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Thesis Abstract 
 

The Trypanosomatidae (class Kinetoplastida) are a diverse and widespread group of 

protists characterised by their possession of a unique and highly specialised 

mitochondrial homologue known as the kinetoplast. All trypanosomatid parasites are 

exclusively parasitic, with the majority of genera being restricted to a single invertebrate 

host (i.e. monoxenous lifecycle). However, they are primarily known for their 

pathogenic dixenous members (i.e. having a two-host life cycle), that serve as the 

aetiologic agents of several important neglected tropical diseases (NTDs) including 

leishmaniasis, Chagas disease and human African Trypanosomiasis. Recent 

advancements in molecular biology have improved our knowledge of evolutionary 

relationships between trypanosomatid species by revolutionising the genetic approach to 

trypanosomatid systematics. The kinetoplast DNA, and more specifically, the 

maxicircle genome represents a valuable taxonomic marker given its unique presence 

across all Kinetoplastids. The research described in this thesis was performed to explore 

the suitability of the kinetoplast DNA as a much-needed standardised framework for the 

taxonomic classification and species identification of protozoans falling within the 

Trypanosomatidae family. 

The main research outcome provides the most in-depth analysis of the 

trypanosomatid family to date, demonstrating extensive evidence for the superiority of 

the maxicircle for the taxonomic resolution of the Trypanosomatidae. Chapter 1 

presents a comprehensive review outlining the important developments that have been 

made in the field of trypanosomatid taxonomy, advancing our current knowledge over 

the relationships between members of the trypanosomatid family. Chapter 2 

demonstrates the superiority of the maxicircle genome for the phylogenetic inference of 
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the Leishmaniinae. Phylogenetic analyses provided support imperative towards the 

Supercontinents hypothesis of dixenous parasitism within the Trypanosomatidae. The 

comprehensive analysis of the entire family of trypanosomatid parasites in Chapter 3 

revealed strong support for the multiple origin and independent evolution of dixenous 

parasitism within the trypanosomatid family. Kinetoplast DNA is an organelle exclusive 

to the Kinetoplastids, unique in its structure, function and mode of replication and thus 

represents a unique diagnostic target, with the potential to differentiate different species 

and strains of Leishmania. The implementation of novel diagnostic procedures for 

leishmaniasis such as the one reported in Chapter 4 is intended to establish a gold 

standard practice for the diagnosis and treatment of leishmaniasis. Ultimately, Chapter 5 

reviews the completion of this thesis, demonstrating that use of the maxicircle genomes 

provide an excellent benchmark for future studies involving the phylogenetic analyses, 

taxonomic classification and species identification of the Trypanosomatidae.   
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Exegesis 
 

This body of work represents a thesis by compilation. It comprises four first author 

papers published in international journals and one paper currently under review. The 

primary research objective was to use the maxicircle kinetoplast DNA to explore the 

taxonomic classifications, phylogenetics relationships and the identification of species 

within the trypanosomatid family. Each chapter is an independent sub-study, which 

typical for a journal paper has detailed background information, methods, results, 

discussion and conclusions that endeavours to address these challenges within the 

trypanosomatid family. As each paper was independently published, there is inevitable 

repetition of some background information. Nonetheless, together these papers 

collectively summarise the knowledge and methods of each aim required to fulfil the 

main research objective.  

This section briefly describes the content of each paper, its relevance to fulfilling 

the research object, and how each chapter is interrelated.  

Chapter 1 is a literature review of the current knowledge of the trypanosomatid 

family with an emphasis on taxonomy, phylogenetics and classification of species. To 

address the research objective, understanding the basic biology of trypanosomatid 

parasites, in particular the importance of employing molecular biology and phylogenetic 

analyses was considered an important step towards identifying the challenges currently 

present when making taxonomic classifications relating to these important protozoans. 

The main findings from this chapter were used to establish a consensus for delineating 

species and define the type of phylogenetic targets used in chapters two, three and four.  

Chapter 2 demonstrates the importance of maxicircle kinetoplast DNA as a 

valuable and robust tool for the taxonomic classification and analysis of phylogenetic 
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relationships between members of the Leishmaniinae subfamily. Research for this 

chapter involved the assembly of maxicircle genomes from both long-range PCR and 

whole-genome sequencing reads freely available from the SRA database online. The 

main findings from this chapter provides a framework for phylogenetic analyses of the 

trypanosomatids, proposing the use of maxicircle kinetoplast DNA as opposed to 

single-gene based phylogenies for future analyses involving Leishmania and other 

related trypanosomatid species. This chapter provided the methodology and guidelines 

for the analysis described in chapter 3.  

Chapter 3 is expanding on the concepts and methodologies proposed in Chapter 

2, utilising the superiority of the maxicircle or the taxonomic resolution of the entire 

trypanosomatid family. The main research aim for this chapter was to determine to 

reliability and robustness of alignment-free approaches for phylogenomics analysis. The 

challenge with phylogenomics is the increase in genomic information is becoming 

computationally unfeasible and demands advancements in the bioinformatic methods 

and expertise required to analyse such vast datasets. Research results from this chapter 

helped validate the use of alignment-free based methods of phylogenetic inference for 

the Trypanosomatidae to provide an updated framework for the classification and 

resolution of trypanosomatid species spanning the entire family.  

Chapter 4 describes a novel diagnostic procedure for the diagnosis and 

treatment of the clinically important trypanosomatid disease Leishmaniasis. Utilising 

the advantageous properties of the maxicircle (i.e. its ability to discriminate between 

closely related species) as described in previous chapters, a PCR-RFLP targeting the 

ND7 gene was developed for the identification, analysis and appraisal of previously 

imported cases of human leishmaniasis in Australia. 



xiv 

Chapter 5 is the culmination of knowledge and summary of methodologies 

gained from previous chapters and provides the most in-depth analysis of the 

trypanosomatid family to date. Advancements in molecular biology have enabled great 

progress in our and understanding of the use of maxicircle kinetoplast DNA for the 

analysis of this family of protozoan parasites. Ultimately, this thesis, demonstrates that 

use of the maxicircle genomes provide an excellent benchmark for future studies 

involving the phylogenetic analyses, taxonomic classification and species identification 

of the Trypanosomatidae.   
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Abstract 

The Trypanosomatidae are a diverse and widespread family of protozoan parasites that 

belong to the higher-order class Kinetoplastida. Containing predominantly monoxenous 

species (i.e. have only a single host) that are restricted to invertebrate hosts, this class is 

primarily known for its pathogenic dixenous members (i.e. those that have two hosts), 

serving as the aetiological agents of the important neglected tropical diseases (NTDs) 

including leishmaniasis, Chagas disease and human African Trypanosomiasis. Over the 

past few decades, a multitude of studies have addressed the diversity, classification and 

evolution of the trypanosomatid family using different approaches and molecular 

targets. The mitochondrial DNA of the trypanosomatids, also known as the kinetoplast, 

has emerged as a unique taxonomic and diagnostic marker for exploring the evolution 

of this diverse group of parasitic eukaryotes. This review discusses recent advancements 

and important developments that have made a significant impact to the field of 

trypanosomatid systematics and diagnostics in recent years.  

Keywords: Trypanosomatids, kinetoplast, phylogenetics, mitochondria, maxicircle, 

diagnostics 
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