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            Abstract
The engineering of genetic circuits with predictive functionality in living cells represents a defining focus of the expanding field of synthetic biology. This focus was elegantly set in motion a decade ago with the design and construction of a genetic toggle switch and an oscillator, with subsequent highlights that have included circuits capable of pattern generation, noise shaping, edge detection and event counting. Here we describe an engineered gene network with global intercellular coupling that is capable of generating synchronized oscillations in a growing population of cells. Using microfluidic devices tailored for cellular populations at differing length scales, we investigate the collective synchronization properties along with spatiotemporal waves occurring at millimetre scales. We use computational modelling to describe quantitatively the observed dependence of the period and amplitude of the bulk oscillations on the flow rate. The synchronized genetic clock sets the stage for the use of microbes in the creation of a macroscopic biosensor with an oscillatory output. Furthermore, it provides a specific model system for the generation of a mechanistic description of emergent coordinated behaviour at the colony level.
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                    Figure 1: 
                        Synchronized genetic clocks.
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Figure 2: 
                        Dynamics of the synchronized oscillator under several microfluidic flow conditions.
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Figure 3: 
                        Spatiotemporal dynamics of the synchronized oscillators.
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Figure 4: 
                        Modelling of synchronized genetic clocks.
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        Editorial Summary
Synthetic biology clocks on
The genetic circuits approach to synthetic biology uses computer modelling to design small gene networks that function in living cells. Less than a decade after its first successes — the synthetic oscillator and the toggle switch — Jeff Hasty and colleagues have built a population of synchronized Escherichia coli cells by engineering natural 'quorum sensing' genes. Using microfluidics and time-lapse fluorescence microscopy they derive general rules about the factors controlling synchronous oscillations or wave propagation. This work should facilitate research on more complex natural oscillations; in this model system the genetic clock produces synchronized flashes of light but similar genetic switching could trigger events relating to insulin secretion and circadian rhythms, for instance.
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