
Template ID: assessingslate  Size: 36x24

From Noisy Single-Cell Trajectories to Interpretable Gene 
Regulatory Dynamics

What scRNA-seq Data Provides
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Trajectories describe progression, but not the governing rules. 
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Can sparse single-cell trajectories reveal the underlying 
dynamics of gene regulation?
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ZINB-VAE [1] 
● The encoder maps high-dimensional cell profile to a 

low-dimensional latent distribution
● The decoder produces estimated pre-dropout mean 

expression, count dispersion, and excess-zero probability 
for each cell

● The decoder’s estimated mean is used for downstream 
trajectory reconstruction

Prior-Informed SINDy [2]

● We constructed a biologically motivated candidate library:
○ Basal production  
○ Hill activation and repression  
○ Linear degradation

● Optionally supplied a regulatory prior specifying the 
candidate activation or repression terms

A Synthetic Benchmark with 3 Core TFs
Results from Synthetic Data
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● Quasi-potential landscape comparison [5]
Ground Truth vs Zero-Inflated Negative Binomial expressions

Four Generated Trajectories with 1000 genes
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Results from EMT (MCF10A) Data (Test) [3]

● Core TF Expressions

● Transfer score comparison with randomly wired models

Key Findings 
● ZINB-VAE successfully reconstructs underlying 

gene-expression trajectories from sparse, noisy 
single-cell counts

● Hill-constrained SINDy recovers interpretable 
regulatory ODEs and the system's underlying 
dynamics. 

● For EMT, the inferred dynamics better explain and 
predict gene-expression trajectories than models 
constrained by existing regulatory prior 
knowledge.
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