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Figure 1 (Color online) (a) Schematic diagram of the basic principle of DNA strand displacement reaction [13]. (b) Schematic diagram of the digital
DNA strand displacement (DDSD) based on molecular classifier [17]. (¢) Schematic diagram of 100-bit pattern classification using a learning-based

neural network [19].
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Figure 2 (Color online) (a) Schematic diagram of the action forms and
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synergistic effects of the enzymes in the reaction network [30,31].

(b) Schematic diagram of Bst 3.0 polymerase-driven triplex structure-based DNA logic circuits [32]. (c) Working principle of the reusable enzyme-
driven DNA logic circuit mediated by exonuclease I1I [33]. (d) Schematic diagram of the principle of the cross-triggered cascading self-amplification
artificial biochemical circuit [34]. (e) Schematic diagram of a dynamic molecular signaling system by DNAP-based signal delay [36].
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Figure 3 (Color online) (a) Schematic diagram of a spatially localized, DNA integrated circuits-based classifier (DNA IC-CLA) [52]. (b) Schematic
diagram of directional strand polymerization on DNA origami to perform logic computing [53]. (¢) Schematic diagram of visualizing logic output of
molecular computing via site-specific modification of fluorescent probes or metal nanoparticles [55,56]. (d) Schematic diagram of programmable

tetrahedral DNA-RNA nanocages (TDRN) woven with stimuli-responsive siRNA for multifunctional drug co-delivery [58].
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Figure 4 (Color online) (a) Schematic diagram of the principle of CRISPR-mediated replacement of non-toehold dsDNA strands [73]. (b) Schematic
diagram of the mechanism of SD gRNA strand displacement activation [74]. (c) Schematic diagram of the mechanism of structure-switching DNA
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Figure S (Color online) (a) Schematic diagram of the mechanism principle of enhanced CRISPR-Casl3a through strand displacement [98].
(b) Schematic diagram of enhancing detection specificity by “occluded” Cas13 [99]. (¢) Schematic diagram of the CHA-LFIA system for influenza
viruses and RSV detection [101]. (d) Schematic diagram of fluorescence detection for SARS-CoV-2 variants using a DNA logic circuit based on
molecular switches [104]. (e) Schematic diagram of catalytic hairpin assembly combined with colloidal gold immunochromatography assay for
norovirus detection [105]. (f) Workflow of the classification of acute respiratory infections (ARI) etiology with the DNA computation platform [110].
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Figure 7 (Color online) (a) Schematic diagram of the linear classifier based on DNA computing for non-small-cell lung cancer (NSCLC) diagnosis
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Figure 8 (Color online) (a) Schematic diagram of dual-antigen-triggered DNA shell “AND” logic gate-controlled disintegration [129]. (b) Schematic
diagram of the design and function of pH-responsive DNA origami nanocapsules [131]. (c) Schematic illustration of an MMP-responsive VEGF
aptamer/Anti-VEGF antibody-modified rectangular DNA origami platform for CNV-targeted combination therapy [133]. (d) Schematic illustration of
an APE] translocation-triggered DNA origami nanodevice unlocking and selectively exposing siRNA [134].

SRS S, TR [ o 3 e A0 B R NV i A, B S T
VAR T 3R 85 b R A [ 2 K 25, fETIIE
B VA Ty e (1% TR) BT i 24470 v ORI, AT ARG 148 3% A7 e
JAANNG. 7R/ R Ak R R A K A
H R FEI90%. Gi-DRZEJBF k4 24 J5 1 hBP w7 e
AL 4, 4 hABIREER(E, HIEMmA L Fnr
e g4 h, FBEG. . B W B%E

FNES IR AR B AR, B RUF A At

Jesb, Ding !y H T 1 i RT (KRS HE TR T R
g, Bl B TDNAGUKYLES NAES, JIF LLR T
AR E R AR RE IR B TTE. PRl A RIE
PR AL R, R AR IR T A% A 2R S G PR R S R
B, MR B N RS G5 A IR T I
i AL bR LB P 75 S LA TR B, AT BEL T b R )

3017



ZERHEAE: DNAZS TSR IR PRIZ YT K

DNANR Incubati
& Fast Mlgmlon
/
\ Fastener
~ 0 TR Rectangular Thrombin-loaded
ST L/\ . origami sheet origami sheet

Activated Cell Migration

(‘ - Reversible Regulation
Cy(il9 i of Cell Migration
Approac] hing Active platelet

Slow Migration Quiescent

i
\\\{ﬁwwm

cl

Weakened Cell Migration

(b) (d)
Logic-Gated Intelligent
DNA Nanorobots
o N Anti-inflammatory \
- e - Seflammatory  _ factor
ST~ A
=<8 ﬂﬂﬁté“‘ﬁ"»ﬁhﬂb"ﬁ““ <28 : - (‘?rev'eﬁl'frmif_mlon. =
== n v ) e | | poees = ; —
X A I veaws nh A
/ B -y /,{~—Am.ch ~
. 25
-~ v s O
Lymph /, ,‘: O "
nnnnnnnnnn m & msc

B9 (MK (a) AT ST DNAGRKHLEE A 4240 EMetSZ & — 54k S AT A8 1 om 25 ™7, (b) 248 5
DNA?PHQHL%%)\HQ??Hﬂﬁfﬁi@%ﬂﬁft&i‘ﬁ/ﬁfﬁﬁE’JJ?IEI139 (c) #EILAFERDNAGK ML 38 A % FLHE g
R ZETRYTHLHI R BN (d) DNAGYKALEE N T-VA 7 95 M s 1 o F s 2 1)

Figure 9 (Color online) (a) Schematic illustration of a reversible conformation-switching DNA nanorobot regulating the dimerization of cell
membrane Met receptors and cell migration [137]. (b) Schematic diagram of logic-gated DNA nanorobots for cellular lysosomal interference and
enhanced therapeutics [139]. (c¢) Schematic illustration of the construction of thrombin-loaded DNA nanorobots and the mechanism of their targeted
tumor vascular embolization therapy [140]. (d) Schematic diagram of the application of DNA nanorobots for treating IBD [143].
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Abstract: DNA computing represents a novel computational paradigm that compiles clinical decision logic directly
into programmable biochemical reactions, thereby holding immense potential for molecular medicine. Driven by DNA
nanotechnology advances in DNA strand displacement, enzymatic reaction networks, DNA nanostructure assembly, and
clustered regularly interspaced short palindromic repeats (CRISPR)-based effectors, DNA computation is transitioning
from laboratory proof-of-concept toward clinical translation. Leveraging logic gate design and signal amplification
strategies, this technology has enabled the high-sensitivity detection of pathogens, circulating microRNAs, and single-
nucleotide variants, while also facilitating the development of portable point-of-care testing platforms. Moreover,
autonomous DNA nanorobots and logic-gated drug delivery systems offer innovative strategies for the precision
treatment of cancers and genetic disorders. Despite these advances, significant challenges persist in in vivo stability,
biosafety, scalable manufacturing with quality control, clinical standardization, and regulatory pathways. In this review,
we discuss the methodological frameworks of DNA computing, summarize representative applications in clinical
diagnostics and therapeutics, and analyze current translational bottlenecks. By outlining future research directions, we
aim to provide a strategic roadmap for next-generation molecular computing in healthcare.

Keywords: DNA computing, molecular intelligence, smart liquid biopsy, targeted therapy, clinical translation
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