Phenotypic selection, modular evolution, and emergence of function in the RNA world
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Molecular evolution at precellular stages was probably dominated by small populations of genetic macromolecules. The scenario of an RNA world devises short single-stranded polynucleotides replicating under high mutation rates and subjected to selection determined by the environmental characteristics. 

We consider two sets of RNA molecules where an initially random pool of sequences evolves towards a given secondary structure. In either case, the secondary structure is a toy representation of the fittest structure in the current environment. The first set has a hammerhead structure as a minimum free energy configuration. The target structure of the second set of sequences is characterized by a terminal hairpin motif, analogous to that of ribozymes able to perform both RNase and RNA ligase activities. As evolution proceeds, a varying fraction of the molecules of each population mixes in a pool. Whenever a functional hairpin structure is present, ligation reactions can take place, and longer molecules appear. These molecules are considered as a further step in evolution if their minimum energy structure retains the two domains (hammerhead and hairpin motifs) present in the original populations. We show that under very weak restrictions these more complex molecules appear and accumulate in the system. 

Further, we require that the nucleotides present at the active site of the RNA molecules take precise sequences for the molecule to be functional. We analyze the evolutionary times required to achieve each of the previous goals and demonstrate that selection of the structure (phenotype) is the limiting step in the emergence of function.

