Diﬀerences in gene expression play a crucial role in determining the tremendous variety of cellular proper es within the
human body. Therefore, understanding the gene expression diﬀerences among cells that diﬀer in func on, developmental
stage, and disease state is a fundamental problem in biomedical research that has implica ons for diverse ﬁelds including
regenera ve medicine, developmental biology, cancer research, and neuroscience. Advances in sequencing technologies
have enabled high‐throughput measurement of all genes expressed within individual cells. Such single cell measurements
can be conceptualized as points in a high‐dimensional space, where each dimension corresponds to a single gene. These
data require new models and new computa onal tools to reveal hidden structure in the high‐dimensional space where
cells live.
I will present an approach that reveals key proper es of a biological process by posi ng the process as a nonlinear mani‐
fold embedded in high‐dimensional gene expression space. The approach constructs a manifold from single cell data in an
unsupervised manner and uses the geometry of the manifold to order cells according to posi on in the process and to dis‐
cover “branches” and “loops” in the process. In addi on, I will show how manifold representa ons of biological processes
can be used to integrate mul ple kinds of single cell genomic measurements performed on cells undergoing a common
process. These methods produce results consistent with biological prior knowledge and yield new insights when applied to
experimental data from a number of interes ng biological systems.
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