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ADVANTAGES:
Sensitive and specific: Subattomole
sensitivity for isolated miRNA and
detection of specific miRNA from 500 pg
total RNA extracts. Single-nucleotide
specificity for detection of closely related
miRNA.

Multiplexing: Detection of up to five
different miRNAs from a single RNA
extract. Allows multiplexed detection of
different types of biomarkers by
incorporating detectors with protein-
specific antibodies, antigen-specific
ligands, or small molecules. This feature
would be useful for detecting biomarker
panels for accurate diagnosis of a
disease.

No labeling required: Provides direct
detection and analysis of RNA samples.

No amplification or enzymes required:
The signal comes from the nanoswitch
itself, with regular intercalating gel stains.

Accessible: Can be part of regular
workflow in a laboratory setting with no
requirement for expensive equipment or
skilled personnel.

CHALLENGES:
Limited scalability: Best suited for one to
several miRNAs; may be difficult to scale
to genome-wide analysis.

Limited validation: More benchmarking is
needed to quantitatively compare with
current techniques such as q-PCR.

Clinical compatibility: Some applications
may require the assay to be tested in
complex biological fluids or cell lysates
for direct detection of miRNA.
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miRNAs are short, noncoding RNAs (18–25 nt) and their expression levels in tissues, cells, and bodily fluids serve
as biomarkers for diagnosing cellular events or diseases. The miRNA-activated conditional looping of engineered
switches (miRacles) assay is based on a conformational change of a DNA nanoswitch. Recognition and binding of
a target miRNA to the detectors reconfigures the switch from the linear ‘off’ state to the looped ‘on’ state. The two
states can be quantified using standard agarose gel electrophoresis and gel stains, where the detection signal
arises from the intensity of the looped nanoswitch.
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In some cases, the expression level of multiple miRNAs is affected during different cellular or disease stages.
Nanoswitches can be programmed to have detectors at any desired locations on the DNA scaffold, resulting in
loops of different sizes on binding the target miRNA. Each loop corresponds to a unique band on the gel, enabling
detection of multiple miRNAs from the same sample.
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