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Table S1. Sequences of toehold switch sensors and target regions.

Normalized

. Location in Sensor
Target region ensemble defect Sensor sequence
genome %) name
TAATACGACTCACTATAGGGAATAACAAAGA
éggggggégf:g 9756 TATTAGAGGCAGCGTCCTGGAAACTGGACTTT
AUCUUUGUUAU  (orflab gene) 24.8 M1 AGAACAGAGGAGATAAAGATGAGTTTCCAGG
U ACAACCTGGCGGCAGCGCAAAAGATGCGTAA
A
TAATACGACTCACTATAGGGCGAAATGGGAG
%i‘gé‘:gégéggg 11178 193 M2 TAGTGGGCTCGTAGACTATGTTTGCGGACTTTA
ACUCCCAUUUCG (orflab gene) GAACAGAGGAGATAAAGATGGCAAACATAGTC
AACCTGGCGGCAGCGCAAAAGATGCGTAAA
TAATACGACTCACTATAGGGTIGTAAGCTGTGG
Sgggéggigégi 11511 193 M3 TGAGTAAGCAAAGATGGCATAAGTGGACTTTA
CCACAGCUUACA (orflab gene) GAACAGAGGAGATAAAGATGACTTATGCCATC
AACCTGGCGGCAGCGCAAAAGATGCGTAAA
ACUACUCCCAUU TAATACGACTCACTATAGGGTIGCAACTGCAAT
UCGUCAGCGCUG 11199 279 M4 CAGCGCTGACGAAATGGGAGTAGTGGACTTTA
AUUGCAGUUGC (orflab gene) ' GAACAGAGGAGATAAAGATGACTACTCCCATT
A AACCTGGCGGCAGCGCAAAAGATGCGTAAA
AGUUCAUGUCU TAATACGACTCACTATAGGGCAGAAATAAAG
ACUCCCAAUGCC 19953 17 M5 ATGGCATTGGGAGTAGACATGAACTGGACTTT
AUCUUUAUUUC (orflab gene) AGAACAGAGGAGATAAAGATGAGTTCATGTCT
UG GAACCTGGCGGCAGCGCAAAAGATGCGTAAA
TAATACGACTCACTATAGGGAAAGAACTAGA
Séégggfggigz 21934 165 M6 GTATGATTGAAGAAGCGGCCCATTTGGACTTTA
CUCUAGUUCUUU (S gene) GAACAGAGGAGATAAAGATGAAATGGGCCGC
AAACCTGGCGGCAGCGCAAAAGATGCGTAAA
TAATACGACTCACTATAGGGCCATAGTAGCGC
Sgiicgéiggg(ég 27499 270 M7 AGAGCTGCTTAAACGATAAGCGAGGGACTTTA
GCGCUACUAUGG (orf5 gene) GAACAGAGGAGATAAAGATGCTCGCTTATCGA
AACCTGGCGGCAGCGCAAAAGATGCGTAAA
ACACACCAAACC TAATACGACTCACTATAGGGIGATCGAAGTTT
AUUAUUUAUUA 27280 14.0 MS CTAATAAATAATGGTTTGGTGTGTGGACTTTAG
GAAACUUCGAUC (orf5 gene) AACAGAGGAGATAAAGATGACACACCAAACA
A AACCTGGCGGCAGCGCAAAAGATGCGTAAA
TAATACGACTCACTATAGGGTIGTAGTTGGGAT
Ségigéggj::éi 29563 19.8 M9 TCTTTGGGTCAAGTTTAATGGCTCGGACTTTAG
AUCCCAACUACA (N gene) AACAGAGGAGATAAAGATGGAGCCATTAAACA
ACCTGGCGGCAGCGCAAAAGATGCGTAAA
TAATACGACTCACTATAGGGATTGTAGTTGGG
gi(éég}iiﬁéigg 29565 192 M10 ATTCTTTGGGTCAAGTTTAATGGCGGACTTTAG
CCCAACUACAAU (N gene) AACAGAGGAGATAAAGATGGCCATTAAACTAA
ACCTGGCGGCAGCGCAAAAGATGCGTAAA
AUGUCAUAUCA TAATACGACTCACTATAGGGCAGACAAGACT
ACAUCACAUAAA 16334 231 s1 AATTTATGTGATGTTGATATGACATGGACTTITAG
UUAGUCUUGUC (orflab gene) AACAGAGGAGATAAAGATGATGTCATATCAGA

UG

ACCTGGCGGCAGCGCAAAAGATGCGTAAA




AUGACAAAGAU TAATACGACTCACTATAGGGAAATGACTTGAT
CCAAAUUUCAAA 29292 CTTTGAAATTTGGATCTTTGTCATGGACTTITAG
GAUCAAGUCAU (N gene) AACAGAGGAGATAAAGATGATGACAAAGATAA
818 ACCTGGCGGCAGCGCAAAAGATGCGTAAA
The sequence of sensors consists of T7 promoter + target region (a + b) + conserved domain_sequence + a part of
target region (complementary sequence of stem region, b’) + conserved domain sequence. The conserved domain
sequence was from the series B sensor from the previous publication [1].
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Table S2. List of RT-LAMP primer sequences

Sensort RT-LAMP primer Sequence (5' to 3')
3 ATTAGCCCATCTACCAGC
B3 TGGCAAAAGAAGTATAGGAATT
FIP with T7 promoter ACCATCTGAGAAATTACCAACTGAATAATACGACTCACTATAG
(5 F1c-T7 promoter-F2 3) GGGCTACTATACGAAAAATTTACCCT
Coil;fg;};izr?r:;zgce ACCATCTGAGAAATTACCAACTGAACCCTATAGTGAGTCGTATT
AGCTACTATACGAAAAATTTACCCT
(5" F2¢-T7 promoter-F1 3')
M6 BIP with T7 terminator CCGATGGATGTGGCACTTTACCAAAAAACCCCTCAAGACCCGT
complementary sequence TTAGAGGCCCCAAGGGGTTATGCTACA
(5" B2c-T7 terminator-B1 3") GGACAATGATTTCCAGAG
BIP with T7 terminator CCGATGGATGTGGCACTTTACTAGCATAACCCCTTGGGGCCTCT
5/ B1eT7 terminator-B2 ) AAACGGGTCTTGAGGGGTTTTTTGCAG
GACAATGATTTCCAGAG
BIP without T7 terminator CCGATGGATGTGGCACTTTACCAGCAGGACAATGATTTCC
Loop F GAACCCAGCATAAAAGC
Loop B TTTATTGTATTCTAGAGCCTCGCTC
F3 TGGGGCTTGTGTTCTTTG
B3 CTAATGGGTGGTTTATGTGATT
Coil;lvgigzr?rgzzteie TGGTCGTAACAGCATTTACAACATACCCTATAGTGAGTCGTA
o1 (5 K20 T7 promoter¥13) TTAACAGACTTCATTAAGATGTGGT
, , TAATCCGTATGTTTGCAATGCTCCCATACCTCCTAAGTAAAGT
BIP without T7 terminator
TGAG
Loop F AGAATGGTCTACGTATGCAAGC
Loop B AGGTTGTGATGTCACAGATGTG
3 GTTCTTCGGAATGTCGCG
B3 CGGTAAGGCTTGAGTTTCA
coiig;}eftzr};r:;zﬁce CCAATTTGATGGCACCTGTGTCCCTATAGTGAGTCGTATTA
5 (5 P20 T7 promoter.F13) ATTGGCATGGAAGTCACAC

BIP without T7 terminator

AAGCATATTGACGCATACAAAACATGCCTTCTTCTITTTITG

TCCTT
Loop F GGTCAACCACGTTCCCGA
Loop B TCCCACCAACAGAGCCTAAA

*Target region of each sensor is amplified by RT-LAMP.

tLoop F primer of M6 and S1 was obtained by changing the parameter condition from the default setting, Tm 60 °C
to 51 °C and dimer check -3.5 to -4.5.
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Figure S1. Schematic representation of Loop F and Loop B primers in the LAMP dumbbell-like structure

MERS-CoV 1 -TTGCTAATGGGTTT|GTCGTCCGTATAGGAGCAGCTGCCAA-TTCCACTG
SARS-CoV 1 -TTGTCCGTGGTTGGGTTTTTGGTTCTACCATGAACAACA--AGTCACAG
SARS-CoV-2 1 - TAATAAGAGGCTGGATTTTTGGTACTACTTTAGATTCGA--AGACCCAG
HCoV-OC43 1 - TTATTAAAGATCGT|GTAATGTATAGTGAGTTCCCTGCTAT-AACTATAG
HCoV-NL63 1 AACACTACTTTTGAT|ITTTTTAAGTAATGCTTCTAGTTCTTTTGACTGTAT
HCoV-HKU1 1 - TGTATGTTAATAAAACTTTGTATAGTGAGTTTAGTACTAT-AGTTATAG

MERS-CoV 51 IGCACTG-TTATTATTAGCCCATCTACCAG-CGCTACTATACGAAAAATTT
SARS-CoV 51 ITCGGTGATTATTATTAACAATTCTACTAA-TGTTGTTATACGAGCATGTA
SARS-CoV-2 51 |[TCCCTACTTATTGTTAATAACGCTACTAA-TGTTGTTATTAAAGTCTGTG
HCoV-0OC43 51 IGTAGTACTT-TTGTAAATACATCCTATAG-TGTGGTAGTACAACCACGTA
HCoV-NL63 51 AGTTAATTTGTTATTTACAGAACAGTTAGGTGCGCCTTTGGGCATAACTA
HCoV-HKU1 51 IGTAGTGTTT-TTATTAACAACTCTTATAC-TATTGTTGTTCAACCTCATA

MERS-CoV 101 ACCCTGCTTTT- - - - - - - ATGCTGG- - - = === === - - GTTCTTCAG
SARS-CoV 101 ACTTTGA- - - - - - - - - - - ATTGTG- - - - - - - - TGACAACCCTTTCT- - - -
SARS-CoV-2 101 AATTTCA- - - - - - - - - - - ATTTTG- - - - - - - - TAATGATCCATTTT- - - -
HCoV-0C43 101 CAATCAATTCAACACAGGATGGTGATAATAAATTACAAGGTCTTTTAGAG
HCoV-NL63 101 TATCTGGTGAA- - - - - - - ACTGTG- - - - -+ ----- CGTCTGCATTTATAT
HCoV-HKU1 101 - - - -~ ccccocooo--- ATGGTG----=-=-=->=-=-=-=-==----- TTTTGGAG

MERS-CoV 151 TTGGTAATTTCTCAGATGGTAJAAATGGGCCGCTTCTTCAATCATACTCTA
SARS-CoV 151 |- TTGCTGTTTCTAAAC- - CCA|-TGGGTA-CACAGAC---ACATACTATGA
SARS-CoV-2 151 |- TGGGTGTTTATTACC- - ACA- AAAACAACAAAAGTTGGATGGAAAGTGA
HCoV-0C43 151 IGTCTCTGTTTGCCAGT- - ATAIATATGTGCGAGTACCCACAAACGATTTGT
HCoV-NL63 151 AATGTAACTCGT- ACT---TT|ITTATGTGCCAGCAGCTT-ATAAACTTACT
HCoV-HKU1 151 ATTACAGCTTGTCAAT- - ACAICTATGTGTGAGTATCCTCATACTATTTGT

MERS-CoV 201 |GTTCTTTITGCCCGATGGATGTGGCACTTTACTTAGAGCTTTTTATTGTAT
SARS-CoV 201 ITATTCGA|- - - - - - - - - - - TAATGCA-TTTAATTGCA-CTTTCGAGTACAT
SARS-CoV-2 201 [GTTCAGA|G- - - TTTATTCTAGTGCG- AATAATTGCA-CTTTTGAATATGT
HCoV-OC43 201 CATCCTAJACCTGGGTAATCATCGCA- AAGAACTATGGCATTTGGATACAG
HCoV-NL63 201 JAAACTTA|[GTGTTAAATGTTACTTTA-ACTATTCCTGTGTTTTTAGTGT-T
HCoV-HKU1 201 [AAATCTAJA- - - AGGTAGTTCTCGTA- ATGAATCTTGGCATTTTGATAAAT

MERS-CoV 251 |- TCTAGAGCCTCGCTCTGGAAATCATTGTCCTGCTGGCAATTCCTATACT
SARS-CoV 251 ATCTGATGCCTTTTCGCTTGATGTTTCAGAAAA-GTCAGGTAATTTTAAA
SARS-CoV-2 251 CTCTCAGCCTTTTCTTATGGACCTTGAAGGAAA- ACAGGGTAATTTCAAA
HCoV-0OC43 251 IGTGTTGTTTCCTGTTTATATAAGCGTAATTTCACATATGATGTGAATGCT
HCoV-NL63 251 IGTCAACGCCACCGTTACTGTGAATGTCACCACA--CATAATGGCCGTGTA
HCoV-HKU1 251 ICTGAACCTTTGTGTCTGTTCAAGAAAAATTTTACTTATAATGTTTCTACA

MERS-CoV 301 TCTTTTGCCACTTATCACACTCCTGCAACAGATTGTTCTGATGGCAATTA
SARS-CoV 301 ICACTTACGAGAGTTTGTGTTTAAAAATAAAGATGGGTTTCTCTATGTTTA
SARS-CoV-2 301 JAATCTTAGGGAATTTGTGTTTAAGAATATTGATGGTTATTTTAAAATATA
HCoV-OC43 301 [GATTATTTGTATTTTCATTTTTATCAAGAAGGTGGTACTTTTTATGCATA
HCoV-NL63 301 IGTTAACTACACTGTTTGTGATGATTGTAATGGTTATACTGATAACATATT
HCoV-HKU1 301 IGATTGGTTGTATTTTCATTTTTATCAAGAACGTGGCACTTTTTATGCTTA

MERS-CoV 351 ICAATCGTAATGICCAGTCTGAACTCTTTTAAGGAGTATTTTAATTTACGTA
SARS-CoV 351 ITAAGGGCTATCIA- - - - - - A---CCTATAGATGTAGTTCGTGATCTACCTT
SARS-CoV-2 351 TTCTAAGCACA|C- - - - - - G---CCTATTAATTTAGTGCGTGATCTCCCTC
HCoV-0OC43 B1 I TTTTACAGACA|ICTGGTGTT---GTTACTAAGTTTTTGTTTAATGTTTATT
HCoV-NL63 B1|ITTCTGTTCAACIAGGATGGCCGCATTCCTAATGGTTTCCCT--TTTAATAA
HCoV-HKU1 B1|ITTATGCTGATT|ICTGGCATG---CCTACTACTTTTTTATTTAGTTTGTATC

Figure S2. Sensor M6's target RNA and its upstream and downstream flanking sequences in the S gene of MERS-
CoV. Homology regions to this sequence from other coronaviruses including SARS-CoV, SARS-CoV-2, HCoV-
0OC43, HCoV-NL63, and HCoV-HKU1 were aligned for sequence comparison. The red box indicates the
homologous sequences of the target region of sensor M6. The blue box denotes the homologous sequences of its



upstream and downstream flanking sequences that were synthesized for the cross-reactivity test. HCoV-229E

sequence was excluded from the alignment; it showed many mismatches and gaps.
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GCTGTTGGGGCTTGTGTTCTTTGCAATTCACAGACTTCATT
GCTGTAGGTGCTTGTGTATTGTGCAATTCACAGACTTCACT
GCTGTCGGTTCATGCGTTGTATGCCATTCACAGACTTCCCT
GCTGCTGGTCTTTGTGTAGTATGTGGTTCTCAAACAGTTCT
AGTGTTGGAGCTTGCGTGGTCTGCTCTTCTCAAACATCATT
GCTGCTGGTTTATGTGTTGTTTGTGGTTCACAAACTGTACT
AGTGTAGGTGCATGCGTTGTTTGTTCATCACAAACTTCTTT

AAGATGTGGTGCTTGCATACGTAGACCATTCTTATGTTGTAAATGCTGTT
TCGTTGCGGTGCCTGTATTAGGAGACCATTCCTATGTTGCAAGTGCTGCT
ACGCTGTGGGACATGCATCCGTAGACCATTTCTCTGCTGTAAATGCTGCT
AAGATGCGGTGATTGTTTACGCAGACCGATGTTGTGCACTAAGTGCGCCT
ACGTTGTGGCAGTTGCATCAGAAAGCCTCTTCTTTGCTGCAAGTGTTGTT
TCGTTGTGGTGATTGTCTGCGTAAGCCTATGTTGTGCACTAAATGCGCAT
GCGTTGTGGCAGTTGTATACGTAAGCCTTTGTTATGTTGTAAATGTTGTT

ACGACCIATGTCATATCAACATCACATAAATTAGTCTTGTCTGITTAATCCG |
ATGACCI ATGTCATTTCAACATCACACAAATTAGTGTTGTCTGTTAATCCC
ATGATCIATGTTATAGCAACTCCACATAAGATGGTTTTGTCTGTTTCTCCT
ATGATCIATGTGTTTGGCACTGATCATAAGTTCATTTTAGCTA|ITTACACCA
ATGATCIATGTTATGGCGACTGATCATAAATATGTCTTGAGTGTTTCACCA
ATGATCIATGTATTTGGTACCGACCACAAGTTTATTTTGGCTA|ITAACACCG]
ATGACCIATGTTATGGCAACTAATCATAAATATGTTTTGAGTGTCTCACCT

TATGTTTGCAATGCTCCAGGTTGTGATGTCACAGATGTGACTCAACTTTA
TATGTTTGCAATGCCCCAGGTTGTGATGTCACTGATGTGACACAACTGTA
TACGTTTGTAATGCCCCTGGTTGTGGCGTTTCAGACGTTACTAAGCTATA
TATGTGTGTAACACATCTGGCTGCAATGTAAATGACGTTACAAAACTGTA
TATGTGTGTAATGCACCAGGATGTGATGTAAATGATGTTACCAAATTGTA
TATGTATGTAATGCATCAGGTTGTGGTGTTAGTGATGTCAAAAAATTGTA
TACGTTTGTAATGCACCTAACTGTGATGTGAGTGATGTCACCAAATTATA

CTTAGGAGGTATGAGCTATTATTGTAAATCACATAAACCACCCATTAGTT
TCTAGGAGGTATGAGCTATTATTGCAAGTCACATAAGCCTCCCATTAGTT
TTTAGGTGGTATGAGCTACTTTTGTGTAGATCATAGACCTGTGTGTAGTT
TCTTGGAGGTTTGAATTATTACTGTGTAGACCACAAACCACATCTTTCAT
TCTAGGTGGTATGTCATATTATTGTGAAGACCATAAGCCACAATATTCAT
TCTTGGTGGTTTGAATTACTATTGTACAAATCATAAACCACAGTTGTCTT
TTTGGGCGGTATGTCTTACTATTGTGAAAACCATAAACCCCATTATTCAT

TTCCATTGT
TTCCATTAT
TTCCACTTT
TCCCACTGT
TCAAGTTGG
TTCCATTAT

TTAAGTTAG]

GTGCTAATGGACAAGTTTTTGGTTTATATAAAAATACATGT
GTGCTAATGGTCAGGTTTTTGGTTTATACAAAAACACATGT
GCGCTAATGGTCTTGTATTCGGCTTATACAAGAATATGTGC
GTTCAGCTGGTAATGTCTTTGGTTTGTACAAAAGTTCTGCT
TAATGAATGGTCTGGTTTTTGGTCTATATAAACAATCTTGT
GTTCAGCTGGTAATATATTTGGTTTATATAAAAATTCAGCA
TTATGAATGGTATGGTCTTTGGTTTGTATAAACAATCTTGC

Figure S3. Sensor S1’s target RNA and its upstream and downstream flanking sequences in the orflab gene of

SARS-CoV-2. Homology regions to this sequence from other coronaviruses including SARS-CoV, MERS-CoV,
HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKUT1. The red box indicates the homologous sequences of
the target region of sensor S1. The blue box denotes the homologous sequences of its upstream and downstream

flanking sequences that were synthesized for the cross-reactivity test.



Ladder NC

Pr7in FIP direct complementary
TrinBIP + -+ -
Loop primer - - - -

Fig S4. Gel electrophoresis of the modified RT-LAMP products. The ladder-like gel bands are the typical
amplification pattern of LAMP. T7 promoter (P17) was inserted in the FIP primer with a direct or complementary
sequence. In the presence of T7 terminator (T17) in the BIP primer, the RT-LAMP exhibited less amplification. Of
note, we used RT-LAMP primers of sensor M6.
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