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Abstract
The emerging field of RNA nanotechnology harnesses the versatility of RNAmolecules to generate nature-inspired systems with
programmable structure and functionality. Such methodology has therefore gained appeal in the fields of biosensing and
diagnostics, where specific molecular recognition and advanced input/output processing are demanded. The use of RNAmodules
and components allows for achieving diversity in structure and function, for processing information with molecular precision,
and for programming dynamic operations on the grounds of predictable non-covalent interactions. When RNA nanotechnology
meets bioanalytical chemistry, sensing of target molecules can be performed by harnessing programmable interactions of RNA
modules, advanced field-ready biosensors can be manufactured by interfacing RNA-based devices with supporting portable
platforms, and RNA sensors can be engineered to be genetically encoded allowing for real-time imaging of biomolecules in
living cells. In this article, we report recent advances in RNA-based sensing technologies and discuss current trends in RNA
nanotechnology-enabled biomedical diagnostics. In particular, we describe programmable sensors that leverage modular designs
comprising dynamic aptamer-based units, synthetic RNA nanodevices able to perform target-responsive regulation of gene
expression, and paper-based sensors incorporating artificial RNA networks.
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Introduction

RNA is an extraordinary versatile molecule with its structure
and functionality determined by the Watson-Crick base
pairing rules. This allows for intra- and intermolecular inter-
actions to be readily predicted on the grounds of a simple set

of defined non-covalent bonds. Non-canonical base pairing
(i.e., Hoogsteen interactions), the many available tertiary
structures (i.e., G-quadruplex motifs) [1], and the affinity for
diverse ligands such as proteins and small molecules all con-
tribute to furthering versatility in RNA structure and function
[2]. Therefore, RNA modules can be easily incorporated into
artificial networks and systems to achieve molecular precision
over programmable properties. Nanoscale devices can be de-
signed and programmed to process information in a highly
controllable fashion, owing to the predictable behavior of
RNA-based elements.

This concept lies at the root of structural RNA nanotech-
nology and it has been implemented in biomolecular engineer-
ing and synthetic biology to generate new molecular function-
ality [3–5]. Not surprisingly, RNA nanotechnology has also
branched out into the field of diagnostics [6], aiming to meet
the growing demand for sensing strategies capable of
performing sensitive and specific molecular recognition [7].
RNA modules are used to provide a designed system with
sequence-specific programmability, which ultimately allows
for the development of sensing platforms tailored to desired,
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single-molecule analytes. Nucleic acid biomarkers, such as
clinically relevant RNA transcripts (mRNAs) or microRNAs
(miRNAs), target proteins, or small-molecule metabolites can
be imaged and detected in and out of the cellular environment
by using rationally designed RNA-based devices. At the
boundary of bioanalytical chemistry and synthetic biology,
advanced designs can also combine the recognition of molec-
ular targets with on-demand regulation of genetic expression
and activation of synthetic gene networks.

In this article, we discuss recent advances in RNA-based
sensing platforms and highlight the potential of RNA nano-
technology for biomedical diagnostics. We start by discussing
programmable systems that leverage recently developed light-
up RNA aptamers to transduce a binding event into a readable
fluorescence output. In particular, we focus on binding-re-
sponsive, dynamic systems in which the activation of a func-
tional RNA reporting unit is the result of either an induced
conformational change or the supramolecular assembly of
RNA modules. Next, we examine advances in the design of
RNA-based switches integrated into synthetic genetic net-
works that sense specific targets, process information, and
regulate gene expression through programmed RNA interac-
tions. In this context, we focus on rationally designed toehold
switches deployed in living cells for synthetic, target-
responsive gene regulation; we then move on and showcase
their use as pivotal elements of advanced paper-based plat-
forms for diagnostic applications.

Dynamic sensing devices based on RNA
aptamer modules

Light-up aptamers are a special class of RNA aptamers that
turn on the fluorescence emission of small-molecule
fluorophores upon binding [8]. Following the early discovery
of the fluorescent malachite green RNA aptamer, several
light-up aptamers have emerged in the recent years that are
able to bind to different biocompatible fluorogenic ligands,
paving the way to the design of innovative RNA-based mo-
lecular devices for sensing applications [9, 10]. The process
underlying the identification of such aptamers is a combina-
torial selection procedure called Systematic Evolution of
Ligands by EXponential enrichment (SELEX), in which li-
braries of RNA molecules are subjected to iterative rounds
of selection and amplification yielding RNA aptamers with
the highest affinity for a desired ligand [11, 12]. On account
of their fluorescence properties, light-up aptamers can be used
as versatile reporting units and incorporated into dynamic
RNA nanostructures with programmable sensing functionali-
ties. A very elegant and effective way of doing so is to con-
struct RNA-based sensors by fusing a light-up aptamer se-
quence with a target-responsive RNA module. In such de-
signs, the aptamer-based reporting unit is initially kept in an

off-state by forced, incorrect folding; the interaction with the
target molecule then causes a conformational change in the
whole RNA structure that leads to correct folding and activa-
tion of the fluorescence-upon-binding properties of the light-
up aptamer. With regard to this, structure-switching RNA-
based sensors integrating a binding-responsive malachite
green RNA aptamer module were initially developed capable
of detecting small molecules (adenosine) [13] and clinically
relevant target proteins (hepatitis C helicase and replicase)
[14]. More recently, the identification of improved light-up
aptamers such as Spinach (including Spinach-derived daugh-
ter structures) [15], Broccoli [16], and Mango [17] has given a
boost to the development of advanced structure-switching
RNA-based sensors.

Jaffrey and coworkers pioneered the use of Spinach to
build analyte-responsive RNA nanodevices that function in
the cellular environment. In a seminal work, they reported
the engineering of a sensor for small molecules which harbors
a target-binding RNA aptamer and a Spinach module. This
lat ter binds to a synthetic copy (3,5-dif luoro-4-
hyroxybenzylidene imidazoline, DFHBI) of the naturally oc-
curring green fluorescent protein (GFP) fluorophore and dis-
plays GFP-like fluorescence properties [21]. Binding of the
target small molecule to its cognate aptamer promotes the
functional folding of the Spinach unit through the stabilization
of a shared stem sequence in the sensor (Btransducer^), which
ultimately results in a readable fluorescence output. Building
on this design, several sensors were developed against a vari-
ety of target small molecules, including adenosine 5′-
diphospate (ADP), S-adenosylmethionine (SAM), and guano-
sine 5′-triphosphate (GTP), and were further genetically
encoded in live cells to monitor metabolite dynamics in real
time [22]. Next, Spinach modules were incorporated into the
structure of naturally occurring riboswitches to create fluores-
cent Spinach riboswitches. These are genetically encoded me-
tabolite sensors that leverage the binding-induced conforma-
tional change of the riboswitch structure to trigger the proper
folding of the Spinach portion. In this way, an RNA-based
sensor for thiamine 5′-pyrophosphate (TPP) was developed
that allowed for real-time monitoring of dynamic changes in
intracellular TPP concentrations in single cells (Fig. 1a) [18].
As cellular metabolites are known for playing a pivotal role in
cell physiology and their altered concentration levels can be
associated to disease states [23, 24], the development of inno-
vative sensors capable of performing metabolite quantifica-
tion directly in living cells is likely to push the boundaries of
bioanalytics and molecular diagnostics.

Switch-upon-binding RNA structures have also been used as
platforms for the detection of target nucleic acid sequences, in
particular clinically relevant microRNAs (miRNAs). Aw et al.
leveraged the interaction with target miRNAs to zip the nucle-
otides of a destabilized Spinach-like structure close together,
achieving an average 50-fold fluorescence emission
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Fig. 1 Aptamer-based dynamic sensing devices with their functionality
controlled by binding-responsive conformational changes. a A riboswitch
is coupled with a reporter Spinach aptamer to image cellular metabolites,
i.e., TPP, in living cells. The Spinach aptamer (transducer domain) hybrid-
izes with the TPP-binding switching portion, thus inhibiting the DFHBI
binding. In the presence of TPP, the system undergoes a conformational
change that brings the Spinach aptamer in its active state allowing DFHBI
binding and consequent fluorescence emission. Adapted with permission
from [18]. b The sulforhodamine B-binding aptamer is fused with a miR-
responsive stem-loop motif to image microRNA in living tumor cells. The
binding of the target miRNA to the stem-loop structure induces a confor-
mation change resulting in the activation of the binding conformation of the

sulforhodamine B-binding aptamer. The simultaneous co-expression of the
RNA sensor with GFP allows for ratiometric and quantitative detection of
target miRNAs in living cells. Adapted with permission from [19]. c A
genetically encodable apta-FRET system structured upon an RNA origami
is engineered to respond to the presence of nucleic acid sequences or small
molecules in cells. Two fluorescentMango and Spinach aptamers are placed
in close proximity in a single-stranded RNA origami and a kissing-loop
portion is inserted into the structure to provide extra-sensitivity to confor-
mational changes. Sensing of the targets is achieved by monitoring the
change in FRET values upon switching of the biosensor structure.
Adapted with permission from [20] under a Creative Commons license
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enhancement upon miRNA-responsive functional folding of
the light-up aptamer portion [25]. Similarly, Huang et al. devel-
oped FASTmiR, a miRNA sensor in which the hybridization
with a target miRNA, facilitated by the presence of an ad hoc
toehold sequence, induces a conformational transition that leads
to the formation of a stabilized Spinach structure. FASTmiR
sensors against miR-171 and miR-122 were demonstrated able
to detect their targets in total RNA extracts within a micromolar
range; the expression of a tandem array of FASTmiRs in mam-
malian cells allowed for fluorescence in situ hybridization of
miR-122 [26]. In a recent attempt to improve microRNA imag-
ing in living cells, a genetically encoded structure-switching
RNA probe was used in tandem with the simultaneous expres-
sion of GFP. This was designed to generate a Förster resonance
energy transfer (FRET)–based ratiometric sensor for imaging
and quantification of intracellular miR-21, which is one of the
most common microRNA biomarkers aberrantly expressed in
many cancers [27]. Here, the hybridization with the target
miRNA induces a molecular beacon–like conformational
change in the sensor, which, supported by extra-stabilization
provided by the fusion with a tRNA scaffold, allows for the
correct folding of the light-up aptamer binding to the
fluorophore sulforhodamine B (SR) (Fig. 1b) [19]. Based on a
similar ratiometric mechanism, the work of Jepsen et al. is a
first-time example of constructing aptamer-based FRET sys-
tems using single-stranded RNA origami templates. Such
RNA nanodevices, which are completely genetically
encodable, were obtained by placing a Spinach and a Mango
aptamer in close proximity on an RNA scaffold, and were dem-
onstrated to provide a FRET output when conformational
changes were induced by hybridization with complementary
nucleic acid sequences or by binding to small-molecule ligands
(Fig. 1c) [20]. It is worth noting that Mango, on account of its
ability to fluorescently emit in the yellow/orange and near in-
frared windows upon binding to thiazole orange derivatives,
has been also used as genetically encoded RNA tag for imaging
of small non-coding RNAs [28].

Dynamic RNA-based biosensors can alternatively be
engineered by using the programmable, target-assisted as-
sembly of functional modules to activate a light-up
aptamer reporter. Inspired by protein-based complementa-
tion assays [32], light-up aptamers can be split into two
halves showing poor hybridization affinity at low concen-
trations, and a specific biomolecule can serve as a tem-
plate directing their assembly into the native, functional
aptamer structure. Confinement of the aptamer halves
within the biomolecule volume translates into a drastic
enhancement of their local concentration, which boosts
complementary base pairing and assembly into the stabi-
lized RNA structure [33]. In an early example, the mala-
chite green aptamer was used to build a binary RNA-
based sensor for target nucleic acids by splitting the orig-
inal aptamer structure into two independent strands, each

tethered to additional binding arms for a specific DNA
sequence. In the presence of a complementary DNA to
the binding arms, the two RNA fragments were brought
in as close proximity as they could hybridize and assem-
ble into the original malachite green aptamer [34].
Kikuchi et al. developed versatile, modular, Spinach-
based systems as sensing platforms for target DNA and
RNA sequences, achieving limits of detection (LOD) in
the nanomolar range. The same systems were also proven
to be useful for programmable molecular computation
[35, 36]. Recently, intracellular mRNA transcripts were
imaged using a genetically encoded modular RNA sensor.
In this case, a Broccoli aptamer was divided in two
strands requiring the presence of a target mRNA sequence
as a molecular template assisting their assembly into the
functional form. Expressing this split architecture in the
cell cytoplasm allowed for the real-time imaging of dif-
ferent endogenous mRNAs in both epithelial and stem
cells, which suggests this technology might be directed
towards any native transcript of interest (Fig. 2a) [29].
Modular, aptamer-based sensors are now also available
that respond to protein targets.

With regard to this, Bertucci, Porchetta, et al. reported the
first example of a split Spinach system designed for the
detection of antibodies (Fig. 2b) [30]. Each of two
Spinach fragments was conjugated at one end with a ligand
(antigen) recognized by a specific antibody. The interaction
with the target antibody allowed the two RNA strands to be
confined in close proximity and thus to assemble into the
functional Spinach structure, which, by binding to the cog-
nate DFHBI ligand, provided a fluorescence signal in an
antibody concentration–dependent manner. This system
was demonstrated to be efficiently working in complex ma-
trices such as cell culture medium and whole cell lysates,
and it could potentially be extended to the detection of any
target proteins for which ligands are available that can be
conjugated to RNA strands. Modular, aptamer-based sens-
ing devices can be further engineered to feature multiple
degrees of molecular motion. For instance, programmable
strand displacement reactions can be used to remotely con-
trol the assembly of a split Spinach system [37]. Recently,
catalytic hairpin assembly (CHA) was combined with a split
Broccoli architecture and used to image RNAs of interest in
live cells. The Broccoli aptamer was divided in two seg-
ments, each of them conjugated to the end of two CHA
hairpins, and the interaction with a target intracellular
RNAwas used to catalytically sustain the hybridization be-
tween the two modules and the ensuing formation of the
functional aptamer structure (Fig. 2c) [31]. Alam et al. re-
ported the development of a split system based on a dimeric
Broccoli architecture stabilized by a three-way RNA junc-
tion. This system was initially employed for probing intra-
cellular RNA-RNA interactions; subsequently, it was
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Fig. 2 Binding-responsive sensing devices based on split light-up RNA
aptamer. a A split Broccoli aptamer is used for imaging of intracellular
mRNA transcripts. The co-localization of the two split portions (split A
and split B) on the same mRNA target sequence supports their assembly
into the functional aptamer form that allows the DFHBI binding.
Adapted with permission from [29]. b A modular split Spinach–based
platform is developed for the detection of antibodies. The two fragments
of a split Spinach are both terminally conjugated with an antigen recog-
nized by a specific antibody. Upon interaction with the target antibody,
the two antigen-tagged RNA strands are brought in close proximity and

can efficiently assemble into the native Spinach structure. Fluorescence
microscopy analysis demonstrates that green fluorescence emission is
achieved only in the presence of the specific antibody. Adapted with
permission from [30]. c A split Broccoli aptamer is combined with cata-
lytic hairpin assembly (CHA) reaction for imaging of RNAs of interest in
living cells. The two portions of a split Broccoli aptamer (BBroc^ and
BColi^) are fused with two CHA hairpins (H1 and H2). The interaction
with a specific target RNA (C strand) catalytically activates the hybridi-
zation mechanism and, consequently, the folding of the fluorogenic con-
formation of the aptamer. Adapted with permission from [31]
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coupled to an RNA regulatory system expressing a reporter
fluorescent protein and allowing for monitoring of RNA
assembly with multi-fluorescence readout [38]. These last
two examples provide also insights into RNA molecular
circuitry and synthetic RNA regulation, which will be cov-
ered in the following sections.

RNA-based toehold switches:
from target-responsive synthetic gene
regulation to paper-based diagnostic
applications

Recent advances in synthetic biology have suggested that bio-
sensor performances may be improved by expanding the
range of detectable targets and by developing programmable
artificial gene networks able to transduce multiple molecular
inputs into designed functional outputs [39–41]. Some major
limitations remain, though, which have substantially ham-
pered the development of more complex circuits. These in-
clude the small number of available genetic circuit compo-
nents and the difficulty in controlling these elements in an
orthogonal fashion [6]. Among the emerging synthetic biolo-
gy systems, RNA-based devices and networks show a unique
ability to sense molecular cues, process the associated infor-
mation, and direct controllable cell behavior [42–44]. In this
sense, engineered RNA-based genetic systems hold the tre-
mendous potential for artificially recreating naturally occur-
ring sensing and regulatory mechanisms.

The complexity of RNA-based circuits has been drastically
improved with the introduction of novel classes of RNA-
based regulatory components capable of operating robustly
in living cells. Among these, riboregulators were one of the
first examples of engineered RNA hairpins working as pro-
karyotic translational regulators (Fig. 3a) [45, 46]. Their mo-
lecular structure prevents the binding of ribosomes to the ri-
bosomal binding site (RBS), thus inhibiting translation initia-
tion. Riboregulators are generally composed of cognate pairs
of RNAs: a transducer RNA that regulates either translation or
transcription, and a trans-acting sequence that binds to the
transducer and tunes its activity. Riboregulators can be classi-
fied based on the initial RNA-RNA interaction that triggers
the hybridization processes (i.e., loop-loop or loop-linear in-
teractions). Despite the recent progress in modeling and de-
signing large families of orthogonal RNA riboregulator mu-
tants [47], some major issues still have to be addressed, in-
cluding modest dynamic ranges (19-fold) and low specificity
[48]. Moreover, riboregulator sequences need to share a spe-
cific sequence-dependent motif with the RBS to exert their
function, which severely limits the extent to which these de-
vices can be useful for diagnostic applications [49].

Green et al. overcame these constraints by introducing a
Btoehold^ domain through which it is possible to control
RNA-RNA interactions and efficiently activate translation
on-demand (Fig. 3b) [50]. Specifically, this new design is
based on re-engineered RNA hairpins, called Btoehold
switches,^ exposing only a linear toehold domain that works
as a seed region responsible for the hybridization with the
input RNA. This architecture benefits from the advantageous

Fig. 3 Synthetic RNA-based regulators of gene expression. a
Riboregulators are RNA-based stem-loop structures able to inhibit trans-
lation in cis by sequestering the RBS of a gene. The binding of a trans-
activating RNA triggers the translation. b Toehold switches re-engineer
riboregulators of gene expression by sequestering the RBS of a gene in

the loop of the hairpin. The binding of trigger RNAs to the toehold
portion of the switch activates the unzips of the hairpin and the transla-
tion. This design prevents ribosome binding and exploits the kinetic and
thermodynamic advantages of linear-linear RNA interactions
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thermodynamics and kinetics of linear-linear nucleic acid in-
teractions compared with those of linear-loop interactions.
Upon binding of the input RNA, the initial hairpin structure
unwinds pushed by a toehold-mediated strand displacement
reaction; the ensuing exposure of an unconstrained RBS al-
lows for ribosome binding and subsequent translational activ-
ity (i.e., protein expression). Importantly, toehold switches are
designed to keep the RBS sequestered in the loop of the hair-
pin, which eliminates the previous need for sequence conser-
vation between the input RNA and the RBSmotif. Green et al.
developed a box of 13 orthogonal toehold switches that per-
formed detection of different mRNAs through the simulta-
neous monitoring of GFP expression. Such switches also
showed a relevant increase in ON/OFF fluorescence ratios
(400-fold) comparable or higher than that of protein-based
regulators. The integration of these toehold switches into the
genome to control translation of endogenous genes also
allowed for the simultaneous orthogonal control of 12 genes’
expression in a single cell. As these last examples suggest, the
application of bioengineering principles to RNA-based tools
may open up fascinating avenues for the development of next-
generation molecular diagnostic devices. However, there re-
main biosafety concerns intrinsically related to the release in
the environment of genetically modified organisms that have
yet to be properly addressed [51]. Looking forward, future
efforts should be directed to translate the RNA switch tech-
nology into disposable and user-friendly devices for real-
world diagnostic and environmental applications. In order to
fulfill this objective, different possible strategies have been
recently explored for hosting RNA-based systems outside of
the cell environment. In this regard, paper-based technologies
have been emerging as promising platforms helping translate
RNA-based synthetic biology into diagnostic devices.

Paper-based biomedical devices hold the potential to fill
the current gap in diagnostic capability between developed
and low- and middle-income countries, which, constrained
by scarce economical resources, often have to rely on
decentralized settings for clinical analysis where low-cost
and portability of devices are crucial requirements to be met
[52]. Recent advances in the field of microfluidics also facil-
itated the use of paper-based systems as a substrate material
for microfluidic assays, thus bringing up many more opportu-
nities for diagnostic research [53]. However, to date, very few
examples of POC devices capable of reaching the market have
been reported. This is mainly due to the fact that scaling down
and integrating all the biosensing components in one single
device (e.g., chemical storage, detection, transduction, read-
out) are still highly challenging. In this context, the combina-
tion of paper-based platforms with RNA nanotechnology may
help circumvent some of current limitations.

Collins and coworkers pioneered a method to fix synthetic
gene networks onto paper and used it to manufacture ad-
vanced diagnostic devices [54]. The authors demonstrated that

enzyme-mediated transcription and translation could be
reconstituted from freeze-dried, bacterial cell–free systems
by simply adding water onto the paper. By doing so, they
showed that the resulting fluorescence emission of GFP
expressed in the paper is comparable with the one obtained
with standard expression in solution. Furthermore, they dem-
onstrated that both simple cell–free GFP expression and more
complex synthetic gene networks are supported while embed-
ded in the cellulose matrix of the paper. Indeed, paper-
embedded gene networks were stable at room temperature
and their activation was triggered by simply adding water to
the substrate. Notably, they then combined this paper-based
technology with programmable RNA toehold switches in or-
der to develop rapid and cost-effective diagnostic sensors
against the Ebola virus. More in detail, they identified 24
toehold switches that could distinguish between the Sudan
and Zaire strains of the virus at the cost of about 20 $ per
sensor. The selected toehold switches worked in an orthogonal
modality and showed linear response to RNA concentrations,
allowing for inferring semi-quantitative information about the
input RNA strands. Unfortunately, one of the limitations of
such RNA-based biosensing system is its relatively low sen-
sitivity (LOD of the method is 30 nM), which restricts its
applicability for in-field applications.

Motivated by this proof-of-concept demonstration, Pardee
et al. recently improved on the same technology and fabricat-
ed paper-based sensors incorporating RNA networks for the
detection of the Zika virus RNA genome [56]. In this case, the
authors interfaced the biosensing platform with a novel
CRISPR/Cas9-based cleavage assay able to discriminate be-
tween viral strains with single-base resolution. This paper-
based diagnostic platform, allowing for sequence-specific de-
tection of femtomolar concentrations of Zika virus fragments,
could be employed in low-resource settings and potentially
substitute the standard, laboratory-based, serological assays
based on antibody detection, these latter having limited diag-
nostic fidelity because of the cross-reactivity manifested in
patients previously infected with other flaviviruses spread in
the same area. Moreover, with the intention of moving to-
wards field-operating diagnostic devices, the authors also test-
ed their paper-based RNA platform using a portable electronic
reader, which provided robust and quantitative measurements
at a total system cost of about 250 $.

More recently, the same group further explored the poten-
tial of this sensing platform for addressing the need for afford-
able, on-demand, and simple analysis of gut microbiome sam-
ples [55] (Fig. 4a). They demonstrated species-specific detec-
tion of marker mRNAs from 10 different bacteria with rele-
vance to microbiome research and assessed the capability of
quantifying mRNA targets (LOD = 3 fM) using arrays of toe-
hold switch sensors in paper-based reactions. Detection of
mRNAs with femtomolar sensitivity was achieved by
harnessing a nucleic acid sequence–based amplification
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(NASBA) step (Fig. 4b) and the method was then validated on
stool samples by benchmarking against standard reverse tran-
scription quantitative polymerase chain reaction (RT-qPCR)
(Fig. 4c). Nevertheless, for the purpose of a large-scale imple-
mentation of such synthetic RNA-based systems in various
branches of diagnostics, some challenges have yet to be ad-
dressed, including limited sensitivity in the absence of ampli-
fication steps and complicated sample processing.

Outlook

The widespread presence of RNA-based regulation mech-
anisms in natural systems is a great source of inspiration
for the design of artificial systems with programmable
properties. This, alongside recent progress in computa-
tional tools for RNA design, has channeled growing in-
terest into the field of RNA nanotechnology and synthetic

Fig. 4 Paper-based synthetic RNA switches for diagnostic applications. a
Workflow of a paper-based diagnostic platform for the detection and
quantification of bacterial and host RNAs in stool samples exploiting
toehold switches. By using commercially available kits, total RNA is
extracted from human fecal samples and specific RNAs are amplified
via nucleic acid sequence–based amplification (NASBA). Paper-based
arrays of toehold switch sensors allow for the quantification of the

microbial and host biomarker RNA concentration using simple calibra-
tion curves. b Validation of the paper-based diagnostic platform by com-
parison with standard RT-qPCR analysis of six clinical stool samples.
Both the methods identified six bacteria and c a good correlation of
clinical samples results is obtained with an R2 value of 0.766. Reprinted
by permission from [55] under a Creative Commons license
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RNA-based biology. In this article, we aimed to report
recent trends in the fields of sensing and diagnostics,
highlighting how RNA-based modules, recognition ele-
ments, and synthetic networks can be manipulated and
engineered to perform programmable tasks in and out of
the cellular environment. Despite unsolved constraints (al-
though the field is still relatively young), the many exam-
ples we have reported herein set forth how the use of
engineered RNA-based devices could greatly benefit
bioanalytical chemistry by providing novel detection
schemes and improved performances in molecular diag-
nostics and intracellular imaging. As we gain more in-
sights into RNA sequence-structure-function correlation,
more sophisticated nature-inspired designs are likely to
open up new avenues for the development of next-
generation biosensors. We also believe that RNA-based
precision diagnostics will flourish as long as interfacing
with complementary disciplines is set as a guiding princi-
ple. Bringing together RNA programmability with ap-
proaches and methodologies borrowed from both neigh-
boring and distant research fields is likely to lay the foun-
dations of a new era of smart biomimetic devices and
technologies. Furthermore, we envision that future en-
deavors aimed at interfacing programmable RNA-based
systems with hardware will support the development of
real-world sensors useful for environmental analysis, per-
sonalized healthcare, and portable electronics.
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