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What single-cell data gives us
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Cell differentiates as the gene expression profile changes




What is missing?
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What we observe:
cells arranged along a trajectory

What we want:
rules that explain how states change

Trajectories describe progression,
but not the governing rules



Trajectory to Regulatory Dynamics
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How can we learn equations from observed
trajectories?



SINDy (Sparse Identification of Nonlinear Dynamics)

Core idea: choose a few terms from many candidates
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Brunton, S. L., Proctor, J. L., & Kutz, J. N. (2016). Discovering governing equations from data by sparse identification of nonlinear
dynamical systems. Proceedings of the national academy of sciences, 113(15), 3932-3937.



Overview of SINDy
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II. Sparse Regression to Solve for Active Terms in the Dynamics




Gene Regulatory ODE
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Gene Regulatory ODE: A Toy System
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Prior-informed SINDy
Need the prior information of
which gene activates/represses
which one
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The problem: scRNA-seq is very noisy
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Noisy trajectory — Noisy derivatives — Wrong equations!
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What if reconstruct the trajectory by
generative modeling to reduce noise?



Main Goal of the Reconstruction
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Variational Autoencoder
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A VAE learns a low-dimensional representation of cell states
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Step 1: Latent Space Trajectory

Noisy Gene Expression

Latent Representation
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Step 2: Trajectory Reconstruction in Latent Space

Latent Representation
Divide into small time bins

\

Get the average of each bin



Step 3: Decode Averaged Latent Points

Smoothed Gene Expression

Averaged Latent Trajectory /”
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Overall Framework

Single Cell Trajectory
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Let’'s Verify the Framework



A Toy System: Simple Three Gene Network
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Simulate Trajectories from the ODE

dzZ
dt

Clean continuous expression
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—  Simulate 4 trajectories for 4 initial conditions
—  Manually Assign the state labels

Ground-truth ODE trajectory (Labeled by State)
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Convert Trajectories to scRNA-seq Like Data

Ground Truth ODE vs Negative-Binomial Expression
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Final Synthetic Data
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Reconstructed Trajectories

Reconstructed Trajectory vs Noisy Expression
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Let’s apply SINDy on the reconstructed trajectories




Predicted Dynamics
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Quantitative Results
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Next Steps

1. Take care of drop out

2. Apply the framework on real scRNA-seq trajectory

o EMT (Epithelial to Mesenchymal Transition)
o HSC Differentiation
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Thanks!



