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Abstract:

Liquid biopsy, a noninvasive window into whole-body cellular states, has fransformed applications in
prenatal screening and oncology. Cell-free DNA (cfDNA), a key component of liquid biopsy, contains
information beyond sequence variation: fragmentation patterns and genomic coverage reflect the
chromatin landscape of the cells from which these molecules originate.

From a statistical perspective, cfDNA represents a complex mixture: bilions of short DNA fragments shed
from many cell types, each potentially in a distinct cellular state. The central challenge is therefore as
follows: how to recover latent franscriptional activity from sparse, noisy, and compositional measurements
of DNA fragments.

In this talk, | will present a framework for inferring franscriptional activity from cfDNA profiles at the patient
level. | will show how these inferred signals can be used to distinguish cancer from non-cancer and discuss
how regulatory elements shape the relationship between chromatin structure and downstream RNA
output. | will also highlight key challenges, including identifiability, bias, and limits of inference, and outline
opportunities for integrating statistical modeling with biological priors in this sefting.
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