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ABSTRACT

DNAforge is an online tool that provides a
unified, user-friendly interface to several recent
design methods for DNA and RNA wireframe
nanostructures, with the possibility to integrate
additional methods into the same framework.
Currently, DNAforge supports three design
methods for DNA nanostructures and two for
RNA nanostructures. The tool enables the design,
visualisation and sequence generation for highly
complex wireframe nanostructures with a simple
fully automated process. DNAforge is freely
accessible at https://dnaforge.org/.

GRAPHICAL ABSTRACT

INTRODUCTION

In nucleic acid nanotechnology, nanoscale structures are
self-assembled from rationally designed strands of DNA or
RNA (1, 2). The base-pairing characteristics of nucleic acids
make them a finely programmable fabrication material, which
enables the assembly of structures with high precision and
complexity, comprising currently up to tens of thousands of
nucleotides.

DNA and RNA origami (3, 4) are two powerful, broadly
applicable design paradigms that set forth how a long baseline
strand (“scaffold strand” in DNA origami) can be guided to
fold into a desired target shape or structure by a carefully
programmed array of auxiliary strands or motifs (“staple
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strands” in DNA origami, kissing-loops and other connector
motifs in RNA origami). Both methods have been used to
design a large variety of 2D shapes and 3D structures (5, 6).

Most current 3D origami designs follow the approach of
packing several 2D layers of helices or helix bundles on top of
each other, and/or curving helix bundles as initially suggested
in (7, 8). An alternative path to 3D design is to create a
wireframe structure that incorporates only the boundary edges
and vertices of the 3D model. There have been several notable
pre-origami excursions in this direction (9, 10), but it has
mostly started to gain a following with the development of
the flexible and robust origami techniques (6, 11). Some
advantages of wireframe designs as compared to helix-
packing ones include economy of strand use, which allows
the construction of larger structures, and better folding under
low-salt conditions. Some of the challenges, on the other hand,
are the sometimes low rigidity of the structures, particularly
for large single-helix edge designs (this can be alleviated by
employing multi-helix edges, at the cost of increased strand
use) and the low yield of large and complex designs.

There already exist several nucleic acid nanostructure
design tools (8, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21).
Most of these however address helix-packing designs, with
the more recent ones oriented towards wireframe structures
including vHelix (14), DAEDALUS (15) and ATHENA (18)
for 3D DNA wireframes, Sterna (20) for single-stranded 3D
RNA wireframes and PyDAEDALUS (21) for 3D RNA/DNA
hybrid wireframes. These tools however mostly support one
specific design approach each and many are also off-line,
requiring a separate process for installing the tool and its
ancillary libraries, which may sometimes be difficult to locate
or in the worst case deprecated.

THE DNAFORGE TOOL

DNAforge is a web application that provides a user-
friendly unified interface and an extensible framework
for the automated design of nucleic acid wireframe
nanostructures. The tool currently covers five design methods
with complementary characteristics, and is open to future
extensions. It produces designs that include the full 3D
nucleotide model, stapling arrangement where applicable, and
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