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In multi-cellular organisms such as animals and humans, a single genome sequence is expressed into a
complex organization of hundreds of different cell types. Although it is well understood that this process
is controlled by regulatory proteins that can switch genes on and off by binding to short sequences in
the DNA, there is still an enormous gap in our understanding between experimentally determined lists
of components on the one hand, and idealized mathematical models on the other hand.

In a major development, it has become possible over the last few years to experimentally quantitatively
track the states of individual cells across tissues and embryos as they are developing, measuring how
much each gene is expressed, the state of the DNA, which cells derived from the same ancestor cell,
and so on. These methods promise to revolutionize our ability to understand the ways in which a single
genome can be expressed into a complex organism.

However, there are many challenges on the way to realizing this promise. For example, single cell mea-
surements are very noisy, with many missing values. Most importantly, it is currently unclear how the
measured state of a single cell can be related to the actions of the regulatory proteins that guide the
process. Therefore, novel computational methods are needed that allow bridging the gap between math-
ematical models and single-cell measurements.

The goals of the project are to develop new mathematical and computational methods for the analysis of
genome-wide gene expression and DNA state measurements in single cells. In particular, we propose
to develop new statistical models for carefully distinguishing true biological variability from measurement
noise. Moreover, we propose to adapt a previously developed method for relating the measured state
of a cell to the activities of regulatory proteins to be applied to single cells. The methods we propose
should make it possible to precisely quantify the activities of regulatory proteins in single cells, and to
map the landscapes that guide the states of cells.

The results of our work will consist of a suite of tools that can be used by researchers worldwide. Our
project involves several collaborations with experimentalists at the forefront of developing these single
cell measurements, and application of our methods to data generated in the labs will guide further
refinement of our methods.

The methods we propose will make a major contribution to realizing the promise of single-cell method-
ologies for unraveling how a single genome is expressed into a complex multi-cellular organization.
Understanding this will eventually have innumerable applications in human health and medicine.
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