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ABSTRACT 
Developmental disorders (DDs) are diseases of impaired childhood development and 

include congenital anomalies, neurodevelopmental disorders, and abnormalities in 

growth and behaviour. Determining the genetic causes underlying DD is a major goal of 

contemporary medical research and the recent entrance of exome sequencing data into 

the rare-disease field has been transformative in uncovering the importance of de novo 

point mutations as a major source of DD-associated mutations. Recent efforts have 

successfully harnessed exome sequencing data to detect constitutive copy-number 

variation, a form of large-scale structural abnormality. However, at the inception of my 

doctoral work, no software tools had yet been developed to identify, from exome 

sequencing data, uniparental disomy (UPD), a form of copy-neutral variation, nor large-

scale (‘structural’) abnormalities, which have long been implicated as important 

contributors to DD. The research underlying this work aimed to fill this void. 

 This dissertation addresses the development of new software tools, UPDio and 

MrMosaic, which have extended the diagnostic reach of sequencing data to identify 

UPD and structural mosaicism, and have been made freely available. Simulation 

analyses show that these tools can detect the large-scale abnormalities identified by 

karyotyping or microarray in standard clinical testing. Implementation on nearly 5,000 

children with undiagnosed diseases demonstrated that UPD and structural mosaicism 

are enriched in children with developmental disorders compared with healthy children 

and suggested that most of the detected abnormalities are likely to be pathogenic. 

Investigation of the clinical impact of the detected events identified several disease-

causing mechanisms, including UPD-associated imprinting and recessive diseases, and 

genomic disorders associated with large mosaic deletions and duplications. 

 The five chapters of this dissertation are: 1) an introduction, to describe the 

context of this doctoral work; 2) a description of UPDio, a new method for detecting 

uniparental disomy from exome trio data; 3) a burden analysis of mosaic structural 

variation and the clinical consequences of mosaic structural variants found in children 

with DD; 4) a description of MrMosaic, a new method for the detection of mosaic 

structural variation using next generation sequence data; and lastly, 5) a discussion that 

recapitulates the results of these analyses, describes their limitations, and considers 

future directions.  
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