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In Drosophila the first wave of myogenesis occurs in the embryo to produce the larval muscles. This musculature undergoes histolysis and largely disappears during metamorphosis, while a second wave of myogenesis begins to generate the muscles of the adult fly. The core myogenic program is highly conserved among both invertebrate and vertebrate species, and Drosophila embryogenic myogenesis is a well-recognized model for identifying genes and pathways governing muscle development. The more diverse and complex adult musculature is also an attractive model to study some aspects of the myogenic process. The more intense research effort focusing on adult myogenesis since early this century has added greatly to our knowledge. We review here what we know about the development of adult muscles, from the specification and diversification of the adult muscle precursors to their final differentiation. The formation of a functional contractile unit requires integrating multiple tissue interactions. We therefore also describe how muscle cells interrelate with the tendons and the nervous and tracheal systems in the course of development.

Introduction

For more than a century, the fruit fly Drosophila has been used as a successful model for elucidating complex biological processes. Studies have been conducted in a broad range of fields from genetic or molecular biology to physiology and animal behavior. Drosophila remains a fascinating organism, inexpensive to breed, easy to handle and widely used to study the fundamental biological processes and pathways that control the embryonic development of multicellular organisms. Genetic mechanisms underlying the formation of larval muscles during embryogenesis have been extensively studied. Research has led to the identification of numerous conserved genes that control myogenesis in the animal kingdom [START_REF] Rai | Chapter Nine -Skeletal Muscle Degeneration and Regeneration in Mice and Flies[END_REF][START_REF] Abmayr | Myoblast fusion: lessons from flies and mice[END_REF][START_REF] Schweitzer | Connecting muscles to tendons: tendons and musculoskeletal development in flies and vertebrates[END_REF].

The somatic muscles of Drosophila larvae and vertebrates display many similarities. They emerge from a subdivision of the mesoderm and the fusion of muscle progenitors, under the influence of myogenic factors, leading to the formation of multinucleated myotubes. Ultimately, they differentiate into myofibers built of repeated contractile units called sarcomeres. A second wave of myogenesis then takes place during the metamorphosis and gives rise to the adult muscles. The mechanisms underlying the development of these muscles initially received less attention, mostly because they were not readily accessible during their development (metamorphosis), but also because the genes involved are often required during embryogenesis, limiting the use of classical genetic tools such as null mutants. However, for the last two decades, the range of genetic tools (Gal4/UAS, RNAi, LexA, etc.) that have become available to activate or inhibit the expression of individual genes in defined tissues or cells at specific time points in development has increased exponentially [START_REF] Jenett | A GAL4-driver line resource for Drosophila neurobiology[END_REF][START_REF] Jory | A survey of 6,300 genomic fragments for cis-regulatory activity in the imaginal discs of Drosophila melanogaster[END_REF][START_REF] Ewen-Campen | Optimized strategy for in vivo Cas9-activation in Drosophila[END_REF][START_REF] Meltzer | Tissue-specific (ts)CRISPR as an efficient strategy for in vivo screening in Drosophila[END_REF][START_REF] Port | Augmenting CRISPR applications in Drosophila with tRNAflanked sgRNAs[END_REF]. These genetic tools, associated with the most recent imaging techniques, such as high-resolution confocal microscopy, IRM or optical and computed tomography, have facilitated the study of this second myogenic wave [START_REF] Mcgurk | Three-dimensional imaging of Drosophila melanogaster[END_REF][START_REF] Même | In vivo magnetic resonance microscopy of Drosophilae at 9.4 T[END_REF][START_REF] Chaturvedi | Adult Drosophila muscle morphometry through microCT reveals dynamics during ageing[END_REF][START_REF] Kerstens | A Label-free Multicolor Optical Surface Tomography (ALMOST) imaging method for nontransparent 3D samples[END_REF]. Many aspects of adult myogenesis can now be studied, from the specification of the adult muscle precursors (AMPs) to muscle innervation, and an increasing number of exciting results have been published on Drosophila adult myogenesis.

Significant advances have been made in understanding processes that cannot, or at least not readily, be addressed using larval muscle systems. For instance, how single myotubes associate into multi-fiber muscles can only be investigated in adult muscles [START_REF] Dutta | Founder myoblasts and fibre number during adult myogenesis in Drosophila[END_REF], as larval muscles are composed of a single syncytium. Flight and leg muscles have also been useful in shedding light on the diversification of muscle fibers and the mechanisms of sarcomere assembly and myofibrillogenesis [START_REF] Schönbauer | Spalt mediates an evolutionarily conserved switch to fibrillar muscle fate in insects[END_REF][START_REF] Spletter | The RNA-binding protein Arrest (Bruno) regulates alternative splicing to enable myofibril maturation in Drosophila flight muscle[END_REF][START_REF] Spletter | A transcriptomics resource reveals a transcriptional transition during ordered sarcomere morphogenesis in flight muscle[END_REF]. Some research teams have focused on other specific aspects of adult muscles, such as the tracheal invasion of T-tubule structures [START_REF] Peterson | Subcellular trafficking of FGF controls tracheal invasion of Drosophila flight muscle[END_REF], the coordinated development of limb muscles and tendons [START_REF] Soler | Coordinated development of muscles and tendons of the Drosophila leg[END_REF][START_REF] Soler | Coordinated Development of Muscles and Tendon-Like Structures: Early Interactions in the Drosophila Leg[END_REF] or muscle wiring by complex motorneuron patterns [START_REF] Enriquez | Specification of Individual Adult Motor Neuron Morphologies by Combinatorial Transcription Factor Codes[END_REF]. Recent findings have also shown the existence of adult satellitelike cells that contribute to muscle homeostasis and repair [START_REF] Boukhatmi | A population of adult satellite-like cells in Drosophila is maintained through a switch in RNA-isoforms[END_REF][START_REF] Chaturvedi | Identification and functional characterization of muscle satellite cells in Drosophila[END_REF].

In this review, we describe the different phases of "adult myogenesis", from the specification of the adult muscle precursors (AMPs) to the late steps of muscle fiber differentiation. We pay special attention to the molecular and cellular mechanisms specific to the development of flight and leg muscles. Finally, we underline the reciprocal interactions between the muscles and their associated tissues that occur throughout development, and which allow the formation of a functional contractile unit.

Adult muscle diversity: fibrillar and tubular muscles

Larval body wall muscles are mainly dedicated to larval locomotion, essentially crawling. Adult somatic muscles fulfill different functions that require a wider set of morphologically and physiologically distinct muscles. For instance, the leg muscles are needed for walking and climbing, and abdominal muscles play a role in male mating behavior or egg deposition in females [START_REF] Soler | Coordinated development of muscles and tendons of the Drosophila leg[END_REF][START_REF] Miller | The internal anatomy and histology of the imago of Drosophila melanogaster[END_REF][START_REF] Middleton | Neuromuscular organization and aminergic modulation of contractions in the Drosophila ovary[END_REF][START_REF] Chakravorty | Courtship song analysis of Drosophila muscle mutants[END_REF]. Flight is a complex form of locomotion that involves the tergal depressor of the trochanter (TDT) or jump muscle [START_REF] Trimarchi | Flight initiations in Drosophila melanogaster are mediated by several distinct motor patterns[END_REF], a set of small direct flight muscles (DFMs) steering the wing position, and the indirect flight muscles (IFMs) that generate the power for flight [START_REF] Miller | The internal anatomy and histology of the imago of Drosophila melanogaster[END_REF][START_REF] Tiegs | The flight muscles of insects-their anatomy and histology; with some observations on the structure of striated muscle in general[END_REF][START_REF] Pringle | The Croonian Lecture, 1977 -Stretch activation of muscle: function and mechanism[END_REF] (Fig. 1A). According to their different morphologies and specific contractile properties, adult muscles in insects have been classified into two types: fibrillar and tubular [START_REF] Smith | THE STRUCTURE OF INSECT FIBRILLAR FLIGHT MUSCLE[END_REF][START_REF] Snodgrass | Principles of insect morphology[END_REF]. DFMs, TDT and leg and abdominal muscles are tubular muscles, with an arrangement of their fibers around a central lumen [START_REF] Smith | THE STRUCTURE OF INSECT FIBRILLAR FLIGHT MUSCLE[END_REF]. They have aligned myofibrils and their nuclei are located along the center of the fibers (Fig. 1C). Leg tubular muscles adopt a special morphology that allows the precise and delicate movement of this articulated appendage. Each leg muscle consists of multiple fibers organized around long internal tendons that span the leg segments (Fig. 1C). The fibrillar muscles include the thoracic IFMs, which are composed of 6 dorsal longitudinal muscles (DLMs) and 7 dorsal ventral muscles (DVMs) per hemithorax. They differ from the other muscles in their ultrastructure, physiology and biochemistry [START_REF] Fernandes | Development of the indirect flight muscles of Drosophila[END_REF] and are called fibrillar because of their unaligned, unconnected myofibrils (Fig. 1B). They are also characterized by an elevated number of mitochondria, supporting their high oxidative metabolism, and a reduced sarcoplasmic reticulum [START_REF] Josephson | Asynchronous muscle: a primer[END_REF]. Unlike tubular muscles, the IFMs are asynchronous fibers and maintain high contraction frequencies by stretch-activation [START_REF] Iwamoto | Structure, function and evolution of insect flight muscle[END_REF]. Because of their orientation and attachment to the thorax cuticle, DLMs and DVMs work antagonistically: when one shortens, the other one stretches. As they contract out of phase with each other, they mutually activate. This stretch-activation mechanism allows the fast oscillation of the thorax required for highfrequency wing beats [START_REF] Josephson | Asynchronous muscle: a primer[END_REF][START_REF] Dickinson | Insect flight[END_REF].

Origin of adult muscles

Origin of adult muscles

Both larval and adult somatic musculatures originate from a common mesodermal lineage. While larval muscle progenitors differentiate during embryogenesis, adult muscle precursors (AMPs) are set aside, stay non-differentiated in embryos and become reactivated during larval stages to enter the adult myogenic program [START_REF] Broadie | The development of adult muscles in Drosophila: ablation of identified muscle precursor cells[END_REF][START_REF] Bate | Cells with persistent twist expression are the embryonic precursors of adult muscles in Drosophila[END_REF]. The pre-mesoderm is determined by the induction of Twist and Snail transcription factors upon Dorsal activity in the ventral cells of the blastoderm stage embryo [START_REF] Thisse | Sequence-specific transactivation of the Drosophila twist gene by the dorsal gene product[END_REF][START_REF] Ip | dorsal-twist interactions establish snail expression in the presumptive mesoderm of the Drosophila embryo[END_REF]. Twist is a key factor of the mesoderm formation.

Together with Snail and Dorsal, it regulates the expression of a large set of genes involved in the specification of the mesoderm and its derivative [START_REF] Leptin | twist and snail as positive and negative regulators during Drosophila mesoderm development[END_REF][START_REF] Furlong | Patterns of gene expression during Drosophila mesoderm development[END_REF]. First, the Twist-positive cells undergo an epithelial-to-mesenchymal transition, and then migrate dorsally to form a mesodermal monolayer that lies out under the ectoderm [START_REF] Leptin | Cell shape changes during gastrulation in Drosophila[END_REF][START_REF] Gisselbrecht | heartless encodes a fibroblast growth factor receptor (DFR1/DFGF-R2) involved in the directional migration of early mesodermal cells in the Drosophila embryo[END_REF]. Subsequently, after ectodermally secreted signals, the mesoderm is patterned and partitioned into distinct domains, from which the progenitors of somatic, cardiac and visceral muscles, as well as the fat body, arise [START_REF] Azpiazu | Segmentation and specification of the Drosophila mesoderm[END_REF][START_REF] Riechmann | Control of cell fates and segmentation in the Drosophila mesoderm[END_REF][START_REF] Frasch | Induction of visceral and cardiac mesoderm by ectodermal Dpp in the early Drosophila embryo[END_REF]. The Wingless (Wg) and Hedgehog (Hh) signals pattern the mesoderm along an antero-posterior axis, while the dorso-ventral subdivision is mediated by the Dpp signaling [START_REF] Azpiazu | Segmentation and specification of the Drosophila mesoderm[END_REF][START_REF] Riechmann | Control of cell fates and segmentation in the Drosophila mesoderm[END_REF][START_REF] Frasch | Induction of visceral and cardiac mesoderm by ectodermal Dpp in the early Drosophila embryo[END_REF]. Thus, Hh and Wg induce the expression of the segment polarity genes even-skipped (eve) and sloppy-paired (slp), respectively. Eve restrains twist expression in the posterior parasegment, from which the fat body and the visceral muscles emerge, whereas Slp maintains a high level of Twist in the adjacent anterior domain [START_REF] Frasch | Induction of visceral and cardiac mesoderm by ectodermal Dpp in the early Drosophila embryo[END_REF][START_REF] Azpiazu | tinman and bagpipe: two homeo box genes that determine cell fates in the dorsal mesoderm of Drosophila[END_REF][START_REF] Lawrence | Segmental patterning of heart precursors in Drosophila[END_REF]. This latter domain is subdivided by a D/V gradient of Dpp signal, secreted from the overlying dorsal ectoderm. The expression of tinman (tin), restricted by Dpp to the dorsal region, leads to the specification of cardiac and dorsal muscle progenitors [START_REF] Frasch | Induction of visceral and cardiac mesoderm by ectodermal Dpp in the early Drosophila embryo[END_REF]. Cells located in the most ventral part (high Twist and low Tin) give rise to most of the somatic muscles [START_REF] Azpiazu | Segmentation and specification of the Drosophila mesoderm[END_REF]. Following mesodermal subdivision, expression of lethal of scute (l'sc) in high Twist-expressing cells pre-pattern the somatic mesoderm [START_REF] Carmena | Lethal of scute, a proneural gene, participates in the specification of muscle progenitors during Drosophila embryogenesis[END_REF]. The complex integration of multiple signals including Wg, Dpp, EGF and FGF confines the expression of l'sc to smaller clusters of cells named promuscular clusters or groups of equivalence [START_REF] Carmena | Inscuteable and numb mediate asymmetric muscle progenitor cell divisions during Drosophila myogenesis[END_REF]. The Notch/delta signaling pathway allows the selection of one muscle progenitor per cluster by a process known as lateral inhibition. The remaining cells lose l'sc expression and acquire a fusion-competent myoblast (FCM) fate [START_REF] Carmena | Lethal of scute, a proneural gene, participates in the specification of muscle progenitors during Drosophila embryogenesis[END_REF]. Each selected muscle progenitor will then undergo an asymmetric division to generate either two embryonic founder cells (FC), which will fuse with the surrounding FCMs [START_REF] Carmena | Inscuteable and numb mediate asymmetric muscle progenitor cell divisions during Drosophila myogenesis[END_REF], or one FC and an adult muscle precursor (AMP). Occasionally, in the dorsal region, one progenitor gives rise to one FC and one cardiac precursor [START_REF] Carmena | Inscuteable and numb mediate asymmetric muscle progenitor cell divisions during Drosophila myogenesis[END_REF]. Embryonic and adult muscle populations thus share a common mesodermal origin. The process of asymmetric division implies an opposite localization of Numb and Inscuteable proteins in the muscle progenitor [START_REF] Carmena | Inscuteable and numb mediate asymmetric muscle progenitor cell divisions during Drosophila myogenesis[END_REF][START_REF] Ruiz Gómez | Segregation of myogenic lineages in Drosophila requires numb[END_REF]. Asymmetric inheritance of Numb in the daughter cells leads them to adopt distinct cellular identities. Numb is known to antagonize Notch signaling [START_REF] Guo | Control of daughter cell fates during asymmetric division: interaction of Numb and Notch[END_REF][START_REF] Spana | Numb antagonizes Notch signaling to specify sibling neuron cell fates[END_REF] and the differential activity of Notch in the two resulting FCs is thought to be responsible for modulating the expression of muscle identity genes. Each FC thus expresses a combination of muscle identity genes that control the acquisition of distinct muscle properties [START_REF] De Joussineau | Chapter eleven -Diversification of Muscle Types in Drosophila: Upstream and Downstream of Identity Genes[END_REF].

The segregation of one muscle progenitor into one FC and one AMP also results from the asymmetric distribution of Numb. The daughter cells inheriting Notch activity do not enter the myogenic program. They maintain a high level of twist expression and remain undifferentiated until the end of the larval stages [START_REF] Broadie | The development of adult muscles in Drosophila: ablation of identified muscle precursor cells[END_REF][START_REF] Bate | Cells with persistent twist expression are the embryonic precursors of adult muscles in Drosophila[END_REF]. In the abdominal segments, the AMPs display a stereotyped pattern of 6 cells that pre-defines the position of the future abdominal muscles of the adult fly. These cells are closely associated with the peripheral nerves [START_REF] Currie | The development of adult abdominal muscles in Drosophila: myoblasts express twist and are associated with nerves[END_REF], and despite their quiescent state, they contribute to motor axon pathfinding and proper innervation of larval muscles [START_REF] Lavergne | Drosophila adult muscle precursor cells contribute to motor axon pathfinding and proper innervation of embryonic muscles[END_REF]. They also make connections with each other and with larval muscles [START_REF] Figeac | Drosophila adult muscle precursors form a network of interconnected cells and are specified by the rhomboid-triggered EGF pathway[END_REF]. It has been shown that the larval muscles provide a niche for AMPs and participate in their reactivation during larval stages [START_REF] Aradhya | Muscle niche-driven Insulin-Notch-Myc cascade reactivates dormant Adult Muscle Precursors in Drosophila[END_REF]. In the thorax, AMPs reside in the close vicinity of the wing/halter and leg disc primordia. Although their mode of selection has not been clearly established, they arise from the mesoderm and are also characterized by a high level of twist expression [START_REF] Bate | Cells with persistent twist expression are the embryonic precursors of adult muscles in Drosophila[END_REF]. Their subsequent development has drawn much more attention than the precursors of other adult muscles. From the second larval stage they actively proliferate and lie on the surface of imaginal discs, forming a layer of adepithelial cells [START_REF] Poodry | The ultrastructure of the developing leg ofDrosophila melanogaster[END_REF][START_REF] Reed | The ultrastructure of the differentiating pupal leg ofDrosophila melanogaster[END_REF]. Lineage analyses and ablation experiments showed that flight muscles originate from AMPs associated with the wing discs, while those residing on the leg disc give rise mostly to the leg muscles but also contribute to the powerful jump muscle and certain flight muscles [START_REF] Broadie | The development of adult muscles in Drosophila: ablation of identified muscle precursor cells[END_REF][START_REF] Rivlin | Imaginal Pioneers Prefigure the Formation of Adult Thoracic Muscles in Drosophila melanogaster[END_REF][START_REF] Jaramillo | Crossveinless and the TGFβ pathway regulate fiber number in the Drosophila adult jump muscle[END_REF].

AMP specification: inductive signals and autonomous decision

Hox genes are known to be expressed along the anterior-posterior (A-P) axis to determine the identity of the body segments [START_REF] Lewis | A gene complex controlling segmentation in Drosophila[END_REF]. Strikingly, the segmental expression of Hox genes along the antero-posterior axis differs between the mesoderm and the ectoderm [START_REF] Bate | The mesoderm and its derivatives[END_REF]. The expression of Hox genes in AMP thus differs from the ectodermal Hox expression in the corresponding segment. For instance, ectodermal structures of the three thoracic segments T1, T2 and T3 are patterned by Sex combs reduced (Scr), Antennapedia (Antp) and Ultrabithorax (Ubx), respectively, whereas all the myoblasts associated with the three pairs of leg discs express Scr [START_REF] Roy | Muscles in the Drosophila second thoracic segment are patterned independently of autonomous homeotic gene function[END_REF][START_REF] Roy | Homeotic genes and the regulation of myoblast migration, fusion, and fibre-specific gene expression during adult myogenesis in Drosophila[END_REF] (Fig. 2). In addition, the few myoblasts associated with the halter discs from the T3 segment express Antp and, more surprisingly, the myoblasts associated with the wing imaginal discs (T2) are Hox negative [START_REF] Roy | Muscles in the Drosophila second thoracic segment are patterned independently of autonomous homeotic gene function[END_REF][START_REF] Roy | Homeotic genes and the regulation of myoblast migration, fusion, and fibre-specific gene expression during adult myogenesis in Drosophila[END_REF][START_REF] Fernandes | Muscle development in the four-winged Drosophila and the role of the Ultrabithorax gene[END_REF] (Fig. 2). In the early 90s, it was shown that homeotic genes autonomously specified some aspects of the diversification of larval muscles as well as the patterning of adult muscle precursors [START_REF] Greig | Homeotic genes autonomously specify one aspect of pattern in the Drosophila mesoderm[END_REF][START_REF] Michelson | Muscle pattern diversification in Drosophila is determined by the autonomous function of homeotic genes in the embryonic mesoderm[END_REF]. In the embryo, the forced expression of abdominal-A within the mesoderm can convert the pattern of thoracic AMPs to the one observed for abdominal AMPs [START_REF] Greig | Homeotic genes autonomously specify one aspect of pattern in the Drosophila mesoderm[END_REF]. At a later stage, specific ectopic expression of Antp within the AMPs of the wing disc of the T2 segment, normally devoid of Hox gene expression, re-specifies the muscle pattern of this segment [START_REF] Roy | Muscles in the Drosophila second thoracic segment are patterned independently of autonomous homeotic gene function[END_REF]. In the abdominal segments, removal of Ubx from the residing AMP results in the expression of the thoracic specific Actin88F. Conversely, Ubx mis-expression in T2 myoblasts associated with the wing disc represses Actin88F expression in thoracic muscles [START_REF] Roy | Homeotic genes and the regulation of myoblast migration, fusion, and fibre-specific gene expression during adult myogenesis in Drosophila[END_REF]. However, some aspects of muscle identity can also be determined by non-autonomous activity of Hox genes. In Ubx mutant flies, T3 ectoderm is turned into T2 identity, resulting in a four-winged fly [START_REF] Lewis | A gene complex controlling segmentation in Drosophila[END_REF]. Although the myoblasts associated with the "homeotically" transformed T3 continue to express Antp, they adopt a T2 myoblast identity in terms of cell number, identity gene expression and migration pattern, and can lead to the development of IFM and DFM muscles [START_REF] Rivlin | The role of Ultrabithorax in the patterning of adult thoracic muscles in Drosophila melanogaster[END_REF][START_REF] Dutta | Hox Genes Regulate Muscle Founder Cell Pattern Autonomously and Regulate Morphogenesis Through Motor Neurons[END_REF]. Lawrence and Johnston [START_REF] Lawrence | The muscle pattern of a segment of Drosophila may be determined by neurons and not by contributing myoblasts[END_REF] had previously suggested this non-autonomous influence of Hox genes on the patterning of one particular adult male-specific muscle. In this case, the homeotic identity of its innervating neuron was crucial for the patterning of this muscle. Consistent with this result, Dutta et al. [START_REF] Dutta | Hox Genes Regulate Muscle Founder Cell Pattern Autonomously and Regulate Morphogenesis Through Motor Neurons[END_REF] then showed that specific mis-expression of Ubx in T2 motoneuron altered flight muscle development.

All in all, these studies show that both segmental identity of the ectoderm and autonomous functions of homeotic genes in muscles precursors are required to specify AMP patterning and correct development of the adult muscles.

AMPs are muscle stem cells of Drosophila

AMPs share many features with the muscle stem cells of vertebrates and are now considered an attractive model to study muscle stem cell homing behavior and to determine how these cells interact with their niche-neighboring tissues and are re-activated to form adult muscles and/or to contribute to muscle regeneration.

Homing behavior and reactivation

In abdominal segments, a subset of differentiated larval muscles provides a niche for the abdominal AMPs [START_REF] Figeac | Drosophila adult muscle precursors form a network of interconnected cells and are specified by the rhomboid-triggered EGF pathway[END_REF][START_REF] Aradhya | Muscle niche-driven Insulin-Notch-Myc cascade reactivates dormant Adult Muscle Precursors in Drosophila[END_REF]. These latter send long cytoplasmic projections to form a network of interconnected cells. Laser ablation experiments have shown that the main role of these cellular extensions is to maintain correct spatial positioning of the AMPs. These AMP interconnections could also help maintain their quiescent state, as laser ablation sometimes leads to supernumerary AMPs by cell division [START_REF] Figeac | Drosophila adult muscle precursors form a network of interconnected cells and are specified by the rhomboid-triggered EGF pathway[END_REF]. Two major pathways have been shown to control the AMP quiescent state and outcome. During embryogenesis, the local secretion of the EGFR ligand Spitz controls the specification of a subset of AMPs by regulating the expression of the transcription factor Lbe, a known marker of lateral AMPs [START_REF] Figeac | Drosophila adult muscle precursors form a network of interconnected cells and are specified by the rhomboid-triggered EGF pathway[END_REF][START_REF] Jagla | ladybird determines cell fate decisions during diversification of Drosophila somatic muscles[END_REF]. In later stages, the EGF pathway is reactivated in AMPs to protect them against apoptosis [START_REF] Figeac | Drosophila adult muscle precursors form a network of interconnected cells and are specified by the rhomboid-triggered EGF pathway[END_REF]. Besides EGF, the Notch pathway has been shown to activate AMP proliferation via dMyc during the larval stages. The larval muscles send an inductive dIlp6 signal that switches on the insulin pathway in closely associated AMPs, which in turn triggers the Notch signaling pathway [START_REF] Aradhya | Muscle niche-driven Insulin-Notch-Myc cascade reactivates dormant Adult Muscle Precursors in Drosophila[END_REF]. Abdominal AMPs thus display homing behavior, and the surrounding tissues, including differentiated muscles, form a niche delivering instructive signals for the fate and subsequent reactivation of these AMPs.

In thoracic segments, the AMPs form a layer of adepithelial cells at the surface of the imaginal discs, as mentioned above. They are therefore in close contact with the disc epithelium, from which they can receive potential cues. The niche-like role of the disc epithelium was first demonstrated by Ng M et al. [START_REF] Ng | Specification of the wing by localized expression of wingless protein[END_REF] in the wing disc, where myoblast positioning is restricted to the notum of the wing. In this work, when the wing blade region was transformed into notum in the wg mutant, the field of myoblasts at the surface of the duplicated notum was expanded, indicating that AMP positioning depends on the underlying epithelial region. This niche-like behavior was further investigated by Sudarsan et al. [START_REF] Sudarsan | Myoblast diversification and ectodermal signaling in Drosophila[END_REF], who showed that Wnt signaling from the notum epithelium was required to maintain expression of vestigial (vg), a known marker of flight muscle identity, in the adjoining population of myoblasts.

Gunage et al. [START_REF] Gunage | Identification of a new stem cell population that generates Drosophila flight muscles[END_REF] has described how the epithelial tissue orchestrates the symmetric and asymmetric mitotic activities of the wing disc-associated AMPs. During a first phase (second larval instar), the expression of Serrate (Ser) at the basal side of the epithelial cells of the notum activates the Notch pathway in the adjacent monolayer of AMPs. The muscle precursors undergo an intense phase of symmetric divisions in a parallel plane of the disc epithelium. In a later stage (third instar), epidermal secretion of Wg leads to a Numbmediated asymmetric division mode of the AMPs oriented obliquely to the wing disc surface.

In this way, one daughter cell keeps contact with the epithelium and remains mitotically active, while the other, located in a more distal layer, displays post-mitotic behavior [START_REF] Gunage | Drosophila adult muscle development and regeneration[END_REF]. Instructive signals from the niche-like notum of the wing disc thus allow the generation of self-renewed muscle stem cells and post-mitotic differentiating myoblasts. In other thoracic imaginal discs, homing behavior of AMPs remains to be demonstrated. However, in leg discs, substances secreted by the epithelial cells can also influence the outcome of AMPs. Hence AMPs are not randomly distributed at the surface of the third instar leg disc. It has been shown that the myoblasts located next to the ventral wg-expressing epithelial cells display a high expression level of the muscle identity gene ladybird early (lbe). This result indicates that the adult leg muscles are pre-patterned at early stages of development by epithelial signals [START_REF] Maqbool | Shaping leg muscles in Drosophila: role of ladybird, a conserved regulator of appendicular myogenesis[END_REF]. Other studies have suggested that positional information could also come from epithelial cells called apodemes, which will form future muscle attachment sites and with which AMPs remain in close association at the third larval instar [START_REF] Soler | Coordinated development of muscles and tendons of the Drosophila leg[END_REF][START_REF] Soler | Coordinated Development of Muscles and Tendon-Like Structures: Early Interactions in the Drosophila Leg[END_REF][START_REF] Roy | Muscle pattern diversification in Drosophila: the story of imaginal myogenesis[END_REF].

How to keep AMPs undifferentiated?

Concomitantly to its role in AMP proliferation [START_REF] Aradhya | Muscle niche-driven Insulin-Notch-Myc cascade reactivates dormant Adult Muscle Precursors in Drosophila[END_REF][START_REF] Gunage | Identification of a new stem cell population that generates Drosophila flight muscles[END_REF], Notch is required to prevent premature differentiation of AMPs during larval stages (Fig. 3, see also section 5.3). Expression of an activated form of Notch during adult Drosophila myogenesis induces flight muscle degeneration [START_REF] Anant | Twist and Notch negatively regulate adult muscle differentiation in Drosophila[END_REF]). Conversely, Notch loss of function results in premature differentiation of AMPs associated with the wing discs [START_REF] Krejčí | Direct Response to Notch Activation: Signaling Crosstalk and Incoherent Logic[END_REF]. It has been advanced that Notch could cooperate with Twist to repress AMP differentiation, as decline in Twist levels is also a requirement for the differentiation of flight muscles [START_REF] Anant | Twist and Notch negatively regulate adult muscle differentiation in Drosophila[END_REF]. Notch has been shown to regulate the expression of different regulators of muscle differentiation [START_REF] Krejčí | Direct Response to Notch Activation: Signaling Crosstalk and Incoherent Logic[END_REF]. Moreover, enhancers of some direct Notch targets in AMPs require a combination of Twist and Notch to activate their expression in vivo (Bernard et al. 2010). These include two known repressors of myogenesis: Holes in muscle (Him) and zfh1 [START_REF] Liotta | The Him gene reveals a balance of inputs controlling muscle differentiation in Drosophila[END_REF][START_REF] Postigo | zfh-1, the Drosophila homologue of ZEB, is a transcriptional repressor that regulates somatic myogenesis[END_REF]. Zfh1 acts as a transcriptional repressor that binds Mef2 upstream regulatory region and inhibits Twist transcriptional activation [START_REF] Postigo | zfh-1, the Drosophila homologue of ZEB, is a transcriptional repressor that regulates somatic myogenesis[END_REF]. Interestingly, Him has also been shown to be a direct target of Twist in the embryonic mesoderm [START_REF] Elwell | The myogenic repressor gene Holes in muscles is a direct transcriptional target of Twist and Tinman in the Drosophila embryonic mesoderm[END_REF]. Him acts as an inhibitor of Mef2, a critical transcription factor [START_REF] Taylor | Mef2 and the skeletal muscle differentiation program[END_REF] in both adult and embryonic Drosophila myogenesis [START_REF] Liotta | The Him gene reveals a balance of inputs controlling muscle differentiation in Drosophila[END_REF][START_REF] Soler | The Him gene inhibits the development of Drosophila flight muscles during metamorphosis[END_REF]. Him expression starts in myoblasts associated with wing discs in third larval instar, a few hours before Mef2 expression can be detected [START_REF] Soler | The Him gene inhibits the development of Drosophila flight muscles during metamorphosis[END_REF][START_REF] Rebeiz | SCORE: a computational approach to the identification of cis-regulatory modules and target genes in whole-genome sequence data. Site clustering over random expectation[END_REF][START_REF] Butler | Discovery of genes with highly restricted expression patterns in the Drosophila wing disc using DNA oligonucleotide microarrays[END_REF]. During metamorphosis, Him expression declines in myoblasts and is no longer detected in differentiating muscle fibers [START_REF] Soler | The Him gene inhibits the development of Drosophila flight muscles during metamorphosis[END_REF]. Consistent with a role of Him in preventing muscle fiber differentiation, maintenance of Him expression inhibits flight muscle development and suppresses the premature myosin expression induced when Mef2 is over-expressed in AMPs of third instar [START_REF] Soler | The Him gene inhibits the development of Drosophila flight muscles during metamorphosis[END_REF]. Other targets of the Notch pathway have been identified in AMPs, including genes involved in cell morphology and behavior, highlighting the diverse and complex roles played by the Notch pathway during adult myogenesis [START_REF] Pézeron | Notch directly regulates the cell morphogenesis genes Reck, talin and trio in adult muscle progenitors[END_REF].

Identification of muscle satellite cells in Drosophila

Despite the remarkable similarities between vertebrate and Drosophila myogenic processes [START_REF] Rai | Chapter Nine -Skeletal Muscle Degeneration and Regeneration in Mice and Flies[END_REF][START_REF] Abmayr | Myoblast fusion: lessons from flies and mice[END_REF][START_REF] Schweitzer | Connecting muscles to tendons: tendons and musculoskeletal development in flies and vertebrates[END_REF], satellite cells, the adult muscle stem cells required for growth and regeneration of adult skeletal muscles, have been identified only recently [START_REF] Chaturvedi | Identification and functional characterization of muscle satellite cells in Drosophila[END_REF]. Highresolution transcriptional time-series analysis of AMP-related cells confirmed that these cells shared molecular properties with vertebrate satellite cells [START_REF] Dequéant | Discovery of progenitor cell signatures by time-series synexpression analysis during Drosophila embryonic cell immortalization[END_REF]. Chaturvedi et al. observed the presence of unfused cells, derived from the AMP lineage that generates the adult flight muscles, between the mature muscle fiber and its basal lamina. They showed that these cells express zfh1 and enter an intensive phase of proliferation in a Notch signaling-dependent manner after muscle injury. Subsequently, these cells are able to fuse with the injured muscle fibers, sustaining their muscle satellite cell properties [START_REF] Chaturvedi | Identification and functional characterization of muscle satellite cells in Drosophila[END_REF]. Soon after, Boukhatmi and Bray unveiled some of the molecular mechanisms at work in the maintenance of this population of satellite-like cells [START_REF] Boukhatmi | A population of adult satellite-like cells in Drosophila is maintained through a switch in RNA-isoforms[END_REF]. In a zfh1 loss of function context, they observed premature differentiation of AMPs associated with the wing disc, indicating that Zfh1 is required to prevent AMP differentiation. They went on to show that most AMPs expressed a long zfh1 isoform, subject to down-regulation by miR-8, thus promoting the differentiation of these cells during metamorphosis. By contrast, the satellite cells maintained the expression of the alternative zfh1 short isoform that cannot be targeted by mir-8 but requires Notch to be expressed [START_REF] Boukhatmi | A population of adult satellite-like cells in Drosophila is maintained through a switch in RNA-isoforms[END_REF]. Hence like in vertebrates, Notch plays a central role in the maintenance of undifferentiated muscle stem cells [START_REF] Mourikis | A critical requirement for notch signaling in maintenance of the quiescent skeletal muscle stem cell state[END_REF][START_REF] Bjornson | Notch signaling is necessary to maintain quiescence in adult muscle stem cells[END_REF][START_REF] Baghdadi | Reciprocal signalling by Notch-Collagen V-CALCR retains muscle stem cells in their niche[END_REF]. In addition, Zfh1/ZEB is a known repressor of somatic myogenesis in vertebrates [START_REF] Postigo | zfh-1, the Drosophila homologue of ZEB, is a transcriptional repressor that regulates somatic myogenesis[END_REF][START_REF] Siles | ZEB1 imposes a temporary stage-dependent inhibition of muscle gene expression and differentiation via CtBP-mediated transcriptional repression[END_REF], and there is growing evidence that microRNA can modulate satellite cell behavior [START_REF] Liu | miR-221 modulates skeletal muscle satellite cells proliferation and differentiation[END_REF][START_REF] Kong | MiR-17 and miR-19 cooperatively promote skeletal muscle cell differentiation[END_REF] possibly through Notch activity [START_REF] Baghdadi | Notch-Induced miR-708 Antagonizes Satellite Cell Migration and Maintains Quiescence[END_REF]. Recent data therefore strongly suggest that there are indeed evolutionarily conserved mechanisms that trigger the specification and maintenance of vertebrate and Drosophila muscle satellite cells.

Building a functional muscle unit

Founder cell selection and myoblast fusion

As previously stated, in the embryo, the fusion of one selected founder cell (FC) with several fusion-competent myoblasts (FCM) gives rise to one specific muscle. The FCs are characterized by the expression of the transmembrane protein Dumbfounded (Duf) [START_REF] Ruiz-Gómez | Drosophila dumbfounded: a myoblast attractant essential for fusion[END_REF] while its interacting partner Stick-and-stones (Sns) is expressed at the surface of the FCM [START_REF] Bour | Drosophila SNS, a member of the immunoglobulin superfamily that is essential for myoblast fusion[END_REF][START_REF] Paululat | Fusion from myoblasts to myotubes is dependent on the rolling stone gene (rost) of Drosophila[END_REF]. The notion of founder cell in adult myogenesis should be considered cautiously as the diverse adult muscles are set up during morphogenesis by different schemes (Fig. 4). For instance, the indirect flight muscles called DLM (dorso-longitudinal muscle) use three larval dorsal oblique muscles (LOMs) as a template to form [START_REF] Fernandes | Development of the indirect flight muscles of Drosophila[END_REF][START_REF] Farrell | Muscle organizers in Drosophila: the role of persistent larval fibers in adult flight muscle development[END_REF][START_REF] Fernandes | Patterning the dorsal longitudinal flight muscles (DLM) of Drosophila: insights from the ablation of larval scaffolds[END_REF] (Fig. 4A). Acting as "founder cells", these remaining muscles serve as a scaffold for a sub-population of wing disc myoblasts, which fuse with them at 12-20h after pupae formation (APF). During this process, each LOM muscle splits to form 6 DLMs per hemithorax [START_REF] Fernandes | Development of the indirect flight muscles of Drosophila[END_REF][START_REF] Farrell | Muscle organizers in Drosophila: the role of persistent larval fibers in adult flight muscle development[END_REF][START_REF] Fernandes | Patterning the dorsal longitudinal flight muscles (DLM) of Drosophila: insights from the ablation of larval scaffolds[END_REF]. In this case, the persistent larval muscles expressed FC marker duf [START_REF] Dutta | Founder myoblasts and fibre number during adult myogenesis in Drosophila[END_REF], whereas the myoblasts equivalent to embryonic FCMs expressed sns [START_REF] Gildor | Bidirectional Notch activation represses fusion competence in swarming adult Drosophila myoblasts[END_REF][START_REF] Segal | Adhesion and Fusion of Muscle Cells Are Promoted by Filopodia[END_REF]. Most of the other adult muscles are formed de novo, with one FC per fiber [START_REF] Dutta | Founder myoblasts and fibre number during adult myogenesis in Drosophila[END_REF][START_REF] Soler | Coordinated development of muscles and tendons of the Drosophila leg[END_REF][START_REF] Kozopas | Direct Flight Muscles in Drosophila Develop from Cells with Characteristics of Founders and Depend on DWnt-2 for Their Correct Patterning[END_REF]. Strikingly, myoblasts selected as founders for the de novo flight muscles DVM and for the jump muscle TDT are larger than other surrounding myoblasts [START_REF] Rivlin | Imaginal Pioneers Prefigure the Formation of Adult Thoracic Muscles in Drosophila melanogaster[END_REF][START_REF] Fernandes | Motoneurons regulate myoblast proliferation and patterning in Drosophila[END_REF]. However, how these FCs are selected remains elusive (Fig. 4A). In both leg and wing discs, all myoblasts initially express duf (Fig. 4A,B) but only a part of them maintains a high level of duf expression [START_REF] Dutta | Founder myoblasts and fibre number during adult myogenesis in Drosophila[END_REF][START_REF] Maqbool | Shaping leg muscles in Drosophila: role of ladybird, a conserved regulator of appendicular myogenesis[END_REF][START_REF] Kozopas | Direct Flight Muscles in Drosophila Develop from Cells with Characteristics of Founders and Depend on DWnt-2 for Their Correct Patterning[END_REF]. Moreover, in wing discs, every myoblast has the potential to become an individual founder cell and to form a new fiber: when the initially selected FC is ablated, another myoblast can be selected to give an alternative high duf-expressing FC [START_REF] Atreya | Founder cells regulate fiber number but not fiber formation during adult myogenesis in Drosophila[END_REF]. Interestingly, supernumerary fibers are formed in that particular context, suggesting that the primary selected FC could determine the final number of fibers composing each mature multifiber muscle [START_REF] Atreya | Founder cells regulate fiber number but not fiber formation during adult myogenesis in Drosophila[END_REF].

Unlike embryonic myogenesis, the selection of individual adult FCs does not involve the Notch pathway. Instead, the acquisition of a FC fate seems to rely on fibroblast growth factor (FGF) signaling. Different components of the FGF pathway, including the FGF receptor Heartless, the positive regulator Stumps and the negative regulator Sprouty (sty), act together to define a precise pattern of duf expressing cells in the abdominal pool of myoblasts [START_REF] Dutta | Drosophila Heartless Acts with Heartbroken/Dof in Muscle Founder Differentiation[END_REF] (Fig. 4C). In leg discs, the over-activation of the FGF pathway not only leads to a higher number of myoblasts but is also sufficient, though the induction of duf expression, to induce the formation of ectopic fibers in segments (tarsi) normally devoid of muscle [START_REF] Maqbool | Shaping leg muscles in Drosophila: role of ladybird, a conserved regulator of appendicular myogenesis[END_REF] (Fig. 4B). Notwithstanding the importance of FGF signal regarding the selection of adult FC, we still do not know why certain cells appear more sensitive to this signal and retain a higher expression of duf. One simple hypothesis is the availability of the FGF ligand: the myoblasts close to the ligand source may be prompter in activating the FGF pathway and become FCs. So far, the source of the FGF ligands Pyramus and Thisbe [START_REF] Stathopoulos | pyramus and thisbe: FGF genes that pattern the mesoderm of Drosophila embryos[END_REF] has not been documented in the abdomen or in discs. Moreover, the forced expression of stumps in all abdominal myoblasts is sufficient to increase the pool of myoblasts, indicating that the ligands must be available to all myoblasts, as the Stumps function is ligand/receptor-dependent [START_REF] Dutta | Drosophila Heartless Acts with Heartbroken/Dof in Muscle Founder Differentiation[END_REF]. Another explanation could be the niche role played by the surrounding tissues. In the leg disc, Maqbool et al. showed that epithelium-derived Wg signal regulated the expression of the identity gene ladybird early, which precedes the expression of duf. Lbe is maintained in AMPs that will subsequently retain a high level of duf expression. This suggests that the leg disc epithelium could play an indirect role in the process of founder cell selection.

Once an AMP or a persistent muscle fiber is committed as a "founder cell", it can attract the surrounding myoblasts and the fusion can proceed. Myoblast fusion is multi-step process that has been extensively studied during embryonic stages with the identification of many evolutionarily conserved molecular factors involved in this process [START_REF] Deng | Acting on identity: myoblast fusion and the formation of the syncytial muscle fiber[END_REF]. The same molecular network is required for the fusion of imaginal myoblasts. For instance, cell-cell adhesion involves the Ig domain transmembrane proteins Duf, in the FC, and its interacting partner Sns in the FCM. However, studies of fusion between wing disc AMPs and persistent larval muscles (LOMs) to form the DLM, have yielded new insights into the control of sns expression and the cellular process of cell-cell adhesion. Gildor et al. [START_REF] Gildor | Bidirectional Notch activation represses fusion competence in swarming adult Drosophila myoblasts[END_REF] showed that during the migration of the myoblasts toward the LOMs, these cells expressed both Notch and its ligand Delta to maintain each other in a semi-differentiated state. Then, when the myoblasts were close to the myotube, Notch activity declined, favoring the expression of fusion proteins such as Sns. Live imaging of the fusion process also revealed that actin-based filopodia emanated from the myotube, prior to cell-cell adhesion. When the formation of these filopodia was affected, the apposition between the cell membranes was not complete and the Duf protein was not recruited to the myotube surface [START_REF] Segal | Adhesion and Fusion of Muscle Cells Are Promoted by Filopodia[END_REF]. Once the initial cell-adhesion has taken place, the branched actin polymerization machinery acts to promote multiple cell-cell contacts leading to nascent fusion pores and establishing cytoplasmic continuity between the cells [START_REF] Dhanyasi | Surface apposition and multiple cell contacts promote myoblast fusion in Drosophila flight muscles[END_REF]. These sequences of cell-cell contact and membrane apposition will eventually give rise to the syncytial myotube.

Muscle identity genes in adult myogenesis

In the embryo, studies focusing on the diversification of muscle types identified genes that control the acquisition of distinct muscle properties [START_REF] Tixier | Diversification of muscle types: Recent insights from Drosophila[END_REF]. Different combinations of many muscle identity genes, which encode mainly transcription factors (iTFs), are expressed in the different subsets of larval muscle progenitors and their resulting muscle. The involvement of muscle iTFs in the diversification of adult muscle type was first demonstrated by Sudarsan et al. [START_REF] Sudarsan | Myoblast diversification and ectodermal signaling in Drosophila[END_REF]. Since then, numerous TFs have been found to control the acquisition of distinct adult muscle properties (Fig. 5). Sudarsan et al. showed that vg and cut are differentially expressed in AMPs associated with wing discs. Myoblasts expressing a high level of vg and a low level of cut contribute to the fibrillar indirect flight muscles (DVMs and DLMs), whereas other myoblasts with a high level of Cut but no Vg are required for the formation of the tubular direct flight muscles (DFMs). This AMP diversity is maintained by a mutually repressive feedback loop between these two TFs. As previously stated, the Wg ectodermal signal is required to maintain vg expression, possibly through the importin Moleskin, which could control the Wg pathway by regulating the stability or nuclear transport of its effector β-catenin/Armadillo (Arm) in AMPs [START_REF] Vishal | Adult Muscle Formation Requires Drosophila Moleskin for Proliferation of Wing Disc-Associated Muscle Precursors[END_REF]. The role of Cut and Vg in the diversification of adult muscle type was confirmed a few years later by a study on the identity of leg disc myoblasts [START_REF] Maqbool | Shaping leg muscles in Drosophila: role of ladybird, a conserved regulator of appendicular myogenesis[END_REF]. In this work, the authors showed that most of the leg disc myoblasts expressed cut, consistent with Sudarsan's observations, as leg muscles display a tubular fate [START_REF] Soler | Coordinated development of muscles and tendons of the Drosophila leg[END_REF]. However, a small subpopulation of myoblasts, associated with the most proximal part of the leg disc, expresses vg (and low cut). They are thought to contribute to the formation of the fibrillar DVM flight muscles. Maqbool et al. have also identified the expression of the homeobox genes ladybird early and late (lbe/lbl) in Cut-positive myoblasts of the leg disc and have shown their role in the regulation of the shape, ultrastructure and functional properties of the leg muscles. Moreover, induction of lbe expression in wing disc AMPs can block the indirect flight muscle developmental program by repressing vg expression. Conversely, forced expression of vg in leg disc myoblasts leads to the formation of large muscles that resemble the fibrillar flight muscles (unpublished data). Experiments altering the level of expression of lb genes (attenuation or over-expression) differentially affect the ventrally-versus dorsally-located leg muscles, indicating that different levels of lb expression are required in dorsal and ventral muscles of the leg. This differential effect is consistent with the higher level of Lbe in ventrally-located leg myoblasts and with positive lbe regulation by extrinsic Wg signaling from the ventral epithelium. Interestingly, Lbx1, the vertebrate orthologue of the lbe/lbl, is also required for the development of vertebrate limb muscles [START_REF] Brohmann | The role of Lbx1 in migration of muscle precursor cells[END_REF][START_REF] Gross | Lbx1 is required for muscle precursor migration along a lateral pathway into the limb[END_REF], suggesting an evolutionarily conserved role for lb/Lbx1 genes in the acquisition of appendicular muscle identity.

Other TFs have been described for their capacity to affect the specification of thoracic muscles when they are downregulated. The LIM-homeobox gene apterous (ap) and the homeobox gene lateral muscles scarcer (lms) are both co-expressed with cut in wing disc AMPs and required for the specification and functional properties of DFMs, respectively [START_REF] Ghazi | Apterous mediates development of direct flight muscles autonomously and indirect flight muscles through epidermal cues[END_REF][START_REF] Bernard | Control of apterous by vestigial drives indirect flight muscle development in Drosophila[END_REF][START_REF] Müller | Regulation and functions of the lms homeobox gene during development of embryonic lateral transverse muscles and direct flight muscles in Drosophila[END_REF]. Loss of function of erect wing (ewg) causes severe defects in DVM and DLM indirect flight muscles, although its expression begins several hours after vg and cut expression [START_REF] Desimone | the Drosophila member of a family of DNA binding proteins is required in imaginal myoblasts for flight muscle development[END_REF]. Lastly, we can mention the role of Spalt major (Salm) as a master regulator of fibrillar flight muscle fate [START_REF] Schönbauer | Spalt mediates an evolutionarily conserved switch to fibrillar muscle fate in insects[END_REF]. Salm acts downstream of Vg, and of Extradenticle (Exd) and Homothorax (Hth) [START_REF] Bryantsev | Extradenticle and Homothorax Control Adult Muscle Fiber Identity in Drosophila[END_REF], to regulate the expression and the splicing of key sarcomeric components of fibrillar and tubular muscles [START_REF] Spletter | The RNA-binding protein Arrest (Bruno) regulates alternative splicing to enable myofibril maturation in Drosophila flight muscle[END_REF][START_REF] Spletter | A transcriptomics resource reveals a transcriptional transition during ordered sarcomere morphogenesis in flight muscle[END_REF][START_REF] Oas | Arrest is a regulator of fiber-specific alternative splicing in the indirect flight muscles of Drosophila[END_REF]. Moreover, the Ectopic expression of Salm in leg muscles does induce a flight muscle like fate with fibrillar muscle morphology and flight muscle specific proteins isoforms being expressed. Thus Salm is necessary but also sufficient to induce the entire transcriptional program at the origin of fibrillar muscle fate [START_REF] Schönbauer | Spalt mediates an evolutionarily conserved switch to fibrillar muscle fate in insects[END_REF].

Muscle differentiation: activation of the myogenic transcriptional program

Myocyte enhancer factor 2 (Mef2) is a highly conserved transcription factor containing two key functional domains named MADS box and Mef2 domains. It plays a prominent role in the myogenic process by controlling the expression of many muscle genes in vertebrates and invertebrates [START_REF] Taylor | Mef2 and the skeletal muscle differentiation program[END_REF]. In the Drosophila embryo, Mef2 is considered as the main myogenic regulatory factor (MRF) responsible for larval muscle differentiation [START_REF] Bour | Drosophila MEF2, a transcription factor that is essential for myogenesis[END_REF][START_REF] Lilly | Requirement of MADS domain transcription factor D-MEF2 for muscle formation in Drosophila[END_REF][START_REF] Ranganayakulu | A series of mutations in the D-MEF2 transcription factor reveal multiple functions in larval and adult myogenesis in Drosophila[END_REF]. Mef2 is also required during adult myogenesis [START_REF] Ranganayakulu | A series of mutations in the D-MEF2 transcription factor reveal multiple functions in larval and adult myogenesis in Drosophila[END_REF][START_REF] Nguyen | Mutations within the conserved MADS box of the D-MEF2 muscle differentiation factor result in a loss of DNA binding ability and lethality in Drosophila[END_REF], and its over-expression in AMPs is sufficient to trigger muscle differentiation [START_REF] Soler | The Him gene inhibits the development of Drosophila flight muscles during metamorphosis[END_REF][START_REF] Lovato | Transcription of Myocyte enhancer factor-2 in adult Drosophila myoblasts is induced by the steroid hormone ecdysone[END_REF]. More broadly, Mef2 controls multiple aspects of all adult muscle development [START_REF] Soler | The conserved transcription factor Mef2 has multiple roles in adult Drosophila musculature formation[END_REF][START_REF] Bryantsev | Differential requirements for Myocyte Enhancer Factor-2 during adult myogenesis in Drosophila[END_REF], through the regulation of genes involved in the different steps of muscle differentiation, from myoblast fusion to myofibrillogenesis [START_REF] Ranganayakulu | A series of mutations in the D-MEF2 transcription factor reveal multiple functions in larval and adult myogenesis in Drosophila[END_REF][START_REF] Lin | Myocyte-specific enhancer factor 2 acts cooperatively with a muscle activator region to regulate Drosophila tropomyosin gene muscle expression[END_REF][START_REF] Arredondo | Control of Drosophila paramyosin/miniparamyosin gene expression. Differential regulatory mechanisms for muscle-specific transcription[END_REF][START_REF] Marín | Transcription of Drosophila troponin I gene is regulated by two conserved, functionally identical, synergistic elements[END_REF][START_REF] Brunetti | Identification of singles bar as a direct transcriptional target of drosophila Myocyte enhancer factor-2 and a regulator of adult myoblast fusion[END_REF][START_REF] Chechenova | Expression of the Troponin C at 41C Gene in Adult Drosophila Tubular Muscles Depends upon Both Positive and Negative Regulatory Inputs[END_REF].

As previously stated, Mef2 activity must be temperate to prevent pre-mature differentiation of the AMPs (see section 4.2 and Fig. 3). Control of Mef2 expression and activity has been investigated mainly during the formation of DLM with the fusion of myoblasts with persistent larval muscles [START_REF] Fernandes | Development of the indirect flight muscles of Drosophila[END_REF]. The expression of Mef2 is initiated during the third larval instar in all imaginal myoblasts [START_REF] Ranganayakulu | A series of mutations in the D-MEF2 transcription factor reveal multiple functions in larval and adult myogenesis in Drosophila[END_REF]. Twist directly binds a Mef2 enhancer element to induce its expression [START_REF] Cripps | The myogenic regulatory gene Mef2 is a direct target for transcriptional activation by Twist during Drosophila myogenesis[END_REF]. However, together with Notch signaling, Twist is known to maintain AMPs in an undifferentiated state until metamorphosis, presumably through the activation of myogenic repressing factors [START_REF] Boukhatmi | A population of adult satellite-like cells in Drosophila is maintained through a switch in RNA-isoforms[END_REF][START_REF] Anant | Twist and Notch negatively regulate adult muscle differentiation in Drosophila[END_REF][START_REF] Soler | The Him gene inhibits the development of Drosophila flight muscles during metamorphosis[END_REF]. These results show that the balance of positive and negative signals must be tightly controlled to regulate the transition from proliferating myoblasts to differentiated myoblasts/myotubes. A general scheme can be pictured from the different studies conducted on DLM development (Fig. 5). During IFM formation, the Notch pathway is active in myoblasts but inactive in developing fibers [START_REF] Bernard | Notch pathway repression by vestigial is required to promote indirect flight muscle differentiation in Drosophila melanogaster[END_REF]. However, while Notch acts, in combination with Twist, as an anti-myogenic factor and favors myoblast proliferation, it is also necessary for initiating vg expression, which in turn is required for correct DLM patterning [START_REF] Bernard | Integration of differentiation signals during indirect flight muscle formation by a novel enhancer of Drosophila vestigial gene[END_REF]. However, Vg and its co-factor Scalloped (Sd) have been shown to control fringe (fng), which encodes for a glycosyltransferase that modifies the affinity of the Notch for its ligands [START_REF] Bernard | Notch pathway repression by vestigial is required to promote indirect flight muscle differentiation in Drosophila melanogaster[END_REF][START_REF] Moloney | Fringe is a glycosyltransferase that modifies Notch[END_REF]. Fng expression is essential to inhibit the Notch pathway in pre-fusing myoblasts and in developing fibers [START_REF] Bernard | Notch pathway repression by vestigial is required to promote indirect flight muscle differentiation in Drosophila melanogaster[END_REF]. Interestingly, an 822 bp enhancer in the vg intronic sequence is activated by Mef2, Vg and Sd in differentiating fibers and in the myoblasts before their fusion [START_REF] Bernard | Integration of differentiation signals during indirect flight muscle formation by a novel enhancer of Drosophila vestigial gene[END_REF]. Thus, Mef2 in synergy with Vg/Sd could act in a positive feedback loop to maintain vg expression in developing DLM. Caine et al. [START_REF] Caine | Mef2 Interacts with the Notch Pathway during Adult Muscle Development in Drosophila melanogaster[END_REF] showed that Mef2 could also repress Notch pathway in a different context, possibly by regulating the expression of its ligand delta in developing fibers through a specific enhancer. How this balance of positive and negative signals is weighted in favor of muscle differentiation remained to be elucidated. Lovato et al. [START_REF] Lovato | Transcription of Myocyte enhancer factor-2 in adult Drosophila myoblasts is induced by the steroid hormone ecdysone[END_REF] showed that a pulse of steroid hormone 20-hydroxyecdysone (Ecdysone) will upregulate Mef2 expression at the onset of metamorphosis. The pulse of steroid hormone activates the expression of broad complex (br), which in turn regulates the expression of Mef2 [START_REF] Lovato | Transcription of Myocyte enhancer factor-2 in adult Drosophila myoblasts is induced by the steroid hormone ecdysone[END_REF]. One other possibility is that other substances could trigger the myogenetic transcriptional program. For instance, an unexpected role for Rbf (retinoblastoma factor) as a direct myogenic activator has been proposed [START_REF] Zappia | Rbf Activates the Myogenic Transcriptional Program to Promote Skeletal Muscle Differentiation[END_REF]. Because of this well-known function as a negative regulator of cell proliferation, Rbf is a good candidate for impacting both AMP proliferation and muscle differentiation.

Myofibrillogenesis and sarcomere assembly

Despite muscle specialization for walking, heartbeat, swimming or flying, the sarcomere, the unit of muscle contraction, is a highly conserved structure in the animal kingdom. Again, studies focusing on the development of the large Drosophila indirect flight muscles have greatly expanded our knowledge on how sarcomeres assemble into a linear myofibril spanning the entire muscle fiber from one attachment site (tendon) to another [START_REF] Spletter | The RNA-binding protein Arrest (Bruno) regulates alternative splicing to enable myofibril maturation in Drosophila flight muscle[END_REF][START_REF] Reedy | Ultrastructure of developing flight muscle in Drosophila. I. Assembly of myofibrils[END_REF][START_REF] Kreuz | Alterations in flight muscle ultrastructure and function in Drosophila tropomyosin mutants[END_REF][START_REF] Weitkunat | Tension and Force-Resistant Attachment Are Essential for Myofibrillogenesis in Drosophila Flight Muscle[END_REF]. These studies reveal that mechanical forces act during muscle development. The attachment of muscle fibers to their respective tendons is crucial to generating the initial tension required for sarcomere morphogenesis and self-organizing myofibrils. This mechanism has lately been very well documented and discussed, and we refer the reader to the excellent recent review of Lemke and Schnorrer [START_REF] Lemke | Mechanical forces during muscle development[END_REF]. In the past year, the same authors have quantified in vivo the role of Talin in force transmission between ECM and the cytoskeleton of the developing flight muscle fiber [START_REF] Lemke | A small proportion of Talin molecules transmit forces at developing muscle attachments in vivo[END_REF]. Talin is an integrin-associated protein that links Integrin tails to the actin cytoskeleton [START_REF] Brown | Talin Is Essential for Integrin Function in Drosophila[END_REF]. Using CRISPR/Cas9 technology, the above authors created a set of Talin tension sensors by incorporating, in the talin gene locus, different mechanosensitive linker peptides associated with FRET-mediated fluorescent proteins. Depending on the tension generated, the Talin protein would be stretched. Its conformational change caused the activation/inhibition of FRET-mediated fluorescence. By means of this tension measurement, they determined in vivo that of the large pool of Talin entities required for muscle-tendon connection, only a small proportion could take the mechanical load required for the myofibrillogenesis [START_REF] Lemke | A small proportion of Talin molecules transmit forces at developing muscle attachments in vivo[END_REF].

Coordinated development with associated tissues

The effectiveness of a mature muscle depends not only on the proper formation of the contractible muscle fibers themselves, but also on the accurate coordinated development of other tissues associated with the muscles. Building a complex musculoskeletal system thus requires the integration of multiple tissue interactions throughout the myogenic process. Here we highlight some recent features concerning the developmental interactions with three of these tissues, namely the nerves, the tendons and the tracheal system.

With the nervous system

During metamorphosis, the different steps of motoneuron outgrowth, pruning and neuromuscular junction stabilization of the DLM are well-described [START_REF] Fernandes | The development of indirect flight muscle innervation in Drosophila melanogaster[END_REF][START_REF] Fernandes | Nerve-muscle interactions during flight muscle development in Drosophila[END_REF][START_REF] Hebbar | Pruning of motor neuron branches establishes the DLM innervation pattern in Drosophila[END_REF]. More recent studies focusing on the adult leg muscle innervation have greatly added to our knowledge of the identity and origin of leg motoneurons, and of the specific interactions between a motoneuron and its muscle target. During leg development, 14 appendicular muscles are innervated in a stereotyped manner [START_REF] Baek | Lineage and Birth Date Specify Motor Neuron Targeting and Dendritic Architecture in Adult Drosophila[END_REF][START_REF] Brierley | Developmental origins and architecture of Drosophila leg motoneurons[END_REF]. Motoneurons emanate from ganglia near the ventral nerve cord, located in the three thoracic segments. Arising from 11 neuroblasts, each leg motoneuron has its own morphology and expresses a specific combination of identity genes. This code of transcription factors determines the development and muscle targeting of each motoneuron [START_REF] Enriquez | Specification of Individual Adult Motor Neuron Morphologies by Combinatorial Transcription Factor Codes[END_REF]. The importance of the developing muscle fibers for the patterning of the peripheral nervous system is a consensual paradigm and is also observed during Drosophila adult myogenesis [START_REF] Fernandes | The development of indirect flight muscle innervation in Drosophila melanogaster[END_REF][START_REF] Fernandes | Nerve-muscle interactions during flight muscle development in Drosophila[END_REF]. However, there is also evidence that muscle innervation can influence the myogenic process. As previously stated, it has been shown that innervation is absolutely required for the formation of the male specific abdominal muscle [START_REF] Lawrence | The muscle pattern of a segment of Drosophila may be determined by neurons and not by contributing myoblasts[END_REF][START_REF] Currie | Innervation is essential for the development and differentiation of a sex-specific adult muscle in Drosophila melanogaster[END_REF]. Moreover, experimental denervation at the onset of flight muscle development revealed that motoneurons regulate myoblast proliferation [START_REF] Fernandes | Motoneurons regulate myoblast proliferation and patterning in Drosophila[END_REF][START_REF] Fernandes | Nerve-muscle interactions during flight muscle development in Drosophila[END_REF]. Presence and/or segmental identity of motoneurons also appear crucial for adult muscle patterning, as denervation or manipulation of Hox gene expression in specific motoneurons can affect the pattern of flight and leg muscles, possibly by regulating founder cell specification [START_REF] Dutta | Hox Genes Regulate Muscle Founder Cell Pattern Autonomously and Regulate Morphogenesis Through Motor Neurons[END_REF][START_REF] Fernandes | Motoneurons regulate myoblast proliferation and patterning in Drosophila[END_REF].

With tendons

Despite having no internal skeleton, Drosophila possesses specialized cells that ensure somatic muscle attachment to the exoskeleton. These muscle attachment sites (MAS), also called apodemes or tendon-like cells, originate from epidermal cells expressing the transcription factor Stripe (Sr) [START_REF] Volk | A central role for epidermal segment border cells in the induction of muscle patterning in the Drosophila embryo[END_REF][START_REF] Frommer | Epidermal egr-like zinc finger protein of Drosophila participates in myotube guidance[END_REF]. Sr is a zinc-finger transcription factor whose vertebrate homologues, EGR1 and EGR2 are involved in tendon development [START_REF] Lejard | EGR1 and EGR2 involvement in vertebrate tendon differentiation[END_REF]. To date, Drosophila MAS specification and development have been well-documented for larval muscles [START_REF] Schweitzer | Connecting muscles to tendons: tendons and musculoskeletal development in flies and vertebrates[END_REF]. It is broadly accepted that muscles and their attachment sites develop in a twostep manner. Thus larval tendon-like precursors are specified and pre-differentiate independently of the developing muscle fibers, whereas the terminal phase of MAS differentiation, along with muscle fiber maintenance, are interdependent [START_REF] Schweitzer | Connecting muscles to tendons: tendons and musculoskeletal development in flies and vertebrates[END_REF]. The development of adult muscle attachment sites has received less attention. As we mentioned above, the mechanical tension generated by muscle attachment is determinant for the later phase of adult muscle development (myofibrillogenesis). However, potential early interactions have also been suggested during the early phase of adult myogenesis. Similarly to larval MAS, the specification of abdominal and thoracic tendon-like cells of the adult fly is dependent on sr expression [START_REF] Soler | Coordinated development of muscles and tendons of the Drosophila leg[END_REF][START_REF] Fernandes | Development of the indirect flight muscle attachment sites in Drosophila: role of the PS integrins and the stripe gene[END_REF]155]. In third instar larvae, five clusters of Sr-positive cells are singled out from the wing disc epithelium on control by positional cue signals and prepattern genes [START_REF] Ghazi | Prepattern genes and signaling molecules regulate stripe expression to specify Drosophila flight muscle attachment sites[END_REF][START_REF] Usui | Mutual exclusion of sensory bristles and tendons on the notum of dipteran flies[END_REF]. These tendon precursors of the flight muscles are defined within the notum region where they are juxtaposed to the adepithelial AMPs. From unpublished observations, Vijayraghavan's team first raised the possibility that sr-expressing cells might influence founder cell selection among the pool of AMPs [START_REF] Dutta | Founder myoblasts and fibre number during adult myogenesis in Drosophila[END_REF] [START_REF] Dutta | Founder myoblasts and fibre number during adult myogenesis in Drosophila[END_REF]). In the leg disc, apodemes adopt a specific shape: Sr-positive epithelial cells invaginate and extend to form long internal tube-shape structures called long internal tendons, to which muscle fibers connect. Both tendon and muscle precursors develop in a coordinated way [START_REF] Soler | Coordinated development of muscles and tendons of the Drosophila leg[END_REF]. As tendon precursors elongate, founder myoblasts remain closely associated with them. Consistently, impaired tendon development leads to myoblast mispositioning [START_REF] Soler | Coordinated Development of Muscles and Tendon-Like Structures: Early Interactions in the Drosophila Leg[END_REF]. To date, molecular data are still lacking, and interacting partners remain to be identified. Recent and further genomic data should help shed more light on these potential early interactions.

With the oxygen-providing system

To supply oxygen to various organs including muscles, Drosophila has developed a complex tracheal system, displaying large arrays of branched tubule ramifications [START_REF] Hayashi | Development and Function of the Drosophila Tracheal System[END_REF]. For sustained effort during flight, the IFMs are supplied with oxygen by a specific tracheal organ called the dorsal air sac [START_REF] Manning | Development of the Drosophila tracheal system, in: The Development of Drosophila Melanogaster[END_REF]. The air sac primordium (ASP) developed from a tracheal branch outgrowth that invades the wing disc epithelium by remodeling the surrounding ECM [START_REF] Powers | The Air Sac Primordium of Drosophila: A Model for Invasive Development[END_REF]. During larval-to-pupal transition, precursor cells composing the air sac primordium (ASP), form a bud in response to FGF emanating from wing disc cells, proliferate and migrate towards the AMPs associated with the notum [START_REF] Sato | FGF is an essential mitogen and chemoattractant for the air sacs of the drosophila tracheal system[END_REF]. The wing disc notum is also the source of Dpp, a TGF-beta family member, which is also essential for normal ASP development [START_REF] Roy | Specificity of Drosophila Cytonemes for Distinct Signaling Pathways[END_REF][START_REF] Roy | Cytoneme-mediated contact-dependent transport of the Drosophila Decapentaplegic signaling protein[END_REF]. During its development, ASP extends several hundred specialized actin-based filopodia, called cytonemes, with different sensitivities to Dpp or FGF-expressing cells [START_REF] Roy | Specificity of Drosophila Cytonemes for Distinct Signaling Pathways[END_REF][START_REF] Roy | Cytoneme-mediated contact-dependent transport of the Drosophila Decapentaplegic signaling protein[END_REF]. Whereas long cytonemes contain Breathless (Btl) the receptor for Branchless (Bnl) FGF signal, short ones preferentially harbor Thickvein (tkv) receptor to capture Dpp signaling [START_REF] Roy | Specificity of Drosophila Cytonemes for Distinct Signaling Pathways[END_REF]. Interestingly, the Notch pathway is also activated in tracheal cells in response to the Delta ligand delivered by AMPs cytonemes [START_REF] Huang | Myoblast cytonemes mediate Wg signaling from the wing imaginal disc and Delta-Notch signaling to the air sac primordium[END_REF]. The same AMPs can project filopodia containing Frizzled (Fz), a Wnt signal receptor, toward Wg-producing epithelial cells. Because of Wg pathway activation, dpp expression is negatively regulated in Wg up-taking myoblasts, suggesting that AMPs relay Wg signaling from the disc to control Notch signal transduction in the ASP [START_REF] Huang | Myoblast cytonemes mediate Wg signaling from the wing imaginal disc and Delta-Notch signaling to the air sac primordium[END_REF].

Ultimately, at later stages of metamorphosis, to provide oxygen to mature muscles efficiently, tracheal tubes ramify deep in the fiber to invade T-tubules, plasma membrane invaginations that facilitate excitation-contraction coupling in flight muscles [START_REF] Peterson | Subcellular trafficking of FGF controls tracheal invasion of Drosophila flight muscle[END_REF]. During this process, muscle secretion of the Bnl/FGF chemoattractant signal is confined to the T-tubule membrane [START_REF] Peterson | Subcellular trafficking of FGF controls tracheal invasion of Drosophila flight muscle[END_REF]. Interestingly, the distribution of Bnl/FGF is rerouted from the T-tubule to all membrane muscles in AP-1γ-depleted flight muscles [START_REF] Peterson | Subcellular trafficking of FGF controls tracheal invasion of Drosophila flight muscle[END_REF]. AP-1γ is a component of AP-1 Clathrin complex involved in subcellular trafficking to basolateral domain. This result is evidence that Bnl/FGF subcellular trafficking is required to modulate spatial accumulation of the ligand and direct tracheal invasion to T-tubules. More recently, Sauerwald et al. [START_REF] Sauerwald | Matrix metalloproteinase 1 modulates invasive behavior of tracheal branches during entry into Drosophila flight muscles[END_REF] have shown that secretion of Matrix metalloprotease protein 1 (Mmp1) by the tracheal branch is required to remodel the extracellular matrix around branch tips and sustain tracheal invasion. They also show that Mmp1 can promote the degradation of Bnl/FGF ligand in cultured cells, suggesting its role in the regulation of the FGF spatial accumulation [START_REF] Sauerwald | Matrix metalloproteinase 1 modulates invasive behavior of tracheal branches during entry into Drosophila flight muscles[END_REF].

Conclusions and future directions

Despite sharing a general outline with larval myogenesis, the development of adult muscles has specific features that enable the study of myogenic processes that cannot be addressed during embryogenesis. One of the most exciting observations of the last decade is undoubtedly the existence of Drosophila adult muscle satellite cells [START_REF] Boukhatmi | A population of adult satellite-like cells in Drosophila is maintained through a switch in RNA-isoforms[END_REF][START_REF] Chaturvedi | Identification and functional characterization of muscle satellite cells in Drosophila[END_REF], which provides an exciting opportunity to use the power of the Drosophila genetic model to improve our knowledge of muscle satellite cell biology. This adult muscle diversity has enabled developmental biologists to begin studying other underexplored mechanisms. Analysis of smooth-like muscle testes has thus given new insights into muscle plasticity and myotube collective migration [START_REF] Kuckwa | A New Level of Plasticity: Drosophila Smooth-like Testes Muscles Compensate Failure of Myoblast Fusion[END_REF][START_REF] Rothenbusch-Fender | Myotube migration to cover and shape the testis of Drosophila depends on Heartless, Cadherin/Catenin, and myosin II[END_REF]. Muscle lineage reprogramming, from syncytial muscle dedifferentiation into mononucleate myoblasts, is now being investigated through the development of ventral longitudinal musculature of the Drosophila heart [START_REF] Schaub | Org-1-Dependent Lineage Reprogramming Generates the Ventral Longitudinal Musculature of the Drosophila Heart[END_REF][START_REF] Schaub | Yorkie and JNK revert syncytial muscles into myoblasts during Org-1-dependent lineage reprogramming[END_REF]. Finally, the adult Drosophila musculature offers a better model to explore mechanisms involved in age-related loss and weakness [START_REF] Maruzs | On the Fly: Recent Progress on Autophagy and Aging in Drosophila[END_REF] and possibly to establish new therapeutic strategies to prevent such impairments. Sagittal view of leg tubular fibers with nuclei (blue) located in the center of the fibers and cross section (C").

Figure 2. Expression of Hox genes in the ectoderm and adult muscle precursors.

A schematic diagram of the Hox gene expression along the antero-posterior axis of Drosophila late embryo. Hox genes expressed in ectodermal segments and adult muscle precursors, associated with imaginal discs in the thorax and with nervous system in the abdomen, are labeled in the same color. We note that in the wing disc, AMPs do not express any Hox genes (white). Gene abbreviations: lab, labial; pb, proboscipedia; Dfd, Deformed; Scr, Sex combs reduced; Antp, Antennapedia; Ubx, Ultrabithorax; abd-A, abdominal-A; Abd-B, Abdominal-B. At larval and early metamorphosis stages, myoblasts associated with the wing disc proliferate and then migrate toward the degenerating larval oblique muscles (LOMs). During these steps, Notch and Twist prevent myoblast premature differentiation by regulating the expression of the two muscle development inhibitors Him and zfh1. These factors antagonize the activity of the Mef2-positive myogenic regulatory factor, the expression of which is positively regulated by Twist. At the end of larval stages, the burst of ecdysone could tilt the balance in favor of muscle differentiation by upregulating Mef2 expression. Thus, Mef2 could activate a positive feedback loop by indirectly repressing Notch activity through positive regulation of vg, sd and delta. In pre-fusing myoblasts, Mef2, Vg and the co-factor Sd regulate the expression of fng, a glycosyltransferase that modulates Notch ability to interact with its ligands. In developing fibers, Mef2, possibly in cooperation with Sd, regulates delta expression, which could cisinhibit Notch activity. Unknown mechanisms (possibly involving FGF) allow the selection of one founder myoblast, displaying a high level of duf expression, for de novo formation of each DFM and DVM muscle fiber. The dorsal longitudinal muscles (DLMs) form by fusion of some wing disc-associated AMPs with the three larval oblique muscles (LOMs) undergoing histolysis that subsequently split into six muscles. In that case, LOMs served as a scaffold expressing a high level of duf, whereas fusing myoblasts behave as FCMs and start to express stick-and-stone (sns), the interacting partner of Duf. (B) In the leg disc, high duf expression appears in myoblasts close to developing long tendons. These founder myoblasts also express the iTFs Ladybird early and late (Lb), whose expression requires an FGF signal. (C) In the abdomen, after proliferation of nerve-associated AMPs, all differentiating myoblasts express a low level of duf (light blue). Local FGF signal relayed by its Htl receptor and the transducing factor Stumps leads to the up-regulation of duf in one selected FC (dark blue) per muscle fiber. Sensitivity to FGF signal in other myoblasts is lower down by the FGF inhibitor Sprouty. Consequently, these myoblasts adopt FCM-like behavior and fuse with selected FC. (A) Scheme of the adult muscle pattern of the thoracic segment. For simplicity, only one leg is represented, and the TDT is not shown. Tubular muscles are colored dark gray (DFMs and leg muscles) and fibrillar muscles (DLM and DVM) in light gray. Dorsal is top, anterior is left. (B) Expression patterns of identity transcription factors in muscle subsets. Colored muscles indicate that the corresponding iTF was expressed during the myogenic process but its expression is not necessarily known to be maintained in the fully differentiated fiber. Gene abbreviations: vg, vestigial; lb, labdybird; ewg; erect wing; ap, apterous; salm, spalt major; lms, lateral muscle scarcer. 

Figure 1 .

 1 Figure 1. Adult Drosophila musculature. A. Scheme of adult Drosophila sagittal view. During flight, the thorax is stretched by two sets of fibrillar muscles called indirect flight muscles (DVMs and DLMs) in two opposite directions: along the dorso-ventral axis by the DVM (light red) and the antero-posterior direction by the dorso-longitudinal muscles (DLMs, dark red). Most other adult muscles are tubular muscles (green). The group of small muscles at the base of the wing insertion are termed direct flight muscles. The massive "jump muscle" stretching from dorsal thorax to the ventral T2 leg is called TDT (tergal depressor of the trochanter). Abdominal muscles display a stereotyped repeated pattern in each segment. (B-C) Transgenic flies expressing Mhc-GFP protein (B) Six DLMs are present per hemithorax, with close-up (B') and cross section (B") of fibrillar fibers. (C) Leg muscle fibers (green) are organized around a long internal tendon (red) with two main muscles per segment (one dorsal and one ventral muscle). Muscles in the femur and tibia are clearly visible here, and tarsal segments are devoid of muscles. (C')
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 3 Figure 3. Model of multiple signal integration during DLM development differentiation.

Figure 4 .

 4 Figure 4. Mechanisms of adult founder cell selection during adult myogenesis. (A) Direct (DFM) and indirect flight muscles (IFM: DVM and DLM) arise from AMPs associated with the wing disc expressing twist and a low level of duf.Unknown mechanisms (possibly involving FGF) allow the selection of one founder myoblast, displaying a high level of duf expression, for de novo formation of each DFM and DVM muscle fiber. The dorsal longitudinal muscles (DLMs) form by fusion of some wing disc-associated AMPs with the three larval oblique muscles (LOMs) undergoing histolysis that subsequently split into six muscles. In that case, LOMs served as a scaffold expressing a high level of duf, whereas fusing myoblasts behave as FCMs and start to express stick-and-stone (sns), the interacting partner of Duf. (B) In the leg disc, high duf expression appears in myoblasts close to developing long tendons. These founder myoblasts also express the iTFs Ladybird early and late (Lb), whose expression requires an FGF signal. (C) In the abdomen, after proliferation of nerve-associated AMPs, all differentiating myoblasts express a low level of duf (light blue). Local FGF signal relayed by its Htl receptor and the transducing factor Stumps leads to the up-regulation of duf in one selected FC (dark blue) per muscle fiber. Sensitivity to FGF signal
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 5 Figure 5. Restricted expression patterns of identity transcription factors (iTFs) in adult thoracic muscles.
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