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Molecular Programming for Mathemati-
cians and Computer Scientists
Bkl a—2%8  Szilard Zsolt Fazekas

Molecular programming represents a groundbreaking in-
tersection of biology, chemistry, computer science, and en-
gineering, offering innovative ways to manipulate molecu-
lar components for creating programmable systems at the
nanoscale. Two among the most promising directions in this
field are DNA tile assembly models and DNA origami, which
use the inherent properties of DNA to construct complex
structures and devices. Both approaches, as many others in
molecular programming, rely on the idea of self-assembly.
At an abstract level, self-assembly is a principle of organi-
zation where components autonomously come together to
form structures or patterns because of inherent information
encoded within the components themselves. This process,
without external direction, is guided by the intrinsic prop-
erties and interactions of the assembling units, allowing for
the emergence of ordered complexity from simplicity.

DNA tile assembly is a technique that uses synthetic
strands of DNA to create self-assembling structures. These
DNA tiles act as molecular “Lego blocks”, designed to fit
together in specific ways based on the complementary na-
ture of DNA base pairing. The concept is similar to a jig-
saw puzzle, where each piece has a unique place, driven by
the molecular pattern recognition properties of the DNA
strands.

The strength of DNA tile assembly is in its ability to pro-
duce complex, aperiodic structures that can be programmed
at the molecular level. Researchers design these usually
rectangular tiles with sticky sides that can bind selectively
to complementary sides on other tiles. When mixed to-
gether under appropriate conditions, the tiles self-assemble
into larger, predefined structures.

DNA origami, a term coined by Paul Rothemund in 2006,
takes molecular programming to a new level of sophistica-
tion. This technique involves folding a long, single strand of
DNA, often from a virus, with the help of multiple shorter
“staple” strands. These staple strands are designed to bind
at specific locations along the long strand, guiding it to fold
into a precise two- or three-dimensional shape.

The potential applications of DNA origami are vast and
varied. Both methods have profound implications for ma-
terial science, nanotechnology, and even computational re-
search, as these DNA-based assemblies can serve as scaffolds
for nanocircuits or vehicles for targeted drug delivery.

There are various challenges to overcome, related to the
stability of DNA structures, the scalability of assembly pro-
cesses, and the integration of DNA-based devices with tra-
ditional technological platforms, which require further re-
search and innovation. Despite all that, the future of molec-
ular programming, particularly through DNA tile assembly
and DNA origami, is bright.

Ongoing research is continuously expanding the bound-
aries of what can be achieved with these techniques, and
the good news is that this kind of research is not restricted
to biologists or chemists. An important step in making the
methods above applicable is the development of mathemat-
ical and algorithmic models that allow the theoretical anal-
ysis of the computational power of the approaches and the

complexity of producing the desired shapes, so mathemati-
cians and computer scientists can significantly contribute
to the field. Spectacular results have been achieved often
using only elementary mathematics and computer science,
but the list of open problems is still vast, which makes it
accessible to early career researchers. If you are interested
in reading more, a good resource for starting to explore the
world of tile assembly, DNA origami and algorithmic self-
assembly in general, is the portal below, with pointers to
papers organized by topic: http://self-assembly.net/
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