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portable equipment, while potentially offering high sensitivity
and high throughput.2,3

A solid-state nanopore (ssNP) sensor is a nanometer-scale
pore fabricated in a freestanding insulating membrane
separating two electrolytic solutions.4,5 In the presence of an
electric field, electrically charged analytes are threaded through
the nanopore, resulting in a distinct reduction in the ionic
current with an amplitude and duration corresponding to the
cross section and length of the translocating molecule.6 The

ability of ssNPs to resolve single-molecule stems from their
nanometric dimensions, which are on par with the analytes’
cross section. In the past decade, NP sensing has been
demonstrated for a variety of biomolecules, including multiple
DNA forms,7−9 RNA,10,11 and proteins.12−15 Moreover, several
biochemical assays have been proposed in order to overcome the
resolution limits of ssNP sensing by treatment of the sample to
include biochemical modifications9,16−19 or by using restriction
enzymes.20 To date, however, ssNP-based quantification of

Figure 1. Single-molecule mRNA expression analysis using nanopores. (a) Three consecutive biochemical steps prepare mRNA (or RNA)
molecules for nanopore analysis. (i) RNA is extracted from cells or clinical samples. (ii) Transcripts of interest are converted to cDNAs of
specific lengths by reverse transcription followed by second strand DNA synthesis and optional amplification. (iii) The sample is subjected to
digestion using RNase 1 and ProK to remove off-target molecules (and optional ExoI digestion to produce cDNA blunt ends). (b) Experimental
validation of the RNA sensing method: 50 ng of DNaseI-treated total RNA, extracted from SW620 cells, was subjected to reverse transcription
in the presence of the RT enzyme (+RT) or without it (−RT), using gene-specific primers. Panels (left to right) show the nanopore ion current
trace before addition of the analytes, addition of −RT sample, and addition of the +RT sample. (c) Each DNA translocation event is analyzed to
extract its electrical characteristics. A Gaussian mixture model (GMM) is used to cluster events and to classify the molecules to quantify the
expression of the target gene relative to a reference.
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