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Principal Investigator Francesco Nicassio 

Affiliation Italian Institute of Technology (IIT) 

Title of the proposed 

project:  

Unveiling the RNA Code in Cancer: Long-Read Technologies and 

AI Models 

Short description of 

the project 

Understanding transcriptional heterogeneity is critical to decode 

cancer vulnerabilities and develop effective biomarkers. This PhD 
project will leverage long-read Oxford Nanopore Technology 

(ONT) and its applications to RNA and transcriptomics — 

including full-length cDNA, single-cell cDNA, and native RNA 
sequencing — to investigate how transcript isoforms and RNA 

modifications shape the identity and adaptability of cancer cells, 

with implications for both diagnosis and therapy. 
The project will exploit a proprietary and unpublished dataset 

that represents one of the largest and most comprehensive long-
read transcriptomic resources ever generated for a single cancer 

type. 

Derived from 2D breast cancer models and patient-derived 
organoids (PDOs), this dataset integrates multiple omics layers 

and enables isoform-level reconstruction of both coding and non-
coding RNAs, alongside single-molecule detection of RNA 
modifications such as m⁶A, pseudouridine, m⁵C, and inosine. 

A key goal is to bridge bulk and single-cell resolution to capture 

cancer subtypes and plastic cell states driving tumor progression 
and treatment resistance. Based on the candidate’s background 

and interests, the project may explore one or more of the 

following directions: 
• Functional transcriptomics, dissecting isoform-specific 

regulation and RNA modification patterns underlying tumor 
plasticity and drug response; 

• Single-cell and single-molecule analysis, integrating long-

read bulk and single-cell data to resolve dynamic transcriptional 
states at high resolution; 

• AI-based modeling, developing deep learning approaches to 

extract cancer-relevant signatures and to integrate multi-omic 
data for robust classification and subtype prediction. 

The project allows for contributions to methodological 
innovation, including novel strategies for transcript annotation, 

regulatory network inference, or benchmarking of RNA 

modification detection tools. 
The PhD will be hosted in the Nicassio Lab, a hybrid 

environment with strong integration of wet-lab and 
computational expertise. The lab is internationally recognized for 

its pioneering work on gene expression regulation, non-coding 

RNA biology, and Nanopore-based transcriptomics, and is a core 
member of the RNA Flagship Program at IIT, a national initiative 

promoting RNA-based biomedical innovation. 

Main research area 
for the project  

Computational Biology 

Second research area 
for the project  

Genomic Medicine 
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3 key words for 

project 

Long-read transcriptomics, RNA modifications, Non coding RNA 

Main topic/s of the 
lab 

Gene regulation, non-coding RNA biology, long-read 
transcriptomics, RNA modifications, cancer omics 

Short description of 
the lab activity  

 

The Nicassio Lab investigates gene expression regulation and 
RNA biology in cancer, with a specific focus on non-coding RNAs, 

transcriptional plasticity, and RNA modifications. 

A central aim is to decode how these molecular layers contribute 
to tumor heterogeneity, therapeutic response, and disease 

evolution. 

Our group is internationally recognized for its pioneering role in 
applying new omic technologies to transcriptome and non-coding 

biology. Recently, we have developed tools and strategies for 
long-read sequencing to analyze gene regulatory networks, 

identify regulatory non-coding RNAs, and map isoform 

diversity and RNA modifications at single-molecule resolution. 
Our expertise in using Oxford Nanopore Technologies (ONT) 

for RNA biology places us at the forefront of functional 
transcriptomics and epitranscriptomics in cancer. 

The lab operates as a hybrid experimental–computational 

environment, integrating molecular biology, sequencing 
technologies, and advanced bioinformatics, including deep 

learning models for transcript and modification analysis. This 

setup enables us to carry out both large-scale data generation 
and the development of novel analytical tools, addressing 

biological questions with high precision and innovation. 
We maintain a strong translational focus, with projects aimed at 

uncovering RNA-based biomarkers and regulatory signatures in 

breast cancer and other solid tumors. Our activities span from 
single-cell multi-omics to CRISPR-based functional 

screening, supporting the discovery and validation of new non-
coding drivers of cancer. 

The lab is a coordinating node of the RNA Technology 

Flagship at IIT, a national initiative fostering cutting-edge RNA 
research and therapeutic innovation. It is also embedded in 

multiple international networks, including FANTOM6, the 
LongTREC and INT2ACT MSCA consortia, and collaborations 

with EMBL, RIKEN, and AstraZeneca. 

The team includes researchers with diverse expertise 
(experimental, computational, clinical) and hosts regular visiting 

scientists and collaborators. PhD students joining the lab will 

benefit from close mentorship, exposure to international 
collaborations, and the opportunity to work on high-impact 

scientific questions using state-of-the-art technologies. 
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Group composition  The Nicassio lab includes 13 active members, comprising a 

senior technologist, three postdoctoral researchers, three PhD 
students, one research fellow, two lab technicians, one 

undergraduate student, and two external collaborators. The 
team integrates experimental and computational expertise and is 

organized into two synergistic units: Functional Non-coding 

Genomics and Computational RNA Biology. 

Institutional page 

link 

• Center for Genomic Science (CGS) – IIT Milan 

https://www.iit.it/cgs-semm  

https://genomics.iit.it  
https://genomics.iit.it/people-details/-/people/francesco-nicassio  

 
• Italian Institute of Technology – RNA flagship 

https://www.iit.it/our-research  
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