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How do spatial gene expression patterns form?

 Fundamental problem in developmental biology

 New challenge for synthetic biology

Decompositional Approach: Exploit I/O properties of subsystems 

 Mathematical analysis and design hampered by large-scale models 

(cells) and their coupling structure (diffusion, contact signaling, etc.)1
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[1]  Hsia, Holtz, Huang, Maharbiz, Arcak, “A feedback quenched oscillator produces Turing 
patterning with one diffuser.”  PLoS Computational Biology, 2012.



Contact-Mediated Inhibition
Common patterning mechanism in m lti cell lar organisms e g NotchCommon patterning mechanism in multi-cellular organisms, e.g., Notch
signaling in mammalian cells:

Delta in one cell inhibits production of Delta in adjacent cells:

Literature:  Simulations for specific models     of Notch signaling.2,3,4

Patterning analysis under restrictive assumptions (e.g., two cells).

This talk: A scalable technique for predicting patterns, applicable to

[2] Collier et al. J.Theo.Bio. 1996;  [3] Ghosh & Tomlin IEE Sys.Bio. 2004; [4] Sprinzak et al. PLoS Comp.Bio. 2011

a broad class of systems.
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Current Research Topics

 Relaxing the assumptions of the theorem (e.g., bipartite reduced graph)

 Characterizing the stability and domain of attraction of the patterns

 Generic convergence to patterns proven for bipartite graphs.  

Can other graphs exhibit complex dynamics?
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Can other graphs exhibit complex dynamics?

 Application:  A synthetic multi-cellular patterning system…

[5]  Arcak, “Pattern formation by lateral inhibition: An analysis applicable to large scale 
networks of cells.”  Submitted.
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