
PhD Project Description 2021 
Thesis advisor : Iris Salecker (Prof. ENS) 
 

 1 

 

PROJECT DESCRIPTION 

Mechanisms controlling astrocyte branch morphogenesis in the visual system of Drosophila 

In both vertebrates and invertebrate brains, a large diversity of interconnected neurons defines neural circuit 
architecture. Yet, all neurons exist in a partnership with glia in the developing and mature brain. There is 
increasing evidence that glial cells are an integral part of the nervous system controlling neuronal development, 
function and homeostasis. Astrocytes represent a heterogeneous population with distinct branching patterns 
and functional properties. Depending on their location in the brain, they adopt star-like, columnar or other 
morphologies. Their fine, veil-like branches wrap around cell bodies, neurites and synapses with different 
densities and in a tiled manner. Similar to vertebrates, astrocyte-like glia in the central nervous system (CNS) 
of Drosophila melanogaster share remarkable morphological and molecular similarities with their vertebrate 
counterparts. However, our general understanding of the mechanisms underlying astrocyte branch 
morphogenesis in vertebrates and invertebrates remains limited, as only very few determinants have so far 
been identified that mediate this fundamental biological process. 

In the fly visual system, photoreceptors in the retina extend axons into the 
optic lobe, consisting of the lamina, medulla, lobula and lobula plate. These 
ganglia are structured into an array of columnar units. The medulla, lobula 
and lobula plate neuropils are additionally organized into parallel synaptic 
layers. We recently characterized the morphology and development of an 
astrocyte-like subtype among medulla neuropil glia (mng) (Richier et al., 
2017). Astrocyte-like mng acquire their mature columnar and layered 

branching patterns in a stepwise manner from mid-pupal development onwards. Using expression, knockdown 
and loss-of-function analyses, we established a novel role for the glial-specific Leucine-rich repeat (LRR) 
transmembrane protein Lapsyn in regulating branch morphogenesis of astrocyte-like glia in the visual system 
and other CNS areas. Building on these findings, the proposed PhD project will work towards the identification 
of the protein complexes that are essential for the acquisition of distinct astrocyte morphologies through glia-
glia and glia-neuron interactions. 

The study will focus on a so far uncharacterized candidate gene, which we previously isolated in a high-
resolution RNAi screen for secreted and transmembrane factors mediating astrocyte branch morphogenesis. 
Similar to Lapsyn, this gene encodes an orphan transmembrane-bound LRR protein. Knockdown of this gene 
reduces branch extension of astrocyte-like mng within the neuropil, but increases ectopic branch extension 
into the cortex. Moreover, a Gal4 insertion into the locus labeles astrocyte-like mng. Specific objectives will 
be: (1) to elucidate the expression pattern of this candidate protein during development, by examining available 
genetic insertions. Furthermore, the endogenous protein will be visualized using a Crispr/Cas9 mediated 
epitope-tagging strategy. (2) To unravel its function, deletion and conditional knockout alleles will be generated 
by Crispr/Cas9 technology in conjunction with homologous recombination. To assess a glial requirement in 
developing and adult optic lobes, the mutant alleles will be combined with FRT-site bearing chromosomes and 
tested with established mosaic analysis tools tailored to astrocyte-like glia. (3) Epistasis and expression 
analyses will investigate possible links with Lapsyn. (4) As a biochemical verification of physical interactions, 
pulldown experiments will test whether epitope-tagged versions of Lapsyn and our candidate LRR protein form 
complexes in vitro using cell-based assays (Drosophila S2 cells) and in vivo using lysates from whole pupae 
or dissected brains. Finally, the project will explore potential interactions with other binding partners of Lapsyn 
which we identified by label free mass spectrometry. 

Together, these findings will contribute to unraveling the key determinants, that lay down the glial patterns 
essential for accurate neuronal connectivity and function. 
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CONTEXT OF PROJECT 

The above outlined project will be part of the longstanding efforts in our laboratory to dissect the mechanisms 
that control neuron-glial interactions during visual circuit assembly in Drosophila. Following our recent move 
from London to Paris, our team at the IBENS, consisting currently of two postdoctoral fellows, one 
undergraduate student and the PI, has extensive expertise in neurodevelopmental topics, including visual 
circuit assembly, neurogenesis, axon guidance and glial biology. The project is based on an earlier initial 
characterization of our gene of interest as part of a Master project to ensure a swift start of this line of research. 
It will provide training in advanced molecular biology and genetics approaches, including Crispr/Cas9 
technology, as well as microdissections, immunolabeling and imaging of fixed tissue using laser confocal and 
electron microscopy. All technologies have been reimplemented in our new laboratory at the IBENS, which 
includes a fly room with three fly stations, a stock room, and a food kitchen set-up. The laboratory is furthermore 
equipped with all instruments to conduct molecular biology and biochemistry experiments, an injection set-up 
to generate transgenic lines, and dissection and fluorescence microscopes for sample preparation and 
imaging. Finally, the team has access to an independent Leica SP5 laser confocal microscope and, within the 
imaging platform of the IBENS, to a multiphoton microscope and an electron microscope for high resolution 
imaging studies. The team is part of the highly interactive Section of Developmental Biology with a focus on 
neurobiology, providing contextual and technical feedback for our studies. 
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