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BACKGROUND

Speciation, Darwin's mystery of mysteries, is a continuous process that results in genomic divergence accompanied by the gradual increment of reproductive barriers between lineages. Since the beginning of research on the genetics of speciation, sev-This article has been accepted for publication and undergone full peer review but has not been through the copyediting, typesetting, pagination and proofreading process, which may lead to differences between this version and the Version of Record. Please cite this article as doi: 10.1002/ajb2.16173.
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eral questions have emerged such as: What are the genetic bases of incompatibilities? How many loci are necessary to prevent hybridization and how are they distributed along genomes? Can speciation occur despite gene flow and how common is ecological speciation? Early stages of divergence are key to understand the ecology and genetics of speciation, and semi-isolated species where hybrids can still be produced are particularly relevant. Here we argue that the recent divergence between wild and domesticated lineages is an excellent model to capture the very-first steps of reproductive barriers formation, and will bring novel insights into the speciation process.

WHY IS DOMESTICATION A GOOD MODEL TO STUDY SPECIATION?

Domestication is the process of divergent selection between wild forms undergoing natural selection in their habitats, and domesticates evolving under combined natural and human-mediated selection. It has been increasingly recognized that evolution of domesticated species shows many similarities with evolution in the wild: it results primarily from changing environmental conditions and involves unconscious selection under a protracted process [START_REF] Purugganan | Evolutionary Insights into the Nature of Plant Domestication[END_REF] with selection intensities of the same magnitude or even smaller (Yang et al. 2019). Thus, domestication has been considered as a choice example to study adaptation. Here, we argue that it also offers an excellent opportunity to catch the very-first processes at work in ecological speciation, where adaptive divergence between nascent lineages triggers the onset of reproductive isolation (RI).

Allele differentiation resulting from divergent selection can be measured by F ST . F ST between wild and domestic pairs range between 0.05 in sweet cherry and 0.51 in Tomato (Appendix S1, and references herein; see the Supplementary Data with this article), which cover a wide range of divergence within a "grey zone of speciation" in which barriers to gene flow exist but are not complete [START_REF] Roux | Shedding light on the grey zone of Speciation along a continuum of genomic divergence[END_REF]. Interesting- 
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ly, within this continuum, self-fertilizing taxa display greater genetic differentiation than outcrossers (Figure 1). As mating systems are predicted to affect the speciation process, domestication also offers the opportunity to address this question [START_REF] Brochmann | Mating system and speciation I: Accumulation of genetic incompatibilities in allopatry[END_REF]. In contrast, life span seems to have no significant effect on divergence (Figure 1), although annuals and perennials experience contrasted domestication dynamics in many respects [START_REF] Gaut | Genomics and the Contrasting Dynamics of Annual and Perennial Domestication[END_REF].

The existence of reproductive barriers between wild and domesticated plants has been repeatedly documented. Despite the occurrence of wild-cultivated gene flow, the establishment of wild alleles into domesticated populations and reciprocallyintrogressionsis rare [START_REF] Ellstrand | Introgression of crop alleles into wild or weedy populations In: Futuyma DJ, ed[END_REF]. Perhaps the best documented examples come from maize, where the introgression from the mexicana teosinte subspecies has contributed to highland adaptation of maize landraces [START_REF] Calfee | Selective sorting of ancestral introgression in maize and teosinte along an elevational cline[END_REF]; and conversely, introgression from locally-adapted maize has contributed to teosinte adaptation in Europe (Le [START_REF] Corre | Adaptive introgression from maize has facilitated the establishment of a teosinte as a noxious weed in Europe[END_REF]. Interestingly, introgressions in the two directions are removed by selection around domestication genes (Le [START_REF] Corre | Adaptive introgression from maize has facilitated the establishment of a teosinte as a noxious weed in Europe[END_REF][START_REF] Calfee | Selective sorting of ancestral introgression in maize and teosinte along an elevational cline[END_REF]. This points to a prominent role of pre-and post-zygotic genetic barriers in the divergence of wild and domesticated lineages, and some genes involved in reproductive barriers have been identified such as the Tcb1 locus in maize that governs pollen rejection by teosinte [START_REF] Corre | Adaptive introgression from maize has facilitated the establishment of a teosinte as a noxious weed in Europe[END_REF].

Whether partial isolation between wild and domesticated forms will ultimately result in full speciation is unknown. But clearly, partial RI does occur and has contributed to the maintenance of the distinct features between wild and domesticated forms, the so-called domestication syndrome. RI therefore stands as a major component of the domestication syndrome, but has been so far largely ignored [START_REF] Dempewolf | Reproductive isolation during domestication[END_REF]. It is even possible that reinforcement played a role in the establishment 
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of the domestication syndrome, which involves the evolution of stronger RI due to the costs associated with producing low-fitness hybrids [START_REF] Rushworth | Conflict over fertilization underlies the transient evolution of reinforcement[END_REF].

THE GENETIC BASES OF REPRODUCTIVE ISOLATION

The establishment of reproductive barriers can occur through various mechanisms. Selection leading to the fixation of advantageous alleles in different environments, resulting in local adaptation, can cause hybrid offspring to have lower fitness in parental environments, which strengthens isolation as populations adapt to differing conditions. This process may contribute to RI between wild and domesticated forms, and some crops may already be considered as independently evolving lineage once human-mediated cessation of gene flow is complete. Loci involved in such adaptation, those governing domestication traits, display a high degree of differentiation between wild and domesticated forms as well as a pattern of positive selection within forms compared with neutral loci (Figure 2). They contribute to limiting effective gene flow at nearby loci, leading to the progressive buildup of the so-called genomic islands of divergence [START_REF] Wolf | Making sense of genomic islands of differentiation in light of speciation[END_REF]. RI may also be promoted by the buildup of intrinsic barriers from the differential fixation of alleles that are incompatible at two or more interacting loci (Bateson-Dobzhansky-Muller Incompatibilities -BDMIs). Such BDMIs can evolve as a byproduct of local adaptation to contrasting environments or through non-adaptative processes [START_REF] Wolf | Making sense of genomic islands of differentiation in light of speciation[END_REF]. If selection favors distinct mutational steps at several loci in each population, deleterious side effect interactions may arise when brought together in hybrids. These interactions may in turn provoke detrimental symptoms and/or Transmission Ratio Distortions (TRDs) at F2 generation for recessive alleles, contributing to intrinsic post-zygotic isolation. 
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In domesticated forms, the accumulation of deleterious mutations through domestication bottlenecks and linked selection may have accelerated the evolution of BDMIs between wild and domesticated forms. The loci underlying BDMIs should display genomic fingerprints that can be similar to those left by selection for habitat adaptation in domestic or wild populations (Figure 2). However, in the absence of intra-form selection, we expect increased divergence between forms while the level of polymorphism is not affected by the cessation of gene flow (Figure 2). This illustrates how the use of different statistics helps to clarify the mechanisms at work in RI [START_REF] Cruickshank | Reanalysis suggests that genomic islands of speciation are due to reduced diversity, not reduced gene flow[END_REF]. There is of course a continuum of scenarios between those presented above: the barrier loci that limit gene flow between wild and domesticates can be directly targeted by selection within one of the two forms.

A particular kind of negative epistatic interaction can emerge as a by-product of coevolution between nuclear and cytoplasmic genomes. If different combinations have coevolved in divergent lineages, this may result in organelle dysfunction and hybrid breakdown when inter-lineage crosses occur [START_REF] Burton | Cytonuclear genomic interactions and hybrid breakdown In: Futuyma DJ, ed[END_REF]. Such negative cytonuclear conflicts often result in asymmetrical reproductive barriers, which can be revealed by reciprocal crosses between wild and domesticated lineages as observed in Citrus [START_REF] Wang | Pan-mitogenomics reveals the genetic basis of cytonuclear conflicts in citrus hybridization, domestication, and diversification[END_REF].

Finally, reproductive barriers may result from parental conflicts generating allelic dosage perturbations. If species have evolved contrasting levels of parental conflicts, it can translate into paternal or maternal excess of gene expression in a hybrid context [START_REF] Florez-Rueda | Genomic imprinting in the endosperm is systematically perturbed in abortive hybrid tomato seeds[END_REF]. As evidenced by transcriptomic comparisons of wild and domestic forms (e.g., common bean, Bellucci et al. 2014;tomato, Sauvage et al. 2017) and simulations [START_REF] Burban | Gene network simulations provide testable predictions for the molecular domestication syndrome[END_REF], domestication led to a profound reorchestration of coexpression networks, which can then cause disruptions in allelic dos- 

Accepted Article

age between wild and domestic forms resulting in fitness decline in wild x domesticated crosses.

HYPOTHESES TESTING & CHALLENGES

Do the number of generations since domestication correlate with hybrid defects? Does the mutation load depend on the domestication history and the strength of RI? Do "stronger" domestication syndromes and/or higher genome-wide neutral divergence and/or extent of islands of differentiation induce stronger isolation?

Answering these questions will bring unique insights into the very-first steps of reproductive barriers formation, but detecting barrier genes is a daunting task. Divergent selection and BDMIs among loci create patterns of strong allelic differentiation relative to the genomic background (Figure 2) that together with linked loci, form genomic islands of differentiation. Their detection requires overcoming confounding effects such as local variation in recombination rates and effective population size [START_REF] Wolf | Making sense of genomic islands of differentiation in light of speciation[END_REF]. At the species level, parameters such as mating system, intensity of domestication and changes in effective population size (e.g., due to domestication bottlenecks) determine the extent of selection, genetic drift and linkage disequilibrium, and in turn the expected size and depth of islands of differentiation.

Ultimately, interpretations of genomic differentiation patterns need to be guided by modelling in order to properly estimate the fraction of the genome recalcitrant to gene flow and identify the corresponding regions, which can then be combined to experimental results.

CONCLUSION

The alterations of habitats due to human activities are precious laboratories to explore the mechanisms involved in adaptive divergence and the initial phases of speciation [START_REF] Thompson | Speciation and the City[END_REF][START_REF] Touchard | Urban rendezvous along the seashore: Ports as Darwinian field labs for studying marine evolution in the Anthropocene[END_REF]. The establishment of RI be- 
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tween wild and domestic forms is a crucial aspect of domestication that has received little attention. In addition to providing basic information about the processes at work in the early stages of speciation, testing for cross-compatibility between cultivated plants and their wild relatives and detecting the underlying barrier loci are essential for overcoming them. Crops wild relatives have faced continuous environmental challenges in their natural environment and often exhibit greater genetic diversity than their domesticated relatives, so they are a valuable reservoir of adaptive alleles that transferred to crops could help mitigate their vulnerability.
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