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SEQ ID NO:1 
ca A/Shandong/9/93 

Nucleotide Sequence of ca. A Shandong 9 93 HA 

1 CadcCCatala 
51 tittatgtctg 

101 CaacgCtgtg 
151 acaatcacca 
201 gagttcctica 
251 gaaaaaaCtg 
301 ggct tccaaa 
351 cagoaactgt. 
401 tagttgcctic 
451 actggagtCC 
501 taacagtttc 
551 atccagcgct 
601 taCatttggg 
651 atatgttcga 
701 aaactgtaac 
751 agtagaataa 
8O1 gattaatago 
851 gaaatgggaa 
901 agttctgaat 
951 toaaaatgta 

1 OO1 aaaa CactCt 
1051 act a gaggca 
ll Ol gg gaatggta 
1151 CaggaCaag C 
1201 aacgggaaac 
1251 aat CQaaaaa 
1301 aatatgttga 
1351 cittgttgccc 
1401 gala CaaaCtg 
1451 a Catggg Caa 
1501 at agggtoaa 
1551 agcattaaac 
1601 acaaagattg 
1651 totgttgttt 
1701 taggtocaac 

SEQ ID NO:35 
Amino Aci 

1 Inktiials yi 
51 evtnatelvd 

101 dilfverskay 
151 gsyackrgsv 
201 psitcs dotsl 
251 tivkpgdill 
301 ngsipndkpf 
351 iagfieng We 
401 iektnekfhd. 
451 hit idltdisem 
5 Ol tydhdvyrde 
551 inwaCOkgni 
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tt Ct attala C 

gttt CGCt C 
CCtgggaCat 
atgat Caaat 
a Cagg tagaa 
CaCaCtgata 
ataaCCaatc. 
taccCttatg 
at Cagg CaCC 
CtCaggatgg 
tittagtag at 
gala CCtgaCt 
gggt CaCCa 
gCat Caggga 
CCC gaatat C 
gCat Ct attg 
a Cagg gaat C 
aag CitCaata 
gCatCactCc 
aa Cagaat Ca 
gaaattog Ca 
tatt CogCGC 
gaCC gttggit 
agCagatCtt 
tgaataggitt 
gaattCtCag 
aga CaCtaala 
tggagaaCCa 
tittgaaaaaa 
tggttgCttC 
tcagaaatgg 
aa CCCCtt CC 
gat CC tatgg 
tgCtggggtt 
atttgcattt 

lClvfadklp 
ssstgricgs 
sncypydVod 
nsffsrnwl 
yvrasgrwtv 
instgnliap 
onvnrityga 
gmVdgWygfr 
iekefseveg 
nklifektrkd 
alninrfoikg 
rCni Ci 

Figure 1A 

CatCaaCaCt 
aaaaaCtt CC 

CatC Cagtig C 
tgaactCaCt 
tatgcgg Cag 
gatgctictat 
ggacCtttitt 
atgtgcCqga 
Ctggagttta 
gggaag Citat 
tgaattggitt 
atgC Calaa Ca 
CCC gag CaCC 
gag to acagt 
gggt Citaga C 
gaCaa tagt a 
taattgcticc 
at CaCC, tCaC 
aaatggalag C 
Catatgggg C 
a CaCCC at CC 
aatCdCaggit 
a CCC titt Cag 
aaaag CaCtC 
aatcq agaaa 
alagta Caag C 
atagatCtCt 
a catacalatt 

Caac Caag Ca 
aaaatata CC 

aact tatgac 
aCat Caaag C 
attt CCtttg 
CatCatctgg 
CactC Catta 

gndinstatl C 
phrildgknc 
VaslrslVas 
hkley kypal 
stkrsddtvt 
rgyfkirngk 
cpryvkontl 
hon Segtgca 
riddlekyve 
lirenaedmgn 
VelksgykdW 
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Entire molecule length: 1745 bp 

atcattgctt 
C9gadatgaC 
Calaa CCCaaC 
aatgctactic 
to ct caccga 
tgg gaga CCC 
Ctt CaaCCC a 
titatgcctico 
tcaatgalaga 
gCttgCaaaa 
gCacaaatta 
atgg Calaatt 
gaCagtgaCC 
Ctct accalala 
CCtggg talag 
ada CC999 ag 
tcggggitta C 
atgcaccCat 
att CCCaatg 
CtgCCCC aga 
gCaatgtaCC 
titcatagaaa 
gCat Caaaat 
aag Cagcaat 
acgaacgaga 
gaga attcag 
ggt Citta Cala 
gatctaactg 
aCtgagggaa 
a Caaatgttga 
catgatgitat 
tottdagctd 
CC at at Catg 
CCCtgCCaaa 
attaaaaa Ca 

lighthaVpngt 
tlidalligdp 
sqtlefined 
nvitmpningkf 
pnigsrpWVr 
ssimirsdapi 
klatgmirnvp 
adlkstcaai 
dtkidlwsyn 
gCfkiyhkcd 
ill Wis fails C 

tCaCCtaCat 
ad Cag CaCaC 
gCtagtgaaa. 
agttggttca 
atcCttgatg 
tdattgttgat 
CCaaaCCtta 
cittaggtoac 
Cttcaattgg 
gaggatCtgt 
gaatacaaat 
tgaCaaattg 
aaaCCaCCCt 
agaag CCaac 
gggt CagtCC 
aCataCttitt 
ttcaaaataC 

tCCCaaCtCC 
acaa acctitt 
tatgttaagc 
aCagaala Cala 
atggttggga 
tctgaggg Ca 
CCaCCaaat C 
aatt CCatca 

CaCCt CC aga 
C9C99 agCtt 
acticagaaat 
aatgCtgagg 
CaatgCCtgC 
a CagagaCCa 

aact CaCCat 
CtttittgCtt 
aagg CaaCat 
ccctd 

d Sequence of ca. A Shandong 9 93 HA Entire molecule length: 566 aa 

lViktitndqi 
hccgfonkew 
fnwitcVaddd 
dklyiwgvhh 
gCSSri SiyW 
gncs secitp 
ekdtrgi fga 
dding kilnirl 
aell Valend 
naCigsiring 
fillcVVillgf 
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SEQ ID NO:2 
Nucleotide Sequence of ca. A Shandong 9 93 NA Entire molecule length: 1429 bp 
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Figure 1B 

US 2009/017.5908A1 

1 aaagataata a Caattggct Ctgttt Ctct CactattgCC a Calatatgct 
51 toctitatgca aattgcCatc Ctgg talacta citgitaa catt gCact tcaag 

101 Caatatgagt gCaactCCCC CCCaaacaac Caagtaatgc tigtgtgaaCC 
151 aacaataata gaaagaaa Ca taa Cagagat agtgitat Citg a CCaaCaCCa 
201 CCatagagaa agaaatatgc C C CaaaCtag Cagaata Cag aaattggtCa 
251 aagcc.gcaat gtaaaattac aggatttgca cctttittcta agg acaattic 
301 aattCG gCtt toag Ctggtg gaga Catttg ggtgaCaaga gala CCttatg 
351 totcatgcca toctogcaag tottatcaat ttgcccttgg acagggaa.ca 
401 a CaCtaalaca a Cagg CaCt c aaatgacaca gta Catgata gCaCCCCtta 
451 togalacccta ttgatgaatg agttgggtgt to cattt cat ttgggaacca 
501 agcaagtgtg Catag catgg to Cag Citcaa gttgtCaCOa to gaaaag Ca 
551 togCtgcatg tttgttgtaac togg Catgat gaaaatgcaa Ctgctagott 
601 catttacgat gg gagg Cttg tagatagitat to gttcatgg to caaaaata 
651 to CtCaggaC CCaggagtCG gaatgcgttt gtat Caatgg aaCttgtaca 
701 g tagtaatga Citgatggaag to Ctt Cagaa agag Ctgata Ctaaaatact 
751 attCattgaa gaggggaaaa t cqtt Catat tag CCCattg tcaggaagtg 
801 ct cagcatgit coaggagtgc ticctgttatc citcgatat co togtotcaga 
851 totgtctgCa gaga Cala Ctg gaaagg CtCC aatagg CCC a ticgtagatat 
901 aaatgtgaaa gattatagca ttgttt CCag titatgttgttgc ticaggaCttg 
951 ttggaga CaC a CCC agaaaa aacga Cagct CCag Cagtag CtattgCCCC 

1001 aat CCtaaCa atgagaaagg gag to atgga gtgaaagg Ct gggCCtttga 
1051 to atggaaat gaCCtgtgga tigggaagaac gat Cag Coag gagitta CCCt 
1101 Caggittatga aaCCtt Caaa gtCattggag gCtggtcCaa aCCtaactCC 
1151 aaattgCaga taaatagg Ca agtCatagitt gaCagaggta at agg to CCC 
1201 ttatt Ctggit attitt CtCtg ttgaagg Caa aag Ctgcat C aatCGgtgCt 
1251 tittatctgga gttgataagg gCaaggaaac aggaaactga agtctggtgg 
1301 a CCtcaaaca gtattgttgt gttttgttggC a CCt Caggta CatatggaaC 
1351 aggct catgg ccctgatggg gcgga catca atctoatgcc tatataagct 
1401 titcgcaattt tagaaaaaaa citcCttgtt 

SEQ ID NO:36 
Amino Acid Sequence of ca. A Shandong 9 93 NAEntire molecule length: 436 aa 

51 
1 O1 
151 
2O1 
251 
3 O1 
351 
4 Ol 

1 mcialilvttv 
ekeicpklae 
CCpgkCyCfa 
VCiawssss C 

rtdesecvci 
hVeecs Cypr 
dtprkindsss 
yetfkViggW 
Velirgrkde 

tlhfkoyecn 
yrnwskpock 
ligCCttlininr 
hdgkaWilhVc 
ngtctv Vmtd 
ypg VrCVCrd 
ssy crnpinne 
skpinskill Cin 
teWWWtsinsi 

sppnindVmlic 
itgif apfskd 
hSndtvhdirt 

eptiiernit 
nisirls aggd 
pyrtllmnel 

ei Vyltntti 
iWVtrepy vs 
gVpfhligtkC 

Vitghdenata 
gs as eradtk 
nWkgSnrpiV 
kg shovkgwa 
rCViVCrgnir 
vvfcgtsgtty 

sfiydgrl Vid 
ilfieeg kiv 
dinivkdysiv 
fodgndvwmg 
Sgys gifs Ve 
gtgswp 

sigswiskinil 
his pls gsaC 
ssy VCs glVg 
rtiseelirsg 
glks Cin rCfy 
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SEQ ID NO:4 
Nucleotide Sequence of ca. A Johannesburg 33 94 Like NA 

Entire molecule length: 1354 bp 
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Figure 1D 

US 2009/017.5908A1 

1 gaaaatgaat CCaaatcaaa agataataac aattggctict gttt Ctctica 
51 ctattgccac aatatgcttic ctitatgcaaa ttgccatcct gg talactact 

101 gta acattgc atttcaag.ca atatgagtgc aactCccCCC caaacaacca 
151 agtaatgCtg totgaaCCaa Caataataga aagaala Cata acagagatag 
2O1 totatctga C Caa CaCCaCC atagagaaag aaatatgcCC Caala Ctag Ca 
251 gaata Cagaa attggtCaaa gCCg Caatgt aaaatta Cag gatttgCaCC 
301 tttittctaag gacaattcaa titcggctitt.c ccCtggtgga gacatttggg 
351 to acaagaga acct tatgtg tcatgcgatC Ctggcaagtg titat caattit 
401 gCCCtcgga C agggaacaa C actaaacaac agg Catt Caa atga Cacagt 
451 acatgatagg accCctitatic galaccCtatt gatgaatgag ttgggtgttc 
501 Cattt Cattt gggaaCCaag Caagtgtgca tag Catggtc. Cag CtCaagt 
551 t t CaCCatg gaaaag Cat g g CtgCatgtt ttgtaaCtg gg Catgatga 
6O1 aaatgcaact gctagct tca tttacgatgg gaggcttgta gatag tattg 
651 gttcatggtc. caaaaatat c cticagg acco aggagtcgga atgcotttgt 
701 at Caatggala Cttgta Cagt agtaatgaCt gatggaagtg Ctt Cagaaag 
751 agctgatact aaaatact at t cattgaaga gCdgaaaatC gttcat atta 
8O1 gCCCattgtC aggaagtgCt Cag Catgtcg aggagtgCtC Ctgttat CCt 
851 Cqatat CCtg gtgtcagatg ttctgCaga gaCaactgga aagg CtcCaa 
901 taggCC CatC gtagatataa atgttgaaaga tta tag catt gttt CCagtt 
951 atgttgttgct C aggaCttgtt gaga CaCaC CCagaaaaaa Cqa Cag CtCC 

1001 agcagtagct attgctggaa toctaacaat gagaaagggg gtcatggagt 
1051 gaaagg Ctgg gCCtttgat g atggaaatga CCtgtggatg ggaagaaCCa 
1101 to agCdagga gttacgct Ca gottatcaaa CCttcaaagt cattggaggC 
1151 togtocaaac CtaaCtCCaa attgCagata aatagg Caag tdatagttga 
1201 Cagaggtaat agg to CG gtt attctggt at titt Ctctgtt galagg Caaaa 
1251 gCtgCatCaa toggtgCttt tatgtc.gagt toatalagggg aaggaala Cag 
1301 gaalactgaag totggtgga C citcaaacagt attgttgttgt tttgttgg cac 
1351 t t Ca 

SEQ ID NO:38 
Amino Acid Sequence of ca. A Johannesburg 33 94 Like NA 
Entire molecule length: 451 aa 

1 kmn.pnd kiit igs Vslitiat ic filmdia il VittvtlhfkC yecnsppnnd 
51 Vmlceptiie rinitei Vylt inttiekeicp klaeyrnwsk pockitgfap 

101 fskdnsirls aggdiwVtre pyvscdpgkc yo falgogtt linn rhsndtv 
151 hortpyrtill minelg Vpfhl gtkCVCiaws ss schdgkaw lhVCVtghde 
2O1 natas fiydg rl Vidsigs Wis knilrtCese CVCingtotV Vmtdgsa ser 
251 adtkilfiee glkivhispls gsadhveecs Cyprypg Vrc VCrdnwkgsn 
301 rpi VdinVkd ysivssy Vcs glVgdtprkin disssssycwn pnnekgghg V 
351 kg Wafddgnd VWmgrtisee lirsgyetfkV iggwskpinsk loinroViVd 
401 rgnirsgysgi fsvegkscin rcfy Velirg rkdetev WWt snsiv Vfcgt. 
451 S 
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SEQ ID NO:6 
Nucleotide 

1 agcaaaag Ca 
51 gCtctgttitc 

101 atcctggtaa 
151 ccc.cccaaac 
201 acatala Caga 
251 toccccaaac 
301 tacaggattt 
351 gtggggaCat 
401 aagtgttatc 
451 ttcaaatgac 
501 atgagttggg 
551 togtocagct 
601 aactggg Cat 
651 ttgtagatag 
701 toggaatgcg 
751 aagtgctt.ca 
801 aaatcgttca 
851 to citcctgtt 
9 Ol Ctggaaagg C 
951 goattgttitc 

1 OO1 aaaaacga Ca 
1051 agggggtCat 
1101 ggatgggaag 
1151 aaagt cattg 
1201 acaagt cata 
1251 ctgttgaagg 
1301 aggggaagga 
1351 totgttttgt 
14 Ol gggCC gaCat 
1451 a 

SEQ ID NO:40 
Amino Acid Sequence of ca A/Wuhan/395/95 N2 

51 
1 O1 
151 
2O1 
251 
3 O1 
351 

mnpnd kiiti 
mlceptilier 
skidnsirlsa 
dirtpyrtillm 
atas fiydgr 
dtkilfie eg 
pivo invkdy 
gWafddgindV 
gnirs gys gif 
gtygtgsWpd 
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Sequence of ca A/Wuhan/395/95 N2 

ggagtgaaaa 
totCactatt 

Figure 1F 

tgaatcCaaa 
gCCaCaatat 

CtaCtgtaac 
aaCCaagtaa 
gatagtgitat 
taCCaCaala 

tta Cattitc 
gCtgttgttga 
tgaCCaaCa 

gcaccitttitt 
ttCCC, tCaCa 
aatttgccct 

taaCCaCaa 

a Caglia Calg 

C a. a. a. t t C C 

tagga CCCC 
tgttccattt 
Caagttgtca 
Catgaaaatg 

Catttgggaa 
CC alggaaaa 
Caactgctag 

tattggttca CCUCCaaaa 
tttgtatCaa tggaacttgt 

tdaaaagata 
gct tcc titat 
aag Caatatg 
aCCaaCaata 
CCaCCataga 
lCaaag CCCC 
tt CaattCGg 
atgtgtCatg 
a Caa CaCtaa 

titat CQaaCC 
CCaag Caagt 
gCatCCCtCC 
Ctt CatttaC 

a taCtaaaat 

UglCaggaa 
ttctggtgtc 
CCatcgtaga 

CCaCl-Calaa C 
aaCCatCagC 
CaCCCtCCtc 
gttgaCagag 
Caaaag CtgC 
aa Caggaaac 

tagCC attgC 
CCtCCCCCtt 
gagaagtta C 
Calaa CCtaaC 
gtaatagg to 

CCU CaggaC 

at CaatCCCt 
tgaagtCtgg 

CCCaCCtCag 
Caatctoatg 

gs vslitiati 

gta Catatgg 
CCtatataag 

cfilmdialilv 
nitei Vyl 
ggdiwVtrep 
nelg Vpfhlg 
lvdsigswisk 
kiv hisplisg 
siVssy Vcs.g 
Wmgrtisekl 
svegks cinr 
gadinlimpi 

ttieke icpk 
y Viscopdkcy 
tkovciawss 
kilrtdesec 
sadhveecsc 
lvgdtprkind 
rsgyetfkvi 
cfy Velirgr 

Cttitcgcaat 

ttvtlhfkoy 
laeyrn Wiskp 
Cfalgogttl 
ss chdgkawl 
vcingtotv V. 
yprysgvrcV 

sssssh clnp 
gg Wiskpinskl 
kdetev WWts 

US 2009/017.5908A1 

Entire molecule length: 1451 bp 

atalactattg 
gCaaattgCC 
aatgcaactC 
atagaaagaa 
Caag Caaala 
aatgtaaaat 
cittitcc.gctg 
Cqat CCtgaC 
a Cala Cagg Ca 
Ctattgatga 
CtgCataCCa 
atgtttgttgt 
CatCCC aggC 
CaCCCaCCaC 
tgaCtCatCC 
Caagagggga 
tgtCCaggag 
CC agaga Cala 
aaagattata 
Caca CCC aga 
a Calatgagga 
aatga CCt9t 
tgaaacct tc 
agataaatag 
gg tattittct 
ggagttgata 
acagtattgt 
tggCCtgatg 
tittagaaaaa 

Entire molecule length: 469 aa 

eCnsppnnCV 
CIckitgif apf 
ninrhs.ndtvh 
hvcVitghden 
mtdgs as gra 
circdnwkg snr. 
nine egghg Vk 
dinircVivdr 
insivVfcgts 
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SEQ ID NO:7 
ca A/Sydney/05/97 

Nucleotide Sequence of ca A/Sydney/05/97 H3 
1 agcaaaag Ca 

51 agctacattt 
lOl CaCCaCOC Ca 
151 tagtgaaaac 
201 CtggittCaga 
251 ccttcatcCa 
301 attgttgatgg 
351 aaag CCta Ca 
401 taggtoacta 
451 toaattggac 
501 agttctatta 
551 atacaaatat 
601 acaaattgta 
651 accagoatat 
701 aagccaacaa 
751 gtatctocag 
801 at acttittga 
851 caaaatacga 
901 g caaatgcaa 
951 aaac Cattitc 

1001 tottaag Caa 
1051 agaaacaaac 
1101 ggttgggagg 
1151 taggg CaCa 
1201 a CCaaat Caa 
1251 titcCatcaaa. 
1301 CCtcgagaaa 
1351 cqgagcttct 
1401 to agaaatga 
1451 togctgaggat. 
1501 atgcctgcat 
1551 agaga CQaag 
1601 g toaggatac 
1651 ttittgctittg 
1701 ggcaa.catta 
1751 cittgtttcta 

SEQ ID NO:41 
Amino Acid Seq 

1 mktiials yi 
51 evtnatelvd 

101 dilfverskay 
151 tsyackrs si 
201 p.stdsdotsi 
251 tivkpgdill 
301 indsipndkpf 
351 iagfieng We 
401 i ektnekfhd. 
451 hit idltd sem 
5 Ol tydhdvyrde 
551 imwa Cokgni 
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ggggata att 
tatgtctggit 
a CCCtctg. CC 
aat CaCCaat 
gttCCtcaaC 
CaaaaCtcCa 
CttcCaaaat 
gCaaCtgtta 
gttgccticat 
tggagtcg Ct 
aaagtttctt. 
CC agCaCtga 
Catttggggg 
atgct Caagc 
actgtaatcc 
Cagaataag C 
ttaa Cagcac 
agtgg Caaaa. 
ttctgaatgc 
aaaatgtaaa 
aa CaCtCtga 
taCaCC Cata 
gaatgg taga 
gga Caag Cag 
CCCCaaaCtg 
ttgaaaaaga 
tatgttgagg 
tgttgCCCtg 
acaaactgtt 
atgggcaatg 
agggit CaatC 
Cattaala Cala 
aaagattgga 
tgttgttittg 
ggtgCaaCat 
Ct. 

uence of ca A/Sydney/05/97 H3 

lclvfadkip 
ss stgriccids 
sncypydvpd 
kSffsrn Will 
yadas grVtv 
instgnli ap 
CInVnrityCa 
gmVdgWygfr 
i.ekefseveg 
nklifertrko 
alninrfcikg 
rCnici 

Figure 1G 

CtattaaCCa 
tttcqctcaa 
tCCCaCaCCa 
gaCCalaattg 
agg agaata 
CaCtCataca 
aaggaatggg 
CCC titatgat 
ccggcaccct 
Cagaatggaa 
tagtag attg 
aCgtgaCtat 
gttcaccacc 
at Cagg gaga 
Cgaat atcgg 
at C Cattgga 
agg gaat Cta 
gct caataat 
at Cact CCaa 

Caggat CaCa 
aattgg CaaC 
ttCCCCCCaa 
CCCttgg taC 
Cagat Cittaa 
aataggittaa 
attctdagaa 
a CaCtaaaat 

gagaaCCaaC 
tgaaagaa Ca 
gttgtttcaa 
agaaatggaa 
CCCCtt CCaC 
to Ctatgg at 
Ctggggitt Ca 
ttgcatttga 

gndinstatlic 
phrildgenc 
yaslrslvas 
hdlkykypal 
stkrsdCtvi 
rgy fkirsgk 
Cpryvkontl 
honsegtgca 
riddleky Ve 
lirenaedmgn 
Velksgykdw 

tgaagacitat 
aaaatticcc.g 
to cagtocca 
aagttgaCtaa 
tgCCaCagtC 
toctictatto 
accttitttgt 
CtgCCggatt 
ggagtttaaC 
Caag Citatgc 
aattggttgc 
CCCaaa Caat 
Cgagta CGga 
gtdacagtct 
atctag accc 
Caatagtaaa 
attgcticctic 
gaggtoagat 
atcCaac Cat 
tatgggg CCt 
agg gatgCQ g 
tCGCaggittt 
ggttitcagg C 
aag CaCt Caa 
tCg agaaaaC 
Ctagaaggga 
agat Clt Ctgg 
ata Caattga 
aggaag CaaC 
aatata CCaC 
Cttatgacca 
at Caaaggtg 
titcCtttgcc 
tCatgtgggC 
gtgcattaat 

lchhavpngt 
tlidallgcdp 
sgtlefinnes 
nvitmpnindkif 
pnigsrpWVr 
ssimirs diapi 
klatomirnVp 
adlkstcaai 
dtkidlw syn 
gcfkiyhkcd 
ilWis fails C 
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Entire molecule length: 1762 bp 
cattgctittg 
gaaatga Caa 
aa CCC aa CCC 
tgCtaCtgag 
CtCaCCgaat 
CCaCaCCCtc 
tgaa CCC agc 
atgCCtcCCt 
aatgaaag Ct 
ttgCaaaagg 
a CCaattaala 
gaCaaatttg 
CagtgaCCaa 
cCaccaaaag 

tCCCtala CCC 
a CCCCCaCaC 
ggggitta Citt 
gCaCCCattg 
toccaatcac 
gtCC Cagata 
aatgtaCCag 
Catagaaaat 
at Caaaattic 

gCag Calat Ca 
gaaCCaCaaa 
gaatt Cagga 
tC gta Cala CG 
totaactgac 
tgagggaaaa. 
aaatgtgaca 
tgatgtataC 
ttgag Citgaa 
at at Catgtt 
CtgCCaaaaa 
taaaaaCaCC 

Entire molecule length: 566 aa 

lvktitnddi 
hcdgfonkew 
fnwtgvading 
dklyiwg whh 
giss risihw 
gkCnsecitp 
ekctricifica 
indingklnirl 
aell Valend 
naCig Siring 
fillcVVillgf 
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Figure 1H 

US 2009/017.5908A1 

SEQ ID NO:8 
Nucleotide Sequence of ca A/Sydney/05/97 N2 Entire molecule length: 1467 bp 

1 agcaaaag Ca ggagtaalaga toa at C Calaa toaaaagata ataaCCattg 
51 gCtctgtttC totcactatt gccacaatat gCttcCttat gcaaattgCC 

101 atcCtgg taa ctactgtaac attgcatttic aag caatatgaatgcagctic 
151 to CCCCaaaC aaCCaagtaa to Ctgtgtga a CCaacaata atagaaagaa 
2O1 a Catala Caga gatagtgitat CtgaCCaa Ca CCaC Cataga gaaggaalata 
251 to CCCCaaac tag cagaata Cagaaattgg tdaaag.ccac aatgtaaaat 
301 tacaggattit gcacctttitt Ctaaggacaa ttcaatticgg CtttcCgctg 
351 g toggga Cat ttgggtgaCal agg gala CCtt atgttgtCC, tC CC at CCtgaC 
4 O1 aagttgttatic aatttgcc ct togacaggga acaa Cactaa acaac aggca 
451 ttcaaatgac acagtacatg atagg accCC titatcgaacc Ctattgatga 
5 O1 atgagttggg tott C Cattt Catttgggala C Caag Caagt gtgCatagca 
551 togt CCagct Caagttgtca CQatggaaaa gCatggCtgC atgtttgttgt 
601 aaCtggg Cat gatgaaaatg CaaCtgCtag Ctt Cattta C gatgg gaggC 
651 ttgtagatag tattggitt Ca togt CCaaaa aaat CCt Cag gaCCCaCCaC 
701 toggaatgcg tttgtat Caa to gaaCttgt a Cagtag taa toactgatgg 
751 gagtgCttCa ggaagag Citg ataCtaaaat aCtattoaitt gaggagggga 
801 aaat Cottca tat Cag CCC a Ctgtcaggala Ctgct Cag Ca totCC aggag 
851 to ct CCtgtt at CCtcqata to Ctggtgtc agatgtgtct gcagaga caa 
901 Ctggaaaggc ticcaataggc ccatcgtaga tataaatgta aaggattata 
951 g Cattgttt C Cagittatgtg to Ct Cagga C ttgttggaga CaCaCC Caga 

1001 aaaaacga Ca gCtcCag Cag tagt CattgC Ctgaat CCta acaatgagga 
1051 agggggtCat gCagtgaaag gCtgggCCtt to atgatgga aatga CCtgt 
1101 ggatgggaag aaCQat Cag C gagaagttcC gCtCaggitta taaaCCttC 
1151 aaagt cattg aaggctggtc. caaacctaac tocaaattgc agataaatag 
1201 gcaagticata gttgacagag gtaatagg to cq gttattot gg tattittct 
1251 Ctgttgaagg Caaaag CtgC at Caat C9gt gCttt tatgt ggagttgata 
1301 aggggaagga aa Caggaaac to aagtCtgg toga CCt Caa a Cagtattgt 
1351 totgttttgt gg CaCCtCag gta Catatgg aa Cagg CtCa togCCtgatg 
14 Ol gggCC gaCat Caat Ct catg CCtatataag Cttt CCCaat tittagaaaaa 
451 aactCcttgt ttctact 

SEQ ID NO:42 
Amino Acid Sequence of ca A/Sydney/05/97 N2 Entire molecule length: 469 aa 

1 minond kiiti gsvslitiati Cfilmdilai.lv ttvtlhfkcy ecssippinnov 
51 mlceptilier nitei Vyltn ttieke icpk laeyrnwskip C.C kitgfapf 

101 skidnsirlsa ggdiwVtrep yViscopdkcy CfalgCCttl innrhsndtvh 
151 dirtpyrtllm. nelg Vpfhlg tkovciawss ss chdgkawl hVCVtghden 
201 atas fiydgr livdsigs Wisk kilrtdesec VCingtotVV mtdgs as gra 
251 dtkilfieeg kivhisplisg sadhveecsc yprypgVrCV Crdnwkg snr. 
301 pivodinvkdy siVssyvcs.g. lvgdtprkind ssssshclinp inneed ghgvk 
351 gWafddgndV Wmgrtisekif rsgyetfkvil egwskpinskill CinroVivor 
401 gnrsgysgif s Vegks cinr Cfy Velirgr kCeteVWWts nsiv Vfcgts 
451 gttygtgswpd gadinlimpi 
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SEQ ID NO:9 
ca. A/Panama/2007/99 
Nucleotide Sequence of ca A/Panama/2007/99 H3 

| agCaaaag Ca 
51 agctacattt 

101 Cag Cacggca 
151 tag taaaaC 
201 Ctggitt Caga 
251 CCttgatgga 
301 attgttgatgg 
351 aaag CCtaCa 
401 taggtoacta 
451 tdaattggac 
501 g gatctaata 
551 atacaaatat 
601 acaaattgta 
651 atcagccitat 
701 aag CCaacaa 
75l gtgtcticcag 
801 atacttittga 
851 CaaaataCQa 
9 Ol C CaaatcCaa 
951 aaac Cattitc 

1001 tottaa.gcaa. 
1051 agaaacaaac 
1101 g gttgggagg 
1151 taggg CaCa 
1201 acCaaat Caa 
1251 titcCatcaaa 
1301 CCtCg agaaa 
1351 CQ gag CttCt 
14 Ol t cacaaatda 
1451 toctojaggat. 
1501 atgcctgcat 
1551 agagacgaag 
1601 g toaggatac 
1651 ttittgctittg 
1701 g g Caacatta 
1751 cittgtttcta 

SEQ ID NO:43 
Amino Aci 

l mktiials yi 
51 evtnatelvd 

101 dilfverskay 
151 tssackrgsin 
201 p.stdisddisl 
251 tiVkpgdill 
301 indsipndkpf 
351 iagfiengwe 
401 iektnekfhd. 
451 hitidltd sem 
5 Ol tydhdvyrde 
551 imwacckgni 
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ggggata att 
tatotctggit 
acgCtgtgcC 
aat CaCCaat 
gtt CCt CalaC 
gaaaactgca 
Ctt CCaaaat 

gCala Ct9tta 
gttgcct cat 
tggagtcgct 
aaagtttctt 
C Cag CaCtga 
catttggggg 
atgCtCaag C 
aCtgta at CC 
Cagaataag C 
ttaa.cagoaC 
agtgggaaaa 
ttctgaatgc 
aaaatgtaaa 
aa CaCtCtga 
tagagg Cata 
gaatggtgga 
CCaCaacCaC 
CCCC adaCl-C 
ttgaaaaaga 
tatgttgagg 
tgttgCCCtg 
acaaactott 
atgggcaatg 
agggit caatC 
Cattalaa Cala 
aaagattgga 
tgttgttittg 
g9tgCaaCat 
Ct 

lclvfadklp 
ss stgriccids 
snCypydVpd 
ksffsrlnwill 
yadas grVtV 
instgnliap 
CInVnrityCa 
gmvdgwygfr 
iekefseveg 
nklifertkko 
alninrfoikg 
rCnici 

Figure 1 

Cattala CCa 
tittcqctcaa 
tgggg cacca 
gaCCaaattg 
agg tagaata 
Cactaataga 
aaggaatggg 
CCC titat gat 
CCCCCaCact 
Cagaatggaa 
tag tagattg 
acgtgacitat 
gttct coacc 
at CaCCC aga 
CQaat at Cgg 
atctattgga 
aggga at Cta 
gCtcaataat 
at CactCCaa 
caggat.caca 
aattgg Caac 
titCGCCg Cad 
Cogttgg tac 
Cagat Cittaa 
a.a. taggittaa 
attct Cagaa 
a Cactaaaat 

CagaaCCaaC 
tdaaagaa.ca 
gttgtttcaa 
agaaatggaa 
CC ggitt C Cag 
to citatgg at 
Ctggggitt Ca 
ttgCatttga 

gndinstatlic 
phOildgenc 
yaslrslVas 
hdlkykypal 
stkrsddtvi 
rgyfkir Sgk 
cpryvkontl 
honsegtgca 
riddlekyVe 
lirenaedmgn 
Velksgykdw 

tgaaga Citat 
aaact tcCCC 
tgcagtgtca 
aagttgaCtaa 
tgCga CagtC 
tgctictattg 
accttitttgt 
gtgCCggatt 
gdagtttaac 
caagctctgc 
aattggttgc 
gC Calaa Caat 
Coagtacgga 
gtcacagtict 
at Ctaga CCC 
Caatagtaaa 
attgctcCtc 
gaggtoagat 
atggaag Cat 
tatggggcct 
agg CatCCCC 
tcgCgggittt 
ggttt Cagg C 
aag CaCtCaa 
tCgagada a C 
CtagaaCCCa 
agatctotgg 
at a Caattga 
aagaa.gcaac 
aatataCCaC 
cittatgacca 
at Calaaggtg 
titcctittgcc 
tcatCtgggC 
gtgCatta at 

lighhavsngt 
tlidalligdp 
sgtlefinnes 
nvitmpnnekf 
pnigsrpWVr 
ssimirs Capi 
klatomirnvp 
adlkstoaai 
dtkidlWSyn 
gcfkiyhkcd 
ilWis faisc 

US 2009/017.5908A1 

Entire molecule length: 1762 bp 

cattgctittg 
galaatga Caa 
aacggaacgc 
tgCtaCtgag 
CtCaCCalaat 

ggaga CCCtc 
tgaaCg Cagc 
at CCCCCCt 
aatgaaagct 
ttgcaaaagg 
aCCaattaaa 
gaaaaatttg 
CagtgacCaa 
CtaCCaaaag 
tgggta aggg 
a CC gggaga C 
ggggittaCtt 
gCaCC Cattg 
to CCaatigac 
gtoccagata 
aatgtaCCaC 
Catagada at 
at Caaaattic 

gCag Caat Ca 
CaldCC add a 
gaatt Cagga 
togtacaacg 
tCtala CtgaC 
tdagggaaaa. 
aaatgttgaca 
tgatgtatac 
ttgagctogaa 
at atcatgct 
CtCCCaaaaa 
taaaaa CaCC 

d Sequence of ca A/Panama/2007/99 H3 Entire molecule length: 566 aa 

lvktitndoli 
hccidgfonkew 
fnwtgVaging 
dklyiwgvlh 
gVSS risiyW 
gkCnseCitp 
ekctrcifica 
nding kilnirl 
aellValend 
nacigsiring 
fill cV villgf 
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Figure 1.J. 

US 2009/017.5908A1 

ataaCCattg 
gCaaatagcC 
aatgcaactic 
atagaaagaa 
Caaggaaala 
aatgtaaaat 
Ctttcc.gctg 
CC at CCtCaC 
a Cala CaCC Ca 
Ctattgatga 
gtgtatag Ca 
atgtttgttgt 
CatCCCaCaC 
CaCCCaCCaC 
tgaCtgatgg 
CaCCaCCCCa 
tgtCCaCCaC 
CC agaga Cala 
aaggattata 
CaCaCCCaCa 
a Caatgalaga 
aatgaCCtgt 
tgaaacCttc 
agataaatag 
gg tattittct 
ggagttgata 
acagtattgt 
tCCCCtCatC 
tittagaaaaa 

ecnsppnindV 
qckitgfapf 
nnrhs.ndtvh 
hvcvtghden 
mtdgs as gra 
CrdnwkgSnir 
nine egghg Vik 
CinroViVer 
nsiv Vfcgts 

SEQ ID NO:10 
Nucleotide Sequence of ca A/Panama/2007/99 N2 Entire molecule length: 1466 bp 

l agCaaaag Ca ggagtaaaga tigaat CCaaa toaaaagata 
51 gCtctgtttC totcactatt gccacaatat gct tcc titat 

101 atcCtggtaa citactgtaac attgcatttic aag caatatg 
151 ccccccaaac aaccaagtaa toctgttgttga accaacaata 
201 a Catalacaga gatagtgitat CtgaCCaaca CCaCCataga 
251 to CCC caaac tag Cagaata Cagaaattgg toaaag CCCC 
301 tacaggattit gcacct ttitt Ctalaggataa ttcaatticgg 
351 gtggggaCat ttgggtgaCa agaga a CCtt atgttgtcatg 
401 aagttgttatC aatttg CCCt toga Cagggia a Caa CaCtaa 
451 ttcaaatgac acagta catg a tagg accCC titatcqalacc 
5 O1 atgagttggg togttcCattt catttgggaa ccaa.gcaagt 
551 togtocagct Caagttgtca cqatggaaaa gcatggctgc 
601 aaCtggg Cat gatgaaaatg CaaCtgCtag Ctt Cattta C 
651 ttgtagatag tattggttca togtocaaaa aaatcCtcag 
701 toggaatgcg tttgtat caa togaacttgt acagtag taa 
751 gagtgct tca ggaagagctg. atactaaaat acttitt catt 
801 aaatcgttca tactag Caaa ttgtcaggaa gtgct Cag Ca 
851 to citcctgtt atcctogata toctggtgtc. agatgtgtct 
901 CtggaaaggC to CaataggC CCatCG taga tataaatgta 
951 gCattgtttC Cagittatgtg to CtcaggaC ttgttggaga 

1 OO1 aaaaacga Ca gCtcCag Cag tag CCattgC Ctggat CCta 
1051 agggggtCat gCagtgaaag gCtgggCCtt to atgatgga 
11 Ol ggatgggaag aaCCat Cag C gagaagtCaC gCtCaggitta 
1151 aaggtoattg aaggctggtC caaacCtaac tocaaattgc 
12 Ol gCaagtCata gttgaaagag gtaatatgtc. CCCttatt Ct 
1251 ctgttgaagg caaaagctgc atcaatcggit gctitt tatgt 
1301 aggggaagga aa Caggaala C talagt citgg toga CCt Caa 
1351 totgttttgt gg Cacct Cag gta Catatgg aa Caggct Ca 
14 Ol ggCCC gaCat Caatct Catg Cctatataag Cttt Cocaat 
1451 acticcittgtt totact 

SEQ ID NO:44 
Amino Acid Sequence of ca A/Panama/2007/99 N2 Entire molecule length: 469 aa 

1 minpnd kiiti g sv siltiati cfilmdialilv ttvtlhfkoy 
51 mlceptilier nitelivyltn ttiekeicpk laeyrnwskip 

101 skidnsirlsa ggdiwVtrep y Viscopdkcy dfalgogttl 
151 dirtpyrtillm. nelg Vpfhlg tkovciawss ss chdgkawl 
201 atasfiydgr lvdsigswisk kilrtdesec VcingtotVV 
251 dtkilfieeg kivht skillsg sachVeecsc yprypg Vir CV 
301 pivodinvkdy silvssy Vcs.g. lvgdtpriknd ssssshclop 
351 g WafddgndV Wmgrtiseks rsgyetfkvil egwskpinskl 
401 gnmsgysgif sveglks cinr cfy Velirgr kdetev WWts 
451 gttygtgswpd gadinlimpi 
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SEQ ID NO:11 
ca A/Wyoming/03/2003 

Nucleotide Sequence of ca A/Wyoming/03/2003 H3 Entire molecule length: 1762 bp 
L agcaaaag.ca 

51 agctacattc 
l Ol CaCCaCCCCa 
151 tagtgaaaac 
2O1 Ctggttcaga 
251 CCttgatgga 
3O1 agtgttgatgg 
351 aaag CCtaca 
4 Ol taggit cacta 
451 toaattgggc 
5O1 agatctaata 
551 atacaaatac 
6O1 acaa attgta 
651 at Cag CCtat 
701 aag CCaacaa 
751 atatCtcCag 
801 atacttittga 
851 Caaaatacga 
901 g caaatgcaa. 
951 aaacCattitc 

1001 tittaa.gcaa. 
1051 agaaacaaac 
1101 g gttgggagg 
1151 to agg gCaCa 
1201 acCaaat Caa 
1251 ttCcatcaga 
1301 cctdgagaaa 
1351 cqgagcttct 
1401 tdagaaatga 
1451 to Ctgaggat 
1501 atgcctgcat 
1551 agagatgaag 
1601 g toaggatac 
1651 ttittgctittg 
1701 ggcaa.catta 
1751 cittgttcta 

SEQ ID NO:45 
Amino Aci 

1 IIlktiials yi 
51 eV tinatel VC 

101 dilfverskay 
151 tssackirrsin 
201 pV tds doiSl 
251 tiVkpgdill 
301 ngsipndkpf 
351 iagfieng We 
401 igktnekfhd. 
A51 hitidltdSem 
501 tydhdvyrde 
551 imwacdkgni 
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goggataatt 
tatdtctggit 
acgctdtcCC 
aatcacgaat 
gttcCtcaac 
gaaaaCtgCa 
CttCCaaaat 
gcaactgtta 
gttgcct cat 
tggagtCaCt 
aaagtttctt 
C Cag Cattga 
Catttggggg 
atgCt Caag C 
aCtgtadt CC 
Cagaataag C 
ttala Cag CaC 
agtgggaaad 
titCtgaatgC 
aaaatgtada 
da CaCtCtga 
a CaCC Cala 

gaatggtgga 
CCaCadCCaC 
CCC adaCl-C 
titgaaaaaga 
tatgttgagg 
tgttgCCCtg 
acaaactgtt 
atggg Caatg 
agagtcaatc 
Cattalaa Caa 
aaagattgga 
tgttgctittg 
ggtgcaaCat 
Ct. 

lCl Vfsqklp 
ss stggiCds 
SICypydVpd 
ks ffsrlnwill 
yagas grit V 
instignliap 
CInVnrityga 
gmVdgwygfr 
iekefseveg 
nklifertkko 
alninrfcikg 
rCnici 

Figure 1 K 

Ct attalacca 
tittctictoala 

ttggg Cacca 
gaccalaattg 
aggtggaata 
Cactaataga 
aagaaatggg 
ccct tatgat 
CCgg CaCaCt 
Cagaatggala 
tagtag attg 
acgtgacitat 
gtt CaCCaCC 
at Caggalaga 
CQaat at C9g 
at Ct attgga 
aggadat Cta 
gCt Calata at 
at CaCt CCala 
Caggat CaCa 
dattgg CaaC 
tittggCC Cala 
C99ttg'gtaC 
Cagat Ct. Cala 
aataggittaa 
attctdagaa 
aCaCtaaaat 
gaaaaCCaaC 
tgaaagaa Ca 
gttgtttcaa 
agalaatggala 
CCggttcCag 
to Ctatggat 
ttggggttca 
ttgcatttga 

gnon StatlC 
phOildgen C 
yaslr slVas 
thlkykypal 
stkr SCCtWi 
rgyfkirsgk 
cpry Vkontl 
honsegtgCa 
riddlekyVe 
lirenaedmgn 
Velksgykdw 

tgaaga Citat 
aag Ctt CCCC 
tgcagtacca 
aagttactaa 
tgcgacagtic 
tgctictattg 
accttitttgt 
gtgcCggatt 
ggagtttaac 
Caag Ctctgc 
aattggttga 
gC Calaa Caat 
Cggitta C9ga 
at CaCagt Cit 
a tataga CCC 
Caat agtada 
attgctcctic 
gag at Cagat 
atggaag Cat 
tatgggg CCt 
agg gatgCQa 
tCCCC gC titt 
99ttt Cagg C 
aag CaCt Caa 
tCgg CaaaaC 
Ctaga aggCa 
agat CtCtgg 
atacaattga 
aagaag CaaC 
aatataCCaC 
CttatgacCa 
at Calaaggtg 
titcCtttgcc 
tdatgtgggc 
gtgcattaat 

lighthaVpngt 
tlidall gCp 
Sgtlefinnes 
nvitInpnnekf 
pnigyrprVr 
s simirs diapi 
klatgmirnVp 
adlkstcaai 
dtkidlWsyn 
gcfkiyhkcd 
ilWis fais C 
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cattgctitta 
gaaatgacaa 
aacggaacga. 
tgct acticag 
CtcatCagat 
ggaga CCCtc 
tgaa CCC agC 
atgcct CCCt 
aatgaaag Cit 
ttgCaaaagg 
CCCaCttaala 
gaaaaatttg 
CagtgaCCaa 
CtaCCaaaag 
agggta aggg 
a CCCCCaCaC 
ggggittaCtt 
gCaCCC attg 
tCCCaatgaC 
gtCCCagata 
aatgtaCCag 
Catagaalaat 
at CaaaattC 
gCaCCaat Ca 
aaaCCaCaaa. 
gaatt Cagga 
tcata CaaCC 
totaactgac 
tgagggaaaa. 
aaatgttgaCa 
tgatgtataC 
titgag Citgaa 
at atcatgtt 
CtgCCaaaaa. 
taaaaa CaCC 

d Sequence of ca A/Wyoming/03/2003 H3Entire molecule length: 566 aa 
iViktitndci 
CCCg fonkkW 
fI). WagV tong 
dklyiwg Vhh 
diss risiyW 
gkCIlse Citp 
ekdtrgifga 
nGingklnirl 
aell Valend 
naciesirng 
fillcvallgf 



Patent Application Publication 

SEQ ID NO:12 
Nucleotide Sequence of ca A/Wyoming/03/2003 N2 

CCaC taalaga 
CCtCaCCatt 
CtaCtgtaaC 
aaCCaagtga 
gatagtgitat 
tag Cagaata 
gcaccitttitt 
CtCCC, tCaCa 
aatttgccct 
a Caglia CatC 

CCaClgaaag 
aacgat Cag C 
aaCCCtCC, tC 
gttgacagag 
Caaaag Ctgc 
aa Caggaala C 

CCCaCCtCaC 
CaatCtcatg 
tt Ctact 

Figure 1L 

tgaatcCaaa 
tCCaCaatat 
attgcatttic 
tgCtgttgttga 
CtgaCCaaca 
CagaaattCC 
Ctalagga Caa 
agagaaCCtt 
tCCaCaCCC a 
a tagga CCCC 
CatCtCCCC a 
CCatCCaaaa 
Caactgctag 
tggtCCaaaa 
tggaaCttgt 
a taCtaaaat 

titat Caggaa 
tCCtggtgtC 
CCatcqtaga 
tgct CaggaC 
taCCC attcC 
gCtgCCC att 
gagaagttaC 
Caa CCCtaaC 
gtaa Cagg to 
at Caatcggit 
tgaagtCttg 
gta Catatgg 
CCtatataag 
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Entire molecule length: 1467 bp 

tCaaaagata 
gcttct tcat 
aag Caatatg 
aCCaa Calata 
CCaCCataga 
tCaaag CCCC 
titcg attcgg 
atgtgtcatg 
aCaa CaCtaa 

titatCC gaCC 
CCaag Caagt 
CCatCCCtCC 
Ctt CatttaC 
aaatccticag 
a Cagtagtaa 
actatt catt 

gtgct Cagca 
agatgtgtct 
tatalaa Cata 

US 2009/017.5908A1 

taacgattg 
CaaattgCC 
a. t t C a. a C t C 
tagaaagaa 
aggaaata 
tgtaaCat 
tittcc.gctg 

a. 

g 
tattgatga 
tgCataCOa 
totttgtct 

aatCCCaCCC 
gaCC Caggag 
tgaCtCatCC 
CaCCaCCCC a 
tgtCCaCCaC 
CC agaga Caa 
aaggattata 
CaCaCCC aga 
aCaatCaCCa 
aatgacgtgt 
tgaaacct tc 
agataaatag 
gg tattittct 
CCaCttCata 
a Cagtattgt 
tggCCtgatg 
tittagaaaaa 

Amino Acid Sequence of ca A/Wyoming/03/2003 N2Entire molecule length: 469 aa 

| agCaaaag Ca 
51 gCtctgtttic 

101 at CCtgataa 
151 CCCCCCaaac 
201 a Catalacaga 
251 to CCCCaaac 
301 tacaggattit 
351 gtggggaCat 
401 aagtgttatC 
451 ttcaaatgac 
501 atgagttggg 
551 togtocagct 
601 aacgggggat 
651 ttgtagatag 
701 to agaatgcg 
751 gagtgct tca 
801 aaattgttca 
851 to citcctgtt 
901 CtggaaaggC 
951 gCattgtttic 

1001 aaaaaCCaCa 
1051 aggtggtCat 
1101 ggatgggaag 
1151 aaagtCattg 
1201 gcaagt cata 
1251 Ctgttgaagg 
1301 aggggaagaa 
1351 totgttttgt 
1401 g g gCC gaCat 
1451 aactCcttgt 

SEQ ID NO:46 

1 minpnd kiiti 
51 mlceptilier 

101 skidnsirlsa 
151 dirtpyrtillm 
201 atas fiyingr 
251 dtkilfieeg 
301 piVClinikdy 
351 g wafddgndv 
401 gnrsgys gif 
451 gtygtgsWpd 

gs vs.ltisti 
nitei Vyltn. 
ggdiwVtrep 
nelg Vpfhlg 
lvdsiivswsk 
kivhtstillsg 
siVssy VCsg 
Wmgrtisekl 
svegks cinr 
gadinlimpi 

cffmcialili 
ttieke icpk 
y Viscopdkcy 
tkovciaWss 
kilrtciesec 
sadhveecsc 
lVgCdtprKIld 
rsgyetfkvi 
cfy Velirgr 

ttvtlhfkoy 
laeyrnwskp 
Cfalgogttl 
ss chdgkawl 
vicingtotv V 
yprypg VircV 
sssssh Cldp 
egWsnpnskl 
kdetevlwts 

efnsppnindV 
CCnitgif apf 
nn Vihsndtvh 
hvcVitgdden 
mtdgs asgka 
cronwkg snr. 
Illneegghg Vk 
dinrovivdir 
insivVfcgts 
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SEQ ID NO:13 
ca. A? Texas/36/91 
Nucleotide Sequence of ca A/Texas/36/91 H1 

L a CaaaaCCa 
51 gtCCtgttat 

101 ctaccatgcg 
151 acgtgaCagt 
201 aaactatotic 
251 COttgCCgga 
301 aggaatcatg 
351 tottacccag 
401 titcagtatica 
451 gg.cccalacca 
501 g g gaaaag Ca 
551 cittgtaccca 
601 toctitg tact 
651 gocatctato 
701 tag Cagaaga 
751 aagaaggaag 
801 ataatatttg 
851 actgagtaga 
901 atgaatgtga 
951 Ctt CCttt CC 

lOOl titCaggagt 
1051 CC attcaatc 
1101 g g g toga Citg 
1151 acaaggatct 
1201 acgggattac 
1251 ttcacagcto 
1301 Cttaaataaa 

1351 cadaattott 
1401 to aaatgttga 
1451 to CCaaagaa 
1501 atgaatgcat 
1551 to cqaagaat 
1601 at Caatggga 
1651 cactggtgct 
1701 aatgggtc.tt 
1751 tataagaaaa 

SEQ ID NO:47 
Amino Aci 

1 mikakll Willic 
51 edishing klcr 

101 npengtCypg 
151 tscshing kiss 
201 nigdoraiyh. 
251 lepgdtiife 
301 gains slipfo 
351 agfieggwtg 
401 ekmintoftav 
451 tildfhd snivk 
5O1 ydypkysees 
551 sfwmcsingsl 
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CCCC aaaata 
gtgCattta C 
aa Cala CtCaa 
gaCaCaCtCt 
gaCtaaaggg 
tggat Cttag 
gtoctacatt 
gCtattitcqc 
tCatt Coaga 
CaCCC tala CC 
gttitt la Cag 
aatgtgag Ca 
atggggtgtt 
atacagaaaa 
ttcaccc.cag 
aattalacta C 
a CCCaaatgc 
ggCtttgggit 
CCCCaagtgt 
a gaatgta Ca 
a Caaaattaa 
Cagaggtttg 
gaatgataga 
ggCtatgCtg 
aaa Caaggtg 
tCCCC aaaga 
aaagttgatg 
gottctactd 
agaatctgta 
a tag CCaaCC 
ggaaagttgttg 
Caaagttaaa 
gtCtatCaga 
tittggtotcc 
tgCagtgtag 
aacacCCttg 

d Sequence o?ca A/Texas/36/91 H1 

aftatyadti 
likgiapl Clg 
yfadyeelire 
fyrnllwltk 
tenay vs VVs 
angniliapWy 
nWhpV tigec 
midgwygyhh 
gkefnklerr 
inlyekVksql 
kilnrg Kidgv 
GCriCi 

Figure 1M 

aad a Cala C Ca 

agClaCat at 
CCCaCaCtgt 
gtCaaCCtaC 
aatago CC Ca 
gaaacCCaaa 
gCagaala CaC 

CCaCtat CaC 
gatt CQaaat 
aaaggagtaa 
ala atttgCta 
agtCctatgt 
catcaccc.gt 
tgct tatgtc 
aaatagcaaa 
tactgg actic 
aalactaata 
Caggaatcat. 
Cada. Ca CCCC 

CCC agt Ca Ca 
ggatggittaC 
tittggag CCa 
tggatggitat 
CggaCCaaaa 
aattctgtaa 
att Caa Caaa 
atggatttct 
Caaaatgcaa. 
tgagaaagta 
ggtgttittga 
aaaaatggala 
CaCCCC aaaa. 
tt CtggCC at 
Ctggggg Caa 
aatatgcatc 
titt Ctact 

cigyhannst 
nCSVag Wilg 
ClssVssfer 
kinglypnvsk 
shy sirr ftpe 
a falsrgfgs 
pkyVirst klir 
On edgsgyaa 
men linkkVdd 
knnakeigng 
killesmg Vydi 

US 2009/017.5908A1 

Entire molecule length: 1778 bp 

aaatgaaag C 
C Caga CaCaa 
tgaCa Cagta 
ttgaggaCag 
Ctacaattgg 
atgCgaat Ca 
CaaacCCtga 
CaaCtCaCCC 
attic cocaala 

CCaCat Catg 
tggCtgaCQa 
a da Casa Calad 

CtaaCatagg 
tctgtagtgt 
aaga CCCaaa 
tgctggaacC 
CCCCCatCCt 
Cacct Caaac 

agg gag Citat 
a tagga gag t 
a CCaCtalag C 
tug CCCC titt 
ggittatcatc 
aag CaCaCaa 
tcgagaaaat 
ttagaaagaa 
gga Catttgg 
CCaCttitcCa 
aaaag CCaat 
att Citat CaC 
CltatgaCta 
attgatggag 
Ctact Caact 
tcagcttctg 
tgagaCCaga 

Ctvdtvlekn 
npkceslfsk 
feifokessW 
syvnnkekev 
iakirpkVrdo 
giits nasmd 
mVtolrnips 
dok.stdnain 
gfldiwtyna 
cfefyhkcnn. 
laiystvass 

aaaaCta Cita 
tatgtatagg 
Cttgaga aga 
tCaCaacgga 
gtaattig Cag 
ctgttittcta 
gaatggala Ca 
aCCaatt CaC 
gaaagct Cat 
CtCCCataat 
agaagaatgg 
CaCaala Caag 
ggaCCaaagg 
Ctt CaCatta 
gtaagagatC 
CGgQgaCaCa 
atgctitt coc 
gCatcaatgg 
alaa Cagtagt 
gtC Caaagta 
aa CatCCC at 
Cattgaaggg 
at Cagaatga 
aatgCCatta 
gala CaCt Caa 
CC at CCaaaa 
acatataatg 
ttittcatCac 
tgaagaataa 
aagttgta a Ca 
tCC aaaat at 
tgaaattgga 
gtCCCCagtt 
gatgtgttct 
attt Cagaaa 

Entire molecule length: 566 aa 

vtwith Swn 
esWsyiaetp 
pnhtvtkgvt 
lvlwgvhhps 
egrinyyWtl 
ecdakcdtpd 
iCSrClfcai 
gitnk Vinsvil 
ellvillengr 
eCInes Vikingt 
lVillVSlgai 
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SEQ ID NO:14 
Nucleotide Sequence of ca A/Texas/36/91 N1 Entire molecule length: 1463 bp 

l ag Caaaag Ca ggagtttalaa atgaat C Caa at Caaaaaat aataat Cata 
51 ggat Caatca gitatggcaat CG gaataatt agtCtaatat to Caaatagg 

101 aaat attatt to aatatggg Ctag CCaCtC aat CCaala Ct gCaagt Caaa 
151 a CCaCaCtgg aatatgcaac Caaagaatca tta Catatga aaatagda CC 
201 toggtgaat C aaa Catatgt taat attaa C aa Cactaatg ttgttgctgg 
251 aaagga Caala act tcagtga CattggCCgg CaattCatct CtttgcCCta 
301 to CG toggtg gQCtatata C a Caaaaga Ca a CagCataag aattggitt CC 
351 aaaggagatg ttitttgtcat aaga gag cct tittatat cat gttct cactt 
4 Ol gCaatig Caga a CCttttitt C to a CCCaagg to Ct Ct atta aatga Caag C 
451 attcaaatgg gaccottaag gacagaagcc cittatagggc Cittaatgagc 
501 totCct Ctag gtgaag CtCC gttct coatac aattcaagat ttgaat Cagt 
551 to Cttggtca gcaag.cgcat gccatgatgg catgggctgg Ctaacaatcg 
6O1 gaattt Ctgg to Cagataat gcagoagtgg Ctgtactaaa atacaacggC 
651 ataataaCtg aaaCCatalaa aagttggaag aag CQaat at taagaaCaCa 
701 agagt Citgaa totgtctgtg tdaacggttc atgttitta CC ataatga CCC 
751 atggCCCgag taatgggg CC gCCtcCta Ca gaat Ctt Caa aat CG agaag 
8O1 gogalaggitta Ctaaat Caat a gagttggat gCaCCCaatt at Cattacga 
851 ggaatgtt CC totta CCCag a CaCCCCCaC agtgatgtgt gtgtgCaggg 
901 a Caattgg Ca CG gttcaaat CCaCCttggg tot Cttittaa toaaaaCCtg 
951 gattat Caala taggata Cat CtgCagtggg gtgtt CCC, tC a Caat CCCCC 

1 OO1 to CCaaagat ggaga agg Ca gCtgta at CC agtgaCtgtt gatggag Cag 
lO51 a CCC agtaala ggggttitt Ca taCagatatg gtaatggtgt ttggatagga 
1101 aggaCtaaaa gtaa CagaCt Cagaaaggga tittgagatga tittgggat CC 
1151 taatggatgg a Cagata CCC a Cagtgattt CtCtgttgaaa Caggatgtcg 
1201 tog Caatga C to attggtCa ggg tacagog gaagttt Cot tdaa CatCct 
1251 gagcta acag gattgg actg. tatgaga Cct tcct tctggg ttgaattaat 
1301 Cagaggg.cga CCtagagaaa at a Caacaat CtggaCtagt gg gag cag Ca 
1351 titt Ctttittg togcgtaaat agcgatactg caaactggtC ttggccagac 
1401 g g to CCgagt toccatt CaC cattga Caag tagtCCCttg aaaaaaaact 
1451 ccttgtttct act 

SEQ ID NO:48 
Amino Acid Sequence of ca A/Texas/36/91 N1 Entire molecule length: 470 aa 

1 minpnckiiii g sisma igii slil dignii siwashsidt g sonhtgiCn 
51 Criityenst WVindty Vinin intnVVagkdk tsvitlagniss licpirgWaiy 

101 tkdnsirigs kgdvfvirep fiscshlecr tifflitogall ndkhsngtvk. 
151 drspyr alms Cpl geap spy nsr fesVaws as achdgmgW litigisgpdn 
201 gavavlkyng iitetikswk krilrtcese cVic Vngs cft imtdgpsinga 
251 asy rifkiek gkVtkisield apnyhyeecs cypdtgtVmc VCrdnWhig sn 
301 rpwVs findnil dydigyicsg Vfgdnprpkid gegscnpvt V dgadgvkgfs 
351 yryging VWig rtksnirlrkg femiwdpngW tdtdsdfsvk didVVamtdws 
401 gysgsfvdhp eltgldcmrp cfwVelirgr prentti wits gssis fog Vn 
451 sctanwswpd gaelpf tidk 
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SEQ ID NO:15 
cal A/Shenzhen/227/95 
Nucleotide Sequence of ca A/Shenzhen/227/95 H1 
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aaaaCtaCta 
tatgtatagg 
Cttgagaaga 
tCaCaaCgga 
gtaattgcag 
Ctgttitt Cta 
gaatggala Ca 
ag Caattgag 
Calaa CCtcat 
CtCCCataat 
aaaagaatgg 
Cagaaagaag 
ggaCCaaagg 
CttCdCatta 
gtaag aggto 
Cgggga CaCa 
acqcttitcqc 
gCat Caatgg 
aaaCagtagt 
gtCCCaagta 
aa CatCCC at 

Catt gadggg 
atcagaatga 
aatgccattg 
CaaCaCtCaa 
ggatggaaaa 
a Catataatg 
ttitt catgac 
tgaagaataa 
adgtig tad Ca 
to Caaaatat 
tgaaattgga 
gtcqccactt 
gatgtgttct 

Figure 10 

gtCctdttgt 
CtaCCatgCC 
acgtgaCagt 
aaactatgcc 
cgttgcc.gga 
agga at Catg 
tgtta CC Cag 
cticagtatica 
CCCC Caaa Ca 
CCCaaaaCCa 
Cttgtaccca 
to cittgtact 
gccatctato 
tag Cagdaga 
ala Caag CCaC 
ataatatttg 
aCtCactaga 
gtgaatgtga 
CttCCttt CC 
tgtCaggagt 
CCatt CaatC 

gggtggaCtg 
a Caaggat Ct 
atgggattac 
ttcacaocto 
Cttaaataag 
Cagagttgtt 
tCaaatgtga 
tgccaaagaa 
atgaatgCat 
tcCgaagaat 
at Caatggga 
CaCtCC, tCCt 
aatgggtCtt 

gtocatttac 
aa CaaCt Caa 
gacacactict 
gaCtaaaagg 
tggat.ct tag 
gtCCtaCatt 
gg tattitcgc 
to attcgaga 
CaCCCtaaCC 
gtttitta caa 
aatctgag Ca 
atggggtgtt 
ata Cagaaaa 
tt CaCCCCag 
aattalactaC 
agg Caaatgg 
gCctittggct 
CCCtaagttct 
agaatgtaCa 
aCaaaattaa 
tag aggtttg 
gaatgataga 
gCC tatgctg 
aaa Calaggtg 
tagg CaaaCa 
aaagttgatg 
ggttctocto 
agaat Ctgta 
at CCC gaaCC 
ggaaagttgttg 
caaagttaaa 
gtctatoaga 
tittggtotcc 
tgCagtgta 

US 2009/017.5908A1 

Entire molecule length: 1689 bp 

a CCta Catat 
CCCaCaCtgt 
gtcaacctac 
aaCag CCCCa 
gaaacCC aga 

CCdCadd CaC 
CCaCtatgag 
gatticgaaat 
aaagg actCa 
aaatttgcta 
agticcitatgt 
catcacccgt. 
tgctitatgtc. 
add tag Cadd 
taCtggaCtC 
aaatctaata 

CaCCaat Cat 
Calaa CaCCCC 

CCC agtCaCa 
ggatggittaC 
tittggagcca 
tggatggitat 
CagaCCaaaa 
aattctgtaa 
att CaaCaaa 
atggatttct 
gaaaatggaa 
tgagaaagta 
ggtgttittga 
adddatggad 
Cagggaaaaa 
ttctgg.cg at 
CtCCCCC Caa 

Amino Acid Sequence of ca A/Shenzhen/227/95 H1 Entire molecule length: 562 aa 

1 aaatcaaa CC 
51 gCagaCaCaa 

101 to a CaCagta 
151 ttgaggaCag 
201 ctacaattgg 
251 atgCga at Ca 
301 caaaccotga 
351 galactgaggg 
401 attcc.ccaac 
451 cqg catcatg 
501 to CCtgaCCC 
551 aaacaacaag 
601 ctaa.ca tagg 
651 totgtag tot 
701 aag accoaaa 
751 toctdgaacc 
801 gcc.ccatogt 
851 Cacct Calacc 
901 aaggagctat 
951 ataggagagt 

1001 agg actaaga 
1051 ttgCCggittt 
1101 ggittatcatc 
1151 aag cacacaa 
1201 to Cagaaaat 
1251 t tagagagaa 
1301 gga catttgg 
1351 ggactittggg 
14 O1 aaaaac Caat 
1451 attctatcac 
1501 ctitatgacta 
1551 attgatggag 
1601 Ctact Caact 
1651 toagtttctg 

SEQ ID NO:49 

1 mikakll Villic 
51 edishngklcr 

101. Ilpengt Cypg 
151 ascshing kiss 
201 nigdoraiyh 
251 lepodtiife 
301 gains slipfo 
351 agfieggwtg 
401 ekmintoftav 
451 tilgfhd snivk 
501 ydypky sees 
551 sfwmcsingsl 

aftatyaditi 
lkgtaplolg 
y fadyeelire 
fyknllwlte 
tenay vs V vs 
angniliapWy 
nvhpVtigec 
midgwygyhh 
gkefnklerr 
nlyekvkncil 
kilnrekidgW 
CC 

cigyhannst 
nicsvagwilg 
ClssVssfer 
kinglypnlisk 
shysrriftpe 
a falsrc fos 
pkyVirst klir 
Cineqgsgyaa 
men linkkVdd 
knnakeigng 
kles Ing VyCi 

dtvdtvlekn 
npeceslfsk 
feifpkes SW 
syvnnkekev 
iakirpkVirgic 
giits tasmd 
mvitglrnips 
dckstonaid 
gfldiwtyna 
cfefyhkcnn. 
laiyst Vass 

vtwith Swn 
esWsyiaetp 
pkhtVitkg Vt 
lvlwgvhhips 
egrinyyWtl 
eccakcCtpd 
iCSrglfgai 
gitnikvns Vi 
ellvillengr 
ecimes Vikingt 
lVillV slgai 
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Figure 1P 
SEQ ID NO:16 
Nucleotide Sequence of ca A/Shenzhen/227/95N1 Entire molecule length: 1447 bp 

1 agcaaaag Ca ggagtttalaa atgaat CCaa at Caaaaaat aataaCCatt 
51 ggat Caat Ca gtattgCalat tdgaataatt agtCtgat at to Caaatagg 

101 aaat attatt tdaatatggg ctagocactic aatccaaact ggaagttcaaa 
151 accacactgg aatatgcaac caaagaatca ttacatatga aaatag cacc 
2O1 togg taaatc aaa Catatgt taat attaac alacactaatg ttgttgctgg 
251 aaaggaCaaa a CCtCaatga CattggCCgg Caatt Catct CtttgCCCta 
301 to Cdtgcatc goctatatac acaaaaga Ca acagoataag aattggitt CC 
351 aaaggagatg ttitttgtcat aaga gag cct tittatatcat gttcticactt 
4 Ol ggaatgcaga a CCttttitt C to a CCCaagg to Ct Ct atta aatga Caag C 
451 att Caaatgg gaCCgttalag gaCagaag CC CttatagggC Cttaatgag C 
501 totCctic tag gtgaagctCc gttcticcatac aattcaag at ttgaat cagt 
551 to CttggtCa gCaag CdCat gCCatgatgg Cttggg Ctgg Ctaa CaatCG 
601 gaattitCtgg to Cagataat gggg Cagtgg CtgtaCtaala at a CaacggC 
651 ataataaCtg aaaCCattaa aagttggaag aag CQaat at taagaaCaCa 
701 agagtctgaa totgttctgta toaacggttc atgttt tacc ataatgaccg 
751 atgg CCC gag taatgggg CC gCatCcta Ca gaat Ctt Cala aat CC agaag 
8O1 gCC agagitta Ctaaat Caat a Cagttggat CCaCCCalatt at CattaCCa 
851 ggaatgttca totta CCCag a CaCCggCaC agtgatgttgt gtgtgCaggg 
901 a Caattgg Ca CG gttcaaat CCaCCttggg totCttittaa toaaaaCCtg 
951 gattatCaaa taggata Cat CtgCagtggg gtgttcggtg a Caat CCGC g 

1001 to CCaaagat gaga aggCa gCtgtaat CC agtgaCtgtt gatggag Cag 
1051 acggagtaaa gqggittitt Ca tacagatatg gtaatggtgt ttggatagga 
1101 aggaCtaaaa gta acagaCt Cagaaaggga tittgagatga tittgggat CC 
1151 taatggatgg acagataccg acagtgattt Ctcaatgaaa Caggatatog 
12 Ol tog Caatga C to attggtCa gCCta CagCC gaagttttgt tdaa Cat CCt 
1251 gag Citaa Cag gattggaCtg tatgaga CCt to Cttittggg ttgaat tagt 
1301 Cagaggg Cta CCtagaga aa at a Caa Caat CtggaCtagt gg gag Cag Ca 
1351 titt Ctttittg togcqtaaat agcq atactg caaactggtC ttggcCalgac 
1401 ggtgCCgagt to CCatt CaC CattgaCaag tagt CCCttg aaaaaaa 

SEQ ID NO:50 
Amino Acid Sequence of ca A/Shenzhen/227/95 N1 Entire molecule length: 470 aa 

1 minpnd kiiti gsisi aligii slil Cignii Siwashsidt gs CnhtgiCn 
51 Criityenst WVnCityVin.in ntnVVagkdlk tsmtlagniss licpirgWaiy 

101 tkdnsirigs kgdvf virep fiscshlecr tiffltogall ndkhsng tvk. 
151 drspy railms Cplgeap spy nsrfes Vaws as achdglgw litigisgpdn 
201 gavavlkyng iitetikswk krilrtcese CVCming scft imtdgpsinga 
251 asy rifkiek grVtksield apnyhyee Cs CypdtgtVmc VCrdnWhigsn 
301 rpWVs findnil dyCigyi csg V fgdnprpkd gegs CnpVit V dgadgVkgfs 
351 yryging VWig rtksnrilrkg femiwdpngw totdsdfsmk dclivamtdws 
401 gysgsfwchp elt gldcmrp cfwVelvirgil prenttiwits gssis ficg Vn 
451 scitanwswpd gaelpft idk 
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SEQ ID NO:17 
ca A/Beijing/262/95 
Nucleotide Sequence of ca. A/Beijing/262/95 H1 

51 
1 O1 
151 
2O1 
251 
3 O1 
351 
4O1 
45 
5 O1 
551 
6 OL 
651 
7 O1 
51 

8O1 
851 
9 O1 
951 

1 OO1 
1051 
11 O1 
1151 
12O1 
25 

13 O1 
1351 
14 Ol 
1451 
15 O1 
1551 
16O1 
1651 
17 O1 
1751. 

agcaaaag.ca 
gtcctgttat 
CtaccatcCC 
atgtgacagt 
aaactatgtc 
CgttgCCgga 
aggaat catg 
tgtta CCCag 
tt Cagt at Ca 
ggcc.caaaca 
aaaag Cagtt 
gta CC Calaat 
ttgtactato 
at Citat Cata 

CaCaagatt C 
aaggaagaat 
at atttgagg 
CaCtagagg C 
aatgtcatCC 
cotttccaga 
Caggagta Ca 
ttcaatcCag 
tgg actggaa 
aggat CtggC 
ggatta Caaa 
acagotgtgg 
aaataaaaaa 
aattgttggit 
aatgtgaaga 
Caaagaaata 
aatgCatgga 
gaagaatcaa 
aatgggagtC 
tggitt Cttitt 
gdotCtttgc 
aagaaaaaac 

SEQ ID NO:51 
Amino Aci 

1 O1 
15 
2O1 
251 
3OL 
351 
AO1 
A 5 L 
5 O1. 
551 

I mkakllvillc 
edshingklcl 
npengt Cypg 
scshing kissf 
igdoraiyht 
epgdtii fea 
ains slipfon 
gfiegg Witgm 
kIIIltofta Vg 
ldfhidsnivkin 
dypky seesk 
fWIILCsIngsld 
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CCCCaaaata 
gtacatttac 
aacaactCaa 
gacacactict 
taCtaaaagg 
tggat Cttag 
gtoctacatt 
gg tatttcgc 
tCatttgaga. 
Caccgtaa.ca 
titta Cagaaa 
Ctgag Calatt 
gggtgttcat 
CagaaaaCCC 
a CCCC agaaa. 
CalactaCtaC 
Caaatggaaa 
tittgggtcag 
gaagttctica a 
atgta CaccC 
aaatta agga 
aggitttgttt 
tgatggatgg 
tat gCtgCag 
talaggtgaat 
gcaaagaatt 
gttgatgatg 
tCtaCtgga a 
atctgitatga 
gCCala CCCCt. 
aagttgttgaaa. 
agittaa acag 
tat cagattic 
gClt CtCCCtg 
agtotagaat 
accotto titt 

d Sequence of ca A/Beijing/262/95 H1 

tfitatyaditi 
lkgiapl Clg 
yfadye elire 
yrnllwltek 
enay VSVVss 
ngnli apWya 
vhpvtigecp 
mdg Wygyhhd 
kefinkler rIn 
lyekviksdlk 
lnirekidgwk 
Cri Ci 

Figure 1Q 

aaaa CaaCCa 

agCtaCatat 
CCC acactict 
gtcaacctac 
aatagcCCCa 
gaala CCC aga 
gtagaga cac 
CgaCtatgag 
gatt CQalaat 
ggagta a CCC 
tttgctatgg 
CCtatgttgaa 
caccoat cita 
ttatgtctdt 
tag Caaaaag 
tgdactic to C 
totaatagog 
Caat Cat CaC 
a Cacct Cagg 
agticacaata 
tggitta Cagg 
CC accCattic 
gtgg tatggit 
at Caaaaaag 
tCtgtaattg 
Caacaa atta 

Cattt Citaga 
aatgaaagga 
gaaagtgaaa 
gttittgaatt 
aatggala Ctt 
ggagaaaatt 
tggCgatcta 
gggg Caat Ca 
atcCatctoa 
Ctact 

Cigyhannst 
ncSVagWilg 
Cliss Vssfer 
nglypnl sins 
hysrriftpei 
falls rg fgsg 
kyvrst klirm 
necCSgyaad 
enlinkkVddg 
nnakeigng C 
lesmg VyCil 

aaatgaaag C 
gCaga CaCaa 
to acacagta 
ttgagga Cag 
Cta Caattgg 
at gC gaat Ca 
caaaccotga 
CaaCtgaggg 
att CCCC ada 
catcatgctic 
Ctga CCC aga 
Cd a Cada CaC 
a Cataggoga 
gtag totCtt 
a CCC aaagta 
toga a CCCCC 
cCatgg tatg 
Ct CaaatgCa 
gagctataaa 
gCagagtgtc. 
aCtaaggaat 
CCCCttt Cat 
tlatcatCatc. 
CaCaCaaaat 
agaaaatgaa 
gaaagaagga 
Catttgga Ca 
Ctttggattit 
agcca attaa 
Ctaticacaag 
atga Citat CC 
CatCGagta 
Ctcaactgtc 
gCtt Ctggat 
gaCCaga att 

dtvdtvlekn 
npeces lisk 
feifpkessW 
yvnnkekevil 
akrpkVrgoe 
iits IlapInne 
Vitglrnipsi 
CKStGnaling 
fliciwtynae 
fefyhkcnne 
aiystvassl 

US 2009/017.5908A1 

Entire molecule length: 1775 bp 

aaala CtaCta 
tatgtatagg 
Cttgaga aga 
to acaatgga 
gtaattgCag 
ctgatttcta 
gaatggaaca 
agCaattgag 
gaaag CtCat 
cCataatggg 
agaatggCtt 
adaga agtCC 
CCaaag.gc.cc 
Cacattatag 
agagg to agg 
gdacacalata 
ctitt.cgcact 
CCaatgaatg 
cagtag tott 
caaagtatgt. 
at CCC at C Ca 
toga agggggg 
agaatgagca 
gC Cattala CC 
CactCaattic 
tggaaaaCtt 
tataatgCag 
CC atgaCtCa 
agaataatgc 
tgtaa Caatg 
aaaa tatt CC 
aattggaatc 
gccagttcac 
gtgtt CCaat 
to agaalatat 

Entire molecule length: 565 aa 

vtvrthsvn 
esWsyi Vetp 
pkht Vitg Vita 
Vlwg whhpsn 
grinyy Wtill 
CCakCGItpC9 
qsrglfgaia 
itnikVns Vie 
ll Villenert 
cmesvking ty 
VillVslgais 
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Figure 1R 
SEQ ID NO:18 
Nucleotide Sequence of ca A/Beijing/262/95 N1 Entire molecule length: 1463 bp 

L agcaaaag.ca ggagtttaaa atgaatccaa atcaaaaaat aataac Catt 
51 ggat Caat Ca gtatagtaat CCC gataatt agtCtaatgt to Caaatagg 

101 aaat attatt toaatatggg ctagt cactic aatccaaact ggaagtcaaa 
151 a CCaCaCtgg aatatgcaa C Caaagaat Ca t caCatatga aaa tag CaCC 
2O1 togggtgaatc acacatatgt taat attaac a acactaatg ttgttgctgg 
251 aaaggacaaa actticagtga cattggccgg caattcatca Ctttgttcta 
301 toagtggatg ggCtatataC acaaaaga Ca a Cag Cataag aattggitt CC 
351 aaaggagatg ttitttgtcat aaga gag cct tittatat cat gttctic actt 
4 Ol ggaatgcaga a CCttttitt C to a CC Caagg to Ct Ctatta aatga Calaa C 
451 attcaaatgg gaccqttalag ga CagaagtC Cttatagggc Cittaatgagc 
501 totcCtctag gcqaag Ctcc gtCtcCatat aattcaaagt ttgaatcagt 
551 to Cttggt Ca gCaag CC Cat gtCat gatgg CatgggCtgg ttaacaat CC 
601 gaatttctgg to Cagataat gag Cagtgg CtgtaCtaala at a CaacggC 
651 ataataa Citg aaa CCatalaa aagttggaala aag CCaat at talagala CaCa 
701 agag totgaa totgtctgtg togaacgggtc atgttttaccataatgaccq 
751 atgg CCC gag taatgggg CC gCCtCgta Ca aaat Ctt Caa gattgagaag 
8O1 g g gaaggitta Citaa at Caat agagttgaat CCaCCCaatt CtCat tatga 
851 ggaatgtt CC totta CCCag a Cactgg CaC agtgatgtgt gtatgcaggg 
901 acaattggca cq gttcaaat cqaccttggg togtottttaa toaaaacCtg 
951 gattatcaaa taggata Cat Ctgcagtgg g g tott CCC to acaat CCCCC 

1001 to CCaaagat ggagaggg Ca gCtgtaat CC agtgaCtgtt gatggag Cag 
1051 a CCC agtaaa gCCCttitt Ca ta Cagatatg gtaatggtgt ttggatagga 
1101 aggaCtaaaa gtaa CagaCt Cagaaaggga tittgagatga tittgggat CC 
1151 taatggatgg acagata CCC a Cagtgattt Ctcagtgaaa Caggatgttg 
12 Ol togcaatgac to attggtca gggta Cagcg gaagttt Cdt. tcaa CatCct 
1251 gag Citaa Cag gattggaCtg tatalaga CCt to CttCtggg ttgaattagt 
13 Ol Cagagga CCC CCtagagaala at a Caa Caat CtggaCtact gggag Cag Ca 
1351 tittctittittg togcgtaaat agtgatact g caaactggtc. ttggccagac 
1401 g g to Ctgagt toccattcac cattgacaag tagtCCCttg aaaaaaaact 
1451 ccttgtttct act 

SEQ ID NO:52 
Amino Acid Sequence of ca A/Beijing/262/95 N1 Entire molecule length: 470 aa 

1 minpnd kiiti gsisi Vigii slimlCignii Siwashsidt gs CnhtgiCn 
51 Criityenst WVnhty Vinin nitnVVagkdk tsvitlagniss lics isg waiy 

101 tkdnsirigs kgdVfVirep fiscshlecr tiffltdgall ndkhsngtvk. 
151 drspyralms Cplgeap spy nskfesvaws asachdgmgw litigisgpdn 
2O1 gaVaVlkyng iitetiks Wk krilrt Cese CVCVngs Cft imtdgpSnga 
251 asykifkiek gkvtkisieln apnshyeecs cypdtgtvmc Vicrodnwhgsn 
301 rpWVs findnil dyCigyicsg Vfgdnprpkd gegsCnpVtV dgadgvkgfs 
351 yryging VWig rtksnirlrkg femiwdpngw tdtdsdfsvk didVVamtdws 
401 gysgsfwdhp eltgldcirp cfwVelvirgr prentti Wts gssis fog Vn 
451 Sdtan WSWOd gaelpft idk 
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SEQ ID NO:19 
ca. A/New Caledonia/20/99 
Nucleotide Sequence of ca A/New Caledonia/20/99 H1 

Jul. 9, 2009 Sheet 19 of 35 

ggggaaaata 
gtacatttac 
aacaact Caa 
gaCaCaCtCt 
taCtaaaagg 
tggat Cittag 
Ctcctacatt 
gg tattitcgc 
tcatttgaga 
CaCCgta a CC 
titta Cagaaa 
CtCaCCaact 
giggtgtt Cat 
CagaaaatgC 
a CCCC agaala 
Calactactac 
Caaatggaaa 
tittggat Cag 
gaagtgtCaa 
atgta Ca CCC 
aaattgagga 
aggtttgttt 
tgg tagatgg 
tat gCtgCag 
Caaggtgaat 
gCaaagaatt 
gttgatgatg 
tctactggaa 
a Citg tatga 
C Calaa CCCCt 
gagtgttgaaa 
agittaaa Cag 
taticagattic 
ggtCCCCt9. 
actdtagaat 
accottdttt 

Figure 1S 

aaaa CaCCa 

aCCtaCatat 
CCCaCaCtgt 
gtCaaCCtaC 
aatagcCCCa 
galaa CCC aga 

Cta Calaa CaC 
CCaCtatgag 
gattCQaaat 
ggagtat Cag 
tittgctatgg 
cctatotaaa 
caccc.gc.cta 
titatgtctict 
tag CCaaaag 
tgg actCtgc 
tCtaatagcg 
gaat Cat CaC 
aCaCCt Cagg 
agt CaCaata 
tggitta Cagg 
gCaCCC attg 
gtgg tatggt 
at Caaaaaag 
totgtaattg 
caacaa attg 
ggtttCtaga 
aatgaaagga 
gaaagtaaaa 
gttittgaatt 
aatggaactt 
ggagaaaatt 
tgg.cgatcta 
gggg Caat Ca 
atgcatctga 
Ctact 

Amino Acid Sequence of ca. A? New Caledonia /20/99 H1 

| ag Caaaag Ca 
51 gtoctotitat 

101 ctaccatgcc 
151 atgtgacagt 
201 aaactatgtc 
251 CittgcCgga 
301 aggaatcatC 
351 tdttacccag 
401 titcagtatict 
451 gg CCC aaa Ca 
501 aaaaa.cagtt 
551 gtacccaaac 
601 ttgtactato 
651 CtCitat Cata 
701 cagaagattic 
751 aaggaagaat 
801 at atttgagg 
851 gagtagaggC 
901 aatgtgatgc 
951 cctitt coaga 

1001 caggagtgca 
1051 ttcaatcCag 
1101 to actggaa 
1151 aggat CtggC 
l2Ol ggattacaaa 
1251 acagotgtgg 
1301 aaataaaaaa 
1351 aattgttggit 
1401 aatgtgaaga 
1451 caaagaaata 
1501 aatgcatgga 
1551 gaagaatcaa 
1601 aatgggagtc 
1651 to gttcttitt 
17 Ol godtctittgc 
1751 aagaaaaaac 

SEQ ID NO:53 

1 mikakllvillc 
51 edishingklcl 

101 npengtcypg 
151 scshingkins f 
201 iCdcrallyht 
251 epgdtiife a 
301 ains slipfon 
351 gfieggWtgm 
401. kmntoftavg 
A 51 difhidsnivkin 
501 dypkyseesk 
551 fwmcsing sld 

tfitatyaditi 
lkgiapl Clg 
yfadyeelire 
yrnll Wiltgk 
enay VSV Vss 
nignliapWya 
Vhpvtigecp 
Vdgwygyhho 
kefnklerrm 
lyekVks Clk 
lnirekidgvk 
Crici 

Cigyhannst 
nCSVag Wilg 
ClssVssfer 
Inglypnl sks 
hysrriftpei 
falsrgfgsg 
kyVrsaklrm 
nedgsgyaad 
enlinkkVddg 
nnakei Cng C 
lesmg Vydil 

US 2009/017.5908A1 

Entire molecule length: 1775 bp 

aaatgaaag C 
CCaCaCaCaa 
tgaCa Cagta 
ttgaggaCag 
Cta Caattgg 
at gCOa atta 
Caaat CCtCa 
gaaCtgaggg 
attCCCCaaa 
catcatgctic 
Ctga Cigggga 
CaaCaaaCaC 
a Catagggga 
gtagtgtctt 
a CCCaaagta 
tggala CCtgg 
CCatgg tatg 
Ctcaaatgca 
gag Citataaa 
ggaga.gtgtC 
actaaggaac 
CCggtttcat 
tatCatCatC 
taCaCaaaat 
agaaaatgaa 
Caaagaag Ca 
CatttggaCa 
ctittggattit 
agCCaattaa 
citatcacaag 
atgactato C 
CatCCaCt.ca 
citcaactgtc 
gClt Ctgg at 
CaCCaCaatt 

aaaactaCtg 
tatgtatagg 
Cttgaga aga 
tCaCaatgga 
gtaattig Cag 
Ctgattt CCa 
CaatcCaa Ca 
agCaattgag 
gaaag Ct Cat 
C Cataatggg 
agaatgg titt 
aaagaact CC 
C Calaagg CCC 
cacattatag 
agagat Cagg 
ggata caata 
cittittgcact 
C Caatggatg 
cagcagt citt 
Caaagtatgt 
at CCCatCca 

taaCCCCCG 
agaatgag Ca 
CCC atta a CG 
Cact Caattic 
tggaaaactt. 
tataatgCag 
ccatgacticc 
agaataatgc 
totaacaatg 
aaaa tatt Coc 
aattggaatC 
gccagttccc 
gtgtt CCaat 
tdagaactat 

Entire molecule length: 565 aa 

dtvdtvlekn 
npecellisk 
feifpkessW 
y VInnkeke Vl 
akrpkVrdce 
iitsnapmde 
Vitglrnipsi 
CkStonaling 
floiwtynae 
fefyhkcnne 
aiystvassl 

witv.thsvnill 
eswsyivetp 
pkhtVitg Visa 
Vlwg whhppn. 
griny VW till 
CodakccItpdg 
CSrglfgaia 
itnikVns Vie 
ill Villenert 
cmes Vkncty 
VillVslgais 
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Figure 1T 

SEQ ID NO:20 
Nucleotide Sequence of ca A/New Caledonia/20/99 N1 Entire molecule length: 1463 bp 

1 agcaaaag.ca ggagtttalaa atgaatcCaa atcaaaaaat aataaccatt 
51 ggat Caat Ca gtatag Caat CG gaataatt agtCtaatgt to Caaatagg 

101 aaatattatt toaatatggg Ctag toactic aatccaaact ggaagtcaaa 
151 a CCaCaCtgg agtatgcaa C Caaagaat Ca tca Catatga aaa Cag CaCC 
2O1 toggtgaatc acacatatgt taat attaac alacactaatg ttgttgctgg 
251 aaagga Caaa actt Cagtga CattggCCgg Caatt Catct Ctttgttcta 
301 toagtgCatC gCCtatata C a Caaaaga Ca a Cag Catalag aattggCt CC 
351 aaaggagatg ttitttgtcat aagaga acct tt Catat cat gttct Cactt 
401 ggaatgCaga a CCttittitt C tacCCaagg to Ct Ct atta aatga Caaac 
451 att Caaatgg gaCCCttaag gaCaCaagtC Cttatagg gC Cttaatgag C 
5 O1 totCctictag gtgaag Ctcc gtCccCatac aattcaaagt ttgaatcagt 
551 to CatggtCa gCaag CQCat gCCatgatgg CatgggCtgg ttaa Caat CC 
601 gaatttctgg to caga caat ggagctgtgg ctgtactaaa atacaacggc 
651 ataataaCtg aaaCCatalaa aagttggaala aag CQaatat taagaaCaCa 
701 agagtctgaa totgttctgtg togaacggg to atgtttcacc ataatgaccq 
751 atggCCCgag taatgggg CC gCCt C9taca aaat Ctt Caa gatcgaaaag 
801 gggaaggitta Ctaaatcaat agagttgaat gcacccaatt ttcattatga 
851 ggaatgtt CC totta CCCag a CaCtgg CaC agtgatgtgt g tatgcaggg 
901 acaactggca toggttcaaat cqacCttggg totcttittaa toaaaacCtg 
951 gattatcaaa taggatacat citgcagtggg gtgttcggtg acaatcc.gcg 

1 OO1 to C Caaagat giga gaggg Ca gCtgtaat CC agtgaCtgtt gatggag Cag 
1051 a CG gagtaaa goggttitt Ca taCaaatatg gtaatggtgt ttggatagga 
1101 agg actaaaa gtaacagact tagaaagggg tttgagatga tittgggat.cc 
1151 taatggatgg a Cagata CC g a Cagtgattt Ct Cagtgaaa Caggatgttg 
1201 to gCaataa C tattggtCa gggta Cag CG gaagtttCct tcaa CatCCt 
1251 gagittaa Cag gattggaCtg tataaga CCt to Cttctggg titgagttagt 
13 Ol CagaggaCtC CCtagagaala at a Cala Caat CtggaCtagt gg gag Cag Ca 
1351 titt Ctttittg togcgtaaat agtgatact g caaactggtc ttggcCagac 
401 ggtgCtgagt to CCGitt CaC CattgaCaag tagttcgttg aaaaaaaact 
451 ccttgtttct act 

SEQ ID NO:54 
Amino Acid Sequence of ca A/New Caledonia/20/99 N1 Entire molecule length: 470 aa 

1 minpnd kiiti gsisiaigii slimlcignii Siwashsidt gsCnhtgVCn 
51 Criityenst WVnhty Vinin nitnVVagkdk tsVtlagniss lics is gwaily 

101 tkdnsirigs kgdVfVirep fiscshlecr tiffltdgall ndkhsngtvk. 
151 drspyralms Cpl geap spy nskfesvaws as achdgmgW litigisgpdn 
2O1 gaVaVlkyng iiteti kswk krilrtCese CVCVngs cft imtdgpsing a 
251 asykifkiek gkVtkisieln apnfhyeecs cypdtgtvmc VCrdnwhgsin 
301 rpwVs find.nl dydigyicsg v fodnprpkd geg scnpvtv dgadgvkgfs 
351 ykyging VWig rtksnirlrkg femi WOpngW totdsdfsvk CdVVaitows 
401 gysgsfvdhp eltgldcirp cfwVelvrgl prenttiwits gssis fog Vn 
451 scitanwswpd gaelpft idk 
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Sequence of ca B/Ann Arbor/1/94 HA 

SEQ ID NO:21 
ca B/Ann Arbor/1/94 
Nucleotide 

l ag Cagaag Ca 
51 act act catg 

101 catct tcaaa 
151 aatgtgactg 
201 to caaatct c 
251 toaactgcac 
301 at cacaccitt 
351 atccgggtgc 
401 cca at Cttct 
451 atcaacgcag 
501 atct togcc.ct 
551 gggctgtc.cc 
601 g taccataca 
651 ccattctgat 
701 citcaaaagtt 
751 cag attggtg 
801 cqg caga att 
851 caattgttcta 
901 agtgg Cagga 
951 agattgcctt 

1001 acacaggaga 
IO51 acacct ttaa. 
Ill Oil attaaaggaa 
ll 51 gatgggaagg 
l2Ol Catggggtgg 
1251 caagataa.ca 
1301 ttcaaag act 
1351 Ctggatgaga. 
1401 agagcttgca 
1451 agcatctatt 
1501 gctgtag aca 
1551 gacctgctta 
1601 Ctct tcCCaC 
1651 gatggattgg 
1701 tagtttggct 
1751 ccagagacaa 
1801 g tatttitcct 
1851 cqttattgaa 

SEQ ID NO:55 
Amino Aci 

1 mkalii villmv 
51 ptkshfanlk 

101 eVrpvt.sgcf 
151 rigtsg.scpn 
201 itvwgfhsdn 
251 gglpos griv 
301 pligeadclh 
351 rppakll kek 
401 to eain kitk 
451 tiss dielav 
5 Ol khkcndtclid 
551 ystaasslav 

Jul. 9, 2009 Sheet 21 of 35 

gag Cattitt C 
gtag tad Cat 
Ct cacct cat 

gtgtgata CC 
alaagga a Cala 
agat Ctggat 
Cogg Caaaag C 
titt Cotataa. 
Cagaggatat 
aaaggg Cacc 
aacgttacca 
aaggga Caac 
tttgtacaaa 
aacaaaat CC 
CaCCt. CatCt. 
gCttCccaaa 
gttgttgatt 
tdaaag aggt 
gCaaggtaat 
Cacgaaaaat 
acatgcaaaa 
agcttgccaa 
aagggitttct 
aatgattgca 
CaCtCCCaCC 
aaaaat Ct Ca 
aagtCCtgcC 
aaCtCC at Ca 
gtcttgctitt 
gg CaCttgag 
taCC Calat CC 
CaCaCCala C 
ttittgattica 
ata at Cata. C 
gtaacattga 
tgtttcttgc 
ttattgtggit 
aaatgct citt 

vtsnadirict 

tktroklc 
m h d r t k r 

ts rsgff at 
idmknlygd 

kygglinksk 
tfgaiagfl 
LinslseleV 
LSnegiins 

riaagtfnag 
tlmiaifivy 

d m w C k O 9 k 

Figure 1U 

taat at CCaC 

CC da CCC aga 
gtggtcaaaa 
actglacaa.ca 
aga CC agagg 
gtgg CCttgg 
tt caat actic 
tgcacga Cag 
gaa catat ca 
aggagga CCC 
gtagaag cqg 
aaaa Cagcaa 
aggaga agaC 
aaatgaaaaa 
gCCaatggaa 
toaaacagaa 
a catggtgca 
gttttgttgc 
aaaagggtoc 
acggtggatt 
gccataggaa 
tggaaCCaaa 
to CCaC Citat 
ggttgg Cacg 
aga CCttaag 
attctittgag 
at CC at CaaC 
tCt CagaCCt 
C Caat Caag C 
agaaaaCtaa 
at CCtt CCaa 
CtCCtcCCaC 
ctgaatatta 
tatactgctic 
tgatagotat 
to catctgtc 
gcttgtttgc 
gttactact 

gits snsphv 
nonctold 7 
Clpnllrdye 
maWavpronk 
snpckftssa 
tgtivy CrgV 
pyytgehaka 
egg Wegmiag 
knlcrls gam 
edehillaler 
efslptfosl 
mVsrdnWSCs 

adaatgaagg 
tC gaat CtgC 
Cagctactica 
a CaCCa: a Cala 

gaaactatgc 
gCagaCCaat 
Cacgaagttca 
aa Caaaaat C 
gattatcaac 
tacagaCttg 
attctitcgca 
Cqaa CCC act 
Caaattactg 
CCtctatoga 
taa CCaCa Ca 

CaCCCaCCCC 
aaaa CCtggg 
Ctcaaaaggit 
ttgcCtttaa 
aaacaaaag C 
attgcccaat 
tatagacctic 
tgCtggittt C 
gataca CatC 
aCta CCCaag 
tCaCCtagaa 
tCCaCaaCCa 
CaCaCaataa 
aataataaaC 

a Caaaat CCt 
a C Calaa Ca Ca 

CtttaatgCa 
CtgCtgCatC 
taCaCCaa 
ttittattgtt 
tatagggaaa 
ttgttgccat 

vktato gevin 
all grpmcigi 
hirs thin 7i. 
tatinpltvev 
ngitthy Vso 
llpokWWCas 
ignopi WVikt 
Whgytshgah 
delhneillel 
Klkkmlgpsa 
nitaaslindd 
iCl 
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Entire molecule length: 1879 bp 
Caataattgt 
aCtgggataa 
aggggaagttc 
aatctoattit 
Ccaaactgtc. 
gtgtataggg 
gacCtgttac 
aga cagctac 
ccataacgtt 
gaacct Cagg 
acaatggctt 
aa Cagtagaa 
ttgggggitt 
a C t C a. a. a. t C 
tatgtttct 

g n 
tggtgttgca 
tggtgaag C 
a. C C C t t a. C t 
tgggtgaaa 
C C C a. a. a. a. C t 

a CaacCaC 
at CCaCCa 

a. C C C al t al al al 
taaagaatC 

aataCtCgag 
gCtCCCaaat 
a Citgaagatg 
gggtcCCtct 
agtgCaaCCa 
ggaga attitt 
tittaaatgat 
Ctgcggcttic 
tatatggtct 
attgagcc.ct 
ta Cagagaala 

d Sequence of ca B/Ann Arbor/1/94 HA Entire molecule length: 583 aa 
vtgviplittt 
tpsakasilh 
naerapggpy 
pyictkgedd 
iggfpnoted 
grskvikgsl 
plklangtky 
gvaVaadlks 
dekVddlrad 
vdig ngcfet 
gldnhtilly 
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SEQ ID NO:22 
Nucleotide Sequence of ca B/Ann Arbor/1/94NA 

l 
51 

1 O1 
151 
2O1 
251 
3 O1 
351 
4 O1 
451 
5 O1. 
551 
6O1 
651 
7 O1 
751. 
8O1 
851 
9 O1 
951 

1 OOl 
1 O51 
11 O1 
1151 
12 O1 
1251 
13 O1 
1351 
14 Ol 
1451 
15 O1. 
1551 

aCCaCaaCCa 
a CaatgC 
gggagtg 
ttCGga 

a C 

tta 

tat 

titat Ct 
tag atttg 

CCttittatt 

titatgcago 
Ca 
CC 

tgg tag aga 
tgat Caaaa 

tgcaaacaac 
gagattgtta 
tgcagatt CC 
aaCaCCaaCC 
a Caaaa CCat 

CCCtttgtCd 
gtCCaCagag 
CaggCCCttg 
ggatttgttc 
aacgatgtct 
atggaga CCC 
gtCtCaatgg 
taagaaatgt 
CaaaaaCCaC 
tCaCCaCagt 
atggaggaat 
aacaattgtC 
tact 

a. 

V t C 

SEQ ID NO:56 
Amino Acid Sequence of ca B/Ann Arbor/1/94NA Entire molecule length: 465 aa 

l 
51 

1 O1 
151 
2O1 
251 
3 O1 
351 
4 O1 
451 

mlpsticitlt 
ldCanasnVC 
rfgeakgns a 
kill rhillis Vinil 
ikikygeayt 
rflkiregri 
fvklinVetdt 

fvhdrmaski 
SmeepgWysf 
gCllwdtvtd 
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gag CatCttC 
Ctt Caa Citat 

titat Cactat 

attgCtaada 
CCCCCaaCCC 
atgaaatt CC 
CCagg gttca 
CaCaaCCCaa 
gCttgttggaC 
tCaaCCaggg 
gg Catctgat 
attitt C Cata 

atggaCatat 
taaaatatgg 
at CCtaagaa 
tottatgata 
ttaagatcCQ 
gtagag CaCa 
agaatgtgCC 
dattadatgt 
act tatttgg 
CCaatctaat 
at Caaagaat 
aaaaCtaaaa 
atgg actgac 
aagaaCCtgg 
gatgtc.ccct 
ttgg CaCt Ca 
tCCtatCCC a 
ggttgaat Ct 
CttaCtggaC 

lfiltsggVll 
aVnhsatkem 
plii repfia 
gkip 
dtyhsyanni 
ikeifptgrv 
aeirlmictet 
grwysrtmsk 
gfeikdikkcd 
Vnmal 

tVensi 

Figure 1V 

tdaaaaCtga 
a Caaacgitta 
atgtgtCagc 
ttitt CaCCaa 

at Caaatgtt 
ttCCCCC aga 
aCCttCC aga 
aCCaaactCa 
Calaaggagtg 
ggataCta Ca 
ttcagt caac 
tgg Cag Cttg 
at CCCaCttg 
agaag CataC 
CaCaagaaag 
aCtgatggCt 
agagggtCQa 
Ctgaagaatg 
tgtagagata 
ggagaCtgat 
acaCCCCCag 

CCCCaCaaaC 
CCCatCCaag 
gaatggCC at 
agtgacgcCC 
ttgg tactict 
gtattgggat 
CCaC Cala CaC 
CaCtgtcaca 
gttctaaaCC 
ttaattgttt 

sly Visallsy 
kflippepewt 
cgpkeckhfa 
fhmaaws gsa 
lirt desacnic 
ehte ect cqf 
yldtprpddg 
tkirmgmely V 
Vpcigiemvh 

Entire molecule length: 1554 bp 

agtaaag agg 
aCCCtattt C 

ct tactgtca 
adata attgC 
CaCCCtgttga 
aCCC gag ligg 
aag CactCtt 
gctCcct to a 
Calaa CaCttt 

atggala Caag 
ttagg Caaaa 
gag toggat CC 
atggtCCtga 
actgaCaCat 
tgCCtgcaat 
Cag Ctt Cagg 
ataataaaag 
CaCatgCC ga 
acagttacac 
dCag Citgaad 
aCCagatgat 
CCaC UCCaCC 
attggaagat 
ggaaCtgitat 
ttgctCctag 
titcggct tcg 
agagatggta 
CC atttaCtg 
ggtgttaata 
ctttgttcct 
Ctgaaaaatg 

llys dillkf 
yprls CCIgst 
lthyaacpgg 
chdgrew tyi 
iggdcylimit 
asnktie cac 
sitgpCesng 
kydgCpWtds 
dggkirtwhisa 
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CCaaaaatga 
tCaCatCagg 
tact tattgt 
aCCaacaacg. 
aCCattctgc 
a CataCCCCC 
aattagcCCt 
taataaCCCa 
gctictaaCCC 
a CaCCaCaCa 
tcc.caactgt 
gCatgCCatg 
Cagtaatgca 
aCCattcCta 

-999C 
tggCtctgta 
attittatttg 
citcttgttac 

Spkiiaptts 
fokallisph 
yyngtredrin 
gvdgpdsnal 
digs as gis kic 
rodnsy takirp 
dkgsggVkgg 
dallapsgVmW 
ataiyClimgs 
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SEQ ID NO:23 
ca B/Yamanashi/66/98 
Nucleotide 

| agCagaag Ca 
51 act acticatg 

101 catcgtcaaa 
151 aatgtgaCtg 
201 to Caaatcto 
251 tdaactgcac 
301 gtcacaccitt 
351 at CCggatgC 
401 ccaatct tct 
451 at Caacg Cag 
501 atcttgcc.ct 
551 gggctgtCCC 
6O1 galagtaCCaC 
651 gttccattct 
7 Ol atcCtcaaaa. 
751 totcagattg 
801 aag.cggcaga 
851 gaacaattgt. 
901 gcc agtggca 
951 agcag attgc 

1001 actacacagg 
1051 aaaacaCCtt 
1101 act attaaag 
1151 gag gatggga 
1201 g Cacatggag 
1251 aaacaagata 
13 Ol at Cttcaaag 
1351 gagctggatg 
14 Ol aatagala Ctt 
1451 atgag catct 
1501 totgctotag 
1551 cca gacctgc 
16O1 titt Cict tcc. 
1651 gatgatggat. 
1701 ttctagtttg 
1751 totccagaga 
1801 ctg. tatttitc 
1851 aacgittattg 

SEQ ID NO:57 
Amino Aci 

l mkalii VillmV 
51 ptkshifanilk 

101 eVrpvtsgcf 
151 rigtsgs.cpn 
201 ditv Wgfhsd 
251 digglpCS gri 
301 lpligeadcl 
351 yrppakllke 
401 StCealinkit 
451 dtiss ciela 
501 tkhkcndtcl 
551 yystaassla 
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Sequence of ca B/Yamanashi/166/98 HA 
gag catttitc 
gtag taa cat 
CtCaCCt.Cat 
gtgttgataCC 
alaaggala Caa 
agat Ctggat. 
Cgg Caaaag C 
titlCCtataa 
Cagaggatat 
add a CCaCC 
alacgClaCCa 

aaag CaCaaC 
a Catctgtac 
gatgacaaaa 
gttcacctica 
gcogct tccc 
attgttgttg 
citatcaaaga 
ggagcaaagt 
Cttcacgaaa 
agala Cat gCa 
tgaag Cttgc 
gaaag.99 gtt 
aggaatgatt 
tgg Cagtgg C 
acaaaaaatc 
aCtalagtggit 
agaaagtgga 
gCagtCttcC 
attgg cactt 
a Catagggaa 
ttaga Cagga 
cacttittgat 
tggataaCCa 
gCtgitaa cat 
caatgtttct 
ctittattgta 
aaaaatcCtC 

Vtsnadirict 
gtktroklcp 
pimhdrtkir 
ats rsgffat 
dktdmknlyg 
vvdymvolkpg 
hekygglinks 
rgffgaiagf 
knlnslSele 
Vlls negliin 
Criaagtfna 
Vtlmiaifi V 

Figure 1W 

taatlatcCaC 
CCaatgcaga 
gtggtcaaaa 
actgacaa.ca 
aCaCCaCaCC 
gtggCCttag 
tt Caatactic 
tgCaCCaCag 
gaaaaaat Ca 
aCCaCCaCCC 
gtagaag CGg 
aa Caaaa Cag 
aaaagaagaa 
CCCaaatgaa 
totgctaatg 
goatcaaaca 
atta catggit 
gg tattttgt. 
aataaaa CCC 
aata CC gtgg 
aaag CCatag 
CaatggaaCC 
tCtt C9gag C 
gCaggttggC 
agCagaCCtt 
to a.attctitt 
gC Catggatg 
tgat Ctcaga 
titt Coalacca 
CaCaCaaaaC 
to gatoctitC 
tagctgctgg 
to actgaata 
tactatactg 
tgatgatagic 
tgctocatct 
gtgcttgttt 
ttgttactac 

d Sequence of caB/Yamanashi/166/98 HA 
gits snsphv 
tolnictddv 
olpnllrgye 
maWavpkdinn 
disnpdkftss 
ktgtivy Crg 
kpyytgehak 
legg Wegmia 
WknlGirlsga 
sedehillale 
gefslptfols 
ymisrdnvisc 

Dntire molecu 
aaaatgaagg 
to gaatctgc 
cagotactica 
a CaCCaCaa 

gaalactatgc 
gCagaCCaat 
CaCCaagll Ca 
aaCaaaaatC 

gatt at CaaC 
ta CagaCttg 
atttittcqca 
Caacga at CC 
gacCalaatta 
a.a.acct citat 
gagtaaCCaC 
Caaga CCCaC 
gcaaaaacct 
tgcCtcaaaa 
to cittgcctt 
attaala Caala 
gaaattgCCC 
aaatatagaC 
tattgCtggit 
a C ggata CaC 
aagagtaCQC 
gagtgag Cita 
aactCCaCala 
gCtgaCaCaa 
aggaataata 
taaagaaaat 
gaalaccaaac 
CaCCtttaat 
ttactgctgc 
Ct.CtaCtact 
tatttittatt 

gt Citat aggg 
gCttgttatc 
t 

US 2009/017.5908A1 

e length: 1881 bp 
caataattgt 
actgggataa 
aggCCaCCtc 
aatCtCattit 
ccaacCtgtc 
CtgttgCCC 
ggCCtgttaC 
agaCaCCtaC 
CC adat CCtt 
gaaCCt Cagg 
acaatggCtt 
actaa Cagta 
Ctgtttgggg 
gCagaCtcaa 
acattatott 
goctaccaca 
gggaaaa Cag 
ggtgtggtgC 
taattggtga 
agcaa.gcCtt 
alatatggCtg 
CtcCtgcaaa 
tt Cittagaag 
at Ct. CaCC ga 
aagaag CCat 
gaaglaalaga 
cgaaatactic 
taagct caca 
aa.ca.gtCaag 
gctdggtcCC 
acaagtCCaa 
gCaggagaat 
at Ctttalaat 
caactgctgc 
gtttatatga 
aaattaag CC 
atta Caaaga 

Entire molecule length: 584 aa 
vktato gevin 
algromcvgv 
kirls to ivi 
ktatinpltive 
ang Vitthy vs 
illpokVWCa 
aligncpiWVik 
gWhgytshga 
Indelhneille 
rklkkIIllgps 
lnitaaslind 
siCl 

vtgvipltitt 
tpsakasilh 
naekapggpy 
Vphictkeed 
diggfpdcte 
sgrskVikgs 
tplklangtk 
hg Vavaadlk 
ldekVddlra 
aVCigng Cfe 
dgldnhtill 
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CCaaaaatga 
tca CatCagg 
taCtta Citat 

CCaCCaa Ca 
tgaaCCCttC 
tggaCataCC 
CCtaattagc 
tgataataag 
tittgctictaa 
aagaga agaC 
aaat CCCaaC 
tcCCCatgCC 
tgaCagtaat 
CataCCatt C 
aattgcatcg 
agggattagt 
aagaaatatt 
ggatttgcCa 
CaCaCCaaaa 
aaataagatt 
CatC Caag Ca 
agg Cat Caag 
CC, tCCtaCtC 
tatgtcaagt 
tag CCC agta 
tcgaaataaa 
C C 
tgtttaatg 
tatggCtCt 
ctattttgt 
tgcticttgt 

taCatga 
C 

a. 

C 

a. 

length: 466 aa 

spiteitaptm 
tfckallisp 
gyyngtredir 
igVcgpdsna 
tdgs as gise 
cirdnsy takir 
gdkgsggikg 
sdaltlisgvm 
aataiyClimg 

Figure 1X 

SEQ ID NO:24 
Nucleotide Sequence of ca B/Yamanashi/166/98 NA Entire molecule length: 1557 bp 

1 agCagaag Ca Cag CatCttC to aaaaCtga CCCaaatagg 
51 acaatgctac Cttcaactat acaaacgtta accCtatttic 

101 gggagtgtta titat Cactat atgtgtcagc titCaCtgtca 
151 attCGgatat attgCtaaaa ttitt CaCCaa Cagaaataac 
201 atgcCattga attgttgcaaa CCCatcaaat gttcaggCtg 
251 to Caacaaaa gCGgtgaCaC titCCtCtCCC agaaCCggag 
301 CtcgtttatC ttgCCCgggC tdaaCCttt C agaaag Cact 
351 CCtCatagat tcggagaaac Caaaggaaac toag CtCCCt 
401 ggaaCCttitt attgCttgtg gaCCaaagga atgcagaCaC 
451 CCC attatgc agccCalacca gggggatact acaatggaac 
501 agaaacaag C to agg Catct aattt CagtC aaattggg Ca 
551 agtagaaaac to Cattitt CC a Catgg Cag C ttggag Cogg 
601 atgatggtag agaatggaCa tatat cqgag ttgatggCCC 
651 gCattgctica aaataaaata to gagaag Ca tataCtgaCa 
701 Ctatgcaaac aa CatCCtaa gala CaCaaga aagtgCCtgC 
751 gCC gagattig titat Cittatg ataaCtgatg gCtcagct tc 
801 gaatgcagat tt Cittaag at tcgagaggg C CCaataataa 
851 to CaaCagga agagtagaac atactgaaga atgCaCatgC 
901 gCaataaaac Catagaatgt gCCtgtagag ataa Cagtta 
951 agaCCCtttgtcaaattaaa totggaga Ct gata Cag Cag 

1 OO1 gatgtgcaca gagaCttact toga CaCCCC CagaCCagat 
1051 taa Cagg gCC ttgttgaat Ct aatggggata aagggagtgg 
1101 ggaggatttg titCatcaaag aatgg Cat CC aagattggaa 
1151 togaacgatg totaaaacta aaaggatggg gatgggaCtg 
1201 atgatggaga CCCatggatt gaCagtgatg CCCttaCtCt 
1251 atggtttcaa togaagaaCC to gttggitat tcCtttggct 
1301 agataagaaa totgatgtcC CCtgtattgg gatagagatg 
1351 gtggaaagaa gaCttgg CaC tdag Cag Caa Cag CCattta 
1401 ggCtCagga C aaCtgCtatg ggaCaCtgtC a CaggCdttg 
1451 gtaatggagg aatggttgag totgttctaa a CCCtttgtt 
1501 ttgaacaatt gtcct tactg aact taattig tittctgaaaa 
1551 tact act 

SEQ ID NO:58 
Amino Acid Sequence of ca B/Yamanashi/166/98 NA Entire molecule 

1 mlpsticitlt lifltsggVll sly Vs aslsy llys dillkf 
51 pln CanasnV CaVnrs atkg Vtlplpepew typrls Cpgs 

101 hr fgetkgns aplii repfil acgpke Crhf althyaacpg 
151 nklirhillisvk. lgkiptvens ifhmaawsgs achdgrew ty 
2O1 llkikygeay totyhsyann ilrtCesa Cn Ciggdcylmi 
251 criflkiregr iikeifptgr Vehteect cq fasnktieca 
301 pfvklinVetd taeirlmcte tylidtprpdd g sitgpcesn 
351 g fivhdrmask igrwysrtms kitkirmgmgly vkydgcdpwid 
401 Vsmeepgwys fgfeikdikkc dvpcigliemV hdggkktwhis 
451 sgollwdtvt gvdmal 
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Figure 1Y 
SEQ ID NO:25 
ca B/Johanncsburg/5/99 
Nucleotide Sequence of ca B Johannesburg 5 99 HA 

1 a CCaCaaCCa CaCCattitt C taatlatcCaC 
51 act act Catg gtag tala Cat C CalatgCaga 

101 CatcgtCaala Ctcacct Cat gtggtcaaaa 
151 aatgttgactg gtgcg at acc attgacaa.ca 
201 to Caaatcto aaaggaacaa agaccagagg 
25l tcaaCtgCaC agat Ctggat gtggCCttgg 
301 at cacaccitt cqgcaaaagc titcaatactic 
351 atc.cggatgc tittcctataa to cacgacag 
401 ccaatcttct cagaggatat gaaaaaatca 
451 at CaaCCCaC aaaagg CaCC aggaggaCCC 
501 at CttgCCCt. alacgctacca gtaaaag.cgg 
551 gggctgtcCC aaggga Caac aacaaaa.ca.g 
601 gaagtaccac a catctgtac aaaagaagaa 
651 gttcCattot gatgacaaaa Cccaaatgaa 
701 atcCtcaaaa gttcacctica totgctaatg 
751 tot Cagattg gCGg Ctt CCC ggaCCaaaCa 
801 aag.cggcaga attgttgttg attacatggit 
851 gaacaattgt citatcaaaga gggatcttgt 
901 CCCaCtcCCa gCag CaaaCt aataaaaggg 
951 ag CagattgC Ctt Cacgada aatacggtgg 

1001 actaca Cagg agaa catgca aaag.cCatag 
1051 aaaacaccitt togaagcttgc caatggaacc 
1101 act attaaag gaaaggggitt tott CGgagC 
1151 gaggatggga aggaatgatt gCaggttggC 
l2Ol gCaCaCC gag togCagtggC agcagaCCtt 
1251 aaacaagata acaaaaaatc. tcaattctitt 
1301 a CCtt Caaag actaagtggit gCCatggatg 
1351 CaCCtCCatC agaaagtCC a to at CtCaga 
1401 aatagaaCtt gCagtCttgC tittCCaaCga 
1451 atgag Catct attgg CaCtt gagagaaaac 
1501 totgctatag acatagggaa toggatgctitc 
1551 CC agaCCtgC titaga Cagga tagctgctgg 
1601 tittctictitcc cacttittgat tcactgaaca 
1651 gatgatggat to gataaCCa taCtataCtg 
1701 ttctagtttg gctgta acat to atgatagc 
1751 totccagaga caatgtttct to CtcCatct 
1801 cctotattitt cotttattot agtoctitgtt 
1851 aaaCQttatt gaaaaatgct CttgttaCta 

SEQ ID NO:59 
Amino Acid Sequence of ca B Johannesburg 5 99 HA 

1 mkalii VillmV Vtsnadirict Cits snsphV 
51 ptkshfanlik gtktroklcp tolnctdldv 

101 eV rpVts gClf pinhdirtkir Glpnllrgye 
151 rligtsg.scpn at sksgffat mawaVprodinn 
201 ditvwgfhsd dktomknlyg disnpdkftss 
251 digglpdisgri VVOlymvolkpg ktgtiVyCrg 
3Ol lpligeadcl hekygglinks kpyytgehak 
351 yrppakllke rqffgaiagf legg Wegmia 
401 stcealinkit knlnslsele V knildrlsga 
451 dtis sciela Villsnegiin Sedehillale 
501 tkhkcndtcl driaagtfna gefslptfols 
551 yystaassla Vtlmiaifi V yInisrdnVSC 
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Entire molecule length: 1882 bp 
aaaat CaaCC 
tCQaat CtgC 
Cag Ctactica 
aca CCaa Caa 

gaalactato C 
gCaga CCaat 
CaCQaagt Ca 
aa CaaaaatC 
gattatcaac 
tacacact to 
atttitt CGCa 
Caacgaat CC 
gaccalaatta 
a.a.a. CCt. Citat 
gaataaccac 
Caaga CCCaC 
gCaaaaa CCt 
tgCCt Caaaa 
toctitgcctt 
attada Cada 
galaattgCCC 
aagtataga C 
tattgctggit 
a C ggata CaC 
alagaCta CCC 
gagtgagtta 
aaCtC Cataa 

CCtCaCaCaa 
aggaataata 
taaagaagat 
gaaaccaaac 
CaCCtttaat 
ttactgctgc 
CtCta Clact 
tatttittatt 

gt Citata agg 
to cittgttat 
Ct 

caataattgt 
aCtgggata a 
aggggaggtC 
aatctoattit 
coaacctgtc 
Ctgttgggg 
gaCCtgtta C 
aga Cag CitaC 
CCaaaaCCtt 
CaaCtt Cagg 
a CalatggCtt 
actalacagta 
Ctgtttgggg 
ggag actica a 
acattatgtt 
CCCtaCCaCa 
CCCaalaa CaC 
ggtgttggtgC 
taattgg to a 
agCaag CCtt 
alatatgggtg 
citcctgcaaa 
ttcttagaag 
atctoacgga 
aagaag CC at 
Caalaalaga 

CCaaataCtC 
taaCCtCaCa 
ala Cagtgaag 
gCtgggtCCC 
acaagtgcaa. 
gCaggaga at 
atctittaa at 
CaaCtgCtgC 
gtttatatga 
aaaattalag C 
Catta Caaad 

Entire molecule length: 584 aa 
Viktato geVn 
algromcVgi 
kirlston Vi 
ktatinpltve 
angitthy vs 
illpokVWCa 
aign.cpiWVk 
gWhgyt Shga 
mdelhneille 
rklkkmlops 
lnitaaslind 
siCl 

Vtcaiplittt 
tpsakasilh 
naekapggpy 
Vphictkeed 
diggfpdote 
sgrskvikgs 
tplklangtk 
hg Vavaadlk. 
ldekVCldlira 
aidigngcfe 
dqldnhtill 
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Entire molecule length: 1557 bp 

Figure 17, 

SEQ ID NO:26 
Nucleotide Sequence of ca B Johannesburg 5 99 NA 

1 agcagaag Ca gag Cat CttC toaaaactga gCCaaatagg 
51 acaatgctaC CCtcaactat acaaacgtta a CCCtatt CC 

101 g g gagtgtta titat Cactat atgtgtcagc titCaCtgtca 
151 attCGgatat attgCtaaaa ttitt CaCCaa Cagaaataac 
201 atgCCCttgg attgttgcaaa CCCatcaaat gttcaggCtg 
251 toaacaaaa gCGgtgaCaC titCttCtcCC agaaCCggag 
301 CCG tittatC ttgCCCgggC tdaaCCttt C agaaag Cact 
351 CCtCatagat tcggagaaac Caaaggaaac toag CtCCCt 
401 ggaaCCttitt attgCttgttg gaCCaaagga atgcaaacaC 
451 CCC attatgc agccCalacca gggggatact acaatggaac 
5O1 agaaacaag C talagg Catct aattt CagtC aaatttggta 
551 agtagaaaac to Cattitt CC a Catgg Cag C atggag CCGg 
601 atgatggtaa agaatggaCa tatat cqgag ttgatgg CCC 
651 gCattgctica aaataaaata to gagaag Ca tataCtgaCa 
701 Ctatgcaaac aa CatCCtaa galaca Caaga aagtgCCtgC 
751 ggggaaattig titat Cittatg ataaCtgatg gCtCagct tc 
801 gagtgCagat tt Cittaagat tCGagaggg C CCaataataa 
851 to Caa Cagga agagtaaaa C at a Citgaaga atgCaCat CC 
901 gCaataaaac Catagaatgt gCCtgtagag ataa Cagtta 
951 agaCCCtttg tdaaattaaa totggagaCt gata Cag Cag 

1 OO1 gatgtgcaca gaga Cittatt toga CaCCCC CagaCCagat 
1051 taaCagg gCC ttgttgaat Ct aatggggata aagggagtgg 
1101 g gaggatttg titCatcaaag aatgg CatCC aagattggaa 
1151 togaacaatg totaaaacta aaaggatggg gatgggaCtg 
1201 atgatggaga CCCatgg act gaCagtgatg CCCttgctCt 
1251 atggtttcaa togaagaaCC to gttggtaC toCtttggct 
1301 agataagaaa totgatgtcC CCtg tattgg gatagagatg 
1351 gtggaaagga gaCttgg CaC tdag Cag Caa CagCC attta 
1401 ggct CaggaC aaCtgCtatg ggaCaCtgtC a Caggtgttg 
1451 gtaatggagg aatggttgag totgttctaa a CCCtttgtt 
1501 ttgaacaatt gtcct tactg aact taattig tittctgaaaa 
1551 tact act 

SEQ ID NO:60 
Amino Acid Sequence of ca B Johannesburg 5 99 NA Entire molecule 

1 mlpsticitlt lifltsggVll sly Visaslsy llys dillkf 
51 plc.canasin V Cavnirs atkg Vtilllpepew typrls cpgs 

101 hr fgetkgns aplii repfi acgpkeckhf althyaacpg 
151 nklirhillisvk fgkiptvens ifhmaawsgs achdgkew ty 
2O1 llkikygeay totyhsyann ilrt CesaCn CiggnCylmi 
251 criflkiregr iikeifptgr Vkhteecticg fasnktieca 
301 pfvklinVetd taeirlmcite tylidtprpdd g sitgpcesn 
351 gfvhdrmask igrwysrtms kitkirmgmgly vkydgcdpwtd 
401 Vsmeepgwys fgfeikdikkic dvpcigiemV hdgg ketwhis 
451 sgollwdtvt gvdmal 
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CCaaaaatga 
tCaCat CaCC 
taCtta Citat 

CCaCCaCCa 
tgaaCCgttc 
tggaCataCC 
CCtaattagc 
tgataataag 
tttgctictaa 
aagaga agaC 
aaat CCCaaC 

tCCCCatgCC 
tgaCagtaat 
CataCCatt C 
aattgcatcg 
agg tattagt 
aagaaatatt 
ggatttgCCa 
CaCaCCaaaa 
aaataagatt 
gatggaag Ca 
agg Cat Caag 
ggtgg tactC 
tatgtcaagt 
tag to Cagta 
tCGaaataaa 
gtaCatgatg 
citgtttaatg 
atatggCtCt 
cctattttgt 
atgcticttgt 

length: 466 aa 

spiteitapam 
tfckallisp 
gyyngtredir 
igVcgpdsna 
tdgs as gise 
circdn.sy takir 
gdkgsggikg 
sdal alsg Vm 
aataiyClimg 
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Figure 1AA 

US 2009/017.5908A1 

Sequence of ca B/Victoria/504/2000 HA Entire molecule length: 1879 bp 
gag catttitc 
gtag taaCat 
CtCaCC Cat 
gtgttgatacc 
aaaCCaa Cala 
agatCtggat 
CCCCaaaag C 
titltCCtataa. 
Cagaggatat 
aaaggg CaCC 

aaCCttaCCa 
daggga CaldC 
tttgtacaaa 
aaCaaaat CC 
Cacct Catct 
gCttCCCaaa 
gttgttgatt 
tdaaag aggt. 
CCaag Citaat 
CaCQaaaaat 
acatgcaaaa 
agCtt CCCaa 
aagg gttt Ct 
aatgattgCa 
CactCCCaCC 
aaaaat C 
aagtggtgCC 
aaCtcCatCa 
gtc.ttgctitt 
ggCaCttgag 
taCCCaatCC 
Ca Caggalag 
ttittgattica 
a taat CataC 
gtaa cattga 
tgtttcttgc 
ttatt Cuggit 
aaatgcticitt 

Ca 

taatlatccac 

C CaaCCC aga 
gtggtCaaaa 
actgacaa.ca 
aCaCCaCaCC 
CtggCCttgg 
ttcaat actic 
tgCaCCaCag 
gala Cat at Ca 
aCCaCCaCCC 
CtaCaa CCCC 
aalaa Cag Cala 
aggaga agaC 
aaatgaaaaa 
gccaatggaa 
tCalaa Cagaa 
a CatggtgCa 
gttttgttgc 
aaaag CCtcC 
aCggtggatt 
gCCataggaa 
tggaaCCaaa 
tCggag Citat 
ggttgg CaCQ 
aCaCCttaaC 
alt Ctt gag 
atggatgaaC 
tctcagagct 
CCaatgaagg 
agaaaaCtaa 
atCCtt CCaa 
CtgctggCaC 
Ctgaat atta 
tatactgctic 
tgatagotat 
tcCatctgtc 
CCttgtttgC 
gttact act 

Amino Acid Sequence of ca B/Victoria/504/2000 HA 

Patent Application Publication 

SEQ ID NO:27 
ca Bf Victoria/504/2000 
Nucleotide 

1 agcagaag Ca 
5l actact catg 

101 Catct tcaaa 
151 aatgtgactg 
20l to caaatcto 
251 toaactgcac 
301 atcacaccitt 
351 atc.cgggtgc 
401 CCaat Cttct 
451 atcaacgcag 
501 atct toccct 
551 ggg CtgtCCC 
601 gtaccataca 
651 ccattctgat 
701 citcaaaagtt 
751 cagattggtg 
801 cqgcagaatt 
851 caattgttcta 
901 agtgg Cagga 
951 agattgcctt 

1001 acacaggaga 
lO51 acacctittaa 
1101 attaaaggaa 
1151 gatgggaagg 
1201 CatCGCC, tCG 
1251 Caagataa.ca 
1301 ttcaaag act 
1351 ctogatoaga 
1401 agagcttgca 
1451 agcatctatt 
1501 gctotag aca 
1551 gacct gotta 
16 Ol CitCttCCCaC 
1651 gatggattgg 
1701 tagtttggct 
1751 ccagaga caa 
1801 g tattitt CCt 
1851 cqttattgaa 

SEQ ID NO:61 

1 mkalii Villmv 
51 ptksh fanlik 

101 eVrpvtsgCf 
151 rligtsgs Cpn 
201 itv.wgfhsdn 
251 gglpCS griV 
301 pligeadclh 
351 rppakllkek 
401 to ealinkitk 
451 tiss dielav 
501. khkcndtclid 
551 ysta as slav 

vtsna drict 
gtktrgklcp 
pinhdirtkir 
vtsrsgffat 
kidmknlygd 
VCyInVQkpgk 
Kygglinksk 
ffoaiagfl 
lnslseleV 
lsnegiins 
ilaagtfnag 
lmia ifivy 

gits snsphV 
nClnctd.ldV 
Gilpnill rigye 
mawavprodnik 
snpckftssa 
tgti VyCrgV 
pyytgehaka 
egg Wecmiag 
knlorls gam 
edehillaler 
efslptfosl 
mVsrdn'VSCs 

aaaatgaagg 
tC gaat Ctgc 
CagctaCtCa 
a CaCCaa Cala 

CaaaCtatgc 
gCagaCCaat 
Cacgaagttca 
aa CaaaaatC 

Cattat CaaC 
tacagacittg 
attct tcc.ca 
CQala CCCaCt 
caaattactg 
cCtctatoga 
taaCCaCaCa 

CaCCCaCCCC 
aaaaCCtggg 
Ctcaaaaggt. 
ttgcctittaa 
aaacaaaag C 
attgccoaat 
tatag acctic 
tgCtgg titt C 
gataca catc 
actaCC Caac 
tgag Citagaa 
tccacaacga 
CaCaCaataa 
aataataaac 
agaaaatgCt 
a C Calaa CaCa 

Ctttaatgca 
Ctgctgcatc 
taCtact Cala 

ttittattott 
tatagggaala 
ttgttgC Cat 

Caataattgt 
aCtgggataa 
a CCCCaaCtC 
aatctoattit 

C Caala CtgtC 
Ctgtataggg 
gaCCtgttac 
aga Cag CitaC 
CCatala C9tt 
Caa CCt Cagg 
acaatgcCtt 
da Cagtagaa 
tittgggggitt 
Cactcaaatc 
titatgtttct 
taCCaCaaag 
aaaaCaggaa 
gtggtgtgca 
ttggtgaag C 
aag cct tact 
atgggtgaaa 
CCCCaaaaCt 
ttagaag gag 
tdatggag Ca 
aaCCCatalaa 
gaaaga at C 
aataCt CCaC 
CCtCCC aaat 
agtgaagatg 
gggtccCtct 
actCCaaCCa 
ggaga attitt 
tittaaatgat 
CtgCggCttC 
tatatggtot 
attgag ccct 
ta Caga Calala 

Entire molecule length: 583 aa 
Viktatolgevin 
algrpmCigi 
hirls thin Vi 
tatinpltvev 
ngitthy Vsc 
llpokV WCas 
ignopiWVikt 
Whcytshcah 
delhneillel 
Klkkmlgpsa 
nitaaslindd 
iCl 

vitg Vipltitt 
tpsakasilh 
IlaerapC gpy 
pyictkgedd 
iggfpnicted 
grskVikgSl 
plklangtky 
CVaVaadlks 
dekVddl rad 
V diging Cfet 
Cldnhtilly 
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Nucleotide Sequence of ca B/Victoria/504/2000 NA 
SEQ ID NO:28 

bp 

| ag CagaaCCa 
51 acaatgctac 

101 g g gag titta 
151 attcggatat 
201 togttgg act 
251 aacaaaagag 
301 gtttatcttg 
351 catagatttg 
4 O1 a CCttittatt 
451 attatgcag C 
501 aacaagctda 
551 agaaaacticc 
601 atggtagaga. 
651 ttgatcaaaa 
701 to caaacaac 
751 gagattgtta 
801 to Cagatt CC 
851 aacagdaagg 
901 acaaaaCCat 
951 ccctttgtca 

1001 gtgCacagag 
1051 caggg ccttg 
1101 ggatttgttc 
1151 aacgatgtct 
1201 atggaga CCC 
1251 gtCtcaatgg 
1301 taagaaatgt 
1351 gaaaaaggac 
1401 to aggaCagt 
1451 atggaggaat 
1501 aacaattgtc 
1551 tact 

SEQ ID NO:62 
Amino Aci 

1 mlpsticitlt 
51 locanasnvo 

101 r fgeakgns a 
151 klirhillis Vinil 
2 Ol ikikygeayt 
251 riflkiregri 
301 fivklinvetdt 

351 fivhdrma ski 
401 SmeepgWysf 
451 gollwctvtg 

gag CatCttC 
Ctt Calactat 
titat CaCtat 
attgctaaaa 
CCCCC aa CCC 
atgaaattico 
CC agggitt Ca 
CaCaa CCCala 
gCttgttggaC 
tCaaCCaggg 
gg catctgat 
attitt CCata 

atgga catat 
taaaatatgg 
at CCtaagaa 
tottatgata 
titdag at CCQ 
Cta CaCCaCa 
agaatgttgCC 
aattaaatgt 
act tatttgg 
cgaatctaat 
at Caaagaat 
dada Citadaa 
atggaCtgaC 
aagaaCCtgg 
Cat-gt. CCCCt. 
ttoccactica 
tgCtatggga 
ggttgaatct 
Cttactggac 

lfltsggVll 
aVnhsatkem 
plii repfia 
gkiptvensi 
dtyhsyanni 
ikeifptgrV 
aeirlmctet 
grwysrtmsk 
gfeikdikkcd 
Vinimal 

Figure 1BB 

tCaaaaCtga 
aCaaacgtta 
at Ct. Ct. CaCC 
ttittca CCaa 
atcaaatgtt 
titcc.cccaga 
acct tccaga 
aggaala Ct Ca 
Caaaggagtg 
gCata. Cta Ca 
ttcact caac 
tgg Cag Cttg 
atcggagttg 
agaag CataC 
CaCaagaaag 
aCtgatggCt 
agagggtC9a 
Ct Caacaatc 
tCtagagata 
CC agaCtgat 
a Ca CCCCC ag 

CCCCaC aaa C 
gg CatC Caag 
gaatggggat 
agtgaCCCCC 
ttgg tactict 
Ctatt CCG at 
CCaCCaaCaC 
cactgtcaca 
gttcta aacc 
ttaattgttt 

d Sequence of ca B/Victoria/504/2000 NA 

sly Visallsy 
kflippepewt 
cgpkeckhfa 
fhmaaws.gsa 
lrtCesacnic 
ehtee Ctcgf 
yldtproddd 
tkirmgmely V 
Vpci gi emvh 
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Entire molecule length: 1554 

agtaaag agg 
a CCCt attt C 
CttactgtCa 
aaataattgc 
CaggCtgttga 
a CCC gaggg 
aag cactictt 
gcticcCttga 
Caala CaCtitt 
atggaaCaag 
tta CCC aaaa 
gagtggat CC 
atggtcCtga 
aCtgaCaCat 
tgcctgcaat 
Cag Ctt Cagg 
at data adag 
CaCal CCCC a 
a CagttaCaC 
acagotgaaa 
aCCagatgat 
CCaClCCaCC 
attggaagat 
ggaaCtgitat 
ttgcticcitag 
titcggctitcg 
agagatggta 
Ccatttactd 
ggtgttaata 
citttgttcct 
Ctgaaaaatg 

CCaaaaatga 
tCaCat Cagg 
taCttattgt 
aCCaaCaaCC 
accattctgc 
a CataCCCCC 
aattagcc.ct 
taataaggga 
gcticta accC 
aCaCCaCaCa 
toccaactict 
gCatgCCatg 
Cagtaatgca 
aCCatt CCta 
tgCatCGgQg 
aattagtaaa 
ada tattt CC 

taagattgat 
ggaag Catala 
tgtCaaggga 
gg tacticcc.g 

tittaatgggc 
tggCtCtgta 
attittatttg 
citcttgttac 

Entire molecule length: 465 aa 

llys dillkf 
yprls CCC st 
lthya a Cpgg 
chdgrew tyi 
iggCdCylimit 
asnktieca C 
sitcpcesnic 
kydgopwtds 
diggkirtwhis a 

spkiiaptts 
fokallisph 
yying triedrin 
gvdgpdsnal 
digs asgiskic 
ransy takirp 
dkos COVkog 
dallaps g Vmv 
ataiyclimgs 

US 2009/017.5908A1 
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Figure 1CC 
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Sequence of ca B/Hong Kong/330/01 HA Entire molecule length: 1885 bp 
gag catttitC 
gtag taaCat 
Ct. CaCCCCat 

gtgttgata CC 
aaaggaacaa 
agat CtggaC 
Cq.gcaaaagt 
titltCCtataa. 
Cagaggata C 
aaaaag CaCC 
aacgttacca 
aaaaaaCCaa 
Catacatttg 
totgatagcg 
gaagtt CaCt 
ttggtggctt. 
a Calattgttg 
tacct at Caa 

CCaCCaCCaa 
tgcct coacg 
a CCCCaaCat 
CCttgaagct 
aaCCaaaCCC 
gCaaggaatg 
Cagtag CaCt 
at CaCaaaaa. 
aagaCtalag C 
atgagaaagt 
Ctcgcagtict 
tCtct to C g 
tagagatagg 
tgccticgata 
cCoccacctitt 
gattggataa 
ttgcc totaa 
agaCaatgtt 
titt CCttitat 
attgaaaaat 

taatlatcCaC 
CCaatgCaga 
gtggtoaaaa 
aCtga Cala Ca 
aaaccagagg 
gtggCCttgg 
ttcaat actic 
tgCaCCaCag 
gaacgt at Ca 
aCCaCCaCCC 
atgcaaacgg 
aa. Cala Calala a 

ta. Caga agga. 
aaaCC Calaat 

tCat CtgCla 
CCCaaat, Caa 

ttgatta Cat 
a gagg tattt 
gCtaataaaa 
aaaaatacgg 
gCaaaag CCa 
CCC Caatgca 

tottcgg 

Catticatd at 
tottgttcca 
to tag tactt 
gcticttgtta 

Amino Acid Sequence of ca B/Hong Kong/330/01 HA 

SEQ ID NO:29 
ca B/Hong Kong/330/01 
Nucleotide 

1 agcagaag Ca 
51 act actCatg 

101 catcgtoaaa 
151 aatgtgaCtg 
201 to caaatcto 
251 toaactgcac 
301 aa catacctt 
351 atctgggtgc 
4 Ol Coaatctitct 
451 atcaatgcag 
501 g totto.ccct 
551 gggctgtc.cc 
601 atagaagtac 
651 ggggttcCaC 
701 Caaag CCtca 
751 gtttcacaga 
801 acaaagtggit 
851 caggaacaat 
901 to cqCaagtg 
951 agaag Cagat 

1 OO1 Cttactatac 
1051 gtcaaaaCaC 
1101 aaaactatta 
1151 aaggaggatg 
1201 ggag CaCatg 
1251 Cataaacaag 
1301 agaatctitca 
1351 CtagaaCtag 
1401 goaaatagaa 
1451 aagatgag Ca 
1501 cccitctgctg 
1551 Caaccagacic 
16 OI a attittct ct 
1651 aatgacgatg 
1701 toctitccagt 
1751 togtotccag 
1801 agccccgitat 
1851 aaaaaacgtt 

SEQ ID NO:63 

1 mkalii VillmV 
51 ptkshfanlik 

101 eVrpvtsgcf 
151 kigtsgs Cpn. 
201 doitv Wgfhs 
251 edgglps gr 
301 Slpligeadc 
351 kyrppakllk. 
401 kstcealinki 
451 adt is sciel 
501 etkhkcndtc 
551 ly ystaas Sl 

Wtsnadirict 
gtktroklcp 
pimhdrtkir 
vtingngffat 
ds etc.makly 
iv Vodymvolks 
lhekygglink 
ergffdaiag 
tknin Slsel 
aVlls Illegii 
ldriaagtfn 
aVtlIIliaif V 

gits snsphV 
kclinctd.ldV 
Clpnllrgye 
maWavpknen 
gdskpckfts 
gktgtityCir 
skpyytgeha 
fledgg Wegmi 
evknildrlsg 
In Sedehillal 
agef slptfo 
Vymvsr.cnvs 

aaaatgalagg 
tC gaat CtgC 
citgctactica 
a CaCCCaCCa 

gaalactato C 
gCagaCCaaa. 
Catgaagtaa 
aa Caaaaatt 
gCttatcaaa. 
taCaaaattg 
attct tccCa 
CaCCaa Calaa 
CaagaCCaaa. 
ggcaaaactic 
a C9gagtgaC 
acagaagacq 
gCt9 Caaaaa. 
tattgcctica 
gCatCCttgc 
tggattaaac 
taggaaattg 
aCCaaatata 
agctattgct 
CCCaCC Cata 
Cittaa Cagta 
tittgacticag 
atgaactcCa 
agag Ctga 
tgaaggaa 
aaCtgaagaa 
titcga aacca 
tgg cacctitt 
at attactgc 
Ctgctt tact 
agctatotitt 
totgtctata 
gtttgcttgt 
Ctact 

a 

a 

Caataattgt 
aCtggaataa 
aggggaagtC 
aat-Ct Cattit 
ccaaaatgtc. 
at CCaCCCCC 
gacctgttac 
agaCaCCtgc 
ccataacgtt 
CaaCCt Cagg 
acaatcgctt 
tt Cattala Ca 
ttaccotttg 
tatggagaCt 
CaCaCatta C 
gaggactaCC 
tCtggaaaaa. 
aaaagtgtgg 
Ctttaattgg 
aaaa.gcaa.gc 
CCCalatatgg 
gacct CCtcC 
ggitttcttag 
CaCat CCC at 
Ct Caagaag C 
Ctggaagta a 
Caacgaaata 
Caataag CtC 
ataaacagtg 
aatgCtg99C 
aacacaagtg 
aat CCaCCag 
tgcatctitta 
acticaactgc 
gttgtttata 
aggaaagtta 
tat cattaca 

Entire molecule length: 585 aa 
ViktatogeVn 
algrpkcton 
rirls nhn Vi 
nktatin.slti 
sang Vitthy V 
gillpokVWC 
kaignCpiWV 
agwhqytshq 
amdelhneil 

erklkk Inligp 
slnitaaslin 
CSiCl 

vitg Vipltitt 
ipsak Vsilh 
naekapggpy 
eVpyictede 
SCiggfpnct 
as grskVikg 
kitplklangt 
ahg Vavaadl 
eldekVddlr 
saveigng Cf 
ddgldnhtil 
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Figure 1DD 

US 2009/017.5908A1 

SEQ ID NO:30 
Nucleotide Sequence of ca B/Hong Kong/330/01 NA Entire molecule length: 1544 bp 

1 agCagag Cat Ctt Ctcaaaa Citgaag Calaa taggCCaaaa toa a CaatgC 
51 taCCCtcaac tata Caaa.ca ttaa CCCt at ttct Cacat C agggggagtg 

101 ttattatcac tatatgtgtc agcct tactg. tca tact tac totattogga 
151 tatattgcta aaattitt CaC caacaaaaat aattgcacca acaacgt.cgt. 
2O1 toga Citcc.gc gaacgcatca aattitt Cagg ccgtgaacca ttctgcaa.ca 
251 aaagagatga Cattt CttCt CCC agaaCCC gag toga Cat a CCCtcCttt 
301 at CttgcCag ggttcaacct ttcaaaaag C act CCtaatt agcCct Cata 
351 gatt CCGaga agCCalaagga aaCt Cag CtC CCttgata at aagggala CCt 
401 tittattgCtt gtgga CCaaa gCagtgtaa a CaCtttgct C tala CCC atta 
451 to Cag CtCaa CCagggggat acta Caatgg aa Caaga gag gaCagaala Ca 
5O1 agct gaggCa totgattt Ca gtCaact tag gCaaaata CC aaCtgtagaa 
551 aactCcattt to Ca CatggC agct to gagt gggtCCCC at gcCatgatgg 
601 tagagagtgg acttatatcg gagttgatgg CCCtcacagt aatgcattga 
651 tdaaaataaa atatggaga a gCatacactg acacatacca titcCtatgca 
701 aacaa CatCC taagaacaca agaaagtgCC to Caactgca togggggaga 
751 ttgttatctt atgataactg atggcticagc titcaggaatt agtaaatgca 
8O1 gatt CCttaa gatt CCaCag gCtC gaatag taaaagaaat attt CCaa Ca 
851 ggaagagtag agcatactga agaatgcaca toCggatttg Ccagdaataa 
901 aaccatagaa totgcctgta gagata acag tita Cacagca aaaaga CCCt 
951 ttgtcaaatt aaatgtggala actgata cag Cagaaataag attgatgtgC 

1 OO1 acagagaCtt atttggaCaC CCCC agaCCa gatgatggaa gCatala Cagg 
1051 gCCttgCGala totaatgggg a Calaagg gag to gaggitat C aagg gagg at 
1101 ttgtcCatca aagaatggca to Caagattig galagatggta CtCtcgaacg 
1151 atgt Citaaala Ctaaaagaat ggggatggala Ctg tatgtca agtatgatgg 
1201 agaCCCatgg actica Cact g atgCCCttgC to Ctag toga gtaatgct Ct 
1251 caatagaaga a CCtggttgg tatt Cttt CC gCtt Coaaat aaaagataag 
1301 aaatgCC atg tcCCCtgitat toggatagag atggta CaCC atggtggaaa 
1351 aacaaCttgg cact Cag Cag caa.ca.gc.cat ttaCtgttta atgggct Cag 
14 Ol gaCagttgCt atgg gaCaCt at Ca Caggtg ttgatatgg C totgtaatgg 
1451 aggaatggitt gaatctgttc taalaccCttt gttcCtattt totttgaaca 
1501 attgtc.citta citgg acttaa ttgtttctga aaaatgctict tott 

SEQ ID NO:64 
Amino Acid Sequence of ca B/Hong Kong/330/01 NA Entire molecule length: 466 aa 

1 millipsticitlt lifltsggVll sly Visalls y llys dill kf spitkiiaptt 
51 slds anasnf davnihisatke mtfllpepew typrls cogs tfckallisp 

1 O1 hr fgeakigns aplli irepfi acgpkeckhf althyaacpg gyyngtredr 
151 nklirhilis Vn ligkiptvens ifhmaawsgs achdgrewty igvdgpdsna 
2O1 likikygeay tdtyhsyann ilrt desacn ciggdcylmi tdgs as gisk 
251 criflkiregr ivkeifptgr vehteectcg fasnktieca Crdnsytakr 
301 pfvklinvetd taeirlmcte tylidtprpdd g sitgpces n godkgsggikg 
351 gf WhCrimask igrWysrtms kitkirmgmely VkydgCpWtd scalapsg Vm 
4O1 Vsie epgwys fgfeikdikkic dVpCigliemV hdgg kittwhis aataiyclimg 
451 sgollwdtit gvdmal 
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Figure 1EE 

Sequence of ca B Brisbane 32 2002 HA 

SEQ ID NO:31 
ca B/Brisbane/32/2002 
Nucleotide 

1 agcagaag Ca 
51 actact catg 

101 catcgtcaaa 
151 aatgttgactg 
201 togcaaatct c 
251 toaactgcac 
3Ol aa cata CCCt 
351 atctgggtgc 
401 CCaatct tct 
451 atcaatgcag 
501 g tottgccct 
551 ggg.ccgtc.cc 
601 atagaagitac 
651 ggggitt CCaC 
701 caaag.cccca 
75l gttt cacaga 
801 acaaagtggit 
851 Caggaacaat 
901 to cqcaagtg 
951 agaag Cagat 

1 OO1 Cttacta CaC 
1051 gtgaaaacac 
11 O1 aaaact atta 
1151 aaggaggatg 
l2Ol gCCCCaCatC 
1251 cataaacaag 
1301 agaatcttca 
1351 ctagaactag 
1401 a Caaatagaa 
1451 aagatgag Ca 
1501 ccctctgctg 
1551 CaaCCagaCC 
1601 aattitt Ctct 
1651 aatgaccato 
1701 toccitccagt 
1751 toggtotCcag 
1801 agccCtgtat 
1851 aaaaaacgtt 

SEQ ID NO:65 
Amino Aci 

1 mkalii VillmV 
51 ptkish fanlik 

101 eVrpvtsgcf 
151 kigtsdscpn 
201 dcitvwgfhs 
251 edgglpcs.gr 
301 slpligeadc 
351 kyrppakllk 
401 kstcealinki 
451 adtiss Ciel 
501 etkhkcndtc 
551 ly ystaassl 

gag catttitc 
gtag taaCat 
CtCaCCCC at 
gtgttgata CC 
a dagga a Caa 
agat CtggaC 
CCC Caaaact 
titt Cotataa. 
Cagaggata C 
aaaagg CaCC 
aacgttaCCa 
aaaaaaCCaC 
catacatttg 
tCtgata a CC 
gaagtt CaCC 
ttgdtcCCtt 
agaattgttg 
taCCtatCaa 

gCaggag Caa 
tgCCtCCaCC 
aggggaaCat 
cCttgaagct 
daggada gag 

C CaaCCaatC 
CactaCCaCt 
ataa Caaaaa 
aaga CitadgC 
aCQagaaagt 
Ctcgcagtict 
tcticttgg.cg 
tagagatagg 
tgt. Ct. CCaCa 
CCCCaCttitt 

Catt C.Cataa 
ttggctgtaa 
aga Caatgtt 
titt CCttitat 
attgaaaaat 

Vtsnadirict 
gtktrgkl Cp 
pimhdrtkir 
vting ngffat 
dneadmakly 
iv vodymvolks 
lhekygglink 
ergffgaiag 
tknlin Slsel 
aVllsnegii 
ldriaagtfc 
avtlmia.ifv 

taatlatcCaC 
CCaatgCaga 
gtggit Caaaa 
aCtga Caa Ca 
ada CC a gagg 
gtggCCttgg 
tCalata CitC 

tgCaCCaCag 
galacatat ca 
aggagga CCC 

at C Calaa CCC 
ala Cala Calaala 

taCagaagga 
aag CC Calaat 
tdatctgcca 
CCCaaat Cala 
ttgattacat 
agagg tattt 
gg taataaaa 
aaaaatacgg 
CCaala CCCCa 
ggCCaatgga 
gttt CttCGg 
attgCaggitt 
CCCaCCaCaC 
at Ctcaactic 
ggtgC Catgg 
ggatgatcto 
tgctttccaa 
Cttgaaagaa 
gaatggat gC 
gala tag Ctgc 
gattCaCtga 
Cata. Citata 
cattgatgat 
tCt 

tgtag to citt 
gcticttgtta 

d Sequence of ca B Brisbane 32 2002 HA 
gits snsphV 
kClinctd.ldV 
Clpnllrgye 
mawaVpkindn 
gdskpckfts 
gktgtity or 
skpyytgeha 
flegg Wegmi 
evknildrlsg 
nsedehillal 
agefslptfo 
Vymvs roln vs 

US 2009/017.5908A1 

Entire molecule length: 1885 bp 
aaaatgaagg 
tCQaatctgc 
Ctgctactica 
a CaCO CaCCa 

gaala Citat gC 
gCagaCCaaa 
CatCaagtCa 
aacaaaaatt 
ggittatcaac 
tacaaaattg 
atttittcgca 
CaCCaaCaaa 
galaga CCaaa 
gg Cadala CtC 
aCC gagtgaC 
aCaCaaga CC 
gCtgCaaaaa 
tattgcctica 
ggat.ccttgc 
tggattaaac 
taggaaattg 
aCCaaatata 
agct attgct 
CCCaCCC a 
Ctta agaqta 
tittgagtgag 
atgaacticca 
agag Ctgata 
tgaaggaata 
agCtgaagaa 
titcgaalacca 
tggta CC titt 
at attactgc 
ctoctittact 
agctatotitt 
totgtctata 
gtttgcttgt 
Ctact 

a 

caataattgt 
aCtgggataa 
aggggaggto 
aatctoattit 
C CaaaatgCC 
atCCaCCCCC 
gacctottac 
aga Cag Citgc 
toataacgtt 
gaaCCt Cagg 
a CaatggCtt 
ttcattaaCa 
ttaccgtttg 
tatgggga Cit 
CaCa Catta C 

CaCCaCtaCC 
totgggaaaa 
aaaagttgttgg 
Ctttaattgg 
aaaag Caag C 
CCCalatatgg 
gaCCtcCtgC 
ggttt Cittag 
CaCatCCCat 
CtCaagaag C 
Ctggalagtaa 
Caacgaaata 
Caataag CtC 
ataaaCagtg 
aatgctggg C 
aa Ca Caagtg 
gatgCaggag 
tgcatctitta 
acticaactdc 
gttgtttata 
aggaaagtta 
taCCatta Ca 

Entire molecule length: 585 aa 
vktatogevin 
algrpkCt.gn 
hirls thin Vi 
nktatin.slti 
sang Vitthy V 
gillpokVWC 
kaign.cpiWV 
agWhgytshg 
amdelhneil 
erklkkmlgp 
slnita a slin 
CsiCl 

vitg Viplittit 
ipsakV silh 
naekapggpy 
eVpyictede 
sdiggfpnot 
asgrskVikg 
kitplklangt 
ahg Vavaadl 
eldekVddlr 
saVeigngcf 
ddgldnhtil 
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SEQ ID NO:32 
Nucleotide Sequence of ca B Brisbane 32 2002 NA 

1 agCagaag Ca 
51 acaatgctaC 

101 gggagtatta 
151 attcggatat 
201 atgcCattgg 
251 to Caacaaaa 
301 cqcgtttatc 
351 cctdatagat 
401 ggaaccttitt 
451 cccattatgc 
501 agaaacaag C 
551 agtagaaaac 
601 atgatggtaa 
651 goattgctica 
701 ctatgcaaac 
751 gCGgaaattg 
801 gaatgcagat 
851 to Caa Cagga 
901 gCaataagaC 
951 agaccCtttg 

1001 gatgtgcaca 
1051 taa Cagg gCC 
1101 ggaggatttg 
1151 togaacgatg 
1201 atgatggaga 
1251 atggtttcaa 
1301 agataagaaa 
1351 gtggaaaaga 
1401 ggct CaggaC 
1451 gtaatggagg 
1501 ttgaacaatt 
1551 tact act 

SEQ ID NO:66 
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gag CatCttC 
Ctt Caa Citat 
titat CaCtat 
attgCtaaaa 
attgtgcaaa 
CCCC, tCaCaC 
ttCCCCCCCC 
tCCC agaala C 
attgCttgtg 
agCCCaaCCa 
tgagg Catct 
to Cattitt CC 
agaatggaCa 
aaataaaata 
aa Cat CCtaa 

ttatct tatg 
ttct taaaat 
agagtaaaaC 
Catagaatgt 
Calaattaaa 

gaga Cittatt 
ttgttgaat Ct 
ttCatcaaag 
CtaaaaCta 
CCCatggg Ct 
tggaagaaCC 
tgtgatgtcC 
gaCttggCaC 
aCCtCCtgtC 
aatggttgag 
gtcct tactg 

Figure 1 FF 

tcaaaaCtga 
acaaacgtta 
atgtgtcagc 
tt CtCaCCaa 

CCC at Caaat 
tt Cttct CCC 
tdaaCCttt C 
Calaaggaala C 
CaCCaaagga 

CCCCCataCt 
aattt CagtC 
a CatCCCaCC 
tatat cqgag 
tCCaCaag Ca 
CaaCaCaaga 
ataaCtgatg 
tCCaCaCCCC 
a tactgaaga 
CCCtCtagag 
Cgtggaga Cit 
tggaCaCCCC 
aatCCCCaCa 
aatgg CatCC 
aaag CatCCC 
CaCagtCatC 
tggttggtaC 
CCtgtattgg 
tCaCCaCCaa 
ggaCaCtgtC 
totgttctaa 
aaCttaattg 

Amino Acid Sequence of ca B Brisbane 32 2002 NA 

51 
1 O1 
151 
2O1 
251 
3 O1 
351 
4 O1 
451 

mlpsticitlt 
plcCanas nV 
hirfgetkgns 
nklirhillis Vik 
llkikygeay 
criflkiregr 
pfvklinvetd 
gfvhdrmask 
VSmeepgWys 
sgollwctVt 

lfltsggVll 
CaVnrs atkg 
aplii repfi 
lgkiptvens 
tdtyhsyann 
iikeifptgr 
taeirlmcte 
igrwysrtms 
fgfeikdikkc 
gvdmal 

sly Vs asl sy 
VtlllpepeW 
acgpkeckhf 
ifhmaawsgs 
ilrtCesaCn 
Vkhteecticg 
tyldtprpdd 
kitkirmgmgly 
dvpcigiemV 

Entire molecule 

CCCaaatagg 
a CCC tattt C 
tt cattgtca 
Cagaaataac 
gttcaggCtg 
agaaCCaCaC 
agaaag CaCt 
tcagcticcict 
atgcaaacaC 
a CaatggaaC 
aaattCCCCa 
atggag CCGC 
ttgatggCCC 
tataCtgaCa 
aagtgCCtgC 
gCtCagct tc 
Cqaataataa 
atgca CatgC 
ataa Cagtta 
gata Cag Cag 
CagaCCaCat 
ala CCCaC UCC 
aagattggaa 
CatCCCaCtg 
cccttgctict 
tcctittggct 
aatagagatg 
CagCCattta 
a Caggtgttg 
accctttgtt 
titt Citgaaaa 

Entire molecule 

llys dillkf 
typrls Cpgs 
althyala Cpg 
achdgkew ty 
CiggnCylmi 
fasnktieca 
gSitgpCesn 
vkydgcdpwad 
hdggketwhis 
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length: 1557 bp 

CCaaaaatga 
tCaCat Cagg 
taCtta Citat 

gCaCCaa Ca 
tgaaCCCttC 
tgga CataCC 
CCtaattagc 
tgataataag 
tttgctictaa 
aagaggagaC 
aaat CCCaaC 
tCCGCatgCC 
tgaCaataat 
CataCCatt C 
aattgcatcg 
agg tattagt 
aagaaatatt 
ggatttgcCa 
CaCaCCaaaa 
aaataagatt 
Catggaag Ca 
agg Cat Caag 
ggtgg tactC 
tatgtcaagt 
tag to gagta 
tCgaaataaa 
gtaCatgatg 
ctgtttaatg 
atatggCtCt 
cctattttgt 
atgcticttgt 

length: 466 aa 

spiteitaptm 
tfckallisp 
gyying trgdr 
igVcgpdnina 
tdgs as gise 
circdn.sy takir 
gdkgsggikg 
sdal alsgVm 
aataiyClimg 
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SEQ ID NO:33 
ca B/Jilin/20/2003 
Nucleotide 

1 totaatat CC 
51 atccaatgca 

101 atgttggtcaa 
151 ccactgacaa 
201 aaggaCCaga 
251 atgtggcCtt 
301 gcttcaatac 
351 aatgcacgaC 
401 atgaaaatat 
451 CCaCCaCCaC 
501 cagtaaaag.c 
551 acaacaaaaa 
601 acaga agggg 
651 aaccocaatg 
701 catctgctaa 
751 ccagctcaaa 
801 to attacatg 
851 gaggtgttitt 
901 gtaataaaag 
951 aaaatacggit 

1001 Caaaag.ccat. 
L051 gccaatggaa 
ll Ol titt CttCGga 
1151 ttgcaggttg 
1201 gCQg CagaCC 
1251 tot Caattct 
1301 gtgCCatgga 
1351 gatdatctoa 
1401 gctitt.ccaat 
1451 titgag agaaa 
1501 aatggatgct 
1551 gatagctgct 
1601 attcactgaa 
1651 Catactatac 
1701 attgatgcta 
L751 catgcticcat 
1801 gtag to Cttg 
851 Ctc 

SEQ ID NO:67 
Amino Acid Sequence of ca B/Jilin/20/03 HA 

1 mkalii VillmV 

51 ptksy fanlik 
101 eVrpvtsocf 
151 rligtsgscpn 
201 Citvwgfhsd 
251 deglpCS gri 
301 lpligeadcl 
351 yrppakllke 
401 stoleainkit 
451 dtiss ciela 
501 tkhkcndtcl 
551 yystaassla 
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Figure 1GG 

Sequence of ca B/Jilin/20/03 HA Entire molecule length: 1853 bp 
a Caaaat Caa 
gatcgaatct 
aa Cagctact 
Cala CaCCaaC 

gggaaactat 
CCCCaCaCCa 
tcCaCCaagt 
agaaCaaaaa 
Cagattat Ca 
cctacagact 
ggatttittcg 
tgcaa.cgaac 
aagaCCaaat 
aagaaCCtCt 
tggagta a CC 
CaCaa CaCCa 
gtgCaaaaaC 
gttgCCtCaa 
ggtcCttgcc 
ggattaala Ca 
aggaaattgC 
CCaaatatag 
gCtattgCtg 
gCaCOgataC 
tta agagtaC 
ttgag gag C 
tgaactCCaC 
CaCCtCaCaC 
gaaggaataa 
actaaagaaa 
tCgaaacCaa 
gg CaCCttta 
cattactgct 
tgctictatta 
gCtatttitta 
Ctgtctataa 
tittgcttdtc 

Vtsnadirict 
gtrtrgklcp 
pimhdrtkir 
atsksgffat 
nktpnknlyg 
V Vidymvolkpr 
hekVgglinks 
rgffgaiagf 
knlnslsele 
Vllsnegiin 
driaagtfna 
Vtmlaifi V 

ggcaataatt 
gCactgg gat 
Caaggggagg 
aaaat Citat 
gtCC agaCtg 
atgttgttgttgg 
cagacctgtt 
toaga CaaCt 
a CCCaaaacg 
toga acctica 
Caa Caalgg C 
CCaCtaa Cag 
tactgtttgg 
atggagaCtC 
a CaCattatg 
agga CitaCCa 
CtaggaaaaC 
aaggtgtggit 
tittaattogit 
aaag Caag CC 
CCaatatggg 
acct cotgca 
gttt CCtaga 
a Cat CtCaCC 
gCaagaag Ct 
tagaag 
aaCgaaataC 
tata a CCtcC 
taala Cagtga 
atgctgggtC 
a CaCaagtgC 
at CCaCCaCa 
gcatctittaa 
citcaactgct 
ttgtttatat 
ggaagattaa 
at Catta Caa 

alala 

gtactactica 
aacatCttCa 
tdaatgttgac 
tittgcaaatc 
totcaactgt 
gCaCCaCaCC 

a Cat CCC ggit 
a CCCaat Clt 
ttatcgatgc 
gCatct tocc 
ttgggCtgt C 
tagaagta CC 
gggttccatt 
aaat CCtCaa 

tittctdag at 
Calaa CCCCCa 
agga a Calatt 
gCCCCaCtcC 
gala CCaCatt 
titacta CaCa 
tgaaaa CaCC 
aaaCt attaa 

aggaggatg 
gag CaCatgg 
atalaa Calaga 
gaat CttCaa 
tCgagCtgga 
Caaata CaaC 
agatgag Cat 
cctctgctgt. 
aaCCagaCCt 
atttitctict C 
atgatgatgg 
gcttctagtt 
ggt CitcCaga 
gccttgtatt 
a Calaa CCtta 
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tCC tactaaC 
aactCaCCtc 
tggtgtaata 
tCaaaggaac 
a Cagat Ctgg 
ttCCC Caaaa 
gctittccitat 
CtCagaggat 
agaaaatgca 
ctaacqctac 
C Calaagga Ca 
a tacgtttgt. 
Cagataacaa 
aagttcacct 
tgg CCCCttC 
gaattgttgt 
gtCitat Caaa 
CaCCaCCaala 
gcc titcatCa 
ggaga a Catg 
tittgaagctt. 
aCCalaaggCC 
Caaggaatga 
agtgg Cagtg 
taa Caaaaaa. 
aga Citaagtg 
tgagaaagtg 
ttgcagtc.tt 
ctattggcac 
aga Catagga 
gCttaga Cag 
cccacttittg 
attggataaC 
tgg CtgtaaC 
gaCaa CG titt 
titCCtt tatt 

ttcaaaaatC 

Entire molecule length: 584 aa 
gits snsphV 
diclinctd.ldV 
Clpnllroye 
maWaVpkdinn 
disnpdkftss 
ktgtivy Crg 
kpyyticehak 
legg Wegmia 
Viknildrlsga 
sedehillale 
gefslptfols 
ymivsrdnvisc 

Viktatogevin 
algrpmcVgt 
nirlstonVi 
knatinplit Ve 
ang Vitthy Vs 
VillpokVWCa 
aligncpiWVk 
gWhgytshga 
mdelhneille 
rklkkmlgps 
lnitaaslind 
SiCl 

vtgvipltitt 
tpsakasilh 
daenapCOpy 
Vpy Victeged 
Gigg fpacte 
sgrskVikgs 
tplklangtk 
hg Vavaadlk 
ldekVddlra 
avdigngcfe 
dgldnhtill 
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Figure 1HH 
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SEQ ID NO:34 
Nucleotide Sequence of ca B/Jilin/20/03 NAEntire molecule length: 1529 bp 

1 totcaaaact gaggcaaata ggccaaaaat gaacaatgct accCtcaact 
51 atacaaacgt talaccCtatt CCtca catca gqgggagtgt tattat cact 

101 atatgtgtca gctt cactgt catact tact at attcggat at attgctaa 
151 aattittcaac aacagaaata actgcaccala caatgccatt ggattgttgca 
201 aacg CatCaa atgtt Cagg C totgaaCCdt totgcaacaa aaggggtgaC 
251 acttctitctic coag aaccog agtgga cata cccg.cgttta tottgcc.cgg 
301 gCtcaacCtt to agaaag.ca citcCtaatta gccCt catag attcggagaa 
351 accalaaggaa acticagotcc cittgataata aggga acct t t tattgcttg 
401 to gaccaaag gaatgcaaac actittgctict aacco attat gcagoccaac 
451 Cagggggata Cta Caatgga a Caaaagaag a Cagaala Cala gCtgagg Cat 
5 O1 Ctaattitcag tdaaattggg caaaatcc.ca acagtagaala acticcattitt 
551 CCaCatgg Ca gCatggag CG ggtcCdCatg CCatgatggit aaagaatgga 
6 Ol Catatat CGg agttgatggC CCtgaCagta at gCattgct Caaaataaaa 
651 tatggagaag catatactga cacataccat tcc tatgcaa acaa.catCct 
701 aagaa Cacaa gaaagtgCCt gCaattgCat C9ggggaaat tott at Ctta 
751 toatala Ctga togCtCag Ct to agg tatta gtgagtgCag attt Cittaag 
801 attCga gagg gCCgaataat aaaagaaata titt CCaa Cag galagagtaaa 
851 a Catactgaa gaatgca Cat gC9gatttgC Cag Caataala acCatagaat 
9 Ol CitgcCt c tag agataa Cact taCaCag Caa aaaga CCCtt tot Caaatta 
951 aatgtggaga Citgata Cagc agaaataaga ttgatgtgCa Cagaga Citta 

1001 tittgga CaCC CCC agaCCag atgatggaag Cataa Caggg CCttgttgaat 
lO51 Ctaatgggala taalagg gagt gCagg CatCa agg gaggatt tott Cat Caa 
11 Ol agaatgg Cat C Caaaattgg alaggtgg taC to tCcala Cala totCtaaaaC 
1151 Caaaaggat g g gaatggga C totatgt Caa gitatgatgga gaCCCatgga 
12 Ol CtgaCagtga t gCCCttgct Cittagtggag taatggttt C aatggaagaa 
1251 CCtggttggit a Ct Catttgg CttCGaaata aaagataaga aatgtcatgt 
1301 CCCCtg tatt gggatagaga togta Catga togtggaaag gagaCttgg C 
1351 acticagoagc aacagccatt tactgtttaa toggcticagg acaactgttg 
14 Ol togga CaCtg tca Caggtgt toatatgg Ct Ctgtaatggg ggaatggttg 
1451 agtctgttct aaaccCtttg titcc tattitt gtttgaacaa ttgtcCttgc 
1501 toaacttaat tott totgaa aaatgctict 

SEQ ID NO:68 
Amino Acid Sequence of ca B/Jilin/20/03 NA Entire molecule length: 466 aa 

1 mlpstic tilt lifltsggVll sly Vs aslsy llysdillkf stteitaptm 
51 plc.canasin V CaVinirs atkg Vtlllpepew typrls Cpgs tifickallisp 

101 hr foetkgns aplii repfi acgpkeckhf althyaadpg gyyngtkedr 
151 nklirhillisvk. lgkiptvens ifhmaawsgs achdgkewty ig Vdgpdsna 
2O1 llllkiky geay tdtyhsyann ilrtCesacn ciggin cylmi tdgs as gise 
251 criflki regr iike.ifptgr vkhteecticg fasnktieca circdnsy takir 
301 pfvklinVetd taeirlmCte tylidtprpdd g sitgpces n gnkgsggikg 
351 gfvhdrmask igrWysrtms kitkirmgmgly vkydgcdpwtd sidal alsgvm 
4 Ol. Vsm.eep gwys fgfeikokko dVpcigliemV hoggketwhis aataiyclimg 
451 sgollwctvt gvdma 
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Figure 2 

SEQ ID NO HA Or NA Strain Name 
SEQ ID NO:1 HA ca A/Shandong/9/93 
SEQID NO:2 NA ca A/Shandong/9/93 
SEQ ID NO:3 HA ca A/Johannesburg/33/94-Like 
SEQ ID NO:4 NA ca A/Johannesburg/33/94-Like 

HA (H3 ca. A/Wuhan/395/95 
NA (N2 ca. A/Wuhan/395/95 

SEQ ID NO:7 HA (H3) ca A/Sydney/05/97 
SEQ ID NO:8 NA (N2 ca A/SVCineV/05/97 

HA (H3 ca. A/Panama/2007/99 
NA (N2 ca. A/Panama/2007/99 
HA (H3 ca A/Wyoming/03/2003 

SEQ ID NO:12 NA (N2 ca A/Wyoming/03/2003 
SEQ ID NO:13 HA (H1 ca A/Texas/36/91 
SEQID NO:14 NA (N1) ca A/Texas/36/91 
SEQ ID NO:15 HA (H1 ca A/Shenzhen/227/95 

NA (N1 ca A/Shenzhen/227/95 
HA (H1 ca A/Beijing/262/95 

SEQID NO:18 NA (N1 ca A/Beijing/262/95 
SEQ ID NO:19 HA (H1) ca A/New Caledonia/20/99 
SEQ ID NO:20 NA (N1 ca A/New Caledonia/20/99 

HA ca B/Ann Arbor/1/94 
NA ca B/Ann Arbor/1/94 

SEQ ID NO:23 HA ca B/Yamanashi/166/98 
NA ca B/Yamanashi/166/98 

SEQ ID NO:25 HA ca B/Johannesburg/5/99 
SEQID NO:26 NA ca B/Johannesburg/5/99 
SEQ ID NO:27 HA ca B/Victoria/504/2000 
SEQ ID NO:28 NA ca B/Victoria/504/2000 
SEQ ID NO:29 HA ca B/Hong Kong/330/01 

NA ca B/Hong Kong/330/01 
SEQ ID NO:31 HA ca B/Brisbane/32/2002 
SEQ ID NO:32 NA ca B/Brisbane/32/2002 
SEQ ID NO:33 HA ca B/Jilin/20/2003 
SEQID NO:34 NA ca B/Jilin/20/2003 
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INFLUENZA HEMAGGLUTININ AND 
NEURAMINIDASE VARIANTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a division and claims the benefit 
under 35 U.S.C. S 120 of U.S. patent application Ser. No. 
10/870,690, filed Jun. 16, 2004, which claims the benefit 
under 35 U.S.C. S 119(e) of the U.S. Provisional Patent Appli 
cation Ser. No. 60/479,078, filed on Jun. 16, 2003, the disclo 
sures of each of which are incorporated herein in their entirety 
for all purposes. 

BACKGROUND OF THE INVENTION 

0002 Vaccines against various and evolving strains of 
influenza are important from a community health standpoint, 
as well as commercially, since each year numerous individu 
als are infected with different strains and types of influenza 
virus. Infants, the elderly, those without adequate health care 
and immuno-compromised persons are at special risk of 
death from Such infections. Compounding the problem of 
influenza infections is that novel influenza strains evolve 
readily and can spread between various species, thereby 
necessitating the continuous production of new vaccines. 
0003) Numerous vaccines capable of producing a protec 

tive immune response specific for different influenza viruses/ 
virus strains have been produced for over 50 years and include 
whole virus vaccines, split virus vaccines, Surface antigen 
vaccines and live attenuated virus vaccines. However, while 
appropriate formulations of any of these vaccine types are 
capable of producing a systemic immune response, live 
attenuated virus vaccines have the advantage of also being 
able to stimulate local mucosal immunity in the respiratory 
tract. Considerable work in the production of influenza 
viruses, and fragments thereof, for production of vaccines has 
been done by the present inventors and co-workers; see, e.g., 
U.S. Application No. 60/420,708, filed Oct. 23, 2002, U.S. 
application Ser. No. 10/423,828, filed Apr. 25, 2003, and U.S. 
Application No. 60/574,117, filed May 25, 2004, all entitled 
“Multi-Plasmid System for the Production of Influenza 
Virus. 
0004 Because of the continual emergence (or re-emer 
gence) or different influenza Strains, new influenza vaccines 
are continually desired. Such vaccines typically are created 
using antigenic moieties of the newly emergent virus strains 
So, therefore, polypeptides and polynucleotides of novel, 
newly emergent, or newly re-emergent virus Strains (espe 
cially sequences of antigenic genes) are highly desirable. 
Furthermore, such sequences within preferred vectors are 
also quite highly desired. 
0005. The present invention provides new and/or newly 
isolated influenza hemagglutinin and neuraminidase variants, 
optionally within preferred vectors, that are capable of use in 
production of numerous types of vaccines as well as in 
research, diagnostics, etc. Numerous other benefits will 
become apparent upon review of the following 

SUMMARY OF THE INVENTION 

0006. In some aspects herein, the invention comprises an 
isolated or recombinant polypeptide that is selected from: the 
polypeptides encoded by any one of the sequences of the 
sequence listing, e.g., SEQID NO:1 through SEQID NO:34, 
any one of the polypeptides encoded by the sequence listing, 
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e.g., SEQID NO:35 through SEQID NO:68; any polypeptide 
that is encoded by a polynucleotide sequence which hybrid 
izes under highly stringent conditions over Substantially the 
entire length of a polynucleotide sequence of the sequence 
listing; and, a fragment of any of the above wherein the 
sequence comprises a hemagglutinin or neuraminidase 
polypeptide, or a fragment thereof. In various embodiments, 
the isolated or recombinant polypeptides of the invention are 
substantially identical to about 300 contiguous amino acid 
residues of any of the above polypeptides. In yet other 
embodiments, the invention comprises isolated or recombi 
nant polypeptides (comprising hemagglutinin or fragments 
thereof), that comprise an amino acid sequence that is Sub 
stantially identical over at least about 350 amino acids; over at 
least about 400 amino acids; over at least about 450 amino 
acids; over at least about 500 amino acids; over at least about 
502 amino acids; over at least about 550 amino acids; over at 
least about 559 amino acids; over at least about 565 amino 
acids; or over at least about 566 amino acids contiguous of 
any of the polypeptides of claim of any of the above polypep 
tides. In yet other embodiments, the invention comprises 
isolated or recombinant polypeptides (e.g., comprising 
neuraminidase or fragments thereof), that comprise an amino 
acid sequence that is substantially identical over at least about 
350 amino acids; over at least about 400 amino acids; over at 
least about 436 amino acids; over at least about 450 amino 
acids; over at least about 451 amino acids; over at least about 
465 amino acids; over at least about 466 amino acids; over at 
least about 469 amino acids; or over at least about 470 amino 
acids contiguous of any of the polypeptides of any of the 
above polypeptides. Of course, in Some embodiments, the 
polypeptide sequence (e.g., as listed in the sequence listing 
herein, e.g., SEQ ID NO:35 through SEQ ID NO:68) com 
prises less than 565, 559, etc. amino acids. In such embodi 
ments, the shorter listed polypeptides optionally comprise 
less than 565, 559, etc. amino acids. In yet other embodi 
ments, the polypeptides of the invention optionally comprise 
fusion proteins, proteins with a leader sequence, a precursor 
polypeptide, proteins with a secretion signal or a localization 
signal, or proteins with an epitope tag, an E-tag, or a H is 
epitope tag, etc. In still other embodiments, the invention 
comprises a polypeptide comprising a sequence having at 
least 95%, at least 96%, at least 97%, at least 98%, at least 
98.5%, at least 99%, at least 99.2%, at least 99.4%, at least 
99.6%, at least 99.8%, or at least 99.9% sequence identity to 
at least one polypeptide listed above. In some embodiments, 
Such polypeptides are immunogenic. 
0007. In other aspects, the invention comprises a compo 
sition with one or more polypeptide listed above, or frag 
ments thereof. The invention also includes polypeptides that 
are specifically bound by a polyclonal antisera raised against 
at least 1 antigen that comprises at least one amino acid 
sequence described above, or a fragment thereof. Such anti 
bodies specific for the polypeptides described above are also 
features of the invention. The polypeptides of the invention 
are optionally immunogenic. 
0008. The invention also encompasses immunogenic 
compositions comprising an immunologically effective 
amount of one or more of any of the polypeptides described 
above as well as methods for stimulating the immune system 
of an individual to produce a protective immune response 
against influenza virus by administering to the individual an 
immunologically effective amount of any of the above 
polypeptides in a physiologically acceptable carrier. 
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0009. Additionally, the invention has reassortant influenza 
virus that encode one or more of the polypeptides above, in 
addition to immunogenic compositions comprising an immu 
nologically effective amount of Such recombinant influenza 
virus. Methods for stimulating the immune system of an 
individual to produce a protective immune response against 
influenza virus, through administering an immunologically 
effective amount of such recombinant influenza virus in a 
physiologically acceptable carrier are also part of the inven 
tion. Such virus can optionally comprise a 6:2 reassortant 
virus with 6 genes encoding regions from one or more donor 
virus (e.g. A/AA/6/60, B/Ann Arbor/1/66, or A/Puerto Rico/ 
8/34, which is more commonly known as PR8) and 2 gene 
encoding regions (typically and preferably encoding HA and 
NA or fragments thereof) selected from SEQ ID NO:1 
through SEQ ID NO:34 or from similar strains, as defined 
herein, to those having SEQID NO:1-34, etc. Immunogenic 
compositions comprising Such reassortant (recombinant) 
virus are also features of the invention. 

0010. In other aspects, the invention comprises an isolated 
or recombinant nucleic acid that is selected from: any one of 
the polynucleotide sequences of the sequence listing, e.g., 
SEQ ID NO:1 through SEQ ID NO:34 (or complementary 
sequences thereof), any one of the polynucleotide sequences 
encoding a polypeptide of the sequence listing, e.g., SEQID 
NO:35 through SEQ ID NO:68 (or complementary poly 
nucleotide sequences thereof), a polynucleotide sequence 
which hybridizes under highly stringent conditions over sub 
stantially the entire length of any of the above polynucleotide 
sequences, and a polynucleotide sequence comprising all or a 
fragment of any of the above polynucleotide sequences 
wherein the sequence encodes a hemagglutinin or neuramini 
dase polypeptide or a fragment thereof. Such nucleic acids 
can be DNA, RNA, cRNA, DNA:RNA hybrids, single 
Stranded nucleic acid, double stranded nucleic acid, etc. The 
invention also includes an isolated or recombinant nucleic 
acid (e.g., comprising hemagglutinin or fragments thereof), 
that encodes an amino acid sequence which is substantially 
identical over at least about 300 amino acids of any of the 
above nucleic acids, or over at least about 350 amino acids; 
over at least about 400 amino acids; over at least about 450 
amino acids; over at least about 500 amino acids; over at least 
about 502 amino acids; over at least about 550 amino acids; 
over at least about 559 amino acids; over at least about 565 
amino acids; or over at least about 566 amino acids of any of 
the above nucleic acids. In yet other embodiments, the inven 
tion comprises isolated or recombinant nucleic acids (e.g., 
comprising neuraminidase or fragments thereof), that encode 
an amino acid sequence that is Substantially identical over at 
least about 350 amino acids; over at least about 400 amino 
acids; over at least about 436 amino acids; over at least about 
450 amino acids; over at least about 451 amino acids; over at 
least about 465 amino acids; over at least about 466 amino 
acids; over at least about 469 amino acids; or over at least 
about 470 amino acids contiguous of any of the polypeptides 
above. Again, in situations wherein the amino acid is less 
than, e.g., 566, 565, 559, etc. in length (e.g., see, Sequence 
Listing in FIG. 1) then it should be understood that the length 
is optionally less than 566, 565, 559, etc. The invention also 
includes any of the above nucleic acids that comprise a 
hemagglutinin or neuraminidase polypeptide, or fragment 
thereof. Other aspects of the invention include isolated or 
recombinant nucleic acids that encode a polypeptide (option 
ally a hemagglutinin or neuraminidase polypeptide) whose 
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sequence has at least 95% identity, at least 96% identity, at 
least 97% identity, at least 98% identity, at least 98.5% iden 
tity, at least 99% identity, at least 99.2% identity, at least 
99.4% identity, at least 99.6% identity, at least 99.8% identity, 
or at least 99.9% identity to at least one of the above described 
polynucleotide. The invention also includes isolated or 
recombinant nucleic acids encoding a polypeptide of hemag 
glutinin or neuraminidase produced by mutating or recom 
bining one or more above described polynucleotide sequence. 
The polynucleotide sequences of the invention can optionally 
comprise one or more of, e.g., a leader sequence, a precursor 
sequence, or an epitope tag sequence or the like, and can 
optionally encode a fusion protein (e.g., with one or more 
additional nucleic acid sequences). Such nucleic acids of the 
invention can optionally encode immunogenic polypeptides. 
0011. In yet other embodiments, the invention comprises a 
composition of matter having two or more above described 
nucleic acids or fragments thereof (e.g., a library comprising 
at least about 2, 5, 10, 50 or more nucleic acids). Such com 
positions can optionally be produced by cleaving one or more 
above described nucleic acid (e.g., mechanically, chemically, 
enzymatically with a restriction endonuclease/RNAse/ 
DNAse, etc.). Other compositions of the invention include, 
e.g., compositions produced by incubating one or more above 
described nucleic acid in the presence of deoxyribonucleotide 
triphosphates and a thermostable nucleic acid polymerase. 
Immunogenic compositions having an immunologically 
effective amount of any of the above nucleic acids are also 
within the current invention. 

0012. Also within the invention are reassortant influenza 
virus comprising any of the above nucleic acids. Such reas 
Sortant viruses can (and preferably are) 6:2 reassortant 
viruses with 6 gene encoding regions from one or more donor 
virus (e.g., A/AA/6/60, B/A A/1/66 (also sometimes referred 
to herein as B/Ann Arbor/1/66, or A/Puerto Rico/8/34) and 2 
gene encoding regions from two sequences above (e.g., from 
SEQ ID NO:1-34, from similar strains to those encoded in 
SEQID NO:1-34, etc.). Preferably, such two regions encode 
hemagglutinin and/or neuraminidase. Immunogenic compo 
sitions with immunologically effective amounts of Such reas 
sortant/recombinant influenza virus are also within purview 
of the current invention. 

0013 Vectors comprising one or more nucleic acid from 
SEQID NO:1-34 (again, also from similar strains to those of 
the sequence identification numbers) or fragments thereofare 
also within the current invention. Such vectors (e.g., expres 
sion vectors) can optionally be plasmids, cosmids, phage, 
viruses, virus fragments, etc. Especially preferred embodi 
ments comprise plasmid vectors useful in plasmid rescue 
methods to produce virus (e.g., typically reassortant/recom 
binant virus for use in vaccines). Such plasmid systems are 
exampled in, e.g., U.S. Application No. 60/420,708, filed Oct. 
23, 2002, U.S. application Ser. No. 10/423,828, filed Apr. 25, 
2003, and U.S. Application No. 60/574,117, filed May 25, 
2004, all entitled “Multi-Plasmid System for the Production 
of Influenza Virus'; Hoffmann, E., 2000, PNAS, 97(11): 
6108-61.13: U.S. Published Patent Application No. 
20020164770 to Hoffmann; and U.S. Pat. No. 6,544,785 
issued Apr. 8, 2003 to Palese, et al. Cells transduced, trans 
formed, transfected, etc. with such vectors are also within the 
current invention. 
0014. The invention also encompasses cells comprising at 
least one above described nucleic acid, or a cleaved or ampli 
fied fragment or product thereof. Such cells can optionally 
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express a polypeptide encoded by Such nucleic acid. Other 
embodiments of the invention include vectors (e.g., plasmids, 
cosmids, phage, viruses, virus fragments, etc.) comprising 
any of above described nucleic acid. Such vectors can option 
ally comprise an expression vector. Cells transduced by Such 
vectors are also within the current invention. 

0015. In some embodiments, the invention encompasses a 
virus (e.g., an influenza virus) comprising one or more above 
described nucleic acid (e.g., from SEQID NO:1-34 or from 
similar strains to Such and optionally encoding hemagglutinin 
and/or neuraminidase), or one or more fragments thereof. 
Typically, Such viruses are reassortant/recombinant viruses. 
Immunogenic compositions comprising Such virus are also 
part of the current invention. Such viruses can comprises a 
reassortant virus Such as a 6:2 reassortment virus (which 
comprises 6 gene encoding regions from one or more donor 
virus (e.g., a master donor virus or a backbone virus Such as 
A/AA/6/60, B/AA/1/66, A/Puerto Rico/8/34, etc.) and 2 gene 
encoding regions from one or more above described nucle 
otide sequence, or one or more fragment thereof which can 
optionally comprise hemagglutinin and/or neuraminidase). 
Other reassortant/recombinant viruses can comprise 7:1 reas 
sortments. Reassortment viruses (optionally live viruses) of 
the invention can include donor viruses that are one or more 
of e.g., temperature-sensitive (ts), cold-adapted (ca), or 
attenuated (att). For example, reassortment viruses can com 
prise, e.g., A/Ann Arbor/6/60, B/Ann Arbor/1/66, A/Puerto 
Rico/8/34, etc. In many embodiments, the produced viruses 
are live viruses (e.g., to be used in vaccines, etc.). Other 
embodiments include dead or inactivated viruses (e.g., also 
capable of use in vaccines, etc.). Cells comprising any of the 
above viruses are also products of the invention. 
0016 Methods of producing reassortant/recombinant 
influenza virus through culturing a host cell harboring an 
influenza virus in a suitable culture medium under conditions 
permitting expression of nucleic acid; and, isolating or recov 
ering the recombinant influenza virus from one or more of the 
host cell or the medium are also part of the invention. Thus, 
introducing a plurality of vectors having an influenza virus 
genome into a population of host cells wherein the vectors 
comprise at least 6 internal genome segments of a first influ 
enza strain (again, e.g., A/AA/6/60, B/AA/1/66, A/PR/8/34, 
etc.) and at least one (and preferably two) genome segments 
are selected from a second influenza Strain (e.g., preferably 
one or more nucleic acid as described above, e.g., from SEQ 
ID NO:1-34 or from a similar strain to such or optionally 
comprising a hemagglutinin and/or neuraminidase, etc.). is a 
feature of the invention. Preferably, the first strain of virus is 
cold-adapted and/or temperature sensitive and/or attenuated. 
Also preferably, such viruses are suitable for administration 
as part of an intranasal vaccine formulation. Of course, other 
embodiments are suitable for administration as killed or inac 
tivated vaccine formulations, live/attenuated nonnasal vac 
cine formulations, etc. The vectors in Such methods can com 
prise influenza A viruses and/or influenza B viruses. Host 
cells for Such methods can optionally comprise, e.g., Vero 
cells, PerC6 cells (ECACC deposit number 96022940), 
MDCK cells, 293T cells, COS cells, etc. Typical embodi 
ments do not comprise helper viruses in the method and yet 
other typical embodiments comprise eight plasmid vectors to 
contain the influenza genome. 
0017. In other embodiments herein, the invention com 
prises immunogenic compositions having an immunologi 
cally effective amount of the above described recombinant 
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influenza virus (e.g., a live virus). Other embodiments include 
methods for stimulating the immune system of an individual 
to produce a protective immune response against influenza 
virus by administering to the individual an immunologically 
effective amount of the recombinant influenza virus of 
described above (optionally in a physiologically effective 
carrier). 
0018. Other aspects of the invention include methods of 
producing an isolated or recombinant polypeptide by cultur 
ing any host cell above, in a suitable culture medium under 
conditions permitting expression of nucleic acid and, isolat 
ing the polypeptide from one or more of the host cell or the 
medium in which it is grown. 
0019. Immunogenic compositions are also features of the 
invention. For example, immunogenic compositions com 
prising one or more of the polypeptides and/or nucleic acids 
described above (e.g., a sequence from SEQID NO:1-68 or 
from similar strains to such, etc.) and, optionally, an excipient 
Such as a pharmaceutically acceptable excipient or one or 
more pharmaceutically acceptable administration compo 
nent. Immunogenic compositions of the invention can also 
comprise one or more above described virus as well (e.g., 
along with one or more pharmaceutically acceptable admin 
istration component). 
0020 Methods of producing an influenza virus vaccine are 
also included in the invention. For example, the invention 
includes introducing a plurality of vectors (e.g., plasmid vec 
tors) comprising an influenza genome (e.g., influenza A or B) 
into a population of host cells that is capable of supporting 
replication of Such virus, culturing the cells, recovering a 
plurality of influenza viruses and providing one or more phar 
maceutically acceptable excipient with Such virus to an indi 
vidual (e.g., one in need of such treatment). Such viruses can 
optionally be cold-adapted and/or temperature sensitive and/ 
or attenuated and preferably are suitable for administration in 
an intranasal vaccine formulation. Such methods can include 
wherein the vectors have at least 6 internal genome segments 
of a first influenza Strain and at least one genome segment 
(and preferably 2 segments) from another influenza strain 
(e.g., with sequence selected from SEQID NO:1-34 or from 
similar strains to Such, etc.) which segment optionally codes 
for an immunogenic influenza Surface antigen of the second 
influenza strain. 
0021 Methods of producing immunogenic responses in a 
Subject through administration of an effective amount of any 
of the above viruses to a subject are also within the current 
invention. Additionally, methods of prophylactic ortherapeu 
tic treatment of a viral infection (e.g., viral influenza) in a 
Subject through administration of one or more above 
described virus in an amount effective to produce an immu 
nogenic response against the viral infection are also part of 
the current invention. Subjects for such treatment can include 
mammals (e.g., humans). Such methods can also comprise in 
vivo administration to the subject as well as in vitro or ex vivo 
administration to one or more cells of the subject. Addition 
ally, Such methods can also comprise administration of a 
composition of the virus and a pharmaceutically acceptable 
excipient that is administered to the Subject in an amount 
effect to prophylactically or therapeutically treat the viral 
infection. 
0022. The invention also comprises compositions of mat 
ter having one or more sequence selected from SEQID NO:1 
through SEQID NO:34, and a selected master donor virus, 
typically wherein the selected sequence and the master donor 
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virus comprise a 6:2 reassortment, i.e., the HA and NAherein 
reassorted with the other six influenza genes from the donor 
virus. Such donor viruses are typically ca, att, tS influenza 
strains. For example, typically donor strains can include, e.g., 
A/Ann Arbor/6/60, B/Ann Arborf 1/66, or A/Puerto Rico/8/34 
and variants thereof. Those of skill in the art will appreciate 
that typically donor strains can vary from reassortant to reas 
Sortant. Thus, those variations are also encompassed within 
the current invention. Another element of the invention com 
prises one or more live attenuated influenza vaccine compris 
ing the Such compositions, e.g., those having sequences 
herein reassorted in a 6:2 manner with a selected master donor 
virus. 
0023. Other aspects of the invention include, composi 
tions of matter comprising a hemagglutinin polynucleotide 
and/or a neuraminidase polynucleotide reassorted with one or 
more master donor virus, again typically a ca, att, tS influenza 
virus, wherein the polynucleotide comprises a same virus 
strain as one or more virus strain of SEQ ID NO:1 through 
SEQ ID NO:34. Such hemagglutinin and/or neuraminidase 
polynucleotide is typically determined to be “within the same 
strain' when it produces a titer that is within a four-fold range 
of another virus (e.g., ones having the sequences listed 
herein) as measured by a hemagglutinin inhibition assay. As 
described below, however, other common assays can also be 
utilized to determine whether polynucleotides (i.e., viruses 
comprising Such) are within the same strain. 
0024. These and other objects and features of the invention 
will become more fully apparent when the following detailed 
description is read in conjunction with the accompanying 
figures appendix. 

BRIEF DESCRIPTION OF THE FIGURES 

0025 FIG. 1 displays the Sequence Listing of variant 
hemagglutinin and neuraminidase nucleic acids and polypep 
tides of the invention. 
0026 FIG. 2 displays an alternative organization of vari 
anthemagglutinin and neuraminidase sequences as found in 
FIG 1. 

DETAILED DESCRIPTION 

0027. The present invention includes polypeptide and 
polynucleotide sequences of influenza hemagglutinin and 
neuraminidase as well as vectors, viruses, vaccines, compo 
sitions and the like comprising Such sequences and methods 
of their use. Additional features of the invention are described 
in more detail herein. 

DEFINITIONS 

0028. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains. The following definitions Supplement 
those in the art and are directed to the current application and 
are not necessarily to be imputed to any related or unrelated 
case, e.g., to any commonly owned patent or application. 
Although any methods and materials similar or equivalent to 
those described herein can be used in the practice for testing 
of the present invention, the preferred materials and methods 
are described herein. Accordingly, the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting. Additional 
terms are defined and described throughout. 
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0029. As used in this specification and the appended 
claims, the singular forms “a,” “an,” and “the include plural 
referents unless the context clearly dictates otherwise. Thus, 
for example, reference to “a virus' includes a plurality of 
viruses; reference to a "host cell' includes mixtures of host 
cells, and the like. 
0030. The terms “nucleic acid,” “polynucleotide,” “poly 
nucleotide sequence.” and “nucleic acid sequence” refer to 
single-stranded or double-stranded deoxyribonucleotide or 
ribonucleotide polymers, chimeras or analogues thereof, or a 
character string representing such, depending on context. As 
used herein, the term optionally includes polymers of analogs 
of naturally occurring nucleotides having the essential nature 
of natural nucleotides in that they hybridize to single 
Stranded nucleic acids in a manner similar to naturally occur 
ring nucleotides (e.g., peptide nucleic acids). Unless other 
wise indicated, a particular nucleic acid sequence of this 
invention optionally encompasses complementary sequences 
in addition to the sequence explicitly indicated. From any 
specified polynucleotide sequence, either the given nucleic 
acid or the complementary polynucleotide sequence (e.g., the 
complementary nucleic acid) can be determined. 
0031. The term “nucleic acid” or “polynucleotide' also 
encompasses any physical string of monomer units that can 
be corresponded to a string of nucleotides, including a poly 
mer of nucleotides (e.g., a typical DNA or RNA polymer), 
PNAS, modified oligonucleotides (e.g., oligonucleotides 
comprising bases that are not typical to biological RNA or 
DNA in solution, such as 2'-O-methylated oligonucleotides), 
and the like. A nucleic acid can be e.g., single-stranded or 
double-stranded. 
0032. A “subsequence' is any portion of an entire 
sequence, up to and including the complete sequence. Typi 
cally, a Subsequence comprises less than the full-length 
sequence. A “unique Subsequence' is a Subsequence that is 
not found in any previously determined influenza polynucle 
otide or polypeptide sequence The phrase “substantially iden 
tical in the context of two nucleic acids or polypeptides 
(e.g., DNAs encoding a HA or NA molecule, or the amino 
acid sequence of a HA or NA molecule) refers to two or more 
sequences or Subsequences that have at least about 90%, 
preferably 91%, most preferably 92%.93%, 94%, 95%,96%, 
97%, 98%, 98.5%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 
99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more nucleotide or 
amino acid residue identity, when compared and aligned for 
maximum correspondence, as measured using a sequence 
comparison algorithm or by visual inspection. 
0033. The term “variant with respect to a polypeptide 
refers to an amino acid sequence that is altered by one or more 
amino acids with respect to a reference sequence. The variant 
can have "conservative changes, wherein a Substituted 
amino acid has similar structural or chemical properties, e.g., 
replacement of leucine with isoleucine. Alternatively, a vari 
ant can have "nonconservative' changes, e.g., replacement of 
a glycine with a tryptophan. Analogous minor variation can 
also include amino acid deletion or insertion, or both. Guid 
ance in determining which amino acid residues can be Sub 
stituted, inserted, or deleted without eliminating biological or 
immunological activity can be found using computer pro 
grams well known in the art, for example, DNASTAR soft 
ware. Examples of conservative substitutions are also 
described herein. 

0034. The term “gene' is used broadly to refer to any 
nucleic acid associated with a biological function. Thus, 
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genes include coding sequences and/or the regulatory 
sequences required for their expression. The term 'gene’ 
applies to a specific genomic sequence, as well as to a cDNA 
oran mRNA encoded by that genomic sequence. 
0035. The “neuraminidase” polypeptides of the invention 
show immunological cross reactivity with one or more known 
neuraminidase molecule from an influenza virus. The litera 
ture is replete with examples of Such known neuraminidases 
(e.g., in GenBank, in publications from the CDC, etc.). Simi 
larly, the “hemagglutinin” polypeptides of the invention show 
immunological cross-reactivity with one or more known 
hemagglutinin molecule from an influenza virus. Again, the 
literature is replete with examples of Such known hemagglu 
tinin molecules. 

0036 Genes also include non-expressed nucleic acid seg 
ments that, for example, form recognition sequences for other 
proteins. Non-expressed regulatory sequences include “pro 
moters' and "enhancers to which regulatory proteins such 
as transcription factors bind, resulting intranscription of adja 
cent or nearby sequences. A “tissue specific' promoter or 
enhancer is one that regulates transcription in a specific tissue 
type or cell type, or types. 
0037 “Expression of a gene' or “expression of a nucleic 
acid' typically means transcription of DNA into RNA (op 
tionally including modification of the RNA, e.g., splicing) or 
transcription of RNA into mRNA, translation of RNA into a 
polypeptide (possibly including Subsequent modification of 
the polypeptide, e.g., post-translational modification), or both 
transcription and translation, as indicated by the context. 
0038. An “open reading frame” or “ORF is a possible 
translational reading frame of DNA or RNA (e.g., of a gene), 
which is capable of being translated into a polypeptide. That 
is, the reading frame is not interrupted by stop codons. How 
ever, it should be noted that the term ORF does not necessarily 
indicate that the polynucleotide is, in fact, translated into a 
polypeptide. 
0039. The term “vector” refers to the means by which a 
nucleic acid can be propagated and/or transferred between 
organisms, cells, or cellular components. Vectors include 
plasmids, viruses, bacteriophages, pro-Viruses, phagemids, 
transposons, artificial chromosomes, and the like, that repli 
cate autonomously or can integrate into a chromosome of a 
host cell. A vector can also be a naked RNA polynucleotide, 
a naked DNA polynucleotide, a polynucleotide composed of 
both DNA and RNA within the same strand, a poly-lysine 
conjugated DNA or RNA, a peptide-conjugated DNA or 
RNA, a liposome-conjugated DNA, or the like, that is not 
autonomously replicating. In many, but not all, common 
embodiments, the vectors of the present invention are plas 
mids. 

0040. An "expression vector” is a vector, such as a plasmid 
that is capable of promoting expression, as well as replication 
of a nucleic acid incorporated therein. Typically, the nucleic 
acid to be expressed is “operably linked to a promoter and/or 
enhancer, and is Subject to transcription regulatory control by 
the promoter and/or enhancer. 
0041. A “bi-directional expression vector is character 
ized by two alternative promoters oriented in the opposite 
direction relative to a nucleic acid situated between the two 
promoters, such that expression can be initiated in both ori 
entations resulting in, e.g., transcription of both plus (+) or 
sense Strand, and negative (-) or antisense strand RNAS. 

Jul. 9, 2009 

0042. An "amino acid sequence' is a polymer of amino 
acid residues (a protein, polypeptide, etc.) or a character 
string representing an amino acid polymer, depending on 
COInteXt. 

0043. A “polypeptide' is a polymer comprising two or 
more amino acid residues (e.g., a peptide or a protein). The 
polymer can optionally comprise modifications such as gly 
cosylation or the like. The amino acid residues of the polypep 
tide can be natural or non-natural and can be unsubstituted, 
unmodified, substituted or modified. 
0044. In the context of the invention, the term "isolated” 
refers to a biological material. Such as a virus, a nucleic acid 
or a protein, which is Substantially free from components that 
normally accompany or interact with it in its naturally occur 
ring environment. The isolated biological material optionally 
comprises additional material not found with the biological 
material in its natural environment, e.g., a cell or wild-type 
virus. For example, if the material is in its natural environ 
ment, such as a cell, the material can have been placed at a 
location in the cell (e.g., genome or genetic element) not 
native to such material found in that environment. For 
example, a naturally occurring nucleic acid (e.g., a coding 
sequence, a promoter, an enhancer, etc.) becomes isolated if it 
is introduced by non-naturally occurring means to a locus of 
the genome (e.g., a vector, such as a plasmid or virus vector, 
or amplicon) not native to that nucleic acid. Such nucleic 
acids are also referred to as "heterologous nucleic acids. An 
isolated virus, for example, is in an environment (e.g., a cell 
culture system, or purified from cell culture) other than the 
native environment of wild-type virus (e.g., the nasopharynx 
of an infected individual). 
0045. The term “chimeric' or “chimera,” when referring 
to a virus, indicates that the virus includes genetic and/or 
polypeptide components derived from more than one parental 
viral strain or source. Similarly, the term "chimeric' or “chi 
mera, when referring to a viral protein, indicates that the 
protein includes polypeptide components (i.e., amino acid 
Subsequences) derived from more than one parental viral 
strain or source. As will be apparent herein, such chimeric 
viruses are typically reassortant/recombinant viruses. Thus, 
in some embodiments, a chimera can optionally include, e.g., 
a sequence (e.g., of HA and/or NA) from an A influenza virus 
placed into a backbone comprised of, or constructed/derived 
from a B influenza virus (e.g., B/A A/1/66, etc.) or a B influ 
enza virus sequence placed into an A influenza virus back 
bone (i.e., donor virus) Such as, e.g., A/AA/6/60, etc. 
0046. The term “recombinant’ indicates that the material 
(e.g., a nucleic acid or protein) has been artificially or Syn 
thetically (non-naturally) altered by human intervention. The 
alteration can be performed on the material within, or 
removed from, its natural environment or state. Specifically, 
e.g., an influenza virus is recombinant when it is produced by 
the expression of a recombinant nucleic acid. For example, a 
“recombinant nucleic acid' is one that is made by recombin 
ing nucleic acids, e.g., during cloning, DNA shuffling or other 
procedures, or by chemical or other mutagenesis; a “recom 
binant polypeptide' or “recombinant protein' is a polypep 
tide or protein which is produced by expression of a recom 
binant nucleic acid; and a “recombinant virus, e.g., a 
recombinant influenza virus, is produced by the expression of 
a recombinant nucleic acid. 

0047. The term “reassortant, when referring to a virus 
(typically herein, an influenza virus), indicates that the virus 
includes genetic and/or polypeptide components derived 
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from more than one parental viral strain or source. For 
example, a 7:1 reassortant includes 7 viral genomic segments 
(or gene segments) derived from a first parental virus, and a 
single complementary viral genomic segment, e.g., encoding 
a hemagglutinin or neuraminidase such as those listed in the 
SEQ ID Table herein. A 6:2 reassortant includes 6 genomic 
segments, most commonly the 6 internal genes from a first 
parental virus, and two complementary segments, e.g., 
hemagglutinin and neuraminidase, from one or more differ 
ent parental virus. Reassortant viruses can also, depending 
upon context herein, be termed as “chimeric' and/or “recom 
binant.” 
0048. The term “introduced when referring to a heterolo 
gous or isolated nucleic acid refers to the incorporation of a 
nucleic acid into a eukaryotic or prokaryotic cell where the 
nucleic acid can be incorporated into the genome of the cell 
(e.g., chromosome, plasmid, plastid or mitochondrial DNA), 
converted into an autonomous replicon, or transiently 
expressed (e.g., transfected mRNA). The term includes such 
methods as "infection,” “transfection,” “transformation, and 
“transduction.” In the context of the invention a variety of 
methods can be employed to introduce nucleic acids into 
cells, including electroporation, calcium phosphate precipi 
tation, lipid mediated transfection (lipofection), etc. 
0049. The term “host cell' means a cell that contains a 
heterologous nucleic acid, such as a vector or a virus, and 
Supports the replication and/or expression of the nucleic acid. 
Host cells can be prokaryotic cells Such as E. coli, or eukary 
otic cells such as yeast, insect, amphibian, avian or mamma 
lian cells, including human cells. Exemplary host cells can 
include, e.g., Vero (African green monkey kidney) cells, BHK 
(baby hamster kidney) cells, primary chick kidney (PCK) 
cells, Madin-Darby Canine Kidney (MDCK) cells, Madin 
Darby Bovine Kidney (MDBK) cells, 293 cells (e.g., 293T 
cells), and COS cells (e.g., COS1, COS7 cells), etc. In other 
embodiments, host cells can optionally include eggs (e.g., 
hen eggs, embryonated hen eggs, etc.). 
0050. An “immunologically effective amount of influ 
enza virus is an amount Sufficient to enhance an individual’s 
(e.g., a human's) Own immune response against a Subsequent 
exposure to influenza virus. Levels of induced immunity can 
be monitored, e.g., by measuring amounts of neutralizing 
secretory and/or serum antibodies, e.g., by plaque neutraliza 
tion, complement fixation, enzyme-linked immunosorbent, 
or microneutralization assay. 
0051. A "protective immune response against influenza 
virus refers to an immune response exhibited by an individual 
(e.g., a human) that is protective against disease when the 
individual is subsequently exposed to and/or infected with 
wild-type influenza virus. In some instances, the wild-type 
(e.g., naturally circulating) influenza virus can still cause 
infection, but it cannot cause a serious infection. Typically, 
the protective immune response results in detectable levels of 
host engendered serum and Secretory antibodies that are 
capable of neutralizing virus of the same strain and/or Sub 
group (and possibly also of a different, non-vaccine strain 
and/or subgroup) in vitro and in vivo. 
0052. As used herein, an “antibody' is a protein compris 
ing one or more polypeptides Substantially or partially 
encoded by immunoglobulin genes or fragments of immuno 
globulin genes. The recognized immunoglobulin genes 
include the kappa, lambda, alpha, gamma, delta, epsilon and 
mu constant region genes, as well as myriad immunoglobulin 
variable region genes. Light chains are classified as either 
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kappa or lambda. Heavy chains are classified as gamma, mu, 
alpha, delta, or epsilon, which in turn define the immunoglo 
bulin classes, IgG, IgM, IgA, Ig) and IgE, respectively. A 
typical immunoglobulin (antibody) structural unit comprises 
a tetramer. Each tetramer is composed of two identical pairs 
of polypeptide chains, each pair having one “light” (about 25 
kD) and one “heavy chain (about 50-70kD). The N-terminus 
of each chain defines a variable region of about 100 to 110 or 
more amino acids primarily responsible for antigen recogni 
tion. The terms variable light chain (VL) and variable heavy 
chain (VH) refer to these light and heavy chains respectively. 
Antibodies exist as intact immunoglobulins or as a number of 
well-characterized fragments produced by digestion with 
various peptidases. Thus, for example, pepsin digests an anti 
body below the disulfide linkages in the hinge region to 
produce F(ab)'2, a dimer of Fab which itself is a light chain 
joined to VH-CH1 by a disulfide bond. The F(ab')2 may be 
reduced under mild conditions to break the disulfide linkage 
in the hinge region thereby converting the (Fab') dimer into 
a Fab' monomer. The Fab' monomer is essentially a Fab with 
part of the hinge region (see Fundamental Immunology, W. E. 
Paul, ed., Raven Press, N.Y. (1999) for a more detailed 
description of other antibody fragments). While various anti 
body fragments are defined in terms of the digestion of an 
intact antibody, one of skill will appreciate that such Fab' 
fragments may be synthesized de novo either chemically or 
by utilizing recombinant DNA methodology. Thus, the term 
antibody, as used herein, includes antibodies or fragments 
either produced by the modification of whole antibodies or 
synthesized de novo using recombinant DNA methodologies. 
Antibodies include, e.g., polyclonal antibodies, monoclonal 
antibodies, multiple or single chain antibodies, including 
single chain Fv (sEv or sclv) antibodies in which a variable 
heavy and a variable light chain are joined together (directly 
orthrough a peptide linker) to form a continuous polypeptide, 
and humanized or chimeric antibodies. 

Influenza Virus 

0053. The polypeptides and polynucleotides of the inven 
tion are variants of influenza HA and NA sequences. See, e.g., 
the Sequence Listing in FIG. 1 below. In general, influenza 
viruses are made up of an internal ribonucleoprotein core 
containing a segmented single-stranded RNA genome and an 
outer lipoprotein envelope lined by a matrix protein. The 
genome of influenza viruses is composed of eight segments of 
linear (-) strand ribonucleic acid (RNA), encoding the immu 
nogenic hemagglutinin (HA) and neuraminidase (NA) pro 
teins, and six internal core polypeptides: the nucleocapsid 
nucleoprotein (NP); matrix proteins (M); non-structural pro 
teins (NS); and 3 RNA polymerase (PA, PB1, PB2) proteins. 
During replication, the genomic viral RNA is transcribed into 
(+) strand messenger RNA and (-) strand genomic cFNA in 
the nucleus of the host cell. Each of the eight genomic seg 
ments is packaged into ribonucleoprotein complexes that 
contain, in addition to the RNA, NP and a polymerase com 
plex (PB1, PB2, and PA). The hemagglutinin molecule con 
sists of a surface glycoprotein and acts to bind to N-Acetyl 
Neuraminic acid (NeuNAc), also known as Sialic acid, on 
host cell Surface receptors. In some embodiments herein, the 
polypeptides of the invention (and polypeptides encoded by 
the polynucleotides of the invention) can act to bind NeuNAc 
whether in vitro or in vivo. Such action can in some embodi 
ments also be done by fragments of hemagglutinin which 
retain hemagglutinin activity. Hemagglutinin is made up of 
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two subunits, HA1 and HA2 and the entire structure is about 
550 amino acids in length and about 220 kD. Neuraminidase 
molecules cleave terminal sialic acid residues from cell Sur 
face receptors of influenza virus, thereby releasing virions 
from infected cells. neuraminidase also removes sialic acid 
from newly made hemagglutinin and neuraminidase mol 
ecules. In some embodiments herein, the polypeptides of the 
invention (and polypeptides encoded by the polynucleotides 
of the invention) can act to cleave sialic acid residues whether 
in vitro or in vivo. This action can also be done in some 
embodiments by fragments of neuraminidase which retain 
neuraminidase activity. The neuraminidase polypeptides of 
the invention show immunological cross reactivity with one 
or more known neuraminidase molecule from an influenza 
virus. The literature is replete with examples of such known 
neuraminidases (e.g., in GenBank, in publications from the 
CDC, etc.). Similarly, the hemagglutinin polypeptides of the 
invention show immunological cross-reactivity with one or 
more known hemagglutinin molecule from an influenza 
virus. Again, the literature is replete with examples of Such 
known hemagglutinin molecules. 
0054) Influenza is commonly grouped into influenza A and 
influenza B categories, as well as a typically less important C 
category. Influenza A and influenza B viruses each contain 
eight segments of single stranded RNA with negative polarity. 
The influenza A genome encodes eleven polypeptides. Seg 
ments 1-3 encode three polypeptides, making up a RNA 
dependent RNA polymerase. Segment 1 encodes the poly 
merase complex protein PB2. The remaining polymerase 
proteins PB1 and PA are encoded by segment 2 and segment 
3, respectively. In addition, segment 1 of Some influenza 
strains encodes a small protein, PB1-F2, produced from an 
alternative reading frame within the PB1 coding region. Seg 
ment 4 encodes the hemagglutinin (HA) Surface glycoprotein 
involved in cell attachment and entry during infection. Seg 
ment 5 encodes the nucleocapsid nucleoprotein (NP) 
polypeptide, the major structural component associated with 
viral RNA. Segment 6 encodes a neuraminidase (NA) enve 
lope glycoprotein. Segment 7 encodes two matrix proteins, 
designated M1 and M2, which are translated from differen 
tially spliced mRNAs. Segment 8 encodes NS1 and NS2, two 
nonstructural proteins, which are translated from alterna 
tively spliced mRNA variants. The eight genome segments of 
influenza B encode II proteins. The three largest genes code 
for components of the RNA polymerase, PB1, PB2 and PA. 
Segment 4 encodes the HA protein. Segment 5 encodes NP. 
Segment 6 encodes the NA protein and the NB protein. Both 
proteins, NB and NA, are translated from overlapping reading 
frames of a bicistronic mRNA. Segment 7 of influenza B also 
encodes two proteins: M1 and BM2. The smallest segment 
encodes two products: NS1 is translated from the full length 
RNA, while NS2 is translated from a spliced mRNA variant. 
0055 Influenza types A and B are typically associated 
with influenza outbreaks in human populations. However, 
type A influenza also infects other creatures as well, e.g., 
birds, pigs, and other animals. The type A viruses are catego 
rized into subtypes based upon differences within their 
hemagglutinin and neuraminidase Surface glycoprotein anti 
gens. Hemagglutinin in type A viruses has 14 known Subtypes 
and neuraminidase has 9 known Subtypes. In humans, cur 
rently only about 3 different hemagglutinin and 2 different 
neuraminidase subtypes are known, e.g., H1, H2,H3, N1, and 
N2. In particular, two major subtypes of influenza A have 
been active in humans, namely, H1N1 and H3N2. H1N2, 
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however has recently been of concern. Influenza B viruses are 
not divided into Subtypes based upon their hemagglutinin and 
neuraminidase proteins. As will be appreciated, the 
sequences contained within the sequence listing in FIG. 1 
comprise a number of different subtypes of influenza. Thus, 
for example in the sequence listing A-H3N2 strains are 
exampled by ca A/Shandong/9/93, ca A/Johannesburg/33/94 
like, ca A/Wuhan/395/95, ca A/Sydney/05/97, ca A/Panama/ 
2007/99, ca A/Wyoming/03/2003. A-H1N1 strains are shown 
in ca A/Texas/36/91, ca A/Shenzhen/227/95, ca A/Beijing/ 
262/95, and ca A/New Caledonia/20/99, while B-HANA 
strains include ca B/Ann Arbor/1/94, ca B/Yamanashi/1667 
98, ca B/Johannesburg/5/99, ca B/Victoria/504/2000, ca 
B/Hong Kong/330/2001, ca B/Brisbane/32/2002, and ca 
B/Jilin/20/2003. 

0056. Different strains of influenza can be categorized 
based upon, e.g., the ability of influenza to agglutinate red 
blood cells (RBCs or erythrocytes). Antibodies specific for 
particular influenza strains can bind to the virus and, thus, 
prevent Such agglutination. Assays determining strain types 
based on Such inhibition are typically known as hemaggluti 
nin inhibition assays (HI assays or HAI assays) and are stan 
dard and well known methods in the art to characterize influ 
enza strains. Of course, those of skill in the art will be familiar 
with other assays, e.g., ELISA, indirect fluorescent antibody 
assays, immunohistochemistry, Western blotassays, etc. with 
which to characterize influenza strains and the use of and 
discussion herein of HI assays should not be necessarily 
construed as limiting. 
0057 Briefly, in typical HI assays, sera to be used for 
typing or categorization, which is often produced in ferrets, is 
added to erythrocyte samples in various dilutions, e.g., 2-fold, 
etc. Optical determination is then made whether the erythro 
cytes are clumped together (i.e., agglutinated) or are Sus 
pended (i.e., non-agglutinated). If the cells are not clumped, 
then agglutination did not occur due to the inhibition from 
antibodies in the sera that are specific for that influenza. Thus, 
the types of influenza are defined as being within the same 
strain. In some cases, one strain is described as being “like 
the other, e.g., strain X is a “y-like Strain, etc. For example, if 
two samples are within four-fold titer of one another as mea 
Sured by an HI assay, then they can be described as belonging 
to the same strain (e.g., both belonging to the “New Cale 
donia' strain or both being “Moscow-like' strains, etc.). In 
other words, strains are typically categorized based upon their 
immunologic or antigenic profile. An HAI titer is typically 
defined as the highest dilution of a serum that completely 
inhibits hemagglutination. See, e.g., Schild, et al., Bull. Wild 
Hlth Org., 1973, 48:269-278, etc. Again, those of skill in the 
art will be quite familiar with categorization and classification 
of influenza into strains and the methods to do so. 

0058. From the above it will be appreciated that the current 
invention not only comprises the specific sequences listed 
herein, but also such sequences within various vectors (e.g., 
ones used for plasmid reassortment and rescue, see below) as 
well as hemagglutinin and neuraminidase sequences within 
the same strains as the sequences listed herein. Also, Such 
same Strains that are within various vectors (e.g., typically 
ones used for plasmid reassortment and rescue Such as A/Ann 
Arbor/6/60 or B/Ann Arbor/1/66, A/Puerto Rico/8/34, etc.) 
are also included. 

0059. As used herein, the term “similar strain should be 
taken to indicate that a first influenza virus is of the same or 
related Strain as a second influenza virus. In typical embodi 
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ments such relation is commonly determined through use of 
an HAI assay. Influenza viruses that fall within a four-fold 
titer of one another in an HAI assay are, thus, of a “similar 
strain.” Those of skill in the art, however, will be familiar with 
other assays, etc. to determine similar strains, e.g., FRID, 
neutralization assays, etc. The current invention also com 
prises such similar strains (i.e., strains similar to the ones 
present in the sequence listing herein) in the various plasmids, 
vectors, viruses, methods, etc. herein. Thus, unless the con 
text clearly dictates otherwise, descriptions herein of particu 
lar sequences (e.g., those in the sequence listing) or fragments 
thereof also should be considered to include sequences from 
similar strains to those (i.e., similar strains to those strains 
having the sequences in those plasmids, Vectors, viruses, etc. 
herein). Also, it will be appreciated that the NA and HA 
polypeptides within Such similar strains are, thus, "similar 
polypeptides' when compared between “similar strains.” 

Influenza Virus Vaccines 

0060. The sequences, compositions and methods herein 
are primarily, but not solely, concerned with production of 
influenza viruses for vaccines. Historically, influenza virus 
vaccines have primarily been produced in embryonated hen 
eggs using strains of virus selected or based on empirical 
predictions of relevant strains. More recently, reassortant 
viruses have been produced that incorporate selected hemag 
glutinin and/or neuraminidase antigens in the context of an 
approved attenuated, temperature sensitive master Strain. Fol 
lowing culture of the virus through multiple passages inhen 
eggs, influenza viruses are recovered and, optionally, inacti 
vated, e.g., using formaldehyde and/or B-propiolactone (or 
alternatively used in live attenuated vaccines). Thus, it will be 
appreciated that HA and NA sequences (as in the current 
invention) are quite useful in constructing influenza vaccines. 
0061 Attempts at producing recombinant and reassortant 
vaccines in cell culture have been hampered by the inability of 
Some of the Strains approved for vaccine production to grow 
efficiently under standard cell culture conditions. However, 
prior work by the inventors and their coworkers provided a 
vector System, and methods for producing recombinant and 
reassortant viruses in culture, thus, making it possible to 
rapidly produce vaccines corresponding to one or many 
selected antigenic strains of virus, e.g., either A or B Strains, 
various Subtypes or Substrains, etc., e.g., comprising the HA 
and NA sequences herein. See, U.S. Application No. 60/420, 
708, filed Oct. 23, 2002, U.S. application Ser. No. 10/423, 
828, filed Apr. 25, 2003, and U.S. Application No. 60/574, 
117, filed May 25, 2004, all entitled “Multi-Plasmid System 
for the Production of Influenza Virus. Typically, the cultures 
are maintained in a system, Such as a cell culture incubator, 
under controlled humidity and CO, at constant temperature 
using a temperature regulator, such as a thermostat to insure 
that the temperature does not exceed 35°C. Reassortant influ 
enza viruses can be readily obtained by introducing a Subset 
of vectors corresponding to genomic segments of a master 
influenza virus, in combination with complementary seg 
ments derived from strains of interest (e.g., HA and NA 
antigenic variants herein). Typically, the master strains are 
selected on the basis of desirable properties relevant to vac 
cine administration. For example, for vaccine production, 
e.g., for production of a live attenuated vaccine, the master 
donor virus Strain may be selected for an attenuated pheno 
type, cold adaptation and/or temperature sensitivity. As 
explained elsewhere herein and, e.g., in U.S. patent applica 
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tion Ser. No. 10/423,828, etc., various embodiments of the 
invention utilize A/Ann Arbor (AA)/6/60 or B/Ann Arbor/1/ 
66 or A/Puerto Rico/8/34 influenza strain as a “backbone' 
upon which to add HA and/or NA genes (e.g., Such as those 
sequences listed herein, etc.) to create desired reassortant 
viruses. Thus, for example, in a 6:2 reassortant, 2 genes (i.e., 
NA and HA) would be from the influenza strain(s) against 
which an immunogenic reaction is desired, while the other 6 
genes would be from the Ann Arbor strain, or other backbone 
strain, etc. The Ann Arbor virus is useful for its cold adapted, 
attenuated, temperature sensitive attributes. Of course, it will 
be appreciated that the HA and NA sequences herein are 
capable of reassortment with a number of other virus genes or 
virus types (e.g., a number of different “backbones' such as 
A/Puerto Rico/8/34, etc., containing the other influenza genes 
present in a reassortant, namely, the non-HA and non-NA 
genes). Live, attenuated influenza A virus vaccines against 
human influenza viruses were recently licensed in the United 
States. See above. Such vaccines are reassortant H1N1 and 
H1N2 viruses in which the internal protein genes of A/Ann 
Arbor (AA)/6/60 (H2N2) cold adapted (ca) virus confer the 
cold adapted, attenuation and temperature sensitive pheno 
types of the AA ca virus on the reassortant viruses (i.e., the 
ones having the hemagglutinin and neuraminidase genes 
from the non-Ann Arbor strain). In some embodiments 
herein, the reassortants can also comprise 7:1 reassortants. In 
other words, only the HA or the NA is not from the backbone 
or MDV strain. Previous work has been reported with suitable 
backbone donor virus strains that optionally are within vari 
ous embodiments of the current invention. See, e.g., U.S. 
Application No. 60/420,708, filed Oct. 23, 2002, U.S. appli 
cation Ser. No. 10/423,828, filed Apr. 25, 2003, and U.S. 
Application No. 60/574,117, filed May 25, 2004, all entitled 
“Multi-Plasmid System for the Production of Influenza 
Virus': Maassab et al., J. of Inf Dis., 1982, 146:780-790: 
Cox, et al., Virology, 1988, 167:554-567; Wareing et al., Vac 
cine, 2001, 19:3320-3330; Clements, et al., JInfect Dis. 1990, 
161(5):869-77, etc., 
0062. In some embodiments, the sequences herein can 
optionally have specific regions removed (both or either in the 
nucleic acid sequence or the amino acid sequence). For 
example, for those molecules having a polybasic cleavage 
site, such sites can optionally be removed. Those of skill in the 
art will be familiar with various methods of removing such 
specific regions. The resulting shortened sequences are also 
contained within the current invention. See, e.g., Liet al., J. of 
Infectious Diseases, 179:1132-8, 1999 
0063. The terms “temperature sensitive.” “cold adapted 
and "attenuated as applied to viruses (typically used as vac 
cines or for vaccine production) which optionally encompass 
the current sequences, are well known in the art. For example, 
the term “temperature sensitive' (ts) indicates, e.g., that the 
virus exhibits a 100 fold or greater reduction in titer at 39°C. 
relative to 33° C. for influenza A strains, or that the virus 
exhibits a 100 fold or greater reduction in titer at 37° C. 
relative to 33° C. for influenza B Strains. The term “cold 
adapted (ca) indicates that the virus exhibits growth at 25°C. 
within 100 foldofits growth at 33°C., while the term “attenu 
ated” (att) indicates that the virus replicates in the upper 
airways of ferrets but is not detectable in their lung tissues, 
and does not cause influenza-like illness in the animal. It will 
be understood that viruses with intermediate phenotypes, i.e., 
viruses exhibiting titer reductions less than 100 fold at 39°C. 
(for A strain viruses) or 37° C. (for B strain viruses), or 
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exhibiting growth at 25°C. that is more than 100 fold than its 
growth at 33°C. (e.g., within 200 fold, 500 fold, 1000 fold, 
10,000 fold less), and/or exhibit reduced growth in the lungs 
relative to growth in the upper airways offerrets (i.e., partially 
attenuated) and/or reduced influenza like illness in the ani 
mal, are also useful viruses and can be used in conjunction 
with the HA and NA sequences herein. 
0064. Thus, the present invention can utilize growth, e.g., 
in appropriate culture conditions, of virus strains (both A 
strain and B strain influenza viruses) with desirable properties 
relative to vaccine production (e.g., attenuated pathogenicity 
or phenotype, cold adaptation, temperature sensitivity, etc.) 
in vitro in cultured cells. Influenza viruses can be produced by 
introducing a plurality of vectors incorporating cloned viral 
genome segments into host cells, and culturing the cells at a 
temperature not exceeding 35° C. When vectors including an 
influenza virus genome are transfected, recombinant viruses 
Suitable as vaccines can be recovered by standard purification 
procedures. Using the vector system and methods of the 
invention, reassortant viruses incorporating the six internal 
gene segments of a strain selected for its desirable properties 
with respect to vaccine production, and the immunogenic HA 
and NA segments from a selected, e.g., pathogenic strain Such 
as those in the sequence listing herein, can be rapidly and 
efficiently produced in tissue culture. Thus, the system and 
methods described herein are useful for the rapid production 
in cell culture of recombinant and reassortant influenza A and 
B viruses, including viruses Suitable for use as vaccines, 
including live attenuated vaccines, such as vaccines suitable 
for intranasal administration. 

0065. In such embodiments, typically, a single Master 
Donor Virus (MDV) strain is selected for each of the A and B 
subtypes. In the case of a live attenuated vaccine, the Master 
Donor Virus strain is typically chosen for its favorable prop 
erties, e.g., temperature sensitivity, cold adaptation and/or 
attenuation, relative to vaccine production. For example, 
exemplary Master Donor Strains include such temperature 
sensitive, attenuated and cold adapted Strains of A/Ann 
Arbor/6/60 and B/Ann Arbor/1/66, respectively. 
0066 For example, a selected master donor type A virus 
(MDV-A), or master donor type B virus (MDV-B), is pro 
duced from a plurality of cloned viral clNAs constituting the 
viral genome. Embodiments include those wherein recombi 
nant viruses are produced from eight cloned viral clNAs. 
Eight viral cDNAs representing either the selected MDV-A or 
MDV-B sequences of PB2, PB1, PA, NP. HA, NAM and NS 
are optionally cloned into a bi-directional expression vector, 
such as a plasmid (e.g., p.AD3000), such that the viral 
genomic RNA can be transcribed from an RNA polymerase I 
(pol I) promoter from one strand and the viral mRNAs can be 
synthesized from an RNA polymerase II (pol II) promoter 
from the other strand. Optionally, any gene segment can be 
modified, including the HA segment (e.g., to remove the 
multi-basic cleavage site). 
0067 Infectious recombinant MDV-A or MDV-B virus 
can be then recovered following transfection of plasmids 
bearing the eight viral cDNAS into appropriate host cells, e.g., 
Vero cells, co-cultured MDCK/293T or MDCK/COS7 cells. 
Using the plasmids and methods described herein and, e.g., in 
U.S. Application No. 60/420,708, filed Oct. 23, 2002, U.S. 
application Ser. No. 10/423,828, filed Apr. 25, 2003, and U.S. 
Application No. 60/574,117, filed May 25, 2004, all entitled 
“Multi-Plasmid System for the Production of Influenza 
Virus'': Hoffmann, E., 2000, PNAS, 97(11):6108-6113: U.S. 
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Published Patent Application No. 20020164770 to Hoff 
mann; and U.S. Pat. No. 6,544,785 issued Apr. 8, 2003 to 
Palese, et al., the invention is useful, e.g., for generating 6:2 
reassortant influenza vaccines by co-transfection of the 6 
internal genes (PB1, PB2, PA, NP, M and NS) of the selected 
virus (e.g., MDV-A, MDV-B) together with the HA and NA 
derived from different corresponding type (A or B) influenza 
viruses e.g., as shown in the sequence listings herein. For 
example, the HA segment is favorably selected from a patho 
genically relevant H1, H3 or B strain, as is routinely per 
formed for vaccine production. Similarly, the HA segment 
can be selected from a strain with emerging relevance as a 
pathogenic strain such as those in the sequence listing herein. 
Reassortants incorporating seven genome segments of the 
MDV and either the HA or NA gene of a selected strain (7:1 
reassortants) can also be produced. It will be appreciated, and 
as is detailed throughout, the molecules of the invention can 
optionally be combined in any desired combination. For 
example, the HA and/or NA sequences herein can be placed, 
e.g., into a reassortant backbone such as A/AA/6/60, B/AA/ 
1/66, A/Puerto Rico/8/34 (i.e., PR8), etc., in 6:2 reassortants 
or 7: 1 reassortants, etc. Thus, as explained more fully below, 
there would be 6 backbone gene regions from the donor virus 
(again, e.g., A/AA/6/60, etc.) and 2 genes regions from a 
second strain (e.g., a wild-type strain, not the backbone donor 
virus). Such 2 gene regions are preferably the HA and NA 
genes. A similar situation arises for 7:1 reassortants, in which 
however, there are 7 gene regions from the background donor 
virus and 1 gene (either HA or NA) from a different virus 
(typically wild-type or one to which an immune response is 
desired). Also, it will be appreciated that the sequences herein 
(e.g., those in the sequence listing of FIG. 1, etc.) can be 
combined in a number of means in different embodiments 
herein. Thus, any of the sequences herein can be present 
singularly in a 7:1 reassortant (i.e., the sequence of the inven 
tion present with 7 backbone donor virus gene regions) and/or 
can be present with another sequence of the invention in a 6:2 
reassortant. Within such 6:2 reassortants, any of the 
sequences of the invention can optionally be present with any 
other sequence of the invention. Typical, and preferred, 
embodiments comprise HA and NA from the same original 
wild-type strains however. For example, typical embodi 
ments can comprise a 6:2 reassortant having 6 gene regions 
from a backbone donor virus such as A/AA/6/60 and the HA 
and NA gene regions from the same wild-type strain such as 
ca A/Shandong/9/93 or both HA and NA from ca A/Wuhan/ 
395/95 or both HA and NA fromca B/Ann Arbor/1/94 (which 
would typically, but not exclusively, be present within a B 
influenza backbone donor virus such as B/Ann Arbor/1/66, 
etc.), etc. Of course, it will again be appreciated that the 
invention also includes Such reassortant viruses wherein the 
non-background gene regions (i.e., the HA and/or NA 
regions) are from similar strains (i.e., strains that are similar 
strains to influenza Strains having the sequences found in SEQ 
ID NO:1-34. The above references are specifically incorpo 
rated herein in their entirety for all purposes, e.g., especially 
for their teachings regarding plasmids, plasmid rescue of 
virus (influenza virus), multi-plasmid systems for virus res 
cue/production, etc. 
0068 Again, the HA and NA sequences of the current 
invention are optionally utilized in Such plasmid reassortment 
vaccines (and/or in other ts, cs, ca, and/or att viruses and 
vaccines). However, it should be noted that the HA and NA 
sequences, etc. of the invention are not limited to specific 
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Vaccine compositions or production methods, and can, thus, 
be utilized in substantially any vaccine type or vaccine pro 
duction method which utilizes strain specific HA and NA 
antigens (e.g., the sequences of the invention). 

FluMistTM 

0069. As mentioned previously, numerous examples and 
types of influenza vaccine exist. An exemplary influenza vac 
cine is FluMistTM (MedImmune Vaccines Inc., Mt. View, 
Calif.) which is a live, attenuated vaccine that protects chil 
dren and adults from influenza illness (Belshe et al. (1998) 
The efficacy of live attenuated, cold-adapted, trivalent, intra 
nasal influenza virus vaccine in children N Engl.J Med 338: 
1405-12; Nicholetal. (1999) Effectiveness of live, attenuated 
intranasal influenza virus vaccine in healthy, working adults. 
a randomized controlled trial JAMA 282: 137–44). In typical, 
and preferred, embodiments, the methods and compositions 
of the current invention are preferably adapted to/used with 
production of FluMistTM vaccine. However, it will be appre 
ciated by those skilled in the art that the sequences, methods, 
compositions, etc. herein are also adaptable to production of 
similar or even different viral vaccines. 
0070 FluMistTM vaccine strains contain, e.g., HA and NA 
gene segments derived from the wild-type strains to which the 
Vaccine is addressed (or, in some instances, to related strains) 
along with six gene segments, PB1, PB2, PA, NP, M and NS, 
from a common master donor virus (MDV). The HA and NA 
sequences herein, thus, are optionally part of various Flu 
MistTM formulations. The MDV for influenza A strains of 
FluMistTM (MDV-A), was created by serial passage of the 
wild-type A/Ann Arbor/6/60 (A/AA/6/60) strain in primary 
chicken kidney tissue culture at successively lower tempera 
tures (Maassab (1967) Adaptation and growth characteristics 
of influenza virus at 25 degrees C Nature 213:612-4). MDV-A 
replicates efficiently at 25° C. (ca, cold adapted), but its 
growth is restricted at 38 and 39°C. (ts, temperature sensi 
tive). Additionally, this virus does not replicate in the lungs of 
infected ferrets (att, attenuation). Thets phenotype is believed 
to contribute to the attenuation of the vaccine in humans by 
restricting its replication in all but the coolest regions of the 
respiratory tract. The stability of this property has been dem 
onstrated in animal models and clinical studies. In contrast to 
the ts phenotype of influenza strains created by chemical 
mutagenesis, the ts property of MDV-A does not revert fol 
lowing passage through infected hamsters or in shed isolates 
from children (for a recent review, see Murphy & Coelingh 
(2002) Principles underlying the development and use of live 
attenuated cold-adapted influenza A and B virus vaccines 
Viral Immunol 15:295-323). 
0071 Clinical studies in over 20,000 adults and children 
involving 12 separate 6:2 reassortant strains have shown that 
these vaccines are attenuated, safe and efficacious (Belshe et 
al. (1998) The efficacy of live attenuated, cold-adapted, triva 
lent, intranasal influenza virus vaccine in children N Engl J 
Med 338:1405-12: Boyce et al. (2000) Safety and immuno 
genicity of adjuvanted and unadjuvanted subunit influenza 
vaccines administered intranasally to healthy adults Vaccine 
19:217-26; Edwards et al. (1994) A randomized controlled 
trial of cold adapted and inactivated vaccines for the preven 
tion of influenza A disease J Infect Dis 169:68-76; Nichol et 
al. (1999) Effectiveness of live, attenuated intranasal influ 
enza virus vaccine in healthy, working adults: a randomized 
controlled trial JAMA 282: 137–44). Reassortants carrying 
the six internal genes of MDV-A and the two HA and NA gene 
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segments of a wild-type virus (i.e., a 6:2 reassortant) consis 
tently maintain ca, ts and att phenotypes (Maassab et al. 
(1982) Evaluation of a cold-recombinant influenza virus vac 
cine in ferrets J. Infect. Dis. 146:780-900). 
0072 Production of such reasserted virus using B strains 
of influenza is more difficult, however, recent work (see, e.g., 
U.S. Application No. 60/420,708, filed Oct. 23, 2002, U.S. 
application Ser. No. 10/423,828, filed Apr. 25, 2003, and U.S. 
Application No. 60/574,117, filed May 25, 2004, all entitled 
“Multi-Plasmid System for the Production of Influenza 
Virus) has shown an eight plasmid system for the generation 
of influenza B virus entirely from cloned cDNA. Methods for 
the production of attenuated live influenza A and B virus 
Suitable for vaccine formulations, such as live virus vaccine 
formulations useful for intranasal administration were also 
shown. 
0073. The system and methods described previously are 
useful for the rapid production in cell culture of recombinant 
and reassortant influenza A and B viruses, including viruses 
Suitable for use as vaccines, including live attenuated vac 
cines, such as vaccines suitable for intranasal administration. 
The sequences, methods, etc. of the current invention, are 
optionally used in conjunction with, or in combination with, 
Such previous work involving, e.g., reassorted influenza 
Viruses for vaccine production to produce viruses for vac 
C1GS. 

Methods and Compositions for Prophylactic Administration 
of Vaccines 

I0074 As stated above, alternatively, or in addition to, use 
in production of FluMistTM vaccine, the current invention can 
be used in other vaccine formulations. In general, recombi 
nant and reassortant viruses of the invention (e.g., those com 
prising polynucleotides of SEQID NO:1-34 or polypeptides 
of SEQIDNO:35-68, or similar strains of the virus sequences 
within SEQID NO:1-68, or fragments of any of the previous) 
can be administered prophylactically in an immunologically 
effective amount and in an appropriate carrier or excipient to 
stimulate an immune response specific for one or more strains 
of influenza virus as determined by the HA and/or NA 
sequence. Typically, the carrier or excipient is a pharmaceu 
tically acceptable carrier or excipient, such as sterile water, 
aqueous saline solution, aqueous buffered saline solutions, 
aqueous dextrose solutions, aqueous glycerol solutions, etha 
nol, allantoic fluid from uninfected hen eggs (i.e., normal 
allantoic fluid or NAD), or combinations thereof. The prepa 
ration of such solutions insuring sterility, pH, isotonicity, and 
stability is effected according to protocols established in the 
art. Generally, a carrier or excipient is selected to minimize 
allergic and other undesirable effects, and to suit the particu 
lar route of administration, e.g., subcutaneous, intramuscular, 
intranasal, etc. 
I0075) A related aspect of the invention provides methods 
for stimulating the immune system of an individual to pro 
duce a protective immune response against influenza virus. In 
the methods, an immunologically effective amount of a 
recombinant influenza virus (e.g., an HA and/or an NA mol 
ecule of the invention), an immunologically effective amount 
of a polypeptide of the invention, and/or an immunologically 
effective amount of a nucleic acid of the invention is admin 
istered to the individual in a physiologically acceptable car 
rier. 
0076 Generally, the influenza viruses of the invention are 
administered in a quantity sufficient to stimulate an immune 
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response specific for one or more strains of influenza virus 
(i.e., against the HA and/or NA strains of the invention). 
Preferably, administration of the influenza viruses elicits a 
protective immune response to such strains. Dosages and 
methods for eliciting a protective immune response against 
one or more influenza strains are knownto those of skill in the 
art. See, e.g., U.S. Pat. No. 5,922.326; Wright et al., Infect. 
Immun. 37:397-400 (1982); Kim et al., Pediatrics 52:56-63 
(1973); and Wright et al., J. Pediatr. 88:931-936 (1976). For 
example, influenza viruses are provided in the range of about 
1-1000 HIDs (human infectious dose), i.e., about 10-10 
pfu (plaque forming units) per dose administered. Typically, 
the dose will be adjusted within this range based on, e.g., age, 
physical condition, body weight, sex, diet, time of adminis 
tration, and other clinical factors. The prophylactic vaccine 
formulation is systemically administered, e.g., by Subcutane 
ous or intramuscular injection using a needle and Syringe, or 
a needle-less injection device. Alternatively, the vaccine for 
mulation is administered intranasally, either by drops, large 
particle aerosol (greater than about 10 microns), or spray into 
the upper respiratory tract. While any of the above routes of 
delivery results in a protective systemic immune response, 
intranasal administration confers the added benefit of elicit 
ing mucosal immunity at the site of entry of the influenza 
virus. For intranasal administration, attenuated live virus vac 
cines are often preferred, e.g., an attenuated, cold adapted 
and/or temperature sensitive recombinant or reassortant 
influenza virus. See above. While stimulation of a protective 
immune response with a single dose is preferred, additional 
dosages can be administered, by the same or different route, 
to achieve the desired prophylactic effect. 
0077. Typically, the attenuated recombinant influenza of 

this invention as used in a vaccine is sufficiently attenuated 
Such that symptoms of infection, or at least symptoms of 
serious infection, will not occur in most individuals immu 
nized (or otherwise infected) with the attenuated influenza 
virus. In some instances, the attenuated influenza virus can 
still be capable of producing symptoms of mild illness (e.g., 
mild upper respiratory illness) and/or of dissemination to 
unvaccinated individuals. However, its virulence is suffi 
ciently abrogated Such that severe lower respiratory tract 
infections do not occur in the vaccinated or incidental host. 

0078. Alternatively, an immune response can be stimu 
lated by ex vivo or in vivo targeting of dendritic cells with 
influenza viruses comprising the sequences herein. For 
example, proliferating dendritic cells are exposed to viruses 
in a sufficient amount and for a sufficient period of time to 
permit capture of the influenza antigens by the dendritic cells. 
The cells are then transferred into a subject to be vaccinated 
by Standard intravenous transplantation methods. 
0079 While stimulation of a protective immune response 
with a single dose is preferred, additional dosages can be 
administered, by the same or different route, to achieve the 
desired prophylactic effect. In neonates and infants, for 
example, multiple administrations may be required to elicit 
Sufficient levels of immunity. Administration can continue at 
intervals throughout childhood, as necessary to maintain Suf 
ficient levels of protection against wild-type influenza infec 
tion. Similarly, adults who are particularly susceptible to 
repeated or serious influenza infection, such as, for example, 
health care workers, day care workers, family members of 
young children, the elderly, and individuals with compro 
mised cardiopulmonary function may require multiple 
immunizations to establish and/or maintain protective 

Jul. 9, 2009 

immune responses. Levels of induced immunity can be moni 
tored, for example, by measuring amounts of neutralizing 
secretory and serum antibodies, and dosages adjusted or vac 
cinations repeated as necessary to elicit and maintain desired 
levels of protection. 
0080 Optionally, the formulation for prophylactic admin 
istration of the influenza viruses also contains one or more 
adjuvants for enhancing the immune response to the influenza 
antigens. Suitable adjuvants include: complete Freund's 
adjuvant, incomplete Freund's adjuvant, Saponin, mineral 
gels such as aluminum hydroxide, Surface active substances 
Such as lysolecithin, pluronic polyols, polyanions, peptides, 
oil or hydrocarbon emulsions, bacille Calmette-Guerin 
(BCG), Corynebacterium parvum, and the synthetic adju 
vants QS-21 and MF59. 
I0081. If desired, prophylactic vaccine administration of 
influenza viruses can be performed in conjunction with 
administration of one or more immunostimulatory mol 
ecules. Immunostimulatory molecules include various cytok 
ines, lymphokines and chemokines with immunostimulatory, 
immunopotentiating, and pro-inflammatory activities, such 
as interleukins (e.g., IL-1, IL-2, IL-3, IL-4, IL-12, IL-13); 
growth factors (e.g., granulocyte-macrophage (GM)-colony 
stimulating factor (CSF)); and other immunostimulatory 
molecules, such as macrophage inflammatory factor, Flt3 
ligand, B7.1: B7.2, etc. The immunostimulatory molecules 
can be administered in the same formulation as the influenza 
viruses, or can be administered separately. Either the protein 
(e.g., an HA and/or NA polypeptide of the invention) or an 
expression vector encoding the protein can be administered to 
produce an immunostimulatory effect. 
0082. The above described methods are useful for thera 
peutically and/or prophylactically treating a disease or disor 
der, typically influenza, by introducing a vector of the inven 
tion comprising a heterologous polynucleotide encoding a 
therapeutically or prophylactically effective HA and/or NA 
polypeptide (or peptide) or HA and/or NA RNA (e.g., an 
antisense RNA or ribozyme) into a population of target cells 
in vitro, ex vivo or in vivo. Typically, the polynucleotide 
encoding the polypeptide (or peptide), or RNA, of interest is 
operably linked to appropriate regulatory sequences, e.g., as 
described herein. Optionally, more than one heterologous 
coding sequence is incorporated into a single vector or virus. 
For example, in addition to a polynucleotide encoding a 
therapeutically or prophylactically active HA and/or NA 
polypeptide or RNA, the vector can also include additional 
therapeutic or prophylactic polypeptides, e.g., antigens, co 
stimulatory molecules, cytokines, antibodies, etc., and/or 
markers, and the like. 
I0083. Although vaccination of an individual with an 
attenuated influenza virus of a particular strain of a particular 
Subgroup can induce cross-protection against influenza virus 
of different strains and/or subgroups, cross-protection can be 
enhanced, if desired, by vaccinating the individual with 
attenuated influenza virus from at least two strains, e.g., each 
of which represents a different subgroup. Additionally, vac 
cine combinations can optionally include mixes of pandemic 
vaccines and non-pandemic strains. Vaccine mixtures (or 
multiple vaccinations) can comprise components from 
human strains and/or non-human influenza strains (e.g., avian 
and human, etc.). Similarly, the attenuated influenza virus 
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vaccines of this invention can optionally be combined with 
vaccines that induce protective immune responses against 
other infectious agents. 

Polynucleotides of the Invention 
0084. Probes 
I0085. The HA and NA polynucleotides of the invention, 
e.g., as shown in the sequences herein such as SEQID NO:1 
through SEQID NO:34, and fragments thereof, are option 
ally used in a number of different capacities alternative to, or 
in addition to, the vaccines described above. Other exemplary 
uses are described herein for illustrative purpose and not as 
limitations on the actual range of uses, etc. Different methods 
of construction, purification, and characterization of the 
nucleotide sequences of the invention are also described 
herein. 
I0086. In some embodiments, nucleic acids including one 
or more polynucleotide sequence of the invention are favor 
ably used as probes for the detection of corresponding or 
related nucleic acids in a variety of contexts, such as in 
nucleic hybridization experiments, e.g., to find and/or char 
acterize homologous influenza variants (e.g., homologues to 
sequences herein, etc.) infecting other species or in different 
influenza outbreaks, etc. The probes can be either DNA or 
RNA molecules, such as restriction fragments of genomic or 
cloned DNA, cDNAs, PCR amplification products, tran 
Scripts, and oligonucleotides, and can vary in length from 
oligonucleotides as short as about 10 nucleotides in length to 
full length sequences or cDNAs in excess of 1 kb or more. For 
example, in Some embodiments, a probe of the invention 
includes a polynucleotide sequence or Subsequence selected, 
e.g., from among SEQ ID NO:1-SEQ ID NO:34, or 
sequences complementary thereto. Alternatively, polynucle 
otide sequences that are variants of one of the above-desig 
nated sequences are used as probes. Most typically, Such 
variants include one or a few conservative nucleotide varia 
tions. For example, pairs (or sets) of oligonucleotides can be 
selected, in which the two (or more) polynucleotide 
sequences are conservative variations of each other, wherein 
one polynucleotide sequence corresponds identically to a first 
variant or and the other(s) corresponds identically to addi 
tional variants. Such pairs of oligonucleotide probes are par 
ticularly useful, e.g., for specific hybridization experiments to 
detect polymorphic nucleotides orto, e.g., detect homologous 
influenza HA and NA variants, e.g., homologous to the cur 
rent HA and NA sequences, infecting other species or present 
in different (e.g., either temporally and/or geographically 
different) influenza outbreaks. In other applications, probes 
are selected that are more divergent, that is probes that are at 
least about 91% (or about 92%, about 93%, about 94%, about 
95%, about 96%, about 97%, about 98%, about 98.5%, about 
98.7%, about 99%, about 99.1%, about 99.2%, about 99.3%, 
about 99.4%, about 99.5%, or about 99.6% or more about 
99.7%, about 99.8%, about 99.9% or more) identical are 
selected. 
0087. The probes of the invention, e.g., as exemplified by 
sequences derived from the sequences herein, can also be 
used to identify additional useful polynucleotide sequences 
according to procedures routine in the art. In one set of 
embodiments, one or more probes, as described above, are 
utilized to Screen libraries of expression products or chromo 
Somal segments (e.g., expression libraries or genomic librar 
ies) to identify clones that include sequences identical to, or 
with significant sequence similarity to, e.g., one or more 
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probe of, e.g., SEQ ID NO:1-SEQ ID NO:34, i.e., variants, 
homologues, etc. It will be understood that in addition to such 
physical methods as library screening, computer assisted bio 
informatic approaches, e.g., BLAST and other sequence 
homology search algorithms, and the like, can also be used for 
identifying related polynucleotide sequences. Polynucleotide 
sequences identified in this manner are also a feature of the 
invention. 
I0088 Oligonucleotide probes are optionally produced via 
a variety of methods well known to those skilled in the art. 
Most typically, they are produced by well known synthetic 
methods, such as the Solid phase phosphoramidite triester 
method described by Beaucage and Caruthers (1981) Tetra 
hedron Letts 22(20): 1859-1862, e.g., using an automated syn 
thesizer, or as described in Needham-Van Devanter et al. 
(1984) NuclAcids Res, 12:6159-6168. Oligonucleotides can 
also be custom made and ordered from a variety of commer 
cial Sources known to persons of skill. Purification of oligo 
nucleotides, where necessary, is typically performed by either 
native acrylamide gel electrophoresis or by anion-exchange 
HPLC as described in Pearson and Regnier (1983) J Chrom 
255:137-149. The sequence of the synthetic oligonucleotides 
can be verified using the chemical degradation method of 
Maxam and Gilbert (1980) in Grossman and Moldave (eds.) 
Academic Press, New York, Methods in Enzymology 65:499 
560. Custom oligos can also easily be ordered from a variety 
of commercial sources known to persons of skill. 
I0089. In other circumstances, e.g., relating to attributes of 
cells or organisms expressing the polynucleotides and 
polypeptides of the invention (e.g., those harboring virus 
comprising the sequences of the invention), probes that are 
polypeptides, peptides or antibodies are favorably utilized. 
For example, isolated or recombinant polypeptides, polypep 
tide fragments and peptides derived from any of the amino 
acid sequences of the invention and/or encoded by polynucle 
otide sequences of the invention, e.g., selected from SEQID 
NO:1 through SEQID NO:34, are favorably used to identify 
and isolate antibodies, e.g., from phage display libraries, 
combinatorial libraries, polyclonal Sera, and the like. 
0090 Antibodies specific for any a polypeptide sequence 
or subsequence, e.g., of SEQ ID NO:35 through SEQ ID 
NO:68, and/or encoded by polynucleotide sequences of the 
invention, e.g., selected from SEQID NO:1 through SEQID 
NO:34, are likewise valuable as probes for evaluating expres 
sion products, e.g., from cells or tissues. In addition, antibod 
ies are particularly Suitable for evaluating expression of pro 
teins comprising amino acid Subsequences, e.g., of those 
given herein, or encoded by polynucleotides sequences of the 
invention, e.g., selected from those shown herein, in situ, in a 
tissue array, in a cell, tissue or organism, e.g., an organism 
infected by an unidentified influenza virus or the like. Anti 
bodies can be directly labeled with a detectable reagent, or 
detected indirectly by labeling of a secondary antibody spe 
cific for the heavy chain constant region (i.e., isotype) of the 
specific antibody. Antibodies against specific amino acids 
sequences herein (e.g., SEQID NOS: 35-68) are also useful in 
determining whether other influenza viruses are within the 
same strain as the current sequences (e.g., through an HI 
assay, etc.). Additional details regarding production of spe 
cific antibodies are provided below. 
0091 Diagnostic Assays 
0092. The nucleic acid sequences of the present invention 
can be used in diagnostic assays to detect influenza (and/or 
hemagglutinin and/or neuraminidase) in a sample, to detect 
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hemagglutinin-like and/or neuraminidase-like sequences, 
and to detect strain differences in clinical isolates of influenza 
using either chemically synthesized or recombinant poly 
nucleotide fragments, e.g., selected from the sequences 
herein. For example, fragments of the hemagglutinin and/or 
neuraminidase sequences comprising at least between 10 and 
20 nucleotides can be used as primers to amplify nucleic acids 
using polymerase chain reaction (PCR) methods well known 
in the art (e.g., reverse transcription-PCR) and as probes in 
nucleic acid hybridization assays to detect target genetic 
material Such as influenza RNA in clinical specimens. 
0093. The probes of the invention, e.g., as exemplified by 
unique subsequences selected from, e.g., SEQ ID NO:1 
through SEQ ID NO:34, can also be used to identify addi 
tional useful polynucleotide sequences (such as to character 
ize additional strains of influenza) according to procedures 
routine in the art. In one set of preferred embodiments, one or 
more probes, as described above, are utilized to screen librar 
ies of expression products or cloned viral nucleic acids (i.e., 
expression libraries or genomic libraries) to identify clones 
that include sequences identical to, or with significant 
sequence identity to the sequences herein. In turn, each of 
these identified sequences can be used to make probes, 
including pairs or sets of variant probes as described above. It 
will be understood that in addition to such physical methods 
as library screening, computer assisted bioinformatic 
approaches, e.g., BLAST and other sequence homology 
search algorithms, and the like, can also be used for identify 
ing related polynucleotide sequences. 
0094. The probes of the invention are particularly useful 
for detecting the presence and for determining the identity of 
influenza nucleic acids in cells, tissues or other biological 
samples (e.g., a nasal wash or bronchial lavage). For example, 
the probes of the invention are favorably utilized to determine 
whether a biological sample, such as a subject (e.g., a human 
Subject) or model system (such as a cultured cell sample) has 
been exposed to, or become infected with influenza, or par 
ticular strain(s) of influenza. Detection of hybridization of the 
selected probe to nucleic acids originating in (e.g., isolated 
from) the biological sample or model system is indicative of 
exposure to or infection with the virus (or a related virus) 
from which the probe polynucleotide is selected. 
0095. It will be appreciated that probe design is influenced 
by the intended application. For example, where several 
allele-specific probe-target interactions are to be detected in a 
single assay, e.g., on a single DNA chip, it is desirable to have 
similar melting temperatures for all of the probes. Accord 
ingly, the lengths of the probes are adjusted so that the melting 
temperatures for all of the probes on the array are closely 
similar (it will be appreciated that different lengths for differ 
ent probes may be needed to achieve a particular T, where 
different probes have different GC contents). Although melt 
ing temperature is a primary consideration in probe design, 
other factors are optionally used to further adjust probe con 
struction, such as selecting against primer self-complemen 
tarity and the like. 
0096 Vectors, Promoters and Expression Systems 
0097. The present invention includes recombinant con 
structs incorporating one or more of the nucleic acid 
sequences described herein. Such constructs optionally 
include a vector, for example, a plasmid, a cosmid, a phage, a 
virus, a bacterial artificial chromosome (BAC), a yeast artifi 
cial chromosome (YAC), etc., into which one or more of the 
polynucleotide sequences of the invention, e.g., comprising 
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any of SEQ ID NO:1 through SEQ ID NO:34, or a subse 
quence thereof etc., has been inserted, in a forward or reverse 
orientation. For example, the inserted nucleic acid can 
include a viral chromosomal sequence or cDNA including all 
or part of at least one of the polynucleotide sequences of the 
invention. In one embodiment, the construct further com 
prises regulatory sequences, including, for example, a pro 
moter, operably linked to the sequence. Large numbers of 
suitable vectors and promoters are known to those of skill in 
the art, and are commercially available. 
0098. The polynucleotides of the present invention can be 
included in any one of a variety of vectors suitable for gen 
erating sense or antisense RNA, and optionally, polypeptide 
(or peptide) expression products (e.g., a hemagglutinin and/or 
neuraminidase molecule of the invention, or fragments 
thereof). Such vectors include chromosomal, nonchromo 
Somal and synthetic DNA sequences, e.g., derivatives of 
SV40; bacterial plasmids; phage DNA; baculovirus; yeast 
plasmids; vectors derived from combinations of plasmids and 
phage DNA, viral DNA such as vaccinia, adenovirus, fowl 
pox virus, pseudorabies, adenovirus, adeno-associated virus, 
retroviruses and many others (e.g., pCDL). Any vector that is 
capable of introducing genetic material into a cell, and, if 
replication is desired, which is replicable in the relevant host 
can be used. 
0099. In an expression vector, the HA and/or NA poly 
nucleotide sequence of interest is physically arranged in 
proximity and orientation to an appropriate transcription con 
trol sequence (e.g., promoter, and optionally, one or more 
enhancers) to direct mRNA synthesis. That is, the polynucle 
otide sequence of interest is operably linked to an appropriate 
transcription control sequence. Examples of Such promoters 
include: LTR or SV40 promoter, E. colilac or trp promoter, 
phage lambda P, promoter, and other promoters known to 
control expression of genes in prokaryotic or eukaryotic cells 
or their viruses. 
0100 A variety of promoters are suitable for use in expres 
sion vectors for regulating transcription of influenza virus 
genome segments. In certain embodiments, the cytomega 
lovirus (CMV) DNA dependent RNA Polymerase II (Pol II) 
promoter is utilized. If desired, e.g., for regulating conditional 
expression, other promoters can be substituted which induce 
RNA transcription under the specified conditions, or in the 
specified tissues or cells. Numerous viral and mammalian, 
e.g., human promoters are available, or can be isolated 
according to the specific application contemplated. For 
example, alternative promoters obtained from the genomes of 
animal and human viruses include Such promoters as the 
adenovirus (such as Adenovirus 2), papilloma virus, hepati 
tis-B virus, polyomavirus, and Simian Virus 40 (SV40), and 
various retroviral promoters. Mammalian promoters include, 
among many others, the actin promoter, immunoglobulin 
promoters, heat-shock promoters, and the like. 
0101 Various embodiments of the current invention can 
comprise a number of different vector constructions. Such 
constructions are typically and preferably used in plasmid 
rescue systems to create viruses for use in vaccines (e.g., in 
live attenuated vaccines, in killed or inactivated vaccines, 
etc.). Thus, the invention includes recombinant DNA mol 
ecules having a transcription control element that binds a 
DNA-directed RNA polymerase that is operatively linked to 
a DNA sequence that encodes an RNA molecule, wherein the 
RNA molecule comprises a binding site specific for an RNA 
directed RNA polymerase of a negative strand RNA virus, 
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operatively linked to an RNA sequence comprising the 
reverse complement of a mRNA coding sequence of a nega 
tive strand RNA virus. Also, the invention includes a recom 
binant DNA molecule that, upon transcription yields an RNA 
template that contains an RNA sequence comprising the 
reverse complement of an mRNA coding sequence of a nega 
tive strand RNA virus, and vRNA terminal sequences. The 
invention also includes a recombinant DNA molecule that 
upon transcription yields a replicable RNA template compris 
ing the reverse complement of an mRNA coding sequence of 
a negative strand RNA virus. Such above recombinant DNA 
molecules typically involve wherein the negative strand RNA 
virus is influenza (e.g., influenza A or B, etc.). Also, the RNA 
molecule in Such embodiments is typically an influenza 
genome segment and the RNA template is typically an influ 
enza genome segment. The recombinant DNA molecules 
typically comprise wherein the RNA template is replicable, 
wherein the negative strand RNA virus is influenza, and 
wherein the RNA template is an influenza genome segment. 
Thus, the nucleic acids influenza segments typically comprise 
HA and/or NA genes (the corresponding nucleic acid of 
which is, e.g., in FIG. 1, or within similar strains of the strains 
having the nucleic acids in, e.g., FIG. 1. 
0102 The invention also includes methods of preparing an 
RNA molecule comprising transcribing a recombinant DNA 
molecule with a DNA-directed RNA polymerase, wherein the 
DNA molecule comprises a transcription control element that 
binds a DNA-directed RNA polymerase that is operatively 
linked to a DNA sequence that encodes an RNA molecule, 
wherein the RNA molecule comprises a binding site specific 
for an RNA-directed RNA polymerase of a negative strand 
RNA virus, operatively linked to an RNA sequence compris 
ing the reverse complement of an mRNA coding sequence of 
a negative strand RNA virus. The invention also includes a 
method of preparing an RNA molecule comprising transcrib 
ing a recombinant DNA molecule with a DNA-directed RNA 
polymerase, wherein the recombinant DNA molecule yields 
upon transcription an RNA molecule that contains an RNA 
sequence comprising the reverse complement of an mRNA 
coding sequence of a negative strand RNA virus, and VRNA 
terminal sequences. Furthermore, the invention includes a 
method of preparing an RNA molecule comprising transcrib 
ing a recombinant DNA molecule with a DNA-directed RNA 
polymerase, wherein the recombinant DNA molecule yields 
upon transcription a replicable RNA molecule comprising the 
reverse complement of an mRNA coding sequence of a nega 
tive strand RNA virus. Such methods typically comprise 
wherein the negative strand RNA virus is influenza, and 
wherein the RNA molecule is an influenza genome segment. 
Such methods preferably include wherein the DNA-directed 
RNA polymerase is pol I, pol II, T7 polymerase, T3 poly 
merase, or Sp6 polymerase. Thus, again, the influenza nucleic 
acid segments typically comprise HA and/or NA genes as 
described throughout. 
0103). Other methods within the invention include meth 
ods of constructing a DNA molecule comprising a transcrip 
tion control element that binds a DNA-directed RNA poly 
merase that is operatively linked to a DNA sequence that 
encodes an RNA molecule, wherein the RNA molecule com 
prises a binding site specific for an RNA-directed RNA poly 
merase of an influenza virus, operatively linked to an RNA 
sequence comprising the reverse complement of an mRNA 
coding sequence of an influenza virus, wherein the DNA 
sequence comprises a nucleic acid corresponding to one or 
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more of SEQID NO:1-34 or a fragment thereof or of one or 
more nucleic acid sequence of a similar strain (e.g., a strain 
similar to Such strains having the sequences found in the 
sequences of FIG. 1, etc.). Also, the invention includes a 
method of constructing a DNA molecule comprising a DNA 
sequence that upon transcription yields an RNA template that 
contains an RNA sequence comprising the reverse comple 
ment of an mRNA coding sequence of an influenza virus, and 
VRNA terminal sequences, wherein the DNA sequence com 
prises a nucleic acid corresponding to one or more of SEQID 
NO:1-34 or a fragment thereof, or of one or more nucleic acid 
of a similar strain (e.g., a strain similar to Such strains that 
have the sequences found in FIG. 1, etc.). Such methods also 
include wherein the RNA template is replicable. Other meth 
ods of the invention include those of constructing a DNA 
molecule comprising a DNA sequence that upon transcrip 
tion yields a replicable RNA template comprising the reverse 
complement of an mRNA coding sequence of an influenza 
virus. These methods of the invention typically include 
wherein the RNA molecule is an influenza genome segment, 
wherein the DNA-directed RNA polymerase is pol I, pol II, 
T7 polymerase, T3 polymerase, or Sp6 polymerase. 
0104 Transcription is optionally increased by including 
an enhancer sequence. Enhancers are typically short, e.g., 
10-500 bp, cis-acting DNA elements that act in concert with 
a promoter to increase transcription. Many enhancer 
sequences have been isolated from mammalian genes (hemo 
globin, elastase, albumin, alpha-fetoprotein, and insulin), and 
eukaryotic cell viruses. The enhancer can be spliced into the 
vector at a position 5' or 3' to the heterologous coding 
sequence, but is typically inserted at a site 5' to the promoter. 
Typically, the promoter, and if desired, additional transcrip 
tion enhancing sequences are chosen to optimize expression 
in the host cell type into which the heterologous DNA is to be 
introduced (Scharf et al. (1994) Heat stress promoters and 
transcription factors Results Probl Cell Differ 20:125-62; 
Kriegler et al. (1990) Assembly of enhancers, promoters, and 
splice signals to control expression of transferred genes 
Methods in Enzymol 185: 512-27). Optionally, the amplicon 
can also contain a ribosome binding site or an internal ribo 
some entry site (IRES) for translation initiation. 
0105. The vectors of the invention also favorably include 
sequences necessary for the termination of transcription and 
for stabilizing the mRNA, such as a polyadenylation site or a 
terminator sequence. Such sequences are commonly avail 
able from the 5' and, occasionally 3', untranslated regions of 
eukaryotic or viral DNAS or cDNAs. In one embodiment, the 
SV40 polyadenylation signal sequences can provide a bi 
directional polyadenylation site that insulates transcription of 
(+) strand mRNA molecules from the Poll promoter initiating 
replication of the (-) strand viral genome. 
0106. In addition, as described above, the expression vec 
tors optionally include one or more selectable marker genes to 
provide a phenotypic trait for selection of transformed host 
cells, in addition to genes previously listed, markers such as 
dihydrofolate reductase or neomycin resistance are Suitable 
for selection in eukaryotic cell culture. 
0107 The vector containing the appropriate nucleic acid 
sequence as described above, as well as an appropriate pro 
moter or control sequence, can be employed to transform a 
host cell permitting expression of the protein. While the vec 
tors of the invention can be replicated in bacterial cells, most 
frequently it will be desirable to introduce them into mam 
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malian cells, e.g., Vero cells, BHK cells, MDCK cell, 293 
cells, COS cells, or the like, for the purpose of expression. 
0108. As described elsewhere, the HA and NA sequences 
herein, in various embodiments, can be comprised within 
plasmids involved in plasmid-rescue reassortment. See, e.g., 
U.S. Application No. 60/420,708, filed Oct. 23, 2002, U.S. 
application Ser. No. 10/423,828, filed Apr. 25, 2003, and U.S. 
Application No. 60/574,117, filed May 25, 2004, all entitled 
“Multi-Plasmid System for the Production of Influenza 
Virus'': Hoffmann, E., 2000, PNAS, 97(11):6108-6113: U.S. 
Published Patent Application No. 20020164770 to Hoff 
mann; and U.S. Pat. No. 6,544,785 issued Apr. 8, 2003 to 
Palese, et al. The reassortants produced can include the HA 
and NA genes arranged with the 6 other influenza genes from 
the A/Ann Arbor/6/60 donor strain, the B/Ann Arborf 1/66 
donor strain (and/or derivatives and modifications thereof), 
the A/Puerto Rico/8/34 donor strain, etc. 
0109 Additional Expression Elements 
0110 Most commonly, the genome segment encoding the 
influenza virus HA and/or NA protein includes any additional 
sequences necessary for its expression, including translation 
into a functional viral protein. In other situations, a minigene, 
or other artificial construct encoding the viral proteins, e.g., 
an HA and/or NA protein, can be employed. Again, in Such 
case, it is often desirable to include specific initiation signals 
that aid in the efficient translation of the heterologous coding 
sequence. These signals can include, e.g., the ATG initiation 
codon and adjacent sequences. To insure translation of the 
entire insert, the initiation codon is inserted in the correct 
reading frame relative to the viral protein. Exogenous tran 
Scriptional elements and initiation codons can be of various 
origins, both natural and synthetic. The efficiency of expres 
sion can be enhanced by the inclusion of enhancers appropri 
ate to the cell System in use. 
0111. If desired, polynucleotide sequences encoding addi 
tional expressed elements, such as signal sequences, secre 
tion or localization sequences, and the like can be incorpo 
rated into the vector, usually, in-frame with the 
polynucleotide sequence of interest, e.g., to target polypep 
tide expression to a desired cellular compartment, membrane, 
or organelle, or to direct polypeptide secretion to the periplas 
mic space or into the cell culture media. Such sequences are 
known to those of skill, and include secretion leader peptides, 
organelle targeting sequences (e.g., nuclear localization 
sequences, ER retention signals, mitochondrial transit 
sequences), membrane localization/anchor sequences (e.g., 
stop transfer sequences, GPI anchor sequences), and the like. 
0112. Where translation of a polypeptide encoded by a 
nucleic acid sequence of the invention is desired, additional 
translation specific initiation signals can improve the effi 
ciency of translation. These signals can include, e.g., an ATG 
initiation codon and adjacent sequences, an IRES region, etc. 
In some cases, for example, full-length cDNA molecules or 
chromosomal segments including a coding sequence incor 
porating, e.g., a polynucleotide sequence of the invention 
(e.g., as in the sequences herein), a translation initiation 
codon and associated sequence elements are inserted into the 
appropriate expression vector simultaneously with the poly 
nucleotide sequence of interest. In Such cases, additional 
translational control signals frequently are not required. 
However, in cases where only a polypeptide coding sequence, 
or a portion thereof, is inserted, exogenous translational con 
trol signals, including, e.g., an ATG initiation codon is often 
provided for expression of the relevant sequence. The initia 
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tion codon is put in the correct reading frame to ensure tran 
Scription of the polynucleotide sequence of interest. Exog 
enous transcriptional elements and initiation codons can be of 
various origins, both natural and synthetic. The efficiency of 
expression can be enhanced by the inclusion of enhancers 
appropriate to the cell system in use (see, e.g., Scharf D. et al. 
(1994) Results Probl Cell Differ 20:125-62: Bittner et al. 
(1987) Methods in Enzymol 153:516-544). 
0113 
0114 Negative strand RNA viruses can be genetically 
engineered and recovered using a recombinant reverse genet 
ics approach (U.S. Pat. No. 5,166,057 to Palese et al.). Such 
method was originally applied to engineer influenza viral 
genomes (Luytjes et al. (1989) Cell 59:1107-1113: Enami et 
al. (1990) Proc. Natl. Acad. Sci. USA 92:11563-11567), and 
has been Successfully applied to a wide variety of segmented 
and nonsegmented negative strand RNA viruses, e.g., rabies 
(Schnell et al. (1994) EMBO.J. 13:4195-4203); VSV (Law 
son et al. (1995) Proc. Natl. Acad. Sci. USA 92: 4477-4481); 
measles virus (Radecke et al. (1995) EMBO J. 14:5773 
5784); rinderpest virus (Baron & Barrett (1997).J. Virol. 71: 
1265-1271); human parainfluenza virus (Hoffman & Baner 
jee (1997).J. Virol. 71: 3272-3277; Dubinet al. (1997) Virol 
ogy 235:323-332): SV5 (He et al. (1997) Virology 237:249 
260); canine distemper virus (Gassen et al. (2000) J. Virol. 
74: 10737-44); and Sendai virus (Parket al. (1991) Proc. Natl. 
Acad. Sci. USA 88: 5537-5541; Kato et al. (1996) Genes to 
Cells 1:569-579). Those of skill in theart will be familiar with 
these and similar techniques to produce influenza virus com 
prising the HA and NA sequences of the invention. Recom 
binant influenza viruses produced according to Such methods 
are also a feature of the invention, as are recombinant influ 
enza virus comprising one or more nucleic acids and/or 
polypeptides of the invention. Of course, as will be appreci 
ated by those of skill in the art, influenza virus in general (and 
those of the invention as well) are RNA viruses. Thus, when 
the present invention describes influenza viruses as compris 
ing, e.g., the sequences of FIG. 1, etc., it is to be understood to 
mean the corresponding RNA version of the sequence. The 
nucleotide sequences in FIG. 1 comprise DNA versions (e.g., 
coding plus sense, etc.) of the genes (along with some 
untranslated regions in the nucleotide sequences). Those of 
skill in the art can easily convert between RNA and DNA 
sequences, between complementary nucleotide sequences, a 
corresponding RNA sequence, etc. Thus, for example, those 
of skill in the art can easily convert from a nucleotide 
sequence (e.g., one given in FIG. 1 such as SEQID NO: 1) to 
the corresponding amino acid sequence or a corresponding 
complementary sequence, etc. Also, as will be evident, when 
such HA and/or NA sequences are described within DNA 
vectors, e.g., plasmids, etc. then the corresponding DNA ver 
sion of the sequences are to be used. 
0115 
0116. The present invention also relates to host cells that 
are introduced (transduced, transformed or transfected) with 
vectors of the invention, and the production of polypeptides 
of the invention by recombinant techniques. Host cells are 
genetically engineered (i.e., transduced, transformed or trans 
fected) with a vector, Such as an expression vector, of this 
invention. As described above, the vector can be in the form of 
a plasmid, a viral particle, a phage, etc. Examples of appro 
priate expression hosts include: bacterial cells, such as E. coli, 
Streptomyces, and Salmonella typhimurium; fungal cells, 
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Such as Saccharomyces cerevisiae, Pichia pastoris, and Neu 
rospora crassa; or insect cells Such as Drosophila and 
Spodoptera frugiperda. 
0117 Most commonly, mammalian cells are used to cul 
ture the HA and NA molecules of the invention. Suitable host 
cells for the replication of influenza virus (e.g., with the HA 
and/or NA sequences herein) include, e.g., Vero cells, BHK 
cells, MDCK cells, 293 cells and COS cells, including 293T 
cells, COS7 cells or the like. Commonly, co-cultures includ 
ing two of the above cell lines, e.g., MDCK cells and either 
293T or COS cells are employed at a ratio, e.g., of 1:1, to 
improve replication efficiency. Typically, cells are cultured in 
a standard commercial culture medium, Such as Dulbecco's 
modified Eagle's medium Supplemented with serum (e.g., 
10% fetal bovine serum), or in serum free medium, under 
controlled humidity and CO concentration suitable for main 
taining neutral buffered pH (e.g., at pH between 7.0 and 7.2). 
Optionally, the medium contains antibiotics to prevent bac 
terial growth, e.g., penicillin, streptomycin, etc., and/or addi 
tional nutrients, such as L-glutamine, sodium pyruvate, non 
essential amino acids, additional Supplements to promote 
favorable growth characteristics, e.g., trypsin, 3-mercaptoet 
hanol, and the like. 
0118. The engineered host cells can be cultured in conven 
tional nutrient media modified as appropriate for activating 
promoters, selecting transformants, or amplifying the 
inserted polynucleotide sequences, e.g., through production 
of viruses. The culture conditions, such as temperature, pH 
and the like, are typically those previously used with the 
particular host cell selected for expression, and will be appar 
ent to those skilled in the art and in the references cited herein, 
including, e.g., Freshney (1994) Culture of Animal Cells, a 
Manual of Basic Technique, 3" edition, Wiley-Liss, New 
York and the references cited therein. Other helpful refer 
ences include, e.g., Paul (1975) Cell and Tissue Culture, 5" 
ed., Livingston, Edinburgh; Adams (1980) Laboratory Tech 
niques in Biochemistry and Molecular Biology-Cell Culture 
for Biochemists, Work and Burdon (eds.) Elsevier, Amster 
dam. Additional details regarding tissue culture procedures of 
particular interest in the production of influenza virus in vitro 
include, e.g., Merten et al. (1996) Production of influenza 
virus in cell cultures for vaccine preparation. in Cohen and 
Shafferman (eds.) Novel Strategies in Design and Production 
of Vaccines, which is incorporated herein in its entirety for all 
purposes. Additionally, variations in Such procedures adapted 
to the present invention are readily determined through rou 
tine experimentation and will be familiar to those skilled in 
the art. 

0119 Cells for production of influenza virus (e.g., having 
the HA and/or NA sequences of the invention) can be cultured 
in serum-containing or serum free medium. In some case, 
e.g., for the preparation of purified viruses, it is typically 
desirable to grow the host cells in serum free conditions. Cells 
can be cultured in Small scale, e.g., less than 25 ml medium, 
culture tubes or flasks or in large flasks with agitation, in 
rotator bottles, or on microcarrier beads (e.g., DEAE-Dextran 
microcarrier beads, such as Dormacell, Pfeifer & Langen; 
Superbead, Flow Laboratories; styrene copolymer-tri-methy 
lamine beads, such as Hillex, SoloHill, Ann Arbor) in flasks, 
bottles or reactor cultures. Microcarrier beads are small 
spheres (in the range of 100-200 microns in diameter) that 
provide a large Surface area for adherent cell growth per 
volume of cell culture. For example a single liter of medium 
can include more than 20 million microcarrier beads provid 
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ing greater than 8000 square centimeters of growth surface. 
For commercial production of viruses, e.g., for vaccine pro 
duction, it is often desirable to culture the cells in a bioreactor 
or fermenter. Bioreactors are available involumes from under 
1 liter to in excess of 100 liters, e.g., Cyto3 Bioreactor (Os 
monics, Minnetonka, Minn.); NBS bioreactors (New Brun 
swick Scientific, Edison, N.J.); laboratory and commercial 
scale bioreactors from B. Braun Biotech International (B. 
Braun Biotech, Melsungen, Germany). 
I0120 Regardless of the culture volume, in many desired 
aspects of the current invention, it is important that the cul 
tures be maintained at an appropriate temperature, to insure 
efficient recovery of recombinant and/or reassortant influenza 
virus using temperature dependent multi plasmid systems 
(see, e.g., U.S. Application No. 60/420.708, filed Oct. 23, 
2002, U.S. application Ser. No. 10/423,828, filed Apr. 25, 
2003, and U.S. Application No. 60/574,117, filed May 25, 
2004, all entitled “Multi-Plasmid System for the Production 
of Influenza Virus'), heating of virus solutions for filtration, 
etc. Typically, a regulator, e.g., a thermostat, or other device 
for sensing and maintaining the temperature of the cell cul 
ture system and/or other solution, is employed to insure that 
the temperature is at the correct level during the appropriate 
period (e.g., virus replication, etc.). 
I0121. In some embodiments herein (e.g., wherein reas 
Sorted viruses are to be produced from segments on vectors) 
vectors comprising influenza genome segments are intro 
duced (e.g., transfected) into host cells according to methods 
well known in the art for introducing heterologous nucleic 
acids into eukaryotic cells, including, e.g., calcium phosphate 
co-precipitation, electroporation, microinjection, lipofection, 
and transfection employing polyamine transfection reagents. 
For example, Vectors, e.g., plasmids, can be transfected into 
host cells, such as COS cells, 293T cells or combinations of 
COS or 293T cells and MDCK cells, using the polyamine 
transfection reagent TranslT-LT1 (Mirus) according to the 
manufacturer's instructions in order to produce reassorted 
viruses, etc. Thus, in one example, approximately 1 g of 
each vector is introduced into a population of host cells with 
approximately 2 ul of TranslT-LT1 diluted in 160 ul medium, 
preferably serum-free medium, in a total volume of 200 ul. 
The DNA:transfection reagent mixtures are incubated at 
room temperature for 45 minutes followed by addition of 800 
ul of medium. The transfection mixture is added to the host 
cells, and the cells are cultured as described via other methods 
well known to those skilled in the art. Accordingly, for the 
production of recombinant or reassortant viruses in cell cul 
ture, vectors incorporating each of the 8 genome segments, 
(PB2, PB1, PA, NPM, NS, HA and NA, e.g., of the invention) 
are mixed with approximately 20 Jul TranslT-LT1 and trans 
fected into host cells. Optionally, serum-containing medium 
is replaced prior to transfection with serum-free medium, 
e.g., Opti-MEMI, and incubated for 4-6 hours. 
0.122 Alternatively, electroporation can be employed to 
introduce Such vectors incorporating influenza genome seg 
ments into host cells. For example, plasmid vectors incorpo 
rating an influenza A or influenza B virus are favorably intro 
duced into Vero cells using electroporation according to the 
following procedure. In brief, approximately 5x10" Vero 
cells, e.g., grown in Modified Eagle's Medium (MEM) 
supplemented with 10% Fetal Bovine Serum (FBS) are resus 
pended in 0.4 ml OptiMEM and placed in an electroporation 
cuvette. Twenty micrograms of DNA in a volume of up to 25 
ul is added to the cells in the cuvette, which is then mixed 
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gently by tapping. Electroporation is performed according to 
the manufacturer's instructions (e.g., BioRad Gene Pulser II 
with Capacitance Extender Plus connected) at 300 volts, 950 
microFarads with a time constant of between 28-33 msec. The 
cells are remixed by gently tapping and approximately 1-2 
minutes following electroporation 0.7 ml MEM with 10% 
FBS is added directly to the cuvette. The cells are then trans 
ferred to two wells of a standard 6 well tissue culture dish 
containing 2 ml MEM, 10% FBS. The cuvette is washed to 
recover any remaining cells and the wash Suspension is 
divided between the two wells. Final volume is approxi 
mately 3.5 mL. The cells are then incubated under conditions 
permissive for viral growth, e.g., at approximately 33°C. for 
cold adapted Strains. 
0123. In mammalian host cells, a number of expression 
systems, such as viral-based systems, can be utilized. In cases 
where an adenovirus is used as an expression vector, a coding 
sequence is optionally ligated into an adenovirus transcrip 
tion/translation complex consisting of the late promoter and 
tripartite leader sequence. Insertion in a nonessential E1 or E3 
region of the viral genome will result in a viable virus capable 
of expressing the polypeptides of interest in infected host 
cells (Logan and Shenk (1984) Proc Natl AcadSci 81:3655 
3659). In addition, transcription enhancers, such as the rous 
sarcoma virus (RSV) enhancer, can be used to increase 
expression in mammalian host cells. 
0.124. A host cell strain is optionally chosen for its ability 
to modulate the expression of the inserted sequences or to 
process the expressed protein in the desired fashion. Such 
modifications of the protein include, but are not limited to, 
acetylation, carboxylation, glycosylation, phosphorylation, 
lipidation and acylation. Post-translational processing, which 
cleaves a precursor form into a mature form, of the protein is 
Sometimes important for correct insertion, folding and/or 
function. Additionally proper location within a host cell (e.g., 
on the cell surface) is also important. Different host cells such 
as COS, CHO, BHK, MDCK, 293, 293T, COS7, etc. have 
specific cellular machinery and characteristic mechanisms 
for Such post-translational activities and can be chosen to 
ensure the correct modification and processing of the current 
introduced, foreign protein. 
0.125 For long-term, high-yield production of recombi 
nant proteins encoded by, or having Subsequences encoded 
by, the polynucleotides of the invention, stable expression 
systems are optionally used. For example, cell lines, stably 
expressing a polypeptide of the invention, are transfected 
using expression vectors that contain viral origins of replica 
tion or endogenous expression elements and a selectable 
marker gene. For example, following the introduction of the 
vector, cells are allowed to grow for 1-2 days in an enriched 
media before they are switched to selective media. The pur 
pose of the selectable marker is to confer resistance to selec 
tion, and its presence allows growth and recovery of cells that 
Successfully express the introduced sequences. Thus, resis 
tant clumps of stably transformed cells, e.g., derived from 
single cell type, can be proliferated using tissue culture tech 
niques appropriate to the cell type. 
0126 Host cells transformed with a nucleotide sequence 
encoding a polypeptide of the invention are optionally cul 
tured under conditions suitable for the expression and recov 
ery of the encoded protein from cell culture. The cells 
expressing said protein can be sorted, isolated and/or purified. 
The protein or fragment thereof produced by a recombinant 
cell can be secreted, membrane-bound, or retained intracel 
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lularly, depending on the sequence (e.g., depending upon 
fusion proteins encoding a membrane retention signal or the 
like) and/or the vector used. 
I0127 Expression products corresponding to the nucleic 
acids of the invention can also be produced in non-animal 
cells Such as plants, yeast, fungi, bacteria and the like. In 
addition to Sambrook, Berger and Ausubel, all infra, details 
regarding cell culture can be found in Payne et al. (1992) 
Plant Cell and Tissue Culture in Liquid Systems John Wiley & 
Sons, Inc. New York, N.Y.: Gamborg and Phillips (eds.) 
(1995) Plant Cell Tissue and Organ Culture; Fundamental 
Methods Springer Lab Manual, Springer-Verlag (Berlin 
Heidelberg N.Y.) and Atlas and Parks (eds.) The Handbook of 
Microbiological Media (1993) CRC Press, Boca Raton, Fla. 
I0128. In bacterial systems, a number of expression vectors 
can be selected depending upon the use intended for the 
expressed product. For example, when large quantities of a 
polypeptide or fragments thereof are needed for the produc 
tion of antibodies, vectors that direct high-level expression of 
fusion proteins that are readily purified are favorably 
employed. Such vectors include, but are not limited to, mul 
tifunctional E. coli cloning and expression vectors such as 
BLUESCRIPT (Stratagene), in which the coding sequence of 
interest, e.g., sequences comprising those found herein, etc., 
can be ligated into the vector in-frame with sequences for the 
amino-terminal translation initiating methionine and the Sub 
sequent 7 residues of beta-galactosidase producing a catalyti 
cally active beta galactosidase fusion protein; plN vectors 
(Van Heeke & Schuster (1989).J. Biol Chem 264:5503–5509): 
pET vectors (Novagen, Madison Wis.); and the like. Simi 
larly, in the yeast Saccharomyces cerevisiae a number of 
vectors containing constitutive or inducible promoters such 
as alpha factor, alcohol oxidase and PGH can be used for 
production of the desired expression products. For reviews, 
see Ausubel, infra, and Grant et al., (1987); Methods in Enzy 
mology 153:516-544. 
I0129. Nucleic Acid Hybridization 
0.130 Comparative hybridization can be used to identify 
nucleic acids of the invention, including conservative varia 
tions of nucleic acids of the invention. This comparative 
hybridization method is a preferred method of distinguishing 
nucleic acids of the invention. In addition, target nucleic acids 
which hybridize to the nucleic acids represented by, e.g., SEQ 
ID NO:1 through SEQID NO:34 under high, ultra-high and 
ultra-ultra-high Stringency conditions are features of the 
invention. Examples of such nucleic acids include those with 
one or a few silent or conservative nucleic acid Substitutions 
as compared to a given nucleic acid sequence. 
I0131) A test target nucleic acid is said to specifically 
hybridize to a probe nucleic acid when it hybridizes at least 
one-half as well to the probe as to the perfectly matched 
complementary target, i.e., with a signal to noise ratio at least 
one-half as high as hybridization of the probe to the target 
under conditions in which the perfectly matched probe binds 
to the perfectly matched complementary target with a signal 
to noise ratio that is at least about 5x-10x as high as that 
observed for hybridization to any of the unmatched target 
nucleic acids. 
I0132) Nucleic acids “hybridize' when they associate, 
typically in solution. Nucleic acids hybridize due to a variety 
of well-characterized physico-chemical forces, such as 
hydrogen bonding, solvent exclusion, base stacking and the 
like. Numerous protocols for nucleic acid hybridization are 
well known in the art. An extensive guide to the hybridization 
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of nucleic acids is found in Tijssen (1993) Laboratory Tech 
niques in Biochemistry and Molecular Biology—Hybridiza 
tion with Nucleic Acid Probes part I chapter 2, "Overview of 
principles of hybridization and the strategy of nucleic acid 
probe assays.” (Elsevier, N.Y.), as well as in Ausubel, Sam 
brook, and Berger and Kimmel, all below. Hames and Hig 
gins (1995) Gene Probes 1 IRL Press at Oxford University 
Press, Oxford, England, (Hames and Higgins 1) and Hames 
and Higgins (1995) Gene Probes 2 IRL Press at Oxford 
University Press, Oxford, England (Hames and Higgins 2) 
provide details on the synthesis, labeling, detection and quan 
tification of DNA and RNA, including oligonucleotides. 
0133. An example of stringent hybridization conditions 
for hybridization of complementary nucleic acids which have 
more than 100 complementary residues on a filter in a South 
ern or northern blot is 50% formalin with 1 mg of heparin at 
42°C., with the hybridization being carried out overnight. An 
example of stringent wash conditions comprises a 0.2xSSC 
wash at 65° C. for 15 minutes (see, Sambrook, infra for a 
description of SSC buffer). Often the high stringency wash is 
preceded by a low stringency wash to remove background 
probe signal. An example low Stringency wash is 2XSSC at 
40°C. for 15 minutes. In general, a signal to noise ratio of 5x 
(or higher) than that observed for an unrelated probe in the 
particular hybridization assay indicates detection of a specific 
hybridization. 
0134. After hybridization, unhybridized nucleic acids can 
be removed by a series of washes, the stringency of which can 
be adjusted depending upon the desired results. Low Strin 
gency washing conditions (e.g., using higher salt and lower 
temperature) increase sensitivity, but can produce nonspecific 
hybridization signals and high background signals. Higher 
stringency conditions (e.g., using lower salt and higher tem 
perature that is closer to the T) lower the background signal, 
typically with primarily the specific signal remaining. See, 
also, Rapley, R. and Walker, J. M. eds., Molecular 
Biomethods Handbook (Humana Press, Inc. 1998). 
0135 “Stringent hybridization wash conditions' in the 
context of nucleic acid hybridization experiments such as 
Southern and northern hybridizations are sequence depen 
dent, and are different under different environmental param 
eters. An extensive guide to the hybridization of nucleic acids 
is found in Tijssen (1993), Supra, and in Hames and Higgins, 
1 and 2. Stringent hybridization and wash conditions can 
easily be determined empirically for any test nucleic acid. For 
example, in determining highly stringent hybridization and 
wash conditions, the hybridization and wash conditions are 
gradually increased (e.g., by increasing temperature, decreas 
ing salt concentration, increasing detergent concentration 
and/or increasing the concentration of organic solvents such 
as formalin in the hybridization or wash), until a selected set 
of criteria is met. For example, the hybridization and wash 
conditions are gradually increased until a probe binds to a 
perfectly matched complementary target with a signal to 
noise ratio that is at least 5x as high as that observed for 
hybridization of the probe to an unmatched target. 
0136. In general, a signal to noise ratio of at least 2x (or 
higher, e.g., at least 5x, 10x, 20x, 50x. 100x, or more) than 
that observed for an unrelated probe in the particular hybrid 
ization assay indicates detection of a specific hybridization. 
Detection of at least stringent hybridization between two 
sequences in the context of the present invention indicates 
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relatively strong structural similarity to, e.g., the nucleic acids 
of the present invention provided in the sequence listings 
herein. 
0.137 “Very stringent” conditions are selected to be equal 
to the thermal melting point (T) for a particular probe. The 
T, is the temperature (under defined ionic strength and pH) at 
which 50% of the test sequence hybridizes to a perfectly 
matched probe. For the purposes of the present invention, 
generally, “highly stringent hybridization and wash condi 
tions are selected to be about 5° C. lower than the T for the 
specific sequence at a defined ionic strength and pH (as noted 
below, highly stringent conditions can also be referred to in 
comparative terms). Target sequences that are closely related 
or identical to the nucleotide sequence of interest (e.g., 
“probe') can be identified under stringent or highly stringent 
conditions. Lower stringency conditions are appropriate for 
sequences that are less complementary. 
0.138 “Ultra high-stringency hybridization and wash 
conditions are those in which the stringency of hybridization 
and wash conditions are increased until the signal to noise 
ratio for binding of the probe to the perfectly matched 
complementary target nucleic acid is at least 10x as high as 
that observed for hybridization to any unmatched target 
nucleic acids. A target nucleic acid which hybridizes to a 
probe under Such conditions, with a signal to noise ratio of at 
least one-half that of the perfectly matched complementary 
target nucleic acid is said to bind to the probe under ultra-high 
stringency conditions. 
0.139. In determining stringent or highly stringent hybrid 
ization (or even more stringent hybridization) and wash con 
ditions, the hybridization and wash conditions are gradually 
increased (e.g., by increasing temperature, decreasing salt 
concentration, increasing detergent concentration and/or 
increasing the concentration of organic solvents, such as for 
mamide, in the hybridization or wash), until a selected set of 
criteria are met. For example, the hybridization and wash 
conditions are gradually increased until a probe comprising 
one or more polynucleotide sequences of the invention, e.g., 
sequences or unique Subsequences selected from those given 
herein and/or complementary polynucleotide sequences, 
binds to a perfectly matched complementary target (again, a 
nucleic acid comprising one or more nucleic acid sequences 
or Subsequences selected from those given herein and/or 
complementary polynucleotide sequences thereof), with a 
signal to noise ratio that is at least 2x (and optionally 5x, 10x. 
or 100x or more) as high as that observed for hybridization of 
the probe to an unmatched target (e.g., a polynucleotide 
sequence comprising one or more sequences or Subsequences 
selected from known influenza sequences present in public 
databases such as GenBank at the time of filing, and/or 
complementary polynucleotide sequences thereof), as 
desired. 
0140. Using the polynucleotides of the invention, or sub 
sequences thereof, novel target nucleic acids can be obtained; 
Such target nucleic acids are also a feature of the invention. 
For example, Such target nucleic acids include sequences that 
hybridize under Stringent conditions to a unique oligonucle 
otide probe corresponding to any of the polynucleotides of the 
invention. 
0141 Similarly, even higher levels of stringency can be 
determined by gradually increasing the hybridization and/or 
wash conditions of the relevant hybridization assay. For 
example, those in which the stringency of hybridization and 
wash conditions are increased until the signal to noise ratio 
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for binding of the probe to the perfectly matched complemen 
tary target nucleic acid is at least 10x, 20x, 50x. 100x, or 500x 
or more as high as that observed for hybridization to any 
unmatched target nucleic acids. The particular signal will 
depend on the label used in the relevant assay, e.g., a fluores 
cent label, a calorimetric label, a radioactive label, or the like. 
A target nucleic acid which hybridizes to a probe under such 
conditions, with a signal to noise ratio of at least one-half that 
of the perfectly matched complementary target nucleic acid, 
is said to bind to the probe under ultra-ultra-high Stringency 
conditions. 
0142 Nucleic acids that do not hybridize to each other 
under stringent conditions are still Substantially identical if 
the polypeptides which they encode are substantially identi 
cal. This occurs, e.g., when a copy of a nucleic acid is created 
using the maximum codon degeneracy permitted by the 
genetic code. 
0143 Cloning, Mutagenesis and Expression of Biomol 
ecules of Interest 
0144 General texts which describe molecular biological 
techniques, which are applicable to the present invention, 
Such as cloning, mutation, cell culture and the like, include 
Berger and Kimmel, Guide to Molecular Cloning Techniques 
Methods in Enzymology volume 152 Academic Press, Inc., 
San Diego, Calif. (Berger); Sambrook et al., Molecular Clon 
ing A Laboratory Manual (3rd Ed.), Vol. 1-3, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, N.Y., 2000 (“Sam 
brook”) and Current Protocols in Molecular Biology, F. M. 
Ausubel et al., eds., Current Protocols, a joint venture 
between Greene Publishing Associates, Inc. and John Wiley 
& Sons, Inc., (supplemented through 2002) (Ausubel')). 
These texts describe mutagenesis, the use of vectors, promot 
ers and many other relevant topics related to, e.g., the genera 
tion of HA and/or NA molecules, etc. 
0145 Various types of mutagenesis are optionally used in 
the present invention, e.g., to produce and/or isolate, e.g., 
novel or newly isolated HA and/or NA molecules and/or to 
further modify/mutate the polypeptides (e.g., HA and NA 
molecules) of the invention. They include but are not limited 
to site-directed, random point mutagenesis, homologous 
recombination (DNA shuffling), mutagenesis using uracil 
containing templates, oligonucleotide-directed mutagenesis, 
phosphorothioate-modified DNA mutagenesis, mutagenesis 
using gapped duplex DNA or the like. Additional suitable 
methods include point mismatch repair, mutagenesis using 
repair-deficient host strains, restriction-selection and restric 
tion-purification, deletion mutagenesis, mutagenesis by total 
gene synthesis, double-strand break repair, and the like. 
Mutagenesis, e.g., involving chimeric constructs, is also 
included in the present invention. In one embodiment, 
mutagenesis can be guided by known information of the 
naturally occurring molecule or altered or mutated naturally 
occurring molecule, e.g., sequence, sequence comparisons, 
physical properties, crystal structure or the like. 
0146 The above texts and examples found herein describe 
these procedures as well as the following publications (and 
references cited within): Sieber, et al., Nature Biotechnology, 
19:456-460 (2001); Ling et al., Approaches to DNA mutagen 
esis: an overview, Anal Biochem 254(2): 157-178 (1997); 
Dale et al., Oligonucleotide-directed random mutagenesis 
using the phosphorothioate method, Methods Mol Biol 
57:369-374 (1996); I. A. Lorimer, I. Pastan, Nucleic Acids 
Res 23,3067-8 (1995); W. P. C. Stemmer, Nature 370,389-91 
(1994); Arnold, Protein engineering for unusual environ 
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ments, Current Opinion in Biotechnology 4:450-455 (1993); 
Bass et al., Mutant Trip repressors with new DNA-binding 
specificities, Science 242:240-245 (1988); Fritz et al., Oligo 
nucleotide-directed construction of mutations: a gapped 
duplex DNA procedure without enzymatic reactions in vitro, 
Nucl Acids Res 16: 6987-6999 (1988); Kramer et al., 
Improved enzymatic in vitro reactions in the gapped duplex 
DNA approach to Oligonucleotide-directed construction of 
mutations, Nucl Acids Res 16: 7207 (1988); Sakamar and 
Khorana, Total synthesis and expression of a gene for the 
a-subunit of bovine rod Outer segment guanine nucleotide 
binding protein (transducin), Nucl Acids Res 14: 6361-6372 
(1988); Sayers et al., Y-TExonucleases in phosphorothioate 
based oligonucleotide-directed mutagenesis, NuclAcids Res 
16:791-802 (1988); Sayers et al., Strand specific cleavage of 
phosphorothioate-containing DNA by reaction with restric 
tion endonucleases in the presence of ethidium bromide, 
(1988) Nucl Acids Res 16:803-814; Carter, Improved oligo 
nucleotide-directed mutagenesis using M13 vectors, Methods 
in Enzymol 154: 382-403 (1987); Kramer & Fritz Oligo 
nucleotide-directed construction of mutations via gapped 
duplex DNA, Methods in Enzymol 154:350-367 (1987); 
Kunkel. The efficiency of oligonucleotide directed mutagen 
esis, in Nucleic Acids & Molecular Biology (Eckstein, F. and 
Lilley, D.M.J. eds., Springer Verlag, Berlin)) (1987); Kunkel 
et al., Rapid and efficient site-specific mutagenesis without 
phenotypic selection, Methods in Enzymol 154, 367-382 
(1987); Zoller & Smith, Oligonucleotide-directed mutagen 
esis: a simple method using two oligonucleotide primers and 
a single-stranded DNA template, Methods in Enzymol 154: 
329-350 (1987); Carter, Site-directed mutagenesis, Biochem 
J 237: 1-7 (1986); Eghtedarzadeh & Henikoff. Use of oligo 
nucleotides to generate large deletions, Nucl Acids Res 14: 
5115 (1986); Mandecki, Oligonucleotide-directed double 
Strand break repair in plasmids of Escherichia coli: a method 
for site-specific mutagenesis, Proc Natl Acad Sci USA, 
83:7177-7181 (1986): Nakamaye & Eckstein, Inhibition of 
restriction endonuclease Nici I cleavage by phosphorothioate 
groups and its application to Oligonucleotide-directed 
mutagenesis, Nucl Acids Res 14:9679–9698 (1986); Wells et 
al., Importance of hydrogen-bond formation in Stabilizing the 
transition state of subtilisin, Phil Trans R Soc Lond A 317: 
415-423 (1986); Botstein & Shortle, Strategies and applica 
tions of in vitro mutagenesis, Science 229:1193–1201 (1985); 
Carter et al., Improved oligonucleotide site-directed 
mutagenesis using M13 vectors, Nucl Acids Res 13: 4431 
4443 (1985); Grundstrom et al., Oligonucleotide-directed 
mutagenesis by microscale shot-gun gene synthesis, Nucl 
Acids Res 13:3305-3316 (1985); Kunkel, Rapid and efficient 
site-specific mutagenesis without phenotypic selection, Proc 
Natl Acad Sci USA 82:488-492 (1985); Smith, In vitro 
mutagenesis, Ann Rev Genet 19:423-462 (1985); Taylor et al., 
The use of phosphorothioate-modified DNA in restriction 
enzyme reactions to prepare nicked DNA, NuclAcids Res 13: 
8749-8764 (1985); Taylor et al., The rapid generation of 
Oligonucleotide-directed mutations at high frequency using 
phosphorothioate-modified DNA, Nucl Acids Res 13: 8765 
8787 (1985); Wells et al., Cassette mutagenesis: an efficient 
method for generation of multiple mutations at defined sites, 
Gene 34:315-323 (1985); Kramer et al., The gapped duplex 
DNA approach to Oligonucleotide-directed mutation con 
struction, NuclAcids Res 12: 9441-9456 (1984); Kramer et 
al., PointMismatch Repair, Cell 38:879-887 (1984); Nambiar 
et al., Total synthesis and cloning of a gene coding for the 
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ribonuclease Sprotein, Science 223: 1299-1301 (1984); Zol 
ler & Smith, Oligonucleotide-directed mutagenesis of DNA 
fragments cloned into M13 vectors, Methods in Enzymol 
100:468-500 (1983); and Zoller & Smith, Oligonucleotide 
directed mutagenesis using M13-derived vectors: an efficient 
and general procedure for the production of point mutations 
in any DNA fragment, Nucl Acids Res 10:6487-6500 (1982). 
Additional details on many of the above methods can be 
found in Methods in Enzymol Volume 154, which also 
describes useful controls for trouble-shooting problems with 
various mutagenesis, gene isolation, expression, and other 
methods. 
0147 Oligonucleotides, e.g., for use in mutagenesis of the 
present invention, e.g., mutating libraries of the HA and/or 
NA molecules of the invention, or altering such, are typically 
synthesized chemically according to the Solid phase phos 
phoramidite triester method described by Beaucage and 
Caruthers, Tetrahedron Letts 22(20): 1859-1862, (1981) e.g., 
using an automated synthesizer, as described in Needham 
VanDevanter et al., Nucleic Acids Res, 12:6159-6168 (1984). 
0148. In addition, essentially any nucleic acid can be cus 
tom or standard ordered from any of a variety of commercial 
sources, such as The Midland Certified Reagent Company 
(mcrc(aboligos.com). The Great American Gene Company 
(www.genco.com), ExpressGen Inc. (www.expressgen. 
com), Operon Technologies Inc. (Alameda, Calif.) and many 
others. Similarly, peptides and antibodies can be custom 
ordered from any of a variety of sources, such as Pepti 
doGenic (available at pkim(accnet.com), HTI Bio-products, 
Inc. (www.htibio.com), BMA Biomedicals Ltd. (U.K.), Bio. 
Synthesis, Inc., and many others. 
014.9 The present invention also relates to host cells and 
organisms comprising a HA and/or NA molecule or other 
polypeptide and/or nucleic acid of the invention or such HA 
and/or NA or other sequences within various vectors such as 
6:2 reassortant influenza viruses, plasmids in plasmid rescue 
systems, etc. Host cells are genetically engineered (e.g., 
transformed, transduced or transfected) with the vectors of 
this invention, which can be, for example, a cloning vector or 
an expression vector. The vector can be, for example, in the 
form of a plasmid, a bacterium, a virus, a naked polynucle 
otide, or a conjugated polynucleotide. The vectors are intro 
duced into cells and/or microorganisms by standard methods 
including electroporation (see, From et al., Proc Natl Acad 
Sci USA 82, 5824 (1985), infection by viral vectors, high 
velocity ballistic penetration by small particles with the 
nucleic acid either within the matrix of small beads or par 
ticles, or on the surface (Klein et al., Nature 327, 70-73 
(1987)). Berger, Sambrook, and Ausubel provide a variety of 
appropriate transformation methods. See, above. 
0150. Several well-known methods of introducing target 
nucleic acids into bacterial cells are available, any of which 
can be used in the present invention. These include: fusion of 
the recipient cells with bacterial protoplasts containing the 
DNA, electroporation, projectile bombardment, and infec 
tion with viral vectors, etc. Bacterial cells can be used to 
amplify the number of plasmids containing DNA constructs 
of this invention. The bacteria are grown to log phase and the 
plasmids within the bacteria can be isolated by a variety of 
methods known in the art (see, for instance, Sambrook). In 
addition, a plethora of kits are commercially available for the 
purification of plasmids from bacteria, (see, e.g., EasyPrepTM, 
FlexiPrepTM, both from Pharmacia Biotech: StrataCleanTM, 
from Stratagene; and, QIAprepTM from Qiagen). The isolated 
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and purified plasmids are then further manipulated to produce 
other plasmids, used to transfect cells or incorporated into 
related vectors to infect organisms. Typical vectors contain 
transcription and translation terminators, transcription and 
translation initiation sequences, and promoters useful for 
regulation of the expression of the particular target nucleic 
acid. The vectors optionally comprise generic expression cas 
settes containing at least one independent terminator 
sequence, sequences permitting replication of the cassette in 
eukaryotes, or prokaryotes, or both, (e.g., shuttle vectors) and 
selection markers for both prokaryotic and eukaryotic sys 
tems. Vectors are Suitable for replication and integration in 
prokaryotes, eukaryotes, or preferably both. See, Giliman & 
Smith, Gene 8:81 (1979); Roberts, et al., Nature, 328:731 
(1987); Schneider, B., et al., Protein Expr Purif 6435:10 
(1995); Ausubel, Sambrook, Berger (all supra). A catalogue 
of Bacteria and Bacteriophages useful for cloning is pro 
vided, e.g., by the ATCC, e.g., The ATCC Catalogue of Bac 
teria and Bacteriophage (1992) Gherna et al. (eds.) published 
by the ATCC. Additional basic procedures for sequencing, 
cloning and other aspects of molecular biology and underly 
ing theoretical considerations are also found in Watson et al. 
(1992) Recombinant DNA Second Edition Scientific Ameri 
can Books, NY. See, above. 

Polypeptide Production and Recovery 
0151. In some embodiments, following transduction of a 
suitable host cell line or strain and growth of the host cells to 
an appropriate cell density, a selected promoter is induced by 
appropriate means (e.g., temperature shift or chemical induc 
tion) and cells are cultured for an additional period. In some 
embodiments, a secreted polypeptide product, e.g., a HA 
and/or NA polypeptide as in a secreted fusion protein form, 
etc., is then recovered from the culture medium. In other 
embodiments, a virus particle containing a HA and/or a NA 
polypeptide of the invention is produced from the cell. Alter 
natively, cells can be harvested by centrifugation, disrupted 
by physical or chemical means, and the resulting crude 
extract retained for further purification. Eukaryotic or micro 
bial cells employed in expression of proteins can be disrupted 
by any convenient method, including freeze-thaw cycling, 
Sonication, mechanical disruption, or use of cell lysing 
agents, or other methods, which are well know to those skilled 
in the art. Additionally, cells expressing a HA and/or a NA 
polypeptide product of the invention can be utilized without 
separating the polypeptide from the cell. In Such situations, 
the polypeptide of the invention is optionally expressed on the 
cell Surface and is examined thus (e.g., by having HA and/or 
NA molecules, or fragments thereof, e.g., comprising fusion 
proteins or the like) on the cell surface bind antibodies, etc. 
Such cells are also features of the invention. 
0152 Expressed polypeptides can be recovered and puri 
fied from recombinant cell cultures by any of a number of 
methods well known in the art, including ammonium Sulfate 
or ethanol precipitation, acid extraction, anion or cation 
exchange chromatography, phosphocellulose chromatogra 
phy, hydrophobic interaction chromatography, affinity chro 
matography (e.g., using any of the tagging Systems known to 
those skilled in the art), hydroxylapatite chromatography, and 
lectin chromatography. Protein refolding steps can be used, as 
desired, in completing configuration of the mature protein. 
Also, high performance liquid chromatography (HPLC) can 
be employed in the final purification steps. In addition to the 
references noted herein, a variety of purification methods are 
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well known in the art, including, e.g., those set forth in San 
dana (1997) Bioseparation of Proteins, Academic Press, Inc.; 
and Bollaget al. (1996) Protein Methods, 2" Edition Wiley 
Liss, NY: Walker (1996) The Protein Protocols Handbook 
Humana Press, NJ. Harris and Angal (1990) Protein Purifi 
cation Applications. A Practical Approach IRL Press at 
Oxford, Oxford, England; Harris and Angal Protein Purifi 
cation Methods. A Practical Approach IRL Press at Oxford, 
Oxford, England; Scopes (1993) Protein Purification: Prin 
ciples and Practice 3" Edition Springer Verlag, NY; Janson 
and Ryden (1998) Protein Purification: Principles High 
Resolution Methods and Applications, Second Edition Wiley 
VCH, NY; and Walker (1998) Protein Protocols on CD-ROM 
Humana Press, NJ. 
0153. When the expressed polypeptides of the invention 
are produced in viruses, the viruses are typically recovered 
from the culture medium, in which infected (transfected) cells 
have been grown. Typically, crude medium is clarified prior to 
concentration of influenza viruses. Common methods include 
ultrafiltration, adsorption on barium Sulfate and elution, and 
centrifugation. For example, crude medium from infected 
cultures can first be clarified by centrifugation at, e.g., 1000 
2000xg for a time sufficient to remove cell debris and other 
large particulate matter, e.g., between 10 and 30 minutes. 
Optionally, the clarified medium Supernatant is then centri 
fuged to pellet the influenza viruses, e.g., at 15,000xg, for 
approximately 3-5 hours. Following resuspension of the virus 
pellet in an appropriate buffer, such as STE (0.01 MTris-HCl; 
0.15 MNaCl; 0.0001 MEDTA) or phosphate buffered saline 
(PBS) at pH 7.4, the virus is concentrated by density gradient 
centrifugation on sucrose (60%-12%) or potassium tartrate 
(50%-10%). Either continuous or step gradients, e.g., a 
sucrose gradient between 12% and 60% in four 12% steps, are 
Suitable. The gradients are centrifuged at a speed, and for a 
time, sufficient for the viruses to concentrate into a visible 
band for recovery. Alternatively, and for most large-scale 
commercial applications, virus is elutriated from density gra 
dients using a Zonal-centrifuge rotor operating in continuous 
mode. Additional details sufficient to guide one of skill 
through the preparation of influenza viruses from tissue cul 
ture are provided, e.g., in Furminger. Vaccine Production, in 
Nicholson et al. (eds.) Textbook of Influenza pp. 324-332; 
Merten et al. (1996) Production of influenza virus in cell 
cultures for vaccine preparation, in Cohen & Shafferman 
(eds.) Novel Strategies in Design and Production of Vaccines 
pp. 141-151, and U.S. Pat. No. 5,690,937. If desired, the 
recovered viruses can be stored at -80°C. in the presence of 
Sucrose-phosphate-glutamate (SPG) as a stabilizer 
0154 Alternatively, cell-free transcription/translation 
systems can be employed to produce polypeptides compris 
ing an amino acid sequence or Subsequence of e.g., SEQID 
NO:35 through SEQID NO:68, or encoded by the polynucle 
otide sequences of the invention. A number of suitable in vitro 
transcription and translation systems are commercially avail 
able. A general guide to in vitro transcription and translation 
protocols is found in Tymms (1995) In vitro Transcription 
and Translation Protocols. Methods in Molecular Biology 
Volume 37, Garland Publishing, NY. 
0155. In addition, the polypeptides, or subsequences 
thereof, e.g., Subsequences comprising antigenic peptides, 
can be produced manually or by using an automated system, 
by direct peptide synthesis using Solid-phase techniques (see, 
Stewart et al. (1969) Solid-Phase Peptide Synthesis, WH 
Freeman Co., San Francisco; Merrifield J (1963) J Am Chem 

Jul. 9, 2009 

Soc 85:2149-2154). Exemplary automated systems include 
the Applied Biosystems 431 A Peptide Synthesizer (Perkin 
Elmer, Foster City, Calif.). If desired, subsequences can be 
chemically synthesized separately, and combined using 
chemical methods to provide full-length polypeptides. 
0156 Modified Amino Acids 
0157 Expressed polypeptides of the invention can contain 
one or more modified amino acids. The presence of modified 
amino acids can be advantageous in, for example, (a) increas 
ing polypeptide serum half-life, (b) reducing/increasing 
polypeptide antigenicity, (c) increasing polypeptide storage 
stability, etc. Amino acid(s) are modified, for example, co 
translationally or post-translationally during recombinant 
production (e.g., N-linked glycosylation at N-X-S/T motifs 
during expression in mammalian cells) or modified by Syn 
thetic means (e.g., via PEGylation). 
0158. Non-limiting examples of a modified amino acid 
include a glycosylated amino acid, a Sulfated amino acid, a 
premlyated (e.g., farnesylated, geranylgeranylated) amino 
acid, an acetylated amino acid, an acylated amino acid, a 
PEG-ylated amino acid, a biotinylated amino acid, a carboxy 
lated amino acid, a phosphorylated amino acid, and the like, 
as well as amino acids modified by conjugation to, e.g., lipid 
moieties or other organic derivatizing agents. References 
adequate to guide one of skill in the modification of amino 
acids are replete throughout the literature. Example protocols 
are found in Walker (1998) Protein Protocols on CD-ROM 
Human Press, Towata, N.J. 
0159 Fusion Proteins 
0160 The present invention also provides fusion proteins 
comprising fusions of the sequences of the invention (e.g., 
encoding HA and/or NA polypeptides) or fragments thereof 
with, e.g., immunoglobulins (or portions thereof), sequences 
encoding, e.g., GFP (green fluorescent protein), or other simi 
lar markers, etc. Nucleotide sequences encoding Such fusion 
proteins are another aspect of the invention. Fusion proteins 
of the invention are optionally used for, e.g., similar applica 
tions (including, e.g., therapeutic, prophylactic, diagnostic, 
experimental, etc. applications as described herein) as the 
non-fusion proteins of the invention. In addition to fusion 
with immunoglobulin sequences and marker sequences, the 
proteins of the invention are also optionally fused with, e.g., 
sequences which allow sorting of the fusion proteins and/or 
targeting of the fusion proteins to specific cell types, regions, 
etc. 

(0161 Antibodies 
0162 The polypeptides of the invention can be used to 
produce antibodies specific for the polypeptides given herein 
and/or polypeptides encoded by the polynucleotides of the 
invention, e.g., those shown herein, and conservative variants 
thereof. Antibodies specific for the above mentioned 
polypeptides are useful, e.g., for diagnostic and therapeutic 
purposes, e.g., related to the activity, distribution, and expres 
sion of target polypeptides. For example, such antibodies can 
optionally be utilized to define other viruses within the same 
strain(s) as the HA/NA sequences herein. 
0163 Antibodies specific for the polypeptides of the 
invention can be generated by methods well known in the art. 
Such antibodies can include, but are not limited to, poly 
clonal, monoclonal, chimeric, humanized, single chain, Fab 
fragments and fragments produced by an Fab expression 
library. 
0164 Polypeptides do not require biological activity for 
antibody production (e.g., full length functional hemaggluti 
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nin or neuraminidase is not required). However, the polypep 
tide or oligopeptide must be antigenic. Peptides used to 
induce specific antibodies typically have an amino acid 
sequence of at least about 4 amino acids, and often at least 5 
or 10 amino acids. Short stretches of a polypeptide can be 
fused with another protein, Such as keyhole limpet hemocya 
nin, and antibody produced against the chimeric molecule. 
0.165 Numerous methods for producing polyclonal and 
monoclonal antibodies are known to those of skill in the art, 
and can be adapted to produce antibodies specific for the 
polypeptides of the invention, and/or encoded by the poly 
nucleotide sequences of the invention, etc. See, e.g., Coligan 
(1991) Current Protocols in Immunology Wiley/Greene, NY: 
Paul (ed.) (1998) Fundamental Immunology, Fourth Edition, 
Lippincott-Raven, Lippincott Williams & Wilkins; Harlow 
and Lane (1989) Antibodies: A Laboratory Manual Cold 
Spring Harbor Press, NY; Stites et al. (eds.) Basic and Clini 
cal Immunology (4th ed.) Lange Medical Publications, Los 
Altos, Calif., and references cited therein; Goding (1986) 
Monoclonal Antibodies. Principles and Practice (2d ed.) 
Academic Press, New York, N.Y.; and Kohler and Milstein 
(1975) Nature 256: 495-497. Other suitable techniques for 
antibody preparation include selection of libraries of recom 
binant antibodies in phage or similar vectors. See, Huse et al. 
(1989) Science 246: 1275-1281; and Ward, et al. (1989) 
Nature 341: 544-546. Specific monoclonal and polyclonal 
antibodies and antisera will usually bind with a K of e.g., at 
least about 0.1 uM, at least about 0.01 uM or better, and, 
typically and at least about 0.001 uM or better. 
0166 For certain therapeutic applications, humanized 
antibodies are desirable. Detailed methods for preparation of 
chimeric (humanized) antibodies can be found in U.S. Pat. 
No. 5,482,856. Additional details on humanization and other 
antibody production and engineering techniques can be found 
in Borrebaeck (ed.) (1995) Antibody Engineering 2" Edition 
Freeman and Company, NY (Borrebaeck); McCafferty et al. 
(1996) Antibody Engineering, A Practical Approach IRL at 
Oxford Press, Oxford, England (McCafferty), and Paul 
(1995) Antibody Engineering Protocols Humana Press, 
Towata, N.J. (Paul). Additional details regarding specific pro 
cedures can be found, e.g., in Ostberg et al. (1983), Hybri 
doma 2: 361-367, Ostberg, U.S. Pat. No. 4,634,664, and 
Engelman et al., U.S. Pat. No. 4,634,666. 
0167 Defining Polypeptides by Immunoreactivity 
0168 Because the polypeptides of the invention provide a 
variety of new polypeptide sequences (e.g., comprising HA 
and NA molecules), the polypeptides also provide new struc 
tural features which can be recognized, e.g., in immunologi 
cal assays. The generation of antisera which specifically bind 
the polypeptides of the invention, as well as the polypeptides 
which are bound by such antisera, are features of the inven 
tion. 
0169. For example, the invention includes polypeptides 
(e.g., HA and NA molecules) that specifically bind to or that 
are specifically immunoreactive with an antibody or antisera 
generated against an immunogen comprising an amino acid 
sequence selected from one or more of the sequences given 
herein, etc. To eliminate cross-reactivity with other homo 
logues, the antibody or antisera is subtracted with the HA 
and/or NA molecules found in public databases at the time of 
filing, e.g., the “control’ polypeptide(s). Where the other 
control sequences correspond to a nucleic acid, a polypeptide 
encoded by the nucleic acid is generated and used for anti 
body/antisera subtraction purposes. 
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0170 In one typical format, the immunoassay uses a poly 
clonal antiserum which was raised against one or more 
polypeptide comprising one or more of the sequences corre 
sponding to the sequences herein, etc. or a substantial Subse 
quence thereof (i.e., at least about 30% of the full length 
sequence provided). The set of potential polypeptide immu 
nogens derived from the present sequences are collectively 
referred to below as “the immunogenic polypeptides.” The 
resulting antisera is optionally selected to have low cross 
reactivity against the control hemagglutinin and/or 
neuraminidase homologues and any Such cross-reactivity is 
removed, e.g., by immunoabsorbtion, with one or more of the 
control hemagglutinin and neuraminidase homologues, prior 
to use of the polyclonal antiserum in the immunoassay. 
0171 In order to produce antisera for use in an immunoas 
say, one or more of the immunogenic polypeptides is pro 
duced and purified as described herein. For example, recom 
binant protein can be produced in a recombinant cell. An 
inbred strain of mice (used in this assay because results are 
more reproducible due to the virtual genetic identity of the 
mice) is immunized with the immunogenic protein(s) in com 
bination with a standard adjuvant, such as Freund's adjuvant, 
and a standard mouse immunization protocol (see, e.g., Har 
low and Lane (1988) Antibodies, A Laboratory Manual, Cold 
Spring Harbor Publications, New York, for a standard 
description of antibody generation, immunoassay formats 
and conditions that can be used to determine specific immu 
noreactivity). Additional references and discussion of anti 
bodies is also found herein and can be applied here to defining 
polypeptides by immunoreactivity. Alternatively, one or more 
synthetic or recombinant polypeptide derived from the 
sequences disclosed herein is conjugated to a carrier protein 
and used as an immunogen. 
0172 Polyclonal sera are collected and titered against the 
immunogenic polypeptide in an immunoassay, for example, a 
Solid phase immunoassay with one or more of the immuno 
genic proteins immobilized on a solid Support. Polyclonal 
antisera with a titer of 10° or greater are selected, pooled and 
Subtracted with the control hemagglutinin and/or neuramini 
dase polypeptide(s) to produce Subtracted pooled titered 
polyclonal antisera. 
0173 The subtracted pooled titered polyclonal antisera 
are tested for cross reactivity against the control homologue 
(s) in a comparative immunoassay. In this comparative assay, 
discriminatory binding conditions are determined for the Sub 
tracted titered polyclonal antisera which result in at least 
about a 5-10 fold higher signal to noise ratio for binding of the 
titered polyclonal antisera to the immunogenic polypeptides 
as compared to binding to the control homologues. That is, 
the stringency of the binding reaction is adjusted by the addi 
tion of non-specific competitors such as albumin or non-fat 
dry milk, and/or by adjusting salt conditions, temperature, 
and/or the like. These binding conditions are used in Subse 
quent assays for determining whether a test polypeptide (a 
polypeptide being compared to the immunogenic polypep 
tides and/or the control polypeptides) is specifically bound by 
the pooled subtracted polyclonal antisera. In particular, test 
polypeptides which show at least a 2-5x higher signal to noise 
ratio than the control receptor homologues under discrimina 
tory binding conditions, and at least about a /2 signal to noise 
ratio as compared to the immunogenic polypeptide(s), shares 
Substantial structural similarity with the immunogenic 
polypeptide as compared to the known receptor, etc., and is, 
therefore a polypeptide of the invention. 
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0174. In another example, immunoassays in the competi 
tive binding format are used for detection of a test polypep 
tide. For example, as noted, cross-reacting antibodies are 
removed from the pooled antisera mixture by immunoabsorb 
tion with the control polypeptides. The immunogenic 
polypeptide(s) are then immobilized to a solid support which 
is exposed to the Subtracted pooled antisera. Test proteins are 
added to the assay to compete for binding to the pooled 
subtracted antisera. The ability of the test protein(s) to com 
pete for binding to the pooled subtracted antisera as compared 
to the immobilized protein(s) is compared to the ability of the 
immunogenic polypeptide(s) added to the assay to compete 
for binding (the immunogenic polypeptides compete effec 
tively with the immobilized immunogenic polypeptides for 
binding to the pooled antisera). The percent cross-reactivity 
for the test proteins is calculated, using standard calculations. 
0.175. In a parallel assay, the ability of the control protein 
(s) to compete for binding to the pooled Subtracted antisera is 
optionally determined as compared to the ability of the immu 
nogenic polypeptide(s) to compete for binding to the antisera. 
Again, the percent cross-reactivity for the control polypeptide 
(s) is calculated, using standard calculations. Where the per 
cent cross-reactivity is at least 5-10x as high for the test 
polypeptides as compared to the control polypeptide(s) and or 
where the binding of the test polypeptides is approximately in 
the range of the binding of the immunogenic polypeptides, 
the test polypeptides are said to specifically bind the pooled 
Subtracted antisera. 
(0176). In general, the immunoabsorbed and pooled antis 
era can be used in a competitive binding immunoassay as 
described herein to compare any test polypeptide to the 
immunogenic and/or control polypeptide(s). In order to make 
this comparison, the immunogenic, test and control polypep 
tides are each assayed at a wide range of concentrations and 
the amount of each polypeptide required to inhibit 50% of the 
binding of the Subtracted antisera to, e.g., an immobilized 
control, test or immunogenic protein is determined using 
standard techniques. If the amount of the test polypeptide 
required forbinding in the competitive assay is less than twice 
the amount of the immunogenic polypeptide that is required, 
then the test polypeptide is said to specifically bind to an 
antibody generated to the immunogenic protein, provided the 
amount is at least about 5-10x as high as for the control 
polypeptide. 
0177. As an additional determination of specificity, the 
pooled antisera is optionally fully immunosorbed with the 
immunogenic polypeptide(s) (rather than the control 
polypeptide(s)) until little or no binding of the resulting 
immunogenic polypeptide Subtracted pooled antisera to the 
immunogenic polypeptide(s) used in the immunosorbtion is 
detectable. This fully immunosorbed antisera is then tested 
for reactivity with the test polypeptide. If little or no reactivity 
is observed (i.e., no more than 2x the signal to noise ratio 
observed for binding of the fully immunosorbed antisera to 
the immunogenic polypeptide), then the test polypeptide is 
specifically bound by the antisera elicited by the immuno 
genic protein. 

Nucleic Acid and Polypeptide Sequence Variants 
0.178 As described herein, the invention provides for 
nucleic acid polynucleotide sequences and polypeptide 
amino acid sequences, e.g., hemagglutinin and neuramini 
dase sequences, and, e.g., compositions and methods com 
prising said sequences. Examples of said sequences are dis 
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closed herein. However, one of skill in the art will appreciate 
that the invention is not necessarily limited to those sequences 
disclosed herein and that the present invention also provides 
many related and unrelated sequences with the functions 
described herein, e.g., encoding a HA and/or a NA molecule. 
0179. One of skill will also appreciate that many variants 
of the disclosed sequences are included in the invention. For 
example, conservative variations of the disclosed sequences 
that yield a functionally identical sequence are included in the 
invention. Variants of the nucleic acid polynucleotide 
sequences, wherein the variants hybridize to at least one 
disclosed sequence, are considered to be included in the 
invention. Unique Subsequences of the sequences disclosed 
herein, as determined by, e.g., standard sequence comparison 
techniques, are also included in the invention. 
0180 Silent Variations 
0181. Due to the degeneracy of the genetic code, any of a 
variety of nucleic acid sequences encoding polypeptides and/ 
or viruses of the invention are optionally produced, some 
which can bear lower levels of sequence identity to the HA 
and NA nucleic acid and polypeptide sequences herein. The 
following provides a typical codon table specifying the 
genetic code, found in many biology and biochemistry texts. 

TABL E 1. 

Codon Table 

Amino acids Codon 

Alanine Ala A. GCA GCC GCG GCU 

Cysteine Cys C UGC UGU 

Aspartic acid Asp D GAC GAU 

Glutamic acid Glu E GAA GAG 

Phenylalanine Phe UUC UUU 

Glycine Gly G GGA. GGC GGG GGU 

Histidine His H CAC CAU 

Isoleucine Ile I AUA AUC AUU 

Lysine Lys K AAA AAG 

Leucine Leu L UUA UUG. CUA CUC CUG. CUU 

Methionine Met M AUG 

Asparagine As n N AAC AAU 

Proline Pro P CCA CCC CCG CCU 

Glutamine Glin Q CAA CAG 

Arginine Arg R AGA AGG CGA CGC CGG CGU 

Serine Ser S AGC AGU UCA, UCC UCG UCU 

Threonine Thir T ACA ACC ACG ACU 

Waline Wall W. GUA GUC GUG GUU 

Tryptophan Trp W UGG 

Tyrosine Tyr Y UAC UAU 

0182. The codon table shows that many amino acids are 
encoded by more than one codon. For example, the codons 
AGA, AGG, CGA, CGC, CGG, and CGU all encode the 
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amino acid arginine. Thus, at every position in the nucleic 
acids of the invention where an arginine is specified by a 
codon, the codon can be altered to any of the corresponding 
codons described above without altering the encoded 
polypeptide. It is understood that U in an RNA sequence 
corresponds to T in a DNA sequence. 
0183 Such “silent variations” are one species of “conser 
vatively modified variations.” discussed below. One of skill 
will recognize that each codon in a nucleic acid (except ATG, 
which is ordinarily the only codon for methionine, and TTG, 
which is ordinarily the only codon for tryptophan) can be 
modified by standard techniques to encode a functionally 
identical polypeptide. Accordingly, each silent variation of a 
nucleic acid which encodes a polypeptide is implicit in any 
described sequence. The invention, therefore, explicitly pro 
vides each and every possible variation of a nucleic acid 
sequence encoding a polypeptide of the invention that could 
be made by selecting combinations based on possible codon 
choices. These combinations are made in accordance with the 
standard triplet genetic code (e.g., as set forth in Table 1, or as 
is commonly available in the art) as applied to the nucleic acid 
sequence encoding a hemagglutinin or a neuraminidase 
polypeptide of the invention. All such variations of every 
nucleic acid herein are specifically provided and described by 
consideration of the sequence in combination with the genetic 
code. One of skill is fully able to make these silent substitu 
tions using the methods herein. 
0184 
0185. Owing to the degeneracy of the genetic code, “silent 
Substitutions” (i.e., Substitutions in a nucleic acid sequence 
which do not result in an alteration in an encoded polypep 
tide) are an implied feature of every nucleic acid sequence of 
the invention which encodes an amino acid. Similarly, "con 
servative amino acid Substitutions, in one or a few amino 
acids in an amino acid sequence are Substituted with different 
amino acids with highly similar properties, are also readily 
identified as being highly similar to a disclosed construct Such 
as those herein. Such conservative variations of each dis 
closed sequence are a feature of the present invention. 
0186 “Conservative variation of a particular nucleic acid 
sequence refers to those nucleic acids which encode identical 
or essentially identical amino acid sequences, or, where the 
nucleic acid does not encode an amino acid sequence, to 
essentially identical sequences, see, Table 2 below. One of 
skill will recognize that individual substitutions, deletions or 
additions which alter, add or delete a single amino acid or a 
Small percentage of amino acids (typically less than 5%, more 
typically less than 4%. 3%, 2% or 1%) in an encoded 
sequence are “conservatively modified variations” where the 
alterations result in the deletion of an amino acid, addition of 
an amino acid, or Substitution of an amino acid with a chemi 
cally similar amino acid. Thus, “conservative variations of a 
listed polypeptide sequence of the present invention include 
Substitutions of a small percentage, typically less than 5%, 
more typically less than 4%. 3%, 2% or 1%, of the amino 
acids of the polypeptide sequence, with a conservatively 
selected amino acid of the same conservative Substitution 
group. Finally, the addition of sequences which do not alter 
the encoded activity of a nucleic acid molecule. Such as the 
addition of a non-functional sequence, is a conservative varia 
tion of the basic nucleic acid. 

Conservative Variations 
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TABLE 2 

Conservative Substitution Groups 

1 Alanine (A) Serine (S) Threonine (T) 
2 Aspartic acid (D) Glutamic acid (E) 
3 Asparagine (N) Glutamine (Q) 
4 Arginine (R) Lysine (K) 
5 Isoleucine (I) Leucine (L) Methionine (M) Valine (V) 
6 Phenylalanine (F) Tyrosine (Y) Tryptophan (W) 

0187 Unique Polypeptide and Polynucleotide Subse 
quences 
0188 In one aspect, the invention provides a nucleic acid 
which comprises a unique Subsequence in a nucleic acid 
selected from the sequence of HA and NA molecules dis 
closed herein (e.g., SEQ ID NO:1-34). The unique subse 
quence is unique as compared to a nucleic acids correspond 
ing to nucleic acids such as, e.g., those found in GenBank or 
other similar public databases at the time offiling (e.g., other 
known or characterized hemagglutinin and/or neuraminidase 
nucleic acid molecules). Alignment can be performed using, 
e.g., BLAST set to default parameters. Any unique Subse 
quence is useful, e.g., as a probe to identify the nucleic acids 
of the invention. See, above. 
0189 Similarly, the invention includes a polypeptide (e.g., 
from SEQID NO:35 through 68) which comprises a unique 
Subsequence in a polypeptide selected from the sequence of 
HA and NA molecules disclosed herein. Here, the unique 
subsequence is unique as compared to a polypeptide corre 
sponding to, e.g., the amino acid corresponding to polynucle 
otide sequences found in, e.g., GenBank or other similar 
public databases at the time offiling. 
0190. The invention also provides for target nucleic acids 
which hybridize under stringent conditions to a unique cod 
ing oligonucleotide which encodes a unique Subsequence in a 
polypeptide selected from the sequences of HA and NA mol 
ecules of the invention wherein the unique Subsequence is 
unique as compared to a polypeptide corresponding to any of 
the control polypeptides (sequences of e.g., the nucleic acids 
corresponding to those found in, e.g., GenBank or other simi 
lar public databases at the time offiling). Unique sequences 
are determined as noted above. 
0191 Sequence Comparison Identity and Homology 
(0192. The terms “identical” or percent “identity,” in the 
context of two or more nucleic acid or polypeptide sequences, 
refer to two or more sequences or Subsequences that are the 
same or have a specified percentage of amino acid residues or 
nucleotides that are the same, when compared and aligned for 
maximum correspondence, as measured using one of the 
sequence comparison algorithms described below (or other 
algorithms available to persons of skill) or by visual inspec 
tion. 
0193 The phrase “substantially identical. in the context 
of two nucleic acids or polypeptides (e.g., DNAS encoding a 
HA or NA molecule, or the amino acid sequence of a HA or 
NA molecule) refers to two or more sequences or subse 
quences that have at least about 90%, preferably 91%, most 
preferably 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 
99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 
99.8%, 99.9% or more nucleotide oramino acid residue iden 
tity, when compared and aligned for maximum correspon 
dence, as measured using a sequence comparison algorithm 
or by visual inspection. Such “substantially identical 
sequences are typically considered to be "homologous, with 
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out reference to actual ancestry. Preferably, “substantial iden 
tity” exists over a region of the amino acid sequences that is at 
least about 200 residues in length, more preferably over a 
region of at least about 250 residues, and most preferably the 
sequences are substantially identical over at least about 300 
residues, 350 residues, 400 residues, 425 residues, 450 resi 
dues, 475 residues, 480 residues, 490 residues, 495 residues, 
499 residues, 500 residues, 502 residues, 559 residues, 565 
residues, or 566 residues, or over the full length of the two 
sequences to be compared when the amino acids are hemag 
glutinin or hemagglutinin fragments or which is Substantially 
identical over at least about 350 amino acids; over at least 
about 400 amino acids; over at least about over at least about 
436 amino acids, over at least about 450 amino acids; over at 
least about 451 amino acids; over at least about 465 amino 
acids; over at least about 466 amino acids; over at least about 
469 amino acids; over at least about 470 amino acids; or over 
at least about 566 amino acids contiguous when the amino 
acid is neuraminidase. 

0194 For sequence comparison and homology determina 
tion, typically one sequence acts as a reference sequence to 
which test sequences are compared. When using a sequence 
comparison algorithm, test and reference sequences are input 
into a computer, Subsequence coordinates are designated, if 
necessary, and sequence algorithm program parameters are 
designated. The sequence comparison algorithm then calcu 
lates the percent sequence identity for the test sequence(s) 
relative to the reference sequence, based on the designated 
program parameters. 
0.195 Optimal alignment of sequences for comparison can 
be conducted, e.g., by the local homology algorithm of Smith 
& Waterman, Adv Appl Math 2:482 (1981), by the homology 
alignment algorithm of Needleman & Wunsch, J Mol Biol 
48:443 (1970), by the search for similarity method of Pearson 
& Lipman, Proc Natl Acad Sci USA 85:2444 (1988), by 
computerized implementations of algorithms such as GAP, 
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics 
Software Package, Genetics Computer Group, 575 Science 
Dr. Madison, Wis., or by visual inspection (see generally, 
Ausubel et al., Supra). 
0196. One example of an algorithm that is suitable for 
determining percent sequence identity and sequence similar 
ity is the BLAST algorithm, which is described in Altschulet 
al., J Mol Biol 215:403-410 (1990). Software for performing 
BLAST analyses is publicly available through the National 
Center for Biotechnology Information (www.ncbi.nlm.nih. 
gov/). This algorithm involves first identifying high scoring 
sequence pairs (HSPs) by identifying short words of length W 
in the query sequence, which either match or satisfy some 
positive-valued threshold score T when aligned with a word 
of the same length in a database sequence. T is referred to as 
the neighborhood word score threshold (see, Altschul et al., 
supra). These initial neighborhood word hits act as seeds for 
initiating searches to find longer HSPs containing them. The 
word hits are then extended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, for nucle 
otide sequences, the parameters M (reward score for a pair of 
matching residues; always >0) and N (penalty score for mis 
matching residues; always <0). For amino acid sequences, a 
scoring matrix is used to calculate the cumulative score. 
Extension of the word hits in each direction are halted when: 
the cumulative alignment score falls off by the quantity X 
from its maximum achieved value; the cumulative score goes 
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to zero or below, due to the accumulation of one or more 
negative-scoring residue alignments; or the end of either 
sequence is reached. The BLAST algorithm parameters W.T. 
and X determine the sensitivity and speed of the alignment. 
The BLASTN program (for nucleotide sequences) uses as 
defaults a wordlength (W) of 11, an expectation (E) of 10, a 
cutoff of 100, M-5, N=-4, and a comparison of both strands. 
For amino acid sequences, the BLASTP program uses as 
defaults a wordlength (W) of 3, an expectation (E) of 10, and 
the BLOSUM62 scoring matrix (see, Henikoff & Henikoff 
(1989) Proc Natl AcadSci USA 89:10915). 
0.197 In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity between two sequences (see, e.g., Karlin & 
Altschul, Proc Natl Acad Sci USA 90:5873-5787 (1993)). 
One measure of similarity provided by the BLAST algorithm 
is the smallest sum probability (P(N)), which provides an 
indication of the probability by which a match between two 
nucleotide or amino acid sequences would occur by chance. 
For example, a nucleic acid is considered similar to a refer 
ence sequence if the Smallest Sum probability in a comparison 
of the test nucleic acid to the reference nucleic acid is less than 
about 0.1, more preferably less than about 0.01, and most 
preferably less than about 0.001. 
0198 Another example of a useful sequence alignment 
algorithm is PILEUP, PILEUP creates a multiple sequence 
alignment from a group of related sequences using progres 
sive, pairwise alignments. It can also plot a tree showing the 
clustering relationships used to create the alignment. PILEUP 
uses a simplification of the progressive alignment method of 
Feng & Doolittle (1987) J. Mol. Evol. 35:351-360. The 
method used is similar to the method described by Higgins & 
Sharp (1989) CABIOS 5:151-153. The program can align, 
e.g., up to 300 sequences of a maximum length of 5,000 
letters. The multiple alignment procedure begins with the 
pairwise alignment of the two most similar sequences, pro 
ducing a cluster of two aligned sequences. This cluster can 
then be aligned to the next most related sequence or cluster of 
aligned sequences. Two clusters of sequences can be aligned 
by a simple extension of the pairwise alignment of two indi 
vidual sequences. The final alignment is achieved by a series 
of progressive, pairwise alignments. The program can also be 
used to plot a dendogram or tree representation of clustering 
relationships. The program is run by designating specific 
sequences and their amino acid or nucleotide coordinates for 
regions of sequence comparison. 
0199 An additional example of an algorithm that is suit 
able formultiple DNA, oramino acid, sequence alignments is 
the CLUSTALW program (Thompson, J. D. et al. (1994) 
Nucl. Acids. Res. 22: 4673-4680). CLUSTALW performs 
multiple pairwise comparisons between groups of sequences 
and assembles them into a multiple alignment based on 
homology. Gap open and Gap extension penalties can be, e.g., 
10 and 0.05 respectively. For amino acid alignments, the 
BLOSUM algorithm can be used as a protein weight matrix. 
See, e.g., Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. 
USA 89: 10915-10919. 

Digital Systems 
0200. The present invention provides digital systems, e.g., 
computers, computer readable media and integrated systems 
comprising character strings corresponding to the sequence 
information herein for the nucleic acids and isolated or 
recombinant polypeptides herein, including, e.g., the 
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sequences shown herein, and the various silent Substitutions 
and conservative Substitutions thereof. Integrated systems 
can further include, e.g., gene synthesis equipment for mak 
ing genes corresponding to the character Strings. 
0201 Various methods known in the art can be used to 
detect homology or similarity between different character 
strings (see above), or can be used to perform other desirable 
functions such as to control output files, provide the basis for 
making presentations of information including the sequences 
and the like. Examples include BLAST, discussed supra. 
Computer systems of the invention can include such pro 
grams, e.g., in conjunction with one or more data file or data 
base comprising a sequence as noted herein. 
0202 Thus, different types of homology and similarity of 
various stringency and length between various HA or NA 
sequences or fragments, etc. can be detected and recognized 
in the integrated Systems herein. For example, many homol 
ogy determination methods have been designed for compara 
tive analysis of sequences of biopolymers, for spell-checking 
in word processing, and for data retrieval from various data 
bases. With an understanding of double-helix pair-wise 
complement interactions among four principal nucleobases 
in natural polynucleotides, models that simulate annealing of 
complementary homologous polynucleotide strings can also 
be used as a foundation of sequence alignment or other opera 
tions typically performed on the character Strings correspond 
ing to the sequences herein (e.g., word-processing manipula 
tions, construction of figures comprising sequence or 
Subsequence character strings, output tables, etc.). 
0203 Thus, standard desktop applications such as word 
processing software (e.g., Microsoft WordTM or Corel Word 
PerfectTM) and database software (e.g., spreadsheet software 
such as Microsoft ExcelTM, Corel Quattro ProTM, or database 
programs such as Microsoft AccessTM, ParadoxTM, Gene 
WorksTM, or MacVectorTM or other similar programs) can be 
adapted to the present invention by inputting a character 
string corresponding to one or more polynucleotides and 
polypeptides of the invention (either nucleic acids or proteins, 
or both). For example, a system of the invention can include 
the foregoing software having the appropriate character string 
information, e.g., used in conjunction with a user interface 
(e.g., a GUI in a standard operating system such as a Win 
dows, Macintosh or LINUX system) to manipulate strings of 
characters corresponding to the sequences herein. As noted, 
specialized alignment programs such as BLAST can also be 
incorporated into the systems of the invention for alignment 
of nucleic acids or proteins (or corresponding character 
Strings). 
0204 Systems in the present invention typically include a 
digital computer with data sets entered into the software 
system comprising any of the sequences herein. The com 
puter can be, e.g., a PC (Intel x86 or Pentium chip-compatible 
DOSTM, OS2TM WINDOWSTM WINDOWSNTTM, WIN 
DOWS95TM, WINDOWS2000TM, WINDOWS98TM, LINUX 
based machine, a MACINTOSHTM, Power PC, or a UNIX 
based (e.g., SUNTM work station) machine) or other commer 
cially available computer that is known to one of skill. Soft 
ware for aligning or otherwise manipulating sequences is 
available, or can easily be constructed by one of skill using a 
standard programming language Such as Visuallbasic, PERL, 
Fortran, Basic, Java, or the like. 
0205 Any controller or computer optionally includes a 
monitor which is often a cathode ray tube (“CRT) display, a 
flat panel display (e.g., active matrix liquid crystal display, 
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liquid crystal display), or others. Computer circuitry is often 
placed in a box which includes numerous integrated circuit 
chips. Such as a microprocessor, memory, interface circuits, 
and others. The box also optionally includes a hard disk drive, 
a floppy disk drive, a high capacity removable drive Such as a 
writeable CD-ROM, and other common peripheral elements. 
Inputting devices such as a keyboard or mouse optionally 
provide for input from a user and for user selection of 
sequences to be compared or otherwise manipulated in the 
relevant computer system. 
0206. The computer typically includes appropriate soft 
ware for receiving user instructions, either in the form of user 
input into a set parameter fields, e.g., in a GUI, or in the form 
of preprogrammed instructions, e.g., preprogrammed for a 
variety of different specific operations. The software then 
converts these instructions to appropriate language for 
instructing the operation, e.g., of appropriate mechanisms or 
transport controllers to carry out the desired operation. The 
Software can also include output elements for controlling 
nucleic acid synthesis (e.g., based upon a sequence or an 
alignment of sequences herein), comparisons of samples for 
differential gene expression, or other operations. 

Kits and Reagents 
0207. The present invention is optionally provided to a 
user as a kit. For example, a kit of the invention contains one 
or more nucleic acid, polypeptide, antibody, or cell line 
described herein (e.g., comprising, or with, a HA and/or NA 
molecule of the invention). The kit can contain a diagnostic 
nucleic acid or polypeptide, e.g., antibody, probe set, e.g., as 
a cDNA micro-array packaged in a Suitable container, or 
other nucleic acid Such as one or more expression vector. The 
kit typically further comprises, one or more additional 
reagents, e.g., Substrates, labels, primers, for labeling expres 
sion products, tubes and/or other accessories, reagents for 
collecting samples, buffers, hybridization chambers, cover 
slips, etc. The kit optionally further comprises an instruction 
set or user manual detailing preferred methods of using the kit 
components for discovery or application of diagnostic sets, 
etc. 

0208. When used according to the instructions, the kit can 
be used, e.g., for evaluating a disease state or condition, for 
evaluating effects of a pharmaceutical agent or other treat 
ment intervention on progression of a disease state or condi 
tion in a cell or organism, or for use as a vaccine, etc. 
0209. In an additional aspect, the present invention pro 
vides system kits embodying the methods, composition, sys 
tems and apparatus herein. System kits of the invention 
optionally comprise one or more of the following: (1) an 
apparatus, system, system component or apparatus compo 
nent; (2) instructions for practicing methods described 
herein, and/or for operating the apparatus or apparatus com 
ponents herein and/or for using the compositions herein. In a 
further aspect, the present invention provides for the use of 
any apparatus, apparatus component, composition or kit 
herein, for the practice of any method or assay herein, and/or 
for the use of any apparatus or kit to practice any assay or 
method herein. 
0210 Additionally, the kits can include one or more trans 
lation system as noted above (e.g., a cell) with appropriate 
packaging material, containers for holding the components of 
the kit, instructional materials for practicing the methods 
herein and/or the like. Similarly, products of the translation 
systems (e.g., proteins such as HA and/or NA molecules) can 
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be provided in kit form, e.g., with containers for holding the 
components of the kit, instructional materials for practicing 
the methods herein and/or the like. Furthermore, the kits can 
comprise various vaccines (e.g., produced through plasmid 
rescue protocols) such as live attenuated vaccine (e.g., Flu 
MistTM) comprising the HA and/or NA sequences herein. 
0211 To facilitate use of the methods and compositions of 
the invention, any of the vaccine components and/or compo 
sitions, e.g., reasserted virus in allantoic fluid, etc., and addi 
tional components, such as, buffer, cells, culture medium, 
useful for packaging and infection of influenza viruses for 
experimental or therapeutic vaccine purposes, can be pack 
aged in the form of a kit. Typically, the kit contains, in addi 
tion to the above components, additional materials which can 

27 
Jul. 9, 2009 

include, e.g., instructions for performing the methods of the 
invention, packaging material, and a container. 
0212. While the foregoing invention has been described in 
Some detail for purposes of clarity and understanding, it will 
be clear to one skilled in the art from a reading of this disclo 
Sure that various changes in form and detail can be made 
without departing from the true scope of the invention. For 
example, all the techniques and apparatus described above 
may be used in various combinations. All publications, pat 
ents, patent applications, or other documents cited in this 
application are incorporated by reference in their entirety for 
all purposes to the same extent as if each individual publica 
tion, patent, patent application, or other document were indi 
vidually indicated to be incorporated by reference for all 
purposes. 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 68 

<210 SEQ ID NO 1 
<211 LENGTH: 1745 
&212> TYPE: DNA 
<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 1 

caggggataa ttctattaac catgaag act at cattgctt tdagctacat tittatgtctg 60 

gttitt.cgct C aaaaact tcc cqgaaatgac aa.ca.gcacag caacgctgttg cctgggacat 12O 

catgcagtgc caaacggaac got agtgaaa acaat cacga atgatcaaat talagtgact 18O 

aatgctact.g. agttggttca gagttcCtca acaggtagaa tatgcggcag to ct caccga 24 O 

atccttgatg gaaaaaactg. cacactgata gatgctictat tdggag accc to attgttgat 3 OO 

ggctt Coaaa at aaggaatg ggacctttitt gttgaacgca gcaaagctta cagdaactgt 360 

taccct tatg atgtgc.cgga titatgcc to c cittaggit cac tagttgcct c at caggcacc 42O 

Ctggagttta toaatgaaga cttcaattgg actggagtcg ct caggatgg gggaagct at 48O 

gcttgcaaaa gaggatctgt taacagtttic tittagtagat tdaattggitt go acaaatta 54 O 

gaatacaaat atccagogct galacgtgact atgccaaaca atggcaaatt togacaaattg 6 OO 

tacatttggg gggttcacca cc.cgagcacg gacagtgacc aaac Cagoct atatgttcga 660 

gcatcaggga gag to acagt ct ctaccaaa agaa.gc.caac aaactgtaac cc.cgaatat c 72O 

gggtctaga C cctgggtaag gggtcagtcc agtagaataa gcatct attg gacaat agta 78O 

aaaccgggag acatact titt gattaat agc acagggaat C taattgctcc toggggittac 84 O 

ttcaaaatac galaatgggala aagct caata atgaggit cag atgcacccat tgcaactgc 9 OO 

agttctgaat gcatcactic c aaatggaagic attcc.caatg acaaac ctitt to aaaatgta 96.O 

aacagaatca catatggggc ctgc.cccaga tatgttaagc aaaacactict galaattggca 102O 

acagggatgc ggaatgt acc agagaaacaa act agaggca tatt.cggcgc aatcgcaggt 108O 

tt Catagaaa atggttggga gggaatggta gacggttggit acggttt cag gCatcaaaat 114 O 

totgagggca caggacaagc agcagat Ctt aaaa.gcactic aagcagcaat caccalaatc 12 OO 

aacgggaaac taat aggtt aatcgagaala acgaacgaga aatticcatca aatcgaaaaa 1260 

gaattct cag aagtagaagg gagaatticag gacct caga aatatgttga agaCactaaa 132O 

atagat citct gg.tcttacaa cqcggagctt cittgttgc.cc toggagaacca acatacaatt 138O 
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- Continued 

Met Lys Thir Ile Ile Ala Lieu. Ser Tyr Ile Lieu. Cys Lieu Val Phe Ala 

Glin Llys Lieu Pro Gly Asn Asp Asn. Ser Thir Ala Thr Lieu. Cys Lieu. Gly 
2O 25 3 O 

His His Ala Val Pro Asn Gly Thr Lieu Val Lys Thr Ile Thr Asn Asp 
35 4 O 45 

Glin Ile Glu Wall. Thir Asn Ala Thr Glu Lieu. Wall Glin Ser Ser Ser Thr 
SO 55 6 O 

Gly Arg Ile Cys Gly Ser Pro His Arg Ile Lieu. Asp Gly Lys Asn. Cys 
65 70 7s 8O 

Thir Lieu. Ile Asp Ala Lieu. Lieu. Gly Asp Pro His Cys Asp Gly Phe Glin 

Asn Lys Glu Trp Asp Lieu. Phe Val Glu Arg Ser Lys Ala Tyr Ser Asn 
OO OS 1O 

Cys Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Ser Lieu. Arg Ser Lieu Val 
15 2O 25 

Ala Ser Ser Gly Thr Lieu. Glu Phe Ile Asin Glu Asp Phe Asn Trp Thr 
3O 35 4 O 

Gly Val Ala Glin Asp Gly Gly Ser Tyr Ala Cys Lys Arg Gly Ser Val 
45 SO 55 160 

Asn Ser Phe Phe Ser Arg Lieu. Asn Trp Lieu. His Llys Lieu. Glu Tyr Lys 
65 70 7s 

Tyr Pro Ala Lieu. Asn Val Thr Met Pro Asn. Asn Gly Llys Phe Asp Llys 
8O 85 90 

Lieu. Tyr Ile Trp Gly Val His His Pro Ser Thr Asp Ser Asp Gln Thr 
95 2 OO 2O5 

Ser Lieu. Tyr Val Arg Ala Ser Gly Arg Val Thr Val Ser Thir Lys Arg 
210 215 22O 

Ser Glin Gln Thr Val Thr Pro Asn Ile Gly Ser Arg Pro Trp Val Arg 
225 23 O 235 24 O 

Gly Glin Ser Ser Arg Ile Ser Ile Tyr Trp Thir Ile Val Llys Pro Gly 
245 250 255 

Asp Ile Lieu. Lieu. Ile Asn. Ser Thr Gly Asn Lieu. Ile Ala Pro Arg Gly 
26 O 265 27 O 

Tyr Phe Lys Ile Arg Asn Gly Lys Ser Ser Ile Met Arg Ser Asp Ala 
27s 28O 285 

Pro Ile Gly Asn Cys Ser Ser Glu. Cys Ile Thr Pro Asn Gly Ser Ile 
290 295 3 OO 

Pro Asn Asp Llys Pro Phe Glin Asn Val Asn Arg Ile Thr Tyr Gly Ala 
3. OS 310 315 32O 

Cys Pro Arg Tyr Val Lys Glin Asn. Thir Lieu Lys Lieu Ala Thr Gly Met 
3.25 330 335 

Arg Asn Val Pro Glu Lys Glin Thr Arg Gly Ile Phe Gly Ala Ile Ala 
34 O 345 350 

Gly Phe Ile Glu Asn Gly Trp Glu Gly Met Val Asp Gly Trp Tyr Gly 
355 360 365 

Phe Arg His Glin Asn. Ser Glu Gly Thr Gly Glin Ala Ala Asp Lieu Lys 
37O 375 38O 

Ser Thr Glin Ala Ala Ile Asp Glin Ile Asin Gly Llys Lieu. Asn Arg Lieu. 
385 390 395 4 OO 
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Ile Glu Lys Thr Asn Glu Lys Phe His Glin Ile Glu Lys Glu Phe Ser 
4 OS 410 415 

Glu Val Glu Gly Arg Ile Glin Asp Lieu. Glu Lys Tyr Val Glu Asp Thr 
42O 425 43 O 

Lys Ile Asp Lieu. Trp Ser Tyr Asn Ala Glu Lieu. Lieu Val Ala Lieu. Glu 
435 4 4 O 445 

Asn Gln His Thir Ile Asp Lieu. Thir Asp Ser Glu Met Asn Llys Lieu. Phe 
450 45.5 460 

Glu Lys Thr Arg Lys Glin Lieu. Arg Glu Asn Ala Glu Asp Met Gly Asn 
465 470 47s 48O 

Gly Cys Phe Lys Ile Tyr His Lys Cys Asp Asn Ala Cys Ile Gly Ser 
485 490 495 

Ile Arg Asn Gly Thr Tyr Asp His Asp Val Tyr Arg Asp Glu Ala Lieu. 
5 OO 5 OS 510 

Asn Asn Arg Phe Glin Ile Lys Gly Val Glu Lieu Lys Ser Gly Tyr Lys 
515 52O 525 

Asp Trp Ile Lieu. Trp Ile Ser Phe Ala Ile Ser Cys Phe Lieu. Lieu. Cys 
53 O 535 54 O 

Val Val Lieu. Lieu. Gly Phe Ile Met Trp Ala Cys Gln Lys Gly Asn. Ile 
5.45 550 555 560 

Arg Cys Asn. Ile Cys Ile 
565 

<210 SEQ ID NO 36 
<211 LENGTH: 436 
&212> TYPE: PRT 
<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 36 

Met Glin Ile Ala Ile Leu Val Thir Thr Val Thr Lieu. His Phe Lys Glin 
1. 5 1O 15 

Tyr Glu. Cys Asn Ser Pro Pro Asn Asn Glin Val Met Lieu. Cys Glu Pro 
2O 25 3 O 

Thir Ile Ile Glu Arg Asn Ile Thr Glu Ile Val Tyr Lieu. Thir Asn Thr 
35 4 O 45 

Thir Ile Glu Lys Glu Ile Cys Pro Llys Lieu Ala Glu Tyr Arg Asn Trp 
SO 55 6 O 

Ser Llys Pro Gln Cys Lys Ile Thr Gly Phe Ala Pro Phe Ser Lys Asp 
65 70 7s 8O 

Asn Ser Ile Arg Lieu. Ser Ala Gly Gly Asp Ile Trp Val Thr Arg Glu 
85 9 O 95 

Pro Tyr Val Ser Cys Asp Pro Gly Lys Cys Tyr Glin Phe Ala Leu Gly 
OO OS 1O 

Glin Gly. Thir Thr Lieu. Asn. Asn Arg His Ser Asn Asp Thr Val His Asp 
15 2O 25 

Arg Thr Pro Tyr Arg Thr Lieu. Leu Met Asn Glu Lieu. Gly Val Pro Phe 
3O 35 4 O 

His Leu Gly Thr Lys Glin Val Cys Ile Ala Trp Ser Ser Ser Ser Cys 
45 SO 55 160 

His Asp Gly Lys Ala Trp Lieu. His Val Cys Val Thr Gly His Asp Glu 
65 70 7s 

Asn Ala Thir Ala Ser Phe Ile Tyr Asp Gly Arg Lieu Val Asp Ser Ile 
8O 85 90 
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Gly Ser Trp Ser Lys Asn. Ile Lieu. Arg Thr Glin Glu Ser Glu. Cys Val 
195 2 OO 2O5 

Cys Ile Asin Gly Thr Cys Thr Val Val Met Thr Asp Gly Ser Ala Ser 
210 215 22O 

Glu Arg Ala Asp Thir Lys Ile Lieu. Phe Ile Glu Glu Gly Lys Ile Val 
225 23 O 235 24 O 

His Ile Ser Pro Leu Ser Gly Ser Ala Glin His Val Glu Glu. Cys Ser 
245 250 255 

Cys Tyr Pro Arg Tyr Pro Gly Val Arg Cys Val Cys Arg Asp Asn Trp 
26 O 265 27 O 

Lys Gly Ser Asn Arg Pro Ile Val Asp Ile Asn. Wall Lys Asp Tyr Ser 
27s 28O 285 

Ile Val Ser Ser Tyr Val Cys Ser Gly Lieu Val Gly Asp Thr Pro Arg 
290 295 3 OO 

Lys Asn Asp Ser Ser Ser Ser Ser Tyr Cys Arg ASn Pro Asn. Asn. Glu 
3. OS 310 315 32O 

Lys Gly Ser His Gly Val Lys Gly Trp Ala Phe Asp Asp Gly Asn Asp 
3.25 330 335 

Val Trp Met Gly Arg Thr Ile Ser Glu Glu Lieu. Arg Ser Gly Tyr Glu 
34 O 345 350 

Thr Phe Llys Val Ile Gly Gly Trp Ser Llys Pro Asn Ser Lys Lieu. Glin 
355 360 365 

Ile Asin Arg Glin Val Ile Val Asp Arg Gly Asn Arg Ser Gly Tyr Ser 
37O 375 38O 

Gly Ile Phe Ser Val Glu Gly Lys Ser Cys Ile Asn Arg Cys Phe Tyr 
385 390 395 4 OO 

Val Glu Lieu. Ile Arg Gly Arg Lys Glin Glu Thr Glu Val Trp Trp Thr 
4 OS 410 415 

Ser Asn Ser Ile Val Val Phe Cys Gly Thr Ser Gly Thr Tyr Gly Thr 
42O 425 43 O 

Gly Ser Trp Pro 
435 

<210 SEQ ID NO 37 
<211 LENGTH: 566 
&212> TYPE: PRT 
<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 37 

Met Lys Thir Ile Ile Ala Lieu. Ser Tyr Ile Lieu. Cys Lieu Val Phe Ala 
1. 5 1O 15 

Glin Llys Lieu Pro Gly Asn Asp Asn. Ser Thir Ala Thr Lieu. Cys Lieu. Gly 
2O 25 3 O 

His His Ala Val Pro Asn Gly Thr Lieu Val Lys Thr Ile Thr Asn Asp 
35 4 O 45 

Glin Ile Glu Wall. Thir Asn Ala Thr Glu Lieu. Wall Glin Ser Ser Pro Thr 
SO 55 6 O 

Gly Arg Ile Cys Asp Ser Pro His Arg Ile Lieu. Asp Gly Lys Asn. Cys 
65 70 7s 8O 

Thir Lieu. Ile Asp Ala Lieu. Lieu. Gly Asp Pro His Cys Asp Gly Phe Glin 
85 9 O 95 

Asn Lys Glu Trp Asp Lieu. Phe Val Glu Arg Ser Lys Ala Tyr Ser Asn 
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OO 

15 

Ala 

45 

Asn 
65 

Lell 
95 

Ser 
210 

Ser 
225 

Gly 
245 

Asp 
26 O 

Tyr 
27s 

Pro 
290 

Pro 
3. OS 

Cys 
3.25 

Arg 
34 O 

Gly 
355 

Phe 
37O 

Ser 
385 

Wall 
4 OS 

Glu 
42O 

Lys 
435 

Asn 
450 

Glu 
465 

Gly 
485 

Ile 
5 OO 

Ser 

Wall 

Ser 

Pro 

Luell 

Glin 

Glin 

Ile 

Phe 

Ile 

Asn 

Pro 

Asn 

Phe 

Arg 

Thir 

Glu 

Wall 

Ile 

Glin 

Arg 

Arg 

Pro 

Ser 

Ala 

Phe 

Ala 

Ile 

Glin 

Ser 

Luell 

Gly 

Asp 

Arg 

Wall 

Ile 

His 

Glin 

Glu 

Asp 

His 

Thir 

Phe 

Asn 

Gly 

Glin 

Phe 

Luell 

Trp 

Wall 

Thir 

Ser 

Luell 

Ile 

Asn 

Pro 

Glu 

Glin 

Ala 

Thir 

Gly 

Luell 

Thir 

Arg 

Gly 

Asp 

Thir 

Asp 

Ser 

Asn 

Gly 

Arg 

Wall 

Arg 

Ile 

Arg 

Cys 

Pro 

Wall 

Glu 

Asn 

Asn 

Ala 

Asn 

Arg 

Trp 

Ile 

Lys 

Ile 

Thir 

OS 

Wall 
2O 

Lell 
35 

Wall 
85 

Wall 
2 OO 

Ala 
215 

Ile 
23 O 

Ile 
250 

Asn 
265 

Asn 
28O 

Ser 
295 

Phe 
310 

Lys 
330 

Lys 
345 

Gly 
360 

Ser 
375 

Ile 
390 

Glu 
410 

Ile 
425 

Ser 
4 4 O 

Asp 
45.5 

Glin 
470 

Tyr 
490 

Tyr 
5 OS 

Pro 

Glu 

Lell 

Thir 

His 

Ser 

Pro 

Ser 

Ser 

Gly 

Ser 

Glin 

Glin 

Glin 

Trp 

Glu 

Asp 

Glin 

Lell 

Lell 

His 

Asp 

Asp 

Phe 

Ser 

Asn 

Met 

His 

Gly 

Asp 

Ile 

Thir 

Glu 

Asn 

Asn 

Thir 

Glu 

Gly 

Glin 

Phe 

Asp 

Asn 

Thir 

Arg 

His 

Ile 

Trp 

Pro 

Pro 

Arg 

Ile 

Gly 

Ser 

Wall 

Thir 

Arg 

Gly 

Thir 

Ile 

His 

Luell 

Ala 

Asp 

Glu 

Asp 

Ala 

Asn 

Ala 

Luell 

Asn 

Ser 

Wall 

Gly 

Trp 

Asn 

Ser 

Ile 

Asn 

Luell 

Gly 

Met 

Gly 

Asn 

Glin 

Glu 

Glu 

Ser 

Asn 

Asp 

Wall 

Ser 
25 

Glu 
4 O 

Ile 
285 

Thir 
3 OO 

Arg 
315 

Lys 
335 

Ile 
350 

Wall 
365 

Glin 
38O 

Gly 
395 

Ile 
415 

Lys 
43 O 

Luell 
445 

Glu 
460 

Ala 
47s 

ASn 
495 

Tyr 
510 

59 

- Continued 

Lell 

Asn 

Gly 

Asp 

Wall 

Arg 

Ile 

Ile 

Met 

Pro 

Ile 

Lell 

Phe 

Asp 

Ala 

Glu 

Lell 

Met 

Glu 

Ala 

Arg 

Arg 

Phe 

Arg 

Lell 

Ser 

Ser 

Pro 

Wall 

Ala 

Arg 

Asn 

Thir 

Ala 

Gly 

Gly 

Ala 

Lell 

Wall 

Wall 

Asn 

Asp 

Asp 

Ser 

Asn 

Gly 

Glu 

Phe 

Wall 

Thir 

Trp 

Pro 

Ser 

Gly 

Thir 

Ala 

Trp 

Asp 

Asn 

Glu 

Glu 

Ala 

Met 

Ile 

Glu 

Luell 

Trp 

Ser 

Asp 

Glin 

Wall 

Pro 

Arg 

Asp 

Ser 

Gly 

Gly 

Ile 

Luell 

Arg 

Phe 

Asp 

Luell 

Luell 

Gly 

Gly 

Ala 

Wall 

Thir 

Wall 
160 

Thir 

Arg 

Arg 
24 O 

Gly 

Gly 

Ala 

Ile 

Ala 

Met 

Ala 

Gly 

Luell 
4 OO 

Ser 

Thir 

Glu 

Phe 

Asn 

Ser 

Luell 

Jul. 9, 2009 
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- Continued 

Asn Asn Arg Phe Glin Ile Lys Gly Val Glu Lieu Lys Ser Gly Tyr Lys 
515 52O 525 

Asp Trp Ile Lieu. Trp Ile Ser Phe Ala Ile Ser Cys Phe Lieu. Lieu. Cys 
53 O 535 54 O 

Val Val Lieu. Lieu. Gly Phe Ile Met Trp Ala Cys Gln Lys Gly Asn. Ile 
5.45 550 555 560 

Arg Cys Asn. Ile Cys Ile 
565 

<210 SEQ ID NO 38 
<211 LENGTH: 451 
&212> TYPE: PRT 
<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 38 

Lys Met Asn Pro Asn Gln Lys Ile Ile Thr Ile Gly Ser Val Ser Lieu. 
1. 5 1O 15 

Thir Ile Ala Thr Ile Cys Phe Leu Met Glin Ile Ala Ile Leu Val Thr 
2O 25 3 O 

Thr Val Thr Lieu. His Phe Lys Glin Tyr Glu. Cys Asn Ser Pro Pro Asn 
35 4 O 45 

Asn Glin Val Met Lieu. Cys Glu Pro Thr Ile Ile Glu Arg Asn Ile Thr 
SO 55 6 O 

Glu Ile Val Tyr Lieu. Thr Asn. Thir Thr Ile Glu Lys Glu Ile Cys Pro 
65 70 7s 8O 

Llys Lieu Ala Glu Tyr Arg Asn Trp Ser Llys Pro Glin Cys Lys Ile Thr 
85 9 O 95 

Gly Phe Ala Pro Phe Ser Lys Asp Asn. Ser Ile Arg Lieu. Ser Ala Gly 
OO OS 1O 

Gly Asp Ile Trp Val Thr Arg Glu Pro Tyr Val Ser Cys Asp Pro Gly 
15 2O 25 

Lys Cys Tyr Glin Phe Ala Lieu. Gly Glin Gly. Thir Thr Lieu. Asn. Asn Arg 
3O 35 4 O 

His Ser Asn Asp Thr Val His Asp Arg Thr Pro Tyr Arg Thr Lieu. Lieu. 
45 SO 55 160 

Met Asin Glu Lieu. Gly Val Pro Phe His Leu Gly Thr Lys Glin Val Cys 
65 70 7s 

le Ala Trp Ser Ser Ser Ser Cys His Asp Gly Lys Ala Trp Lieu. His 
8O 85 90 

Val Cys Val Thr Gly His Asp Glu Asn Ala Thr Ala Ser Phe Ile Tyr 
95 2 OO 2O5 

Asp Gly Arg Lieu Val Asp Ser Ile Gly Ser Trp Ser Lys Asn. Ile Lieu 
210 215 22O 

Arg Thr Glin Glu Ser Glu. Cys Val Cys Ile Asn Gly Thr Cys Thr Val 
225 23 O 235 24 O 

Val Met Thir Asp Gly Ser Ala Ser Glu Arg Ala Asp Thir Lys Ile Lieu 
245 250 255 

Phe Ile Glu Glu Gly Lys Ile Val His Ile Ser Pro Leu Ser Gly Ser 
26 O 265 27 O 

Ala Glin His Val Glu Glu. Cys Ser Cys Tyr Pro Arg Tyr Pro Gly Val 
27s 28O 285 

Arg Cys Val Cys Arg Asp Asn Trp Llys Gly Ser Asn Arg Pro Ile Val 
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290 295 3 OO 

Asp Ile Asin Val Lys Asp Tyr Ser Ile Val Ser Ser Tyr Val Cys Ser 
3. OS 310 315 32O 

Gly Lieu Val Gly Asp Thr Pro Arg Lys Asn Asp Ser Ser Ser Ser Ser 
3.25 330 335 

Tyr Cys Trp Asin Pro Asn. Asn. Glu Lys Gly Gly His Gly Val Lys Gly 
34 O 345 350 

Trp Ala Phe Asp Asp Gly Asn Asp Val Trp Met Gly Arg Thir Ile Ser 
355 360 365 

Glu Glu Lieu. Arg Ser Gly Tyr Glu Thr Phe Llys Val Ile Gly Gly Trp 
37O 375 38O 

Ser Llys Pro Asn. Ser Llys Lieu. Glin Ile Asn Arg Glin Val Ile Val Asp 
385 390 395 4 OO 

Arg Gly Asn Arg Ser Gly Tyr Ser Gly Ile Phe Ser Val Glu Gly Lys 
4 OS 410 415 

Ser Cys Ile Asin Arg Cys Phe Tyr Val Glu Lieu. Ile Arg Gly Arg Llys 
42O 425 43 O 

Gln Glu Thr Glu Val Trp Trp Thr Ser Asn Ser Ile Val Val Phe Cys 
435 4 4 O 445 

Gly. Thir Ser 
450 

<210 SEQ ID NO 39 
<211 LENGTH: 566 
&212> TYPE: PRT 
<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 39 

Met Lys Thir Ile Ile Ala Lieu. Ser Tyr Ile Lieu. Cys Lieu Val Phe Ala 
1. 5 1O 15 

Glin Llys Lieu Pro Gly Asn Asp Asn. Ser Thir Ala Thr Lieu. Cys Lieu. Gly 
2O 25 3 O 

His His Ala Val Pro Asn Gly Thr Lieu Val Lys Thr Ile Thr Asn Asp 
35 4 O 45 

Glin Ile Glu Wall. Thir Asn Ala Thr Glu Lieu. Wall Glin Ser Ser Ser Thr 
SO 55 6 O 

Gly Arg Ile Cys Asp Ser Pro His Arg Ile Lieu. Asp Gly Lys Asn. Cys 
65 70 7s 8O 

Thir Lieu. Ile Asp Ala Lieu. Lieu. Gly Asp Pro His Cys Asp Gly Phe Glin 

Asn Lys Glu Trp Asp Lieu. Phe Val Glu Arg Ser Lys Ala Tyr Ser Asn 
OO OS 1O 

Cys Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Ser Lieu. Arg Ser Lieu Val 
15 2O 25 

Ala Ser Ser Gly Thr Lieu. Glu Phe Thr Asn Glu Gly Phe Asn Trp Thr 

Gly Val Ala Glin Asp Gly. Thir Ser Tyr Ala Cys Lys Arg Gly Ser Val 
45 SO 55 160 

Llys Ser Phe Phe Ser Arg Lieu. Asn Trp Lieu. His Llys Lieu. Glu Tyr Lys 

yr Pro Ala Lieu. Asn Val Thr Met Pro Asn. Asn Asp Llys Phe Asp Llys 
8O 85 90 



US 2009/017.5908 A1 Jul. 9, 2009 
62 

- Continued 

Lieu. Tyr Ile Trp Gly Val His His Pro Ser Thr Asp Ser Asp Gln Thr 
195 2 OO 2O5 

Ser Ile Tyr Val Glin Ala Ser Gly Arg Val Thr Val Ser Thr Lys Arg 
210 215 22O 

Ser Glin Gln Thr Val Ile Pro Asn Ile Gly Ser Arg Pro Trp Val Arg 
225 23 O 235 24 O 

Gly Ile Ser Ser Arg Ile Ser Ile Tyr Trp Thir Ile Val Llys Pro Gly 
245 250 255 

Asp Ile Lieu. Lieu. Ile Asn. Ser Thr Gly Asn Lieu. Ile Ala Pro Arg Gly 
26 O 265 27 O 

Tyr Phe Lys Ile Arg Ser Gly Lys Ser Ser Ile Met Arg Ser Asp Ala 
27s 28O 285 

Pro Ile Gly Asn Cys Asn Ser Glu. Cys Ile Thr Pro Asn Gly Ser Ile 
290 295 3 OO 

Pro Asn Asp Llys Pro Phe Glin Asn Val Asn Arg Ile Thr Tyr Gly Ala 
3. OS 310 315 32O 

Cys Pro Arg Tyr Val Lys Glin Asn. Thir Lieu Lys Lieu Ala Thr Gly Met 
3.25 330 335 

Arg Asn Val Pro Glu Lys Glin Thr Arg Gly Ile Phe Gly Ala Ile Ala 
34 O 345 350 

Gly Phe Ile Glu Asn Gly Trp Glu Gly Met Val Asp Gly Trp Tyr Gly 
355 360 365 

Phe Arg His Glin Asn. Ser Glu Gly Thr Gly Glin Ala Ala Asp Lieu Lys 
37O 375 38O 

Ser Thr Glin Ala Ala Ile Asn Glin Ile Asin Gly Llys Lieu. Asn Arg Lieu. 
385 390 395 4 OO 

Ile Glu Lys Thr Asn Glu Lys Phe His Glin Ile Glu Lys Glu Phe Ser 
4 OS 410 415 

Glu Val Glu Gly Arg Ile Glin Asp Lieu. Glu Lys Tyr Val Glu Asp Thr 
42O 425 43 O 

Lys Ile Asp Lieu. Trp Ser Tyr Asn Ala Glu Lieu. Lieu Val Ala Lieu. Glu 
435 4 4 O 445 

Asn Gln His Thir Ile Asp Lieu. Thir Asp Ser Glu Met Asn Llys Lieu. Phe 
450 45.5 460 

Glu Arg Thr Arg Lys Glin Lieu. Arg Glu Asn Ala Glu Asp Met Gly Asn 
465 470 47s 48O 

Gly Cys Phe Lys Ile Tyr His Lys Cys Asp Asn Ala Cys Ile Gly Ser 
485 490 495 

Ile Arg Asn Gly Thr Tyr Asp His Asp Val Tyr Arg Asp Glu Ala Lieu. 
5 OO 5 OS 510 

Asn Asn Arg Phe Glin Ile Lys Gly Val Glu Lieu Lys Ser Gly Tyr Lys 
515 52O 525 

Asp Trp Ile Lieu. Trp Ile Ser Phe Ala Ile Ser Cys Phe Lieu. Lieu. Cys 
53 O 535 54 O 

Val Val Lieu. Lieu. Gly Phe Ile Met Trp Ala Cys Gln Lys Gly Asn. Ile 
5.45 550 555 560 

Arg Cys Asn. Ile Cys Ile 
565 

<210 SEQ ID NO 4 O 
<211 LENGTH: 469 
&212> TYPE: PRT 
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<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 40 

Met Asin Pro Asn Gln Lys Ile Ile Thr Ile Gly Ser Val Ser Lieu. Thr 
1. 5 1O 15 

Ile Ala Thr Ile Cys Phe Leu Met Glin Ile Ala Ile Leu Val Thir Thr 
2O 25 3 O 

Val Thr Lieu. His Phe Lys Glin Tyr Glu. Cys Asn Ser Pro Pro Asn Asn 
35 4 O 45 

Glin Val Met Lieu. Cys Glu Pro Thr Ile Ile Glu Arg Asn Ile Thr Glu 
SO 55 6 O 

Ile Val Tyr Lieu. Thr Asn Thr Thr Ile Glu Lys Glu Ile Cys Pro Llys 
65 70 7s 8O 

Lieu Ala Glu Tyr Arg Asn Trp Ser Llys Pro Glin Cys Lys Ile Thr Gly 
85 9 O 95 

Phe Ala Pro Phe Ser Lys Asp Asn. Ser Ile Arg Lieu. Ser Ala Gly Gly 
OO OS 1O 

Asp Ile Trp Val Thr Arg Glu Pro Tyr Val Ser Cys Asp Pro Asp Llys 
15 2O 25 

Cys Tyr Glin Phe Ala Lieu. Gly Glin Gly Thr Thr Lieu. Asn Asn Arg His 
3O 35 4 O 

Ser Asn Asp Thr Val His Asp Arg Thr Pro Tyr Arg Thr Lieu. Leu Met 
45 SO 55 160 

Asn Glu Lieu. Gly Val Pro Phe His Leu Gly Thr Lys Glin Val Cys Ile 
65 70 7s 

Ala Trp Ser Ser Ser Ser Cys His Asp Gly Lys Ala Trp Lieu. His Val 
8O 85 90 

Cys Val Thr Gly His Asp Glu Asn Ala Thr Ala Ser Phe Ile Tyr Asp 
95 2 OO 2O5 

Gly Arg Lieu Val Asp Ser Ile Gly Ser Trp Ser Llys Lys Ile Lieu. Arg 
210 215 22O 

Thr Glin Glu Ser Glu. Cys Val Cys Ile Asin Gly Thr Cys Thr Val Val 
225 23 O 235 24 O 

Met Thr Asp Gly Ser Ala Ser Gly Arg Ala Asp Thir Lys Ile Lieu. Phe 
245 250 255 

Ile Glu Glu Gly Lys Ile Val His Ile Ser Pro Lieu. Ser Gly Ser Ala 
26 O 265 27 O 

Gln His Val Glu Glu. Cys Ser Cys Tyr Pro Arg Tyr Ser Gly Val Arg 
27s 28O 285 

Cys Val Cys Arg Asp Asn Trp Llys Gly Ser Asn Arg Pro Ile Val Asp 
290 295 3 OO 

Ile Asin Val Lys Asp Tyr Ser Ile Val Ser Ser Tyr Val Cys Ser Gly 
3. OS 310 315 32O 

Lieu Val Gly Asp Thr Pro Arg Lys Asn Asp Ser Ser Ser Ser Ser His 
3.25 330 335 

Cys Lieu. Asn Pro Asn. Asn. Glu Glu Gly Gly His Gly Val Lys Gly Trp 
34 O 345 350 

Ala Phe Asp Asp Gly Asn Asp Val Trp Met Gly Arg Thir Ile Ser Glu 
355 360 365 

Lys Lieu. Arg Ser Gly Tyr Glu Thr Phe Llys Val Ile Gly Gly Trp Ser 
37O 375 38O 
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Llys Pro Asn. Ser Llys Lieu. Glin Ile Asn Arg Glin Val Ile Val Asp Arg 
385 390 395 4 OO 

Gly Asn Arg Ser Gly Tyr Ser Gly Ile Phe Ser Val Glu Gly Lys Ser 
4 OS 410 415 

Cys Ile Asn Arg Cys Phe Tyr Val Glu Lieu. Ile Arg Gly Arg Lys Glin 
42O 425 43 O 

Glu Thr Glu Val Trp Trp Thir Ser Asn Ser Ile Val Val Phe Cys Gly 
435 4 4 O 445 

Thir Ser Gly Thr Tyr Gly Thr Gly Ser Trp Pro Asp Gly Ala Asp Ile 
450 45.5 460 

Asn Lieu Met Pro Ile 
465 

<210 SEQ ID NO 41 
<211 LENGTH: 566 
&212> TYPE: PRT 
<213> ORGANISM: Influenza A virus 

<4 OO SEQUENCE: 41 

Met Lys Thir Ile Ile Ala Lieu. Ser Tyr Ile Lieu. Cys Lieu Val Phe Ala 
1. 5 1O 15 

Glin Lys Ile Pro Gly Asn Asp Asn. Ser Thir Ala Thr Lieu. Cys Lieu. Gly 
2O 25 3 O 

His His Ala Val Pro Asn Gly Thr Lieu Val Lys Thr Ile Thr Asn Asp 
35 4 O 45 

Glin Ile Glu Wall. Thir Asn Ala Thr Glu Lieu. Wall Glin Ser Ser Ser Thr 
SO 55 6 O 

Gly Arg Ile Cys Asp Ser Pro His Arg Ile Lieu. Asp Gly Glu Asn. Cys 
65 70 7s 8O 

Thir Lieu. Ile Asp Ala Lieu. Lieu. Gly Asp Pro His Cys Asp Gly Phe Glin 
85 9 O 95 

Asn Lys Glu Trp Asp Lieu. Phe Val Glu Arg Ser Lys Ala Tyr Ser Asn 
OO OS 1O 

Cys Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Ser Lieu. Arg Ser Lieu Val 
15 2O 25 

Ala Ser Ser Gly Thr Lieu. Glu Phe Asn Asn Glu Ser Phe Asn Trp Thr 
3O 35 4 O 

Gly Val Ala Glin Asn Gly. Thir Ser Tyr Ala Cys Lys Arg Ser Ser Ile 
45 SO 55 160 

Llys Ser Phe Phe Ser Arg Lieu. Asn Trp Lieu. His Glin Lieu Lys Tyr Lys 

yr Pro Ala Lieu. Asn Val Thr Met Pro Asn. Asn Asp Llys Phe Asp Llys 
8O 85 90 

Lieu. Tyr Ile Trp Gly Val His His Pro Ser Thr Asp Ser Asp Gln Thr 
95 2 OO 2O5 

Ser Ile Tyr Ala Glin Ala Ser Gly Arg Val Thr Val Ser Thr Lys Arg 
210 215 22O 

Ser Glin Gln Thr Val Ile Pro Asn Ile Gly Ser Arg Pro Trp Val Arg 
225 23 O 235 24 O 

Gly Ile Ser Ser Arg Ile Ser Ile His Trp Thir Ile Val Llys Pro Gly 
245 250 255 

Asp Ile Lieu. Lieu. Ile Asn. Ser Thr Gly Asn Lieu. Ile Ala Pro Arg Gly 
26 O 265 27 O 


















































































