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Research


The main interest of the Thisses Lab is to understand the molecular mechanisms that control the formation of the early vertebrate embryo. The following questions are currently addressed: how molecular signals from maternal or zygotic origins control the fate of early embryonic cells; how these signals interact with each other to define embryonic germ layers  and control their regionalization into organs, tissues and cell types; how molecular signals generate organizer activities that control the initial formation of the embryo. To address these questions we use the zebrafish (Danio rerio) as a model organism. Our long term goal is to identify how naïve, early embryonic blastomeres with stem cell properties can be directed toward the formation of complete tissues and organs in a vertebrate organism.


There are several project areas currently under investigation. Opportunities are available for predoctoral and/or postdoctoral research in these areas.





1 – Molecular signals controlling the organizing activities of the embryo:

We have established that the organization of the embryo is controlled not by an unique center located at the dorsal margin as it was thought since the original work from Spemann and Mangold 85 years ago but that the whole embryonic margin acts as a global organizer, with each domain along the dorso-ventral axis of this territory being responsible for the organization of specific parts of the embryo along the antero-posterior axis. The ventral most margin is required for the organization of the tail, the lateral and dorso-lateral margin control the formation of trunk and posterior head while the dorsal margin is required for the formation of anterior head and axial structures (notochord and floor plate). We have shown that these organizing properties result from the interaction between BMP and Nodal signaling pathways and that the antero-posterior nature of the structures organized is defined by the ratio of stimulation of these two pathways. 

We are now trying to integrate these data in order to establish the conditions required to reconstitute the complete body plan of a vertebrate embryo. Combined stimulation of naïve cells of the animal pole, used as embryonic stem cells, with BMP and Nodal pathways leads to induce the formation of various ectopic structures recapitulating the territories and organs of the whole embryo. These experiments are performed either in vivo, in the embryo itself, or in an in vitro tissue culture.
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2 – Regulations and interactions between signaling pathways controlling the early development

Taking advantage of previous genome wide in situ hybridization screens we performed in the past (30,000 cDNAs analyzed) we have identified novel regulators of the signaling pathways we are studying. Our current analysis focuses on the function of a homeobox containing gene that controls the level of repression of the Wnt signaling pathway by modulating the binding activity of a specific co-repressor on TCF/Lef transcription factor (a downstream mediator of the canonical Wnt pathway).

The analysis of correlations between gene expression patterns allowed us to define the FGF synexpression group that includes FGF ligands, spry2, spry4 and Sef which are feedback inhibitors of the FGF pathway, as well as two transcription factors of the Ets family, Erm and PEA3 acting downstream of the FGF pathway. We have characterized a novel member of this synexpression group, specifically expressed in the yolk syncitial layer at blastula and gastrula stages and which is required in the control of the dorso-ventral patterning of the embryo by modulating the activity of heterotrimeric G proteins. The molecular dissection of its function is underway.









3 - Maternal control of embryonic development

It has been clearly established that the embryonic development is initially controlled by the activity of maternal components synthesized during ovogenesis and that generate the initial asymmetry of the embryo. 
Our current study have identified several new factors including a bHLH transcription factor as well as a novel metalloproteinase acting maternally that control the dorso-ventral patterning and cell movements of the early blastula embryo.



[image: fishCHT][image: fishCHT][image: fishCHT]



Representative Publications



Fauny, J-D., Thisse, B. and Thisse, C. (2009). The entire zebrafish blastula/gastrula margin acts as an organizer dependent on the ratio of Nodal/BMP activity. Development. 136 :3811-3819.

Thisse, C. and Thisse, B. (2008) High resolution in situ hybridization on whole-mount zebrafish embryo. Nat. protoc. 3: 59 - 69.

Dal-Pra, S., Fürthauer, M., Van-Celst, J., Thisse, C. and Thisse, B. (2006). Noggin 1 and follistatin-like 2 function redundantly to chordin to antagonize BMP activity. Dev. Biol. 298, 514-526.

Seiliez, I., Thisse, B. and Thisse, C. (2006) FoxA3 and Goosecoid Promote Anterior Neural Fate through Inhibition of Wnt8a Activity Before the Onset of Gastrulation Dev. Biol. 290, 152-163.

Thisse, B. and Thisse, C. (2005) Functions and Regulations of Fibroblast Growth Factor Signaling during Embryonic Development. Dev Biol. 287, 390-402

Fürthauer, M., Van Celst, Thisse, C. and Thisse, B (2004). FGF signalling controls the Dorso-Ventral patterning of the zebrafish embryo. Development. 131, 2853-2864

[bookmark: OLE_LINK3]Agathon, A., Thisse, C. and Thisse, B. (2003). The molecular nature of the zebrafish tail organizer.  Nature. 424 : 448-452.

Fürthauer, M, Lin, W., Ang, S-L., Thisse, B. and Thisse, C. (2002). Sef acts as a novel feedback induced antagonist of FGF signaling. Nat. Cell Biol. 4, 170-174.

Fürthauer, M. Reifers, F. Brand, M. Thisse, B. and Thisse, C. (2001) Zebrafish sprouty4 acts as a feedback-induced antagonist of signaling by multiple FGFs. Development  128, 2175-2186.

Schmid, B., Fürthauer, M., Connors, S. A., Trout, J., Thisse, B., Thisse, C. and Mullins, M. C. (2000). Equivalent genetic roles for bmp7/snailhouse and bmp2b/swirl in dorsoventral pattern formation. Development 127, 957-967. 

Thisse, B., Wright, C. V. E. and Thisse, C. Activin and Nodal-related factors control antero-posterior patterning of the zebrafish embryo (2000). Nature 403, 425-427.

Thisse, C. and Thisse, B. (1999). Antivin, a novel and divergent member of the TGF superfamily, negatively regulates mesoderm induction. Development. 126, 229-240

Fürthauer, M., Thisse, C. and Thisse, B. (1997). A role for FGF-8 in the dorsoventral patterning of the zebrafish gastrula. Development. 124, 4253-4264.



[image: Image 3_Thisse.jpg                                             0007EB7CSystem                         BD33CB46:]
[image: NP-PFV070349_Thisse fig6 - copie]
image10.jpeg
=




image12.jpeg




image13.jpeg




image14.png

image1.png




