
© 2021 Wiley‐VCH GmbH 
 
 
 

 
 
 
 

Supporting Information 
 
 

for Adv. Sci., DOI: 10.1002/advs.202101155 
 
Collaborative equilibrium coupling of catalytic DNA nanostructures 
enables programmable detection of SARS-CoV-2  
  
 
Yuan Chen, Noah R. Sundah, Nicholas R.Y. Ho, Auginia Natalia, Yu Liu, Qing Hao Miow, 
Yu Wang, Darius L.L. Beh, Ka Lip Chew, Douglas Chan, Paul A. Tambyah,  
Catherine W. M. Ong, Huilin Shao*  
 
 



SUPPLEMENTARY INFORMATION

Collaborative equilibrium coupling of catalytic DNA nanostructures enables programmable 
detection of SARS-CoV-2

Yuan Chen1,2,#, Noah R. Sundah1,2,#, Nicholas R.Y. Ho1,3,#, Auginia Natalia1,2, Yu Liu1,2, Qing Hao 
Miow4, Yu Wang4, Darius L.L. Beh5, Ka Lip Chew6, Douglas Chan7, Paul A. Tambyah4,5, Catherine 
W.M. Ong1,4,5, Huilin Shao1,2,3,8,*

1 Institute for Health Innovation & Technology, National University of Singapore, Singapore
2 Department of Biomedical Engineering, Faculty of Engineering, National University of Singapore, 
Singapore
3 Institute of Molecular and Cell Biology, Agency for Science, Technology and Research, Singapore
4 Department of Medicine, Yong Loo Lin School of Medicine, National University of Singapore, 
Singapore 
5 Division of Infectious Diseases, Department of Medicine, National University Hospital, Singapore
6 Department of Laboratory Medicine, National University Hospital, Singapore
7 Department of Laboratory Medicine, Ng Teng Fong General Hospital, Singapore
8 Department of Surgery, Yong Loo Lin School of Medicine, National University of Singapore, 
Singapore
# These authors contributed equally

* Corresponding author
Huilin Shao, PhD
National University of Singapore
MD6, 14 Medical Drive
#14-01, Singapore 117599
(65) 6601 5885
huilin.shao@nus.edu.sg 

1

mailto:huilin.shao@nus.edu.sg


Figure S1. Polymerase activity switching by the combination lock nanostructure.
(A) The lock nanostructure binds to and inactivates DNA polymerase. Upon the addition of a 
specific target, the keyhole strand hybridizes with the target, releasing the bolt strand and 
activating the polymerase. (B) In the presence of a scrambled target, the keyhole strand remains 
assembled with the bolt strand and the polymerase, thereby keeping the polymerase inactive. (C) 
Polymerase was incubated with lock nanostructure, with or without target sequence. All resultant 
polymerase activity was measured in real-time by a fluorescent signaling probe. The combination 
lock nanostructure demonstrated potent inhibition of polymerase activity. The inhibition could be 
relieved through the addition of a specific target and the resultant polymerase activity recovered 
completely to match that of pure polymerase. (D) Differences in fluorescence intensity. After a 30-
minute incubation, polymerase activity recovered fully in the presence of specific target. The 
scrambled sequence did not produce any appreciable signal. All measurements were performed in 
triplicate and the data are presented as mean ± s.d. a.u., arbitrary unit. (****P < 0.0001, n.s., not 
significant, Student’s t-test). 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Figure S2. Specificity of the SCREEN molecular lock. 
(A) Schematic of the programmable region of the lock nanostructure. The programmable region, 
which can be adapted to accommodate different target sequences, comprises a duplex DNA 
segment and a single-stranded overhang segment. (B) Effects of target mismatches. Synthetic 
nucleic acid targets, designed to have varying numbers of mismatches against the duplex and the 
overhang segment, respectively, were evaluated by the SCREEN platform. All measurements were 
performed in triplicate, and the data are presented as mean ± s.d. 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Figure S3. Design and characterization of the amplifier.
(A) Schematic representation of the amplifier strand. Various forms of G-quadruplex (G4) DNA 
structures (i.e., parallel, antiparallel and hybrid structures) were integrated and assessed. (B) 
Peroxidase activity of different forms of G4 structures (DNAzymes). Different G4 structures were 
assembled and coupled with hemin. Strong peroxidase activity was exhibited by the parallel G4 
structure, which we adopted for all subsequent experiments. (C) Distance between the 
polymerase-binding domain and the DNAzyme G4 domain. Amplifier strands with a varying 
distance between the polymerase-binding domain and the DNAzyme domain were incubated with 
a fixed amount of polymerase. Resultant changes in the peroxidase activity were measured. (D) 
Amplifier stabilization by potassium ion. Peroxidase activity was measured to determine the 
amplifier stability. (E) Fluorescence image of the sensing surface functionalized with fluorophore-
modified amplifier nanostructures. (F) Distribution of fluorescence intensity across image pixels, 
indicating uniform surface functionalization. All measurements were performed in triplicate and the 
data are presented as mean ± s.d. 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Figure S4. SCREEN electrochemical readout.
(A) Optimization of TMB concentration. Commercial TMB solution was serially diluted, used as the 
electrochemical substrate and the resultant signals were measured. All measurements were 
performed in triplicate, and the data are presented as mean ± s.d. SCREEN systems with (B) 
target-specific and (C) scrambled lock nanostructures were respectively incubated with samples 
containing target sequence or buffer only. Electrochemical readings were recorded before sample 
addition (baseline measurement) and after sample addition. When incubated with buffer, both lock 
systems showed negligible signal changes. When incubated with target sequence, the specific lock 
demonstrated a marked change in current, while the scrambled lock showed no appreciable signal 
change. 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Figure S5. Characterization of complex lock mixture.
(A) Composition of complex lock mixture. To investigate the dynamics of the target recognition 
network, we prepared mixtures of fully-formed and partially-formed combination lock 
nanostructures by varying the amount of bolt strand while fixing the amounts of polymerase and 
keyhole strand. These mixtures were then incubated with (B) buffer without target or (C) an equal 
amount of target sequences. Polymerase activity was measured across all tested mixtures. (D) 
The resultant change in polymerase activity was determined as the system response, which 
showed differences in the extent of target-induced equilibrium shifts. All measurements were 
performed in triplicate and the data are presented as mean ± s.d. 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Figure S6. Response of complex lock mixture to target.
(A) Lock nanostructures with varying target affinity were prepared by changing the length of the 
overhang portion of the keyhole strand, thus changing the Gibbs free energy for target 
hybridization (∆G). When these locks were incubated with a fixed amount of polymerase, the 
resultant polymerase activity showed minimal differences, indicating that the keyhole strand 
changes (i.e., the overhang portion) do not significantly affect the polymerase inhibition capability 
of the combination lock (n.s., not significant, one-way ANOVA). (B–D) Resultant polymerase 
activity  when affinity-tuned lock nanostructures were incubated with on-target or off-target 
sequences. The blue arrows indicate the direction and extent of the equilibrium shifts. The different 
lock affinities affected the extent of equilibrium shifting within the complex lock mixture. All 
measurements were performed in triplicate and the data are presented as mean ± s.d. (****P < 
0.0001, n.s., not significant, Student’s t-test). 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Figure S7. DNAzyme characterization.
(A) To investigate the dynamics of DNAzyme assembly, we incubated a varying concentration of 
hemin with a fixed concentration of G-quadruplex DNA and the resultant peroxidase activity was 
measured. (B) To provide the background signal, similar measurements were performed in the 
absence of G-quadruplex DNA. (C) While hemin alone showed weak peroxidase activity, its 
binding with G-quadruplex DNA gave rise to strong signal. All measurements were performed in 
triplicate and the data are presented as mean ± s.d. 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Figure S8. The polymerase-binding domain and DNAzyme activity.
(A) Scheme of the amplifier strand. The inset shows the primed section of the amplifier strand (i.e., 
the polymerase-binding domain), which could be varied in length (thus ∆G) to tune its priming 
capability. (B) DNAzyme peroxidase activity of different amplifier strands with varying priming 
capabilities. In the absence of polymerase, there was no significant difference in DNAzyme activity 
among all amplifier strands. All measurements were performed in triplicate and the data are 
presented as mean ± s.d. (n.s., not significant, one-way ANOVA). 

9



Figure S9. The integrated SCREEN model.
We determined the equilibrium and kinetic parameters (ϴi) of individual reactions, by 
experimentally measuring the equilibrium (Keqi) and rate (ki) constants of respective interactions 
within the equilibrium network. Using these parameters to regulate the concentration changes of 
individual molecular components, we developed a computational model to reflect the relationships 
between and among reactions within the SCREEN network. The model not only enables tuning of 
individual molecular components, but also predicts overall assay performance of different assay 
configurations. By simulating various network compositions and predicting target-induced signal 
output, we applied the model to evaluate the overall performance of different assay configurations. 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Figure S10. Equilibrium and kinetic characterization.
(A) Equilibrium and kinetic constants of reactions in the SCREEN system designed to recognize 
the S gene of SARS-CoV-2. For oligonucleotide hybridization (reactions 1 and 2), equilibrium 
constants at 25 °C were determined using the van’t Hoff equation. For all other reactions, 
equilibrium constants were determined experimentally by calculating the reaction quotient at 
equilibrium. (B) Kinetic measurements. For reactions 1–4 and 6, real-time binding sensorgrams 
were obtained through biolayer interferometry. Changes in optical thickness of the biolayer were 
measured in a continuous manner and the curves were fitted to determine respective binding 
kinetics. For reaction 5, the binding of amplifier strand and hemin was monitored in a time-course 
experiment where the two components were mixed for different durations. Measurements were 
performed in triplicate and the data are presented as mean ± s.d.  
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Figure S11. SCREEN simulation architecture.
The simulation was performed via a two-stage process to reflect the experimental workflow of 1) 
lock nanostructure preparation, and 2) target incubation with the prepared mixture for signal 
generation. In the first stage, in the absence of target, we used different concentrations of the 
molecular lock constituents (i.e., [K]initial, [B]initial and [Pa]initial) as inputs to initialize the simulation. 
Using the equilibrium and kinetic parameters that characterize the target recognition network (ϴ2, 
ϴ3 and ϴ4), we iteratively equilibrated the network. Within a single cycle, all concentrations were 
resolved simultaneously; for cycle propagation, the computed concentrations from the previous 
cycle were used as inputs for the current cycle. The process was repeated to reach a steady state 
(e.g., [K]eqm, [B]eqm). In the second stage, we used the concentration outputs from the first process 
(e.g., [K]eqm, [B]eqm) to initialize an expanded network of reactions, which comprised target, target 
recognition reactions and signal amplification reactions (ϴ1 – ϴ6). By varying the input 
concentration of target ([T]initial), we determined the concentration of output ([A–H–Pa]final) to 
evaluate the assay performance. 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Figure S12. Simulated individual performance parameters.
(A) Signal at a low target amount (SignalL), (B) signal at a high target amount (SignalH) and (C) 
speed to reach system equilibrium by different assay configurations. 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Figure S13. SCREEN signal enhancement.
(A) Simulated and (B) experimental measurement of target-induced response of representative 
good and poor performance assay configurations. Measurements were performed by introducing 
different amounts of target sequences (x = 10 copies). The good performance assay showed non-
linear signal enhancement, especially in samples with a low copy number of target sequences. (C) 
SCREEN performance with low target amounts. Samples with low RNA copies (0, 1, 2 and 10 
copies) were measured using target-specific and scrambled locks. In the single-copy 
measurements, we observed mean differences and large standard deviations; the standard 
deviation is consistent with known challenges in preparing single-copy samples (i.e., sampling 
errors). To reduce these sampling challenges and better characterize the detection limit, we 
determined the detection limit as 3 × s.d. above the SCREEN signal of the no-target sample 
(Figure 3D). This determination bypasses sampling challenges. Signals above this detection limit 
are considered distinguishable from the blank with >99% confidence. (D) Amplification efficiencies 
of single and dual enzyme catalysis. Target titration analyses by dual-enzyme SCREEN and single-
enzyme polymerase activity. Target-induced polymerase activity (single-enzyme) was measured 
through 5’ exonuclease degradation of fluorescent probes. The SCREEN detection limit (red dotted 
line) and single-enzyme detection limit (grey dotted line) were determined as 3 × s.d. above the 
respective signals of the no-target controls. All experimental measurements were performed in 
triplicate, and the data are presented as mean ± s.d. (**P < 0.005, n.s., not significant, Student’s t-
test).  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Figure S14. On- and off-target signals generated by representative assays. 
(A) Simulated and (B) experimental signals of assays when incubated with on- and off-target 
sequences. Representative good, moderate and poor performance assay configurations, as 
determined by the computational model, were experimentally implemented. All measurements 
were performed in triplicate and the data are presented as mean ± s.d. 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Figure S15. Programmability of the combination lock nanostructure.
(A) Schematic representation of the conserved and programmable regions of the combination lock 
nanostructure. The programmable region can be designed to accommodate specific target 
sequences of interest. (B) Inhibitory effect of the lock nanostructure. In the absence of target 
sequences, locks designed against respective SARS-CoV-2 targets (i.e., the spike (S), the 
envelope (E), membrane glycoprotein (M), nucleocapsid (N), open reading frame 7b (ORF7b), 
open reading frame 8 (ORF8) and the RNA-dependent RNA polymerase (RdRp) genes) provided 
strong and comparable polymerase inhibition. (C) Resultant polymerase activity after target 
incubation. Polymerase activity was well-recovered (>80%) for all locks upon the addition of their 
respective targets, with no significant difference in performance between locks. All measurements 
were performed in triplicate and the data are presented as mean ± s.d. (n.s., not significant, one-
way ANOVA). 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Figure S16. Sequence homology of SARS-CoV-2 targets with genes of other viruses.
Lock nanostructures were designed to target regions of seven different genes of SARS-CoV-2. The 
target sequences are tabulated. Off-target sequences derived from other viruses genes and their 
respective calculated homology to SARS-CoV-2 are also presented. 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Figure S17. Specificity of SCREEN assays.
Performance of the (A) N gene and (B) S gene assays. When incubated with different nucleic acid 
sequences, the assays demonstrated a high signal for their respective target sequences of SARS-
CoV-2, but showed negligible signals to sequences of other viruses (dengue and H1N1). Dengue 
and H1N1 gene sequences with the highest similarity with the SARS-CoV-2 regions of interest 
were selected. All measurements were performed in triplicate and the data are presented as mean 
± s.d. 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Figure S18.  Robustness of the SCREEN assay against biological background.
SCREEN assay (S gene) was applied to measure buffer only, extracted cell line RNA (derived from 
PC9 culture) as well as synthetic viral target sequences spiked in extracted cell line RNA. The 
assay demonstrated specific signal against complex biological background. All measurements 
were performed in six replicates and the data are presented as mean ± s.d. 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Figure S19. Multiplexed target detection.
SCREEN assays were configured to measure (A) two or (B) three SARS-CoV-2 gene targets 
simultaneously. Both assays produced positive signal in the presence of at least one of the targets. 
Target inputs are tabulated, with 1 denoting presence and 0 denoting absence. The dotted line 
indicates the limit of detection, defined as 3 × s.d. of the signal of a no-input control. All 
measurements were performed in triplicate and the data are presented as mean ± s.d. 

20



Figure S20. In vitro characterization of the SCREEN assay.
(A) Cells were heated at various temperatures for 30 minutes and the amounts of housekeeping 
mRNA GAPDH and beta-actin (ACTB) were measured by RT–qPCR to evaluate cellular lysis and 
RNA preservation. (B) Cells were continuously heated at 75 °C. The amount of GAPDH mRNA 
was measured by RT–qPCR. (C) Preservation of RNA integrity. An RNA probe bearing FRET pairs 
was spiked into cell lysate with or without the stabilization buffer. The mixture was incubated at 75 
°C for 30 minutes and subsequently at 25 °C for 60 minutes. The amount of intact RNA was 
measured in real-time by fluorescence assay. (D) Effect of RNA freeze–thaw. Extracted RNA 
aliquots were subjected to different numbers of freeze–thaw cycles. GAPDH mRNA amounts were 
measured by RT–qPCR. (E) Correlation of SCREEN and RT–qPCR analysis. Both RNA SCREEN 
(R2 = 0.8959) and direct SCREEN (R2 = 0.9756) showed good agreement with RT–qPCR for the 
measurement of GAPDH and ACTB mRNA in cell line samples. (F) Assay stability. SCREEN assay 
reagents were lyophilized and stored for 3 weeks at –20 °C, 25 °C and under accelerated aging 
(80 °C), before being evaluated. All measurements were performed in triplicate and the data are 
presented as mean ± s.d. 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Table S1. Oligonucleotide sequences for parameters characterization. 
Lock nanostructure

Spike gene  
bolt strand TTATTTGACTCCTGGTGATTCAATGTACAGTATTG

Keyhole strand 1  
(∆G = –67.4 kcal mol–1) AATCACCAGGAGTCAAATAACTTCTATGTAAAGCAAGTAA

Keyhole strand 2  
(∆G = –61.5 kcal mol–1) AATCACCAGGAGTCAAATAACTTCTATGTAAAGCAA

Keyhole strand 3  
(∆G = –52.9 kcal mol–1) AATCACCAGGAGTCAAATAACTTCTATGTAAA

Keyhole strand 4  
(∆G = –43.3 kcal mol–1) AATCACCAGGAGTCAAATAACTTCTA

Keyhole strand 5
(∆G = –40.7 kcal mol–1) AATCACCAGGAGTCAAATAACTTC

Keyhole strand 6 
(∆G = –37.2 kcal mol–1) AATCACCAGGAGTCAAATAACT

Keyhole strand 7 
(∆G = –34.2 kcal mol–1) AATCACCAGGAGTCAAATAA

Spike gene 
target UUACUUGCUUUACAUAGAAGUUAUUUGACUCCUGGUGAUU 

Spike gene 
off-target sequence UAAUUCGAUGUACAUAGAAGUUAUUUGACUCCUGGUGAUU 

Amplifier
Amplifier 1 

(∆G = –17.83 kcal mol–1)
CTGGGAGGGAGGGAGGGATGCTACGCATTGTCGATAGCTCTGTCGCTATC
GACAATGCGT

Amplifier 2 
(∆G = –8.20 kcal mol–1)

CTGGGAGGGAGGGAGGGATGCTACGCATTGTCGATAGCTCTGTCGCTATC
GAC

Amplifier 3 
(∆G = –0.93 kcal mol–1) CTGGGAGGGAGGGAGGGATGCTACGCATTGTCGATAGCTCTGTC

Parallel G4 CTGGGAGGGAGGGAGGGA
Antiparallel G4 AGGGTTAGGGTTAGGGTTAGGG

Hybrid1 G4 TAGGGTTAGGGTTAGGGTTAGGG
Hybrid2 G4 AGGGTTAGGGTTAGGGTTAGGGTT
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Table S2. Lock nanostructure and target sequences for SARS-CoV-2 detection.
E (envelope) gene

Bolt strand TTATTTGACTCCTGGTGATTCAATGTACAGTATTG
Keyhole strand AGAGTAAACGTAAAAAGAAGGTTTTACAAGACTCACGTTA

SARS-CoV-2 target GCAAUAUUGUUAACGUGAGUCUUGUAAAACCUUCUUUUUACGUUUACUC
UCGUGUUAAAA

SARS-CoV sequence GCAATAUUGUUAACGUGAGUUUAGUAAAACCAACGGUUUACGUCUACUCG
CGUGUUAAAA

MERS-CoV sequence UGCCUGCAACGCGCGAUUCAGUUCCUCUUCACAUAAUCGCCCCGAGCUC
GCUUAUCGUUU

229E sequence CUUUGUUUCACUUGCCAUAUGUUUUGUAAUAGAACAGUUUAUGGCCCCA
UUAAAAAUGUG

HKU1 sequence UUUGUGGUUUUUGUAAUAUUUUUAUUAUUUCACCUUCUGCCUAUGUUUA
UAAUAGAGGU

NL63 sequence UACUUGUCAUUAUUUUUUUAGUAGGACAUUAUAUCAACCAGUUUATAAAA
UUUUUCUUGC

OC43 sequence UUUGCGGUAUGUGUAAUACCUUAGUACUGUCCCCUUCUAUUUAUGUGUU
UAAUAGAGGUA

M (membrane glycoprotein) gene
Bolt strand TTCGTGGACATCTTCGTATTCAATGTACAGTATTG

Keyhole strand AATACGAAGATGTCCACGAAGGATCACAGCTCCGATTACG

SARS-CoV-2 target GAGGACUCUACCAGUGUAACUGCUGUUGUAACCAAUGGCCACCUCAAAA
UGGCUGGCAUG

SARS-CoV sequence GAAAGUGAACUUGUCAUUGGUGCUGUGAUCAUUCGUGGUCACUUGCGAA
UGGCCGGACAC

MERS-CoV sequence GAGGACTCTACCAGTGTAACTGCTGTTGTAACCAATGGCCACCTCAAAATG
GCTGGCATG

229E sequence AAGCUCCAACAGGCAUUACUGUGACCUUGUUGAGCGGCGUGCUUUACGU
UGACGGACAUA

HKU1 sequence AGGACUAUCAUACAUUAACGGCUACUGUUAUCCGUGGUCAUCUUUAUAU
ACAGGGUGUUA

NL63 sequence GGCUGCACCUACAGGUAUUACAUUAACACUUCUUAGUGGUGUACUUCUU
GUUGAUGGCCA

OC43 sequence AGGACUAUCAUACUCUGACGGUCACAAUAAUACGCGGCCAUCUUUACAU
UCAAGGUAUAA

ORF7b gene
Bolt strand GTCACGCCTAAACGAACATGCAATGTACAGTATTG

Keyhole strand CATGTTCGTTTAGGCGTGACAAGTTTCATTATGATCTTGC
SARS-CoV-2 target CATGTTCGTTTAGGCGTGACAAGTTTCATTATGATCTTGC

SARS-CoV sequence UUUCACUCGAAAUCCAGGAUCUAGAAGAACCUUGUACCAAAGUCUAAACG
AACAUGAAAC

MERS-CoV sequence CGAAUCUCAAUUUCAUUGUUAUGGCAUCCCCUGCUGCACCUCGUGCUGU
UUCCUUUGCCG

229E sequence UUUUUCUAAACUGAACGAAAAGAUGGCUACAGUCAAAUGGGCUGAUGCA
UCUGAACCACA

HKU1 sequence UCAUCAUGCUGGAAGUAGAAGCUCCUCUGGAAAUCGUUCAGGAAUCCUC
AAGAAAACUUC

NL63 sequence UUUAAUCUAAACUAAACAAAAUGGCUAAUGUAAAUUGGGCCGAUGACAGA
GCUGCUAGGA

OC43 sequence GGUAAGCAAUCCAGUAGUAGAGCGUCCUCUGGAAAUCGUUCUGGUAAUG
GCAUCCUCAAG

ORF8 gene
Bolt strand TAGTCTTGTAGTGCGTTGTTCAATGTACAGTATTG

Keyhole strand AACAACGCACTACAAGACTA CCCAATTTAGGTTCCTGGCA

SARS-CoV-2 target ACAAUUAAUUGCCAGGAACCUAAAUUGGGUAGUCUUGUAGUGCGUUGUU
CGUUCUAUGAA
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SARS-CoV sequence CACCUAAUGUUACUAUCAACUGUCAAGAUCCAGCUGGUGGUGCGCUUAU
AGCUAGGUGUU

MERS-CoV sequence AUCCCCUGCUGCACCUCGUGCUGUUUCCUUUGCCGAUAACAAUGAUAUA
ACAAAUACAAA

229E sequence UACAGUCAAAUGGGCUGAUGCAUCUGAACCACAACGUGGUCGUCAGGGU
AGAAUACCUUA

HKU1 sequence AAAUCGUUCAGGAAUCCUCAAGAAAACUUCUUGGGUUGACCAAUCUGAG
CGAAGCCAUCA

NL63 sequence ACUAAACAAAAUGGCUAAUGUAAAUUGGGCCGAUGACAGAGCUGCUAGG
AAGAAAUUUCC

OC43 sequence AGCGUCCUCUGGAAAUCGUUCUGGUAAUGGCAUCCUCAAGUGGGCCGAU
CAGUCCGACCA

N (nucleocapsid phosphoprotein) gene
Bolt strand AATCCATGAGCAGTGCTGACCAATGTACAGTATTG

Keyhole strand GTCAGCACTGCTCATGGATTGTTGCAATTGTTTGGAGAAA

SARS-CoV-2 target GAUGAUUUCUCCAAACAAUUGCAACAAUCCAUGAGCAGUGCUGACUCAAC
UCAGGCCUAA

SARS-CoV sequence UUCUCCAGACAACUUCAAAAUUCCAUGAGUGGAGCUUCUGCUGAUUCAA
CUCAGGCAUAA

MERS-CoV sequence CAAGGUAGCAUCACUCAGCGCACUCGCACCCGUCCAAGUGUUCAGCCUG
GUCCAAUGAUU

229E sequence UUAACAUGAUCCCUUGCUUUGGCUUGACAAGGAUCUAGUCUUAUACACA
AUGGUAAGCCU

HKU1 sequence CUCUUGAUGAUCCUUAUGUAGAAGACUCUGUUGCUUAAUGAGAAUGAAU
CCUAAUUCGAC

NL63 sequence AGUUGAAUGUUUAUUAUUAUUAGUUGCAACCCCAUGCGUUUAGCGCAUG
AUAAGGGUUUA

OC43 sequence AUACUGAAGACACCUCAGAAAUAUAAGAGAAUGAACCUUAUGUCGGCAUC
UGGUGGUAAC

RdRp (RNA-dependent RNA polymerase) gene
Bolt strand CATGTTGACACTGACTTAACCAATGTACAGTATTG

Keyhole strand GTTAAGTCAGTGTCAACATGTGACTCTGCAGTTAAAGCCC

SARS-CoV-2 target ACCUUGACCAGGGCUUUAACUGCAGAGUCACAUGUUGACACUGACUUAA
CAAAGCCUUAC

SARS-CoV sequence ACUUUGACUAGGGCAUUGGCUGCUGAGUCCCAUAUGGAUGCUGAUCUC
GCAAAACCACUU

MERS-CoV sequence UCAAUGACCGAUUGUCUGGCCGCUGAGACACAUAGGGAUUGUGAUUUUA
AUAAACCACUC

229E sequence GUAUGACUAAUUGUUUAGCUAGUGAGUGCUUUAUGAAAAGUGACAUCUU
UGGUCAAGACU

HKU1 sequence GACUAUGUGUCAUGUAUUAGAUUGUGAAUUAUUUGUUAAUGAUAGUUAU
AGACAAUUCGA

NL63 sequence GGGUUUAACUAAUUGUUUAGCUAGUGAGUGUUUUGUCAAGAGUGAUAUU
UUUGGUAGUGA

OC43 sequence GACCAUGUGUCAUGCAUUGGAUUGCGAAUUGUAUGUGAAUAAUGCUUAU
AGACUAUUUGA

S (spike) gene
Bolt strand TTATTTGACTCCTGGTGATTCAATGTACAGTATTG

Keyhole strand AATCACCAGGAGTCAAATAACTTCTATGTAAAGCAAGTAA

SARS-CoV-2 target GUUUCAAACUUUACUUGCUUUACAUAGAAGUUAUUUGACUCCUGGUGAU
UCUUCUUCAGG

SARS-CoV sequence UGGUAUUAACAUUACAAAUUUUAGAGCCAUUCUUACAGCCUUUUCACCU
GCUCAAGACAU

MERS-CoV sequence UUCAAUUUGCCACCUUGCCUGUUUAUGAUACUAUUAAGUAUUAUUCUAU
CAUUCCUCACA

229E sequence AUCGCUAUUUCUCUUUAGGUGAUGUAGAAGCCGUUAAUUUCAAUGUCAC
UAAUGCUGCAA
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HKU1 sequence GGCUGUAUUUUCAUUUUUAUCAAGAACGUGGUGUUUUUUAUGCAUAUAU
GCAGAUGUAG

NL63 sequence UUAAGUAUUUUGAUUUGGGUUUUAUCGAAGCUGUCAAUUUUAAUGUCAC
GACAGCUAGUG

OC43 sequence UUAAGUAUUUUGAUUUGGGUUUUAUCGAAGCUGUCAAUUUUAAUGUCAC
GACAGCUAGUG

GAPDH gene
Bolt strand GACAACAGCCTCAAGATCATCAATGTACAGTATTG

Keyhole strand ATGATCTTGAGGCTGTTGTCATACTTCTCATGGTTCACAC
Target GUGUGAACCAUGAGAAGUAUGACAACAGCCUCAAGAUCAU

Beta-actin (ACTB) gene
Bolt strand TGCAAGGCCGGCTTCGCGGGCAATGTACAGTATTG

Keyhole strand CCCGCGAAGCCGGCCTTGCACATGCCGGAGCCGTTGTCGA
Target UCGACAACGGCUCCGGCAUGUGCAAGGCCGGCUUCGCGGG

H1N1 sequences
H1N1 1 UUGUUGAACGCAGCAAAGCCUACAGCAACUGUUACCCUUA
H1N1 2 CAUAUGGGGCCUGUCCCAGAUAUGUUAAGCAAAACACUCU
H1N1 3 UACAGGCAAUCUCCAAACAUUGAAGAUAAGAGUACAUGAG
H1N1 4 AAUAGGCAAGUCAUAGUUGACAGAGGUAAUAGGUCCGGUU
H1N1 5 UACCAGAUUUGUAUGAUUACAAGGAGAAUAGAUUCAUCGA

Dengue sequences
Dengue 1 AAAUGCCCCCGGAUCACUGAGACGGAACCAGAUGACGUUG
Dengue 2 CCCAGAAAGGGAUCAUUUUUAUUUUGCUGAUGCUGGUAAC
Dengue 3 UUGAAGACGGAGGUCACAAACCCUGCCGUCCUGCGCAAAC
Dengue 4 UUGCACUAUGCAUGGAAGACAAUGGCUAUGAUACUGUCAA
Dengue 5 AAAAAUUCUAAAUCCCUAUAUGCCGAGUGUGGUAGAAACU
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Table S3. Comparison of SARS-CoV-2 nucleic acid detection technologies. 
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