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INTRODUCTION

In recent years, engineers have been exploring in vitro morphogenesis [START_REF] Tian | Artificial morphogen-mediated differentiation in synthetic protocells[END_REF] and artificial cells [START_REF] Montagne | Boosting functionality of synthetic DNA circuits with tailored deactivation[END_REF]. While the design of artificial cells is now well mastered, their integration into spatial arrays and their functional differentiation is an open problem. In vivo, spatial differentiation is achieved by morphogenesis, a subtle chemical choreography where enzymatic networks interact with spatio-temporal cues to form spatially organized tissues and organs. It appears that cells break their initial symmetry with gradients of morphogens, which are chemical species present at non-uniform concentrations. Cells use morphogens as a positioning system to determine their cellular fate. We propose to use a temperature gradient as a positioning system to differentiate droplets (Fig. 1 A). [START_REF] Zadorin | Synthesis and materialization of a reaction-diffusion French flag pattern[END_REF]. The network comprises chemical modules for replication, deactivation, degradation, logical inversion and reporting. C: Microfluidic setup. The network is encapsulated in droplets, which are arrayed as a monolayer in a silicon chamber, and placed in a temperature gradient.

Figure 1: Thermal morphogenesis in an array of droplets. A: Our goal is to chemically differentiate an array of identical droplets into spatially distinct regions using a temperature gradient as a morphogen. It works as a positioning system that is read by an enzymatic network and instructs the droplets to differentiate into a red or yellow state. B: Schematic of the enzymatic network

EXPERIMENTAL

We use a chemical switch to sense the temperature and differentiate the droplets (Fig. 1 B). The switch is actuated by 3 enzymes (polymerase, nickase and exonuclease) and 2 DNA templates [START_REF] Zadorin | Synthesis and materialization of a reaction-diffusion French flag pattern[END_REF]. The switch presents two bifurcations in temperature: it only produces an output when operated between ~36°C and ~45°C. Output production corresponds to a red fluorescent species, while no output corresponds to a yellow fluorescent species. We generate the droplets with standard microfluidics and we incubate them in a silicon chamber with controlled height, forming a tissue-like monolayer of droplets. The chamber is placed in a temperature gradient established by two Peltier elements on a copper plate. We incubate the setup for 24h and image it with a fluorescence microscope (Fig. 1 C).

RESULTS AND DISCUSSION

We observed sharp and stable differentiation in 3cm x 1cm array of microdroplets. (Fig 2 A). For temperatures between ~36°C and ~45°C, the bistable switch is ON thus the red reporter is ON and the yellow inverter is OFF. Conversely, for temperatures below ~36°C and above ~45 °C, the bistable switch is OFF, thus the red reporter is OFF and the yellow inverter is ON. 

CONCLUSION

We successfully differentiated 150,000 cell-sized droplets using a temperature gradient.

Figure 2 :

 2 Figure 2: Experimental realization of a Spanish-like flag with a temperature gradient. A: After incubation for 24 hours, the droplets have differentiated into 3 zones, mimicking the partition of a Spanish flag. B: Column-averaged fluorescence profile along the chamber.