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Titre : Evolution de la colle produite par les larves de Drosophile pour la métamorphose Résumé : Les bioadhésifs représentent une ressource naturelle riche. Comprendre les mécanismes impliqués dans les processus de bioadhesion pourrait mener au développement de nouveaux matériaux, aux propriétés nouvelles, qui seraient biodégradables et biocompatibles. Les mouches de drosophile produisent une colle à la n du dernier stade larvaire qui permet à la pupe de rester attachée à un substrat pendant plusieurs jours.

Bien que l'espèce Drosophila melanogaster ait été intensément étudiée et soit un organisme modèle en biologie, la fonction et l'évolution de cette colle restent encore largement inconnues. L'objectif de ma thèse a été de mieux caracteriser les propriétés adhésives, la fonction ainsi que l'évolution de la colle de drosophile.

Dans un premier temps, nous avons mis en place un dispositif simple permettant de mesurer la force d'adhésion des pupes. Grâce à ce test, nous avons montré que la colle de D. melanogaster adhère de façon similaire à diérent substrats polarisables. Ces résultats suggèrent que l'adhésion de la colle est permise par des intéractions non covalentes entre deux surfaces chargées. Dans un second temps, nous avons montré que la colle empèche les fourmis prédatrices de pupes de rapporter les pupes à la colonie pour les consommer.

La colle représente donc un trait de caractère important pour la survie des individus.

Nous avons observé que l'adhésion varie entre espèces et aussi entre lignées provenant de diérentes régions. An de mieux caractériser l'évolution des gènes de colle, nous avons analysé les séquences de plusieurs génomes de drosophiles, pour lesquels l'assemblage des régions répétées était de bonne qualité. Notre étude a révélé que les huit gènes de colle évoluent de façon diérente. En particulier, Sgs1, Sgs3, Sgs7 et Sgs8 montrent peu de diversité alors que Sgs5 et Sgs5bis montrent un fort niveau de diversité qui pourrait être lié à l'adaptation locale des lignées étudiées. En utilisant des lignées RNAi pour inactiver spéciquement l'expression de chaque gène de la colle, nous avons mis en évidence pour la première fois la contribution de deux gènes de colle, Sgs1 et Sgs3 aux propriétés adhésives de la colle de drosophile. Enn, chez l'espèce Megaselia scalaris, nos expériences suggèrent que le uide produit par les glandes salivaires de M. scalaris n'est pas impliqué dans l'adhésion de l'animal mais dans sa défense vis-à-vis d'attaques de la larve.

Mon travail de thèse a permis de développer un nouveau modèle très prometteur pour l'étude de l'adaptation des espèces: la colle de drosophile. De plus, il ouvre la voie à de futures études visant à mieux comprendre les mécanismes de bioadhésion.

Résumé

Les êtres vivants produisent diérents matériaux ayant des propriétés adhésives. Ces matériaux peuvent être regroupés sous le nom de bioadhésifs.

Les bioadhésifs sont multiples et divers dans leur propriétés et leur composition et représentent une source d'inspiration très riche pour la création de nouveaux matériaux (Bianco-Peled and Davidovich-Pinhas 2015). L'exemple le plus connu est l'adhésif qui permet à la moule de s'attacher aux rochers. Cet adhésif est composé principalement de quelques protéines. Les propriétés des protéines de colle de moule ont inspiré le développement de nouveaux matériaux qui pourront peut-être être utilisés dans un futur proche dans le domaine médical pour la réparation de tissus notamment (Bianco-Peled and Davidovich-Pinhas 2015; [START_REF] Guo | Recent progress in synthesis and application of mussel-inspired adhesives[END_REF][START_REF] Kord Forooshani | Recent approaches in designing bioadhesive materials inspired by mussel adhesive protein[END_REF]. Bien que les insectes produisent une multitude de bioadhésifs pour remplire des fonctions diverses (locomotion, accouplement, défense, ...), très peu d'adhésifs d'insectes ont été étudiés jusqu'à aujourd'hui (Betz 2010).

Les diptères, correspondant à la famille des mouches, passent par trois stades larvaires suivis d'un stade pupal durant lequel l'animal eectue sa métamorphose puis du stade adulte. Durant le stade pupal, l'animal est généralement immobile et peut être attaché ou non à un substrat [START_REF] Courtney | Chapter 40 -Order Diptera[END_REF]. Les mécanismes d'attachement semblent variés et l'état "pupe attachée" semble avoir évolué plusieurs fois indépendemment au sein des diptères. La capacité de s'attacher lors du stade pupal pourrait avoir plusieurs fonctions liées à l'environnement des espèces. Entre autres, elle pourrait servir à maintenir l'animal immobile à un endroit favorable à son développement (Shirai and Maeto 2009;[START_REF] Johnson | Eects of attachment substrate, larval diet, and temperature on development and survival of immature Coquillettidia linealis (Skuse) and Coquillettidia xanthogaster (Edwards)[END_REF]. Elle pourrait aussi être un moyen de défense contre les prédateurs et en particulier contre les fourmis. En eet, l'adhésion des pupes pourraient empêcher les fourmis de rapporter les pupes dans la colonie. Enn, elle pourrait aider mécaniquement l'adulte à sortir de la caisse pupale à la n du stade pupal (Chapman 1982).

Chez l'espèce Drosophila melanogaster, une colle est produite dans les glandes salivaires pendant le troisième stade larvaire et est sécrétée par les individus au début de la transition entre le stade larvaire et le stade pupal [START_REF] Ashburner | Chapter 6: Life Cycle[END_REF]).

Cette colle s'étale entre l'animal et le substrat et permet à la pupe de rester attachée au substrat pendant la métamorphose (Fraenkel and Brookes 1953). Cette colle est composée majoritairement de 8 protéines appelées Sgs1, Sgs3, Sgs4, Sgs5, Sgs5bis, Sgs7, Sgs8 et Eig71Ee et regroupées sous le nom de protéines de colle (glue proteins) (Korge 1975).

Les gènes de colle correspondant ont été très étudiés dans les années 70-80 car leur expression est nement régulée par l'hormone ecdysone qui régule de nombreux mécanismes liés à la métamorphose [START_REF] Andres | Molecular analysis of the initiation of insect metamorphosis: a comparative study of Drosophila ecdysteroid-regulated transcription[END_REF]Li and White 2003;[START_REF] Duan | Bab2 Functions as an Ecdysone-Responsive Transcriptional Repressor during Drosophila Development[END_REF]. Cependant, la fonction de ces gènes n'a jamais été étudiée.

Dans la nature, les pupes peuvent coller à une multitude de substrats (fruits, feuilles, champignons, bois, etc) et le site exact de pupaison est déterminé par le comportement de 6

Evolution of the glue produced by larvae for metamorphosis la larve. Le choix du site de pupaison est en partie déterminé génétiquement mais dépend beaucoup des conditions environnementales (température, humidité, densité larvaire, ...) (Sokolowski 1980;Sokolowski 1985;[START_REF] Schnebel | The inuence of light on pupation height in Drosophila[END_REF][START_REF] Schnebel | Temperature eects on pupation-height response in four Drosophila species group triads[END_REF][START_REF] Beltramí | Drosophila pupation behavior in the wild[END_REF]. Les drosophiles peuplent une diversité d'environnements dans le monde et la colle des drosophiles semblent coller à une variété de substrats. La colle de drosophile semble donc avoir des propriétés adhésives intéressantes et pourrait être adaptée à diérentes conditions environnementales.

Les protéines de colle peuvent être regroupées en deux groupes. Le premier groupe est constitué des protéines Sgs1, Sgs3, Sgs4 et Eig71Ee. Ces protéines ont la particularité de contenir une répétition d'un motif riche en thréonines et en sérines qui est O-glycosylé, caractéristique des mucines. Les mucines sont retrouvées dans la composition des mucus et sont connues pour avoir des propriétés anti-bactériennes [START_REF] Linden | Mucins in the mucosal barrier to infection[END_REF][START_REF] Bakshani | Evolutionary conservation of the antimicrobial function of mucus: a first defence against infection[END_REF]. Ces protéines sont prédites comme non structurées et pourraient permettre l'hydration de la colle lors de son expectoration par la larve [START_REF] Farka² | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]. Le deuxième groupe est constitué des protéines Sgs5, Sgs5bis, Sgs7 et Sgs8. Ces protéines sont plus courtes et predites comme structurées. Elles pourraient permettre la condensation de la colle dans les granules de sécrétion avant l'exocytose [START_REF] Farka² | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF].

Les gènes de colle Sgs1, Sgs3, Sgs7 et Sgs8 présentent une structure commune avec un premier exon très court et un deuxième exon plus long (Da Lage et al. 2019). Ces gènes partagent un fort taux d'identité et pourraient avoir une origine commune (Da Lage et al.

2019

). Sgs5 et Sgs5bis sont des duplicats organisés en tandem (Da Lage et al. 2019). Sgs4 et Eig71Ee ont une origine inconnue bien que Eig71Ee présente une structure commune à Sgs1, Sgs3, Sgs7 et Sgs8. Les gènes de la colle sont aussi présents chez d'autres espèces de drosophiles mais n'ont pas été trouvés en dehors du genre Drosophila jusqu'à présent.

Ces gènes semblent évoluer rapidement notamment par des événements fréquents de gain et perte de gènes et par le changement rapide du nombre et de la nature des répétitions (Da Lage et al. 2019).

Ce travail a permis de mieux caractériser diérents aspects de la colle des drosophiles.

1. Propriétés adhésives de la colle de drosophile. La première partie de mon travail a consisté à mettre en place un test permettant de mesurer l'adhésion des pupes de D. melanogaster et à l'utiliser an de mieux comprendre comment la colle intéragit avec diérents substrats. En collaboration avec l'équipe de Stanislav Gorb (Kiel University, Germany), nous avons mis en place un test simple, similaire à des tests utilisés précédemment pour mesurer l'adhésion d'oeufs d'insectes (Voigt and Gorb 2010;Al Bitar et al. 2012), consistant à mesurer la force nécessaire à appliquer perpendiculairement au substrat pour détacher une pupe naturellement attachée à ce substrat. En mesurant l'adhésion des pupes sur diérents substrats, nous avons pu mettre en évidence que la colle adhérait de façon similaire à divers substrats

Evolution of the glue produced by larvae for metamorphosis polarisables. Cette propriété pourrait s'expliquer par le fait que l'intéraction entre la colle et le substrat repose sur des intéractions non covalentes entre deux surfaces chargées. De plus, nous avons pu mettre en évidence que la force de l'adhésion sur ces surfaces était de l'ordre de 200 mN, correspondant à une contrainte de l'ordre de 200 kPa. La force est faible par rapport à l'adhésion des moules mais elle représente 15 500 fois le poids de la pupe. La variation entre individu est forte et est probablement liée au fait que l'on mesure l'adhésion d'une pupe entière. Notre mesure d'adhésion inclut aussi les variations liées à la position et la forme de la pupe, la façon dont la colle est distribuée sur le substrat et les variations stochastiques du volume et de la composition de la colle entre les individus.

2. Protection contre la prédation. Les fourmis sont l'un des principaux prédateurs des pupes (Thomas 1995;Hennessey 1997;Urbaneja et al. 2006). Elles collectent leurs proies pour les rapporter à la colonie. Dans un deuxième temps, en collaboration avec Mathieu Molet (Sorbonne University, Paris, France), nous avons voulu tester l'hypothèse selon laquelle la colle pourrait empêcher les fourmis de collecter les pupes et donc diminuer leur prédation. Nous avons mis en place une expérience au bois de Vincennes consistant à suivre la disparition en milieu naturel de pupes naturellement collées et de pupes mécaniquement détachées. Cette expérience a permis de mettre en évidence que les pupes détachées disparaissaient 30 % plus que les pupes attachées. Au laboratoire, nous avons comparé le comportement de prédation des colonies de fourmis Temnothorax nylanderi, identiées lors de notre expérience de terrain comme les prédateurs principaux des pupes, face à des pupes attachées et détachées. Nous avons observé que les fourmis rapportent les pupes détachées au nid alors qu'elles consomment les pupes attachées sur le lieu de fourrage. Les fourmis passent plus de temps en dehors du nid avec les pupes attachées qu'avec les pupes détachées. Elles sont aussi en moyenne plus nombreuses à se rassembler autour d'une pupe collée dans le lieu de fourrage qu'autour d'une pupe décollée.

Dans l'ensemble, notre étude suggère que les pupes collées ont un avantage sur les pupes décollées car il est plus risqué pour les fourmis d'attaquer une pupe collée.

La colle représente donc un trait important pour la survie de l'individu. De plus, la comparaison de l'adhésion de diérentes espèces de drosophiles présentes au bois de Vincennes nous a permis de mettre en évidence que l'adhésion varie entre ces espèces.

3. Forces sélectives qui agissent sur les gènes de colle. Dans un troisième temps, nous avons examiné la variation naturelle de l'adhésion chez D. melanogaster. 4. Role des gènes de colle dans l'adhésion. Bien que les protéines de colle soient les constituants majoritaires de la colle et que la colle semble bien permettre l'adhésion des pupes [START_REF] Burgess | AP-1 and clathrin are essential for secretory granule biogenesis in Drosophila[END_REF], la contribution des gènes de colle dans l'adhésion n'a jamais été formellement montrée. Il est possible que de petites molécules comme les sucres soient responsables de l'adhésion. Nous avons utilisé des lignées RNAi pour éteindre l'expression des gènes Sgs1 et Sgs3 et nous avons montré que l'adhésion diminue lorsque l'expression de l'un de ces deux gènes diminue.

Nos résultats sont les premiers à mettre en évidence un eet des gènes de colle sur l'adhésion des pupes.

5. Composition et rôle de la sécrétion des glandes salivaires chez Megaselia scalaris. Dans une dernier temps, nous avons souhaité étendre notre compréhension de l'adhésion des pupes à d'autres mouches de l'ordre des Diptères. M. scalaris est une espèce de la famille des Phoridés assez distante des espèces drosophiles.

Ses pupes sont également attachées par une colle. Nous avons mis en évidence que la colle produite par M. scalaris provient d'un processus diérent de celui observé chez D. melanogaster car la colle est sécrétée par l'anus. Cependant, les glandes salivaires peuvent produire un uide transparent en n de troisième stade larvaire.

Ce liquide a été analysé par électrophorèse et par spectrométrie de masse. Il est composé de quelques protéines dont certaines sont glycosylées et qui présentent des similarités avec les protéines de colle (enrichies en certains acides aminés, comportant des répétitions). Nous avons observé que les larves M. scalaris sécrètent ce uide en cas d'attaque (pincement de la larve avec une pince dans notre cas). Notre

Evolution of the glue produced by larvae for metamorphosis analyse protéomique et transcriptomique préliminaire suggère que ce uide pourrait comporter des protéines toxiques et servir à se défendre contre les prédateurs.

En conclusion, ce travail a permis de mieux caractériser les propriétés adhésives, la fonction mais aussi l'évolution de la colle des mouches. Ce travail a permis de mieux comprendre les mécanismes impliqués dans les processus de bioadhésion et d'établir la colle de drosophile comme une bon sytème modèle pour l'étude de l'adaptation des espèces. Il Bioadhesion is dened as the state in which two materials, where at least one has a biological origin, are held together by interfacial forces (Bianco-Peled and Davidovich-Pinhas 2015). There are two stages in the bioadhesion process: rst, the contact stage during which the two parts come into contact and second, the consolidation stage during which the interactions take place. Bioadhesion occurs at various biological scales such as cells (cell-to-cell adhesion), tissues (adhesion of synthetic or biological molecules to a tissue) and individuals (mussel adhesion). A variety of interactions can lead to bioadhesion.

The two surfaces can bind through covalent bonds, Van der Waals interactions, hydrogen bonds, ionic bonds, metallic interactions or hydrophobic interactions. In bioadhesion, we distinguish dry adhesives, when the adhesion is caused by a specic physical structure of the adhesive: this is the case of gecko foot adhesion; and wet adhesives, when adhesion involves a specic substance often called glue: this is the case of mussel attachment. For the rest of the thesis, we will focus on wet adhesives. Biological adhesives, also called bioadhesives, have an important signicance for the biology of organisms and are a great material for innovation of biologically-inspired technical adhesives. They are less toxic than synthetic adhesives, biodegradable and very diverse.

Adhesion tests

To measure the adhesive strength of bioadhesion, in vitro testings can be performed.

Usually, it consists in measuring the force required to break the bonds between the two entities by applying either a tensile, shearing or peeling force.

The tensile force is applied perpendicularly to the joint surface while the shearing force is applied along the joint surface. The peel test consists in applying the force at 

Mussel adhesives: a case study

The most studied bioadhesives are from marine organisms such as mussels and barnacles [START_REF] Bianco-Peled | Bioadhesion and biomimetics: from nature to applications[END_REF][START_REF] Von Byern | From Nature to Technical and Medical Application. Evolution of the glue produced by larvae for metamorphosis 151 BIBLIOGRAPHY[END_REF][START_REF] Guo | Recent progress in synthesis and application of mussel-inspired adhesives[END_REF]. Mussels attach to natural substrates such as rocks or other shells by their byssus composed of multiple threads ending with adhesive plaques (Figure 1.2). The adhesive plaque is highly structured and is made of thread matrix proteins, prepolymerized collagens and a few proteins called Mfp for mussel foot proteins (Figure 1.2). Each Mfp has probably a unique function in the interaction between the byssus and the substrate but the mechanisms and the functions of each protein are not fully understood yet. These Mfp proteins are highly basic and rich in the modied amino-acid DOPA (3,4-dihydroxyphenylalanine). Mfp-1 is found in the cuticle of the byssus and thought to form a layer to protect the byssus (Figure 1.2).

Mfp-1 is the largest Mfp protein (about 110 kDa) and contains tandem repeats of 10 amino acids (aa). Mfp-2 is the most abundant protein in the plaque and is found in the inner part of the structure (Figure 1.2). It is thought to have a strutural function. Mfp-3 and Mfp-5 contain the highest DOPA content among the Mfp proteins (respectively [START_REF] Woltz | Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field[END_REF] Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION about 20 and 30 mol%). They are located at the plaque-substrate interface (Figure 1.2)

and could thus have an important role in adhesion. Mfp-6, which is also located at the plaque-substrate interface has a low DOPA content (about 3 mol%) and is rich in cystein (about 11 mol%). Mfp-6 has antioxydant properties and can reduce dopaquinones back to DOPA and could be important to maintain the redox balance of DOPA and thus maintain the adhesion ability of Mfp-3 and Mfp-5. DOPA has the ability to form a variety of interactions with a variety of substrates. For example, DOPA can form hydrogen bonds, ioninc bonds, metal coordination bonds or hydrophobic interactions (Bianco-Peled and Davidovich-Pinhas 2015; [START_REF] Guo | Recent progress in synthesis and application of mussel-inspired adhesives[END_REF]. Mussel adhesion strength on glass was found to reach 300-750 kPa [START_REF] Crisp | Adhesion and substrate choice in mussels and barnacles[END_REF]. Synthetic Super glues have an adhesion strength around 1 MPa and can even reach 8 Mpa [START_REF] Burkett | A method for measuring the adhesion strength of marine mussels[END_REF]). Although mussel adhesive is weaker than synthetic glues, it presents unique properties such as sticking in wet environments. Mussel adhesives have been extensively studied and have inspired the creation of new polymers and hydrogels for diverse applications: wet adhesion, tissue glues and antifouling coatings [START_REF] Guo | Recent progress in synthesis and application of mussel-inspired adhesives[END_REF][START_REF] Bianco-Peled | Bioadhesion and biomimetics: from nature to applications[END_REF][START_REF] Kord Forooshani | Recent approaches in designing bioadhesive materials inspired by mussel adhesive protein[END_REF]. New materials mostly mimic mussel adhesive properties: they contain DOPA or molecules with similar properties and/or have a similar structure. Other materials are directly made of mussel proteins. This is the case of Cell-Tak Cell and Tissue Adhesive (Corning) which is used to coat plates in order to attach cells or tissues for cell laboratory culture. As mussel-inspired adhesives are biodegradable, biocompatible and water-resistant, research is ongoing to develop materials that could be used in a near future for medical purposes as a sealant for wound closure after a surgery inside the human body or to deliver drug to specic tissues for example [START_REF] Kim | Mussel-mimetic protein-based adhesive hydrogel[END_REF][START_REF] Kord Forooshani | Recent approaches in designing bioadhesive materials inspired by mussel adhesive protein[END_REF].

Evolution of the glue produced by larvae for metamorphosis 1.1. ADHESIVES IN NATURE: DIVERSITY AND APPLICATIONS 1.1.4 Adhesives in insects: functions, diversity and properties Bioadhesives in insects are less studied than mussel or barnacle adhesives although they are extremely diverse (Graham 2008;Li, Huson, and Graham 2008;Betz 2010).

Insects produce adhesives at dierent periods of their life to perform various functions:

The locust uses an adhesive substance together with claw structures for locomotion on vertical surfaces [START_REF] Wang | Eect of surface roughness on attachment ability of locust Locusta migratoria manilensis[END_REF][START_REF] Vötsch | Chemical composition of the attachment pad secretion of  sample_ID area_green_px area_red_px area_black_px scale_print_mm scale_print_px width_px 2019082002-CantonS NA NA NA NA NA NA 2019082209[END_REF]. Flea males maintain females with their sticky antennae during copulation (Rothschild and Hinton 1968). Males in Drosophila melanogaster produce a mating plug in the female genital tract during copulation to prevent females to remate [START_REF] Avila | Insect seminal uid proteins: identication and function[END_REF]. Stenus beetles use a sticky labium to capture their prey (Betz and Kölsch 2004). Asparagus beetles females produce a glue to attach their eggs to plants (Voigt and Gorb 2010). Bombyx mori silkworms produce a sticky silk that make up their cocoon for metamorphosis (Betz 2010). Adhesives can also be used for self-grooming, defence or parasitism (Betz 2010) Insect adhesives are usually complex mixtures of molecules of dierent nature (carbohydrates, proteins, lipids, ...) produced by specialized or non-specialized glands (Betz 2010). The Stenus beetles secretion for prey capture are made of lipids and proteins and are produced by specialized glands located in the head (Betz and Kölsch 2004). The silkworm silk is produced by labial glands, also involved in the saliva production, and is made of two proteins: the broin which forms the silk threads and the sericin which sticks the thread together or to a substrate [START_REF] Gamo | Polypeptides of broin and sericin secreted from the dierent sections of the silk gland in Bombyx mori[END_REF]. The silk composition and its structure have been very well studied in Lepidoptera (especially in the domesticated silkworm Bombyx mori), because of the commercial interest of sericulture.

Nowadays, silk is also used for medical and cosmetic applications [START_REF] Padamwar | Silk sericin and its applications: A review[END_REF].

A few studies have been carried out on insect egg adhesives so far. In Opodiphthera moths, the viscous uid secreted by female accessory reproductive gland to sticks their eggs is an hydrogel-type glue, highly elastic and mainly made of proteins. The shear strength reaches 12 MPa on wood, which is comparable to the strength of mussels and could potentially be enough for some industrial applications (Li, Huson, and Graham 2008). Furthermore, egg adhesives from asparagus beetles and codling moths have been found to stick to various plant surfaces and in particular to plants covered with crystalline epicuticular waxes known to be non-adhesive (Voigt and Gorb 2010;Al Bitar et al. 2012;Al Bitar et al. 2014). The adhesion strength on plant surfaces is within the range of 10-20 kPa for codling moth eggs and 40-200 kPa for asparagus beetle eggs. The adhesion is weaker than mussel adhesion and synthetic glues but these egg adhesives have a unique ability to stick on hydrophobic anti-adhesive surfaces. Thus, investigating the glue of various insect species appears to be a great strategy to develop adhesives with novel properties. Besides silk, very little is known about insect adhesives and much sill has to [START_REF] Hennessey | Predation on wandering larvae and pupae of caribbean fruit fly (Diptera: Tephritidae) in guava and carambola grove soils[END_REF] Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION be done to explore the promising properties of insect adhesives.

Evolution of the glue produced by larvae for metamorphosis The order Diptera includes all true ies. Insects from this order can be distinguished by their second pair of wings which is very reduced, forming small structures called halters.

Diptera ies are the insect order the most ecologically diverse. We can nd pest species as well as pollinator species [START_REF] Courtney | Chapter 40 -Order Diptera[END_REF][START_REF] Badii | Phylogeny and Functional Morphology of Diptera (Flies)[END_REF]). Species can be parasitic or not. Diptera ies go through three larval stages followed by a pupal stage during which metamorphosis occurs. At the pupal stage, the animal does not feed and as the pupa is usually a non mobile stage, location of the pupa in the surrounding environment depends on the third instar larva behaviors. The ecology of ies at the larval and pupal stages are very diverse among Diptera species. We can distinguish aquatic and terrestrial pupae.

Aquatic pupae

Pupae from Culicidae (mosquitoes) and Simuliidae (black ies) are aquatic. Life cycles of these two families have been investigated because species from these families are known to be parasite vectors.

In Culicidae, eggs are laid in still water or close to a water source and larval and pupal stages are aquatic [START_REF] Crans | A classication system for mosquito life cycles: life cycle types for mosquitoes of the northeastern United States[END_REF]). Larvae lter the water and feed on aquatic microorganisms. Larvae and pupae rely on the surface of the water in order to breath air (Figure 1.3A). Interestingly, pupae are mobile and can resume swimming in case of danger [START_REF] Courtney | Chapter 40 -Order Diptera[END_REF]. In species of the Coquilletidia genus, larvae and pupae breath through the root system of aquatic plants (Crans 2004, Johnson and[START_REF] Johnson | Eects of attachment substrate, larval diet, and temperature on development and survival of immature Coquillettidia linealis (Skuse) and Coquillettidia xanthogaster (Edwards)[END_REF].

In Simuliidae, females lay their eggs in a diversity of running-water environments.

Larvae stick to dierent objects found in the environment like plants, rocks, plastic or other animals like freshwater crabs [START_REF] Adler | Black ies (Simuliidae)[END_REF]. Larvae are lter feeders and feed on small particles matter. At the end of the larval stage, the larva build a silk cocoon in which pupa will develop [START_REF] Stuart | A re-description of the cocoon-spinning behaviour of Simulium vittatum (Diptera Simuliidae)[END_REF][START_REF] Adler | Black ies (Simuliidae)[END_REF]Figure 1.3B).

For aquatic larvae and pupae, oxygen availability as well as the force of the stream can represent important constraints specic to aquatic environments.

Terrestrial pupae

Pupae from Calliphoridae, Sarcophagidae, Muscidae, Drosophilidae and Phoridae are terrestrial. Flies from Calliphoridae, Sarcophagidae, Muscidae and Phoridae families have been studied for their forensic interest and Drosophilidae ies have been well studied [START_REF] Urbaneja | Influence of ground predators on the survival of the Mediterranean fruit fly pupae, Ceratitis capitata, in Spanish citrus orchards[END_REF] Evolution of the glue produced by larvae for metamorphosis Evolution of the glue produced by larvae for metamorphosis and Phoridae larvae mostly feed on carrion. Muscidae larvae mostly feed on carrion and feces. Drosophilidae larvae mostly feed on rotten fruits but some species are specialized to feed on dierent food sources. This is the case of Hawaiian Drosophilidae species which have very specic ower, fungus or plant hosts [START_REF] Magnacca | A review of the endemic Hawaiian Drosophilidae and their host plants[END_REF].

Drosophila carcinophila and Drosophila endobranchia adults as well as larvae live on land crabs and feed on microorganisms found on and in their host crabs [START_REF] Carson | The association between Drosophila carcinophila Wheeler and its host, the land crab Gecarcinus ruricola (L.)[END_REF][START_REF] Carson | Drosophila endobranchia, a new drosophilid associated with land crabs in the West Indies[END_REF][START_REF] Stensmyr | Flies' lives on a crab[END_REF]. All larval stages of D. carcinophila take place on the surface of the crabs around the external mouthparts. D. endobranchia rst and third instar larvae also live on mouthparts but the second larval stage occurs inside the gill chambers of the crabs [START_REF] Carson | The association between Drosophila carcinophila Wheeler and its host, the land crab Gecarcinus ruricola (L.)[END_REF][START_REF] Carson | Drosophila endobranchia, a new drosophilid associated with land crabs in the West Indies[END_REF]).

Terrestrial pupae are not mobile and two main trends have been observed. Pupae are either found on the larval food source or away from this source [START_REF] Godoy-Herrera | The behaviour of Drosophila melanogaster larvae during pupation[END_REF]Sokolowski 1985;[START_REF] Beltramí | Drosophila pupation behavior in the wild[END_REF]Greenberg 1990, Arnott and[START_REF] Arnott | Post-feeding larval behaviour in the blowy, Calliphora vicina: eects on post-mortem interval estimates[END_REF].

Pupae have been observed on food sources such as corpses (P. terranovae, Arnott and Turner 2008; L. Poirier, C. Aubernon, D. Charabidze, not published), fruits (Drosophila melanogaster, Sokolowski 1985; Drosophila simulans, Vandal, Siddalingamurthy, and Shivanna 2008, Drosophila suzukii, Figure 1.3E), owers (Drosophila elegans, communication from Stéphane Prigent), leaves (species of the genus Scaptomyza, subgenus Tantalia, [START_REF] Carson | The evolutionary biology of the Hawaiian Drosophilidae[END_REF] or away from the food source to other substrates like in the soil (D.

melanogaster, Sokolowski 1985; D. suzukii, Woltz and Lee 2017) or in the sand (Drosophila grimshawii and most of the Hawaiian Drosophilidae, [START_REF] Carson | The evolutionary biology of the Hawaiian Drosophilidae[END_REF]. In ies living on crabs, D. carcinophila pupae are found attached on the mouthparts of the crabs (Figure 1.3C,D) while D. endobranchia larvae leave the crabs to burrow and pupariate in the sand or in the soil [START_REF] Carson | The association between Drosophila carcinophila Wheeler and its host, the land crab Gecarcinus ruricola (L.)[END_REF][START_REF] Carson | Drosophila endobranchia, a new drosophilid associated with land crabs in the West Indies[END_REF][START_REF] Stensmyr | Flies' lives on a crab[END_REF].

Same observations have been made for forensic ies. Locations of Calliphoridae pupae are reviewed in Arnott and Turner 2008. While Lucilia sericata larvae can go 20 m away from the cadaver and burrow in the soil, Protophormia terranovae larvae stay in the cadaver to go through metamorphosis [START_REF] Greenberg | Behavior of postfeeding larvae of some Calliphoridae and a muscid (Diptera)[END_REF][START_REF] Arnott | Post-feeding larval behaviour in the blowy, Calliphora vicina: eects on post-mortem interval estimates[END_REF]; L. Poirier, C.

Aubernon, D. Charabidze, not published, Figure 1.3F). Phormia regina pupae are found on the surface of the soil near the cadaver while Phaenicia sericata pupae are buried down to 11 cm in the soil [START_REF] Greenberg | Behavior of postfeeding larvae of some Calliphoridae and a muscid (Diptera)[END_REF][START_REF] Arnott | Post-feeding larval behaviour in the blowy, Calliphora vicina: eects on post-mortem interval estimates[END_REF]. Same observations are true for parasitic species like the ant-decapitating y species from the genus Apocephalus (Phoridae) [START_REF] Feener | DIPTERA AS PARASITOIDS[END_REF]. Larvae of species specialized in living on healthy host feed on their host and kill their host at the end of the larval stage. For these species, pupae are located in the dead host. In particular in ant-decapitating ies, late larvae produce an enzyme that dissolve the cuticle of the ant host, larvae will feed on the head resulting in the head detaching from the body. Pupae are found in the remaining of the heads of the hosts [START_REF] Porter | Growth and development of Pseudacteon phorid y maggots (Diptera: Phoridae) in the heads of Solenopsis re ant workers (Hymenoptera: Formicidae)[END_REF]. For species living on injured hosts, larvae leave [START_REF] Thomas | Survivorship of the pupal stages of the Mexican fruit fly Anastrepha ludens (Loew) (Diptera: Tephritidae) in an agricultural and a nonagricultural situation[END_REF] Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION the host at the end of the larval stage and pupae are found in the soil [START_REF] Feener | DIPTERA AS PARASITOIDS[END_REF].

Terrestrial pupae can be found clustered to each other. Pupa aggregations are commonly observed in Drosophila species like D. simulans, D. buzzatii, D. melanogaster, D. immigrans, D. hydei and D. funebris [START_REF] Rohlfs | Spatial aggregation across ephemeral resource patches in insect communities: an adaptive response to natural enemies?[END_REF][START_REF] Beltramí | Drosophila pupation behavior in the wild[END_REF][START_REF] Ringo | Pupation Site Selection in Four Drosophilid Species: Aggregation and Contact[END_REF] and in forensic ies like P. terranovae (Figure 1.3F) and Megaselia scalaris (Figure 1.3G).

For terrestrial larvae, food source access and competition for food during the larval stage may represent important constraints that are specic to terrestrial habitats and that have consequences on pupa location. Furthermore, terrestrial pupae are not mobile contrary to mosquito pupae and may thus be more sensitive to predation.

Pupa attachment among Diptera species

Pupa attachment

Few studies have examined pupa attachment. Fraenkel and Brookes 1953 reported that pupae from D. melanogaster, L. sericata, P. terranovae and Phormia regina are attached to a substrate while Musca domestica, Calliphora erythrocephala, Sarcophaga faculata and Sarcophaga crassipalpis are never attached. However, conditions of the observations and substrates tested are not detailed in the study. In Muscidae, Musca domestica and Hydrotaea capensis are not attached while Muscina stabulans pupae are attached (Fraenkel and Brookes 1953;[START_REF] Greenberg | Behavior of postfeeding larvae of some Calliphoridae and a muscid (Diptera)[END_REF]). D. carcinophila pupae have been observed attached to their host crab mouthparts (Carson 1967, Figure 1.3D,E).

Observations in the lab suggest that D. simulans, D. mauritiana, D. suzukii, D. hydei and D. immigrans can attach to plastic and glass culture tubes (personal observations) as well as Megaselia scalaris and Megaselia abdita (Jean David and personal observations).

As mentioned previously, the aquatic pupa of black ies are attached to dierent objects under water (1.2.1;[START_REF] Stuart | A re-description of the cocoon-spinning behaviour of Simulium vittatum (Diptera Simuliidae)[END_REF]Hunter 1995, Adler and[START_REF] Adler | Black ies (Simuliidae)[END_REF]. Mosquito pupae of the Coquilletidia genus (Coquillettidia linealis and Coquillettidia xanthogaster)

attach to plant roots that they use to breath under water [START_REF] Johnson | Eects of attachment substrate, larval diet, and temperature on development and survival of immature Coquillettidia linealis (Skuse) and Coquillettidia xanthogaster (Edwards)[END_REF] while other mosquitoes (Culex pipiens, Aedes aegypti) are found on the water surface [START_REF] Mulla | An expandable gene that encodes a Drosophila glue protein is not expressed in variants lacking remote upstream sequences[END_REF]).

Modes of attachment

Modes of attachment are diverse. For terrestrial pupae, pupae can be attached by a glue. D melanogaster and P. regina, larvae secrete a glue from their salivary glands to attach themselves (Fraenkel and Brookes 1953). Production of a glue from the salivary glands has been also observed in other Drosophila species such as D. virilis (Kress 1982), D. nasuta (Ramesh and Kalisch 1988), D. hydei [START_REF] Berendes | Salivary gland function and chromosomal pung patterns in Drosophila hydei[END_REF], D. carcinophila (Carson Evolution of the glue produced by larvae for metamorphosis by "yes" (attached) or "no" (not attached) following the name of the species. For species for which pupa is attached, mode of attachment is mentioned when it is known (? when it is not known). Phylogenic tree is adapted from [START_REF] Wiegmann | Episodic radiations in the y tree of life[END_REF][START_REF] Jezovit | Phylogeny, environment and sexual communication across the Drosophila genus[END_REF][START_REF] Stensmyr | The Cayman crab y revisitedphylogeny and biology of Drosophila endobranchia[END_REF]. Tree branches are arbitrary and do not represent real distances. Species names are colored according to their species family and highlighted according to the aquatic (blue) or terrestrial (brown) nature of larval habitat. Sources of observation: Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION 1967) and D. gibberosa (Shirk, Roberts, and Harn 1988). In D. gibberosa, Shirk, Roberts, and Harn 1988 mentioned that glue production is low and that pupae do not attach to the substratum. Muscina stabilans has also been reported to secrete a glue [START_REF] Greenberg | Behavior of postfeeding larvae of some Calliphoridae and a muscid (Diptera)[END_REF]). In aquatic environments, dierent modes of attachment have been reported. The black y S. vittatum builds a cocoon by a spinning behavior [START_REF] Stuart | A re-description of the cocoon-spinning behaviour of Simulium vittatum (Diptera Simuliidae)[END_REF].

In this species, the larva rst secrete a silk pad in which its circlet of hooks will attach [START_REF] Stuart | A re-description of the cocoon-spinning behaviour of Simulium vittatum (Diptera Simuliidae)[END_REF]. Once the larva is anchored by this process, the larva builds a cocoon which will protect the pupa and strengthen its anchoring [START_REF] Stuart | A re-description of the cocoon-spinning behaviour of Simulium vittatum (Diptera Simuliidae)[END_REF][START_REF] Adler | Black ies (Simuliidae)[END_REF]. Larvae of the genus Coquillettidia have been described

to pierce the plant roots to anchor their body while most of the other mosquitoes larvae and pupae only rely on surface tension to stay close to the water surface [START_REF] Johnson | Eects of attachment substrate, larval diet, and temperature on development and survival of immature Coquillettidia linealis (Skuse) and Coquillettidia xanthogaster (Edwards)[END_REF][START_REF] Mulla | An expandable gene that encodes a Drosophila glue protein is not expressed in variants lacking remote upstream sequences[END_REF]). This weak adhesion of pupae to the water surface could be explained by the need to resume moving in case of danger [START_REF] Courtney | Chapter 40 -Order Diptera[END_REF].

According to the reported observations, pupa attachment did not evolve according to the phylogeny of ies (Figure 1.4) and strategies of attachment look diverse. Pupa attachment seems to have evolved independently multiple times and via dierent methods probably in link with the ecology of the species.

Hypothetical functions of pupa attachment

If species have evolved dierent strategies of attachment in various environments, the functions of pupa attachment is probably important for pupal tness. So far, little is known about the roles of pupa attachment but a few hypothesis can be made.

Maintain the pupa in a favorable environment First, we can hypothesize that pupa attachment is important to maintain the individual at the place chosen by the larva. This place could have been chosen to hide from predators and parasites or to be optimal for pupal development in term of physical conditions (temperature, humidity, light, ...). It could maintain the animal in this place in case of wind, strong rain, strong stream or displacements by competitors. Cocoons of the parasitoid wasp Meteorus pulchricornis are less predated when they are naturally hanging than when they are articially attached to a leaf because they are less accessible by predators (Shirai and Maeto 2009). In Cq. linealis, larva and pupa attachment allows respiration through the root plants and is essential for survival [START_REF] Johnson | Eects of attachment substrate, larval diet, and temperature on development and survival of immature Coquillettidia linealis (Skuse) and Coquillettidia xanthogaster (Edwards)[END_REF].

Similarly, reducing surface tension by adding a non toxic surfactant to the water -thus reducing pupa / water surface contact -increases pupa mortality of Culex pipiens and Aedes aegypti mosquitoes [START_REF] Mulla | An expandable gene that encodes a Drosophila glue protein is not expressed in variants lacking remote upstream sequences[END_REF]). Being attached to stay at a suitable site was also reported in eggs. Females of many buttery species choose to lay Evolution of the glue produced by larvae for metamorphosis 1.2. PUPA ATTACHMENT IN DIPTERA and attach their eggs on the plant on which the larvae will feed (Hinton 1981;Wiklund 1984).

Allow aggregations

Second, when associated with aggregation, attachment can protect from predators. In the freshwater caddisy Rhyacophila vao, pupa aggregation confers a better protection against its predator Polycelis coronata, a planarian atworm (Wrona and Dixon 1991).

Aggregation increases the risk of being encounter by predators but can decrease mortality through dilution of the predator attack success (Wrona and Dixon 1991). Aggregations could also protect from parasitism. In Drosophila subobscura, grouped larvae could access inner parts of the fruits that isolated larvae cannot and larvae inside the fruits are less infected by parasitoid wasps [START_REF] Rohlfs | Spatial aggregation across ephemeral resource patches in insect communities: an adaptive response to natural enemies?[END_REF]. Aggregation is commonly observed in carrion larvae. In Calliphoridae species, formation of larval groups in corpses allows a protection against predators, a better communication between individuals and a rapid development by increasing the local temperature [START_REF] Rivers | Light as an ecological determinant of interspecic competition between Drosophila willistoni and Drosophila melanogaster[END_REF][START_REF] Charabidze | Larval-mass eect: Characterisation of heat emission by necrophageous blowies (Diptera: Calliphoridae) larval aggregates[END_REF][START_REF] Aubernon | Les larves de diptères nécrophages en entomologie médico-légale : une histoire de température[END_REF].

Protect from being collected by predators

Third, we can hypothesize that pupa adhesion might have another, yet unexplored, eect against predation. At the pupal stage, the animal is particularly vulnerable because it generally cannot move. Being attached could be a way to protect the pupa by preventing potential predators such as ants from taking the animal away. Ants are one of the main predators of fruit y pupae (Hennessey 1997;Thomas 1995;Urbaneja et al. 2006). Moreover, in a previous study, ants were previously observed to dig up and carry D. suzukii pupae out of the soil (Woltz and Lee 2017). This is a common strategy for ants to bring their prey back to the nest and consume them later [START_REF] Cerdá | Predation by ants on arthropods and other animals[END_REF].

Antimicrobial properties

Fourth, the glue could have antimicrobial properties to protect the pupa from contamination. The glue could serve as a protective layer between the substrate and the animal. Saliva and mucus in general are known to have antimicrobial properties, protecting epithelial cells from the external environment. This is the case in humans [START_REF] Linden | Mucins in the mucosal barrier to infection[END_REF]) and this function is conserved in all animals producing mucus [START_REF] Bakshani | Evolutionary conservation of the antimicrobial function of mucus: a rst defence against infection[END_REF]. The high viscosity and thickness of mucus physically prevents the passage of pathogens. Additionally, the elasticity of mucus bers and their ability to rearrange easily their hydrophobic and hydrophilic regions, makes them ecient to trap microbes by various chemical interactions [START_REF] Bakshani | Evolutionary conservation of the antimicrobial function of mucus: a first defence against infection[END_REF] 

Help adult y emergence

Fifth, being attached could help the adults to emerge from the pupal case, as it was suggested for butteries (Chapman 1982). If the pupal case freely moves, the adult may not get out from the pupal case.

Roles of pupa attachment can be diverse and probably vary between species. More studies are needed to understand the functions of pupa adhesion. In any case, the adhesion is at the interface between the animal and its surrounding environment. If pupa attachment has a crucial role in the y survival, the adhesion characteristics will probably be adapted to the various environments in which ies are living.

Evolution of the glue produced by larvae for metamorphosis About 24 hr before the end of the third instar (L3), the larva stops feeding and starts searching for a site to pupariate: this is the wandering stage. At this period, larvae can stay or leave the food source to nd an appropriate place to perform metamorphosis. After about 68 hr of wandering, the larva begins pupariation. Pupariation is the process by which the animal goes from a larva to a prepupa. During this period, the animal is called puparium but, strictly speaking, remains a larva [START_REF] Ashburner | Chapter 6: Life Cycle[END_REF].

This process lasts about 4-6 hr and is characterized by various changes: immobilization of the animal, hardening of the cuticle, reshaping of the body, extrusion of the anterior 34

Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION spiracles for ecient gas exchange, etc. Pupariation is followed by pupation during which the individual will go from a prepupa to a pupa. During pupation, multiple changes occur in a few hours including larval-pupal apolysis: the cuticle of the individual will divide to form the pupal case, which is an external protective layer of the pupa, and the new cuticle of the pupa [START_REF] Ashburner | Chapter 6: Life Cycle[END_REF]. After about 4 days at the pupal stage in D. melanogaster, the adult will emerge from the pupal case.

Glue expectoration

A substance is produced in the salivary glands at the end of the wandering stage and is expectorated at the beginning of pupariation (Fraenkel and Brookes 1953, Figure 1.5).

Drosophila melanogaster expectoration has been rst described in 1953 and this substance has been called glue because it has been observed to attach the pupa to the substrate (Fraenkel and Brookes 1953). The secreted liquid spreads between the body by larval peristaltic movements and dries rapidly within a few minutes (Figure 1.6). After several days, the adult y emerges from the pupal case while the pupal case remains attached to the substrate.

Drosophila pupation site preference behavior is genetically determined

Pupation site preference is the behavior of wandering larva to choose a site to pupariate. This behavior has been mostly studied by observing the position of the pupa in lab cultures. The choice to pupariate in the food source or away from the food source has been measured by measuring the height at which larvae pupariate in culture tubes in which food is present at the bottom (Sokolowski 1985). Pupation height was found to be partly genetically determined by the second and the third chromosome in D. melanogaser (Sokolowski 1985). Articial selection experiments in D. annanassae [START_REF] Singh | Evidence for additive polygenic control of pupation height in Drosophila ananassae[END_REF] as well as in D. melanogaster [START_REF] Garcia-Florez | Selection for pupation height in Drosophila melanogaster[END_REF]Carracedo 1989, Sisodia and[START_REF] Sisodia | Behaviour genetics ofDrosophila: Non-sexual behaviour[END_REF] suggested that pupation height was under additive polygenic control.

Tests on wild isolates showed that pupation height was indeed a good proxy to study pupation site preference: populations of ies derived from pupae found in fruits have smaller pupation height than populations derived from pupae found in the soil (Sokolowski 1985).

To have a better idea of the natural behavior to pupariate in or away from the food source, pupation distance assays have been conducted. In this assay, third instar larvae were let to pupariate in Petri dishes lled with agar and having a food plug at the center. Distance of pupae from the food plug was measured [START_REF] Sokolowski | Genetic analyses of pupation distance in Drosophila melanogaster[END_REF].

Interestingly, pupation distance was also genetically determined by the second and the third chromosome and strains that pupariate at higher height also pupariate at farther distances [START_REF] Sokolowski | Genetic analyses of pupation distance in Drosophila melanogaster[END_REF]. However, pupation height has a greater second Evolution of the glue produced by larvae for metamorphosis 
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Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION chromosome contribution (Sokolowski 1985) whereas pupation distance has a greater third chromosome contribution, suggesting that pupation height choice and pupation distance choice are two distinct behaviors which correlate [START_REF] Sokolowski | Genetic analyses of pupation distance in Drosophila melanogaster[END_REF]. A more recent study identies QTL having an eect on intraspecic variation of the choice of D. simulans larvae to pupariate on or outside the food [START_REF] Erezyilmaz | Pupariation Site Preference Within and Between Drosophila Sibling Species[END_REF]. They found QTL on the second, the third and the X chromosomes. Using D. simulans and D. sechellia, the authors also identied QTL having an eect on interspecic variation of pupariation site choice on the second and the X chromosomes [START_REF] Erezyilmaz | Pupariation Site Preference Within and Between Drosophila Sibling Species[END_REF]. Another behavior that has been well studied in the lab is the path length of larvae when exploring their environment. The way larvae are foraging their environment is also genetically controlled and natural populations are polymorphic for this behavior. We can distinguish "rover" individuals which tend to form long path length exploring large part of their environment and "sitter" individuals which do not move much (Sokolowski 1980). Again, this behavior correlates well with pupation height: Strains obtained from long path length individuals tend to pupariate at a highest height than strains from short path length individuals [START_REF] Sokolowski | Elucidating the behavioral phenotype of Drosophila melanogaster larvae: correlations between larval foraging strategies and pupation height[END_REF]. The gene foraging (for ) with the major eect for the the rover/sitter phenotype was identied on the chromosome 2 [START_REF] Belle | Genetic localization of foraging (for): a major gene for larval behavior in Drosophila melanogaster[END_REF]. This gene codes for a cyclic guanosine monophosphate (cGMP)-dependent protein kinase (PKG) [START_REF] Osborne | Natural behavior polymorphism due to a cGMP-dependent protein kinase of Drosophila[END_REF]. During embryonic development, PKG activity is required for the formation of functional neuronal circuit [START_REF] Peng | cGMP-dependent protein kinase encoded by foraging regulates motor axon guidance in Drosophila by suppressing Lola function[END_REF]. Genes to explain variation in the pupation height behavior and pupation distance have not been identied. Genetic loci that inuence behavior are often dicult to identify because of the quantitative nature of behavioral phenotypes and their sensitivity to environmental factors.

Drosophila pupation site preference behavior depends on the environment and on species

Drosophila pupation site preference has genetic components and is probably a mixture of multiple behaviors (pupation height preference, pupation distance preference, etc) but is very plastic to environmental cues. As shown below, site preference depends on abiotic parameters such as humidity, darkness, temperature or the nature of the substrates and on biotic factors such as the presence of conspecic and heterospecic larvae. Furthermore, pupation site preference site varies between species.

Humidity

Humidity is one of the major factor inuencing pupation site choice (Sokolowski 1980).

In D. melanogaster, the proportion of pupae found in the soil rather than in fruits depends on the soil water content. When the soil is moist, larvae tend to pupariate more in the Evolution of the glue produced by larvae for metamorphosis 1.3. DROSOPHILA AS A MODEL ORGANISM TO STUDY PUPA ATTACHMENT soil and survival is better in a wet soil than in fruits (Sokolowski 1980). On the contrary, survival is better in fruits when the soil is dry. Similarly, when larvae have the choice between sand and agar, larval choice depends on humidity of the sand: when the sand is moist, larvae choose the sand and when the sand is dry, they choose agar [START_REF] Godoy-Herrera | The behaviour of Drosophila melanogaster larvae during pupation[END_REF]). Discrimination of pupariation site according to humidity may be an adaptation to the climate to avoid desiccation (Sokolowski 1985).

Light

Intensity of light also inuences pupation site preference. While D. melanogaster prefers to pupariate in the dark, D. willistoni [START_REF] Rizki | Light as an ecological determinant of interspecific competition between Drosophila willistoni and Drosophila melanogaster[END_REF] and D. simulans [START_REF] Manning | Light-dependent pupation site preferences in Drosophila. II. Drosophila melanogaster and Drosophila simulans[END_REF] prefer to pupariate in the light. Interestingly, the discrimination between light and darkness is stronger when D. melanogaster and D. willistoni are raised together [START_REF] Rizki | Light as an ecological determinant of interspecific competition between Drosophila willistoni and Drosophila melanogaster[END_REF]. Light impacts on pupation height: D. melanogaster larvae pupariate at a higher height in the light than in the dark while D. simulans larvae pupariate at low height in both conditions [START_REF] Schnebel | The inuence of light on pupation height in Drosophila[END_REF].

At the contrary, Markow 1979 reported that both species pupariate at higher height in the dark. Change in pupation site preference according to light may be adaptive to resist desiccation and to hide from predators [START_REF] Markow | A survey of intra-and interspecic variation for pupation height in Drosophila[END_REF].

Temperature

Temperature inuences pupation height in the laboratory and the eects of temperature are dierent between species [START_REF] Schnebel | Temperature eects on pupation-height response in four Drosophila species group triads[END_REF]. Schnebel and Grosseld 1992 have looked at pupation height of four Drosophila species groups (melanogaster group, virilis group, repleta group and willistoni group) at dierent temperatures. At low temperature (4.5-5.5 °C), they found that larvae from virilis group do not crawl up to the walls of the tubes to pupariate while the species from melanogaster group moved up to 4-4.5 mm. Interestingly, the species of the two groups experience the same low temperature range in the wild but do not react the same way at this range [START_REF] Schnebel | Temperature eects on pupation-height response in four Drosophila species group triads[END_REF]. At mean temperature (18.5-20 °C), some species from the two groups move up to 2-7 mm while other species from the two groups do not move up. In Drosophila jambulina, larvae prefer to pupariate on food at 30 °C whereas at 21 °C, they pupariate on the cotton [START_REF] Ramniwas | Pupation site preference selection in Drosophila jambulina[END_REF]. This behavior can also be a way to avoid desiccation.

Substrate

Pupation site preference also depends on the nature of the substrates. While D. busckii and D. hydei prefer to pupariate on smooth surfaces, D. simulans and D. melanogaster pefer rough substrates (Godoy-Herrera and Luis 1998). In the laboratory, larvae have been 38

Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION tested for their pupation site preference for dierent fruits (Vandal, Siddalingamurthy, and Shivanna 2008). Fruits were put in glass vials and pupariation site was observed for dierent species. D. simulans, D. yakuba, D. mauritiana and D. malerkotliana prefer to pupariate on fruits than on glass for all fruits whereas D. melanogaster, D. ananassae, D. virilis, D. novamexicana and D. hydei always prefer to pupariate on glass. D. bipectinata larvae prefere to pupariate on glass except for apple (Vandal, Siddalingamurthy, and Shivanna 2008). In another study, D. melanogaster choose to pupariate in the food instead of plexigas whereas it chooses sand over food. D. melanogaster prefers to pupariate in hard dry sand than in ne dry sand. Fine dry sand being more compact, it may be more dicult for larvae to dig and to breath once buried [START_REF] Godoy-Herrera | The behaviour of Drosophila melanogaster larvae during pupation[END_REF]).

Heterospecic competition

Pupation site preference is also largely inuenced by the presence of heterospecic species. D. buzzatii and D. simulans are both found in decaying prickly pear fruits.

Larvae of these species detect heterospecic larvae and change their pupariation site in presence of the other species. When they are alone, D. simulans pupariate inside the fruits and underneath the fruits while D. buzzatii pupariate inside the fruits and under the skin of the fruits. When the two species are present in the fruits, D. simulans pupariate mainly inside the fruits while D. buzzatii pupariate only under and over the skin of the fruits (Beltramí et al. 2012, Figure 1.7). Larvae can discriminate between conspecic or [START_REF] Beltramí | Drosophila pupation behavior in the wild[END_REF]. In fruits collected in the wild and containing larvae from both D. buzzatii and D. simulans, the two species are clustering more with conspecics. Conspecics recognition are partly mediated by larval odors. In particular, D. buzzatii larvae are more attracted to medium previously occupied by D. buzzatii larvae than previously occupied by D. simulans larvae [START_REF] Beltramí | Drosophila pupation behavior in the wild[END_REF]. Same results were obtained for the pair D. melanogaster-D. funebris, D. melanogaster-Zaprionus tuberculatus [START_REF] Ringo | Pupation Site Selection in Four Drosophilid Species: Aggregation and Contact[END_REF] but when put together, D. melanogaster and D. simulans do not seem to discriminate between conspecics and heterospecics [START_REF] Ringo | Pupation Site Selection in Four Drosophilid Species: Aggregation and Contact[END_REF].

Conspecic competition

Intraspecic density can also inuence pupation site preference. In D. suzukii, when larvae are raised at a low density, larvae prefer to pupariate in the food source in both cornmeal medium and blueberry fruits while they prefer to pupariate outside the food source when raised at high density (Da Silva et al. 2019). When crawling away from the food source, larvae is vulnerable and spend energy to move. However, pupae staying on the food source have lower survival and lower tness as larval density increases. This phenomenon can be partly explained by larval cannibalism upon intraspecic pupae and the risk of drowning when the fruit is consumed and becomes moist (Da Silva et al. 2019). Under crowded conditions in the lab, rst and second instar larvae attack and eat conspecic wandering larvae. A diet exclusively based on cannibalism has been shown to be sucient for a normal development [START_REF] Vijendravarma | Predatory cannibalism in Drosophila melanogaster larvae[END_REF].

Similarly, other studies found that pupation height increases with larval density in D. melanogaster [START_REF] Sokolowski | Elucidating the behavioral phenotype of Drosophila melanogaster larvae: correlations between larval foraging strategies and pupation height[END_REF] and D. simulans [START_REF] Ringo | Pupation site selection in Drosophila simulans[END_REF].

Mueller and Sweet 1986 found that selected lines for high height better survive in high larval density than non selected lines [START_REF] Mueller | Density-dependent natural selection in Drosophila: evolution of pupation height[END_REF].

Other factors

Other environmental factors can inuence larval pupation site preference. pH has been shown to inuence pupation site preference. D. buzzatii and D. simulans larvae prefer to pupariate on alkaline substrates than on acid substrates [START_REF] Beltramí | Drosophila pupation behavior in the wild[END_REF].

Parasitism can also impact pupation site preference. D. melanogaster pupation height increases when pupae were parasitized by Asobara citri or Asobara persimilis parasitoid wasps [START_REF] Seyahooei | Closely related parasitoids induce dierent pupation and foraging responses in Drosophila larvae[END_REF]. Surprisingly, the opposite eect was found when pupae were parasitized by Asobara tabida, Asobara pleuralis or Asobara japonica. Interestingly, increasing pupation height in presence of A. citri seem adaptive as pupae on the walls survive better than pupae in the bottom of the tubes in presence of this parasitoid. In presence of A. tabida, foraging behavior is reduced and could explain the decrease in 40 Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION pupation height. Reduction of foraging behavior could be explained by a manipulation of the host maybe by reducing for expression [START_REF] Seyahooei | Closely related parasitoids induce dierent pupation and foraging responses in Drosophila larvae[END_REF].

Pupation site may partly determine how pupa is attached. However, pupation site preference is a complex trait regulated by various environmental factors. Natural pupation site is thus very variable and hard to predict. Pupa glue can be expected to be adapted to this variation and stick to various surfaces in various external conditions.

Evolution of the glue produced by larvae for metamorphosis 1.4. DROSOPHILA GLUE COMPOSITION AND EVOLUTION OF GLUE GENES

Drosophila glue composition and evolution of glue genes

To understand better whether Drosophila glue is adapted to a wide variety of environments in Drosophila, the composition of the glue must be investigated.

1.4.1 D. melanogaster glue genes: discovery and regulation Discovery Salivary glands have been observed very early to inate at the end of the third larval stage before pupariation (Fraenkel and Brookes 1953). The content of the salivary glands has been investigated in the 1970s (Beckendorf andKafatos 1976, Korge 1975).

The Salivary Gland Secretion (Sgs) proteins Sgs1, Sgs3, Sgs4, Sgs5 have been rst dened by the migration of salivary glands and saliva extracts on an acid-urea electrophoresis gel (Figure 1. [START_REF] Fraenkel | The process by which the puparia of many species of flies become fixed to a substrate[END_REF]. In presence of ethanol 90-95 %, the saliva present in the lumen of the glands forms an opaque plug and can be easily isolated from the rest of the glands (Fig-

ure 1.8, Korge 1975). Sgs proteins were numbered in order of increasing electrophoretic mobility of the ve major bands (Korge 1975). The second band was then found to be not specic to the salivary glands (Korge 1975). A sixth band was identied in some strains of D. melanogaster and the corresponding protein was called Sgs6 [START_REF] Akam | Drosophila: the genetics of two major larval proteins[END_REF]. Sgs proteins are very abundant in the glands and before being discharged from 42

Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION the gland lumen, they represent 30 % of the total protein content of the salivary glands (Korge 1977). The correlation between these protein secretions and the presence of major pus in the salivary gland polytene chromosomes together with natural variation of Sgs proteins between D. melanogaster stocks have allowed to identify the corresponding genes (Korge 1975). The Sgs genes have been cloned and clearly described in D. melanogaster in the 1980s (Sgs1 : [START_REF] Roth | Structure and regulation of the salivary gland secretion protein gene Sgs-1 of Drosophila melanogaster[END_REF]Sgs3 : Garnkel, Pruitt, and Meyerowitz 1983; Sgs4 : Muskavitch and Hogness 1982; Sgs5 : Guild and Shore 1984) except for the gene corresponding to the Sgs6 protein which has never been identifed. Sgs7 and Sgs8 genes were discovered as they clustered with Sgs3 [START_REF] Garnkel | DNA sequences, gene regulation and modular protein evolution in the Drosophila 68C glue gene cluster[END_REF]Meyerowitz 1983, Hofmann, Garnkel, and[START_REF] Hofmann | cis-acting sequences required for expression of the divergently transcribed Drosophila melanogaster Sgs-7 and Sgs-8 glue protein genes[END_REF]. Ecdysone Induced 71Ee (Eig71Ee ) gene was later identied in a cluster of 11 genes regulated by the ecdysone hormone at dierent times around metamorphosis. Eig71Ee is expressed at the same time as the glue genes in the salivary glands and Eig71Ee protein shares similar characteristics with the other glue proteins Sgs1, Sgs3 and Sgs4. This gene was thus considered as a glue gene [START_REF] Wright | Molecular Characterization of the 71E Late Pu inDrosophila melanogasterReveals a Family of Novel Genes[END_REF]. A recent study from the laboratory and collaborators has identied a new Sgs gene: Sgs5bis (CG7587 ), a tandem paralog gene of Sgs5 which is co-expressed with Sgs5 (Da Lage et al. 2019).

Regulation

The glue starts to be produced at around 85 hr after egg laying and continues during 10-15 hr. The regulation of the glue genes is nely dened by ecdysone pulses. The ecdysone steroid hormone is known to regulate metamorphosis in Drosophila by stimulating larval tissue degradation as well as dierentiation of imaginal discs into adult tissues [START_REF] Ashburner | Chapter 6: Life Cycle[END_REF]. In the salivary glands, three distinct ecdysone pulses nely dene the expression of three sets of genes and are responsible for temporally distinct pus visible in the polytene chromosomes [START_REF] Andres | Molecular analysis of the initiation of insect metamorphosis: a comparative study of Drosophila ecdysteroid-regulated transcription[END_REF][START_REF] Crowley | Steroid regulation of RNAs transcribed from the Drosophila 68C polytene chromosome pu[END_REF][START_REF] Duan | Bab2 Functions as an Ecdysone-Responsive Transcriptional Repressor during Drosophila Development[END_REF]. A rst pulse induces gene expression at the mid-L3

stage. Genes expressed by this rst pulse are called intermolt primary-response genes. This rst pulse is followed by a second one inducing the expression of a second set of genes, the intermolt secondary-response genes, at the larval-prepupal stage. At the third pulse, intermolt late-response genes are expressed and induce the destruction of the larval salivary gland tissue at the late prepupal stage [START_REF] Andres | Molecular analysis of the initiation of insect metamorphosis: a comparative study of Drosophila ecdysteroid-regulated transcription[END_REF][START_REF] Duan | Bab2 Functions as an Ecdysone-Responsive Transcriptional Repressor during Drosophila Development[END_REF]. The glues genes are part of the primary-response genes. They are expressed at the rst pulse and their expression stops at the second pulse. The upregulation of glue genes and other primary-response genes has been shown to be mediated by the Broad-Complex (Br ), a primary-response gene which encodes a family of DNA binding proteins [START_REF] Karim | The Drosophila Broad-Complex plays a key role in controlling ecdysone-regulated gene expression at the onset of metamorphosis[END_REF][START_REF] Kalm | The Broad-Complex directly controls a tissue-specic response to the steroid hormone ecdysone at the onset of Drosophila metamorphosis[END_REF]. A recent transcriptomic study showed that 20 other genes are expressed specically in the salivary glands at the same stage as the glue genes and could thus be involved in the glue function: they are highly enriched in the Evolution of the glue produced by larvae for metamorphosis 
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Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION salivary glands 18 hr before pupa formation and downregulated from 18 hr before pupa formation to pupa formation (Li and White 2003, Figure 1.9). By analyzing the 2000 bp upstream sequences of these genes, they found one shared transcription factor binding site which binds transcription factors from the basic helix-loop-helix (bHLH) family (Figure 1.9). More specically, they found that sage transcription factor was the only bHLH transcription factor co-expressed with these genes. The authors used the double-stranded RNA interference (RNAi) technique to create a sage loss-of-function line. They found that 8 of the 28 genes cluster were downregulated and 2 were upregulated when sage was silenced, suggesting that sage was required to regulate some of these genes (Li and White 2003).

The downregulation of the glue genes at the second pulse has been recently shown to be also mediated by Br through the transcription factor Bric-à-Brac 2 (Bab2 ), a secondary-response gene [START_REF] Duan | Bab2 Functions as an Ecdysone-Responsive Transcriptional Repressor during Drosophila Development[END_REF]. In this recent study, the authors proposed a new model to explain the glue gene regulation (Figure 1.10). The mid-L3 ecdysone pulse rst upregulates the expression of Br. This rst pulse is low and will induce a medium expression of Br which induces the upregulation of the glue genes. The eect of sage was not mentioned in this study but sage may be induced by Br at this rst pulse. The second pulse of ecdysone at the end of the L3 stage is bigger and induces a higher expression of Br. This higher expression of Br upregulates the expression of Bab2. Bab2 directly links with the glue gene regulatory sequences, in particular with Sgs3, and leads to the suppression of their expression (Duan et al. 2020, Figure 1.10).

The glue proteins accumulate in the lumen of the glands before being expelled by the animal. Factors that trigger the expectoration of the glue are not known. is also very short and contains the end of the peptide signal and a C-terminal part.

The second exon of Sgs1 and Sgs3 is similar except that it contains a large sequence of repetitions of a motif of 15-21 nucleotides (nt) long between the end of the peptide signal and the C-terminal part (Figure 1. [START_REF] Chapman | The insects: structure and function[END_REF]. The repetitions represent about 60 % of the total sequence length for Sgs1 and 50 % for Sgs3. Sgs3, Sgs7 and Sgs8 are clustered on the chromosome arm 3L and their sequences are very similar (identity excluding the repeats of Sgs3 : Sgs3 -Sgs7 : 51.3 %; Sgs3 -Sgs8 : 48.7 %; Sgs7 -Sgs8 : 46.7 %) whereas Sgs1 is found on the chromosome arm 2L and has only 14 % identity with Sgs3 excluding the repeats (Da Lage et al. 2019;Figure 1.11). All these elements suggest a common origin of these 4 genes.

Evolution of the glue produced by larvae for metamorphosis Sgs5 and Sgs5bis cluster together on the chromosome arm 3R and are composed of three exons. The two genes are very similar in their sequences (46.3 % identity and 66.9 % similarity at the protein level; Da Lage et al. 2019), suggesting evolution of these genes by tandem duplication (Figure 1.11). The origins of Sgs4 and Eig71Ee remain elusive. Interestingly, although there is no sequence similarity, Eig71Ee has the same gene structure as Sgs1, Sgs3, Sgs7 and Sgs8 (two exons with rst exon of exactly 28 bp).

Eig71Ee is also present on the chromosom arm 3L but distant from the Sgs3 -Sgs7 -Sgs8 cluster (about 4 Mbp further away). Sgs4 is composed of only one exon and is present on the X chromosome. Sgs4 and Eig71Ee also contain a large part of their sequence consisting of a repeated motif. of Thr + Ser, Table 1.1) which are predicted to be highly O-glycosylated [START_REF] Farka² | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF].

In total, the glue is composed of 70 mol% of proteins and 30 mol% of sugar [START_REF] Ashburner | Function and Structure of Polytene Chromosomes During Insect Development[END_REF]Korge 1975;Beckendorf and Kafatos 1976). Repeat motifs are from 3 to 20 amino acid length and form the core of the polypeptide chain. The repeat regions are predicted to be disordered while the N-and C-terminal regions are predicted to be more ordered, forming alpha-helices and beta-sheets [START_REF] Farka² | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]Da Lage et al. 2019) 1.1) and a serine and threonine content of about 60 mol% (Table 1.1). Sgs1, Sgs3 and Eig71Ee belong to the mucin family [START_REF] Syed | A potential role for Drosophila mucins in development and physiology[END_REF]. Mucins are characterized by extended regions of tandemly repeated sequences that contain prolines with serines and/or threonines, which bind to large sugar side chains. The protein core of mucins are positively-charged whereas the sugars are negatively-charged, which confer both hydrophobic and hydrophilic regions to the mucin [START_REF] Linden | Mucins in the mucosal barrier to infection[END_REF]. In general, mucins allow the lubrication of the luminal surface of glands, which provides protection of the tissues [START_REF] Syed | A potential role for Drosophila mucins in development and physiology[END_REF] Every glue protein has a high isoelectric point, underlying their basic nature (Table 1.1).

Predicted functions

Interestingly, we can highlight some similarities with Mfps and other bioadhesives: they are basic, glycosylated, they contain repeats and they are rich in certain types of amino acids. We can assume that the glue proteins form a structure relatively organized and that each protein has a unique function during secretion and in the adhesion process.

The glycosylated amino acids of Sgs1, Sgs3, Sgs4 and Eig71Ee could be important for a rehydratation step to allow the lubrication of the gland lumen and the mouth to facilitate glue expectoration [START_REF] Farka² | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]) in addition to their role in adhesion. The more ordered proteins Sgs5, Sgs5bis, Sgs7 and Sgs8 could interact with the disordered proteins to prevent their aggregation and allow the steps leading to the secretion of the glue proteins such as formation and maturation of the secretory granules in the cells and exocytosis [START_REF] Farka² | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]. So far, no study has focused on the role of these proteins. Future studies are needed to clarify the functions and interactions of these glue proteins and would contribute to a better understanding of the mechanisms of bioadhesion in general.
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Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION 1.4.4 Glue genes in other Drosophila species A rst mention of glue genes in other species of Drosophila was reported in Farka² 2016. They reported that Sgs1 was only found in D. sechellia and the genes shared by most of the species were Sgs5 and Sgs7, probably because the sequences of Sgs1, Sgs3, Sgs4 and Eig71Ee were used as a BLAST query with the repeat parts. However, methods of this rst study were not detailed.

A recent study from the laboratory and collaborators has looked at the glue genes in 19 additional Drosophila species (Da Lage et al. 2019). The glue genes were found in the other species of Drosophila with BLAST using D. melanogaster sequences excluding the repeat regions for the genes with repeats. No Sgs genes was found to match with sequences outside the Drosophila genus. Multiple events of gain and loss of genes but also gene inversions between Drosophila species have been highlighted (Figure 1.12). For example, Sgs4 was only found in the D. melanogaster subgroup species (Figure 1.12), Sgs3 was found in a single copy in D. melanogaster and its sister species and in multiple copies in more distant species such as D. eugracilis and D. biarmipes (Figure 1.12). All the species investigated had at least one copy of Sgs3 except D. suzukii. Furthermore, in genes containing repeats, the nature and the number of repeats changed between species. For example, Sgs3 protein motif changes from "KPTTT" in D. melanogaster to "CKPTTTTTT" in D. sechellia (Table 1.2).

Species

Sequence of the motif Number of motifs 

2019.

Overall, this study found a rapid evolution of these glue genes at dierent levels: at the intraspecic level with a change in the number of repeats between strains and at the interspecic level with multiple events of gain and loss of genes as well as changes in the repeat motif sequences between species. This rapid evolution could explain why we Evolution of the glue produced by larvae for metamorphosis 

Applying a molecular population genetics approach

Evolution is the process through which populations of living organisms change over time. Molecular population genetics is a branch of genetics which looks at the genetic variations between and within populations to understand how natural selection is acting to shape evolution of populations. Molecular population genetics relies on the study of alleles and allele frequency. One allele is one version of a nucleotide site in a sequence and its allele frequency is the frequency of this allele in a population [START_REF] Hahn | Molecular population genetics[END_REF]. Modern molecular population genetics has much of its foundation rooted in the neutral theory of evolution: evolution is mainly neutral and population evolves under genetic drift: new alleles arise and do not confer advantages over preexisting alleles [START_REF] Kimura | Genetic variability maintained in a nite population due to mutational production of neutral and nearly neutral isoalleles[END_REF]). Under this framework, the frequency of new alleles in the population changes mostly due to chance and dierences observed between species are thus mostly reecting the time of divergence between these two species. In fact, new mutations can also have deleterious eects. In this case, the new alleles are eliminated rapidly by negative selection (also called purifying selection) and are rarely observed when looking at dierences between species. In other cases, mutations can be advantageous (ie under positive selection). The frequency of these advantageous alleles will increase in the population and can become xed (becoming the only allele in the population). During this process, there is a decrease in diversity in the region around the allele that is under positive selection: this is called selective sweep. Another concept is balancing selection. Balancing selection is observed when genetic variation is maintained in a population due to context-dependent selective pressures [START_REF] Singh | Balanced Polymorphism[END_REF]. In these cases, multiple alleles can be maintained at intermediate frequency in the population or the species. In the case of spatially varying selection, it can be considered as local adaptation at the level of a population but as balancing selection at the level of the species.

For genes with important functions and/or with direct link with the environment, we can assume that these genes would have signatures of selection.

Identifying signatures of selection

The initial step of all comparative genetic analysis is the alignment of individual sequences to generate an orthology map of each nucleotide site across individuals.

To study variation within a population, we can calculate dierent parameters using information given by the segregating sites. Segregating sites (or polymorphic sites) are sites at which there are dierences between the dierent individuals (sites with multiple alleles). Inferring selection based on these parameters often makes the assumptions that the population is at an equilibrium, meaning that there was no change in population size 52

Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION and no migration events along the period of time that we are looking at and that the genes only evolved through mutation events. These assumptions are never completely true when working with real populations.

Nucleotide diversity

The parameter π is dened as the average nucleotide dierences per site between two pairs of sequences when taking all the possible pairs of sequences in a population.

Nucleotide dierences per site is the number of segregating sites divided by the total number of sites [START_REF] Nei | Mathematical model for studying genetic variation in terms of restriction endonucleases[END_REF]. Low diversity (π close to 0) means that there are a few dierences between individuals while high diversity (π close to 1) means that there are a lot of dierences between individuals. Level of diversity can be used to infer selection: low diversity may be a signature of selective sweep while high diversity may suggest balancing selection. However, diversity depends on mutation and recombination rates. In particular, in regions of the genome with a low recombination rate or low mutation rate, diversity is lower than in regions of high recombination rate [START_REF] Hartl | Principles of population genetics[END_REF]Clark 1997, Cutter and[START_REF] Cutter | Genomic signatures of selection at linked sites: unifying the disparity among species[END_REF].

Another value of diversity is θ also called Watterson estimator [START_REF] Watterson | On the number of segregating sites in genetical models without recombination[END_REF]. θ

is measured by the number of segregating sites divided by the total number of sites and corrected by the number of sequences. Interpretations of θ are similar to π but θ is more sensitive to rare alleles.

Haplotype diversity

A haplotype is a particular combination of alleles observed in a chromosome [START_REF] Hahn | Molecular population genetics[END_REF]. New haplotypes arise from new mutations but also from recombinations. Haplotype diversity represents the probability that two randomly haplotypes are dierent [START_REF] Nei | DNA polymorphism detectable by restriction endonucleases[END_REF]. High haplotype diversity (close to 1) means that many haplotypes are found in the population and may suggest balancing selection. However, haplotype diversity is also sensitive to recombination rate and mutation rate. Indeed, high haplotype diversity can be due to high recombination rate or high mutation rate.

Tajima's D test

Statistical tests can be used to test whether a locus follows a neutral trajectory or not.

Tajima's D test compares the average number of pairwise dierences between individuals (π) to the total number of segregating sites (θ) and gives a parameter called Taj D [START_REF] Tajima | Statistical method for testing the neutral mutation hypothesis by DNA polymorphism[END_REF]). Under neutral evolution, these two parameters are expected to be equal and Taj D ≈ 0. If Taj D < 0, it means that there is an excess of rare alleles (π < θ, all polymorphisms are at low frequency), which may suggest that there was a recent selective sweep. If Taj D > 0, it means that there is an excess of alleles at intermediate frequency (π > θ),

Evolution of the glue produced by larvae for metamorphosis As dierences between species are a long-term consequence of dierences within a species, we can also leverage patterns of genetic divergence between species to evaluate the presence of adaptive signatures across genes [START_REF] Hartl | Principles of population genetics[END_REF][START_REF] Hahn | Molecular population genetics[END_REF].

dN/dS The authors rst estimated the ratio dN/dS for the glue genes using D. melanogaster and its sister species D. simulans. They found that dN/dS ratio of Sgs1 and Sgs8 were in the highest three centiles of the set of genes shared by the species pair and that they have dN/dS > 1 (respectively 1.4 and 1.3) suggesting adaptive evolution of these two genes. The other glue genes had a ratio close to 0 but were in the highest quartile of the shared set of genes. They also measured diversity in dierent populations of D. melanogaster for Sgs5, Sgs5bis, Sgs7 and Sgs8 and found that the diversity of these genes was within the average diversity of the genome. Furthermore, they did not nd particular divergence pattern between populations for these four genes.

The same parameters were not investigated for Sgs1, Sgs3, Sgs4 and Eig71Ee because they contain repeats.

Studying the adaptation of the glue genes between populations and between closely

Evolution of the glue produced by larvae for metamorphosis 55 1.5. EVOLUTIONARY GENOMICS OF DROSOPHILA GLUE GENES related species is limited by the presence of large repeated sequences in some of the genes.

When a motif is repeated in the genome, a sequence containing this motif cannot be assigned to a unique location in the genome [START_REF] Kellogg | Genome sequencing: long reads for a short plant[END_REF]Figure 1.13). Furthermore, when using short-reads sequencing technology like Illumina sequencing (50-300 bp), parts of the genome consisting of repeats cannot be assembled correctly (Kellogg 2015, Figure 1.13).

As Sgs1, Sgs3, Sgs4 and Eig71Ee are mainly composed of repeats, their sequence assembies are not of good quality in genomes built with short reads: their sequences contain a lot of undetermined nucleotides and not the correct number of repeats. Furthermore, sequences from dierent individuals cannot be aligned with certainty, which limits the population genetic analysis. To avoid this problem, genome assemblies relying on long reads sequencing technology are needed. Long-read sequencing technologies like PacBio [START_REF] Rhoads | PacBio Sequencing and Its Applications[END_REF] or nanopore [START_REF] Amarasinghe | Opportunities and challenges in long-read sequencing data analysis[END_REF] allow to obtain reads of 1500 to 2500 bp. Having longer reads increases the chance to obtain reads that can be assigned to a unique location in the genome [START_REF] Kellogg | Genome sequencing: long reads for a short plant[END_REF]Figure 1.13). High-quality genomes allow to resolve the problem of poor-quality alignment in the repeats. However, when the motif is too dierent and/or the length of the motif changes between individuals, alignments are still not possible.

In the glue genes containing repeats, the number of repeats vary between populations (Da Lage et al. 2019). Although indels may be a source of selective advantage or disadvantage, there are usually excluded in classic molecular population genetics analysis. Natural adhesives have a very important significance for the biology of organisms and are a great material for innovation of biologically inspired technical adhesives. The most studied bioadhesives are from marine organismsmussels and barnacles [START_REF] Power | Mechanisms of adhesion in adult barnacles[END_REF] and they are now used in a variety of biomimetic applications such as surgical sealants to repair tissues or synthetic polymer coatings [START_REF] Lee | Musselinspired adhesives and coatings[END_REF]. Bioadhesives in insects are less studied although they are extremely diverse [START_REF] Gorb | Attachment Devices of Insect Cuticle[END_REF]Graham, 2008;Li et al., 2008;Betz, 2010). Some insects produce glue to secure their eggs or cocoon (Betz, 2010). A few studies have been carried out on egg glue composition and particularly on the glue adhesive strength in different insect species. For example, in Opodiphthera moths, females secrete a viscous fluid from their accessory reproductive gland that sticks their eggs to each other and to the substratum. This hydrogel-type glue is highly elastic and mainly made of proteins.

The shear strength reaches 1-2 MPa on wood, which could potentially be enough for some industrial applications (Li et al., 2008). Furthermore, these eggs and eggs from other species such as Crioceris asparagi have the ability to attach to plants covered with crystalline epicuticular waxes known to be non-adhesive (Voigt and Gorb, 2010). Similar properties have been revealed in the egg glue of codling moths (Al Bitar et al., 2012, 2014). Thus, investigating the glue of various insect species appears to be a great strategy to find novel universal and substrate-specific adhesives. Surprisingly, although Drosophila melanogaster is a model organism that is extensively used in laboratories, little is known about pupal adhesion in this species.

Drosophila melanogaster larvae secrete a glue from their salivary glands right before pupariation (Fraenkel and Brookes, 1953). After expectoration, following larval peristaltic movements, the secreted liquid spreads between the body and the substrate and dries within a few minutes (Benǒvá-Liszeková et al., 2019). This glue allows the animal to stay firmly attached to an external surface for several days, until the adult fly emerges from the pupal case, while the pupal case remains attached to the substrate. The pupa of other Brachycera fly species is also often attached to a substrate during metamorphosis (Fraenkel and Brookes, 1953).

In the wild, Drosophila pupae have been reported to adhere to a great variety of substrates, from fruits to beer bottles [START_REF] Vouidibio | Short-range genetic structure of Drosophila melanogaster populations in an Afrotropical urban area and its significance[END_REF], and in diverse environments. Particularly, pupae have been observed on dry parts of various fruits, some species have also been found fixed to wood, wet and rotten parts of fruits, deep in the soil and to one another (Grossfield, 1978;Sokolowski, 1985;Vandal et al., 2008;[START_REF] Beltramí | Drosophila pupation behavior in the wild[END_REF][START_REF] Pino | The neuro-ecology of Drosophila pupation behavior[END_REF]. Pupal attachment might be important for not being taken away by predators, to resist environmental conditions (wind or rain) or to help adult flies emerge from the pupal case after metamorphosis (Da Lage et al., 2019).

In D. melanogaster (Korge, 1975(Korge, , 1977) ) and other Drosophila species [D. virilis (Kress, 1982), D. natusa (Ramesh and Kalisch, 1988) and D. gibberosa (Shirk et al., 1988)], the glue is composed of a small number of proteins called salivary gland secreted (Sgs) proteins. These proteins present repeated motifs and glycosylations, which are commonly found in adhesive proteins (Graham, 2008;Betz, 2010). Some of the Drosophila glue proteins are rich in cysteine, like many marine adhesive proteins, and this property could be important to maintaining a secondary structure by forming disulfide bonds (Graham, 2008). Other Drosophila glue proteins are rich in serine and threonine and highly O-glycosylated, suggesting that they may interact with water to hydrate or dehydrate the glue [START_REF] Farkaš | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]. The Sgs genes have evolved rapidly between species and within species (Korge, 1975(Korge, , 1977;;Beckendorf and Kafatos, 1976;Da Lage et al., 2019).

Here, we investigated the adhesive properties of the glue of D. melanogaster on different substrates. First, we analyzed the contact region between the pupa and the surface to which it is attached. Then, we designed a pull-off force measurement set-up. We assessed the force required to detach the pupa from different substrates, with different hydrophilic and charge properties or with different roughnesses, and analyzed the way in which rupture occurs.

MATERIALS AND METHODS Flies

Drosophila melanogaster Meigen 1830 flies were cultured in plastic vials on standard medium [1 liter: 62.5 g yeast, 62.5 g cornmeal, 10.0 g agar-agar, 20.0 g glucose monohydrate, 30.0 g molasses, 30.0 g sugar beet syrup, 10.0 ml propionic acid (10%), nipagin (10%)] at room temperature. The stock Canton S (gift from Roger Karess, Institut Jacques Monod, CNRS, Université de Paris) was used for force measurement assays and SEM microscopy. The stock w[*]; P{w[+m*]=Sgs3-GFP}2 (FBti0016953; Bloomington Drosophila stock 5884; [START_REF] Biyasheva | Glue secretion in the Drosophila salivary gland: a model for steroid-regulated exocytosis[END_REF] was used for confocal microscopy.

Larva preparation

Third instar wandering larvae were washed in PBS to remove traces of food and microorganisms from their surface, put in empty Petri dishes with a paintbrush and kept in a high humidity atmosphere at room temperature in a closed plastic box (15×10×5 cm) containing wet cotton. When larvae stopped moving, they were transferred on the substrate of interest with soft forceps, kept at high humidity as mentioned above and left to pupariate. Five to 24 h after transfer to the substrate of interest, the substrate with pupae attached to it was placed in room humidity for 1 h to allow the glue to dry completely, and then the pupae were used for adhesion assays. Pupae not used for assays were weighed individually using a Mettler Toledo AG203 (DeltaRange ® , Gießen, Germany). Temperature, humidity and atmospheric pressure were monitored daily.

Preparation of glass and Teflon substrates

Two types of non-coated microscopic glass slides were used to measure adhesion on glass: Menzel Superfrost microscope glass slide from Thermo Fisher Scientific (AGAB000080) and microscopic glass slide from Roth (0656.1). Atmospheric plasmatreated glass slides were prepared using a PlasmaBeam (Diener electronic GmbH, Ebhausen, Germany) on Roth glass slides for 1 min. To prepare poly-L-lysine-polyethylene glycol-coated (PLL-PEG-coated) glass slides, Roth glass slides were cleaned with a plasma cleaner then coated with 0.1 mg ml -1 non-biofunctionalized PEG side-chains (methoxy-terminated) (SuSos). Poly-L-lysinecoated (PLL-coated) glass slides from Thermo Fisher Scientific (J2800AMNZ) and pieces of Teflon (Polytetrafluorethylene, Kelux, Geldern, Germany) were also tested.

Preparation of Spurr epoxy resin substrates

First, a silicone cast was made by pouring polyvinylsiloxane (light body Affinis, Colteǹe/Whaledent GmbH+Co. KG, Langenau, Germany) over a cleaned Roth glass slide [to create the smooth resin, roughness average (R a )=80 nm [START_REF] Salerno | Attachment ability of the polyphagous bug Nezara viridula (Heteroptera: Pentatomidae) to different host plant surfaces[END_REF]] or over glass slides covered by polished papers with different grain sizes: 1 and 9 μm [R a =0.54 and 2.47 μm measured over 1400×1050 μm area using a NewView 6k white light interferometer (Zygo, Middlefield, CT, USA); both with FiberMet Abrasive disks, Buehler] [START_REF] Salerno | Attachment ability of the polyphagous bug Nezara viridula (Heteroptera: Pentatomidae) to different host plant surfaces[END_REF], and P1000 and P80 [R a =3.94 and 40.40 μm measured over the same area using a VR 3100 3D profilometer (Keyence, Neu-Isenburg, Germany); polishing papers, Bahaus]. After a couple of minutes, the slide and the polished paper were removed and the edges of the polyvinylsiloxane cast were made higher. Then, Spurr epoxy resin [START_REF] Spurr | A low-viscosity epoxy resin embedding medium for electron microscopy[END_REF] was poured into the polyvinylsiloxane cast and polymerized at 65°C overnight in a Memmert U 15 oven (Schwabach, Germany). Resin was then allowed to cool down for a couple of hours before unmolding. Each resin was used for several assays.

Contact angle measurements

Water contact angles on different substrate surfaces were measured using a contact angle measurement device OCA20 (DataPhysics Instruments, Filderstadt, Germany). A 2-μl water droplet was deposited on a substrate, then an image of the droplet was taken after 5 s, and contact angles were determined from the fit of the droplet's shape with a sphere using SCA 202 software (DataPhysics Instruments, Filderstadt, Germany). All the contact angle measurements were done before the pull-off force assays except for PLL-PEG-coated glass.

Adhesion force measurement

To measure pupal adhesion, a force transducer (100 g capacity, FORT100, World Precision Instruments, Sarasota, FL, USA) mounted on a motorized 3D micromanipulator (DC3001R, World Precision Instruments) was used (Fig. 1). The substrate was horizontally clamped to a lift table (Carl Roth, Karlsruhe, Germany). A piece of aluminium platelet of 1.0×2.0×0.2 mm attached to the force transducer by a metal wire (0.1 mm) was covered by a piece of double-sided adhesive tape (Tesa, extra strong, 05681-00018). A new piece of tape was glued for each measurement. Only pupae attached on their ventral side and that did not contact other pupae were used for measurements. The tape on the aluminium platelet was brought into contact with the dorsal part of the pupa by adjusting manually the height of the lift table. The force transducer was then moved upwards with a velocity of 200 μm s -1 until detachment of the pupa. The signal from the force transducer was amplified using Transbridge TBM4M and digitized using Lab-Trax-4 data acquisition hardware (World Precision Instruments). Three phases could be distinguished on force curves recorded using LabScribe v3 (iWorks, Dover, NH, USA) (Fig. 2A). During the initial phase, the pupa was not attached to the tape and force with no pupa weight was measured. The pulling phase started when the pupa came into contact with the tape. During this phase, the pupa was stretched until it detached from the substrate (maximal force). Finally, during the resting phase, the force went down to a basal value including pupal weight. Overall, the adhesion strength we measured corresponds to the weakest interface: adhesion of the A/D converter Amplifier Computer Fig. 1. Experimental set-up for measuring adhesion force of individual Drosophila melanogaster pupae. The substrate on which the pupa was naturally sticking was fixed on a lift table using a clamp and brought into contact with a piece of double-sided sticky tape attached to a metal platelet. To detach the pupa from the substrate, a force sensor linked to the platelet by a metal wire was moved up using a motorized micromanipulator. The time-force sensor signal was amplified and converted before being processed in a computer.

glue to the substrate, cohesion of the glue, adhesion of the glue to the pupal case, cohesion of the pupal case (when the cuticle broke) or the interface between the tape and the pupal case (when the tape detached from the pupa). The set-up was calibrated before the first assay with a standard weight. Pull-off force corresponding to the force at pupa detachment was calculated as the difference between the maximal pulling force and the mean force at the initial phase (offset). The force corresponding to the adjustment of the lift table until pupa glued to the tape between the initial phase and the pulling phase was not recorded.

A total of 328 pupae were measured using our pull-off force measurement setup. In 59 (18%) cases, the pupal case cracked on the dorsal side between the head and the thorax during the pulling process. For 36 (11%) of them, the pupal case covering the ventral part of the head detached from the rest of the pupal case and remained glued to the substrate at the end of the trial, while the complete pupa body was detached together with the posterior part of the pupal case. For the 23 (7%) other cases, the whole animal together with the broken pupal case was detached from the substrate. These 59 (18%) cases were excluded from further analysis. In cases where the animal remained intact, we never observed failure of the pupal case, such as pupal case material remaining attached to the tape or the glue print. Furthermore, two or more trials were sometimes necessary to detach a pupa, when the connection between the double-sided tape and the pupa failed. If the maximal force on the last trial was higher than the previous ones (Fig. 2E), the last trial was used for analysis unless the pupal case was damaged. If the maximal force was higher in one of the first trials, the measurement was excluded, suggesting that the pupa has been partly detached during the first trials (n=23, 7%; Fig. 2F). Eleven other cases (3%) were excluded from the analysis: imperfections in the substrates (n=3), pupa not attached ventrally (n=6), pupa not attached, with no glue (n=1) and tape glued to the substrate (n=1). In total, 93 cases (28%) were excluded.

We then organized the remaining 235 cases (100%) into four groups. The first group gathers the trials for which the whole pupa detached at once and the tape stayed well fixed to the pupa (n=56, 24%; Fig. 2A). The second group gathers the trials for which the piece of tape started to peel from the pupal case surface during the pulling process and the pupa detached at once. For this group, the force-time curve had a negative derivative at some point during the pulling phase (n=106, 45%; Fig. 2B). The third group gathers the trials for which the whole pupa did not detach at once but the head part stayed attached longer than the rest of the body. In such cases, two peaks were observed on the force-time curve (n=29, 12%; Fig. 2C): the first one corresponds to the main body part detachment and the second one to the head part detachment. The first peak always displayed the maximal force. Finally, the fourth group gathers the trials for which tape started to peel before pupa detachment and for which the whole pupae did not detach at once. For this group, the force-time curve had a negative derivative at some point during the pulling phase and a second peak was observed after the peak corresponding to the maximal force (n=44, 19%; Fig. 2D). We tested whether these four groups having different detachment behavior have an effect on the resulting adhesion force. We performed a two-way ANOVA considering force as the dependent variable. We found that substrates but not groups had a significant impact on pupa adhesion force and that there was no significant interaction between groups and substrates (substrate: F=12.86, P<2×10 -16 , group and group×substrate interaction: P<0.05).

Microscopy

After pupal detachment, images of glue prints remaining on glass substrates (100 cases) were taken with a Keyence VR 3100 microscope at ×40 or ×80. Prints areas were measured manually using ImageJ (1.50d, java 1.8.0_212, 64 bit) (Schneider et al., 2012). For one case, the print was altered so that the areas could not be measured. For 11 cases, the red area could not be visualized and was not measured.

One pupa detached from the Menzel non-coated glass slide was mounted on aluminium stubs using double-sided carbon conductive tape (Plano, Wetzlar, Germany). The sample was frozen in liquid (A) Force-time curve consists of three phases: the initial phase (IP) corresponding to the force before pupa is attached to the tape, the pulling phase (PP) from the time the pupa is attached to the tape to the maximal force, and the resting phase (RP) after detachment. The maximal force corresponds to the force at pupa detachment. Force-time curve corresponding to the attachment of the pupa to the tape (between IP and PP) is not shown. Every phase is separated with a vertical dashed line. Representative curves of the following cases are shown: (A) the tape does not peel from the pupa during the pulling phase and the pupa is detached at once, (B) the tape peels from the pupa during the pulling phase and at the end the pupa is detached at once, (C) first the posterior part and then the head of the pupa are detaching. Head detachment produces a small peak on the curve (marked with an asterisk), (D) the tape peels from the pupa, then the posterior part of the pupa first detaches and then the head of the pupa detaches (marked with an asterisk), (E) the tape detaches from the pupa twice and then the pupa detaches from the substrate at the third trial, maximal force is observed during pupa detachment, and (F) the tape detaches from pupa once and the pupa detaches from the substrate during the second trial, maximal force is observed during tape detachment from the pupa.

nitrogen, sputter-coated with gold-palladium (8 nm thickness) at -140°C, and examined in a cryo-SEM (Hitachi S-4800; Hitachi Ltd, Tokyo, Japan) at -120°C and an accelerating voltage of 3 kV.

To visualize the thickness of the glue at the pupa-substrate interface, w[*]; P{w[+m*]=Sgs3-GFP}2 larvae were let to pupate as described for measurement assays but on circle cover slips (Thermo Fisher Scientific, 32 mm diameter, 0.17±0.01 mm thickness). Untreated (living) samples were directly imaged with a Leica SP5 confocal microscope with a Plan-Apochromat 40×/1.25 NA objective. Serial optical sections were made every 0.29 μm. Maximal Z projections and Z sections were computed using ImageJ (1.52a, java 1.8.0_112, 64 bit) (Schneider et al., 2012). For the picture of the full attached pupa, several images were taken with an Olympus IX83 inverted microscope using a U-Plan FLN 4×/0.13 NA objective and stitched manually.

Statistical analysis

Statistical differences in pull-off forces between substrates, groups and interactions were tested by two-way ANOVA using the aov function in R version 3.4.4 (https://www.r-project.org/). Statistical differences in pull-off force between substrates were tested by oneway ANOVA with the same R aov function followed by multiple pairwise comparison tests using Tukey test with the TukeyHSD function in R. Pearson correlation between pull-off force and contact areas were tested using the lm function in R, as were the effects of humidity, temperature, pressure and age.

RESULTS

Morphology of the glue

Pupae of D. melanogaster attach naturally to substrates on their ventral side via a layer of glue which forms an oval-shaped patch visible on glass slides of approximately 2 mm length and 0.5 mm width (Fig. 3A,B). Glue near the posterior part of the animal usually forms a bigger plug that can spread on the substrate (Fig. 3B,arrow). We performed SEM of pupae detached from non-coated glass slides and found that only thin traces of glue remain on the former contact area (Fig. 3C-G, arrow in F). The glue layer covering the pupal case appears to be organized in thin layers (Fig. 3F,G). Air bubbles are observed between the layers and the glue does not fill all the asperities of the cuticle surface (Fig. 3I,J).

Using confocal microscopy of attached pupae which produce fluorescent glue, we found that the thickness of the glue varies within a single animal from 0 to about 20 μm due to the irregularities of the pupal case and its barrel shape (Fig. 4). We note also that this fluorescent glue could have slightly different properties than wild-type glue.

Pupal adhesion on different substrates

We performed pull-off force measurements (Table S1) using pupae naturally attached to 11 different substrates: non-coated glass (from Roth and from Menzel), PLL-coated glass, PLL-PEG-coated glass, oxygen-activated glass, Teflon and Spurr epoxy resin with five different roughnesses. We measured the contact angle of these 11 substrates (Table S2). Contact angle values ranged from 11 deg (highly hydrophilic substrate) to 112 deg (highly hydrophobic substrate). In total, 328 pupae were measured. We excluded 93 cases for which adhesion measures were not reliable, for instance when the pupal case was damaged during the assay or when several trials with the same pupa disrupted its adhesion (see Materials and Methods).

Medians of the pull-off forces on glass substrates (non-coated, PLL-coated, PLL-PEG-coated and oxygen-activated glass) ranged from 184 mN (oxygen-activated glass, s.d.=78) to 229 mN (PLL-PEG-coated glass, s.d.=122), whereas for Teflon, the pull-off force was 42 mN (s.d.=20) (Fig. 5). Only the pull-off force on Teflon was significantly different from the forces obtained on other substrates (one-way ANOVA F=12.92, P<2×10 -16 , followed by all pairwise comparisons, Tukey's test, P<0.001 for all comparisons with Teflon). Similarly, pull-off force medians on resin with different roughnesses ranged from 151 mN (P80, s. ANOVA and Tukey tests). During our assays, the ranges for humidity, temperature, pressure and age of pupa were the following: 34.4-58.8%, 23.5-27.9°C, 1005-1026 mb, 3.5-23 h after deposition of the wandering L3 larva on the substrate. No effect of humidity, temperature, pressure or age of pupa was found (multiple linear regression with force as the dependent variable and substrate, humidity, pressure and age as independent variables).

In conclusion, we found that the pull-off force is independent of substrate surface chemistry (except Teflon) and of roughness in a wide range (80 nm-40.40 μm).

The glue-substrate interface

After pull-off force measurements, glue prints were analyzed for the five glass substrate types. For these substrates, three types of prints can be defined: ( 1) the glue fully remained on the substrate (Fig. 6A), ( 2) the glue partly detached from the substrate (Fig. 6B) or ( 3) the glue went off completely with the pupa (Fig. 6C). Most of the time, the glue was partly detached from the substrate (n=95/124). For the five glass substrate types, print type (but not substrate type) had a significant impact on pupa adhesion (two-way ANOVA, print types: F=5.6, P=0.0013). When the glue completely went off with the pupa, the corresponding pull-off force was significantly lower than the force obtained when glue was partly detached (134 mN, s.d.=62 compared with 231 mN, s.d.=102, Tukey test P<0.05; Fig. 6D). On Teflon, the glue always went off with the pupa (n=33/ 33). Furthermore, from the glue print, three distinct areas can be defined. The pupa-substrate interface area corresponds to the area where the pupa was in contact with the substrate (green outline in Fig. 6E). The glue-substrate interface area (red outline in Fig. 6E) corresponds to the total surface of the substrate covered by the glue. After pupa detachment, a third area where the glue went away with the pupa can be defined (black outline in Fig. 6E). For all cases (as in Fig. 6A,B) where the glue did not go off completely with the pupa, the three areas were measured from the print images of the five glass substrate types. A relatively high variation in glue-substrate interface area was observed (from 1.3 to 4.6 mm 2 ) compared with the pupa-substrate area, which was relatively invariant, around 0.2 to 1.5 mm 2 (Fig. 6F). No difference was found in areas between substrates (one-way ANOVA for each area, P>0.05; Fig. 6F). No correlation was found between pull-off force and any of the three areas when combining the five substrates or when testing each substrate individually (linear regression for each area, P>0.05; Fig. S1).

DISCUSSION

Drosophila glue spreads over an external substrate and sticks the pupa's ventral part to the substrate, forming an oval-shaped interface (Fig. 3B). From SEM images, we observed flat holes that seem to correspond to air bubbles that were trapped between different layers of glue. Several layers may have been deposited successively on the surface of the pupa by the back-and-forth movements of the larvae during expectoration (Fraenkel and Brookes, 1953). The presence of bubbles and the fact that the glue does not fill all the asperities of the cuticles suggest that the glue is relatively viscous when it comes out. It is known that the glue is produced by the salivary glands and is secreted by the mouth (Fraenkel and Brookes, 1953). However, on the glue prints we sometimes observed a plug around the posterior tip of the larva (Fig. 3B). Recently, Benǒvá-Liszeková et al. (2019) reported that a few larvae did not empty their guts entirely before pupariation. One possibility is that this plug might be a posterior secretion from the digestive tube, which mixes with the anteriorly secreted glue.

During our pull-off force assays, the piece of tape used to stick the pupa in order to pull it peeled out from the pupal case in 153 of the 235 analysed cases, meaning that the adhesion strength between the double-sided tape and the pupal case is close to the adhesion strength between the glue and the pupa. In our experiments, the tape thus adheres to the pupal case just enough for pupa glue measurements. Furthermore, in 76 of the 235 cases, the posterior part of the animal first detached from the substrate before the head detached. In these cases, the pull-off force was probably not applied exactly at the center of the pupa but more posteriorly owing to the asymmetrical shape of the pupa. Furthermore, the pupal case is more fragile around the puparial opercular seam, a seam that runs across the front of the puparium and extends along the sides, and that will break when the adult emerges [START_REF] Tyler | Development of the fruit fly[END_REF]. In addition, when using forceps to extract the animal from its pupal case, the pupal case generally splits into annular strips [START_REF] Held | Pupal development outside the pupal case[END_REF]. The zone of breakage that we observed on the pupal case in our pull-off assays therefore corresponds to the most fragile region of the pupal case.

In any case, no significant difference was found between cases for which pupae detached at once and cases where the posterior part detached before the head part. This suggests that stronger head adhesion does not affect the maximal pull-off force.

Pull-off forces required to detach pupae from substrates other than Teflon ranged from 151 mN (P80, s.d.=20) to 269 mN (1MIC, s.d.=105). Using the pupa-substrate interface (green outline in Fig. 6E) as a measure of contact area between the glue and the substrate, we found a median contact area of 1.10 mm², which leads to an adhesive strength ranging from 137 to 244 kPa. Few similar studies have been carried out on insect egg adhesive strength. Two of them reported higher values [1-2 MPa for Opodiphthera eggs on wood (Li et al., 2008), 4.3-12.2 MPa for whitefly eggs on rose leaves [START_REF] Voigt | Anchoring of greenhouse whitefly eggs on different rose cultivars[END_REF]], one study found equivalent values (38.8-271.3 kPa for beetle C. asparagi on plant surface; Voigt and Gorb, 2010) and another lower adhesive strength (13.9-97.8 kPa for the moth C. pomonella eggs on fruits; Al Bitar et al., 2014). To our knowledge, our study is the first one to report adhesion strength measurements for Diptera pupa. No statistical differences in pull-off forces were found between the different substrates except for Teflon (median pull-off force is 42 mN, s.d.=20), suggesting that the glue can stick to hydrophobic as well as hydrophilic substrates. We hypothesize that proteins of the glue are polarizable, which allows the glue to stick strongly to polarizable substrates that are differently charged and not to Teflon, which is not polarizable. Indeed, Sgs proteins are highly charged. They are mostly composed of positively charged amino acids and they are highly glycosylated with negatively charged sugars (Beckendorf and Kafatos, 1976;Korge, 1977).

No differences were found on resin substrates with different roughnesses. We expected that pull-off force would increase with roughness as contact area on rough substrate is bigger. Furthermore, we did not find a significant correlation between force and contact area for any of the substrates used. Both observations can be explained by a possible critical crack initiation stress between the pupal case and the glue. Indeed, on the glue prints on glass substrate types, we observed that the glue from the pupa-substrate contact area is partly detached, suggesting that rupture occurs between the glue and the pupal case. A similar phenomenon may occur on resin substrates, whereas on Teflon the glue completely goes off from the substrate, suggesting that the rupture occurs between the glue and the Teflon. Thus, in all the tested substrates except Teflon, the bond between the glue and the different substrates appears to be stronger than the bond between the glue and the pupal case. It is thus possible that our adhesion tests measure the adhesive force of the bond between the glue and the pupal case, which would explain why we observed the same adhesion strength for all substrates except Teflon. As an alternative explanation for the same adhesiveness measured (Roth). Three cases are defined: (A) when the glue fully remained on the substrate (black filled ellipse), (B) when the glue partly detached from the substrate (black open ellipse), (C) when the glue completely went off from the substrate (white filled ellipse). n indicates the total number of glue prints obtained for each case. (D) Box plots representing the force required to detach pupae depending on the print types defined in A-C. One data point corresponds to a single pupa. Asterisk indicates significant difference (P<0.05) between cases where the glue partly detached from the substrate and cases where the glue completely went off from the substrate. (E) Scheme of the various glue prints with the glue-pupa interface delimited in green, the glue-glass interface delimited in red and the border of the glue removed from the glass after pull-off adhesion test in black. (F) Box plots showing the size of the three areas defined in E for the five glass substrates. Only prints where the glue fully remained and partly detached from the substrates were analyzed (see Materials and Methods). Scale bars: (A-C,E) 500 μm. Box plots are defined as previously (Fig. 5). on all tested substrates except Teflon, it is possible that the animal modulates the amount of glue it produces, or the way it spreads the glue over the substrate and its body. It would be interesting to perform adhesion measurement on isolated glue. However, it is challenging to collect the glue as it is secreted in very small volumes and it polymerizes within 3-5 min after expectoration (Benǒvá-Liszeková et al., 2019).

Pull-off force values were rather variable between trials for a given substrate (for example, from 19 to 451 mN on Menzel noncoated glass). Such a wide range of values could be due to individual variability. Pupal weight could not be deduced accurately by subtracting the final force from the initial force because pupal weight was within the noise of force values. However, individuals from the same population as the pupae used for trials were weighed instead. We found that pupal mass averaged 1.4±0.3 mg (mean± s.e.m.) (n=24). The corresponding weight variation (13.7±2.9 μN) is negligible compared to the force variation observed within substrates. Surprisingly, considering this average weight and an average force of 217 mN (mean of all trials kept for analysis except trials on Teflon), the glue holds approximately 15,500 times the weight of a pupa.

Conclusions

For the first time, we report here measurements of Drosophila pupal adhesion strength. We present a pull-off force test to measure pupa adhesion, which could be used in the future to explore pupa adhesion in various strains and species of fly. With the powerful genetic tools available in D. melanogaster, we now plan to assess the adhesive function of the glue genes. The use of D. melanogaster as a model organism for the study of bioadhesives is very promising as it makes it possible and easy to manipulate the composition of the glue. 

Complementary information on the experimental design

Larvae were usually prepared in the late afternoon and let to pupariate overnight.

Wandering larvae were collected on the walls of the tubes with soft forceps (Figure 2.1A) then washed in PBS, dried gently with a piece of paper and put on glass slides or other substrates. Glass slides were arranged in a box above a wet paper (Figure 2.1B). The next day, pupae attached on the ventral part on the substrates were used for the tests (Figure 2.1C). The substrates on which pupae were attached were put on the lift table

(Figure 2.1D).
Experiments presented in this article was performed during my stay in Stanislav Gorb laboratory (1 month). Now, a new machine is available in our laboratory in Paris. This machine was used for all the adhesion assays mentioned in the next parts of the thesis.

The test is completely automated and a few aspects change compared to the previous test. At the start of the experiment, the slide with the pupae is clamped on the xed part of the machine (Figure 2.2A,B). The double sided tape is glued to a rigid metal cylinder linked to the force sensor (5N) on the mobile arm of the machine. The double sided tape is brought into contact with the pupa by moving down the mobile arm until a certain force (usually 0.07 N) so that the tape is pressed on the pupa. The rest of the experiment is similar to the previous one and the Force-Time curve can be analyzed as previously

(Figure 2.2C).
Evolution of the glue produced by larvae for metamorphosis 

Discussions

In this rst part, we designed a new adhesion assay which allows us to estimate the adhesion of individual pupa. Adhesion of D. melanogaster pupa is about 200 mN and the glue -substrate contact area is about 1 mm 2 , which corresponds to an adhesion strength of about 200 kPa. This adhesion is weaker than mussel adhesion (300-750 kPa; [START_REF] Crisp | Adhesion and substrate choice in mussels and barnacles[END_REF] and even weaker than superglue (1-8 MPa;[START_REF] Burkett | A method for measuring the adhesion strength of marine mussels[END_REF]) but a bit stronger than certain insect egg glues (10-200 kPa, Voigt andGorb 2010 and10-20 kPa Al Bitar et al. 2012;Al Bitar et al. 2014) and have interesting properties. In particular, the glue can stick to various polarizable substrates with dierent hydrophobic/hydrophilic 70 Evolution of the glue produced by larvae for metamorphosis properties and dierently charged. It gives insight on how the glue could interact with the substrate. The glycosylated glue proteins contain a lot of positive charges in their protein part and a lot of negative charges in their sugar part. In presence of the glue, polarizable substrates could rearrange their charges to interact with the positive and negative charges of the glue (Figure 2.3A). We can hypothesize that the glue could also rearrange their charges to better interact with the polarizable substrates (Figure 2.3B).

Furthermore, This rst study paves the way for the study of the variation of adhesion between and within species. This test has been optimized and is now simple, automated and quick (about 2-3 min per pupa). This test allows to have a quantitative measurement of the glue adhesion of individual pupa and represents a good tool to make comparative studies. This test could be also used to investigate the adhesion of pupa and egg of other insect species.

Evolution of the glue produced by larvae for metamorphosis Animals can be permanently attached to a substrate in terrestrial environments at certain stages of their development. Pupa adhesion has evolved multiple times in insects and is thought to maintain the animal in a place where it is not detectable by predators. Here, we investigate whether pupa adhesion in Drosophila can also protect the animal by preventing potential predators from detaching the pupa. We measured the adhesion of Drosophila species sampled from the same area and found that pupa adhesion varies among species, which can be explained by different glue production strategies. Then, we compared attached and manually detached pupae in both field and laboratory assays to investigate the role of pupa adhesion to prevent predation. First, we found that attached pupae remain onsite 30% more than detached pupae in the field after 3 days, probably because they are less predated. Second, we observed that attached pupae are less efficiently predated by ants in the laboratory: they are not carried back to the ant nest and more ants are needed to consume them onsite. Our results show that pupa adhesion can prevent the animal from being taken away by predators and is crucial for Drosophila fly survival.

Article -Drosophila glue protects from predation

Background

Many animals are immobile and permanently attached to a substrate. Most of them are found in aquatic environments [START_REF] Wahl | Living attached: aufwuchs, fouling, epibiosis. Fouling organisms of the Indian Ocean: biology and control technology[END_REF] and within living hosts for parasites.

In terrestrial environments, animals can also be attached to a substrate during certain stages of development where no feeding from outside nutrients is required. Eggs from multiple invertebrate species are fixed on leaves, wood or on the host tissue in some parasitic species [START_REF] Fordyce | Variation in butterfly egg adhesion: adaptation to local host plant senescence characteristics?: variation in butterfly egg adhesion[END_REF][START_REF] Hinton | Biology of insect eggs[END_REF][START_REF] Voigt | Egg attachment of the asparagus beetle Crioceris asparagi to the crystalline waxy surface of Asparagus officinalis[END_REF]. This is also the case in pupae, a non-feeding life stage of holometabolous insects between the larval and adult stages [START_REF] Heming | Insect development and evolution[END_REF].

Modes of attachment and the ability to stick to the substrate appear to change rapidly during animal evolution. In stick and leaf insects, gluing eggs to a substrate has evolved independently seven times [START_REF] Robertson | Evolution of oviposition techniques in stick and leaf insects (Phasmatodea)[END_REF]. Wasp parasitoids have evolved different pupation strategies consisting in hanging their cocoon to a leaf (Meteorus pulchricomis) or attaching their cocoon on a leaf (Microplitis sp.) [START_REF] Harvey | Differing success of defense strategies in two parasitoid wasps in protecting their pupae against a secondary hyperparasitoid[END_REF]. In flies, pupae of certain species such as Drosophila melanogaster and Phormia regina are glued to a substrate, whereas others such as Musca domestica, Calliphora erythrocephala or Sarcophaga falculata are not [START_REF] Fraenkel | The process by which the puparia of many species of flies become fixed to a substrate[END_REF].

Permanent attachment of eggs and pupae has been associated with several functions. First, attachment can allow the organisms to remain in a favourable environment. Females of many butterfly species choose to lay and attach their eggs directly on the host plant on which their larvae will start feeding [START_REF] Hinton | Biology of insect eggs[END_REF][START_REF] Wiklund | Egg-laying patterns in butterflies in relation to their phenology and the visual apparency and abundance of their host plants[END_REF]. Butterflies laying their eggs during winter have evolved different strategies to avoid their eggs being blown away if the dead host leaf falls far away from the plant. They lay their eggs on herbal or wooden substrates near the host plant or they glue their eggs less strongly to the host leaf so that the eggs would detach from the dead leaf and fall close to the host plant in the case of strong wind [START_REF] Fordyce | Variation in butterfly egg adhesion: adaptation to local host plant senescence characteristics?: variation in butterfly egg adhesion[END_REF][START_REF] Wiklund | Egg-laying patterns in butterflies in relation to their phenology and the visual apparency and abundance of their host plants[END_REF][START_REF] Hayes | A study of the relationships of diapause phenomena and other life history characters in temperate butterflies[END_REF]. Second, hanging chrysalis may facilitate adult emergence [START_REF] Chapman | The insects: structure and function[END_REF]. Third, attachment may protect immobile animals from predation in various ways. Permanent attachment, when associated with clumping behaviours, in which individuals of a particular species group closely to one another, can confer a better protection from predators. For example, in a freshwater caddisfly, pupal grouping behaviour with conspecifics confers protection against a planarian flatworm predator [12]. Attachment can also prevent predators from accessing the immobile animal. Cocoons of the parasitoid Meteorus pulchricornis are less predated when they are hanging than when they are artificially attached to leaves [START_REF] Shirai | Suspending cocoons to evade ant predation in Meteorus pulchricornis, a braconid parasitoid of exposed-living lepidopteran larvae[END_REF]. To our knowledge, nothing is known about the function of pupal attachment in Diptera. In this study, we investigated whether the glue attaching Drosophila pupae can protect them from predation.

Drosophila larvae produce a glue right before pupariation which allows the pupa to stay attached to a substrate during metamorphosis. After expectoration, the glue spreads between the body and the substrate and dries within a few minutes [START_REF] Beňová-Liszeková | Fine infrastructure of released and solidified Drosophila larval salivary secretory glue using SEM[END_REF]. This glue is made of a few proteins called salivary gland secretion proteins (Sgs) which have evolved rapidly across and within species [START_REF] Beckendorf | Differentiation in the salivary glands of Drosophila melanogaster: characterization of the glue proteins and their developmental appearance[END_REF][START_REF] Da Lage | Evolution of salivary glue genes in Drosophila species[END_REF][START_REF] Korge | Chromosome puff activity and protein synthesis in larval salivary glands of Drosophila melanogaster[END_REF][18].

In Drosophila, pupae are found on rotten fruits [19], on the soil surface or below [START_REF] Ballman | Pupation behavior and predation on Drosophila suzukii (Diptera: Drosophilidae) pupae in Maine wild blueberry fields[END_REF][START_REF] Grossfield | Non-sexual behavior of Drosophila[END_REF][START_REF] Woltz | Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field[END_REF] and even on beer glass bottles [START_REF] Vouidibio | Short-range genetic structure of Drosophila melanogaster populations in an Afrotropical urban area and its significance[END_REF]. Pupation sites are usually close to the ground, thus accessible to ground-dwelling species. The most common predators of fruit fly pupae are ants, rove beetles and spiders [START_REF] Hennessey | Predation on wandering larvae and pupae of caribbean fruit fly (Diptera: Tephritidae) in guava and carambola grove soils[END_REF][START_REF] Thomas | Predation on the soil inhabiting stages of the Mexican fruit fly[END_REF][START_REF] Urbaneja | Influence of ground predators on the survival of the Mediterranean fruit fly pupae, Ceratitis capitata, in Spanish citrus orchards[END_REF]. Birds and small mammals were also found to prey on fruit fly pupae [START_REF] Bigler | Natural enemies of preimaginal stages of Dacus oleae Gmel. (Dipt., Tephritidae) in western Crete. II. Impact on olive fly populations[END_REF][START_REF] Thomas | Survivorship of the pupal stages of the Mexican fruit fly Anastrepha ludens (Loew) (Diptera: Tephritidae) in an agricultural and a nonagricultural situation[END_REF]. To our knowledge, all studies on pupa predation in Drosophila were performed on Drosophila suzukii [START_REF] Ballman | Pupation behavior and predation on Drosophila suzukii (Diptera: Drosophilidae) pupae in Maine wild blueberry fields[END_REF][START_REF] Woltz | Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field[END_REF][START_REF] Gabarra | Prospects for the biological control of Drosophila suzukii[END_REF]. In these analyses, ants and spiders were the most common predators of pupae and ground beetles, earwigs and crickets were identified as potential natural predators. As ants were previously observed to dig up and carry pupae out of the soil [START_REF] Woltz | Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field[END_REF], we hypothesized that pupa adhesion to a substrate might have another, yet unexplored, effect against predation: preventing potential predators from taking the animal away. Here, we first compared the adhesion strength of pupae from different Drosophila species from the same ecological community to explore whether different species have evolved different attachment strategies. Then, we compared the ability of attached and detached pupae of one of these species to remain on site in a natural environment. Finally, we compared the ability of attached and detached pupae of two of these species to resist predation in the laboratory using the most common natural predator found in the field, an ant species.

Material and methods (a) Fly culture

Flies were cultured at 25°C in plastic vials on standard medium (4 l: 83.5 g yeast, 335.0 g cornmeal, 40.0 g agar, 233.5 g saccharose, 67.0 ml Moldex, 6.0 ml propionic acid). For D. suzukii, this medium was supplemented with 200 g of D-glucose.

(b) Fly collection

Drosophila flies were collected at the Bois de Vincennes in Paris, France. On 3 July 2020, five traps made from 0.5 l plastic bottles were settled in the ornithological reserve (48°50 0 05.5 00 N; 2°26 0 11.4 00 E). Small holes were made in the sides of the bottles that allowed drosophilid flies to enter but prevented entry by larger insects. Traps were baited with pieces of banana and hung to tree branches or within the understorey vegetation. They were distantly placed, three of them in the forest, one at the margin of a meadow and another close to a pond (see [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]). Flies in the bottles were collected 2 and 5 days later. On 16 July 2020, drosophilid flies were also collected with a sweeping net over compost at the forest services facilities. Collected flies were transferred with an aspirator into plastic vials containing a piece of humid tissue paper for the time of transportation. In the laboratory, flies were checked under a binocular stereomicroscope and isolated by species in culture vials with standard cornmeal. When species could not be precisely determined, females were isolated in small culture vials with instant Drosophila medium (Formula 4-24, Carolina Biological Supply Company, Burlington, NC, USA) and species were then identified based on key morphological characters in the male progeny. Results of the fly collections are available from the Dryad Digital Repository: https://doi.org/ 10.5061/dryad.x3ffbg7hg [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]. Combining isofemale lines of the same species when necessary, we managed to obtain mass culture for most species, including Drosophila hydei, Drosophila simulans and D. suzukii. These three stocks were raised in the laboratory for three to four months at 25°C before being used in the experiments described below.

(c) Adhesion assays

Third instar wandering larvae were transferred on glass slides (Menzel Superfrost microscope glass slide, ThermoScientific™ no. AGAB000080) with soft forceps and kept in a box with wet cotton. Fifteen to 21 h after transfer, pupae naturally attached to the glass slides with their ventral part adhering to the glass slide were used for the adhesion tests. The pull-off force necessary to detach the pupa from the glass slide was measured using a universal test machine (LS1S/H/230 V Lloyd Instruments) with a 5 N force sensor (YLC-0005-A1 Lloyd Instruments), in a set-up similar to the one published earlier [START_REF] Borne | The glue produced by Drosophila melanogaster for pupa adhesion is universal[END_REF]. Double-sided adhesive tape (tesa, extra strong, no. 05681-00018) was attached to a cylindrical metal part in contact with the force sensor. The force was set to 0 before each run. The force sensor was moved down with a constant speed of 1 mm min -1 until it pressed the pupa with a force of 0.07 N (0.25 N for D. hydei) then stilled at a force of 0.03 N (0.21 N for D. hydei) for 10 s and finally moved up with a constant speed of 0.2 mm s -1 until the pupa was detached. Force-by-time curves were recorded using NEXYGENPlus software (Lloyd Instruments). We used the maximal force reached during the experiment, corresponding to the force at which the pupa was detached, as the adhesion force of the individual. Pupae whose pupal case broke during the assay (D. suzukii: 1 of 27, D. simulans: 2 of 37; D. hydei: 7 of 50) or pupae which were not detached (D. suzukii: 0 of 27, D. simulans: 5 of 37, D. hydei: 12 of 50) were excluded from the analysis. After pupa detachment, images of glue prints remaining on glass substrates were taken with a Keyence VHX-2000 Z20 ×20 or ×100. Contours of prints areas were digitized manually by the same person using IMAGEJ (1.50d, java 1.8.0_212, 64-bit) [START_REF] Schneider | NIH Image to ImageJ: 25 years of image analysis[END_REF]. Pictures were anonymized for manual contour acquisition so that the digitizer did not know the genotype. We measured the surface of the print corresponding to the pupa-substrate interface as defined previously [START_REF] Borne | The glue produced by Drosophila melanogaster for pupa adhesion is universal[END_REF]. Three prints for D. suzukii and one print for D. simulans were not detectable on the slides and were not used in the analysis.

To assess pupal size, we used pupae that were raised in the same conditions as for the adhesion tests but that were not used for the tests. We imaged attached pupae from the dorsal view and measured the area of the pupal case as described to measure the glue area.

(d) Predation assay in the field

In the laboratory, D. simulans third instar wandering larvae were collected with soft forceps and let to pupate in Petri dishes royalsocietypublishing.org/journal/rspb Proc. R. Soc. B 288: 20210088 (55 mm diameter) in a closed plastic box containing wet paper for 17-24 h at room temperature. Fifteen larvae were placed in each dish. All Petri dishes were then brought to the field. For the condition 'attached pupae', a few pupae were removed in order to have exactly 10 pupae glued in the lid of the Petri dish. For the condition 'detached pupae', pupae were all detached from the dish with featherweight entomology forceps and exactly 10 detached pupae were kept in the lid. To distinguish between the two conditions ('non collées' versus 'collées' in French), the letters 'NC' or 'C' were written on pieces of paper that were taped on the external surface of the lids to facilitate visualization and counting of the pupae. The lids of the Petri dishes were put in the centre of buckets previously installed in the ornithological reserve of Bois de Vincennes (see [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]). These 40 × 35 cm buckets contain local soil, leaf litter and vegetation; they are pierced at the bottom for water drainage and are semi-buried (10 cm deep) [START_REF] Honorio | Manipulation of worker size diversity does not affect colony fitness under natural conditions in the ant Temnothorax nylanderi[END_REF]. In total, 28 buckets were used and contained both one dish with 'attached pupae' and one dish with 'detached pupae' (56 Petri dishes in total). We randomly alternated the west/east orientation of the two conditions inside the buckets. Pupae were counted at 0 h (8 September 2020, day 1 morning, at 11.00), 6 h30 (day 1 afternoon), 22 h30 (day 2 morning), 31 h (day 2 afternoon), 47 h (day 3 morning) and 54 h (day 3 afternoon) after the start of the experiment without being touched. Animals present in the dishes at counting times were photographed and later identified based on the pictures (see [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]). Insects present in the dishes at the end of recording (54 h) were collected and kept in 90% ethanol for identification.

(e) Ant predation assay in the laboratory

Seven colonies of Temnothorax nylanderi were collected on 17 September 2020 in Bois de Vincennes (48°50'20.0 00 N 2°26'57.2 00 E), brought to the laboratory and allowed to move into artificial nests consisting of two microscope glass slides separated by a 1 mm auto-adhesive plastic foam harbouring three chambers, covered with a black plastic film to maintain darkness. Each artificial nest was placed in a foraging area consisting of a plastic box (11.5 × 11.5 × 5.5 cm) as described in [START_REF] Honorio | Manipulation of worker size diversity does not affect colony fitness under natural conditions in the ant Temnothorax nylanderi[END_REF]. Water was always available in a tube plugged with cotton. Colonies were fed frozen Drosophila and diluted honey and then they were starved for 10 days until the beginning of the experiment, on 13 October 2020. Prior and during the experiment, colonies were kept at room temperature on the bench and under indirect sunlight. Each day at around 9•30, and for 6 days (between 13 October and 21 October 2020), one glass slide presenting two pupae was put into the foraging area of each colony, at about 10 cm from the entrances of the artificial nest. On each day, half of the colonies were given one slide with two D. simulans pupae and the other half one slide with two D. suzukii pupae, and we alternated species every day. We used the same two Drosophila lines as for our adhesion assays described above.

The glass slides were prepared as follows. Six third instar wandering larvae were transferred on glass slides (Menzel Superfrost microscope glass slide, ThermoScientific™ no. AGAB000080) placed in a Petri dish kept in a box containing wet cotton and left to pupate for 14-19 h. On each slide, only one pupa was kept attached, the other ones were detached slightly with soft forceps and one detached pupa was left on the slide. Pupae were about 1 cm apart from each other on the slide. Left/right positions of the two pupae were randomly assigned per colony and changed every day. The initial locations of the pupae were identified by a mark under the slide.

Ant foraging areas were checked by eye every 5 min for 3 h after the glass slide with the two pupae was added. The number of ants in contact with the pupae was counted. If the pupa was brought to the nest, we noted the time when the pupa was present inside the nest for the first time. If the pupa was not brought to the nest, we noted the time when the pupa was fully consumed by the ants (no Drosophila body remnants visible by eye).

(f ) Quantification and statistical analysis

We used R v. 3.6.1 (https://www.r-project.org) to conduct our statistical analyses. Adhesion forces were not normally distributed and statistical differences in forces between species were tested by Kruskal-Wallis tests followed by multiple pairwise Wilcoxon tests. To test whether adhesion forces were correlated to pupa-substrate contact areas for each species, we performed standardized major axis regressions using the sma function from the rsmatr-package in R [START_REF] Warton | smatr 3-an R package for estimation and inference about allometric lines[END_REF]. Slopes were compared among species. For predation assays in Bois de Vincennes and in the laboratory, means were compared using the Wilcoxon tests because data were not normally distributed. In order to avoid a potential bucket effect on pupa disappearance in the predation assay in the field, we paired both 'attached pupae' and 'detached pupae' conditions in each bucket and we subsequently used paired tests. As the number of detached pupae decreases towards the end of the experiment, predators might be more likely to prey upon attached pupae at later time points. Therefore, we did not use a Cox proportional hazards model for survival analysis as the ratio of the hazard functions for individuals within the same bucket may change over time. We did not correct p-values for multiple testing, as suggested by Nakagawa [35].

Results

(a) Glue adhesion strength varies between species from the same location

We collected drosophilid flies in the forest near Paris in June 2020 and noted the presence of nine Drosophila species (see [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]). We established fly stocks of the most common species. Three of them, Drosophila simulans, D. hydei and D. suzukii, were assayed for pupal adhesion. We found that D. simulans detached at a median strength of 234.2 mN (figure 1a), similar to what has been found previously for its sister species D. melanogaster [START_REF] Borne | The glue produced by Drosophila melanogaster for pupa adhesion is universal[END_REF]. We measured a lower adhesion for D. suzukii pupae with a median strength of 78.7 mN and higher adhesion for D. hydei with a median strength of 482.6 mN. Adhesion strength was significatively different between the three species (Kruskal-Wallis χ 2 2 = 63.77, p = 1.4 × 10 -14 , followed by all pairwise comparison Wilcoxon test, p < 0.001).

By examining the glue prints left by the pupae on glass slides after detachment, we found that adhesion forces correlated with the surface of the glue print delimiting the contact between the pupa and the glass slide for each species (figure 1b; D. suzukii: R 2 = 0.41, p = 0.0009, D. simulans: R 2 = 0.55, p = 5 × 10 -6 , D. hydei, R 2 = 0.17, p = 0.02). There was no difference in slope among the three species ( p = 0.2) and the common slope was about 491, meaning that adhesion force increases by 491 mN for 1 mm 2 increase of the pupasubstrate contact area for each species. After dividing the adhesion force by the surface of contact, we found a difference in adhesion between D. simulans and D. hydei (figure 1c; Kruskal-Wallis χ 2 2 = 9.61, p = 0.008, followed by all pairwise comparison Wilcoxon test, p = 0.0008) but not between D. simulans and D. suzukii ( p = 0.1) and D. suzukii and D. hydei ( p = 0.6).
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To test whether the production of the glue was related to the size of the pupa in each species, we imaged attached pupae raised in the same conditions as the pupae used for the adhesion tests and measured the area of the pupal case. We found that the three species had different pupal sizes (Kruskal-Wallis χ 2 2 = 73.876, p < 2 × 10 -16 , followed by all pairwise comparison Wilcoxon test, p < 0.001) with D. hydei pupae presenting the biggest size (4.63 mm 2 ), then D. suzukii (2.78 mm 2 ) and D. simulans (2.12 mm 2 ). The ratio of glue print area over pupal case area was 0.21 for D. simulans, 0.30 for D. hydei and 0.06 for D. suzukii, suggesting that D. suzukii pupae produce less glue relative to their size than D. simulans and D. hydei.

(b) Attached pupae are taken away less frequently than detached pupae in a semi-natural environment

To test whether glue attachment may protect pupae from predation in a semi-natural environment, we chose to use D. simulans, as we could obtain a large number of pupae from our fly strain. We compared the disappearance of pupae naturally attached to the plastic lid of Petri dishes with pupae mechanically detached from the lid. We placed two dishes containing, respectively, 10 attached and 10 detached pupae in 28 open buckets in Bois de Vincennes (two Petri dishes in each bucket) for 54 h and monitored the number of remaining pupae twice a day (figure 2a,b). At the end of the experiment, 10 pupae (median = 10) remained in the dish with attached pupae (all still attached) compared to 6-7 pupae (median = 6.5) in the dish with detached pupae. We found that attached pupae stayed significantly more in the Petri dishes than detached ones, with differences becoming significant from day 2 morning until the end of the experiment (figure 2f; paired Wilcoxon rank tests with continuity correction: day 1 afternoon: V = 9, p = 0.2; day 2 morning: V = 89.5, p = 0.02; day 2 afternoon: V = 92, p = 0.01; day 3 morning: V = 91, p = 0.002; day 3 PM: V = 110, p = 0.005). After 3 days, attached pupae remained onsite 30% more than detached pupae. During the countings, a few species were observed in the Petri dishes: T. nylanderi ants, red spider mites, cockroaches and woodlice (see [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]). Red spider mites were seen to fix themselves to both attached and detached pupae (figure 2c). Temnothorax nylanderi was the only species that was clearly seen consuming both attached and detached pupae in the dishes (figure 2d). Cockroaches were also observed, but only on the first day (figure 2e). Woodlice were also found in the dishes but never in contact with the pupae.

(c) Attached pupae are predated less efficiently by ants

To further understand how predators may act when they encounter an attached or a detached pupa, we decided to monitor in the laboratory pupae predation by the ant T. nylanderi, which was the most commonly found predator of D. simulans pupae in our field assay. Seven ant colonies were collected in Bois de Vincennes. After 10-day starvation, each ant colony was given on each day, one glass slide with two pupae, an attached and a detached one. We used either two pupae of D. simulans (naturally strongly attached) or two pupae of D. suzukii (naturally loosely attached) and we alternated colonies each day. We examined the ant-Drosophila interactions every 5 min for 3 h after adding the glass slide with pupae. We found that in all replicates, all pupae were consumed by the ants. For both fly species, we observed a difference between detached and attached pupae: detached pupae were mostly taken to the nest and eaten there while most of the attached pupae were eaten on site (figure 3a; number of f. = 1, p = 0.0005). In nine cases (6 for D. suzukii and 3 for D. simulans), both the attached and the detached pupa were taken to the nest; in all those cases, the detached pupa was always taken to the nest first (about 37 min earlier for D. suzukii and 50 min earlier for D. simulans in median; figure 3a).

Ants spent 15 and 45 min (median) outside the nest in contact with D. simulans and D. suzukii detached pupae, respectively, while they spent, respectively, six and two times longer in contact with attached pupae (figure 3b; respectively, 100 and 110 min in D. simulans and D. suzukii, paired Wilcoxon rank tests with continuity correction D. simulans: V = 4.5, p = 0.0001; D. suzukii: V = 18, p = 0.0007). The maximum number of ants observed in direct contact with the fly pupa over the duration of the experiment was significantly higher for attached pupae than for detached pupae (figure 3a,c; median of 9 for D. simulans and 8 for D. suzukii for attached pupae compared to the median of 2 for detached pupae in both species, paired Wilcoxon rank tests with continuity correction D. simulans: V = 2.5, p = 0.0002; D. suzukii: V = 10.5, p = 0.0007). The difference was still significant after correcting for the amount of time, by comparing the maximum number of ants in contact with the pupa until the first pupa is brought to the nest or fully consumed ( paired Wilcoxon rank tests with continuity correction, D. simulans: 3 versus 2, V = 24, p = 0.02; D. suzukii 6 versus 2, V = 7, p = 0.004).

The time for the first ant to touch a pupa was slightly significantly different between attached and detached pupae only 

Discussion

(a) In the same environment, pupa adhesion strength varies among species

Using our previously published pull-force measurement assay [START_REF] Borne | The glue produced by Drosophila melanogaster for pupa adhesion is universal[END_REF], we provide here, to our knowledge, the first evidence that pupa adhesion varies between Drosophila species. Our result is in agreement with the rapid evolution of glue genes [START_REF] Da Lage | Evolution of salivary glue genes in Drosophila species[END_REF]. Our analysis unravels at least two mechanisms leading to changes in the quantity of glue produced and resulting in changes in We note that our experiment might not reflect natural conditions as we have not tested adhesion on natural substrates and in natural habitats. The variation we observed in adhesion force among individuals within a given species is much higher than measurement error (our universal test machine has an accuracy of ±0.5%) and could be owing to individual variation in size, shape, weight, glue production or position of the pupa relative to the substrate.
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At the end of the larval stage, larvae stop feeding and start to search for a site to pupate. Pupation site choice during the larval stage is important for pupal survival. Pupation site preference has been thoroughly investigated in the laboratory [START_REF] Da Silva | Intraspecic competition aects the pupation behavior of spotted-wing drosophila (Drosophila suzukii)[END_REF][37][38] and more rarely in nature [39]. This choice depends on abiotic factors such as temperature [37], darkness [40] or the nature of the substrates [41]. In particular, D. simulans prefers to pupate on rough and humid surfaces while D. hydei prefers dry and smooth surfaces. Drosophila simulans was often reported as pupating in fruits in the laboratory [START_REF] Da Silva | Intraspecic competition aects the pupation behavior of spotted-wing drosophila (Drosophila suzukii)[END_REF]38] and from field sampling [39], but other natural sites have not been investigated. In D. suzukii, recent studies in the field have found that pupae are present in the soil rather than in fruits [START_REF] Ballman | Pupation behavior and predation on Drosophila suzukii (Diptera: Drosophilidae) pupae in Maine wild blueberry fields[END_REF][START_REF] Woltz | Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field[END_REF]. Additionally, pupation site preference depends on biotic factors and particularly on the presence of conspecifics and alien species. In D. simulans and D. hydei and in other Drosophila species, pupae are aggregated with conspecifics [39,42]. In D. simulans and Drosophila buzzatii, larvae change their site choice in the presence of heterospecific larval cues [19]. The differences we observed in adhesion strength among species may reflect differences in their ecology. For example, an adhesive substance might not be required for animals pupating on sticky substrates (rotten fruits and mushrooms, sap, etc.). Furthermore, species exhibiting distinct adhesion strengths in our laboratory conditions may nevertheless stick with similar forces in their respective natural habitats.

(b) Fixation of the pupa prevents predation

Comparing the disappearance of attached and detached D. simulans pupae in the field, we found that being attached allows pupae to stay on site more efficiently. Because pupae were contained within the lid of Petri dishes, we infer that they were not blown away by light wind, but we cannot be sure that missing pupae were predated. In our design, predators have the choice between attached and detached pupa within a bucket. This design reduces the possible effect of buckets when comparing attached and detached pupa disappearance.

The ant T. nylanderi was the main predator that we observed in the field consuming pupae. This observation is in agreement with previous studies which found that ants prey on fruit fly pupae [START_REF] Ballman | Pupation behavior and predation on Drosophila suzukii (Diptera: Drosophilidae) pupae in Maine wild blueberry fields[END_REF][START_REF] Woltz | Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field[END_REF][START_REF] Gabarra | Prospects for the biological control of Drosophila suzukii[END_REF]. During our laboratory assay, T. nylandei ants predated attached and detached pupae with distinct behaviours: they brought most of the detached pupae to the nest while they ate the attached ones directly on site. The latter strategy requires ants to spend more time outside the nest and to recruit more foragers. The presence of parasites, predators and competitors in the wild would certainly make this strategy costly. Additionally, T. nylanderi is a solitary foraging species that recruits nest-mates one by one [43]. Under natural conditions, it would take a relatively long time to gather many foragers around the pupae. In our field assay, no more than two ants were observed together in a lid (see [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]). We found that ants act similarly on D. suzukii and D. simulans pupae, suggesting that there is no difference in strategy to predate loosely attached pupae such as D. suzukii or more strongly attached ones such as D. simulans, and that both species are equally attractive as prey.

To our knowledge, this study is the first to show that fly pupa adhesion can protect from predation. Our experiments are simple and can be easily applicable to other species, and not only for pupae but also for eggs, to check if this phenomenon is general in flies and insects.

(c) Alternative functions of Drosophila glue and alternative strategies to protect pupae from predation

Here, we demonstrated that pupal adhesion protects from predation by preventing predators like ants from taking the pupa away. Pupa adhesion may have alternative roles, such as maintaining the individual in a favourable environment [START_REF] Hinton | Biology of insect eggs[END_REF][START_REF] Wiklund | Egg-laying patterns in butterflies in relation to their phenology and the visual apparency and abundance of their host plants[END_REF][START_REF] Shirai | Suspending cocoons to evade ant predation in Meteorus pulchricornis, a braconid parasitoid of exposed-living lepidopteran larvae[END_REF] so that the pupa would be hidden from predators, protected from microorganism contaminants or/and have optimal conditions for pupal development. If not attached, the pupa could be moved away by abiotic factors such as wind or rain, or biotic factors such as competitors. Pupa attachment could also help the adult to emerge from the pupal case, as suggested in butterflies [START_REF] Chapman | The insects: structure and function[END_REF] or facilitate pupal aggregation and thus dilution of predation risk as in freshwater caddisflies [12]. Pupal congregation has been observed in Drosophila species [39,42], but its contribution to protection from predators has not been tested.

Pupal adhesion is only one of several strategies for pupae to escape predators. A common strategy is cryptic coloration to hide from visual predators [44,45]. The brownish colour of Drosophila pupae could contribute to hiding the animal when pupating in the leaf litter or in the soil. In some cases, pupae mimic non-living things such as leaves or sticks like the common maplet butterfly chrysalis [45]. To avoid nonvisual predators, pupa has also evolved chemical defences either to chemically hide from predators [46] or to make the pupa toxic [47]. Pupae have also evolved different types of physical defence (spin, hard pupal case, urticating hairs, etc.). In Drosophila, the pupa is covered by a relatively thick (about 20 µm, [48]) and hard cuticle which has been hypothesized to protect the animal from predator attacks.

For the first time, to our knowledge, we report that pupa adhesion varies among Drosophila species and that pupa attachment can protect from predation. Our results unravel a previously unknown important trait for Drosophila survival in the wild, the ability of pupae to firmly adhere to a substrate. Further studies of Drosophila glue combining genetic and phenotypic approaches should provide insight on the molecular basis for diverse bioadhesive properties, adapted to various habitats and climates.

Data accessibility. Supplementary material, tables, raw data and scripts are available from the Dryad Digital Repository: https://doi.org/ 10.5061/dryad.x3ffbg7hg [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]. Evolution of the glue produced by larvae for metamorphosis 

Discussions

We showed for the rst time that Drosophila glue could prevent ants from collecting pupa. This function is the rst one to have been proven so far for Drosophila glue.

Drosophila glue could also be involved in the antimicrobial protection of the pupa or could be important for adult emergence. This function against predation is important for the animal tness as the y has to survive the pupal stage in order to reproduce at the adult stage. Although pupal stage is a crucial and vulnerable stage in y development, a few studies have focused on the pupal tness and adaptation. The glue genes represent a good system to better understand y adaptation as there are only a few genes and as they are involved in a function crucial for survival at a single developmental stage.

Evolution of the glue produced by larvae for metamorphosis

Title Introduction

Much of our knowledge of evolutionary patterns and processes in multicellular Eukaryotes derives from observations and analyses of adult stages. However, a large component of an individual's relative fitness may occur prior to the adult stage. In Diptera, development transitions through three larval stages followed by a pupal stage during which metamorphosis occurs. During this pupal stage, insects are particularly vulnerable because they are most of the time immobile. In Drosophila, pupation site choice during the larval stage is thus determinant and depends on various environmental conditions such as light [START_REF] Rizki | Light as an ecological determinant of interspecific competition between Drosophila willistoni and Drosophila melanogaster[END_REF], temperature [START_REF] Schnebel | Temperature effects on pupation-height response in four Drosophila species group triads[END_REF], humidity (Sokolowski, 1980) but also on intra and interspecific competitions (Beltramí et al., 2012;Da Silva et al., 2019). Insects have evolved different strategies to protect pupa from predation such as coloration, production of toxins, aggregation [START_REF] Lindstedt | Antipredator strategies of pupae: how to avoid predation in an immobile life stage?[END_REF], or pupa adhesion (Borne et al., 2021). For example, in Drosophila simulans and Drosophila suzukii, attached pupae survived longer in laboratory assays in the presence of ants compared to manually detached pupae (Borne et al., 2021). The ability of a pupa to successfully adhere to a diverse array of surfaces thus represents a critical trait subjected to selection among Drosophila flies.

In Drosophila melanogaster, glue adhesion is produced by late third instar larvae from their salivary glands and expectorated at the beginning of pupariation. The glue polymerizes quickly after expectoration and allows the pupa to attach firmly to various substrates (Fraenkel and Brookes, 1953). The glue is mainly composed of eight proteins encoded by the genes Sgs1, Sgs3, Sgs4, Sgs5, Sgs5bis, Sgs7, Sgs8, and Eig71Ee (Da Lage et al., 2019;Korge, 1977Korge, , 1975)). Sgs1, Sgs3, Sgs4, and Eig71Ee proteins are mainly composed of repeat sequences rich in proline, serine, and threonine and highly O-glycosylated, suggesting that they may interact with water to rehydrate the glue during the expectoration process to lubricate the lumen of the glands and the mouth [START_REF] Farkaš | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]. They may also contribute to glue adhesion by interacting with the substrate after expectoration [START_REF] Farkaš | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]. The glue has been shown to adhere relatively strongly to polarizable substrates that may interact with the negative charges of sugar parts and the positive charges of amino acid parts (Borne et al., 2020). Furthermore, Sgs1, Sgs3, and Eig71Ee belong to the mucin family as they are characterized by poorly conserved extended regions of repeated sequences containing prolines and glycosylated serines or threonines [START_REF] Syed | A potential role for Drosophila mucins in development and physiology[END_REF]. As with other mucins, these proteins could harbor antimicrobial functions [START_REF] Bakshani | Evolutionary conservation of the antimicrobial function of mucus: a first defence against infection[END_REF][START_REF] Syed | A potential role for Drosophila mucins in development and physiology[END_REF]. Sgs5, Sgs5bis, Sgs7, and Sgs8 are shorter and more ordered proteins. These proteins could also interact with the other disordered glue proteins to prevent protein aggregation and allow the secretion of the glue [START_REF] Farkaš | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF]. They could also have a role in adhesion. So far, the functions of the different glue proteins have not been tested.

In a previous study, glue genes have been identified in other species by BLAST searches using sequence similarity with D. melanogaster genes and, so far, have only been found in the Drosophila genus, probably due to rapid divergence of genetic sequences (Da Lage et al., 2019). In particular, repeat regions of Sgs1, Sgs3, Sgs4, and Eig71Ee have evolved rapidly in terms of the number of repeats as well as the nature of the repeats (Da Lage et al., 2019). Within the Drosophila genus, glue genes have undergone multiple gains and losses of copies as well as extensive genetic changes in their coding sequences (Da Lage et al., 2019).

As these genes are exclusively expressed in the salivary glands during a short period of time at the larval stage [START_REF] Andres | Molecular analysis of the initiation of insect metamorphosis: a comparative study of Drosophila ecdysteroid-regulated transcription[END_REF][START_REF] Duan | Bab2 Functions as an Ecdysone-Responsive Transcriptional Repressor during Drosophila Development[END_REF]Li and White, 2003), they likely have a unique role in the fly's life. This set of genes provides an excellent model to understand patterns of genetic variation in relationship with variations in phenotypes and adaptation. Furthemore, understanding how these glue genes have evolved could help us understand how the various glue proteins interact to form an adhesive substance with remarkable physical properties. A first attempt has been made to investigate the evolution of the glue genes but was limited by the quality of available genomes to align the repeat regions of the glue genes (Da Lage et al., 2019).

Here, we use D. melanogaster lines that originate from different geographic locations [START_REF] Chakraborty | Structural variants exhibit widespread allelic heterogeneity and shape variation in complex traits[END_REF] to assess the proportion of genetic variation contributing to natural differences in pupal adhesion. We then used fifteen high-quality PacBio genomes, corresponding to these phenotyped lines, to detect potential signals of selection. Finally, we compared our findings to a relatively large population genomic sample from Zambia, an ancestral population of D. melanogaster from the Drosophila Nexus Genome [START_REF] Lack | The Drosophila genome nexus: a population genomic resource of 623 Drosophila melanogaster genomes, including 197 from a single ancestral range population[END_REF].

Methods

Flies

Flies were cultured at 25 °C in plastic vials on standard medium [4 liters: 83.5 g yeast, 335.0 g cornmeal, 40.0 g agar, 233.5 g saccharose, 67.0 ml Moldex, 6.0 ml propionic acid]. We used all the 13 DSPR founders lines for which the genome has been assembled [START_REF] Chakraborty | Structural variants exhibit widespread allelic heterogeneity and shape variation in complex traits[END_REF], gift from Antony Long) except AB8, B1 and A3 lines because these strains are no longer available, We also used ORE (Oregon R, Bloomington Stock Center #25211) and iso-1 (gift from Jean-Luc Da Lage) D. melanogaster strains, D. simulans w[501] and md221 strains, D. mauritania mau12, D. yakuba NY73, and Tai18E2 (all strains provided by Peter Andolfatto).

Adhesion strength measurements

Pupae attached to glass slides (Menzel Superfrost microscope glass slide from ThermoScientific™ #AGAB000080) were prepared as described previously (Borne et al., 2021). Adhesion force of individual pupa was measured by detaching individual pupa from the glass slides using a universal test machine (LS1S/H/230V Lloyd Instruments) with a 5N force sensor (YLC-0005-A1 Lloyd Instruments) as described previously (Borne et al., 2021). Force-time curves were recorded using NEXYGENPlus software (Lloyd Instruments). We used the maximal force reached during the experiment, corresponding to the force at which the pupa was detached, as the adhesion force of each individual. Pupae which did not detach from the glass slide and pupae whose pupal case broke during the pulling phase were not taken into account for further analysis. After pupa detachment, images of glue prints remaining on the glass slides were taken with a Keyence VHX2000 microscope with a VH-Z20R/W objective x100. Print areas were measured manually using imageJ (1.50d, java 1.8.0_212, 64-bit). We measured the pupa-substrate interface corresponding to the contact area between the glue and the substrate as described previously (Borne et al., 2020;Borne et al., 2021). Prints for which there was no glue, wet prints and dirty slides were not included in the analysis.

Statistical differences in pull-off force between D. melanogaster strains and between species were tested by one-way ANOVA with the aov() R function followed by multiple pairwise comparison tests using Tukey test with the TukeyHSD() R function. Functions are from the stats core package of R (v 3.6.3) (https://www.r-project.org/). Proportion of the variance explained by genotype was measured by dividing the sum square of lines by the total sum square obtained by ANOVA. To test whether adhesion forces were correlated with glue-substrate contact areas in D. melanogaster, we performed a standardized major axis (sma) regression using the sma() function from the rsmartr R package (Warton et al., 2012).

Genome assemblies used for genomic analyses

Due to the relatively high repetitive nature of the glue protein sequences, we used fifteen high-quality D. melanogaster genomic assemblies including the reference genome iso-1 (Dmel R6) and recently published PacBio assemblies from 13 the founder lines of the Drosophila Synthetic Population Resource (DSPR) and Oregon R strain [START_REF] Chakraborty | Structural variants exhibit widespread allelic heterogeneity and shape variation in complex traits[END_REF]. Genome sequence assemblies of D. mauritiana (mau12) and D. sechellia (sech25) and D. simulans (WXD1) were downloaded from NCBI (see Data availability). PacBio genome assemblies of D. yakuba (Tai18E2 and NY73), D. teissieri (GT53w) and D. simulans (w[501], md15, md221) were kindly provided by Peter Andolfatto.

Analysis of gene sequences from PacBio genomes

Glue gene coding sequences were identified in each genome assembly using BLASTN implemented in Geneious prime (v.2019.1.3) and using previous glue gene models as queries (Da Lage et al., 2019). Coding regions were annotated manually using Geneious prime (v. 2019.1.3 ). A previously unidentified duplication of the Sgs3 gene was found in D. yakuba and D. teissieri assemblies.

When a frameshift or premature stop codon was detected in an individual D. melanogaster line, we blasted Illumina raw read data from the same strain [START_REF] King | Genetic dissection of a model complex trait using the Drosophila Synthetic Population Resource[END_REF], see Data availability) in NCBI's SRA using no filter for low complexity regions. If the reads did not reveal a frameshift or premature stop codon, we treated the mutation as an error and corrected it. Individual assemblies were thus corrected for B1 strain (coding sequence of Sgs4, chr X:3067004, replaced T by A), AB8 strain (coding sequence of Sgs3, chr 3L:11420384-11420385, T was added), and A1 strain (coding sequence of Sgs3: 3L:11445654-11445655, TAAGCCCA was added; 3L:11445657 C replaced by A; 3L:11445715-11445716, G was added; 3L:11445711-11445712 CCA was added). The coding sequence of Sgs1 from the A7 strain was not used in the full alignment of Sgs1 sequences because it contains probable multiple errors in the repeat parts that we could not correct with confidence. For the D. teissieri assembly, one deleted nucleotide in Sgs1 created a frameshift at amino acid position 244. Since we did not have access to its raw Illumina data, we manually corrected the assembly by adding a '?' (2L:5055203-5055204).

For polymorphism analysis, coding sequences for each glue gene were aligned across the 15 D. melanogaster lines using MUSCLE implemented in MEGA-X v.10.1.7 [START_REF] Kumar | MEGA X: molecular evolutionary genetics analysis across computing platforms[END_REF]. Codon-guided alignments were corrected manually if needed. For the analysis of Sgs1, Sgs3, Sgs4, and Eig71Ee, the repeated regions were removed from the alignment to calculate population genetics parameters. The beginning and the end of the repeat regions were determined visually according to the protein sequences.

To estimate divergence, alignments were performed similarly as above using D. melanogaster reference assembly and the sequences from the four D. simulans genomes, D. sechellia (sech 25) and D. mauritania (mau12), D. teissieri (GT53w) and the two D. yakuba genomes.

Analysis of gene sequences from the Zambia population

We also performed polymorphism and divergence analyses using the aligned sequences of the Zambia (ZI) population from the Drosophila Nexus Genome [START_REF] Lack | The Drosophila genome nexus: a population genomic resource of 623 Drosophila melanogaster genomes, including 197 from a single ancestral range population[END_REF], a collection of over 1,000 Drosophila genomes spanning dozens of global populations. We downloaded the sequences from Popfly (https://popfly.uab.cat/) and annotated and extracted the coding sequences of Sgs1, Sgs3, Sgs4, Sgs5, Sgs5bis, Sgs7, Sgs8 and Eig71Ee on Geneious prime (v. 2019.1.3). Individuals with missing data or with a premature stop codon in the sequences of interest were not used. For Sgs1, Sgs3, Sgs4 and Eig71Ee, we removed part of the sequences containing the repeats since they contained missing data in all of the individuals, corresponding respectively to positions 573-3437, 175-867, 150-461 and 679-393 of the coding regions. To estimate divergence using Zambia population, we used the aligned D. simulans sequence provided by the Drosophila Nexus Genome [START_REF] Stanley | flyDIVaS: a comparative genomics resource for Drosophila divergence and selection[END_REF].

Analysis of Polymorphism and Divergence in PacBio genomes

DNAsp v.6.12.03 x64 [START_REF] Rozas | DnaSP 6: DNA sequence polymorphism analysis of large data sets[END_REF] was used to estimate polymorphism and divergence statistics. To quantify genetic variation in D. melanogaster, we estimated the number of segregating sites (S), nucleotide diversity (π), Watterson's θ (θw), the number of haplotypes (h) and haplotype diversity (Hd). We also estimated Tajima's D (TajD). We also reported the number of synonymous and nonsynonymous sites. Sites segregating for several codons were not counted as synonymous or non synonymous sites. To assess adaptive signatures, we performed a McDonald-Kreitman test, and estimated the direction of selection (Stoletzki and Eyre-Walker, 2011). We also estimated the ratio of non synonymous to synonymous divergence dN/dS (Nei and Gojobori, 1986).

We used vcftools (v 0.1.16) [START_REF] Danecek | The variant call format and VCFtools[END_REF] to calculate sliding windows of π and DNAsp (v.6.12.03 x64) to estimate SNP density and dN/dS sliding windows. dN/dS sliding windows were calculated using the consensus sequence of D. melanogaster obtained from the fifteen genomes alignment and the sequence of D. simulans (w[501]), D. mauritiana (mau12) or D. sechellia (sech25).

We screened for specific deletions in some of the glue genes using the Drosophila Nexus Genome indel vcf files [START_REF] Lack | The Drosophila genome nexus: a population genomic resource of 623 Drosophila melanogaster genomes, including 197 from a single ancestral range population[END_REF] using local blastn (v 2.2.31+).

To count the number of repeated motifs in Sgs1, Sgs3, Sgs4, and Eig71Ee proteins, we first translated the coding sequences of the glue genes of the fifteen D. melanogaster assemblies in Geneious prime (v. 2019.1.3) and determined visually the beginning and the the end of the repeat regions. We then divided the length of the protein repeat regions by the length of the repeat motif which was defined previously (Da Lage et al., 2019) and rounded the number of repeats obtained.

Results

Pupal adhesion varies between D. melanogaster lines

We quantified pupal adhesion of twelve lines of D. melanogaster from geographically diverse parts of the world, isogenized in the laboratory, and maintained over decades by measuring the force at which pupae were able to be detached from glass slides (Figure 1). We found that the median adhesion force varies by three-fold across lines, from 124.45 mN in the A5 strain to 377.32 mN in A7. We found that adhesion strongly correlates to strain with 26 % of the total phenotypic variance in adhesion explained by genotype (ANOVA F = 12.63,df = 11,. We could distinguish a cluster of low adhesive lines composed of A5 and B4 strains for which adhesion was significantly weaker compared to the other species as well as a cluster of highly adhesive lines composed of A7 and B6 for which adhesion was significantly stronger (ANOVA followed by multiple pairwise comparisons, p < 0.05, Figure 1). We also quantified the pupal adhesion of other species from the D. melanogaster complex. We found no difference between species except with D. mauritiana, which has a lower adhesion (ANOVA followed by pairwise comparisons: D. simulans -D. mauritiana: p < 0.05; D. melanogaster -D. mauritiana: p < 0.01; Figure 1).

To understand whether differences in adhesion between the twelve D. melanogaster lines were due to a difference in the surface of contact between the glue and the substrate, areas of the prints left by the pupae on glass slides after detachment were measured. We found that contact areas vary between lines (ANOVA F=16.27, df=11, p< 2e-16; Figure S1) but no correlation was found between the force and the pupa-substrate contact area (sma regression, p=0.27) which suggests that differences in adhesion are not due to changes in the surface of contact between the pupa and the substrate and, thus, are not due to changes in the amount of glue produced between lines.

Contrasting levels of genetic diversity in glue genes

Single nucleotide polymorphisms

To gain better insight on the evolution of the glue genes, especially for glue genes containing low-complexity repeats (Sgs1, Sgs3, Sgs4 and Eig71Ee), we estimated levels of polymorphism using high-quality (PacBio) genome assemblies of 15 strains of D. melanogaster. Although each sequence represents a population from a different geographic location, we treated this set of sequences as the sampling of an equilibrium population. Evolutionary parameters could be estimated since the effects of population substructure and demography are expected to be minimal due to the very recent global expansion of D. melanogaster. We estimated population genetic parameters such as the number of segregating sites (S), nucleotide diversity (π), Watterson's θ (θw), Tajima's D (TajD), number of haplotypes (h) and haplotype diversity (Hd) for each of the eight glue genes (Figure 2, Table 1). For Sgs1, Sgs3, Sgs4 and Eig71Ee, we observed that most of the polymorphic sites were contained in the repeat regions (Figure 2). For these four genes, population genetic statistics were estimated with and without the repeat regions in order not to bias the results. Sgs1 gene sequences from the A7 strain were removed from the full alignment of Sgs1 because it contains unresolved sequencing error in the repeats.

The three glue genes, Sgs3, Sgs7, and Sgs8, clustered on chromosome arm 3L revealed low levels of genetic diversity (respectively, π=0.002 excluding repeats, π=0.001, and π=0.005) and only a few haplotypes. Sgs7 is the least genetically diverse with only 1 polymorphic site.

When excluding the repeats part, we only found 22 segregating sites over the 1,080 base pairs of the Sgs1 sequence. Among these 22 sites, two are singletons (found in AB8 and B1) and the other 20 polymorphic sites are doubletons (found in B3 and A7; Figure 2). Tajima's D is slightly negative for these four genes. In contrast, we found TajD>2 for Sgs5 (Table 1). Similarly, Sgs5bis presents a high TajD (Taj D=1.146) (Table 1). Sgs5 and Sgs5bis reveal few segregating sites (respectively, 7/494 and 7/429) and a high number of different haplotypes (respectively, 8 and 10), suggestive of balancing selection.

Surveying the polymorphisms within the repeat regions, we found that repeats in Sgs1 seemed to be more variable than the repeats in other glue genes. In particular, the sequence of the motifs was very different in ISO1 and B3 (Figure 2, Table S1).

Indel polymorphisms

With respect to indels, we only found two indels outside the repeat regions. The first indel corresponds to a deletion of 24 bps at the 3' end of the Sgs8 sequence in the A5 strain. The second indel corresponds to an insertion of the two nucleotides, TT, in the Sgs5 sequence of A7, eleven bps before the end of the coding region. These two mutations cause frameshifts and change the relative position of the termination codon. These indels are not found in any other individuals (n=866) from the Drosophila Genome Nexus study, a large global survey of genetic variation in D. melanogaster [START_REF] Lack | The Drosophila genome nexus: a population genomic resource of 623 Drosophila melanogaster genomes, including 197 from a single ancestral range population[END_REF].

For Sgs1, Sgs3, Sgs4 and Eig71Ee, we studied repeat number variation in repeat regions (Figure 3). Sgs1 is the most variable glue gene in terms of the number of repeats and it also contains more repeats than Sgs3, Sgs4, and Eig71Ee (between 45 and 67, compared to 29 and 38 for Sgs3, Figure 3). There was no obvious link between adhesion force and number of repeats (Spearman correlation, p>0.5).

Overall, the analysis of polymorphism in the glue genes showed that Sgs1, Sgs3, Sgs7, and Sgs8 contain low diversity in their non-repeat regions, suggesting that there may be some constraints or, alternatively, gene conversion, in this part of the gene. In contrast, we found high diversity in the repeats with repeat number variation and even a change in the repeat motif in Sgs1, suggesting that the repeat sequences have the capacity to evolve rapidly and that there seems to be little constraints for large changes in the repeat regions. Motifs and the number of repeats were less conserved in Sgs1 compared to the other glue genes with repeats. However, higher diversity in Sgs1 may be caused by errors in alignments or in sequencing as the length of the repeat part is bigger (about 2,000 bp). Furthermore, we found high haplotype diversity in Sgs5 and Sgs5bis, which could be explained by balancing selection.

Contrasting levels of interspecific divergence in glue genes

Gain and loss of glue genes

In order to estimate the divergence of the glue genes between melanogaser subgroup species, we identified and annotated glue genes in the different species and searched for paralogs using well-assembled PacBio genomes via synteny (Figure 5). We identified three copies of Sgs3 in D. yakuba and two copies in D. teissieri which were not found in the previous studies using short read assemblies (i.e., non-PacBio) genomes (Da Lage et al., 2019). Additionally, we found that the Sgs5-Sgs5bis cluster was inverted in D. simulans, D. sechellia, and D. mauritania, which was caused by the presence of the fixed inversion of Payne In(3R) in the simulans clade except D. melanogaster [START_REF] Wesley | Isolation and analysis of the breakpoint sequences of chromosome inversion In (3L) Payne in Drosophila melanogaster[END_REF]. We also found that Sgs5-Sgs5bis cluster was inverted in A5, as already mentioned previously [START_REF] King | Genetic dissection of a model complex trait using the Drosophila Synthetic Population Resource[END_REF].

Divergence of glue genes

To compare adaptive signals among glue genes in D. melanogaster, the normalized ratio dN/dS of nonsynonymous to synonymous substitutions as well as McDonald and Kreitman (MK) tests of selection were performed using D. simulans as the outgroup species (Table 2). dN/dS was also estimated using a windows approach along the nucleotides for the D. melanogaster / D. simulans pair (Figure 2) but also for the pairs, D. melanogaster / D. simulans and D. melanogaster / D. sechellia (Figure S2). An MK test could not be performed in Sgs3 because polymorphic sites were only found in the repeat region, which were too divergent. dN/dS was only estimated in the sequence of Sgs3 without the repeat region.

We found significant MK test results before correcting for multiple tests in Sgs8 with a positive direction of selection (DoS=0.375) and dN/dS=1.097 (Table 2), indicating potential adaptive evolution. Since dN~dS generally denotes a neutral evolutionary process, a dN/dS significantly greater than unity is indicative of positive selection. dN/dS was relatively high around sites 125-135 of the Sgs8 coding region (Figure 2). Results obtained for Sgs8 were quite different from results obtained for its neighbouring gene, Sgs7: MK test was not significant with a DoS close to 0. Moreover, we found significant MK test results before multiple tests correction for Sgs5, Sgs5bis, and Eig71Ee with DoS > 0 (Table 2). dN/dS is particularly high between sites 75-145 in Sgs5 at the location of an insertion in D. simulans (Figure 2, Figure S2). In Eig71Ee, a peak is found before the repeat region (sites 275-295, dN/dS up to 4) and at the end of the sequence (sites 1300-1320, dN/dS up to 3; Figure 2, Figure S2). dN/dS was relatively high along the repeat part of Sgs1 due to the rapid change in the repeat motifs already observed within D. melanogaster (Figure 2, Figure S2). No specific feature of divergence was detected in Sgs3 and Sgs4.

We also estimated dN/dS for different pairs of species to reconstruct the molecular clock of each glue gene (Table 3). As D. yakuba and D. teissieri have multiple copies of Sgs7 and Sgs3, we did not calculate dN/dS with these species for these genes. As repeat parts were too divergent to be accurately aligned, we used alignments without the repeats for Sgs1, Sgs3, Sgs4, and Eig71Ee. For Sgs8, a high level of dN/dS was confirmed for the pairs, D. melanogaster / D. simulans, D. melanogaster / D. sechellia, D. melanogaster / D. mauritiana, and was also observed for the pair, D. yakuba / D. teissieri (dN/dS=1.212), reflecting rapid evolution of Sgs8 in D. melanogaster and divergence between D. yakuba and D. teissieri. For Sgs7, we observed a high dN/dS ratio for the species pairs, D. simulans / D. sechellia (dN/dS=1.721), D. melanogaster / D. sechellia (dN/dS=0.716), and D. mauritiana / D. sechellia (dN/dS=0.742), suggesting rapid evolution of Sgs7 in D. sechellia. For Sgs3, dN/dS was slightly higher for the pair D. mauritiana / D. melanogaster (dN/dS=0.738) than for the pairs, D. simulans / D. melanogaster (dN/dS = 0.399) and D. sechellia / D. melanogaster (dN/dS=0.423), suggesting rapid evolution of Sgs3 in D. mauritiana.

Population genetic analysis of the Zambia population

To confirm that the results obtained with the population comprised of the fifteen geographically diverse D. melanogaster strains were also true for a real population, we estimated the same population genetic parameters using a large sample of individuals from a natural population from Zambia available from the Drosophila Genome Nexus Project [START_REF] Lack | The Drosophila genome nexus: a population genomic resource of 623 Drosophila melanogaster genomes, including 197 from a single ancestral range population[END_REF]. Zambia is proximal to the ancestral origins of this now cosmopolitan species. For Sgs5, Sgs5bis, Sgs7 and Sgs8, the whole coding sequence was analyzed but for Sgs1, Sgs3, Sgs4 and Eig71Ee, a part of the coding sequence, containing mostly repeat motifs, was removed because it contained too much missing data.

Haplotype diversity was high for all the genes except for Sgs7 and Sgs3. These two genes also showed low genetic diversity (respectively π=0.001 and π=0.002, Table 3) compared to their neighboring gene, Sgs8 (π = 0.01). TajD was low for Sgs3, Sgs7, Sgs1, Sgs4, and Sgs5bis but higher than -2 (Table 4). The normalized ratio, dN/dS, of nonsynonymous to synonymous substitutions as well as the McDonald and Kreitman (MK) test were also performed using D. simulans as the outgroup species. We found dN/dS>1 for Sgs8 and dN/dS close to 0 for the other genes. The MK test was significant for Sgs5 and Sgs5bis with a DoS>0 (Table 4).

Overall, we found similar patterns of genetic variation between the Zambia population and the fifteen D. melanogaster lines. However, Sgs5 and Sgs5bis revealed a negative TajD, contrary to the estimates obtained from the fifteen PacBio lines. This difference could be explained by local adaptation in the fifteen lines which leads to high diversity in these genes when the lines are treated as a single population.

Discussion

We estimate, for the first time, global levels of species variation of pupa adhesion across D. melanogaster. Our adhesion assay is based on measuring adhesion of individual pupa from fifteen D. melanogaster lines originating from different worldwide locations. Variation between individuals is high and could be explained by different developmental, physiological, behavioral, and morphological parameters. The high variance could be due to individual variation in the position of the pupa, the shape of the pupa, the way glue spreads over the substrate, or stochastic variation in glue production and glue composition. It could be due to variation in the position of the initial crack in the glue, which leads to detachment (Borne et al., 2020;Borne et al., 2021). However, we found that only 26% of the variation was explained by genotype. In particular, we identified two lowly adhesive lines, A5 and B6, and two strongly adhesive lines, A7 and B4.

Using high-quality PacBio genome assemblies available for these lines, we estimated the genetic variation of the glue genes within D. melanogaster and found that most of the genetic variation was found in the repeat regions whereas Sgs1, Sgs3, Sgs7 and Sgs8 sequences had a low diversity excluding the repeats of Sgs1 and Sgs3. Repeat regions have different dynamics compared to the rest of the coding regions. In particular, repeat regions change by the number of repeats as well as the nature of the repeat motifs (notably in Sgs1), which is in agreement with a previous study (Da Lage et al., 2019). Contrary to Sgs1, Sgs3, Sgs7, and Sgs8, the tandem duplicates, Sgs5 and Sgs5bis, showed elevated diversity with a positive TajD. Sgs4 and Eig71Ee did not show specific features.

To estimate divergence, we annotated the glue genes using high-quality PacBio genomes of the sister species, D. simulans, D. mauritiana, D. sechellia, and more distant species D. yakuba and D. teissieri, based on BLAST and synteny. We identified duplicates of Sgs3 in D. yakuba and D. teissieri which were not found using short-read based assemblies (Da Lage et al., 2019). The finding of these new duplicates indicates that glue genes evolve rapidly by gain and loss, and that high quality genomes are required to better understand the evolution of such rapidly evolving genes. However, alignment in the repeat regions remains challenging as the repeats are very divergent. Divergence analysis is also limited because different duplication events occur in Sgs7 and Sgs3.

In concordance with a previous study (Da Lage et al., 2019), we found that Sgs8 was the most divergent gene among the eight glue genes in D. melanogaster with a dN/dS>1 when comparing D. melanogaster with its three sister species. Interestingly, the greatest level of divergence is also at the 3' end of Sgs8 where we found a deletion in the A5 strain, a low adhesive line (the dN/dS ratio was higher at the 3' end of the coding sequence of Sgs8 around position 125-135). Even if no specific functional domains are predicted in these genes (Da Lage et al., 2019;[START_REF] Farkaš | The complex secretions of the salivary glands of Drosophila melanogaster, a model system[END_REF], this position may be important for function. However, the Sgs8 sequence is relatively short and divergence observed in this gene could simply be due to a sampling bias and, thus, be the result of non-adaptive evolution. We did not find high levels of divergence for Sgs1 contrary to what was observed in the previous study (Da Lage et al., 2019). This difference may be due to the method used to calculate dN/dS (present study: Nei and Gojobori, 1986;previous study: Yang and Nielsen, 2000). Furthermore, the MK test was slightly significant for Sgs5 and Sgs5bis, Sgs8 and Eig71Ee which may suggest adaptive evolution. However, the MK test was only slightly significant in Sgs5 and Sgs5bis when using the Zambian population. By estimating dN/dS ratio between pairs of Drosophila species, we found that Sgs7 and Sgs3 may have evolved more rapidly in respectively D. sechellia and D. mauritiana than other glue genes.

Using the Zambian population, we found similar results regarding gene diversity except for Sgs5 and Sgs5bis for which we found negative TajD. This difference in TajD values between the population based on the fifteen D. melanogaster lines and the true population of Zambia may be explained by recent local adaptations of the smaller worldwide dataset.

We did not find a difference in adhesion between D. melanogaster and other species tested except for D. mauritiana, however, we cannot exclude that there are no changes in other phenotypes related to glue adhesion. It would be beneficial to explore other parameters of adhesion variation (substrate specificity, plasticity to temperature of humidity conditions, etc). Furthermore, it is possible that glue has antimicrobial properties and that there may be changes in these properties between species. To date, glue gene function has never been tested.Understanding the functional role of specific SNPs from each glue gene will provide better insight into the patterns of polymorphism and divergence of glue genes. [START_REF] Voigt | Egg attachment of the asparagus beetle Crioceris asparagi to the crystalline waxy surface of Asparagus officinalis[END_REF]. Two lines are significantly different from each other when they do not share a letter (ANOVA followed by all pairwise comparisons after Tukey correction) In complement to the pupa -substrate contact area measurement, we also measured two other areas, which were previously described (Borne et al. 2020): the glue area removed from the substrate after detachment and the glue remaining on the substrate after detachment, corresponding to the dierence between the glue -pupa contact area and the glue area removed after detachment. We found a correlation between the force and the glue area detached from the substrate (sma regression, R-squared = 0.06, p = 7.4 7 , 
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Adhesion and environment

To test whether pupal glue could be adapted to dierent environments, we plotted the medians of pupa adhesion for the 15 D. melanogaster lines used in this study against two environmental factors: climate and biodiversity (Figure 4.2). A link between adhesion and climate is not very clear (Figure 4.2B) but we can see a trend between adhesion and biodiversity (Figure 4.2C). However, more data is needed to conrm these trends.
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Evolution of the glue produced by larvae for metamorphosis We found that pupa adhesion was important for y survival because it protects the pupa from predation (Chap 3; Borne et al. 2021). We also found that some of the glue genes have evolved more rapidly than average, in agreement with a previous study (Chap 4; Da Lage et al. 2019). Our results are in agreement with the hypothesis that the glue genes are important for pupa adhesion. However, the role of glue genes in pupa adhesion has never been tested so far. A previous study has reported a loss of adhesion when the secretion proccess is inhibited in the larval salivary glands by silencing the clathrin heavy chain gene required for exocytosis [START_REF] Burgess | AP-1 and clathrin are essential for secretory granule biogenesis in Drosophila[END_REF]). This observation is, to our knowledge, the only evidence of the role of the glue in adhesion. Furthermore, it is possible that the adhesive properties of the glue are not due to the glue proteins per se but to other small molecules (amino acids, sugars, etc.) present within the glue. Here, we aim at testing the contribution of the glue genes in D. melanogaster for adhesion. In a rst part, we used the UAS-GAL4 and RNAi techniques to silence a few of the glue genes and test their eect on adhesion. In a second part, we tested whether a particular 24-bp deletion in Sgs8 (found in D. melanogaster strain A5) contributes to the decrease in pupa adhesion. We performed crosses between A5 (low adhesive line containing the deletion in Sgs8 ) and iso-1 (medium adhesion line with no deletion) lines, tested the adhesion of their F1 and F2 progenies and performed association mapping between the Sgs8 locus and adhesion force. Then, we used CRISPR technique to introduce the exact same deletion in a wild-type line and test the eect of this deletion on pupa adhesion.

METHODS

Methods

Fly lines and crosses UAS-GAL4: The UAS-GAL4 technique is commonly used to induce the expression of genes on interest in specic tissues [START_REF] Brand | Targeted gene expression as a means of altering cell fates and generating dominant phenotypes[END_REF] A5 -iso-1 cross: Virgin females of the iso-1 strain were crossed to A5 males (7 tubes of 3-4 females x 2-3 males). The A5 and iso-1 lines are described in part 4.2. The resulting F1 were crossed to each other (tubes of 5 females x 5 males) to obtain F2 larvae. F2

pupae were tested for their adhesion then kept at -20 °C. F1 pupae (virgin females A5 crossed with iso-1 males and reversely) were also tested for their adhesion. Rev. 17). Samples were transferred in RA1 solution with clean forceps. Whole body samples were disrupted with a manual homogenizer cleaned with RNAse away (Thermo Scientic #7003) and then RNA was extracted following the protocol for RNA purication from cultured cells and tissue. RNA concentrations were measured using nanodrop.

Retrotranscription was done using 100 ng of the RNA extract and performed with the Su-perScript VILO cDNA synthesis kit following the manufacturer's protocol. Samples were diluted to 1:10 for the Reverse Transcriptase-quantitative PCR (qRT-PCR). qRT-PCR were performed with the LightCycler® FastStart DNA Master SYBR Green I kit following the manufacturer's protocol. 45 cycles were perfomed with the following parameters:

95 °C for 10 s, 61 °C for 10 s, 72 °C for 10 s. Denaturation step was performed at 95 °C for 10 min and melting curve from 70 to 95 °C. 2 housekeeping genes were used as controls:

RP49 and RP140 and a standard curve made of three dilutions (1, 1:5, 1:25) was done at each run to control for the ecacy of the primers. All the primers are listed below. Two samples were made for each biological replicate. First, the relative gene expression was calculated using the ΔCt individually for the two housekeeping genes. As the results obtained with the two housekeeping genes were similar, the ΔCt was then calculated using the geometric mean of the two housekeeping genes to normalize expression [START_REF] Vandesompele | Accurate normalization of real-time quantitative RT-PCR data by geometric averaging of multiple internal control genes[END_REF][START_REF] Arya | Basic principles of real-time quantitative PCR[END_REF]) and GAL4 genotype as the reference genotype. Crossing points were calculated automatically using the second derivative method with the Roche LightCycler® Software 3. 

Statistical analysis

To compare adhesion force between genotypes, statistical analyses were performed as previously (Part 4.2). To compare expression between genotypes, we performed Kruskal-Wallis tests followed by multiple pairwise Wilcoxon tests in R (v 3.6.1).

Results loss of Sgs1 and Sgs3 expression decreases adhesion

Sgs1 and Sgs3 proteins are the largest glycoproteins contained in the glue. As glycoproteins have been observed in dierent bioadhesives (Graham 2008;Li, Huson, and Graham 2008; Von Byern and Grunwald 2010), we wanted to test their role in adhesion. We used UAS-RNAi lines to silence Sgs1 and Sgs3 and compare pupa adhesion. We found that UAS-RNAi-Sgs3 and SG-GAL4 ; UAS-RNAi-Sgs3 pupae have a lower adhesion than SG-GAL4 pupae (116 mN for SG-GAL4 ; UAS-RNAi-Sgs3 compared to 196 mN for SG-GAL4, Figure 5.3). Regarding Sgs1, we found no dierence between SG-GAL4 and UAS-RNAi-Sgs1 lines. Interestingly, adhesion of SG-GAL4 ; UAS-RNAi-Sgs1 correlated negatively with the number of copies of UAS-RNAi-Sgs1. When two copies of UAS-RNAi-Sgs1 were present, we found a lower adhesion (median of 114 mN) compared to when there was a single copy (median of 217 mN) (Figure 5.3). To conrm that dierences in adhesion was due to dierences in Sgs1 and Sgs3 gene expression, we measured the relative expression of these genes for the dierent genotypes, 120

Evolution of the glue produced by larvae for metamorphosis CHAPTER 5. FUNCTION OF THE GLUE GENES IN ADHESION using SG-GAL4 larvae as the reference expression. When comparing Sgs3 expression, we found that Sgs3 expression was about 7 times higher in SG-GAL4 than in UAS-RNAi-Sgs3 or SG-GAL4 ; UAS-RNAi-Sgs3 (Figure 5.4). There was no dierence in expression between UAS-RNAi-Sgs3 and SG-GAL4 ; UAS-RNAi-Sgs3, suggesting that the promoter of UAS-RNAi-Sgs3 is leaky or that the UAS-RNAi-Sgs3 line does not express Sgs3.

When comparing Sgs1 expression, Sgs1 was about 2 times more expressed in SG-GAL4 than in UAS-RNAi-Sgs1 and about 7 times more expressed than in SG-GAL4 ; UAS-RNAi-Sgs1 with 1 copy of UAS-RNAi-Sgs1 (Figure 5.4). The adhesion was the lowest for SG-GAL4 ; UAS-RNAi-Sgs1 with two copies of UAS-RNAi-Sgs1 (about 9 times lower than SG-GAL4 ). These results suggest that Sgs1 expression level has to be under a certain treshold to observe an eect on adhesion. However, the dierence between SG-GAL4 ; UAS-RNAi-Sgs1 with one and two copies was not signicant. Furthermore, samples used were too diluted, resulting in very high Ct values and loss of ecacy (Annexe E). Results need to be conrmed using more concentrated samples. 

Deletion of Sgs8 in A5 does not aect adhesion

In order to test whether the 24-bp Sgs8 deletion found in D. melanogaster A5 (Figure 5.5), a low adhesive line, contributes to the decrease in adhesion, we crossed A5 and iso-1 lines and tested the adhesion of the resulting F1 and F2 progenies. We found that F1 pupae originating from crosses in both directions had the same phenotype as the iso-1 parents (Figure 5.6), suggesting that the iso-1 allele is dominant over the A5 allele for adhesion force. F2 individuals were genotyped for the Sgs8 deletion locus. We found that Evolution of the glue produced by larvae for metamorphosis 121 5.3. RESULTS F2 pupae with 1 or 2 iso-1 alleles also presented the iso-1 phenotype (median respectively of 273.99 mN and 265.22 mN) while F2 with 2 A5 alleles had a signicantly lower adhesion (ANOVA followed by pairwise comparisons, p < 0.05; median force of 193 mN). Still, median adhesion of the F2 which were homozygous for the A5 allele displayed higher adhesion than the A5 strain, suggesting that other genetic factors besides the deletion in Sgs8 contribute to the decrease in adhesion in A5 strain (Figure 5.6). We introduced the deletion found in Sgs8 in A5 using CRISPR technique and compared the adhesion of the CRISPR lines which carry the deletion and the CRISPR control lines which were processed through the same pipeline but do not carry it. We found that one line (11_1) carrying the deletion had a lower adhesion than 3 of the 4 lines without the deletion (Figure 5.7A-B) but this trend was not conrmed by the 3 other CRISPR lines carrying the deletion. We started to genotype all the pupae used for the assays to investigate these results further.
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Discussions and Future works

Using RNAi lines, we found a decrease in adhesion when silencing Sgs1 or Sgs3. This is the rst evidence of an eect of glue genes on y adhesion. We plan to look at glue prints Evolution of the glue produced by larvae for metamorphosis 123 5.4. DISCUSSIONS AND FUTURE WORKS left on the substrates after detachment to compare glue morphology and pupa -substrate contact area made by pupae for which Sgs1 or Sgs3 has been silenced. Furthermore, as UAS-RNAi lines are available for all the 8 glue genes, we plan to use this technique to test the eect of each glue gene.

Results obtained by phenotyping F2 individuals resulting from iso-1 x A5 crosses suggest that there is an eect of the region containing the Sgs8 deletion on adhesion.

In F2, chromosomes are mosaics of parental chromosomes due to recombination events. However, we don't know how large is the region that has not recombined around the locus of the deletion. When we look at the association between this locus and adhesion, we cannot exclude that the association is in fact due to another locus in the region linked to the deletion. As Sgs8 is clustered with two other glue genes Sgs3 and Sgs7, low adhesion in F2 could be due to a locus in these two genes. Furthermore, adhesion of F2 ies that are homozygous for the A5 deletion allele was slightly higher than adhesion of A5, which suggests that other additional loci may explain the weak adhesion of A5. As we found dierences in pupa -glue contact area between A5 and iso- Using CRISPR lines, we found that the deletion of Sgs8 found in A5 does not seem to aect adhesion. To conrm that there is no eect of the Sgs8 deletion on adhesion, we still need to conrm the genotype of all the pupae tested and we still have 1 more line with the deletion and 2 more lines without the deletion to test. We found that one line, 11_1, with the deletion showed lower adhesion than 3 of the 4 lines without the deletion. This dierence may be due to another locus. Each line has been established by rst crossing the injected y from a Nanos-Cas9 line with a y of another genetic background (w[1118] ). This rst cross can lead to dierences in the genome of the dierent CRISPR lines that could aect adhesion. In the future, we plan to sequence all the CRISPR lines (control and adhesion lines) and look at other polymorphic sites that may be associated with adhesion force.

124

Evolution of the glue produced by larvae for metamorphosis Chapter 6 Glue evolution in Diptera: The case of Megaselia scalaris

Introduction

Pupa adhesion is a common trait shared by multiple Diptera species. In Drosophila species, adhesion is mediated by a proteinaceous glue produced in the salivary glands of third instar larvae but little is known about the composition of adhesives in other ies. M. scalaris belongs to the Phoridae family and is distributed worldwide. It is a omnivorous species which can feed on rotten fruits and plants as well as dead insects and corpses [START_REF] Disney | Natural history of the scuttle y, Megaselia scalaris[END_REF]). M. scalaris has been studied for its particular sex determination: male sex is determined by a factor, "realizer", which is exchanged between the three chromosomes by regular translocations [START_REF] Mainx | The genetics of Megaselia scalaris Loew (Phoridae): A new type of sex determination in Diptera[END_REF]. The ultrastructure of the salivary glands of M. scalaris third instar larvae has been described previously [START_REF] Curtis | Reactions of seven basic uorochromes with unxed cells obtained from the salivary glands of the dipteran y Megaselia scalaris Loew (Phoridae)[END_REF]. The authors mentioned that the size of the salivary glands varies with the amount of secretory material present in the lumen of the glands, which is similar to what is observed in D. melanogaster. They mentioned that the secretory material is composed of proteins and glycoproteins, probably used as glue or as a protection for the cocoon [START_REF] Curtis | Reactions of seven basic uorochromes with unxed cells obtained from the salivary glands of the dipteran y Megaselia scalaris Loew (Phoridae)[END_REF]. Furthermore, M. scalaris pupae have been observed to stick very strongly to plastic and glass substrates in the laboratory (Jean David, personal communication). Although glue proteins are only found in Drosophila genus based on BLAST searches using D. melanogaster annotated genes (Da Lage et al. 2019), proteins with similar properties could be used in M. scalaris for pupa adhesion. Here, we aimed at characterizing the substance produced by M. scalaris salivary glands and look at similarities with D. melanogaster glue.

METHODS

Methods

Video recordings

Late third instar lavae which had stopped moving were washed in PBS and let to pupariate in empty plastic vials. Larvae were recorded using a digital camera (MIRAZOOM MZ902, OWL) and the software Cheese (version 3.18.1). 3 larvae were recorded.

Squeezing experiment

Late third instar larvae of M. scalaris and D. melanogaster with bloated glands were collected in PBS and larvae were squeezed for 10-15 s by pressing forceps at the middle of their body, corresponding to the end of their salivary glands. 15 larvae of each species were tested.

Protein identication

Sample preparation: To identify proteins contained in the liquid obtained after squeezing, third instar larvae were squeezed with forceps above ethanol 90 % with the mouth positioned near the ethanol and the uid that they secreted were collected in ethanol then vacuum dried. In the presence of ethanol, the liquid precipitated and formed a plug. To identify proteins contained in the glue which attaches the pupa, glue present on the pupal case surface was rst rehydrated by adding a small drop of water and then collected by scratching the cuticle with a scalpel. The sample was then vacuum dried. To identify proteins produced by the salivary glands, late third-instar larvae with bloated glands were dissected in PBS 1x solution. Their salivary glands were isolated and transferred into ethanol 90 %. The content of the gland lumen precipitated and formed a white plug that was isolated from the glands and vacuum dried. were stained following these steps under low agitation: xing (30 % methanol, 10 % acetic acid) for 1 hr, washing with water, oxydation (1 % periodic acid, 3 % acetic acid) for 1 hr, washing, staining (Schi 's fuchsin-sulte reagent, Sigma S5133) and reduction (0.2 % sodium metabisulte).

RNA extraction

Staging was done according to Andres and Thummel (1994). Late L3 larvae were collected by culturing larvae in y food supplemented with 500 µl of bromophenol blue (4 mg/ml) for 10 ml of food to mark the guts of feeding animals. Wandering larvae were collected when they present dark blue gut (in D. melanogaster dark blue gut corresponds to gut stage 1 (pu stage 7-9) during which the glue genes are expressed. White pupa corresponding to a few hours after pupariation were also collected based on pupa coloration.

Sex was identied according to the size of the larva and the pupa: M. scalaris males are around 3 mm long and females are around 5 mm long. Only females were collected.

For whole body condition, 1 female blue gut larva or 1 female pupa was washed in 1xPBS then put in 100 µl of RNAlater (RNAlater Stabilization Solution, Invitrogen AM7024). For salivary gland condition, 1 female blue gut larva or 1 female pupa was washed with 1X PBS buer then dissected in a clean PBS solution with forceps cleaned beforehand with RNAse away (RNase AWAY, Thermo Scientic #7003). The salivary glands were dissected out by pinching them o from the attached fat body then put in 50 µl of RNA later on ice. Tubes were then stored at -80°C until RNA extraction.

Total RNA from three biological replicates for each condition (larva salivary glands, larva whole body, pupa salivary glands, pupa whole body) was isolated using NucleoSpin© RNA (Macherey-Nagel, June 2015 / Rev. 17). Samples were transferred in RA1 solution with clean forceps. Whole body samples were disrupted with a manual homogenizer (cleaned with RNAse away) and then RNA was extracted following the protocol for RNA purication from cultured cells and tissue. We obtained from each sample approximately 40 µL of RNA at 200-300 ng/µL for whole body samples and at 10-20 ng/µl for salivary glands samples. RNA was stored at -80°C before RNA sequencing. Three biological replicates per condition were prepared (12 samples in total).

RNA sequencing

Library preparation and Illumina sequencing were performed by the Genomics Platform of Ecole normale supérieure (Paris, France). Messenger (polyA+) RNAs were puried from 30 ng of total RNA using oligo(dT). Libraries were prepared using the strandspecic RNA-Seq library preparation TruSeq Stranded mRNA kit (Illumina). Libraries were multiplexed by 12 and spread on 4 lanes on 1 run. Paired-end 150-bp read sequencing was performed on a NextSeq 500 device (Illumina). About 14 to 20 million reads passing Evolution of the glue produced by larvae for metamorphosis 127 6.2. METHODS Illumina quality lter were obtained for each of the 12 samples. Before the analysis, reads were demultiplexed and the 4 lanes were combined for each sample.

De novo transcriptome assembly

First, reads were trimmed using Trimmomatic (v 0.32.3) with the parameters dened in Table 6.1. De novo transcriptome assembly was performed using Trinity (v 2.8.3) on the trimmed reads using the parameters dened in Table 6.1 MS spectra were acquired over a mass range of 5004000 m/z. Peptide fragmentation was performed at collision energy (CID) of 2 kV in positive ion reection mode. For each sample up to 20 most intense peaks of MS spectra were selected for MS/MS spectra analysis. Approximately 1000 single shots were accumulated from dierent positions for MS analysis, and 2000 shots spectra were recorded for the subsequent fragment ion spectra. MS and MS/MS spectra were acquired using the 4000 Series Explorer software (AB Sciex). The data were processed using ProteinPilot software 4.5 (AB Sciex) with a mascot server (Mascot version 2.5.1) and using the proteome obtained from the de novo M. scalaris transdecoder as the database, with a maximum of 2 missed cleavage sites.

Precursor and fragment mass tolerance were set to 50 ppm and 0.5 Da respectively. The following post-translational modication was searched: Carbamido-methylation (C). The proteins were ltered using a P-value < 0.05.

Results

M. scalaris larvae release a glue by their posterior part but secrete a uid from their mouth when they are squeezed

When observing carefully M. scalaris pupae in the laboratory, we can see that the pupa is attached by a thin layer of a transparent substance. This substance is usually solid in 130

Evolution of the glue produced by larvae for metamorphosis CHAPTER 6. GLUE EVOLUTION IN DIPTERA: THE CASE OF MEGASELIA SCALARIS laboratory conditions but can be rehydrated when adding a drop of water. To investigate the origin of this substance that we called glue, we recorded late third instar larvae on their ventral part. We found that M. scalaris larvae expelled a liquid by their posterior part, probably through the anus (Figure 6.1). The uid is spread between the larva and the substrate by peristaltic movement similarly to what is observed in D. melanogaster.

No liquid was seen to come from the mouth during the videos.

Interestingly, when M. scalaris larvae are squeezed with forceps in the middle of their body, they orientate their head towards the forceps and secrete a uid from the mouth (n=15; Figure 6.2). Under the same stress, D. melanogaster larvae do not show this behavior: they don't turn their head and they don't produce liquid (n=15). When the uid comes in contact with ethanol 90-95%, the uid aggregates and forms a white plug as the one observed for D. melanogaster glue (Korge 1975). Evolution of the glue produced by larvae for metamorphosis 131 6.3. RESULTS

Origin of the uid secreted after squeezing and the glue present at the surface of the pupa

To compare the uid secreted after squeezing and the glue present on the surface of the pupa we examined their protein content and compared it with the protein content of the salivary gland lumen by SDS PAGE.

First, we extracted the salivary gland lumen content and run it by SDS-PAGE. We found that the lumen content separated in a few fractions that we numbered from 1 to 9 (Figure 6.3A). Bands were thick and intense after Coomassie staining, suggesting that proteins corresponding to these bands are present in large amount in the gland lumen.

After Periodic Acid Schi (PAS) staining which stains polysaccharides, fraction 5 and 7

were the most stained and fractions 1, 2, 3 and 4 showed a slight coloration, suggesting that the corresponding proteins are glycosylated. Some bands at the very top of the wells appeared with PAS staining, which may correspond to sugar residues that did not migrate into the gel.

The uid secreted after squeezing was collected and the fractions obtained after migration were compared to the fractions obtained with the gland lumen content. We found that the protein migration prole of the uid secreted after squeezing was almost identical to the one obtained with the salivary gland lumen content, suggesting a salivary gland origin of this uid. The migration prole only diered by one band present in the uid and not in the salivary gland extract (Figure 6.3B). As fraction 1 was thinner in the secreted uid than in the lumen content, the additional fraction could be the result of protein modication of fraction 1 between the gland lumen and the uid collected after expectoration.

Finally, we collected the glue at the surface of pupae and run it on SDS-PAGE. After migration of the glue collected at the surface of the pupal case, we obtained a smear and could not identify clear bands, probably due to the presence of non peptidic compounds in the glue or degraded proteins.

Identication of proteins secreted by the salivary glands

To identify the proteins produced by the salivary glands, we sequenced the transcriptome of M. scalaris third instar larva. A previous genome of M. scalaris is available (ASM34191v2 available on NCBI) but the quality was not good enough for our study.

Our new de novo transcriptome of M. scalaris contained 70,378 transcripts corresponding to 11,463 genes. Using BUSCO, we found that more than 95 % of the insecta core genes are found and are complete in our new assembly compared to less than 40 % in the previous genome assembly ( Figure 6.4). This new transcriptome sequence data was then used to nd genes dierentially expressed in the salivary glands compared to the whole body and was used to produce a protein database to identify gland lumen proteins 132
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by mass spectrometry. We analyzed the total gland lumen proteome and we analyzed 8 fractions (fractions 1, 2, 4, 5, 6, 7, 8 and 9) obtained after SDS-PAGE migration of the gland lumen content.

By analyzing the total gland lumen content, we identied 36 proteins. By analyzing individual fractions, we identied 4 proteins also found by the total gland lumen analysis (corresponding to fractions 2, 4, 6 and 8) and 3 additional proteins that were not found by the total gland lumen analysis (corresponding to fractions 5, 7 and 9). Fraction 1 was not identied. In total, 39 proteins were identied (Figure 6.5). Proteins found in the fractions do not share identity with other known proteins from the Swissprot database except DN584 (fraction 5) which shares identity with the human Myosin light chain kinase (MYLK) (Figure 6.5).

We found that 421 genes were upregulated (logFC > 5 and FDR < 0.05) in the larval salivary glands compared to the whole body. By combining proteomic results

with gene expression analysis, we found that the 7 proteins present in the gel fractions corresponded to transcripts enriched in larval salivary glands except for DN584 (fractions Evolution of the glue produced by larvae for metamorphosis 133 6.3. RESULTS Figure 6.4: BUSCO assessment results. Proportion of BUSCO core genes for insecta and Diptera found in the previous M. scalaris genome ("previous_genome") and in our new M. scalaris larva transcriptome assembly ("trinity"). We tested signal peptide prediction and found that all the 20 candidate transcripts had a predicted peptide signal in the protein except one that had no predicted peptide signal (DN329) and 4 for which prediction was not possible because the sequence was not complete (DN10666, DN7221, DN375, DN9437) (Figure 6.5). Some of the proteins found in the lumen content showed similarities with D. melanogaster glue proteins and other adhesive proteins. In particular, DN499 (fraction 4), DN329, DN375 (fraction 2), DN376 and DN584 (fraction 5) contain repeat stretches rich in certain amino acids. For these proteins, motifs of the repeats were variable and we could not dene a strict motif sequence. These proteins were enriched in threonine and serine but the isoelectric point was not particularly basic (Figure 6.5).
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Discussions

By observing glue release at the end of the larval stage, we found that pupa adhesion is mediated by dierent process in M. scalaris and D. melanogaster. While D. melanogaster larva expectorates a glue produced by the salivary glands through the mouth, M. scalaris glue seems to come through the anus. We could not identify the protein content of M. scalaris glue because we obtained a smear by SDS-PAGE. Multiple hypothesis are possible to explain this result: rst, the glue does not contain protein; second, the glue contains proteins and other molecules, for example lipids, which makes the protein migration not clear by SDS PAGE; third, proteins present in the collected glue are degraded. This result does not allow us to conclude about the exact composition of the glue. Based on Evolution of the glue produced by larvae for metamorphosis 135 6.4. DISCUSSIONS our movies, we can hypothesize that the glue is not produced by the salivary glands but from other glands, maybe around the digestive tube. Alternatively, we could hypothesize that the glue comes from the salivary glands but goes through the digestive tube.

Moreover, we found that the uid produced by the salivary glands could have another function. Indeed, M. scalaris larva expectorates the salivary gland lumen content when it is squeezed and directs the secretion towards the attack location. This behavior could be a defensive behavior and the uid could have repellent or toxic properties. By combining transcriptomic and proteomic data, we identied 20 candidate proteins which may compose this uid. Most of them have no homolog and only three of them present similarities with known proteins. In particular, one protein, DN2355 presents about 33 % identity with a venom protein, which is in agreement with the toxin function hypothesis.

Furthermore, some of the proteins shared similar features with D. melanogaster glue proteins. Particularly, some proteins contain repeats and are enriched in serine and threonine. However, they are not particularly basic.

To understand better the process by which M. scalaris becomes attached, we need to characterize the composition of the glue. We also need to identify the gland which produces this glue. We could also perform adhesion assay to compare the adhesion strength of M. scalaris and Drosophila species. To understand better the function of the salivary uid, predation assays could be performed. It would be interesting for example to give M. scalaris larvae to ants to see if the uid is secreted in case of an ant attack and if the uid has an eect on ants. Furthermore, we can use more complete databases than the Swissprot database which contains only reviewed proteins. For example, we could run blast search on the larger uniprot database containing unreviewed proteins or run blast search directly on nucleotides with the NCBI nucleotide database.
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Physical properties of D. melanogaster glue

New pull-o force measurement design This is the rst time that D. melanogaster glue is studied for its adhesion properties.

To measure glue adhesion, we designed a simple pull-o force assay. Similar to adhesion assays designed previously to measure insect egg adhesion (Voigt and Gorb 2010;Al Bitar et al. 2012;Al Bitar et al. 2014), we measured the force required to detach individual pupae. Measuring adhesion of naturally attached pupae allowed us to estimate a force probably close to the adhesion force that is found in the wild although assays were not done in natural conditions (natural climate, natural substrates ...). In particular, the force measured by our pull-o force is probably close to the force required for predators to detach a pupa. However, this technique leads to a high variation between individuals which may be due to variations independent of the properties of the glue. For example, it may be due to changes in pupa position, pupal shape or in the way the glue spreads over the substrate. To have a good estimate of glue properties, we thus need to measure multiple pupae. As the test is easy and now mostly automated, it takes only a couple of minutes to be performed for a given pupa and measuring multiple pupae within an hour is 7.1. PHYSICAL PROPERTIES OF D. MELANOGASTER GLUE not a problem. It would be interesting to measure adhesion using pure glue collected from larvae. However, as the glue is produced in a very low amount (in the order of nanoliter)

and as the glue dries quickly within a minute after expectoration, it is very challenging to collect the glue. Additionally, factors that induce glue expectoration are not known and it is not possible to estimate precisely the moment when larvae will expectorate.

Drosophila glue sticks to polarizable substrates

To understand better the nature of the interactions that make the glue sticky, we measured pupa adhesion on substrates with dierent properties. We found that, for all the substrates tested, the adhesion force was about 200 mN, except for Teon on which pupa weakly adheres (about 40 mN). As all the substrates (except Teon) are polarizable, we can hypothesize that interactions are possible because the substrates rearrange their charges in contact with the glue. The glue also contains positive and negative charges because the glycoproteins Sgs1, Sgs3, Sgs4, Eig71Ee contain negatively charged sugar and positively charged proteins (in particular rich in Lysine). We can hypothesize that the glue is also polarizable and that this property favors adhesive interactions with other polarizable substrates. According to this hypothesis, the adhesion should be mediated mainly by non covalent Van der Waals interactions.

Furthermore, we did not nd correlation between adhesion force and the dierent areas dened by the prints left by the glue after detachment. We did not nd dierences in adhesion on resin with dierent roughness. We can hypothesize that the correlation between force and contact area is hidden by the high variation between individuals caused by other factors. As discussed above, variations could be due to individual variation in the pupa position, pupa shape or glue spreading. Variation could also be due to variation in the way pupae detach. Indeed, between individuals, the critical crack may initiate at dierent locations and result in dierent adhesion force measurements.

By dividing by the pupa -substrate contact area covered by the glue (about 1 mm

2 ), we found that pupa adhesion strength was about 200 kPa. This adhesion was comparable to the adhesion strength found for other insect egg adhesives (Voigt and Gorb 2010;Al Bitar et al. 2012;Al Bitar et al. 2014) and weaker than mussel and barnacle adhesion [START_REF] Crisp | Adhesion and substrate choice in mussels and barnacles[END_REF]. However, the force is high relative to the pupal scale and corresponds to 15 500 times the weight of a pupa.

Drosophila glue properties can be interesting for some applications. For example, this glue could be used for sticky notes which require a glue that can stick to a variety of substrates (paper, plastic, glass) and that is not too strong to allow an easy detachment.
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To characterize better the glue, it would be good to test adhesion according to temperature and humidity and other factors which are known to inuence larval pupation site preference (Schnebel andGrosseld 1992, Sokolowski 1980) and which vary between locations in which Drosophila populations are found. Additionally, it would be good to test adhesion on dierent natural substrates that the pupa can experience in the wild such as leaf, wood or stone. To our knowledge, this is the rst study that estimate y pupa adhesion and it would be good to investigate more distant y species outside from the Drosophila genus which may have dierent adhesion mechanisms to have an estimate of the natural variation of pupa adhesion in Diptera and if possible link this variation with the ecology of the species.

Drosophila glue protects from predation

Adhesion varies between species from a same location

We rst sampled ies in the eld and tested the adhesion of three Drosophila species, D. simulans, D. suzukii and D. hydei. We found a 5-fold variation in adhesion between the three species. In this case, contrary to what was observed in our rst study conducted in D. melanogaster, variation between individuals can be partly explained by variation in pupa -substrate contact areas. Indeed we found a correlation between force and pupasubstrate contact area for the three species. After correcting the adhesion force by the pupa -substrate contact area, we had less intraspecic variation, especially for D. hydei.

The level of additional noise observed between individuals may depend on species and may be bigger in D. melanogaster than in the three species tested here. D. simulans and D. hydei have the same ratio amount of glue / pupal size whereas D. suzukii has a smaller ratio, suggesting that it produces less glue relative to its size compared to the two other species. This dierence in glue production may be explained by a dierence in the number of copies of polytene chromosome in the salivary glands, a dierence in the size of the glands or a dierence in glue gene regulation. In any case, it may be related to a dierence in the ecology of D. suzukii species.

Pupa adhesion prevents ants from taking pupa away

In this thesis, we showed for the rst time one of the functions of Drosophila glue. We found that when attached, pupae are less predated by ants, which are one of the main predators of fruit ies (Thomas 1995;Hennessey 1997;Urbaneja et al. 2006) Other hypothetical functions of the glue remains to be tested Protecting from predation may not be the only role of Drosophila glue and it would be good to test other hypothetical functions.

Glue contains mucins and mucins in other organisms are known to have antimicrobial properties [START_REF] Bakshani | Evolutionary conservation of the antimicrobial function of mucus: a first defence against infection[END_REF]. To test the hypothesis that the glue has an antimicrobial function, we could put pupa in contaminated Petri dishes and follow the proliferation of contaminants on the pupa. Using this method, we could test whether the growth of specic microorganisms is inhibited by glue compounds.

We could also test the role of pupa adhesion in adult emergence. We could compare adult emergence between attached and mechanically detached pupae and look at dierent parameters such as adult emergence rate, adult emergence duration and adult survival rate after emergence.

Glue is also used to stick individuals to each other. Pupa aggregation has been shown

to confer protection against predation in caddisies (Wrona and Dixon 1991). To test the role of Drosophila pupa aggregation against predation, we could perform similar predation experiments as the ones performed with ants in this thesis (Borne et al. 2021) and compare predation on isolated attached pupae and on aggregated attached pupae.

Contrasting modes of evolution of the glue genes Adhesion varies between D. melanogaster lines

To estimate the natural variation in adhesion found in D. melanogaster populations, we measured the adhesion of 12 lines originating from dierent geographic locations.

Adhesion varies by three-fold between these lines. In particular, two lines were lowly adhesive and two lines were strongly adhesive compared to the rest of the lines. As we found that pupa adhesion protects from predation, we can hypothesize that populations which experience a higher level of predation may have adapted a stronger glue. Indeed, we found that there may be a link between adhesion force and biodiversity level. It would be good to asses the adhesion of more lines from other geographic locations to conrm this trend.
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The repeat nature of Sgs1, Sgs3, Sgs4 and Eig71Ee sequences makes the analysis of these genes challenging when using short-read based genomes. Here, we used high-quality

PacBio available genomes to assess the evolution of the glue genes. We used 15 genomes that we treated as a true population in order to estimate selection present in the glue genes. We found contrasting levels of diversity in the glue genes with lowly-diverse genes (Sgs1, Sgs3, Sgs7 and Sgs8 ), intermediate-diverse genes (Sgs4 and Eig71Ee) and highly diverse genes (Sgs5 and Sgs5bis). Comparing these results with a true population from Zambia, we found that high diversity observed in Sgs5 and Sgs5bis may be due to local adaptations. Using genomes from closely related Drosophila species, we found that Sgs8 evolved more rapidly than the other genes in D. melanogaster, in agreement with Da Lage et al. 2019. Furthermore, we found that Sgs7 and Sgs3 may have evolved more rapidly in respectively D. sechellia and D. mauritiana than in other species.

The glue genes seem to have evolved rapidly and the contrasting modes of evolution of the glue genes may be due to dierent functions of the glue genes to form the glue.

Drosophila adhesion is partly mediated by Sgs1 and Sgs3

In this thesis, we provide the rst direct experimental evidence that some glue genes, Sgs1 and Sgs3 are involved in pupa adhesion. The role of the 6 other glue genes still needs to be tested. Role of glycosylations could also be tested by silencing glycosylation enzymes using RNAi lines. Furthermore, it would be good to conrm results obtained with the RNAi lines by testing true loss-of-function mutants. To our knowledge, no such mutants are available.

To better characterize the role of the glue proteins in adhesion, it would be good to produce and purify recombinant glue proteins. As some of them contain Eucaryotic O-glycosylations that cannot be produced in simple systems like Escherichia coli or Saccharomyces cerevisiae, we could rst try to produce these proteins in insect cell types like S2 cells. Once the proteins are produced, we could test their chemical properties by Atomic Force Microscopy. If enough proteins are produced, we could also test the adhesive properties of the glue obtained by tensile or shearing tests. To go deeper in the understanding of the nature of the interactions involved in adhesion, we could also test the eect of the number of repeats and glycosylations in adhesion by designing and producing modied glue proteins without the repeat parts. We could also produce a glue containing several glue proteins by cloning multiple coding sequences in our system to investigate the protein-protein interactions at stake in the glue.
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7.5 M. scalaris salivary secretion used as a toxin?

Finally, we wanted to extend our understanding of y glue to more distant species and understand how pupa adhesion has evolved in Diptera. We focused on M. scalaris, a Phoridae species for which pupae have been observed to stick very strongly to substrates in the laboratory. Surprisingly, we found that the secretory materials produced by their salivary glands may not be used to attach the animal but may be used as a way of defense in case of attack whereas the glue which attaches the pupa is released through the anus of the larva. Similarly to what is observed in D. melanogaster, polyacrylamide gel electrophoresis reveals that the salivary secretory material is mainly composed of a few proteins and some of them are glycosylated. We analyzed the transcriptome and the proteome of the salivary gland content by RNA sequencing and mass spectrometry and identied 20 proteins that could correspond to the proteins of the secretory material. So far, we found little similarities with known proteins from other species. We still have to search for similarities using BLAST with larger protein databases or nucleotide databases.

In any case, these results suggest that the process of production of a few proteins in a large amount in the salivary glands at the end of the third instar larva is conserved between y species but that the function of these proteins may have changed.

So far, we did not identify the composition of M. scalaris glue and we do not know how it is produced. Insect adhesives can be produced by a diversity of glands which can be specic or not. For example, silk secretion has evolved multiple times and can be produced by dermal glands, Malpighian tubules, reproductive glands, labial and salivary glands or even the gut depending on the species [START_REF] Sehnal | Insect silk glands: their types, development and function, and eects of environmental factors and morphogenetic hormones on them[END_REF]Betz 2010).

It is thus possible that the glue produced by M. scalaris may result from a completely dierent process than in D. melanogaster and that pupa adhesion is a trait resulting from convergent evolution in response to similar environmental constraints experienced by the two species.

https://passion-entomologie.fr/proprietes-colle-drosophile/ 1/18 [START_REF] Chen | A mussel-inspired poly (γ-glutamic acid) tissue adhesive with high wet strength for wound closure[END_REF].

Les insectes produisent des substances adhésives variées tout au long de leur vie pour des fonctions diverses (Betz, 2010). Par exemple, le criquet se déplace sur des surfaces verticales grâce à la présence de structures en forme de griffes, combinée à la production d'une colle au bout de ses pattes [START_REF] Wang | Eect of surface roughness on attachment ability of locust Locusta migratoria manilensis[END_REF][START_REF] Vötsch | Chemical composition of the attachment pad secretion of  sample_ID area_green_px area_red_px area_black_px scale_print_mm scale_print_px width_px 2019082002-CantonS NA NA NA NA NA NA 2019082209[END_REF]. La puce mâle a des antennes collantes pour maintenir son partenaire lors de l'accouplement (Rothschild and Hinton, 1968).

Propriétés chimiques

Chez Drosophila melanogaster, le mâle libère une substance collante dans l'appareil reproducteur de la femelle pendant l'accouplement pour prévenir un deuxième accouplement avec un autre partenaire [START_REF] Avila | Insect seminal uid proteins: identication and function[END_REF] substance collante capture la proie (Betz and Kôlsch, 2004). Le ver à soie, chenille du Bombyx du murier, produit des laments de soie qui collent entre eux et à un substrat pour construire un cocon. En n, les femelles du Coléoptère Chrysomélidé Crioceris asparagi produisent une colle pour attacher leurs oeufs à la surface des feuilles (Voigt and Gorb., 2010) ( gure 1). Les bioadhésifs produits par les insectes résultent souvent du mélange de composés de différentes natures : protéiques, lipidiques, glucidiques. (Korge et al., 1977).

Les protéines Sgs4, Sgs5, Sgs5bis, Sgs7 et Sgs8 ne comportent pas de sucre et ne font pas partie d'une famille de protéines particulière. Cette colle, un liquide transparent, est excrété par l'animal en quelques secondes et s'étale tout de suite entre l'individu et le substrat. La larve effectue quelques mouvements péristaltiques (une sorte de vague de contractions musculaires allant de l'extrémité antérieure à l'extrémité postérieure), ce qui permet à la colle de se répartir sur son tégument. Après quelques secondes, la larve s'immobilise et entre en métamorphose (Fraenkel and Brookes, 1953). Au contact de l'air, la colle sèche en quelques minutes. Ce phénomène est peutêtre dû à l'évaporation des molécules d'eau présentes dans la colle.

La pupe reste alors collée à son substrat pendant la métamorphose (environ 4 jours chez Drosophila melanogaster). Ensuite, la mouche perce l' une enveloppe de cuticule qui la protège, celle-ci restant collée au substrat. Dans la nature, les pupes sont collées à des feuilles, des fruits mais aussi à des cailloux ou à d'autres individus ( gure 2).

 

Une colle forte universelle

Pour aller plus loin dans l'analyse de cette colle, une deuxième étude a permis de caractériser ses propriétés adhésives (Borne et al., 2020). Nous avons mis Table S7. Results table of the predation assay in the laboratory.

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 2 1 0 0 0 0 0 0 1 0 0 2 1 0 0 0 1 NA NA 1 0 2 0 0 0 0 1 1 1 0 0 0 0 1 1 5 1 0 3 0 1 0 4 0 0 1 1 0 0 1 1 NA NA 1 1 0 1 0 0 1 1 2 2 1 2
Each row corresponds to the description of the experiment for one pupa. condition column indicates the initial state of the pupa (attached or detached), strategies indicates whether the pupa was brought to the nest over the duration of the experiment (to_nest) or was never brought to the nest and consumed outside the nest (on_site).

Time corresponds to the time at which the pupa was brought to the nest or fully consumed outside the nest in min. max_ant corresponds to the maximum number of ants observed in contact with the pupa over the duration of the experiment. ORI indicates whether the pupa was initially on the left or on the right side of the glass slide at the beginning of the experiment. rst_ant corresponds to the time in min at which the rst interaction between the pupa and an ant is observed. max_rst corresponds to the maximum number of ants observed in direct interaction with the pupa between the beginning and the time when the rst pupa is brought to the nest or fully consumed outside the nest.

Here [START_REF] Borne | Data from: Drosophila glue protects from predation[END_REF]163 20,049 30,163 20,049 30,97 25,791 30,97 25,791 29,97 23,791 26,97 24,791 26, RNAi-sgs3. 1 25,95 21,563 25,95 21,563 24,95 21,563 26,95 21,563 26,95 20,563 26,95 21,563 26,95 20,563 26,95 21,563 24,746 glue_GAL4 glueG1 23,95 20,563 24,746 glueG1 26,[START_REF] Fordyce | Variation in butterfly egg adhesion: adaptation to local host plant senescence characteristics?: variation in butterfly egg adhesion[END_REF][START_REF] Hinton | Biology of insect eggs[END_REF]95 20,563 25,746 glueG2 26,95 20,563 25,746 glueG2 24,95 20,563 25,746 glueG3 22,95 19,563 25,746 glueG3 22,95 19,563 25,746 glueG4 25,95 19,563 24,746 glueG4 25,95 19,563 24,746 GAL4_RNAi_Sgs3 glueG-RNAi-sgs3. 1 32,95 22,[START_REF] Wahl | Living attached: aufwuchs, fouling, epibiosis. Fouling organisms of the Indian Ocean: biology and control technology[END_REF][START_REF] Fordyce | Variation in butterfly egg adhesion: adaptation to local host plant senescence characteristics?: variation in butterfly egg adhesion[END_REF][START_REF] Hinton | Biology of insect eggs[END_REF]563 27,95 22,563 24,95 21,563 27,95 21,563 24,95 21,563 24,95 22,563 24,95 20,563 26,95 21,563 23,746 GAL4_RNAi_Sgs1 nGFP GAL4_RNAi_Sgs1 GFP
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 111 également mis en évidence un rôle crucial de la colle pour la survie de l'individu et est en lien direct avec l'environnement. Nous avons établi que certains gènes Sgs5 et Sgs5bis contribuaient peut-être à l'adaptation locale des populations et que d'autres gènes Sgs3, Sgs7 et Sgs8 pouvaient avoir évolué plus rapidement chez certaines espèces. Ce travail ouvre la voie à de nombreuses études dans des domaines très diérents. D'autres travaux sont nécessaires pour déterminer les facteurs jouant sur l'adhésion de cette colle (nature du substrat choisi par les larves, température, humidité, ...) et pour mieux comprendre la dynamique d'évolution de ces gènes. De plus, la production des protéines de colle par protéine recombinante pourrait permettre d'étendre nos connaissances sur les bioadhésifs et d'ouvrir la voie à des applications industrielles de cette colle. 10 Evolution of the glue produced by larvae for metamorphosis Chapter Adhesives in nature: diversity and applications 1.1.1 Adhesives from nature: denition and properties
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 111 Figure 1.1: Principle of three possible adhesive tests to measure bioadhesion

Figure 1 . 2 :

 12 Figure 1.2: Structure of the mussel adhesive system. a) Mussel attached to a substrate by the byssus. b) Organisation of the byssal plaque in Mytilus. Source: Bianco-Peled and Davidovich-Pinhas 2015

Figure 1 . 3 :

 13 Figure 1.3: Diversity of pupa habitats and modes of attachment.. (A) Toxorhynchites pupae at the surface of the water. Source: Courtney and Cranston 2015; (B) Formation of the cocoon of Simulium vittatum pupae. Source: Stuart and Hunter 1995; (C,D) Drosophila carcinophila pupae on the mouth parts of a crab. Source: Stensmyr and Hansson 2007; (E) Drosophila suzukii pupae in a raspberry. Source: EPPO 2013; (F) Aggregation of Protophormia terranovae pupae in a decomposed liver. Source: L. Poirier, C. Aubernon, D. Charabidze; (G) Aggregation of Megaselia scalaris pupae attached to plastic in the laboratory. Source: Flora Borne.
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 272 PUPA ATTACHMENT IN DIPTERA because they are a model organism in biology research. Calliphoridae, Sarcophagidae

Figure 1 . 4 :

 14 Figure 1.4: Pupa attachment of dierent y species. Attachment state is marked
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 315 Figure 1.5: Drosophila Life cycle of Drosophila melanogaster. Drosophila adult ies sketch: Bénédicte Lefèvre.

Figure 1 . 6 :

 16 Figure 1.6: Larval glue expectoration recording of D. melanogaster. Video recording of a young puparium during glue expectoration. The puparium is lmed on the ventral part and through a glass slide. Time of the movie corresponding to of each picture is indicated in second. Source: Flora Borne, preliminary observations.

Figure 1 . 7 :

 17 Figure 1.7: Pupation site and interspecic competition between D. buzzatii and D. simulans. Distribution of D. simulans and D. buzzatti pupae on prickly pear fruits in presence or absence of the heterospecic species. Distribution from left to right D. simulans when alone, D. simulans in presence of D. buzzatii, D. buzzatii in presence of D. simulans, D. buzzatii when alone. Source: Beltramí et al. 2012.
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 18 Figure 1.8: Salivary glands and salivary gland extracts from D. melanogaster. Protein migration of the salivary glands (G) and their saliva content (S) by acrylamide gel electrophoresis after dissection in ethanol/glacial acetic acid (3:1). Source: Korge 1975.
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 419 Figure 1.9: Genes co-expressed with the glue genes and their shared cisregulatory sequence. The rst 5 columns correspond to tissue enrichment compared to whole animal expression. Investigated tissues are mid gut (MG), salivary glands (SG), larval epidermis and attached connective tissue (ED), central nervous system (CNS) and wing imaginal disc (WD). The last 5 columns correspond to tissue-specic expression at pupa formation (PF) compared to 18 hr before pupa formation (18 hr BPF). Colors go from blue (low expression relative to reference) to yellow (high expression relative to reference). Consensus sequence of the shared regulatory sequences and the exact sequences for each gene are shown on the right. Source: Li and White 2003.
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 4110 Figure 1.10: Model proposed to explain the glue genes regulation by Bab2. The mid-L3 pulse of ecdysone induces a medium expression of Br which participates in upregulating the glue genes. The next pulse of ecdysone at the L3-prepupa stage induces a high expression of Br which upregulates Bab2 and Bab2 downregulates the glue genes by directly binding the regulatory sequences of the genes. Source: Duan et al. 2020.
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 111 Figure 1.11: Structure and position of Sgs genes in the genome of D. melanogaster. Horizontal lines represent introns and squares represent exons. Genes represented with the same color have high similarities in their sequences. Hatching blocks represents part of the genes containing repeats. Lines above the genes represent chromosome arms.
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 112 Figure 1.12: Glue genes in 20 Drosophila species. R indicates that the gene contains repeats. + and -followed by a number on tree branches indicate events of gain (+) or loss (-) of one Sgs gene copy (ex: -3 means a loss of one copy of Sgs3 ). Source: Da Lage et al. 2019.
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 15 EVOLUTIONARY GENOMICS OF DROSOPHILA GLUE GENES which may suggest that the population evolved under balancing selection. Changes in the populations structure during the population history could also explain the values obtained with Tajima's D. Indeed, population expansion and/or migration also produce an excess or rare alleles (Taj D < 0) while population contraction leads to an excess of alleles at intermediate frequency (Taj D > 0).

Figure 1 . 13 :

 113 Figure 1.13: Short vs Long reads sequencing to sequence a region with repeats. Short reads (a) align to multiple regions of the genome, resulting in underestimating the number of repeats. Long reads (b) span all over the repeated regions and can give an accurate estimate of the real number of repeats. Source: Kellogg 2015.
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 2 Fig.2. Representative force-time curves obtained in pull-off force measurements. (A) Force-time curve consists of three phases: the initial phase (IP) corresponding to the force before pupa is attached to the tape, the pulling phase (PP) from the time the pupa is attached to the tape to the maximal force, and the resting phase (RP) after detachment. The maximal force corresponds to the force at pupa detachment. Force-time curve corresponding to the attachment of the pupa to the tape (between IP and PP) is not shown. Every phase is separated with a vertical dashed line. Representative curves of the following cases are shown: (A) the tape does not peel from the pupa during the pulling phase and the pupa is detached at once, (B) the tape peels from the pupa during the pulling phase and at the end the pupa is detached at once, (C) first the posterior part and then the head of the pupa are detaching. Head detachment produces a small peak on the curve (marked with an asterisk), (D) the tape peels from the pupa, then the posterior part of the pupa first detaches and then the head of the pupa detaches (marked with an asterisk), (E) the tape detaches from the pupa twice and then the pupa detaches from the substrate at the third trial, maximal force is observed during pupa detachment, and (F) the tape detaches from pupa once and the pupa detaches from the substrate during the second trial, maximal force is observed during tape detachment from the pupa.

Fig. 3 .

 3 Fig. 3. Morphology of Drosophila melanogaster glue. (A,B) Pupa naturally attached to a glass slide viewed from the side (A) and ventrally (B). Glue at the posterior part of the animal sometimes forms a plug on the substrate (B, arrow). (C-G) Cryo-SEM micrographs of a pupa after detachment from a glass slide. The white squares in D and E indicate the location of the images E and F, respectively. After detachment, glue is not present on the former contact area on the ventral side except thin traces (F, arrow) and remains on the sides of the ventral part. Scale bars: (A-C) 500 μm, (D) 250 μm, (E) 50 μm, (F) 20 μm, (G) 5 μm.

Fig. 4 .

 4 Fig. 4. Observation of the fluorescent solidified glue produced by a Drosophila melanogaster pupa w[*]; P{w[+m*]=Sgs3-GFP}2. (A) Fluorescent microscopy of the attached pupa viewed from the ventral side. (B-E) Confocal microscopy of anterior (B), middle (C,D) and posterior (E) ventral regions of the attached pupa. Maximal Z-projections are shown for each region. (F-L) Z-sections of the pupasubstrate interface. The yellow boxes in A indicate the locations of images B-E. The dashed yellow lines in B-E indicate the Z-section projection axes. (A-E) Anterior is up. (F-L) Substrate is at the bottom. Scale bars: (A) 200 μm, (B-L) 20 μm.
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 5 Fig.5. Force required to pull off pupae from different substrates. Each data point corresponds to a single pupa and n indicates the total number of pupae tested for each surface. Ends of the boxes define the first and third quartiles. The black horizontal line represents the median. The vertical line on the top of the box extends to the largest value no further than 1.5×IQR from the upper hinge of the box. The vertical line on the bottom of the box extends to the smallest value at most 1.5×IQR of the hinge (IQR: inter-quartile range is the distance between the first and the third quartiles). Data beyond the end of these lines are 'outlying' points. Asterisks indicate significant difference (P<0.001) between Teflon and all the other substrates. R a values correspond to roughness averages for the different resin substrates.

Fig. 6 .

 6 Fig.6. Glue-substrate interface on glass substrate types. (A-C) Examples of typical glue prints obtained after pull-off force assays on glass substrate types: (A,C) PLL-coated glass, (B) non-coated glass(Roth). Three cases are defined: (A) when the glue fully remained on the substrate (black filled ellipse), (B) when the glue partly detached from the substrate (black open ellipse), (C) when the glue completely went off from the substrate (white filled ellipse). n indicates the total number of glue prints obtained for each case. (D) Box plots representing the force required to detach pupae depending on the print types defined in A-C. One data point corresponds to a single pupa. Asterisk indicates significant difference (P<0.05) between cases where the glue partly detached from the substrate and cases where the glue completely went off from the substrate. (E) Scheme of the various glue prints with the glue-pupa interface delimited in green, the glue-glass interface delimited in red and the border of the glue removed from the glass after pull-off adhesion test in black. (F) Box plots showing the size of the three areas defined in E for the five glass substrates. Only prints where the glue fully remained and partly detached from the substrates were analyzed (see Materials and Methods). Scale bars: (A-C,E) 500 μm. Box plots are defined as previously (Fig.5).

Figure S1 .

 S1 Figure S1. Force in function of (A) black area, (B) green area and (C) red area. Each dot represents one print on glass-type substrates. The grey lines represent the linear regressions: (A) r²= 0.01168, y= 257.69 -46.03x, p=0.144 ; (B) r²= -0.009391, y= 218.05 + 13.73x, p=0.7793 ; (C) r²= 0.004791, y= 279.36 -19.97x, p= 0.2369; where r² is the adjusted r².

Figure 2 . 1 :

 21 Figure 2.1: Adhesion set up used to measure the force required to detach individual pupa. (A) Wandering larvae (circled in red) were collected on the walls of the tubes. (B) Washed larvae were put on the substrates placed in a box with wet paper in the bottom. (C) Pupae attached on their ventral part (circled in red) on the substrate were used for the experiments. (D) The substrate was placed on a lift table at the start of the experiment.

CHAPTER 2 .

 2 Figure 2.2: Universal test machine used to do the tests in Paris. (A) Universal test machine has a xed part where the sample is placed and a mobile arm on which the force sensor is attached. (B) The double sided tape is glued to a metal piece in direct contact with the force sensor and the sample is clamped to the xed part. (C) Force-Time curve obtained during an adhesion test.

Figure 2 . 3 :

 23 Figure 2.3: Hypothesis to explain the interaction between the glue and the polarizable substrates. (A) First hypothesis: Only the substrate is polarizable; (B) Both the substrate and the glue are polarizable.

)Figure 1 .

 1 Figure 1. Pupa adhesion varies between species originating from the same location. (a) Adhesion strength of three Drosophila lines collected in Vincennes. Force indicates the force required to detach a pupa naturally attached to a glass slide. Each dot corresponds to a single pupa and n indicates the total number of pupae tested for each species. Ends of the boxes define the first and third quartiles. The black horizontal line represents the median. The vertical line on the top of the box extends to the largest value no further than 1.5 × IQR from the upper hinge of the box. The vertical line on the bottom of the box extends to the smallest value at most 1.5 × IQR of the hinge (IQR, inter-quartile range is the distance between the first and the third quartiles.). Data beyond the end of these lines are 'outlying' points. Asterisk indicates significant differences between D. suzukii and D. hydei, D. suzukii and D. simulans and D. simulans and D. hydei ( p < 0.05). (b) Relationship between pupa adhesion force and pupa-substrate contact area. Each dot corresponds to a single pupa. Drosophila suzukii pupae are represented as circles, D. simulans as triangles and D. hydei as stars. (c) Adhesion strength corrected by the pupa-substrate contact area. Boxplots and asterisk as in (a). n.s. indicates not significant ( p > 0.05). royalsocietypublishing.org/journal/rspb Proc. R. Soc. B 288: 20210088

  in D. suzukii (D. suzukii: 15 versus 20 min, V = 31, p = 0.03; D. simulans: 15 versus 20 min, V = 62.5, p = 0.3) but not different between D. simulans and D. suzukii (Wilcoxon rank tests with continuity correction, attached pupae: W = 195.5, p = 0.5; detached pupae: W = 200, p = 0.6). No

Figure 2 .

 2 Figure 2. Attached pupae are taken away less frequently than detached pupae in nature. (a) Picture of the half-buried buckets installed in Bois de Vincennes. (b) Picture of two dishes placed in the centre of a bucket and containing attached (C) or detached (NC) pupae. (c-e) Predators observed in the dishes during the experiments: a red mite spider (c), two Temnothorax nylanderi ants (d) and a cockroach (e).( f ) Boxplot represents the number of pupae present in one dish at the counting time. Pupae were counted twice a day in the morning (AM) and in the afternoon (PM). Each dot represents the count for one dish. White boxes represent dishes with detached pupae and grey boxes dishes with attached pupae. Boxplots are defined as previously (figure1a). Asterisk indicates significant difference between the number of remaining pupae between the attached and detached conditions ( p < 0 0.05, Wilcoxon test). Scale bars: (b) 1 cm, (c-e) 1 mm. (Online version in colour.)
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Figure 3 .

 3 Figure 3. Attached pupae require more time and more ants to go away. (a) Number of ants in direct contact with the pupa over the duration of the experiment.Each cell represents one experiment with X_Y corresponding to the experiment with the colony X during the trial Y. Grey cells represent experiments using D. suzukii and white cells using D. simulans. Red lines represent the number of ants over time on attached pupa and blue lines on detached pupa. Vertical lines represent the time when the attached pupa (in red) or the detached pupa (in blue) arrives in the nest (dashed line) or is fully consumed outside the nest (full line). (b) Time during which ants are in contact with attached pupa (grey box) and detached pupa (white box) outside the nest (until the pupa is completely consumed outside the nest or enters into the nest). Each dot represents one experiment. (c) Maximum number of ants observed in contact with detached pupa (white box) and attached pupa (grey box) during the duration of the experiment. Each dot represents one experiment. Boxplots are defined as previously (figure1a). Asterisk indicates significant differences ( p < 0.05, Wilcoxon tests).

Figure 3 . 2 :

 32 Figure 3.2: List of Drosophila ies collected in Bois de Vincennes.The number corresponds to the total number of individuals collected at each site. Traps were emptied twice, two days and ve days after traps were set up in the eld. GPS coordinates are shown for each trap and for the compost.

3. 4 .

 4 COMPLEMENTARY FIGURE FOR THE LABORATORY ASSAY 3.4 Complementary gure for the laboratory assay

Figure 3 . 3 :

 33 Figure 3.3: Experimental set up for the predation assay in the laboratory. (A) Articial nest and foraging area. Each colony is placed in a 11.5 x 11.5 x 5.5 cm plastic box containing an articial nest and a tube with water plugged with cotton. A glass slide containing one attached and one detached pupa is placed in the foraging area at the start of the experiment; (B) The articial nest consists in two glass slides separated by plastic foam. The nest has one entrance (arrow) and is divided in three chambers delimited by the foam; (C) Ants gather around an attached pupa to eat them on site; (D) Ants gather (circled in red) around a pupa which was brought into the nest; (E) Ant taking a pupa to a colony. The pupa is held in the mandible of the ant; (F) Pupa (circled in red) eaten by ants in the nest.

Figure 1 .

 1 Figure 1. Adhesion force of 15 D. melanogaster lines and D. melanogaster sister species.Force indicates the force required to detach a pupa naturally attached to a glass slide. Each dot corresponds to a single pupa and n indicates the total number of pupae tested for each strain. Ends of the boxes define the first and third quartiles. The black horizontal line represents the median. The vertical line on the top of the box extends to the largest value no further than 1.5 * IQR from the upper hinge of the box. The vertical line on the bottom of the box extends to the smallest value at most 1.5 * IQR of the hinge. (IQR: inter-quartile range is the distance between the first and the third quartiles). Data beyond the end of these lines are "outlying" points. Two lines are significantly different from each other when they do not share a letter (ANOVA followed by all pairwise comparisons after Tukey correction, p < 0.05).

Figure 2 .

 2 Figure 2. Genetic variations in glue genes across D. melanogaster lines and species divergence between D. melanogaster and D. simulans. We used the consensus sequence of the D. melanogaster multiple alignment as a reference to represent polymorphism and divergence. From outer to inner layer: chromosome arm (black line); gene model (red square for exons and red line for introns); crosses between chromosomes and gene models are drawn for genes in reverse orientation; coding sequence (from light to dark brown squares: 1st, 2nd, 3rd exon); repeat regions (red square); SNP density with sliding windows of 10nt (blue line); π per site (green line); alignment of the 15 lines: non-synonymous (red dots), synonymous (green dots) SNPs, indels (grey square) and perfect match (grey line) compared to the consensus sequences, missing information for Sgs1 in A7 (light gray square); alignment between D. simulans w[501] and D. melanogaster consensus sequence: dN/dS with sliding windows 50 nt and step size of 10 nt (red line), deletion (grey square) and insertion (black triangle) in D. simulans.

Figure 3 .

 3 Figure 3. Repeat number variation according to genes. Repeat motifs are counted based on the protein sequences and the length of the motifs.

Figure 5 .

 5 Figure 5. Phylogeny of glue genes. Schematic species tree inspired by Da Lage et al. (2020) representing the organization of the glue gene cluster along the chromosomes. Synteny has been made using available PacBio genome assemblies. Number of strains analyzed is indicated next to the species name in brackets. Corresponding strains from top to bottom lines: D. melanogaster (14): A1, A3, A4, A5, A6, A7, B1, B2, B3, B4, B6, ISO1, ORE; D. melanogaster (1): A2; D. simulans (2): w 501 , md221; D. sechellia (1): sec25; D. mauritiana: mau12; D. teissieri: GT53w; D. yakuba (1): NY73; D. yakuba (1): Tai18E2. Gene sizes and distances are not to scale. "R" means that internal repeats are present.

Figure S1 .

 S1 Figure S1. Pupa -substrate contact area of the 15 lines of D. melanogaster. Pupa -substrate contact area indicates the area of contact between the pupa and the substrate measured on prints left by the glue after pupa detachment in mm 2 . Each dot corresponds to a single pupa and n indicates the total number of pupae tested for each strain. Boxplots are defined as previously (Fig[START_REF] Voigt | Egg attachment of the asparagus beetle Crioceris asparagi to the crystalline waxy surface of Asparagus officinalis[END_REF]. Two lines are significantly different from each other when they do not share a letter (ANOVA followed by all pairwise comparisons after Tukey correction)

Figure S2 .

 S2 Figure S2. Circos plot describing divergence between D. melanogaster and its sister species. Sliding windows of dN/dS (50 nt and step size of 10 nt ) have been calculated for the following pairs: D. simulans / D. melanogaster (red), D. sechellia / D. melanogaster (blue), D. mauritiana / D. melanogaster (green). Alignments were done using D. melanogaster consensus sequence of the 15 lines alignment. Deletions compared to D. melanogaster are indicated by grey squares and insertions by black lines.

Figure 4 . 1 )

 41 Figure 4.1) and between force and the glue remaining on the substrate after pupa detachment (sma regression, R-squared = 0.16, p = 1.98 15 ), which suggests that dierences in adhesion may be due to a dierence in detachment: glue made by low adhesive lines detached almost completely from the substrate, resulting in larger areas of glue being detached(Figure 4.1). Dierences are probably due to a weaker interaction with the substrate rather than a weaker cohesion of the glue. However, the high adhesive lines also had larger areas, which could not be explained by the same phenomenon (Figure4.1).

CHAPTER 4 .Figure 4 . 1 :

 441 Figure 4.1: Relationship between adhesion force of the 15 D. melanogaster lines studied and areas of the glue removed after detachment. (A) Areas of the glue removed after pupa detachment. D. melanogaster lines are ordered by increasing adhesion force; (B) Relationship between adhesion of the lines and area of the glue removed after detachment (sma regression).

Figure 4 . 2 :

 42 Figure 4.2: Relationship between adhesion and environment. (A) Geographic locations of the Drosophila Synthetic Population Resource founder lines used in our study; (B) Relationship between adhesion of the lines and the climate of their geographic location; (C) Relationship between adhesion of the lines and the biodiversity of their geographic location.

  in D. melanogaser. It relies on two constructs: a GAL4 coding sequence under a tissue-specic promoter and an Upstream Activating Sequence (UAS) regulating a gene of interest. When crossing one line containing the rst construct with a line containing the second one, GAL4 proteins are produced in the specic tissue and induce the expression of the gene of interest by binding to the UAS promoter. When using a UAS-RNAi stock as the second line, the produced RNAi can silence the gene of interest by binding to the gene transcripts (Figure 5.1).Here, we used UAS-RNAi lines available at the Vienna Drosophila Resource Center (VDRC,[START_REF] Dietzl | A genome-wide transgenic RNAi library for conditional gene inactivation in Drosophila[END_REF]). To silence Sgs1, we used a pUAS-RNAi-Sgs1 homozygote line (VDRC 21206) with the P-element based transgene inserted randomly on chromosome 2 (position unmapped). To silence Sgs3, we used a pWALIUM20-UAS-shRNA-Sgs3/Cyo line (VDRC 330557). The short hairpin RNA contains a 21 bp targeting sequence embedded into a micro-RNA (miR-1) backbone. The plasmid pWALIUM20-UAS-shRNA-Sgs3 contains an AttB site and was inserted at the attP40 landing site (chromosome 2, 25C6). We used the GAL4 line y[START_REF] Wahl | Living attached: aufwuchs, fouling, epibiosis. Fouling organisms of the Indian Ocean: biology and control technology[END_REF] w[*] ; P{w[+mW.hs]=GawB}AB1 (#1824) available at the Bloomington Drosophila Stock Center (https://bdsc.indiana.edu/), which drives expression in the salivary glands (SG). This GAL4-containing P-element is inserted on chromosome 2 at an unknown location. To introduce a uorescent marker visible at the larval stage, we crossed #330557 with w[1118] ; T(2;3)ap[Xa]/Cyo P{[w*]=ActGFPCC2*} ; Tm6c,Sb1,Tb1,e(1) and established stable lines containing both SG-GAL4 and UAS-RNAi chromosomes. To do this, we performed a series of crosses using the lines w[1118] ; T(2;3)ap[Xa]/Cyo P{[w*]=ActGFPCC2*} ; Tm6c,Sb1,Tb1,e(1) and If/Cyo ; Ly/Tm6Tb which were kindly provided by Jean-Antoine Lepesant (Institut Jacques Monod, Paris, FR). Crosses are described in Figure5.2.

Figure 5 . 1 :Figure 5 . 2 :

 5152 Figure 5.1: Principle of the UAS-GAL4 system applied for gene silencing in D. melanogaster.

5 .

 5 Dierence of expression between genotypes was tested byKruskal-Wallis tests followed by multiple pairwise Wilcoxon tests. Raw data are assays were performed as previously (Chap 2;Borne et al. 2021) and raw data is available in the pdf version of Annexe E.Evolution of the glue produced by larvae for

Figure 5 . 3 :

 53 Figure 5.3: Adhesion force in RNAi silenced lines. Genotypes are indicated on the x-axis. * indicates a signicant dierence between two lines (ANOVA followed by pairwise comparisons after Tukey correction, p < 0.05). n indicates the number of pupae tested.

Figure 5 . 4 :

 54 Figure 5.4: Relative expression of Sgs1 and Sgs3 in UAS-RNAi lines. Genotypes are indicated on the x-axis. * indicates a signicative dierence between two lines (Kruskal-Wallis followed by pairwise comparisons, p < 0.05).

Figure 5 . 5 :

 55 Figure 5.5: Sequence alignment of the end of Sgs8 coding sequence of the lines A5 and iso-1.

Figure 5 . 6 :

 56 Figure 5.6: Adhesion force of F1 and F2 individuals resulting from iso-1 x A5 crosses. Two lines are signicantly dierent from each other when they do not share a letter (ANOVA followed by all pairwise comparisons after Tukey correction p < 0.05). del indicates the A5 allele and + the iso-1 allele. n indicates number of pupae tested.

CHAPTER 5 .Figure 5 . 7 :

 557 Figure 5.7: Adhesion force of CRISPR lines carrying the deletion (del/del) or not (+/+). n indicates the number of pupae tested. A: All pupae tested for their adhesion. Two lines are signicantly dierent from each other when they do not share a letter (ANOVA followed by all pairwise comparisons after Tukey correction, p < 0.05) B: Subset data compared to panel A, where only pupae whose genotype has been conrmed by PCR are shown. All genotypes were found to be as expected. No signicant dierence was found between lines (ANOVA).

  1 (Fig S5, Chap 4), it would be good to examine the glue prints of F2 pupae and see if part of the change in adhesion may be explained by a dierence in contact area. If there is a change in contact area, part of the change in adhesion may be explained by a change in the amount of glue expectorated by the larvae. Change in glue amount could be due to a change in the size of the salivary glands, a change in the number of polytene chromosomes (ie the degree of polyploidization) present in the salivary glands cells or change in the regulation of the expression of one or multiple glue genes.

2 or 3

 3 individuals were used for each sample and samples were kept at -20 °C before being processed. SDS PAGE and gel staining: Samples were dissolved in 10 µl of loading buer (100 mM Tris-Cl pH 6.8, 4 % SDS, 0.005 % bromophenol blue, 50 mM β-mercaptoethanol) and boiled for 2 to 4 min at 100 degrees. The samples were then loaded into the wells of InvitrogenTM BoltTM 4-12 % Bis-Tris Plus gels (ref ) and electrophoresed in Bolt MES SDS running buer 1X (ref ) at 100 V until tracking dye reached the edge of the gel. PageRuler Prestained Protein Ladder was used as protein ladder. After electrophoresis, Coomassie or Periodic Acid Schi staining was performed. For Coomassie staining, gels were xed and stained in Coomassie blue solution (30 % methanol, 10 % acetic acid, 0.25 % Coomassie Blue R-250) for a couple of hours and destained in water overnight. Periodic Acid Schi (PAS) staining was performed on salivary gland lumen content samples. gels 126 Evolution of the glue produced by larvae for metamorphosis CHAPTER 6. GLUE EVOLUTION IN DIPTERA: THE CASE OF MEGASELIA SCALARIS

  . Assembly quality of our new transcriptome assembly and of the previous M. scalaris genome assembly (ASM34191v2 available on NCBI) were assessed with BUSCO (v 3.0.2). Our transcriptome quality was also assessed by aligning RNAseq reads on the new transcriptome with Bowtie2 (v 2

Figure 6 . 1 :

 61 Figure 6.1: Posterior glue release by M. scalaris third instar larva. The head of the larva is on the top of the pictures. Glue release starts at 5 seconds (t = 5 s). Time between the dierent pictures is indicated in second (s).

Figure 6 . 2 :

 62 Figure 6.2: M. scalaris larval head orientation after squeezing. The head of the larva is on the top of the pictures. Forceps pressing starts at 0 second (t = 0). Time between the dierent pictures is indicated in second (s).

CHAPTER 6 .Figure 6 . 3 :

 663 Figure 6.3: Protein content of salivary gland lumen content, uid secreted after squeezing and glue at the surface of pupae. (A) Gel containing dierent samples of salivary gland lumen content. Half of the gel has been stained by Periodic Acid Schi (on the left) and the other half by Coomassie Blue (on the right). Protein ladder and protein weight corresponding to the bands of the protein ladder are indicated on the left. (B) Protein content of gland lumen and the uid collected after larval squeezing. Coomassie staining. (C) Smears obtained from glue collected at the surface of the pupae.

5 )

 5 and DN1341 (fractions 7) for which dierential expression was not signicant (Figure6.5). In total, 20 proteins found by proteomic analyses were signicantly dierentially present in the salivary glands (highlighted in yellow, Figure6.5) and are thus probably the main proteins of the secreted uid. Interestingly, among these 20 candidates, only three present similarities with known proteins (Figure6.5). Particularly, one protein (DN2355) presents 32.8 % identity (e-value = 6 23 ) with a Cysteine-rich venom protein in centipedes (Scoloptoxin, VA576_SCOSD). The two other proteins DN376 and DN1551 present 34.06 % (e-value = 3 6 ) and 46.7 % (e-value = 1.6 140 ) identity with respectively a membrane protein involved in spermatogenesis (Disintegrin and metalloproteinase domain-containing protein 29, ADA29_HUMAN) in humans and a membrane-bound alkaline phosphatase in silk moths (PPB_BOMMO).

CHAPTER 6 .Figure 6 . 5 :

 665 Figure 6.5: List of the 39 proteins identied by mass spectrometry and their corresponding transcripts. Transcripts are ordered by their log(Fold Change). False Discovery Rate (FDR) corresponds to the P-value after correction for multiple tests. Transcripts enriched in the salivary glands (logFC > 5 and FDR < 0.05) are highlighted in yellow. Score Mascot column gives the Mascot Score obtained after the proteomic analysis of the lumen content. MALDI column indicates the number of the protein fraction identied by MALDI-TOF. PAS column indicates the level of staining of the fraction after Periodic Acid Schi Staining. homology indicates the Uniprot protein ID with which the best homology has been found. Signal-P column indicates predicted signal peptide ("yes"), no predicted signal peptide ("no-complete") or no prediction because protein sequence lacks the beginning of the sequence (no start). Percentage of Cystein (%_Cys), Proline (%_Pro), Lysine (%_Lys) and Threonine + Serine (%_Thr+Ser) as well as isoeletric points are indicated for each protein sequence. When repeats have been found by radar, amino acids that are enriched in the proteins are specied: G: Glycine; S: Serine; T: Threonine; Q: Glutamine; P: Proline; K: Lysine.

Chapter 7 Conclusions

 7 During my thesis, I aimed at better characterizing y glue using D. melanogaster as a model system. I rst designed a new adhesion assay to estimate individual pupa adhesion and explored glue adhesion force on various substrates. I then found that Drosophila glue has a role in predation and is important for pupal survival. I estimated the natural variation of pupa adhesion in D. melanogaser and looked for potential signatures of selection in the glue genes. I then showed that Sgs1 and Sgs3 contribute to the glue's adhesive properties. Finally, I explored the nature and the hypothetical function of the corresponding uid in a distant y species Megaselia scalaris.

Figure 1 :

 1 Figure 1 : Bioadhésifs utilisés au cours de la vie des insectes pour la ponte, la reproduction et la métamorphose -A : colle au niveau de l'éjaculat maintenant mâle et femelle Drosophiles ensemble durant l'accouplement (Source : Avila et al., 2015) -B et C : Coléoptère Crioceris asparagi et ses oeufs collés à la surface d'un support (Source : Voigt & Gorb, 2009) -D : ls de soie collés entre pour protéger le cocon (Source : Perez-Rigueiro et al, 2000)

Figure 2 :

 2 Figure 2 : Stade pupal chez la Drosophile -A : pupes au laboratoire collées au tube en plastique -B : à du papier -C : à une lame de verre (Source : Flora Borne)



  https://passion-entomologie.fr/proprietes-colle-drosophile/ 7/18 en place un protocole permettant d'estimer sa force d'adhésion. Le principe est simple : laisser l'animal s'accrocher au substrat puis tirer sur la pupe jusqu'à ce qu'elle se détache, et enregistrer la force nécessaire à ce décollement. Pour tirer sur chaque pupe, nous avons utilisé du scotch double face collé à un bout de métal et relié à un capteur de force par un l métallique. Une fois la pupe collée au scotch, le capteur de force a été remonté à une vitesse constante grâce à un micromanipulateur automatisé jusqu'à ce que la pupe se décolle ( gure 3). A n de comparer l'ef cacité de cette colle avec d'autres colles, nous avons divisé la force obtenue par la surface de contact entre la pupe et le substrat pour obtenir une mesure de la contrainte exprimée en Pascal (Pa).

Figure 3 :

 3 Figure 3 : Protocole utilisé pour estimer la force d'adhésion des pupes (Source : Borne et al., 2020)

Figure 4 :

 4 Figure 4 : Caractérisation de la surface de contact entre la pupe et son substrat -A : Photo vue ventrale d'une pupe -B : mise en évidence de la colle par uorescence -C : coupe transversale d'une pupe sur lame de verre et mise en évidence de la colle (Source : Borne et al., 2020)

Figure 5 :

 5 Figure 5 : Schéma expliquant la polarisation de molécules (Source : F. Borne)

Figure 6 : 18 Conclusion 18 

 61818 Figure 6 : Colle restante sur le substrat après décollement sur lame de verre (Source : Borne et al., 2020)
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  En collaboration avec Rob Kulathinal (Temple University, PA, USA), nous avons utilisé les génomes PacBio correspondant à ces lignées pour estimer les forces de sélection qui pourraient agir sur les huit gènes de colle. Nous avons observé que les gènes Sgs1, Sgs3, Sgs7 et Sgs8 montrent peu de diversité alors que les gènes Sgs5 et Sgs5bis montrent un haut niveau de diversité. La forte diversité trouvée dans Sgs5 et Sgs5bis pourrait s'expliquer par une adaptation locale des diérentes lignées utilisées. En accord avec une première étude (Da Lage et al. 2019), les séquences répétées semblent peu contraintes et montrent de larges changements au niveau du nombre de répétitions mais aussi au niveau de la nature du motif répété en particulier pour Sgs1. En comparant à des espèces proches, nous avons conrmé que Sgs8 semble avoir évolué rapidement chez D. melanogaster (Da Lage et al. 2019). De plus, Sgs7 et Sgs3 semblent avoir évolué plus rapidement chez respectivement D. sechellia et D. mauritiana. Ces résultats mettent en évidence des modes d'évolution diérents selon la nature des gènes de colle et selon les espèces,

Pour cela, nous avons comparé l'adhésion de 12 lignées provenant de diérentes régions géographiques. L'adhésion varie d'un facteur trois avec deux lignées peu adhésives, deux lignées fortement adhésives et le reste des lignées ayant une adhésion moyenne. 8

Evolution of the glue produced by larvae for metamorphosis ce qui pourrait s'expliquer en partie par des fonctions diérentes des gènes de la colle dans l'adhésion.

  Diversity of pupa and third instar larva ecology in Diptera ies

	1.2. PUPA ATTACHMENT IN DIPTERA
	1.2 Pupa attachment in Diptera
	1.2.1

  1 : personal observations; 2 : Fraenkel and Brookes 1953; 3 : communication from Damien Charabidze; 4 : Stuart and Hunter 1995; 5 : Johnson and Russell 2019; 6 : Mulla, Chaudhury, et al. 1968; 7 : Kress 1982; 8 : Berendes 1965; 9 : Shirk, Roberts, and Harn 1988; 10 : Ramesh and Kalisch 1988; 11 : Carson 1967; 12[START_REF] Greenberg | Behavior of postfeeding larvae of some Calliphoridae and a muscid (Diptera)[END_REF] 13 : Arnott and Turner 2008.; 14 : Vandal, Siddalingamurthy, and Shivanna 2008; 15 : Sokolowski 1985. 
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  the infrastructure of D. melanogaster glue using scanning electron microscopy and has found that microorganisms were trapped in the glue, suggesting that the glue could have a protective function against microorganisms (Be¬ová-Liszeková, Be¬o, and Farka² 2019).

. Furthermore, antimicrobial molecules other than mucins could be present in the glue and confer protection. A recent study has 32 Evolution of the glue produced by larvae for metamorphosis CHAPTER 1. INTRODUCTION observed

Table 1 .

 1 1: Glue proteins properties in D. melanogaster. Protein lengths and motifs are from Da Lage et al. 2019 and isoelectric points are from Farka² 2016. Mol% were calculated using sequences from Da Lage et al. 2019.

	1.4. DROSOPHILA GLUE COMPOSITION AND EVOLUTION OF GLUE GENES	
	Protein	Length (aa)	Thr + Ser (mol%)	Cys (mol%)	O-glyc	Motif	Isoelectric Point
	Sgs1	1286	59.8	3.2	yes	PTTTTPR/STTTTSTSR	12.1
	Sgs3	307	43.9	6.2	yes	KPTTT	10.5
	Sgs4	287	22.3	10.4	yes	CRTEPPT	9.1
	Sgs5	163	12.3	7.4	no	none	7.8
	Sgs5bis	163	9.2	7.7	no	none	NA
	Sgs7	74	5.4	12.1	no	none	7.9
	Sgs8	74	4	13.3	no	none	4.9
	Eig71Ee	445	27.2	7.4	yes	CTCTESTT/(R/K)TNPT	NA

). Sgs5, Sgs5bis, Sgs7 and Sgs8 are much smaller proteins which do not present repeats in D. melanogaster and they are not glycosylated or contain only a couple of inferred glycosylation sites. Contrary to Sgs1, Sgs3, Sgs4, and Eig71Ee, they are not rich in Evolution of the glue produced by larvae for metamorphosis threonine and serine and they are highly ordered. Sgs7 and Sgs8 are very similar and they are rich in cystein

(12-14 mol%) 

but only a few of them are predicted to form disulde bonds

(Da Lage et al. 2019, Table 1.1)

.

Table 1 .

 1 2: Nature and number of the repeated motifs found in the protein Sgs3 in the species from the D. melanogaster subgroup. Source: Da Lage et al.

	D. melanogaster	KPTTT	31
	D. simulans	T-rich skretches	variable
	D. mauritiana CAPPTRPPCTSPTTTTTTTTTT	6
	D. sechellia	CKPTTTTTT	8
	D. santomea	PTTTTTTTRR	6
	D. yakuba	PTTTTTTTRR	6
	D. erecta	TTRR	35

Table S2 . Contact angle measurements (°) for the different substrates.

 S2 Contact angles were measured for each substrate. All the measurements were done before the pull-off force measurements except for PLL-PEG-coated glass.

	Substrate	mean contact angle (°C)	standard error
	1-MIC resin	112.68	0.47
	9-MIC resin	78.63	1.89
	P1000 resin	109.19	0.89
	P80 resin	103.27	1.29
	smooth resin	84.11	1.93
	PLL-coated glass	55.15	1.28
	PLL-PEG-coated glass	38.65	1.06
	oxygen-activated glass	37.03	1.39

non-coated glass (Menzel) 28.86 0.91 non-coated glass (Roth) unwashed 20.05 0.57 non-coated glass (Roth) washed 11.84 1.40 teflon 96.64 1.88

Table S1 . raw dataset: Borne_2020_glue_table_S1.csv

 S1 Click here to Download TableS1CHAPTER 2. THE GLUE PRODUCED BY DROSOPHILA MELANOGASTER IS UNIVERSAL
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	Figure 3.1: Distribution of the buckets in Bois de Vincennes. Each circle rep-

resents one bucket. Dashed lined circles indicate unused buckets and solid lined circles buckets used for the experiment. The number in the circle indicates the ID of the bucket. Crosses indicate the location of the trees. Orientation of the location is indicated in the top left corner. 84 Evolution of the glue produced by larvae for metamorphosis

Table 1 . Population genetic summary statistics of the 15 lines of

 1 

	0,001 -0,399

D. melanogaster. n indicates the number of individuals used for the analysis. Site indicates the number of sites in the alignment. Analyzed site the number of sites used for the analysis of polymorphism. S: number of segregating sites. Singleton: number of singleton sites. Syn: number of synonymous sites. Non-syn: number of non-synonymous sites. h: number of haplotypes. Hd: Haplotype diversity. π: diversity. Θw: Watterson estimator of diversity. TajD: Tajima's D. Dn: non-synonymous divergence sites. Values in red are potential signatures of selection. Values in bold indicate particular features. *Sequence without the repeat part containing indels

gene codons analyzed Dn Ds Pn Ps dN/dS MK G MK p-val DoS

  

	Sgs8	76	73 24 8	3 5 1.097 3.87	0.049 0.38
	Sgs7	74	74 7 6	3 4 0.347 0.22	0.639 0.11
	Sgs3	ND	ND ND ND ND ND	ND	ND	ND	ND
	Sgs3*	83	82 13 10	0 2 0.399	ND	ND	ND
	Sgs5	169	161 11 6	6 15 0.34 5.06	0.025 0.36
	Sgs5bis	142	142 6 2	4 14 0.331 6.58	0.010 0.53
	Sgs4	387	232 46 43 40 34 0.373 0.09	0.763 -0.02
	Sgs4*	147	136 22 19	7 8 0.386 0.22	0.643 0.07
	Eig71Ee	597	319 42 26 18 23 0.448 3.30	0.069 0.18
	Eig71Ee*	241	239 37 14 12 13 0.695 4.34	0.037 0.25
	Sgs1	1491	737 81 59 198 96 0.655 3.68	0.055 -0.09
	Sgs1*	372	334 49 40 18 20 0.389 0.63	0.427 0.08

Table 2 .

 2 Divergence Dn: number of non-synonymous divergent sites. Ds: number of synonymous divergent sites. Pn: number of non-synonymous polymorphic sites. Ps: number of synonymous polymorphic sites. MK G test: MacDonald and Kreitman test's G value. MK p-val: p-value of the G-test without multiple corrections. DoS: Direction of selection. *Sequence without the repeat part containing indels.

	Sgs8	Dmel	Dsim	Dmau	Dsech	Dyak	Dtei
	Dmel						
	Dsim	1.097					
	Dmau	1.063	0.833				
	Dsech	1.243	0.172	0.693			
	Dyak	0.785	0.653	0.802	0.676		
	Dtei	0.668	0.637	0.56	0.632	1.212	
	Sgs7	Dmel	Dsim	Dmau	Dsech	Dyak	Dtei
	Dmel						
	Dsim	0.347					
	Dmau	0.31	0.72				
	Dsech	0.716	1.721	0.742			
	Dyak						
	Dtei						
	Sgs5	Dmel	Dsim	Dmau	Dsech	Dyak	Dtei
	Dmel						
	Dsim	0.34					
	Dmau	0.369	0.256				
	Dsech	0.269	0.065	0.253			
	Dyak	0.185	0.205	0.239	0.209		
	Dtei	0.319	0.356	0.361	0.372	0.318	
	Sgs5bis	Dmel	Dsim	Dmau	Dsech	Dyak	Dtei
	Dmel						
	Dsim	0.331					
	Dmau						
	Dsech	0.265	0.069				
	Dyak	0.299	0.34		0.341		
	Dtei	0.318	0.337		0.34	0.321	
	Eig71Ee	Dmel	Dsim	Dmau	Dsech	Dyak	Dtei

between D. melanogaster and D. simulans.

Table 3 . dN/dS matrix of the glue genes

 3 . dN/dS ratio for each pair of species.

			total								div			MK	MK
	gene	n	site sites	S	syn nsyn h	Hd	π	θw	TajD	site dN/dS Dn Ds Pn Ps	G	p	DoS
	Sgs8 165 228 228 14	6	8 29 0,92 0,010 0,012 -0,31 228 1,11 22 8 8	6 1,13 0,29 0,16
	Sgs7 131 225 225	9	7	2 10 0,44 0,002 0,007 -1,65 225 0,27	7 8 2	7 1,49 0,22 0,24
	Sgs3 81 823 231	4	2	2 4 0,23 0,001 0,003 -1,40 218 0,36 11 11 2	2 0,00 1,00 0,00
	Sgs5 197 492 492 38 26	12 82 0,97 0,010 0,001 -0,86 492 0,34 11 6 13 27 5,07 0,02 0,32
	Sgs5bis 196 429 429 34 24	10 52 0,93 0,006 0,014 -1,58 429 0,35	8 3 10 24 6,49 0,01 0,43
	Sgs1 87 3861 996 74 28	44 61 0,99 0,009 0,015 -1,51 891 0,36 38 30 42 25 0,65 0,85 -0,07
	Sgs4 52 864 552 45 15	27 46 1,00 0,011 0,018 -1,40 514 0,46 35 25 24 15 0,10 0,75 -0,03
	Eig71Ee 66 1338 1077 68 28	36 31 0,95 0,011 0,013 -0,65 900 0,52 40 21 24 25 3,08 0,08 0,17

Table 4 . Summary statistics of the Zambia population

 4 . n indicates the number of individuals used for the analysis. Total sites indicate the number of sites in the alignment. Analyzed site the number of sites used for the analysis of polymorphism and divergent site the number of sites used for the analysis of divergence with D. simulans.

S: number of segregating sites. Syn: number of synonymous sites. Non-syn: number of non-synonymous sites. h: number of haplotypes. Hd: Haplotype diversity. π: diversity. Θw: Watterson estimator of diversity. TajD: Tajima's D. Dn: non-synonymous divergence sites. Ds: synonymous divergence sites. Pn: non-synonymous polymorphic sites. Ps: synonymous polymorphic sites. MK G: MacDonald and Kreitman G values of G-test. MK p-val: p-value of G-test. DoS: Direction of selection. Values in bold indicate specific features.

Table S1 . Summary statistics obtained for the repeat parts of Sgs1, Sgs3, Sgs4, Eig71Ee.

 S1 Column names are defined as in Table1.

Table 6 .

 6 1: Parameters used for Trimmomatic and Trinity programs.

	Pseudoalignment and RNAseq expression analysis

RNAseq reads were pseudoaligned on the new transcriptome using kallisto (v 0.44.0) following the Trinity pipeline (https://github.com/trinityrnaseq/trinityrnaseq/ wiki/Trinity-Differential-Expression). Dierential expression analysis was performed with EdgeR R package (R v 3.5)

[START_REF] Robinson | edgeR: a Bioconductor package for dierential expression analysis of digital gene expression data[END_REF] 

and genes 128 Evolution of the glue produced by larvae for metamorphosis MS-LC/LC: Salivary plugs obtained after salivary gland dissection as described above were processed by MS-LC/LC mass spectrometry. Samples were digested overnight with Trypsin (Promega, Madison, WI, USA) at 37 °C in a 25 mM of NH4HCO3 buer (0.4 µg trypsin in 40 µL). The resulting peptides were desalted using ZipTip µ-C18 Pipette Tips (Pierce Biotechnology, Rockford, IL, USA). Proteins were digested overnight at 37 °C with trypsin (Promega, Madison, WI, USA) in a 25 mM NH4HCO3 buer (0.2 µg trypsin in 20 µL). The resulting peptides were desalted using ZipTip µ-C18 Pipette Tips (Pierce Biotechnology, Rockford, IL, USA). Peptides mixtures were analyzed by a Q-Exactive Plus coupled to a Nano-LC Proxeon 1000 both from ThermoFisher Scientic (Waltham, MA, USA). Peptides were separated by chromatography with the following settings: Acthe M. scalaris proteome database, and a maximum of 2 missed cleavages. Precursor and fragment mass tolerances were set to 6 ppm and 0.02 Da respectively. The following post-translational modications were included as variable: Acetyl (Protein N-term), Oxidation (M), Phosphorylation (STY), HexNac (ST), HexNac(1)-Hex(

1

)Glucuronyl

[START_REF] Wahl | Living attached: aufwuchs, fouling, epibiosis. Fouling organisms of the Indian Ocean: biology and control technology[END_REF] 

Evolution of the glue produced by larvae for metamorphosis an OptiTOF MALDI 384 target plate (AB Sciex). After drying at room temperature, spotted samples were analyzed using a 4800 Plus MALDI-TOF/TOF mass spectrometer (Applied Biosystems Inc., Foster City, USA) equipped with a 200 Hz, 355 nm YAG laser.

  .3. CONTRASTING MODES OF EVOLUTION OF THE GLUE GENES that ants stay longer outside the nest and/or that more ants have to gather around the pupa to eat it more rapidly. In any case, it is riskier than collecting detached pupae because of the presence of predators, parasites and competitors in the wild. Moreover, eating attached pupae on site does not allow to store pupae in the nest to eat them later. Overall, being attached may confer an advantage to the y over detached pupa and increases y survival.

. Collecting pupae when they are attached are more challenging for ants because they have to detach them rst or they have to eat them outside the nest. Predating on attached pupae requires Evolution of the glue produced by larvae for metamorphosis

7

  Le bioadhésif le plus connu est celui qui permet à la moule de s'accrocher aux rochers. Avant de se « coller », ce mollusque produit un ensemble de laments formant le byssus. L'extrémité des laments du byssus est composée majoritairement de six protéines appelées mfp (mussel foot protein)(Zeng et al., 2015). Ce sont ces protéines qui permettent à la moule de demeurer xée en milieu aqueux et salé à une diversité de substrats naturels tels que des rochers, du bois ou d'autres organismes marins mais aussi à des substrats non naturels tels que le métal ou le plastique.

	MAGAZINE EN LIGNE
	Les propriétés adhésives sont dues à la présence de DOPA (l-3,4-
	dihydroxyphénylalanine) en grande quantité dans certaines protéines mfp. La
	DOPA, que l'on retrouve aussi dans les adhésifs d'autres mollusques marins
	forme des liaisons chimiques différentes avec une grande diversité de
	substrats.

 Home  Entomo-Flash  Les propriétés insoupçonnées de la colle produite par la drosophile Vous êtes ici Entomo-Flash Les propriétés insoupçonnées de la colle produite par la drosophile  avril 6, 2021  16 min read  Benoît GILLES  Nombre de vues : 361 Par Flora Borne Les adhésifs d'origine biologique (bioadhésifs) représentent une source d'innovation pour la création de nouveaux matériaux respectueux de l'environnement et de la santé.  https://passion-entomologie.fr/proprietes-colle-drosophile/ 2/18 La colle de la moule a inspiré le développement de nouveaux matériaux adhésifs dont certains sont aujourd'hui commercialisés. C'est le cas d'un hydrogel utilisé en culture cellulaire pour attacher des cellules à une surface (Corning® Cell-Tak™). De nouveaux matériaux adhésifs riches en DOPA pourraient bientôt être utilisés dans le milieu médical pour accélérer la réparation des tissus lésés

  Ils sont produits par des glandes plus ou moins spécialisées dans la production de ces substances. Chez les coléoptères Staphylinidés du genre Stenus, la colle du labium est produite par des glandes spécialisées présentes dans la tête et composée de protéines et de lipides. Chez le Bombyx du murier, la soie est synthétisée par les glandes labiales produisant également de la salive. La soie est composée de deux protéines : la broïne qui forme les laments de soie et la séricine qui cimente les laments entre eux(Betz, 2010).Au cours de sa vie, la drosophile passe par différents stades larvaires puis par un stade de nymphe (pupe chez les diptères) pendant lequel l'individu effectue sa métamorphose avant de devenir un organisme adulte. Vers la n de leur dernier stade, les larves arrêtent de se nourrir et cherchent un endroit

	favorable à leur métamorphose. Une fois celui-ci trouvé, l'animal s'arrête etses
	glandes salivaires sécrètent une colle, composée principalement de huit
	protéines appelées Sgs1, Sgs3, Sgs4, Sgs5, Sgs5bis, Sgs7, Sgs8 et Eig71Ee.
	Les protéines Sgs1, Sgs3, Sgs4 et Eig71Ee sont fortement glycosylées, c'est-
	à-dire que des sucres sont liés aux protéines. Ces protéines font partie de la
	famille des mucoprotéines qui ont la particularité de former des gels en
	présence d'eau et se retrouvent dans la composition des mucus (salive, mucus
	nasal, …). Cette propriété est due au fait que les mucoprotéines sont
	composées à plus de 4% de sucre. La colle de drosophile comprend 40 % de
	sucres et 60 % de protéines
	La drosophile produit aussi un bioadhésif qui lui
	permet de s'attacher à un substrat. Alors que ces
	petites mouches sont omniprésentes dans les
	laboratoires de recherche, ce phénomène

d'attachement et les propriétés de cette colle sont restés inexplorés jusqu'à aujourd'hui.  https://passion-entomologie.fr/proprietes-colle-drosophile/ 4/18

Table S1 -

 S1 part2Columns name: sample_ID: ID of the sample; area_green_px: area of the green surface in pixel; area_red_px: area of the red surface in pixel; area_black_px: area of the black surface in pixel; scale_print_mm: value of the scale in mm; scale_print_px: value of the scale in pixel; width_px: widht of the print in pixel.

											Feuille1
	2019080806-CantonS NA 2019082127-CantonS 2019081408-CantonS	94210 78393	NA	187761 154051	NA	84100 37211	NA	2 2	NA	540 540	NA
	2019080809-CantonS NA 2019082136-CantonS NA 2019081412-CantonS	82746	NA NA	193058	NA NA	29242	NA NA	2	NA NA	540	NA NA
	2019080811-CantonS NA 2019080801-CantonS NA 2019081418-CantonS NA		NA NA NA		NA NA NA		NA NA NA		NA NA NA		NA NA NA
	2019080812-CantonS NA 2019080813-CantonS NA 2019080803-CantonS NA 2019080807-CantonS NA 2019082005-CantonS 2019082101-CantonS NA 2020100903 Drosophila_suzukii NA NA NA NA 79253 NA 2020111801 Drosophila_hydei	175237 22,6 24,7	NA NA NA NA NA	NA NA NA NA NA 53 1016 55097 30 1021	NA NA NA NA NA ok 2 ok 18/11/2020 11:00:49 AM 224,11 11/17/20 05:30:00 PM NA NA NA NA 540 NA 09/10/20 10:11:27 AM 13,781 07/10/20 06:30:01 PM	NA 86503	43 43	0,1 0,1
	2019080814-CantonS NA 2019080808-CantonS NA 2019082103-CantonS 2020100905 Drosophila_hydei NA NA 69695 2020111802 Drosophila_hydei	164420 22,9 24,7	NA NA	NA NA 53 1016 cuticle_broke NA NA 47913 2 30 1021 ok 18/11/2020 11:03:22 AM 442,7 11/17/20 05:30:00 PM 172872 NA NA 540 09/10/20 10:17:57 AM 1018,5 07/10/20 06:30:01 PM NA	NA 43	NA 0,1
	2019080815-CantonS NA 2019081419-CantonS NA 2019080909-CantonS 2019080913-CantonS NA 2019082319-CantonS 2019080810-CantonS NA 2019082304-CantonS NA 2019082309-CantonS NA 2019082312-CantonS 2019080705-CantonS NA 2019082104-CantonS 2019082106-CantonS 2020101501 Drosophila_suzukii NA NA 82674 NA NA 75096 NA NA NA 80010 NA 106309 97717 2020112701 Drosophila_hydei image species sim20 simulans_vincennes NA NA NA 191623 NA NA NA 201343 NA 259784 220323 23,3 19,6 2019081615-CantonS NA NA NA 2019081618-CantonS NA NA NA 2020101502 Drosophila_suzukii 23,3 2020112702 Drosophila_hydei 19,6 suz1 suzukii_vincennes sim21 simulans_vincennes 2019082206-CantonS 85883 197974 2020101503 Drosophila_suzukii 23,3 2020112703 Drosophila_hydei 19,6 suz2 suzukii_vincennes sim22 simulans_vincennes	NA NA NA NA NA NA NA 29 1019 37537 14993 30426 72427 23181 36 1018 area 86105 NA NA 29 1019 36 1018 454651 105593 67619 29 1019 36 1018 396246 95979	NA NA NA NA NA NA NA ok 15/10/2020 02:38:50 PM 80,252 10/14/20 06:30:00 PM NA NA 1,2 324 NA 1,2 324 NA NA NA 1,2 324 NA 2 540 2 ok 27/11/2020 09:54:41 AM 555,99 11/26/20 06:00:00 PM 225964 21400 scale_px scale_mm 21 0,1 540 NA NA NA ok 15/10/2020 02:42:16 PM 18,215 10/14/20 06:30:00 PM 2051 ok 27/11/2020 09:57:32 AM 868,46 11/26/20 06:00:00 PM 362805 42 0,1 21 0,1 NA 1,2 324 ok 15/10/2020 02:48:44 PM 51,451 10/14/20 06:30:00 PM 23932 ok 27/11/2020 10:00:31 AM 1035,4 11/26/20 06:00:00 PM 368417 42 0,1 21 0,1	43 43 43 43 43 43	0,1 0,1 0,1 0,1 0,1 0,1
	2019082322-CantonS 2019082323-CantonS 2019082329-CantonS NA 2019080502-CantonS NA 2019080716-CantonS 2019081433-CantonS NA 2019082015-CantonS NA 2019082017-CantonS NA 2019082214-CantonS 2019082217-CantonS 2019082211-CantonS 2019081502-CantonS 2020101601 Drosophila_suzukii 21169 81374 NA NA 68437 NA NA NA 83337 74660 91707 18555 2020112704 Drosophila_hydei suz3 suzukii_vincennes 41617 245629 230774 162876 183406 251144 38190 23,3 19,6 sim23 simulans_vincennes NA NA NA NA NA 2019081503-CantonS 89280 189211 2019081504-CantonS 41721 178573 2020101602 Drosophila_suzukii 23,3 2020112705 Drosophila_hydei 19,6 suz4 suzukii_vincennes sim24 simulans_vincennes 2019082130-CantonS NA NA NA 2020102101 Drosophila_suzukii 24,2 2020112706 Drosophila_hydei 19,6 suz5 suzukii_vincennes sim25 simulans_vincennes	6337 75037 10789 51690 0 75449 7435 29 1022 NA NA NA NA NA 36 1018 cuticle_broke 27/11/2020 10:03:57 AM 979,71 11/26/20 06:00:00 PM 1,2 162 1,2 324 NA NA NA NA 1,2 324 NA NA NA NA NA NA 1,2 324 1,2 324 1,2 324 2 ok 16/10/2020 02:36:22 PM 58,889 10/15/20 06:30:00 PM 485250 42 0,1 97184 21 0,1 270 61037 2 540 22006 2 29 1022 ok 16/10/2020 02:38:39 PM 150,54 10/15/20 06:30:00 PM 36 1018 cuticle_broke 27/11/2020 10:06:50 AM 602,44 11/26/20 06:00:00 PM 412799 42 0,1 85693 21 0,1 540 NA NA NA 46 1004 ok 21/10/2020 03:10:27 PM 10,252 10/20/20 06:00:00 PM 36 1018 ok 27/11/2020 10:09:42 AM 379,04 11/26/20 06:00:00 PM 171939 73269 NA 33936 NA NA 436996 42 0,1 91171 21 0,1	43 NA 43 NA 43 43	0,1 NA 0,1 NA 0,1 0,1
	2019080918-CantonS NA 2019081202-CantonS NA 2019080616-CantonS NA 2019080621-CantonS NA 2019080622-CantonS NA 2019082220-CantonS 2019082221-CantonS 2019082225-CantonS 2019080903-CantonS 2019082326-CantonS 2019080818-CantonS NA 2019081437-CantonS NA 2020102102 Drosophila_hydei NA NA NA NA NA 62097 78145 15634 78380 66093 NA NA 2020112707 Drosophila_hydei suz6 suzukii_vincennes 162456 244079 63127 131891 264742 24,2 19,6 sim26 simulans_vincennes NA NA NA NA NA NA NA 2019080501-CantonS 106740 177427 2019082018-CantonS NA NA NA 2020102103 Drosophila_hydei 24,2 suz7 suzukii_vincennes sim27 simulans_vincennes 2019082025-CantonS NA NA NA 2020102201 Drosophila_suzukii 24,2 suz8 suzukii_vincennes sim28 simulans_vincennes	NA NA NA NA NA NA NA 46 1004 cuticle_broke 21/10/2020 03:15:17 PM 507,12 10/20/20 06:00:00 PM NA NA NA NA NA NA NA NA NA NA 26768 1,2 324 19728 1,2 324 11984 1,2 162 16461 1,2 324 43140 1,2 324 NA NA NA 36 1018 cuticle_broke 27/11/2020 10:12:43 AM 730,09 11/26/20 06:00:00 PM 469280 42 0,1 89910 21 0,1 NA 85900 0,5 136 NA NA 46 1004 ok 21/10/2020 03:18:08 PM 240,42 10/20/20 06:00:00 PM 149072 NA NA 416448 42 0,1 94365 21 0,1 NA NA NA NA 47 1012 ok 22/10/2020 02:03:12 PM 128,94 10/21/20 06:30:00 PM 26041 377598 42 0,1 76847 21 0,1	NA NA 43 43	NA NA 0,1 0,1
	2019081416-CantonS NA 2019081605-CantonS NA 2019081610-CantonS NA 2019081611-CantonS NA 2019081613-CantonS NA 2019081444-CantonS NA 2019081446-CantonS NA 2019080714-CantonS 2019080715-CantonS 2019082333-CantonS NA 2019082215-CantonS 2019082219-CantonS 2020102202 Drosophila_suzukii NA NA NA NA NA NA NA 68633 53318 NA NA 87380 92661 suz9 suzukii_vincennes 138465 173868 240208 24,2 sim29 simulans_vincennes NA NA NA NA NA NA NA NA 2019082227-CantonS NA NA NA 2019080901-CantonS 90793 161599 2020102203 Drosophila_suzukii 24,2 suz10 suzukii_vincennes sim30 simulans_vincennes 2019080904-CantonS 78577 NA 2020102204 Drosophila_hydei 24,2 suz11 suzukii_vincennes hyd1 hydei_vincennes	NA NA NA NA NA NA NA NA 47 1012 39385 28188 25027 10953 508913 85332 NA 57032 47 1012 cuticle_broke 22/10/2020 02:09:34 PM 18,74 10/21/20 06:30:00 PM NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1,2 324 1,2 324 NA NA 1,2 324 1,2 ok 22/10/2020 02:06:36 PM 115,25 10/21/20 06:30:00 PM 42 0,1 21 0,1 324 NA NA 1,2 513434 42 0,1 106122 21 0,1 324 60995 1,2 324 47 1012 not_detached 22/10/2020 02:12:11 PM 1157,2 10/21/20 06:30:00 PM 359078 42 0,1 199411 21 0,1	48887 NA NA	43 NA NA	0,1 NA NA
	2019081620-CantonS NA 2019082212-CantonS NA 2019082122-CantonS 2019082125-CantonS NA 2019080820-CantonS NA 2019080601-CantonS NA 2019080617-CantonS NA 2019080619-CantonS NA 2019080620-CantonS NA 2019082008-CantonS 2019080906-CantonS 2019080907-CantonS 2020102206 Drosophila_hydei NA NA 96597 NA NA NA NA NA NA 61489 82015 83546 NA suz12 suzukii_vincennes 191937 129157 170846 24,2 hyd2 hydei_vincennes 2019080912-CantonS 84150 NA 2019082328-CantonS NA NA 2020102207 Drosophila_hydei 24,2 suz13 suzukii_vincennes hyd3 hydei_vincennes 2019081442-CantonS NA NA 2020102208 Drosophila_hydei 24,2 suz14 suzukii_vincennes hyd4 hydei_vincennes	NA NA NA NA NA NA NA NA NA NA	NA NA NA NA NA NA NA NA 47 1012 67482 34039 15623 23242 530187 201691 32030 NA 47 1012 123476 222171 NA 47 1012 132428 205846	NA NA NA NA NA NA NA NA ok 22/10/2020 02:23:36 PM 778,68 10/21/20 06:30:00 PM NA NA 2 540 NA NA NA NA NA NA 2 540 1,2 324 1,2 42 0,1 21 0,1 324 1,2 324 NA ok 22/10/2020 02:20:33 PM 327,78 10/21/20 05:30:00 PM 119083 96712 21 0,1 21 0,1 NA NA NA ok 22/10/2020 02:26:55 PM 619,55 10/21/20 06:30:00 PM 54149 21 0,1 21 0,1	21,5 21,5 21,5	0,1 0,1 0,1
	2019081301-CantonS NA 2019081302-CantonS NA 2019081420-CantonS NA 2019081421-CantonS NA 2019081422-CantonS NA 2019081601-CantonS 2019081606-CantonS NA 2019081609-CantonS NA 2019082121-CantonS NA 2019082135-CantonS NA 2019081445-CantonS NA 2019080709-CantonS NA 2020102209 Drosophila_hydei NA NA NA NA NA 78325 NA NA NA NA NA NA suz15 suzukii_vincennes 146951 24,2 hyd5 hydei_vincennes 2019080711-CantonS NA NA 2019080926-CantonS NA NA 2020102210 Drosophila_hydei 24,2 suz16 suzukii_vincennes hyd6 hydei_vincennes 2019080204-CantonS 95687 264970 2020102301 Drosophila_suzukii 23,7 suz17 suzukii_vincennes hyd7 hydei_vincennes	NA NA NA NA NA NA NA NA NA NA NA NA NA	NA NA NA NA NA NA NA NA NA NA NA 47 1012 not_detached 22/10/2020 02:31:30 PM 770,33 10/21/20 06:30:00 PM NA NA NA NA NA NA NA NA NA NA 33143 2 540 NA NA NA NA NA NA NA NA NA NA NA 139263 21 0,1 206938 21 0,1 NA NA NA NA NA NA 47 1012 not_detached 22/10/2020 02:37:19 PM 1114,1 10/21/20 06:30:00 PM 135212 21 0,1 199428 21 0,1 NA 65667 0,5 136 49 1013 ok 23/10/2020 10:28:05 AM 77,2 10/22/20 05:30:00 PM 118469 21 0,1 189604 21 0,1	NA NA 20484	NA NA 43	NA NA 0,1
	2019081423-CantonS NA 2019081424-CantonS NA 2019081425-CantonS NA 2019081426-CantonS NA 2019080910-CantonS 2019082022-CantonS NA 2019080919-CantonS NA 2019080924-CantonS NA 2019081617-CantonS NA 2019082003-CantonS 2019081201-CantonS 2019081209-CantonS NA 2020102302 Drosophila_suzukii NA NA NA NA 82895 NA NA NA NA NA 66097 73377 NA suz18 suzukii_vincennes 154552 200945 23,7 hyd8 hydei_vincennes 2019082332-CantonS NA NA 2019080604-CantonS NA NA 2020102303 Drosophila_hydei 23,7 suz19 suzukii_vincennes hyd9 hydei_vincennes 2019080607-CantonS 62786 138837 2020102304 Drosophila_hydei 23,7 suz20 suzukii_vincennes hyd11 hydei_vincennes	NA NA NA NA NA NA NA NA NA NA NA	NA NA NA NA NA NA NA NA NA 49 1013 33032 33923 26558 140084 205038 NA NA 49 1013 111655 195966 43564 49 1013 not_detached 23/10/2020 10:37:58 AM 389,1 10/22/20 05:30:00 PM NA NA NA NA NA NA NA NA 1,2 324 NA NA NA NA NA NA NA NA 2 540 2 540 NA ok 23/10/2020 10:30:42 AM 166,23 10/22/20 05:30:00 PM 21 0,1 21 0,1 NA NA NA NA ok 23/10/2020 10:35:28 AM 267,03 10/22/20 05:30:00 PM 272868 57951 21 0,1 21 0,1 NA 1,2 324 NA 121863 21 0,1 213627 21 0,1	43 43 NA	0,1 0,1 NA
	2019082330-CantonS NA 2019080202-CantonS 2019081406-CantonS 2019081409-CantonS 2019081519-CantonS NA 2019082010-CantonS 2019082102-CantonS 2019082108-CantonS NA 2019081604-CantonS NA 2019081619-CantonS NA 2019080608-CantonS 2019080610-CantonS 2020102306 Drosophila_hydei NA 67489 79939 76414 NA 65136 90710 NA NA NA 77811 76718 suz22 suzukii_vincennes 175791 217945 209084 127324 187538 150786 168382 23,7 hyd10 hydei_vincennes 2019080613-CantonS 98947 243692 2019080618-CantonS NA NA 2020102307 Drosophila_hydei 23,7 suz21 suzukii_vincennes hyd12 hydei_vincennes 2019080928-CantonS NA NA 2020102701 Drosophila_suzukii 23,2 suz23 suzukii_vincennes hyd13 hydei_vincennes	NA NA NA NA NA NA NA	NA NA NA NA NA 49 1013 16807 1906 18788 21920 49212 55056 5787 143528 230635 71432 NA 49 1013 124397 204241 NA 32 1008 110101 200142	NA NA NA NA NA ok 23/10/2020 10:51:32 AM 324,49 10/22/20 05:30:00 PM 288327 NA 0,5 136 2 540 2 540 NA 2 540 2 540 NA NA NA 1,2 324 1,2 21 0,1 21 0,1 324 1,2 324 NA ok 23/10/2020 10:54:49 AM 267,51 10/22/20 05:30:00 PM 309889 21 0,1 21 0,1 NA NA NA ok 27/10/2020 11:15:47 AM 37,766 10/26/20 04:00:00 PM 12444 21 0,1 21 0,1	43 43 43	0,1 0,1 0,1
	2019082302-CantonS NA 2019081602-CantonS NA 2019080205-CantonS NA 2019081306-CantonS NA 2019081307-CantonS NA 2019080902-CantonS NA 2019080905-CantonS NA 2019080111-CantonS NA 2019080203-CantonS NA 2019082310-CantonS NA 2019082110-CantonS 2019081614-CantonS NA 2019082201-CantonS NA 2019082207-CantonS 2019081505-CantonS 2019081507-CantonS 2019081510-CantonS 2019081511-CantonS 2019081520-CantonS NA 2019082113-CantonS 2019082314-CantonS 2019082012-CantonS 2019082014-CantonS 2019082016-CantonS NA 2019082021-CantonS NA 2019082023-CantonS NA 2019082222-CantonS NA 2019082231-CantonS NA 2019082232-CantonS NA 2019082233-CantonS NA 2019082327-CantonS NA 2019080930-CantonS 2019081410-CantonS 2019081411-CantonS 2019081413-CantonS 2019081414-CantonS 2019081415-CantonS 2019081417-CantonS 2019081616-CantonS NA 2019082137-CantonS NA 2019082301-CantonS NA 2019082303-CantonS NA 2019082202-CantonS NA 2019082205-CantonS NA 2019080929-CantonS 2020102702 Drosophila_hydei NA NA NA NA NA NA NA NA NA NA 17837 NA NA 77005 21526 67648 51500 69945 NA 47844 NA 21975 80441 72647 NA NA NA NA NA NA NA NA 14777 98170 97802 20978 86451 72422 97102 NA NA NA NA NA NA 70461 NA suz24 suzukii_vincennes 245031 220634 43667 156078 99605 153404 57121 180912 149560 38740 219053 338305 46255 212390 224156 284118 23,7 hyd14 hydei_vincennes 2019082210-CantonS 23394 58287 2019082213-CantonS 51367 NA 2020102703 Drosophila_hydei 23,7 suz25 suzukii_vincennes hyd15 hydei_vincennes 2019081508-CantonS NA NA 2019081516-CantonS NA NA 2020102704 Drosophila_hydei 23,7 suz26 suzukii_vincennes hyd16 hydei_vincennes 2019081517-CantonS NA NA 2020102705 Drosophila_hydei 23,7 suz27 suzukii_vincennes hyd17 hydei_vincennes 2019081518-CantonS NA NA 2019082120-CantonS NA NA 2020102706 Drosophila_hydei 23,7 suz28 suzukii_vincennes hyd18 hydei_vincennes 2019082123-CantonS 98634 199498 2019082133-CantonS NA NA 2020102707 Drosophila_hydei 23,7 suz29 suzukii_vincennes hyd19 hydei_vincennes 2019080804-CantonS NA NA 2020102708 Drosophila_hydei 23,7 suz30 suzukii_vincennes hyd20 hydei_vincennes 2019080805-CantonS NA NA 2019082306-CantonS NA NA 2020102709 Drosophila_hydei 23,7 sim1 simulans_vincennes NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA hyd21 hydei_vincennes 2019082316-CantonS NA NA NA 2019080706-CantonS NA NA NA 2020102710 Drosophila_hydei 23,7 sim2 simulans_vincennes hyd22 hydei_vincennes 2019081309-CantonS 76198 NA 2020102711 Drosophila_hydei 23,7 sim3 simulans_vincennes hyd23 hydei_vincennes 2019081310-CantonS 75141 108721 2019081428-CantonS NA NA NA 2020102712 Drosophila_hydei 23,7 sim4 simulans_vincennes hyd24 hydei_vincennes 2019081430-CantonS NA NA NA 2019081431-CantonS NA NA NA 2020110301 Drosophila_hydei 20,4 sim5 simulans_vincennes hyd25 hydei_vincennes 2019081436-CantonS NA NA NA 2020110302 Drosophila_suzukii 20,4 sim6 simulans_vincennes hyd26 hydei_vincennes 2019082019-CantonS NA NA NA 2019082216-CantonS 94584 224943 2020110303 Drosophila_suzukii 20,4 sim7 simulans_vincennes hyd27 hydei_vincennes 2019082218-CantonS NA NA NA 2019082223-CantonS NA NA NA 2020093005 Drosophila_suzukii 19,6 2020110304 Drosophila_suzukii 20,4 sim8 simulans_vincennes hyd28 hydei_vincennes 2019082224-CantonS 96100 217855 2020100601 Drosophila_suzukii 20,1 2020110305 Drosophila_suzukii 20,4 sim9 simulans_vincennes hyd29 hydei_vincennes 2019082229-CantonS NA NA NA 2019082320-CantonS 70149 176778 2020100610 Drosophila_hydei 20,9 2020110401 Drosophila_suzukii 22,6 sim10 simulans_vincennes hyd30 hydei_vincennes 2019082324-CantonS 82575 169738 2019082325-CantonS 84968 182161 2019080504-CantonS 82106 120172 2019080708-CantonS NA NA NA 2019080710-CantonS NA NA NA 2019080717-CantonS 63145 NA 2019080920-CantonS NA NA NA 2019080921-CantonS NA NA NA 2019080201-CantonS 21456 37880 2019081203-CantonS 64427 140292 2019081204-CantonS 23718 76231 2019081208-CantonS NA NA NA 2019080602-CantonS 85984 194788 2020100713 Drosophila_hydei 22,2 2020111703 Drosophila_hydei 22,2 sim18 simulans_vincennes 2020100712 Drosophila_hydei 22,2 2020111702 Drosophila_hydei 22,2 sim17 simulans_vincennes 2020100616 Drosophila_hydei 22,2 2020111701 Drosophila_hydei 22,2 sim16 simulans_vincennes 2020100615 Drosophila_hydei 22,2 2020111002 Drosophila_suzukii 23,7 sim15 simulans_vincennes 2020100614 Drosophila_hydei 22,2 2020111001 Drosophila_suzukii 23,7 sim14 simulans_vincennes 2020100613 Drosophila_hydei 22,2 2020110603 Drosophila_suzukii 23,2 sim13 simulans_vincennes 2020100612 Drosophila_hydei 21,4 2020110602 Drosophila_suzukii 23,2 sim12 simulans_vincennes 2020100611 Drosophila_hydei 20,9 2020110601 Drosophila_suzukii 23,2 sim11 simulans_vincennes hyd31 hydei_vincennes	NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 32 1008 2174 39857 20139 18725 38575 43833 33854 16928 57517 43720 1516 17243 75736 16452 21719 0 0 59698 106953 227585 13016 19613 32 1008 not_detached 27/10/2020 11:22:50 AM 693,7 10/26/20 04:00:00 PM NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 2 540 NA NA NA NA 1,2 324 2 270 2 540 2 540 2 540 NA NA 2 540 1,2 162 2 540 2 540 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 2 270 2 540 2 540 2 270 2 540 2 540 2 540 NA NA NA NA NA NA NA NA NA NA NA 2 540 ok 27/10/2020 11:19:51 AM 682,4 10/26/20 04:00:00 PM 253055 21 0,1 21 0,1 NA 1,2 162 1,2 NA 153287 21 0,1 220904 21 0,1 324 NA NA NA NA NA 32 1008 ok 27/10/2020 11:25:27 AM 592,71 10/26/20 04:00:00 PM 145216 129174 21 0,1 186406 21 0,1 NA NA NA 32 1008 cuticle_broke 27/10/2020 11:27:43 AM 187,64 10/26/20 04:00:00 PM NA 110993 21 0,1 168188 21 0,1 NA NA NA NA NA NA 32 1008 ok 27/10/2020 11:30:15 AM 612,83 10/26/20 04:00:00 PM 223704 136455 21 0,1 168477 21 0,1 NA 37746 2 540 NA NA 32 1008 ok 27/10/2020 11:33:08 AM 356,67 10/26/20 04:00:00 PM 140863 142017 21 0,1 172620 21 0,1 NA NA NA 32 1008 ok 27/10/2020 11:35:22 AM 647,31 10/26/20 04:00:00 PM 226547 133140 21 0,1 163158 21 0,1 NA NA NA NA NA NA 33 1008 ok 27/10/2020 11:39:54 AM 963,59 10/26/20 06:00:00 PM 286098 366622 42 0,1 166160 21 0,1 NA NA NA NA NA NA 33 1008 not_detached 27/10/2020 11:42:46 AM 877,86 10/26/20 06:00:00 PM NA 359528 42 0,1 169994 21 0,1 NA 20233 2 33 1008 ok 27/10/2020 11:47:37 AM 701,52 10/26/20 06:00:00 PM 292750 394877 42 0,1 173088 21 0,1 540 0 2 540 NA NA 33 1008 ok 27/10/2020 11:50:10 AM 702,24 10/26/20 06:00:00 PM 327484 368461 42 0,1 178009 21 0,1 NA NA NA NA NA NA 37 1024 ok 03/11/20 10:35:18 AM 237,56 11/02/20 05:00:00 PM 253612 315624 42 0,1 220814 21 0,1 NA NA NA 37 1024 ok 03/11/20 10:38:47 AM 4,244 11/02/20 06:00:00 PM 50897 386290 42 0,1 241053 21 0,1 NA NA NA NA 82221 1,2 37 1024 ok 03/11/20 10:41:50 AM 100,71 11/02/20 06:00:00 PM 76020 454247 42 0,1 245161 21 0,1 324 NA NA NA NA NA 66 1015 ok 30/09/2020 10:04:52 AM 6,4472 09/29/20 05:30:00 PM NA 37 1024 ok 03/11/20 10:44:42 AM 10,3 11/02/20 06:00:00 PM 8289 444382 42 0,1 256998 21 0,1 NA 71277 1,2 50 1004 ok 06/10/20 09:49:17 AM 147,34 10/05/20 06:00:00 PM 97626 37 1024 ok 03/11/20 10:47:02 AM 9,203 11/02/20 06:00:00 PM 6554 362639 42 0,1 249125 21 0,1 324 NA NA NA 45467 1,2 47 1004 not_detached 06/10/20 10:19:17 AM 531,15 10/05/20 06:00:00 PM NA 30 1031 ok 04/11/20 11:07:33 AM 102,14 11/03/20 06:00:00 PM 54440 382137 42 0,1 215643 21 0,1 324 0 1,2 324 40738 1,2 54488 0,5 NA NA NA NA NA 10101 1,2 324 NA NA NA NA 19402 0,5 69 48293 2 9344 2 270 NA NA 68720 1,2 324 43 1016 ok 07/10/20 10:31:10 AM 348,47 10/06/20 05:30:00 PM 193025 39 1027 not_detached 17/11/2020 11:01:54 AM 638,91 11/16/20 05:30:00 PM NA 85343 21 0,1 NA 43 1016 ok 07/10/20 10:28:34 AM 737,76 10/06/20 05:30:00 PM 225213 39 1027 ok 17/11/2020 10:57:29 AM 304,32 11/16/20 05:30:00 PM 167435 92776 21 0,1 540 45 1004 not_detached 06/10/20 11:55:45 AM 1204,8 10/05/20 06:00:00 PM NA 39 1027 ok 17/11/2020 10:54:13 AM 308,37 11/16/20 05:30:00 PM 268812 363357 42 0,1 NA 45 1004 ok 06/10/20 11:53:03 AM 371,22 10/05/20 06:00:00 PM 183414 41 1025 ok 10/11/20 12:19:30 PM 196,74 11/09/20 05:00:00 PM 28557 358250 42 0,1 NA 45 1004 ok 06/10/20 11:50:54 AM 575,97 10/05/20 06:00:00 PM 280447 41 1025 ok 10/11/20 12:17:04 PM 200,27 11/09/20 05:00:00 PM 80320 431887 42 0,1 NA 45 1004 ok 06/10/20 11:48:16 AM 874,33 10/05/20 06:00:00 PM 254559 27 1029 ok 06/11/20 09:59:34 AM 57,936 11/05/20 05:00:00 PM 16308 464074 42 0,1 136 47 1004 not_detached 06/10/20 10:38:52 AM 499,58 10/05/20 06:00:00 PM NA 27 1029 ok 06/11/20 09:56:39 AM 145,15 11/05/20 05:30:00 PM 93218 417203 42 0,1 324 47 1004 not_detached 06/10/20 10:26:31 AM 484,42 10/05/20 06:00:00 PM NA 27 1029 ok 06/11/20 09:53:08 AM 85,64 11/05/20 05:30:00 PM 35205 434825 42 0,1 225495 21 0,1	43 NA 43 NA 43 43 43 43 NA 43 43 43 66,167 43 43 43 43 43 NA 43 43 NA 43 43 NA 43 43 43 43 43 43 43 NA 43 NA 43	0,1 NA 0,1 NA 0,1 0,1 0,1 0,1 NA 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 NA 0,1 0,1 NA 0,1 0,1 NA 0,1 0,1 0,1 0,1 0,1 0,1 0,1 NA 0,1 NA 0,1
	2019082009-CantonS 2019082105-CantonS 2019080603-CantonS 2019080605-CantonS 2020100901 2020111704 sim19 simulans_vincennes 16951 48363 85900 199384 19987 45344 62755 NA Drosophila_suzukii 22,6 Drosophila_hydei 22,2	5217 39412 14327 24326 53 1016 39 1027 98502	2 2 1,2 1,2 ok ok 17/11/2020 11:05:46 AM 482,61 11/16/20 05:30:00 PM 166684 270 540 136 324 09/10/20 10:05:40 AM 105,57 07/10/20 06:30:01 PM 46198 21 0,1	43 43	0,1 0,1
	2019082109-CantonS 2019082111-CantonS 2019080606-CantonS 2019080611-CantonS 2020100902 2020111705	89678 74206 88637 64024 Drosophila_suzukii Drosophila_hydei	222913 219657 159844 206653 22,6 22,2		44924 33387 70994 25595 53 1016 39 1027	2 2 1,2 1,2 ok ok 17/11/2020 11:08:16 AM 409,03 11/16/20 05:30:00 PM 127345 540 540 324 324 09/10/20 10:08:53 AM 31,71 07/10/20 06:30:01 PM 15516	43 43	0,1 0,1
	2019082203-CantonS NA 2019080614-CantonS	68948	NA	165234	NA	42702	NA	1,2	NA	324	NA
	2019081514-CantonS 2019081407-CantonS		82622 84696		185820 181633		66106 15693		2 2		540 540
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Evolution of the glue produced by larvae for metamorphosis

Table S4 .

 S4 Pupal count in the eld experiment.Results of the experiment performed in the eld. bucket_ID column corresponds to a unique identication for each bucket. Orientation_C and Orientation_NC give, respectively, the orientation of attached and detached pupa within the bucket. Count_C

	bucket_ID Orientation_C Orientation_NC Time count_C count_NC 22 W E t1 10 34 E W t3 10 58 E W t5 10 day1_PM day2_AM day2_PM day3_AM day3_PM 5_4 6_4 7_4 1_5 2_5 3_5 4_5 5_5 6_5 7_5 1_6 2_6 3_6 4_6 5_6 6_6 7_6									
	13 E 22 W 34 E 59 W 1 ants T. nylanderi 0			W E W E	3		2	t0 t2 t4 t0		2			3		10 10 10 10										
	13 E 22 W 34 E 59 W 2 ants T. nylanderi			W E W E	1		3	t1 t3 t5 t1		0			0		10 10 10 8										
	13 E 22 W 35 W 59 W 1 cockroach and Count_NC indicate, respectively, the number of attached and detached pupa in a W t2 10 E t4 10 E t0 10 E t2 7 5 0 0 0 13 E W t3 10 22 W E t5 10 35 W E t1 10 59 W E t3 7 1 red spider mite 5 2 2 2
	dish. Time indicates the time at which pupae were counted: t0 after 0h (8 September 13 E W t4 10 25 W E t0 10 35 W E t2 10 59 W E t4 6 1 spider 0 1 0 0
	15 E 25 W 35 W 60 E 2020, day 1 morning, at 11 am) t1 after 6h30 (day 1 PM), t2 after 22h30 (day 2 AM), t3 W t0 10 E t2 10 E t4 10 W t0 10 13 E W t5 10 25 W E t1 10 35 W E t3 10 59 W E t5 6 woodlice 0 8 7 5
	after 31h (day 2 PM), t4 after 47h (day 3 AM), and t5 after 54h (day 3 PM). 15 E W t1 10 25 W E t3 10 35 W E t5 10 60 E W t1 10			
	15 E 25 W 38 E 60 E				W E W W				t2 t4 t0 t2							10 0 10 10										
	15 E 25 W 38 E 60 E				W E W W				t3 t5 t1 t3							10 0 10 10										
	15 E 26 E 38 E 60 E				W W W W				t4 t0 t2 t4							0 10 8 10										
	15 E 26 E 38 E 60 E				W W W W				t5 t1 t3 t5							0 10 8 10										
	16 W 26 E 38 E 76 E				E W W W				t0 t2 t4 t0							10 6 6 10										
	16 W 26 E 38 E 76 E				E W W W				t1 t3 t5 t1							10 6 6 10										
	16 W 26 E 53 W 76 E				E W E W				t2 t4 t0 t2							9 6 10 9										
	16 W 26 E 53 W 76 E				E W E W				t3 t5 t1 t3							9 6 10 9										
	16 W 27 W 53 W 76 E				E E E W				t4 t0 t2 t4							8 10 5 9										
	16 W 27 W 53 W 76 E				E E E W				t5 t1 t3 t5							8 10 3 9										
	17 E 27 W 53 W				W E E				t0 t2 t4							10 10 3										
	17 E 27 W 53 W				W E E				t1 t3 t5							8 10 3										
	17 E 27 W 54 E				W E W				t2 t4 t0							4 10 10										
	17 E 27 W 54 E				W E W				t3 t5 t1							2 4 10										
	17 E 28 W 54 E				W E W				t4 t0 t2							2 10 10										
	17 E 28 W 54 E 60 detached	1 NA	W E W 3 NA	6 NA	1	t5 t1 t3 1 NA	3 NA NA NA NA	2 0 10	5 NA	0 NA NA	7	4 NA	1	3	5
	18 W 28 W 54 E 65 attached	0	8	8	E E W 5	4	5	4	t0 t2 t4 7	7	4	8	5	8	10 0 10 2	5	1	1	8	9	7	4	4	6	6	6
	18 W 28 W 54 E 65 detached	1 NA	E E W 4 NA	3 NA	t1 t3 t5 1 NA NA	5 NA NA NA NA	2 0 10	4 NA	0 NA NA	4	2 NA NA	2	6
	18 W 28 W 55 W 70 attached	0	9 10	E E E 4	5	5	t2 t4 t0 6 11	6	4	6	7 10	1 0 10 4	4 NA	2 10	8	9	4	7	8	4	8
	18 W 28 W 55 W 70 detached	1 NA	E E E 5 NA	t3 t5 t1 1 NA NA NA NA	6 NA NA NA NA	1 0 10	3 NA	0 NA NA	1	3 NA NA	1	1
	18 W 30 W 55 W 75 attached	1 10	7	E E E 3	4	5	6	t4 t0 t2 3	7	5	7	4 11	1 10 9 5	3 NA	2	8	8	6	4	7	5	5	6
	18 W 30 W 55 W 75 detached NA NA	E E E 5 NA NA NA NA NA NA t5 t1 t3	6 NA NA NA NA	0 10 9	5 NA	0 NA NA	1	2 NA NA NA NA
	19 E 30 W 55 W 80 attached	2	3	5	W E E 6	7	6	6	t0 t2 t4 2	5	4	6	6	9	10 8 9 5	3 NA	2	1	8	3	3	6	8	5	3
	19 E 30 W 55 W 80 detached NA NA	W E E 6 NA NA NA NA NA NA t1 t3 t5	6 NA NA NA NA	10 5 9	6 NA	0 NA NA NA	4 NA NA NA NA
	19 E 30 W 56 E 85 attached	1	5	7	W E W 6	9	8	7	t2 t4 t0 2	7	6	8	8	9	10 0 10 4	4 NA	2	1	7	4	4	7	9	4	3
	19 E 30 W 56 E 85 detached NA NA	W E W 7 NA NA NA NA NA NA t3 t5 t1	7 NA NA NA NA	10 0 10	3 NA	0 NA NA NA	3 NA NA NA NA
	19 E 31 W 56 E 90 attached	2	4	6	W E W 3 11	7	8	t4 t0 t2 1	9	5	4	7	9	10 10 5 4	5 NA	1 NA	9	1	4	7	7	4	2
	19 E 31 W 56 E 90 detached NA NA	W E W 7 NA NA NA NA NA NA t5 t1 t3	7 NA NA NA NA	10 10 5	4 NA	0 NA NA NA	3 NA NA NA NA
	20 W 31 W 56 E 95 attached	3	5	6	E E W 4 10	6	7	t0 t2 t4 1	6	6	3	7	7	10 0 5 6	4 NA	1 NA	8	1	3	6	7	3	3
	20 W 31 W 56 E 95 detached NA NA	E E W 8 NA NA NA NA NA NA t1 t3 t5	5 NA NA NA NA	8 0 5	4 NA	0 NA NA NA	3 NA NA NA NA
	20 W 31 W 57 W 100 attached	3	2	6	E E E 3 11	8	t2 t4 t0 2 NA	5	6	3	8	8	8 0 10 6	6 NA	1 NA	5	1	5	5	6	4	1
	20 W 31 W 57 W 100 detached NA NA	E E E 8 NA NA NA NA NA NA t3 t5 t1	2 NA NA NA NA	7 0 10	2 NA	0 NA NA NA	2 NA NA NA NA
	20 W 32 E 57 W 105 attached	4	1	7	E W E 3	9	4	t4 t0 t2 1 NA	8	5	6	9	9	7 10 10 7	3 NA	2 NA	6 NA	1	5	1	2	1
	20 W 32 E 57 W 105 detached NA NA	E W E 9 NA NA NA NA NA NA t5 t1 t3	5 NA NA NA NA	7 10 10	2 NA	0 NA NA NA	2 NA NA NA NA
	21 E 32 E 57 W 110 attached	3	1	7	W W E 2 10	t0 t2 t4 8 NA NA	7	7	5	9	9	10 10 9 5	1 NA	3 NA	5 NA NA	5	2	3 NA
	21 E 32 E 57 W 110 detached NA NA	W W E 7 NA NA NA NA NA NA t1 t3 t5	4 NA NA NA NA	10 10 9	4 NA	0 NA NA NA	4 NA NA NA NA
	21 E 32 E 58 E 115 attached	4 NA	7	W W W 1	6	t2 t4 t0 7 NA NA	6	5	3	6	8	7 10 10 5	1 NA	2 NA	5 NA NA	3	1	1 NA
	21 E 32 E 58 E 115 detached NA NA	W W W 4 NA NA NA NA NA NA t3 t5 t1	4 NA NA NA NA	7 10 10	2 NA	1 NA NA NA	5 NA NA NA NA
	21 E 34 E 58 E 120 attached	3 NA	4	W W W 1	8	t4 t0 t2 6 NA NA	7	5	4	5	6	6 10 10 5	0 NA	3 NA	5 NA NA	4 NA	2 NA
	21 E 34 E 58 E 120 detached NA NA	W W W 7 NA NA NA NA NA NA t5 t1 t3	4 NA NA NA NA	6 10 10	3 NA	1 NA NA NA	6 NA NA NA NA
	22 W 34 E 58 E 125 attached	3 NA	5	E W W 1	8	t0 t2 t4 7 NA NA	5	4	1	5	6	10 10 10 4	1 NA	2 NA	3 NA NA	3 NA	1 NA
	184												Evolution of the glue produced by larvae for metamorphosis
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	date 13/10/2020 9h45 12h55 start end 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 13/10/2020 9h45 12h55 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 14/10/2020 9h35 11h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 15/10/2020 9h45 12h45 16/10/2020 9h35 11h50 16/10/2020 9h35 11h50 16/10/2020 9h35 11h50 16/10/2020 9h35 11h50 16/10/2020 9h35 11h50 16/10/2020 9h35 11h50 16/10/2020 9h35 11h50 Drosophila_simulans Drosophila_simulans Drosophila_simulans Drosophila_simulans Drosophila_melanogaster ORE trial ID variable species condition strategies Time max_ant ORI first_ant max_first 1 1 X1_1 suzukii attached on_site 180 7 L 75 1 1 X1_1 suzukii detached to_nest 70 1 R 60 1 2 X2_1 simulans attached on_site 110 10 L 10 1 2 X2_1 simulans detached to_nest 20 1 R 15 1 3 X3_1 suzukii attached on_site 175 7 L 20 1 3 X3_1 suzukii detached to_nest 150 9 R 5 1 4 X4_1 simulans attached on_site 125 9 L 20 1 4 X4_1 simulans detached to_nest 40 2 R 30 1 5 X5_1 suzukii attached on_site 175 11 R 25 1 5 X5_1 suzukii detached to_nest 70 6 L 5 1 6 X6_1 simulans attached on_site 175 9 R 45 1 6 X6_1 simulans detached to_nest 45 1 L 45 1 7 X7_1 suzukii attached to_nest 105 8 R 35 1 7 X7_1 suzukii detached to_nest 65 2 L 20 2 1 X1_2 simulans attached on_site 95 11 R 15 2 1 X1_2 simulans detached to_nest 60 3 L 10 2 2 X2_2 suzukii attached on_site 140 9 R 20 2 2 X2_2 suzukii detached to_nest 20 2 L 15 2 3 X3_2 simulans attached on_site 180 7 R 35 2 3 X3_2 simulans detached to_nest 155 7 L 5 2 4 X4_2 suzukii attached on_site 140 10 R 15 2 4 X4_2 suzukii detached to_nest 30 1 L 30 2 5 X5_2 simulans attached on_site 180 9 L 15 2 5 X5_2 simulans detached to_nest 50 2 R 5 2 6 X6_2 suzukii attached on_site 180 11 L 25 2 6 X6_2 suzukii detached to_nest 35 1 R 15 2 7 X7_2 simulans attached on_site 165 7 L 20 2 7 X7_2 simulans detached to_nest 25 1 R 15 3 1 X1_3 suzukii attached on_site 125 6 R 20 3 1 X1_3 suzukii detached to_nest 145 6 L 10 3 2 X2_3 simulans attached to_nest 65 7 R 5 3 2 X2_3 simulans detached to_nest 15 1 L 15 3 3 X3_3 suzukii attached on_site 180 3 R 20 3 3 X3_3 suzukii detached to_nest 175 2 L 25 3 4 X4_3 simulans attached to_nest 85 10 R 5 3 4 X4_3 simulans detached to_nest 15 2 L 5 3 5 X5_3 suzukii attached on_site 145 9 L 10 3 5 X5_3 suzukii detached to_nest 20 1 R 10 3 6 X6_3 simulans attached on_site 100 9 L 30 3 6 X6_3 simulans detached to_nest 75 7 R 30 3 7 X7_3 suzukii attached to_nest 105 5 L 15 3 7 X7_3 suzukii detached on_site 155 7 R 25 4 1 X1_4 simulans attached on_site 135 7 L 15 4 1 X1_4 simulans detached to_nest 30 1 R 20 4 2 X2_4 suzukii attached on_site 115 9 L 10 4 2 X2_4 suzukii detached to_nest 60 5 R 10 4 3 X3_4 simulans attached on_site 130 6 L 5 4 3 X3_4 simulans detached to_nest 70 7 R 15 4 4 X4_4 suzukii attached on_site 105 W501 23.4 40 1019 cuticle_broke 08/02/20 morning 195.22 08/03/20 05:00:00 PM W501 23.4 40 1019 cuticle_broke 08/02/20 morning 324.96 08/03/20 05:00:00 PM md221 23.4 40 1019 cuticle_broke 08/02/20 morning 193.55 08/03/20 05:00:00 PM md221 23.4 40 1019 cuticle_broke 08/02/20 morning 194.17 08/03/20 05:00:00 PM 23.3 53 1008 cuticle_broke 23/09/2020 10:44:55 AM 360.73 09/22/20 05:00:00 PM Drosophila_melanogaster ORE 21.8 42 1005 cuticle_broke 24/09/2020 09:57:25 AM 148.15 09/23/20 06:00:00 PM Drosophila_melanogaster ORE 19.6 62 1002 cuticle_broke 01/10/20 10:09:30 AM 382.42 09/30/20 05:30:00 PM Drosophila_melanogaster ORE 20.1 50 1004 cuticle_broke 06/10/20 09:58:21 AM 235.84 10/05/20 06:00:00 PM Drosophila_simulans md221 22.9 51 1016 cuticle_broke 09/10/20 10:25:27 AM 365.11 07/10/20 06:30:01 PM Drosophila_simulans md221 22.9 51 1016 cuticle_broke 09/10/20 10:28:15 AM 278.52 07/10/20 06:30:01 PM Drosophila_simulans md221 24.2 49 1013 cuticle_broke 23/10/2020 11:05:19 AM 267.84 10/22/20 05:30:00 PM Drosophila_simulans md221 22.6 30 1031 cuticle_broke 04/11/20 11:18:24 AM 146.58 11/03/20 06:00:00 PM Drosophila_simulans md221 22.6 39 1027 cuticle_broke 17/11/2020 11:19:09 AM 382.57 11/16/20 05:30:00 PM 2020111711 Drosophila_simulans md221 22.6 39 1027 cuticle_broke 17/11/2020 11:26:43 AM 327.01 11/16/20 05:30:00 PM Drosophila_simulans md221 22.6 39 1027 cuticle_broke 17/11/2020 11:31:54 AM 321.91 11/16/20 05:30:00 PM Drosophila_simulans md221 22.6 39 1027 cuticle_broke 17/11/2020 11:38:01 AM 281.62 11/16/20 05:30:00 PM Drosophila_yakuba Tai18E2 24.7 30 1021 cuticle_broke 18/11/2020 11:12:28 AM 354.77 11/17/20 05:30:00 PM Drosophila_yakuba Tai18E2 24.7 30 1021 cuticle_broke 18/11/2020 11:20:33 AM 188.06 11/17/20 05:30:00 PM Drosophila_simulans W501 22.7 27 1017 no_detached 11/02/20 02:05:55 PM 262.12 02/10/20 05:30:00 PM Drosophila_simulans W501 22.7 27 1017 no_detached 11/02/20 02:08:34 PM 104.71 02/10/20 05:30:00 PM Drosophila_simulans W501 27 31 1013 not_detached 31/07/2020 11:07:19 AM 246.19 07/30/20 05:00:00 PM Drosophila_simulans W501 27 31 1013 not_detached 31/07/2020 11:16:21 AM 354.05 07/30/20 05:00:00 PM Drosophila_simulans W501 27 31 1013 not_detached 31/07/2020 11:22:26 AM 282.91 07/30/20 05:00:00 PM Drosophila_melanogaster ORE 21.8 44 1016 not_detached 07/10/20 10:01:16 AM 382.76 10/06/20 05:30:00 PM Drosophila_simulans md221 24.2 49 1013 not_detached 23/10/2020 11:08:29 AM 171.09 10/22/20 05:30:00 PM Drosophila_simulans md221 24.2 49 1013 not_detached 23/10/2020 11:10:54 AM 180.39 10/22/20 05:30:00 PM Drosophila_simulans md221 24.2 49 1013 not_detached 23/10/2020 11:16:12 AM 231.5 10/22/20 05:30:00 PM Drosophila_simulans md221 24.2 49 1013 not_detached 23/10/2020 11:21:18 AM 222.16 10/22/20 05:30:00 PM Drosophila_simulans md221 24.2 49 1013 not_detached 23/10/2020 11:23:44 AM 283.81 10/22/20 05:30:00 PM Drosophila_simulans md221 22.6 30 1031 not_detached 04/11/20 11:28:15 AM 308.9 11/03/20 06:00:00 PM Drosophila_yakuba Tai18E2 24.7 30 1021 not_detached 18/11/2020 11:27:59 AM 268.98 11/17/20 05:30:00 PM Drosophila_yakuba Tai18E2 24.7 30 1021 not_detached 18/11/2020 11:29:51 AM 320.72 11/17/20 05:30:00 PM Drosophila_yakuba Tai18E2 24.7 30 1021 not_detached 18/11/2020 11:40:34 AM 376.94 11/17/20 05:30:00 PM Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 237.99 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 281.19 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 241.66 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 216.2 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 375.75 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 232.65 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 414.04 ND ND Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:48:22 AM 120.07 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:50:48 AM 115.16 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:53:16 AM 118.35 03/11/20 06:00:00 PM Drosophila_melanogaster A6 26 33 1022 ok 20/05/2020 11:11:01 AM 390.77 05/19/20 03:00:00 PM Drosophila_melanogaster A6 26 33 1022 ok 20/05/2020 11:14:10 AM 384 05/19/20 03:00:00 PM Drosophila_melanogaster A6 26 33 1022 ok 20/05/2020 11:16:52 AM 70.047 05/19/20 03:00:00 PM Drosophila_melanogaster A6 26 33 1022 ok 20/05/2020 11:21:55 AM 241.71 05/19/20 03:00:00 PM Drosophila_melanogaster A4 26.4 31 1022 ok 20/05/2020 11:29:32 AM 180.63 05/19/20 03:00:00 PM Drosophila_melanogaster A4 26.4 31 1022 ok 20/05/2020 11:32:44 AM 135.33 05/19/20 03:00:00 PM Drosophila_melanogaster A4 26.4 31 1022 ok 20/05/2020 11:34:38 AM 346.18 05/19/20 03:00:00 PM Drosophila_melanogaster A4 26.4 31 1022 ok 20/05/2020 11:36:54 AM 32.949 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 11:42:52 AM 346.09 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 11:45:23 AM 172.42 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 11:47:45 AM 358.82 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 11:55:59 AM 161.17 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 11:58:04 AM 188.64 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 12:01:10 PM 193.69 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 12:05:26 PM 330.88 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 12:07:36 PM 208.04 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 ok 20/05/2020 12:09:53 PM 462.53 05/19/20 03:00:00 PM 2020060222 Drosophila_melanogaster A5 25.6 30 1018 ok 02/06/20 11:17:58 AM 190.45 06/01/20 07:00:00 PM 2020060225 Drosophila_melanogaster A6 25.6 30 1018 ok 02/06/20 11:24:51 AM 50.02 06/01/20 07:00:00 PM 2020060226 Drosophila_melanogaster A6 25.6 30 1018 ok 02/06/20 11:27:48 AM 79.203 06/01/20 07:00:00 PM 2020060228 Drosophila_melanogaster A6 25.6 30 1018 ok 02/06/20 11:33:58 AM 190.64 06/01/20 07:00:00 PM 2020060229 Drosophila_melanogaster B6 25.9 30 1018 ok 02/06/20 11:36:48 AM 203.8 06/01/20 07:00:00 PM 2020060230 Drosophila_melanogaster B6 25.9 30 1018 ok 02/06/20 11:39:40 AM 255.54 06/01/20 07:00:00 PM 2020060231 Drosophila_melanogaster B6 25.9 30 1018 ok 02/06/20 11:42:28 AM 368.02 06/01/20 07:00:00 PM 2020060232 Drosophila_melanogaster B6 25.9 30 1018 ok 02/06/20 11:45:25 AM 259.45 06/01/20 07:00:00 PM 2020060233 Drosophila_melanogaster B6 25.9 30 1018 ok 02/06/20 11:47:59 AM 412.51 06/01/20 07:00:00 PM 2020060234 Drosophila_melanogaster B6 26.4 30 1018 ok 02/06/20 11:51:14 AM 144.58 06/01/20 07:00:00 PM 2020060236 Drosophila_melanogaster B6 26.4 30 1018 ok 02/06/20 11:53:41 AM 313.76 06/01/20 07:00:00 PM 2020060240 Drosophila_melanogaster B6 26.4 30 1018 ok 02/06/20 12:02:31 PM 217.06 06/01/20 07:00:00 PM 2020060241 Drosophila_melanogaster B6 26.4 30 1018 ok 02/06/20 12:05:52 PM 259.78 06/01/20 07:00:00 PM 2020060242 Drosophila_melanogaster B6 26.4 30 1018 ok 02/06/20 12:08:25 PM 354.39 06/01/20 07:00:00 PM 2020060243 Drosophila_melanogaster B6 26.4 30 1018 ok 02/06/20 12:11:23 PM 423.72 06/01/20 07:00:00 PM 2020060256 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 12:41:52 PM 134.99 06/01/20 07:00:00 PM 2020060257 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 12:43:54 PM 101.47 06/01/20 07:00:00 PM 2020060258 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 12:48:46 PM 209.52 06/01/20 07:00:00 PM 2020060262 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 12:58:19 PM 30.041 06/01/20 07:00:00 PM 2020060263 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 01:00:18 PM 387 06/01/20 07:00:00 PM 2020061609 Drosophila_melanogaster A7 23.7 44 1017 ok 16/06/2020 10:25:39 AM 460.53 06/15/20 06:00:00 PM 2020061611 Drosophila_melanogaster A7 23.7 44 1017 ok 16/06/2020 10:29:19 AM 411.42 06/15/20 06:00:00 PM 2020061612 Drosophila_melanogaster A7 23.7 44 1017 ok 16/06/2020 10:31:27 AM 667.05 06/15/20 06:00:00 PM 2020061615 Drosophila_melanogaster A7 23.7 44 1017 ok 16/06/2020 10:36:46 AM 256.63 06/15/20 06:00:00 PM 2020061618 Drosophila_melanogaster A7 23.7 44 1017 ok 16/06/2020 10:39:47 AM 367.59 06/15/20 06:00:00 PM 2020061620 Drosophila_melanogaster A7 24.2 43 1017 ok 16/06/2020 10:44:39 AM 98.705 06/15/20 06:00:00 PM 2020061622 Drosophila_melanogaster A7 24.2 43 1017 ok 16/06/2020 10:49:57 AM 203.51 06/15/20 06:00:00 PM 2020061623 Drosophila_melanogaster A7 24.2 43 1017 ok 16/06/2020 10:52:58 AM 405.41 06/15/20 06:00:00 PM 2020061624 Drosophila_melanogaster A7 24.2 43 1017 ok 16/06/2020 10:55:36 AM 377.32 06/15/20 06:00:00 PM 2020061625 Drosophila_melanogaster A7 24.2 43 1017 ok 16/06/2020 10:58:09 AM 85.64 06/15/20 06:00:00 PM 2020061626 Drosophila_melanogaster A7 24.2 43 1017 ok 16/06/2020 11:00:19 AM 580.74 06/15/20 06:00:00 PM 2020061627 Drosophila_melanogaster A7 24.2 43 1017 ok 16/06/2020 11:02:05 AM 312.47 06/15/20 06:00:00 PM 2020061634 Drosophila_melanogaster B2 24.2 44 1017 ok 16/06/2020 11:11:14 AM 146.15 06/15/20 06:00:00 PM 2020061635 Drosophila_melanogaster B2 24.2 44 1017 ok 16/06/2020 11:13:22 AM 99.707 06/15/20 06:00:00 PM 2020061636 Drosophila_melanogaster B2 24.2 44 1017 ok 16/06/2020 11:15:04 AM 269.41 06/15/20 06:00:00 PM 2020061640 Drosophila_melanogaster B2 24.7 42 1017 ok 16/06/2020 11:24:25 AM 241.85 06/15/20 06:00:00 PM 2020061641 Drosophila_melanogaster B2 24.7 42 1017 ok 16/06/2020 11:26:11 AM 215.58 06/15/20 06:00:00 PM 2020061642 Drosophila_melanogaster B2 24.7 42 1017 ok 16/06/2020 11:28:13 AM 85.545 06/15/20 06:00:00 PM 2020061702 Drosophila_melanogaster A7 23.7 44 1013 ok 17/06/2020 10:11:14 AM 473.83 06/16/20 06:30:00 PM 2020061703 Drosophila_melanogaster A7 23.7 44 1013 ok 17/06/2020 10:13:44 AM 391.34 06/16/20 06:30:00 PM 2020070314 Drosophila_simulans W501 24.2 39 1020 ok 03/07/20 10:37:52 AM 178.81 07/02/20 05:00:00 PM 2020070703 Drosophila_mauritiana mau12 21.8 40 1023 ok 07/07/20 10:14:11 AM 136.52 07/06/20 05:30:00 PM 2020070704 Drosophila_mauritiana mau12 21.8 40 1023 ok 07/07/20 10:16:34 AM 162.6 07/06/20 05:30:00 PM 2020070705 Drosophila_mauritiana mau12 21.8 40 1023 ok 07/07/20 10:19:05 AM 87.69 07/06/20 05:30:00 PM 2020070706 Drosophila_mauritiana mau12 21.8 40 1023 ok 07/07/20 10:22:19 AM 131.7 07/06/20 05:30:00 PM 2020070707 Drosophila_mauritiana mau12 21.8 40 1023 ok 07/07/20 10:24:32 AM 88.31 07/06/20 05:30:00 PM 2020070708 Drosophila_mauritiana mau12 21.8 40 1023 ok 07/07/20 10:27:01 AM 163.13 07/06/20 05:30:00 PM 2020070709 Drosophila_mauritiana mau12 22.2 39 1023 ok 07/07/20 10:30:15 AM 113.44 07/06/20 05:30:00 PM 2020070710 Drosophila_mauritiana mau12 22.2 39 1023 ok 07/07/20 10:32:42 AM 96.321 07/06/20 05:30:00 PM 2020070711 Drosophila_mauritiana mau12 22.2 39 1023 ok 07/07/20 10:35:54 AM 104.81 07/06/20 05:30:00 PM 2020070712 Drosophila_mauritiana mau12 22.6 37 1023 ok 07/07/20 10:38:47 AM 85.974 07/06/20 05:30:00 PM 2020070713 Drosophila_mauritiana mau12 22.6 37 1023 ok 07/07/20 10:41:44 AM 32.711 07/06/20 05:30:00 PM 2020070714 Drosophila_simulans W501 22.6 36 1023 ok 07/07/20 10:44:54 AM 101.76 07/06/20 05:30:00 PM 2020070715 Drosophila_simulans W501 22.6 36 1023 ok 07/07/20 10:48:02 AM 57.125 07/06/20 05:30:00 PM 2020070716 Drosophila_simulans W501 22.6 36 1023 ok 07/07/20 10:51:15 AM 171.18 07/06/20 05:30:00 PM 2020071702 Drosophila_simulans md221 23.3 46 1022 ok 17/07/2020 09:57:27 AM 185.2 07/16/20 06:00:00 PM 2020071703 Drosophila_simulans md221 23.3 46 1022 ok 17/07/2020 10:01:26 AM 102.9 07/16/20 06:00:00 PM 2020071704 Drosophila_simulans md221 23.3 46 1022 ok 17/07/2020 10:04:01 AM 84.877 07/16/20 06:00:00 PM 2020071706 Drosophila_simulans W501 23.3 46 1022 ok 17/07/2020 10:08:45 AM 214.48 07/16/20 06:00:00 PM 2020071707 Drosophila_simulans W501 23.3 46 1022 ok 17/07/2020 10:11:19 AM 280.81 07/16/20 06:00:00 PM 23.4 40 1019 ok 08/02/20 morning 233.41 08/03/20 05:00:00 PM 2020080402 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 327.68 08/03/20 05:00:00 PM 2020080403 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 314.76 08/03/20 05:00:00 PM 2020080404 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 101.8 08/03/20 05:00:00 PM 2020080405 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 125.46 08/03/20 05:00:00 PM 2020080406 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 291.68 08/03/20 05:00:00 PM 2020080407 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 262.93 08/03/20 05:00:00 PM 2020080408 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 251.58 08/03/20 05:00:00 PM 2020092510 9672 80746 44.25 0.1 NA 2020102326 10369 100572 44.25 0.1 NA 2020092512 10932 115442 44.25 0.1 NA 2020102324 11141 106126 44.25 0.1 NA 2020111809 11716 90032 44.25 0.1 NA 2020070709 12304 85209 44.25 0.1 NA 2020111905 13441 85690 44.25 0.1 NA 2020061745 14190 167579 44.25 0.1 NA 2020080408 14740 80935 44.25 0.1 NA 2020092514 14897 61148 44.25 0.1 NA 2020021128 15061 131124 44.25 0.1 NA 2020111718 15277 65227 44.25 0.1 NA 2020073008 15368 42928 44.25 0.1 NA 2020021120 103224 266208 44.25 0.1 NA 2020060242 103588 242533 44.25 0.1 NA 2020060959 103652 222321 44.25 0.1 NA 2020052633 103699 158402 44.25 0.1 NA 2020060210 103822 171897 44.25 0.1 NA 2020060209 104255 218323 44.25 0.1 NA 2020060955 105139 205015 44.25 0.1 NA 2020013082 105142 218638 44.25 0.1 NA 2020060937 105569 166063 44.25 0.1 NA 2020062345 106613 216177 44.25 0.1 NA 2020052643 107105 210459 44.25 0.1 NA 2020012314 107477 196588 44.25 0.1 NA 2020062323 107706 190218 44.25 0.1 NA 2020060208 125317 218156 44.25 0.1 NA 2020060930 126098 184026 44.25 0.1 NA 2020062319 126433 147576 44.25 0.1 NA 2020061748 126827 212461 44.25 0.1 NA 2020072310 127321 167518 44.25 0.1 NA 2020061730 127351 197000 44.25 0.1 NA 2020060262 127832 129932 44.25 0.1 NA 2020020711 128195 188351 44.25 0.1 NA 2020072310 128499 188403 44.25 0.1 NA 2020031113 129843 202743 44.25 0.1 NA 2020060929 130228 199146 44.25 0.1 NA 2020013087 130940 282133 44.25 0.1 NA 2020052053 132481 238291 44.25 0.1 NA 2020063020 149135 188548 44.25 0.1 NA 2020060215 150379 306990 44.25 0.1 NA 2020060267 151198 209167 44.25 0.1 NA 2020072904 151571 193263 44.25 0.1 NA 2020063034 152030 169371 44.25 0.1 NA 2020060933 152209 187921 44.25 0.1 NA 2020031245 152239 245512 44.25 0.1 NA 2020060934 152798 217112 44.25 0.1 NA 2020031104 153298 214850 44.25 0.1 NA 2020013084 153826 275004 44.25 0.1 NA 2020062435 153972 234922 44.25 0.1 NA 2020061611 154401 223712 44.25 0.1 NA 2020060958 155470 231921 44.25 0.1 NA 2020061712 180767 229546 44.25 0.1 NA 2020061706 180981 229243 44.25 0.1 NA 2020061605 181350 227277 44.25 0.1 NA 2020031114 182704 222536 44.25 0.1 NA 2020061746 183343 208494 44.25 0.1 NA 2020061707 183866 256796 44.25 0.1 NA 2020052642 184621 249239 44.25 0.1 NA 2020063006 186968 215658 44.25 0.1 NA 2020060928 187683 215533 44.25 0.1 NA 2020061640 188244 213628 44.25 0.1 NA 2020052047 188929 288026 44.25 0.1 NA 2020061711 189998 253367 44.25 0.1 NA 2020062301 191278 238751 44.25 0.1 NA 2020090213 Gauthier F2 22.6 34 1010 ok 02/09/20 02:57:47 204.42 09/01/20 04:30:00 2020090214 Gauthier F2 22.6 34 1010 ok 02/09/20 03:00:43 201.27 09/01/20 04:30:00 2020090215 Gauthier F2 22.6 34 1010 ok 02/09/20 03:03:18 139.38 09/01/20 04:30:00 2020090217 Gauthier F2 22.6 34 1010 ok 02/09/20 03:06:23 234.94 09/01/20 04:30:00 2020090218 Gauthier F2 22.6 34 1010 ok 02/09/20 03:08:33 275.18 09/01/20 04:30:00 2020090220 Gauthier F2 23.3 32 1010 ok 02/09/20 03:15:46 396.35 09/01/20 04:30:00 2020090221 Gauthier F2 23.3 32 1010 ok 02/09/20 03:18:12 383.42 09/01/20 04:30:00 2020090222 Gauthier F2 23.3 32 1010 ok 02/09/20 03:20:25 172.66 09/01/20 04:30:00 2020090223 Gauthier F2 23.3 32 1010 ok 02/09/20 03:22:49 198.79 09/01/20 04:30:00 2020090225 Gauthier F2 23.3 32 1010 ok 02/09/20 03:25:00 353.43 09/01/20 04:30:00 2020090227 Gauthier F2 23.3 33 1010 ok 02/09/20 03:32:03 118.02 09/01/20 04:30:00 2020090228 Gauthier F2 23.3 33 1010 ok 02/09/20 03:34:24 180.29 09/01/20 04:30:00 2020090231 Gauthier F2 23.3 32 1010 ok 02/09/20 03:41:50 202.7 09/01/20 04:30:00 2020090232 Gauthier F2 23.3 32 1010 ok 02/09/20 03:44:18 206.66 09/01/20 04:30:00 2020090233 Gauthier F2 23.3 32 1010 ok 02/09/20 03:46:15 118.73 09/01/20 04:30:00 2020090301 Gauthier F2 22.6 37 1014 ok 03/09/20 10:11:50 151.35 09/02/20 04:30:00 2020090302 Gauthier F2 22.6 37 1014 ok 03/09/20 10:14:05 226.93 09/02/20 04:30:00 2020090303 Gauthier F2 22.6 37 1014 ok 03/09/20 10:16:11 28.801 09/02/20 04:30:00 2020090304 Gauthier F2 22.6 37 1014 ok 03/09/20 10:18:40 247.29 09/02/20 04:30:00 2020090305 Gauthier F2 22.6 37 1014 ok 03/09/20 10:20:37 273.99 09/02/20 04:30:00 2020091007 Flora F2 22.9 62 1020 ok 10/09/20 12:05:09 219.58 09/09/20 05:00:00 2020091008 Flora F2 23.7 57 1020 ok 10/09/20 01:25:31 77.629 09/09/20 05:00:00 2020091010 Flora F2 23.7 57 1020 ok 10/09/20 01:29:34 204.9 09/09/20 05:00:00 2020091011 Flora F2 23.7 57 1020 ok 10/09/20 01:32:05 179.2 09/09/20 05:00:00 2020091012 Flora F2 23.7 57 1020 ok 10/09/20 01:34:23 281.91 09/09/20 05:00:00 2020091013 Flora F2 23.7 57 1020 ok 10/09/20 01:36:32 137.57 09/09/20 05:00:00 2020091014 Flora F2 23.7 57 1020 ok 10/09/20 01:38:41 263.26 09/09/20 05:00:00 2020091025 Flora F2 24.2 55 1020 ok 10/09/20 01:54:26 378.75 09/09/20 05:00:00 2020091028 Flora F2 24.2 55 1020 ok 10/09/20 02:00:56 256.78 09/09/20 05:00:00 2020091029 Flora F2 24.2 55 1020 ok 10/09/20 02:03:16 181.91 09/09/20 05:00:00 2020091030 Flora F2 24.2 55 1020 ok 10/09/20 02:05:32 376.8 09/09/20 05:00:00 2020091031 Flora F2 24.2 55 1020 ok 10/09/20 02:07:54 208.23 09/09/20 05:00:00 2020091032 Flora F2 24.2 55 1020 ok 10/09/20 02:10:36 288.68 09/09/20 05:00:00 2020091033 Flora F2 24.7 55 1020 ok 10/09/20 02:13:25 253.15 09/09/20 05:00:00 2020091034 Flora F2 24.7 55 1020 ok 10/09/20 02:15:51 398.87 09/09/20 05:00:00 2020091036 Flora F2 24.7 55 1020 ok 10/09/20 02:21:04 268.03 09/09/20 05:00:00 2020091039 Flora F2 24.7 55 1020 ok 10/09/20 02:28:24 278.76 09/09/20 05:00:00 2020091040 Flora F2 24.7 55 1020 ok 10/09/20 02:30:29 318.81 09/09/20 05:00:00 2020091041 Flora F2 24.7 55 1020 ok 10/09/20 02:32:17 313.76 09/09/20 05:00:00 2020091042 Flora F2 24.7 55 1020 ok 10/09/20 02:34:27 168.71 09/09/20 05:00:00 448 Flora F2 23.2 32 1008 ok 27/10/2020 11:05:13 253.11 10/27/2020 18:00 449 Flora F2 23.2 32 1008 ok 27/10/2020 11:08:57 235.8 10/27/2020 18:00 450 Flora F2 20.1 38 1024 ok 03/11/2020 09:54:09 365.45 11/2/2020 18:00 451 Flora F2 20.1 38 1024 ok 03/11/2020 09:59:32 322.48 11/2/2020 18:00 452 Flora F2 20.1 38 1024 ok 03/11/2020 10:02:48 345.33 11/2/2020 18:00 453 Flora F2 20.1 38 1024 ok 03/11/2020 10:05:58 212.67 11/2/2020 18:00 454 Flora F2 20.1 38 1024 ok 03/11/2020 10:09:52 149.44 11/2/2020 18:00 456 Flora F2 20.1 38 1024 ok 03/11/2020 10:17:21 401.21 11/2/2020 18:00 457 Flora F2 20.1 38 1024 ok 03/11/2020 10:21:13 266.22 11/2/2020 18:00 458 Flora F2 20.1 38 1024 ok 03/11/2020 10:25:27 473.36 11/2/2020 18:00 459 Flora F2 20.1 38 1024 ok 03/11/2020 10:28:42 265.22 11/2/2020 18:00 461 Flora F2 22.2 31 1031 ok 04/11/2020 10:12:15 318.19 11/3/2020 18:00 463 Flora F2 22.2 31 1031 ok 04/11/2020 10:16:50 274.52 11/3/2020 18:00 464 Flora F2 22.2 31 1031 ok 04/11/2020 10:20:47 309.85 11/3/2020 18:00 465 Flora F2 22.2 31 1031 ok 04/11/2020 10:24:36 275.18 11/3/2020 18:00 466 Flora F2 22.2 31 1031 ok 04/11/2020 10:28:13 21.791 11/3/2020 18:00 467 Flora F2 22.2 31 1031 ok 04/11/2020 10:31:07 269.17 11/3/2020 18:00 468 Flora F2 22.2 31 1031 ok 04/11/2020 10:34:51 91.791 11/3/2020 18:00 469 Flora F2 22.2 31 1031 ok 04/11/2020 10:38:16 283.19 11/3/2020 18:00 470 Flora F2 22.2 31 1031 ok 04/11/2020 10:41:28 177.34 11/3/2020 18:00 2 Flora F2 23.2 39 1025 ok 11/11/2020 11:46:01 259.97 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:50:15 313.04 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:53:54 285.67 11/10/2020 17:30 A5 Flora A5 24.6 37 1018 ok 11/03/20 10:34:54 160.17 03/10/20 05:00:00 A5 Flora A5 24.6 37 1018 ok 11/03/20 10:37:33 160.03 03/10/20 05:00:00 A5 Flora A5 24.6 37 1018 ok 11/03/20 10:39:45 39.434 03/10/20 05:00:00 A5 Flora A5 24.6 37 1018 ok 11/03/20 10:42:58 164.65 03/10/20 05:00:00 A5 Flora A5 24.6 37 1018 ok 11/03/20 10:46:09 48.971 03/10/20 05:00:00 A5 Flora A5 24.6 37 1018 ok 11/03/20 10:48:18 317.96 03/10/20 05:00:00 A5 Flora A5 25 35 1018 ok 11/03/20 10:51:09 125.22 03/10/20 05:00:00 A5 Flora A5 25 35 1018 ok 11/03/20 10:55:41 96.464 03/10/20 05:00:00 A5 Flora A5 25 35 1018 ok 11/03/20 10:58:32 91.124 03/10/20 05:00:00 A5 Flora A5 25 35 1018 ok 11/03/20 11:01:23 68.426 03/10/20 05:00:00 A5 Flora A5 25 35 1018 ok 11/03/20 11:06:03 96.321 03/10/20 05:00:00 A5 Flora A5 25 35 1018 ok 11/03/20 11:08:02 138.66 03/10/20 05:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:29:19 94.032 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:31:40 226.88 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:33:49 169.47 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:36:16 88.692 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:38:34 115.54 03/11/20 06:00:00 8 L 16/10/2020 9h35 11h50 4 4 X4_4 suzukii detached to_nest 70 6 R 10 16/10/2020 9h35 11h50 4 5 X5_4 simulans attached on_site 135 8 R 25 16/10/2020 9h35 11h50 4 5 X5_4 simulans detached to_nest 85 7 L 5 16/10/2020 9h35 11h50 4 6 X6_4 suzukii attached to_nest 60 6 R 20 16/10/2020 9h35 11h50 4 6 X6_4 suzukii detached to_nest 25 1 L 15 16/10/2020 9h35 11h50 4 7 X7_4 simulans attached on_site 110 4 R 15 16/10/2020 9h35 11h50 4 7 X7_4 simulans detached to_nest 10 1 L 5 21/10/2020 9h45 12h45 5 1 X1_5 suzukii attached to_nest 60 11 L 15 21/10/2020 9h45 12h45 5 1 X1_5 suzukii detached to_nest 10 1 R 5 21/10/2020 9h45 12h45 5 2 X2_5 simulans attached on_site 125 8 L 20 21/10/2020 9h45 12h45 5 2 X2_5 simulans detached to_nest 30 2 R 10 21/10/2020 9h45 12h45 5 3 X3_5 suzukii attached on_site 180 8 L 30 21/10/2020 9h45 12h45 5 3 X3_5 suzukii detached on_site 155 8 R 20 21/10/2020 9h45 12h45 5 4 X4_5 simulans attached on_site 80 7 L 20 21/10/2020 9h45 12h45 5 4 X4_5 simulans detached to_nest 75 7 R 15 21/10/2020 9h45 12h45 5 5 X5_5 suzukii attached on_site 135 9 R 25 21/10/2020 9h45 12h45 5 5 X5_5 suzukii detached to_nest 95 10 L 20 21/10/2020 9h45 12h45 5 6 X6_5 simulans attached on_site 145 11 R 20 21/10/2020 9h45 12h45 5 6 X6_5 simulans detached to_nest 30 2 L 25 21/10/2020 9h45 12h45 5 7 X7_5 suzukii attached to_nest 80 9 R 25 21/10/2020 9h45 12h45 5 7 X7_5 suzukii detached to_nest 70 7 L 25 22/10/2020 9h35 11h45 6 1 X1_6 simulans attached on_site 90 6 R 15 22/10/2020 9h35 11h45 6 1 X1_6 simulans detached to_nest 25 1 L 20 22/10/2020 9h35 11h45 6 2 X2_6 suzukii attached to_nest 90 8 R 25 22/10/2020 9h35 11h45 6 2 X2_6 suzukii detached to_nest 55 1 L 15 22/10/2020 9h35 11h45 6 3 X3_6 simulans attached to_nest 130 6 R 35 22/10/2020 9h35 11h45 6 3 X3_6 simulans detached to_nest 115 5 L 5 22/10/2020 9h35 11h45 6 4 X4_6 suzukii attached to_nest 110 10 R 5 22/10/2020 9h35 11h45 6 4 X4_6 suzukii detached to_nest 65 7 L 10 22/10/2020 9h35 11h45 6 5 X5_6 simulans attached on_site 105 9 L 15 22/10/2020 9h35 11h45 6 5 X5_6 simulans detached to_nest 45 8 R 10 22/10/2020 9h35 11h45 6 6 X6_6 suzukii attached on_site 110 9 L 25 22/10/2020 9h35 11h45 6 6 X6_6 suzukii detached to_nest 35 2 R 20 22/10/2020 9h35 11h45 6 7 X7_6 simulans attached on_site 90 5 L 30 22/10/2020 9h35 11h45 6 7 X7_6 simulans detached to_nest 45 1 R 35 Sample_ID Species Stock T_meas Hum P_atm Comment d_meas hr_meas Force_mN d_sub hr_sub Drosophila_melanogaster A1 ND ND ND cuticle_broke 23/01/2020 x 121.4 ND ND Drosophila_melanogaster A1 ND ND ND cuticle_broke 23/01/2020 x 310.85 ND ND Drosophila_melanogaster A1 ND ND ND cuticle_broke 23/01/2020 x 265.88 ND ND Drosophila_melanogaster A1 ND ND ND cuticle_broke 23/01/2020 x 283.24 ND ND Drosophila_melanogaster A1 27.7 25 1011 cuticle_broke 30/01/2020 02:46:55 PM 204.85 29/01/2020 06:00:00 PM Drosophila_melanogaster A1 27.7 25 1011 cuticle_broke 30/01/2020 02:55:13 PM 268.22 29/01/2020 06:00:00 PM Drosophila_melanogaster A1 19.6 31 1017 cuticle_broke 11/02/20 09:37:23 AM 306.94 02/10/20 05:30:00 PM Drosophila_melanogaster B6 26.4 31 1022 cuticle_broke 20/05/2020 11:53:29 AM 501.49 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 cuticle_broke 20/05/2020 12:03:21 PM 510.79 05/19/20 03:00:00 PM Drosophila_melanogaster B3 25 33 1035 cuticle_broke 26/05/2020 11:09:20 AM 219.92 05/25/20 05:00:00 PM Drosophila_melanogaster B6 25.5 31 1035 cuticle_broke 26/05/2020 12:12:13 PM 153.35 05/25/20 05:00:00 PM Drosophila_melanogaster B6 25.5 31 1035 cuticle_broke 26/05/2020 12:16:42 PM 173.81 05/25/20 05:00:00 PM Drosophila_melanogaster B6 25.5 31 1035 cuticle_broke 26/05/2020 12:19:43 PM 224.88 05/25/20 05:00:00 PM Drosophila_melanogaster A5 24.7 35 1018 cuticle_broke 02/06/20 10:47:59 AM 298.4 06/01/20 07:00:00 PM Drosophila_melanogaster A5 25.6 30 1018 cuticle_broke 02/06/20 11:20:27 AM 268.17 06/01/20 07:00:00 PM Drosophila_melanogaster B6 26.4 30 1018 cuticle_broke 02/06/20 11:55:37 AM 308.9 06/01/20 07:00:00 PM Drosophila_melanogaster B6 26.4 30 1018 cuticle_broke 02/06/20 11:58:10 AM 197.17 06/01/20 07:00:00 PM Drosophila_melanogaster B6 26.4 30 1018 cuticle_broke 02/06/20 12:00:14 PM 319.43 06/01/20 07:00:00 PM Drosophila_melanogaster B4 26.4 28 1018 cuticle_broke 02/06/20 12:51:25 PM 130.84 06/01/20 07:00:00 PM Drosophila_melanogaster B4 26.4 28 1018 cuticle_broke 02/06/20 12:54:08 PM 133.66 06/01/20 07:00:00 PM Drosophila_melanogaster B4 26.4 28 1018 cuticle_broke 02/06/20 12:56:18 PM 120.74 06/01/20 07:00:00 PM Drosophila_melanogaster B4 26.4 28 1018 cuticle_broke 02/06/20 01:04:38 PM 144.91 06/01/20 07:00:00 PM Drosophila_melanogaster B2 23.7 32 1019 cuticle_broke 09/06/20 10:14:42 AM 283.72 06/08/20 06:00:00 PM Drosophila_melanogaster B2 23.7 32 1019 cuticle_broke 09/06/20 10:23:27 AM 271.18 06/08/20 06:00:00 PM Drosophila_melanogaster B3 24.7 32 1019 cuticle_broke 09/06/20 11:35:56 AM 193.6 06/08/20 06:00:00 PM Drosophila_melanogaster B2 24.7 43 1017 cuticle_broke 16/06/2020 11:17:29 AM 179.91 06/15/20 06:00:00 PM Drosophila_melanogaster B2 24.7 42 1017 cuticle_broke 16/06/2020 11:19:45 AM 530.62 06/15/20 06:00:00 PM Drosophila_melanogaster B2 24.7 42 1017 cuticle_broke 16/06/2020 11:22:09 AM 174.14 06/15/20 06:00:00 PM Drosophila_melanogaster A7 23.7 44 1013 cuticle_broke 17/06/2020 10:08:49 AM 162.6 06/16/20 06:30:00 PM Drosophila_melanogaster A7 23.7 44 1013 cuticle_broke 17/06/2020 10:25:24 AM 214.43 06/16/20 06:30:00 PM Drosophila_melanogaster B3 23.7 42 1013 cuticle_broke 17/06/2020 10:53:20 AM 300.46 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 cuticle_broke 17/06/2020 11:43:59 AM 104.71 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 cuticle_broke 17/06/2020 11:54:52 AM 116.78 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 cuticle_broke 17/06/2020 12:00:14 PM 229.45 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 cuticle_broke 17/06/2020 12:02:06 PM 351.72 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 cuticle_broke 17/06/2020 12:03:56 PM 378.7 06/16/20 06:30:00 PM Drosophila_melanogaster A7 23.7 39 1024 cuticle_broke 23/06/2020 10:11:32 AM 746.39 06/22/20 07:00:00 PM Drosophila_melanogaster B2 24.7 35 1024 cuticle_broke 23/06/2020 10:53:55 AM 251.39 06/22/20 07:00:00 PM Drosophila_melanogaster B2 25.1 40 1019 cuticle_broke 24/06/2020 10:59:49 AM 247.76 06/23/20 05:00:00 PM Drosophila_melanogaster B2 25.1 40 1019 cuticle_broke 24/06/2020 11:02:22 AM 244.09 06/23/20 05:00:00 PM Drosophila_melanogaster B2 25.9 38 1019 cuticle_broke 24/06/2020 11:04:58 AM 231.46 06/23/20 05:00:00 PM Drosophila_melanogaster B2 25.9 38 1019 cuticle_broke 24/06/2020 11:06:47 AM 256.54 06/23/20 05:00:00 PM Drosophila_melanogaster B2 25.9 38 1019 cuticle_broke 24/06/2020 11:11:23 AM 251.05 06/23/20 05:00:00 PM Drosophila_melanogaster B2 25.9 38 1019 cuticle_broke 24/06/2020 11:20:10 AM 166.03 06/23/20 05:00:00 PM Drosophila_melanogaster B2 24.2 38 1013 cuticle_broke 30/06/2020 10:46:53 AM 156.16 06/29/20 05:30:00 PM Drosophila_melanogaster A2 23.3 46 1022 cuticle_broke 17/07/2020 09:53:52 AM 379.9 07/16/20 06:00:00 PM Drosophila_simulans md221 25 37 1016 cuticle_broke 28/07/2020 11:02:54 AM 272.99 07/27/20 05:00:00 PM Drosophila_melanogaster ORE 24.2 37 1017 cuticle_broke 29/07/2020 12:04:09 PM 408.98 07/28/20 05:00:00 PM Drosophila_simulans W501 25.8 32 1019 cuticle_broke 30/07/2020 11:25:59 AM 228.6 07/29/20 05:00:00 PM Drosophila_simulans W501 25.8 32 1019 cuticle_broke 30/07/2020 11:50:04 AM 144.82 07/29/20 05:00:00 PM Drosophila_simulans W501 27 31 1013 cuticle_broke 31/07/2020 11:11:10 AM 221.4 07/30/20 05:00:00 PM Drosophila_simulans W501 22.7 27 1017 no_detached 11/02/20 02:10:12 PM 236.18 02/10/20 05:30:00 PM Drosophila_melanogaster B4 24.7 35 1024 ok 23/06/2020 10:43:42 AM 26.846 06/22/20 07:00:00 PM Drosophila_melanogaster A1 ND ND ND not_detached 23/01/2020 x 437.45 ND ND Drosophila_melanogaster A5 25 35 1018 not_detached 11/03/20 11:03:58 AM 16.785 03/10/20 05:00:00 PM Drosophila_melanogaster A6 26 33 1022 not_detached 20/05/2020 11:08:37 AM 230.36 05/19/20 03:00:00 PM Drosophila_melanogaster A6 26 33 1022 not_detached 20/05/2020 11:19:05 AM 99.23 05/19/20 03:00:00 PM Drosophila_melanogaster A6 26 33 1022 not_detached 20/05/2020 11:24:54 AM 330.16 05/19/20 03:00:00 PM Drosophila_melanogaster A6 26 33 1022 not_detached 20/05/2020 11:27:02 AM 300.74 05/19/20 03:00:00 PM Drosophila_melanogaster A4 26.4 31 1022 not_detached 20/05/2020 11:39:56 AM 238.61 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.4 31 1022 not_detached 20/05/2020 11:50:11 AM 14.687 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.9 31 1022 not_detached 20/05/2020 12:14:54 PM 500.92 05/19/20 03:00:00 PM Drosophila_melanogaster B6 26.9 31 1022 not_detached 20/05/2020 12:20:08 PM 425.62 05/19/20 03:00:00 PM Drosophila_melanogaster A4 23.7 35 1035 not_detached 26/05/2020 10:17:32 AM 7.486 05/25/20 05:00:00 PM Drosophila_melanogaster A4 23.7 35 1035 not_detached 26/05/2020 10:20:50 AM 155.78 05/25/20 05:00:00 PM Drosophila_melanogaster A4 23.7 35 1035 not_detached 26/05/2020 10:32:32 AM 125.03 05/25/20 05:00:00 PM Drosophila_melanogaster A4 24.8 35 1035 not_detached 26/05/2020 11:03:41 AM 124.69 05/25/20 05:00:00 PM Drosophila_melanogaster B3 25 33 1035 not_detached 26/05/2020 11:15:30 AM 27.943 05/25/20 05:00:00 PM Drosophila_melanogaster B3 25 33 1035 not_detached 26/05/2020 11:22:25 AM 48.828 05/25/20 05:00:00 PM Drosophila_melanogaster B3 25 33 1035 not_detached 26/05/2020 11:24:43 AM 174.28 05/25/20 05:00:00 PM Drosophila_melanogaster B3 25 33 1035 not_detached 26/05/2020 11:28:00 AM 11.969 05/25/20 05:00:00 PM Drosophila_melanogaster B3 25 33 1035 not_detached 26/05/2020 11:33:01 AM 82.016 05/25/20 05:00:00 PM Drosophila_melanogaster B6 25.5 31 1035 not_detached 26/05/2020 12:10:08 PM 440.03 05/25/20 05:00:00 PM Drosophila_melanogaster B6 25.5 31 1035 not_detached 26/05/2020 12:21:41 PM 461.05 05/25/20 05:00:00 PM Drosophila_melanogaster A4 24.5 36 1018 not_detached 02/06/20 10:31:04 AM 229.69 06/01/20 07:00:00 PM Drosophila_melanogaster A5 25.1 31 1018 not_detached 02/06/20 11:09:06 AM 109.62 06/01/20 07:00:00 PM Drosophila_melanogaster A6 25.6 30 1018 not_detached 02/06/20 11:30:54 AM 180.15 06/01/20 07:00:00 PM Drosophila_melanogaster B3 24.9 31 1019 not_detached 09/06/20 12:03:29 PM 256.35 06/08/20 06:00:00 PM Drosophila_melanogaster B4 23.7 45 1017 not_detached 16/06/2020 10:08:46 AM 28.992 06/15/20 06:00:00 PM Drosophila_melanogaster A7 23.7 44 1017 not_detached 16/06/2020 10:27:29 AM 397.35 06/15/20 06:00:00 PM Drosophila_melanogaster A7 24.2 43 1017 not_detached 16/06/2020 10:46:56 AM 372.55 06/15/20 06:00:00 PM Drosophila_melanogaster A7 24.2 43 1017 not_detached 16/06/2020 11:04:35 AM 171.76 06/15/20 06:00:00 PM Drosophila_melanogaster B2 24.2 44 1017 not_detached 16/06/2020 11:08:08 AM 11.063 06/15/20 06:00:00 PM Drosophila_melanogaster B2 24.7 42 1017 not_detached 16/06/2020 11:30:11 AM 539.02 06/15/20 06:00:00 PM Drosophila_melanogaster A7 23.7 44 1013 not_detached 17/06/2020 10:18:06 AM 232.22 06/16/20 06:30:00 PM Drosophila_melanogaster A7 23.7 42 1013 not_detached 17/06/2020 10:41:23 AM 333.36 06/16/20 06:30:00 PM Drosophila_melanogaster B3 23.7 42 1013 not_detached 17/06/2020 10:55:46 AM 74.053 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 not_detached 17/06/2020 11:46:21 AM 319.05 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 not_detached 17/06/2020 11:58:46 AM 244.43 06/16/20 06:30:00 PM Drosophila_melanogaster B2 23.7 43 1013 not_detached 17/06/2020 12:08:15 PM 612.64 06/16/20 06:30:00 PM Drosophila_melanogaster ISO 25.1 40 1019 not_detached 24/06/2020 10:25:25 AM 18.501 06/23/20 05:00:00 PM Drosophila_melanogaster A2 23.3 34 1024 not_detached 21/07/2020 10:28:47 AM 9.06 07/20/20 06:30:00 PM Drosophila_melanogaster A2 23.3 34 1024 not_detached 21/07/2020 11:05:24 AM 215.48 07/20/20 06:30:00 PM Drosophila_melanogaster A2 24.2 32 1016 not_detached 27/07/2020 04:17:26 PM 250.34 07/27/20 05:00:00 PM Drosophila_melanogaster ORE 24.2 37 1017 not_detached 29/07/2020 12:16:21 PM 430.73 07/28/20 05:00:00 PM Drosophila_simulans W501 25.8 32 1019 not_detached 30/07/2020 11:01:30 AM 251.77 07/29/20 05:00:00 PM Drosophila_simulans W501 25.8 32 1019 not_detached 30/07/2020 11:16:36 AM 154.5 07/29/20 05:00:00 PM Drosophila_simulans W501 25.8 32 1019 not_detached 30/07/2020 11:20:39 AM 218.63 07/29/20 05:00:00 PM Drosophila_simulans W501 25.8 32 1019 not_detached 30/07/2020 11:39:36 AM 232.65 07/29/20 05:00:00 PM Drosophila_simulans W501 25.8 32 1019 not_detached 30/07/2020 11:53:51 AM 84.353 07/29/20 05:00:00 PM Drosophila_simulans W501 27 31 1013 not_detached 31/07/2020 10:52:36 AM 270.18 07/30/20 05:00:00 PM Drosophila_simulans W501 27 31 1013 not_detached 31/07/2020 10:57:39 AM 331.74 07/30/20 05:00:00 PM Drosophila_simulans W501 27 31 1013 not_detached 31/07/2020 11:02:04 AM 195.88 07/30/20 05:00:00 PM Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 236.13 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 344.32 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 226.5 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 273.7 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 156.45 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 332.5 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 131.85 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 430.58 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 201.27 ND ND Drosophila_melanogaster A1 ND ND ND ok 23/01/2020 x 257.49 ND ND Drosophila_melanogaster A1 27.7 25 1011 ok 30/01/2020 02:38:53 PM 144.53 29/01/2020 06:00:00 PM Drosophila_melanogaster A1 27.7 25 1011 ok 30/01/2020 02:41:50 PM 118.73 29/01/2020 06:00:00 PM Drosophila_melanogaster A1 27.7 25 1011 ok 30/01/2020 02:44:13 PM 181.63 29/01/2020 06:00:00 PM Drosophila_melanogaster A1 27.7 25 1011 ok 30/01/2020 02:50:07 PM 198.03 29/01/2020 06:00:00 PM Drosophila_melanogaster A1 27.7 25 1011 ok 30/01/2020 02:53:00 PM 238.42 29/01/2020 06:00:00 PM Drosophila_melanogaster A1 27.7 25 1011 ok 30/01/2020 02:57:31 PM 68.188 29/01/2020 06:00:00 PM Drosophila_melanogaster A7 27.5 29 1015 ok 31/01/2020 11:14:41 AM 439.5 30/01/2020 06:00:00 PM Drosophila_melanogaster A7 27.5 29 1015 ok 31/01/2020 11:19:20 AM 276.04 30/01/2020 06:00:00 PM Drosophila_melanogaster A7 25.6 21 1022 ok 05/02/20 02:54:53 PM 319.96 02/04/20 01:30:00 PM Drosophila_melanogaster A1 21 22 1016 ok 07/02/20 10:52:29 AM 303.17 02/06/20 06:30:00 PM Drosophila_melanogaster A1 21 22 1016 ok 07/02/20 10:54:52 AM 433.11 02/06/20 06:30:00 PM Drosophila_melanogaster A1 21 22 1016 ok 07/02/20 10:57:18 AM 354.72 02/06/20 06:30:00 PM Drosophila_simulans W501 19.3 31 1017 ok 11/02/20 09:24:54 AM 643.16 02/10/20 05:30:00 PM Drosophila_simulans W501 19.3 31 1017 ok 11/02/20 09:27:30 AM 539.88 02/10/20 05:30:00 PM Drosophila_simulans W501 19.3 31 1017 ok 11/02/20 09:29:55 AM 509.88 02/10/20 05:30:00 PM Drosophila_simulans W501 19.3 31 1017 ok 11/02/20 09:32:02 AM 368.21 02/10/20 05:30:00 PM Drosophila_melanogaster A1 19.6 31 1017 ok 11/02/20 09:35:09 AM 318.77 02/10/20 05:30:00 PM Drosophila_simulans W501 19.9 31 1017 ok 11/02/20 09:43:39 AM 526.71 02/10/20 05:30:00 PM Drosophila_simulans W501 19.9 31 1017 ok 11/02/20 09:46:02 AM 497.72 02/10/20 05:30:00 PM Drosophila_simulans W501 19.9 31 1017 ok 11/02/20 09:48:24 AM 372.17 02/10/20 05:30:00 PM Drosophila_simulans W501 22.7 27 1017 ok 11/02/20 02:20:48 PM 200.51 02/10/20 05:30:00 PM Drosophila_simulans W501 22.7 27 1017 ok 11/02/20 02:24:08 PM 155.4 02/10/20 05:30:00 PM Drosophila_melanogaster A5 24.6 37 1018 ok 11/03/20 10:34:54 AM 160.17 03/10/20 05:00:00 PM Drosophila_melanogaster A5 24.6 37 1018 ok 11/03/20 10:37:33 AM 160.03 03/10/20 05:00:00 PM Drosophila_melanogaster A5 24.6 37 1018 ok 11/03/20 10:39:45 AM 39.434 03/10/20 05:00:00 PM Drosophila_melanogaster A5 24.6 37 1018 ok 11/03/20 10:42:58 AM 164.65 03/10/20 05:00:00 PM Drosophila_melanogaster A5 24.6 37 1018 ok 11/03/20 10:46:09 AM 48.971 03/10/20 05:00:00 PM Drosophila_melanogaster A5 24.6 37 1018 ok 11/03/20 10:48:18 AM 317.96 03/10/20 05:00:00 PM Drosophila_melanogaster A5 25 35 1018 ok 11/03/20 10:51:09 AM 125.22 03/10/20 05:00:00 PM Drosophila_melanogaster A5 25 35 1018 ok 11/03/20 10:55:41 AM 96.464 03/10/20 05:00:00 PM Drosophila_melanogaster A5 25 35 1018 ok 11/03/20 10:58:32 AM 91.124 03/10/20 05:00:00 PM Drosophila_melanogaster A5 25 35 1018 ok 11/03/20 11:01:23 AM 68.426 03/10/20 05:00:00 PM Drosophila_melanogaster A5 25 35 1018 ok 11/03/20 11:06:03 AM 96.321 03/10/20 05:00:00 PM Drosophila_melanogaster A5 25 35 1018 ok 11/03/20 11:08:02 AM 138.66 03/10/20 05:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:29:19 AM 94.032 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:31:40 AM 226.88 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:33:49 AM 169.47 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:36:16 AM 88.692 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:38:34 AM 115.54 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:40:47 AM 127.08 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:42:41 AM 69.666 03/11/20 06:00:00 PM Drosophila_melanogaster A5 25.4 28 1017 ok 12/03/20 11:45:16 AM 124.45 03/11/20 06:00:00 PM 2020052051 Drosophila_melanogaster B6 26.9 31 1022 ok 20/05/2020 12:17:17 PM 513.79 05/19/20 03:00:00 PM 2020052053 Drosophila_melanogaster B6 27.3 31 1022 ok 20/05/2020 12:23:02 PM 501.44 05/19/20 03:00:00 PM 2020052202 Drosophila_melanogaster B6 24.2 45 1020 ok 22/05/2020 10:04:48 AM 139.14 05/21/20 04:30:00 PM 2020052203 Drosophila_melanogaster B6 24.2 45 1020 ok 22/05/2020 10:07:44 AM 271.22 05/21/20 04:30:00 PM 2020052204 Drosophila_melanogaster B6 24.2 45 1020 ok 22/05/2020 10:10:27 AM 184.58 05/21/20 04:30:00 PM 2020052606 Drosophila_melanogaster A4 23.7 35 1035 ok 26/05/2020 10:23:36 AM 292.35 05/25/20 05:00:00 PM 2020052607 Drosophila_melanogaster A4 23.7 35 1035 ok 26/05/2020 10:26:21 AM 260.97 05/25/20 05:00:00 PM 2020052608 Drosophila_melanogaster A4 23.7 35 1035 ok 26/05/2020 10:29:38 AM 248.15 05/25/20 05:00:00 PM 2020052610 Drosophila_melanogaster A4 23.7 35 1035 ok 26/05/2020 10:35:08 AM 346.85 05/25/20 05:00:00 PM 2020052611 Drosophila_melanogaster A4 23.7 35 1035 ok 26/05/2020 10:38:17 AM 254.82 05/25/20 05:00:00 PM 2020052612 Drosophila_melanogaster A4 23.7 35 1035 ok 26/05/2020 10:42:42 AM 223.97 05/25/20 05:00:00 PM 2020052613 Drosophila_melanogaster A4 23.7 35 1035 ok 26/05/2020 10:45:29 AM 304.94 05/25/20 05:00:00 PM 2020052614 Drosophila_melanogaster A4 24.8 35 1035 ok 26/05/2020 10:48:26 AM 294.73 05/25/20 05:00:00 PM 2020052615 Drosophila_melanogaster A4 24.8 35 1035 ok 26/05/2020 10:50:52 AM 380.9 05/25/20 05:00:00 PM 2020052616 Drosophila_melanogaster A4 24.8 35 1035 ok 26/05/2020 10:53:07 AM 371.65 05/25/20 05:00:00 PM 2020052619 Drosophila_melanogaster A4 24.8 35 1035 ok 26/05/2020 10:58:58 AM 183.58 05/25/20 05:00:00 PM 2020052620 Drosophila_melanogaster A4 24.8 35 1035 ok 26/05/2020 11:01:27 AM 13.399 05/25/20 05:00:00 PM 2020052622 Drosophila_melanogaster A4 24.8 35 1035 ok 26/05/2020 11:06:11 AM 236.37 05/25/20 05:00:00 PM 2020052624 Drosophila_melanogaster B3 25 33 1035 ok 26/05/2020 11:11:25 AM 41.914 05/25/20 05:00:00 PM 2020052625 Drosophila_melanogaster B3 25 33 1035 ok 26/05/2020 11:13:22 AM 175.19 05/25/20 05:00:00 PM 2020052627 Drosophila_melanogaster B3 25 33 1035 ok 26/05/2020 11:18:04 AM 273.28 05/25/20 05:00:00 PM 2020052628 Drosophila_melanogaster B3 25 33 1035 ok 26/05/2020 11:20:14 AM 272.8 05/25/20 05:00:00 PM 2020052633 Drosophila_melanogaster B3 25 33 1035 ok 26/05/2020 11:35:07 AM 314.19 05/25/20 05:00:00 PM 2020052634 Drosophila_melanogaster B3 25.1 33 1035 ok 26/05/2020 11:37:46 AM 313.33 05/25/20 05:00:00 PM 2020052635 Drosophila_melanogaster B3 25.1 33 1035 ok 26/05/2020 11:44:39 AM 29.993 05/25/20 05:00:00 PM 2020052636 Drosophila_melanogaster B3 25.1 33 1035 ok 26/05/2020 11:48:14 AM 387.24 05/25/20 05:00:00 PM 2020052640 Drosophila_melanogaster B6 25.5 33 1035 ok 26/05/2020 11:58:14 AM 586.13 05/25/20 05:00:00 PM 2020052641 Drosophila_melanogaster B6 25.5 33 1035 ok 26/05/2020 12:00:19 PM 501.16 05/25/20 05:00:00 PM 2020052642 Drosophila_melanogaster B6 25.5 33 1035 ok 26/05/2020 12:02:43 PM 314.28 05/25/20 05:00:00 PM 2020052643 Drosophila_melanogaster B6 25.5 31 1035 ok 26/05/2020 12:05:22 PM 556.95 05/25/20 05:00:00 PM 2020052644 Drosophila_melanogaster B6 25.5 31 1035 ok 26/05/2020 12:07:27 PM 191.64 05/25/20 05:00:00 PM 2020052647 Drosophila_melanogaster B6 25.5 31 1035 ok 26/05/2020 12:14:46 PM 571.06 05/25/20 05:00:00 PM 2020052651 Drosophila_melanogaster B6 25.5 31 1035 ok 26/05/2020 12:23:47 PM 406.17 05/25/20 05:00:00 PM 2020052652 Drosophila_melanogaster B6 25.5 31 1035 ok 26/05/2020 12:26:08 PM 368.17 05/25/20 05:00:00 PM 2020060201 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:19:46 AM 273.75 06/01/20 07:00:00 PM 2020060202 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:22:56 AM 133.13 06/01/20 07:00:00 PM 2020060203 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:26:02 AM 435.4 06/01/20 07:00:00 PM 2020060204 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:28:19 AM 325.39 06/01/20 07:00:00 PM 2020060206 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:33:47 AM 158.6 06/01/20 07:00:00 PM 2020060207 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:36:44 AM 393.96 06/01/20 07:00:00 PM 2020060208 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:39:40 AM 191.69 06/01/20 07:00:00 PM 2020060209 Drosophila_melanogaster A4 24.5 36 1018 ok 02/06/20 10:41:55 AM 279.52 06/01/20 07:00:00 PM 2020060210 Drosophila_melanogaster A4 24.7 35 1018 ok 02/06/20 10:45:14 AM 444.89 06/01/20 07:00:00 PM 2020060212 Drosophila_melanogaster A5 24.7 35 1018 ok 02/06/20 10:50:51 AM 47.302 06/01/20 07:00:00 PM 2020060213 Drosophila_melanogaster A5 24.7 35 1018 ok 02/06/20 10:53:04 AM 208.09 06/01/20 07:00:00 PM 2020060214 Drosophila_melanogaster A5 24.7 35 1018 ok 02/06/20 10:55:41 AM 47.541 06/01/20 07:00:00 PM 2020060215 Drosophila_melanogaster A5 24.7 35 1018 ok 02/06/20 10:58:10 AM 196.08 06/01/20 07:00:00 PM 2020060216 Drosophila_melanogaster A5 25.1 31 1018 ok 02/06/20 11:01:07 AM 236.32 06/01/20 07:00:00 PM 2020060217 Drosophila_melanogaster A5 25.1 31 1018 ok 02/06/20 11:03:52 AM 40.388 06/01/20 07:00:00 PM 2020060218 Drosophila_melanogaster A5 25.1 31 1018 ok 02/06/20 11:06:55 AM 261.12 06/01/20 07:00:00 PM 2020060220 Drosophila_melanogaster A5 25.1 31 1018 ok 02/06/20 11:12:00 AM 145.2 06/01/20 07:00:00 PM 2020060221 Drosophila_melanogaster A5 25.6 30 1018 ok 02/06/20 11:15:03 AM 232.46 06/01/20 07:00:00 PM 2020060264 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 01:02:34 PM 85.497 06/01/20 07:00:00 PM 2020060266 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 01:06:27 PM 189.97 06/01/20 07:00:00 PM 2020060267 Drosophila_melanogaster B4 26.4 28 1018 ok 02/06/20 12:46:22 PM 166.51 06/01/20 07:00:00 PM 2020060901 Drosophila_melanogaster B2 23.7 32 1019 ok 09/06/20 10:12:08 AM 372.84 06/08/20 06:00:00 PM 2020060903 Drosophila_melanogaster B2 23.7 32 1019 ok 09/06/20 10:17:12 AM 18.692 06/08/20 06:00:00 PM 2020060904 Drosophila_melanogaster B2 23.7 32 1019 ok 09/06/20 10:20:11 AM 201.89 06/08/20 06:00:00 PM 2020060906 Drosophila_melanogaster B2 23.7 32 1019 ok 09/06/20 10:26:09 AM 403.45 06/08/20 06:00:00 PM 2020060907 Drosophila_melanogaster B2 23.7 32 1019 ok 09/06/20 10:29:08 AM 427.15 06/08/20 06:00:00 PM 2020060908 Drosophila_melanogaster B2 24.2 32 1019 ok 09/06/20 10:31:56 AM 369.41 06/08/20 06:00:00 PM 2020060909 Drosophila_melanogaster B2 24.2 32 1019 ok 09/06/20 10:34:07 AM 310.18 06/08/20 06:00:00 PM 2020060910 Drosophila_melanogaster A6 24.2 32 1019 ok 09/06/20 10:37:00 AM 166.56 06/08/20 06:00:00 PM 2020060911 Drosophila_melanogaster A6 24.2 32 1019 ok 09/06/20 10:39:51 AM 131.94 06/08/20 06:00:00 PM 2020060912 Drosophila_melanogaster A6 24.2 32 1019 ok 09/06/20 10:42:43 AM 84.782 06/08/20 06:00:00 PM 2020060913 Drosophila_melanogaster A6 24.2 32 1019 ok 09/06/20 10:45:17 AM 279.43 06/08/20 06:00:00 PM 2020060914 Drosophila_melanogaster A6 24.7 32 1019 ok 09/06/20 10:48:29 AM 151.16 06/08/20 06:00:00 PM 2020060915 Drosophila_melanogaster A6 24.7 32 1019 ok 09/06/20 10:50:47 AM 354.43 06/08/20 06:00:00 PM 2020060916 Drosophila_melanogaster A6 24.7 32 1019 ok 09/06/20 10:53:29 AM 167.47 06/08/20 06:00:00 PM 2020060917 Drosophila_melanogaster A6 24.7 32 1019 ok 09/06/20 10:56:26 AM 346.52 06/08/20 06:00:00 PM 2020060924 Drosophila_melanogaster B4 24.7 32 1019 ok 09/06/20 11:16:50 AM 134.8 06/08/20 06:00:00 PM 2020060925 Drosophila_melanogaster B4 24.7 32 1019 ok 09/06/20 11:19:27 AM 164.03 06/08/20 06:00:00 PM 2020060926 Drosophila_melanogaster B4 24.7 32 1019 ok 09/06/20 11:22:08 AM 169.8 06/08/20 06:00:00 PM 2020060927 Drosophila_melanogaster B4 24.7 32 1019 ok 09/06/20 11:25:27 AM 123.45 06/08/20 06:00:00 PM 2020060928 Drosophila_melanogaster B4 24.7 32 1019 ok 09/06/20 11:27:37 AM 176.91 06/08/20 06:00:00 PM 2020060929 Drosophila_melanogaster B4 24.7 32 1019 ok 09/06/20 11:30:31 AM 147.2 06/08/20 06:00:00 PM 2020060930 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:33:05 AM 171.61 06/08/20 06:00:00 PM 2020060932 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:38:30 AM 270.7 06/08/20 06:00:00 PM 2020060933 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:40:35 AM 294.54 06/08/20 06:00:00 PM 2020060934 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:43:15 AM 232.08 06/08/20 06:00:00 PM 2020060935 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:45:45 AM 168.9 06/08/20 06:00:00 PM 2020060936 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:48:10 AM 175.95 06/08/20 06:00:00 PM 2020060937 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:51:14 AM 136.76 06/08/20 06:00:00 PM 2020060938 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:53:33 AM 102.71 06/08/20 06:00:00 PM 2020060939 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:55:45 AM 310.37 06/08/20 06:00:00 PM 2020060940 Drosophila_melanogaster B3 24.7 32 1019 ok 09/06/20 11:57:34 AM 208.9 06/08/20 06:00:00 PM 2020060942 Drosophila_melanogaster B3 24.9 31 1019 ok 09/06/20 12:00:37 PM 12.732 06/08/20 06:00:00 PM 2020060944 Drosophila_melanogaster B3 24.9 31 1019 ok 09/06/20 12:06:24 PM 322.01 06/08/20 06:00:00 PM 2020060946 Drosophila_melanogaster B3 24.9 31 1019 ok 09/06/20 12:10:18 PM 214.58 06/08/20 06:00:00 PM 2020060947 Drosophila_melanogaster B3 24.9 31 1019 ok 09/06/20 12:13:40 PM 174.24 06/08/20 06:00:00 PM 2020060955 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:17:44 PM 273.75 06/08/20 06:00:00 PM 2020060956 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:24:32 PM 220.01 06/08/20 06:00:00 PM 2020060957 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:26:31 PM 171.23 06/08/20 06:00:00 PM 2020060958 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:29:23 PM 148.87 06/08/20 06:00:00 PM 2020060959 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:31:48 PM 240.56 06/08/20 06:00:00 PM 2020060961 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:34:53 PM 424.96 06/08/20 06:00:00 PM 2020060962 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:37:30 PM 160.6 06/08/20 06:00:00 PM 2020060963 Drosophila_melanogaster A4 24.9 31 1019 ok 09/06/20 12:40:51 PM 345.37 06/08/20 06:00:00 PM 2020061603 Drosophila_melanogaster B4 23.7 45 1017 ok 16/06/2020 10:11:49 AM 107.91 06/15/20 06:00:00 PM 2020061604 Drosophila_melanogaster B4 23.7 45 1017 ok 16/06/2020 10:14:22 AM 130.8 06/15/20 06:00:00 PM 2020061605 Drosophila_melanogaster B4 23.7 45 1017 ok 16/06/2020 10:15:56 AM 173.09 06/15/20 06:00:00 PM 2020061606 Drosophila_melanogaster B4 23.7 45 1017 ok 16/06/2020 10:18:13 AM 70.047 06/15/20 06:00:00 PM 2020061607 Drosophila_melanogaster B4 23.7 45 1017 ok 16/06/2020 10:19:53 AM 122.55 06/15/20 06:00:00 PM 2020061608 Drosophila_melanogaster A7 23.7 44 1017 ok 16/06/2020 10:23:12 AM 350.14 06/15/20 06:00:00 PM 05:30:00 PM 2020070301 Drosophila_melanogaster A6 23.7 40 1020 ok 03/07/20 10:14:10 AM 295.97 07/02/20 05:00:00 PM 2020070302 Drosophila_melanogaster A6 23.7 40 1020 ok 03/07/20 10:16:45 AM 148.87 07/02/20 05:00:00 PM 2020070303 Drosophila_melanogaster A6 23.7 40 1020 ok 03/07/20 10:19:40 AM 215.01 07/02/20 05:00:00 PM 2020070304 Drosophila_melanogaster A6 23.7 40 1020 ok 03/07/20 10:22:30 AM 282.48 07/02/20 05:00:00 PM 2020070305 Drosophila_melanogaster A6 23.7 40 1020 ok 03/07/20 10:24:46 AM 192.55 07/02/20 05:00:00 PM 2020070306 Drosophila_melanogaster A6 23.7 40 1020 ok 03/07/20 10:26:50 AM 253.39 07/02/20 05:00:00 PM 2020070309 Drosophila_melanogaster A6 23.7 40 1020 ok 03/07/20 10:31:05 AM 315.33 07/02/20 05:00:00 PM 2020070312 Drosophila_simulans W501 24.2 39 1020 ok 03/07/20 10:33:33 AM 188.26 07/02/20 05:00:00 PM 2020070313 Drosophila_simulans W501 24.2 39 1020 ok 03/07/20 10:35:57 AM 134.9 07/02/20 05:00:00 PM 2020080409 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 209.09 08/03/20 05:00:00 PM 2020080410 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 101.8 08/03/20 05:00:00 PM 2020080412 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 272.42 08/03/20 05:00:00 PM 2020080413 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 250.86 08/03/20 05:00:00 PM 2020080414 Drosophila_simulans W501 23.4 40 1019 ok 08/02/20 morning 157.59 08/03/20 05:00:00 PM 2020080416 Drosophila_simulans md221 23.4 40 1019 ok 08/02/20 morning 275.47 08/03/20 05:00:00 PM 2020080417 Drosophila_simulans md221 23.4 40 1019 ok 08/02/20 morning Sample_ID Area_int Area_ext scale_px scale_mm Remarque keep 2020080415 10902 68804 44.25 0.1 cuticle_broke no 2020073006 20299 127980 44.25 0.1 cuticle_broke no 2020052045 106088 267889 44.25 0.1 cuticle_broke no 2020052623 119243 194678 44.25 0.1 cuticle_broke no 2020072808 119431 153698 22.12 0.1 cuticle_broke no 2020021121 127219 193080 44.25 0.1 cuticle_broke no 2020102313 NA 64601 44.25 0.1 dirty_slide no 2020031248 80792 179037 44.25 0.1 dirty_slide no 2020052031 NA 84871 44.25 0.1 full_glue 2020080406 NA 116597 44.25 0.1 full_glue 2020061727 NA 137624 44.25 0.1 full_glue 2020013086 NA 213818 44.25 0.1 full_glue 2020060942 NA 29835 44.25 0.1 full_glue 2020072302 NA 42164 44.25 0.1 full_glue 2020013085 NA 201645 44.25 0.1 full_glue 2020100129 NA 138190 44.25 0.1 full_glue 2020102325 3249 108008 44.25 0.1 NA 2020070711 4621 47924 44.25 0.1 NA 2020070703 4837 40819 44.25 0.1 NA 2020102319 5357 111016 44.25 0.1 NA 2020080407 5439 77342 44.25 0.1 NA 2020080402 5660 83488 44.25 0.1 NA 2020073007 5779 90800 44.25 0.1 NA 2020073010 6034 52609 44.25 0.1 NA 2020102327 6178 98344 44.25 0.1 NA 2020080410 6716 66624 44.25 0.1 NA 2020102328 6966 117839 44.25 0.1 NA 2020072212 7181 53052 44.25 0.1 NA 2020080405 7437 60702 44.25 0.1 NA 2020073003 7558 63419 44.25 0.1 NA 2020092508 7853 120765 44.25 0.1 NA 2020092513 8455 94588 44.25 0.1 NA 2020080409 8771 80356 44.25 0.1 NA 2020062436 9082 147062 44.25 0.1 NA 2020021104 9139 86130 44.25 0.1 NA 2020020712 87442 185951 44.25 0.1 NA 2020061627 87629 140887 44.25 0.1 NA 2020072311 87879 147837 44.25 0.1 NA 2020072311 87944 150315 44.25 0.1 NA 2020060233 89183 237971 44.25 0.1 NA 2020062332 89345 183114 44.25 0.1 NA 2020072102 90194 179683 44.25 0.1 NA 2020070303 90539 134064 44.25 0.1 NA 2020052627 90656 171204 44.25 0.1 NA 2020072101 90994 169422 44.25 0.1 NA 2020060910 91526 147133 44.25 0.1 NA 2020012305 92079 193180 44.25 0.1 NA 2020060231 92368 188816 44.25 0.1 NA 2020052032 92396 215626 44.25 0.1 NA 2020052611 93755 166159 44.25 0.1 NA 2020072109 93828 186274 44.25 0.1 NA 2020060263 93832 176775 44.25 0.1 NA 2020061737 94198 171630 44.25 0.1 NA 2020031247 94601 193699 44.25 0.1 NA 2020060230 95164 210525 44.25 0.1 NA 2020052647 95624 207346 44.25 0.1 NA 2020012304 96512 169987 44.25 0.1 NA 2020072106 96888 164470 44.25 0.1 NA 2020052607 96988 178724 44.25 0.1 NA 2020052641 98844 187620 44.25 0.1 NA 2020052037 98952 250427 44.25 0.1 NA 2020072308 99086 196335 44.25 0.1 NA 2020013080 99124 214239 44.25 0.1 NA 2020060912 99138 152758 44.25 0.1 NA 2020061732 99152 187799 44.25 0.1 NA 2020061733 99388 176171 44.25 0.1 NA 2020062434 100251 221491 44.25 0.1 NA 2020060932 100429 199328 44.25 0.1 NA 2020072907 100984 177904 44.25 0.1 NA 2020062340 102146 161453 44.25 0.1 NA 2020062336 102805 210097 44.25 0.1 NA 2020061740 108265 145187 44.25 0.1 NA 2020061724 108278 173509 44.25 0.1 NA 2020062339 108327 181273 44.25 0.1 NA 2020013119 109307 183354 44.25 0.1 NA 2020052616 109758 191329 44.25 0.1 NA 2020031246 110774 228914 44.25 0.1 NA 2020063018 113308 189547 44.25 0.1 NA 2020052610 113365 194965 44.25 0.1 NA 2020052636 113780 187666 44.25 0.1 NA 2020063023 114289 188093 44.25 0.1 NA 2020061741 114499 193043 44.25 0.1 NA 2020111802 114771 177794 44.25 0.1 NA 2020061612 115289 314598 44.25 0.1 NA 2020060228 115358 154008 44.25 0.1 NA 2020060232 116412 199877 44.25 0.1 NA 2020052640 116416 213222 44.25 0.1 NA 2020060911 116614 182149 44.25 0.1 NA 2020031244 116906 196424 44.25 0.1 NA 2020060907 116941 201298 44.25 0.1 NA 2020072905 117270 219486 44.25 0.1 NA 2020062325 117482 184133 44.25 0.1 NA 2020060936 118542 196251 44.25 0.1 NA 2020061736 119025 183565 44.25 0.1 NA 2020061735 119170 260543 44.25 0.1 NA 2020052634 119460 213151 44.25 0.1 NA 2020052036 119841 245094 44.25 0.1 NA 2020052622 120292 217893 44.25 0.1 NA 2020061742 121714 144299 44.25 0.1 NA 2020063021 122385 191688 44.25 0.1 NA 2020110309 122640 129040 44.25 0.1 NA 2020031240 123131 187453 44.25 0.1 NA 2020031249 123680 185998 44.25 0.1 NA 2020062329 124219 209365 44.25 0.1 NA 2020061739 124745 156826 44.25 0.1 NA 2020072206 124767 180281 44.25 0.1 NA 2020072901 124918 141425 44.25 0.1 NA 2020060909 133019 237628 44.25 0.1 NA 2020062306 133335 208465 44.25 0.1 NA 2020062324 133965 161734 44.25 0.1 NA 2020052030 133978 210550 44.25 0.1 NA 2020063005 134086 221829 44.25 0.1 NA 2020063031 134508 150891 44.25 0.1 NA 2020031109 134569 237993 44.25 0.1 NA 2020060216 134707 248586 44.25 0.1 NA 2020060201 135127 287396 44.25 0.1 NA 2020031102 135271 187636 44.25 0.1 NA 2020070309 135569 168822 44.25 0.1 NA 2020060906 135692 208256 44.25 0.1 NA 2020061744 135710 200229 44.25 0.1 NA 2020060908 136347 253203 44.25 0.1 NA 2020052051 137251 267633 44.25 0.1 NA 2020062321 137676 209603 44.25 0.1 NA 2020061723 138579 197747 44.25 0.1 NA 2020062432 139752 224375 44.25 0.1 NA 2020052612 140153 213347 44.25 0.1 NA 2020031250 140668 215913 44.25 0.1 NA 2020062401 140860 197026 44.25 0.1 NA 2020061608 141956 293555 44.25 0.1 NA 2020060926 142510 200648 44.25 0.1 NA 2020063011 142823 228586 44.25 0.1 NA 2020060213 144104 199667 44.25 0.1 NA 2020031106 144236 220891 44.25 0.1 NA 2020052614 144433 237675 44.25 0.1 NA 2020060229 145889 211401 44.25 0.1 NA 2020013081 146705 250225 44.25 0.1 NA 2020061636 146814 237540 44.25 0.1 NA 2020060217 146987 162436 44.25 0.1 NA 2020060220 147560 238247 44.25 0.1 NA 2020061623 148208 192808 44.25 0.1 NA 2020031108 148842 202710 44.25 0.1 NA 2020031241 148844 195788 44.25 0.1 NA 2020060218 149104 242195 44.25 0.1 NA 2020061641 156914 220203 44.25 0.1 NA 2020063035 157015 186131 44.25 0.1 NA 2020060221 157606 244901 44.25 0.1 NA 2020020713 158509 219475 44.25 0.1 NA 2020063008 158692 221706 44.25 0.1 NA 2020031242 159808 207556 44.25 0.1 NA 2020061703 160168 186256 44.25 0.1 NA 2020031107 160368 215342 44.25 0.1 NA 2020060258 161918 251281 44.25 0.1 NA 2020061754 163469 211694 44.25 0.1 NA 2020060307 163779 254655 44.25 0.1 NA 2020062424 165113 282578 44.25 0.1 NA 2020060925 165945 215447 44.25 0.1 NA 2020061603 166187 204827 44.25 0.1 NA 2020062320 166406 267787 44.25 0.1 NA 2020061755 166623 238651 44.25 0.1 NA 2020062427 167322 216168 44.25 0.1 NA 2020062305 167410 204601 44.25 0.1 NA 2020031111 167488 223176 44.25 0.1 NA 2020061708 169144 213098 44.25 0.1 NA 2020060956 169417 217422 44.25 0.1 NA 2020063019 169797 202527 44.25 0.1 NA 2020060904 169992 213469 44.25 0.1 NA 2020052204 172173 218684 44.25 0.1 NA 2020100101 173582 240341 44.25 0.1 NA 2020062331 173689 221401 44.25 0.1 NA 2020060264 173870 239726 44.25 0.1 NA 2020062317 174719 197713 44.25 0.1 NA 2020061618 175698 212105 44.25 0.1 NA 2020060256 175899 202938 44.25 0.1 NA 2020031105 176798 244688 44.25 0.1 NA 2020061642 176908 212517 44.25 0.1 NA 2020060206 178175 220240 44.25 0.1 NA 2020031243 179137 252183 44.25 0.1 NA 2020060202 180305 256887 44.25 0.1 NA 2020031103 180536 240257 44.25 0.1 NA Sample_ID genotype_Sgs8 Experimenter Stock T_meas Hum P_atm Comment d_meas hr_meas Force_mN d_sub hr_sub 2020082601 Gauthier F2 23.3 44 1017 ok 26/08/2020 10:58:41 421.33 08/25/20 05:30:00 2020082605 Gauthier F2 23.3 43 1017 ok 26/08/2020 11:31:06 358.49 08/25/20 05:30:00 2020082608 Gauthier F2 23.3 42 1017 ok 26/08/2020 11:48:14 429.58 08/25/20 05:30:00 2020082701 Gauthier F2 21.8 48 1009 ok 27/08/2020 10:00:22 380.23 08/26/20 05:30:00 2020082702 Gauthier F2 21.9 47 1009 ok 27/08/2020 10:13:02 269.22 08/26/20 05:30:00 2020082704 Gauthier F2 21.9 47 1009 ok 27/08/2020 10:24:35 204.04 08/26/20 05:30:00 2020082708 Gauthier F2 22.3 46 1009 ok 27/08/2020 10:51:57 287.25 08/26/20 05:30:00 2020082803 Gauthier F2 22.3 51 1010 ok 28/08/2020 10:50:18 270.27 08/27/20 06:30:00 2020082804 Gauthier F2 22.3 51 1010 ok 28/08/2020 10:57:23 147.49 08/27/20 06:30:00 2020082805 Gauthier F2 22.3 51 1010 ok 28/08/2020 11:01:45 292.11 08/27/20 06:30:00 2020082806 Gauthier F2 22.3 51 1010 ok 28/08/2020 11:06:29 419.14 08/27/20 06:30:00 2020082807 Gauthier F2 22.3 51 1010 ok 28/08/2020 11:12:05 183.53 08/27/20 06:30:00 2020082808 Gauthier F2 22.3 51 1010 ok 28/08/2020 11:16:48 144.48 08/27/20 06:30:00 2020090101 Gauthier F2 19.8 50 1008 ok 01/09/20 10:35:30 201.85 08/31/20 05:00:00 2020090102 Gauthier F2 19.8 50 1008 ok 01/09/20 10:41:49 193.12 08/31/20 05:00:00 2020090103 Gauthier F2 20.1 48 1008 ok 01/09/20 10:47:14 105.38 08/31/20 05:00:00 2020090104 Gauthier F2 20.1 48 1008 ok 01/09/20 10:52:57 285.39 08/31/20 05:00:00 2020090105 Gauthier F2 20.1 48 1008 ok 01/09/20 10:55:56 411.32 08/31/20 05:00:00 2020090106 Gauthier F2 20.1 48 1008 ok 01/09/20 11:01:20 247 08/31/20 05:00:00 2020090107 Gauthier F2 20.1 48 1008 ok 01/09/20 11:05:19 477.65 08/31/20 05:00:00 2020090108 Gauthier F2 20.1 47 1008 ok 01/09/20 11:08:53 211.57 08/31/20 05:00:00 2020090109 Gauthier F2 20.1 47 1008 ok 01/09/20 11:11:13 132.32 08/31/20 05:00:00 2020090110 Gauthier F2 20.1 47 1008 ok 01/09/20 11:14:03 404.6 08/31/20 05:00:00 2020090111 Gauthier F2 20.1 47 1008 ok 01/09/20 11:17:49 223.16 08/31/20 05:00:00 2020090112 Gauthier F2 20.5 47 1008 ok 01/09/20 11:21:00 216.44 08/31/20 05:00:00 2020090113 Gauthier F2 20.5 47 1008 ok 01/09/20 11:24:48 383.38 08/31/20 05:00:00 2020090114 Gauthier F2 20.9 46 1008 ok 01/09/20 11:34:45 418.33 08/31/20 05:00:00 2020090115 Gauthier F2 20.9 46 1008 ok 01/09/20 11:37:29 25.749 08/31/20 05:00:00 2020090116 Gauthier F2 20.9 46 1008 ok 01/09/20 11:41:11 147.53 08/31/20 05:00:00 2020090117 Gauthier F2 20.9 46 1008 ok 01/09/20 11:43:32 507.5 08/31/20 05:00:00 2020090118 Gauthier F2 20.9 46 1008 ok 01/09/20 11:47:12 368.12 08/31/20 05:00:00 2020090119 Gauthier F2 20.9 46 1008 ok 01/09/20 11:49:46 275.33 08/31/20 05:00:00 2020090120 Gauthier F2 20.9 46 1008 ok 01/09/20 11:52:58 164.37 08/31/20 05:00:00 2020090121 Gauthier F2 20.9 46 1008 ok 01/09/20 11:55:56 41.533 08/31/20 05:00:00 2020090122 Gauthier F2 20.9 46 1008 ok 01/09/20 11:58:45 160.88 08/31/20 05:00:00 2020090123 Gauthier F2 20.9 46 1008 ok 01/09/20 12:01:32 256.49 08/31/20 05:00:00 2020090124 Gauthier F2 20.9 46 1008 ok 01/09/20 12:05:59 147.25 08/31/20 05:00:00 2020090125 Gauthier F2 20.9 46 1008 ok 01/09/20 12:08:54 119.78 08/31/20 05:00:00 2020090126 Gauthier F2 20.9 46 1008 ok 01/09/20 12:12:59 268.08 08/31/20 05:00:00 2020090201 Gauthier F2 22.6 34 1010 ok 02/09/20 02:28:41 247.19 09/01/20 04:30:00 2020090202 Gauthier F2 22.6 34 1010 ok 02/09/20 02:30:56 155.16 09/01/20 04:30:00 2020090203 Gauthier F2 22.6 34 1010 ok 02/09/20 02:33:15 450.61 09/01/20 04:30:00 2020090204 Gauthier F2 22.6 34 1010 ok 02/09/20 02:35:52 138.66 09/01/20 04:30:00 2020090205 Gauthier F2 22.6 34 1010 ok 02/09/20 02:37:47 187.16 09/01/20 04:30:00 2020090206 Gauthier F2 22.6 34 1010 ok 02/09/20 02:40:36 306.99 09/01/20 04:30:00 2020090207 Gauthier F2 22.6 34 1010 ok 02/09/20 02:42:44 9.251 09/01/20 04:30:00 2020090208 Gauthier F2 22.6 34 1010 ok 02/09/20 02:45:33 515.75 09/01/20 04:30:00 2020090209 Gauthier F2 22.6 34 1010 ok 02/09/20 02:47:29 78.917 09/01/20 04:30:00 2020090210 Gauthier F2 22.6 34 1010 ok 02/09/20 02:50:55 23.27 09/01/20 04:30:00 2020090211 Gauthier F2 22.6 34 1010 ok 02/09/20 02:53:27 296.4 09/01/20 04:30:00 2020090212 Gauthier F2 22.6 34 1010 ok 02/09/20 02:55:25 288.63 09/01/20 04:30:00 Flora F2 23.8 53 1025 ok 09/09/20 12:00:11 69.237 09/08/20 04:30:00 2020090908 Flora F2 23.8 53 1025 ok 09/09/20 12:02:58 181.06 09/08/20 04:30:00 2020090909 Flora F2 24.2 50 1025 ok 09/09/20 12:05:55 156.4 09/08/20 04:30:00 2020090910 Flora F2 24.2 50 1025 ok 09/09/20 12:08:14 113.92 09/08/20 04:30:00 2020090911 Flora F2 24.2 50 1025 ok 09/09/20 12:10:32 96.893 09/08/20 04:30:00 2020090912 Flora F2 24.2 50 1025 ok 09/09/20 12:12:58 319.39 09/08/20 04:30:00 2020090913 Flora F2 24.2 50 1025 ok 09/09/20 12:15:34 162.32 09/08/20 04:30:00 2020090915 Flora F2 24.2 50 1025 ok 09/09/20 12:20:08 305.37 09/08/20 04:30:00 2020090916 Flora F2 24.2 50 1025 ok 09/09/20 12:25:08 223.21 09/08/20 04:30:00 2020090917 Flora F2 24.2 50 1025 ok 09/09/20 12:27:24 456.71 09/08/20 04:30:00 2020090918 Flora F2 24.2 50 1025 ok 09/09/20 12:29:35 287.87 09/08/20 04:30:00 2020090919 Flora F2 24.7 35 1025 ok 09/09/20 02:17:09 129.89 09/08/20 04:30:00 2020090920 Flora F2 24.7 35 1025 ok 09/09/20 02:19:37 424.86 09/08/20 04:30:00 2020090921 Flora F2 24.7 35 1025 ok 09/09/20 02:21:41 401.31 09/08/20 04:30:00 2020090922 Flora F2 24.7 35 1025 ok 09/09/20 02:23:48 269.89 09/08/20 04:30:00 2020090923 Flora F2 24.7 35 1025 ok 09/09/20 02:26:01 376.22 09/08/20 04:30:00 2020090925 Flora F2 24.7 35 1025 ok 09/09/20 02:30:30 293.35 09/08/20 04:30:00 2020090927 Flora F2 25.1 35 1025 ok 09/09/20 02:35:47 234.03 09/08/20 04:30:00 2020090928 Flora F2 25.1 35 1025 ok 09/09/20 03:06:14 385.14 09/08/20 04:30:00 2020090929 Flora F2 25.1 35 1025 ok 09/09/20 03:09:51 429.82 09/08/20 04:30:00 2020090935 Flora F2 25.1 33 1025 ok 09/09/20 03:22:12 422.43 09/08/20 04:30:00 2020090941 Flora F2 25.6 43 1025 ok 09/09/20 04:26:45 306.32 09/08/20 04:30:00 2020091001 Flora F2 22.9 62 1020 ok 10/09/20 11:49:04 138.62 09/09/20 05:00:00 2020091002 Flora F2 22.9 62 1020 ok 10/09/20 11:51:56 118.06 09/09/20 05:00:00 2020091003 Flora F2 22.9 62 1020 ok 10/09/20 11:55:01 333.83 09/09/20 05:00:00 2020091004 Flora F2 22.9 62 1020 ok 10/09/20 11:57:11 71.239 09/09/20 05:00:00 2020091005 Flora F2 22.9 62 1020 ok 10/09/20 11:59:53 51.212 09/09/20 05:00:00 2020091006 Flora F2 22.9 62 1020 ok 10/09/20 12:03:04 117.54 09/09/20 05:00:00 2020091601 Flora F2 25.1 48 1020 ok 16/09/2020 09:51:48 204.66 09/15/20 06:00:00 2020091602 Flora F2 25.1 48 1020 ok 16/09/2020 09:54:34 188.06 09/15/20 06:00:00 2020091603 Flora F2 25.1 48 1020 ok 16/09/2020 09:57:10 298.36 09/15/20 06:00:00 2020091604 Flora F2 25.1 48 1020 ok 16/09/2020 10:00:19 285.24 09/15/20 06:00:00 2020091605 Flora F2 25.1 48 1020 ok 16/09/2020 10:02:33 378.99 09/15/20 06:00:00 2020091606 Flora F2 25.1 48 1020 ok 16/09/2020 10:04:51 316.1 09/15/20 06:00:00 2020091607 Flora F2 25.1 48 1020 ok 16/09/2020 10:07:07 247.67 09/15/20 06:00:00 2020091608 Flora F2 25.1 48 1020 ok 16/09/2020 10:09:09 267.22 09/15/20 06:00:00 2020091609 Flora F2 25.6 48 1020 ok 16/09/2020 10:11:46 276.23 09/15/20 06:00:00 2020091610 Flora F2 25.6 48 1020 ok 16/09/2020 10:17:35 256.92 09/15/20 06:00:00 2020091611 Flora F2 25.6 48 1020 ok 16/09/2020 10:14:23 276.8 09/15/20 06:00:00 2020091612 Flora F2 25.6 48 1020 ok 16/09/2020 10:20:06 235.37 09/15/20 06:00:00 2020091613 Flora F2 25.6 48 1020 ok 16/09/2020 10:22:34 289.11 09/15/20 06:00:00 400 Flora F2 23.6 38 1009 ok 20/10/2020 11:28:25 168.85 10/19/2020 19:00 401 Flora F2 23.6 38 1009 ok 20/10/2020 11:32:27 314.09 10/19/2020 19:00 402 Flora F2 23.6 38 1009 ok 20/10/2020 11:35:02 353.38 10/19/2020 19:00 403 Flora F2 23.6 38 1009 ok 20/10/2020 11:39:26 182.96 10/19/2020 19:00 404 Flora F2 23.6 38 1009 ok 20/10/2020 11:42:38 192.17 10/19/2020 19:00 405 Flora F2 23.6 38 1009 ok 20/10/2020 11:46:35 197.03 10/19/2020 19:00 406 Flora F2 23.6 38 1009 ok 20/10/2020 11:49:22 127.79 10/19/2020 19:00 407 Flora F2 23.6 38 1009 ok 20/10/2020 11:51:17 334.41 10/19/2020 19:00 408 Flora F2 23.6 38 1009 ok 20/10/2020 11:55:04 124.98 10/19/2020 19:00 409 Flora F2 23.6 38 1009 ok 20/10/2020 11:57:50 183.63 10/19/2020 19:00 410 Flora F2 23.6 38 1009 ok 20/10/2020 12:01:10 324.68 10/19/2020 19:00 411 Flora F2 23.6 38 1009 ok 20/10/2020 12:03:16 384.86 10/19/2020 19:00 412 Flora F2 23.7 47 1004 ok 21/10/2020 14:51:33 245.43 10/20/2020 18:00 413 Flora F2 24.2 47 1004 ok 21/10/2020 14:55:43 83.447 10/20/2020 18:00 414 Flora F2 24.2 47 1004 ok 21/10/2020 14:59:11 357.06 10/20/2020 18:00 415 Flora F2 24.2 47 1004 ok 21/10/2020 15:02:49 291.3 10/20/2020 18:00 416 Flora F2 24.2 47 1004 ok 21/10/2020 15:06:25 127.6 10/20/2020 18:00 417 Flora F2 24.2 48 1012 ok 22/10/2020 13:21:20 251.72 10/21/2020 18:30 418 Flora F2 24.2 48 1012 ok 22/10/2020 13:24:54 144.2 10/21/2020 18:30 419 Flora F2 24.2 48 1012 ok 22/10/2020 13:27:36 319.24 10/21/2020 18:30 421 Flora F2 24.2 48 1012 ok 22/10/2020 13:32:46 224.11 10/21/2020 18:30 422 Flora F2 24.2 48 1012 ok 22/10/2020 13:35:00 326.3 10/21/2020 18:30 425 Flora F2 24.2 48 1012 ok 22/10/2020 13:44:17 297.69 10/21/2020 18:30 426 Flora F2 24.2 48 1012 ok 22/10/2020 13:47:03 463.96 10/21/2020 18:30 428 Flora F2 24.2 48 1012 ok 22/10/2020 13:51:57 365.02 10/21/2020 18:30 431 Flora F2 23.2 51 1013 ok 23/10/2020 10:05:14 247 10/22/2020 17:30 433 Flora F2 23.2 51 1013 ok 23/10/2020 10:11:26 486.99 10/22/2020 17:30 434 Flora F2 23.2 51 1013 ok 23/10/2020 10:14:31 339.98 10/22/2020 17:30 436 Flora F2 23.7 51 1013 ok 23/10/2020 10:20:44 341.65 10/22/2020 17:30 438 Flora F2 23.2 32 1008 ok 27/10/2020 10:25:42 85.497 10/27/2020 18:00 439 Flora F2 23.2 32 1008 ok 27/10/2020 10:29:25 110.48 10/27/2020 18:00 440 Flora F2 23.2 32 1008 ok 27/10/2020 10:33:34 261.97 10/27/2020 18:00 441 Flora F2 23.2 32 1008 ok 27/10/2020 10:37:01 202.89 10/27/2020 18:00 442 Flora F2 23.2 32 1008 ok 27/10/2020 10:40:15 278.57 10/27/2020 18:00 443 Flora F2 23.2 32 1008 ok 27/10/2020 10:43:36 279.05 10/27/2020 18:00 444 Flora F2 23.2 32 1008 ok 27/10/2020 10:46:58 177.24 10/27/2020 18:00 445 Flora F2 23.2 32 1008 ok 27/10/2020 10:53:16 160.98 10/27/2020 18:00 446 Flora F2 23.2 32 1008 ok 27/10/2020 10:57:27 168.28 10/27/2020 18:00 447 Flora F2 23.2 32 1008 ok 27/10/2020 11:01:29 148.63 10/27/2020 18:00 1 Flora F2 22.2 31 1031 ok 04/11/2020 10:44:26 241.18 11/3/2020 18:00 1 Flora F2 22.2 31 1031 ok 04/11/2020 10:50:06 256.11 11/3/2020 18:00 1 Flora F2 22.2 31 1031 ok 04/11/2020 10:53:11 277.66 11/3/2020 18:00 2 Flora F2 22.2 31 1031 ok 04/11/2020 10:56:23 291.16 11/3/2020 18:00 1 Flora F2 22.2 31 1031 ok 04/11/2020 10:59:46 321.29 11/3/2020 18:00 2 Flora F2 23.7 43 1025 ok 10/11/2020 11:08:02 57.316 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 11:11:06 218.25 11/9/2020 17:30 2 Flora F2 23.7 43 1025 ok 10/11/2020 11:14:02 313.43 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 11:17:17 420.14 11/9/2020 17:30 2 Flora F2 23.7 43 1025 ok 10/11/2020 11:24:06 207.76 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 11:29:37 300.84 11/9/2020 17:30 2 Flora F2 23.7 43 1025 ok 10/11/2020 11:36:48 296.21 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 11:41:10 416.37 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 11:44:23 484.75 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 11:47:23 266.65 11/9/2020 17:30 2 Flora F2 23.7 43 1025 ok 10/11/2020 11:50:48 261.45 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 11:53:29 307.99 11/9/2020 17:30 0 Flora F2 23.7 43 1025 ok 10/11/2020 11:56:43 17.214 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 12:04:47 220.39 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 12:07:53 326.87 11/9/2020 17:30 0 Flora F2 23.7 43 1025 ok 10/11/2020 12:10:12 148.44 11/9/2020 17:30 1 Flora F2 23.7 43 1025 ok 10/11/2020 12:12:43 209.28 11/9/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 09:52:58 208 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 09:57:14 223.64 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:00:04 206.09 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:03:31 280.57 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:07:07 268.65 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:11:57 410.8 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:15:19 210.38 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:19:19 542.26 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:22:43 247.76 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:25:54 304.22 11/10/2020 17:30 1 Flora F2 22.6 42 1025 ok 11/11/2020 10:28:57 227.12 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 10:33:06 312.38 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 10:39:08 507.31 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 10:42:15 443.84 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 10:45:24 241.42 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 10:48:28 413.75 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 10:51:22 268.84 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 10:55:14 339.6 11/10/2020 17:30 1 Flora F2 22.9 40 1025 ok 11/11/2020 11:05:16 337.55 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:08:34 457.67 11/10/2020 17:30 2 Flora F2 23.2 39 1025 ok 11/11/2020 11:11:42 281 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:16:37 161.27 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:20:01 148.53 11/10/2020 17:30 2 Flora F2 23.2 39 1025 ok 11/11/2020 11:23:19 150.92 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:26:54 102.9 11/10/2020 17:30 2 Flora F2 23.2 39 1025 ok 11/11/2020 11:29:47 330.21 11/10/2020 17:30 2 Flora F2 23.2 39 1025 ok 11/11/2020 11:32:48 443.79 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:35:58 379.51 11/10/2020 17:30 2 Flora F2 23.2 39 1025 ok 11/11/2020 11:38:55 191.5 11/10/2020 17:30 1 Flora F2 23.2 39 1025 ok 11/11/2020 11:43:06 413.37 11/10/2020 17:30 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:40:47 127.08 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:42:41 69.666 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:45:16 124.45 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:48:22 120.07 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:50:48 115.16 03/11/20 06:00:00 A5 Flora A5 25.4 28 1017 ok 12/03/20 11:53:16 118.35 03/11/20 06:00:00 A5 Flora A5 24.7 35 1018 ok 02/06/20 10:50:51 47.302 06/01/20 07:00:00 A5 Flora A5 24.7 35 1018 ok 02/06/20 10:53:04 208.09 06/01/20 07:00:00 A5 Flora A5 24.7 35 1018 ok 02/06/20 10:55:41 47.541 06/01/20 07:00:00 A5 Flora A5 24.7 35 1018 ok 02/06/20 10:58:10 196.08 06/01/20 07:00:00 A5 Flora A5 25.1 31 1018 ok 02/06/20 11:01:07 236.32 06/01/20 07:00:00 A5 Flora A5 25.1 31 1018 ok 02/06/20 11:03:52 40.388 06/01/20 07:00:00 A5 Flora A5 25.1 31 1018 ok 02/06/20 11:06:55 261.12 06/01/20 07:00:00 A5 Flora A5 25.1 31 1018 ok 02/06/20 11:12:00 145.2 06/01/20 07:00:00 A5 Flora A5 25.6 30 1018 ok 02/06/20 11:15:03 232.46 06/01/20 07:00:00 A5 Flora A5 25.6 30 1018 ok 02/06/20 11:17:58 190.45 06/01/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:04:47 258.87 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:06:46 173 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:09:05 366.45 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:11:08 270.99 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:13:38 252.82 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:16:10 246.1 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:18:42 325.78 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:20:55 30.613 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:23:02 316.86 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:25:32 144.62 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:28:04 228.79 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:31:18 213.29 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:33:33 319.77 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:36:22 244.67 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:38:40 348.09 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:40:58 206.8 06/22/20 07:00:00 iso1 Flora iso1 25.1 35 1024 ok 23/06/2020 11:43:16 359.87 06/22/20 07:00:00 iso1 Flora iso1 24.7 40 1019 ok 24/06/2020 10:07:15 335.84 06/23/20 05:00:00 iso1 Flora iso1 24.7 40 1019 ok 24/06/2020 10:09:28 288.72 06/23/20 05:00:00 iso1 Flora iso1 24.7 40 1019 ok 24/06/2020 10:11:57 234.46 06/23/20 05:00:00 iso1 Flora iso1 24.7 40 1019 ok 24/06/2020 10:15:16 242.19 06/23/20 05:00:00 iso1 Flora iso1 24.7 40 1019 ok 24/06/2020 10:19:48 352.29 06/23/20 05:00:00 iso1 Flora iso1 24.7 40 1019 ok 24/06/2020 10:22:11 296.83 06/23/20 05:00:00 iso1 Flora iso1 25.1 40 1019 ok 24/06/2020 10:31:09 384.09 06/23/20 05:00:00 iso1 Flora iso1 25.1 40 1019 ok 24/06/2020 10:34:53 216.63 06/23/20 05:00:00 iso1 Flora iso1 25.1 40 1019 ok 24/06/2020 10:36:46 319.48 06/23/20 05:00:00 iso1 Flora iso1 25.1 40 1019 ok 24/06/2020 10:39:22 85.115 06/23/20 05:00:00 iso1 Flora iso1 25.1 40 1019 ok 24/06/2020 10:41:34 266.12 06/23/20 05:00:00 iso1 Flora iso1 25.1 40 1019 ok 24/06/2020 10:43:40 126.12 06/23/20 05:00:00 iso1 Flora iso1 25.1 36 1013 ok 30/06/2020 11:05:37 318.72 06/29/20 05:30:00 iso1 Flora iso1 25.1 36 1013 ok 30/06/2020 11:07:53 119.11 06/29/20 05:30:00 iso1 Flora iso1 25.1 36 1013 ok 30/06/2020 11:09:44 117.73 06/29/20 05:30:00 iso1 Flora iso1 25.1 36 1013 ok 30/06/2020 11:11:58 210.24 06/29/20 05:30:00 iso1 Flora iso1 25.1 36 1013 ok 30/06/2020 11:14:30 66.09 06/29/20 05:30:00 iso1 Flora iso1 25.1 36 1013 ok 30/06/2020 11:17:52 103.57 06/29/20 05:30:00 F1_mA5 Crossing point (Ct) Condition sample_ID SGS1_gene SGS1_slope RP49_gene RP49_slope RP140_gene RP140_slope RNAi_Sgs1 RNAisgs1-1 26,77 -4,163 19,32 -5,049 30,33 -2,556 RNAisgs1-1 26,85 -4,163 19,5 -5,049 30,45 -2,556 Flora Sgs1 RNAisgs1-2
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Chapter 2

The glue produced by Drosophila melanogaster is universal

Introduction

This part aims at characterizing the adhesive properties of the glue. In particular, we tested whether glue adhesion depends on specic substrates and we investigated the morphology of the pupa -substrate interface. This work was done in collaboration with Stanislav Gorb and Alexander Kovalev (Kiel University, Kiel, Germany).
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Appendix C

Raw data -Drosophila glue protects from predation Table S2. Adhesion force and pupa-substrate interface measurements.

Results of the adhesion assay performed on pupae from D. suzukii, D. simulans and D. hydei strain originating from Bois de Vincennes. Sample_ID column corresponds to a unique identication for each pupa, T_meas, Hum, atm_P indicate respectively the room temperature (°C), the room humidity (%) and the atmospheric pressure (mba) at the moment of the assay. d_meas and hr_meas correspond to the day and hours of the assay. d_sub and hr_sub correspond to the day and hours at which larvae were put on the substrate. Force corresponds to the maximum force reached during the experiment in mN.

Comment reports particular observations: the pupa did not detach from the substrate (not_detached), the pupal case broke during the assay (cuticle_broke) or nothing special happened during the assay (ok). Area_px corresponds to the pupa-substrate contact surface measured in pixel and scale_px, scale_mm correspond respectively to the scale present on the picture in pixel and mm.

Here, column names are simplied compared to the version available on Dryad for layout reasons.

Table S3. Pupal size measurement.

Measurements of the size of pupae of D. simulans, D. suzukii, D. hydei. ID column corresponds to a unique identication for each pupa. area corresponds to the area obtained by measuring the contour of the pupa in pixel. scale_px and scale_mm are dened as in Table S2 (C).

Evolution of the glue produced by larvae for metamorphosis Table S5. Animals observed in the dishes during the experiment with halfburied buckets in Bois de Vincennes.

The number indicates the number of dishes where the respective animals were observed. In total, 56 dishes were examined at each time point.

Evolution of the glue produced by larvae for metamorphosis Table S6. Ant count during predation assay in the laboratory.

The number indicates the number of ants observed in direct contact with the pupa at each time point. The column X_Y corresponds to the count over one experiment with the ant colony X at the trial Y.

Evolution of the glue produced by larvae for metamorphosis Crossing point and ecacy obtained for the qRT-PCR assays

Crossing points have been obtained by the second derivative method. Slope corresponds to the slope of the standard curve using the dilutions: 1, 1:5, 1:25.
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