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Rationale & Hypothesis: Non-coding RNAs (ncRNAs) can act as scaffolds able to tether together 

different types of RNAs and proteins and to assemble and functionally control many processes 

occurring in non-membrane-bound structures. Among ncRNAs circular RNAs (circRNAs) have 

emerged as a complex class of eukaryotic transcripts (Salvatori et al., 2020) with important biological 

features: they display strong cell-type specificity with a great enrichment in the nervous system where 

they have been implicated in development, plasticity and aging as well as in neurological disorders. 

Similar to long non-coding RNAs, circRNAs can assemble a large variety of RNP complexes 

controlling different processes related to RNA metabolism, such as splicing, export, stability and 

translation of RNAs. In neuronal cells, where RNAs have to move dynamically through the cytosol, 

circRNAs could be instrumental to assemble RNPs necessary for the control of trafficking, and 

localized translation at synapses. Their covalently closed structure provides the required high stability 

for the regulation of processes taking place on the periphery of neuronal cells and modulated in 

response to external stimuli. 

  
Aims: The overall objective of our proposal is to perform a large-scale computational analysis of the 

circRNA’s interactome in motor neuron cells in normal and pathological conditions and 

experimentally follow up interesting candidates. 

1.  Because of the availability of in vitro and in vivo model systems that recapitulate the 

neurodegeneration occurring in ALS and thanks to the availability of a large collection of 

ncRNA data produced in IB’s lab (Errichelli et al., 2017; De Santis et al., 2017; Capauto et 

al., 2018; Biscarini et al. 2018), we  aim to compare normal and pathological conditions in 

order to discover circRNPs which are specifically altered in ALS-derived motor neurons and 

to assess how their deregulation contributes to neurodegeneration. These studies are highly 

innovative and open a largely unexplored territory for the development of novel therapeutics 

and diagnostics.  

2.  We will computationally predict the circRNA interactome using a combination of tools to 

search for sequence complementarity (NHMMER) to identify potential RNA interactions and 

then tools from the ViennaRNA package to predict energetic and structural feasibility to rank 

the interactions.  We will also investigate protein-RNA interactions using tools such as 

described by Cook et al. 2015. The project also wants to go beyond the characterization of 

the overall circRNA interactome and build a topographical map of the spatial distribution of 

the different classes of circRNPs in motor neurons. 

3. We will incorporate the resulting circRNA annotations into RNAcentral, a comprehensive 

database of ncRNA sequences (https://rnacentral.org). Despite the proliferation of circRNA 

databases (circBase, circRNABase, circNet, and others), there is a lack of a single-entry point 

for accessing the information about circRNAs. We will bridge this gap by importing the 

circRNA information from this work into RNAcentral and complement it with a regularly 

updated set of annotations from the other existing resources. 

4. The combination of biological and computational screens will allow the selection of those 

circRNAs displaying the most interesting features in terms of subcellular localization, altered 

expression in ALS-conditions, RNP composition and evolutionary conservation. Experiments  

will be then be performed to validate the computational predictions. Moreover, functional KO 

of selected circRNAs will be performed in mESCs or hiPSCs to assess their relevance in in 

vitro motor neuron differentiation and activity.  

 

https://rnacentral.org/


Significance & Impact: This project brings together a unique combination of knowledge and skills 

to tackle the important biological problem of the function and dysfunction of RNP complexes in the 

pathological cascade of events triggering neurodegeneration. The additional novelty is that this 

project wants to underscore the role of a novel class of transcripts, the circRNAs, whose function is 

still largely unexplored. The project has a truly interdisciplinary nature, combining molecular and 

cell biology techniques with advanced computational models. 

  
Integration of Expertise of Partners: Partner IB will provide the complete signature of circ-

RNAs of in vitro-derived human and mouse motor neurons as well as that of spinal cords of murine 

ALS-models.  Specific subclasses were found to be conserved between human and mouse and 

deregulated in MNs carrying ALS-associated mutations; therefore, the collaborating lab AB, by also 

taking advantage of the murine-human comparison will develop novel methods and apply existing 

methods to predict the specific interactions that these circRNAs establish with proteins and other 

RNA molecules and will unravel their link with specific motor neuron functions. Additionally, 

EMBL-EBI provides world leading databases for sequence, expression and structure, enabling 

excellent access to expertise for data analysis, as well as providing an excellent set of resources to 

widely disseminate the results of this project. Ongoing experiments will also enable the lab of IB to 

provide a list of circRNAs with different subcellular localization, thus allowing to restrict the analysis 

to specific subcellular localized circRNPs. 

 

Activity of the ETPOD fellow: During the first year of the project the ETPOD fellow will acquire 

computational expertise in the AB lab that will allow the selection of the most interesting circRNA 

candidates to be studied. He/she will then move to the IB lab where wet-lab validations and functional 

analyses will be carried out. In the second part of the project the ETPOD fellow will make a second 

visit in the AB lab for computational studies on the circRNA-dependent pathways identified in cells. 

 
Therefore this project will benefit of a combination of molecular approaches and computational 

tools that will enable to: i) predict and validate circRNP composition, ii) identify their role in motor 

neuron function and dysfunction and iv) define their function in in vitro-derived MNs and in animal 

model systems, v) facilitate the dissemination of circRNA knowledge widely. 
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