
Abstract 

Formation of a dorsoventral axis is a key event in the early development of most animal 

embryos. In vertebrates, early separation of cell fate domains precedes specification of 

ectoderm to neural and non-neural as well as mesoderm to dorsal and ventral during 

development.  Maintaining such division with the establishment of an exact border between 

the domains is required for the formation of highly differentiated structures such as neural 

tube and chorda. In the cephalochordate amphioxus, genes encoding Chordin, Bmps and 

transcription factors downstream of Bmp signaling such as Vent are expressed in patterns 

reminiscent of those of their vertebrate orthologues.  However, the key question is whether 

the conservation of expression patterns of network constituents implies conservation of 

functional network interactions, and if so, how an increased functional complexity can evolve. 

Here, we therefore investigated the role of Bmp signaling in axial patterning and cell fate 

determination in amphioxus, the basal chordate possessing a centralized nervous system and 

dorsal mesoderm. Using heterologous systems, namely by reporter gene assays in mammalian 

cell lines and by transgenesis in medaka fish, we have compared the gene regulatory network 

implicated in dorsoventral patterning of the basal chordate amphioxus and vertebrates. We 

found that Bmp but not canonical Wnt signaling regulates promoters of genes encoding 

amphioxus homeodomain proteins Vent2 and Vent1. Vent1 can directly repress promoters of 

amphioxus Goosecoid and Chordin genes. We show that pharmacological inhibition of Bmp 

signaling induces dorsalization of amphioxus embryos and expansion of neural plate markers, 

which is consistent with an ancestral role of Bmp signaling in chordate axial patterning and 

neural plate formation. Furthermore, we provided evidence for the presence of the 

autoactivating loop within the Bmp signaling network of amphioxus. We suggest that 

emergence of an autoactivating loop within the Bmp signaling network may represent a key 

molecular event in the evolutionary history of the chordate cell fate determination. Using 

mRNA microinjections we found that, in contrast to vertebrate Vent genes, which promote the 

expression of Bmp4, amphioxus Vent1 is likely not responsible for activation of 

cephalochordate ortholog Bmp2/4. Our data indicate high evolutionary conservation of a core 

Bmp-triggered gene regulatory network for dorsoventral patterning in chordates and suggest 

that co-option of the canonical Wnt signaling pathway for dorsoventral patterning in 

vertebrates represents one of the innovations through which an increased morphological 

complexity of vertebrate embryo is achieved. 


