
Final Report  
 
Author: Dr Fleur Garton 
Qualification: PhD 
Institution: University of Queensland 
Project date: 29/10/2018 to 28/Oct/2019* (Extension granted- FG maternity leave) 
Date Submitted: 12/11/2020 (please note that this report was due May 31st 2020, 
aim 3 reflects additional work we have been carrying out in this time) 
 
Title of Project: Cell-free DNA profiling in cases and disease-mimics to develop a 
biomarker test for Amyotrophic Lateral Sclerosis (ALS) 
 
Summary: The overarching aim of our project was to investigate cell-free DNA (cfDNA) 
as a biomarker for ALS. cfDNA is simply the product of cellular turnover, in which DNA 
originating from a cell’s nucleus is detected in the circulation. We previously identified 
that cfDNA is increased in the blood of ALS patients (a rapid neurodegenerative 
condition) but wanted to see if it could be profiled to recognise the originating 
tissue/cell by comparing with references of known tissues markers. Our question was 
to ask if an ALS specific cfDNA signature could be detectable in the disease course, 
ultimately leading to a blood test that could be requested at first presentation to a local 
clinic or used to track progression. 
 
Hypothesis vs Findings 
We hypothesised that an ALS specific cfDNA methylation profile could be detected 
compared to other diseases/clinic mimics and age-matched controls. 
 
Aim 1 was to continue to build our sample population to include disease mimics. We 
planned to do this through the Royal Brisbane and Women’s Hospital neurology clinic 
which is where we collect our cases and controls (with the support of two clinicians: 
Assoc. Prof Robert Henderson & Prof. Pamela McCombe). Due to the nature of the 
clinic (an ALS diagnosis is already declared or suspected at first visit to RBWH 
neurology) we focussed our collections on ALS cases and controls (Table 1). Mimics 
are still needed for this project and thus we have set up a collection at the Mater 
Hospital with the support of Prof Peter Nestor.  
 
Table 1. Sample blood collections 
Aim 1: Previous Collected (proposed n=50)  Current totals  
ALS cases 28 34 133 
Controls 25 11* 38* 
TOTAL 53 45 171 

*Controls requires the collection of 2 tubes for downstream processing as the cfDNA 
concentration is lower 
        



Aim 2 was to generate additional n=10 whole genome bisulfite sequencing data to 
help develop a capture panel. We initially had n=4 cases and n=4 controls WGBS 
data, we now have n=16 cases and n=16 controls (UQ combined with University of 
California (UCSF)). The data analysed thus far demonstrates some sensitivity to 
detect sites that suggest a higher proportion of cell-free DNA coming from skeletal 
muscle in cases compared to controls (Figure).  
 
Table 2. Whole genome bisulfite sequencing data 
Aim 2: Previous WGBS Additional WGBS 

(proposed n=10) 
Total WGBS 

ALS cases 4 12 16 
Controls 4 12 16 
TOTAL 8 24 32 

 

 
 

 
Aim 3 was to apply our capture panel to n=35 ALS cases and controls. As we received 
75% of the proposed budget – we have not run the capture panel. Instead, we spent 
additional time in the design phase based on the WGBS generated in aim 2 and 
reference data. Firstly, we are trying to identify a selection of sites that will accurately 
predict the cfDNA cell-type of origin and secondly, we are trying to identify sites that 
are specifically relevant to ALS cases compared to controls.   
 
We have increased our reference panel in the past 6 months and are now using 
additional WGBS reference data from the brain (PsychENCODE) and blood 
(Blueprint). We have been running analyses to identify Tissue Informative Methylation 
Sites (TIMS) and to predict tissue-of-origin proportions of the cell-free DNA. This has 

Figure. CfDNA deconvolution in WGBS data from 16 ALS patients & 16 control samples 
identified a difference in the estimated proportion of skeletal muscle origin in cfDNA (left plot), 
consistent with disease pathology (grouped t-test p = 2.36x10−3) – while differences in other 
tissue/cell types were not detected (right plot: full panel). Of note: a relatively high ‘unknown 
proportion’ of cfDNA exists – which we are aiming to improve with the addition of a more 
comprehensive WGBS reference set.   



included simulating different mixtures of cfDNA to determine the sensitivity of the 
tissue of origin prediction proportion. This is a work in progress, as we are also 
incorporating CH sites, which may be more sensitive for neuronal tissue detection. 
These were not previously included in our analyses. The second method is based on 
examining regional methylation differences in the WGBS data from ALS cases and 
controls (n=32). Different metrics (including coverage, methylation calling and regional 
site selection) have been run to carry out these comparisons. Cell-free DNA coverage 
is typically sparse and so not all sites are covered in every sample. Additionally, not 
all sites are covered at a high depth. Different tools and analyses are being used to 
maximise the confidence in site selection for the capture panel design.   
 
Both methods are a work in progress and two team members have been working on 
these analyses. Independently, we have also spoken to Dr Zac Chatterton (a previous 
Brain Foundation recipient) at the University of Sydney. He is developing a similar 
research program with a large number of parallels. We will work with him to maximise 
outcomes for this project. We are both using different methods – and so combining the 
approaches may be of benefit to both of our research programs. 
 
Unanswered Questions and What these research outcomes mean: 
We are still generating the data to ask if cfDNA can robustly detect and track ALS. Of 
interest is whether it may also provide new clues to the underlying biology and early 
triggers of ALS. The long-term outcomes of this research remain to develop 1) A 
biological diagnostic tool for ALS using cfDNA 2) New methods for the analysis of 
cfDNA using sequencing and methylation capture to accurately profile cfDNA.  
 
We note that support from the Brain Foundation in the preliminary stages of the project 
have helped us obtain further support from the FIGHTMND foundation to continue to 
investigate cfDNA as a biomarker for ALS.  
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