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Computational Nucleic Acid Engineering

Why nucleic acids!?
Biology demonstrates diverse functionality

Structure prediction and design both amenable to computational treatment







Free Energy Landscape
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Project |:Thermodynamic Analysis of Interacting Strands




Project |:Thermodynamic Analysis of Interacting Strands




Project 2: Analysis of HCR free energy landscapes
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Basic HCR Mechanism

Detecting a target DNA fragment
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Probing the metastability of HCR




Probing the metastability of HCR




Predicted annealing behavior




Probing annealing beh




Probing annealing behavior




Project 3: Fast Stochastic Kinetics for Interacting Strands

Explore vast landscapes by stochastically generating trajectories from the exact
probability distributions (Gillespie, 1976; Flamm et al., 2000)

New algorithm for kinetic simulations of unpseudoknotted complexes of
interacting strands

Lower complexity (energy calculations, move generation and selection)

New




Project 4: Mapping coarse-grained free energy landscapes

Detecting Macrostate Transitions
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Project 4: Mapping coarse-grained free energy landscapes

Macrostate Kinetics Example
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NUPACK: Thermodynamics results

Thermodynamics

Results

Project 5: NUPACK
Nucleic Acid Package
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Temperature: 25.0 C

www.nupack.org

Ensemble Pair Fractions at 25.0 C
Target Hairpin 1 Hairpin 2

A growing software suite for the
analysis and design of nucleic acid
systems
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Hairpin 2

Base Index

Web-based interface for efficient

Download data

hypothesis testing and easy access

Target-Hairpin 1-Hairpin 2
e  0.7046 pM

Hairpin 2
I 0.2954 uM

Target-Hairpin 1

Downloadable source code for
customization and batch processing

Histogram filters

Live demo available
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