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Abstract 
Cell-free DNA (cfDNA) fragmentomics provides a non-invasive means of studying 
chromatin organization and cancer-associated biological processes. However, the 
raw cfDNA fragments data are sparse and high-dimensional, making downstream 
tasks challenging. Meanwhile, fragmentation patterns surrounding transcription 
start sites have emerged as a promising source of information for inferring gene 
expression and chromatin activity. However, the extent to which these signals can 
be leveraged to learn sample-level representations for downstream tasks, such as 
cancer detection and tumor fraction estimation, is not yet well investigated.  
 

In this thesis, a self-supervised learning framework inspired by a masked 
autoencoder was developed to learn representations of cfDNA fragmentomics 
features surrounding transcription start sites (TSSs) from whole-genome 
sequencing (WGS) data of a local colorectal cancer cohort. This thesis investigates 
how well the embedding learned is biologically informative, and can be leveraged 
for sample-level cancer detection and accurate tumor fraction estimation. 

Results 

The learned TSS embeddings exhibited clear associations with gene expression 
levels despite being trained solely on cfDNA fragmentomics features. Visualization 
of the embedding space revealed progressive transitions across gene expression 
deciles. 
 

For downstream prediction tasks, sample-level embeddings generated 
through candidate-gene pooling outperformed embeddings pooled across all 
genes, with pooling top 50 candidate genes achieving the best tumor classification 
performance (AUC=0.865). Tumor fraction estimation achieved a Spearman 
correlation of 0.585, indicating that this approach is not sufficient to achieve 
accurate tumor fraction estimation. 
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