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Abstract 
 

The genus Mycobacterium includes many species pathogenic to human health. This 

thesis concentrates on two of these species: Mycobacterium tuberculosis, the 

causative agent of tuberculosis and an obligate intracellular human pathogen; and 

Mycobacterium abscessus, an environmental bacterium that can opportunistically 

cause respiratory and soft tissue infections in humans. Whole genome sequencing was 

carried out on large sample collections of these two species in order to understand 

how they transmit in addition to their evolutionary dynamics over small to large 

evolutionary scales. 

 

For M. tuberculosis, a very low substitution rate of ~0.3 single nucleotide 

polymorphisms (SNPs) per genome per year was observed in the context of patient-

patient transmission. This low genetic turnover presents challenges to our ability to 

use whole genome sequencing to infer direct transmission of tuberculosis, and 

highlights the continuing importance epidemiology will play in strengthening these 

inferences. Whole genome sequencing was also applied to recurrent tuberculosis 

disease, where patients had had a second disease episode within two years of being 

cured of the first. This enabled the clear differentiation of those caused by relapse and 

those by re-infection. In addition mixed infections were detected and deconvoluted, 

which would not have been possible using traditional genotyping methods. Finally the 

highly variable PE and PPE genome families were studied in detail using both 

mapping and de novo assembly approaches. The functions of these gene families are 

unknown, but they are often cell-surface associated and antigenic, so have been 

speculated to play a role in within-patient antigenic diversification. This analysis 

found that although these genes were more variable than the rest of the genome, this 

variability was not generated within patients, suggesting another role for these gene 

families. 

 

Compared to M. tuberculosis, M. abscessus is poorly understood, with little genomic 

data or an understanding of population structure available prior to this study. This 

thesis concentrates on the infection of cystic fibrosis patients with M. abscessus, 
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which is causing concern due to its high level of antibiotic resistance and rising 

incidence. Whole genome sequencing was carried out on a collection from a single 

cystic fibrosis clinic collected over four years. For most patients, their isolates were 

distantly related, a pattern consistent with independent acquisition from the 

environment. This was expected as transmission between patients was previously 

assumed to be impossible or rare. Surprisingly there were some patients however who 

shared identical or near identical isolates, which fell into two phylogenetic clusters. 

This suggested transmission between patients had occurred, a conclusion supported 

by both epidemiological evidence and Bayesian dating methods. In addition to 

transmission, this dataset also provided the opportunity to capture within-patient 

diversity through the detection of minority variants. These minority variants were 

correlated with clinical outcome and treatment, revealing fluctuations in genetic 

diversity over time with associated changes in phenotype. 

 

Whole genome sequencing has allowed the analysis of the evolution of two important 

mycobacterial pathogens over different timescales: within patient, within outbreaks 

and across the species. These analyses have not only provided us with greater insights 

into how they evolve, and at what rate, but also have had a significant clinical impact. 

This work has highlighted the power of the whole genome approach, especially when 

applied to organisms with a low mutation rate, which will be essential for furthering 

our understanding of mycobacteria. 
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