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Figure 2D
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Figure 3A
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Figure 4B

Figure 4A
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Figure 124
Amino acld sequence of VP1 G111 {(SEQID NO: 1)

MMMASKDATSSVBGASGAGOLVYPEVNASDPLAMDPVAGSSTAVATAGOVNPIDPWHNNFVOAPQGEFTISPNNT?P
GDVLFDLSLGPHLNPRLLHLSOMYNGWYGNMRVRIMLAGNAFTAGKHVSCIPPGFGSHNLTIAQATLFPHVIADVRTLD
PIEVPLEDVRNVUFHNNDRNOOTMRLVOMLYTPLRTGGO TRDSFVVAGRYMTCRSPOFNFLELVPPTVEQKTRPFTLPN
LPLSSESNSRAPLPISSMGISPDNVOSVOFOGNGRCTLDGRLVGTTPYSISHVAKIRGTSNGTVINLTELDGTPFHPFEGPAR]
GFPDLGGCDWHINMTOFGHSSOTOQYDVDRTTPDTFVPHLGSIOANGIGSGNYVRVLSWISPRSHPSGSQVDLWKIPNYG
SSITEATHLAPSVYPPGFGEVIVFFMSKMPGRGAYNLPCLLPQEYISHLASEGAPTVGEAALLHYVDPDTGRNLGEFKAYP
DGFLTOVPNGASSGPQOLPINGVRVFVSWVSRFYQLKPVGTASSARGRLGLRR

Figure 128
Nuclele acid sequence of wild-type VP1 G1.1 {(SEQID NO: 2)

ATGATGATGGCGTCTAAGGALGCTACATCAAGCGTGGATGGCGLTAGTGGLGCTGGTCAGTTGGTACCGGAGGTTA
ATGCTTCTGACCCTCTTGCAATGGATCCTGTAGCAGGTTCTTCGACAGLAGTCGCGACTGCTGRACAAGTTAATLCTA
TTGATCCCTGGATAATTAATAATITTGTGLAAGLCCCCLAAGRTRAATTTACTATTTCCCLAAATAATAC CCCLOGTR
ATGTTTTGTTIGATTIGAGTT T GGGTCCCCATCTTAATCCTTTCTTGUTCCATCTATCACAAATGTATAATGGTTGGGTT
GOTAACATRAGAGTCAGGATTATGLTAGCTGRTAATGCCTTTACTGCGGLGAAGATAATAG TTTCCTRLATACCLCC
TGGTTTTGGTTCACATAATCTTACTATAGCACAAGCAACTCTCTTTCCACATGTGATTGLTGATGTTAGGALTCTAGAL
CCCATTGAGGTGLCTITGGAAGATGTTAGGAATGTTCTCTITCATAATAATGATAGAAATCAACAAACCATGLGCCTT
GTGTGCATGCTGTACACCCCCCTCCGCALTGGTGGTGGTACTGRTGATTCTTTTGTAGTTGCAGGGCGAGTTATGAL
TTGCCCCAGTCCTGATTTTAATTTCTTGTTTTTAGTCCCTCLTACGRTGGAGCAGAAAACCAGGLCCTTCACALTCCCA
AATCTGCCATTRAGTTCTCTGTCTAACTCACGTGCCCCTCTCCCAATCAGTAGTATGGGLATTTCCCCAGACAATGTCC
AGAGTGTGLAGTTCCARAATGGTCGGTGTALTUTGLATGGLLGLCTGGTTGGCACCACCCCAGTTTCATTGTCACAT
GTTGCCAAGATAAGAGGGACCTCCAATOGCACTETAATLAALCTTACTGAATTGGATGGLACACCCTTTCACCCTTTT
GAGGLLLCTGCCCCCATTGGLTTTCCAGACCTCGRTGGTTGTGATTGLUATATCAATATGACACAGTTTGRICATTC
TAGCCAGACCCAGTATGATGTAGACACCACCCCTGACACTTTTGTCCCCCATOTTGGTTCAATTCAGGLAAATGGLAT
TGGCAGTGGTAATTATGTTGGTGTICTTAGLTGCATT TCCLCCCCATCACACCCGTCYGRITCCLAAGTTGACCTTTG
GAAGATCCCCAATTATGGGTCAAGTATTACGGAGGUAACACATCTAGCCLLTTCTGTATACCLCCCTGLTITLGGAG
AGGTATTGGTCTTTTTCATGTCAAAAATGCCAGGTCCTGGTGUTTATAATTTGCCCTGTCTATTACCACAAGAGTACA
TTTCACATCTTGCTAGTGAACAAGCCCCTACTGTAGGTRAGGUTCCCCTGCTCCACTATGTTGACCCTRATACCGGTC
GGAATCTTGGGGAATTCAAAGCATACCCTGATGLTTTCCTCACTIGTGTULCCAATG GGG LTAGCTLGGGTICACAA
CAGCTGCCGATCAATGRGGTCTTTGTCTTTRTTTCATGGCTGTCLAGATTTTATCAATTAAAGLCTCTLRGGAALTGLLC
AGCTCOGCAAGAGGTAGRCTTGGTCTGIGLCGATAA
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Figure 12C
Nuclelc acid sequence of human codon-optimized YP1 G1.1 {SEQ D NOG: 3}

ATGATGATGGCTAGTARAGATGLGACCTCCTCTGTGGATGGTGCGTCAGGEGCAGGACAACTCGTALCLGAGGTAA
ACGCCAGCGACCCACTTGLCATGGACCCLGTTGCCGGAAGTTLCACAGCAGTGGLCACAGLCGGTCAAGTGAATCC
AATTGATCCGTGGATTATCAACAATTTCGTCCAGGCACLCCAGGGLGAGTTCACAATT TCACCARACAATACACCGG
GLGATGTGCTATTCGATCTTTCCTTGGGTCCTCACCTTAACCCTTTTCTACTCCATCTCTCACAGATGTACAATGGTTG
GOTAGOAAACATGAGAGTCLGGATCATLRCTGLITGHLARTGLCTTTACCGLTGGCAAGATCATCGTCAGTTGTATIC
CTCCCOGGATTTGGATCTCATAATCTGALCATTGLUTCAAGLGALTCTCTTICCCCATGTCATCGLLGACG TTAGGALCCY
GGACCCCATCLAGGTGLCCLTGRAGGACGTCCRRAATRTTITGTTCCACAACAALGACAGAAALCAGCAGALRATG
AGACTTGTCTGTATGCTCTATACCCOALTGCGGALTGGAGLCGGGALTGGARACTCCTTCGTTGTGGCAGGAALGAG
TEATGACATGCCCCTCLCCCGACTTCAALTTTICTTTITCTGGTCLCACCAACLETTGAGCAGAAGACGLGGLLLTTTA
CACTGCCLAATCTCCLLCTTTCAAGTCTGAGTAATTCACGGLCLCCATTGLCGATCTCCTCAATGGGAATCTCCLLCG
ACAACGTCCAGTCTGTCCAATTLCAAAATGGGAGATGCACALTGGALGETCGLCTGGTGGRAALAACTLCGETGTC
CCTCTCACATETCGCCAAAATCCGLGGLACATCAAATGGTACCGTAATCAATCTGACAGAACTTGATGGCACGCCCTT
CCATCOOTTTGAAGGALCAGLCCCTATTGRATTICCTRATCTCGGAGGTTGLGALTGGLACATAAALATGACACAGT
TTGGCCACTCCAGCCAGACACAGTATGATGTCGATACAALCCCAGATALCTTCGTGCCACACCTGGGATCTATTCAA
GCTAACGGTATTGGATCLGGCAACTACGTGGGAGTCTTATCTTGGATCTCACCACCATCCCACCLCTCAGGATCCCAG
GTTGACTTGTGGAAGATACCGAATTATGGATCCTCGATCALTGAAGLCACGCACCTCGCATCTTCCGTUTACCCALCA
GETTTTGGAGAAGTCTTGGTGTTTITCATGAGCAAAATECCCGGLCCTGGAGCCTACAATCTCCCTTGCCTACTCLLT
CAAGAGTATATTAGTCACCTCGCATCTCAGCAGGLCLCGALCGTTRGUGAGGLAGCLCTGITGCATTATGTGGATCL
GGACACTGGCAGGAALCTGGGTGAGTTCAAAGLTTATCCTGALGGTT TTCTAACATGTGTACCAAATGGCGCTTCCA
GCGGCCCTCAACAGCTCCCAATCAATGGCGTGTTCGTTTITGTCAGCTGRGTAAGLLGCTTCTACCAGLTGAAGLCC
GTGGLGACAGCTTCTTCTGLCCGCGGALGLCTLGOTCTGCGGAGATAA

Figure 134
Amino acid sequence of VP1 G1.2_Leuven 2003 _D2DELE {SEQ D NO: 4)

MMMASKDAPQSADGASGAGULYPEVNTADPLPMEPVAGPTTAVATAGOVNMIDPWIVNNEVQSPQGEFTISPNNT
PEDILFDLOLGPHLNPFLSHLSOMYNGWVYGNMRYRILLAGNAFSAGKHVCCVPPGRTSSSLTIAQATLFPHVIADVRTLEP
EMPLEDVRNVLYHTNDNGOPTMRLVOMLYTPLRTGGGSGNSDOFVVAGRVLTAPSSDESFLELYPPTIEQKTRAFTVPNIP
LOTUSNARFPSLIQGMILSPDASQVVYOFONGRCLIDGOLLGTTPATSGOLFRVRGKINQGARTLNLTEVDGKPFMAFDSE?
APVGFPDFGRKCOWHMRISKTPNNTASGDRPMRSVIVOTIVOGHFVRRLGSIAFDEVINHPTGDYIGTIEWISQPSTPRGY
DINLWEIPDYGSSLSQAANLAPPVIPPGFRGEALVYEVSAFPGPNNRSAPNDVPCLLPQEYVTHFVSEQAPTMGDAALLHY
VOPDTNRNLGEFKLYPGGYLTOVPNGYGAGRQQLPLNGVFLFVOWVSRFYOQLIPVGTASTARGRLGVRRI
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Figure 138

Nucleic acid sequence of human codon-optimized VP G1.2_Lesuven_2003_D2DEL3 {SEQ 1D NO:

5}

ATGATGATGGCTTCAAAGGATGLTCCCCAAAGLGLGGACGEAGLTAGLIGGLGLCGGALAGTTIGRTTCCGGAAGTC
AALACTGCCRATCCACTGUCCATGGAACCLG TAGLTGGTCLAACAACCGCTOTTGUCALCGUCGGLICAGLTTAACAT
GATCGATCCATGGATTGTTAATAACTTTGTACAGAGCCCCCAGGGGRAGTTCACAATTTCTCLGAATAATACCLCTG
GGRACATTCYGTTCGATCTRCAALTGGGLCCACACTTRAATCCTTTCCTGAGCCATCTTTCACAGATGTACAACGGAT
GOOTTGGGAACATGCGTOTTCGGATCLTCOYTGCTGLCAALGLCTTCAGTGCTGGCAAGATTIATCGTGTGLTIGIGTA
CCACCAGGGTTTACCTCGAGTTCATTAACCATTGCTCAGGCCACCOTTTTCCCTCALGTGATCGCAGACGTGLGTALL
TTAGAACCAATCGAAATGLCCCTGRAAGATOTACGRAACGTGUTGTACCATACTAATGATAALCAGCCAACGATGA
GATTAGTGTGCATGLTGTACACCCCLCTGAGAACTGGAGGAGGTTLTGGAAATTCCGACAGTTT TGTGGTGGLTGG
CAGGGTCCTGACCGUTCCCAGTAGLGACTTCAGCTTTTTGTTCCTCGTTCCTCCTACAATCGAACAAAAAACAAGAGE
ATTCACAGTLLLCAACATTCCALTGCAGACTTTAAGCAATTCLAGGTTTCLCAGCTTGATCLAGGGTATGATCCTTTCY
CCCGACGLLTCCCAAGTTGTGCAGTTCCAGAATGGGAGATGTCTTATCGACGETCAGTTTCTGRGAATAACCCLTCC
CACCTCCGGGCAACTCTTCCGOGTGAGAGGLAAAATCAATCAGGG UG CCAGAACACTGAATCTRACAGAAGTGGAL
GGLRAAACCCTTTATGGCGTTCGATAGCCLCGLGLCCETIGRATTCLOTGACTTCRGCAAGTGTGATT GGLACATGCG
CATCAGTAAGACTCCCAACAACACTTCATLTGGAGALCCCATGAGGAGLGTGEATGTLCAGACLGACGTGLAGGGC
TTCGTGLCGCACTTGGLATCTATCCAGTICGATGAGGTGTTCAATCALCCTACTGGLGALTACATAGL CALAATTGA
GTGGATAAGTCAACCATCTACACCTCCAGGGALCGACATAAALLTGTGGGAAATTLCTGATTACGGL TCATLCCTRA
GTCAAGCTGCCAATCTTRCACCCCOTGTCTTTCCCCCCGGUTTTGGTGAGGCTCTTGTTTACTTCGTCTCTGCATTTCLTY
GOTCLTAACAALCGLTCLGUCCCTAACGATGTICCRTGTTTGTTACCLCAGGAATATGTGACTCATTTCGTTTCCGAA
CAGGCACCCACCATGGOGRACGCTGLCCTELTACACTATGTGGACCCCGACALCAATAGAAALTTCGGLGAGTTCA
AACTCTACCCCGGRGGATACCTGACCTGTGTICCAAATCGAGTGGRAGCAGGLCCACAALAGRCTGLCCLTGAATGE
GETCTTCCTGTTCGTITCTTGGGTGTCALGLTIT TALCAGCTGAAGCCUGTIGGLACAGCTTCTALGGLACGLGGEAG
GCTAGGRGGTCCGLCGAATCTRA

Figure 14A
Amino acid sequence of VP1 GL3_Lillakdet_2008_H2DG70 (SEQ ID NO: 6}

MIMMASKDAPTNMDGTSGAGQLVPEVSTAEPISMEPVAGAATAAATAGOVNMIDPWIMSNYVOAPQGEFTISPNNT
PGDIFDLOLGPHLNPFLSHLAGMYNGWVGNMEKVRVLLAGNAFTAGKHISCYPPGFAAGNVIIAQATMFPHVIADVRY
LEMEVPLEDVRNVLFHNNDSTPTMRLUICMLYTPLRASGSSSGTDPFVIAGRVLTCPSPOFNFLFLVPPNVEQKTKPESVENL
PLNVLSNSRVPSUKSMMVEQDHGOMVOFONGRVTLDGOLOGTIPTSASOLCKIRGTVYHATGGOGENLTEIDGTPYH
AFESPAPIGFPDLGECDWHINASPANAFTDGSHHRIDVAQDSTRFAPHLGTIHYTNADYNANVGLICSLEWLSPPSGGAPK
VNPWAIPRYGSTLTEAAGLAPPIYPPGFGEAIVFEMSDFPIANGSDGLSVECTIPQEFVTHEVNEQAPTRGEAALLHYVDP
DTHRNLGEFKLYPEGFMTCVPNSSGSGPOTLPINGVYFTHISWVSRFYQLKPVGTTGPYRRLGIRRS
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Figure 148

Nucleic acid sequence of human codon-optimized VP GL3_LillaEdet_2008 H2DG70 (SEQID
NGO: 7}

ATGATGATGGCTTCCAAGGATGCTCCCACAAACATEGATGGAACAAGCGGLGCEGGGLAACTTETGLLGGAGGTG
TCCACGRCLGAACCLATTTCCATCRAACCTGTGGLCGGLGLAGCCACTRITGUCGCCACCGCAGCACAGGTAAACA
TGATCGACCLLTGOATCATGTCAAATTACGTTCAGGLTCLACAGLGGGGAGTT TALCATAAGCCLAAALAACACCLLG
GGTGACATCTTGTTTGACTTGLAGCTAGGACCACACTTGAATCCGTTTCTGAGTCACTTGGCTCAGATGTATAATGGA
TGOGTTGGAAALATCAAGGTGLGLGTGUTLCTGGLGHGCAATGLATTCACAGUCGG GAAGATTATTATCTCTTGCG
TGUCACCTGGATTTGCAGCLCAGAALGTGTCTATUGCACAGG CAACCATGTTTCCGUATGTCATCGCAGATGTGLGC
GTGCTAGAGCCCATCGAGGTGCLCCTTGAGGACGTGCGCAACGTCLTATTCCATAACAATGATAGTACLCCCACCAT
GEGUTTGATATGTATGYTATATACTCCLOTCCGLGLCAGT GGG TCCAGCTLCGLOACCLATCCTTITGTGATTIGLTGE
GCGGOTETIGATTIGTCCTAGCCCTGACTTCAACTTCCTTTTICTGGTGCCTCCAAATGTAGAACAGAAAACARAGLC
ATTCAGCGTGCCAAACCTRCCCCTTAACGTRCTGTCGAATTCCCOAGTGCCTTCCCTTATTAAGTCCATGATGGTATC
TCAGGATCALGLTCAAATGGYGCAGTTTCAGAACGGLCGAGTGALGTTAGACGGGLAGUTGCAGGLLACAALCCL
AACCAGTGLCAGTCAGCTETGTAAGATCAGAGGLACCGTCTACCACGCAALTGGLGGACAGGGGLTGAATITTALT
GAGATCCATOGTALCCCCTACCATGCATTCGALTCACCTGLACCTATTOGATTTCCCGATOY TR GG LAGTRTRATTG
GUATATCAATGCTTCALCTGCCAACGUTTTCACAGACGGGTCTATTATTCATCGCATT GACGTAGCACAGGATAGCAC
ATTTGCCCCGCACCTGGGTACCATCCACTATACGAACGCAGATTACAACGLAAACGTGGGTCTTATLTGTAGCCTAG
AGTGGCTATCTCCGCCAAGLGGTGGEGCCCCTAAAGTTAACCCATGEGCTATTCCTCGGTACGLGTCTACGCTGALT
GAGGCCGCTCAGLTGGLACCCLCCATATATCCACCAGGATTCGGGGAAGLCATTGTTTTCTITATGTCCGATITICCG
ATAGCCAACOGTTCAGATGGCCTTAGTGTCCCTTGCACGATTCCACAGGAATTTGTRACACACTICGTAAACGAGCA
GGLTCLTACTCGGHGCGAGGLTGLCTTGTTGLATTALGTAGACCCCGATACCCATAGAAALCTGGGLGAATTCAAAL
TCTACCCTRAAGGTITCATRACCTGCGTACCTAACTCCTCCOGCAGTGGUCCTCAAACCTTGCCGATCAACGGLGRTGT
TCACGTTTATCAGCTGGGTTTCACGLTTTTACCAALTCAAGCCLGTCORAALAALTGGRLCAGTTCGLAGGLTIGEE
ATCAGALGGAGCTAG

Figure 154
Amino acid sequence of VP1 GLS_Siklos HUNBA407_ 2013 HUN _AHWOS832 (SEQID NO: 12}

MMMASKDAPSSADGANGAGOLVPEVNNAEPLPLDPVAGASTALATAGOVNMIDPWIFNNFVOAPGGEFTISPNNTP
GDILFDLQLGPHLNPFLAHLSOMYNGWVGNMRVRVILAGNAFTAGKVICCYPPGFOSRTLSIAGATLFPHIADVRTLEPR
EIPLEDVRNTLYHTNDNGOPTMRLLCMLYTPLRTGGGSGLTDAFVVAGRVLTUPSSDFNFLELVPPTVEOKTRPFSVENIPL
QLLSNSRVPNLIQSMVLSPDOAGNVOFONGRCTTDGOLLGTTPVSVSQILKFRGKYSAGSKVINLTELDGSPFLAFEAPAP
TGFPDLGTSDWHVEMSLNSNSOSSGNPILLRDIHPNSSERFVPHLGSVOVTAAIEVAGDYTGTIQWTSOPSNYTPYPDVNF
WHPHYGSNLAEASCLAPVVYYPPGRGEAIVYFMSPIPGPNTAHKPNLYPCULPQEFVTHEVSEGARPSMGEAALYHYVDPD
TNARNLGEFKLYPEGFITCVPNGTGPQOLPLNGVFVFASWYSRFYOLKPVGTASSARGRLGVRR
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Figure 158

Nucleic acid sequence of human codon-optimized VP1 GLS_Sikios_HUNS407_2013_HUN
AHWSGE32 {SEQ 1D NO: 33}

ATGATGATGGLCTCCAAAGALGLTCCTAGCAGTGCTGATGGLGLTAACGGTGLCGGLLAGLTGRTICCCGAGGTGA
ATAACGCCGAGLCTCTCLCCTY GGALCCAGTAGCCGGAGTTTCAACGGLCCTAGCTACTGL LG GACAGGTTAATATG
ATTGACCCCTGGATTTTCAATAATTTCGTGCAGGCCCCTCAAGGLGAGTTTACTATAAGCCCTAACAACACACCAGGG
GATATTCTGTTCOACCTGCAGTTAGGCCCTCATCTCAACCCLTTCTTGGCLCACCTGAGCCAGATRTACAATRGCTGG
GTGGGLAACATGCRAGTCAGAGTTATCCTCGLAGGGAACGCCTTTACCGCTGGTAAGGTRATCATITGTIGLGTAC
CACCTGGATTCCAGTCTAGGACATTAAGTATTGCGCAAGCTACCCTCTTTCCTCATATCATCGCCCGACGTGCGGACAC
TAGAGCCCATCGAGATCCLALTGGAGGATGTCCGGAARTACCCTGTACTATACCAACGATAATCAGCCCACTATGAGE
TTACTGTGCATGCTGTACACGLLALTCLGGACTGRTGGGGELAGTG GGG LGACCGATGLTTICGTCLTIGCLGGTA
GGGETGUTCACTTGCCCGTCATCTGACTTTAACTTCCTATTCCTTGTGCCCCLAACGGTGGAACAGAAAATGAGACCTT
FTITCLGTACCTAACATCCCTTTALAGCTCCTAAGUAATAGCAGAGTACCTAACCTG AT CCAATCCATG LR TTCTTAGCCL
TEATCAAGCGCAGAACGTACAGTTTCAGAACGGGLGGTGLACCATAGATGGCCAGITGCTTGGTACAACTCLCGTC
TCCGTRTCTCARATACTTAAGTTTCGCGGLAAGLTCTCCGLTGGATCCAAAGTAATCAACCTCACTGARCTTGATGG
CICTCLCTITOT GGLGTTCRAGGLGLCCGCCLCAACAGGLTTTCLAGALLY GGLRAACATCCOATTGGLATGTCRAGA
TEAGTCTGAATAGCAACTCCLAGTCTTCTGGUAATCCAATACTGLTCCGCGATATCCATCCTAATTCTAGCGAGTTICG
TTCCACACCTGGGTICTGTGTGUGTGACGGLTGCAATAGAGGTGGLTGGLGATTACALGGGTACCATTCAGTGGAL
CTCTCAGCCAAGTAACGTGACCCCTGTGCLAGACGTTAACTTTTGGALAATTCCACACTACGGLTCTAACTTGGLLGA
AGCATCCCAGCTTGLCCCLRTTGTATATCCCCCAGGCTTTGGCGAAGCAATAGTTTATITTATGTCCCCAATCLOTGG
ACCTAACACAGUACACAAGCCARACCTCGTCLCATGLCTGCTGLLCCAGGAGTTCGTOACTCATTTCGTTTCGGAALA
AGCCCCATCAATGGGGGAGGLLGLCUTGGETCCACTACGTGGATCCAGATACCAATCGGAATITGGGAGAATTCAAA
CTCTACCCTGAAGGATTCATTACATGTCTRCCCAATGGAACAGRACCGLAGCAGCTCCCACTGAACGGTGTLTTIGT
ATTCGCATCATGGGTTAGCCGGTTCTATCAALTTARALCCGTGGRGGACAGITTCATCTGLLCGGLGGLGLCTTGELG
TCLGGLRLTGA

Figure 164
Amino acid sequence of VP1_GL7 {SEQ 1D NG:101)

MMMASKDAPSNMDGTSGAGQLVPEVNAAEPLPLEPVVGAATAVATAGOQVNIMIDPWIMNNFVOAPEGEFTISPNNT
PGDIFDLRLGPHINPELLHLSOMYNGWVYGNMRVRVMLAGNAFSAGKIHCCYPPGFESQMNISIGOQATMEPHVIADVRVL
EFEVPLDDVRNVLFHTNENRPTMRLLOMLYTPLRAGGASSGTRPFVIAGRVLTCPAPDENFLFLVPPSVEQKTROLTIPN
PLNNLANSRVYPAMINKM TV SADONOVYQFONGRCTLEGOLLGTTPVSANQVARIRGKVFSTNSGTGLNLTEVDGTPYH
AFESPAPLGFPDIGNCDWHVYAFKVNONTGDPMYRLDITOGNSFAPHLGSIEFSSENHPSGDOQLGTLTWISPLNNASRY
DPWIGPTYGSTLTESTNLAPPIFPPGFGEAIVYFMSDFPIVSGNTAQIPCTLPQEFVESFVEQQAPIRGEAALLHYVDPDTHR
NLGEFKLYPDGHTCVPNTGGGPONLPSNGVEVFSSWVSRYYGLKPVGTTGPYRRLGVYRRY
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Figure 168

Nucleic acid sequence of human codon-optimized VPL GL7/GAS043/USA/2014 VPL (3EQID
NO:175)

ATGATGATGGCCAGCAAGGACGLTCCGAGTAATATGGACGGLACTTCGGGLGLGGGELAGLTGETGEC
CGAGGTCAATGCLGCAGAACCACTTCCTCTTGAGCCCGTCGTTGGLGCCGLLACAGCTGTCGCAALTGCA
GGCCAAGTCAATATGATCGACCCOTGOATAATGAACAATTTCGTTCAGGCACCAGAAGGAGAATTCALL
ATCTCCCCCAATAACACCLCAGGGGATATTCTGTTTGACCTCAGGTTAGGACCCCALTTGAACCLCTTICTY
GCITCATCTCTCACAAATGTATAATGRCTGOGTIGGGAATATGLGLGTGLGGETGATGCTAGCLGGLAA
TECTTTTTCTGLAGGCAAGATTATCATTTGCTGUGTTCCTCCTCGATTCGAATCTCAAAATATCAGLATTS
GTCAAGCAACCATGTTTCCACATGTGATCGLTGATGTTCGCGTCCTGGAACCLATTGAAGTTCCTCTIGAL
GACGTGAGAAATGTTCTCTTCCACACCAALGAGAATAGGCCGACTATGAGACTTCTOTGTATGCTCTACA
CCCCATTAAGAGCCGGGGOAGCATCCTCAGGTACTGACCCATTITGTGATTGCCGGGCGGGTGUTCACAT
GCCCGGCTCCAGACTITAACTTCCTTTTCTTGGTGCCACCCAGTGTTGAACAGAAAACCAGACAGCTCACLC
ATCCCAAATATCCCATTGAACAATCTCGCCAACAGCAGGGTGLCAGCAATGATAAACAAAATGACAGTCA
GTGCTGACCAGAACCAGGTAGTCCAGTTTCAGAALGGCAGATGCACGCTTGAGGGLCAALTGLTTGGEA
CGACCCCAGTCTCCGIGAACCAGGTGGUCCGAATCCGGGGTAAAGTCTTCAGTACAAALTCCGGCALTG
GCCTTAACCTCACAGAGETTGALGGLACTCCOTATCATGUTTT TGAGTCT CCAGCLLLTATTGRATTTICLC
GATATAGGLAACTQTGACTGGCACGTTTATGLGTTTAAAGTAAACCAGAACACCGGLBATCCTATGTATA
GGTTGGATATAACACAAGGTAATTCATTCGCCCCALACTTGGGTAGCATCGAGTTCAGTTCAGAGAALCA
TCCRAGTGGTGATCAGCTAGGLACATTGACGTGGATCAGLLCTCTGAATAACGCATCAAGAGTGGATLC
CTGGAAGATCCCTACCTATGGGTCCACTCTGATAGAGAGLACAAATTTGGCTCCGCCCATTITCLCACCCG
GATTCGGCGAGGCCATAGTGTACTITATGTCTGACTTTCCTATCGTCAGLGGGAATACAGCCCAGATTICCT
TGLACACTGCCACAAGAATTCGTCTCATCCTTTGTAGAGCAGCAGGLACCTATTCGAGGTGAGGCCGLLC
TCTTGCACTACGTGGACCCTGALACCCACLGCAATCTTOGLGAGTTTAAGCTGTACCLTGACGGGTITATY
ACCTGTGTACCCAACACCGGCGGUGGLCCACAAAATTTGCCCAGCAATGGLGTGTTTGTCTTITCCICTIG
GOTGTCTCGATACTACCAGCTTAAACCTGTCGGAACTACGOGCCCCGTGUGACGALTCGGLGTRAGGLG
GGTGTGA

Figure 16C
Amino acid sequence of GIL1_Ascension208_2010 _USA_AFASR5174 native VP1 (SEQID NO: 13}

MEMASNDAAPSNOGAAGLYPEVNNETMALEPYVAGASIAAPLTOGONNVIDPWIRMNFVOAPNGEFTVSPRNSPGEVLL
NLELGPELNPFLAHLSRMYNGYAGGVEVQVLLAGNAFTAGKLVFAAIPPHFPLENLSPGQITMFPHVIDVRTLEPVLLPLE
DVRNNFFHYNQOPEPRMBLVAMLYTPLRSNGSGDDVETVSCRVLTRPSPOFDENYLVPPTVESKTUPFTLPILTIGELSNS
REPYPIDELYTSPNEGVVVOPONGRSTLDGELLGTTOLYPSNICALRGRINAQVPDDHHOQWNLOVINANGTSFDPTEDY
PAPLGTPDFLANIYGVTSORNPDNTCRAHDGVLATWSPKFTPKLGSVVLGTWEESDLDLNGPTRFTPVGLYDTGHIDO
WVLPNYSGRUTLNMNLAPSVAPLFPGECHLFFRSHIPLKGGTSNGAIDCLLPOEWIGHFYOQESAPSPTDVALIRYTNPDTG
RVLFEAKLHROGHTVANSGORPIVVPPNGYFRFDSWVNOFYSLAPMGTGNGRRRVG
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Figure 174
Amino acid sequence of VP1 GH.2_CGMHA47_2011_TW_AGT39206 (SEQ 1D NO: 14}

MIKMASNDAAPSTDGAAGLVPESNNEVMALEPVAGAALAAPVTGOTNHDPWIRANFVOAPNGEFTVSPRNSPGEVLL
NLELGPELNPYLABLARMYNGYAGGMEVOVMLAGNAFTAGKLVFAAVPPHFPVENLSPQUUTMIPHVIDVRTLERVLL
PLPDVRNNFFHYNQKDDPKMRIVAMLYTPLRSNGSGDDVFTVSCRVLTRPSPDFDFTYLVPPTVESKTKPFTLPILTLGELS
NARFPVSIDOMYTSPNEVISVQUONGRCTLDGELQGTTOQLOVSGICAFKGEVTAHLHDNDHLYNVTITNLNGSPFDPSED
{PAPLGVPDFQGRVFGVISORIKHNTPGHNEPANRAHDAVVPTYTAQYTPKLGQICIGTWOQTDDLTYNQPVKFTPVGL
NDTDHFNQWVYVPRYAGALNLNTNLAPSVAPVEPGERLLFFRSYIPLKGGYGTPAIDCLLPQEWVOHFYQEAAPSMSEVA
LVRYINPDTGRALFEAKLHRAGFMTVASNT SAPVVVPANGYFRFDSWVYNQFYSLAPMGTGNGRRRIG

Figure 178

Nucleic acid sequence of human codon-optimized VP GiL.2 CGMH47 2011 TW AGT39206 {SEC
03 NG 403

ATGAAGATGGLATCLAALGACGLOGCACCCAR CALALGACGGAGCTGCCOGATIGOG TALCCGAGTCTAATAACGAG
GTGATGGCCTTGGAGLCTGTTGCAGGGGLTGCLCTCOLAGCT CUTGTGACCGGL CAGACAAATATCATCRATLLTTG
GATTAGAGCTAATTTCGTGCAAGCCCCAAATGGGCAGTTTACGGTCAGCCCTAGAAATAGCCCTGGGGAAGTGCTL
CTCAATCTCBAGCTGORACCAGAALTTAATCCOTALCTOGCTCACCTGRCCCGRATGTACAATOGGATATGLAGRAG
GGATGRAGGTGCAGGTTATGLTGGCTGGUAATGULTITACAGTAGGLAAACTLCTTITCGCAGTLGTCCCTCLLCAC
TTCCCAGTTRAAAATCTTTCLCCTCAGCAGATTACCATGTTTCCCCATRTCATCATCOATGTGCOGTACCCTGRAALLTG
TGCIGTTGCCTTTACCAGACGTGCGGAATAATTTCTTTCACTATAATCAGAAGGATGALCCAAAAATO CGBATCLTTG
CCATGUTTTATACTCCCCTGUGTAGCAATGGTAGTGGGGATGACGTITTTACAGTGAGT TGTCGGGTACTAALTIGT
CETTCACCAGACTTCGACTTTACGTACTTGGTGCCTCCCACTGTCLAAAGCAAAACTAAGCCATTCACACTTCLCATCL
TCACCCTCGGAGAACTCTCGAACTCCCGCTTCCOTGTT TLAATTGATCAGATGTACALGTCTLCAAATGAAGTCATTIC
TGTGLAGTGTCAGAACGGLAGGTGLACCTTAGALGGTGAALTGCAGGGGACAACGLAGTTGCAGGTCAGTGGAAT
TTGCGCCTTTAAGGGCGAAGTCACAGCTCALLTCCACGACAACGATCATCTCTACAATGTTACTATTACTAATLICAA
TEGAAGTCCTTTCGACCCCTCGGAAGATATTLCCGCTCCALCTCGGAGTACCTGACTTTCAGGGALGLETCITIGGLG
TGATATCACAACGAGATAAGCATAACACACLOGGACATAATGAGCCAGCCAATAGAGCLCACGALGLAGTEGTTCC
GACCTATACGGCICAGTACACLCCAAAGUTCGGCCAGATACAAATLGGGACTIGGLAGACCGATGALCTCALTGTR
AATCAACCTGTGAAATTCACTCTAGTAGGTCTGAATGATACAGACCACTTTAACCAGTGGGTGRTCCCTAGATALCGE
COGAGCOTTOAACCTAAACACT AACCTTGOCLCTICCGTTGLACCTGY GTTTCLG GG HERAGCGHTTGCTCTTCTTTAL
AAGCTATATTCCTCTGAAGGGLUGGETATGGTACTCCAGLAATCGACTGULTGCTALCTCAGGAGTGGGTTCAALATT
TCTATCAAGAGGLCGCACCTAGTATGAGCGAGGTGGCTTTGGTCAGATACATCAATCCAGACACAGGAAGAGCACT
GTTCRAGGCCAAGCTGCACAGAGCCGOCTTCATGALCGTCTCATCCAATACAT CCOCACLCGTAGTAGTCCCCGLLA
ACGGGTACTTCAGATTCGACAGTTCGRTGAATCAGTT TTACTCGTTGGLLLCCATGGGLACAGGLAALGGTLGLLG
ACGGATCCAGTAA
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Figure 18A
Aming acid sequence of VPL GIL3 lingzhou 2013402 _CHN_AGX(01095 {SEQ 1D NO: 15}

MKMASNDAAPSNDGAAGLYPEISSEAMALEPVAGAAIAAPLTGOONHDPWIMNNFVOAPGGEFTVSPRNSPGEVLLN
LELGPEINPYLAHLARMYNGYAGGFEVOVVLAGNAFTAGKHFAAIPPNFPIDNLSAACITMCPHVIVOVROLEPVNLPMP
DVARNNFFHYNQGSDSRLRLUIAMLYTPLRANNSGDDVFTVSCRVLTRPSPDFSENFLYPPTVESKTKPFSLPILTISEMSNSRF
PVRIDSLHTSPTENIVVQUONGRYTLDGELMGTTQLLPSQICAFRGTLTRSTSRASDQADTATPRLFNYYWHIOQLDNLNG
TRYDPAEDIPAPLGTPDFRGKVIGVASORNPODATTRAREAKIDTTSGRITPKLGSLEISTESGDFDONGPTRFTPVGIGYD
HEPDFOOWALPDYAGOFTHNMNLAPAVAPNFPGEQLLFFRSOLPSSGGRINGILDCLVPOEWVOHFYQESAPSQTOY
ALVRYVNPOTGRVLFEAKLHKLRFMTIAKSGDSPITVPPNGYFRFESWVNPEYTLAPMGTGNGRRRIO

Figure 188

Nucleic acid sequence of human codon-optimized VPT GIL3 _Jingzhou_ 2013402 CHN AGX01085
{SEQ 1D NO: 45}

ATGAAAATGGCTTCLAACGATGCAGCACCCTCTAATGATGGLGCTGCCGOACTTGTGCCGGARATTAGCTCTRAGS
CTATGGCCCTAGAACCAGTAGLLGGGGLAGLLATAGCTGLCCCACTGALTGGLCAGCAGAATATCATTGALCCLTG
GATAATGAACAATTTCGTGCAGGLACCGGGGGRAGAATTCACGETCTCTCCTCGAAALTCCCCCGRGGAGGTTCTCT
TGAATTTGGAACTGGGCCCTGAAATTAATCCTTATCTGGCCCATCTAGCLCGAATGTACAALGGLTACGLCGGAGLT
TTCGAGGTLLAGGTOGTGUTCGCTOGTAACGULTTCACAGCTGGCAAGATCATTTTIGLAGCAATCCCTCLAAALTTC
CCTATCGATAATCTTAGTGCCGCCLAGATCACAATOTGLCCTCACGTTATCO TAGATRTCGAGGCAGCTRGAACCTGT
CAATCTCCCAATLOLCGALGT GLGLAACAACTTCTTTCACTATAACCAGGGATCTGACTCLLGLCTTCGCCTTATOGEY
ATGLTGTACACCCCTCTGAGGGLTAACAATTCLOGAGATGALGTTTTCALTGTGAGTTGTCGAGTLCTGACACGTCC
ATCTCCTGACTTTAGETITAATTTCCTCGTGUCCCL CACAGTGGAATCCAAAALTAAGCCATTCTCTCTGCCAATTONT
ACCATTAGCGAAATGTCGAATAGTAGGTTLLCGGTGLCCATAGATTCALTGCATACCAGTCOAACAGAAAATATCGT
COTACAGTETCAGAACGGACGCGTGACTLTCOACGEGGAGLTTATGGGLALTACCCAGLTOUTGCCCAGTCAGATA
TGCGCCTTCLLCGGCACALTCALTAGAAGLACTTCGCGTGCTTCTGALCAGGLAGATACAGCTACACCAAGGLYGTT
CAATTATTATTGGCATATACAACTCGATAATCTCGAATGGCACTCCTTATGACCCAGTCGAGGACATCCCUGCTCCACT
TGGCACCCCGRACTTTAGAGOGAAGRTCTTTGGAGTGLLTTCTCAAAGAAATCCCGACGCAACCALLCGRLLCCAL
GAGGUCAAAATCGATACTACATCAGGGLGTTTCACCCCTAARTTAGGLAGTCTGGAGATATCTALLGAAAGTGGAG
ATTTCGATCAGAACCAGLCAACCLGGTTITALCCCCGTGGGAATCGGGGTTGACCALGAACCGGATTTCCAGCAGRTG
GGLTCTGCCTRATTACGCAGGLCAGTICACACATAACATOAATCTTGLCCCLGUY GTGGLCCCLAARLTTCCLLGRAR
AACAACTTICTOTTTTTCAGGAGCCAALTGCCTTCCAGLGGLGGLCGATCTAACGGGATTTIGGACTGTITCGTGECLLC
AGGAATGGGTGTAGCATTTTTACCAGGAGTLCGLGLCCTCCCAGACGLAGGTGGLTCTGGTTAGATATGTCAATCCT
GACACCGGCAGGRTGITATTTGAGGLAAAGETGCACAAGCTTCGCTTIATGACTATCGCTAAGAGCEGTGATTCGEC
TATTACAGTGCCCCCCAALGGATACTTCAGATTTGAGAGT TGGGTGAACTCATTUTATALCCTGGLLLCCATGGGTAL
AGGCAATRGCAGACGGLGRATCCAGTAA
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Figure 18A
Amino acid sequence of VP1 GiL4_Sydney 2012 K4LMBS (SEQID NO: 16)

MKMASSDANPSDGSAANLVPEVNNEVMALEPVVRAAIAAPVAGOONVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WSAPLGPDLNPYLSHLARMYNGYAGGFEVOQVHAGNAFTAGKVIFAAVPENFPTEGLSPSOVTMEFPHIVVDVROLEPVL
PLPDVRNNFYHYNQSNDPTIKUAMLYTPLRANNAGDDYFTVSCRVLTRPSPDFDHFLVPPTVESRTKPESVPVLTVEEMT
NSRFPIPLEKLFTGPSSAFVVOPONGRCTTDGVLLGTTOLSPYNICTFRGDVTHITGSRNYTMINLASONWNDYDPTEEIP
APLGTPRDRYGKIGGVLTQTTRTDGSTRGHRKATVYTGSADFAPKLGRYQFETDTDRDFEANONTRFTPYGVIODGGTTHR
NEPOOQWVLPSYSGRNTHNVHLAPAVARTEPGEQLLFFRSTMPGCSGYPNMDLDCLLPOEWVQYFYQEAAPALSDVAL
LREVNPOTGRVLFECKEHKSGYVTVARTGOHDLVIPPNGYFRFDSWVNOFY TLAPMGNGTGRRRAY

Figure 198

Nucleic acid sequence of human codon-optimized YP1 GiL4_Sydney_2012 K4LMES (SEQ 1D
NO:52)

ATCAAAATGGCCTCGAGTGALGUTAACLETAGTRACG GCAGCGLCGCCAATCTTGTGUCTGAGGTTAATAATGARG
TCATGGLLCTGGAGCCTGTGLTOGGLGCAGLCATAGCAGCGCLLGTGLLLGGTCAGLAGAATGTGATTGALCCGY
GGATACGCAACAATTTTGTCCAAGCCLCTGRTGGGGAGTTCACTGTTAGCCCGAGAAATGUGLCAGGAGAAATCCT
GTGGTCGGLCCCATTLRGGALCCGATUTGAACCCLTATT TG TCACATITCLCTCGGATGTACAALG GG TATRCLGHCG
GATTTGAAGTGCAGGTGATTCTGGLTGGGAALGLGTTCALTGCTGGCAAAGTGATCTTTGCAGCGGTGLCTCCTAAL
TTCCCCACTGAAGGACTGTCTCCAAGCCAGGTCACAATGTTTCCACACATCOTRETRGACGTALGGCAGCTARAGCC
TETCCTOATTCCLCTCCCTRATGTACGCAATAATTTCTACCACTACAATCAATCCAATGATCCGACCATTAAALTCATC
GCGATGTIGTACACCCCTCTGUGCGLTAACAATGITGGAGACGACGTATTCACCETGTCATGLAGAGTGCTCALCAG
ACCTTCACCAGACTTTGACTTTATCTICTTAGTGLCCCLCACTGTTGAGAGLLGAAL CAAGCCCTTTAGTGTCLLCGTA
CTCACAGTCGAGGAGATGACAAATAGCCGCTTTCCAATCLCCOTTGAGAAACTGTTCACAGGACCTTCLTCGGCATIC
GTGGTTCAGLCACAGAALGGALGLTGCACAALTGACGGLGTGLTGLTCGGAACCACCCAGLTTAGCCCTGTTAATAT
CTGTACG T TAGAGGUGACGTAACTCACATAALTGGUTCACGOAACTATACCATGAATIT GGLATCACAGAATTGGA
ATGACTACGACCCAACCGAAGAGATTCCCGCACCTOTTGRAACCLCCGALTTTGTGRGAAAAATACAGHEGLGTLCTG
ACACAAACCACCAGAACCGATGGCTCCACACGGGRACACAAGGCAACCRTCTACACTGGCTCTGCCRATTTTGCCCE
GAAACTGGGTAGAGTGCAGTTTGAGALCGACACTGALLGLGACTTTRAAGCCAATCAGAATACTAAGTTCACALCY
GTAGGAGTGATTCAGGACGGGGGLACCACTCACCGGAACGAGLCGLAACAATGEGTCCTGCCCTCTTATAGLGGG
AGHLAATACTCATAATOTGCATTYGGUTCCTGCAGTGGUTCLCACGTITCLCG RGGAACAACTRLOYCTTTTITCGTICA
ACCATGCCTGOATGUTCCOGATATCCCAATATLGATCTCGATTGLCTGLTCCCACAGGAATGGGTGCAGTATTTTTAY
CAAGAGGUCGLALCAGLCCAATCCGACGTCGLACTTOTGCGGTTLCTGAATCCAGACACAGGCCGLGTGTTGTTTGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGRCTCATACTGOACAGCATGACCTGGTGATCCCACCCAACGGAT
ATTTTAGGTTCGACTCCTGGGTGAATCAGTTTTATACATTAGCCCCCATGRGGAATGGGACTGGCAGACGCAGGGLT
GTCTGA
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Figure 18C
Amino acid sequence of VP1 USSE: GiL4/Dresdenl74/1897/DE_AY741811 {SEQ D NG: 27)

MKMASNDANPSDGSTANLYPEVNNEVMALEPYVGAAIAAPVAGQONVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WISAPLGPDLNPYLSHLARMYNGYAGGFEVOQVILAGNAFTAGKVIFAAVPENFPTEGLSPSOVTMFPHIVDVRQLEPVLIP
LPDVRNNFYHYNOSNDSTIKLIAMLYTPLKANNAGDDVETVSCRVLTRPSPOFDFHFLVPPTVESRTEPFTVPILTVEEMSN
SREPIPLEKLYTGPSSAFVVOPONGROTTDGVLLGTTOLSAVNICTFRGDVTHIAGSHDY TMINLASONWHNNYDPTEEIPA
PLGTPDFVGIIQGMLTOTTREDGSTRAHKATYSTGEVHITPULGSVOYTTDTNNDFOTGONTKFTPVGVIOQDGNNHON
EPCOWVEPNYSGRTGHNVHLAPAVAPTEPGEGLLFERSTMPGCSGYPNMNIDCLLPOEWVOHFYQEAAPAGSDVALL
REVNPDTGRVLFECKLHKSGYVTVAHTGPHDLVIPPNGYFRFDSWVYNQFYTLAPMGNGAGRRRAL

Figure 18D
Amino acid sequence of VP1 FHO2: GHL.4/Farmingtontilis/2002/US_AYS502023 {(SEQID NO: 28)

MKMASNDANPSDGSTANLYPEVNNEVMALEPVVGAAIAAPVAGGONVIDPWIRNNFVOAPGGEFTVSPRNAPGELL
WISAPLGPDLNPYLSHLARMYNGYAGGFEVQVILAGNAFTAGKHFAAVPPNFPTEGLSPSQVTMEPHEVDVRQLEPVLIP
LPDVRNNFYHYNOQLNDPTIKLIAMLYTPLRANNAGEDVFTVSCRVLTRPSPOFDRIFLVPPTVESRTKPFTVPILTVEEMTN
SREPIPLEKLFTGPSGAFYVOPONGRCTTROVLLGTTOLSPVNICTFRGDVTHIAGTHNY TMNLASONWANNYDPTEEIFA
PLGTPDFVGRIQGMLTQTTRGDGSTRGHKATVSTGDVHFTPKLGSIOFNTOTNNDFETGONTKFTPVGVYVODGNGTH
ONEPQOWVIRPSYSORTGHNVRHLAPAVAPTEPGEQLLFFRSTMPGCSGYPNMNLOCULPOQEWVOHFYOEAAPARSDY
AULRFYNPDTGRVEFECKLHKSGYVTVAHTGOHDLVIPPNGYFRFDSWYNQFYTLAPMGNGTGRRRAL

Figure 18E

Amine acid sequence of VP1 Hnt04:GHL.4/Hunter-NSWS04D/2004/AU_DQ073814 (SEQID NO:
29}

MEKMASNDATPSDGSTANLVPEVNNEVMALEPVYVRAAIAAPVAGOONVIDPWIRNNFVOQAPGGEFTVSPRNAPGELL
WRAPLGPDLNPYLSHLARMYNGYAGGFEVOVHAGNAFTAGKHFAAVPPNFPTEVLSPSOQVTMEPHHVDVRQLEPVUP
LPDVRNNLYHYNOSNDPTIRUAMUYTPLRANNAGDDVFTVSCRVLTRPSPDFDRFLVPPTVESRTEPFSVPILTVEEMTN
SRFPIPLEKLFTGPSSAFVVOPONGRCTTDGOVLLGTTOLSPYNICTFRGDVTHIAGTONYTMNLASONWNNYDPTEEIPA
PLGTPDFVGRIGGVLTOTTRRDGSTRGHRKATVSTGSVHFTPKLGSVOFSTOTSNDFETGONTRFTPVEYVODGSTTHAON
EPGQWVLPDYSGRDSHNVHLAPAVAPTFPGEQLLFFRSTMPGCSGYPNMNLDCLLFOEWVOHFYQESAPAQSDVALL
AFVNPDTGRVLFECKLHIGGYVTVAHTROHDLVIPPNGYFRFDSWYNGFYTLAPMGNGAGRRRAL
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Figure 19F

Amine acid sequence of VPL 2006h: GHL.4/Sheliharbour-NSW6E86T/2006/AU_EF684915 (SEQID
NO: 30}

MKMASNDANPSDGSAANLYPEVNNEVMALEPVVGAAIAAPVAGGONVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WSAPLGPDLNPYLSHLARMYNGYAGGFEVOQVIAGNAFTAGKHFAAVPPNFPTEGLSPSGQVTMEFPHIVDVROLEPVLIP
LPDVRNNFYHYNOQSNDSTIHUIAMLYTPLRANNAGEDVFTVSCRVYLTRPSPDEDFIFLVPPTVESRTKPFTVPILTVEEMTNS
RFPIPLEKLFTGRSGAFVVOPONGRCTTDGVLLGTTOLSPVNICTFRGDVYTHIAGSRNYTMNLASLKWNKYDFTEEIPAPL
GTPRFVYGHIGGVLTOTTEGDGSTRGHKATIVTGSAPFTPKLGSVOFSTOTENDFETHONTKFTPVGVTODGSTTHRNEPO
OWVLPSYSGRNVHNVHLAPAVAPTFPGEQLLFFRSTMPGLSGYPNMDLDCLLPOQEWVOHFYQEAAPAQSDVALLRFY
NPDTGRVLFECKLHESGYVTVAHTCOHDLVIPPNGYFRFDSWYNOFYTLAPMGNGTGRRRAL

Figure 18G

Amino acid sequence of YP1 NOO9: GHL4/Orange-NSWODLP/2008/AU_GQB45367 (SEQ 1D NO:
31}

MEMASSDANPSDGSTANLYPEVNNEVMALEPVVGAAIAAPVAGQONVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WSAPLGPDMNMNPYLSHLARMYNGYAGGFEVOVHAGNAFTAGKHEAAVPPNFPTEGLSPRQVTMEPREVIVRQLEPVL
PLPOVARNNFYHYNGSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPOFDFIFLVPPTVESRTKPFSVPILTVEEMT
NSREPIPLEKLFTGRSSAFWOPONGRETTOGVLLGTTRLSPYNICTIRGDVTHIAGSRNYTMNLASONWNSYOPRTECIPA
PLGTPOFVGKIQGVLTOTTRTDGSTRGHKATVYTGSADFSPRKLGRVOFATDTDNDFDANGNTKFTRVGVIGDGNTAHR
NEPOOQWYLPSYSGRNTHNVHLAPAVAPTFPGEQLLFFRSTMPGCSGYPNMDLDCLLPQEWVOYFYQEAAPAGSDVAL
LRFVNPDTGRVLFECKLHESGYVTVAHTGOHDLVIPPNGYFRFDSWVYNOFYTLAPMGNGTGRRRAL

Figure 20
Amino acid sequence of VP1 GILS_Alberta_2013_CA_ALTS54485 (SEQIDNO: 17}

MKMASNDATPSNDGAAGLYPESNNEAMALEPVVGASLAAPVTGOTNHDPWIRTNFVOAPNGEFTVSPRNSPGEILVYN
LELGPELNPYLARLARMYNGYAGGMEVOVLLAGNAFTAGKHFAAVPRYFPVENLSPSOITMFPHVEDVYRTLEPVLLPMP
DVRSTLFHFNOQKDEPKMRLVAMLYTPLRSNGSGDRVFTVSCRILTRPSPEFDFTYLVPPTVESKTKPFTLPVLTLGELSNSRF
PLSIDEMVTSPNESIVVWOPONGRVILBGELLGTTOLOQACKRICSIRGEVTGOVPNEGHMWNLEITNLNGTOFDPTDRVPA
PLGVPDFAGEVFGVLSORNRGESNPANRAHDAVVATYSDKYTPELGLVOIGTWNTNDVENGPTKFTPIGLNEVANGHR
FEQWTLPRYSGALTLNMNLAPAVARLFPGERLLEFRSYVPLKGGFONPAIDCLVROEWVIHEYQESAPSLGDVALVRYY
NPDTGRVLFEAKLHKGGFLTVESTSTGPYVVPANGYFRFEDSWVYNQFYSLAPMGTGNGRRRFGQ
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Figure 21A
Amino acid sequence of VPL GiL6_Ohic_ 2012 _MITO20 {SEQ 1D NG: 20)

MKMASNDAAPSNDGAANLVPEANNEVMALEPVVGASIAAPVYVGOONIDPWIRENFVOAPQGEFTVSPRNSPGEMLL
NLELGPELNPYLSHLSRMYNGYAGGMQOQVOVYLAGNAFTAGKHFAAVPPHIPVENINAAQITMOPHVIVDVRQLEPVLLP
LPDIRNRFFHYNQENTSRMRLVAMLYTPLRANSGEDVFTVSCRVLTRPAPDREFTFLVPPTVESKTKPFSLPILTLGELSNSR
FPAPIDMLYTDPNEGIVVQPONGRCTLDGTLOGRTTQLVPTQICAFRGTLIGQTSRESPDSTDSAPRRROHPLHVGLKNLDG

TAYDPTDEVPAVLGAIDFKGTVIGYASORDVSGUOVGATRAREVHINTTDPRYTPRKLGSILM YSESDDFVTGOPVRITH

GMGDNDWHOWELPDYPGHLTLNMNLAPAVAPAFPGERILFFRSIVPSAGGYGSGRQIDCLIPOQEWVRHFYQEAAPSOS

AVALIRYVNPDTGRMIFEAKLHREGHTVANSGNNPIVVPENGYFRFEAWYNOFYTUTPMGTGOGRRREG

Figure 218

Nucleic acid sequence of human codon-optimized YP1 GiL.6_Chio_2012_MST020 {SEQ 1D NO:
21}

ATCGAAGATGGLAAGCAALGACGLAGTTCLCTCCAATGATCETGCLGLLAALCT GG TLLCCGAAGTTAATAATGAGE
TCATGGLGTTAGAGCCGGTGGTTGGLGCATUTATTGCAGLGLCTGTGGTCGLACAGCAGAACATCATTGATCCLTG
GATTCGCGAGAACTTCGTACAAGCTCCACAGGGGGAGTTCACAGTCTCCCCCCGEAALTCCCCGGGRLGAGATEITE
CTCAATCTGHAALTCGGLCCTGAACTAAACCCTTATCTGTCACALCTITCAL GRATE TACAATL GCTALGLAGRAGE
AATGLAAGTTCAGGETGGRTCCTGGLCGGLAATGCTTTCACCGCGLGLAAAMATCATCTTTGCGGLCGTTLOTCCACACT
TCCCTGTCCAAAATATCAACGCCOLCCAGATTALTATARTGCCCCCACGTGATTRTGGATGTGLGACAGTTAGAGCCA
GTTCTGCTGLCCCTGLCCGACATCAGAAACCGOTTCTTCCATTACAATCAAGAGAATACTTCACGRATGAGACTTGTY
GCGATGLTETACACCCCTCTTCGTGLAAATTCCGGLGAAGACGTETTCALTETGTCTTGTCGAGTACTTACCLGALCC
GCLCCCGATTTCGAATY CACCTTCCTGRTTCLCCCTALTG TR GAGAGLAAGACAAAACCCTTCAGCCTCCCAATCTTA
ACACTCGLGGAGLTGTITAATTCALGLTTCLCCGCACTTATTGATATGUTGTATACTGACCTLAACGAGGGGATAGT
GGTGCAGCCULAAAATRGALGGTGTACTCTCGACGGLACGCTCCAGGGLACAALCCAATTGGTCLCAACCCAGATT
TGTGCATICAGGLGCACTITGATTGGGLAGACATCGAGATCTCCAGATICTALTGATTCCRCGCCAALR GAGRAGGE
ACCACCCACTCCACGTTCAGTTAAAAAACCTGGACGGAALCCAGTACGACCCTACAGACGAGGTICLCGLTGTCCTC
GRAGCCATCGACTTTAAAGGAACTGTATTTGGAGTGGCATCCCAAAGGGATGTCTCGRGGCAGCAGGTGRGAGTT
ACGAGAGCACATGAAGTCCACATT AACACCACAGALCCAAGATATACCCCAAAALTAGGGTCAATTTTAATGTATTC
GGAATCAGACGATTTTGTTACAGGTCAGCCCGTGLGGTTTACCCCGATCGGAATGGGGGACAALGATTGGCALTAG
TEEGAATTCCLCGATTACCCTOGACACCTCACCTTGAATATGAATIT GGLLCCAGCLRTCGLG LCCGCCITLLCCGET
GAGCGGATCCTCTTTTTTAGAAGCATAGTGLCCTCCGLAGGTGGLTATGGATCAGGGLAGATIGATTGLLTGATLCC
CCAAGAATGGGTACAGCATTTCTACCAGGAAGLAGCCLCTAGCCAGTCLGLAGTAGLACTGATCAGATATGTTAATC
CTGATACGGGAAGGAACATCTTCOAAGCAAAACTGLALCGTGAGGLCTTCATTALCGTCGUCAALAGTGLTAATAA
CLOTATTGTOGTGLCTCCTAATGGATALTTCAGGTTIGAGGLATGGGTCAATCAGTTTTATACTCTGALTCLCATGGE
GACAGGCCAGGGGCGACGLCGGRATCAGTGA
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Figure 22
Aming acid sequence of VP1 GIL7 _Musa_2010_AN73774 {SEQ 1D NC: 18}

MKMASNDAAPSNDGAAGLYPEINNEVMPLEPVAGASLATPVVGOONHDPWIRNNFVOAPAGEFTVSPRNSPGEILLD

LELGPELNPYLARLARMYNGHAGGMEVOIVLAGNAFTAGKIFAAIPPGFPYERLSPSGITMOPHVHDVROLEPVLLPMP

DIRNNFFHYNOGNDPKIRUAMLYTPLRANNSGDDVFTVSCRYLTKPSPRFEFTFLVPPTVESKTKOFTLPILKISEMTNSRE
PVPVEMMYTARNENQVVOPONGRVTLDGELLGTTPLLAVNICKFKGEVIAKNGDVRSYRMDMEITNTDGTPIDPTEDT

PGPIGSPDFQGILFGVASORNKNEONPATRAHEANINTGGDOYAPRLAQVKFFSESQDFEVHEOPTVETPVGVAGDTSHP
FROWVLPRYGGHLTNNTHLAPAVAPLFPGEQILFFRSQIPSSGGHELGYMDCLYPOEWVIIHFYQEAATAGSEVALIRFIN
POTGRVLFEAKLHKQGFHTVAHTGDNPIVMPPNGYFRFEAWVNOFYSLAPVRTGNGRRRIG

Figure 23A
Aming acid sequence of VP1 GIL12_HS206_2010 _USA_AEI29586 (SEQ 1D NO: 18}

MKMASNDAAPSNDGAAGLYPEVNNETMALEPVAGASIAAPLTGONNVIDPWIRLNFVOAPNGEFTVSPRNSPGEVLL
NLELGPELNPYLAHLSRMYNGYAGGVEVIVLLAGNAFTAGKLVFAAVPPHEPLENISPGOITMEFRHVIIDVRTLEPVLLPLP
DVRNNFFHYNQONEPRMRLVAMLYTPLRSNGSGDDVFTVSCRVLTRPSPDFDENYLVPPTVESKTKPFTLPILTIGELTNS
REPVRIDELYTSPNESLVWWOQPONGRCALDGELQGTTOLLPTAICSFRGRINQRVSGENHVWNMOQVTNIDGTYPFDPTEDY
PAPLGTPOFSGKLFGYLSGRDHDNACRSHDAVIATN SAKFTPKLGAIGIGTWEQDDVHINGPTKFTPYGLFESEGFNGW
TLPNYSGALTLNMGLAPPYAPTFPGEQILFFRSHIPLKGGVADPVIDCLLPOQEWIQHLYQESAPSQTDVALIRFTNPDTGRY
LFEAKLHRSGYITVANTOSRPIVVPANGYFRFDSWVYNQOFYSLAPMGYGNGRRRVQ

Figure 238
Hurnan codon-optimized VP1 GIL12_HS206_2010_USA_AEI22586 (SEQ D NO: 87)

ATGAAGATGGCGTCTAATGATGLTGCTCOITCCAATGATGGLECAGCCGGLCTGETCLCTGAAGTGAATAALGAGA
CTATGGCTCTCGAACCLOTRGCLOGAGCCTCAATTGLLGCCCCOCTCACTOGLCAGAACAACGTRATTGATCLCTGRS
ATCAGACTGAACTTLGTTCAGGCTCCTAATGOGGAGTTCALCGTGTCLCCGAGAAATTLCCCLGGCGAAGTGTTATY
GAATTTGGAATTAGGACCAGAACTCAACCCCTATCTGGLACATCTGTCTCGGATGTACAALGGLTATGUGGGLGGA
GIGGAGGTGCAARTTCTTCTCGCTGGTAATGCATTCACAGCAGGAAAATTAGTATTIGLAGLGG TTCCACCCCATTTY
CCACTTGAAAACATAAGCLLAGGLLAGATCACCATGTTCCCTCACGTGATAATCGALGTGCGGALATTAGAGLLLGT
GCTGCTACCCCTGCCTGACGTGAGGAACAATTICTT TCACTACAATCAGCAAAATGAACCAAGAATGCGCCTGGTLG
CCATGOTCTATALYCUTTTAAGAAGTAATGGUAGTGGGGATCACGTOTTTACTGTTAGLTGTCOGGTGCTCACCLGA
CCTTCCCCAGATTICGACTTCAATTATCTGGTCCCCCCCALGCGTAGAGTLCAARACAAAGLCTTTCACTCTTCCAATLL
TTACAATTOGCGAACTRACCAACTCACGUTTTCCAGTRCCTATTGATOAGCTGTACACAAGTCCAAATGAATCLCTTG
TCGTTCAGLCACAGAARTGGOCCCTGLGLGITTRACGGTCGAGUTLCAGLGCACAAL ACAACTGTTGCCAACCGLTAT
ATGLTCTTTCAGEGEGLGTATTAATCAGAAGGTCTCLGGRGAGAACCALGTGTGGAACATGCAAGTGALGAATATL
CACGGGACACCTTTCGAT CCAALAGAGGATGTLLCAGCGLCTUTAGGTACLCCTRACTTCTCAGGLAAGTTGTICRG
CGTCCTTTCCCAGLGLGALCATCGATAATGCTTGLCGEAGCCALGATGLCGTCATTGLCALCAACTCAGLCAAATTCAC
CCCAAAACTTGGAGCGATACAGATCGGAACTTGGRAACAAGACGACGTICATATCAACCAACCAACAAAGTTTACCC
CTGTIGGCCTITICGAAALCCAAGGUTITAACCAGTGRACACTTCCCAATTACAGCGGRGCTCTCALTOY TAATATGE
GACTCGCACCACCCGTCGLTCCAACGTTTCCTGGTGAGCAGATTITGTTTTTCCGCAGTCATATICCACTGAAGGGTS
GAGTTCCTGATCCLCOTRATAGACTGCCTCCTCCCTCAGGAATGGATTCAGCACTTRTATCAGGAGTCCGCTCCLTCGL
AGACCGATGTGGLCCTGATACGLTICACAAACCCCGATACLOGAAGAGTGTTGTTTGAAGCTARAALTTCATIGLTCC
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Figure 238 {cont}

GGTTACATCACAGTAGCCAACACGGGTTCCAGRICAATLOTAGTTLLGRCAAACGGATACTTTCGATTCGACAGTTG
GOTCAATCAGTTCYACAGCCTGGITCCAATOLGAACAGGAAATGLRAGGAGGCETGTGCAGTAA

Figure 244
Amino acid sequence of VP1 GIL13_VAL73_2010 _HIAWU4 (SEQ ID NO: 22}

MKMASNDAAPSNDGAASLVYPEAINETMPLEFVAGASIAAPVAGOTNHDPWIRTNFVOAPNGEFTVSPRNS

PGEILLNLELGPDLNPYLAHLSRMYNGYAGGVEVOVLLAGNAFTAGKILFAAIPPNFPVDMISPAQITMLPHLU

VDVRTLEPIMIPLPDVRNVFYHFNNGPOPRMRLVAMLYTPLRSNGSGDDVFTVRCRVLUTRPTPDREFIYLVPP

SVESKTKPFTLPILTISELTNSRFPISIEGLYTAPNENNVVOQCONGROTLDGELOGTTOLLSSAVISYRGRTVANS
GONWIRCNVLOLTYPSGASYDPTOEVPARLGTODFSGILYGVLTOBNVRENTGEAKNAKGVYYISTTSGKRTPK
IGSIGLHSITEDVRPNQQSRFTPYGVAONENTPFOQOQWVLPHYAGALALNTNLAPAVAPTFPGEGLLFFRARVP
CVQGLOGODAFIDCLLPOEWVNHFYQEAAPSQADVALIRYVNPDTGRTLFEAKLHRAGFITVSHTGAYPLYY

PPNGHFRFDSWVNQFYSLAPMGTGNGRRRVO

Figure 24B

Nucleic acid seguence of human codon-optimized VPT GIL13_VALI73 2010 HOAWUA (SEQ D
NG: 233

ATGARAATGGCTTCTAATGATGCCGLGLCCAGCAATGATGGTGLLGLCAGLCTTGTGCTCGAAGCAATTAACGAGA
CAATGCCCTTGGAGLCAGTCGCLGGGRITICTATTGCGGLCCCAGTTGCTOGACAGACGAATATCATCGATCCTTIGE
ATALGGACTAATTTTGTTCAAGCTCCTAALGRAGAGTTCACTOTCTCCCCCLGTAATAGTC TG GCGAGATCCTGTTG
AACCTCGAGTTGGRGLCAGATCTCAATCCTTACCTGGUTCATCTGTCGAGAATGTACAACGEGTALGLGGEGREEEG
TTGAGGTGLAGLTCTTACTGGCAGGTAACGCATT CACAGCAR GCAAGATTCTGTTTRCOGCCATCCCTCCTAATIYIC
CAGTGGATATGATATCTCCAGCACAGATTACAATGITGCCCCATTTGATAGTGGATGTGCGGACACTTGAACCTATC
ATGATCCOTTTGLCCGATGTCCGARATGTGTTITATCATTTCAACAACCAGLCGLAGLCAAGAATGLGTCTCGTLGLG
ATGCTGTACACCCCGTTGCGOTCCAACGGCTICTGGLGATGATOTT T CACAGTGTCGTGTCHAGTCTTAACCLGLCCY
ACCCCAGATTTTGAGTTTATATATCTAGTTCCCCCTTCTGTGGAAAGCAAGACTAAACCCTTTACTCTTCCLATTCTGA
CTATATCCGAGLCTTACCAACTCCCGGTTCCCCATCTCAATCGAGCAACTGTACACT GLACCCAACGAGAACAACGTAL
TCCAGTGCCALAACGGGAGATGTACCLTGBAL GO GGALLT CLAAGGGALCACGCAACTGTTAAGTTCAGCCRTITG
CAGTTACAGAGGCAGGALTGTGGCGAACTCTGGTGATAACTGGGATCAAAATGTGTTGLAGLTGACTTACCCATCC
GHCGCAAGCTACGATCCAACAGAT GAGLTGCCAGLGLLCCTTGGLACACAGGATTTCTCAGGAATTCTATALG GGG
TGCTTACTCAGGATAATGTGCGAGAAAATACTGGCGAGGLLAAGAATGLTAAAGGAGTGTATATAAGCACGACAAG
COGTAAGTTTACCCCCAAAATTGGCAGTATTGGGCTCCACAGCATTACTGAGGACGTCCGCLCAAACCAGTAGTLIC
GTTTCACTCCLLTGRGGHETGLCACAGAACGAGAACACACCTITCLAGCAGTGLGTUTRCLCCATTATGCAGGTGCT
TTGGLGLTCAATACAAATCTGGCACTCGULGTAGLGLLGACATTTCCTGGGGAGLAATTGLTGTICTITAGAAGCLG
CRTCCCOTRTGTTCAGGGCTTGLAGGGUCAGGACGCGTTCATTGATTOCLTCTTGCCCCAGGAATRGGTCAACCALT
TTTATCAGGAGGCAGCGLCCTCTCAAGCAGATGY GGLLCTOATARGATATGTGAATCCCGACACAGGALGRALTTY
GTTTGAGGLAAAACTCCACCGGTCAGGATICATTACTGTGAGTCACACAGGAGCLTATCCCCTTGTGGTTCCACLTAA
TGLCCACTTCAGGTTCOACTCTTGGRTCAATCAGTTTITATTCGCTGLCACCAATGGGTACCEBRAATGGTCGLCGTC
GOGTGLAATGA
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Figure 25
Amino acid sequence of VP1 GHL14_Saga_2008_JPN_ADE28701 {SEQ 1D NO: 32}

MKMASNDATPSDDGAAGLYPEINNEVMALEPVAGASIAAPWVGOIONHDPWIRNNFVOAPAGEFTVAPRNSPGELLLD
LELGPELNPYLAHLARMYNGHAGGMEVOIVLAGNAFTAGKILFAAIPPSFPYENLSPAQLTMCPHVIVDVROLEPVLLPM
PDIRNVEYHYNONNSPKLRLVAMLYTPLRANNSGDDVFTVSCRVLTRPSPOFOFTRLVPPTVESKTKNFTLPVLRVSEMTN
SRFPYVLDOMYTORNENBVOPONGROTTDGELLGT THOSVSICNFKGTMOQAKLNEEPRYOLQLTNLDGSPIDPTDDMP
APLGTPDFOAMLYGVASORSSIDNATRAHDACIDTAGDTRFAPKIGOVRFKSSSNDFDLHDPTKFTPIGYNVDDGHPRRG
WSLPNYGGHLALNNHLAPAVTPUFPGEQILFFRSYIPSAGGHTDGAMBCLLPOEWVEHFYQEAAPSOSDIALVREINPDY
GRVLFEAKLHKQGFLTIAASGDHPIVMPTNGYFRFEAWVNPRYTLAPVGTGSGRRRID

Figure 2648
Amino acid sequence of VP1 GIL17_Kawa_2014_AUAQ77KVUS {SEQID NO: 24}

MEKMASNDAAPSNDGAAGLVPEGNNETLPLEPVAGAAIAAPVYTGONNIDPWIRTNFVOQAPNGEFTVSPRNS
PGEILLNLELGPDLNPYLAHLSRIMIYNGYAGGVEVQVLLAGNAFTAGKILFAAVPPNFPVEFLSPAGITMLPHLI
VDVRTLEPIMIPLPDVRNTFFHYNNGPNSRMRLVAMLYTPLRSNGSGDDVFTVSCRVLTRPTPOFEFTYLVPP
SYESKTKPFSLPILTLSELTNSRFPVPIDSLFTAQNNVLOQVQCONGROTLDGELQGTTOLLPSGICAFRGRVTAE
TOHRDKWHMOQLONLNGTTYDPTDDVPAPLGTPDFKGVVFGVASORNVGNDAPGSTRAHEAVISTYSPOFV
PKLGSVNFRSNDNDFQLOPTKFTPVGINDDGDHPFROWELPDYSGLLTLNMNLAPPVAPNFRPGEQLLFFRSF
VPCSGGYNOGIVDCUPQEWIQHFYQESAPSQSDVALIRYVNPDTGRTLFEAKLHRSGYITVAHIGDYPLVVPA
NGYFRFOSWVNOFYSLAPMGTGNGRRRAQ

Figure 268
Human codon-optimized VP1 GHL.17_Kawa_2014_ ADAQ77KVUS {SEG 1D NO: 25}

ATGAAAATGGUATCTAACGACGLAGCCCCCTCAAALGATGGCGCTGLTGLACTCGTGLLGGAGGLGAATAATGAL
ACACTTCCACTAGAGCCGGTTGCAGGCGLCGCTATAGCTGLCLCAGTGACAGGGLAGAATAATATTATAGALCCTTG
GATTCGRACAAALTTCOTGCAGLRCACCCAACGGCGAGTTTACAGTATCCCCCCGRAACTCCLCAGRTGAGATALTCL
TGAATCTTGAGCTCGGCCCTGALCTCAATCCATATCTGGCTCATCTGAGCLGLATGTACAATGGTTACGCTGEGGEG
GTCGAAGTRCAGGTLCTCOTGGLCGGAAALGUCTTTACCGLTGCLAAAATICTOTTTRCCRCCRTTCCACCAAALTTT
CCAGTCGAATTCCTOYCTCCCGCGCAAATAALCATOR CTGLCACATYTGATCGTTGACGTGLGLACCCTGGALLICAATA
ATGATTCLCCTGLCGGATGTGUGTAACACCTTTTTCCATTATAACAATCAGLLAAACTCTCGGATGAGACTTIGTTGCT
ATGCTGTACACCCCCCTOCGGAGCAACGRLAGTGRCGATRATRTGTTTACCETRAGTTGCAGAGTCCTRACGLGLL
CAACCLCGGACTTLGAGTTCACCTACCTGGTGLCCOLTTCTGTORAARTCTAAGACCAAACCGTTTTCACTGCCAATCTY
TAACTCTCTCCGAACTGACTAACAGCCGGRTTTCCAGTACCCATAGATTCTOTTTTTACCGCTCAAAACAACGTACTCCA
AGTCCAGTGCCAGAACGGLCGCTRTACGLTTGATGRTGAGTTGCAGGLGACAACACAGCTACTCCCCAGTRGCATC
TCTGCATICLGGGGLCGCGTGACCGLTGAGACAGACCATCGTGACAAATGGCACATGCAACTLCAAAACTTAAACG
GRACCACCTACGACCCAACCGACGACGTCCCTRUTCLALTAGRGACTCCTRACTTTAAGGOGGTGETGTTCGRAGT
GGCCTCTCAGCGGAATOTT GGRAATRACLLLCCCOGCTCTACCLGAGCTCACGAGGLLGTTATCTCAACATATAGEC
CCCAATTTGTGCCCAAGLTCGGATCLGTTAATT TTCGTAGTAALGATCAALGACTTLCCAACTGUAACCAACGAAGTTTA
CGCCAGTGOGRATTAATGATGATGRAGACCATCCTTTCCGCCAATGLGAACTACCAGATTATTCTGGRLTGCTCACC
CTCAATATGAACCTCGLCCCALCCOTGGCCLLTAATTTCCCOGGTGAGCAGLTGCTGTT TTTTCGGAGLTTTGTGLCA
TGCAGTGGCGGATATAATCAAGGCATCGTAGACTGLTTGATTCLCCAAGAGTGGATACAATATTTITACCAGGAAAG
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Figure 268 {cont}

TGLGLCCTCCCAGTLCGATGTGRLCCTGATACGGTACGTTAACCLLGATACCGGAAGAACATTATTLCGAAGLGAAAT
TGLACAGATCAGGGTACATTACCATTGCACATTCCGRCOATTATCCCCTGRTGGTTCLCGLCAACGGTTACTTTAGGY
TCGATAGTTGGGTCAACCAGTTCTATTCACTAGLCCCAATGLGCACLGETAALG G CAGACGCLLGGLITCAGTAG

Figure 27
Amino acid sequence of VP1 GH.21_Sali_2011 _USA _AFCE95665 {SEQ 1D NO: 26)

MEMASNDAAPSNDGATGLYPEINTETLPLEPVAGAAIAAPVTGONNIDPWIRNNFVOAPNGEFTVSPRNSPGEHLMNL
ELGPDLNPYLAHLSRMYNGYAGGVEVOVLLAGNAFTAGIILFAAVPPNFPVDMLSPACITMLPHLIVDVRTLEPIMIPLP
DVRNVFYHFNNOPAPRMRLVAMLYTPLROSNGSGDDVFTYSCRVLTRPTPDFEFTYLVPPSVESKTKPFTLRILTIGELTNSR
FRAPIDOLYTSPNADVVYVOPONGRCTLOGELOGTTOLLY TAICSYRGMTSNPTSYWDDHLLBLVHPNGATYDPTEDVE
APFGTUDFRGILYGMLTONPRTSGDEAANSHGIYISSTSEKFTPKLGTIGLHOQVQGDIASNQUSKFTPVGIAVNGNTRFRQ
WELPNYSGALTINTNLAPAVGPNFPGECILFFRSNVPSVQGGORIEIDCUPQEWVSHEYOESAPSQSDVALVRYVNPDT
GRTIFEAKLHRQGHTIAATGONPYVVPPNGYFRFDSWYNOFYALAPMGTGNGRRRVQ

Figure 28A
Amino acid sequence of VP1_GL3_Lil08_0Q&4S (SEQ ID NO:98)

MMMASKDAPTNMDGTSGAGQLVPEVSTAEPISMEPVAGAATAAATAGOVNMIDPWIMSNYVOAPQGEFTISPNNT
PGDILFDLSLGPHLNPFLSHLAOMYNGWVGNMKVRVLLAGNAFTAGKIHSCVPPGFAAONVSIAGATMIFPHVIADVRY
LEMEVPLEDVRNVLFHNNDSTPTMRLICMLYTPLRASGSSSGTORFVIAGRVLTCPSPOFNFLFLVPPNVEQKTKPFSVINL
PLNVLSNSRVPSUKSMMVEQDHGOMVOFONGRVTLDGOLOGTIPTSASOLCKIRGTVYHATGGOGENLTEIDGTPYH
AFESPAPIGFPDLGECDWHINASPANAFTDGSHHRIDVAQDSTFAPHLGTIHYTNADYNANVGLICSLEWLSPPSGGARK
VNPWAIPRYGSTLTEAAGLAPRIYPPGFGEAIVEFMSDFPIANGSDGLSVPCTIPQEFVTHFVNEQAPTRGEAALLHYVDP
DTHRNLGEFKLYPEGFMTCVPNSSGSGPOTLPINGVFTRISWVSRFYOQLKPVGTTGPYRRLGIRRS

Figure 288
Nuclelc acid sequence of human codon optimized VP1_GL3 _LHD8_0Q84S {S3EQ D NO:167)

ATGATGATGGCTTCLAAGGATGLTCCCACAAACATGGATGGAACAAGCGGLGIGGGGCAALTTGTGLCGGAGRTE
TCCACGGCGRAACCCATTTCCATGGAALCTGTRGCCGGCGCAGLCACTGUTGLCGLCALCGLAGRACAGGTAAALA
TGATCCACCLCTLRGATCATGTCAAATTACG Y CAGGUTLCACAGGLGOGAGTTTACCATAAGCCCAAACAACACTCCG
GGTGACATCTTGTITGACCTGAGLCTAGGACCACACTTGAATCCGTTICTGAGTCACTTGGCTCAGATGTATAATGGA
TGEGTTGGAAACATOAAGGTGCGCGTGCTCCTRGOGGLLAATGLATICACAGCCCGGAAGATTATTATCTCTTGCG
TGLCACCTGGATTTGLAGLLCAGAACGTGTCTATLGLACAGGCAALCATGTT TLCGLATGTCATCGCAGATLTGLGL
GTGCTAGAGCCCATCGAGGTGLCCCTTCAGGACGTGLGLAACGTCCTATTCCATAACAATGATAGCACCCCCACCAT
GLGLTTGATATGTATGTTATATACTCCCCTCCG LG LCAGTGEETCCAGCTCCGGRACCGATCCTTITGTGATTGETRG
GLGGETGTTGACTTGTLCTAGCCCTGACTTCAACTTLCTTTITCTGOTGLCTLCAAATGTAGAACAGAAAACAAAGLT
ATTCAGCGTGCCAAACCTGCCCCTTAACGTGOTGTCRAATTCCCRAGTGCOTTCCCTTATTAAGTCCATGATGGTATC
TCAGRATCACGGTCAAATGGTGCAGTTTCARAACGGCCOAGTGACGTTAGALGLGCAGCTRCAGGGUACAACKLL
AACCAGTGLCAGTCAGUTGTGTAAGATCAGAGGCACIGTLTACCACGLAACTGGCGGALAGGGGLTGAATCTTALT
CAGATCGATGOTACCCCCTACCATGCATTCGAGTCALLTGCACCTATTGLATTTCCCCGATCTTGRGBAGTGTGATTG
GCATATCAATGUTTCACCTGCCAALGLTTTCACAGACGGGTCTATTATTCATCGCATTGACGTAGCACAGGATAGCAL
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Figure 288 {cont}

ATTTGCCCCGCACCTGGGTACCATCCACTATACGAACGCAGATTACAACGCAAACGTGRGTCTTATCTRTAGCLTAG
AGTGGLTATCTCLGLCAAGLGOTGGGGLCCCTAAAGTTAALCCATGGGCTATTULTCGRTALGGGTCTACGCTGALTY
GAGGLLGLTCAGCTGGLACCCCLCATATATCLACCAGGATTLGGRGAAGLCATTGTTTTCTTTATGTCLGATTITCLG
ATAGCCAACGGTTCAGATGGLITTAGTGTCLOTTGCACGATTCCACAGGAATTTGTGACACACTTCGTAAACGAGLA
GGLTCCTACTCGRGGCGAGGLTGLCTTGTTGCATTACGTAGALCCCGATALCCATAGAAACCTGGGCGAATTCAAAL
TCTACCCTGAAGORTTTCATGACCTGCGTACCTAACTCCTCCGGLAGTGRLCCTCAAACCTTGCCGATCAALGRCGTRT
TCACGTTTATCAGCTGGGTITCACGGTTTTACCAALTCAAGCCLO TG RAACAALT GGLCCAGTTCLGAGHLTCRGE
ATCAGACGGAGCTAG

Figure 28(C
Amino acid sequence of VP1_GL3_LI08 8941 {5EQ 1D NO:8}

MMMASKDAPTNMDGTSGAGQOLYPEVSTAEPISMEPVAGAATAAATAGQVNMIDPWIMSNYVOQAPQGEFTISPNNT
PGDILFDLOLGPHINPFLLHLAGMYNGWVYGNMKVRVLLAGNAFTAGHIISCVIPGFAAONVSIAGATMEPHVIADVRY
LEPIEVPLEDVRNVEFRNNDSTPTMRLUICMLYTPLRASGSSSGTRPFVIAGRVLTCPSPRENFLFLVPPNVEQKTKPFSVENL
PLNVLSNSRVPSLIKSMMVSQDHGOMVYGFONGRVTLDGOLOGTTPTSASQLCKIRGTVYHATGGQGLNLTEIDGTPYH
AFESPAPIGEPDLGECDWHINASPANAFTDGSHHRIDVAQDSTFAPHLGTIHY TNADYNANVGLICSLEWLSPPSGGAPK
VNPWAIPRYGSTLTEAAGLAPPIYPPGRGEAIVEFMSDFPIANGSDGLIVPCTIPGEFVTHFVNEQAPTRGEAALLHYVDP
DTHRNLGEFKLYPEGFMTCVPNSSGSGPOTLPINGVFTRISWVSRFYQLKPVGTTGPYRRLGIRRS

Figure 28D
Nucleic acid sequence of human codon optimized VP1_GL3 _1HO8 5841 {SEQ 1D NG:9)

ATGATGATGGCTTCCAAGGATGCTCCCACAAACATGGATGGAACAAGCGGLGIGGGGLAALTTGTGLLGGAGRTE
TCCACGGLGRAACCCATTICLATGGAALCTOTRGCCGGCGCAGCCACTGLTGCCGCLALCGCAGRATALGTAAALA
TGATCGACCCCTGGATCATGTCAAMATTACGTTCAGGLTCLACAGGGGGAGTT TALCATAAGLCCAAACAALACCLCG
GGTGACATCTTGTTTGACCTGLAGCTAGRALCACACTTGAATCCGTTTCTRCTCCALTTRGCTCAGATGTATAATGGA
TGEGTTGGAAACATOAAGGTGCGCGTGCTCCTRGLGGLCAATGUATICACAGCCCGGAAGATTATTATCTCTTGCG
TGLCACCTGGATTTGLAGCLCAGAALGTGTCTATCGCALAGGUAACCATGTTTCCGLATGTCATCGLAGATGTGLGT
GTGLTAGAGLCCATCGAGGTRCLCCTTGAGCACGTLRCLCAACGTCCTATTLCATAACAAT GATAGCACCCCCACLATY
GCGLTIGATATGTATGTTATATALTCCCCTCCG LG LCAGTGRG TCCAGCTCCGGRACCGATCCTTITGTGATIGLTGG
GCGGETGTTGACTTGTCCTAGCCCTGACTTCAACTTLCTTTT TCTGOTGLCTLCARATGTAGAACAGAAAACAAAGLT
ATTCAGCGTGLCAARACCTGLCCCTTAALGTGCT GTCRAATTCCLGAGTGCUTTCCCITATTAAGTCCATGATGGTATC
TCAGGATCACGGTCAAATGGTGCAGTTTCAGAACGGCCGAGTGACGTTAGALGGGCAGLTGCAGGGLACAACCCC
AACCAGTRCCAGTCAGCTRTOTAAGATCAGAGGRCALCGTCTACCACGCAALTGGLGRACAGGGGRCTGAATCTTALT
CAGATCGATGOTACCCCCTACCATGCATTCGAGTCALLYGCACCTATTGLATTTCCCRATCTTGRGRAGTGTGATTG
GCATATCAATGUTTCACCTGUCAALGCTTTCACAGACGGGTCTATTATTCATCGCATTGACGTAGCACAGGATAGCAL
ATTTGCCCCGCACCTGLRGTALCATCLACTATACGAACGLAGATTALAACGLAAACGTGGLICTTATUTGTAGCCTAG
AGTGGUTATCTCCGCCAAGLGGTGGGLCCLCTAAAGTTAACCLATGGGLTATTCCTCGGTACGGGTCTACGUTGACT
GAGGCCGLTCAGCTGGLACCCCCCATATATCCACCAGGATTCGGGGAAGCCATIGTTTTCTTTATGTCLIGATTTTCLG
ATAGCLARLGOTTCAGATGGCCTTAGTOTCCCTTGCACRATTCCACAGRAATT TR TOACATACTTCGTAAACGAGCA
GGCTLCTALTCGGGGUGAGGLTGCLTIGTIGLATTACGTAGACCCLGATACCCATAGAAALCTGGGLGAATTCAAAL
TCTACCCTGAAGGTTTCATGACCTRCGTACCTAACTCCTCCGGCAGTGGCCLTCAAACCTTGLCRATCAACGGLGTGT
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Figure 28D {cont)

TCACGTTTATCAGCTGGGTTTCACGGTTTTACCAACTCAAGLCCGTLEGAACAACTGEGLCAGTTCGRAGGCTIGGE
ATCAGACGGAGLTAG

Figure 28E
Amino acid sequence of VP1_G1.3_LHDE _(B45+S94L {SEQ 1D NO:10}

MMMASKDAPTNMODGTRCAGOLVPEVSTAEPISMEPVAGAATAAATAGOVNMIDPWIMENYVOAPOGEFTISPNNT
PGIHLFDLSLGPHLNPRLLRLAGMYNGWVGNIVIKVRVLLAGNAFTAGKHISCYPPGFAAQNVSIAQATMFPHVIADVRVL
EPIEVPLEDVRNVLFHNNDSTPTMBRLICMLYTPLRASGSSSGTDPFVIAGRVLTCPSPDENFLFLVPPNVEQKTKPFSVENL
PLNVESNSRVPSLIKSMMVSQDHGOMVGFONGRYTIDGQLOGTTPTSASOLCKIRGTVYHATGGOOGINLTEIDGTRPYH
AFESPAPIGFPDLGECDWHINASPANAFTDGSHHRIDVAGDSTFAPHLGTIHYTNADYNANYGLICSLEWLSPPSGGAPK
YNPWAIPRYGSTLTEAAQLAPPIYPPGFGEAIVEEMSDEPIANGSDGLSVPCTIFQEFVTHRVNEQAPTRGEAALLHYVDP
DTHRNLGEFKLYPEGFMTCVPNSSGSGPUTLPINGVETFISWVERFYQLKPVGTTGPVRRLGIRRS

Figure 287
Nucleic acid sequence of humarn codon optimized VPI_GL3_LI08_(B45+594L {SEQ 1D NO:11)

ATGATGATGGLTTCCAAGGATGCTCCCACAAALATGRATGRAACAAG LR GCGLGELGCAACTTGTCCCLGAGHTE
TCCACGGUGGAACCCATTTCCATGGAALCTGTGGCIGGLGLAGLCALTGLTGCCGUCALCGLAGGACAGGTAAACA
TGATCGACCCCTGRATCATGTCAAATTACGTTICAGLCTCCACAGGGRGAGTTTACCATAAGCCCAAACAACACCLLG
GOTGACATCTTGTTTGACCTGAGCCTAGGACTACACTTGAATCLGTTICTGCTCCACTTGGCTCAGATGTATAARTGRA
TGGGTTGCAAACATGAAGGTGCGCGTGCTLCTGRCGGGLAATGLATICACAGCLGGGAAGATTATTATCICTTGLG
TGCCACCTGGATTTGCAGCCLAGAACGTGTCTATCGCACAGGCAACCATGTTTCLLCATGT CATCGLAGATGTGCGC
GTGCTAGAGLUCCATCGAGGTGCCCCTTGAGGACGTGCGCAACGTCCTATTCCATAACAAT GATAGCACCLCCACLAT
GCOCTTGATATGTATGTTATATACTCCCOTCLRCGCCAGTGGGTCCAGCTCLGOGACCGATCCTTTTIGTGATTGCTGR
GCGGETGTTGACTTGTCCTAGCCCTGALTTCAACTTCCTTTTTCTOGTGCCTCCAAATGTAGAACAGAAAACAAAGLC
ATTCAGCGTGCLAAACCTGLLCCTTAALGTGUTGTCGAATTCCCGAGTGUCTTLCCTTATTAAGTCCATGATGGTATC
TCAGGATCACGGTCAAATGRTGCAGT I TCAGAACGGLCGAGTGALGTTAGACGGRLAGLTGLAGRGCACAALLCC
AACCAGTGLCAGTCAGCTGTGTAAGATCAGAGECALCGTCTACCACGCAALTGGLGGACAGGGGUTGAATCTTALT
GAGATCGATGGTACLCCCTACCATRCATTCOAGTCACCTRCACCTATTGGATTTCLCGATCTTIGGRGAGTGTGATTG
GCATATCAATGUTTCACCYGUCAACGCTTTCACAGACGGRTCTATTATTCATCGUATIGALGTAGCACAGGATAGTAC
ATTTGCCLCGCACCTGGGTACCATCCACTATACGAACGLAGATTACAALGLAAACGTGGLTCTTATITGTAGCLTAG
AGTGGCTATCTCCGCCAAGCGRTGLRGGLCCCTAAAGTTAACCCATGRGCTATTCCTCOGTACGGGTCTACGCTRALT
GAGGLCGCTCAGLTGGLACCCCLCATATATCCACCAGGATTCOGGGAAGLLATTGTITICT TTATGTCCGATTTTLCG
ATAGCCAACGGTTCAGATGRCCTTAGTGTCCCTTGCACGATTCCACAGGAATTTGTGACACACTTCGTAAACGAGCA
GGLTCCTACTCG GG GLGAGGCTGLCTTGTTGCATTACGTAGACCCCGATACCCATARAAACCTGGRCGAATTCAAAL
TCTACCCTGAAGGTTTCATGALCTGLGTALCTAALTLCTCCOGCAGTGRCCCTCAAACLTTGLLGATCAACGGLGTGT
TCACGTTTATCAGCTGGGTITCACGGTTTTACCAACTCAAGCCCGTCGRAACAACTGGRCCARTTCOGAGRITCGGE
ATCAGACLGAGLTAG
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Figure 28G
Amino acid sequence of VP1_GL3_LHO8 A43V+594L (5EQ 1D NO170)

MMMASKDAPTNMDGTSGAGOLYPEVSTAEPISMEPVAGAATAVATAGOVNMIDPWIMSNYVOAPQGE
FTISPMNNTPGDILFDLOLGPHLNPFLLHLAOMYNGWVGNMIVRVLLAGNAFTAGKHISCVPPGFAAQNVSIA
QATMFPHVIADVRVLEPIEVPLEDVRNVLFHNNDSTPTMRLUCMLYTPLRASGSSSGTDPRVIAGRVLTCPSPD
FNFLELVPPNVEQKTKPFSVENLPLNVLSNSRVPSLIKSMMVSQDHGOMVOFONGRVTLDGQLOGTTPTSA
SQLCKIRGTVYHATGGOGLNLTEIDGTPYHAFESPAPIGFPDLGECDWHINASPANAFTDGSIHHRIDVAQDST
FAPHLGTIHYTNADYNANVGLICSLEWLSPPSGGAPKYNPWAIPRYGSTLTEAAQLAPPIYPPGFGEAIVEFMS
DFPIANGSDGLSVYPITIPOQERVTHRVNEQAPTRGEAALLHYVDPDTHRNLGEFKLYPEGFMTCVPNSSGSGPQ
TLRPINGVITHSWYSRFYQLKPVGTTGPVRRLGIRRS

Figure 28H
Nucleic acid sequence of human codon aptimized VP1_GL3_LID8_A43V+S94L {SEQ 1D NO:169)

ATGATGATGGCTTCCAAGGATGCTCCCACAAACATGGATGGAACAAGLGGLGLGGGEGLAACTTIGTGLLG
GAGGTGTCCACGGRLGGAACCCATTTCCATGGAACLTGTGGELCEGUGCAGCCACTGLTGTGGLCACCGCA
GGACAGGTAAACATGATCGACCCCTGGATCATGTCAAATTACGTTCAGGLTCCACAGGGGGAGTTTACL
ATAAGCCCAAACAACACCCUGGOTGACATCTTGTTTGACCTGLAGLTAGGACCACACTTGAATCCGTTTCY
GCTCCACTTGGUTCAGATGTATAATGGATGGGTTGGAAACATGAAGGTGIGLGTGLTICTGGLGGGLAA
TGCATTCACAGCCGRGAAGATTATTATCTCTTGCGTGCCACCTGGATTTGCAGCCCAGAALGTGTCTATC
GLACAGGCAACCATGTTTCCGCATGTCATCGCAGATGTGLGLGTGUTAGAGCCLATCGAGGTGCCCCTTG
AGGACGTGCRCAALGTCCTATTCCATAACAATGATAGLACCCCCACCATGLGCTTGATATGTATGTTATAT
ACTCCOCTCOGCRLLAGTORGTCCAGCTCCGOGALLGATCCTTTTGTGATTGCTGGGLGGGTETTBACTT
GTCCTAGCCCTGACTTCAACTTICOTTITICTGGTGLCTLLAAATGTAGAACAGAAAALAAAGCCATTCAGC
GTGCCAAACCTGUCCCTTAACGTGCTGTCGAATTCLCGAGTGLOTTCCCTTATTAAGTCCATGATGETATC
TCAGGATLACGGTCAAATGGTGLAGTTTCAGAALGGUCGAGTGACGTTAGALGGGLAGCTGCAGGGTA
CAACCCCAACCAGTOCCAGTLAGLTGTGTAAGATCAGAGGCACCGTCTACCACGLAACTGGUGGACAGG
GGCTGAATCTTACTGAGATCGATGGTACCCCCTACCATGCATTCGAGTCACCTGCACCTATTGGATTTCCC
GATCTTGGGGAGTGTGATTGGCATATCAATGCTTCACCTGLCAACGCTTTCACAGACGGGTCTATTATICA
TCGCATTGACGTAGCACAGGATAGCACATTTIGCCCCGLACCTGGGETACCATCCACTATACGAACGCAGAT
TACAACGCAAACGTGGGTCTTATCTGTAGCCTAGAGTGGUTATCTCCGLCAAGCGGTERGGLLLLTAAA
GTTAACCCATGGGCTATTICOTCOGTACGOGTCTACGCTGACTGAGGLCGUTCAGCTGGLACCCCCCATAT
ATCCACCAGGATTLGGGRAAGCCATIGTTTICTTTATGTCCGATTTTCCGATAGCCAACGETTCAGATGEC
CITAGTGTCCOTTGCACGATTCCACAGGAATTTGTGACACACTTCOTAAACGAGCAGGCTCCTACTCGHG
GCGAGGUTGCCTTGTTGCATTALGTAGACCCCGATACCCATAGAAACCTOGGLGAATTCAAACTCTACLL
TGAAGGTTTCATGACCTGCGTALLTAACTCCTCCGGLAGTGGLLLTCAAMACTTTGLCGATCAACGGLGTG
TTCACGTITATCAGCTGGGTTTCACGGTTTTACCAACTOAAGCCCGTCGGAACAACTGGGLLAGTTCGGA
GGCTCGGGATCAGACGGAGITAG
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Figure 284
Arning acid seguence of VPL_GL3_LHO8 MEZI+S04L (SEQ D NO:172)

MMMASKDAPTNMDGTSGAGQLYPEVSTAEPISMEPVAGAATAAATAGQVNMIDPWHSNYVQAPOGEFT
ISPNNTPGDILFDLOLGPHLNPELLHLAGMY NGWVEGNMKVRVLLAGNAFTAGKIHSCVPPGFAAGNVSIAG
ATMFPHVIADVRVLEPIEVPLEDVRNVLFHNNDSTPTMRUICMLYTPLRASGSSSGTDPRVIAGRVLTCPSPDE
NFLFLVPPNVEQKTKPFSVYPNLPLNVLSNSRVPSLIKSMIMVSQDHGOMVYOFONGRVTLDGOLQGTTPTSAS
QLCKIRGTVYHATGGOGLNLTEIDGTPYHAFESPAPIGFPDLGECDWHINASPANAFTDGSHHRIDVAGDSTF
APHLGTIHYTNADYNANVGLICSLEWLSPPSGGAPKVNPWAIPRYGSTLTEAAGLAPPIYPPGFGEAIVFFMS
DFPIANGSDGLIVPCTIPGEFVTHFVNEQAPTRGEAALLHYVDPDTHRNLGEFKLYPEGFMTOVPNSSGSGRQ
TLPINGVFTHISWVSRFYQLKPYGTTGPVRRLGIRRS

Figure 28}
Nucleic acid sequence of human codon optimized VPI_GL3_LH08 _M571+584L (SEQ 1D NG:171)

ATGATGATGGCTTCCAAGGATGUTCICACAAACATGGATGGAACAAGTIGGLGLGGEGGCAACTTIGTGLLG
GAGGTGTCCACGGCGGAACCCATTTCCATGRAALCTGTGGCCGGCGCAGCCACTGCTGLCGCCALCGLA
GGACAGGTAAACATGATCGACCCCTGGATCATCTCAAATTACGTTCAGGCTCCACAGGGGGAGTTTACCA
TAAGUCCAAACAACACCCCGGGTCACATCTTIOTTTRACCTGCAGCTAGSALLACACTTGAATCCGTITCTIG
CTCCACTTIGGCTCAGATGTATAATGGATGOETTGOAAALATGAAGGTOLGLGTGITCCTGGLGGGLAAT
GCATTCACAGLLGGGAAGATTATTATCTCTTGCGTGCCACCTGGATTTGCAGCCCAGAALGTGTCTATIG
CACAGGCAACCATOTTTLCGCATGTCATCGLAGATGTRLGUGTGLTAGAGCCLATCGAGGTGCCCOTTGA
GGACGTGCGCAACGTCCTATTCCATAACAATGATAGCACCCCCACCATGCGCTTGATATGTATGTTATATA
CTCCCCTCCGCGCCAGTGGETECAGLTCLGGGACCGATCCTTTTGTGATTGCTGGGCEHGTETTGALTTG
TCCTAGCCOTGACTTCAACTICCTTITTCTGGTGCCTCCAAATGTAGAACAGAAAACAAAGCCATTCAGCG
TGCCAAACCTGCCCOTTAALGTGCTGTCGAARTTCCCGAGTGCCTTCCCTTATTAAGTCCATGATGGTATCT
CAGGATCACGGTCAAATGGTGCAGTTTCAGAACGGLCGAGTGALGTTAGALGGGLAGTTGCAGGGCAL
AACCCCAACCAGTGCCAGTCAGLTGTGTAAGATCAGAGGCACCOTCTALCACGTAALTGGLGGACAGGG
GCTGAATCTTALTGAGATCRATGGTACCCOCTALCATGCATTCGAGTCACCTGLACCTATTGGATTTCCCG
ATCTTGGGGAGTGTCATIGGCATATCAATGLTTCACCTGCCAACGITTTCACAGACGGGTCTATTATTCATY
CGCATTGACGTAGCACAGGATAGCALATITGCCCCGLACCTGOGTACCATCCACTATACGAACGLAGATT
ACAACGCAAACGTEGGTCTTATCTGTAGCCTAGAGTGGLTATCTCLGCCAAGLGGTGGGGCCCCTAAAG
TTAACCCATGGGCTATTCOTCGGTALGGGTCTACGCTGACTGAGGCCGLTCAGCTGGCACCCCCCATATA
TCCACLAGGATTCGOGGAAGCCATTIGTTTTCTITATGTCCGATTTTCCGATAGLCAACGGTTCAGATGGLC
TTAGTGTCCCTTGCACGATTCCACAGGAATTTGTGACACACTTCGTAAACGAGCAGGLTCCTACTEGGGE
CGAGGLTGLCITGTTIGCATTACGTAGACCCCGATACCCATAGAAACCTGGGCGAATTCAAACTCTACCETY
GAAGGTTTCATGACTTGLOTACCTAACTCCTCCGGCAGTGGCCCTCAAACCTTGLCGATCAACGLCGTOT
TCACGTTTATCAGCTGGGTTTCACGGTTT TACCAACTCAAGCCCGTCGGAACAACTGGGCCAGTTCGGAG
GCTCGGGATCAGACGGAGITAG
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Figure 28K
Amino acid sequence of VP1_GL3_LHO8 A43V+MST71+594L (SEQ ID NO:174)

MMMASKDAPTNMDGTSGAGOLVPEVSTAEPISMEPVAGAATAVATAGQYNMIDPWIHSNYVOAPQGEFT
ISPNNTPGDILFDLOLGPHLNPFLLHLAOMYNGWVGNMKVRVLLAGNAFTAGKHISCVPPGFAAGNVSIAQ
ATMFPHVIADVRVLEPIEVPLEDVRNVLFHNNDSTPTMRLICMLYTPLRASGSSSGTDPFVIAGRVLTCPSPDF
NFLFLVPPNVECGKTKPFSVPNLPLNVISNSRVPSLIKSMMVYSQDHGOMVQFONGRVTLDGOLGGTTPTSAS
GLOKIRGTVYHATGGOGLNLTEIDGTRYRAFESPARPIGFPDLGECDWHINASPANAFTODGSHHRIDVAGDSTF
APHLGTIHYTNADYNANVGLICSLEWLSPPSGGARPKVNPWAIPRYGSTLTEAAQLAPPIYPPGFGEAIVFEMS
DFPIANGSDGLSVPCTIPQEFVTHFVNEQAPTRGEAALLHYVDPDTHRNLGEFKLYPEGFMTCVPNSSGSGPG
TLPINGVETHOWVSRFYQLKPVGTTGPVRRLGIRRS

Figure 281

Mucleic acid sequence of human codon optimized VP1_GL3_LH08_A43V+MB71+S84L {SEQ 1D
NO:173}

ATGATGATGGLTTCCAAGGATGCTCCCACAAACATGGATGGAACAAGLEGLGLEEEGLAALTIGTGCLG
GAGGTGTCCACGGLGGAACCCATTTCCATGGAACCTGTGGLLGGCGCAGCCACTGITGTGGCCACCGCA
GGACAGGTAAACATGATCGACCCOTGGATCATCTCAAATTACGTTCAGGCTCCACAGGGGGAGTITALCA
TAAGCCCAAACAACACCCOGGGTOACATCTTGTITGACCTGLAGCTAGGACCACACTTGAATCCGTITCIG
CTCCACTTGGLTCAGATGTATAATGGATGGGTTGHARACATGAAGGTGCGCGTECTCCTGGCGHLGCAAT
GCATTCACAGCCGGHAAGATTATTATCTCTTGLGTGLCACCTGOATTTGCAGLCCAGAACGTGTCTATCG
CACAGGCAACCATATTTCCGLATGTCATCOCAGATGTGLGCGTGCTAGAGLCCATCQAGGTGLCLCTTGA
GGACGTGCGLAACGTCLTATTCCATAACAATGATAGLACCCCCACCATGCGCTTIGATATGTATGTTATATA
CTCCCCTCCRUGLLAGTRGGTCCAGCTLCGLGACCGATCCTTTTGTGATIGLTOGGLGGGTGTTCGACTTG
TCCTAGCCCTGACTTCAACTTCCTTITICTGGTGCCTCCAAATGTAGAACAGAAAACAAAGCCATTCAGCG
TGLCAAACCTOCCCOTTAALGTGUTGTCGAATTCCCGAGTGCCTTCCCTTATTAAGTCCATGATGGTATCTY
CAGGATCACGGTCAAATGGTGCAGTTTCAGAACGGCCGAGTGALGTTAGALGGGLAGCTGCAGGGCAL
AACCCCAACCAGTOLCAGTCAGCTGTGTAAGATCAGAGGLACCGTCTACCALGCAACTGGLGGACAGGG
GCTGAATCTTACTGAGATCGATGGTACCCCCTACCATGCATTCGAGTCACCTGCACCTATTGGATTTCCCG
ATCTTGGGGAGTGTGATTGGCATATCAATGCTTCACCTGUCAACGCTITCACAGACGGGTCTATTATTCAT
CGLATTGACGTAGCACAGGATAGCACATTTGLCCCGLACTTGGGTACCATCCACTATACGAALGCAGATT
ACAACGLAAACGTGGGTCITATCTGTAGCCTAGAGTGGCTATCTCCGCCAAGLGGTGGGGCCCCTAAAG
TTAACCCATGGGCTATTCCTCGGTACGGETCTACGUTGACTGAGGLCEGCTCAGCTGGCACCCICCATATA
TCCACCAGGATTCGGGEAAGCCATTGTITTCTTTATGTCCGATTTTCCGATAGCCAALGGTTCAGATGGCC
TTAGTGTCCCTTGCACGATTCCACAGGAATTTGTGACACACTTCGTAAACGAGLAGGCTCCTACTCGSGEG
COAGGCTGLCTTGTTGCATTACGTAGACCCCGATACCCATAGAAACCTGGLCGAATTCARACTLTACCCT
GAAGGTTTCATGACCTGCGTACCTAACTCOTCCGGLAGTGGLCCTCAAACCTTGCCGATCAACGGLGTGT
TCACGTTTATCAGCTGGGTITCACGGTITTACCAACTCAAGCCCGTCGGAACAACTGGGLCAGTTCUGGAG
GCTCGGGATCAGACGGAGCTAG
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Figure 28M {5EQ 1D NO:292)
AA sequence of VP1_GL3_LIIO8 594X, where X =V, |, M, T,E, D, N, Q, K, or H

MMMASKDAPTNMDGTSGAGQLVPEVSTAEPISMEPVAGAATAAATAGOVNMIDPWIMINYVOAPQGE
FTISPNNTPGDILFDLOLGPHLNPFLEHLAQMYNGWYVGNMKVRVLLAGNAFTAGKHISCVPPGFAAQNYSIA
CATMFPHVIADVRVLEPIEVPLEDVRNVEFHNNDSTPTMRLICMLYTPLRASGSSSGTDPFVIAGRVLTCRSPD
FNFLFLVPPNVEQKTHPFSVPNLPLNVLSNSRYPSLIGMMVSQDHGOMYGFONGRVYTLDGRLOGTTPTSA
SOLCKIRGTVYHATGGOGLNLTEIDGTPYHAFESPAPIGFPDLGECDWHINASPANAFTDGSHHRIDVAQGDST
FAPHLGTIHYTNADYNANVGLICSLEWLSPPSGGAPKYNPWAIPRYGSTLTEAACLAPPIYPPGFGEAIVFFMS
DFPIANGSDGLSVPUTIPQEFVTHRVNEQAPTRGEAALLHYVDPDTHRNLGEFKLYPEGFMTCVPNSSGSGPG
TLRPINGVFTFISWVSRFYQLKPVGTTGPVRRLGIRRS*

Figure 28N {SEQ 1D NO:293)

hiod optimized VP1_G1L3_LIDB_S94x; % = V (XXX=GTG}, | {KXX=ATC), M (XXX=ATG), T {XXX =
ACC, E (XXX=GAG), D {(XXX=6GAC), N {(XXX=AAC), Q {¥XX=CAG), K {(XXX=AAG], or H {X0X=CAT)

ATGATGATGGCTTCCAAGGATGLTCCCACAAATATGGATGGAACAAGLGGIGLGGHRGLAALTIGTGCLG
GAGGTGTCLACGGCGGAACCCATTTCCATGGAACCTGTGOLLGECGLAGLCACTGITGCCGLCACCGCA
GGACAGGTAAACATGATCGACCCCTGGATCATSTCAAATTACGTTCAGGLTICACAGGEGGAGTTTACC
ATAAGLCCAAALAACACCCCGRGTGALATCTTGTTTGACCTGLAGLTAGGACCACACTTGAATCCGTTICT
GXUXCACTTGGCTCAGATGTATAATGGATGGGTTGGAAACATGAAGGTGLGCGTGITCCTGGLGGEGCAA
TGLATTCACAGCCGOGAAGATTATTATCTCTTGCGTGCCACCTGGATTTGCAGCCCAGAALGTGTLTATL
GCACAGGCAACCATGTTTCCGCATGTCATCGCAGATGTGLGLGTGLTAGAGCLCATLGAGGTGCLCLTTG
AGGACGTGCGLAALGTCCTATTCCATAALAATGATAGCACCCCCACCATGLGCTTGATATGTATGTTATAT
ACTCCCCTCOGCGCCAGTGGETCCAGCTCCGGGACCGATCCTTTTGTGATTGCTGGGLGEGTETIGALTT
GTCCTAGCCOTGACTTCAACTTCCTITITCTGGTGLCTCCAAATGTAGAACAGAAAACAAAGCCATTCAGC
GTGCCAAACCTGCCCCTTAACGTGCTGTCGAATTCCCGAGTGUCTTCCOTTATTAAGTCCATGATGGTATC
TCAGGATCACGGTCAAATGGTCGCAGTTTCAGAACGGLLGAGTRACGTTAGACGGGCAGCTGTAGGGLA
CAACCCCAACCAGTGLCAGTCAGLTGTGTAAGATCAGAGGCACCGTCTACCACGCAACTGGLGGACAGG
GGCTGAATCTTACTGAGATCGATGGTACCCCOTACCATGCATTCGAGTCACCTGCACCTATTGRATTTCCC
GATCTTGGGCAGTGTCATTGGCATATCAATGLTTCACCTGCCAACGLUTTTCACAGACGGGTITATTATICA
TCOCATTGACGTAGCACAGGATAGCACATTTGCCLLGCACCTGGLTACCATCCACTATACGAACGCAGAT
TACAACGCAAACGTGGGTCTTATCTGTAGCLTAGAGTGGCTATCTCCGLCAAGCGGTGHGGLILITAAA
GTTAALCCATGGGLTATTCCTCGGTALGGGTITACGCTGACTGAGGCCGLTCAGCTGGCACCCCCLATAT
ATCCACCAGGATTCGOGGAAGCCATTGTITICTTTATGTCCGATTTICCGATAGCCAACGGTTCAGATGGEC
CITAGTGTCCCTTGCACGATTCCACAGGAATTTGTGACACACTTEGTAAACGAGLAGGCTCCTACTCGGE
GCGAGGCTGCCTTGTTGCATTACGTAGACCCCGATACCCATAGAAACCTGGGCGAATTCAAACTCITACCC
TGAAGGTTTCATGACCTGUGTACCTAACTCCTCLGGCAGTGGLCCTCAAACCTTIGCCGATCAALGGLGTG
TTCACGTITATCAGCTGGGETTTCACGGTTTTACCAACTCAAGLLCGTCGGAACAALTGGGCCAGTTCGGA
GGCTCGORATCAGACGGAGCTAG
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Figure 294
Amino acid sequence of VP1_GL5S_Siklos_Q84S {SEQ 1D NO:34)

MMMASKDAPSSADGANGAGQLVPEVNNAEPLPLDPVAGASTALATAGOQVNMIDPWIFNNFVOAPQGEFTISPANTE
GOILFDLSLGPHLNPFLAHLSOMYNGWVYONMRVRVILAGNAFTAGKVIICCVPPGFOSRTLMACGATLFPHHADVRTLEP!
EIPLEDVRNTLYHTNDNGPTMRLLOMLYTPLRTGGGSGGTDAFVVAGRVLTCPSSDRNFLFLVPPTVEQKTRPFSVPNIPL
GLLSNSRVPNLIOSMVISPRGAGNVOFONGRCTTDGRQLLGTTPVSVSOILKFRGIVSAGSKVINLTELDGSPFLAFEAPAP
TGFPOLGTSDWHVEMSLNSNSGSSGNPILLRDIHPNGSEFVPHLGSVOVTAMEVAGDYTGTIOWTSQPSNVTRVPDVNE
WTIPHYGSNLAEASQLAPVVYPPGFGEAIVYFMSPIPGPNTAHKPNLYPCLLPQEFVTHFVSEQAPSMGEAALVHYVDPD
TNRNLGEFKLYPEGFITCVPNGTGPOIL PLNGVEVFASWVSREYOQLEPYETASSARGRLEGYRR

Figure 298
Nucleic acid sequence of human codon optimized VPL_GLS_Siklos_QB45 {SEQ 1D NC:35}

ATGATCGATLGCCTCCAAAGACGCTCCTAGCARTECY GATGGLGUTAALGGTGCLG GCCAGCTRLTUCCCRAGGTGA
ATAACGLCGAGLCTCTCLLCTTGGACCCAGTAGCCGGAGUTTCAACGGLLCTAGCTACTGCLGGACAGGTTAATATG
ATTGACCCCTGGATTTTCAATAATTTCGTGCAGGCCCCTCAAGGLGAGTTTACTATAAGCCCTAACAACACACCAGGEG
GATATTCTGTTCCACCTGAGLTTAGGCCCTCATCTCAACCCOTTCT TRGCCLALCTGAGCCAGATLTACAATLGCTGG
GTGGOLAACATGUGAGTGAGAGTTATCCTLGLAGGGAACGLCTITACCGLTGGTAAGGTGATCATTIGTTGIGTAL
CACCTOGATTCCAGTCTAGGACATTAAGTATTGCGCAAGCTACCCYTCITTCCTCATATCATCGCLRACGTGLGRACAL
TAGAGCCCATCGAGATCCCALTGGALGATLTCCGGAATACCOTGTACCATACCAALGATAATCAGCLCACTAT GAGE
TTACTGTRCATGCTGTACACGCCACTCCGGACTGGTGGRGGCAGTGGRGERALCGATGCTTTLOTCGTTRLCGGTA
GGGTGLTCACTTGLCCETCATCTGACY TTAACTTCCTATTICCTT G TR CLCCCAACGGTGGAALAGAAAAL GAGACOYTT
TTTCCOTACCTAACATCLCTTTACAGCTCCTAAGCAATAGCAGAGTACCTAACCTGATCCAATCCATGGTTCTTAGCCC
TCATCAAGLCOGCAGAACGTACARTTTCAGAACG GG CGGTGCACCACAGATGRLCAGLTGCTTGRTACAACTCCLGTC
TCCGTGTCTCAGATACTTAAGTTTCGCGGLAAGGTCTCLOCTGGATCCAAAGTAATCAACCTCACTGAGLTTGATGG
CTCTCCCTTTCTGGUGTTCGAGGLGLLCGCCCCAACAGGLTTTCCAGACCTGGGAACATCCGATTGGCATGTIGAGA
TGAGTCTGAATAGCAACTCCCAGTCTTCTGGCAATCCAATACTGLTCLRCRATATCCATCCTAATTCTAGLGAGTTCG
TTCCACACCTGGGTICTOTGTGUGTGALGEUTGLAATAGAGGTGLITGGLGACTACALGGGTACCATTCAGTGGALC
CTCTCAGCCAAGTAACGTRACCCCTRTGLCAGALGTTAACTTITTGCACAATTCCACACTACGGCTCTAACTTGGCCGA
AGEATCCCAGCTTGLCCCOGTTGTATATCLCCCAGGCTTTCGCGAAGLAATAGTITATTTTATGTCCCCAATCCITGE
ACCTAACACAGCACACAAGLCAAACCTCGTCOCATGCCTGOTGCCCCAGGAGTTCGTGACTCATITCGTTTCGGAALA
AGCCCCATCAATG GGG GAGGCCOLLCTGOTCCALTACGTOGATCCAGATACCAATCGGAATCTREGAGAATTCAAA
CTCTACCCTGAAGGATTCATTACATGTGTGLCLAATGGAALAGGACCGUAGCAGCTCCCACTGAACGGTGTOTTIGT
ATTCGCATCATGGGTTAGCCGETICTATCAALTTAAACLCGTGGGGACAGCTTCATCTGLCLGGGGGLGLLTTICGLG
TECLGCGCTGEA
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Figure 28C
Amino acid sequence of VP1_GL5S_Siklos_AB4L (SEQ 1D NG:36}

MMMASKDAPSSADGANGAGOLYPEVNNAEPLPLDPVAGASTALATAGOVNMIDPWIFNNEVOAPGGEFTISPNNTP
GRHLFDLOLGPHLNPRLLHLSOMYNGWYGNMRVRVILAGNAFTAGKVRCCVPPGFQSRTLIACATUFPHBADVRTLERI
EIPLEDVRNTLYHTNDNOQPTMRLLCMEYTPLRT GG GGG TDARVVAGRVLTURSSDENFLELVPPTVEGKTRPFSVENIPL
QLLSNSRVPNLIQSMVLSPDOAGNYOFONGRCTTDGOLLGTTPYSVSQILKFRGKYSAGSKVINLTELDGSPFLAFEAPAP
TGFPDLGTSDWHVEMASLNSNSOSSCNAILLRDIHPNSSERFVPHLGSVOVTAAIEVAGDY TR TIOW TSP SNVTPYPDYNF
WTIPHYGSNLAEASGLAPVVYPPGRGEAIVYFMSPIPGPNTAHKPNLYPCLLPOEFVTHRVSEQAPSMGEAALYVHYVDPD
TNANLGEFKLYPEGHTCVPNGTGPQOLPLNGVRVEASWVSREYOLKPVGTASSARGRLGVER

Figure 28D
Nucleic acid sequence of human codon optimized VP1_GLS_siklos_AS4L {SEQ 1D NO:37}

ATGATGATGGCCTCCAAAGACGCTCCTAGCAGTRCTGATGGLGLTAACGGTGCCGGLCAGCTGRTCCCLGAGGTGA
ATAACGLCGAGLLTCTCCLCTTGRACCCAGTAGCCGGAG T TCAACGGLCCTAGCTACTGCLGRACAGGTTAATATG
ATTGACCCCTGGATTTTCAATAATTTCGTGCAGGLCCCTCAAGGLGAGTTTACTATAAGCCCTAACAACACACCAGGEG
GATATTCTGTTCCACCTGCAGTTAGGCCCTCATCTLAACCCOTTCT TRUY CCALTTGAGCCAGATR TACAATGGLTGE
GTGGGLAACATGUGAGTGAGAGTTATCCTCGLAGGGAACGCCTTITALCGCTGGTAAGGTGATCATTTGTTGCGTAC
CACCTGGATTCCAGTCTAGGACATTAAGTATTGCGCAAGCTACCCTCTTTCCTCATATCATCGLCGACGTGCGRALAL
TAGAGCCCATCGAGATCCCALTGGALGATGTCCGGAATACCOTGTACCATACCAALGATAATCAGCLCACTAT GAGE
TTACTETGCATGCTGTACACGLCACTCCGGACTGGTGGGGGLAGTGEGEGRACCGATGITTTCGTCGTTGLLGGTA
GGRTGCTCACTTRCCCGTCATCTRACTTTAACTTCCTATTCCTTG TG CLOCCAACGGTGGAACAGAAAALGAGALLTT
TIYCCOTACCTAACATCLCTTTACAGCTCCTAAGCAATAGCAGAGTACCTAACCTGATCCAATCCATGR TTCITAGCCC
TGATCAAGLGCAGAALGTACAGTTTCAGAACGGGLGGTGCALCACAGATGGLCAGCTGUTTGGTACAALTCCLGTC
TCCGTGTCTCAGATACTTAAGTTTCGLG GLAALGTETCLGITGRATCCAAAGTAATCAACCTCACTG ALY THRATGG
CTCTCCLTTTCTGOUGTICGAGGLGLCCGCCLLAACAGGUTTTCCAGACCT GG GAACATCCGATTGRLATGTCGAGA
TGAGTLTGAATAGCAACTCCCAGTCTTCTGGCAATCCAATALTGCTCCGLGATATCCATLCTAATTCTAGLGAGTICG
TTCCACACCTGLETICTOTGTGLGTGACGLITGLAATAGAGGY GGLTGGLGALTACACGGGTACCATICAGTGRAL
CTCTCAGCCAAGTAACCTGACCCCTGTGCCAGACGTTAACTTTTGGACAATTCCACACTACGGCTCTAACTTGGLCGA
AGCATCCCAGCTTRCCCCCOTTGTATATCCCCCAGGCTT TG GCGAAGCAATAGTITATTITATGTCCCCAATCCOTGE
ACCTAACACAGCACACAAGCCAAACCTCGTCLCATRCCTGUTLRCLCCAGGAGTTCOTRACTCATTTCGTTTCGGAALA
AGCCCCATCAATGGGGRAGGCLGLCCTGETCCACTACGTGGATCTAGATACCAATCGGAATCTGGGAGAATTCAAA
CTCTACCOTGAAGGATTCATTACATGTGTGCLCAATGGAACAG RACCGLAGLALLTCCCALTGAACGGTGTCTITGT
ATTCGCATCATGGGTTAGCLGGTTCTATCAALTTAAALCCGTGGGGACAGCTTCATCTGLLCGLGGRGLGLLTIGELG
TGCGGELGLTGA

Figure 29E
Aming acid seguence of VP1_GLS stklos_Q845+A%4L {SEQ D NO:38)

MMMASKDAPSSADGANGAGQLVPEVNNAEPLPLDPVAGASTALATAGQVNMIDPWIFNNFVOAPQGEFTISPNNTP
GDILEDLSLGPHINPRLLHLASOPIYNGWVYGNRMRVBVILAGNAFTAGRVHCOVPPGROSRTLSIARATLFPHHADVRTLEP

EIPLEDVRNTLYHTNDNGPTMRLLOCMLYTPLRTGGGSGGTDAFVVAGRVLTCPSSDFNFLFLVPPTVEQKTRPFSVPNIPL
GLLSNSRVPNLIOSMVISPRGAGNVOFONGRCTTDGOQLLGTTPVSVSOILKFRGKVSAGSKVINLTELDGSPEFLAFEAPAP
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Figure 29E {cont}

TGFPOLGTSDWHVEMSLNSNSGSSGNPILLRDIHPNSSEFVPHLGSVOVTAMEVAGDYTGTIOWTSQPSNVTRVPDVNE
WTIPHYGSNLAEASQLAPVVYPPGFGEAIVYFMSPIPGPNTAHKPNLYPCLLPQEFVTHFVSEGAPSMGEAALVHYVDPD
TNRNLGEFKLYPEGFITCVPNGTGPOIL PLNGVIVFASWVSREYOLKPYCTASSARGRLGYRR

Figure 29F
Nucleic acid sequence of human codon pptimized VPL_G1.5_siklos_(1845+A341L (5EQ 1D NOD:39)

ATGATGATGGLCTCCAAAGALGLTCCTAGCAGTGCTGATGGCGCTAACGHTGLLGGLLAGUTGGYCLLCGAGLRTRA
ATAACGCCGAGCCTCTCCCCTTGGACCCAGTAGLLGGAGCTTCAALGGCCCTAGCTACTGLCEGACAGGTTAATATG
ATTRACCCCTGRATTTTCAATAATTTCGTGCAGGCCCCTCAAGGCGAGTTTACTATAAGCCCTAACAACACALCAGRG
GATATTCTGTTCGACCTRAGCTTAGGLCCTCATOY CAACCCCTTCTT GCTCCACCTGAGLTAGATGTACAATGL TG
GTGGGLAACATGLOAGTGAGAGTTATCCTCGCAGGGAACGLCTTTALCGUTGGTAAGGTGATCATTIGTTGCGTAC
CACCTGOHATTCCAGTCTAGGACATTAAGTATTGCGCAAGTTACCCTCTTTCCTCATATCATCG LCGACGTGCGGALAC
TAGAGCLCATUGAGATCLCACTOGAGGATGTCCGGAATACCCTGTACCATACCAACGATAATCAGLCCACTATGAGS
TTACTGTGCATGLTGTACACGLCACTCCGRALTGGTGGGEGLAGTGGGGGGACCGATGLTTTCGTCGTTGCCGGTA
GLRGTGCTCACTY GCCCLTCATCTGACTTTAACT TCCTATICCTIG TG LCCCLAALGRTGRAACAGAAAACGAGACCTY
TITCCGTACCTAACATCCOTTTACAGLTCCTAAGCAATAGCAGAGTACCTAACCTGATCCAATCCATGGETTCTTAGLCL
TEATCAAGCGCAGAALGTACAGTTTCAGAACGGGLGRTRIACCACAGATOGCCAGCTRITTRGTACAACTCLCGTC
TCLGTGTCTCAGATACTTAAGTTTCGCOGCAAGGT CTCCGCTLGATCCAAAGTAATLAALCTCALTCAGCTTGATGE
CTCTCCCTTTOTGGLGTTCCAGGUGCLCGLLCCAACAGRITTTCCAGALCTGRGAACATULGATTGGLATGTLGAGA
TGAGTCTGAATAGCAACTCCLAGTCTTCTGR CAATCCAATACTGCTCCGCGATATCCATCCTAATTCTAGCGAGTICG
TTCCACACCTGGGTTCTGTGTGCGTGACGGCTGLAATAGAGGTGGCTGRCGACTACACGGGTALCATTCAGTGGAL
CTCTCAGCCAAGTAACGTGACCLOTGTGLCAGALGTTAACTTTTGGACAATICCACALTACGGCTLTAALTTGGLCGA
AGCATCCCAGCTTGCCCCCETTIGTATATCCCCCAGLUTTIGOGCRAAGCAATAGTTTATTTTATGTCCCCAATLLCTRG
ACCTAACACAGCACACAAGCCAAACCTCGTCCCATGLCTGUTGLCCCAGGAGTTCG TGACTCATTTCGTTTCGGAACA
AGCCCCATCAATGOGRGAGRLCGLCCTGRTCCACTACGTGGATCCAGATACCAATLGOAATCTGGRAGAATTCAAA
CYCTACCCTGAAGGATTCATTACATLTGTGLCCAATGLAACAGGACCGCAGCAGCTCCCACTOAALGRTGTCTTTGT
ATTCGCATCATGGETTAGCCRGTTCTATCAACTTAAACCCGTGGRGACAGCTTCATCTGLCCGREGGLECITTIEGLG
TGCGGLGITGA

Figure 289G
Amino acid seguance of VP1_ GL7/GARDA3/USA/2014 R84S {SEQUID NO:177)

MMMASKDAPSNMDGTSGAGOLVPEVNAAEPLPLEPVVGAATAVATAGOVYNMIDPWIMNNIVOAPEGE
FTISPNNTPGDILFDLSLGPHINPFLLELSGMYNGWVYGNMRVRVMLAGNAFSAGKINCCYPPGFESCNISIG
OATMFPHVIADVRVLEPIEVPLDDVRNVLFHTNENRPTMRLLCMLYTPLRAGGASSGTDPFVIAGRVLTCPAR
DFNFLFLVPPOVECGKTROLTIPNIPLNNLANSRYPAMINKMTVSADONQVVOFQNGRCTLEGGLLGTTPVSA
NOVARIRGKVFSTNSGTGLNLTEVDGTPYHAFESPAPLGFPDHGNCDWHVYYAFKYNONTGDPMYRLIITQG
NSFAPHLGSIEFSSENHPSGDGLGTLTWISPLNNASRYDPWKIPTYGSTLTESTNLAPPIFPPGFGEAIVYFMSD
FPIVBGNTAGQIPCTLPQEFVASFVEQOAPIRGEAALLHYVDPDTHRNLGEFKLYPDGRITCVPNTGGGPONLPS
NGVFVFSSWVSRYYOLKPVGTTGPVRRLGYRRV
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Figure 28H

Nucleic acid sequence of human codon optimized VP1_ GL7/GAS043/U5A/2014_R84S {SEQID
NO:176)

ATGATGATGGLCAGCAAGGALGITCCGAGTAACATGGACGECACTICGGHRCELGHOBLAGITGETGLC
CGABGTCAATOQULGCAGAACCALTICCTCTTGABCCOGTCGTTGGLGCCOGLCACAGCTGTCGCAALTGCA
GGCCAAGTCAATATOATCGACCLGTGGATAATGAACAATTTCGTTCAGGCACCAGAAGLAGAATTCALL
ATCTCCCCCAATAACACCLCAGGGGATATTCTGTTTGACCTCAGCTTAGGALCLCACTTGAACCCCTTICY
GCTTCATCTCTCACAAATGTATAATGECTGLGTCGGGAATATGLGCGTGLGGGTGATGLTAGCCGGLAA
TGCTITTICTGCAGGCAAGATTATCATTIGCTGCGTTCCTCCTGGATTCGAATCTCAAAATATCAGLATIG
GTCAAGCAACCATGTTTCCACATGTGATCGCTGATGTTCGLGTCCTGGAACCCATTIGAAGTTCCTCTCGAL
GACGTGAGAAATGTTCTCTTCCACACCAACGAGAATAGGCCGACTATGAGACTTCTGTGTATGCTCTACA
CCCCATTAAGAGLCGGGLGAGCATCCTCAGGTACTGACCCATITGTGATTGLCGGGLGGGTGUTCACAT
GUCCGGCTCCAGACTTITAACTTCCTTITCTTGGTGLCACCCAGTGTTGAACAGAAAACCAGACAGCTTACC
ATCCCAAATATCCOATTGAACAATCTCGOCAACAGCAGGGTGLCAGCAATGATAAACAAARATGACAGTCA
GTGCTGACCAGAALCAGSTAGTCCAGTTTCAGAACGECAGATGCACGCTTGAGGGCCAACTGLTTGGRGA
CQACCCCAGTCTCCGUGAACCAGGTGGLICGAATCCGLGETAAAGTITTCAGTACAAACTCCGGLACTS
GLLTTAACCTCACAGAGGTTGACGGLACTCCCTATCATGLITITGAGTCTCCAGCCCCTICTTGGCTITCLL
GATATAGGCAACTGTGACTGGLACGTTTATGLGTTTAAAGTAAACCAGAACACCGGLGATCCTATGTATA
GGTTGGATATAACACAAGGTAATTCATTCGCCCCACACTTGGGTAGCATCGAGTTCAGTTCAGAGAALCA
TCCGAGTOGTCGATCAGCTAGGLACATTGACGTGGATCAGLCCTCTGAATAACGLATCAAGAGTGGATCC
CTGGAAGATCLCTACCTATGGGTCCACTCTGACAGAGAGCALAAATTTGGITCCGCCCATTTTCLLACCLG
GATTCGGCGAGGCCATAGTGTACTTTATGTCTGACTTTCCTATCGTCAGCGGGAATACAGLCCAGATTICCT
TGCACACTGCCACAAGAATTCGTCTCATCCTTTGTAGAGCAGCAGGLACCTATICGAGGTGAGGLLGLLL
TCTTGCACTACGTGGACCCTGACACCCACCGCAATCTTGGLGAGTTTAAGCTGTACCCTGACGGGTTTATT
ACCTGTGTACCCAACACCGGLGGLGRCCCACAAAATTTGCCCAGCAATGGLGTGTITGTCTITTCCICTIG
GGTGTCTCGATACTACCAGCTTAAACCTGTCGGAACTACGGGLCCCGTRLGACGACTCGGLGTGAGGLG
GGTGTGA

Figure 2981
Amino acid sequence of VP1_ GL7/GASD43/USA/2014 MS571{SEQ 1D NO:179)

MMMASKDAPSNMDGTSGAGQLYPEVNAAEPLPLEPVVGAATAVATAGGVNMIDPWHNNEFVOAPEGEFT
ISPNNTPGDILFDLRLGPHLNPFLLHLSGMYNGWVGNMRVRYMLAGNAFSAGKIHCCVPPGFESONISIGQA
TMFPHVIADVRVLEPIEVPLDDVRNVLFHTNENRPTMRLLCMLYTPLRAGGASSGTDPRVIAGRVLTCPAPDF
NFLFLVPPSVECGKTROLTIPNIPLNNLANSRVPAMINKMTVSADONQVVOQFONGRCTLEGOLLGTTPVSANG
VARIRGKVFSTNSGTGLNLTEVDGTPYHAFESPAPLGFPDIGNCDWHVYAFKVYNONTGDPMYRLDITQGNSF
APHLGSIEFSSENRPSGOGLGTLTWISPLNNASRYDPWKIPTYGSTLTESTNLAPPIFPPGFGEAINVYFMSDEP]
VSGNTAGIPCTLPQEFVSESFVEQQAPIRGEAALLHYVDPDTHRNLGEFKLYPDGHITCVPNTGGGPONLPENG
VRYFSSWVSRYYQULKPYGTTGPYRRLGVRRY
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Figure 29}
human codon optimized VPI_ GL7/GAR043/15472014_MBTH{SEQID NO:178)

ATGATGATGGLCAGCAAGGALGITCCGAGTAACATGGACGECACTICGGHRCGLGHOBLAGITGETGLC
CGABGTCAATOQULGCAGAACCALTICCTCTTGABCCOGTCGTTGGLGCCOGLCACAGCTGTCGCAALTGCA
GGCCAAGTCAATATOATCGACCOGTGGATAATCAACAATTTCGTTCAGGCACCAGAAGGAGAATTLACCA
TCTCCCLCAATAACACCCCAGGGRATATTCTGTTTGACCTCAGLTTAGGALLCCACTTGAACCCCTTTLTG
CITCATCTCTCACAAATGTATAATGGLTGGETCGLGAATATGCGLGTGLGGGTEATGLTAGCCGGCAAT
GCTTITTCTGCAGGCAAGATTATCATTTGCTGLGTTCCTCCTGRATTCGAATCTCAAAATATCAGCATTGG
TCAAGCAACCATGTTTCCACATGTGATCGUTGATGTTCGUGTCCTGRAACCCATIGAAGTTCCTCTCGALG
ACGTGAGAAATGTTCTCTTCCACACCAACGAGAATAGGCCGALTATGAGACTTCTGTGTATGETCTACAL
CCCATTAAGAGLLGGGGGAGCATCCTCAGGTACTGACCCATTTGTGATTGLCGGGLGGGTGUTCACATG
CCCGGCTCCAGALTTTAACTTCCTTTTCTT GGTGCCACCCAGTGTTGAACAGAAAACCAGACAGCTCACCA
TCCCAAATATCCCATTGAACAATCTCGCCAACAGCAGGGTGCCAGTAATGATAAACAAAATGACAGTCAG
TGLTGACCAGAACCAGGTAGTCCAGTTTCAGAACGGLAGATECALGCTTGAGGGLCAACTGLTTGGRAL
GACCCCAGTCTCCGLGAACCAGGTGGUCLGAATLCGRGOTAAAGTCTTCAGTACAAACTCCGGLALTGG
CCTTAACCTCACAGAGGTTGACGGCACTCCCTATCATRCTTTTGAGTCTCCAGLICCTITTIGGCTITCCCGA
TATAGGLCAACTGTGACTGGCACGTTTATGLGTTTAAAGTAAACCAGAACACCGGUGATCCTATGTATAGS
TTGGATATAACACAAGGTAATTCATTCGUCCCACALTTGGGTAGCATCGAGTTCAGTTCAGAGAACCATC
CGAGTGGTGATCAGCTAGGCACATTGALGTGGATCAGLCCTUTGAATAACGCATCAAGAGTGGATCLCT
GGAAGATCCCTACCTATGOGGTLCACTCTGACAGAGAGCACAAATTTGGLTCLGCCCATTTTLCCACCLGG
ATTCGGLGAGGLCATAGTGTACTTTATGTCTGACTTITCCTATCGTCAGCGGGAATACAGCCCAGATTCCTT
GCACACTGLCACAAGAATTCGTCTCATCCTTIGTAGAGCAGCAGGCACCTATTCGAGGTGAGGLCGCCCT
CTTGCACTACGTGRACCCTGACACCCACCGLAATCTTGGCGAGTTTAAGCTGTACCCTGACGGGTTTATTA
CCTGTGTACCCAACACCGGCGGLGGUITACAAAATTTGCCCAGTAATGGLGTGTTIGTCTTTTOCTCTTGG
GTGTCTCOATACTACCAGCTTAAACCTGTCGGAACTACGGGLCCCGTGLGALGATTIGGLGTGAGGLGEG
GTGTGA

Figure 29K
Aminoc acid sequence of VP1_ GL7/GAS043/USA/2014_M571+RB4S {SEQ 1D NO:181)

MMMASKDAPSNMDGTSGAGQLYPEVNAAEPLPLEPVVGAATAVATAGGVNMIDPWHNNFVOAPEGEFT
ISPNNTPGDILFDLSLGPHLNPFLLHLSOQOMYNGWVGNMRVRVMLAGNAFSAGKHICCVPPGFESQNISIGQOA
TMFPHVIADVRVLEPIEVPLDDVRNVLFHTNENRPTMRLLCMLYTPLRAGGASSGTDPRVIAGRVLTCPAPDF
NFLFLVPPSVECGKTROLTIPNIPLNNLANSRVPAMINKMTVSADONQVVOQFONGRCTLEGOLLGTTPVSANG
VARIRGKVFSTNSGTGLNLTEVDGTPYHAFESPAPLGFPDIGNCDWHVYAFKVYNONTGDPMYRLDITQGNSF
APHLGSIEFSSENRPSGOGLGTLTWISPLNNASRYDPWKIPTYGSTLTESTNLAPPIFPPGFGEAINVYFMSDEP]
YSGNTAGIPCTLPQEFVSSFVEQQAPIRGEAALLHYVDPDTHRNLGEFKLYPDGHITCVPNTGGGPONLPENG
VRYFSSWVSRYYQULKPYGTTGPYRRLGVRRY
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Figure 294
Human codon optimized VP1_ GL7/GASD43/USAS 2014 MB71+R84S {SEQ 1D NO:180)

ATGATGATGELCAGCAAGGALGLTCLGAGTAACATGGALGGCACTTIGRGLGLGGEGLAGLTGGTGLLTGAGGTC
AATGLCGCAGAALCACTTCCTCITGAGLCCGTLGTT GGG LCGCCACAGCTGTCGCAALTGLAGLLTAAGTCAATATY
GATCGACCCOTGGATAATCAACAATTTCGTTCAGGTALCAGAAGGAGAATTCACCATCTCCCCTCAATAACALTCCAG
GGGATATTCTGTTITGACCTCAGUTTAGGACCCCACTTGAACCCCTTTCTGUTTCATCTLTCACAAATGTATAATGGLTG
GOTCGGGAATATGLGCOTRUOGETGATGCTAGCLGLCAATGOTTTITCTGLAGGCAAGATTATCATITGCTGCGTTC
CTCCTGGATTCGAATCTCAAAATATCAGCATTGGTCAAGCAACCATOTTTCCACATGTGATCGUTGATRTTCGLGTCC
TGGAACCCATTGAAGTICCTCTCRACCACOTGAGAAATCTTCTCTTCCACALCAACGAGAATAGRLCGALTATGAGA
CTTCTGTGTATGUTCTACACLCCATTAAGAGLCG LG GGAGCATCCTCAGGTACTGACCCATTTGTCATTGLCGGHELG
GGTGCTCACATGLCCGGCTCCAGALTTTAACTTCCITTTCTTGGTGCCACCCAGTGTTCGAACAGAAAACCAGACAGLT
CACCATCCCAAATATCCCATTGAACAATCTCLCCAATAGLAGG GTGCCAGCAATGATAAACAAAATGACAGTCAGTG
CTGACCAGAACCAGGTAGTCLAGT T TCAGAACGGLAGATGLACGCTIGAGGGLCAACTGLTTGGGACGACCCCALGT
CTCCGCGAALCAGGTGGCLCGAATCCGGGGTAAAGTITTCAGTACAAACTCCGGCACTGGLCTTAACCTCACAGAG
GTTRACGGCACTCCCTATCATGCTTTTGAGTCTCCAGLCCCTCTTGGLYTTCLOGATATAGGCAACTLTGALTGGLAC
GTTTATGLGTTTAAAGTAAACCAGAATACCGGUGATLCTATGTATAGGTTGGATATAACACAAGGTAATTCATTLGC
CCCACACTTOGGTAGCATCRAGTTCAGTTCAGAGAALCATCCGAGTGGTGATCAGCTAGGCACATTGALGTGGATC
AGLCCTCTGAATAALGUATCAAGAGTGGATCCLTGGAAGATCCCTACCTATGGG TCCACTCTGACAGAGAGLACAAA
TTTGGCTCCGCCCATTTTCCCACCCGGATTCGGCGAGGCCATAGTGTACTTTATGTUTGACTTTCCTATCGTCAGLGE
GAATACAGCCCAGATTCCTTGCACACTGCCACAAGAATTCGOTCTCATCCTT TG TAGAGCAGCAGGLACCTATTCGAL
GTGAGGLCGLLCTCTTGCACTACGTGGACCCTGACACCCACCGCAATCTTGGLGAGTTTAAGCTGTALCCTGAL GGG
TTTATTACCTGTGTACCCAACACCGGLOGLGGLCCACAAAATTTRLCCAGCAATRGCGTGTTTGTCTITICCTCTTIGG
CTGTCTCGATACTALCAGCTTAAACCTGTCGGAALTACGGGLCCCOTRURACRACTCOGLGTGALGLGGGETGTGA

Figure 29M (5EQ 1D NO:290)
AA seguence of VPI_GL7/GAR043/USA/2014_ME7X; where X =L, G, 5, T, N, Q, &, or H

MMMASKDAPSNMDGTSGAGOLVPEVNAAEPLPLERPVVGAATAVATAGOVNMIDPWIXNNFVOAPEGEF
TISPNNTPGDILFDLRLGPHUNPRLLHLSOMYNGWYGNMRVRYMLAGNAFSAGIGHCCVPPGFESONISIGG
ATMFPHVIADVRVLEPIEVPLDDVRNVLFHTNENRPTMRLLCMLYTPLRAGGASSGTDPRVIAGRVLTCPAPD
FNFLFLVPPSVEQKTROLTIPNIPLNNLANSRVPAMINKMTVSADONQVVOQFONGRCTLEGQLLGTTPVSAN
QVARIRGKVFSTNSGTGLNLTEVDGTPYHAFESPAPLGFPDIGNCDWHVYAFKVNONTGDPMYRLDITOGN
SFAPHLGSIEFSSENHPSGDOQLGTLTWISPLNNASRVDPWHKIPTYGSTLTESTNLAPPIFPPGFGEAIVYFMSDF
PIVSGNTAQIPCTLPGEFVSSFVEQQAPIRGEAALLHYVDPDTHRNLGEFKLYPDGHTCVPNTGGGPUONLPSN
GVFVFSSWVSRYYQLKPVGTTGPVRRLGVRRV®
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Figure 29N {SEQ 1D NO:291)

Human codon aptimized VP1_GL7/GARDA3/USAS2014_MB7x K = L XXX=CTG}, G (XXX=GGC), S
POXE=AGT), T 0X=ACC), N {(XXX=AAC), Q (0M=CAG), K (KXX=AAG), or H (XXX=CAC}

ATGATGATGGCCAGCAAGGACGCTCCGAGTAACATGGALGGLACTTCGGGCGLGEGGCAGCTGLETGLC
CGAGGTCAATGULGCAGAALCACTTCCTUTTGAGCCCGTLGTTGGCGLLGTLACAGITGTCGLAALTGECA
GGCCAAGTCAATATGATCGACCCGTGGATANXXAACAATTTCGTTCAGGTACCAGAAGGAGAATTCALC
ATCTCCCCCAATAACACCCCAGGGGATATTICTGTTTGACCTCAGGTTAGGACCCCACTTGAACCCCTTICT
GCITCATCTOTCACAAATGTATAATGGLTGGGTCGGGAATATGLGLGTGLGGGTGATGLTAGCCGGCAA
TGECTTTTTCTGCAGGCAAGATTATCATTIGCTGLGTTCCTCCTGGATTCGAATUTCAAAATATCAGTATTG
GTCAAGCAACCATGTTTCCACATGTGATCGCTGATGTTCGCGTCCTGGAACCCATTGAAGTTCCTITCGAL
GACGTOAGAAATGTTOTCTTCCACACCAACGAGAATAGGLCGACTATGAGACTTCTGTGTATGCTCTACA
CCCCATTAAGAGCCGGEOGAGCATCCTCAGGTACTGALCCATTIGTGATTGCCGGLECGGGTGCTCACAT
GCCCGECTCLCAGACTTTAACTTCCITTTCTTGGTRCCALCLAGTGTTCAACAGAAAACCAGACAGITCALC
ATCCCAAATATCCCATTGAACRATITCGCCAACAGCAGGLTGLTAGCAATGATAAALAAAATGALAGTCA
GTGCTGACCAGAACCAGGTAGTCLAGTTTCAGAALGGLAGATGLACGUTTGAGGGCCAALTGCTTGGEGA
COACCCCAGTCTCOGCGAALCAGGTGGCCLGAATCLOGGETAAAGTCTTCAGTACAAACTLCGGCALTG
GLCTTAACCTCACAGAGGTTGACGGCACTCCCTATCATGUTTTTGAGTCTCCAGCCCCTCTTGGLTTICCC
GATATAGGCAACTGTGACTGGCACGTTTATGCGTTTAAAGTAAACCAGAACACCGGCGATCCTATGTATA
GGTTGGATATAACACAAGGTAATTCATTCGCCCCACACTTGGGTAGCATCGAGTTCAGTTCAGAGAACCA
TCCGAGTGGTGATCAGCTAGGCACATTGACGTGGATCAGCCCTCTGAATAACGCATCAAGAGTGGATLC
CTGGAAGATCCCTACCTATGGGTCCACTCTGACAGAGAGCACAAATTTGGCTCCGCCCATTTTCCCALLLG
GATTCGGCGAGGCLATAGTGTACTTTATGTCTGACTITCCTATCGTCAGCGGGAATACAGCCCAGATICCT
TGCACACTGCCACAAGAATTIGTCTCATCOTTTGTAGAGCAGCAGGCACCTATTCGAGETGAGGLCGLCC
TCTTGCACTACGTGGACCCTGACACCCACCGLAATCTTGGLGAGTTTAAGCTGTACCCTGACGGGTTTATT
ACCTGTGTALLCAACACCGHLRGLGOICCACAAAATTTGLLCAGLAATGGLGTGTTTGTCTITTCLTCYIG
GETGTCTCGATACTACCAGCTTAAACCTGTCGGAALTACGGGLLCCOTRCGACGACTLGGCGTGAGGLG
GGTGETGA

Figure 304
Amino acid sequence of VP1_GH.2_CGMH47_EBDS {SEQ 1D NO:85)

MKMASNDAAPSTDGAAGLVPESNNEVMALEPVAGAALAAPYTGITNHDPWIRANFVQAPNGEF TVSPRNSPGEVLL
NLSLGPELNPYLAHLARMYNGYAGGMEVOQVMLAGNAFTAGKLVFAAVPPHFPVENLSPQOITMFPHVIDVRTLEPVLL
PLPDVRNNFFHYNQKDDPKMRIVAMLYTPLRENGSGDDVETVSCRVLTRPSPDFODFTYLVPPTVESKTKPETLPILTLGELS
NSREPVSIDOMYTSPNEVISVAQCONGRCTLDGELQGTTOLOVSGICAFKGEVT AR LHDNDHLYNVTITNENGSPFDPSED
IPAPLGVPDFQGRVFGVISORDKHNTPGHNEPANRAHDAVYPTYTAQYTPKLGQIQIGTWQTDDLTVNQPVKFTPYGL
NDTOHFNQWVVPRYAGALNINTNLAPSVAPVEPGERLLFFRSYIPLKGOGYGTPAIDCULPOQEWVOHFYOEAAPSMSEVA
LYRYINPDTGRALFEAKLHRAGFMTYSSNTSAPYVVPANGYFRFDSWVYNGQFYSLAPMGTGNGRRRIG
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Figure 30B
Nucleic acid sequence of human codon pptimized VPL_GIL2_CGMH47_E80S_ (3EQ 1D NO:BE)

ATGAAGATGGCATCCAACGACGCCECACLCAGCACAGACGRAGCTGLLGHATTGGTACLLGAGTCTAATAACGAG
GTGATGGCCTTGGAGCCTGTTGCAGGGGLTGLCCTCGLAGLTCCTGTGACCGGGLAGACAAATATCATCGATCCTTG
GATTAGAGCTAATTTCGTGCAAGCCLCAAATGGRGAGTITACGGTCAGCLITAGAAATAGCLLTGGRGAAGTGCTC
CYCAATCTCAGLEY GGLACCAGAACTTAATCCOTACCTOGGCTCACCTGRCCCGRATOTACAATOGATATGLAGRAGS
GATGGAGGTGCAGGTTATGLTGGCTEGCAATGCCTTTACAGCAGGCAAACTCGTTTTCGCAGCCGTCCCTCCTCALT
TCCCAGTTOAAAATCTTTCLCCTCAGCAGATTALCATGTTTCCCCATGTCATCATCRATGTGLGTACCLTGGAALLTGY
GCTGTTGCCTTTACCAGACGTGCGGAATAATTTCTTTCACTATAATCAGAAGGATGACCCAAAAATGCGGATIGTTG
COATGCTTTATACTCCCCTGLGTAGCAATGGTAGTGGGGATGACGTTTTTACAGTGAGTTGTCGGGTACTAACTCGL
CCTTCACCAGACTICGACTTTACGTACTTIGOTGCITCLCACTGTCGAARG CAAAALTAAGCCATTCACACTICCLATCC
TCACCCTCGGAGAACTCTCGAALTCCCGLTTCCUTGTTTCAATTGATCAGATGTACALGTCTCCAARTGAAGTCATTIC
TETGCAGTGTCAGAACGGCAGRTGLACCTTAGACGGTGAACTGCAGGGGACAACGCAGTTGCAGRTCAGTGGAAT
TTGCGCCTTTAAGGGCGAAGTGACAGCTCACCTCCACGACAALGATCATCTCTACAATGTTACTATTACTAATCTLAA
TGGAAGTCCTTICGACCCCTCOGAAGATATTCOCGCTCCALTUGGAGTACCTGALTTTCAGGGALGLGTCTICGGLG
TGATATCACAACGAGATAAGUATAACACACCCGGACATAATGAGCLAGLCAATAGAGLCCALGACR CAGTLEGTTCL
GACCTATACGGLUTCAGTACACCCCAAAGUTCGGLCAGATACAAATCGGGACTTGGCAGALCGATGACCTCACTGTG
AATCAACCTGTRAAATTCACTCCAGTAGGTLTGAATGATACAGACCACTTTAACCAGTGRR TGGTCCCTAGATACGL
CHRGAGCCTTGAALCTAAACACTAALCTTGCCCCTTCLGT TR CALCTGTRTTTCCG GRGGAGLLETIGETOYTLTTTAG
AAGCTATATTCCTCTGAAGGGCGGETATGGTACTCCAGCAATLGALTGCCTGLTACCTCAGGAGTGLGTTCAACATT
TCTATCAARAGGCCGCACCTAGTATRAGCGAGGRTGGCTTTGRTCAGATACATCAATCCAGACACAGRAAGAGCALT
GTTCGAGGULAAGCTGCACAGAGLCGGITTCATGACCGTCTCATCCAATACATCCGCACCCGTAGTAGTCLLCGECA
ACGGGTACTTCAGATTCGACAGTTIGGGTGAATEAGTT T TACTCGTTGGCCCCCATGRGLACAGLGAALGGTIGICG
ACGRATCCAGTAA

Figure 30C
Amino acid sequence of VP1_GH.2_CGMH47_AS(L (SEQ 1D NO:41)

MKMASNDAAPSTDGAAGLVPESNNEVMALEPVAGAALAAPVTGOTNIDPWIRANFVOAPNGEFTVSPRNSPGEVLL
NLELGPELNPYLLHLARMYNGYAGGMEVQVMLAGNAFTAGKLVFAAVPPHFPVENLSPQOQITMFPHVHDVRTLEPVLL
PLPDVRNNFFHYNOKDDPKMRIVAMLYTPLRSNGSGDDVETYSCRVLTRPSPOFDFTYLYPRFTVESKTKPFTLPILTLGELS
NSREPYSIDOMYTSPNEVISVOQCONGROTLOGELQGTTOLQVSGICAFKGEVTAHLBDNEHLYNVTITNLNGSPFDPSED
IPAPLGVPDFOQGRVFGVISORDKHENTPGHNEPANRAHDAVVPTYTAQYTPKLGQIGIGTWQTDDLTVNGQPVKFTPVGL
NOTDHFNOWVVPRYAGALNLNTNLAPSVAPVFPGERLLFFRSYIPLKGGYGTPAIDCLLPQEWVOHFYOQEAAPSMSEVA
LVRYINPDTGRALFEAKLHRAGEMTVSSNTSAPVVVRANGYFRFDSWVYNOQFYSLAPMGTGNGRRRIOQ

Figure 30D
Nucleic acid sequence of human codon optimized VPL_GILZ_CGMH47_ASOL {5EQ ID NO:42)

ATGAAGATGGLATCLAALGACGLOGCACCCAR CALARACGGAGITGCCLGATIGL TALCCGAGTCTAATAALGAG
GTGATGGCCTTGGAGLCTGTTGLAGGGGLTGCCLTIGTAGLTCCTETGACCGGGLAGALAAATATCATCGATCLTTG
GATTAGAGCTAATTTCGTGLAAGCLCCAAATGCGGAGTTTALGOLTCAGLCCTAGAAATAGLCCTGLRGGAALTGETC
CTCAATCTCGAGLTGGGATCAGAALTTAATCLGTALCTGUTCCACCTGGLCCGGATGTACAATGGATATGCAGGAGG
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Figure 30D {cont}

GATGGAGCGTGCAGGTTATGUTGGCTGGLAATGLCTTTACAGCAGGCAAALTCRTTTTCGCAGLCGTCCCTCLCCALT
TCCCAGTTGAAAATCTTTCCCLT CAGCAGATTACCATGTTICCCCATGTCATCATCGATGTGCGTALLCTRGAALCCTGY
GLTGTTGLCTTTACCAGACGTGLGGAATAATTTCTTTCACTATAATCAGAAGGATGACCCAAAAATGLGGATCGTTG
CGATGUTTTATACTCCCCTGUGTAGLAATGGTAGTGGEGATGACGTITTTACAGTGAGTTGTCGGGTACTAALTIGT
CETTCACCAGACTTCGACTTTACGTACTTIGGTGCCTCCCACTGTCLAAAGCAAAACTAAGLCATTCACACTTCLCATCLC
TCACCCTCGGAGAACTCTCGAACTCCCGLTTICCOTGTITCAATTGATCAGATGTACACGTCTCCAAATGAAGTCATTTC
TGTGCAGTGTCAGAALGGCAGGTGCACCTTAGACGG TG AACTGLAGGGGALAACGLAGTTGCAGGTCAGTGGAAT
TTGCGCCTTTAAGGGCGAAGTCACAGCTCALLCTCCACGATAACGATCATCTICTACAATGTTACTATTACTAATCTCAA
TGGAAGTCLTTTCGACCCCTCGGAAGATATTLCCGCTCCALCTCGGAGTACCTGACTTTCAGGGACGCETCITLGGLG
TGATATCACAACGAGATAAGCATAACACACCLGRACATAATGAGLCAGCCAATAGAGCLCACGALGLAGTCGTICC
GACCTATACGGCTCAGTACACCCCAAAGCTCOGCCAGATACAAATUGGGALTTGGCAGACLGATGALCTCALTGTG
AATCAACCTGTGAAATTCACTCTAGTAGGTCTGAATGATACAGACCACTTTAACCAGTGGGTGETCCCTAGATACGE
COGAGCOTTOAACCTAAACACT AACCTTGOCLOTICCGTTGLACCTGTGTITCLG GGHRAGCGETTGCTCTTCTTTAL
AAGCTATATTCCTCTGAAGGGUGGRTATGGTACTCCAGCAATCGACTGCCTGCTALCTCAGGAGTGGGTICAACATT
TCTATCAAGAGGCCRCACCTAGTATGAGCGAGGTGGUTTTGGTCAGATACATCAATCCAGACACAGGAAGALCALT
GTTCRAGGCCAAGCTGCACAGAGCLGGCTTCATGALCGTCTCATCCAATACATCLOCACLCGTAGTAGTCCCCGLLA
ACGGGTACTTCAGATTCGACAGTTCGRTGAATCAGTT T TACTCGTTGGLLLCCATGGGLACAGGRAALGGTIGLLG
ACGGATCCAGTAA

Figure 30F
Amino acid sequence of VP1_GH.2_CGMH47 _EBDS+A0L (SEQUID NO:43)

MIKMASNDAAPSTDGAAGLVPESNNEVMALEPVAGAALAAPVTGOTNHDPWIRANFVOAPNGEFTVSPRNSPGEVLL
NLISLGPELNPYLLHLARMYNGYAGGVIEVOVMLAGNAFTAGKLYFAAVPPHFPVENLOPOQUUTMIPHVIDVRTLERVLL
PLPDVRNNFFHYNOQKDDPKMRIVAMLYTPLRSNGSGODVETVSCRVLTRPSPRFDFTYLVPPTVESKTKPFTLPILTLGELS
NARFPVSIDOMYTEPNEVISVQLONGRCTEDGELQGTTOQLOVSGICAFKGEVTARLHDNDHLYNVTITNENGSPRDPSED
IPAPLGVPDFQGRVFGVISORIKHNTPGHNEPANRAHDAVVPTYTAQYTPKLGQIGIGTWOQTDDLTYNQPVKFTPVGL
NDTDHFNQWVYVPRYAGALNLNTNLAPSVAPVEPGERLLFFRSYIPLKGGYGTPAIDCLLPQEWVOHFYQEAAPSMSEVA
LVRYINPDTGRALFEAKLHRAGFMTVSSNTSAPVVVPANGYFRFDSWVNOFYSLAPMGTGNGRRRIG

Figure 30F

Nucleic acid sequence of human codon optimized VPL_GIL2_CGMH47_ES0S+AS0L (SEQ D
NO:44)

ATGAAGATLGCATCCAACGACGCCECACLCAGCACAGACGRAGCTGLLGLATTGGTACLLGAGTCTAATAACGAG
GTGATGGLCTTGGAGCITGTTGLAGGGGUTGLCCTCGLAGLTCLTGTGALCHGRLAGACAAATATCATCGATCLTIG
GATTAGAGCTAATTTCGTGCAAGCCLCAAATGGRGAGTTITACGGTCAGCLITAGAAATAGCLLTGGRGAAGTGCTC
CYCAATCTCAGLEY GG LACCAGAACTTAATCCOTACCTGCTCCALLTGGLCCGGATGTACAATGRATATGCAGGAGS
GATGGAGGTGCAGGTTATGLTGGCTEGCAATGCCTTTACAGCAGGCAAACTCGTTTTCGCAGCCGTCCCTCCCCALT
TCCCAGTTRAAAATCTTTCLCCTCAGCAGATTALCATGTTTCCCCATGTCATCATCRATGTGLGTACCLTGGAALLTGY
GCTGTTGCCTTTACCAGACGTGCGGAATAATTTCTTTCACTATAATCAGAAGGATGACCCAAAAATGCGGATIGTTG
COATGCTTTATACTCCCCTGLGTAGCAATGGTAGTGGEGATGACGTTTTTACAGTGAGTTGTCGGGTACTAACTCGL
CCTTCACCAGACTICGACTTTACGTACTTIGOTGCITCLCACTGTCGAARG CAAAALTAAGCCATTCACACTICCLATCC
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Figure 30F {cont)

TCACCCTCGGARAACTCTCGAACTCCCGCTTCCOTGTTTCAATTGATCAGATGTACACGTCTCLAAATGAAGTCATTTL
TGTGCAGTGTCAGAALGGLAGGTGCATCTTAGALGGTGAACTGLAGGGGALAACGLAGTTGCAGGTCAGTGGAAT
TTGCGLCTTTAAGGGLGAAGTCACAGLTCACCTCCACGACAACGATIATCTCTACAATGTTACTATTACTAATITCAA
TEGAAGTCOTTTCCACCCCTLGGAAGATATTCCCGCTCLACTCOGAGTACCTGACTTTCAGGGALGLGTCTTCGGLG
TGATATCACAACGAGATAAGCATAACACACCLGGACATAATGAGCCAGCCAATAGAGLLCACGALGLAGTCGTICC
GACCTATACGGLTCAGTACACCCLAAAGCTCGGLCAGATACAAATCGGRACTTGGCAGACCGATGACCTCACTGTG
AATCAACCTGTGAAATTCACTLCAGTAGGTCTGAATGATACAGACCACTTTAACCAGTLGETGETCCLTAGATALGC
COGGAGCCTTGAACCTAAACALT AACCTTGCCLLTTCCGTTGLACCTGTGTTTCLGGGRGAGLGLTTGCICTTCTITAG
AAGCTATATTCCTCTGAAGGGCGGRTATGGTACTCCAGCAATCGACTGCCTGITACCTCAGGARTGRGTTCAACATT
TCTATCAAGAGGCLGLACCTAGTATGAGLGAGGTGGLTTTGGTCAGATACATCAATCCAGACACAGGAAGAGCALTY
GTTCGAGGLCAAGCTGCACAGAGCCGGCTTCATGACCGTCTCATCCAATACATCCGCACCCGTAGTAGTLCLCGICA
ACGRETACTTCAGATTCGACAGTTCGGTGAATCAGTTTTACTCGTTGGCCCCCATGGGLACAGRGAALGGTCGCLG
ACGGATCCAGTAA

FIGURE 306G
Amino acid sequence of VP1_Git2_CGMHAT ASV+EB0S+AZOL {SEQ D NO:182)

MIKMASNDAAPSTDGAAGLVPESNNEVMALEPVAGAALAVPVTGOTNHDPWIRANFVOAPNGEFTVSPRNSPGEVLL
NLSLGPELNPYLLHLARMYNGYAGGVIEVOVMLAGNAFTAGKLYFAAVPPHFPVENLSPOQUUTMIPHVIDVRTLERVLL
PLPDVRNNFFHYNOKDDPKMRIVAMLYTPLRSNGSGDDVFTVSCRVLTRPSPRFDFTYLVPPTVESKTKPFTLRPILTLGELS
NSRFPVSIDOMYTAPNEVISVQLONGRCTEDGELQGTTQLOVSGICAFKGEVTARLHDNDHLYNVTITNENGSPRDPSED
{PAPLGVPDFQGRVIGVISORIKHNTPGHNEPANRAHDAVVPTYTAQYTPKLGQICIGTWOTDDLTYNQPVKFTPVGL
NDTDHFNQWVVYPRYAGALNINTNLAPSVAPVYFPGERLLFFRSYIPLKGGYGTPAIDCLLPQEWVOHFYQEAAPSMSEVA
LVRYINPDTGRALFEAKLHRAGFMTVASNT SAPVVVPANGYFRFDSWVYNGFYSLAPMGTGNGRRRIG

FIGURE 304
Mucleic acid sequence of human codon optimized VP1_GH.2_CGMHA47_A39V+ESDS+AQ0L {SEQ 1D N(:183)

ATGAAGATGGLATCCAALGALGLLGLACCCAGLACAGALGGAGLTGCLGGATTGGTALCCGAGTITAATAALGAG
GTGATGGCCTTGRAGCCTGTTGCAGGGRITGCCCTCGCAGTGCCTGTGACCGG RLAGACAAATATCATCGATCOTT
GGATTAGAGCTAATTTCGTGCAAGCLLCAAATGGGGAGTTTACGGTCAGLCCTAGAAATAGLCCTGGGHRAAGTGCT
CCTCAATCTCAGCUTGGGACCAGAACTTAATCCGTACCTRLTCCACCTGGUCCGGATOTACAATGGATATGCAGGAG
GGATGGAGGTGCAGRTTATRLTGRLTGGCAATGCCTTTACAGCAGGCAAALTCCTTTTCGCAGCCGTLCCTCCCCAL
TTCCCAGTTGAAAATCTTTCCLCTCAGCAGATTACCATGTITCLCCATGTCATCATCGATGTGLG TACCOT GG AALLTG
TECTGTTGCCTTTACCAGACRTGLGGAATAATTTCTTTCACTATAATCAGAAGGATGACCLCAAAAATGLGLATCGTTR
COATGCTTTATACTCCCCTGUGTAGCAATLGTAGTRGGLATGALGTTTTTACAGTGAGT TG TCGGGTACTAACTCGE
CCTTCACCAGACTTCGACTTTALGTACTIGGTGLCTCCOACTGTIGAAAGLAAAACTAAGLCATTCACACTTCCCATIC
TCACCCTCGGARAACTCTCGAACTCCCGCTTCCLTGTTTCAATTGATCAGATGTACACGTCTCLAAATGAAGTCATTTL
TGTGCAGTGTCAGAALGOCARGTGCACCTTAGACGGTRAACTGLAGLGGACAALGCAGTTOCARGTCALGTGGAAT
TTGCGLCTTTAAGGGLGAAGTCACAGLTCACCTCCACGACAACGATIATCTCTACAATGTTACTATTACTAATITCAA
TEGAAGTCCTTTCCACCLCTCOGAAGATATTCCLGETCCACTCOGAGTACCTGALTTTCAGGGALGLGTCTTCGGLG
TGATATCACAACGAGATAAGCATAACACACCCGGACATAATGAGCCAGCCAATAGAGCLCACGALGLAGTCGTICC
GACTTATACGGCTCAGTACACCLCAAAGCTCOGLCAGATALAAATCGGGALTTOGCAGACCGATGACCTCALTRTG
AATCAACCTGTGAAATTCACTLCAGTAGGTCTGAATGATACAGACCACTTTAACCAGTLGETGETCCLTAGATALGC
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Figure 30H (cont)

COGAGLCTTGAACCTAARACACTAACCTTGLCCOTTCLETTGCACCTGTGTTTCCGGGGGAGLGETTGLTCTTCTTIAG
AAGCTATATTCCTCTGAALGGLGLGTATGGTACTCCAGLAATCCACTGLCTLRCTACCTCAGGAGTOGGTTCAACATT
TCTATCAAGAGGCCGCACCTAGTATGAGCGAGGTGLITTIGG TCAGATACATCAATLCAGACACAGGAAGAGCACT
GTTCGAGGLLAAGCTGCATAGAGLCGGLTTCATGACCGTCTCATCCAATACATCCGLACCCGTAGTAGTCCLCGLCA
ACGGGTACTTCAGATTCGACAGTTG GO TRAATCAGTITTALTCOTT GGLICCCAT GG LCACAGGGAALGETCGLCG

ACGGATCCAGTAA

FIGURE 30
Amino acid sequence of VP1_GHL2_CGME4AY_ RE3MEBDSHAQ0L {SEQ D NO:184)

MEKMASNDAAPSTDGAAGLVPESNNEVMALEPVAGAALAAPVTGOTNIDPWHANFVOAPNGEFTVSPRNSPGEVLLN
LSLGPELNPYLLBLARMYNGYAGGMIEVOVMLAGNAFTAGKLVFAAVPPHFPVENLSPOUUTMPPHVIDVRTLERPVLLPL
POVRNNFFHYNGKDDPKMRIVAMLYTPLRSNGSGDDVETVSCRVLTRPSPDFDFTYLVYPPTVESKTKPFTLPILTLGELSNS
RFPVSIDOMYTSPNEVISVOQCONGRCTLDGELQGTTOLOVSGICAFKGEVTAHLHDNDHLYNVTITNULNGSPFDPSEDIP
APLGVYPDFOGRVFGVISGRDKHNTPGHNEPANRAHBAVVPTYTAQYTPKLGOICIGTWOTDDLTVNQPVEFTPVGLND
TOHFNQWVVPRYAGALNLNTNLAPSVAPVFPGERLLFFRSYIPLKGGYGTPAIDCLLPOEWVOHFYQEAAPSMSEVALY
RYINPDTGRALFEAKLHRAGHFMTVSSNTSAPVVVPANGYFREDSWYNQFYSLAPMGTGNGRRRIG

FIGURE 30}
Nucleic acid sequence of human codon optimized VPL_GH.2_CGMH47_ R5331+-EB0S+AS0L {SEQ D NO:185)

ATGAAGATGGCATCCAATGACGCUGCACCCAGLACAGACGGAGLUTGLLGGATTGRTACCCGAGTCTAATAACGAL
GTGATGOLCOTTGGAGCCTLRTTGCAGGGGCTGLCCTOGLAGCYT CCTGTGACCGGGLAGACAAARTATCATCRATICTTG
GATTATCGCTAATTTCGTGCAAGCCLCAAATGGGGAGTTTACGGTCAGLLLTAGAAATAGLILTGGGGAAGTGCTCC
TCAATCTCAGCCTGGGATCAGAACTTAATCCGTACCTGUTCCACCTGGLLCGGATGTACAATGGATATGCAGEAGGG
ATGLAGGTGCAGGTTATGLTGGUTGGCAATRCOYTYACAGCAGGLAAALTCOTTTTCRCAGCLGTCCCTCCLLALTT
CCCAGTTGAARATCTTTCCCCTCAGCAGATTACCATGTTTCCCCATGTCATCATCGATGTGLGTACCCTGGAACCTGT
GCTGTTGCCTTTACCAGACGTGUGRAATAATTTCTTTCACTATAATCAGAAGGATGACCLAAAAATGCGRATCGTIG
COATGCTTTATACTCLCCTOCGTAGCAAT GG TAGT GGLGATCACGTI TTTACAGTGAGTTGTCRGGTACTAALTLGL
CCTTCACCAGACTTCGACTTTACGTACTTGGTGCLTCCCACTG TCGAAAGCAAAALTAAGCTATTCACACTTCCCATCC
FTCACCCTCGGAGAACTCTCRAACTCCLGUTTCCCTGTTTCAATTGATCAGATCTACACGTCTCCAAATGAAGTCATTTC
TCTGCAGTGTCAGAACGGCAGGTGLACCTTAGACGGTGAACTGCAGGGGACAACGCAGTTGCAGGTCAGTGGAAT
TTGCGCLTTTAAGGGCGAAGTGACAGUTCACCTCCACGACAACGATCATCTCTACAATGTTACTATTACTAATCTCAA
FTEGAAGTCCTTTCGALCCCTCGGAAGATATTCCCOCTCCALTCGGAGTACCTRACTITCAGGRACGCRTCTTICGELG
TGATATCACAACGAGATAAGCATAACALACCCGGACATAATGAGLCAGCCAATAGAGLCCALGALGLAGTLGTTCL
GACCTATACGGCTCAGTACACCCCAAAGCTCGGLCAGATACAAATLGOGACTTGRLAGACCGATGACCTCACTGTG
AATCAALCTGTOAAATTCALTCCAGTAGGTCTGAATGATACAGALCACTTTAALCAGT GGG TGGTCCCTAGATACGC
COGAGLCTTGAACCTAAACACTAACCTTGLCCOTTCLETTGCACCTGTGTTTCCGGGGGAGLGETTGLTCTTCITIAG
AAGCTATATTCCTCTGAAGGGLGGGTATGORTACTICAGCAATCGACTGLCTGCTACCTCAGRAGTGGGTTCAACATT
TCTATCAAGAGGCCGCACCTAGTATGAGCGAGGTGLITTIGG TCAGATACATCAATLCAGACACAGGAAGAGCACT
GTTCGAGGCCAAGCTRCACAGAGLLGOCTTCATGACCGTCTCATCCAATACATCLGCALCCGTAGTAGTCCCLGLCA
ACGGGTACTTCAGATTCGACAGTTG GO TRAATCAGTITTALTCOTT GGLICCCAT GG LCACAGGGAALGETCGLCG
ACGGATCCAGTAA
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FIGURE 30K
Amino acid sequence of VP1_GHL.2_CGMH47_A39V+ REIHESCS+ASOL {SEQ 1D N(:18H)

MKMASNDAAPSTDGAAGLVPESNNEVMALEPVAGAALAVPYTGORITNIDPWHANFVOAPNGEFTVSPRNSPGEVLLN
LSLGPELNPYLLHLARMYNGYAGGMEVOVYMLAGNAFTAGKLVFAAVPPHFFVENLSPQQITMEPHVIIDVRTLEPVLLPL
PDVRNNFFHYNQKDDPKMRIVAMLYTPLRSNGSGDDVFTVSCRVLTRPSPDFDFTYLVPPTVESKTKPFTLPILTLGELSNS
REPVSIDOMYTSPNEVISVOLONGRCTLDGELQGTYQGLOVSGICAFKGEVTARLHDNDHLYNVTITNINGSPRDPSEDP
APLGVPDFOGRVFGVISGRDKHNTPGHNEPANRAHDAVYPTYTAQYTPKLGQIQIGTWOTDDLTVNOPVKFTPVGLND
TOHFNOWVYVPRYAGALNINTNLAPSVAPVIPGERLLEFRSYIPLKGGYGTRAIDCLLPQEWVOHFYOEAAPSMSEVALY
RYINPDTGRALFEAKLHRAGFMTVESNTSAPYVVPANGYFRFDSWVYNGOFYSLAPMGTGNGRRRI

FIGURE 30L (SEQ ID NO:187)
Nucleic acid sequence of human codon optimized VP1_GHL2_CGMHAT7_A39V+ RE3IIHERDS+AS0L

ATGAARATOLCATCCAACGACGCCGLACCCAGCACAGACGGAGCTGCCGGATTRGTACLCGAGTCTAATAACGAG
GTGATGGLCTTGGAGCCTGTIGLAGRGGLTGCCCTCGCAGTGCCTGTGACCGG GLAGACAAATATCATCGATLOTT
GOATTATCGCTAATTTCGTGLAAGCCLCAAATLGGRAGTT TALGGTCAGLLCTAGAAMATAGLLCTGGGLAAGTGLT
CCTCAATCTCAGCCTGOGACCAGAACTTAATCCGTACCTGCTCCACCTOGCCLRGATGTACAATGGATATRLAGGAG
GOATGGAGGTGCAGGTTATGLTGGLTGGCAATGCOTTTACAGCAGGCAAALTCGTITTCGCAGCCGTLCCTLCCCAL
TTCCCAGTTGAAAATCTTTCCLCTCAGCAGATTACCATGTTTCCCCATGTCATLATCGATGTGLGTACCCTGGAACCTG
TCCTGTTGLCTTTALCAGALGTGUGRAATAATTTCITTCACTAT AATCAGAAG GATGACCLAAAAARTGLGRATCGTIG
CGATGCTTTATACTCCCCTGLGTAGCAATGGTAGTGGGGATGALGTTTTTACAGTGAGTTGTCGGGTACTAACTCGC
CCTTCACCAGACTTCGACTTTACGTACTTIGGTGCOTCCCACTGTCGAAAGCAAAALTAAGCCATTCACACTTCLCATCL
TCACCCTCRGAGAATTCTCGAACTCOCGCTTCCLY GTTTCAATTCATCAGATGTACACGTCTCCAAATGAAGTCATTTC
TGTGCAGTGTCAGAALGGLAGGTGLACCTTAGACGGETGAALTGCAGGGRACAACGLAGTTGCAGGTCAGTGGAAT
TTGCGUCTTTAAGGGLRAAGTGACAGCTCACCYCCACGACAACGATCATCTCTACAATOTTACTATTACTAATCTCAA
TCLAAGTCCTTTCRACCCCTCGLAAGATATTLLCGLTCCACTCGGAGTACLTGACTT TCAGGBACGLGTCTTIRGCG
TGATATCACAACGAGATAAGCATAACACACCCGGACATAATGAGCCAGCCAATAGAGLCCACGACGCAGTCGTTCL
GACCTATACGGOTCAGTACACCCLARAGUTCGGLCAGATACARATCGGRALTTGGCAGACCGATCGACCTCALTGTG
AATCAACCTGTGAAATTCACTCCAGTAGGTCTGAATGATACAGACCALTTTAACCAGTOEGTGGTCCLTAGATALGC
CGGAGCCITGAACCTAAACACTAACCTTGLCCCTTCCGTTGLACCTGTGTTTCCGRGGGAGCGGTIGCTCTICTITAG
AAGCTATATICCTCTGAAGGGCGGGTATGGTACTCCAGCAATLCALTGCCTGUTALCTCAGGAGT GG TYCAALATT
TCTATCAAGAGGULGCACCTAGTATGAGLGAGGTGGLTTTGGTCAGATACATCAATCCAGACACAGGAAGAGTALT
GTTCGAGGLCAAGLTGCACAGAGCCGGCTTCATRACCOTCTCATCCAATACATCCGCACCCRTAGTAGTCLCCGLCA
ACGGLTACTICAGATTCGACAGTTGGGTGAATCAGTTTTACTCGTTGGCCLICCATGGGUACAGGRAALLGTCGILG
ACGGATCCAGTAA

Figura 314
Aming acid sequence of VP1_GIL3 ling EB(S (SEQ 1D NO:46)

MEMASNDAAPSNDGAAGLYPEISSEAMALEPVAGAAIAAPLTGOONHDPWIMNNFVOAPGGEFTVSPRNSPGEVLLN
LSLGPEINPYLAHLARMYNGYAGGFEVOVVLAGNAFTAGKIFAAIPENFPIDNLSAAQITMOPHVIVDVROLEPVNLPMP
DVRNNFFHYNQGSDSRIRUAMLYTPLRANNSGDDVFTVOCRVLTRPSPDFSENFLVPPTVESKTKPFSLPILTISEMSNSRE
PYPIDSLHTSPTENIVVOCONGRVTLDGELMGTTOLLPSGICAFRGTLTRATSRASDOADTATPRLENYYWHIGLDNLNG
TPYDPAEIHPAPLGTPDFRGKVEGVASORNPDATTRAHEAKIDTTSGRITPRLGSLEISTESGDFDONQPTRFTPVGIGVD
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HEPDFUOWALPDYAGOFTHNMNLAPAVAPNFPGEQLLFFRSQLPSSGGRINGILDCLVYPOEWVOHFYQESAPSQTQY
ALVRYVNPDOTGRVLFEAKLHKLRFMTIAKSGDSPITVPPNGYFRFESWYNPEYTLAPMGTGNGRRRIQ

Figure 318
Nucleic acid sequence of human codon optimized VP1_GHL.3_Jing EROS {SEQ 1D NO:47}

ATGAAAATGGCTTCCAALGATGLAGLACCCTCTARTGATGGLGLTGCLGGACTIGTGCCGGAGATTAGCTCTGAGG
CTATGGCOCTAGAACCAGTAGLCGGGGLAGCLATAGCTGCCCCALTGALTGGLCAGCAGAATATCATTGALLCCTG
CATAATGAACAATTTCORTGLAGLCACCGRGGREGAGAATTICACGETCTICTLOTCGAAACTCCCLCGRGGAGHTTCTICT
TEAATTTGAGCCTGRGCLLTGAAATTAATCCTTATCTGGCCCATCTAGLCCGAATGTALAACGGLTACGLCGGAGET
TTCGAGLTCCAGGTGRTGLTCOCTGRTAACGCCTTCACAGCTGRIAAGATCATTTTTGCAGCAATCCCTCCAAACTTC
CCTATCGATAATCTTAGTGLCGCCLAGATCACAATGTGLCCTCACGTTATCLTAGATGTGAGGCAGCTGGAACCTGY
CAATCTCLCAATGCCLGALGT GLGLAACAACTTCTTTCACTATAACCAGGGATCTGACTCCLGLCTTCGCCTTATLGLT
ATGCTGTACACCCCTCTGAGGRCTAACAATTCCCGAGATGACGTTTTCACTGTGAGTTGTCGAGTCLTGACACGTCC
ATCTCCTGACTTTAGLTTTAATTTCCTCGTGLCCCCCACAGTGGAATCCAARALTAAGCCATTCTCTCTGCCAATTCYT
ACCATTAGCGAAATGTLGAATAGTAGGTTCCCGETGLCCATAGATTCACTGCATACCAGTCCAACAGARAACATIGT
CGTACAGTGTCAGAACGGALGLGTCGALTCTCGACGGHRGAGITTATGGGLACTACLCAGUTGCTGLCCAGCCAGATA
TGCGLCTTCCGCGGCACALTGALTAGAAGLACTTCGCGTGCTTCTGALCAGGLAGATACAGCTACALCAAGGLTGTT
CAATTATTATTOGCATATACAACTCGATAATCTGAATARGCACTCCTTATGALCCAGCCGAG GACATCCLCGLCCCALT
TGGCACCCCOGACTITAGAGGGAAGGTETTTGGAGTGRITTCTCAAAGAAATCCCGACGCAACCALCCGGHECLTAC
GAGGLCAARATCGATACTACATCAGGGLGTTTCACCCCTAAGTTAGGLAGTCTGGAGATATCTALLGAAAGTGGAG
ATTTCGATCAGAACCAGCCAACCCOGTTITACCCCCGTRGGAATCGG GO TTGACCACGAACCLGATTTCCAGCARTG
GGLTCTGLCTGATTACGCAGGLCAGTTCACACATAACATGAATLTTGLLCCCGUT GTGGLCCCCAALTTCCLGGRAL
AACAACTTCTGTTTTTCAGGAGCCAALTGLCTTCCAGLGGLGGLLGATCTAACGGGATTTIGGACTGTITCGTGITCL
AGGAATGGGTGCAGCATTTITACCAGGAGTCLGCRLCCTLCCAGACGCAGRTGRCTCTRGTTAGATATGTCAATLLC
GACACCGGCAGGGTEUTATTTGAGGLARAGLTGCACAAGCTTCGCTTTATGACTATCGCTAAGAGCGGTGATTLGLC
TATTACAGTGCCCCCCAACGGATACTTCAGATTTGAGAGTTGGGTGAACCCATTCTATACCCTGGCCCLCATGGGTAL
AGGCAATOGCAGACGGLGLATUCAGTAA

Figure 31C
Amino acid sequence of VP1_GIL3 Jing_ A90L {SEQ D NO:48)

MKMASNDAAPSNDGAAGLVPEISSEAMALEPVAGAAIAAPLTGOQONHDPWHVINNFVOAPGGEFTVSPRNSPGEVILN
LELGPEINPYLLHLARMYNGYAGGFEVQVVLAGNAFTAGKHFAAIPPNFRIDNLSAAQITMCPHVIVDVRQLEPVNLPMP
DVANNFFHYNQGSDSRLRUAMLYTPLRANNSGDDVETYSCRVLTRPSPDRSFNFLVPPTVESKTUPFSLPILTISEMSNSRF
PYPIDSLHTSPTENIVVOCONGRYTLDGELMGTTOULPS Y CAFRGTETRSTSRASDOADTATPRLFNYYWHIQLDNING
TPYDPAEDIPAPLGTPDFRGKVFGVASORNPDATTRAHEAKIDTTSGRFTPKLGSLEISTESGDFDONGPTRFTPVGIGVD
HEPDFOOWALPDYAGOFTHNMNLAPAVAPNFPGEQLLFFRSOLPSSGGRINGILDCLYPOEWVOHFYQESAPSOQTOY
ALVRYVNPDTGRVLFEAKLHKLRFMTIAKSGDSPITVPPNGYFRFESWVYNPRYTLAPMGTGNGRRRIQ
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Figure 31D
Nucleic acid sequence of human codon aptimized VP1_GH.3_ling_AS0L {SEQ ID NO:49)

ATGAAAATGGUTTCCAACGATGCAGCACCOTCTAATRATGLCGCTGLCGRACTTOTGL LG GAGATTAGETCTGAGS
CTATGGLCCTAGAACCAGTAGLCGOGECAGCLATAGCTGCLCCACTGALTGGCCAGCAGAATATCATTGACLCCTG
GATAATGAACAATTTCGTGCAGGCACCGGRRGGAGAATTCALGGTCTCTCCTCGAAALTCCCCCAGGRAGGTICTCT
TGAATTTGGAALTGGLLUCTCAAATTAATCCTTATOTGUTCCATCTAGLCCGAATOTACAACGGLTACGCCGGAGET
TTCGAGGTCCAGGTGGTGLTCGUTGGTAACGLCTTCACAGCTGGCAAGATCATTTTTGCAGCAATCCCTCCAAALTTC
COYATCOATAATCTTAGTOCLGLCCAGATCACAATGTGCCLTCACGTTATCGTAGATGTCRAGGLAGLY GGAALLTRT
CAATCTCCCAATGLCCGACGTGCGUAACAALTTCTTTCACTATAACCAGG GATCTGACTLCCGCUTTUGCLTTATCGCT
ATGUTGTACACCCCTOTGAGGGCTAACAATTCCGGAGATGALGTTTTCALTGTGAGTTGTCRAGTCCTGACACGTCC
ATCTCCTGACTTTAGCTTTAAT T CCY CGTRCCLCCCALAGTGLAATCCAAAACTAAGLCATTCTCTCTGLCAATTCIY
ACCATTAGLGARATGTCGAATAGTAGGTTCCCGETGLUCCATAGATTCATTGLATACCAGTCCAACAGAAAALATCGT
CGTACAGTGTCAGAACGGACGUGTGACTCTCRACGGGGAGCTTATGOGCACTACCCAGCTGITGCCCAGCCAGATA
TECGCOTTCCGUGHGCACACTRACTAGAALGCALTTCGLGTGUTTCTCACCAGGCAGATACAGLT ACACCAAGGCTGTT
CAATTATTATTGGCATATACAACTCGATAATCTGAATGGCALTCCTTATGALCCAGLCGAGGACATCLCCGLICCALT
TGGLACCCCLGACTTTAGAGGGAAGGTCTTIGRAGTGGCTTCTCAAAGARATCCLGALGCAALCACCLGGGICCAL
GAGGCCAAAATCGATALTACATCAGGGCGTTTCALCCUTAAGTTAGGCAGTCTGGAGATATCTACCGAAAGTGGAG
ATYTTCRATCAGAACCAGCCAACCCGRTTTACCCLOGTGGRAATCGGOGTTRACCACGAALCGRATTTCCAGCAGTG
GGCTCTGCOYGATTACGLAGO CLAGTTCACACATAACAT GAATCTTGCCCLCGCTGTRGCCLCCAACTTICLCGGRAG
AACAACTICTGTTTTTCAGGAGCCAACTGCUTTLCAGCOGLGGLLGATLTAACGGGATTTTGGACTGTCTCGTGLCCC
AGGAATGOLGTRCAGCATTTTTACCAGGAGTCCGCGCCCTCCCAGACGCAGGTGGUTCTGRTTAGATATGTCAATCCL
GACALCGLLAGGGTGCTATTTGAGGCAAAGCTGCALAAGLUTTCGLTTTATGACTATCGLTAAGAGLGGETGATTICECC
TATTACAGTGCCCCCCAACGGATACTTCAGATTTGAGAGTTGGG TGAACCCATTCTATACCCTGGLCCCCATGGGTAC
AGGLAATGGLAGACGGCGGATCLAGTAA

Figure 31E
Amino acid sequence of VPL_GIL3_ling ES0S+AB0L (SEQ 1D NO:50}

MEMASNDAAPSNDGAAGLYPEISSEAMALEPVAGAAIAAPLTGOUNHDPWIMNNEVOAPGGEFTVSPRNSPGEVLLN
{SLGPEINPYLLHLARMYNGYAGGFEVOVVLAGNAFTAGKHFAAIPPNIPIDNISAAQITMUPHVIVDVRQLEPYNLPMP
DVRNNFFHYNOGSDSRLRLIAMLYTPLRANNSGODVETVSCRVLTRPSPDFSFNFLVPPTVESKTKPFSLPILTISEMSNSRF
PYRIDSLHTSPTENIVVQUONGRVTLDGELMOTTQLLPSGICAFRGTLTRSTSRASDOADTATPRUFNYYWHIL DNLNG
TPYDPAEDIPAPLGTPDFRGKVFGVASORNPDATTRAHEAKIDTTSGRFTPKLGSLEISTESGDFDONQPTRFTPVGIGYD
HEPDFOQOWALPDYAGOFTHNMNLAPAVAPNFPGEQLLFFRSQLPSSGGRENGILDCLVPOEWVOHFYQESAPSQTOY
ALVRYVNPDTGRVUFEAKLHKLRFMTIAKSGDSPITVRPNGYFRFESWVNPFYTLAPMGTGNGRRRIQ

Figure 31F
Nucieic acid sequence of human codon optimized VP1_GH.3_Jing EROS+ASDL (SEQUID N(G:51)
ATGAAAATOGCTTCCAALGATGLAGCACCCYCTAATGATGGLGETGCUGGACTTGYGCCEGAGATTAGCTCTGAGE
CTATGGCCCTAGAACCAGTAGLCGGGGLAGCCATAGCTGCLCCACTGALTGGLCAGCAGAATATCATTGALLCCTG

CATAATGAACAATTTCOTGLAGLCACLGRGGHRAGAATTCACGGTCTCTICTCOAAACTCCCLLGGEGAGLTICICT
TCAATTTGAGCCTGEGCLLTGAAATTAATCCTTATCTGCTCCATCTAGCLCGAATGTALAALGGUTACGLLGGAGET
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TTCRAGGTCCAGGTGGTCCTCGLTOGTAACGCOTTCACAGCTOGCAAGATCATTTTTRCAGCAATCCCTCCAAALTIC
CCTATUGATAATCTTAGTECCGCCCAGATCACAATGTGCCCTCACGTTATCG TAGAT GTGAGGCAGLTGGAALLTGY
CAATCTCCCAATGLLCGACGTECGCAACAACTTCTTTCACTATAALCAGGGATCTGACTCCCGCCTTCGLCTTATCGCT
ATGCTGTACACCCCTCTRAGGGLTAACAATTCCGRAGATGACGTTTTCACTRTGAGTTGTCRAGTCCTGACACGTCC
ATCTCCTGALTTTAGCTT TAATTTCCTCGTGCCULCCACAGTOGAATLCAAAACTAAGCCATTCTCTCTGLCAATTCTT
ACCATTAGCGAAATGTCGAATAGTAGGRTTLCCGGTGLCCATAGATTCALTGCATACCAGTCCAACAGAAAALATCLT
COTACAGTGTCAGAACGGACGCGTGACTCTCRACG GG HRAGCTTATGGGCACTACCCAGCTGUTGCCCAGCLAGATA
TCCGCLTTCLGLGGCACACTCACTAGAAGCACTTCOUGTGCTTCTGACCAGGCAGATACAGLTACACCAAGGCTGTT
CAATTATTATTGRCATATACAACTCOATAATCTGAATGRCACTCOTTATGACCCAGCLGAGGACATCCCCGCCLCACT
TGGCACCCCGGACTTTAGAGGGAAGGTCTTTGGAGTGGCTTCTCAAAGAAATCCLGALGCAALCALCLGGGLCCALC
GAGGCCAAAATCGATACTACATCAGGGCGTTTCACCCUTAAGTTAGGCAGTCTGGAGATATCTACCGAAAGTGGAG
ATTTCGATCAGAACCAGCCAACCOGGTTTACCCLCGTGLGAATCGGGETTGACCACGAACCGRATTTCCAGCAGTG
GGCTCTGCCTGATTALGCAGGCLAGTTCACACATAACATGAATCTTGCCCLCGLTGTLGCCCLCAACTTCLLGGGAG
AACAACTICTGTTTTTCAGGAGCCAACTGLCTTCCAGCGGLGRICCGATCTAACGRGATT TTGRACTGTCTCGTGLCLC
AGLAATGRGTGCAGCATTTTTACCAGGAGTCLGLGLCCTLCCACACGCAGGTGGITCTGRTTAGATATGTCAATECC
GACACCOGCAGGGTGCTATTTGAGGCAAAGCTGCACAAGCT TCOUTTTATGACTATCGUTAAGAGLGGTGATTCGCC
TATTACAGTGCCCCCCAALOGATACTTCARGATT TRAGAGTT GGG TGAACCLATICTATACCCTGGLLCCCATGRGTAL
AGGCAATGGLAGALGGCGGATCLAGTAA

Figure 32A
Amino acid sequence of VP1_GH.4_Syd12_A3SV {5E0Q 1D NO:53)

MEKMASSBANPSDGSAANLYPEVNNEVMALEPVYGAAIAVPVAGQONVIDPWIRNNFVOAPGGEFTVSPRNAPGER
WSAPLGPDLNPYLSHLARMYNGYAGGFEVQVILAGNAFTAGKVIFAAVPPNFPTEGLSPSOQVTMFPHIVVDVRQLEPVL
PLPDVRNNFYHYNQOSNOPTIKUAMLYTPLRANNAGDDVETVSCRVLTRPSPOFDFIFLVPPTVESRTKPRSVRVITVEERMT
NSRFPIPLEKLFTGRSSAFVVOPONGRUTTDGVLLGTTOQLSPYNICTFRGDVTHITGORNYTMNLASONWNDYDPTEEP
APLGTPDFVGKIQGVLTUTTRTDGSTRGHKATVYTGSADFAPKLGRVOFETDTDRDFEANGNTHFTRPVGVIGDGGTTHR
NEPQOWVYLPSYSGRNTHNVHLAPAVAPTIPGEGLLFFRSTMPGCSGYPNMOLDCLLPOEWVOYFYOQEAARPAQSTVAL
LREVNPDTGRVLFECKLHKSGYVTVAHTGOHDLVIPPNGYFRFDSWVNQFYTLAPMGNGTGRRRAY

Figure 328
Nuclele acid sequence of human codon optimized YP1_GH.4_Syd12 A9V {SEQID NO:54)

ATGAAAATGGRCCTCGAGTGACGCTAACCCTAGTGATGGLAGCGLCGCCAATCTTGTGCCTGAGGTTAATAATGAGG

TCATGGCCLTGRAGLLTGTGGTOCRLLCAGLLATAGCAGTCLLCGTGGLCGETCAGCAGAATGTRGATTGACCLAT
GATACGCAACAATITIGTCCAAGCLLCTRGTGGGRAGTICACCGTTAGCCCLAGAAATGCGCCAGGAGAAATCCTG

TGGTCGGCCCCATTGGRACCCGATCTGAACCCCTATTTGTCACATCTCGCTCGGATGTACAACGGGTATGLLGGCGE
ATTTGAAGTGCAGGTGATTCTGGUTCGGAALGLETTCALTGCTLGCAAAGTCATCTTTGCAGCGRTGLCTCCCAALY
TCCCCACTGAAGGALTGTCTCCAAGLLAGGTCACAATETTTCCACACATCGTGGTGRALGTACGGLAGLTAGAGLCY
GTCCTGATTCCCCTCCCTGATETACGCAATAATTTCTACCACTACAATCAATCCAATGATCCGACCATTARACTCATLG
CGATGTTGTACALLCCTCTGCGCGCTAACAATGCTGGAGACGALGTATTCACCOGTGTCATOLAGAGTRCTCACCALGA
COTTCACCAGACTTTGACTTTATCTTUTTAGTGLLCCCCCACTGTTGAGAGCLGAACCAAGLCLTITAGTGTCCCLGTAL
TCACAGTCRAGGAGATGACAAATAGCCGCTTTCCAATCCCLOTTRAGAAACTRTTCACAGGACCTTCCTCRGCATTC
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GTGGTTCAGCCACAGAACGGACGLTRCACAALTGACGGLGTGLTGCTCGRAALCACCCAGCTTAGCCLTGTTAATAT
CTGTACGTTTAGAGGCGACGTAALTCACATAACTGGCTCACGGAALTATACCATGAATCTGGCATLACAGAATTGGA
ATCGALTACGACCLAACCGAAGAGATTCCLGLACCTCTTGGAACCLCCGALTTTG TGGRAAAAATACAGGGLGTCCTG
ACACAAACCACCAGAACCRATGRLTCCACACGGGGACACAAGGCAACCOTCTACACTGRLITCTGLCGATTTTGCLCC
GAAALTGGGTAGAGTGUAGTTTGAGACCGACALTGACCGGGALTTTGAAGLLAATCAGAATALTAAGTTCACALLT
GTAGGAGTGATTCAGGACGGLGGLACCALTCACLGGAACGAGLCGCAACAATGLGTCCTGLCLTCTTATAGLGGG
AGGAATACTCATARTGTGCATTTGGCTCCTGLAGTGGCICCCACGTTTCCCGGGLAACAACTGCTCTIVITTCGTICA
ACCATGLCTGGATGCTCCGGATATCCCAATATGGATCTLGATTGUCTGCTCCCACAGGAATGGGTGLAGTATTTTTAT
CAAGAGGCLGCACCAGCCCAATCCGACGTLGCACTICTCCGGTICCTGAATCCARACACAGGCLGLIGTGTTETTTRA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGGLTCATACTGGACAGCATGALCTGGTGATCLCACCUAALGHAT
ATTTTAGGTTCGACTCCTGGGTGAATCAGTTTTATACATTAGCCCCCATGGGRAATGGGACTGGCAGACGLAGGGLT
GTCTGA

Figure 32C
Amino acid sequence of VP1_GHL4_Sydi2 VATP (SEQID NQO:55)

MEKMASSBANPSDGSAANLYPEVNNEVMALEPVVGAAIAAPVAGRONPIDPWIRNNFVOAPGGEFTVSPRNAPGER
WSAPLGPDLNPYLSHLARMYNGYAGGFEVOVILAGNAFTAGKVIFAAVPPNFPTEGLSPSQVTIVIFPHIVVDVRQLEPVL
PLPDVRANNFYHYNOSNDPTIKLIAMLYTPLRANNAGDDVETYSCRYLTRPSPOFDFIFLYPPTVESRTKPFSVPVLTVEEMT
NSREPIPLERLFTGPSSAFVVOPONGROTTDOVLLGTTCLSPYNICTERGDYTHITGSRNY TMINLASONWNDYDPTEEP
APLGTPDFVGKIQGVLTATTRTDGSTRGHKATVYTGSADFAPKLGRVOFETDTDRDFEANGNTKFTPVGVIGDGGTTHR
NEPQOWVLPSYSGRNTHNVHLAPAVAPTFPGEGLLFFRSTMPGCSGYPNMOLDCLLPOEWVOYFYOQEAAPAQSDVAL
LREVNPDTGRVUFECKLHESGYWTVAHTGOHDLVIPPNGYFRFDSWYNQGEYTLAPMGNGTGRRRAY

Figure 32D
Nucleic acid sequencea of human codon optimized VP1_GH.4_Syd12 V47P {SEG 1D NO:56)

ATCGAAAATGGCCTCGAGTGALGUTAACLETAGTRACG GCAGCGLCGCCAATCTTGTGCCTGALGGTTAATAATGARG
TEATGGLLCTGRAGLCTGTGGTOGGLGLAGLCATAGCAGIGLLLGTGGLLGGTCAGLAGAATCLCATTGALCLGTG
CATACGCAACAATTTIGTCCAAGCLLCTRGTGGGRAGTICACCGTTAGCCCLAGAAATGCGCCAGGAGAAATCCTG
TCETCGGCCCCATTGGGACCCGATLTGAACCLCTATITGTCACATCTCGLUTCG GATGTACAALGLGTATGLLGGLGE
ATTTGAAGTGCAGGETGATTCTGGLTGGRAACGCGTTCACTGITGGLAAAGTCATCTTTGCAGCGGTGLITCCCAALT
TCCCCACTRAAGGALTGTCYCCAALLLAGGTCACAATGTTTLCACACATCETGGTGGALGTACGGLAGCTAGAGLEDY
GTCCTGATTCCCCTCCCTGATETACGCAATAATTTCTACCACTACAATCAATCCAATGATCCGACCATTARACTCATTG
COATGTTGTACACCCCTCTGCGCGCTAACAATGCTGGAGACGACGTATTCACCRTGTCATRLARAGTGCTCACCAGA
CCTTCACCAGACTTTGACTTTATCTTCTTAGTGCCCCLCACTRTTGAGAGLLGAALCAAGUCCTTTAGTGTCCLCGTAC
TCACAGTCGAGGAGATGATAAATAGCCGUTTTCCAATCCCCCTTGAGAAACTGTTCACAGGACCTTCCTCGGLATTC
GTGGTTCAGLCACAGAALGRACGCTGLACAACTGALGCCGTRCTGETCLGAACCALCCAGUTTAGLCCTGTTAATAY
CTGTACGTTTAGAGGLGALGTAACTCACATAALTGGLTCALGGAACTATACCATGAATITGGLATCACAGAATTGGA
ATGACTACGACCCAACCGAAGAGATTCCCGCACCTCTTGGAACCCCLGALTTTGTGGGAAAAATACAGGGLGTICTG
ACACAAACCACCAGAACCGATOLGCTCCACACG GG LRACACAAGGCAALLGTCTACACTGGCTCTGCCRATTTTGLCCL
GAAACTGGGTAGAGTGCAGTTTGAGACCGACACTGACLGGGACTTTGAAGCCAATCAGAATACTAAGTTCACACCY
GTAGGAGTGATTCAGRALGGGRGCACCACTCACCGGAALGAGCLGCAACAATGGRTCCTRLCCTCTTATAGLGGR
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AGGAATACTCATAATGTGCATTTGGCTCCTGCAGTRGCTCCCALGTTTCCCOGGRAACAACTGCTCTITITICGTTCA
ACCATGLCTGGATGCTCCGGATATCUCCAATATGGATCTLGAT TGUCTGCTCCCACAGGAATGGGTGLAGTATTTTTAT
CAAGAGGLCGLALCAGLCCAATCLGACGTCRCACTTCTGLGGTICGTGAATCCAGACACAGGLCGLGTRTTETTIGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGGLTCATACTRGACAGCATRACCTGGTGATLCCACCCAACGRAT
ATTTTAGGTTCGALTCCTGGGTGAATCAGTTITATACATTAGCCCCCATGLGGAATGGGACTGGLAGATGCAGGGLT
GTCTGA

Figure 32E
Amino acid sequence of VP1_GHL4_Sydl2 RB3I{SEQ D NO:ST}

MEMASSDANPSDGSAANLYPEVNNEVMALERVVGAAIAAPVAGQONVIDPWHNNFVOAPGGEFTVOPRNAPGEILW
SAPLGPILNPYLSHLARMYNGYAGGFEVOQVHLAGNAFTAGEVIFAAVPENEPTEGLSPSOQVTMFPRIVVDVYROLEPVLIPL
PDVRNNFYHYNOSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDFIFLVPPTVESRTKRFSVPYLTVEEMTN
SREPIPLEXLFTGPSSAFVVOPONGRCTTDGVLLGTTOLSPYNICTFRGDVTHITGSRNYTMNLASONWNDYDPTEEIPAP
LGTPOEVGKIQGVLTOTTRTDGSTRGHEATVYTGSADFAPKLOGRVOFETDTORDFEANGNTEFTPYRVIODGGTTHRNE
POOWVLPSYSGRNTHNVHLAPAVAPTFPGEGLLFFRSTMPGCSGYPNMDLDCLLPOGEWVQYFYQEAAPAQSDVALLR
FYNPDTGRVLFECKLHESGYWTVAHTOOHDLYIPPNGYFRFDSWVYNGFYTLAPMGNGTGRRRAY

Figure 32F
Nucleic acid sequence of human codon optimized VRL_GH.A_Syd12 R93{ (SEQID N{:5E)

ATGAAAATGGCCTCGAGTGACGLTAACCCTAGTGALGGCAGCGCCGCCAATCTTGTGUCTGAGGTTAATAATRAGG
TEATGGLLCTGGAGCLCTGTGLTOGGLGCAGLCATAGCAGCGCLLGTGLLLGGTCAGLAGAATGTGATTGALCCGY
GGATAATCAACAATTTTGTCCAAGLCCCTGGTOGERAGTTCALCGTTAGCLCGAGAAATGLGLCAGGAGAAATLCT
GTGGTCGGLCCCATTLRGGALCCGATUTGAALCCCTATT TG TCACATITCLCTCGGATGTACAALGGGTATLCLGREG
GATTTGAAGTGCAGGTGATTCTGGLTGGGAALGLGTTCALTGLTGGCAAAGTGATCTTTGLAGCRGTGLCTCCTAAL
TTCCCCACTGAAGGACTGTCTCCAAGCCAGGTCACAATGTTTCCACACATCOTRETRGACGTALGGCAGCTARAGCC
TCTCCTOATTCCLOTLCCTGATOGTACGCAATAATTTCTACCACTACAATCAATCCAATGATCCGACCATTAAALTCATC
GCGATGTIGTACACCCCTCTGUGCGLTAACAATGUTGGAGACGALGTATTCACCETGTCATGLAGAGTGCTCACCAG
ACCTTCACCAGACTTTGALTTTATCTICTTAGTGLCCCLCACTGTTGAGAGLLGAAL CAAGLCCTTTAGTGTCLLCGTA
CTCACAGTCGAGGAGATGACAAATAGCCGCTTTCCAATCLCCOTTGAGAAACTGTTCACAGGACCTTCCTCGGCATIC
GTGGTTCAGLCACAGAACGGALGLTGCACAALTGACGLLGTGLTGLTLGGAACCACCCAGITTAGCTCTGTTAATAT
CTGTACG T TAGAGGUGACGTAACTCACATAALTGGUTCACGOAACTATACCATGAATIT GGLATCACAGAATTGGA
ATGACTACGACCCAACCGAAGAGATTCCCGCACCTCTTGGAACCCCLGALTTTGTGGGAAAAATACAGGGLGTICTG
ACACAAACCACCAGAACCGATGGUTCCACACGGGRACACAAGRGCAACCRTCTACACTGGLTCTGCCRATTTTGCCCE
GAAACTGLGTAGAGTGCAGTTTGAGALCGACACTGALLGGGACTTTRAAGCCAATCAGAATACTAAGTTCACALCY
GTAGGAGTGATTCAGGACGGGGGLACCACTCACCGGAACGAGLCGLAACAATGEGTCCTRCCCTCTTATAGLGGG
AGHLAATACTCATAATOTGCATTYGGUTCCTGCAGTGGUTCLCACGTITCLOG LGGGAACAACTLRUYCITTTITCGTICA
ACCATGCCTGHATGUTCCOGATATCCOAATATGGATCTCGATTGLCTGLTCCCACAGGAATGGETGCAGTATTTTTAT
CAAGAGGCCGCACCAGCCUAATCCCGACGTCGLACTTCTGCGGTTCOTGAATCCAGACACAGGCCGLGTGTTGTTTGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGRCTCATACTGOACAGCATGACCTGGTGATCCCACCCAACGGAT
ATTTTAGGTTCGACTCCTGGGTGAATCAGTTTTATACATTAGCCCCCATGRGGAATGGGACTGGCAGACGLAGGGLT
GTCTGA
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Figure 326G
Amino acid sequence of VP1_GIL4_Sydi2 P8OS (SEQ ID NO:58)

MEMASSDANPSDGSAANLYPEVNNEVMALERVVGAAIAAPVAGQUNVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WHASLGPOLNPYLSHLARMYNGYAGGFEVQVILAGNAFTAGKVIFAAVPPNEPTEGLAPSOVTMEPHIVVDVRQLEPVL
PLPDVRNNFYHYNOSNDPTIKUAMLUYTPLRANNAGDDVFTVSCRVLTRPSPDFDRIFLVPPTVESRTKPFSYPVLTVEEMT
NSRFPIPLEKLFTGPSSARVVOPONGRCTTDGVLLGTTQLSPVYNICTFRGDVTHITGSRNYTMINLASONWNDYDPTEEIP
APLOGTPRFVOKIQGVLTOTTRIDGSTROHKATVYTGSADFAPKLGRVOFETDTDRDFEANGONTKFTRVGEVIQDGGTTHR
NEPQOWVLPSYSGRNTHNVHLAPAVAPTEPGEQLLFFRSTMPGCSGYPNMODLDCLLPQEWVOYFYQEAAPAQSDVAL
LRFVNPDTGRVLFECKLHESGYVTVAHTGOHDLVIPPNGYFRFDSWYNGEYTLAPMGNGTGRRRAY

Figure 334
Nucleic acid seguence of human codon optimized VP1_GH.4_Syd12 PRCS (SEC IDNQC:60)

ATGAAAATGGCCTCGAGTGALGLTAACCLTAGTRACGGCAGCGUCGCCAATCTTGTGUCTGAGGTTAATAATRAGG
TGATGGLCCTGGAGLCTRTOLTEGOGCGLAGTCATAGCAGCLCLCGTGRLLGLTCAGLAGAATGTGATTGALCCGT
GOATACGCAACAATTTTGTCCAAGCCLCTGRTGGEGAGTTCACCGTTAGCCCGAGAAATGUGLCAGGAGAAATCCT
GTGGTCGGLCAGCTTGLGACCLGATCTRAACCCCTATTYGTCACATCTCGOTCLGATORTACAACGGL TATGLCGGEG
GATTTGAAGTGCAGGTGATTCTGGCTGGGAALGLGTTCALTGCTGGCAAAGTGATCTTTGCAGCGGTGCCTCCCAAL
TTCCCCACTGAAGGACTGTCTCCAAGCCAGGTCACAATETTTCCACACATCGTGGTGGACGTACGGCAGCTAGAGCE
TCTCCTOATTCCLOTCCCTRATOTACGCAATAATTTCTACCACTACAATCAATCCAATGATCCGACCATTAAALTCATC
GCGATGTIGTACACCCCTCTGUGCGLTAACAATGITGGAGACGALGTATTCACCGTGTCATGLAGAGTGCTCACCAG
ACCTTCACCAGACTITRACTTTATCTICTTAGTGLCCLCCACTRTTGAGAGLCGAACCAAGCCCTTTAGTGTCLLLGTA
CTCACAGTCGAGGAGATGALAAATAGCCGCTTTCCAATCCCCOTTGAGAAALTOTTCACAGGACCTTCLTCRGCATYC
GTGGTTCAGCCACAGAALGGACGLTGCACAALTGACGLLGTGLTGLTCGGAACCACCCAGITTAGCCCTGTTAATAT
CTGTACG T TAGAGGUGACGTAACTCACATAALTGGUTCACGOAACTATACCATGAATIT GGLATCACAGAATTGGA
ATGACTACGACCCAALCGAAGAGATTCCCGCALLTUTTGGAACCLLLGALTTTGTGGGAAAAATACAGGGLGTLCTE
ACACAAACCATCAGAACCGATGGUTCCACACGGGEGALACAAGGLAACCGTCTACACTGGLTCTGCCGATTTTIGLCLC
GAAACTGLGTAGAGTGCAGTTTGAGALCGACACTGALLGGGACTTTRAAGCCAATCAGAATACTAAGTTCACALCY
GTAGGAGTGATTCAGGACGGGGGLACCACTCACCGGAACGAGLCGLAACAATGEGTCCTGCCCTCTTATAGLGGG
AGRAATACTCATAATGTGCATTTGRLTCCTGCAGTGGLTCLCACGTTTCLOGRGGAACAACTRLTCITITITCGTICA
ACCATGCCTGRATGLTCLGGATATCCLAATATOGATUTCRATTGLCTOUYCCLACAGRAATGRGTGCAGTATTTTTAY
CAAGAGGCCGCACCAGCCUAATCCCGACGTCGLACTTCTGCGGTTCOTGAATCCAGACACAGGLCGLGTGTTGTTTGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGRCTCATACTGOACAGCATGACCTGGTGATCCCACCCAACGGAT
ATTTTAGGTTCGALTCCTGGGTGAATCAGTTTTATACATTAGCCCLCATGGGLAATG GGACTGGCAGACGCAGGGLT
GTCTGA

Figure 321
Amine acid sequence of VP1_GILA_Syd12_S30L {SEQ 1D NO:61)

MKMASSDANPSDGSAANLVPEVNNEVMALEPYVGAAIAAPVAGLONVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WSAPLGPDLNPYLLHLARMYNGYAGGFEVOVILAGNAFTAGKVIFAAVPPNFPTEGLSPSQVTMEPHIVVDVROLEPVLU
PLPDVRNNFYHYNQSNDPTIKUAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDHFLVPPTVESRTKPRSVPVLTVEEMT
NSRFPIPLEKLFTGPSSAFVVOPONGRCTTDGVLLGTTOLSPYNICTFRGDVTHITGSRNY TMINLASONWNDYDPTEEIP
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APLGTPRFVGKIQGVLTOTTRTDGSTRGHKATVYTGSADFAPKLGRVYOFETDTDRDFEANGNTKFTPVGVIOGDGGTTHR
NEPQOWVLPSYSGRNTHNVHLAPAVAPTFPGEGLLFFRSTMPGCSGYPNMOLDCLLPOEWVOYFYOQEAAPAQSDVAL
LREVNPDTGRVUFECKLHESGYWTVAHTGORDLVIPPNGYFRFDSWYNQGEYTLAPMGNGTGRRRAY

Figure 32)
Nucleic acid sequence of human codon optimizad VP1_GH.4_Syd12 S90L {SEQ IDND:62}

ATCAAAATGGCCTCGAGTGALGITAACLETAGTOACG GCAGCGUCGCCAATCTTGTGCCTGALGGTTAATAATGARG
TEATGGLLCTGRAGLCTGTGGTGGGLGLAGLCATAGCAGIGLLLGTGGLLGGTCAGLAGAATGTGATTGACCCEY
GGATACGCAACAATTTTGTCCAAGCCCLTGETGGLGAGTTCACCGTTAGLCCGAGAAATGLGLCAGGAGAAATCCT
GTGGTCGGLCCCATTRGGALCCGATUTGAACCCCTATTIRCTGEATCTCGCTLG RATGTACAACGGETATGLCRGCG
GATTTGAAGTGCAGGTGATTCTGGLTGGGAALGLGTTCALTGLTGGCAAMAGTGATCTTTGCAGCGGTGLCTCCTAAL
TTCCCCACTGAAGGACTGTCTCCAAGCCAGGT CACAATGTTTCCACACATCGTGRTRGACGTALGGCAGCTAGAGCL
TCTCCTGATTCCCCTOLCTGATOTACGCAATAATTTCTALCACTALAATCAATCCAATGATCCGACCATTARALTCATC
GCGATGTIGTACACCCCTCTGUGCGLTAACAATGITGGAGACGALGTATTCACCETGTCATGLAGAGTGCTCACCAG
ACCTTCACCAGACTTTGALTTTATCTICTTAGTGLCCCLCACTGTTGAGAGLLGAAL CAAGLCCTTTAGTGTCLLCGTA
CTCACAGTCGAGGAGATGACAAATAGCCGLTTTCCAATCCCCCTTGAGAAACTGTTCACAGGACCTTICCTIGGCATTC
GTGGTTCAGCCACAGAACGRACGLCTGLACAACTRALGGCGTRCTGLTCGGAACCACCCAGCTTAGLCCTRTTAATAT
CTGTACG T TAGAGGLGACGTAACTCACATAALTGGUTCALGOAACTATACCATGAATIT GGLATCACAGAATTGGA
ATGACTACGACCCAACCGAAGAGATTCCCGLACCTCTTGGAALCCCLGALTTTGTGGGAAAAATACAGGGLGTICTG
ACACAAACCACCAGAACCGATOGCTCCACACG GG RACACAAGGCAALCGTCTACACTGGCTCTGCCRATTTTGLCCD
GAAACTGLGTAGAGTGCAGTTTGAGALCGACACTGACLGGGACTTTGAAGCCAATCAGAATATTAAGTTCACACCY
GTAGGAGTGATTCAGGACGGGGGLACCACTCACCGGAACGAGLCGLAACAATGEGTCCTRCCCTCTTATAGLGGG
AGHLAATACTCATAATOTGCATTYGGUTCCTGCAGTGGUTCLCACGTITCLOG LGGAACAACTLRUYCITITITCGTICA
ACCATGCCTCGATGCTCCGGATATCCCAATATGGATCTCGATTGLLTGUTCLCALAGGAATGGGTGCAGTATTTTTAT
CAAGAGGCCGCACCAGCLCAATCCGALGTCGCACTTCTGLGLTTCOTRAATCCAGACACAGGLCGUGTGTTGTTTGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGRCTCATACTGOACAGCATGACCTGGTGATCCCACCCAACGGAT
ATTTTAGGTTCGACTCCTGGGTGAATCAGTTTTATACATTAGCCCCCATGRGGAATGGGACTGGCAGACGLCAGGGLT
GICTGA

Figure 32K
Amino acid sequence of VP1_GH.4_Syd12 A35-42 (SECQID NO:63)

MKMASSDANPIDGSAANLYPEVNNEVMALEPWGGQONVIDPWIRNNIVOAPGGEFTVSPRNAPGEILWSAPLGPD

LNPYLSHLARMYNGYAGGFEVOVILAGNAFTAGKYIFAAVPPNFPTEGLEPSQVTMFPHIVVDVROLEPVLIPLPDVRNN

FYHYNOSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDRIFLVPPTVESRTHPFSVPVLTVEEMTNSRFPIPLE
KUFTGPSSARVVOPONGROTTOGVLLGTTQLSPVRNICTERGDVTHITGSRNYTMNLASONWNDYDPTCEIPAPLGTYPDRY
GKIGGVLTQTTRTDGSTRGHKATVYTGSADFAPKLGRVOFETDTDRDFEANONTKFTPVRVIODGGTTHRNEFGOWYL
PSYSGRNTHNVHLAPAVAPTFPGEGLLFFRSTMPGCSGYPNMDLDCLLPOQEWVOYFYQEAAPAQSDVALLRFVNEPDTG

RVLFECKLHBESOYVTVAHTGOHDLVIPPNGYFRFDSWYNQFYTLAPMGNGTGRRRAV
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Figure 321
Nucleic acid sequence of human codon optimized VP1_GiL4_Syd12_ A35-42 (SEQUIDNG:64)

ATGAAAATGGCCTCGAGTGACGCTAACCCTAGTGALGRCAGCGCCGLLAATCITGTGCCT GAGG TTAATAATGAGG
TGATGGLLCTGGAGCCTGTGETGGGLGGTCAGCAGAATGTGATTGACCCGTGGATACGCAACAATTTTGTCCAAGT
CCCTGRTGGGCAGTTCACCGTTAGCCCGAGAAATGLGLCAGRAGAAATLCTG TGO TLOGGCCLCATTGRGACCLGAT
CYGAALCCOTATTTGTCACATCTCGCTCGGATOTACAACL GETATGCLOGCGGATTTGAAGTGLAGHTGATTCTGGL
TGGGAACGUGTTCACTGCTGGCAAAGTGATCTTTGLAGLGGTGCCTCCCAACTTICCCCACTGAAGGACTETCTCCAA
GLCAGGTCACAATGTTTCCACACATCOTGGETGBACGTACGGCAGCTARAGCCTGTCCTGATTLCCCTCCCTGATGTA
CGLAATAATTTCTACCACTACAATCAATCCAATGATCCGALCATTAAACTCATCGCGATGTTGTACACCCCTCTGIGC
GCTAACAATGCTGGAGACGACGTATTCACCGTETCATGCAGAGTGCTCACCAGACCTTCACCAGACTTTGACTTTATC
TTCTTAGTGCCCLCCACTGTTCAGAGLCGAALCAAGCCCTTTAGTGYCLCCGTACTCACAGTCGAGGAGATGALAAA
TAGCCGLTTTCCAATCCCCCTTGAGAAALCTGTTCACAGGALCTTCCTCGRCATTCGTGOTTCAGCLACAGAALGGALG
CYGCACAACTRACGGCGTRCTCOTCGGAACCACCCAGTTTAGLCCTETTAATATCTGTACGTT TAGAGGLGACGTAA
CICACATAACTGGLTCACGGAACTATACCATGAATCTGOCATCACAGAATTGRAATGALTACGACCCAACCGAAGAL
ATTCCLOCACCTCTTGGAACCLCCGACTTTIGTOOGAAAAATACAGGGLGTCCTGACACAMALTACCAGAALLGATGEG
CYCCACALGLGGACACAAGGLAALCGTCTACACTE GUTCTGLLGATTTTGCCLCGAAALTCGGTAGAGTGLAGTTTG
AGACCGALACTGACCGGGALTTTGAAGCLCAATCAGAATACTAAGTTCACACCTGTAGGAGTGATTCAGGALGGGGEH
CACCACTCACCGGRAACGAGCCGCAACAATGRGTCCTGCCOTCTTATAGCGGGAGGAATACTCATAATGTGLATTTGG
CYCCTGLAGTGRLTCCCACGTITCLLGLGGAACAACTLRCTCTTTTTTCGTTCAACCATGLCTG GATGCICCGGATATL
CCAATATGOATCTLGATTGLLTGCTCCCACAGGAATGGLTGLAGTATT T TTATCAAGAGGCLGCALLAGLCCAATEC
GACGTCGCACTTCTGCGGITCOTRAATCCAGACACAGGLCGLGTGTTCTTTGAGTGCAAATTGLACAAATCAGGATA
COTTACAGTGGCTCATACTGGACAGCATGALCTGRTGATCCCACCCAACGGATATI TTAGGTTCGACTCCTGGGTGA
ATCAGTTTTATACATTAGCCLCCATGGGGAATGGGACTGGLAGALGCAGGGLTGTCTGA

Figure 32M
Arning acid seguence of YP1_GH.A_ Sydi2 SSTAVATA {SEQ 1D NOWB5}

MKMASSDANPSDGSAANLYPEVNNEVMALEPYVYGSSTAVATAGOONVIDPWIRNNFVOAPGGEFTYSPRNAPGEIL
WEAPLGPOLNPYLSHLARMYNGYAGGREVOVHAGNAFTAGKVIFAAVPENEPTEGLSPSQVTMFPHIVVDVRILEPVL
PLPDVRNNFYHYNOQSNDPTIKUAMLYTPLRANNAGDDRVFTYSCRVITRPSPDFDFFLVPPTVESRTKPFSVPVLTVEEMT
NSRFPIPLEKLFTGPSSAFVVOPONGRCTTDGVLLGTTOLSPYNICTFRGDVTHITGSRNYTMNLASONWNDYDPTEEIR
APLGTPDFVGKIQGVITQYTRTDGSTRGHKATVYTGRADFAPKLGRYGEETDTDRDFEANONTKFTPVYGVIRBGLTTHR
NEPGQWVLPSYSGRNTHNVHLAPAVAPTFPGEQLLFFRSTMPGCSGYPNMDLDCLLPQEWVOYFYQEAAPAQSDVAL
LRFVNPODTGRVLFECKLHKSGYVIVAHTGOHDLVIPPNGYFRFDSWVNOFYTLAPMGNGTGRRRAY

Figure 32N
Nucleic acid sequence of human codon optimized VPL_GHL4_Syd12_SSTAVATA {(SEQ 1D NO:66)

ATGAAAATGRCCTCOAGTGACGCTAALCCTAGTGALGRCAGLOCLRLCAATCTTGTGLCTGAGRTTAATAATGAG
TGATGGCCCYGRAGCOTGTGGTGGLLAGCTCCACLGLLGTCGCTACAGLCGETCAGCAGAATGTGATTGALCCRTG
GATACGCAACAATTTTGTCCAAGCCCCTGRTGOGGAGTTCACCGTTAGLLCCGAGAAATGLGLCAGGAGAAATLCTG
TEGTCGLLCCCATTGGRACCEGATCTGAACCCCTATITGTCACATCTCGCTCGRATL TACAACGGHRTATGLCGGCGE
ATTTGAAGTGCAGGTGATTCTGGLTGGGAACGUGTTCACTGCTGGCAARAGTGATCTTTGCAGLGLTGLLTCLCAALT
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TCCCCACTRAAGGACTGTCTCCAAGCCAGL TCACAATGTTTCCACACATCGTGGTGGACRTACGGLAGLTAGAGLCY
GTCCTGATTCCCCTCCCTGATGTACGCAATAATTTCTACCACTACAATCAATCCAATGATCCGALCATTARACTCATG
COATGTTGTACACCCCTCTGLGUGCTAACAATGCTGGAGACGACGTATTCALCGTGTCATGCAGAGTGLTCALCAGA
COTTCACCAGACTTTGACTTTATCTTCTTAGTGLCCCCCACTRTTGAGAGCLGAACCAAGCCCTTTARTGTCCCCGTAL
TCACAGTCGAGGAGATCGACAAATAGCLGCTTTCCAATCLCCCCTTGAGAAALTGTTCACAGGALCTTCOTCGGLATTC
GTGGTTCAGLCCACAGAACGRACGLTGCACAACTGALGGCGTRCTGUTCGGAACCALCCAGCTTAGLCCTRTTAATAT
CTGTACG T TAGAGGLGACGTAACTCACATAACTGGUTCACGOAACTATACCATGAATIT GGLATCACAGAATTGGA
ATGACTACGALCCAACCGAAGAGATTCCCGCACCTUTTGGAALCCLLGALTITGTGGGAAAAATACAGGGLGTLCTG
ACACAAACCACCAGAACCGATGGUTCCACACGGGRACACAAGGCAALCRTCTALACTGGCTCTGCCRATTTTGLCCE
GAARACTGGGTAGAGTGCAGTTTGAGALCGACACTGALLGGGACTTTGAAGCCAATCAGAATACTAAGTTCACALCY
GTAGGAGTGATTCAGGACGGGGGLACCACTCACCGGAACGAGLCGLAACAATGEGTCCTRCCCTCTTATAGLGGE
AGRAATACTCATAATGTGCATTTGRITCCTGCAGTGGITCLCACGTTITCLOGGGGAACAACTRLTCITITITCGTICA
ACCATGCCTGOATGUTCCOGATATCCCAATATGGATCTCGATTGLCTGLTCCCACAGGAATGGGTGCAGTATTTTTAY
CAAGAGGCCGCACCAGCLCAATICGALGTCGCACTTCTGLGLTTCOTRAATCCAGACACAGGLCGUGTGTTGTTTGA
GTGCAAATTGUACAAATCAGGATACGTTACAGTGRCTCATACTGOACAGCATGACCTGGTGATCCCALCCAACGGAT
ATTTTAGGTTCGALTCCTGGGTGAATCAGTTTTATACATTAGCCCLCATGGGLAATG GGACTGGCAGACGCAGHGCT
GTCTGA

Figure 320
Aming acid sequence of VP1_GILA_Syd12 PROSHAIDY (SEQID NO:6Y)

MKMASSDANPSRDGSAANLVPEVNNEVMALEPVVRAAIAVPVAGOONVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WSASLGPDLNPYLSHLARMYNGYAGGFEVOVILAGNAFTAGKVIFAAVEPNEPTEGLSPSQVIMEPHIVVDVROLEPVLE
PLPDVRNNFYHYNQSNDPTIKUAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDHFLVPPTVESRTKPESVPVLTVEEMT
NSREPIPLEKLFTGPSSAFVVQPONGRCTTRGVLLGTTOLSPYNICTFRGDVTHITGSRNY TMINLASONWNDYOPTEEP
APLGTPRDRYGKIGGVLTOTTRTDGSTRGHRKATVYTGSADFAPKLGRYQFETDTDRDFEANONTRFTPYGVIGDGGTTHR
NEPQOWVLPSYSGRNTHNVHLAPAVAPTFPGEQLLFFRSTMPGUSGYPNMDLDCLLPOEWVOQYFYQEAAPAQSDVAL
LREVNPDTGRVLFECKEHKSGYVTVARTGOHDLVIPPNGYFRFDSWVNOFY TLAPMGNGTGRRRAY

Figure 32P
Nucleic acid sequence of human codon optimized VP1_GH.4_Syd12_ PROS+A39Y {SEQID N(O:68)

ATGAAAATGGLCTCOAGTGACGCTAACCCTAGTGALGGLAGCGCCGLCAATCTTOTGLITGAGHGTTAATAATGAGG
TGATGGCCCTGGAGCCTGTEGGTGEGUGLAGCCATAGCAGTICCCGTGGLCGGTCAGCAGAATGTGATTGALCLGTG
GATACGCAACAATTTTGTCCAAGLCCCTGRTGRGGARTTCACCGTTAGCLLGARAAATRLRLCAGRAGAAATCCTG
TELTCGGLCAGTTTGRGACCLGATCTGAACCLCTATTTGTCACATCTCGUTCEGATGTACAALGLGTATGLLGELGG
ATTTGAAGTGCAGGTGATTCTGGLTGGGAACGCGTTCACTGCTGGCAAAGTEATCTTTGCAGCGGTGLCTCCCAALT
TCCCCACTGAAGGACTOGTCTCCAAGCCAGGTCACAATGTTTCCACACATCOTGLTGGACGTACGGCAGCTAGAGCCY
GTCCTGATTCCCCTCCCTGATGTACGCAATAAT TTCTACCACTACAATCAATCCAATGATCCGACCATTAAALTCATCG
CGATGTTGTACACCCCTCTGCRCGCTAACAATGCTGGAGACGALGTATTCACCG TG TCATGCAGAGTGUTCACCAGA
CCTTCACCAGACTITGACTTTATCTTCTTAGTLCLCCCCALTGTTGAGAGCCGAACCAAR CLCTTTAGTGTCCCLRTAL
TCACAGTCGAGGAGATGALAAATAGCCGUTTTCCAATCCCCCTTIGAGAAACTGTTCACAGGACCTTCCTCGGLATIC
GTGGTTCAGCCACAGAACGGACGLTRCACAALTGACGGLGTGLTGCTCGRAALCACCCAGCTTAGCCOTGTTAATAT
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CTGTACGTITAGAGGCGACGTAACTCACATAACTGGUTCACGRAACTATACCATGAATLTGGLATCACAGAATTGGA
ATGACTACGALCOAACCGAAGAGATTCCCGCACCTUTTGGAALCCLLGALTTTGTGGGAAAAATACAGGGLGTLCTG
ACALAAACCACCAGAACCGATGGUTCCACACGGEGACACAAGGLAACCGTCTACALTGGLTCTGCCGATTTTIGLCLC
GAAACTGGGTAGAGTGCAGTTTGAGACCGACACTRACCGORGACTTTRAAGCCAATCAGAATACTAAGTTCACACCT
GTAGGAGTOATICAGGACGGGEGLACCALTCALLGGAACCGAGLCGCAACAATGGGTLCTGCCLTCTTATAGLGGE
AGRAATACTCATAATGTGCATTTGRLTCCTGCAGTGGITCLCACGTTTCLOGGGGAACAACTRLTCITITITCGTICA
ACCATGCCTGRATGLTCLGGATATCCCAATATOGATUTCRATTGLCTRUY CCLACAGLAATGRGTGCAGTATTTTTAY
CAAGAGGCCGCALCAGCCCAATCCRACGTCGCALTTCTGLGGTTCGTGAATCCAGACACAGG CLOCGTGTTGTTTGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGRCTCATACTGGACAGLATGACCTGRTRATCCCACCCAACGGAT
ATTTTAGGTTCGALTCCTGGGTGAATCAGTTTTATACATTAGCCCLCATGGGLAATG GGACTGGCAGACGCAGHGCT
GTCTGA

Figure 324
Aming acid sequence of VP1_GHLA_Syd12_ P3OSHVATP {SEQ 1D NOG.6ES)

MKMASSDANPSDGSAANLVPEVNNEVMALEPVVGAAIAAPVAGOONPIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WSASLGPDLNPYLSHLARMYNGYAGGFEVOVILAGNAFTAGKVIFAAVPPNEPTEGLSPSQVIMEPHIVVDVROLEPVLE
PLPDVRNNFYHYNQSNDPTIKUIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDRIFLVPPTVESRTKPRSVPVLTVEEMT
NSRFPIPLEKLFTGPSSAFVVOPONGRCTTDGVLLGTTOLSPYNICTFRGDVYTHITGSRNYTMNLASONWNDYDPTEEP
APLGTPRDFVYGKIGGVLTOTTRTDGSTRGHKATVYTGSADFAPKLGRYQFETDTDRDFEANONTRFTPYGVIQDGHTTHR
NEPQOWVLPSYSGRNTHNVHLAPAVAPTFPGEQLLFFRSTMPGUSGYPNMDLDCLLPOEWVOQYFYQEAAPAQSDVAL
LREVNPDTGRVLFECKLHKSGYVTVAHTGOHDLVIPPNGYFRFDSWVNOQFYTLAPMGNGTGRRRAV

Figure 3ZR
Nucleic acid sequence of human codon optimized VP1_GH.4_ Syd12_PROS+VAT7P (SEQ D NO70)

ATGAAAATGRCCTCGAGTCACGCTAACCCTAGTGACGRLAGCOLLGLCAATCT TG TRCCTGAGRTTAATAATGAGEG
TCATGGCCCTGRAGLLTGTGETGGHLGCALRCLATAGCAGLGLCCOTLGCCGGTCAR CAGAATCCCATTGACCOR TR
GATACGCAACAATTTTGTCCAAGCCCCTGRTGGGGAGTTCACTGTTAGLCIGAGAAATGLGLCAGGAGAAATCLTG
TELTCGGLCAGTTTGRGACCLGATCTGAACCLCTATTTGTCACATCTCGUTCEGATGTACAALGLGTATGLLGELGG
ATTTGAAGTGCAGGTGATTLCTGGLTGGOAALGUGTICALTGCTGGLAAAGTCGATCTITGCAGCGGETGLCTCCCAALT
TCCCCACTGAAGGACTGTCTCCAAGLCAGGTCACAATETTTCCACACATOGTRGETGGACGTACGGCAGCTAGAGLLT
GTCCTGATYCCCCTCCCTRATGTACGCAATAAT TICTACCACTACAATCAATCCAATGATCLRACCATTAAALTCATCG
CGATGTTGTACACCCCTCTGCRCGCTAACAATGCTGGAGACGALGTATTCACCG TG TCATGCAGAGTGUTCACCAGA
CCTTCACCAGACTITGACTITATCTTCTTAGTGCLCCCCALTGTTGAGAGCCOAACCAAGCCOTTTAGTGTCCCCGTAL
TCACAGTLGAGGAGATGALAAATAGCCLCTTTCCAATCCCLUTTGAGAAACTGTTCACAGRACLTTCCTCGLCATIC
GTGGTTCAGCCACAGAALGGACGUTGCACAACTGACGELGTGUTGLTCGGAACCACCCAGCTTAGCCCTGTTAATAT
CTGTACGTTTAGAGGCRACGTAACTCALATAACTGLCTCACGGAALTATACCATGAATCTOGCATCACAGAATTGGA
ATGALTACGACCLAALCGAAGAGATTCLCGLACCTCTTGOAACLCCCGACTT TG TGGGAAAAATACAGGEGCGTICTG
ACACAAACCACCAGAACCGATEGCTCCACACG GO GACACAAGGLAACCGTCTACACTGRCTCTGCLGATTTTGLCCC
GAAACTGGETAGAGTGLAGTTTGAGACCLACALTGACCGGRALTTTGAAGLCAATCAGAATALTAAGTTCACALTY
GTAGGAGTGATTCAGGACGGGGGCACCACTCACCGRAALGAGLCGLAACAATGGGTLCTGCCCTCTTATAGLGGE
AGGAATACTCATAATGTGCATTTGGCTCCTGCAGTRGCTCCCACGTTTCCCLGGRAACAALTGCTCTTTITICATTCA
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ACCATGCCTERATGCTCCGGATATCCCAATATGGATCTCGATTGOCTGCTCCCACAGGAATEGGTGCAGTATTTTTAT
CAAGAGGCCECACCAGCCCAATCCRACGTCGCACTTCTGCGGTTCGTGAATCCAGACACAGGCLGCGTETTGTTTGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGGCTCATACTGGACAGCATGACCTGGTGATCCCACCCAACGGAT
ATTTTAGGTTCGACTCCTGGGTGAATCAGTTTTATACATTAGCCCOCATGGEEAATGGGACTGGCAGACGCAGRGLT
GTCTGA

Figure 328
Amino acid sequence of VP1_GIL4_Syd12_PE0OS+R531{SEQID ND:71)

MIKMASSDANPSDGSAANLYPEVNNEVMALEPVVGAAIAAPVAGQONVIDPWINNFVQAPGGEFTVSPR
NAPGEILWSASLGPDLNPYLSHLARMYNGYAGGFEVQVILAGNAFTAGKVIFAAVPPNFPTEGLSPSOVTMF
PHIVVDVROLEPVLIPLPDVRNNFYHYNQOQSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDFIFLY
PPTVESRTKPFSVPVLTVEEMTNSRFPIPLEKLFTGPSSARVVOPONGRCTTDGYLLGTTQLSPYNICTFRGDVT
HITGSRNYTMINLASGNWNDYDPTEEIPAPLGTPRDRVGKIQGVLITOQTTRTDGSTRGHKATVYTGSADRAPKLG
RVOFETDTORDFEANGNTRKFTPYGVIQDGGTTHRNEPGOWVLPSYSGRNTHNVHLAPAVAPTFPGEQLLFF
RSTMPGUSGYPNMDLDCLLPOEWVOYFYQEAAPAQSDVALLRFVNPDTGRVLFECKEHKSGYVTVAHTGR
HOLVIPPNGYFRFDSWVYNOFYTLAPMGNGTGRRRAY

Figure 327
Nucleic acid sequencea of human codon optimized VP1_GH.A_Syd12 P80S+R531 {(5EQ 1D NO:72}

ATGAAAATGGCCTCGAGTGALGLTAACCCTAGTGACGGCAGCGLCGCCAATCTTGTGLCTGAGGTTAATAATGAGG
TEATGGLLCTGRAGLCTGTGGTOGGLGLAGLCATAGLAGIGLLLGTGGLLGGTCAGLAGAATGTGATTIGACLCET
GGATAATCAACAATTTTOTCLAAGCLCCTGGTROGRAGTTCACCATTAGCCLRAGAAATRLGCLAGRGAGAAATCLT
GTGGTCGGLCAGLTTGOGACCCGATCTGAACCLCTATTIGTCACATCTCGLTCGGATGTALAACGGGTATGCCGGLG
GATTTGAAGTGCAGGTRATTCTGRLTGGRAACGCOTTCACTCGUTGGCAAAGTGATCTTTGCAGLGRTGLITCCCAAL
TTCCCCACTGAALGGACTGTCTCCAAGCCAGGT CACAATGTTTCCACACATIGTGRTRGACGTALGGCAGCTARAGCL
TCTCCTGATTCCCCTOLCTGATGTACGCAATAATTTCTALCACTACAATCAATCCAATGATCCGACCATTARALTCATC
GCGATGTIGTACACCCCTCTGCGLGLTAACAATGUTGGAGACGACGTATTCACCETGTCATGCAGAGTGCTCACCAG
ACCTTCACCAGACTTTGALTTTATCTTCTTAGTGLCCCLCACTGTTGAGAGCLGAALCAAGLCCTTTAGTGTCLLLGTA
CTCACAGTCGAGGAGATGACAAATAGCCGLTTTCCAATCCCCOTTGAGAAACTGTTCACAGGACCTTICCTIGGCATTC
GTGGTTCAGCCACAGAACGRACGLTGCACAACTGALGGCGTRCTGUTCGGAACCALCCAGCTTAGLCCTRTTAATAT
CTGTACGTTTAGAGGLGALGTAACTCACATAALTGGLTCALGGAACTATACCATGAATITGGLATCACAGAATTGGA
ATGACTACGACCCAACCGAAGAGATTCLCGCACCTCTTGRAACCCCCOACTTTRTGRGAAAAATACAGGGLGTCLTG
ACACAAACCACCAGAACCGATOGCTCCACACG GGLRACACAAGGCAALCGTCTACACTGGCTCTGCCRATTTTGCCCD
GAAACTGGGTAGAGTGCAGTTTGAGACCGACACTGACLGGRACTTTGAAGCTAATCAGAATACTAAGTTCACACCY
GTAGGAGTGATTCAGRALGGGRGCACCACTCACCGGAALGAGCLGCAACAATGGRTCCTRLCCTCTTATAGLGGR
AGHAATACTCATAATOTGCATTTGGUTCCTGCAGTGGITCLCACGTITCLOG LGGAACAACTRUYCTTTTITCGTICA
ACCATGCCTCGATGCTCCGGATATCCCAATATGGATCTCGATTGLCTGUTCLCALAGGAATGGGTGCAGTATITTTAT
CAAGAGGLCGCACCAGCLCAATCLGALGTCGCACTTCTGLGLTTCOTRAATCCAGACACAGGLCGCGTGTTGTTTGA
GTGCAAATTGLACAAATCAGGATACGTTACAGTGGCTCATALTGGALAGCATGACCTGGTGATCCLALCCAACGGAT
ATTTTAGGTTCGACTCCTGOGTGAATCAGTTTTATACATTAGCCCCCATGRGGAATGGGACTGGCAGACGLAGGGTT
GICTGA
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Figure 32U
Amino acid sequence of VP1_GiL4_Sydi2 PEOS+SS0L (SEQ 1D NO:73)

MEMASSDANPSDGSAANLYPEVNNEVMALERVVGAAIAAPVAGQUNVIDPWIRNNFVOAPGGEFTVSPRNAPGEIL
WEASLGPDLNPYLLHLARMYNGYAGGREVOVHAGNAFTAGEVIFAAVPRNEPTEGLSPSQVTMEFPHIVVDVRILEPVLE
PLPDVRNNFYHYNOSNDPTIKUAMLUYTPLRANNAGDDVFTVSCRVLTRPSPDFDRIFLVPPTVESRTKPFSYPVLTVEEMT
NSRFPIPLEKLFTGPSSARVVOPONGRCTTDGVLLGTTQLSPVYNICTFRGDVTHITGSRNYTMINLASONWNDYDPTEEIP
APLOGTPRFVOKIQGVLTOTTRIDGSTROHKATVYTGSADFAPKLGRVOFETOTDRDFEANGONTKFTRVGVIQDGGTTHR
NEPQOWVLPSYSGRNTHNVHLAPAVAPTEPGEQLLFFRSTMPGCSGYPNMODLDCLLPQEWVOYFYQEAAPAQSDVAL
LRFVNPDTGRVLFECKLHESGYVTVAHTGOHDLVIPPNGYFRFDSWYNGEYTLAPMGNGTGRRRAY

Figure 32V
Nucleic acid sequence of human codon optimized VP1_GHL4_Sydi2 PROS+SS0L {SEQ 1D N(G:74)

ATGAAAATGGCCTCGAGTGALGLTAACCLTAGTRACGGCAGCGUCGCCAATCTTGTGUCTGAGGTTAATAATRAGG
TGATGGLCCTGGAGLCTRTOLTEGOGCGLAGTCATAGCAGCLCLCGTGRLLGLTCAGLAGAATGTGATTGALCCGT
GOATACGCAACAATTTTGTCCAAGCCLCTGRTGGEGAGTTCACCGTTAGCCCGAGAAATGUGLCAGGAGAAATCCT
GTGGTCGGLCAGCTTGLGACCLGATCTGAACCLCTAT T GUTGCATCTCGOY CGGATGTACAAL GG GTATGLIGRG
GATTTGAAGTGCAGGTGATTCTGGCTGGGAALGLGTTCALTGCTGGCAAAGTGATCTTTGCAGCGGTGCCTCCCAAL
TTCCCCACTGAAGGACTGTCTCCAAGCCAGGTCACAATETTTCCACACATCGTGGTGGACGTACGGCAGCTAGAGCE
TCTCCTOATTCCLOTCCCTRATOTACGCAATAATTTCTACCACTACAATCAATCCAATGATCCGACCATTAAALTCATC
GCGATGTIGTACACCCCTCTGUGCGLTAACAATGITGGAGACGALGTATTCACCGTGTCATGLAGAGTGCTCACCAG
ACCTTCACCAGACTITRACTTTATCTICTTAGTGLCCLCCACTRTTGAGAGLCGAACCAAGCCCTTTAGTGTCLLLGTA
CTCACAGTCGAGGAGATGALAAATAGCCGCTTTCCAATCCCCOTTGAGAAALTOTTCACAGGACCTTCLTCRGCATYC
GTGGTTCAGCCACAGAALGGACGLTGCACAALTGACGLLGTGLTGLTCGGAACCACCCAGITTAGCCCTGTTAATAT
CTGTACG T TAGAGGUGACGTAACTCACATAALTGGUTCACGOAACTATACCATGAATIT GGLATCACAGAATTGGA
ATGACTACGACCCAALCGAAGAGATTCCCGCALLTUTTGGAACCLLLGALTTTGTGGGAAAAATACAGGGLGTLCTE
ACACAAACCATCAGAACCGATGGUTCCACACGGGEGALACAAGGLAACCGTCTACACTGGLTCTGCCGATTTTIGLCLC
GAAACTGLGTAGAGTGCAGTTTGAGALCGACACTGALLGGGACTTTRAAGCCAATCAGAATACTAAGTTCACALCY
GTAGGAGTGATTCAGGACGGGGGLACCACTCACCGGAACGAGLCGLAACAATGEGTCCTGCCCTCTTATAGLGGG
AGRAATACTCATAATGTGCATTTGRLTCCTGCAGTGGLTCLCACGTTTCLOGRGGAACAACTRLTCITITITCGTICA
ACCATGCCTGRATGLTCLGGATATCCLAATATOGATUTCRATTGLCTOUYCCLACAGRAATGRGTGCAGTATTTTTAY
CAAGAGGCCGCACCAGCCUAATCCCGACGTCGLACTTCTGCGGTTCOTGAATCCAGACACAGGLCGLGTGTTGTTTGA
GTGCAAATTGCACAAATCAGGATACGTTACAGTGRCTCATACTGOACAGCATGACCTGGTGATCCCACCCAACGGAT
ATTTTAGGTTCGALTCCTGGGTGAATCAGTTTTATACATTAGCCCLCATGGGLAATG GGACTGGCAGACGCAGGGLT
GTCTGA

Figure 32W
Aming acld sequence of VPL_GHR4_Sydl12_P30S+A3S-42 (SEQ ID NO:75)

MKMASSDANPSDGSAANLVPEVNNEVMALEPVYGGOONVIDPWIRNNFVOAPGGEFTVSPRNAPGEILWSASLGPD
LNPYLSHLARMYNGYAGGFEVOQVILAGNAFTAGKVIFAAVPPNEPTEGLSPSOVTMFPHIVVDVROLEPVLIPLPDVRNN
FYHYNOSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDRIFLVPPTVESRTKPFSVPVLTVEEMTNSRFPIPLE
KLFTGPSSARVVOPONGRCTTDGVLLGTTOLSPYNICTFRGDVTHITGSRNYTMNLASONWNDYDPTEEIPAPLGTPDRY
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Figure 32W {cont}

GRIGOGVLTQTTRTBGSTRGHKATVYTGSADFAPKLGRVOFETDTDRDFEANQNTKFTPVGVIRDGGTTHRNEPQOWVL
PSYSGRNTHNVHLAPAVAPTFPGEQLLFFRSTMPGCSGYPNMDLDCLLPOQEWYQYFYQEAAPAQSDVALLRFVNPDTG
RVLFECKLHKSGYVTVAHTGOHDLVIPPNGYFRFDSWVNOFYTLAPMGNGTGRRRAY

Figure 32X

Nucleic acid sequence of human codon optimized VPL_GHL4_Syd12_PBOS+A35-42 (SEQ D
NG 76)

ATGAAAATGGLCTCGAGTGACGCTAACCCTAGTCGACGGCAGLGLCGLCAATCTTGTGLCTGAGGTTAATAATGAGG
TGATGGCCCYGRAGCCTGTGETEGLLGGTCAGCAGAATGTGATTCGACCCGTGRATACGCAACAATTTIGTCCAALL
CCCTGGTEGGGAGTTCACCGTTAGLCCGAGAAATGCGCLAGGAGAAATCLTGTGGTCGGLCAGLTTGGGACTIGAT
CYGAACCCCTATTTGTCACATCTCGCTCGRATGTACAACGGGTATGLCGGCGGATITGAAGTGCAGRTGATTCTGGL
TGOGAACGLGTTCACTGUTGGCAAAGTGATCTTTGLAGLGRTGLETCCCAACTT CLCCACTGAAGGATTLTETCLAA
GCCAGGTCACAATGTTTCCACACATCGTGG TGGALGTACGGLAGCTAGAGUCTGTCLTGATTCCCCTCCLTGATGTA
COCAATAATTTCTACCACTACAATCAATCCAATGATCLGALCATTAAACTCATCCCRATGTTGTACALCCCTCTGIRC
GLTAACAATGLTGGAGACGACGTATTCACCGTETCATGCAGAGTGCTCALCAGACCTTCACCAGALTTTGACTITATC
TTCTTAGTGLCCCLCACTRTTCAGAGCCGAACCAAGCCLTTTAGTGTCCCCGTACTCACAGTCGAGGAGATGALAAA
TAGLCGOTTTCLAATCCLCCTTGAGAAALTGTICACAGGACCTT CCYTCGGLATICGT GG TTCAGLCACAGAATGRALG
CTGCACAACTGACGOLGTGLTGUTCGGAACCACCCAGCTTAGCCCTGTTAATATCTGTACGTT TAGAGGCGACGTAA
CTCACATAACTGORLTCACGGAACTATACCATGAATCTGGCATCACAGAATTGRGAATGACTACGACCCAACCGAAGAL
ATTCCCGCACCTOTTGRAACCCCCCACTTTOTG O GAAAAATACAGGGLGTCLTGACACAAACCALCAGAALCGATGG
CTCCACACGGGGACACAAGGCAALCGTCTACACTEGCTCTGLCGATTTTGLCCCGAAATTGGGTAGAGTGLAGTTTG
AGACCOGACACTGACLGOGGACTTTCAAGCCAATCAGAATACTAAGTTCACALCTG TAGRAGTCATT CAGGALGHRGGE
CACCACTCACCGGAACGAGLLGLAACAATGGGTCCTGLCCTCTTATAGCGGGAGGAATACTCATAATGTGCATTIGG
CTCCTGCAGTGGUTCCCACGTTITCCCRGGEAACAACTGLTCTTTTITCGTTCAACCATGCLTGGATGCTCCGGATATC
CCAATATGOATCTCGATTGCCTGCTCCCACAG GAATGGGTGLAGTATTTITATCAAGAGGCCGCALCAGLCCAATEC
GACGTCGCACTTCTGCGGTTCGTGAATICAGACACAGGLCGLGTGTIGTITGAGTGCAAATTGLACAAATCAGGATA
COGTTACAGTGGCTCATACTGRACAGCATGACCTGGTGATCCCACCCAACGGATATTTTAGOTTCRACTCCTGRGTRA
ATCAGTTTTATALATTAGCLLCCATGLRGGAATGGRACTGLIAGACGCAGGGUTGTITGA

Figure 32Y
Amino acid sequence of VP1_GHL.4_S5Syd12_PEOS+SSTAVATA (SEQ ID NO:77)

MKMASSDANPSDOSAANLYPEVNNEVMALERPVVGASTAVATAGOONVIDPWIRNNFVOQAPGGEFTVSPRNAPGELL
WSASLGPDLNPYLSHLARMYNGYAGGFEVOVILAGNAFTAGKVIFAAVPPNFPTEGLSPSQVTMFPHIVVDVYRQLEPVL
PLPDVRNNFYHYNOSNDPTIKUAMLYTPLRANNAGDEOVETYSCRVLTRPAPDFDFFLVPPTVESRTRPFSVPVLIVEEMY
NSRFPIPLEKLETGPSSAFVVOPOQNGROTTDGVLLGTTQLSPYNICTERGDVTHITGERNYTMNLASONWNDYDPTEEIP
APLGTPDFVGKIQGYLTOTTRTDGSTRGHKATVYTGSADFAPKLGRVOFETDTDRDFEANONTKFTPVGVIQDGGTTHR
NEPQOWVLPSYSGRNTHNVHLAPAVAPTFPGEGLLFFRSTMPGCSGYPNMDLDCLLPQEWVRYFYQEAAPAQSDVAL
LRFVNPDTGRVLFECKLHKSGYVIVAHTGOHDLVIPPNGYFRFDSWYNQFYTLAPMGNGTGRRRAY
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Figure 322

Nucleic acid sequence of human codon optimized VPL_GHLA Syd12 PRUS+SSTAVATA (SEQID
N 78}

ATGAAAATGGLULCTCGAGTCACGCTAALCCTAGTGALGGLAGLGLLGLCAATCTTGTOLCTGAGGTTAATAATGAGE
TCATGGLCCTGGAGCCTRTGRTROGGCAGCTCCACCGCCOTCCLTACAGLLGOTCAGTARAATGTGATTGACLCGTG
GATACGCAACAATTTIGTCLAAGLCCCTGOTOLGGAGTTCALLGTTAGLLLGAGAMATGUGLCAGGAGAAATICTG
TEETCGGCLAGLTTGGRACCCGATCTGAACCCCTATITGTCACATCTCGUTCGGATGTACAALGGGTATGLLGGIGE
ATTTGAAGTRCAGGTRATTCTGGCTCLGAACGUGTTCACTRITGGLAAAGTCGATCTTTRCAGCOGTGCCTCCCAALT
TCLCCACTGAAGGACTGTCTCCAAGLCAGGTCACAATGTTTCCACALATUGTGGTGGACGTACGGCAGCTAGAGCLY
GTCCTGATTCCCCTCCOTGATGTACGCAATAATTTCTACCACTACAATCAATCCAATCATCCGACCATTAAACTCATLG
COATGYTRTACACCCOYCTGLGLGUTAACAATGLY GGAGALCACCGTATTCACCGTGTLATGCAGAGTGUTCALCAGA
CCTTCACCAGACTITGACTTTATCTTCTTAGTGCCCCCCALTGTTGAGAGCCGAACCAAGCCCTTTAGTGTLCCLGTAL
TCACAGTCGAGRAGATCACAAATAGLLGCTTTCLAATCLCCCTTGAGAAALTGTTCACAGGACCTTCCTCGGLATTC
GTGGTTCAGCCACAGAACGGACGCTGLACAALTGACGGLGTGLTGCTCGGAALCACCCAGUTTAGCLCTGTTAATAT
CTGTACGTTTAGAGGCGACGTAACTCACATAACTGGUTCACGGAACTATACCATGAATCTGGCATCACAGAATTGGA
ATGACTACGACCCAACCGAAGAGATTCCCOCACCTCT TG GAACCCLLGACTTTGTOGGAAAAATACAGGRLGTECTG
ACACAAACCACCAGAACLGATGGLTCLALACGGGGACACAAGGLAACCGTUTACALTGGCTCTGLCGATTTTRCLLC
GAAACTGGGTAGAGTGCAGTTTGAGACCGACACTRACCGLRGACTTTRAAGCCAATCAGAATACTAAGTTCACACCT
GTAGGAGTRATTCAGGACGGLGGLACCALTCACCGGAACGAGLCGCAACAATGRGTCLTGCCUY CITATAGLG GG
AGGAATACTCATAATGTGCATITGGCTLCTGOAGTGRCTCCTACGTITLCCGGLGAATAACTGLTCTITTTICGTICA
ACCATGCCTGRATGLTCLGGATATCCLAATATOGATUTCRATTGLCTRUY CCLACAGGAATGRGTGCAGTATTTTTAY
CAAGAGGCCGCALCAGCCCAATCCGACGTUGCALTTCTGLGGTTLGTGAATCCAGACACAGGCIGCGTGTTGTTTGA
GTGCAAATTGCACAAATCAGRATACGTTACAGTGGLTCATACTGGACAGCATGACCTGGTGATCCCACCCAALGGAT
ATTTTAGGTTCGACTCLTGGLTGAATCAGTTTTATACATTAGCCLCCATLGGRAATGLGACTGGCAGACGCAGGLCT
GTCTGA

FIGURE 3284
Amino acid sequence of VP1 GilL4 Syd12 A39V+R531 (SEQ 1D NO:188)

MKMASSDANPSDGSAANLYPEVNNEVMALEPVVGAAIAVEVAGQONVIDPWHNNFVOAPGGEFTVSPR
NAPGEILWSAPLGPOLNPYLSHLARMYNGYAGGREVOVILAGNAFTAGKVIFAAYPPNFPTEGLSPSQVTME
PHIVVDVROLEPVLIPLPDVRNNFYHYNQOQSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDEDFIFLY
PPTVESRTKPFSYPVLTVEEMTNSRFPIPLEKLFTGPSSARVWOPONGRCTTDGYLLGTTQLSPYNICTFRGDVT
HITGSRNYTMNLASONWNDYDPTEEIPAPLGTPDRVGKIQGVLTQTTRTDGSTRGHKATVYTGSADFAPKLG
RVOFETDTORDFEANGNTRFTPYGVIQDGGTTHRNEPGOWVLPSYSGRNTHNVHLAPAVAPTFPGEQLLFF
RSTMPGQUSGYPNMOLDCLLPOEWVQYFYQEAAPAGSDVALLRFVNEDTGRYLFECKLHKSGYVTVAHTGR
HDLVIPPNGYFRFDSWVNOFYTLAPMGNGTGRRRAY
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FIGURE 328B
Nucleic acid sequence of human codon optimized VP1 GHL.4_Syd1Z_A39V+R531 {SEQ D N(C:188)

ATGAAAATGGLCTCGAGTOACGLTAACCCTAGTGALGBCAGCGLCGLIAATCTTGTGLOTGAGGTTAAT
AATGAGGTOATGGCCCTGGBAGCCTGTGGTGOGLGCAGCCATAGCAGTCCCCGTLGLCGGTCAGCAGAA
TGTGATTGACCCGTGOATAATCAACAATTTTGTCLAAGCCCCTGETGOGGAGTICALLGTTAGLLLGAGA
AATGCGLCAGGAGAAATCCTGTGGTCGGLCCCATTGGOACCLGATCTGAACCCCTATTTGTCACATCTCG
CTCGGATGTACAALGGGTATGCCGLCGGATTTGAAGTGCAGGTGATTCTGGLTGGEAALGLIGTTCALTG
CTGGCAAAGTGATCTTTGCAGCGGTGLCTCLCAACTTCCCCACTGAAGGACTGTITCCAAGLCAGGTCAL
AATGTTTCCACACATCGTGGTGRACGTALGOCAGCTAGAGCCTGTCCTGATTCLCCTCCCTGATGTALGL
AATAATTTCTACCACTACAATCAATCCARTGATCCGACCATTAAACTCATCGCGATGTTIGTACACCCCTCTG
CGUGCTAACAATGLTGGAGACGACGTATTCACCGTGTCATGCAGAGTGCTCACCAGACCTTCACCAGALT
TIGACTTTATCTTCTTAGTGCCCCCCACTGTTGAGAGCCGAACCAAGCCCTTTAGTGTCCCCGTACTCACA
GTCGAGGAGATGACAAATAGCCGCTTTCCAATCCCCCTTGAGAAACTGTTCACAGGACCTTCCTCGGCAT
TCOTGGTTCAGCCACAGAACGGALGITGCACAACTGALGGLGTGCTGITCGGAACCACCCAGLTTAGCC
CTGTTAATATCTGTACGTTTAGAGGCGACGTAACTCACATAACTGGCTCACGGAACTATACCATGAATITG
GUATCACAGAATTGGAATGACTACGACCCAACCGAAGAGATTCCCGLACCTCTTGGAALICCCGALTTIG
TGGGAAAAATACAGEGCGTCCTGACACAAACCACCAGAALIGATGGLTCCACACGGGGACACAAGGTA
ACCGTCTACALTGGLTCTGCCGATTTTGCCCCGAAALTOGGTAGAGTGLAGTTTGAGACCGACACTGALL
GGGACTTTGAAGLCCAATCAGAATACTAAGTTCACALCTGTAGGAGTGATTCAGGACGGGGGCACCALTC
ACCGGAACGAGCCGCAALAATGOGTLCTGCCCTCTTATAGCGGGAGGAATACTCATAATLTGCATTTIGG
CTCCTGLAGTGGLTCCCACGTTTCCCGGGGAACAACTGUTCTTTITTICGTTCAACCATGCCTGGATGLTLC
GGATATCCCAATATGGATCTCGATTGCCTGOTCCCACAGGAATGGGETGLAGTATITITATCAAGAGGCCG
CACCAGCCCAATCCGACGTCGCACTTCTGLGGTTCGTGAATCCAGACACAGGLOGCGTETIGTTTIGAGTG
CAAATTGCACAAATCAGGATACGTTACAGTGGCTCATACTGGACAGCATGACCTGGTGATCCCACCCAAL
GGATATTTTAGGTTCGACTCCTGOGTGAATCAGTTTTATACATTAGCCCLCATGGGGAATGRGACTGGCA
GACGCAGGGUTGTCTGA

FIGURE 32¢C
Amino acid sequence of VP1 GiL4 Syd12 A39V+RE31+PEOS (SEQ D NO:1SO)

MIVASEDANPSDGSAANLYPEVNNEVMALEPVVGAAIAVEVAGQQONVIDPWHNNFVOAPGGEFTVSPR
NAPGEILWSASLGPDLNPYLESHLARMYNGYAGGFEVOVILAGNAFTAGKVIFAAVPPNFPTEGLSPSOVTMF
PHIVVDVROLEPVLIPLPDVRNNEYHYNQOQSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDEDFIFLY
PPTVESRTKPFSVPVLTVEEMTNSRFPIPLEKLFTGPSSAFVVOPONGRCTTDGVLLGTTQLSPYNICTFRGDVT
HITGSRNYTMNLASGNWNDYDPTEEIPAPLGTPRRVGKIQGVLTOQTTRTDGSTRGHKATVYTGSADRAPKLG
RYOFETDTORDFEANGNTKFTPYGVIQDGGTTHRNEPGOWVLPSYSGRNTHNVHLAPAVAPTFPGEQLLFF
RSTMPGQUSGYPNMOLDCLLPOEWVQYFYOEAAPAGSDVALLRFVNPDTGRVLFECKLHKSGYVTVAHTGGR
HDLVIPPNGYFRFDSWVNOEYTLAPMGNGTGRRRAV
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FIGURE 320D

Mucleic acid sequence of human codon optimized VP1 GH.4_Syd12_ A3SOVH+RS3HPBGS (SEQ D
NO:191)

ATGAAAATGGLCTUGAGTGACGUTAACCCTAGTGACGGLAGLGLLGLCAATCTTGTGLLTGAGG T TAATAATGAGS
TGATGGLCCTRBAGCCTGTGRTGRGCGCAGCCATAGCAGRTCCCLGTELLCGOTCAGCARAATGTGATTRALCCGTG
GATAATCAACAATTTTGTCCAAGLLLCTGGTGGGGAGTTCACCGTTAGCCLGAGAAATGCGCLAGGAGAAATCLTGT
GGTCGGCCAGLTIGGOACLCGATUTGAALCCCTATTTGTCACATCTCGLTCGGATGTACAATGGGTATGCCGGLGGA
TTTGAAGTGCAGGTGATTCTGRLTGRGAACGCGTTCACTGUTGGCAAAGTGATCTTTGCAGLGGTGCLTCLCAACTT
CCCCACTGAAGGALTCETCTCCAAGCLAGGTCACAATGTITLCACACATCGTGGTGGALGTACGGLAGLTAGAGLCTG
TCCTGATTCCCCTCOCTGATRTACGCAATAATTTCTACCACTACAATCAATCCAATGATCCOACCATTAAALTCATCGT
CATGTTGTACACCCOY CTGLGLGCTAACAATO T GGAGACGACGTATTICALCGTGTCATGCAGAGTG UTCALCAGAL
CTTCACCAGACTTTGACTTTATCTTCTTAGTGCLLCCCACTGTTGAGAGCCGAACCAAGCLLTTTAGTGTCLCCGTALY
CACAGTCGAGGAGATGACAAATAGCLGLTTTCCAATCCCLCTTGAGAAACTGTTCACAGGALCTTCCTCGRCATTCG
TEGETTCAGCCACAGAALGGALGLUTGLACAACTOALGGCGTGCTGLTCGGAACCACLCAGLTTAGLLCTGTTAATATC
TGTACGTTTAGAGGCGACGTAACTCACATAACTGRCTCACGGAACTATACCATGAATCTGGCATCACAGAATTGGAA
TGACTACGACCCAACCGAAGAGATTCCLRCALCTLTTRGAACCCCCGACTTTO TRGGAMAAATACAGGGLGTCCTGA
CACAAACCACCAGAALCGATGGLTCCALACGGGGACACAAGGLAACCETCTACACTGGLTCTGLCGATTTTGLLCCG
AAACTGGRTAGAGTGLAGTTTGAGACCGACALTGACCGGRALTTTGAAGLCAATCAGAATACTAAGTTCACACLTG
TAGGAGTGATTCAGRACGGGEGCACCACTLACCGOGAALGAGCCLGCAACAATGGLTCCTHRCLCTCT TATAGCGGGA
GGAATACTCATAATGTGCATTTGGLTCCTGLAGTGGUTCCCALGTT TCLLGGGGAACAACTECTLTITTITCETICAA
CCATGCOTGGATGOTCLGRATATCLOAATATGGATETCLATT GCCTGETCCUACAGGAATGLGTRCAGTATITTTATC
AAGAGGCCGCALCAGLCCAATLCGACGTCGCALTTCTGCGGTTCG TGAARTCCAGACATAGGCLGLGTLTTGTTTGA
GTGCAAATTGCACAAATCAGGATACLGTTACAGTGGLTCATACTGGACAGCATGALLTGGTGATCLCACTLAALGGAT
ATTTTAGGTTCGACTCOTGGRTGAATCAGTTTTATACATTAGCLLCCATRGEGAATG GRACTGLCAGACGCAGGHLLY
GTCTGA

FIGURE 32EE

Nuclelc acid sequence of human codon optimized VP1 GiL4_Syd12_PROX; where X = A
=GO, N (MU =AAC, K{XHK=AAG), or H{¥XH=CAL} (SEQ 1D NO:287)

ATGAAAATGGCCTCGAGTGACGCTAACCCTAGTGACGGLAGUGCCGCCAATITTGTGCCTGAGGTTAAT
AATGAGGTGATGGCLCTGGAGLCTETGETGGGCGCAGCCATAGCAGCGCCCGTGGCCGHTCAGCAGAA
TGTGATIGACCCGTGGATACGCAACAATTTIGTCCAAGLCCCTGGTGOGGAGTTCACCGTTAGCCLGAGA
AATGUGCLAGHAGAAATCITCTGGTCGGLORXXTTGGGACCIGATCTGAACCOCTATITGTCACATCTCG
CTCGGATGTACAACGGGTATGUCGGCGRATTTGAAGTGCAGGTGATTCTGGLTGGGAACGLGTTCALTG
CTGOLAAAGTOATCTTTGCAGCGGTGLITCCCAACTTCCCCALTGAAGGACTGTCTCCAAGLCAGETCAL
AATGTTTCCACACATCGTLOTGGACGTACGGCAGCTAGAGLLTGTCCTGATTCCCLTLLCTGATGTACGE
AATAATTTICTACCACTACAATCAATCCARTGATCCGACCATT AAACTCATCOLGATGTTGTACACCCCICTS
CGCGCTAACAATGLTGGAGACGACGTATTCACCOTGTCATGCAGAGTGCTCACCAGACCTTCACCAGALT
TTGACTTTATCTTOTTAGTGCCCCCCACTGTTGAGAGLLGAACCAAGCCCTTTAGTGTCCCCGTACTLACA
GTCGAGGAGATGACAAATAGCCGLTTTCCAATCCLCCTTGAGAAACTGTTCALAGGALCTTCCTCGGCAT
TCOTGGTTCAGLCACAGAACGGACGLTGCACAACTGACGGLGTGLTGCTCGOAACCACCCAGCTTAGCC
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FIGURE 32EE {cont)

CTGTTAATATCTGTACGTITAGAGGCGACGTAACTCACATAACTGGUTCACGGAACTATACCATGAATCTG
GCATCACAGAATTGGAATGACTACGACCCAACCGAAGAGATTCCCGCACTCTCTIGRAACCCCCGACTTIC
TGGGAAAAATACAGGGCGTICTGACACAAACCACCAGAACCGATGGCTCCACACGGEGRACACAAGGCA
ACCOTCTACACTGGCTCTGLCGATITIGCCCCOAAACTGGOTAGAGTGCAGTTTGAGACCGACALTGACC
GGEGACTTTGAAGCCAATCAGAATACTAAGTTCALACCTGTAGGAGTGATTCAGGACGLGGGCACCACTL
ACCOQGAACOAGLLGLAACAATGGETCCTGLLCTITIATAGCGGOAGGAATACTCATAATGTGCATTTIGE
CTCCTGCAGTGGECTCCCACGTTTCLLGGGGAALAACTGCTLTTITITCGTTCAACCATGLCTGGATECTCC
GGATATCCCAATATGGATCTCGATTGCOTGCTLCCACAGGAATGOGTGLAGTATTTTTATCAAGAGGULG
CACCAGCCCAATCCGACGTCGCACTTICTGLGGTTCGTGAATCCAGACACAGGCLGLGTGTTGTTTGAGTG
CAAATTGCACAAATCAGGATACGTTACAGTGGLTCATACTGGACAGLATCACCTGGTGATCCCACLCAAL
GGATATTTTAGGTTCGACTCCTGGGTGAATCAGTTTTATACATTAGCCCCCATGGGGAATGGGACTGGECA
GACGCAGGGCTGTITGA

FIGURE 32FF
Amino acid sequence of VPL1_GHL4_Sydl2 PEOX: where X = A, N, K, or H {SEQ 1D NG:286)

MEKMASSDANPSDGSAANLVPEVNNEVMALEPYVGAAIAAPVAGQONVIDPWIRNNFVOAPGGEFTVAPR
NAPGEILWSANLGPDLNPYLSHLARMYNGYAGGFEVQVILAGNAFTAGKVIFAAVPPNFPTEGLSPSOVTMF
PHIVVDVROQLEPVLIPLPDVRNNFYHYNCSNDPTHLIAMLYTPLRANNAGDDYFTVSCRVLTRPSPDFDFIFLY
PPTVESRTKPFSVPVLTVEEMTNSRFPIPLEKLFTGPSSAFVVGQPONGROTTDGVLLGTTOLSPYNICTFRGDVT
HITGSRNYTMINLASONWNDYDPTEEIPAPLGTPDRVGRIQGVLTOTTRTDGSTRGHKATYYTGSADFAPKLG
RVQFETDTDRDFEANQNTKFTPYGVIODGGTTHRNEPQOWYLPSYSGRNTHNVHLAPAVAPTFPGEQLLFF
RETMPGCSGYPNMDLDCLLPQEWVQYFYQEAAPAGSDVALLRFVNPDTGRVLIFECKLHKSGYVTVAHTGO
HDLVIPPNGYFRFDSWVNGFYTLAPMGNGTGRRRAY

FIGURE 326G (3EQ ID NO:289)

hCod optimize sequence of VP11 GHL.4_Syd12 PSOS+A3SX; X = {}XA=ATC), MXX=ATG),
GEXA=GGT), SRXA=AGT), E(MXH=GAG), DAAX=GAT), N(XXX=AAC), G{XAK=CAG}, K{XXX=AAG),
or H{XXX=CAC)

ATGAAAATGGCCTCOAGTGACGLTAACCCTAGTGACGLCAGCGULGLLAATCTTOTGLLTGAGGTTAAT
AATGAGGTGATEGCCCTGGAGCLTGTGGTGGGUGCAGCCATAGCAXMNCCCGTGGLCGGTCAGLAGAA
TGTGATTGACCCGTGGATACGCAACAATTTTGTCCAAGLCCOTGGTGGGGAGTTCACCGTTAGCCCGAGA
AATGCGCCAGGAGAAATCCTGTGGTCGGLLAGCTTGGGACCCGATCTGAACCCCTATTIGTCACATCICG
CTCOGGATGTACAACGGGTATGCLGGUGGATTIGAAGTGCAGGTGATTCTGGUTGGGAACGLGTTCALTG
CTGGCAAAGTGATCTTTGLAGCGGTGCCTCCCAACTTCCCCACTGAAGGACTGTCTCCAAGCCAGGTCAL
AATGTTTCCACACATCGTGRTGGACGTACGOCAGITAGAGLCTGTCCTGATTCCCCTCCCTGATGTALGC
AATAATTTCTACCACTACAATCAATCCAATGATCLGACCATTARALTCATLGLGATGTIGTACACCCCTCTG
CGLGLTAACAATGCTGBAGALGACGTATTCACCGTGTCATGCAGAGTECTCACCAGACCTTCACCAGACT
TTGACTTTATCTTCTTAGTGCCCCCCACTETTGAGAGCCGAATCAAGLCCTTTAGTGTCLCCLGTACTCALA
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GSTCGAGGAGATGACAAATAGCCOQUTTTCCAATLCCCCTTGAGARACTGTTCACAGBACCTTICCTCGGCAT
TCGTGOTTCAGCCACAGAACGGALGCTGLACAACTOALGGLGTGLTGCTCGGAACCALLCAGLTTAGCC
CTGTTAATATCTGTACGTTTAGAGGUGACGTAACTCALATAALTGGLTCALGGAACTATACCATGAATCTG
GCATCACAGAATTIGGAATGACTACGACCCAACCGAAGAGATTCCCGTACCTCTTGGAALCCCCGALTTIG
TGGGAAAAATACAGGGCGTCCTGACACAARACCACCAGAACCGATGGCTCCACACGGGRACACAAGGLA
ACCGTCTACACTGGUTCTGCCGATTTT GCCCCGAAACTGOGTAGAGTGLAGTTTGAGACCGACACTGACC
GGGACTTTGAAGCCAATCAGAATACTAAGTTCACACCTOTAGGAGTGATTCAGGALGGGGGCACCALTC
ACCGGAACGAGCCGLAACAATGGGTCITGLCCTCTTATAGCGGGAGGAATACTCATAATGTGLATITGE
CTCCTGLAGTGGCTCCCALGTITCCCGGGGAACAACTGITCTTTITTCGTTCAACCATGCCTGGATGLTCC
GGATATCCCAATATGRATITCGATTGLCTGCTCCCACAGGAATGGGTGCAGTATTTTTATCAAGAGGLLG
CACCAGCCLAATCLGACGTCGLACTICTGCGETTCGTGAATCLAGACACAGGLCGLGTEGTIGTITGAGTG
CAAATTGCACAAATCAGGATACGTTACAGTGGCTCATALTGGACAGCATGACCTGGTGATCLCACCCAAL
GGATATTTTAGGTTCGACTCCTGGGTOAATCAGTITTATACATTAGCCCCCATGGGGAATGGGALTGGLA
GACGCAGGECTGTCTGA

FIGURE 3284 {SEQ 1D NO:288)
Amino acid sequence of VP1_GH.4_Sydl2 PBOS+A3SK; where X =1, M, G, 5, E, D, N, QL K, or H

MIEMASSDANPSDGSAANLVPEVNNEVMALEPVVGAAIAXPYAGGONVIDPWIRNNFVOQAPGGEFTVSPR
NAPGEILWSASLGPDLNPYLSHLARMYNGYAGGFEVOVILAGNAFTAGKVIFAAVPPNFPTEGLSPSQVTMF
PHIVVDVROLEPVLIPLPDVRNNFYHYNOSNDPTIKLIAMLYTPLRANNAGDDVFTVSCRVLTRPSPDFDRIFLY
PPTVESRTKPFSVPVLTVEEMTNSRIPIPLEKLFTGPSSAFVVOPONGRCTTDGVLLGTTOLSPVNICTFRGDVT
HITGSRNYTMNLASONWNDYDPTEEIPAPLGTPOFVGKIGGYLTOTTRTDGSTRGHKATVYTGSADFARPKLG
RVOFETDTDRDFEANONTKFTPVOVIODGGTTHRNEPQOWVLPSYSGRNTHNVHLAPAVAPTFPGEOLLFF
RSTMPGCSGYPNMDLDCLLPOQEWVQYFYQEAAPAQSDVALLRFVNPDTGRVLFECKLHKSGYVTVAHTGO
HDLVIPPNGYFRFDSWVNQFYTLAPMGNGTGRRRAY

Figure 334

Aming acid sequence of VP1_GIHLG6_Ohio_E80S {SEQ D NOG:79)

MKMASNDAAPSNDGAANLVPEANNEVMALEPVVGASIAAPVVOROONIDPWIRENFVOAPQGEFTVSPRNSPGEMLL
NUSLGPELNPYLSHLSRMYNGYAGGMOQVOQVVLAGNAFTAGKIRFAAVPPHEPVENINAAGITMCPHVIVDVROLEPVLLP
LPDIRNRFFHYNQENTSRMRLVAMLYTPLRANSGEDVFTVSCRVLTRPAPDFEFTFLVPPTVESKTKPFSLPILTLGELSNSR
FPAPIDMLYTDPNEGIVVQPONGRCTLDGTLQGTTQLVPTCYCAFRGTUGQYSRAPDSTDSAPRRRDHPLHVOLKNIDG

TAYDPTDEVPAVLGAIDFKGTVIGYASORDVSGUOVGATRAREVHINTTDPRYTPEKLGSILM YSESDDFVTGOPVRITH

GMGDNDWHOWELPDYPGHLTLNMNLAPAVAPAFPGERILFFRSIVPSAGGYGSGQIDCLIPGEWVOHFYGEAAPSQOS

AVALIRYVNPDTGRMIFEAKLHREGHTVANSGNNPIVVPENGYFRFEAWYNOFYTUTPMGTGOGRRREG
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Figure 338
Nucleic acid sequence of human codon optimized VP1_GH.6_Ohio_EBDS {SEQ 1D NO:80)

ATGAAGATGLCAAGCAACRACGCAGCTCCCTCCAATRATGRTGLLGLCAACCTGRTCCCUGAAGITAATAATGALG
TGATGGCGTTAGAGCCGGTGETTGGUGCATCTATTGCAGCGLCTGTGETCGGACAGLAGAACATCATTGATCLCTG
GATTCGCGAGAACTTCOTACAAGCTCCACAGLGGRAGTTCACAGTCTCCCCCLRGAACTCCCLRGGLGAGATGLTG
CTCAATCTCAGCCTCGGLCCTOAACTAAACCOTTATCTGTCACACCTTTCACG GATGTALAATGGLTACG CAGGAGH
AATGCAAGTTCAGGTGGTCCTGGLCGECAATGCTTTCACCGCGEGLAARATCATCTTTGCGGCCGTTCCTCCACALT
FTCCCTORTCGAMAATATCAALGLCGCCCARATTACTATGTCCCCCCACOTRATTGTGGATGTLRCCACAGTYAGALLCA
GTTCTGCTGCCLCTGCCCGACATCAGAAACCGGTTCTTCCATTACAATCAAGAGAATACTTCACGGATGAGALTIGTT
GLGATGCTGTACACCCCTCTTCGTGCAAATTCCGGUGAAGACGTGTTCACTETGTCTTGTCGAGTALTTACCCGALLC
GLCCLOGATTTCGAATTCACCTTCLTGGTTCCCCLTACTG Y GRAGAGCAAGATAAAACCOYTCAGCCTCCOAATCTTA
ACACTCGGGGAGCTOTCTAATTCACGLTTCCCCOCALCTATTGATATGLTGTATACTGACCCCAATGAGGGGATAGT
GGTGCAGCCLCAAAATGGALGRTRTACTCTCGACGGCACGLTCCAGGLRLACAACCCAACTGRTGCCAACCLARATYT
FTETGCATTCAGGOGLACTTTGATTGLGCAGACATCGAGATCTCCAGATTCTACTGATTLCGLGLCAAGRAGGAGRG
ACCACCCACTCCACGTTCAGTTAMAAMLCCTGEACGGAALCCAGTACGACCCTACAGACGAGGTLCCCGITGTCCTC
GGAGLCATCGACTTTAARAGRAACT GTATTTGCAGTGGUATCCCAAAGGGATRTCTCLGGELAGCAGGTEGGALGLT
ACGAGAGCACATGAAGTCCACATTAACACCACAGACCCAAGATATACCCCAAAACTAGGGTCAATTTTAATGTATTC
GRAATCAGACGATTTTRTTACAGGTCAGCCLGTGLGLTTTACCCLRATCGRAATGRGGRACAALGATTGGCACCAG
TGLGAATTGLCCGATTACCOY GGALALCTCACCTT GAATATGAATCTGGCCLLAG LCETCL R CCLGLCTTCCCLGRT
GAGCGGATCCTCTTTTTTAGAAGLATAGTGLLCTCLGLAGGTOGGTATGGATCAGGGCAGATTGATTGCLTGATCCL
CCAAGAATOGGTACAGCATTTCTACCAGGAAGCAGCCCLTAGCCAGTCCGLAGTAGCACTRATCAGATATGTTAATC
CTGATACGGGAAGGAACATCTTCGAAGLUAAAALTGCACCGTGAGGGLTTCATTACCGTLGLLAACAGTGGTAATAA
CCCTATTGTGGTGLCTCCTAATGGATACTTCAGGTTTGAGGCATGGRTCAATCAGTTTTATACTCTGACTCLCATGGE
GACAGGCCAGGGGLGACGLICGLRGATCAGTGA

Figure 33C

Amino acid sequence of VP1_GH.6_Ohio_S80L (SEQ 1D NO:81)

MEMASNDAAPSNDGAANLYPEANNEVMALEPVVGASIAAPVVGRONIBDPWIRENFVOAPQGEFTVSPRNSPGEMLL
NLELGPELNPYLLHLSRMYNGYAGGMOQVOVVLAGNAFTAGKIFAAVPPHFPVENINAALITMCPHVIVDVYRQLEPVLLP
LPDIRNRFFHYNGENTSRMRLYAMLYTPLRANSGEDVFTVSCRVLTRPAPDFEFTFLVPPTVESKTKPFSLPILTLGELSNSR
FRAPIDMLYTOPNEGIVVOPONGROTLDGTLOGTTOLYPTOICAFRGTLIGITSRSPRSTDSAPRARDHPLHVOLKNLDG

TQYDPTDEVPAVLGAIDFKGTVEGVASORDVIGQOVGATRAHEVHINTTDPRYTPKLGSILMYSESDDRVYTGOPVRETPI

GMGDNDWHQWELPDYPGHLTLNMNLAPAVAPAFPGERILFFRSIVPSAGGRYGSGOIDCLIPOEWVOHFYQEAAPSQS

AVALIRYVNPOTGRMIFEAKLHREGFITVANSGNNPIVVPPNGYFRFCAWVNOFYTLTPMGTGQGRRROO

Figure 33D
Nucleic acid sequencea of human codon optimized VP1_GH.6_Ohic_S80L {SEQ D NO:82}
ATGAAGATGGLAAGCAACGACGLAGUTCCCTLCAATGATCGTGOLG CLAALCTGGTLLCCGAAGCTAATAATGAGE
TCATGGCGTTAGAGLCGGTGGTIGRLGLATCTATIGLAGLGLCTGTGETCGGACAGCAGAACATCATTGATCLCIG

GATTCGCGAGAALTICGTACAAGCTCCACAGGGLGAGTTCACAGTCICCLLCCGGAALTCLLCGGLILAGATECTG
CTCAATCTGOAALTCGGLCCTGAACTAAACCCTTATCTGLTCCALCTTTCACGGATGTACAATGGCTACGCAGLAGEG
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AATGCAAGTTCAGGTGGTCOTGGCCGGLAATGCTTTCACCGLGGRLAAAATCATCTTTGCGGCCGTICCTCCACALT
TCCCTGTLGARAATATCAALGLCGCCCAGATTACTATGTGCLCLCCACGTOATT GTGGATGTGLGACAGTTAGAGLLA
GTTCTGCTGLCCCTGCCCGACATCAGAAACCGGTTCUTTCCATTACAATCAAGAGAATACTTCACGGATGAGALTTIGTT
GCGATGCTGTACACCCCTCTTICGTGCAAATTCCOGLGAAGALRTGTTCACTGTRTCTTGTCGAGTACTTACCCGALCC
GLCCLLGATTTCGAATTCACCTTCCTGGTTCCCCCTACTG TGRAGAGCAAGACAAAACCOTTCAGCCTCCLAATCTTA
ACACTCGROGGAGTTGTLTAATTCACGCTTCCCCGCACCTATTGATATRLTGTATACTGACCLCAACGAGGGGATAGT
GCOTGCAGCCCCAAAATGGALGETGTACTOTCRACG GCACGCTCCAGGHCALAACCCAACTGGTG LCAACCLAGATT
TCTGCATTCAGGGGLALTTTGATTGGGCAGACATCGAGATLTCLAGATTCTACTGATTCLGLGLCAAGGAGGAGGG
ACCACCCACTCCACGTTCAGTTAAAAAACCTRGACGGAALCCAGTACGACCCTACAGALGAGGTCLCCGLTGTCCTC
GGAGLCATCOACTTTARAGGAACTGTATTTGGAGTGGLATCLCAAAGGGATGTCTCG GGG LAGLAGGTGGGAGLT
ACGAGAGCACATGAAGTCCACATTAACACCACAGACTCAAGATATACCCCAAAACTAGGGTCAATTTTAATGTATTC
GRAATCAGACGATTTTGTTACAGGTCAGCLCGTGLGRTTTACCCLCRATCGRAATGRGGRACAALGATTGGCACCAG
TGGGAATTGLCCGATTACCCTGGACACCTCACCTTGAATATGAATCTGGCCCCAGLCGTCG CGCLLGULTTCCCUGET
GAGCGRATCCTCTTTTTTAGAAGCATAGTGCCCTCCGCAGGTGGLTATGCGATCAGGGLARATTGATTGLCTGATLCC
CCAAGAATRGOTACAGCATTTCTACCAGGAAGCAGLCCLTAGLCAGTCLGLAGTAGCACTOATCAGATATOTTAATC
CTGATACGGGAAGGAACATCTTCGAAGLUAAAALTGCACCGTGAGGGLTTCATTACCGTLGLLAACAGTGGTAATAA
CCCTATTOTRGTGCCTCCTAATOGATACTTCAGGTTTGAGGCATGGGTCGAATCAGTTTTATACTCTRACTCCLATGGR
GACAGGLLAGGGGLGACGLLGGGATIAGTGA

Figure 33E
Amino acid sequence of VP1_GIHL.6_Ohio_E80S+530L (SEQ 1D NO:83)

MEMASNDAAPSNOGAANLYPEANNEVMALEPVVGASIAAPVVYGRANIDPWIRENFVOAPQGEFTVSPRNSPGEMLL
NLSLGPELNPYLLHLSRMYNGYAGGMOVOVVLAGNAFTAGKHFAAVPPHFPVENINAAGITMCPHVIVDVRQLEPVLLP
LPDIRNRFFHYNGQENTSRMRLVAMLY TPLRANSGERVETVSCRVLTRPAPDFEFTRLVPPTVESKTKPFSLPILTLGELSNSR
FRAPIDMLYTOPNEGIVVOPONGRITLDGTLOGTTOLYPTQICAFRGTLIGOTSRSPUSTDRSAPRRRDHPLHVOLKNLDG

TQYDPTDEVPAVLGAIDFKGTVEGVASGRDVIGQOVGATRAHEVHINTTDRPRYTPKLGSILMYSESDDRVTGOPVRETPI

CMGDNDWHOWELPDYPGHLTLNMNLAPAVAPAFPGERILFFRSIVPSAGHYGSGOIRCLIPOEWVOHFYREAAPSQS

AVALIRYVYNPDTGRNIFEAKLHREGFITVANSGNNPIVVPPNGYFRFEAWVNOFYTLTPMGTGQGRRREG

Figure 33F
Nucleic acid sequence of human codon optimized VP1_GH.6_Ohio_E805+520L {SEQ IDNO:B4;

ATGAAGATGGCAAGCAACGACGLAGCTCCCTCCAATGATGGTGCCGCCAACCTGGTCCCCRAAGLTAATAATGAGS
TCATGGCGTTAGAGCLGGTLGTTCRLGCATCTATTGCAGCGCCTGTGCTCGGACAGCAGAACATCATTGATCCCTG
GATTCGCGAGAALTICGTACAAGCTCCACAGGGLGAGTTCACAGTCICCLLCCGGAALTCLLCGGLLGAGATGCTG
CTCAATCTGAGCCTCGGCCCTGAALTAAACCCTTATCTGCTCCACTTTTCACGGATGTACAATGGUTACGCAGGAGGA
ATGCAAGTTCAGGTGGTCCTGGLLGRCAATGCTTTCALCGLGLGCAAAATCATCTTIGLGLCCLTTCCTCCALALTIC
CCTGTUGAAAATATCAALGULGLCCAGATTACTATGTGCCCLCACGTCGATTGTGGATGTGCGACAGTTAGAGCCAGT
TCTGCTGCCCCTGLCCGACATCAGAAACTGGTTCTTCCATTACAATCAAGAGAATACTTCACGGATGAGACTIGTTGC
GATGCTGTACACCCITCTTCGTGLAAATTCCGGLGAAGACGTRTTCACTGTGTOT TR TCGAGTALTTACCLRALCLGE
CLCCGATTTCGAATTCACCTTCCTGGTTCCCCCTACTGTGGACAGCAAGATAAAACCCTTCAGLCTCCCAATCTTAAC
ACTCGGGRAGCTRTCTAATTCACGCTTCCCCGCACCTATTGATATGLTGTATACTRACCCCAACGAGGRGATAGTGS
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TCGLAGCCCCAAAATGRACGGTGTALTCTCGACGGLACGLTCCAGG GCACAACCCAACTRGTGCCAALCCAGATTTGT
GLATTCAGGGGCACTTTGATIGGGCAGACATCGAGATCTCCAGATTCTACTGATTCCGCGCCAAGGAGGAGGGALT
ACCCACTCCACGTTCAGTTAAAAAACCTGGACGGAACCTAGTALGACCCTACAGALGAGGTUCCCGCTGTLLTLGEA
GCCATCGACTTTAAAGGAACTGTATTTGGAGTGLLATCCCAAAGGGATGTCTCGGRGCAGCAGGTGGRAGCTALGA
GAGCACATGAAGTCCACATTAACACCACAGACCCAAGATATACCCCAAAACTAGGGTCAATTTTAATGTATTCGGAA
TCAGACGATTTTGTTACAGOGTCAGCCCGTGLOGTTTACCCCGATCOGAATL GGG CACAACGATTIGRCALCAGTGGER
AATTGCCLGATTACCCTGGACACCTCACCTTGAATATGAATT GLCLCCAGCCRTCGLGLCCGCCTTCLLCGETGAGL
GOATCCTCTTTTTTAGAAGCATAGTGLCCTCCGCAGGTGLETATGGATCAGGGLAGATTGATTGLLTGATLCCCTAA
GAATGGGTACAGCATTTCTACCAGGAAGTAGLLCCTAGLCAGTCCOCAGTAGCACTGATCAGATATGTTAATCCTGA
TACGGGAAGGAACATCTTCGAAGCAAAACTGLACCGTGAGGGUT TCATTALCGTCGLLAALAGTGGTAATAACLLY
ATTGTGGTGLCTCCTAATGGATALTTCAGGTTTCAGGCATGGGTGAATCAGTTTTATACTCTGACTCCCATGGGGAL
AGGRLCAGGGGLGACGLCGRGATCAGTGA

Figure 344
Amino acid sequence of VP1_GIL.12_HS10_E8CS (SECQHID NO:88)

MEKMASNDAAPSNOGAAGLYPEVNNETMALEPVAGASIAAPLTGONNVIDPWIRLNFVQAPNGEFTVSPRNSPGEVLL
NLSLGPELNPYLAHLSRMYNGYAGGVEVOVLLAGNAFTAGKLVFAAVPPHFPLENISPGOITMEPHVIDVRTLERVLIRLP
DVRNNFFHYNQONEPRMRLVAMLYTPLRSNGSGDDVFTVSCRVLTRPSPDFDENYLVPPTVESKTKPFTLPILTIGELTNS
REPYPIDELYTSPNESLVVOPONGRCALDGELGGTTQLLPTAICSFROGRINOKYSGENHVWNMOQVTNIDGTRFDPTEDY
PAPLGTPDFSGKLFGVLSQRDHDNACRSHDAVIATNSAKFTPKLGAICICTWEQDDVHINQPTKFTPVGLFESEGENOW
TLPNYSGALTUNMGLAPPVAPTEPGEQILFFASHIPLKGGVADPVIDCLLPOEWIOHLYQESAPSQTDVALIRFTNPDTGRY
LFEAKLHRSGYITVANTGSRPIVYPANGYFRFDSWVNOFYSLAPMGTGNGRRRYQ

Figure 348
Nucleic acid sequencea of human codon optimized VP1_GHL.12 _HE10 ES0S5 (SEG 1D NG:89)

ATGAAGATGGLGTCTAATGATGCTGCTCCTTLCAATGATOGCGCAGLCGGLCTRETLOCTGAAGTLAATAALGAGA
CTATGGCTLTCGAACCLGTGGCLGGAGCITCAATTGLCGCCCLLLTCACTOGLCAGAACAACGTGATTIGATLCCTGG
ATCAGACTRAACTTCGTTCAGGCTCCTAATGLGGAGTTCALCGTGTCLCCGAGAAALTCLCCCGGLGAAGTGTTAYT
GAATTTGAGCTTAGGACCAGAACTCAACCCCTATCTGGCACATCTGTCTCGGATGTACAACGGUTATGLGGGLGEAG
TEGAGGTGCAAGTTCTICTCGCTGETAATGCATTCACAGCAGGAAAATTAGTATTTGLAGCGEGTTCCALTCCATTTIC
CACTTGAAAALATAAGCCCAGGCCAGATCACCATG Y CLOTCALGTGATAATCGALGTGUGLACATTAGAGLCCGTG
CTGCTACCCLTGCCCGACGTGAGGAACAATTTCTTTCACTACAATCAGCAAAATCGAACCAAGAATGLGCCTGGTCGC
CATGCTCTATACTCCTTTAAGAAGTAATGLRCAGTROGGATGACGTGTTTACTCGTTAGCTGTCGGRTGLTCACCCGAL
CTTCCCCAGATTTCGACTTCAATTATCTGGTCCCCCCCALGGTAGAGTCLAAAALAAAGLCTITCACTCTTCCAATCLY
TACAATTGGCGAACTGACCAALTCACGCTTTCCAGTGCCTATTGATGAGCTGTACACAAGTCCAAATGAATCCCTTGT
CGTTCAGLCACAGAATLGGLGITGCECGCTTGALGHLTGAGCTCCAGGGLALAACACAACTGTTGCLAALCGCTATA
TGLTCTTTCAGGLGGLGTATTAATCAGAAGGTCTCCGGGGAGAALCACGTETGGAACATGLAAGTGALGAATATLG
ACGGGACACCTTITCGATCCAACAGAGGATGTCCCAGLGCCTCTAGG TACCCCTGACTTCTCAGGCAAGTTGTTCGSC
GTCCTTTCCCAGLGULACCATGATAATGCTTLRCCGGAGCCACGATGCLGTCATTGUCACCAALTCAGCLAAATTCALC
CLAARACTTGGAGCGATACAGATCGGAACTTGGGAALAAGALGACGTCCATATCAACCAACCAACAARAGTTTALCCC
TCTTGGCCTTTTCRAAAGCGAAGLRCTTTAACCAGTGGACACTTCCCAATTACAGLGLGGUTCTCACTCTTAATATGER
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GACTCGCACCACCOGTCGLTCLAACGTTTCCIGGTGAGCAGATT TTGTTTTTCCGCAGTCATATTCCALTGAAGG TG
GAGTTGCTRATCCCOTRATAGALTGCCTCCTCCCTCAGGAATGRATTCAGLACTTGTATCAGGAGTCCGCTCCCTCGL
AGACCOATGTGGCLCTOATALGLYTCACAAACCLCGATACCGGAAGAGTGTTR T TRAAGCTAAATTTCATIGLTCC
GOGTTACATCACAGTAGCLAACACGGGTTCCAGGLLAATCGTAGTTCCGGLAAACGGATACTTTCGATTCGALAGTIG
GRTCAATCAGTTCTACAGCCTGGLTCCAATGGGAACAGGAAATGRGAGGAGGLGTGTGLAGTAA

Figure 34C
Amino acid sequence of VP1_GIL12_HS510 _AB0L {SEQ ID NO:90)

MEMASNDAAPSNDGAAGLYPEVNNETMALEPVAGASIAAPLTGONNVIDPWIRLNFVOAPNGEFTVSPANSPGEVLL
NLELGPELNPYLLHLSRMYNGYAGGVEVOVLLAGNAFTAGKLVFAAVPPHEPLENISPGQITMEPHVHDVRTLEPVLLPLP
DVRNNFFHYNQONEPRMRLVAMLYTPLRSNGSGDDVFTVSCRVLTRPSPDFDENYLVPPTVESKTKPFTLPILTIGELTNS
REPYPIDELYTSPNESLVVOPONGRCALDGELGGTTQLLPTAICSFROGRINOKYSGENHVWNMOVTNIDGTRFDPTEDY
PAPLGTPDFSGKLFGVLSORDHDNACRSHDAVIATNSAKFTPKLGAICIGTWEQDDVHINGPTKFTPVGLFESEGFNGW
TLPNYSGALTLNMGLAPPVAPTEPGEQILFFRSHIPLKGGVADPVIDCLLPOEWIOHLYQESAPSQTDVALIRFTNPDTGRY
LFEAKLHRSGYITVANTGSRPIVYPANGYFRFDSWVNOFYSLAPMGTGNGRRRYQ

Figure 34D
Nucleic acid seguence of human codon optimized VPI_GH.12_HS10_ASOL {5EQ D NO:81)

ATGAAGATGGCGTCTAATGATGCTRITCCTTCCAATGATGGCGCAGCCGGLCTLGTCCCTRAAGTGAATAALRAGA
CTATGGCTCTCGAALCCGTGGULGHAGCLTCAATT GCCGLLLLCCTCACTOGGLCAGAACAALGTGATTGATLCCTGG
ATCAGACTRAACTTCOTTCAGGCTCCTAATGGGGAGTTCALCGTGTCLCCGAG AAALTCCCCCGGLGAAGTGTTATT
GAATTTGGAATTAGGACCAGAACTCAALCCUTATCTGCTCCATCYGTCTCGGATGTACAALGLCTATGCGGGLGGAG
TEGAGGTGCAAGTTCTICTCGCTGETAATGCATTCACAGCAGGAAAATTAGTATTTGLAGCGGTTCCALTLCATTTIC
CACTTGAAAALATAAGCCCAGGCCAGATCACCATGTYCLOTCALGTGATAATCGALGTGUGLACATTAGAGLCCGTG
CTGCTACCCOTGCLCGACGTGAGGAACAATTTCTTTCACTACAATCAGLAAAATGAACCAAGAATGCGCCTGGTCGC
CATGLTCTATALTCCTTTAAGAAGTAATGGLAGTGGGEATGALGTGTTTACTGTTAGLTGTCGGGTGCTCACTCGAL
CTTCCCCAGATTTCGACTTCAATTATCTGGTCCCLCCCALGGTAGAGTCLAAAALAAAGLCTITCACTCTTCCAATOLY
TACAATTGGCGAACTGACCAACTCACGCTTTICCAGTGCCTATTGATGAGCTGTACACAAGTCCAAATGAATCCCTTGT
COTTCAGCCACAGAATGGGLGLTGCGCECTTGACGLTGAGCTCCAGGRCACAACACAACTGTTGCCAACCGLTATA
TCCTCYTICAGGLGGUGTATTAATCAGAAGGTCTCCGGGLAGAACCACOTETGRAACATGUAAGTGALGAATATLG
ACGGGACACCTTITCGATCCAACAGAGGATGTCCCAGLGUCCTCTAGG TACCCCTGACTTCTCAGGCAAGTTGTTCGEC
GTCCTTTCCCAGLGULACCATGATAATGCTTRCCGGAGCCACCATGCL GTCATTGUCACCAALTCAGCLAAATTCALC
CCAAAACTTGOAGCGATACAGATCGGAACTTGGGAALAAGALGALGTCCATATCAACCAACCAACAAAGTTTALCCC
TGTTGGCCTTTTCGAAAGLGAAGGLTTTAACCAGTGGACACTTCCCAATTACAGCGGGGUTCTCACTCTTAATATGE
GACTCOCACCACCCGTCGETCCAACGTTTCCTGGTGALCAGATTTTGTITITCCGCAGTCATATTCCACTGAAGGGTG
GAGTTGCTGATCCLGTGATAGACTGCLTCCTCCLTCAGGAATGGATTCAGLACTTIGTATCAGGAGTCLGLTCCLTCGT
AGACCRATRTGRCCCTGATACGCTICACAAACCCCGATACCGGAAGAGTETTGTTTRAAGCTAAACTTCATCRLTCC
GOTTACATCACAGTAGCLAACACGGLTTCLALGCCAATCGTAGTTCCGGLAAACGGATACTTTCGATTCGALAGTTG
GGTCAATCAGTTCTACAGUCTGGLTCLAATGGGAACAGGAAATGRGLAGGAGGIGTGTGLAGTAA
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Figure 348
Amino acid sequence of VP1_GIL12_HS10_EBOS+AS0L {SEG 1D NO:92)

MKMASNDAAPSNDGAAGLYPEVNNETMALEPVAGASIAAPLTGONNVIDPWIRLNFVOAPNGEFTVSPRNSPGEVLL
NLSLGPELNPYLLHLSERMYNGYAGGVEVOVLLAGNAFTAGKLVFAAVPPHEPLENISPGQITMFPHVIDVRTLEPVLLPLP
DVRNNFFHYNGONEPRMRLVAMLYTPLRSNGSGDRDVETVSCRVUTRPSPDEDFNYLVPRTVESKTKPFTLPILTIGELTNS
REPVPIDELYTSPNESLYWWOPONGRCALDGELOGTTOLLPTAICSFRGRINGEVSGENHVWNMOVTNIDGTPFOPTEDY
PAPLGTPDFSGKLFGYLSQRDHDNACRSHDAVIATNSAKFTPKLGAIQIGTWEGDDVHINGPTKFTPVGLFESEGENQW
TLPNYSGALTINMGLAPPYAPTFPGEQILFFRSHIPLEGGVADRPVIDCLLPQEWIGHLYOESAPSQTDVALIRFTNPDYGRY
LFEAKEHRSGYITVANTGSRPIVYPANGYFRFDSWYNQFYSLAPMGTGNGRRRVO

Figure 34F
Mucleic acid sequence of human codon optimized VP1_GHL12_HS10 ER0S+AR0L (SEQID NO:93)

ATGAAGATGGCETCTAATGATGLTGCTCCTTCCAATGATG LG CAGCLGGLLTGGTCCUTGAAGTGAARTAACGAGA
CTATGGCTCTCGAACCCGTGGCUGGAGCCTCAATTGUCGLCCCCCTCACTGECCAGAACAACGTGATTGATCCCTGG
ATCAGACYGAALTTCOTTCAGGCYCCTAATGGGRAGTICACCG TG TCCCLGAGAAACTCCCLOGLLGAAGTGTTAYY
GAATTTGAGCTTAGGACCAGAALCTCAACCCCTATOTGUTCCATCTCTCTCGGATGTACAACGGLTATGLGGGLGGAS
TCRAGGTGCAAGTICTTCTCGLTGGTAATGCATTCACAGCAGGAAAATTAGTATT TGCAGCGGTTCCACCCCATTTTC
CACTTGAAAACATAAGLLCAGLUCAGATCACCATGTTCCCTCACGTRATAATCGACGTGLGGALATTAGAGCLLGTG
CTGLTACCCOTGLCCGACGTCGAGGAACAATTTCTTTCACTACAATCAGCAAAATGAACCAAGAATGLGLLTGGTCGC
CATGCTCTATACTCOTTTAAGAAGT AATGGCAGTGGLRGATGACGTGTTTACTCTTAGCTGTCGRGTGCTCACCLGAL
CTTCCCCAGATTTCGACTTCAATTATCTGRTLCCCCCCACGGTAGAGTCCAAAACAAAGCCTTTCACTCTTCCAATCCT
TACAATTGGUGAACTGACCAACTCACGCTTTCCAGTGLCTATTGATGAGITGTACACAAGTCCAAATGAATLCCTTGT
COTTCAGCLACAGAATGGGCGCTOLGCGITTRACGGTCAGETCCAGO GCACAACATAACTETTGCCAACCOCTATA
TGCTCTTTCAGGGGGLGTATTAATCAGAAGGTITCLGGGGAGAATCACGTGTGGAACATGCAAGTGALGAATATCG
ACGGLRACALCTTTCGATCCAACAGAGRATGTCCCAGLGCITCTAGGTACCCCTGACTTCTCAGRLAAGTTGTTCGRL
STCCTTTCCCAGCGLGALCATOATAATGCTTGLCGGAGLLACGATGLCGTCATTOLLACCAACTCAGCCAAATTCALL
CCAAAACTTGGAGCGATACAGATCGGAACTTGGGAATAAGACGACGTCCATATCAACCAACCAACARAGTTTALLCC
FTETTGGLCTITTCOAAAGCGAAGGETTTAACCAGTGRACALTTCCCAATTACAGCGGGLETCTCALTCT TAATATRG
GACTCGCACCACLCGTCGUTCCAALGTTTCCTGGTGAGCAGATTTTGTTTITCCGCAGTCATATTCCACTGAAGGGTG
GAGTTGCTGATCCCGTGATAGACTGCLTCCTCCCTCAGGAATGGATTCAGCACTTGTATCAGGAGTCLGLTCCCTCGE
AGALCGATGTCGCCCTGATACGCTTCACAAACCCCLATALCGGAAGAGTGTTGTITGAAGLTAAACTTCATCGCTEC
GGTTACATCACAGTAGLCAACACGGRGTTLCAGGCCAATCGTAGTICCGGLAAACGGATACTTTCGATTCGACAGTTG
GGTCAATCAGTTCTACAGLCTGGCTLCAATGGRAACAGGAAATGGCAGGAGGLGTGTGCACTAA

FIGURE 34G
Amino acid sequence of VP1 GIL17 Kawa 2014 AGAQS77KVUE_A39V (SEQ ID NO:182)

MEMASNDAAPSNDGAAGLYPEGNNETLPLEPVAGAAIAVPYTGONNIDPWIRTNFVCAPNGEFTVEPRNS
PGEILLNLELGPDLNPYLARLSRMYNGYAGGVEVQVLLAGNAFTAGKILFAAVPPNFPVEFLSPAGITMLPHLL
VOVRTLEMIMIPLPOVRNTFFHYNNOPNSRMRLVAMLYTPLRSNGSGDDVFTVSCRVLTRPTPDFEFTYLVPP
SVESKTHPFSLPILTLSELTNSRFPVPIDSLFTAONNVLOVOCONGRCTLDGILOGTTOLLPSGICAFRGRVTAE
TOHRDKWHMOLONLNGTTYDPTODVPAPLGTPDIKGVVFGVASORNYGNDAPGSTRAHEAVISTYSPGRY
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FIGURE 346 {cont)

PKLGSVNFRSNDNDFQLOPTKFTRPVGINDDGDHPFROWELPDYSGLLTLNMNLAPPVAPNFPGEQLLFFRSF
VPCSGGYNQGIVDCLIPQEWIOHFYQESAPSOSDYALIRYVNPOTGRTLFEAKLHRSGYITVAHSGDYPLVVPA
NGYFRFOSWVYNOFYSLAPMGTGNGRRRAG

FIGURE 34H
Nucleic acid sequence of VP1 hCod GH.17 Kawa 2014 AGAD77KVUG_A3SGY (SEQ ID NO:183)

ATGAAAATGGCATCTAACGACGLAGCCCCCTCAAACGATGGLGCTGUTGGACTIGTGLCGRAGGGRAAT
AATGAGACACTTCCACTAGAGCCGGTTGCAGGLGLLIGCTATAGCTGTGCCAGTGACAGGGTAGAATAAT
ATTATAGACCCTTGGATTCGOACAAACTTCGTGCAGGCACCCAACGGLGAGTTTACAGTATCCCCCCGGA
ACTCCCCAGGTGAGATACTLCTGAATITTGAGLTLGGCCCTGALCTCAATCCATATCTGGUTCATCTGAGC
CQLATGTACAATGGTTACGCTGOGGGGGTCGAAGTGCAGGTCCTICTEGLCGGAAACGLITTTACCGCY
GGLAAAATTCTGTTTGCCGLCGTTCCACCAAACTTTCCAGTCGAATTCOTCTCTCCCGLGCAAATAALCAT
GCTGCCACATITGATCGTTGACGTGLGGACCCTGGAGCCAATAATGATTCCCCTGCCGGATGTGLGTAAL
ACCTTTTTCCATTATAACAATCAGCCAAACTCTCGRATGAGACTTGTTGCTATGCTGTACACCCCCLTGEG
GAGCAACGGLAGTGGCGATGATGTGTITACCGTGAGTTGCAGAGTCCTGACGCGCCCAACCCCGRALTT
CGAGTTCACCTACCTOGTGLCCCCTICTGTGGAATITAAGACCAAACCGTTTTCACTGUCAATCTTAALTCT
CTCCGAACTGACTAACAGCCGGTTTCCAGTACCCATAGATICTOTTITTACCGUTCAAAACAACGTALTCC
AAGTCCAGTGCCAGAACGRCCGUTGTACGCTTGATGGTGAGTTGCAGGGGACAACACAGCTACTCLLCA
GTGGCATCTGTGLATTCLOGHEGLCCLGTGACCGITGAGACAGALLATCGTGACAAATGHECACATGLAAL
TCCAAAALTTAAACGGCACCACCTACGACCCAACCOACGACGTCLITGCTCCRITAGGGACTCCTGALTT
TAAGGGGETGGTCTTCGCAGTGGLCTCTCAGCGGAATGTTGGGAARTGACGLCCCCGGITCTACCCGALC
TCACGAGGCCGTTATCTCAACATATAGCCCCCAATTTGTGLCCAAGCTUGGATCCGTTAATTTTCGTAGTA
ACGACAALGACTTCCAACTGLAACCAACGAAGTTTACGCCAGTGGGGATTAATGATGATGGAGALLATC
CTTTCCGLCAATGGLAACTACCAGATTATTCTGGGUTGCTCACCCTCAATATGAACCTCGLLLCACCCGTS
GCCCCTAATTTCCLCGGTOAGCAGCTGCTGTTITTITCGBAGCTTTGTGLCATGCAGTGGCGGATATAATCA
AGGCATCGTAGACTGCTTGATTCCCCAAGAGTGGATACAACATTTTITACCAGGAAAGTGLGCCCTCCCAG
TCCGATGTGGLCCTGATACGGTACGTTAACCCCGATACCGGAAGAACATTATTCGAAGCGAAATTGCACA
GATCAGGGTACATTACCGTTGCACATTCCGGLGATTATCCCCTGETGGETTCCCGLLAACGGTTACTITAG
GTTCGATAGTTGGGTCAACCAGTTICTATTCACTAGLCCCAATGRGCACCGGTAACGGLAGALGLLGGGLT
CAGTAG

FIGURE 341
Aming acid sequence of VPLGIL1T Kawa 2014 AGAD?77KVUS_RS31 {(SEQID NO:184)

MEMASNDAAPSNDGAAGLYPEGNNETLPLEPVAGAAIAAPVTGONNIIDPWITNFVOAPNGEFTVSPRNS
PGEHLNLELGPDLNPYLAHLSRMYNGYAGGVEVOVLLAGNAFTAGKILFAAVPRNFPVEFLSPAGITMLPHL
VDVRTLEPIMIPLPDVRNTFFHYNNQPNSRMBLVAMLYTPLRSNGSGDDVFTVSCRVLTRPTPDFEFTYLVPP
SVESKTKPFSLPILTLSELTNSRFPVPIDSLETAQNNVLOQVQCONGRCTLDGELQGTTOLLPSGICAFRGRVTAE
TOHRDKWHMOLONLNGTTYDPTDDVPAPLGTPDFKGVVFGVASORNYGNDAPGSTRAHEAVISTYSPOFY
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FIGURE 341 {cont)

PKLGSVNFRSNDNDFQLOPTKFTRPVGINDDGDHPFROWELPDYSGLLTLNMNLAPPVAPNFPGEQLLFFRSF
VPCSGGYNQGIVDCLIPQEWIOHFYQESAPSOSDYALIRYVNPOTGRTLFEAKLHRSGYITVAHSGDYPLVVPA
NGYFRFOSWVYNOFYSLAPMGTGNGRRRAG

FIGURE 344
Nucleic acid sequence of VP1 hCod GH.17 Kawa 2014 ACADG77KVUG_R531 {SEQ 1D NO:185)

ATGAAAATGGCATCTAACGACGLAGCCCCCTCAAACGATGGLGCTGUTGGACTIGTGLCGRAGGGRAAT
AATGAGACACTTCCACTAGAGCCGGTTGCAGGLGLIGCTATAGCTGLCCCAGTGACAGGGCAGAATAAT
ATTATAGACCCTTGGATTATCACAAALTTCGTGCAGGCALCCAACGGLGAGTT TACAGTATCCCCCCGBA
ACTCCCCAGGTGAGATACTLCTGAATITTGAGLTLGGCCCTGALCTCAATCCATATCTGGUTCATCTGAGC
CQLATGTACAATGGTTACGCTGOGGGGGTCGAAGTGCAGGTCCTICTEGLCGGAAACGLITTTACCGCY
GGLAAAATTCTGTTTGCCGLCGTTCCACCAAACTTTCCAGTCGAATTCOTCTCTCCCGLGCAAATAALCAT
GCTGCCACATITGATCGTTGACGTGLGGACCCTGGAGCCAATAATGATTCCCCTGCCGGATGTGLGTAAL
ACCTTTTTCCATTATAACAATCAGCCAAACTCTCGRATGAGACTTGTTGCTATGCTGTACACCCCCLTGEG
GAGCAACGGLAGTOGLGATGATGTGTITACCGTGAGTTGCAGAGTCCTGACGCGCCCAACCCCGRALTT
COAGTTCACCTACCTOGTGLLCCCTICTGTGGAATITAAGACCAAACCGTTTTCACTGUCAATCTTAALTCT
CTCCGAACTGACTAACAGCCGGTTTCCAGTACCCATAGATICTOTTITTACCGUTCAAAACAACGTALTCC
AAGTCCAGTGCCAGAACGGCCGCTGTACGCTTGATGGTGAGTTGCAGGGGACAACACAGCTACTCCCCA
GTGGCATCTGTGLATTCLOGHEGLCGLBTGACCGITGAGACAGALLATCGTGACAAATGHRCACATGLAAC
TCCAAAACTTAAACGGGALCACCTACGACCLAACCOACGACGTCLOTGCTCCGUTAGLEGACTCCTGALTT
TAAGGGGGTGETGTTCGGAGTGCLITCTCAGCGGAATGTTGGRARTGACGCCCCCOGGITCTALLLGALGC
TCACGAGGCCGTTATCTCAACATATAGCCCCCAATTTGTGLCCAAGCTCGGATCCGTTAATTTTCGTAGTA
ACGACAACGACTTCCAACTGLAACCAALGAAGTTTACGCCAGTGLEOATTAATGATGATGGAGALCATC
CTTTCCGCCAATGGLAACTACCAGATTATTCTGGGUTGCTCACCCTCAATATGAACCTCGCLLCACCCGTS
GCCCCTAATTTCCLCGGTOAGCAGCTGLTGTTITTITCGBAGCTTTGTGLCATGCAGTGGCGGATATAATCA
AGGCATCGTAGACTGCTTGATTCCCCAAGAGTGGATACAACATTTTTACCAGGAAAGTGUGCCOTCCCAG
TCCGATGTGGCCCIGATACGGTACGTTAACCCCGATACCGGAAGAACATTATTCGAAGUGAAATTGCACA
GATCAGGGTACATTACCGTTGCACATTCCGGLGATTATCCCCTGETGGETTCCCGLLAACGGTTACTITAG
GTTCGATAGTTGGGTCAACCAGTTICTATTCACTAGLCCCAATGRGCACCGGTAACGGLAGALGLLGGGLT
CAGTAG

FIGURE 34K
Amino acid sequence of VPLGIL17 Kawa 2014 AGADT7ZKVUS_ASOL {SEQ D NO:196)

MEMASNDAAPSNDGAAGLYPEGNNETLPLEPVAGAAIAAPVTGONNIIDPWIRTNFVOAPNGEFTVSPRNGS
PGEHLNLELGPDLNPYLLHLSRMYNGYAGGVEVOVLLAGNAFTAGKILFAAVPRNFPVEFLSPAGITMLPHLIV
DVRTLEPIMIPLPDVRNTFFHYNNOQPNSRMRLVAMLYTPLRSNGSGDDVFTVSCRYLTRFTPDFEFTYLYPPS
VESKTKPFSLPILTLSELTNSRFPYPIDSLFTAQNNYVLQVOCONGRCTLDGELQGTTQLLPSGICAFRGRVTAET
DHROKWHMQLONLNGTTYDPTDDVPAPLGTPDFKGVVFGVASQRNVGNDAPGSTRAHEAVISTYSPQFVP
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FIGURE 34K {cont}

KLGRVNFRSNDNDFQLOPTKFTPVGINDDGDHPFROWELPDYSGLLTENMNLAPPVAPNFPGEQLLFFRSFY
PCRGGYNOGIVDCLIPQEWIGHFYQESAPSGADVALIRYVNPDTGRTLFEAKLHRSGYITVAHSGDYPLVVPA
NGYFRFOSWVYNOFYSLAPMGTGNGRRRAG

FIGURE 344
Nucleic acid sequence of VP1 hCod GH.17 Kawa 2014 ACAD77KVUG_ASOL {SEQ 1D N0:197)

ATGAAAATGGCATCTAACGACGLAGCCCCCTCAAACGATGGLGCTGUTGGACTIGTGLCGRAGGGRAAT
AATGAGACACTTCCACTAGAGCCGGTTGCAGGLGLIGCTATAGCTGLCCCAGTGACAGGGCAGAATAAT
ATTATAGACCCTTGGATTCGOACAAACTTCGTGCAGGCACCCAACGGLGAGTTTACAGTATCCCCCCGGA
ACTCCCCAGGTGAGATACTLCTGAATITTGAGLTLGGCCCTGALCTCAATCCATATCTGCTGLATCTGAGC
CQLATGTACAATGGTTACGCTGOGGGGGTCGAAGTGCAGGTCCTICTEGLCGGAAACGLITTTACCGCY
GGLAAAATTCTGTTTGCCGLCGTTCCACCAAACTTTCCAGTCGAATTCOTCTCTCCCGLGCAAATAALCAT
GCTGCCACATITGATCGTTGACGTGLGGACCCTGGAGCCAATAATGATTCCCCTGCCGGATGTGLGTAAL
ACCTTTTTCCATTATAACAATCAGCCAAACTCTCGRATGAGACTTGTTGCTATGCTGTACACCCCCLTGEG
GAGCAACGGLAGTGGCGATGATGTGTITACCGTGAGTTGCAGAGTCCTGACGCGCCCAACCCCGRALTT
CGAGTTCACCTACCTOGTGLCCCCTICTGTGGAATITAAGACCAAACCGTTTTCACTGUCAATCTTAALTCT
CTCCGAACTGACTAACAGCCGGTTTCCAGTACCCATAGATICTOTTITTACCGUTCAAAACAACGTALTCC
AAGTCCAGTGCCAGAACGRCCGUTGTACGCTTGATGGTGAGTTGCAGGGGACAACACAGCTACTCLLCA
GTGGCATCTGTGLATTCLOGHEGLCCLGTGACCGITGAGACAGALLATCGTGACAAATGHECACATGLAAL
TCCAAAALTTAAACGGCACCACCTACGACCCAACCOACGACGTCLITGCTCCRITAGGGACTCCTGALTT
TAAGGGGETGGTCTTCGCAGTGGLCTCTCAGCGGAATGTTGGGAARTGACGLCCCCGGITCTACCCGALC
TCACGAGGCCGTTATCTCAACATATAGCCCCCAATTTGTGLCCAAGCTUGGATCCGTTAATTTTCGTAGTA
ACGACAALGACTTCCAACTGLAACCAACGAAGTTTACGCCAGTGGGGATTAATGATGATGGAGALLATC
CTTTCCGLCAATGGLAACTACCAGATTATTCTGGGUTGCTCACCCTCAATATGAACCTCGLLLCACCCGTS
GCCCCTAATTTCCLCGGTOAGCAGCTGCTGTTITTITCGBAGCTTTGTGLCATGCAGTGGCGGATATAATCA
AGGCATCGTAGACTGCTTGATTCCCCAAGAGTGGATACAACATTTTITACCAGGAAAGTGLGCCCTCCCAG
TCCGATGTGGLCCTGATACGGTACGTTAACCCCGATACCGGAAGAACATTATTCGAAGCGAAATTGCACA
GATCAGGGTACATTACCGTTGCACATTCCGGLGATTATCCCCTGETGGETTCCCGLLAACGGTTACTITAG
GTTCGATAGTTGGGTCAACCAGTTICTATTCACTAGLCCCAATGRGCACCGGTAACGGLAGALGLLGGGLT
CAGTAG

FIGURE 34M
Amino acid sequence of VPLGIL1T Kawa 2014 AGAD77KVUS_AZOV+MS3E {SEQ D NO:198)

MEMASNDAAPSNDGAAGLYPEGNNETLPLEPVAGAAIAVPVTGONNIDPWITNFVOAPNGEFTYSPRNS
PGEHLNLELGPDLNPYLAHLSRMYNGYAGGVEVOVLLAGNAFTAGKILFAAVPRNFPVEFLSPAGITMLPHL
VDVRTLEPIMIPLPDVRNTFFHYNNQPNSRMBLVAMLYTPLRSNGSGDDVFTVSCRVLTRPTPDFEFTYLVPP
SVESKTKPFSLPILTLSELTNSRFPVPIDSLETAQNNVLOQVQCONGRCTLDGELQGTTOLLPSGICAFRGRVTAE
TOHRDKWHMOLONLNGTTYDPTDDVPAPLGTPDFKGVVFGVASORNYGNDAPGSTRAHEAVISTYSPOFY
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FIGURE 34M {cont)

PKLGSVNFRSNDNDFQLOPTKFTRPVGINDDGDHPFROWELPDYSGLLTLNMNLAPPVAPNFPGEQLLFFRSF
VPCSGGYNQGIVDCLIPQEWIOHFYQESAPSOSDYALIRYYNPOTGRTLFEAKLHRSGYITVAHSGDYPLVVPA
NGYFRFOSWVYNOFYSLAPMGTGNGRRRAG

FIGURE 34N
Nucleic acid sequence of VP1 hCod GH.17 Kawa 2014 AGAQG77EVUG_AZGV+MB3! (SEQ 1D NO:199)

ATGAAAATGGCATCTAACGACGLAGCCCCCTCAAACGATGGLGCTGUTGGACTIGTGLCGRAGGGRAAT
AATGAGACACTTCCACTAGAGCCGGTTGCAGGLGLLIGCTATAGCTGTGCCAGTGACAGGGTAGAATAAT
ATTATAGACCCTTGGATTATCACAAALTTCGTGCAGGCALCCAACGGLGAGTT TACAGTATCCCCCCGBA
ACTCCCCAGGTGAGATACTLCTGAATITTGAGLTLGGCCCTGALCTCAATCCATATCTGGUTCATCTGAGC
CQLATGTACAATGGTTACGCTGOGGGGGTCGAAGTGCAGGTCCTICTEGLCGGAAACGLITTTACCGCY
GGLAAAATTCTGTTTGCCGLCGTTCCACCAAACTTTCCAGTCGAATTCOTCTCTCCCGLGCAAATAALCAT
GCTGCCACATITGATCGTTGACGTGLGGACCCTGGAGCCAATAATGATTCCCCTGCCGGATGTGLGTAAL
ACCTTTTTCCATTATAACAATCAGCCAAACTCTCGRATGAGACTTGTTGCTATGCTGTACACCCCCLTGEG
GAGCAACGGLAGTOGLGATGATGTGTITACCGTGAGTTGCAGAGTCCTGACGCGCCCAACCCCGRALTT
CGAGTTCACCTACCTOGTGLCCCCTICTGTGGAATITAAGACCAAACCGTTTTCACTGUCAATCTTAALTCT
CTCCGAACTGACTAACAGCCGGTTTCCAGTACCCATAGATICTOTTITTACCGUTCAAAACAACGTALTCC
AAGTCCAGTGCCAGAACGRCCGUTGTACGCTTGATGGTGAGTTGCAGGGGACAACACAGCTACTCLLCA
GTGGCATCTGTGLATTCLOGHEGLCCLGTGACCGITGAGACAGALLATCGTGACAAATGHECACATGLAAL
TCCAAAALTTAAACGGCACCACCTACGACCCAACCOACGACGTCLITGCTCCRITAGGGACTCCTGALTT
TAAGGGGETGGTCTTCGCAGTGGLCTCTCAGCGGAATGTTGGGAARTGACGLCCCCGGITCTACCCGALC
TCACGAGGCCGTTATCTCAACATATAGCCCCCAATTTGTGLCCAAGCTUGGATCCETTAATTTTCGTAGTA
ACGACAALGACTTCCAACTGLAACCAACGAAGTTTACGCCAGTGGGGATTAATGATGATGGAGALLATC
CTTTCCGLCAATGGLAACTACCAGATTATTCTGGGUTGCTCACCCTCAATATGAACCTCGLLLCACCCGTS
GCCCCTAATTTCCLCGGTOAGCAGCTGCTGTTITTITCGBAGCTTTGTGLCATGCAGTGGCGGATATAATCA
AGGCATCGTAGACTGCTTGATTCCCCAAGAGTGGATACAACATTTTITACCAGGAAAGTGLGCCCTCCCAG
TCCGATGTGGLCCTGATACGGTACGTTAACCCCGATACCGGAAGAACATTATTCGAAGCGAAATTGCACA
GATCAGGGTACATTACCGTTGCACATTCCGGLGATTATCCCCTGETGGETTCCCGLLAACGGTTACTITAG
GTTCGATAGTTGGGTCAACCAGTTICTATTCACTAGLCCCAATGRGCACCGGTAACGGLAGALGLLGGGLT
CAGTAG

FIGURE 340
Amino acid sequence of VPLGIL17 Kawa 2014 AGAD77KVUS_EBDS+ASOL {SEQ 1D NO:200)

MEMASNDAAPSNDGAAGLYPEGNNETLPLEPVAGAAIAAPVTGONNIIDPWIRTNFVOAPNGEFTVSPRNS
PGEILLNLSLGPDLNPYLLHLSRMYNGYAGGVEVOVLLAGNAFTAGKILFAAVPPNFPVEFLSPAGHTMLPHLIY
DVRTLEPIMIPLPDVRNTFFHYNNOQPNSRMRLVAMLYTPLRSNGSGDDVFTVSCRYLTRPTPDFEFTYLYPPS
VESKTKPFSLPILTLSELTNSRFPVPIDSLFTAQNNYVLOQVOCONGRCTLDGELQGTTQLLPSGICAFRGRVTAET
DHROKWHMOQLONLNGTTYDPTDDVPAPLGTPDFKGVVFGVASQRNVGNDAPGSTRAHEAVISTYSPQFVP
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FIGURE 340 {cont)

KLGSVYNFRSNDNDFQLOPTKFTPVGINDDGDHPFRQWELPDYSGLLTLNMNLAPPYAPNFPGEQLLFFRSFY
PCSGGYNQGIVDCLIPQEWIOHFYQESAPSQSDVALIRYVNPDTGRTLFEAKLHRSGYITVAHSGRYPLVVPA
NGYFRFDSWVNQFYSLAPMGTGNGRRRAQ

FIGURE 34p
Nuclelc acid sequence of VP1 hCod GiL17 Kawa 2014 AGAD77KVUGS_ESDS+ASOL {SEQ 1D NO:201)

ATGALAATGGCATCTAACGACGCAGLCCCOTCAAALGATGGUGCTGLTGGACTCGTGCCGLAGGGGAAT
AATGAGACACTTCCACTAGAGLLGGTTGCAGGLGLCGCTATAGCTGLCCLAGTOACAGGGLAGAATAAT
ATTATAGACCOTTGGATTCGGACARACTTCOTGCAGGCACCCAACGGLGAGTTTACAGTATCCCCCCGGA
ACTCCCCAGGTGAGATACTCCTOAATOTTAGCCTCGGCCCTGACCTCAATCCATATCTGCTGCATCTGAGT
COCATGTACAATGGTTACGLTGEGGEGETCCGAAGTGLAGGTCCTCCTGGLCGGAAACGLLTTTACCGCT
GGCAAAATTCTGTTTGCCGCCGTTCCACCAAACTTICCAGTCGAATTCCTOTCTCCCGCGCAAATAACCAT
GCTGLCACATITGATCGTTGALGTGLGHBACCCTGGAGLCAATAATGATTCCCCTGLLGGATGTGCGTAAL
ACCTTTTTCCATTATAACAATCAGCCAAACTCTCGBATGAGACTTGITGLTATGCTGTACACCCLOCTGCG
GAGCAACGGCAGTGGCGATGATCTGTTTACCGTGAGTTGLAGAGTLCTGACGCGLLLAACCCCGRACTT
COAGTTCACCTACCTGGTGCCCCCTTCTGTGGAATCTAAGACCAAACCETTTTCACTGCCAATOTTAALCTCY
CTCCGAACTGACTAACAGCCGGTTTCCAGTACCCATAGATTCTCTTTTTACCGCTCAAARACAALGTALCTLL
AAGTCCAGTGCCAGAACGGCCGLTGTACGCTTGATGGTOAGTTGCAGGGGACAACACAGLTACTCLCCA
GTGGCATCTGTGCATTCCGGEGGLCEEGTGACCGUTGAGACAGACCATCGTGACAAATGGCACATGCAAC
TCCAAAACTTAAACGGGACCACCTACGACCCAACCGACGACGTCLCTGCTCCGCTAGGGACTCCTGALTT
TAAGGGGGTEOTGTICGGAGTGGLCTCTCAGCGGAATGTTGLGAATGACGLCCCCGGLTCTACCLGAGC
TCACGAGGCCGTTATCTCAACATATAGCCCCCAATTTGTGUCCAAGEITCGGATCCGTTAATTTTCGTAGTA
ACGACAACGACTTCCAACTGCAACCAALGAAGTTTACGCCAGTGGGGATTAATGATGATGGAGACCATC
CTITCCGCCAATGGGAACTACCAGATTATTCTGGGCTGLTCACCCTCAATATGAALCCTCGCCCCALCOGTG
GCCCCTAATTTICCCCGGTGAGCAGCTGCTGTTTTTICGGAGLTTTGTGCCATGCAGTGGLGHATATAATCA
AGGLATCGTAGACTGCTTGATTCCCCAAGAGTGGATACAACATTTITACCAGGAAAGTGCGLICTILCAG
TCCGATGTGGLLCTGATACGGTALGTTAACCCCGATACCGOAAGAACATTATTCGAAGCGAAATTGCACA
GATCAGGGTACATTACCETTGLACATICCGGCOATTATCCCCTGGTGRTTCCLGLCAACGGTTACTITAG
GTTCGATAGTTGGGTCAACCAGTTCTATTCACTAGLLCLAATGGGCACCGGTAACGGCAGALGTLGGESIT
CAGTAG

Figure 35A
Aming acid sequence of VP2_G1.1_Norwalk {SEQ 1D NO:99)

MAGAHGAIAASTAGSALCAGIRVGGEAALOSORYOONLOL QENSFKHDREMIGYOVEASNOLLAKNLATRYSLLRAGG
LTSADAARSVAGAPVTRIVDWNGOVRVSAPESSATTLREGGFMSVPIPFASKQKOVOSSGISNPNYSPSSISRTTSWVESQR
MNSSRFGNLSPYHAEALNTVWLTPPGSTASSTLSSVPRGYFNTDRLPLFANNRR
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Figure 358
Nucleic acid sequence of human codon optimized VP.2_GI1_Norwalk {SEQ 1D NO:100)

ATGGCTCAGGCCATTATTGGCLCCATCGUTRCAAGTACAGUCGGGAGTLCATTGGRGGLCGGAATACAGGTGGRL
GGGGAAGITGCATIGLAGAGCCAGLGGTATLAGLAAAACCTGLAGTTACAGGAGAATAGLTTTAAACALGACAGS
GAGATGATTGGATATCAGGTGGAGGLCAGTAATCAGCTGUTLGLCAAAAATTTIGGCTACTCGATACTCATTACTGLG
CGLLLOGEEETTCALTAGCGCCGACGLCLCACRATITCTLGCARGCLCCCCCGTCACTCGRATCGTAGACTRGAA
CELGGTACGAGTITCGGCTCLCGAGTCGTCTGLAACCACCCTGAGGTCGGHAGGGTTTATGTLCGTGCCCATCLLAT
TCGLTAGCAAACAGAAACAGLTCCAGAGITCLRGAATCTCOAATCLCAATTACTLCCCTAGLTCTATCTCTCGTACCA
CYTCCTGGGTCGAGAGTCAGAACAGUAGTAGATTT GGLAALCTGAGCCLCTACCATGCTGAAGCCLTGAACACTGTG
TGOGTTGACTCCACCTGGTAGCACGGLCTLCTCAACCCTGAGTTCLGTGLCTCGUGGGTACTTCAATACCGACAGALTT
CCTCTOTTCGCTAACAACCGCCGCTGA

Figure 36A
Amino acid sequence of VP2_GL3_Li08 {SEQ 1D NO:194)

MAQAIFGAIAATAAGSAVGAGIGAGTEAALOHORFOODLTLOSNTFKHDKEMLGLOVGASTALLONSENTRYNMLTD
AGLSSSDAARMYVYGAPATRVVDWNGTRISAPRSTATTLRSGGFMTIPTLYKGKGOQUKAPTEIGLSNPNYGSSVSSRVAD
WVESONSSHSSLGPYHPSALGTTWVTPPGSSSTSTISSVSTVPRYFNTDRLPLFANMREK

Figure 368
Nudlelc acid sequence of human codon optimized VP2_GL3_LHO8 {SEQ 1D NO:85)

ATGGLTCAGGCAATCTTCGGLUGCAATCGCTGCCACTLITGLCGGATCCRCTGTGLGAGCCGGLATACALGCCGGAA
CTRAGGCGGLCCTTCAGCATCAGLGGTTCCAGCAGGATCTGACATTACAGAGTAACACATTCAAACATGACAAGRA
GATGCTGGGTCTGCAGGTGLGTGLLAGTACTGLCCTGUTCCAAAALTCTCTGAATACCAGATATAACATGTTAALTG
ATGCGEGACTGTCTAGTAGCGACGLAGCTCGCATGGTCGTGGGLGCCLCAGCTACGAGAGTTGTGGACTGGAATG
GCACCCCAATCAGTGCACCAAGGTCTACAGCCACTACCCTCAGAAGTGRLGOUTTTATGACCATCCCOACTTITATAC
AAGGGCAAALAACAGLAGAAGGCACCTALTGAAATCGETCTCTCCAATCCCAACTALGGCAGCAGTGTGTCTICTCG
COTRGCLRATTGGRTCTCAAGCCAGAACTCCAGTCATAGTTCTCTTGGGCCTTATCATCCATCAGCCTTRCAGACAAL
TTGLGTCALCCCACCCGGLRTCCAGTAGCACGTCAACCATCAGTTCLGTCTCCACAGTCCCTCGCTATTTTAATALTGA
TAGGCTTCCCCTGTTCGCAMALCATGAGGAAGTGA

Figura 374
Amino acid sequence of VP2_GHE_HS10 {SEQ D NO:S6)

MASAFLAGLAGDVITNGYGSLINAGANAVNORVEYDFNKOQLOMASFKHDKEMLOSQVEATKOQLOQUEMMNIRQGVLT
AGGFSPADAARGAVNAPMTKILDWNGTRYWAPNSMETTSYSGOFSSSPYHKSPAPSOHTALPKSRLONDFASVYSFPS
SVSSOSTHSTALSAGTGSSRSISPSTATPTLARTSDWVRGONERLSPFMDGALOQTAFVTPPSSKASSNGTYSTVPKAVLDS
WTPMFNTHROPLFAHPRRRGESQY
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Figure 378
Nucleic acid sequence of human codon optimized VPZ_GH6_HS10 (SEQ 1D NO:87}

ATGGCCTCCGCATTTUTAGCTRGATT GGLLGLRGGACGTGATCACCAACGGLGTAGLATCGUTRATTAATGCAGGCG
CCAATGCTGTTAATCAGAAGGTTGAATALGACTTCAACAAACAACTGCAGATGGCTTCATTCAAGLALGACAAAGAA
ATGTTRCAGTCACAGGTTCTCOCCACCAAGCAGITACAACAGGAGATGATCAACATTCLGCAGGRLRTACTGACCG
CTGLAGGATTCAGLLCTGUTGALGUAGLALGHEGERLLGTGAALGLGLLGATGALCAAGATCLTGGATTGGAACG
GAACTCGGTATTGGGCTCCOAACTCTATGAAAACCACTICTTACTOTGGTCAGTTCTCLAGCTCGCCAGTCCATAAAA
GTCCGGLCCCTTCACAGLACACAGCACTCCCTAAGT CLARGCTRLAAAALGALTTTGCCTCCETGTACTCCTTCCCAY
CCAGCGTETCATCTCAGAGCACTLATTCAACCGLLLTGTLLGLLGRAALTGGLTCTAGCCGCAGCATITCCICAAGL
ACAGCTACTLCAALTCTGAGCAGGALTAGCGATTGGGETCAGAGGACAAAACGAACGACTGTLCCOTTTCATGGALG
GAGCTCTGCAAACCGLCTTCGTCACTCLALCTAGCAGCAAGGLCTCGAGCAACGOGTACGRTTAGTACLGTGLCAAAG
GCTGTICTTGACAGLTGGACCCCCATGTTTAACACACACAGGLAGLCATTGTTITGCACACCLCAGGLGALGGGGAGA
ATCACAAGTTTAG

Figure 38A
Cloning vector 1390 from left to right T-DNA {(SEQID NO:162)

TGGCAGGATATATTGTOGTGTAAACAAATTGACGCTTACACAACTTAATAACACATTGCGGALGTTTTTAATGTALY
GAATTAACGCCOAATCCCOGRLTGOTATATTTATATGTTCTCAAATAACTCAAAAACCATAARAGTTTAAGTTALGCA
AGTGTGTACATTITTACTTGAACAAAAATATTCACCTACTACTGTTATAAATCATTATTAAACATTAGAGTAAAGAAAT
ATGGATCATAAGAACAAGAGTAGTCGATATTTTGACAACAATTITGTTGLAACATTTRAGAAAATTTTGTTGTTCTCTC
TTTTCATTGGTCARAARALAATAGAGAGAGAAAAAGGAAGAGGGAGAATAAAAACATAATGTGAGTATGAGAGAGA
AAGTTGTACAAAAGTTGTACCAAAATAGTTGTACAAATATCATTGAGGAATTTGACAAAAGCTACACAAATAAGGGT
TAATTGCTOTAAATAAATAAGGATGALGCATTAGAGAGATGTACCATTAGAGAATTTITGGLAAGTCATTAAAAAGA
AAGAATAARTTATTTTTAAAATTAAAAGTTIGAGTCATTTGATTAAACATGTGATTATTTAATGAATIGATGAAAGAGT
TGRATTAAAGTTGTATTAGTAATTAGAATTTGGTGTCAAATTTAATTTGACATTTGATCTTTTCCTATATATTGCCCCA
TAGAGTCAGTTAACTCATTTTTATATTTCATAGATCAAATAARAGAAATAALGGTATATTAATCLCTCCAAAAAAAAA
AAACGGTATATTTACTAAAAAATCTAAGLCACGTAGGAGGATAACAGGATCCCLGTAGGAGGATAACATCCAATCL
AALCAATCACAACAATCCTGATGAGATAALCCACTT TAAGLCCACGCATCTG TG GCACATCTACATTATCTAAATCAL
ACATTCTTCCACACATCTGAGLCACACAAAAALCAATCCACATCTTTATCACCCATTCTATAAAAAATCACACTTIGTG
AGTCTACACTTTGATTCCOTTCAAACACATACAAAGAGAAGAGACTAATTAATTAATTAATCATCTTGAGAGAARATG
GAACGAGCTATACAAGGAARALGACGCTAGGOAACAAGCTAACAGTGAACGTTOGOATGGAGGATCAGRAGGTACC
ACTICTCCCTTCAAALTTCCTGACGAAAGTCLCAGTTGGALTGAGTGECGGITACATAACGATGAGACGAATTIGAA
TCAAGATAATCCCCTTGGTTTCAAGGAAAGCTGGGGTTTCCGRAAAGTTGTATTTAAGAGATATCTCAGATACGACA
GGACGGAAGCTTCACTGCACAGAGTCCTTGRATCTTGRACGGRAGATTCGGTTAACTATGLAGCATCTCGATTITIC
GGTTTCGACCAGATCGGATGTACCTATAGTATTCGGTTICCGAGGAGTTAGTATCACCGTTTCTGGAGGEGTCGLGAAC
TCTTCAGCATCTCTGTGAGATGGCAATTCGGTCTAAGLAAGAALTGCTACAGIYTGLLCCAATUG ARG TG RAAAGTA
ATGTATCAAGAGGATGCLCTGAAGGTACTCAAALCTTCGAAAAAGAAAGLGAGTAAGTTAAAATGCTTCTICGTCTC
CTATTTATAATATGGTTITGTTATTGTTAATTTTGTTCTTGTAGAAGAGCTTAATTAATCGTTGTTGTTATGAAATACTAT
TTGTATGAGATGAACTGRTGTAATGTAATTCATTTACATAALTGOAGTCAGAATCAGAARTGTITCLTCLATAACTAAL
TAGACATGAAGACCTGLCGCGTACAATTGTCTTATATTTGAACAACTAAAATTGAACATCTTTTGCCACAACTTTATA
AGTRGTTAATATAGCTCAAATATATGRTCAAGTTCAATAGATTAATAATGCAAATATCAGTTATCGAAATTCATTAAC
AATCAACTTAACGTTATTAACTACTAATITTATATCATCCCCTTTOATAAATGATAGTALALCAATTAGGAAGGAGEAT
GCTCGCCTAGGAGATTGTCRT T TCCCGLCTTCAGTTTGCAAGCTGUTCTAGCLGTGTAGCLAATALGLAAACCGLCTC
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TCCCLOCGLGTTIGGGAATTACTAGLGLGTGTCGACAAGCTTGCATGLCGGTCAALATGGTGGAGLALGACACACTY
GTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAAAGGGCAATTGAGACTTTITCAACAAAGGGTAATATC
COGAAACCTCOTCLGATTCCATTGCCCAGCTATOYTGTCALTTTATTGTGAAGATAGT GGAAAAGGAAGLTGLCTCCT
ACAAATGLCATCATTOCGATAAAGGAARRGGLCATLGTTGAAGATGCCTCTGCLGACAGTGGTLCCAAAGATGGACC
CCCACCCALGAGGAGCATCOTRGAAAAAGAAGACGTTCCAACCALGTCTTCAAAGCAAGTGRATTGATGTRATAAL
ATGGTGGAGCALGACACACTTGTCTACTCCAAARATATCAAAGATACAGTLTCAGAAGACCAAAGGGLAATTGAGA
CTTTTCAALCAAAGGGTAATATCCGGAAACCTCCTCGGATTCLATTGCCCAGLTATCTGTCACTITATIGTGAAGATAG
TGLAAAAGGAAGGTGGCTCCTACAAATGCCATCATTGLGATAAAGRAAAGGCLCATCOTTGAAGATGCCTCTGLCGA
CAGTGGTCLCAAAGATGGACCCCCACLCACGAGRAGCATCGTGGAAAAAGAAGACGTTCCAACCALGTCTTCAAAG
CAAGTGGATTGATGTGATATLTCCACTGACGTAAGGGATGALGLACAATLCCACTATCOTTCGCAARACCCTTCCTCY
ATATAAGGAAGTTCATITCATTTGCAGAGGTATTAAAATCTTAATAGGTITTGATAAAAGCLAACGTGGGGAARALLC
GAACCAAACCTTCTTCTAARACTCTCTCTCATCTCTCTTAAAGLAAACTTCTCTCTTGTCTTTCTTGLGTGAGCGATCTTC
AACGTTGRTCAGATCOTORCTTCGGCACCOLGGATGGCGAAAAACGTIRCGATTTICOGCTTATTGT T TCTCTTCTTGT
GTTGOTTCCTTCTCAGATCTICGCCTGLAGG CTCCTCAGLCAAAACGACACCLCCATCTGTCTATCCACTGECLLCTE
GATCTGCTGLCCAAACTAACTCCATGETGALCLTGGGATGLCTGGTCAAGGGLTATTTCCCTGAGCCAGTGACAGTG
ACCTRGAACTCTGGATCCCTGTCCAGCGGTGTGCACACCTICCCAGCTRTCCTRLAGTCTRACCTCTACACTCTGAGC
AGCTCAGTGACTGETLCCCTCCAGCACCTGGLCCAGCRAGALCGTCALCTGCAALGTT GCCCALCCGGLCAGCAGCAC
CAAGGTCGACAAGAALATTRTOLCCAGGLATTGTGGTIGTAAGCCTTGCATATRTACAGTCLCCAGAAGTATCATCTG
TCTCATCTTCLCCCCAAAG CLCAAGRATGTGLTCACCATTACTCTGACTCCTAAGGTCALGTGTGTIGTGGTAGALA
TCAGLAAGGATGATCCCGAGGTCLAGTTICAGCTGGTTTGTAGATGATGTGGAGGTGCACACAGLTCAGACGCAALT
CCEGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTCAGTOAACTTCCCATCATGCACCAGGACTGGCTCAATGGLA
AGGAGCGATCGITCACCATCACCATCALCATCALCATCACCATTAAAGGUCTATTTICTTTAGTTTGAATTTACTGTTA
TTCGGTGTGCATITLTATGTTTGGTGAGCGGETTTTCTGTGCTCAGAGTGTGTTTATT TTATGTAATTTAATTTCTTIGT
GAGCTCOTGTTTAGCAGGTCOTCCCTTCAGCAAGGACACAAAAAGATTTTAATTTTATTAAAAAAAAAAAAAAAAAA
GACCGOGAATTCGATATCAAGLTTATCGACCTGCAGATCGTTCAAACATTIGGCAATARAGTTTCTTAAGATTGAATC
CTOTTGCCGGTCTTGCGATCGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGLAT
GACGTTATITATGACGATOGGTITITATRATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATA
GCGCGCAAACTAGGATAAATTATCGUGUGLGRTGTCATCTATGTTACTAGATCTCTAGAGTCTCAAGCTTGGLGLGC
CCACCTRACTAGTGGCACTRGCCETCGTTTTACAACGTCCTGACTRGGAAAACCCTGRCGTTACCCAACTTAATCGE
CTTGCAGCACATCCCLCTTTCGCCAGLTGGLGTAATAGLGAAGAGGLLLGLACCGATUGLLCTTCCCAACAGTTIGLG
CAGLCTGAATGGLGAATGCTAGAGCAGCTTGAGCTTGGATCAGATTGTCGTTTCCCGLCTTCAGTITAAALTATCAG
TGTTTGACAGGATATATTOGCGGHTAAACCTAALRAGAAARAGALLGTTTA

Figure 388
Construct 2724 from 2X35S promoter to NOS terminator {SEQ 1D NO:163)

GTCAACATGLTGRAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGRALCAAAGGGCAA

TTGAGACTTTTCAACAAAGGGTAATATCCGGAAALCTCCTCGGATTCCATTGCCCAGUTATOTGTCACTTTATIGTGA

AGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGLCATCATTGLGATAAAGGAAAGGCCATCGTTGAAGATGLCTC
TGCLOACAGTGGTCCCAAAGATGGACCCCCACCCACRAGGARCATCGTGGAAAAAGAAGACGTTCCAACCACGTCY
TCAAAGCAAGTGGATTGATOTOATAACATOGTGGAGCACGACACACTTIGTCTACTUCAAAAATATCAAAGATACAGT
CTCAGAAGACCAAAGGGLAATTGAGACTTTTCAALAAAGGGTAATATCOGGAAACCTCCTCGGATTCCATTGILCAG
CTATCTGTCACTTTATTGTRAAGATAGTROAAAAGGAAGGTGGUTCCTACAAATGCCATCATTGLRATAAAGGAAAG
GCCATCGTTGAAGATRCCTCTGCCGACAGTGGTCCCAAAGATGRACCCCCACCCACGAGRAGCATCCTGGAAAAAG
AAGACGTTCCAACCACGTCITCAAAGLAAGTGLATIGATGTGATATUTCCACTGACGTAAGGGATOALGLACAATCC



Patent Application Publication  Sep. 21, 2023 Sheet 103 of 140 US 2023/0293663 Al

FIGURE 38B {cont)

CACTATCCTTCGUAAGALCCTTCCYCTATATAAGGAAGTTCATTTCATTTGRAGAGGTATTAAAATCTTAATAGRTTTY
GATAAAAGLGAACGTGRGGAAALCCGAACCAAACLTTCTTCTARALTCTCTCTCATCTCTCTTAAAGCAAACTTITCT
CTTGTCTTVCTTGCGTGAGLGATCTTCAACGTTGTCAGATCGTGLTTCGGLACCAGTACAATGATCGATGGLTAGTAAA
GATGCGACCTCCTCTGTGOATOGTGCGTCAGGGRLARGACAACTCGTACCCGAGGTAAALGLCAGLGALCCALTTG
CCATGGACCLLGTTGCUGGAAGTTLCACAGCAGTGGLCACAGCLGGTCAAGTGAATCCAATTGATLLGTGGATTATC
AACAATTTCGTCCAGGCACCCCAGGGUGAGTTCACAATTTCACCAAACAATACACCGGGLGATETGLTATTCGATLT
TYCCTTGOETCCTCACCTTAACCCTTTTCTACTCCATCTCTCACAGATGTACAATGRTTGGRTAGLAAACATGAGAGT
CCGGATCATGOTGHLT GGLAATGCCTTTALCGCTOR GCAAGATCATCGTCAGTTGTATTCCTCCCGRATTTGOATITCA
TAATCTGACCATTGCTCAAGCGACTCTCY TTCCCCATGTCATCGLCGACGTTAGGACLCTGRACCCLATIGAGGTGLC
CCTGRAGGACGTCLGGAATGTTTTGTTCCACAACAACRACARAAACCAGCARACGATRAGACTTGTCTGTATGCTCY
ATACCCCACTOLLGACTGGAGGLOGGBACTRGAGALTCCTICGTTGTGRCAGGAAGAR TRATGALATGCCCLTCLCC
CGACTTCAACTITCITTTTCT GG Y CCOALCAACLGTTGAGLAGAAGACGCGGLCCTTTACACTGLCCAATCTCLLGOTT
TCAAGTCTGAGTAATTCACGGGLLLCATTGCLGATCTCCTCAATGGGAATUTCCCLCGACAACGTCLAGTCTGTCCAA
TTCCAAAATGGGAGATGCACACTOGACGRTCGCCTRGTREGAACAACTCCGGTCTCLCTCTCACATGTCGCCAAAAT
CCLCLGCACATCAAATGGTACCGTAATCAATCTRACAGAACTTGATLGCACG CLOTTCCATCCCTTIGAAGGACCAG
CCCCTATTGGATTTCOTGATLTGGGAGGTIGLGALTGGLACATAAACATGACACAGTITGGLCACTCCAGCCAGACA
CAGTATGATGTUGATACAACCCCAGATACCTTCGTGLCACACCTGGGATCTATTCAAGCTAALGGTATTGGATCLGG
CAACTACGTGGHGAGTCTTATCTTGGATCTCACCACCATCCCACCLCTCAGOATCCCAGGTTGACTTGTRGAAGATACK
GAATTATGGATCCTCRATCACTGAAGCCACGLACCTCGLACCTT CCOTCTACCCACCAGGTITTIGCAGAAGTCTTGGY
GTTITTCATGAGCAAAATGCLCGGLCCTGGAGCCTACAATCTCCCTTGCCTACTCCCTCAAGAGTATATTAGTCACCT
CGCATCTGAGCAGRLLCCGACCLTTGRLRAGGCAGCCCTGLTGCATTATRTGRATCCGGACALCGGLAGRAALLTG
GOTGAGTTCAAAGCTTATCCYGACGGTTTTCYAACATGTGTACCAAATGHLLGUTTCCAGUGLCLCTCAALAGLTCCCA
ATCAATGGLGTGTTLGTTTTTGTCAGCTOGGTAAGCCGCTTCTACCAGCTGAAGCCLGTGLRGGACAGLTTICTTICTGL
CCGCOGACGTCTCGRTCTRCOGAGATAAAGGCCTATTITCTTTAGTTTGAATTTACTGTTATTCGGTGTGCATTICTA
TETITGGTGAGCRGTTTTCTGTGCTCAGAGTGTRTTTAT I TTATGTAATTTAATTTCTTTGTGAGCTCCTGTITAGCAG
GTCGTLCCTTCAGLAAGGACACAAAAAGATITTAATTTTATTAAAAAAAAAAAAAAAAAAGACCGGLAATTCGATAT
CAAGCTTATCGACCTGCAGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCG
ATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATRTAATAATT AACATGTAATGCATGACGTTATTTATGAGAT
GGRTTTTTATGATTAGAGTLCCGCAATTATACATTTAATALGCGATARAAAACAAAATATAGCGCGCAAACTAGGAT
ARATTATCGLGLGLGLTGTCATLTATGYTALTAGAT

Figure 38C
Cloning vector 3677 from left to right T-DNA {SEQID NO: 164}

TGGCAGGATATATTICTGGTGTAAACAAATTGACGLTTAGATAACTTAATAACACATTGCGGACGTITTTAATGTACT
GAATTAACGCCOAATCCCGGGLTGGTATATTTATATGTTCTCAAATAACTCAAAAACCATAAAAGTTTAAGTTAGCA
AGTGTGTACATITITACTTGAACAAAAATATTCACCTACTACTG T TATAAATCATTATTAAACATTAGAGTAAAGAAAT
ATGGATCGATAAGAACAAGAGTAGTGATATTTTGACAACAATTTTGTIGUAACATTTGAGAAAATITIGTTGTTCICTC
TITTCATTGGTCAAAAACAATAGAGAGAGAAAAAGRAAGAGGLAGAATAAAAACATAATGTGAGTATGAGAGAGA
AAGTTGTACAAAAGTTGTACCAAAATAGTTGTACAAATATCATTRAGGAATTTGACAAAAGTTACACAAATAAGGRT
TAATTGLTGTAAATAAATAAGGATGACGCATTAGAGAGATGTACCATTAGAGAATTTTIGGCAAGTCATTARAAAGA
AAGAATAAATTATTTTTAAAATTAAAAGTTGAGTCATTTGATTAAACATGTGATTATTTAATGAATTGATGAAAGAGT
TGOATTAAAGTTOTATTAGTAATTAGAATT TG TGTCAAATTTAATTIGACATTTGATCTTTTCCTATATATTGCCCCA
TAGAGTCAGTTAACTCATTITTATATTTCATAGATCAAATAAGAGARATAACGGTATATTAATCCUTCCAAARAAAAL
AAACGGTATATTTACTAAAAAATCTAAGLCACGTAGGAGGATAACAGGATCCCCGTAGGAGGATAACATCCAATCE
AACCAATCACAACAATCCTGATGAGATAACCCACTTTAAGCCCACGLATCTGTGRCACATCTACATTATCTAAATCAC
ACATTCTICCACACATCTGAGCCACACAAAAACCAATCCACATCTTTATCACCCATTCTATAAAAAATCACALTTITGTG
AGTCTACACTTTGATICCCTTCAAACACATACAAAGAGAAGAGACTAATTAATTAATTAATCATCTTGAGAGARAATG
GAACGAGCTATACAAGGCAAALGACGLTAGGGAACAAGCTAACACTGAACGTTGGRATGGAGGATCAGGAGGTALC
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ACTTCTCCCTTCAARACTTLCTGACGAAAGTLLGAGTTGRALTGAGTGGLIGGCTACATAALGATGAGACGAATTCGAA
TCAAGATAATCCCOTTGGTTTCAAGGAAAGLTGGGGTTTCGGGAAAGTTIGTATTTAAGAGATATUTCAGATACGACA
GGACGRAAGCTTCALTGCACAGAGTCCTTRGATCTTGGACGGRAGATTCGGTTAALTATGLAGCATCTCGATTITIC
GOTTTCGACCAGATCLGATGTALCTATAGTATTCGGTTTCGAGRAGTTAGTATCACCETITUTGGAGGGTCGCGAAC
TCTTCAGCATCTCTGTGAGATGGCAATTCGGTLTAAGCAAGAACTGUTACAGLTTGLCCCAATCGAAGTGGARAGTA
ATGTATCAAGAGGATGLCCTGAAGGTACTCAAALCTTCGAAAAAGAAAGCGAGTAAGTTAAAATGCTTCTTCRTCTC
CTATTYATAATATGGT T GTTATTGTTAATTITGTTCTY GTAGAAGAGCTTAATTAATCGTTGTTGTTATGAAATALTAY
TTGTATGAGATGAARLTGGTGTAATGTAATTCATTTACATAAGT GGAGTCAGAATCAGAATGTTITLCTUCATAACTAAC
TAGACATGAAGACCTGCCGCGTACAATTGTCITATATITGAACAACTAAAATTGAACATCTTITGCCACAACTTTATA
AGTGGTTAATATAGCTCARATATATGGTCAAGTTCAATARATTAATAATGGARATATCALTTATCGARATTCATTAAL
AATCAACTTAACGTTATTAACTACTAATTTTATATCATCCCOTTTGATAAATGATAGTACACCAATTAGGAAGGAGCAT
GLTCGCCTAGGAGATTGTCGTTTCCCGCOTTCAGTTTGCAAGCTGUTCTAGCCGTGTAGULAATACGCAAACLGILTC
TCCCCGCGCGTTGRGAATTACTAGCGCGTRTCCACAAGCTTGRCATGCCGGTCAACATGRTGRAGCACGACACALTT
CTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAAARGGGLAATTGAGACTTTTCAACARAGGGTAATATC
CGGAAALCTCLTCGGATTCCATTGCCCAGCTATITGTCALTTTATIGTGAAGATAGTGGAARAGGAAGGETGLGLTCCT
ACAAATGCCATCATTGCGATAAAGGAAAGGLCATLGTTGAAGATGLCTCTGLCGACAGTGGTLCCAAAGATGGALL
CCCACCCACGAGGAGCATCRTGRAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTRATETGATAAL
ATGGTGGAGCACGACACACTTIGTCTACTLCAAAAATATCAAAGATACAGTLTCAGAAGACCAAAGGGTAATTGAGA
CTTTTCAACAAAGEGTAATATULGGAAACCTCCTCGGATTCCATIGLCCAGCTATCTGTCACTITATTGTGAAGATAG
TCRAAAAGGAAGGTGGCTCCTACAAATGCCATCATTGCGATAAAGRAAAGGCCATCGTTRAAGATCCCTCTRICGA
CAGTGGTCLCAAAGATGRALLCCCALLCACGAGGAGLCATCGTGGAAAAAGAAGACGTTCCAACCALGTCTTCAAAL
CRAAGTGGATTGATGTGATATCTLCACTGALGTAAGGGATGACGCACAATCCLALTATCCTTCGCAAGACCCTTLCTCT
ATATAAGGAAGTTCATTTCATTIGGAGAGGTATTAAAATCTTAATAGGTTTTGATAAAAGCGAACGTGGGGAAALCC
GAACCAAACCTTICYTCYAAACTCTCTCTCATCTCTCTTAAAGCAAACTTCTCTEYTGTCTT TOT TRLGTGAGCGATITTC
AACGTTGTCAGATCGTGCTTCGGLACCGLGGATGGLGAAAAALGTTGCGATTTICGGLTTATTGTTITCTCTICTIGY
GTTGETTCCTICTCAGATCTTCGCCTGCAGGLTCLTCAGTCAARACGACALCCCCATCTGTCTATCCALTGGRLCLCTG
GATCTGCTGCCCAAACTAACTCCATGGTGALCCTGGGATGLCTGETCAAGGGUTATTTCLCTGAGCCAGTGACAGTS
ACCTGGAACTCYGGATCCOYGTCLAGLOGTRTGLACACCTTICCCAGLTGTCCTGCAGTEYGACCTCTACACTOYGAGT
AGCTCAGTGACTGTCCCCTCCAGCACCTGGCLCAGLGAGACCG TCACTTGLAACGTIGLCCACCLGGLCAGLAGCAL
CAAGGTGGACAAGAAAATTGTGLCCAGGGATTGTGRTTGTAAGLCTTGCATATGTACAGTCLCAGAAGTATCATCTG
TCTTCATCTTCCCCCCAAAGCCCAAGGATC TRCTCACCATTACTCTCGACTCCTAAGGTCACGTRTGT TG TRGTAGACA
TCAGCAAGGATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGATGATGTGLAGGTGCACATAGCTCAGACGCAALCL
CLGGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTCAGTGAACTTCCCATCAT GCACCAGGACTGGLTLAATGGEA
AGGAGCGATCGCTCACCATCACCATCACCATCACCATCACCATTAAAGGCCTATTTICTTTAGTTTGAATTTACTGTTA
TTCGGTGTGCATTTLTATG T TGCTGAGCGGTITTLYGTGCTCAGAGTGYGTTTATTTTATGTAATTTAATTTCTTIGY
GAGCTCCTGTTTAGCAGGTCGTLCCTTCAGLAAGGACACAAAAAGATTTTAATTTTATTATCGTTCAAACATITGGCA
ATAAAGTTTCTTAAGATTGAATCCTGTTGLCGGTCTTGLGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCAT
GTAATAATTAACATGTAATGCATGACGTTATTTATCAGATGGRTTTTTATGATTAGAGTCCCGCAATTATACATTTAA
TACGCGATAGAAAACAAAATATAGLGLGUAAALTAGGATAAATTATCGUGCGLGGTGTCATCTATGTTACTAGATCYT
CTAGGTAAAAATCCCAATTATATTIGGTCTAATTTAGTTTGGTATTGAGTAARACAAATTCGAACCAAACCAAAATAT
AAATATATAGTTTTTATATATATGCCTTTAAGACTTTTTATAGAATTTTCTTTAAAAAATATLTAGAAATATTTGLGALT
CTTCTGGUATGTAATATTTCRTTAAATATGAAGTGUTCLATTTITATYAACTT TAAATAATTGGTTGTACGATCACTITC
TTATCAAGTGTTACTARAATGCGTCAATCTCTTTGTICTTCCATATTCATATGTCARAATCTATCAAAATTCTTATATAT
CTTTTTCGAATTTGAAGTGAAATTTCGATAATT TAAAATTAAATAGAACATATCATTATTTAGGTATCATATIGATITIT
ATACTTAATTACTAAATTTGGRTTAACTTTGAAAGTGTACATCAACGAAAAATTAGTCAAACGACTAAAATARATAAAT
ATCATGTGTTATTAAGAAAATTCOTCCTATAAGAATATTTTAATAGATCATATGTTTGTAAAAAAAATTAATYTTTACTA
ACACATATATTTACTTATCAAAAATTTGACAAAGTAAGATTAAAATAATATTCATCTAACAAALAAAAAACCAGALAA
TGCTGAARACCCGGLAAAACCGAACCAATCCAAACCGATATAGTTGGTITGGETTTGATTTIGATATAAACCGAALCA
ACTCGRTCCATTTOCACCCCTAATCATAATAGCTTTARTATT TCAAGATATTATTARGTTAACGTTGTCAATATCLTGG
AAATTTTGCAAAARTGAATCAAGLCTATATGGCTGTAATATGAATT TAARAAGCAGUTCGATGTGGTGGTAATATGTAA
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TITACYTRATTCTAAAAALATATCCCAAGTATTAATAATTTCTGLTAGGAAGAAGGT TAGCTACGATITACAGCAAAG
CCAGAATACAAAGAACCATAAAGTGATTGAAGCTLGAAATATACGAAGGAALAAATATTTTTAAAAALRATACGCAAT
GACTTGGAACAAAAGAAAGTGATATATTTITTGTICTTAAACAAGCATCCCCTCTAAAGAATGGCAGTTTTCCITTGE

ATGTAACTATTATOCTCCOTTCGTTACAAAAATTT TGGACTACTATTGRGAACTTCTTCTGAAAATTCTAGAGTCTCAA
GCTTGGLGLGLCCALGTGALTAGTGGLACTOGCCETLOTTTTACAALGTCGTGACTGGGAAAACCOTGGLGTTACLE
AACTTAATCOCCTTGCAGCACATCCCCOTTTCGCCAGCTGGCETAATAGLGAAGAGGLCCECACCGATCGLCLTICCC
AACAGTTIGLGCAGCLTGAATCGCGAATGUTAGAGCAGCTTGAGLTTRGATCAGATTGTCRTITCCCGCOTTCAGTTT

AAACTATCAGTGTTTGACAGRATATATTGGLGGGTAAACTTAAGAGAAAAGAGCGTTTA

Figure 38D

Construct 4133 from 2X355 promoter to NOS terminator {SEQ 1D NO:165}

GTCAACATGGTGGAGLALGACACACTTGTCTACTCCAAARATATCAAAGATACAGTLTCAGAAGACTAAAGGGLAA
TTGAGACTTTTCAACAAAGGGTAATATICGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTITATTGTGA
AGATAGTGGAARAAGGAAGGTGLOTCCTACAAATGCCATCATTGCGATAAAGGAAAGGCCATCGTTCAALATGLCTC
TGLCGACAGTGOTCLLAAAGATGRACCCCCACTCACGAGRAGCATIGTGOAAAAALAAGACGT TCCAACCALGTCY
TCAAAGCAAGTGGATTGATGTGATAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGT
CTCAGAAGACCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCOGAAACCTCCTCGGATTCCATTGLCCAG
CTATCTGTCACTITATTGTGAAGATAGTGGAAAAGGAAGGTGOCTCCTACAAATRCUATCATTGLGATAAAGGAAAG
GLCATCGTTGAAGATGCCTCTGCCGACAGTGOTLCCAAAGATGGACCLUCACCCALGAGGAGLATIGTGGAAARAAG
AAGACGTTCCAACCACGTCTTCARAGCAAGTGGATTGATGTGATATCTLCACTGACGTAAGGGATGACGCATAATCC
CACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGTATTAAAATCTTAATAGGTTTT
GATAAAAGCGAALGTGGGGAAACCIGAACTARACCTTCITCTAAACTCTCTCTCATCTCTCTTAAAGUAAALTTCTCY
CTTGTCTTTCTTGCGTGAGCGATUTTCAALGTTGTCAGATCGTGUTICGGCACCAGTACAATGAAAATGGCITCGAGT
GACGCTAACCCTAGTGACGRLAGCGLCRCCAATCTTGTGCCTGAGGTTAATAATGAGRTRATGRCLCTGGAGCLTG
TEETGGGLGCAGLIATAGCAGCGLCCOTRGCCLGTCAGCAGAATLTGATTCACCLGTGGATACGCAACAATTTYGY
CCAAGLCCOTGRTEGGOAGTTCALLGTTAGLLCGAGAAATGLGLLAGGAGAAATLLTGTGGTCGGCLAGLTTGGGA
CCCGATCTGAACCCCTATTTGTCACATCTCOUTCGRATGTACAACG GGTATGCLGGUGGATTTGAARTGCAGGTGAT
TCTGGCTGCLAACGLORTTCACTGLTGGCAAAGTGATCTTTGLAGLGRTRLCTCCCAACTT CLCCACTRAAGGALTRT
CTCCAAGCLAGGTCACAATETTTLCACACATCGTGGTGOALGTACGGLAGLTAGAGLCTGTLCTGATTCCLCTCCCT
GATGTACGCAATAATTTCTACCACTACAATCAATCCAATGATCLGACLATTAAACTCATCGLGATGTIGTACACLLCTC
TGCGCGCTAACAATGCTGGAGACGACGTATTCACLGTGTCATRLAGAGTRCTCACCAGACLCTTCACCAGACTTTGAC
THATCTTOYTAGTGLCCCCLACTRTTGAGAGCLGAACTAAGLCCTTTAGTGTCCLLGTACTCACAGTCRAGGAGATG
ACAAATAGCLGCTTTCCAATCCLLCTTGAGAAALTGTTCACAGGALLTTCCTCGGCATTUG TGO TTCAGCCALAGAAL
GGACGLTGCACAALTGACGOLGTGLTGLTLGOAACCACCCAGUTTAGCCCTGTTAATATCTGTACGTTTAGAGGCGA
COTAACTCACATAACTGGUTCACGGAACTATACCATGAATCTGLCATCACAGAATTGLRAATGALTACGACCIAALCG
AAGAGATTCLCGCACCTCTTGGAACCCCCGACTTTGTGLRGAAAAATACALGGGLGTCCTGACACAAACCALCAGAALC
GATGGCTCCACACGGGGACALAAGGLAACCETCTACACTGRCTCTGLCGATTTTGLCCCGAAACTGGGTAGAGTGL
AGTTTRAGACCGACACTGACCGGRACTTTGAAGLLAATCAGAATALTAAGTTCACACCTGTAGGAGTGATICAGGA
CGGHGGLACCALTCACCGRAACGAGLCGCAACAATGOGTLCTGCCUY CITATAGLGCGAGRAATALTCATAATGTG
CATTTGGLUTCCTGCAGTGGLTCLLACGTTTCLLGRGGAACAACTGCTCTTTTTTCGTTCAACCATGLCTLGATGCTCC
GOATATCCCAATATGGATCTCGATTGCCTGCTCCCACAGGAATEGETGCAGTATTTTTATCAAGAGGLCGCACTAGT
CCAATCCGACGTLOCACTTCTGCGGTTICGTGAATCCAGACACAGGCLOLGTRTTGT T TRAGTGCAAATTGCACAAAT
CAGGATALGTTACAGTGGCTCATACTGGACAGTATGACCTGGTGATCCCACCCAACGBATATTTTAGGTTCGALTCC
TGGGTGAATCAGTTTTATACATTAGCCLCCATGGGGAATGLGACTGGCAGACGCAGGLUTGTCTGAAGGCLTATTT
TCTTTAGTTTGAATITACTGTTATTCOGTGTGCATTTCTATGTTTGGTGAGLGLTTITCTGTGLTCAGAGTGTGTTTAT
THATGTAATTTAATIYCITTGTGAGCTCCTGTTTAGCAGHTCGTCLCTICAGCAAGGACATAAAAAGATTTTAATTTY
ATTATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGLCGGTCTTGCGATGATTATCATATAATT
TCTGTTIGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGETITT TATGATTAG
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AGTCCCGCAATTATACATTTAATACGCRATAGAAAACAAAATATAGCGCGCAAACTAGRATAAATTATCGLGLGLGE
FTCTCATCTATGTTACTAGAT

Figure 38E
Construct 4135 from 2X35S promotar to NOS terminator {SEQ 1D NO:166)

GTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAAAGGGLAA
TTGAGACTTTTCAACAAAGEGTAATATCCGGAAACCTCCTCGGATTCOATTGCLCAGTTATCIGTCACTTTATIGTGA
AGATAGTGRAAAAGGAAGGTCGCTECTACAARTGLCATCATTGUGATAAAGRAAAGGLCATCGTTGAAGATGCCTC
TGCCGACAGTORTCCCAAAGATGGACCCCLACCLALGAGGAGLATCGTOGAAAAAGAAGACGTTCCAALCACGTLY
TCARAGCAAGTGGATTGATGTGATAACATGETGGAGLACGACACATTTGTCTACTLCARAAATATCAMAGATACAGT
CTCAGAAGACCAAAGGRCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAL
CTATCTGTCACTTTATTOTGAARATAGTGLAAAAGGAAGGTLGCTCCTACAAATGCCATCATIGLGATAAAGRAAAG
GCCATCGTTGAAGATGULTOTGLCGACAGTGGTCCLAAAGATGLACCCCCALCCACGAGGAGCATCGTGGARAAAL
AAGACGTTCCAACCACGTCTTCAAAGCAAGTLGATTGATGTGATATCTCCACTRACGTAAGGGATGACGCACAATCC
CACTATCCTTCGLAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGRAGAGRTATTAAAATCTTAATAGGTTTT
GATAARAGCGAACGTGGGGAAACCCGAACCAAACCTTLOYTCTAAALTCTCTCTCATCTCTCTTAAAGCAARACTTCTCTY
CTTGTCTTTCTTGCGTGAGLGATCTTCAACGTTGTCAGATLGTGLTTCGGLACCAGTACAATGAAAATGGCCTCGAGT
GACGCTAACCCTAGTGACGGCAGCGCCGCCAATCTTGTGCCTRAGGTTAATAATRAGGTGATCGCCCTGRAGCLTG
TGETGLGCGCAGTCATAGCALLLLLCGTGGLLGHTCAGCAGAATGTGATTGALCCETLGATACGCAALAATTTTRY
CCAAGCCLLTGETGGGOAGTTCACCGTTAGCCLGAGAAATGLGCCAGGAGAAATCCTGTGETCGGLCAGLTTIGGGA
CCCRATCTGAACCCCTATTTGLTGCATCTCOCTCGCATGTACAACGGGTATRCCGRCGGATTTGAAGTGCAGGTGAT
TCTLRGCTGOGAACGLGTTCACTGCIG GLAAAGTOATCTT TGCAGCGETGCCTCCCAALTTCCCCALTGAAGRACTGY
CTCCAAGCCAGGTCACAATGTTTCCACALATCGTGETGRACGTACGGCAGCTAGAGCOTGTCCTGATTCCCOTCLLT
GATGTACGLAATAATTTCTACCACTACAATCAATCCAATGATCLCGACCATTAMALTCATCGCGATETTGTACACCLCTC
TCLGLGLTAACAATGCTGGAGACCACGTATTCACCGTGTCATGCAGAGTGCTCACCAGACCTTCACCAGACTTTIGAL
THTATCTTCITAGTGCCLCCCACTOTTRAGAGLCGAACCAAGCCOTTTAGTGTLLCCGTACTCACAGTCGAGGAGATG
ACAAATAGCCGCTTTCCAATCLLCTTTGAGAAACTGTTCACAGGACCTICCTCGRCATTCGTGGTTCAGLCACAGAAL
GGACGUTGLACAACTGACGGLGTGCTGLTCGGAACTACCCAGLTTAGLCCTGTTAATATCTGTACGTTTAGAGGCGA
CGTAACTCACATAACTOGCTCACGGAALTATACCATRAATCTGGUATCACAGAATTL GAATGACTALGALCCAALLG
AAGAGATTCCCGCALCTCTTGRAACCCLLGACTITGTC GGAAAAATACAGG LG TCCTGACACAAALCACCAGAALC
GATGGCTCCACACGGGGACACAAGGCAACTETCTACACTGGCTCTGLCGATTTIGCCCCGAAACTGGGTAGAGTGL
AGTTTGAGACCGACACTCACCOGGACTTTGAAGCCAATCAGAATACTAAGTTCACACCTORTAGGAGTGATTCAGGA
CHGGEHCACCACTCACCGGAALGAGCLGLAACAATGGETCCTGLCCTCTTATAGCGGGAGGAATACTCATAATGTG
CATTTGGCTCCTGCAGTOGGCTCCCACOTTTCCCGGRGLAACAALTGCTCTTITTTCGTTCAALCATGCCTGGATGLTCL
GRATATCCCAATATGGATCTCOATTGCCTGLTCLCACAGGAATG RO TRCAGTATTT T TATCAAGAGGLCGCACCAGC
CCAATCCGACGTCGCACTTCTGLGRTTCGTGAATCCAGACACAGGLCGCGTGTTGT TTGARTGLAAATTGLACAAAT
CAGGATACGTTACAGTGGLTCATACTGGACAGCATGACCTGGTGATCCCACCCAALGGATATTTTAGGTTCGACTCC
TEGGTGAATCAGTTTTATACATTAGLCCCCATRGGGAATGRLALTGGLAGALGLAGGGCTGTCTGAAGGLLTATTYT
TCTTTAGTTTGAATTTACTGTTATTCGGTGTGCATTTCTATGTTT GO TRAGCGGTTTTCTGTGCTCAGAGTGTGTITAT
TITATGTAATTTAATTICTTTGTGAGCTCCTL TTTAGCAGGTCOTCCCTTCAGCAAG GACACAAAAAGATITTAATTYT
ATTATCGTTCAAACATTTGGCLAATAAAGTTTCTTAAGATTGAATCLTGTTGLCGOTCTTGCGATGATTATCATATAATT
TCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTITATGATTAG
AGTCCCGLAATTATACATYTTAATACGCGATAGAAAACAAAATATAGLG UG LAAACTAGGATAAATTATCGLGLGLGE
TGYTCATCTATGTTALTAGAT
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Figure 39A
Construct 2724 {VP1 Wi GL1 hod}
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Construct 3300 (Wt GL2 hod}
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Figure 38C

Construct 3979 {W1i GL3 hiod)
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Figure 40A
Construct 4140 {VP1 GL3_(084S hlod}
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Figure 40B

Construct 4141 {VP1 G1.3_S94L hilod)

Figure 40C
Construct 4142 (VP1 GL3_(1845+594L hlod}
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FIGURE 40D

Construct 4172 (VP1 GL3_A43V+894L hCod)

FIGURE 40E

Construct 4180 {(VF1 GL3_M571+594L hCod}
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FIGURE 40F

Construct 4181 {VP1 GL3_A43V+M57i+554L hCod)
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Figure 41A
Construct 3980 {VPT Wt GLE hilod)
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Figure 41B
Construct 4130 {(VP1 GL5_Q84S5)
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Figure 41C
Construct 4131 {VP1 GL5_AB4L h{od)
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Figure 41D
Construct 4132 {¥P1 GLS_Q845+A%4L hod)
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FIGURE 44E

Construct 4210 {YPL GL.7_R845 hCod}
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FIGURE &41F

Construct 4217 (VP11 GL7_M571 hCod)

FIGURE 416G
Construct 4218 {(VP1 GL7_M571+R845 hCoi}
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Figure 424
Construct 3982 (Wt VP1 GiL.2 hCod)
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Figure 428
Construct 4143 {(VP1 GIL.2_EB(S)
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Figure 42C

Construct 4144 {VP1 GH.2_AS0L hCod)
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Figure 42D
Construct 4145 {(VP1 GH.2_E80S+A30L hCod)
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FIGURE 42E
Construct 4182 (VP1 GILZ_A39V+EZ0S+AR0L hCod)
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FIGURE 42F
Construct 4183Y {VP1 GH.2_R531+EB0S+AB0L hCod}
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FIGURE 42G
Construct 4184 (VP1 GH.2_A39V+RS3I+EBGS+AB0L hlod).
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Figurs 434
Construct 3983 (Wt VP11 GiL.3 hlod}
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Figure 438

Construct 4146 {(VP1 GiL.3_E80S hlod)

Figure 43C
Construct 4147 {VP1 GiL3_AS0L hCod)
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Figure 43D

Construct 4148 (VP1 GHL.3_E8OS+ASOL)

Figure 444
Construct 3760 {Wi VP1 GiL4 hlod)
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Figure 448

Construct 4155 {(VP1 GIL4_A39V hCod)

Figure 44C
Construct 4158 (VP1 GILA_VA47P hCod}
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Figure 44D
Construct 4157 (VP1 GiL.4_R531 hCod)
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Figure 44E
Construct 4133 (VP1 GiL4_PRGS hiod)
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Figure 44F
Construct 4134 {VP1 GH.4_590L hCod}
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Figure 440G
Construct 4158 {(VP1 GlL.4_ A35-42 hiod)
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Figure 44H
Construct 4159 {(VP1 GIL4_SSTAVATA hiod)

Figure 444
Construct 4165 {VP1 GIL4_A3OV+PROS hiod)

Ly r:’iﬁ";ﬁ;

¥

s




Patent Application Publication  Sep. 21, 2023 Sheet 125 of 140 US 2023/0293663 Al

Figure 44}
Construct 4166 {VP1 GIL4_VA7P+P20S hlod)

Figure 44K
Construct 4167 {VP1 GHL4_R531PB0OS hiod)
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Figure 441
Construct 4135 {VP1 GiL4_PROS+S30L hCod)
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Figure 44M
Construct 4168 {GliL.4_ PBGS+A35-42 hiad)
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Figure 448
Construct 4163 (VP1 GH.4_PBOS+5STAVATA hiod)
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FIGURE 440

Construct 4185 (VP1 GH.4_A3OV+RE3 hCod);

Tl T

Tida

it Y

TEE o¥



Patent Application Publication  Sep. 21, 2023 Sheet 128 of 140 US 2023/0293663 A1l

FIGURE 44P

Construct 4186Y {VP1 GHLA_A38V+RE3I+P80S hlod)
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Construct 3993 (W1t VP1 GIL6 hCod}
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Figure 458
Construct 4149 (VP1 GH.6_E&0S hlod)
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Figure 45C
Construct 4150 {(VP1 GH.6_530L hCod}
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Figure 45D

Construct 4151 (VP1 GIL.6_EZ0S+590L)

Figure 464
Construct 3985 (Wt VP11 GIL12 hlod)
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Figure 468
Construct 4136 {(VP1 GHL12_EBOS hiod)
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Figure 46C
Construct 4137 {(VP1 GIL12_AS0OL hlod)
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Figure 46D
Construct 4138 {(VP1 Gll.12_ESDS+ASOL}
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FIGURE 48E

Construct 4234 (VP1 GH.17_A3SV hCod}
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FIGURE 46F

Construct 4235 (VP1 GiL17_R531 hCod)
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FIGURE 466G

Construct 4232 {VP1 GIL17 _ASOL hod)
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FIGURE 46H

Construct 4236 (VP1 GHL17_A39V+R531 hCod)
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FIGURE 48

Construct 4233 {VP1 GH.17_E&0S+AS0L hCod)
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Figure 474

Construct 2725 (WL VP2 GL1)

Construct 3303 (W1t VP2 G1.3 hCod}
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Figure 47¢
Construct 3307 (WL VP2 GilLG)
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Figure 48
Construct 1190 {Cloning vector 1180)
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Figure 49
Construct 3677 {Cloning vactor 3677)
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Figure 50A
G4 PBOX constructs {cloning vectors}, wherein X=4 (4281}; X=N (4285); X=K {4286}; X=H {4287}

53
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Figure 50B

Gi.4 PROs+AZSX constructs {cloning vectors), wherein X=1 {4256}; X=M {4257); X=G {4258}; X=$
{4259}; X=E {4260); X=0{4261}; X=N {4262); X=0Q {4263}; X=K {4264}, X=H {4265)

4256
4257, 4258
4259; 4260
4261; 4262
4263; 4264
4265
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Figure 51

GL7 MB7X constructs {cloning vectors), wharein X= L 4266}, G {(4268); S {4268}, T{4270; N
{4273}; L {4274); K {4275); or H {4276).
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Figure 52

13 524X constructs {cloning vectors], wherein X=V {4288); 1 (4283}, M {4290}, T {4292} E
{4293); D {4294}; N {4295}, Q {4296); K{4287}; or H {4298).
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4289; 4250
4292; 4293
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4296; 4297
4298
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MODIFIED NOROVIRUS VP1 PROTEINS
AND VLPS COMPRISING MODIFIED
NOROVIRUS VP1 PROTEINS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
U.S. application Ser. No. 16/768,524 filed May 29, 2020,
which is a National Stage of International Application No.
PCT/CA2018/051530 filed Nov. 30, 2018, claiming priority
based on U.S. Patent Application No. 62/593,006 filed Nov.
30, 2017 and U.S. Patent Application No. 62/712,744 filed
Jul. 31, 2018, the entire contents of which are hereby
incorporated by reference.

INCORPORATION BY REFERENCE OF
SEQUENCE LISTING

[0002] The content of the electronically
sequence listing, file name:
Q284770_Substitute_Sequence_Listing.xml; size: 528,965
bytes; and date of creation: Mar. 23, 2023, filed herewith, is
incorporated herein by reference in its entirety.

submitted

FIELD OF INVENTION

[0003] The present invention relates to modified norovirus
VP1 proteins, VLPs comprising modified norovirus VP1
proteins, and methods of producing the same.

BACKGROUND OF THE INVENTION

[0004] The global disease burden attributed to norovirus
infection is high, being associated with an estimated 20% of
all worldwide diarrheal cases and causing over 200,000
deaths annually. Noroviruses are the primary cause of food-
borne disease outbreaks in North America and are the
causative agent for the majority of healthcare-associated
outbreaks amongst the elderly. Norovirus strains are also
recognized as being the leading cause of pediatric gastroin-
testinal illness worldwide.

[0005] Noroviruses comprise one of a number of genera of
the family Caliciviridae. The human norovirus genome is a
single-stranded, positive-sense RNA molecule encoding
three open reading frames (ORFs) and capped on its 5' end
by a VPg protein. ORF1 encodes six non-structural viral
proteins, including VPg, an RNA-dependent RNA poly-
merase, and a viral protease. ORF2 encodes the major
structural capsid protein (VP1). ORF3 encodes a minor
capsid protein (VP2).

[0006] VP1 is comprised of 2 domains: a shell (S) domain,
and a protruding (P) domain. The S domain, for example of
GI.1 strains, comprises the first 225 N-terminal amino acids
and contains structural elements necessary for capsid assem-
bly and the formation of the viral icosahedron. The P domain
comprises the remainder of the VP1 protein and is further
comprised of a P1 sub-domain and a P2 sub-domain. The P2
sub-domain is referred to as the hypervariable domain and is
thought to play an important role in receptor binding and
immune reactivity.

[0007] VP1 proteins form dimers via P domain-mediated
protein interactions. Dimerization increases the stability of
the virion capsid and results in formation of the protrusions
extending from the base core of the norovirus particle
formed by S domains. When expressed, norovirus VP1
proteins can automatically assemble to form 2 virion struc-
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tures: a 180-mer capsid structure with T=3 icosahedral
symmetry having a 38-40 nm diameter; and a 60-mer capsid
structure with T=1 icosahedral symmetry having a 23 nm
diameter.

[0008] VP2, the minor structural protein, has a molecular
weight (MW) of approximately 21-24 kDa. Studies suggest
that VP2 is highly basic and located inside the capsid. The
function of VP2 is not yet fully understood but it is generally
believed to play a role in capsid stability by protecting the
virions from disassembly and degradation (Bertolotti-Ciarlet
A., Crawford S. E., Hutson A. M., Estes M. K. 2003, I. Virol.
77:11603-11615). VP2 may also have a function during
RNA genome packaging. The amount of VP2 minor struc-
tural protein in virions is relatively low with 1.5 to 8 copies
incorporated into the mature virion. Bertolotti-Ciarlet et. al.
(2003) report that in insect and mammalian cells, VLPs
composed of VP1/VP2 are more resistant to protease cleav-
age than those with only VP1, and that expression of VP2 in
cis, results in an increase in VP1 protein production. In
addition, the presence of the 3'UTR downstream of the
ORF2 gene increases the steady-state levels of NV ORF2
mRNA. The greatest increase in VP1 expression was
observed when ORF2+ORF3+3'UTR, residing on the same
construct and under regulation of one promoter, was
expressed. Expression of VP2 in trans did not result in any
increase in VP1 expression, indicating that the subgenomic
organization of ORF2-ORF2-3'UTR was required for the
observed increase in VP1 production.

[0009] Noroviruses are classified according to their phy-
logenetic clustering of the VP1 amino acid sequence. Seven
genogroups have been classified to date (GI through GVII)
with only genogroups GI, GII, and GIV known to infect
humans. Of the 32 specific genotypes currently associated
with human infections, GII.4 noroviruses have been respon-
sible for the majority of recent norovirus outbreaks. New
strains of GII.4 emerge every two to three years, evolving by
a process driven by mutations in epitope determining
regions of the hypervariable P2 domain of VP1. This process
allows the norovirus to escape humoral immune responses
acquired by previous exposure to earlier strains.

[0010] While faced with the difficulty of rapidly evolving
and genetically diverse norovirus strains, the development
of effective norovirus vaccines has been exacerbated by
additional challenges. For instance, until recently, human
norovirus could not be grown in cell culture and even now,
robust cell culture systems for both VLPs and live attenuated
noroviruses are lacking.

[0011] An additional challenge in vaccine development is
that immunity to norovirus infection is strain and genotype
specific with minimal cross-immunity conferred against
other genogroups. Furthermore, immunity to a norovirus
strain is not life-long and is estimated to persist from
anywhere between six months and nine years.

[0012] Various approaches have been undertaken to
develop a suitable vaccine against norovirus infection
including the production of recombinant norovirus proteins
in insect and plant expression systems.

[0013] Huo et al. (Virus Research, 2015, 204:1-5) dem-
onstrated that an M27G mutant capsid protein, of norovirus
VP1 VLPs produced in insect SF9 cells, resulted in the
production of 38 nm and 21 nm VLPs, comprising proteins
of 58 kDa and 55 kDa. The 55 kDa protein was a result of
degradation or cleavage of the full-length P1 capsid protein
as opposed to the translated product of an internal start
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codon. N-terminal deletion mutants comprising 26 or 38
deleted amino acid residues of the VP1 protein, resulted in
the production of 21 nm VLPs. The 26 amino acid deletion
mutants produced low numbers of 38 nm VLPs whereas 38
amino acid deletion mutants did not result in formation of 38
nm VLPs.

[0014] US 2013/0273105 teaches the production of noro-
virus formulations comprising antigenic peptides, proteins
or VLPs derived from genogroup 1 (G1), genogroup 11 (Gil),
or consensus viral sequences. The norovirus antigens may
include variants of the capsid proteins expressed in the
VLPs.

[0015] US 2015/0023995 provides a vaccine formulation
comprising VLPs produced in insect Sf9 cells, the VLPs
comprising a composite amino acid sequence derived from
at least two viral protein sequences. For Example, a com-
posite GIL.4 VP1 VLP, comprising a VP1 sequence from
GII1.4 Minerva 2006-a, and GII.4 Laurens 2006-b and GII.4
Houston 2002 norovirus strains, is described. Composite
sequences derived from GII, GII.2 Snow Mountain and
GIL3, as well as GI composite sequences derived from
Norwalk GI.1, Southampton GI.1, and Chiba GI.1 are also
described.

[0016] Mason et al. (Proc Natl Acad Sci U.S.A., 1996,
93(11):5335-40) teach the use of genetically engineered
tobacco plants and potato tubers to express GIl.1 norovirus
VLPs from native VP1 protein. The plant produced norovi-
rus VLPs are morphologically and physically similar to the
38 nm Norwalk VLPs produced in insect cells. Oral admin-
istration of purified tobacco-produced Norwalk VLPs from
native capsid protein, or potato tubers expressing GI.1
capsid protein induced a humoral immune response in mice
and humans (Tacket et al., J. Infect. Dis., 2000, 182(1):302-
5).

[0017] Huang et al. (Biotechnol. Bioeng., 2009, 103(4):
706-14) describe a geminivirus-derived DNA replicon vec-
tor for production of GI.1 norovirus VLP in plants. Co-
delivery of bean yellow dwarf virus-derived vector and
Rep/RepA-supplying vector in Nicotiana benthamiana
resulted in rapid and robust protein production.

SUMMARY OF THE INVENTION

[0018] The present invention relates to modified norovirus
proteins, virus like particles (VLPs) comprising modified
norovirus proteins, and methods of producing norovirus
proteins, and virus like particles (VLPs) comprising modi-
fied norovirus proteins.

[0019] It is an object of the invention to produce modified
norovirus proteins, VLPs comprising modified norovirus
proteins, and to produce VLPs comprising modified noro-
virus proteins in plants.

[0020] As described herein, there is provided a recombi-
nant polynucleotide comprising, a nucleotide sequence
encoding a modified norovirus VP1 protein, wherein the
modified norovirus VP1 protein comprises one or more than
one substitution, modification or mutation at:

[0021] an amino acid selected from positions in
sequence alignment with amino acids 43, 57, 84 and 94
of norovirus VP1 genotype GI.1,

[0022] a deletion of a peptide fragment in sequence
alignment with amino acids 39-46 of norovirus VP1
genotype GI.1,
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[0023] amino acids corresponding to positions 39-46 of
norovirus VP1 genotype GI.1, are mutated to the
sequence SSTAVATA, or

[0024] a combination thereof, and

the nucleotide sequence is not derived from a genotype GI.1
norovirus VP1.

[0025] Also provided is the recombinant polynucleotide as
described above, wherein the nucleotide sequence is derived
from a norovirus VP1 selected from a group consisting of
genotypes G1.2, G1.3. GI.5, GL.7, GI1.2, GII.3, GI1.4, GIL.6,
GII.12 and GII.17. For example, which is not to be consid-
ered limiting, the nucleotide sequence may be derived from
the group comprising of G1.2/Leuven/2003/BEL GI1.3/S29/
2008/Lilla  Edet/Sweden, GI.5/Siklos-HUNS5407/2013/
HUN, GI.7/USA/2014/GA5043, GII.2/CGMHA47/2011/TW;
GI1.3/Jingzhou/2013402/CHN,  GII.4/Sydney/NSWO0514/
2012/AU, GII.6/0Ohio/490/2012/USA, GII.12/H5206/2010/
USA, and GII.17_Kawa_2014_A0AQ77KVUG6.

[0026] The recombinant polynucleotide described above
may comprise specific substitutions, modifications or muta-
tions, independently selected from the following:

[0027] a substitution, modification or mutation at the
position in sequence alignment with amino acid 43 of
VP1 genotype GI.1 to valine, isoleucine, leucine,
methionine, threonine, aspartic acid, glutamic acid,
asparagine, glutamine, lysine, or histidine;

[0028] a substitution, modification or mutation at the
position in sequence alignment with amino acid 57 of
VP1 genotype GI.1 to isoleucine, leucine, valine, ala-
nine, glycine, serine, threonine, asparagine, glutamine,
lysine, or histidine;

[0029] a substitution, modification or mutation at the
position in sequence alignment with amino acid 84 of
VP1 genotype GI.1 to serine, asparagine, cysteine,
threonine, alanine, lysine or histidine; and

[0030] a substitution, modification or mutation at the
position in sequence alignment with amino acid 94 of
VP1 genotype GI.1 to leucine, isoleucine, methionine,
valine, threonine, aspartic acid, glutamic acid, aspara-
gine, glutamine, lysine, or histidine.

[0031] Any of the recombinant polynucleotides described
above may also be optimized for human codon usage,
increased GC content, or a combination thereof.

[0032] A modified norovirus VP1 protein encoded by any
one of the recombinant polynucleotides described above is
also described herein. Furthermore, a VLP comprising the
modified norovirus VP1 protein encoded by any one of the
recombinant polynucleotides described above, is also dis-
closed. The VLP comprising the norovirus VP1 protein
encoded by any one of the recombinant polynucleotides
described above, may further comprise a norovirus VP2
protein.

[0033] A method for producing a modified norovirus VP1
in a plant, portion of a plant or plant cell is also provided
herein. The modified norovirus VP1 may be encoded by any
one of the recombinant polynucleotides described above.
The method comprises introducing one or more than one of
the recombinant polynucleotide described above into the
plant, the portion of the plant or the plant cell, and incubat-
ing the plant, the portion of the plant or the plant cell under
conditions that permit expression of the one or more than
one modified norovirus VP1 protein. The method provided
herein may further comprise a step of harvesting the plant,
portion of the plant, or the plant cell. Additionally, the
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method may comprise a step of extracting, purifying, or both
extracting and puritying the one or more than one modified
norovirus VP1 protein from the plant, the portion of the plant
or the plant cell. Furthermore, in the step of introducing, the
method may further comprise introducing a second nucleic
acid sequence encoding a norovirus VP2 protein into the
plant, the portion of the plant, or the plant cell, and in the
step of incubating, the conditions permit co-expression and
co-production of both the one or more than one modified
norovirus VP1 protein and the norovirus VP2 protein in the
plant, portion of the plant or the plant cell.

[0034] Also described is a method for producing a noro-
virus virus like particle (VLP) in a plant, portion of a plant
or plant cell, wherein the VLP comprises one or more than
one of the modified norovirus VP1 proteins encoded by one
or more of the recombinant polynucleotides described
above. The method comprises introducing one or more than
one of the recombinant polynucleotides described above into
the plant, the portion of the plant or the plant cell, and
incubating the plant, the portion of the plant or the plant cell
under conditions that permit expression of the one or more
than one modified norovirus VP1 protein, thereby producing
the norovirus VLP. The method provided herein may further
comprise a step of harvesting the plant, portion of the plant,
or the plant cell. Additionally, the method may comprise a
step of extracting, purifying, or both extracting and purify-
ing the norovirus VLP from the plant, the portion of the plant
or the plant cell. Furthermore, in the step of introducing, the
method may further comprise introducing a second nucleic
acid sequence encoding a norovirus VP2 protein into the
plant, the portion of the plant, or the plant cell, and in the
step of incubating, the conditions permit co-expression and
co-production of both the modified norovirus VP1 protein
and the norovirus VP2 protein in the plant, portion of the
plant or the plant cell thereby producing the norovirus VLP.
The norovirus VLP produced by the method described
herein may have a diameter of about 15 nm to 50 nm.
Alternatively, the VLP may have a diameter of about 23 nm
(for T=1 icosahedral symmetry) or about 38 nm (for T=3
icosahedral symmetry).

[0035] A method of producing an antibody or antibody
fragment is provided herein, wherein the method comprises
administering one or more than one of the modified noro-
virus VP1 proteins encoded by one or more than one of the
recombinant polynucleotide described above, or the noro-
virus VLP comprising one or more than one of the modified
norovirus VP1 protein, to a subject or a host animal, thereby
producing the antibody or the antibody fragment.

[0036] Also provided herein is a plant, portion of the plant,
or plant cell comprising the recombinant polynucleotide
described above, the modified norovirus VP1 encoded by
one or more than one of the recombinant polynucleotide, or
the norovirus VLP comprising one or more than one the
modified norovirus VP1 protein.

[0037] A composition for inducing an immune response is
also described herein. The composition comprises, an effec-
tive dose of one or more than one of the modified norovirus
VP1 protein encoded by one or more than one of the
recombinant polynucleotide described above, or the noro-
virus VLP comprising one or more than one of the modified
norovirus VP1 protein, and a pharmaceutically acceptable
carrier, adjuvant, vehicle or excipient.

[0038] The present disclosure also provides a vaccine for
inducing an immune response, wherein the vaccine com-
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prises an effective dose of one or more than one of the
modified norovirus VP1 proteins encoded by one or more
than one of the recombinant polynucleotide described
above, or the VLLP comprising one or more than one of the
modified norovirus VP1 protein.

[0039] Multiple strains of Norovirus have been character-
ized, and norovirus strains may evolve over time. Therefore,
the present disclosure is also directed to VP1 and VP2
proteins from norovirus that exhibit from about 30-100% or
any amount therebetween, amino acid sequence identity, to
the VP1 protein, the VP2 protein, or both the VP1 and the
VP2 proteins, of any of the norovirus strains listed in FIGS.
2A and 2B, provided that the VP1 protein can be expressed
in a plant, and that the VP1 protein induces immunity to
norovirus in a subject, when the VP1 protein is administered
to the subject. For example, norovirus strains include strains
having 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56,
58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88,
90, 92, 94, 96, 98, 100%, or any amount therebetween,
amino acid sequence identity (sequence similarity; percent
identity; percent similarity) to the VP1 protein, the VP2
protein, or both the VP1 and the VP2 proteins, with any of
the strains listed in FIGS. 2A and 2B, provided that the VP1
protein can be expressed in a plant, and the VP1 protein
induces immunity to norovirus in a subject, when the VP1
protein is administered to the subject.

[0040] An antibody or antibody fragment is provided
herein, wherein the antibody or antibody fragment is pre-
pared by administering one or more than one of the modified
norovirus VP1 encoded by one or more than one of the
recombinant polynucleotide described above, or the noro-
virus VLP comprising one or more than one of the modified
norovirus VP1, to a subject or host animal.

[0041] Also described herein is a method of inducing
immunity to a norovirus infection in a subject, wherein the
method comprises administering one or more than one of the
modified norovirus VP1 protein encoded by one or more
than one of the recombinant polynucleotide described
above, or the norovirus VLP comprising one or more than
one of the modified norovirus VP1 protein. The one or more
than one of the modified norovirus VP1 protein, or the
norovirus VLP may be administered to the subject orally,
intranasally, intramuscularly, intraperitoneally, intrave-
nously subcutaneously, rectally, or intravaginally.

[0042] This summary of the invention does not necessarily
describe all features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] These and other features of the invention will
become more apparent from the following description in
which reference is made to the appended drawings wherein:
[0044] FIG. 1A shows a schematic representation of the
linear structure of the norovirus genome and the polyprotein
and proteins translated therefrom. FIG. 1B shows a ribbon
diagram representation of the 3-dimensional structure of the
norovirus VP1 protein comprising a shell (S) domain, a P1
subdomain (P1), and a P2 subdomain (P2). FIG. 1C shows
a ribbon diagram representation of the 3-dimensional struc-
ture of a norovirus VP1 protein dimer comprising of two S
domains (S), two P1 subdomains (P1), and two P2 subdo-
mains (P2).

[0045] FIG. 2A shows Uniprot and NCBI references for
several norovirus VP1 (upper panel) and VP2 (lower panel)
proteins. FIG. 2B shows NCBI references for several noro-
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virus VP1 (upper panel) and VP2 (lower panel) nucleic acid
sequences. FIGS. 2C and 2D show an alignment of several
S domains of norovirus VP1 proteins. The norovirus GI.1
sequence (SEQ ID NO:1) is used as a reference sequence to
which the other norovirus VP1 sequences (GI.2, SEQ ID
NO:4; G1.3, SEQ ID NO:6; G1.5, SEQ ID NO:12; GI1.7 SEQ
ID NO:101; GII.1. SEQ ID NO:13; GII.2. SEQ ID NO:14;
GIL3, SEQIDNO:15; GI1.4, SEQ ID NO:16; GI1.5, SEQ ID
NO:17; GII.6, SEQ ID NO:20; GII.7, SEQ ID NO:18;
GIL12, SEQ ID NO:19; GIL.13, SEQ ID NO:22; GII.14,
SEQ ID NO:32; GII.17, SEQ ID NO:24; and GII1.21, SEQ
ID NO:26) are aligned. The VP1 amino acid sequences for
the “GII” family of VP1 proteins comprise a 3 amino acid
deletion at amino acids 14-16, and a one amino acid deletion
at position 26, this results in an alignment offset between the
Gil VP1 sequences and the GI VP1 sequences by 4 amino
acids.

[0046] FIG. 3A shows a Coomassie-stained SDS-PAGE of
crude protein extracts prepared from agroinfiltrated Nicoti-
ana benthamiana leaves, 9 days post infiltration (DPI) with
left panel: wild type (wt) human codon-optimized (hCod)
GI.1/United States/Norwalk/1968 VP1 (Construct #: 2724;
SEQ ID NO:3 (nucleotide); SEQ ID NO: 1 (amino acid))
and hCod GIL.5 VP1 (Construct #: 3980; SEQ ID NO:33
(nucleotide); SEQ ID NO:12 (amino acid); center panel:
wild type GI.1 and wt hCod GII.12/United States/HS206/
2010 VP1 (Construct #: 3995; SEQ ID NO:87 (nucleotide);
SEQ ID NO:19 (amino acid)); and right panel: wild type
GI.1 and wt hCod GI1.4/Sydney/NSW0514/2012 VP1 (Con-
struct #: 3760; SEQ ID NO:52 (nucleotide); SEQ ID NO:16
(amino acid)). Arrow: VP1 norovirus protein. First lane in
each of the panels crude protein extracts prepared from
mock infiltrated N. benthamiana leaves. FIG. 3B upper
panel shows norovirus protein expression and VLP assembly
using Coomassie-stained SDS-PAGE analysis of fractions
from an iodixanol density gradient separation of crude
protein extracts prepared from N. benthamiana leaves
expressing wt hCod VP1 GI.1/United States/Norwalk/1968
VP1 (construct #2724), or wt hCod VP1 (construct #2724)
and co-expressed with wt hCod VP2 (construct #2725).
Lower panel shows electron micrographs of norovirus VLPs
purified from 33% iodixanol gradient fractions of VP1 or
co-expression of VP1 and VP2 proteins. An electron micro-
graph of native norovirus VLP is shown for comparison.
FIG. 3C shows a Coomassie-stained SDS-PAGE analysis of
iodixanol density gradient fractions of crude protein extracts
prepared from N. benthamiana leaves expressing left panel:
wt hCod GI.5/Hungary/Siklos/HUN5407/2013 VP1 (Con-
struct #: 3980; SEQ ID NO:33 (nucleotide); SEQ ID NO: 12
(amino acid)); right panel: GII.12/United States/HS206/
2010 VP1 (Construct #: 3995; SEQ ID NO:87 (nucleotide);
SEQ ID NO: 19 (amino acid). FIG. 3D shows GI.1 VLP-
specific total IgG titers measured in serum samples from
animals after IM immunization with one dose (Day 21) and
two doses (Day 42) of 1 pg or 10 pg of each formulation.
Total IgG titers were measured by ELISA using GI.1 VLP-
coated plates (LOQ=100). Total IgG titers per treatment
group (n=8 animals/group) are represented by geometric
mean titer (GMT) with a 95% confidence interval. Same
letter (A, B, C, D): no significant difference detected
between treatment groups (p>0.05).

[0047] FIG. 4A shows a Coomassie-stained SDS-PAGE
analysis of iodixanol density gradient fractions of crude
protein extracts prepared from N. benthamiana leaves
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expressing wt hCod GI.2 VP1 (Construct #: 3300; SEQ ID
NO:5 (nucleotide); SEQ ID NO:4 (amino acid)). FIG. 4B
shows electron micrographs of norovirus VLPs purified
from 29-35% iodixanol gradient fractions of VP1.

[0048] FIG. 5A shows a Coomassie-stained SDS-PAGE of
crude protein extracts prepared from agroinfiltrated N. ben-
thamiana leaves, 9 days post infiltration (DPI) with wt hCod
G1.3/529/2008/Lila Edet/Sweden VP1 (Construct #: 3979;
SEQ ID NO:7 (nucleotide); SEQ ID NO:6 (amino acid)),
mut hCod GI1.3/829/2008/Lila Edet/Sweden_S94L. VP1
(Construct #: 4141; SEQ ID NO:9 (nucleotide); SEQ ID
NO:8 (amino acid)), or mut hCod GI1.3/829/2008/Lila Edet/
Sweden_Q84S+S94L. VP1 (Construct #: 4142; SEQ ID
NO:11 (nucleotide); SEQ ID NO:10 (amino acid)), with and
without wt hCod GI.3/829/2008/Lila Edet/Sweden VP2
(Construct #: 3303; SEQ ID NO:95 (nucleotide); SEQ ID
NO:94 (amino acid)). First lane: crude protein extracts
prepared from mock infiltrated N. benthamiana leaves. F1G.
5B shows a Coomassie-stained SDS-PAGE analysis of
iodixanol density gradient fractions of crude protein extracts
prepared from N. benthamiana leaves expressing wt hCod
G1.3/529/2008/Lila Edet/Sweden VP1 (Construct #: 3979,
left panel), mut hCod GI.3/S29/2008/Lila Edet/Sweden
VP1_S94L (Construct #: 4141, middle panel), or mut hCod
GI1.3/S29/2008/Lila Edet/Sweden VP1_Q84S+S94L (Con-
struct #:4142, right panel). FIG. 5C shows transmission
electron micrographs (TEM) of virus like particles (VLPs)
purified from 31-35% iodixanol gradient fractions of crude
protein extracts prepared from N. benthamiana leaves
expressing wt hCod GI1.3/S29/2008/Lila Edet/Sweden VP1
(Construct #: 3979, left panel; fractions F2+F3, F6+F7 of
FIG. 5B), mut hCod GI.3/529/2008/Lila Edet/Sweden VP1_
S941, (Construct #: 4141, middle panel; fractions F2-F6 of
FIG. 5B), or mut hCod GI.3/S29/2008/Lila Edet/Sweden
VP1_Q84S+S94L (Construct #: 4142, right panel; fractions
F2-F6 of FIG. 5B). 15,000x magnification; scale bar=500
nm. FIG. 5D shows a Coomassie-stained SDS-PAGE of
crude protein extracts prepared from agroinfiltrated N. ben-
thamiana leaves, 9 days post infiltration (DPI) with mut
hCod GI1.3/S29/2008/Lila Edet/Sweden_M571+S94L. VP1
(Construct #:4180; SEQ ID NO:171 (nucleotide); SEQ ID
NO:172 (amino acid)). FIG. 5E shows transmission electron
micrographs (TEM) of virus like particles (VLPs) purified
from 31-35% iodixanol gradient fractions of crude protein
extracts prepared from N. benthamiana leaves expressing
mut hCod GI.3/829/2008/Lila Edet/Sweden_MS5714+S94L
VP1 (Construct #: 4180); 15,000x magnification; scale
bar=500 nm. FIG. 5F shows the relative yield of VLPs
comprising non-native VP1 GI.3 with substitutions at amino
acid position 94, compared to the VLP yield of wild-type
GL.3 (GI.3 S94; set as “Fold Change” of 1): C #: construct
number.

[0049] FIG. 6A shows a Coomassie-stained SDS-PAGE of
crude protein extracts prepared from agroinfiltrated N. ben-
thamiana leaves, 9 days post infiltration (DPI) with wt hCod
GIL.1/United States/Norwalk/1968 VP1 (Construct #:2724;
SEQ ID NO:3 (nucleotide); SEQ ID NO:1 (amino acid)), wt
hCod GI.5/Siklos/HUNS5407/2013/HUN VP1 (Construct #:
3980; SEQ ID NO:33 (nucleotide); SEQ ID NO:12 (amino
acid)), mut hCod GI.5/Siklos/HUNS5407/2013/HUN_Q84S
VP1 (Construct #: 4130; SEQ ID NO:35 (nucleotide); SEQ
ID NO:34 (amino acid)), mut hCod GI1.5/Siklos/HUNS407/
2013/HUN_A94L VP1 (Construct #: 4131; SEQ ID NO:37
(nucleotide); SEQ ID NO:36 (amino acid)) or mut hCod
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GI.5/Siklos/HUNS5407/2013/HUN_Q84S+A94L VP1 (Con-
struct #: 4132; SEQ ID NO:39 (nucleotide); SEQ ID NO:38
(amino acid)). Arrow: VP1 norovirus protein; First
lane=crude protein extracts prepared from mock infiltrated
N. benthamiana leaves. FIG. 6B shows a Coomassie-stained
SDS-PAGE analysis of iodixanol density gradient fractions
of crude protein extracts prepared from N. benthamiana
leaves expressing, from left to right, wt hCod GI.5/Siklos/
HUNS5407/2013/HUN VP1 (Construct #3980), mut hCod
GI.5/Siklos/HUNS5407/2013/HUN_Q84S VP1 (Construct #:
4130, left panel), mut hCod GI.5/Siklos/HUNS5407/2013/
HUN_A94L VP1 (Construct #: 4131, middle panel), or mut
HCod G1.5/Siklos/HUN5407/2013/HUN_Q84S+A941, VP1
(Construct #: 4132, right panel). FIG. 6C shows transmis-
sion electron micrographs (TEM) of virus like particles
(VLPs) purified from 31-35% iodixanol gradient fractions of
crude protein extracts prepared from N. benthamiana leaves
expressing, from left to right, wt hCod GI.5/Siklos/
HUNS5407/2013/HUN VP1 (Construct #3980), wt hCod
GI.5/Siklos/HUNS407/2013/HUN_Q84S VP1 (Construct
#:4130, left panel), mut hCod GI.5/Siklos/HUNS5407/2013/
HUN_A94L VP1 (Construct #: 4131, middle panel), or mut
hCod GI.5/Siklos/HUN5407/2013/HUN_Q84S+A94L, VP1
(Construct #: 4132, right panel). 15,000x magnification;
scale bar=200 nm. FIG. 6D shows a Coomassie-stained
SDS-PAGE analysis of iodixanol density gradient fractions
of crude protein extracts prepared from N. benthamiana
leaves expressing, from left to right, wt hCod GI1.7/GAS5043/
USA/2014 VP1 (Construct #4209; SEQ ID NO:101 (nucleo-
tide); SEQ ID NO:204 (amino acid)), mut hCod GI.7/
GAS5043/USA/2014_R84S (Construct #4210; SEQ ID
NO:176 (nucleotide); SEQ ID NO:177 (amino acid)), mut
hCod GIL.7/GAS5043/USA/2014_MS571 (Construct 4217,
SEQ ID NO:178 (nucleotide); SEQ ID NO:179 (amino
acid)), mut hCod GI.7/GAS5043/USA/2014_MS571+R84S
Construct #4218; SEQ ID NO:180 (nucleotide); SEQ ID
NO:181 (amino acid)). * samples obtained for TEM analysis
(see FIG. 6E). FIG. 6E shows transmission electron micro-
graphs (TEM) of virus like particles (VLPs) purified from
31-35% iodixanol gradient fractions of crude protein
extracts prepared from N. benthamiana leaves expressing,
Top left: wt hCod G1.7/GAS5043/USA/2014 VP1 (Construct
#4209), Top right: mut hCod GI.7/GAS5043/USA/2014_
R84S (Construct #4210); Bottom left: mut hCod GI.7/
GAS5043/USA/2014_MS571 (Construct 4217); Bottom Right
mut hCod GI.7/GAS5043/USA/2014_MS571+R84S Contract
#4218). 15,000x magnification; scale bar=500 nm. FIG. 6F
shows the relative yield of VLPs comprising non-native VP1
GI.7 with substitutions at amino acid position 57, compared
to the VLP yield of wild-type G1.7 (GL.7 M57; set as “Fold
Change” of 1): C #: construct number.

[0050] FIG. 7A shows a Coomassie-stained SDS-PAGE of
crude protein extracts prepared from agroinfiltrated N. ben-
thamiana leaves, 9 days post infiltration (DPI) with wt hCod
GIL.2/CGMH47/2011/TW VP1 (Construct #: 3982; SEQ ID
NO:40 (nucleotide); SEQ ID NO:14 (amino acid)), mut
hCod GII.2/CGMH47/2011/TW_E80S VP1 (Construct #:
4143; SEQ ID NO:86 (nucleotide); SEQ ID NO:85 (amino
acid)), mut hCod GII.2/CGMH47/2011/TW_A90L VPI
(Construct #: 4144; SEQ ID NO:42 (nucleotide); SEQ ID
NO:41 (amino acid)) or mut hCod GII.2/CGMH47/2011/
TW_E80S+A90L VP1 (Construct #: 4145; SEQ ID NO:44
(nucleotide); SEQ ID NO:43 (amino acid)). Arrow: VP1
norovirus protein; First lane=crude protein extracts prepared
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from mock infiltrated N. benthamiana leaves. FIG. 7B
shows a Coomassie-stained SDS-PAGE analysis of iodixa-
nol density gradient fractions of crude protein extracts
prepared from N. benthamiana leaves expressing, from left
to right, wt hCod GII.2/CGMH47/2011/TW VP1 (Construct
#3982), mut hCod GII.2/CGMH47/2011/TW_E80S VP1
(Construct #4143), mut hCod GII.2/CGMH47/2011/TW_
A90L (Construct #: 4144), or mut hCod GII.2/CGMH47/
2011/TW_E80S+A90L VP1 (Construct #: 4145). FIG. 7C
shows Coomassie-stained SDS-PAGE analysis of iodixanol
density gradient fractions of crude protein extracts prepared
from N. benthamiana leaves (upper part of each panel), and
transmission electron micrographs (TEM) of virus like par-
ticles (VLPs) purified from 29-35% iodixanol gradient frac-
tions of crude protein extracts prepared from N. benthami-
ana leaves (lower part of each panel), expressing: Top Left
Panel: wt hCod GII.2/CGMH47/2011/TW VP1 (Construct
#3982), Top Right panel mut hCod GII.2/CGMH47/2011/
TW_E80S+A90L VP1 (Construct #4145); Bottom Left
Panel: mut hCod GII.2/CGMH47/2011/TW_A39V+E80S+
A90L VP1 (Construct #4182; SEQ ID NO:183 (nucleotide);
SEQ ID NO:182 (amino acid)); Bottom Right Panel: mut
hCod GII.2/CGMH47/2011/TW_MS531+E80S+A90L, VPI
(Construct #4183 SEQ ID NO:185 (nucleotide); SEQ 1D

NO:184 (amino acid)); 15,000x magnification; scale
bar=500 nm.
[0051] FIG. 8A shows a Coomassie-stained SDS-PAGE

analysis of iodixanol density gradient fractions of crude
protein extracts prepared from N. benthamiana leaves
expressing, from left to right, wt hCod GII.3/Jingzhou/
2013402/CHN VPI1 (Construct #: 3983; SEQ ID NO:45
(nucleotide); SEQ ID NO: 15 (amino acid; first panel)), mut
hCod GII1.3/Jingzhou/2013402/CHN_E80S VP1 (Construct
#: 4146; SEQ ID NO:47 (nucleotide); SEQ ID NO:46
(amino acid; second panel)), mut hCod GII.3/Jingzhou/
2013402/CHN_A90L, VP1 (Construct #: 4147; SEQ ID
NO:49 (nucleotide); SEQ ID NO:48 (amino acid; third
panel)), or mut hCod GII.3/Jingzhou/2013402/CHN_E80S+
A90L VP1 (Construct #: 4148, SEQ ID NO:51 (nucleotide);
SEQ ID NO:50 (amino acid; fourth panel)). FIG. 8B shows
transmission electron micrographs (TEM) of virus like par-
ticles (VLPs) purified from 31-35% iodixanol gradient frac-
tions of crude protein extracts prepared from N. benthami-
ana leaves expressing wt hCod GII.3/Jingzhou/2013402/
CHN VP1 (Construct #3983, first panel), or mut hCod
GII1.3/Jingzhou/2013402/CHN_E80S VP1 (Construct #:
4146, second panel). 15,000x magnification; scale bar=500
nm.

[0052] FIG. 9A shows a Coomassie-stained SDS-PAGE of
crude protein extracts prepared from agroinfiltrated N. ben-
thamiana leaves, 9 days post infiltration (DPI) with wt
GIL.1/United States/Norwalk/1968 VP1 (Construct #: 2724;
SEQ ID NO:3 (nucleotide); SEQ ID NO:1 (amino acid)), wt
hCod GII.4/Sydney/NSW0514/2012/AU VP1 (Construct #:
3760; SEQ ID NO:52 (nucleotide); SEQ ID NO:16 (amino
acid)), mut hCod GII.4/Sydney/NSW0514/2012/AU_A39V
VP1 (Construct #: 4155; SEQ ID NO:54 (nucleotide); SEQ
ID NO:53 (amino acid)), mut hCod GII.14/Sydney/
NSWO0514/2012/AU_V47P VP1 (Construct #: 4156; SEQ
ID NO:56 (nucleotide); SEQ ID NO:55 (amino acid)), mut
hCod GII.14/Sydney/NSW0514/2012/AU_R531 VP1 (Con-
struct #: 4157; SEQ ID NO:58 (nucleotide); SEQ ID NO:57
(amino acid)), mut hCod GII.14/Sydney/NSW0514/2012/
AU_P80S VP1 (Construct #: 4133; SEQ ID NO:60 (nucleo-
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tide); SEQ ID NO:59 (amino acid)), mut hCod GII.14/
Sydney/NSW0514/2012/AU_S90L VP1 (Construct #: 4134;
SEQ ID NO:62 (nucleotide); SEQ ID NO:61 (amino acid)),
mut hCod GII.14/Sydney/NSW0514/2012/AU_A35-42 VP1
(Construct #: 4158; SEQ ID NO:64 (nucleotide); SEQ ID
NO:63 (amino acid)), mut hCod GII.14/Sydney/NSW0514/
2012/AU_SSTAVATA VP1 (Construct #: 4159; SEQ ID
NO:66 (nucleotide); SEQ ID NO:65 (amino acid)), mut
hCod  GII.14/Sydney/NSW0514/2012/AU_P80S+A39V
(Construct #: 4165; SEQ ID NO:68 (nucleotide); SEQ 1D
NO:67 (amino acid)), mut hCod GII.14/Sydney/NSW0514/
2012/AU_P80S+V47P VP1 (Construct #: 4166; SEQ ID
NO:70 (nucleotide); SEQ ID NO:69 (amino acid)), mut
hCod GII.14/Sydney/NSW0514/2012/AU_P80S+R531 VP1
(Construct #: 4167; SEQ ID NO:72 (nucleotide); SEQ ID
NO:71 (amino acid)), mut hCod GII.14/Sydney/NSW0514/
2012/AU_P80S+S90L VP1 (Construct #: 4135; SEQ ID
NO:74 (nucleotide); SEQ ID NO:73 (amino acid)), mut
hCod GII.14/Sydney/NSW0514/2012/AU_P80S+A35-42
VP1 (Construct #: 4168; SEQ ID NO:76 (nucleotide); SEQ
ID NO:75 (amino acid)), or mut hCod GII.14/Sydney/
NSW0514/2012/AU_P80S+SSTAVATA VP1 (Construct #:
4169; SEQ ID NO:78 (nucleotide); SEQ ID NO:77 (amino
acid)). Arrow: VP1 norovirus protein; First lane=crude pro-
tein extracts prepared from mock infiltrated N. benthamiana
leaves. FIG. 9B shows a Coomassie-stained SDS-PAGE
analysis (upper panel) and transmission electron micro-
graphs (TEM; lower panel; 15,000x magnification; scale
bar=200 nm) of virus like particles (VLPs) purified from
iodixanol density gradient fractions of crude protein extracts
prepared from N. benthamiana leaves expressing wt hCod
GI1.14/Sydney/NSWO0514/2012/AU VP1 (Construct #:
3760), mut hCod GI1.14/Sydney/NSW0514/2012/AU_P80S
VP1 (Construct # 4133), mut hCod GII.14/Sydney/
NSW0514/2012/AU_S90L VP1 (Construct #: 4134), GI1.4/
Sydney/NSW0514/2012/AU_P80S+S90L. VP1 (Construct
#: 4135). FIG. 9C shows a Coomassie-stained SDS-PAGE
analysis (upper panel) and transmission electron micro-
graphs (TEM; lower panel; 15,000x magnification; scale
bar=200 nm) of virus like particles (VLPs) purified from
iodixanol density gradient fractions of crude protein extracts
prepared from N. benthamiana leaves expressing wt hCod
GII1.4/Sydney/NSW0514/2012/AU  VP1  (Construct #:
3760), mut hCod GII.4/Sydney/NSW0514/2012/AU_P80S
VPl (Construct #: 4133), mut hCod GIL.4/Sydney/
NSWO0514/2012/AU_A39V VP1 (Construct #: 4155), mut
hCod GIIL.4/Sydney/NSW0514/2012/AU_P80S+A39V
(Construct #: 4165), mut hCod GII.4/Sydney/NSW0514/
2012/AU_A35-42 VP1 (Construct #: 4158), mut hCod GII.
4/Sydney/NSW0514/2012/AU_P80S+A35-42 VP1 (Con-
struct #: 4168). FIG. 9D shows a Coomassie-stained SDS-
PAGE analysis (upper panel) and transmission electron
micrographs (TEM; lower panel; 15,000x magnification;
scale bar=200 nm) of virus like particles (VLPs) purified
from iodixanol density gradient fractions of crude protein
extracts prepared from N. benthamiana leaves expressing wt
hCod GI1.4/Sydney/NSW0514/2012/AU VP1 (Construct #:
3760), mut hCod GII.4/Sydney/NSW0514/2012/AU_P80S
VPl (Construct #: 4133), mut hCod GIL.4/Sydney/
NSWO0514/2012/AU_RS531 VP1 (Construct #: 4157), mut
hCod GII.4/Sydney/NSW0514/2012/AU_R531+P80S VP1
(Construct #: 4167). FIG. 9E shows a Coomassie-stained
SDS-PAGE analysis of virus like particles (VLPs) purified
from iodixanol density gradient fractions of crude protein
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extracts prepared from N. benthamiana leaves expressing wt
hCod GII.4/Sydney/NSW0514/2012/AU VP1 (Construct #:
3760), mut hCod GII.4/Sydney/NSW0514/2012/AU_P80S
VPl (Construct #: 4133), mut hCod GIL.4/Sydney/
NSW0514/2012/AU_V47P VP1 (Construct #: 4156, mut
hCod GI1.4/Sydney/NSW0514/2012/AU_P80S+V47P VP1
(Construct #: 4166). FIG. 9F shows a Coomassie-stained
SDS-PAGE analysis of virus like particles (VLPs) purified
from iodixanol density gradient fractions of crude protein
extracts prepared from N. benthamiana leaves expressing wt
hCod GII.4/Sydney/NSW0514/2012/AU VP1 (Construct #:
3760), mut hCod GII.4/Sydney/NSW0514/2012/AU_P80S
VPl (Construct #: 4133), mut hCod GIL.4/Sydney/
NSWO0514/2012/AU_SSTAVATA VP1 (Construct #: 4159),
mut hCod GII.4/Sydney/NSW0514/2012/AU_SSTAVATA +
P8OS VP1 (Construct #: 4169). FIG. 9G shows Coomassie-
stained SDS-PAGE analysis of iodixanol density gradient
fractions of crude protein extracts prepared from N. bentha-
miana leaves (upper panel), and transmission electron
micrographs (TEM) of virus like particles (VLPs) purified
from 31-35% iodixanol gradient fractions of crude protein
extracts prepared from N. benthamiana leaves (lower panel),
expressing: Left Panel: mut hCod GII.4/Sydney/NSW0514/
2012/AU_RS5314+P80S VP1 (Construct #4167); Right panel
mut hCod GII.4/Sydney/NSW0514/2012/AU_A39V+
R531+P80S VP1 (Construct #4186; SEQ ID NO:191
(nucleotide); SEQ ID NO:190 (amino acid)); 15,000x mag-
nification; scale bar=500 nm. FIG. 9H shows the relative
yield of VLPs comprising non-native VP1 GII.4/2012 with
substitutions at amino acid position 80, compared to the
VLP yield of wild-type (native) GI1.4/2012 (GII.14/2012
P8O set as “Fold Change” of 1; C #: construct number. FIG.
91 shows the relative yield of VLPs comprising VP1 GII.4/
2012 (P80S) with an additional substitution at amino acid
position 39, compared to the VLP yield of GII.14/2012
(P80S) comprising A39. GI1.4/2012 (P80S) A39 set as “Fold
Change” of 1; C #: construct number.

[0053] FIG. 10A shows a Coomassie-stained SDS-PAGE
analysis of iodixanol density gradient fractions of crude
protein extracts prepared from N. benthamiana leaves
expressing wt hCod GII.6/0Ohio/490/2012/USA VP1 (Con-
struct #: 3993; SEQ ID NO:21 (nucleotide); SEQ ID NO: 20
(amino acid)) and wt hCod GII.6/HS245/2010/USA VP2
(Construct #: 3307; SEQ ID NO:97 (nucleotide); SEQ ID
NO:96 (amino acid)), mut hCod GII.6/0Ohio/490/2012/
USA_E80S VP1 (Construct #: 4149; SEQ ID NO:80
(nucleotide); SEQ ID NO:79 (amino acid)) and wt hCod
GIIL.6/HS245/2010/USA VP2 (Construct #: 3307), mut hCod
GIIL.6/0hio/490/2012/USA_S90L VP1 (Construct #: 4150;
SEQ ID NO:82 (nucleotide); SEQ ID NO:81 (amino acid)))
and wt hCod GII.6/HS245/2010/USA VP2 (Construct
#3307), or mut hCod GII.6/0Ohio/490/2012/USA_E80S+
S90L VP1 (Construct #: 4151; SEQ ID NO:84 (nucleotide);
SEQ ID NO:83 (amino acid)) and wt hCod GII.6/HS245/
2010/USA VP2 (Construct #: 3307). FIG. 10B shows trans-
mission electron micrographs (TEM) of virus like particles
(VLPs) purified from 31-35% iodixanol gradient fractions of
crude protein extracts prepared from N. benthamiana leaves
expressing wt hCod GII.6/0Ohio/490/2012/USA VP1 (Con-
struct #: 3993) and wt hCod GII.6/HS245/2010/USA VP2
(Construct #: 3307), mut hCod GII.6/0Ohio/490/2012/USA_
S90L VP1 (Construct #: 4150) and wt hCod GII.6/HS245/
2010/USA VP2 (Construct #: 3307). 15,000x magnification;
scale bar=200 nm.
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[0054] FIG. 11A shows a Coomassie-stained SDS-PAGE
of crude protein extracts prepared from agroinfiltrated M.
benthamiana leaves, 9 days post infiltration (DPI) with wt
hCod GI.1/United States/Norwalk/1968 VP1 (Construct #:
2724; SEQ ID NO:3 (nucleotide); SEQ ID NO: 1 (amino
acid)), wt hCod GII.12/HS206/2010/USA VP1 (Construct #:
3995; SEQ ID NO:87 (nucleotide); SEQ ID NO:19 (amino
acid)), mut hCod GII.12/H5206/2010/USA_E80S VPI
(Construct #: 4136; SEQ ID NO:89 (nucleotide); SEQ ID
NO:88 (amino acid)), mut hCod GII.12/HS206/2010/USA_
A90L VP1 (Construct #: 4137; SEQ ID NO:91 (nucleotide);
SEQ ID NO:90 (amino acid)), or mut hCod GII.12/HS206/
2010/USA_E80S+A90L VP1 (Construct #: 4138; SEQ ID
NO:93 (nucleotide); SEQ ID NO:92 (amino acid)). First
lane=crude protein extracts prepared from mock infiltrated
N. benthamiana leaves. FIG. 11B shows a Coomassie-
stained SDS-PAGE analysis of iodixanol density gradient
fractions of crude protein extracts prepared from N. bentha-
miana leaves expressing wt GII.12/H5206/2010/USA VP1
(Construct #: 3995), GIL.12/H5206/2010/USA_E80S VP1
(Construct #: 4136), GII.12/HS206/2010/USA_A90L VP1
(Construct #: 4137), or GII.12/HS206/2010/USA_E80S+
A90L VP1 (Construct #: 4138). FIG. 11C shows transmis-
sion electron micrographs (TEM) of virus like particles
(VLPs) purified from 31-35% iodixanol gradient fractions of
crude protein extracts prepared from N. benthamiana leaves
expressing wt GII.12/H5206/2010/USA VP1 (Construct #:
3995, first panel GI1.12/HS206/2010/USA_P80S VP1 (Con-
struct #: 4136, second panel), GII.12/HS206/2010/USA _
S90L VP1 (Construct #: 4137, third panel), or GIL.12/
H5206/2010/USA_P80S+S90L VP1 (Construct #: 4138,
fourth panel).15,000x magnification; scale bar=500 nm.
FIG. 11D shows Coomassie-stained SDS-PAGE analysis of
iodixanol density gradient fractions of crude protein extracts
prepared from N. benthamiana leaves (upper part of each
panel), and transmission electron micrographs (TEM) of
virus like particles (VLPs) purified from 31-35% iodixanol
gradient fractions of crude protein extracts prepared from M.
benthamiana leaves (lower part of each panel), expressing:
Top Left Panel: wt hCod GIL.17 Kawa 2014
AOQA077KVU6VP1 (Construct #3998; SEQ ID NO:25
(nucleotide); SEQ ID NO:24 (amino acid)), Top Right panel
mut hCod GII.17 Kawa 2014 AOA077KVU6_A90L VPI
(Construct #4232; SEQ ID NO:197 (nucleotide); SEQ ID
NO:196 (amino acid)); Bottom Left Panel: mut hCod GII.17
Kawa 2014 AOA077KVU6_A39V VP1 (Construct #4234,
SEQ ID NO:193 (nucleotide); SEQ ID NO:192 (amino
acid)); Bottom Right Panel: mut hCod GII.17 Kawa 2014
AO0A077KVU6_R531 VP1 (Construct #4235; SEQ ID
NO:195 (nucleotide); SEQ ID NO:194 (amino acid));
15,000x magnification; scale bar=500 nm.

[0055] FIG. 12A shows the amino acid sequence of VP1
GI.1 United States Norwalk 1968 (SEQ ID NO:1); FIG. 12B
shows the nucleic acid sequence of wild type VP1 GI.1
United States Norwalk 1968 (SEQ ID NO:2); FIG. 12C
shows the nucleic acid sequence of hCod VP1 GI.1 United
States Norwalk 1968 (SEQ ID NO:3).

[0056] FIG. 13A shows the amino acid sequence of VP1
G1.2 Leuven 2003 D2DEL3 (SEQ ID NO:4); FIG. 13B
shows the nucleic acid sequence of hCod VP1 G1.2 Leuven
2003 D2DEL3 (SEQ ID NO:5).

[0057] FIG. 14A shows the amino acid sequence of VP1
GI.3 LillaEdet 2008 H2DG70 (SEQ ID NO:6); FIG. 14B
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shows the nucleic acid sequence of hCod GI.3 LillaEdet
2008 H2DG70 (SEQ ID NO:7).

[0058] FIG. 15A shows the amino acid sequence of VP1
GI.5 Siklos HUN5407 2013 HUN AHW99832 (SEQ ID
NO:12). FIG. 15B shows the nucleic acid sequence of hCod
VP1 GI.5 Siklos HUN5407 2013 HUN AHW99832 (SEQ
1D NO:33).

[0059] FIG. 16A shows the amino acid sequence of GI.7/
GAS5043/USA/2014 VP1 (SEQ ID NO:101). FIG. 16B
shows the nucleic acid sequence of GL.7/GAS043/USA/
2014 VP1 (SEQ ID NO:175). FIG. 16C shows the amino
acid sequence of VP1 GIL.1 Ascension208 2010 USA
AFAS5174 (SEQ ID NO:13).

[0060] FIG. 17A shows the amino acid sequence of VP1
GIL.2 CGMH47 2011 TW AGT39206 (SEQ ID NO:14).
FIG. 17B shows the nucleic acid sequence of hCod VP1
GIL.2 CGMH47 2011 TW AGT39206 (SEQ ID NO:40).
[0061] FIG. 18A shows the amino acid sequence of VP1
GIL.3 Jingzhou 2013402 CHN AGX01095 (SEQ ID NO:15).
FIG. 18B shows the nucleic acid sequence of hCod VP1
GIL.3 Jingzhou 2013402 CHN AGX01095 (SEQ ID NO:45).
[0062] FIG. 19A shows the amino acid sequence of VP1
GIL.4 Sydney NSW0514 2012 (SEQ ID NO:16). FIG. 19B
shows the nucleic acid sequence of hCod VP1 GII.4 Sydney
NSWO0514 2012 (SEQ ID NO: 52). FIG. 19C shows the
amino acid sequence of VP1 US96: GI1.4 Dresden174 1997
DE AY741811 (SEQ ID NO:27). FIG. 19D shows the amino
acid sequence of VP1 FHO2: GIL.4 FarmingtonHills 2002
US AY 502023 (SEQ ID NO:28). FIG. 19E shows the amino
acid sequence of VP1 Hnt04: GII1.4 Hunter-NSW504D 2004
AU DQO078814 (SEQ ID NO:29). FIG. 19F shows the amino
acid sequence of VP1 2006b: GII.4 Shellharbour-NSW696T
2006 AU EF684915 (SEQ ID NO:30). FIG. 19G shows the
amino acid sequence of VPINO09: GIl.4 Orange-
NSWO01P 2008 AU GQ845367 (SEQ ID NO:31).

[0063] FIG. 20 shows the amino acid sequence of VP1
GIL5 Alberta 2013 CA ALT54485 (SEQ ID NO:17).
[0064] FIG. 21A shows the amino acid sequence of VP1
GIL.6 Ohio 2012 M9T020 (SEQ ID NO:20). FIG. 21B
shows the nucleic acid sequence of hCod-optimized VP1
GIL.6 Ohio 2012 M9T020 (SEQ ID NO:21),

[0065] FIG. 22 shows the amino acid sequence of VP1
GIL.7 Musa 2010 AII173774 (SEQ ID NO:18).

[0066] FIG. 23A shows the amino acid sequence of VP1
GII.12_HS206_2010 USA_AEI29586 (SEQ ID NO:19);
FIG. 23B shows the nucleic acid sequence of hCod VP1
GII.12_HS206_2010_USA AEI29586 (SEQ ID NO:87).
[0067] FIG. 24A shows the amino acid sequence of VP1
GIIL.13 VA173 2010 H9AWU4 (SEQ ID NO:22). FIG. 24B
shows the nucleic acid sequence of human codon-optimized
VP1 GII.13 VA173 2010 HOAWU4 (SEQ ID NO:23).
[0068] FIG. 25 shows the amino acid sequence of VP1
GII.14 Saga 2008 JPN ADE28701 (SEQ ID NO:32).
[0069] FIG. 26A shows the amino acid sequence of VP1
GII.17 Kawa 2014 AOA077KVUS6 (SEQ 1D NO:24). FIG.
26B shows the nucleic acid sequence of human codon-
optimized VP1 GII.17 Kawa 2014 AOA077KVU6 (SEQ ID
NO:25).

[0070] FIG. 27 shows the amino acid sequence of VP1
GII.21 Sali 2011 USA AFC89665 (SEQ ID NO:26).
[0071] FIG. 28A shows the amino acid sequence of modi-
fied VP1 GI.3_ Lil08_Q84S (SEQ ID NO:98). FIG. 28B
shows the nucleic acid sequence of VP1 GIL.3_Lil08_Q84S
(SEQ ID NO:167). FIG. 28C shows the amino acid sequence
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of VP1 GL.3 Lil08_S94L (SEQ ID NO:8). FIG. 28D shows
the nucleic acid sequence of hCod VP1 GI1.3 Lil108_S94L
(SEQ ID NO:9). FIG. 28E shows the amino acid sequence
of VP1 G1.3 Lil08_Q84S+S94L (SEQ ID NO:10). FIG. 28F
shows the nucleic acid sequence of hCod VP1 GI1.3 Lil08_
Q84S+S94L (SEQ ID NO:11). FIG. 28G shows the amino
acid sequence of VP1 GI.3 Lil08_A43V+S94L. (SEQ ID
NO:170). FIG. 28H shows the nucleic acid sequence of
hCod VP1 G1.3 Lil08_A43V+S94L (SEQ ID NO:169). FIG.
281 shows the amino acid sequence of VP1 GIL.3 Lil08_
M571+S94L (SEQ ID NO:172). FIG. 28] shows the nucleic
acid sequence of hCod VP1 GIL.3 Lil08_M571+S94L (SEQ
1D NO:171). FIG. 28K shows the amino acid sequence of
VP1 GI.3 Lil08_A43V+MS571+S94L (SEQ ID NO:174).
FIG. 28L shows the nucleic acid sequence of hCod VP1 GI.3
Lil08_A43V+M571+S94L (SEQ ID NO:173). FIG. 28M
shows the amino acid sequence of VP1_GI.3_Lil08_S94X
(SEQ ID NO:292); wherein X is selected from V, I M, T, E,
D, N, Q, K, or H. FIG. 28N shows the human codon
optimized sequence of VP1_GIL.3_Lil08_S94X (SEQ ID
NO:293); wherein X is selected from a codon encoding V
(e.g. XXX=GTG), I (e.g. XXX=ATC), M (e.g. XXX=ATG),
T (e.g. XXX=ACC), E (e.g. XXX=GAG), D (eg.
XXX=GAC), N (e.g. XXX=AAC), Q (e.g. XXX=CAQG), K
(e.g. XXX=AAG), or H (e.g. XXX=CAC).

[0072] FIG. 29A shows the amino acid sequence of modi-
fied VP1 GLS5 Siklos Q84S (SEQ ID NO:34). FIG. 29B
shows the nucleic acid sequence of modified VP1 GL.5
Siklos Q84S (SEQ ID NO:35). FIG. 29C shows the amino
acid sequence of VP1 GLS5 Siklos A94L (SEQ ID NO:36).
FIG. 29D shows the nucleic acid sequence of hCod VP1
GI.5 Siklos A94L (SEQ ID NO:37). FIG. 29E shows the
amino acid sequence of VP1 GI.5 Siklos Q84S+A941 (SEQ
1D NO:38). FIG. 29F shows the nucleic acid sequence of
hCod VP1 GI.5 Siklos Q84S+A94L (SEQ ID NO:39). FIG.
29G shows the amino acid sequence of modified VP1
GI.7/GA5043/USA/2014_R84S (SEQ ID NO:177). FIG.
29H shows the nucleic acid sequence of modified VP1 hCod
GI.7/GA5043/USA/2014_R84S (SEQ ID NO:176). FIG.
291 shows the amino acid sequence of modified VP1 GI.7/
GAS5043/USA/2014_M571 (SEQ ID NO:179). FIG. 29]
shows the nucleic acid sequence of modified VP1 hCod
GI.7/GA5043/USA/2014_M571 (SEQ ID NO:178). FIG.
29K shows the amino acid sequence of modified VP1GI.7/
GAS5043/USA/2014_M571+R84S (SEQ ID NO:181). FIG.
29[, shows the nucleic acid sequence of modified VP1 hCod
GI.7/GA5043/USA/2014_M571+R84S (SEQ ID NO:180).
FIG. 29M shows the amino acid sequence of VP1_GI.7/
GAS5043/USA/2014_M57X (SEQ ID NO:290); wherein X
is selected from L, G, S, T, N, Q, K or H. FIG. 29N shows
human codon optimized VP1_GI.7/GA5043/USA/2014_
M57X (SEQ ID NO:291); wherein X is selected from a
codon encoding L (e.g. XXX=CTG), G (e.g. XXX=GGC),
S (eg XXX=AGC), T (eg. XXX=ACC), N (e.g.
XXX=AAC(), Q (e.g. XXX=CAG), K (e.g. XXX=AAQG), or
H (e.g. XXX=CACQC).

[0073] FIG. 30A shows the amino acid sequence of VP1
GII.2 CGMH47 E80S (SEQ ID NO:85). FIG. 30B shows the
nucleic acid sequence of hCod VP1 GII.2 CGMH47 E80S
(SEQ ID NO:86). FIG. 30C shows the amino acid sequence
of VP1 GIL.2 CGMH47 A90L (SEQ ID NO:41); FIG. 30D
shows the nucleic acid sequence of hCod VP1 GII.2
CGMH47 A90L (SEQ ID NO:42). FIG. 30E shows the
amino acid sequence of VP1_GII.2_CGMH47_E80S+A90L
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(SEQ ID NO:43). FIG. 30F shows the nucleic acid sequence
of hCod VP1_GII.2_CGMH47_E80S+A90L (SEQ ID
NO:44). FIG. 30G shows the amino acid sequence of
VP1_GI1.2_CGMH47_A39V+E80S+A90L. (SEQ ID
NO:182). FIG. 30H shows the nucleic acid sequence of
hCod VP1_GII.2_CGMH47_A39V+E80S+A90L (SEQ ID
NO:183). FIG. 301 shows the amino acid sequence of
VP1_GI1.2_CGMH47_R531+E80S+A90L,  (SEQ D
NO:184). FIG. 30J shows the nucleic acid sequence of hCod
VP1_GI1.2_CGMH47_R531+E80S+A90L,  (SEQ D
NO:185). FIG. 30K shows the amino acid sequence of
VP1_GI1.2_CGMH47_A39V+R531+E80S+A90L (SEQ ID
NO:186). FIG. 30L shows the nucleic acid sequence of hCod
VP1_GI1.2_CGMH47_A39V+R531+E80S+A90L (SEQ ID
NO:187).

[0074] FIG. 31A shows the amino acid sequence of VP1
GIL.3_Jing E80S (SEQ ID NO:46). FIG. 31B shows the
nucleic acid sequence of hCod VP1 GIIL.3_Jing E80S (SEQ
ID NO:47). FIG. 31C the amino acid sequence of VP1
GIL.3_Jing A90L (SEQ ID NO:48). FIG. 31D shows the
nucleic acid sequence of hCod VP1 GII.3_Jing A90L (SEQ
ID NO:49). FIG. 31E the amino acid sequence of VP1
GIL.3_JingE80S+A90L (SEQ ID NO:50). FIG. 31F shows
the nucleic acid sequence of hCod VP1 GII.3_Jing E80S+
A90L (SEQ ID NO:51).

[0075] FIG. 32A shows the amino acid sequence of VP1
GIL4 Syd12 A39V (SEQ ID NO:53). FIG. 32B shows the
nucleic acid sequence of hCod VP1 GII.4_Syd12_A39V
(SEQ ID NO:54). FIG. 32C shows the amino acid sequence
of VP1 GIL4_Sydl12_V47P (SEQ ID NO:55). FIG. 32D
shows the nucleic acid sequence ot hCod VP1 GI1.4_Syd12_
V47P (SEQ ID NO:56). FIG. 32E shows the amino acid
sequence of VP1 GII.4_Syd12_RS53I (SEQ ID NO:57). FIG.
32F shows the nucleic acid sequence of hCod VP1 GII.4_
Syd12_R531 (SEQ ID NO:58). FIG. 32G shows the amino
acid sequence of VP1; GIL.4_Syd12_P80S (SEQ ID NO:59).
FIG. 32H shows the nucleic acid sequence of hCod VP1
GIL.4_Syd12_P80S (SEQ ID NO:60). FIG. 32I shows the
amino acid sequence of VP1 GIL.4_Syd12_S90L (SEQ ID
NO:61). FIG. 32] shows the nucleic acid sequence of hCod
VP1 GIL.4_Syd12_S90L (SEQ ID NO:62). FIG. 32K shows
the amino acid sequence of VP1GIL.4_Syd12_A35-42 (SEQ
ID NO:63). FIG. 321 shows the nucleic acid sequence of
hCod VP1GIL.4_Syd12_A35-42 (SEQ ID NO:64). FIG.
32M shows the amino acid sequence of VP1 GII.4_Syd12_
SSTAVATA (SEQ ID NO:65). FIG. 32N shows the nucleic
acid sequence of hCodVP1 GII.4_Syd12_SSTAVATA (SEQ
ID NO:66). FIG. 320 shows the amino acid sequence of
VP1GII.4_Syd12_P80S+A39V (SEQ ID NO:67). FIG. 32P
shows the nucleic acid sequence ot hCod VP1 GI1.4_Syd12_
P80S+A39V (SEQ ID NO:68). FIG. 32Q shows the amino
acid sequence of VP1 GIL.4_Syd12_P80S+V47P (SEQ ID
NO:69). FIG. 32R shows the nucleic acid sequence of hCod
VP1 GIL.4_Syd12_P80S+V47P (SEQ ID NO:70). FIG. 328
shows the amino acid sequence of VP1GIIl.4_Syd12_P80S+
R531 (SEQ ID NO:71). FIG. 32T shows the nucleic acid
sequence of hCod VP1 GII.4_Syd12_P80S+R531 (SEQ ID
NO:72). FIG. 32U shows the amino acid sequence of VP1
GIL.4_Syd12_P80S+S90L (SEQ ID NO:73). FIG. 32V
shows the nucleic acid sequence ot hCod VP1 GI1.4_Syd12_
P80S+S90L (SEQ ID NO:74). FIG. 32W shows the amino
acid sequence of VP1 GII.4_Syd12_P80S+A35-42 (SEQ ID
NO:75). FIG. 32X shows the nucleic acid sequence of hCod
VP1 GI1.4_Syd12_P80S+A35-42 (SEQ ID NO:76). FIG.
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32Y shows the amino acid sequence of VP1 GII.4_Syd12_
P80S+SSTAVATA (SEQ ID NO:77). FIG. 327 shows the
nucleic acid sequence of hCod VP1 GII.4_Syd12_P80S+
SSTAVATA (SEQ ID NO:78). FIG. 32AA shows the amino
acid sequence of VP1 GII.4 Syd12 A39V+R53I (SEQ ID
NO:188). FIG. 32BB shows the nucleic acid sequence of
hCod VP1 GIL4_Sydl12_A39V+R531 (SEQ ID NO:189).
FIG. 32CC shows the amino acid sequence of VP1 GIl.4
Syd12 A39V+R531+P80S (SEQ ID NO:190). FIG. 32DD
shows the nucleic acid sequence of hCod VP1 GI1.4_Syd12_
A39V+R3531+P80S (SEQ ID NO:191). FIG. 32EE shows the
nucleic acid sequence of human codon optimized VP1
GIL.4_Syd12_P80X (SEQ ID NO:287); wherein X is
selected from a codon encoding A (e.g. XXX=GCC), N (e.g.
XXX=AAC), K (e.g. XXX=AAG), or H (e.g. XXX=CACQC).
FIG. 32FF shows the amino acid sequence of VP1_GII.4_
Syd12_P80X (SEQ ID NO:286); wherein X is selected from
A, N, K, or H. FIG. 32GG shows the nucleic acid sequence
of human codon optimize sequence of VP1 GII.4_Syd12_
P8OS+A39X (SEQ ID NO:289); wherein X is selected from
a codon encoding I (e.g. XXX=ATC), M (e.g. XXX=ATG),
G (eg. XXX=GGC), S (eg. XXX=AGC), E (eg.
XXX=GAG), D (e.g. XXX=GAC), N (e.g. XXX=AA0), Q
(e.g. XXX=CAG), K (eg. XXX=AAG), or H (e.g.
XXX=CAC). FIG. 32HH show the amino acid sequence of
VP1 GIL.4_Syd12_P80S+A39X (SEQ ID NO:288); wherein
X is selected from I, M, G, S, E, D, N, Q, K, or H.

[0076] FIG. 33A shows the amino acid sequence of VP1
GI1.6_Ohio_E80S (SEQ ID NO:79). FIG. 33B shows the
nucleic acid sequence of hCod VP1 GII.6_Ohio_E80S (SEQ
ID NO:80). FIG. 33C shows the amino acid sequence of
VP1 GII.6_Ohio_S90L (SEQ ID NO:81). FIG. 33D shows
the nucleic acid sequence of hCod VP1 GII.6_Ohio_S90L
(SEQ ID NO:82). FIG. 33E shows the amino acid sequence
of VP1 GII.6_Ohio_E80S+S90L (SEQ ID NO:83). FIG. 33F
shows the nucleic acid sequence of hCod VP1 GII.6_Ohio_
E80S+S90L (SEQ ID NO:84).

[0077] FIG. 34A shows the amino acid sequence of VP1
GIL.12_HS10_E80S (SEQ ID NO:88). FIG. 34B shows the
nucleic acid sequence of hCod VP1 GII.12_HS10_E80S
(SEQ ID NO:89). FIG. 34C shows the amino acid sequence
of VP1 GII.12_HS10_A90L (SEQ ID NO:90). FIG. 34D
shows the nucleic acid sequence of hCod VP1 GII.12_
HS10_A90L (SEQ ID NO:91). FIG. 34E shows the amino
acid sequence of VP1 GII.12_HS10_E80S+A90L (SEQ ID
NO:92); FIG. 34F shows the nucleic acid sequence of hCod
VP1 GII.12_HS10_E80S+A90L (SEQ ID NO:93). FIG.
34G shows the amino acid sequence of VP1 GII.17 Kawa
2014 AOA077KVU6_A39V (SEQ ID NO:192). FIG. 34H
shows the nucleic acid sequence of VP1 hCod GII.17 Kawa
2014 AOA077KVU6_A39V (SEQ ID NO:193). FIG. 341
shows the amino acid sequence of VP1GIIL.17 Kawa 2014
AO0A077KVU6_R531 (SEQ ID NO:194). FIG. 34J shows
the nucleic acid sequence of VP1 hCod GII.17 Kawa 2014
AO0A077KVU6 R531 (SEQ ID NO:195). FIG. 34K shows
the amino acid sequence of VP1GI.17 Kawa 2014
AO0A077KVUG6_A90L (SEQ ID NO:196). FIG. 34L shows
the nucleic acid sequence of VP1 hCod GII.17 Kawa 2014
AO0A077KVUG6_A90L (SEQ ID NO:197). FIG. 34M shows
the amino acid sequence of VP1GI.17 Kawa 2014
A0A077KVU6_A39V+MS531 (SEQ ID NO:198). FIG. 34N
shows the nucleic acid sequence of VP1 hCod GII.17 Kawa
2014 AOAO77KVUG6_A39V+MS531 (SEQ ID NO:199). FIG.
340 shows the amino acid sequence of VP1GII.17 Kawa
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2014 AOA077KVU6_E80S+A90L (SEQ ID NO:200). FIG.
34P shows the nucleic acid sequence of VP1 hCod GII.17

Kawa 2014 AOA077KVU6_ES80S+A90L. (SEQ ID
NO:201);
[0078] FIG. 35A shows the amino acid sequence of VP2_

GL1_Norwalk (SEQ ID NO:99). FIG. 35B shows the
nucleic acid sequence of human codon optimized VP.2_
GI1_Norwalk (SEQ ID NO:100).

[0079] FIG. 36A shows the amino acid sequence of VP2_
GL.3_Lil08 (SEQ ID NO:94). FIG. 36B shows the nucleic
acid sequence of human codon optimized VP2_GIL.3_Lil08
(SEQ ID NO:95).

[0080] FIG. 37A shows the amino acid sequence of VP2_
GII.6_HS10 (SEQ ID NO:96). FIG. 37B shows the nucleic
acid sequence of human codon optimized VP2_GII6_HS10
(SEQ ID NO:97).

[0081] FIG. 38A shows the cloning vector 1190 from left
to right T-DNA (SEQ ID NO:162). FIG. 38B shows the
construct 2724 from 2x355 promoter to NOS terminator
(SEQ ID NO:163). FIG. 38C shows the cloning vector 3677
from left to right T-DNA (SEQ ID NO:164). FIG. 38D
shows the construct 4133 from 2x355 promoter to NOS
terminator (SEQ ID NO:165). FIG. 38E shows the construct
4135 from 2x355 promoter to NOS terminator (SEQ ID
NO:166).

[0082] FIG. 39A shows a schematic representation of
construct 2724 (VP1 Wt GI.1 hCod). FIG. 39B shows a
schematic representation of construct 3300 (VP1 Wt GIL.2
hCod). FIG. 39C shows a schematic representation of con-
struct 3979 (VP1 Wt GL3 hCod).

[0083] FIG. 40A shows a schematic representation of
construct 4140 (VP1 GL.3_Q84S hCod). FIG. 40B shows a
schematic representation of construct 4141 (VP1 G1.3_S94L
hCod). FIG. 40C shows a schematic representation of con-
struct 4142 (VP1 GI1.3_P84S+S94L hCod). FIG. 40D shows
a schematic representation of construct 4179 (VP1 GL.3_
A43V+S94L, hCod). FIG. 40E shows a schematic represen-
tation of construct 4180 (VP1 GL3_MS57I1+S94L, hCod).
FIG. 40F shows a schematic representation of construct
4181 (VP1 GI1.3_A43V+M571+S94L hCod).

[0084] FIG. 41A shows a schematic representation of
construct 3980 (VP1 Wt GI.5 hCod (Wt GI.5 hCod). FIG.
41B shows a schematic representation of construct 4130
(VP1 G1.5_Q84S). FIG. 41C shows a schematic represen-
tation of construct 4131 (VP1 G1.5_A94L hCod). FIG. 41D
shows a schematic representation of construct 4132 (VP1
GL5_Q84S+A94L hCod). FIG. 41E shows a schematic
representation of construct 4210 (VP1 GL.7_R84S hCod).
FIG. 41F shows a schematic representation of construct
4217 (VP1 GL.7_MS571 hCod). FIG. 41G shows a schematic
representation of construct 4218 (VP1 GL7_MS57I+R84S
hCod).

[0085] FIG. 42A shows a schematic representation of
construct 3982 (Wt VP1 GII.2 hCod). FIG. 42B shows a
schematic representation of construct 4143 (VP1 GIL2_
E80S). FIG. 42C shows a schematic representation of con-
struct 4144 (VP1 GIL2_A90L hCod). FIG. 42D shows a
schematic representation of construct 4145 (VP1 GIL2_
E80S+A90L hCod). FIG. 42E shows a schematic represen-
tation of construct 4182 (VP1 GII.2_A39V+E80S+A90L
hCod). FIG. 42F shows a schematic representation of con-
struct 4183 (VP1 GIL2_RS53I+E80S+A90L hCod). FIG.
42G shows a schematic representation of construct 4184
(VP1 GI1.2_A39V+R531+E80S+A90L hCod).
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[0086] FIG. 43A shows a schematic representation of
construct 3983 (Wt VP1 GIL.3 hCod). FIG. 43B shows a
schematic representation of construct 4146 (VP1 GIL.3_
E80S hCod). FIG. 43C shows a schematic representation of
construct 4147 (VP1 GIL.3_A90L hCod). FIG. 43D shows a
schematic representation of construct 4148 (VP1 GIL.3_
E80S+A90L).

[0087] FIG. 44A shows a schematic representation of
construct 3760 (Wt VP1 GIL.4 hCod). FIG. 44B shows a
schematic representation of construct 4155 (VP1 GIL.4_
A39V hCod). FIG. 44C shows a schematic representation of
construct 4156 (VP1 GI1.4_V47P hCod). FIG. 44D shows a
schematic representation of construct 4157 (VP1 GIL.4_
R531 hCod). FIG. 44E shows a schematic representation of
construct 4133 (VP1 GI1.4_P80S hCod). FIG. 44F shows a
schematic representation of construct 4134 (VP1 GIL.4_
S90L hCod). FIG. 44G shows a schematic representation of
construct 4158 (VP1 GI1.4_A35-42 hCod). FIG. 44H shows
a schematic representation of construct 4159 (VP1 GII.4_
SSTAVATA hCod). FIG. 441 shows a schematic representa-
tion of construct 4165 (VP1 GIL4_A39V+P80S hCod). FIG.
44] shows a schematic representation of construct 4166
(VP1 GII1.4_V47P+P80S hCod). FIG. 44K shows a sche-
matic representation of construct 4167 (VP1 GII.4_R531+
P8OS hCod). FIG. 441, shows a schematic representation of
construct 4135 (VP1 GIL4_P80S+S90L hCod). FIG. 44M
shows a schematic representation of construct 4168 (GIL.4_
P80S+A35-42 hCod). FIG. 44N shows a schematic repre-
sentation of construct 4169 (VP1 GI1.4_P80S+SSTAVATA
hCod). FIG. 440 shows a schematic representation of con-
struct 4185 (VP1 GI1.4_A39V+R531hCod). FIG. 44P shows
a schematic representation of construct 4186 (VP1 GIIL.4_
A39V+R531+P80S hCod).

[0088] FIG. 45A shows a schematic representation of
construct 3993 (Wt VP1 GIL.6 hCod). FIG. 45B shows a
schematic representation of construct 4149 (VP1 GIL.6_
E80S hCod). FIG. 45C shows a schematic representation of
construct 4150 (VP1 GII.6_S90L hCod). FIG. 45D shows a
schematic representation of construct 4151 (VP1 GIL.6_
E80S+S90L).

[0089] FIG. 46A shows a schematic representation of
construct 3995 (Wt VP1 GII.12 hCod). FIG. 46B shows a
schematic representation of construct 4136 (VP1 GII.12_
E80S hCod. FIG. 46C shows a schematic representation of
construct 4137 (VP1 GII.12_A90L hCod). FIG. 46D shows
a schematic representation of construct 4138 (VP1 GII.12_
E80S+A90L). FIG. 46E shows a schematic representation of
construct 4234 (VP1 GIL.17_A39V). FIG. 46F shows a
schematic representation of construct 4235 (VP1 GII.17_
R53I). FIG. 46G shows a schematic representation of con-
struct 4232 (VP1 GIL.17_A90L). FIG. 46H shows a sche-
matic representation of construct 4236 (VP1 GII.17_A39V+
R53I). FIG. 461 shows a schematic representation of
construct 4233 (VP1 GII.17_E80S+A90L).

[0090] FIG. 47A shows a schematic representation of
construct 2725 (Wt VP2 GL.1).

[0091] FIG. 47B shows a schematic representation of
construct 3303 (Wt VP2 GI.3 hCod).

[0092] FIG. 47C shows a schematic representation of
construct 3307 (Wt VP2 GIL.6).

[0093] FIG. 48 shows a schematic representation of con-
struct 1190 (Cloning vector 1190).

[0094] FIG. 49 shows a schematic representation of con-
struct 3677 (Cloning vector 3677).
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[0095] FIG. 50A shows a schematic representation of
GII.4 P8OX constructs (cloning vectors), wherein X is
selected from: A (construct 4281); N (construct 4285); K
(construct 4286); or H (construct 4287). FIG. 50B shows a
schematic representation of GIL.4 P80s+A39X constructs
(cloning vectors), wherein X is selected from I (construct
4256); M (construct 4257); G (construct 4258); S (construct
4259); E (construct 4260); D (construct 4261); N (construct
4262); Q (construct 4263); construct K (4264); or H (con-
struct 4265).

[0096] FIG. 51 shows a schematic representation of GI.7
MS57X constructs (cloning vectors), wherein X is selected
from: L (construct 4266); G (construct 4268); S (construct
4269); T (construct 4270; N (construct 4273); Q (construct
4274); K (construct 4275); or H (construct 4276).

[0097] FIG. 52 shows a schematic representation of GI.3
S94X constructs (cloning vectors), wherein X is selected
from: V (construct 4288); I (construct 4289); M (construct
4290); T (construct 4292); E (construct 4293); D (construct
4294); N (construct 4295); Q (construct 4296); K (construct
4297); or H (construct 4298).

DETAILED DESCRIPTION

[0098] The following description is of a preferred embodi-
ment.
[0099] As used herein, the terms “comprising,” “having,”

“including” and “containing,” and grammatical variations
thereof, are inclusive or open-ended and do not exclude
additional, un-recited elements and/or method steps. The
term “consisting essentially of” when used herein in con-
nection with a use or method, denotes that additional ele-
ments and/or method steps may be present, but that these
additions do not materially affect the manner in which the
recited method or use functions. The term “consisting of”
when used herein in connection with a use or method,
excludes the presence of additional elements and/or method
steps. A use or method described herein as comprising
certain elements and/or steps may also, in certain embodi-
ments, consist essentially of those elements and/or steps, and
in other embodiments consist of those elements and/or steps,
whether or not these embodiments are specifically referred
to. In addition, the use of the singular includes the plural, and
“or” means “and/or” unless otherwise stated. The term
“plurality” as used herein means more than one, for
example, two or more, three or more, four or more, and the
like. Unless otherwise defined herein, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art. As
used herein, the term “about” refers to an approximately
+/-10% variation from a given value. It is to be understood
that such a variation is always included in any given value
provided herein, whether or not it is specifically referred to.
The use of the word “a” or “an” when used herein in
conjunction with the term “comprising” may mean “one,”
but it is also consistent with the meaning of “one or more,”
“at least one” and “one or more than one.”

[0100] The term “plant”, “portion of a plant”, “plant
portion”, “plant matter”, “plant biomass”, “plant material”,
plant extract”, or “plant leaves”, as used herein, may com-
prise an entire plant, tissue, cells, or any fraction thereof,
intracellular plant components, extracellular plant compo-
nents, liquid or solid extracts of plants, or a combination
thereof, that are capable of providing the transcriptional,
translational, and post-translational machinery for expres-
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sion of one or more than one nucleic acids described herein,
and/or from which an expressed protein or VLLP may be
extracted and purified. Plants may include, but are not
limited to, agricultural crops including for example canola,
Brassica spp., maize, Nicotiana spp., (tobacco) for example,
Nicotiana benthamiana, Nicotiana rustica, Nicotiana, taba-
cum, Nicotiana alata, Arabidopsis thaliana, alfalfa, potato,
sweet potato (lpomoea batatus), ginseng, pea, oat, rice,
soybean, wheat, barley, sunflower, cotton, corn, rye (Secale
cereale), sorghum (Sorghum bicolor, Sorghum vulgare),
safflower (Carthamus tinctorius).

[0101] The term “plant portion”, as used herein, refers to
any part of the plant including but not limited to leaves,
stem, root, flowers, fruits, a plant cell obtained from leaves,
stem, root, flowers, fruits, a plant extract obtained from
leaves, stem, root, flowers, fruits, or a combination thereof.
The term “plant extract”, as used herein, refers to a plant-
derived product that is obtained following treating a plant, a
portion of a plant, a plant cell, or a combination thereof,
physically (for example by freezing followed by extraction
in a suitable buffer), mechanically (for example by grinding
or homogenizing the plant or portion of the plant followed
by extraction in a suitable buffer), enzymatically (for
example using cell wall degrading enzymes), chemically
(for example using one or more chelators or buffers), or a
combination thereof. A plant extract may be further pro-
cessed to remove undesired plant components for example
cell wall debris. A plant extract may be obtained to assist in
the recovery of one or more components from the plant,
portion of the plant or plant cell, for example a protein
(including protein complexes, protein surprastructures and/
or VLPs), a nucleic acid, a lipid, a carbohydrate, or a
combination thereof from the plant, portion of the plant, or
plant cell. If the plant extract comprises proteins, then it may
be referred to as a protein extract. A protein extract may be
a crude plant extract, a partially purified plant or protein
extract, or a purified product, that comprises one or more
proteins, protein complexes, protein suprastructures, and/or
VLPs, from the plant tissue. If desired a protein extract, or
a plant extract, may be partially purified using techniques
known to one of skill in the art, for example, the extract may
be subjected to salt or pH precipitation, centrifugation,
gradient density centrifugation, filtration, chromatography,
for example, size exclusion chromatography, ion exchange
chromatography, affinity chromatography, or a combination
thereof. A protein extract may also be purified, using tech-
niques that are known to one of skill in the art.

[0102] The term “nucleic acid segment” as used herein
refers to a sequence of nucleic acids that encodes a protein
of interest. In addition to the sequence of nucleic acids, the
nucleic acid segment comprises a regulatory region and a
terminator that are operatively linked to the sequence of
nucleic acids. The regulatory region may for example com-
prise a promoter, and optionally, an enhancer element opera-
tively linked to the promoter.

[0103] The term “nucleic acid complex™ as used herein
refers to a combination of two or more than two nucleic acid
segments. The two or more than two nucleic acid segments
may be present in a single nucleic acid, so that the nucleic
acid complex comprises two, or more than two nucleic acid
segments, with each nucleic acid segment under the control
of a regulatory region and a terminator. Alternatively, the
nucleic acid complex may comprise two or more separate
nucleic acids, each of the nucleic acids comprising one or
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more than one nucleic acid segment, where each nucleic acid
segment is under the control of a regulatory region and a
terminator. For example a nucleic acid complex may com-
prise one nucleic acid that comprises two nucleic acid
segments, a nucleic acid complex may comprise two nucleic
acids, each nucleic acid comprising one nucleic acid seg-
ment, or a nucleic acid complex may comprise two or more
than two nucleic acids, with each nucleic acid comprising
one or more than one nucleic acid segment.

[0104] The term “vector” or “expression vector”, as used
herein, refers to a recombinant nucleic acid for transferring
exogenous nucleic acid sequences into host cells (e.g. plant
cells) and directing expression of the exogenous nucleic acid
sequences in the host cells. “Expression cassette” refers to a
nucleotide sequence comprising a nucleic acid of interest
under the control of, and operably (or operatively) linked to,
an appropriate promoter or other regulatory elements for
transcription of the nucleic acid of interest in a host cell. As
one of skill in the art would appreciate, the expression
cassette may comprise a termination (terminator) sequence
that is any sequence that is active in the plant host. For
example the termination sequence may be derived from the
RNA-2 genome segment of a bipartite RNA virus, e.g. a
comovirus, the termination sequence may be a NOS termi-
nator, or terminator sequence may be obtained from the
3'UTR of the alfalfa plastocyanin gene.

[0105] The constructs of the present disclosure may fur-
ther comprise a 3' untranslated region (UTR). A 3' untrans-
lated region contains a polyadenylation signal and any other
regulatory signals capable of effecting mRNA processing or
gene expression. The polyadenylation signal is usually char-
acterized by effecting the addition of polyadenylic acid
tracks to the 3' end of the mRNA precursor. Polyadenylation
signals are commonly recognized by the presence of homol-
ogy to the canonical form 5' AATAAA-3' although variations
are not uncommon. Non-limiting examples of suitable
3'untranslated regions are the 3' transcribed non-translated
regions containing a polyadenylation signal of Agrobacte-
rium tumor inducing (T1) plasmid genes, such as the nopa-
line synthase (Nos gene) and plant genes such as the soybean
storage protein genes, the small subunit of the ribulose-1,
5-bisphosphate carboxylase gene (ssRUBISCO; U.S. Pat.
No. 4,962,028; which is incorporated herein by reference),
the promoter used in regulating plastocyanin expression.

[0106] By “regulatory region” “regulatory element” or
“promoter” it is meant a portion of nucleic acid typically, but
not always, upstream of the protein coding region of a gene,
which may be comprised of either DNA or RNA, or both
DNA and RNA. When a regulatory region is active, and in
operative association, or operatively linked, with a nucleo-
tide sequence of interest, this may result in expression of the
nucleotide sequence of interest. A regulatory element may
be capable of mediating organ specificity, or controlling
developmental or temporal gene activation. A “regulatory
region” includes promoter elements, core promoter elements
exhibiting a basal promoter activity, elements that are induc-
ible in response to an external stimulus, elements that
mediate promoter activity such as negative regulatory ele-
ments or transcriptional enhancers. “Regulatory region”, as
used herein, also includes elements that are active following
transcription, for example, regulatory elements that modu-
late gene expression such as translational and transcriptional
enhancers, translational and transcriptional repressors,
upstream activating sequences, and mRNA instability deter-
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minants. Several of these latter elements may be located
proximal to the coding region.

[0107] In the context of this disclosure, the term “regula-
tory element” or “regulatory region” typically refers to a
sequence of DNA, usually, but not always, upstream (5') to
the coding sequence of a structural gene, which controls the
expression of the coding region by providing the recognition
for RNA polymerase and/or other factors required for tran-
scription to start at a particular site. However, it is to be
understood that other nucleotide sequences, located within
introns, or 3' of the sequence may also contribute to the
regulation of expression of a coding region of interest. An
example of a regulatory element that provides for the
recognition for RNA polymerase or other transcriptional
factors to ensure initiation at a particular site is a promoter
element. Most, but not all, eukaryotic promoter elements
contain a TATA box, a conserved nucleic acid sequence
comprised of adenosine and thymidine nucleotide base pairs
usually situated approximately 25 base pairs upstream of a
transcriptional start site. A promoter element may comprise
a basal promoter element, responsible for the initiation of
transcription, as well as other regulatory eclements that
modify gene expression.

[0108] There are several types of regulatory regions,
including those that are developmentally regulated, induc-
ible or constitutive. A regulatory region that is developmen-
tally regulated, or controls the differential expression of a
gene under its control, is activated within certain organs or
tissues of an organ at specific times during the development
of that organ or tissue. However, some regulatory regions
that are developmentally regulated may preferentially be
active within certain organs or tissues at specific develop-
mental stages, they may also be active in a developmentally
regulated manner, or at a basal level in other organs or
tissues within the plant as well. Examples of tissue-specific
regulatory regions, for example see-specific a regulatory
region, include the napin promoter, and the cruciferin pro-
moter (Rask et al., 1998, J. Plant Physiol. 152: 595-599;
Bilodeau et al., 1994, Plant Cell 14: 125-130). An example
of a leaf-specific promoter includes the plastocyanin pro-
moter (see U.S. Pat. No. 7,125,978, which is incorporated
herein by reference).

[0109] An inducible regulatory region is one that is
capable of directly or indirectly activating transcription of
one or more DNA sequences or genes in response to an
inducer. In the absence of an inducer the DNA sequences or
genes will not be transcribed. Typically the protein factor
that binds specifically to an inducible regulatory region to
activate transcription may be present in an inactive form,
which is then directly or indirectly converted to the active
form by the inducer. However, the protein factor may also be
absent. The inducer can be a chemical agent such as a
protein, metabolite, growth regulator, herbicide or phenolic
compound or a physiological stress imposed directly by
heat, cold, salt, or toxic elements or indirectly through the
action of a pathogen or disease agent such as a virus. A plant
cell containing an inducible regulatory region may be
exposed to an inducer by externally applying the inducer to
the cell or plant such as by spraying, watering, heating or
similar methods. Inducible regulatory elements may be
derived from either plant or non-plant genes (e.g. Gatz, C.
and Lenk, 1. R. P, 1998, Trends Plant Sci. 3, 352-358).
Examples, of potential inducible promoters include, but not
limited to, tetracycline-inducible promoter (Gatz, C., 1997,
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Ann. Rev. Plant Physiol. Plant Mol. Biol. 48, 89-108),
steroid inducible promoter (Aoyama, T. and Chua, N. H.,
1997, Plant J. 2, 397-404) and ethanol-inducible promoter
(Salter, M. G., et al, 1998, Plant Journal 16, 127-132;
Caddick, M. X., et al, 1998, Nature Biotech. 16, 177-180)
cytokinin inducible IB6 and CKI1 genes (Brandstatter, 1. and
Kieber, JI. J., 1998, Plant Cell 10, 1009-1019; Kakimoto, T.,
1996, Science 274, 982-985) and the auxin inducible ele-
ment, DRS (Ulmasov, T., et al., 1997, Plant Cell 9, 1963-
1971).

[0110] A constitutive regulatory region directs the expres-
sion of a gene throughout the various parts of a plant and
continuously throughout plant development. Examples of
known constitutive regulatory elements include promoters
associated with the CaMV 358 transcript. (p35S; Odell et
al.,, 1985, Nature, 313: 810-812; which is incorporated
herein by reference), the rice actin 1 (Zhang et al, 1991,
Plant Cell, 3: 1155-1165), actin 2 (An et al., 1996, Plant J.,
10: 107-121), or tms 2 (U.S. Pat. No. 5,428,147), and
triosephosphate isomerase 1 (Xu et. al., 1994, Plant Physiol.
106: 459-467) genes, the maize ubiquitin 1 gene (Cornejo et
al, 1993, Plant Mol. Biol. 29: 637-646), the Arabidopsis
ubiquitin 1 and 6 genes (Holtorf et al, 1995, Plant Mol. Biol.
29: 637-646), the tobacco translational initiation factor 4A
gene (Mandel et al, 1995 Plant Mol. Biol. 29: 995-1004); the
Cassava Vein Mosaic Virus promoter, pCAS, (Verdaguer et
al., 1996); the promoter of the small subunit of ribulose
biphosphate carboxylase, pRbeS: (Outchkourov et al.,
2003), the pUbi (for monocots and dicots).

[0111] The term “constitutive” as used herein does not
necessarily indicate that a nucleotide sequence under control
of'the constitutive regulatory region is expressed at the same
level in all cell types, but that the sequence is expressed in
a wide range of cell types even though variation in abun-
dance is often observed.

[0112] The expression constructs as described above may
be present in a vector. The vector may comprise border
sequences which permit the transfer and integration of the
expression cassette into the genome of the organism or host.
The construct may be a plant binary vector, for example a
binary transformation vector based on pPZP (Hajdukiewicz,
et al. 1994). Other example constructs include pBinl9 (see
Frisch, D. A., L. W. Harris-Haller, et al. 1995, Plant Molecu-
lar Biology 27: 405-409).

[0113] The term “native”, “native protein” or “native
domain”, as used herein, refers to a protein or domain having
a primary amino acid sequence identical to wildtype. Native
proteins or domains may be encoded by nucleotide
sequences having 100% sequence similarity to the wildtype
sequence. A native amino acid sequence may also be
encoded by a human codon (hCod) optimized nucleotide
sequence or a nucleotide sequence comprising an increased
GC content when compared to the wild type nucleotide
sequence provided that the amino acid sequence encoded by
the hCod-nucleotide sequence exhibits 100% sequence iden-
tity with the native amino acid sequence.

[0114] By a nucleotide sequence that is “human codon
optimized” or a “hCod” nucleotide sequence, it is meant the
selection of appropriate DNA nucleotides for the synthesis
of an oligonucleotide sequence or fragment thereof that
approaches the codon usage generally found within an
oligonucleotide sequence of a human nucleotide sequence.
By “increased GC content” it is meant the selection of
appropriate DNA nucleotides for the synthesis of an oligo-
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nucleotide sequence or fragment thereof in order to
approach codon usage that, when compared to the corre-
sponding native oligonucleotide sequence, comprises an
increase of GC content, for example, from about 1 to about
30%, or any amount therebetween, over the length of the
coding portion of the oligonucleotide sequence. For
example, from about 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30%, or any amount therebetween, over the
length of the coding portion of the oligonucleotide sequence.
As described below, a human codon optimized nucleotide
sequence, or a nucleotide sequence comprising an increased
GC content (when compared to the wild type nucleotide
sequence) exhibits increased expression within a plant,
portion of a plant, or a plant cell, when compared to
expression of the non-human optimized (or lower GC con-
tent) nucleotide sequence.

[0115] Norovirus VP1 mutant proteins (also termed modi-
fied VP1 protein, or modified norovirus VP1 protein) and
methods of producing norovirus VP1 mutant proteins in
plants are described herein. Several of the modified noro-
virus VP1 proteins comprise specific substitutions, modifi-
cations or mutations in the S domain of non-GI.1 VP1Is, to
the corresponding amino acids that are found in GI.1 S
domains. It has been observed that in certain norovirus
genotypes, mutating specific amino acids to the correspond-
ing amino acids found in GI.1 VPl1s, results in similar or
improved VP1 and/or VLP characteristics as compared to
the wildtype (non-GI.1) VP1 and/or VLP. Examples of
improved characteristics of the VP1 and/or VLP include:

[0116] increased VP1 protein yield when expressed in
plant cells as compared to the yield of wildtype VP1 of
the same genotype that does not comprise the substi-
tution(s), modification(s) or mutation(s);

[0117] increased density of VLPs comprised of the
modified VP1 proteins (for example as determined
using density gradient separation, and optionally SDS-
PAGE and/or Western analysis) as compared to the
density of VLPs comprising wildtype VP1 of the same
genotype that does not comprise the substitution(s),
modification(s) or mutation(s);

[0118] improved integrity, stability, or both integrity
and stability, of VLPs that are comprised of the modi-
fied VP1 proteins as compared to the integrity, stability
or both of VLPs comprising wildtype VP1 of the same
genotype that does not comprise the substitution(s),
modification(s) or mutation(s);

[0119] increased VLP yield when expressed in plant
cells as compared to the wildtype level of VLP pro-
duction of the same genotype that does not comprise
the substitution(s), modification(s) or mutation(s);

[0120] improved accumulation of VLPs that are com-
prised of the modified VP1 proteins as compared to the
accumulation of VLPs comprising wildtype VP1 of the
same genotype that does not comprise the substitution
(s), modification(s) or mutation(s);

[0121] a greater proportion of VLPs that assemble into
38 nm VLPs as opposed to 23 nm VLPs as compared
to the wildtype VP1 of the same genotype that does not
comprise the substitution(s), modification(s) or muta-
tion(s); and

[0122] a combination thereof.

[0123] For example, the modified norovirus VP1 protein,
and methods of producing the modified norovirus VP1
protein, may include a nucleotide sequence encoding a VP1
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protein comprising an S domain substitution, mutation, or
modification, at any one or more amino acids in sequence
alignment with positions 43, 57, 84 and 94 of norovirus VP1
genotype GI.1 (SEQ ID NO:1; see FIG. 2C), or a deletion of
a peptide fragment in sequence alignment with amino acids
39 to 46 of norovirus VP1 genotype GI.1 (SEQ ID NO:1),
or a combination thereof. The sequence encoding the noro-
virus VP1 mutant protein may be optimized for human
codon usage, for increased GC content, or a combination
thereof.

[0124] With reference to the sequences shown in FIG. 2C,
the norovirus GI.1 sequence (SEQ ID NO:1) is used as a
reference sequence against which the other norovirus VP1
sequences may be aligned. The VP1 amino acid sequences
for the “GII” family of VP1 proteins comprise a 4 amino
acid deletion relative to the GI.1 sequence, comprising a 3
amino acid deletion at positions 14-16, and a one amino acid
deletion at position 26. As a result, the alignments between
the GII VP1 sequences and the GI VP1 sequences are offset
by 3 amino acids after amino acid 13, and 4 amino acids
after position 26. For example, amino acid 84 of GI.1, aligns
with amino acid 80 of GII.4 (see FIG. 2C). Reference to a
substitution, modification or mutation at position 84 (GI.1)
and 80 (GII1.4) therefore refer to the same aligned amino
acids:

Strain amino acid alignment

GI: 39-46 43 57 84 94

GII: 35-42 39 53 80 90
[0125] Also provided herein are methods of increasing

production of VLPs comprising modified norovirus VP1
proteins, in plants. For example, a method may involve
introducing a nucleic acid encoding a norovirus VP1 mutant
protein, as described herein, into the plant, portion of the
plant, or plant cell. One or more than one norovirus mutant
protein may be expressed in a plant, portion of the plant, or
plant cell, in order to produce a VLP comprising one or more
than one modified norovirus protein. Alternatively, the
method may comprise providing a plant, portion of the plant,
or plant cell that comprises the nucleic acid encoding the
modified norovirus VP1 protein as described herein, and
expressing the nucleic acid encoding the modified norovirus
VP1 protein in order to produce a VLP comprising the one
or more than one modified norovirus protein.

[0126] The methods of producing a VLP comprising a
VP1 mutant protein may also comprise a step of co-express-
ing a nucleic acid sequence encoding a VP2 protein in the
plant, portion of the plant, or plant cell.

[0127] The term “single construct” or “single constructs”,
as used herein, refers to nucleic acid vectors comprising a
single nucleic acid sequence. The term “dual construct” or
“dual constructs”, as used herein, refers to a nucleic acid
vector comprising two nucleic acid sequences.

[0128] By co-expression it is meant the introduction and
expression of two or more nucleotide sequences, each of the
two or more nucleotide sequences encoding a protein of
interest, or a fragment of a protein of interest within a plant,
portion of a plant or a plant cell. The two or more nucleotide
sequences may be introduced into the plant, portion of the
plant or the plant cell within one vector, so that each of the
two or more nucleotide sequences is under the control of a
separate regulatory region (e.g. comprising a dual con-
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struct). Alternatively, the two or more nucleotide sequences
may be introduced into the plant, portion of the plant or the
plant cell within separate vectors (e.g. comprising single
constructs), and each vector comprising appropriate regula-
tory regions for the expression of the corresponding nucleic
acid. For example, two nucleotide sequences, each on a
separate vector and introduced into separate Agrobacterium
tumefaciens hosts, may be co-expressed by mixing suspen-
sions of each A. tumefaciens host in a desired volume (for
example, an equal volume, or the ratios of each 4. tumefa-
ciens host may be altered) before vacuum infiltration. In this
manner, co-infiltration of multiple 4. tumefaciens suspen-
sions permits co-expression of multiple transgenes.

[0129] The nucleic acid comprising encoding a norovirus
VP1 mutant protein as described herein may further com-
prise sequences that enhance expression of the norovirus
VP1 mutant protein in the plant, portion of the plant, or plant
cell. Sequences that enhance expression may include, a
CPMV enhancer element, or a plant-derived expression
enhancer, in operative association with the nucleic acid
encoding the norovirus VP1 mutant protein. The sequence
encoding the VP1 mutant protein may also be optimized for
human codon usage, increased GC content, or a combination
thereof. Furthermore, a nucleic acid encoding VP2 may be
co-expressed along with the sequence encoding the VP1
mutant protein. The co-expression of a nucleic acid encod-
ing VP2 may lead to an increased yield, increased density,
increased integrity, or combination thereof, of VLPs that
comprise the one or more than one type of VP1 mutant
protein.

[0130] The term “CPMV enhancer element”, as used
herein, refers to a nucleotide sequence encoding the S'TUTR
regulating the Cowpea Mosaic Virus (CPMV) RNA2 poly-
peptide or a modified CPMV sequence as is known in the art.
For example, a CPMV enhancer element or a CPMV expres-
sion enhancer, includes a nucleotide sequence as described
in WO2015/14367, WO02015/103704; W02007/135480;
WO02009/087391; Sainsbury F., and Lomonossoff G. P,
(2008, Plant Physiol. 148: pp. 1212-1218), each of which is
incorporated herein by reference. A CPMV enhancer
sequence can enhance expression of a downstream heter-
ologous open reading frame (ORF) to which they are
attached. The CPMV expression enhancer may include
CPMV HT, CPMVX (where X=160, 155, 150, 114), for
example CPMV 160, CPMVX+ (where X=160, 155, 150,
114), for example CPMV 160+, CPMV-HT+, CPMV HT+
[WT115], or CPMV HT+ [511] (WO02015/143567,
WO02015/103704 which are incorporated herein by refer-
ence). The CPMV expression enhancer may be used within
a plant expression system comprising a regulatory region
that is operatively linked with the CPMV expression
enhancer sequence and a nucleotide sequence of interest.
The term “S'UTR” or “5' untranslated region” or “5' leader
sequence” refers to regions of an mRNA that are not
translated. The S'UTR typically begins at the transcription
start site and ends just before the translation initiation site or
start codon of the coding region. The 5' UTR may modulate
the stability and/or translation of an mRNA transcript.

[0131] The term “plant-derived expression enhancer”, as
used herein, refers to a nucleotide sequence obtained from a
plant, the nucleotide sequence encoding a S'UTR. Examples
of a plant derived expression enhancer are described in U.S.
Provisional Patent Application No. 62/643,053 (Filed Mar.
14, 2018; which is incorporated herein by reference) or in
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Diamos A. G. et. al. (2016, Front PIt Sci. 7:1-15; which is
incorporated herein by reference). The plant-derived expres-
sion enhancer may be selected from nbMT78, nbATL7S5,
nbDJ46, nbCHP79, nbEN42, atHSP69, atGRP62, atPK65,
atRP46, nb30S72, nbGT61, nbPVS55, nbPPI43, nbPM64
(SEQ ID NO:14), and nbH2A86 as described in U.S.
62/643,053). The plant derived expression enhancer may be
used within a plant expression system comprising a regula-
tory region that is operatively linked with the plant-derived
expression enhancer sequence and a nucleotide sequence of
interest.

[0132] The term “5'UTR” or “5' untranslated region™ or
“5' leader sequence” refers to regions of an mRNA that are
not translated. The 5S'UTR typically begins at the transcrip-
tion start site and ends just before the translation initiation
site or start codon of the coding region. The 5' UTR may
modulate the stability and/or translation of an mRNA tran-
script.

[0133] By “operatively linked” it is meant that the par-
ticular sequences interact either directly or indirectly to
carry out an intended function, such as mediation or modu-
lation of expression of a nucleic acid sequence. The inter-
action of operatively linked sequences may, for example, be
mediated by proteins that interact with the operatively linked
sequences.

[0134] When one or more than one type of the modified
norovirus VP1 protein is expressed in the plant, portion of
the plant or the plant cell, the one or more than one modified
VP1 proteins auto-assemble into VLPs. The plant or portion
of the plant may be harvested under suitable extraction and
purification conditions to maintain the integrity of the VLP,
and the VLP comprising the one or more than one type of
VP1 mutant (modified) protein may be purified. The one or
more than one VP1 mutant protein may also be co-expressed
with nucleotide sequence encoding VP2, so that the VLP
may comprise both modified VP1 protein and VP2 protein.
The present disclosure also provides for the production of
one or more than one type of VPl mutant protein as
described herein within a plant, portion of a plant, or plant
cell, and the extraction and purification of the one or more
than one type of VP1 mutant protein from the plant, the
portion of the plant, or the plant cell to produce plant matter,
a plant extract, or a protein extract, comprising the modified
(mutant) VP1 protein.

[0135] Plant matter, a plant extract, or a protein extract
comprising the norovirus VP1 mutant protein as described
herein is also provided. The plant matter, plant extract, or
protein extract may be used to induce immunity to norovirus
infection in a subject. Alternatively, the VP1 mutant protein,
or the VLP comprising the VP1 mutant protein (and option-
ally VP2), may be purified or partially purified, and the
purified or partially purified preparation may be used to
induce immunity to a norovirus infection in a subject.
[0136] The present disclosure also provides a composition
comprising an effective dose of one or more than one type
of modified norovirus VP1 protein, or VLPs comprising one
or more than one modified norovirus VP1 protein, and
optionally VP2, for inducing an immune response, and a
pharmaceutically acceptable carrier, adjuvant, vehicle, or
excipient.

[0137] Also provided herein are methods of inducing
immunity to a norovirus infection in a subject comprising of
administering one or more than one type of mutant (modi-
fied) norovirus VP1 protein or VLPs comprising one or more
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than one types of norovirus VP1 mutant proteins to a subject
orally, intranasally, intramuscularly, intraperitoneally, intra-
venously, subcutaneously, rectally, or intravaginally.

[0138] The term “norovirus”, as used herein, refers to a
non-enveloped viral strain of the genus norovirus of the
family Caliciviridae that is characterized as having a single-
stranded, positive-sense RNA. The norovirus genome is
7,654 nucleotides in length. The ORF1 encodes a nonstruc-
tural polyprotein that is cleaved by viral 3C-like protease
into 6 proteins, including an RNA-dependent RNA poly-
merase. ORF2 and ORF3 encode a major (VP1) and a minor
(VP2) capsid protein, respectively (see FIG. 1A).

[0139] Norovirus strains as disclosed herein include any
known norovirus strain, but also modifications to known
norovirus strains that are known to develop on a regular
basis over time. For example, norovirus strains may include
(as described by their amino acids sequences), but are not
limited to Hu/GI.1/United States/Norwalk/1968 (GI.1; SEQ
ID NO:1; FIG. 12A), Hu/Gl.2/Leuven/2003/BEL (GI.2;
SEQ ID NO:4; FIG. 13A), Hu/G1.3/S29/2008/Lilla Edet/
Sweden (GI.3; SEQ ID NO:6; FIG. 14A), Hu/GI1.5/Siklos/
Hun5407/2013/HUN (GL.5; SEQ ID NO:12; FIG. 15A),
Hu/GIL.7/USA/2014/GAS5043 (G1.7; SEQ ID NO:101; FIG.
16A), Hu/GII.1/Ascension208/2010/USA (GIL.1; SEQ 1D
NO:13; FIG. 16B), Hu/GIL.2/CGMHA47/2011/TW (GII.2;
SEQ ID NO: 14; FIG. 17A), Hu/GI1.3/Jingzhow/2013402/
CHN (GI1.3; SEQ ID NO: 15; FIG. 18A), Hu/GII.4/Sydney/
NSWO0514/2012/AU (GIL4; SEQ ID NO: 16; FIG. 19A),
US96/GI1.4/Dresden174/1997/DE_AY741811 (SEQ 1D
NO: 27, FIG. 19C), FH02/GII.4/FarmingtonHills/2002/US _
AY502023 (SEQ ID NO: 28; FIG. 19D), Hnt04: GI1.4/
Hunter-NSW504D/2004/AU_DQ078814 (SEQ ID NO: 29;
FIG. 19E), 2006b: GII.14/Sheltharbour-NSW696T/2006/
AU_EF684915 (SEQ ID NO: 30; FIG. 19F), NO09: GI1.4/
Orange-NSWO001P/2008/AU_GQ845367 (SEQ ID NO: 31,
FIG. 19G), Hu/GIL.5/AlbertaE1390/2013/CA (GIL.5; SEQ
ID No:17; FIG. 20), Hu/GII.6/0Ohio/490/2012/USA (GI1.6;
SEQ ID NO: 20; FIG. 21A), GI1.7/Musa/2010/A1173774
(GIL7; SEQ ID NO:18; FIG. 22), Hu/GII.12/HS206/2010/
USA (GI1.2; SEQ ID NO: 19; FIG. 23A), GIL.13/VA173/
2010/H9AWU4 (GII1.13; SEQ ID NO:22; FIG. 24A), GII.
14_Saga_2008_JPN_ADE28701 native VP1 (GII.14; SEQ
ID NO: 32; FIG. 25), Hu/GII.17/Kawasaki323/2014/JP
(0117; SEQ ID NO: 24; FIG. 26A), and Hu/GII.21/Salis-
bury150/2011/USA (0121; SEQ ID NO:26; FIG. 27). Noro-
virus strains are known to readily mutate from year-to-year.
Therefore, Norovirus strains also include strains having
from about 30-100% or any amount therebetween, amino
acid sequence identity, to the VP1 protein, the VP2 protein,
or both the VP1 and the VP2 proteins, with any of the above
norovirus strains of the strains listed above and in FIGS. 2A
and 2B, provided that the VP1 protein can be expressed (i.e.
produced) in a plant and that the VP1 protein induces
immunity to norovirus in a subject, when the VP1 protein is
administered to the subject. For example, norovirus strains
also include strains having 30, 32, 34, 36, 38, 40, 42, 44, 46,
48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,76, 78,
80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100%, or any amount
therebetween, amino acid sequence identity (sequence simi-
larity; percent identity; percent similarity) to the VP1 pro-
tein, the VP2 protein, or both the VP1 and the VP2 proteins,
with any of the above norovirus strains of the strains listed
above and in FIGS. 2A and 2B, provided that the that the
VP1 protein can be expressed in a plant and that the VP1
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protein induces immunity to norovirus in a subject, when the
VP1 protein is administered to the subject. An amino acid
sequence identity comparison between the S domain of VP1
proteins of several norovirus strains, which are not to be
considered limiting, is shown in FIG. 2C.

[0140] The terms “percent similarity”, “sequence similar-
ity”, “percent identity”, or “sequence identity”’, when refer-
ring to a particular sequence, are used for example as set
forth in the University of Wisconsin GCG software program,
or by manual alignment and visual inspection (see, e.g.,
Current Protocols in Molecular Biology, Ausubel et al., eds.
1995 supplement). Methods of alignment of sequences for
comparison are well-known in the art. Optimal alignment of
sequences for comparison can be conducted, using for
example the algorithm of Smith & Waterman, (1981, Adv.
Appl. Math. 2:482), by the alignment algorithm of Needle-
man & Wunsch, (1970, J. Mol. Biol. 48:443), by the search
for similarity method of Pearson & Lipman, (1988, Proc.
Natl. Acad. Sci. USA 85:2444), by computerized implemen-
tations of these algorithms (for example: GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group (GCG), 575 Science
Dr., Madison, Wis.).

[0141] An example of an algorithm suitable for determin-
ing percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al., (1977, Nuc. Acids Res. 25:3389-3402) and
Altschul et al., (1990, J. Mol. Biol. 215:403-410), respec-
tively. BLAST and BLAST 2.0 are used, with the parameters
described herein, to determine percent sequence identity for
the nucleic acids and proteins of the invention. For example
the BLASTN program (for nucleotide sequences) may use
as defaults a wordlength (W) of 11, an expectation (E) of 10,
M=5, N=-4 and a comparison of both strands. For amino
acid sequences, the BLASTP program may use as defaults a
word length of 3, and expectation (E) of 10, and the
BLOSUMS62 scoring matrix (see Henikoff & Henikoff,
1989, Proc. Natl. Acad. Sci. USA 89:10915) alignments (B)
of 50, expectation (E) of 10, M=5, N=-4, and a comparison
of both strands. Software for performing BLAST analyses is
publicly available through the National Center for Biotech-
nology Information (see URL: ncbi.nlm.nih.gov/).

[0142] The term “VP1”, as used herein, refers to the
norovirus major capsid protein or polypeptide comprising an
amino acid sequence similar to the protein or polypeptide
encoded by ORF2 of one or more strains of norovirus as
described herein. The major capsid protein folds into two
principal domains, a shell (S) domain and a protruding (P)
domain (see FIG. 1B). The VP1 protein forms a dimer (FIG.
1C) when incorporated into a virus like particle, or a VLP.
The first portion of the N-terminal of VP1 comprise the S
domain, with the remainder of the VP1 polypeptide com-
prising the P domain. For example, in GI.1, the first 225
amino acids of the N-terminal VP1 protein comprise the S
domain. When folded, the VP1 assumes a conformation as
depicted in FIG. 1B, comprising of a globular S domain
(bottom of ribbon structure) and a P domain (top of ribbon
structure).

[0143] As shown in FIG. 1C, the VP1 protein dimerizes
via P-domain interactions. These interactions stabilize the
spontaneous assembly of norovirus capsid molecules.
[0144] Methods to produce norovirus VP1 proteins and
modified norovirus VP1 proteins in a plant, portion of a plant
or a plant cell are described herein that involve introducing
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the recombinant polynucleotide encoding the norovirus VP1
protein or modified VP1 protein, and incubating the plant,
portion of the plant or the plant cell under conditions that
permit expression of the norovirus VP1 protein or modified
norovirus protein. However, it is also to be understood that
norovirus VP1 proteins may be obtained from norovirus
VLPs that comprise the VP1 protein, as described in Ausar
et al. (Ausar S. F., Foubert T. R, Hudson M. H., Vedvick T.
S., Middaugh C. R., 2006, J. Biol. Chem. 281:19478-
19488). For example norovirus VL.Ps comprising norovirus
proteins or modified norovirus proteins may dissociate at pH
8 and above, or at temperatures above 55° C., into their VP1
protein constituents, thereby yielding VP1 protein.

[0145] The term “virus like particle”, “VLP”, “virus like
particles”, or “VLPs”, as used herein, refers to a norovirus
virus like particle(s) that comprise one or more than one type
of' norovirus VP1 protein, one or more than one type of VP1
mutant protein, or a combination thereof, and that self-
assemble into non-replicating, non-enveloped, non-infec-
tious viral capsid structures lacking all parts of the norovirus
genome. For example, the VLP may comprise one type of a
modified VP1 protein as described herein, or the VLP may
comprise two or more different modified VP1 proteins
described herein. Furthermore the VLP may comprise a VP2
protein. VLPs comprising VP1 protein, VP1+VP2 protein,
modified VP1 protein, or modified VP1 protein+ VP2 protein
are of the size from about 15 nm to 50 nm or any amount
therebetween, for example 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 nm, or any amount
therebetween. For example, for T=1 icosahedral symmetry,
VLPs may be about 23 nm, or for T=3 icosahedral symme-
try, VLPs may be from about 38 to about 40 nm.

[0146] As shown in the electron micrographs of FIGS. 3B,
4B, 5C, 5E, 6C, 6E, 7C, 8B, 9B, 9C, 9D, 9G, 10B, 11C and
11D, plant produced VP1 proteins and modified VP1 pro-
teins derived from several norovirus strains self-assemble
into VLPs.

Norovirus VP1 Protein Production in Plants

[0147] The VP1 protein includes any VP1 protein com-
prising an amino acid sequence having from about 30 to
about 100%, from about 40 to about 100%, from about 50
to about 100%, from about 60 to about 100%, from about 70
to about 100%, from about 80 to about 100%, from about 85
to about 100% from about 90 to about 100%, or from about
95 to about 100% from about 98 to about 100%, or any
amount therebetween, sequence identity (which may be also
termed sequence similarity) with a VPl amino acid
sequence from a norovirus GI.1 (SEQ ID NO:1; FIG. 12A),
GI.2 (SEQ ID NO:4; FIG. 13A), GL.3 (SEQ ID NO:6; FIG.
14A), GL.5 (SEQ ID NO:12; FIG. 15A), Hu/GL.7/USA/
2014/GA5043 (GL.7; SEQ ID NO:101; FIG. 16A), GIL1
(SEQ ID NO:13; FIG. 16B), GII.2 (SEQ ID NO:14; FIG.
17A), GII3 (SEQ ID NO:15; FIG. 18A), GII.4/Sydney
(SEQ ID NO:16; FIG. 19A), GII.14/Dresden (SEQ 1D
NO:27; FIG. 19C), GII.14/FarmingtonHills (SEQ ID
NO:28; FIG. 19D), GIL.4/Hunter (SEQ ID NO:29; FIG.
19E), GII.14/Shellharbour (SEQ ID NO:30; FIG. 19F),
GII1.14/Orange (SEQ ID NO:31; FIG. 19G), GIL.5 (SEQ ID
No:17; FIG. 20), GIL.6 (SEQ ID NO:20; FIG. 21A), GII.7
(SEQ ID NO:18; FIG. 22), GII.12 (SEQ ID NO:19; FIG.
23A), GIL.13 (SEQ ID NO:22; FIG. 24A), GII.14/Saga
(SEQ ID NO:32; FIG. 25), GII.17 (SEQ ID NO:24; FIG.
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26A), GII1.21 (SEQ ID NO:26; FIG. 27), provided that the
VP1 protein is expressed in a plant and it induces immunity
to norovirus when administered to a subject.

[0148] The VP1 protein as described herein is modified
and comprises an S domain substitution, modification or
mutation, at any one or more amino acids in sequence
alignment with positions 43, 57, 84 and 94 of norovirus VP1
genotype GI.1 (SEQ ID NO:1; see FIG. 2C), or a deletion of
a peptide fragment in sequence alignment with amino acids
39 to 46 of norovirus VP1 genotype GI.1 (SEQ ID NO:1),
or a combination thereof. The nucleotide sequence encoding
the modified norovirus VP1 protein may be optimized for
human codon usage, for increased GC content, or a combi-
nation thereof. The modified VP1 protein may be expressed
in a plant, portion of a plant, or plant cell.

[0149] As shown in FIG. 2C, relative to the hypervariable
P domain, the primary amino acid sequence of the norovirus
VP1 S domain is well conserved. For example, the VP1 S
domain sequences of the norovirus strains shown in FIG.
2C, have sequences ranging from 55.2-98.9% identity to the
S domain of GI.1 VP1. For example, nucleic acid sequences
described herein may exhibit from about 55 to about 99%,
or any amount therebetween sequence identity to the S
domain of GI.1 VP1, For example, nucleic acid sequences
described herein may exhibit from about 55, 56, 58, 60, 62,
64, 66, 68, 70,72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99% or any amount therebetween,
sequence identity to the S domain of GI.1 VPI1.

[0150] As previously shown in U.S. provisional applica-
tion 62/475,660 (filed Mar. 23, 2017; which is incorporated
herein by reference) and PCT/CA2018/050352 (filed Mar.
23, 2018, which is incorporated herein by reference), wild
type (also termed native) norovirus VP1 protein may be
produced in plants and VLPs comprising the VP1 protein
produced. Vacuum infiltration of leaves (from N. benthami-
ana) with Agrobacterium tumefaciens comprising expres-
sion vectors encoding GI.1 VP1 as a single nucleic acid
construct, GI.1 VP2 as a single nucleic acid construct, both
GI.1 VP1 and VP2, with VP1 and VP2 nucleic acid
sequences introduced in separate vectors (“VP1+VP2”; dual
constructs), or on the same vector (“VP1/VP2” or “VP1/
VP2/3'UTR”; single nucleic acid constructs) to permit co-
expression of the VP1 and/or VP2 sequences and the leaves
examined for VP1 and VP2 production. After 6 or 9 days
post infiltration (6 DPI and 9 DPI, respectively), total crude
protein extracts were prepared from leaf homogenates, sepa-
rated by SDS-PAGE, and stained with Coomassie Brilliant
Blue dye. Leaves infiltrated with expression vectors com-
prising nucleotide sequences that correspond to wildtype
GIL.1 ORF2, encoding the VP1 protein, produced low or
non-detectable levels of GI.1 VPl as determined using
Coomassie stained gels. In contrast, leaves infiltrated with
expression vectors comprising GI.1 VPl nucleotide
sequences that were codon optimized for human expression
(hCod), or enriched for GC content when compared to the
GC content of the wildtype VP1 nucleic acid sequence,
produced increased amounts of GIL.1 VP1 protein in
Coomassie stained gels. Demonstrating that hCod GI.1 VP1
may be produced in plants when VP1 is expressed on its
own.

[0151] Furthermore, as described in U.S. provisional
application 62/475,660 and PCT/CA2018/050352 (filed
Mar. 23, 2017; and Mar. 23, 2018, respectively, both of
which are incorporated herein by reference), leaves infil-
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trated with vectors comprising either wildtype GI.1 VP1 and
VP2 or human codon optimized GI.1 VP1 and VP2 pro-
duced low levels of GI.1 VP1 protein in Coomassie stained
gels, suggesting that expression of VP1 is not enhanced by
the presence of VP2 when co-expressed in cis on the same
vector, using the same organization as found in the viral
genome (using one promoter to control expression). How-
ever, when VP1 or human codon optimized VP1 was co-
expressed in trans (on a separate construct) along with VP2
or hCod VP2 (hCod VP1+VP2), respectively, an increase in
VP1 protein was observed. Each of the VP1 and VP2 nucleic
acid segments comprised a regulatory region and a termi-
nator, and the constructs were introduced into the plants as
a nucleic acid complex, and this resulted in a corresponding
increase in VP1 protein yield.

[0152] This observation is in contrast to that observed in
insect and mammalian cells (Bertolotti-Ciarlet A., Crawford
S. E., Hutson A. M., Estes M. K. 2003, 1. Virol. 77:11603-
11615), who reported that an increase in VP1 expression was
only observed when VP1 and VP2 (or VP1+VP2+43'UTR)
resided in cis, and were co-expressed using the same orga-
nization as that found in the viral genome, under the control
of one promoter and terminator. No increase in VP1 expres-
sion was observed by Bertolotti-Ciarlet (2003) in insect or
mammalian cells, when VP1 and VP2 were co-expressed in
trans.

[0153] As described in more detail below, when the modi-
fied VPI1 proteins, as described herein, are expressed in
plants, it is preferred that the ORF3 sequence encoding VP2
is obtained from the same norovirus genotype and strain as
that used to obtain the modified VP1 sequence. In the
examples provided herein, and unless otherwise stated, the
modified VP1 protein and the VP2 protein are obtained from
the same norovirus genotype and strain, and the nucleotide
sequences encoding the modified VP1 protein and the VP2
protein are co-expressed in the plant using separate expres-
sion systems, for example, on separate plasmids, or VP1 and
VP2 may be expressed on the same vector but each of the
sequences encoding VP1 and VP2 should be under the
control of separate promoter and terminator sequences, soO
that they have a separate expression system.

[0154] The yield, or amount of extracted, norovirus VP1
protein and the production of VLPs comprising norovirus
VP1 proteins in a plant, differs depending on the genotype
of the norovirus VP1 being expressed. For example, as
shown in FIG. 3A, the expression of wild type GI.1 VP1,
GL.5 VP1, and GII.12 VP1 was robust with good protein
yields (determined using SDS PAGE). Furthermore, high
density wild type GI.1 VLPs, having well-formed capsids
that are predominantly 38 nm in diameter were also pro-
duced (FIG. 3B), and high density VLPs were produced
from plants expressing wild type G1.5 VLPs, GI1.12 VLPs
(FIG. 3C) and GI.2 VLPs, (FIG. 4A). In contrast, wild type
GIL.4 VP1 was poorly expressed in plants (FIG. 3A right
hand panel), and low yields of VP1 protein, or non-detect-
able amounts of VP1 protein (using SDS-PAGE) were
observed following expression other wild type VP1 proteins
in plants, for example, GII.2 VP1, GII.3 VP1 and GIL.6 VP1
(Table 5, Example 3).

[0155] Furthermore, expression of native VP1 proteins in
plants may result in VLPs characterized as comprising a
higher proportion of 23 nm VLPs rather than 38 nm VLPs.
For example, expression of wild type GI.3 VP1 results in the
production of a significant number of 23 nm VLPs (see FIG.
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5C, left hand panel). A greater proportion of 23 nm VLPs
also results in the VLPs characterized as being less dense
following density gradient centrifugation (see FIG. 5B left
hand panel).

[0156] The present disclosure provides nucleic acid
sequences encoding modified norovirus VP1 proteins,
wherein the modified norovirus VP1 comprises one or more
than one substitution, modification or mutation at an amino
acid selected from a group consisting of amino acids in
sequence alignment with amino acids 43, 57, 84 and 94 of
norovirus VP1 genotype GI.1 (SEQ ID NO:1) or a deletion
of a peptide fragment in sequence alignment with amino
acids 39 to 46 of norovirus genotype VP1 GIL.1 (SEQ ID
NO:1), or a combination thereof. Plant expressing nucleic
acid sequences encoding the modified norovirus VP1 pro-
tein, and comprising one or more than one substitution,
modification or mutation at an amino acid selected from a
group consisting of amino acids in sequence alignment with
amino acids 43, 57, 84 and 94 of norovirus VP1 genotype
GIL.1 or a deletion of a peptide fragment in sequence align-
ment with amino acids 39 to 46 of norovirus genotype VP1
GIL.1, or a combination thereof, exhibit similar or improved
VP1, and/or VLP characteristics as compared to the wild-
type VP1 and/or VLP that does not comprise the one or more
than one substitution, modification or mutation.

[0157] Examples of improved characteristics of the modi-
fied VP1 and/or VLP include,

[0158] increased modified VP1 protein yield (deter-
mined for example using Coomassie stained SDS-
PAGE and Western analysis) when expressed in plant
cells as compared to the wildtype VP1 that does not
comprise the one or more than one substitution, modi-
fication or mutation. For example, increased yields of
modified VP1 protein may range from 1.5 to 50 fold, or
any amount there between, over that of the correspond-
ing wild type VP1 yield;

[0159] increased density of VLPs comprising the modi-
fied VP1 proteins, for example as determined using
iodixanol density gradient separation of protein
extracts as compared to density gradient separation of
the wildtype VP1 that does not comprise the one or
more than one substitution, modification or mutation.
For example, VLPs comprising modified VP1 protein
may be observed in the same or more dense fractions
following density gradient centrifugation;

[0160] improved integrity of VLPs that are comprised
of the modified VP1 proteins compared to the wildtype
VP1 that does not comprise the one or more than one
substitution, modification or mutation. For example,
the number of disrupted, or partially assembled, VL.Ps
may be determined using TEM;

[0161] increased VLP yield when expressed in plant
cells as compared to the wildtype level of VLP pro-
duction of the same genotype that does not comprise
the substitution(s), modification(s) or mutation (s).
VLP yield may be determined in washed samples
obtained from VLP containing fractions following den-
sity gradient centrifugation using TEM. For example,
increased yields of VLPs comprising modified VP1
protein may range from 1.5 to 20 fold, or any amount
there between, over that of the corresponding yield of
VLPs comprising wild type VP1 protein;

[0162] improved accumulation of VLPs that are com-
prised of the modified VP1 proteins as compared to the
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accumulation of VLPs comprising wildtype VP1 of the
same genotype that does not comprise the substitution
(s), modification(s) or mutation (s);

[0163] a greater proportion of VLPs that assemble into
38 nm VLPs as opposed to 23 nm VLPs, compared to
VLPs comprising the wildtype VP1 that does not
comprise the one or more than one substitution, modi-
fication or mutation (determined using TEM); and

[0164] acombination of these improved characteristics.

[0165] Without wishing to be bound by theory, VLPs that
are observed in higher density fractions following density
gradient centrifugation, as compared to wildtype norovirus
VLPs, indicates that the assembly of the VL.Ps comprising
native VP1 may be less stable when expressed in, and
extracted from, plants, than VL.Ps comprising the modified
VP1 protein. The native VLP may therefore be more sus-
ceptible to malformed capsid particles and the generation of
fragmentation products. As a result, the VLPs comprising
modified VP1 protein that are characterized as having
increased density may also exhibit greater structural integ-
rity than VLPs produced using the corresponding wildtype
VPI1.

[0166] The nucleic acid sequences described herein may
exhibit from about 50% to about 99% sequence similarity
with any of the nucleic acid sequences encoding VP1 as
identified above and as listed in FIGS. 2A-C, excluding GI.
For example, nucleic acid sequences described herein may
exhibit from about 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,
72,74, 76,78, 80, 82, 84, 86, 88, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99% or any amount therebetween, sequence identity
with any of the nucleic acid sequences encoding a norovirus
VP1, for example from, Hu/GII1.2/Leuven/2003/BEL (GI.2;
SEQ ID NO:4; FIG. 12A), Hu/G1.3/S29/2008/Lilla Edet/
Sweden (GI.3; SEQ ID NO:6; FIG. 14A), Hu/GI1.5/Siklos/
Hun5407/2013/HUN (GL.5; SEQ ID NO:12; FIG. 15A),
Hu/GIL.7/USA/2014/GAS5043 (G1.7; SEQ ID NO:101; FIG.
16A), Hu/GII.1/Ascension208/2010/USA (GIL.1; SEQ 1D
NO:13; FIG. 16B), Hw/GI1.2/CGMH47/2011/TW (SEQ ID
NO:14; FIG. 17A), Hu/GI1L.3/Jingzhou/2013402/CHN (GII.
3; SEQ ID NO: 15; FIG. 18A), Hu/GI1.4/Sydney/NSWO0514/
2012/AU (GI1.4; SEQ ID NO: 16; FIG. 19A), US96/GI1.4/
Dresden174/1997/DE_AY741811 (SEQ ID NO: 27; FIG.
19C), FHO02/GIIL.4/FarmingtonHills/2002/US_AY 502023
(SEQ ID NO: 28; FIG. 19D), Hnt04: GII.4/Hunter-
NSWS504D/2004/AU_DQ078814 (SEQ ID NO: 29; FIG.
19E), 2006b: GII.4/Shellharbour-NSW696T/2006/AU_
EF684915 (SEQ ID NO: 30; FIG. 19F), NO09: GII.4/
Orange-NSWO001P/2008/AU_GQ845367 (SEQ ID NO: 31,
FIG. 19G), Hu/GIL.5/AlbertaE1390/2013/CA (GIL.5; SEQ
ID No:17; FIG. 20), Hu/GII.6/0Ohio/490/2012/USA (GI1.6;
SEQ ID NO: 20; FIG. 21A), GI1.7/Musa/2010/A1173774
(GII7; SEQ ID NO:18; FIG. 22), Huw/GII.12/HS206/2010/
USA (GIL.12; SEQ ID NO: 19; FIG. 23A), GIL.13/VA173/
2010/H9AWU4 (SEQ ID NO:22; FIG. 24A), GII.14_Saga_
2008_JPN_ADE28701 native VP1 (SEQ ID NO: 32; FIG.
25), Hu/GII.17/Kawasaki323/2014/JP (GIL.117; SEQ ID
NO: 24; FIG. 26A), Hu/GII.21/Salisbury150/2011/USA
(GIL.21; SEQ ID NO:26; FIG. 27), provided that the VP1
protein induces immunity to norovirus in a subject, when the
VP1 protein is administered to the subject.

[0167] Similarly, the present invention includes amino
acid sequences that exhibit from about 30% to about 99% or
any amount therebetween, sequence similarity with any of
the VP1 sequences for example, Hu/GI1.2/Leuven/2003/BEL
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(GI.2; SEQ ID NO:4; FIG. 12A), Hu/GI.3/829/2008/Lilla
Edet/Sweden (G1.3; SEQ ID NO:6; FIG. 14A), Hu/GI.5/
Siklos/Hun5407/2013/HUN (GI.5; SEQ ID NO:12; FIG.
15A), Hu/GIL.7/USA/2014/GA5043 (G1.7; SEQ ID NO:101;
FIG. 16A), Hu/GII.1/Ascension208/2010/USA (GII.1; SEQ
ID NO:13; FIG. 16B), Hu/GII.2/CGM1147/2011/TW (SEQ
ID NO:14; FIG. 17A), Hw/GIIL.3/Jingzhou/2013402/CHN
(GIL.3; SEQ ID NO: 15; FIG. 18A), Hu/GII1.4/Sydney/
NSW0514/2012/AU (GI1.4; SEQ ID NO: 16; FIG. 19A),
US96/GI1.4/Dresden174/1997/DE_AY741811 (SEQ 1D
NO: 27; FIG. 19C), FH02/GII.4/FarmingtonHills/2002/US_
AY502023 (SEQ ID NO: 28; FIG. 19D), Hnt04: GII.4/
Hunter-NSW504D/2004/AU_DQO078814 (SEQ ID NO: 29;
FIG. 19E), 2006b: GII.14/Shellharbour-NSW696T/2006/
AU_EF684915 (SEQ ID NO: 30; FIG. 19F), NO09: GII.
14/Orange-NSW001P/2008/AU_GQ845367 (SEQ ID NO:
31; FIG. 19G), Huw/GII.5/AlbertaEI390/2013/CA (GIL.5;
SEQ ID No:17; FIG. 20), Hu/GII.6/0Ohio/490/2012/USA
(GIL.6; SEQ ID NO: 20; FIG. 21A), GII.7/Musa/2010/
A1173774 (GII7, SEQ ID NO:18; FIG. 22), Hu/GII.12/
HS206/2010/USA (GII.12; SEQ ID NO: 19; FIG. 23A),
GII.13/VA173/2010/H9AWU4 (SEQ ID NO:22; FIG. 24A),
GII.14_Saga_2008_JPN_ADE28701 native VP1 (SEQ ID
NO: 32; FIG. 25), Hu/GII.17/Kawasaki323/2014/JP (GII.
17, SEQ ID NO: 24; FIG. 26A), Hu/GII.21/Salisbury 150/
2011/USA (GII.21; SEQ ID NO:26; FIG. 27), provided that
the VP1 protein induces immunity to norovirus when admin-
istered to a subject. For example, the amino acid sequences
described herein may have from about 30, 32, 34, 36, 38. 40,
42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74,76, 78, 80, 82, 84, 86, 88, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99% or any amount therebetween, sequence similarity
with any of the VP1 amino acid sequences defined above,
provided that the VP1 protein induces immunity to norovi-
rus when administered to a subject.

[0168] By “VP1 mutant protein”,
“modified VP1 protein”, “modified norovirus VP1 protein
and the like, it is meant, a norovirus VP1 protein comprising
one or more than one substitution, mutation, or modification,
at positions or amino acids in sequence alignment with
amino acids 43, 57, 84 and 94 of norovirus VP1 genotype
GL.1 (SEQ ID NO:1; see Table 1 below), or a deletion of a
peptide fragment in sequence alignment with amino acids 39
to 46 of norovirus VP1 genotype GI.1 (SEQ ID NO:1), or a
combination thereof. The terms ‘“residue”, “residue amino
acid” and “amino acid” are used interchangeably, and typi-
cally refer to an amino acid at a specified position (location)
within an amino acid sequence.

mutant VP1 protein”,
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TABLE 1

Listing of Norovirus genotypes (strains) and equivalent
amino acid locations of GI and GII strains.

Position

(GL.1 numbering) 43 57 84 94

Genotype AA in equivalent position

GI.1 V43 157 S84 194
GI.2 V43 V57 Q84 $94
GI.3 A43 M57 Q84 $94
GL5 143 F57 Q84 A%4
GL.7 V43 M57 R84 194
GIL.1 A39 R53 E80 A90
GIL.2 A39 R53 E80 A90
GIL3 A39 M53 E80 A90
GIL4 A39 R53 PgO S90
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TABLE 1-continued

Listing of Norovirus genotypes (strains) and equivalent
amino acid locations of GI and GII strains.

Position

(GL.1 numbering) 43 57 84 94
GILS A39 R53 E80 A90
GIL6 A39 R53 E80 S90
GIL7 T39 R53 E80 A90
GIL12 A39 R53 E80 A90
GIL13 A39 R53 E80 A90
GIL14 A39 R53 E80 A90
GIL17 A39 R53 E80 A90
GIL21 A39 R53 E80 A90

[0169] As used herein, the term “conserved substitution”

or “conservative substitution” refers to the presence of an
amino acid residue in the sequence of the GII.4 VP1 protein
that is different from, but it is in the same class of amino acid
as the described substitution. For example, a nonpolar amino
acid may be used to replace a nonpolar amino acid, an
aromatic amino acid to replace an aromatic amino acid, a
polar-uncharged amino acid to replace a polar-uncharged
amino acid, and/or a charged amino acid to replace a charged
amino acid). In addition, conservative substitutions can
encompass an amino acid having an interfacial hydropathy
value of the same sign and generally of similar magnitude as
the amino acid that is replacing the corresponding wild type
amino acid.

[0170] As used herein, the term “nonpolar amino acid”
refers to glycine (G, Gly), alanine (A, Ala), valine (V, Val),
leucine (L, Leu), isoleucine (I, Ile), and proline (P, Pro); the

Sep. 21, 2023

Glu), as well as the positively charged amino acids lysine
(K, Lys), arginine (R, Arg), and histidine (H, His). Other
classification of amino acids may be as follows: amino acids
with hydrophobic side chain (aliphatic): Alanine (A, Ala),
Isoleucine (I, Ile), Leucine (L., Leu), Methionine (M, Met)
and Valine (V, Val); amino acids with hydrophobic side
chain (aromatic): Phenylalanine (F, Phe), Tryptophan (W,
Trp), Tyrosine (Y, Tyr); amino acids with polar neutral side
chain: Asparagine (N, Asn), Cysteine (C, Cys), Glutamine
(Q, Gln), Serine (S, Ser) and Threonine (T, Thr); amino acids
with electrically charged side chains (acidic): Aspartic acid
(D, Asp), Glutamic acid (E, Glu); amino acids with electri-
cally charged side chains (basic): Arginine (R, Arg); Histi-
dine (H, His); Lysine (K, Lys), Glycine G, Gly) and Proline
(P, Pro).

[0171] Conservative amino acid substitutions are likely to
have a similar effect on the activity of the resultant modified
GII.4 VP1 protein as the original substitution or modifica-
tion. Further information about conservative substitutions
can be found, for example, in Ben Bassat et al. (J. Bacteriol,
169:751-757, 1987), O’Regan et al. (Gene, 77:237-251,
1989), Sahin-Toth et al. (Protein Scl, 3:240-247, 1994),
Hochuli et al (Bio/Technology, 6:1321-1325, 1988).
[0172] The Blosum matrices are commonly used for deter-
mining the relatedness of polypeptide sequences (Henikoff
et al., Proc. Natl. Acad. Sci. USA, 89:10915-10919, 1992).
A threshold of 90% identity was used for the highly con-
served target frequencies of the BLOSUM90 matrix. A
threshold of 65% identity was used for the BLOSUMG65
matrix. Scores of zero and above in the Blosum matrices are
considered “conservative substitutions” at the percentage
identity selected. The following table shows examples of
conservative amino acid substitutions: Table 2.

TABLE 2

Exemplary conservative amino acid substitutions.

Very Highly -

Original Conserved

Residue Substitutions

Conserved
Substitutions (from the
Blosum65 Matrix)

Highly Conserved
Substitutions (from the
Blosum90 Matrix)

Ala Ser
Arg Lys
Asn Gln; His
Asp Glu
Cys Ser
Gln Asn
Glu Asp
Gly Pro
His Asn; Gln
Ile Leu; Val

Leu Ile; Val

Lys Arg; Gln; Glu

Met Leu; Ile

Gly, Ser, Thr Cys, Gly, Ser, Thr, Val

Gln, His, Lys Asn, Gln, Glu, His, Lys

Asp, Gln, His, Lys, Ser, Thr  Arg, Asp, Gln, Glu, His, Lys, Ser, Thr
Asn, Glu Asn, Gln, Glu, Ser

None Ala

Arg, Asn, Glu, His, Lys, Met  Arg, Asn, Asp, Glu, His, Lys, Met, Ser
Asp, Gln, Lys Arg, Asn, Asp, Gln, His, Lys, Ser

Ala Ala, Ser

Arg, Asn; Gln, Tyr Arg, Asn, Gln, Glu, Tyr

Leu, Met, Val Leu, Met, Phe, Val

Ile, Met. Phe, Val
Arg, Asn, Gln, Glu
Gln, Ile, Leu, Val

Ile, Met, Phe, Val
Arg, Asn, Gln, Glu, Ser
Gln, Ile, Leu, Phe, Val

Phe Met; Lew; Tyr  Leu, Trp, Tyr Ile, Leu, Met, Trp, Tyr
Ser Thr Ala, Asn, Thr Ala, Asn, Asp, Gln, Glu, Gly, Lys, Thr
Thr Ser Ala, Asn, Ser Ala, Asn, Ser, Val
Trp Tyr Phe, Tyr Phe, Tyr
Tyr Trp; Phe His, Phe, Trp His, Phe, Trp
Val Ile; Leu Ile, Leu, Met Ala, Tle, Leu, Met, Thr
term “aromatic residue” (or aromatic amino acid) refers to [0173] For the modifications described herein, the amino

phenylalanine (F, Phe), tyrosine (Y, Tyr), and tryptophan (W,
Trp); the term “polar uncharged amino acid” refers to serine
(S, Ser), threonine (T, Thr), cysteine (C, Cys), methionine
(M, Met), asparagine (N, Asn) and glutamine (Q, Gln); the
term “charged amino acid” refers to the negatively charged
amino acids aspartic acid (D, Asp) and glutamic acid (E,

acids may be substituted using very high conserved substi-
tutions, highly conserved substitutions or conserved substi-
tutions as outlined in Table 2, as well as aromatic, polar,
polar uncharged, polar neutral, or non-polar, negatively
charged, positively charged, hydrophobic amino acids as
described above.
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[0174] As described herein, modified VP1 proteins com-
prising one or more than one substitutions of amino acids at
amino acids 43, 57, 84 and 94 (in GI strains, equivalent to
amino acids 39, 53, 80 and 90 in Gil strains), resulted in an
improved characteristic of the modified VP1 protein, or VLP
produced using the modified VP1 protein. It is to be under-
stood that the improved characteristic is not limited to
substituting the specific amino acid at the specified sites, as
one of skill in the art would understand that amino acids with
similar properties may be substituted for the amino acids at
the identified positions. For example, the modification
Q848, comprises substituting glutamine at position 84 with
serine, an amino acid characterized as having a polar neutral
side chain. The glutamine at this position may also be
substituted with an alternate amino acid characterized as
having a polar neutral side chain, for example either aspara-
gine, cysteine, or threonine, i.e. Q84X, where X=S, N, C or
T. Similarly, E80S, comprising a substitution of glutamate at
position 80 with serine, or P80S (a proline to serine substi-
tution), in addition to substituting the native amino acid with
serine, the amino acid at this position may also be substi-
tuted with an amino acid having a polar neutral side chain,
for example asparagine, cysteine, or threonine, i.e. P80X,
where X=S, N, C or T. Furthermore, as described herein
additional P80X wvariants may be used to produce VP1,
where X is selected from S, A, N, K or H. In the modifi-
cations S94L, S90L, A94L, or A90L, that comprise substi-
tuting serine or alanine with leucine (an amino acid char-
acterized as having a hydrophobic side chain), the native
amino acid may be substituted using an amino acid charac-
terized as having a hydrophobic side chain, for example
either isoleucine, methionine, valine, or in the case of S94X
or 590X, an alanine, i.e. S94X (590X), where X=[., I, M, V
or A, or A94X (A90X), where X=L, I, M or V. Furthermore,
as described herein additional S94X variants may be used to
produce VP1, where X is selected from V, I, M, T, E, D, N,
Q, K, or H. The modification A39V that comprises substi-
tuting an alanine with valine (an amino acid characterized as
having a hydrophobic side chain) at position 39, in addition
to valine, native amino acid may also be substituted with an
amino acid characterized as having a hydrophobic side
chain, for example, isoleucine, leucine, or methionine i.e.
A39X, where X=V, I, L or M. Furthermore, as described
herein additional A39X variants may be used to produce
VP1, where X is selected from I, M, G, S, E, D, N, Q, K, or
H. The modification V47P comprising a substitution of
valine with proline, may also comprise a substitution of
valine with a glycine, i.e. V47X, where X=P or G. The
modification R53I that comprises substituting an arginine
with isoleucine (an amino acid characterized as having a
hydrophobic side chain) at position 53, in addition to iso-
leucine, arginine may also be substituted with an amino acid
characterized as having a hydrophobic side chain, for
example, leucine, valine, alanine or methionine i.e. R53X,
where X=I, L, V, A or M. The modification M57I that
comprises substituting a methionine with isoleucine (an
amino acid characterized as having a hydrophobic side
chain) at position 57, in addition to isoleucine, methionine
may also be substituted with an amino acid characterized as
having a hydrophobic side chain, for example, leucine,
valine, or alanine i.e. M57X, where X=I, L, V or A.
Furthermore, as described herein additional M57X variants
may be used to produce VP1, where X is selected from L,
G, S, T,N, Q, K, or H.
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[0175] Examples of VP1 mutant proteins (modified VP1
proteins) include, but are not limited to, the following.

[0176] GI.3_Q84S VPI1 (G1.3_Q84X, where X=S, N, C
or T VP1): wherein the glutamine corresponding to
amino acid 84 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to serine
(GL1.3_Q84S; SEQ ID NO:98, FIG. 28A), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the G1.3_Q84S VP1 protein. For example,
the G1.3 VP1 protein may have from about 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100% or any amount therebetween, sequence
similarity with the amino acid sequence of the GI.3_
Q84S VP1 protein (SEQ ID NO:98, FIG. 28A), pro-
vided that the substitution, modification or mutation at
the position corresponding to amino acid 84 of noro-
virus VP1 genotype GI.1 remains an S, N, C or T, for
example serine, and provided that the GI.3 Q84X VP1
protein induces immunity to norovirus when adminis-
tered to a subject. The sequence encoding the GI.3 VP1
may be obtained from any GI.3 strain, for example, but
not limited to G1.3/529/2008/Lilla Edet/Sweden (SEQ
ID NO:6 amino acid; SEQ ID NO:7, nucleotide; FIGS.
14A, 14B).

[0177] GI.3_S94X VP1,where X=L,1,A,V,M, T, E, D,
N, Q, K, or H, wherein the serine corresponding to
amino acid 94 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to leucine
(GL1.3_S94L; SEQ ID NO:8, FIG. 28C), valine, isoleu-
cine, methionine, threonine, aspartic acid, glutamic
acid, glutamine lysine or histidine (G1.3_S94X, where
X=V,I,M, T, E, D, N, Q, K, or H; SEQ ID NO:292,
FIG. 28M), or a sequence that exhibits from about
80-100% or any amount therebetween, sequence simi-
larity with the amino acid sequence of the G1.3_S94X
VP1 protein, where X=L, V, , M, T, E, D, N, Q, K, or
H. For example, the GI.3 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the G1.3_S94X VP1 protein, where X=L,,
V, I, M, T, E, D, N, Q, K, or H VP1 protein (SEQ ID
NO:8, FIG. 28C, SEQ ID NO:292; FIG. 28M), pro-
vided that the substitution, modification or mutation at
the position corresponding to amino acid 94 of noro-
virus VP1 genotype GI.1 remains an L, V, I, M, T, E,
D, N, Q, K, or H, for example leucine, valine, isoleu-
cine, methionine, threonine, aspartic acid, glutamic
acid, glutamine lysine or histidine, and provided that
the G1.3 S94X VP1 protein induces immunity to noro-
virus when administered to a subject. The sequence
encoding the G1.3 VP1 may be obtained from any GI.3
strain, for example, but not limited to GI.3/529/2008/
Lilla Edet/Sweden (SEQ ID NO:6 amino acid; SEQ ID
NO:7, nucleotide; FIGS. 14A, 14B).

[0178] GI.3_A43X+S94x VPI1, where X=V, L, Il or M,
and x=L, , A, V, M, T, E, D, N, Q, K, or H, wherein
the alanine and serine corresponding to amino acids 43
and 94, respectively, of norovirus VP1 genotype GI.1
(SEQ ID NO:1) have been substituted or mutated, for
example but not limited to, to valine and leucine,
respectively (GI.3_A43V+S94L; SEQ ID NO:170,
FIG. 28G), or a sequence that exhibits from about
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80-100% or any amount therebetween, sequence simi-
larity with the amino acid sequence of the GI1.3_A43V+
S941, VP1 protein. For example, the G1.3 VP1 protein
may have from about 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI.3_A43V+S94L VP1
protein (SEQ ID NO:170, FIG. 28G), provided that the
substitutions, modifications or mutations at the posi-
tions corresponding to amino acids 43 and 94 of
norovirus VP1 genotype GI.1 remaina V, L, [ or M, for
example valine, andan L, L A, VV M, T, E, D, N, Q, K,
or H, for example leucine, respectively, and provided
that the G1.3_A43X+S94x VP1 protein induces immu-
nity to norovirus when administered to a subject. The
sequence encoding the GI.3 VP1 may be obtained from
any GL.3 strain, for example, but not limited to GI.3/
S29/2008/Lilla Edet/Sweden (SEQ ID NO:6, amino
acid; SEQ ID NO:7, nucleotide; FIGS. 14A, 14B).

[0179] GI1.3_M57X+S94x VP1, where X=I, V, A, L, G,
S, T,N,Q,K,orHand x=L, , A, VM, T, E, D, N, Q,
K, wherein the methionine and serine corresponding to
amino acids 57 and 94, respectively, of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to isoleucine and leucine, respectively (GI.
3_MS71+S94L; SEQ ID NO:172, FIG. 28I), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI.3_MS571+S94L. VP1
protein. For example, the G1.3 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GI.3_MS57I1+S94L. VP1 protein (SEQ
ID NO:172, FIG. 28I), provided that the substitutions,
modifications or mutations at the positions correspond-
ing to amino acids 57 and 94 of norovirus VP1 geno-
type GI.1 remainan I, VA, L, G, S, T, N, Q, K, or H,
for example isoleucine, and an L, I, A, V, M, T, E, D,
N, Q, K, for example leucine, respectively, and pro-
vided that the G1.3_M57X+S94x VP1 protein induces
immunity to norovirus when administered to a subject.
The sequence encoding the GI.3 VP1 may be obtained
from any GI.3 strain, for example, but not limited to
GI.3/829/2008/Lilla Edet/Sweden (SEQ ID NO:6,
amino acid; SEQ ID NO:7, nucleotide; FIGS. 14A,
14B).

[0180] GIL.3_Q84X+594x, VP1, where X=5, N, C or T,
and x=L, L A, V, M, T, E, D, N, Q, K, or H, wherein
the glutamine and serine corresponding to amino acids
84 and 94, respectively, of norovirus VP1 genotype
GL.1 (SEQ ID NO:1) have been mutated, for example,
to serine and leucine, respectively (GI.3_Q84S+S94L;
SEQ ID NO:10, FIG. 28E), or a sequence that exhibits
from about 80-100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GL.3_Q84S+S94L VP1 protein. For example, the GI1.3
VP1 protein may have from about 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100% or any amount therebetween, sequence similarity
with the amino acid sequence of the G1.3_Q84S+S94L.
VP1 protein (SEQ ID NO:10, FIG. 28E), provided that
the substitutions, modifications or mutations at the
positions corresponding to amino acids 84 and 94 of
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norovirus VP1 genotype GI.1 remain an S, N, C or T,
for example serine, and an L, I, A, V, M, T, E, D, N, Q,
K, or H, for example leucine, respectively, and pro-
vided that the GI1.3_Q84X+S94x VP1 protein induces
immunity to norovirus when administered to a subject.
The sequence encoding the GI1.3 VP1 may be obtained
from any GI.3 strain, for example, but not limited to
GI.3/829/2008/Lilla Edet/Sweden (SEQ ID NO:6,
amino acid; SEQ ID NO:7, nucleotide; FIGS. 14A,
14B).

[0181] GI.3_A43X+M57z+S94x VP1, where X=V, L, 1
or M, z=I, VA, L, G, S, T, N, Q, K, or H, and x=L, 1,
A, VM, T,E, D, N, Q, K, or H, wherein the alanine,
methionine and serine corresponding to amino acids
43, 57 and 94, respectively, of norovirus VP1 genotype
GL.1 (SEQ ID NO:1) have been mutated, for example,
to valine, isoleucine and leucine, respectively (GL.3_
A43V+M5714S94L; SEQ ID NO:174, FIG. 28K), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI.3_A43V+MS571+S94L.
VP1 protein. For example, the G1.3 VP1 protein may
have from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI.3_A43V+MS571+S94L.
VP1 protein (SEQ ID NO:174, FIG. 28K), provided
that the substitutions, modifications or mutations at the
positions corresponding to amino acids 43, 57 and 94
of norovirus VP1 genotype Gl.1 remain a V, L, I or M,
for example valine,a I, V,;A, L, G, S, T, N, Q, K, or H,
for example isoleucine, and L, I, A, V, M, T, E, D, N,
Q, K, or H, for example leucine, respectively, and
provided that the GI.3_A43X+M57z+S94x VP1 pro-
tein induces immunity to norovirus when administered
to a subject. The sequence encoding the GI1.3 VP1 may
be obtained from any GI.3 strain, for example, but not
limited to GI.3/829/2008/Lilla Edet/Sweden (SEQ ID
NO:6, amino acid; SEQ ID NO:7, nucleotide; FIGS.
14A, 14B).

[0182] GI.5_Q84S VPI (GL.5_Q84X, where X=S, N, C
or T, VP1): wherein the glutamine corresponding to
amino acid 84 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to serine
(GL.5_Q84S; SEQ ID NO:34, FIG. 29A), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the G1.5_Q84S VP1 protein. For example,
the G1.5 VP1 protein may have from about 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100% or any amount therebetween, sequence
similarity with the amino acid sequence of the GI.5_
Q84S VPI1 protein (SEQ ID NO:34, FIG. 29A), pro-
vided that the substitution, modification or mutation at
the position corresponding to amino acid 84 of noro-
virus VP1 genotype GI.1 remains an S, N, C or T, for
example serine, and provided that the VP1 protein
induces immunity to norovirus when administered to a
subject. The sequence encoding the GI.5 VP1 may be
obtained from any GL.5 strain, for example, but not
limited to GI.5/Siklos/HUNS5407/2013/HUN (SEQ ID
NO:12, amino acid; FIG. 15A).

[0183] GI.5_A94L VP1 (GL.5_A94X, where X=L, I, M
or V, VP1): wherein the alanine corresponding to amino
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acid 94 of norovirus VP1 genotype GI.1 (SEQ ID
NO:1) has been mutated, for example, to leucine (GI.
5_A94L; SEQ ID NO:36, FIG. 29C), or a sequence that
exhibits from about 80-100% or any amount therebe-
tween, sequence similarity with the amino acid
sequence of the G1.5_A941, VP1 protein. For example,
the G1.5 VP1 protein may have from about 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100% or any amount therebetween, sequence
similarity with the amino acid sequence of the GI.5_
A94L, VP1 protein (SEQ ID NO:36, FIG. 29C), pro-
vided that the substitution, modification or mutation at
the position corresponding to amino acid 94 of noro-
virus VP1 genotype GI.1 remains an [, I, M or V, for
example leucine, and provided that the VP1 protein
induces immunity to norovirus when administered to a
subject. The sequence encoding the GI.5 VP1 may be
obtained from any GIL.5 strain, for example, but not
limited to GI.5/Siklos/HUNS5407/2013/HUN (SEQ ID
NO:12, amino acid; FIG. 15A).

[0184] GI.5_Q84S+A%4L VP1 (GI.5_Q84X, where
X=S, N, C or T+A94X, where X=L, I, M or V, VP1):
wherein the glutamine and alanine corresponding to
amino acids 84 and 94, respectively of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to serine and leucine, respectively (GI.5_
Q84S+A94L; SEQ ID NO:38, FIG. 29E), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the GI.5_Q84S+A94L. VP1 protein. For
example, the GL.5 VP1 protein may have from about
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GIL.5_Q84S+A94L VP1 protein (SEQ ID NO:38, FIG.
29E), provided that the substitutions, modifications or
mutations at the positions corresponding to amino acids
84 and 94 of norovirus VP1 genotype GI.1 remain an
S, N, C or T, for example serine and an L, I, M or V,
for example leucine, respectively, and provided that the
VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GL5 VPI1 may be obtained from any GL5 strain, for
example, but not limited to GI.5/Siklos/HUNS407/
2013/HUN (SEQ ID NO:12, amino acid; FIG. 15A).

[0185] GI1.7_M57X VP1, where X=I, V,A, L, G, S, T,
N, Q, K, or H, wherein the methionine corresponding
to amino acid 57 of norovirus VP1 genotype G1.1 (SEQ
ID NO:1) has been mutated, for example, to isoleucine
(GL.7_M571; SEQ ID NO:179, FIG. 291), valine, ala-
nine, leucine, glycine, serine, threonine, asparagine,
glutamine, lysine or histidine (GI1.7_MS57X VP1, where
X=L,V,A,L,G,S, T,N, Q,K, or H; SEQ ID NO: 290;
FIG. 29M), or a sequence that exhibits from about
80-100% or any amount therebetween, sequence simi-
larity with the amino acid sequence of the GI.7_MS57X
VP1 protein, where X=I, V, A, L, G, S, T, N, Q, K, or
H. For example, the GI.7 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GI1.7_MS57X VP1 protein, where X=I,
V,A,L,G,S, T,N, Q, K, or H; (SEQ ID NO:179, FIG.
291; SEQ ID NO:290; FIG. 29M), provided that the
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substitution, modification or mutation at the position
corresponding to amino acid 57 of norovirus VP1
genotype GI.1 remains an I, V, A, L, G, S, T, N, Q, K,
or H, for example isoleucine, valine, alanine, leucine,
glycine, serine, threonine, asparagine, glutamine,
lysine or histidine, and provided that the GI.7_MS57X
VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GL.7 VP1 may be obtained from any GI.7 strain, for
example, but not limited to GI.7/GA5043/USA/2014
(SEQ ID NO:101, amino acid; FIG. 16A).

[0186] GI.7_R84S VP1 (G1.7_R84X, where X=S, N, C,
or T, VP1): wherein the arginine corresponding to
amino acid 84 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to serine
(GI.7_R848; SEQ ID NO:177, FIG. 29G), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI.7_R84S VP1 protein.
For example, the GI1.7 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GI.7_R84S VP1 protein (SEQ ID
NO:177, FIG. 29G), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 84 of norovirus VP1 genotype GI.1
remains an S, N, C or T, for example serine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the G1.7 VP1 may be obtained from
any GI.7 strain, for example, but not limited to GI.7/
GAS5043/USA/2014 (SEQ ID NO:101, amino acid;
FIG. 16A).

[0187] GIL.7_MS57X+R84x VP1, where X=L,1,A,V,M,
T, E, D, N, Q, K, or H, and x=S, N, C, or T, wherein
the methionine and arginine, corresponding to amino
acids 57 and 84, respectively of norovirus VP1 geno-
type GI.1 (SEQ ID NO:1) have been mutated, for
example, to isoleucine and serine, respectively (GL.7_
MS571+R84S; SEQ ID NO:181, FIG. 29K), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI.7_MS57I+R84S VP1
protein. For example, the G1.7 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the G1.7_M571+R84S VP1 protein (SEQ
1D NO:181, FIG. 29K), provided that the substitutions,
modifications or mutations at the positions correspond-
ing to amino acids 57 and 84 of norovirus VP1 geno-
type GI.1 remainan L, LA, V, M, T, E, D, N, Q, K, or
H, for example isoleucine, and an S, N, C or T, for
example serine, respectively, and provided that the
GL7_MS57X+R84x VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the G1.7 VP1 may be obtained from
any GI.7 strain, for example, but not limited to GI.7/
GAS5043/USA/2014 (SEQ ID NO:101, amino acid;
FIG. 16A).

[0188] GII.2_E80S VPI1 (GIL.2_E80X, where X=S, N,
Cor T, VP1): wherein the glutamic acid corresponding
to amino acid 84 of norovirus VP1 genotype GI.1 (SEQ
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ID NO:1) has been mutated, for example, to serine
(GIL.2_E80S; SEQ ID NO:=85, FIG. 30A), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.2_E80S VP1 protein.
For example, the GII.2 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.2_E80S VPI1 protein (SEQ ID
NO:85, FIG. 30A), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 84 of norovirus VP1 genotype GI.1
remains an S, N, C or T, for example serine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.2 VP1 may be obtained
from any GII.2 strain, for example, but not limited to
Hu/GII1.2/CGMHA47/2011/TW (SEQ ID NO:14, amino
acid; FIG. 17A).

[0189] GII.2_A90L VP1 (GII.2_A90X, where X=L, I,
M or V, VP1): wherein alanine corresponding to amino
acid 94 of norovirus VP1 genotype GI.1 (SEQ ID
NO:1) has been mutated, for example, to leucine (GII.
2_A90L; SEQ ID NO:41, FIG. 30C), or a sequence that
exhibits from about 80-100% or any amount therebe-
tween, sequence similarity with the amino acid
sequence of the mut GIL.2_A90L VP1 protein. For
example, the GII.2 VP1 protein may have from about
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GIL.2_A90L VP1 protein (SEQ ID NO:41, FIG. 30C),
provided that the substitution, modification or mutation
at the position corresponding to amino acid 94 of
norovirus VP1 genotype GI.1 remains an L, [, M or V
for example leucine, and provided that the VP1 protein
induces immunity to norovirus when administered to a
subject. The sequence encoding the GII.2 VP1 may be
obtained from any GII.2 strain, for example, but not
limited to Huw/GI1.2/CGMH47/2011/TW (SEQ ID
NO:14, amino acid; FIG. 17A).

[0190] GII.2_E80S+A90L VP1 (GIL.2_E80X, where
X=S, N, C or T+A90X, where X=L, I, M or V, VP1):
wherein the glutamic acid and alanine corresponding to
amino acids 84 and 94, respectively of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to serine and leucine, respectively (GII.2_
E80S+A90L; SEQ ID NO:43, FIG. 30E), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the mut GII.2_E80S+A90L VP1 protein.
For example, the GII.2 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.2_E80S+A90L VP1 protein (SEQ
1D NO:43, FIG. 30E), provided that the substitutions,
modifications or mutations at the positions correspond-
ing to amino acids 84 and 94 of norovirus VP1 geno-
type GL.1 remain an S, N, C or T, for example serine,
and an L, I, M or V, for example leucine, respectively,
and provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
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sequence encoding the GII.2 VP1 may be obtained
from any GII.2 strain, for example, but not limited to
Hu/GIL.2/CGMH47/2011/TW (SEQ ID NO:14, amino
acid; FIG. 17A).

[0191] GIL.2_A39V+E80S+A90L VP1 (GII.2_A39X,
where X=V, L. I or M+E80X, where X=S, N, C or
T+A90X, where X=L., I, M or V, VP1): wherein the
alanine, glutamic acid and alanine corresponding to
amino acids 43, 84 and 94, respectively of norovirus
VP1 genotype GI.1 (SEQ ID NO:1) have been mutated,
for example, to valine, serine and leucine, respectively
(GIL.2_A39V+E80S+A90L; SEQ ID NO:182, FIG.
30G), or a sequence that exhibits from about 80-100%
or any amount therebetween, sequence similarity with
the amino acid sequence of the GII.2_A39V+E80S+
A90L VP1 protein. For example, the GII.2 VP1 protein
may have from about 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.2_A39V+E80S+A90L
VP1 protein (SEQ ID NO:182, FIG. 30G), provided
that the substitutions, modifications or mutations at the
positions corresponding to amino acids 43, 84 and 94
of norovirus VP1 genotype GI.1 remaina V, I, L or M,
for example valine, an S, N, C or T, for example serine,
and an L, I, M or V, for example leucine, respectively,
and provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.2 VP1 may be obtained
from any GII.2 strain, for example, but not limited to
Hu/GIL.2/CGMH47/2011/TW (SEQ ID NO:14, amino
acid; FIG. 17A).

[0192] GII.2 RS53I+4E80S+A90L VP1 (GII.2_R53X,
where X=1, L, M, V or A+E80X, where X=S, N, C or
T+A90X, where X=L., I, M or V, VP1): wherein the
arginine, glutamic acid and alanine corresponding to
amino acids 57, 84 and 94, respectively of norovirus
VP1 genotype GI.1 (SEQ ID NO:1) have been mutated,
for example, to isoleucine, serine and leucine, respec-
tively (GIL1.2_MS53I+E80S+A90L; SEQ ID NO:184,
FIG. 30I), or a sequence that exhibits from about
80-100% or any amount therebetween, sequence simi-
larity with the amino acid sequence of the GII.2_MS531+
E80S+A90L VP1 protein. For example, the GII.2 VP1
protein may have from about 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100%
or any amount therebetween, sequence similarity with
the amino acid sequence of the GII.2_MS53I+E80S+
A90L VP1 protein (SEQ ID NO:184, FIG. 30I), pro-
vided that the substitutions, modifications or mutations
at the positions corresponding to amino acids 57, 84
and 94 of norovirus VP1 genotype GI.1 remain an I, L,
M or A, for example isoleucine, an S, N, C or T, for
example serine, and an L, I, M or V, for example
leucine, respectively, and provided that the VP1 protein
induces immunity to norovirus when administered to a
subject. The sequence encoding the GII.2 VP1 may be
obtained from any GII.2 strain, for example, but not
limited to Hw/GIIL.2/CGMH47/2011/TW (SEQ ID
NO:14, amino acid; FIG. 17A).

[0193] GIL.2 A39V+R531+4E80S+A90L VP1 (GIL.2_
A39X, where X=V, I, L or, M+R 53X, where X=1, L, M,
A or V+E80X, where X=S, N, C or T+A90X, where
X=L, I, M or V, VP1): wherein the glutamic acid and
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alanine corresponding to amino acids 43, 57, 84 and 94,
respectively of norovirus VP1 genotype GI.1 (SEQ ID
NO:1) have been mutated, for example, to valine,
isoleucine, serine and leucine, respectively (GII.2_
A39V+R53I+E80S+A90L; SEQ ID NO:186, FIG.
30K), or a sequence that exhibits from about 80-100%
or any amount therebetween, sequence similarity with
the amino acid sequence of the GII.2_A39V+R531+
E80S+A90L VP1 protein. For example, the GII.2 VP1
protein may have from about 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100%
or any amount therebetween, sequence similarity with
the amino acid sequence of the GII.2_A39V+R531+
E80S+A90L VP1 protein (SEQ ID NO:186, FIG. 30K),
provided that the substitutions, modifications or muta-
tions at the positions corresponding to amino acids 43,
57, 84 and 94 of norovirus VP1 genotype GI.1 remain
an V, I, L or M, for example valine, an I, L, M, Aor V,
for example isoleucine, an S, N, C or T, for example
serine, and an [, I, M or V, for example leucine,
respectively, and provided that the VP1 protein induces
immunity to norovirus when administered to a subject.
The sequence encoding the GII.2 VP1 may be obtained
from any GII.2 strain, for example, but not limited to
Huw/GI1.2/CGMH47/2011/TW (SEQ ID NO:14, amino
acid; FIG. 17A).

[0194] GII.3_E80S VP1 (GIL.3_E80X, where X=S, N,
Cor T, VP1): wherein the glutamic acid corresponding
to amino acid 84 of norovirus VP1 genotype G1.1 (SEQ
ID NO:1) has been mutated, for example, to serine
(GIL.3_E80S; SEQ ID NO:146, FIG. 31A), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the mut GIIL.3_E80S VP1
protein. For example, the GII.3 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.3_E80S VPI1 protein (SEQ ID
NO:46, FIG. 31A), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 84 of norovirus VP1 genotype GI.1
remains an S, N, C or T, for example serine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.3 VP1 may be obtained
from any GIIL.3 strain, for example, but not limited to
GI1.3/Jingzhou/2013402/CHN (SEQ ID NO:15, amino
acid; FIG. 18A).

[0195] GII.3_A90L VP1 (GII.3_A90X, where X=L, I,
M or V, VP1): wherein the alanine corresponding to
amino acid 94 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to leucine
(GIL3_A90L; SEQ ID NO:48, FIG. 31C), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI1.3_A90L VP1 protein.
For example, the GII.3 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.3_A90L VP1 protein (SEQ ID
NO:48, FIG. 31C), provided that the substitution,
modification or mutation at the position corresponding
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to amino acid 94 of norovirus VP1 genotype GI.1
remains an [, I, M or V, for example leucine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.3 VP1 may be obtained
from any GIIL.3 strain, for example, but not limited to
GII1.3/Jingzhouw/2013402/CHN (SEQ ID NO:15, amino
acid; FIG. 18A).

[0196] GIL3_E80S+A90L VP1 (GIIL.3_E80X, where
X=S, N, C or T+A90X, where X=L, I, M or V, VP1):
wherein the glutamic acid and alanine corresponding to
amino acids 84 and 94, respectively of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to serine and leucine, respectively (GII.3_
E80S+A90L; SEQ ID NO:50, FIG. 31E), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the GII.3_E80S+A90L VP1 protein. For
example, the GII.3 VP1 protein may have from about
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GIL.3_E80S+A90L VP1 protein (SEQ ID NO:50, FIG.
31E), provided that the substitutions, modifications or
mutations at the positions corresponding to amino acids
84 and 94 of norovirus VP1 genotype GI.1 remain an
S, N, Cor T, for example serine, and an L, I, M or V,
for example leucine, respectively, and provided that the
VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GII.3 VP1 may be obtained from any GII.3 strain, for
example, but not limited to GII.3/Jingzhou/2013402/
CHN (SEQ ID NO:15, amino acid; FIG. 18A).

[0197] GIL4_A39X VP1, where X=V,, L, M, G, S, E,
D, N, Q, K, or H, wherein the alanine corresponding to
amino acid 43 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to valine
(GIL.4_A39V,; SEQ ID NO:53, FIG. 32A), isoleucine,
leucine, methionine, glycine, serine, aspartic acid, glu-
tamic acid, asparagine, glutamine, lysine, histidine, or
a sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.4_A39X VP1, where
X=V,LL,M, G, S, E, D,N, Q, K, or H, VP1 protein.
For example which is not to be considered limiting, the
GII.4 VP1 protein may have from about 0, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100% or any amount therebetween, sequence simi-
larity with the amino acid sequence of the GI1.4_A39V
VP1 protein (SEQ ID NO:53, FIG. 32A), provided that
the substitution, modification or mutation at the posi-
tion corresponding to amino acid 43 of norovirus VP1
genotype GI.1 remains a V, I, L, M, G, S, E, D, N, Q,
K, or H, for example valine, isoleucine, leucine,
methionine, glycine, serine, aspartic acid, glutamic
acid, asparagine, glutamine, lysine, or histidine, and
provided that the GI[.4_A39X VP1 protein induces
immunity to norovirus when administered to a subject.
The sequence encoding the GII.4 VP1 may be obtained
from any GII.4 strain, for example, but not limited to
GII.14/Sydney/NSW0514/2012/AU (SEQ 1D NO:16,
amino acid; SEQ ID NO:52, nucleotide; FIGS. 19A and
19B).
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[0198] GI1.4_V47P VP1 (GI1.4_V47X, where X=P or
G, VP1): wherein the valine corresponding to amino
acid 51 of norovirus VP1 genotype GI.1 (SEQ ID
NO:1) has been mutated, for example, to proline (GII.
4_V47P; SEQ ID NO:55, FIG. 32C), or a sequence that
exhibits from about 80-100% or any amount therebe-
tween, sequence similarity with the amino acid
sequence of the GII.4_V47P VP1 protein. For example,
the GII.4 VP1 protein may have from about 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100% or any amount therebetween, sequence
similarity with the amino acid sequence of the GII.4_
V47P VP1 protein (SEQ ID NO:55, FIG. 32C), pro-
vided that the substitution, modification or mutation at
the position corresponding to amino acid 51 of noro-
virus VP1 genotype GI.1 remains a P or G, for example
proline, and provided that the VP1 protein induces
immunity to norovirus when administered to a subject.
The sequence encoding the GII.4 VP1 may be obtained
from any GII.4 strain, for example, but not limited to
GIIL.4/Sydney/NSW0514/2012/AU (SEQ ID NO:16,
amino acid; SEQ ID NO:52, nucleotide; FIGS. 19A and
19B).

[0199] GII.4_R531I VP1 (GII.4_RS53I, where X=L, L, V,
A or M, VP1): wherein the arginine corresponding to
amino acid 57 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to isoleucine
(GII.14_R53I; SEQ ID NO:57, FIG. 32E), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.4_R531 VP1 protein.
For example, the GII.4 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GIL.4_R531 VP1 protein (SEQ ID
NO:57, FIG. 32E), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 57 of norovirus VP1 genotype GI.1
remains an I, L, V, A or M, for example isoleucine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.4 VP1 may be obtained
from any GII.4 strain, for example, but not limited to
GI1.4/Sydney/NSW0514/2012/AU (SEQ ID NO:16,
amino acid; SEQ ID NO:52, nucleotide; FIGS. 19A and
19B).

[0200] GI1.4_P80X VP1, where X=S, N, C, T, A, K, or
H, wherein the proline corresponding to amino acid 84
of norovirus VP1 genotype GI.1 (SEQ ID NO:1) has
been mutated, for example, to serine (GII.4_P80S; SEQ
1D NO:59, FIG. 32G), asparagine, cysteine, threonine,
alanine, lysine, histidine, or a sequence that exhibits
from about 80-100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GII.4_P8OS VP1 protein. For example, the GII1.4 VP1
protein may have from about 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100%
or any amount therebetween, sequence similarity with
the amino acid sequence of the GII.4_P80S VP1 pro-
tein (SEQ ID NO:59, FIG. 32G), provided that the
substitution, modification or mutation at the position
corresponding to amino acid 84 of norovirus VP1
genotype GIL.1 remains an S, N, C, T, A, K, or H, for
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example serine, asparagine, cysteine, threonine, ala-
nine, lysine, or histidine, and provided that the GIL.4_
P80X VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GII.4 VP1 may be obtained from any GII.4 strain, for
example, but not limited to GII.4/Sydney/NSWO0514/
2012/AU (SEQ ID NO:16, amino acid; SEQ ID NO:52,
nucleotide; FIGS. 19A and 19B).

[0201] GII.4_S90L VP1 (GI1.4_S90X, where X=L, I,
M, A or V, VP1): wherein the serine corresponding to
amino acid 94 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to leucine
(GIL.4_S90L; SEQ ID NO:61, FIG. 32I), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the GI1.4_S90L VP1 protein. For example,
the GII.4 VP1 protein may have from about 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100% or any amount therebetween, sequence
similarity with the amino acid sequence of the GII.4_
S90L VP1 protein (SEQ ID NO:61, FIG. 321), provided
that the substitution, modification or mutation at the
position corresponding to amino acid 94 of norovirus
VP1 genotype GI.1 remains an L, I, M, A or V, for
example leucine, and provided that the VP1 protein
induces immunity to norovirus when administered to a
subject. The sequence encoding the GII.4 VP1 may be
obtained from any GII.4 strain, for example, but not
limited to GIL.4/Sydney/NSW0514/2012/AU (SEQ ID
NO:16, amino acid; SEQ ID NO:52, nucleotide; FIGS.
19A and 19B).

[0202] GII.4_A35-42 VP1: wherein the amino acids
corresponding to positions 39-46 of norovirus VP1
genotype GIL.1 (SEQ ID NO:1) have been deleted
(GIL.4_A35-42; SEQ ID NO:63, FIG. 32K), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GI1.4_A35-42 VP1 protein.
For example, the GII.4 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.4_A35-42 VP1 protein (SEQ ID
NO:63, FIG. 32K), provided that the amino acids
corresponding to positions 39-46 of norovirus VP1
genotype GI.1 (SEQ ID NO:1) remain deleted, and that
the VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GII.4 VP1 may be obtained from any GII.4 strain, for
example, but not limited to GII.4/Sydney/NSWO0514/
2012/AU (SEQ ID NO:16, amino acid; SEQ ID NO:52,
nucleotide; FIGS. 19A and 19B).

[0203] GII.4_SSTAVATA VP1: wherein the amino acids
corresponding to positions 39-46 of norovirus VP1
genotype GL.1 (SEQ ID NO:1) have been mutated to
the peptide sequence SSTAVATA (SEQ ID NO:168;
GII.4_SSTAVATA; SEQ ID NO:65, FIG. 32M), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the mut GII1.4_SSTAVATA VP1
protein. For example, the GII.4 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
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sequence of the GII.4_SSTAVATA VP1 protein (SEQ
ID NO:65, FIG. 32M), provided that the positions
corresponding to amino acids 39-46 of norovirus VP1
genotype GI.1 remain the peptide sequence SSTA-
VATA, and provided that the VP1 protein induces
immunity to norovirus when administered to a subject.
The sequence encoding the GII.4 VP1 may be obtained
from any GII.4 strain, for example, but not limited to
GI1.4/Sydney/NSW0514/2012/AU (SEQ ID NO:16,
amino acid; SEQ ID NO:52, nucleotide; FIGS. 19A and
19B).

[0204] GII.4_A39X+R53x VP1, where X=V, 1L, M, G,
S,E,D,N, Q,K, or H, and x=I, L, M, A or V, wherein
the alanine and arginine corresponding to amino acids
43 and 57, respectively, of norovirus VP1 genotype
GL.1 (SEQ ID NO:1) have been mutated, for example,
to valine, isoleucine, leucine, methionine, glycine, ser-
ine, aspartic acid, glutamic acid, asparagine, glutamine,
lysine or histidine and isoleucine, respectively (e.g.
GIL.4_A39V+R531; SEQ ID NO:188, FIG. 32AA), or
a sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.4_A39V+R531 VP1
protein. For example, the GII.4 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GI1.4_A39V+R53I VP1 protein (SEQ
ID NO:188, FIG. 32AA), provided that the substitu-
tions, modifications or mutations at the positions cor-
responding to amino acids 43 and 57 of norovirus VP1
genotype GI.1 remaina V,, L, M, G, S, E, D, N, Q, K,
or H, for example valine, isoleucine, leucine, methio-
nine, glycine, serine, aspartic acid, glutamic acid,
asparagine, glutamine, lysine or histidine, and an I, L,
M, V or A, for example isoleucine, respectively, and
provided that the GII.4_A39X+R53x VP1 protein
induces immunity to norovirus when administered to a
subject. The sequence encoding the GII.4 VP1 may be
obtained from any GII.4 strain, for example, but not
limited to GII.14/Sydney/NSW0514/2012/AU (SEQ
ID NO:16, amino acid; SEQ ID NO:52, nucleotide;

FIGS. 19A and 19B).

[0206] GII.4_A39X+P80x VP1, where X=V,I,L, M, G,
S,E,D,N, Q, K, or H, and x=S, N, C, T, A, K, or H,
VP1): wherein the alanine and proline corresponding to
amino acids 43 and 84, respectively, of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been substituted or
mutated, for example but not limited to, to valine,
isoleucine, leucine, methionine, glycine, serine, aspar-
tic acid, glutamic acid, asparagine, glutamine, lysine, or
histidine, and serine, asparagine, cysteine, threonine,
alanine, lysine, or histidine, respectively (e.g. GII.4_
A39V+P80S; SEQ ID NO:67, FIG. 320), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the GII.4_A39X+P80x VP1 protein. For
example, the GII.4 VP1 protein may have from about
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GIL.4_A39V+P80S VP1 protein (SEQ ID NO:67, FIG.
320), provided that the substitutions, modifications or
mutations at the positions corresponding to amino acids
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43 and 84 of norovirus VP1 genotype GI.1 remain a V,
LL,MG,S,E D,N, Q, K, or H, for example valine,
isoleucine, leucine, methionine, glycine, serine, aspar-
tic acid, glutamic acid, asparagine, glutamine, lysine, or
histidine, and an S, N, C, T, A, K, or H, for example
serine, asparagine, cysteine, threonine, alanine, lysine,
or histidine, respectively, and provided that the GI1.4_
A39X+P80x VP1 protein induces immunity to norovi-
rus when administered to a subject. The sequence
encoding the GII.4 VP1 may be obtained from any
GII.4 strain, for example, but not limited to GII.4/
Sydney/NSW0514/2012/AU (SEQ ID NO:16, amino
acid; SEQ ID NO:52, nucleotide; FIGS. 19A and 19B).

[0207] GIL.4_V47P+P80S VP1 (GII.4_V47X, where
X=P or G+P80x, where x=S, N, C, T, A, K, or H VP1):
wherein the valine and proline corresponding to amino
acids 51 and 84, respectively, of norovirus VP1 geno-
type GI.1 (SEQ ID NO:1) have been substituted or
mutated, for example, to proline and serine, asparagine,
cysteine, threonine, alanine, lysine, or histidine, respec-
tively (e.g. GIL.4_V47P+P80S; SEQ ID NO:69, FIG.
32Q), or a sequence that exhibits from about 80-100%
or any amount therebetween, sequence similarity with
the amino acid sequence of the GI1.4_V47P+P80S VP1
protein. For example, the GII.4 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GI1.4_V47P+P80S VP1 protein (SEQ
ID NO:69, FIG. 32Q), provided that the substitutions,
modifications or mutations at the positions correspond-
ing to amino acids 51 and 84 of norovirus VP1 geno-
type GI.1 remain a P or G, for example proline, and an
S, N, C, T, A, K, or H, for example serine, asparagine,
cysteine, threonine, alanine, lysine, or histidine, respec-
tively, and provided that the GI1.4_V47X+P80x VP1
protein induces immunity to norovirus when adminis-
tered to a subject. The sequence encoding the GII.4
VPl may be obtained from any GII.4 strain, for
example, but not limited to GII.4/Sydney/NSWO0514/
2012/(SEQ ID NO:16, amino acid; SEQ ID NO:52,
nucleotide; FIGS. 19A and 19B).

[0208] GII.4_R531+P80S VP1 (GII.4_R53X, where
X=1, L, V, A or M+P80x, where x=S, N, C, T, A, K, or
H, VP1): wherein the arginine and proline correspond-
ing to amino acids 57 and 84, of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to an isoleucine and a serine, asparagine,
cysteine, threonine, alanine, lysine, or histidine, respec-
tively (e.g. GII.4_R53I+P80S; SEQ ID NO:71, FIG.
328), or a sequence that exhibits from about 80-100%
or any amount therebetween, sequence similarity with
the amino acid sequence of the GII.4_R531+P80S VP1
protein. For example, the GII.4 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.4_R531+P80S VP1 protein (SEQ
ID NO:71, FIG. 32S), provided that the substitution,
modification or mutation at the position corresponding
to amino acids 57 and 84 of norovirus VP1 genotype
GL.1 remain an I, L, V, A or M, for example isoleucine,
and an S, N, C, T, A, K, or H, for example serine,
asparagine, cysteine, threonine, alanine, lysine, histi-
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dine, respectively, and provided that the GII.4_R53X+
P80x VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GII.4 VP1 may be obtained from any GII.4 strain, for
example, but not limited to GII.4/Sydney/NSWO0514/
2012/AU (SEQ ID NO:16, amino acid; SEQ ID NO:52,
nucleotide; FIGS. 19A and 19B).

[0209] GII.4_P80S+S90L VP1 (GII.4_P80X, where
X=8,N,C, T, A, K, or H+S90x, where x=L, I, M, A or
V, VP1): wherein the proline and serine corresponding
to amino acids 84 and 94, respectively, of norovirus
VP1 genotype GI.1 (SEQ ID NO:1) have been mutated,
for example, to serine, asparagine, cysteine, threonine,
alanine, lysine, or histidine, and leucine, respectively
(e.g. GII.4_P80S+S90L; SEQ ID NO:73, FIG. 32U), or
a sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.4_P80S+S90L VP1
protein. For example, the GII.4 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.4_P80S+S90L VP1 protein (SEQ
ID NO:73, FIG. 32U), provided that the substitutions,
modifications or mutations at the positions correspond-
ing to amino acids 84 and 94 of norovirus VP1 geno-
type GL.1 remainan S, N, C, T, A, K, or H, for example
serine, asparagine, cysteine, threonine, alanine, lysine,
or histidine and an L, I, M, A or V, for example leucine,
respectively, and provided that the GII.4_P80X+S90x
VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GII.4 VP1 may be obtained from any GII.4 strain, for
example, but not limited to GII.4/Sydney/NSWO0514/
2012/AU (SEQ ID NO:16, amino acid; SEQ ID NO:52,
nucleotide; FIGS. 19A and 19B).

[0210] GII.4_A39X+R53x+P80z VP1, where X=V, I,
L,M, G, S,E, D, N, Q, K, or H, where x=1, L, M, A
orV,and z=S, N, C, T, A, K, or H, wherein the alanine
and arginine corresponding to amino acids 43, 57 and
84, respectively, of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) have been substituted or mutated, for
example, at position 39, to valine, isoleucine, leucine,
methionine, glycine, serine, aspartic acid, glutamic
acid, asparagine, glutamine, lysine, or histidine, at
portion 53 to isoleucine, and at position 80 to serine,
asparagine, cysteine, threonine, alanine, lysine, or his-
tidine, respectively (e.g. GIL.4_A39V+R531+P80S;
SEQ ID NO:190, FIG. 32CC), or a sequence that
exhibits from about 80-100% or any amount therebe-
tween, sequence similarity with the amino acid
sequence of the GI1.4_ A39V+R531+P80S VP1 protein.
For example, the GII.4 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GI1.4_A39V+R531+P80S VP1 protein
(SEQ ID NO:190, FIG. 32CC), provided that the sub-
stitutions, modifications or mutations at the positions
corresponding to amino acids 43, 57 and 84 of noro-
virus VP1 genotype Gl.1 remaina V, I, L, M, G, S, E,
D, N, Q, K, or H, for example valine, isoleucine,
leucine, methionine, glycine, serine, aspartic acid, glu-
tamic acid, asparagine, glutamine, lysine, or histidine,
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an I, L, M, V or A, for example isoleucine, and an S,
N, C, T, A, K, or H, for example serine, asparagine,
cysteine, threonine, alanine, lysine, or histidine, respec-
tively, and provided that the GII.4_A39X+R53x+P80z
VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GII.4 VP1 may be obtained from any GII.4 strain, for
example, but not limited to GII.4/Sydney/NSWO0514/
2012/AU (SEQ ID NO:16, amino acid; SEQ ID NO:52,
nucleotide; FIGS. 19A and 19B).

GIL.4_P80S+A35-42 VP1 (GI1.4_P80X, where
X=S,N,C, T, A, K, or H, +A35-42, VP1): wherein the
proline corresponding to position 84 of norovirus VP1
genotype GI.1 (SEQ ID NO:1) has been mutated, for
example, to serine, asparagine, cysteine, threonine,
alanine, lysine, or histidine, and the amino acids cor-
responding to positions 39-46 of norovirus VP1 geno-
type GI.1 have been deleted (GII.4_P80S+A35-42;
SEQ ID NO:75, FIG. 32W), or a sequence that exhibits
from about 80-100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GII.4_P80S+A35-42 VP1 protein. For example, the
GII.4 VP1 protein may have from about 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100% or any amount therebetween, sequence simi-
larity with the amino acid sequence of the GII1.4_P80S+
A35-42 VP1 protein (SEQ ID NO:75, FIG. 32W),
provided that the substitution, modification or mutation
at the position corresponding to amino acid 84 of
norovirus genotype GI.1 remains an S, N, C, T, A, K,
or H, for example serine, asparagine, cysteine, threo-
nine, alanine, lysine, or histidine, and the amino acids
corresponding to positions 39-46 of norovirus VP1
genotype GIL.1 remain deleted, and that the GII.4_
P80OX+A35-42 VP1 protein induces immunity to noro-
virus when administered to a subject. The sequence
encoding the GII.4 VP1 may be obtained from any
GII.4 strain, for example, but not limited to GII.4/
Sydney/NSW0514/2012/AU (SEQ ID NO:16, amino
acid; SEQ ID NO:52, nucleotide; FIGS. 19A and 19B).

GIL.4_P8OS+SSTAVATA VP1 (GII.4_P8OX,
where X=S, N, C, T, A, K, or H+SSTAVATA, VP1):
wherein the proline corresponding to position 84 of
norovirus VP1 genotype GI.1 (SEQ ID NO:1) has been
mutated, for example, to serine, asparagine, cysteine,
threonine, alanine, lysine, or histidine, and the amino
acids corresponding to positions 39-46 of norovirus
VP1 genotype GI.1 have been mutated to the peptide
sequence SSTAVATA (SEQ ID NO:168; GI1.4_P80S+
SSTAVATA; SEQ ID NO:77, FIG. 32Y), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the mut GI1.4_P80S+SSTAVATA VP1 pro-
tein. For example, the GII.4 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.4 P8OS+SSTAVATA VP1 protein
(SEQ ID NO:77, FIG. 32Y), provided that the position
corresponding to amino acid 84 or norovirus VP1
genotype GIL.1 remains an S, N, C, T, A, K, or H, for
example serine, asparagine, cysteine, threonine, ala-
nine, lysine, or histidine, and the positions correspond-
ing to amino acids 39-46 of norovirus VP1 genotype



US 2023/0293663 Al

GI.1 remain the peptide sequence SSTAVATA, and that
the GIL.4_P80X+SSTAVATA VP1 protein induces
immunity to norovirus when administered to a subject.
The sequence encoding the GII.4 VP1 may be obtained
from any GII.4 strain, for example, but not limited to
GI1.4/Sydney/NSW0514/2012/AU (SEQ ID NO:16,
amino acid; SEQ ID NO:52, nucleotide; FIGS. 19A and
19B).

[0213] GI1.6_E80S VP1 (GIL.6_E80X, where X=S8, N,
Cor T, VP1): wherein the glutamic acid corresponding
to amino acid 84 of norovirus VP1 genotype G1.1 (SEQ
ID NO:1) has been mutated, for example, to serine
(GIL.6_E80S; SEQ ID NO:79, FIG. 33A), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.6_E80S VP1 protein.
For example, the GII.6 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.6_E80S VPI1 protein (SEQ ID
NO:79, FIG. 33A), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 84 of norovirus VP1 genotype GI.1
remains an S, N, C or T, for example serine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.6 VP1 may be obtained
from any GII.6 strain, for example, but not limited to
GII.6/0hio/490/2012/USA (SEQ ID NO:20, amino
acid; SEQ ID NO:21, nucleotide; FIGS. 21A and 21B).

[0214] GII.6_S90L VP1 (GIL.6_590X, where X=L, I,
M, A or V, VP1): wherein the serine corresponding to
amino acid 94 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to leucine
(GIL.6_S90L; SEQ ID NO:81, FIG. 33C), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the GII.6_S90L VP1 protein. For example,
the GIIL.6 VP1 protein may have from about 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100% or any amount therebetween, sequence
similarity with the amino acid sequence of the GII.6_
S90L VP1 protein (SEQ ID NO:81, FIG. 33C), pro-
vided that the substitution, modification or mutation at
the position corresponding to amino acid 94 of noro-
virus VP1 genotype GI.1 remains an [, I, M or V, for
example leucine, and provided that the VP1 protein
induces immunity to norovirus when administered to a
subject. The sequence encoding the GII.6 VP1 may be
obtained from any GII.6 strain, for example, but not
limited to GII.6/0hio/490/2012/USA (SEQ ID NO:20,
amino acid; SEQ ID NO:21, nucleotide; FIGS. 21A and
21B).

[0215] GII.6_E80S+S90L VP1 (GIL.6_E80X, where
X=S, N, Cor T+890X, where X=L, I, M, AorV, VP1):
wherein the glutamic acid and serine corresponding to
amino acids 84 and 94, respectively of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to serine and leucine, respectively (GII.6_
E80S+S90L; SEQ ID NO:83, FIG. 33E), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the GII.6_E80S+S90L VP1 protein. For
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example, the GII.6 VP1 protein may have from about
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GIIL.6_E80S+S90L VP1 protein (SEQ ID NO:83, FIG.
33E), provided that the substitutions, modifications or
mutations at the positions corresponding to amino acids
84 and 94 of norovirus VP1 genotype GI.1 remain an
S, N, C or T, for example serine, and an L, I, M, A or
V, for example leucine, respectively, and provided that
the VP1 protein induces immunity to norovirus when
administered to a subject. The sequence encoding the
GII.6 VP1 may be obtained from any GII.6 strain, for
example, but not limited to GII.6/0Ohio/490/2012/USA
(SEQ ID NO:20, amino acid; SEQ ID NO:21, nucleo-
tide; FIGS. 21A and 21B).

[0216] GII.12_E80S VP1 (GII.12_E80X, where X=S,
N, C or T, VP1): wherein the glutamic acid correspond-
ing to amino acid 84 of norovirus VP1 genotype GI.1
(SEQ ID NO:1) has been mutated, for example, to
serine (GII.12_E80S; SEQ ID NO:88, FIG. 34A), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.12_E80S VP1 protein.
For example, the GII.12 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.12_E80S VP1 protein (SEQ ID
NO:88, FIG. 34A), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 84 of norovirus VP1 genotype GI.1
remains an S, N, C or T, for example serine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.12 VP1 may be obtained
from any GII.12 strain, for example, but not limited to
GII.12/HS206/2010/USA (SEQ ID NO:19, amino acid;
FIG. 23A).

[0217] GIL.12_A90L VP1 (GIL.12_A90X, where X=L,
I, M or V, VP1): wherein the alanine corresponding to
amino acid 94 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to leucine
(GII.12_A90L; SEQ ID NO:90, FIG. 34C), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.12_A90L VP1 protein.
For example, the GII.12 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.12_A90L VP1 protein (SEQ ID
NO:90, FIG. 34C), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 94 of norovirus VP1 genotype GI.1
remains an [, I, M or V, for example leucine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.12 VP1 may be obtained
from any GII.12 strain, for example, but not limited to
GII.12/HS206/2010/USA (SEQ ID NO:19, amino acid;
FIG. 23A).

[0218] GIL.12_E80S+A90L VPI1 (GII.12_E80X, where
X=S, N, C or T+A90X, where X=L, I, M or V, VP1):
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wherein the glutamic acid and alanine corresponding to
amino acids 84 and 94, respectively, of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to serine and leucine, respectively (GII.12_
E80S+A90L; SEQ ID NO:92, FIG. 34E), or a sequence
that exhibits from about 80-100% or any amount ther-
ebetween, sequence similarity with the amino acid
sequence of the GII.12_E80S+A90L VP1 protein. For
example, the GII.12 VP1 protein may have from about
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 100% or any amount therebetween,
sequence similarity with the amino acid sequence of the
GII.12_E80S+A90L VP1 protein (SEQ ID NO:92,
FIG. 34E), provided that the substitutions, modifica-
tions or mutations at the positions corresponding to
amino acids 84 and 94 of norovirus VP1 genotype GI.1
remain an S, N, C or T, for example serine, and an L,
I. M or V, for example leucine, respectively, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.12 VP1 may be obtained
from any GII.12 strain, for example, but not limited to
GII.12/HS206/2010/USA (SEQ ID NO:19, amino acid;
FIG. 23A).

[0219] GII.17_A39V VPI1 (GII.17_A39X, where X=V,
I, L or M, VP1): wherein the alanine corresponding to
amino acid 43 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to valine
(GII.17_A39V;, SEQ ID NO:192, FIG. 34G), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.17_A39V VP1 protein.
For example, the GII.17 VP1 protein may have from
about 0, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.17_A39V VP1 protein (SEQ ID
NO:192, FIG. 34G), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 43 of norovirus VP1 genotype GI.1
remains a V, I, L or M, for example valine, and provided
that the VP1 protein induces immunity to norovirus
when administered to a subject. The sequence encoding
the GII.17 VP1 may be obtained from any GII.17
strain, for example, but not limited to Hu/GII.17/
Kawasaki323/2014/JP (SEQ ID NO:24, amino acid;
SEQ ID NO:25, nucleotide; FIGS. 26A and 26B).

[0220] GII.17_RS531 VP1 (GII.17_RS53I, where X=I, L,
V, Aor M, VP1): wherein the arginine corresponding to
amino acid 57 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to isoleucine
(GII.17_R53I; SEQ ID NO:194, FIG. 34I), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.17_R531 VP1 protein.
For example, the GII.17 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.17_R531 VP1 protein (SEQ ID
NO:194, FIG. 34I), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 57 of norovirus VP1 genotype GI.1
remains an I, L, V, A or M, for example isoleucine, and
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provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.17 VP1 may be obtained
from any GII.17 strain, for example, but not limited to
Hu/GII.17/Kawasaki323/2014/JP (SEQ ID NO:24,
amino acid; SEQ ID NO:25, nucleotide; FIGS. 26A and
26B).

[0221] GIL.17_A90L VP1 (GII.4_A90X, where X=L, I,
M or V, VP1): wherein the serine corresponding to
amino acid 94 of norovirus VP1 genotype GI.1 (SEQ
ID NO:1) has been mutated, for example, to leucine
(GII.17_A90L; SEQ ID NO:196, FIG. 34K), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.17_A90L VP1 protein.
For example, the GII.17 VP1 protein may have from
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.17_A90L VP1 protein (SEQ ID
NO:196, FIG. 34K), provided that the substitution,
modification or mutation at the position corresponding
to amino acid 94 of norovirus VP1 genotype GI.1
remains an [, I, M or V, for example leucine, and
provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.17 VP1 may be obtained
from any GII.17 strain, for example, but not limited to
Hu/GII.17/Kawasaki323/2014/JP (SEQ ID NO:24,
amino acid; SEQ ID NO:25, nucleotide; FIGS. 26A and
26B).

[0222] GIL.17_A39V+R531 VP1 (GII.17_A39X, where
X=V, I, Lor M+R53X, where X=I, L, M, Aor V, VP1):
wherein the alanine and arginine corresponding to
amino acids 43 and 57, respectively, of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to valine and isoleucine, respectively (GII.
17_A39V+R53I; SEQ ID NO:198, FIG. 34M), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.17_A39V+R531 VP1
protein. For example, the GI1.17 VP1 protein may have
from about 0, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.17_A39V+R531 VP1 protein (SEQ
1D NO:198, FIG. 34M), provided that the substitutions,
modifications or mutations at the positions correspond-
ing to amino acid 43 and 57 of norovirus VP1 genotype
GL.1 remain a V, I, L. or M, for example valine, and an
I, L, M, V or A, for example isoleucine, respectively,
and provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.17 VP1 may be obtained
from any GII.17 strain, for example, but not limited to
Hu/GII.17/Kawasaki323/2014/JP (SEQ ID NO:24,
amino acid; SEQ ID NO:25, nucleotide; FIGS. 26A and
26B).

[0223] GIL.17_E80S+A90L VP1 (GII.4_E80X, where
X=S, N, C or T+A90X, where X=L, I, M or V, VP1):
wherein the glutamic acid and alanine corresponding to
amino acids 84 and 94, respectively, of norovirus VP1
genotype GI.1 (SEQ ID NO:1) have been mutated, for
example, to serine and leucine, respectively (GII.17_
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E80S+A90L; SEQ ID NO:200, FIG. 340), or a
sequence that exhibits from about 80-100% or any
amount therebetween, sequence similarity with the
amino acid sequence of the GII.17_E80S+A90L VP1
protein. For example, the GII.17 VP1 protein may have
from about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100% or any amount
therebetween, sequence similarity with the amino acid
sequence of the GII.17_E80S+A90L VP1 protein (SEQ
1D NO:200, FIG. 340), provided that the substitutions,
modifications or mutations at the positions correspond-
ing to amino acids 84 and 94 of norovirus VP1 geno-
type GL.1 remain an S, N, C or T, for example serine,
and an L, I, M or V, for example leucine, respectively,
and provided that the VP1 protein induces immunity to
norovirus when administered to a subject. The
sequence encoding the GII.17 VP1 may be obtained
from any GII.17 strain, for example, but not limited to
Hu/GII.17/Kawasaki323/2014/JP (SEQ ID NO:24,
amino acid; SEQ ID NO:25, nucleotide; FIGS. 26A and
26B).

VLP Yield

[0224] An example of an improved characteristic of VP1
may be observed comparing the yields of VLPs comprising
GIL.3 VP1 protein is shown with reference to FIG. 5B (see
Example 3). Expression of modified norovirus VP1 proteins
GL.3_8S94X, where X=L, V, , M, T, E, D, N, Q, K, or H (see
FIG. 5F), G1.3_MS571+S94L (see FI1G. 5D), and G1.3_Q84S+
S94L (see FIG. 5B) in plants resulted in similar or higher
VLPs yields as compared to the yield of wildtype GI.3 VP1.
Furthermore, expression of modified norovirus VP1 proteins
GL7_M57X, where X=I, L, G, S, T, N, Q, K, or H (see FIG.
6F) in plants resulted in similar or higher VLPs yields as
compared to the yield of wildtype GI.7 VPI.

[0225] An analogous improved characteristic of increased
VLP yield is shown with reference to FIGS. 9A-9E, and 9H.
VLPs comprising norovirus modified VP1 proteins GII.4_
R53I (FIG. 9D), GI1.4_P80X, where X=S, A, N, K, or H
(FIGS. 9B and 9H), GII.4_P80S+R53I (FIG. 9D), GIL.4_
P80S+A39X, where X=V, , M, T, E, D, N, Q, K, or H
(FIGS. 9C and 91), GI1.4_P80S+S90L (FIG. 9B), GII.4_
P80S+A35-42 (FIG. 9C), GI1.4_P80S+SSTAVATA (FIG.
9F), and GIL.4_A39V+R531 P80S (FIG. 9G), exhibited
enhanced VLP yield in plants, while GI1.4_A39V and GII.
4_V47P exhibited a slight increase in protein yield, as
compared to VLPs comprising wildtype GII.4 VP1.

[0226] Increased VLP yield, compared to wild type was
also observed in plant extracts expressing GII.6_S90L VP1
(FIGS. 10A and 10B).

[0227] VLPs comprising modified VP1 protein with a
substitution of an amino acid at position 84 (GI strains) or
position 80 (GII strains, corresponding to, or in alignment
with, position 84 of GI.1 VP1) exhibited the same (GI.3_
Q848S; GI.5_Q848, also see FIG. 6B; GII.3_ES80S, also see
FIG. 8A), or an increased (GI.7_R84S; GI.7_MS571+R84S;
also see FIG. 6D; GII.4_P80S also see FIGS. 9B-9F; GII.
12_E80S) VLP yield when compared to the yield of VLPs
comprising the corresponding wild type (native) VP1 pro-
tein.

[0228] VLPs comprising modified VP1 protein with a
substitution of an amino acid at position 94 (GI strains) or
at position 90 (GII strains, corresponding to, or in alignment
with, position 94 of GI.1 VP1) exhibited the same or an

30

Sep. 21, 2023

increase in VLP yield when compared to the yield of VLPs
comprising the corresponding wild type, or native, VP1
protein, for all modified VP1 proteins that were examined
(G1.3_S94X, where X=L, V, L M, T, E, D, N, Q, K, or H
(FIGS. 5B and 5F); GI.5_A94L (see FIG. 6B); GIL.2_A90L
(see FIG. 7B); GIL.4_S90L (see FIG. 9B); GII.6_S90L (see
FIG. 10A); GIL.12_A90L (see FIG. 11B); and GII1.17_A90L
(see FIG. 11D).

[0229] Similarly, VLPs comprising modified VP1 protein
with a substitution of an amino acid at positions 84 and 94
(GI strains) or positions 80 and 90 (GII strains, correspond-
ing to, or in alignment with, position 84 and 94 of GI.1 VP1)
exhibited an increase in VLP yield when compared to the
yield of VLLPs comprising the corresponding wild type, or
native, VP1 protein, for all modified VP1 proteins that were
examined (GI.3_Q84S+S94L, also see FIG. 5B; GIL.5_
Q84S+A9%4L, also see FIG. 6B; GII1.2_E80S+A90L,, also see
FIGS. 7B and 7C; GII.4_P80S+S90L, also see FIG. 9B; and
GII.2_E80S+A90L, also see FIG. 11B).

[0230] Additional modifications were also observed to
increase VLP yield. These modifications include GI.3_
M571+594L, (F1IG. 5D), G1.7_M571 (FIG. 6D), G1.7_M571+
R84S (FIG. 6D), GI1.2_A39V+E80S+A90L (FIG. 7C), GII.
2_R531+E80S+A90L (FIG. 7C), GI1.4_R531 (FIG. 9D),
GIL4_A39V+P80X, where X=S, A, N, K, or H (FIGS. 9C
and 91); GI1.4_R531+P80S (FIG. 9D); GII.4_V47P+P80S
(FIG. 9E); GII1.4_A35-42+P80S (FIG. 9C), and GIL4_
A39V+R3531+P80S (FIG. 9G).

Size, Density, Stability and Quality of VLPs

[0231] As shown in FIG. 5B, mutant norovirus VP1
proteins GL.3_S941 and GI.3_Q84S+S94L., exhibited the
improved characteristic of VLPs having greater densities
(determined by Coomassie stained SDS PAGE of iodixanol
density gradient fractions of protein extracts), so that the
VLPs are observed in fraction 1 (F1) and peaking in frac-
tions F2-F6 as compared to wildtype norovirus GI1.3 VPI.
These results indicate that the assembly of native GI1.3 VLPs
may be less stable than GI.3_S94L VLPs and the native GI.3
VLP may be more susceptible to malformed capsid particles
and the generation of fragmentation products. As a result,
the VLPs comprising GI.3_S94L. VP1, GI.3_MS571+S94L
and GL.3_Q84S+894L VP1 exhibit greater structural integ-
rity than wildtype GL.3 VP1. It is also observed that VLPs
comprising GI.3_S94L. VP1, GL.3_M571+S94L and GIL.3_
Q84S+S94L. VP1 comprise a greater relative proportion of
38 nm diameter VLPs vs. 23 nm diameter VLPs than
wildtype (FIGS. 5C and 5E) as determined using transmis-
sion electron micrography (TEM).

[0232] VLPs comprising of G1.5_Q84S VP1, GI.5_A9%4L
VP1, or GL.5_Q84S+A9%941. VP1 proteins exhibited an
increase in yield, and GI.5_Q84S+A94[. VP1 also exhibited
greater density, stability and structural integrity (in a manner
similar to that described above for VLPs produced using
modified GI.3 VP1), as compared to wildtype norovirus GI.5
VP1 (FIG. 6B). As shown in FIG. 6C, the resulting VLPs
had fewer damaged VLP particles, and a greater relative
proportion of 38 nm diameter particles vs 23 nm diameter
VLPs, as compared to wildtype.

[0233] VLPs comprising of GL.7_R84S, GI.7_MS5T7I,
GL7_MS571+R84S VP1 proteins were also observed to
exhibit the same or greater density as compared to wildtype
norovirus G1.7 VP1 (FIG. 6D). As shown in FIG. 6E, the
modified VLPs had fewer damaged VLP particles, and a
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greater relative proportion of 38 nm diameter particles vs 23
nm diameter VLPs, as compared to wildtype.

[0234] VLPs comprising of GIL.2_E80S+A90L, GII.2_
A39V+E80S+A90L VP1 proteins exhibited greater density,
stability and structural integrity (in a manner similar to that
described above) as compared to wildtype norovirus GII.2
VP1 (FIG. 7C). As shown in FIG. 7C, the modified VLPs
had fewer damaged VLP particles, and a greater relative
proportion of 38 nm diameter particles vs 23 nm diameter
VLPs, as compared to wildtype.

[0235] Expression of GII.3_E80S in plants, resulted in
VLPs of 38 nm diameter particles (FIG. 8B). However,
yields of VP1 protein (determined via SDS-PAGE) remained
low.

[0236] As shown in FIGS. 9B, 9C, 9D and 9G, modified
VP1 proteins, GI1.4_A39V, GIL4_V47P, GII.4_R531, GII.
4_P80S, GII.4_S90L, GI1.4_A39V+P80S, GIL4_R53I+
P80S, GIL.4_P80S+S90L, GII.4_P80S+A35-42 and GIL.4_
A39V+R531+P80S all exhibited VLPs having greater
densities, stability, and structural integrity than VLPs com-
prising wildtype GII.4 VP1 protein. Further, the VLPs
comprising GI1.4_A39V+P80S, GII.4_R531+P80S, GIL.4_
P80S+S90L, GI1.4_P80S+A35-42, and GII.4_A39V+R531+
P8OS all had improved viral capsid integrity and fewer
damaged particles as seen by TEM (FIGS. 9B, 9C, 9D and
9E).

[0237] VLPs comprising GI1.4_A39V+P80S and GII.4_
P80OS+A35-42 were also observed to have a greater propor-
tion of 38 nm diameter particles vs 23 nm diameter particles
as compared to wildtype GIL.4 VLPs (FIGS. 9B and 9C).
VLPs were also produced from GII1.4_V47P; GI1.4_V47P+
P80S, GII.4_SSTAVATA; GIL.4_P80S+SSTAVATA (FIGS.
9E and 9F).

[0238] As shown in FIGS. 10A and 10B, expression of
modified norovirus VP1 protein GII.6_S90L produced 38
nm diameter VLPs, determined using transmission electron
micrography (TEM).

[0239] VLPs comprising GII1.12_E80S, GII.12_A90L and
GII.12_E80S+A90L, also exhibited the improved character-
istic of having a greater density of 38 nm diameter VLPs
than VLPs comprising wildtype GII.12 VP1 (FIG. 11C) as
determined using transmission electron micrography
(TEM).

[0240] VLPs comprising GII.17_A39V, GIL.17_A90L,
and GII.17_R531, also exhibited the improved characteristic
of having a greater density of 38 nm diameter VLPs than
VLPs comprising wildtype GII.17 VP1 (FIG. 11D) as deter-
mined using transmission electron micrography (TEM).

Induction of Immunity Against Norovirus Infection

[0241] An “immune response” generally refers to a
response of the adaptive immune system of a subject. The
adaptive immune system generally comprises a humoral
response, and a cell-mediated response. The humoral
response is the aspect of immunity that is mediated by
secreted antibodies, produced in the cells of the B lympho-
cyte lineage (B cell). Secreted antibodies bind to antigens on
the surfaces of invading microbes (such as viruses or bac-
teria), which flags them for destruction. Humoral immunity
is used generally to refer to antibody production and the
processes that accompany it, as well as the effector functions
of antibodies, including Th2 cell activation and cytokine
production, memory cell generation, opsonin promotion of
phagocytosis, pathogen elimination and the like. The terms
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“modulate” or “modulation” or the like refer to an increase
or decrease in a particular response or parameter, as deter-
mined by any of several assays generally known or used,
some of which are exemplified herein.

[0242] A cell-mediated response is an immune response
that does not involve antibodies but rather involves the
activation of macrophages, natural killer cells (NK), anti-
gen-specific cytotoxic T-lymphocytes, and the release of
various cytokines in response to an antigen. Cell-mediated
immunity is used generally to refer to some Th cell activa-
tion, Tc cell activation and T-cell mediated responses. Cell
mediated immunity may be of particular importance in
responding to viral infections.

[0243] For example, the induction of antigen specific CD8
positive T lymphocytes may be measured using an ELIS-
POT assay; stimulation of CD4 positive T-lymphocytes may
be measured using a proliferation assay. Anti-norovirus
antibody titres may be quantified using an ELISA assay;
isotypes of antigen-specific or cross reactive antibodies may
also be measured using anti-isotype antibodies (e.g. anti-
IgG, IgA, IgE or IgM). Methods and techniques for per-
forming such assays are well-known in the art.

[0244] Cytokine presence or levels may also be quantified.
For example a T-helper cell response (Th1/Th2) will be
characterized by the measurement of IFN-y and I1.-4 secret-
ing cells using by ELISA (e.g. BD Biosciences OptEIAkits).
Peripheral blood mononuclear cells (PBMC) or splenocytes
obtained from a subject may be cultured, and the supernatant
analyzed. T lymphocytes may also be quantified by fluores-
cence-activated cell sorting (FACS), using marker specific
fluorescent labels and methods as are known in the art.
[0245] A microneutralization assay may also be conducted
to characterize an immune response in a subject, see for
example the methods of Rowe et al, 1973. Virus neutraliza-
tion titers may be quantified in a number of ways, including:
enumeration of lysis plaques (plaque assay) following crys-
tal violent fixation/coloration of cells; microscopic observa-
tion of cell lysis in in vitro culture; and 2) ELISA and
spectrophotometric detection of norovirus.

[0246] The term “epitope™ or “epitopes”, as used herein,
refers to a structural part of an antigen to which an antibody
specifically binds.

[0247] Immune response to plant produced wild type
Norovirus native GI.1 (SEQ ID NO:1) VLP administration
were performed using BALB/c mice (Example 4). Plant-
produced modified VP1 proteins, or VLPs comprising modi-
fied VP1 proteins, for example, produced using GI.3_Q84S
(construct 4140; SEQ ID NO:167), GL.3_S94L (construct
4141; SEQ ID NO:9), GL.3_A43V+S94L (construct 4179;
SEQ ID NO:169), G1.3_M571+S94L (construct 4180; SEQ
ID NO:171), G1.3_P84S+S94L (construct 4142; SEQ ID
NO:11), G1.3_A43V+MS571+S94L (construct 4181; SEQ ID
NO:173), GL.5_Q84S (construct 4130; SEQ ID NO:35),
GI.5_A94L (construct 4131; SEQ ID NO:37), G1.5_Q84S+
A94L, (construct 4132; SEQ ID NO:39), GI.7_R84S (con-
struct 4210; SEQ 1D NO:176), G1.7_MS57I (construct 4217,
SEQ ID NO:178), G1.7_MS571+R84S (construct 4218; SEQ
1D NO:180), GII.2_ES80S (construct 4143; SEQ ID NO:86),
GIL.2_A90L (construct 4144; SEQ ID NO:42), GIL2_
QB80S+A90L (construct 4145; SEQ ID NO:44), GIL2_
A39V+Q80S+A90L (construct 4182; SEQ ID NO:183),
GIL.2_RS53I+Q80S+A90L  (construct 4183; SEQ ID
NO:185), GI1.2_A39V+R531+Q80S+A90L (construct 4184,
SEQ ID NO:187), GII.3_E80S_(construct 4146; SEQ 1D
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NO:47), GII.3_A90L (construct 4147; SEQ ID NO:49),
GIL.3_E80S+A90L (construct 4148; SEQ ID NO:51), GII.
4_A39V (construct 4155; SEQ ID NO:54), GIL.4_V47P
(construct 4156; SEQ ID NO:56), GII.4_R531 (construct
4157; SEQ ID NO:58), GII.4_P80S (construct 4133; SEQ
1D NO:60), GII.4_S90L (construct 4134; SEQ ID NO:62),
GII.4_A35-42 (construct 4158; SEQ ID NO:64), GII.4_
SSTAVATA (construct 4159; SEQ ID NO:66). GI1.4_A39V+
R53I (construct 4185; SEQ ID NO:189), GI1.4_A39V+P80S
(construct 4165; SEQ ID NO:68), GI1.4_V47P+P80S (con-
struct 4166; SEQ ID NO:70), GII1.4_R531+P80S (construct
4167; SEQ ID NO:72), GII.4_P80S+S90L (construct 4135;
SEQ ID NO:74), GI1.4_A35-42+P80S (construct 4168; SEQ
1D NO:76), GI1.4_P80S+SSTAVATA (construct 4169; SEQ
ID NO:78), GII.4_A39V+R531+P80S (construct 4186; SEQ
1D NO:191), GII.6_E80S (construct 4149; SEQ ID NO:80),
GIL.6_S90L (construct 4150; SEQ ID NO:82), GII.6_E80S+
S90L (construct 4151; SEQ ID NO:84), GII.12_E80S (con-
struct 4136; SEQ ID NO:89), GII.12_A90L (construct 4137,
SEQ ID NO:91), GII.12_E80S+A90L (construct 4138; SEQ
ID NO:93), GII.17_A39V (construct 4234; SEQ ID
NO:193), GII.17_R53I (construct 4235; SEQ ID NO:195),
GII.17_A90L (construct 4232; SEQ ID NO:197), GII.17_
A39V+R531 (construct 4236; SEQ ID NO:199), GII.17_
E80S+A90L (construct 4233; SEQ ID NO:201), or a com-
bination thereof, may also administered to mice. Serum
samples from blood collected from animals were analyzed
by ELISA for GI.1 VLP-specific total IgG and IgA antibod-
ies using GI.1 VLP-coated plates. With reference to FIG.
3D, mice immunized with plant norovirus native VP1 VLPs
from GI.1 genotype exhibit GI.1 VLP-specific IgG antibody
titers in sera for each treatment group. The IgG titer levels
induced by each treatment were statistically higher than the
titers quantified for the placebo group (p<0.05). IgG titer
level increased in a dose-dependent manner (significant
difference detected between the 1 pg and 10 pg treatments
formulated with or without Alhydrogel; p<0.05). A signifi-
cant increase of IgG titer level was also detected for each
treatment group between Days 21 and 42 (p<0.05). These
results collectively demonstrate the ability of plant produced
Norovirus native VP1 VLPs to elicit a robust immune
response in mice.

[0248] Therefore, there is provided herein a method of
producing an antibody or antibody fragment comprising,
administering a modified norovirus VP1 protein, or a noro-
virus VLP comprising one or more than one modified VP1
protein to a subject, or a host animal, thereby producing the
antibody or the antibody fragment. The modified norovirus
VP1 protein (either a GI VP1 protein or Gil VP1 protein),
comprising one or more than one substitution, modification
or mutation at: an amino acid residue selected from positions
in sequence alignment with amino acids 43, 57, 84 and 94
of norovirus VP1 genotype GI1.1 (SEQ ID NO:1); a deletion
of a peptide fragment in sequence alignment with amino
acids 39 to 46 of norovirus VP1 genotype GI.1 (SEQ ID
NO:1); amino acids corresponding to amino acid residues
39-46 of norovirus VP1 genotype GI.1 are mutated to the
sequence SSTAVATA, or a combination thereof, and the
nucleotide sequence is not derived from a genotype GI.1
norovirus VP1. The VLP may further comprise a norovirus
VP2 protein.

[0249] There is also provided a composition for inducing
an immune response comprising, an effective dose of the
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VLP comprising the modified norovirus VP1 protein, and a
pharmaceutically acceptable carrier, adjuvant, vehicle or
excipient.

Plant Expression

[0250] The constructs of the present invention can be
introduced into plant cells using Ti plasmids, Ri plasmids,
plant virus vectors, direct DNA transformation, micro-in-
jection, electroporation, etc. For reviews of such techniques
see for example Weissbach and Weissbach, Methods for
Plant Molecular Biology, Academy Press, New York VIII,
pp. 421-463 (1988); Geierson and Corey, Plant Molecular
Biology, 2d Ed. (1988); and Miki and lyer, Fundamentals of
Gene Transfer in Plants. In Plant Metabolism, 2d Ed. DT.
Dennis, DH Turpin, DD Lefebrvre, DB Layzell (eds), Addi-
son Wesly, Langmans Ltd. London, pp. 561-579 (1997).
Other methods include direct DNA uptake, the use of
liposomes, electroporation, for example using protoplasts,
micro-injection, microprojectiles or whiskers, and vacuum
infiltration. See, for example, Bilang, et al. (1991, Gene 100:
247-250), Scheid et al. (1991, Mol. Gen. Genet. 228: 104-
112), Guerche et al. (1987, Plant Science 52: 111-116),
Neuhause et al. (1987, Theor. Appl Genet. 75: 30-36), Klein
etal. (2987, Nature 327: 70-73); Freeman et al. (1984, Plant
Cell Physiol. 29: 1353), Howell et al. (1980, Science 208:
1265), Horsch et al. (1985, Science 227: 1229-1231),
DeBlock et al. (1989, Plant Physiology 91: 694-701), Meth-
ods for Plant Molecular Biology (Weissbach and Weissbach,
eds., Academic Press Inc., 1988), Methods in Plant Molecu-
lar Biology (Schuler and Zielinski, eds., Academic Press
Inc., 1989), WO 92/09696, WO 94/00583, EP 331083, EP
175966, Liu and Lomonossoff (2002, J Virol Meth, 105:343-
348), EP 290395; WO 8706614; U.S. Pat. Nos. 4,945,050;
5,036,006; and 5,100,792, U.S. patent application Ser. No.
08/438,666, filed May 10, 1995, and Ser. No. 07/951,715,
filed Sep. 25, 1992, (all of which are hereby incorporated by
reference).

[0251] Transient expression methods may be used to
express the constructs of the present invention (see D’ Aoust
et al., 2009, Methods in molecular biology, Vol 483, pages
41-50; Liu and Lomonossoft, 2002, Journal of Virological
Methods, 105:343-348; which is incorporated herein by
reference). Alternatively, a vacuum-based transient expres-
sion method, as described by Kapila et al. (1997, Plant Sci.
122, 101-108; which is incorporated herein by reference), or
WO 00/063400, WO 00/037663 (which are incorporated
herein by reference) may be used. These methods may
include, for example, but are not limited to, a method of
Agro-inoculation or Agro-infiltration, syringe infiltration,
however, other transient methods may also be used as noted
above. With Agro-inoculation, Agro-infiltration, or syringe
infiltration, a mixture of Agrobacteria comprising the
desired nucleic acid enter the intercellular spaces of a tissue,
for example the leaves, aerial portion of the plant (including
stem, leaves and flower), other portion of the plant (stem,
root, flower), or the whole plant. After crossing the epider-
mis the Agrobacteria infect and transfer t-DNA copies into
the cells. The t-DNA is episomally transcribed and the
mRNA translated, leading to the production of the protein of
interest in infected cells, however, the passage of t-DNA
inside the nucleus is transient.

[0252] Also considered part of this invention are trans-
genic plants, plant cells or seeds containing the gene con-
struct of the present invention that may be used as a platform
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plant suitable for transient protein expression described
herein. Methods of regenerating whole plants from plant
cells are also known in the art (for example see Guerineau
and Mullineaux (1993, Plant transformation and expression
vectors. In: Plant Molecular Biology Labfax (Croy RRD ed)
Oxford, BIOS Scientific Publishers, pp 121-148). In general,
transformed plant cells are cultured in an appropriate
medium, which may contain selective agents such as anti-
biotics, where selectable markers are used to facilitate
identification of transformed plant cells. Once callus forms,
shoot formation can be encouraged by employing the appro-
priate plant hormones in accordance with known methods
and the shoots transferred to rooting medium for regenera-
tion of plants. The plants may then be used to establish
repetitive generations, either from seeds or using vegetative
propagation techniques. Transgenic plants can also be gen-
erated without using tissue culture. Methods for stable
transformation, and regeneration of these organisms are
established in the art and known to one of skill in the art.
Available techniques are reviewed in Vasil et al. (Cell
Culture and Somatic Cell Genetics of Plants, Vol 1, II and 111,
Laboratory Procedures and Their Applications, Academic
Press, 1984), and Weissbach and Weissbach (Methods for
Plant Molecular Biology, Academic Press, 1989). The
method of obtaining transformed and regenerated plants is
not critical to the present invention.

[0253] If plants, plant portions or plant cells are to be
transformed or co-transformed by two or more nucleic acid
constructs, the nucleic acid construct may be introduced into
the Agrobacterium in a single transfection event so that the
nucleic acids are pooled, and the bacterial cells transfected.
Alternatively, the constructs may be introduced serially. In
this case, a first construct is introduced into the Agrobacte-
rium as described, the cells are grown under selective
conditions (e.g. in the presence of an antibiotic) where only
the singly transformed bacteria can grow. Following this first
selection step, a second nucleic acid construct is introduced
into the Agrobacterium as described, and the cells are grown
under doubly-selective conditions, where only the doubly-
transformed bacteria can grow. The doubly-transformed
bacteria may then be used to transform a plant, plant portion
or plant cell as described herein, or may be subjected to a
further transformation step to accommodate a third nucleic
acid construct.
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[0254] Alternatively, if plants, plant portions, or plant cells
are to be transformed or co-transformed by two or more
nucleic acid constructs, the nucleic acid construct may be
introduced into the plant by co-infiltrating a mixture of
Agrobacterium cells with the plant, plant portion, or plant
cell, each Agrobacterium cell may comprise one or more
constructs to be introduced within the plant. In order to vary
the relative expression levels within the plant, plant portion
or plant cell, of a nucleotide sequence of interest within a
construct, during the step of infiltration, the concentration of
the various Agrobacteria populations comprising the desired
constructs may be varied.

[0255] Therefore, there is provided herein, a plant, a
portion of a plant, a plant cell, or a plant extract, comprising,
one or more than one modified norovirus VP1 protein, or a
norovirus VLP comprising one or more than one modified
VP1 protein. The one or more than one modified norovirus
VP1 protein comprising one or more than one substitution,
modification or mutation at a position selected from amino
acid residues in sequence alignment with amino acids 43,
57, 84 and 94 of norovirus VP1 genotype GI.1 (SEQ ID
NO:1); a deletion of a peptide fragment in sequence align-
ment with amino acids 39 to 46 of norovirus VP1 genotype
GL1 (SEQ ID NO:1); or a combination thereof, and the
nucleotide sequence is not derived from a genotype GI.1
norovirus VP1. The VLP may further comprise a norovirus
VP2 protein.

[0256] Also provided herein is a plant, portion of a plant,
a plant cell, or a plant extract comprising, a polynucleotide
sequence encoding one or more than one modified norovirus
VP1 protein. The one or more than one modified norovirus
VP1 protein comprising one or more than one substitution,
modification or mutation at a position selected from amino
acid residues in sequence alignment with amino acids 43,
57, 84 and 94 of norovirus VP1 genotype GI.1 (SEQ ID
NO:1); a deletion of a peptide fragment in sequence align-
ment with amino acids 39 to 46 of norovirus VP1 genotype
GL1 (SEQ ID NO:1); or a combination thereof, and the
nucleotide sequence is not derived from a genotype GI.1
norovirus VP1.

[0257] A list of the Norovirus strains and constructs is
provided in Table 3.

TABLE 3

Norovirus strains and constructs.

Norovirus SEQ SEQ Const Const.Fig
Trivial Name Strain ID NO: Fig# # #
VP1 GL1
Wt GL1 (aa) Hu/GI.1/United States/Norwalk/1968 1 12A —
Wt GL1 (na) Hu/GI.1/United States/Norwalk/1968 2 12B —
Wt GL1 hCod (na) Hu/GI.1/United States/Norwalk/1968 3 12C 2724 39A
VP1 GL2
Wt GL.2 (aa) Huw/G1.2/Leuven/2003/BEL 4 13A —
Wt GL.2 hCod (na) Huw/G1.2/Leuven/2003/BEL 5 13B 3300 39B
VP1 GL3
Wt GL3 (aa) Hu/GI1.3/S29/2008/Lilla Edet/Sweden 6 14A —
Wt GL3 hCod (na) Huw/GL.3/829/2008/Lilla Edet/Sweden 7 14B 3979 39C
Mut GL3__ Q84S (aa) Huw/GL.3/829/2008/Lilla Edet/Sweden 98 28A
Mut GIL.3__Q84S hCod (na) Huw/GL.3/829/2008/Lilla Edet/Sweden 167  28B 4140 40A
Mut GL3__S94L (aa) Huw/GL.3/829/2008/Lilla Edet/Sweden 8  28C —
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TABLE 3-continued
Norovirus strains and constructs.
Mut GI.3__S94L hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 9 28D 4141 40B
Mut GI.3__S94V (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94V hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4288 52
Mut GI.3__S94I (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94I hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4289 52
Mut GI.3__S94M (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94M hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4290 52
Mut GI.3__S94T (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94T hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4292 52
Mut GI.3__S94E (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94E hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4293 52
Mut GI.3__S94D (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94D hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4294 52
Mut GI.3__S94N (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94N hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4295 52
Mut GI1.3__S94Q (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94Q hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4296 52
Mut GI.3__S94K (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94K hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4297 52
Mut GI.3__S94H (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 292 28M —
Mut GI.3__S94H hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 293 28N 4298 52
Mut GI.3__A43V + S94L (na) HwGIL.3/829/2008/Lilla Edet/Sweden 169 28H 4179 40D
Mut GI.3__A43V + S94L (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 170 28G —
Mut GI.3_M57I + S94L (na) HwGIL.3/829/2008/Lilla Edet/Sweden 171 287 4180 40E
Mut GI.3_MS571 + S94L (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 172 281 —
Mut GI.3__A43V + M571 + S94L (na) HwGIL.3/829/2008/Lilla Edet/Sweden 173 28L 4181 40F
Mut GI.3__A43V + M571 + S94L (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 174 28K —
Mut GI.3__ Q84S + S94L (aa) HwGIL.3/829/2008/Lilla Edet/Sweden 10 28E —
Mut GI.3__Q84S + S94L hCod (na) HwGIL.3/829/2008/Lilla Edet/Sweden 11 28F 4142 40C
VP1 Gi.5
Wt GL5 (aa) HuwGIL.5/Siklos/HUN5407/2013/HUN 12 15A —
Wt GLS5 hCod (na) HuwGIL.5/Siklos/HUN5407/2013/HUN 33 15B 3980 41A
Mut GI.5__ Q84S (aa) HuwGIL.5/Siklos/HUN5407/2013/HUN 34 29A —
Mut GI.5__QB84S (na) HuwGIL.5/Siklos/HUN5407/2013/HUN 35 29B 4130 41B
Mut GI.5__A94L (aa) HuwGIL.5/Siklos/HUN5407/2013/HUN 36 29C —
Mut GL.5__A94L hCod (na) HuwGIL.5/Siklos/HUN5407/2013/HUN 37 29D 4131 41C
Mut GI.5__ Q84S + A%4L (aa) HuwGIL.5/Siklos/HUN5407/2013/HUN 38 29E —
Mut GL.5_Q84S + A94L hCod (na) HuwGIL.5/Siklos/HUN5407/2013/HUN 39 29F 4132 41D
VP1 GL7
Wt GL7 (na) HwGL7/USA/2014/GA5043 175 16B —
Wt GL7 (aa) HwGL7/USA/2014/GA5043 101 16A —
Mut GI.7_R84S (na) HwGL7/USA/2014/GA5043 176 29H 4210 41E
Mut GI.7_R84S (aa) HwGL7/USA/2014/GA5043 177 29G —
Mut GI1.7_M57I (na) HwGL7/USA/2014/GA5043 178 297 4217 41F
Mut GI1.7_M57I (aa) HwGL7/USA/2014/GA5043 179 291 —
Mut GI.7_MS57L (na) HwGL7/USA/2014/GA5043 291 29N 4266 51
Mut GI.7_M57L (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut G1.7_M57G (na) HwGL7/USA/2014/GA5043 291 29N 4268 51
Mut GI.7_M57G (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut GI.7_M57S (na) HwGL7/USA/2014/GA5043 291 29N 4269 51
Mut GI.7_M57S (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut GL.7_M57T (na) HwGL7/USA/2014/GA5043 291 29N 4270 51
Mut GL.7_M57T (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut GI.7_MS57N (na) HwGL7/USA/2014/GA5043 291 29N 4273 51
Mut GI.7_MS57N (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut GI.7_M57Q (na) HwGL7/USA/2014/GA5043 291 29N 4274 51
Mut GI.7_M57Q (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut GI.7_M57K (na) HwGL7/USA/2014/GA5043 291 29N 4275 51
Mut GI.7_M57K (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut GI.7_MS57H (na) HwGL7/USA/2014/GA5043 291 29N 4276 51
Mut GI.7_MS57H (aa) HwGL7/USA/2014/GA5043 290 29M —
Mut GI.7_M57I + R84S (na) HwGL7/USA/2014/GA5043 180 29L 4218 41G
Mut GI.7_MS57I + R84S (aa) HwGL7/USA/2014/GA5043 181 29K
VP1 GII.1
Wt GIL1 (aa) GII.1__Ascension208/2010/USA__AFA55174 13 16C —
VP1 GII.2
Wt GIL.2 (aa) HwGIL.2/CGMH47/2011/TW 14 17A —
Wt GII.2 hCod (na) HwGIL.2/CGMH47/2011/TW 40 17B 3982 42A
Mut GIL.2__E80S (aa) HwGIL.2/CGMH47/2011/TW 85 30A —
Mut GIL.2__E80S (aa) HwGIL.2/CGMH47/2011/TW 86 30B 4143 42B
Mut GIL.2__A90L (aa) HwGIL.2/CGMH47/2011/TW 41 30C —
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TABLE 3-continued

Norovirus strains and constructs.

Mut GIL2__A90L hCod (na) HwGIL2/CGMH47/2011/TW 42 30D 4144 42C
Mut GIL2__E80S + A90L (aa) HwGIL2/CGMH47/2011/TW 43 30E —

Mut GIL2__E80S + A90L hCod (na) HwGIL2/CGMH47/2011/TW 44 30F 4145 42D
Mut GIL2__A39V + E80S + A90L (aa) HwGIL2/CGMH47/2011/TW 182 30G —

Mut GIL2__A39V + E80S + A90L hCod (na) HwGIL2/CGMH47/2011/TW 183 30H 4182 42E
Mut GIL2_R353I + E80S + A90L (aa) HwGIL2/CGMH47/2011/TW 184 30I —

Mut GIL2_R353I + E80S + A90L hCod (na) HwGIL2/CGMH47/2011/TW 185 307 4183 42F
Mut GIL2__A39V + R531 + E80S + A90L (aa) HwGIL2/CGMH47/2011/TW 186 30K —

Mut GIL2__A39V + R531 + E80S + A90L hCod (na) HwGIL2/CGMH47/2011/TW 187 30L 4184 42G
VP1 GII.3

Wt GIL3 (aa) HwGIL3/Jingzhou/2013402/CHN 15 18A —

Wt GIL3 hCod (na) HwGIL3/Jingzhou/2013402/CHN 45 18B 3983 43A
Mut GIL3_EROS (aa) HwGIL3/Jingzhou/2013402/CHN 46 31A —

Mut GIL3__E80S hCod (na) HwGIL3/Jingzhou/2013402/CHN 47 31B 4146 43B
Mut GIL3_A90L (aa) HwGIL3/Jingzhou/2013402/CHN 48 31C —

Mut GIL3_A90L hCod (na) HwGIL3/Jingzhou/2013402/CHN 49 31D 4147 43C
Mut GIL3_E80S + A90L (aa) HwGIL3/Jingzhou/2013402/CHN 50 31E —

Mut GIL3_E80S + A90L hCod (na) HwGIL3/Jingzhou/2013402/CHN 51 31F 4148 43D
VP1 GII4

Wt GIL4 (aa) HwGIL4/Sydney/NSW0514/2012/AU 16 19A —

Wt GIL4 hCod ( na ) HwGIL4/Sydney/NSW0514/2012/AU 52 19B 3760 44A
Mut GIL4_A39V (aa) HwGIL4/Sydney/NSW0514/2012/AU 53 32A —

Mut GIL4_A39V hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 54 32B 4155 44B
Mut GIL4_V47P (aa) HwGIL4/Sydney/NSW0514/2012/AU 55 32C —

Mut GIL4__V47P hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 56 32D 4156 44C
Mut GIL4_R53I (aa) HwGIL4/Sydney/NSW0514/2012/AU 57 32E —

Mut GIL4_R531 hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 58 32F 4157 44D
Mut GIL4_P80S (aa) HwGIL4/Sydney/NSW0514/2012/AU 59 32G —

Mut GIL4_P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 60 32H 4133 44E
Mut GIL4_P80A (aa) HwGIL4/Sydney/NSW0514/2012/AU 287 32FF —

Mut GIL4_P80A hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 286 32EE 4281 50A
Mut GIL4_P8ON (aa) HwGIL4/Sydney/NSW0514/2012/AU 287 32FF —

Mut GIL4_P80N hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 286 32EE 4285 50A
Mut GIL4_P80K (aa) HwGIL4/Sydney/NSW0514/2012/AU 287 32FF —

Mut GIL4_P80K hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 286 32EE 4286 50A
Mut GIL4_P80H (aa) HwGIL4/Sydney/NSW0514/2012/AU 287 32FF —

Mut GIL4_P80H hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 286 32EE 4287 50A
Mut GIL4_S90L (aa) HwGIL4/Sydney/NSW0514/2012/AU 61 321 —

Mut GIL4__S90L hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 62 32] 4134 44F
Mut GIL4_A35-42 (aa) HwGIL4/Sydney/NSW0514/2012/AU 63 32K —

Mut GIL4_A35-42 hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 64  32L 4158 44G
Mut GIL4_SSTAVATA (aa) HwGIL4/Sydney/NSW0514/2012/AU 65 32M —

Mut GIL.4_SSTAVATA hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 66 32N 4159 44H
Mut GIL4_A39V + R53I (aa) HwGIL4/Sydney/NSW0514/2012/AU 188 32AA —

Mut GIL4_A39V + R531 hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 189 32BB 4185 440
Mut GIL4_A39V + P8OS (aa) HwGIL4/Sydney/NSW0514/2012/AU 67 320 —

Mut GIL4_A39V + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 68 32P 4165 441

Mut GIL4__A391 + P80S (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4_A391 + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4256 50B
Mut GIL4_A39M + P80S (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4_A39M + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4257 50B
Mut GIL4_A39G + P8OS (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4_A39G + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4258 50B
Mut GIL4_A39S + P80S (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4__A39S + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4259 50B
Mut GIL4_A39E + P80S (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4_A39E + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4260 50B
Mut GIL4_A39D + P8OS (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4__A39D + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4261 50B
Mut GIL4_A39N + P8OS (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4_A39N + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4262 50B
Mut GIL4_A39Q + P8OS (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4__A39Q + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4263 50B
Mut GIL4_A39K + P8OS (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4_A39K + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4264 50B
Mut GIL4_A39H + P80S (aa) HwGIL4/Sydney/NSW0514/2012/AU 288 32HH —

Mut GIL4__A39H + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 289 32GG 4265 50B
Mut GIL4_V47P + P8OS (aa) HwGIL4/Sydney/NSW0514/2012/AU 69 32Q —

Mut GIL4_V47P + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 70 32R 4166 44]

Mut GIL4_R353I + P80S (aa) HwGIL4/Sydney/NSW0514/2012/AU 71 328 —

Mut GIL4_R353I + P80S hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 72 32T 4167 44K
Mut GIL4_P80S + S90L (aa) HwGIL4/Sydney/NSW0514/2012/AU 73 32U —

Mut GIL4_P80S + S90L hCod (na) HwGIL4/Sydney/NSW0514/2012/AU 74 32V 4135 44L



US 2023/0293663 Al

36

TABLE 3-continued

Sep. 21, 2023

Norovirus strains and constructs.

Mut GIL4_P80S + A35-42 (aa)
Mut GIL4_P80S + A35-42 hCod (na)
Mut GIL4__P80S + SSTAVATA (aa)

Mut GIL4_P80S + SSTAVATA hCod (na)

Mut GIL4_A39V + R531 + P80S(aa)

Mut GIL4_A39V + R531 + P80ShCod (na)

Wt GIL4 (aa)
Wt GIL4 (aa)
Wt GIL4 (aa)
Wt GIL4 (aa)
Wt GIL4 (aa)

VP1 GIILS

HwGIL4/Sydney/NSW0514/2012/AU
HwGIL4/Sydney/NSW0514/2012/AU
HwGIL4/Sydney/NSW0514/2012/AU
HwGIL4/Sydney/NSW0514/2012/AU
HwGIL4/Sydney/NSW0514/2012/AU
HwGIL4/Sydney/NSW0514/2012/AU
US96/GIL4/Dresdenl 74/1997/DE__AY741811
FHO02/GIL4/FarmingtonHills/2002/US__AY 502023
Hnt04: GIL4/Hunter-
NSW504D/2004/AU_DQ078814

2006b: GIL4/Shellharbour-
NSW696T/2006/AU__EF684915
NO09/GII.4/Orange-
NSWO001P/2008/AU_GQ845367

Wt GILS5 (aa)
VP1 GIL6

GIL5__Alberta/2013/CA_ALT54485

Wt GIL6 (aa)

Wt GII.6 hCod (na)

Mut GIL6__E80S (aa)

Mut GIL.6__E80S hCod (na)

Mut GIL6__S90L (aa)

Mut GIL6__S90L hCod (na)

Mut GIL6__E80S + S90L (aa)

Mut GIL6__E80S + S90L hCod (na)
VP1 GIL.7

Hw/GIL6/Ohio/490/2012/USA
Hw/GIL6/Ohio/490/2012/USA
Hw/GIL6/Ohio/490/2012/USA
Hw/GIL6/Ohio/490/2012/USA
Hw/GIL6/Ohio/490/2012/USA
Hw/GIL6/Ohio/490/2012/USA
Hw/GIL6/Ohio/490/2012/USA
Hw/GIL6/Ohio/490/2012/USA

Wt GIL7 (aa)
VP1 GII.12

GIL.7_Musa_ 2010__AII73774

Wt GIL12 (aa)

Wt GII.12 hCod (na)

Mut GIL.12__E80S (aa)

Mut GIL.12__E80S hCod (na)

Mut GIL12__A90L (aa)

Mut GIL12__A90L hCod (na)

Mut GIL.12__E80S + A90L (aa)

Mut GIL.12__E80S + A90L hCod (na)
VP1 GII.13

GIL12__HS206_2010_USA__AEI29586
GIL12__HS206_ 2010_USA__AEI29586
GIL12__HS206_2010_USA__AEI29586
GIL12__HS206_2010_USA__AEI29586
GIL12__HS206_2010_USA__AEI29586
GIL12__HS206_ 2010_USA__AEI29586
GIL12__HS206_2010_USA__AEI29586
GIL12__HS206_2010_USA__AEI29586

Wt GIL13 (aa)
Wt GII.13 hCod (na)
VP1 GII.14

GIL13_VA173_2010_H9AWU4
GIL13_VA173_2010_H9AWU4

Wt GIL14 (aa)
VP1 GIL17

GII.14__Saga/2008/JPN/_ADE28701

Wt GIL17 (aa)

Wt GII.17 hCod (na)

Mut GIL17_A39V (aa)

Mut GIL17__A39V hCod (na)

Mut GIL17_R53I (aa)

Mut GII.17_R531 hCod (na)

Mut GIL.17__A90L (aa)

Mut GIL.17_A90L hCod (na)

Mut GIL17_A39V + R531 (aa)

Mut GIL17__A39V + R531 hCod (na)
Mut GIL.17_E80S + A90L (aa)

Mut GIL.17_E80S + A90L hCod (na)
VP1 GII.21

GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6
GIL.17_Kawa_ 2014__AO0A077KVU6

Wt GIL21 (aa)
VP2

GIL.21_Sali_ 2011_USA__AFC89665

Wt GL1 (aa)
Wt GL.1 hCod (na)
Wt GL3 (aa)
Wt GL.3 hCod (na)
Wt GIL6 (aa)
Wt GII.6 hCod (na)

HuwGI.1/United States/Norwalk/1968
HuwGI.1/United States/Norwalk/1968
GI.3/829/2008/Lila Edet/Sweden
GI.3/829/2008/Lila Edet/Sweden
GIL.6 HS245/2010/USA

GIL.6 HS245/2010/USA

31

17

22
23

32

24

25
192
193
194
195
196
197
198
199
200
201

26

99
100
94
95
96
97

19G

20

21A
21B
33A
33B
33C
33D
33E
33F

22

23A
23B
34A
34B
34C
34D
34E
34F

24A
24B

25

26A
26B
34G
34H
341
34]
34K
34L
34M
34N
340
34p

27

35A
35B
36A
36B
37A
37B

3993

4149

4150

4151

3995

4136

4137

4138

4234

4235

4232

4236

4233

2725

3303

3307

44M

44N

44p

45A

45B

45C

45D

46A

46B

46C

46D

46E

46F

46G

46H

461

47A

47B

47C
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TABLE 3-continued
Norovirus strains and constructs.
SEQ SEQ Const Const.Fig
Construct ID NO: Fig # # #
Cloning vector 1190 from 162 38A 1190 48
left to right T-DNA
Construct 2724 from 2X35S 163 38B 2724
promoter to NOS terminator
Cloning vector 3677 from 164 38C 3677 49
left to right T-DNA
Construct 4133 from 2X35S 165 38D 4133
promoter to NOS terminator
Construct 4135 from 2X35S 166 38E 4135

promoter to NOS terminator

[0258] The present invention will be further illustrated in
the following examples.

Example 1: Norovirus VP1 Constructs

[0259] The candidate sequences for VP1 and VP2 are
available in Genbank (see FIGS. 2A and 2B). Non-limiting
examples of these sequences are:
[0260] Hu/GI.2/Leuven/2003/BEL (GL2; SEQ 1D
NO:4; FIG. 13A);
[0261] Hu/GI.3/S29/2008/Lilla Edet/Sweden (GL.3;
SEQ ID NO:6; FIG. 14A);
[0262] Hu/GI.5/Siklos/Hun5407/2013/HUN (GL.5;
SEQ ID NO:12; FIG. 15A);
[0263] Huw/GI.7/USA/2014/GA5043 (GL7, SEQ ID
NO:101, FIG. 16A)
[0264] Hu/GII.1/Ascension208/2010/USA SEQ 1D
NO:13; FIG. 16C);
[0265] Huw/GIL.2/CGMH47/2011/TW (GIL.2; SEQ ID
NO:14; FIG. 17A);
[0266] Hu/GI1.3/Jingzhou/2013402/CHN (GIIL.3; SEQ
ID NO:15; FIG. 18A);
[0267] Hu/GIL.4/Sydney/NSW0514/2012/AU  (GIL4;
SEQ ID NO:16; FIG. 19A);
[0268] US96/GII.4/Dresdenl74/1997/DE_AY 741811
(GIL4; SEQ ID NO:27; FIG. 19C);

[0269] FHO02/GII.4/FarmingtonHills/2002/US_
AY 502023 (GIL4; SEQ ID NO:28; FIG. 19D);

[0270] Hnt04: GII.4/Hunter-NSW504D/2004/AU _
DQO078814 (GII1.4; SEQ ID NO:29; FIG. 19E);

[0271] 2006b:  GII.14/Shellharbour-NSW696T/2006/
AU_FEF684915 (GI1.14; SEQ ID NO:30; FIG. 19F);

[0272] NOO09: GI1.4/Orange-NSW001P/2008/AU_
GQ845367 (GI1.4; SEQ ID NO:31; FIG. 19G);

[0273] GIL.14_Saga_2008_JPN_ADE28701 native
VP1 (0114; SEQ ID NO:32; FIG. 25);

[0274] Hw/GII.5/AlbertaE1390/2013/CA (GIL.5; SEQ
ID No:17; FIG. 20);

[0275] Hw/GIIL.6/0Ohio/490/2012/USA (GIL.6; SEQ ID
NO: 20; FIG. 21A);

[0276] GIL.7/Musa/2010/A1173774 (GIL7; SEQ ID
NO:18; FIG. 22);

[0277] HwGII.12/HS206/2010/USA (GIL.2; SEQ ID
NO:19; FIG. 23A);

[0278] GIL.13/VA173/2010/H9AWU4 (GI1.13; SEQ ID
NO:22; FIG. 24A);

[0279] Hw/GII.17/Kawasaki323/2014/JP (GII.17; SEQ
1D NO:24; FIG. 26A);

[0280] Huw/GII.21/Salisbury150/2011/USA (GI1.21;
SEQ ID NO:26; FIG. 27).

[0281] The primers listed in Table 4 were used to prepare
the constructs described below.

TABLE 4

primers used to prepare constructs defined herein.

SEQ ID

Primer Sequence NO

IF-NOV(US68)VP1 (ORF1) (hCod) .c TCGTGCTTCGGCACCAGTACAATGATGATGGCTAGT 102
AAAGATGCGACCT

IF-NOV(US68)VP1 (ORF1) (hCod) .x ACTAAAGAAAATAGGCCTTTATCTCCGCAGACCGAG 103
GCGTCCGCGGGCAGAA

IF-GI3Lil08VPl.c TCGTGCTTCGGCACCAGTACAATGATGATGGCTTCC 104
AAGGATGCTCCCA

IF-GI3Lil08VPl.r ACTAAAGAAAATAGGCCTCTAGCTCCGTCTGATCCC 105
GAGCCTCCGAACT

VP1_GI.3Lil08(S94L).r CTGAGCCAAGTGGAGCAGAAACGGATTCAAGTGTGG 106
TCCTAGCTGCAGGTCAAACAAGA

VP1_GI.3Lil08(S94L).c AGGACCACACTTGAATCCGTTTCTGCTCCACTTGGC 107

TCAGATGTATAATGGATGGG
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TABLE 4-continued

primers used to prepare congtructsgs defined herein.

SEQ ID

Primer Sequence NO

VP1_GI.3Lil08(Q84S) .1 GTGTGGTCCTAGGCTCAGGTCAAACAAGATGTCACC 108
CGGGGTGTTGTTTGGGCTTAT

VP1_GI.3Lil08(Q84S) .c GGTGACATCTTGTTTGACCTGAGCCTAGGACCACAC 109
TTGAATCCGTTT

IF-GI3Lil0O8VP2.c TCGTGCTTCGGCACCAGTACAATGGCTCAGGCAATC 110
TTCGGCGCAATC

IF-GI3Lil0O8VP2.r ACTAAAGAAAATAGGCCTTCACTTCCTCATGTTTGC 111
GAACAGGGGAAGC

IF-(160)GI.5_Sik1l13_VPl.c TCGTGCTTCGGCACCAGTACAATGATGATGGCCTCC 112
ARAAGACGCTCCT

IF-GI.5_Sikl13_VPl.r ACTAAAGAAAATAGGCCTTCAGCGCCGCACGCCAAG 113
GCGCCCCCGGGCAGATG

GI.5(hCod) (Q848) .r GATGAGGGCCTAAGCTCAGGTCGAACAGAATATCCC 114
CTGGTGTGTTGTTAG

GI.5(hCod) (Q848) .c TATTCTGTTCGACCTGAGCTTAGGCCCTCATCTCAA 115
CCCCTTCTTGGCCCA

GI.5(hCod) (A94L) .1 ATCTGGCTCAGGTGGAGCAAGAAGGGGTTGAGATGA 116
GGGCCTAACTGCAG

GI.5 (hCod) (A94L) .c TCTCAACCCCTTCTTGCTCCACCTGAGCCAGATGTA 117
CAATGGCTGGGTGGG

IF-(160)GII.2_CGMH11l VPl.c TCGTGCTTCGGCACCAGTACAATGAAGATGGCATCC 118
AACGACGCCGCACCCAGC

IF-GII.2 CGMH11l VPl.r ACTAAAGAAAATAGGCCTTTACTGGATCCGTCGGCG 119
ACCGTTCCCTGTGCCCA

VP1_GII.2CGMH11(E80S) .r TTCTGGTCCCAGGCTGAGATTGAGGAGCACTTCCCC 120
AGGGCTATTTCTAGGGCTGACCG

VP1_GII.2CGMH11(E80S) .c GGAAGTGCTCCTCAATCTCAGCCTGGGACCAGAACT 121
TAATCCGTACCT

VP1_GII.2CGMH11(A90L) .r TCCGGGCCAGGTGGAGCAGGTACGGATTAAGTTCTG 122
GTCCCAGCTCGAGATTGAGGAGC

VP1_GII.2CGMH11(A90L) .c GGGACCAGAACTTAATCCGTACCTGCTCCACCTGGC 123
CCGGATGTACAATGGATATGCAG

IF-(160)GII.3_Jingl3_VPl.c TCGTGCTTCGGCACCAGTACAATGAAAATGGCTTCC 124
AACGATGCAGCACCCT

IF-GII.3_Jingl3 VPl.r ACTAAAGAAAATAGGCCTTTACTGGATCCGCCGTCT 125
GCCATTGCCTGTAC

VP1_GII.3Jingl3(E80S) .r ATTTCAGGGCCCAGGCTCAAATTCAAGAGAACCTCC 126
CCGGGGGAGTTTCGAGGAGAGAC

VP1_GII.3Jingl3(E80S) .c GGAGGTTCTCTTGAATTTGAGCCTGGGCCCTGAAAT 127
TAATCCTTATCT

VP1_GII.3Jingl3(A90L) .r ATTCGGGCTAGATGGAGCAGATAAGGATTAATTTCA 128
GGGCCCAGTTCCAAATTCAAGAG

VP1_GII.3Jingl3(A90L) .c GGGCCCTGAAATTAATCCTTATCTGCTCCATCTAGC 129
CCGAATGTACAACGGCTACG

IF-GII.4Sydl2VPl.c TCGTGCTTCGGCACCAGTACAATGAAAATGGCCTCG 130
AGTGACGCTAACC

IF-GII.4Sydl2VPl.r ACTAAAGAAAATAGGCCTTCAGACAGCCCTGCGTCT 131

GCCAGTCCCATT

Sep. 21, 2023
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TABLE 4-continued

primers used to prepare congtructsgs defined herein.

SEQ ID

Primer Sequence NO

VP1l_GII.4Sydl2(A39V).r GACCGGCCACGGGGACTGCTATGGCTGCGCCCACCA 132
CAGGCTCCAGGGCCATCA

VP1_GII.4Sydl2(A39V).c GGGCGCAGCCATAGCAGTCCCCGTGGCCGGTCAGCA 133
GAATGTGATTGACCCGTG

VPl _GII.4Sydl2(V47P).r CGTATCCACGGGTCAATGGGATTCTGCTGACCGGCC 134
ACGGGCGCTGCTATG

VP1l_GII.4Sydl2(V47P).c GGCCGGTCAGCAGAATCCCATTGACCCGTGGATACG 135
CAACAATTTTGTCCAAG

VPl _GII.4Sydl2(R531).r TGGACAAAATTGTTGATTATCCACGGGTCAATCACA 136
TTCTGCTGACCG

VP1_GII.4Sydl2(R53I).c GATTGACCCGTGGATAATCAACAATTTTGTCCAAGC 137
CCCTGGTGGGGAGT

GII.4(P80S).r GATCGGGTCCCAAGCTGGCCGACCACAGGATTTCTC 138
CTGGCGCATTTCTC

GII.4(P80S).c AATCCTGTGGTCGGCCAGCTTGGGACCCGATCTGAA 139
CCCCTATTTGTCAC

GII.4(S90L).r ATCCGAGCGAGATGCAGCAAATAGGGGTTCAGATCG 140
GGTCCCAATGGGGCCGACCA

GII.4(S90L) .c TCTGAACCCCTATTTGCTGCATCTCGCTCGGATGTA 141
CAACGGGTATGC

VP1_GII.4Sydl2(Del(35-42)).r CACATTCTGCTGACCGCCCACCACAGGCTCCAGGGC 142
CATCACCTCATTAT

VP1_GII.4Sydl2(Del(35-42)).c GGAGCCTGTGGTGGGCGGTCAGCAGAATGTGATTGA 143
CCCGTGGATACG

VP1_GII.4Sydl12 (SSTAVATA).r CTGACCGGCTGTAGCGACGGCGGTGGAGCTGCCCAC 144
CACAGGCTCCAGGGCCATCACCTC

VP1_GII.4Sydl2 (SSTAVATA).c TGTGGTGGGCAGCTCCACCGCCGTCGCTACAGCCGG 145
TCAGCAGAATGTGATTGACCCGTG

IF-GII.60hil2VP1l.c TCGTGCTTCGGCACCAGTACAATGAAGATGGCAAGC 146
AACGACGCAGCTC

IF-GII.60hil2VPl.r ACTAAAGAAAATAGGCCTTCACTGATCCCGGCGTCG 147
CCCCTGGCCTGTCCCCAT

IF-GII.6HS10VP2.cC TCGTGCTTCGGCACCAGTACAATGGCCTCCGCATTT 148
CTAGCTGGATTGGCC

IF-GII.6HS10VP2.1r ACTAAAGAAAATAGGCCTCTAAACTTGTGATTCTCC 149
CCGTCGCCTGGGGTGTG

VPl _GII.6éOhil2 (E80S) .1 AGTTCAGGGCCGAGGCTCAGATTGAGCAGCATCTCG 150
CCCGGGGAGTTCCGGGGGGAGALC

VP1_GII.6Ohil2 (E80S) .c CGAGATGCTGCTCAATCTGAGCCTCGGCCCTGAACT 151
AAACCCTTATCT

VPl _GII.6éO0hil2(S90L).r ATCCGTGAAAGGTGGAGCAGATAAGGGTTTAGTTCA 152
GGGCCGAGTTCCAGATTGAGCAG

VP1_GII.60hil2(S90L).c CCCTGAACTAAACCCTTATCTGCTCCACCTTTCACG 153
GATGTACAATGGCTACGCAGGAG

IF-(160)GII.12_HS10_VPl.c TCGTGCTTCGGCACCAGTACAATGAAGATGGCGTCT 154
AATGATGCTGCTCCTT

IF-GII.12 HS10 VPl.r ACTAAAGAAAATAGGCCTTTACTGCACACGCCTCCT 155

CCCATTTCCTGTTCCCAT

Sep. 21, 2023
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TABLE 4-continued

primers used to prepare congtructsgs defined herein.

SEQ ID

Primer Sequence NO

GII.12(E80S).r AGTTCTGGTCCTAAGCTCAAATTCAATAACACTTCG 156
CCGGGGGAGTTT

GII.12(E80S) . AGTGTTATTGAATTTGAGCTTAGGACCAGAACTCAA 157
CCCCTATCTGGCA

GII.12(A90L) .r ATCCGAGACAGATGGAGCAGATAGGGGTTGAGTTCT 158
GGTCCTAATTCCAA

GII.12(A90L) .c ACTCAACCCCTATCTGCTCCATCTGTCTCGGATGTA 159
CAACGGCTATGCGGGCGGAGT

IF-NOV (US68) VP2 (ORF3) (hCod) .c TCGTGCTTCGGCACCAGTACAATGGCTCAGGCCATT 160
ATTGGCGCCAT

IF-NOV (US68) VP2 (ORF3) (hCod) . ACTAAAGAAAATAGGCCTTCAGCGGCGGTTGTTAGC 161
GAACAGAGGAAGTC

GI.3Lilo8(M571) .r CTGAACGTAATTTGAGATGATCCAGGGGTCGATCAT 202
GTTTACCTGTCCTGCGGTGGCGG

GI.3Lil0o8(M57I).c GTAAACATGATCGACCCCTGGATCATCTCAAATTAC 203
GTTCAGGCTCCACAGGGGGAGTT

IF-(GI.7USAl4)VPl.c TCGTGCTTCGGCACCAGTACAATGATGATGGCCAGC 204
AAGGACGCTCCGAGTA

IF-(GI.7USAl4)VPl.r ACTAAAGAAAATAGGCCTTCACACCCGCCTCACGCC 205
GAGTCGTCGCACG

GI.7USAl4_VP1(R84S) .r AGTGGGGTCCTAAGCTGAGGTCAAACAGAATATCCC 206
CTGGGGTGTTAT

GI.7USAl4_VP1(R84S) .c TATTCTGTTTGACCTCAGCTTAGGACCCCACTTGAA 207
CCCCTTTCTGCTTC

GI.7USAl4_VP1(M571) .r AACGAAATTGTTGATTATCCACGGGTCGATCATATT 208
GACTTGGCCTGCAGT

GI.7USAl4_VP1(M571) .c GATCGACCCGTGGATAATCAACAATTTCGTTCAGGC 209
ACCAGAAGGAGA

GII.2CGMH11(A39V) .r TTTGTCTGCCCGGTCACAGGCACTGCGAGGGCAGCC 210
CCTGCAACAGGCTCCAAGGCCATCAC

GII.2CGMH11(A39V) .c GTTGCAGGGGCTGCCCTCGCAGTGCCTGTGACCGGG 211
CAGACAAATATCATCGATCCTTG

GII.2CGMH11(R531) .r CACGAAATTAGCGATAATCCAAGGATCGATGATATT 212
TGTCTGCCCGGTCACAGGAGCTG

GII.2CGMH11(R531) .c GGCAGACAAATATCATCGATCCTTGGATTATCGCTA 213
ATTTCGTGCAAGCCCCAAATGGG

IF-GII17Kawl4VPl.c TCGTGCTTCGGCACCAGTACAATGAAAATGGCATCT 214
AACGACGCAGCCCCCTC

IF-GII17Kawl4VPl.r ACTAAAGAAAATAGGCCTCTACTGAGCCCGGCGTCT 215
GCCGTTACCGGTGCCCATTG

GII.17Kawl4 (A90L) .r GCGGCTCAGATGCAGCAGATATGGATTGAGGTCAGG 216
GCCGAGCTCAAGATTCAGGAGTA

GII.17Kawl4 (A90L) .c CCTGACCTCAATCCATATCTGCTGCATCTGAGCCGC 217
ATGTACAATGGTTAC

GII.17Kawl4 (A39V) .r ATTCTGCCCTGTCACTGGCACAGCTATAGCGGCGCC 218
TGCAACCGGCTCTAGTGGAAGTG

GII.17Kawl4 (A39V) .c AGGCGCCGCTATAGCTGTGCCAGTGACAGGGCAGAA 219

TAATATTATAGACCCTTGGATT
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TABLE 4-continued

primers used to prepare congtructsgs defined herein.

SEQ ID

Primer Sequence NO

GII.17Kawl4 (R531) .r ACGAAGTTTGTGATAATCCAAGGGTCTATAATATTA 220
TTCTGCCCTGTCACTGGGGCAGC

GII.17Kawl4 (R531) .c GGCAGAATAATATTATAGACCCTTGGATTATCACAA 221
ACTTCGTGCAGGCACCCAACGGC

GII.4Syd12 (P80OA) . ATCGGGTCCCAAGGCGGCCGACCACAGGATTTCTCC 222
TGGCGCATTTCTCG

GII.4Syd12 (P80OA) . AATCCTGTGGTCGGCCGCCTTGGGACCCGATCTGAA 223
CCCCTATTTGTCAC

GII.4Syd1l2 (P8ON) . ATCGGGTCCCAAGTTGGCCGACCACAGGATTTCTCC 224
TGGCGCATTTCTCG

GII.4Syd1l2 (P8ON) . AATCCTGTGGTCGGCCAACTTGGGACCCGATCTGAA 225
CCCCTATTTGTCAC

GII.4Syd12 (P8OK) . ATCGGGTCCCAACTTGGCCGACCACAGGATTTCTCC 226
TGGCGCATTTCTCG

GII.4Syd12 (P8OK) . AATCCTGTGGTCGGCCAAGTTGGGACCCGATCTGAA 227
CCCCTATTTGTCAC

GII.4Syd1l2 (P8OH) . ATCGGGTCCCAAGTGGGCCGACCACAGGATTTCTCC 228
TGGCGCATTTCTCG

GII.4Syd1l2 (P8OH) . AATCCTGTGGTCGGCCCACTTGGGACCCGATCTGAA 229
CCCCTATTTGTCAC

GII.4Syd1l2 (A391). GACCGGCCACGGGGATTGCTATGGCTGCGCCCACCA 230
CAGGCTCCAGGGCCATCA

GII.4Syd1l2 (A391). GGGCGCAGCCATAGCAATCCCCGTGGCCGGTCAGCA 231
GAATGTGATTGACCCGTG

GII.4Syd1l2 (A39M) . GACCGGCCACGGGCATTGCTATGGCTGCGCCCACCA 232
CAGGCTCCAGGGCCATCA

GII.4Syd1l2 (A39M) . GGGCGCAGCCATAGCAATGCCCGTGGCCGGTCAGCA 233
GAATGTGATTGACCCGTG

GII.4Syd1l2 (A39G) . GACCGGCCACGGGGCCTGCTATGGCTGCGCCCACCA 234
CAGGCTCCAGGGCCATCA

GII.4Syd1l2 (A39G) . GGGCGCAGCCATAGCAGGCCCCGTGGCCGGTCAGCA 235
GAATGTGATTGACCCGTG

GII.4Syd1l2 (A39S). GACCGGCCACGGGGCTTGCTATGGCTGCGCCCACCA 236
CAGGCTCCAGGGCCATCA

GII.4Syd1l2 (A39S). GGGCGCAGCCATAGCAAGCCCCGTGGCCGGTCAGCA 237
GAATGTGATTGACCCGTG

GII.4Syd1l2 (A39E) . GACCGGCCACGGGCTCTGCTATGGCTGCGCCCACCA 238
CAGGCTCCAGGGCCATCA

GII.4Syd1l2 (A39E) . GGGCGCAGCCATAGCAGAGCCCGTGGCCGGTCAGCA 239
GAATGTGATTGAC

GII.4Syd1l2 (A39D) . GACCGGCCACGGGGTCTGCTATGGCTGCGCCCACCA 240
CAGGCTCCAGGGCCATCA

GII.4Syd1l2 (A39D) . GGGCGCAGCCATAGCAGACCCCGTGGCCGGTCAGCA 241
GAATGTGATTGACCCGTG

GII.4Syd1l2 (A39N) . ACCGGCCACGGGGTTTGCTATGGCTGCGCCCACCAC 242
AGGCTCCAGGGCCATCAC

GII.4Syd1l2 (A39N) . GGGCGCAGCCATAGCAAACCCCGTGGCCGGTCAGCA 243

GAATGTGATTGACCCGTG

Sep. 21, 2023



US 2023/0293663 Al
42

TABLE 4-continued

primers used to prepare congtructsgs defined herein.

SEQ ID

Primer Sequence NO

GII.4Syd12 (A39Q) . GACCGGCCACGGGCTGTGCTATGGCTGCGCCCACCA 244
CAGGCTCCAGGGCCATCA

GII.4Syd12 (A39Q) . GGGCGCAGCCATAGCACAGCCCGTGGCCGGTCAGCA 245
GAATGTGATTGACCCGTG

GII.4Syd1l2 (A39K) . GACCGGCCACGGGCTTTGCTATGGCTGCGCCCACCA 246
CAGGCTCCAGGGCCATCA

GII.4Syd1l2 (A39K) . GGGCGCAGCCATAGCAAAGCCCGTGGCCGGTCAGCA 247
GAATGTGATTGACCCGTG

GII.4Syd1l2 (A39H) . GACCGGCCACGGGGTGTGCTATGGCTGCGCCCACCA 248
CAGGCTCCAGGGCCA

GII.4Syd1l2 (A39H) . GGGCGCAGCCATAGCACACCCCGTGGCCGGTCAGCA 249
GAATGTGATTGACCCGTG

GI.7USAl4 (M57L) . GAACGAAATTGTTCAGTATCCACGGGTCGATCATAT 250
TGACTTGGCCTGCA

GI.7USAl4 (M57L) . GATCGACCCGTGGATACTGAACAATTTCGTTCAGGC 251
ACCAGAAGGAGA

GI.7USAl4 (M57G) . GAACGAAATTGTTGCCTATCCACGGGTCGATCATAT 252
TGACTTGGCCTGCAGT

GI.7USAl4 (M57G) . GATCGACCCGTGGATAGGCAACAATTTCGTTCAGGC 253
ACCAGAAGGAGA

GI.7USAl4 (M57S) . GAACGAAATTGTTGCTTATCCACGGGTCGATCATAT 254
TGACTTGGCCTGCAGT

GI.7USAl4 (M57S) . GATCGACCCGTGGATAAGCAACAATTTCGTTCAGGC 255
ACCAGAAGGAGA

GI.7USA14 (M57T) . GAACGAAATTGTTGGTTATCCACGGGTCGATCATAT 256
TGACTTGGCCTGCAGT

GI.7USA14 (M57T) . GATCGACCCGTGGATAACCAACAATTTCGTTCAGGC 257
ACCAGAAGGAGA

GI.7USAl4 (M57N) . GAACGAAATTGTTGTTTATCCACGGGTCGATCATAT 258
TGACTTGGCCTGCAGT

GI.7USAl4 (M57N) . GATCGACCCGTGGATAAACAACAATTTCGTTCAGGC 259
ACCAGAAGGAGA

GI.7USAl4 (M57Q) . GAACGAAATTGTTCTGTATCCACGGGTCGATCATAT 260
TGACTTGGCCTGCAGT

GI.7USAl4 (M57Q) . GATCGACCCGTGGATACAGAACAATTTCGTTCAGGC 261
ACCAGAAGGAGA

GI.7USAl4 (M57K) . GAACGAAATTGTTCTTTATCCACGGGTCGATCATAT 262
TGACTTGGCCTGCAGT

GI.7USAl4 (M57K) . GATCGACCCGTGGATAAAGAACAATTTCGTTCAGGC 263
ACCAGAAGGAGA

GI.7USAl4 (M57H) . GAACGAAATTGTTGTGTATCCACGGGTCGATCATAT 264
TGACTTGGCCTGCAGT

GI.7USAl4 (M57H) . GATCGACCCGTGGATACACAACAATTTCGTTCAGGC 265
ACCAGAAGGAGA

GI.3Lil08(S94V) . TCTGAGCCAAGTGCACCAGAAACGGATTCAAGTGTG 266
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94V) . CTTGAATCCGTTTCTGGTGCACTTGGCTCAGATGTA 267

TAATGGATGGGTTGGAAA
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TABLE 4-continued

primers used to prepare congtructsgs defined herein.

SEQ ID

Primer Sequence NO

GI.3Lil08(S941). TCTGAGCCAAGTGGATCAGAAACGGATTCAAGTGTG 268
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S941). CTTGAATCCGTTTCTGATCCACTTGGCTCAGATGTA 269
TAATGGATGGGTTGGAAA

GI.3Lil08(S94M) . TCTGAGCCAAGTGCATCAGAAACGGATTCAAGTGTG 270
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94M) . CTTGAATCCGTTTCTGATGCACTTGGCTCAGATGTA 271
TAATGGATGGGTTGGAAA

GI.3Lil08(S94T) . TCTGAGCCAAGTGGGTCAGAAACGGATTCAAGTGTG 272
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94T) . CTTGAATCCGTTTCTGACCCACTTGGCTCAGATGTA 273
TAATGGATGGGTTGGAAA

GI.3Lil08(S94E) . TCTGAGCCAAGTGCTCCAGAAACGGATTCAAGTGTG 274
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94E) . CTTGAATCCGTTTCTGGAGCACTTGGCTCAGATGTA 275
TAATGGATGGGTTGGAAA

GI.3Lil08(S94D) . TCTGAGCCAAGTGGTCCAGAAACGGATTCAAGTGTG 276
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94D) . CTTGAATCCGTTTCTGGACCACTTGGCTCAGATGTA 277
TAATGGATGGGTTGGAAA

GI.3Lil08(S94N) . TCTGAGCCAAGTGGTTCAGAAACGGATTCAAGTGTG 278
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94N) . CTTGAATCCGTTTCTGAACCACTTGGCTCAGATGTA 279
TAATGGATGGGTTGGAAA

GI.3Lil08(S940Q) . TCTGAGCCAAGTGCTGCAGAAACGGATTCAAGTGTG 280
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S940Q) . CTTGAATCCGTTTCTGCAGCACTTGGCTCAGATGTA 281
TAATGGATGGGTTGGAAA

GI.3Lil08(S94K) . TCTGAGCCAAGTGCTTCAGAAACGGATTCAAGTGTG 282
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94K) . CTTGAATCCGTTTCTGAAGCACTTGGCTCAGATGTA 283
TAATGGATGGGTTGGAAA

GI.3Lil08(S94H) . TCTGAGCCAAGTGGTGCAGAAACGGATTCAAGTGTG 284
GTCCTAGCTGCAGGTCAA

GI.3Lil08(S94H) . CTTGAATCCGTTTCTGCACCACTTGGCTCAGATGTA 285

TAATGGATGGGTTGGAAA

WT GI.1 Norovirus VP1: A2x35S/CPMV 160/wt VP1
GIL.1/NOS (Construct Number 2724)

[0282] A human codon-optimized sequence encoding VP1
from Norovirus strain GI.1/Norwalk/1968/US was cloned
into 2x35S/CPMV 160/NOS expression system using the
following PCR-based method. A fragment containing the
GIL.1 VP1 coding sequence was amplified using primers
IF-NoV(US68)VP1(ORF2)(hCod).c (SEQ ID NO:102) and
IF-NoV(US68)VP1(ORF2)(hCod).r (SEQ ID NO:103),
using human codon-optimized GI.1 VP1 gene sequence
(SEQ ID NO:3) as template. For sequence optimization,
GIL.1/Norwalk/1968/US VP1 protein sequence (Genbank
accession number NP_056821) was backtranslated and opti-

mized for human codon usage, GC content and mRNA
structure. The PCR product was cloned in 2x35S/CPMV
160/NOS expression system using In-Fusion cloning system
(Clontech, Mountain View, CA). Construct number 1190
(SEQ ID NO:162; FIGS. 38A and 48) was digested with
Sacll and Stul restriction enzyme and the linearized plasmid
was used for the In-Fusion assembly reaction. Construct
number 1190 is an acceptor plasmid intended for “In
Fusion” cloning of genes of interest in a 2x35S/CPMV
160/NOS-based expression cassette. It also incorporates a
gene construct for the co-expression of the TBSV P19
suppressor of silencing under the alfalfa Plastocyanin gene
promoter and terminator. The backbone is a pCAMBIA
binary plasmid and the sequence from left to right t-DNA
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borders is presented in SEQ ID NO:162. The resulting
construct was given number 2724 (FIG. 38B; SEQ ID NO:
163). The amino acid sequence of native VP1 from Noro-
virus strain GI.1/Norwalk/1968/US is presented in SEQ ID
NO: 1. A representation of plasmid 2724 is presented in FI1G.
39A.

2x35S/CPMV 160/GI1.4_P80S (hCod)/NOS+MAR (Con-
struct Number 4133)

[0283] A human codon-optimized sequence encoding VP1
from GIL.4/Sydney/NSW0514/2012/AU comprising the
P80S substitution in the S domain was cloned into 2x35S/
CPMV 160/NOS+MAR expression system using the fol-
lowing PCR-based method. In a first round of PCR, a
fragment containing the S domain with the mutated P80S
amino acid was amplified wusing primers IF-GII.
4Syd12VP1.c (SEQID NO:130) and GI1.4(P80S).r (SEQ ID
NO:138), using human codon-optimized GIL.4 VP1 gene
sequence (SEQ ID NO:52) as template. A second fragment
containing the P80S substitution with the remaining of the S
and P domain was amplified using GII.4(P80S).c (SEQ ID
NO:139) and IF-GIL1.4Syd12VP1.r (SEQ ID NO:131), using
human codon-optimized GII.4 VP1 gene sequence (SEQ ID
NO:52) as template. For sequence optimization, GII1.4/Syd-
ney/NSW0514/2012/AU VP1 protein sequence (Genbank
accession number AFV08795) was backtranslated and opti-
mized for human codon usage, GC content and mRNA
structure. The PCR products from both amplifications were
then mixed and used as template for a second round of
amplification using IF-GI1.4Syd12VP1.c (SEQ ID NO:130)
and IF-01.4Syd12VP1.r (SEQ ID NO:131) as primers. The
final PCR product was cloned in 2x35S/CPMV 160/NOS+
MAR expression system using In-Fusion cloning system
(Clontech, Mountain View, CA). Construct number 3677
(SEQ ID NO:164; FIGS. 38C and 49) was digested with
Sacll and Stul restriction enzyme and the linearized plasmid
was used for the In-Fusion assembly reaction. Construct
number 3677 is an acceptor plasmid intended for “In
Fusion” cloning of genes of interest in a 2x35S/CPMV
160/NOS+MAR-based expression cassette. It also incorpo-
rates a gene construct for the co-expression of the TBSV P19
suppressor of silencing under the alfalfa Plastocyanin gene
promoter and terminator. The backbone is a pCAMBIA
binary plasmid and the sequence from left to right t-DNA
borders is presented in SEQ ID NO:164. The resulting
construct was given number 4133 (FIG. 38D; SEQ ID
NO:165). The amino acid sequence of mutated GII.4_P80S
is presented in SEQ ID NO:59. A representation of plasmid
4133 is presented in FIG. 44E.

2x35S/CPMV  160/GIL.4_P80S+S90L (hCod)NOS+MAR
(Construct Number 4135)

[0284] A human codon-optimized sequence encoding VP1
from GIL.4/Sydney/NSW0514/2012/AU comprising the
P80S and the S90L substitutions in the S domain was cloned
into 2x35S/CPMV  160/NOS+MAR expression system
using the following PCR-based method. In a first round of
PCR, a fragment containing the S domain with the mutated
P8OS and S90L amino acids was amplified using primers
IF-GI1.4Syd12VP1.c (SEQ ID NO:130) and GII1.4(S90L).r
(SEQ ID NO:140), using human codon-optimized GIL.4_
P8OS VP1 gene sequence (SEQ ID NO:60) as template. A
second fragment containing the S90L substitution with the
remaining of the S and P domain was amplified using
GIL4(S90L).c (SEQ ID NO:141) and IF-GIL.4Syd12VPl.r
(SEQ ID NO:131), using human codon-optimized GIL.4_
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P8OS VP1 gene sequence (SEQ ID NO:60) as template. For
sequence optimization, GII1.4/Sydney/NSW0514/2012/AU
VP1 protein sequence (Genbank accession number
AFV08795) was backtranslated and optimized for human
codon usage, GC content and mRNA structure. The PCR
products from both amplifications were then mixed and used
as template for a second round of amplification using
IF-GI1.4Syd12VPl.c (SEQ ID NO:130) and IF-GIIL.
4Syd12VP1l.r (SEQ ID NO:131) as primers. The final PCR
product was cloned in 2x35S/CPMV 160/NOS+MAR
expression system using In-Fusion cloning system (Clon-
tech, Mountain View, CA). Construct number 3677 (SEQ ID
NO:164; FIGS. 38C and 49) was digested with Sacll and
Stul restriction enzyme and the linearized plasmid was used
for the In-Fusion assembly reaction. Construct number 3677
is an acceptor plasmid intended for “In Fusion™ cloning of
genes of interest in a 2x35S/CPMV 160/NOS+MAR-based
expression cassette. It also incorporates a gene construct for
the co-expression of the TBSV P19 suppressor of silencing
under the alfalfa Plastocyanin gene promoter and terminator.
The backbone is a pCAMBIA binary plasmid and the
sequence from left to right t-DNA borders is presented in
SEQ ID NO:164. The resulting construct was given number
4135 (SEQ ID NO:166). The amino acid sequence of
mutated GII1.4_P80S+S90L is presented in SEQ ID NO:73.
A representation of plasmid 4135 is presented in FIG. 44L..
[0285] A summary of the wildtype and mutated VP1 and
VP2 proteins, primers, templates and products is provided in
Tables 3 and 4. The VP1 proteins with single, double, triple,
and quadruple modifications, substitutions, or mutations
were constructed using the same methods as described
above, with reference to construct #4133 for single modi-
fication and #4135 for the double, triple, and quadruple
modifications. VP2 proteins are assembled using essentially
the same method as that described for construct #2724.

Example 2: Methods

[0286] Agrobacterium tumefaciens Transfection

[0287] Agrobacterium tumefaciens strain AGL1 was
transfected by electroporation with the native norovirus
VP1, native norovirus VP2, or norovirus VP1 mutant protein
expression vectors using the methods described by D’ Aoust
et al., 2008 (Plant Biotech. J. 6:930-40). Transfected Agro-
bacterium were grown in YEB medium supplemented with
10 mM 2-(N-morpholino)ethanesulfonic acid (MES), 20 uM
acetosyringone, 50 pug/ml kanamycin and 25 pg/ml of car-
benicillin pH5.6 to an ODy,, between 0.6 and 1.6. Agro-
bacterium suspensions were centrifuged before use and
resuspended in infiltration medium (10 mM MgCl, and 10
mM MES pH 5.6).

Preparation of Plant Biomass, Inoculum and Agroinfiltration

[0288] N. benthamiana plants were grown from seeds in
flats filled with a commercial peat moss substrate. The plants
were allowed to grow in the greenhouse under a 16/8
photoperiod and a temperature regime of 25° C. day/20° C.
night. Three weeks after seeding, individual plantlets were
picked out, transplanted in pots and left to grow in the
greenhouse for three additional weeks under the same envi-
ronmental conditions

[0289] Agrobacteria transfected with each native norovi-
rus VP1, native norovirus VP2, or norovirus VP1 mutant
expression vector were grown in a YEB medium supple-
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mented with 10 mM 2-(N-morpholino)ethanesulfonic acid
(MES), 20 uM acetosyringone, 50 ug/ml kanamycin and 25
ng/ml of carbenicillin pHS.6 until they reached an ODgy,
between 0.6 and 1.6. Agrobacterium suspensions were cen-
trifuged before use and resuspended in infiltration medium
(10 mM MgCl, and 10 mM MES pH 5.6) and stored
overnight at 4° C. On the day of infiltration, culture batches
were diluted in 2.5 culture volumes and allowed to warm
before use. Whole plants of N. benthamiana were placed
upside down in the bacterial suspension in an air-tight
stainless steel tank under a vacuum of 20-40 Torr for 2-min.
Plants were returned to the greenhouse for a 6 or 9 day
incubation period until harvest.

Leaf Harvest and Total Protein Extraction

[0290] Following incubation, the aerial part of plants was
harvested, frozen at -80° C. and crushed into pieces. Total
soluble proteins were extracted by homogenizing (Polytron)
each sample of frozen-crushed plant material in 2 volumes
of'cold 100 mM phosphate buffer pH 7.2+150 mM NaCl, 0.4
ng/ml Metabisulfite and 1 mM phenylmethanesulfonyl fluo-
ride. After homogenization, the slurries were centrifuged at
10,000 g for 10 min at 4° C. and these clarified crude
extracts (supernatant) kept for analyses.

[0291] The total protein content of clarified crude extracts
was determined by the Bradford assay (Bio-Rad, Hercules,
California) using bovine serum albumin as the reference
standard. Proteins were separated by SDS-PAGE under
reducing conditions using Criterion™ TGX Stain-Free™
precast gels (Bio-Rad Laboratories, Hercules, CA). Proteins
were visualized by staining the gels with Coomassie Bril-
liant Blue. Alternatively, proteins were visualized with Gel
Doc™ EZ imaging system (Bio-Rad Laboratories, Hercules,
CA) and electrotransferred onto polyvinylene difluoride
(PVDF) membranes (Roche Diagnostics Corporation, India-
napolis, Ind.) for immunodetection. Prior to immunoblot-
ting, the membranes were blocked with 5% skim milk and
0.1% Tween-20 in Tris-buffered saline (TBS-T) for 16-18 h
at 4° C.

Protein Analysis and Immunoblotting

[0292] Immunoblotting was performed with a first incu-
bation with a primary mAb 242P antibody specific to VP1
from GI and GII genotypes, diluted 1/500 in 2% skim milk
in TBS-Tween 20 0.1%. Peroxydase-conjugated goat anti-
mouse (Jackson Immunoresearch, cat #115-035-146) diluted
1/10000 was used as secondary antibody for chemilumines-
cence detection, diluted in 2% skim milk in TBS-Tween 20
0.1% Immunoreactive complexes were detected by chemi-
luminescence using luminol as the substrate (Roche Diag-
nostics Corporation). Horseradish peroxidase-enzyme con-
jugation of human IgG antibody was carried out by using the
EZ-Link Plus® Activated Peroxidase conjugation kit
(Pierce, Rockford, I11.).

Analysis of VLP Formation/lodixanol Gradients

[0293] Proteins were extracted from frozen biomass by
mechanical extraction in a blender with 2 volumes of
extraction buffer (100 mM phosphate buffer pH 7.2+150
mM NaCl). The slurry was filtered through a large pore
nylon filter to remove large debris and centrifuged 5000 g
for 5 min at 4° C. The supernatant was collected and
centrifuged again at 5000 g for 30 min (4° C.) to remove
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additional debris. The supernatant is then loaded on a
discontinuous iodixanol density gradient. Analytical density
gradient centrifugation was performed as follows: 38 ml
tubes containing discontinuous iodixanol density gradient in
acetate buffer (1 ml at 45%, 2 ml at 35%, 2 ml at 33%, 2 ml
at 31%, 2 ml at 29% and 5 ml at 25% of iodixanol) were
prepared and overlaid with 25 ml of the extracts containing
the virus-like particles. The gradients were centrifuged at
175 000 g for 4 hours (4° C.). After centrifugation, 1 ml
fractions were collected from the bottom to the top and
fractions were analyzed by SDS-PAGE combined with pro-
tein staining or Western blot.

Electron Microscopy

[0294] Following centrifugation of partially clarified plant
extracts on discontinuous iodixanol density gradients, as
described above, fractions (1 ml/fraction) containing the
samples are pooled, mixed with 100 mM PBS pH 7.2+150
mM NaCl buffer to completely fill the tube and centrifuged
120 minutes at 100000 g. The pellets were re-suspended in
300-1000 pl of buffer depending of the VP1 quantity.

[0295] Carbon-coated copper grids with a 200 nm mesh
size are made hydrophilic by placing the carbon side face up
on a Whatman paper in a petri dish and incubated overnight
at 4° C. 20 pl of pooled fractions from density gradient
centrifugation to be observed by transmission electron
microscopy (TEM) are deposited on a Parafilm and grids
were floated with the carbon side facing down and incubated
at room temperature for 5 minutes. Grids are then washed 4
times on 20 pl water droplet and the excess water from the
last wash is drained by touching a Whatman paper with the
side of the grid. Grids are then incubated 1 minute on a 20
ul droplet of 2% uranyl acetate in water. Grids are allowed
to dry 5 minutes on a Whatman paper. Observation was
performed under transmission electron microscopy at mag-
nifications ranging from 10,000x to 150,000x.

Example 3: VP1 Protein and VLP Production in
Plants

[0296] N. benthamiana leaves were, vacuum infiltrated, as
described in Example 2, with Agrobacterium tumefaciens
comprising expression vectors encoding wildtype norovirus
VP1s or mutant norovirus VP1 constructs to permit expres-
sion of the VP1 sequences, and the leaves examined for VP1
protein and/or VLP production. After 9 days post infiltration
(DPI), total crude protein extracts were prepared from leaf
homogenates were separated by SDS-PAGE, and stained
with Coomassie (VP1 production), or separated using dis-
continuous iodixanol density gradients as described in
Example 2, above (VLP production). Fractions from the
density gradients were examined using Coomassie-stained
SDS-PAGE. Norovirus VP1 proteins appear at an approxi-
mate 55-60 kDa band. The occurrence of the VP1 protein
within a fraction of the density gradients is indicative of the
fraction(s) to which the VLPs equilibrate during density
gradient centrifugation. The yield of VLPs obtained from
peak fractions after density gradient centrifugation was also
determined.

[0297] The yield, or amount of extracted, wild type noro-
virus VP1 protein from plants differs depending on the
genotype of the norovirus VP1 being expressed. Wild type
GIL.1 VP1, GL.5 VP1, and GII.12 VP1 exhibit readily detect-
able protein yields as determined using SDS PAGE (FIG.
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3A). In contrast, wild type GI1.4 VP1 was poorly expressed
in plants (FIG. 3A right hand panel), and low yields of VP1
protein, or non-detectable amounts of VP1 protein (using
SDS-PAGE) were also observed following expression, for
example, wild type GII.2 VP1, GII.3 VP1 and GII.6 VP1
(Table 5).

TABLE 5

VP1 yields (determined in crude extracts) of several wildtype
(native) norovirus strains produced in plants.

Native
Genotype Strain Max yields
GI.1 GI.1/US/68 +H++
GL.3 S29/2008/Lilla Edet/Sweeden +++
GIL2 CGMH47/2011/TW ++
GIL3 Jingzhou/2013402/CHN -
GIL6 Ohio/490/2012/USA +/-

GI. 3 VLPs and VLPs Comprising Modified GI. 3 VP1
Proteins

[0298] Norovirus GI1.3 VP1 constructs having a glutamine
to serine substitution at position 84 (Q84S) resulted in
similar yield than the wildtype G1.3 VP1, while norovirus
GIL.3 VP1 constructs having a serine to leucine substitution
at position 94 (S94L), or combination of substitutions
including the S94L. substitution, exhibited a greater yield of
VLP comprising the VP1 protein, of a 1.9 to 3.8 fold
increase (S94L), a 4.2 fold increase (A43V+S94L), a 1.8
fold increase (Q84S+S94L), and a 10.2 fold increase
(A34V+MS571+Q84S+S94L.) as compared to VLPs compris-
ing wild type GI.3 VP1. Furthermore, constructs having a
serine to leucine, valine, isoleucine, methionine, threonine,
glutamic acid, aspartic acid, asparagine, glutamine, lysine,
or histidine substitution at position 94 (G1.3_S94X, where
X=L,V,I, M, T, E, D, N, Q, K, or H), exhibited a greater
yield, from about 1.2 to about 2.75 fold, compared to VLPs
comprising the wild type GL.3 VP1 protein (FIG. 5F).
[0299] As shown in FIGS. 5B and 5D, expression of
norovirus GI.3 constructs having, a serine to leucine sub-
stitution at position 94 (S94L.), or a combination including
a glutamine to serine substitution at position 84 (Q84S) and
a serine to leucine substitution at position 94 (Q84S+S94L.),
or methionine to isoleucine substitution at position 57
(MS571+S94L), resulted in a shift of VLPs into higher density
fractions (F2-F6; 31-35% iodixanol), as compared to VLPs
comprising wildtype GI.3 VP1, which predominantly sepa-
rated into lower density fractions (F8-F11; 25-29% iodixa-
nol).

[0300] VLPs comprised of modified GI.3 VP1 proteins
having a S94L. substitution, a combination of Q84S+S94L,,
or a combination of M571+S94L,, had fewer damaged viral
particles and a greater proportion of 38 nm particles, over 23
nm particles, when compared to wildtype G1.3 VLPs (FIGS.
5C and 5E).

GL5 VLPs and VLPs Comprising Modified GL.5 VP1
Proteins

[0301] Norovirus GI.5 VP1 constructs having a serine to
proline substitution at position 84 (Q84S), an alanine to
leucine substitution at position 94 (A94L.), or a combination
of these substitutions (Q84S+A94L), exhibited a similar
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yield of VP1 protein in plant extracts when compared to the
yield of wild type GL.5 VP1 protein expressed in plants
(FIG. 6A). After gradient purification, centrifugation and
resuspension, Norovirus GI.5 construct having an alanine to
leucine substitution at position 94 (A94L) exhibited a
greater yield, 1.5 fold increase, when compared to the
wildtype G1.5 VP1.

[0302] As shown in FIG. 6B, a GI.5 VP1 construct having
a glutamine to serine substitution at position 84 in combi-
nation with an alanine to leucine substitution at position 94
(Q84S+A94L), resulted in VP1 proteins that exhibited a
shift to higher density iodixianol fractions (29-31%) as
compared to wildtype GI.5 VP1 (predominantly found in
25-29% iodixanol fractions). The VLP preparations also
comprised fewer damaged viral particles when compared to
wildtype G1.5 VLPs (FIG. 6C).

GL7 VLPs and VLPs Comprising Modified GIL.7 VP1
Proteins

[0303] Norovirus GI.7 VP1 constructs having an arginine
to serine substitution at position 84 (R84S), a methionine to
isoleucine substitution at position 57 (M57I), or a combi-
nation of these substitutions (M571+R848S), exhibited an
increased yield of VP1 protein after gradient purification,
centrifugation and resuspension, when compared to the
wildtype GI.7 VP1. Furthermore, GI.7 constructs having a
methionine to isoleucine, leucine, glycine, serine, threonine,
asparagine, glutamine, lysine, or histidine substitution at
position 57 (GL.7_M57X, where X=I, L, G, S, T, N, Q, K,
or H), exhibited a greater yield, from about 1.1 to about 1.95
fold, VLPs comprising the wild type G1.7 VP1 protein (FIG.
6F).

[0304] As shown in FIG. 6D, a GI.7 VP1 construct having
the M571, R84S or M571+R84S substitutions resulted in
VP1 proteins that exhibited a shift to higher density iodixi-
anol fractions (31-35%) as compared to wildtype G1.7 VP1.
The GI.7 VLP preparations having the M571, R84S or
MS571+R848S substitutions also comprised the same or fewer
damaged viral particles when compared to wildtype GI1.7
VLPs (FIG. 6E).

GII.2 VLPs and VLPs Comprising Modified GIL 2 VP1
Proteins

[0305] Expression of modified norovirus VP1 proteins
GII.2_A90L and GII.2_E80S+A90L in plants resulted in
higher VP1 protein yield as compared to the yield of
wildtype GIL.2 VP1 (see FIG. 7A).

[0306] Norovirus GII.2 VP1 constructs having a glutamate
to serine substitution at position 84 and an alanine to leucine
substitution at position 90 (E84S+A90L), an alanine to
valine substitution at position 39, a glutamate to serine
substitution at position 84, and an alanine to leucine sub-
stitution at position 90 (A39S+E84S+A90L), an arginine to
isoleucine substitution at position 53, a glutamate to serine
substitution at position 84, and an alanine to leucine sub-
stitution at position 90 (R531+E84S+A90L), an alanine to
valine substitution at position 39, an arginine to isoleucine
substitution at position 53, a glutamate to serine substitution
at position 84, and an alanine to leucine substitution at
position 90 (A39V+R531+E84S+A90L), all exhibited an
increased yield of VP1 protein after gradient purification,
centrifugation and resuspension, when compared to the
wildtype GIL.2 VP1.
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[0307] Expression of a GII.2 VP1 constructs having a
glutamic acid to serine substitution at position 80 (E80S), an
alanine to leucine substitution at position 90 (A90L), or a
glutamic acid to serine substitution at position 80 and an
alanine to leucine substitution at positions 80 and 90 (E80S+
A90L) resulted in similar production of VLPs as that of the
wildtype GIL.2 (FIG. 7B). The GII.2 VLP preparations
having the E80S+A90L, or A39V+E80S+A90L substitution
s also comprised the same or fewer damaged viral particles
when compared to wildtype GII.2 VLPs (FIG. 7C).

GIL3 VLPs and VLPs Comprising Modified GIL 3 VP1
Proteins

[0308] Norovirus GIL.3 VPI1 constructs having a replace-
ment of glutamic acid with serine at position 80 (E80S)
exhibited a similar yield of VP1 protein in plant extracts,
when compared to the yield of wild type GII.3 VP1 protein
expressed in plants. The yields of VLPs comprising either
wild type of modified VP1 protein were generally low.
[0309] Expression of a GII.3 VP1 constructs having a
glutamic acid to serine substitution at position 80 (E80S)
resulted in similar production of VLPs that resided in similar
density iodixanol fractions (35%) as that of the wildtype
GIL3 (FIG. 8B).

GIL.4 VLPs and VLPs Comprising Modified GII.4 VP1
Proteins

[0310] With reference to FIGS. 9A, 9H and 91, norovirus
GIL.4 VP1 constructs having: an arginine to isoleucine
substitution at position 53 (R53I); a proline to serine,
alanine, asparagine, lysine, or histidine substitution at posi-
tion 80 (P8OX, where X=5, A, N, K, or H); a serine to
leucine substitution at position 90 (S90L); an alanine to
valine, isoleucine, methionine, threonine, aspartic acid, glu-
tamic acid, asparagine, glutamine, lysine, or histidine sub-
stitution at position 39 (A39X, where X=V, [, M, T, E, D, N,
Q, K, or H) in combination with a proline to serine substi-
tution at position 80 (A39V+P80S); an arginine to isoleucine
substitution at position 53 in combination with a proline to
serine substitution at position 80 (R531+P80S); a serine to
leucine substitution at position 90 in combination with a
proline to serine substitution at position 80 (PS8OS+S90L);
and a deletion of positions 35 to 42 (A35-42) in combination
with a proline to serine substitution at position 80 (A35-42+
P8OS), resulted in higher VP1 protein yields following
extraction for plants, as compared to VP1 yields using
wildtype GIL.4.

[0311] For each of the tested modified GI1.4 VP1 proteins,
the VLP yield, comprising the various modified GI1.4 VP1
proteins, was greater than that of VLPs comprising wild type
GIL.4 VPI1 protein. A ten-fold increase in VLP yield was
observed in VLPs comprising GI1.4_A39V VP1; from about
a 1.4 to about a 2.7 fold increase in VLP yield was observed
in VLPs comprising GI1.4_P80X, where X=5, A, N, K, H,
an over 8-fold increase in VLP yield was observed in VLPs
comprising either GI1.4_S90L VP1, or GII.4_A35-42+P80S
VP1; a 14-fold increase in VLP yield was observed in VLPs
comprising GI1.4_P80S+P90L VP1; from about 1.3 to about
3.4 fold increase in VLP yield was observed in VLPs
comprising GII.4_A39X+P80S VP1, where X=V, I, M, T, E,
D, N, Q, K, or H, GII.4_R531+P80S (21 fold increase), or
GIL4_A39V+P80S+A90L VP1 (38.5 fold increase); a five-
fold increase in VLP yield was observed in VL.Ps comprising
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GII.4_A39V+R531 VPI; a four-fold increase in VLP yield
was observed in VLPs comprising GI1.4_V47P+P80S VP1;
and a 1.5-fold increase in VLP yield was observed in VLPs
comprising GII.4_R531 VP1.

[0312] Results of VLPs comprising modified GII.4 pro-
teins are shown in FIGS. 9B-9D and 9G. Constructs com-
prising GII.4 VP1 having: a proline to serine substitution at
position 80 (P80S; FIG. 9B, 9C, 9D); a serine to leucine
substitution at position 90 (S90L; FIG. 9B); an alanine to
valine substitution at position 39 in combination with a
proline to serine substitution at position 80 (A39V+P80S;
FIG. 9C); an arginine to isoleucine substitution at position
53 in combination with a proline to serine substitution at
position 80 (R531+P80S; FIG. 9D); a proline to serine
substitution at position 80 in combination with a serine to
leucine substitution at position 90 (P80S+S90L; FIG. 9B); a
proline to serine substitution at position 80 in combination
with a deletion of positions 35-42 (P80S+A35-42; FIG. 9C),
and an alanine to valine substitution at position 39, in
combination with a proline to serine substitution at position
80 and a serine to leucine substitution at position 90 (GII.
4_A39V+P80S+A90L; FIG. 9G), resulted in the production
of VLPs that reside in higher density iodixanol fractions
(29-33%).

[0313] VLPs comprising GII.4 VP1 proteins having: a
P80S substitution in combination with an S90L substitution
(P8OS+S90L; FIG. 9B); an A39V substitution in combina-
tion with a P80S substitution (A39V+P80S; FIG. 9C); a
P8OS substitution in combination with a deletion of posi-
tions 35-42 (A35-42+P80S; FIG. 9C); an R531 substitution
in combination with a P80S substitution (R531+P80S; FIG.
9D); and an alanine to valine substitution at position 39, in
combination with a proline to serine substitution at position
80 and a serine to leucine substitution at position 90 (GII.
4_A39V+P80S+A90L; FIG. 9G), had fewer damaged viral
particles and/or a greater ratio of 38 nm particles:23 nm
particles, as compared to wildtype GII.4 VLPs.

GII.6 VLPs and VLPs Comprising Modified GIL 6 VP1
Proteins

[0314] Increased VLP yield of over 2.2 fold, compared to
wild type, (determined following gradient purification, cen-
trifugation and resuspension) was also observed in plant
extracts expressing GII.6_S90L VPI.

GII.12 VLPs and VLPs Comprising Modified GII.12 VP1
Proteins

[0315] The yield of modified GII.12, for example, GII.12
comprising a glutamic to serine substitution at position 80
(E80S), an arginine to leucine substitution at position 90
(A90L), or a combination of these substitutions (E80S+
A90L) resulted in an increase of about 1.2-1.4 fold com-
pared to wild type, (determined following gradient purifi-
cation, centrifugation and resuspension; FIG. 11A).

[0316] GII.12 constructs having: a glutamic acid to serine
substitution at position 80 (E80S); an alanine to leucine
substitution at position 90 (A90L); and a combination
thereof (E8OS+A90L), resulted in the expression of GII.12
VP1 protein that resided in higher density iodixanol frac-
tions (33-35%) as compared to wildtype GII.12 VP1 (31-
33%).
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GII.17 VLPs and VLPs Comprising Modified GII.17 VP1
Proteins

[0317] The yield of modified GII.17, for example, GII.17
comprising an alanine to valine substitution at position 39
(A39V), a arginine to isoleucine substitution at position 53
(R5310), or an alanine to leucine substitution at position 90
(A90L) resulted in an increase of about 1.1-3.4 fold com-
pared to wild type, (determined following gradient purifi-
cation, centrifugation and resuspension).

[0318] GIL.17 constructs having: an alanine to valine
substitution at position 39 (A39V), a arginine to isoleucine
substitution at position 53 (R531), or an alanine to leucine
substitution at position 90 (A90L), resulted in the expression
of GII.17 VP1 protein that resided in higher density iodixa-
nol fractions (33-35%) as compared to wildtype GII.12 VP1
(31-33%).

[0319] Collectively, the above described results demon-
strate that protein components from the high density iodixa-
nol gradient fractions demonstrate that Norovirus VP1 pro-
teins, and modified Norovirus VP1 proteins, were found to
self-assemble into VLPs in plants. The isolated VLPs com-
prised of mutant VP1 proteins exhibited a structural confor-
mation similar to that of wildtype norovirus virion particles.

Example 4: Immune Response Using VP1

[0320] Studies on the immune response to Norovirus
native GI.1 (SEQ ID NO:1) VLP administration were per-
formed with 6-8 week old female BALB/c mice (Charles
River Laboratories). Thirty seven mice were randomly
divided into four groups of eight animals for Norovirus VLP
vaccine and a group of five animals for placebo. All groups
were injected using intramuscular immunization. All groups
were immunized in a two-dose regimen, the boost immuni-
zation being administered 3 weeks following the first immu-
nization.

[0321] For intramuscular administration in hind legs, two
groups (eight animals) of unanaesthetized mice were immu-
nized with the plant-made VLP native VP1 from Norovirus
GI.1 genotype vaccine (1 or 10 pg). Placebo group (five
animals) was immunized using the same route and regimen
as the candidate vaccine using vaccine buffer (PBS at pH
6.0).

[0322] To measure the potential benefit of adjuvant, two
groups of animals (8 animals) were immunized by intra-
muscular administration in hind legs on unanaesthetized
mice with 1 or 10 plant-made VLP Norovirus vaccine plus
one volume Alhydrogel 2% (alum, Cedarlane Laboratories
Ltd., Burlington, Ontario, Canada). All groups were immu-
nized according to a prime-boost regimen with the boost
immunization performed 3 weeks following the first immu-
nization.

[0323] Mice were evaluated through clinical observations
during the in-life period as followed: daily monitoring for
mortality and clinical signs, weekly detailed examinations,
injection site observations and body weight measurements.
All animals were under observation and sacrificed on Day
42 for gross examination. Blood was collected from all
animals prior to dosing on Day 0, on Days 21 and 42 (21
days after each immunization). Samples were processed to
isolate the serum for specific antibody response analyses.
[0324] Serum samples from blood collected on Days 21
and 42 from all animals were analyzed individually by
ELISA for GI.1 VLP-specific total IgG and IgA antibodies
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using GI.1 VLP-coated plates. Pre-immune serum samples
(Day 0— prior dosing) collected from all animals were
pooled by treatment group and each pool was analyzed to
insure that they were negative (or below the cut-off value of
the analytical test).

[0325] Descriptive statistics were performed using Graph-
Pad Prism software (Version 6.05; GraphPad Software, La
Jolla, CA, USA). Antibody titers measured for each group
were reported as geometric mean titer (GMT) with 95%
confidence intervals (CI). Half of the value of the limit of
detection was attributed to antibody titers below the limit of
detection of the method specific to the tested antibodies.
Therefore, in this study, an animal was considered to be a
positive responder if its GMT value for a determined con-
dition was equal or above the limit of detection of the
method (LOQ=100). Statistical comparisons between IgG
titers of treatment groups were performed using one-way
ANOVA followed by a Tukey’s test on log 10-transformed
data. A comparison between the placebo group and each
treatment group was also performed using oneway ANOVA
followed by a post hoc Dunnett’s test on log 10-transformed
data.

[0326] The GI.1 VLP-specific total IgG titers that were
measured in serum samples from all animals after IM
immunization with one dose (Day 21) and two doses (Day
42) of 1 pg or 10 pg of each formulation. Total 1gG titers
were measured by ELISA using GI.1 VLP-coated plates
(LOQ=100). The results are present in FIG. 3D. Total IgG
titers per treatment group (n=8 animals/group) are repre-
sented by geometric mean titer (GMT) with a 95% confi-
dence interval. Statistical comparisons between IgG titers of
treatment groups were performed using one-way ANOVA
followed by a Tukey’s test on log 10-transformed data. A
comparison between the placebo group and each treatment
group was also performed using one-way ANOVA followed
by a post-hoc Dunnett’s test on log 10-transformed data.
Significant differences were annotated as letters in FIG. 3D
(the same letter indicates that no significant difference was
detected between treatment groups; p>0.05).

[0327] In a similar manner plant-produced modified VP1
proteins, as described herein, including for example: pro-
duced using G1.3_Q84S (construct 4140; SEQ ID NO:167),
GI.3_S94L (construct 4141; SEQ ID NO:9), GI1.3_A43V+
S94L (construct 4179; SEQ ID NO:169), G1.3_MS571+S94L
(construct 4180; SEQ ID NO:171), GL.3_P84S+S94L (con-
struct 4142; SEQ ID NO:11), GIL3_A43V+MS571+S94L
(construct 4181; SEQ ID NO:173), GI1.5_Q84S (construct
4130; SEQID NO:35), GI.5_A94L (construct 4131; SEQ ID
NO:37), GL5_Q84S+A94L (construct 4132; SEQ ID
NO:39), GI1.7_R84S (construct 4210; SEQ ID NO:176),
GI1.7_M57I (construct 4217; SEQ ID NO:178), G1.7_M571+
R84S (construct 4218; SEQ ID NO:180), GII.2_E80S (con-
struct 4143; SEQ ID NO:86), GII.2_A90L (construct 4144;
SEQ ID NO:42), GI1.2_E80S+A90L (construct 4145; SEQ
ID NO:44), GIL.2_A39V+E80S+A90L (construct 4182;
SEQ ID NO:183), GIL.2_R53I+E80S+A90L (construct
4183; SEQ ID NO:185), GIL.2_A39V+R531+E80S+A90L
(construct 4184; SEQ ID NO:187), GI1.3_E80S_(construct
4146; SEQ ID NO:47), GIL.3_A90L (construct 4147; SEQ
ID NO:49), GIL.3_E80S+A90L (construct 4148; SEQ ID
NO:51), GIL.4_A39V (construct 4155; SEQ ID NO:54),
GIL.4_V47P (construct 4156, SEQ ID NO:56), GII.4_R531I
(construct 4157; SEQ ID NO:58), GII.4_P80S (construct
4133; SEQ ID NO:60), GIL.4_S90L (construct 4134; SEQ
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ID NO:62), GI1.4_A35-42 (construct 4158; SEQ ID NO:64),
GIL.4_SSTAVATA (construct 4159; SEQ ID NO:66). GIL.4_
A39V+R53I (construct 4185; SEQ ID NO:189), GIL.4_
A39V+P80S (construct 4165; SEQ ID NO:68), GIL.4_
V47P+P80S (construct 4166; SEQ ID NO:70), GI1.4_R531+
P80S (construct 4167; SEQ ID NO:72), GII.4_P80S+S90L
(construct 4135; SEQ ID NO:74), GII.4_A35-42+P80S
(construct 4168; SEQ ID NO:76), GI1.4_P80S+SSTAVATA
(construct 4169; SEQ ID NO:78), GI1.4_A39V+R531+P80S
(construct 4186; SEQ ID NO:191), GII.6_E80S (construct
4149; SEQ ID NO:80), GIL.6_S90L (construct 4150; SEQ
ID NO:82), GII.6_E80S+S90L (construct 4151; SEQ ID
NO:84), GII.12_E80S (construct 4136; SEQ ID NO:89),
GIL.12_A90L (construct 4137; SEQ ID NO:91), GII.12_
E80S+A90L (construct 4138; SEQ ID NO:93), GII.17_
A39V (construct 4234; SEQ ID NO:193), GII.17_R53I
(construct 4235; SEQ ID NO:195), GII.17_A90L (construct
4232; SEQ ID NO:197), GII.17_A39V+R53I (construct
4236; SEQ ID NO:199), GII.17_E80S+A90L (construct
4233; SEQ ID NO:201), or a combination thereof may be
administered to mice following the same protocol as
described in this example.

[0328] Mouse Immune Response to Norovirus Native
VP1 VLPs

[0329] As demonstrated in FIG. 3D, mice immunized with
plant-made Norovirus native VP1 VLPs from GI.1 genotype
had shown GI1.1 VLP-specific IgG antibody titers in sera and
were detected for each treatment group on Days 21 and 42.
1gG titer levels that were induced by each treatment on Days
21 and 42 were statistically higher than the titers quantified
for the placebo group (p<0.05). On each day, IgG titer level
increased in a dose-dependent manner as demonstrated by
the significant differences detected between the 1 pug and 10
ng treatments formulated with Alhydrogel or not (p<0.05)
and the addition of Alhydrogel to the NoV VLP vaccine
enhanced significantly the induced immune response at
doses of 1 ug and 10 pg (p<0.05). A significant increase of
IgG titer level was also detected for each treatment group
between Days 21 and 42 (p<0.05). These results collectively
demonstrate the ability of plant produced Norovirus native
VP1 VLPs to elicit a robust immune response in mice.

[0330] Similar results may also be observed with the
administration of VLPs comprising modified VP1 proteins,
including for example: produced using GI.3_Q84S (con-
struct 4140; SEQ ID NO:167), GI1.3_S94L (construct 4141;
SEQ ID NO:9), G1.3_A43V+S94L (construct 4179; SEQ 1D
NO:169), GIL.3_MS57I+S94L (construct 4180; SEQ ID
NO:171), GIL.3_P84S+S94L, (construct 4142; SEQ ID
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NO:11), G1.3_A43V+MS571+S94L (construct 4181; SEQ ID
NO:173), GL.5_Q84S (construct 4130; SEQ ID NO:35),
GI.5_A94L (construct 4131; SEQ ID NO:37), G1.5_Q84S+
A94L, (construct 4132; SEQ ID NO:39), GI.7_R84S (con-
struct 4210; SEQ 1D NO:176), G1.7_MS57I (construct 4217,
SEQ ID NO:178), G1.7_MS571+R84S (construct 4218; SEQ
1D NO:180), GII.2_ES80S (construct 4143; SEQ ID NO:86),
GIL.2_A90L (construct 4144; SEQ ID NO:42), GIL2_
E80S+A90L (construct 4145; SEQ ID NO:44), GIL2_
A39V+E80S+A90L (construct 4182; SEQ ID NO:183),
GIL.2_RS53I+E80S+A90L  (construct 4183; SEQ ID
NO:185), GI1.2_A39V+R531+E80S+A90L (construct 4184,
SEQ ID NO:187), GII.3_E80S_(construct 4146; SEQ 1D
NO:47), GII.3_A90L (construct 4147; SEQ ID NO:49),
GII.3_E80S+A90L (construct 4148; SEQ ID NO:51), GII.
4_A39V (construct 4155; SEQ ID NO:54), GIL4_V47P
(construct 4156; SEQ ID NO:56), GII.4_R531 (construct
4157; SEQ ID NO:58), GIL.4_P80S (construct 4133; SEQ
ID NO:60), GI1.4_S90L (construct 4134; SEQ ID NO:62),
GIL.4_A35-42 (construct 4158; SEQ ID NO:64), GIL4_
SSTAVATA (construct 4159; SEQID NO:66). GI1.4_A39V+
R53I (construct 4185; SEQ IDNO:189), GIL.4_A39V+P80S
(construct 4165; SEQ ID NO:68), GII1.4_V47P+P80S (con-
struct 4166; SEQ ID NO:70), GI1.4_R531+P80S (construct
4167; SEQ ID NO:72), GIL.4_P80S+S90L (construct 4135;
SEQ ID NO:74), GI1.4_A35-42+P80S (construct 4168; SEQ
ID NO:76), GI1.4_P80S+SSTAVATA (construct 4169; SEQ
ID NO:78), GI1.4_A39V+R531+P80S (construct 4186; SEQ
ID NO:191), GIL.6_E80S (construct 4149; SEQ ID NO:80),
GIIL.6_S90L (construct 4150; SEQ ID NO:82), GI1.6_E80S+
S90L (construct 4151; SEQ ID NO:84), GII.12_E80S (con-
struct 4136; SEQ ID NO:89), GII.2_A90L (construct 4137,
SEQ ID NO:91), GII.12_E80S+A90L (construct 4138; SEQ
ID NO:93), GII.17_A39V (construct 4234; SEQ ID
NO:193), GII.17_R53I (construct 4235; SEQ ID NO:195),
GII.17_A90L (construct 4232; SEQ ID NO:197), GII.17_
A39V+R353I (construct 4236; SEQ ID NO:199), GII.17_
E80S+A90L (construct 4233; SEQ ID NO:201), or a com-
bination thereof, following the same protocol as described in
this example.

[0331] All citations are hereby incorporated by reference.
[0332] The present invention has been described with
regard to one or more embodiments. However, it will be
apparent to persons skilled in the art that a number of
variations and modifications can be made to the described
subject matter. The scope of the claims should not be limited
by the preferred embodiments set forth in the examples, but
should be given the broadest interpretation consistent with
the description as a whole.

SEQUENCE LISTING

Sequence total quantity: 293
SEQ ID NO: 1 moltype = AA length = 530
FEATURE Location/Qualifiers
source 1..530

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 1

MMMASKDATS SVDGASGAGQ LVPEVNASDP LAMDPVAGSS TAVATAGQVN PIDPWIINNF 60

VOAPQGEFTI SPNNTPGDVL FDLSLGPHLN PFLLHLSQMY NGWVGNMRVR IMLAGNAFTA 120
GKIIVSCIPP GFGSHNLTIA QATLFPHVIA DVRTLDPIEV PLEDVRNVLF HNNDRNQQTM 180
RLVCMLYTPL RTGGGTGDSF VVAGRVMTCP SPDFNFLFLV PPTVEQKTRP FTLPNLPLSS 240
LSNSRAPLPI SSMGISPDNV QSVQFQNGRC TLDGRLVGTT PVSLSHVAKI RGTSNGTVIN 300
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50

-continued

LTELDGTPFH PFEGPAPIGF
ANGIGSGNYV GVLSWISPPS
FMSKMPGPGA YNLPCLLPQE
LTCVPNGASS GPQQLPINGV

SEQ ID NO: 2
FEATURE
source

SEQUENCE: 2
atgatgatgg
ttggtaccgyg
acagcagtcg
gtgcaagcce
tttgatttga
aatggttggg

gggaagataa
caagcaactc
cctttggaag
cgeettgtgt
gtagttgcag
cctectacgyg
ctgtctaact
cagagtgtge
ccagtttecat
cttactgaat
ccagaccteg
acccagtatg
gcaaatggca
caccegtetyg
gaggcaacac
ttcatgtcaa
tacatttcac
tatgttgacc
ctcacttgtyg
tttgtetttyg
tcggcaagag

cgtctaagga
aggttaatge
cgactgetygyg
cccaaggtga
gtttgggtce
ttggtaacat
tagtttecctg
tctttecaca
atgttaggaa
gecatgctgta
ggcgagttat
tggagcagaa
cacgtgeece
agttccaaaa
tgtcacatgt
tggatggcac
gtggttgtga
atgtagacac
ttggcagtgg
gcteccaagt
atctagccce
aaatgccagg
atcttgctag
ctgataccgg
tccccaatgyg
tttecatgggt
gtaggcttgg

SEQ ID NO: 3
FEATURE
misc_feature

source

SEQUENCE: 3
atgatgatgg
ctegtacceg
acagcagtgg
gtccaggcac
ttcgatettt
aatggttggg
ggcaagatca
caagcgactce
ccectggagy
agacttgtct
gttgtggcag
ccaccaaccyg
ctgagtaatt
cagtctgtec
ceggtgtece
ctgacagaac
cctgatetgg
acacagtatg
gctaacggta
caccecteag
gaagccacge
ttcatgagca
tatattagte
tatgtggatc
ctaacatgtg
ttegtttttyg
tctgecegeyg

ctagtaaaga
aggtaaacgc
ccacageegyg
cccagggega
cecttgggtec
taggaaacat
tcgtcagttyg
tctttececa
acgtccggaa
gtatgctcta
gaagagtgat
ttgagcagaa
cacgggeccc
aattccaaaa
tctcacatgt
ttgatggcac
gaggttgega
atgtcgatac
ttggatcegyg
gatcccaggt
acctegeace
aaatgccegyg
acctegeatce
cggacaccgg
taccaaatgg
tcagctgggt

gacgcctegyg

PDLGGCDWHI NMTQFGHSSQ TQYDVDTTPD
HPSGSQVDLW KIPNYGSSIT EATHLAPSVY
YISHLASEQA PTVGEAALLH YVDPDTGRNL
FVFVSWVSRF YQLKPVGTAS SARGRLGLRR
moltype = DNA length = 1593
Location/Qualifiers

1..1593

mol type = genomic DNA

note = Norovirus

organism = unidentified

cgctacatca
ttctgaccct
acaagttaat
atttactatt
ccatcttaat
gagagtcagg
catacccect
tgtgattget
tgttctettt
cacceceecte
gacttgccce
aaccaggccc
tcteccaate
tggteggtgt
tgccaagata
acccttteac
ttggcatatc
caccectgac
taattatgtt
tgacctttygg
ttctgtatac
tcctggtget
tgaacaagcc
tcggaatett
ggctageteg
gtccagattt
tctgegecga

gegetagtgg
atcctgtage
cctggataat
ataccccegyg
tccatctate
ctggtaatge
cacataatct
ctctagacce
atagaaatca
gtggtactgg
ttaatttctt
caaatctgee
geatttccce
geegectggt
ccaatggcac
geecctgecce
agtttggcca
cccatettygyg
getggattte
attatgggtce
tecggagaggt
cetgtetatt
gtgaggctge
aagcataccc
agctgecgat
agcctgtggg

agcgtggatg
cttygcaatgyg
cctattgatce
tceecaaata
cetttettge
attatgctag
ggttttggtt
gatgttagga
cataataatg
cgcactggty
agtcctgatt
ttcacactce
agtagtatgg
actctggatg
agagggacct
cettttgagy
aatatgacac
acttttgtec
ggtgttctta
aagatcccca
cceectggtt
tataatttgce
cctactgtag
ggggaattca
ggtccacaac
tatcaattaa
taa
moltype = DNA length = 1593
Location/Qualifiers

1..1593
note =
Gl.1
1..1593
mol_type =
organism =

Nucleic acid sequence of

other DNA
synthetic construct
tgcgacctee
cagcgaccca
tcaagtgaat
gttcacaatt
tcaccttaac
gagagtcegg
tattectece
tgtcatcgee
tgttttgtte
taccccactg
gacatgccce
gacgcggecee
attgeccgatce
tgggagatgce
cgccaaaatce
geecttecat
ctggcacata
aaccccagat
caactacgtg
tgacttgtgyg
ttcegtetac
ccetggagece
tgagcaggcce
caggaacctg
cgcttecage
aagcecgette

tctgceggaga

tctgtggatg
cttgccatgyg
ccaattgatc
tcaccaaaca
ccttttctac
atcatgctgg
ggatttggat
gacgttagga
cacaacaacg
cggactggag
tccececgact
tttacactge
tcctcaatgyg
acactggacg
cgcggeacat
ccctttgaag
aacatgacac
accttegtge
ggagtcttat
aagataccga
ccaccaggtt
tacaatctcc
ccgacegttyg
ggtgagttca
ggcectcaac
taccagctga
taa

gtgcgtcagg
acccegttyge
cgtggattat
atacaccggyg
tccatctete
ctggcaatge
ctcataatct
cecctggacee
acagaaacca
gegggactgg
tcaactttct
ccaatctece
gaatctccce
gtegectggt
caaatggtac
gaccagcccce
agtttggcca
cacacctggyg
cttggatcte
attatggatc
ttggagaagt
cttgectact
gegaggcage
aagcttatcce
agctcccaat

agcccgtggg

TFVPHLGSIQ
PPGFGEVLVF
GEFKAYPDGF

cgctggteag
aggttctteg
taataatttt
tgatgttttyg
acaaatgtat
ctttactgeg
tactatagca
cattgaggtyg
acaaaccatg
tgattctttt
gtttttagtc
attgagttct
agacaatgtc
tggcaccace
tgtaatcaac
cattgggttt
ttctagccag
ttcaattcag
ccceccatca
aagtattacg
attggtettt
accacaagag
cctgetecac
tgatggttte
caatggggtce
aactgccage

human codon-optimized VP1

ggcaggacaa
cggaagttee
caacaatttce
cgatgtgceta
acagatgtac
ctttaccget
gaccattgcet
catcgaggty
gcagacgatg
agactcctte
ttttetggte
getttcaagt
cgacaacgtce
gggaacaact
cgtaatcaat
tattggattt
ctccagecag
atctattcaa
accaccatcce
ctcgatcact
cttggtgttt
ccctcaagag
cctgetgeat
tgacggtttt
caatggcgty
gacagcttet

360
420
480
530

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1593

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1593
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SEQ ID NO: 4 moltype = AA length = 546
FEATURE Location/Qualifiers
source 1..546

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 4
MMMASKDAPQ SADGASGAGQ LVPEVNTADP LPMEPVAGPT TAVATAGQVN MIDPWIVNNF
VQSPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLSHLSQMY NGWVGNMRVR ILLAGNAFSA
GKIIVCCVPP GFTSSSLTIA QATLFPHVIA DVRTLEPIEM PLEDVRNVLY HTNDNQPTMR
LVCMLYTPLR TGGGSGNSDS FVVAGRVLTA PSSDFSFLFL VPPTIEQKTR AFTVPNIPLQ
TLSNSRFPSL IQGMILSPDA SQVVQFQONGR CLIDGQLLGT TPATSGQLFR VRGKINQGAR
TLNLTEVDGK PFMAFDSPAP VGFPDFGKCD WHMRISKTPN NTSSGDPMRS VDVQTDVQGF
VPHLGSIQFD EVFNHPTGDY IGTIEWISQP STPPGTDINL WEIPDYGSSL SQAANLAPPV
FPPGFGEALV YFVSAFPGPN NRSAPNDVPC LLPQEYVTHF VSEQAPTMGD AALLHYVDPD
TNRNLGEFKL YPGGYLTCVP NGVGAGPQQL PLNGVFLFVS WVSRFYQLKP VGTASTARGR
LGVRRI

SEQ ID NO: 5 moltype = DNA length = 1641
FEATURE Location/Qualifiers
misc_feature 1..1641

note = Nucleic acid sequence of human codon-optimized VP1

G1l.2 Leuven 2003 D2DEL3
source 1..1le41

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 5
atgatgatgg cttcaaagga tgctccccaa agegeggacyg gagctagegyg cgccggacag
ttggttcegg aagtcaacac tgccgatcca ctgcccatgg aacccgtage tggtccaaca
accgetgttyg ccaccgecgg ccaggttaac atgatcgate catggattgt taataacttt
gtacagagcce cccaggggga gttcacaatt tctcecgaaca ataccectgg ggacattcetg
ttecgatctge aactgggccce acacttgaat cctttectga gecatcttte acagatgtac
aacggatggg ttgggaacat gecgtgttegg atcctecttyg ctggcaacge cttcagtget
ggcaagatta tcgtgtgctg cgtaccacca gggtttacct cgagttcatt aaccattget
caggccacce tttteectca cgtgategea gacgtgegta ccttagaacce aatcgaaatg
ccectggaag atgtacggaa cgtgctgtac catactaatg ataaccagec aacgatgaga
ttagtgtgca tgctgtacac ccccctgaga actggaggag gttctggaaa ttccgacagt
tttgtggtgg ctggcagggt cctgaccget cecagtageg acttcagett tttgttecte
gttecctecta caatcgaaca aaaaacaaga gcattcacag tgcccaacat tccactgeag
actttaagca attccaggtt tcccagettg atccagggta tgatccttte tcccgacgece
tcccaagttyg tgcagttcca gaatgggaga tgtcttateg acggtcaget tctgggaaca
acccetgeca cctecgggca actcttecgg gtgagaggca aaatcaatca gggcegecaga
acactgaatc tgacagaagt ggacgggaaa ccctttatgg cgttecgatag cccecgegece
gttggattce ctgacttcgg caagtgtgat tggcacatgce gcatcagtaa gactcccaac
aacacttcat ctggagaccc catgaggagce gtggatgtece agaccgacgt gcagggette
gtgccgcact tgggatctat ccagttcgat gaggtgttca atcaccctac tggcgactac
ataggcacaa ttgagtggat aagtcaacca tctacaccte cagggaccga cataaacctg
tgggaaattc ctgattacgg gtcatcectg agtcaagetyg ccaatcttge acccectgte
tttcecceeg getttggtga ggctcettgtt tacttegtet ctgcatttece tggtectaac
aaccgctceeg cccctaacga tgttcegtgt ttgttaccece aggaatatgt gactcattte
gtttccgaac aggcacccac catgggggac getgcectge tacactatgt ggaccccgac
accaatagaa acctcggcga gttcaaactce tacccegggg gatacctgac ctgtgttceca
aatggagtgg gagcaggccce acaacagcetg ceectgaatyg gggtettect gttegtttet
tgggtgtcac gcttttacca gectgaagece gttggcacag cttctacgge acgeggcagg
ctaggggtcee gccgaatcetg a

SEQ ID NO: 6 moltype = AA length = 543
FEATURE Location/Qualifiers
REGION 1..543

note = Amino acid sequence of VPl GI.3 LillaEdet 2008 H2DG70

source 1..543

mol type = protein

organism = synthetic construct
SEQUENCE: 6
MMMASKDAPT NMDGTSGAGQ LVPEVSTAEP ISMEPVAGAA TAAATAGQVN MIDPWIMSNY
VQAPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLSHLAQMY NGWVGNMKVR VLLAGNAFTA
GKIIISCVPP GFAAQNVSIA QATMFPHVIA DVRVLEPIEV PLEDVRNVLF HNNDSTPTMR
LICMLYTPLR ASGSSSGTDP FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK PFSVPNLPLN
VLSNSRVPSL IKSMMVSQDH GOMVQFQNGR VTLDGQLQGT TPTSASQLCK IRGTVYHATG
GQGLNLTEID GTPYHAFESP APIGFPDLGE CDWHINASPA NAFTDGSIIH RIDVAQDSTF
APHLGTIHYT NADYNANVGL ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT EAAQLAPPIY
PPGFGEAIVF FMSDFPIANG SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA LLHYVDPDTH
RNLGEFKLYP EGFMTCVPNS SGSGPQTLPI NGVFTFISWV SRFYQLKPVG TTGPVRRLGI
RRS

60

120
180
240
300
360
420
480
540
546

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1641

60

120
180
240
300
360
420
480
540
543
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SEQ ID NO: 7
FEATURE
misc_feature

source

SEQUENCE: 7
atgatgatgyg cttccaagga
cttgtgecegy aggtgtccac
actgctgeeyg ccaccgcagg
gttcaggete cacaggggga
tttgacctge agctaggacc
aatggatggyg ttggaaacat
gggaagatta ttatctcttyg
caggcaacca tgtttecegea
ccecttgagy acgtgegeaa
ttgatatgta tgttatatac
tttgtgattyg ctgggcegggt
gtgcctccaa atgtagaaca
gtgctgtega attcccgagt
ggtcaaatgg tgcagtttca
accccaacca gtgccagtca
ggacaggggce tgaatcttac
gcacctattyg gatttcccga
aacgctttca cagacgggte
geccegeace tgggtaccat
atctgtagce tagagtgget
getattecte ggtacgggte
ccaccaggat tcggggaage
tcagatggce ttagtgtece
gagcaggcete ctactcegggyg
agaaacctgyg gcgaattcaa
tceggcagty gecctcaaac
tcacggtttt accaactcaa
agacggagcet ag

SEQ ID NO: 8
FEATURE
source

SEQUENCE: 8
MMMASKDAPT NMDGTSGAGQ
VQAPQGEFTI SPNNTPGDIL
GKIIISCVPP GFAAQNVSIA
LICMLYTPLR ASGSSSGTDP
VLSNSRVPSL IKSMMVSQDH
GQGLNLTEID GTPYHAFESP
APHLGTIHYT NADYNANVGL
PPGFGEAIVF FMSDFPIANG
RNLGEFKLYP EGFMTCVPNS
RRS

SEQ ID NO: 9
FEATURE
misc_feature

source

SEQUENCE: 9

atgatgatgyg cttccaagga
cttgtgecegy aggtgtccac
actgctgeeyg ccaccgcagg
gttcaggete cacaggggga
tttgacctge agctaggacc
aatggatggyg ttggaaacat
gggaagatta ttatctcttyg
caggcaacca tgtttecegea
ccecttgagy acgtgegeaa
ttgatatgta tgttatatac
tttgtgattyg ctgggcegggt

moltype = DNA length = 1632
Location/Qualifiers

1..1632

note = Nucleic acid sequence of
GI.3 LillaEdet 2008 H2DG70
1..1632

mol_type = other DNA

organism = synthetic construct

tgctcccaca aacatggatg gaacaagegg
ggcggaacce atttccatgg aacctgtgge
acaggtaaac atgatcgacc cctggatcat
gtttaccata agcccaaaca acaccccggg
acacttgaat ccgtttectga gtcacttgge
gaaggtgcge gtgctectgg cgggcaatge
cgtgccacct ggatttgcag cccagaacgt
tgtcatcgca gatgtgegeg tgctagagec
cgtectatte cataacaatg atagcacccc
tccecteege gecagtgggt ccageteegg
gttgacttgt cctagccctg acttcaactt
gaaaacaaag ccattcagcg tgccaaacct
gecttecctt attaagtcca tgatggtatce
gaacggccga gtgacgttag acgggcaget
getgtgtaag atcagaggca ccgtctacca
tgagatcgat ggtaccccct accatgeatt
tcttggggag tgtgattgge atatcaatge
tattattcat cgcattgacg tagcacagga
ccactatacg aacgcagatt acaacgcaaa
atctcegeca ageggtgggg cccctaaagt
tacgctgact gaggccgcte agetggeacce
cattgtttte tttatgtceg attttccgat
ttgcacgatt ccacaggaat ttgtgacaca
cgaggctgee ttgttgecatt acgtagaccce
actctaccct gaaggtttea tgacctgegt
cttgccgate aacggegtgt tcacgtttat
gecegtegga acaactggge cagtteggag

moltype = AA length = 543
Location/Qualifiers

1..543

mol type = protein

note = Norovirus

organism = unidentified

LVPEVSTAEP ISMEPVAGAA TAAATAGQVN
FDLQLGPHLN PFLLHLAQMY NGWVGNMKVR
QATMFPHVIA DVRVLEPIEV PLEDVRNVLF
FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK
GOMVQFQNGR VTLDGQLQGT TPTSASQLCK
APIGFPDLGE CDWHINASPA NAFTDGSIIH
ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT
SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA
SGSGPQTLPI NGVETFISWV SREFYQLKPVG

moltype = DNA length = 1632
Location/Qualifiers

1..1632

note = Nucleic acid sequence of
GI.3 Lil08 S94L

1..1632

mol_type = other DNA

organism = synthetic construct

tgctcccaca aacatggatg gaacaagegg
ggcggaacce atttccatgg aacctgtgge
acaggtaaac atgatcgacc cctggatcat
gtttaccata agcccaaaca acaccccggg
acacttgaat ccgtttetge tccacttgge
gaaggtgcge gtgctectgg cgggcaatge
cgtgccacct ggatttgcag cccagaacgt
tgtcatcgca gatgtgegeg tgctagagec
cgtectatte cataacaatg atagcacccc
tccecteege gecagtgggt ccageteegg
gttgacttgt cctagccctg acttcaactt

human codon-optimized VP1

cgcggggcaa 60
cggcgcagee 120
gtcaaattac 180
tgacatcttg 240
tcagatgtat 300
attcacagcc 360
gtctatcgca 420
catcgaggtyg 480
caccatgcge 540
gaccgatcect 600
cctttttetg 660
gccecttaac 720
tcaggatcac 780
gcagggcaca 840
cgcaactgge 900
cgagtcacct 960
ttcacctgee 1020
tagcacattt 1080
cgtgggtett 1140
taacccatgg 1200
ccccatatat 1260
agccaacggt 1320
cttcgtaaac 1380
cgatacccat 1440
acctaactcc 1500
cagctgggtt 1560
gctcgggate 1620
1632

MIDPWIMSNY 60
VLLAGNAFTA 120
HNNDSTPTMR 180
PFSVPNLPLN 240
IRGTVYHATG 300
RIDVAQDSTF 360
EAAQLAPPIY 420
LLHYVDPDTH 480
TTGPVRRLGI 540
543

human codon optimized VP1

cgcggggcaa 60
cggcgcagee 120
gtcaaattac 180
tgacatcttg 240
tcagatgtat 300
attcacagcc 360
gtctatcgca 420
catcgaggtyg 480
caccatgcge 540
gaccgatcect 600
cctttttetg 660
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gtgcctcecaa atgtagaaca gaaaacaaag ccattcageg tgccaaacct gecccttaac 720
gtgctgtega attcccgagt gecttecctt attaagtcca tgatggtatc tcaggatcac 780
ggtcaaatgyg tgcagtttca gaacggccga gtgacgttag acgggcaget gcagggcaca 840
accccaacca gtgccagtca getgtgtaag atcagaggea ccegtctacca cgcaactgge 900
ggacaggggce tgaatcttac tgagatcgat ggtaccccct accatgcatt cgagtcacct 960
gcacctattg gatttcccga tcttggggag tgtgattgge atatcaatgce ttcacctgece 1020
aacgctttca cagacgggtc tattattcat cgcattgacg tagcacagga tagcacattt 1080
gcceegcace tgggtaccat ccactatacg aacgcagatt acaacgcaaa cgtgggtett 1140
atctgtagcce tagagtggct atctccgcca agcggtgggg cccectaaagt taacccatgg 1200
gctatteccete ggtacgggte tacgctgact gaggccgcte agctggcacce ccccatatat 1260
ccaccaggat tcggggaagc cattgtttte tttatgtccg attttccgat agccaacggt 1320
tcagatggcce ttagtgtccecc ttgcacgatt ccacaggaat ttgtgacaca cttcgtaaac 1380
gagcaggcte ctactcgggg cgaggctgec ttgttgcatt acgtagaccce cgatacccat 1440
agaaacctgg gcgaattcaa actctaccct gaaggtttca tgacctgcegt acctaactcce 1500
tceggecagtg gecctcaaac cttgccgatce aacggcgtgt tcacgtttat cagctgggtt 1560
tcacggtttt accaactcaa gcccgtecgga acaactgggce cagttcecggag gctcgggate 1620
agacggagct ag 1632
SEQ ID NO: 10 moltype = AA length = 543
FEATURE Location/Qualifiers
source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 10
MMMASKDAPT NMDGTSGAGQ LVPEVSTAEP ISMEPVAGAA TAAATAGQVN MIDPWIMSNY 60
VQAPQGEFTI SPNNTPGDIL FDLSLGPHLN PFLLHLAQMY NGWVGNMKVR VLLAGNAFTA 120
GKIIISCVPP GFAAQNVSIA QATMFPHVIA DVRVLEPIEV PLEDVRNVLF HNNDSTPTMR 180
LICMLYTPLR ASGSSSGTDP FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK PFSVPNLPLN 240
VLSNSRVPSL IKSMMVSQDH GOMVQFQNGR VTLDGQLQGT TPTSASQLCK IRGTVYHATG 300
GQGLNLTEID GTPYHAFESP APIGFPDLGE CDWHINASPA NAFTDGSIIH RIDVAQDSTF 360
APHLGTIHYT NADYNANVGL ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT EAAQLAPPIY 420
PPGFGEAIVF FMSDFPIANG SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA LLHYVDPDTH 480
RNLGEFKLYP EGFMTCVPNS SGSGPQTLPI NGVFTFISWV SRFYQLKPVG TTGPVRRLGI 540
RRS 543
SEQ ID NO: 11 moltype = DNA length = 1632
FEATURE Location/Qualifiers
misc_feature 1..1632

note = Nucleic acid sequence of human codon optimized VP1

GI.3 Lil08 Q84S plus sign S94L

source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 11
atgatgatgg cttccaagga tgctcccaca aacatggatg gaacaagcegyg cgcggggcaa 60
cttgtgcegg aggtgtccac ggcggaaccce atttccatgg aacctgtgge cggegcagee 120
actgctgeeg ccaccgcagg acaggtaaac atgatcgacce cctggatcat gtcaaattac 180
gttcaggcte cacaggggga gtttaccata agcccaaaca acacccecggg tgacatcttg 240
tttgacctga gcctaggacc acacttgaat cegtttcetge tcecacttgge tcagatgtat 300
aatggatggg ttggaaacat gaaggtgcge gtgctcectgg cgggcaatge attcacagece 360
gggaagatta ttatctcttg cgtgccacct ggatttgcag cccagaacgt gtctatcgeca 420
caggcaacca tgtttccgca tgtcatcgea gatgtgegeg tgctagagece catcgaggtyg 480
ccecttgagg acgtgegcaa cgtcectatte cataacaatyg atagcacccce caccatgcege 540
ttgatatgta tgttatatac tcccctecge gecagtgggt ccagetcegyg gaccgatcct 600
tttgtgattg ctgggcgggt gttgacttgt cctagccctg acttcaactt ccectttttetg 660
gtgcctcecaa atgtagaaca gaaaacaaag ccattcageg tgccaaacct gecccttaac 720
gtgctgtega attcccgagt gecttecctt attaagtcca tgatggtatc tcaggatcac 780
ggtcaaatgyg tgcagtttca gaacggccga gtgacgttag acgggcaget gcagggcaca 840
accccaacca gtgccagtca getgtgtaag atcagaggea ccegtctacca cgcaactgge 900
ggacaggggce tgaatcttac tgagatcgat ggtaccccct accatgcatt cgagtcacct 960
gcacctattg gatttcccga tcttggggag tgtgattgge atatcaatgce ttcacctgece 1020
aacgctttca cagacgggtc tattattcat cgcattgacg tagcacagga tagcacattt 1080
gcceegcace tgggtaccat ccactatacg aacgcagatt acaacgcaaa cgtgggtett 1140
atctgtagcce tagagtggct atctccgcca agcggtgggg cccectaaagt taacccatgg 1200
gctatteccete ggtacgggte tacgctgact gaggccgcte agctggcacce ccccatatat 1260
ccaccaggat tcggggaagc cattgtttte tttatgtccg attttccgat agccaacggt 1320
tcagatggcce ttagtgtccecc ttgcacgatt ccacaggaat ttgtgacaca cttcgtaaac 1380
gagcaggcte ctactcgggg cgaggctgec ttgttgcatt acgtagaccce cgatacccat 1440
agaaacctgg gcgaattcaa actctaccct gaaggtttca tgacctgcegt acctaactcce 1500
tceggecagtg gecctcaaac cttgccgatce aacggcgtgt tcacgtttat cagctgggtt 1560
tcacggtttt accaactcaa gcccgtecgga acaactgggce cagttcecggag gctcgggate 1620
agacggagct ag 1632
SEQ ID NO: 12 moltype = AA length = 543
FEATURE Location/Qualifiers
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source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 12
MMMASKDAPS SADGANGAGQ LVPEVNNAEP LPLDPVAGAS TALATAGQVN MIDPWIFNNF 60
VQAPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLAHLSQMY NGWVGNMRVR VILAGNAFTA 120
GKVIICCVPP GFQSRTLSIA QATLFPHIIA DVRTLEPIEI PLEDVRNTLY HTNDNQPTMR 180
LLCMLYTPLR TGGGSGGTDA FVVAGRVLTC PSSDFNFLFL VPPTVEQKTR PFSVPNIPLQ 240
LLSNSRVPNL IQSMVLSPDQ AQNVQFQONGR CTTDGQLLGT TPVSVSQILK FRGKVSAGSK 300
VINLTELDGS PFLAFEAPAP TGFPDLGTSD WHVEMSLNSN SQSSGNPILL RDIHPNSSEF 360
VPHLGSVCVT AAIEVAGDYT GTIQWTSQPS NVTPVPDVNF WTIPHYGSNL AEASQLAPVV 420
YPPGFGEAIV YFMSPIPGPN TAHKPNLVPC LLPQEFVTHF VSEQAPSMGE AALVHYVDPD 480
TNRNLGEFKL YPEGFITCVP NGTGPQQLPL NGVFVFASWV SRFYQLKPVG TASSARGRLG 540
VRR 543
SEQ ID NO: 13 moltype = AA length = 535
FEATURE Location/Qualifiers
source 1..535

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 13
MKMASNDAAP SNDGAAGLVP EVNNETMALE PVAGASIAAP LTGQNNVIDP WIRMNEFVQAP 60
NGEFTVSPRN SPGEVLLNLE LGPELNPFLA HLSRMYNGYA GGVEVQVLLA GNAFTAGKLV 120
FAAIPPHFPL ENLSPGQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ QPEPRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFNYLVPPTV ESKTKPFTLP ILTIGELSNS 240
RFPVPIDELY TSPNEGVVVQ PQNGRSTLDG ELLGTTQLVP SNICALRGRI NAQVPDDHHQ 300
WNLQVTNANG TSFDPTEDVP APLGTPDFLA NIYGVTSQRN PDNTCRAHDG VLATWSPKFT 360
PKLGSVVLGT WEESDLDLNQ PTRFTPVGLY DTGHFDQWVL PNYSGRLTLN MNLAPSVAPL 420
FPGEQILFFR SHIPLKGGTS NGAIDCLLPQ EWIQHFYQES APSPTDVALI RYTNPDTGRV 480
LFEAKLHRQG FITVANSGSR PIVVPPNGYF RFDSWVNQFY SLAPMGTGNG RRRVQ 535
SEQ ID NO: 14 moltype = AA length = 542
FEATURE Location/Qualifiers
source 1..542

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 14
MKMASNDAAP STDGAAGLVP ESNNEVMALE PVAGAALAAP VTGQTNIIDP WIRANFVQAP 60
NGEFTVSPRN SPGEVLLNLE LGPELNPYLA HLARMYNGYA GGMEVQVMLA GNAFTAGKLV 120
FAAVPPHFPV ENLSPQQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ KDDPKMRIVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFTYLVPPTV ESKTKPFTLP ILTLGELSNS 240
RFPVSIDQMY TSPNEVISVQ CQONGRCTLDG ELQGTTQLQV SGICAFKGEV TAHLHDNDHL 300
YNVTITNLNG SPFDPSEDIP APLGVPDFQG RVFGVISQRD KHNTPGHNEP ANRAHDAVVP 360
TYTAQYTPKL GQIQIGTWQT DDLTVNQPVK FTPVGLNDTD HFNQWVVPRY AGALNLNTNL 420
APSVAPVFPG ERLLFFRSYI PLKGGYGTPA IDCLLPQEWV QHFYQEAAPS MSEVALVRYI 480
NPDTGRALFE AKLHRAGFMT VSSNTSAPVV VPANGYFRFD SWVNQFYSLA PMGTGNGRRR 540
10 542
SEQ ID NO: 15 moltype = AA length = 548
FEATURE Location/Qualifiers
source 1..548

mol_ type protein

note = Norovirus

organism unidentified
SEQUENCE: 15
MKMASNDAAP SNDGAAGLVP EISSEAMALE PVAGAAIAAP LTGQQONIIDP WIMNNEFVQAP 60
GGEFTVSPRN SPGEVLLNLE LGPEINPYLA HLARMYNGYA GGFEVQVVLA GNAFTAGKII 120
FAAIPPNFPI DNLSAAQITM CPHVIVDVRQ LEPVNLPMPD VRNNFFHYNQ GSDSRLRLIA 180
MLYTPLRANN SGDDVFTVSC RVLTRPSPDF SFNFLVPPTV ESKTKPFSLP ILTISEMSNS 240
RFPVPIDSLH TSPTENIVVQ CQNGRVTLDG ELMGTTQLLP SQICAFRGTL TRSTSRASDQ 300
ADTATPRLFN YYWHIQLDNL NGTPYDPAED IPAPLGTPDF RGKVFGVASQ RNPDATTRAH 360
EAKIDTTSGR FTPKLGSLEI STESGDFDQON QPTRFTPVGI GVDHEPDFQQ WALPDYAGQF 420
THNMNLAPAV APNFPGEQLL FFRSQLPSSG GRSNGILDCL VPQEWVQHFY QESAPSQTQV 480
ALVRYVNPDT GRVLFEAKLH KLRFMTIAKS GDSPITVPPN GYFRFESWVN PFYTLAPMGT 540
GNGRRRIQ 548
SEQ ID NO: 16 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol_ type protein

note = Norovirus

organism = unidentified
SEQUENCE: 16
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MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540
SEQ ID NO: 17 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 17
MKMASNDATP SNDGAAGLVP ESNNEAMALE PVVGASLAAP VTGQTNIIDP WIRTNFVQAP 60
NGEFTVSPRN SPGEILVNLE LGPELNPYLA HLARMYNGYA GGMEVQVLLA GNAFTAGKII 120
FAAVPPYFPV ENLSPSQITM FPHVIIDVRT LEPVLLPMPD VRSTLFHFNQ KDEPKMRLVA 180
MLYTPLRSNG SGDDVFTVSC RILTRPSPEF DFTYLVPPTV ESKTKPFTLP VLTLGELSNS 240
RFPLSIDEMV TSPNESIVVQ PQNGRVTLDG ELLGTTQLQA CNICSIRGKV TGQVPNEQHM 300
WNLEITNLNG TQFDPTDDVP APLGVPDFAG EVFGVLSQRN RGESNPANRA HDAVVATYSD 360
KYTPKLGLVQ IGTWNTNDVE NQPTKFTPIG LNEVANGHRF EQWTLPRYSG ALTLNMNLAP 420
AVAPLFPGER LLFFRSYVPL KGGFGNPAID CLVPQEWVQH FYQESAPSLG DVALVRYVNP 480
DTGRVLFEAK LHKGGFLTVS STSTGPVVVP ANGYFRFDSW VNQFYSLAPM GTGNGRRRFQ 540
SEQ ID NO: 18 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 18
MKMASNDAAP SNDGAAGLVP EINNEVMPLE PVAGASLATP VVGQQNIIDP WIRNNFVQAP 60
AGEFTVSPRN SPGEILLDLE LGPELNPYLA HLARMYNGHA GGMEVQIVLA GNAFTAGKII 120
FAAIPPGFPY ENLSPSQITM CPHVIIDVRQ LEPVLLPMPD IRNNFFHYNQ GNDPKLRLIA 180
MLYTPLRANN SGDDVFTVSC RVLTKPSPDF EFTFLVPPTV ESKTKQFTLP ILKISEMTNS 240
RFPVPVEMMY TARNENQVVQ PQNGRVTLDG ELLGTTPLLA VNICKFKGEV IAKNGDVRSY 300
RMDMEITNTD GTPIDPTEDT PGPIGSPDFQ GILFGVASQR NKNEQNPATR AHEANINTGG 360
DQYAPKLAQV KFFSESQDFE VHQPTVFTPV GVAGDTSHPF RQWVLPRYGG HLTNNTHLAP 420
AVAPLFPGEQ ILFFRSQIPS SGGHELGYMD CLVPQEWVQH FYQEAATAQS EVALIRFINP 480
DTGRVLFEAK LHKQGFITVA HTGDNPIVMP PNGYFRFEAW VNQFYSLAPV GTGNGRRRIQ 540
SEQ ID NO: 19 moltype = AA length = 535
FEATURE Location/Qualifiers
source 1..535

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 19
MKMASNDAAP SNDGAAGLVP EVNNETMALE PVAGASIAAP LTGQNNVIDP WIRLNFVQAP 60
NGEFTVSPRN SPGEVLLNLE LGPELNPYLA HLSRMYNGYA GGVEVQVLLA GNAFTAGKLV 120
FAAVPPHFPL ENISPGQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ QNEPRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFNYLVPPTV ESKTKPFTLP ILTIGELTNS 240
RFPVPIDELY TSPNESLVVQ PQNGRCALDG ELQGTTQLLP TAICSFRGRI NQKVSGENHV 300
WNMQVTNIDG TPFDPTEDVP APLGTPDFSG KLFGVLSQRD HDNACRSHDA VIATNSAKFT 360
PKLGAIQIGT WEQDDVHINQ PTKFTPVGLF ESEGFNQWTL PNYSGALTLN MGLAPPVAPT 420
FPGEQILFFR SHIPLKGGVA DPVIDCLLPQ EWIQHLYQES APSQTDVALI RFTNPDTGRV 480
LFEAKLHRSG YITVANTGSR PIVVPANGYF RFDSWVNQFY SLAPMGTGNG RRRVQ 535
SEQ ID NO: 20 moltype = AA length = 547
FEATURE Location/Qualifiers
source 1..547

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 20
MKMASNDAAP SNDGAANLVP EANNEVMALE PVVGASIAAP VVGQQONIIDP WIRENFVQAP 60
QGEFTVSPRN SPGEMLLNLE LGPELNPYLS HLSRMYNGYA GGMQVQVVLA GNAFTAGKII 120
FAAVPPHFPV ENINAAQITM CPHVIVDVRQ LEPVLLPLPD IRNRFFHYNQ ENTSRMRLVA 180
MLYTPLRANS GEDVFTVSCR VLTRPAPDFE FTFLVPPTVE SKTKPFSLPI LTLGELSNSR 240
FPAPIDMLYT DPNEGIVVQP QNGRCTLDGT LQGTTQLVPT QICAFRGTLI GQTSRSPDST 300
DSAPRRRDHP LHVQLKNLDG TQYDPTDEVP AVLGAIDFKG TVFGVASQRD VSGQQVGATR 360
AHEVHINTTD PRYTPKLGSI LMYSESDDFV TGQPVRFTPI GMGDNDWHQW ELPDYPGHLT 420
LNMNLAPAVA PAFPGERILF FRSIVPSAGG YGSGQIDCLI PQEWVQHFYQ EAAPSQSAVA 480
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LIRYVNPDTG RNIFEAKLHR EGFITVANSG NNPIVVPPNG YFRFEAWVNQ FYTLTPMGTG 540

OGRRRDQ 547
SEQ ID NO: 21 moltype = DNA length = 1644

FEATURE Location/Qualifiers

misc_feature 1..1644

note = Nucleic acid sequence of human codon-optimized VP1
GII.6 Ohio 2012 M9T020

source 1..1644

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 21
atgaagatgg caagcaacga cgcagctccece tecaatgatg gtgccgccaa cctggtccce 60
gaagctaata atgaggtgat ggcgttagag ccggtggttg gegcatctat tgcagcgect 120
gtggtcggac agcagaacat cattgatccce tggattecgeg agaacttegt acaagctcca 180
cagggggagt tcacagtctc cccccggaac tecccegggeg agatgctget caatctggaa 240
cteggecctyg aactaaacce ttatctgtca cacctttcac ggatgtacaa tggctacgca 300
ggaggaatgce aagttcaggt ggtcctggcece ggcaatgett tcaccgeggg caaaatcatce 360
tttgeggceeg ttectecaca cttcecctgte gaaaatatca acgccgccca gattactatg 420
tgcceccacyg tgattgtgga tgtgcgacag ttagagccag ttcetgctgece cctgeccgac 480
atcagaaacc ggttcttcca ttacaatcaa gagaatactt cacggatgag acttgttgeg 540
atgctgtaca cccctetteg tgcaaattcc ggcgaagacyg tgttcactgt gtcttgtcga 600
gtacttacce gaccecgceccee cgatttcgaa ttcaccttee tggtteccce tactgtggag 660
agcaagacaa aacccttcag cctcccaatce ttaacacteg gggagctgte taattcacge 720
ttccecgecac ctattgatat getgtatact gaccccaacyg aggggatagt ggtgcagcce 780
caaaatggac ggtgtactct cgacggcacg ctccagggca caacccaact ggtgccaacce 840
cagatttgtg cattcagggg cactttgatt gggcagacat cgagatctcc agattctact 900
gattccgege caaggaggag ggaccaccca ctccacgtte agttaaaaaa cctggacgga 960
acccagtacg accctacaga cgaggtccce gctgtcecteg gagcecatcga ctttaaagga 1020
actgtatttg gagtggcatc ccaaagggat gtctcgggge agcaggtggg agctacgaga 1080
gcacatgaag tccacattaa caccacagac ccaagatata ccccaaaact agggtcaatt 1140
ttaatgtatt cggaatcaga cgattttgtt acaggtcagc ccgtgeggtt taccccgate 1200
ggaatggggg acaacgattg gcaccagtgg gaattgcceg attaccctgg acacctcacce 1260
ttgaatatga atctggcccc agccgtegeg cccgecttee ccggtgageg gatcctettt 1320
tttagaagca tagtgccctce cgcaggtggg tatggatcag ggcagattga ttgcctgate 1380
ccccaagaat gggtacagca tttctaccag gaagcagece ctagecagtce cgcagtagca 1440
ctgatcagat atgttaatcc tgatacggga aggaacatct tcgaagcaaa actgcaccgt 1500
gagggcttca ttaccgtcge caacagtggt aataacccta ttgtggtgcc tcctaatgga 1560
tacttcaggt ttgaggcatg ggtgaatcag ttttatactc tgactcccat ggggacaggce 1620

caggggcgac gccgggatca gtga 1644
SEQ ID NO: 22 moltype = AA length = 542

FEATURE Location/Qualifiers

source 1..542

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 22
MKMASNDAAP SNDGAASLVP EAINETMPLE PVAGASIAAP VAGQTNIIDP WIRTNFVQAP 60
NGEFTVSPRN SPGEILLNLE LGPDLNPYLA HLSRMYNGYA GGVEVQVLLA GNAFTAGKIL 120
FAAIPPNFPV DMISPAQITM LPHLIVDVRT LEPIMIPLPD VRNVFYHFNN QPQPRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPTPDF EFIYLVPPSV ESKTKPFTLP ILTISELTNS 240
RFPISIEQLY TAPNENNVVQ CQONGRCTLDG ELQGTTQLLS SAVCSYRGRT VANSGDNWDQ 300
NVLQLTYPSG ASYDPTDEVP APLGTQDFSG ILYGVLTQDN VRENTGEAKN AKGVYISTTS 360
GKFTPKIGSI GLHSITEDVR PNQQSRFTPV GVAQNENTPF QQWVLPHYAG ALALNTNLAP 420
AVAPTFPGEQ LLFFRSRVPC VQGLQGQDAF IDCLLPQEWV NHFYQEAAPS QADVALIRYV 480
NPDTGRTLFE AKLHRSGFIT VSHTGAYPLV VPPNGHFRFD SWVNQFYSLA PMGTGNGRRR 540

Vo 542
SEQ ID NO: 23 moltype = DNA length = 1629

FEATURE Location/Qualifiers

misc_feature 1..1629

note = Nucleic acid sequence of human codon-optimized VP1
GII.17_Kawa_2014_ AOA077KVU6

source 1..1629

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 23
atgaaaatgg cttctaatga tgccgegecce agcaatgatg gtgecgccag ccttgtgcece 60
gaagcaatta acgagacaat gcccttggag ccagtegecg gggcttcetat tgeggcccca 120
gttgctggac agacgaatat catcgatcct tggatacgga ctaattttgt tcaagctect 180
aacggagagt tcactgtctc cccccgtaat agtcctggeg agatcctgtt gaacctcgag 240
ttggggccag atctcaatcce ttacctgget catctgtega gaatgtacaa cgggtacgeg 300
gggggggttyg aggtgcaggt cttactggca ggtaacgcat tcacagcagg caagattctg 360
tttgcggcca tccctectaa ttttcecagtg gatatgatat ctcecagcaca gattacaatg 420
ctgceccatt tgatagtgga tgtgcggaca cttgaaccta tcatgatcce tttgeccgat 480
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gteccgaaatyg tgttttatca tttcaacaac cagccgcage caagaatgeg tctegtcecgeg 540
atgctgtaca cccegttgeg gtccaacgge tetggcegatyg atgttttcac agtgtegtgt 600
cgagtgttaa cccgecctac cccagatttt gagtttatat atctagttece cccttetgtg 660
gaaagcaaga ctaaaccctt tactcttccce attctgacta tatccgaget taccaactce 720
cggtteccca tctcaatcga gcaactgtac actgcaccca acgagaacaa cgtagtccag 780
tgccagaacyg ggagatgtac cctggacggg gagctccaag ggaccacgca actgttaagt 840
tcagecegttt gcagttacag aggcaggact gtggcgaact ctggtgataa ctgggatcaa 900
aatgtgttgce agctgactta cccatcegge gcaagctacyg atccaacaga tgaggtgcca 960
gcgeeccttyg gcacacagga tttcetcagga attctatacg gggtgcttac tcaggataat 1020
gtgcgagaaa atactggcga ggccaagaat gctaaaggag tgtatataag cacgacaagce 1080
ggtaagttta cccccaaaat tggcagtatt gggctccaca gcattactga ggacgtccge 1140
ccaaaccagc agtctcgttt cactcccgtg ggggtggcac agaacgagaa cacaccttte 1200
cagcagtggg tcttgcccca ttatgcaggt gctttggege tcaatacaaa tctggcacce 1260
gcecgtagege cgacatttcee tggggagcaa ttgctgttet ttagaagecg cgteccgtgt 1320
gttcagggct tgcagggcca ggacgcgttc attgattgec tcecttgcccca ggaatgggte 1380
aaccactttt atcaggaggc agcgccctct caagcagatg tggccctgat aagatatgtg 1440
aatcccgaca caggacggac tttgtttgag gcaaaactcce accggtcagg attcattact 1500
gtgagtcaca caggagccta tccecttgtg gttccaccta atggccactt caggttcgac 1560
tcttgggtca atcagtttta ttcgctggca ccaatgggta ccgggaatgg tcgcegtegg 1620
gtgcaatga 1629
SEQ ID NO: 24 moltype = AA length = 538
FEATURE Location/Qualifiers
source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 24
MKMASNDAAP SNDGAAGLVP EGNNETLPLE PVAGAAIAAP VTGQNNIIDP WIRTNFVQAP 60
NGEFTVSPRN SPGEILLNLE LGPDLNPYLA HLSRMYNGYA GGVEVQVLLA GNAFTAGKIL 120
FAAVPPNFPV EFLSPAQITM LPHLIVDVRT LEPIMIPLPD VRNTFFHYNN QPNSRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPTPDF EFTYLVPPSV ESKTKPFSLP ILTLSELTNS 240
RFPVPIDSLF TAQNNVLQVQ CQONGRCTLDG ELQGTTQLLP SGICAFRGRV TAETDHRDKW 300
HMQLONLNGT TYDPTDDVPA PLGTPDFKGV VFGVASQRNV GNDAPGSTRA HEAVISTYSP 360
QFVPKLGSVN FRSNDNDFQL QPTKFTPVGI NDDGDHPFRQ WELPDYSGLL TLNMNLAPPV 420
APNFPGEQLL FFRSFVPCSG GYNQGIVDCL IPQEWIQHFY QESAPSQSDV ALIRYVNPDT 480
GRTLFEAKLH RSGYITVAHS GDYPLVVPAN GYFRFDSWVN QFYSLAPMGT GNGRRRAQ 538
SEQ ID NO: 25 moltype = DNA length = 1617
FEATURE Location/Qualifiers
misc_feature 1..1617

note = Nucleic acid sequence of human codon-optimized VP1

source

SEQUENCE :

atgaaaatgg
gaggggaata
gtgacaggge
aacggcgagt
cteggececetyg
gggggggtcy
tttgcegecy
ctgccacatt
gtgcgtaaca
atgctgtaca
agagtcctga
gaatctaaga
cggtttecag
tgccagaacyg
agtggcatct
cacatgcaac
ccgetaggga
gggaatgacg
caatttgtge
caaccaacga
tgggaactac
gecectaatt
ggatataatc
caggaaagtyg
ggaagaacat
ggcgattatce
cagttctatt

25
catctaacga
atgagacact
agaataatat
ttacagtatc
acctcaatce
aagtgcaggt
ttccaccaaa
tgatcgttga
ccttttteca
cceceectgeyg
cgcgeccaac
ccaaaccgtt
tacccataga
gecegetgtac
gtgcattceyg
tccaaaactt
ctcctgactt
cceceeggete
ccaagetegyg
agtttacgecc
cagattattc
tcceeggtga
aaggcatcgt
cgcecteaca
tattcgaage
cectggtggt
cactagcecec

SEQ ID NO: 26

GII.17_Kawa_2014_ AOA077KVU6
1..1617
mol_type =
organism =

other DNA
synthetic construct
cgcageccece
tccactagag
tatagaccct
cceecggaac
atatctgget
cctectggece
ctttecagte
cgtgeggace
ttataacaat
gagcaacggce
cceggactte
ttcactgcca
ttctettttt
gcttgatggt
gggcegegtyg
aaacgggacc
taagggggtyg
taccecgaget
atccgttaat
agtggggatt
tgggetgete
gcagetgetyg
agactgcttg
gteccgatgty
gaaattgcac
tceegecaac
aatgggcacc

tcaaacgatg
ceggttgeag
tggattcgga
tcceccaggty
catctgagec
ggaaacgcct
gaattcctet
ctggagccaa
cagccaaact
agtggcgatg
gagttcacct
atcttaactce
accgctcaaa
gagttgcagg
accgctgaga
acctacgacc
gtgtteggag
cacgaggceceg
tttegtagta
aatgatgatg
accctcaata
ttttttegga
attccccaag
gccctgatac
agatcagggt
ggttacttta

ggtaacggca

gegetgetgg
gegecgetat
caaacttegt
agatactcct
gcatgtacaa
ttaccgetygy
ctceccgegea
taatgattcc
ctcggatgag
atgtgtttac
acctggtgee
tctecgaact
acaacgtact
ggacaacaca
cagaccatcg
caaccgacga
tggcctcetea
ttatctcaac
acgacaacga
gagaccatce
tgaacctege
getttgtgee
agtggataca
ggtacgttaa
acattaccgt
ggttcgatag
gacgceeggge
AR 539

moltype = length =

actecgtgeceg
agctgecceca
gcaggcacce
gaatcttgag
tggttacget
caaaattctyg
aataaccatg
cctgeecggat
acttgttget
cgtgagttge
ceccttetgty
gactaacagc
ccaagtccag
gctactccce
tgacaaatgg
cgtecectget
geggaatgtt
atatagccce
ctteccaactyg
tttccgecaa
cccaccegty
atgcagtgge
acatttttac
ccecegatace
tgcacattce
ttgggtcaac
tcagtag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1617
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FEATURE Location/Qualifiers
source 1..539

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 26
MKMASNDAAP SNDGATGLVP EINTETLPLE PVAGAAIAAP VTGQNNIIDP WIRNNFVQAP 60
NGEFTVSPRN SPGEILMNLE LGPDLNPYLA HLSRMYNGYA GGVEVQVLLA GNAFTAGKIL 120
FAAVPPNFPV DMLSPAQITM LPHLIVDVRT LEPIMIPLPD VRNVFYHFNN QPAPRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPTPDF EFTYLVPPSV ESKTKPFTLP ILTIGELTNS 240
RFPAPIDQLY TSPNADVVVQ PQNGRCTLDG ELQGTTQLLT TAICSYRGMT SNPTSDYWDD 300
HLLHLVHPNG ATYDPTEDVP APFGTQDFRG ILYGMLTQNP RTSGDEAANS HGIYISSTSE 360
KFTPKLGTIG LHQVQGDIAS NQQSKFTPVG IAVNGNTPFR QWELPNYSGA LTLNTNLAPA 420
VGPNFPGEQI LFFRSNVPSV QGGQPIEIDC LIPQEWVSHF YQESAPSQSD VALVRYVNPD 480
TGRTIFEAKL HRQGFITIAA TGSNPVVVPP NGYFRFDSWV NQFYALAPMG TGNGRRRVQ 539
SEQ ID NO: 27 moltype = AA length = 539
FEATURE Location/Qualifiers
source 1..539

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 27
MKMASNDANP SDGSTANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIIVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDSTIKLIA 180
MLYTPLKANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFTVP ILTVEEMSNS 240
RFPIPLEKLY TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSA VNICTFRGDV THIAGSHDYT 300
MNLASQNWNN YDPTEEIPAP LGTPDFVGKI QGMLTQTTRE DGSTRAHKAT VSTGSVHFTP 360
KLGSVQYTTD TNNDFQTGQON TKFTPVGVIQ DGNNHQNEPQ QWVLPNYSGR TGHNVHLAPA 420
VAPTFPGEQL LFFRSTMPGC SGYPNMNLDC LLPQEWVQHF YQEAAPAQSD VALLRFVNPD 480
TGRVLFECKL HKSGYVTVAH TGPHDLVIPP NGYFRFDSWV NQFYTLAPMG NGAGRRRAL 539
SEQ ID NO: 28 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 28
MKMASNDANP SDGSTANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKII 120
FAAVPPNFPT EGLSPSQVTM FPHIIVDVRQ LEPVLIPLPD VRNNFYHYNQ LNDPTIKLIA 180
MLYTPLRANN AGEDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFTVP ILTVEEMTNS 240
RFPIPLEKLF TGPSGAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THIAGTHNYT 300
MNLASQNWNN YDPTEEIPAP LGTPDFVGRI QGMLTQTTRG DGSTRGHKAT VSTGDVHFTP 360
KLGSIQFNTD TNNDFETGQON TKFTPVGVVQ DGNGTHQNEP QQOWVLPSYSG RTGHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMNLD CLLPQEWVQH FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAL 540
SEQ ID NO: 29 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 29
MKMASNDATP SDGSTANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKII 120
FAAVPPNFPT EVLSPSQVTM FPHIIVDVRQ LEPVLIPLPD VRNNLYHYNQ SNDPTIRLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP ILTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THIAGTQNYT 300
MNLASQNWNN YDPTEEIPAP LGTPDFVGRI QGVLTQTTRR DGSTRGHKAT VSTGSVHFTP 360
KLGSVQFSTD TSNDFETGQON TRFTPVGVVQ DGSTTHQNEP QQOWVLPDYSG RDSHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMNLD CLLPQEWVQH FYQESAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGAGRRRAL 540
SEQ ID NO: 30 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 30
MKMASNDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKII 120
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FAAVPPNFPT EGLSPSQVTM FPHIIVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDSTIKLIA 180
MLYTPLRANN AGEDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFTVP ILTVEEMTNS 240
RFPIPLEKLF TGPSGAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THIAGSRNYT 300
MNLASLKWNK YDPTEEIPAP LGTPDFVGKI QGVLTQTTKG DGSTRGHKAT IYTGSAPFTP 360
KLGSVQFSTD TENDFETHQN TKFTPVGVTQ DGSTTHRNEP QQOWVLPSYSG RNVHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQH FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAL 540

SEQ ID NO: 31 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 31
MKMASSDANP SDGSTANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDMNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKII 120
FAAVPPNFPT EGLSPSQVTM FPHIIVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP ILTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THIAGSRNYT 300
MNLASQNWNS YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFSP 360
KLGRVQFATD TDNDFDANQN TKFTPVGVIQ DGNTAHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAL 540

SEQ ID NO: 32 moltype = AA length = 536
FEATURE Location/Qualifiers
source 1..536

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 32
MKMASNDATP SDDGAAGLVP EINNEVMALE PVAGASIAAP VVGQQONIIDP WIRNNFVQAP 60
AGEFTVSPRN SPGELLLDLE LGPELNPYLA HLARMYNGHA GGMEVQIVLA GNAFTAGKIL 120
FAAIPPSFPY ENLSPAQLTM CPHVIVDVRQ LEPVLLPMPD IRNVFYHYNQ NNSPKLRLVA 180
MLYTPLRANN SGDDVFTVSC RVLTRPSPDF QFTFLVPPTV ESKTKNFTLP VLRVSEMTNS 240
RFPVVLDQMY TSRNENIIVQ PQNGRCTTDG ELLGTTILQS VSICNFKGTM QAKLNEEPRY 300
QLOQLTNLDGS PIDPTDDMPA PLGTPDFQAM LYGVASQRSS IDNATRAHDA QIDTAGDTFA 360
PKIGQVRFKS SSNDFDLHDP TKFTPIGVNV DDQHPFRQWS LPNYGGHLAL NNHLAPAVTP 420
LFPGEQILFF RSYIPSAGGH TDGAMDCLLP QEWVEHFYQE AAPSQSDIAL VRFINPDTGR 480

VLFEAKLHKQ GFLTIAASGD HPIVMPTNGY FRFEAWVNPF YTLAPVGTGS GRRRIQ 536
SEQ ID NO: 33 moltype = DNA length = 1632

FEATURE Location/Qualifiers

misc_feature 1..1632

note = Nucleic acid sequence of human codon-optimized VP1
GI.5 Siklos HUN5407 2013 HUN AHW99832

source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 33
atgatgatgg cctccaaaga cgctcctage agtgctgatyg gegcectaacgyg tgccggccag 60
ctggtecceg aggtgaataa cgccgagect ctecccttgg acccagtage cggagettca 120
acggcectag ctactgecgg acaggttaat atgattgacce cctggatttt caataattte 180
gtgcaggcee ctcaaggcga gtttactata agccctaaca acacaccagg ggatattctg 240
ttecgacctge agttaggccce tcatctcaac cecttettgg cccacctgag ccagatgtac 300
aatggctggg tgggcaacat gcgagtgaga gttatccteg cagggaacgce ctttaccget 360
ggtaaggtga tcatttgttg cgtaccacct ggattccagt ctaggacatt aagtattgeg 420
caagctacce tctttectca tatcategee gacgtgegga cactagagec catcgagatce 480
ccactggagg atgtccggaa taccctgtac cataccaacyg ataatcagec cactatgagg 540
ttactgtgca tgctgtacac gccactecgg actggtgggyg gcagtggggyg gaccgatget 600
ttegtegttg cecggtagggt gcetcacttge ccgtcatcetg actttaactt cctattecctt 660
gtgcccccaa cggtggaaca gaaaacgaga cctttttceg tacctaacat cecctttacag 720
ctectaagea atagcagagt acctaacctg atccaatcca tggttcttag ccctgatcaa 780
gegcagaacy tacagtttca gaacgggcgg tgcaccacag atggccaget gettggtaca 840
actcecegtet ccgtgtcectca gatacttaag tttegeggea aggtctcecege tggatccaaa 900
gtaatcaacc tcactgagct tgatggctcet cectttetgg cgttcegagge geccgcccca 960
acaggctttc cagacctggg aacatccgat tggcatgtcg agatgagtct gaatagcaac 1020
tcecagtett ctggcaatcce aatactgcte cgcgatatce atcctaattce tagcgagtte 1080
gttccacacc tgggttctgt gtgegtgacg gcectgcaatag aggtggctgg cgactacacg 1140
ggtaccattc agtggacctc tcagccaagt aacgtgaccce ctgtgccaga cgttaacttt 1200
tggacaattc cacactacgg ctctaacttg gccgaagcat cccagettge ccccgttgta 1260
tatcceeccag getttggecga agcaatagtt tattttatgt ccccaatcce tggacctaac 1320
acagcacaca agccaaacct cgtcccatge ctgcectgccce aggagttcegt gactcattte 1380
gtttecggaac aagccccatce aatgggggag gccgccectgg tcecactacgt ggatccagat 1440
accaatcgga atctgggaga attcaaactc taccctgaag gattcattac atgtgtgcce 1500
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aatggaacag gaccgcagca gctcccactg aacggtgtcect ttgtattcecge atcatgggtt 1560
agccggttet atcaacttaa acccgtgggg acagcttcat ctgccegggg gegecttgge 1620

gtgcggcget ga 1632
SEQ ID NO: 34 moltype = AA length = 543

FEATURE Location/Qualifiers

source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 34
MMMASKDAPS SADGANGAGQ LVPEVNNAEP LPLDPVAGAS TALATAGQVN MIDPWIFNNF 60
VQAPQGEFTI SPNNTPGDIL FDLSLGPHLN PFLAHLSQMY NGWVGNMRVR VILAGNAFTA 120
GKVIICCVPP GFQSRTLSIA QATLFPHIIA DVRTLEPIEI PLEDVRNTLY HTNDNQPTMR 180
LLCMLYTPLR TGGGSGGTDA FVVAGRVLTC PSSDFNFLFL VPPTVEQKTR PFSVPNIPLQ 240
LLSNSRVPNL IQSMVLSPDQ AQNVQFQONGR CTTDGQLLGT TPVSVSQILK FRGKVSAGSK 300
VINLTELDGS PFLAFEAPAP TGFPDLGTSD WHVEMSLNSN SQSSGNPILL RDIHPNSSEF 360
VPHLGSVCVT AAIEVAGDYT GTIQWTSQPS NVTPVPDVNF WTIPHYGSNL AEASQLAPVV 420
YPPGFGEAIV YFMSPIPGPN TAHKPNLVPC LLPQEFVTHF VSEQAPSMGE AALVHYVDPD 480
TNRNLGEFKL YPEGFITCVP NGTGPQQLPL NGVFVFASWV SRFYQLKPVG TASSARGRLG 540

VRR 543
SEQ ID NO: 35 moltype = DNA length = 1632

FEATURE Location/Qualifiers

misc_feature 1..1632

note = Nucleic acid sequence of human codon optimized VP1
GI.5 Siklos Q84S

source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 35
atgatgatgg cctccaaaga cgctcctage agtgctgatyg gegcectaacgyg tgccggccag 60
ctggtecceg aggtgaataa cgccgagect ctecccttgg acccagtage cggagettca 120
acggcectag ctactgecgg acaggttaat atgattgacce cctggatttt caataattte 180
gtgcaggcee ctcaaggcga gtttactata agccctaaca acacaccagg ggatattctg 240
ttcgacctga gcttaggcce tcatctcaac cecttettgg cccacctgag ccagatgtac 300
aatggctggg tgggcaacat gcgagtgaga gttatccteg cagggaacgce ctttaccget 360
ggtaaggtga tcatttgttg cgtaccacct ggattccagt ctaggacatt aagtattgeg 420
caagctacce tctttectca tatcategee gacgtgegga cactagagec catcgagatce 480
ccactggagg atgtccggaa taccctgtac cataccaacyg ataatcagec cactatgagg 540
ttactgtgca tgctgtacac gccactecgg actggtgggyg gcagtggggyg gaccgatget 600
ttegtegttg cecggtagggt gcetcacttge ccgtcatcetg actttaactt cctattecctt 660
gtgcccccaa cggtggaaca gaaaacgaga cctttttceg tacctaacat cecctttacag 720
ctectaagea atagcagagt acctaacctg atccaatcca tggttcttag ccctgatcaa 780
gegcagaacy tacagtttca gaacgggcgg tgcaccacag atggccaget gettggtaca 840
actcecegtet ccgtgtcectca gatacttaag tttegeggea aggtctcecege tggatccaaa 900
gtaatcaacc tcactgagct tgatggctcet cectttetgg cgttcegagge geccgcccca 960
acaggctttc cagacctggg aacatccgat tggcatgtcg agatgagtct gaatagcaac 1020
tcecagtett ctggcaatcce aatactgcte cgcgatatce atcctaattce tagcgagtte 1080
gttccacacc tgggttctgt gtgegtgacg gcectgcaatag aggtggctgg cgactacacg 1140
ggtaccattc agtggacctc tcagccaagt aacgtgaccce ctgtgccaga cgttaacttt 1200
tggacaattc cacactacgg ctctaacttg gccgaagcat cccagettge ccccgttgta 1260
tatcceeccag getttggecga agcaatagtt tattttatgt ccccaatcce tggacctaac 1320
acagcacaca agccaaacct cgtcccatge ctgcectgccce aggagttcegt gactcattte 1380
gtttecggaac aagccccatce aatgggggag gccgccectgg tcecactacgt ggatccagat 1440
accaatcgga atctgggaga attcaaactc taccctgaag gattcattac atgtgtgcce 1500
aatggaacag gaccgcagca gctcccactg aacggtgtcect ttgtattcecge atcatgggtt 1560
agccggttet atcaacttaa acccgtgggg acagcttcat ctgccegggg gegecttgge 1620

gtgcggcget ga 1632
SEQ ID NO: 36 moltype = AA length = 543

FEATURE Location/Qualifiers

source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 36
MMMASKDAPS SADGANGAGQ LVPEVNNAEP LPLDPVAGAS TALATAGQVN MIDPWIFNNF 60
VQAPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLLHLSQMY NGWVGNMRVR VILAGNAFTA 120
GKVIICCVPP GFQSRTLSIA QATLFPHIIA DVRTLEPIEI PLEDVRNTLY HTNDNQPTMR 180
LLCMLYTPLR TGGGSGGTDA FVVAGRVLTC PSSDFNFLFL VPPTVEQKTR PFSVPNIPLQ 240
LLSNSRVPNL IQSMVLSPDQ AQNVQFQONGR CTTDGQLLGT TPVSVSQILK FRGKVSAGSK 300
VINLTELDGS PFLAFEAPAP TGFPDLGTSD WHVEMSLNSN SQSSGNPILL RDIHPNSSEF 360
VPHLGSVCVT AAIEVAGDYT GTIQWTSQPS NVTPVPDVNF WTIPHYGSNL AEASQLAPVV 420
YPPGFGEAIV YFMSPIPGPN TAHKPNLVPC LLPQEFVTHF VSEQAPSMGE AALVHYVDPD 480
TNRNLGEFKL YPEGFITCVP NGTGPQQLPL NGVFVFASWV SRFYQLKPVG TASSARGRLG 540
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SEQ ID NO: 37 moltype = DNA length = 1632
FEATURE Location/Qualifiers
misc_feature 1..1632

note = Nucleic acid sequence of human codon optimized VP1
GI.5 siklos A94L

source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 37
atgatgatgg cctccaaaga cgctcctage agtgctgatyg gegcectaacgyg tgccggccag 60
ctggtecceg aggtgaataa cgccgagect ctecccttgg acccagtage cggagettca 120
acggcectag ctactgecgg acaggttaat atgattgacce cctggatttt caataattte 180
gtgcaggcee ctcaaggcga gtttactata agccctaaca acacaccagg ggatattctg 240
ttecgacctge agttaggccce tcatctcaac cecttettge tcecacctgag ccagatgtac 300
aatggctggg tgggcaacat gcgagtgaga gttatccteg cagggaacgce ctttaccget 360
ggtaaggtga tcatttgttg cgtaccacct ggattccagt ctaggacatt aagtattgeg 420
caagctacce tctttectca tatcategee gacgtgegga cactagagec catcgagatce 480
ccactggagg atgtccggaa taccctgtac cataccaacyg ataatcagec cactatgagg 540
ttactgtgca tgctgtacac gccactecgg actggtgggyg gcagtggggyg gaccgatget 600
ttegtegttg cecggtagggt gcetcacttge ccgtcatcetg actttaactt cctattecctt 660
gtgcccccaa cggtggaaca gaaaacgaga cctttttceg tacctaacat cecctttacag 720
ctectaagea atagcagagt acctaacctg atccaatcca tggttcttag ccctgatcaa 780
gegcagaacy tacagtttca gaacgggcgg tgcaccacag atggccaget gettggtaca 840
actcecegtet ccgtgtcectca gatacttaag tttegeggea aggtctcecege tggatccaaa 900
gtaatcaacc tcactgagct tgatggctcet cectttetgg cgttcegagge geccgcccca 960
acaggctttc cagacctggg aacatccgat tggcatgtcg agatgagtct gaatagcaac 1020
tcecagtett ctggcaatcce aatactgcte cgcgatatce atcctaattce tagcgagtte 1080
gttccacacc tgggttctgt gtgegtgacg gcectgcaatag aggtggctgg cgactacacg 1140
ggtaccattc agtggacctc tcagccaagt aacgtgaccce ctgtgccaga cgttaacttt 1200
tggacaattc cacactacgg ctctaacttg gccgaagcat cccagettge ccccgttgta 1260
tatcceeccag getttggecga agcaatagtt tattttatgt ccccaatcce tggacctaac 1320
acagcacaca agccaaacct cgtcccatge ctgcectgccce aggagttcegt gactcattte 1380
gtttecggaac aagccccatce aatgggggag gccgccectgg tcecactacgt ggatccagat 1440
accaatcgga atctgggaga attcaaactc taccctgaag gattcattac atgtgtgcce 1500
aatggaacag gaccgcagca gctcccactg aacggtgtcect ttgtattcecge atcatgggtt 1560
agccggttet atcaacttaa acccgtgggg acagcttcat ctgccegggg gegecttgge 1620

gtgcggcget ga 1632
SEQ ID NO: 38 moltype = AA length = 543

FEATURE Location/Qualifiers

source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 38
MMMASKDAPS SADGANGAGQ LVPEVNNAEP LPLDPVAGAS TALATAGQVN MIDPWIFNNF 60
VQAPQGEFTI SPNNTPGDIL FDLSLGPHLN PFLLHLSQMY NGWVGNMRVR VILAGNAFTA 120
GKVIICCVPP GFQSRTLSIA QATLFPHIIA DVRTLEPIEI PLEDVRNTLY HTNDNQPTMR 180
LLCMLYTPLR TGGGSGGTDA FVVAGRVLTC PSSDFNFLFL VPPTVEQKTR PFSVPNIPLQ 240
LLSNSRVPNL IQSMVLSPDQ AQNVQFQONGR CTTDGQLLGT TPVSVSQILK FRGKVSAGSK 300
VINLTELDGS PFLAFEAPAP TGFPDLGTSD WHVEMSLNSN SQSSGNPILL RDIHPNSSEF 360
VPHLGSVCVT AAIEVAGDYT GTIQWTSQPS NVTPVPDVNF WTIPHYGSNL AEASQLAPVV 420
YPPGFGEAIV YFMSPIPGPN TAHKPNLVPC LLPQEFVTHF VSEQAPSMGE AALVHYVDPD 480
TNRNLGEFKL YPEGFITCVP NGTGPQQLPL NGVFVFASWV SRFYQLKPVG TASSARGRLG 540

VRR 543
SEQ ID NO: 39 moltype = DNA length = 1632

FEATURE Location/Qualifiers

misc_feature 1..1632

note = Nucleic acid sequence of human codon optimized VP1
GI.5 siklos Q84S plus sign A94L

source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 39
atgatgatgg cctccaaaga cgctcctage agtgctgatyg gegcectaacgyg tgccggccag 60
ctggtecceg aggtgaataa cgccgagect ctecccttgg acccagtage cggagettca 120
acggcectag ctactgecgg acaggttaat atgattgacce cctggatttt caataattte 180
gtgcaggcee ctcaaggcga gtttactata agccctaaca acacaccagg ggatattctg 240
ttcgacctga gcttaggcce tcatctcaac cecttettge tcecacctgag ccagatgtac 300
aatggctggg tgggcaacat gcgagtgaga gttatccteg cagggaacgce ctttaccget 360
ggtaaggtga tcatttgttg cgtaccacct ggattccagt ctaggacatt aagtattgeg 420
caagctacce tctttectca tatcategee gacgtgegga cactagagec catcgagatce 480
ccactggagg atgtccggaa taccctgtac cataccaacyg ataatcagec cactatgagg 540
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ttactgtgca tgctgtacac gccactecgg actggtgggyg gcagtggggyg gaccgatget 600
ttegtegttg cecggtagggt gcetcacttge ccgtcatcetg actttaactt cctattecctt 660
gtgcccccaa cggtggaaca gaaaacgaga cctttttceg tacctaacat cecctttacag 720
ctectaagea atagcagagt acctaacctg atccaatcca tggttcttag ccctgatcaa 780
gegcagaacy tacagtttca gaacgggcgg tgcaccacag atggccaget gettggtaca 840
actcecegtet ccgtgtcectca gatacttaag tttegeggea aggtctcecege tggatccaaa 900
gtaatcaacc tcactgagct tgatggctcet cectttetgg cgttcegagge geccgcccca 960
acaggctttc cagacctggg aacatccgat tggcatgtcg agatgagtct gaatagcaac 1020
tcecagtett ctggcaatcce aatactgcte cgcgatatce atcctaattce tagcgagtte 1080
gttccacacc tgggttctgt gtgegtgacg gcectgcaatag aggtggctgg cgactacacg 1140
ggtaccattc agtggacctc tcagccaagt aacgtgaccce ctgtgccaga cgttaacttt 1200
tggacaattc cacactacgg ctctaacttg gccgaagcat cccagettge ccccgttgta 1260
tatcceeccag getttggecga agcaatagtt tattttatgt ccccaatcce tggacctaac 1320
acagcacaca agccaaacct cgtcccatge ctgcectgccce aggagttcegt gactcattte 1380
gtttecggaac aagccccatce aatgggggag gccgccectgg tcecactacgt ggatccagat 1440
accaatcgga atctgggaga attcaaactc taccctgaag gattcattac atgtgtgcce 1500
aatggaacag gaccgcagca gctcccactg aacggtgtcect ttgtattcecge atcatgggtt 1560
agccggttet atcaacttaa acccgtgggg acagcttcat ctgccegggg gegecttgge 1620
gtgcggcget ga 1632
SEQ ID NO: 40 moltype = DNA length = 1629
FEATURE Location/Qualifiers
misc_feature 1..1629

note = Nucleic acid sequence of human codon-optimized VP1

source

SEQUENCE :

atgaagatgg
gagtctaata
gtgaccggge
aatggggagt
ctgggaccag
ggagggatgg
ttcgcageeyg
ttteccecatg
gtgcggaata
atgctttata
cgggtactaa
gaaagcaaaa
cgcttecety
tgtcagaacg
agtggaattt
tacaatgtta
gcetecacteyg
aagcataaca
acctatacgg
gatgacctca
cactttaacc
gececttecy
cctetgaagy
caacatttct
aatccagaca
gtctcatcca
agttgggtga
atccagtaa

40
catccaacga
acgaggtgat
agacaaatat
ttacggtcag
aacttaatcc
aggtgcaggt
tccctecceca
tcatcatcga
atttctttca
ctceeetgeyg
ctegeectte
ctaagccatt
tttcaattga
gcaggtgcac
gegectttaa
ctattactaa
gagtacctga
cacccggaca
ctcagtacac
ctgtgaatca
agtgggtgge
ttgcacctgt
gegggtatgg
atcaagaggc
caggaagagc
atacatccge
atcagtttta

SEQ ID NO: 41
FEATURE

source

SEQUENCE :
MKMASNDAAP
NGEFTVSPRN
FAAVPPHFPV
MLYTPLRSNG
RFPVSIDQMY
YNVTITNLNG
TYTAQYTPKL
APSVAPVFPG
NPDTGRALFE
19

41
STDGAAGLVP
SPGEVLLNLE
ENLSPQQITM
SGDDVFTVSC
TSPNEVISVQ
SPFDPSEDIP
GOIQIGTWQT
ERLLFFRSYT
AKLHRAGFMT

GII.2 CGMH47 2011 TW AGT39206
1..1629
mol_type =
organism =

other DNA
synthetic construct
cgeegeacce
ggccttggag
catcgatcect
ccctagaaat
gtacctggcet
tatgetgget
ctteccagtt
tgtgegtace
ctataatcag
tagcaatggt
accagacttce
cacacttcce
tcagatgtac
cttagacggt
gggcgaagtg
tctcaatgga
ctttcaggga
taatgagcca
cccaaagete
acctgtgaaa
ccctagatac
gtttcegggy
tactccagca
cgcacctagt
actgttcgag
accecgtagta
ctegttggece

agcacagacg
cctgttgeag
tggattagag
agccetgggg
cacctggece
ggcaatgect
gaaaatcttt
ctggaacctyg
aaggatgacc
agtggggatg
gactttacgt
atccteacce
acgtctccaa
gaactgcagg
acagctcacc
agtccttteg
cgegtetteg
gccaatagag
ggccagatac
ttcactccag
geeggagect
gageggttge
atcgactgee
atgagcgagg
gccaagetge
gtcecegeca
cccatgggea

gagetgeegg
gggetgeect
ctaatttegt
aagtgctect
ggatgtacaa
ttacagcagg
cceccteagea
tgctgttgee
caaaaatgcg
acgtttttac
acttggtgee
tcggagaact
atgaagtcat
ggacaacgca
tccacgacaa
accecctegga
gegtgatate
cccacgacge
aaatcgggac
taggtctgaa
tgaacctaaa
tettetttag
tgctacctca
tggetttggt
acagagccgg
acgggtactt
cagggaacgg

moltype = AA length = 542
Location/Qualifiers

1..542

mol type = protein

note = Norovirus

organism = unidentified
ESNNEVMALE
LGPELNPYLL
FPHVIIDVRT
RVLTRPSPDF
CONGRCTLDG
APLGVPDFQG
DDLTVNQPVK
PLKGGYGTPA
VSSNTSAPVV

PVAGAALAAP
HLARMYNGYA
LEPVLLPLPD
DETYLVPPTV
ELQGTTQLQV
RVFGVISQRD
FTPVGLNDTD
IDCLLPQEWV
VPANGYFRFD

VTGQTNIIDP
GGMEVQVMLA
VRNNEFFHYNQ
ESKTKPFTLP
SGICAFKGEV
KHNTPGHNEP
HENQWVVPRY
QHFYQEAAPS
SWVNQFYSLA

attggtaccc
cgcagetect
gcaagccceca
caatctcgag
tggatatgca
caaactcgtt
gattaccatg
tttaccagac
gatcegttgeg
agtgagttgt
tcccactgte
ctcgaactee
ttctgtgeag
gttgcaggte
cgatcatcte
agatattcce
acaacgagat
agtcgtteceg
ttggcagacc
tgatacagac
cactaacctt
aagctatatt
ggagtgggtt
cagatacatc
cttcatgace
cagattcgac
tcgecgacgyg

WIRANFVQAP
GNAFTAGKLV
KDDPKMRIVA
ILTLGELSNS
TAHLHDNDHL
ANRAHDAVVP
AGALNLNTNL
MSEVALVRYI
PMGTGNGRRR

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1629

60

120
180
240
300
360
420
480
540
542

Sep. 21, 2023
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SEQ ID NO: 42
FEATURE
misc_feature

source

SEQUENCE: 42
atgaagatgyg catccaacga
gagtctaata acgaggtgat
gtgaccggge agacaaatat
aatggggagt ttacggtcag
ctgggaccayg aacttaatcc
ggagggatgg aggtgcaggt
ttcgcageeyg tcecteccca
tttccccatyg tcatcatcga
gtgcggaata atttctttcea
atgctttata ctccectgeg
cgggtactaa ctegeectte
gaaagcaaaa ctaagccatt
cgctteccty tttcaattga
tgtcagaacyg gcaggtgcac
agtggaattt gcgectttaa
tacaatgtta ctattactaa
geteccacteg gagtacctga
aagcataaca cacccggaca
acctatacgyg ctcagtacac
gatgacctca ctgtgaatca
cactttaacc agtgggtggt
gececttecyg ttgcacctgt
cctetgaagy gegggtatgg
caacatttct atcaagaggc
aatccagaca caggaagagc
gtctcatcca atacatccge
agttgggtga atcagtttta
atccagtaa

SEQ ID NO: 43
FEATURE
source

SEQUENCE: 43
MKMASNDAAP STDGAAGLVP
NGEFTVSPRN SPGEVLLNLS
FAAVPPHFPV ENLSPQQITM
MLYTPLRSNG SGDDVETVSC
REPVSIDQMY TSPNEVISVQ
YNVTITNLNG SPFDPSEDIP
TYTAQYTPKL GQIQIGTWQT
APSVAPVFPG ERLLFFRSYI
NPDTGRALFE AKLHRAGEMT
IQ

SEQ ID NO: 44
FEATURE
misc_feature

source

SEQUENCE: 44

atgaagatgyg catccaacga
gagtctaata acgaggtgat
gtgaccggge agacaaatat
aatggggagt ttacggtcag
ctgggaccayg aacttaatcc
ggagggatgg aggtgcaggt
ttcgcageeyg tcecteccca
tttccccatyg tcatcatcga
gtgcggaata atttctttcea
atgctttata ctccectgeg
cgggtactaa ctegeectte

moltype = DNA length = 1629
Location/Qualifiers

1..1629

note = Nucleic acid sequence of
GII.2 CGMH47 A90L

1..1629

mol_type = other DNA

organism = synthetic construct

cgcegeaccee agcacagacg gagetgecgg
ggcettggag cctgttgcag gggcetgeect
catcgatcct tggattagag ctaatttegt
ccctagaaat agecctgggg aagtgetect
gtacctgcete cacctggece ggatgtacaa
tatgctgget ggcaatgect ttacagecagg
cttecccagtt gaaaatcttt ccectcagea
tgtgcgtace ctggaacctg tgetgttgec
ctataatcag aaggatgacc caaaaatgeg
tagcaatggt agtggggatg acgtttttac
accagactte gactttacgt acttggtgec
cacacttcce atcctcacce teggagaact
tcagatgtac acgtctccaa atgaagtcat
cttagacggt gaactgcagg ggacaacgca
gggcgaagtyg acagctcacc tccacgacaa
tctcaatgga agtccttteg acccctegga
ctttcaggga cgegtctteg gegtgatatce
taatgagcca gccaatagag cccacgacgc
cccaaagete ggccagatac aaatcgggac
acctgtgaaa ttcactccag taggtctgaa
ccctagatac gecggagect tgaacctaaa
gtttcegggyg gageggttge tettetttag
tactccagca atcgactgee tgctacctcea
cgcacctagt atgagcgagg tggetttggt
actgttcgag gccaagetge acagagecgg
acccgtagta gtecccgeca acgggtactt
ctegttggee cccatgggea cagggaacgg

moltype = AA length = 542
Location/Qualifiers

1..542

mol type = protein

note = Norovirus

organism = unidentified

ESNNEVMALE PVAGAALAAP VTGQTNIIDP
LGPELNPYLL HLARMYNGYA GGMEVQVMLA
FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ
RVLTRPSPDF DFTYLVPPTV ESKTKPFTLP
CONGRCTLDG ELQGTTQLQV SGICAFKGEV
APLGVPDFQG RVFGVISQRD KHNTPGHNEP
DDLTVNQPVK FTPVGLNDTD HFNQWVVPRY
PLKGGYGTPA IDCLLPQEWV QHFYQEAAPS
VSSNTSAPVV VPANGYFRFD SWVNQFYSLA

moltype = DNA length = 1629
Location/Qualifiers

1..1629

note = Nucleic acid sequence of

human codon

attggtaccc
cgcagetect
gcaagccceca
caatctcgag
tggatatgca
caaactcgtt
gattaccatg
tttaccagac
gatcegttgeg
agtgagttgt
tcccactgte
ctcgaactee
ttctgtgeag
gttgcaggte
cgatcatcte
agatattcce
acaacgagat
agtcgtteceg
ttggcagacc
tgatacagac
cactaacctt
aagctatatt
ggagtgggtt
cagatacatc
cttcatgace
cagattcgac

tcgecgacgyg

WIRANFVQAP
GNAFTAGKLV
KDDPKMRIVA
ILTLGELSNS
TAHLHDNDHL
ANRAHDAVVP
AGALNLNTNL
MSEVALVRYI
PMGTGNGRRR

human codon

GII.2 CGMH47 E80S plus sign A90L

1..1629
mol_type = other DNA
organism = synthetic construct

cgcegeaccee agcacagacg gagetgecgg
ggcettggag cctgttgcag gggcetgeect
catcgatcct tggattagag ctaatttegt
ccctagaaat agecctgggg aagtgetect
gtacctgcete cacctggece ggatgtacaa
tatgctgget ggcaatgect ttacagecagg
cttecccagtt gaaaatcttt ccectcagea
tgtgcgtace ctggaacctg tgetgttgec
ctataatcag aaggatgacc caaaaatgeg
tagcaatggt agtggggatg acgtttttac
accagactte gactttacgt acttggtgec

attggtaccc
cgcagetect
gcaagccceca
caatctcage
tggatatgca
caaactcgtt
gattaccatg
tttaccagac
gatcegttgeg
agtgagttgt
tcccactgte

optimized VP1

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1629

60

120
180
240
300
360
420
480
540
542

optimized VP1

60

120
180
240
300
360
420
480
540
600
660
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gaaagcaaaa ctaagccatt cacacttccc atcctcacce teggagaact ctecgaactce 720
cgcettecctyg tttcaattga tcagatgtac acgtctccaa atgaagtcat ttctgtgcag 780
tgtcagaacg gcaggtgcac cttagacggt gaactgcagg ggacaacgca gttgcaggtce 840
agtggaattt gcgcectttaa gggcgaagtg acagctcacce tccacgacaa cgatcatcte 900
tacaatgtta ctattactaa tctcaatgga agtccttteg accectcegga agatattcce 960
gcteccacteg gagtacctga ctttcaggga cgcgtectteg gegtgatatc acaacgagat 1020
aagcataaca cacccggaca taatgagceca gecaatagag cccacgacge agtcegttceceg 1080
acctatacgg ctcagtacac cccaaagcetce ggccagatac aaatcgggac ttggcagace 1140
gatgacctca ctgtgaatca acctgtgaaa ttcactccag taggtctgaa tgatacagac 1200
cactttaacc agtgggtggt ccctagatac gccggagect tgaacctaaa cactaacctt 1260
gccectteeg ttgcacctgt gttteecgggg gagcggttge tcettcectttag aagcetatatt 1320
cctectgaagg gcgggtatgg tactccagca atcgactgcee tgctacctca ggagtgggtt 1380
caacatttct atcaagaggc cgcacctagt atgagcgagg tggctttggt cagatacatc 1440
aatccagaca caggaagagc actgttcgag gecaagcetge acagagccegyg cttcatgace 1500
gtctcatcca atacatccge acccgtagta gtcccecgcca acgggtactt cagattcgac 1560
agttgggtga atcagtttta ctcgttggcce cccatgggca cagggaacgg tcgccgacgg 1620

atccagtaa 1629
SEQ ID NO: 45 moltype = DNA length = 1647

FEATURE Location/Qualifiers

misc_feature 1..1647

note = Nucleic acid sequence of human codon-optimized VP1
GII.3_Jingzhou_2013402_ CHN AGX01095

source 1..1l647

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 45
atgaaaatgg cttccaacga tgcagcacce tctaatgatg gegetgceegyg acttgtgcecg 60
gagattagct ctgaggctat ggccctagaa ccagtagccg gggcagecat agetgcccca 120
ctgactggee agcagaatat cattgacccce tggataatga acaatttegt gcaggcaccg 180
gggggagaat tcacggtcte tcctcgaaac tccccegggg aggttcetett gaatttggaa 240
ctgggecctyg aaattaatcce ttatctggece catctagece gaatgtacaa cggctacgce 300
ggaggttteg aggtccaggt ggtgctcget ggtaacgect tcacagetgg caagatcatt 360
tttgcagcaa tcccteccaaa cttccectate gataatctta gtgecgccca gatcacaatg 420
tgccctcacyg ttatcgtaga tgtgaggcag ctggaacctyg tcaatctcecce aatgeccgac 480
gtgcgcaaca acttctttca ctataaccag ggatctgact cececgectteg ccttatcget 540
atgctgtaca cccctectgag ggctaacaat tccggagatg acgttttcac tgtgagttgt 600
cgagtectga cacgtccatce tcctgacttt agetttaatt tectegtgece ccccacagtyg 660
gaatccaaaa ctaagccatt ctctctgcca attcttacca ttagcgaaat gtcgaatagt 720
aggttcccegg tgcccataga ttcactgecat accagtccaa cagaaaacat cgtcgtacag 780
tgtcagaacg gacgcgtgac tctcgacggg gagettatgg gcactaccca gcetgetgcece 840
agccagatat gcgectteceg cggcacactg actagaagea cttegegtge ttctgaccag 900
gcagatacag ctacaccaag gctgttcaat tattattggce atatacaact cgataatctg 960
aatggcactc cttatgaccc agccgaggac atccccgece cacttggcac cccggacttt 1020
agagggaagg tctttggagt ggcttctcaa agaaatcceg acgcaaccac ccgggeccac 1080
gaggccaaaa tcgatactac atcagggcgt ttcaccccta agttaggcag tctggagata 1140
tctaccgaaa gtggagattt cgatcagaac cagccaacce ggtttaccce cgtgggaatce 1200
ggggttgacc acgaaccgga tttceccagcag tgggctctge ctgattacgce aggccagtte 1260
acacataaca tgaatcttgc ccccgetgtg gcccccaact tcecccecgggaga acaacttctg 1320
tttttcagga gccaactgcec ttccagegge ggccgatcta acgggatttt ggactgtcte 1380
gtgccccagyg aatgggtgca gcatttttac caggagtceg cgccctceccca gacgcaggtg 1440
gctetggtta gatatgtcaa tcccgacacce ggcagggtge tatttgaggce aaagctgcac 1500
aagctteget ttatgactat cgctaagagce ggtgattcge ctattacagt gecccecccaac 1560
ggatacttca gatttgagag ttgggtgaac ccattctata ccctggcccce catgggtaca 1620

ggcaatggca gacggcggat ccagtaa 1647
SEQ ID NO: 46 moltype = AA length = 548

FEATURE Location/Qualifiers

source 1..548

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 46
MKMASNDAAP SNDGAAGLVP EISSEAMALE PVAGAAIAAP LTGQQONIIDP WIMNNEFVQAP 60
GGEFTVSPRN SPGEVLLNLS LGPEINPYLA HLARMYNGYA GGFEVQVVLA GNAFTAGKII 120
FAAIPPNFPI DNLSAAQITM CPHVIVDVRQ LEPVNLPMPD VRNNFFHYNQ GSDSRLRLIA 180
MLYTPLRANN SGDDVFTVSC RVLTRPSPDF SFNFLVPPTV ESKTKPFSLP ILTISEMSNS 240
RFPVPIDSLH TSPTENIVVQ CQNGRVTLDG ELMGTTQLLP SQICAFRGTL TRSTSRASDQ 300
ADTATPRLFN YYWHIQLDNL NGTPYDPAED IPAPLGTPDF RGKVFGVASQ RNPDATTRAH 360
EAKIDTTSGR FTPKLGSLEI STESGDFDQON QPTRFTPVGI GVDHEPDFQQ WALPDYAGQF 420
THNMNLAPAV APNFPGEQLL FFRSQLPSSG GRSNGILDCL VPQEWVQHFY QESAPSQTQV 480
ALVRYVNPDT GRVLFEAKLH KLRFMTIAKS GDSPITVPPN GYFRFESWVN PFYTLAPMGT 540
GNGRRRIQ 548

SEQ ID NO: 47 moltype = DNA length = 1647
FEATURE Location/Qualifiers
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misc_feature

source

SEQUENCE: 47

atgaaaatgyg cttccaacga
gagattagct ctgaggctat
ctgactggcce agcagaatat
gggggagaat tcacggtcte
ctgggecctyg aaattaatce
ggaggtttceg aggtccaggt
tttgcagcaa tccctecaaa
tgccctcacy ttatcgtaga
gtgcgcaaca acttctttea
atgctgtaca ccectetgag
cgagtectga cacgtccatce
gaatccaaaa ctaagccatt
aggttccegyg tgcccataga
tgtcagaacyg gacgcgtgac
agccagatat gegectteeg
gcagatacag ctacaccaag
aatggcactce cttatgacce
agagggaagyg tctttggagt
gaggccaaaa tcgatactac
tctaccgaaa gtggagattt
ggggttgace acgaaccgga
acacataaca tgaatcttge
tttttcagga gccaactgec
gtgccccagg aatgggtgcea
getetggtta gatatgtcaa
aagctteget ttatgactat
ggatacttca gatttgagag
ggcaatggca gacggcggat

SEQ ID NO: 48
FEATURE
source

SEQUENCE: 48
MKMASNDAAP SNDGAAGLVP
GGEFTVSPRN SPGEVLLNLE
FAAIPPNFPI DNLSAAQITM
MLYTPLRANN SGDDVFTVSC
RFPVPIDSLH TSPTENIVVQ
ADTATPRLFN YYWHIQLDNL
EAKIDTTSGR FTPKLGSLEI
THNMNLAPAV APNFPGEQLL
ALVRYVNPDT GRVLFEAKLH
GNGRRRIQ

SEQ ID NO: 49
FEATURE
misc_feature

source

SEQUENCE: 49

atgaaaatgyg cttccaacga
gagattagct ctgaggctat
ctgactggcce agcagaatat
gggggagaat tcacggtcte
ctgggecctyg aaattaatce
ggaggtttceg aggtccaggt
tttgcagcaa tccctecaaa
tgccctcacy ttatcgtaga
gtgcgcaaca acttctttea
atgctgtaca ccectetgag
cgagtectga cacgtccatce
gaatccaaaa ctaagccatt
aggttccegyg tgcccataga

1..1647

note = Nucleic acid sequence of
VPl GII.3 Jing E80S

1..1647

mol_type = other DNA

organism = synthetic construct

tgcagcacce tctaatgatg gegetgecgg
ggcectagaa ccagtagceg gggcagccat
cattgaccce tggataatga acaatttegt
tcctegaaac tccccegggg aggttetett
ttatctggce catctagcce gaatgtacaa
ggtgcteget ggtaacgect tcacagetgg
ctteccctate gataatctta gtgeegecca
tgtgaggcag ctggaacctg tcaatctecc
ctataaccag ggatctgact ccegectteg
ggctaacaat tccggagatg acgttttcac
tcctgacttt agetttaatt tectegtgec
ctctetgeca attcttacca ttagegaaat
ttcactgcat accagtccaa cagaaaacat
tctegacggyg gagettatgg geactaccca
cggcacactyg actagaagca cttegegtge
getgttcaat tattattggce atatacaact
agccgaggac atccccgece cacttggeac
ggcttetcaa agaaatcceg acgcaaccac
atcagggcegt ttcaccccta agttaggeag
cgatcagaac cagccaacce ggtttaccec
tttccagcag tgggetetge ctgattacge
ccecegetgtyg geccccaact teecgggaga
ttccagegge ggccgatcta acgggatttt
gecatttttac caggagtceg cgccctecca
tccegacace ggcagggtge tatttgagge
cgctaagage ggtgattcge ctattacagt
ttgggtgaac ccattctata ccctggecce
ccagtaa

moltype = AA length = 548
Location/Qualifiers

1..548

mol type = protein

note = Norovirus

organism = unidentified

EISSEAMALE PVAGAAIAAP LTGQQONIIDP
LGPEINPYLL HLARMYNGYA GGFEVQVVLA
CPHVIVDVRQ LEPVNLPMPD VRNNFFHYNQ
RVLTRPSPDF SFNFLVPPTV ESKTKPFSLP
CONGRVTLDG ELMGTTQLLP SQICAFRGTL
NGTPYDPAED IPAPLGTPDF RGKVFGVASQ
STESGDFDQN QPTRFTPVGI GVDHEPDFQQ
FFRSQLPSSG GRSNGILDCL VPQEWVQHFY
KLRFMTIAKS GDSPITVPPN GYFRFESWVN

moltype = DNA length = 1647
Location/Qualifiers

1..1647

note = Nucleic acid sequence of
VPl GII.3 Jing A90L

1..1647

mol_type = other DNA

organism = synthetic construct

tgcagcacce tctaatgatg gegetgecgg
ggcectagaa ccagtagceg gggcagccat
cattgaccce tggataatga acaatttegt
tcctegaaac tccccegggg aggttetett
ttatctgete catctagcce gaatgtacaa
ggtgcteget ggtaacgect tcacagetgg
ctteccctate gataatctta gtgeegecca
tgtgaggcag ctggaacctg tcaatctecc
ctataaccag ggatctgact ccegectteg
ggctaacaat tccggagatg acgttttcac
tcctgacttt agetttaatt tectegtgec
ctctetgeca attcttacca ttagegaaat
ttcactgcat accagtccaa cagaaaacat

human codon

acttgtgeceg
agctgecceca
gcaggcaccg
gaatttgagce
cggctacgee
caagatcatt
gatcacaatg
aatgcccgac
ccttateget
tgtgagttgt
ccccacagty
gtcgaatagt
cgtegtacag
getgetgece
ttctgaccag
cgataatctyg
cccggacttt
cegggeccac
tctggagata
cgtgggaatce
aggccagtte
acaacttctyg
ggactgtete
gacgcaggtg
aaagctgcac
gececccaac
catgggtaca

WIMNNEVQAP
GNAFTAGKIT
GSDSRLRLIA
ILTISEMSNS
TRSTSRASDQ
RNPDATTRAH
WALPDYAGQF
QESAPSQTQV
PFYTLAPMGT

human codon

acttgtgeceg
agctgecceca
gcaggcaccg
gaatttggaa
cggctacgee
caagatcatt
gatcacaatg
aatgcccgac
ccttateget
tgtgagttgt
ccccacagty
gtcgaatagt
cgtegtacag

optimized

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1647

60

120
180
240
300
360
420
480
540
548

optimized

60

120
180
240
300
360
420
480
540
600
660
720
780
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tgtcagaacg gacgcgtgac tctcgacggg gagettatgg gcactaccca gcetgetgcece 840
agccagatat gcgectteceg cggcacactg actagaagea cttegegtge ttctgaccag 900
gcagatacag ctacaccaag gctgttcaat tattattggce atatacaact cgataatctg 960
aatggcactc cttatgaccc agccgaggac atccccgece cacttggcac cccggacttt 1020
agagggaagg tctttggagt ggcttctcaa agaaatcceg acgcaaccac ccgggeccac 1080
gaggccaaaa tcgatactac atcagggcgt ttcaccccta agttaggcag tctggagata 1140
tctaccgaaa gtggagattt cgatcagaac cagccaacce ggtttaccce cgtgggaatce 1200
ggggttgacc acgaaccgga tttceccagcag tgggctctge ctgattacgce aggccagtte 1260
acacataaca tgaatcttgc ccccgetgtg gcccccaact tcecccecgggaga acaacttctg 1320
tttttcagga gccaactgcec ttccagegge ggccgatcta acgggatttt ggactgtcte 1380
gtgccccagyg aatgggtgca gcatttttac caggagtceg cgccctceccca gacgcaggtg 1440
gctetggtta gatatgtcaa tcccgacacce ggcagggtge tatttgaggce aaagctgcac 1500
aagctteget ttatgactat cgctaagagce ggtgattcge ctattacagt gecccecccaac 1560
ggatacttca gatttgagag ttgggtgaac ccattctata ccctggcccce catgggtaca 1620
ggcaatggca gacggcggat ccagtaa 1647
SEQ ID NO: 50 moltype = AA length = 548
FEATURE Location/Qualifiers
source 1..548

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 50
MKMASNDAAP SNDGAAGLVP EISSEAMALE PVAGAAIAAP LTGQQONIIDP WIMNNEFVQAP 60
GGEFTVSPRN SPGEVLLNLS LGPEINPYLL HLARMYNGYA GGFEVQVVLA GNAFTAGKII 120
FAAIPPNFPI DNLSAAQITM CPHVIVDVRQ LEPVNLPMPD VRNNFFHYNQ GSDSRLRLIA 180
MLYTPLRANN SGDDVFTVSC RVLTRPSPDF SFNFLVPPTV ESKTKPFSLP ILTISEMSNS 240
RFPVPIDSLH TSPTENIVVQ CQNGRVTLDG ELMGTTQLLP SQICAFRGTL TRSTSRASDQ 300
ADTATPRLFN YYWHIQLDNL NGTPYDPAED IPAPLGTPDF RGKVFGVASQ RNPDATTRAH 360
EAKIDTTSGR FTPKLGSLEI STESGDFDQON QPTRFTPVGI GVDHEPDFQQ WALPDYAGQF 420
THNMNLAPAV APNFPGEQLL FFRSQLPSSG GRSNGILDCL VPQEWVQHFY QESAPSQTQV 480
ALVRYVNPDT GRVLFEAKLH KLRFMTIAKS GDSPITVPPN GYFRFESWVN PFYTLAPMGT 540
GNGRRRIQ 548
SEQ ID NO: 51 moltype = DNA length = 1647
FEATURE Location/Qualifiers
misc_feature 1..1647

note = Nucleic acid sequence of human codon optimized

source

SEQUENCE :

atgaaaatgg
gagattagcet
ctgactggec
gggggagaat
ctgggecectyg

ggaggttteg
tttgcagcaa

tgcecteacy
gtgcgcaaca
atgctgtaca
cgagtectga
gaatccaaaa
aggttccegyg
tgtcagaacg
agccagatat
gcagatacag
aatggcactc
agagggaagg
gaggccaaaa
tctaccgaaa
ggggttgace
acacataaca
tttttcagga
gtgccccagyg
getetggtta
aagctteget
ggatacttca

ggcaatggca

51
cttccaacga
ctgaggctat
agcagaatat
tcacggtete
aaattaatcc
aggtccaggt
tccctecaaa
ttatcgtaga
acttctttca
ccectetgag
cacgtccatce
ctaagccatt
tgcccataga
gacgcgtgac
gegecttecy
ctacaccaag
cttatgacce
tetttggagt
tcgatactac
gtggagattt
acgaaccgga
tgaatcttge
gccaactgee
aatgggtgca
gatatgtcaa
ttatgactat
gatttgagag
gacggcggat

SEQ ID NO:
FEATURE
misc_feature

52

VPl _GII.3 Jing E80S+A90L
1..1647
mol_type =
organism =

other DNA
synthetic construct
tgcagcacce
ggccctagaa
cattgaccce
tcctegaaac
ttatctgete
ggtgcteget
ctteectate
tgtgaggcag
ctataaccag
ggctaacaat
tcctgacttt
ctetetgeca
ttcactgcat
tctegacggy
cggcacactg
gctgttcaat
agccgaggac
ggcttctcaa
atcagggegt
cgatcagaac
ttteccagcag
ceceegetgty
ttcecagegge
gcatttttac
tceegacace
cgctaagage
ttgggtgaac
ccagtaa

tctaatgatg
ccagtageceg
tggataatga
tcececeggygy
catctagece
ggtaacgect
gataatctta
ctggaacctyg
ggatctgact
tcceggagatg
agctttaatt
attcttacca
accagtccaa
gagcttatgg
actagaagca
tattattgge
atcccegece
agaaatcceg
ttcaccccta
cagccaaccc
tgggctetge
gececcaact
ggcegatcta
caggagtceg
ggcagggtge
ggtgattege
ccattctata

gegetgeegg
gggcagccat
acaatttegt
aggttectett
gaatgtacaa
tcacagctygyg
gtgccegecca
tcaatctece
ccegectteg
acgttttcac
tcctegtgee
ttagcgaaat
cagaaaacat
gcactaccca
cttegegtge
atatacaact
cacttggcac
acgcaaccac
agttaggcag
ggtttaccce
ctgattacge
tccegggaga
acgggatttt
cgcecteeca
tatttgaggce
ctattacagt
cecectggecee

moltype = DNA length = 1623
Location/Qualifiers
1..1623

note = Nucleic acid sequence of

acttgtgeccg 60
agctgcececa 120
gcaggcaccg 180
gaatttgagc 240
cggctacgee 300
caagatcatt 360
gatcacaatg 420
aatgcccgac 480
ccttatcget 540
tgtgagttgt 600
ccccacagtyg 660
gtcgaatagt 720
cgtcgtacag 780
gctgetgeece 840
ttctgaccag 900
cgataatctg 960
cceggacttt 1020
ccgggeccac 1080
tctggagata 1140
cgtgggaatc 1200
aggccagtte 1260
acaacttctg 1320
ggactgtcte 1380
gacgcaggtg 1440
aaagctgcac 1500
gccceccaac 1560
catgggtaca 1620
1647

human codon-optimized VP1
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source

SEQUENCE :
atgaaaatgg
gaggttaata
gtggeccggte
ggtggggagt
ttgggacceyg
ggcggatttg
tttgcagegy
tttccacaca
gtacgcaata
atgttgtaca
agagtgctca
gagagccgaa
cgctttecaa
ccacagaacg
gttaatatct
atgaatctgg
cttggaacce
gatggcteca
aaactgggta
actaagttca
caacaatggg
gcagtggete
tgctceggat
ttttatcaag
gacacaggce
catactggac
gtgaatcagt
tga

52
cctegagtga
atgaggtgat
agcagaatgt
tcaccgttag
atctgaaccc
aagtgcaggt
tgccteccaa
tegtggtgga
atttctacca
ccectetgeg
ccagacctte
ccaagcectt
tccececttga
gacgctgeac
gtacgtttag
catcacagaa
ccgactttgt
cacggggaca
gagtgcagtt
cacctgtagyg
tcctgeccte
ccacgtttee
atcccaatat
aggccgeaca
gegtgttgtt
agcatgacct
tttatacatt

SEQ ID NO:
FEATURE
source

53

SEQUENCE :

MKMASSDANP
GGEFTVSPRN
FAAVPPNFPT
MLYTPLRANN
RFPIPLEKLF
MNLASQNWND
KLGRVQFETD
AVAPTFPGEQ
DTGRVLFECK

53
SDGSAANLVP
APGEILWSAP
EGLSPSQVTM
AGDDVFTVSC
TGPSSAFVVQ
YDPTEEIPAP
TDRDFEANQN
LLFFRSTMPG
LHKSGYVTVA

SEQ ID NO:
FEATURE
misc_feature

54

source

SEQUENCE :

atgaaaatgg
gaggttaata
gtggeccggte
ggtggggagt
ttgggacceyg
ggcggatttg
tttgcagegy
tttccacaca
gtacgcaata
atgttgtaca
agagtgctca
gagagccgaa
cgctttecaa
ccacagaacg
gttaatatct
atgaatctgg

54
cctegagtga
atgaggtgat
agcagaatgt
tcaccgttag
atctgaaccc
aagtgcaggt
tgccteccaa
tegtggtgga
atttctacca
ccectetgeg
ccagacctte
ccaagcectt
tccececttga
gacgctgeac
gtacgtttag
catcacagaa

GII.4_Sydney 2012 K4LM89
1..1623
mol_type =
organism =

other DNA
synthetic construct
cgctaaccct
ggccctggag
gattgacccyg
cccgagaaat
ctatttgtca
gattctggcet
cttecccact
cgtacggcag
ctacaatcaa
cgctaacaat
accagacttt
tagtgtccce
gaaactgttce
aactgacggce
aggcgacgta
ttggaatgac
gggaaaaata
caaggcaacc
tgagaccgac
agtgattcag
ttatagcggyg
cggggaacaa
ggatctecgat
agcccaatce
tgagtgcaaa
ggtgatccca
agccceccatg

agtgacggca
cectgtggtgg
tggatacgca
gegecaggag
catctegete
gggaacgcgt
gaaggactgt
ctagagcctyg
tccaatgatce
gectggagacyg
gactttatet
gtactcacag
acaggacctt
gtgctgeteyg
actcacataa
tacgacccaa
cagggegtec
gtctacactyg
actgaccggyg
gacgggggcea
aggaatactc
ctgetetttt
tgcctgetee
gacgtcegcac
ttgcacaaat
cccaacggat

gggaatggga

gegecgecaa
gegeagecat
acaattttgt
aaatcctgty
ggatgtacaa
tcactgetygy
ctccaageca
tcctgattee
cgaccattaa
acgtattcac
tcttagtgee
tcgaggagat
ccteggeatt
gaaccaccca
ctggetcacy
ccgaagagat
tgacacaaac
getetgecga
actttgaage
ccactcaccy
ataatgtgca
ttcgttcaac
cacaggaatg
ttctgeggtt
caggatacgt
attttaggtt

ctggcagacyg

moltype = AA length = 540
Location/Qualifiers

1..540

mol type = protein

note = Norovirus

organism = unidentified

EVNNEVMALE
LGPDLNPYLS
FPHIVVDVRQ
RVLTRPSPDF
PONGRCTTDG
LGTPDFVGKI
TKFTPVGVIQ
CSGYPNMDLD
HTGQHDLVIP

PVVGAAIAVP
HLARMYNGYA
LEPVLIPLPD
DFIFLVPPTV
VLLGTTQLSP
QGVLTQTTRT
DGGTTHRNEP
CLLPQEWVQY
PNGYFRFDSW

VAGQONVIDP
GGFEVQVILA
VRNNFYHYNQ
ESRTKPFSVP
VNICTFRGDV
DGSTRGHKAT
OOWVLPSYSG
FYQEAAPAQS
VNQFYTLAPM
moltype = DNA length = 1623
Location/Qualifiers

1..1623

note = Nucleic acid sequence of
VPl GII.4 Sydl2 A39V

1..1623
mol_type =
organism =

other DNA

synthetic construct

cgctaaccct
ggccctggag
gattgacccyg
cccgagaaat
ctatttgtca
gattctggcet
cttececact
cgtacggcag
ctacaatcaa
cgctaacaat
accagacttt
tagtgtccce
gaaactgttce
aactgacgge
aggcgacgta
ttggaatgac

agtgacggca
cectgtggtgg
tggatacgca
gegecaggag
catctegete
gggaacgcgt
gaaggactgt
ctagagcctyg
tccaatgatce
gectggagacyg
gactttatet
gtactcacag
acaggacctt
gtgctgeteyg
actcacataa
tacgacccaa

gegecgecaa
gegeagecat
acaattttgt
aaatcctgty
ggatgtacaa
tcactgetygy
ctccaageca
tcctgattee
cgaccattaa
acgtattcac
tcttagtgee
tcgaggagat
ccteggeatt
gaaccaccca
ctggetcacy
ccgaagagat

tettgtgect
agcagegecc
ccaagecect
gtceggeccca
cgggtatgee
caaagtgatc
ggtcacaatg
cctecctgat
actcatcgeg
cgtgtcatge
ccccactgtt
gacaaatagc
cgtggttcag
gettageect
gaactatacc
tccegeacct
caccagaacc
ttttgcceey
caatcagaat
gaacgagccg
tttggetect
catgcctgga
ggtgcagtat
cgtgaatcca
tacagtggcet
cgactectygyg

cagggcetgte

WIRNNFVQAP
GNAFTAGKVI
SNDPTIKLIA
VLTVEEMTNS
THITGSRNYT
VYTGSADFAP
RNTHNVHLAP
DVALLRFVNP
GNGTGRRRAV

human codon

tettgtgect
agcagtccce
ccaagecect
gtceggeccca
cgggtatgee
caaagtgatc
ggtcacaatg
cctecctgat
actcatcgeg
cgtgtcatge
ccccactgtt
gacaaatagc
cgtggttcag
gettageect
gaactatacc
tccegeacct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1623

60

120
180
240
300
360
420
480
540

optimized

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
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cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620

tga 1623
SEQ ID NO: 55 moltype = AA length = 540

FEATURE Location/Qualifiers

source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 55
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONPIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540

SEQ ID NO: 56 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized

VPl _GII.4_ Sydl2 V47P
source 1..1623

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 56
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagcgece 120
gtggcceggte agcagaatcce cattgaccceg tggatacgca acaattttgt ccaagcccect 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggcccca 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620

tga 1623
SEQ ID NO: 57 moltype = AA length = 540

FEATURE Location/Qualifiers

source 1..540

mol type = protein
note = Norovirus
organism = unidentified
SEQUENCE: 57
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIINNFVQAP 60
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GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540

SEQ ID NO: 58 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized

VPl _GII.4_ Sydl2 R53I
source 1..1623

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 58
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagcgece 120
gtggcceggte agcagaatgt gattgaccceg tggataatca acaattttgt ccaagcccct 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggcccca 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620

tga 1623
SEQ ID NO: 59 moltype = AA length = 540

FEATURE Location/Qualifiers

source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 59
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAS LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540

SEQ ID NO: 60 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized
VPl GII.4 Sydl2 P80S
source 1..1623
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 60
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagcgece 120
gtggcceggte agcagaatgt gattgaccceg tggatacgca acaattttgt ccaagcccct 180
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ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggccage 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620
tga 1623
SEQ ID NO: 61 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 61
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLL HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540
SEQ ID NO: 62 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

source

SEQUENCE :

atgaaaatgg
gaggttaata
gtggeccggte
ggtggggagt
ttgggacceyg
ggcggatttg
tttgcagegy
tttccacaca
gtacgcaata
atgttgtaca
agagtgctca
gagagccgaa
cgctttecaa
ccacagaacg
gttaatatct
atgaatctgg
cttggaacce
gatggcteca
aaactgggta
actaagttca
caacaatggg
gcagtggete
tgctceggat
ttttatcaag

62
cctegagtga
atgaggtgat
agcagaatgt
tcaccgttag
atctgaaccc
aagtgcaggt
tgccteccaa
tegtggtgga
atttctacca
ccectetgeg
ccagacctte
ccaagcectt
tccececttga
gacgctgeac
gtacgtttag
catcacagaa
ccgactttgt
cacggggaca
gagtgcagtt
cacctgtagyg
tcctgeccte
ccacgtttee
atcccaatat
aggccgeaca

note = Nucleic acid sequence of
VPl GII.4 Sydl2 S9OL

1..1623
mol_type =
organism =

other DNA
synthetic construct
cgctaaccct
ggccctggag
gattgacccyg
cccgagaaat
ctatttgetyg
gattctggcet
cttecccact
cgtacggcag
ctacaatcaa
cgctaacaat
accagacttt
tagtgtccce
gaaactgttce
aactgacggce
aggcgacgta
ttggaatgac
gggaaaaata
caaggcaacc
tgagaccgac
agtgattcag
ttatagcggyg
cggggaacaa
ggatctecgat
agcccaatce

agtgacggca
cectgtggtgg
tggatacgca
gegecaggag
catctegete
gggaacgegt
gaaggactgt
ctagagcctyg
tccaatgatce
getggagacy
gactttatet
gtactcacag
acaggacctt
gtgctgeteyg
actcacataa
tacgacccaa
cagggegtec
gtctacactyg
actgaccggyg
gacgggggcea
aggaatactc
ctgetetttt
tgcctgetee
gacgtcegcac

gegecgecaa
gegeagecat
acaattttgt
aaatcctgty
ggatgtacaa
tcactgetygy
ctccaageca
tcctgattee
cgaccattaa
acgtattcac
tcttagtgee
tcgaggagat
ccteggeatt
gaaccaccca
ctggetcacy
ccgaagagat
tgacacaaac
getetgecga
actttgaage
ccactcaccy
ataatgtgca
ttcgttcaac
cacaggaatg
ttctgeggtt

human codon

tettgtgect
agcagegecc
ccaagecect
gtceggeccca
cgggtatgee
caaagtgatc
ggtcacaatg
cctecctgat
actcatcgeg
cgtgtcatge
ccccactgtt
gacaaatagc
cgtggttcag
gettageect
gaactatacc
tccegeacct
caccagaacc
ttttgcceey
caatcagaat
gaacgagccg
tttggetect
catgcctgga
ggtgcagtat
cgtgaatcca

optimized

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

Sep. 21, 2023
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gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620

tga 1623
SEQ ID NO: 63 moltype = AA length = 532

FEATURE Location/Qualifiers

source 1..532

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 63
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGGQQONVI DPWIRNNEVQ APGGEFTVSP 60
RNAPGEILWS APLGPDLNPY LSHLARMYNG YAGGFEVQVI LAGNAFTAGK VIFAAVPPNF 120
PTEGLSPSQV TMFPHIVVDV RQLEPVLIPL PDVRNNFYHY NQSNDPTIKL IAMLYTPLRA 180
NNAGDDVFTV SCRVLTRPSP DFDFIFLVPP TVESRTKPFS VPVLTVEEMT NSRFPIPLEK 240
LFTGPSSAFV VQPQONGRCTT DGVLLGTTQL SPVNICTFRG DVTHITGSRN YTMNLASQNW 300
NDYDPTEEIP APLGTPDFVG KIQGVLTQTT RTDGSTRGHK ATVYTGSADF APKLGRVQFE 360
TDTDRDFEAN QONTKFTPVGV IQDGGTTHRN EPQOWVLPSY SGRNTHNVHL APAVAPTFPG 420
EQLLFFRSTM PGCSGYPNMD LDCLLPQEWV QYFYQEAAPA QSDVALLRFV NPDTGRVLFE 480

CKLHKSGYVT VAHTGQHDLV IPPNGYFRFD SWVNQFYTLA PMGNGTGRRR AV 532
SEQ ID NO: 64 moltype = DNA length = 1599

FEATURE Location/Qualifiers

misc_feature 1..1599

note = Nucleic acid sequence of human codon optimized

VPl _GII.4_Sydl2 delta 35-42
source 1..1599

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 64
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg geggtcagca gaatgtgatt 120
gacccgtgga tacgcaacaa ttttgtccaa geccctggtyg gggagttcac cgttageceg 180
agaaatgcgce caggagaaat cctgtggtcg gecccattgg gacccgatct gaacccctat 240
ttgtcacatc tcgctecggat gtacaacggg tatgcceggeg gatttgaagt gcaggtgatt 300
ctggectggga acgegttcac tgctggcaaa gtgatctttyg cageggtgece tcccaactte 360
cccactgaag gactgtctcee aagccaggtce acaatgttte cacacatcegt ggtggacgta 420
cggcagcetag agcectgtect gattccecte cectgatgtac gcaataattt ctaccactac 480
aatcaatcca atgatccgac cattaaactc atcgcgatgt tgtacaccce tctgegeget 540
aacaatgctyg gagacgacgt attcaccgtg tcatgcagag tgctcaccag accttcacca 600
gactttgact ttatcttctt agtgcccccee actgttgaga gecgaaccaa gecctttagt 660
gtecccegtac tcacagtcga ggagatgaca aatagccget ttecaatccce ccttgagaaa 720
ctgttcacag gaccttecte ggcattegtg gttcagecac agaacggacyg ctgcacaact 780
gacggegtyge tgctcggaac cacccagett agccctgtta atatctgtac gtttagagge 840
gacgtaactc acataactgg ctcacggaac tataccatga atctggcatc acagaattgg 900
aatgactacg acccaaccga agagattccce geacctettyg gaacccccega ctttgtggga 960
aaaatacagg gcgtcctgac acaaaccacc agaaccgatyg gctceccacacyg gggacacaag 1020
gcaaccgtet acactggcte tgccgatttt gecccgaaac tgggtagagt gcagtttgag 1080
accgacactg accgggactt tgaagccaat cagaatacta agttcacacc tgtaggagtg 1140
attcaggacg ggggcaccac tcaccggaac gagccgcaac aatgggtcect geccctettat 1200
agcgggagga atactcataa tgtgcatttg gctecctgcag tggctcecccac gtttececcggg 1260
gaacaactgc tcecttttttcg ttcaaccatg cctggatget ccggatatcce caatatggat 1320
ctcgattgece tgctecccaca ggaatgggtg cagtattttt atcaagaggc cgcaccagece 1380
caatccgacg tcgcacttet geggttegtg aatccagaca caggccgcegt gttgtttgag 1440
tgcaaattgc acaaatcagg atacgttaca gtggctcata ctggacagca tgacctggtg 1500
atcccaccca acggatattt taggttcgac tcctgggtga atcagtttta tacattagece 1560

cccatgggga atgggactgg cagacgcagg gctgtctga 1599
SEQ ID NO: 65 moltype = AA length = 540

FEATURE Location/Qualifiers

source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 65
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGSSTAVA TAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540



US 2023/0293663 Al

72

-continued

Sep. 21, 2023

SEQ ID NO: 66
FEATURE
misc_feature

source

SEQUENCE: 66
atgaaaatgyg cctcgagtga
gaggttaata atgaggtgat
acagccggte agcagaatgt
ggtggggagt tcaccgttag
ttgggacceyg atctgaacce
ggcggatttyg aagtgcaggt
tttgcagegyg tgccteccaa
tttccacaca tcgtggtgga
gtacgcaata atttctacca
atgttgtaca ccecctetgeg
agagtgctca ccagacctte
gagagccgaa ccaagccctt
cgctttecaa tcccecttga
ccacagaacyg gacgctgeac
gttaatatct gtacgtttag
atgaatctgyg catcacagaa
cttggaacce ccgactttgt
gatggcteca cacggggaca
aaactgggta gagtgcagtt
actaagttca cacctgtagg
caacaatggyg tcctgeccte
gecagtggete ccacgtttee
tgctceggat atcccaatat
ttttatcaag aggccgcacc
gacacaggce gegtgttgtt
catactggac agcatgacct
gtgaatcagt tttatacatt
tga

SEQ ID NO: 67
FEATURE
source

SEQUENCE: 67

MKMASSDANP SDGSAANLVP
GGEFTVSPRN APGEILWSAS
FAAVPPNFPT EGLSPSQVTM
MLYTPLRANN AGDDVFTVSC
RFPIPLEKLF TGPSSAFVVQ
MNLASQNWND YDPTEEIPAP
KLGRVQFETD TDRDFEANQON
AVAPTFPGEQ LLFFRSTMPG
DTGRVLFECK LHKSGYVTVA

SEQ ID NO: 68
FEATURE
misc_feature

source

SEQUENCE: 68

atgaaaatgyg cctcgagtga
gaggttaata atgaggtgat
gtggceggte agcagaatgt
ggtggggagt tcaccgttag
ttgggacceyg atctgaacce
ggcggatttyg aagtgcaggt
tttgcagegyg tgccteccaa
tttccacaca tcgtggtgga
gtacgcaata atttctacca
atgttgtaca ccecctetgeg
agagtgctca ccagacctte
gagagccgaa ccaagccctt

moltype = DNA length = 1623
Location/Qualifiers

1..1623

note = Nucleic acid sequence of
VPl GII.4 Sydl2 SSTAVATA
1..1623

mol_type = other DNA

organism = synthetic construct

cgctaaccct agtgacggca gegecgecaa
ggcectggag cctgtggtgg gcagctccac
gattgaccceg tggatacgca acaattttgt
cccgagaaat gegecaggag aaatectgtg
ctatttgtca catctegete ggatgtacaa
gattctggcet gggaacgegt tcactgetgg
cttecceccact gaaggactgt ctecaageca
cgtacggcag ctagagectg tectgattec
ctacaatcaa tccaatgate cgaccattaa
cgctaacaat gctggagacg acgtattcac
accagacttt gactttatct tcttagtgec
tagtgtccce gtactcacag tcgaggagat
gaaactgttc acaggacctt ccteggeatt
aactgacgge gtgctgeteg gaaccaccca
aggcgacgta actcacataa ctggetcacyg
ttggaatgac tacgacccaa ccgaagagat
gggaaaaata cagggcgtcc tgacacaaac
caaggcaacc dgtctacactg getetgecga
tgagaccgac actgaccggg actttgaage
agtgattcag gacgggggca ccactcacceg
ttatagcggyg aggaatactce ataatgtgea
cggggaacaa ctgctetttt ttegttcaac
ggatctcgat tgcctgetec cacaggaatg
agcccaatce gacgtegcac ttetgeggtt
tgagtgcaaa ttgcacaaat caggatacgt
ggtgatccca cccaacggat attttaggtt

agcccccatyg gggaatggga ctggcagacyg

moltype = AA length = 540
Location/Qualifiers

1..540

mol type = protein

note = Norovirus

organism = unidentified

EVNNEVMALE PVVGAAIAVP VAGQQONVIDP
LGPDLNPYLS HLARMYNGYA GGFEVQVILA
FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ
RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP
PONGRCTTDG VLLGTTQLSP VNICTFRGDV
LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT
TKFTPVGVIQ DGGTTHRNEP QQWVLPSYSG
CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS
HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM

moltype = DNA length = 1623
Location/Qualifiers

1..1623

note = Nucleic acid sequence of
VPl _GII.4_Sydl2 P80S plus sign
1..1623

mol_type = other DNA

organism = synthetic construct

cgctaaccct agtgacggca gegecgecaa
ggcectggag cctgtggtgyg gegcagecat
gattgaccceg tggatacgca acaattttgt
cccgagaaat gegecaggag aaatectgtg
ctatttgtca catctegete ggatgtacaa
gattctggcet gggaacgegt tcactgetgg
cttecceccact gaaggactgt ctecaageca
cgtacggcag ctagagectg tectgattec
ctacaatcaa tccaatgate cgaccattaa
cgctaacaat gctggagacg acgtattcac
accagacttt gactttatct tcttagtgec
tagtgtccce gtactcacag tcgaggagat

human codon

tettgtgect
cgecegteget
ccaagecect
gtceggeccca
cgggtatgee
caaagtgatc
ggtcacaatg
cctecctgat
actcatcgeg
cgtgtcatge
ccccactgtt
gacaaatagc
cgtggttcag
gettageect
gaactatacc
tccegeacct
caccagaacc
ttttgcceey
caatcagaat
gaacgagccg
tttggetect
catgcctgga
ggtgcagtat
cgtgaatcca
tacagtggcet
cgactectygyg

cagggcetgte

WIRNNFVQAP
GNAFTAGKVI
SNDPTIKLIA
VLTVEEMTNS
THITGSRNYT
VYTGSADFAP
RNTHNVHLAP
DVALLRFVNP
GNGTGRRRAV

human codon
A39V

tettgtgect
agcagtccce
ccaagecect
gteggecage
cgggtatgee
caaagtgatc
ggtcacaatg
cctecctgat
actcatcgeg
cgtgtcatge
ccccactgtt
gacaaatagc

optimized

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1623

60

120
180
240
300
360
420
480
540

optimized

60

120
180
240
300
360
420
480
540
600
660
720



US 2023/0293663 Al Sep. 21, 2023

73

-continued

cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620
tga 1623
SEQ ID NO: 69 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 69
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONPIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAS LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540
SEQ ID NO: 70 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized

VPl _GII.4_Sydl2 P80S plus sign

V47P

source 1..1623

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 70
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagcgece 120
gtggcceggte agcagaatcce cattgaccceg tggatacgca acaattttgt ccaagcccect 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggccage 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620
tga 1623
SEQ ID NO: 71 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein
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note = Norovirus

organism = unidentified
SEQUENCE: 71
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIINNFVQAP 60
GGEFTVSPRN APGEILWSAS LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540
SEQ ID NO: 72 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized

VPl _GII.4 Sydl2 P80S plus sign R53I
source 1..1623

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 72
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagcgece 120
gtggcceggte agcagaatgt gattgaccceg tggataatca acaattttgt ccaagcccct 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggccage 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620
tga 1623
SEQ ID NO: 73 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 73
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAS LGPDLNPYLL HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540
SEQ ID NO: 74 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized

source

VPl _GII.4_Sydl2 P80S plus sign
1..1623
mol_type =
organism =

other DNA
synthetic construct

S90L
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SEQUENCE: 74

atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagcgece 120
gtggcceggte agcagaatgt gattgaccceg tggatacgca acaattttgt ccaagcccct 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggccage 240
ttgggacceg atctgaacce ctatttgetg catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620

tga 1623
SEQ ID NO: 75 moltype = AA length = 532

FEATURE Location/Qualifiers

source 1..532

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 75
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGGQQONVI DPWIRNNEVQ APGGEFTVSP 60
RNAPGEILWS ASLGPDLNPY LSHLARMYNG YAGGFEVQVI LAGNAFTAGK VIFAAVPPNF 120
PTEGLSPSQV TMFPHIVVDV RQLEPVLIPL PDVRNNFYHY NQSNDPTIKL IAMLYTPLRA 180
NNAGDDVFTV SCRVLTRPSP DFDFIFLVPP TVESRTKPFS VPVLTVEEMT NSRFPIPLEK 240
LFTGPSSAFV VQPQONGRCTT DGVLLGTTQL SPVNICTFRG DVTHITGSRN YTMNLASQNW 300
NDYDPTEEIP APLGTPDFVG KIQGVLTQTT RTDGSTRGHK ATVYTGSADF APKLGRVQFE 360
TDTDRDFEAN QONTKFTPVGV IQDGGTTHRN EPQOWVLPSY SGRNTHNVHL APAVAPTFPG 420
EQLLFFRSTM PGCSGYPNMD LDCLLPQEWV QYFYQEAAPA QSDVALLRFV NPDTGRVLFE 480

CKLHKSGYVT VAHTGQHDLV IPPNGYFRFD SWVNQFYTLA PMGNGTGRRR AV 532
SEQ ID NO: 76 moltype = DNA length = 1599

FEATURE Location/Qualifiers

misc_feature 1..1599

note = Nucleic acid sequence of human codon optimized

VPl GII.4 Sydl2 P80Splus sign delta 35-42
source 1..1599 B B

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 76
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg geggtcagca gaatgtgatt 120
gacccgtgga tacgcaacaa ttttgtccaa geccctggtyg gggagttcac cgttageceg 180
agaaatgcgce caggagaaat cctgtggtcg gecagettgg gacccgatct gaacccctat 240
ttgtcacatc tcgctecggat gtacaacggg tatgcceggeg gatttgaagt gcaggtgatt 300
ctggectggga acgegttcac tgctggcaaa gtgatctttyg cageggtgece tcccaactte 360
cccactgaag gactgtctcee aagccaggtce acaatgttte cacacatcegt ggtggacgta 420
cggcagcetag agcectgtect gattccecte cectgatgtac gcaataattt ctaccactac 480
aatcaatcca atgatccgac cattaaactc atcgcgatgt tgtacaccce tctgegeget 540
aacaatgctyg gagacgacgt attcaccgtg tcatgcagag tgctcaccag accttcacca 600
gactttgact ttatcttctt agtgcccccee actgttgaga gecgaaccaa gecctttagt 660
gtecccegtac tcacagtcga ggagatgaca aatagccget ttecaatccce ccttgagaaa 720
ctgttcacag gaccttecte ggcattegtg gttcagecac agaacggacyg ctgcacaact 780
gacggegtyge tgctcggaac cacccagett agccctgtta atatctgtac gtttagagge 840
gacgtaactc acataactgg ctcacggaac tataccatga atctggcatc acagaattgg 900
aatgactacg acccaaccga agagattccce geacctettyg gaacccccega ctttgtggga 960
aaaatacagg gcgtcctgac acaaaccacc agaaccgatyg gctceccacacyg gggacacaag 1020
gcaaccgtet acactggcte tgccgatttt gecccgaaac tgggtagagt gcagtttgag 1080
accgacactg accgggactt tgaagccaat cagaatacta agttcacacc tgtaggagtg 1140
attcaggacg ggggcaccac tcaccggaac gagccgcaac aatgggtcect geccctettat 1200
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agcgggagga atactcataa tgtgcatttg gctecctgcag tggctcecccac gtttececcggg 1260
gaacaactgc tcecttttttcg ttcaaccatg cctggatget ccggatatcce caatatggat 1320
ctcgattgece tgctecccaca ggaatgggtg cagtattttt atcaagaggc cgcaccagece 1380
caatccgacg tcgcacttet geggttegtg aatccagaca caggccgcegt gttgtttgag 1440
tgcaaattgc acaaatcagg atacgttaca gtggctcata ctggacagca tgacctggtg 1500
atcccaccca acggatattt taggttcgac tcctgggtga atcagtttta tacattagece 1560
cccatgggga atgggactgg cagacgcagg gctgtctga 1599
SEQ ID NO: 77 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 77
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGSSTAVA TAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAS LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540
SEQ ID NO: 78 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized

VPl _GII.4_Sydl2 P80S plus sign SSTAVATA
source 1..1623

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 78
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg geagcetcecac cgecgtceget 120
acagccggte agcagaatgt gattgacceg tggatacgca acaattttgt ccaagcccct 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggccage 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620
tga 1623
SEQ ID NO: 79 moltype = AA length = 547
FEATURE Location/Qualifiers
source 1..547

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 79
MKMASNDAAP SNDGAANLVP EANNEVMALE PVVGASIAAP VVGQQONIIDP WIRENFVQAP 60
QGEFTVSPRN SPGEMLLNLS LGPELNPYLS HLSRMYNGYA GGMQVQVVLA GNAFTAGKII 120
FAAVPPHFPV ENINAAQITM CPHVIVDVRQ LEPVLLPLPD IRNRFFHYNQ ENTSRMRLVA 180
MLYTPLRANS GEDVFTVSCR VLTRPAPDFE FTFLVPPTVE SKTKPFSLPI LTLGELSNSR 240
FPAPIDMLYT DPNEGIVVQP QNGRCTLDGT LQGTTQLVPT QICAFRGTLI GQTSRSPDST 300
DSAPRRRDHP LHVQLKNLDG TQYDPTDEVP AVLGAIDFKG TVFGVASQRD VSGQQVGATR 360
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AHEVHINTTD PRYTPKLGSI LMYSESDDFV TGQPVRFTPI GMGDNDWHQW ELPDYPGHLT 420
LNMNLAPAVA PAFPGERILF FRSIVPSAGG YGSGQIDCLI PQEWVQHFYQ EAAPSQSAVA 480
LIRYVNPDTG RNIFEAKLHR EGFITVANSG NNPIVVPPNG YFRFEAWVNQ FYTLTPMGTG 540

OGRRRDQ 547
SEQ ID NO: 80 moltype = DNA length = 1644

FEATURE Location/Qualifiers

misc_feature 1..1644

note = Nucleic acid sequence of human codon optimized

VP1l_GII.6_Ohio E80S
source 1..1644

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 80
atgaagatgg caagcaacga cgcagctccece tecaatgatg gtgccgccaa cctggtccce 60
gaagctaata atgaggtgat ggcgttagag ccggtggttg gegcatctat tgcagcgect 120
gtggtcggac agcagaacat cattgatccce tggattecgeg agaacttegt acaagctcca 180
cagggggagt tcacagtctc cccccggaac tecccegggeg agatgctget caatctgage 240
cteggecctyg aactaaacce ttatctgtca cacctttcac ggatgtacaa tggctacgca 300
ggaggaatgce aagttcaggt ggtcctggcece ggcaatgett tcaccgeggg caaaatcatce 360
tttgeggceeg ttectecaca cttcecctgte gaaaatatca acgccgccca gattactatg 420
tgcceccacyg tgattgtgga tgtgcgacag ttagagccag ttcetgctgece cctgeccgac 480
atcagaaacc ggttcttcca ttacaatcaa gagaatactt cacggatgag acttgttgeg 540
atgctgtaca cccctetteg tgcaaattcc ggcgaagacyg tgttcactgt gtcttgtcga 600
gtacttacce gaccecgceccee cgatttcgaa ttcaccttee tggtteccce tactgtggag 660
agcaagacaa aacccttcag cctcccaatce ttaacacteg gggagctgte taattcacge 720
ttccecgecac ctattgatat getgtatact gaccccaacyg aggggatagt ggtgcagcce 780
caaaatggac ggtgtactct cgacggcacg ctccagggca caacccaact ggtgccaacce 840
cagatttgtg cattcagggg cactttgatt gggcagacat cgagatctcc agattctact 900
gattccgege caaggaggag ggaccaccca ctccacgtte agttaaaaaa cctggacgga 960
acccagtacg accctacaga cgaggtccce gctgtcecteg gagcecatcga ctttaaagga 1020
actgtatttg gagtggcatc ccaaagggat gtctcgggge agcaggtggg agctacgaga 1080
gcacatgaag tccacattaa caccacagac ccaagatata ccccaaaact agggtcaatt 1140
ttaatgtatt cggaatcaga cgattttgtt acaggtcagc ccgtgeggtt taccccgate 1200
ggaatggggg acaacgattg gcaccagtgg gaattgcceg attaccctgg acacctcacce 1260
ttgaatatga atctggcccc agccgtegeg cccgecttee ccggtgageg gatcctettt 1320
tttagaagca tagtgccctce cgcaggtggg tatggatcag ggcagattga ttgcctgate 1380
ccccaagaat gggtacagca tttctaccag gaagcagece ctagecagtce cgcagtagca 1440
ctgatcagat atgttaatcc tgatacggga aggaacatct tcgaagcaaa actgcaccgt 1500
gagggcttca ttaccgtcge caacagtggt aataacccta ttgtggtgcc tcctaatgga 1560
tacttcaggt ttgaggcatg ggtgaatcag ttttatactc tgactcccat ggggacaggce 1620

caggggcgac gccgggatca gtga 1644
SEQ ID NO: 81 moltype = AA length = 547

FEATURE Location/Qualifiers

source 1..547

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 81
MKMASNDAAP SNDGAANLVP EANNEVMALE PVVGASIAAP VVGQQONIIDP WIRENFVQAP 60
QGEFTVSPRN SPGEMLLNLE LGPELNPYLL HLSRMYNGYA GGMQVQVVLA GNAFTAGKII 120
FAAVPPHFPV ENINAAQITM CPHVIVDVRQ LEPVLLPLPD IRNRFFHYNQ ENTSRMRLVA 180
MLYTPLRANS GEDVFTVSCR VLTRPAPDFE FTFLVPPTVE SKTKPFSLPI LTLGELSNSR 240
FPAPIDMLYT DPNEGIVVQP QNGRCTLDGT LQGTTQLVPT QICAFRGTLI GQTSRSPDST 300
DSAPRRRDHP LHVQLKNLDG TQYDPTDEVP AVLGAIDFKG TVFGVASQRD VSGQQVGATR 360
AHEVHINTTD PRYTPKLGSI LMYSESDDFV TGQPVRFTPI GMGDNDWHQW ELPDYPGHLT 420
LNMNLAPAVA PAFPGERILF FRSIVPSAGG YGSGQIDCLI PQEWVQHFYQ EAAPSQSAVA 480
LIRYVNPDTG RNIFEAKLHR EGFITVANSG NNPIVVPPNG YFRFEAWVNQ FYTLTPMGTG 540

OGRRRDQ 547
SEQ ID NO: 82 moltype = DNA length = 1644

FEATURE Location/Qualifiers

misc_feature 1..1644

note = Nucleic acid sequence of human codon optimized

VPl GII.6 Ohio_ S90L
source 1..1644

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 82
atgaagatgg caagcaacga cgcagctccece tecaatgatg gtgccgccaa cctggtccce 60
gaagctaata atgaggtgat ggcgttagag ccggtggttg gegcatctat tgcagcgect 120
gtggtcggac agcagaacat cattgatccce tggattecgeg agaacttegt acaagctcca 180
cagggggagt tcacagtctc cccccggaac tecccegggeg agatgctget caatctggaa 240
cteggecctyg aactaaacce ttatctgete cacctttcac ggatgtacaa tggctacgca 300
ggaggaatgce aagttcaggt ggtcctggcece ggcaatgett tcaccgeggg caaaatcatce 360
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tttgeggceeg ttectecaca cttcecctgte gaaaatatca acgccgccca gattactatg 420
tgcceccacyg tgattgtgga tgtgcgacag ttagagccag ttcetgctgece cctgeccgac 480
atcagaaacc ggttcttcca ttacaatcaa gagaatactt cacggatgag acttgttgeg 540
atgctgtaca cccctetteg tgcaaattcc ggcgaagacyg tgttcactgt gtcttgtcga 600
gtacttacce gaccecgceccee cgatttcgaa ttcaccttee tggtteccce tactgtggag 660
agcaagacaa aacccttcag cctcccaatce ttaacacteg gggagctgte taattcacge 720
ttccecgecac ctattgatat getgtatact gaccccaacyg aggggatagt ggtgcagcce 780
caaaatggac ggtgtactct cgacggcacg ctccagggca caacccaact ggtgccaacce 840
cagatttgtg cattcagggg cactttgatt gggcagacat cgagatctcc agattctact 900
gattccgege caaggaggag ggaccaccca ctccacgtte agttaaaaaa cctggacgga 960
acccagtacg accctacaga cgaggtccce gctgtcecteg gagcecatcga ctttaaagga 1020
actgtatttg gagtggcatc ccaaagggat gtctcgggge agcaggtggg agctacgaga 1080
gcacatgaag tccacattaa caccacagac ccaagatata ccccaaaact agggtcaatt 1140
ttaatgtatt cggaatcaga cgattttgtt acaggtcagc ccgtgeggtt taccccgate 1200
ggaatggggg acaacgattg gcaccagtgg gaattgcceg attaccctgg acacctcacce 1260
ttgaatatga atctggcccc agccgtegeg cccgecttee ccggtgageg gatcctettt 1320
tttagaagca tagtgccctce cgcaggtggg tatggatcag ggcagattga ttgcctgate 1380
ccccaagaat gggtacagca tttctaccag gaagcagece ctagecagtce cgcagtagca 1440
ctgatcagat atgttaatcc tgatacggga aggaacatct tcgaagcaaa actgcaccgt 1500
gagggcttca ttaccgtcge caacagtggt aataacccta ttgtggtgcc tcctaatgga 1560
tacttcaggt ttgaggcatg ggtgaatcag ttttatactc tgactcccat ggggacaggce 1620

caggggcgac gccgggatca gtga 1644
SEQ ID NO: 83 moltype = AA length = 547

FEATURE Location/Qualifiers

source 1..547

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 83
MKMASNDAAP SNDGAANLVP EANNEVMALE PVVGASIAAP VVGQQONIIDP WIRENFVQAP 60
QGEFTVSPRN SPGEMLLNLS LGPELNPYLL HLSRMYNGYA GGMQVQVVLA GNAFTAGKII 120
FAAVPPHFPV ENINAAQITM CPHVIVDVRQ LEPVLLPLPD IRNRFFHYNQ ENTSRMRLVA 180
MLYTPLRANS GEDVFTVSCR VLTRPAPDFE FTFLVPPTVE SKTKPFSLPI LTLGELSNSR 240
FPAPIDMLYT DPNEGIVVQP QNGRCTLDGT LQGTTQLVPT QICAFRGTLI GQTSRSPDST 300
DSAPRRRDHP LHVQLKNLDG TQYDPTDEVP AVLGAIDFKG TVFGVASQRD VSGQQVGATR 360
AHEVHINTTD PRYTPKLGSI LMYSESDDFV TGQPVRFTPI GMGDNDWHQW ELPDYPGHLT 420
LNMNLAPAVA PAFPGERILF FRSIVPSAGG YGSGQIDCLI PQEWVQHFYQ EAAPSQSAVA 480
LIRYVNPDTG RNIFEAKLHR EGFITVANSG NNPIVVPPNG YFRFEAWVNQ FYTLTPMGTG 540

OGRRRDQ 547
SEQ ID NO: 84 moltype = DNA length = 1644

FEATURE Location/Qualifiers

misc_feature 1..1644

note = Nucleic acid sequence of human codon optimized

VP1_GII.6_Ohio_E80S plus sign S90L
source 1..1644

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 84
atgaagatgg caagcaacga cgcagctccece tecaatgatg gtgccgccaa cctggtccce 60
gaagctaata atgaggtgat ggcgttagag ccggtggttg gegcatctat tgcagcgect 120
gtggtcggac agcagaacat cattgatccce tggattecgeg agaacttegt acaagctcca 180
cagggggagt tcacagtctc cccccggaac tecccegggeg agatgctget caatctgage 240
cteggecctyg aactaaacce ttatctgete cacctttcac ggatgtacaa tggctacgca 300
ggaggaatgce aagttcaggt ggtcctggcece ggcaatgett tcaccgeggg caaaatcatce 360
tttgeggceeg ttectecaca cttcecctgte gaaaatatca acgccgccca gattactatg 420
tgcceccacyg tgattgtgga tgtgcgacag ttagagccag ttcetgctgece cctgeccgac 480
atcagaaacc ggttcttcca ttacaatcaa gagaatactt cacggatgag acttgttgeg 540
atgctgtaca cccctetteg tgcaaattcc ggcgaagacyg tgttcactgt gtcttgtcga 600
gtacttacce gaccecgceccee cgatttcgaa ttcaccttee tggtteccce tactgtggag 660
agcaagacaa aacccttcag cctcccaatce ttaacacteg gggagctgte taattcacge 720
ttccecgecac ctattgatat getgtatact gaccccaacyg aggggatagt ggtgcagcce 780
caaaatggac ggtgtactct cgacggcacg ctccagggca caacccaact ggtgccaacce 840
cagatttgtg cattcagggg cactttgatt gggcagacat cgagatctcc agattctact 900
gattccgege caaggaggag ggaccaccca ctccacgtte agttaaaaaa cctggacgga 960
acccagtacg accctacaga cgaggtccce gctgtcecteg gagcecatcga ctttaaagga 1020
actgtatttg gagtggcatc ccaaagggat gtctcgggge agcaggtggg agctacgaga 1080
gcacatgaag tccacattaa caccacagac ccaagatata ccccaaaact agggtcaatt 1140
ttaatgtatt cggaatcaga cgattttgtt acaggtcagc ccgtgeggtt taccccgate 1200
ggaatggggg acaacgattg gcaccagtgg gaattgcceg attaccctgg acacctcacce 1260
ttgaatatga atctggcccc agccgtegeg cccgecttee ccggtgageg gatcctettt 1320
tttagaagca tagtgccctce cgcaggtggg tatggatcag ggcagattga ttgcctgate 1380
ccccaagaat gggtacagca tttctaccag gaagcagece ctagecagtce cgcagtagca 1440
ctgatcagat atgttaatcc tgatacggga aggaacatct tcgaagcaaa actgcaccgt 1500
gagggcttca ttaccgtcge caacagtggt aataacccta ttgtggtgcc tcctaatgga 1560
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tacttcaggt ttgaggcatg ggtgaatcag ttttatactce tgactcccat ggggacaggce

caggggcgac gccgggatca

SEQ ID NO:
FEATURE
source

85

85
STDGAAGLVP
SPGEVLLNLS
ENLSPQQITM
SGDDVFTVSC
TSPNEVISVQ
SPFDPSEDIP
GOIQIGTWQT
ERLLFFRSYT
AKLHRAGFMT

SEQUENCE :
MKMASNDAAP
NGEFTVSPRN
FAAVPPHFPV
MLYTPLRSNG
RFPVSIDQMY
YNVTITNLNG
TYTAQYTPKL
APSVAPVFPG
NPDTGRALFE
19

SEQ ID NO:
FEATURE
misc_feature

86

source

SEQUENCE :

atgaagatgg
gagtctaata
gtgaccggge
aatggggagt
ctgggaccag
ggagggatgg
ttcgcageeyg
ttteccecatg
gtgcggaata
atgctttata
cgggtactaa
gaaagcaaaa
cgcttecety
tgtcagaacg
agtggaattt
tacaatgtta
gcetecacteyg
aagcataaca
acctatacgg
gatgacctca
cactttaacc
gececttecy
cctetgaagy
caacatttct
aatccagaca
gtctcatcca
agttgggtga
atccagtaa

86
catccaacga
acgaggtgat
agacaaatat
ttacggtcag
aacttaatcc
aggtgcaggt
tccctecceca
tcatcatcga
atttctttca
ctceeetgeyg
ctegeectte
ctaagccatt
tttcaattga
gcaggtgcac
gegectttaa
ctattactaa
gagtacctga
cacccggaca
ctcagtacac
ctgtgaatca
agtgggtgge
ttgcacctgt
gegggtatgg
atcaagaggc
caggaagagc
atacatccge
atcagtttta

SEQ ID NO:
FEATURE
misc_feature

87

source

SEQUENCE :

atgaagatgg
gaagtgaata
ctcactggec
aatggggagt
ttaggaccag
ggcggagtgg
tttgcagegy
ttcecteacy

87
cgtctaatga
acgagactat
agaacaacgt
tcaccgtgte
aactcaaccc
aggtgcaagt
ttccacccca
tgataatcga

gtga

moltype = AA length = 542
Location/Qualifiers

1..542

mol type = protein

note = Norovirus

organism = unidentified

ESNNEVMALE
LGPELNPYLA
FPHVIIDVRT
RVLTRPSPDF
CONGRCTLDG
APLGVPDFQG
DDLTVNQPVK
PLKGGYGTPA
VSSNTSAPVV

PVAGAALAAP VTGQTNIIDP
HLARMYNGYA GGMEVQVMLA
LEPVLLPLPD VRNNFFHYNQ
DFTYLVPPTV ESKTKPFTLP
ELQGTTQLQV SGICAFKGEV
RVFGVISQRD KHNTPGHNEP
FTPVGLNDTD HENQWVVPRY
IDCLLPQEWV QHFYQEAAPS
VPANGYFRFD SWVNQFYSLA

moltype = DNA length = 1629
Location/Qualifiers

1..1629

note = Nucleic acid sequence of
VPl GII.2 CGMH47 E80S_

1..1629
mol_type =
organism =

other DNA
synthetic construct
cgeegeacce
ggccttggag
catcgatcect
ccctagaaat
gtacctggcet
tatgetgget
ctteccagtt
tgtgegtace
ctataatcag
tagcaatggt
accagacttce
cacacttcce
tcagatgtac
cttagacggt
gggcgaagtg
tctcaatgga
ctttcaggga
taatgagcca
cccaaagete
acctgtgaaa
ccctagatac
gtttcegggy
tactccagca
cgcacctagt
actgttcgag
accecgtagta
ctegttggece

agcacagacg
cctgttgeag
tggattagag
agccetgggg
cacctggece
ggcaatgect
gaaaatcttt
ctggaacctyg
aaggatgacc
agtggggatg
gactttacgt
atccteacce
acgtctccaa
gaactgcagg
acagctcacc
agtccttteg
cgegtetteg
gccaatagag
ggccagatac
ttcactccag
geeggagect
gageggttge
atcgactgee
atgagcgagg
gccaagetge
gtcecegeca
cccatgggea

gagetgeegg
gggetgeect
ctaatttegt
aagtgctect
ggatgtacaa
ttacagcagg
cceccteagea
tgctgttgee
caaaaatgcg
acgtttttac
acttggtgee
tcggagaact
atgaagtcat
ggacaacgca
tccacgacaa
accecctegga
gegtgatate
cccacgacge
aaatcgggac
taggtctgaa
tgaacctaaa
tettetttag
tgctacctca
tggetttggt
acagagccgg
acgggtactt
cagggaacgg

moltype = DNA length = 1608
Location/Qualifiers

1..1608

note = Nucleic acid sequence of
GII.12 HS206 2010 USA_

1..1608

mol_type =
organism =

other DNA
synthetic construct
tgctgetect
ggctctegaa
gattgatcce
cccgagaaac
ctatctggea
tetteteget
ttttccactt

cgtgcggaca

tccaatgatg
ccegtggecy
tggatcagac
tcececeggey
catctgtete
ggtaatgcat
gaaaacataa
ttagagcceg

gegeageegg
gagcctcaat
tgaacttegt
aagtgttatt
ggatgtacaa
tcacagcagg
geccaggeca
tgctgcetace

WIRANFVQAP
GNAFTAGKLV
KDDPKMRIVA
ILTLGELSNS
TAHLHDNDHL
ANRAHDAVVP
AGALNLNTNL
MSEVALVRYI
PMGTGNGRRR

human codon optimized

attggtaccc
cgcagetect
gcaagccceca
caatctcage
tggatatgca
caaactcgtt
gattaccatg
tttaccagac
gatcegttgeg
agtgagttgt
tcccactgte
ctcgaactee
ttctgtgeag
gttgcaggte
cgatcatcte
agatattcce
acaacgagat
agtcgtteceg
ttggcagacc
tgatacagac
cactaacctt
aagctatatt
ggagtgggtt
cagatacatc
cttcatgace
cagattcgac
tcgecgacgyg

human codon-optimized VP1

cctggteect
tgcecgeceee
tcaggctect
gaatttggaa
cggctatgeg
aaaattagta
gatcaccatg
cctgeccgac

1620
1644

60

120
180
240
300
360
420
480
540
542

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1629

60

120
180
240
300
360
420
480
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gtgaggaaca atttctttca ctacaatcag caaaatgaac caagaatgcg cctggtcgece 540
atgctctata ctcctttaag aagtaatgge agtggggatyg acgtgtttac tgttagetgt 600
cgggtgcetcea cccgacctte cccagattte gacttcaatt atctggtece ccccacggta 660
gagtccaaaa caaagccttt cactcttcca atccttacaa ttggcgaact gaccaactca 720
cgcetttecag tgcctattga tgagctgtac acaagtccaa atgaatccect tgtegttcag 780
ccacagaatg ggcgctgege gettgacggt gagetccagyg gcacaacaca actgttgcca 840
accgctatat gctcetttcag ggggcgtatt aatcagaagyg tctecgggga gaaccacgtg 900
tggaacatgc aagtgacgaa tatcgacggg acaccttteg atccaacaga ggatgtccca 960
gcgectcectag gtaccectga cttetcagge aagttgtteg gegtcecttte ccagegcecgac 1020
catgataatg cttgccggag ccacgatgcc gtcattgcca ccaactcagce caaattcacce 1080
ccaaaacttyg gagcgataca gatcggaact tgggaacaag acgacgtcca tatcaaccaa 1140
ccaacaaagt ttacccctgt tggcectttte gaaagcgaag gctttaacca gtggacactt 1200
cccaattaca gcggggctet cactcttaat atgggactcg caccacccegt cgcteccaacg 1260
tttecctggtyg agcagatttt gttttteccge agtcatatte cactgaaggg tggagttget 1320
gatcccgtga tagactgcect cctecctcag gaatggatte agcacttgta tcaggagtce 1380
gctecectege agaccgatgt ggccctgata cgcttcacaa accccgatac cggaagagtg 1440
ttgtttgaag ctaaacttca tcgctcecggt tacatcacag tagccaacac gggttccagg 1500
ccaatcgtag ttccggcaaa cggatacttt cgattcgaca gttgggtcaa tcagttctac 1560
agcctggete caatgggaac aggaaatggg aggaggcgtg tgcagtaa 1608
SEQ ID NO: 88 moltype = AA length = 535
FEATURE Location/Qualifiers
source 1..535

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 88
MKMASNDAAP SNDGAAGLVP EVNNETMALE PVAGASIAAP LTGQNNVIDP WIRLNFVQAP 60
NGEFTVSPRN SPGEVLLNLS LGPELNPYLA HLSRMYNGYA GGVEVQVLLA GNAFTAGKLV 120
FAAVPPHFPL ENISPGQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ QNEPRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFNYLVPPTV ESKTKPFTLP ILTIGELTNS 240
RFPVPIDELY TSPNESLVVQ PQNGRCALDG ELQGTTQLLP TAICSFRGRI NQKVSGENHV 300
WNMQVTNIDG TPFDPTEDVP APLGTPDFSG KLFGVLSQRD HDNACRSHDA VIATNSAKFT 360
PKLGAIQIGT WEQDDVHINQ PTKFTPVGLF ESEGFNQWTL PNYSGALTLN MGLAPPVAPT 420
FPGEQILFFR SHIPLKGGVA DPVIDCLLPQ EWIQHLYQES APSQTDVALI RFTNPDTGRV 480
LFEAKLHRSG YITVANTGSR PIVVPANGYF RFDSWVNQFY SLAPMGTGNG RRRVQ 535
SEQ ID NO: 89 moltype = DNA length = 1608
FEATURE Location/Qualifiers
misc_feature 1..1608

note = Nucleic acid sequence of human codon optimized

VPl _GII.12 HS10_E80S
source 1..1608

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 89
atgaagatgg cgtctaatga tgctgctect tecaatgatg gegcagecegyg cctggtecect 60
gaagtgaata acgagactat ggctctcgaa cccgtggecg gagectcaat tgecgcccece 120
ctcactggee agaacaacgt gattgatccce tggatcagac tgaacttegt tcaggetcct 180
aatggggagt tcaccgtgtc cccgagaaac tcecccceggeg aagtgttatt gaatttgage 240
ttaggaccag aactcaaccc ctatctggca catctgtcte ggatgtacaa cggctatgeg 300
ggcggagtygyg aggtgcaagt tcttcteget ggtaatgcat tcacagcagg aaaattagta 360
tttgcagcegg ttccacccca ttttccactt gaaaacataa gcccaggcca gatcaccatg 420
ttcectcacyg tgataatcga cgtgcggaca ttagagcceg tgctgctace cctgeccgac 480
gtgaggaaca atttctttca ctacaatcag caaaatgaac caagaatgcg cctggtcgece 540
atgctctata ctcctttaag aagtaatgge agtggggatyg acgtgtttac tgttagetgt 600
cgggtgcetcea cccgacctte cccagattte gacttcaatt atctggtece ccccacggta 660
gagtccaaaa caaagccttt cactcttcca atccttacaa ttggcgaact gaccaactca 720
cgcetttecag tgcctattga tgagctgtac acaagtccaa atgaatccect tgtegttcag 780
ccacagaatg ggcgctgege gettgacggt gagetccagyg gcacaacaca actgttgcca 840
accgctatat gctcetttcag ggggcgtatt aatcagaagyg tctecgggga gaaccacgtg 900
tggaacatgc aagtgacgaa tatcgacggg acaccttteg atccaacaga ggatgtccca 960
gcgectcectag gtaccectga cttetcagge aagttgtteg gegtcecttte ccagegcecgac 1020
catgataatg cttgccggag ccacgatgcc gtcattgcca ccaactcagce caaattcacce 1080
ccaaaacttyg gagcgataca gatcggaact tgggaacaag acgacgtcca tatcaaccaa 1140
ccaacaaagt ttacccctgt tggcectttte gaaagcgaag gctttaacca gtggacactt 1200
cccaattaca gcggggctet cactcttaat atgggactcg caccacccegt cgcteccaacg 1260
tttecctggtyg agcagatttt gttttteccge agtcatatte cactgaaggg tggagttget 1320
gatcccgtga tagactgcect cctecctcag gaatggatte agcacttgta tcaggagtce 1380
gctecectege agaccgatgt ggccctgata cgcttcacaa accccgatac cggaagagtg 1440
ttgtttgaag ctaaacttca tcgctcecggt tacatcacag tagccaacac gggttccagg 1500
ccaatcgtag ttccggcaaa cggatacttt cgattcgaca gttgggtcaa tcagttctac 1560
agcctggete caatgggaac aggaaatggg aggaggcgtg tgcagtaa 1608
SEQ ID NO: 90 moltype = AA length = 535
FEATURE Location/Qualifiers
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source 1..535

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 90
MKMASNDAAP SNDGAAGLVP EVNNETMALE PVAGASIAAP LTGQNNVIDP WIRLNFVQAP 60
NGEFTVSPRN SPGEVLLNLE LGPELNPYLL HLSRMYNGYA GGVEVQVLLA GNAFTAGKLV 120
FAAVPPHFPL ENISPGQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ QNEPRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFNYLVPPTV ESKTKPFTLP ILTIGELTNS 240
RFPVPIDELY TSPNESLVVQ PQNGRCALDG ELQGTTQLLP TAICSFRGRI NQKVSGENHV 300
WNMQVTNIDG TPFDPTEDVP APLGTPDFSG KLFGVLSQRD HDNACRSHDA VIATNSAKFT 360
PKLGAIQIGT WEQDDVHINQ PTKFTPVGLF ESEGFNQWTL PNYSGALTLN MGLAPPVAPT 420
FPGEQILFFR SHIPLKGGVA DPVIDCLLPQ EWIQHLYQES APSQTDVALI RFTNPDTGRV 480
LFEAKLHRSG YITVANTGSR PIVVPANGYF RFDSWVNQFY SLAPMGTGNG RRRVQ 535
SEQ ID NO: 91 moltype = DNA length = 1608
FEATURE Location/Qualifiers
misc_feature 1..1608

note = Nucleic acid sequence of human codon optimized

VPl _GII.12 HS10 A90L
source 1..1608

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 91
atgaagatgg cgtctaatga tgctgctect tecaatgatg gegcagecegyg cctggtecect 60
gaagtgaata acgagactat ggctctcgaa cccgtggecg gagectcaat tgecgcccece 120
ctcactggee agaacaacgt gattgatccce tggatcagac tgaacttegt tcaggetcct 180
aatggggagt tcaccgtgtc cccgagaaac tcecccceggeg aagtgttatt gaatttggaa 240
ttaggaccag aactcaaccc ctatctgete catctgtcete ggatgtacaa cggctatgeg 300
ggcggagtygyg aggtgcaagt tcttcteget ggtaatgcat tcacagcagg aaaattagta 360
tttgcagcegg ttccacccca ttttccactt gaaaacataa gcccaggcca gatcaccatg 420
ttcectcacyg tgataatcga cgtgcggaca ttagagcceg tgctgctace cctgeccgac 480
gtgaggaaca atttctttca ctacaatcag caaaatgaac caagaatgcg cctggtcgece 540
atgctctata ctcctttaag aagtaatgge agtggggatyg acgtgtttac tgttagetgt 600
cgggtgcetcea cccgacctte cccagattte gacttcaatt atctggtece ccccacggta 660
gagtccaaaa caaagccttt cactcttcca atccttacaa ttggcgaact gaccaactca 720
cgcetttecag tgcctattga tgagctgtac acaagtccaa atgaatccect tgtegttcag 780
ccacagaatg ggcgctgege gettgacggt gagetccagyg gcacaacaca actgttgcca 840
accgctatat gctcetttcag ggggcgtatt aatcagaagyg tctecgggga gaaccacgtg 900
tggaacatgc aagtgacgaa tatcgacggg acaccttteg atccaacaga ggatgtccca 960
gcgectcectag gtaccectga cttetcagge aagttgtteg gegtcecttte ccagegcecgac 1020
catgataatg cttgccggag ccacgatgcc gtcattgcca ccaactcagce caaattcacce 1080
ccaaaacttyg gagcgataca gatcggaact tgggaacaag acgacgtcca tatcaaccaa 1140
ccaacaaagt ttacccctgt tggcectttte gaaagcgaag gctttaacca gtggacactt 1200
cccaattaca gcggggctet cactcttaat atgggactcg caccacccegt cgcteccaacg 1260
tttecctggtyg agcagatttt gttttteccge agtcatatte cactgaaggg tggagttget 1320
gatcccgtga tagactgcect cctecctcag gaatggatte agcacttgta tcaggagtce 1380
gctecectege agaccgatgt ggccctgata cgcttcacaa accccgatac cggaagagtg 1440
ttgtttgaag ctaaacttca tcgctcecggt tacatcacag tagccaacac gggttccagg 1500
ccaatcgtag ttccggcaaa cggatacttt cgattcgaca gttgggtcaa tcagttctac 1560
agcctggete caatgggaac aggaaatggg aggaggcgtg tgcagtaa 1608
SEQ ID NO: 92 moltype = AA length = 535
FEATURE Location/Qualifiers
source 1..535

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 92
MKMASNDAAP SNDGAAGLVP EVNNETMALE PVAGASIAAP LTGQNNVIDP WIRLNFVQAP 60
NGEFTVSPRN SPGEVLLNLS LGPELNPYLL HLSRMYNGYA GGVEVQVLLA GNAFTAGKLV 120
FAAVPPHFPL ENISPGQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ QNEPRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFNYLVPPTV ESKTKPFTLP ILTIGELTNS 240
RFPVPIDELY TSPNESLVVQ PQNGRCALDG ELQGTTQLLP TAICSFRGRI NQKVSGENHV 300
WNMQVTNIDG TPFDPTEDVP APLGTPDFSG KLFGVLSQRD HDNACRSHDA VIATNSAKFT 360
PKLGAIQIGT WEQDDVHINQ PTKFTPVGLF ESEGFNQWTL PNYSGALTLN MGLAPPVAPT 420
FPGEQILFFR SHIPLKGGVA DPVIDCLLPQ EWIQHLYQES APSQTDVALI RFTNPDTGRV 480
LFEAKLHRSG YITVANTGSR PIVVPANGYF RFDSWVNQFY SLAPMGTGNG RRRVQ 535
SEQ ID NO: 93 moltype = DNA length = 1608
FEATURE Location/Qualifiers
misc_feature 1..1608

note = Nucleic acid sequence of human codon optimized

source

VP1_GII.12_HS10_E80S plus sign
1..1608

mol_type = other DNA

A90L
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organism = synthetic construct
SEQUENCE: 93
atgaagatgg cgtctaatga tgctgctect tecaatgatg gegcagecegyg cctggtecect 60
gaagtgaata acgagactat ggctctcgaa cccgtggecg gagectcaat tgecgcccece 120
ctcactggee agaacaacgt gattgatccce tggatcagac tgaacttegt tcaggetcct 180
aatggggagt tcaccgtgtc cccgagaaac tcecccceggeg aagtgttatt gaatttgage 240
ttaggaccag aactcaaccc ctatctgete catctgtcete ggatgtacaa cggctatgeg 300
ggcggagtygyg aggtgcaagt tcttcteget ggtaatgcat tcacagcagg aaaattagta 360
tttgcagcegg ttccacccca ttttccactt gaaaacataa gcccaggcca gatcaccatg 420
ttcectcacyg tgataatcga cgtgcggaca ttagagcceg tgctgctace cctgeccgac 480
gtgaggaaca atttctttca ctacaatcag caaaatgaac caagaatgcg cctggtcgece 540
atgctctata ctcctttaag aagtaatgge agtggggatyg acgtgtttac tgttagetgt 600
cgggtgcetcea cccgacctte cccagattte gacttcaatt atctggtece ccccacggta 660
gagtccaaaa caaagccttt cactcttcca atccttacaa ttggcgaact gaccaactca 720
cgcetttecag tgcctattga tgagctgtac acaagtccaa atgaatccect tgtegttcag 780
ccacagaatg ggcgctgege gettgacggt gagetccagyg gcacaacaca actgttgcca 840
accgctatat gctcetttcag ggggcgtatt aatcagaagyg tctecgggga gaaccacgtg 900
tggaacatgc aagtgacgaa tatcgacggg acaccttteg atccaacaga ggatgtccca 960
gcgectcectag gtaccectga cttetcagge aagttgtteg gegtcecttte ccagegcecgac 1020
catgataatg cttgccggag ccacgatgcc gtcattgcca ccaactcagce caaattcacce 1080
ccaaaacttyg gagcgataca gatcggaact tgggaacaag acgacgtcca tatcaaccaa 1140
ccaacaaagt ttacccctgt tggcectttte gaaagcgaag gctttaacca gtggacactt 1200
cccaattaca gcggggctet cactcttaat atgggactcg caccacccegt cgcteccaacg 1260
tttecctggtyg agcagatttt gttttteccge agtcatatte cactgaaggg tggagttget 1320
gatcccgtga tagactgcect cctecctcag gaatggatte agcacttgta tcaggagtce 1380
gctecectege agaccgatgt ggccctgata cgcttcacaa accccgatac cggaagagtg 1440
ttgtttgaag ctaaacttca tcgctcecggt tacatcacag tagccaacac gggttccagg 1500
ccaatcgtag ttccggcaaa cggatacttt cgattcgaca gttgggtcaa tcagttctac 1560
agcctggete caatgggaac aggaaatggg aggaggcgtg tgcagtaa 1608
SEQ ID NO: 94 moltype = AA length = 215
FEATURE Location/Qualifiers
source 1..215

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 94
MAQAIFGAIA ATAAGSAVGA GIQAGTEAAL QHQRFQODLT LQSNTFKHDK EMLGLQVGAS 60
TALLQNSLNT RYNMLTDAGL SSSDAARMVV GAPATRVVDW NGTRISAPRS TATTLRSGGF 120
MTIPTLYKGK QQQKAPTEIG LSNPNYGSSV SSRVADWVSS QNSSHSSLGP YHPSALQTTW 180
VTPPGSSSTS TISSVSTVPR YFNTDRLPLF ANMRK 215
SEQ ID NO: 95 moltype = DNA length = 648
FEATURE Location/Qualifiers
misc_feature 1..648

note = Nucleic acid sequence of human codon optimized

VP2_GI.3_Lilo8
source 1..648

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 95
atggctcagg caatcttcgg cgcaatcget gecactgetyg ceggatcege tgtgggagee 60
ggcatacagyg ccggaactga ggcggecctt cagcatcage ggttccagca ggatctgaca 120
ttacagagta acacattcaa acatgacaag gagatgctgg gtctgcaggt gggtgccagt 180
actgcectge tccaaaactc tctgaatacc agatataaca tgttaactga tgcgggactg 240
tctagtageg acgcagetceg catggtegtg ggegecccag ctacgagagt tgtggactgg 300
aatggcacce gaatcagtgc accaaggtct acagccacta ccectcagaag tggeggettt 360
atgaccatcce cgactttata caagggcaaa caacagcaga aggcacctac tgaaatcggt 420
ctctecaate ccaactacgg cagcagtgtg tettetegeg tggecgattyg ggtctcaage 480
cagaactcca gtcatagttc tcttgggect tatcatccat cagecttgca gacaacttgg 540
gtcaccccac cegggtcecag tagcacgtca accatcagtt cegtctcecac agtccctege 600
tattttaata ctgataggct tcccctgtte gcaaacatga ggaagtga 648
SEQ ID NO: 96 moltype = AA length = 259
FEATURE Location/Qualifiers
source 1..259

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 96
MASAFLAGLA GDVITNGVGS LINAGANAVN QKVEYDFNKQ LQMASFKHDK EMLQSQVLAT 60
KQLQQEMMNI RQGVLTAGGF SPADAARGAV NAPMTKILDW NGTRYWAPNS MKTTSYSGQF 120
SSSPVHKSPA PSQHTALPKS RLONDFASVY SFPSSVSSQS THSTALSAGT GSSRSISPST 180
ATPTLSRTSD WVRGQNERLS PFMDGALQTA FVTPPSSKAS SNGTVSTVPK AVLDSWTPMF 240
NTHRQPLFAH PRRRGESQV 259

Sep. 21, 2023
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SEQ ID NO: 97
FEATURE
misc_feature

source

SEQUENCE: 97

atggccteeg catttctage
ctgattaatyg caggcgccaa
ctgcagatgyg cttcattcaa
aagcagctac aacaggagat
agccctgetyg acgcagcacyg
aacggaactc ggtattggge
tccagetege cagtccacaa
aggctgcaaa acgactttge
actcattcaa ccgeectgte
gctactccaa ctctgagcag
ccttteatgyg acggagetet
agcaacggta cggttagtac
aacacacaca ggcagccatt

SEQ ID NO: 98
FEATURE
source

SEQUENCE: 98
MMMASKDAPT NMDGTSGAGQ
VQAPQGEFTI SPNNTPGDIL
GKIIISCVPP GFAAQNVSIA
LICMLYTPLR ASGSSSGTDP
VLSNSRVPSL IKSMMVSQDH
GQGLNLTEID GTPYHAFESP
APHLGTIHYT NADYNANVGL
PPGFGEAIVF FMSDFPIANG
RNLGEFKLYP EGFMTCVPNS
RRS

SEQ ID NO: 99
FEATURE
source

SEQUENCE: 99

MAQAIIGAIA ASTAGSALGA
NQLLAKNLAT RYSLLRAGGL
MSVPIPFASK QKQVQSSGIS
TPPGSTASST LSSVPRGYFN

SEQ ID NO: 100
FEATURE
misc_feature

source

SEQUENCE: 100

atggctcagyg ccattattgg
ggaatacagg tgggcgggga
ttacaggaga atagctttaa
aatcagctge tcgccaaaaa
actagcgeceyg acgccgcacyg
aacggggtac gagtctegge
atgtcegtge ccatcccatt
aatcccaatt actccectag
agcagtagat ttggcaacct
actccacctyg gtagcacgge
accgacagac ttcctetgtt

SEQ ID NO: 101
FEATURE

moltype = DNA length = 780
Location/Qualifiers

1..780

note = Nucleic acid sequence of
VP2_GII6 HS10

1..780

mol_type = other DNA

organism = synthetic construct

tggattggce ggggacgtga tcaccaacgg
tgctgttaat cagaaggttg aatacgactt
gcacgacaaa gaaatgttgc agtcacaggt
gatgaacatt cggcagggceg tactgaccge
gggggecgtyg aacgcegecga tgaccaagat
tcccaactct atgaaaacca cttettactce
aagtcecggee ccttcacage acacagcact
ctcegtgtac tectteccat ccagegtgte
cgceggaact gggtctagee geageattte
gactagcgat tgggtcagag gacaaaacga
gcaaaccgcee ttegtcacte cacctagcag
cgtgccaaag gctgttettg acagetggac
gtttgcacac cccaggcgac ggggagaatc

moltype = AA length = 543
Location/Qualifiers

1..543

mol type = protein

note = Norovirus

organism = unidentified

LVPEVSTAEP ISMEPVAGAA TAAATAGQVN
FDLSLGPHLN PFLSHLAQMY NGWVGNMKVR
QATMFPHVIA DVRVLEPIEV PLEDVRNVLF
FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK
GOMVQFQNGR VTLDGQLQGT TPTSASQLCK
APIGFPDLGE CDWHINASPA NAFTDGSIIH
ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT
SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA
SGSGPQTLPI NGVETFISWV SREFYQLKPVG

moltype = AA length = 212
Location/Qualifiers

1..212

mol type = protein

note = Norovirus

organism = unidentified

GIQVGGEAAL QSQRYQONLQ LQENSFKHDR
TSADAARSVA GAPVTRIVDW NGVRVSAPES
NPNYSPSSIS RTTSWVESQON SSREGNLSPY
TDRLPLFANN RR

moltype = DNA length = 639
Location/Qualifiers

1..639

note = Nucleic acid sequence of
VP.2_GI1l Norwalk

1..639

mol_type = other DNA

organism = synthetic construct

cgccateget gcaagtacag ccgggagtge
agctgcattyg cagagccage ggtaccagea
acacgacagg gagatgattg gatatcaggt
cttggctact cgatactcat tactgegege
atctgtcgeca ggegeccceg tgacteggat
tccegagteg tctgcaacca cectgaggte
cgctagcaaa cagaaacagg tccagagetce
ctctatctet cgtaccactt cctgggtega
gagccectac catgetgaag ccctgaacac
ctcctcaace ctgagtteeg tgectegegyg
cgctaacaac cgccgctga

moltype = AA length = 538
Location/Qualifiers

human codon

cgtaggatcg
caacaaacaa
tctegecace
tggaggattc
cctggattygyg
tggtcagttce
ccctaagtec
atctcagage
cccaagcaca
acgactgtcc
caaggccteg
ccccatgttt
acaagtttag

MIDPWIMSNY
VLLAGNAFTA
HNNDSTPTMR
PFSVPNLPLN
IRGTVYHATG
RIDVAQDSTF
EAAQLAPPIY
LLHYVDPDTH
TTGPVRRLGI

EMIGYQVEAS
SATTLRSGGF
HAEALNTVWL

human codon

attgggggece
aaacctgcag
ggaggccage
cggggggttyg
cgtagactgyg
gggagggttet
cggaatctee
gagtcagaac
tgtgtggttyg
gtacttcaat

optimized

60

120
180
240
300
360
420
480
540
600
660
720
780

60

120
180
240
300
360
420
480
540
543

60

120
180
212

optimized

60

120
180
240
300
360
420
480
540
600
639
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source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 101
MMMASKDAPS NMDGTSGAGQ LVPEVNAAEP LPLEPVVGAA TAVATAGQVN MIDPWIMNNF 60
VQAPEGEFTI SPNNTPGDIL FDLRLGPHLN PFLLHLSQMY NGWVGNMRVR VMLAGNAFSA 120
GKIIICCVPP GFESQNISIG QATMFPHVIA DVRVLEPIEV PLDDVRNVLF HTNENRPTMR 180
LLCMLYTPLR AGGASSGTDP FVIAGRVLTC PAPDFNFLFL VPPSVEQKTR QLTIPNIPLN 240
NLANSRVPAM INKMTVSADQ NQVVQFQNGR CTLEGQLLGT TPVSANQVAR IRGKVFSTNS 300
GTGLNLTEVD GTPYHAFESP APLGFPDIGN CDWHVYAFKV NQONTGDPMYR LDITQGNSFA 360
PHLGSIEFSS ENHPSGDQLG TLTWISPLNN ASRVDPWKIP TYGSTLTEST NLAPPIFPPG 420
FGEAIVYFMS DFPIVSGNTA QIPCTLPQEF VSSFVEQQAP IRGEAALLHY VDPDTHRNLG 480
EFKLYPDGFI TCVPNTGGGP QNLPSNGVFV FSSWVSRYYQ LKPVGTTGPV RRLGVRRV 538
SEQ ID NO: 102 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49

note = Primer IF-NoV(US68)VP1(ORF1l) (hCod) .c
source 1..49

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 102
tegtgetteg gcaccagtac aatgatgatg gctagtaaag atgcgacct 49
SEQ ID NO: 103 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52

note = Primer IF-NoV(US68)VP1(ORF1l) (hCod) .r
source 1..52

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 103
actaaagaaa ataggccttt atctcegeag accgaggegt cegegggcag aa 52
SEQ ID NO: 104 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49

note = Primer IF-GI3Lil08VPl.c
source 1..49

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 104
tegtgetteg gcaccagtac aatgatgatg gettccaagyg atgctccca 49
SEQ ID NO: 105 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49

note = Primer IF-GI3LilO8VPl.r
source 1..49

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 105
actaaagaaa ataggcctct agctcegtet gatccecgage ctecgaact 49
SEQ ID NO: 106 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer VP1_GI.3Lil08(S94L).r
source 1..59

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 106
ctgagccaag tggagcagaa acggattcaa gtgtggtect agetgcaggt caaacaaga 59
SEQ ID NO: 107 moltype = DNA length = 56
FEATURE Location/Qualifiers
misc_feature 1..56

note = Primer VP1_GI.3Lil08(S94L).c
source 1..56

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 107
aggaccacac ttgaatcecgt ttctgcteca cttggctcag atgtataatg gatggg 56

SEQ ID NO: 108 moltype = DNA length = 57



US 2023/0293663 Al
&5

Sep. 21, 2023

-continued
FEATURE Location/Qualifiers
misc_feature 1..57
note = Primer VP1_GI.3Li108(Q84S).r
source 1..57

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 108
gtgtggtecet aggctcaggt caaacaagat gtcacccggg gtgttgtttg ggettat

SEQ ID NO: 109 moltype = DNA length = 48

FEATURE Location/Qualifiers
misc_feature 1..48

note = Primer VP1_GI.3Li108(Q84S) .c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 109
ggtgacatct tgtttgacct gagectagga ccacacttga atccgttt

SEQ ID NO: 110 moltype = DNA length = 48

FEATURE Location/Qualifiers
misc_feature 1..48

note = Primer IF-GI3Lil08VP2.c
source 1..48

mol_type = other DNA

organism = synthetic construct

SEQUENCE: 110
tegtgetteg gecaccagtac aatggetcag gcaatctteg gegcaatce

SEQ ID NO: 111 moltype = DNA length = 49

FEATURE Location/Qualifiers
misc_feature 1..49

note = Primer IF-GI3Lil0O8VP2.r
source 1..49

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 111
actaaagaaa ataggccttc acttcctecat gtttgcgaac aggggaage

SEQ ID NO: 112 moltype = DNA length = 48

FEATURE Location/Qualifiers
misc_feature 1..48

note = Primer IF-(160)GI.5_Sikl1l13_VPl.c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 112
tegtgetteg gcaccagtac aatgatgatg gectccaaag acgctcect

SEQ ID NO: 113 moltype = DNA length = 53

FEATURE Location/Qualifiers
misc_feature 1..53

note = Primer IF-GI.5_Sik113 _VPl.r
source 1..53

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 113
actaaagaaa ataggccttc agcgccgeac gecaaggege ccecgggcag atg

SEQ ID NO: 114 moltype = DNA length = 51

FEATURE Location/Qualifiers
misc_feature 1..51

note = Primer GI.5 (hCod) (Q84S).r
source 1..51

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 114
gatgagggcce taagctcagg tcgaacagaa tatccectgg tgtgttgtta g

SEQ ID NO: 115 moltype = DNA length = 51

FEATURE Location/Qualifiers
misc_feature 1..51

note = Primer GI.5 (hCod) (Q848S).c
source 1..51

mol_type = other DNA
organism = synthetic construct

57

48

48

49

48

53

51
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SEQUENCE: 115
tattctgtte gacctgaget taggecctca tctcaacccee ttettggece a

SEQ ID NO: 116
FEATURE

moltype = DNA length = 50
Location/Qualifiers

misc_feature 1..50
note = Primer GI.5 (hCod) (A94L) .r
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 116
atctggctca ggtggagcaa gaaggggttyg agatgaggge ctaactgcag

SEQ ID NO: 117
FEATURE

moltype = DNA length = 51
Location/Qualifiers

misc_feature 1..51
note = Primer GI.5 (hCod) (A94L) .c
source 1..51

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 117
tctcaaccee ttettgetcee acctgageca gatgtacaat ggetgggtgg g

SEQ ID NO: 118
FEATURE

moltype = DNA length = 54
Location/Qualifiers

misc_feature 1..54
note = Primer IF-(160)GII.2_CGMH11l VPl.c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 118
tegtgetteg gcaccagtac aatgaagatg gecatccaacyg acgccgcace cage

SEQ ID NO: 119
FEATURE

moltype = DNA length = 53
Location/Qualifiers

misc_feature 1..53
note = Primer IF-GII.2 CGMH11l VPl.r
source 1..53

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 119
actaaagaaa ataggccttt actggatccg teggcgacceyg ttecctgtge cca

SEQ ID NO: 120
FEATURE

moltype = DNA length = 59
Location/Qualifiers

misc_feature 1..59
note = Primer VP1_GII.2CGMH11(E80S).r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 120
ttetggtece aggctgagat tgaggagcac ttecccaggyg ctatttcetag ggctgaccg

SEQ ID NO: 121
FEATURE

moltype = DNA length = 48
Location/Qualifiers

misc_feature 1..48
note = Primer VP1_GII.2CGMH11(E80S) .c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 121
ggaagtgcte ctcaatctca gectgggace agaacttaat ccgtacct

SEQ ID NO: 122
FEATURE

moltype = DNA length = 59
Location/Qualifiers

misc_feature 1..59
note = Primer VP1_GII.2CGMH11(A90L).r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 122
tcegggecag gtggagcagg tacggattaa gttetggtece cagetcgaga ttgaggage

SEQ ID NO: 123
FEATURE
misc_feature

moltype = DNA length = 59
Location/Qualifiers
1..59

51

50

51

54

53

59

48

59
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note = Primer VP1_GII.2CGMH11(A90L).c

source 1..59
mol_type = other DNA
organism = synthetic construct

SEQUENCE: 123
gggaccagaa cttaatccgt acctgcteca cctggecegg atgtacaatg gatatgecag

SEQ ID NO: 124
FEATURE

moltype = DNA length = 52
Location/Qualifiers

misc_feature 1..52
note = Primer IF-(160)GII.3_Jingl3_VPl.c
source 1..52

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 124
tegtgetteg gcaccagtac aatgaaaatg gettccaacyg atgcagcace ct

SEQ ID NO: 125
FEATURE

moltype = DNA length = 50
Location/Qualifiers

misc_feature 1..50
note = Primer IF-GII.3_Jingl3_VPl.r
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 125
actaaagaaa ataggccttt actggatccg cegtctgeca ttgectgtac

SEQ ID NO: 126
FEATURE

moltype = DNA length = 59
Location/Qualifiers

misc_feature 1..59
note = Primer VP1_GII.3Jingl3(E80S).r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 126
atttcagggce ccaggctcaa attcaagaga acctcccegyg gggagttteg aggagagac

SEQ ID NO: 127
FEATURE

moltype = DNA length = 48
Location/Qualifiers

misc_feature 1..48
note = Primer VP1_GII.3Jingl3(E80S) .c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 127
ggaggttcte ttgaatttga gectgggcece tgaaattaat ccttatcet

SEQ ID NO: 128
FEATURE

moltype = DNA length = 59
Location/Qualifiers

misc_feature 1..59
note = Primer VP1_GII.3Jingl3(A90L).r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 128
attcgggcta gatggagcag ataaggatta atttcaggge ccagttccaa attcaagag

SEQ ID NO: 129
FEATURE

moltype = DNA length = 56
Location/Qualifiers

misc_feature 1..56
note = Primer VP1_GII.3Jingl3(A90L) .c
source 1..56

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 129
gggccctgaa attaatcctt atctgctcca tctageccga atgtacaacg gctacg

SEQ ID NO: 130
FEATURE

moltype = DNA length = 49
Location/Qualifiers

misc_feature 1..49
note = Primer IF-GII.4Sydl2VPl.c
source 1..49

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 130
tegtgetteg gcaccagtac aatgaaaatg gectcgagtyg acgctaace

59

52

50

59

48

59

56

49
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SEQ ID NO: 131 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer IF-GII.4Sydl2VPl.r
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 131
actaaagaaa ataggccttc agacagecct gegtctgeca gteccatt

SEQ ID NO: 132 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer VP1_GII.4Sydl2(A39V).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 132
gaccggcecac ggggactgcet atggetgege ccaccacagg ctccagggec atca

SEQ ID NO: 133 moltype = DNA length = 54

FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer VP1_GII.4Sydl2(A39V).c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 133
gggcgcagece atagcagtcee ccgtggecgg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 134 moltype = DNA length = 51

FEATURE Location/Qualifiers
misc_feature 1..51

note = Primer VP1_GII.4Sydl2(V47P).r
source 1..51

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 134
cgtatccacyg ggtcaatggg attctgetga ceggccacgyg gegetgcetat g

SEQ ID NO: 135 moltype = DNA length = 53

FEATURE Location/Qualifiers
misc_feature 1..53

note = Primer VP1_GII.4Sydl2(V47P).c
source 1..53

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 135
ggcecggtecayg cagaatccca ttgacccegtg gatacgcaac aattttgtec aag

SEQ ID NO: 136 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer VP1_GII.4Sydl2(R53I).r
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 136
tggacaaaat tgttgattat ccacgggtca atcacattct gctgaccg

SEQ ID NO: 137 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50
note = Primer VP1_GII.4Sydl2(R53I).c
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 137
gattgacceyg tggataatca acaattttgt ccaagcccct ggtggggagt

SEQ ID NO: 138 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50

note = Primer GII.4(P80S).r
source 1..50

48

54

54

51

53

48

50
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mol_type = other DNA

organism = synthetic construct
SEQUENCE: 138
gatcgggtee caagctggece gaccacagga tttetectgg cgcatttcete

SEQ ID NO: 139
FEATURE

moltype = DNA length = 50
Location/Qualifiers

misc_feature 1..50
note = Primer GII.4(P80S).c
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 139
aatcectgtgg tceggecaget tgggacccga tctgaacccee tatttgtceac

SEQ ID NO: 140
FEATURE

moltype = DNA length = 56
Location/Qualifiers

misc_feature 1..56
note = Primer GII.4(S90L).r
source 1..56

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 140
atccgagcga gatgcagcaa ataggggttce agatcgggte ccaatgggge cgacca

SEQ ID NO: 141
FEATURE

moltype = DNA length = 48
Location/Qualifiers

misc_feature 1..48
note = Primer GII.4(S90L).c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 141
tctgaaccee tatttgetge atctcegeteg gatgtacaac gggtatge

SEQ ID NO: 142
FEATURE
misc_feature

moltype = DNA length = 50
Location/Qualifiers
1..50

note = Primer VP1_GII.4Sydl2(Del(35-42)).r

1..50
mol_type = other DNA
organism = synthetic construct

source

SEQUENCE: 142
cacattctge tgaccgecca ccacaggete cagggecatce acctcattat

SEQ ID NO: 143
FEATURE
misc_feature

moltype = DNA length = 48
Location/Qualifiers
1..48

note = Primer VP1_GII.4Sydl2(Del(35-42)).c

1..48
mol_type = other DNA
organism = synthetic construct

source

SEQUENCE: 143
ggagcctgtyg gtgggceggte agcagaatgt gattgacceg tggatacg

SEQ ID NO: 144
FEATURE

moltype = DNA 1length = 60
Location/Qualifiers

misc_feature 1..60
note = Primer VP1_GII.4Sydl2 (SSTAVATA).r
source 1..60

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 144

ctgaccgget gtagegacgg cggtggaget geccaccaca ggctccaggg ccatcaccte

SEQ ID NO: 145
FEATURE

moltype = DNA 1length = 60
Location/Qualifiers

misc_feature 1..60
note = Primer VP1_GII.4Sydl2 (SSTAVATA) .c
source 1..60

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 145

tgtggtggge agctcecacceg cegtegetac agecggtcag cagaatgtga ttgaccegtg

SEQ ID NO: 146 moltype = DNA length = 49

50

50

56

48

50

48

60

60
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FEATURE
misc_feature 1..49
note =
source 1..49
mol_type =
organism =
SEQUENCE: 146

Location/Qualifiers

Primer IF-GII.6Ohil2VPl.c

other DNA
synthetic construct

tegtgetteg gcaccagtac aatgaagatg gcaagcaacg acgcagete

SEQ ID NO: 147 moltype =
FEATURE
misc_feature 1..54
note =
source 1..54
mol_type =
organism =

SEQUENCE: 147

DNA
Location/Qualifiers

length = 54

Primer IF-GII.6Ohil2VPl.r

other DNA
synthetic construct

actaaagaaa ataggcctte actgatceeg gegtegecee tggectgtee ccat

SEQ ID NO: 148 moltype =
FEATURE
misc_feature 1..51
note =
source 1..51
mol_type =
organism =
SEQUENCE: 148

DNA
Location/Qualifiers

length = 51

Primer IF-GII.6HS10VP2.c

other DNA
synthetic construct

tegtgetteg gcaccagtac aatggectece geatttcetag ctggattgge ¢

SEQ ID NO: 149 moltype =
FEATURE
misc_feature 1..53
note =
source 1..53
mol_type =
organism =

SEQUENCE: 149

DNA
Location/Qualifiers

length = 53

Primer IF-GII.6HS10VP2.r

other DNA
synthetic construct

actaaagaaa ataggcctct aaacttgtga ttctcccegt cgectggggt gty

SEQ ID NO: 150 moltype =
FEATURE
misc_feature 1..59
note =
source 1..59
mol_type =
organism =
SEQUENCE: 150

DNA
Location/Qualifiers

length = 59

Primer VP1_GII.6Ohil2 (E80S).r

other DNA
synthetic construct

agttcaggge cgaggctcag attgagecage atctegeceg gggagtteeg gggggagac

SEQ ID NO:
FEATURE

151 moltype =

misc_feature 1..48
note =
source 1..48
mol_type =
organism =
SEQUENCE: 151

DNA
Location/Qualifiers

length = 48

Primer VP1_GII.6Ohil2 (E80S) .c

other DNA
synthetic construct

cgagatgetyg ctcaatctga gecteggece tgaactaaac ccttatcet

SEQ ID NO:
FEATURE

152 moltype =

misc_feature 1..59
note =
source 1..59
mol_type =
organism =
SEQUENCE: 152

DNA
Location/Qualifiers

length = 59

Primer VP1_GII.6O0hil2 (S90L) .c

other DNA
synthetic construct

ccctgaacta aacccttate tgetccacct ttcacggatg tacaatgget acgcaggag

SEQ ID NO:
FEATURE

153 moltype =

misc_feature 1..52
note =
source 1..52
mol_type =

organism =

DNA
Location/Qualifiers

length = 52

Primer IF-(160)GII.12 HS10_VPl.c

other DNA
synthetic construct

49

54

51

53

59

48

59
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SEQUENCE: 153
tegtgetteg gcaccagtac aatgaagatg gcegtctaatg atgctgetce tt 52
SEQ ID NO: 154 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer IF-GII.12 HS10_VPl.r
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 154

actaaagaaa ataggccttt actgcacacg cctcctccca tttectgtte cecat 54
SEQ ID NO: 155 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GII.12(E80S).r
source 1..48

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 155

agttctggtc ctaagctcaa attcaataac acttcgeccegg gggagttt 48
SEQ ID NO: 156 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49
note = Primer GII.12(E80S).c
source 1..49

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 156

agtgttattg aatttgagct taggaccaga actcaacccc tatctggca 49
SEQ ID NO: 157 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50
note = Primer GII.12 (A90L) .r
source 1..50

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 157

atccgagaca gatggagcag ataggggttg agttctggte ctaattccaa 50
SEQ ID NO: 158 moltype = DNA length = 57
FEATURE Location/Qualifiers
misc_feature 1..57
note = Primer GII.12 (A90L).c
source 1..57

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 158

actcaacccc tatctgctce atctgtcteg gatgtacaac ggctatgcegg gcggagt 57
SEQ ID NO: 159 moltype = DNA length = 47
FEATURE Location/Qualifiers
misc_feature 1..47

note = Primer IF-NoV(USé68)VP2(ORF3) (hCod) .c
source 1..47

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 159

tegtgetteg gcaccagtac aatggctcag gccattattg gegecat 47
SEQ ID NO: 160 moltype = DNA length = 47
FEATURE Location/Qualifiers
misc_feature 1..47

note = Primer IF-NoV(USé68)VP2(ORF3) (hCod) .c
source 1..47

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 160

tcgtgetteyg gcaccagtac aatggctecag gccattattg gegecat 47
SEQ ID NO: 161 moltype = DNA length = 50
FEATURE Location/Qualifiers

misc_feature 1..50
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note = Primer IF-NoV(USé68)VP2(ORF3) (hCod) .r
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 161
actaaagaaa ataggccttc agcggeggtt gttagcegaac agaggaagtce

SEQ ID NO: 162 moltype = DNA length = 4540
FEATURE Location/Qualifiers
misc_feature 1..4540

note = Cloning vector 1190 from left to right T-DNA

source 1..4540
mol_type = other DNA
organism = synthetic construct

SEQUENCE: 162

tggcaggata tattgtggtg taaacaaatt gacgcttaga caacttaata acacattgcg
gacgttttta atgtactgaa ttaacgccga atcccggget ggtatattta tatgttgtca
aataactcaa aaaccataaa agtttaagtt agcaagtgtg tacattttta cttgaacaaa
aatattcacc tactactgtt ataaatcatt attaaacatt agagtaaaga aatatggatg
ataagaacaa gagtagtgat attttgacaa caattttgtt gcaacatttg agaaaatttt
gttgttctet cttttcattyg gtcaaaaaca atagagagag aaaaaggaag agggagaata
aaaacataat gtgagtatga gagagaaagt tgtacaaaag ttgtaccaaa atagttgtac
aaatatcatt gaggaatttg acaaaagcta cacaaataag ggttaattgc tgtaaataaa
taaggatgac gcattagaga gatgtaccat tagagaattt ttggcaagtc attaaaaaga
aagaataaat tatttttaaa attaaaagtt gagtcatttg attaaacatg tgattattta
atgaattgat gaaagagttg gattaaagtt gtattagtaa ttagaatttg gtgtcaaatt
taatttgaca tttgatcttt tcctatatat tgccccatag agtcagttaa ctcattttta
tatttcatag atcaaataag agaaataacg gtatattaat ccctccaaaa aaaaaaaacyg
gtatatttac taaaaaatct aagccacgta ggaggataac aggatccccg taggaggata
acatccaatc caaccaatca caacaatcct gatgagataa cccactttaa gcccacgcat
ctgtggcaca tctacattat ctaaatcaca cattcttcca cacatctgag ccacacaaaa
accaatccac atctttatca cccattctat aaaaaatcac actttgtgag tctacacttt
gattccctte aaacacatac aaagagaaga gactaattaa ttaattaatc atcttgagag
aaaatggaac gagctataca aggaaacgac gctagggaac aagctaacag tgaacgttgg
gatggaggat caggaggtac cacttctcce ttcaaacttce ctgacgaaag tccgagttgg
actgagtggce ggctacataa cgatgagacg aattcgaatc aagataatcce ccttggttte
aaggaaagct ggggtttcgg gaaagttgta tttaagagat atctcagata cgacaggacg
gaagcttcac tgcacagagt ccttggatct tggacgggag attcggttaa ctatgcagea
tctegatttt tceggtttega ccagatcgga tgtacctata gtattceggtt tcgaggagtt
agtatcaccg tttectggagg gtcgcgaact cttcagcate tcetgtgagat ggcaattcegg
tctaagcaag aactgctaca gcecttgcccca atcgaagtgg aaagtaatgt atcaagagga
tgccctgaag gtactcaaac cttcgaaaaa gaaagcgagt aagttaaaat gcttcttegt
ctcctattta taatatggtt tgttattgtt aattttgttce ttgtagaaga gcttaattaa
tegttgttgt tatgaaatac tatttgtatg agatgaactyg gtgtaatgta attcatttac
ataagtggag tcagaatcag aatgtttcct ccataactaa ctagacatga agacctgccg
cgtacaattg tcttatattt gaacaactaa aattgaacat cttttgccac aactttataa
gtggttaata tagctcaaat atatggtcaa gttcaataga ttaataatgg aaatatcagt
tatcgaaatt cattaacaat caacttaacg ttattaacta ctaattttat atcatcccct
ttgataaatg atagtacacc aattaggaag gagcatgcte gectaggaga ttgtegttte
cegectteag tttgcaaget getctagecg tgtagccaat acgcaaaccyg cctctecccg
cgegttggga attactagceg cgtgtcgaca agettgcatg ceggtcaaca tggtggagca
cgacacactt gtctactcca aaaatatcaa agatacagtce tcagaagacc aaagggcaat
tgagactttt caacaaaggg taatatccgg aaacctcecte ggattccatt gcccagetat
ctgtcacttt attgtgaaga tagtggaaaa ggaaggtgge tcctacaaat gccatcattg
cgataaagga aaggccatcg ttgaagatge ctetgccgac agtggtccca aagatggace
cccacccacg aggagcatcg tggaaaaaga agacgttcca accacgtctt caaagcaagt
ggattgatgt gataacatgg tggagcacga cacacttgtc tactccaaaa atatcaaaga
tacagtctca gaagaccaaa gggcaattga gacttttcaa caaagggtaa tatccggaaa
cctectegga ttecattgee cagctatcetg tcactttatt gtgaagatag tggaaaagga
aggtggctcee tacaaatgcce atcattgega taaaggaaag gccatcgttyg aagatgecte
tgccgacagt ggtcccaaag atggaccccece acccacgagg agcatcgtgyg aaaaagaaga
cgttecaace acgtcttcaa agcaagtgga ttgatgtgat atctccactg acgtaaggga
tgacgcacaa tcccactatc cttcgcaaga cecttectet atataaggaa gttcatttca
tttggagagg tattaaaatc ttaataggtt ttgataaaag cgaacgtggyg gaaacccgaa
ccaaacctte ttctaaactc tctctcatcet ctettaaage aaacttctet cttgtettte
ttgcgtgage gatcttcaac gttgtcagat cgtgettegyg caccgcggat ggcgaaaaac
gttgcgattt tcggettatt gttttctett cttgtgttgg ttecttcetea gatcttegec
tgcaggctee tcagccaaaa cgacaccccece atctgtctat ccactggece ctggatctge
tgcccaaact aactccatgg tgaccctggg atgectggte aagggctatt tccctgagece
agtgacagtg acctggaact ctggatccct gtecageggt gtgcacacct tcccagetgt
cctgecagtet gacctctaca ctcectgagecag ctcagtgact gtecccteca gcacctggece
cagcgagace gtcacctgca acgttgecca ceeggccage agcaccaagyg tggacaagaa
aattgtgcce agggattgtg gttgtaagcece ttgcatatgt acagtcccag aagtatcate
tgtcttcate ttcceccccaa agcccaagga tgtgctcace attactctga ctcectaaggt
cacgtgtgtt gtggtagaca tcagcaagga tgatcccgag gtccagttca getggtttgt
agatgatgtg gaggtgcaca cagctcagac gcaacccegg gaggagcagt tcaacagcac

50

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
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tttcecgetca gtcagtgaac ttcccatcat gcaccaggac tggctcaatg gcaaggagceg 3720
atcgctcacce atcaccatca ccatcaccat caccattaaa ggcectatttt ctttagtttg 3780
aatttactgt tattcggtgt gcatttctat gtttggtgag cggttttctg tgctcagagt 3840
gtgtttattt tatgtaattt aatttctttg tgagctcctg tttagcaggt cgtcccttca 3900
gcaaggacac aaaaagattt taattttatt aaaaaaaaaa aaaaaaaaga ccgggaattc 3960
gatatcaagc ttatcgacct gcagatcgtt caaacatttg gcaataaagt ttcttaagat 4020
tgaatcectgt tgccggtett gecgatgatta tcatataatt tctgttgaat tacgttaage 4080
atgtaataat taacatgtaa tgcatgacgt tatttatgag atgggttttt atgattagag 4140
tceccgcaatt atacatttaa tacgcgatag aaaacaaaat atagcgcgca aactaggata 4200
aattatcgecg cgcggtgtca tcectatgttac tagatctcta gagtctcaag cttggcgcege 4260
ccacgtgact agtggcactg gccgtegttt tacaacgtcg tgactgggaa aaccctggeg 4320
ttacccaact taatcgcctt gcagcacatc cccctttege cagetggegt aatagcgaag 4380
aggccegcac cgatcgecct tcccaacagt tgegcagect gaatggcgaa tgctagagca 4440
gcttgagett ggatcagatt gtegtttccecce gecttcagtt taaactatca gtgtttgaca 4500

ggatatattg gcgggtaaac ctaagagaaa agagcgttta 4540
SEQ ID NO: 163 moltype = DNA length = 2976
FEATURE Location/Qualifiers
misc_feature 1..2976
note = Construct 2724 from 2X35S promoter to NOS terminator
source 1..2976

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 163
gtcaacatgyg tggagcacga cacacttgtc tactccaaaa atatcaaaga tacagtctca 60
gaagaccaaa gggcaattga gacttttcaa caaagggtaa tatccggaaa cctecctcecgga 120
ttccattgee cagctatcectg tcactttatt gtgaagatag tggaaaagga aggtggctce 180
tacaaatgce atcattgcga taaaggaaag gccatcgttyg aagatgccte tgccgacagt 240
ggtcccaaag atggaccccee acccacgagg agcatcegtgg aaaaagaaga cgttccaacc 300
acgtcttcaa agcaagtgga ttgatgtgat aacatggtgg agcacgacac acttgtctac 360
tccaaaaata tcaaagatac agtctcagaa gaccaaaggg caattgagac ttttcaacaa 420
agggtaatat ccggaaacct cctcggattce cattgcccag ctatctgtca ctttattgtg 480
aagatagtgg aaaaggaagg tggctcctac aaatgccatce attgcgataa aggaaaggcce 540
atcgttgaag atgcctectge cgacagtggt ceccaaagatg gacccccacce cacgaggage 600
atcgtggaaa aagaagacgt tccaaccacg tcttcaaage aagtggattyg atgtgatatc 660
tccactgacyg taagggatga cgcacaatcc cactatcctt cgcaagacce ttcctctata 720
taaggaagtt catttcattt ggagaggtat taaaatctta ataggttttg ataaaagcga 780
acgtggggaa acccgaacca aaccttctte taaactctet ctcatctcete ttaaagcaaa 840
cttctetett gtcetttettyg cgtgagecgat cttcaacgtt gtcagatcgt gettcecggcac 900
cagtacaatg atgatggcta gtaaagatgc gacctcctet gtggatggtyg cgtcagggge 960
aggacaactc gtacccgagg taaacgccag cgacccactt gecatggacce ccgttgecgg 1020
aagttccaca gcagtggcca cagccggtca agtgaatcca attgatccecgt ggattatcaa 1080
caatttcgtc caggcacccecc agggcgagtt cacaatttca ccaaacaata caccgggcga 1140
tgtgctattc gatctttect tgggtectca ccttaaccct tttcectactce atctectcaca 1200
gatgtacaat ggttgggtag gaaacatgag agtccggatc atgectggctg gcaatgectt 1260
taccgetgge aagatcatcg tcagttgtat tcctceccecgga tttggatcte ataatctgac 1320
cattgctcaa gcgactctet ttceccccatgt catcgccgac gttaggacce tggaccccat 1380
cgaggtgccce ctggaggacg tccggaatgt tttgttccac aacaacgaca gaaaccagca 1440
gacgatgaga cttgtctgta tgctctatac cccactgcgg actggaggcg ggactggaga 1500
cteccttegtt gtggcaggaa gagtgatgac atgcccctcee cccgacttca actttetttt 1560
tctggtecca ccaaccgttyg agcagaagac gcggcccttt acactgccca atctecccget 1620
ttcaagtctg agtaattcac gggccccatt gccgatctcece tcaatgggaa tctcccccga 1680
caacgtccag tctgtccaat tccaaaatgg gagatgcaca ctggacggtc gectggtggg 1740
aacaactccg gtgteccctet cacatgtcecge caaaatccge ggcacatcaa atggtaccgt 1800
aatcaatctg acagaacttg atggcacgcc cttccatcce tttgaaggac cagcccctat 1860
tggatttcct gatctgggag gttgcgactg gcacataaac atgacacagt ttggccacte 1920
cagccagaca cagtatgatg tcgatacaac cccagatacce ttcecgtgccac acctgggatce 1980
tattcaagct aacggtattg gatccggcaa ctacgtggga gtcttatctt ggatctcacce 2040
accatcccac ccctcaggat cccaggttga cttgtggaag ataccgaatt atggatccte 2100
gatcactgaa gccacgcacce tcgcaccttce cgtctaccca ccaggttttg gagaagtett 2160
ggtgttttte atgagcaaaa tgcccggccce tggagcctac aatctccecctt gectactece 2220
tcaagagtat attagtcacc tcgcatctga gcaggccccg accgttggeg aggcagccct 2280
gctgcattat gtggatccgg acaccggcag gaacctgggt gagttcaaag cttatcctga 2340
cggttttcta acatgtgtac caaatggcgce ttccagecgge cctcaacage tcccaatcaa 2400
tggcgtgtte gtttttgtca getgggtaag ccgcttctac cagctgaage ccgtggggac 2460
agcttettet geccgcecggac gecteggtcet gcggagataa aggcectattt tetttagttt 2520
gaatttactg ttattcggtg tgcatttcta tgtttggtga gcecggttttct gtgctcagag 2580
tgtgtttatt ttatgtaatt taatttcttt gtgagctcct gtttagcagg tcgtcecctte 2640
agcaaggaca caaaaagatt ttaattttat taaaaaaaaa aaaaaaaaag accgggaatt 2700
cgatatcaag cttatcgacc tgcagatcgt tcaaacattt ggcaataaag tttcttaaga 2760
ttgaatcctg ttgccggtet tgcgatgatt atcatataat ttctgttgaa ttacgttaag 2820
catgtaataa ttaacatgta atgcatgacg ttatttatga gatgggtttt tatgattaga 2880
gtcecegcaat tatacattta atacgcgata gaaaacaaaa tatagcgcgc aaactaggat 2940
aaattatcgce gcgceggtgtce atctatgtta ctagat 2976

SEQ ID NO: 164 moltype = DNA length = 5652
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FEATURE Location/Qualifiers
misc_feature 1..5652

note = Cloning vector 3677 from left to right T-DNA

source 1..5652
mol_type = other DNA
organism = synthetic construct

SEQUENCE: 164

tggcaggata tattgtggtg taaacaaatt gacgcttaga caacttaata acacattgcg
gacgttttta atgtactgaa ttaacgccga atcccggget ggtatattta tatgttgtca
aataactcaa aaaccataaa agtttaagtt agcaagtgtg tacattttta cttgaacaaa
aatattcacc tactactgtt ataaatcatt attaaacatt agagtaaaga aatatggatg
ataagaacaa gagtagtgat attttgacaa caattttgtt gcaacatttg agaaaatttt
gttgttctet cttttcattyg gtcaaaaaca atagagagag aaaaaggaag agggagaata
aaaacataat gtgagtatga gagagaaagt tgtacaaaag ttgtaccaaa atagttgtac
aaatatcatt gaggaatttg acaaaagcta cacaaataag ggttaattgc tgtaaataaa
taaggatgac gcattagaga gatgtaccat tagagaattt ttggcaagtc attaaaaaga
aagaataaat tatttttaaa attaaaagtt gagtcatttg attaaacatg tgattattta
atgaattgat gaaagagttg gattaaagtt gtattagtaa ttagaatttg gtgtcaaatt
taatttgaca tttgatcttt tcctatatat tgccccatag agtcagttaa ctcattttta
tatttcatag atcaaataag agaaataacg gtatattaat ccctccaaaa aaaaaaaacyg
gtatatttac taaaaaatct aagccacgta ggaggataac aggatccccg taggaggata
acatccaatc caaccaatca caacaatcct gatgagataa cccactttaa gcccacgcat
ctgtggcaca tctacattat ctaaatcaca cattcttcca cacatctgag ccacacaaaa
accaatccac atctttatca cccattctat aaaaaatcac actttgtgag tctacacttt
gattccctte aaacacatac aaagagaaga gactaattaa ttaattaatc atcttgagag
aaaatggaac gagctataca aggaaacgac gctagggaac aagctaacag tgaacgttgg
gatggaggat caggaggtac cacttctcce ttcaaacttce ctgacgaaag tccgagttgg
actgagtggce ggctacataa cgatgagacg aattcgaatc aagataatcce ccttggttte
aaggaaagct ggggtttcgg gaaagttgta tttaagagat atctcagata cgacaggacg
gaagcttcac tgcacagagt ccttggatct tggacgggag attcggttaa ctatgcagea
tctegatttt tceggtttega ccagatcgga tgtacctata gtattceggtt tcgaggagtt
agtatcaccg tttectggagg gtcgcgaact cttcagcate tcetgtgagat ggcaattcegg
tctaagcaag aactgctaca gcecttgcccca atcgaagtgg aaagtaatgt atcaagagga
tgccctgaag gtactcaaac cttcgaaaaa gaaagcgagt aagttaaaat gcttcttegt
ctcctattta taatatggtt tgttattgtt aattttgttce ttgtagaaga gcttaattaa
tegttgttgt tatgaaatac tatttgtatg agatgaactyg gtgtaatgta attcatttac
ataagtggag tcagaatcag aatgtttcct ccataactaa ctagacatga agacctgccg
cgtacaattg tcttatattt gaacaactaa aattgaacat cttttgccac aactttataa
gtggttaata tagctcaaat atatggtcaa gttcaataga ttaataatgg aaatatcagt
tatcgaaatt cattaacaat caacttaacg ttattaacta ctaattttat atcatcccct
ttgataaatg atagtacacc aattaggaag gagcatgcte gectaggaga ttgtegttte
cegectteag tttgcaaget getctagecg tgtagccaat acgcaaaccyg cctctecccg
cgegttggga attactagceg cgtgtcgaca agettgcatg ceggtcaaca tggtggagca
cgacacactt gtctactcca aaaatatcaa agatacagtce tcagaagacc aaagggcaat
tgagactttt caacaaaggg taatatccgg aaacctcecte ggattccatt gcccagetat
ctgtcacttt attgtgaaga tagtggaaaa ggaaggtgge tcctacaaat gccatcattg
cgataaagga aaggccatcg ttgaagatge ctetgccgac agtggtccca aagatggace
cccacccacg aggagcatcg tggaaaaaga agacgttcca accacgtctt caaagcaagt
ggattgatgt gataacatgg tggagcacga cacacttgtc tactccaaaa atatcaaaga
tacagtctca gaagaccaaa gggcaattga gacttttcaa caaagggtaa tatccggaaa
cctectegga ttecattgee cagctatcetg tcactttatt gtgaagatag tggaaaagga
aggtggctcee tacaaatgcce atcattgega taaaggaaag gccatcgttyg aagatgecte
tgccgacagt ggtcccaaag atggaccccece acccacgagg agcatcgtgyg aaaaagaaga
cgttecaace acgtcttcaa agcaagtgga ttgatgtgat atctccactg acgtaaggga
tgacgcacaa tcccactatc cttcgcaaga cecttectet atataaggaa gttcatttca
tttggagagg tattaaaatc ttaataggtt ttgataaaag cgaacgtggyg gaaacccgaa
ccaaacctte ttctaaactc tctctcatcet ctettaaage aaacttctet cttgtettte
ttgcgtgage gatcttcaac gttgtcagat cgtgettegyg caccgcggat ggcgaaaaac
gttgcgattt tcggettatt gttttctett cttgtgttgg ttecttcetea gatcttegec
tgcaggctee tcagccaaaa cgacaccccece atctgtctat ccactggece ctggatctge
tgcccaaact aactccatgg tgaccctggg atgectggte aagggctatt tccctgagece
agtgacagtg acctggaact ctggatccct gtecageggt gtgcacacct tcccagetgt
cctgecagtet gacctctaca ctcectgagecag ctcagtgact gtecccteca gcacctggece
cagcgagace gtcacctgca acgttgecca ceeggccage agcaccaagyg tggacaagaa
aattgtgcce agggattgtg gttgtaagcece ttgcatatgt acagtcccag aagtatcate
tgtcttcate ttcceccccaa agcccaagga tgtgctcace attactctga ctcectaaggt
cacgtgtgtt gtggtagaca tcagcaagga tgatcccgag gtccagttca getggtttgt
agatgatgtg gaggtgcaca cagctcagac gcaacccegg gaggagcagt tcaacagcac
tttcegeteca gtcagtgaac ttcccatcat geaccaggac tggctcaatyg gcaaggagceg
atcgctcace atcaccatca ccatcaccat caccattaaa ggectatttt ctttagtttg
aatttactgt tattcggtgt geatttctat gtttggtgag cggttttetyg tgctcagagt
gtgtttattt tatgtaattt aatttctttg tgagctectg tttagcaggt cgtcccttcea
gcaaggacac aaaaagattt taattttatt atcgttcaaa catttggcaa taaagtttct
taagattgaa tcctgttgce ggtcttgega tgattatcat ataatttetyg ttgaattacg
ttaagcatgt aataattaac atgtaatgca tgacgttatt tatgagatgg gtttttatga
ttagagtcce gcaattatac atttaatacg cgatagaaaa caaaatatag cgcgcaaact

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
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2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
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2880
2940
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3060
3120
3180
3240
3300
3360
3420
3480
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3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
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aggataaatt atcgcgcgcg gtgtcatcta tgttactaga tctctaggta aaaatcccaa 4200
ttatatttgg tctaatttag tttggtattg agtaaaacaa attcgaacca aaccaaaata 4260
taaatatata gtttttatat atatgccttt aagacttttt atagaatttt ctttaaaaaa 4320
tatctagaaa tatttgcgac tcttctggca tgtaatattt cgttaaatat gaagtgctcce 4380
atttttatta actttaaata attggttgta cgatcacttt cttatcaagt gttactaaaa 4440
tgcgtcaatce tectttgttet tceccatattca tatgtcaaaa tctatcaaaa ttcttatata 4500
tctttttega atttgaagtyg aaatttcgat aatttaaaat taaatagaac atatcattat 4560
ttaggtatca tattgatttt tatacttaat tactaaattt ggttaacttt gaaagtgtac 4620
atcaacgaaa aattagtcaa acgactaaaa taaataaata tcatgtgtta ttaagaaaat 4680
tctectataa gaatatttta atagatcata tgtttgtaaa aaaaattaat ttttactaac 4740
acatatattt acttatcaaa aatttgacaa agtaagatta aaataatatt catctaacaa 4800
aaaaaaaacc agaaaatgct gaaaacccgg caaaaccgaa ccaatccaaa ccgatatagt 4860
tggtttggtt tgattttgat ataaaccgaa ccaactcggt ccatttgcac ccctaatcat 4920
aatagcttta atatttcaag atattattaa gttaacgttg tcaatatcct ggaaattttg 4980
caaaatgaat caagcctata tggctgtaat atgaatttaa aagcagctcg atgtggtggt 5040
aatatgtaat ttacttgatt ctaaaaaaat atcccaagta ttaataattt ctgctaggaa 5100
gaaggttagc tacgatttac agcaaagcca gaatacaaag aaccataaag tgattgaagc 5160
tcgaaatata cgaaggaaca aatattttta aaaaaatacg caatgacttg gaacaaaaga 5220
aagtgatata ttttttgttc ttaaacaagc atcccctcecta aagaatggca gttttecttt 5280
gcatgtaact attatgctce cttegttaca aaaattttgg actactattg ggaacttcett 5340
ctgaaaattc tagagtctca agcttggcgce gcccacgtga ctagtggcac tggccecgtegt 5400
tttacaacgt cgtgactggg aaaaccctgg cgttacccaa cttaatcgcc ttgcagcaca 5460
tcececttte gecagetgge gtaatagcga agaggcccge accgatcgecce cttceccaaca 5520
gttgcgcage ctgaatggcg aatgctagag cagcttgage ttggatcaga ttgtegttte 5580
ccgecttcag tttaaactat cagtgtttga caggatatat tggcgggtaa acctaagaga 5640

aaagagcgtt ta 5652
SEQ ID NO: 165 moltype = DNA length = 2952
FEATURE Location/Qualifiers
misc_feature 1..2952
note = Construct 4133 from 2X35S promoter to NOS terminator
source 1..2952

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 165

gtcaacatgyg tggagcacga cacacttgtc tactccaaaa atatcaaaga tacagtctca 60
gaagaccaaa gggcaattga gacttttcaa caaagggtaa tatccggaaa cctecctcecgga 120
ttccattgee cagctatcectg tcactttatt gtgaagatag tggaaaagga aggtggctce 180
tacaaatgce atcattgcga taaaggaaag gccatcgttyg aagatgccte tgccgacagt 240
ggtcccaaag atggaccccee acccacgagg agcatcegtgg aaaaagaaga cgttccaacc 300
acgtcttcaa agcaagtgga ttgatgtgat aacatggtgg agcacgacac acttgtctac 360
tccaaaaata tcaaagatac agtctcagaa gaccaaaggg caattgagac ttttcaacaa 420
agggtaatat ccggaaacct cctcggattce cattgcccag ctatctgtca ctttattgtg 480
aagatagtgg aaaaggaagg tggctcctac aaatgccatce attgcgataa aggaaaggcce 540
atcgttgaag atgcctectge cgacagtggt ceccaaagatg gacccccacce cacgaggage 600
atcgtggaaa aagaagacgt tccaaccacg tcttcaaage aagtggattyg atgtgatatc 660
tccactgacyg taagggatga cgcacaatcc cactatcctt cgcaagacce ttcctctata 720
taaggaagtt catttcattt ggagaggtat taaaatctta ataggttttg ataaaagcga 780
acgtggggaa acccgaacca aaccttctte taaactctet ctcatctcete ttaaagcaaa 840
cttctetett gtcetttettyg cgtgagecgat cttcaacgtt gtcagatcgt gettcecggcac 900
cagtacaatg aaaatggcct cgagtgacgce taaccctagt gacggcageyg ccgccaatct 960
tgtgcctgag gttaataatg aggtgatggc cctggagect gtggtgggcg cagccatage 1020
agcgcececegtg gecggtcage agaatgtgat tgacccgtgg atacgcaaca attttgtcca 1080
agcceetggt ggggagttca ccgttagcecce gagaaatgcg ccaggagaaa tcctgtggte 1140
ggccagcttyg ggacccgate tgaacccecta tttgtcacat ctecgctcgga tgtacaacgg 1200
gtatgccgge ggatttgaag tgcaggtgat tcectggetggg aacgcgttca ctgctggcaa 1260
agtgatcttt gcagcggtgce ctcccaactt ccccactgaa ggactgtcte caagccaggt 1320
cacaatgttt ccacacatcg tggtggacgt acggcagcta gagcctgtcce tgattcccecet 1380
ccetgatgta cgcaataatt tcectaccacta caatcaatce aatgatccga ccattaaact 1440
catcgcgatg ttgtacaccc ctcectgegege taacaatgct ggagacgacg tattcaccgt 1500
gtcatgcaga gtgctcacca gaccttcacc agactttgac tttatcttct tagtgcccce 1560
cactgttgag agccgaacca agccctttag tgtcccegta ctcacagtcg aggagatgac 1620
aaatagccgce tttccaatcc cccttgagaa actgttcaca ggaccttcect cggcattegt 1680
ggttcagcca cagaacggac gctgcacaac tgacggegtg ctgcteggaa ccacccaget 1740
tagcecetgtt aatatctgta cgtttagagg cgacgtaact cacataactg gctcacggaa 1800
ctataccatg aatctggcat cacagaattg gaatgactac gacccaaccg aagagattcc 1860
cgcacctett ggaaccceceg actttgtggg aaaaatacag ggcgtcecctga cacaaaccac 1920
cagaaccgat ggctccacac ggggacacaa ggcaaccgtce tacactggct ctgccgattt 1980
tgccececgaaa ctgggtagag tgcagtttga gaccgacact gaccgggact ttgaagccaa 2040
tcagaatact aagttcacac ctgtaggagt gattcaggac gggggcacca ctcaccggaa 2100
cgagccgcaa caatgggtcecce tgccectetta tagegggagg aatactcata atgtgcattt 2160
ggctectgeca gtggcteccca cgtttcececgg ggaacaactyg ctetttttte gttcaaccat 2220
gcctggatge tcecggatate ccaatatgga tcectcgattge ctgctceccac aggaatgggt 2280
gcagtatttt tatcaagagg ccgcaccagc ccaatccgac gtcgcacttce tgeggttegt 2340
gaatccagac acaggccgcg tgttgtttga gtgcaaattg cacaaatcag gatacgttac 2400
agtggctcat actggacagc atgacctggt gatcccacce aacggatatt ttaggttcga 2460
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ctecctgggtyg aatcagtttt atacattage ccccatgggg aatgggactg gcagacgcag 2520
ggctgtctga aggcctattt tctttagttt gaatttactg ttattcggtg tgcatttcta 2580
tgtttggtga gcggttttcet gtgctcagag tgtgtttatt ttatgtaatt taatttcttt 2640
gtgagctect gtttagcagg tcgtccecctte agcaaggaca caaaaagatt ttaattttat 2700
tatcgttcaa acatttggca ataaagtttc ttaagattga atcctgttge cggtettgeg 2760
atgattatca tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc 2820
atgacgttat ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac 2880
gcgatagaaa acaaaatata gcgcgcaaac taggataaat tatcgcgecgce ggtgtcatct 2940

atgttactag at 2952
SEQ ID NO: 166 moltype = DNA length = 2952
FEATURE Location/Qualifiers
misc_feature 1..2952
note = Construct 4135 from 2X35S promoter to NOS terminator
source 1..2952

mol_type = other DNA
organism = synthetic construct

SEQUENCE: 166

gtcaacatgyg tggagcacga cacacttgtc tactccaaaa atatcaaaga tacagtctca 60
gaagaccaaa gggcaattga gacttttcaa caaagggtaa tatccggaaa cctecctcecgga 120
ttccattgee cagctatcectg tcactttatt gtgaagatag tggaaaagga aggtggctce 180
tacaaatgce atcattgcga taaaggaaag gccatcgttyg aagatgccte tgccgacagt 240
ggtcccaaag atggaccccee acccacgagg agcatcegtgg aaaaagaaga cgttccaacc 300
acgtcttcaa agcaagtgga ttgatgtgat aacatggtgg agcacgacac acttgtctac 360
tccaaaaata tcaaagatac agtctcagaa gaccaaaggg caattgagac ttttcaacaa 420
agggtaatat ccggaaacct cctcggattce cattgcccag ctatctgtca ctttattgtg 480
aagatagtgg aaaaggaagg tggctcctac aaatgccatce attgcgataa aggaaaggcce 540
atcgttgaag atgcctectge cgacagtggt ceccaaagatg gacccccacce cacgaggage 600
atcgtggaaa aagaagacgt tccaaccacg tcttcaaage aagtggattyg atgtgatatc 660
tccactgacyg taagggatga cgcacaatcc cactatcctt cgcaagacce ttcctctata 720
taaggaagtt catttcattt ggagaggtat taaaatctta ataggttttg ataaaagcga 780
acgtggggaa acccgaacca aaccttctte taaactctet ctcatctcete ttaaagcaaa 840
cttctetett gtcetttettyg cgtgagecgat cttcaacgtt gtcagatcgt gettcecggcac 900
cagtacaatg aaaatggcct cgagtgacgce taaccctagt gacggcageyg ccgccaatct 960
tgtgcctgag gttaataatg aggtgatggc cctggagect gtggtgggcg cagccatage 1020
agcgcececegtg gecggtcage agaatgtgat tgacccgtgg atacgcaaca attttgtcca 1080
agcceetggt ggggagttca ccgttagcecce gagaaatgcg ccaggagaaa tcctgtggte 1140
ggccagcttyg ggacccgate tgaacccecta tttgctgcat ctecgctcgga tgtacaacgg 1200
gtatgccgge ggatttgaag tgcaggtgat tcectggetggg aacgcgttca ctgctggcaa 1260
agtgatcttt gcagcggtgce ctcccaactt ccccactgaa ggactgtcte caagccaggt 1320
cacaatgttt ccacacatcg tggtggacgt acggcagcta gagcctgtcce tgattcccecet 1380
ccetgatgta cgcaataatt tcectaccacta caatcaatce aatgatccga ccattaaact 1440
catcgcgatg ttgtacaccc ctcectgegege taacaatgct ggagacgacg tattcaccgt 1500
gtcatgcaga gtgctcacca gaccttcacc agactttgac tttatcttct tagtgcccce 1560
cactgttgag agccgaacca agccctttag tgtcccegta ctcacagtcg aggagatgac 1620
aaatagccgce tttccaatcc cccttgagaa actgttcaca ggaccttcect cggcattegt 1680
ggttcagcca cagaacggac gctgcacaac tgacggegtg ctgcteggaa ccacccaget 1740
tagcecetgtt aatatctgta cgtttagagg cgacgtaact cacataactg gctcacggaa 1800
ctataccatg aatctggcat cacagaattg gaatgactac gacccaaccg aagagattcc 1860
cgcacctett ggaaccceceg actttgtggg aaaaatacag ggcgtcecctga cacaaaccac 1920
cagaaccgat ggctccacac ggggacacaa ggcaaccgtce tacactggct ctgccgattt 1980
tgccececgaaa ctgggtagag tgcagtttga gaccgacact gaccgggact ttgaagccaa 2040
tcagaatact aagttcacac ctgtaggagt gattcaggac gggggcacca ctcaccggaa 2100
cgagccgcaa caatgggtcecce tgccectetta tagegggagg aatactcata atgtgcattt 2160
ggctectgeca gtggcteccca cgtttcececgg ggaacaactyg ctetttttte gttcaaccat 2220
gcctggatge tcecggatate ccaatatgga tcectcgattge ctgctceccac aggaatgggt 2280
gcagtatttt tatcaagagg ccgcaccagc ccaatccgac gtcgcacttce tgeggttegt 2340
gaatccagac acaggccgcg tgttgtttga gtgcaaattg cacaaatcag gatacgttac 2400
agtggctcat actggacagc atgacctggt gatcccacce aacggatatt ttaggttcga 2460
ctecctgggtyg aatcagtttt atacattage ccccatgggg aatgggactg gcagacgcag 2520
ggctgtctga aggcctattt tctttagttt gaatttactg ttattcggtg tgcatttcta 2580
tgtttggtga gcggttttcet gtgctcagag tgtgtttatt ttatgtaatt taatttcttt 2640
gtgagctect gtttagcagg tcgtccecctte agcaaggaca caaaaagatt ttaattttat 2700
tatcgttcaa acatttggca ataaagtttc ttaagattga atcctgttge cggtettgeg 2760
atgattatca tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc 2820
atgacgttat ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac 2880
gcgatagaaa acaaaatata gcgcgcaaac taggataaat tatcgcgecgce ggtgtcatct 2940

atgttactag at 2952
SEQ ID NO: 167 moltype = DNA length = 1632

FEATURE Location/Qualifiers

misc_feature 1..1632

note = Nucleic acid sequence of human codon optimized
VPl _GI.3 Lil08_Q84S

source 1..1632
mol_type = other DNA
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organism = synthetic construct
SEQUENCE: 167
atgatgatgg cttccaagga tgctcccaca aacatggatg gaacaagcegyg cgcggggcaa 60
cttgtgcegg aggtgtccac ggcggaaccce atttccatgg aacctgtgge cggegcagee 120
actgctgeeg ccaccgcagg acaggtaaac atgatcgacce cctggatcat gtcaaattac 180
gttcaggcte cacaggggga gtttaccata agcccaaaca acacccecggg tgacatcttg 240
tttgacctga gcctaggacce acacttgaat cegtttctga gtcacttgge tcagatgtat 300
aatggatggg ttggaaacat gaaggtgcge gtgctcectgg cgggcaatge attcacagece 360
gggaagatta ttatctcttg cgtgccacct ggatttgcag cccagaacgt gtctatcgeca 420
caggcaacca tgtttccgca tgtcatcgea gatgtgegeg tgctagagece catcgaggtyg 480
ccecttgagg acgtgegcaa cgtcectatte cataacaatyg atagcacccce caccatgcege 540
ttgatatgta tgttatatac tcccctecge gecagtgggt ccagetcegyg gaccgatcct 600
tttgtgattg ctgggcgggt gttgacttgt cctagccctg acttcaactt ccectttttetg 660
gtgcctcecaa atgtagaaca gaaaacaaag ccattcageg tgccaaacct gecccttaac 720
gtgctgtega attcccgagt gecttecctt attaagtcca tgatggtatc tcaggatcac 780
ggtcaaatgyg tgcagtttca gaacggccga gtgacgttag acgggcaget gcagggcaca 840
accccaacca gtgccagtca getgtgtaag atcagaggea ccegtctacca cgcaactgge 900
ggacaggggce tgaatcttac tgagatcgat ggtaccccct accatgcatt cgagtcacct 960
gcacctattg gatttcccga tcttggggag tgtgattgge atatcaatgce ttcacctgece 1020
aacgctttca cagacgggtc tattattcat cgcattgacg tagcacagga tagcacattt 1080
gcceegcace tgggtaccat ccactatacg aacgcagatt acaacgcaaa cgtgggtett 1140
atctgtagcce tagagtggct atctccgcca agcggtgggg cccectaaagt taacccatgg 1200
gctatteccete ggtacgggte tacgctgact gaggccgcte agctggcacce ccccatatat 1260
ccaccaggat tcggggaagc cattgtttte tttatgtccg attttccgat agccaacggt 1320
tcagatggcce ttagtgtccecc ttgcacgatt ccacaggaat ttgtgacaca cttcgtaaac 1380
gagcaggcte ctactcgggg cgaggctgec ttgttgcatt acgtagaccce cgatacccat 1440
agaaacctgg gcgaattcaa actctaccct gaaggtttca tgacctgcegt acctaactcce 1500
tceggecagtg gecctcaaac cttgccgatce aacggcgtgt tcacgtttat cagctgggtt 1560
tcacggtttt accaactcaa gcccgtecgga acaactgggce cagttcecggag gctcgggate 1620

agacggagct ag 1632
SEQ ID NO: 168 moltype = AA length = 8
FEATURE Location/Qualifiers
REGION 1..8

note = Mutation of SEQ ID NO;1 at positions 39-46
source 1..8

mol type = protein
organism = synthetic construct
SEQUENCE: 168

SSTAVATA 8
SEQ ID NO: 169 moltype = DNA length = 1632

FEATURE Location/Qualifiers

misc_feature 1..1632

note = Nucleic acid sequence of human codon optimized

VP1_GI.3_Lil08_A43V plus sign
source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 169
atgatgatgg cttccaagga tgctcccaca aacatggatg gaacaagcegyg cgcggggcaa 60
cttgtgcegg aggtgtccac ggcggaaccce atttccatgg aacctgtgge cggegcagee 120
actgctgtgg ccaccgcagg acaggtaaac atgatcgacce cctggatcat gtcaaattac 180
gttcaggcte cacaggggga gtttaccata agcccaaaca acacccecggg tgacatcttg 240
tttgacctge agctaggacc acacttgaat cegtttcetge tccacttgge tcagatgtat 300
aatggatggg ttggaaacat gaaggtgcge gtgctcectgg cgggcaatge attcacagece 360
gggaagatta ttatctcttg cgtgccacct ggatttgcag cccagaacgt gtctatcgeca 420
caggcaacca tgtttccgca tgtcatcgea gatgtgegeg tgctagagece catcgaggtyg 480
ccecttgagg acgtgegcaa cgtcectatte cataacaatyg atagcacccce caccatgcege 540
ttgatatgta tgttatatac tcccctecge gecagtgggt ccagetcegyg gaccgatcct 600
tttgtgattg ctgggcgggt gttgacttgt cctagccctg acttcaactt ccectttttetg 660
gtgcctcecaa atgtagaaca gaaaacaaag ccattcageg tgccaaacct gecccttaac 720
gtgctgtega attcccgagt gecttecctt attaagtcca tgatggtatc tcaggatcac 780
ggtcaaatgyg tgcagtttca gaacggccga gtgacgttag acgggcaget gcagggcaca 840
accccaacca gtgccagtca getgtgtaag atcagaggea ccegtctacca cgcaactgge 900
ggacaggggce tgaatcttac tgagatcgat ggtaccccct accatgcatt cgagtcacct 960
gcacctattg gatttcccga tcttggggag tgtgattgge atatcaatgce ttcacctgece 1020
aacgctttca cagacgggtc tattattcat cgcattgacg tagcacagga tagcacattt 1080
gcceegcace tgggtaccat ccactatacg aacgcagatt acaacgcaaa cgtgggtett 1140
atctgtagcce tagagtggct atctccgcca agcggtgggg cccectaaagt taacccatgg 1200
gctatteccete ggtacgggte tacgctgact gaggccgcte agctggcacce ccccatatat 1260
ccaccaggat tcggggaagc cattgtttte tttatgtccg attttccgat agccaacggt 1320
tcagatggcce ttagtgtccecc ttgcacgatt ccacaggaat ttgtgacaca cttcgtaaac 1380
gagcaggcte ctactcgggg cgaggctgec ttgttgcatt acgtagaccce cgatacccat 1440
agaaacctgg gcgaattcaa actctaccct gaaggtttca tgacctgcegt acctaactcce 1500
tceggecagtg gecctcaaac cttgccgatce aacggcgtgt tcacgtttat cagctgggtt 1560



US 2023/0293663 Al Sep. 21, 2023
98

-continued

tcacggtttt accaactcaa gcccgtecgga acaactgggce cagttcecggag gctcgggate 1620

agacggagct ag 1632
SEQ ID NO: 170 moltype = AA length = 543

FEATURE Location/Qualifiers

source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 170
MMMASKDAPT NMDGTSGAGQ LVPEVSTAEP ISMEPVAGAA TAVATAGQVN MIDPWIMSNY 60
VQAPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLLHLAQMY NGWVGNMKVR VLLAGNAFTA 120
GKIIISCVPP GFAAQNVSIA QATMFPHVIA DVRVLEPIEV PLEDVRNVLF HNNDSTPTMR 180
LICMLYTPLR ASGSSSGTDP FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK PFSVPNLPLN 240
VLSNSRVPSL IKSMMVSQDH GOMVQFQNGR VTLDGQLQGT TPTSASQLCK IRGTVYHATG 300
GQGLNLTEID GTPYHAFESP APIGFPDLGE CDWHINASPA NAFTDGSIIH RIDVAQDSTF 360
APHLGTIHYT NADYNANVGL ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT EAAQLAPPIY 420
PPGFGEAIVF FMSDFPIANG SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA LLHYVDPDTH 480
RNLGEFKLYP EGFMTCVPNS SGSGPQTLPI NGVFTFISWV SRFYQLKPVG TTGPVRRLGI 540

RRS 543
SEQ ID NO: 171 moltype = DNA length = 1632

FEATURE Location/Qualifiers

misc_feature 1..1632

note = Nucleic acid sequence of human codon optimized

VP1l_GI.3 Lil08_M57I plus sign S94L
source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 171
atgatgatgg cttccaagga tgctcccaca aacatggatg gaacaagcegyg cgcggggcaa 60
cttgtgcegg aggtgtccac ggcggaaccce atttccatgg aacctgtgge cggegcagee 120
actgctgeeg ccaccgcagg acaggtaaac atgatcgacce cctggatcat ctcaaattac 180
gttcaggcte cacaggggga gtttaccata agcccaaaca acacccecggg tgacatcttg 240
tttgacctge agctaggacc acacttgaat cegtttcetge tccacttgge tcagatgtat 300
aatggatggg ttggaaacat gaaggtgcge gtgctcectgg cgggcaatge attcacagece 360
gggaagatta ttatctcttg cgtgccacct ggatttgcag cccagaacgt gtctatcgeca 420
caggcaacca tgtttccgca tgtcatcgea gatgtgegeg tgctagagece catcgaggtyg 480
ccecttgagg acgtgegcaa cgtcectatte cataacaatyg atagcacccce caccatgcege 540
ttgatatgta tgttatatac tcccctecge gecagtgggt ccagetcegyg gaccgatcct 600
tttgtgattg ctgggcgggt gttgacttgt cctagccctg acttcaactt ccectttttetg 660
gtgcctcecaa atgtagaaca gaaaacaaag ccattcageg tgccaaacct gecccttaac 720
gtgctgtega attcccgagt gecttecctt attaagtcca tgatggtatc tcaggatcac 780
ggtcaaatgyg tgcagtttca gaacggccga gtgacgttag acgggcaget gcagggcaca 840
accccaacca gtgccagtca getgtgtaag atcagaggea ccegtctacca cgcaactgge 900
ggacaggggce tgaatcttac tgagatcgat ggtaccccct accatgcatt cgagtcacct 960
gcacctattg gatttcccga tcttggggag tgtgattgge atatcaatgce ttcacctgece 1020
aacgctttca cagacgggtc tattattcat cgcattgacg tagcacagga tagcacattt 1080
gcceegcace tgggtaccat ccactatacg aacgcagatt acaacgcaaa cgtgggtett 1140
atctgtagcce tagagtggct atctccgcca agcggtgggg cccectaaagt taacccatgg 1200
gctatteccete ggtacgggte tacgctgact gaggccgcte agctggcacce ccccatatat 1260
ccaccaggat tcggggaagc cattgtttte tttatgtccg attttccgat agccaacggt 1320
tcagatggcce ttagtgtccecc ttgcacgatt ccacaggaat ttgtgacaca cttcgtaaac 1380
gagcaggcte ctactcgggg cgaggctgec ttgttgcatt acgtagaccce cgatacccat 1440
agaaacctgg gcgaattcaa actctaccct gaaggtttca tgacctgcegt acctaactcce 1500
tceggecagtg gecctcaaac cttgccgatce aacggcgtgt tcacgtttat cagctgggtt 1560
tcacggtttt accaactcaa gcccgtecgga acaactgggce cagttcecggag gctcgggate 1620

agacggagct ag 1632
SEQ ID NO: 172 moltype = AA length = 543

FEATURE Location/Qualifiers

source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 172
MMMASKDAPT NMDGTSGAGQ LVPEVSTAEP ISMEPVAGAA TAAATAGQVN MIDPWIISNY 60
VQAPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLLHLAQMY NGWVGNMKVR VLLAGNAFTA 120
GKIIISCVPP GFAAQNVSIA QATMFPHVIA DVRVLEPIEV PLEDVRNVLF HNNDSTPTMR 180
LICMLYTPLR ASGSSSGTDP FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK PFSVPNLPLN 240
VLSNSRVPSL IKSMMVSQDH GOMVQFQNGR VTLDGQLQGT TPTSASQLCK IRGTVYHATG 300
GQGLNLTEID GTPYHAFESP APIGFPDLGE CDWHINASPA NAFTDGSIIH RIDVAQDSTF 360
APHLGTIHYT NADYNANVGL ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT EAAQLAPPIY 420
PPGFGEAIVF FMSDFPIANG SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA LLHYVDPDTH 480
RNLGEFKLYP EGFMTCVPNS SGSGPQTLPI NGVFTFISWV SRFYQLKPVG TTGPVRRLGI 540
RRS 543
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SEQ ID NO: 173 moltype = DNA length = 1632
FEATURE Location/Qualifiers
misc_feature 1..1632

note = Nucleic acid sequence of human codon

VP1_GI.3_Lil08_A43Vplus sign M57Iplus sign
source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 173
atgatgatgg cttccaagga tgctcccaca aacatggatg gaacaagcegyg cgcggggcaa
cttgtgcegg aggtgtccac ggcggaaccce atttccatgg aacctgtgge cggegcagece
actgectgtgg ccaccgcagg acaggtaaac atgatcgacce cctggatcat ctcaaattac
gttcaggcte cacaggggga gtttaccata agcccaaaca acacccecggg tgacatcttg
tttgacctge agctaggacc acacttgaat cegtttcetge tccacttgge tcagatgtat
aatggatggg ttggaaacat gaaggtgcge gtgctcectgyg cgggcaatge attcacagece
gggaagatta ttatctcttg cgtgccacct ggatttgcag cccagaacgt gtctatcgea
caggcaacca tgtttccgca tgtcatcgea gatgtgegeg tgctagagece catcgaggtyg
ccecttgagg acgtgegcaa cgtcectatte cataacaatg atagcacccece caccatgege
ttgatatgta tgttatatac tccccteecge gecagtgggt ccagetcegyg gaccgatcct
tttgtgattg ctgggegggt gttgacttgt cctagccctyg acttcaactt cctttttetg
gtgcctcecaa atgtagaaca gaaaacaaag ccattcageg tgccaaacct gecccttaac
gtgctgtega attcccgagt gecttecectt attaagtcca tgatggtatc tcaggatcac
ggtcaaatgyg tgcagtttca gaacggccga gtgacgttag acgggcaget gcagggcaca
accccaacca gtgccagtca getgtgtaag atcagaggca ccegtctacca cgcaactgge
ggacaggggce tgaatcttac tgagatcgat ggtaccccct accatgcatt cgagtcacct
gcacctattyg gatttcccga tcttggggag tgtgattgge atatcaatge ttcacctgece
aacgctttca cagacgggtc tattattcat cgcattgacyg tagcacagga tagcacattt
geeecgcace tgggtaccat ccactatacg aacgcagatt acaacgcaaa cgtgggtett
atctgtagee tagagtggcet atctccgeca ageggtgggg ccecectaaagt taacccatgg
gctattecte ggtacgggte tacgetgact gaggccgete agetggcacc cceccatatat
ccaccaggat tcggggaagce cattgtttte tttatgteeg attttccgat agccaacggt
tcagatggcee ttagtgtcce ttgcacgatt ccacaggaat ttgtgacaca cttcgtaaac
gagcaggcte ctactcgggg cgaggetgcece ttgttgeatt acgtagaccce cgatacccat
agaaacctgg gcgaattcaa actctaccct gaaggtttca tgacctgegt acctaactce
tceggecagtyg gcecctcaaac cttgccgatce aacggegtgt tcacgtttat cagetgggtt

tcacggtttt accaactcaa gcccgtcgga acaactggge cagttcggag gctegggatce
agacggagct ag

SEQ ID NO: 174 moltype = AA length = 543

FEATURE Location/Qualifiers

source 1..543

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 174
MMMASKDAPT NMDGTSGAGQ LVPEVSTAEP ISMEPVAGAA TAVATAGQVN MIDPWIISNY
VQAPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLLHLAQMY NGWVGNMKVR VLLAGNAFTA
GKIIISCVPP GFAAQNVSIA QATMFPHVIA DVRVLEPIEV PLEDVRNVLF HNNDSTPTMR
LICMLYTPLR ASGSSSGTDP FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK PFSVPNLPLN
VLSNSRVPSL IKSMMVSQDH GOMVQFQNGR VTLDGQLQGT TPTSASQLCK IRGTVYHATG
GQGLNLTEID GTPYHAFESP APIGFPDLGE CDWHINASPA NAFTDGSIIH RIDVAQDSTF
APHLGTIHYT NADYNANVGL ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT EAAQLAPPIY
PPGFGEAIVF FMSDFPIANG SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA LLHYVDPDTH
RNLGEFKLYP EGFMTCVPNS SGSGPQTLPI NGVFTFISWV SRFYQLKPVG TTGPVRRLGI
RRS

SEQ ID NO: 175 moltype = DNA length = 1617
FEATURE Location/Qualifiers
source 1..1617

mol type = genomic DNA

note = Norovirus

organism = unidentified
SEQUENCE: 175
atgatgatgg ccagcaagga cgctccgagt aacatggacyg gcactteggyg cgeggggcag
ctggtgcceyg aggtcaatge cgcagaacca cttectettyg agecegtegt tggegecgece
acagctgteg caactgcagg ccaagtcaat atgatcgace cgtggataat gaacaattte
gttcaggcac cagaaggaga attcaccatce tcccccaata acaccccagg ggatattetg
tttgacctca ggttaggace ccacttgaac ccctttetge ttcatctete acaaatgtat
aatggetggg tegggaatat gegegtgegyg gtgatgetag ceggcaatge tttttetgea
ggcaagatta tcatttgetyg cgttectecet ggattecgaat ctcaaaatat cagcattggt
caagcaacca tgttteccaca tgtgateget gatgttegeg tectggaacce cattgaagtt
cctetegacy acgtgagaaa tgttetette cacaccaacyg agaataggec gactatgaga
cttetgtgta tgctctacac cccattaaga gecgggggag catcctcagyg tactgaccca
tttgtgattyg ccgggegggt gctcacatge ceggctcecag actttaactt cettttettyg
gtgccaccca gtgttgaaca gaaaaccaga cagctcacca tcccaaatat ceccattgaac

optimized
S94L

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1632

60

120
180
240
300
360
420
480
540
543

60

120
180
240
300
360
420
480
540
600
660
720
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aatctcgcca acagcagggt gccagcaatg ataaacaaaa tgacagtcag tgctgaccag 780
aaccaggtag tccagtttca gaacggcaga tgcacgcttyg agggccaact gcttgggacg 840
accccagtet ccgcgaacca ggtggeccga atccggggta aagtcettcag tacaaactce 900
ggcactggee ttaacctcac agaggttgac ggcactccct atcatgettt tgagtctecca 960
gccectettyg gettteccga tataggcaac tgtgactgge acgtttatgce gtttaaagta 1020
aaccagaaca ccggcgatcc tatgtatagg ttggatataa cacaaggtaa ttcattcgec 1080
ccacacttgg gtagcatcga gttcagttca gagaaccatc cgagtggtga tcagctagge 1140
acattgacgt ggatcagccc tcectgaataac gcatcaagag tggatccctg gaagatcccet 1200
acctatgggt ccactctgac agagagcaca aatttggctce cgcccatttt cccacccgga 1260
ttecggecgagg ccatagtgta ctttatgtcet gactttecta tcecgtcagegg gaatacagece 1320
cagattcctt gcacactgcc acaagaattc gtctcatcct ttgtagagca gcaggcacct 1380
attcgaggtg aggccgcecct cttgcactac gtggaccctg acacccaccg caatcttgge 1440
gagtttaagc tgtaccctga cgggtttatt acctgtgtac ccaacaccgg cggcggcecca 1500
caaaatttgc ccagcaatgg cgtgtttgte ttttcecctett gggtgtcteg atactaccag 1560
cttaaacctg tcggaactac gggcccecgtg cgacgactceg gecgtgaggceg ggtgtga 1617
SEQ ID NO: 176 moltype = DNA length = 1617
FEATURE Location/Qualifiers
misc_feature 1..1617

note = Nucleic acid sequence of human codon optimized VP1_

source

SEQUENCE :

atgatgatgg
ctggtgeceyg
acagctgteg
gttcaggcac
tttgacctca
aatggctggg
ggcaagatta
caagcaacca
cctetegacy
cttetgtgta
tttgtgattg
gtgccaccca
aatctegeca
aaccaggtag
accccagtet
ggcactggee
gecectetty
aaccagaaca
ccacacttygg
acattgacgt
acctatgggt
ttcggegagg
cagattcctt
attcgaggtyg
gagtttaagce
caaaatttge
cttaaacctyg

176
ccagcaagga
aggtcaatge
caactgcagg
cagaaggaga
gettaggace
tcgggaatat
tcatttgetg
tgtttccaca
acgtgagaaa
tgctctacac
cecgggeggge
gtgttgaaca
acagcagggt
tccagttteca
ccgegaacca
ttaacctcac
getttecega
ceggegatee
gtagcatcga
ggatcagcce
ccactetgac
ccatagtgta
gcacactgee
aggccgeect
tgtaccctga
ccagcaatgg
tcggaactac

SEQ ID NO:
FEATURE
source

177

SEQUENCE :

MMMASKDAPS
VQAPEGEFTI
GKIIICCVPP
LLCMLYTPLR
NLANSRVPAM
GTGLNLTEVD
PHLGSIEFSS
FGEAIVYFMS
EFKLYPDGFI

177
NMDGTSGAGQ
SPNNTPGDIL
GFESQNISIG
AGGASSGTDP
INKMTVSADQ
GTPYHAFESP
ENHPSGDQLG
DFPIVSGNTA
TCVPNTGGGP

SEQ ID NO: 178

FEATURE

misc_feature

source

GI.7/GA5043/USA/2014_ R84S
1..1617
mol_type =
organism =

other DNA
synthetic construct
cgctecgagt
cgcagaacca
ccaagtcaat
attcaccatc
ccacttgaac
gegegtgegy
cgttectect
tgtgatcget
tgttetette
cccattaaga
gctcacatge
gaaaaccaga
gccagcaatyg
gaacggcaga
ggtggecega
agaggttgac
tataggcaac
tatgtatagg
gttcagttca
tctgaataac
agagagcaca
ctttatgtcet
acaagaattc
cttgcactac
cgggtttatt
cgtgtttgte
gggccecgtyg

aacatggacg
cttectettg
atgatcgacc
tccecccaata
cecctttetge
gtgatgctag
ggattcgaat
gatgttcgeyg
cacaccaacg
gecgggggag
ceggetecag
cagctcacca
ataaacaaaa
tgcacgettyg
atccggggta
ggcactcect
tgtgactgge
ttggatataa
gagaaccatc
gcatcaagag
aatttggcete
gactttccta
gtctcatect
gtggacccety
acctgtgtac
ttttcctett
cgacgacteg

gcacttcggg
agccegtegt
cgtggataat
acaccccagg
ttcatctcte
ccggcaatge
ctcaaaatat
tcctggaace
agaataggcc
catcctcagyg
actttaactt
tcccaaatat
tgacagtcag
agggccaact
aagtcttcag
atcatgettt
acgtttatge
cacaaggtaa
cgagtggtga
tggatccctyg
cgcecatttt
tcgtcagegy
ttgtagagca
acacccaccg
ccaacaccgg
gggtgtcteg
gegtgaggeg
moltype = AA length = 538
Location/Qualifiers

1..538

mol type = protein

note = Norovirus

organism = unidentified

LVPEVNAAEP
FDLSLGPHLN
QATMFPHVIA
FVIAGRVLTC
NQVVQFQONGR
APLGFPDIGN
TLTWISPLNN
QIPCTLPQEF
QNLPSNGVEV

LPLEPVVGAA
PFLLHLSQMY
DVRVLEPIEV
PAPDFNFLFL
CTLEGQLLGT
CDWHVYAFKV
ASRVDPWKIP
VSSFVEQQAP
FSSWVSRYYQ

TAVATAGQVN
NGWVGNMRVR
PLDDVRNVLF
VPPSVEQKTR
TPVSANQVAR
NONTGDPMYR
TYGSTLTEST
IRGEAALLHY
LKPVGTTGPV
moltype = DNA length = 1617
Location/Qualifiers

1..1617

note = Nucleic acid sequence of
GI.7/GA5043/USA/2014 M57I
1..1617

cgceggggcag
tggcgecgee
gaacaattte
ggatattctg
acaaatgtat
tttttetgca
cagcattggt
cattgaagtt
gactatgaga
tactgaccca
cettttetty
cccattgaac
tgctgaccag
gettgggacyg
tacaaactcc
tgagtcteca
gtttaaagta
ttcattcgee
tcagctagge
gaagatccct
cccacccgga
gaatacagcc
gcaggcacct
caatcttgge
cggeggecca
atactaccag
ggtgtga

MIDPWIMNNF
VMLAGNAFSA
HTNENRPTMR
QLTIPNIPLN
IRGKVFSTNS
LDITQGNSFA
NLAPPIFPPG
VDPDTHRNLG
RRLGVRRV

human codon

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1617

60

120
180
240
300
360
420
480
538

optimized VP1_

Sep. 21, 2023



US 2023/0293663 Al

101

-continued

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 178
atgatgatgg ccagcaagga cgctccgagt aacatggacyg gcacttceggyg cgcggggcag 60
ctggtgeceg aggtcaatge cgcagaacca cttectettyg ageccgtegt tggegecgee 120
acagctgteg caactgcagg ccaagtcaat atgatcgacce cgtggataat caacaattte 180
gttcaggcac cagaaggaga attcaccatc tcccccaata acaccccagg ggatattctg 240
tttgacctca ggttaggacc ccacttgaac cecctttetge ttcatctete acaaatgtat 300
aatggctggg tcgggaatat gegegtgegg gtgatgctag ceggcaatge tttttetgeca 360
ggcaagatta tcatttgctg cgttectect ggattcgaat ctcaaaatat cagcattggt 420
caagcaacca tgtttccaca tgtgatcget gatgttegeg tectggaacce cattgaagtt 480
cctetegacyg acgtgagaaa tgttctette cacaccaacyg agaataggcec gactatgaga 540
cttetgtgta tgctctacac cccattaaga gecgggggag catcctcagyg tactgaccca 600
tttgtgattyg ccgggegggt getcacatge ceggctcecag actttaactt ccttttettyg 660
gtgccaccca gtgttgaaca gaaaaccaga cagctcacca tcccaaatat cccattgaac 720
aatctcgcca acagcagggt gccagcaatg ataaacaaaa tgacagtcag tgctgaccag 780
aaccaggtag tccagtttca gaacggcaga tgcacgcttyg agggccaact gcttgggacg 840
accccagtet ccgcgaacca ggtggeccga atccggggta aagtcettcag tacaaactce 900
ggcactggee ttaacctcac agaggttgac ggcactccct atcatgettt tgagtctecca 960
gccectettyg gettteccga tataggcaac tgtgactgge acgtttatgce gtttaaagta 1020
aaccagaaca ccggcgatcc tatgtatagg ttggatataa cacaaggtaa ttcattcgec 1080
ccacacttgg gtagcatcga gttcagttca gagaaccatc cgagtggtga tcagctagge 1140
acattgacgt ggatcagccc tcectgaataac gcatcaagag tggatccctg gaagatcccet 1200
acctatgggt ccactctgac agagagcaca aatttggctce cgcccatttt cccacccgga 1260
ttecggecgagg ccatagtgta ctttatgtcet gactttecta tcecgtcagegg gaatacagece 1320
cagattcctt gcacactgcc acaagaattc gtctcatcct ttgtagagca gcaggcacct 1380
attcgaggtg aggccgcecct cttgcactac gtggaccctg acacccaccg caatcttgge 1440
gagtttaagc tgtaccctga cgggtttatt acctgtgtac ccaacaccgg cggcggcecca 1500
caaaatttgc ccagcaatgg cgtgtttgte ttttcecctett gggtgtcteg atactaccag 1560
cttaaacctg tcggaactac gggcccecgtg cgacgactceg gecgtgaggceg ggtgtga 1617
SEQ ID NO: 179 moltype = AA length = 538
FEATURE Location/Qualifiers
source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 179
MMMASKDAPS NMDGTSGAGQ LVPEVNAAEP LPLEPVVGAA TAVATAGQVN MIDPWIINNF 60
VQAPEGEFTI SPNNTPGDIL FDLRLGPHLN PFLLHLSQMY NGWVGNMRVR VMLAGNAFSA 120
GKIIICCVPP GFESQNISIG QATMFPHVIA DVRVLEPIEV PLDDVRNVLF HTNENRPTMR 180
LLCMLYTPLR AGGASSGTDP FVIAGRVLTC PAPDFNFLFL VPPSVEQKTR QLTIPNIPLN 240
NLANSRVPAM INKMTVSADQ NQVVQFQNGR CTLEGQLLGT TPVSANQVAR IRGKVFSTNS 300
GTGLNLTEVD GTPYHAFESP APLGFPDIGN CDWHVYAFKV NQONTGDPMYR LDITQGNSFA 360
PHLGSIEFSS ENHPSGDQLG TLTWISPLNN ASRVDPWKIP TYGSTLTEST NLAPPIFPPG 420
FGEAIVYFMS DFPIVSGNTA QIPCTLPQEF VSSFVEQQAP IRGEAALLHY VDPDTHRNLG 480
EFKLYPDGFI TCVPNTGGGP QNLPSNGVFV FSSWVSRYYQ LKPVGTTGPV RRLGVRRV 538
SEQ ID NO: 180 moltype = DNA length = 1617
FEATURE Location/Qualifiers
misc_feature 1..1617

note = Nucleic acid sequence of human codon optimized VP1_

source

180
ccagcaagga
aggtcaatge
caactgcagg
cagaaggaga
gettaggace
tcgggaatat
tcatttgetg
tgtttccaca
acgtgagaaa
tgctctacac
cecgggeggge
gtgttgaaca
acagcagggt
tccagttteca
ccgegaacca
ttaacctcac
getttecega
ceggegatee
gtagcatcga

SEQUENCE :

atgatgatgg
ctggtgeceyg
acagctgteg
gttcaggcac
tttgacctca
aatggctggg
ggcaagatta
caagcaacca
cctetegacy
cttetgtgta
tttgtgattg
gtgccaccca
aatctegeca
aaccaggtag
accccagtet
ggcactggee
gecectetty
aaccagaaca
ccacacttygg

GI.7/GA5043/USA/2014_M57I plus
1..1617
mol_type =
organism =

other DNA

synthetic construct

cgctecgagt
cgcagaacca
ccaagtcaat
attcaccatc
ccacttgaac
gegegtgegy
cgttectect
tgtgatcget
tgttctette
cccattaaga
gctcacatge
gaaaaccaga
gccagcaatyg
gaacggcaga
ggtggecega
agaggttgac
tataggcaac
tatgtatagg
gttcagttca

aacatggacg
cttectettg
atgatcgacc
tccecccaata
cecctttetge
gtgatgctag
ggattcgaat
gatgttcgeyg
cacaccaacg
gecgggggag
ceggetecag
cagctcacca
ataaacaaaa
tgcacgettyg
atccggggta
ggcactcect
tgtgactgge
ttggatataa
gagaaccatc

gcacttcggg
agccegtegt
cgtggataat
acaccccagg
ttcatctctce
ccggcaatge
ctcaaaatat
tcctggaace
agaataggcc
catcctcagyg
actttaactt
tcccaaatat
tgacagtcag
agggccaact
aagtcttcag
atcatgettt
acgtttatge
cacaaggtaa
cgagtggtga

sign R84S

cgceggggcag
tggcgecgee
caacaatttce
ggatattctg
acaaatgtat
tttttetgca
cagcattggt
cattgaagtt
gactatgaga
tactgaccca
cettttetty
cccattgaac
tgctgaccag
gettgggacyg
tacaaactcc
tgagtcteca
gtttaaagta
ttcattcgee
tcagctagge

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140

Sep. 21, 2023



US 2023/0293663 Al Sep. 21, 2023
102

-continued

acattgacgt ggatcagccc tcectgaataac gcatcaagag tggatccctg gaagatcccet 1200
acctatgggt ccactctgac agagagcaca aatttggctce cgcccatttt cccacccgga 1260
ttecggecgagg ccatagtgta ctttatgtcet gactttecta tcecgtcagegg gaatacagece 1320
cagattcctt gcacactgcc acaagaattc gtctcatcct ttgtagagca gcaggcacct 1380
attcgaggtg aggccgcecct cttgcactac gtggaccctg acacccaccg caatcttgge 1440
gagtttaagc tgtaccctga cgggtttatt acctgtgtac ccaacaccgg cggcggcecca 1500
caaaatttgc ccagcaatgg cgtgtttgte ttttcecctett gggtgtcteg atactaccag 1560

cttaaacctg tcggaactac gggcccecgtg cgacgactceg gecgtgaggceg ggtgtga 1617
SEQ ID NO: 181 moltype = AA length = 538

FEATURE Location/Qualifiers

source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 181
MMMASKDAPS NMDGTSGAGQ LVPEVNAAEP LPLEPVVGAA TAVATAGQVN MIDPWIINNF 60
VQAPEGEFTI SPNNTPGDIL FDLSLGPHLN PFLLHLSQMY NGWVGNMRVR VMLAGNAFSA 120
GKIIICCVPP GFESQNISIG QATMFPHVIA DVRVLEPIEV PLDDVRNVLF HTNENRPTMR 180
LLCMLYTPLR AGGASSGTDP FVIAGRVLTC PAPDFNFLFL VPPSVEQKTR QLTIPNIPLN 240
NLANSRVPAM INKMTVSADQ NQVVQFQNGR CTLEGQLLGT TPVSANQVAR IRGKVFSTNS 300
GTGLNLTEVD GTPYHAFESP APLGFPDIGN CDWHVYAFKV NQONTGDPMYR LDITQGNSFA 360
PHLGSIEFSS ENHPSGDQLG TLTWISPLNN ASRVDPWKIP TYGSTLTEST NLAPPIFPPG 420
FGEAIVYFMS DFPIVSGNTA QIPCTLPQEF VSSFVEQQAP IRGEAALLHY VDPDTHRNLG 480

EFKLYPDGFI TCVPNTGGGP QNLPSNGVFV FSSWVSRYYQ LKPVGTTGPV RRLGVRRV 538
SEQ ID NO: 182 moltype = AA length = 542

FEATURE Location/Qualifiers

source 1..542

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 182
MKMASNDAAP STDGAAGLVP ESNNEVMALE PVAGAALAVP VTGQTNIIDP WIRANFVQAP 60
NGEFTVSPRN SPGEVLLNLS LGPELNPYLL HLARMYNGYA GGMEVQVMLA GNAFTAGKLV 120
FAAVPPHFPV ENLSPQQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ KDDPKMRIVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFTYLVPPTV ESKTKPFTLP ILTLGELSNS 240
RFPVSIDQMY TSPNEVISVQ CQONGRCTLDG ELQGTTQLQV SGICAFKGEV TAHLHDNDHL 300
YNVTITNLNG SPFDPSEDIP APLGVPDFQG RVFGVISQRD KHNTPGHNEP ANRAHDAVVP 360
TYTAQYTPKL GQIQIGTWQT DDLTVNQPVK FTPVGLNDTD HFNQWVVPRY AGALNLNTNL 420
APSVAPVFPG ERLLFFRSYI PLKGGYGTPA IDCLLPQEWV QHFYQEAAPS MSEVALVRYI 480
NPDTGRALFE AKLHRAGFMT VSSNTSAPVV VPANGYFRFD SWVNQFYSLA PMGTGNGRRR 540

10 542
SEQ ID NO: 183 moltype = DNA length = 1629

FEATURE Location/Qualifiers

misc_feature 1..1629

note = Nucleic acid sequence of human codon optimized

VPl GII.2 CGMH47 A39V plus sign E80S plus sign A90L
source 1..1629 B B

mol type = other DNA

orggnism = synthetic construct
SEQUENCE: 183
atgaagatgg catccaacga cgccgcaccce agcacagacyg gagctgcecegyg attggtacce 60
gagtctaata acgaggtgat ggccttggag cctgttgcag gggctgecct cgcagtgect 120
gtgaccggge agacaaatat catcgatcct tggattagag ctaatttegt gcaagcccca 180
aatggggagt ttacggtcag ccctagaaat agecctgggg aagtgctect caatctcage 240
ctgggaccag aacttaatcc gtacctgete cacctggece ggatgtacaa tggatatgca 300
ggagggatgyg aggtgcaggt tatgctggcet ggcaatgect ttacagcagg caaactcegtt 360
ttegecageeg tcccteccca cttceccagtt gaaaatcttt ccectcagea gattaccatg 420
tttceccatg tcatcatcga tgtgcgtace ctggaacctyg tgctgttgece tttaccagac 480
gtgcggaata atttctttca ctataatcag aaggatgacc caaaaatgcg gatcgttgeg 540
atgctttata ctccectgeg tagcaatggt agtggggatyg acgtttttac agtgagttgt 600
cgggtactaa ctcgecctte accagacttce gactttacgt acttggtgece tcccactgte 660
gaaagcaaaa ctaagccatt cacacttccc atcctcacce teggagaact ctecgaactce 720
cgcettecctyg tttcaattga tcagatgtac acgtctccaa atgaagtcat ttctgtgcag 780
tgtcagaacg gcaggtgcac cttagacggt gaactgcagg ggacaacgca gttgcaggtce 840
agtggaattt gcgcectttaa gggcgaagtg acagctcacce tccacgacaa cgatcatcte 900
tacaatgtta ctattactaa tctcaatgga agtccttteg accectcegga agatattcce 960
gcteccacteg gagtacctga ctttcaggga cgcgtectteg gegtgatatc acaacgagat 1020
aagcataaca cacccggaca taatgagceca gecaatagag cccacgacge agtcegttceceg 1080
acctatacgg ctcagtacac cccaaagcetce ggccagatac aaatcgggac ttggcagace 1140
gatgacctca ctgtgaatca acctgtgaaa ttcactccag taggtctgaa tgatacagac 1200
cactttaacc agtgggtggt ccctagatac gccggagect tgaacctaaa cactaacctt 1260
gccectteeg ttgcacctgt gttteecgggg gagcggttge tcettcectttag aagcetatatt 1320
cctectgaagg gcgggtatgg tactccagca atcgactgcee tgctacctca ggagtgggtt 1380
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caacatttct atcaagaggc cgcacctagt atgagcgagg tggctttggt cagatacatc 1440
aatccagaca caggaagagc actgttcgag gecaagcetge acagagccegyg cttcatgace 1500
gtctcatcca atacatccge acccgtagta gtcccecgcca acgggtactt cagattcgac 1560
agttgggtga atcagtttta ctcgttggcce cccatgggca cagggaacgg tcgccgacgg 1620
atccagtaa 1629
SEQ ID NO: 184 moltype = AA length = 542
FEATURE Location/Qualifiers
source 1..542

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 184
MKMASNDAAP STDGAAGLVP ESNNEVMALE PVAGAALAAP VTGQTNIIDP WIIANFVQAP 60
NGEFTVSPRN SPGEVLLNLS LGPELNPYLL HLARMYNGYA GGMEVQVMLA GNAFTAGKLV 120
FAAVPPHFPV ENLSPQQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ KDDPKMRIVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFTYLVPPTV ESKTKPFTLP ILTLGELSNS 240
RFPVSIDQMY TSPNEVISVQ CQONGRCTLDG ELQGTTQLQV SGICAFKGEV TAHLHDNDHL 300
YNVTITNLNG SPFDPSEDIP APLGVPDFQG RVFGVISQRD KHNTPGHNEP ANRAHDAVVP 360
TYTAQYTPKL GQIQIGTWQT DDLTVNQPVK FTPVGLNDTD HFNQWVVPRY AGALNLNTNL 420
APSVAPVFPG ERLLFFRSYI PLKGGYGTPA IDCLLPQEWV QHFYQEAAPS MSEVALVRYI 480
NPDTGRALFE AKLHRAGFMT VSSNTSAPVV VPANGYFRFD SWVNQFYSLA PMGTGNGRRR 540
1Q 542
SEQ ID NO: 185 moltype = DNA length = 1629
FEATURE Location/Qualifiers
misc_feature 1..1629

note = Nucleic acid sequence of human codon optimized

VP1_GII.2 CGMH47_ R53I plus sign E80S plus sign A90L
source 1..1629

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 185
atgaagatgg catccaacga cgccgcaccce agcacagacyg gagctgcecegyg attggtacce 60
gagtctaata acgaggtgat ggccttggag cctgttgcag gggctgecct cgecagctect 120
gtgaccggge agacaaatat catcgatcct tggattatcg ctaatttegt gcaagcccca 180
aatggggagt ttacggtcag ccctagaaat agecctgggg aagtgctect caatctcage 240
ctgggaccag aacttaatcc gtacctgete cacctggece ggatgtacaa tggatatgca 300
ggagggatgyg aggtgcaggt tatgctggcet ggcaatgect ttacagcagg caaactcegtt 360
ttegecageeg tcccteccca cttceccagtt gaaaatcttt ccectcagea gattaccatg 420
tttceccatg tcatcatcga tgtgcgtace ctggaacctyg tgctgttgece tttaccagac 480
gtgcggaata atttctttca ctataatcag aaggatgacc caaaaatgcg gatcgttgeg 540
atgctttata ctccectgeg tagcaatggt agtggggatyg acgtttttac agtgagttgt 600
cgggtactaa ctcgecctte accagacttce gactttacgt acttggtgece tcccactgte 660
gaaagcaaaa ctaagccatt cacacttccc atcctcacce teggagaact ctecgaactce 720
cgcettecctyg tttcaattga tcagatgtac acgtctccaa atgaagtcat ttctgtgcag 780
tgtcagaacg gcaggtgcac cttagacggt gaactgcagg ggacaacgca gttgcaggtce 840
agtggaattt gcgcectttaa gggcgaagtg acagctcacce tccacgacaa cgatcatcte 900
tacaatgtta ctattactaa tctcaatgga agtccttteg accectcegga agatattcce 960
gcteccacteg gagtacctga ctttcaggga cgcgtectteg gegtgatatc acaacgagat 1020
aagcataaca cacccggaca taatgagceca gecaatagag cccacgacge agtcegttceceg 1080
acctatacgg ctcagtacac cccaaagcetce ggccagatac aaatcgggac ttggcagace 1140
gatgacctca ctgtgaatca acctgtgaaa ttcactccag taggtctgaa tgatacagac 1200
cactttaacc agtgggtggt ccctagatac gccggagect tgaacctaaa cactaacctt 1260
gccectteeg ttgcacctgt gttteecgggg gagcggttge tcettcectttag aagcetatatt 1320
cctectgaagg gcgggtatgg tactccagca atcgactgcee tgctacctca ggagtgggtt 1380
caacatttct atcaagaggc cgcacctagt atgagcgagg tggctttggt cagatacatc 1440
aatccagaca caggaagagc actgttcgag gecaagcetge acagagccegyg cttcatgace 1500
gtctcatcca atacatccge acccgtagta gtcccecgcca acgggtactt cagattcgac 1560
agttgggtga atcagtttta ctcgttggcce cccatgggca cagggaacgg tcgccgacgg 1620
atccagtaa 1629
SEQ ID NO: 186 moltype = AA length = 542
FEATURE Location/Qualifiers
source 1..542

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 186
MKMASNDAAP STDGAAGLVP ESNNEVMALE PVAGAALAVP VTGQTNIIDP WIIANFVQAP 60
NGEFTVSPRN SPGEVLLNLS LGPELNPYLL HLARMYNGYA GGMEVQVMLA GNAFTAGKLV 120
FAAVPPHFPV ENLSPQQITM FPHVIIDVRT LEPVLLPLPD VRNNFFHYNQ KDDPKMRIVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPSPDF DFTYLVPPTV ESKTKPFTLP ILTLGELSNS 240
RFPVSIDQMY TSPNEVISVQ CQONGRCTLDG ELQGTTQLQV SGICAFKGEV TAHLHDNDHL 300
YNVTITNLNG SPFDPSEDIP APLGVPDFQG RVFGVISQRD KHNTPGHNEP ANRAHDAVVP 360
TYTAQYTPKL GQIQIGTWQT DDLTVNQPVK FTPVGLNDTD HFNQWVVPRY AGALNLNTNL 420
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APSVAPVFPG ERLLFFRSYI PLKGGYGTPA IDCLLPQEWV QHFYQEAAPS MSEVALVRYI 480
NPDTGRALFE AKLHRAGFMT VSSNTSAPVV VPANGYFRFD SWVNQFYSLA PMGTGNGRRR 540

10 542
SEQ ID NO: 187 moltype = DNA length = 1629

FEATURE Location/Qualifiers

misc_feature 1..1629

note = Nucleic acid sequence of human codon optimized
VP1_GII.2 CGMH47_A39Vplus sign R53I plus sign E80S plus
sign A90L

source 1..1629

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 187
atgaagatgg catccaacga cgccgcaccce agcacagacyg gagctgcecegyg attggtacce 60
gagtctaata acgaggtgat ggccttggag cctgttgcag gggctgecct cgcagtgect 120
gtgaccggge agacaaatat catcgatcct tggattatcg ctaatttegt gcaagcccca 180
aatggggagt ttacggtcag ccctagaaat agecctgggg aagtgctect caatctcage 240
ctgggaccag aacttaatcc gtacctgete cacctggece ggatgtacaa tggatatgca 300
ggagggatgyg aggtgcaggt tatgctggcet ggcaatgect ttacagcagg caaactcegtt 360
ttegecageeg tcccteccca cttceccagtt gaaaatcttt ccectcagea gattaccatg 420
tttceccatg tcatcatcga tgtgcgtace ctggaacctyg tgctgttgece tttaccagac 480
gtgcggaata atttctttca ctataatcag aaggatgacc caaaaatgcg gatcgttgeg 540
atgctttata ctccectgeg tagcaatggt agtggggatyg acgtttttac agtgagttgt 600
cgggtactaa ctcgecctte accagacttce gactttacgt acttggtgece tcccactgte 660
gaaagcaaaa ctaagccatt cacacttccc atcctcacce teggagaact ctecgaactce 720
cgcettecctyg tttcaattga tcagatgtac acgtctccaa atgaagtcat ttctgtgcag 780
tgtcagaacg gcaggtgcac cttagacggt gaactgcagg ggacaacgca gttgcaggtce 840
agtggaattt gcgcectttaa gggcgaagtg acagctcacce tccacgacaa cgatcatcte 900
tacaatgtta ctattactaa tctcaatgga agtccttteg accectcegga agatattcce 960
gcteccacteg gagtacctga ctttcaggga cgcgtectteg gegtgatatc acaacgagat 1020
aagcataaca cacccggaca taatgagceca gecaatagag cccacgacge agtcegttceceg 1080
acctatacgg ctcagtacac cccaaagcetce ggccagatac aaatcgggac ttggcagace 1140
gatgacctca ctgtgaatca acctgtgaaa ttcactccag taggtctgaa tgatacagac 1200
cactttaacc agtgggtggt ccctagatac gccggagect tgaacctaaa cactaacctt 1260
gccectteeg ttgcacctgt gttteecgggg gagcggttge tcettcectttag aagcetatatt 1320
cctectgaagg gcgggtatgg tactccagca atcgactgcee tgctacctca ggagtgggtt 1380
caacatttct atcaagaggc cgcacctagt atgagcgagg tggctttggt cagatacatc 1440
aatccagaca caggaagagc actgttcgag gecaagcetge acagagccegyg cttcatgace 1500
gtctcatcca atacatccge acccgtagta gtcccecgcca acgggtactt cagattcgac 1560
agttgggtga atcagtttta ctcgttggcce cccatgggca cagggaacgg tcgccgacgg 1620

atccagtaa 1629
SEQ ID NO: 188 moltype = AA length = 540

FEATURE Location/Qualifiers

source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 188
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAVP VAGQQONVIDP WIINNFVQAP 60
GGEFTVSPRN APGEILWSAP LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540

SEQ ID NO: 189 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized VP1
GII.4_Sydl2 A39V plus sign R531I

source 1..1623

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 189
atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagtccce 120
gtggcceggte agcagaatgt gattgaccceg tggataatca acaattttgt ccaagcccct 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggcccca 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
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tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620
tga 1623
SEQ ID NO: 190 moltype = AA length = 540
FEATURE Location/Qualifiers
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 190
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAVP VAGQQONVIDP WIINNFVQAP 60
GGEFTVSPRN APGEILWSAS LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540
SEQ ID NO: 191 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

source

SEQUENCE :
atgaaaatgg
gaggttaata
gtggeccggte
ggtggggagt
ttgggacceyg
ggcggattty
tttgcagegy
tttccacaca
gtacgcaata
atgttgtaca
agagtgctca
gagagccgaa
cgctttecaa
ccacagaacg
gttaatatct
atgaatctgg
cttggaacce
gatggcteca
aaactgggta
actaagttca
caacaatggg
gcagtggete
tgctceggat
ttttatcaag
gacacaggce
catactggac
gtgaatcagt
tga

191
cctegagtga
atgaggtgat
agcagaatgt
tcaccgttag
atctgaaccc
aagtgcaggt
tgccteccaa
tegtggtgga
atttctacca
ccectetgeg
ccagacctte
ccaagcectt
tccececttga
gacgctgeac
gtacgtttag
catcacagaa
ccgactttgt
cacggggaca
gagtgcagtt
cacctgtagyg
tcctgeccte
ccacgtttee
atcccaatat
aggccgeaca
gegtgttgtt
agcatgacct
tttatacatt

note =

Nucleic acid sequence of human codon optimized VP1

GII.4_Sydl2 A39V plus sign R53I plus sign P80S

1..1623
mol_type =
organism =

other DNA
synthetic construct
cgctaaccct
ggccctggag
gattgacccyg
cccgagaaat
ctatttgtca
gattctggcet
cttecccact
cgtacggcag
ctacaatcaa
cgctaacaat
accagacttt
tagtgtccce
gaaactgttce
aactgacggce
aggcgacgta
ttggaatgac
gggaaaaata
caaggcaacc
tgagaccgac
agtgattcag
ttatagcggyg
cggggaacaa
ggatctecgat
agcccaatce
tgagtgcaaa
ggtgatccca
agccceccatg

agtgacggca
cectgtggtgg
tggataatca
gegecaggag
catctegete
gggaacgcgt
gaaggactgt
ctagagcctyg
tccaatgatce
gectggagacyg
gactttatet
gtactcacag
acaggacctt
gtgctgeteyg
actcacataa
tacgacccaa
cagggegtec
gtctacactyg
actgaccggyg
gacgggggcea
aggaatactc
ctgetetttt
tgcctgetee
gacgtcegcac
ttgcacaaat
cccaacggat

gggaatggga

gegecgecaa
gegeagecat
acaattttgt
aaatcctgty
ggatgtacaa
tcactgetygy
ctccaageca
tcctgattee
cgaccattaa
acgtattcac
tcttagtgee
tcgaggagat
ccteggeatt
gaaccaccca
ctggetcacy
ccgaagagat
tgacacaaac
getetgecga
actttgaage
ccactcaccy
ataatgtgca
ttcgttcaac
cacaggaatg
ttctgeggtt
caggatacgt
attttaggtt

ctggcagacyg

tettgtgect
agcagtccce
ccaagecect
gteggecage
cgggtatgee
caaagtgatc
ggtcacaatg
cctecctgat
actcatcgeg
cgtgtcatge
ccccactgtt
gacaaatagc
cgtggttcag
gettageect
gaactatacc
tccegeacct
caccagaacc
ttttgcceey
caatcagaat
gaacgagccg
tttggetect
catgcctgga
ggtgcagtat
cgtgaatcca
tacagtggcet
cgactectygyg

cagggcetgte

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1623
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SEQ ID NO: 192
FEATURE
source

SEQUENCE: 192

MKMASNDAAP SNDGAAGLVP
NGEFTVSPRN SPGEILLNLE
FAAVPPNFPV EFLSPAQITM
MLYTPLRSNG SGDDVFTVSC
RFPVPIDSLF TAQNNVLQVQ
HMQLONLNGT TYDPTDDVPA
QFVPKLGSVN FRSNDNDFQL
APNFPGEQLL FFRSFVPCSG
GRTLFEAKLH RSGYITVAHS

SEQ ID NO: 193
FEATURE
misc_feature

source

SEQUENCE: 193

atgaaaatgyg catctaacga
gaggggaata atgagacact
gtgacagggc agaataatat
aacggcgagt ttacagtatc
cteggecctyg acctcaatce
gggggggteg aagtgcaggt
tttgcegeey ttccaccaaa
ctgccacatt tgatcgttga
gtgcgtaaca ccttttteca
atgctgtaca ccccectgeg
agagtcctga cgcgeccaac
gaatctaaga ccaaaccgtt
cggtttccag tacccataga
tgccagaacyg gccgctgtac
agtggcatct gtgcattceg
cacatgcaac tccaaaactt
ccgetaggga ctectgactt
gggaatgacg cccceggete
caatttgtge ccaagctegg
caaccaacga agtttacgee
tgggaactac cagattattc
gecectaatt tcecceggtga
ggatataatc aaggcatcgt
caggaaagtyg cgccctecca
ggaagaacat tattcgaagce
ggcgattate ccetggtggt
cagttctatt cactagccce

SEQ ID NO: 194
FEATURE
source

SEQUENCE: 194
MKMASNDAAP SNDGAAGLVP
NGEFTVSPRN SPGEILLNLE
FAAVPPNFPV EFLSPAQITM
MLYTPLRSNG SGDDVETVSC
RFPVPIDSLF TAQNNVLQVQ
HMQLONLNGT TYDPTDDVPA
QFVPKLGSVN FRSNDNDFQL
APNFPGEQLL FFRSEFVPCSG
GRTLFEAKLH RSGYITVAHS

SEQ ID NO: 195
FEATURE
misc_feature

moltype = AA length = 538
Location/Qualifiers

1..538

mol type = protein

note = Norovirus

organism = unidentified

EGNNETLPLE PVAGAAIAVP VTGQNNIIDP
LGPDLNPYLA HLSRMYNGYA GGVEVQVLLA
LPHLIVDVRT LEPIMIPLPD VRNTFFHYNN
RVLTRPTPDF EFTYLVPPSV ESKTKPFSLP
CONGRCTLDG ELQGTTQLLP SGICAFRGRV
PLGTPDFKGV VFGVASQRNV GNDAPGSTRA
QPTKFTPVGI NDDGDHPFRQ WELPDYSGLL
GYNQGIVDCL IPQEWIQHFY QESAPSQSDV
GDYPLVVPAN GYFREDSWVN QFYSLAPMGT

moltype = DNA length = 1617
Location/Qualifiers

1..1617

note = Nucleic acid sequence of
AOA0TTKVU6_A39V

1..1617

mol_type = other DNA

organism = synthetic construct

cgcagecccee tcaaacgatg gegetgetgg
tccactagag ccggttgcag gegecgetat
tatagaccct tggattcgga caaacttegt
cccecggaac tccccaggtg agatactect
atatctggcet catctgagee geatgtacaa
cctectggee ggaaacgect ttacegetgg
ctttccagte gaattcctet ctecegegea
cgtgceggace ctggagccaa taatgattec
ttataacaat cagccaaact cteggatgag
gagcaacggce agtggcgatg atgtgtttac
cceggactte gagttcacct acctggtgec
ttcactgcca atcttaacte tctecgaact
ttctettttt accgctcaaa acaacgtact
gettgatggt gagttgcagg ggacaacaca
gggcegegtyg accgcetgaga cagaccatcg
aaacgggacc acctacgacc caaccgacga
taagggggtyg gtgttcggag tggectctca
tacccgaget cacgaggceceg ttatctcaac
atccgttaat tttcgtagta acgacaacga
agtggggatt aatgatgatg gagaccatcc
tgggctgete accctcaata tgaacctege
gecagcetgetyg ttttttegga getttgtgee
agactgcttyg attccccaag agtggataca
gtcegatgtyg gecectgatac ggtacgttaa
gaaattgcac agatcagggt acattaccgt
tccegecaac ggttacttta ggttegatag
aatgggcacc ggtaacggca gacgecggge

moltype = AA length = 538
Location/Qualifiers

1..538

mol type = protein

note = Norovirus

organism = unidentified

EGNNETLPLE PVAGAAIAAP VTGQNNIIDP
LGPDLNPYLA HLSRMYNGYA GGVEVQVLLA
LPHLIVDVRT LEPIMIPLPD VRNTFFHYNN
RVLTRPTPDF EFTYLVPPSV ESKTKPFSLP
CONGRCTLDG ELQGTTQLLP SGICAFRGRV
PLGTPDFKGV VFGVASQRNV GNDAPGSTRA
QPTKFTPVGI NDDGDHPFRQ WELPDYSGLL
GYNQGIVDCL IPQEWIQHFY QESAPSQSDV
GDYPLVVPAN GYFREDSWVN QFYSLAPMGT

moltype = DNA length = 1617
Location/Qualifiers

1..1617

note = Nucleic acid sequence of

WIRTNFVQAP
GNAFTAGKIL
QPNSRMRLVA
ILTLSELTNS
TAETDHRDKW
HEAVISTYSP
TLNMNLAPPV
ALIRYVNPDT
GNGRRRAQ

60

120
180
240
300
360
420
480
538

VP1 hCod GII.17

actecgtgeceg
agctgtgeca
gcaggcacce
gaatcttgag
tggttacget
caaaattctyg
aataaccatg
cctgeecggat
acttgttget
cgtgagttge
ceccttetgty
gactaacagc
ccaagtccag
gctactccce
tgacaaatgg
cgtecectget
geggaatgtt
atatagccce
ctteccaactyg
tttccgecaa
cccaccegty
atgcagtgge
acatttttac
ccecegatace
tgcacattce
ttgggtcaac
tcagtag

WIITNFVQAP
GNAFTAGKIL
QPNSRMRLVA
ILTLSELTNS
TAETDHRDKW
HEAVISTYSP
TLNMNLAPPV
ALIRYVNPDT
GNGRRRAQ

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1617

60

120
180
240
300
360
420
480
538

Kawa 2014

VP1 hCod GII.17 Kawa 2014



US 2023/0293663 Al

107

-continued

AOA077KVU6_R531
source 1..1lel7

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 195
atgaaaatgg catctaacga cgcagccccece tcaaacgatyg gegetgetgyg actegtgecg 60
gaggggaata atgagacact tccactagag ccggttgcag gegccgetat agetgcccca 120
gtgacagggc agaataatat tatagaccct tggattatca caaacttegt gcaggcacce 180
aacggcgagt ttacagtatc cccccggaac tcecccaggtyg agatactcect gaatcttgag 240
cteggecctyg acctcaatce atatctgget catctgagec gcatgtacaa tggttacget 300
gggggggteyg aagtgcaggt cctectggcece ggaaacgect ttaccgetgg caaaattctg 360
tttgccgeeg ttccaccaaa ctttccagte gaattcectet cteccgegea aataaccatg 420
ctgccacatt tgatcgttga cgtgcggacce ctggagccaa taatgattce cctgecggat 480
gtgcgtaaca cctttttcca ttataacaat cagccaaact ctecggatgag acttgttget 540
atgctgtaca ccccectgeg gagcaacgge agtggcgatyg atgtgtttac cgtgagttge 600
agagtcctga cgcgeccaac cccggactte gagttcacct acctggtgece cccttetgtyg 660
gaatctaaga ccaaaccgtt ttcactgcca atcttaactce tctccgaact gactaacage 720
cggtttcecag tacccataga ttctcettttt accgctcaaa acaacgtact ccaagtccag 780
tgccagaacyg gccgetgtac gettgatggt gagttgcagyg ggacaacaca gctactccce 840
agtggcatct gtgcattcceg gggccgegtyg accgctgaga cagaccatcyg tgacaaatgg 900
cacatgcaac tccaaaactt aaacgggacc acctacgacce caaccgacga cgtcectget 960
ccgctaggga ctectgactt taagggggtg gtgttcggag tggcectctca geggaatgtt 1020
gggaatgacg cccccggcte tacccgaget cacgaggcceg ttatctcaac atatagceccce 1080
caatttgtgc ccaagctcgg atccgttaat tttcgtagta acgacaacga cttccaactg 1140
caaccaacga agtttacgcc agtggggatt aatgatgatg gagaccatcc tttccgccaa 1200
tgggaactac cagattattc tgggctgctc accctcaata tgaacctcge cccacccgtg 1260
gccectaatt tecececggtga gcagetgetg ttttttegga getttgtgece atgcagtgge 1320
ggatataatc aaggcatcgt agactgcttg attccccaag agtggataca acatttttac 1380
caggaaagtg cgccctceeca gtccgatgtg gcecctgatac ggtacgttaa ccccgatacce 1440
ggaagaacat tattcgaagc gaaattgcac agatcagggt acattaccgt tgcacattcc 1500
ggcgattatc ccctggtggt tcccgccaac ggttacttta ggttcgatag ttgggtcaac 1560
cagttctatt cactagcccc aatgggcacc ggtaacggca gacgccgggce tcagtag 1617
SEQ ID NO: 196 moltype = AA length = 538
FEATURE Location/Qualifiers
source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 196
MKMASNDAAP SNDGAAGLVP EGNNETLPLE PVAGAAIAAP VTGQNNIIDP WIRTNFVQAP 60
NGEFTVSPRN SPGEILLNLE LGPDLNPYLL HLSRMYNGYA GGVEVQVLLA GNAFTAGKIL 120
FAAVPPNFPV EFLSPAQITM LPHLIVDVRT LEPIMIPLPD VRNTFFHYNN QPNSRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPTPDF EFTYLVPPSV ESKTKPFSLP ILTLSELTNS 240
RFPVPIDSLF TAQNNVLQVQ CQONGRCTLDG ELQGTTQLLP SGICAFRGRV TAETDHRDKW 300
HMQLONLNGT TYDPTDDVPA PLGTPDFKGV VFGVASQRNV GNDAPGSTRA HEAVISTYSP 360
QFVPKLGSVN FRSNDNDFQL QPTKFTPVGI NDDGDHPFRQ WELPDYSGLL TLNMNLAPPV 420
APNFPGEQLL FFRSFVPCSG GYNQGIVDCL IPQEWIQHFY QESAPSQSDV ALIRYVNPDT 480
GRTLFEAKLH RSGYITVAHS GDYPLVVPAN GYFRFDSWVN QFYSLAPMGT GNGRRRAQ 538
SEQ ID NO: 197 moltype = DNA length = 1617
FEATURE Location/Qualifiers
misc_feature 1..1617

note = Nucleic acid sequence of VP1 hCod GII.17 Kawa 2014

AOA07T7KVU6_AS0L
source 1..1lel7

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 197
atgaaaatgg catctaacga cgcagccccece tcaaacgatyg gegetgetgyg actegtgecg 60
gaggggaata atgagacact tccactagag ccggttgcag gegccgetat agetgcccca 120
gtgacagggc agaataatat tatagaccct tggattcgga caaacttegt gcaggcacce 180
aacggcgagt ttacagtatc cccccggaac tcecccaggtyg agatactcect gaatcttgag 240
cteggecctyg acctcaatce atatctgetg catctgagec gcatgtacaa tggttacget 300
gggggggteyg aagtgcaggt cctectggcece ggaaacgect ttaccgetgg caaaattctg 360
tttgccgeeg ttccaccaaa ctttccagte gaattcectet cteccgegea aataaccatg 420
ctgccacatt tgatcgttga cgtgcggacce ctggagccaa taatgattce cctgecggat 480
gtgcgtaaca cctttttcca ttataacaat cagccaaact ctecggatgag acttgttget 540
atgctgtaca ccccectgeg gagcaacgge agtggcgatyg atgtgtttac cgtgagttge 600
agagtcctga cgcgeccaac cccggactte gagttcacct acctggtgece cccttetgtyg 660
gaatctaaga ccaaaccgtt ttcactgcca atcttaactce tctccgaact gactaacage 720
cggtttcecag tacccataga ttctcettttt accgctcaaa acaacgtact ccaagtccag 780
tgccagaacyg gccgetgtac gettgatggt gagttgcagyg ggacaacaca gctactccce 840
agtggcatct gtgcattcceg gggccgegtyg accgctgaga cagaccatcyg tgacaaatgg 900
cacatgcaac tccaaaactt aaacgggacc acctacgacce caaccgacga cgtcectget 960
ccgctaggga ctectgactt taagggggtg gtgttcggag tggcectctca geggaatgtt 1020
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gggaatgacg cccccggcte tacccgaget cacgaggcceg ttatctcaac atatagceccce 1080
caatttgtgc ccaagctcgg atccgttaat tttcgtagta acgacaacga cttccaactg 1140
caaccaacga agtttacgcc agtggggatt aatgatgatg gagaccatcc tttccgccaa 1200
tgggaactac cagattattc tgggctgctc accctcaata tgaacctcge cccacccgtg 1260
gccectaatt tecececggtga gcagetgetg ttttttegga getttgtgece atgcagtgge 1320
ggatataatc aaggcatcgt agactgcttg attccccaag agtggataca acatttttac 1380
caggaaagtg cgccctceeca gtccgatgtg gcecctgatac ggtacgttaa ccccgatacce 1440
ggaagaacat tattcgaagc gaaattgcac agatcagggt acattaccgt tgcacattcc 1500
ggcgattatc ccctggtggt tcccgccaac ggttacttta ggttcgatag ttgggtcaac 1560
cagttctatt cactagcccc aatgggcacc ggtaacggca gacgccgggce tcagtag 1617
SEQ ID NO: 198 moltype = AA length = 538
FEATURE Location/Qualifiers
source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 198
MKMASNDAAP SNDGAAGLVP EGNNETLPLE PVAGAAIAVP VTGQNNIIDP WIITNFVQAP 60
NGEFTVSPRN SPGEILLNLE LGPDLNPYLA HLSRMYNGYA GGVEVQVLLA GNAFTAGKIL 120
FAAVPPNFPV EFLSPAQITM LPHLIVDVRT LEPIMIPLPD VRNTFFHYNN QPNSRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPTPDF EFTYLVPPSV ESKTKPFSLP ILTLSELTNS 240
RFPVPIDSLF TAQNNVLQVQ CQONGRCTLDG ELQGTTQLLP SGICAFRGRV TAETDHRDKW 300
HMQLONLNGT TYDPTDDVPA PLGTPDFKGV VFGVASQRNV GNDAPGSTRA HEAVISTYSP 360
QFVPKLGSVN FRSNDNDFQL QPTKFTPVGI NDDGDHPFRQ WELPDYSGLL TLNMNLAPPV 420
APNFPGEQLL FFRSFVPCSG GYNQGIVDCL IPQEWIQHFY QESAPSQSDV ALIRYVNPDT 480
GRTLFEAKLH RSGYITVAHS GDYPLVVPAN GYFRFDSWVN QFYSLAPMGT GNGRRRAQ 538
SEQ ID NO: 199 moltype = DNA length = 1617
FEATURE Location/Qualifiers
misc_feature 1..1617

note = Nucleic acid sequence of VP1 hCod GII.17 Kawa 2014

AOA077KVU6_A39V+M531
source 1..1lel7

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 199
atgaaaatgg catctaacga cgcagccccece tcaaacgatyg gegetgetgyg actegtgecg 60
gaggggaata atgagacact tccactagag ccggttgcag gegccgetat agetgtgeca 120
gtgacagggc agaataatat tatagaccct tggattatca caaacttegt gcaggcacce 180
aacggcgagt ttacagtatc cccccggaac tcecccaggtyg agatactcect gaatcttgag 240
cteggecctyg acctcaatce atatctgget catctgagec gcatgtacaa tggttacget 300
gggggggteyg aagtgcaggt cctectggcece ggaaacgect ttaccgetgg caaaattctg 360
tttgccgeeg ttccaccaaa ctttccagte gaattcectet cteccgegea aataaccatg 420
ctgccacatt tgatcgttga cgtgcggacce ctggagccaa taatgattce cctgecggat 480
gtgcgtaaca cctttttcca ttataacaat cagccaaact ctecggatgag acttgttget 540
atgctgtaca ccccectgeg gagcaacgge agtggcgatyg atgtgtttac cgtgagttge 600
agagtcctga cgcgeccaac cccggactte gagttcacct acctggtgece cccttetgtyg 660
gaatctaaga ccaaaccgtt ttcactgcca atcttaactce tctccgaact gactaacage 720
cggtttcecag tacccataga ttctcettttt accgctcaaa acaacgtact ccaagtccag 780
tgccagaacyg gccgetgtac gettgatggt gagttgcagyg ggacaacaca gctactccce 840
agtggcatct gtgcattcceg gggccgegtyg accgctgaga cagaccatcyg tgacaaatgg 900
cacatgcaac tccaaaactt aaacgggacc acctacgacce caaccgacga cgtcectget 960
ccgctaggga ctectgactt taagggggtg gtgttcggag tggcectctca geggaatgtt 1020
gggaatgacg cccccggcte tacccgaget cacgaggcceg ttatctcaac atatagceccce 1080
caatttgtgc ccaagctcgg atccgttaat tttcgtagta acgacaacga cttccaactg 1140
caaccaacga agtttacgcc agtggggatt aatgatgatg gagaccatcc tttccgccaa 1200
tgggaactac cagattattc tgggctgctc accctcaata tgaacctcge cccacccgtg 1260
gccectaatt tecececggtga gcagetgetg ttttttegga getttgtgece atgcagtgge 1320
ggatataatc aaggcatcgt agactgcttg attccccaag agtggataca acatttttac 1380
caggaaagtg cgccctceeca gtccgatgtg gcecctgatac ggtacgttaa ccccgatacce 1440
ggaagaacat tattcgaagc gaaattgcac agatcagggt acattaccgt tgcacattcc 1500
ggcgattatc ccctggtggt tcccgccaac ggttacttta ggttcgatag ttgggtcaac 1560
cagttctatt cactagcccc aatgggcacc ggtaacggca gacgccgggce tcagtag 1617
SEQ ID NO: 200 moltype = AA length = 538
FEATURE Location/Qualifiers
source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 200
MKMASNDAAP SNDGAAGLVP EGNNETLPLE PVAGAAIAAP VTGQNNIIDP WIRTNFVQAP 60
NGEFTVSPRN SPGEILLNLS LGPDLNPYLL HLSRMYNGYA GGVEVQVLLA GNAFTAGKIL 120
FAAVPPNFPV EFLSPAQITM LPHLIVDVRT LEPIMIPLPD VRNTFFHYNN QPNSRMRLVA 180
MLYTPLRSNG SGDDVFTVSC RVLTRPTPDF EFTYLVPPSV ESKTKPFSLP ILTLSELTNS 240
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RFPVPIDSLF TAQNNVLQVQ CQONGRCTLDG ELQGTTQLLP SGICAFRGRV TAETDHRDKW 300
HMQLONLNGT TYDPTDDVPA PLGTPDFKGV VFGVASQRNV GNDAPGSTRA HEAVISTYSP 360
QFVPKLGSVN FRSNDNDFQL QPTKFTPVGI NDDGDHPFRQ WELPDYSGLL TLNMNLAPPV 420
APNFPGEQLL FFRSFVPCSG GYNQGIVDCL IPQEWIQHFY QESAPSQSDV ALIRYVNPDT 480

GRTLFEAKLH RSGYITVAHS GDYPLVVPAN GYFRFDSWVN QFYSLAPMGT GNGRRRAQ 538
SEQ ID NO: 201 moltype = DNA length = 1617

FEATURE Location/Qualifiers

misc_feature 1..1617

note = Nucleic acid sequence of VP1 hCod GII.17 Kawa 2014

AOA077KVU6_E80S plus sign A90L
source 1..1lel7

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 201
atgaaaatgg catctaacga cgcagccccece tcaaacgatyg gegetgetgyg actegtgecg 60
gaggggaata atgagacact tccactagag ccggttgcag gegccgetat agetgcccca 120
gtgacagggc agaataatat tatagaccct tggattcgga caaacttegt gcaggcacce 180
aacggcgagt ttacagtatc cccccggaac tcecccaggtyg agatactcect gaatcttage 240
cteggecctyg acctcaatce atatctgetg catctgagec gcatgtacaa tggttacget 300
gggggggteyg aagtgcaggt cctectggcece ggaaacgect ttaccgetgg caaaattctg 360
tttgccgeeg ttccaccaaa ctttccagte gaattcectet cteccgegea aataaccatg 420
ctgccacatt tgatcgttga cgtgcggacce ctggagccaa taatgattce cctgecggat 480
gtgcgtaaca cctttttcca ttataacaat cagccaaact ctecggatgag acttgttget 540
atgctgtaca ccccectgeg gagcaacgge agtggcgatyg atgtgtttac cgtgagttge 600
agagtcctga cgcgeccaac cccggactte gagttcacct acctggtgece cccttetgtyg 660
gaatctaaga ccaaaccgtt ttcactgcca atcttaactce tctccgaact gactaacage 720
cggtttcecag tacccataga ttctcettttt accgctcaaa acaacgtact ccaagtccag 780
tgccagaacyg gccgetgtac gettgatggt gagttgcagyg ggacaacaca gctactccce 840
agtggcatct gtgcattcceg gggccgegtyg accgctgaga cagaccatcyg tgacaaatgg 900
cacatgcaac tccaaaactt aaacgggacc acctacgacce caaccgacga cgtcectget 960
ccgctaggga ctectgactt taagggggtg gtgttcggag tggcectctca geggaatgtt 1020
gggaatgacg cccccggcte tacccgaget cacgaggcceg ttatctcaac atatagceccce 1080
caatttgtgc ccaagctcgg atccgttaat tttcgtagta acgacaacga cttccaactg 1140
caaccaacga agtttacgcc agtggggatt aatgatgatg gagaccatcc tttccgccaa 1200
tgggaactac cagattattc tgggctgctc accctcaata tgaacctcge cccacccgtg 1260
gccectaatt tecececggtga gcagetgetg ttttttegga getttgtgece atgcagtgge 1320
ggatataatc aaggcatcgt agactgcttg attccccaag agtggataca acatttttac 1380
caggaaagtg cgccctceeca gtccgatgtg gcecctgatac ggtacgttaa ccccgatacce 1440
ggaagaacat tattcgaagc gaaattgcac agatcagggt acattaccgt tgcacattcc 1500
ggcgattatc ccctggtggt tcccgccaac ggttacttta ggttcgatag ttgggtcaac 1560

cagttctatt cactagcccc aatgggcacc ggtaacggca gacgccgggce tcagtag 1617
SEQ ID NO: 202 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59
note = Primer GI.3Lil08(M57I).r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 202
ctgaacgtaa tttgagatga tccaggggtce gatcatgttt acctgtcctyg cggtggegg 59

SEQ ID NO: 203 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer GI.3Lil08(M57I).c
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 203
gtaaacatga tcgacccctg gatcatctca aattacgttce aggctccaca gggggagtt 59

SEQ ID NO: 204 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52

note = Primer IF-(GI.7USA14)VP1l.c
source 1..52

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 204

tcgtgetteyg gcaccagtac aatgatgatg gccagcaagg acgctecgag ta 52
SEQ ID NO: 205 moltype = DNA length = 49
FEATURE Location/Qualifiers

misc_feature 1..49
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note = Primer IF-(GI.7USA14)VPl.r
source 1..49

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 205

actaaagaaa ataggccttc acacccgcct cacgccgagt cgtcgcacg 49
SEQ ID NO: 206 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(R84S).r
source 1..48

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 206

agtggggtcc taagctgagg tcaaacagaa tatcccctgg ggtgttat 48
SEQ ID NO: 207 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50
note = Primer GI.7USAl4_VP1(R84S) .c
source 1..50

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 207

tattctgttt gacctcagct taggacccca cttgaaccce tttetgette 50
SEQ ID NO: 208 moltype = DNA length = 51
FEATURE Location/Qualifiers
misc_feature 1..51
note = Primer GI.7USAl4_VP1(M57I).r
source 1..51

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 208

aacgaaattg ttgattatcc acgggtcgat catattgact tggecctgcag t 51
SEQ ID NO: 209 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(M57I) .c
source 1..48

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 209

gatcgacceg tggataatca acaatttcgt tcaggcacca gaaggaga 48
SEQ ID NO: 210 moltype = DNA length = 62
FEATURE Location/Qualifiers
misc_feature 1..62
note = Primer GII.2CGMH11 (A39V) .r
source 1..62

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 210
tttgtetgee cggtcacagg cactgcgagg gecagcccctyg caacaggctce caaggcecate 60

ac 62
SEQ ID NO: 211 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59
note = Primer GII.2CGMH11 (A39V) .c
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 211
gttgcagggyg ctgccctcege agtgectgtg accgggcaga caaatatcat cgatccttg 59

SEQ ID NO: 212 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer GII.2CGMH11(R53I).r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 212
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cacgaaatta gcgataatcce aaggatcgat gatatttgte tgcccggtca caggagcetyg

SEQ ID NO: 213 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer GII.2CGMH11(R53I).c
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 213
ggcagacaaa tatcatcgat ccttggatta tcgctaattt cgtgcaagcc ccaaatggg

SEQ ID NO: 214 moltype = DNA length = 53
FEATURE Location/Qualifiers
misc_feature 1..53

note = Primer IF-GII17Kawl4VPl.c
source 1..53

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 214
tegtgetteg gcaccagtac aatgaaaatg geatctaacyg acgcagccce cte

SEQ ID NO: 215 moltype = DNA length = 56
FEATURE Location/Qualifiers
misc_feature 1..56

note = Primer IF-GII17Kawl4VPl.r
source 1..56

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 215
actaaagaaa ataggcctct actgageccg gegtetgeceg ttaccggtge ccattg

SEQ ID NO: 216 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer GII.l17Kawl4 (A90L) .r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 216
geggcetcaga tgcagcagat atggattgag gtcagggccg agctcaagat tcaggagta

SEQ ID NO: 217 moltype = DNA length = 51
FEATURE Location/Qualifiers
misc_feature 1..51

note = Primer GII.l17Kawl4 (A90L) .c
source 1..51

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 217
cctgacctcea atccatatct getgcatetg agecgcatgt acaatggtta ¢

SEQ ID NO: 218 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer GII.l17Kawl4d (A39V) .r
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 218
attctgccct gtcactggca cagctatage ggegectgea accggctceta gtggaagtg

SEQ ID NO: 219 moltype = DNA length = 58
FEATURE Location/Qualifiers
misc_feature 1..58

note = Primer GII.l17Kawl4d (A39V) .c
source 1..58

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 219
aggcgecget atagetgtge cagtgacagg gcagaataat attatagacce cttggatt

SEQ ID NO: 220 moltype = DNA length = 59
FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer GII.17Kawl4 (R53I).r

59

59

53

56

59

51

59

58
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source 1..59

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 220

acgaagtttyg tgataatcca agggtctata atattattet gecctgtcac tggggcage

SEQ ID NO: 221 moltype = DNA length = 59

FEATURE Location/Qualifiers
misc_feature 1..59

note = Primer GII.l17Kawl4 (R53I).c
source 1..59

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 221

ggcagaataa tattatagac ccttggatta tcacaaactt cgtgcaggca cccaacggce

SEQ ID NO: 222 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50

note = Primer GII.4Sydl2(P80A).r
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 222
atcgggtcece aaggeggecg accacaggat ttetectgge geattteteg

SEQ ID NO: 223 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50

note = Primer GII.4Sydl1l2 (P80A).c
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 223
aatcectgtgg tceggecgect tgggacccga tctgaaccece tatttgtceac

SEQ ID NO: 224 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50

note = Primer GII.4Sydl1l2 (P8ON).r
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 224
atcgggtcece aagttggeccg accacaggat ttetectgge geattteteg

SEQ ID NO: 225 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50

note = Primer GII.4Sydl1l2 (P8ON).c
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 225
aatcectgtgg tceggecaact tgggacccga tctgaacccece tatttgtceac

SEQ ID NO: 226 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50

note = Primer GII.4Sydl1l2(P80K).r
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 226
atcgggtcece aacttggecg accacaggat ttetecctgge geattteteg

SEQ ID NO: 227 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50

note = Primer GII.4Sydl1l2 (P80K).c
source 1..50

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 227
aatcctgtgg tceggecaagt tgggacccga tctgaacccece tatttgtceac

59

59

50

50

50

50

50

50
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SEQ ID NO: 228 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50
note = Primer GII.4Sydl2 (P80OH).r
source 1..50

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 228

atcgggtccce aagtgggccg accacaggat ttctcctgge gcatttcteg 50
SEQ ID NO: 229 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50
note = Primer GII.4Sydl1l2 (P80OH).c
source 1..50

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 229

aatcctgtgg tcggcccact tgggacccga tctgaaccee tatttgtcac 50
SEQ ID NO: 230 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GII.4Sydl2 (A39I).r
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 230

gaccggccac ggggattgcet atggctgege ccaccacagg ctccagggec atca 54
SEQ ID NO: 231 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GII.4Sydl1l2 (A39I).c
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 231

gggcgcagece atagcaatcce cecgtggccgg tcagcagaat gtgattgacce cgtg 54
SEQ ID NO: 232 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GII.4Sydl2 (A39M).r
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 232

gaccggccac gggcattget atggctgege ccaccacagg ctccagggec atca 54
SEQ ID NO: 233 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GII.4Sydl2 (A39M).c
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 233

gggcgcagee atagcaatgce cecgtggccgg tcagcagaat gtgattgacce cgtg 54
SEQ ID NO: 234 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GII.4Sydl1l2 (A39G).r
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 234

gaccggeccac ggggectget atggectgege ccaccacagg ctccagggec atca 54
SEQ ID NO: 235 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GII.4Sydl1l2 (A39G).c
source 1..54

mol_type = other DNA
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organism = synthetic construct
SEQUENCE: 235
gggcgcagee atagcaggec cegtggecegyg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 236 moltype = DNA length = 54

FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl1l2(A39S).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 236
gaccggcecac ggggcettget atggetgege ccaccacagg ctccagggec atca

SEQ ID NO: 237 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl2(A39S).c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 237
gggcgcagece atagcaagcece ccgtggecgg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 238 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl1l2 (A39E).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 238
gaccggcecac gggcetetget atggetgege ccaccacagg ctccagggec atca

SEQ ID NO: 239 moltype = DNA length = 49
FEATURE Location/Qualifiers
misc_feature 1..49

note = Primer GII.4Sydl2 (A39E).c
source 1..49

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 239
gggcgcagee atagcagage ccgtggecgg tcagcagaat gtgattgac

SEQ ID NO: 240 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl1l2(A39D).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 240
gaccggcecac ggggtetget atggetgege ccaccacagg ctccagggec atca

SEQ ID NO: 241 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl1l2 (A39D).c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 241
gggcgcagece atagcagacce ccgtggecgg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 242 moltype = DNA length = 54

FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl2 (A39N).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 242
accggecacyg gggtttgecta tggctgegece caccacagge tccagggeca tcac

SEQ ID NO: 243 moltype = DNA length = 54
FEATURE Location/Qualifiers

54

54

54

54

49

54

54

54
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misc_feature 1..54
note = Primer GII.4Sydl1l2 (A39N).c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 243
gggcgcagece atagcaaacc ccgtggecgg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 244 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl2(A39Q).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 244
gaccggcecac gggetgtget atggetgege ccaccacagg ctccagggec atca

SEQ ID NO: 245 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl1l2(A39Q).c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 245
gggcgcagece atagcacage ccgtggecgg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 246 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl2 (A39K).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 246
gaccggcecac gggetttget atggetgege ccaccacagg ctccagggec atca

SEQ ID NO: 247 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl2 (A39K).c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 247
gggcgcagece atagcaaage ccgtggecgg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 248 moltype = DNA length = 51
FEATURE Location/Qualifiers
misc_feature 1..51

note = Primer GII.4Sydl2 (A39H).r
source 1..51

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 248
gaccggcecac ggggtgtget atggetgege ccaccacagg ctccagggec a

SEQ ID NO: 249 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GII.4Sydl2 (A39H).c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 249
gggcgcagece atagcacacce ccgtggecgg tcagcagaat gtgattgacce cgtg

SEQ ID NO: 250 moltype = DNA length = 50
FEATURE Location/Qualifiers
misc_feature 1..50
note = Primer GI.7USAl4_VP1(M57L) .r
source 1..50

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 250

54

54

54

54

54

51

54
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gaacgaaatt gttcagtate cacgggtcga tcatattgac ttggectgea 50
SEQ ID NO: 251 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(M57L) .c
source 1..48

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 251

gatcgacceg tggatactga acaatttcgt tcaggcacca gaaggaga 48
SEQ ID NO: 252 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52
note = Primer GI.7USAl4_VP1(M57G) .r
source 1..52

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 252

gaacgaaatt gttgcctatc cacgggtcga tcatattgac ttggcctgeca gt 52
SEQ ID NO: 253 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(M57G) .c
source 1..48

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 253

gatcgacceg tggataggca acaatttcgt tcaggcacca gaaggaga 48
SEQ ID NO: 254 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52
note = Primer GI.7USAl4_VP1(M57S) .r
source 1..52

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 254

gaacgaaatt gttgcttatc cacgggtcga tcatattgac ttggcctgeca gt 52
SEQ ID NO: 255 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(M57S) .c
source 1..48

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 255

gatcgacceg tggataagca acaatttcgt tcaggcacca gaaggaga 48
SEQ ID NO: 256 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52
note = Primer GI.7USAl4_VP1(M57T) .r
source 1..52

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 256

gaacgaaatt gttggttatc cacgggtcga tcatattgac ttggcctgeca gt 52
SEQ ID NO: 257 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(M57T) .c
source 1..48

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 257

gatcgacceyg tggataacca acaatttegt tcaggcacca gaaggaga 48
SEQ ID NO: 258 moltype = DNA length = 52

FEATURE Location/Qualifiers

misc_feature 1..52

note = Primer GI.7USAl4_VP1(M57N) .r
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source 1..52

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 258
gaacgaaatt gttgtttatc cacgggtcga tcatattgac ttggcctgca gt

SEQ ID NO: 259 moltype = DNA length = 48

FEATURE Location/Qualifiers
misc_feature 1..48

note = Primer GI.7USAl4_VP1(M57N) .c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 259
gatcgacceyg tggataaaca acaatttcgt tcaggcacca gaaggaga

SEQ ID NO: 260 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52
note = Primer GI.7USAl4_VP1(M57Q) .r
source 1..52

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 260
gaacgaaatt gttctgtatc cacgggtcga tcatattgac ttggcctgca gt

SEQ ID NO: 261 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(M57Q) .c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 261
gatcgacceyg tggatacaga acaatttcgt tcaggcacca gaaggaga

SEQ ID NO: 262 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52
note = Primer GI.7USAl4_VP1(M57K) .r
source 1..52

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 262
gaacgaaatt gttctttatc cacgggtcga tcatattgac ttggcctgca gt

SEQ ID NO: 263 moltype = DNA length = 48
FEATURE Location/Qualifiers
misc_feature 1..48
note = Primer GI.7USAl4_VP1(M57K) .c
source 1..48

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 263
gatcgacceyg tggataaaga acaatttcgt tcaggcacca gaaggaga

SEQ ID NO: 264 moltype = DNA length = 52
FEATURE Location/Qualifiers
misc_feature 1..52
note = Primer GI.7USAl4_VP1(M57H) .r
source 1..52

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 264
gaacgaaatt gttgtgtatc cacgggtcga tcatattgac ttggcctgca gt

SEQ ID NO: 265
FEATURE
misc_feature

source

SEQUENCE: 265
gatcgacceg tggatacaca

moltype = DNA length = 48
Location/Qualifiers
1..48

note = Primer GI.7USAl4_VP1(M57H) .c

1..48
mol_type = other DNA
organism = synthetic construct

acaatttcgt tcaggcacca gaaggaga

52

48

52

48

52

48

52

48
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SEQ ID NO: 266 moltype = DNA length = 54

FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94V).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 266
tctgagccaa gtgcaccaga aacggattca agtgtggtece tagcectgcagyg tcaa

SEQ ID NO: 267 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94V) .c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 267
cttgaatceg tttetggtge acttggetca gatgtataat ggatgggttg gaaa

SEQ ID NO: 268 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94I).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 268
tctgagccaa gtggatcaga aacggattca agtgtggtece tagectgcagyg tcaa

SEQ ID NO: 269 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94I) .c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 269
cttgaatceg tttetgatce acttggetca gatgtataat ggatgggttyg gaaa

SEQ ID NO: 270 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94M) .r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 270
tctgagccaa gtgcatcaga aacggattca agtgtggtece tagectgcagyg tcaa

SEQ ID NO: 271 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94M) .c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 271
cttgaatceg tttetgatge acttggetca gatgtataat ggatgggttg gaaa

SEQ ID NO: 272 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94T).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 272
tctgagccaa gtgggtcaga aacggattca agtgtggtece tagectgcagyg tcaa

SEQ ID NO: 273 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94T) .c
source 1..54

mol_type = other DNA

54

54

54

54

54

54

54
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organism = synthetic construct
SEQUENCE: 273
cttgaatccg tttectgacce acttggetca gatgtataat ggatgggttyg gaaa

SEQ ID NO: 274 moltype = DNA length = 54

FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94E).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 274
tctgagccaa gtgcteccaga aacggattca agtgtggtece tagetgcagyg tcaa

SEQ ID NO: 275 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94E) .c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 275
cttgaatceg tttetggage acttggetca gatgtataat ggatgggttg gaaa

SEQ ID NO: 276 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94D).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 276
tctgagccaa gtggtccaga aacggattca agtgtggtece tagectgcagyg tcaa

SEQ ID NO: 277 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94D) .c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 277
cttgaatceg tttetggace acttggetca gatgtataat ggatgggttg gaaa

SEQ ID NO: 278 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94N) .r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 278
tctgagccaa gtggttcaga aacggattca agtgtggtece tagectgcagyg tcaa

SEQ ID NO: 279 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94N) .c
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 279
cttgaatceg tttectgaacce acttggetca gatgtataat ggatgggttg gaaa

SEQ ID NO: 280 moltype = DNA length = 54

FEATURE Location/Qualifiers
misc_feature 1..54

note = Primer GI.3Lil08(S94Q).r
source 1..54

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 280
tctgagccaa gtgctgcaga aacggattca agtgtggtece tagectgcagyg tcaa

SEQ ID NO: 281 moltype = DNA length = 54
FEATURE Location/Qualifiers

54

54

54

54

54

54

54

54
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misc_feature 1..54
note = Primer GI.3Lil08(S94Q) .c
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 281

cttgaatccg tttctgcage acttggctca gatgtataat ggatgggttg gaaa 54
SEQ ID NO: 282 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GI.3Lil08(S94K).r
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 282

tctgagccaa gtgcttcaga aacggattca agtgtggtce tagctgcagg tcaa 54
SEQ ID NO: 283 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GI.3Lil08(S94K) .c
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 283

cttgaatccg tttctgaage acttggctca gatgtataat ggatgggttg gaaa 54
SEQ ID NO: 284 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GI.3Lil08(S94H) .r
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 284

tctgagccaa gtggtgcaga aacggattca agtgtggtce tagctgcagg tcaa 54
SEQ ID NO: 285 moltype = DNA length = 54
FEATURE Location/Qualifiers
misc_feature 1..54
note = Primer GI.3Lil08(S94H) .c
source 1..54

mol_type = other DNA
organism = synthetic construct
SEQUENCE: 285

cttgaatceg tttetgcace acttggetca gatgtataat ggatgggttg gaaa 54
SEQ ID NO: 286 moltype = AA length = 540
FEATURE Location/Qualifiers
VARIANT 80
note = X may be Ala, Asn, Lys or His
source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 286
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAAP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAX LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540

SEQ ID NO: 287 moltype = DNA length = 1623
FEATURE Location/Qualifiers
misc_feature 1..1623

note = Nucleic acid sequence of human codon optimized VP1
GII.4 Sydl2 P80X
source 1..1623
mol_type = other DNA
organism = synthetic construct
SEQUENCE: 287



US 2023/0293663 Al Sep. 21, 2023
121

-continued

atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60

gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcagcgece 120
gtggcceggte agcagaatgt gattgaccceg tggatacgca acaattttgt ccaagcccct 180
ggtggggagt tcaccgttag cccgagaaat gcgccaggag aaatcctgtg gteggccvms 240
ttgggacceg atctgaacce ctatttgtca catctegete ggatgtacaa cgggtatgee 300
ggcggatttyg aagtgcaggt gattctggcet gggaacgegt tcactgetgg caaagtgatce 360
tttgcagcegg tgccteccaa cttcecccact gaaggactgt ctcecaagceca ggtcacaatg 420
tttccacaca tcgtggtgga cgtacggcag ctagagectyg tcectgattece ccteectgat 480
gtacgcaata atttctacca ctacaatcaa tccaatgatc cgaccattaa actcatcgeg 540
atgttgtaca cccctetgeg cgctaacaat getggagacyg acgtattcac cgtgtcatge 600
agagtgctca ccagaccttc accagacttt gactttatct tcettagtgec ccccactgtt 660
gagagccgaa ccaagccctt tagtgtccce gtactcacag tcgaggagat gacaaatage 720
cgcetttecaa tcccecttga gaaactgttce acaggacctt ccteggcatt cgtggttcag 780
ccacagaacg gacgctgcac aactgacggce gtgctgeteg gaaccaccca gcttagccct 840
gttaatatct gtacgtttag aggcgacgta actcacataa ctggctcacg gaactatacc 900
atgaatctgg catcacagaa ttggaatgac tacgacccaa ccgaagagat tcccgcacct 960
cttggaacce ccgactttgt gggaaaaata cagggcgtece tgacacaaac caccagaacc 1020
gatggctcecca cacggggaca caaggcaacc gtctacactg gctcectgccga ttttgeccceccg 1080
aaactgggta gagtgcagtt tgagaccgac actgaccggg actttgaagc caatcagaat 1140
actaagttca cacctgtagg agtgattcag gacgggggca ccactcaccyg gaacgagccg 1200
caacaatggg tcctgcccte ttatageggg aggaatactce ataatgtgca tttggctcecet 1260
gcagtggcte ccacgtttce cggggaacaa ctgctcectttt ttegttcaac catgectgga 1320
tgctcecggat atcccaatat ggatctcecgat tgcctgctcece cacaggaatg ggtgcagtat 1380
ttttatcaag aggccgcacc agcccaatcc gacgtcgcac ttcectgeggtt cgtgaatcca 1440
gacacaggcc gcgtgttgtt tgagtgcaaa ttgcacaaat caggatacgt tacagtggct 1500
catactggac agcatgacct ggtgatccca cccaacggat attttaggtt cgactcctgg 1560
gtgaatcagt tttatacatt agcccccatg gggaatggga ctggcagacg cagggctgte 1620

tga 1623

SEQ ID NO: 288 moltype = AA length = 540

FEATURE Location/Qualifiers

VARIANT 39
note = X may be Ile, Met, Gly, Ser, Glu, Asp, Asn, Gln, Lys
or His

source 1..540

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 288
MKMASSDANP SDGSAANLVP EVNNEVMALE PVVGAAIAXP VAGQQONVIDP WIRNNFVQAP 60
GGEFTVSPRN APGEILWSAS LGPDLNPYLS HLARMYNGYA GGFEVQVILA GNAFTAGKVI 120
FAAVPPNFPT EGLSPSQVTM FPHIVVDVRQ LEPVLIPLPD VRNNFYHYNQ SNDPTIKLIA 180
MLYTPLRANN AGDDVFTVSC RVLTRPSPDF DFIFLVPPTV ESRTKPFSVP VLTVEEMTNS 240
RFPIPLEKLF TGPSSAFVVQ PQNGRCTTDG VLLGTTQLSP VNICTFRGDV THITGSRNYT 300
MNLASQNWND YDPTEEIPAP LGTPDFVGKI QGVLTQTTRT DGSTRGHKAT VYTGSADFAP 360
KLGRVQFETD TDRDFEANQN TKFTPVGVIQ DGGTTHRNEP QQOWVLPSYSG RNTHNVHLAP 420
AVAPTFPGEQ LLFFRSTMPG CSGYPNMDLD CLLPQEWVQY FYQEAAPAQS DVALLRFVNP 480
DTGRVLFECK LHKSGYVTVA HTGQHDLVIP PNGYFRFDSW VNQFYTLAPM GNGTGRRRAV 540

SEQ ID NO: 289 moltype = DNA length = 1620
FEATURE Location/Qualifiers
misc_feature 1..1620
note = hCod optimize sequence of VPl GII.4_Sydl2 P80S+A39X
source 1..1620

mol type = other DNA
orggnism = synthetic construct

SEQUENCE: 289

atgaaaatgg cctcgagtga cgctaaccct agtgacggea gcegecgccaa tcttgtgect 60
gaggttaata atgaggtgat ggccctggag cctgtggtgg gegcagecat agcavdsgtg 120
geeggtcage agaatgtgat tgacccgtgg atacgcaaca attttgtceca ageccctggt 180
ggggagttca ccgttagcce gagaaatgcg ccaggagaaa tcctgtggtce ggecagettg 240
ggacccgate tgaaccccta tttgtcacat ctegetegga tgtacaacgg gtatgccgge 300
ggatttgaag tgcaggtgat tctggctggg aacgcgttca ctgctggcaa agtgatcttt 360
gcageggtyge cteccaactt ccccactgaa ggactgtcete caagccaggt cacaatgttt 420
ccacacatcg tggtggacgt acggcageta gagectgtee tgattccect ccctgatgta 480
cgcaataatt tctaccacta caatcaatcc aatgatccga ccattaaact catcgcgatg 540
ttgtacacce ctctgegege taacaatget ggagacgacyg tattcaccegt gtcatgcaga 600
gtgctcacca gaccttcace agactttgac tttatcttet tagtgccccce cactgttgag 660
agccgaacca agccctttag tgtccecegta ctcacagteg aggagatgac aaatagccge 720
tttccaatce cccttgagaa actgttcaca ggaccttect cggcattegt ggttcagcecca 780
cagaacggac gctgcacaac tgacggegtg ctgctceggaa ccacccaget tagecctgtt 840
aatatctgta cgtttagagg cgacgtaact cacataactg gctcacggaa ctataccatg 900
aatctggcat cacagaattg gaatgactac gacccaaccyg aagagattcce cgcacctcett 960
ggaaccceeyg actttgtggg aaaaatacag ggcgtectga cacaaaccac cagaaccgat 1020
ggctccacac ggggacacaa ggcaaccgtc tacactgget ctgeccgattt tgccccgaaa 1080
ctgggtagag tgcagtttga gaccgacact gaccgggact ttgaagccaa tcagaatact 1140
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aagttcacac ctgtaggagt gattcaggac gggggcacca ctcaccggaa cgagccgcaa 1200
caatgggtcce tgccctctta tagcgggagg aatactcata atgtgcattt ggctectgca 1260
gtggctceca cgtttececcgg ggaacaactg ctcectttttte gttcaaccat gecctggatge 1320
tceggatate ccaatatgga tcectcgattge ctgctcccac aggaatgggt gcagtatttt 1380
tatcaagagg ccgcaccagc ccaatccgac gtcgcactte tgcggttcegt gaatccagac 1440
acaggccgceg tgttgtttga gtgcaaattg cacaaatcag gatacgttac agtggctcat 1500
actggacagc atgacctggt gatcccaccce aacggatatt ttaggttcga ctcecctgggtg 1560
aatcagtttt atacattagc ccccatgggg aatgggactg gcagacgcag ggctgtctga 1620

SEQ ID NO: 290 moltype = AA length = 538
FEATURE Location/Qualifiers
VARIANT 57
note = X may be Leu, Gly, Ser, Thr, Asn, Gln, Lys or His
source 1..538

mol type = protein

note = Norovirus

organism = unidentified
SEQUENCE: 290
MMMASKDAPS NMDGTSGAGQ LVPEVNAAEP LPLEPVVGAA TAVATAGQVN MIDPWIXNNF 60
VQAPEGEFTI SPNNTPGDIL FDLRLGPHLN PFLLHLSQMY NGWVGNMRVR VMLAGNAFSA 120
GKIIICCVPP GFESQNISIG QATMFPHVIA DVRVLEPIEV PLDDVRNVLF HTNENRPTMR 180
LLCMLYTPLR AGGASSGTDP FVIAGRVLTC PAPDFNFLFL VPPSVEQKTR QLTIPNIPLN 240
NLANSRVPAM INKMTVSADQ NQVVQFQNGR CTLEGQLLGT TPVSANQVAR IRGKVFSTNS 300
GTGLNLTEVD GTPYHAFESP APLGFPDIGN CDWHVYAFKV NQONTGDPMYR LDITQGNSFA 360
PHLGSIEFSS ENHPSGDQLG TLTWISPLNN ASRVDPWKIP TYGSTLTEST NLAPPIFPPG 420
FGEAIVYFMS DFPIVSGNTA QIPCTLPQEF VSSFVEQQAP IRGEAALLHY VDPDTHRNLG 480

EFKLYPDGFI TCVPNTGGGP QNLPSNGVFV FSSWVSRYYQ LKPVGTTGPV RRLGVRRV 538
SEQ ID NO: 291 moltype = DNA length = 1614
FEATURE Location/Qualifiers
misc_feature 1..1614
note = Human codon optimized VP1_GI.7/GA5043/USA/2014_M57x
source 1..1614

mol_type = other DNA

organism = synthetic construct
variation 170

note = a, g, ¢ or t
SEQUENCE: 291
atgatgatgg ccagcaagga cgctccgagt aacatggacyg gcacttceggyg cgcggggcag 60
ctggtgeceg aggtcaatge cgcagaacca cttectettyg ageccgtegt tggegecgee 120
acagctgteg caactgcagg ccaagtcaat atgatcgacce cgtggatavn saatttcegtt 180
caggcaccag aaggagaatt caccatctcc cccaataaca ccccagggga tattetgttt 240
gacctcaggt taggacccca cttgaaccce tttetgette atctctcaca aatgtataat 300
ggctgggteyg ggaatatgeg cgtgegggtg atgctageceg geaatgettt ttetgcagge 360
aagattatca tttgctgegt tcctcectgga ttecgaatcte aaaatatcag cattggtcaa 420
gcaaccatgt ttccacatgt gatcgctgat gttegegtee tggaacccat tgaagttect 480
ctecgacgacyg tgagaaatgt tctcttecac accaacgaga ataggccgac tatgagactt 540
ctgtgtatge tctacaccce attaagagec gggggagcat cctcaggtac tgacccattt 600
gtgattgceyg ggegggtget cacatgccceg getccagact ttaacttect tttettggtyg 660
ccacccagtyg ttgaacagaa aaccagacag ctcaccatcce caaatatccce attgaacaat 720
ctegecaaca gcagggtgcce agcaatgata aacaaaatga cagtcagtge tgaccagaac 780
caggtagtce agtttcagaa cggcagatge acgcttgagg gccaactget tgggacgacce 840
ccagteteeg cgaaccaggt ggcccgaatce cggggtaaag tcettcagtac aaactccgge 900
actggectta acctcacaga ggttgacgge actccctate atgettttga gtcteccagee 960
cctettgget ttcecccgatat aggcaactgt gactggcacg tttatgegtt taaagtaaac 1020
cagaacaccg gcgatcctat gtataggttg gatataacac aaggtaattc attcgcccca 1080
cacttgggta gcatcgagtt cagttcagag aaccatccga gtggtgatca gctaggcaca 1140
ttgacgtgga tcagccctcect gaataacgca tcaagagtgg atccctggaa gatccctacce 1200
tatgggtcca ctctgacaga gagcacaaat ttggctccge ccattttcece acccggatte 1260
ggcgaggcca tagtgtactt tatgtctgac tttcectateg tcagcgggaa tacagcccag 1320
attccttgca cactgccaca agaattcgte tcatcctttg tagagcagca ggcacctatt 1380
cgaggtgagg ccgccctett gcactacgtg gaccctgaca cccaccgcaa tcttggcgag 1440
tttaagctgt accctgacgg gtttattacc tgtgtaccca acaccggcgg cggcccacaa 1500
aatttgccca gcaatggegt gtttgtettt tectcecttggg tgtctcgata ctaccagett 1560

aaacctgtcg gaactacggg ccccgtgcga cgactcggceg tgaggcegggt gtga 1614

SEQ ID NO: 292 moltype = AA length = 543

FEATURE Location/Qualifiers

VARIANT 94
note = X may be Val, Ile, Met, Thr, Glu, Asp, Asn, Gln, Lys
or His

source 1..543

mol type = protein
organism = unidentified
SEQUENCE: 292
MMMASKDAPT NMDGTSGAGQ LVPEVSTAEP ISMEPVAGAA TAAATAGQVN MIDPWIMSNY 60
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VQAPQGEFTI SPNNTPGDIL FDLQLGPHLN PFLXHLAQMY NGWVGNMKVR VLLAGNAFTA 120
GKIIISCVPP GFAAQNVSIA QATMFPHVIA DVRVLEPIEV PLEDVRNVLF HNNDSTPTMR 180
LICMLYTPLR ASGSSSGTDP FVIAGRVLTC PSPDFNFLFL VPPNVEQKTK PFSVPNLPLN 240
VLSNSRVPSL IKSMMVSQDH GOMVQFQNGR VTLDGQLQGT TPTSASQLCK IRGTVYHATG 300
GQGLNLTEID GTPYHAFESP APIGFPDLGE CDWHINASPA NAFTDGSIIH RIDVAQDSTF 360
APHLGTIHYT NADYNANVGL ICSLEWLSPP SGGAPKVNPW AIPRYGSTLT EAAQLAPPIY 420
PPGFGEAIVF FMSDFPIANG SDGLSVPCTI PQEFVTHFVN EQAPTRGEAA LLHYVDPDTH 480
RNLGEFKLYP EGFMTCVPNS SGSGPQTLPI NGVFTFISWV SRFYQLKPVG TTGPVRRLGI 540
RRS 543
SEQ ID NO: 293 moltype = DNA length = 1632
FEATURE Location/Qualifiers
misc_feature 1..1632

note = hCod optimized VP1_GI.3 Lil08_S94x
source 1..1632

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 293
atgatgatgg cttccaagga tgctcccaca aacatggatg gaacaagcegyg cgcggggcaa 60
cttgtgcegg aggtgtccac ggcggaaccce atttccatgg aacctgtgge cggegcagee 120
actgctgeeg ccaccgcagg acaggtaaac atgatcgacce cctggatcat gtcaaattac 180
gttcaggcte cacaggggga gtttaccata agcccaaaca acacccecggg tgacatcttg 240
tttgacctge agctaggacc acacttgaat cegtttctgv hscacttgge tcagatgtat 300
aatggatggg ttggaaacat gaaggtgcge gtgctcectgg cgggcaatge attcacagece 360
gggaagatta ttatctcttg cgtgccacct ggatttgcag cccagaacgt gtctatcgeca 420
caggcaacca tgtttccgca tgtcatcgea gatgtgegeg tgctagagece catcgaggtyg 480
ccecttgagg acgtgegcaa cgtcectatte cataacaatyg atagcacccce caccatgcege 540
ttgatatgta tgttatatac tcccctecge gecagtgggt ccagetcegyg gaccgatcct 600
tttgtgattg ctgggcgggt gttgacttgt cctagccctg acttcaactt ccectttttetg 660
gtgcctcecaa atgtagaaca gaaaacaaag ccattcageg tgccaaacct gecccttaac 720
gtgctgtega attcccgagt gecttecctt attaagtcca tgatggtatc tcaggatcac 780
ggtcaaatgyg tgcagtttca gaacggccga gtgacgttag acgggcaget gcagggcaca 840
accccaacca gtgccagtca getgtgtaag atcagaggea ccegtctacca cgcaactgge 900
ggacaggggce tgaatcttac tgagatcgat ggtaccccct accatgcatt cgagtcacct 960
gcacctattg gatttcccga tcttggggag tgtgattgge atatcaatgce ttcacctgece 1020
aacgctttca cagacgggtc tattattcat cgcattgacg tagcacagga tagcacattt 1080
gcceegcace tgggtaccat ccactatacg aacgcagatt acaacgcaaa cgtgggtett 1140
atctgtagcce tagagtggct atctccgcca agcggtgggg cccectaaagt taacccatgg 1200
gctatteccete ggtacgggte tacgctgact gaggccgcte agctggcacce ccccatatat 1260
ccaccaggat tcggggaagc cattgtttte tttatgtccg attttccgat agccaacggt 1320
tcagatggcce ttagtgtccecc ttgcacgatt ccacaggaat ttgtgacaca cttcgtaaac 1380
gagcaggcte ctactcgggg cgaggctgec ttgttgcatt acgtagaccce cgatacccat 1440
agaaacctgg gcgaattcaa actctaccct gaaggtttca tgacctgcegt acctaactcce 1500
tceggecagtg gecctcaaac cttgccgatce aacggcgtgt tcacgtttat cagctgggtt 1560
tcacggtttt accaactcaa gcccgtecgga acaactgggce cagttcecggag gctcgggate 1620
agacggagct ag 1632

1. A norovirus VP1 protein comprising one or more than
one amino acid substitution at a position in sequence align-
ment with amino acids 43, 57, 84 and 94 of reference
sequence SEQ ID NO:1, wherein:

the amino acid substitution at the position in sequence
alignment with amino acid 43 is to isoleucine, methio-
nine, aspartic acid, glutamic acid, asparagine, gluta-
mine, lysine, or histidine;

the amino acid substitution at the position in sequence
alignment with amino acid 57 is to leucine, alanine,
glycine, serine, asparagine, glutamine, or histidine;

the amino acid substitution at the position in sequence
alignment with amino acid 84 is to asparagine, cyste-
ine, threonine, alanine, or lysine;

the amino acid substitution at the position in sequence
alignment with amino acid 94 is to leucine, isoleucine,
methionine, valine, threonine, asparagine, lysine, or
histidine; and

the wild type norovirus VP1 protein is not a GI.1 geno-

type.

2. The norovirus VP1 protein of claim 1, wherein the
norovirus VP1 is selected from a group consisting of geno-
types GL.3, GL.5, G1.7, GIL.2, GIL3, GI1.4, GI1.6, GII.12 and
GIIL.17.

3. The norovirus VP1 protein of claim 1,

wherein the one or more than one substitution at the

position in sequence alignment with amino acid 43 is to
valine;

wherein the one or more than one substitution at the

position in sequence alignment with amino acid 57 is to
isoleucine;

wherein the one or more than one substitution at the

position in sequence alignment with amino acid 84 is to
serine; or

wherein the one or more than one substitution at the

position in sequence alignment with amino acid 94 is to
leucine.

4. A recombinant polynucleotide encoding the norovirus
VP1 protein of claim 1.

5. A virus-like particle (VLP) comprising the norovirus
VP1 of claim 1.

6. The VLP of claim 5, further comprising a norovirus
VP2 protein.
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7. A method of producing a norovirus VP1 protein, or a
VLP comprising the norovirus VP1 protein, in a plant,
portion of a plant or a plant cell, the method comprising:

introducing the recombinant polynucleotide of claim 4;

and

incubating the plant, portion of the plant or the plant cell

under conditions that permit expression of the norovi-
rus VP1 protein.

8. The method of claim 7, wherein the method further
comprises a step of harvesting the plant, portion of the plant,
or the plant cell.

9. The method of claim 7, wherein in the step of intro-
ducing, a second polynucleotide encoding a norovirus VP2
protein is introduced into the plant, the portion of the plant
or the plant cell, and in the step of incubating, the conditions
permit co-expression and co-production of both the norovi-
rus VP1 protein and the norovirus VP2 protein in the plant,
portion of the plant, or the plant cell.

10. The method of claim 8, wherein the method further
comprises a step of:

extracting, purifying, or both extracting and purifying the

norovirus VP 1 protein, or

extracting, purifying, or both extracting and purifying the

virus-like particle (VLP) from the plant, the portion of
the plant or the plant cell, wherein the VLLP comprises
the norovirus VP1 protein.

11. A norovirus virus like particle (VLP) produced by the
method of claim 7.

12. A method of producing an antibody or antibody
fragment comprising, administering the norovirus VP1 pro-
tein of claim 1 to a subject, or a host animal, thereby
producing the antibody or the antibody fragment.

13. A method of producing an antibody or an antibody
fragment comprising, administering the VLP of claim 5 to a
subject, or a host animal, thereby producing the antibody or
the antibody fragment.

14. A plant, portion of the plant, or plant cell comprising
the norovirus VP1 protein of claim 1.

15. A plant, portion of the plant, or plant cell comprising
the VLP of claim 5.

16. A plant, portion of the plant, or plant cell comprising
the recombinant polynucleotide of claim 4.

17. A composition for inducing an immune response
comprising, an effective dose of the norovirus VP1 protein
of claim 1, and a pharmaceutically acceptable carrier, adju-
vant, vehicle or excipient.
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18. A composition for inducing an immune response
comprising, an effective dose of the VLP of claim 6, and a
pharmaceutically acceptable carrier, adjuvant, vehicle or
excipient.

19. A vaccine comprising an effective dose of the noro-
virus VP1 protein of claim 1, for inducing an immune
response.

20. An antibody or antibody fragment prepared by admin-
istering the norovirus VP1 protein of claim 1 to a subject, or
host animal.

21. An antibody or antibody fragment prepared by admin-
istering the VLP claim 5 to a subject, or host animal.

22. A method for inducing immunity to a norovirus
infection in a subject, the method comprising administering
the VLP of claim 5 to the subject.

23. The method of claim 22, wherein the VLP is admin-
istered to the subject orally intranasally, intramuscularly,
intraperitoneally, intravenously, subcutaneously, rectally, or
intravaginally.

24. A vaccine comprising an effective dose of the VLP of
claim 5, for inducing an immune response.

25. A method of producing a modified norovirus VP1
protein, the method comprising:

(1) providing a norovirus VP1 protein, wherein the noro-

virus VP1 protein is not a GI.1 genotype;

(i1) making one or more than one amino acid substitution
in the amino acid sequence of the norovirus VP1
protein, selected from:

an amino acid substitution at a position in sequence
alignment with amino acid 43 of reference sequence
SEQ ID NO:1 to valine, isoleucine, leucine, methio-
nine, threonine, aspartic acid, glutamic acid, aspara-
gine, glutamine, lysine, or histidine;

an amino acid substitution at a position in sequence
alignment with amino acid 57 of reference sequence
SEQ ID NO:1 to isoleucine, leucine, valine, alanine,
glycine, serine, threonine, asparagine, glutamine,
lysine, or histidine;

an amino acid substitution at a position in sequence
alignment with amino acid 84 of reference sequence
SEQ ID NO:1 to serine, asparagine, cysteine, threo-
nine, alanine, lysine or histidine; and

an amino acid substitution at a position in sequence
alignment with amino acid 94 of reference sequence
SEQ ID NO:1 to leucine, isoleucine, methionine,
valine, threonine, aspartic acid, glutamic acid, aspara-
gine, glutamine, lysine, or histidine.
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