oleaceae lineages (tribes and subtribes) as defined by Wallander and Albert [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF]. We carefully checked that phy sequences were not chimeric between related paralogs (especially between phyB-1a and phyB-1b) by a manual verification of reads phasing on gene assemblies. Then, our newly assembled genes were used to assemble exons in other species by using gene sequences of reference from the same tribe or subtribe. Partial or complete consensus coding sequences of phyB and phyE were thus obtained for the remaining 46 Oleaceae species. Consensus phy sequences of Ny. arbor-tristis and Ch. ligustrinus showed a relatively high rate of ambiguities on all genes [on average 2.38% (2.26-2.50%) and 2.11% (1.6-2.7%), respectively]. A manual checking of these gene assemblies reveals the presence of more than two distinct homologs suggesting we collapsed sequences of recently duplicated genes on these species. Finally, a few paralogs with lower homology to our references were also detected in some accessions and were further considered when their assembly covered more than 1000 bp of the coding sequence. These additional (pseudo)genes were assembled in nine distantly related species (i.e., Nor. emarginata, Chionanthus rupicolus, Ch. trichotomus, Fore. angustifolia, Sc. swietenioides, J. didymum, A. distichum, Fors. mandschurica, and Fon. fortunei). Gene sequences covering more than 90% of the coding region were annotated and deposited in GenBank (Table S3). Genes were considered as potentially non-functional when coding sequences were truncated or presented in-frame stop codon.

Phylogenetic Analyses

Phylogeny of Oleaceae Using Organellar DNA

All protein-coding sequences were extracted from the full plastomes and aligned separately as codons using PRANK v170427 [START_REF] Löytynoja | Phylogeny-aware alignment with PRANK[END_REF] (default options for translated alignments of protein-coding DNA sequences). We then estimated a tree using the maximum likelihood (ML) algorithm in IQ-Tree2 v2.0.6 [START_REF] Minh | IQ-TREE 2: New models and efficient methods for phylogenetic inference in the genomic era[END_REF]. We used a concatenation approach with an edge-linked proportional partition model, using ModelFinder [START_REF] Kalyaanamoorthy | Fast model selection for accurate phylogenetic estimates[END_REF], and assessed branch support with 1000 ultrafast bootstrap (UFB) replicates [START_REF] Hoang | UFBoot2: Improving the ultrafast bootstrap approximation[END_REF]. The best partition scheme for each dataset was determined with PartitionFinder v2.1.1 [START_REF] Lanfear | PartitionFinder 2: New methods for selecting partitioned models of evolution for molecular and morphological phylogenetic analyses[END_REF] and the best fitted evolutionary model for each partition was selected according to the best BIC score with ModelFinder, as implemented in IQ-Tree2. An ML phylogenetic tree for the mitochondrial alignment was also estimated, as described above.

Phylogeny of Oleaceae Using nrDNA

In previous studies on the Oleeae tribe, the nrDNA cluster rendered questionable results with the unexpected phylogenetic clustering of tropical lineages (e.g., Schreberinae subtribe embedded in an Oleinae lineage including genera Chionanthus, Priogymanthus, Haenianthus, Noronhia, and Olea [START_REF] Hong-Wa | Intricate patterns of phylogenetic relationships in the olive family as inferred from multi-locus plastid and nuclear DNA sequence analyses: A close-up on Chionanthus and Noronhia (Oleaceae)[END_REF][START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Zedane | Museomics illuminate the history of an extinct, paleoendemic plant lineage (Hesperelaea, Oleaceae) known from an 1875 collection from Guadalupe Island, Mexico[END_REF]). A strong phylogenetic bias was attributed to the highly variable GC content in the external and internal transcribed spacers (ETS and ITS) of the Oleeae tribe [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF] and nrDNA was thus deemed unreliable for phylogenetic inference in this group. However, it has been suggested that a purine-pyrimidine only coding (usually referred to as RY-coding) can effectively reduce the influence of biased GC-content [START_REF] Phillips | Genome-scale phylogeny and the detection of systematic biases[END_REF]. Before using the nrDNA dataset on the phylogenetic analyses, we thus transformed the data from regular nucleotide-coding to a RY-coding alignment. An ML phylogenetic tree was finally estimated as described above splitting the ribosomal cluster into seven partitions: 5'ETS, 18S, ITS1, 5.8S, ITS2, 26S, and 3'ETS.

Phylogenetic Analyses of the Nuclear phy Gene Family

Coding regions of all phy sequences were aligned together in a matrix using MAFFT (alignment provided in Supplementary Materials). We then estimated a tree for the phyB+phyE gene family by using the ML algorithm in IQ-Tree2. In this case, we estimated the best substitution model for the whole region using ModelFinder [START_REF] Kalyaanamoorthy | Fast model selection for accurate phylogenetic estimates[END_REF], and assessed branch support with 1000 UFB replicates. This analysis allowed us to infer ancestral duplications involved in the diversification of the gene family, and then identify orthologs that can be used for reconstructing phylogeny of Oleaceae. Two nuclear genes (phyB-1 and phyE-1), putatively encoding functional enzymes in most analyzed accessions, were finally selected for the phylogenetic inference of the Oleaceae family. In Oleeae, two paralogs (phyB-1a and phyB-1b) were kept, with phyB-1a arbitrarily aligned to the phyB-1 copies of other Oleaceae tribes. An ML phylogenetic tree was finally estimated as described above allowing one partition per gene.

Phylogenetic Inference of Family Tree Using Data from Mixed Origin

We then estimated an ML phylogeny for Oleaceae combining nuclear and organellar information and assessed congruence between the datasets by using the algorithm for concordance factors calculations implemented in IQ-Tree2. We quantified the concordance between this phylogeny and each dataset by calculating the gene concordance factor (gCF) and the site concordance factor (sCF) for each branch of the reference tree [START_REF] Minh | New methods to calculate concordance factors for phylogenomic datasets[END_REF]. The gCF represents the fraction of individual trees (here, species tree obtained with one of the datasets) that is concordant with a given branch, and the sCF shows the proportion of alignment sites that support that branch. It thus allows us to quantify the presence of sites inside each dataset supporting the combined topology, even if the topology obtained with one individual dataset shows an alternative topology.

Results

Phylogenetic Reconstructions Based on Chloroplast and Mitochondrial Genes

Using chloroplastic gene data (consisting of 77,676 sites including 10,059 parsimony-informative sites), we obtained a fully-resolved tree of the family (Figure 1). Oleaceae division into five tribes (Myxopyreae, Jasmineae, Forsythieae, Fontanesieae, and Oleeae) is strongly supported. In this dataset, Myxopyreae forms a monophyletic tribe (with the Myxopyrum genus sister to Dimetra+Nyctanthes) and is the sister lineage to all other groups in Oleaceae. Jasmineae appears as sister group to Oleeae. Schreberinae are represented as the sister clade (and subtribe) to the rest of the clades in the monophyletic tribe Oleeae, and Schrebera is paraphyletic. Within the Oleeae subtribe Ligustrinae, the genus Syringa also forms a paraphyletic group. Within Oleinae, the tree consists of short branches with a few polyphyletic genera (i.e., Chionanthus, Olea, Osmanthus, and Nestegis). Branch length was particularly long in tribe Jasmineae (notably in Menodora) and at a lesser extent in the core Ligustrinae and Dimetra+Nyctanthes, suggesting an increase of the evolutionary rate of plastid genes in these clades. In comparison to the chloroplastic DNA phylogeny, the phylogeny based on mitochondrial data (60,747 sites, 3509 parsimony-informative sites) exhibits a highly-congruent albeit less supported topology (Figure 2). We only stress one significant difference, regarding the branching order in the deepest nodes of the family, in this topology, Forsythieae is positioned as the sister clade to all other Oleaceae (and not Myxopyreae as in the chloroplast tree). Again, Jasmineae (especially Menodora) and Dimetra+Nyctanthes show longer branches suggesting an increase of the evolutionary rate in these two clades. 

Phylogeny Based on the Nuclear Ribosomal Cluster

Compared to phylogenetic reconstructions based on cytoplasmic genes, the analysis of the nrDNA cluster (7008 sites, 837 parsimony-informative sites) resulted in a less-supported and quite different topology (Figure 3). Myxopyreae+Fontanesieae+Forsythieae are resolved as sister to the tribes Jasmineae and Oleeae. Myxopyreae are not monophyletic, with Myxopyrum sister to Forsythia+Fontanesia but this topology is poorly supported (UFB:64). Jasmineae is here again reported as sister to Oleeae but includes a different branching of Menodora (sister to Jasminum+Chrysojasminum). This topology presents a first strongly-supported split in Oleeae between Schreberinae and Fraxininae+Ligustrinae+Oleinae (UFB:97). Within this grouping, Fraxininae and Ligustrinae form monophyletic lineages sister to Oleinae but are not supported. Longer branches are still observed in Jasmineae and Dimetra+Nyctanthes (especially in Dimetra).

Phylogeny Based on Nuclear phy Gene Family

A second nuclear DNA phylogeny was reconstructed using phy genes. We first investigated the phylogenetic tree of the phy family in order to select the most informative orthologs. A condensed phylogenetic tree of genes encoding phytochromes E and B is shown in Figure 4 (the detailed tree is provided in Figure S1). As expected, the main distinction of two genes, phyE and phyB, was recovered.

For phyE, one supposedly functional gene (phyE-1) was detected in most Oleaceae species, although a second functional gene (phyE-2) was also assembled in tribes Forsythieae and Fontanesieae. phyE-2 is sister to a clade formed by phyE-1 and phyE of Avicennia and Sesamum (recovered from GenBank). This topology suggests an ancestral gene duplication (giving birth to phyE-1 and phyE-2) in the ancestor of Lamiales, after its divergence from Solanales. A likely pseudogenic phyE-1 paralog (namely phyE-1b) was detected in Schrebera swietenioides (Oleeae). Its phylogenetic position remains unresolved due to a polytomy with phyE-1 clades of Oleeae (namely phyE-1a) and Jasmineae. phyE-1b likely testifies to a gene duplication in the Oleeae ancestor [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF], followed by a rapid pseudogenization of this duplicate. Interestingly, we also detected putative pseudogenes of phyE-2 in distantly related species of Jasmineae and Oleeae. Two putatively pseudogenic lineages were detected in Oleeae (phyE-2a and phyE-2b), another evidence of (pseudo)gene duplication in the ancestor of this tribe [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF]. Based on this topology, only phyE-1 was selected for our phylogenetic analyses of species relationships because this ortholog was detected in all analyzed Oleaceae accessions, and phylogenetic relationships based on this gene support the main taxonomic lineages (i.e., tribes and subtribes) as defined by Wallander and Albert [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF]. Putitatively pseudogenized copies (i.e., presence of frame shifts and/or stop codons) of phyE-1a were detected in eight species (Figure S1).

For phyB, first, two functional duplicates were detected in Solanales, Acanthaceae (Avicennia) and Pedaliaceae (Sesamum). Two main gene lineages (phyB-1 and phyB-2) were also detected in Oleaceae, but phyB-2 was detected only in Forsythieae (Forsythia and Abeliophyllum). This gene is sister to the phyB genes of Acanthaceae and Pedaliaceae. On the other hand, phyB-1 was detected in all Oleaceae species. Two closely related genes (phyB-1a and phyB-1b) were assembled in all Oleeae species, again testifying to an event of gene duplication in the ancestor of this tribe [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF]. Based on this topology, phyB-1 was selected for species relationships analyses because this gene was detected in all analyzed accessions, and the phylogeny allowed us to retrieve all Oleaceae lineages [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF]. Putatively pseudogenic copies (i.e., presence of frame shifts and/or stop codons or complete deletion of exon) of phyB-1a and phyB-1b were detected in two and four species, respectively (Figure S1).

The phylogenetic tree based on concatenated phyB-1 (a and b) and phyE-1 genes (10,438 sites, 3282 parsimony-informative sites) is shown in Figure 5. Again, the topology supports the distinction of all taxonomic units defined by Wallander and Albert [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF], with tribe Myxopyreae recognized as sister to the rest of Oleaceae. As in other topologies showed above, tribes Jasmineae and Oleeae as well as subtribes Oleinae and Fraxininae are sister groups. In contrast, a major incongruence with both cytoplasmic datasets is the placement of subtribe Ligustrinae as sister to the remaining of Oleeae. This topology was recovered with phyB-1a and phyE-1a, but not with phyB-1b that supports Schreberinae as sister to the other subtribes (Figures 4 andS1). Longer branches are observed in Jasmineae and Dimetra. 

Phylogenetic Reconstruction Combining the Four Genomic Datasets

The combination of nuclear and cytoplasmic datasets allowed the reconstruction of a well-supported phylogeny of Oleaceae (Figure 6). All datasets broadly supported the same phylogenetic hypothesis with five strongly supported monophyletic tribes Myxopyreae, Fontanesieae, Forsythieae, Jasmineae and Oleeae. The position of Myxopyreae as sister to the rest of the family is supported by the majority of data as concordance factors attest. The branching order of Forsythieae and Fontanesieae is however difficult to decide on. For these two tribes, the topology of the species tree obtained from the combined dataset is not well-supported. The branching node of Forsythieae, despite a bootstrap support of 100, exhibits high uncertainty based on the concordance factors (gCF: 50%; sCF: 51.4%, Figure S2). The represented branching of Fontanesieae is even less supported (UFB: 64; gCF: 25%; sCF: 29.1%, Figure S2). In both cases, concordance factors show that the reported topology is not supported by most sites. Similar sCF and gCF values suggest this is due to genuine discordant signal in the trees probably due to incomplete lineage sorting. In contrast, we set Jasmineae as the sister tribe of Oleeae with confidence (UFB and gCF values of 100). The topology within Jasmineae confirms the recent reevaluation of the genus Jasminum in two distinct genera Chrysojasminum and Jasminum [START_REF] Ha | Molecular phylogeny and dating of Forsythieae (Oleaceae) provide insight into the Miocene history of Eurasian temperate shrubs[END_REF][START_REF] Jeyarani | Phylogenetic analysis and evolution of morphological characters in the genus Jasminum L. (Oleaceae) in India[END_REF][START_REF]WCSP. World Checklist of Selected Plant Families[END_REF]. The other major uncertainty resides within the Oleeae tribe on the branching order of Ligustrinae and Schreberinae. Although bootstrap support and concordance factors values sustain the represented branching (Schreberinae as sister to other Oleeae subtribes), the concordance factors (especially sCF) are less decisive for the Ligustrinae split. 

Discussion

We gathered molecular information from several genomic compartments (chloroplastic, mitochondrial and nuclear) for 61 Oleaceae species representative of all currently recognized tribes, subtribes and genera in Oleaceae. Both plastid and mitochondrial DNA datasets as well as the nrDNA cluster are based on relatively high sequencing depth (>30×) and thus of a high quality [START_REF] Hong-Wa | Intricate patterns of phylogenetic relationships in the olive family as inferred from multi-locus plastid and nuclear DNA sequence analyses: A close-up on Chionanthus and Noronhia (Oleaceae)[END_REF][START_REF] Kelly | Convergent molecular evolution among ash species resistant to the emerald ash borer[END_REF]. In contrast, low-copy nuclear genes are more difficult to assemble from genome skimming data and their use in phylogenetics is still a challenge due to lower coverage and recurrent whole genome duplications [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Berger | The unexpected depths of genome-skimming data: A case study examining Goodeniaceae floral symmetry genes[END_REF]. Here, we explored the utility of a single nuclear gene family (phyB and phyE genes) for investigating the phylogeny of the whole Oleaceae family. The obtained dataset allowed us to tackle the complex history of nuclear gene duplication and subsequent pseudogenization indicating the necessity to control for gene orthology before proposing a phylogenetic hypothesis for the whole family. By combining and confronting our datasets, we were able to establish a well-resolved phylogeny of Oleaceae although a few discordances were revealed when comparing phylogenies based on cytoplasmic and nuclear genomic regions. Overall, tribes and subtribes were strongly supported by all phylogenetic reconstructions and only very few relationships between tribes/subtribes were not fully resolved.

Taxonomy of Oleaceae

Our phylogenetic analyses confirm the divisions of Oleaceae in five tribes and four subtribes as defined by Wallander and Albert [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF]. Given the amount of data we analyzed, we achieved a greater resolution and support in our phylogenetic inference of the whole family, including all currently recognized genera and considering several accessions from distant areas in the largest groups (e.g., Chionanthus, Olea, Fraxinus, Syringa, Jasminum). First, our results validated the grouping of Nyctanthes, Dimetra and Myxopyrum in Myxopyreae [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Kiew | Nyctanthes is a member of Oleaceae[END_REF] and overall supported this clade as sister to all other lineages in the family. We were also able to corroborate some of the less-reliable nodes and in particular the sister tribes Jasmineae and Oleeae. We resolved the relationships between Forsythieae and Fontanesieae as being distinct and non-sister tribes. We also put into question the idea that Ligustrinae is sister to all other lineages in Oleeae [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Kim | Molecular phylogeny of tribe Forsythieae (Oleaceae) based on nuclear ribosomal DNA internal transcribed spacers and plastid DNA trnL-F and matK gene sequences[END_REF][START_REF] Ha | Molecular phylogeny and dating of Forsythieae (Oleaceae) provide insight into the Miocene history of Eurasian temperate shrubs[END_REF] favoring the alternative hypothesis of Schreberinae being the one (as in [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF], where the whole plastid genome and single-nucleotide polymorphisms datasets gathered from more than 11,000 nuclear genes were used). Finally, we were also able to better define the relationships within Oleeae wherein some genera appeared as polyphyletic (i.e., Chionanthus, Olea, Osmanthus, Nestegis) or paraphyletic (i.e., Schrebera, Syringa) confirming previous reports from the literature [START_REF] Li | Paraphyletic Syringa (Oleaceae): Evidence from sequences of nuclear ribosomal DNA ITS and ETS regions[END_REF][START_REF] Besnard | Phylogenetics of Olea (Oleaceae) based on plastid and nuclear ribosomal DNA sequences: Tertiary climatic shifts and lineage differentiation times[END_REF][START_REF] Hong-Wa | Intricate patterns of phylogenetic relationships in the olive family as inferred from multi-locus plastid and nuclear DNA sequence analyses: A close-up on Chionanthus and Noronhia (Oleaceae)[END_REF][START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Li | Revisiting the phylogeny and taxonomy of Osmanthus (Oleaceae) including description of the new genus Chengiodendron[END_REF].

A relatively high congruence was obtained between phylogenies based on plastid and mitochondrial DNA datasets (Figures 1 and2), as expected for maternally inherited genomes [START_REF] Van De Paer | Prospects on the evolutionary mitogenomics of plants: A case study on the olive family (Oleaceae)[END_REF]. We obtained the best resolution with the chloroplastic dataset as it contains more informative sites. Topologies based on phy genes and cytoplasmic genomes were also quite congruent although the relative placement of Ligustrinae and Schreberinae as well as Forsythieae and Fontanesieae differ according to phy genes (Figures 4 and5). In contrast, the nrDNA cluster provided less reliable information than organellar genomes and phy nuclear genes (Figure 3). Phylogenetic biases related to GC content and incomplete concerted evolution have been already reported in Oleaceae for the nrDNA marker (e.g., [START_REF] Wallander | Systematics of Fraxinus (Oleaceae) and evolution of dioecy[END_REF][START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Zedane | Museomics illuminate the history of an extinct, paleoendemic plant lineage (Hesperelaea, Oleaceae) known from an 1875 collection from Guadalupe Island, Mexico[END_REF]), which thus needs to be interpreted with caution. Yet, the RY-coding seems to have greatly improved the topology since all Oleeae subtribes were retrieved in contrast to previous analyses [START_REF] Olofsson | Phylogenomics using low-depth whole genome sequencing: A case study with the olive tribe[END_REF][START_REF] Zedane | Museomics illuminate the history of an extinct, paleoendemic plant lineage (Hesperelaea, Oleaceae) known from an 1875 collection from Guadalupe Island, Mexico[END_REF] (see Figure S3 for the ML phylogeny from the original alignment).

Nuclear Gene Orthology and Polyploidization Events in Oleaceae

The analysis of a small multigene family revealed other aspects on the Oleaceae history, related to past whole genome duplications and different tempo of pseudogenization. First, two divergent functional paralogs were revealed on phyE and phyB, but only in Fontanesieae and Forsythieae.

The duplication of these genes (possibly due to whole genome duplication) is ancient, likely preceding the divergence of Lamiales, and the pseudogenisation of phy-B2 and phy-E2 in tribes Myxopyreae, Jasmineae and Oleeae may have occurred rapidly after their divergence. Only pseudo-phy-E2 was still detected in Jasmineae and Oleeae. More interestingly, the detection of two closely related paralogs of phyB-1, phyE-1 and pseudo-phyE-2 in all Oleeae species is highly congruent with the reported event of polyploidization in their common ancestor [START_REF] Wallander | Phylogeny and classification of Oleaceae based on rps16 and trnL-F sequence data[END_REF][START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF]. As we decided to collapse highly homologous sequences of phy genes, we were not able to investigate the fate of these genes in neopolyploids, but we detected a relatively high level of ambiguities in the tetraploid Ny. arbor-tristis [START_REF] George | Cytological and other evidences for the taxonomic position of Nyctanthes arbor-tristis[END_REF] as well as in Ch. ligustrinus for which the chromosome number is unknown.

Concluding Remarks and Future Directions in Oleaceae Phylogenomics

Our work provided a more robust phylogenetic history of Oleaceae than previous works, a crucial prerequisite to study the diversification process of this family. A complex history of gene duplication and pseudogenization was also revealed, and these aspects need to be evaluated before using nuclear data in the reconstruction of phylogenies, especially in a plant family with paleopolyploids such as Oleaceae. Moreover, our prospective study also demonstrated the limits of using phy genes to estimate a tree due to the variable levels of gene retention and the presence of non-functional sequences. With the higher accessibility of genomic data, some of these caveats can be circumvented with the use of new methodologies such as the analyses of UCE (Ultra Conserved Elements) or universal single-copy orthologs (e.g., [START_REF] Huang | Multiple polyploidization events across Asteraceae with two nested events in the early history revealed by nuclear phylogenomics[END_REF][START_REF] Waterhouse | BUSCO applications from quality assessments to gene prediction and phylogenomics[END_REF][START_REF] Zhang | Phylogenomics from low-coverage whole-genome sequencing[END_REF]). Although, in the light of the complicated history of evolution of plants (e.g., multiple reported events of whole genome duplication), we stress the importance of taking gene orthology into account when estimating species trees.

When it comes to our current and future goals with the study of the phylogenomics of Oleaceae, the complete sequencing of nuclear genomes (with at least 30-50× coverage) is in progress in our lab. We are mainly focusing on low heterozygous diploid species, and avoiding neo-polyploids and hybrids. In addition, since this study confirmed that cytoplasmic and nuclear ribosomal DNA sequences can be easily assembled independent of species ploidy, we are using those genomic regions on a comprehensive sampling to reconstruct a fossil-calibrated phylogeny of the family. Finally, with this large phylogeny of Oleaceae we will explore the causes of variable evolutionary rates among genomes, considering factors as generation time (e.g., short living species exhibit particularly long branches in phylogenetic reconstructions) [START_REF] Smith | Rates of molecular evolution are linked to life history in flowering plants[END_REF], gene duplication, genome inheritance, and recombination rate [START_REF] Smith | Rates of molecular evolution are linked to life history in flowering plants[END_REF][START_REF] Larracuente | Evolution of protein-coding genes in Drosophila[END_REF][START_REF] Yang | Factors that contribute to variation in evolutionary rate among Arabidopsis genes[END_REF].
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Introduction

Rates of molecular evolution can vary considerably. This variation is found at different scales, and can be genome-wide or locus-specific, between distinct lineages or within a given species (Nabholz et al., 2008;Yang & Gaut, 2011;[START_REF] Smith | Mitochondrial and plastid genome architecture: reoccurring themes, but significant differences at the extremes[END_REF]. Determining the factors driving this variation is a major goal in molecular evolution and has been the focus of many studies (Wolfe et al., 1989a;[START_REF] Martin | Body size, metabolic rate, generation time, and the molecular clock[END_REF][START_REF] Woolfit | Population size and molecular evolution on islands[END_REF][START_REF] Bromham | Why do species vary in their rate of molecular evolution?[END_REF][START_REF] Bromham | The genome as a life-history character: why rate of molecular evolution varies between mammal species[END_REF]. The rate of DNA sequence evolution is affected by two factors: the rate at which mutations arise and the rate at which they get fixed. Features affecting either of these two rates will influence the overall evolutionary rates. Many factors have been suggested to have an influence, including environmental energy, metabolic rate, generation time, population size, recombination rate, genome copying processes, and natural selection [START_REF] Bousquet | Extensive variation in evolutionary rate of rbcL gene sequences among seed plants[END_REF][START_REF] Laroche | Molecular evolution of angiosperm mitochondrial introns and exons[END_REF][START_REF] Barraclough | Evolutionary rates and species diversity in flowering plants[END_REF][START_REF] Davies | Environmental energy and evolutionary rates in flowering plants[END_REF][START_REF] Wright | The road from Santa Rosalia: A faster tempo of evolution in tropical climates[END_REF]Smith & Donoghue, 2008;[START_REF] Woolfit | Effective population size and the rate and pattern of nucleotide substitutions[END_REF][START_REF] Gillman | Faster evolution of highly conserved DNA in tropical plants[END_REF][START_REF] Lynch | Evolution of the mutation rate[END_REF]Lanfear et al., 2013;Bromham et al., 2015).

Disentangling the forces acting on evolutionary rates can be difficult, so that the drivers of differences among specific lineages are often unknown.

In plants, genetic information is shared between the nucleus and two organellar genomes located in plastids (plastome, also often referred to as chloroplast genome) and mitochondria (mitogenome). Organelle genomes encode functions essential for cell survival and are usually maternally inherited [START_REF] Birky | Uniparental inheritance of mitochondrial and chloroplast genes: Mechanisms and evolution[END_REF]. Each cell contains many organelles, inside which organellar genomes can be present in multiple copies [START_REF] Bendich | Why do chloroplasts and mitochondria contain so many copies of their genome?[END_REF]. High-copy number, usual uniparental inheritance and the consecutive absence of sexual recombination are hallmarks of organellar genome evolution and make them an interesting system to investigate variation in rates of evolution as they can tell a different story from the recombining biparentally inherited nuclear genome.

Among photosynthetic plants, variation in organelle evolutionary rates is generally limited and substitution rates of plastid protein-coding genes are usually lower than those of nuclear coding genes, but higher than in the mitogenome [START_REF] Wolfe | Rates of nucleotide substitution vary greatly among plant mitochondrial, chloroplast, and nuclear DNAs[END_REF](Wolfe et al., , 1989b;;Drouin et al., 2008;[START_REF] Smith | Mitochondrial and plastid genome architecture: reoccurring themes, but significant differences at the extremes[END_REF]. The importance of organelles in cellular metabolism and their extreme genomic sequence conservation support the idea that both organellar genomes predominantly evolve under strong purifying selection [START_REF] Bock | On the adaptive value of cytoplasmic genomes in plants[END_REF]. However, evidence for accelerated evolution of organellar genomes has been reported in several groups of photosynthetic plants, and can be restricted to particular loci [START_REF] Guisinger | Genome-wide analyses of Geraniaceae plastid DNA reveal unprecedented patterns of increased nucleotide substitutions[END_REF][START_REF] Barnard-Kubow | Correlation between sequence divergence and polymorphism reveals similar evolutionary mechanisms acting across multiple timescales in a rapidly evolving plastid genome[END_REF], one [START_REF] Guisinger | Implications of the plastid genome sequence of Typha (Typhaceae, Poales) for understanding genome evolution in Poaceae[END_REF][START_REF] Schwarz | Plastome-wide nucleotide substitution rates reveal accelerated rates in Papilionoideae and correlations with genome features across legume subfamilies[END_REF][START_REF] Shrestha | Highly accelerated rates of genomic rearrangements and nucleotide substitutions in plastid genomes of Passiflora subgenus Decaloba[END_REF] or both organelles [START_REF] Sloan | Recent acceleration of plastid sequence and structural evolution coincides with extreme mitochondrial divergence in the angiosperm genus Silene[END_REF] or represent a global increase across all genomic compartments (Smith & Donoghue, 2008). A correlation between an acceleration of substitution rates and structural changes (i.e. inversions and gene or intron losses) has also been reported in several lineages [START_REF] Jansen | Analysis of 81 genes from 64 plastid genomes resolves relationships in angiosperms and identifies genome-scale evolutionary patterns[END_REF][START_REF] Barnard-Kubow | Correlation between sequence divergence and polymorphism reveals similar evolutionary mechanisms acting across multiple timescales in a rapidly evolving plastid genome[END_REF][START_REF] Weng | Reconstruction of the ancestral plastid genome in Geraniaceae reveals a correlation between genome rearrangements, repeats, and nucleotide substitution rates[END_REF][START_REF] Zhu | Evolutionary dynamics of the plastid inverted repeat: The effects of expansion, contraction, and loss on substitution rates[END_REF][START_REF] Schwarz | Plastome-wide nucleotide substitution rates reveal accelerated rates in Papilionoideae and correlations with genome features across legume subfamilies[END_REF]. These structural changes appear to be themselves correlated with the accumulation of repetitive DNA (Lee et al., 2007;[START_REF] Haberle | Extensive rearrangements in the chloroplast genome of Trachelium caeruleum are associated with repeats and tRNA genes[END_REF][START_REF] Guisinger | Extreme reconfiguration of plastid genomes in the angiosperm family Geraniaceae: rearrangements, repeats, and codon usage[END_REF][START_REF] Weng | Reconstruction of the ancestral plastid genome in Geraniaceae reveals a correlation between genome rearrangements, repeats, and nucleotide substitution rates[END_REF]. Such combination of increased substitution rates and structural changes has been explained by a disruption of the DNA repair/recombination/replication machinery [START_REF] Guisinger | Genome-wide analyses of Geraniaceae plastid DNA reveal unprecedented patterns of increased nucleotide substitutions[END_REF][START_REF] Guisinger | Extreme reconfiguration of plastid genomes in the angiosperm family Geraniaceae: rearrangements, repeats, and codon usage[END_REF][START_REF] Weng | Reconstruction of the ancestral plastid genome in Geraniaceae reveals a correlation between genome rearrangements, repeats, and nucleotide substitution rates[END_REF]. The discussion of variation in evolutionary rates of organellar genomes has therefore been mainly centered on mutation processes. With the exception of cyto-nuclear coevolution [START_REF] Sloan | Recent acceleration of plastid sequence and structural evolution coincides with extreme mitochondrial divergence in the angiosperm genus Silene[END_REF][START_REF] Williams | Extreme variation in rates of evolution in the plastid Clp protease complex[END_REF], selection has mainly been seen as being affected by the accelerated rates rather than as a potential driving force. Differential substitution rates between functional groups of genes, reported in several groups [START_REF] Guisinger | Genome-wide analyses of Geraniaceae plastid DNA reveal unprecedented patterns of increased nucleotide substitutions[END_REF][START_REF] Sloan | A recurring syndrome of accelerated plastid genome evolution in the angiosperm tribe Sileneae (Caryophyllaceae)[END_REF];[START_REF] Park | Contrasting patterns of nucleotide substitution rates provide insight into dynamic evolution of plastid and mitochondrial genomes of Geranium[END_REF], suggest that selection plays a more fundamental driving role. Genome-wide study of plastid rates in Silene and several Geraniaceae [START_REF] Guisinger | Genome-wide analyses of Geraniaceae plastid DNA reveal unprecedented patterns of increased nucleotide substitutions[END_REF][START_REF] Sloan | Recent acceleration of plastid sequence and structural evolution coincides with extreme mitochondrial divergence in the angiosperm genus Silene[END_REF]Sloan 2014;[START_REF] Park | Contrasting patterns of nucleotide substitution rates provide insight into dynamic evolution of plastid and mitochondrial genomes of Geranium[END_REF]) indeed reported elevated dN/dS ratio in a partly overlapping subset of genes. Positive selection was invoked however the potential selective agents were not discussed. Evidence for positive selection is limited outside of these groups as most study were restricted to a handful of genes or one taxa (Barnard)Passiflora Campanulacea +mitochondria

The olive tree family (Oleaceae) contains about 700 species, encompassing long-lived trees, shrubs and even one herb [START_REF] Green | Oleaceae[END_REF]. Previous evidence suggests different rates of evolution in some lineages, either affecting nuclear genes and/or one or both organellar genomes [START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF]. Indeed, two lineages in particular (i.e. tribe Jasmineae and a monophyletic lineage of subtribe Ligustrinae, referred to as "Core Ligustrinae") are characterized by markedly longer branches compared to sister clades in phylogenetic trees based on plastomes, but not necessarily in those based on mitochondrial or nuclear genes [START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF]Dong et al., 2022). In one of these (Jasmineae), important reorganization of the plastomes and variation in gene and repeat content were also reported (Lee et al., 2007). The plastomes of some groups of Oleaceae therefore seem characterized by increased rates of substitutions and structural changes, although the drivers of these patterns remain to be assessed. In particular, it is unclear whether these longer branches represent a plastid-specific phenomenon, or arise from lineage-specific factors (e.g. generation time, population size), in which case all genomic compartments would be affected. Rigorous comparison of the rates of evolution between these clades and other Oleaceae are needed to untangle the respective roles of mutation and selection processes in accelerated evolution.

In this study, we assess the importance of selective pressures in changes of evolutionary rates of organellar genomes. We first assemble plastomes and mitochondrial genes for a large panel of Oleaceae species, quantify rearrangements and infer phylogenomic trees to (i) verify that increased rates of substitutions and rearrangements characterize only some Oleaceae lineages. Independently for synonymous substitutions, which mainly reflect neutral processes, and non-synonymous substitutions, which are affected by selection, we then compare the substitution rates between the mitochondrial and plastid genes to (ii) determine whether both organellar genomes and (iii) both types of substitutions are simultaneously affected. We finally use codon models to (iv) test for selective shifts on specific organellar protein-coding genes driving non-synonymous substitution rates. Our investigations reveal a previously unreported effect of selective shifts on organellar genome evolutionary rates, potentially linked to differential selection regimes on nonphotosynthetic genes following non-strict maternal transmission in some lineages.

Material and methods

Taxon sampling, DNA sequencing and organellar genomic sequence assembly

Our sampling consisted of 117 species representing all tribes and subtribes of Oleaceae as defined by Wallander & Albert (2000), plus two outgroup species (Avicennia marina -Acanthaceae and Sesamum indicum -Pedaliaceae), for a total of 119 species in the dataset. It included species from the two groups previously identified as having longer branches in the plastome phylogeny (Dupin et al., 2020): eight Core Ligustrinae (Ligustrum spp., Syringa pubescens subsp. microphylla, and S. tomentella subsp. yunnanensis), and nine Jasmineae (representing the three genera of the tribe:

Chrysojasminum, Jasminum, and Menodora).

New sequencing data were generated for five species (Supporting Information Table S4):

three Jasminum (tribe Jasmineae: J. adenophyllum, J. mackeeorum, and J. spectabile) and two Noronhia (tribe Oleeae, subtribe Oleinae: N. brevituba and N. candicans). These additional samples were either collected from the field or from herbarium collections and sequenced with the approach described in [START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF]. Sequencing data were already available for the remaining 114 species, for which complete plastomes were already assembled (Van de Paer et al., 2018;Olofsson et al., 2019;[START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF][START_REF] Salmona | Late Miocene origin and recent population collapse of the Malagasy savanna olive tree (Noronhia lowryi)[END_REF][START_REF] Yu | Deciphering the organelle genomes and transcriptomes of a common ornamental plant Ligustrum quihoui reveals multiple fragments of transposable elements in the mitogenome[END_REF]. When available, complete mitogenomes or sequences for 37 mitochondrial protein-coding genes were also retrieved from previous studies (Supporting Information Table S4; Van de Paer et al., 2016, 2018;Olofsson et al., 2019;[START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF]. Previously unassembled organellar genomic sequences, including those of newly sequenced species or mitochondrial genes for a few species, were generated using the genome-walking method described in [START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF]. Plastomes were annotated using PGA [START_REF] Qu | PGA: a software package for rapid, accurate, and flexible batch annotation of plastomes[END_REF]. The annotation of tRNA genes in all plastomes was further verified with tRNAscan-SE v2.0.7 [START_REF] Chan | tRNAscan-SE: searching for tRNA genes in genomic sequences[END_REF].

Structure, organization and content of plastomes

The 119 plastomes were aligned using progressiveMauve [START_REF] Darling | Mauve: multiple alignment of conserved genomic sequence with rearrangements[END_REF] with default parameters to define collinear blocks and identify potential rearrangements. Where multiple rearrangements were identified, we used GRIMM [START_REF] Tesler | GRIMM: genome rearrangements web server[END_REF] to infer the minimum number of rearrangements based on these collinear blocks. Repeats over > 30 bp were identified using BLAST of each plastome against itself, after removing one inverted repeat copy (-word_size 16 -evalue 0.01; Altschul et al., 1990), retaining only the best hit (according to e-value) among overlapping hits using the package GenomicRanges in R [START_REF] Lawrence | Software for computing and annotating genomic ranges[END_REF]. Organization maps were generated with the package GenoPlotR [START_REF] Guy | genoPlotR: comparative gene and genome visualization in R[END_REF].

Phylogenetic analyses

Protein-coding sequences were extracted and each gene was individually aligned as codons using the package DECIPHER v2 [START_REF] Wright | Using DECIPHER v2.0 to analyze big biological sequence data in R[END_REF] in R. Genes from each organellar genome were concatenated, and a maximum-likelihood (ML) phylogeny was generated for each organelle using IQ-Tree v2.0.5 (Minh et al., 2020). We used an edge-linked proportional partition model and assessed branch support with 1000 ultrafast bootstrap replicates [START_REF] Chernomor | Terrace aware data structure for phylogenomic inference from supermatrices[END_REF]Hoang et al., 2018). The best partition scheme (genes, codon positions, or genes and codon positions) for each dataset was determined with PartitionFinder v2.1.1 (Lanfear et al., 2017), and the best-fit evolutionary model for each partition was selected according to the best BIC score with ModelFinder (Kalyaanamoorthy et al., 2017) as implemented in IQ-Tree.

Evolutionary rate estimations

The two organellar genomes produced compatible topologies (Supporting Information Figure S1), but the one based on the plastome has better statistical support. To facilitate rate comparisons, all follow-up analyses were performed with the topology obtained on plastomes.

Changes in branch lengths are the result of three main parameters: elapsed time, mutation rate, and selective pressures. To untangle the last two, synonymous substitution rates (mainly neutral, and thus approximating the basal mutation rate) and non-synonymous substitution rates (changes in the encoded amino acid) were estimated separately using the free-ratio model implemented in the program codeml (PAML4; [START_REF] Yang | PAML 4: Phylogenetic Analysis by Maximum Likelihood[END_REF]. In this model, the expected number of non-synonymous substitutions per site (d N ) and the expected number of synonymous substitutions per site (d S ) are free to vary among branches. For these analyses, all protein-coding sequences from each organellar genome were concatenated to produce rates per genome. Gaps and missing data were excluded from the alignment (cleandata = 1). The two organellar genomes were compared using the set of d S values estimated for all branches. If some species experienced lineage-specific factors that accelerated their evolution or if branches correspond to a longer divergence time, the d S of the two organellar genomes are expected to increase proportionally, so that a linear relationship is expected. Conversely, if one of the two organellar genomes accumulates higher relative amounts of synonymous substitutions in one lineage, a different slope is expected for values assigned to branches belonging to this group. To test whether relative rates of evolution between the two organellar genomes differ between the two groups characterized by long branches in previous studies (i.e. Core Ligustrinae and Jasmineae) and between the rest of Oleaceae, we used a linear model, where the slope of the relationship between the d S of plastid coding sequence and the d S of mitochondrial coding sequence differed among the three sets of branches (interaction with the group identity). Significance of each model coefficient was assessed with an ANOVA. Similar analyses were performed using the d N values estimated for each branch. We also optimized the freeratio model on each single gene to determine whether particular genes showed distinct profiles compared to the whole coding compartment. Plastid genes were grouped into two functional categories: genes related to photosynthetic functions (photosystems, NADH, cytochromes) and nonphotosynthetic genes (RNA polymerase, ribosomal proteins, transcription factors, and other unknown functions; [START_REF] Bock | Structure, function, and inheritance of plastid genomes[END_REF]. These groups were used as categorical variables in the analyses.

Selective pressure estimations

Codon models were used to specifically test, separately for the plastome and the mitogenome and then for each gene within these genomes, whether selective pressures shifted in the set of branches assigned to one of the two clades with longer branches in the plastome phylogenetic tree (i.e. Core

Ligustrinae and Jasmineae). Two different codon models implemented in codeml were optimized and statistically compared. In the null model, all branches evolve under the same d N /d S ratio. In the alternative model, a priori selected branches ("foreground branches") are allowed to have a different d N /d S ratio from the other branches ("background branches"). Branches belonging to Core

Ligustrinae and Jasmineae (including the stem branches) were selected as two sets of "foreground branches", with a distinct d N /d S ratio (three ratios). The two models were compared using a likelihood-ratio test with the appropriate degrees of freedom and a Bonferroni correction was applied to account for multiple testing. For the concatenated datasets, we also compared a model with both Core Ligustrinae and Jasmineae considered as a single set of foreground branches (two ratios).

Results

Rearrangements and changes in plastome content are restricted to Jasmineae and Core Ligustrinae

As in most angiosperms, Oleaceae plastomes exhibit the canonical quadripartite structure of two single copy regions (i.e. large single copy and small single copy regions) separated by a large inverted repeat [START_REF] Bock | Structure, function, and inheritance of plastid genomes[END_REF]. Inverted repeat boundaries are remarkably stable across the family and important shifts (encompassing complete genes) were only observed in Jasmineae and Core Ligustrinae (Supporting Information Figure S2). Inversions events were only detected in Jasmineae, with one event shared by all investigated Jasmineae and few species-specific rearrangements, with the most drastic rearrangements observed in a small shrub of this tribe, Menodora integrifolia (Supporting Information Figure S3). Repeats longer than 30 bp accounted for a significantly larger genome proportion in both Jasmineae and Core Ligustrinae compared to other Oleaceae (Supporting Information Figure S4; ANOVA; p-value < 0.05), reaching 17% in M. integrifolia. In Jasmineae and Core Ligustrinae, the median number of repeats longer than 50 bp was 16, as opposed to six in other Oleaceae. Larger repeats (>150 bp) are restricted to these two clades. The plastome of M. integrifolia is the only one to contain repeated fragments larger than 1000 bp (up to 5000 bp).

Gene content is quite conserved across the family and only few gene losses were detected, all in Jasmineae (Supporting Information Table S1). Firstly, clpP, which encodes the plastid subunit of a protease complex essential in plastid protein turnover, was not found in M. integrifolia. The two introns of clpP have also been lost in Jasminum species, and exon sequences are highly divergent in this genus. In the Jasmineae Chrysojasminum fruticans, the coding sequence of clpP shows divergence levels similar to that of other Jasmineae, but clpP introns are still present and are even more conserved than exons (raw pairwise distances with Olea europaea are 0.30 and 0.036 in exons and introns, respectively). Exonic divergence is also significantly greater than intronic divergence in Core Ligustrinae (t-test; p-value < 0.001), a pattern not observed in other Oleaceae (Supporting Information Table S2). Secondly, accD, which encodes the plastid subunit of acetyl-CoA carboxylase (which catalyses the first and rate-limiting step of lipid biosynthesis), has also been lost in Jasmineae. Lastly, variation in the number of copies of tRNA genes was also restricted to Jasmineae and Ligustrum ovalifolium (Core Ligustrinae; Supporting Information Table S1).

Rate increases are specific to the plastome and mainly driven by non-synonymous substitutions

Phylogenetic trees built on the complete set of plastid and mitochondrial protein-coding sequences for 117 taxa representative of all Oleaceae subtribes confirm increased root-to-tip distances in both Jasmineae and Core Ligustrinae for plastid sequences, but such increases are less apparent in the mitochondrial phylogeny (Supporting Information Figure S1). Phylogenetic trees built on synonymous substitutions revealed clearly longer branches in Jasmineae but not in Core Ligustrinae, while both groups exhibit markedly longer branches in trees based on non-synonymous substitutions (Figure 1). The regression slope of plastid d S in relation to mitochondrial d S is significantly different (ANOVA; p-value < 0.01) in Jasmineae (but not in Ligustrinae; p-value = 0.9) compared to other Oleaceae, indicating synonymous substitutions are accumulating faster in the plastomes of Jasmineae (Figure 2; adjusted R 2 = 0.80). These patterns suggest an increase in the underlying mutation rate of plastome in the whole Jasmineae group.

Regarding d N , significant differences (p-value < 0.01) between the slopes of d N were observed in Jasmineae and in Core Ligustrinae compared to other Oleaceae (Figure 2; adjusted R 2 = 0.88). In both groups, the portions of plastome corresponding to coding genes accumulate more non-synonymous substitutions than in other Oleaceae (Figure 2). Codon models supported three different d N /d S ratios in the plastomes of each of Jasmineae, Core Ligustrinae and the other Oleaceae (likelihood-ratio test, p-value < 0.05). The optimized d N /d S values over concatenated codingsequences were higher in both Jasmineae (ω J = 0.52) and Core Ligustrinae (ω CL = 0.96) than in other Oleaceae (ω B = 0.25), indicating that a shift of selective pressures characterizes the two groups with increased plastid branch lengths.

Overall, our results indicate that the increased accumulation of substitutions happened specifically and independently in the plastomes of Jasmineae and Core Ligustrinae and was driven by an accelerated accumulation of both synonymous and non-synonymous substitutions in Jasmineae, but mostly by an excess of non-synonymous substitutions in Core Ligustrinae.

Non-photosynthetic genes undergo an excess of non-synonymous substitutions in Jasmineae and

Core Ligustrinae

Individual codon models were used to determine which specific genes have an increased

d N /d S in
Jasmineae and/or Core Ligustrinae. For the mitogenome, we tested 37 protein-coding genes and did not identify any significant change in d N /d S in these groups. In plastomes, we detected one gene (rbcL) with a significant decrease in d N /d S , in both Jasmineae and Core Ligustrinae. Most changes, however, corresponded to increases of d N /d S , and among the 80 plastid genes investigated, 18 had a significant increase in d N /d S in branches belonging to Jasmineae and/or Core Ligustrinae (Figure 3).

Most of the impacted genes encode proteins not involved in photosynthetic processes (15/18), and photosynthetic genes are statistically under-represented among those with an increased d N /d S (Fisher's exact test; p-value < 0.001). Out of 47 genes related to photosynthesis, an increased d N /d S was detected only in atpA, atpB and ycf4 (Figure 3). Among the 15 non-photosynthetic genes with significant increases, d N /d S is greater than 1 in both Jasmineae and Core Ligustrinae for seven genes, whereas seven genes have a d N /d S > 1 in Jasmineae only, and one in Core Ligustrinae only (Figure 3). The d N /d S were especially high in Core Ligustrinae, with five genes reaching values above 3 (up to 5.7 for infA; Figure 3; Supporting Information Figure S5). Genes with a d N /d S ratio greater than 1 in one or both sets of foreground branches were reanalyzed constraining the d N /d S to a value of 1 in that set and the likelihood of these constrained models were compared to that of the unconstrained ones. After correcting for multiple testing, the d N /d S was significantly greater than 1 in clpP and ycf1 in Jasmineae, and in ycf1, ycf2 and ycf4 in Core Ligustrinae.

To investigate further the observed changes in substitution rates at the gene level, d S and d N values per gene were compared between Jasmineae, Core Ligustrinae and other Oleaceae. Rates of synonymous substitutions vary tremendously among genes, but the d S per gene vary proportionally between each of Jasmineae and Core Ligustrinae and the rest of the family, with similar values in Core Ligustrinae, but on average a six time higher rate in Jasmineae (Figure 4a,c). The relationship between the synonymous rate in the other Oleaceae and the synonymous rate in either Jasmineae or Core Ligustrinae does not differ significantly between photosynthetic and non-photosynthetic genes (p-values = 0.07 and 0.6, respectively).

The patterns are strikingly different when comparing the d N per gene, with similar trends in Jasmineae and Core Ligustrinae. For photosynthetic genes, the d N vary proportionally between each of the two groups and the other Oleaceae, with ratios roughly equivalent to d S estimates (3.76 vs 6.04 for Jasmineae and 1.72 vs 1.04 for Core Ligustrinae; Figure 4). These results indicate that nonsynonymous substitutions on photosynthetic genes accumulate at a rate similar to synonymous substitutions. The relationship between the d N of each of Jasmineae and Core Ligustrinae and other Oleaceae, however, differs significantly between photosynthetic and non-photosynthetic genes (p-values < 0.01 and < 0.05, respectively). In Jasmineae, the d N of non-photosynthetic genes are about ten times larger than in other Oleaceae (or more than twice the values of photosynthetic genes), while the d N of non-photosynthetic genes are about seven times higher in Core Ligustrinae than in other Oleaceae (or about four times higher than for photosynthetic genes; Figure 4b,d).

These results show that all genes are characterized by more synonymous and non-synonymous substitutions in Jasmineae, but non-photosynthetic genes from the plastids of both Jasmineae and Core Ligustrinae underwent more than twice as much non-synonymous substitutions as expected based on their amount of synonymous substitutions.

Discussion

Selection drives evolutionary rate acceleration in plastomes of two Oleaceae lineages

Longer branches were previously reported in the plastid phylogeny in Core Ligustrinae and Jasmineae [START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF]Dong et al., 2022). Our analyses confirmed that the relative increases in substitution rates in these two groups are restricted to the plastome (Supporting Information Figure S1) and thus do not result from species-specific factors that would also affect other genomic compartments. Jasmineae plastomes show higher numbers of rearrangements (Supporting Information Figure S3), as well as an increase in synonymous substitution rates compared to other Oleaceae (Figure 1), which affects all genes similarly (Figure 4a). Mutation processes have been invoked to explain accelerated global plastome evolution [START_REF] Guisinger | Genome-wide analyses of Geraniaceae plastid DNA reveal unprecedented patterns of increased nucleotide substitutions[END_REF][START_REF] Guisinger | Extreme reconfiguration of plastid genomes in the angiosperm family Geraniaceae: rearrangements, repeats, and codon usage[END_REF][START_REF] Weng | Reconstruction of the ancestral plastid genome in Geraniaceae reveals a correlation between genome rearrangements, repeats, and nucleotide substitution rates[END_REF]. Faulty repair mechanisms can impact substitution rates and induce genomic rearrangements, if they fail to prevent illegitimate recombination.

However, most proteins involved in repair mechanisms are encoded by the nuclear genome and target both plastid and mitochondrial DNA [START_REF] Carrie | A reevaluation of dual-targeting of proteins to mitochondria and chloroplasts[END_REF]. The pattern of divergence observed here would thus require the repair machinery to operate incorrectly only on plastomes.

An increase in non-synonymous substitution rates is observed in both Jasmineae and Core Ligustrinae (Figure 2) and non-photosynthetic genes are particularly impacted (Figure 4b,d). Some of these genes (in particular accD and clpP) are recurrently reported as fast-evolving in several groups of plants and have also been lost in several lineages with accelerated evolutionary rates [START_REF] Guisinger | Genome-wide analyses of Geraniaceae plastid DNA reveal unprecedented patterns of increased nucleotide substitutions[END_REF][START_REF] Guisinger | Implications of the plastid genome sequence of Typha (Typhaceae, Poales) for understanding genome evolution in Poaceae[END_REF][START_REF] Sloan | Recent acceleration of plastid sequence and structural evolution coincides with extreme mitochondrial divergence in the angiosperm genus Silene[END_REF][START_REF] Rockenbach | Positive selection in rapidly evolving plastid-nuclear enzyme complexes[END_REF][START_REF] Williams | Extreme variation in rates of evolution in the plastid Clp protease complex[END_REF]. In Jasmineae, both accD and clpP or its introns are missing in some taxa (Supporting Information Table S1). While this could be interpreted as a sign of relaxation of selective pressures, exon sequences of clpP are more divergent than introns in both Jasmineae and Core Ligustrinae (when still present; Supporting Information Table S2). This surprising pattern was also reported in other lineages [START_REF] Erixon | Whole-gene positive selection, elevated synonymous substitution rates, duplication, and indel evolution of the chloroplast clpP1 gene[END_REF][START_REF] Barnard-Kubow | Correlation between sequence divergence and polymorphism reveals similar evolutionary mechanisms acting across multiple timescales in a rapidly evolving plastid genome[END_REF] and could be consistent with positive selection. Moreover, relaxed purifying selection generally cannot drive d N /d S well above 1,

in contrast to what we observe for clpP and a subset of genes (Figure 3). Positive selection was further significantly supported compared to relaxed selection in several genes, using a conservative test. Therefore, positive selection seems to explain at least some of the excess of non-synonymous substitutions in Jasmineae and Core Ligustrinae.

Biparental inheritance and intracellular competition might drive change in selective pressures

Changes in plastome evolutionary rates are restricted to two clades of Oleaceae (Figure 1). We do not see lineage-specific features susceptible to impact plastome evolution in these two sets of species compared to other Oleaceae except for the mode of plastid inheritance. Indeed, characters allowing biparental inheritance have been identified precisely in these two groups of Oleaceae (Corriveau & Coleman, 1988;Zhang et al., 2003;Liu et al., 2004; Supporting Information Table S3). We thus hypothesize a link between biparental inheritance of plastids and their accelerated evolution. This association has previously been suggested based on the overlapping distribution of fast-evolving lineages and biparental inheritance [START_REF] Ruhlman | The plastid genomes of flowering plants[END_REF], but the proposed mechanism involved recombination between parental copies in heteroplasmic cells. As plastids rarely fuse, evidence for plastome recombination is scarce (reviewed in [START_REF] Greiner | Why are most organelle genomes transmitted maternally?[END_REF]. Even in cases where biparental zygotes are produced, no recombination has been observed between parental organellar genomes [START_REF] Birky | Uniparental inheritance of mitochondrial and chloroplast genes: Mechanisms and evolution[END_REF][START_REF] Matsushima | The model plant Medicago truncatula exhibits biparental plastid inheritance[END_REF].

We propose another explanation for the coincidence in Jasmineae and Core Ligustrinae of putative biparental inheritance and elevated non-synonymous substitutions occurring specifically in non-photosynthetic genes. Plant germline and reproductive tissues are constantly renewed from meristems that contain undifferentiated cells as well as plastid precursors, called proplastids [START_REF] Bock | Structure, function, and inheritance of plastid genomes[END_REF]Lanfear, 2018). These immature plastids do not perform photosynthesis and remain undifferentiated in reproductive cells [START_REF] Waters | The making of a chloroplast[END_REF]. Biparental transmission will result in divergent proplastids sharing the same cell (i.e. heteroplasmy). Vegetative segregation usually leads to the stochastic loss of one haplotype as individuals grow [START_REF] Birky | The inheritance of genes in mitochondria and chloroplasts: laws, mechanisms, and models[END_REF]). Yet, heteroplasmy provides an opportunity for intracellular selection if the two haplotypes confer different replication speeds for example [START_REF] Chiu | Plastid inheritance in Oenothera: organelle genome modifies the extent of biparental plastid transmission[END_REF]. The most abundant type will be numerically advantaged during vegetative sorting, meaning that genes with mutations boosting proplastid multiplication are more likely to spread. Before they differentiate into chloroplasts, the probability of transmission of proplastids is thus directly determined by their capacity to propagate and not by the fitness of the individual that carries them. Once turned into chloroplasts, natural selection will act at the individual level and carriers of deleterious haplotypes will be eliminated from the population. Interestingly, it was recently demonstrated that the competitive ability of plastids in Oenothera was determined by fast-evolving repeat variation in the promoter region of accD and ycf2 [START_REF] Sobanski | Chloroplast competition is controlled by lipid biosynthesis in evening primroses[END_REF], two genes that are also under positive selection in Core Ligustrinae (Figure 3). Within-cell variance is decreased by uniparental inheritance and by a strong transmission bottleneck during which the number of proplastids per cell is drastically reduced before their entrance into the germline [START_REF] Birky | Uniparental inheritance of mitochondrial and chloroplast genes: Mechanisms and evolution[END_REF]. Biparental transmission will reduce the bottleneck efficiency and may thus promote the spread of selfish mutations promoting plastid competitiveness. Intracellular selection could explain the underrepresentation of photosynthetic genes in the fast-evolving set. However, heteroplasmy resulting from biparental inheritance can also promote selection at the intra-individual level and produce selective changes in plastome regardless of the functional category of the genes. More information regarding plastid abundance, cellular divisions and segregation dynamics would be necessary to untangle the respective forces of intracellular and intra-individual selection during plant development.

Conclusions

Rates of molecular evolution vary both among species and among genes within species, but the responsible mechanisms are not always well understood. In this work, we focus on the drivers of accelerated evolution of plastid genomes occurring in two lineages within the Oleaceae family. We show that this accelerated evolution is restricted to the plastid genome and does not concern the other organelle genome (mitogenome), ruling out organism-level processes. In one of the two lineages, the accelerated evolution is partially driven by a general increase of synonymous and non-synonymous substitutions, but in all cases, the strongest increase is observed in non-synonymous substitutions, pointing to changes in selective pressures. Importantly, an increase of the ratio of nonsynonymous to synonymous substitutions is mostly observed in non-photosynthetic genes in these two lineages, and this ratio often statistically exceeds one, pointing to positive selection. Because these shifts in selective pressures coincide with acquisitions of the ability to inherit plastids biparentally, we hypothesize that intracellular competition in the zygote offers an opportunity for selection on the plastid propagation rate. Such processes occurring in reproductive tissue before the proplastids differentiate into chloroplasts, only non-photosynthetic functions would be affected, explaining the observed patterns. We conclude that selective pressures, potentially linked to biparental inheritance, at least partially explain the parallel increase of rates of plastid evolution in two Oleaceae lineages. While other processes, such as defaulted DNA repair, might exacerbate the effects of selection, our investigation shows that minor modifications of the reproductive success can have major consequences for the long-term evolution of organellar genomes. In Jasmineae, the IRs have extended on the LSC in J. adenophyllum to include rps19 and rpl22. In Jasminum, IRs have also expanded over the SSC to include the complete sequence of ycf1, but not rps15 and ndhH. In J. polyanthum, shrinkage of the IRs (of about 15 kb on the IR/LSC boundary) has occurred and they only contain ycf1 and ribosomal RNA genes. In Ligustrum, ycf1 is completely included in IRs which also contain rps15 and ndhH. In S. pubescens microphylla, the IRs have expanded by about 5 kb, encompassing eight protein-coding genes (rps19, rpl22, rps3, rpl16, rpl14, rps8, infA, rpl36) usually located in the LSC. Abbreviations: IR = Inverted Repeat; SSC = Short Single Copy; LSC = Long Single copy.

Figure S3

. Physical maps summarizing rearrangements detected in the long single copy (LSC) of Jasmineae plastomes. Reorganizations are presented relatively to the plastome of O. europaea that shares the same organization than other species belonging to tribes Myxopyreae, Fontanesieae, Forsythieae and Oleaeae (Oleaceae), as well as Solanum (Solanaceae), suggesting an ancestral state for these taxa. Each gene is symbolized by a colored block proportional to its size. Three different organizations were detected in Jasmineae. All investigated species of Chrysojasminum and Jasminum clearly exhibit the same inversion between ycf4 and ycf3, suggesting a single event in their common ancestor. C. fruticans and J. kitchingii were picked as examples to illustrate this organization. Only J. adenophyllum displays a second change in gene order in what appears to be a translocation event of a fragment including ycf4-psaI-psaB-psaA-rps14. Menodora integrifolia plastome is highly reorganized and the most parsimonious scenario inferred with GRIMM predicts that seven successive inversion events are required to get to this organization starting from the canonical organization in Oleaceae plastome. 

Jasminum polyanthum

Paternal leakage [START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF] Fontanesieae Fontanesia fortunei Maternal [4] a The inheritance mode (i.e. maternal or potential paternal leakage) is determined by epifluorescence mircroscopic observation of organellar DNA in mature pollen; b Taxa in bold were included in the present work; c References: [START_REF] Green | The Families and Genera of Vascular Plants, Flowering Plants[END_REF] Corriveau and Coleman (1988); [2] Liu et al. (2004); [3] Sodmergen et al. (1998); [START_REF] Taylor | Cyto-taxonomy and phylogeny of the Oleaceae[END_REF] Zhang et al. (2003); [5] Hagemann and Schröder (1989).

years towards this goal. First, examinations of cross-compatibilities revealed the existence of a peculiar sporophytic self-incompatibility system with only two incompatibility groups (Saumitou-Laprade et al., 2017;Besnard et al., 2020). It has been hypothesized that two alleles, S and s, exist at the postulated diallelic self-incompatibility (DSI) locus, with S dominant over s, and with only two genotypic combinations (Ss and ss), corresponding to the G1 and G2 incompatibility groups, respectively (Saumitou-Laprade et al., 2010). This configuration is unparalleled in plants, as selfincompatibility systems generally gather numerous alleles. For instance, between 30 and 40 Salleles are typically found within natural populations of Brassicaceae and Asteraceae [START_REF] Lawrence | Population genetics of the homomorphic SI polymorphism in flowering plants[END_REF]. Genetic mapping of the DSI locus in a biparental population revealed a region of 600 kb linked to the self-incompatibility phenotype on chromosome 18 of the reference oleaster genome assembly published by Unver et al. (2017), but also suggested that the region was probably misassembled (Mariotti et al., 2020). This region encompasses 17 genes, but no obvious candidate for a role in self-incompatibility was identified.

In addition to its importance for olive production, the uniqueness of this homomorphic DSI system strengthens the interest in deciphering it. Indeed, negative frequency-dependent selection is expected to promote the emergence of new S-alleles (Saumitou-Laprade et al., 2010). The maintenance of only two alleles is even more intriguing when looked at the family scale. In Oleaceae, homomorphic DSI have been identified in other distantly related genera in the Oleeae tribe; Phillyrea (Saumitou-Laprade et al., 2010), Fraxinus (Vernet et al., 2016) and Ligustrum (de [START_REF] Cauwer | Widespread coexistence of self-compatible and self-incompatible phenotypes in a diallelic self-incompatibility system in Ligustrum vulgare (Oleaceae)[END_REF]. Cross-species pollination experiments even demonstrated that recognition specificities are shared between these divergent lineages (Vernet et al., 2016;Saumitou-Laprade et al., 2017). It therefore suggests that this specific self-incompatibility system has been conserved for a period of time of at least 40 Ma (Olofsson et al., 2019), probably thanks to a genetic architecture preventing recombination. Genetic mapping of the DSI locus in Phillyrea angustifolia identified several associated markers, including one in a region homologous to the candidate region on olive chromosome 18, even if it also pointed out assembly errors of olive chromosome 18 (Carré et al., 2021). Finally, another open question about this homomorphic DSI concerns its origin. The heteromorphic DSI system is considered ancestral in Oleaceae and is ecountered in other tribes of the family (Taylor, 1945). The genetic controls are unknown but it has been hypothesized that the two DSI systems might be homologous (Saumitou-Laprade et al., 2010). Solving these puzzling questions over the origin, evolution and maintenance of the homomorphic DSI requires first elucidating its genetic determinism.

In this study, we took advantage of three reference genome assemblies for cultivated and wild olives, including a newly generated haplotype-resolved assembly of the Saharan wild olive [Olea europaea subsp. laperrinei (Batt. & Trab.) Cif.]. We used RAD-sequencing of individuals from the two incompatibility groups, from three olive subspecies, to detect genomic regions associated with self-incompatibilty. We propose a new hypothesis on the genomic location of the Slocus in olive as we demonstrate that a hemizygous region is present in only one of the two mating types, suggesting it controls self-incompatibility. Our results are the first uncovering the implication of a hemizygous region in homomorphic self-incompatibilty. This finding is consistent with the diallelic nature of self-incompatibility in olive and mirrors the uniqueness of the homomorphic system in the family.

Material and Methods

WGS and assembly of the Laperrine's olive genome

High-molecular weight DNA from fresh leaves was extracted for whole genome sequencing of Laperrine's olive individual 'Adjelella 9_S4' (phenotyped as G1, and thus expected to have a Ss genotype; Besnard et al., 2020). Sequencing was performed using two PacBio Hifi SMRT cells. Hifi reads were corrected and assembled using HiFiasm [START_REF] Cheng | Haplotype-resolved de novo assembly using phased assembly graphs with hifiasm[END_REF] which produces partially phased assemblies, i.e. two complete assemblies with long stretches of phased blocks, representing an entire diploid genome. Assembly completeness was assessed with BUSCO against eudicots_odb10 (Simão et al., 2015) and allele separation was checked via k-mer analysis with KAT [START_REF] Mapleson | KAT: a K-mer analysis toolkit to quality control NGS datasets and genome assemblies[END_REF]. All steps from extraction to assembly were performed at the CNRGV (Centre National de Ressources Génomiques Végétales, Toulouse, France). We used Minimap2 [START_REF] Li | Minimap2: pairwise alignment for nucleotide sequences[END_REF] to map back long read on the haplotype assembly and to perform whole-chromosome alignment. Genome assemblies were softmasked using Red (Girgis, 2015) and annotated using Braker2 (Brůna et al., 2021) with hints from OrthoDB (Zdobnov et al., 2021). We only kept genes at least partially supported by external hints. Functional annotation was performed with InterProScan with default parameters [START_REF] Jones | InterProScan 5: genome-scale protein function classification[END_REF]. We used EDTA [START_REF] Ou | Benchmarking transposable element annotation methods for creation of a streamlined, comprehensive pipeline[END_REF] to identify transposable elements (TE). Syntenic regions between the three olive genome assemblies were identified using MCscan and the jcvi python library [START_REF] Tang | Synteny and collinearity in plant genomes[END_REF].

Plant sampling, RAD-sequencing and reads processing

We selected 37 accessions of three different olive subspecies (9 O. e. subsp. europaea, 18 O. e. subsp. laperrinei, and 10 O. e. subsp. cuspidata) for which the SI phenotype has been previously determined using paternity tests on realized matings (Besnard et al., 2020). In total, 19 individuals are G1 (Ss) and 18 are G2 (ss; Table S1). DNAs were extracted with BioSprint (Qiagen), and 200 ng were then digested with PstI. RAD-seq libraries were prepared at the GenoToul sequencing platform facility (Toulouse, France) following the protocol described in [START_REF] Etter | SNP discovery and genotyping for evolutionary genetics using RAD sequencing BT -Molecular Methods for Evolutionary Genetics[END_REF]. Samples were pooled into three distinct libraries and multiplexed. The three libraries were sequenced on one lane of Illumina NovaSeq run to produce 150-bp paired-end reads. Reads were demultiplexed and cleaned with the process_radtags module of Stacks v2.5 [START_REF] Rochette | Stacks 2: Analytical methods for paired end sequencing improve RADseq-based population genomics[END_REF], allowing the rescue of reads with two mismatches in barcodes (less than the distance between any two barcodes in the used set). Cleaned demultiplexed reads were then mapped using Bowtie2 (with default parameters; Langmead and Salzberg, 2012) to the oleaster reference genome (Unver et al., 2017), as well as the reference genome for the olive cultivar 'Arbequina' (Rao et al., 2021), and finally to the haplotype genome assemblies of the Laperrine's olive generated in this study.

Variant calling and population structure

From read alignments on each reference genome, we called bi-allelic SNPs with bcftools (Danecek et al., 2021), keeping only reads with a mapping quality above 20 (excluding multi-mappers), a base-calling quality of at least 20, and a mean read depth over all individuals between 5 and 60 (twice the mean depth to exclude errors due to mapping in paralogous/repetitive regions). We further filtered sites missing in more than 90% of individuals and those with a minor allele frequency inferior to 0.05 using vcftools (Danecek et al., 2021). For an individual genotype to be called, we also required a minimum coverage of 5. We only kept one site every 1000 bp to perform a principal component analysis (PCA) of the 37 samples using vcfR and adegenet packages in R [START_REF] Jombart | adegenet 1.3-1: new tools for the analysis of genome-wide SNP data[END_REF][START_REF] Knaus | vcfr: a package to manipulate and visualize variant call format data in R[END_REF].

Genetic differentiation between incompatibility groups

Given that incompatibility groups are functionally conserved in divergent Oleeae lineages (Vernet et al., 2016), one could expect the S-locus to be highly divergent between the two no-recombining haplotypes [START_REF] Kamau | Balancing selection and low recombination affect diversity near the self-incompatibility loci of the plant Arabidopsis lyrata[END_REF]. Pairwise F ST were calculated in 50-kb slidingwindows along the different reference genomes with vcftools. To test whether the differentiation between incompatibility group deviates from null expectations, we performed 1,000 permutations by randomly shuffling individuals among the two groups before re-estimating F ST for each window.

We then calculated p-values as the proportion of permuted F ST values that were larger than the observed one, applying a Benjamini-Hochberg correction for multiple testing with the p.adjust function in R.

Detecting variation in depth of coverage between groups

The two haplotypes may have diverged enough to prevent reads from one haplotype to properly map to the haplotype assembled in the haploid reference, similarly to what is observed for sex chromosomes [START_REF] Qiu | RAD mapping reveals an evolving, polymorphic and fuzzy boundary of a plant pseudoautosomal region[END_REF][START_REF] Palmer | How to identify sex chromosomes and their turnover[END_REF]. Moreover, hemizygosity is a common feature of several heteromorphic DSI systems [e.g. Primula (Li et al., 2016), Turnera (Shore et al., 2019), Linum (Gutiérrez-Valencia et al., 2022)] and could explain the absence of recombination permitting the conservation of the DSI system over a long evolutionary period. Both configurations would result in sequencing-depth variation between groups. The crosS-compatibility phenotype of the individual sequenced for the oleaster reference genome is unknown. Both cultivar 'Arbequina' and the Laperrine's individual we used for whole-genome sequencing are G1 (Besnard et al., 2020), and thus expected to be Ss. If the assembled haplotype is s, the Ss:ss ratio would be close to 0.5 at the Slocus. Conversely, if the assembled haplotype is S, the Ss:ss ratio would be infinite. We used SeqKit [START_REF] Shen | SeqKit: A crosS-platform and ultrafast toolkit for FASTA/Q File manipulation[END_REF] to predict PstI restriction sites in the three different reference genomes to which reads were mapped. We then estimated the depth of coverage at each predicted PstI locus with samtools (Danecek et al., 2021). For each sample, we normalized the counts by dividing by the total number of mapped reads. We filtered out sites, removing those with a median normalized coverage smaller than 0.5 read per million of mapped reads across both groups. The ratio between the median depth in Ss individuals and ss individuals, calculated as log2[(Ss+1)/(ss+1)], along the genome was plotted by 100-kb sliding-windows with a step size of 25 kb, using the python library matplotlib [START_REF] Hunter | Matplotlib: A 2D Graphics Environmen[END_REF]. We also examined the occurrence of a significant depth difference between Ss and ss individuals in 50 kb windows along each reference genome using two-sided Wilcoxon tests. To increase our power and as we are looking for a genetic region conserved across species, we pooled individuals from each incompatibility group together, regardless of the olive subspecies.

Results

High-quality haplotype assemblies of the Saharan olive genome

The two SMRT cells produced 3,659,295 reads with a median size of 18.75 kb. The k-mer model estimated a coverage of 48× for a haploid genome size of 1.3 Gb. Hifiasm produced two partially phased assemblies. These are complete and aim at representing each haplotype of a diploid genome.

However, some switching can happen between the two haplotypes and chromosomes are not phased [START_REF] Cheng | Haplotype-resolved de novo assembly using phased assembly graphs with hifiasm[END_REF]. The assembly for 'haplotype 1' consists of 239 contigs with a N50 of 52.5 Mb for a total length of 1.4 Gb. It has 1.2% fragmented and 97.4% complete BUSCO eudicots genes, of which 18.8% are duplicated. For 'haplotype 2', the assembly consists of 154 contigs with a N50 of 32.9 Mb for a total length of 1.3 Gb. In this second assembly, 96.3% of BUSCO eudicots genes are complete, 18.2% are present as duplicates, and 1.3% are fragmented. The proportion of duplicated genes is congruent with what is expected and observed in other Oleeae species due to the allopolyploid origin of the tribe (Zhang et al., 2020). A k-mer analysis confirms good allele separation between the two assemblies (Figure S1). Overall, 68,607 and 65,939 protein-coding genes were annotated in haplotypes 1 and 2 respectively, with at least partial support from protein hints. Genomes are composed of about 44% of repeats, the most abundant types being LTR transposable elements (80% of repeats) and DNA transposons (15%), consistent with reports for the wild Mediterranean olive genome (Unver et al., 2017). Synteny analyses identified 24 scaffolds collinear with the 23 chromosomes of the previously published assembly in haplotype 1, as chromosome 18 is split into two scaffolds in our assembly (Figure 1). For haplotype 2, we retrieved 28 scaffolds that match the original 23 chromosomes. Our assemblies are largely collinear with the 'Arbequina' reference genome, indicating the genomic structure has been stable within the species at odds with a previous report [START_REF] Julca | Phylogenomics of the olive tree (Olea europaea) reveals the relative contribution of ancient allo-and autopolyploidization events[END_REF].

Olive subspecies are strongly-structured based on nuclear SNP data

Across the 37 olive samples, a total of 618,291,848 paired end 150-bp reads were generated, 99% of which were retained after quality filtering and demultiplexing (Table S2). The mapping rate over the wild olive genome assembly ranged from 74 to 85% per sample and was higher for the 'Arbequina' genome (78.5 to 90%) and for both haploid assemblies of the Laperrine's olive (84 to 93.5%). We used a set of about 40,000 bi-allelic SNPs to study the genetic structure of the three subspecies. The PCA clearly clustered the samples into three distinct groups corresponding to each of the studied subspecies (Figure S2). There was a greater diversity in our Mediterranean olive sampling set than in the two other subspecies.

No highly-differentiated genomic regions identified between incompatibility groups

We performed F ST scans with our RAD-seq data mapped along each genome assembly to identify windows highly differentiated between the two incompatibility groups (Figure S3). In each genome for each subspecies, genomic scans identified about 500 windows among a dozen thousands investigated for which the observed F ST was larger than expected if individuals were randomly assigned to a group (p-values < 0.05), but none were significant after correction for multiple testing.

Being limited by the power of our approach (small number of individuals and large window size due to the fragmented nature of RAD-seq coverage), we still looked at the windows in which the observed F ST was greater than the one observed over the 1000 permutations. We only identified such windows using Laperrine's olive individuals. Regardless of the reference genome used, four to 11 windows had observed F ST greater than in any permutation. None of them were in the previously haplotypes at the S-locus or with the absence of this S-locus. As our other observations reject the former, we postulate the dominant S haplotype is hemizygous.

A single sequence insertion differentiates the two incompatibility types

Comparison of the scaffolds corresponding to chromosome 18 in the two Laperrine's olive haplotype assemblies (Figure 3) revealed a large indel of over 700-kb underlying the coverage variation between the two groups. This region in 'haplotype 1' has no homolog in 'haplotype2', yet the flanking regions have homologs in 'haplotype2', where they are adjacent (Figure 1). These patterns indicate that a 0.7 Mb-stretch of DNA is present in 'haplotype1', yet missing from 'haplotype2'. We confirmed the existence of this insertion by mapping back HiFi reads on the two haplotype-resolved assemblies. Inspection of the mapped reads at this location confirmed the presence of whole reads covering the junction without the indel (on 'haplotype 2') and other reads including the indel sequence and some downstream/upstream sequence (on 'haplotype 1').

Synteny analysis confirmed that the sequence underlying the large peak observed around 19 Mb in the 'Arbequina' genome is syntenic to the 'haplotype 1'-specific sequence (Figure 1).

According to RAD-seq data, this region is totally absent in ss individuals, regardless of the subspecies, supporting our conclusion that this sequence is the S haplotype. Compared to 'haplotype 1' Laperrine's olive sequence, a deletion of 50 kb within this region is observed in 'Arbequina' (confirmed by RAD-seq data from the same cultivar), which also presents an inversion in the reference genome. In the oleaster assembly, the sequences behind the peak detected on chromosome 18 (at 16.8 Mb) as well as on the two unanchored scaffolds are also syntenic fragments of the 700kb S-specific region. The full S-locus is thus present but scattered across this genome assembly. The fragment on chromosome 18 corresponds to the 5' end of the indel sequence, NW_019238463.1 to the middle and NW_019268110.1 to the 3' end, with some downstream sequence.

NW_019238463.1 overlaps with one of the scaffolds in Phillyrea that showed partial association with DSI in the genetic mapping work of Carré et al. (2021). The newly identified region is, in both 'haplotype 1' and 'Arbequina' assemblies, contiguous to the candidate region defined by Mariotti et al., (2020), but 8 Mb apart in the oleaster assembly.

We annotated 17 genes in the 700-kb S-specific region of the Laperrine's olive, most of them of unknown functions (Table S3). Five LTRs were identified by EDTA within the region, as well as two MITEs (Figure 3). In addition, four of our predicted protein-coding genes had TErelated functions. Finally, four annotated genes were common in the Laperrine's olive, oleaster, and 'Arbequina' genome annotations. Two of them seem particularly interesting due to their annotation suggesting functions related to hormone regulation: g33223.t1 is annotated as a BES1/BZR1 (BRASSINAZOLE-RESISTANT) transcription factor homolog, and g33233.t1 as a gibberellin 2beta-dioxygenase homolog. We also note the presence of a second BES/BZR homolog upstream of this one in our annotation, but solely supported by computational prediction and no biological hints. This gene was present in the two other genome annotations.

Discussion

The dominant S haplotype is a hemizigous supergene Using a combination of already available and newly generated genomics data, we were able to considerably improve the genomic mapping of the olive S-locus. We found that the previous candidate region, identified using linkage in a segregating population of cultivated olive (Mariotti et al., 2020), was erroneously associated with self-incompatibility. This was probably caused by assembly errors. The region is contiguous to our newly identified region in all assemblies but the reference genome used by Mariotti et al. (Figures 1,[START_REF] Mitchell | Ash dieback in the UK: A review of the ecological and conservation implications and potential management options[END_REF]. The use of wild individuals confers a greater resolution power to our analysis and combining data from distinct subspecies increased our confidence in the region we identified. Our results indicate that a hemizygous region determines DSI in olive. The dominant S haplotype harbors a 700-kb region, specific to Ss individuals.

Hemizygosity of the S-locus is supported by coverage ratio analyses between the two incompatibility groups (Figure 2) and by our haplotype-resolved assemblies for the Laperrine's olive (Figure 3).

Theory predicts that the absence of recombination due to a heterozygous state over a long evolutionary time will increase sequence divergence of S-locus genes and the accumulation of repetitive elements and transposons [START_REF] Uyenoyama | Evolution under tight linkage to mating type[END_REF]. The S haplotype is indeed rich in transposable elements and while the statistical power of our analysis was limited, we did detect elevated F ST in the regions surrounding the S-locus (Figure S3). This would be consistent with suppressed recombination at a larger scale around the S-specific region. Although the centromeres have not been located in olive, the decrease in gene density around 20 Mb on chromosome 18 (Figure S4) could suggest the S-locus is pericentromeric, a situation that has been suggested to favor the emergence of a supergene [START_REF] Kappel | A short story gets longer: Recent insights into the molecular basis of heterostyly[END_REF]. The proximity to centromere and the abundance of repetitive elements could explain the difficulty encountered in the proper assembly of this region, especially with the short-read technologies that were used to generate the oleaster genome assembly (Unver et al., 2017).

The S-locus contains multiple genes of unknown functions as well as two genes with predicted functions in regulation of brassinosteroid (BES/BZR) and gibberellin (G2OX). Hormone-mediated signaling plays a central role in plant development. Interestingly, two genes mediating brassinosteroids inactivation were shown to determine female incompatibility in heterostylous Primula and Turnera (Matzke et al., 2020;Huu et al., 2022). In these two cases, short-styled plants harbor a brassinosteroid inhibitor gene while long-styled plants do not. The S-morph pollen consequently depends on the presence of brassionosteroids in the style for tube growth, brassinosteroids that are only produced in L-morph style. On the other hand, the presence of brassionosteroids (due to the absence of inhibitor gene) in L-morph style seems to prevent the elongation of pollen tube of L-morph pollen, but the mechanism is not completely understood.

Incompatibility reactions are not perfectly symmetrical in olive, with Ss incompatibility reaction happening at stigma surface of ss plants, while the reaction with ss pollen consists of stopping tube elongation in ss style, after germination (Saumitou-Laprade et al., 2017). A self-incompatibility system analogous to the one reported in heterostylous plants could be hypothesized in the case of the olive tree, with Ss individuals (bearing the brassinosteroid inhibitor) producing pollen that needs the exogenous brassinosteroids from ss style for germination. The absence of another effector might cause the arrested growth of ss pollen tube in ss style. Further functional studies are required to uncover the precise mechanism encoded at the S-locus, and notably, to conclude about the potential role of brassinosteroid regulation in the olive self-incompatibility system.

Conclusions

Our work reveals that in olive, a homomorphic di-allelic self-incompatibility system is governed by a hemizygous S-haplotype present in only one of the two incompatibility groups. Beyond its economic importance for olive production, the identification of the S-locus in olive is key to understand the unique homomorphic DSI system present in Oleaceae. Hemizygosity prevents recombination and explains S dominance in Ss individuals. If the elucidation of its genetic architecture brings insights on the maintenance of the DSI, its emergence is still unclear. The parallel with the architecture of distyly supergene (Li et al., 2016;Shore et al., 2019;Gutiérrez-Valencia et al., 2022) reinforces the question of its homology with the ancestral homomorphic DSI still present in diploid lineages of Oleaceae. Our results open the way for comparative works between olive and distylous Oleaceae species. 
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Table S3. Predicted function of S-locus genes and correspondence between genome annotation. 
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Introduction

Heterostyly is a genetically determined floral polymorphism in which individuals within a species vary in the positions of their sexual organs. In distylous lineages, individuals are shared between two types of flowers differing in the heights at which the stamens and style are positioned. Longstyled individuals (L-morph) present low anthers while short-styled individuals (S-morph) have higher anthers. Heterostyly evolved independently multiple time and has been identified in 28 families [START_REF] Barrett | A most complex marriage arrangement': recent advances on heterostyly and unresolved questions[END_REF]. This is a remarkable example of convergent evolution to promote outbreeding. Indeed, this morphological variation favors the deposition of pollen grains from each morph onto different regions of pollinators' bodies and consequently on pistils from the opposite morph [START_REF] Darwin | The different forms of flowers on plants of the same species[END_REF]. Heterostyly is usually associated with a heteromorphic self-incompatibility system that further reduces the risk of inbreeding [START_REF] Barrett | The evolution of mating strategies in flowering plants[END_REF].

Distyly and its genetic control have been intriguing biologists for more than a century, most efforts being focused on the genus Primula [START_REF] Gilmartin | On the origins of observations of heterostyly in Primula[END_REF]. It was early established to be controlled by a single locus, with a dominant S allele, present only in S-morph individuals and a recessive s allele, in homozygous state in L-morph plants [START_REF] Bateson | On the inheritance of heterostylism in Primula[END_REF]. This model was later refined to a S-locus in the form of a supergene composed of at least three tightly linked genes controlling the different features of heterostyly: style length, anther length, and pollen [START_REF] Ernst | Heterostylie-Forschung: Versuche zur genetischen Analyse eines Organisations-und 'Anpassungs' merkmales[END_REF], but also the genetic determinants of heteromorphic self-incompatibility. In Primula, it was recently shown that the dominant S haplotype is a hemizygous 278-kb region exclusive to S-morph individuals (Li et al., 2016). The hemizygous region contains five genes, one controls both the position of the style [START_REF] Huu | Presence versus absence of CYP734A50 underlies the style-length dimorphism in primroses[END_REF] and female compatibility (Huu et al., 2022), and another determines anther position [START_REF] Huu | Supergene evolution via stepwise duplications and neofunctionalization of a floral-organ identity gene[END_REF]. The component responsible for male compatibility is still unknown. Other heterostylous systems have been partially characterized in Turnera (Shore et al., 2019;Matzke et al., 2020;[START_REF] Matzke | Pistil mating type and morphology are mediated by the brassinosteroid inactivating activity of the S-locus gene BAHD in heterostylous Turnera species[END_REF], Linum [START_REF] Ushijima | Isolation of the floral morph-related genes in heterostylous flax (Linum grandiflorum): The genetic polymorphism and the transcriptional and post-transcriptional regulations of the S-locus[END_REF]Gutiérrez-Valencia et al., 2022) and Fagopyrum [START_REF] Yasui | S-locus EARLY FLOWERING 3 is exclusively present in the genomes of short-styled buckwheat plants that exhibit heteromorphic self-incompatibility[END_REF]. The multiple independent evolutions of heterostyly make deciphering the mechanisms of each system particularly interesting to understand the common features underlying their emergence. To date, two theoretical models for the development of heterostyly have been proposed (Charlesworth and Charlesworth, 1979;Lloyd and Webb, 1992) with some experimental evidence supporting either of them (reviewed in [START_REF] Barrett | A most complex marriage arrangement': recent advances on heterostyly and unresolved questions[END_REF].

In Oleaceae, distyly has been traditionally considered as the ancestral state (Taylor, 1945) and was reported in several lineages of Myxopyreae [START_REF] Kiew | Preliminary pollen study of the Oleaceae in Malesia[END_REF], Forsythieae [START_REF] Sampson | Mating group ratios in distylic Forsythia (Oleaceae)[END_REF]Ryu et al., 1976), Schreberinae (Perrier de la [START_REF] Perrier De La Bâthie | Notes biologiques sur les Oléacées de Madagascar et des Comores[END_REF][START_REF] Verdoorn | The Oleaceae of Southern Africa[END_REF], and Jasmineae [START_REF] Dommee | Distylie chez Jasminum fruticans L.: hypothese de la pollinisation optimale basée sur les variations de l'écologie intraflorale[END_REF][START_REF] Olesen | Heterostyly in the Canarian endemic Jasminum odoratissimum (Oleaceae)[END_REF]Ganguly and Barua, 2020). The sister family Carlemaniaceae (Zhang et al., 2020) also includes distylous species [START_REF] Tange | Silvianthus (Carlemanniaceae) a genus and family new to Thailand[END_REF]. The bulk of studies on the biology of distylous and herkogamous jasmines [START_REF] Dommee | Distylie chez Jasminum fruticans L.: hypothese de la pollinisation optimale basée sur les variations de l'écologie intraflorale[END_REF][START_REF] Guitián | Floral biology of the distylous Mediterranean shrub Jasminum fruticans (Oleaceae)[END_REF]Thompson and Dommée 2000;[START_REF] Olesen | Heterostyly in the Canarian endemic Jasminum odoratissimum (Oleaceae)[END_REF]Ganguly and Barua, 2020), particularly focused on the Mediterranean species Chrysojasminum fruticans (L.) Banfi. Difference between the two morphs in morphology, phenology, reproductive success and fruit set have thus been investigated, but the molecular basis of distyly in Oleaceae remains completely unexplored.

In this work, we attempted the first characterization of the genetic basis of heterostyly in a distylous Oleaceae, the Mediterranean jasmine (C. fruticans). Using floral bud tissues from both morphs, we generated expression data at two time points during floral development and provide a reference transcriptome for the species. We then performed perform differential expression analysis between long-styled and short-styled individuals to try and identify candidate genes involved in morph differentiation.

Materials and Methods

Plant material and RNA isolation

Plants were collected (on April 29, 2021) at the common garden of CEFE in Montpellier, France.

Chrysojasminum fruticans buds were collected at two developmental stages at which floral morphology is thought to diverge between mating types (bud length 0.5 cm and 1 cm approximately). At the first stage (0.5 cm), buds are green. About three days later (1 cm), buds are yellow and about to open the next day or the day after depending on environmental conditions. Five [START_REF] Robinson | edgeR: a Bioconductor package for differential expression analysis of digital gene expression data[END_REF] using TMM (Trimmed Mean of M-values) to account for differences in library composition. Differentially expressed transcripts (fold change >2 and false discovery rate < 0.05) were clustered according to Euclidian distance between expression profiles. We check for gene ontology enrichment in differentially expressed features using the package goseq [START_REF] Young | Gene ontology analysis for RNA-seq: accounting for selection bias[END_REF] and the GO annotation from Trinotate output.

Results

Transcriptome assembly

Extraction S1). The completeness of the assembly was assessed by the high percentage of reads that mapped back to the assembly (98%, 81% concordantly) and the fact that 96.7% of eudicots BUSCO genes were detected as complete, and only 1.1% as fragmented.

12,000 transcripts were estimated to cover 90% or more of Jasminum sambac proteins. 183,334 transcripts contained ORF of which 116,591 were annotated successfully.

Differential expression between morphs

All samples expression profiles, regardless of the morph or stages, were strongly correlated (Pearson's correlation coefficient greater than 0.85; Figure 1A). Samples are not more related within morphs or within stages, as clearly shown by PCA results (Figure 1B). The difference between conditions is thus tenuous and resides in a small number of differentially expressed genes.

We inspected transcripts differentially expressed between morph in one or both stages. When examining expression profiles (Figure 2), differentially expressed transcripts can be split in four main groups: features strongly expressed in S-morphs samples but not in L-morph (cluster A; 18 features), a second cluster with lower fold-change but similar profile (cluster B; 16 features), a third 'cluster' with a single gene highly expressed mostly in L-morph and finally a cluster gathering heterogeneous profiles with smaller fold-change values (cluster D; 38 features). Out of 73 genes with a fold change greater than 2, only eight show the same morph-specific pattern across both stages, 19 were only differentially expressed at stage 1, and 46 at stage 2 (Figure 3A). Sixteen transcripts, only present in three/four short-styled individuals were annotated as of viral origin (Table S2). In fact, few additional transcripts are probably linked to the same Nepovirus (not annotated but belong to the same Trinity unigene, and have high TMM values, similarly to viral transcripts). Three transcripts annotated as "retrovirus-related polyprotein from transposon" presented a similar occurrence pattern (Figure S2). These virus-related features constitute the whole cluster A and four elements of cluster B and most of the features with the highest TMM values (Figure S2). Thus, they represent the most spectacular expression changes observed between the two morphs. Analysis of GO terms representation reflected this and all the significantly enriched GO terms are related to host and virus (Figure 3C). We checked the presence of these sequences in other sequencing data available for C. fruticans and other jasmine. We did not find any reads corresponding in the dataset used to assemble and annotate Jasminum sambac (heterostylous)

genome [START_REF] Xu | A high-quality genome assembly of Jasminum sambac provides insight into floral trait formation and Oleaceae genome evolution[END_REF] or in our low-coverage (ca. 40×) whole-genome sequencing of both morph of C. fruticans. Among the remaining differentially expressed transcripts, we identified some potentially interesting genes. For instance, the two remaining genes up-regulated at both stages (Figure 3A,B) in S-morph (FBK77_1560_c0_g1_i8 and C3H46_6214_c0_g1_i47) contain a F-box and a Zing-finger domain, respectively (Table S2).

Discussion

No global expression changes between morphs during pre-anthesis

To search for genes that might underlie the observed phenotypic differences between heterostylous morphs in Jasmineae [START_REF] Thompson | Sequential variation in the components of reproductive success in the distylous Jasminum fruticans (Oleaceae)[END_REF]Thompson and Dommée, 2000;[START_REF] Olesen | Heterostyly in the Canarian endemic Jasminum odoratissimum (Oleaceae)[END_REF], we compared gene expression between floral buds of L-and S-morph plants in C. fruticans.

Analyses of differential gene expressions have been successfully applied in the study of heterostyly in Lithospermum [START_REF] Cohen | De novo sequencing and comparative transcriptomics of floral development of the distylous species Lithospermum multiflorum[END_REF], Linum [START_REF] Ushijima | Isolation of the floral morph-related genes in heterostylous flax (Linum grandiflorum): The genetic polymorphism and the transcriptional and post-transcriptional regulations of the S-locus[END_REF], Fagopyrum [START_REF] Yasui | S-locus EARLY FLOWERING 3 is exclusively present in the genomes of short-styled buckwheat plants that exhibit heteromorphic self-incompatibility[END_REF] and

Primula [START_REF] Burrows | Examination of S-locus regulated differential expression in Primula vulgaris floral development[END_REF] where it enabled the discovery of several candidate genes involved in morph differences. We expected the morphological variation to stem from differential cell growth early in flower development [START_REF] Guitián | Floral biology of the distylous Mediterranean shrub Jasminum fruticans (Oleaceae)[END_REF][START_REF] Dadpour | Inflorescence and floral ontogeny in Jasminum fruticans (Oleaceae)[END_REF]. The difference in expression profiles between morphs was discreet. A relatively small number ( 73) of differentially expressed features were finally identified, and none of them showed a clear-cut between the two morphs (i.e. expressed in five individuals of one morph and none of the other).

A shortlist of genes had differential pattern of expression between morphs

Among genes showing a significant differential expression between morphs, a quarter of them were related to a higher nepovirus gene expression in short-styled individuals (Figure 3). Actually, all genes showing the greatest fold-change correspond to nepovirus (Figure 2; Figure S2). Such a higher viral abundance in the S-morph is unlikely to stem from contamination as samples from both morphs were processed together. It could thus reflect a greater sensibility of S-morph individuals to this phytovirus that would need further characterization.

The identified C. fruticans genes with differential morph expression may represent downstream components in the elaboration or function of the two morphs. Indeed, some variations in stigmaheight or style curling were reported in the species and might arise from modifier loci (Thompson and Dommée, 2000). We here report several candidates that may be directly or indirectly involved in jasmine distyly. Among them, a F-box/kelch-repeat protein specifically expressed in S-morph individuals (Figure 3B) represents an interesting candidate due to its similarity to one of the Primula S-locus genes (Li et al., 2016). Indeed, a F-box/kelch-repeat protein homolog was described as one of the five genes of the Primula hemizygous S-locus and is apparently involved in regulating cytokinin in Arabidopsis thaliana (Li et al., 2016).

Conclusions

This work represents the first attempt to decipher the genomics of distyly in jasmine. Compared to other transcriptomic study of distyly in other models, we identified few differentially expressed genes. Two factors may have weakened the ability of our approach to detect interesting candidates involved in distyly. First, we collected whole buds. Dissecting samples to sequence only reproductive tissues would have potentially avoid diluting signal among other floral pieces that do not differ between morphs. A precise morphological description of flower development would be also be helpful to precisely target the most relevant stages for morph differentiation (e.g. arrested developpment of style in short-style individuals). Despite these caveats, this study provides resources for further investigation. the second scenario, cultivars from the East were spread to westernmost regions of the Mediterranean basin, where they were introgressed with local wild populations allowing secondary diversification (Besnard et al., 2018). The diffuse character of olive domestication process as well as the overlapping distribution of oleasters and cultivated trees, often difficult to distinguish, have hampered setting the matter.

The recovery and analysis of DNA from archaeological plant remains has provided valuable insights about domestication of annual crops such as maize [START_REF] Fonseca | The origin and evolution of maize in the Southwestern United States[END_REF][START_REF] Ramos-Madrigal | Genome sequence of a 5,310-year-old maize cob provides insights into the early stages of maize domestication[END_REF][START_REF] Pérez-Zamorano | Organellar Genomes from a 5,000-year-old archaeological maize sample are ∼ closely related to NB genotype[END_REF], barley [START_REF] Mascher | Genomic analysis of 6,000-year-old cultivated grain illuminates the domestication history of barley[END_REF] or sunflower [START_REF] Wales | Ancient DNA reveals the timing and persistence of organellar genetic bottlenecks over 3,000 years of sunflower domestication and improvement[END_REF] and, more recently, perennial plants such as grape [START_REF] Ramos-Madrigal | Palaeogenomic insights into the origins of French grapevine diversity[END_REF] or date palms [START_REF] Gros-Balthazard | The genomes of ancient date palms germinated from 2,000 y old seeds[END_REF][START_REF] Pérez-Escobar | Molecular clocks and archeogenomics of a late period Egyptian date palm leaf reveal introgression from wild relatives and add timestamps on the domestication[END_REF]. The preservation of DNA in olive pits was demonstrated by [START_REF] Elbaum | Ancient olive DNA in pits: Preservation, amplification and sequence analysis[END_REF], and the few sequences produced in this study remain to date the only archaeogenetics information for olive.

Ancient DNA (aDNA) thus offer great potential to bring new insights on the cultivated olive origins, diffusion, and secondary diversification by providing anchor points for phylogeographic studies for instance.

Mitochondrial and chloroplast DNA polymorphisms are markers of choice for phylogeographic reconstructions of the olive tree [START_REF] Besnard | Genetic relationships in the olive (Olea europaea L.) reflect multilocal selection of cultivars[END_REF]Hong-Wa and Besnard, 2013a;Van de Paer et al., 2018). Indeed, organellar genomes are maternally inherited in O.

europaea [START_REF] Besnard | Cytoplasmic male sterility in the olive (Olea europaea L.)[END_REF], thus only spread by seeds, at shorter distance than nuclear genes.

These haploid organellar genomes are also more prone to stochastic events because their effective population size is half that of diploid genomes, allowing a more accurate detection of evolutionary events such as a long persistence of relict populations in refuge zones or post-glacial recolonization [START_REF] Petit | Identification of refugia and post-glacial colonisation routes of European white oaks based on chloroplast DNA and fossil pollen evidence[END_REF]. Moreover, their presence as multiple copies increases chance of recovery and availability for a lower sequencing effort. In the wild and cultivated Mediterranean olive, three cytoplasmic lineages have been described: E1 originates from the eastern Mediterranean region (where it is highly diversified) and has been spread with the cultivated olive during historical times, while E2 and E3 are specific to the western area (from the Peloponnese and Cyrenaica to the Iberian Peninsula and Morocco). The three lineages have diverged since at least the Early Pliocene and their diversification is relatively recent, since the Late Pleistocene (Besnard et al., 2013b). As a consequence, each plastid lineage coalesces rapidly, allowing unambiguous identification.

Using aDNA extracted from olive stones and wood originating from diverse archaeological sites mostly around the Mediterranean Basin (from the Neolithic to the Roman period), we aimed to chart the dispersal of DNA lineages through space and time. We first focused on organellar DNA and gathered an extensive panel of modern divergent olive haplotypes. This collection was used to constitute a reference set of diagnostic single nucleotide polymorphism (SNP) markers for distinct olive lineages. To investigate the ancestry of ancient samples, we also evaluated the relationship between ancient and modern accessions using nuclear data. This strategy allowed us to pinpoint most archaeological samples to a modern lineage. This information revealed that the major extant cultivated olive lineage was already cultivated in southwestern Europe 2000 years ago. Its abundancy among ancient samples points toward a main domestication event of the olive in the eastern Mediterranean Basin.

Material and methods

Sampling and radiocarbon dating

We collected 25 olives stones from nine archaeological sites around the Mediterranean Basin (Figure 1A), as well as wood from a lancet from Saruq in Southeast Arabia (Table S1). According to archaeological evidence, samples date from the Neolithic to the Roman period (ca. 6500-500 BP)

and come from humid contexts, except for the wood sample. We checked date estimates for four samples by radiocarbon dating carried out at the University of Arizona AMS facility. DNA was extracted from olive endocarps and wood in a dedicated aDNA facility at the University of York using a method developed for archaeobotanical remains [START_REF] Wales | Ancient DNA reveals the timing and persistence of organellar genetic bottlenecks over 3,000 years of sunflower domestication and improvement[END_REF].

DNA extraction and sequencing

The recovered DNA was converted to double-stranded DNA libraries following the protocols of [START_REF] Wales | Ancient DNA reveals the timing and persistence of organellar genetic bottlenecks over 3,000 years of sunflower domestication and improvement[END_REF]. Libraries were pooled and sequenced on one lane of HiSeq2000, including two extraction controls. We later sequenced more deeply three of the libraries (MTF1, MTF7 and MTC79) on a lane of Novaseq.

DNA content and quality

Endogenous DNA content of samples as well as DNA damage levels were then evaluated using Paleomix [START_REF] Schubert | Characterization of ancient and modern genomes by SNP detection and phylogenomic and metagenomic analysis using PALEOMIX[END_REF] and MapDamage [START_REF] Jónsson | MapDamage2.0: Fast approximate Bayesian estimates of ancient DNA damage parameters[END_REF]. In short, for each sample reads were trimmed to remove low quality bases and mapped onto the wild olive nuclear reference genome (Unver et al., 2017). Mapped reads were used as an approximation of the endogenous DNA content and level of clonality. MapDamage then use substitutions information to perform Bayesian estimation of damage parameters and model post-mortem DNA damages such as misincorporation patterns.

Generating a modern organellar SNP panel

We gathered plastome and mitogenome sequences for 25 and 21 modern olive accessions, respectively (Table S2). may hinder the lineage assignation by creating conflictual results, multi-mappers were excluded (by keeping only reads with a mapping quality greater than 20 with samtools v1.9 (Danecek et al., 2021). Variant calling was performed with vcftools v0.1.16 [START_REF] Danecek | The variant call format and VCFtools[END_REF], keeping only biallelic SNPs with a Phred score quality greater than 20 and excluding sites within 3 bp of indels.

We finally filtered out sites with a depth greater than twice the mean depth to exclude errors due to mapping in paralogous/repetitive regions. The remaining variants constituted our reference organellar SNP panel.

Identifying SNPs in archaeological samples

Adapters were trimmed with cutadapt [START_REF] Martin | Cutadapt removes adapter sequences from high-throughput sequencing reads[END_REF] and we used the bam_pipeline implemented in Paleomix to map reads from each sample on olive references (nuclear, plastid and mitochondrial).

As part of the pipeline, reads were mapped with BWA without seeding [START_REF] Li | Fast and accurate short read alignment with Burrows-Wheeler transform[END_REF], with realigning around indels performed with GATK (McKenna et al., 2010). MapDamage was used to model DNA damages and rescale quality score accordingly. For the three samples re-sequenced to a greater depth with paired-end reads, overlapping pairs were merged prior to alignment to improve alignment precision.

For organellar genomes, we called SNP the same way we did for modern samples but only kept those also presents in our reference SNP dataset. Restricting the SNP calling to variable (up to 4×). Finally, four samples had a depth of coverage greater than 0.1× on the nuclear genome (Table S3).

Organellar genomes variants circumscribe maternal haplotypes

We first focused on organellar DNA and gathered an extensive panel of divergent olive haplotypes.

to constitute a reference set of diagnostic SNP markers for non-Mediterranean subspecies (cuspidata/laperrinei/guanchica), major lineages in Olea europaea subsp. europaea (E1/E2/E3) as well as for distinct haplotypes within these lineages. In comparison with E1.2 references, we counted between 1 and 89 SNPs in plastome and 5 to 304 in mitogenome. Many of these variants are common between several samples. We identified 278 and 751 distinct SNPs in plastid and mitochondria, respectively. The elevated number in mitochondria only reflect the difference in size between the two genomes, as it represents 10.5 variants for 10,000 bp whereas the plastid rates was twofold with 21.4 variants for 10,000 bp. This proportion is congruent with the differential rate of evolution between the two genomes (Drouin et al., 2008). Mitogenome and plastome also differed in their level of informativeness with the plastome showing 51% of haplotype-specific variants and the mitogenome only 34% (Figure 2). In both genomes, the greatest number of unique variants was detected in subspecies cuspidata, followed by lineages E3 and E2 of europaea, guanchica and finally laperrinei. This is consistent with the expectation based on the phylogeny of the olive complex (Van de Paer et al., 2018). This order is not conserved when considering mitochondria and non-unique variants, showing homoplasy can mislead identification at this level.

Archaeological samples can be assigned to modern organellar diversity

We called up to 386 and 750 SNPs in plastid and mitochondria genomes, respectively (Table S4).

However, most of them were not in the reference panel (maximum 2 in plastome, 24 in mitogenome). We retrieved SNPs in all samples, however, seven of them did not provide any SNP common with our panel, hindering their assignment to a subspecies or a cytoplasmic lineage (all samples from Saruq and Samos, plus one sample from Mount Carmel). We were only able to exclude affiliations to a few haplotypes for two additional samples from Mount Carmel (Figure 3).

Combining information from both organelles, we were able to deem all the remaining samples (19/28) as most likely belonging to lineage E1. We do note that four of these assignations were based on low evidence level (TW4, TW2, PAP5 and CAS3). The proportion of sites from the panel that were genotyped in these 19 samples ranges from 4 to 95% (in TW4 and MTC79, respectively) with a median of 68% for plastome and 28% of typed sites for mitochondria (Table S4). Plastid DNA overall provided more information than mitochondrial DNA and three samples that could not be assigned to a lineage based on the latter were successfully assigned based on the plastome information. The distances between the two matrices, showed the signal from plastome and mitogenome were globally congruent. The two matrices are significantly correlated (Mantel test p-value < 0.001; R 2 = 0.85). There was only conflicting affiliation between mitochondria and plastid regarding E1.4 haplotype, and mitochondria has a way greater affiliation power in this case (Figure S1). Indeed, for E1.4 affiliation in plastome, the power is nearly null as there is only one informative site and it is shared with 15 haplotypes. On the other hand, there are seven E1.4 specific variants in our mitochondrial panel. Similarly, E1.3, E1.5, E1.10 and E1.13 show the same plastid profile than E1.4 with only one non-unique variants distinguishing them from E1.2 in our panel.

Distinguishing between these six haplotypes based on plastid information is thus not possible. In addition, in the mitochondrial variants panel, E1.3, E1.5 and E1.10 do not harbor any variable sites compared to E1.2.

We were able to refine our affiliation to specific E1 sub-lineages for 10 of the 19 samples.

These affiliations are not strict but only indicates a greater proximity with one of the reference haplotypes. We identified eight samples (TW1, SAU5, SAU4, SAU3, PAP4, LCH, JV141, JV131)

as belonging to haplotype E1.1 with great confidence. MTF1 and MTF6 show proximity to E1.1.

For MTF7 and MTF2 a different profile is suggested, as numerous genotypes are not congruent with E1.1 in both plastome and mitogenome. Some E1.1-specific sites are also found in the mitogenome, making the assignment of these two samples tricky. Information from both genome attest that MTC79 is not E1.1 but more likely E1.2 (or E1.3/5/10 as they can't be discriminate in our panel). We also look at two length-polymorphisms that allow distinguishing the three Mediterranean lineages: a 243-bp deletion in yfc1 specific to E3, and an 8-bp deletion (ATTAGATA repeated once or twice) in trnS-tnrG specific to E2 [START_REF] Besnard | Genomic profiling of plastid DNA variation in the Mediterranean olive tree[END_REF]. Reads were not found at this position in ycf1 for samples from Saruq and Samos, MTC78/14/15, CAS3, TW2 and TW4. For the remaining 16 samples, the presence of read(s) allow their assignment to E1 or E2. For trnS-tnrG, we looked at read(s) spanning the whole indel due to its repetitive nature. If a single mapped read contained twice the repeat, a E2 haplotype could be excluded. It was the case for only five samples (that also harbor ycf1 reads): MTF7 and 1, SAU3 and 5, and TW1. Combining these new pieces of information with the results from SNP calling, we obtained congruent combinations pointing to an E1 haplotype for all samples.

Eight samples provided enough data to be included in plastid DNA phylogeny to investigate their relation to other haplotypes (Figure 4). Confirming our SNP based affiliation, close relationship with E1.1 was observed for all but two samples; MTC79 (Mount Carmel, Israel) and MTF7 (Montferrier, France). Nevertheless, other samples from Montferrier (MTF6 and MTF1)

were more closely related to E1.1 than to MTF7. We note that branches in ancient samples are notably long compared to modern samples, probably enriched in sequencing errors. Some placement may then be artefactual, which seems even more likely in the mitochondrial phylogeny where all ancient samples group together (Figure S2).

Nuclear ancestry of archaeological samples

Unlike the plastome, which only traces one genetic lineage (maternal), the relative proportion of eastern and western ancestry can be estimated from the nuclear genome, eventually allowing to arbitrate between different domestication scenarios. We only analyzed the four samples with the greatest depth (>0.1× MTC79, TW1, MTF7, MTF1). In the PCA, they all clustered with the eastern modern oleasters, yet MTC79 was a bit distant from other samples (Figure 5A). The modern samples the most distant from other members of their genepools on the two first axes of the PCA (Oeiras and Kitries) are known to be admixed based on nuclear microsatellites (Besnard et al., 2013a). Clustering results were consistent with this observation and show some signal of introgression from Western olive in MTC79 (Figure 5B). Nonetheless, the ABBA-BABA test results were not significant. This might be explained by a lack of power due to the low number of sites available.

Discussion

Ancient DNA from olive stones is exploitable While recovering DNA from ancient source is becoming more common, it is still not routine, and this project represents the first of its potential use to understand the domestication of olive. We demonstrated that retrieving informative DNA from waterlogged olive stones is feasible. In contrast, our wood samples did not contain a high enough DNA content to be informative (Table S1, S2). This is probably due to conservation condition as DNA from wood samples have successfully been recovered in other species [START_REF] Dumolin-Lapègue | Amplification of oak DNA from ancient and modern wood[END_REF][START_REF] Liepelt | Authenticated DNA from ancient wood remains[END_REF][START_REF] Wagner | High-throughput DNA sequencing of ancient wood[END_REF]. We chose to only use variants that were previously identified in modern samples. This strategy greatly reduced the amount of information available and might exclude genuine variation present in ancient samples reflecting unknown diversity. However, separating the variant discovery process from the variant genotyping process allow relaxing stringency on the latter which is of particular interest in the case of aDNA where information is scarce and prone to errors. One read can then be a sufficient evidence for the presence of an alternative allele if it has already been characterized in an independent dataset. This Bayesian approach is common in genotyping process for low-coverage data [START_REF] Korneliussen | ANGSD: Analysis of Next Generation Sequencing Data[END_REF]. As illustrated by the inclusion of archaeological samples in phylogenetics trees (Figure 4, Figure S2), the amount of unidentifiable variants present in aDNA is more likely to dilute useful information than to reveal new one.

Organellar genomes are a privileged source of information

Using organellar information, we assigned 19 of our archaeological samples to a unique Mediterranean olive lineage: E1 (Figure 3). Congruent results were obtained between both genomes but we note that in the case of olive, mitochondrial data are generally less informative and prone to homoplasy (Figure 2, Figure S1). When haplotype-level affiliation was possible, all but one of the archaeological samples were assigned to the haplotype E1.1. This haplotype accounts for 80% of present-day cultivars. This result demonstrates that it was already introduced during the Antiquity in the Greek city of Massalia, in southern France (Figure 1). Beyond the idea that extant olive cultivars pedigrees take root in olive cultivated 2000 years ago, the dominance of E1.1 in archeological samples of various origins point towards a scenario with a major domestication event in the eastern Mediterranean. Indeed, in the event of multiple local domestication, we would expect to find multiple plastid lineages. The oldest sample we were able to assign to an extant haplotype MTC79 was however ascribed to E1.2 (or E1.3/E1.5/E1.10). Nowadays, E1.2 is the second most frequent cultivated haplotype (7%; Besnard et al., 2013b), particularly common in Egypt and the Levant.

Two other samples were not assigned to E1.1 but show mixed profiles, between E1.1 and E1.2 that would require further investigations.

Future of archaeogenetics in olive

While organellar genomes are a great resource to track the spread of lineages during domestication, the most interesting questions remaining about olive domestication require the use of nuclear information. To further investigate how archaeological samples relate to extant ones, we attempted to determine nuclear genome ancestry of the ancient samples with the best coverage. One of these samples, MTC79, originated from a submerged site off the Carmel coast in Israel that was estimated to date from 6500 years ago [START_REF] Galili | Early production of table olives at a mid-7th millennium BP submerged site off the Carmel Coast (Israel)[END_REF]. It is unclear if it predates domestication or represents early dates cultivated olives. Its genetic characterization is thus of great interest. The genetic information we gathered points toward a filiation to the eastern genepool as expected, but we detected some conflicting patterns suggesting there might be admixture with western olives (Figure 5). It might reflect some exchanges between East and West Mediterranean during the Neolithic, when environmental conditions were more humid in North Africa and the Levant (reviewed in [START_REF] Médail | Biogéographie de la flore du Sahara: une biodiversité en situation extrême[END_REF] and thus favourable for the spread of the olive (e.g. Besnard et al., 2013a) and other cultivated trees such as date palms [START_REF] Gros-Balthazard | The genomes of ancient date palms germinated from 2,000 y old seeds[END_REF]. More investigation would be needed to determine the reliability of this observation.

A promising way to investigate introgression profiles in ancient samples would be to identify and quantify distinct repeat families between western and eastern gene pools. It has been shown that repeat content can vary between distinct olives lineages [START_REF] Contento | Diversity of Olea genotypes and the origin of cultivated olives[END_REF][START_REF] Mascagni | The singular evolution of Olea genome structure[END_REF]. The higher abundance of nuclear repetitive DNA could allow the characterization of samples with low coverage, as the ones we generated. For instance, RepeatExplorer [START_REF] Novák | Global analysis of repetitive DNA from unassembled sequence reads using RepeatExplorer2[END_REF] is a tool designed to identify and quantify repeats from unassembled NGS reads with the rationale that if one sequences randomly a genome the repetitive regions will represent a higher proportion of reads than the single-copy regions. This approach has however never been tested on ancient DNA samples and might be hindered by a poor recovery of methylated DNA sequences such as pericentromeric satellites [START_REF] Brändle | Principles and functions of pericentromeric satellite DNA clustering into chromocenters[END_REF]. However, transposable elements contents were successfully used to investigate cotton domestication [START_REF] Palmer | Archaeogenomic evidence of punctuated genome evolution in Gossypium[END_REF], suggesting it may be a viable approach in olive, providing a clear distinction can be made between transposable element families of the western and eastern gene pools.

Other particularly interesting questions could be addressed with a more thorough sequencing effort. One can ask which traits were of primary interest during domestication and when. For instance, study of two archaeological sites on the Carmel coast of Israel (including the one from which our samples originated) concluded in different usages of olive for table olive or oil production. Without access to genetic information, the sequence of character selection is only accessible from morphological features such as fruit shape [START_REF] Terral | Historical biogeography of olive domestication (Olea europaea L.) as revealed by geometrical morphometry applied to biological and archaeological material[END_REF]. This type of study can uncover surprising selection targets, as illustrated by a recent study on watermelon domestication that demonstrates from archaeological samples, selection for seeds not flesh [START_REF] Pérez-Escobar | Genome sequencing of up to 6,000-year-old Citrullus seeds reveals use of a bitter-fleshed species prior to watermelon domestication[END_REF]. Ancient nuclear genomes for chosen ancient olives would allow to track sequence changes in a wide range of genes linked to phenotype over time. The integration of archaeogenetics data opens an exciting chapter in the study of olive domestication. could provide a better view on the origin of heterostyly in the family but would still require a greater sampling efforts for this highly diversified lineage (>200 species; [START_REF] Green | Oleaceae[END_REF].

Again, comparative genomics between species with distinct self-incompatibility status is a powerful approach to examine the different hypotheses on the unique or multiple origins of heterostyly in Oleaceae. Prior to this work, very few genomic data were suitable for this purpose.

The mating type of the olive, jasmine and forsythia individuals used to generate the reference genomes are for instance unknown. This unknown parameter may explain the very few orthologous sequences we were able to retrieve for DSI genes. Indeed, given the conservation of the system at least at the scale of the Oleeae tribe, we would expect to retrieve these genes in other sequenced Oleeae, unless the sequenced individuals were ss.

Oleaceae as a model to study the impact of life-history traits on evolutionary rates Similarly, our investigation of evolutionary rates variation was limited by the availability of suitable data. Indeed, the available genomics datasets were only seldomly accompanied by phenotypic description of traits of interests for evolutionary rates. Mining already generated datasets allowed us to investigate multiple evolutionary questions but also stress the limits of not fit for purpose data.

Finding a balance between versatility and precision constitutes a golden rule to successfully navigate the data deluge.

In Chapter 2, we still delve into the remarkable pattern of heterotachy observed in the phylogenetic work we conducted in Chapter 1. We uncovered a potential link between biparental transmissions of plastids and their accelerated evolution. Our hypothesis posits the existence of intraindividual selection of plastids in zygote. Selection among cell lineages is an emerging area of research with cancer genomics at the front end of this exploration. Plants represent an exciting system to study the phenomenon [START_REF] Watson | Germline replications and somatic mutation accumulation are independent of vegetative life span in Arabidopsis[END_REF][START_REF] Reusch | Evolution via somatic genetic variation in modular species[END_REF]. Indeed, the nonsegregation of germline in plants indeed offers the possibilities that somatic mutations get passed through gametes to the next generation (Lanfear, 2018;[START_REF] Hanlon | Somatic mutations substantially increase the pergeneration mutation rate in the conifer Picea sitchensis[END_REF]. Somatic mutations may then add to the mutational load of plants and impact evolutionary rates [START_REF] Schoen | Somatic Mutation and Evolution in Plants[END_REF]. Olive tree could be a particularly interesting model in the matter due to its long-life span and its ability to do clonal propagation [START_REF] Baali-Cherif | High Genetic Diversity and Clonal Growth in Relict Populations of Olea europaea subsp. laperrinei (Oleaceae) from Hoggar, Algeria[END_REF].

Our work demonstrates the great potential of genomics to study Oleaceae evolution. As more data is being generated, more questions would be addressable in this remarkably interesting family of non-model angiosperms. We here settled some directions to orientate and facilitate future works. 

Genome/transcriptome quality and annotation

Completeness of newly sequenced and annotated genomes and transcriptomes was assessed using BUSCO V4.1.4 with the eudicots_odb10 sets (Simão et al., 2015). Genome assemblies were softmasked using Red (Girgis, 2015)and annotated using Braker2 (Brůna et al., 2021) with hints from OrthoDB (Zdobnov et al., 2021) and publicly available RNA-seq data when available. The cleaned reads were mapped against the corresponding genomes using STAR2 (Dobin et al., 2013). We use Trandecoder (Bryant et al., 2017) to predict coding-sequences in transcriptomes using BLASTp hits against the Swissprot database (Altschul et al., 1990) and HMMER search against the Pfam v34 database [START_REF] Mistry | Pfam: The protein families database in 2021[END_REF]. Finally, protein-coding sequences were extracted from gff annotation files with gffread [START_REF] Pertea | GFF Utilities: GffRead and GffCompare[END_REF], only keeping complete CDS (no in-frame stop codons/pseudogene, or fully contained sequence). We evaluate annotations completeness by running BUSCO again on the predicted protein sets.

Orthogroups reconstruction

We clustered the protein sequences from 19 Oleaceae and four outgroup species into orthogroups using OrthoFinder v2.5.2 [START_REF] Emms | OrthoFinder: phylogenetic orthology inference for comparative genomics[END_REF] with DIAMOND [START_REF] Buchfink | Sensitive protein alignments at tree-of-life scale using DIAMOND[END_REF] set in ultra-sensitive mode and the MSA option. The analysis of protein sequences extracted from 10 genome and 12 transcriptome assemblies enable the composition of 40,314 orthogroups, including 90.2% of the total number of proteins analyzed. A species tree was built based on 1,039 of these orthogroups (Figure 1) and was congruent with the current phylogenetic hypothesis for the Oleaceae family [START_REF] Dupin | Resolving the phylogeny of the olive family (Oleaceae): confronting information from organellar and nuclear genomes[END_REF]Dong et al., 2022). 

  development of new approaches to analyse large biological datasets is one of the most vibrant fields of research today.

Figure 1 .

 1 Figure 1. Cost for sequencing one megabase of DNA over year. Data from the National Human Genome Research Institute[START_REF] Wetterstrand | DNA Sequencing Costs: Data from the NHGRI Genome Sequencing Program (GSP) Available at: www.genome.gov/sequencingcostsdata[END_REF].

Figure 2 .

 2 Figure 2. Accumulation of published genome for prokaryotes and eukaryotes in RefSeq. Genome release dates were extracted from RefSeq assembly summary file (August 2022 release).

Figure 3 .

 3 Figure 3. Diversity of floral (top row) and fruit (bottom row) type among Oleaceae species. From left to right: Olea europaea, Fraxinus excelsior, Crysojasminum fruticans, Norhonia emarginata. Photo credit (from top left to bottom right): P. Dietze, B. Kepic, T. Chugg, N. Juillet, RBG Kew, Y. Le Bastard, C. Perez, K. de Niort.

Figure 4 .

 4 Figure 4. Phylogenetic tree of Oleaceae (from Wallander and Albert, 2000). Strict consensus of the most parsimonious trees with jackknife support values (only >50% are shown).

Figure 1 .

 1 Figure 1. Maximum likelihood phylogenetic tree of Oleaceae based on concatenated coding sequences of 80 plastid genes. The tree was rooted on the split with Solanaceae. The scale is in substitution per site. Ultrafast bootstrap support values are indicated on nodes when inferior to 100.

Figure 2 .

 2 Figure 2. Maximum likelihood phylogenetic tree of Oleaceae based on the concatenation of 37 mitochondrial genes. The tree was rooted on the split with Solanaceae. The scale is in substitution per site. Ultrafast bootstrap support values are indicated on nodes when inferior to 100.

Figure 3 .

 3 Figure 3. Maximum likelihood phylogenetic tree of Oleaceae based on the complete RY-coded nrDNA cluster alignment. The tree was rooted on the split with Solanaceae. The scale is in substitution per site.

Figure 4 .

 4 Figure 4. Reduced representation of the midpoint-rooted maximum likelihood phylogenetic tree of the phy gene family in Oleaceae. Only ultrafast bootstrap (UFB) values inferior to 100 are indicated on nodes. Putative pseudogenes are denoted by dashed lines.

Figure 5 .

 5 Figure 5. Maximum likelihood phylogenetic tree of Oleaceae based on phyB-1 (a and b) and phyE-1 nuclear genes. Oleeae phyB-1a was arbitrarily aligned with phyB-1 of other tribes. The tree was rooted on the split with Solanaceae. The scale is in substitution per site. Ultrafast bootstrap support values are indicated on nodes when inferior to 100.

Figure 6 .

 6 Figure 6. Maximum likelihood topology of Oleaceae family estimated from the partitioned concatenation of 80 plastid coding sequence, 37 mitochondrial genes, the complete nuclear ribosomal DNA cluster and three nuclear genes encoding phytochromes (phyE-1, phyB-1a, phyB-1b). Concordance factors were calculated in relation to the species trees inferred for each partitioned dataset. Gene concordance factors are represented by the green/purple pie charts (left), site concordance factors by the blue/orange ones (right). UFB support values are indicated near their respective nodes.

Figure S1 .

 S1 Figure S1. Full representation of the midpoint-rooted maximum likelihood phylogenetic tree of the phy gene family in Oleaceae. Only ultrafast bootstrap values inferior to 100 are indicated on nodes.

Figure

  Figure S1, continued.

Figure

  Figure S1, end.

Figure S2 .

 S2 Figure S2. Maximum likelihood topology of Oleaceae estimated from the partitioned analysis of the four datasets with corresponding concordance factors of nodes. Each node is labeled with a number used as a reference to their respective concordance values in the table.

Figure S3 .

 S3 Figure S3. Maximum likelihood phylogenetic tree of Oleaceae based on the nontransformed nrDNA cluster alignment. The tree was rooted on the split with Solanaceae.

Figure 1 .

 1 Figure 1. Phylogenetic trees of Oleaceae with branch lengths scaled to rate of synonymous (d S ) and non-synonymous substitutions (d N ) for plastid genomes. Rates were estimated in PAML under the free-ratio model using all protein-coding genes. The scale is in expected number of substitutions per site.

Figure 2 .

 2 Figure 2. Relationship between plastome and mitogenome evolutionary rates in different subgroups of Oleaceae. Synonymous substitution rates are presented on the left panel, and non-synonymous rates are shown on the right. Rates are expressed in expected number of substitutions per site. Each point represents one branch and is colored according to the lineage it belongs to. Significantly different linear regression lines are shown.

Figure 3 .

 3 Figure 3. Alterations of selective pressures in plastid genes of Jasmineae and Core Ligustrinae. For the background plots, twice the difference of log-likelihood between the null model (single d N /d S for the whole tree) and the alternative model (different d N /d S in Jasmineae, Core Ligustrinae and the other Oleaceae) is indicated. The vertical black line indicates the significance threshold for a likelihood ratio test (from a χ 2 distribution with Bonferroni correction for multiple testing). Genes are ranked according to this value and colored based on their function. The insert shows d N /d S ratios (ω) in the three groups for the 19 genes with a significant change. Asterisks indicate genes where d N /d S is significantly greater than 1 (after correction).

Figure 4 .

 4 Figure 4. Relationship between plastid rates of synonymous (a, c) and non-synonymous substitutions (b, d) in Jasmineae (upper row) or Core Ligustrinae (lower row) and other Oleaceae. Each point represents a gene (mean rate value per group). Genes with functions related to photosynthesis are colored in green. Significantly different linear regression lines are shown.

Figure S1 .

 S1 Figure S1. Comparison between plastid and mitochondrial topologies. Each tip of the plastid tree (left) is connected by a dashed line to the corresponding tip in the mitochondrial phylogram (right). Bootstraps values with support greater than 95 are masked. The scale is in substitution per site. Both topologies are largely congruent. Conflicts only arise at poorly-supported nodes in the mitochondrial phylogeny.

Figure S2 .

 S2 Figure S2. Physical maps summarizing inverted repeat boundary shifts detected in Oleaceae.Each gene is symbolized by a colored block proportional to its size. Grey blocks at the top indicate IR locations. Most Oleaceae exhibit a structure similar to Syringa persica and S. vulgaris: IR/LSC boundaries are located between rpl2 and rps19 and IR/SSC boundaries are located within ycf1. Important shifts (implying complete genes) were only observed in Jasmineae and Core Ligustrinae. In Jasmineae, the IRs have extended on the LSC in J. adenophyllum to include rps19 and rpl22. In Jasminum, IRs have also expanded over the SSC to include the complete sequence of ycf1, but not rps15 and ndhH. In J. polyanthum, shrinkage of the IRs (of about 15 kb on the IR/LSC boundary) has occurred and they only contain ycf1 and ribosomal RNA genes. In Ligustrum, ycf1 is completely included in IRs which also contain rps15 and ndhH. In S. pubescens microphylla, the IRs have expanded by about 5 kb, encompassing eight protein-coding genes(rps19, rpl22, rps3, rpl16, rpl14, rps8, infA, rpl36) usually located in the LSC. Abbreviations: IR = Inverted Repeat; SSC = Short Single Copy; LSC = Long Single copy.

Figure S4 .

 S4 Figure S4. Distribution of repeat content of Oleaceae plastid genomes. Repeats were identified by blasting each plastome (after removal of one inverted repeat) against itself.

Figure S5 .

 S5 Figure S5. Omega values for plastid coding genes in Jasmineae (A) and Core Ligustrinae (B).Omegas are optimized values under the branch model allowing three distinct ratios for Jasmineae, Core Ligustrineae and other Oleaceae.

Figure 1 .

 1 Figure 1. Macrosynteny between four olive genome assemblies. Lines connect syntenic blocks in different assemblies. Red lines correspond to the DSI locus location according to Mariotti et al. (2020), green lines to the newly identified SI-linked region, which has no homolog in hap2 assembly. Only anchored and major scaffolds are shown for each assembly. Hap1/Hap2 = partially-phased haplotype-resolved assemblies of O. e. laperrinei.

Figure 2 .

 2 Figure 2. Variation in the ratio of depth of coverage between incompatibility groups in three olive subspecies along chromosome 18 in the different olive genome assemblies. From top to bottom, oleaster genome, cultivated olive genome, 'haplotype 1' and 'haplotype 2' of Laperrine's olive. We plotted log2[(Ss+1):(ss+1)] for sliding-windows of 100 kb with 25-kb steps. Values in each of the three subspecies investigated with RAD-seq are figured in a different color. The grey highlights represent the position of the previously identified SI-linked region(Mariotti et al., 2020).

Figure 3 .

 3 Figure 3. Pairwise synteny between the two haploid sequences of chromosome 18 from our haplotype-resolved assembly of O. e. laperrinei. The left dotplot presents pairwise identity over the whole scaffold, and a zoom of the region identified with coverage ratio analysis is given on the right. The gene content and median RAD depth of coverage in each incompatibility group (Ss in red, ss in black) are plotted along 'haplotype' 1 axis. Transposable elements are colored in green and genes within the region specific to 'haplotype 1' in red.

Figure

  Figure S1. k-mer spectra of the two Laperrine's haplotype assemblies. Red curves correspond to k-mer present in one copy in the assembly (the two peaks at 25× and 50× reflects the high heterozygosity of the genome). Black curve represents k-mer in reads that were not included in the assembly, either erroneous (at the extreme boundary of the plot) or because of allele separation (peak half the size of the heterozygous peak). Other colors indicate higher k-mer multiplicity probably due to ancient whole-genome duplications.

Figure S2 .

 S2 Figure S2. PCA component analysis plot of sequenced olive individuals based on biallelic nuclear SNPs called on four different genome assemblies. Each subspecies is figured in a different color. Blue=Olea e. europaea, green=O. e. laperrinei, orange=O. e. cuspidata. Number of SNPs used for each genome: Oleaster 43,525 / Arbequina 41,508 / Haplotype 1 48,623 / Haplotype 2 48,623.

Figure S3 .

 S3 Figure S3. F ST indices between incompatibility groups along each chromosomic scaffold in four olive genome assemblies. F ST values were calculated for non-overlapping windows of 50 kb. Values in each of the three subspecies investigated with RAD-seq are figured in a different color. Blue = Olea e. europaea, green = O. e. laperrinei, orange = O. e. cuspidata. The remaining chromosomes are available at : https://github.com/praimondeau/olive_SI

Figure 1 .

 1 Figure 1. Relationship between samples according to expression profiles. A) PCA plot based on CPM expression values. B) Correlation matrix between samples based on CPM counts. Samples are colored according to developmental stages and darker shades/plain shapes indicate S-morph individuals.

Figure 2 .

 2 Figure 2. Clustering of transcripts according to expression profiles. Each row of the heatmap summarizes the expression of one differentially expressed transcript in each individual. Transcripts were clustered according to their Euclidian distance. Positive fold-change (yellow) indicates overexpression in a given sample compared to median expression level. Samples are colored according to developmental stages and darker shades denote S-morph individuals.

Figure 3 .

 3 Figure 3. Differentially expressed genes between short and long-styled individuals. A) Venndiagramm summarizing all significant expression changes detected in S-morph compared to Lmorph expression profiles at each and both stages. Yellow indicates overexpression in S-morph compared to L-morph, purple indicates the opposite. Transcripts are called by their annotated gene symbol, POL= viral polyprotein, ?=unknown function. B) Exemplar expression levels of differentially expressed transcripts in each sample. Samples are colored according to developmental stages and darker shades indicate S-morph individuals. C) Cloud of enriched GO-terms in the sets of differentially expressed transcripts.

Figure S1 .

 S1 Figure S1. Number of transcripts according to different expression threshold.

Figure S2 .

 S2 Figure S2. Expression levels of differentially expressed transcripts in each samples. Samples are colored according to developmental stage and darker shades denote S-morph individuals.

  113

Figure 1 .

 1 Figure 1. Ancient DNA samples characteristics. A) Locations of archaeological sites where the samples were collected. Each site is represented with a distinct colour, used in other panel. B) Median endogenous DNA content of samples from each site, organized by age. C) Patterns of DNA substitutions at 5' end for MTC79 (from Neolithic) plastid, mitochondrial and nuclear DNA and for TW4 nuclear DNA (modern). C to T substitution are shown in red, G to A in blue, grey lines represent other types substitutions. For complete profiles for all samples, see Supplementary Dataset 1.

Figure 2 .Figure 3 .

 23 Figure 2. Distribution of modern plastid and mitochondrial variants among reference haplotypes.

Figure 4 .

 4 Figure 4. Phylogenetic tree of O. europaea, including eight archaeological samples using plastid DNA. Archaeological samples are coloured with the colour code defined in Figure 1.

Figure 5 .

 5 Figure 5. Relationship between archaeological and modern samples based on nuclear SNP data. Only the four archaeological samples with more than >0.1× coverage were included. Western genepool is coloured in blue, eastern in green, archaeological samples with the colour code defined in Figure 1. A) PCA plot, B) Clustering result for K = 2.

Figure S1 .

 S1 Figure S1. Congruence between plastid and mitochondrial affiliation profiles. Darker blue shades indicates stronger conflicts between mitochondrial and plastid affiliation score. The yellow/purple scale indicates the relative informativeness of organellar genomes for each haplotype. Yellow shades point out haplotypes for which mitochondrial data is more discriminant than plastid one (more haplotype-specific variants).

Figure S2 .

 S2 Figure S2. Phylogenetic tree of O. europaea including 4 archaeological samples using mitochondrial DNA. The scale is in substitution per site. Ultrafast bootstrap support values are indicated near their respective nodes.

Figure 1 .

 1 Figure 1. Exploration of Oleaceae synteny. A) Synteny depth between genomes of O. europaea ('Arbequina') and J. sambac. B) Microsyntenic relationships with olive S-locus. Lines connect syntenic genes, red lines denote the two genes immediately outside the S-locus in olive.

Figure 2 .

 2 Figure 2. Phylogenetic trees of two multigenic families with members located in the olive Slocus A) for GWHPAOPM038188. Paralogs representing duplicates originating before Oleaceae divergence from other Lamiales are not shown. B) for GWHPAOPM038191 and its duplicate in the SI region GWHPAOPM038195. Outgroups are colored in grey, Forsythieae in green, Jasmineae in blue and Oleeae in black.

Figure 1 .

 1 Figure 1. Phylogenetic tree of Oleaceae used for orthogroups reconstruction. Tree was estimated by Orthofinder using 1039 orthogroups with a minimum of 26% of species having singlecopy genes in any orthogroup. Thicker lines delimits Oleaceae branches. Bold species names indicates the use of a genome assembly. Orange and blue tips are Core Ligustrinae and Jasmineae, respectively.
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Table S1 ,

 S1 end.

	Tribe (Subtribe)	Species	Accession no/cultivar name	Country (Collection)
	Oleeae (Oleinae)	Cartrema americana (L.) Raf.	CHW-OA (MO)	USA
		Chengiodendron marginatus (Champ. ex Benth.) C.B.Shang et al.	J.P.W. Woo 138 [P04074276] h, n	Hong Kong, China
		Chionanthus aff. brassii (Kobuski) Kiew	J.F. Molino 3078 (MPU)	Papua New Guinea
		Chionanthus compactus Sw.	C.M. Taylor 8582 [P03868414] h, n	Puerto Rico
		Chionanthus ligustrinus (Sw.) Pers.	A.H. Liogier 15164 [P03384280] h	Dominican Republic
		Chionanthus parkinsonii (Hutch.) Bennet & Raizada	M. Van de Bult 1222 (M) h	Thailand
		Chionanthus aff. ramiflorus Roxb.	M.E. Polane 24397 (K) h	Vietnam
		Chionanthus retusus Lindl. & Paxton	coll. KEW-13008	China (Kew BG)
		Chionanthus rupicolus (Lingelsh.) Kiew	W. Takeuchi et al. 15149 (K) h	Papua New Guinea
		Chionanthus aff. thorelii (Gagnep.) P.S.Green	M.F. Newman 2145 [P00577947]	Cambodia
		Chionanthus aff. trichotomus (Vell.) P.S.Green	St.G. Beck 25118 (M) h	Bolivia
		Chionanthus virginicus L.	coll. KEW-1976292	USA (Kew BG)
		Forestiera angustifolia Torr.	R. Kathy 1861, coll. 1997-0035-100	USA
		Forestiera isabelae Hammel & Cornejo	de Hammel & Perez 24248 (K) h	Costa Rica
		Forestiera pubescens Nutt. var. pubescens	LBJWC-0204	USA
		Haenianthus salicifolius Griseb.	A.H. Liogier 12182 [P04255168] h, n	Dominican Republic
		Hesperelaea palmeri A.Gray	E. Palmer 81 (MO) h	Guadalupe, Mexico
		Nestegis cunninghamii (Hook.f.) L.A.S.Johnson	Kepos 45352 (K), coll. KEW-1966-67114	New Zealand
		Nestegis sandwicensis (A.Gray) O.Deg., I.Deg. & L.A.S.Johnson	T. Flynn 6329 (MPU)	Hawaii, USA
		Noronhia emarginata (Lam.) Poir.	T. Flynn 6331 (MPU)	Hawaii, USA (N*)
		Noronhia lowryi Hong-Wa	J. Razanatsoa 686-1 (TAN)	Madagascar
		Noronhia nilotica (Oliv.) Hong-Wa & Besnard	White 886 (MO) n	Gabon
		Noronhia peglerae (C.H.Wright) Hong-Wa & Besnard	O. Maurin 1766 (PET)	South Africa
		Notelaea longifolia Vent.	L.A. Craven et al. 10154 [P04255187] h	Australia
		Olea europaea L. subsp. laperrinei (Batt. & Trab.) Cif.	coll. CEFE-Adjelella 10	Algeria (CEFE)
		Olea javanica (Blume) Knobl.	G. Besnard s.n. (MPU)	Indonesia
		Olea lancea Lam.	G. Besnard s.n. (P)	Reunion
		Olea paniculata R.Br.	C. Lambrides 1 (MPU)	Australia
		Osmanthus armatus Diels.	G. Besnard 02-2013 (P)	China (Toulouse BG)
		Osmanthus austrocaledonicus (Vieill.) Knobl.	J.K. Munzinger 1662 [P00354333]	New Caledonia
		Osmanthus decorus (Boiss. & Balansa) Kasapligil	Accession Z-1	Caucasus (KEITH arboretum)
		Phillyrea angustifolia L.	Restinclières	France
		Picconia excelsa (Aiton) DC.	PT-0-BR-20110182-45	Madeira, Portugal
		Priogymnanthus hasslerianus (Chodat) P.S.Green	T. Rojas 10694 [P03384284] h, n	Paraguay

Table S2 . List of species used as outgroups in our phylogenetic analyses.

 S2 Number of genome project, accession nos and DNA regions are indicated.

	Family	Species	Genome no (Plant isolate)	Accession no (DNA region)
	Acanthaceae	Avicennia marina (Forssk.) Vierh.	PRJNA629068 (RG18007)	CM0231175 (phyB),
				CM0231176 (phyB),
				CM023179 (ΨphyE)
			PRJNA628464	NC_047414.1 (plastome)
			PRJNA6290689	SRR11912464
				(mtDNA/nrDNA)
	Pedaliaceae	Sesamum indicum L.	PRJNA268358 (Zhongzhi no 13)	XM_011073075 (phyB),
				XM_011102453 (phyB),
				XM_011086986 (phyE),
				SRR1055197
				(mtDNA/nrDNA)
			PRJNA78529	NC_016433.2 (plastome)
	Solanaceae	Capsicum annuum L.	PRJNA186921	CA05g16200 (phyB),
				CA01g16010 (phyB),
				CA02g12340 (phyE),
				JX270811.1 9 (plastome),
				KJ865410.1 (mtDNA),
				SRR653499 (nrDNA)
	Solanaceae	Solanum lycopersicum L.	PRJNA119	Solyc05g053410 (phyB),
				Solyc01g059870 (phyB),
				Solyc02g071260 (phyE),
				DQ347959.1 (plastome),
				MF034192.1 (mtDNA),
				NW_020442480.1
				(nrDNA)

Table S1 . Gene and intron losses detected in Oleaceae.

 S1 

	Protein-coding genes					Taxa					
		Other Oleaceae C. fruticans J. polyanthum J. fluminense J. kitchingii M. integrifolia J. mackeeorum J. lanceolaria J. adenophyllum L. ovalifolium
	accD	+	xb	x	x	x	xb	x	x	x	+
	clpP introns	+	x	x	x	x	x	x	x	x	+
	psaI	+	+	+	+	+	x	+	+	+	+
	rpl23	+	+	+	+	+	xa	+	+	+	+
	tRNA genes										
	trnA-UGC		-								

Table S2 . clPp exonic and intronic raw pairwise distance with Olea europaea.

 S2 

	Taxa	Exons	Introns	Taxa	Exons Introns
	Abeliophyllum distichum	0.010	0.008	Jasminum lanceolaria	0.466	NA
	Cartrema americana	0.005	0.005	Jasminum mackeeorum	0.475	NA
	Chionanthus axillaris	0.007	0.007	Jasminum polyanthum	0.469	NA
	Chionanthus brachystachys	0.007	0.007	Jasminum spectabile	0.469	NA
	Chionanthus aff. brassii	0.007	0.008	Ligustrum gracile	0.231	0.016
	Chionanthus compactus	0.005	0.009	Ligustrum japonicum	0.229	0.016
	Chionanthus filiformis	0.005	0.010	Ligustrum lucidum	0.243	0.017
	Chionanthus fluminensis	0.007	0.010	Ligustrum ovalifolium	0.191	0.022
	Chionanthus implicatus	0.005	0.008	Ligustrum quihoui	0.204	0.016
	Chionanthus ligustrinus	0.003	0.011	Ligustrum vulgare	0.197	0.014
	Chionanthus macrobotrys	0.009	0.012	Myxopyrum nervosum	0.019	0.031
	Chionanthus mala-elengi	0.007	0.004	Myxopyrum smilacifolium	0.017	0.032
	Chionanthus maxwellii	0.007	0.007	Nestegis apetala	0.009	0.005
	Chionanthus panamensis	0.007	0.008	Nestegis lanceolata	0.009	0.004
	Chionanthus parkinsonii	0.007	0.004	Nestegis sandwicensis	0.009	0.003
	Chionanthus polygamus	0.010	0.008	Noronhia brevituba	0.010	0.004
	Chionanthus pubescens	0.007	0.007	Noronhia candicans	0.010	0.006
	Chionanthus quadristamineus	0.007	0.007	Noronhia clarinerva	0.010	0.006
	Chionanthus ramiflorus	0.009	0.007	Noronhia emarginata	0.009	0.006
	Chionanthus aff. ramiflorus (JKM245)	0.007	0.005	Noronhia intermedia	0.010	0.005
	Chionanthus aff. ramiflorus (MEP24397)	0.007	0.005	Noronhia lowryi	0.009	0.005
	Chionanthus retusus	0.009	0.005	Noronhia nilotica	0.005	0.008
	Chionanthus rupicolus	0.010	0.006	Noronhia peglerae	0.009	0.004
	Chionanthus thorelii	0.009	0.004	Noronhia spinifolia	0.010	0.007
	Chionanthus trichotomus	0.007	0.011	Notelaea longifolia	0.012	0.007
	Chionanthus virginicus	0.007	0.006	Notelaea microcarpa	0.012	0.007
	Chrysojasminum fruticans	0.302	0.036	Notelaea venosa	0.012	0.007
	Comoranthus minor	0.009	0.005	Nyctanthes arbor-tristis	0.023	0.036
	Dimetra craibiana	0.026	0.040	Olea capensis capensis	0.003	0.002
	Fontanesia fortunei	0.010	0.015	Olea capensis macrocarpa	0.003	0.003
	Forestiera isabelae	0.002	0.009	Olea europaea	0.000	0.000
	Forestiera ligustrina	0.002	0.006	Olea europaea cuspidata	0.000	0.001
	Forestiera phillyreoides	0.002	0.007	Olea europaea laperrinei	0.000	0.001
	Forestiera pubescens var. parviflora	0.002	0.007	Olea exasperata	0.003	0.002
	Forestiera pubescens var. pubescens	0.002	0.007	Olea javanica	0.009	0.007
	Forestiera segregata	0.002	0.007	Olea lancea	0.003	0.002
	Forsythia giraldiana	0.010	0.011	Olea paniculata	0.005	0.003
	Forsythia x intermedia	0.010	0.011	Olea perrieri	0.003	0.002
	Forsythia x mandschurica	0.010	0.011	Olea tsoongii	0.009	0.008
	Fraxinus americana	0.009	0.011	Osmanthus austrocaledonicus	0.009	0.003
	Fraxinus angustifolia	0.005	0.008	Osmanthus decorus	0.009	0.004
	Fraxinus bungeana	0.007	0.008	Osmanthus delavayi	0.009	0.006
	Fraxinus excelsior	0.005	0.008	Osmanthus fragrans	0.009	0.006
	Fraxinus insularis	0.005	0.008	Osmanthus heterophyllus	0.009	0.005
	Fraxinus lanuginosa	0.005	0.009	Osmanthus yunnanensis	0.009	0.005
	Fraxinus latifolia	0.009	0.010	Phillyrea angustifolia	0.009	0.004
	Fraxinus mandshurica	0.007	0.007	Picconia azorica	0.009	0.004
	Fraxinus nigra	0.005	0.007	Picconia excelsa	0.010	0.005
	Fraxinus ornus	0.005	0.009	Priogymnanthus hasslerianus	0.010	0.011
	Fraxinus quadrangulata	0.005	0.008	Schrebera alata	0.009	0.006
	Fraxinus sieboldiana	0.005	0.009	Schrebera arborea	0.009	0.007
	Fraxinus velutina	0.009	0.010	Schrebera capuronii	0.009	0.007
	Fraxinus xanthoxyloides	0.007	0.007	Schrebera swietenioides	0.010	0.008
	Haenianthus salicifolius	0.003	0.006	Schrebera trichoclada	0.009	0.006
	Hesperelaea palmeri	0.002	0.004	Syringa persica	0.009	0.014
	Jasminum adenophyllum	0.472	NA	Syringa pubescens microphylla	0.152	0.019
	Jasminum fluminense	0.472	NA	Syringa tomentella yunnanensis	0.064	0.013
	Jasminum kitchingii	0.472	NA	Syringa vulgaris	0.007	0.012

Table S3 . List of Oleaceae species for which the inheritance mode of plastids has been reported.

 S3 

	Tribe, Subtribe	Taxon	Plastid inheritancea
			Mode of inheritance	Referencesc
	Oleeae, Oleinae	Olea europaeab	Maternal	[5]
		Chionanthus retusus	Maternal	[4]
	Oleeae, Fraxininae	Fraxinus excelsior	Maternal	[4]
	Oleeae, Ligustrinae			
	Genus Syringa, Subgenus			
	Syringa, Series Syringa Syringa oblata	Maternal	[2,4]
		Syringa vulgaris	Maternal	[1,2]
		Syringa chinensis	Maternal	[2]
		Syringa persica	Maternal	[2]
		Syringa protolaciniata	Maternal	[2]
		Syringa dilata	Maternal	[2]
	Genus Syringa, Subgenus			
	Syringa, Series			
	Pinnatifoliae	Syringa pinnatifolia	Maternal	[2]
	Genus Syringa, Subgenus			
	Syringa, Series Villosae Syringa wolfii	Paternal leakage	[2]
		Syringa sweginzowii	Paternal leakage	[2]
		Syringa yunnanensis	Paternal leakage	[2]
		Syringa villosa	Paternal leakage	[2]
		Syringa josikaea	Paternal leakage	[2]
	Genus Syringa, Subgenus			
	Syringa, Series Pubescens Syringa meyeri	Paternal leakage	[2]
		Syringa pubescens microphylla	Paternal leakage	[2]
		Syringa patula	Paternal leakage	[2]
	Genus Syringa, Subgenus			
	Ligustrina	Syringa pekinensis	Paternal leakage	[2,4]
		Syringa reticulata var amurensis	Paternal leakage	[2]
		Syringa reticulata	Paternal leakage	[2]
	Genus Ligustrum	Ligustrum lucidum	Paternal leakage	[2]
		Ligustrum quihoui	Paternal leakage	[2]
		Ligustrum vulgare	Paternal leakage	[2]
	Jasmineae	Jasminum officinale	Paternal leakage	[3]
		Jasminum nudiflorum	Paternal leakage	[3]

Table S1 .

 S1 List of plant material analyzed with RAD-sequencing.

	Subspecies	Accession name	CC 1 group	Subspecies	Accession name	CC group
	europaea					

  yielded 15 to 33 ug of RNA per sample that was used to generate 24 RNA-Seq libraries for twelve Chrysojasminum individuals. Sequencing produced 958 million paired end 150-bp reads (between 32 and 46 million reads per sample). Between 95 and 98% of raw reads were kept after cleaning, resulting in 774 million paired-reads being used to generate the transcriptome assembly for C. fruticans. 242,066 transcripts were assembled with a Ex90N50 of 2,032 bp. Most of them are probably not biologically relevant and represents lowly expressed transcripts. If we consider transcripts with a minimum TPM (Transcripts Per Million transcripts) of 10, the number of transcripts is reduced to 30,150 (Figure

  They represent distinct haplotypes of Mediterranean olive lineages(O. e. subsp. europaea; 9 E1, 6 E2, 4 E3) and seven lineages of other subspecies (C1.1, C1.5 and C2 for O. e. subsp. cuspidata, L1.6 for laperrinei and M3.3 for guanchica). Fourteen of them were newly generated in this study according to the protocols described in (Van dePaer et al., 2018). We used haplotype E1.2(Besnard et al., 2013b) as the primary reference for organellar genomes study.Each modern sequences for mitochondria and plastid was hashed into random reads without errors with BBTools (Bushnell B. -sourceforge.net/projects/bbmap/) with a target coverage of 20.Reads were then mapped with Bowtie2 (Langmead and Salzberg, 2012) on the E1.2 plastome (after removal of one inverted repeat) and mitogenome simultaneously. Using reads instead of directly aligning genomes avoids the creation of gaps in the reference due to indels. By conserving the base numbering of the reference genome, it was then possible to directly compare bases called at a given position in ancient samples to this reference SNP sets. In order to avoid calling SNP in mtpt (plastid sequences transferred into the mitogenome (Van de Paer et al., 2018) and repetitive regions, which

Table S2 .

 S2 Modern samples characteristics. cpDNA = plastid DNA, mtDNA = mitochondrial DNA

	Name Oeiras 3 Vallée du Fango 5 Talambote Tarrifa Bni Harchen Dar Chaoui Rajo 10 Rajo 21 Fatrou 9 Al Asharinah 9 Urla 6 Kitries 6 Oludeniz 1 Stavrovouni C11 MZ1 OGMed_013 OGMed_003 OB4 OGCus_001 Iran PV1 Menagesha 14 La Gomera 10 Adjelella 10 cv. 'Meluki' cv. 'Bottegem' cv. 'Arbequina' Haut Atlas Gué de Constantine 20 Guangzhou 1 Sarah et al., 2017 Name Reference Van de Paer et al., 2018 Van de Paer et al., 2018 Generated in this study Generated in this study Generated in this study Generated in this study Generated in this study Generated in this study Generated in this study Generated in this study Generated in this study Generated in this study Generated in this study Van de Paer et al., 2018 Reference Gros-Balthazard et al., 2019 Gros-Balthazard et al., 2019 Sarah et al., 2017 Gros-Balthazard et al., 2019 Generated in this study Van de Paer et al., 2018 Van de Paer et al., 2018 Van de Paer et al., 2018 Generated in this study Generated in this study Generated in this study Besnard et al., 2011 Besnard et al., 2011 Besnard et al., 2011 Maui 1 Besnard et al., 2011	Genepool West (admixed) Wild/Feral WGS Status Nature West Wild WGS West (admixed) Wild WGS West Wild WGS West Wild WGS West Wild WGS East Wild WGS East Wild WGS East Wild WGS East Wild WGS East Wild WGS East (admixed) Wild/Feral WGS East Wild WGS East Wild WGS Genepool Status Nature East Wild RNA-seq East Wild RNA-seq O. e. cuspidata Wild RNA-seq O. e. cuspidata Wild RNA-seq O. e. cuspidata Wild WGS O. e. cuspidata Wild WGS O. e. guanchica Wild WGS O. e. laperrinei Wild WGS East (admixed) Cultivated WGS West (admixed) Cultivated WGS East Cultivated -West -West -O. e. cuspidata -O. e. cuspidata -	Country Portugal Corsica, France E2.1 ptDNA haplotype E3.1 Morocco E2.14 Spain E2.4 Morocco E3.5 Morocco E3.4 Syria E1.3 Syria E1.5 Syria E1.13 Syria E1.10 Turkey E1.8 Greece E2-7 Turkey E1.27 Cyprus E1.4 Country ptDNA haplotype Turkey -Turkey -South Africa -South Africa -Iran C1.5 Ethiopia C2.13 Canary Islands M3.3 Algeria L1.6 Egypt E1.2 Egypt E2.15 Spain E1.1 Morocco E2.9 Algeria E3.3 China C1.1 Hawaii (South Africa) A.1	Technology HiSeq (150 bp) HiSeq (150 bp) NovaSeq (150 bp) Y cpDNA mtDNA Y Y Y Y Y NovaSeq (150 bp) Y Y NovaSeq (150 bp) Y Y NovaSeq (150 bp) Y Y NovaSeq (150 bp) Y Y NovaSeq (150 bp) Y Y NovaSeq (150 bp) Y Y HiSeq (150 bp) Y Y HiSeq (150 bp) Y Y HiSeq (150 bp) Y Y HiSeq (150 bp) Y Y HiSeq (100 bp) Y Y Technology cpDNA mtDNA HiSeq (100 bp) --HiSeq (100 bp) --HiSeq (100 bp) --HiSeq (100 bp) --HiSeq (150 bp) Y Y HiSeq (101 bp) Y Y HiSeq (150 bp) Y Y HiSeq (150 bp) Y Y HiSeq (150 bp) Y Y HiSeq (150 bp) Y Y Y Y Y -Y -Y -Y -

Table S3 . Sequencing statistics for archaeological samples.

 S3 

	Name	Raw reads	Retained reads	Read length	Clonality	Endogenous content	Nuclear coverage (X)	Cp coverage (X)	Mt coverage (X)
	CAS2		5962557		5857064		54.2	4.34%	10.93%	0.025	0.63	0.153
	CAS3		29289223		27837487		49.4	4.05%	2.50%	0.024	2.054	0.332
	JV131		9369511		8709828		48.4	4.09%	8.17%	0.026	3.886	1.351
	JV134		3292773		3212423		58.2	2.52%	4.65%	0.006	1.45	0.143
	JV141		4630473		4381520		52.6	7.19%	2.53%	0.004	0.399	0.086
	LCH		5348115		5197524		54.6	3.50%	8.09%	0.016	2.883	1.08
	MTF1	10974988 SE + 26174395 PE		36179990		54.7	6.56%	21.43%	0.338	18.09	3.843
	MTF2		18727977		17649931		47.4	3.44%	5.18%	0.032	0.992	0.595
	MTF6		27701970		26442933		48.8	4.55%	9.04%	0.09	4.393	1.969
	MTF7	10741197 SE + 57329802 PE		65105662		45.7	5.44%	8.19%	0.195	4.973	1.605
	PAP4		6,889,766		6557428		51.3	4.24%	1.87% 344487	0.005 18	0.528	0.092 40.72
	PAP5 SAU3 MTC79 SAU4 MTC143 SAU5 MTC15 SAM15 MTC78 SAM16 PAP4 SAM17 PAP5 MTC15 SAM15 MTC79 SAM16	3,612,285 5,120,329 6,983,048 4,553,834 1,808,152 2,281,797 7,306,405 13,669,169 19193922 SE + 331064868 PE 110914 2736 2356 3790 40637 49362 615 345	7 10 14 8 10 7 4 3	3529518 4999616 1 94.76% 6749663 0 0.75% 4352714 0 0.00% 1808152 0 1.50% 2281797 1 25.84% 7038585 0 34.83% 6851488 0 0.00% 345632305 0 0.00%	59.9 52.5 50.6 47.8 50.6 65.3 57.9 47.5 56.8	3.14% 4.97% 3.35% 2.99% 49.13% 27.97% 41.50% 5.41% 8.93%	3.29% 21.33% 723368 3.04% 9626 6.97% 7552 0.05% 10364 0.02% 82607 0.02% 130716 0.07% 1184 0.90% 591	0.005 0.047 35 0.008 12 0.011 13 0 21 0 22 0 15 0 1 0.113 2	0.58 4.154 1.012 1.765 0.01 0.006 0.022 0.096 12.182	0.154 94.46 1.378 0.30 0.263 1.35 0.439 0.45 0.001 5.24 0.001 8.08 0.001 0 0.014 4.292 0
	MTC78 SAM17	1064	5,736,740	3	13383243 0 0.00%	53.7	9.98%	0.09% 1330	2	0	0.175	0.021	0
	MTC143 TW1 SAR28 TW2 SAR29 TW4 SAR30 SAR28 SAU7 SAR29 SAU8 SAR30 SAU9 Blank TW1 Blank TW2 TW4	1381 1234 1462 110197 66943 89936 111274 37908 10426	7,075,102 11,811,617 7,426,241 17,921,294 7,758,080 5,334,562 10,968,591 1,426,399 766,315	11 15 14 2 6 1 2 0 16	5505281 11625922 0 0.00% 7042654 0 0.00% 17366872 0 0.00% 7526413 2 88.76% 5188620 1 46.07% 10765379 1 68.54% 1,372,744 2 70.79% 729,815 0 21.72% 0 4.49%	42.6 48.1 42.5 46.3 49.1 49.5 49.3 52.5 51.3	5.65% 5.58% 10.53% 5.44% 14.42% 13.07% 12.36% 41.7% 39.9%	0.10% 38.31% 2325 28.26% 1872 0.84% 2426 0.02% 573622 0.01% 198953 0.01% 295478 0.0% 709366 0.1% 146037 36123	0 0.168 9 0.059 5 0.005 18 0 18 0 20 0 29 0 31 0 4 27	0.068 13.517 1.021 0.206 0.077 0.049 0.076 0.01 0.01	0.015 4.125 0.274 0.053 69.16 0 0 0 0.006 17.81 0.003 27.69 0.006 79.49 0 13.02 0 1.95

CC group were determined inBesnard et al. (2020) 

Correponding sequence is within a deletion in this cultivar.
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Table S2. Annotations information for differentially expressed transcripts. Transcripts Annotation TRINITY_DN179_c0_g1_i16 RNA1 polyprotein TRINITY_DN739_c0_g1_i48 RNA2 polyprotein TRINITY_DN739_c0_g1_i50 RNA2 polyprotein TRINITY_DN739_c0_g1_i15 RNA2 polyprotein TRINITY_DN739_c0_g1_i1 RNA2 polyprotein TRINITY_DN33867_c0_g1_i2 -TRINITY_DN13907_c0_g1_i1 RNA1 polyprotein TRINITY_DN48377_c0_g1_i1 -TRINITY_DN26318_c0_g2_i3 RNA1 polyprotein TRINITY_DN41981_c1_g1_i3 RNA1 polyprotein TRINITY_DN26318_c0_g2_i2 RNA1 polyprotein TRINITY_DN179_c0_g1_i26 RNA1 polyprotein TRINITY_DN47021_c0_g1_i9 RNA2 polyprotein TRINITY_DN1593_c0_g1_i81 Vacuolar protein-sorting-associated protein 37 homolog 2 TRINITY_DN47021_c0_g1_i2 RNA2 polyprotein TRINITY_DN47021_c0_g1_i4 RNA2 polyprotein TRINITY_DN6119_c0_g1_i1 Retrovirus-related Pol polyprotein from transposon TNT 1-94 TRINITY_DN17487_c0_g1_i3 RNA1 polyprotein TRINITY_DN6119_c0_g1_i4 Retrovirus-related Pol polyprotein from transposon RE1 TRINITY_DN6214_c0_g1_i47 Zinc finger CCCH domain-containing protein 46 TRINITY_DN26445_c0_g1_i2 Polygalacturonase TRINITY_DN11025_c1_g1_i3 -TRINITY_DN2872_c0_g1_i4 Coatomer subunit zeta-1 TRINITY_DN1560_c0_g1_i8 F-box/kelch-repeat protein At3g61590 TRINITY_DN41981_c1_g1_i1 RNA1 polyprotein TRINITY_DN7836_c0_g1_i7 Lysine-specific demethylase JMJ18 TRINITY_DN43679_c0_g1_i2 RNA2 polyprotein TRINITY_DN6119_c0_g2_i1 Retrovirus-related Pol polyprotein from transposon TNT 1-94 TRINITY_DN10068_c1_g1_i34 Peptidyl-prolyl cis-trans isomerase CYP21-4
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Supporting information includes the following items: Table S1. List of Oleaceae accessions analyzed in our study, with their taxonomy, accession number and origin.

Table S2. List of species used as outgroups in our phylogenetic analyses. Table S1. List of Oleaceae accessions analyzed in our study, with their taxonomy, accession number and origin (including country and collection). *N = naturalized plant in the introduced range; BG = Botanical Garden; CEFE = Centre d'Ecologie Fonctionelle et Evolutive, Montpellier; Herbarium acronyms follow Thiers (2019); h Sample directly removed from the herbarium specimen. n Newly analyzed accession. 
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Chapter 3 A hemizygous supergene controls homomorphic di-allelic selfincompatibility in olive

Raimondeau P., Marande W., Cheptou P.-O., Vautrin S., Manzi S., Chave J., Christin P.-A., Besnard G.

Abstract

Most angiosperms are hermaphrodites and 75% even exhibit male and female organs on the same floral structure. This organization leads to an increased risk of self-fertilization that may generate inbreeding depression. Mechanisms to prevent selfing evolved at least 35 times independently across plant families. In Olea europaea (olive), a unique system with only two incompatibility groups of morphologically identical individuals has been described but the underlying genetic determinism has not been elucidated. By comparing genomic profiles of wild and cultivated olive individuals belonging to the two incompatibility groups, in three subspecies, we show that the Slocus in olive is a 700-kb hemizygous region present in only one of the two mating types. This genomic architecture is similar to that of the supergenes controlling distyly in other lineages. This co-occurrence is consistent with the di-allelic nature of the two systems and reinforces the interest of the Oleaceae as a model for studying the evolution of self-incompatibility systems.

Key-words:

Haplotype-resolved genome assembly, Heterostyly, Olea europaea, Oleaceae, S-locus.

Introduction

Self-incompatibility (SI) is the most common mechanism promoting outbreeding in flowering plants and represents a remarkable example of convergent evolution having evolved independently at least 35 times [START_REF] Igic | Loss of self-incompatibility and its evolutionary consequences[END_REF]. In self-incompatible plants, pollen-pistil recognition systems prevent self-fertilization but also cross-fertilization between individuals sharing the same compatibility type. Depending on its association with morphological variation between incompatibility groups, self-incompatibility can be deemed heteromorphic or homomorphic. At the genetic level, there are two major classes of systems: if the incompatibility phenotype of the pollen is determined by the gametophyte haploid genome, the system is called gametophytic, and if it is determined by the genome of the parent sporophyte, the system is called sporophytic. To date, few self-incompatibility systems have been characterized at the molecular level (see [START_REF] Fujii | Non-self-and self-recognition models in plant selfincompatibility[END_REF] for a review). The molecular effectors vary but are generally encoded by a single genomic region, the S-locus, containing several genes, encoding pollen and pistil components of the selfincompatibility reaction.

In olive (Olea europaea L., Oleaceae), self-incompatibility is a major obstacle for olive productivity as it restricts varietal choice, olive breeding and can hinder pollination effectiveness.

Moreover, as no morphological differences enables the identification of incompatibility groups, orchard are composed empirically. The elucidation of olive self-incompatibility mechanism is consequently of great interest for olive production. Major advances have been made in the past few postulated region of chromosome 18, but we did identify F ST peaks at different coordinates on this chromosome in each assembly: one window at 16.45 Mb in the oleaster genome (for a total of 11 regions with high F ST ), five windows (at 17.5,18.6,19.5,19.6,and 22.6 Mb) out of nine in the 'Arbequina' genome, and three windows out of 11 in 'haplotype 1' of the Laperrine' olive (at 1.6 Mb, and from 2.3 to 2.4 Mb). None of the four windows identified in 'haplotype 2' were on chromosome 18.

RAD-seq markers reveal a large peak of differential coverage between incompatibility groups

The four reference genomes (including the two haploid genomes of the Laperrine's olive) were scanned for variation in coverage ratio between the two incompatibility groups for each subspecies.

In the wild olive reference genome, a modest increase in Ss:ss coverage ratio was observed in the region previously associated with the self-incompatibility phenotype (8.5-9.1 Mb on chromosome 18, highlighted in grey on Figure 2; Mariotti et al., 2020), though only using Laperrine's olive individuals. On the same chromosome, a greater peak, common to the three subspecies was detected between 16.7 and 16.9 Mb. Our Wilcoxon tests for difference in depth between groups (individuals pooled by incompatibility groups regardless of the species), did identify three windows at these coordinates as significantly more covered in Ss individuals (FDR < 0.05). Three more windows with this profile were detected on two unanchored scaffolds: NW_019268110.1 (from 0.5 to 1 kb over a total size of 262 kb) and NW_019238463 (0.5 to 1 kb for a total size of 145 kb). We did not detect any windows shared across the three subspecies with the opposite profile (higher coverage in ss than in Ss). Similar results were observed using the olive cultivar 'Arbequina' as reference. A unique and large increase in coverage ratio was observed on chromosome 18 in the three subspecies between 18.7 and 19.5 Mb (Figure 2). This was supported by Wilcoxon tests results, as we only detected nine 50-kb windows with significant difference in depth, all between 18.85 and 19.35 Mb. In Laperrine's olive haplotype assemblies, we detected a large peak in 'haplotype 1' between 1.6 and 2.3 Mb (Figure 2). All 50-kb windows between 1.6 and 2.3 Mb were significant for a different depth and were the only significant windows in this assembly. As a consequence, we suggest the assembled haplotype is the dominant S haplotype in both reference genomes as well as in our 'haplotype 1' assembly.

In contrast, we did not detect any peak (Figure 2) or significant window (FDR < 0.05) in any direction in 'haplotype 2', that we infer to be the recessive s haplotype. It means that individuals from both incompatibility types were sequenced and mapped with similar rates on this haplotype assembly. This last observation is consistent with a moderate divergence between the two Author contributions G.B., P-A.C., and P.R. designed the study with inputs from J.C. G.B. and P-O.C. managed olive collections. G.B. phenotyped plant material, established the sampling. G.B., S.M. did the lab work. S.V. and W.M. managed the sequencing and assembly of the Laperrine's olive genome. P.R. analyzed the genomic data and wrote the paper, with inputs from G.B. and P-A.C.

Appendix for Chapter 3

Supporting information includes the following items: Table S1. List of plant material analyzed with RAD-sequencing.

Table S2. RAD-sequencing and mapping statistics on the oleaster genome.

Table S3. Predicted functions of S-locus genes and correspondence between genome annotation. Chapter 4

Transcriptomics of the development of distyly in jasmine

Raimondeau P., Valière S., Besnard G.

distinct individuals were sampled for each morphotype (as determined based on the observation of more advanced flowers on the same plant; for each individual the same phenotype was also recorded in 2022). In addition, we similarly collected buds at the same stages on a L-morph individual of the sister Canarian species Chrysojasminum odoratissimum (L.) Banfi (see nuclear phylogeny in Chapter 2, Supplementary Notes) and on an individual of the non-heterostylous and self-compatible species Chrysojamsinum bignoniaceum (both maintained in our collection at EDB).

Samples were placed in liquid nitrogen on the field right after their collection, transported on dry ice and kept at -80°C. RNA extractions were performed with the Qiagen RNeasy Plant Mini Kit following manufacturer's instructions. Extracts were then purified with Promega RQ1 RNAse Free DNAse to limit DNA contamination. Quality controls and library preparation were performed at the GenoToul sequencing platform (Toulouse, France) using Illumina TruSeq Stranded mRNA preparation Kit.

Transcriptome sequencing and assembly

One SP lane of llumina NovaSeq was used to generate 150-bp paired-end reads for 24 jasmine samples. Raw reads were cleaned and trimmed using Fastp (Chen et al., 2018) with default parameters to remove any low-quality bases or adapters. Clean reads of C. fruticans were then pooled to produce a single transcriptome assembly. De novo transcriptome assembly was performed with Trinity using the strand-specific option, in silico normalization and a minimal k-mer coverage of 2. The E90N50 and the BUSCO score against eudicots_odb10 (Simão et al., 2015) were examined to assess the quality of the resulting assembly. In addition, to estimate the read representation of the assembly, clean paired-end reads were mapped back on the assembled transcripts using Bowtie2 (Langmead and Salzberg, 2012). We also examine the representation of full-length protein-coding genes, by blasting the assembled transcripts against the published Jasminum sambac protein sequences [START_REF] Xu | A high-quality genome assembly of Jasminum sambac provides insight into floral trait formation and Oleaceae genome evolution[END_REF]. Transcripts were annotated using Trinotate (Bryant et al., 2017).

Differential expression analysis

For each sample, read counts were summarized from reads mapped on the complete set of transcripts using RSEM [START_REF] Li | RSEM: accurate transcript quantification from RNA-Seq data with or without a reference genome[END_REF] as part of the Trinity analysis pipeline. Count Per Million (CPM) were used to normalize for library sizes, prior to explore samples relationship using Pearson's correlation coefficient and Principal Component Analysis with the function prcomp. Only transcripts with at least 0.5 CPM in more than three samples were further considered. Analyses of differential transcripts expression between morphs at each stage were conducted with EdgeR

Author contributions GB and PR designed the study. GB collected the samples. GB extracted RNAs and SV prepared the libraries for sequencing. PR analyzed the data and wrote the paper, with inputs from GB.
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Abstract

Olive is a Mediterranean tree of major cultural and agricultural importance. Olive cultivation is thought to have started approximately 6000 years ago in the Levant but many uncertainties remain about its precise domestication process. Archaeogenetics offers great potential to bring new insights on the crop origins, diffusion, and secondary diversification. Using aDNA extracted from olive stones originating from diverse archaeological sites around the Mediterranean Basin (from the Neolithic to the Roman period), we charted the dispersal of DNA lineages through space and time.

Our methodology relies on the comparison of archaeological samples to modern references. This comparison, done at both nuclear and organellar level allowed us to assign most samples to a specific olive modern lineage. The dominance of a unique organelle haplotype in ancient samples supports a scenario with a main olive domestication event in the eastern Mediterranean area. Our results also revealed that the most widespread extant cultivated olive lineage was already cultivated in France during the Antiquity. This work constitutes the first demonstration of the use of archaeogenomics to uncover olive domestication history.

Key-words: ancient DNA, Olea europaea, domestication, organellar genomes

Introduction

The olive (Olea europaea L. subsp. europaea) is an iconic tree of the Mediterranean cultural heritage, being a landmark of the Mediterranean vegetation but also providing essential ingredients of the Mediterranean food. The multiple uses of olive explain its expansion with the spread of some of the most ancient civilizations [START_REF] Kaniewski | Primary domestication and early uses of the emblematic olive tree: Palaeobotanical, historical and molecular evidence from the Middle East[END_REF]. Its importance has motivated a great deal of research to decipher the domestication history of this species from paleobotanical, archaeological and molecular data (see Besnard et al., 2018 for review). While the precise timing and locations are still discussed, it is widely accepted that olive domestication started approximately 6000 years ago in the eastern Mediterranean basin [START_REF] Liphschitz | The beginning of olive (Olea europaea) cultivation in the Old World: a reassessment[END_REF]. Among the six olives subspecies, the main wild progenitor of the cultivated olive is the wild Mediterranean olive, also called oleaster [START_REF] Angiolillo | Olive genetic diversity assessed using amplified polymorphic fragment length polymorphisms[END_REF][START_REF] Besnard | Plastid and nuclear DNA polymorphism reveals historical processes of isolation and reticulation in the olive tree complex (Olea europaea)[END_REF]. Two main oleaster gene pools have been identified in the western and eastern Mediterranean Basin [START_REF] Besnard | Genetic relationships in the olive (Olea europaea L.) reflect multilocal selection of cultivars[END_REF](Besnard et al., , 2013b;;[START_REF] Breton | Genetic diversity and gene flow between the wild olive (oleaster, Olea europaea L.) and the olive: several Plio-Pleistocene refuge zones in the Mediterranean basin suggested by simple sequence repeats analysis[END_REF][START_REF] Belaj | Genetic diversity and population structure of wild olives from the north-western Mediterranean assessed by SSR markers[END_REF]Belaj et al., , 2011;;Díez et al., 2015). Nuclear markers demonstrated a stronger affiliation of the cultivated germplasm to wild individual from the East, with a significant contribution of western oleasters [START_REF] Besnard | Genetic relationships in the olive (Olea europaea L.) reflect multilocal selection of cultivars[END_REF][START_REF] Gros-Balthazard | Evolutionary transcriptomics reveals the origins of olives and the genomic changes associated with their domestication[END_REF][START_REF] Julca | Genomic evidence for recurrent genetic admixture during the domestication of Mediterranean olive trees (Olea europaea L.)[END_REF]. It is unclear if this affiliation results from one or multiple local domestication events. In the first scenario, a second gene pool was independently domesticated in the central Mediterranean basin (Diez et al., 2015). In positions detected in published genomes minimizes the risk of false positives due to sequencing errors and DNA damage, especially as we are working with low-depth sequences.

For the nuclear genome, we used Bowtie2 (default parameters) to map reads from modern WGS samples for 14 oleasters (8 and 6 from eastern and western gene pools, respectively; Table S2) on the olive reference genome (Unver et al., 2017). We also used STAR2 (default parameters; (Dobin et al., 2013) to map oleaster RNA-seq samples (9 eastern, 4 western; Table S2) and 4 O. e. cuspidata samples to use as outgroup. Modern and ancient samples alignment files were processed together in ANGSD [START_REF] Korneliussen | ANGSD: Analysis of Next Generation Sequencing Data[END_REF] and we directly used genotype-likelihoods for downstream analyses. We estimated minor and major allele frequencies (option -doMajorMinor 1) using the GATK GL model (option -GL 2), a base quality of 30 (option -minQ 20), and a m inor allele frequency of 0.05. To reduce the amount of missing data stemming from the different nature of the modern genomic data (i.e. whole-genome sequencing or RNA-seq), we only used coding sequences by restricting the analyses to coding position according to the reference genome annotation file.

Assignment of archaeological samples to modern cytoplasmic lineages

For each sample, we then computed a similarity score to quantify the affiliation strength of each ancient sample to a given haplotype. To do so, we coded reference, alternative and missing alleles as -1, 1 and 0, respectively. Sites were weighted according to their specificity among the accessions in our reference panel, by dividing the site code by the number of accessions harbouring this same variant. For a given sample, the similarity score for a given haplotype was thus the mean of all the weighted-site values over informative sites in this haplotype. Samples scores were then scaled to the maximal reachable score for each haplotype (if all alleles were typed and alternative). This maximum score indicates the level of information available to pinpoint a lineage. The smaller it is, the less informative the haplotype score will be (no variable sites, or solely shared with other haplotypes). Conversely, a maximum score close to 1 denotes a haplotype with haplotype-specific SNPs. We proceeded similarly for both organellar genomes and then used the distance between the two pairwise similarity matrices and performed a Mantel test (1000 permutations) with the R package vegan [START_REF] Oksanen | vegan: Community Ecology Package[END_REF] to evaluate their congruence. The difference between maximum scores for both organelles indicates their relative power to identify a given lineage.

Phylogenetics and population genetics analyses

For organellar genomes, we generate consensus sequences for each modern and ancient sample from the aligned reads using the consensus tool in ANGSD. That way all plastid and mitochondrial sequences were already aligned and we did not introduce a bias between ancient and modern 123 samples by using a reference only for the ancient samples. We removed individuals with more than 60% missing data and used IQtree2 (Minh et al., 2020) to build phylogenetic trees from mitochondrial and plastid sequences separately with a GTR model and 1000 ultrafast bootstrap pseudoreplicates.

On the nuclear dataset, we carried out a principal component analysis (PCA) with ANGSD including the modern and the four archaeological samples with a coverage greater than 0.1× using the single read sampling strategy (-doIBS 1) and excluding all transitions to account for potential remaining deaminated bases in the aDNA samples. To investigate potential admixture in ancient samples, we also performed clustering analysis with the admixutre module of ANGSD, with K ranging from 2 to 5. The explanatory power of the increasing K values was assessed using the ΔK criterion [START_REF] Evanno | Detecting the number of clusters of individuals using the software STRUCTURE: A simulation study[END_REF], implemented with the CLUMPAK tool [START_REF] Kopelman | Clumpak: A program for identifying clustering modes and packaging population structure inferences across K[END_REF].

To dig into potential introgression in one ancient sample (MTC79), we used the ABBA-BABA test as implemented in ANGSD. This test is based on the counts of the number of bi-allelic sites that have a topology different from the four-species tree. In the event of gene flow, a bias in the proportion of ABBA and BABA sites is expected . We considered Z scores higher than 3 or smaller than -3 to reject the null hypothesis. The individuals considered for this analysis were the MTC79 sample, MZ4 and OS4 representing the western and eastern genepool respectively as well as OB4 (O. e. cuspidata) as an outgroup.

Results

Olives stones up to 6000 years old treasure endogenous DNA

Out of the 28 archeological samples, the six extracts with the lowest endogenous DNA content (0.05%) did not produce enough read to fit DNA damage models (Table S3). The three samples from Tweini provided sequences of suspiciously great quantity and quality (Figure 1C). We thus decided to use radiocarbon dating on one of these samples which confirmed a modern origin.

Excluding these nine problematic samples, endogenous content varied between 0.1 and 17.3% and sequence data displayed typical aDNA damage patterns (Supplementary Dataset 1); i.e. enrichment in transitions, particularly at fragment extremities due to deamination [START_REF] Hansen | Statistical evidence for miscoding lesions in ancient DNA templates[END_REF]. As previously reported for ancient plant samples [START_REF] Staats | DNA damage in plant herbarium tissue[END_REF], plastid DNA generally harbors higher damage levels than mitochondrial and nuclear levels, although some confidence intervals overlap. This could be explained by a greater detection sensibility on plastid DNA due to the greater read depth. Older samples generally exhibited higher damage levels and lower DNA contents (Figure 1; Supplementary Dataset 1). The sequencing depth was the best for plastid DNA with 13 samples above 1× (up to 18×). Eight samples were sequenced to more than 1× on the mitogenome
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Conclusions and perspectives

As part of this work, we undertook some of the first genomic-scale studies of the Oleaceae family.

This family represents a particularly interesting model system, thanks to the cultural or economic importance of its members, but also due to its evolutionary peculiarities such as variation in reproductive traits.

On polyploidization and the breakdown of heterostyly

In the first chapter, we revised the phylogeny of the family using an exhaustive sampling of all known genera using plastome, mitogemome and nuclear genomic data. This work confirmed the need for taxonomic revision of several genera that were poly-or paraphyletic, a task that is in progress [START_REF] Dupin | From the Mediterranean to the Pacific: recircumscription towards Notelaea s.l. and historical biogeography of a generic complex in Oleinae (Oleaceae)[END_REF]C. Hong-Wa et al., submitted). While we were able to resolve few contentious relationships, our work also highlighted uncertainty to reconstruct the deepest nodes of the paleopolyploid tribe Oleeae. Following our work, Dong et al. (2022) used nuclear SNP data for a large sampling of Oleaceae in an attempt to characterize the source of these discrepancies. They confirmed that incomplete lineage sorting was misleading phylogenetic reconstruction in Oleeae and corroborate our resolution of Schreberineae as sister of all other Oleeae. They also suggested Forsythieae and Jasmineae (or a sister ghost lineage) are the parental lineages that produced Oleeae as a result of an allopolyploidzation event, explaining the unstable placement of these tribes as sister to Oleeae.

These findings are of great importance in regards to investigations on the evolution of selfincompatibility systems in the family conducted in chapters 3 and 4. Indeed, it confirms that diploid lineages in Oleaceae exhibit heteromorphic self-incompatibility system, while in the tribe Oleeae, that originated from the hybridization of two heteromorphic lineages, the self-incompatibility system is generally homomorphic, with the exception of Schreberineae (C. Hong-Wa et al., submitted). This distribution sustains the hypothetic link between polyploidization and the breakdown of heterostyly in Oleeae (Saumitou-Laprade et al., 2010). Based on the distribution of heterostyly in flowering plants, [START_REF] Naiki | Heterostyly and the possibility of its breakdown by polyploidization[END_REF] confirmed the existence of a correlation between the occurrence of heterostyly and lower ploidy level in some groups but did not conclude there was a direct effect of polyploidization on the breakdown of heterostyly. The dramatic change following hybridization and genome doubling can affect many aspects of a species biology [START_REF] Qiu | The effects of hybridization and genome doubling in plant evolution via allopolyploidy[END_REF] that may in turn promote the transition to different self-incompatibility systems. Whether direct or indirect, the simultaneity of the two phenomena in Oleaceae calls for investigation.

On the homology of heteromorphic and homomorphic diallelic self-incompatibility systems Self-incompatibility system evolution is undoubtedly the most intriguing question in the family. The discovery of a hemizygous S-locus governing homomorphic self-incompatibility in olive brings as many answers as new questions. For instance, it reinforces questions about the homology of homomorphic and heteromorphic di-allelic self-incompatibility systems in Oleaceae (Saumitou-Laprade et al., 2010).

We tried to tackle this question using comparative genomics and in addition to our work in olive, we conducted a transcriptomic study of jasmine heterostyly. We, however, did not identify common gene between differentially expressed genes in jasmine and S-locus genes in olive. We also mined available transcriptomic data sets for olive reproductive tissue from cultivars of defined selfincompatibility group, but we did not retrieve any of our candidate genes in them. Selfincompatibility determinants may be triggered specifically during pollination, a factor to keep in mind when designing future study about DSI functional aspects.

The long evolutionary distance between these lineages, in addition to the polyploidization event that separates them, hinder the use of synteny to retrieve homologous candidate regions.

Indeed, most olive genes (>50%) are paralogous sequences conserved from the allopolyploidization event (Figure 1A). We did identify a syntenic block including the S-locus in olive but investigation at the micro-syntenic scale shown than only the surrounding genes were collinear, and that none of the S-locus gene was present within the jasmine region (Figure 1B). It could also be that the reference jasmine genome is not from the morph harboring the hemizygous region. We had similar results with the reference genomes of Fraxinus excelsior (known to harbors DSI). For Osmanthus fragrans (Oleeae) and the heterostylous species Forsythia suspensa (the floral morph of the sequenced invidual is not reported; Li et al., 2020), we did not retrieve any region syntenic to the olive S-locus neither and the genes surrounding the S-locus are distant of more than 5 Mb on the chromosome with the best synteny with olive chromosome 18 in these assemblies.

Nevertheless, we aggregated nuclear data available in public repository for the family and performed orthology inference with OrthoFinder (Emms and Kelly 2019; see Supplementary Notes for details). Orthogroups were successfully built for two of the S-locus genes. They are part of large gene families and exhibit multiple duplication events, but orthologous sequences for the S-locus genes were inferred for each of them in Chrysojasminum fruticans. For GWHPAOPM038188 ('GIBBERELLIN 2-BETA-DIOXYGENASE 2'), a single ortholog was identified (Figure 2A).

From our expression data, it is specifically expressed in C. fruticans short-styled individuals. For GWHPAOPM038191 ('BZR1'), we identified orthologs in C. fruticans, C. bignogniaceum and F. suspensa (Figure 2B). Inspection of expression levels for this transcript revealed it is indeed expressed in C. bignogniaceum (homostyle) and in short-styled individuals of C. fruticans. We did not detect it in longistyle jasmines (either in C. fruticans or C. odoratissimum). Both transcripts were too lowly expressed to be significant in our differential expression analyses. Using genomeskimming data generated on two short and long-styled individuals of C. fruticans, we confirmed these two genes are specific to short-styled plants. This element suggests that the molecular determinants of homomorphic and heteromorphic self-incompatibility systems might be at least partially common in the family. Homomorphic species would have lost the S-locus genes controlling morphological variation but conserved the self-incompatibility features. Investigating cross-species incompatibility reactions between heteromorphic and homomorphic species could provide an answer to this question in case it would demonstrate conservation of compatibility groups.

On the evolution of heterostyly in Oleaceae

If the results presented above provide elements to explain the emergence of the unique homomorphic DSI of Oleeae, the evolutionary history of heteromorphic systems in the family is itself unclear. Two models have been proposed to explain the emergence of heterostyly. In the first model, a pollen incompatibility mutation first appears in a monomorphic and self-compatible population and get fixed as being advantageous to avoid selfing (Charlesworth and Charlesworth, 1979). Conversely, the first mutation to appear in the second model would impact style length in a population of approach herkogamous flowers (Lloyd and Webb, 1992).

The co-occurrence of stigma-height dimorphism, approach herkogamy and distyly in Jasmineae has been interpreted as evidence for the evolution of distyly through the Lloyd and Webb (1992) model, i.e. approach herkogamous ancestor evolved into a distylous form via stigma-height dimorphism (Ganguly and Barua, 2020). We agree that the occurrence of the three character states, makes Jasminum an excellent study system for the evolution of heterostyly. However, heterostyly is also found in other Oleaceae and in the sister lineage Carlemanniaceae. The current hypothesis is therefore that heterostyly is ancestral in the family. The pattern observed in Jasmineae would thus represent loss of heterostyly or reversal. Another alternative hypothesis is that heterostyly evolved independently more than once in the family, as it has been hypothesized in the case of Rubiaceae [START_REF] Ferrero | Delving into the loss of heterostyly in Rubiaceae: Is there a similar trend in tropical and non-tropical climate zones?[END_REF]. Deciphering the molecular determinants of distyly in distinct Oleaceae lineage would probably settle the matter but is a long-reaching goal. Ancestral state reconstruction Supplementary Notes. Orthology inference

Sampling, sequencing and assembly

We mined available nuclear data for Oleaceae and outgroup species in public repositories (Table 1). We collected eight genomes, as well as seven published transcriptomes. We newly assembled four transcriptomes from publicly available reads and used the three transcriptomes generated in Chapter 4. Finally, we newly sequenced one genome for Noronhia emarginata. DNA was extracted from fresh leaves and sequenced on one lane of HiSeq2000. We retrieve RNA-seq reads from SRA for Jasminum nudiflorum, Syringa oblata and Silvianthus bracteactus, a shrubs from Carlemanniaceae, the sister family of Oleaceae. Reads were cleaned with Fastp (Chen et al., 2018). RNA-seq reads were assembled with Trinity (Bryant et al., 2017) with default parameters. Whole-genome sequencing reads for N. emarginata were assembled with SOAPdenovo (parameters:k=37, avg_ins=417, map_len=32, pair_num_cutoff=32; [START_REF] Luo | SOAPdenovo2: an empirically improved memory-efficient short-read de novo assembler[END_REF]. Author: Pauline RAIMONDEAU Title: Mining high-throughput genomic datasets to investigate the evolutionary history of Oleaceae Supervisor: Guillaume BESNARD Abstract: Oleaceae is a cosmopolitan plant family gathering several species of interest such as the olive, ash tree, lilac or jasmine. In addition, this family exhibits a large diversity, particularly in traits linked to reproduction. It thus constitutes a great study system, both in terms of fundamental implications to decipher evolutionary processes and economical applications for olive culture notably. In this dissertation, we took advantages of new possibilities offered by the increasing sequencing data to undertake the study of this nonmodel family evolution at the genomic scale. We investigated several puzzling questions in the family that have been little explored with genomics data. In particular, this work led to the identification of the genomic locus underlying self-incompatibility in olive which brings new insights on the evolution of Oleaceae. 

Key