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PROJECT PROPOSAL 

Mammalian cells possess multiple closely related SWI/SNF chromatin remodelling complexes.  These complexes have 
been implicated in multiple cellular pathways, including transcription, replication, and DNA repair.  Notably, genes 
encoding subunits of the SWI/SNF complexes, such as PBRM1, are frequently altered in cancer and evidence supports 
a role for these genes as tumour suppressors.  SWI/SNF complexes are important for responding to replication stress 
and maintaining genome stability, which are important functions in preventing tumourigenesis.  However, very little is 
known about how the complexes are normally regulated in space and time, or how this is altered in response to replication 
stress. Nor is it understood how the regulation of the complexes is impaired when key subunits such as PBRM1 are 
absent.  In this project, we will address these outstanding questions by investigating the SWI/SNF interaction landscape 
and its cellular dynamics.  The insights generated in these studies will yield important insights into the mechanisms by 
which SWI/SNF complexes prevent tumourigenesis. 

 

PROJECT AIMS  

• To elucidate the dynamic chromatin binding pattern, transcriptional profile, and interactome of SWI/SNF 
complexes in normal cells across the cell cycle to understand how SWI/SNF is regulated in space and 
time 

• To determine how these patterns are altered when cells are under replication stress and understand the 
mechanism by which SWI/SNF helps to buffer cells from the negative effects of replication stress 

• To determine how these patterns are altered in cells lacking the PBRM1 subunit of SWI/SNF, which is 
mutated in approximately 40% of clear cell renal cell carcinoma 

 

RESEARCH PROPOSAL  

Mammalian cells possess multiple closely related SWI/SNF chromatin remodelling complexes that are defined by their 
subunit composition.  These complexes have been implicated in multiple cellular pathways, including transcription, 
replication, and DNA repair.  Genes encoding SWI/SNF subunits are frequently mutated in human cancers, and evidence 
indicates that they act as tumour suppressors.  We previously found that the PBRM1 (or BAF180) subunit of SWI/SNF 
complexes is important for the cellular response to replication stress and helps to prevent genome instability (Brownlee 
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et al., 2104; Kakarougkas et al., 2014; Niimi et al., 2012).  However, it is not entirely clear how this occurs and whether 
this is a major driver of tumourigenesis. 

The multiple cellular activities combined with the variation in complex composition make the SWI/SNF complexes 
challenging to study, and relatively little is known about how the complexes are regulated normally in space and time, or 
how this regulation changes in response to replication stress.   Moreover, it is not clear how SWI/SNF regulation is 
impaired in cells lacking key subunits or how this might influence tumourigenesis.  In this project, we will address these 
outstanding questions by investigating the SWI/SNF interaction landscape and its cellular dynamics. 

The key aims of this studentship are: 

1. To elucidate the dynamic chromatin binding pattern, transcriptional profile, and interactome of SWI/SNF 
complexes in normal cells across the cell cycle to understand how SWI/SNF is regulated in space and 
time 

2. To determine how these patterns are altered when cells are under replication stress and understand the 
mechanism by which SWI/SNF helps to buffer cells from the negative effects of replication stress 

3. To determine how these patterns are altered in cells lacking the PBRM1 subunit of SWI/SNF, which is 
mutated in approximately 40% of clear cell renal cell carcinoma 

To address these aims, we will use a combination of cutting-edge technologies to map the interaction landscape and 
cellular dynamics of the SWI/SNF complexes.  First, we will use synchronised cell cultures to perform genome-wide 
mapping of SWI/SNF chromatin binding through the cell cycle.  This will be done using the newly developed Cut&Run 
methodology that overcomes many of the limitations of traditional ChIP-seq approaches (Skene et al., 2018).  In 
collaboration with the Choudhary lab in the ICR (see Chen et al., Cell 2020), we will map the SWI/SNF interactome 
through the cell cycle using quantitative mass spectrometry to identify determinants of SWI/SNF regulation.   

The Downs lab has generated a library of CRISPR-Cas9 engineered cell lines with loss of function mutations in key 
SWI/SNF subunits, including the PBRM1 subunit.  RNA-seq data generated in these cell lines will be used to identify the 
SWI/SNF regulated transcriptome, and in combination with the chromatin binding data, map the genes that are directly 
and indirectly regulated by SWI/SNF. 

While there is considerable evidence that SWI/SNF promotes the cellular response to replication stress, which is a central 
factor in cancer cell biology, it is not yet clear how SWI/SNF achieves this.  To understand this, we will use the approaches 
described above (Cut&Run and mass spectrometry) to map the changes in genome binding patterns and the interactome 
of SWI/SNF that take place in response to replication stress.  This will be done in several cellular model systems, including 
both immortalised non-cancer cells and cancer cells, in order to provide insights into the mechanisms by which SWI/SNF 
contributes to replication stress responses.   

Finally, we will focus on a key subunit of SWI/SNF – PBRM1.  This subunit is inactivated in approximately 40% of clear 
cell renal cancers (Brownlee et al., 2015), but its specific role in preventing tumourigenesis is not yet clear.  We will utilise 
the library of isogenic cell lines with PBRM1 alterations generated in the Downs lab to explore the changes in SWI/SNF 
dynamics arising as a result of PBRM1 loss by making further use of Cut&Run, mass spectrometry and RNA-seq.  These 
data will provide insights into the PBRM1-dependent alterations in the transcriptome, interactome and genome binding 
profile of SWI/SNF that contribute to tumourigenesis. 

The outcomes of the studentship include high resolution mapping of SWI/SNF complex dynamics in normal and cancer 
cells to elucidate the mechanisms of regulation and replication stress responses.  In addition, insights into the mechanism 
by which PBRM1 loss leads to tumourigenesis will be generated and explored.  The student will develop proficiency in 
cell biology, next generation sequencing-based techniques (Cut&Run and RNA-seq), proteomics (in collaboration with 
the Choudhary lab), and analysis of large datasets. 
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1) 

Pre-requisite qualifications of applicants 
 

BSc or MSc or equivalent in biochemistry or molecular biology 

Intended learning outcomes 
 

• Knowledge of epigenetics, chromatin, genome stability, 
and cancer biology 

• Ability to design, execute and interpret experiments in this 
field 

• Excellent technical skills in cell biology, microscopy, 
molecular biology, next generation sequencing, and 
proteomics 

• Project management and ability to work as part of a fast-
paced research team 

• Communication skills, including scientific writing and 
presentation 

ADVERTISING DETAILS 

Project suitable for a student with a 
background in 
 

 Biological Sciences 

 Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

 Computer Science 

 Other (provide details) 

Keywords 
 

1. chromatin remodelling and epigenetics 

2. cancer biology 

3. proteomics and next generation sequencing 

4. replication stress 

5.  genome instability 

6. DNA damage responses 
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