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THESIS ABSTRACT 

 

The complex and variable soil matrix can support a wide range of biota that can provide 

information about local vegetation, soil conditions (e.g. soil acidity) and habitat type. As 

the combination of microbes, plants and animals within a soil is often specific to a given 

site, identification of the soil biota can narrow the likely source of a soil sample. DNA 

fingerprinting analysis of soil microbes has been used as forensic evidence in court to 

establish a link between a suspect and a site, victim or object. However, previous genetic 

analyses have relied on patterns of fragment length variation produced by amplification of 

unidentified taxa in the soil extract, particularly bacteria. In contrast, the development of 

advanced DNA sequencing technologies now provides the ability to generate a detailed 

picture of soil communities and the taxa present, allowing for improved discrimination 

between samples. This thesis examines the use of DNA metabarcoding combined with 

high-throughput sequencing (HTS) technology to distinguish between soils from different 

locations in a forensic context. Specifically, I review the DNA extraction protocols 

available for soils and recommend best practice for successful analysis (Chapter 2). 

Following this, I examine the reproducibility and discriminatory power of four different 

genetic markers for forensic soil discrimination using HTS (Chapter 3). Non-bacterial 

DNA, particularly fungi, were found to be the most promising target for soil discrimination 

and additionally showed consistent PCR amplification and low contamination risk. It is 

known that DNA extraction protocols can introduce discrepancies in soil community 

profiles, and the optimal sample size for an accurate and representative survey of soil 

diversity has been debated. Therefore I used various soil types to test the robustness of 

modified DNA extraction protocols (Chapter 4) and trace, or limited, amounts of soil 

(Chapter 5). I make recommendations about the optimal DNA extraction method and 

sample size given soil properties such as clay content, soil pH and texture. To assess the 
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application of this method in forensic casework, I then designed a mock case scenario. 

DNA profiles of six soil samples recovered from a suspect’s belongings were compared to 

those collected from seven reference sites around Adelaide, South Australia. This study 

demonstrated that the soil from the suspect’s belongings had eukaryote diversity more 

similar to those collected from the crime scene than to any other sample collected at 

random. This suggested the presence of the suspect at the crime scene. This result was 

compared to that from a soil analysis method currently accepted in court. In this case 

example, both methods successfully established a link between the suspect’s belongings 

and the crime scene; however, DNA analysis improved resolution between reference 

locations. This thesis demonstrates the first practical application of DNA metabarcoding 

and high-throughput sequencing (HTS) to forensic soil analysis. I show that this approach 

is consistently able to distinguish between soil samples taken from different localities, and 

consequently may be employed as an additional line of evidence or investigation in 

forensic casework. 
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