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ABSTRACT

Trajectory inference methods analyze thousands of cells from single-cell sequencing technologies and
computationally infer their developmental trajectories. Though many tools have been developed for
trajectory inference, most of them lack a coherent statistical model and reliable uncertainty
quantification. In this paper, we present VITAE, a statistical method combining a latent hierarchical
mixture model with variational autoencoders to infer trajectories from posterior approximations. VITAE
is computationally scalable and can adjust for confounding covariates to integrate multiple datasets. We
show that VITAE outperforms other state-of-the-art trajectory inference methods on both real and
synthetic data under various trajectory topologies. We also apply VITAE to jointly analyze two single-
cell RNA sequencing datasets on mouse neocortex. Our results suggest that VITAE can successfully
uncover a shared developmental trajectory of the projection neurons and reliably order cells from both
datasets along the inferred trajectory.



