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Introduction

The tight regulation of gene expression during development, cell differentiation, and cell identity maintenance involves the 3-dimensional (3D) organisation of the genome. This organisation is apparent at different levels, from large chromosome territories and compartments to more restricted structures such as TADs and local loops (Figure 1). As general principles of chromatin organisation are largely conserved across metazoans, Drosophila melanogaster rapidly emerged as a model of choice for the field. Over the years, fly researchers have developed an extremely flexible genetic toolbox including balancer chromosomes, the GAL4/UAS expression system, efficient transgenesis, and genome editing by CRISPR-Cas9 [START_REF] Hales | Genetics on the Fly: A Primer on the Drosophila Model System[END_REF]. In addition, the Drosophila genome is relatively small (180 Mb with only three pairs of autosomes) and thoroughly annotated (it was one of the first genomes to be sequenced, in 2000 [START_REF] Adams | The Genome Sequence of Drosophila melanogaster[END_REF]).

Overall, this makes Drosophila an excellent model organism to study chromatin organisation. In this review, we first introduce the different levels of chromatin organisation in Drosophila nuclei, before describing in detail TAD borders and their dynamics with respect to transcription. We conclude by illustrating the benefits of polymer modelling in deciphering the essential mechanisms underlying TAD formation in Drosophila.

Different levels of chromatin organisation

During interphase, eukaryotic chromosomes are confined within the nucleus, where a globally compact and efficient folding of chromatin is enforced, while appropriate regions remain accessible for normal gene expression. This compaction clearly does not occur at random. Since the 19 th century, thanks to the rapid development of microscopy, we know that chromosomes occupy different territories within the nucleus (Figure 1a, reviewed in [START_REF] Cremer | Chromosome Territories[END_REF]). They are locally constrained [START_REF] Marshall | Interphase chromosomes undergo constrained diffusional motion in living cells[END_REF] and segregated in different nuclear regions, with partial and stochastic overlaps in the periphery of the territories [START_REF] Hochstrasser | Spatial organization of chromosomes in the salivary gland nuclei of Drosophila melanogaster[END_REF]. These territories are not identical from cell to cell, nonetheless large and gene-poor chromosomes tend to be located close to the periphery of the nucleus, while short and gene-rich chromosomes are more frequently found at the centre of the nucleus. Similarly, the level of folding and compaction of chromosomes depends on their localisation within the nucleus. At the periphery of the nucleus, chromatin is associated to the nuclear lamina and appears very compact and generally transcriptionally inactive, while closer to the centre of the nucleus chromatin is less compact and enriched in transcriptionally active regions [START_REF] Pickersgill | Characterization of the Drosophila melanogaster genome at the nuclear lamina[END_REF][START_REF] Marshall | Specific interactions of chromatin with the nuclear envelope: positional determination within the nucleus in Drosophila melanogaster[END_REF][START_REF] Boutanaev | The Pattern of Chromosome Folding in Interphase Is Outlined by the Linear Gene Density Profile[END_REF]. Clusters of genes associated with the nuclear lamina are dynamically co-regulated during development via a transient reduction of Lamin binding and relocation towards the nuclear interior [START_REF] Pickersgill | Characterization of the Drosophila melanogaster genome at the nuclear lamina[END_REF]. In addition, Drosophila chromosomes adopt a polarised orientation, known as the Rabl configuration, with centromeres and telomeres clustering separately at two opposite nuclear poles (Figure 1a) [START_REF] Marshall | Interphase chromosomes undergo constrained diffusional motion in living cells[END_REF][START_REF] Hochstrasser | Spatial organization of chromosomes in the salivary gland nuclei of Drosophila melanogaster[END_REF][START_REF] Padeken | The Nucleoplasmin Homolog NLP Mediates Centromere Clustering and Anchoring to the Nucleolus[END_REF][START_REF] Lowenstein | Long-Range Interphase Chromosome Organization in Drosophila: A Study Using Color Barcoded Fluorescence In Situ Hybridization and Structural Clustering Analysis[END_REF][START_REF] Li | The three-dimensional genome organization of Drosophila melanogaster through data integration[END_REF].

Finally, in Drosophila genomes, homologous chromosomes are paired throughout the cell cycle, interacting with each other in tight and loose trans-interactions [START_REF] Abed | Highly Structured Homolog Pairing Reflects Functional Organization of the Drosophila Genome[END_REF][START_REF] Erceg | The Genome-Wide, Multi-Layered Architecture of Chromosome Pairing in Early Drosophila Embryos[END_REF]. As a consequence, gene expression can be affected by a phenomenon called transvection [START_REF] Duncan | Transvection effects in Drosophila[END_REF], where cis-regulatory elements regulate the expression of genes located on the homologous chromosome [START_REF] Lim | Visualization of Transvection in Living Drosophila Embryos[END_REF].

The recent development of the chromosome conformation capture (3C) technique and its genome-wide derivatives (such as Hi-C) allows the identification, in a high-throughput manner, of genomic regions that are in close proximity in vivo. Seminal Hi-C experiments performed in Drosophila embryos revealed the presence of large (100 kb on average) and discrete domains along the linear chromosomes [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF]. Such "topologically-associated domains" (TADs), are defined as chromosomal regional displaying a high selfinteraction frequency delimited by a dramatic decrease of interaction frequencies with the regions on either side of the domains that defines their boundaries (Figure 1b,c). Hi-C experiments also revealed a segregation of the genome into two types of compartments, called A and B compartments, which represent the first principal component of the Hi-C contact matrix and can be visualised as a plaid-like pattern on Hi-C contact maps (Figure 1b) [START_REF] Rowley | Evolutionarily Conserved Principles Predict 3D Chromatin Organization[END_REF]. The A compartment contains gene-rich and transcriptionally active open chromatin, while the B compartment is gene-poor and enriched for closed chromatin regions [START_REF] Rowley | Evolutionarily Conserved Principles Predict 3D Chromatin Organization[END_REF]. Compartments tend to interact more frequently within their own class, probably owing to the preferential affinity of the protein set carried on each compartment for their siblings.

TADs and compartments can be classified into four main classes according to their global chromatin signature: one active class (corresponding to the A compartment) and three inactive classes (corresponding to the B compartment). Indeed, TADs strongly correlate with epigenetic domains, and their boundaries are enriched with active histone post-translational modifications and insulator protein binding sites [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF] (developed below). While chromatin state is quite consistent within a same TAD, the segregation of active and repressive marks is not always perfect and TADs can display heterogeneous chromatin states [START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF]. Active TADs are enriched in transcriptionally active genes and therefore display active chromatin marks (H3K4me3 and H3K36me3) [START_REF] Ho | Comparative analysis of metazoan chromatin organization[END_REF]. Inactive TADs are more frequently found associated with the nuclear lamina compared to active TADs [START_REF] Pickersgill | Characterization of the Drosophila melanogaster genome at the nuclear lamina[END_REF]. The first class of inactive TADs corresponds to Polycomb-repressed loci that are enriched in histone H3 trimethylated at lysine 27 (H3K27me3) [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF][START_REF] Cheutin | Polycomb silencing: from linear chromatin domains to 3D chromosome folding[END_REF]. These Polycomb-associated TADs represent approximately 10% of the fly genome and contain a significant number of developmental genes and transcription factors, notably involved in tissue patterning. The second class of inactive TADs is composed of heterochromatin enriched in H3K9me2, HP1, and Su(var)3-9 [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF]. Finally, the third class, covering up to 50% of the euchromatin, is devoid of specifically-enriched chromatin marks [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Ho | Comparative analysis of metazoan chromatin organization[END_REF][START_REF] Filion | Systematic protein location mapping reveals five principal chromatin types in Drosophila cells[END_REF]. However, recent studies showed that the H3K27me2 chromatin mark is pervasive in transcriptionally repressed regions and thus is likely to be present in this "void" inactive TAD class [START_REF] Lee | Genome-wide activities of Polycomb complexes control pervasive transcription[END_REF][START_REF] El-Sharnouby | Regions of very low H3K27me3 partition the Drosophila genome into topological domains[END_REF].

TADs and compartments are evolutionarily conserved structures [START_REF] Krefting | Evolutionary stability of topologically associating domains is associated with conserved gene regulation[END_REF] present in a large variety of species, including mammals [START_REF] Dixon | Topological domains in mammalian genomes identified by analysis of chromatin interactions[END_REF][START_REF] Nora | Spatial partitioning of the regulatory landscape of the X-inactivation centre[END_REF], zebrafish [START_REF] Gómez-Marín | Evolutionary comparison reveals that diverging CTCF sites are signatures of ancestral topological associating domains borders[END_REF], Caenorhabditis elegans [START_REF] Crane | Condensin-driven remodelling of X chromosome topology during dosage compensation[END_REF], and yeast [START_REF] Mizuguchi | Cohesin-dependent globules and heterochromatin shape 3D genome architecture in S. pombe[END_REF][START_REF] Hsieh | Mapping Nucleosome Resolution Chromosome Folding in Yeast by Micro-C[END_REF], suggesting that they represent robust functional units of the genome. Drosophila TADs are generally smaller than mammalian TADs (1 Mb on average in mouse and human). However, the detection of TADs is highly dependent on the resolution of the Hi-C assays and the detection threshold used in the TAD discovery algorithms, generating a large discrepancy between studies. Indeed, first reports indicated that the Drosophila genome may contain about 1300 TADs [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF], while more recent studies using higher resolution Hi-C assays distinguished 2000 to 4000 or more TADs [START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF][START_REF] Eagen | Polycomb-mediated chromatin loops revealed by a subkilobase-resolution chromatin interaction map[END_REF][START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF]. Because TADs are weakly defined at many loci, it has been proposed that the Drosophila genome is partitioned in TADs that are separated either by short boundaries or by longer unstructured "inter-TADs" regions [START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF]. More recently, it was reported that these inter-TAD regions actually contain small contiguous active TADs with an average size of tens of kilobases [START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF], which might establish gene loops between transcriptional start and termination sites, and have also been referred to as "mini-domains" [START_REF] Rowley | Evolutionarily Conserved Principles Predict 3D Chromatin Organization[END_REF]. Larger TADs would instead be enriched in inactive regions [START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF]. In addition, TADs and inter-TADs have been shown to correspond to the cytological bands and interbands of the polytene chromosomes [START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF][START_REF] Zhimulev | Genetic Organization of Interphase Chromosome Bands and Interbands in Drosophila melanogaster[END_REF][START_REF] Stadler | Convergence of topological domain boundaries, insulators, and polytene interbands revealed by high-resolution mapping of chromatin contacts in the early Drosophila melanogaster embryo[END_REF][START_REF] Eagen | Stable chromosome condensation revealed by chromosome conformation capture[END_REF].

In addition to the uncertainty in the number and location of TAD boundaries, their actual function in transcription regulation is also heavily debated. TADs are thought to define isolated/insulated structural domains within which chromatin looping brings genes in close proximity with their regulators. Indeed, the expression of genes located within the same TAD is more highly correlated than that of genes separated by TAD boundaries [START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF], probably because cis-regulatory elements are predominantly located in the same TADs as their target promoters. However, engineered chromosomal inversions affecting the genomic organisation of three testis-specific gene clusters or deficiencies affecting the left arm of chromosome 2 only mildly affect gene expression [START_REF] Meadows | Neighbourhood Continuity Is Not Required for Correct Testis Gene Expression in Drosophila[END_REF][START_REF] Lee | Effects of Gene Dose, Chromatin, and Network Topology on Expression in Drosophila melanogaster[END_REF]. Similarly, the analysis of nested chromosomal inversions present within the second and third chromosomes of a highly rearranged "balancer" line revealed that changes in chromatin organisation and changes in gene expression are largely uncoupled [START_REF] Ghavi-Helm | Highly rearranged chromosomes reveal uncoupling between genome topology and gene expression[END_REF]. At many loci, breaking, shuffling, or fusing TADs can have surprisingly little effect on gene expression, suggesting that TAD boundaries are not always essential for correct gene expression [START_REF] Ghavi-Helm | Highly rearranged chromosomes reveal uncoupling between genome topology and gene expression[END_REF].

The role of chromatin organisation in the regulation of gene expression appears to be more complex than previously thought.

Within TADs, chromatin loops between regulatory elements are involved in the fine regulation of gene expression. Genes are positively regulated through enhancer-promoter interactions, where enhancers are brought in close proximity to their target promoter(s) and activate transcription via the release of paused RNA polymerase II (RNA Pol II) [START_REF] Ghavi-Helm | Enhancer loops appear stable during development and are associated with paused polymerase[END_REF] (Figure 1d). In some cases, distal enhancer-promoter interactions are facilitated by the pairing of insulator proteins that dimerise to form a loop [START_REF] Maksimenko | Enhancer-Promoter Communication Is Regulated by Insulator Pairing in a Drosophila Model Bigenic Locus[END_REF][START_REF] Chen | Dynamic interplay between enhancer-promoter topology and gene activity[END_REF]. In other cases, enhancer-promoter interactions have been associated with the presence of paused RNA Pol II [START_REF] Ghavi-Helm | Enhancer loops appear stable during development and are associated with paused polymerase[END_REF]. While most chromatin interactions are limited within a single TAD, examples of long-range contacts across TAD boundaries have also been reported [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF]. Some of these long-range contacts involve Polycomb domains, initially visualised by microscopy as distinct foci called "Polycomb bodies". Longrange interactions driven by Polycomb-mediated looping are responsible for the negative regulation of developmental gene expression. These interactions involve Polycomb response elements (PREs) and the recruitment of the Polycomb repressive complex PRC1 [START_REF] Eagen | Polycomb-mediated chromatin loops revealed by a subkilobase-resolution chromatin interaction map[END_REF][START_REF] Ogiyama | Polycomb-Dependent Chromatin Looping Contributes to Gene Silencing during Drosophila Development[END_REF][START_REF] Cléard | Probing long-distance regulatory interactions in the Drosophila melanogaster bithorax complex using Dam identification[END_REF][START_REF] Lanzuolo | Polycomb response elements mediate the formation of chromosome higher-order structures in the bithorax complex[END_REF][START_REF] Tolhuis | Interactions among Polycomb Domains Are Guided by Chromosome Architecture[END_REF][START_REF] Grimaud | RNAi Components Are Required for Nuclear Clustering of Polycomb Group Response Elements[END_REF] (extensively reviewed in [START_REF] Entrevan | Regulation of Genome Architecture and Function by Polycomb Proteins[END_REF]). Longrange gene-gene interactions can also involve non-Polycomb repressed genes [START_REF] Stadler | Convergence of topological domain boundaries, insulators, and polytene interbands revealed by high-resolution mapping of chromatin contacts in the early Drosophila melanogaster embryo[END_REF], some of which can be co-expressed, such as the hbs (hibris) and sns (sticks and stones) genes [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Ghavi-Helm | Highly rearranged chromosomes reveal uncoupling between genome topology and gene expression[END_REF].

Drivers of chromatin organisation

The genetic and epigenetic rules that may drive TAD formation and maintenance have been the subject of intense research in recent years. In particular, great efforts have been directed towards the precise identification and description of TAD boundaries and the different factors bound in those regions, to disclose the molecular mechanisms at stake.

Active chromatin and transcription

While TADs can be classified based on their respective epigenetic states, their borders exhibit constant properties: they tend to be located in gene-rich and highly-transcribed open chromatin regions characterised by the presence of particular chromatin marks. More specifically, TAD boundaries are enriched with active chromatin marks such as H3K27ac, H3K4me1, H3K4me3, H3K36me3, and H4K16ac [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF][START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF][START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF][START_REF] Luzhin | Quantitative differences in TAD border strength underly the TAD hierarchy in Drosophila chromosomes[END_REF], and depleted in the repressive H3K27me3 chromatin mark [START_REF] El-Sharnouby | Regions of very low H3K27me3 partition the Drosophila genome into topological domains[END_REF][START_REF] Stadler | Convergence of topological domain boundaries, insulators, and polytene interbands revealed by high-resolution mapping of chromatin contacts in the early Drosophila melanogaster embryo[END_REF]. Boundaries are also particularly sensitive to DNase I treatment, a hallmark of open chromatin, and thus significantly depleted in nucleosomes [START_REF] Stadler | Convergence of topological domain boundaries, insulators, and polytene interbands revealed by high-resolution mapping of chromatin contacts in the early Drosophila melanogaster embryo[END_REF]. In addition, the RNA Pol II itself [START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF][START_REF] Hug | Chromatin Architecture Emerges during Zygotic Genome Activation Independent of Transcription[END_REF] as well as the general transcription factor TFIIC [START_REF] Stadler | Convergence of topological domain boundaries, insulators, and polytene interbands revealed by high-resolution mapping of chromatin contacts in the early Drosophila melanogaster embryo[END_REF] are enriched at TAD boundaries. snoRNAs, known to mediate the stable opening of chromatin [START_REF] Schubert | Df31 protein and snoRNAs maintain accessible higher-order structures of chromatin[END_REF], have also been identified as positive drivers for boundary demarcation [START_REF] Mourad | Computational Identification of Genomic Features That Influence 3D Chromatin Domain Formation[END_REF]. A vast majority (77%) of boundaries overlap with the promoter of ubiquitous, stable, and highly-expressed housekeeping genes and their enhancers [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF][START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF][START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF][START_REF] Hug | Chromatin Architecture Emerges during Zygotic Genome Activation Independent of Transcription[END_REF][START_REF] Cubeñas-Potts | Different enhancer classes in Drosophila bind distinct architectural proteins and mediate unique chromatin interactions and 3D architecture[END_REF]. Tissue-specific enhancers are also occasionally associated with TAD borders [START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF][START_REF] Cubeñas-Potts | Different enhancer classes in Drosophila bind distinct architectural proteins and mediate unique chromatin interactions and 3D architecture[END_REF]. Conversely, tightly-regulated developmental genes are predominantly embedded in H3K27me3-rich domains, which mostly correspond to inactive Polycomb-repressed domains [START_REF] El-Sharnouby | Regions of very low H3K27me3 partition the Drosophila genome into topological domains[END_REF]. This enrichment of actively transcribed genes at TAD borders suggests that transcription per se might be involved in their formation. In line with this hypothesis, simulated Hi-C maps based on GRO-seq data can accurately recapitulate contact heat maps [START_REF] Rowley | Evolutionarily Conserved Principles Predict 3D Chromatin Organization[END_REF]. Besides, the genome-wide inhibition of transcription observed in cells exposed to a temperature stress (heat shock) is accompanied by a drastic reorganisation of TAD borders and a general decrease in border strength [START_REF] Li | Widespread Rearrangement of 3D Chromatin Organization Underlies Polycomb-Mediated Stress-Induced Silencing[END_REF]. However, transcription might not be the sole driver of TAD boundary formation, as suggested by the relative absence of coordinated changes in TAD boundary formation upon chemical perturbation of gene expression. Indeed, a more direct transcriptional inhibition with flavopiridol or triptolide causes a milder decrease in border strength [START_REF] Rowley | Evolutionarily Conserved Principles Predict 3D Chromatin Organization[END_REF][START_REF] Li | Widespread Rearrangement of 3D Chromatin Organization Underlies Polycomb-Mediated Stress-Induced Silencing[END_REF], and inhibiting transcription by triptolide does not prevent the establishment of chromatin organisation during genome activation in early embryos [START_REF] Hug | Chromatin Architecture Emerges during Zygotic Genome Activation Independent of Transcription[END_REF]. Furthermore, the consistency of TAD border coordinates across different sections of stage 5 embryos, suggests an uncoupling between boundary formation and transcriptional programs [START_REF] Stadler | Convergence of topological domain boundaries, insulators, and polytene interbands revealed by high-resolution mapping of chromatin contacts in the early Drosophila melanogaster embryo[END_REF], and calls for other mechanisms than transcription to be involved in TAD boundary formation. Actually, the deletion of two different 3 and 4 kb-long regions, each encompassing a different TAD border bound by multiple insulator proteins (including dCTCF and CP190) as well as the Rad21 cohesin subunit, was sufficient to cause TAD fusion [START_REF] Mateo | Visualizing DNA folding and RNA in embryos at single-cell resolution[END_REF]. It has thus been proposed that architectural proteins such as insulators might be better predictors of TAD borders than transcription itself [START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF][START_REF] Li | Widespread Rearrangement of 3D Chromatin Organization Underlies Polycomb-Mediated Stress-Induced Silencing[END_REF].

Insulators and other architectural proteins

Insulators were initially identified through their ability to prevent long-range interactions between promoters and enhancers when positioned between them [START_REF] Kellum | A position-effect assay for boundaries of higher order chromosomal domains[END_REF][START_REF] Kellum | A group of scs elements function as domain boundaries in an enhancerblocking assay[END_REF][START_REF] Holdridge | Repression of hsp70 heat shock gene transcription by the suppressor of hairy-wing protein of Drosophila melanogaster[END_REF][START_REF] Geyer | DNA position-specific repression of transcription by a Drosophila zinc finger protein[END_REF], and to block the spreading of repressive epigenetic marks [START_REF] Roseman | The su(Hw) protein insulates expression of the Drosophila melanogaster white gene from chromosomal position-effects[END_REF][START_REF] Sigrist | Chromatin insulator elements block the silencing of a target gene by the Drosophila polycomb response element (PRE) but allow trans interactions between PREs on different chromosomes[END_REF][START_REF] Mallin | Polycomb group repression is blocked by the Drosophila suppressor of Hairy-wing [su(Hw)] insulator[END_REF][START_REF] Recillas-Targa | Position-effect protection and enhancer blocking by the chicken beta-globin insulator are separable activities[END_REF][START_REF] Kahn | Polycomb complexes and the propagation of the methylation mark at the Drosophila ubx gene[END_REF]. More recently, Hi-C experiments performed on Drosophila embryos [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF] and Kc167cells [START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF], revealed that some insulator proteins are significantly enriched at TAD borders, suggesting a more global role in chromatin organisation.

Multiple studies have confirmed that insulators and other architectural proteins, including the B box binding subunit of TFIIIC, are enriched at TAD borders [START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF][START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF][START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF][START_REF] Stadler | Convergence of topological domain boundaries, insulators, and polytene interbands revealed by high-resolution mapping of chromatin contacts in the early Drosophila melanogaster embryo[END_REF][START_REF] Mourad | Computational Identification of Genomic Features That Influence 3D Chromatin Domain Formation[END_REF][START_REF] Cubeñas-Potts | Different enhancer classes in Drosophila bind distinct architectural proteins and mediate unique chromatin interactions and 3D architecture[END_REF][START_REF] Li | Widespread Rearrangement of 3D Chromatin Organization Underlies Polycomb-Mediated Stress-Induced Silencing[END_REF][START_REF] Van Bortle | Insulator function and topological domain border strength scale with architectural protein occupancy[END_REF]. Whereas vertebrate genomes are characterised by the preponderant role of the zinc finger CTCF insulator protein [START_REF] Merkenschlager | CTCF and Cohesin in Genome Folding and Transcriptional Gene Regulation[END_REF], in Drosophila, a large number of insulator proteins have been identified, including dCTCF, BEAF-32, CP190, Chromator, ZW5, mod(mdg4), GAF, M1BP, Su(Hw), Ibf1, Ibf2, Pita, ZIPIC etc. [START_REF] Kyrchanova | Chromatin insulators and long-distance interactions in Drosophila[END_REF]. These insulator proteins can be divided in different classes, each binding different regions of the genome [START_REF] Nègre | A comprehensive map of insulator elements for the Drosophila genome[END_REF]. A large number of proteins are referred to as "insulators" in Drosophila, although their actual insulation function has often not been clearly established. Many insulators might in fact be involved in transcription regulation rather than in chromatin organisation and TAD boundary formation [START_REF] Schwartz | Nature and function of insulator protein binding sites in the Drosophila genome[END_REF]. Proteins involved in chromatin organisation are thus globally referred to as "architectural proteins". dCTCF, the main driver of TAD formation in vertebrates, is enriched at gene promoters, 5' UTRs, and intergenic regions, suggesting that it might be involved in the regulation of gene expression [START_REF] Nègre | A comprehensive map of insulator elements for the Drosophila genome[END_REF]. Yet, it is only found at 28% of TAD borders, with no evidence for a specific motif orientation contrary to what is observed in vertebrates [START_REF] Rowley | Evolutionarily Conserved Principles Predict 3D Chromatin Organization[END_REF]. Moreover, it is not required during embryonic development, and its deletion is not lethal until late pupal stages. Instead, it is involved in the correct expression of Hox genes, during both embryogenesis and larvae stages [START_REF] Gambetta | The Insulator Protein CTCF Is Required for Correct Hox Gene Expression, but Not for Embryonic Development in Drosophila[END_REF]. The relatively minor role of dCTCF in Drosophila is surprising given the high enrichment of CTCF at TAD borders in vertebrates and its proposed role, in combination with the cohesin complex, in TAD formation through the loop extrusion mechanism [START_REF] Merkenschlager | CTCF and Cohesin in Genome Folding and Transcriptional Gene Regulation[END_REF]. In Drosophila, the cohesin complex is enriched at TAD boundaries, as expected from its location at the promoter of active genes [START_REF] Van Bortle | Insulator function and topological domain border strength scale with architectural protein occupancy[END_REF][START_REF] Bartkuhn | Active promoters and insulators are marked by the centrosomal protein 190[END_REF], and could therefore also participate in TAD formation.. However, a concerted action between dCTCF and cohesin in Drosophila remains uncertain. Indeed, initial experiments suggested that only 25% of dCTCF binding sites overlap with the binding of the Stromalin cohesin subunit [START_REF] Bartkuhn | Active promoters and insulators are marked by the centrosomal protein 190[END_REF], while a latter study found that nearly 50% of dCTCF binding sites overlap with the binding of the Rad21 cohesin subunit [START_REF] Van Bortle | Insulator function and topological domain border strength scale with architectural protein occupancy[END_REF]. In addition to its potential role in TAD formation, cohesin might be involved in long-range enhancer-promoter interactions. Indeed, the cohesin complex, and its loading factor Nipped-B, are bound to the promoter of many active [START_REF] Misulovin | Association of cohesin and Nipped-B with transcriptionally active regions of the Drosophila melanogaster genome[END_REF] and paused [START_REF] Fay | Cohesin Selectively Binds and Regulates Genes with Paused RNA Polymerase[END_REF] genes, as well as to enhancers [START_REF] Van Bortle | Insulator function and topological domain border strength scale with architectural protein occupancy[END_REF][START_REF] Schaaf | Genome-Wide Control of RNA Polymerase II Activity by Cohesin[END_REF]. Moreover, Nipped-B was identified in a genetic screen designed to detect architectural proteins involved in the activation of the cut gene by its remote wing enhancer [START_REF] Rollins | Nipped-B, a Drosophila Homologue of Chromosomal Adherins, Participates in Activation by Remote Enhancers in the cut and Ultrabithorax Genes[END_REF].

Cohesin has also been proposed to mediate interactions between Polycomb response elements (PREs) by controlling the binding of the Polycomb Repressive Complex 1 (PCR1) [START_REF] Schaaf | Cohesin and Polycomb Proteins Functionally Interact to Control Transcription at Silenced and Active Genes[END_REF]. Altogether, while cohesin probably has an important role in regulating gene expression, for example by promoting the formation of mini-domains [START_REF] Rowley | Condensin II Counteracts Cohesin and RNA Polymerase II in the Establishment of 3D Chromatin Organization[END_REF] or by mediating long-range enhancer-promoter interactions, its role in TAD formation through loop extrusion has not been demonstrated to date. In addition, condensin II, which largely co-localizes with cohesin [START_REF] Van Bortle | Insulator function and topological domain border strength scale with architectural protein occupancy[END_REF], might act as an antagonist to cohesin [START_REF] Rowley | Condensin II Counteracts Cohesin and RNA Polymerase II in the Establishment of 3D Chromatin Organization[END_REF].

In flies, other architectural proteins such as BEAF-32, CP190, and Chromator are probably more important than dCTCF in TAD boundary formation. In particular, CP190 and BEAF-32, enriched at gene promoters, 5' UTRs, and intergenic regions [START_REF] Nègre | A comprehensive map of insulator elements for the Drosophila genome[END_REF], are likely involved in TAD boundary formation. In synchronised cells, approximately 75% of the protein pairs BEAF-32/Chromator and BEAF-32/CP190 are found at TAD borders [START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF]. Conversely, 77% of TAD borders harbour these two protein pairs [START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF].

Additionally, expressing the dominant-negative BEAF-32 protein in the salivary glands resulted in less condensed and 'puffy' polytene chromosomes [START_REF] Gilbert | The Drosophila boundary element-associated factors BEAF-32A and BEAF-32B affect chromatin structure[END_REF]. However, siRNA depletion of BEAF-32 in S2 cells has no significant effect on TAD boundaries and chromatin interactions [START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF], a discrepancy that could be explained by the redundancy between BEAF-32 and the transcription factor DREF, which are sharing the exact same binding sites and might play redundant roles in chromatin organisation at TAD borders [START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF].

A similar 'puffy' polytene chromosome phenotype was also observed upon depletion of the JIL-1 histone H3S10 kinase [START_REF] Deng | The JIL-1 kinase regulates the structure of Drosophila polytene chromosomes[END_REF]. Interestingly, Chromator, which recruits JIL-1 on polytene chromosomes [START_REF] Gan | The Chriz-Z4 complex recruits JIL-1 to polytene chromosomes, a requirement for interband-specific phosphorylation of H3S10[END_REF], is found significantly enriched at TAD borders [START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF][START_REF] Luzhin | Quantitative differences in TAD border strength underly the TAD hierarchy in Drosophila chromosomes[END_REF]. Altogether, these results suggest that many factors could act as architectural proteins in TAD border formation. This idea is supported by in silico enhancerblocking assays, that estimate the blocking effect of combinations of different proteins and DNA-binding motifs [START_REF] Mourad | TAD-free analysis of architectural proteins and insulators[END_REF]. It is likely that TAD border strength, defined as the ratio of intra-versus inter-TAD interaction frequencies, correlates directly with the number and combination of architectural proteins bound at TAD borders [START_REF] Ramírez | High-resolution TADs reveal DNA sequences underlying genome organization in flies[END_REF][START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF][START_REF] Mourad | Computational Identification of Genomic Features That Influence 3D Chromatin Domain Formation[END_REF][START_REF] Li | Widespread Rearrangement of 3D Chromatin Organization Underlies Polycomb-Mediated Stress-Induced Silencing[END_REF][START_REF] Van Bortle | Insulator function and topological domain border strength scale with architectural protein occupancy[END_REF][START_REF] Mourad | TAD-free analysis of architectural proteins and insulators[END_REF]. In this view, architectural proteins would act synergistically, creating regulatory hubs of highly-or lowly-occupied borders that correspond to more stable or more dynamic TADs.

Dynamics of chromatin organisation

After fertilisation, early Drosophila embryos develop as a syncytium through 13 rapid and synchronised nuclear divisions (in about 120 minutes), before cellularisation occurs at nuclear cycle (nc) 14 [START_REF] Foe | Studies of nuclear and cytoplasmic behaviour during the five mitotic cycles that precede gastrulation in Drosophila embryogenesis[END_REF]. While zygotic transcription already starts at nc8, the major wave of zygotic transcription occurs at nc14. The Drosophila genome becomes gradually compartmentalised from nc12 (about 100 minutes after egg lay) into TADs, a process that continues throughout zygotic genome activation (ZGA) [START_REF] Ogiyama | Polycomb-Dependent Chromatin Looping Contributes to Gene Silencing during Drosophila Development[END_REF][START_REF] Hug | Chromatin Architecture Emerges during Zygotic Genome Activation Independent of Transcription[END_REF][START_REF] Gizzi | Microscopy-Based Chromosome Conformation Capture Enables Simultaneous Visualization of Genome Organization and Transcription in Intact Organisms[END_REF], despite being interspersed by TAD disruptions at each cell cycle (Figure 2). Although not well separated until late embryogenesis, active and Polycomb-repressed compartments start to appear soon after the major wave of ZGA, reflecting the dynamic establishment of chromatin organisation during embryogenesis [START_REF] Ogiyama | Polycomb-Dependent Chromatin Looping Contributes to Gene Silencing during Drosophila Development[END_REF]. Importantly, RNA Pol II is enriched at the boundary of newly-formed TADs and the dynamics of its recruitment strongly correlates with TAD formation. However, chemical inhibition of transcription with alpha-amanitin or triptolide before the onset of zygotic transcription (before nc8) showed that TADs can form independently of transcription, albeit with changes in intra-and inter-TAD organisation [START_REF] Hug | Chromatin Architecture Emerges during Zygotic Genome Activation Independent of Transcription[END_REF]. At nc12, in addition to RNA Pol II, TAD borders are also enriched for the binding of Zelda, a pioneering transcription factor essential to open chromatin and activate early gene expression during ZGA [START_REF] Mcdaniel | Continued Activity of the Pioneer Factor Zelda Is Required to Drive Zygotic Genome Activation[END_REF][START_REF] Schulz | Zelda is differentially required for chromatin accessibility, transcription factor binding, and gene expression in the early Drosophila embryo[END_REF].

However, the depletion of Zelda only results in a partial loss of TAD boundaries at Zelda-specific TAD boundaries, demonstrating that its possible role in TAD boundary formation is limited to only a subset of loci. Zelda is also required to induce long-range active gene contacts during the midblastula transition (nc9 to nc13). Soon afterwards it associates with GAF to determine the open chromatin structures of active gene promoters and insulators [START_REF] Ogiyama | Polycomb-Dependent Chromatin Looping Contributes to Gene Silencing during Drosophila Development[END_REF][START_REF] Schulz | Zelda is differentially required for chromatin accessibility, transcription factor binding, and gene expression in the early Drosophila embryo[END_REF]. Starting from nc14, GAF also plays a role in forming repressive short-distance loops within Polycomb domains, potentially via the recruitment of PRC1 proteins [START_REF] Ogiyama | Polycomb-Dependent Chromatin Looping Contributes to Gene Silencing during Drosophila Development[END_REF].

During cell type specification, it has been postulated that TADs might be partially rearranged in order to promote the expression of cell-type specific genes and repress alternative cell fate choices. Comparing Hi-C data from Kc167 cells (a 8-12h embryo-derived cell line) to BG3 differentiated neuronal cells, revealed that only some TADs are conserved in both cell lines, while others are cell-type specific [START_REF] Chathoth | Chromatin architecture reorganization during neuronal cell differentiation in Drosophila genome[END_REF].

Besides, enhancers controlled by neuronal-specific transcription factors are enriched in neuronal-specific TADs, suggesting that this change in topology is driven by cell differentiation [START_REF] Chathoth | Chromatin architecture reorganization during neuronal cell differentiation in Drosophila genome[END_REF]. However, comparing Hi-C data from Kc167 cells to either fly embryos or polytene chromosomes (from salivary glands of third instar larvae) revealed that TADs are invariant across these different conditions [START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF][START_REF] Eagen | Stable chromosome condensation revealed by chromosome conformation capture[END_REF]. These apparently conflicting results might be explained by discrepancies in the identification of TADs between Hi-C methods and datasets sequenced at different depths, as explained above.

Microscopy-based assays offer an interesting alternative to compare chromatin organisation across conditions and assess the timing of TAD formation with respect to transcription in single cells. Such an approach (Hi-M) in nc14 Drosophila embryos revealed important intra-TAD rearrangements at the snail locus when comparing snail-expressing and non-expressing cells [START_REF] Gizzi | Microscopy-Based Chromosome Conformation Capture Enables Simultaneous Visualization of Genome Organization and Transcription in Intact Organisms[END_REF]. Intra-TAD interactions, such as enhancer-promoter interactions, could therefore be much more dynamic and correlated to transcription than TADs boundaries. However, comparing enhancer-promoter interactions at two early embryogenesis stages (3-4h and 6-8h after egg lay) uncovered much less dynamics than expected from transcriptional changes [START_REF] Ghavi-Helm | Enhancer loops appear stable during development and are associated with paused polymerase[END_REF]. Unexpectedly, enhancers are already in close proximity to the promoter of their target gene prior to gene expression and these stable interactions are associated with the presence of paused RNA Pol II at the promoter. This suggests that enhancer-promoter interactions can be pre-formed before gene expression, and that these paused transcriptional hubs can be rapidly activated upon the recruitment of additional co-factors to release the paused polymerase [START_REF] Ghavi-Helm | Enhancer loops appear stable during development and are associated with paused polymerase[END_REF]. Stable interactions might however be specific to early stages of embryogenesis, characterised by rapid cell cycles and extensive RNA Pol II pausing at gene promoters. In addition, comparing sorted mesodermal nuclei to whole embryos revealed that enhancer-promoter interactions may form in tissues where the gene will never be expressed [START_REF] Ghavi-Helm | Enhancer loops appear stable during development and are associated with paused polymerase[END_REF]. The artificial tethering of eve enhancers to a reporter gene using homie insulator elements confirmed that the close proximity between an enhancer and its target promoter is not sufficient to activate transcription [START_REF] Chen | Dynamic interplay between enhancer-promoter topology and gene activity[END_REF]. However, physical proximity is necessary for sustained transcription, which in turn stabilizes and reinforces the physical association of paired regulatory elements [START_REF] Chen | Dynamic interplay between enhancer-promoter topology and gene activity[END_REF]. Besides, this physical association might not necessarily imply direct contact between a distal enhancer and its promoter target(s). Indeed, a recent study based on live-cell imaging reported that co-expressed genes sharing the same enhancer are separated by large distances (at least 100-200 nm) during transcription [START_REF] Heist | Large distances separate coregulated genes in living Drosophila embryos[END_REF]. The recruitment of numerous transcription factors and associated cofactors that regulate gene expression could prevent any direct contact [START_REF] Heist | Large distances separate coregulated genes in living Drosophila embryos[END_REF].

Using polymer physics to model chromatin organisation

The association of recent high-resolution techniques, namely Hi-C [START_REF] Sexton | Three-Dimensional Folding and Functional Organization Principles of the Drosophila Genome[END_REF][START_REF] Hou | Gene Density, Transcription, and Insulators Contribute to the Partition of the Drosophila Genome into Physical Domains[END_REF][START_REF] Wang | Sub-kb Hi-C in D . melanogaster reveals conserved characteristics of TADs between insect and mammalian cells[END_REF] and super-resolution imaging [START_REF] Boettiger | Super-resolution imaging reveals distinct chromatin folding for different epigenetic states[END_REF], unambiguously demonstrated a strong link between the 1D chromatin epigenetic landscape and its 3D conformation inside the nucleus. However, it is still unclear whether chromatin organisation is a by-product of epigenetic marks and transcription or is genuinely involved in regulating gene expression. Computational modelling proposes an attractive approach to investigate this question and infer which factors are essential to chromatin organisation.

Modelling treats chromatin as a semi-flexible, self-avoiding, and self-interacting copolymer obeying basic constraints of thermal motion and steric repulsion. This copolymer is composed of blocks of consecutive monomers sharing the same epigenetic state. Each monomer (i.e. genomic region) preferentially interacts with other segments in the same epigenetic state. Applying polymer modelling to Drosophila chromosomes remarkably recapitulates the organisation of the fly genome into TADs, as well as A and B compartmental organisation [START_REF] Hsieh | Mapping Nucleosome Resolution Chromosome Folding in Yeast by Micro-C[END_REF][START_REF] Deng | The JIL-1 kinase regulates the structure of Drosophila polytene chromosomes[END_REF][START_REF] Gan | The Chriz-Z4 complex recruits JIL-1 to polytene chromosomes, a requirement for interband-specific phosphorylation of H3S10[END_REF][START_REF] Mourad | TAD-free analysis of architectural proteins and insulators[END_REF]. In this model, transcriptionally inactive 'null' domains, devoid of specific epigenetic marks, behave as polymers in a fractal globule [START_REF] Boettiger | Super-resolution imaging reveals distinct chromatin folding for different epigenetic states[END_REF]. There, nucleosome-nucleosome interactions are thought to be a dominant, potentially sufficient, mechanism for the high compaction of inactive domains [START_REF] Lesage | Polymer coil-globule phase transition is a universal folding principle of Drosophila epigenetic domains[END_REF]. Conversely, the relatively decondensed active domains might correspond to low nucleosome interactions [START_REF] Ulianov | Active chromatin and transcription play a key role in chromosome partitioning into topologically associating domains[END_REF][START_REF] Boettiger | Super-resolution imaging reveals distinct chromatin folding for different epigenetic states[END_REF][START_REF] Lesage | Polymer coil-globule phase transition is a universal folding principle of Drosophila epigenetic domains[END_REF][START_REF] Ea | Distinct polymer physics principles govern chromatin dynamics in mouse and Drosophila topological domains[END_REF]. Experimentally, the acetylation of histones is known to promote chromatin unfolding by decreasing nucleosome-nucleosome interactions, as the neutralisation of positive charges on histone tails on a nucleosome hinders interaction with the acidic patch of another nucleosome [START_REF] Shimamoto | Nucleosome-nucleosome interactions via histone tails and linker DNA regulate nuclear rigidity[END_REF]. Besides nucleosome-nucleosome interactions, computational analyses give strong interaction values for Polycomb-repressed domains, suggesting a prominent role for the molecular bridging action of Polycomb-group proteins and linker histone H1 [START_REF] Boettiger | Super-resolution imaging reveals distinct chromatin folding for different epigenetic states[END_REF][START_REF] Lesage | Polymer coil-globule phase transition is a universal folding principle of Drosophila epigenetic domains[END_REF].

Although epigenetic modifications appear to be primary drivers of spatial organisation, recent studies suggest that precise spatial organisation strongly influences the stability and spreading of epigenetic states [START_REF] Jost | Modeling epigenome folding: formation and dynamics of topologically associated chromatin domains[END_REF][START_REF] Michieletto | Polymer model with Epigenetic Recoloring Reveals a Pathway for the de novo Establishment and 3D Organization of Chromatin Domains[END_REF][START_REF] Ghosh | How epigenome drives chromatin folding and dynamics, insights from efficient coarse-grained models of chromosomes[END_REF][START_REF] Jost | Epigenomics in 3D: importance of long-range spreading and specific interactions in epigenomic maintenance[END_REF]. Chromatin folding would create hubs enriched for specific regulatory proteins, increasing the local concentration of these molecular actors and their binding affinities. These "biochemical nano-reactors" would participate in the trans spreading of an epigenetic state to other chromatin segments [START_REF] Ghosh | How epigenome drives chromatin folding and dynamics, insights from efficient coarse-grained models of chromosomes[END_REF]. Importantly, current models assuming that chromatin organisation is solely driven by the epigenetic state of interacting domains are certainly over-simplified. Indeed, the presence of TAD borders between segments in the same epigenetic state demonstrates that TAD formation simulations should include additional mechanisms besides homotypic chromatin folding [START_REF] Mateo | Visualizing DNA folding and RNA in embryos at single-cell resolution[END_REF].

Nevertheless, polymer modelling is a valuable tool to challenge the current biological hypotheses regarding TADs formation during embryonic development, differentiation, and cell cycle. In addition, the theoretical framework developed in computational modelling studies will enable investigations under perturbed conditions and undoubtedly provide clues regarding the identity and function of essential factors driving chromatin organisation.

Concluding remarks

Over the last few years, sustained efforts have been carried out to precisely describe and understand the mechanisms driving TAD formation and dynamics. Complementary approaches, such as Hi-C experiments, super-resolution imaging, and in silico modelling have allowed an integrative and powerful analysis of spatial chromatin organisation in various model organisms, from yeast to human. In Drosophila, TAD formation has been proposed to arise from the combinatorial action of (i) specific interactions between chromatin segments sharing the same epigenetic state, (ii) binding of insulators, chromatin remodelers, and other architectural proteins at TAD orders, and (iii) active transcription. This combination of mechanisms could explain the robustness of TAD organisation and the mild phenotypes observed upon challenges as diverse as protein depletion, genomic rearrangements, or chemical inhibition. The comparative analysis of TAD organisation in different model organisms also raises a number of puzzling questions. For example, how do insulators and cohesin function in TAD border formation and long-range interactions in Drosophila compared to vertebrates? Is the function of TADs evolutionary conserved? While topological domains are conserved among most metazoan, the mechanisms that organise and maintain them have evolved. Chromatin organisation thus appears to be an important functional feature of the genome rather than a by-product of gene expression and regulation. With a large and expanding toolbox including the maternal knock-out of genes during 
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 1 Figure 1: Hierarchical organisation of the Drosophila genome. a. Chromosomes are compacted within the nuclei in a Rabl-like configuration, i.e. the centromeres of the chromosomes cluster together to one pole of the nucleus in close proximity to the nucleolus, while the telomeres are found in the opposite pole. b. Chromosomes are divided in small and compact domains called topologically-associated domains (or TADs) that cluster together according to their chromatin state and form the A (blue) and the B (pink) compartments. c. TADs bring into close proximity genes and their cis-regulatory regions and are thought to form isolated transcriptional units within which the expression of genes is correlated. TADs are delimited by the presence of architectural protein binding sites at their borders. Drosophila TADs form relatively few loop domains compared to mammals, thus contacts between borders might be less frequent. d. Within TADs, enhancers are brought into close proximity to the promoter of the genes they regulate through loops that can be mediated by insulator pairing or RNA Pol II pausing. Active enhancers and promoters are bound by RNA Pol II, transcription factors (TFs) and co-factors.

Figure 2 :

 2 Figure 2: Schematic representation of Hi-C contact maps of inactive and active Drosophila genome states.Before zygotic genome activation (ZGA) and during cell cycle, when the genome is transcriptionally inactive, the Drosophila genome is unstructured, as shown by uniform contact frequencies in Hi-C contact maps. At the onset of ZGA, weak TADs, loops, and compartments start to appear and gradually become stronger at later stages of development. TAD formation is concomitant with the transcription of the genes present at their borders.

embryogenesis, CRISPR-Cas9 induced mutations, super-resolution imaging, and single-cell -omic technologies, Drosophila will certainly remain a model of choice to address outstanding questions regarding the 3D genome organisation.
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