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“This is Kuru Ala. These are creeks and rocks holes everywhere, and many trees. There is puli (rocks) and apu 
(rocky hills). This is Minyma Tjuta Tjukurrpa (Seven Sisters Creation Story). This area is close to Tjuntjuntjarra” 
(In Western Australia, near the South Australian border) -Maringka Barker. 
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 ABSTRACT 
 

The effects of climate change on plant natural resources is becoming an urgent 

problem that requires effective action to preserve what is left of remnant native and 

wild species. Native plant species can hold important genetic information that can be 

applied to sustainable management efforts. The main theme of this thesis concerns 

the genomics of the genus Santalum, also known as the sandalwoods, a highly 

exploited genus of trees, extending from Australasia into the Pacific. The 

sandalwoods are much sought after for their fragrant timber and oil, and have been 

wild harvested for centuries; to such an extent that one of the species is now extinct. 

 

Using next generation sequencing techniques (NGS) with an Ion Torrent platform, 

this thesis involves an extensive genomic survey of the genus to realise several 

evolutionary questions. The central approach is to obtain genome-wide genetic 

markers using NGS, and then use these markers to first, infer the genetic diversity of 

populations of Santalum acuminatum, a sister species of Santalum spicatum or 

Australian sandalwood, across South Australia, Western Australia and New South 

Wales; second, to explore the feasibility of this approach in reconstructing 

phylogenetic relationships between species, some of which exhibit morphological 

phenotypes that make their identification difficult. Included in this work is an 

exploration of the utility of NGS platforms for ‘deep’ sequencing traditional markers 

(ccmp2, trnL, nrITS) and a consideration of their applications for various areas of 

research. To give a time perspective to the work, an isotope and macrofossil analysis 

of cave sediments, to infer past plant vegetation and climate scenarios, closes the 

data chapters. 
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Among the results inferred from markers obtained from the Ion Torrent are that  

the genetic diversity of S. acuminatum appeared to be low and a population structure 

analysis reveals a mixing of genotypes across the geographic range of the 

populations assessed. The phylogenomics of Santalum using NGS markers revealed 

a similar path of dispersals out of Australia and into the Pacific as reported in 

previous studies, but with fewer events than previously thought. It was also found 

that there appear to have been hybridisation between species in some populations of 

Santalum in the dry lands of South Australia. As well, it was found to be quite 

feasible to deep sequence traditional markers, such as chloroplast locus ccmp2, 

proving that they can be applied in new ways for research in metabarcoding of bulk 

samples. This novel application of traditional markers can then be applied in studies 

of soil sediments, as another proxy to sedimentary studies alongside isotope and 

macrofossil analyses. 

 

Together, the set of studies presented in this thesis represent an interdisciplinary 

approach to a botanical study and begins to answer questions concerning the 

relationship between humans and plants. It is possible to integrate a battery of 

methods to study a highly exploited plant genus such as Santalum in its long 

historical trajectory with our species, and obtain results that can help in proposing 

potential solutions for its future sustainable management. 
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SCOPE AND CONTEXTUAL RATIONALE  
 
The body of work presented in this thesis, has been conceptualised and arranged as a 

set of chapters written for publication, currently as drafts or ‘in preparation’. The 

overall theme of the thesis concerns native Australian flora and impacts of changes 

to their landscape mediated by our species. At core of the study is the pressing issue 

of conservation of native flora in the face of global warming created by human 

activities, presented here in case studies.  

 

The chosen species for the main part of the study is Santalum acuminatum, or 

quandong. The rationale behind selecting this species lies in the fact that Santalum is 

a charismatic, but also highly exploited genus across its natural range. The Santalum 

genus has species that produce precious fragrant timber and oils. According to the 

current inventory on the IUCN Red List, one of its species is now extinct in South 

America and three of them, in the Pacific islands, are now listed as vulnerable or 

endangered. Species of Santalum in Australia have not been listed yet as under threat 

by the IUCN, but as the genus is economically relevant, it is important to continue to 

assess its conservation status. Illegal logging has also been on the increase in 

Australia due to higher sandalwood prices in the last couple of years.  

 

The thesis includes four data chapters, two of them report on molecular work 

undertaken on the genus Santalum, using next generation sequencing (NGS) to 

identify single nucleotide polymorphisms (SNPs) that were then used to infer the 

genetic diversity of populations of quandong and construct phylogenetic trees. Next 

generation sequencing techniques were also applied to explore their potential for  

deep sequencing of traditional markers to reassess current markers and their potential 
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for continued application on different platforms. The fourth core chapter reports on a 

fine-scale study on sedimentary deposits of the Naracoorte Cave system to infer 

native taxa on site in a time scale with plant macrofossils and isotope analysis of tree 

rings and sediments. 
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