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Introduction

Organisms are often exposed to parasites, risking severe fitness costs upon infection. Hosts are thus expected to be under strong selection to avoid being parasitized [START_REF] Parker | Non-immunological defense in an evolutionary framework[END_REF][START_REF] Sarabian | Evolution of pathogen and parasite avoidance behaviours[END_REF]. This may be possible via hiding, fleeing from parasites, avoiding infected conspecifics, evading food and habitats where encounters with parasites are likely or avoiding mating with parasitized conspecifics [START_REF] Schmid-Hempel | Evolutionary Parasitology[END_REF][START_REF] Sarabian | Evolution of pathogen and parasite avoidance behaviours[END_REF][START_REF] Zélé | Spider mites escape bacterial infection by avoiding contaminated food[END_REF]. Avoidance of infection via mate choice is widespread across different host species (reviewed in [START_REF] Beltran-Bech | Impact of infection on mate choice[END_REF], and forms the basis of the Hamilton-Zuk hypothesis, which proposes that individuals choose mates via traits that indicate resistance to parasites [START_REF] Hamilton | Heritable true fitness and bright birds: a role for parasites?[END_REF].

Wolbachia are the most widespread endosymbiotic bacteria found in arthropods [START_REF] Weinert | The incidence of bacterial endosymbionts in terrestrial arthropods[END_REF]. Although, in some cases, its maintenance and spread in host populations can be attributed to fitness benefits conferred to infected hosts (e.g., increased fecundity, survival, nutritional mutualism and/or protection against pathogens; [START_REF] Dobson | Fitness advantage and cytoplasmic incompatibility in Wolbachia single-and superinfected Aedes albopictus[END_REF]; [START_REF] Barr | Microbial symbionts in insects influence down-regulation of defense genes in maize[END_REF][START_REF] Hosokawa | Wolbachia as a bacteriocyte-associated nutritional mutualist[END_REF][START_REF] Nikoh | Evolutionary origin of insect-Wolbachia nutritional mutualism[END_REF][START_REF] Ross | Evolutionary Ecology of Wolbachia Releases for Disease Control[END_REF], its success is mostly due to its ability to manipulate the reproduction of its hosts [START_REF] Werren | Wolbachia: master manipulators of invertebrate biology[END_REF][START_REF] Engelstädter | The ecology and evolution of microbes that manipulate host reproduction[END_REF][START_REF] Kaur | Living in the endosymbiotic world of Wolbachia: A centennial review[END_REF]. The most common Wolbachia-induced reproductive manipulation is cytoplasmic incompatibility (CI), a mechanism that results in the embryonic death of some, or all, fertilized offspring from crosses between uninfected females and infected males [START_REF] Werren | Wolbachia: master manipulators of invertebrate biology[END_REF][START_REF] Shropshire | Symbiont-mediated cytoplasmic incompatibility: What have we learned in 50 years?[END_REF]. As all other crosses are compatible, CI promotes the spread of Wolbachia by indirectly (i.e., via infected males) increasing the success of infected females relative to that of uninfected females. However, because CI is costly for individuals involved in incompatible crosses, it is expected to exert a strong selective pressure on hosts to evolve strategies that reduce the frequency and/or costs of such matings [START_REF] Charlat | Evolutionary consequences of Wolbachia infections[END_REF][START_REF] Engelstädter | The ecology and evolution of microbes that manipulate host reproduction[END_REF][START_REF] Sahoo | Why antagonistic traits against cytoplasmic incompatibility are so elusive[END_REF].

Discrimination and avoidance of incompatible mates prior to mating has been proposed as a potential host strategy to avoid CI [START_REF] Hoffmann | Factors affecting the distribution of cytoplasmic incompatibility in Drosophila simulans[END_REF]; see Sahoo 2016 for a review). Indeed, CI-induced offspring death may select for premating isolation ("reinforcement": [START_REF] Dobzhansky | Genetics and the origin of species[END_REF], as demonstrated by different theoretical models (Champion de [START_REF] Champion De Crespigny | Can cytoplasmic incompatibility inducing Wolbachia promote the evolution of mate preferences?[END_REF][START_REF] Telschow | The effect of Wolbachia versus genetic incompatibilities on reinforcement and speciation[END_REF][START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF]. These models predict that selection for the ability to discriminate between Wolbachia-infected and uninfected individuals hinges upon populations being exposed to a polymorphic infection state (when both infected and uninfected individuals occur within the same population) for a sufficient amount of time [START_REF] Champion De Crespigny | Can cytoplasmic incompatibility inducing Wolbachia promote the evolution of mate preferences?[END_REF][START_REF] Telschow | The effect of Wolbachia versus genetic incompatibilities on reinforcement and speciation[END_REF][START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF]. Such conditions can be met either when the spread of Wolbachia in a host population is sufficiently slow (due to incomplete CI, fecundity costs and/or imperfect transmission of the symbiont; Champion de [START_REF] Champion De Crespigny | Can cytoplasmic incompatibility inducing Wolbachia promote the evolution of mate preferences?[END_REF] or when an uninfected population receives migrants from a Wolbachia-infected population (e.g,. in a mainland-island metapopulation; [START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF]. Because infection polymorphisms are relatively common in populations of different host species (e.g., [START_REF] Vavre | Infection polymorphism and cytoplasmic incompatibility in Hymenoptera-Wolbachia associations[END_REF][START_REF] Baudry | Wolbachia and genetic variability in the birdnest blowfly Protocalliphora sialia[END_REF][START_REF] Keller | Reproductive effects and geographical distributions of two Wolbachia strains infecting the Neotropical beetle, Chelymorpha alternans Boh. (Chrysomelidae, Cassidinae)[END_REF][START_REF] Hamm | Wolbachia do not live by reproductive manipulation alone: infection polymorphism in Drosophila suzukii and D. subpulchrella[END_REF] it is likely that mate discrimination evolves frequently. However, empirical studies that experimentally tested mate discrimination in species infected by CI-inducing Wolbachia produced variable outcomes [START_REF] Bi | The effect of the endosymbiont Wolbachia on the behavior of insect hosts[END_REF]. Whereas some studies found no evidence for mate choice (e.g., [START_REF] Hoffmann | Unidirectional incompatibility in Drosophila simulans: inheritance, geographic variation and fitness effects[END_REF][START_REF] O"neill | Cytoplasmic incompatibility in Drosophila populations: Influence of assortative mating on symbiont distribution[END_REF][START_REF] Wade | Increased male fertility in Tribolium confusum beetles after infection with the intracellular parasite Wolbachia[END_REF][START_REF] Champion De Crespigny | Mate preferences in Drosophila infected with Wolbachia?[END_REF][START_REF] Duron | Many compatible Wolbachia strains coexist within natural populations of Culex pipiens mosquito[END_REF][START_REF] Arbuthnott | The impacts of Wolbachia and the microbiome on mate choice in Drosophila melanogaster[END_REF][START_REF] Bagheri | Wolbachia induce cytoplasmic incompatibility and affect mate preference in Habrobracon hebetor to increase the chance of its transmission to the next generation[END_REF], others found that individuals can discriminate between Wolbachia-infected and uninfected mates [START_REF] Vala | Wolbachia affects oviposition and mating behaviour of its spider mite host[END_REF][START_REF] Markov | Symbiotic bacteria affect mating choice in Drosophila melanogaster[END_REF], or that Wolbachia infection increases levels of mate discrimination between populations [START_REF] Koukou | Influence of antibiotic treatment and Wolbachia curing on sexual isolation among Drosophila melanogaster cage populations[END_REF][START_REF] Miller | Infectious speciation revisited: impact of symbiont-depletion on female fitness and mating behavior of Drosophila paulistorum[END_REF].

The evolution of preference for Wolbachia-infected or uninfected mates may also depend on the mechanisms underlying mate discrimination. Empirical work suggests that such discrimination may be based on host traits that are altered upon Wolbachia infection (e.g., change of host pheromone profiles and/or production; [START_REF] Pontier | A Wolbachia-sensitive communication between male and female pupae controls gamete compatibility in Drosophila[END_REF][START_REF] Engl | Influence of microbial symbionts on insect pheromones[END_REF][START_REF] Fortin | Males prefer virgin females, even if parasitized, in the terrestrial isopod Armadillidium vulgare[END_REF][START_REF] Schneider | Symbiont-driven male mating success in the Neotropical Drosophila paulistorum Superspecies[END_REF] or on host traits unrelated to Wolbachia infection, such as those associated with kin recognition (e.g., via selfreference phenotype matching; [START_REF] Markov | Symbiotic bacteria affect mating choice in Drosophila melanogaster[END_REF] or local adaptation (e.g., CI-driven mate choice evolution in natural populations of D. subquinaria; [START_REF] Jaenike | Asymmetrical reinforcement and Wolbachia infection in Drosophila[END_REF]. This is supported by theoretical models predicting that mate discrimination can be selected for when either type of cues is used by hosts (Champion de [START_REF] Champion De Crespigny | Can cytoplasmic incompatibility inducing Wolbachia promote the evolution of mate preferences?[END_REF][START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF]. Unfortunately, no experimental study so far has tested whether assortative mating between uninfected and infected hosts evolves under stable polymorphism, and if such evolution can occur based on discrimination of Wolbachia infection itself or whether it requires the existence of host traits that indirectly indicate the infection status of potential mates.

Populations of the two-spotted spider mites Tetranychus urticae harbour different CIinducing Wolbachia strains with variable prevalence (from 0 to 100%; e.g., [START_REF] Gotoh | Wolbachia distribution and cytoplasmic incompatibility based on a survey of 42 spider mite species (Acari: Tetranychidae) in Japan[END_REF][START_REF] Gotoh | Wolbachia-induced cytoplasmic incompatibility in Japanese populations of Tetranychus urticae (Acari: Tetranychidae)[END_REF]Zhang et al. 2016;Zélé et al. 2018a,b), fitness effects and levels of CI (ranging from costs to benefits on several life history traits, such as longevity and fecundity, and from no CI to complete CI, respectively; e.g., [START_REF] Vala | Within-and between-population variation for Wolbachia-induced reproductive incompatibility in a haplodiploid mite[END_REF][START_REF] Gotoh | Wolbachia-induced cytoplasmic incompatibility in Japanese populations of Tetranychus urticae (Acari: Tetranychidae)[END_REF][START_REF] Xie | Variable fitness and reproductive effects of Wolbachia infection in populations of the two-spotted spider mite Tetranychus urticae Koch in China[END_REF][START_REF] Suh | Inter-population variation for Wolbachia induced reproductive incompatibility in the haplodiploid mite Tetranychus urticae[END_REF][START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF]. In this species, females may mate multiple times, but they use mainly the sperm from their first mating to produce fertilized offspring (i.e., there is first male sperm precedence; [START_REF] Helle | Fertilization in the two-spotted spider mite (Tetranychus urticae: Acari)[END_REF][START_REF] Rodrigues | Costs and benefits of multiple mating in a species with first-male sperm precedence[END_REF]. Unsuccessful matings are thus expected to be highly costly for females, as they risk a reduction in fitness with few chances of recovery upon remating. Evolving the ability to choose males with whom they can successfully reproduce would hence be exceptionally advantageous for such females.

Accordingly, female choice is present in this species [START_REF] Oku | Sexual selection and mating behavior in spider mites of the genus Tetranychus (Acari: Tetranychidae)[END_REF]. In particular, [START_REF] Vala | Wolbachia affects oviposition and mating behaviour of its spider mite host[END_REF], showed that Wolbachia-uninfected females from a single isofemale line of T. urticae prefer uninfected males over infected ones. Here, we tested the generality of this finding by assessing Wolbachia-associated mate choice in several field-derived T. urticae populations naturally infected by CI-inducing Wolbachia. Next, we created outbred populations from these populations and performed experimental evolution to test if pre-copulatory mating behaviour, and avoidance of infected males by uninfected females based on signals associated with Wolbachia infection only, could evolve in response to CI.

Materials and Methods

Spider mite populations and rearing conditions

Seven populations belonging to the red form of T. urticae, collected on different host plants around Lisbon in late 2013 (Zélé et al. 2018a), were used in this study (Table S1). These populations were established at the University of Lisbon and maintained under standard conditions (25 ± 2°C, 60% RH, 16/8 h L/D) in the laboratory at high numbers (c.a. 500-1000 females) in insect-proof cages containing bean plants (Phaseolus vulgaris, Fabaceae, var.

Enana; Germisem Sementes Lda, Oliveira do Hospital, Portugal). At the time of the experiment, all populations were naturally and fully infected (100% infection frequency in each population) with compatible (or identical) strains of Wolbachia that induce variable levels of cytoplasmic incompatibility (ca. 27 to 66% female embryonic mortality; cf. Table S1) and that had variable effects on host fecundity and longevity, ranging from costs to benefits, depending on the host population [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF]. In absence of Wolbachia, these host populations also differed in several life-history traits (fecundity, longevity, juvenile survival and sex-ratio; [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF], suggesting the existence of genetic variability among populations.

Experimental procedure

Mating behaviour in field-derived populations

To measure the mating behaviour of infected and uninfected mites, uninfected subpopulations were created from the Wolbachia-infected field-derived populations via antibiotic treatment. Briefly, 30 adult females of each population were placed in petri dishes containing bean leaf fragments on cotton wet with tetracycline solution (0.1 %, w/v) as described in Zélé et al. (2018c). This treatment was applied continuously for three successive generations [START_REF] Breeuwer | Wolbachia and cytoplasmic incompatibility in the spider mites Tetranychus urticae and T. turkestani[END_REF], followed by several generations of mass-rearing in an antibiotic-free environment, which limited potential side effects of antibiotic treatment [START_REF] Ballard | Tetracycline treatment influences mitochondrial metabolism and mtDNA density two generations after treatment in Drosophila[END_REF][START_REF] Zeh | From father to son: transgenerational effect of tetracycline on sperm viability[END_REF]. Before being used in the experiment, a PCRbased diagnostic of the Wolbachia infection status was performed on pools of 100 females (as described in Zélé et al. 2018c). As the PCR diagnostic for Wolbachia infection gave ambiguous results for two of the tetracycline-treated populations (DF and RF), the experiment was performed with the five remaining populations (AMP, CH, COL, DC, LOU) and their uninfected homologues.

One day prior to the experiment, Wolbachia-infected and -uninfected adult males and Wolbachia-uninfected quiescent females were isolated from their base populations onto 8 cm 2 leaf squares placed on water-saturated cotton. The next day, quiescent females became virgin adults, roughly of the same age, while adult males had been isolated for ca. 24 hours, which guarantees increased eagerness to mate [START_REF] Krainacker | Male demographics constraints to extreme sex ratio in the twospotted spider mite[END_REF]. Before the test, males of each population were painted with one of two distinct colours of water-based paint using a fine brush. Colours were randomized across treatments (i.e., infected males were painted in yellow and uninfected males in white for half of the mating trials, and the reverse for the other half). Preference tests were done on 0.5 cm 2 leaf discs (hereafter called "arenas"). Two males, from the same population but with a different infection status, were placed on each arena. The test started as soon as a Wolbachia-uninfected virgin female from the same population was added to the arena. Each preference test lasted for thirty minutes and the time until the beginning of mating ("latency to copulation') and its duration ("copulation duration') were measured using a stopwatch (www.online-stopwatch.com). Simultaneously, the colour of the male that first copulated with the female was registered, and later assigned to a male type. To ensure observer blindness, the correspondence between male type and colour was only determined after observations. Trials where no mating occurred for 30 minutes were excluded from the statistical analysis. In total, 32 to 38 preference tests per population were performed (cf. Table S2).

Establishment of base populations for experimental evolution

To start experimental evolution with high genetic diversity, we created uninfected and infected base populations by mixing equal subsets of the antibiotic-treated and untreated field-derived populations, respectively (Fig. 1). To ensure that Wolbachia-infected and uninfected population subsets were obtained from the same founding females from each field-derived population, new tetracycline treatments were employed within the procedure used to create these base populations. To this aim, four groups of 25 adult females were randomly sampled from each of the seven field-derived population infected with Wolbachia and each group was allowed to oviposit on a patch for three days. 50 adult offspring females obtained from each of these four patches (G-6 before experimental evolution) were then divided into two new patches: one treated with antibiotics for three generations to remove Wolbachia infection (as described above), and the other maintained in the same conditions in absence of antibiotics.

At the end of the treatment (G -3 ), 25 adult females from each of the 4 tetracyclinetreated (or non-treated) patches belonging to the same population were merged into a single plastic box (14x14x20cm) containing two bean plants whose stem was imbibed in wet cotton.

At the following generation (G -2 ), 200 adult offspring females were randomly collected from each box and transferred into a new box to build the next generation (G -1 ). At G -1 , pools of 100 females, randomly sampled from each population, were checked by PCR as before, to confirm the Wolbachia infection status prior to the creation of the base populations. As a weak ambiguous signal for Wolbachia infection appeared for one of the tetracycline-treated subsets obtained from the field-derived population LOU, we opted for excluding this population from the base populations. The 6 remaining Wolbachia-infected population subsets and their 6 uninfected homologues were then used to create 5 Wolbachia-infected and 5 uninfected base populations, respectively. Each base population was created by mixing 50 females from each of the 6 population subsets (infected or not), totalling 300 females. As all field-derived populations were fully compatible [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF], they were all expected to be represented and to contribute to the high genetic variability of the merged populations (Godinho et al. 2020). The experimental evolution started from these base populations at the next generation (G 0 ), 3 generations after the end of the tetracycline treatment.

Experimental Evolution

Three experimental selection regimes were created, each with five independent population replicates, initially corresponding to the 5 base populations (Fig. 2): (a) an infected control (iC) regime composed of Wolbachia-infected individuals only, (b) an uninfected control (uC) regime composed of Wolbachia-uninfected individuals only, and (c) an uninfected mixed (uM) regime composed of Wolbachia-uninfected females and an even proportion of Wolbachia-infected and -uninfected males (i.e., simulating a stable infection polymorphism in a scenario akin the mainland-island model of [START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF], but preventing Wolbachia invasion as females are never infected). In the latter regime, uninfected females were exposed to a 50/50 ratio of infected/uninfected males for three main reasons. First, although a higher frequency of infected males should lead to stronger selection for mate discrimination in uninfected females [START_REF] Sahoo | Why antagonistic traits against cytoplasmic incompatibility are so elusive[END_REF], it also increases gene flow from the infected populations into the uninfected populations (because CI is incomplete in this system), thereby hampering the effect of natural selection [START_REF] Liou | Speciation by reinforcement of premating isolation[END_REF][START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF]). Second, a 50/50 ratio gives an equal opportunity to infected and uninfected males to access females, thereby avoiding a bias in encounter rate. Finally, this ratio is close to the average infection prevalence (ca. 61%) previously found in natural populations of T. urticae in South-Western Europe (although substantial variation was found among populations: from ca. 15% to 100%; Zélé et al. 2018a).

Each population of experimental evolution was initiated by placing 200 females from one of the base populations at 23.5°C in an experimental box (14x14x20cm) containing two bean plants (17 days old), whose stem was imbibed in wet cotton. A fresh bean plant was added to each experimental box after 7 days, to avoid resource depletion. The eggs laid by the females in the experimental boxes hatched and reached adulthood within c.a. 11 days (±2 days ;[START_REF] Boudreaux | Biological aspects of some phytophagous mites[END_REF][START_REF] Helle | Spider mites: their biology, natural enemies and control[END_REF]. A new experimental box was created 2 days later to ensure that matings occurred between males and females of roughly the same age prior to female transfer. A discrete generation time of 14 days was thus used for all selection regimes. For the two control regimes, 200 young mated daughters were randomly picked from the old plants and transferred onto 2 fresh bean plants in a new experimental box at each generation (i.e., every 14 days). For the uninfected mixed regime, 350 young quiescent females and 100 males from the uninfected mixed regime and 100 males from the infected control regime, were randomly picked from the previous experimental boxes at day 12 of each generation and mixed into a petri dish containing a bean leaf placed on water-saturated cotton. Females emerged as adult virgins and could mate for two days, after which 200 of them were transferred to fresh plants in a new box to build the next generation. Despite considerable care, one replicate of the uninfected mixed regime was contaminated by Wolbachia-infected females at generation 13 of experimental evolution. This replicate was thus excluded from the entire experiment, along with its respective controls.

Mating behaviour after experimental evolution

After 12 to 15 generations of experimental evolution Wolbachia-uninfected females belonging to the control or mixed regimes were given the choice between different combinations of males (called 'treatment' hereafter): (a) males from the uninfected control and from the uninfected mixed regime, (b) males from the infected control and from the uninfected mixed regime, and (c) males from the infected control and from the uninfected control regimes. Our main prediction was that mate preference would evolve only in the uninfected mixed regime. To ensure that preference, if present, would be due to self-referent phenotype matching based on Wolbachia-induced cues (i.e., excluding kin recognition or familiarity), females and males of each preference test belonged to different replicates: females from the replicates 1, 2, 3 and 4 were presented to males from the replicates 2, 3, 4 and 1, respectively. The protocol followed here was similar to that of the first experiment except for two minor differences. First, males, like females, were isolated one day prior to the experiment as quiescent from a subset of their base populations to ensure that all individuals were virgin and roughly of the same age. Second, trials where no mating occurred for 30 minutes were included in the final analysis, to test whether mating propensity (i.e., whether individuals mated during the time of the observations) evolved, as uninfected females could become less receptive to matings involving Wolbachia-infected males. 25 to 39 females were tested per experimental evolution replicate and per treatment (for a total of 117 to 128 females per treatment; cf. Table S3).

Statistical Analyses

All analyses were carried out using R (v. 3.6.3; R Core Team 2021). The raw datasets used, and the corresponding R scripts are available online [START_REF] Rodrigues | Wolbachia driven mate choice evolution data[END_REF]). The different statistical models built to analyse the data are described in the Supporting Information Table S4. The general procedure was as follows: Mate choice and mating propensity were computed as binary response variables and analysed using generalized liner mixed-effect models (glmer function of the lme4 package; [START_REF] Bates | Fitting linear mixed-effects models using lme4[END_REF] with a binomial error distribution. For the analyses of mate choice, the intercept of the models was forced to zero, which gives the estimate of the fixed factor as the difference to a probability of 0.5 in a model with categorical factors and a binomial distribution [START_REF] Crawley | The R book[END_REF]. Latency to copulation and copulation duration were analysed using a cox proportional hazard mixed-effect model (coxme function of the coxme package), a non-parametric method to analyse time-to-event data [START_REF] Crawley | The R book[END_REF].

For the analyses of mating behaviour in the field-derived populations, population identity was fit as a fixed explanatory variable, whereas the date of observation and the colour of the chosen male were fit as random explanatory variables (Table S4). In the analysis of latency to copulation and copulation duration the Wolbachia infection status of the chosen male along with its interaction with population identity were also added as fixed explanatory variables (Table S4). Because each population was tested in a different period, depending on spider mite availability and owing to excessive workload, any significant effect of 'population' cannot be unambiguously attributed to differences among populations (i.e., due to possible confounding effects of abiotic conditions and/or plant quality despite controlled conditions for plant growing). Therefore, differences among populations were not tested. Instead, post hoc comparisons between estimated regression coefficients, obtained from the maximal models, were performed using the package emmeans [START_REF] Lenth | Emmeans: Estimated marginal means, aka least-squares means[END_REF] to determine, for each population, the difference to random mating (i.e., the difference between the estimate and the zero-intercept using the function test), and the effect of Wolbachia infection in the chosen male on latency to copulation and copulation duration (i.e., the difference between estimates obtained for infected and uninfected males within each population using the function pairs). As the data were used only once in each of these analyses, no P-value adjustment was performed.

For the analyses of mating behaviour after experimental evolution, the selection regime of the female and of the two males introduced in the arena (for mating propensity and mate choice), or of the chosen male (for latency to copulation and copulation duration) were fit as fixed explanatory variables. The date of observation, the experimental evolution replicate, the colour of the chosen male (for the analysis of mate choice, latency to copulation and copulation duration), and the selection regime of the chosen male (for the analysis of latency to copulation and copulation duration) were fit as random explanatory variables (see Table S4). Maximal models, including all higher-order interactions, were simplified by sequentially eliminating non-significant terms and interactions to establish a minimal model, and the significance of the explanatory variables was established using chi-squared tests [START_REF] Crawley | The R book[END_REF]). When factors with more than two levels were significant, differences among factor levels were subsequently analysed using multiple comparisons (function pairs of the package emmeans; [START_REF] Lenth | Emmeans: Estimated marginal means, aka least-squares means[END_REF]) with false discovery rate (FDR) correction [START_REF] Benjamini | Controlling the false discovery rate: a practical and powerful approach to multiple testing[END_REF].

Results

Mating behaviour in field-derived populations

Uninfected females showed no significant preference for uninfected or infected males in any of the populations tested (Fig. 3a; see Table 2 for statistical results). Although latency to copulation and copulation duration did not differ significantly between crosses involving infected or uninfected males in most populations tested (Fig. 3b and3c, respectively; Table 2), Wolbachia-infected males had shorter latency to copulation than uninfected males in the population CH (Z=2.04, P=0.04) and longer copulation duration than uninfected males in the population COL (Z=-2.91, P=0.004).

Mating behaviour after experimental evolution

The selection regime of the females and of the two males introduced in the arena, as well as the interaction between these two factors, did not significantly affect mating propensity (Fig. 4a) nor mate choice (Fig. 4b). Furthermore, no effect of the selection regime of the female, of the selection regime of the chosen male, nor of their interaction was found for latency to copulation (Fig. 4c). In contrast, copulation duration was significantly affected by the selection regime of the chosen male (Χ 2 2 =9.17, P=0.01), but not by the selection regime of the female (Χ 2 1 =0.16, P=0.69), nor by the interaction between these factors (Χ 2 2 =2.73, P=0.26; Fig. 4d). Indeed, females from both selection regimes engaged in longer copulations with Wolbachia-infected males than with uninfected males from the control regime (infected control vs uninfected control: Z=-2.99, P=0.008), while no difference was found when comparing the other types of males (uninfected control vs uninfected mixed: Z=1.94, P=0.08;

and infected control vs uninfected mixed: Z=-1.17, P=0.24).

Discussion

We studied the mating behaviour of Wolbachia-uninfected females prior and after 12 to 15 generations of selection in the presence (i.e., stable Wolbachia infection polymorphism in males; "mixed regime") or absence ("uninfected control") of CI. When comparing matings with infected and uninfected males before experimental evolution, we found a shorter latency to copulation in one field population and a longer copulation duration in another. After experimental evolution, these differences were not recapitulated when using uninfected males from the mixed regime, but copulation duration was longer in infected males than in uninfected males from the control regimes. Finally, mate choice was not observed in any of the field-derived populations, nor did it evolve in uninfected mites exposed to CI (polymorphic infection).

Wolbachia effect on male mating behaviour before and after experimental evolution

Behavioural advantages conferred to infected males by Wolbachia, such as increased competitiveness and mating rate, has been previously shown in Drosophila (Champion de [START_REF] Champion De Crespigny | Increased male mating rate in Drosophila is associated with Wolbachia infection[END_REF][START_REF] Panteleev | The endosymbiotic bacterium Wolbachia enhances the nonspecific resistance to insect pathogens and alters behavior of Drosophila melanogaster[END_REF]. In line with this, the shorter mating latency observed for infected males relative to uninfected males in the population CH, together with the tendency for these males to mate with more females than uninfected males in the mate choice test (ca. 64 %), may indicate that Wolbachia increased male competitiveness in this population, as found in other systems [START_REF] Hosken | Attractive males have greater success in sperm competition[END_REF][START_REF] Katsuki | Relationships between male attractiveness, female remating, and sperm competition in the cigarette beetle[END_REF]). However, this tendency was not observed in the other populations studied here, and a previous study in T. urticae did not find an effect of Wolbachia on male competitiveness (Zhao et al. 2013). Moreover, no effect of Wolbachia on male latency to copulation or mating propensity was found after experimental evolution.

The increase in copulation duration induced by Wolbachia in the COL population may be advantageous to infected males (and to Wolbachia), as longer copulations may entail more offspring production [START_REF] Simmons | Sperm competition and its evolutionary consequences in the insects[END_REF]. Such an advantage was found in Wolbachiainfected males of the flour beetle Tribolium confusum [START_REF] Wade | Increased male fertility in Tribolium confusum beetles after infection with the intracellular parasite Wolbachia[END_REF]. However, this seems unlikely here, as in T. urticae no correlation was found between copulation duration and the number of fertilized eggs (i.e., female offspring, given that this species is arrhenotokous) in the absence of Wolbachia [START_REF] Satoh | Mating strategy of spider mite, Tetranychus urticae (Acari : Tetranychidae) males: postcopulatory guarding to assure paternity[END_REF]. Accordingly, no differences in the number of fertilized eggs were found among crosses involving infected and uninfected males from the COL population [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF]. Alternatively, prolonged copulations may serve as a mechanism of paternity assurance (i.e., postcopulatory guarding) for infected males, as found in several species [START_REF] Simmons | Sperm competition and its evolutionary consequences in the insects[END_REF]. In spider mites, interrupted matings lead to some second male paternity, suggesting that longer matings ensure higher paternity share of the first males [START_REF] Potter | Interrupted matings and the effectiveness of second inseminations in the twospotted spider mite[END_REF][START_REF] Satoh | Mating strategy of spider mite, Tetranychus urticae (Acari : Tetranychidae) males: postcopulatory guarding to assure paternity[END_REF]. This should also be beneficial

for Wolbachia, as it is expected to reduce the chances that uninfected females mated with infected males produce offspring from subsequent matings. Finally, Wolbachia-infected males may be compensating for a Wolbachia-induced decrease in sperm quality or quantity, which is known to occur in several hosts [START_REF] Snook | Offsetting effects of Wolbachia infection and heat shock on sperm production in Drosophila simulans: Analyses of fecundity, fertility and accessory gland proteins[END_REF][START_REF] Champion De Crespigny | Increased male mating rate in Drosophila is associated with Wolbachia infection[END_REF][START_REF] Engelstädter | The ecology and evolution of microbes that manipulate host reproduction[END_REF][START_REF] Lewis | Wolbachia infection lowers fertile sperm transfer in a moth[END_REF][START_REF] Awrahman | The impact of Wolbachia, male age and mating history on cytoplasmic incompatibility and sperm transfer in Drosophila simulans[END_REF]. Such host behavioural and/or reproductive compensations for several types of costs induced by

Wolbachia have been suggested in several systems, including spider mites (e.g., [START_REF] Vala | Genetic conflicts over sex ratio : mite-endosymbiont interactions[END_REF][START_REF] Champion De Crespigny | Increased male mating rate in Drosophila is associated with Wolbachia infection[END_REF][START_REF] Koop | Reproductive compensation favours male-killing Wolbachia in a live-bearing host[END_REF].

Longer copulation duration was also found after experimental evolution for Wolbachia-infected control males when compared with uninfected control males, which suggests that this trait, initially present only in the population COL, was selected during experimental evolution in the infected control regime. Hence, this trait may be beneficial for infected individuals even in absence of CI. This also suggests that Wolbachia infection could increase trait divergence between uninfected allopatric populations (here between uninfected control and mixed regimes) on a longer term, as observed in natural populations of D.

subquinaria [START_REF] Jaenike | Asymmetrical reinforcement and Wolbachia infection in Drosophila[END_REF]. In contrast, mating duration did not differ between uninfected males from the mixed-infection regime and infected males from the control regime. Two non-exclusive possibilities may explain this: (i) copulation duration may have increased in uninfected males from the mixed-infection regime in response to competition with infected males; (ii) continuous unidirectional introgression from the infected control regime into the uninfected mixed regime (as CI is incomplete in these populations; [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF]) may have equalized this trait among the two types of males. If this is the case, it seems that even limited gene flow may prevent divergence between populations in sympatry, decreasing the advantage conferred by Wolbachia to infected hosts relative to uninfected ones [START_REF] Liou | Speciation by reinforcement of premating isolation[END_REF]. Regardless of the evolutionary mechanisms underlying the differences in copulation duration observed across selection regimes, the benefits of a longer copulation duration remain elusive, and more studies are necessary to unveil the function of this behaviour in this context.

Uninfected females did not evolve avoidance of Wolbachia-infected males

In contrast to copulation duration, we found no evidence for a preference between Wolbachia-infected and uninfected males across all field-derived populations. This suggests that the results obtained by [START_REF] Vala | Wolbachia affects oviposition and mating behaviour of its spider mite host[END_REF] are not representative of the reproductive behaviour of this species. Moreover, uninfected females did not evolve avoidance of males infected with CI-inducing Wolbachia when they were given an equal opportunity to mate with either infected or uninfected males for 12 to 15 generations. Below we discuss several, non-exclusive, explanations for these results.

First, the field populations tested may lack sufficient genetic variation for choice to evolve in response to CI. It is unlikely that these populations were deprived of genetic variation because (a) spider mite populations are often found in very high numbers in the field, (b) these populations were founded in the lab using a moderate/large number of individuals (from 65 to 400; [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF], and (c) we found variation for several other traits in these populations [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF]). Still, it is possible that the specific trait(s)

underlying mate choice lack genetic variation in these populations. In line with this, the combination of these five populations may also have harboured insufficient variation for a response to evolve. However, most experimental evolution studies that observed a response to selection, including in this system, used populations with fewer individuals and from one initial field population [START_REF] Kawecki | Experimental evolution[END_REF][START_REF] Sousa | Rapid host-plant adaptation in the herbivorous spider mite Tetranychus urticae occurs at low cost[END_REF]. Therefore, if the lack of evolution of pre-mating isolation is due to insufficient genetic variation for choice in our base populations, we expect this trait to be rare. To confirm this, more studies addressing this issue in several natural populations and in different systems are needed.

Second, the ability to discriminate might have been present originally in the fieldderived populations but lost in the laboratory before the populations were tested, 10-17 generations after being collected. Indeed, infection rapidly reached fixation in the laboratory [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF], ruling out the benefit of choice. If choice is costly, we expect it to be rapidly lost, hence not detected when the field-derived and experimentally evolved populations were tested. However, the T. urticae isofemale line in which mate choice was observed [START_REF] Vala | Wolbachia affects oviposition and mating behaviour of its spider mite host[END_REF]) was created from a fully infected population formerly maintained in the laboratory for at least two years [START_REF] Vala | Wolbachia induced "hybrid breakdown" in the two-spotted spider mite Tetranychus urticae Koch[END_REF], which suggests that female choice was not costly in that study. Still, reducing the lag between collection of field populations and laboratory testing might increase the likelihood of observing mate discrimination. (2005). Indeed, spider mites are haplodiploid, thus females involved in incompatible crosses pass on their genes via haploid sons. Moreover, this prediction from the model is based on a higher CI level than that of our study. Finally, we are unaware of the genetic basis of choice in our system, if any. Regardless, if 15 generations of selection (i.e., 7.5 months in mites) are not sufficient for mate choice evolution in this system, such choice is unlikely to be selected for in natural populations, not the least because of the intrinsic seasonality of the mite-plant system.

Fourth, mate discrimination in favour of uninfected individuals may have not been observed due to a trade-off between traits. For instance, female preference could be counterbalanced by different male competitive abilities [START_REF] Oku | Sexual selection and mating behavior in spider mites of the genus Tetranychus (Acari: Tetranychidae)[END_REF]. Moreover, if compatible males are of lower quality, females could be trading off male compatibility and quality when choosing [START_REF] Colegrave | Mate choice or polyandry: reconciling genetic compatability and good genes sexual selection[END_REF][START_REF] Neff | Genetic quality and sexual selection: An integrated framework for good genes and compatible genes[END_REF]. That could be the case, for example, in D. melanogaster, where uninfected females have extended life span after mating with Wolbachia-infected males compared to those mated with uninfected males [START_REF] He | Effects of Wolbachia infection on the postmating response in Drosophila melanogaster[END_REF]. In line with this, T. urticae females from two field-collected populations (DC and RF) had increased survival when mated with infected males (although the opposite was found in the populations COL and LOU; [START_REF] Zélé | Endosymbiont diversity in natural populations of Tetranychus mites is rapidly lost under laboratory conditions[END_REF]. Another possibility is that the selective pressure applied here may also have led to the evolution of another trait that renders precopulatory strategies unnecessary. For instance, uninfected mites may have evolved disruption of their pattern of sperm precedence, allowing sperm choice or improved sperm competitive ability to avoid incompatible matings, as seen in other species [START_REF] Price | Selfish genetic elements and sexual selection: Their impact on male fertility[END_REF][START_REF] Wedell | The dynamic relationship between polyandry and selfish genetic elements[END_REF].

Finally, the cues allowing the discrimination between Wolbachia-infected and uninfected males may be absent or unperceivable by females in our populations. Indeed, even though microbial infections (including by Wolbachia) have been shown to alter molecular cues used for mate recognition in diverse arthropod hosts [START_REF] Beltran-Bech | Impact of infection on mate choice[END_REF][START_REF] Richard | Symbiotic bacteria influence the odor and mating preference of their hosts[END_REF][START_REF] Engl | Influence of microbial symbionts on insect pheromones[END_REF][START_REF] Fortin | Males prefer virgin females, even if parasitized, in the terrestrial isopod Armadillidium vulgare[END_REF][START_REF] Schneider | Symbiont-driven male mating success in the Neotropical Drosophila paulistorum Superspecies[END_REF][START_REF] Bi | The effect of the endosymbiont Wolbachia on the behavior of insect hosts[END_REF] Wang 2020), many symbionts (including parasites) are capable of remaining undetected (Schmid-Hempel 2011). Therefore, it has been proposed that discrimination between infected and uninfected individuals could instead occur via traits of locally adapted male that females evolved to use as a preference cue [START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF][START_REF] Engelstädter | Cytoplasmic incompatibility and host population structure[END_REF].

For example, due to CI between Wolbachia-uninfected D. subquinaria and Wolbachiainfected D. recens, D. subquinaria females from field populations sympatric with D. recens evolved avoidance of D. recens males [START_REF] Jaenike | Asymmetrical reinforcement and Wolbachia infection in Drosophila[END_REF]). However, these females also discriminate against allopatric (uninfected) conspecific males, whereas females from populations allopatric with D. recens show no discrimination against any conspecific males.

Another possibility is that discrimination occurs via kin recognition, if uninfected females evolve the ability to discriminate against infected males via discrimination against unrelated explain the effect of Wolbachia on mate discrimination [START_REF] Vala | Wolbachia affects oviposition and mating behaviour of its spider mite host[END_REF][START_REF] Koukou | Influence of antibiotic treatment and Wolbachia curing on sexual isolation among Drosophila melanogaster cage populations[END_REF][START_REF] Miller | Infectious speciation revisited: impact of symbiont-depletion on female fitness and mating behavior of Drosophila paulistorum[END_REF]) but they do not exclude a potential familiarity effect, as males and females from the same infection status likely developed together. Our experimental procedure was specifically designed to test for a direct effect of Wolbachia infection, not allowing for such indirect cues to affect preference.

Conclusions

Our results show that Wolbachia-induced CI did not select for assortative mating under our experimental conditions, despite the clear benefit that avoidance of infected males would confer to uninfected females. We proposed a wide range of hypotheses to explain why such behaviour did not evolve, which will hopefully provide guidance for future studies addressing this issue. In particular, this result supports the hypothesis that Wolbachia driven host speciation may not only require a strong selection pressure due to CI under stable infection polymorphism, but also hinge upon other specific conditions, such as local adaptation in structured populations and kin recognition [START_REF] Telschow | Wolbachiainduced unidirectional cytoplasmic incompatibility and speciation: Mainland-island model[END_REF]). Nevertheless, our study shows that, within only 15 generations, Wolbachia can drive the evolution of other mating behaviours in a fully infected population, as well as in uninfected hosts in a polymorphic population. This suggests that Wolbachia has the potential to affect the evolution of host reproductive strategies more broadly and could accelerate divergence between allopatric populations.
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  or unfamiliar) males (Beltran-Bech and Richard 2014). Mate discrimination based on relatedness, familiarity, or the local environment (e.g., the host plant) could occur in T. urticae, as it has been shown in absence of Wolbachia infection (Tien et al. 2011; Yoshioka and Yano 2014) . In the context of Wolbachia infection, experimental studies, including on spider mites, show that relatedness alone, or cues associated to locally adapted traits, cannot

Figure 2 .

 2 Figure 2. Procedure used for experimental evolution of spider mites exposed or not to Wolbachia-induced cytoplasmic incompatibility. In the uninfected mixed regime, the infection status of males mating with uninfected females was controlled at each generation (1:1 ratio), while in the two control regimes matings occurred before transferring adult females into the next generation"s box. The entire procedure was repeated in 5 independent replicates. White background and solid arrows: experimental transfers; s eeer Ghaded background and dashed arrows: offspring production and development. Circles: females; L eGnese : males; Solid-lined symbols: mated females (♀) and males (♂); Dashed-lined symbols: virgin females (☿); Red fill: Wolbachia-infected control (iC); an kr eule fill: Wolbachia-uninfected females mixed with infected nearlenene dea males (uM); Lnshdrelue fill: uninfected control (uC).

Figure 3 .

 3 Figure 3. Mating behaviour of Wolbachia-uninfected females exposed to Wolbachia-infected and -uninfected males in five field-derived populations of T. urticae. (a) Mate choice: Bars represent mean (± s.e.) proportion of Wolbachia-infected males (red bars) or uninfected males (light blue bars) chosen by Wolbachia-uninfected females. (b) Latency to copulation and (c) Copulation duration: Circles represent mean (± s.e.) time (in seconds) for Wolbachia-infected males (red circles) or uninfected males (light blue circles).

Figure 4 .

 4 Figure 4. Mating behaviour of Wolbachia-uninfected females exposed to males from different experimental evolution regimes. Wolbachia-uninfected females from the control and the mixed regimes (uC and uM, respectively) were given the choice between two males from the three different regimes: uninfected control (uC), Wolbachia-infected control (iC), or uninfected mixed (uM). (a) Mating propensity: bars represent mean (± s.e.) percentage of trials where mating occurred (green bars) or not (grey bars) within the time of the observation. (b) Mate choice: bars represent mean (± s.e.) proportion of females choosing males from the uninfected control (uC: light blue bars), infected control (iC: red bars), or uninfected mixed (uM: dark blue bars) regimes. (c) Latency to copulation and (d) Copulation duration: Circles represent mean (± s.e.) time (in seconds) for males from the uninfected control (uC: light blue circles), infected control (iC: red circles), or uninfected mixed (uM: dark blue circles) regimes.

  

  Third, alleles associated to the ability to choose may have been present at a low frequency in the field-derived populations, but have not increased in frequency during experimental evolution. Indeed, the selection pressure might not have lasted long enough for the preference trait to spread in the populations. A mathematical model by Champion de[START_REF] Champion De Crespigny | Can cytoplasmic incompatibility inducing Wolbachia promote the evolution of mate preferences?[END_REF] showed that the frequency of a costless dominant preference allele initially at 1% in the population increases only after ca. 60 generations. However, in this model, the conditions favouring the spread of the preference allele (i.e., 30 to 90% Wolbachia infection frequencies) are present for less than 15 generations, during which the frequency of the preference allele increased by ca. 17%. Given that in our study intermediate infection frequencies were always present, this suggests that the number of generations elapsed was sufficient to observe a response. Still, our conditions may not match those underlying the model of Champion de Crespigny et al.
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