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The next 35 years will see tremendous advances in defining how life can arise 
spontaneously, and these advances will guide missions to look for life beyond Earth. 
Multiple bodies in the Solar System are candidates for hosting extant recognizable life or 
for having hosted life in the past. These bodies represent enormously diverse physical, 
geological and chemical environments, each of which could potentially produce Life 
through different means. Recent advances have made it possible to engineer living 
organisms with ever greater precision, and there is growing expectation that we will soon 
(10-20 years) be able to generate very simple, fully-artificial living entities in the lab.  
 
A major goal for 2050 should be to build artificial life not just once, but many different 
ways through diverse pathways, chemistries and constraints. To achieve that goal will 
require continued bottom-up and top-down advances related to the classic pursuits of 
pre-biotic chemistry, functional macromolecules and deep history of Earth life. However, 
it will also require a much greater exploration of systems-level considerations that bridge 
the properties of individual components with their abilities to display emergent properties 
within a given suite of geo/physico/bio/chemical settings. One example of this approach 
(among many) is to bridge the gap between the fruitful studies of individual catalytic RNA 
molecules (ribozymes) and the almost complete lack of studies of multi-step pathways or 
systems of reactions catalyzed by RNA or their impact on living organism. The field of 
Synthetic Biology offers rich opportunities for infusing these efforts with useful 
experimental, conceptual and computational tools. Furthermore, these efforts should be 
informed—but not strictly circumscribed—by the unfolding understanding of planetary 
(and cometary, etc)  inventories and conditions, whether large-scale or niche, stable or 
transient, current or historical. Explicit emphasis on the multiplicity of mechanisms to 
make life under a variety of conditions will help define the robustness of the Origins 
process in general and the probability of Life beyond Earth. 
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