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Project background

Multiple myeloma (MM) results from the uncontrolled clonal expansion of plasma cells, usually in the
bone marrow. Despite recent advances, MM is essentially an incurable malignancy, and most patients die
from progressive disease caused by the emergence of drug resistant clones. Identifying the molecular
changes which drive the evolution of MM is fundamental to developing new therapeutic strategies to
overcome drug resistance. Our recent work has demonstrated that the evolution of MM is under
Darwinian selection, however clonal expansion is primarily driven by non-coding mutations and
epigenetic changes. The project is focused on identifying and deciphering the functional impact of these
changes and how they influence clonal selection. The project will exploit state-of-the art molecular
technologies and apply mathematical models of evolutionary dynamics to address this clinically
important question.

Project aims

* Define the epigenetic profile of myeloma
* Identify sequence changes under evolutionary constraints within non-coding regions
* To perform functional screens, to establish the biological consequences of identified changes



» To examine the relationship between these changes and the evolutionary dynamics of myeloma

Research proposal

Understanding the evolution of multiple myeloma (MM) and how patient tumours respond/adapt to
therapeutic interventions is central to addressing drug resistance in order to improve patient outcome. The
overarching goal of this project is to identify non-coding changes in multiple myeloma genome which are
under Darwinian selection and decipher their functional impact. The project will exploit longitudinal tumour
sampling from over 100 patients enrolled in a phase 3 clinical trial being whole genome sequenced using
short and long-read technologies and profiled using RNA-sequencing. Using information from analyses of
these data the project will combine laboratory and experimental techniques with bioinformatics analysis to
address study aims. The project will be based within laboratory with expertise in both bioinformatic and
state of the art molecular technologies and offers the prospect of tailoring to the appointee’s relative
interests in these accordingly.

Stage 1 (0-12 months). Reducing the genomic space: Although regional excess of somatic mutations is
suggestive of positive selection in tumours, the size of the non-coding genome places a high burden on
robustly establishing statistical significance. Coding regions provide obvious, discrete intervals in which to
search for mutations, and it would be highly propitious to define similar functional elements for non-coding
regions. Cis-regulatory elements (CREs) modulating gene expression represent a highly enriched subset
of the non-coding genome in which to search for driver mutations. These CREs are highly tissue-specific,
are often dispersed over long ranges, and only a small fraction of distal enhancers target the nearest
transcript. Hence to contextualize mutations, epigenetic and regulatory profiles of MM tumours will be
defined using a combination of ATAC-seq and histone ChlP-seq. Micro-C profiles will be generated to
resolve enhancer-promoter interactions allowing for the linking of CRESs to target genes.

Stage 2 (-24 months) Data integration: A search for mutations under positive selection will be made with
the restricted genomic space defined by Stage 1 profiling. An additional attribute of the Micro-C generated
profiles is being able to define the topological associated domains within the MM genome, using these
data and additionally searching for structural variants influencing gene expression by directly disrupting
enhancer-promoter interactions. To provide supporting evidence for pathogeneticy the relationships with
presumptive target genes will be examined.

Stage 3 (24-36 months) Functional analyses: While the above work will provide good evidence for any
non-coding drivers identified, direct functional assessment is required to demonstrate the pathogenicity.
Based on plausibility and tractability, complementary assessments tailored to the type(s) of mutation will
be performed.

For example, (i) reporter assays (e.g. MPRA) to assess the effects of each mutation on transcription in
vitro; (ii) use of CRISPR or Perturb-Seq to generate mutations in MM cell lines and directly examine the
impact of mutations on gene expression and potentially effects on features of tumorigenesis (e.g.
proliferation, viability, migration, clonal propagation); (iii) using predictions from wildtype and mutant
consensus binding motifs assess TF binding in wildtypes and mutants; (v) perform bespoke functional
assessments based on the likely TFs and target genes involved. These analyses will confirm functionality
and demonstrate which mutations are likely to be deleterious and how they act.

Stage 4 (36-48 months) Write up and submission of papers.
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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: Degree in a quantitative discipline (maths,
physics, computer science, engineering, natural sciences)

Intended learning outcomes: Skills in mathematical modelling of biological systems
Skills in computational biology
Skills in bioinformatics analysis of genomic data
Skills in scientific writing and presentation skills
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