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Mathematical model of cotranscriptional folding and its Turing universality
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An RNA sequence is synthesized through the phenomenon called transcription, in
which RNA polymerase enzyme binds to a template DNA and produces the complementary RNA sequence
(transcript) from the 5° to the 3' -end until the polymerase is dissociated from the template. Before
being transcribed fully, the RNA transcript starts folding upon itself into an intricate functional
3D-structures. This phenomenon is called the cotranscriptional folding. RNA origami, proposed by Geary et
al. provides a method to design a single-stranded RNA that cotranscriptionally folds into a target
structure.

In this project, we first proposed a theoretical model of computation by cotranscriptional folding called
the oritatami system (0S). When the template DNA sequence is periodic like ACGTACGT..., then the 0S is
called cyclic. We proved that the class of cyclic 0Ss is efficiently Turing universal, that is, any
Turing machine can be simulated by an 0S with polynomial-time overhead.
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