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Dr. Ahmad Khalil aims to conduct basic research to discover and establish fundamental 
engineering principles for epigenetic information storage and processing in living cells, and to use 
these principles to enable epigenetic programming of self-organizing multicellular structures, 
yielding biological materials with tailored properties. To achieve this goal, Dr. Khalil plans to focus 
on the development of the first epigenetic memory toolkit – a library of mechanistically-diverse 
epigenetic switches that enable long-term memory storage and recall in eukaryotic organisms – 
and fundamental studies to define their operation and memory properties. He also proposes to 
develop a modular “synthetic morphology” platform for creating epigenetic programs that drive 
and control self-organization in cellular populations. Specifically, he will discover design rules to 
direct naturally-occurring epigenetic programs that regulate transitions between unicellular and 
multicellular phenotypes in yeast, developing this into a platform to program microbial materials 
that exhibit reversible phase transitions, shape memory, self-repair, and epigenetic signal-
dependent organizational features. In the third phase of his project, he will circumvent natural 
selection and investigate the minimal requirements for creating de novo epigenetic programs that 
direct self-organization of defined multicellular structures using mammalian cells not naturally 
capable of this behavior. Collectively, these anticipated research goals will produce a new 
epigenetic programming language that will augment our ability to engineer complex eukaryotic 
and multicellular systems and structures. If successful, Dr. Khalil’s work will inspire future 
applications, including in situ fabrication of materials with attributes of living systems, sensing and 
communication devices utilizing epigenetic encoding/decoding functions, epigenetic switches 
enabling coordinated control of entire biosynthetic pathways, and the manufacturing of large-scale 
synthetic materials with precise structures and functions. Dr. Khalil’s team has made pioneering 
advances in synthetic biology paradigms for engineering eukaryotic systems, using these to 
advance basic understanding and control of epigenetic regulation. Dr. Khalil has a strong track 
record of engagement with the DoD, e.g. as recipient of a DARPA Young Faculty Award and 
performer on 5 DARPA programs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


