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We aim to create a next-generation biological cyber-physical
system (bioCPS) in which desired global behaviors can be
achieved in populations of living cells through the identification
and characterization of local behaviors. The ability to synthesize
systems that control biological patterning could lead to
advances in manufacturing, amorphous computing, tissue
engineering, and drug development. For instance, differentiation
of pluripotent stem cells in tissue or organoid engineering can
be mapped to a pattern formation control problem.
To achieve this goal, we equip cells with sensing,
communication, and decision making capabilities using methods
from synthetic biology. Additionally, micron-scale mobile robots
assist in optimizing the formation of patterns by affecting
communication through opto-genetic triggering of genetic
circuits or by moving cells and signals.
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Workflow Summary
Our workflow involves five main steps. First, experimental data
is collected and fed into an analysis method that creates
mathematical models for biological modules and their
compositions. Simultaneously, a desired pattern or behavior is
defined by a user and is converted into a formal specification
using machine learning techniques. Next, the biological
modules are composed using a structural specification, and
design space exploration is performed on their associated
models using simulation and model checking to identify the
design that best realizes the user-defined behavior. The
selected design's behavior is then verified using experimental
design. Finally, microrobotics are utilized in the physical
system to aid in communication and sensing and to provide
precise top-down control of cellular patterning.
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Spatio-Temporal Pattern Synthesis
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Cellular Response with Chemical Payloads

Chinese Hamster Ovary cells, 
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