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Rationale. 
The tremendous development in sequencing technologies have brought to attention non-
coding elements of the human genome. In particular, long non-coding RNAs (lncRNAs) are 
emerging as key elements in regulatory networks. LncRNAs provide flexible mechanisms of 
gene expression control, acting either at the transcriptional or post-transcriptional level, for 
example regulating the activity of transcription factors or epigenetic remodeling complexes at 
the level of plasticity-related chromatin regions (Kopp F, Mendell JT Cell 2018). The number 
of annotated lncRNAs in the human genome surpass 10,000 genes. Though, we know the 
functions of just a few hundred of them. How can we distinguish which of the identified 
lncRNAs play important roles and how do they work exactly? 
Pooled CRISPR-based screens are a powerful technology to probe multiple genetic 
elements and dissect those that are functionally relevant. Most recent application combines 
CRISPR screening with single cell RNA sequencing approach, facilitating high-throughput 
functional dissection of complex regulatory mechanisms (Datlinger P. et al., Nature 2018). 
We are proposing to use single-cell CRISPR approach to dissect the transcriptional effects 
of lncRNAs. In particular, we will use gRNAs targeting lncRNA candidates potentially 
involved in breast cancer and address their role (if any) in regulating transcriptional 
programs in breast cancer by means of single cell transcriptomics. 

Aims. 
This project aims at developing a computation framework that will be used to investigate the 
effects of lncRNAs in breast cancer cells by using a modern approach that combines the 
powerful technology of pooled CRISPR screening with single cell transcriptome readout 
(CRISPR droplet sequencing – CROPseq). 

Objectives. 
More specifically, the project will investigate current methods for scRNA-Seq and develop 
extensions as required in order to assign transcriptomics signatures to cells with specific 
perturbations, based on the output of CROPseq data. The project will primarily centre on the 
data sets produced by the partner at IIT, Francesco Nicassio, but will eventually test the 
methodology to further publicly available CROPseq datasets, to ensure wide applicability of 
the analytical tools. The main objectives are: 

1. Identify the transcriptional changes from bulk RNA-Seq assays on breast tumour 
cells that harbour specific lncRNA perturbations in order to obtain a robust mapping 
of each perturbation to gene expression changes. 

2. Develop an analytical framework for the resolution of multiple lncRNA perturbations 
within a cell according to the single cell transcriptomic output.  

3. Develop a generalised tool that can automatically assign transcriptomic effects to the 
causing perturbations from CROPseq datasets at the single cell level (map gRNAs to 
cells).  



Integration of Expertise of Partners. 

Alvis Brazma is the Functional Genomics Senior Team Leader at EMBL-EBI and has been 
involved in cancer RNAseq and gene expression analysis for about 10 years, starting with 
leading the bioinformatics part in the European ICGC Renal cancer project and more lately 
co-leading the ICGC PCAWG RNA group, the project which is now in the final stages. In this 
project, he will provide analysis expertise. 

Irene Papatheodorou is the Gene Expression Team Leader at EMBL-EBI and has 
expertise in single cell RNA-Seq data analysis and pipeline development. Her team develops 
EMBL-EBI’s resource Expression Atlas which now incorporates single cell RNA-Seq data 
sets. Irene co-leads the analysis portals groups of the Human Cell Atlas. In this project she 
will provide analysis expertise for scRNA-Seq and the development of an analytical tool for 
the emerging CROPseq datasets. 

Francesco Nicassio is the Coordinator of the Center for Genomic Scienceof IIT (located in 
Milan) and PI of the Non-coding Genome lab, with broad expertise in modern genomic 
technologies applied to the study of non-coding RNAs (miRNAs and lncRNAs) implicated in 
complex biological processes and diseases, with a particular emphasis on cancer. Related 
to the proposed project, the lab has identified a group of lncRNAs related to breast cancer 
that will tested by CROPseq. 




