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It has become clear that many important genes show complex patterns of transcriptional splicing, 
which is likely to contribute to functional diversity of such genes (Tapial et al. 2017; Park et al. 2018). 
It is also clear that aberrant splicing of transcripts can lead to disease states, including cancer, and that 
many disease-causing mutations can affect the normal patterns of RNA splicing (Scotti and Swanson 
2015). However, we do not yet fully understand the types of DNA variants that can impact on 
alternative RNA splicing, and attempts to predict the effects of such variants using bioinformatic tools 
are far from perfect (Walker et al. 2010; Lee et al. 2017). 
 
Routine diagnostic screening for deleterious variants in the breast cancer susceptibility gene BRCA1 is 
typically performed for individuals from suspected high-risk breast (and ovarian) cancer families to 
identify the genetic cause for their disease. However, an important practical issue associated with 
genetic testing is the identification of rare sequence variants with unknown clinical significance. 
Interpreting the clinical meaning of unclassified variants is a key challenge facing future genomic-
based health initiatives (Cheon et al. 2014). This project focuses on developing approaches to better 
understand the impacts on BRCA1 splicing of variants of uncertain clinical significance (VUS) identified 
in such screens. 
 
Analysing the range of transcriptional diversity for a large gene like BRCA1 presents some technical 
difficulties, particularly because of the length of the transcripts and the limitations of polymerase 
chain reaction (PCR) for dealing with long amplicons. Prior work from our laboratories (de Jong et al., 
2017) demonstrated that a new method for DNA sequencing called nanopore sensing, using a tiny, 
versatile machine called the MinION (Oxford Nanopore Technologies). This machine can directly read 
DNA sequence from long DNA fragments, and more recently, has been shown to be uniquely able to 
directly read RNA molecules (Byrne et al. 2017; Garalde et al. 2018). These properties provide 
potentially novel ways of studying transcriptional patterns, and the influence of VUS on such patterns. 
This project seeks to develop methods that enable this for BRCA1. 
  
We propose to establish BRCA1 RNA capture methods, initially using an immortalised lymphoblastoid 
cell line (LCL) known to express BRCA1, and then to test the ability of the MinION to effectively analyse 
the transcripts recovered in this way.  The capture method will be based on a tiling oligonucleotide 
panel (SureSelect; Agilent, Santa Clara, USA) designed to hybridise with and recover multiple genes of 
interest, although the focus of this project is BRCA1. We will either use the direct RNA sequencing 
capability of theMinION, or convert the RNA to cDNA and use the DNA sequencing functions of the 
machine. Ideally, these methods will be PCR-free, to ensure quantitative representation of RNA 
isoforms in the data. Once the basic methods have been established using RNA from the LCL, and if 
time permits, RNA from selected breast cancer tissues carrying VUS with the potential to impact 
BRCA1 RNA splicing may be analysed. 
 
This project explores a novel approach to an important clinical problem, using new technology. The 
model system established by the student should provide valuable proof-of-principle data around the 
feasibility of this approach, and if the method can be applied to breast cancer tissue it may help to 
clarify the impact of specific VUS on BRCA1 expression or function. 
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