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Non-enzymatic oligomerization of activated ribonucleotides leads to ribonucleic acid that 

contains a mixture of 2′,5′- and 3′,5′-phosphodiester linkages, and overcoming this backbone 
heterogeneity has long been considered one of the greatest limitations to the prebiotic emergence 
of RNA[1]. We present and experimentally demonstrate a model in which non-enzymatic chem-
istry progressively converts 2′,5′-linkages to 3′,5′-linkages by iterative degradation and repair. 
With multiple rounds of this energy-dissipative recycling[2], we show that all 3′,5′-linked duplex 
RNA can emerge from a backbone heterogeneous mixture, thereby delineating a route that could 
have driven RNA evolution on the early Earth. 
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Figure 1 –Proposed model for the recycling of backbone heterogeneous ribonucleic acid. Favored (bold lines) 

and unfavored (dashed lines) pathways resulting in the conversion of 2′,5′-bonds to 3′,5′-bonds. 
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