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Abstract

The standard approach for single-sequence RNA folding uses experimentally-determined thermodynamic pa-

rameters [1–3]. Statistical approaches might offer advantages because they train the parameters from known RNA

structures which also permits to incorporate readily more complex features of RNA folding. Indeed, some success

has been reported using discriminative statistical methods such as CONTRAfold [4] or Simfold [5]. We propose the

use of generative probabilistic models (or context-free grammars) as an alternative to thermodynamic and discrim-

inative methods.

To explore probabilistic models and rigorously compare them to thermodynamic and discriminative approaches,

we have created TORNADO, a computational tool capable of parsing a large spectrum of RNA grammar architec-

tures into a generalized “super-grammar” which can be parametrized alternatively with either probabilities, free-

energy changes or arbitrary scores. TORNADO’s “super-grammar” can incorporate most features of RNA secondary

structure described to date and expand even further. TORNADO includes a parsing language and a suite of programs

for folding, sampling, and training parameters.

Using TORNADO, we show that (1) a grammar architecture that when given free-energy changes mimics stan-

dard thermodynamic methods improves performance when trained with maximum-likelihood probabilistic parame-

ters. (2) Probabilistic models equivalent to other existing discriminative methods perform comparably when trained

on the same data. This gives SCFGs an advantage over discriminative methods since SCFGs are easier to train, thus

more flexible to incorporate increasingly complex features, and thus more amenable to use effectively the existing

data. (3) Probabilistic models for RNA structure based on SCFGs outperform other currently available methods

[1–5]. However, we also show that the probability of known RNA molecules according to an RNA model is not

well distinguished from their probability under a simple null model, which could help explain why RNA secondary

structure prediction remain difficult.
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