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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: 
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPF
NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGW
TAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNA
TRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT
GCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFE
LLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGT
NTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGGGGSVA
SQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQ
DKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTV
LPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALG
KLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSEC
VLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTD
NTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELG
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 
CTGGACCTTCGGCGCGGGCCCTGCTCTGCAGATACCCTTCCCCATGCAGATGGCCTACAGATTCAACGGC 
ATCGGAGTGACCCAGAACGTCCTGTACGAAAACCAGAAGCTCATCGCTAATCAGTTCAACTCCGCTATCG 
GCAAGATCCAGGACAGCCTGAGCAGCACACCATCTGCACTGGGCAAGCTCCAGAACGTGGTGAACCAGAA 
CGCCCAGGCTCTGAACACTCTGGTCAAGCAGCTGAGCTCCAACTTCGGAGCCATCAGTAGCGTTCTGAAC 
GACATCCTGTCCAGACTCGACCCACCAGAGGCCGAAGTGCAGATCGACAGGCTGATTACAGGCAGACTGC 
AGTCCCTGCAAACATACGTGACCCAGCAGCTGATCCGGGCCGCCGAAATCAGAGCCAGTGCCAACCTGGC 
CGCTACGAAGATGTCTGAATGCGTGCTGGGACAGAGCAAGCGTGTGGATTTCTGCGGAAAAGGCTACCAC 
CTGATGAGCTTTCCTCAGTCTGCCCCGCACGGCGTGGTGTTCCTGCATGTGACCTACGTGCCCGCCCAGG 
AGAAAAATTTCACAACCGCCCCTGCCATTTGCCACGACGGCAAGGCCCACTTCCCCAGAGAAGGCGTGTT 
CGTGTCTAACGGCACCCACTGGTTCGTGACACAAAGAAACTTCTACGAGCCTCAGATCATCACCACCGAC 
AACACCTTCGTAAGCGGCAATTGTGACGTGGTGATCGGTATCGTGAACAACACCGTGTACGACCCGCTGC 
AGCCTGAGCTGGACTCTTTCAAAGAGGAACTCGACAAATACTTCAAGAACCACACCAGCCCTGACGTGGA 
TCTGGGAGACATCTCCGGCATCAACGCCAGCGTGGTTAACATCCAGAAGGAAATCGACCGGCTGAATGAG 
GTGGCCAAGAACCTGAACGAGAGCCTGATCGACTTGCAGGAGCTGGGCAAATACGAGCAG 

Amino acid sequence of spike protein of Delta strain: 
MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPF
NDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESGVYSSANNCTFEYVSQP
FLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTA
GAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATR
FASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGC
VIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNT
SNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSRGSASSVASQ
SIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDK
NTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSPIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLP
PLLTDEMIAQYTSALLAGTITSGWTFGAGPALQIPFPMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTPSALGKL
QNVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVL
GQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKY
EQ- 
 
Omicron-BA1 Nucleotide sequence: 
atgttcgtgttcctggtgttattgcctctggtttctagccaatgtgtcaacctcaccacacggacccagctgcctcctgcctacac
caactccttcaccagaggcgtgtactaccctgataaggtgttcagatcctccgtgctgcacagcacccaggacctgttcctgccct
tcttcagcaacgtgacttggttccacgtgatcagcggtacaaatggcaccaagcggttcgacaaccctgtgctgcctttcaatgat
ggcgtgtacttcgcgagcatcgagaagtccaatatcatcagaggctggatcttcggcaccaccctggatagcaagacacagtctct
actgattgtgaacaatgccaccaatgtggtgattaaggtgtgcgagttccagttttgtaatgacccttttctggaccacaagaata
acaagagctggatggaaagcgagttccgggtgtacagctctgccaacaactgcacctttgaatacgtctctcaacctttcctgatg
gacctggaaggcaagcagggaaatttcaagaacctgagagaatttgtgtttaagaacatcgacggctacttcaagatctacagcaa
gcacacacccatcatcgtgagagaaccagaagacctgcctcagggcttcagcgccctggaacctctggtggacctgccaatcggta
tcaacatcaccagattccagacactgctggccctgcatagatcctacctgacacctggagactccagctccggctggacagccggc
gctgctgcctactacgtgggctacttgcagcctagaacattcctgctgaagtataatgagaacggcaccatcacagatgccgtcga
ttgtgccctggaccctctgtctgagacaaaatgcaccctgaagagcttcacagtggaaaagggaatttaccagacaagcaactttc
gtgtccagcctacagaatctatcgtgcggtttcctaacatcacgaacctgtgcccatttgatgaggtctttaacgccaccagattc
gcctccgtctacgcctggaatagaaagcggatcagcaactgtgtggccgactactcagtgctgtacaacctggccccttttttcac
cttcaagtgctacggcgtgagcccaaccaagctgaacgacctgtgcttcacaaacgtgtacgccgactcattcgtgatcagaggag
acgaagtgcggcagatcgctcctggccagaccggcaacattgccgactacaactataagctcccagacgacttcaccggctgtgtg
atcgcctggaacagcaacaagctggatagcaaggtgagcggcaattacaactacctgtatcggctgttcagaaagagcaacctgaa
gcccttcgagcgggacatctccaccgaaatctaccaagctggaaacaagccttgcaacggcgtggccggattcaactgctacttcc
ccctgaagagttactcttttagacctacctatggagtcggccaccagccctacagagtggtggtcctgagcttcgagctgctgcac
gcccctgccacagtgtgcggccctaagaaatctacaaacctggtcaagaacaagtgcgtgaatttcaacttcaatggcctgaaggg
caccggggtgctgacagagagcaacaagaagttcctgcctttccagcagttcggtcgggacatcgccgacaccaccgacgccgtgc
gcgatccccagaccttagaaatcctggacatcaccccctgcagcttcgggggcgtgagcgtgatcaccccaggcacaaacactagc
aaccaggtggcagtgctatatcagggcgtgaactgtacagaagtgcccgtggctatccacgccgaccagctgacccccacatggag
agtttactctacgggctccaacgtgttccagacacgggccggctgcctgatcggcgccgaatatgtgaacaacagctacgagtgtg
atatcccaatcggcgctggcatctgcgccagctaccagacccagaccaagagccacggaagcgccagcagcgttgccagccagagc
ataatcgcctacaccatgtctctgggcgctgaaaactccgtggcttatagcaacaactccattgcaattcccaccaatttcacaat
ctccgtgaccacagagatcctgcctgtgtccatgaccaagaccagtgttgactgcaccatgtacatctgcggcgacagcacagagt
gttctaacctgctgctgcagtacggctctttttgcacacagctgaaaagagctctgacaggcatcgcagtggaacaggacaagaat
acccaggaggtcttcgcccaggtgaagcagatctataagacccctcccatcaaatacttcggcggcttcaacttcagccagatcct



gcctgatcctagcaagccatctaaacggtcacccatcgaggacctgctgtttaacaaagtgaccctggccgacgccggattcatca
aacagtacggcgactgcctgggcgacatcgccgccagagatctgatttgcgcccaaaagtttaaaggcctgaccgtgctccctcct
ctgctgaccgacgagatgatcgcccagtacacaagcgctctgctggccggcaccatcaccagcggctggaccttcggcgctggccc
tgccttgcagatccctttccctatgcagatggcctacaggttcaacggcatcggggtgacccagaacgtgctgtacgagaaccaga
agctgatcgccaaccaatttaacagcgccatcggaaaaatccaggacagcctgtctagcaccccttctgccctgggcaagctgcag
gatgtggtgaaccacaacgcccaagccctgaacaccctggtgaaacagctgtccagcaaattcggcgccatcagcagcgttcttaa
cgacatcttctccagactggaccctcctgaagccgaggtgcagatcgacagactgatcaccggcagactgcaaagtctgcagacct
acgtgacacaacagctgatccgggccgctgaaatcagagccagcgccaatctggctgccacgaagatgagcgagtgcgtgctggga
cagtccaagcgggtggatttttgcggaaaaggctaccacctgatgagcttcccacaaagcgccccgcacggcgtggtgttcctcca
tgtgacctacgtgccggcccaggaaaaaaacttcacaaccgcccctgccatctgccacgacggcaaggcccacttccctagagagg
gcgtgtttgtgagcaacggcacacactggttcgtgacccaaagaaacttctacgagcctcagatcatcaccacagataacaccttc
gtctccggcaactgcgacgtggtgatcgggattgtgaacaacaccgtgtacgaccccctgcagcctgagctggatagcttcaaaga
ggaactggataaatactttaagaaccacacctctcctgacgtggatctaggcgatattagcggaatcaacgcttccgttgtgaaca
tccagaaagagatcgacagactgaatgaagttgccaagaacctgaatgagagcctgatcgacctgcaggagctgggcaagtacgag
cagggcagcggatacatccctgaggcccctcgcgatggccaggcttacgtgagaaaggacggcgagtgggtgctgctgagcacctt
cttgggacggagcggacatcaccaccaccaccaccatcactgataatga 
 
Amino acid sequence of spike protein of BA1 strain: 
 
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHVISGTNGTKRFDNPVLPFND
GVYFASIEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLDHKNNKSWMESEFRVYSSANNCTFEYVSQPFLM
DLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPIIVREPEDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAG
AAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFDEVFNATRF
ASVYAWNRKRISNCVADYSVLYNLAPFFTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGNIADYNYKLPDDFTGCV
IAWNSNKLDSKVSGNYNYLYRLFRKSNLKPFERDISTEIYQAGNKPCNGVAGFNCYFPLKSYSFRPTYGVGHQPYRVVVLSFELLH
APATVCGPKKSTNLVKNKCVNFNFNGLKGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTS
NQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEYVNNSYECDIPIGAGICASYQTQTKSHGSASSVASQS
IIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLKRALTGIAVEQDKN
TQEVFAQVKQIYKTPPIKYFGGFNFSQILPDPSKPSKRSPIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFKGLTVLPP
LLTDEMIAQYTSALLAGTITSGWTFGAGPALQIPFPMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTPSALGKLQ
DVVNHNAQALNTLVKQLSSKFGAISSVLNDIFSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLG
QSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTF
VSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYE
QGSGYIPEAPRDGQAYVRKDGEWVLLSTFLGRSGHHHHHHHH 
 
 
Omicron-BA2 Nucleotide sequence: 
atgttcgtgttcctggtcctgctgccattggtgtctagccagtgcgtgaacctgatcacccggacccagtcctacaccaacagctt
cacacggggagtgtactatcctgataaggtgtttagaagttccgtgctccattctacccaggatctgttcctgcctttcttcagca
acgtgacctggttccacgccattcacgtgagcggcactaacggcacaaaaaggttcgacaaccccgtgctacctttcaacgacggc
gtgtacttcgccagcaccgagaagtctaatattatcaggggatggatcttcggcacgaccctggacagcaagacccaaagcctgct
gatcgtgaataatgccacaaacgtggttatcaaggtgtgtgagttccagttttgcaacgatcctttcctggacgtgtactaccaca
agaacaacaagagctggatggaatctgagttcagagtgtacagcagcgccaacaactgcacctttgagtacgtgtcacaacctttt
ctgatggacctcgagggcaaacagggcaacttcaagaacctgagagagttcgtgtttaaaaatatcgacggctacttcaagatcta
cagcaagcacacacctatcaatctgggacgcgatctgccccagggctttagcgctctggaacccctggttgacctgcctatcggca
ttaacatcacccggttccagaccctgctggccctgcacagatcctatctgacccctggagatagctcttctggctggaccgccggc
gcggctgcctactacgtgggctacctgcagccaagaacattcctgctgaagtacaatgaaaacggcaccatcaccgatgcggtgga
ctgtgccctggaccctctgagcgagacaaagtgtaccttaaagtctttcaccgtggaaaagggcatctatcagaccagcaacttta
gagtgcagcccacagagagcatcgtgcggtttcctaacatcacaaacctgtgccctttcgacgaggtcttcaacgccacccggttc
gcttctgtttacgcctggaatagaaagcggatcagcaactgcgtggccgactacagcgtgctgtacaacttcgcccctttcttcgc
ctttaagtgttacggggtaagccctacaaaactgaacgacctgtgcttcaccaacgtgtacgccgactcctttgtgatccgaggca
acgaggtgagccagatcgcccctggacagaccggcaacatcgccgattacaactacaagctgccagacgactttacaggctgcgtg
atcgcttggaacagcaacaagctggactctaaagtgggcggcaattacaactacctgtatagactgtttagaaagtccaacctgaa
gcctttcgagagagacatctccaccgagatctaccaggccggcaacaaaccctgtaacggcgtggccggattcaattgttacttcc
ccctgcggagctacggcttcagacctacctacggcgtgggccaccagccctaccgggtggtggtgctgagcttcgagctgctgcac
gccccagccaccgtgtgcggccctaagaagagcaccaacctggtgaagaataagtgtgtgaacttcaattttaatggcctgaccgg
caccggcgtgctgacagaaagcaacaaaaagttcctgcctttccagcagttcggaagagacatagcagataccacagacgccgtaa
gagaccctcagaccctggaaatcctggacatcacaccctgcagcttcggaggagtctctgtgatcaccccaggcaccaacaccagc
aaccaggtggccgtgctgtaccagggagtgaattgcacagaagtgcctgtggcaatccacgccgaccagctgacccctacatggcg
ggtatactccaccggaagcaacgtgtttcagaccagagccggctgtctgatcggcgccgagtacgtgaacaactcctacgaatgtg
atattcccatcggggccggcatctgcgccagctaccaaacacaaacaaagagccacggcagcgccagctctgtggccagccagtct
atcatcgcctacaccatgagcctgggcgcagaaaatagcgtggcctacagcaacaacagcatcgccatccctaccaacttcaccat
ctccgtgaccacagagatcctgcccgtgtctatgaccaagaccagcgtggactgcaccatgtacatctgcggcgattctaccgagt



gctctaacctcctgctgcagtacggcagcttctgcacacaactgaagagagccctgaccggcatcgccgtggaacaggacaagaat
acccaggaggtcttcgctcaggtgaagcagatctataagaccccacctatcaagtactttggcggttttaacttcagccagattct
gcctgacccttctaaacctagcaaaagatcccctatcgaggacctgctcttcaacaaggtgacactggctgatgctggctttatca
agcagtacggcgactgcctgggcgacatcgccgctagagacctgatctgcgcccagaagttcaatggcctgactgtgctccctccc
ctgctgacagacgaaatgatcgcccaatacaccagcgcccttcttgccggcacaatcaccagcggctggaccttcggcgctggccc
tgccctccagatcccgttccctatgcagatggcttacagattcaacggtatcggcgtgacacagaacgtgctgtacgagaaccaga
agctgatagccaaccagttcaacagcgccatcggcaagatccaggacagtctgagcagcacaccaagcgccctgggcaaacttcag
gacgtcgtgaaccacaacgcccaggctctgaacactctggtgaagcagctgtctagcaagtttggcgccatctccagcgttctgaa
cgacatcctgtccagactggacccccccgaggccgaggttcagattgacagactgataaccggaagactgcagtctctgcaaacat
acgtgacccagcagctgatacgggccgccgagatccgggcttccgctaatctggccgctacaaagatgagcgaatgcgtgctcggg
cagagcaagagggtcgacttctgcggcaagggctaccacctgatgagcttccctcagtccgctccccacggggtggtgttcctgca
cgtgacctacgtgccagcccaggagaaaaactttaccaccgcccctgccatctgccacgatggcaaagcccacttccctagagaag
gcgtgttcgtgagcaatggcacccactggttcgtgacacagagaaacttctacgagccacagatcatcacaacagataataccttt
gtttccggcaactgcgacgtcgttatcggcatcgtgaacaacacagtgtacgacccgctgcaacccgagctggatagtttcaagga
ggaactggacaagtacttcaagaaccacaccagccccgatgtggatctgggagacatcagcggcattaacgcctccgtggtcaaca
ttcagaaagagatcgacagactcaacgaagtggcaaagaacctgaacgagagcctgatcgacctgcaggagctgggcaagtatgag
cagggcagcggatacatccctgaagccccaagagatggccaggcctatgtgagaaaggatggcgaatgggtgctgctgagcacctt
cctgggaagaagcggccatcatcaccaccaccaccatcactgataatga. 

Amino acid sequence of spike protein of BA2 strain: 
MFVFLVLLPLVSSQCVNLITRTQSYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDG
VYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPF
LMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLGRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAG
AAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFDEVFNATRF
ASVYAWNRKRISNCVADYSVLYNFAPFFAFKCYGVSPTKLNDLCFTNVYADSFVIRGNEVSQIAPGQTGNIADYNYKLPDDFTGCV
IAWNSNKLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGNKPCNGVAGFNCYFPLRSYGFRPTYGVGHQPYRVVVLSFELLH
APATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTS
NQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEYVNNSYECDIPIGAGICASYQTQTKSHGSASSVASQS
IIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLKRALTGIAVEQDKN
TQEVFAQVKQIYKTPPIKYFGGFNFSQILPDPSKPSKRSPIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPP
LLTDEMIAQYTSALLAGTITSGWTFGAGPALQIPFPMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTPSALGKLQ
DVVNHNAQALNTLVKQLSSKFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLG
QSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTF
VSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYE
QGSGYIPEAPRDGQAYVRKDGEWVLLSTFLGRSGHHHHHHHH 



FigS1:

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 S2: SARS-CoV-2 Spike protein purification 
and Size Exclusion Chromatographs. SARS-CoV-2 
Spike ectodomine (1-1208 amino acids) human 
codon optimized plasmid tranfected into 293F cells 
and purified the protein by affinity column 
chromatography, chromatograms A for WT, B for 
Delta and C and E for Omicron BA1 and BA2. 
(D) Spike protein Confirmation by SDS-PAGE.
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FigS3:

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.



FigS4:

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.
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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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