Scientific Abstract

Background
Whole exome sequencing (WES) has risen to the forefront of genetic testing based on its
potential to uncover genetic causes for inherited conditions. We wish to apply this
technology to discover underlying disease causing mutations in families with Mendelian
conditions affecting cardiac and skeletal muscle.
The sarcomere is the functional unit of both cardiac and skeletal muscle contraction and
mutations in sarcomeric proteins are known to cause an increasing number of cardiac and
skeletal muscle diseases. The range of clinical and phenotypic manifestations in patients
with myopathies is wide. Variability in cardiomyopathy patients ranges from a benign course
with minimal symptoms to progressive disease and development of heart failure and sudden
death. Muscle myopathies represent a large group of diseases that result in weakness of the
skeletal muscles. Many result in the degeneration of skeletal muscle fibres. The skeletal
myopathies also vary in severity from paralysis at birth to mild conditions compatible with
normal life span. Although many disease genes have been identified for these conditions,
many patients remain without a clear genetic diagnosis, suggesting that additional causes
are yet to be uncovered.
The overall objective for this project is to provide new insight into the molecular basis of
these rare conditions. This will advance our knowledge of their genetic basis, and improve
prediction, prevention, and treatment options. Once a new causal mutation is confirmed, it is
immediately reported back to the clinic, with great benefit for the patients who are given an
accurate diagnosis and recurrence risks for siblings and offspring.

Methods/analysis
By working with both national and international clinical colleagues we will investigate families
with cardiac/skeletal myopathies for which there is no current genetic diagnosis. All families
have been recruited under local research ethics approval, with full patient/parental consent;
and conform to the Declaration of Helsinki. We will particularly focus on families where gene
panel testing for known genes has not proved successful in identifying the underlying
molecular cause of their condition.
We will carry out whole exome sequencing on DNA from affected individuals, and their
parents, using the Illumina HiSeq® 2500, with the SureSelect XT Target Enrichment system
at a read depth of 50X. Reads will be aligned to genome assembly hg19 with the BurrowsWheeler Aligner (BWA,V.0.5.87.5). High quality indel and single nucleotide variant calling
and annotation will be performed using the latest version of GATK with standard filtering
criteria (read depth >=10%, genotype quality score >=30). Candidate genes will be
prioritized according to a series of filtering criteria dependent on the anticipated pattern of
inheritance in the families. These criteria will include variant zygosity, minor allele frequency,
absence in variant databases such as dbSNP, 1000 Genomes and ExAC, and biological
function of candidate gene pathway. Potential candidate variants will be validated in the
affected individual, and the family investigated for co-segregation of the variant with disease
status by Sanger Sequencing.

Projected outcomes and future studies/clinical efforts this data will facilitate.
Future work will involve functional validation to identify the biochemical mechanisms
associated with these disorders and begin to explore pathogenesis. In our group we routinely
develop disease models for cardioskeletal muscle diseases in zebrafish. We use human skeletal
muscle cultured cells and induced pluripotent stem cell derived cardiac cells to verify mutations
as being pathogenic and to study functional and structural consequences of such mutations.
The results will no doubt reveal new molecular mechanisms for these conditions and define
the normal functions of the genes we identify, and novel pathways which will be open to
targeting for preventive medical therapy.

Be sure to describe how you and your team are well positioned to successfully
complete this study.
As PI on this project I have over 20 years of experience in human genetics, and in particular
human genetic variation discovery and analysis. I currently lead the Genomics Centre at St
George’s University of London, which includes 6 academic genetic research groups. My own
research team are a dedicated group of scientists including postgraduate students, postdocs, clinical colleagues and tenured staff interested in cardiac and skeletal muscle
development and disease. Key members of the group that will be involved in this project
include Reza Maroofian (PhD student) and Dr Dan Osborn (Lecturer).
Our research institute is co-located with St George’s Hospital and Congenica Ltd who are a
global genome-based medicine company, founded on pioneering work from the Deciphering
Developmental Disorders project at the Sanger Institute. Their onsite translational research
laboratory focuses on development and translation of assays for rare, human disease
diagnosis using next generation sequencing.
Recent successes using our in house disease gene discovery platform have been
disseminated to the scientific community and public through publications in peer reviewed
journals, invitations to speak at national and international conferences, and comments in the
general media. Some examples are provided below:
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