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Wuhan (Vaccine Strain) — WT DNA synthesized sequence:
ATGTTCGTGTTCCTGGTGCTGCTGCCTTTGGTTAGCAGCCAGTGCGTGAACC
TGACCACCAGAACCCAGCTGCCACCTGCTTATACCAATAGCTTTACAAGAGGCGTGTACTACCCTGATAA
GGTGTTCAGAAGCTCGGTACTCCATTCTACTCAGGACCTGTTCCTGCCCTTCTTCAGTAATGTGACCTGG
TTCCACGCCATCCACGTGAGCGGCACCAACGGCACCAAGAGGTTCGACAATCCTGTGCTGCCTTTCAATG
ACGGCGTGTACTTTGCCAGCACAGAAAAGTCCAACATCATCAGAGGCTGGATCTTCGGCACCACCCTGGA
TTCTAAGACCCAAAGCCTGCTTATCGTGAACAACGCCACAAATGTTGTGATCAAGGTGTGCGAATTTCAG
TTCTGCAACGACCCTTTCCTGGGAGTGTACTACCACAAGAACAACAAGAGCTGGATGGAATCTGAGTTCA
GAGTATATTCTTCTGCTAACAACTGTACCTTTGAGTACGTGAGCCAGCCGTTCCTGATGGACCTCGAAGG
CAAACAAGGCAACTTCAAGAACCTGAGAGAGTTCGTGTTCAAAAACATCGACGGCTACTTCAAGATCTAC
AGCAAGCACACCCCCATTAACCTGGTGCGGGATCTGCCCCAAGGCTTCTCTGCCCTGGAACCCCTCGTGG
ACCTTCCCATCGGAATCAACATCACCAGATTCCAGACACTGTTGGCCCTGCACAGAAGCTACCTGACCCC
CGGAGATTCTTCATCTGGCTGGACCGCCGGCGCCGCTGCCTACTACGTGGGCTACCTGCAGCCTAGAACC
TTTCTGCTGAAGTACAACGAAAACGGCACAATCACCGACGCCGTGGACTGTGCTTTGGACCCCCTGTCTG
AAACCAAGTGCACCCTGAAGAGCTTCACCGTGGAAAAGGGCATCTACCAGACGAGCAATTTCAGAGTCCA
ACCTACCGAATCCATCGTGAGATTTCCTAACATCACAAACCTCTGTCCTTTCGGGGAGGTGTTCAACGCC
ACAAGATTCGCCAGTGTGTACGCTTGGAATCGGAAGAGAATCAGCAACTGTGTTGCCGATTACAGCGTGC
TGTACAACTCCGCCAGCTTCTCGACATTTAAGTGCTACGGCGTCAGCCCCACAAAGCTGAATGATCTTTG
CTTCACCAACGTGTACGCGGATAGCTTTGTGATCAGAGGCGACGAGGTGCGCCAGATCGCCCCTGGACAG
ACCGGCAAGATAGCTGACTATAACTACAAGCTTCCAGACGACTTCACCGGCTGTGTGATCGCCTGGAACT
CCAACAACCTGGACTCCAAGGTGGGCGGAAACTACAACTACCTGTACAGACTGTTTCGGAAAAGCAACCT
GAAACCTTTCGAGAGAGACATCAGCACAGAGATCTACCAGGCCGGCAGCACCCCTTGTAATGGAGTCGAG
GGCTTCAATTGCTACTTCCCCCTGCAAAGCTATGGATTTCAGCCTACAAACGGCGTGGGATACCAGCCCT
ACCGGGTGGTGGTGCTGAGCTTCGAGCTGCTGCACGCCCCTGCCACAGTGTGCGGTCCTAAGAAAAGCAC
AAACCTGGTGAAAAACAAGTGCGTGAACTTTAACTTCAACGGCCTGACCGGCACCGGCGTCCTGACAGAA
TCTAACAAAAAATTCCTGCCGTTCCAGCAGTTTGGGAGAGATATCGCCGACACCACCGACGCCGTGAGAG
ACCCTCAGACACTGGAAATCCTGGACATCACCCCTTGCTCTTTCGGAGGAGTGTCCGTCATCACACCTGG
AACCAATACCAGCAATCAGGTGGCTGTGCTGTACCAGGGGGTGAACTGCACCGAAGTGCCTGTGGCCATC
CACGCCGACCAGCTGACGCCTACATGGCGGGTGTACAGCACCGGCAGCAACGTGTTCCAGACCAGAGCCG
GCTGCCTGATCGGCGCCGAGCACGTCAACAACTCCTACGAGTGTGATATCCCTATCGGGGCCGGCATTTG
CGCGAGCTACCAGACCCAGACCAATAGTCCTGGCGGCGGTGGTTCTGTGGCCTCTCAGAGCATCATCGCC
TACACCATGTCCCTGGGCGCTGAGAACTCCGTGGCTTATTCTAACAATAGCATAGCCATTCCTACCAACT
TCACCATTAGCGTGACTACCGAAATCCTGCCCGTGTCCATGACCAAGACCAGCGTTGACTGCACCATGTA
CATCTGCGGCGACAGCACAGAATGCAGCAACCTGCTTCTGCAGTACGGTTCTTTCTGCACACAGCTGAAC
AGAGCGCTGACAGGAATCGCAGTTGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTGAAGCAAA
TTTACAAGACCCCCCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCCAGATCCTGCCTGACCCTTCTAA
GCCCAGCAAGCGCAGCTTCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTTATC
AAACAGTACGGCGACTGCCTGGGCGACATCGCCGCGAGGGACCTCATTTGCGCCCAGAAATTCAACGGCC
TGACTGTGCTGCCACCTCTGCTGACCGATGAGATGATCGCTCAGTACACAAGCGCCCTGCTGGCCGGCAC
CATCACCAGCGGATGGACCTTCGGCGCTGGCGCAGCTCTGCAGATTCCTTTCGCTATGCAGATGGCCTAT
AGATTCAACGGCATTGGCGTGACCCAAAACGTGCTGTATGAAAACCAGAAGCTGATCGCCAACCAGTTTA
ATAGCGCCATCGGCAAAATCCAGGATAGCCTGAGCAGCACCGCTAGCGCCCTGGGCAAGCTGCAAGACGT
GGTGAACCAGAACGCCCAAGCCCTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATTAGC
AGCGTGCTGAACGACATCCTGAGCAGACTCGACCCCCCAGAGGCCGAGGTGCAGATCGATAGACTGATCA
CAGGCAGACTGCAGAGCCTGCAGACCTATGTGACACAGCAGCTGATTCGGGCCGCTGAAATCCGGGCCAG
CGCCAATCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGACAGTCTAAGCGGGTCGATTTCTGCGGC
AAAGGCTACCACCTGATGAGCTTTCCCCAATCCGCTCCTCACGGCGTCGTGTTTCTGCATGTGACATACG
TGCCAGCCCAAGAGAAGAATTTCACAACCGCCCCTGCCATCTGCCACGACGGCAAGGCCCACTTCCCTCG
GGAAGGCGTATTCGTGAGCAACGGCACACACTGGTTCGTCACTCAGCGGAACTTCTACGAGCCCCAGATC
ATCACAACAGACAACACCTTCGTTTCCGGCAATTGCGACGTGGTGATCGGCATCGTGAACAACACCGTGT
ACGACCCCCTGCAGCCCGAGCTGGATAGCTTCAAGGAAGAGCTGGATAAGTACTTCAAGAACCACACTAG
CCCTGATGTGGATCTTGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAATATCCAGAAAGAGATCGAC
CGGCTGAACGAGGTGGCCAAGAACCTGAACGAGAGCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGC
AGTACATCAAGTGGCCTTGGTACATCTGGCTGGGCTTTATCGCAGGACTGATCGCTATCGTGATGGTCAC
AATCATGCTGTGCTGCATGACAAGCTGTTGTTCTTGTCTGAAGGGCTGCTGTAGCTGTGGCTCTTGAGGA
TCCACTAGTCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAGGGCC
CGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCC
GTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGC
ATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGC
TCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCG
TGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTT
CGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCAC



CTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTC
GCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCC
TATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTG
ATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGG
CTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCA
GGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAA
CTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTT
TATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGA

GG

Amino acid sequence of spike protein of Wuhan strain:
MEVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTODLFLPFEFSNVTWEFHATHVSGTNGTKREFDNPVLPF
NDGVYFASTEKSNITIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGW
TAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVREFPNITNLCPFGEVENA
TREFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSEVIRGDEVRQIAPGOTGKIADYNYKLPDDET
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGENCYFPLOQSYGFQPTNGVGYQPYRVVVLSFE
LLHAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGT
NTSNQVAVLYQGVNCTEVPVATIHADQLTPTWRVYSTGSNVEFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGGGGSVA
SOSITAYTMSLGAENSVAYSNNSIAIPTNFTISVTITEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQ
DKNTQEVFAQVKQIYKTPPIKDFGGENFSQILPDPSKPSKRSFIEDLLENKVTLADAGEFIKQYGDCLGDIAARDLICAQKENGLTV
LPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYREFNGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTASALG
KLODVVNONAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSEC
VLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEVSNGTHWEVTQRNEFYEPQIITTD
NTEVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELG
KYEQ-

Delta Strain (B.1.617.2) DNA sequence synthesized
ATGTTCGTGTTCCTGGTGCTTCTGCCACTGGTGTCTAGCCAGTGCGTGAACCTCAGAA
CCAGGACCCAGCTGCCCCCTGCCTACACCAATTCCTTTACCAGAGGCGTCTACTACCCCGATAAGGTGTT
CAGAAGCTCCGTGCTGCACAGCACACAAGACCTGTTCCTGCCATTCTTCAGCAATGTGACATGGTTCCAC
GCCATCCACGTGTCCGGCACCAATGGCACAAAGCGGTTCGACAACCCCGTGCTTCCTTTTAACGACGGCG
TGTACTTTGCCAGCACAGAAAAGAGCAACATCATCAGGGGCTGGATCTTCGGAACCACCCTGGACAGCAA
GACCCAGTCCCTGCTAATCGTGAACAACGCCACCAACGTGGTCATCAAGGTGTGCGAGTTCCAGTTTTGT
AACGACCCCTTCCTGGACGTGTACTACCATAAGAACAACAAGAGCTGGATGGAAAGCGGCGTGTACAGCT
CTGCCAATAATTGCACATTTGAGTACGTGAGCCAGCCTTTCCTGATGGACCTGGAAGGCAAGCAAGGCAA
CTTCAAGAACCTGCGGGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAGCACACC
CCCATCAATCTGGTTAGAGACCTGCCTCAGGGCTTCTCTGCCCTGGAACCTCTGGTGGACCTGCCCATCG
GCATCAACATCACAAGATTTCAGACCCTGCTGGCCCTGCACAGATCCTACCTGACCCCTGGAGATAGCAG
CTCCGGCTGGACCGCCGGCGCTGCCGCTTACTACGTGGGCTACCTGCAGCCTAGAACTTTCCTGCTGAAA
TACAATGAGAACGGCACTATTACAGACGCCGTTGACTGCGCCCTGGACCCTCTGTCTGAGACAAAGTGCA
CCCTGAAATCATTTACCGTGGAAAAGGGCATCTATCAGACCTCTAATTTCCGGGTGCAGCCTACAGAGAG
CATCGTGCGGTTCCCTAACATAACAAACCTGTGCCCTTTCGGCGAGGTGTTCAACGCCACGAGATTCGCC
AGCGTGTATGCCTGGAATAGAAAGAGAATCAGTAATTGTGTGGCCGACTACTCTGTGCTCTACAACTCTG
CCAGCTTCAGCACCTTCAAGTGCTACGGCGTCAGCCCAACCAAGCTGAATGACCTCTGCTTTACAAACGT
GTACGCCGACTCTTTCGTGATCAGAGGTGACGAGGTGCGCCAGATCGCCCCTGGCCAAACCGGCAAGATC
GCTGACTACAACTACAAGCTGCCTGATGATTTCACCGGATGTGTGATCGCCTGGAACTCCAACAACTTGG
ATTCTAAGGTGGGCGGAAATTACAACTACAGATACCGGCTGTTTAGAAAGAGCAACCTGAAACCTTTCGA
GAGAGACATCAGCACCGAGATCTACCAGGCCGGAAGCAAGCCCTGCAACGGCGTTGAAGGCTTCAACTGC
TACTTCCCTCTGCAATCTTATGGGTTTCAGCCTACCAACGGCGTTGGATACCAGCCCTACAGAGTGGTGG
TCCTGAGCTTCGAGCTGCTTCACGCTCCTGCTACAGTCTGCGGACCTAAGAAGTCTACCAACCTGGTCAA
GAACAAGTGTGTGAACTTTAATTTTAACGGGCTGACCGGCACCGGCGTGCTGACTGAAAGCAACAAGAAA
TTCCTGCCATTTCAGCAGTTCGGCAGAGACATTGCTGACACCACAGATGCCGTGAGAGACCCTCAGACAC
TGGAGATCCTGGACATCACCCCTTGTAGCTTTGGAGGGGTGAGCGTCATCACGCCCGGCACCAACACAAG
CAATCAAGTGGCCGTGCTGTACCAGGGCGTGAACTGCACCGAGGTGCCGGTGGCAATCCACGCCGATCAG
CTGACACCTACCTGGCGGGTATACAGCACAGGCTCTAACGTGTTCCAGACCAGAGCCGGCTGTCTGATCG
GCGCCGAGCACGTGAACAACAGCTATGAGTGTGACATCCCTATCGGCGCCGGAATTTGCGCCTCTTACCA
GACACAGACTAATAGCAGAGGCAGCGCCTCTAGCGTGGCCAGCCAGAGCATCATCGCCTATACGATGAGC
CTGGGGGCTGAGAACAGCGTGGCCTACAGCAACAACAGTATCGCGATCCCCACCAACTTCACCATCAGCG
TGACCACAGAGATCCTGCCCGTGAGCATGACCAAAACCTCTGTGGACTGTACTATGTACATCTGCGGCGA
TTCTACCGAATGCAGCAATCTGCTGCTCCAGTATGGCTCATTCTGCACCCAGCTGAACAGAGCCCTGACC
GGCATCGCCGTGGAACAGGACAAGAACACACAAGAGGTGTTCGCCCAGGTGAAGCAGATCTATAAGACAC
CTCCTATCAAGGACTTCGGCGGCTTTAACTTCAGTCAAATCCTGCCCGATCCTTCTAAGCCAAGCAAGCG
GAGCCCCATCGAGGACCTGCTGTTCAACAAAGTGACCCTGGCCGATGCCGGCTTCATCAAACAGTACGGC



GATTGTCTGGGCGACATCGCCGCCAGAGACCTGATTTGCGCCCAAAAGTTCAACGGACTGACAGTGCTTC
CTCCTCTGCTGACCGATGAGATGATCGCCCAGTACACAAGCGCCCTGCTGGCCGGCACAATCACAAGCGG
CTGGACCTTCGGCGCGGGCCCTGCTCTGCAGATACCCTTCCCCATGCAGATGGCCTACAGATTCAACGGL
ATCGGAGTGACCCAGAACGTCCTGTACGAAAACCAGAAGCTCATCGCTAATCAGTTCAACTCCGCTATCG
GCAAGATCCAGGACAGCCTGAGCAGCACACCATCTGCACTGGGCAAGCTCCAGAACGTGGTGAACCAGAA
CGCCCAGGCTCTGAACACTCTGGTCAAGCAGCTGAGCTCCAACTTCGGAGCCATCAGTAGCGTTCTGAAC
GACATCCTGTCCAGACTCGACCCACCAGAGGCCGAAGTGCAGATCGACAGGCTGATTACAGGCAGACTGC
AGTCCCTGCAAACATACGTGACCCAGCAGCTGATCCGGGCCGCCGAAATCAGAGCCAGTGCCAACCTGGC
CGCTACGAAGATGTCTGAATGCGTGCTGGGACAGAGCAAGCGTGTGGATTTCTGCGGAAAAGGCTACCACLC
CTGATGAGCTTTCCTCAGTCTGCCCCGCACGGCGTGGTGTTCCTGCATGTGACCTACGTGCCCGCCCAGG
AGAAAAATTTCACAACCGCCCCTGCCATTTGCCACGACGGCAAGGCCCACTTCCCCAGAGAAGGCGTGTT
CGTGTCTAACGGCACCCACTGGTTCGTGACACAAAGAAACTTCTACGAGCCTCAGATCATCACCACCGAC
AACACCTTCGTAAGCGGCAATTGTGACGTGGTGATCGGTATCGTGAACAACACCGTGTACGACCCGCTGC
AGCCTGAGCTGGACTCTTTCAAAGAGGAACTCGACAAATACTTCAAGAACCACACCAGCCCTGACGTGGA
TCTGGGAGACATCTCCGGCATCAACGCCAGCGTGGTTAACATCCAGAAGGAAATCGACCGGCTGAATGAG
GTGGCCAAGAACCTGAACGAGAGCCTGATCGACTTGCAGGAGCTGGGCAAATACGAGCAG

Amino acid sequence of spike protein of Delta strain:
MEVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTODLFLPFEFSNVTWEFHATHVSGTNGTKREFDNPVLPF
NDGVYFASTEKSNITIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESGVYSSANNCTFEYVSQP
FLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTA
GAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESTIVRFPNITNLCPFGEVENATR
FASVYAWNRKRISNCVADYSVLYNSASEFSTFKCYGVSPTKLNDLCFTNVYADSEVIRGDEVRQIAPGOTGKIADYNYKLPDDETGC
VIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPCNGVEGENCYFPLQSYGFQPTNGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNT
SNQVAVLYQGVNCTEVPVATHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSRGSASSVASQ
SITAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDK
NTQEVFAQVKQIYKTPPIKDEFGGFNFSQILPDPSKPSKRSPIEDLLENKVTLADAGEFIKQYGDCLGDIAARDLICAQKENGLTVLP
PLLTDEMIAQYTSALLAGTITSGWTFGAGPALQIPFPMOMAYRENGIGVTONVLYENQKLTIANQFNSATIGKIQDSLSSTPSALGKL
ONVVNONAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSECVL
GQSKRVDFCGKGYHLMSFPQSAPHGVVEFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEVSNGTHWEVTQRNEFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKY
EQ-

Omicron-BAl Nucleotide sequence:

atgttcgtgttcctggtgttattgcctctggtttctageccaatgtgtcaacctcaccacacggacccagectgectectgectacac
caactccttcaccagaggcgtgtactaccctgataaggtgttcagatcctcececgtgectgcacagcacccaggacctgttectgeect
tcttcagcaacgtgacttggttccacgtgatcagcggtacaaatggcaccaagcggttcgacaaccctgtgectgectttcaatgat
ggcgtgtacttcgcgagcatcgagaagtccaatatcatcagaggctggatcttcggcaccaccctggatagcaagacacagtctet
actgattgtgaacaatgccaccaatgtggtgattaaggtgtgcgagttccagttttgtaatgacccttttctggaccacaagaata
acaagagctggatggaaagcgagttccgggtgtacagctctgccaacaactgcacctttgaatacgtctctcaacctttectgatyg
gacctggaaggcaagcagggaaatttcaagaacctgagagaatttgtgtttaagaacatcgacggctacttcaagatctacagcaa
gcacacacccatcatcgtgagagaaccagaagacctgcctcagggcttcagecgeecctggaacctectggtggacctgeccaatecggta
tcaacatcaccagattccagacactgctggccctgcatagatcctacctgacacctggagactccagecteccggectggacageccgge
gctgctgcctactacgtgggctacttgcagecctagaacattectgectgaagtataatgagaacggcaccatcacagatgccgtcecga
ttgtgccctggaccctctgtctgagacaaaatgcaccctgaagagecttcacagtggaaaagggaatttaccagacaagcaacttte
gtgtccagcctacagaatctatcgtgecggtttcecctaacatcacgaacctgtgecccatttgatgaggtectttaacgeccaccagatte
gcctceccgtctacgcecctggaatagaaagcggatcagcaactgtgtggeccgactactcagtgectgtacaacctggecceccttttttecac
cttcaagtgctacggcgtgagcccaaccaagctgaacgacctgtgcttcacaaacgtgtacgeccgactcattecgtgatcagaggag
acgaagtgcggcagatcgctcctggccagaccggcaacattgeccgactacaactataagctcccagacgacttcaccggectgtgtyg
atcgcctggaacagcaacaagctggatagcaaggtgagcggcaattacaactacctgtatcggctgttcagaaagagcaacctgaa
gcccttcgagcgggacatctccaccgaaatctaccaagectggaaacaageccttgcaacggecgtggecggattcaactgectacttece
ccctgaagagttactcttttagacctacctatggagtcggccaccagceccctacagagtggtggtcctgagettcgagetgectgeac
gcccctgceccacagtgtgecggecctaagaaatctacaaacctggtcaagaacaagtgecgtgaatttcaacttcaatggectgaaggg
caccggggtgctgacagagagcaacaagaagttcctgecctttccagcagttcggtecgggacatcgecgacaccaccgacgeccgtge
gcgatccccagaccttagaaatcctggacatcacccceccectgcagettcgggggegtgagegtgatcaccccaggcacaaacactage
aaccaggtggcagtgctatatcagggcgtgaactgtacagaagtgcccgtggectatccacgeccgaccagectgacccecccacatggag
agtttactctacgggctccaacgtgttccagacacgggccggectgectgatcggecgecgaatatgtgaacaacagectacgagtgtyg
atatcccaatcggcgctggcatctgecgecagetaccagacccagaccaagagccacggaagecgceccagcagegttgecagecagage
ataatcgcctacaccatgtctctgggcgctgaaaactccgtggcttatagcaacaactccattgcaattcccaccaatttcacaat
ctccgtgaccacagagatcctgectgtgtccatgaccaagaccagtgttgactgcaccatgtacatctgecggecgacagcacagagt
gttctaacctgctgctgcagtacggctctttttgcacacagectgaaaagagctctgacaggcatcgcagtggaacaggacaagaat
acccaggaggtcttcgcccaggtgaagcagatctataagacccctcecccatcaaatacttcggeggettcaacttcageccagatect



gcctgatcctagcaagccatctaaacggtcacccatcgaggacctgcectgtttaacaaagtgaccctggeccgacgecggattcatca
aacagtacggcgactgcctgggcgacatcgccgeccagagatctgatttgegeccaaaagtttaaaggectgaccgtgeteectect
ctgctgaccgacgagatgatcgcccagtacacaagcgctctgectggeccggcaccatcaccageggectggaccttecggegetggecce
tgccttgcagatccctttececctatgcagatggectacaggttcaacggcatcggggtgacccagaacgtgectgtacgagaaccaga
agctgatcgccaaccaatttaacagcgccatcggaaaaatccaggacagectgtctagcaccecttectgecctgggcaagectgecag
gatgtggtgaaccacaacgcccaagccctgaacaccctggtgaaacagctgtccagcaaattcggecgecatcagcagegttecttaa
cgacatcttctccagactggaccctecctgaageccgaggtgcagatcgacagactgatcaccggcagactgcaaagtctgcagacct
acgtgacacaacagctgatccgggccgctgaaatcagagccagcgceccaatctggectgeccacgaagatgagcgagtgegtgetggga
cagtccaagcgggtggatttttgcggaaaaggctaccacctgatgagcttcccacaaagecgececccgcacggegtggtgttecteca
tgtgacctacgtgccggcccaggaaaaaaacttcacaaccgcccctgeccatctgeccacgacggcaaggeccacttecctagagagg
gcgtgtttgtgagcaacggcacacactggttcgtgacccaaagaaacttctacgagcctcagatcatcaccacagataacacctte
gtctccggcaactgcgacgtggtgatcgggattgtgaacaacaccgtgtacgaccccecctgcagectgagectggatagettcaaaga
ggaactggataaatactttaagaaccacacctctcctgacgtggatctaggcgatattagcggaatcaacgectteccgttgtgaaca
tccagaaagagatcgacagactgaatgaagttgccaagaacctgaatgagagecctgatcgacctgcaggagctgggcaagtacgag
cagggcagcggatacatccctgaggcccecctcecgegatggeccaggecttacgtgagaaaggacggcgagtgggtgectgetgagcacctt
cttgggacggagcggacatcaccaccaccaccaccatcactgataatga

Amino acid sequence of spike protein of BAl strain:

MEVFLVLLPLVSSQCVNLTTRTQLPPAYTNSEFTRGVYYPDKVFRSSVLHSTODLFLPFESNVTWEFHVISGTNGTKREDNPVLPEND
GVYFASTIEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLDHKNNKSWMESEFRVYSSANNCTFEYVSQPFLM
DLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPIIVREPEDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAG
AAAYYVGYLOQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNEFRVOQPTESIVREFPNITNLCPEFDEVENATRE
ASVYAWNRKRISNCVADYSVLYNLAPFEFTFKCYGVSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGOTGNIADYNYKLPDDEFTGCV
IAWNSNKLDSKVSGNYNYLYRLEFRKSNLKPFERDISTEIYQAGNKPCNGVAGENCYFPLKSYSFRPTYGVGHQPYRVVVLSFELLH
APATVCGPKKSTNLVKNKCVNENEFNGLKGTGVLTESNKKFLPFQOQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTS
NQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEYVNNSYECDIPIGAGICASYQTQTKSHGSASSVASQS
ITAYTMSLGAENSVAYSNNSIAIPTNFTISVITEILPVSMTKTSVDCTMYICGDSTECSNLLLOQYGSFCTQLKRALTGIAVEQDKN
TOEVFAQVKQIYKTPPIKYFGGENFSQILPDPSKPSKRSPIEDLLENKVTLADAGEFIKQYGDCLGDIAARDLICAQKFKGLTVLPP
LLTDEMIAQYTSALLAGTITSGWTEFGAGPALQIPEFPMOMAYRENGIGVTONVLYENQKLIANQFNSAIGKIQDSLSSTPSALGKLQ
DVVNHNAQALNTLVKQLSSKFGAISSVLNDIFSRLDPPEAEVQIDRLITGRLOSLOTYVTQQLIRAAETRASANLAATKMSECVLG
QOSKRVDEFCGKGYHLMSEFPOSAPHGVVEFLHVTYVPAQEKNFTTAPATCHDGKAHFPREGVEVSNGTHWEVTQRNFYEPQIITTDNTFE
VSGNCDVVIGIVNNTVYDPLOQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYE
OGSGYIPEAPRDGQAYVRKDGEWVLLSTFLGRSGHHHHHHHH

Omicron-BA2 Nucleotide sequence:

atgttcgtgttcctggtcctgcectgeccattggtgtctageccagtgecgtgaacctgatcacccggacccagtecctacaccaacagett
cacacggggagtgtactatcctgataaggtgtttagaagttccgtgctccattctacccaggatctgttectgectttcttcagea
acgtgacctggttccacgccattcacgtgagcggcactaacggcacaaaaaggttcgacaaccccgtgctacctttcaacgacgge
gtgtacttcgccagcaccgagaagtctaatattatcaggggatggatcttcggcacgaccctggacagcaagacccaaagcctgcet
gatcgtgaataatgccacaaacgtggttatcaaggtgtgtgagttccagttttgcaacgatcctttcctggacgtgtactaccaca
agaacaacaagagctggatggaatctgagttcagagtgtacagcagcgccaacaactgcacctttgagtacgtgtcacaacctttt
ctgatggacctcgagggcaaacagggcaacttcaagaacctgagagagttcgtgtttaaaaatatcgacggctacttcaagatcta
cagcaagcacacacctatcaatctgggacgcgatctgccccagggectttagecgectectggaaccecctggttgacctgectatcecggea
ttaacatcacccggttccagaccctgctggccecctgcacagatecctatctgacccctggagatagetecttectggectggaccgeecgge
gcggctgcctactacgtgggctacctgcagccaagaacattecctgctgaagtacaatgaaaacggcaccatcaccgatgecggtgga
ctgtgccctggaccctctgagcgagacaaagtgtaccttaaagtctttcaccgtggaaaagggcatctatcagaccagcaacttta
gagtgcagcccacagagagcatcgtgcggtttcecctaacatcacaaacctgtgeccecctttecgacgaggtecttcaacgeccaccecggtte
gcttctgtttacgcctggaatagaaagcggatcagcaactgecgtggccgactacagegtgectgtacaacttecgeccctttettege
ctttaagtgttacggggtaagccctacaaaactgaacgacctgtgcttcaccaacgtgtacgccgactcecctttgtgatccgaggea
acgaggtgagccagatcgcccctggacagaccggcaacatcgeccgattacaactacaagectgeccagacgactttacaggectgegtyg
atcgcttggaacagcaacaagctggactctaaagtgggcggcaattacaactacctgtatagactgtttagaaagtccaacctgaa
gcctttcgagagagacatctccaccgagatctaccaggeccggcaacaaaccctgtaacggecgtggecggattcaattgttacttee
ccctgcggagctacggcttcagacctacctacggecgtgggccaccagceccctaccgggtggtggtgetgagettcgagetgetgeac
gccccagccaccgtgtgecggecctaagaagagcaccaacctggtgaagaataagtgtgtgaacttcaattttaatggectgaccgg
caccggcgtgctgacagaaagcaacaaaaagttcctgectttccagcagttcggaagagacatagcagataccacagacgccgtaa
gagaccctcagaccctggaaatcctggacatcacaccctgcagecttcggaggagtctectgtgatcaccccaggcaccaacaccagce
aaccaggtggccgtgctgtaccagggagtgaattgcacagaagtgecctgtggcaatccacgeccgaccagectgaccectacatggeg
ggtatactccaccggaagcaacgtgtttcagaccagagccggctgtctgatcggegeccgagtacgtgaacaactectacgaatgtyg
atattcccatcggggccggcatctgecgccagectaccaaacacaaacaaagagccacggcagcgccagcectectgtggecagecagtet
atcatcgcctacaccatgagcctgggcgcagaaaatagcgtggecctacagcaacaacagcatcgccatcecctaccaacttcaccat
ctccgtgaccacagagatcctgeccgtgtctatgaccaagaccagecgtggactgcaccatgtacatctgeggegattctaccgagt



gctctaacctcctgcectgcagtacggcagcttctgcacacaactgaagagageccctgaccggcatecgececgtggaacaggacaagaat
acccaggaggtcttcgctcaggtgaagcagatctataagaccccacctatcaagtactttggecggttttaacttcageccagattcect
gcctgacccttctaaacctagcaaaagatccecctatcgaggacctgcectcttcaacaaggtgacactggectgatgectggetttatca
agcagtacggcgactgcctgggcgacatcgeccgctagagacctgatctgegeccagaagttcaatggectgactgtgetecctece
ctgctgacagacgaaatgatcgcccaatacaccagcgcceccttecttgecggcacaatcaccageggetggaccttecggegetggece
tgccctccagatcccecgttececctatgcagatggettacagattcaacggtatcggecgtgacacagaacgtgectgtacgagaaccaga
agctgatagccaaccagttcaacagcgccatcggcaagatccaggacagtctgagcagcacaccaagcgecctgggcaaacttcag
gacgtcgtgaaccacaacgcccaggctctgaacactctggtgaagcagectgtctagcaagtttggecgecatctccagegttcectgaa
cgacatcctgtccagactggaccccecccgaggecgaggttcagattgacagactgataaccggaagactgcagtcectctgcaaacat
acgtgacccagcagctgatacgggccgccgagatccgggectteccgectaatctggececgectacaaagatgagecgaatgegtgeteggg
cagagcaagagggtcgacttctgcggcaagggctaccacctgatgagcttccecctcagteccgetecceccacggggtggtgttectgea
cgtgacctacgtgccagcccaggagaaaaactttaccaccgcecccctgeccatctgeccacgatggcaaageccactteccctagagaag
gcgtgttcgtgagcaatggcacccactggttcgtgacacagagaaacttctacgagccacagatcatcacaacagataataccttt
gtttccggcaactgcgacgtcgttatcggcatcgtgaacaacacagtgtacgacccgetgcaacccgagectggatagtttcaagga
ggaactggacaagtacttcaagaaccacaccagccccgatgtggatctgggagacatcagcggcattaacgecteccgtggtcaaca
ttcagaaagagatcgacagactcaacgaagtggcaaagaacctgaacgagagcctgatcgacctgcaggagctgggcaagtatgag
cagggcagcggatacatccctgaagccccaagagatggeccaggecctatgtgagaaaggatggecgaatgggtgectgetgagcacctt
cctgggaagaagcggccatcatcaccaccaccaccatcactgataatga.

Amino acid sequence of spike protein of BA2 strain:
MEVFLVLLPLVSSQCVNLITRTQSYTNSFTRGVYYPDKVFRSSVLHSTOQDLFLPFFSNVTWFHATHVSGTNGTKREDNPVLPENDG
VYFASTEKSNITIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFE
LMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLGRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAG
AAAYYVGYLOQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSEFTVEKGIYQTSNFRVOQPTESIVRFPNITNLCPFDEVENATRE
ASVYAWNRKRISNCVADYSVLYNFAPFFAFKCYGVSPTKLNDLCETNVYADSEFVIRGNEVSQIAPGQTGNIADYNYKLPDDEFTGCV
TAWNSNKLDSKVGGNYNYLYRLEFRKSNLKPFERDISTEIYQAGNKPCNGVAGENCYFPLRSYGFRPTYGVGHQPYRVVVLSFELLH
APATVCGPKKSTNLVKNKCVNENENGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTS
NQVAVLYQGVNCTEVPVATIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEYVNNSYECDIPIGAGICASYQTQTKSHGSASSVASQS
IIAYTMSLGAENSVAYSNNSIAIPTNEFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLKRALTGIAVEQDKN
TOEVFAQVKQIYKTPPIKYFGGENEFSQILPDPSKPSKRSPIEDLLENKVTLADAGFIKQYGDCLGDIAARDLICAQKENGLTVLPP
LLTDEMIAQYTSALLAGTITSGWTFGAGPALQIPFPMOMAYRENGIGVTONVLYENQKLTANQFNSATGKIQDSLSSTPSALGKLQ
DVVNHNAQALNTLVKQLSSKFGAISSVLNDILSRLDPPEAEVQIDRLITGRLOSLOTYVTQQOLIRAAETIRASANLAATKMSECVLG
QSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPATCHDGKAHFPREGVEVSNGTHWEVTQRNEFYEPQITTTDNTE
VSGNCDVVIGIVNNTVYDPLOQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLOELGKYE
QGSGYIPEAPRDGQAYVRKDGEWVLLSTFLGRSGHHHHHHHH
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Figure S1. Development and validation of SARS-CoV-2 vaccine
strain (Wuhan-WT), Delta, and Omicron BA.1 variant prefusion
ectodomain spike targets for use in blockade of ACE-2 binding
assay (BoAb). (A) SARS-CoV-2 spike (S) ectodomain proteins of
WT (Wuhan strain), Delta (B.1.167.2)

and Omicron BA.1 (B.1.1.529) for structural characterization and
assay development, and a model construct of Delta S protein. (B, E
and H) Raw negative

stain electron micrographs for purified vaccine strain (B), delta
variant (E), and Omicron variant (H) trimers. 2D class averages of
various trimer orientations derived from the raw micrographs are
shown in the upper panel and used for the 3D reconstruction shown
in Panels C, F and I. (C,F,I) 3D reconstruction from negative stain
electron microscopy class averages of our purified trimeric
ectodomain of WT, Delta and Omicron BA.1. (D,G, and J) Biolayer
interferometry

analysis of each spike variant binding to an immobilized
recombinant ACE-2 IgG Fc-chimera, the biotinylated form of which
serves as the detector in our BoAb assay.
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Figure S3. Binding properties of Spike variants of SARS-CoV-2.
ELISA performed with 3-fold dilutions of selected monoclonal
antibodies.

(A) GTX635866 (GenTex) which targets the prefusion state of
spike protein. This antibody shows very strong binding to Delta
and Wuhan-WT and average to lower binding against Omicron
variants BA1 and BA2, respectively.

(B) GTX135356 (GenTex) which targets the S1 subunit of spike
protein. This antibody shows very weak binding to all spike
variants tested.

(C) GTX635866 (GenTex) which targets the RBD of spike protein,
and shows moderate binding to Delta and Wuhan-WT, but
significantly lower binding to Omicron variants BA1 and BA2.
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Figure S4: Comparison of BOAB and PVN assay on Prepandemic samples against SARS-CoV-2 variants.
Pre-pandemic samples (n=50) tested against SARS-CoV-2 wuhan WT (A), Delta (B) and Omicron (C) variants in the pseudovirus neutralization assay and BOAB assay.



Fig.S5.

Figure S5: Correlation of Neutralizing antibodies between Un-infected/vaccinated vs Infected/vaccinated in BoAB assay and PVN assay.
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