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Resum del projecte: cal adjuntar dos resums del document, l'un en anglès i l'altre en la llengua del document, on 
s'esmenti la durada de l'acció 
Resum en la llengua del projecte (màxim 300 paraules) 
 
Sox proteins are a highly conserved family of transcription factors involved in several developmental 

processes. Expression of SoxB genes correlates with the commitment of cells to a neural fate; 

however, the relevance of SoxB proteins in early vertebrate neurogenesis has been difficult to prove 

genetically due to embryonic lethality and presumed redundant functions. The nematode C. elegans 

has only 5 sox genes: sox-2 and sox-3 form the SoxB group while sem-2, sox-4 and egl-13 belong to 

other Sox groups. Our results show that sox-2 and sem-2 are the sox genes expressed earliest and in a 

broader manner during embryogenesis, being expressed in several neuronal progenitors. sox-3, sox-4 

and egl-13 are expressed in few cells during late embryogenesis, when most neurons are already born. 

Both sox-2 and sem-2 null mutants are early larval lethal but do not show neuronal specification defects 

during embryonic development as indicated by quantification of a panneuronal reporter. Potential 

redundancy or compensatory mechanisms between different sox genes have been ruled out, strongly 

suggesting that sox genes are not required for specification of embryonically-derived neurons. 

However, at the first larval stage there are still several blast cells that will give rise to different 

postembryonic lineages, which generate several neurons amongst other cell types. Interestingly, sox-2 

is expressed in many of these progenitor cells. Using mosaic analysis we have so far identified neurons 

derived from two different postembryonic lineages which fail to be generated in C. elegans sox-2 

mutants. These results support the idea that postembryonic progenitor competence is compromised in 

the absence of sox-2. 



	  	  	  	  	  	  	  	  	  	  	  

 
 

Resum en anglès (màxim 300 paraules) 
 
Sox proteins are a highly conserved family of transcription factors involved in several developmental 

processes. Expression of SoxB genes correlates with the commitment of cells to a neural fate; 

however, the relevance of SoxB proteins in early vertebrate neurogenesis has been difficult to prove 

genetically due to embryonic lethality and presumed redundant functions. The nematode C. elegans 

has only 5 sox genes: sox-2 and sox-3 form the SoxB group while sem-2, sox-4 and egl-13 belong to 

other Sox groups. Our results show that sox-2 and sem-2 are the sox genes expressed earliest and in a 

broader manner during embryogenesis, being expressed in several neuronal progenitors. sox-3, sox-4 

and egl-13 are expressed in few cells during late embryogenesis, when most neurons are already born. 

Both sox-2 and sem-2 null mutants are early larval lethal but do not show neuronal specification defects 

during embryonic development as indicated by quantification of a panneuronal reporter. Potential 

redundancy or compensatory mechanisms between different sox genes have been ruled out, strongly 

suggesting that sox genes are not required for specification of embryonically-derived neurons. 

However, at the first larval stage there are still several blast cells that will give rise to different 

postembryonic lineages, which generate several neurons amongst other cell types. Interestingly, sox-2 

is expressed in many of these progenitor cells. Using mosaic analysis we have so far identified neurons 

derived from two different postembryonic lineages which fail to be generated in C. elegans sox-2 

mutants. These results support the idea that postembryonic progenitor competence is compromised in 

the absence of sox-2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 
 
 

 
2.- Memòria del treball (informe científic sense limitació de paraules). Pot incloure altres fitxers de 
qualsevol mena, no més grans de 10 MB cadascun d’ells. 
 

BACKGROUND 
The adult nervous system is composed of a large array of cell types that arise 

from the neural plate. Despite the advances in understanding how neural tissue is 

induced (1), much less is known about the molecular mechanisms that interpret the 

inducing information in responding cells.  

The Sox proteins are a group of transcription factors involved in various 

developmental processes. They are characterized by a high-mobility-group DNA-

binding domain that was first identified in the mammalian Sry protein and are highly 

conserved throughout evolution. To date, 26 vertebrate Sox genes have been 

identified and are classified into 7 groups (A-G) based on sequence identity. At least 

12 members of the Sox gene family are expressed in the vertebrate nervous system. 

D. melanogaster has 8 Sox genes while C. elegans has only 5 (2, 3). Usually, several 

vertebrate paralogs exist for an invertebrate Sox gene, and these paralogs make up 

a common Sox group. 

Throughout evolution, the expression of the SoxB1 group genes, Sox1, Sox2 

and Sox3, directly correlates first, with ectodermal cells that are competent to acquire 

a neural fate, and second, with the commitment of cells to a neural fate. While the 

importance of SoxB1 proteins for early nervous system development has long been 

assumed from their expression patterns, genetic evidence for such a role has only 

been provided in Drosophila (4).  

To date, loss-of-function mutations in the mouse have been unable to 

determine the role of SoxB1 genes in neural development. Targeted inactivation of 

Sox2 results in peri-implantation lethality of homozygous embryos (5). Sox1 and 

Sox3 homozygous mutant mice are viable and gross morphological defects are only 

apparent at sites where the gene is uniquely expressed, the developing lens and 

pituitary, respectively (6, 7). The requirement for Sox2 in early embryogenesis, and 

the possibly redundant functions of Sox1 and Sox3 have therefore precluded an 

analysis of the role of these factors during neural induction.  

C. elegans has only 5 Sox genes, however their potential function in nervous 

system development is completely uncharacterized. The reduced number of paralog 

Sox genes in C. elegans and the easy possibility to generate double or even triple  

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

mutants in order to uncover possible redundant functions, makes it an ideal model 

system to elucidate what may be a primordial Sox function in nervous system 

development. Importantly, in contrast to other organisms such as Drosophila, in C. 

elegans, the lineage of individual cells can be precisely traced allowing to accurately 

charting the consequences of Sox gene function loss. Thus, we aimed at 

characterizing, in a comprehensive manner, Sox genes function in C. elegans 

nervous system development. 

 

RESULTS 

SOX GENES ARE EXPRESSED DURING C. ELEGANS EMBRYONIC DEVELOPMENT. 

First, we analyzed the expression pattern of all sox genes during 

embryogenesis using fosmid-based reporter genes, a novel technology developed in 

the host laboratory (8). We found that all sox genes are expressed to some extent 

during C. elegans embryogenesis being sem-2 and sox-2 the sox genes expressed 

earliest and in a broader manner. On the other hand, sox-3, sox-4 and egl-13 are 

expressed in a few cells during late embryogenesis, when most neurons are already 

born (Figure 1).  

 

Figure 1. Sox genes are expressed during C. 
elegans embryogenesis. Fosmid-based reporter 
genes showing sox genes expression at different 
stages of embryogenesis. 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

Using semi-automated lineaging tools available in the laboratory (9) we identified the 

specific cells expressing sem-2 and sox-2 during early embryogenesis and found that 

sem-2 and sox-2 are expressed in some neural progenitors but not all of them. 

Moreover we also observed sox-2 and sem-2 expression in some progenitors of non-

neural tissues; altogether indicating that there is not a perfect correlation between 

sox genes expression and neural commitment. However sem-2 and sox-2 expression 

pattern could still be compatible with a role in early neuronal specification. Hence, we 

mainly focused our efforts in further characterizing their role as potential regulators of 

early neuronal specification events. 

NEURONAL FATE IS NOT AFFECTED IN SOX MUTANTS. 

Since there was not a good sox-2 null allele available I generated a new sox-

2 allele (ot640) by targeted gene deletion using transposon excision (MosDEL) (10). 

Both sem-2 and sox-2 null mutants are embryonic or early larval lethal and show 

different degrees of morphogenesis defects. sox-3, sox-4 and egl-13 mutants are 

perfectly viable and thus very unlikely to display severe neuronal developmental 

defects. In order to check potential defects in early neuronal specification in sem-2 

and sox-2 mutants I crossed them with a panneuronal reporter (rab-3) and carefully 

quantified the total number of neurons at the first larval stage. Compared to wild type, 

we did not observe any neuronal loss in sem-2 and sox-2 mutants and the 

expression of several neuron-type specific reporters was not generally affected either 

(Figure 2). 

The possibility that sox-2 and sox-3 (both belonging to the group B) act 

redundantly seemed unlikely, at least in a broad manner, since their co-expression 

during embryogenesis is rather limited. However, in order to completely rule out 

potential redundancy or compensatory mechanisms I build the sox-2/sox-3 double 

mutant strain. Double-mutant worms did not show a more severe phenotype 

compared to sox-2 mutants and the total number of neurons was neither affected 

compared to wild type worms (Figure 2), strongly suggesting that sox genes are not 

required for specification of embryonically-derived neurons. 

 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

 

SOX-2 IS IMPORTANT FOR THE GENERATION OF SOME C. ELEGANS POSTEMBRYONIC 

LINEAGES. 

At the first larval stage C. elegans has several blast/progenitor cells that will 

keep dividing during larval development to give rise to postembryonic lineages, which 

generate a variety of cell types including neurons. Interestingly, sox-2 is expressed in 

many of these progenitor cells (e.g. rectal epithelial cells, V cells). We took 

advantage of mosaic analysis strategies to overcome the sox-2 null mutant L1 

lethality and to be able to study the sox-2 role in postembryonic development. Using 

this approach we have so far identified three postembryonic lineages that are 

somehow defective in the absence of sox-2. sox-2 mutants show defects in DVB 

gabaergic motorneuron and PDE dopaminergic sensory neuron specification (Figure 

3) which derive from the K and V5 postembryonic lineages respectively. Moreover 

sox-2 mutant males also show severe defects in spicule formation, a mating structure 

that derives from the B postembryonic lineage. These results support the idea that 

postembryonic progenitor competence is compromised in the absence of sox-2. 

 

 

 

 

Figure 2. Sox mutants do not show neuronal 
defects. The correct number of neurons is 
generated in all sox mutants. Rab-3 is a 
panneuronal reporter used to visualize neurons. 



	  	  	  	  	  	  	  	  	  	  	  

 
 

 

 

 
 

 

 

 
 

 
CONCLUSIONS 
 Sox genes are dispensable in C. elegans embryonic neuronal development 

suggesting that the early function of this family of transcription factors has diverged 

during evolution. sox-2 has a role in the development of neurons born 

postembryonically, during larval development. Defects in neurons derived from three 

different postembryonic lineages have been identified so far and the potential 

involvement of sox-2 in other C. elegans postembryonic lineages is currently being 

investigated. Our results support the idea that postembryonic progenitor competence 

is compromised in the absence of sox-2. Further experiments will shed light on the 

sox-2 mechanisms of action in this process. 
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Figure 3. sox-2 mutants show defects in DVB 
specification. Mosaic analysis example showing defects in 
DVB neuron specification in the absence of the wild-type 
sox-2 rescuing array. The extrachromosomal sox-2 
rescuing array also contains a DVB-specific marker 
(green). The red shows an integrated DVB-specific reporter 
that allows us to assess DVB specification in the absence 
of the extrachromosomal rescuing array.  
 


