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Due to unprecedented developments of computer hardware and 
software in the last decades, computational methods have become 
key tools to understand structural dynamics, function, and evolution 
of nucleic acids. In my talk, I will introduce two important classes of 
computational methods that are used in studies of nucleic acids, 
namely, advanced quantum-chemical (electronic structure) 
calculations and classical atomistic explicit solvent molecular 
dynamics simulations. I will explain how to correctly combine these 
methods with diverse types of experimental information and to 
avoid misinterpretations that are widespread. Wisely used 
computational and modelling techniques can bring unique insights 
into the complex world of RNA and DNA molecules that are not 
obtainable by any available experimental techniques. Advanced 
computations are well suited to complement experiments and make 
an interdisciplinary bridge between physical chemistry, 
biochemistry, and structural biology of nucleic acids. I will illustrate 
application of computational methods on selected examples of our 
research. These include revelation of the nature of one of the 
dominant forces shaping up nucleic acids, the base stacking, 
proposal of an origin-of-life scenario leading from formamide to the 
first catalytic RNAs, flexibility of mobile elements of the ribosome, 
and deciphering the multiple-pathway process of folding of guanine 
quadruplex DNA molecules.
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