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Unlike the other chordates (i.e. urochordates and cephalochordates), vertebrates possess an extremely
specialized structure in the anterior part of their body called the «head». In vertebrates, contrary to the trunk, where
the paraxial mesoderm is segmented in somites, the head mesoderm appears as a non-segmented structure which
gives rise to some of the head muscles. Interestingly, it is extensively accepted that the last common ancestor of
all chordates possessed its body completely segmented from the most anterior to the most posterior part as extant
cephalochordates (i.e. amphioxus). This raises the question of the appearance of the unsegmented head mesoderm.
By studying somitogenesis in amphioxus, we proposed an evolutionary scenario in which the head mesoderm of
vertebrates would derive from a lateral/ventral mesodermal component and not from a paraxial anterior mesoderm
territory. From this hypothesis, the head mesoderm of vertebrates would be homologous to the ventral part of
amphioxus anterior somites.

Head striated muscles in vertebrates are innervated by motoneurons of different nature: (1) the muscles deriving
from the somites are associated to somatic spinal cord motoneurons, (2) the muscles that form from the pharyngeal
mesoderm are innervated by branchial motoneurons from the hindbrain, and (3) the extraocular muscles, which
develop from the prechordal mesoderm, are associated to specific motoneurons localized at the midbrain-hindbrain
junction. In amphioxus, the somatic motoneurons for the locomotory muscles that derive from the somites are
hypothesized to be homologues of vertebrate spinal motoneurons although they show a different mode of
neuromuscular junction, at the surface of the neural tube. The motoneurons innervating the mouth and pharyngeal
muscles were on another hand proposed as homologues of branchial motoneurons. However, the data on
motoneurons and their ontology in amphioxus are still scarse and lack more detailed genetic and molecular
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description. The objective of the project is to decipher in detail the motoneuron atlas in amphioxus larva and adult
as well as to define their developmental origin in order to test for their homology with vertebrates motoneuron
classes. This will allow us to test for our hypothesis concerning the evolution of the vertebrate head muscles. The
main tasks of the project are as follows:

1) Characterizing motoneurons in amphioxus larva and adult at the molecular level. The PhD student will
analyze during development and in adult amphioxus the expression pattern of genes known as markers of specific
motoneuron populations in vertebrates by in situ hybridization, and/or by immunostaining (Collaboration J-F.
Brunet, IBENS, Paris).

2) Characterizing the developmental trajectory of motoneurons and the neural atlas in adult amphioxus. The
team is producing scRNA-seq data at different developmental stages of amphioxus embryonic development from
early stages to the larval stage (collaboration with the teams of A. Sebe-Pedros and M. Irimia at the CRG,
Barcelona). The PhD student will participate to the analysis of these data in order to define the transcriptional
trajectories of amphioxus motoneurons. The student will also generate ScRNA-seq data of the amphioxus adult
central nervous system (collaboration with the teams of A. Sebe-Pedros (CRG, Barcelona) and J-F Brunet (IBENS,
Paris)).

3) Characterization of muscles innervation in amphioxus. As previously stated, body musculature presents
peculiar neuromuscular junctions with muscle cells contacting directly with neurons of the neural tube. The
objective of the student will be to better characterize such junctions at the molecular level. The second aim will be
to study the innervation of the mouth and pharynx muscles by using fine imaging techniques and 3D
reconstructions.

The student will be supervised by both Stéphanie Bertrand and Hector Escriva that work in the same research team
and that have complementary research skills.

Faisabilité du projet de thése (1/2 page maximum, en anglais)

Expliciter la faisabilité du projet en terme d'expertise de I'équipe d'accueil, des collaborations potentielles qui
pourront étre mises en place pour certains aspects du projet, de la disponibilité des appareils nécessaires au bon
déroulement du projet...

Our team is leader in the use of amphioxus as a model system to study chordate evolution (Bertrand and Escriva 2011, Escriva
2018) and is providing access to the animal to a large community of researchers through the EMBRC infrastructure or the
ASSEMBL+ European project. We led the European Amphioxus Genome project and recently published, together with other
laboratories and with the Genoscope, the genome and epigenome of the amphioxus species we are working with
(Branchiostoma lanceolatum) (Marletaz, Firbas et al. 2018). We therefore have access to all the biological and technical
material in order to work with this animal. We have been working on deciphering the evolutionary history of vertebrate head
mesoderm (Aldea et al., 2019) and the thesis proposal is the continuation of a long-term team project. The single-cell RNA-
seq experiments will be achieved thanks to a collaboration with two laboratories in Barcelona (Manuel Irimia and Arnau Sebe-
Pedros teams at the CRG) and the project is also part of a collaboration with the team of Jean-Frangois Brunet (IBENS, Paris).

Theéses actuellement en cours dans I’équipe

Tous les encadrements doivent étre indiqués (y compris les co-directions avec un autre HDR pour des doctorants d'une
autre ED, et les encadrements dans le cadre de programmes doctoraux tels qu'lPV, FDV...)
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