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            Abstract
RNA velocity has opened up new ways of studying cellular differentiation in single-cell RNA-sequencing data. It describes the rate of gene expression change for an individual gene at a given time point based on the ratio of its spliced and unspliced messenger RNA (mRNA). However, errors in velocity estimates arise if the central assumptions of a common splicing rate and the observation of the full splicing dynamics with steady-state mRNA levels are violated. Here we present scVelo, a method that overcomes these limitations by solving the full transcriptional dynamics of splicing kinetics using a likelihood-based dynamical model. This generalizes RNA velocity to systems with transient cell states, which are common in development and in response to perturbations. We apply scVelo to disentangling subpopulation kinetics in neurogenesis and pancreatic endocrinogenesis. We infer gene-specific rates of transcription, splicing and degradation, recover each cellâ€™s position in the underlying differentiation processes and detect putative driver genes. scVelo will facilitate the study of lineage decisions and gene regulation.
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                    Fig. 1: Solving the full splicing kinetics generalizes RNA velocity to transient populations.[image: ]


Fig. 2: Resolving subpopulation kinetics and identifying dynamical genes in neurogenesis.[image: ]


Fig. 3: Delineating cycling progenitors and lineage commitment and disentangling cell fates and regimes of transcriptional activity through latent time in pancreatic endocrinogenesis.[image: ]
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                Data availability

              
              The data sets analyzed in this paper are publicly available and published. The annotated data, results and Python implementation are available at https://scvelo.org. The raw data set of hippocampal dentate gyrus neurogenesis is available in the National Center for Biotechnology InformationÊ¼s Gene Expression Omnibus repository under accession number GSE95753. We included samples from two experimental time points: P12 and P35. The raw data set of pancreatic endocrinogenesis has been deposited under accession number GSE132188. We included samples from the last experimental time point: E15.5.

            

Code availability

              
              The results reported in this paper and our Python implementation are available at https://scvelo.org.
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