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Fig. 1 Scaffold-mediated DNA superstructures. (a) Using pre-constructed scaffold frameworks to assemble DNA origami tiles

into larger structures. (Reprinted with permission from Ref.[26]; Copyright (2011) American Chemical Society); (b) Assembling

super DNA origami hierarchically using covalently bound branched staples (Reprinted with permission from Ref.[27];

Copyright (2021) American Chemical Society); (c) One-pot constructing super DNA origami efficiently using chemically

conjugated branched staples (Reprinted with permission from Ref.[28] ; Copyright (2024) American Chemical Society).
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Fig. 2 Self-limiting self-assembly of DNA structures. (a) 2D triangular DNA origami structure enabling both 2D and 3D

formations (Reprinted with permission from Ref.[31]; Copyright (2018) American Chemical Society); (b) Self-limiting

assembly strategy based on homologous rigid DNA V-brick units to construct closed polyhedral (Reprinted with permission

from Ref.[33]; Copyright (2017) Springer Nature); (c) Programmable icosahedral DNA shells through triangular subunits

(Reprinted with permission from Ref.[34]; Copyright (2021) Springer Nature); (d) Selective DNA origami assembly through

the multitude connections of DNA origami monomers. (Reprinted with permission from Ref.[35]; Copyright (2025) Springer

Nature); (e) Stress-controlled DNA polymerization with oligonucleotide extensions and truncations to control polymer length

distribution (Reprinted with permission from Ref.[36]; Copyright (2020) American Chemical Society).
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Fig. 3 Unconstrained self-assembly of 2D DNA structures. (a) ‘Meta-DNA’ strategy using six-helix bundle DNA origami as
building blocks to form complex flexible structures (Reprinted with permission from Ref.[40]; Copyright (2020) Springer

Nature); (b) Through crisscross growth strategy, finite and periodic DNA structures can be formed into microscale (Reprinted

with permission from Ref.[41]; Copyright (2022) Springer Nature); (c) Through matrices of inter-subunit attractions, complex

patterns can be selectively formed in self-closing assemblies (Reprinted with permission from Ref.[44]; Copyright (2024)

AAADS); (d) Disorder truchet tiling design using a symmetric square DNA origami (Reprinted with permission from Ref.[47];

Copyright (2016) Springer Nature).
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Fig. 4 Unconstrained self-assembly of 3D DNA structures. (a) DNA brick crystals are assembled through the DNA modular
epitaxy strategy, forming microscale 3D DNA masks (Reprinted with permission from Ref.[21]; Copyright (2021) Springer
Nature); (b) Using constrained triangular DNA origami as building blocks to build the DNA origami lattices (Reprinted with
permission from Ref.[S1]; Copyright (2018) Wiley-VCH GmbH); (c) Based on the patchy-particle interaction design
algorithm with coarse-grained simulations, trap-free pyrochlore lattices were constructed (Reprinted with permission from
Ref.[52]; Copyright (2024) AAAS); (d) The staggered conformation of neighboring tetrapods enabling the construction of
diamond cubic lattice conformations (Reprinted with permission from Ref.[53]; Copyright (2024) AAAS).
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Fig. 5 DNA-mediated assembly of inorganic materials. (a) The stacked DNA hashtag tiles providing the robust long-range

plasmonic resonance (Reprinted with permission from Ref.[57]; Copyright (2020) American Chemical Society); (b) Nucleic

acid framework mediating the formation of metal nanoparticle superstructures (Reprinted with permission from Ref.[49];
Copyright (2020) Springer Nature); (c) Through the liquid-phase infiltration (LPI) and the vapor-phase infiltration (VPI)
building the metal, metal oxide, and semiconductor frameworks. (Reprinted with permission from Ref.[60]; Copyright (2024)

AAAS); (d) 3D nucleic acid assembly as templates for parallel, ultra-scaled carbon nanotube arrays (Reprinted with
permission from Ref.[61]; Copyright (2020) AAAS); (e) Using DNA templates as masks to pattern the silicon via RIE
(Reprinted with permission from Ref. [21]; Copyright (2021) Springer Nature).
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Fig. 6 DNA-mediated assembly of flexible liposomes. (a) Size-controlled vesicles by DNA origami rings as templates
(Reprinted with permission from Ref.[62]; Copyright (2016) Springer Nature); (b) DNA-cage-controlled the formation of 1D
and complex curvature liposome array (Reprinted with permission from Ref.[63]; Copyright (2017) Springer Nature);

(c) Coating the liposome with six helix DNA origami forming the distance-defined liposome clusters (Reprinted with

permission from Ref.[65]; Copyright (2023) Springer Nature).
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Fig. 7 Dynamic modularity of self-assembled DNA structures. (a) Paper-folding mechanism for programmable, reconfigurable

DNA origami (Reprinted with permission from Ref.[67]; Copyright (2023) Springer Nature); (b) Incorporation of DNA

toehold strands for molecular-level topological transformations (Reprinted with permission from Ref.[68]; Copyright (2024)

Springer Nature); (c) Design of discontinuous DNA structural edges with toehold and tile displacement domain configurations

(Reprinted with permission from Ref.[69]; Copyright (2023) AAAS); (d) DNA origami-based nanoscale rotary motors

(Reprinted with permission from Ref.[70]; Copyright (2022) Springer Nature).
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Mesoscale DNA Superstructures and Their Emerging Applications in
Electronics and Synthetic Biology
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Abstract Through precise base pairing and directional backbone folding, mesoscale nucleic acid superstructures
are formed with specific morphologies and functions near the micron scale. Facing the challenge of fabricating
functional micron-scale DNA superstructures, this review discusses the design of building blocks, assembly
methodologies, and the thermodynamics and kinetics of boundary-constrained and boundary-unconstrained self-
assembly. Based on these strategies, mesoscale DNA templates with larger dimension and more complex
topologies are obtained. These strategies also provide guidance for improving assembly yield and precision.
Additionally, this review systematically summarizes the multiscale integration mechanisms of DNA
superstructures with inorganic and lipid materials, highlighting the potential of using DNA nanostructures as
templates to break the fabrication limits of traditional micro-/nano-fabrication resolution. Furthermore, dynamic
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DNA structures, with their programmable interactions and multi-stimuli responsiveness, can overcome the

limitations of traditional static structures, enabling precise control of complex motions, such as biomimetic
mechanical movements. Finally, this review prospects the application opportunities of mesoscale nucleic acid

superstructures in synthetic biology and nano-optoelectronic devices, offering new technological pathways to
bridge the gap between the microscale and macroscale.
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