Supplementary Table S1. Detailed information of SARS-CoV-2 genomes used for multiple alignment

Accession | Pangolin lineage | WHO classification Category Length (bp) | Location

MN908947 | B 29903 China
MW913362 | B.1.1.7 Alpha variant of concern 29763 Austria: Upper Austria, Voecklabruck
0Ou514166 | B.1.1.7 Alpha variant of concern 29810 Germany:Europe/Germany/Baden-Wurttemberg
0OuU514176 | B.1.1.7 Alpha variant of concern 29813 Germany:Europe/Germany/Baden-Wurttemberg
MZ350105 | B.1.1.7 Alpha variant of concern 29756 Ghana

MZ350109 | B.1.1.7 Alpha variant of concern 29773 Ghana

MZ266365 | B.1.1.7 Alpha variant of concern 29763 Hong Kong

BS001137 | B.1.1.7 Alpha variant of concern 29863 Japan: Tochigi

BS001138 | B.1.1.7 Alpha variant of concern 29862 Japan: Tochigi

BS001139 | B.1.1.7 Alpha variant of concern 29877 Japan: Tochigi

BS001140 | B.1.1.7 Alpha variant of concern 29862 Japan: Tochigi

0uU538849 | B.1.1.7 Alpha variant of concern 29884 Switzerland:SO

0OuU538851 | B.1.1.7 Alpha variant of concern 29884 Switzerland:BE

MZ888516 | B.1.1.7 Alpha variant of concern 29882 Thailand: Kamphaeng Phet
0uU562607 | B.1.1.7 Alpha variant of concern 29884 United Kingdom:Scotland

0uU562608 | B.1.1.7 Alpha variant of concern 29884 United Kingdom:Scotland

MZ895877 | B.1.1.7 Alpha variant of concern 29521 USA: Washington

MZ298839 | B.1.351 Beta variant of concern 29764 Hong Kong

MZ298840 | B.1.351 Beta variant of concern 29764 Hong Kong
MW981442 | B.1.351 Beta variant of concern 29848 South Africa

MZ202314 | B.1.351 Beta variant of concern 29783 South Africa

MZ376663 | B.1.351 Beta variant of concern 29848 South Africa

0U539352 | B.1.351 Beta variant of concern 29885 Switzerland:AG




0OU525106 | B.1.351 Beta variant of concern 29885 United Kingdom:England
MZz879365 | B.1.351 Beta variant of concern 29782 USA: Colorado
MZ913100 | B.1.351 Beta variant of concern 29712 USA: New Mexico
LC643036 | B.1.617.2 Delta variant of concern 29875 Japan: Tokyo

LC643044 | B.1.617.2 Delta variant of concern 29878 Japan: Tokyo

MZ854386 | B.1.617.2 Delta variant of concern 29830 Sierra Leone

MZ854387 | B.1.617.2 Delta variant of concern 29831 Sierra Leone

MZ854389 | B.1.617.2 Delta variant of concern 29830 Sierra Leone

MZ853946 | B.1.617.2 Delta variant of concern 29890 South Korea

0U539261 | B.1.617.2 Delta variant of concern 29893 Switzerland: TG
0OU539690 | B.1.617.2 Delta variant of concern 29890 Switzerland:ZH
MZ888532 | B.1.617.2 Delta variant of concern 29835 Thailand: Kamphaeng Phet
MZ888533 | B.1.617.2 Delta variant of concern 29809 Thailand: Kamphaeng Phet
0U562629 | B.1.617.2 Delta variant of concern 29890 United Kingdom:England
MZ896136 | B.1.617.2 Delta variant of concern 29516 USA: Oregon

MZA477746 | P.1 Gamma variant of concern 29741 Brazil: Parana

MZ477748 | P.1 Gamma variant of concern 29738 Brazil: Parana
MW938104 | P.1 Gamma variant of concern 29874 Peru

0uU539784 | P.1 Gamma variant of concern 29894 Switzerland:AG
0U539830 | P.1 Gamma variant of concern 29894 Switzerland:GR
0uU539894 | P.1 Gamma variant of concern 29894 Switzerland:ZH
0uU492255 | P.1 Gamma variant of concern 29898 United Kingdom:England
0Ou565182 | P.1 Gamma variant of concern 29898 United Kingdom:Scotland
MZ896179 | P.1 Gamma variant of concern 29531 USA: Oregon

MZ896359 | P.1 Gamma variant of concern 29827 USA: Minnesota




MZ896669 | P.1 Gamma variant of concern 29808 USA: California

MZ911221 | B.1.427 Epsilon variant of interest 29864 USA: Arizona, Pima

MZ375854 | B.1.427 Epsilon variant of interest 29870 Mexico: B.C.

MZ375858 | B.1.427 Epsilon variant of interest 29833 Mexico: B.C.

MZ943834 | B.1.429 Epsilon variant of interest 29780 USA: California

MZ687447 | B.1.429 Epsilon variant of interest 29838 USA: Tennessee, Davidson county
0u282717 | B.1.429 Epsilon variant of interest 29903 United Kingdom:Wales
0U235436 | B.1.429 Epsilon variant of interest 29903 United Kingdom:England
MZ277390 | B.1.429 Epsilon variant of interest 29891 Taiwan

MZ746235 | B.1.617.1 Kappa variant of interest 29791 USA: Utah

MZ724425 | B.1.617.1 Kappa variant of interest 29788 India

MZ571142 | B.1.617.1 Kappa variant of interest 29818 Morocco

MZ562746 | B.1.617.1 Kappa variant of interest 29837 India: Madhya Pradesh
MZz538882 | B.1.617.1 Kappa variant of interest 29823 USA: FL

0OuU322235 | B.1.617.1 Kappa variant of interest 29559 Germany:Europe/Germany/Berlin
0uU290035 | B.1.617.1 Kappa variant of interest 29893 United Kingdom:England
MZ487800 | B.1.617.1 Kappa variant of interest 29809 USA: DC

0uU265178 | B.1.617.1 Kappa variant of interest 29902 United Kingdom:Wales
0uU247018 | B.1.617.1 Kappa variant of interest 29902 United Kingdom:England
0U254949 | B.1.617.1 Kappa variant of interest 29902 United Kingdom:Wales
MZ397173 | B.1.617.1 Kappa variant of interest 29830 Myanmar

MZ397175 | B.1.617.1 Kappa variant of interest 29812 Myanmar

MZ397176 | B.1.617.1 Kappa variant of interest 29822 Myanmar

MZ397177 | B.1.617.1 Kappa variant of interest 29823 Myanmar

0ouU168413 | B.1.617.1 Kappa variant of interest 29795 Germany:Europe/Germany/Saxony




OuU172184 | B.1.617.1 Kappa variant of interest 29835 Switzerland:SO
0OuU182966 | B.1.617.1 Kappa variant of interest 29850 Switzerland:BL
MZ363839 | B.1.617.1 Kappa variant of interest 29801 India

MZ332524 | B.1.617.1 Kappa variant of interest 29801 India

MZ332527 | B.1.617.1 Kappa variant of interest 29801 India

0u061269 | B.1.617.1 Kappa variant of interest 29902 United Kingdom:Scotland
LC633761 | B.1.617.1 Kappa variant of interest 29890 Japan

MZ026886 | B.1.617.1 Kappa variant of interest 29525 Bahrain

MZz953185 | C.37 Lambda variant of interest 29805 USA: California
MZ953277 | C.37 Lambda variant of interest 29801 USA: Massachusetts
MZ937666 | C.37 Lambda variant of interest 29379 USA: Illinois

MZ942542 | C.37 Lambda variant of interest 29653 USA: Kentucky
MZ908711 | C.37 Lambda variant of interest 29785 USA: Virginia
MZz857990 | C.37 Lambda variant of interest 29750 USA: Tennessee
0OuU517038 | C.37 Lambda variant of interest 29795 Germany:Europe/Germany/Hesse
0uU356036 | C.37 Lambda variant of interest 29873 United Kingdom:England
0OuU351967 | C.37 Lambda variant of interest 29873 Switzerland:GE
MZ496613 | C.37 Lambda variant of interest 29794 Peru

0u268528 | C.37 Lambda variant of interest 29873 Switzerland:GE
0uU100999 | C.37 Lambda variant of interest 29752 Germany:Europe/Germany/Berlin
0Ou053018 | C.37 Lambda variant of interest 29873 United Kingdom:England
MZ275295 | C.37 Lambda variant of interest 29781 Peru

MZz275301 | C.37 Lambda variant of interest 29798 Peru




Supplementary Table S2. Summary of DNA target sequences used for plasmid construction

Ge | Le | Sequence (5'—3")

ne | ng

fra | th

gm | (b

ents | p)

Wil | 38 | ATGTTTGTTTTTTTTGTTTTATTGCCACTAGTCTCTAGTCAGTGTGTTAATCTTACAACCAGAACTCAATTACCCCCTGCATACAC
d- |22 | TAATTCTTTCACACGTGGTGTTTATTACCCTGACAAAGTTTTCAGATCCTCAGTTTTACATTCAACTCAGGACTTGTTCTTACCTT
typ TCTTTTCCAATGTTACTTGGTTCCATGCTATACATGTCTCTGGGACCAATGGTACTAAGAGGTTTGCTAACCCTGTCCTACCATTT
esS AATGATGGTGTTTATTTTGCTTCCACTGAGAAGTCTAACATAATAAGAGGCTGGATTTTTGGTACTACTTTAGATTCGAAGACCC
gen AGTCCCTACTTATTGTTAATAACGCTACTAATGTTGTTATTAAAGTCTGTGAATTTCAATTTTGTAATGATCCATTTTTGGGTGTT

TATTACCACAAAAACAACAAAAGTTGGATGGAAAGTGAGTTCAGAGTTTATTCTAGTGCGAATAATTGCACTTTTGAATATGTC
TCTCAGCCTTTTCTTATGGACCTTGAAGGAAAACAGGGTAATTTCAAAAATCTTAGGGAATTTGTGTTTAAGAATATTGATGGTT
ATTTTAAAATATATTCTAAGCACACGCCTATTAATTTAGTGCGTGGTCTCCCTCAGGGTTTTTCGGCTTTAGAACCATTGGTAGA
TTTGCCAATAGGTATTAACATCACTAGGTTTCAAACTTTACTTGCTTTACATATAAGTTATTTGACTCCTGGTGATTCTTCTTCAG
GTTGGACAGCTGGTGCTGCAGCTTATTATGTGGGTTATCTTCAACCTAGGACTTTTCTATTAAAATATAATGAAAATGGAACCAT
TACAGATGCTGTAGACTGTGCACTTGACCCTCTCTCAGAAACAAAGTGTACGTTGAAATCCTTCACTGTAGAAAAAGGAATCTA
TCAAACTTCTAACTTTAGAGTCCAACCAACAGAATCTATTGTTAGATTTCCTAATATTACAAACTTGTGCCCTTTTGGTGAAGTT
TTTAACGCCACCAGATTTGCATCTGTTTATGCTTGGAACAGGAAGAGAATCAGCAACTGTGTTGCTGATTATTCTGTCCTATATA
ATTCCGCATCATTTTCCACTTTTAAGTGTTATGGAGTGTCTCCTACTAAATTAAATGATCTCTGCTTTACTAATGTCTATGCAGAT
TCATTTGTAATTAGAGGTGATGAAGTCAGACAAATCGCTCCAGGGCAAACTGGAAACATTGCTGATTATAATTATAAATTACCA
GATGATTTTACAGGCTGCGTTATAGCTTGGAATTCTAACAATCTTGATTCTAAGGTTGGTGGTAATTATAATTACCTGTTTAGAT
TGTTTAGGAAGTCTAATCTCAAACCTTTTGAGAGAGATATTTCAACTGAAATCTATCAGGCCGGTAGCACACCTTGTAATGGTG
TTAAAGGTTTTAATTGTTACTTTCCTTTACAATCATATGGTTTCCAACCCACTTATGGTGTTGGTTACCAACCATACAGAGTAGT
AGTACTTTCTTTTGAACTTCTACATGCACCAGCAACTGTTTGTGGACCTAAAAAGTCTACTAATTTGGTTAAAAACAAATGTGTC
AATTTCAACTTCAATGGTTTAACAGGCACAGGTGTTCTTACTGAGTCTAACAAAAAGTTTCTGCCTTTCCAACAATTTGGCAGAG




ACATTGATGACACTACTGATGCTGTCCGTGATCCACAGACACTTGAGATTCTTGACATTACACCATGTTCTTTTGGTGGTGTCAG
TGTTATAACACCAGGAACAAATACTTCTAACCAGGTTGCTGTTCTTTATCAGGGTGTTAACTGCACAGAAGTCCCTGTTGCTATT
CATGCAGATCAACTTACTCCTACTTGGCGTGTTTATTCTACAGGTTCTAATGTTTTTCAAACACGTGCAGGCTGTTTAATAGGGG
CTGAACATGTCAACAACTCATATGAGTGTGACATACCCATTGGTGCAGGTATATGCGCTAGTTATCAGACTCAGACTAATTCTC
ATCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCCTACACTATGTCACTTGGTGTAGAAAATTCAGTTGCTTACTCTAA
TAACTCTATTGCCATACCCATAAATTTTACTATTAGTGTTACCACAGAAATTCTACCAGTGTCTATGACCAAGACATCAGTAGAT
TGTACAATGTACATTTGTGGTGATTCAACTGAATGCAGCAATCTTTTGTTGCAATATGGCAGTTTTTGTACACAATTAAACCGTG
CTTTAACTGGAATAGCTGTTGAACAAGACAAAAACACCCAAGAAGTTTTTGCACAAGTCAAACAAATTTACAAAACACCACCA
ATTAAAGATTTTGGTGGTTTTAATTTTTCACAAATATTACCAGATCCATCAAAACCAAGCAAGAGGTCATTTATTGAAGATCTAC
TTTTCAACAAAGTGACACTTGCAGATGCTGGCTTCATCAAACAATATGGTGATTGCCTTGGTGATATTGCTGCTAGAGACCTCAT
TTGTGCACAAAAGTTTAACGGCCTTACTGTTTTGCCACCTTTGCTCACAGATGAAATGATTGCTCAATACACTTCTGCACTGTTA
GCGGGTACAATCACTTCTGGTTGGACCTTTGGTGCAGGTGCTGCATTACAAATACCATTTGCTATGCAAATGGCTTATAGGTTTA
ATGGTATTGGAGTTACACAGAATGTTCTCTATGAGAACCAAAAATTGATTGCCAACCAATTTAATAGTGCTATTGGCAAAATTC
AAGACTCACTTTCTTCCACAGCAAGTGCACTTGGAAAACTTCAAGATGTGGTCAACCAAAATGCACAAGCTTTAAACACGCTTG
TTAAACAACTTAGCTCCAATTTTGGTGCAATTTCAAGTGTTTTAAATGATATCCTTGCACGTCTTGACAAAGTTGAGGCTGAAGT
GCAAATTGATAGGTTGATCACAGGCAGACTTCAAAGTTTGCAGACATATGTGACTCAACAATTAATTAGAGCTGCAGAAATCA
GAGCTTCTGCTAATCTTGCTGCTACTAAAATGTCAGAGTGTGTACTTGGACAATCAAAAAGAGTTGATTTTTGTGGAAAGGGCT
ATCATCTTATGTCCTTCCCTCAGTCAGCACCTCATGGTGTAGTCTTCTTGCATGTGACTTATGTCCCTGCACAAGAAAAGAACTT
CACAACTGCTCCTGCCATTTGTCATGATGGAAAAGCACACTTTCCTCGTGAAGGTGTCTTTGTTTCAAATGGCACACACTGGTTT
GTAACACAAAGGAATTTTTATGAACCACAAATCATTACTACACACAACACATTTGTGTCTGGTAACTGTGATGTTGTAATAGGA
ATTGTCAACAACACAGTTTATGATCCTTTGCAACCTGAATTAGACTCATTCAAGGAGGAGTTAGATAAATATTTTAAGAATCAT
ACATCACCAGATGTTGATTTAGGTGACATCTCTGGCATTAATGCTTCAGTTGTAAACATTCAAAAAGAAATTGACCGCCTCAAT
GAGGTTGCCAAGAATTTAAATGAATCTCTCATCGATCTCCAAGAACTTGGAAAGTATGAGCAGTATATAAAATGGCCATGGTAC
ATTTGGCTAGGTTTTATAGCTGGCTTGATTGCCATAGTAATGGTGACAATTATGCTTTGCTGTATGACCAGTTGCTGTAGTTGTC
TCAAGGGCTGTTGTTCTTGTGGATCCTGCTGCAAATTTGATGAAGACGACTCTGAGCTAGTGCTCAAAGGAGTCAAATTACATT
ACACATAA




Mu
tant

gen

38
22

ATGTTTGTTTTTTTTGTTTTATTGCCACTAGTCTCTAGTCAGTGTGTTAATCTTACAACCAGAACTCAATTACCCCCTGCATACAC
TAATTCTTTCACACGTGGTGTTTATTACCCTGACAAAGTTTTCAGATCCTCAGTTTTACATTCAACTCAGGACTTGTTCTTACCTT
TCTTTTCCAATGTTACTTGGTTCCATGCTATACATGTCTCTGGGACCAATGGTACTAAGAGGTTTGCTAACCCTGTCCTACCATTT
AATGATGGTGTTTATTTTGCTTCCACTGAGAAGTCTAACATAATAAGAGGCTGGATTTTTGGTACTACTTTAGATTCGAAGACCC
AGTCCCTACTTATTGTTAATAACGCTACTAATGTTGTTATTAAAGTCTGTGAATTTCAATTTTGTAATGATCCATTTTTGGGTGTT
TATTACCACAAAAACAACAAAAGTTGGATGGAAAGTGAGTTCAGAGTTTATTCTAGTGCGAATAATTGCACTTTTGAATATGTC
TCTCAGCCTTTTCTTATGGACCTTGAAGGAAAACAGGGTAATTTCAAAAATCTTAGGGAATTTGTGTTTAAGAATATTGATGGTT
ATTTTAAAATATATTCTAAGCACACGCCTATTAATTTAGTGCGTGGTCTCCCTCAGGGTTTTTCGGCTTTAGAACCATTGGTAGA
TTTGCCAATAGGTATTAACATCACTAGGTTTCAAACTTTACTTGCTTTACATATAAGTTATTTGACTCCTGGTGATTCTTCTTCAG
GTTGGACAGCTGGTGCTGCAGCTTATTATGTGGGTTATCTTCAACCTAGGACTTTTCTATTAAAATATAATGAAAATGGAACCAT
TACAGATGCTGTAGACTGTGCACTTGACCCTCTCTCAGAAACAAAGTGTACGTTGAAATCCTTCACTGTAGAAAAAGGAATCTA
TCAAACTTCTAACTTTAGAGTCCAACCAACAGAATCTATTGTTAGATTTCCTAATATTACAAACTTGTGCCCTTTTGGTGAAGTT
TTTAACGCCACCAGATTTGCATCTGTTTATGCTTGGAACAGGAAGAGAATCAGCAACTGTGTTGCTGATTATTCTGTCCTATATA
ATTCCGCATCATTTTCCACTTTTAAGTGTTATGGAGTGTCTCCTACTAAATTAAATGATCTCTGCTTTACTAATGTCTATGCAGAT
TCATTTGTAATTAGAGGTGATGAAGTCAGACAAATCGCTCCAGGGCAAACTGGAAATATTGCTGATTATAATTATAAATTACCA
GATGATTTTACAGGCTGCGTTATAGCTTGGAATTCTAACAATCTTGATTCTAAGGTTGGTGGTAATTATAATTACCGGTTTAGAT
TGTTTAGGAAGTCTAATCTCAAACCTTTTGAGAGAGATATTTCAACTGAAATCTATCAGGCCGGTAGCAAACCTTGTAATGGTG
TTCAAGGTTTTAATTGTTACTTTCCTTTACAATCATATGGTTTCCAACCCACTTATGGTGTTGGTTACCAACCATACAGAGTAGT
AGTACTTTCTTTTGAACTTCTACATGCACCAGCAACTGTTTGTGGACCTAAAAAGTCTACTAATTTGGTTAAAAACAAATGTGTC
AATTTCAACTTCAATGGTTTAACAGGCACAGGTGTTCTTACTGAGTCTAACAAAAAGTTTCTGCCTTTCCAACAATTTGGCAGAG
ACATTGATGACACTACTGATGCTGTCCGTGATCCACAGACACTTGAGATTCTTGACATTACACCATGTTCTTTTGGTGGTGTCAG
TGTTATAACACCAGGAACAAATACTTCTAACCAGGTTGCTGTTCTTTATCAGGGTGTTAACTGCACAGAAGTCCCTGTTGCTATT
CATGCAGATCAACTTACTCCTACTTGGCGTGTTTATTCTACAGGTTCTAATGTTTTTCAAACACGTGCAGGCTGTTTAATAGGGG
CTGAACATGTCAACAACTCATATGAGTGTGACATACCCATTGGTGCAGGTATATGCGCTAGTTATCAGACTCAGACTAATTCTC
ATCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCCTACACTATGTCACTTGGTGTAGAAAATTCAGTTGCTTACTCTAA
TAACTCTATTGCCATACCCATAAATTTTACTATTAGTGTTACCACAGAAATTCTACCAGTGTCTATGACCAAGACATCAGTAGAT




TGTACAATGTACATTTGTGGTGATTCAACTGAATGCAGCAATCTTTTGTTGCAATATGGCAGTTTTTGTACACAATTAAACCGTG
CTTTAACTGGAATAGCTGTTGAACAAGACAAAAACACCCAAGAAGTTTTTGCACAAGTCAAACAAATTTACAAAACACCACCA
ATTAAAGATTTTGGTGGTTTTAATTTTTCACAAATATTACCAGATCCATCAAAACCAAGCAAGAGGTCATTTATTGAAGATCTAC
TTTTCAACAAAGTGACACTTGCAGATGCTGGCTTCATCAAACAATATGGTGATTGCCTTGGTGATATTGCTGCTAGAGACCTCAT
TTGTGCACAAAAGTTTAACGGCCTTACTGTTTTGCCACCTTTGCTCACAGATGAAATGATTGCTCAATACACTTCTGCACTGTTA
GCGGGTACAATCACTTCTGGTTGGACCTTTGGTGCAGGTGCTGCATTACAAATACCATTTGCTATGCAAATGGCTTATAGGTTTA
ATGGTATTGGAGTTACACAGAATGTTCTCTATGAGAACCAAAAATTGATTGCCAACCAATTTAATAGTGCTATTGGCAAAATTC
AAGACTCACTTTCTTCCACAGCAAGTGCACTTGGAAAACTTCAAGATGTGGTCAACCAAAATGCACAAGCTTTAAACACGCTTG
TTAAACAACTTAGCTCCAATTTTGGTGCAATTTCAAGTGTTTTAAATGATATCCTTGCACGTCTTGACAAAGTTGAGGCTGAAGT
GCAAATTGATAGGTTGATCACAGGCAGACTTCAAAGTTTGCAGACATATGTGACTCAACAATTAATTAGAGCTGCAGAAATCA
GAGCTTCTGCTAATCTTGCTGCTACTAAAATGTCAGAGTGTGTACTTGGACAATCAAAAAGAGTTGATTTTTGTGGAAAGGGCT
ATCATCTTATGTCCTTCCCTCAGTCAGCACCTCATGGTGTAGTCTTCTTGCATGTGACTTATGTCCCTGCACAAGAAAAGAACTT
CACAACTGCTCCTGCCATTTGTCATGATGGAAAAGCACACTTTCCTCGTGAAGGTGTCTTTGTTTCAAATGGCACACACTGGTTT
GTAACACAAAGGAATTTTTATGAACCACAAATCATTACTACACACAACACATTTGTGTCTGGTAACTGTGATGTTGTAATAGGA
ATTGTCAACAACACAGTTTATGATCCTTTGCAACCTGAATTAGACTCATTCAAGGAGGAGTTAGATAAATATTTTAAGAATCAT
ACATCACCAGATGTTGATTTAGGTGACATCTCTGGCATTAATGCTTCAGTTGTAAACATTCAAAAAGAAATTGACCGCCTCAAT
GAGGTTGCCAAGAATTTAAATGAATCTCTCATCGATCTCCAAGAACTTGGAAAGTATGAGCAGTATATAAAATGGCCATGGTAC
ATTTGGCTAGGTTTTATAGCTGGCTTGATTGCCATAGTAATGGTGACAATTATGCTTTGCTGTATGACCAGTTGCTGTAGTTGTC
TCAAGGGCTGTTGTTCTTGTGGATCCTGCTGCAAATTTGATGAAGACGACTCTGAGCTAGTGCTCAAAGGAGTCAAATTACATT
ACACATAA

Orf

gen

36

ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGTAGTTTACAGTCATGTACTCAACATC

AACCATATGTAGTTGATGACCCGTGTCCTATTCACTTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTT
AATTGAATTGTGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACAGTTTCCTGTTCACCT
TTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTGCGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACG

TTCGTGTTGTTTTAGATTTCATCTAA




36

ATGAAATTTCTTGTTTTCTTAGGAATCATCACAACTGTAGCTGCATTTCACCAAGAATGTAGTTTACAGTCATGTACTCAACATC

Orf |6 | AACCATATGTAGTTGATGACCCGTGTCCTATTCACTTCTATTCTAAATGGTATATTAGAGTAGGAGCTAGAAAATCAGCACCTTT
8 AATTGAATTGTGCGTGGATGAGGCTGGTTCTAAATCACCCATTCAGTACATCGATATCGGTAATTATACAGTTTCCTGTTTACCT
gen TTTACAATTAATTGCCAGGAACCTAAATTGGGTAGTCTTGTAGTGCGTTGTTCGTTCTATGAAGACTTTTTAGAGTATCATGACG
e TTCGTGTTGTTTTAGATTTCATCTAA

NP | 12 | ATGTCTGATAATGGACCCCAAAATCAGCGAAATGCACCCCGCATTACGTTTGGTGGACCCTCAGATTCAACTGGCAGTAACCAG
gen | 60 | AATGGAGAACGCAGTGGGGCGCGATCAAAACAACGTCGGCCCCAAGGTTTACCCAATAATACTGCGTCTTGGTTCACCGCTCTC

ACTCAACATGGCAAGGAAGACCTTAAATTCCCTCGAGGACAAGGCGTTCCAATTAACACCAATAGCAGTCCAGATGACCAAAT
TGGCTACTACCGAAGAGCTACCAGACGAATTCGTGGTGGTGACGGTAAAATGAAAGATCTCAGTCCAAGATGGTATTTCTACTA
CCTAGGAACTGGGCCAGAAGCTGGACTTCCCTATGGTGCTAACAAAGACGGCATCATATGGGTTGCAACTGAGGGAGCCTTGA
ATACACCAAAAGATCACATTGGCACCCGCAATCCTGCTAACAATGCTGCAATCGTGCTACAACTTCCTCAAGGAACAACATTGC
CAAAAGGCTTCTACGCAGAAGGGAGCAGAGGCGGCAGTCAAGCCTCTTCTCGTTCCTCATCACGTAGTCGCAACAGTTCAAGA
AATTCAACTCCAGGCAGCAGTAGGGGAACTTCTCCTGCTAGAATGGCTGGCAATGGCGGTGATGCTGCTCTTGCTTTGCTGCTG
CTTGACAGATTGAACCAGCTTGAGAGCAAAATGTCTGGTAAAGGCCAACAACAACAAGGCCAAACTGTCACTAAGAAATCTGC
TGCTGAGGCTTCTAAGAAGCCTCGGCAAAAACGTACTGCCACTAAAGCATACAATGTAACACAAGCTTTCGGCAGACGTGGTC
CAGAACAAACCCAAGGAAATTTTGGGGACCAGGAACTAATCAGACAAGGAACTGATTACAAACATTGGCCGCAAATTGCACA
ATTTGCCCCCAGCGCTTCAGCGTTCTTCGGAATGTCGCGCATTGGCATGGAAGTCACACCTTCGGGAACGTGGTTGACCTACAC
AGGTGCCATCAAATTGGATGACAAAGATCCAAATTTCAAAGATCAAGTCATTTTGCTGAATAAGCATATTGACGCATACAAAA
CATTCCCACCAACAGAGCCTAAAAAGGACAAAAAGAAGAAGGCTGATGAAACTCAAGCCTTACCGCAGAGACAGAAGAAACA
GCAAACTGTGACTCTTCTTCCTGCTGCAGATTTGGATGATTTCTCCAAACAATTGCAACAATCCATGAGCAGTGCTGACTCAACT
CAGGCCTAA

Note: NP gene, the gene encoding the nucleoprotein of SARS-CoV-2 (nt 28,274-29,533, NCBI accession number MN908947);

Wild-type S

gene, gene fragment of SARS-CoV-2 spike protein (nt 21,563-25,384, NCBI accession number MN908947); Mutant S gene, gene fragments of
SARS-CoV-2 spike protein including mutations: L5F, D80A, D215G, R2461, K417N, L452R/Q, Y453F, E484Q, N501Y, A570D, D614G, P681H,
A701V, T716l1, S982A, D1118H, P1263L; S-Orf8 gene, S lineage gene fragment of open reading frame 8 (ORF8, nt 27,894-28,259, NCBI
accession number MN908947); L-Orf8 gene, L lineage fragment of SARS-CoV-2 ORF8 with mutation of S84L.




Supplementary Table S3. Information of clinical samples

SARS-CoV-2 variants Sample 1D Cycle threshold value (ORF1a/b) Cycle threshold value (N)
20SF5770 37 36
20SF5783 28 28
Wild-type 20SF5774 21 21
20SF5787 21 22
20SF5788 28 28
XG01774 21 20
XG02064 24 23
XG03594 17 16
XG03595 26 26
XG03596 15 15
Aplha XG03607 18 16
XG03623 16 15
XG04704 18 17
XG04850 21 22
XG08145 24 22
XG08337 17 16
XG02289 23 23
XG03246 18 18
XG03255 19 19
Beta XG03240 14 13
XG05824 18 17
XG07753 27 26
XG07933 22 22




XG08741 31 31
XG08547 20 19
XG08859 18 19
XG09082 16 17
XG08688 21 21
Delta
XG08689 15 15
XG08692 16 16
XG08693 16 16
XG08694 18 16




Supplementary Table S4. Summary of guide RNA (crRNA) sequences

CrRNA O'\I/elfgs,:égns On-target Off-target Sequence (5'—=3")

crRNA-N1 NA NP gene NA UAAUUUCUACUAAGUGUAGACCCCCAGCGCUUCAGCGUUC

CcrRNA-N2 NA NP gene NA UAAUUUCUACUAAGUGUAGAGUGGACCCUCAGAUUCAACU

crRNA-N3 NA NP gene NA UAAUUUCUACUAAGUGUAGACCCAAUAAUACUGCGUCUUG

crRNA-N4 NA NP gene NA UAAUUUCUACUAAGUGUAGAUACUACCUAGGAACUGGGCC

crRNA-N5 NA NP gene NA UAAUUUCUACUAAGUGUAGACUGCUGCUUGACAGAUUGAA

Both wild-type and

crRNA-S NA mutant S gene NA UAAUUUCUACUAAGUGUAGAAUAGGGGCUGAACAUGUCAA
L5F Wild-type S gene

crRNA-S-5F | (Spike protein) Mutant S gene (5F) | (51) UAAUUUCUACUAAGUGUAGAUUUUAUUGCCACUAGUCUCU

crRNA-S- D80A Mutant S gene Wild-type S gene

80A (Spike protein) (80A) (80D) UAAUUUCUACUAAGUGUAGACUAACCCUGUCCUACCAUUU

CrRNA-S- D215G Mutant S gene Wild-type S gene

215G (Spike protein) (215G) (215D) UAAUUUCUACUAAGUGUAGAGUGCGUGGUCUCCCUCAGGG

CrRNA-S- R246l Mutant S gene Wild-type S gene

2461 (Spike protein) (2461) (246R) UAAUUUCUACUAAGUGUAGACAUAUAAGUUAUUUGACUCC

CrRNA-S- K417N Wild-type S gene Mutant S gene

417K (Spike protein) (417K) (417N) UAAUUUCUACUAAGUGUAGAAACGAUUGCUGAUUAUAAUU

CrRNA-S- K417N Mutant S gene Wild-type S gene

417N (Spike protein) (417N) (417K) UAAUUUCUACUAAGUGUAGAAACUAUUGCUGAUUAUAAUU

CrRNA-S- L452R Mutant S gene Wild-type S gene

452R (Spike protein) (452R) (452L) UAAUUUCUACUAAGUGUAGACCGAUAUAGAUUGUUUAGGA

CrRNA-S- L452Q Mutant S gene Wild-type S gene

452Q (Spike protein) (452Q) (452L) UAAUUUCUACUAAGUGUAGACCAAUAUAGAUUGUUUAGGA




CrRNA-S- Y453F Mutant S gene Wild-type S gene

453F (Spike protein) (453F) (453Y) UAAUUUCUACUAAGUGUAGAGAUUGUUUAGGAAGUCUAAU
CrRNA-S- T478K Wild-type S gene Mutant S gene

478T (Spike protein) (478T) (478K) UAAUUUCUACUAAGUGUAGAAAGGGGUGCUACCGGCCUGA
CrRNA-S- T478K Mutant S gene Wild-type S gene

478K (Spike protein) (478K) (478T) UAAUUUCUACUAAGUGUAGAAAGGGUUGCUACCGGCCUGA
crRNA-S- E484K Mutant S gene Wild-type S gene

484K (Spike protein) (484K) (484E) UAAUUUCUACUAAGUGUAGAACACCAUUACAAGGUGUGCU
crRNA-S- E484Q Mutant S gene Wild-type S gene

484Q (Spike protein) (484Q) (484E) UAAUUUCUACUAAGUGUAGAAAUGGUGUACAAGGUUUUAA
crRNA-S- N501Y Wild-type S gene Mutant S gene

501N (Spike protein) (501N) (501Y) UAAUUUCUACUAAGUGUAGACAACCCACUAAUGGUGUUGG
crRNA-S- A570D Mutant S gene Wild-type S gene

570D (Spike protein) (570D) (570A) UAAUUUCUACUAAGUGUAGAGCAGAGACAUUGAUGACACU
CrRNA-S- D614G Wild-type S gene Mutant S gene

614D (Spike protein) (614D) (614G) UAAUUUCUACUAAGUGUAGAUCAGGACGUUAACUGCACAG
crRNA-S- A701V Mutant S gene Wild-type S gene

701V (Spike protein) (701V) (701A) UAAUUUCUACUAAGUGUAGAUACACCAAGUGACAUAGUGU
CrRNA-S- T716l Mutant S gene Wild-type S gene

716l (Spike protein) (7161) (716T) UAAUUUCUACUAAGUGUAGAAUGGGUAUGGCAAUAGAGUU
CrRNA-S- S982A Wild-type S gene Mutant S gene

982S (Spike protein) (982S) (982A) UAAUUUCUACUAAGUGUAGAACGUCUUGACAAAGUUGAGG
CrRNA-S- P1263L Mutant S gene Wild-type S gene

1263L (Spike protein) (1263L) (1263P) UAAUUUCUACUAAGUGUAGAAGCACUAGCUCAGAGUCGUC
crRNA-Orf8 | S84L (ORF8 protein) | L-Orf8 gene (84L) | S-Orf8 gene (84S) UAAUUUCUACUAAGUGUAGACCUUUUACAAUUAAUUGCCA




Note: NA, not available; NP gene, the gene encoding the nucleoprotein of SARS-CoV-2 (nt 28,274-29,533, NCBI accession number
MN908947); Wild-type S gene, gene fragment of SARS-CoV-2 spike protein (nt 21,563-25,384, NCBI accession number MN908947); Mutant
S gene, gene fragments of SARS-CoV-2 spike protein including mutations: L5F, D80A, D215G, R2461, K417N, L452R/Q, Y453F, T478K,
E484K/Q, N501Y, A570D, D614G, P681H, A701V, T716l, S982A, D1118H, P1263L; S-Orf8 gene, S lineage gene fragment of open reading
frame 8 (ORF8, nt 27,894-28,259, NCBI accession number MN908947); L-Orf8 gene, L lineage fragment of SARS-CoV-2 ORF8 with mutation

of S84L.



Supplementary Table S5. Summary of primer sequences

Primer Sequence (5'—>3")

N-gene_F ATGTCTGATAATGGACC

N-gene_R GGTGTGACTTCCATGCC

S-gene_F1 CTAGTGATGTTCTTGTT

S-gene_R1 TGCACAGTCTACAGCATC

S-gene_F2 ACTTGTGCCCTTTTGGTGAAG
S-gene_R2 GCTATTCCAGTTAAAGCACGGT
S-gene_F3 AGACTCACTTTCTTCCACAGCAA
S-gene_R3 GTATCGTTGCAGTAGCGCGA
Orf8-gene_F AGGAATCATCACAACTGTAGC
Orf8-gene_R AACGAACAACGCACTACAAGAC
K417N_F ATCGCTCCAGGGCAAATTTGAAA
K417N_R GCTATTCCAGTTAAAGCACGGT
L452R _F AGGTTGGTGGTAATTATATTTAC
L452R R AGTACTACTACTCTGTATGGTTGGT
T478K-R AACACCATTTCAAGGT

E484Q F AGCACACCTTTTAATGGTGTT
E484Q R AGTACTACTACTCTGTATGGTTGGT

HCoV 229E NP gene_F

CTACAGTCAAATGGGCTGATGCATCT

HCoV 229E NP gene_R

TGACTTCATCAATTATGTCAG

HCoV OC43 NP gene_F

TCCAGTAGTAGAGCGTCCTCTGGA

HCoV OC43 NP gene_R

GCTGATGTCCTCTGCAGTCAACTCTA

HCoV HKU1 NP gene_F

ATACTCCCGGTCATTATGCTGGAA

HCoV HKU1 NP gene_R

ACATAAGGATCATCAAGAGTAGC




HCoV 229E S gene outer_F

TTGTTGCATATGCCTTGTTGCATATTGC

HCoV 229E S gene outer__R

ATCTTTTCAACGTCGTAATAAGGAAGTTTAG

HCoV 229E S gene inner_F

ACTCTGTTTGCAACGGCTGTGTTGGT

HCoV 229E S gene inner__ R

ACTCACCACAAAGATGAGCACGACTG

HCoV OC43 S gene outer_F

TATAAGTATTGATACTGTTGATGTTACTA

HCoV OC43 S gene outer_ R

GTCCTTGAGATTGATGTAGCTATGA

HCoV OC43 S gene inner_F

CAGGTTCCACATATCGTAATAT

HCoV OC43 S gene inner_ R

AGCTATACCTCTATTACCAGCAATGCA

HCoV HKUL S gene outer_F

GCCTACAACATTAGCTGTTATA

HCoV HKUL1 S gene outer__R

ACACACTCATTAACCTTCTC

HCoV HKUL1 S gene inner_F

GTTAAGAATACTAAGTTGTATGT

HCoV HKUL1 S gene inner__R

AGCCTATCAATCTGAACCTGA

HCoV 229E Orf3 gene_F

CTCTAGGTTTGTTCACATTGCA

HCoV 229E Orf3 gene_R

TCTGTGTTGACTATTCCAACAGC

HCoV 0OC43 Orf5 gene_F

ACTTCACATGACGACTAAGTT

HCoV OC43 Orf5 gene_R ACAATCCACCATCACATGA
HCoV HKU1 Orf4 gene_F ATGGACGTTTGGAGACCTAGC
HCoV HKU1 Orf4 gene_R TCAACCATACTTATTAAGTGC




Supplementary Table S6. Comparison of CRISPR-Casl2a, RT-PCR and whole genome sequencing in detecting SARS-CoV-2 variants

Characteristics

CRISPR-Casl12a

RT-PCR(1, 2)

Whole genome sequencing®

Procedure

1. Amplification plus Cas12 cleavage (1.0-2h)

2. Amplification-free Cas12 system (20-30 min)

1. Amplification of target gene (1.5-2h)

2. Detection (0-30min) depending on different assays

1. Library preparations (5-7 h)

2. Sequencing (17-32 h)

3. Bioinformatic analysis (1-2 h)

Assay results

Qualitative/Semi-quantitative / diagnosis /
genotyping

Quantitative / diagnosis / genotyping

Qualitative / genotyping /
characterizing mutations

Limits of
detection

1-10 copies per L or higher

~1 copies per L

Not applicable

Estimated cost

$4 per sample

$3 per sample

$87 per sample

1. Isothermal amplification and reaction at room
temperature.
2. Easily to find conserved primer sequences to

1. Matured technology and products.

1. Identify novel mutations and
variants.

2. Provide complete genome

Benefits " 2. PCR equipment and facilities available. _ _
ensure sensitivity. sequence information.
3. Specificity relies on crRNA or gRNA.
1. PCR equipment and facility needed;
1. Limited to known mutations or variants with 2. Limited to known mutations or variants with 1. Time-consuming for sequencing.
signature mutations. signature mutations. 2. Complex bioinformatics pipeline.
Challenges J J P PIP

2. Multiple readouts and mixed mutations need
an integrated testing system and algorithm.

3. Difficult to find appropriate primers for specific

mutations.
4. Not suitable for point-of-care testing.

3. High-end facilities and trained
specialists.
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2. Zelyas N, Pabbaraju K, Croxen MA, Lynch T, Buss E, Murphy SA, Shokoples S, Wong A, Kanji JN, Tipples G. 2021. Precision
Response to the Rise of the SARS-CoV-2 B.1.1.7 Variant of Concern by Combining Novel PCR Assays and Genome Sequencing for
Rapid Variant Detection and Surveillance. Microbiology spectrum 9:e0031521.

&ased on Illumina MiSeq sequencing platforms.
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BS001137/B.1.1.7/Alpha YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
BS001138/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
BS001139/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
BS001140/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSEPC
MW913362/B.1.1.7/Alpha YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ266365/B.1.1.7/Alpha YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ350105/B.1.1.7/Alpha YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ350109/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
Mz888516/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
0U562607/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSEPC
0OU514166/B.1.1.7/Alpha YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
ou538851/B.1.1.7/Alpha YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
oU538849/B.1.1.7/Alpha YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ895877/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
0oU514176/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
0U562608/B.1.1.7/Alpha YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSEPC
MW981442/B.1.351/Beta YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ298839/B.1.351/Beta YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ913100/B.1.351/Beta YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ879365/B.1.351/Beta YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
0U525106/B.1.351/Beta YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
0U539352/B.1.351/Beta YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ202314/B.1.351/Beta YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ298840/B.1.351/Beta YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
MZ376663/B.1.351/Beta YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
J AL L XL L7 - DO A A YA AR B YN Y K LPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS|YPC
p A K YA - B R S A AV N YN Y KLPBJDF TGCVIAWNSNNLD SKV[EGNYNYRYRLFRKSNLKPFERDISTEIYQAGS)YPC
VAT YA - P R N e -V T AR Y NY KLPBIDF TGCVIAWNSNNLD SKV[GNYNYBRYRLFRKSNLKPFERDISTEIYQAGS){PC
VAL YA - P A S AW AR Y NY KLPBIDF TGCVIAWNSNNLD SKV|YGNYNYRYRLFRKSNLKPFERDISTEIYQAGS){PC
VARV A - I A S Y AR Y NY KLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS){PC
EVAL LK YA - I A S Y SRR Y NY K LPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS){PC
[ SVAET IR YA - P AN I - YA SRR Y NY K LPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS|SPC
(LT YIS - B RN S N AV AR YN YK LPBJDF TGCVIAWNSNNLD SKV[EGNYNYRlYRLFRKSNLKPFERDISTEIYQAGS)YPC
VAL WA - P R N -V T AR Y NY KLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS){PC
[TV - P S N B YA AR B Y NY KLPPJDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS|J{PC
[ EKET L1V B R N YA AR B Y NY KLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS|YPC
VAT RS- I A S Y AR Y NY K LPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGS){PC

0U539784/P.1/Gamma
0U539830/P.1/Gamma
0U539894/P.1/Gamma
Mz477748/P.1/Gamma
MZ477746/P.1/Gamma
MW938104/P.1/Gamma
MZ896179/P.1/Gamma
MZ896359/P.1/Gamma
MZ896669/P.1/Gamma
0OU565182/P.1/Gamma
0U492255/P.1/Gamma

YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSEPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPNDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSEPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC

SV PANA - IR VA Nh ) YIRS M Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
VAN L Y VA - Y AR VA M) Y3 BRS M YNYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
JVANEE-12:- 74 :- D0 VA Nh LIRS Wl YNYKLPBIDF TGCVIAWNSNNLD SKV[GNYNY|AYRLFRKSNLKPFERDISTEIYQAGSHP C|
VAT KT VA - I A VY)Y AR M Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYBRYRLFRKSNLKPFERDISTEIYQAGSHP C
VANV - IR VY)Y RS M Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
[ 6P : VA AN IS - IR VLA RN M YNYKLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
[l LT X7 - IR VLY L RN M YN Y KLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
[ SVA N Y YA - IR VY)Y RS M YNYKLPBDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
JIVAKEEL: P70 - IR N I B WA Y LR YNYKLPBIDF TGCVIAWNSNNLD SKV[GNYNY|RYRLFRKSNLKPFERDISTEIYQAGSHP C|
VAPV YA - I N I N AR A Y R Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYBRYRLFRKSNLKPFERDISTEIYQAGSHP C
VAT EYA - I AN I AR WS T - Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
VARV YA - I I AR S Y M Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
VARV VAN - I I AR A Y EM Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
AL KNI - DN I W IR WA V- ER YN YK LPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
VAT VAL YA - TR N I B WA V- ERl YNYKLPBIDF TGCVIAWNSNNLD SKV[GNYNY|RYRLFRKSNLKPFERDISTEIYQAGSHP C|
LA AR VYA - I I I AR WA Y Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYBRYRLFRKSNLKPFERDISTEIYQAGSHP C
(Sl pRT- TIPS - I I BB WS VR YNYKLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
VAT YA - I A I AR WA Y- Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYBRYRLFRKSNLKPFERDISTEIYQAGSHP C
[l PAR-LY:- DRI BB WA V- ER YN Y KLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
ISVATNANKYS - I NI ARV CY - EM Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
VANV - TR N I B WA VRl YNYKLPBIDF TGCVIAWNSNNLD SKV[GNYNY|AYRLFRKSNLKPFERDISTEIYQAGSHP C|
VAN AN VA - I I I AR A Y Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYBRYRLFRKSNLKPFERDISTEIYQAGSHP C
VAT NN NS - I I AR T - Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
[T ELYA - I I W R WA VR YN YK LPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
[l /AT INE: V- I I W BB WA V- ER YN Y KLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
[P LT EL V- I AW R WA V- ER YN YK LPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
[l WL MR- VA - BN I AR WA -\ ER YNYKLPBDFTGCVIAWNSNNLD SKV[EGNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
[ [T PLV) - BRI R W) -V R YNYKLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
(S ARV TYA:- I I R WA VR YNYKLPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC
VAR VLTS - I A I AR WA Y M Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYBRYRLFRKSNLKPFERDISTEIYQAGSHP C
v NS I A I AR WA Y- EM Y NYKLPBIDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHP C
[V VY KLY:- AN V- ER YN YK LPPDF TGCVIAWNSNNLD SKV[GNYNYRYRLFRKSNLKPFERDISTEIYQAGSHPC

Mz953185/C.37/Lambda
Mz937666/C.37/Lambda
0U356036/C.37/Lambda
0U351967/C.37/Lambda
0U053018/C.37/Lambda
0U268528/C.37/Lambda
0U100999/C.37/Lambda
Mz275295/C.37/Lambda
Mz275301/C.37/Lambda
Mz908711/C.37/Lambda
MZ496613/C.37/Lambda
0U517038/C.37/Lambda
Mz953277/C.37/Lambda
Mz942542/C.37/Lambda
MZ857990/C.37/Lambda

YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNY[YRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNY[YRLFRKSNLKPFERDISTEIYQAGSHEPC|
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYOMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYOMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNY[YRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNY[YRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYOMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNYOMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNYOMYRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[EGNYNY[YRLFRKSNLKPFERDISTEIYQAGSHPC
YNYKLPPIDFTGCVIAWNSNNLDSKV[QGNYNY[YRLFRKSNLKPFERDISTEIYQAGSHPC|
YNYKLPBIDFTGCVIAWNSNNLDSKV[EGNYNY[YRLFRKSNLKPFERDISTEIYQAGSHPC



490 500 510 520 530 540
NGVIRIGFNCYRIPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]

MN908947/Wuhan-Hu-1

BS001137/B.1.1.7/Alpha NGVIIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
BS001138/B.1.1.7/Alpha NGVIAGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
BS001139/B.1.1.7/Alpha NGVIAGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
BS001140/B.1.1.7/Alpha INGVIIGFNCYRPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPIN\TVCGPKKSTNLVKNKCVN
MW913362/B.1.1.7/Alpha NGVIIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRN\TVCGPKKSTNLVKNKCVN]
MZ266365/B.1.1.7/Alpha NGVIRIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
MZ350105/B.1.1.7/Alpha NGVIRIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
MZ350109/B.1.1.7/Alpha NGVIAGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
Mz888516/B.1.1.7/Alpha NGVIAGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
0U562607/B.1.1.7/Alpha NGVIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRNTVCGPKKSTNLVKNKCVN]
0OU514166/B.1.1.7/Alpha NGVIIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRN\TVCGPKKSTNLVKNKCVN]
ou538851/B.1.1.7/Alpha NGVIRIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
oU538849/B.1.1.7/Alpha NGVIRIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
MZ895877/B.1.1.7/Alpha NGVIAGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
0oU514176/B.1.1.7/Alpha NGVIAGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
0U562608/B.1.1.7/Alpha NGVIGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRNTVCGPKKSTNLVKNKCVN]
MW981442/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRN\TVCGPKKSTNLVKNKCVN]
MZ298839/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
MZ913100/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
MZ879365/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
0U525106/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
0U539352/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRNTVCGPKKSTNLVKNKCVN]
MZ202314/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRN\TVCGPKKSTNLVKNKCVN]
MZ298840/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
MZ376663/B.1.351/Beta NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
p ALK KT75:- FO AN W YA AR EWIN G VRIGF NC Y|P LOSYGF QP TNGVGYQPYRVVVLSFELLHAPRTVCGPKKSTNLVKNKCVN|
bR ] LY V5 - B R S A BV W R RN G VIAGFNCYRIPLOSYGF QP TNJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN]
VAT WA - T N A -V TN R ERIN G VI GEFNC YRIP LOSYGFQP T GVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VAL WA - T RS A AW AR RN G VI GEFNC YRIP LOSYGF QP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VAR R LKA - T A S -V SR RN G VI GEFNCYRIPLOSYGFQP T GVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
IEVAR R LK VA - T A - YA SR ERN G VI GEFNC YRIPLOSYGF QP TIyGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
1 SVAETHRCT YA - T A - YA TSR ERN G V)i GENC YIRIP LOSYGF QP TIyGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
[T P A3 WA - B RN I N BV N RN G VIAGFNCYRIPLOSYGFQP TNJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN]
VAT WA - T R A AW TN R RN G VI GEFNC YIP LOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
[TV LV5 - B iy B AR BN G VIIGF NC Y|P LOSYGF QP TNGVGYQPYRVVVLSFELLHAPITVCGPKKSTNLVKNKCVN|
[ ERET L1V B AN i A AR WIN G VIIGF NC Y|P LOSYGF QP TNGVGYQPYRVVVLSFELLHAPETVCGPKKSTNLVKNKCVN|
ISVA LT R WS- T A S -V SR RN G VI GENC YRIPLOSYGFQP TIyGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN

0U539784/P.1/Gamma
0U539830/P.1/Gamma
0U539894/P.1/Gamma
Mz477748/P.1/Gamma
MZ477746/P.1/Gamma
MW938104/P.1/Gamma
MZ896179/P.1/Gamma
MZ896359/P.1/Gamma
MZ896669/P.1/Gamma
0OU565182/P.1/Gamma
0U492255/P.1/Gamma

NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
INGVISGFNCYRPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPIN\TVCGPKKSTNLVKNKCVN
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRN\TVCGPKKSTNLVKNKCVN]
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]
INGVISGFNCYRPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPIN\TVCGPKKSTNLVKNKCVN
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPRN\TVCGPKKSTNLVKNKCVN]
NGVISGFNCYRIPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPER\TVCGPKKSTNLVKNKCVN]

ISV PANA - IR VA M) T E RS N G VI GFNCYRIPLOSYGFQP TIGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
ISV LT VA - JR R VA ) Y3 RS MN G V)i GFNCYRIPLOSYGFQP TIyGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
JIVANEE-12:-74:- D0 VA Fh TR RS WIN G VIGFNCYRIP LOSYGFQP TI\GVGYQPYRVVVLSFELLHAPERITVCGPKKSTNLVKNKCVN|
VAT KT VA - S - VL Vh Y- 2 RS NG VI GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VANV - IR VY)Y RS N G VI GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
(6P : VA bW IS - IR VLA L F RN MAN G VIRIGFNCYPLOSYGF QP TNGVGYQPYRVVVLSFELLHAPETVCGPKKSTNLVKNKCVN|
[l P RET XTI 74 IR VLY L F RN WN GVRIGFNC Y|P LOSYGF QP TNGVGYQPYRVVVLSFELLHAPETVCGPKKSTNLVKNKCVN|
ISVAL N Y WS- TR VY)Y 3 RS MN G V| GEFNCYRIPLOSYGFQP TIyGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VAR P75 - TR I I W B WA €V LEIN G V)JGFNC YIIP LOSYGF QP TI\GVGYQPYRVVVLSFELLHAPEITVCGPKKSTNLVKNKCVN|
VATV - I N I N AR WS Y- E N G V[ GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VAT KVA - I A I AR WS T - - EIN G V[ GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VAKX YI VYA I N I AR A Y- NG V[ GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
ISVAKVI VAN - I I AR WA Y- ERMN G V[ GFNCYRIPLOSYGFQP TIGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
p LKW IIWA - IR I W R WA V- -ERIN G V)|GFNC Y|P LOSYGF QP TN GVGYQPYRVVVLSFELLHAPRTVCGPKKSTNLVKNKCVN|
VAT VALY - TR AN I N B WA V- EEIN G V)JGFNC YRIP LOSYGF QP TI\GVGYQPYRVVVLSFELLHAPMTVCGPKKSTNLVKNKCVN|
VAN AR VYA - IR RN I AR WS Y- E RN G V[ GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
(S AN TNYA:- IR R WA V- --EIN G V)|GFNCYBP LOSYGF QP TNGVGYQPYRVVVLSFELLHAPITVCGPKKSTNLVKNKCVN|
VAT LT Y5-I A I AR WA Y- ERIN G V[ GEFNCYRIPLOSYGFQP TI\GVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
[l W PAR-TY5:- IR I W IR WA V- -ERIN G V)JGFNC Y|P LOSYGF QP TN GVGYQPYRVVVLSFELLHAPETVCGPKKSTNLVKNKCVN|
ISVATNANKYS - IS RN AR A CY - ERNG V[ GFNCYRIPLOSYGFQP TIYGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VAT NN YA - T N i B WA T - ERIN G V)JGFNC YIIP LOSYGF QP TI\GVGYQPYRVVVLSFELLHAPEITVCGPKKS TNLVKNKCVN|
VAN AN VA - I I AR WS Y- - E RN G V[ GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
VAN AN NS - I I I AR VS T NG V[ GFNCYRIPLOSYGFQP TIJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN
[l TIELYA:- I I W BB WA V- -ERIN G V)|GFNC Y|P LOSYGF QP TNGVGYQPYRVVVLSFELLHAPETVCGPKKSTNLVKNKCVN|
[P I TN A2 - I I W BB WA V- -ERIN G V)|GFNC Y|P LOSYGF QP TNGVGYQPYRVVVLSFELLHAPETVCGPKKSTNLVKNKCVN|
(LT EL YA - I I W R WA V- -ERIN G V)| GFNC Y|P LOSYGF QP TNGVGYQPYRVVVLSFELLHAPRTVCGPKKSTNLVKNKCVN|
[l WM Vh- B RN I R WA V- ERIN GV GENCYRIPLOSYGFQP TNJGVGYQPYRVVVLSFELLHAPINTVCGPKKSTNLVKNKCVN]
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Supplementary Figure S1. Multiple alignment of amino acid sequences of spike
protein from different variants of concern or variants of interest from different regions,
and compared with wild-type SARS-CoV-2 strain isolated from Wuhan, China
(accession number MN908947). SARS-CoV-2 genomes used for alignment were
download from NCBI GenBank database and its detailed information was listed in
Supplementary Table S1. Multiple alignment was performed and visualized using
MAFFT version 7 and ESPript 3.0 respectively. The accession number, pangolin
lineage and WHO classification are shown on the left side of the sequences. The red

boxes represent identical residues while similar residues are indicated by red letters.
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Supplementary Figure S2. Enhanced detection sensitivity for the combination of
different guide RNAs in CRISPR-Cas12a-based detection. 10° copies/uL of plasmid
DNA for SARS-CoV-2 nucleoprotein (NP) and wild-type spike (S) gene were detected
by CRISPR-Casl2a-based assay using crRNA-N5, crRNA-S and the mixture of
crRNA-N5 and crRNA-S, respectively. The ration of fluorescence signal for SARS-

CoV-2 plasmid DNA over no input control was presented at the top of the figure.
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Supplementary Figure S3. CRISPR-Casl2a-based detection of SARS-CoV-2 NP
gene. Viral RNA templates were extracted from SARS-CoV-2 wild-type strain as well
as Alpha, Beta and Delta SARS-CoV-2 variants of concern and amplified by RT-PCR
followed by CRISPR-Casl2a-mediated detection by using crRNA-N5. The SARS-
CovV-2 NP plasmid DNA (10° copies/uL) was used as positive control. The
fluorescence was measured at different time points and presented as the mean =+

standard deviation (SD) from 3 replicates. No input, negative control with no plasmid

DNA.



