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Abstract

Salmonella enterica serovars Typhi and Paratyphi A are bacterial pathogens

that cause typhoid fever in humans. Typhi and Paratyphi A are unusual

among S. enterica serovars, as they are restricted to systemic infection of

humans while most serovars cause gastroenteritis in a broad range of ani-

mal hosts. Despite their similarities, Typhi and Paratyphi A are thought

to have evolved independently, adapting to the human systemic niche via

mechanisms which are still poorly understood. There is little genetic varia-

tion within each population, making it difficult to study their evolution or

population dynamics.

In this thesis, comparative genomic analysis was used to detect variation

within the Typhi and Paratyphi A populations, and to compare the evo-

lution of these two pathogens. A total of 19 complete Typhi genome se-

quences were compared in order to identify genetic variants, including single

nucleotide mutations (SNPs), deletions and insertions of novel DNA. A dif-

ferent approach was taken to study the Paratyphi A population, including

the comparison of seven complete genome sequences and development of a

novel technique to screen for SNPs in a collection of 160 genomes sequenced

in pools. Little evidence was found of selection upon Typhi genes, but there

was evidence of diversifying selection in genes coding for the biosynthesis

of O-antigen in Paratyphi A. There was evidence in both populations of

ongoing accumulation of inactivating mutations which result in loss of gene

function. Detailed comparison of this functional gene loss in Typhi and

Paratyphi A revealed that many of the same genes were inactivated in both

serovars, but the mutations occurred independently and were not the result

of horizontal transfer of DNA between their genomes. Comparative anal-

ysis of variation in the Typhi and Paratyphi A populations suggested that



Paratyphi A is the younger pathogen, with a most recent common ancestor

roughly a third as old as that of Typhi.

Bacteria can harbour plasmids (additional strands of circular DNA) that

carry genes encoding resistance to drugs. The plasmids are able to spread

between bacterial cells, thereby spreading drug resistance within or between

pathogen populations. In this thesis, comparative analysis of plasmid se-

quences from Typhi and Paratyphi A found that the same type of plasmid

was present in both serovars, carrying identical DNA sequences encoding re-

sistance to the drugs used to treat typhoid fever. This demonstrates that the

evolution of drug resistance in both serovars is tightly linked. Very closely

related sequences were also found in other human bacterial pathogens, high-

lighting how easily drug resistance can spread.

Single nucleotide variants (SNPs) identified in Typhi and in the drug resis-

tance plasmids were used to develop a high-throughput SNP typing assay

with which to study Typhi populations. The SNP typing assay was used

to interrogate a global collection of Typhi, as well as local Typhi popula-

tions from areas where typhoid is endemic, including regions of Vietnam,

Nepal, India and Kenya. The analysis linked strain type with plasmid type

for the first time, and demonstrated multiple independent acquisitions of

distinct drug resistance plasmids over the past 40 years, culminating in the

current dominance of a single plasmid type. Analysis of recent Typhi popu-

lations circulating in endemic areas showed that the same Typhi clone now

dominates all of these regions, although local diversification has resulted in

subtle differences between the populations. Importantly, the dominant Ty-

phi clone was closely associated with the dominant plasmid type, suggesting

that the success of the clone and plasmid may have been intimately linked.
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