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Abstract 
 

Functional and evolutionary analyses of pneumococcal genome variation 

 

Nicholas Jason Croucher 

 

Streptococcus pneumoniae (the pneumococcus) is a human nasopharyngeal 

commensal and respiratory pathogen responsible for a high burden of morbidity and 

mortality worldwide. The bacterium’s primary virulence factor appears to be its 

polysaccharide capsule, of which there are more than 90 different serologically-

distinguishable types (serotypes). Although this categorisation was originally used for 

tracing pneumococcal epidemiology, the bacterium is naturally transformable, and 

hence is able to switch serotypes through horizontal exchange of capsule biosynthesis 

(cps) gene clusters. Therefore, following the emergence of multidrug-resistant 

lineages in the late 1970s, superior, multilocus-based typing schemes were devised for 

following pneumococcal evolution. Increasing antibiotic resistance also motivated the 

development of a heptavalent conjugate polysaccharide vaccine, which targeted seven 

S. pneumoniae serotypes, leading to a decrease in pneumococcal disease. However, 

this impact has been ameliorated by an increase in disease resulting from replacement 

by non-vaccine serotypes and switching of cps loci by strains previously expressing 

vaccine serotypes. This thesis describes the application of second-generation 

sequencing technologies to investigating the mechanisms by which the pneumococcus 

evolves, especially in response to such clinical interventions. 

 

The first part concerns the Pneumococcal Molecular Epidemiology Network clone 1 

(PMEN1) lineage, one of the first multidrug-resistant pneumococcal genotypes to 

become a worldwide problem. Complete sequencing of the S. pneumoniae ATCC 

700669 type strain, combined with draft sequencing of a global collection of 240 

isolates, quantified the impact of recombination across the chromosome, as well as 

revealing the diversity of conjugative elements and prophage in the population. The 

acquisition of antibiotic resistances and the evasion of the conjugate polysaccharide 

vaccine were both evident in among the strains. In vitro transformation experiments, 

in the same genetic background, were then used to perform a more detailed 
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investigation of the types of homologous recombination events seen in the global 

population. 

 

The second part of this dissertation describes the use of RNA sequencing to 

investigate the functional consequences of genomic variation. A novel method was 

developed and validated, and, when applied to S. pneumoniae ATCC 700669, 

revealed a family of expressed putative coding sequences that were formed by 

extended forms of the BOX interspersed repeat. This technique was also applied to 

two closely related strains of the PMEN31 lineage, both isolated from a single case of 

disease. This allowed the functional consequences of a small number of 

distinguishing polymorphisms on the global transcriptome to be ascertained, 

providing an insight into the level of pneumococcal evolution that can occur within an 

individual. Sequencing further members of this lineage showed that, although highly 

successful, this lineage has a much more static genotype than that of PMEN1. 

 

The different mechanisms of pneumococcal genome variation are associated with 

evolution over different timescales, and in response to different selection pressures, 

but clearly interact in a number of ways. Hence the use of whole genome sequencing, 

surveying all the variation throughout the chromosome, will be crucial for greater 

understanding, and therefore improved control, of this important pathogen.
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