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COVPRI SI NG HEMAGGLUTI NI N [ 001] This application is a Continuation-in-Part of
PCT Appl i catW@¥1Mg322PCTI CA2009/ 000032, fil ed January 12PCPOOYPI/HNI%Eh is a
Continuation-in-Part of', and clains priority from PCT Appllcatlon No.

PCT/ CA20081001281. filed July 11 2008 V\/m h cl ai Canadi an
Appl i cation MFLEE§§§@BEQHIKE€%“85F§ (‘é @Pmi R?;e'a&@ T H i cation
No. 61/022,775 filed January 22, 2008; U. S, Application No. 60/959,414 filed
July 13, 20071] Uhs apﬁmahdma'a'Cemnhhnonﬁﬁ)l’%ﬁfm%ﬁplibaeidnNoverrber 27, 2007; and
U.S. Appl | C?é”f/EAZ&BMO&%IZOfJI 72 f 96109[)»%1% ngglbor]it% uazogl(—)u?lP FLF Iin%cal I NVENTI ON
10[ 002] The present I'nvént a és to the Ion of VIrus-

particles. aney fspeCT Appllcbtyqn Nd’lECiﬁAC@éé@ﬁ/OQIWeﬁteddldyilB 20008, Hhmbdarms t he

product i e BACKGROUND
G TrE | RVERPTENTHES el RBUILER% PRIRI TN AL HERER OGBS | rans due to
a respirat oAppligationNo. @30S filse yamparp A% 200K Ui éppleowien N& 69/85% 4t dided, Julshor t ness

of breath, I S [yates e . 11f | uenza

Vi ruses i nf Cee0 o0 305p ARLFRERS o BTG o B upe o R et SRR Bl N 0000
deat hs annu@l/Q1y, 27J§ﬂ]ean¢embetrﬂZa20@7r uses are envel oped viruses that bud fromthe
pl asma nenbrane of infected mammalian and avian cells. They are classified
into types ArID ofPiNnCENEESKD on the 20 nucl eoproteins and matrix protein
antigens present. Influenza type A viruses may be further divided into

subt ypes_ac di to the conbinati of. hema n| n and ne am ni dase
(N8 St acOlr BB oSt e r cddfve B rRt ot e res i keralistehs My Gpediedigi s ‘o
bi nd t o andthpereitiatatibhie dhastl (€ @k brodddfot eﬁ’nﬁueﬁkd;&n{cleead»mmsmgmﬁlumd resi dues
from gl yean chains on host cell and viral surface proteins, which prevents
viral aggrea’(’i f8n and facilitates virus mobility. 25Currently, 16 HA (Hl- H16)
and 9 NA (NI-N9) subtypes are recogni zed. Each type A influenza virus presents
one type of BMGK&ROGNB OF/PEE dNVRNTHPYeoprotei n. General |y, each subtype

exhi bits species specificity; for exanple, all HA and NA subtypes are known to

infect bir d§)03]le'nh@en%h|sﬁle$éébﬁ1%Bﬁ1§e dlldeathidy hubd3ns dud o d¥spirkiBsy V9, C¥mod\N2, N3 and
N7 have been shown to infect not o 2006; Suzuki 2005). Influenza

unmans r
vi r uses 'eonfiMPEignasle fyer. scithiggt gwétnewl Befilh PR ES S BETIEAID Y Wisto 26

consi dered biighgMStashi, g{ﬂuynzeatrhyagefwmotmwa‘ﬂﬂ:fpopmtloumaawﬁemamgeszsoand are
nost likely_to guse fut re pandemcs. [5] Influenza pandem cs are usually
caused by h?@rﬂ(@ ‘fa]ﬂﬁﬁgl?ﬁa Yabl e and virulent influenza viruses, and can lead to
el evated | evels of illness and death globally. The energence of new 5

i nfluenza A084ibt pflemzs eswdstagtenielopd majsey thgdnd &om ¢fs plaame memB@bdofcdndted y. The

Spani sh flu i P a1 I e deat hs of over
50 million %%Ig%#eg\%%(?%d& %glﬂlgh%\ﬁ}éée{%agigidﬁtaoﬁ%§62%]°?Sf%g%%]?'ltﬁ%] the risk of the
ener genée ofiuckopreimins st npghex proteingitigenepreseatn émﬁussa'aeypet/’ovwgmm befurhersubt ype
endem c in gpi e i ghly
Vit ent fonarnSsbipeE RS o e dhy Ph i PSR B BB 9t wni o
have been r@éportidte g0rapradayearresenteh i g@@msdﬁebﬂhd’qfﬁequwmdltmmiany cases,
this bird fﬂ»éﬂet@a@é\hé R, NA ARE TR tdnhal'sBlie Sci ARAERAGHING,  ADQX b FsieeftS hour s.
The spread of the avian influenza virus (H5NL), first identified in Hong Kong
in 1997, tod¥tvHalsukE arotdsuhich egveaﬁdlré&geﬁ@tlwa@dSeéﬁated@wama‘elw to be Iinked

to the n% greiiniy,n8HAHNSH &) atd I WA N T-88) sublyfds aldec %éde'Etac}f%élQﬂ]ﬂﬁénzﬁionba“ ng
i nfluenza in humans is by annual vaccination. The I15vaccine is usually a

conblnatlon“BPp§@W§ﬁ§FU@?P%H%§n %ﬁfﬂﬁPENﬁﬁ@GWEW@B Penapdlyt feh 48Phant strains
foe)r t he COnéthg)éE; §ﬂeble§§p&8ﬁmty, fod @mpleedi ICA h@INA §ub$@@§ &t l&ﬁ)‘iw%do Qgeci lhﬁlﬁl World Heal th
gani zati on er t CCIn uced, each year i s not
sufficient W@kVQB' ‘%Tﬁhgfiﬁrﬁgsi7§8d% aN| 5@25 @mséﬁﬁgﬂa and the
Uni t ed- St at @secahimh(HeRRUGROYEA S GHRER0S) IS RIchA viraswwmsﬂgﬁetfmm Hohirg d  oOf
their population, while only 17% of the popul ation of the European 20 Union
can be vaccinated. It is evident that current worldw de production of
i nfluenza vaccine would be insufficignt in the face of a worldwide flu
pandem c. Even if the necessary annual production could sonehow be net in a
gi ven year, the dom nant strains change fromyear to year, thus stockpiling at
low-need tines in the year is not practical. Economcal, |arge scale
production of an effective influenza vaccine is of significant interest to
government and private 25industry alike. [7] The viral stocks for use in
vacci nes arc produced |n fertlllzed eggs The virus particles are harvested,
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nol ecul e may be fromthe A/ HongKong/1073/99 (HON2) strain. The HA protein from
B subtype encoded by the nucleic acid may be fromthe B/ Fl ori da/ 4/ 2006, or

B/ Mal aysi a/ MBOBNFEORSstrai n. Exanpl es of sequences of nBETVErPIEEOYOnol ecul es
encodi ng such HA proteins fromHl, 112, H3, 115, 146. H7, H9 or B subtypes
include SEQ ID NGs: 36-47 and 60-73 and 127. 5 [0049] The nucleic acid
sequence maSPREAwEHEe PR highh pgbageic/prmy T MAUTEHA &FTHses REhire fpsfilikely to cause

Al I ndonesi afy@bé addaidN |) or fromstrain A/Califom a/04/09 (HLNL). [0050]

Regul atory regions that nay be operatively linked to a sequence encodi ng an HA
protein inc e se that are operative.in. | ant. Il . an_insect cell or a
yeast cell. toéglc h&rltﬁélal?ffl 8?@?’9% %rﬁiuguﬁ{sly %lf/e%ibﬁ%gglagrarésr%v%getaggyléﬁfnﬁ m?lélanuzfl atory

regi on, a regutsaimreyn katoelvvoéd IRdrulf dbess bpddeathQldbaky s pihafzence of new

car boxyl asel gxygenass, (RSN, 50 reRRXLL nable RERA AG. REALE] LEAP) . ST- LS
1, a pol yhe&rln regu Fépfory regi on, ara gpégl regulatory re}g)u on. Ot her

regul at ory byegi g vine lin e 84 9% leUbRhe atht JTERerh0 niillionipergteororgpgiebewesy The

pl ast ocyani o] r egi.on. | £ tocyanin re tory

Fegr on: "t ne i 0P B sl B b ndlent bR RS AR BRI
sequences. hBf@6% sutypredniouic of animmdiu &siahepys prexeni. tGf paticear comfetniembighlyi r us

| nfection i e hbh S hviad S RhART AHEAS AhHCIRLACH GRIPL S0 AN Steri ng
the virus like particle conprising an influehza virus protern, one or nore
t han on&o0 pl @rseveral piwdtrieaardung theheerida deutiycabdsythiabied it edblresult armartatity rfikee vi r us
like partic Tolpaflal d j : rnal |y,

i ntranasal | %ﬁr({;ﬁ%{?égﬁ)ﬁ)gmﬁ ﬁ/iﬂ]ﬁng %lgs gera?'? g%’gg‘{wfng?ﬁqeh%érvg\gg{\%ﬁﬁ ﬁ,%or

subcut aneousikytified of @8 Kong el 9p7. s ether Asiae eonnirtsh ansl lwops bes tapmipstubited tobg us | i ke
particle (ViRkq pAiPhigddy p@iiehs OF wil®Phifist han one protein derived froma virus

sel ected fromthe group consi st i ng of Influenza, Measles, Ebola, Mrburg, and
H V, and one or nore than one_ |i %i d derived froma_ non-sialylating host
producti on 81  Thefurreqtyehipd plsombary iHeRye an humepsis by pnngygl Aeccinaien: B86| avi r us

pr ot ei n 1By vRenVRIa0Y a MtdHnatibNer sWakd) s Ghns\thdt bi% pRidRiee kdbeTRYdoEnasdtDal, t he

Measl es virys protein may be 25prot.ein or F-protein. 053] Additionally
t he present POF H\?é?ff‘ﬁngnﬂ‘f"é%ﬁlneﬁf Bregwkﬁnrlﬁgoofq?‘??éedﬁ’gf}iei ?rgj %‘{7%?’& BAB¥Msi ng an
i nfluenza vGensallALPH@IRT 6f vafthe@bes prodwtdd each hiain isaesuffasdht toivipdcthated@r exanpl e i f

the host is insect, then the vjr i k ticle P) may conpri,se an
i uenza vIPHICS RRYBHSE dehSGmAl e gBE Tt el PR SR B (e
host i s a ymasinjzetab@m ofidtBird/ofithesr dopkatiopawiileohly 1(/MLdP hepayulaonpt the Burapeas 0

i nfluen virus HA protein and one or nore than on east. |ipid. WO
2010/ 004325 e A6 B8R B0 B B a2 A AR P BT BR St B et e 1o
conposi t i ongodd hpmsgiicignt ViiRsfacd oftawmridwidentin @arsibmnai Rgenof ths ndabsspeanmhbl | nf | uenza.

The two or pmre..subtypes .or strains.my be, sel ect fromth roup. conpri sing:
A New Cal B S SbRERERE R Rt Bl a I et Bt ek P b it Ben new
Yor k/ 1995, Wahdrus stagkpgunk laf IDE/MESUAIBS ir( tH2 N8 is ndl pFexied /F32A@0EB, large scale

A mal | ard/ . il 1, : i il /T 8189/ 02,
A Tar key, ont oo et A AT ARA AR s LA A TR RECARLRh Bl uhd g

Al chi ckéh/ Gadesemiylifg 1949( HLON7) , A/ duck/ Engl and/ 56( HL1NG) ,

A/ duck/ Al bert ai 60/ 76( HI2N5), A/ Gul | / Maryl and/ 704/ 77(1113Ne) ,

A Mal | ar d/ Quioj eV TRE BB okl uskin Ak ineadrt froddtdd BIerlitiled 2NB) TheAMr pekideaded
gul I / Sweden/ 5@99%H}116Nﬁ) , Bl Leel 40,. C/ Johanpesbur g/ 66, A/ PuertoRi co/ 8/ 34
(HLN1), A/ BFFSHENEAsES 2567 MeRPRIST Vi SChfm i) Y d5Rigant 49 Beftisate- Hhika ) |

Al Bri sbane #0h20QRaédidNa) madé Wishensivivh&d (200&e §ddphiJor clRhiBl 8ysi a/ 2506/ 2004,

B/ Fl ori da/ 4/ 2006, A/.Si /1/57 (H2N2), A/ Anhui/ 1/ 2005 (H5NL),
AN et nant 115TPTOH% ‘(hﬂl ls”ﬁffa?%%ﬁ%om%ﬁvg%ha%ﬁ? I?f“‘fc‘(“’Hé ﬁfiﬁ)“,‘(w‘tif;§| é)q‘ﬁ‘f hel Praguel 56
(H7N7) , 3 HorgKoi it d0ai34 98 A(HAND )n, indvidlCadn § 0r49iyadrOdi08 Inkitidd)d wikhe two or

nore subtypes or strains. of VLP be present in about ui yal ent
quantities;WQFW?FHQ?gf?mgﬂgugpnégE%%@mﬁPB@H%ﬁgﬁﬁpyﬁ@§“ﬁVm§gpé¥ﬁ§%ﬂﬁy be the
maj ority of protheedinrcaibnsniokgsuwbinypesliseplt aserdt ad. thds®OpSs|of Vieinps@sabinei nvent i on
pertains to a nethod for inducing imunity to influenza virus infection in an
animal or target organi smconprising adm nistering an effective dose of a
vacci ne conprising one or nore than one VLP, the VLP produced using a
non-si al yati ng host, for exanple a plant host, an insect host, or a yeast
host. The vaccine may be adm nistered orally, 20intradermally, intranasally,
intranusclarly, intraperitoneally, intravenously, or subcutaneously. The
target organismmay be selected fromthe group conprising humans, primates,
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[ 00101] FI GURE 36 shows the sequence spanning fromDralll to Sad sites of clone
782 - nucl eoti de sequence of AN etnam 1194/2004 (H5NL1) % SID NO. 44) . The
codi ng 15sedi@He®00325f | anked by a pl ast ocyani n regul at oFGT/FAYOYNP %8t arti ng
with a DraIII restriction site at the 5 end and by a stop codon and a Sad
site at the 3' _en Restﬁé(gtldon S|t§s ar e und rli. neﬂ g bol d. and
under | i ned. SIF@‘@?L PRPES OGBS YR §*§’fﬁ§8ﬂ N aRSIoE ﬁ‘?vﬁg P‘Fld‘f}ho VEPYYS o Sad
sites of cl @eeypédBimmunitgingadel dgsrRqatenee 10fendall ealt vidcaagkanrgh hgl12/ 97 ( 146N1)

(SEQ I D NO The ¢ ZOSeuecelstan a st.ocyani n
(ooul tory PUBGHEPaRs ot h G E A B S Trseacgs bott R IREhEN g and
by a stop codianr ambn@ Smamuglea fihctiohd adtiboenttspoRess abméﬂanrfoﬂic&mreahae

underl i ned; AT a nder | i.ne .00103 RE 38 0 t he sequence
apanni ngst St pit Mgl PP D SR s oR e st ber e SEetEnce. of

A Equi ne/ Pr aogpoesai® alfdThlgé)ant SEQIeRraNDmMudiy) - this Tivg abodionge Sequeneeti@bnite f| anked
by a pl astocMapl n regulatory region, starting with a Drain restriction site at
the 5 end andt by a stop codon and a Sad site at the 3' end. Restriction sites
are underlined; ATGis in bold and underlined. [00104] FIl GURE 39 shows the
sequence spéﬂQﬁ] nip ofrdentp iDtugp i bellular Baeune sispasse, giccwbsonalep8Bhale vinstsewré de sequence
of A HoNgKoRGLARUBIAR 1 HONR plrFEQuliD MR iftnca T (GOBY, BOSSQUENCE | S
flanked by a plastocyanin regulatory region, starting a Drain restriction
site at IOV\G’IQQTSS‘ ody 22 dmdity- (%@@W%@Q@Bwtlme@ﬂéﬁ@n%ﬁdl 4@9{%1159{0@19 codon and a
Sad site at yLf\@RiwrereMfe nB@ﬁ'te& lh@qlkrg&gﬁlhﬁﬁ%crﬁ:rqalu@lﬂ:g%&rh&@@redﬁzgﬁel s in bold and
underlined. [00105] FI GURE 4 the am no acid sequence (SEQ I D NO 48) of
t he pol ypepPitbRechisigirg F@tl@fhleﬁaémle P‘HH@ mpkrit PABleNsIE MF SO D0OHEUEIdINL) ) . The open
readi ng fragBuRolé ezl ONRanfrifliad bl dufiurdd Oiheds BBo eslé%asmh&%ﬁ&zh etrfﬁsgﬁlr e 28,

Fi gure 40B shows the ami no acid sequence (SEQ I 49) of the poI ypepti de
transl at ed PRshiteiegifEc Frasenca/fgdhores enihde ngfrm@a*(emmlmmm #pen readi ng

franme ofjscl Qg yiekngSb@bitsodshit hilba fdor étfaﬂi (WI@QM b B8le€al 2807) GRER6] FI GURE
41A shows the am no acid sequence (SEQ NO of the 10 pol ypeptide

transl at ed f@ﬁ:ﬁl%@&h@awvedmmﬁl SHses ?Pey %MPWW‘)NUO%&BB@H fordigi ng frame
of clone 57601&5an6vscw 4nla fz}sgﬁoﬁﬁ%ﬂldfdb?mkﬁﬂ tlleﬂ;cﬁé @séésear?oeb mdet &Fg@bﬁkf&ds howls t he
am no acl sequen . of .t e e transl ate romci one
777 (A W sc %77’3%0"@ W@F@%";ﬁt.ce')’fﬂélyl%ﬁ@ﬁu ‘5 %af%ﬁfélpé?dseﬁ’l‘%ne 777 starts
with the ATGindicated in Figure 31. [00107] FI GURE 42A shows the am no acid
sequence ( SEQP] DUNG thE23veot gereac tt&nploby pephigtierltomasish atuad the gonetel one 778

( B/ Mal aysi af . r 778 with the
ATG | narbac caiae s piffh BRER. AHLA0, SRR, BuSlaltl it Re ! Se0 o
NO 53) of piledugson yﬁo@wﬂq des vacaine cth@dedpirarpoeinoment pr@eduBs bt te ieddfidg 2006) . The
open readin 4 cat ure 33.
[00108] FI GJQR%EEJE%IA?% i e’&& het%lmgen%h Qe “‘3%%32%‘5@“?%@2% {1%4 l\%tﬁ‘gﬁ%fg “Phe 20

pol ypept i deattenpgied \@P%@S fthases slilbmaskB0 theadigintitsdopesint/cByredtiR)yith he open

readi ng fragRugf, GrRMem/BOnRE dhlifg Watn@wtuﬁﬁle&-ggrhsnd' cated in Figure 34. Figure
43B shows the am no aci d sequence (S NO 55) of the pol ypeptide

transl at ed A/ Anhui / | / 2005 The open reading frane of
lone. 785 sIBTTFLERS Aol el Hedp s O PO KL SS S BT T CURES 44A Shows
the am no adiett ageguebeefdGEGudkDINGs nbfhpd, dfclidhg t2&ispoF c}bﬁ%ﬁﬂiﬂad@l deadgbated from
cl one 782 (A/\/ et nant 1194/ 20 4 The o en.r f clone 782
starts with"¥FREY hﬁl& R R ny?mlgh%)ﬁ)ldén%%{mﬁ 8Wrbesﬁg @ﬁ%@%’rﬁﬂ ani no acid
sequence ( SEQeckdnNQy r&) frofm deingic pabygapty id éhetvirandlead mimfrddnmo@hmm eggd83

(A Teal / Hon Ken e adi n .of. cl 783 starts
e the ATeoend el fn iRl Bn GRS GG Sden s Rs0 B0 0056

[ 00110] BP GJREM@I& usddonvsurtfhrammmndcborgqmdlueeq tiewe eAlfGREQsdnPhiErses8ive af egkhe

pol ypepti de 784 gyi.ne/ Prague/ 56 (H/N7)). The open
reading fra %{eﬁ’?%a?%ﬁgm?g%g%?%g@%%% ’heg?}qn %ﬁal fdi cated in Fi gure 38. Figure
45B shows the am no acid sequence (SEQ ID NO 59) of the pol ypeptide
translated fromclone 785 (A/ HongKong/ 1073/99 5(HON2)). The open reading frane
of clone 785 starts with the ATGindicated in Figure 39. [00111] FI GURE 46
shows i munodet ection (western blot) of elution fractions 7-17 of

pl ant - produced VLPs, follow ng size exclusion chromatography. The el ution peak
(fraction 10) of BlueDextran is indicated by the arrow. Hemaggl utinin subtypes

H1, H2, H3,1-15, H6 and H9 are shown. Hemagglutinin is detected in fractions
7 14 correspondl ng to the elution of VLPs 10 [00112] FI GURE 47 shows an
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and Stul restriction sites are boxed. [00161] FIl GURE 96 shows the nucl eotide
sequences of the final sequence (SEQ ID NO 136) synthesized containing Hl
Al Cal i f omi aM@ 20093¥8quence. M protein portion from Dr aPFT/CAYORYAY26r estriction
site is underlined. PDISP is in bold. Mutated Sad | and Stul restriction

10sites ar d 00162 GURE 97 shows.the n cle ti f Fragrrents
0TS0 1 b ReTITEBe fo aE BT 1R Bniredon SE RO nerS it i
synt hesi ze strlilﬁ fdﬂkroNth@leigéﬂhﬂttﬁ/véﬁa’B&Qﬁocﬁetmn@/m abtﬁdeviag Rﬂﬂugaﬁedechm(g@tyl on.

[ 00163] FI ? gg‘ﬁ:‘:} gottl de seg aince of I@}a si on (gassette nunber
560 15 (SE aT eNEie %é’fﬂrs F BIPIAEen LS SEPR SR Bro ot Y SR8 4 i mmedi at el y
downst r eamrédsnable timefiahoto Ja. pakdmSRnHAGH dlid &hGalfictubin g caphdily 2008itedequence | S

under| i ned. DETAI LED DESCRI PTI ON [ 00164] The present invention relates to the
production JQ 12]“1rolé§mh't %se%*e%g;s ,gpﬂémé\@ es ARG IbEL Cp%&uyed ih REmPLERGRY | nvention
is directe uctio VI rus- |ke partic \'es conprising influenza
anti gens. [C@M@S?%@WIQMMWK@T HERC picgtsi erﬁhqléﬁeoﬁnfahqmamﬁ@qdn sdevsrsbodi nent .

[00166] The g@ﬁ&%@mw am&&és% ﬂ%a% Sce@trﬁﬂﬁhﬁat%n %g%;ﬁ @E@Elﬂewmah&gcl eoti de
sequence enco an ant’ om an envel or exanple, the

i nfl uenza Hewacsylase milﬁeS(th%}se olgzﬂwbie\maﬁ pasedlias Ieliabm«@telmp@w@ anégmlét: eHyrer egi on
active in anpl@ARents[ 00167] Furthernore, the present invention provides a nmethod
of producing virus like particles (VLPs) in a plant. The nethod invol ves

i ntroducin ucl ei c ac d encadi an a en operatively linked to a

regul at Bt yg[P® ?éﬁwaadﬁce iFY PRRGUSH] it Dect ﬁffva PHEs BicaRpinang i %ﬁm VSR t he

p:c anL ?/Dczm&gdaoﬁﬁ@ﬂédﬁé&%ﬁfo%@@&&hamadsﬁ&u Patidiign, taﬂﬁl?tﬂifﬁﬁion@fl a porti gn
of the plant_under conditions that rmt the expression of the nucleic aci
Cher ey pr JuHEr A Rere bk AR et B ERREE hiyDe B BaR B FOM AP Uehoa Vit us
however, Vlifsctethiyisead @lbs (l@eawford epzﬂpl@ggzedlahsrsommmqlaﬁrap}easﬁpanﬂmm @dnder i ved

Vi rus |ncI ”d'{}%t &5 E] h% ied to Measles, 5 Ebola, Marburg. and HV,

[ 00169] The PHVERHT c}ﬁene Up bdds VLPs of all types of influenza virus which may

i nfect humans, including for exanple, but not Iimted to the very prevalent A
(HLN1) bub- [Q@/lﬂé()( tecgnt conCta v Badutidenkiod/ spdredly” (sHaiNTY aliforhi/ OAOPn darieitila/ 5/ 05
sub-type ( Falliduy (hQilddiah: tﬁf;)w mﬁlalﬁ RAnd Gt AOMTERM b, (g sXATP! 6 SEQ 1D
NO: 26, Figure 100), n‘i I'D NO: 27, 10 Figure 10P), to

obt ai ned f rdsierted mecpuﬂtlquslawe &G@QM 3?§)é§stam‘trllb§> tbﬁfrablﬂlﬁﬁebywmm m@wwfgﬁ)’dleypes are
al so i ncl udegdshifed. hewdr K384 fof Eflié‘f:amlﬁeoghtlvfrﬁh &mllﬁfem%é @5&@%@%&%@}907 ( HLNL;
SEQ I D NG 48), A/ Solormon Island s/3/2006 (H NL: SEQ

Al Si ngapor eV/aW@P“(Wm SEQ I D NO: 54), AJAnhui/ 1/ 2005 (H5N1 SEQ | D NG 55),
A/ Vi et nanf 1194/ 2004 (1-15N1; S EQ ID NG 56), AJTeal / Hong Kong/WB12/97 ( H6NL;
SEQ | D MO 5@)1,5] S;deﬂi&goﬂ@ﬁmgfuleﬁﬂ&ﬁ%nﬁb&l@h&l\‘?dl kb IBReNO, thOhfectMuBeycsdiane/ 10/ 2007

N Equi ne/ PPOIIE) SEH APFSILEG B RGUE Ty & A28 PH00RE P D N 52)

13/ Fl or i da/réde00@1ycGEeihinmN@b3l)pidy. TAé Balirdtan me&bﬁéﬁ@&ssﬁﬁj d‘ﬂl})e slaBERId D NO

127) . [00170] The Al &S€l L NEnE] 00 o3l A0.REL! AR, 0| NELUCNZS, Jlyr uses whi ch

i nfect other 8 el 856 ani el B }r)'rp ﬁ | mat es, hor ses,
pigs, bir dsendeioaﬂ Inmgxldlﬁowfmemfgnm@irzgd dndchdssas @u@ining admﬂus:nzg@ms& thepoul try,
chi cken,s cape [ m nk, stone
marten, ferr ek’ I’sOte da Oesg?rgénq |§l§!s&oc%?g%ﬁead% ﬁ;%ton O%‘ﬁglpfhd%mk& ﬁé‘}% the Iike.
[00171] Non aog mﬂtsmg)aémméll\é?sm@ﬁlat@ftﬂq@aseaﬁw g@WStﬁhmtnunla(ycamei sxgiaegsed i n pl asma
25 menbr angidgid SEdici (MRS WHRG!MEBGte il e CAPRIRuPhPLigh RNAlsyithalis: P24:  gp120,
gp41l - envel ope proteins, the structural proteins VP30 and VP35; o/ SGP (a

gl ycosyl at entipediesge HA nieipiby IR hws Bfasiiondty metrabiging visedntedtoity.esbarepd e Ebol a or

Marburg, OranfifiRickho Rb@kdhs ndidficfind Pfe&ioR 1RfeaRPRGTVXANM FepBG8on, f OF exanpl e,
Measl es. [00172] The invention also includes, but is not limted to, influenza

deri ved VLP obta id envel o from t he pl asnma nmenbrane of the
cell int%h §(P116P ﬁ% "(foﬁg hilo 18?93959%5 GXWS’QBT%PEBWE%&Z%@W@%%}W%%XW essed.
For exanpl &,eus. fTht Berodkdd prseifddd @SEBEI hdbeig RArARE vbReReISMahamaAukde VLP may
obtain a lipid envel ope fromthe plagoa nmenbrane of the cell.

[00173] Generally, the term"lipid" refers to a fat-soluble (lipophilic),
natural l y-occurring nolecules. The termis also used nore specifically to
refer to fatty-acids and their derivatives 5(including tri-, di-, and

nonogl yceri des and phospholipids), as well as other fat-soluble sterol-

contai ning nmetabolites or sterols. Phospholipids are a mgjor conponent of all
b| ol ogi cal nenbranes, aI ong with gl ycol i pi ds sterols and proteins. Exanples

P PR P I R - .--I N Ry I P PR N P T P | B I P PR T P [ PR [
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superior to those induced by a conventional vacc%e Immunogenicity and efficacy of

baculovirus- expressed hemagglutinin of equine influenza virus was compared to a homologous
5  DNA vaccine candidate (Olsen et al., 1997). Collectively, these data demonstrate that a high

degree of protection against influenza virus challenge can be induced with recombinant HA or

NA proteins, using various experimental approaches and in different animal models.

[0017] Since previous research has shown that the surface influenza glycoproteins, HA and NA,
are the primary targets for elicitation of protective immunity against influenza virus and that M1
10  provides a conserved target for cellular immunity to influenza, a new vaccine candidate may
include these viral antigens as a protein macromolecular particle, such as virus-like particles
(VLPs). As vaccine products, VLPs offer the advantage of being more immunogenic than
subunit or recombinant antigens and are able to stimulate both humoral and cellular immune
response (Grgacic and Anderson, 2006). Further, the particle with these influenza antigens may
15  display conformational epitopes that elicit neutralizing antibodies to multiple strains of influenza

viruses.

[0018] Production of a non-infectious influenza virus strain for vaccine purposes is one way to
avoid inadvertent infection. Alternatively, virus-like particles (VLPs) as substitutes for the
cultured virus have been investigated. VLPs mimic the structure of the viral capsid, but lack a

20  genome, and thus cannot replicate or provide a means for a secondary infection.

[0019] Several studies have demonstrated that recombinant influenza proteins self- assemble
into VLPs in cell culture using mammalian expression plasmids or baculovirus vectors (Gomez-
Puertas et al., 1999; Neumann et al., 2000; Latham and Galarza, 2001). Gomez-Puertas et al.
(1999) discloses that efficient formation of influenza VLP depends on the expression levels of
25  several viral proteins. Neumann et al. (2000) established a mammalian expression plasmid-
based system for generating infectious influenza virus-like particles entirely from cloned
cDNAs. Latham and Galarza (2001) reported the formation of influenza VLPs in insect cells
infected with recombinant baculovirus co-expressing HA, NA, M1, and M2 genes. These
studies demonstrated that influenza virion proteins may self-assemble upon co-expression in

30 eukaryotic cells.



817 g gg oss O.,g 69S Lbg Is Zgg 0 g g zgg Z b g Influenza strains
LOOZ/ 6 g/ 311u 9s1111 /V A/ Sol onon | sl ands/ 3/ 2006 A/ Bri sbane/ 10/ 2007-1

A W sconsi MB70 2008385 Mal aysi a/ 2506/ 2004 B/ Fl ori da/ 4/ 2008CT/¢4¥NYUOFqu5U! s/ v

A/ Anhui / 1/ 2005 A/ Vi et narrl 1194/ 2004 A/ Teal / Hong Kong/ WB12/ 97

A/ Equi ne/ Prague/ 56 A/ Ho 111 LE ZH SH SH 9H LH
6H O one. NJOTSUL Eomet:Pueray U0 dedh Vit pcisg 1 hemasel g I Feghe 3w+ 30 i
2010/ 003225Jr6dih A2 HQRRR2A vWislid éaM@R1 HOVLOB]dlke ﬁ@ﬁlﬂﬁfﬁé&tcelllsmil&ﬂévle@ n al SO

i ncl udes nugl eoti de_se es SEQ I D NO 28;. S
encodi ng thlﬁ? 8l-143007 ]—lgacg%af-lpf“ ' ﬂ%t(ﬂelr?ﬂ@irifi fo%%eﬂ’ gf‘@%té’ﬁtan?rﬂ% aI S0
i ncl udes a dﬂﬁx@dnemea@e)fmwemzes telpdifed elprdseticz eSHA Bﬂt&diahﬂislélaﬂgfﬁﬂprohﬁdhi‘b}dl sation

750 i ncl udbs TeRb DT Gt SECRUB AL ERAP I UF reeot i u i RgaR

hybri di sat itvCRnghdirelensigtle e e angat medioh. of SEQ I1) NO 28; SEQ ID NO 3; SEQ ID
NG |. These nucl eoti de sequences that hybr| di ze to SEQ I D or a conpl enent of
SEQ I D enc t t P, and
the VLP 1 g QAo L B o e BB R R R Bl Ot ™o
exanpl e, expwsessillpmdedes apnetepmmuemumdfeagmqmaw ofhnfiueazaplirntA/CRY/ 34 for ms a
VLP, and t ?eyv 0 %ﬁ;{ bl e of

bi ndi ng Mwl}r{cﬁu in ﬂ%ﬁﬁgggbﬁu& W%%gggé%%?%l-&g&)ﬁl naghgge%%gg?ﬁfl uenza
types ot0 swmrg/w@der%fe byypfthe ohweet sird micnerpleiesy, simila tathpjeebteined mduces an i nmune
response. [rQQHTﬁaﬁaN%%eH{(@ﬁﬁﬁcéu vention al so includes nucl eotide sequences SEQ
ID NO 12 SEQ ID N014 SEQIDNO 15, SEQID NO 16, SEQ ID
NO 17, SEQ I D NGO 15 SEQD NO_19, SEQ ID NO. 20, SEQID NGO 21, SEQID
NO 22, 3580%1 Rer PE@IC*I%EQW (4095530 a0, 2004(585 b cackeey i poNef 26, SEQ I D
NO 27, SEQ Nidwchide Dis3ase S HR NAviad tfluSz@QANRKBEIWis36nsinHE QHE RN rdhéfordédQ | D

NO 38, SEQ I D NQO 39, NO 40, SEQ ID NO NO 42, SEQ | D NO 43,
SEQ I D NO 441! €ep3cFpe ?%E%@ U E SOMPPS I MPERES | %ﬁpﬁﬁﬁcqi?‘gmbere"gﬁé D NO 47. The
present 13 nv;ﬁbmpblﬁidesadhsmvarﬁﬁgmdﬁmwesmésemfabbi&aﬁ@mmm;e t hat 20 hybri di zes under
stringent hybridisation conditions to SEQ ID NO 12 SEQ ID NO 13, SEQ I D NG

14, SEQ ED , i SEQ LD, . : D NO 19,
SEQ I D NO [9@,3 ] éﬁ‘@lﬂ%%gﬁg?“y%y ‘%EB tﬁ‘%qf#gj “%?f’peéé%s F“E@?\il&? ‘%@,ft@?ﬁeﬁ 24, SEQ
I D NO 25, @BECHthiDti@nenbgane §pO theplada 2embSEQor fiortat &3n iBEQ! pRaNde. 35, SEQ | D
NG 36,  SEQUENOAT QPN AR NG R SE QL NG, | SEQ 1D NO 4L
SEQ ID 25 NO 42, SEQ ITD NO 43, SEQ I D 44, "SEQ 1D NO 45, "SEQ I D NO 46, SEQ
ID NO 127 tesmisgtian pryandpvirms ceﬂrﬁéstm%ﬁvémmip#ﬂmlﬁw@ﬁb@b §omitheslaspe smembroe | eot | de
sequence t by adularzo@v)z @mwé@ pwgafaés armawtoslﬁ&%n@%g&am%@s to a

conpl i ment o Q ID'NG 12 SEQ | NO 15, SEQ ID
NO 16, SE@?nEbeN@f thﬁopmeﬁ@ ab%lmssﬂqorf the kg wipgant SEf@jomé Wases2bey SEQ | D NO
21, SEQ ID A}Qha?a&enz%ﬁ%lﬂé?dd}@ ﬁ&élnteﬁﬁﬁnk@o&@s o?fﬁe h§E@H' Rd%@t Mth@ Lasr§£Q I D NO
26, SEQ ID NO 27 EQ ID NO 35, SEQ D NO 37,
SEQ | D NO. 3Bembgyrg frltbork@ wallse@mf Neyraipnant s }BVWHRTOd‘SEQHIanF\@SHQ SEQ I D
NO 43, SEQ doDe N@eﬂémve@ﬁ@nlt@ A BemBER, Irdihmléﬁles@ﬁ%@emsma&%mefanéSEQ | D

NG 47. Thes otlge seg%‘ences that%é%%‘l di ze to SEQID NO 12 SEQ I D NO
13, - 4 eW? ik PGS BPRESNO. 14, SEQ ID NO. 15, SEQ
| D NO 16 SEQ ID NO 17, SEQ ID NO 18, SEQIDNO 19, SEQ ID NO 20, SEQ ID
NO 21, SEQOIB] N@rer2 hfluSEQVLDpNGICtRE feclBEDglcDrehn tRelo- BB d@ult@B, SEQ | D NO

SEQ 1D N 38 BT BN A0 R 19 S T RS el B, e

ID NO 43, SEGlenTy f00hHear SEOINIeINGsmBse ORGS HDNO4ecciBED. ADimider VIZ7 or SEQ | D

NO 470r a f .14, SEQ I D
NO. 15, SEE&{H%L%%%% g ADL mat jit ‘E‘%QF E’Q’ OEJé&“géng’}Dﬁﬁ%%%, SEQ I D NO
20, SECGM | |proyeps ‘ZlihOHSqulmltg qmessm Of sEthDUNUIraQBrote@E@_ degirapl©to R4gler8EQ | D NO
25, SEQ | Dd}gevg{@% meaER JaRi NG 27, SEQ ID NO 33, SEQID NO 35, SEQID NO 36,
SEQ I D NO 37, 10 SEQ I D NG 38, SEQID NO 39, SEQ I D NO 40, SEQ I D NO 41, SEQ
D NG 42, SEQ ID NO 43, SEQ ID NG 444 SEQ ID NO 45, SEQ ID NG 46, SEQ ID NO
127 or SEQ ID NO 47 encode a henmaggl ut| nin protein that, when expressed forms
a VLP, and the VLP induces production of an anti body when administered to a
subj ect. For exanple, expression of the nucleotide sequence within a plant
cell forms a VLP, and the VLP may be used to produce an 15 antibody that is
capabl e of binding BA, including mature HA, HAO, HA!, or HA2 of one or nore
|an uenza types or subtypes. The VLP, when admi ni ster ed to a subj ect i nduces

L B L L I I aVal: laYal B L A.-J-A.I I T 2 . L D L P



WO 2010/ 003225PCT/ CA2009/ 000926 [ 00214] The VLPs produced from i nfl uenza
derived proteins, in accordance with the present invention do not conprise M
protei n. Th&VOMO1§E228i n i s known to bind RNA (Wakefi el dPEREABOYMATEe, 1989)
which is a ¢ontawinant of the VLP preparation. The presence of RNA is

undesi red when obtaining regul atory approval for the VLP product, therefore a

VLP 5 preparation |ack advant ageous. [00215] The VLPs of the
present i nv&AtIdnoHE© B@geﬁtnglﬁAﬁgrggpoPWatéonﬁf?ﬁmg a g 1 stgvg o E%{Prﬁé’f“@ﬁlféd by

I acki ng t hevalihd inbioticorsd wileat 16 dprcRh@ifbsive, kid @xBem pedacif @bdind®kds, an i nsect
cell, fung| and ot her. _organi sns in¢cluding spon coel.enterara, annelida,

Gt hor opoda e BTF S AR HE A HOES,Sor FSCHBR T HTCEN B PLEh ol HEHE hos,

ehaet ognat h@rocetsﬁnt acul ate, chlanydia, 10spirochetes, grampositive bact er i a,
cyanobacteria, archaebacteria, or the like. See, f or exanpl e d ycof onun (UAL:

gl ycof or ution/ES-AO3E. html) or CGupta et al., 1999.
Nucl ei c %m%ﬁ%éggr(?ﬁ‘;\ﬁggg&ﬁ% or Toukach et al., 2007. Nucleic Aci ds
Research 35: D280- D286; or URL: gl ycostructures.jp_ (Nakahara et al., 200

Nucl ei ¢ Aci (#82@dsie ar eticcset ingisBnfigTte Proyifsimerhesd llaihaeméflr@cltk@m@mclm(\&f@o7

doi : 10. 1093/ NARi gknB833). The VLPs 15 produced as descri bed herein do not
typically Cmpﬂiﬁﬁﬁorﬂﬁyfo&mﬁl@@ﬁﬁn‘(eh@énthhbmﬁﬁf[dﬁd Nﬁudme/acbiecoﬁ@riﬁm essed with HA
shoul d VLPs c isin nd NA be desired.. [00216] A VLP E‘{K%guced in a plant
accordi ng t BEEME 585 ??tegc" FEap antieRR, Eere AL FRVARDFdYE Ut RN 4 pl ant - deri ved
i pids. ThereMiRotyaygi@oatpvd is @ pant, thd AlligeliAlan Giflubid2 hgeptiuten (HAe Ppdfastly,deri ved

l'ipids y be in the of a li and may further conprise an 20
envel op suE’PS‘E}ﬁﬁ? ﬁﬁn}l%e ﬂuef*ﬁaégkgﬁﬁ)fm%%% %ed 1ipids my conprise lipid
conponents of the plasma nenbrane of the plant where the VLP is produced,

[ Rcl uﬂi '?gd Baesrde HA WX®21§E§ar§Emmm§n@w‘fhtﬂlﬁmept(dﬁ(?e notn-natl\lfe signal

phosphat i dy ids, phytosterols or a

conbi nat i oni)eflpher e%!‘l?ergﬁémflant 13“%(/;3%? %F%Br%?/ alternately be referred to as a
" pl ant I|p|d ?&Ies of plwosterols are known in the art, and include, for

exanpl e, st 08%%131%1‘@ encedeg B)éthéf%qlelc sEbmaheeHycchBflewne ridyredh Iaar e5er ol -

see, for exampheo ﬂﬁﬂder&ﬁ salkcted ﬁ’&%e glo@P &bV P11 ey, o8, st&gsaecm‘ or
structure and s

exarrpl glutination on
i croscopy, Hé’rH%ﬁHg’l}i]é }é%mé’l}ﬁlﬁ Sﬁ%gp’asﬁ???“pf@ﬁ‘f%‘wn%‘} cl usi on
chr omat ogr amydedw&t&lnuaeib s ﬁlajal’)@f&(ﬂh BSpeR)infienaxiniaated fonome ploapt tissue by

honogeni zi n shed. plant _material .in extraction
30 buffer, gor?gf é%‘lrlu%% Lﬁ%?rﬁgéfq g@ a?é%\%éatc yctgﬁ’t‘lﬁl‘%‘b%f‘ll oM B pi t ati on

wi th PEG mayw @llisenibe4/of. benefit. The soluble protein is quantl fied, and the
extract passed through a Sephacryl rmcolum. WD 2010/ 003225PCT/ CA2009/ 000926

Bl ue Dextra l,i l

chr omat ogr a&? O@ g@( |ngﬁl§&%§€algbsprgﬁ§e?hg% E@%aﬁ%}%@%ﬁ%éﬂ{u%g%ﬂoﬁ%}gdfet erm ne
t he protei n(‘@d’hblh@mémtcogmnslhe fraction. [00219]Wthout wi shing to be bound by
theory, the capacity of HAto bind to RBC fromdifferent animals is driven by

the affinity of biftdb@kcis aaqlucrélcaa@id%%c@&g?an%tlg%a ﬁ%npdaldmw@pe@rvﬂwmeéxm 1® these
sialic acids on the, surface of RBC \E@w ne and m i nfl uenza vi ruses

aggl utinate erytfrliyradempgshiign (Ha Pa%tralgp“ée?ltf%mlafoﬁ@Pw%@w&@@go a

chi ckens, ducks,re@ilitde g @&ive e piSst, iGloeRihlanOF f@SoahdedTidd; Wher eas human
HAs will bind to erythrocytes of turkey, chickens, ducks, guina pigs, hunmans
and sheep (see &) $swubdtiog the pait @la poﬂt@ﬁ‘t’heré%re ohdegyqndiviohs B2 pernpdt@3 expB3siomnd

Medei rossR et al 74-85). Exanples of the species 10
reactivi ?y of Fﬂt}%?‘uéel??céégth%%ymo tid ﬁevlt%al ns is shown in Tables 2A and 2B.

Table 2A: S nza strains.
Seasonal St E§§H%CMtﬁ8ap%trﬂ%e£%ﬁaﬂli§% ﬁ{p éﬁJBﬁ%;st@g %&gﬁ%@%ﬁfé’ﬂg 774 Human +
++ A Sol ontairglingibsy BYsXoosth¢ plaMitssug75 776 Human Human ++ ++ ++ H3

Al Bri sbane/ 10/ 2007 ( H3N2) A/ W sconsin/ 67/ 2005 (H3N2) 777 Human + ++ B

B/ Mal aysi a/ 2506/ 2004778 Human + ++ B/ Florida/4/2006, 779 Human + ++ Table
2B: Speci es of RBC bound by HAs of sel ected pandem c influenza strains

Pandem c Strain No Oigin ' Horse Turkey FP A/ Singapore/1/57 (H2N2) 780 Human+
d-1- H5 A/ Anhui/ 1/ 2005 (H5N1) 781 Hu-Av--HP + A/Vi etnanf 1194/ 2004 (H5N1) 782
Hu- Av- 1-1- + H6 A/ Teal / HongKong/ WB12/ 97 (H6N1) 783 AvianH] + H7 A/ Equ

ne/ Prague/ 56 (H7N7) 784 Equi ne++ ++ H9 A/ Hong Kong/ 1073/99 (HON2) 785 Human I
++ + 15[ 00220] A fragnent or portion of a protein, fusion protein or

poI ypept| de i ncl udes a pept| de or poI ypept| de conprl SI ng a subset of the am no

P | . .4 L I L Y L L P L . | P P 2 .



WO 2010/ 003225PCT/ CA2009/ 000926 be operatively linked to a regulatory region
active in an insect, yeast or plant cell, or n a particular E)I ant tissue.
[00230] The pr@zewe0si2avention further provides the cloni RETEA2EYM(®Pei c acid
encoding an HA, for exanple but not limted to, human influenza

Al'l ndonesi al5/ 05 _virus HA 1(1;;5'\'1 or an 5HA f nfl uenza strain

AlCal i f onmi al¥8%10de msthad mapiughsr cpPrsdB e SR B{lég‘é‘iuﬁlﬂg E‘Ié"elab?n’(“ée‘bwdoacul oVvi r us

eXpressi on y@kiding a AnlkoRdQdiiGhieRcdifngiond brigitz aly deChiiRroa prokiglat es or reagents
conprised of reconbinant influenza structur aI proteins that self- asserrbl e into

functi onal | nogeni ¢, honot | ¢ hmcronl ecul
i ncl udi ng s@gw r@ml'iln l?(r-:-entg?gl Offgrc SPELTER S euséa’%%tgd){rﬁflﬁ’%e%m%% nlgs T 0l ned pl ant
cell s or trHsebondig7d.nsect cells. 10 [00231] The nucleic acid encoding the HA
of influenza subtypes, for exanple but not limted to, A/ New Cal edoni a/ 20/ 99

( HIN | ) g@!ﬂgfﬂé Bfe?t!np%(/&)laoﬂ 141_1”:1&{;6)5 tlé'aécl\)g%%g 'wﬁéé{n()iﬁ tﬁ%%xpﬁn&hﬁm%kme

Al Bri sbane/ 007 (HLNL), A/ Sol onon sl ands/3/2006 A/ Si ngapore/ /57
(H2N2), A/ Aihiie nud sl massReher AMS@@%W@S@QM@M&@% Riahly expmsqvéam ;%m ong

Kong/ WB12/ 9 HENE: Anghd 9%k ud¥nl )/ 2007 15

(H3N2), A V\lrzlslgona n%ﬁ%%%% PI(§H321 9&% Eqsmér%%%ggﬁ%%&%%%ﬂbp

B/ Mal aysi a/ / 200 B/ Fl ori da/ 4/ 006 may be. expressed, X using a
Bacul ovi rus HESEPFR t°§§i‘§‘$8rrﬁsl?eﬁt eé’beﬁ?rﬁﬂ‘rvla‘ﬁ]f)@ tﬁ <& 15 PFoVifed af“ﬁ‘?‘ ‘g&?mpl e,

Spodopt er a fnblillcgigﬁhﬁﬂuﬁﬁza@&hﬂ l&eﬁ)&tlgles Py ie ebﬂandcbﬂﬁmsuiglf%]d?ﬂ_gﬁa A ora O her

i nsect (i r’r@/l al so. be us CH)OZSZ%The n% i c acid encodi Q‘% the HA
may, alt rnﬁ‘f‘g‘f aRENL ORISR 4 Nt e'%a FAPTERE § UCSBUGECT Y CPiCaRE  The nucl ei c
aci d encodi ﬁgnlrﬂluﬁi&y Ab@alisyrii/ @89 aeehtibyly liekee Esereful @S eagicatatidme llﬁﬂﬂalf]QhI)drTEr ase

burman | nf | o R Al B L S a5 AT Pasregr RO Raer A Lo

A/ 'l ndonesi aniddSc{dHhbithy poduddig tlerVidsher i nfl uenza viruses e.g.
Al Cal i fornial/04/09 (HLN1), A/ Brisbane/59/ 2007 (H IN 1), A/ Sol onbn

| sl ands/ 3/ 2 :];g 5 (H5N1),
AN et nam 118)%%5)& i A?%%g@;ﬁgnmé%% ng/ V31 / éé ﬁ{éﬁ%ﬁymﬁ{é% ( )
Kong/ 1078/ 9&p EVWS Baplent1iegue007 (H3N2), A W sconsin/ 67/ 2005 (H3N2),

Al Equi ne/ Pr ague/ 56 (H7N7), B/ Mal aysi a/ 2506/ 2004, B/ Floriclal4/2006, or from

cel I s i nf ecfoest7)Wiht Bregnt ini?érﬁtlﬂleiﬂéladéé&He&ﬁoveﬁﬂiihoﬂ%&&ﬁfoﬂdiﬁﬁ@ﬁlé ktgp bon and PCR,
oligonucleotide primers specifjc for HA RNA for exanple but not limted to,

human i nf | UBREEMAABGCEANE GUPRTSINE6 880 i 1gAYenegenge ft?s"nFlﬂr BYGIBAERS or human
i nfluenza Abthpdeigsditén dpddbivellhibied tva fepslathQS@GIENGR S plaflfis infodegliemces from

W Sl onea T BERRET s 00y e etbijed .uﬂ%aﬁ%véPaS%55%%zPﬁaﬁ3§r?g%§ﬂﬁaP§°T%"5'505

(H5NL1), 20 5&id, theM%dM@QBQQBBCT/ CA2009/ 000926 A/ Vi et naml 1194/ 2004 ( H5N1),

A Teal / Hong Kong/ WB12/97 (H6N1), A/ Hong Kong/1073/99 (I-19N2),

A Bri sbane/ e/ 56
(H7N7), B éﬁgﬁ)‘gf %%g@ i %ﬁ{é{%? i ‘gé ?t Zﬂ’ggg;béééﬁu%%ﬁ%@ﬁ%{iﬁggéﬁé%%‘ Iy, a
nucl ei ¢ aci HS@HQ@UHWQOI-M may be chemically synt heS| zed using nethods as woul d
known to one of skill in 5the art. [00233] The resulting cDNA copies of these
genes may bgz)ogd qrhegrehant Avakib MbluGes EERbOSTheEHdd HRGHR indse EBGBinkBLichY (didpe host

expressi on syst 0 ropriate ressi o ctors for plants are
descri bed bé m&i“i@%ﬁ‘@“@l éﬁﬁ‘ggrﬁﬂ Py @H?‘a@é%“g’ﬂ 5’(5?8'05"”6?%4 E‘é@?arrpl e,
pFast Bach (pladi Fmﬂ@ﬁlﬂt)re theeSLstmag Qe putiflefFastBael exias@cthphhasgagsy. usi ng known

met hods, and 10 information provided by the manufacturer’'s instructions nay be
used. [0023 i . struct
conpri si ng g)bnﬂqih%l%%gglltmééngg%% 8&1 ,a R/Hﬁstlg@é%rglbléggﬁgg%%&ﬁgper gltulgr%gl y |inked
to a regul atigryliepreivanton bgtin A@abf@e,rn%@‘i/%andwnamph@mthan Bedippl sivaf franegul at ory
el enent s opglgngtlve in a plant cell and that may be used in accordance with the
present invention include but are not limted to a plastocyanin 15regul atory
region (US 7,125,978; which is incorporated herein by reference), or a

regul atory region of Ribulose 1,5-bisphosphate carboxyl ase/ oxygenase (RuBi sCO,
US 4,962, 028; which is incorporated herein by reference), chlorophyll a/b

bi nding protein (CAB; Leutw ler et al; 1986; which is incorporated herein by
reference), ST-LS1 (associated with the oxygen-evol ving conpl ex of photosystem
Il and described by Stocichaus et al.1987, 1989; which is incorporated 20
herein by reference). An exanple of a plastocyanin regulatory regionis a
sequence conpri si ng nucl eoti des 10- 85 of SEQ I D NO 36 or a SI m I ar regi on of

i . r EST/7 1 ™S NI/, - A -y I [ T P D I Y I



CEEFI RKGNN OFEEYHKCNN GFEFYRKCND Cl EEXHKCND MOTE  of eFyl | konx LAl YSTVASS

LAl YSTVASS LAl YSTVASS LAl YSI VASS | ai ystvass 300 CDAKCQTP
CDAKCQTPQG ®IAKOTIMPRS CEAKCQTPQG GLQRRREVQN cdakcqt pQg PCT/CA2009/68%6| OSRGLFGAI
TQSROLFGAT | QSRGLFGAI | URGLEGAI SYSAGALASC i gSn5l f gai 406 G ENKVNSVI

GTTNKVNSVT G | VI G TN TTLNPLI RHE. gi TNKVNSVi . . 450 ELLyLLENER
ELLVLLENER @Bﬁ@ﬁ\éﬁ r%ﬁﬁ\?ﬂ%@éé”@&k@f%&w‘ %ﬂ‘%’i’ﬁﬁ@ﬁB influenza, O3 EQVFFVSNGT
ECVESVKNGT GGVESMNGTA REMESVKNGE|ceredrism kirgioup consisting &30, HYIH/SUGAS, Hgi LLVSLGAl

TATLI NSLGAI | 1V aj 56 75 SEWVCSN |Cl .9 SFWMCSNGSL
QRO 46 SEIMESKESTT IR &S T el N T HIRR &P P g METReB L s s ngs
qgcrici WO HAL1Ofr@N 3 A6 RGINEA2088:00 663 6heldn@pconseigis], sle gk MdeH6,Hiiapdt es i n
upper case hs&tters am no acids conmon to all sequences at a designated
position; |lower case letters indicate am no acids common to at |east half, or
a mpjority of the sequences; the synbol ! is any one of | or V; the synbol $
is any one BP42] Ado ingluded frethepratsol invéntien igmgongneaitionf compgpingyan affsetivedpisofa# i s any
one of N, DypfnEvB Pmpfisink AEinBYERAirus HA ppbtSin/ihe BB 1R ofk f18r gpid,aanggl etion);
X at position 3 1s any one of Aor V; X at position 52 1s any one of E or N, X
at posi ti onplggnjcsuticalbracgRptaidegtmigosition 99 is T or K, X at position 111 is any
one of Yor H X at position 145 is any one of Vor T; X at position 157 is K
or E X at ppeii]ites phédt inSenBoPilsdSonmplatePSinteh@Br dddRors 51 VA @Fotdis tiat &rmPOSi ti on
203 is Nor_D;, X at position 205 is Ror K, X at position 210 is Tot K, X at
posi ti on0228LPsnRPhAl y: X at position 333 is Hot a deletion; X at 10position
433 is | or L; X at position 49) is N or D. [00243] As another exanple of such
vari ati on, H0s4dhe peenainvgnoeriso @rdnconddisuspseqrencdchavirkidbearing

A/ ndones! af 412000 CHRETc6eaTE Rabes) I AREI I absile G0 1o

4: SequenceAahflugmarentypal thiloomsen susuigamwé hpe Afinfluchi [ sdedtaldtoadthpigNip st r ai ns

VEH VLA TOR Oeati® U8 UR &R B T ORPTRB S st ety & vmlbere "

| GYHANNSTE InGYHANNSTEO IGYRANNSORe HAVBDTPNEKINY AQUIRINKEKHREtONOM thERNY QVDTI MEKNV
50 | VTRAQDI ;:Oglsx;ﬁ\b/ilngﬁgq@%w;mb%gyl TAQDILE 10 56 55 Consensus 10 56 55
Consensus 10 56 55 Consensus 10 56 55 Consensus 51 KIHNGKLCDL HI HNGKLCDL
STANGKL= KTANCKLCDL 101 PI NDLCYPGS PVNDI CYPGD PANDLCYPGN PxNDLCY2Gx 151
CPYLGSECEF E8{adakssid epeompitsre Fepyeieiesere: ounora e rioveERpreael kng tip

AEQ KLYONP ARQ@IERY N HeDSVHE, Hb RID 0DSVKPLLD LIRD, BGEYIKRE bR doEWEdkd: bRIdENDYEELKI | L

e, PRt G S AT ) 0P OB
CSVACW.LGF CRWAGVHGAM o BRIAGNNIN ALSRKMHEEKY ofkSRD NAFEKn oL SRONAFEKE L SRLNHERKI
STYPTI KKSY TKRSY NTYPTI KRSY STYPTI KLR | VP VPRI A LNCHLVFKI A
LKQRLVP= ?%&El%ﬁﬁaﬁ%ﬁ%fﬁ@@&%@% / Mdﬁlﬂf@ﬁﬁ\'{ﬁ@ﬁ% REEFED Q | PKSSWES
Q | PKSSWED hiaPHSBABHRINST AR}/ QR BRI NN TINGE DI AraNNENQEDLL! | RSKVNCQSG
TRSKVNCQSC WT | VEKAN EVBVI VEKAN

EWSY! VEKAN b @Mﬁ@g@’ ﬁ@&%&%@ﬁggﬁﬁiﬁ /SSA HEASSGVSSA REASsGVSSA

200 | WG HRPNDACK/ M8/ Ga-NDA 2NEBIARFSNArylaAd/ BV ARGIIDAG), A/Mallard/@50evREBEWT | LK

RVEFFWILLK R i K VBT / 9 6 15 56 555
Consens&g 18%&5@5%&%@%%%%% %ﬁéggﬁéé%%@ég%éﬁg%éensus 25 10
56 55 30ConSénksnsestiyy/66 AZBBBoRIor&/8hEUIN1L,0NRGHan5T/200hEEMY us/S@G1on-NDAI NFESN
ENDAI' NFESN Elahégﬁj/%gﬁl}l@'Aﬁh%ﬁm/ﬁ@%fﬁéﬁﬁww &nsi%%WlNg&NSSNPFHNl

| NSSMPFHNI 351 Al AGFT E Al AGFI EGGV Al AGFI'EGGN Al AGFI'E 40T 11 OKMNTUFE

| 1DKMNTQFE  BMBHavRr@RE/ J00HrVNTaE 2059, ZRTEDPEBSN (ERYDDEMESN/ IFF00 BEFRHSN
ERTLDFEESN Wet%%@ﬁ&%ﬁ@!ﬁ%&gww @Y@]&FQ&%@P@ ¢/58- SLWMCSNG
GLSLWVMCSNG GLSLWWMCSNG GLS NG GNFI"APEYAY GNETAFEYAY GNFI APFTAY GNFI APEYAY
HELTI GEETK PN ) Grbenakiory T4 7S ERON A CaomR/ GAWDEIWGSY QGWDGWGY QGWDGAWGY
QGWDGWYGY AVGREFNNLE AVGREFNNLE AVGREENNLE AVGREENNLE VKNLYDKVFI L VKNLYDKVRL
VKNLYDKVRL VKNLYDKVRL FARLKREEI S EARLFREElI S FARLKREEI S EARLKREEI S 568
SLQOPLCI SLQCRICl SLQCRICl SLQCPLCI _KI VKKGDSAI Kl VI CKCDSTI Kl VKKGDSAI

Kl vKKGDSal YVKSNPLVLA YI KSNRLVI A YVKSNKLV1A YVHSNr | VLA HHSNEQGSGY HHSNEQGSGY
HHSNEQGSGY HHSNEQGSGY RKI ENLNKKU RRI ENLNKKM 3Rl ENLNKKM RRI ENLNKKM QLRDNAKELG
QLRDNAKELG QLRDNAKELG QLRDNAKELG GVKLFSI GQY GVKLESI G'Y CVKLFSI GTY GVKLESI G Y
MKSELEYGNC MKSELEYGNC VKSEVEYGNC nKSEl EYGNC TGLRNSPQRE TGLENSPORE TGLENSPLRE
TGLANSPgRE AADKESTQKA LADKESTQKA AADKESTQKA AADKESTQKA EDGEL2VWIY EDGFLDVNTY
EDGFLDVWWY EDGELDVNTY MGCFEFTHKO NGCFEFYHKC NGCFEFYHKC NGCFEFYHKC Q LSI YSI VA

' el Y  at s, ' el Y  at s, ' el Y  at s, raYaYal N1 777" N"T"I'sS\\ WS\ NIFT1L /777" SNT"I™ N WS\




20 therefore, teaches an am no acid sequence encoded by it. The invention,
therefore, provides for am no acid sequences of the herrag lutinin of those

i nfl uenza sW&R00322d subt ypes di scl osed herein those dPSECOYEYNEPein (e.q.
A/ Californial/04/09 (141N1), A/ New Cal edonia/20/99 (H N)AlI ndonesi a/ 5/ 2006
(115N1), A/ chi cken/ New Yor k/ 1995, A/ herring gull/DE/ 677/88

N Texas/ 32/ BBt In 2 atasct ofep ey B HApraigairrashs ayHAi 2 H3 080 6;47[ E’frl'llgher n

25pi nt ai | / TobB38 U84 Bdtheshed, Kl%ybi Qibtalhl 1040k OBE ADNBMWAYaledonia/20/99 (HIN1),

A/ shovel er/ | ran/ Gb4/ 03, A/ch 9
N ok gl ARBHSR R IR AP iar S P HOY ot RbloRgy ends 312006 (HINI) or
A cl | Mar ymdioMﬂo@((HlﬁN&)mmNrMaHj plonGhtyj aqsw/baﬁ&n&l?e, A/Brisbane 10/2007

e, e S A M LS L 10

(H ND, A/ quremnnamb ShAaNsA 3ing0idee/ [/ F1LINDNR) shhiBr TROHS erok! RO f ohBthIQ)

2// \g ﬁSSBi?Q 91?2?’9%?@Mmﬁ?ﬁﬁw@@%@@%ﬁﬂﬁ%‘%%w%egwﬁéwﬂ’tr%i 04 (115N

1), A Teal /hpagtﬁangmv&w 9% HoHBoWih mafbEdtoth e/ APT @y He dongy/ WANID7 (H6N1)

bl ant o1 ot 1825 Y7 BT gt R ISR AT 1S, (B8 VB & Ueing Fi gure

19) thenef Oi’n@enllhlﬁ tllel}m ;dotemrmﬁmn thle(AVH@ngb@l 0\7&/9@ (He2) steds h hlémhempegt af. The

VLPs pr oduc d. ace resent ventl on ¢ r one or nore
than one ty) Eméf?n 8%{/}%‘%”01‘61 lﬁ?’Fb fehz anm TP eXed ™ O?n%tﬁ]l’egBrﬁ”m&elﬁdegﬁg l'i pids.

Pl ant |1 pi dB/I\waysm/QB(laﬂomerE@kenda‘/#b()%rﬁmmplweﬁahsn@mirsdqmrﬂeaoﬁme HAe i mmune
response i nduce Pl an r'ﬁajrrplr a ol ine (PC
and phospha’t)l %}?IS gf‘ﬂéﬂof{am neS(aI‘E‘g” ﬁ&%lr@?u%g%%soln gdle%% I@Q\g@%%%%lg?ds

saponi ns, and 5 tosterols. Additionall ¥§ pi d rafts are also found in plant
pl asma menbi0akas he inflense visisdFAoproieii My bs f@ﬁ’rﬁ”@ﬁe"eﬂ“ﬁ?ﬁ%@ﬂﬁ/ﬁﬁﬂﬁl‘ﬂﬂ@FsHland

sterol s;51 ngpl aRlis A/@LNalid/ehob @inphyt osterol s are known to occur, including
stigmasterol, sitosterol, 24- 10nethyl chol esterol and chol esterol (Mongrand et

al ., 2004) C and PE, .as n i pids can bind to CD1
mol ecul es egpb%gé‘ri‘éli‘ewt s ?I?rpr‘?vﬁ‘&\eﬁﬁ‘é"?%‘g?%gnég?lf g %Yﬁ’[“? §efesenting cel I's
(APCs) | keerdediflf intli & poed. Srhaﬂdcleﬁawidmhagm na;nﬁlrmeﬁtﬁmpﬁﬁlohsmmb uding Band T

| ynphocytes in the thynus a Tsu ul es are
structural | Vg‘gi’tﬁ’iylr‘églo 8p‘?¥%{]vglly hﬂ*egtt%@ qcﬁ%m?li}g %%P‘éo Firy I\;%)“u“i‘%%ql ecul es of
cl ass | andmbheailds ma’ylcempm;eh@eqnemsembdlgg gn:Iebl IH2i H3,af Hegis Ht70H$;IIHD Héd,| s (Nat ural
Killer ce n ' 0 s_acti yate i_hna ne cells such
as NK chI shi\ﬁ@agﬁ rllqﬁ;?lgal{[ s§§ﬁ§g| sotlh%lrér’l At Jis LR tthe HA miiné cel I's |ike

t he ant i bodyurcpdeddhy dicmgelBe e@d insleandmél'yh}aalnlfﬁ Hp 0@)32H9,]I;P6 WHrH%toyBeﬁbt]zmyt osterols
dopendi g ont R eBugR R AR R SRER hinf e PP LBEEM2TRY 50" pat nogen
state, to ndhNla N/Exmblalccb/%ﬁ(Hmﬁme%/ahibyne/@é?@a? 11N tAd8 ddmanglslprnie 32084 abundant
p.hyt ost er O! g—l%ﬁ?@é@/hllﬁgm W;®§E%§|S§a1f?rﬁlsagg e&t%f glr{v&mo Hezﬁ_%%/ Cmcon‘pl exed

with alipi ayer, such as ‘an pl asma- menbrane er|ve envel ope may provide
for an éélvamca@édmﬁle\nadelpn‘edmohpltbsm@ylmfrmvﬁﬁﬁéﬁnsbweéww (HéNBeorbound by

theory, pl amwg@oqgmwﬁ’@osqg@ﬂ@&)%ﬁq matfﬁn@cr Lgppat thﬁémbéduaa{% HEMERINAS a

pl asma- nenbr ane derived envelo I nduce stronger i1 nmmine reaction than

VLPs nade i frepdeHér hexpeles sql‘émwgm I@mbe fmwthﬁé@%pw ¥ 812N stedire Theidne

reaction i ngdeednliied i w@e Rcl@d dcpnHat QL ihalss by frbH %emﬁﬁﬁm&oos{(ﬁ@%)l] Therefore,
in sone enbodi nents he i nvention provides for a n%)thexed with a

pl ant - der i vé@"FtPﬁl/éli% 2084/ &1N1). qr Adpdenesiy o0 Ip ﬁ'rsaﬁsrfé eiereniien thei pi d

bi | ayer 30y H8Brot@MRkd e by the neNMELRPBo18duld S b¥lERm théAQTeal/HongKong/W312/97
2010/003225PCT/CA2009/000926 [ 00252] The VLP produced thin a plant may

i nclude an RN sinAG projte enspeee “}S’HRP@F%%W@ ec%@wflwb@ fromfh% i nvention
al so provi daggfe/ragdddd (EORPY stréin NGddIdNRBY ihB GIoRFAGH erP@AIbL itfe nbtigh ¥&&NS .

[ 00253] Furt hernore, nodification of N-glyean in plants is known (see for
exanple U S. 5 60/944, 344; which is g@corporated herein by reference) and HA
havi ng nodi fied N-gl ycans nmay be produced. HA conprising a nodified

gl ycosyl ation pattern, for exanple with reduced fucosyl ated, xylosylated, or
bot h, fueosyl ated and xyl osyl ated, N-glycans nmay be obtained, or HA having a
nodi fied gl ycosylation pattern may be obtained, wherein the protein | acks
fucosyl ation, xylosylation, or both, and conprises increased gal at osyl ati on.
Furthernore, 10 nodul ation of post- translatlonal nDdlflcatlons for exanple

2 . D B - T . r . R | D R T I o = o1 a4 - I I T A.ﬂ r P [ W L



15(Brigneti etal., 1998). Alternate suppressors of silencing are well known in
the art and may be used as described herein (Chiba etal., 2006, Virol ogy

346: 7-14: WWQHWW@3228cor porated herein by reference), fBFTEAHNNIEONyt not
limted to, sIENVwAL, HC Pro (Tobacco etch virus-pUHC Pro), BYV -p2l, pl9 of
Tomato bushy stunt virus (TBSV pl9), capsi d prot ein of Tomato cri nkl e virus
(TCV -CP), 2b of Cucunber nosaic Vvirus; 2 p25 of Potato virus X

( PVX- p25) , mslqeulgfmap he foesp eV Hpnafeong(i Q%@R/rﬂé%‘i%) 3. (The HAse'slD GOiR ERs
(PVS-pll), epdbBeddy (R HBRRILEM nSiG B &Bm Ve BIBloriddB380d6 - &hﬁ\)ﬁalaﬁ%&S@é@@%ﬁ% tristeza
virus (CTV-p23) p24 of G apevi ne leafrol | -associated vjr éﬁ}RaV—Z p24),
pl0 of Gaﬁé%‘l“ﬁ’i%g qf FFayence Of(‘h?\lw pridmoleqes epgodiag 58 AR g%mé“( Bp14), p10
of Her acl egm H&ENHO Vi B Ushtipel-MclpddBEQ 0y NP 860 afks0-i3eng 0zmroNn | atent virus
(GCLV-pl6). Therefore, a suppressor of silencing, for exanple, but not limted

t o, FbPro |/ HC-Pro 21, TBS PVX- p25,

PVM p! | P@%l %fnuﬁsc??f‘d B"f%ém‘c‘:‘l‘i‘/‘/ noegle hipflug az‘hmigx Pfﬁe“gf\t%sgrﬁﬂv- p10,

GCLV- p16 oWmﬁhepazos/o.‘rr&;smeorrfmﬂestqameﬂyéai(fomiamgm\(\HINﬁl)t he nucl ei ¢ aci d sequence
encoding the protein of interest to further ensure high levels of protein
production b t hat
conprise a [@ogﬂk%ﬁ%ﬁ%&ns tLQQ%§ E#!:Ez&xbé& H}é{)erg toeéi( aﬁ%ﬁwf/{h%s %u%rgtgrrlgrr se one
or nore t hamvh@nélomhétra@mp@rh@vesmbplyw@el jan ingget cqliDr a ppst gefh, Syq regpfptorsHg.  HO, HI0,
HLL, H 2, B3 %?mcfﬁ'&esa pllsa&yarmagurﬁmyq dgl&h SRENLBALLHM driResaat 1 Sel ecti on of

t he corrbr nation o det erm ne e I ntended use of the WD

2010/ 00@22@vasmm@pmgwgme%ﬁwlsﬁ%ﬁhlp@@hxllrWltﬂh@g wptEin (E4B). 8%anpl e a
vacci ne forlersaepor}medrﬂlqegaia@&yr&glotal&%mxg& 6Fﬁ¥ég§ﬁ e ceRbLYRL SR of HA

subt ypes, whil Ps useful for 1nocul ati umans may conpri se subtypes one
or nore thavfludae Sof TR.uH L Bers taqpinatppseqyqgees THs plagigeyapyp regrli@toafreaon Hexks/ er, ot her
HA subtype ,¢ Qﬂi?fa%"st'og}aﬁm N&Yi1aRey REBRAREH (AR SNAIRNG tdiRRABrof :Q@uéd&% R akhe VLP. 5
In order to pro uce Ps conpri sing conbi nati ons of HA subtypes, the desired
HA subt ype bgafaliseigucskpressed within the same cell, for exanple a plant cell.
[ 00281] Furt hernore, VLPs produced as descri bed herern do not conprise

neur am 13 da_easll AjethotloN@ineing itNAuRigyto beinfloerex phe $atdomintasubjbd isklaul d VLPSs
conpri sing desi.red.. 10[ 00282] Ther.ef ore, the.prese |nvent|on
further in fOV gg’qlé Igﬂg)[f BRI AR r%?e]svrlrﬁ fikepartictsicoms png(?‘?)rlrns PFét suitable
for use w tvﬁrueHArpmtelmtoad%renm thbur aresﬂzmnlﬂpice»p& eﬁ&melslyeﬂtyem@ptammarge'net iC

| nformati Onfh st%?(e rﬁae Fx)lr Ol\alc! é:cll?ngmgtmer to a su r}eect 81":‘11 rr‘i)r{’tresi(f‘lénlrllalily 1n@r asﬁpSt ruct. For
exanple, a nuc e Seq ence enco eX erest nﬁ§ be

i nt roduced 1mtranmsrelladga,ristrarpautbnea&n@htlavgle@dmdr wb@ﬂaamuslde sequence encodi ng a
protein that nodifies glycosylation of the protein of 15 interest nay be

i ntroduged [b@b]‘@heﬁprés%ﬂ%\@ﬁtﬁm%% Bltaif to 2 NG Sike I SN PHSFRAHENRSS m3RY then be
co-expressed wthin a pla However, a construct conprising a nucl eotide
sequence eﬁ@wnﬁ@mwmqﬁnrq@ér%r DB felsted i hegpuraEsiyhe obnBresrs Merdss, modi f i es

gl ycosyl at iggpjapi@bire €@ hed eﬁ@ar%rope @fn dnRtisliAStvelBSm AR 1M8ERbst I N this
case the nucl eoti de sequence woul onprise a first sequence conprising a

first nucl éFugiongels E&%@h‘é@m@ﬁ@whe@% 181 2905 8R4 nthe FOq It BSingRR AL i vel y

l'i nked to avr30 opVRIMtHRMBurg BEY bRk May RIGOSGP;ANMeasREGAR GroS@tidegi-conpr i si ng
a secon nucl ei ¢ aci d. sequence encoding the protein that nodifies the
glycosy% ﬁﬂﬁmbPﬂﬁppﬁ“bf the protein of interest, the second sequence
operatlvely linked to a pronoter or regulatory region. [ 00283] By

" co- expr esgedf3] Addifigaltiedn presehbinvaniion relates foorerus hisrpattnge, (VhBcdogptisioears equences
are expres | samne

1 ssue o Tpaenn Ao okiig 36T b e Mh Pl s ban S A Bikalt
expressed ahendheadut ke thaickd MbPt masecomRasehe influpire virgdd4 propepr aad noedreniré de
sequences qgg: ave a
chance to ?%§é§§§%£§ 6?0253%%@3 gﬁg%%f%?ﬁﬁ?Lﬂﬁmgﬁ q??gs ngH%éé?gtron of

t he prOﬁbrnmbﬁmﬁn@E&ﬂémHWEWM@@ﬂewbn@s§@dO@H@ﬁ©hméefore or during the period
when the protein of interest is expressed so that nodification of the

gl ycosylation of the protein of interest takes place. 'f he 30 two or nore
than two nucl eoti de sequences can be co-expressed using a transient expression
system where the two or nore sequences are introduced within the plant at
about the sane tinme under conditions that both sequences are expressed.
Alternatively, a platformplant conprising - 70- WO

2010/ 003225PCT/ CA2009/ 000926 one of the nucleotrde sequences, for exanple t he

e D - 2 . B T P o 2 . 1 P [ TR L L . r 1 . r 2 .



13 I nfluenza A Subtype 143 codi ng sequence (A/ Texas/32/2003) Influenza A
Subtype H4 codi ng sequence (A/ mallard/ MN133/00) Figure 10b Figure 10c 14 15
| nfl uenza AVSUBHY82285 codi ng sequence (A duek/ Shanghai P@T@é@g?/“qﬁ?@ure 10d 16
I nfl uenza A Subtype H6 codi ng sequence (A/northern pintail/TX/ 828189/ 02)

Fi gure 10e .nfluenza A Sub e HS codi ng sequence

(S cey dbs e BEts atpie T e F Do SR T YL ATS BEYES Ho codi ng
sequence (Altahsvedublpdsodinfl @dd. b @e k dQor ktfihsueryda sdechudlito H10 codin
seguence EA/tchi ckeﬁl}y.lé;;r n él}vﬂloggé 59%111& ]\mmﬁ l;ﬂag% Sr Iru‘il ﬁie]gza A ?
Subt ype Hllgrﬁlﬂ’a‘ioﬁlﬁng%@ﬁ?% YfoaireR #81 1 Fﬁ%% ]\é FEETYYEY | nf I uenza

A Subt ype Hi@kaowh, AgesgueliDE/6) ARSI (HRVSA ATBaxhed BI0T,6 HARNSMN/Bigur e 10j 22

Fiour e 1ok Saurina 0t By RE AR BobEY bt BRI AR &) 260

82 ) Fi gur eA&BiveRAlrdniE 34BN A &hibkeSibtnypa/ NAIGIOGDIINAY AskciiBmted/56(H1 1N6),

codi ng sequaiba A RFBRLRTHES LA Gl el B 2GR AIFRER i DEYBEPS6 ™

| nf | uenzaBHAGodi Ags a8 (H BNRE &/ dk-headgd pdl/T0ale@ 7/99(Rfl ENBNZ/AGHAL 0di ngsequence

- pP as. ¢ gt bk o Al SR SR O ARG Py ™

Sequenc &0 Delendspt2006(H IN 1D AsBisbansr 1©/2807 @3N A/ BachnsiBl@LTey (HONE), gure | Os 32

Accossi on N IHGusop i dhagne ARRER B R R e e
GenBank Acca88étom/ NO4/2804(E0Y 1 FAGierleH &K 8/ WE PUST ORI & 6/181uB4/P(algd/SANL)  GenBank
Accessi on 7@?%&%?(&1’1%1 d7h /gy gﬁgl\i’é} o &/ &itRGa6400 (HEIND . FrRmM X akdL to Sac!

conpri sing astocya egulatory region operatively |1 nked to sequence
encodi ng HAsubfypes/oBstiaisah ¥LBOM 0@ preskht iNIbputRigjuslent 2@ngfies; alternately one or

Cl one775; ! (RS I i on

oper at 1 Lol y T R B e R A NP, DL R Rt 2006 (1 )
Figure 29 38 Clone776: DNAfronDralllto Sac! conpri singpl ast Qcyani nregul atory

r egi onoper at’PR8I'JF PRREHEYSERLRHEES LACBYINJUANHANBITERERN L0/ S007IBN2) Fi gure
30 39 J oneinfetiiddWih eibXIak takdePor@atsn @aFRSihSidAGRIaSIQ6 ¥ARKNE @FbRATAEYe

regi onoperati vel ,\ﬁl i nkedt ose uenci egc%g%nﬁ%HAo A/.WsconsLyn/,67/ 2005 (H3N2)
Figure 31 4¢9margherer Bk R iRt '8¢ SHa PS5 WY pI2RE Y Eniohr egul at ory

r egi onoper atdamgleylplankiedt, asaspiescoeneadhdag T vadcilBhih bayshiaizoR6 62004 Fi gure 32

41 d one(79: fromDralllto.Sacic ri singpl ast.ocyani nregul at or

et onoghr PRSP R BTG TR B BTG O BTG FBTT Qi SO0t gur e 33 42
Cl one780: DNAi« targ&roedahikih GnaSde setered fiosi thggbasdoo@ydnd iuhagd) bamhatesy horses, pigs,

regi onoper at.i vel yl { nkedt osequence. encodi HA of Sin ore/ 1/ 57 (H2N2)

i oure.3a agtetin) BASTRAE PRIERSRITT R g tlm s BAEY SErh st gul ot ory

r egi onoper addgy,.gblinle] malsaijten kogaré noet, emco stomegnartén, dérrefy, Kovkepets] iRB08k, (sN1) Fi gur e
35 4 Cl one782: fronDrajnt.o Saci conpri singpl astocyani nregul atory

r egi onoper agl%vsegfﬂgﬂ;arﬁféla?{c}fgégﬁence encodi ngHAof A/ Vi et nam’ 1194/ 2004 ( H5N1)

Fi gure 36 SEQ | D No Sequence Description In Disclosure 45 o

Cl one7835 DNAPPO P alcrant BV BHEP ReYipsiagnafgs fuPreganl hPsgutiainggmagelutinin

regi onoper a@HAéqu}oxl diftked i IReHeRES i8N GRdhB 86kl JgRbdulihoRIKP NG MBAgi 97 (HENL)
Figure 37 46 one784: DNAfronDral l It o Saci con'grl si_ngpl ast OC{}%,%" nr egsl atory

r egi onoper at Po¥ FichRB¥RYs ddtiehaerereddrdig rase sontinipiey Briglerss VERNT) Figure
38 47 C oneﬁ@@cmﬁfiﬁskmd 1RicBibhPrisdAgidb ﬁ%g@rﬂla;iiilgﬁl?ﬁrﬁlﬁgﬁﬂéﬁy@/@?ﬂs %b/a@@wgg (atg %rz 3/

regi onoper ati.vel yl i nkedt osequence encodi 0 n n

Fi gure 39 4’§feéieflc‘>%é‘s UL IR Gk A iséré‘)éa?fg%‘t%‘fai\ﬁ‘%?‘?r?l‘agﬁg?’%@?g@@‘f‘“{‘a-| 1N)

Fi gure 40A ABmhang yldd cdtld(@pirid akiretbe qugpeelipdsSnl onon | sl ands 3/ 2006 (RINI)
Figure 40B 50 Clone 776 HA am no aci dsequence A/ Brisbane 10/2007 (H3N2)

[0057] The present invention also pertains to a plant, plant tissue or plant cell comprising a

nucleic acid comprising a nucleotide sequence encoding an antigen from an enveloped virus
-12 -



Figure 41A 51 Cone 777 HA am no aci dsequence A/ W sconsi n/ 67/ 2005 (H3N2)
Figure 41B 52 O one778HAam noaci dsequence &Mal aysi a/ 2506/ 2004 Fi %ure 42A 53
Cl one 779 HAYQMi¥®326i dsequence B/ Fl ori da/ 4/ 2006 Fi gur eP4YBAYAY MY He 780 HA
am no aci dsequence A/ S| ngapore/ /57 (H2N2) FI gure 43A 55 C one 781HA am no
aci dsequence A/ Anhui / 2005 %Nl{Q ure 6 Cl.one 7% m no
aci dsequenc®@Rf AR ey IS lllS‘f\tl1 i)n ARNEB PP HEIHURZUN i no
aci dsequenaemAbdealid &mmﬁlwﬂﬂadnazen(lk@ﬂA ﬁEirghlﬂh%nz‘M‘ﬂlGalﬁ&nQO@me, 784 HA amino
aci dsequence A/ Equi ne/ Prague/ 56 (H7N7) Figure 45A 59 Clone 785 HA am no

aci dsequen n n 0 9 Figure 45 gsion cassette
conpri si ngc[g?%%ill?? &l Qn% (%%rtég{u %p%;r_égar%%lgf a‘%l r%pns%?ﬁgg 1id0af S)gﬁ&e I'nin coding
sequence of eniclﬁlgfqno pm m(trb fido nesdhapesim2 @@’EH(S @pﬂsttmlyduﬂ(dﬂ 166 &gulamyfragwra
pl ast ocyani a r e Sequence
Descri ptslaona{a i lf)l%ﬁpt i on%g{lh?_&ttﬁﬁ ress eg(l%n pgggé%%{%}gbegéiﬁ%?%% hQ&M] Bl f
pl ast ocyanlqwnpnmnmﬂm‘mamtﬁ®70 UTR, hemaggl utinin coding sequence of H from
Al New Cal edoni a/ 20/ 1999 (Construct # 540) , alfalfa plastocyanin 3' UTR and
term nator 3eayens dd%h&l%fﬁ/@g rgﬁa:hﬁré‘sém %&hl%ﬁv&&%&%&ﬁh&&mch&i drg alfalfa
pl ast ocyanin pronoter and 5' [ utinin coding sequence of H1L from
Al Bri shane/BYr pgOTes B driedt Fqlﬂcffﬂtwﬂ?ﬂ)mt ha %ﬂfsamblﬁfaw@éwﬁmﬁn@e IR and

t erm nat or &ﬁ%@&@ﬂﬁm&ﬂ&%ensé&dﬁédkﬁaﬁwmes%e&@&Sﬁt@@s conprising alfalfa
pl aston}éanl n pronpter._ an glutinin codi ng sequence of Hl from

A/ Sol ombh I@Ioéf’rli‘éfgjlyézﬁ%lﬁ’@ép (E)HTNRI)OSEIE‘B%@F"BE‘PYH@?@ and piEa¢PEip| ast ocyanin 3' UTR
and t er m nagiQlosHaRURRGARt beGHit B4lad aif&%oﬁ?él%@&ﬁtla@d\ pEASSL ShEnEAHE w8l ng

al fal fa plastoc anln pronot er an glutinin co ence of 112
fromA S ngdpeeknt astflex WQR@)GStEYéaﬂ@Y‘?{PXTk%P gﬁﬁﬁgﬂéef Ifaékle‘rfgniﬁtagi {9'8% 3' UTR and
term nat or S@gUSEGEBhiifEhiE en Sbid6hnkzée tﬁ)é[fdft@ﬁ“a&ﬂ@]ﬂanﬁa)‘ﬁﬁiﬁﬁﬁg&n(ﬁ’@ﬂipﬁ 1$¢aﬂgmsal falfa

pl ast ocyani ut injn ence of. H5 from
B Anhon | 37 SBoBE EC e o g o3 B ESHes i = or ni nat or
sequences Fin@tinhe cdib siah a&‘ﬂhtlgéﬁmr%ﬁtmgmelﬁé(ﬁsei)ﬂﬁe mf’fpfclcsllsmgd ﬂlh(frqihiiges ph@ast ocyani n

R et mant 50 o s dshBoPuE buS ROENRS Al BT ani n 3+ UTR and

term nat or Reieenees dHdigod © tl&?po&?itld’dédjevapr cé&stlotﬁrhetpasemeé bfeplanolifpds, Gic alghtal fal fa

pl ast ocyani ut i ni n_codi guence of.. H6 from

N Teal | Long RBRET R T B Rt el Pty Doy S GGy an v 3 uR
and t er m nafSeint-Beglens 80 garte a&&n&@ecb&ofekm%ml@mféfagsmtmaetscorrpr| si ng

al falfa plastocyanin pronoter and 5° UTR, hcmaggl utinin codi ng sequence of H9
from A7 HONGIKRNS! AR 6BNRI EOIRLINER wicEaR) odlirAlid oL ASkacyanin 3 UTR
and term nator “se uences Figure 5 No Sequence Description In

Di scl osur e BYCHASEREIAGET e bpy ¥L%%Hﬁ#e|l%?tbfg gy fagtyrang syssestses i the pr onot er
and 5 UTR, mﬂﬁﬁ@%&t%ﬁhﬂ&h&d%@{c% 80 EPQfill bd SrdnE@WnAY cRipael tARE/ 10/ 2007
(113N2), alfalfa plastocyanin3 Randt um nat or sequences Figure 60 70 HA

expr essi on %@f@@@loea}%?qdéwﬁgewﬁe}ue@d phelevigwyastins pronot er and 5° UTR,
hemaggl uti ni n codi ng sequence of 1113 from A/ Wsconsin/67/2005 (H3N2), alfalfa
pl ast ocyani n%lwmatrmljzwrwa'tm‘s mladalfquhelwessek:i\@ms eroﬁmeMaMn@gqmﬂ&:shmn cassette
conprising alf ani [40) d 5 hemaggl uti.ni n. codi ng
sequencgyo fl?o I?tlfaitladusp kﬁ?eﬁtlnﬁte IB}OA(%JC%E{% %ﬂ ot a? ?%Pt%cantan easit wouldcoe

pl ast oeyani W@km mhdméplm infattons siegued cewst @qlgmd ErppdvQiokAPletpnds ¥iLBn cassette

conpri si ng ia %;Eg& LnR @ gg@ﬂgl codi ngsequence
of HA fro ?éaysllta 250 %@%41 a??ﬁq%gé p?g@treggg‘a %‘;tht‘?h nat or sequences
Figure 63 7eeqﬂhote§'<mf@§b Ff@ﬁb%m@mftcentb'owqb ﬁ@ﬂ%‘gcailalﬁ(bﬁluftdﬂq)foasabwyani n pronoter
and 5' UTR, henaggl utinin coding sequence of HA from B/ Fl orida/4/2006, alfalfa

Figure 64 b qamaﬁuup 1MSF@HIG£@ Qaho HRRERS hGSREAS MR no aci d
sequence_of @% ? , 33maiggd 9 Flzﬁﬁérae 65 715:15%‘:?1” no&gm d slenguence of Hi

SE
New Cal é‘borﬁwélc(dmfzﬂ;@sezto nlyteeﬁc\élé’éemwe eeelqeenr@ absepcepiggyrampplasxdNAYy Ani no aci d
sequence of 1-11 Puerto Rico (NC 0409878.1) encoded by SEQ ID NO 35 pl 3i nPl us
2613c Figure 67 AGGAAGGGAAGAAA GCGAAAGGAG 78 Mut - ATGL15. r GTGCCGAAGCACGAT
CTGACAACGTTGAAG ATCGCTCACGCAAGA  AAGACAAGAGA 79 Mut - ATGL61. ¢ GTTGTCAGATCGIGC
TTCGGCACCAGTACA ACGITTTCTTTCACTG  AAGCGA 80LC-05-1.110r TCTCCTGGAGTCACA
GACAGGGTGG SF. Q I D No Sequence Description In Disclosure 81 Expression
cassette nunmber 828, from Pact (upstream pronoter) to Ascl (imrediately
downstream NOS term nator). Figure 68 82 SpPDI-BA(Ind).c GITCCTTCTCAGATCT
TCCCTGATCAGATTT GCATTGA TACCATG CA 83 Construct nunber 663, fromH ndEl (in

2 . PR T A R [ . TR P S o P T U TR WY T o S o |



86 Construct nunber 787, fromHnNndlIl (in the nmultiplecloningsite, upstream

Pl ast ocyani nepronot er)t oadd (i nmedi at el ydownst reanP| ast ocyni ne term nator)
Figure 70 SWO-BBY®SPDI . r TGTCATTTCCGGGA AGTTTTTGAGCGAA PCTEFBINERAGGA  ACCA
88 SpPDI -113B.c TCTCAGATCTTCG  CTCAAAAACTTCCC  GGAAATGACAACA GCACG 89 H3
(A-Bri).982r TTGCTTAACATATC TGGGACAGG 90 Construct nunber 790, from H ndl ||
(in the mul t199NEEF BANFRYLT oexaisest Ve ioPrai oy Hsing SPRORBIEFY) T BBl s

(i mredi at el ydawnmtdeaIPtRstE AT YHdiactioaiipunad. or). Figure 7 91 HBF- SpPDI . r
GITATTCC A GTGCA GATTCGATCAGCGA  AGATCTGAGAAGG  AACCAACAC 92 SpPDI - HBF. c

CAGATCTTCCI‘T’E T T GC%CIG TAACATCTTCA . AA SEQ I.D No _Sequence
Descri ption ]aTglf er ﬁ?rgﬁfcﬁ Bi%e %ﬁr@%?ﬂ%“ﬁ%@g%ﬂm%&&&%?n% 94
Construct nwhibieis kd®8y tofoindRNA. RIVA T o dontatinentwiitht i(VipP ecdpemiiongsd tseindgestd eam

Pl ast oeyani nepr ter coRl (i naredi I wnst r eanPl ast ocyni ne term nator).
Figure 7 9’§E%p°§g?“§‘ ?ag"“f‘?@f‘g’féﬁﬁﬂﬁrs 20 CGTT GCGATTTTCGGCTT ATTGT
96 Stul-HL(A-NC)s AAAATAGCCCTTT = AGATGC ATATTCTA CACTGCAAAGACCC A 97
Construct nl¥RpHrThsgommaryehihea cftiop dosaaiiessSribt dspatbe pl) feptgrepeicthe invepkedi at el vy
downstream NOS term nator). Figure 73 98 Apal-H5 (A -1ndo). 1 ¢ TGTCGGECCCATG

GAGAAAATAGT BRIEH SEICRIIGGOATO R THED R AWINGG) - St ul , 1707r AAATAGGCCTTTA
AATGCAAATTCTGC ATTCHAACGA 100 Construct nunber 685, from Pad (upstream 35S

pronoter) t i i at el wnst ream. t er m nat or Fi 74 101
Gonstruct nCoearmesas o bt BERR P R T ABE b BB bl oo ater
downst r eam MSSittien m wiathoeferehiegsimade 5 the @@beAqe|drawiigs erhdil&hCCCGCCCATG
AAAGTAAAACTACT GGTCCTGTTATGCA CATT 103 Stul - H2B.r AAATAGGCCTTTA

GATGCATAY T%@]%M%%@seﬁl%f]ag%lfgﬁ%{o%m?b%?ed eirgr&@ib}_?@ﬁse(ty gs;earl eam 355

pronoter) to Ascl (inmedi ately downstream term nator). Figure

Construct nipBerexorgsion prihitmastraif ikt elndragB0/Pt GHb binpesorlapa (ithifredi at el y
downst r eam NERdiehmfd ML Blsbnt iﬂe&wn$s€%ni%:sgxpﬁloremﬁsulﬁaeTsBﬁiI al
GAAGACTATCATTG CTTTGAGCTACATT CTATGIC WD 2010/ 003225PCT/ CA 2009/ 000926 SEQ I D
No SequenceP@édcis tpsterlzad: BsllHA sl red a9t GG TP strictppaasrestorsyens
AAATGCAAAT GEE G AGTT A TGEEGTE s 2 LOBmERNSEdAE bE OB di5ns JF F@MRad (upst ream
358 pronoter) to Asel (imrediately downstream NOS term nator). Figure 78 109

Const rud? nlifngeutae Affer glpavesee! HasH AL M BESTRmsRs fEyn Roynhiegsther Priredi at el y
downst r eam NGBrdesdabhator). Figure 79 110 Apl-HBF. ¢ TTGICGGGCCCAT
GAAGGCAATAATTG TACTACTCATGGTA GTAAC 111 Stul -HBF.r AAAATAGGCCTTT

ATAGACAGAT TGTI. CTCTOG .11 nstr.uct n r.738. fro d
(upstream 3 6ﬁr o%owgw aéepref%n%tf%%%ff%ﬁfi %gmaﬁg ‘?ﬁg‘%’ﬁ&é" idil %a}f‘gr) .

Fi gure 80 14B®tygend trowctrain ey Cad®niaf200m(IPEL ) (LIPFRECBFhS5: rppresentb@m)oft 0 Ascl

(1 medi at el er.m nat or).. F.gur 14 ti j 1 coding
Sequonce. i ButBUEY SEEME I ACGTAR A P it A DRl oS

Hsp4OLu20 SagI5sNi272r AGCTGA GCTCCTAC TGITGAGCGCATTG CAC 117 Hsp4QOLuz-Pl asto.r
GITGGTCCGCGCCC AAACATTTTCTCTC

[0068] FIGURE 3 shows a size exclusion chromatography of protein extracts from leaves

producing hemagglutinin H1 or HS. FIGURE 3A show the elution profile of Blue Dextran 2000
(triangles) and proteins (diamonds). FIGURE 3B shows immunodetection (western blot; anti
H1) of HI (A/New Caledonia/20/99 (HI1N1)) elution fractions following size exclusion

25  chromatography (SS00HR beads). FIGURE 3C show the elution profile of H5; Blue Dextran
2000 (triangles) and proteins (diamonds). FIGURE 3D shows immunodetection (western blot;
anti H5) of H5 (A/Indonesia/5/2005 (H5N1)) elution fractions following size exclusion
chromatography (SS00HR beads).
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AAGATGAT 118 Hsp70Ara.| c ATGTCGGGTAAAGG AGAAGGA 119 |isp70Ara- Sacl . 1956r
AGCTGA GCTCTTAG TCGACCTCCTCGAT CTTAG 120 11 sp70Ara- Pl astos TCCTTCTCCTTTACC
CGACATTTTCTOR010/ABATGAT 121 Construct number R850, fr 8FI/ARHYYINO%i n
t hemul ti pl ecl oni ngsi te, upstream pr onot er)toEcoRI (i medi atel y downstream NOS
term nat or) ure 83 SEQ ID No Se Descrl ion | osure 121
Const r uct n@ﬂ@é%‘ﬁg% 4Acshaies The rgpgope ‘ig?]de ‘?r]ﬂlt‘fqntﬂa 1EBYT P 3?.?{/§ﬂiﬁst ream
g(r) onot er )t OEﬁbthl(aﬁéfsm%mml@J (BEHQ mmmil r)e_armmm Iﬁfo_ms ;&ﬁtslélfu):nch@ddﬂlﬁg 4 C123

nstruct nunher i n [ t ngsite, upstream
pr onot er)totE‘E‘BﬁlfrFWﬁ?gﬁ &}N &H%‘i@@&rﬁ’@m@@gﬂﬁﬁ&@) Figure 85 124
supP19- pl asto.r CCTTGTATAGCTCG TTCCATTTTCTCTCA AGATG 125 supP19-1c
ATGGAACGAGOTAD | ACAERE Slszﬁwsshupﬁlpl@e Sqeote ancBECBBCTITRACWTCBIPTICTITTTCG AAG
27 Nucl 69“@?8‘3}9’8 he CPMV/- HT- based expression cassette for HL
Al Cal i forni %&?casse ‘e nunber 560). Figure 92A 128 Anm noaci dsequenceof Hl

Al Californial04/09 Figure 9213 129 2x35S prononter Figure 93 30 pr| mer
Pacl - MCS - 2[R85$ HGUMWWWWW&YW bya 131

primer CPMpaildte ?:ﬁ@éii%ta WAHMTG and $5ET HEARHAGELIC I GAAOM GAAATGA
ACTTCC 132 pruner 2X35 R.c TTGGAGAGGTATTA AAATCTTAATAGGT
TTTGATAAAAGEER Am@?@@acodon FEGID Wer) Apa- M prot.r TCTCCATGEECCCG ACAAATTTGGGCAG
AATATACAGAACCT TA 134 internediary vector 972 Figure 94 135 Hl

Al Cal i f or ni @b7y] 20QARIYTA €095 thkaﬁqupmfeb'fmapmﬁermw 4B ¢ (SEQMDDX@U N Frcurspal

nemggl 00§ nT gt aree Tt Sata &b B voR o PUE Bare St Ta7 ©
Fragment | deheiceofPimeMipH2QLA)-PIa322GERQTDCAZ 00 FIGORD 26 siiv thd3eNen&Saduence

Description_ ln 0 ' 97 138 Fragnment 2 139 Fragment 3 Figure 97
140 pri mer ﬁr&ﬁrﬁ“ﬁﬁ)ﬁ‘»} %’tcﬁgséfé%# \ATATCACG TAGTGOGGCGCCAT TAAATAACGTGTAC

TTGICC 141 prinmer HL Cal. 390r GCTTAATTGCTCTC TTAGCTCCTCATAA TCGATGAAATCTCC
142 pri rrer 1997 CaHIGRIE 8 MSAIGAH@@@GNA@PG@@AG&WTW@@@WWGGAG 143
primer H - Cada 41590 ERGOTATGRICHE, CECTOCTATITTGATCERATAACCGT 144 primer H
Cal. 10810 TTGAA ACAGGCGATGGTA GA T 145 prinmer Stui-Hl
Cal . r TATTA@@@WM’MA@ANM%@M@@@M@N@M@W@mdlca@del oDl - HL

Al Cal i fornial4/2009 (in 2X35S/ CPW-HT expression cassette) construct 560
Figure 98 [00D303GTRE d shveithi Aitlestidd scqeiitche HAdeg arflubed Al sabwghel i (SEQyDway  of
reference o Iy to the follow ng non-linmting exanples. Methods and Materials
51. Assenbl yodf) pl ast ocyani n- bascd expressi on cassettes for native HA

[ 00304] AIl mani pul ati ons were done using the general nol ecul ar bi ol ogy

pr ot ocol s of0BYMGORE WAGhRusehiclep@BBdquendsiof milpenzi AGHY, pdrtaieéld (REQEP n by
reference). I r plasmd
Cont ai ni ng’ boagy Elke Seellong iR NSk b ath el BRAAIA AR TR

pl ast ocy@ni NOgéh&IGURNE 1§5] showothy andletigy sausner of dfthesa UTIRA seqpe hiddSEQEP e 10
anplified f 1 i {1 j Y hpPl as. c
(SEQ 1 D Nor 95 TR T EEARTL g RS By el R R R S 8B e, 10R.
The resul tiNg: HWFGWRE:&QE Hnwpihe depdqotidessausnepens irdlen i Xmeityraiid (S 1And | i gat ed

i nto pCAMBI R23Q0 FIM@MQ@?&@E@%&M@%&&Q@M&ZQQaflimlﬁaty Canberd i
Australia), previ ous%}gl%;%‘jste with the sanme enzynes, to create 8CAI\/BI Apr ono

Pl ast o. nNBa‘r 7)-§IGY R%’é(ﬂﬁ‘é‘?ﬁ’é‘é@“&%%‘ﬂ‘?ﬁ%&@oﬁf Héfsul{twé%(ﬁ% &@yani n gene

was arrplzgf | RO 1f5. ok E adi ﬁm%ﬂ@ﬁh’h&eo@&lﬁs nBofiiRichAlA H)Msﬁlﬁ_ryﬂéleiIgS@Q D
Sact - Pl asTer ure 10S) apnd EcoRl - Pl as D NO 32;

P aur e 10T) VORRl PRt o G asbite o PAStA HAsBVECOH BB e bei ng

inserted i NNO:20NEIGERE 1 i sh@ss (B nuplebidBlséerBPIhasinga AQ{M@%@HM@IIBPI asto.
[ OO305] A fr i hfluenza stra

he g lutinin fro
A/ | ndonesi aﬁérgg)j% qﬁglf\ﬁ%l{;g@ws%gn RN JeayRay d B HE it mﬁléé%ﬁ%y) Epoch
Bi ol abs (Sug@fzzb.auinRE” XOL dUSAY the hitrgeotidagimnte qamm;u&eok HA Qi M1 AGHG® conpl et e

H5 codi t he native 10 s ept anked Hi ndl ||
site i ﬁgéﬁg tﬁg@%‘#‘g shrduplpgtdp éelqu‘ii‘?%’ﬁ%‘ge %"%‘:ﬁg SI“Ltg 'gl (%@3‘? ately
dovvnstream of the stop (TAA) codon, _is_presented in SEQID NO 3 (Figure 6).
The H5 coding regi on was cl oned into a pl ast ocyani n-based expression cassette
by the PCRbased |igation nethod presented in Darveau et al. (1995). Briefly, a
first PCR anplification was obtained using priners Plato-443c (SEQ I D NO 4;
Figure 7A) and SpHA(Ind)-Plasto.r (SEQ ID 15 NO 5; Figure 7B) and pCAMBI A
pronoPl asto as tenplate. In parallel, a second anplification was perforned
with prinmers PI asto SpHA(Ind) o (SEQID NO 6; Figure 7C) and HA(Ind)-Sac.r

[ ST/ 1 s MNIirs T _ P T P 1 r— P - D T P R I T —



Figure Synthetic fragnent SEQ ID NO Figure Final cassette SEQ ID NO 774 HA of
A/ Bri sbane/ 59/ 2007 (HI ND 28 36 53 62 775 HA of A/ Sol onon |slands 3/2006 (HI N)
29 37 54 63WIPIMNIEF A/ Brisbane 1012007 (H3N2) 30 38 68CHEATPYOIUROf

A/ W sconsi n/ 67/ 2005 (H3N2) 31 39 61 70 778 HA of B/ Mal aysi a/ 2506/ 2004 32 40 63

42 55 64 7o100A RO sB0w prisrier s s g PRI (YD (NS 54

AN et nam 1119@123D@PGUIRE.Mého@@théﬁu&&h&ﬁsei&ﬁcdﬂhﬁfueﬁamkSﬂ@@Q@OQBM\BlZ/ 97

S4EN) 57 45,28l 14,0 L Akaul el pauel o (1D I0, 8 SELAL 8" o

PDI SP/ 11A- f shsiwothe axjidoa sSdequencad paineresm d-plfllas A SHEW DOHO edp.NFIG/URE 198 sbmmst ruct

T 580k O970EL NG AR RO AR, LSRGy BTG s B2 17

Bi ot echnol ogylebtitsequetce of friinddatilPhalerReSEQ IR NOCAUNEIGIUR ESAT ktva ol Canada) A
first fragrren nt hesi z d.corr type H coding sequence
( GenBank act.© Rééésﬂq?ﬁgﬁé) 5“ %E elﬁ%qﬁ%err gEélﬁ?gm éﬂIG) | acki ng the signal

pepti de codi ng sequence at the 5 end and the transnmenbrane domai n codi ng
sequence at [00Hd FAGERH. 11 AhqSes|a| sphamati¢ reprssanighomsifiseveghsongidigtsds mted hérein5'  end of t he

codi ng Sequ@&ﬁ&u&@ﬁ) c%mgH&E th§%ﬁ§§¥nﬁé egﬁénge t\’ﬁ’%x?coﬂéjﬁ{@ﬁ& ?éﬁé el y downstream of
the stop codon at t er m nal he fragnen to yield SEQ I D NO

| (Figul@ S(A’)/Indwegé/é/éﬂf& (Hp R ghranrer m@@mly\gnlqeﬁ@t@ Plé?tm'fwal pramefeidplagpieant pr ot ei n

(conpri si ngteﬂmh&t@ﬂﬁ@r@%ﬁﬁ%@t ﬁ@@&hﬁhs@s‘%@e fbleORleds Tbice tRlnkddelfeaM sibBpe kRNl site
to the stop codon, and flanked in 3" by Sac! and Stut restriction sites was

al so synt he&Vbey Celsmarfﬁ%ltﬁnil)) tnlcgltwleatas)wh ay\whzbip LY I EFIPEPMERID09/ 000926
[00310] The §ijpdabhe Tthe (P 2ONERY iVerafl BERIKEH o Wipidto Bihin lrdfkr BakiAagh cl oned into

the sane sites bi nary vector (pCAMBI APl ast 0) contai ni ng the pl ast ocyanin

pr oot er an@mgnqtm:QP ellseastiug Y asseplyerhior he pirdeont I rRpraprdMs™h di sul fide

i sonerase ( €kdonBR09 (I L e hi@StidLsedQRie NEEREI 0B cdbined Ikt A0 alfapcQ | D NO 34,
Figure 17) resulti B% in a PDL-H1 chi neric gene 5downie ream of the pl astocyanin

regul at ory BPEipehudide merassisapoertge (SHPpindap Syl frvpiae gare 8 8ieg o

cont i’il ni ng t}lbamﬁtglmsm@r@tnag@ﬁla bﬂ@éﬁsﬁtﬂlﬁ&&ﬁm Q@dp@rgﬂr_\ieguﬁﬁecﬂ-to (ﬂﬁ@@sﬂo@yalhﬁ 8). ghe
resutlngpasm ont ai_ne odl n S to the na peptl e
ind | ankeaPBYOEt RRBL PR ISt BB et L Sprtaidn el B SHIE ne

C-term nal epdn eodiitficiizagi/PRY8 (e neosibingl e tbhasrsrvhieTeVIoMERNam@nd t he

cyt opl a c tai.l S by, I nsertl n the synt hesi zed 10 fragnment (SEQ
ID NO Ft’Pﬁti‘P ‘21%%?‘6 53838'1(‘{35 %/?Sd’éoé"t‘oé F%0q Sad, into the H

expr eSSI on pl asm d. The resulting plasmd, narred 540, is presented in Figure
11 (al so sedOF]JUGEREAR shoys igyrupelisiversinaft Hiﬂz@@ﬁioms@frﬁ@ﬂildiﬂﬁwm aB&BIp

15[ 00311] Thgvlahagmhumgt iflftof@hn LRI prbgttﬁaétégw 1§%@ra§3meg%th%§%fg§u SP)

(nucl eotides 32- "103 Adcessi on No. igure

linked to tﬁé’(W)cﬁ@mmgmgléémmelﬂngHMFmtmm/Nmﬁ@%@@ ya¢dsys podbveggntfop| | ovvs

The H5 codi BaiREAMRAGE R a%m!lt Livgd mtavetﬂrdﬁ%xsnéém@'an IR DebkorGuefeSEQ 1 D

NG 82) and HA(I nd) - Sacl'. ID NO 7; Figure 7D) using construct nunber 660
( SEQ | D2NO, B¢ asljleéadt"éc%lf}ﬂ ePenpl ate. The resulting fragnment 20consisted in
the 115 codi ng sequence flanked, in 5, by the |ast nucleotides encodi ng PD1SP
(i ncl uding E)O‘BQlFIIGUR@SIBI’sh@,ts' cﬁﬁratsértzet)onablﬁdemdggluﬂmn sthyetues Baeiz¢ @slukib£t i on site.

The fragment d Sacl and, clo c uct nunber
540 (SE% | DW%‘ig’apEY ‘%%em%’ﬁ ac tFB tesfagF91%?%5&%%%%F[ﬁ%’t@gaw%%ét riction
enzynes. ThelsNipalil céabtsxetchbdonmzm (HONB), seictile Hup &l a66811 (WSEQepdhtddBy83) , 1S

e B, BRI A 02 2 0,

103; Acé@ssiogaiteNoas alsd iﬂ@@paté‘sE((Hllrmem FISWR ERBguh@vslefjtionésctionsvaelgizdddott he HAO

codi ng sequ HL fr 9/

sequence wa%ﬂlgﬁpé%&F gl %&&{tlﬁg b@%%g%é,gs aﬁ%%gafg rfEm eh%g&@o}% %L’Oglﬁﬁs and

Sad- H1( SEQ #r#tiNG!i&bis sltmnmthlo@Ds)ttrau@t)OOKZMHaSE@ehcﬁa sNRIB®;eluEbyprake s53)  as
tenplate. The resulting fragnment congisted in the HL coding sequence fl anked,
in 5, by the | ast nucl eotides encoding PDI SP (including a Bgl Il restriction
site) and, in 3, by a Sad restriction site. The fragnment was digested with
Bgl Il and Sacl and cloned into construct nunber 540 (SEQ ID NGO 61; Figure 52)
previously digested with the sane WD 2010/ 003225PCT/ CA2009/ 000926 restriction
enzynmes. The final cassette, named construct nunber 787 (SEQ ID NG 86), is
presented in Figure 70. H3 A/ Brisbane/ 10/ 2007 (construct nunber 790)

I aYalel: el B o My - | P T . r 1 £ -1 £ - B T D - Y ol - f I'SI'™SI1I S\



and H1 Cal.390r (SEQ ID NO 141) 20 GCTTAATTGCTCTCTTAGCTCCTCATAATCGATGAAATCTCC
using pJ201 vector (DNA2.0 proprietary vector) containing Fragnent 1 (SEQ m
NO 139) as WeMi0/em25 The second fragnent was anplifi edngFﬁéPoﬁquﬁ%r s: H1
Cal. 310c (SEQ I D NO 142) 25 TGGAAACACCTAGITCAGACAATGGAACGTGITACCCAGGAG and

20101 003225 BEH CATHERBOTRSE LG BI0E ULKEI> BUSS BIGATG SN vector)

cont ai ni ng ﬁfrﬂ@ﬂﬂﬁﬂhn@w(ﬂﬁﬁ@ HAOWEhhdBptitadiet @oqiiat EIGLEIH"IBld sowd dhgtiohast fragment

\'Ily'a}éﬁ\inpl ifi u&%%&{l&g&%&?{ %%,ﬁo%glq ]]%G(.Jﬁllf:ql%é SO, e}%f)] &?CU()@EQ D

NG 145) TATW TMMMEWM@P@AMM diswngutpd ZAdtionect or
(DNA2. 0 propr con i.n Fra as 10
tenpl at ep ?I?F !i'z%dafé%ar? iy ‘\Jrﬁ q ‘ot™ E@ﬁ‘s(ﬁargislem Vo ea El(lgﬁgw“fs ew‘ ggc“"“

anpl i fi cat i anlyzedfgnaeritisiluseraes irnbadievifxedl-eMtl used as tenplate w t h primers

Dral | UMProt#2.c (SEQ I D NO 140) and Stul-Hl Cal.r (SEQ ID NGO 145). The
resulting f g;]gﬂ dinto

const ruct 990% % 134?&31}9%%&éﬁ%&k%ﬁ@ﬁgﬁggﬁﬁg%ggq%ﬁﬁ;n enzynmes. The
nucl eot i de Stelq%l@ﬁbESLGfOSQ tredwrésmnﬁlgvgowﬁﬁepwmmsconawemn@e@ ¢SEQ | D NO 146;
Figure 98). h&%tgéﬁﬁﬁﬂ@&%er&}fatehﬁa&{ohﬁﬁﬁﬁﬁ@ﬁ ?4A5!h899§1afa@te§zpwn &l ERE @81 On

cassette (construct number 685). [00320] The codi ng sequence of H5 from
A. /1 ndon@si grssodrostyigalicat @ne@aaﬁ*ﬂnoEebth“agaﬁabﬁ%ﬂ%the RE¥Neq thHScm sites Apal

(i medi at el Mﬂ@%ﬁﬁgbﬁl&%tlm vﬁﬂain) (ke fBDEEN (aﬁ}ﬁ} yandsJ%@to; aaméfarnoppreedo n) were
added to the hema asmutl nin co sequence performn PCR anplification

with pri mer ongghind Pemqgalufipgigy c@é"‘(}’%h)[f I %Q@ Shrve %("N-“P’h‘%) Stnl.1707r 20
(SEQ I D NO r@hiskish HELteR Bdrésedy eswﬁ‘aafonﬁ of SEQloR NO168Kd 16ifh Ricfode) as

tenpl ate. Resulting fragnent was ested with Apal and Stul restriction
enzymes andSefigH&eE fﬁg%lo%érﬁéﬁ’?rlﬁ?ﬂmsﬁﬁﬁﬁ@rm%% (SEQ I D NO 81) digested with the
sanme enzymes. Resulting cassette was naned construct nunber 685 (SEQ TD

NG 100) .15  [008ASHEHINEY15chovSfabliedtbn 4 ihfhdoradsi GLE PKORE 15 AGRME Efbrexydr essi on

cassette (cgnpstruc 686 0032 encod| n aIf | fa PDI

si gnal peé)t |BPCS 132%%1%’92@&61%? oM e&‘fon Jétﬁréf;hiegf/ggﬁcfg%“?ﬁas o’ne “i nto CPMW-HT
as foll ows. exfRedt lanel, paR-djused emaat lagd Inrexdiradted e)ttramaneéaﬁﬁvﬁﬁ@)edamdac& ul

(1 medi at el r cotd an a Lt Qubi g, e kNi n codi ng
sequence by}ﬁﬁge?%gﬁ‘mwgpuﬂ%ﬁ%% SI Pd%l% %\geaflgln&\?adﬁﬁ %II(’)I ?s %@?gléﬁggc (SEQ I D
NO - 94 - coA@nRRQ/ Wﬁﬁh@@@%}’v@@@@@@ tr@Binisaiog eléctdd nfidedeprdo) - St ul . 1707r
(SEQ 1 DoNO .90 aH5H Jihes Hﬁéé#ﬂmﬁwﬁﬁ% ThE%: (Gl oD, ABLRES sl at e

Resul ting fragment was | gested wt restriction enzynmes and
cl oned i nt oiseletad Hf (Ya& enlargoéio SB@Bd‘(HSE@f 1hE)SW©urf8E§G[dU§eﬂ3t sdwihe RIStVHE sane

Enzymes. Reﬁx‘dh&c't B E8nEhid- &au%@sr cﬁn@ﬂE@Dﬁ% I_ﬂ(!ﬁ‘ﬁ& ANHIBRL BB A (RRB) Ridde  101). 5

Assenbl y of Al Bri sbane/ 59 ressi on cassette (construct
nunber 732) rablﬁlommmﬂweﬂwmmd Q@quelr%émefstrmw{?@mmnﬂ%mpﬂ dibdHe/ 59/ 2007 was
cloned into CPW-HT as follows. Restriction sites Apal (imedi ately upstream
ATG and St pdos(]immmmﬁahywmmebﬁ@aéqusﬁcem)rmdeﬁk)aA/vame(mhded to the

hemaggl ytin od| nce mng a PCR anplifjcation with priners
nnalor1 5 ¢ "F e RN S eGP RL B YoBe SR TRk A5l ng Bonstr vt
nunber 774 ASE@9BQXSHQMOB3gure 53) as tenplate. Resulting fragnment was
digested with Anal and Stul restriction enzynes and cloned into construct

nunber 828 (530 HBUNE lﬁﬂawsdaa%&&d %e&e%awagyaa%mA n{f %aéu}' ng cassette

was named construct nunmber 73 'y of SpPD1411
Al Bri sbane/ @W1§®G$WWS€F@MBH¢<@W@gé\iooiﬁ“dﬁ%@gﬂtl@h@éﬁ)struct 15 number 733).

[ 00323] A sequence encoding al falfa PDT signal peptide fused to HAO fromH

Al Bri sbane/ {:‘0@83’4Qﬁﬁumsmcsh@ﬁm&mbtmemc%rmu%@alms (Aesdtol ction sites Apal
(1 mredi aBeIé P@ f &T Pﬁ“%? nd Stul (I mredjately downstream stop eodon) were
added t 3"t hB Gﬁ n d?rﬁg}etgé‘?ﬁlt}%ﬁ%e %‘Pa'ﬂ%‘?“fcﬁsrs’r?f‘ﬁ@ NCRER FRi cati on
with primermrpai»nSpPDIc (SEQ ID NO 20 95) and Stul-H1B.r (SEQ ID NO 103)
usi ng construct nunber 787 (SEQ ID Ng;_86) as tenplate. Resulting fragnment was
digested with Apal and Stul restriction enzynes and cloned into construct
nunber 828 (SEQ ID NO 81) digested with the sanme enzynes. Resulting cassette
was naned construct nunber 733 (SEQ ID NGO 105). Assenbly of H3

Al Bri sbane/ 1 0/ 2007 in CPMW-HT expression cassette (construct nunber 735). 25
[ 00324] The codi ng sequence of HA from H3 A/ Brisbane/ 10/ 2007 was cl oned into
CPIW—HT as follows. Restri ctl on sites Apal (inmmediately upstream ATG and Stu’

LR - T [ D P T T L P B Y L s P BN P | b R P | PR | - P -



nmouse (JI R115- 035-146) 1:10 000 H1 A/ Sol onon | sl ands/ 3/ 2006 (H ND Reduci ng

NI BSC 07/ 104 1:2000 Rabbit anti-sheep (JI R313- 035-045) 1:10000 1-11 A/ New

Cal edoni a/ 20Y0 990/083A2N1) Reduci ng H 10- 1SO 4 pgiml Goat EAT/CA2WYEE6( J]1 R115-
035-146) 1:10 000 H2 A/ Singapore/l /57 (H2N2) Non-reduci ng NI BSC 00/ 440 1:1000
Rabbit anti-shee |1 R3 13- 035-045) :10 000 H3 Brjsbane/ 10 /2007 (H3N2)

Non- Reduci nd %ﬂ?ﬁgﬁsw ihomé@a‘ﬁ&[:}m% VA raccuatrialign pyypoRsyastaipas igusyssien 10 000 WO
2010/ 00322 54RGtbiCAZRR Y O0R ARGt dnle3 HA/pRFdusR@anehel OW: 200wall, b3 Meproblag; freduci ng NI BSC
08/ 136 1:10 0 Rabbi t anti -she JI,I?B%%— 035- 045 rﬁ%@ 10000 113 A/ Wsconsin/6

7/ 2005 (H3 Fﬁ&'&ﬁmlﬁgvﬂs ¢ Bar g i™ anti-sheep (J1R313-

035- 045) 1 10 000 115 A/l ndonesi a/51 2005 (H5N1) Reducing I TC | T-003- 005V

1: 4000 Goat[apds] FIGEHRBEI20 sifaiiskhdudtion@3 Serum 4utipody, respose (dayd HiepbontinBAR/C200 5

000 b A vi BEna T e BBRdts EAR oM Bk RRRR R dr o021 5000

Goatanti - rmgiibinagUsbRble Hb-(836dondsisdy 2005 msmlon Pl T Aridndy Kengievsl 2/ 9 7

(MOND Non-r 5) 1:10
000 H7 A/ Eqﬁﬁg@r %Iblﬁ%gg%a&?%@ﬁ Eiﬁlg%lnr Sﬁi‘%%%é&ﬁﬁ%%@ﬁ%’gﬂwgé%g Rabbi t
anti - sheep i(nmmﬁ_@ﬂm@gsmﬁat@al 4dniQis@QOn. HAnAPddy ngpdterg/elOT@K 98] {gaN2) Reduci ng
NI BSC 07/ 14 it

B/ Mal aysi a/ 25%(\5% 200@@1 Vlifgl é%ﬁg%%%%%égaﬁ%4gé%ﬁ]zegl%%)e&ib%pt\%ggg fﬁf S eeep

(J1 R31310 036M@4B) ofrecipyro@dendoByt Fietsrof dgd Mice per @R uNdHrRepfershimepaNHBRTo0 7! 356

1: 2000 Rabbj 40% a@@gqegoﬁjlbgggt§olug§§5045) 1:10 000 FIT: Fitzgerald

I ndustries I nt er natpl onal Concord MA, USA NIBSC. Nal onal Institute for

Bi ol ogi cal Standards and Cont JIR . J Ckson I noResearch, West G ove, PA,
USA; BETIONIR! ¥ é?HH@fZéﬁ%eV%ﬁla eﬂ%%ﬂ% BARHHE TP RO A M e

reposi t or y; bddstlid Balb/k miden@cchacd Roth @gyt- mepm@ﬁzam Vnmmlaﬂdxem/MoosUSA TGA:

Ther apeutic S Admi ni strat | tral, 4] ti na n assay for
H5 was base@%ﬁﬂgr%‘f%‘ﬁnﬂs@g‘ﬂeﬁﬁe@ﬁﬂép ggoogﬁg% c‘ﬁlﬁﬁ?*g%é ) A fly, serial
doubl e dj | utesponisss OﬁmfbhmML&&hdﬁﬁfﬁ@hﬁﬁalﬁﬁ@ﬂalgichtMI EIG’[HUEZII(BI) Ahtlbody103 - WO
2010/ 003225rPC'g/SC,SAZ g/ %0091226?%%@{% q (\{ve tr% Al&t%etgtﬁ)gl ates cont. ai ning 100
[1L PBS. | e&WVCHG" 100 “pIm™ B 46f it ST 8PP O RO ETRE %l i ter s of
a 0. 25%turlkmy;ureeuhutgl1mdvmlwwleelﬁs\ﬁemse@nwrﬁbmsmﬁrd§) I(EMT gebyietacsa NY) were
added to e wer e bat room t.enperature. The
ect procar G- hbenr M RERF R SR e S P St SRR PRI on was
recorded asrettéseﬁia@étanvie\tzthnl hppapahddei* p<a. QieompdmdtamComm sughder idI5.was di | ut ed
in PBS and run as a control on each plate. 7. Sucrose gradi ent

ul tracepgri [TOUQ??WIQE'REEQQ%@S%%&'olfhéjh\taﬁtronqlfnmﬁxﬁ(%@ﬁ&l%ﬂ?ft}% VI iy L1 el uted
fromthe ge | tration chromat ography on 115-containi ng bi omass were pool ed,

| oaded ont omige-20CEEFR L2 \Bitegir gluBicwmpirgigpiisized feroygleindemsryly igedignent, and
centri f ugedriEURE N(BIERLD 0 sth &tike inkhi Al AR nuWRsa hiaski-anated in 19 3-nl

fractions startlng fromthe top, and dialyzed to renove sucrose prlor to
i mrunol ogi cAFbAAFPYIses ‘&eﬁﬁmﬁﬁﬁﬁbﬁ‘%&’P%&YﬁtW@W vigses EMVEIPRSSIY SPer oscopy

[ 00346] One GuMNdsDahehc et fite NalRE art R ANMNhRS rdcfprdl8l eﬂ&—@éﬁhﬂﬁ&s weme nkaced in an
Airfuge 15 ultrac trlfugatl on tube ( Beckﬁgacr(}wlﬁ?%%r unent s, o Alto, CA USA).

A grid ?ff&ré’}é‘%i 46 TRETB SR Bt he? “’\Kﬁ’scofrﬁs@ﬂ“ F‘foimlbﬁ’@’étd 5 nin
at 120 000 @lubEEs. grid was renoved, gently dried, and placed on a drop of 3%
phosphotungstic acid at pH 6 for stai ning. Gids were exam ned on a Hitachi

7100 trans%éf%%ce ﬁ%rsmsmﬁogi&g@%sét ﬁ%’gd x%d'o Sob?g—l: ?}r es 14B, 15B

and 15C) 0347] For 1 mages | ure roximtely 1
mB wer e flédélﬁllﬁﬁtl‘PB@@HREéﬁ%) ﬁgtlén(!@%sg’/%@%mua@ghﬂen anfdpmasth@ in PBS

contai ni ng 3th SHEd AR W%:bg; %&cﬁa&%ﬁn&&%ﬂ S@d) é&é‘efbdo@t LaRRYA Q5N t et roxi de.

Fi xed sanpl es were | J Spurr resin ah trathin [ayers were laid on a
grid. S3hpl &@ghéFesivgsalicnd-peinitites af fieaniod neherson. lE’IéMber&Ue@datS@ga‘rhdbO 2% | ead
citrate bef i transm ssion
el ectron 2519%%?3%2%%%12&/1%%6@%@05%@% n%%m%gﬁﬂég%rgl% ana S|é&9?00348] Pl asma
menbranes (PM were obtained fromtobacco | eaves and cul tur ed BY2 cells after
cell fractionation according to Mongrand et atby partitioning in an aqueous

pol ymer WD 2010/ 003225PCT/ CA2009/ 000926 two- phase system wi th pol yet hyl ene

gl ycol 3350/ dextran T-500 (6.6% each). Al steps were perfornmed at 4C

[ 00349] Li pids were extracted and purified fromthe different fractions
according to Bligh



and Dyer. Polar and neutral |ipids were separated by nonodi nensi onal HP-TLC
using the 5sol vent systens described in Lefebvre et at. Lipids of PMfractions
wer e det ect YO AfIP/RI2Kt ai ni ng with copper acetate as des®FTHEaBY)R¥cal a c/ at
Lipids were identified by conparison of their mgration time with those of

standards (all standar were obtained fromsSi -Aldrich, S- is, MO USA,
except for %@W g*h”?/\%% ﬁ)‘f’%@'ﬂ(gd"?“?p&f?ﬂ K?a‘&‘? ‘é‘i}ﬁ?p%%g%ﬂéeé‘ﬂ’t‘b“@&bsf&“b %HJSA). 10. H5
VLP (Al ndopeii@desib/20065) (HaMN ) fFRIGBRE 0B(B) OhBEh3H QleFy2@Zied whble iatiivialell Kiadsed | eaves
of N. bentham ana . eni in vol of 50 MM Tris. 8, NaCl150
mM and 0. 04&?’5‘8‘&6 W%ﬁ?%%&ﬂ“ﬁ@&ﬁ&ﬁ&gé\égﬁm% All g‘iﬁ’fl%sr?aeesf?t‘sﬁ‘%@y resul ting
extract wasdisupltengatedomiot.h 1 nM PVSF and adjusted to pH 6 with 1 Macetic
acid before being heated at 42C for 5 mn. Di atomaceous earth (DE) was added
to the heatr r i . i.pjtated by the pH
shi 1 ang HOGE FAERRRRGES bty R0E Bkl AR LR B Wt rman
paper filtetd/Indinesip90), 14 drys okeks pfidr digst dost (vaask 2indé dove pfteribpesyedtelad) o100 000 x ¢

for 10 mnu i - ST ey 2 tm Acropack
20 filters %aﬁﬁaffa%a‘%h&‘%ﬁ‘{@@*?%%“ﬁ?*ﬁ‘%‘%?‘@&“?{‘?’?a A %‘*“%‘8‘?‘*8&”‘%9?3/.28‘%%# dri ch,
St-Louis, MISNUBAFMTFedomgtnic mpamtitga Sheluss erp theMD Onrafirdda@ical caé-poiM tifers sf pH 6,
bound pr ot e} A t i<t - S pH 6. Eluted VLP were
suppl enment eg%\?\nm?ﬁﬁeg(%ﬁ)%lﬁe%%% c?gﬁgé%t?ﬂﬁ%?&%lgﬁggﬁ%ﬁon of 0.0005% (v/v). VLP
were concentrated on a 100 | cDa MACO Ani con nenbrane, centrifuged at 10, 000 x
g for 380ni WIPUFIGUREGSshepvsie &g SEsserctiviyy PgupHnibolichfion Bsliemdicsween- 80 and
0. 01% t hi nefm@sadkzed W48 PENISGANEEBesRY/2005 141en) SE@Kd dfiezR@stD @A PARibBGSiterd 1. Ani mal
studi es 25Al jce [0035]1] Studi es on the Im%g% r es%onse_ to inflg‘ﬁélza VLP

adni ni st r at VoH° REFRH FrSrmble) RigragelgtingtigRsioRivEion ticEs gt est BAIOBY ¥hoif ce (Charles

Ri ver Labor ab®@ivhesyirusSeVaidsyrd th€@MWRIG of rddistossl yndchioiti: deeh dof Alomicopérteap. gr oups

o onne vy BB Bt i LB TR 3 o7 o
2010/ 0032250 ¢daA220 & B0 R2EoAlihg Gtatisani@uBlel HRTLY Z8Es lesd thant1\0veelOsenr egi nment ,
t he boost i rmun;lizat ilon e';ggr;ﬁ) ﬂo)ne 3 weel%s fiol Itovvi ng the first inmmunization.
[00352] For T PEARSAHT % Aadsver? JECOR9FRC ATSAE'T egs, unanaest heti zed ni ce
were inmuni zed with either the plant-nade H5 VLP ( A/l ndonesi a/5/2005 (H5N1)
vacci ne (0. P091 FIGURH261shoj efficacy pf the planitnradé Hp &8 g4l ludonesiars/ 2006 YHAND) gen. The
control H5 I r [ t ha ed on
strain Al n%@%ﬁ%ﬁ%}e@gﬁl%%%%%leg%r%?{ lgg@ggsgg?g%éb?e@f)%?:gﬁ#ﬁggu%?émmne
Technol ogy @/ TukexipS2EI0KHSNBAR) Beyerdight offmmugisqdanics Hjceehallenge. uvitless greot her wi se
i ndi cat egl) . hnBrefiE80d§ MRihQr sWASinERRe Thi s antigen consists of amno acids
18-530 of the HA protein, and has a His-tag and a nodified cleavage site.
Form of VL PRVST GUGREHTE shatied o R Sk B UArh PO R oBuBRSr  ani mal s
wer(e : mruni ge@rinéd ibfl&@nja ‘guFI Bipids Efﬁldﬁle%i'lxﬁnlﬂﬁuiv&iﬁﬁ by uglowgmcbgg, wat ume Al ;wdr ogel
2% (al um Accura 1 C cientifi rporation, Westbury, NY,_ US) or

W h 5 1o PUEGRBIHG L ARG b eI o Lah Sr PO Bt &t B Biepl s 1

v_oI une _aI unmflﬁiﬁi_s@otayedlﬁoﬁﬂugtﬂsr@riﬁamrdbwbglplﬁﬁmairﬁ@d)rdna(mt Dlpid Serevidforg b@UPS of

o oupe. dbr B s B R e s P R BB A B6ps wer e

i mruni zed awmobPdi phgsithetidylcelingeRh pbssphatidy) ethenlamiteeP Gobsiphatidpigiycaralt Plon per f or med

3 weeks fol ' he. fi ' ni L. r gl Jscul ar

adm i ot ot P R AR b B8 bt FEMANERHL AR e e e M AT 2 wi th the

pl ant - made ¢®pytifon @ parifie inflienga Vs liigj)ls coptainpdin ap eqtivatdnt dfefmggf prvieins n ( HA)
antigen (5 }i I j ] Lt h,. drogel 1%
(al um Acculrygrtg)éx%ﬁtgﬁlﬁéglﬁg agg%rg}ﬁ%igﬁegr%o@ orliafﬂlj(c%)ﬁ, {7@3 ?ﬁéﬁghe\l\dﬁé&n@g inal:'1l
vol ume P&t i Btopieiob (Cxlmnjuppdstsictrantdf eplasmT memprasamakdr petefpueptA THbscaBMAY ant ,  t wo
groups of animals were imunized wwth either 5 Jug plant-made VLP H5 vacci ne
or with 5 pg of control HA antigen w thout any 25adjuvant. [00355] For
intranasal admnistration, mce were;priefly anaesthetized by inhalation of

i sof l urane using an automated induction chanber. They were then i muni zed by
addition of 4 pl drop/nostril with the plant-mde VLP vaccine (0.1 or 1 pg),
or with control HA antigen (1 jig) or with PBS. Al antigen preparations were
m xed with ehitosan glutamate 1% (Protosan, 30 Novamatri x/ FMC Bi oPol yt ner,
Norway) prior to imrunizations. The mce then breathed in the solutions. To
verify the effect of adjuvant with the intranasal route of adm nistration, two
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[ 00374] The formation of active HA trinmers was denonstrated by the capacity of
crude 10 protein extracts from AGQ 1/ 660-transforned | eaves to aggl utinate

turkey red DVOeHEERISs (data not shown). Exanple 2: Char&dt@224¢%¥n of
hemaggl uti ni n-contai ning structures in plant extracts using size exclusion

chr omat ogr a 75 ass ant oduced i enza hemaggl utinin

into high n&’é&‘ﬁjygg %MB ‘rf?lld%lﬂﬂ?lé a&&&é@ﬂ&%‘s@@@%@dﬁ%& %Y ati on. Crude

protein ext@agts. Kiplosn AaddB000f praiéih lvkfeadaael ipleantise(1. 5 i nL) were fractionated

by size exclusion chromat ography (SEC) on Sephacryl TM 5-500 HR col ums (CE
Heal t hcare [ ol ions were

assayed forﬁp %é ?Rﬁeﬁsgﬁ)r‘%t fgle ﬁeqc%lﬁ‘% eni %X%%%]l? ﬂ#ﬁﬁ&o S% aﬁ@%‘gnﬁ?%g

i mmunodet ecmuctwtuw St:chlelamtOf AHisbant/5 90l 7¢H 110 Bi (§E@ &D NOAF 6)AST he lvodimg sequeﬁtegs,ur e 13A

Bl ue Dextr %?@) i I / he bul k of

host pr o% e?ﬁs&%}a@% retai %a%gl%%'?z{?%g?%%ﬁﬂs}fﬁﬂg%m r]?f{alg Iﬁ}é(?{\%gége act |ngns 14 and

22. \Wen praodéyastop caivn 2000 J4cl sitoht thad lindGESs@icinmi sgrs afq edtrlion); Mﬁes iodnident r at ed

(5-fold) byarﬁ%ﬁ&e{?lﬂ{% gprecipitation and anal yzed by Western blotting (Figure

| 5A, H5), henmagglutinin (1-15) was primarily found in fractions 9 to 14

(Figure 138? W t hout wi shi n% to be bound by theory, this suggests that the HA
prot ei n hadl874] FAEURESEhpvesdhe sqanense spanuingyEons (selflde Pard pits ef denet’hat it has

attached t Ontélcbﬁ(ﬂ:f%e?@ﬁ&%ﬂkﬁolo%h@Mnd&/ﬁ(&%t(kﬂﬁl) é{;@@ﬁ fbAsBecoRdo® ﬁr essi on
cassette was assenb wlth t he H1L nucl eic acid sequence from A/

Cal edonil &/ 2BACY Y IRANFd PISERRYQSYNE reghatoniregignestargng w;élheaﬁiél IREEEAESBHANo .,
AY289929) t@e B’reﬁéjblﬁﬂ)y(é@%'fdid!ﬁtan@él@ac( EieQtHhe 3'%hd. Rehribdh RBdsIafe 1B8HBnAONBG T UCt Was
desi gned so. as%é‘g ce a soluble trineric formof H in which the si gnal
peptide ori githeydp nedpl ant 30 protein disulfide i somerase gene, and the
transnmenbr ane domai n of H was replaced by the pil variant of the GCN4 | eucine
zi pper, a pEp?i]dEGERE®A0 shovssthk feqagsesdaheng findno Dralilve S&l fikdaphalsne 786 - WO

2010/ 003225PCT/ 0 P ure 11). Al though

| acki ng t hegaggﬁéégﬁbécgﬁggﬁ%ﬁ%mw% ?%%zhél(éf’gﬁt%@&‘%n néégl c{htegcr"{rln 368%? jabl e of
hemaggl u$ i nBtnkehby(adddstoeyratn regnbatary regfod OBi7(rgRyitt addmallestricion sitef at depdndnt s

infiltrated w 4 %%& e
presence of arﬁilbglglsﬁo\?g%{ P ?Igdcﬁacc)ﬁgge %/fatg gelf}gﬁt&{gse%&@%’\ﬁgg%teurg%r@éd I ng Ig\b/\(th?h

anti - i nf | uemdangerlinetli bodi es (Fitzgerald, Concord MA, USA). In

AGLI /540-infiltrated | eaves, H accunul ated nai nl y as a very high nolecul ar

wei ght str ug)bw] EFIGURTErBltsh&Nspﬁége vtaﬁe %ﬁ%@ﬁé&%ﬁlﬁ t§ ﬁ&d{ Ligk oBdi&R 793 ruct ures (H1;
Figure 13C). In AG | /544-infi uble formof 111

accunul at ed"leotidespaers of A ‘ttetogms/éwa%fﬁdﬁét‘%)é?%‘a HBVOL ﬁ%) elhgepdivg aeter n from

gel filtpat tsaammbgzmplaa@@tmle}egulttb@ hO&E st RitNa Bl k@micinftt h@hd B atdubl e HI
Figure 13D). In 10 co rosettes (Protein Science Corp

CT, USA), cHHdvasioRgoqe Ha?FI ac%l" %@ ab‘t’e%en Rf’ttt"‘ﬁ@P §lteéﬁreW§t1Félg‘5fitﬁTQﬂSrtn B‘tl‘éut ed at
fractions lzdtvadeténedFi gure 13E), earlier than the soluble formof HL (Figure
13D) and |l ater than the native H (Figure 13C). [00378] To eval uate the inpact
of M co-ex g i fhue expr essi on
cassette wa E’é%ﬁgﬁ%{} zgglﬂﬁs &% Eegh&cpfp%%&?g(%% dé%?‘ﬁ%ga%?t fﬁ?nean%/le 15 codi ng
sequence of mtchetld&/smemsﬂB/(NMMWW/?(OS‘E@EQjD\I@ B; Th‘¢ gldme smﬁncasnBank _
Accessi o “ﬁ’ank@&%y%%&@o@%( mn-I; a@&??e%foﬂcsttarﬁ% ﬁlaalﬁgllﬁégn&i%g 51|te'S %_?‘?t ed in

Figure 11. For the co-expression o suspensi ons 540 and
AGL1/ 750 wet biriagied coden eefliafaclvie attbe BendRestiighon bitas atewmherhr@éfftm islin padd i on of
mul tipl e AgsRRAGLBIHUM suspensi ons permts co-expression of nultiple
transgenes. The Western bl ot analysis of SEC el ution fractions shows t hat

20t he co-expr I f did not nodify the elution profile of the H

structures, E%Bﬁﬁ ﬁgg}#‘t:’égﬁ‘?vﬁ © SanTIsaFaN R frgm dhalifie ﬁ%? Fits Ot%oqeﬂé

agroi nfi trlaiclkdtldeeequeﬁce(oSBEldﬁd@WZeOé](SE(D ID Bxanp) . ernd: codlﬁg)éeg\tdneﬁ’tie, thntk'é@bys'[ ructures
er electron

by cent tion in crose radient. a servation un

m cr oscéé) ?@W@ﬁ‘ﬁé BB 8W1%Wﬂb¥]§6§?ﬁftpﬁ‘f% SE ¢t therUFd 20hbeT St ect r on

m croscopy (EM 25 required a higher,goncentration and purity level than that
obtained from SEC on crude | eaf protein extracts. To all ow EM observati on of
H5 structures, a crude |leaf protein extract was first concentrated by PEG
precipitation (20% PEG followed by resuspension in 1/10 volunes of extraction
buffer. The concentrated protein extract was fractionated by S-500 HR gel
filtration and elution fractions 9, 10, and 11 (corresponding to the void

vol une of the coI urm) were 30 pool ed and further |soI at ed from host proteins

. . P SR . a4 g P L ravyal Va¥ a¥Y s Y2 D - D - S o [




proteins from 200 pL of each SEC elution fraction were concentrated (5-fold)
by acetone-precipitation and anal yzed by Western blotting (Figure 46),
hemaggl ut i ni820RPE2¥ri marily found infractions? to 14, PEREAEEPPNG he
incorporation of HA into VLPs. Wthout w shing to be bound by theory, this

suggests that th pr ot h er .assenbl @ .a, l.arge,superstructure
or 95t hat | ortd o SpviRie i fec o Bl BSRT MR e ArCaf pudledfe.
i rrespecti veldytlindd. t he subtype produced. In Figure 46 111 fromstrain A/ New

Cal edoni a/ 20/ 1999 and H3 from strain A/ Brisbane/|0/2007 were produced using
PDI signal &gk thﬁéuﬁﬂ%&%dus“tﬂe e@&%@é igﬁgnn T ﬁﬁaﬁ'tﬁa&gkﬁﬂ‘?&ehg@! cate that

repl acenent” of native signa a PDI does not
af f ect the abieptidg sefuengnof 6/Sagsm¢61/é7 (HNg) ﬁéﬂtlp@ﬂ@sﬂ) VA coding sequence is

2010/ 00 925595@%@%%&&09}%9@%%#%@9% n frtink ARSI S r@gm&eﬁ ate%hgfs agasonal

i nfluenza vi rointiltration in N benthan ana plants
usi ng the vﬂnﬁ@YtaytpECQdaeMS@eSﬂS edreticel. [FooueBhTHe asdyindprdipedop TG lrenpeldnsi ent
expressi on sysh&md.¢ Produce seasonal influenza hemaggl utinins was deterni ned
through the expression of thesubtype fromstrains 5 A/ Brisbane/59/2007 (HLN1)
(plasmd #774%) A/ New Cal edoni a/ 20/ 1999 (HI N1) (plasmd #540) and A/ Sol onon

| sl ands/ 3/ 2088 HL NI IQURE SHihaws faesspauerse spaqpingoQ Brallnte SerlsHisof Flgpn &1

Al Bri sbane/ J;Qté@&ﬂlz s«(qab@saiﬁ/pﬂtﬂaﬁ)zoaﬁd{W1mem/z@7/ 200&dlnpkageicdis4777) and

of the type trains B/ la/2506/20 ctorJalln (plasmd
#778) aﬁ‘&l Bﬁ%ﬁtsﬁw RPSBHE T8V, ’8“1 Sfaﬁté’ad&?‘ aﬁ%f%’\a( Ry )t ﬁ‘?ﬁeé) d

henmaggl ut i nind bgeR©ep Caidh MYl SKAGLED @ﬁﬁe werid RedtfiGion dikks aesledléﬂheat ATG {shebold

pl ast ocyani n .ex ression cassette - pronoter, 5 UTR 3'TJTR and transcription
term nation “géla% is fromthe alfal fa plastocyanin gene - and the assenbl ed
cassettes were inserted into to a pCAMBI A binary plasm d. the plasm ds were

t hen transf@etidd i ntHG&QﬂbM&&b@w ithersequai@e spanning froatulRiaHftoAgelobieot elonuf®d st rai ns
AGL1/ 774, AQG, A NPy 7 AGL1/ 779,
respectively. l:{f@%gsi@% %l g 1?%1;1[19/3/3 (?va(rlt{tgs@r)\lfx(é]rzéﬁ?nf I # af}%ég@mg% h AGL1/ 774,
AGL1/ 5403 A@qqnws flankeg by amletocmm rezu?azqry rox@In] AU e A@Ilyentigioanide #the | eaves
ver e nar veskes il kilbyd sbhXodiikind NEMPA1LOR. PER) MluridiBn Sk SlThaGiMICATET H
accunul ated in the agroinfiltrated | eaves, protein was first extracted from

i nfiltrat edsine®idsdasdrdinghd anal yzed by Western blotting using anti-HA

anti bodies (see Table 6 for the anti bodies and conditions used for the

det ecti on O[foomaq:h HAFIAURRUBT $hpes theEequeﬁdaepdﬂang Frof Plalls{orAtMBes ol cldid TIe band of

appr oxi mat eI Da was t respondi ng in
size to the 181” Sﬁg’ﬂell—clﬁ@g %F%P#W%ﬁ%g (ﬁ@}([rﬁé%%ﬁ? ﬁ@ 4S)Tﬁlrhg nstrated

t hat expo es&qﬁuﬁceﬁfs flahiked wzepslastcapamadegxem@lee‘gm Sirtigd Wish ODraliermgglodtsitddtn i n
infiltrated s nesu n accu at,i of .the uncl eaved tr | ation
broduct - UsTh AnELLSsh sl ah ST T NG deP L et g e M PG eE i AR pr easi on
of infl uenzmni—wdwldfundnrmielﬂs subtype or B type was not detected in the crude
protein extracts (Figure 47). Exanple 15: Transient expression of potential
pandeni ¢ i nfohlBpza ViiGiRIDSRIGL %es@qdan&xpagag 1fn' btah@to's% & deioREfyham ana

plants using the wld-type nucleotid uence hea|I|ty of the

transi ent ex‘b@é%‘ﬁeé‘?ﬂuwst’%‘ﬁﬂ‘é}nﬁréw@é (]ﬁ BRTEQ DN@f ﬁJt)erTila cofeTEEgeHene ni ns was
det er ni ned ﬁsﬂﬁ@c‘é@hyiﬁﬂ@st&:?ﬂﬁ@ﬁ:gﬁlg& qégltnhaar% witlSH BEaYIP Esthib @R st LA erd0

A/ Anhui / 1/ 2005 (H5N1 asm g onesi a/ 5/ 2005 (H5N1) (plasm d #660)
and A/ Vi et 4Py 264p %tﬁaar(%%f st ‘I%%W ;3‘798 fion giffs arp “E‘?ﬂr@ﬁﬁt®?5%elsﬁﬁw strain

Al Si ngapor edndhd&@plined WO 2010/ 003225PCT/ CA2009/ 000926 (-12N2) (plasnm d #780),

the 146 from strain Al Teal/ Hong Kong/ WB12/ 1997 (H6N1) (plasmd 783), the 117

Strain A ol Rong; 1OrARGSLTE ety (raSHaT Be DL ReralGr eV Togene

codi ng sequenclestidaseqeerice oﬁA/Ihsg@umbAl 913/99r(H9NE) (FEQSDOEY amji.nTexpdiegsi on cassette

- pronoter, TTR ran thI’l t equences fromthe
al f al fag(gl asseﬁgc‘f/ea?t?%nk%dw E}asgoctﬁané He ass ngﬁfonds‘[%g @te’é ab %tg%{}‘i’géﬁ‘taéd into to
a pCAMBI A binary plasm d. The plasnigs. were then transfected into

Agr abacterium (AG.1), produci ng Agrobacterium strains AG.1/781, AGL.1l/660,

AGL1/ 782, AG.l /780, AGQ.1/783, AG.1l/784 and AG.1/785. [00416] N bent ham ana
plants were infiltrated with AG1/781, ACTL1l/660, AG.1/782, 10 AG.1/ 780,

AGLI /784 and AG.1/ 785, and the | eaves were harvested after a six-day

i ncubation period. To determ ne whether 115 accunulated in the agroinfiltrated
| eaves, prote| n was f| rst extracted frominfiltrated | eaf tissue and anal yzed
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?2 YY Y 189: Ron 0,220: K (MDCK) T(Egg), 249: Q (MDCK) R(Egg), 550: L (MDCK)
R (Egg) A/ Solonon |slands/3/20 06 1SDN2209 51 MDCK YY N N 189: Ron 0, 220: K
(MDCK) T( Eggyo 20299322 (MDCK) R(Egg), 550: L (MDCK) R ( E§§Y/CANPOBH0R DN

I sl ands/ 3/ 20 06 |1 SDN220953 Egg Y Y N z 189: Ron G 220: K (MDCK) T(Egg), 249:
Q (MDCK) R( 550: L (MDCK) R (E A ,ol non | sl ands/ 3/20 06 EU124137 Egg
YY N N 189: ﬂE“gng d gndpyg.sto C?Magr‘tcg%)af th?i@“: - eFIRBRER IR ger] 1@30‘* ¢ (v R
(Egg) A Solsenmmyd ddlvamsisded/ 20 06 EU124135 MDCK  YY N N 189: R on 0,220: K
(MDCK) T(Egg), 249: Q (MDCK) R(Egg), 550: L (MDCK) R (Egg) A Sol onon

(Vo0 R gl Baco: PR popybhiah ek sl BIEZB G, SV B 07 88026 76
MDCK Y Y Y p@@8ptidetraDesitoaptlers 75‘5)0%6119"5&&1@5?%2@07 6sIN)). ThAe qutlstadmgﬁmi/@/ 200; /
DN2851. 01 Y. . X B

50/ 2007 1 ookEass ) A s h gy A T IR PAC AN sitlStociiiolbia M o5 P
A Bri isbane/ seG@MOBEQIIBDNR 8260 i Iﬁbgeptwtraﬁsmeéﬁgm AEN7D @g%oldneongslarsls abondant

h
IS I sl i
202: VIG 229: L/ P, 215: del Al a, 242: S/ 1 - 127-

2010/ 003225PCT/ CA2009/ 000926 Sequence Strai ndat abase reference No. Origin SP

UM MC | Eo@ms?r genpﬁ;m&ﬁ ESIA SR &He athio201 GedueDIRSHY IPRO B ofMhe | Y1Y 202: VIG
210: L/ P, 21 del Al a Sa A/ Brishane/ 10/2007 | SDN2737 57 YY1lYY

202: VI & ondynepiple tlei%atedcféqm dpne 776 s Brissane/ I/ 3807 G Theprroend Hns@&l?%? 59 Egg
Y Y'Y 202 W Sane 21dstdets Riith 2304 TGl @ldichbdin F2ds 305Fikure 41B shows the amino acid

sequence (SEQ ID NO: 51) of the polypeptide translated from clone 777 (A/Wisconsin/67/2005
(H3N2)). The open reading frame of clone 777 starts with the ATG indicated in Figure 31.

[00107] FIGURE 42A shows the amino acid sequence (SEQ ID NO: 52) of the

15 polypeptide translated from clone 778 (B/Malaysia/2506/2004). The open reading frame of
clone 778 starts with the ATG indicated in Figure 32. Figure 42B shows the amino acid sequence
(SEQ ID NO: 53) of the polypeptide translated from clone 779 (B/Florida/4/2006). The open
reading frame of clone 779 starts with the ATG indicated in Figure 33.

[00108] FIGURE 43A shows the amino acid sequence (SEQ ID NO: 54) of the

20 polypeptide translated from clone 780 (A/Singapore/1/57 (H2N2)). The open reading frame of
clone 780 starts with the ATG indicated in Figure 34. Figure 43B shows the amino acid sequence
(SEQ ID NO: 55) of the polypeptide translated from clone 781 (A/Anhui/1/2005 (H5N1)). The
open reading frame of clone 781 starts with the ATG indicated in Figure 35.

[00109] FIGURE 44A shows the amino acid sequence (SEQ ID NO: 56) of the

25 polypeptide translated from clone 782 (A/Vietnam/1194/2004 (H5N1)). The open reading frame
of clone 782 starts with the ATG indicated in Figure 36. Figure 44B shows the amino acid
sequence (SEQ ID NO: 57) of the polypeptide translated from clone 783
(A/Teal/HongKong/W312/97 (H6N1)). The open reading frame of clone 783 starts with the
ATG indicated in Figure 37.
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Al Bri sbane/ 10/2007 FU199248 Egg N Y VY . 202: V/IG 210:L/P, 215: del Ala,
242: Sa A/ Brisbane/ 10/2007 EU199366 Egg Y Yl Ylly 202: VIG 210:L/P, 215:
del Ala, 242Y0B40/008228ri sbane/ 10/2007 | SDN257043 Egg N YCYCA2Q0p/009pRs. \/ G
210: L/ P, 215: del Ala, 242 Sa A/ Bri sbane/ 10/ 2007 FM 99250 MDCK Z WV 202:

VIG 210:L/P, 215 del Ala, 242: Sa 3ri shanc 2007. | 753 57 Egg N V
N 202: v/ GIOB1Y: L/ pFIGYRE 434 shoyysghe ?212%?03 %eq“eweejﬁﬁgg‘é 5%’?[?%%7 |SDN26891Egg
/32 }\12?)/(\)/ Ingly&@ade ﬁtéh@e(iteézﬂ;&n ke 78’&151Eqdﬁ$PAg@e/562w{2N7)‘,6/ The opa%géﬁlﬁgﬁe;ﬁ%ni |8 2 W
7 51 V. In

100 Hy | ATurEoas S yasne00s iEhsaanbiurk Y Bt SRS B ihioeed w's 156: O
186: GV l@ﬁluér{hé WEQIDNOCINST tharp@YiRRRra AT Ea2McloneY8Y (ANHbSKon s & 31856 A/I—V Q
186: d Al W seansi n/.67/2005 1S 23, E 138: S 156:
H Q 186: o?\g/‘”\iékl‘zhﬁﬂfmw é’?dﬂ‘?eé%? @%e/gig %d%gﬂzﬁkg‘fe Y i 138: A/'S

156: EI/Q 186: GA" 196: HY A/ Wsconsi n/67/2005 | SDN1387 24 N Y ,138: A/S
156: |-1/Qloov11I86: @lGURES: shasisymmun@etectjoSDMERE6DIB) T/ platianyfsictgns 727 eGacci ne

e

2010/ 003225PBIT+IA2008/1160B82 8y theiarrew. d{@@qgletnmesuua/p@t}ﬁs&r}é& gbefcand. Origin SP

210 %VI ADTB/a%aFays?&%E%l %!Sggé&l%{dﬁz%%%&gp% cbrlp¥ndihg tdihe EGbn br Vips! 120 KON

10 [00112] FIGURE 47 shows an immunoblot analysis of expression of a series of
hemagglutinin from annual epidemic strains. Ten and twenty micrograms of leaf protein extracts
were loaded in lanes 1 and 2, respectively, for plants expressing HA from various influenza

strains (indicated at the top of the immunoblots).

[00113] FIGURE 48A shows an immunoblot analysis of expression of a series of H5

15  hemagglutinins from potential pandemic strains. Ten and twenty micrograms of protein extracts
were loaded in lanes 1 and 2, respectively. FIGURE 48B shows an immunoblot analysis of
expression of H2, H7 and H9 hemagglutinin from selected influenza strains. Ten and twenty

micrograms of protein extracts were loaded in lanes 1 and 2, respectively.

[00114] FIGURE 49 shows an immunoblot of H5 from strain A/Indonesia/5/2005 in
20  protein extracts from Nicotiana tabacum leaves, agroinfiltrated with AGL1/660. Two plants
(plant 1 and plant 2) were infiltrated and 10 and 20 pg of soluble protein extracted from each

plant were loaded in lanes 1 and 2, respectively.

[00115] FIGURE 50 shows the in vitro cross-reactivity of serum antibodies.

Hemagglutination-inhibition (HI) titers in ferret sera, 14 days (A) after 1* immunization and (B)
25  after 2nd boost with plant-made influenza H5 VLP (A/Indonesia/5/2005 (H5N1)). HAI antibody

responses were measured using the following inactivated whole H5N1 viruses:

A/turkey/Turkey/1/05, A/Vietnam/1194/04, A/Anhui/5/05 and the homologous strain

A/Indonesia/5/05. Values are the GMT (log,) of reciprocal end-point titers of five ferrets per

group.Diagonal stripe — A/Indonesia/6/06 (clade 2.1.3); checked — A/turkey/Turkey/1/05 (clade
30 2.2); white bar — A/Vietnam/1194/04 (clade 1); black bar A/Anhui/5/05. Responders are

indicated. Bars represent mean deviation.
-23.



MUCK Y YY Y 120 K/ 14 2101/ A 13/ Ml aysi a! 2506/ 2004 EF566394 MDCK Y Y N N 120
KIN 210 T/A B/ Mal aysia/ 2506/2004 EU124274 Egg Y Y Y v . 120 K/N 2101/ A

B/ Mal aysi a/ V&8Y/0G®4 R1124275 MUCK YYY 'V 120 K/ N 218CTCA20080006ay si a/
2506/ 2004 |1 SDN1247 76 MJCK YY N N 120 K/N 210 T/A |l acking glycosyl ation

site at position 211; 10 amno acids of D inicytgoplasmc tail B/ Fl o dal4/
2006 B/ FI dOPH&) 4/ 2b68/RY Tty ewéﬁl\“mdseil‘gb%/eég 1580: Pﬁg?afafa’éé cyt opl asmi ¢

;[ai lk BI/ afxipﬁbs‘i’dh(aaﬁetfe?@&griﬂ@lfﬁ@@ﬁﬁﬁ‘cyﬁ%ﬁ&lﬁoteﬂkﬁwﬁlﬁﬁ hg&a%gﬁftm G3din82
acking glycosy at_on site at position ac cosylation site at
posi 11 on 2 Eches P dpostior o e wadd sl hegntan 18087 2 004
| SDN3868 6 eMasddrReueses ) A/ Viet Nanl 1194/2 004 Al Viet Nanf 1194/2 004
Al Anhui 1/ 1/ 2005 DQ@7928 (vaccine rec.) Al Anhui 1/ 1/ 2005 | SDN1314 65

Sequence aal3fate | afttihek 2Pygv Won AU RSSO IR RE A O " 5
Al Equi ne/ Prexagssdn56ssaBRO827dng dlfakia pleassonit pminyterany 5SYUYR ehB@el(iRInGpdiag9 W) 208
110 A vong RaRgr 1079/ D688 RIHHRIEY 1 GRIELFIRE R RS 686 neoeoes

and terminator sequences

[00118] FIGURE 53 shows the nucleic acid sequence (SEQ ID NO: 62) of an HA
10  expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H1 from A/Brisbane/59/2007 (construct #774), alfalfa plastocyanin 3° UTR and

terminator sequences.

[00119] FIGURE 54 shows the nucleic acid sequence (SEQ ID NO: 63) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5’ UTR, hemagglutinin coding
15  sequence of H1 from A/Solomon Islands/3/2006 (HIN1) (construct #775), alfalfa plastocyanin

3’ UTR and terminator sequences.

[00120] FIGURE 55 shows the nucleic acid sequence (SEQ ID NO: 64)of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5 UTR, hemagglutinin coding
sequence of H2 from A/Singapore/1/57 (H2N2) (construct # 780), alfalfa plastocyanin 3> UTR

20  and terminator sequences.

[00121] FIGURE 56 shows the nucleic acid sequence (SEQ ID NO: 65) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5” UTR, hemagglutinin coding
sequence of H5 from A/Anhui/1/2005 (H5N1) (Construct# 781), alfalfa plastocyanin 3> UTR

and terminator sequences.

25  [00122] FIGURE 57 shows the nucleic acid sequence (SEQ ID NO: 66) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H5 from A/Vietnam/1194/2004 (H5N1) (Construct # 782), alfalfa plastocyanin 3’

UTR and terminator sequences.
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NY N N 142 A Si ngaporei 1/1957 AB296074 YY Y Y A/ Singapore /1/1957
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[00125] FIGURE 60 shows the nucleic acid sequence (SEQ ID NO: 69) of an HA
10 expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding

sequence of H3 from A/Brisbane/10/2007 (H3N2), alfalfa plastocyanin 3° UTR and terminator

sequences.

[00126] FIGURE 61 shows the nucleic acid sequence (SEQ ID NO: 70) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
15  sequence of H3 from A/Wisconsin/67/2005 (H3N2), alfalfa plastocyanin 3° UTR and terminator

sequences.

[00127] FIGURE 62 shows the nucleic acid sequence (SEQ ID NO: 71) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5 UTR, hemagglutinin coding
sequence of H7 from A/Equine/Prague/56 (H7N7), alfalfa plastocyanin 3> UTR and terminator

20  sequences.

[00128] FIGURE 63 shows the nucleic acid sequence (SEQ ID NO: 72) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of HA from B/Malaysia/2506/2004, alfalfa plastocyanin 3> UTR and terminator

seéquences.

25 [00129] FIGURE 64 shows the nucleic acid sequence (SEQ ID NO: 73) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding

sequence of HA from B/Florida/4/2006, alfalfa plastocyanin 3° UTR and terminator sequences.

[00130] FIGURE 65 shows a consensus amino acid sequence (SEQ ID NO: 74) for HA
of A/New Caledonia/20/99 (H1N1) (encoded by SEQ ID NO: 33), A/Brisbane/59/2007 (HIN1)
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10 Strain: H ,from A/ Brisbane/ 59/2007 [ 00424] Position 203 exhi bited a
variation of aspartic acid (D), isoleucine (I) or aspara Strain: H3
from A/ Bri sBENYOB2I07 15[ 00425] Sequence vari ati ons wef T’@b%‘@? Weepsat 5
positions (Table 15). In position 215, a deletion is observed in two sanpl ed

seqguences. / Q0 PCT/ |

A Bri Sbanel SHRIB0LEA %ifia?oa AT Ae BT o) GRR B0 9t S59u8 T 3,
1SDN274893 ({pggtiod3) is-A ¥ V; XLSPRTA B5Pis Bgg NGR3 (podiSort A0 92RSKHgapitER 99s S |
EUL99250 NERR® < R ek E B s bRt 1oARE o T SOBART g € K s
1SDN256751 pggtid? 161)As 8 ok Ki XQ)(‘@EﬁMBIM@@I@rGL X1A(sition Z(Nmrsma(mN]g(lﬂ romt he

tart M St 13fr SCO / 7/ 04 S c varlatlonsm
shert Lngs M SRR R RTIA Wsganabiil 1 RO0D Gl NM2AL SeRuepeeyar ol

A/ W sconsi n{pbsti08) ia il ovdR; X3 b (povigipn 283) o7 or@’ Xgb (podiB8&y 29058 E ct 86 X17196 | S
DN138724 U U HYV EF473424 Unk AH GH
ISDN138723n not\{\g] @ﬁsg’l@&%gﬁg‘ﬂn%ﬁﬁ\g\mﬂi Il Gl EF473425nE\32 AHGH

*Nu, nberi ng fromthe mature protein Strain: B from B/ Mal aysi a/ 2506/ 2004
1004271Var i BPiBh at FIKH68 thownaming agbhsgreped SERIR NO:177) of % fdeloniz0 i s not

a glycosyl afd 13451415 en @A dyIseD B33, i nvol ved in glycosylation; this
glycosylation is abolished follow ng culture in eggs. 5 Table 17:

Hemaggl y in m B, 506/ 2004 gni no a 0 no acid e MDCK
Fog 1301k NBE6I T FIGURNE! s R aroned g e Epiesy i s

henmaggl ut i niNt 0GDSH. HIeﬁédddﬂJAﬂSlﬂ@ﬁﬁNOi:SDNZGlMQ [ 00428] Gbseved vari ati ons

i ncl ude am no aci d sequence variation at position 211, 10 dependi ng on the

cul ture SVSL]%Y%‘]J‘ASP"" %1!119@6 Svnv%ﬁxefn%élgaéid‘seg]?eﬂ&leec{}%?)é o? m[n%%wfnc MOCK cel | s,

while gluta I'n sequence 1S0 eggs 03|t|on 211
is a gl ycosyunztef $18, o 8acl qupetrdas radoitirslogd el ohmheintaig douisteameNOnteagiggon St r ai n:

H2 fromA v o ed in 6
posi L1on s (TR e i e A PR R P QBB el
variati oh @strgannofmrﬁ%@f paetin coding s&%ncr@sbel@messz@ahlg g8e 854 kanpp dight@hain.)

[00134] FIGURE 69 shows the nucleic acid sequence of a portion of construct number
663, from HindIII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). H5 (from A/Indonesia/5/2005) coding

sequence in fusion with PDI SP is underlined.

20 [00135] FIGURE 70 shows the nucleic acid sequence of a portion of construct number
787, from HindIII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). H1 (from A/Brisbane/59/2007)

coding sequence in fusion with PDI SP is underlined.

[00136] FIGURE 71 shows the nucleic acid sequence of a portion of construct number
25 790, from HindHI (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). H3 (from A/Brisbane/10/2007)

coding sequence in fusion with PDI SP is underlined.

[00137] FIGURE 72 shows the nucleic acid sequence of a portion of construct number
798, from HindlII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
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Viral RRAKETL 3V L11142 Unknowmn EGK L S| AB296074 Unknown K G T QC V
Consensus A/ Japan/305/1957 K GT QL GV Nunbering fromthe mature protein
WO 2010/ 003298 PETPER2009/ 000926 Strains: 115 from A/ Vi ePRAATINYAII804 and HS
from A/ Anhui /| / 2005 [00430] There were no variations observed in the am no acid

sequence up ni t he i mry se uence e H5 strains. 5
Strain: 116 t%)’ ‘g'fsfr?ﬁh tﬁﬁy Tbgfl\é%ﬂ“'fﬁ)% Sﬁéﬁg (P as

avail abl e f&tjueﬁ&enalﬁrsmﬁ/éﬁtﬁ@@lEE)s.un&éﬂh&kin 117 from A/ Equi ne/ Prague/ 56 [ 00432] A
total of 2 sequence entries were found in the databases. The entry AB298877

was excl ude T-Tong
Kong/ 1073/ 1@885%] %If% 2‘%5Ifl ?P{ﬁé’g h%\n{icg?g?c%%eé%kce o ﬁ%ér‘?‘%{hoﬁf%g n&leglp%erA; ound in

t he dat abas®¥. fr@’nchl mwetrqmyfd@ﬁﬂ enoeloteﬁmﬁfﬂl EmpE lafﬂ‘yahwhsélmmef(tbiﬁ ¥9S8i on of

i nfluenza ?b?i@ secreted
pr ot ei n. [0(‘315'[1]Jj Té%ﬁ hgfcgoé}?lzﬁ% pept| g@&llla/ %%)S ?ﬁs\{ogﬁ?ﬂg&ﬁggﬂg%wl ation

| evel for otidetinads hemaggl utinins was al so | nvestl gated through the expression
of the A subtype HAs from strains A/ Brisbane/59/2007 (HL N1) (plasmd #787),

A New Cal edpj{ 20/ 1ﬁﬂﬁnitmlbw§ &kaﬁdnlaamgaencéafe@b@bﬁ &f PestriBumnsgane/ 10/ 2007
(H3N2) (plasmd 79 E§7)‘ d A/l ndanesi a/ 5/ 2005 fgl—lSNl pl asm d #663) and of the B
type from st$afree? ﬂpétf“laﬂ'é’/f He36DBropgiendertsr! Hrassiate éi&ff“%t‘ﬁarf‘ AeheNGRal pepti de

(SP; nucl eofeingiefor ZodddeqhErREb 05 Rbh AlTh@npyiN3/2008 idindedifdade | somerase (PDI; 20
accession No. Z11499; SEQ |ID. NO 34 Fi gure 17) The PM SP- hemaggl utinin

gene fusjon he asﬁﬁmﬁf n astoeyanin pressi assette -
pr onot e?b L%EJ#% andg% Srhaoﬁvgcr ip fl”'l%arﬁcufs‘)'é ik %ea ﬂl%gréoﬁcé’ﬁsgrélgt r'om t he
al falfa pl a@&6oﬁ9taﬁacﬂi (geinem-of drd5$ hxenm@s)ewhkeédnmadsetyt(bwnmm ofthe¥POBed into to

gt obact or | SHTPREL e Rty R R0 ARatFER P8 | BV SAY “acii /50, 25

AG.1/ 790, A@deNi688 and AG.I/ 798, respectively. [00435] AT bent ham ana pl ants
were infiltrated with AG.1/ 787, AGLl{ 54Q, AGL | /790, AG.I/663 and AG.1/ 798.
In parall el Qom ri eprcfRIDY QoS s WRSud & hdid sregqieﬁ@le waTbnAGefldozs%ct nuMBlr

2010/ 003225 009/ 000926 V81270W2 AG.7 G.1/660 and AG.I /779 for
conpari $on plr fiese el (Ypatzspmeot hsPaS pRpgisstie Asc fipatedigtely dowastiram AEHBNOSon peri od
and prot ei g, @oliingedq@shct bOm fréth W BrBiRdohe@vesn@ndeanal yzed by Western
bl ot using the appr oprl ate anti-HA anti bod| es The expr ession of HA from

H / Bri sbane H3/ re,consg i.der rov ing the SP from PDI
conpared t oM ?ﬂ%] expr eSSI ongﬂé\q% Fh\%l R e 1] ‘}gg?f IOWE“IS’H%H&HP 9tive signal
peptide (Fi @3, Bath Parh (hpstreames gects pohpler) td. h&lemeéﬁelymowoﬁreanbhﬂw NOBA from
subt ype Hi w Cal ed 2 onfirmne this SP

repl acerrentt(e%%maa% rggc;%l(1 Seéluenéeiafﬁ %1 QVBIH |e/csa ?%ﬁno logcv)vgtngﬁ%g%tl de did not

| ead t o28ubwtdaminédal i ncrease in HA accurrul ation for 1-15 (A/ I ndonesi a/5/2005)
(Figure 87d), and no signal was detected for HA fromstrain B/ Floridal4/2006,

i rrespecti vebysspf t hﬁl(ﬁh}%‘% sH3EP e d8c1diOaip&Buchy of%gﬁrn% st @Rtk Qb 87€) . For
all the conditions where the expression of etected , a un

i munor eact {4effHAReF! Mém’(%‘soéf}\?éés aiomateRde dedh (immedigielyiflowattregp of bk NIFPgt ely 72 kDa

(Fig. 87a temehhators WolRE RRAEHCOSF HNfréth ABBrisBarkeN 6/2007Ck BaededIAD precursor. Exanpl e
21. HA expression under the control of CPM-HT expression cassette.

15[ 00436] An fessi HT ( Sal nsbur
Physi ol ogy [fﬁga 1212W§ssehé)w5f£nu f&gsfﬂlﬁ’%e é)pm%lon fr(iogﬁq?fﬁtﬂﬂ fans| at ed
sequencés f 7ionirerh 8acCoppeammi §®i36S yiomas:)(CRMV)imRNAZtclyaiswugean bothe BRPr essi on of

sone hemaggl, W. ni a/ 20/ 1999
(HL), AlBri s élﬁzgé 3P ggﬁgingggﬂﬁ%@# ?ﬁ%ﬁ%?“'%@?’%@@%ﬁﬁ?ﬁ“ﬁ? ﬁggnem al 5/ 2005
(1-15) and ®idflioed da/ 4/ 2006 (B) were expressed 20 under the control of CPM-HT
in N bentham ana plants, agroinfiltratcd as described. After incubation,

| eaves were harvested, extracted and HA contents in protein extracts were
conpared by Western blot. As shown in Figure 88, the CPM/-HT expression
cassette led to higher HA expression | evel than the plastocyanin cassette,
irrespectively of the signal peptideyused. Furthernore, for strain B from

B/ Fl ori da/ 4/ 2006, the use of CPM-HT expression cassette 25 allowed the
detection of HA accunul ati on whi ch remai ned undet ect abl e under these

i mmunodet ecti on conditions when expressed under the plastocyanin cassette. WO
2010/ 003225PCT/ CA2009/ 000926 [ 00437] Tabl e 19: Expression cassette used for
expression of influenza hemagglutinins with native or PD signal peptides.
Agro strain HA expressed Signal Peptide Expression Cassette AG.1/560 PIN
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<400> 1
acacagt act
acaat ggaaa
ttgccggatg
cctacattgt
act at gagga
t ccccaaaga
ataatgggaa
acccaaacct
gtgttcatca
atgtctct gt
ccaaagt aag
at acaat aat
gt agaggctt
agtgtcaaac
t cacaat agg
t aaggaacat
aaggggggtg
gat ct ggdb a
aggtcaattc
acaaat t gga
tttggacata
at gact ccaa
aagaaat agg
gt gt gaaaaa
agaaaattga
<211>219s
act at ccaaa

20

25

30

agatcttcgc tgacacaata tgtataggct accatgccaa caactcaacc gacactgttg 60

t gagaagaat gt gacagtga cacactctgt caacctactt gaggacagtc 120
NP AYPBER ct aaaaggaa tagccccact acaattgggt XETHPEUYEYI2080
gat ctt agga aacccagaat gcgaattact gatttccaag gaatcatggt 240
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lig
40
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AoaR bR Bian s ERRRL R GEEPCRAR: BJRERRRASEG 720
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N s A L g S
ﬁgngtlgdanesaa/ﬂa(gﬁaangte):apgagagt o cBafam Bmmgg/am Tt voag gecatd ﬂ@

at ttattt agcc cattg. 1020
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Wg@hgsa@htHAaamaamgman@hmaaauhgmpcahcaasggg attacaaaca 1140
t gt aatt gag aaaat gaaca ctcaattcac agctgtgggc aaagagttca 1200

?@Qﬂ ggatﬁuﬁﬁ@@@&&&éém%hﬁﬂaéﬁagkH%Qé&ﬂﬁﬁﬂﬁgw&&hgkﬁﬁégéi%3@0
aatgca aa tt ttgg}tc tact ggaaaa t act tt cc 1320

aaa
Hm@&a@ st70cH gNa Galgéonidd /éé@gmfég 8t a%\@\%h%gakwea 1380

ARACRA T8 orlch L GREELGH 1A CRORAD! UA LARARARLGRRVd J68LaLASAL,1 440
tggt acct at gactatccaa aatattccga agaatcaaag ttaaacaqg&@lSOO

PHgRgblekeaalyHt fdEeitie sarety §oa g‘tfﬁ‘?{aéeddﬁaé(?g Aeteanagtigecd virg
oft sﬁia%maledonﬁ@@@? bBAiBENZIB/ 20T Wse used asdhBPa1 ggt acctat g
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[00155] FIGURE 90 shows a CPMV-HT based expression cassette for H1 from
A/California/04/09 (construct # 560).

[00156] FIGURE 91 shows Western blot analysis of H1 from A/California/04/09 in
protein extracts from agroinfiltrated plants 2 days post infiltration. Samples run in each lane are

laid out in Table 20.

[00157] FIGURE 92A shows the nucleotide sequence (SEQ ID NO: 127) of the CPMV-
HT-based expression cassette for H1 from A/California/04/09 (cassette number 560) . Alfalfa
protein disulfide isomerase signal peptide coding sequence is underlined and mature H1 coding
sequence is highlighted in bold. Figure 92B shows amino acid sequence (SEQ ID NO: 128) of
the H1 from A/California/04/09 (as encoded by SEQ ID NO: 127). Alfalfa protein disulfide

isomerase signal peptide is underlined.

[00158] FIGURE 93 shows the nulcoetide sequence of the 2X35S promoter (SEQ ID
NO:129).
[00159] FIGURE 94 shows the nucleotide sequence of intermediary expression cassette

number 972 (SEQ ID NO:134), from Pacl (upstream promoter) to Ascl (immediately
-29.
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gaat caaagt taaacaggga gaaaattgat 60 ggagtgaaat tggaatcaat gggagtatac
cagattctgg cgatctactc aactgtcgcc 120 agttccctgg ttecttttggt ctccctgggg

gcaat cagct tWegYAPHEY ttccaatggg 180 tctttgcagt gt agaat RCH AL YEag
ctcaggcct 219-<210>3 <211>1719 <212>DNA <213>I nfl uenza virus
<400>3 aagcttatgg agaaaatagt gcttcttctt gcaatagtca gtcttgttaa aagtgatcag 60

atttgeattg gLl aceaNes BARGARS Eﬁ?ss"gpt%}&ﬂ&% IndelidRGARARA! MEALI9aRARY 120

aacgttactg ttacacatgc ccaagacata ctggaaaaga cacacaacgg %aagct ctgc 180
gat ct agat g bgagt dadgestriction Bialimmediaglyalganitgen AJCJPueiggodngtatwet te b940

gggaacccaa &LgLal gaEdasalih6 ot €Al ShaksI9aaeq99t ct tacat agt ggagaag 300
gccaat ccaa ccaat gacct ctgttaccca gggagtttca acgactatga agaact gaaa 360

cacctattga gcagaataaa ccattttgag aaaattcaaa tcatccccaa aagttctt 420
{Cogat cat g [BUGHET carqCUBGas el DeredeREE Fubmesr e il At eret 88 50
tttttt agaa sadu@h@gsED IO GOk 133f, Sadad Fagaakegia/ 18b sighd patidén adAgra®a840
agct acaata ataccaacca agaggatctt ttggtactgt ggggaattca ccatcctaat 600
gat gcggcag a&é}%@bﬁé‘&ﬁ&nég‘fs%?%’toé% aacccaacca cctatatttc cattgggaca 660
t caacact aa accagagatt ggtaccaaaa atagctacta gatccaaagt aaacgggcaa 720
agt ggaagga [0@ggapt t ctRIGURE§aclasts thetnuele@@e edqaenatsgeithg Caaltseqpaact3HQHEY 780

agt aat ggaa at. at t.gc. tccagaat taca t gt caagaa act.ca 840
Goaatt ot ga SQdih S L ERUAR, T ACAARAAR0 RPN - ARIRARELER o0
ggggcgat aa Rrellict agelatstuptiomtitedeatedaciaPRAB&ccinbdbidt Hared Sad ggtyelatsyictio6 0
cccaaat gf 9 };93aat Gapa cagattagtc cttgcaacag ggctcagaaa tagccctcaa 1020

agagagagca gaagaaaaaa gagaggacta tttggagcta tagcaggttt tatagaggga 1080
ggat ggcagg gaat ggt aga tggttggtat gggtaccacc atagcaatga gca agt 1140
gggt acgetg [ %éﬁaaa&a@aﬁg@agﬁ%&w@a gRiida Beayenst @fg”a@antea@ 13%%(3 &gg& 1871200
aact caat ca (st Q@ dRARR) SARBEH R YT: YA GYnthdsFe BRINIFCAt b ARy ABG 1260
ttagaaagga gaat agagaa tttaaacaag aagat ggaag acgggtttct agatgtctgg 1320

sequence using PCR-based ligation.

[00163] FIGURE 98 shows the nucleotide sequence of expression cassette number 560

15 (SEQID NO:146), from Pacl (upstream promoter) to Ascl (immediately downstream NOS
terminator). PDISP-HAO H1 A/California/4/2009 sequence is underlined.

DETAILED DESCRIPTION
[00164] The present invention relates to the production of virus-like particles. More
20  specifically, the present invention is directed to the production of virus-like particles comprising

influenza antigens.
[00165] The following description is of a preferred embodiment.

[00166] The present invention provides a nucleic acid comprising a nucleotide sequence
encoding an antigen from an enveloped virus, for example, the influenza hemagglutinin (HA),

25  operatively linked to a regulatory region active in a plant.

[00167] Furthermore, the present invention provides a method of producing virus like
particles (VLPs) in a plant. The method involves introducing a nucleic acid encoding an antigen

operatively linked to a regulatory region active in the plant, into the plant, or portion of the plant,
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acttataatg ccgaacttct ggttctcatg gaaaat gaga gaactctaga ctttcatgac 1380
tcaaatgtta agaacctcta cgacaaggtc cgactacagc ttagggataa tgcaaaggag 1440
ct gggt aacg gV gtPPEdH gttctatcac aaat gt gata at gaat gt at FEA&AGLALHO2500
agaaacggaa cgtacaacta tccgcagt at tcagaagaag caagattaaa aagagaggaa 1560

Gt ggcgactt LESTLGLRE te glEdar SRa ot BURPGONE LAEOTLGL G BUCHR SRCeLn Phs0
aat ggat cgt ﬂlaﬁw@@ﬁgtha@bmrgmmgtﬁeaagagctc 1719 <210> 4 <211> 25 <212> DNA
<213> Artificial sequence <220> <223> prinmer Plasto-443c <400> 4 gtattagtaa

ttagaatttg 5 n;zgl\j,%ﬁ I equence <220>
<223> pr| rre@b%tgilA(l %pslﬂl Hiuc ﬁg(g&%é&'l 1&) é&@e;f?wzgh%%&zw%m <213>
Artificial wedpgehicen ecth@ﬁﬂﬁsmzz@mbpm freivedSpMA{NEdNE Pitagt lonifed &ggssles t t aat cat ct

t gagagaaaa Etg)gda 51gdq_hg,qttctt cttgcd4s5 <210> 7 <211> 38 <212> DNA <213>
Artificial sequence 220> <223> priner HA(Ind)-Sac.r <400> 7 actttgagct
cttaaatgca aattctgcat tgt aacga38 <210> 8 <211> 1471 <212> DNA <213> Artificial
sequence <2P0¥9%223>Thyipvention pgludes ¥ETH0 it hpssddnBysaredds whick Bex ifack <400> 8

agaggt accc RGHAE LEgliRe i@lkidlabe: dof Bheaaaind vas hraaaraqHIRI RaRagE(HY taagttagca
agtgtgtaca tttttacttg aacaaaaata ttcacctact actg}g}ﬁat aal20 atcattatta

aacat t agag PASHEEIPEYEYIREYAY Aaheadedeasriagt O%yp Ge ALY D 6TFQ JAQah apd
tttgttgcaa Galdd @agada Baghd (Fdrgkdndpld SKS 03 ROUG, Higat t@DH! &ﬁMQpequ@qamw

agagagaaaa aggaagadg ataa cataat t at a ttgta
caaaagt t gt Q@Eﬁé@’dta&at‘?ﬁg kg OH{‘E?]%PEf‘g]ﬁ%& g ?qu%% @h‘gé%@g%z@aca
aat aagggtt astybgekila indidead il iRagegitigasgeior H-AGPRAYE:GhAE) 53/ 2000 At iaga

Cartt gat ta SHolt SEap PSReratRga- AP ool RERhl AdR-R8ERL B

tagtaattag SBEQ D YO, Aasal/1/LaEt(HEK e DO as)cmmetﬁmm@/zaoewt\mmm

attaatcoot LaRataaliiiredueil 207 HERR: S ARRY A Ron- Bl Ao

gat aacagfa (OCCSEQIYNAGYRtAdRihinetlORA0TEBNE; mmmasa;;mwlsa«msmwgaw

agat aaccca C t { a

Ptcoacaca Ubrganne N OCdE M Eh b aRaRseh . PR NENELAR 00 e PLEAPEEEY

aat cacactt (SFIRGIQA), Baderidegdat006 EEX IDOHAaR) caddtditaraial0DBO(HHYE 2 (FHEGeIOt

aattaattaa }Krbat%fat ct tgagagaaaa tggcgaaaaa cgttgcgatt 1020 ttcggcttat
tgttttctct tct ‘gttg gttccttctc agatctgagc tctaagttaalO80 aatgcttctt
cgtctcctat ttataatatg gtttgttatt gttaattttg ttcttgtagalldO aga cttaat
taatcgtt gt gt 104t gaadharaesedintvegtonatsgagtaing santicge vrearhzoinfes adet cat t

tacat aagHg QagheReARk: HAMRA D LidnpkOhufeRl fdRadaREIA GRS A0 Qv ARG HT J
ccgcgtacaa ttgtcttata tttgaacaac taaaatt aa cat ctttt c1320 cacaacttta
taagtggtta ’é’t%ett%@é’tf‘?:*aq‘&ét‘g‘flétgaﬁ? PeHEY Rk comgh £10St ‘g&ié@@e,tcgﬁdsga& atc

agttat cgaa rbjacdtiaagin@aidmearittafded!loaldRa, IGkasdkaalct idid 46k vahRbadiheC
cctttgataa ﬂtgat agtac al471 <210> 9 <211> 565 <212> PAT <213> | nfluenza virus
<400> 9 Met "fys Ala Lys Leu Leu Val Leu Leu Cys Thr Phe Thr Ala Thr Tyr 151015
Ala Asp Thr Ile Cys Ile Ay Tyr H's Ala Asn Asn Ser Thr Asp Thr 202530 Val Asp
Thr Val Leul0@T]Lys Wemlivighg Stampiabf oftier artigens Set membe e&pwss@&ﬂﬂﬂfﬁmheu Leu A u Asp

Ser His,Asn 5 ro.bey Gn Leu Gy
Asn Cys %Zr m&?aﬁ&nl@eﬁ%l&glﬁ%ﬁ& llihgulba@{ @p rgg}%o_;?% g\gﬁg& %"f OI@ u Leu Leu
|l e Ser Lysproleips,SeqstrifigtpraQueteifiy VP31 aad §59DIH/ 3¢ (a@ygosyhated Pﬁ@rmmbraoe Gu Asn Ay
Thr Cys Tyr 1080 Gu Gn Leu
Ser Ser Val plg{ee{rﬁ) ge%log%{eseilm 25 ﬂé%ﬂﬁa?nu% d%[[ tﬁ%ﬁglpg#%ﬁ%gs G u Ser Ser
Trp Pro AsnPWI%Y’WﬁFuSiSB®13>5*MU Mapslethr Gy Val Ser Ala Ser Cys Ser His Asn dy
Lys Ser Ser Phe 145150155160 Tyr Arg Asn Leu Leu Trp Leu Thr Ay Lys Asn Ay
IEeu \T/ylr Pr o[ 18011253?)&#3&11@)&198%111&% bﬁ@inogldﬁntééﬂb 1@@%@@&&1%,5 khaléys E u Xal
eu Val  Leu r is Hs Pro Pro n n n Arg a
Leu Tyr (595%‘6‘?639 FLelpR r@“ apgmaigpe qfde celd in whigh t%YL%ETPtC%PmHl s Tyr Ser
Arg 210215220 Arg Phe Thr Pro Qu Ile Ala Lys Arg Pro Lys Val Arg Asp Gn GQu
225230235240 Ay Arg Ile Asn Tyr Tycsqfrp Thr Leu Leu Au Pro Gy Asp Thr Ile
245250255 Ile Phe Qu Ala Asn Ay Asn Leu Ile Ala Pro Trp Tyr Ala Phe Al a
260265270 Leu Ser Arg Ay Phe Ay Ser Gy Ile Ile Thr Ser Asn Ala Pro Mt
275280285 Asp Qu Cys Asp Ala Lys Cys G n Thr Pro Gn Gy Ala Ile Asn Ser
290295300 Ser Leu Pro Phe G n Asn Val H's Pro Val Thr Ile Ay Au Cys Pro
305310315320 Lys Tyr Val Arg Ser Ala Lys Leu Arg Met Val Thr Ay Leu Arg Asn
325330335 Ile Pro Ser IIe G n Ser Arg Ay Leu Phe Gly Ala IIe Ala Gly Phe

Y AN A S rersn 1 1 7~ . oo —— — oo N Ao 4o v 71 N o . '




Gu Arg Arg Met A u Asn Leu Asn Lys Lys Val Asp Asp Ay Phe Leu 420425430 Asp
Ile Trp Thr Tyr Asn Ala Qu Leu Leu Val Leu Leu Au Asn G u 435440445 Arg Thr
Leu Asp Phe WP 30148p2%8er Asn Val Lys Asn Leu Tyr G u Lys PABEA2HABY¥al Lys Ser
G@n Leu Lys Asn Asn Al a Lys Gulle Ay Asn Ay Cys 465470475480 Phe d u Phe

Tyr Hi's n Asn G. Met G u,Ser Va 485 Gy Thr Tyr
Asp Tyr Pr c?XIW%Se Pr gappigy 1gth%</§rp SrPIeyEd [P plaRk has%%ﬁ'g %Q’j& Ogtawg Il e Asp
Ay Val LysSipldeuvdipé fiSerthdviisnianen¥adne dithe €diin 515520525 11 e Leu Ala Ile Tyr Ser
Thr Val Ala Ser Ser Leu Val Leu Leu Val 530535540 Ser Leu Gy Ala Ile Ser Phe

10" <0115 4315355 SRpBye i 8 IR0, O s OV Uy

Leu Leu Al andldceled/ghe @am islabo uitdmorg/speSiqally BIOE60 Axty- a@dﬂandltéﬂ@kﬁsvatllves Ay Tyr His

Al a Asn As Val Thr
Vel o it S et ol e g8 ST ey Y el M Ehor Bl e, CE S asp
Leu Asp G yoi\rahmgy@ta@@%@@stﬁpb Ebuphqheldt@rgama@r MOMO@WIWIC&N ady Trp Leu

Leu Ay As . . rp Ser Tyr
Ile Val g?)ggjz%z 8‘;’@‘%} %ﬁt h@{%ﬁ éﬁ)!%ﬁ?] glé){r?n%sghﬁ%%% g@%‘i}‘? ﬁ}%risgh %ﬂ}; Ser Phe Asn
100 105110 AbgspiRyidylehano@mind, phesphptidykihglineephobmatidsénosplgphioshatidyfsetifies Phe G u

i %giggﬁg pgtﬁylggper&laﬁd ik ﬁke? rk&aln s &(er&%hclﬁé&oﬁérolfg& éé'!rng 1§S5'e‘r1 élhg gﬁre
14515015516bolmtq301)0@14 pb@psteyelrs (fmrqawlnele sttpséer@y@dﬁgpsyl Ablnoss@r Ovei20Gyr Pro Thr Ile
iggiggigg g‘?toété@ls ﬁﬁg}’e b-ﬁl-?ﬁgdé%ﬁﬁecﬁﬁ Qanmg pléﬁ@pegegl ﬂg IHosf %Iﬁ(ﬁl%eﬁggan\@gtello?u -Cr]r p
195200205 A§$TH49¥€€91 ﬁaosﬁm} brpggicaptpral, S@%a * qtl@natvolwtaéeﬂweﬂﬁﬁﬁmi_ézumsa%%olel n Arg
210215220 lsﬁbkte\/(ﬂl 24B8h8h 1btkB1, OhAestthi orbgegl s§3§ter!}]y§\s\§§é of AR iAn¥ afehBuiger Gy
225230235240 Arg Met Phe Phe Trp Thr Ile Leu éﬁGPro Asn Asp Ala Il e Asn
245250255 PRETHNY, t%kpl%%nmﬁyom%fﬁhM@malwm&raae Prage ymanewwws I'le
260265240 \éedwthy&dkm& S8k B8 Br o28nisA fford WEicIMBE cdiyis o8hedd U Leu G u Tyr Gy
275280285 Asn Cys Asn Thr Lys Cys G n Thr Pro Met Ay Ala Ile Asn Ser Ser
290295300 ro Ph I Pro Lys
3053103153 lﬁff)]r val gi@e@é?“eﬁﬂeﬂﬁbcw&si}ﬁly?} eriua%w"r‘f?ypfﬁg?nﬁf%vaﬂf’&s Asn Ser
325330335 Pumti€isn Lédatjzddl concSeatratibuisgpf Asrdeulay Sipldy siabafot@dyin the lipidhéayet,y Ala |l e
S0 AIEE SRS SR AT TP DL
370375380 @lgmﬁSmt r0T¢$rln &ldn anq/@coﬁ;tttwsl ¢rery As gerh Y Wiabes Thothehsufedtipss adadts, Asn  Ser
28?2?8 Y, q <! ﬁmgﬂ% lt.lr 1l1Jclt'1 11, inl act1 Iw1th éhereﬂcturrélecomﬂsneﬁ% of M%cellg“/g i AEEIguGAlSJ pPhe
420425430 @rganm;asub_leuImwelwadraﬂ&qgtra'dwﬁulaiynatw@m Ala Gu Leu Leu Val Leu Met
435440445 A u Asn A u Arg Thr Leu Asp Phe Hi's Asp Ser Asn Val Lys Asn Leu
450455460 gmmﬁsp Lmta/@lvereﬁ&gmlﬂﬁme@amlr&seme%g“ﬁéxpd éﬁ{hlﬂ&“i{xs asGL'lst Leu Ay
465470475480 Asn y Cys G u Phe Tyr Hs Lys éy Cys Met du
485490495 é:éﬁelmfFférw @gm@ﬁm@nyfmﬁwwow ofypflupzg viggl naﬂrglﬁs ébﬁrlse uduAa
500505510 ApBiot@ldribmsmb¥agk (B dFctprbleR, g%géra@ ébm ﬁ!‘;ln%:é/ﬁgl{a?ﬁbp@léjmﬁq[\l e Ay
515520522 Thr T%{fi G@n.lle Leu Ser Ile Tyr / | e tl\/EtAIaGIy
Leu Ser?>ThrdoDai 4af! 31 847 degpin pupprigng 35%'61 - S@@%}nwborm at e C-gapingsend g
545550 555 a shial) cyt§@asmliceril @igurdyes). Nil@ledtide sdqyénced ecoding H¥6&re well knowhliad 11
<211>1629

ue Ir <400>11 gacaaaat at
Stctt oogca EAEREE e R sxuln i Tkt e Maibives gva6: gatnsedne
t t gaagt agt byhadfboaca) gagaoydCggerdadRivigagalagt afcaapagae URD: at at gtattc
aagggaaaag gecaacagat ct at cccta 180 at aggacctc
cccaatgtga ‘tecaa P@%P %élg % elgf%gﬁ% g}éfe“g@%?%éaﬁga 240 agagaaggaa
ccgatgtgtg ct atcccggt aaattcacaa at gaagaat ¢ act gaggcag 300 atccttcgag
ggt cagg®ygg [00176] The term “homotrimer” or “homotrimeric” indicates that an oligomer is formed

by three HA protein molecules. Without wishing to be bound by theory, HA protein is
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aat t gat aag
t gcct gcaaa
agacaat gcg
tctgat aatt
aagt ggaaac
t ccgggagca
ccttgatccc
ggcaagtttc
ttgtggaggg
cat caaccct
ggctacag?

tgctggattc
t caaaat gca
t cagat caca
agacaat gag
cgcaat gact
t acaat agat
aagggagaat
t cagt gcdbg
at t gcagaat
cttatggttt
tttcatttgce
<211>1773

ggggttat ac
tt cacagcag
aaggttgaga
aagact caca
tgcagcattg

20

25

30

gagt caatgg gtttcaccta tagtggaata 360 agaaccaatg gagcgacaag
agatcaggtt cttctttcta tgcagagatg 420 aagtggttgc tgtcgaattc
J¥aLtieeeR® aaat gacaaa gtcgtat aga 480 aat cccadbd/AeHIAWEHgC
t ggggagttc atcactct gg at cggttagc 540 gagcagacca aact ct at gg
aa tt. taa ca at t caag
Sofeuad adfoR s Bacd BrhaniauTs Bes SRREINE ReuB g BR0CT
anfagrtaaagohgad eﬁrh@aq)rdtélﬁ Gratrggghed 24 o etk abd @ecussocmbdigiadag

gen EORPEr BeSebeRiaR g - PSR B o IR Prttploa it canaa

ﬁgﬁﬁp‘tﬁc@tcg@nsgﬂag altmgldAE (omggdigs tget mangxﬁéinlaa&ce@caﬂ,amkgﬁmammde
t

Rirdaanag ey R el Y o

gaiag gudraapnghasiigogigtisteipaciga maaae iip80and fye siTeceiadtivey, goemtraga

CRARN kI AL G S Shga tﬁeg)?%éﬁ%ﬁs%ﬁm% %%A&% dshgagct gat

c
caat gaga tagaacaaca adt aggaaa ré‘%tq?eaa?(%p ggacacgaga

gag@lm(ﬁj@ tmegfjtaat afthgloost gl gidngtt teptidt2B@vage gggasitiy glyesglatiamage a
&t tga%%% ey r?g %glg%:tg Adoi& ﬁ%?ﬁ%& ¥e§£1re% %@gﬁﬁ?&ﬁfg& ;gaagggag ng ; .
@agagu af @altrgglmc@adﬁstc bondst B&&bﬁmmme@dtmmrabfamgamta@agt c

S R R S R R s o

1t C a t ccaaa.
lgseg’é 9054 geg%gtmfn@ al

avad ageshtrg of hmachingogted Hgcmeteias, tvhic 2@k thytiransatemdrane dopgRQ ha210>12

shown % 31 served Sb@rd aﬂfohéﬁ@ﬂlﬁgeﬁé LS. 1t has SRODRE Sst3BGRAAABCA

cata aac caaagm;aag acaatggcca tcatttatct 60 aattcttctg
Hiag ggg@amm ttippalghangeratugegtha infeet erareeess] pbick regeizes Higaa

52akEE HAD  LAURRRLRD SheBTHoBHERBL ChafS 9011 %39 03 2 1B Hebb iR g

at gggaagtt atgcaaacta aat aatcc ctccacttga 240 attaagggat

bogeratggae- exrnrgyHadentida %ﬁl@l@s@ opmay beynprogessed (i.e. comprise the
HAO domain).

[00177] The present invention pertains to the use of an HA protein comprising the
transmembrane domain and includes HA1 and HA2 domains, for example the HA protein may
be HAQ, or processed HA comprising HA1 and HA2. The HA protein may be used in the

production or formation of VLPs using a plant, or plant cell, expression system.

[00178]
example, the HA may be of subtype H1, H2, H3, H4, HS, H6, H7, H8, H9, H10, H11, H12, H13,
H14, H15, H16 or of influenza type B. The recombinant HA of the present invention may also

The HA of the present invention may be obtained from any subtype. For

comprise an amino acid sequence based on the sequence any hemagglutinin known in the art—
see, for example, the BioDefence Public Health base (Influenza Virus; see URL:
biohealthbase.org) or National Center for Biotechnology Information (see URL:
ncbi.nlm.nih.gov). Furthermore, the HA may be based on the sequence of a hemagglutinin that

is isolated from one or more emerging or newly-identified influenza viruses.

[00179] The present invention also includes VLPs that comprise HAs obtained from one

or more than one influenza subtype. For example, VLPs may comprise one or more than one

HA from the subtype H1 (encoded by SEQ ID NO:28), H2 (encoded by SEQ ID NO:12), H3
-33.-



300 aactgtgcca gaatggtcat acataataga aaaagaaaat ccaaggaacg gcttgtgcta 360

cccaggcagt
t gagaaagt a
acaggcttgc

gaaagggt cg
gctgatcatt

gaat gt gggg
aat agcaaca
cttagatata
tggtttcaaa
aaact gcgag
caat at ccac
cttagcaaca
agctggtttt
cagcaat gac
t ggaat cacc
t ggaaaagaa
cggatttcta
gacactt gac
gagagacaat

tgaatgcatg a

t aaact aaac
cctt gccat C
ttctatatgg
cattttgtaa

<213>| nfi s uepza, XiifHs

gccttgggca
ttgaagttac

gtcctcatca
ct cagt gt ga
acagcaactg

20

25

30

ttcaatgatt atgaagaatt gaagcatctt atcagcagcg tgacacattt 420
HQANPRPFY ccagaaat ga at ggacacag cat acaacaa FCHEAGYPLWIU80
gcagactatg gtggtccgtc attcttccgg aacatggtct ggttgacaaa 540

B 60D b SGTATRAR- 260 SRR o SR SR, 3
HOOBAHBY gicoded 81 80 AR WAL () AT @GdodedySREQRAIDAD: 1 CAHE R Eaigaby 20
SRS e e ATRRASRSR ALARISM L ERITSLAL 10
@bhateraess) paggiagHi 2 (cagdedb cSHQItasaat p¢aa ¢engarabe S EQED 900

SESRr o EG-FRTE! SSb00 EERRI0SRR AR SR B o BT 080,

S AagEs oatfuaes typaB g@bm@atgy StEQ ay gIgIg af)t @ta cbmtgig?gmfl&teoﬂgg
BACATPEYE e ERRRA BRe ieP rh E S RR L B 6o
aaltiaagghtad imédt cdigd gatrecigatha agategs aah@mwambretth@@agﬁhgésugsggg
DRy GL v BTG RAR R RpLpRRER I PATSIREE B A0 a0
infltanad gatybe. Clekati @t of @& cgabihgioab HAgabpattecainghiat tgciatmdledi;gegg

t .aat gt.gat.
R IR OO S B WA R AR A B oo
aggmmﬂ@maanMnamaggggﬁmﬁﬁaawmga@stmﬁht@ggggmmmghmmmaamyi628
. t t

et OO0 LAOARGL b G AR AT A PR T R

trdda dhoaeer oher it subtypeainbind o8 mai@prgiBred dependiid @86 use of <212>DNA
<400>13 caaaaacttc ccggaaat ga caacagcacg gcaacgct gt

ccatgcagta 60 ccaaacggaa cgatagtgaa aacaatcacg aat gaccaaa

taatgctact 120 gagctggtac agagttcctc aacaggtgga atatgcgaca
Gat¥Ett g aTh@i%@feggf‘agasa@awmg@ak%s%to a2t GEPERE PreghBaTARE

SBIEA §668 &Rt ARJARR! fo@IFRL &k Ik notdiA 9ARGEC agcaaagcect
ttacccttat
[00181] The present invention also provides for nucleic acids encoding hemagglutinins

that form VLPs when expressed in plants.

[00182]
from selected strains of influenza subtypes. For example, an A (HIN1) sub-type such as A/New
Caledonia/20/99 (HIN1) (SEQ ID NO: 33), the A/Indonesia/5/05 sub-type (H5N1) (comprising
construct #660; SEQ ID NO: 60) and the less common B type (for example SEQ ID NO:26,
Figure 100), and C type (SEQ ID NO:27, Figure 10P), and to HAs obtained from other influenza

Exemplary nucleic acids may comprise nucleotide sequences of hemagglutinin

subtypes. VLPs of other influenza subtypes are also included in the present invention, for
example, A/Brisbane/59/2007 (HIN1; SEQ ID NO:36), A/Solomon Islands/3/2006 (HIN1; SEQ
ID NO:37), A/Singapore/1/57 (H2N2; SEQ ID NO:42), A/Anhui/1/2005 (H5N1; SEQ ID
NO:43), A/Vietnam/1194/2004 (H5N1; SEQ ID NO:44), A/Teal/Hong Kong/W312/97 (H6N1;
SEQ ID NO:45), A/Hong Kong/1073/99 (HON2; SEQ ID NO:47), A/Brisbane/10/2007 (H3N2;
SEQ ID NO:38), A/Wisconsin/67/2005 (H3N2; SEQ ID NO:39), A/Equine/Prague/56 (H7N7,
SEQ ID NO:46), B/Malaysia/2506/2004 (SEQ ID NO:40), B/Florida/4/2006 (SEQ ID NO:41)
or A/California/04/09 (H1N1) (SEQ ID NO: 127).
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300 gatgtgccgg attatgcctc ccttaggtca ctagttgcct catccggcac actggagttt 360
aacaat gaaa gcttcgattg gactggagtc actcagaatg gaacaagctc tgcttgcaaa 420

aggagat ct a VA3AHAYIRI ctttagtaga ttgaattggt tgacccactt XEAAPAVIAYIUS0
tacccagcat tgaacgtgac tatgccaaac aatgaaaaat ttgacaaatt gtacatttgg 540

aaat cacag (LUEY accac RRoERRAR G -GaRRRRRRES RS RS E00R PRRE o0
cccagggt aa goeal Giaition ofgcltgaa] farmatcad it [standfiacma byt He\a(alab@gg ga 720
gacatacttt ttaac caca(gg‘%?ggacgtaattgmhc Ct}?e‘ﬂ% tta Gaaaat a 780

cgaagt ggga e lae AP GEcCC R e Eas nénsc aa PeeuhE 820

tgcat cactc rna;abet 1g@|aaagedd:>abhmrm¢ fagarsaaamdim, bithotdaattl ¢, tlraamagy af ibe 900
acatatgggg c t at.at ac aat t ggc aac atg 960

cgaaat gt gc %Q%gfga a?agwggbc gangl%%ghe 2 flfl 1g¢ éeér cg§P ?aceﬁlﬂar 0ttt cn%tgtggaa 1020

aat ggt t ggg agg@aiay ggqofaggmg@htag gmtl anlgpgtahstlemly ggoaatah\aﬂathe todded.aggigldy 1080 acagga

1086 <2 10>§ %cféd nt:l'olge d){ %ef'm <}¥e Cr{resence of grf'e%r lnrgIe p%go ﬂo{eyng or :&}%(?ig‘él

at gctatcaa tcacg a C atagcagagg g t'ea gaattacaca 60
gggaat cccg t gat at gcct g acatcat ccgtatcca at gggacaat ggt gaaaacc 120
ct gact gat g BEtHagt agé{ea@gQ@tpﬁéms DO ST OEIAHATE GRS § g PEPICIBO

ccggagtt gt ghekhaPesteifdd i3t 19 A AQaGRKAE bb@i9nEAlCHl £ afRl1ar240
ggt gccttgg ggag;t ccagg ct gt at cac ttgaatggtg cagaat gggga tgtcttcata 300

gaacgaccdBa Etfesieg @@é?né%? gsfoldingcraienigat grotyregyation ecagagett a 360
cggagt at cC iRQCAARCAIrdGIEARANKES pRad bRt Hd plaRgdadkl AoRAEIGRAS #20
acagt caaac aaaat gggaa atccgg a tgcaaa % caaatglgaa tgactttttc 480
aacagat t ga HCh gyetgRorsaHR P%a?utw@ahle'@lgﬂét 0. JspVaktrte R At rgh dar B0
aaggttaaca /60030a¢H0, HIFABAA0 Hspl RCALAD IGE, DL IO CH clbpiilidsCARBLG @0
gacacagaac aaaccaactt  gtataagaac aaccct ggga gagtaact gt ttccaccaaa

accagt caaa BHHHYHCYYRin R pales fufdcisyralst SEatty FHrmakgMagge cadhy €01‘7120
ggcaggatisa geidg Qiaa&drgab}ﬁ«@ta@tﬁegtzg 59:20.000Y PagelR DA . Gal adduist (St ¢AARRE Gerd B0

at agggaat t tc tta aca tcaaaa a 840
att ot gaat a éf%aa%%@%ﬁ%ig BEer SR T R
t caat ct ct a cRpacERFAGEnChildageo ad Higraagaa tat caattgg ggactgtccc 960
aagt at gt ca aacagggatc cttgaaacta gctacaggaa tgaggaatat ccctgagaaa 1020

gcaaccagag %?éﬁt tt ggxaugacr\e%%% h%ﬁo mjcglﬂg Hsp72 and Hsc73 from mammalian cells, DnaK from
bacteria, particularly mycobacteria such as Mycobacterium leprae, Mycobacterium tuberculosis,
20  and Mycobacterium bovis (such as Bacille-Calmette Guerin: referred to herein as Hsp71). DnaK
from Escherichia coli, yeast. and other prokaryotes, and BiP and Grp78 from eukaryotes, such as
A. thaliana (Lin et al. 2001 (Cell Stress and Chaperones 6:201-208). A particular example of an
Hsp70 is A. thaliana Hsp70 (encoded by SEQ ID NO: 122, or SEQ ID NO: 123). Hsp70 is
capable of specifically binding ATP as well as unfolded polypeptides and peptides, thereby
25  participating in protein folding and unfolding as well as in the assembly and disassembly of

protein complexes.

[00186] Examples of Hsp40 include Dnal from prokaryotes such as E. coli and

mycobacteria and HSJ1, HDJI and Hsp40 from eukaryotes, such as alfalfa (Frugis et al., 1999.

Plant Molecular Biology 40:397-408). A particular example of an Hsp40 is M. sativa MsJ1
30 (encoded by SEQ ID NO: 121, 123 or 114). Hsp40 plays a role as a molecular chaperone in

protein folding, thermotolerance and DNA replication, among other cellular activities.
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<210>15

at ggagaaaa
attggttacc
act gttacac
gat ggagtga
cctatgtgtg
ccagccaatg
ttgagcagaa
cat gaagcct
agaaat gt gg
aat aat ac
gcagagcag
ct aaaccaga
agaat ggagt
ggaaatttca
at gaaaagt g
at aaactcta
t at gt gaaat
agaagaagaa

caaggaatlgg (&Y

gct gcagaca
atcatt gaca
aggaggat ag
aat gct gaac
gt caagaacc
aatggttgtt
gggacgt afsg
ggagt aaaat
agttccctag
t cgtt acaat

20

25

30

<211>1707 <212>DNA <213>I nfl uenza virus <400>15
tagtgcttct tcttgcaata gtcagtcttg ttaaaagtga tcagatttgc 60
NQeHHEBAR ct cgacagag caggttgaca caat aat gga X&AG2ALYL092620
at gcccaaga cat act ggaa aagacacaca acgggaaact ctgcgatcta 180

TBTEC: el a0l L0801 20 ot gyl st cgpaacc 240

é‘%&‘d i agt 300
aelietien dfarabdaiag Ggigriviyt dy@tﬁ&&@ﬁﬁdlyﬁiptgﬁagﬁﬂe thegmmﬁma‘ompﬁﬁo

SRR Gt » BRERTR b g PR AR SHERTRM e e DL
(r&ﬁc@g(btr hatly emm@@a@pqgﬂ@cmsamummmmam@m@a@@tm 540

SSSTASTRNE MELBIACLE SLRSROBRhERER A ERRREIRS 2

Sopk 09 ‘dacat caaca 660
gaWE@glhqmcypa;aﬂa,&Is@wndamPagaitreleae aﬂgstpa@a"mg gpsgmammgf Igpa0-AD0
tcttct tt taaa at cat aaa a ts 780
(Enépc? C\glglatge f?% 0b1 pax aaagl'{ p%ﬁlg%)tlﬁe %reven he1r mt?rcglogaaﬁ

aﬁdrd)@gmabacﬂeg g;teaemﬂng tedmoaat ﬁ)idyrlg aytl dmdamamm Qfagg%gg wgh %&
LRHTEE R FACER R0 AR Shish 3l coog0a atgecceaaa 960

aaac gcg ac ggactca ga atacccc t caaagagat 1020

aaaggagagg actatttgga gctatagcagygttttataga gggaggat gg 1080
ggt t deynariggeftvashingte babuge by Aeqnge gl RjedycieiawEesssin0
@@&éﬂ&ﬁ&@ﬁmkﬁ?&?@&%@ M%t@@gagoftcm&%@@ma%gﬁ?ﬁﬁ&& 1200
aaat gaacac tcagtttgag gccgttggaa gggaatttaa taacttagaa 1260
SERBPier Raw et RHp azeeeePgad| g@@%@&%M@@@#a@apgweExggﬁevﬁawwmezo

s Olifk ik HePRMGGIRAR01GRAFRIPARLE NAGEab6R prdahd GAARIbIEZB0
tttacaacaa act a cagcttaggg at aat gcaaa ggagct gggt 1440

tcc
ﬁ@é%@ﬁ%%@ﬁﬂ%% QW§Wd§815§P§§E¥WE¥%?dﬁ&ﬁéﬁ”ﬁ@?&&&iﬁﬁ% 1500
afetekCr@cacHp A leE AGPRecHAAH BRI A G cloR FRER BRI R0 BgR3AIAdgL 1560
% gaat caat ggaaﬂétac caaatac%g{ caatttlé%c a cagtqgcg 1620
ge%ggb*eg}afn aegypigued gyt pay e otherggat CRLEHYE" 1680
gelagpadds ih€alidsbaad colokPressiohldd3déor more than one chaperone proteins such
as Hsp70, Hsp40 or both Hsp70 and Hsp40 may increase stability in the cytosol of the cells

expressing the polypeptides cells, thus reducing the level of misfolded or aggregated
hemagglutinin polypeptides, and increasing the number of polypeptides accumulate as stable
hemagglutinin, exhibiting tertiary and quaternary structural characteristics that allow for

hemagglutination and/or formation of virus-like particles.

[00189]

influenza VLPs in a plant, wherein a first nucleic acid encoding an influenza HA is co-expressed

Therefore, the present invention also provides for a method of producing

with a second nucleic acid encoding a chaperone. The first and second nucleic acids may be
introduced to the plant in the same step, or may be introduced to the plant sequentially. The
present invention also provides for a method of producing influenza VLPs in a plant, where the

plant comprises the first nucleic acid, and the second nucleic acid is subsequently introduced.

[00190] The present invention also provides for a plant comprising a nucleic acid
encoding one, or more than one influenza hemagglutinin and a nucleic acid encoding one or

more than one chaperones.
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<211>1050 <212>DNA <213>I nfl uenza virus <400>16 atgattgcaa
tcattgtaat agcgatactg gcagcagccg gaaagt caga caagatctgc 60 attgggtatc

at gccaacaa tWeaHeA®EH caggt ggata cgatacttga gaagaat gt a FEH/AGHYOWE¥ac
actcagttga attgctggag aat cagaagg aagaaagatt ctgcaagatc 180 ttgaacaagg

cccectctcga cctaaaggga tgcaccat ag ag aat 0 ccccaat gcg
atctgttgct &Oabgtlgacca%m%f’@%’igqﬁta’&glftelﬁt‘ Eﬁ’“‘gﬁégg% et 5Bg Fettddaat g

ggat at gct ta ﬁﬁﬁ)@-%&ﬂ@ﬂ of ﬁqﬂ@@ﬁ@k&bﬁ@gél&@ﬁﬂ@éﬂfe&n prapRgriahhve a?l‘glg 1rﬁﬂlfﬁ)gﬁﬂgc ag
gagaaagggt agaga ga ccaaaa a a acacca
gcagt ggggt %rg‘if’gsag%‘ﬁ gmy ﬂg@w reaf?réé‘f“@%‘ﬁ aé%‘g‘?g'g%‘? g’%%@ﬁ‘o&gﬂggﬂlﬁ%
t ?t ggat aat é’@ﬁﬁﬂfd@t ﬂ?gm{nﬁ?gﬁ‘e@@@t thaNaamfivaafa l‘:eﬁﬁ@@?ﬁﬂﬂol)%g%idk ﬂﬁ&gﬁ;&ﬂ&t icat
ct ggaaac aat.cc a cca tcctcc accaa c
aaa act §¢ Bisbgyor e il m&vﬁ%@dﬁﬁrﬁ ﬁg&e P@ﬁ&fﬁﬁ;@é&dé@%ﬁ“g@f t
gccaagag efpagfRaniibkingcUBCRAGat aeptidg otieaaggai rggthegaat t g
attattactg tct ttt paaacca ctt t t 780 aa aat c
AP P ORnead R af8a b aireo SEIGHER
taatcgctcc 1958 by RIRIgA ?r%efl 8 f:né(? W E a@'&éee 848 gcc ¢t ca
agt caaattt ﬁﬁﬂl@ﬁhg githe Haérmgmg@bglmbamairgeleﬁvegm tratibgoaar®B@ dggagbtibt aa
ggaccaat aa aacatttcag aat ce . ct a aat.gc cceaagt at g
t gaaaagt ga NSGTEIHEEY HYh %i’&ﬁ@{dﬁ ‘EP’%L% arf‘g‘?@c gé)%:g‘g g‘fdl Aty alélglcca
gagggcttiot Rgaagbifatsipnal p&;ﬁﬁi@ (férZék@mﬂlE by a si gﬁﬁ biptle@B may reqm:iénﬁedm%leavage

<213>Inf | uep gigaréc%vrgt]cgf éheéé.gng tpe% 1d]é Zo ggeat ureth%r%% ngﬁml%t R %I%@‘g éag%\%gg agcacaa

at gcat acga t ¢V aAt caaacaa cacagac aca
ctctcataga maﬁlga&b@timt b2 enyod acg/brahbctorsaatamhm ggaigot @lgofgmlahr&gta@aaac

atcocgot ta Ligh aeagte 80,03k L.agatd. GRoRelhane: AcLAg0agas. LOcaRaALL

aggcagt aat acat cca gaa gttggt cat

acat agt gga g%tlgrgc,@c‘agﬂ alB @0togoerycay» &gpng gartgtegtdnee. ccct ggat ct gt ggaaaat c
t agaagaact gaggtttgtc 360 ttctccagtg ctgcatctta caagagaata agactatttg

actattcgag ghomaatgtg s%%ﬁ pafida gl 64 htidSRHABMALL @B G BE 3RredGiabCAaCag
gt ggccaat ¢ ctt at agg 480 agcatcaatt ggttgaccaa agaggaacca gacacttatg
acttcaat ga 5@@%@{ lﬂnagglu‘umn comprising a signal peptlde from a firstinfluenza type subtype or

strain with the balance of the hemagglutinin from a second influenza type, subtype or strain. For
example the native SP of HA subtypes H1, H2, H3, HS, H6, H7, H9 or influenza type B may be

used to express the HA in a plant system.

20 [00193] A signal peptide may also be non-native, for example, from a structural protein or
hemagglutinin of a virus other than influenza, or from a plant, animal or bacterial polypeptide.
An exemplary signal peptide is that of alfalfa protein disulfide isomerase (PDISP) (nucleotides
32-103 of Accession No. Z11499; SEQ ID NO: 34; Figure 17; amino acid sequence
MAKNVAIFGLLFSLLLLVPSQIFAEE).

25 [00194] The present invention also provides for an influenza hemagglutinin comprising a

native, or a non-native signal peptide, and nucleic acids encoding such hemagglutinins.

[00195] Influenza HA proteins exhibit a range of similarities and differences with respect
to molecular weight, isoelectric point, size, glycan complement and the like. The physico-
chemical properties of the various hemagglutinins may be useful to allow for differentiation

30  between the HAs expressed in a plant, insect cell or yeast system, and may be of particular use

-37-



540 gttaataatg aagatggaga catcattttc ttatggggga tccatcatcc gccggacaca 600
caacact ata taaaaatgca aacactttga gtagtgttac tactaacact 660
g¥PRYILAYRE aaat att ggt cccagaccat tagtaagagg d@ﬁg@ﬁ%@@gﬂ%@o

80

act att gggg cattctgaaa agaggggaga ctctgaagat caggaccaac

aaagagcaga
at aaacagaa
aggat ggat t
ggaaatttaa
att caaaatg
gcaat caat a
aaat at gt ga
gaacccagag
at t gat gggt
cagaaat caa
aagat gaaca
aacat gat aa
ctccttgtge
ctttttgatg
tttgacat ac
gat cat aagg
ct agaagaga
tgcttggcaa
tgcatgttct

g’ég‘h‘?CCt aoa%l%%g@gcgt at

Faget

ct

deageapasstishidpg@gratin poRAYt aggC

agaaggcaag
gactgtttgg
ggt at ggat t
cacaagaagc
gggagtttga
acgat aaaat
tctt agagaa
aagt gaaaag
ttcacaaatg
aat at gaaga
acaccactta
tcctgattgce
gtatttga

<213>| nfl uenza virus

cagcaagcaa
t ggacacgct
agcacaat gg
ct at t gaagg
ggt cct acat
agaacct aga
tcttcccaga
cattctacag
ct caat acac
ccact gaagc

t gcagacaaa
aacagaaacc
aat gct gt gt
act gat ct at
cgt cgaaagg
ggaact cagg
cacaat ct gg
gagt at gaga
aaat aat atg
t gcacagaca

cttgcgactt
agccat t gct
t cat cacagc
cat cgat aag
agt t gt gaat
agat gaccaa
ccagaaaacg
gagact gt ca
cgacaat gag
ggaggct aaa
caaaattctt

tggaggttta

1698 <210>18

gcagt t gggc
ggtttcattg
aat t cagagg
at caccaat a
catgagttct
att gaagat c
ct agacgaac
gccaat gcaa
t gt at ggaaa
ct agaaagga
agcatttaca
at cct gggca

at t acat ggg
tt aggaat ac
aaggaggatg
gaacaggaat
aagt caacaa
ct gaagttga
tttgggctta
at gattccaa
t agat gct gg
ct at aaagaa
gcaagat aaa
gt acagt ggc
t gcaaaat gg

<211>1363

achiieh dulof BRI oL 1A BTG50

agaat gt ccc
gccttctgtt
gt ct ggaat g
ggcagct gac
tatagttgac
aaaaagaat a
caat gcagag
t gt caaaaac
gaacggtt gc
cggaacttac
t ggagt aaaa
ggccagtctt
atcttgtaga

<212>DNA

<400>18 at ggaaacag tatcactaat gactatacta
60 atctgcatcg gccaccagtc aacaaactcc acagaaactg

120
180
240
300
360
420
480
540

aatgttcctg
gcaacaaat c
ggt aaccctt
t cat cagctg
acacttttta
aat gt gact t
t ggct gact c
ggaaagagca
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t gacacat gc
t gggacat cc
cttgtgactt
t aaat ggaac
gttccgctag
acact ggaac
aaaaaagcgg
ttcttttcgt

caaagaattg
cctaatctta
gctgtt ggga
gt gttaccct
ttcctaccga
aagcaaagca
gtcttaccct

gt ggggcat a

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

ct agt agcaa

ct ccacacag
gacacgt gca
ggaagagaat
gggaat gt ag
agaat ccaaa
tgttcagatt
gtt caagacg
cat cacccac



600 aatttgtaca caagaaccga cacaacaaca agcgtgacaa cagaagactt aaataggatc 660
ttcaaaccga t ggtagggcc aaggcccctt gtcaatggtc tgcagggaag aattaattat 720
tattggtcgg tWMeLUHAANEE aggccagaca ctgcgagtaa gat ccaat gg JAAI@RYA0P097E0
gct ccat ggdi.atvggacacat tctttcggga gggagccat g gaagaatcct gaagactgat 840
tt aaaaagta gtaattgcgt agtgcaatgt cagactgaaa aaggcggctt aaacagtaca 900

ttgccgttcc acaatatcag taaatatgca tttggaaact gtcccaaata tgttagagtt 960
aaaagt ctca aactggcagt adyjet|t gagg -dacgtgeetyg cbagat eqag t agaggact al020
ttcggagcca tagctggaft gat|dyaad Jutgyctag gactlagt'cge tggttggtat 1080
ggtttccagc attcaaat ga . agoogtd | detlathecgg cagat aggga ttcaact caall4do
aaggcaattg atagaatagc gaficgaggly cgataatpé@g t'cpBicaddat gaacaaacaa 1200
t at gaaat aa ttgatcat ga aid|cagt gagl gtiigaancta gaci caad at gat caat aat 1260
aagattgat g accaaatata AgHcat abgg|-feakabpstd cagagt sgct agtactactt 1320
gaaaaccaga aaacact cga tgaggatgac gcaaat gtiga agai363<210> 19 <211> 1727 <212>
DNA <213> | nfluenza|vir us X408 ) hacagaagicalggogitacaa t gt acaaagt agt agt aata
attgcgctcc ttggagcagt 60 -gagaggictt gacapaatict gcictaggaca ccatgcggtt gccaat ggaa
ccattgtgaal20 gaccctt aediladt gapsadg|adgRagt gas saatgct act gagacggt ag
agagcacaaal80 tttgaat a@gﬂgtﬁt%ﬂjg ‘éﬂg%gjé aad| ‘¢t aCqaggac ttgggcaatt

gt cacccggt 240 aggaatigt £g-|atlaggpacdc |ct gl tit gt ga| ticcgg¢acttg accgggacct
gggacact ct 300 cattgagc @g‘%ga&%”gﬁlgtﬁ&ctﬁ ?tat%t caggg gcaaccat aa

at gaagaagc360 att gaggcag jagaat-pat-ggragaptiggaggaatecagcaag at gagcactg
gcttcacttad20 tgggt¢ttgct|e’|cal(dCaR| Bl Py cag Ljaatgycat gc at gagaaat g
gaggagat ag480 tttct at g§: gagect-tapat g;cﬂgt gt-ci-agagdcaaag ggacaaaatt
tccctcagac540 aacaagcascs kgt CgoA i & sggacagage agaay atctc at aat at ggg
gaat t cat ca600 cccttdcagctjagacaggaaa |agaat|gactt | at acggaact cagt cact at

ct at at cagt 660 tgagagttctgﬂ agat at gaga, ataagttit of, glccggttgtt ggggcaagac

ct caggt caa720 t ggacaaagtzi(jgcgaate|cP|&cereicact g/gacagt agt a cagccgggt g
acaacat aac780 ctt ct dagaty|adl ggagot|er | gyace|aagkggagtt agcaaattaa

ct ggaaggga840 tttgggaatcécaatcagaag cgtt gatlaga| caacggtt gt gaat ccaaat
gcttttggag900 agggggtt Et-@trasatacagasstsentthdcagqatctg tcacccagaa
cagt aggt ca960 at: ccccaa@tacgt Hagtic (agapggadttt| act ggtt gca acagggat ga
ggaat gt gcc1020 agaagtg’ﬁt"mcagggcg" g9-atetatittggstecgat agca gggttcatag
aaaacggat g1080 g@aggaatﬁ gtagacggéf—ggtatggtt. caggcaccaa aat gcccagg
gcacaggccall40 afct gctgat! tlacaagagta ¢t caagcage tattgaccaa atcacaggga
aact gaacag1200 ggt gat t ga&g) Hagaceachchida@lt t geyot 8dat agaa tctgaattca
gt gagact gal260 caticaaakl |ggtaacgtdaltt aatt ggac cagagattca ataaccgaca
tttggactta 1320 aaggcagaiict & majggg SENRIga8aa t agcacaca attgacatgg
ctgattcaga 1380 gat gctaam |ct G AY4aT| 90y HagdHal g&act caga cagaat gcag
aagaagacgg 1440 gaagggatge|t t LOAGALAL|RL€3lacgl@ tgat gattcg tgcat ggaga
gt at aaggaa 1500 §aatjact t@t”|gatcart cae|aptggagaga ggaggctctt ctgaat agac
t gaacat caa 1560 €ccdgtgaaa |ctt Cllledglogtjagaaapa cafcatactt tggtttagcet
t cggggaatc 1620 gtgcttggtnscttxgggg ttgtgatggg tcfitgttttc ttctgcctga
aaaat ggaaa 1680 gat gcgat g& acaﬁ@l@g mtl,tagttaag aagaccttgt ttctact 1727
<210>20 <21121698 = |X212FDNAG|S |2 Ed>] Bf Buenga virus <400>20
at ggagaaaa cact g§t atlt Egcaycs atp|Z{tuel B9y 3 Ymapgeqga tgagatctgt 60
atcgggtatt taagcgacda §tcgcayas a@@%\c&gcgaga@aﬁh ga gaacaatgtc 120
acggt cacta gct cagt gga Fct = gl ‘é—'@ acdicd SchoBl catt ctgttcaatc 180
aat ggaaaac aaccagtaag ’E‘ct%q@ ééé% [ ggcg jat attaggaaac 240
cctat gt gt g at gaagt agt—togagagact—ticatggtctt—acattgtgga aaaacccaat 300
ccaacaaat g gaat cEgttfa Ecclagazct % tagedaet agfglag@act aagact gaaa 360
ttcagtggag ttttagaatt fFadcdaattcl gaagtattica catcaaajgg atggggtgct 420
gt aaattcag gagt aggagt aaciegct gealctataaal-tied tteffaa ttctttcttt 480
cgaaacatgg tat gggt gaﬁ %caigaagz%gggll&}%t?éﬁ g&g?aat@aaa gagaaccttt 540
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aacaacacca
acagaacat c
t acaacagaa
cggat gacat
ggggcgttcc
tt caggagcg
att aat acga
t at gt gaat g
t cgagaggct
aat ggat ggt
gagt caact c
at gaat acaa
caatt at caa
ctcgttttac
cat gagaaag
accttttacc
cat aaagaat
gattctagtg

gtattggcag
t gt accat o

<213>I nf | uen%onevarqnom mgldan%a tg%if%llsdla{y%%a%aeLP Wcil%}l (a:(flt i t{ereg?(ga su egtt 1nfit tsqgcagcaa

gctttgcata
acacact aag
tt gat ccgat
t agagggt ct
cat acat agt
accaggaaga
ttgatttcae
caaaccaagg G
cagt ccaaac
ttcaccaccc

20

30

aagggagaga tgtactgatt gtttggggaa ttcatcatcc tgctacactg 600
aagat ct gt a t aaaaaggac agctcctatg tagcagtggg ttcagagacc 660
JHP eH88RY agaaat caac actaggccca gagt caat gg XEAGPEVYYYI720
&g&@ﬁ aa gat agt caaa ccaggagaat caataacatt cgaatctaat 780
ctag atatgctttt gagattgtct ctgttggaaa tgggaaactg 840
aact gaacat aatcatgc tctac aaca 0
atHa%agct t™he g Biiseatip lowioaza@a%&aucgepa g%fs ??éiﬁ%@g%gsgg
troaaas . HJ Ima@gctehgﬁalg&mggamt a5 gaaatrgsrpe@@e@gnﬁ@tea@ﬁ thvdididh)

s PRet SRR a0 sl 0

M@a@gwas SEQRIOCaQAL saE@ImN oclaapg pteaaﬁixﬁamah alrsg tnbma&agmgcla&ﬂe

S R 4 LT g oG Get DAL GO LA P A4 P GOReA LT

nugaaaanB}gaagaﬂpnlgogarm%cmﬁkgua@&maaaiQMﬁ@a@@aﬂGSEQIEBBQ

soairt geo AELF B0 R dHRE0AD-P R B TR T Pt

umgﬂggag@ﬂs@b@ﬁﬁ@ﬂﬁhﬁm&ﬂb@g@mﬁg@nmg&hMQaag@ﬁggU@aaam@a iggo
t tt
SRR R TR AR ot PR B5F HEABRELE, AREPR 408

ge ﬂtbﬂl_ﬁcagn antxbd@QBat <XhpbRIof binding HA] int8ing matured2A APANIN AL, or HA2

tgacaaaa accaaacaaa cadc cgact
tag drmmaEaepordis20 gt t ccggt ga cgcaggt gga agaacttgta catcgtggga
cctgtgtgga 180 acggaactag gat caccact agtgcttgat gactgttcat

360169 299Crng g{%sc%%ﬁ&ﬁ@@@i&o ALERS fiddoAdd &b gaak 986 1898 #RSEY D

O agHED 580146 ERTONCE 15 SRR ot SHGOHAAGA sé&éﬁégﬁﬁgf

alt9 §@% I@N@@@@EQ@D@I@Q@ 3533@@) Keang §E(t)§ll§ I\Qﬁbﬁ%ﬁi@@t
t ttCt at 48 cat a at ac ctt aaaat ca acaatttc
ALt Al §orra5ade 2% T PN G DS dscta

arcaacad cls, $I0Q ID N0O:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID
NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ
ID NO: 127 or SEQ ID NO:47. The present invention also includes a nucleotide sequence that
hybridizes under stringent hybridisation conditions to SEQ ID NO:12 SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ [D NO: 17, SEQ ID NO: 18, SEQ ID NO: 19,
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO:27, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID
NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or
SEQ ID NO:47. The present invention also includes a nucleotide sequence that hybridizes under
stringent hybridisation conditions to a compliment of SEQ ID NO:12 SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19,
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO:27, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID
NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or
SEQ ID NO:47. These nucleotide sequences that hybridize to SEQ ID NO:12 SEQ ID NO: 13,
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gat gaacaag
at caat agga
agaat ggat t
ggtaatctta

t aaaattata caaaaatcct gatactctct cttcagtcac caccgtagaa 660
gcttcaagcc taatataggg ccaagaccac tcgtgagagg acaacaaggg 720

HPALOYYEE tgttctt aaa cct ggacaaa cagt caaaat FETLAELAANITB0
ttgcacctga atatggtcac ttaatcacag ggaaatcaca tggcaggata 840

ct caagaat a
at gaacacaa
t acat accat

gat cgggggc
gct ggt t gt
gacagcaccc
at gaat aaac
atgattaatt
cttgtcctat
cat gat cggg
gagattttac
cacaaagagt
gaggagaat t
ctactgctca
actttctgoa

SR T OB SREA R T SRR e S REL LD SETTRET RD o
Neggy3ghidb NaaaatIFgUDaN @28 9YYT (T HOgYRSEQUD (NO: as aig) IDcwa: 24020
U B &5 PRDATEI s NGO BEERRL S IREERE TR 0120

HeagygEQAD NAgHET 8B Ab ¢NeEA 8RB0 AR A : 3¢ SRQ A NG 40C SEQ g dl@ed , 3200

ARAbL PR PRLRIRYER > S0 i RPN GO SRERR AR IFRE: 1550
brRFAp@at 047 gaagasainta ogsEQayatlg SEQUD @t g SERyEat 1:4% aEQ 312 8
NP2 Rga N RN D 3R gy B0 OS RATRAD- AT RN 5o
SEQ a0 yaagh SEQgDadRal £S AR NAczgSEQAD Neaat, GEQIDINR2ACIRQ 560

hae sEbdg Gfbk LRI R Pl F5Rio R ake: ROBFbaPR e

SEQ #aNO:38, 316Q B> X122 ID NO:429AQ YN D:41, SEQ HRND>DNEQ ID

<2131 | UeRed VUL o, SAPRT R0, 41 GUPHELBACNAS TG ARSENBAGA, T ot aaat o

tatgtgtaca tgcaga gcg gag CCaattca tcC
t cgacacgct ecbtdagdeaatghitt ggggtiec chg txpasedfionea YaP tagdtletVj Patdugasgacaa

accacacagg gr%&&hﬁféf% a%lﬁngd); &ﬁe%taﬂl%%ﬁsger&athlS&getcE %o?géa%fét& 29929kt 9ca
gctttgaagg atggattgta ggaaacccag cctgcaccag caactttggg at cagagagt
ggt cat acct gadeogagygacnd@0ithocrgay gdldomotacdily ggicte YEQumabowtd ggaglastanaa

acaacaat ; {,C ; t aat
at cocate PERARGRGR-ON CRELAELAC A BhARRAL AR LT b e ARReE

more influenza types or subtypes. The VLP, when administered to a subject, induces an immune

response.

[00198]
SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID
NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ
ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or SEQ ID NO:47, encoding HA from H1, H2,

In some embodiments, the present invention also includes nucleotide sequences

20

H3, H5, H7 or HI subtypes of influenza A, or HA from type B influenza. The present invention
also includes a nucleotide sequence that hybridizes under stringent hybridisation conditions to
SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID
NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ
ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or SEQ ID NO:47. The present invention also

25

includes a nucleotide sequence that hybridizes under stringent hybridisation conditions to a
compliment of SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37, SEQ ID
NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ
ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or SEQ ID NO:47. These
nucleotide sequences that hybridize to SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ
ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42,
SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or SEQ ID
_41 -
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t gcagagat a
aatactagat
gttttatggg
agt gat ccat
ggagt ccgac
cat ccagggg
tacataattg
tgcaacacca
at cgat aaga
gccact ggac
gggtt cat ag
aatgaacagg
at aacaacca
ggt gaattca
gtgacggaca
tt agat at gc
gacaat gcaa
tgcat ggaaa C
tt aaagaggc a
tt at caatlt

at cat gt ggg
<211>1749

ggggaaaat g
gat cacaaat
cggcacat ct
agt t gagacg
agact gcqac
cact t gggat
cccagattac

20

25

30

acacgggaac caacagcttc
atccagttat cagtaagacc

480 tatcgaaatt tagtttggtt tataaagaag
540 tacaacaata caacgggaag ggatgtttta
gHAARAPEE cccagt gt ct 600 gt ggat gaga caaagac tRET/GR2earwaat
acacactggt ttccaccaag 660 tcttggagcg agaaat at aa act agaaacg

SR o FCEANE JEO HALBRGLAR ST L e
QEtQEﬂgU\KI ) SEtQ&lIag@&‘&g gEgéﬂg Nat4(, SES1 alg AHICEEQLID Ng)@atsm ch agg
R A B s RN G S v e A
hﬁﬁ@ﬁﬁﬁﬁg@@gﬁﬁm@m&ﬂh@u%gﬁngg??ﬁma@agV@atm@mmdg??a?maazgggga
FRatadnsd At dnipinee fag i et eltufe ol Maccag
aaddoddodequincatithad 4 gatt célE{Bﬂnsaaa\‘ﬁTaR graiathg Vipaag batgatotpramedt nagg
2 t

PG PhaPS-PRTRG Al s Do BREBLRE 1R TRRTEEaRal POTRERLEC
aogatbfchaayiey bmatgpaat TASGOP t\xﬂamatngmgerediam saggadglagaatihgaag
ttgacgaagg aaatggct gt 1440 tttgaactcc ttcataaatg caatgactcc
¢ %Taagaaa t ggaacgtat 1500 gaccacactg agtat gcaga ggagt caaag

gaaatcga t gggat caaa 1560 ctcaaatcag aagacaacgt ttacaaagca

HOAPIt gcatlybrefezation wnger stement fyhrigizatanagnditeyy ddmesn indlg at (edetlerc
Qﬁh@i&%@& ﬁrag&?s% m@ec&l%oﬁg}a%%@e@ all %&@i@%gﬁ@s@plmén@l <210>23

| uenza virus CaaaagcCa

é{tatvgasaftftlban t\/@!ep@gt@lgena@t lperengManyeldcattnging bladpt babpretosa

9905 AM G HARRAGAL G0l A CURtAcIA %ﬂﬁé&?@ieﬁuzﬂ 20" HAgh 9gaaaa
gttaaaacac taacagacaa tcacgtagaa gttgtgtcag 180 ctaaagaatt

s8 chwhieh 1§ incopamicd Jergindy eddgREe é\nt%‘a@la et qn@ sghotipggacgggea
el RlARA InEi@S 8l 89506800368 ytraleRmGH% K 300 bYCABIREAC

tcttcatt cccac tgcagtagac acatgttatc 360 cattcgacgt

hg&ﬁf%ﬂ‘ég @(a%g‘gaép% Etfor an hour, or gl washes in (S)J 1 X SSC at 65°C each for 20 or
30 minutes. Alternatively, an exemplary stringent hybridization condition could be overnight
(16-20 hours) in 50% formamide, 4 X SSC at 42°C, followed by washing in 0.1 X SSC at 65°C
for an hour, or 2 washes in 0.1 X SSC at 65°C each for 20 or 30 minutes, or overnight (16-20
hours), or hybridization in Church aqueous phosphate buffer (7% SDS; 0.5M NaPO, buffer pH
7.2; 10 mM EDTA) at 65°C, with 2 washes either at 50°C in 0.1 X SSC, 0.1% SDS for 20 or 30
minutes each, or 2 washes at 65°C in 2 X SSC, 0.1% SDS for 20 or 30 minutes each.

[00200] Additionally, the present invention includes nucleotide sequences that are
characterized as having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or
any amount therebetween, sequence identity, or sequence similarity, with the nucleotide
sequence encoding HA from H1 (SEQ ID NO:28 or SEQ ID NO:127), H5 (SEQ ID NO:3) or H7
(SEQ ID NO:11), wherein the nucleotide sequence encodes a hemagglutinin protein that when
expressed forms a VLP, and that the VLP induces the production of an antibody. For example,
expression of the nucleotide sequence within a plant cell forms a VLP, and the VLP may be used
to produce an antibody that is capable of binding HA, including mature HA, HAO, HA1, or HA2.

The VLP, when administered to a subject, induces an immune response.
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agcaagcagt
t gacggat ca
ct ggct aacc
gggctct t at
aacggatctc
cagtattgtt
cat ct act gg
gattgcacca a
t gacaaaagg
tgacaaacct
gcaagggt

cttatttggg
gtatggattc
t caggcagcc
aaaat at cac
gaagt acgt t
act agagaat
agt aagaagg
ccat cagtigt
ct acagggat
gtacaaggac
gattct ggga
at aaagaaaa
<212>DNA

aat gaacact
gatttgtctc

aggagt ggaa

20

25

30

gggagtttgg 420 agttcatcgc cgaacaattc acctggaatg gtgtcaaagt
agcagtgctt 480 gtttgagggg cggtcgcaac agcttcttct cccgactaaa
MAGHAALAE 540 at ggaaacta tggacctatt aacgt cadiCd/GEdHa4eatac
gt caggctct 600 atctctgggg agtgcatcac ccatcaagcg at aat gagca

a ggt gg ,660 caacaggga t aac ta tct ct c accaaat
i@%@it at agdgﬁwaﬁé%ﬁﬁgﬁwﬁww asgmala‘f@ﬁ@%ﬁgwesgt §%at aag
a&e&teﬂgs‘daahm a86E 7AJI0NAR S RE. Ol Wadd, 9% b4 3808047298, bgggaatt t
gp’ gccact 840 acaaaat caaat ct act,

t

BT 006, St i LED PR SR AT A A G UAEE caaas
tdqhieagasay) 96001 2a8EQaD gdl: 18, FEQAIDAYY.A 49810 gzmogas saabgicaas
o SEATORALIY SHoaD iR e BN SR SRR TR b S SRR AR

aA0yeaGEadn N(:40, SEHQE §eayySEacRygaas SEQADII@PacsEQ rEgieaac

SHOIPNEALE st Mo AU AR EE A0 L ERSHA AL 2BEAR: o2

YacRyasEe (a ND3DOSEQ ad Ngatlt SEQIYOc: $iQ HaNgeBgsE It got4ag$fagc

AR A G R BT R LB bt o

gat at t
g@uenae ambddes 1 béhaggluatia gasagthaatteagaaasd jgaae MLAT gpd decthe Jaeat

gh% ? %5 60 aca o%g fﬁtr ege?r?pcg%%%%glo Coft t?ﬁi 1%uc egt%det g)g f:r%at 999

08¢ Fgat ca cact
vmhgmmbmamnﬁﬁ&@ag@@cmﬂgmoalaaadggganopmﬂmmgmmgbmbaaaMnnngt

%@%& ?tijhadgl%ztgét&rg FH%C h(AO HAI %gggi <%ﬂ'e0€814 when admix%gtgf%

a virus 4 agcadaagca gggga acaa
cubgxat cdt@gart ipatune teaginsecct cggact g 60 tcgat ggt ga gat ct gacaa
gggcaccatg ccgtagcaaa tgggacaaaa 120 gt caacacac taact gagaa

9109@] caat Qd@ﬁﬁ@tﬁlgQ,Mes%gthg)gﬁgﬁtiﬂchﬁ&qmcleotide sequences that are
characterized as having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or
any amount therebetween, sequence identity, or sequence similarity, with the nucleotide
sequence of SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37, SEQ ID NO:38,
SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID
NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or SEQ ID NO:47, wherein the
nucleotide sequence encodes a hemagglutinin protein that when expressed forms a VLP, and that
the VLP induces the production of an antibody. For example, expression of the nucleotide
sequence within a plant cell forms a VLP, and the VLP may be used to produce an antibody that
is capable of binding HA, including mature HA, HAO, HA1, or HA2. The VLP, when

administered to a subject, induces an immune response.

[00203] Similarly, the present invention includes HAs associated with the following
subtypes H1 (encoded by SEQ ID NO:28 or SEQ ID NO:127), H2 (encoded by SEQ ID NO:12),
H3 (encoded by SEQ ID NO:13), H4 (encoded by SEQ ID NO:14), H5 (encoded by SEQ ID
NO:15), H6 (encoded by SEQ ID NO:16), H7 (encoded by SEQ ID NO:11), H8 (encoded by
SEQ ID NO:17), H9 (encoded by SEQ ID NO:18), H10 (encoded by SEQ ID NO:19), H11
(encoded by SEQ ID NO:20), H12 (encoded by SEQ ID NO:21), H13 (encoded by SEQ ID
NO:27), H14 (encoded by SEQ ID NO:23), H15 (encoded by SEQ ID NO:24), H16 (encoded by
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acaggaat aa at aaagtgtg cacaaaaggg aagaaagcgg tggacttggg atcttgtgga 240
atact gggaa ctatcattgg gcctccacaa tgtgactctc atcttaaatt caaagctgat 300
ctgat aat ag HAGHAYBAR tt caagt gac atctgttacc cagggaaatt F&IHAAGAYIB60
gaagcact ga gacaaat aat cagagaat ct ggt ggaattg acaaagagcc aatgggattt 420

Tet act cag SAaar prgdrrrarEe Gradncrs SHeggaT gr Fedtaradtl ey
?2; g a? ?g 2{ rﬁﬁé@@a@@a&c&&maﬁ&gzt&?tfiazt&g&m@\hﬂ@frdrﬁ efout OO gomg bre e tudéddnt 228
gaagct caa g%‘%’ﬁ@%ﬁrgg@ma]t%@ ycaéﬂoélﬂtég‘g% E‘ﬁ% g(?g&)aﬁ caEy 8@5 aet%vefﬁ’o
Pltlaccrton aragtacart. g %?W%?@“m@?“"m’gmm?m28’“‘8?‘23?8
ccat cgugag Tt SRdT aho DoRALar AR AR S0 A bt BLIGR LN 8L w00
g:g; g 2; th: g m?ggggaeﬂa@ ©tNotlag Hg(smggggaaamt(mmgmm ,tHOt(§EQ &b tNO: 936,00
ccgct ggcctg'.J Fﬁ&gg%é?'g%?%g;ﬁgg%@gl)ég)gﬁg ?3'& (g g ?lﬁgﬁf@g%?) %1850
gcaat '; gg :g (glti‘D 10 aC$, P@a&s@@ &b Yo @Q&Q@&WQ & I;Sﬁbag@fi;@ tot m@qaietsequmg
S Toacoags TadtaUmnaR LT rRaeDgR FhaRb sl rRE L OEd ALl GROPE: BER88,
ct cat aghca Imdidyetgintotﬁ acarﬂngeng 13 gtgagmpiagasmgatoagf e alaﬂegtldratqlaawl@ygmaanl 320
agggact cct t ? gﬁf’ %El g%t\g[{i";rg §' ba%lge%% %IE zfntng&&q B i agg%‘?‘el%&m 380

cagcat acaa t gacc tgc a at gaac aac gag agtgagaaga 1440

cagct aaggg Ié/gaaﬂlgimggmuggbl@gaﬁgg%h@t Hgat Ghea ViR, g&gaetdmmlstqetbw@gahigﬁ 1500

gacgat caat g&ugésqlgmgne(}g#%gaaat aat acttaca atcacactga atatcgacag 1560
gaagccttac agaataggat aatgatcaat ccggtaaagc ttagtggtgg gtacaaagat 1620

gt gat act at ttagctt cggggcatca tgtgtaatgc ttctagccat tgctatgggt 1680
cttattttcal 8&0@1 gt gah ARBEHEWTseC EGEGHY tEs te patseingt aftthendapitve Hiyne1740

gaaaaaceLC Ghtbd! TReCdidtiot imminéBsten? ddedy comprised & hahdi@lesponse,add & SNA

<213>I nfl uenza virus <400>25 agcaaaagca gg gat att g tcaaaacaac agaat ggtga
t caaagt gct rpqdiptqdirgspense.g fhe humoral response is the aspect of immunity that is mediated by secreted

antibodies, produced in the cells of the B lymphocyte lineage (B cell). Secreted antibodies bind
to antigens on the surfaces of invading microbes (such as viruses or bacteria), which flags them
for destruction. Humoral immunity is used generally to refer to antibody production and the

20  processes that accompany it, as well as the effector functions of antibodies, including Th2 cell
activation and cytokine production, memory cell generation, opsonin promotion of phagocytosis,
pathogen elimination and the like. The terms “modulate” or “modulation” or the like refer to an
increase or decrease in a particular response or parameter, as determined by any of several assays

generally known or used, some of which are exemplified herein.

25 [00205] A cell-mediated response is an immune response that does not involve antibodies
but rather involves the activation of macrophages, natural killer cells (NK), antigen-specific
cytotoxic T-lymphocytes, and the release of various cytokines in response to an antigen. Cell-
mediated immunity is used generally to refer to some Th cell activation, Tc cell activation and T-
cell mediated responses. Cell mediated immunity is of particular importance in responding to

30  viral infections.

[00206] For example, the induction of antigen specific CD8 positive T lymphocytes may

be measured using an ELISPOT assay; stimulation of CD4 positive T-lymphocytes may be
- 44 -



atcgtattgt
aacgccacag
gatctcgttg
catcttggtg
at caacat ca
tt cccaggag
tttagcagaa
gcttcttgec
aat aaaaat g
gttctagtac
gcaagcaaaa
gaaatt ggeca
at gcgecctg
ggat acat ca
aaat gcaaca
aacat agaga
cttgcaactg
gcaggcttca
cagaat gaac
gaaat aadfa
agaggggaat
gcagt aact g
acat t ggact
aaaagt aat g
t cat gcat gg
caact gaaaa
gt actgtcga
ttcat aatigt
aaaat accct

<400> 26 ag

gt agt aacat
gt ggt t aaaa
acacct acca
ccaaact gtt
aacacaccct
tttcctatga
gaaaacat ca
t acaaggt gg
acaat ggct t
gaagt accat
gat gacaaaa
t ct gccaat g
gaagacgaag
ggaaaaaggg
gcaagt ggcéa
ct ccacgaaa
aaggccat ag
aaat at agac
ttcttggaag
gcacat ggag
acaaaaaat c
gcaat gaat g
gct gat aéda
aacagt gaag
t ct gct gt ag
ct agacagga

t aagt aggt a ttcgaaagca gacaaaatat gcataggata tctaagcaac 120
acacagt aga cacact gaca gagaacggag ttccagtgac cagctcagtt 180

AHHEBER cacaggaaca tactgctcac tgaat ggaat F&GEASHAL092640
actgcagctt tgagggatgg atcgtaggaa acccttcctg tgccaccaac 300
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gcaggagatt tttctcttcc cacttttgat 1620 tcattaaaca ttactgctgc atctttaaat
gat gat ggct t\ggat aatca tactatactg 1680 ctctactact caactgctgc ttctagcttg
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caaaggaaga atccattcca _ _ ] , , o
the transmembrane domain or sub-domain (TmD) (involved in the affinity of the HA for lipid

rafts), and the cytoplasmic tail (cytoplasmic tail sub-domain) (Ctail) (involved in secretion of

HA). The globular head is divided in 2 subdomains, the RB subdomain and the vestigial esterase

domain (E). The E subdomain may be partially or fully buried and not exposed at the surface of
20  the globular head, thus some antibodies raised against HA bind to the RB subdomain.

[00213] The term “virus like particle” (VLP), or "virus-like particles" or "VLPs" refers to
structures that self-assemble and comprise structural proteins such as influenza HA protein.
VLPs are generally morphologically and antigenically similar to virions produced in an
infection, but lack genetic information sufficient to replicate and thus are non-infectious. In some
25  examples, VLPs may comprise a single protein species, or more than one protein species. For
VLPs comprising more than one protein species, the protein species may be from the same
species of virus, or may comprise a protein from a different species, genus, subfamily or family
of virus (as designated by the ICTV nomenclature). In other examples, one or more of the
protein species comprising a VLP may be modified from the naturally occurring sequence. VLPs
30  may be produced in suitable host cells including plant and insect host cells. Following extraction
from the host cell and upon isolation and further purification under suitable conditions, VLPs

may be purified as intact structures.
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gtgttcatca
at gt ctct gt
ccaaagt 3ag
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gt agaggctt
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t gacacaat %Ct acc caa caact acc gacact
fuyaig aralgalzr O@atgmsagt vgbngcﬁa@rm@,tce@lgtter@rammlrd@,tatth‘gqg@a @aglmaal 20
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I Lo SR e o oot ar GRS b RR LA cls P ts Regtrea 50
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cccqgcct aac at agggaacc aaaagg cact ct at cat aca gaaaat gCt t

é@?’?%P@@aP@ﬁ@F Pﬁg@ékgﬁ 1003 €oidd §PNAR g HRBAad @XEP%GO

AL CR RS BEPRIARECidt B IcAG RGipHsedREh MG Sse IN SRALHIGIIA e 8

atttgaggca aat ggaaatc taatagcgcc atggtatgct tttgcactga
Pﬁgﬁ%@%gﬁ with H%gshould VLPs comp%mgg HA and NA be%esued g g

[00216]
complexed with plant-derived lipids. The VLP may comprise an HAQ, HA1 or HA2 peptide.

A VLP produced in a plant according to some aspects of the invention may be

The plant-derived lipids may be in the form of a lipid bilayer, and may further comprise an
envelope surrounding the VLP. The plant derived lipids may comprise lipid components of the
plasma membrane of the plant where the VLP is produced, including, but not limited to,
phosphatidylcholine (PC), phosphatidylethanolamine (PE), glycosphingolipids, phytosterols or a
combination thereof. A plant-derived lipid may alternately be referred to as a ‘plant lipid’.
Examples of phytosterols are known in the art, and include, for example, stigmasterol, sitosterol,

24-methylcholesterol and cholesterol — see, for example, Mongrand et al., 2004.

[00217] VLPs may be assessed for structure and size by, for example, hemagglutination

assay, electron microscopy, or by size exclusion chromatography.

[00218]

plant tissue by homogenizing (Polytron) sample of frozen-crushed plant material in extraction

For size exclusion chromatography, total soluble proteins may be extracted from

buffer, and insoluble material removed by centrifugation. Precipitation with PEG may also be of

benefit. The soluble protein is quantified, and the extract passed through a Sephacryl™ column.
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g
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779 |Human| +

Table 2B: Species of RBC bound by HAs of selected pandemic influenza strains

Pandemic | Strain No | Origin | Horse | Turkey

H2 A/Singapore/1/57 (HZN2) 780 {Human| + ++

HS5 A/Anhui/1/2005 (H5N1) 781 |Hu-Av | ++ +
A/Vietnam/1194/2004 (H5N1) 782 |Hu-Av | ++ +
A/Teal/Hong Kong/W312/97

H6 (H6N1) 783 | Avian | ++ +

H7 A/Equine/Prague/56 (H7N7) 784 |Equine | ++ ++

H9 A/Hong Kong/1073/99 (HON2) | 785 |Human| ++ +

[00220] A fragment or portion of a protein, fusion protein or polypeptide includes a

peptide or polypeptide comprising a subset of the amino acid complement of a particular protein
or polypeptide, provided that the fragment can form a VLP when expressed. The fragment may,
for example, comprise an antigenic region, a stress-response-inducing region, or a region

comprising a functional domain of the protein or polypeptide. The fragment may also comprise
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aaagggccct ctatcataca gaaaatgctt atgtctctgt agtgtcttca 660
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éﬁﬁ ‘cttcc tttccagaat gtacacccag tcacaatagg agagtgtcca 960
ggagt gcaaa attaaggatg gttacaggac taaggaacat cccatccatt 1020
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amino anldS or any amount therebetween may be removed from the C terminus, the N terminus
or both the N and C terminus of an HA protein, provided that the fragment can form a VLP when

expressed.

[00222] Numbering of amino acids in any given sequence are relative to the particular
sequence, however one of skill can readily determine the ‘equivalency’ of a particular amino
acid in a sequence based on structure and/or sequence. For example, if 6 N terminal amino acids
were removed when constructing a clone for crystallography, this would change the specific
numerical identity of the amino acid (e.g. relative to the full length of the protein), but would not

alter the relative position of the amino acid in the structure.

[00223] Comparisons of a sequence or sequences may be done using a BLAST algorithm
(Altschul et al., 1990. J. Mol Biol 215:403-410). A BLAST search allows for comparison of a
query sequence with a specific sequence or group of sequences, or with a larger library or
database (e.g. GenBank or GenPept) of sequences, and identify not only sequences that exhibit
100% identity, but also those with lesser degrees of identity. Nucleic acid or amino acid

sequences may be compared using a BLAST algorithm. Furthermore the identity between two
-49 -

<212>DNA
<213>|\/Ed|caé%)&:§lali‘?ﬂi‘faiS or anyappys3heretetieest dm abad 289 byt Sehme AT tikic OsMY ggcgaaa



t aaat ct gct
tttccctaaa
ttctgact at
agtgtctggg
ggattt caat
tgtcttcaac
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gt agaagctc tag aatt ttgaagaa tcca ac 7
%&ﬁﬁ&@%&%ﬂ&%@@ﬁg 3 Yﬁ‘gﬁl’f‘%taﬂﬁe S&%’B‘%& f}’ﬁf‘t 6%? i&ﬁte@'@

M&; Bt & tHeGamehdet. okl gnﬂﬁﬁg@ggg targ&l @aadingtthe mlcmmga@tamqw

R S R A A R R

falnaadrg Bt @@ a&gﬁﬂgitztbaiet i Barcado; flat tdefgaadishhgatpaasct; Q.@B’O

broP e s g agear gt SRASEE Sgren PRl A Rl B 8RR B 200

inaéxgagbage dafagit pdrilgﬂehs ety BIL(DmMgz; IthBt tdgfgmlt gcttgglmamt g 1260
ctcc t t t aaa t. 1320
SRt oatyr daATs JReRaeup e RIS D ARARRAETOf pEEREFL Sind 350

aﬁailttpgtaﬁetersb oapgheagly @aghiggakaeqehas eatabtlagegbcddagtyl440
gaagacat ca tagaattcat tgaaaagaac aaggat aaaa ctggtgctgc 1500
gb%ﬂﬁacaa§ hSRERRAI B on!B&HERAGE R ndARBRAUA B R g%ﬁ?ﬁﬂéu%é 0

aagttccgc ttggaggata tcggcacaca gtcatctdcg ggctttacaa 1620
tropdagHAtiTo agheigkpagynascitrcand distpregeeiatcd nfuenge ¥EPs franghe 1680
?ltalﬁt Ll 98 @Jc&ﬁgl%rgélﬁgor{ gitx%gl@scéfgu@x%haéik g&@sqn(gﬁéet ﬁ)ggﬁ&gle ]137140

ggaactttt gtttctgtaa aaaaaaaaaa a

are atl@iteq {d, preindeenyd AMsw Caled%u@%%%@éb‘a@a@édeﬁgi%ﬁl HPto 1anaag at gag

ﬂtﬁ%ﬂﬁ@@aﬁ@&%ﬁﬂ?®%l§§ ApAELahCa 16A GORLLRAGESaBRS &
G Bta geto AEQ %&%éiéhar@é?;e/%%ew%a%ﬂ N4 scraaboygas :&a@iggzt t
ARl 19 IS TAAIIATR D) (3%@@9@%@9@3@ 69t AGARESKe/ I/t DR anaa

gaac atccaaataa 300 cat ggacaaa tt aaac t gt at aggaa

SEQAPA: 0 e g ananb 265 Hg be & SR ¥agtr 5Pkt got gg
Aok 092004 Al Aleds. SEQ ID NO: 44, 56, 66), A/Teal/Hong Kong/W312/97
(H6N1) (e.g. SEQ ID NO: 45, 57, 67), A/Hong Kong/1073/99 (HON2) (e.g. SEQ ID NO: 47, 59,
68), A/Brisbane/10/2007 (H3N2) (e.g. SEQ ID NO: 38, 50, 69), A/Wisconsin/67/2005 (H3N2)
(e.g. SEQ ID NO: 39, 51, 70), A/Equine/Prague/56 (H7N7) (e.g. SEQ ID NO: 46, 58, 71),
B/Malaysia/2506/2004 (e.g. SEQ ID NO: 40, 52, 72), B/Florida/4/2006 (e.g. SEQ ID NO: 41,
53, 73). The corresponding clone or construct numbers for these strains is provided in Table 1.
Nucleic acid sequences corresponding to SEQ ID NOs: 36-47 comprise a plastocyanin upstream
and operatively linked to the coding sequence of the HA for each of the types or subtypes, as
illustrated in Figures 28-39. Nucleic acid sequences corresponding to SEQ ID NO: 60-73
comprise an HA expression cassette comprising alfalfa plastocyanin promoter and 5 UTR,
hemagglutinin coding sequence of an HA, alfalfa plastocyanin 3° UTR and terminator

sequences, as illustrated in Figures 51-64.

[00225] The VLPs may also be used to produce reagents comprised of recombinant
influenza structural proteins that self-assemble into functional and immunogenic homotypic
macromolecular protein structures, including subviral influenza particles and influenza VLP, in

transformed hosts cells, for example plant cells or insect cells.
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420 caacaggatg ggggctgtga ccactgaagt ggcatttggc ctggtatgtg caacctgtga 480
acagattgct gactcccagc atcggtctca taggcaaatg gtgacaacaa ccaacccact 540

aat cagacat JMY3UEAYAH t ggttttage cagcactaca gctaaggcet a tPEIEEEHA4009800
ggct ggat cg agt gagcaag cagcagaggc catggaggtt gctagtcagg ctaggcaaat 660

ggt gcaagcg aacca tt ctca _tcctagct.c t gct C aagaat ga 720
tcttcttgaa E@ggggcag e@%ggﬁaagﬁhﬂbﬂgﬁga&aé”ggﬁggag@gﬁd§§8§§WF@§§”780

gt gatcct ct wgrdiathipfacexgeamatsadian flohgigapatdiongdasinklgaialopt ploggatlhe VBAO
ttgatcgtct tttittcaaa at cc gtcgectttga gt acggact aaggagggc 900
cttctacgga 5@6%@? %%ﬁ*%@%r%%@?ﬁa“ﬂ‘ﬁgﬁa%éﬁﬁfﬁﬁﬁsz ﬁgﬁﬁ&%ga%§§%§tg 960

ct gt ggat gc ingadigatbggiot Gatddth,q@aleg EbdladEgiotre, ggolgivaaaaa actaccttgt 1020 ttctact
1027 <210> 36 <211> 1788 <212> DNA <213> Artificial sequence <220> <223>
cl one 7731 B d@%‘ﬁ;{em ' pl%teﬁl@%&r])%r %%&%@é&é‘,%@%&@% nQH&M@eﬁ 104007 0%@
cactttgtga btct cactt tgattccctt caaacacata caaagagaag agaptaattalé
attaattaat Ca Ebdydge Yebhaavgesaer the ldeh erasxavgigecctegMeaskes g Mumps 1iRe,
acagct acat 95 RhRo SHCL A6 GRlideC RARRARGS © IRGRGACACt 180
gttgacacag gg%ﬁ?gggggw%gg?%?%acaoggbabacapteﬁpgtcaacc§%£cttgggaac 240

agt cacaat g bemerademicgert Cirustlt Hamean guampdaiiccecyCans-dcidemnan ﬁg@t ¢tigie V309
agcgttgecg gof 9@k o! F1aAAERRICE GResIRM BRI At itd BEILAlCHGARAIARHE A/ RO

tggtcctaca ttgtagaaaa accaaatcct gagaatggaa catgttaccc agggcatttc 420

gct gact g Bygaies guige brdbasirglaags Baytvars ettheldel Cgen e{ehaa 480

atattcccca aagRRRACcs SRALIGE BEIAR WoARDE RUhARo HoROAYLIT i EhARE AaG 3lkd6e RAD

tcccataat g gggaaagcag tttttacaga aatttgctat gggégacgggngaagaaxg t 600

ttgtacccaa deeliguiges asgmpicsef attigens thph B'anPOBAGSE Haagremprne driaed Wiss0

tggggt gtt ¢ BLkaE GRIGHsi ?@&ﬁ;@mv-g@@m@@@&gn&&ﬁst g 12D A4 ACAURRRAotiRY
C

gcttatgtct ctgtagtgtc t acattat_agc%?aaaat t caccccaga aat agccaaa /80
including VP30 or VP35 of Ebolavirus or Gp/SGP of Marburg virus or the H protein or F

15  protein of the Measles paramyxovirus. For example, P24 of HIV (e.g. GenBank reference
gi:19172948) is the protein obtained by translation and cleavage of the gag sequence of the HIV
virus genome (e.g. GenBank reference gi:9629357); gp 120 and gp41 of HIV are glycoproteins
obtained by translation and cleavage of the gp160 protein (e.g. GenBank reference gi:9629363),
encoded by env of the HIV virus genome. VP30 of Ebolavirus (GenPept Reference gi:

20  55770813) is the protein obtained by translation of the vp30 sequence of the Ebolavirus genome
(e.g. GenBank Reference gi:55770807) ; VP35 of Ebolavirus (GenPept Reference gi:55770809)
is the protein obtained by translation of the vp35 sequence of the Ebolavirus genome. Gp/SGP
of Marburg virus (GenPept Reference gi:296965) is the protein obtained by translation of the
(sequence) of the Marburg virus genome (GenBank Reference gi:158539108). H protein

25  (GenPept Reference gi: 9626951) is the protein of the H sequence of the Measles virus genome
(GenBank Reference gi: 9626945); F protein (GenPept reference gi: 9626950) is the protein of

the F sequence of the Measles virus genome.

[00228] However, other envelope proteins may be used within the methods of the present

invention as would be know to one of skill in the art.

30 [00229] The invention, therefore, provides for a nucleic acid molecule comprising a
sequence encoding HIV-p24, HIV-gp120, HIV-gp41, Ebolavirus-VP30, Ebolavirus-VP35,

Marburg virus Gp/SGP, Measles virus-H protein or —F protein. The nucleic acid molecule may
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agacccaaag taagagat ca agaaggaaga atcaattact actggactct gcttgaaccc 840
ggggat acaa taatatttga ggcaaat gga aatctaatag cgccaagata tgctttcgca 900
ct gagt agag J¥PeHH8BLY aggaat cat c aact caaatg caccaat gga tPAA&GIGA109B60
gcgaagt gcc aaacacctca gggagct ata aacagcagtc ttcctttcca gaacgtacac 1020

ccagtcacaa ta t ccaaagt at tca caaaatt aa tggttaca 1080
ggact aagga lﬁé’g%f;‘ﬁg"@g’t g’k@éf’f‘(‘i ey 88@%??’?& ant‘?ﬁ&‘a&é%zg?plg’gc‘fgg&?tac 1140
att gaagggg @eicgeasig@gssaat ggt agat ggttggtatg gttatcatca tcagaatgag 1200
caaggatctg gctatgctgc agat caaaaa agcacacaaa atgccattaa tgggattaca 1260

Rpcanggr o2 (61 9! 2ot LARGR ARAN G, ARGAGHARRL b ERARICAON.DAAGAAAGAGL 120

ttcaacaaat tggaaagaag g gga aac faaaa aagttgatga tgggtttat as
gacat t t gga ldAtfat xamnpie batgaslonitgptiq hgmaldn&w?gf\/mgmsgéé(ég’lrg@dé (i gyator a4 40

ttccat t t t 1500
gct aaagg%a ‘?%gfg}é‘gﬁ g%ag’ﬁgflﬁ g%%m %/?%tﬁg)a gglﬁg%g%g %Ssﬁ)ggg%gtéi g 1560

gagagt gt aa mgdetiggeacessitmyeg@otaad pmé@&%@%ﬂﬂuemqa@gaaﬂ@uhwagnI‘F«@&%té: 1620

agggagaaaa 680
2ot oaacag PrBRLAIRRLAARAL HAGAR (HABhORIRE: b Al aan e L AR 7 40

at gt gt t cca ianggeeeoictivmaopigngtragel cal @ Pyt BructEgal g subpggl infa@ag> 37 <211>
1788 <212> PSRRI AL VHE Ly SEANANR A2 rarddRza thanga TS - nucl eol | de

sequence of non Is and HIN1) <400> 37 cactttgtga gtctacactt

tgattccctt caaacacata caaagagaag actaatta 60 attaattaat catctt
gaaaat gdba §PHahact acThFﬁ’g‘tl?‘,%i‘cﬁﬁn 5%%/(\{’? m%%l%l%@ae‘fs @é?xag‘ﬁ’ @&g@gac

aat at gt at a @eieddas 2agyv CLBRBAAOI0 (ﬂmggﬁ/@aﬁ?ﬁ)mia&Q/@t(Hg@Q@Q&goﬁeﬁ%mg§®aa
Dot att aaan QUELRRGbAECHRRAEant g0t Ahtaen Stu adelROTN. oot goat ot ¢
aggaaaccca gaalgegant7 (HeshyalAdti Vaggqast DAA36&8ndng OloeO@QASNI gt agaaaa
accaaat cct g/a"[geeﬁﬁi[ g% g(}% 92557%?1 %1)51%%9 tlgong/l(é)%%9 (H9N2), A/Brisbane/10/2007
15 (H3N2), A/Wisconsin/67/2005 (H3N2), A/Equine/Prague/56 (H7N7), B/Malaysia/2506/2004,
B/Florida/4/2006 may be expressed, for example, using a Baculovirus Expression System in an
appropriate cell line, for example, Spodoptera frugiperda cells (e.g. Sf-9 cell line; ATCC PTA-
4047). Other insect cell lines may also be used.

[00232] The nucleic acid encoding the HA may, alternately, be expressed in a plant cell,

20  orina plant. The nucleic acid encoding HA may be synthesized by reverse transcription and
polymerase chain reaction (PCR) using HA RNA. As an example, the RNA may be isolated
from human influenza A/New Caledonia/20/99 (H1N1) virus or human influenza
A/Indonesia/5/05 (HSN1) virus, or other influenza viruses e.g. A/California/04/09 (HIN1),
A/Brisbane/59/2007 (H1N1), A/Solomon Islands/3/2006 (H1N1), A/Singapore/1/57 (H2N2),

25  A/Anhui/1/2005 (H5N1), A/Vietnam/1194/2004 (H5N1), A/Teal/Hong Kong/W312/97 (H6N1),
A/Hong Kong/1073/99 (H9N2), A/Brisbane/10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2),
A/Equine/Prague/56 (H7N7), B/Malaysia/2506/2004, B/Florida/4/2006, or from cells infected
with an influenza virus. For reverse transcription and PCR, oligonucleotide primers specific for
HA RNA, for example but not limited to, human influenza A/New Caledonia/20/99 (HIN1)

30  virus HA sequences or human influenza A/Indonesia/5/05 (H5N1) virus HAO sequences, or HA
sequences from influenza subtypes A/California/04/09 (HIN1), A/Brisbane/59/2007 (HIN1),

A/Solomon Islands/3/2006 (HIN1), A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1),
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gccgact atg aggaactgag ggagcaattg agttcagtat cttcatttga gagattcgaa 480
atattcccca aagaaagctc atggcccaac cacaccacaa ccggagtatc agcatcatgc 540
tcccataatg gY9aHAYE3Y tttttacaaa aatttgctat ggctgacggg F&AGA31%91°B00
ttgtacccaa acctgagcaa gtcctatgca aacaacaaag agaaagaagt ccttgtacta 660

t tgttc atcacccgcc t t ca c a aagaa 0
R A BR N R e R e it AT
agacccaaag (ragagaBaéaagda)gada2giowactatlc7a00HaBoRs A/ Bgiilcfap0e 56 848
at acaa t at.c cgcca tgetttcgca
gtg 3 ggt agag é@ﬂﬁg%&lg@y%gﬁgﬁé%? g/ onélg?/%ggﬁaéta%ac\f %8 3%‘13?’? §é‘§t‘?f§g%taé‘ t égl%{f a“é‘go
gcgaagt gcc amadiag HAGaydhg gagdiadly ayndasiagioant methbdscs tvocld ingash ghadakill 1920
cctgtcacaa g_‘a agagtg tccaaagtat gtcaggagtg caaaattaag gatggttaca 1080
ggact aagga Sgg'cccatc cattcaatcc agaggtttgt ttggagccat tgccggtttc 1140

attgaagggg ggtggactgg aat ggt agat ggttggt atg gttatcatca tcagaatgag 1200
caaggat ct g g¥23tlgct gclhagratloemd A sqpiss oabesmacess ger he tlened inpyydttiewxaresske0

aacaag9! 08 Al ohARlabIHIIRRR AR ALLAARLL ARCAYGH QY RRYRGo}320

ttcaacaaat tggaaag . aaadc ttadataaaa aagtt tgggtttata 1380
gacatttgga éavhntaategescabmideiont tligmgtivedt hevlyyireseapesypaaectyaer vegoat 1440

ttccatgact ?ﬁﬁ@aat(mr U eliilin ?@a@@%&%&ﬁpﬁ%ﬁ&%ﬂé tnodaa0aREagd 1500
gccaaagaaa taggaaatgg e'ltdgitttgag tctatcata agtgtaacga tgaatgcatg 1560

gagagt gtlda sdaBeigaaeyided Ay Jeaearfagpansiastacions g @k c aaagttaaac 1620
agggagaaaa ttgatggagt gaaattggaa tcaatgggag tctatcagat tctggcgatc 1680
tact caacag {mgeqagt t Crhk tegt inGéntioh s F@thet difeCted @gt%wﬁu@t&@ﬁlbﬁﬁﬁggluﬂ:lZﬁo

st tcc 2 gadl oLl kel ohat 8 sl acatel UHASELG.. LIRS SRI0" 50 <27
sequence of op¥rBive shanet. I a2 pR0{ of keldN2)ry skOxts FRratiacintatphingell gind ttacasy te
tgattcectt %saég?hcz?é(c:& zfancg \?\79&?‘ 91@9%?& %geaﬁ(f\i:[)r?' lililgﬁlge b%?arg%})t m;[i‘;[egl %ta p(]:aas o(c:;['atnr%aga
15  regulatory region (US 7,125,978; which is incorporated herein by reference), or a regulatory
region of Ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBisCO; US 4,962,028; which is
incorporated herein by reference), chlorophyll a/b binding protein (CAB; Leutwiler et al; 1986;
which is incorporated herein by reference), ST-LS1 (associated with the oxygen-evolving
complex of photosystem II and described by Stockhaus et al.1987, 1989; which is incorporated
20  herein by reference). An example of a plastocyanin regulatory region is a sequence comprising
nucleotides 10-85 of SEQ ID NO: 36, or a similar region of any one of SEQ ID NOS: 37-47. A
regulatory element or regulatory region may enhance translation of a nucleotide sequence to
which is it operatively linked — the nucleotide sequence may encode a protein or polypeptide.
Another example of a regulatory region is that derived from the untranslated regions of the
25  Cowpea Mosaic Virus (CPMV), which may be used to preferentially translate the nucleotide
sequence to which it is operatively linked. This CPMV regulatory region comprises a CMPV-
HT system - see, for example, Sainsbury et al, 2008, Plant Physiology 148: 1212-1218.

[00235] If the construct is expressed in an insect cell, examples of regulatory elements
operative in an insect cell include but are not limited to the polyhedrin promoter (Possee and

30 Howard 1987. Nucleic Acids Research 15:10233-10248), the gp64 promoter (Kogan et al, 1995.
J Virology 69:1452-1461) and the like.
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gaaaat gaag
t cccggaaat
aacgat agtg
t cagagttcc
ct gcacact a
at gggacctt
ggatt at gcc
aagtttcaat
t aat aacagt
att gaacgtg
ccacccgggt
agt ct ct acc
aaggaat at ¢
tttgattaac
gaaaagctca a
t ccaaacgga
ggcct gt ccc
accagagaaa
ggagggaddg
agcagcagat
gttgatcggg
agggagaatc
caacgcggag
aat gaacaaa
caat ggtt gt
t ggaact t at

15

20

25

30

actatcattg ctttgagcta cattctatgt 120 ctggttttca ctcaaaaact
gacaacagca cggcaacgct gtgccttggg 180 caccatgcag taccaaacgg

AAVHEPRH cgaat gacca aattgaagtt 240 actaatd@?éméW@@@EFbgt
t caacaggtg aaatatgcga cagtcctcat 300 cagatccttg at ggagaaaa

ROEET: oaalrediugoddane StansRiderase: Ry P Eh SP50ER00:
ie@ﬁl@bﬁy&@dﬁn fiha@tsagéﬂog encﬁﬁlﬁgﬁmiﬁﬂgmzag}%g ?gae%@egag ;eg:d;glwgag ?2
?@%@3?&8%%“8%@?&9aa?%M%%%ﬁ‘%%%ac A é%%é%ﬁm aangcgagc
afhatgenaa oaghgpgaaanrising tAgaddania®609 tHIgiAceNtw Calgdmgotoda
B A Ded e T e GENL Aol BB Y ERB-BRRNC 2 oot
chodgirziga dH 1N gr/aingirard I HOECHA), 4//8401/ gLWaHATEYQg gagacat act
A RraRa A AL AR A Rh AT 40 1R OR0R: KARARERASD
PR, tAT B shamt PO EEN 23 1A/ Wimeraat 6 7202D(HFNA h acqyge/ Pragag & acgg
LRy %‘?@(ﬁgﬁmﬁo%td%@ééé gNﬁ i%ac%cs%ﬁ%ﬁ‘c%? Qo%p%%g?aat gt

aaa tagag gcat cgcaatcgc catag aaaatggttg

gbggamggkgmggnaﬁggmtmm@mg@u@ﬂ@ﬁ&amﬁﬁﬂmﬂékdh@gaggS@@é@é@gaca
¢t gaaaagca ctcaagcagc aatcgatcaa 1260 atcaatggga agctgaatag
aaaaccaacg agaaattcca tcagattgaa 1320 aaagagttct cagaagtcga
acctt agaaatat t tgaggacacc 1380 aaaatagatc tctggtcata

]t gtt 8%@@%3& g B en Ackeuase didarencat it drsequance of tjlgt%ftné%lga

gdneob 1 69R 8m 26 36 APRGAAHR 86 1h0ad8aclRRAc Al artd Gh&h iRGGatALE9Y
ttcaaaat at accacaaatg tgacaatgcc 1560 tgcataggat caat cagaaa

tjé_)g]élg@glaleégs or mammalian cells; (e.g. MDCK cells) or when isolated from an infecte
subject. Non-limiting examples of such differences are illustrated herein, including Example 18.
Furthermore, as one of skill in the art would realize, additional variation may be observed within
influenza hemagglutinins obtained from new strains as additional mutations continue to occur.
Due to the known sequence variability between different influenza hemagglutinins, the present

invention includes VLPs that may be made using any influenza hemagglutin provided that when

expressed in a host as described herein, the influenza hemagglutin forms a VLP.

[00238] Sequence alignments and consensus sequences may be determined using any of
several software packages known in the art, for example MULTALIN (F. CORPET, 1988, Nucl.
Acids Res., 16 (22), 10881-10890), or sequences may be aligned manually and similarities and

differences between the sequences determined.

[00239] The structure of hemagglutinins is well-studied and the structures are known to be
highly conserved. When hemagglutinin structures are superimposed, a high degree of structural
conservation is observed (rmsd <2A). This structural conservation is observed even though the
amino acid sequence may vary in some positions (see, for example, Skehel and Wiley, 2000 Ann
Rev Biochem 69:531-69; Vaccaro et al 2005). Regions of hemagglutinins are also well-

conserved, for example:
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t at acagaga
gat acaaaga

ctttgttggg
tttgagagct

<4005 30 cact t¢ QRYHGh AURVRLEEe AL PRBRE: Catarial il B RS A0GAY. gatiiat 1 ac0

attaatt aat
ctggttttca
caccat gcag
actaatgcta
cagat cct g
gat ggct t
tgttaccctt
acact ggagt
tctgcttgca
ttaaaattca
ttgtacattt
caagcat cag
at cggat g a
gt aaaaccgg
tacttcaaaa
tgcaattctg
gt aaacagga
gcaacaggga
ggtttcatag
aatt ct gagg
at caat gdga

20

25

t gaagcatta 1620 aacaaccggt tccagatcaa gggcgttgag ctgaagtcag
ttggatacta 1680 tggatttcct ttgccatatc atgttttttg ctttgtgttg
gV eHPeBRY 1740 tgggcctgcc aaaaaggcaa catt agdCeAaUeat¥iogca
c 1791 <210> 39 <211> 1791 <212> DNA <213> Artificial
nucl

cat Ctrb@ogitet a8 ahgoagnAGk abepisiig € tdtgageidngCadriet algt) dhad

R R R S R R A S

ct gagotrggduet cAGagAX abluiinaaAgEd Ge gﬁa*teﬂttg Qg &heClay tfegdnCddmadDor

atgga aaaa cacact a at tc t a ccc tgt 36

aaaat’aBiHs gt gad gdeeet (I{?tfl?’%t tf’g %\éneﬁ@ gg&ég’@e)dsa 589@5%@' %ﬁ%‘

at gathgihagtutigtadoinptigs Cheb L egbhaggiomnaact aglitidel spoat ccgmind 36

ttaacgat ga aagttt.caat. tggactggag tcactcaaaa tggaacaagc 540

aaagdgﬁ%ﬁXC?ﬁgY%Hﬂgﬁghttctttagta gattgaattg gttgacccac 600
r?sac%gta?n aal,

ggégggf€ galutl Cga‘%;[e%cc 3& 25385 aftantga':: { gcgl?e?%}%legggr

caccc acggaca g ac aaal
gaagammﬁﬁeba@kcﬂbbqmmnaaaagaagmmndxcmaacugiﬁammguﬁgmawmﬁﬁﬁ

9acCoRIRRtPRPARIAE 1HRAREATRY |AROCAl GhA hORREIAALAA

gagaca aac agcacaggga a gc tcc

tacgaagmggsgmaaagyﬂmamaaaamgagmb mwgamgmathcdmﬂ@gtaagegaw
aat gcafe f@&sé&&daei%ﬂbg%dsa&‘&%ﬁeﬁrcr%ﬁéve IRGRARAE GesBHitlel (}I?afglaéxar}? 0
t cacatat gg ggcc 0

CCC agatatgtta gCaaaacacC tctgadatt
t gcge(évatbgn eadcwagé&&n%a&dﬁé@a@%calﬁmmtagsgstmg@eﬁatan@@@uqrmdso
aaaatiggl 9 r8G2989%2Y Bvot ¢8Ik Uy IR GE GQLilabieGRAPGR KGN TP

gaat aggaca agcéagcagat ctcaaaagca ctcaagcagc aatcaatcaa 1260
agct dieak dgrman et al. 2003. Nature Structural Biology 10:980; URL: rcsb.org)

o Cytoplasmic tail — the majority of hemagglutinins comprise 3 cysteines at conserved
positions. One or more of these cysteines may be palmitoylated as a post-translational

modification.

[00240] Amino acid variation is tolerated in hemagglutinins of influenza viruses. This
variation provides for new strains that are continually identified. Infectivity between the new
strains may vary. However, formation of hemagglutinin trimers, which subsequently form VLPs
is maintained. The present invention, therefore, provides for a hemagglutinin amino acid
sequence, or a nucleic acid encoding a hemagglutinin amino acid sequence, that forms VLPs in a

plant, and includes known sequences and variant sequences that may develop.

[00241]
consensus amino acid sequence (SEQ ID NO: 74) for HA of the following HIN1 strains:

Figure 65 illustrates an example of such known variation. This figure shows a

A/New Caledonia/20/99 (HIN1) (encoded by SEQ ID NO: 33),
A/Brisbane/59/2007 (HIN1) (SEQ ID NO: 48),

A/Solomon Islands/3/2006 (HIN1) (SEQ ID NO: 49) and
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gt t gat cggg
agggagaat c

caacgcggag
aat gaacaaa
caat ggtt gt
t ggaactt at
aggcgttgag
atgttttttg
cattaggtgc
Artificial

canagagady Goabt Sut P60 BEAN

tact act cat
act caccaca
cact gacaac
ggaaactatg
aat gcacggg
catctgggtg
t cagaggat a
caggaggdéc
gatttttcge
attcattaac
gggggttcca
agaagttcac
t cccaaat ca
t ggt gcaaaa
aaaaagtgtg
gagaagcgga

20

25

30

35

40

45

aaaaccaacg agaaattcca tcagattgaa 1320 aaagagttct cagaagtaga
caggacct cg agaaat at gt tgaggacact 1380 aaaatagatc tctggtcata
NP eMPPRY ccct ggagaa ccaacat aca 1440 att gat FCAKARGat¥Waga
ctgtttgaaa gaacaaagaa gcaactgagg 1500 gaaaat gctg aggat at ggg
tt caaaat ccacaaat acaa 1560 ca a aat.c aa
gaccé?ﬁ%ﬁHNﬁ' 3@&@ %négﬁﬁﬁﬁ (Téﬁﬁn d§§8838%3§@8§a§%§3a
gty Ragh g@gt@a&tﬁ&a@&gﬁ. )¢5t(g@aioa¢1 18 isB 80H t;gfg@bsﬁﬁdhqt45)ti§ yocai @l c

S LS LSO ks 0, e

SEY) M 6N ;S22 Qpositidr 365) 6d TOteK ; 2718 (postiios R 8D id Ter K5 eda gmsiion25) is

ggkaptpadea 420 1 eadaadiggagitiad 439anicdrd.cact gggat a acatcgtcaa
tgttgtcaaa 180 actgctactc aaggggaggt caatgtgact ggtgtaatac

feaqce g;g«s grg)gwggg&gfe%?g&gh g%rgg@megme&@aﬁg AAGAI dRaAGRA%AY

ccttg ggcagaccaa
gaacat foc d GeQN ttvcgggb)agég/%) tH Bdatcaectded bpbAHYNO: dhacct gt t a

%éﬁss&%%bao%glﬁg@@%%% 932%A3RaRhL @&99@%&&&9&3@@% tc

cgaacat at c tatcaa ctcataacgt tatcaatgca gcac
S0adRadRuertoB40/3GgdHEB eang SEGHPINQdoe showa bgpy alch:ab ggaaacg
aacaat ggct 600 tgggccgtcc caaaaaacga caacaacaaa acagcaacaa

§ab12 926G héh b Gllnteat AfBlohienBis36RUARIG AYIRGACAH 1N sBGmIL T
ctctgataac 720 gaaacccaaa tggcaaagct ctatggggac tcaaagcccc

ggﬁ cc 780 aacggag%%a ccacacatta cgtttcacag attggtggct
i@ gac 840 ggaggactad C&caaagcgg tagaattgtt gttgattaca
at ct gggaaa 900 acaggaacaa ttacctatca aagaggtatt ttattgcctc
gtgcggaa%EQQGO ca ca]% f&%%;a%%T%d9@%%%&2%£§ctttaattg
ttgect’Geat, 10200 gdaraatacy 9ragat LAda G Araagcaad:

48 MKVKLLVLLC TFTATYADTI CIGYHANNST DTVDTVLEKN VTVITHSVNLL
49 MKVKLLVLLC TFTATYADTI CIGYHANNST DTVDTVLEKN VTVTHSVNLL

76
Consensus

75

9

48

49

76
Consensus

75

9

48

49

76
Consensus

75

9

48

49

76
Consensus

-~

O U

..................................................

mkxkllvllc

51

EDSHNGKLCL
EDSHNGKLCL
ENSHNGKLCL
EDSHNGKLCL

tftatyadti

LKGIAPLOLG
LKGIAPLQLG
LKGIAPLOLG
LKGIAPLQLG

cigyhannst

NCSVAGWILG
NCSVAGWILG
NCSVAGWILG
NCSVAGWILG

dtvdtvlekn

NPECELLISK
NPECELLISK
NPECELLISK
NPECELLISR

vtvthsvnll

100
ESWSYIVETP
ESWSYIVETP
ESWSYIVEKP
ESWSYIVEKP

exshngklcl

101

NPENGTCYPG
NPENGTCYPG
NPENGTCYPG
NPENGTCYPG

lkgiaplglg

YFADYEELRE
YFADYEELRE
HEADYEELRE
HFADYEELRE

ncsvagwilg

QLSSVSSFER
QLSSVSSFER
QLSSVSSFER
QLSSVSSFER

npecellis.

FEIFPKESSW
FEIFPKESSW
FEIFPKESSW
FEIFPKESSW

eswsyive.p

150
PNHTVTGVSA
PNHTVTGVSA
PNHTVTGVSA
PNHTTTGVSA

npengtcypg

151

SCSHNGKSSE
SCSHNGKSSF
SCSHNGESSF
SCSHNGESSF

xfadyeelre

YRNLLWLTGK
YRNLLWLTGK
YRNLLWLTGK
YKNLLWLTGK

glssvssfer

NGLYPNLSKS
NGLYPNLSKS
NGLYPNLSKS
NGLYPNLSKS

feifpkessw

YVNNKEKEVL
YVNNKEKEVL
YANNKEKEVL
YANNKEKEVL

pnhtxtgvsa

200
VLWGVHHPPN
VLWGVHHPPN
VLWGVHHPPN
VLWGVHHPPN

scshngxsst

201
IGNQRALYHT
IGNQRALYHT

yxnllwltgk

ENAYVSVVSS
ENAYVSVVSS

nglypnlsks

HYSRRETPEI
HYSRRFTPEI
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yxnnkekevl

AKRPKVRDQE
AKRPKVRDQE

v1wgvhhppn

250
GRINYYWTLL
GRINYYWTLL

<213>
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ccttactaca caggggaaca tgcaaaggcc 1080 ataggaaatt gcccaatatg ggtgaaaaca
cccttgaagc tggccaatgg aaccaaatat 1140 agacctcctg caaaactatt aaaggaaagg
ggtttcttcg g\ggé?lﬁiﬂ?ﬁ%,s tggtttctta 1200 gaaggaggat gggaagdadtCAGHYOY Ayt
t ggcacggat acacatccca tggggcacat 1260 ggagtagcgg tggcagcaga ccttaagagc

act caagagg ccal agacag. galareanaa.L3al.aal ol cagmhol! LaRaLAA, oot goaagt a
aagaatcttc aaagagh aaghoAghY ety sgatgaackebragaacgaaat, act agaact a
gacgagaaag tggat gat ct..cagagct gatsil440ravaat aggetxacacaaabagek act cgcagt ¢
ctgctttcca argasggaatxdaatvaaacaytvEs00sgdagrat gageratcctTtvggel get t gaaaga
aagct gaaga aaat gctggg cccctctgct 1560 gtagagatag ggaat ggatg, ctttgaaacc
aaacacaagt gcaaceagat:peigtLhegasle2q; agaaaget g ei:get-ac6khs t gat gcagga
gaattttctc tccccaet tteot gati caatigelb8Q: satatst H@B@PMEQC}EIKC@@DG aaat gacgat
ggattggata atcatact arcractge m@mIaePRMMLSHGa@Sth@a@ﬂ @foé’ tttggctgta
acat t gat@a tagct é? cEFePr ot tNFLfIéMP%OFAéi tcttgctcc
atctgtctat %gg&g ig{é (0> iggélfi% ; Arti ficial
sequence <220> <223> cl one 779 ~"nucl eot i de sequence of Fl ori da/ 4/ 2006 <400>
41 cactttgtga gtctacactt tgattccctt caaacacat a caaagagaag Batgact aatta 60

attaattaat catctf iﬁ\‘s Bddatguagc G dat Aty factaetcat  gdtagt aaca 120
tccaat gcag atcgaafc E §6§Yé§§ﬁ§ Actedert ¢y t caaa 180
acagccactc aaggggaggimgm gtgRetcaat:gvgakae eaetaagaagraaeaccaaca 240
aaatcttatt ttgcaaat ctvccaaaggaavaraggaceagay ggaaactatgrecoeagact gt 300
ct caact gea eagatset gga'ssitigyctittgoggcaguctaa tigtytigrgdy-geceacacct 360
t cggcgaagg ctt caat agél ccacgaagtc aaacctgtta catccgggtg cttfcctata 420
at gcacgaca gaacaaaaat:6agecaashac-6aCadtGEis t&agagaatakgaaaat atc 480
aggct at caa cccaaaacgtricatcgatgogegaaaaggeas caggaggacernetacagactt 540

ggaacct éag gat ctﬂgce@:ﬂﬁe@@g@f@@@ggt@a § %ﬂqlﬂf\mgwﬂa\%%t ggct 600

HAm

t gggct gt cc caaagé cﬁ%{ @%@’5 égé G E%%g{gh ;TN tacca 660
T A TN
tacatttgta cagangg9de:1agacéaaal.c.a6t gt &Gat Loyagataacaaa 720
acccaaat ga agaacctcta tggagactca aatcctcaaa agttcacctc atctgctaat 780
ggagt aadta cacact at gol ttctcagatt ggcagcttcc 450
EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFLDIWTYNA ELLVLLENER
9 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFLDIWTYNA ELLVLLENER
48 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFIDIWTYNA ELLVLLENER
49 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFIDIWTYNA ELLVLLENER
35 76 NRMVLASTTA .KAMEQMAGS SEQAAEAMEV A........ S QARQMVQAMR
Consensus #kMntgfTav gKef#kSerr mE#lnkkv#d gfxdiwtyna #11vSlé#neR

451 500
75 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCNN ECMESVKNGT
40 9 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCNN ECMESVKNGT
48 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCND ECMESVKNGT
49 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCND ECMESVKNGT
76 TIGTHPSSSA GLKNDLLENL QAYQKRMGVQ MORFK..... .vvuevenn..
Consensus TldfHdSnvk nLy#kvks#L knnaKeiGng cfeFyhkcnx ecmesvkngt
45
501 550
75 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
9 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
48 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
50 49 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
B i e e et ettt e e et et et e
Consensus ydypkysees klnrekidgv klesmgvygl laiystvass lvllvslgai

551 566

55 75 SFWMCSNGSL QCRICI
9 SFWMCSNGSL QCRICI

48 SFWMCSNGSL QCRICI

49 SFWMCSNGSL QCRICI

T6  ee i e

60 Consensus sfwmcsngsl gcrici

-57 -



cagat caaac
t gcaaaaacc
aggt gt ggt g
aagcagattg
gagaacat gc
ccaat ggaac
ctattgctgg
cat ct cacgg
t aaacaagat
gact aagt gg
at gat ct cag
aaggaat aat

t gct gggt cc 6ﬁd:df@c‘dr ot A al pfliogagatkagdaX abggahgeidT mgaaan@mndat sagy gea
accagacctg c

a 1620, at.agct gct ttt ca ttt cc
ccacttttga f %3@@@?&%”T%§b“§fi%%Pg%wq’@9¢§§¥P% At g F%%FgﬁﬁaFPad% %%cc
atactat act ga etiatd agosliioh( 8t aaat gt g poditicait2ag) istN oxggo{ gipaditm 205 R gdi;ag
ctatttttat 00.9 a a C gLctataa
1845 <2105 X#bPe ‘fit%goﬁ%’ KONGLSRRAR LISRARH: Kof et o8 uKéIrC?é 5523553
cl one 780 - positizin@el isder kequengorofd) ANSriyapor e/ 1757 (FQNQ) <400> 42 cactttgtga
gtctacactt tgattccctt caaacacata caaagagaag agactaatta 60 attaattaat

catcttgaga gﬁ)@ﬁsgt 99¢q s A Rt LA Epfe of fh V&LaBGH, agé &Qgéﬂé}ﬁeﬂt?agd S9agRI999

accaaatatg gatac catgccaata attccacaga ac 180 acaattctag
agcggaacgt @%m@g@536%4&3@@@@aﬁ6@0%6ﬁ@ﬂb@%@HDﬁﬁédﬁb dietngn () | WAVgG Y
tat gcaaact %ﬁﬁ&@&@ﬁ%ﬁﬁﬁﬁb@ﬁﬁﬁi?9&@?@#@@%@9@sﬁkghﬁQQQB&MQQQ gccggat gge
tccttggaaa tccagaatgt gataggcttc taagtgtgcc agaatggtcc 360 tatataatgg

agaaagaaaa ¢ccgagagac gotttgt
Table 47 Sequence alignnien and consensus sequence for HA of selected H1N1 strains

agaagacgga 840 ggactaccac aaagcggcag gattgttgtt gattacatga
t gggaaaaca 900 ggaacaattg tctaccaaag aggtgttttg ttgcctcaaa
e gHyPYar 960 aggagcaaag taat aaaagg gtcctt g@ET/GA2HAYY g
ccttcatgaa 1020 aaat acggtg gattaaacaa aagcaagcct tactacacag
aaaagccata 1080 ggaaattgcc ca aaacacct ttgaagctcg
becopissnsyy acdrap IndCpieHIP JBRS: a%%a@{t ?rﬁ%aa%% L9559 4t 2 &SF%FP%@ #dg
HidstoastBganiod 100r 0ga G@ak GEgaRAaggRAtigatonngmag gﬂéagtg]alfa:ﬁ ggat aca

ST R R el R B

the S Aol gAik ankIBO o PRACYT ;g bacdaasdtonc bf \,JRgL Eggatz thagaaiagt. gg

Sdaediegen a8 a0esRrd bt a0 et s gUeReo! b GabapAde el FHhdana.

agctc

15 SEQ ID NO. Sequence

20

25

30

35

40

10
56
55
Consensus

10
56
55
Consensus

10
56
55
Consensus

10
56
55
Consensus

10
56
55
Consensus

1

MEKIVLLLATI
MEKIVLLFAI
MEKIVLLLATI
MEKIVLLIAI

51

KTHNGKLCDL
KTHNGKLCDL
KTHNGKLCDL
KTHNGKLCDL

101

PTNDLCYPGS
PVNDLCYPGD
PANDLCYPGN
PxNDLCYPGx

151

CPYLGSPSFF
CPYQGKSSFF
CPYQGTPSFEF
CPYgGxpSFF

201

AEQTRLYQNP
AEQTKLYQNP
AEQTKLYQNP
AEQOTKLYQONP

VSLVKSDQIC
VSLVKSDQIC
VSLVKSDQIC
VSLVKSDQIC

DGVKPLILRD
DGVKPLILRD
DGVKPLILRD
DGVKPLILRD

FNDYEELKHL
FNDYEELKHL
FNDYEELKHL
FNDYEELKHL

RNVVWLIKEKN
RNVVWLIKKN
RNVVWLIKKN
RNVVWLIKKN

TTYISIGTST
TTYISVGTST
TTYISVGTST
TTYIS!GTST

IGYHANNSTE
IGYHANNSTE
IGYHANNSTE
IGYHANNSTE

CSVAGWLLGN
CSVAGWLLGN
CSVAGWLLGN
CSVAGWLLGN

LSRINHFEKI
LSRINHFEKI
LSRINHFEKI
LSRINHFEKI

STYPTIKKSY
STYPTIKRSY
NTYPTIKRSY
sTYPTIKrSY

LNQRLVPKIA
LNQRLVPRIA
LNQRLVPKIA
LNQRLVPKIA
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QVDTIMEKNV
QVDTIMEKNV
QVDTIMEKNV
QVDTIMEKNV

PMCDEFINVP
PMCDEFINVP
PMCDEFINVP
PMCDEFINVP

QIIPKSSWSD
QIIPKSSWSS
QITPKSSWSD
QIIPKSSWSd

NNTNQEDLLV
NNTNOQEDLLV
NNTNQEDLLT
NNTNQEDLL!

TRSKVNGQOSG
TRSKVNGQSG
TRSKVNGQSG
TRSKVNGQSG

50
TVTHAQDILE
TVTHAQDILE
TVTHAQDILE
TVTHAQDILE

100
EWSYIVEKAN
EWSYIVEKAN
EWSYIVEKAN
EWSYIVEKAN

150
HEASSGVSSA
HEASLGVSSA
HEASSGVSSA
HEASsGVSSA

200
LWGIHHPNDA
LWGIHHPNDA
LWGIHHSNDA
LWGIHHpNDA

250
RMEFFWTILK
RMEFFWTILK
RMDFEWTILK
RM#FFWTILK



at ccaggcag
t cgagaaagt
cacgggcctg
agaaagaat c
t gct aat aat
agaat gt ggg
acat agcaac
t att ggat at
at ggattcaa
agaact gt ga
acaat gt cca
tcttagcaac
t agct ggtlPt
acagcaat ga
at ggaat cac
t t gggaaaga
acgggt t tlet
ggacacttga
t gagagacaa
at gaat gcat
ct aaact 38a
tccttgeccat
tctetttctg
<210> 43
25

30

35

40

45

50

cttcaatgat 420
aaagattctg 480
cYegygees 540
aaattatccg 600

ttggggggtg 660
aacct at gt,t; 720

t at gaagaat
cccaaagat a
ggt aat ccat
gt t gccaaag
caccat ccca
t ccgt aggca

t gaaacat ct
gat ggacaca
cattcttcag
gat cgt acaa
at gat gagac
cat caacatt

cct cagcagc gt gaaacatt
gcat acaaca act ggaggtt
gaacat gdid/GAgefetefataa
caat acaagc ggagaacaaa
agaacaaaga acattgtacc
gaacaaaaggy} caaccccag

aaggcat aaanat8ksgtgaatrggackitvaggaagtagraatggagbtect ct t ggaccce
gt ggg&@a@amgmsamémpﬁw KIAEEGE EC LG aEt etiaattcgcaccagagt
aat at cgagd o0 dda g; g% K%é@ggﬁi e %%ﬁég%%Gggaacacttg
consensu S Y, KLV

gaccaaatgclﬁ%ﬁ:caaa t tgggagcaa aaa tgccttttc
cccact gaca: 1020 at aggt gagt gccccaaat a t gt aaaat cgogagaagttgg
aggacﬂaagg%ﬂ@@@zaHL@EE©wccma@avvga@ﬁﬁﬂaa@a@gawngGtttggggcaa

t at agadg ﬁgﬁiﬁﬁi et ngﬁgﬁ figgtatc ggat accat c
cEagdoet o 1203, Bogtarcal CagR daia Gecad

acaaagd. {¢48 aaggcatttg
caacaaggta

60 aattctgtga t t gaaaagat gaacacccaa tttgaagctg
gttcagta3611320 tt agagagaa gactggagaa cttgaacaaaoaagatggaag

agat gtigt N&BE@Wa@HWEEEKt ﬁ@@?mﬁ ﬂé®7&W gaaaatgaga
ctttcég g? g%g ﬁ@ﬁaﬁﬁggc § é% agaatgcagc
6&%@%@9%@% aerggaat 19459 ﬁﬁ&s aaatgtgatg

gaat agtgtg 1560 aaaaacggga cgtatgatta tcccaagtat gaagaagagt
t agaaat gaal 1620 atcaaa gggg taaaattgag cagcatggggogtttatcaaa
ttatgéﬁaéémﬁﬁgﬁE t tRIEVCE Emﬁ?%ﬁ@%ﬁﬁF&&t yatggct ggga

gmm@m&mMﬁE%Q%MM%%mmm

€&kdsul 7 pxun<d T 2 cENANLE RRIENLNKKM EDGFLDVWTY NAELLVLMEN

451
10 ERTLDFHDSN
56 ERTLDFHDSN
55 ERTLDFHDSN
Consensus ERTLDFHDSN

500
DNECMESIRN
DNECMESVRN
DNECMESVRN
DNECMES ! RN

VKNLYDKVRL
VKNLYDKVRL
VKNLYDKVRL
VKNLYDKVRL

QLRDNAKELG
QLRDNAKELG
QLRDNAKELG
QLRDNAKELG

NGCFEFYHKC
NGCFEFYHKC
NGCFEFYHKC
NGCFEFYHKC

501
10 GTYNYPQYSE
56 GTYDYPQYSE
55 GTYDYPQYSE
Consensus GTY#YPQYSE

550
SSLALAIMMA
SSLALAIMVA
SSLALAIMVA
SSLALAIMVA

EARLKREEIS
EARLKREEIS
EARLKREEIS
EARLKREEIS

GVKLESIGTY
GVKLESIGIY
GVKLESIGTY
GVKLESIGtY

QILSIYSTVA
QILSIYSTVA
QILSIYSTVA
QILSTYSTVA

551 568

10
56
55
Consensus

GLSLWMCSNG
GLSLWMCSNG
GLSLWMCSNG
GLSLWMCSNG

SLOCRICI
SLOCRICI
SLOCRICT
SLOCRICI

The consensus sequence indicates in upper case letters amino acids common to all sequences at a
designated position; lower case letters indicate amino acids common to at least half, or a
majority of the sequences; the symbol ! is any one of I or V; the symbol $ is any one of L or M;
the symbol % is any one of F or Y; the symbol # is any one of N, D, Q, E,B or Z; X at position
102 is any of T, V or A; X t position 110 is any of S, D or N; X at position 156 is any of S, K or
T.

[00244] The above-illustrated and described alignments and consensus sequences are non-

limiting examples of variants in hemagglutinin amino acid sequences that may be used in various
embodiments of the invention for the production of VLPs in a plant.
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<213> Artificial sequence <220> <223> clone 781 - nucl eoti de sequence of
A/ Anhui / 1/ 2005( H5N1) <400> 43 cactttgtga gtctacactt tgattccctt caaacacata
caaagagaag AHHAEH 60 attaattaat catcttgaga gaaaat ggd§TA23HOAY HC
ttcttcttgc aatagtcagc 120 cttgttaaaa gtgatcagat ttgcattggt taccatgcaa

acaact cgac aggtt 180 gacacaat aa tggaaaagaa cgttactgtt acacatgccc
aagacat act g’gg%iag acé nz%%ic g%‘i%& 101 3&8‘%’[ a(‘f’?lggg‘ﬁlﬁncteg‘?aiggf’ %g%deé?r&é{ﬁégé ﬁ“@
tgattttaag agatdmtadt andl®adi agricggad thg gt Botisiggoaamtoaaidgedugicgacgagt
t cat caat gt gccggaat 6Q tcttacatag tggagaaggc caacccagcc aat.gacctct
gt t acccagg %ﬁfﬁ%?% E?g%lgs tﬁ? 8‘*g@%ﬁé%t%\’t“&&éfg“&gg‘l“g%cﬁg@ Pt Sgeg%resﬁgté A% c
attttgagaa fatfoeagatidesdBia aickitcdaamegt badtiggthe hegajematigadthgedift@taag
gggtcagctc agcatgtcca 540 tacca aa ctcct g t t C
Diat casada Jadnad s6Sracn-pRaLRRHIER TER0GRaTD W HEA2PRE Rh Rhane
aagatctttt @atNagA/gidggeshOROgEEEBNI Ll idht/ Btvadbgd 90 edgoagayll/Oagatidagc
t ct at caaaa ccacc S/%:g)og%at t eeR 1 9936aL §.2850 RBaLL5aga0at t gg
t accaaaaat Qf&i‘@i ‘ged(ﬁs ’ cglﬁaaé?aa acgggcg?slagaf1 ﬁhagga’tg g%?f“?cttct
ggacaflt';tt ﬁiaaﬂﬂmmf:89g)¢0Agaﬂ<gy/®a¢aﬂa6H(St@ﬁhtgsalgag\/mml@?riaa@lsmm,fattg;:t c
cagaat at gc caa aaa agtgaa

9 9 gzcglgg erma %1%@3@8@@%@9@?@%&%9 ggﬁgé)t 9 gt gaagt gg

aat at ggt aa aca aaa cfcctaata cgat aaac tctagtatgc
cattccadba datecaibect/c0ITADI2NSE d¢Gualt/ Bigrylrgdiadd Gcid B \vadaValigd/ Guaadttddaaca

ttagtcct t t
aactatt g0 AP g (L B O e et

got at gggt a €damoatshge/ 64, 200ucaakiga§/é &t Nj o dgButhgrcd 9090t gadad/Sdeagaat cca
t 0) . . t t
clcaaaaggc ?sﬂﬁlgsgﬁ(%ggﬂﬁg,&/ﬁh&%ecﬂﬁio% g?%azz,%%&o&ﬂv%obﬂ Nggaatl gaaca

ctcagtttga ggc agggaattta ttaga aaggagaata gdgaatttaa
acaagaaaat BOddyaegges/ 28803/ Florida/4/2006, A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (HSN1),

15  A/Vietnam/1194/2004 (HS5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56
(H7N7), A/HongKong/1073/99 (HIN2)), as well as the degerenate sequences that encode the

above hemagglutinins.

[00246] Further, an amino acid sequence encoded by a nucleic acid may be easily
determined, as the codon or codons for each amino acid are known. Provision of a nucleic acid,

20  therefore, teaches an amino acid sequence encoded by it. The invention, therefore, provides for
amino acid sequences of the hemagglutinin of those influenza strains and subtypes disclosed
herein those disclosed herein (e.g. A/California/04/09 (HIN1), A/New Caledonia/20/99
(HIN1)A/Indonesia/5/2006 (H5N1), A/chicken/New York/1995, A/herring gull/DE/677/88
(H2NB), A/Texas/32/2003, A/mallard/MN/33/00, A/duck/Shanghai/1/2000, A/northern

25  pintail/TX/828189/02, A/Turkey/Ontario/6118/68(H8N4), A/shoveler/Iran/G54/03,
A/chicken/Germany/N/1949(H10N7), A/duck/England/56(H11N6),
A/duck/Alberta/60/76(H12N5), A/Gull/Maryland/704/77(H13N6), A/Mallard/Gurjev/263/82,
A/duck/Australia/341/83 (H15N8), A/black-headed gull/Sweden/5/99(H16N3), B/Lee/40,
C/Johannesburg/66, A/PuertoRico/8/34 (HIN1), A/Brisbane/59/2007 (HIN1), A/Solomon

30  Islands 3/2006 (HIN1), A/Brisbane 10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2),
B/Malaysia/2506/2004, B/Florida/4/2006, A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1),
A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56
(H7N7), A/HongKong/1073/99 (HIN2)).
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ttcctagatg
ctagacttcc
gat aat gcaa
t gt at ggaaa
t t aaaaagag
tcaatttatt
tt gt ggat gt
<211> 1797
nucl eoti de
gtctacactt
catcttgag
gt gat cagat
t ggaaaagaa
agctctgcga t
ggctcctcgg
t ggagaaggc
aatt gaaaca
gttcttggtc ¢
agt cct cdot
t aaagaggag
atcct aat ga
tt gggacatc
acgggcaaag
acttcgagag
gggact caac
ct ccaat ggg
gggaat ggsc
gccct caaag
tagagggagg
aggggagt gg
at aaggt caa
ttaacaactt
at gt ct ggac
ttcatgactc
caaaggaggt
aaagt gt aag
gagaggaaat
attctacagt

tctggactta taatgctgaa cttctggttc tcatggaaaa tgagagaact 1440
atgattcaaa tgtcaagaac ctttacgaca aggtccgact acagcttagg 1500

YaYePYdY t aacggttgt ttcgagttct atcacaaatg tPEAAAGEAYI2560
gt gt aagaaa cggaacgt at gactacccgc agt att caga agaagcaaga 1620

DSEEE 220 ASECAIAREE L HANETR LS R i

]@h@qaﬂhggb@&mgkhﬂma@om@ﬁa@&ﬂﬂﬂ?sgﬁbmimaag@ggCHeerepmdm2d0> 44

213> Al f 0> 3> 82 -
Sanams ey e oo rBs S S RERE R 107 6T SuBR b o

inflatrize cohplecd adb akat dricald agadgian lipigach atahtlate §@cift iramtrteaelts

aaaat agt gc. ttctt c_aat ag] Sttgttaaaa
%%aggF? ?H?gcca?gca%ng%ggclgﬁgﬁngmggkgnngi ﬁéﬁdgacacaataa
p@mﬂan&gﬁbhmﬂaeﬂmg@m@mamgﬁaauabnmggaaaagabac@ﬁﬂncacaatggga

ctagat aagcct t

LELRLETR P PERR o DOl PORBARY TR, B Tb R
plamhm@@trmeaalﬂlgpaam&odongtm accuaged ggalumgod:am andlzs@:r@adn altagaag
cct at ccccaaaa
vaneﬁl otfggyggste%cgé %E QI?O%QO géch Ergﬁglt%g st%;atstgn% Ito%teé)i%ﬁ accagggaa
Ut@&b@&a&hﬂg@b@bhﬁggﬁ%kha@méada@OQHaCagtaca 600 tacccaacaa
ct acaat aat accaaccaag aagatctttt ggtactgtgg 660 gggattcacc

E(ﬂ@% cagagc GAORE 38 RAFasiohicBlpiRBAMIR CHPAFBED | ftflechRt &t
acactaaac cagagattgg taccaagaat agctactaga 780 _tccaaagtaa

by aagaindnyEeR ©Ht el asggasaRietting sila (el tigasngiic gelkapt a

haabgagaahd &thé‘r%&llsgﬁdl&u%aﬁﬁﬁtﬂ&ﬂﬁho@h@&a@@aﬁ}&r&n@ angﬁ\xéa@g@aﬁg
aattaagaaa agt gaattgg aatatg aa ctgcaataccg60 aagt gt caaa

Yoyt Ahmelet i g gEalbatnilE aort*a TR LI inomAidRd tcg
gRRatlalPtEssaaad Ganalds ﬂﬂfrés&gtg@%hpimlﬁgéﬁﬁ goud 0 &0is et gagaanéa

a aga aaaaaa aggatt at t t a 114 fta
105405004 At Gon B4t "G b J g e LA TotF B JeL AR e

o8 agCdl @eati GatGdarigamimae adistiata agdoappagainkZOR1ggadgt eaaeca
ctcgattatt gacaaaatga acactcagtt tgaggccgtt1320 ggaagggaat

ggagaq .at.agagaa t 0 ttcctag
R R I S O e
saatigratagy wacdpendapgndeaacifs crgythcoEiRgs tntltm@@@esezg%at aatg
g Cg%?&s{gtto hld 4 £93Hord CALGRL B ?slo%%?fs%?etr%agg%ug&ﬁ{ gt at gg

ggaacg tatgactacc cgcagtdtftc agaagaagca agact aaaaa
a@gwggégta aaattggaat caataggaat ttaccaaata 1680 ttgtcaattt
ggccagct cc ctagcactgg caatcatggt agctggtctal740 tccttatgga

t gt gct ccaa {@agfcat t ahCasiodeRBaRestt lilmahfldeRzaadPAChHLAR vitlalird MihysZhdr 1791
<212> DNA <213> Artificial sequence <220> <223> c%%ne ?gB -Qﬁucléotlde

sequence of awnf&éwﬁmwaﬁaﬁmwéwe(wmﬁ“@i@w adENRZPE YAGEBA gt ct acact t

tgattccctt 6@1&}@@1&61@'[Wltﬁ‘cﬁlﬁﬁzgﬂx@gl&)gae%ﬂﬁtb@@ﬁeb@@ﬂarﬂlnﬁaﬁaﬂaﬁéon@%ﬁ v@agepigaaaat gatt
gcaat cat g at agcaat ct C cal acaag ctgcatt
PR e T I S e O e e o
acacact caa thag¥art gede igghaaapreaprdiicaaagagdagaaasigibttc thgcaaugatatitrgaac

NECT

aaggcccctc t t aa aat g 300 ata ggtt ggatcttggg gaatccccaa
t gcgacct at P%%fﬁg fd%”ggggggc ﬁﬁ%&ﬁ“f%ﬁ d%attg t ggaaagacc tactgctcaa

aacgggat ct gctacccagg aaccttaaat420 gaggt agaag aact gagggc acttattgga
t caggagaaa gl%i ldgagaghuatipregiagangadudmensdhciazatigeeevilgdoa \ddymgpteyelt
accaacagt g ganeaRrAREVAULHEREE! BABme babdahaGtek 9LA505eh tibid Ghacagarac

ctcctat %8 a
comprise the envelope of the VLP.
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t aat aaaaac caagacagca 600 gaat atccag taattaaggg aatttacaac aacactggaa
cccagccaat cctctatttc 660 tggggtgtgc atcatcctcc taacaccgac gagcaagata
ctctgtatgg WeeHYPeats 720 cgat acgtta gaat gggaac t gaaagcdd/@gr®1eeca
agagt ccgga aattgcggca 780 aggcctgctg tgaat ggaca aagaggcaga attgattatt

at t ggt cggt t anaac aacct at gt at ct aat gga aat ct aat cg

ccccttggtalﬁgé acaggegggfggﬁggéﬂ 55”%%@5?%8%&%”? a%%%%%gsﬁwéﬁaﬁ%hg

atttaccaat cgpgaacTige:f@60higal gricacad prgddadact\dtP dogpagagihthadhgEdggacca

at aaaacatt tc tgtg 1020 agtcccctgt ggataggaga atgtcccaaa tacgtgaaaa
gtgaaagtctfﬁ%%gg§?§8§&1080 act ggact aa gaaatgttcc acagattgaa actagaggac
tcttcggagc tattgcaggg 1140 tttattgaag gaggat ggac tgggatgata gat gggt ggt
at ggct at ca [6@48haaadturth@ooret modihageye! N dyeratimples agoaguecsder anrgbdct ¢
aaaaggctgt - : c
ot T Loanc (h o Bk e R oA,
aaagaat gca mgudggdt HA coggdsies aygedi frdtdlycotytation pattaa. ogetgakotid redugegt t ct t ¢
tt gaaaacga 0 a 3 agg
{ caaat caca e o AR PR ?Eaé‘??’?’?ggc
at aagt gt ga [&Aahvirsatroedificd glycetybagemypatiery may a alkizinely Wherea thetrgadn tagtsc ccaaat

accagactga fé&»@?%ﬂ} ;Iy?os%%, e adal-adpAdahadasd LaAG AP GLAnSRgRAacCt L g
gtgtgtatca aattcttgcc 1680 atttatagta cggtatcga cagqctagtg_ttggtagggc
1)

t gat cat Hyc eedulbion Cirest4rpadntiop arodiigations A aragle Sieaddiirnategeindggastatcgt a

tat aagaget  fayLdQik in SRAQBAE frdddation GRB«y TR H2Ron M ©2HBRedMA Whifdodlpaggguence
<220> <223> ¢l one 784 - nucl eot’i de sequence of A/EqU|ne/Prague/58 (H7N7) <400>
46 cacttt gtigavgerselet eregietttect t caaacacat a caaagagaag agactaatta 60
attaattaat catcttgaga gaaaatgaac actcaaattc taatattagc cacttcggca 120
ttcttctatg [bepsgl gcagar baaphl ehigcis abxg gacatiteral 1gRitifd, HeQyitRais ggHAGEviASH

aaagt agaca cccttact ga, aaaaggaat a,gaagttgtca at gcaacaga ,aac t gaa 240
Canacasaca TELKYARGHY Eo T O 4 Ph G AR P BT B AR ar £ 0 g DEH grerg00

ggat t actag wgaocogkbtak stqeice eicodiog baal didrosylaatictasd (@) got &heplgdt 360
aatttaatag | 103339ARY, 99RAATL AR JRGANLLANE RHGRAIISAR SLLLIRSAR be

used. The catalytic domain of GalT may also be fused to a CTS domain (i.¢. the cytoplasmic

tail, transmembrane domain, stem region) of N-acetylglucosaminyl transferase (GN'T1), to
produce a GNT1-GalT hybrid enzyme, and the hybrid enzyme may be co-expressed with HA.

20  The HA may also be co-expressed along with a nucleotide sequence encoding N-
acetylglucosaminyltrasnferase III (GnT-III), for example but not limited to mammalian GnT-III
or human GnT-III, GnT-1II from other sources may also be used. Additionally, a GNT1-GnT-III
hybrid enzyme, comprising the CTS of GNT1 fused to GnT-III may also be used .

[00255] Therefore the present invention also includes VLP’s comprising HA having
25  modified N-glycans.

[00256] Without wishing to be bound by theory, the presence of plant N-glycans on HA
may stimulate the immune response by promoting the binding of HA by antigen presenting cells.
Stimulation of the immune response using plant N glycan has been proposed by Saint-Jore-
Dupas et al. (2007). Furthermore, the conformation of the VLP may be advantageous for the

30  presentation of the antigen, and enhance the adjuvant effect of VLP when complexed with a

plant derived lipid layer.
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420 gaagaaacat tgagaaaaat actcagaaaa tccggaggaa ttaaaaagga gaat at ggga 480
ttcacat ata ccggagt gag aaccaat gga gagactagcg cat gt agaag gt caagatct 540

tccttttatg CHYaAY&PYay at ggcttcta tccagcacag acaat gggac RCTIESHEAHIB0OO0
at gacaaagt cctacaagaa cactaagaag gtaccagctc tgataatctg gggaatccac 660

cactcaggat caactactga acagactaga ftatatggaa gt aat aa gttgataaca (20
gtttggagtt EO&Aat acchHY FEFREY oGt E@Ea]ﬁggie@eﬂg“f‘g%gc@% eraétdg’eﬁf’&h‘i Y0
Bt TTCagt L1agt go0ne Corial aaoa Coruncaaar coani e adgacdtast 900
t ct ct aggaa P‘E%'%Fa@ggg?dt‘)éﬁig’f‘a@ggtm égéa%ft Qg’tcf%\"g t“gg%%ét 8}5‘6%? %5@%9%’5'?@%6
att ?gaggt a ﬁ‘dti?&, aﬁ% hageretd@atsbgam, c:r:oba?aﬂ?zdakédt adah agénatgf g@matatht&gmt ; risggg
aaat gcccca gat ac aa . gcagaagagc aat gct ag caacagqgaat , gaaaa
cotgaageic MEUETI AL SHR ST At ¢hiBUREY G ERNA A S B TP ER R e o
ggt gcaat ag grggatyt cadonttasart daghehghgaaggad génaattbgamgoh ‘atgitat ggan1200
t at aagcat c g)g@gt g)cac ag&a{gaaggg ac(gfgc]t %g% ggbttacaﬁaagp t actacatat.ct 1260
gct at caacc 4 5%03“5 AR TR (o (S 8"" DS CRAPRRAH SN e 1320
gaact aat ag ataaitgagtite ichaibipanakpongaaanacand sihggc dahets thattedactpggnois380
actagagatt ctatcatcga aglatggtca tataatgcag agttectcat ageagtgga . 1440
aat caacaca &4ty a“zﬁ]ﬁ? negiet L %ﬁ%é’g%ﬂg‘:ﬂé}g%aﬁ a?‘%ﬁrsaaéé‘g%tg‘gé%‘%’oo
agacaactiga gageablaadigalsbt gelydaatratentygtiaat gojet fofdving gaaaiptiat,.tfecascgda 1560
tgtgacaatg attgcatggc at a aacaacacat atgaccataa_aaaatacaga, 1620
aaagaggcaa feﬁlggga%%ﬁmt%ggg?g ‘%ﬁ? EFa&ycay %Sémlgzésgfaél%%@a% "‘?‘“3%%"%%8 g%lﬁl 1680
gat at aat ac tiltggtst tagatdinblcgd geceritioad] giptesots, t@trédncdctigating sdqbgpeeaing 1740

ggtcttgttt tcatatatat atgoga.a t 0 ctc
1805 S210- 0S5ty G09R05HGT8IRF S RSERARAEL SIS B AELAARIRTIHED 3
cl one 785 - caigdregti.de sequence of A/ HongKong/ 1073/99 (HON2) <400> 47
cactttgtga gtctacactt tgattccctt caaacacata caaagagaag agactaatta60

attaattggt gRbodt 9agd HaaRRKOIAIs ASARLR! oGt BBLARGY Bbmakt GCtaah@ryl 20
gt aacagcaa gcaat gcaga taaaatctgc at (i&%yccacc agt caacaaa ctccacggaa 180

act gt ggaca Egnaiesyl raisecaatgrceeitiiyaesdy- gt daagatmttagte odakbe

coding sequence of a structural gene, which controls the expression of the coding region by
providing the recognition for RNA polymerase and/or other factors required for transcription to
start at a particular site. However, it is to be understood that other nucleotide sequences, located

20  within introns, or 3' of the sequence may also contribute to the regulation of expression of a
coding region of interest. An example of a regulatory element that provides for the recognition
for RNA polymerase or other transcriptional factors to ensure initiation at a particular site is a
promoter element. Most, but not all, eukaryotic promoter elements contain a TATA box, a
conserved nucleic acid sequence comprised of adenosine and thymidine nucleotide base pairs

25  usually situated approximately 25 base pairs upstream of a transcriptional start site. A promoter
element comprises a basal promoter element, responsible for the initiation of transcription, as

well as other regulatory elements (as listed above) that modify gene expression.

[00259] There are several types of regulatory regions, including those that are
developmentally regulated, inducible or constitutive. A regulatory region that is

30  developmentally regulated, or controls the differential expression of a gene under its control, is
activated within certain organs or tissues of an organ at specific times during the development of

that organ or tissue. However, some regulatory regions that are developmentally regulated may
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240 acagagcat a at ggaatgct gtgtgcaaca agcctgggac atcccctcat tctagacaca 300

tgcactattg aa

gaat ggt cct
gt agaaaacc
caaatcttcc
ggttcattct
gacgcccaat
ccacccacct
acaacagaag
ggt ct gcagg
gt acgat c
cat ggaagaa
gaaaaaggt g
acctgcccca
cct gct agat
ccaggact ag
gct gcagat a
at agt cgaca
act agact ca
aat gcagaét
gt gaacaat c
aaaggct gt t
gggacct at a
ggggt t aagce
tcatctcttg
t ctt gcagat
Artifichal

Met Lys Val

g%actagt ctatggcaac ccttcttgtg acctgctgtt gggaggaaga 360
128§t aagat cat ca gct gt aaat g gaacgt gtt a EGGHRAP09200
tagaggaact caggacactt tttagttccg ctagttccta ccaaagaatc 480

e L R s S

m@ﬁﬂﬁﬁﬂhaae@ag@gga@ﬂ@mﬂg&@mheﬂhﬁmkﬁgtgmggg@wmahanmrogmm®60

G SRAREE e R E DR S BOC R R AR S0
@&&@@&kg@aoﬁy&qﬁd@mblgge the gpingedraderaad clagoetarim@acadttiy8gd <840

2 PRRoRRy R art D gPoGe SR R ra b - B R R e

gatltasigmeidig ptoanst ingnda thd Iﬂa;smwatna)rchmcagt(ﬁlga‘e ab;tlgat 154998 avhld20

aat at gt t agt, ctcaaactgg cagtcggtct gaggaacgtg 1080
8350 %agggﬂgg%ﬁF%?é% gccatagctg gatt cat aga aggaggttgg 1140
tcgctggectg gtatggtttc cagcattcaa atgatca ggttggtatg 1200
[§OYRl t caadn ndecildarggelatontregyen i areghat mmbb@gglr@gy gaadieealy 1260
&9%&1%@%&&8&1@%&% 9P @oR AR Lcfntes 3t gﬁéstlmé nk%qmrhg&ﬁ %320

at at gat caa taataagatt gatgaccaaa tacaa acg catat 1380

theehsenye aban iaducergledabid seopensasa eanes et tlyetgalhictha 440

I%rétreﬁtf%%t 8959889890, GGAGIINE I'egﬁl%ﬁlrgQS@tB aaga@%sqglgm;lﬁoo
cgagctata ccataaatgt” gatgatca ?cat gaaac aattcggaac 1560

ARSFPaRad A HtiBCHRGEY v%%agg@dsagaaﬁe@b&mgaﬁgﬁ9 a¢1V£620

fol9 8AMe iHRcAIMRRGLL A6 pRAGREGEL A8 £6dkhbRl! ¢hIRAGIS GF66a 1680

tgcttgcaat gggt tt gct gccttcct t tctgggccat gtccaatgga 1740

geRirelneent guahat apeigageebdite, gpy re@iaiwwalscw%@he@hﬂsm@mw PAT <213>

icaF APPSR Jirdeh chtl 4016, AL1BI BRARRMSRE &QRHrettylN1) <400> 48
&ﬁﬁﬂ%ﬂgﬁgf%u %zlﬁLeu ﬁ§d92§g hs PleOThr Ala Thr Tfft 51015 Al a Asp

Thr Ile cysthmuéh o getipy pf wa@wrﬁé?ﬁsmn@@?h PR Vings b BN cdbslinger Asp Thr Val
Leu G u Lysindsivid@buldibdy rdfddn nldibeldksosdab anvabiuobsty e3Adfpapplying the inducer to

20

25

30

the cell or plant such as by spraying, watering, heating or similar methods. Inducible regulatory
elements may be derived from either plant or non-plant genes (e.g. Gatz, C. and Lenk, LR.P.,
1998, Trends Plant Sci. 3, 352-358; which is incorporated by reference). Examples, of potential
inducible promoters include, but not limited to, tetracycline-inducible promoter (Gatz, C.,1997,
Ann. Rev. Plant Physiol. Plant Mol. Biol. 48, 89-108; which is incorporated by reference),
steroid inducible promoter (Aoyama, T. and Chua, N.H.,1997, Plant J. 2, 397-404; which is
incorporated by reference) and ethanol-inducible promoter (Salter, M.G., et al, 1998, Plant
Journal 16, 127-132; Caddick, M.X,, et al,1998, Nature Biotech. 16, 177-180, which are
incorporated by reference) cytokinin inducible IB6 and CKI1 genes (Brandstatter, I. and Kieber,
J.J.,1998, Plant Cell 10, 1009-1019; Kakimoto, T., 1996, Science 274, 982-985; which are
incorporated by reference) and the auxin inducible element, DR5 (Ulmasov, T., et al., 1997,

Plant Cell 9, 1963-1971; which is incorporated by reference).

[00261] A constitutive regulatory region directs the expression of a gene throughout the
various parts of a plant and continuously throughout plant development. Examples of known

constitutive regulatory elements include promoters associated with the CaMV 35S transcript.
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Leu Leu Gu Asn Ser Hs Asn Gy Lys Leu Cys Leu Leu Lys Ay Ile 505560 Ala Pro
Leu Gn Leu Ay Asn Cys Ser Val Ala Ay Trp Ile Leu Ay 65707580 Asn Pro Qu

Cys Au Leu WRAMIPOB2Ber Lys A u Ser Trp Ser Tyr |le 859093/0/aP090324 ys Pro Asn
Pro Qu Asn Ay Thr Cys Tyr Pro Gy His Phe 100105110 Ala Asp Tyr Gu Qu Leu

Arg Gu Gn Ser r Val T r..Phe 115120125 G h .Ile Phe Pro
Lys A u Ser (@gﬂ e‘rﬁplggoN%‘érﬁ’ ﬁ?‘sgliﬁllz)igﬁT%%aﬂrbp%ﬁngﬁ%%l’ g@"@%%gégw a Ser Oys
Ser Hi s Asni1@syl16bWacBer (Sek: Ph®93 483k 0. 1 BB 16012TY,for Ais@ (Ash 54efi147ewhitip Leu Thr

Gy Lys Asn.Ady Leu Tyr Pra Asn 165170175,Leu Ser Lys Ser Asn Asn Lys
du Lys G u"™\APE Ehﬁpblé"gﬂ%gl%?%e Po ?O%rﬁsehi(guﬁ?%l";ﬁ%" r"Mﬁl‘)t Asn Ile dy
Asp G n LysPHsivl.Leet 47967 Qa0 QR 0baikd wbiqhhin 1@ene (ABomejdleaal,ThP3,Pdnt Bel. Bidal Val Ser

Ser His Tyr . Ser,. Ar 10215220 ,Lys. Phe. Thr Pro G.u || r ro Lys Val
Arg Asp énzé(’a%ﬂ@ﬁéﬁgﬁé 5" bi}%i{? d ot %g?&g%(#ﬁf?rf?tya#’ 1?’?#%& Sl'elﬁiogég du Pro
Ay Asp Thr 631-4624b26H0 &bacch krensRhienaGnitiadbrafadsrit AGkeyie Adamdéletial) 1985 Plast NBslo Arg Tyr

Al a Phe Ala_?2 6527 er Arg.d.y,Phe .S d le.lle. r Asn Al a
Pro Met 275?&4’8‘%5 'l(é(’)[’;iéhe o /&%pt‘%l‘z{e E%S“g}%“h%nes ?ﬂ%ﬂ%?%“lé“ﬁd@?haiﬁ alle Asn
Ser 2902953@éheSeder ketiroPsfoheRloasti@tine Agulatvigiregibrsis Brpoesiddlat tRbsandiellevelGhyll @llu Cys Pr o

305310315320 L r.val Arg Ser Al a . Le . . Leu Arg Asn
525930930 | PEohpy WL e Bing W o REeq 1 r"élhés?g‘i_"gﬁ%ﬁ%e%?\(%“g P{“é‘&% Ay Phe
340345350 | kiein@inge GlofterGbyerTedpCittituGoredvibittoryelempspmat he PripedTyith @y Tyr Hi s

355360365 H.s Qn 4 . er Thr
370395350 o Suslel GRfn eéh%%‘hg‘%“s?‘ﬁ%"%‘?a/ y ¥‘%1“@|§/‘§“ A AERoEeRedptiRe P O,
385390395400 hic ¢helbte opsmtivEhrlinkda FPhexaffhle, thé £MPY-HBisystdnySai@tuniel, 2008, Lys Leu

405410415 Ar t : : Phe Ile
420425430 %%“ﬁ%“@?% %fl%ﬁzﬁ% df\ﬁgedé%gl %%ﬁ’lt@e{%até\%}egmﬁgﬁf@ggog’% Asn G u
435440445 Amygsafhyirds €OMYp ahdsmphsiraas gnh@wed Agpplajan of heaspsigted gedimgyr G u Lys
45045546Q Val,Lys Ser G n Leu Lys Asn Asn Ala Lys Qu Ile Ay Asn Ay Cys
465470475480 " Phe A u Phe Tyr His Lys Cys Asn Asp GQu Cys Met Qu Ser Val Lys
485490495 Asn Ay Thr Tyr Asp Tyr Pro Lys Tyr Ser Gu Gu Ser Lys Leu Asn
500505510 AY2@EIL Ly SV Paélwgw@e@m\t}aaf fhewlwafld@ramsxgraﬂgé‘fqu@cg‘zlswa‘iurahyr Gn
515520525 | becuktlg, A@ill bype’Tyr Ser Thr Val Ala Ser Ser Leu Val Leu Leu Val
530535540 Ser Leu Gy Ala Ile Ser Phe Trp Met Cys Ser Asn Ay Ser Leu G n

54555055556 Argll.e S |1l H65. <210> 49 <211> 565 <212> PAT,<213>
PRl U AR R e N e P G R e
<400> 49 Metegupprivadémdny sndlagudihetegivabf iherest mteraysthdhtire@lyer FdirecAly & cBhry Tyr

151015 Aa I e - ' ﬁlﬁ @ég r. - 202530
Val AspAi?hr %é)galn-ﬂgéenﬁi e@ﬁ%ésslu%’saﬁﬁﬁpgﬁ? gPa r |§%%§e}?8§%l irk%snﬁéééfg% Leu Leu
A u Asp Ser opfrgivalghin@dysequgrcet may, Qysxdreple, beumedigted @ yrotkinethB08680 withahePr o Leu A n
Leu Ay Asn -oen. Val y Trp Ile Leu Ay 65707580 Asn Pro Qu Cys Gu
Leu Leu Ile" e%lvﬁélng%&e@lglﬁce%p Ser Tyr Ile 859095 Val Qu Lys Pro Asn Pro G u
Asn Ay Thr s Tyr Pro Ay H s Phe 100105110 Ala Asp Tyr Gu Qu Leu Arg Gu
G n Leu Ser [®Bp4lva) dbs omser mpprdhanng pepleotdageqpengegt Pry@resgntiny sréiopay b o Lys G u
igr aer Trp eiéﬁrébségﬁﬂ aﬂgihs‘éit%p{%gg%sg%%tgler_éH@forLIﬂ_émrst@LeMlEM%tng%q%ﬂc@;L(_)S&fn_sl_tﬁéé%,eser LHi s
n Ay du Ser Ser Phe r. L n Leu Leu Trp lLeu Thr Ay Lys
Asn Gy Peu Oﬁ'WtOF;rocft@&?ﬁesi‘%gﬁ'%lf?‘SExﬁlgﬁleééfP“‘{%? hggls Inquygle, gll’téreﬁéhh%‘ﬂ ys du Lys
A u Val Leu apédulthrgiterab8 thibBGihg Qi falfapeatdly, Bvadsichb®., iage Viev1RhDsppS fifallth Sofakdy Asp G n

Arg Ala Leu Tyr 195200205 Hi s L u, Asn a Tyr Val .Ser Val Val Ser Ser H's
Tyr Ser Arg gﬁ%’ﬁ’l@i’fﬁt’ Ve ® h%an’l"ﬁea%@eé " qwgr’ﬁg t?aonlf ithﬁﬁ%e' Pro Lys Val Arg Asp
Gn Ju 225230235240 Ay Arg Ile Asn Tyr Tyr Trp Thr Leu Leu Qu Pro Ay Asp
Thr 1l e 245288985 | | dhepre oGmgreahanens ger@liycongirncts @bithe psenl iaveRtion ganduripr Al a Phe
Al a 2602652 -Phe - : Ala Pro Met
275280285 AE%“%%E*‘?&%““%%% féglé’f‘ly?s‘“ %‘%"“%ﬁfﬁ‘e&?ﬁ%‘(’“ﬁr@%&"ﬁ‘h@%‘iﬁ? o fn ser
290295300 SepmprisgngRIPNPrrgmeitrihahsemtaizs|a pefyadepylatiogaignatind ayether segditoryCys Pr o
30531031532Q; : t - Arg Asn
325330335 |Plegh%§%a%ger M‘I%kag&g nmﬁgf‘r ﬁk%égny §|g§*eé§%5%§%¥% ;T/ﬁ%‘)é‘{lﬁ“ggﬁ‘ zft%yl;}érphe
340345350 Ile Gu Ay Gy Trp Thr Gy Mgs; Val Asp Ay Trp Tyr Ay Tyr H's
355360365 His An Asn Qu G@n Ay Ser y Tyr Ala Ala Asp A n Lys Ser Thr
370375380 A n Asn Ala Ile Asn Gy Ile Thr Asn Lys Val Asn Ser Val Ile Qu
385390395400 Lys Met Asn Thr A n Phe Thr Ala Val Gy Lys Qu Phe Asn Lys Leu
405410415 G u Arg Arg Met Qu Asn Leu Asn Lys Lys Val Asp Asp Gy Phe lle
420425430 Asp Ile Trp Thr Tyr Asn Ala Qu Leu Leu Val Leu Leu Qu Asn Qu
435440445 Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr du Lys
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115120125 Ala Ser Ser Ay Thr Leu A u Phe Asn Asn Gu Ser Phe Asn Trp Thr
130135140 Ay Val Thr A n Asn Ay Thr Ser Ser Ala Cys Ile Arg Arg Ser Asn
145150155160V A3MN08E22Phe Phe Ser Arg Leu Asn Trp Leu ThrPGHA2008{40093%65 Phe Lys
165170175 Tyr Pro Ala Leu Asn Val Thr Met Pro Asn Asn G u Lys Phe Asp Lys

180185190 Leu I1e. Tr Y.V |s. Hs Pr .y Thr n Gnlle
195200205 PH%‘%%??“FW“%&F By gf‘%:f“%a‘he %”@rﬂoe;oipwaéeﬁ%aﬁin‘t aCQi;tBtAér eﬁ"%i_ys Arg
210215220 SeRNA jredaksor. Thotya¥alylatibresidnle aRstminbely GcygnSed bhg pﬁsanceocvfg Val Arg
22523023524 Pro Ser. Arg || Thr 1le Vi s Pro Ay
245250255 g%‘}éﬁ?%" T GOl fprg %s"‘h“@*?‘ tharltlh@%)(%s;[m e e e %E’r gx%\?rg Ay
260265270 Tyﬂorel?ifﬂlelcymehb genBtigroS@ructShitht yreseBeinveBeen dah elsmmuoberfgrﬂ@er Asp Al a
27528028 IIe S n.Ser Ju s.lle Thr .Pr.o er lle
290295300 PFUEH Al qh%r %@aﬁé’r (i Sotheles Rl o M 'eT%%nge‘@aﬁce‘cS; y Ala
30531031532(fbg(0y1$ar5’m11 RuegvnTey perdab skiesl i3he arAsind Fnrindiely thgwsTG_iainiamnatomr Ay Met
325330335 Ar . le Al a
340345350 Ga ﬁacen}lfeguaces %e n ?10 ogoréqﬁstgﬁpﬁ%ef\g v)\}lé &glngﬁém%%h yr @y
355360365 thlﬂgsqudnat&mummﬁﬁbn@fthe @tn;eslemem@ly Gn Ala Ala Asp Leu Lys

370375380 Ser Thr An Ala Ala Ile Asp An lle Asn Ay Lys Leu Asn Arg Leu
38539039540Qghk4 G leommItmg emle@oymﬁe P ardhOy o nbiffatbaPhe Ser

405410415 Gu Vval du Lys Tyr Val A u Asp Thr
420425430 Lyegionp @m@pn&wlwﬁ@ygé@n smal %s‘lﬁmAPCéeV@"uum@run%Wg V) Plﬂanad Leu Qu
435440445 A%Eheg sfchis %he-ﬁbﬁahhé ﬁ/ntﬁ%@ (N@sl'ge;[é')ran es gch‘ asNB& s098dan wﬁgé-eu Phe

450455460 Gu Lys Thr Lys ]g %l;g Met A
46547047548@r0¢§11ygee9%thpﬁ@alL ur}l‘l(é thmbulpﬁes Ewpwgha&fﬁfbﬂéﬂaw SO GI y Ser
485490495 | LesAvLs; ARith gllycoyafate-ﬁm&eﬁgoﬂ ré'ﬂkr@noe‘ﬁ@né/(ﬂle pTd&ﬁotAﬁl%d%Qg@ﬁthl a Leu
500505510 Asn Asn Arg Phe @ n 1] i/ Val Qu Leu Ly % ge y Tyr Lys
515520525 ASFSHFnp p@ressign (hyse Pl?deGTSé 9|3‘h‘§h‘2{| ig ineprgoraisyl hergia by r‘f_né‘i? Péu oys
53053554@ V@kanﬂl@ofla%l&stb@dmgpbbnﬁ;@1s|de§érﬂ§@ltm:@BWQZAIQ% @hseh @ iRcokpyvsatddgresn |1 e
545550555562 Arg Cys Asn Ile Cys Ile 565 <210> 51 <211> 566 <212> PAT <213>
Artificial @ ‘@?ﬁ?@ <220> <223> clone 777 (A W sconsin/67/2005 (H3N2) <400> 51
Met Lys Thr Ile Ile Ala Leu Ser Tyr Ile Leu Cys Leu Val Phe Thr 151015 A n Lys

Leu Pro Gy [0&A7]Asp AsmdesSalsed ThreinApramdiars chrepris@gsnhopcer GlquerR@2680 His His Al a Val

Pro
Al a
Adn
Pro

Lys Al

Arg
Asn
Ser
Phe
Lys

o0 S bt ol DR e 1 T 7

Il e Leu eAggssiGh.y Wihent Mshin@ysbeﬁﬁmim&omhattamnent b@pAsqamAbalameuelbrewG y Asp

R T et il L e

Ser Leu Fyadxahnls 1p @1:2% ixnathsérnsBéen @risiFhf the pep plEstecPhia gagamaydyy u@du Ser Phe
Trp Thr O Yool oo A N Asn Gy Thr Ser Ser Ala Cys Lys Arg Arg
Asn 1451 g %?%;%Q%)%r Y @éxﬁ mﬁ%e Ser Arg Leu Asn Tarp Leu Thr His Leu Lys
Lys 165170175 Tyr Pro Ala Leu Asn Val Thr Met Pro Asn Asn G u Lys Phe Asp
1801851980208y Tyr 0|a1dén ﬁlf@fgpnvérraﬂognﬁ Rlanppels, @iﬁowctﬁ\g{fhwem Anlle

195200205 P%ybeﬂmg‘kﬁnaﬁlﬁma@dﬁb iAb1adeint $alytabie ehatde. Tbéful\alkct B8 maRérs L?/S Arg
2102152 Ser n n Thr Pro Asn Ser Arg Pro Arg Ile Arg
265305357 401 Hoh B P e g RO E R o ot 18 CYRIT Ry Pr oGl y
245250255 A%altédlﬁld,ﬁygrdrﬁ}uml, kamaxﬁﬁd‘ﬂn Se]ierﬁhﬂes@,lqh aé\@]ibsj:lﬁhbtthrb&n %b@h&gme Arg Ay
260265270 Ty s |le Arg Ser, Asp Al a
275280285 PLY ‘i g /A 1K< STRA rl%&‘?{ Ya‘éﬁpfwgm% ?"é P‘Pﬁ?c“ﬁ? 8“A§ﬂ1p Ser Ile
290295300 Pn@n@@ble/kspolbyaschﬁrge sirhes GUA (Asrglvatoniase), Ar fmitescelder suflyss Ay Al a
30531031532 al Lys G@n Asn Thr Leu Lys Leu Ala Thr Ay Mt
325330335 A(r?ugc gb“f/%ll:érﬂ‘q%’%“&e\éws Gn Thr Alg Gy Ile Phe Gy Ala lle Ala
340345350 Gy Phe Ile Gu Asn Ay Trp Gu Gy Mt Val Asp Ay Trp Tyr Gy
35536036% Ph&2APlg H Llsgcansidered Bar ofthig ingesfion pgs tl@ns)ge@ plansy, alapy cgllygsesdeu Lys
370375380 Sebnlihe G Bhiflede AhcdnbGucASthdPrBeldiS AR S rkgher AR wAPE Leu
385390395400 " Il eg Ay 1Lys #nrc,&lsn Ju G%;SCPFIe eH| S n ﬁ/e %%urLygwgBu Phe Ser
405410415 Gu Val GQu Ay Arg Ile @n Asgy.leu Gu Lys Tyr Val @u Asp Thr
420425430 Lys Ile Asp Leu Trp Ser Tyr Asn Ala Gu Leu Leu Val Ala Leu Qu
435440445 Asn G n H's Thr Ile Asp Leu Thr Asp Ser Gu Met Asn Lys Leu Phe
450455460 G u Arg Thr Lys Lys G n Leu Arg Qu Asn Ala Qu Asp Met Ay Asn
465470475480 Ay Cys Phe Lys Ile Tyr H's Lys Cys Asp Asn Ala Cys Ile Ay Ser
485490495 Ile Arg Asn Ay Thr Tyr Asp His Asp Val Tyr Arg Asp Qu Ala Leu
500505510 Asn Asn Arg Phe G n Ile Lys Gy VaI A u Leu Lys Ser Gly Tyr Lys
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Pro Tyr Ile Cys Thr AQu Ay Gu Asp Gn Ile Thr Val Trp Ay Phe 195200205 H s
Ser Asp Asn Qu Thr Gn Met Ala Lys Leu Tyr Ay Asp Ser Lys 210215220 Pro G n
Lys Phe Thr W8P0M@p322 5 Asn Ay Val Thr Thr His Tyr Val PXIE220P88P20 Ser G n

Ile Ay @y Phe Pro Asn Gn Thr Gu Asp Ay Gly Leu Pro 245250255 G n Ser Gy
Arg Ile Val Val Met Val] G n Lys Ser Lys. 26026527 ThrGI Thr 1le
Thr Tyr G nPKp§ ﬁ@nwlqn?/@“wﬁ alspoppndn ﬁ“L&?sge% t??%f%@gggn °?1? a Ser Ay
Arg Ser Lys ival apbﬂo@'ldté’ﬂieﬁrb{ whidh nhelbofthif sdletive? A0 a3k 6s dnkl&loﬁsylerdJ Al a Asp hQ/ s
Leu Hi s s. 305310315320 s Pro r Tyr Thr

Ay Qu H| s é%’/céabi_%aﬂﬁr Py F%d@%lﬂgtﬁ téﬁ 3‘% gorrchbp it &ty Bn‘%ﬂaﬂ-‘{sys Thr Pro
Leu Lys Leu fing, shsdd fddnytiohlthn heyedcoliydge B¥OIADI Y thy @ppfdpatPplant Abmnohyssn Leu Leu Lys

GuArg Phe, Phe alle 3 30365Ala Phe Leu uGdy dy Trp Qu
Gy Mot Bl 5 sssPaestyit oty SebobarRRgdua el rodiE mlimip el &) va
Ala val A aoﬂalantﬁsnlelpautsaﬁ§3ﬁ93955éﬂ)ﬂ) utySlisbedpetTiive géﬁel‘htlﬁisl,Jelﬁbtafrdni eechsn Lys Ile
Thr Lys As Asn.Ser 405410 Leu Gn Arg
Lo Ser Gy SRRV R R PRIt e [ ESEr it (e i R F8E Ap G
Lys Val Asp tibspcdfabedd0445 Leu Arg Ala Asp Thr Ile Ser Ser Gn Ile Qu Leu Al a
Val Leu Leu 450455460 Ser Asn Qu Gy Ile Ile Asn Ser Qu Asp GQu His Leu Leu

Al a Leu 465 5480 . - r Val GQu
lle dy P (g Asrj?%&%g%gehé%%@ﬁ%?&ﬁése ”ﬁ‘?&ﬁﬁ%ﬁy*& Sycgbat, Oys Leu
Asp 5005055 fowgiingedt kel anjnzal pdlls c@itamimihihe Fhmerisgsnggoast@cyco@pusifhenigic acdu Pro Thr
515520525 Pﬂc%dé%pecéﬁfnn FH ‘6Sﬂar VLg th‘&cuél & bRdael w h}?ﬁk Aﬁ%&k Afﬁpenf’ﬁrp Ay Leu
530535540 Asp Asn Hi s Thr e Leu eu Tyr Tyr Ser T a Ser Ser Leu
545550555560 Ala Val Thr Leu Met Ile Ala Ile Phe Val Val Tyr Met Val Ser Arg
565570575 AdP2Abn Val Thegreutelpsy depenfy of theypeesent ipversion g8y éﬂ‘woslém&dz‘ﬂl% 584 <212>
PAT <213> Archdihg chioh ofiRiRst f6r2R5Essloh MBin A1Shek Bf sQirkMahd téPRSImeABl0Rn 53 Met Lys
Ala lle Ile Val Leu Leu Met Val Val Thr Ser Asn Al a Asp 15101&3 Arg Il e Cys Thr
Ay Ile Thr reyorgafonarjraagient pigespipss Sygh 0@3}6@9@%2@9@6 FARQPSg n Ay A u
Val Asn i¥al bdtarmoabyots\aall dichte, fhre@arysteibuk ot 1540 4bcomh) Eerddd plaiik, avhEd baklyss ofler Tyr Phe

Ala Asn Leu a Thr 505560 Ar y Lys Leu s Pro, Asp Cys Leu Asn
Oo Thr Aop NRGP VA 66 7S BbrA Rt Bt Gy AP BopPE ey b Gy Thr Thr

Pro Ser Al aAdwysdopbia 859095 Ser Ile Leu His Gu Val Lys Pro Val ?hr Ser Gy Cys
Phe Pro Ile 100105110 Met His Asp Arg ’>hr Lys Ile Arg A n Leu Pro Asn Leu Leu

Arg 115 5 Tyn Asp Ala Gu
Lys 1301351%&% a P é&%ﬂ% ‘ﬂf’ a§f‘re§e‘%(a“%téggorg%““lséer Oys Pro Asn
1451501551 6@st#tlighcttir theent aILdV@O\SerO @k yf Slhﬂlem PW@rtAIT he mHhOd\thtobTAlnalnga{lﬁfoﬂdnad Val Pro
1651701 L o Leu Thr val Au Val Pro
190165198 Tié?dé?&e 8ol isgbe Qtéghgpﬂg%@&“? e Thr Val Trp Gy Phe H s
195200205 Ser Asp Asn S Thr n ys Asn Leu Tyr Ay Asp Ser Asn Pro
210215220 GlPP203s Ph@YT?/f?nSEf;é*Pa@é ltm%ea%@flﬁ e I%FPCFHW thh%fefﬂf %enfffgﬁr val Ser
22523023524%@%‘&&1{ @mcﬁo}ﬁd@&ﬁu&ﬁb@ tHRF B nAiestall @en-g%lc gpm&yﬁa)ﬂy@‘ Yoth-GHe Pro G n
245250255 Ser Val V Pro Gy Lys Thr
260265270 G“&}ef‘-‘rpr?FlﬁF ffgﬂsf?éf’f ?“c 15“ %gf?a?)aml%wni‘é‘ﬁt iR GosmAY bgRerigle Ty p
275280285 Qéﬁd tﬁb&arS&E oi(fg'eyetléﬁﬁorSﬁhoﬂ_c)bﬁsﬂ&éd skdb®, deyte teanyferSRdy De@dndinOandene | | €
29029530 a, 1p S.qu Lys Tyr Ay Gy Leu Asn Lys Ser
30531031 32 Sy%"ﬁ?%’ fypro ﬁ‘%‘o‘rﬁrﬂo@qﬁf‘]@ "His Ala Lys Ala Ile Ay Asn Cys Pro
325330335 Ile Trp Val Lys Thr Pro Leu Lys Leu Ala Asn Ay Thr Lys Tyr Arg
340345350 Pi¢2Ptlo Al Byltyesere'iplanematiey'sit Glmpairagy @GhigriPideriel éo@layplaal. &lahl e Al a
355360365 G s Ay
370375380 T #tt_gr;ﬁl?aylscgf#p%eldn gltbfe]%aﬁ{ t-EIEL% gly OQJXI f%ljion tflel‘?eo‘?‘ll:’%rt% aFlfILIE Bat]t_(!,lr Lys
3853903954 0May Sprpprish fnirgpelula njarmmnnop@t%sﬁrawlglar pl@tvmpdey@s Agyid mea;rhd\sn Ser Leu
405410415 S t Asp
120425430 G Lon Tra” Ronc it den EtCebrdbtedty fbiG L fodep Lon
435440445 Arcelspissucas pauithextmgteor @spmigagtiogthgrepf, ém@plﬂnUéwems@m%ﬂth@ats prezu Ser
450455460 Au
4654704754?%&3%%%%@5@1{5{%&&&? leg%mpgsy yﬁﬁg@)dﬂé‘lglrtﬁ“ a%\l}gﬁﬂﬁ%ﬂﬁlﬁe Ay Asn
485490495 Ay Cys Phe Gu Thr Lys His Lys Cys Asn G n Thr Cys Leu Asp Arg
500505510 Ile Ala Ala Ay Thr Phe Asn Ala Gy A u Phe Ser Leu Pro Thr Phe Asp
Ser 515520 Leu Asn Ile Thr Ala Ala Ser 525 Leu Asn Asp Asp Ay Leu Asp 530 535
540 Asn H's Thr Ile Leu Leu Tyr Tyr Ser Thr Ala Ala Ser Ser Leu Al a 545 550
555 560 Val Thr Leu Met Leu Ala Ile Phe Ile Val Tyr Met Val Ser Arg Asp 565
570 575 Asn Val Ser Cys Ser Ile Cys Leu 580



<210> 54 <211> 562 <212> PAT <213> Artificial sequence <220>
<223> cl one 7808A/ Si ngapore/ 1757 (H2N2)) <400> 54 Met Ala lle Ile Tyr
Leu Ile Leu YEA'OR®B23hr Ala Val Arg Gy Asp 1 5 10 15 PAHGA2PMe0ys |le Gy
Tyr His Ala Asn Asn Ser Thr G u Lys Val Asp 202530 Thr Ile Leu Gu Arg Asn Val
Thr Val Thr H's Ala Ly Ile Leu 354045 G u Lys Thr H's Asn Ay Lys Leu Cys
Lys Leu AsnSéysgtef FoeanW’E?c?-SF‘ g HP55 SPOIRR OFf RIS EYPrAS Blawgattgre%ol“i%er,&?/ ady Trp
Leu Leu G yi/As0 cB{téinlﬁﬁgdlﬂﬁ&Q Iﬂnﬂm@yﬂﬁal:ﬁﬁpbé\ﬁt@Jeble&ltohﬁmnﬁEﬁroééedlng%lt@sG u Trp Ser

Tyr Ile Mt 9095 L .du Asn Pro r 0. Gly Ser Phe
A Asp 10050514 by et e Bgeieye e bdreaRile! s gt et e @ u
Lys 115120128nMathnloyss cbh&ohl@lltnﬂﬁrﬂwilﬂyﬁthé\s@ indlug@ing ropt o im@dto Ehrsmdtbgraphlyy Thr Ay
13013514g G@ly Se Ar.ga?AI a,.£ys Ala Val Ser Ay Asn Pro Ser Phe Phe Arg Asn
145150158166 f B84 Thr Lys Lys G u Ser Asn Tyr Pro Val Ala Lys Ay
165170175 Ser Tyr Asn Asn Thr Ser Ay GQu Gn Met Leu lle lle Trp Ay Val
180185190 Hi®2Hls Pr ByAsnerAs'midngl pieness@gliit G meapirmipnTinatter.dor ekymplGapladser Val

210215220 PPy ke hefilordh o Spkee Qi G o {8 e fRE RS BRI

22523023524@0@1;@% &raGon oﬁ‘plpxthhmog_eeue Bt eyt d\/Elunlfﬁalb' PA@sSTHY Yatig Asn Phe G u

260265570 Ry T DRk by bof Rl Buithe Dby Sl ety ST M
275280289 Gcmaﬁmra cbppos®ips cezmnsmlarsolpivlgplalélsrm@gpem,and 1ne0hﬁzéqvlam eomiepentseu Pr o
290295300 Phe; HiSy HSE: edlfz!lrgxaﬁ{ N hﬁ&{oﬁmﬁA{a brﬁce)ét %fﬁu&%’ﬁuﬁﬁ&&xs Tyr Val
305310315320 Lys Ser S 15) a Asn Val Pro dn
325330335 |w@n@1@oséqere¢fr glt yegaréwrwh@s @eptedwathin|tiee eafraceliylyr sp!weon" kdoqg u Ay
ggggggggg Eggleﬁfs&egc&ltg%emgl ol}(ﬁhed'%%ﬁlg %C‘Xlur-lll- pce?L;Mgﬁlgg éf(trléﬁon %‘rﬁsslilﬁs%oégg QISQ_

du Ly
370375380 Phecyigpgedgugder nr@surhgy mwgtsh@u%wll% Ar %@ﬁmg/ai thqb lﬂee tepayeEzp ST Met Asn
38539039@40%5}5&5 £ fbté%hﬁee%h x%mn vfalextﬁcwulay%a@ wﬁhﬁﬂ ﬁ%eesmohms@ uArg Arg
405410415 Leu Gu n Leu Asn Lys Lys Asp Ay Phe Leu Asp Val Trp
420425430 THOlFg prepagiioppoherage pxirast q:féﬂU%PrOE@a siise thGetli’TeAéfﬁtl@P WORA §2vFhr  Leu
435440445 AspaiBhe lotﬁmﬁxﬁﬁbnsfﬁﬁn s%@dhdé@lplahﬁ/p?odﬁ&@ ﬁuﬁhlerwlhmmiaroéééﬁn by Arg Met
450455460 G n Leu Arg GQu Leu }/ % he A u Phe
465470475480"VTYF aqlne%usw%acmof,ﬁglﬁblﬂgrﬁw@ fgprgdpaveade! %@ﬁbvsgﬁmm iopyéhmyn Qy Thr
485490495 Tyiitab¥s Ralil wmd?mthleyssmégmdﬁeuar@ ddalGidcedion bSjuletktASdN AN GdAsh G u
500505510 Il e Lty %/% Leu Ser Ser Met Ay Val Tyr An lle Leu Ala
5155205 PF@IT%dlfﬁFtélser?ﬁth A% a Gy Ser Leu Ser Leu Ala Ile Met Met Ala
530535540 Ay Ile Ser Phe Trp Met Cys Ser Asn Ay Ser Leu Adn Cys Arg Ile
54555055556 00¢ys | | e Thedlont n8ersid HHexfoln6at phidf @aterddr tsRike3nayAe biafly délabred@quence
<220> <223> on hui /.17 du L Ile Val Leu
Leu Leu Al a %Tbéecgafh%gg%é/ﬁat iR a’fb %%9 tér f%)%%fa Cpgarés ‘%Ppr/F“emcS}”gl"\@ Gy Tyr His
Al a Asn Asn oBerfoddsr or@aap@latedyVahe ﬂ@@&&ﬂem}s pssihmay ¢1® HokbncGhtiatedysimdsaveval Thr Val

Thr H's Ala. k- o) Cys Asp Leu
Asp dvy Val ' gregse@%@?%%%b%cﬁ%g%d:aﬁﬂg tH &%ﬁ{alsgé @én@s 8{#’ %%eug}? é}}l Trp Leu Leu
Ay Asn 2657@??@8@@?!?6@%@@-@5 Asp G u Phe Ile Asn Val Pro Gu Trp Ser Tyr Ile
Val 859095 Qu Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Ay Asn Phe Asn
100105110 AWI)ZTM" a Exﬁlﬂlesl&!dsﬂby&t dﬂ't&g&@iﬁaﬂ;ﬁﬂth&ﬁtﬁe LB df'tl%pﬁ%éht HventBhe G u
115120125 L Efe Anlle lle ys Ser SeL Ser Hs Qu Al a Ser
130135140 SHPY &f {fnjaptered o 1%8?‘*%9"&”&3‘/‘@ Ispigd 8y r@:ﬁﬂﬁp@vte?ﬁrfdwatefsf@wl :Phe Phe
14515015516@11gr&tbg/ bASS) qival, diéa) ge?d‘e{pohﬁﬂy, dhlicer, y®ink, ¥BeeASuiAS Morkd) cardd fcaflh® Thr 1l e
165170175 Lys Ser Tyr Asn Thr. Asn G n u Leu Leu lle Leu Trp
180185190 G%&}gsﬁegnwaés’ F%/eé Teggpra et - AUk iene Wr&“g‘f‘aﬂgﬁguserﬂ?‘s’ t%“’ﬁ lﬁab#kﬁ’ Gn
195200205 AsticePran, Qﬂi‘n’ea Pias orth}l[er fddeméSeéal Manhle Ghdythd Tilte. Sath tIdaet dk@uisAsSireG N Ar g

210215220 Leu Ar r Gn Ser Ay
225230235246"‘“75{%93a ‘Pﬁgﬁ t%‘ée%ﬂsé B mgq?%&aHﬁ%atl_%a‘ﬁ%esﬂgﬁeﬂfz?be%a Ile Asn
245250255 Phweefdon. Ser Asn Ay Asn Phe Ile Ala Pro Au Tyr Ala Tyr Lys Ile
260265270 Val Lys Lys Ay Asp Ser Ala Ilg Val Lys Ser Au Val Qu Tyr Gy
275280285 Asn Cys Asn Thr Lys Cys Gn Thr Pro Ile Ay Ala Ile Asn Ser Ser
290295300 Met Pro Phe H's Asn Ile H's Pro Leu Thr Ile Ay Qu Cys Pro Lys
30e310315320



Tyr Val Lys Ser Asn Lys Leu Val Leu Ala Thr Gy Leu Arg Asn Ser 325330335 Pro
Leu Arg Gu Arg Arg Arg Lys Arg Gy Leu Phe Ay Ala Il e Al a 340345350 dy Phe
lle Au Gy‘@)g"fﬂ"&*zén Ay Met Val Asp Ay Trp Tyr dy 39836080997y r Hi s His
Ser Asn Qu Gn Ay Ser Gy Tyr Ala Ala Asp Lys G u 370375380 Ser Thr G n Lys
Ala Ile Asp Val Thr Asn L Asn Ser. 1] e 385390395400 || e Lys Met

Asn Thr G n[o&é] Gu N%OWPI ‘%S/th%trad’l"@f BN ALR PRFELY (R TES °A§’f'}’r?_s§,\lﬂg u Arg Arg
Ile G u AsnvLEtorsBink s ptoysn Mﬁhtela;tlma&\%ﬁ)aﬁlylstéﬁﬂ)&)?zﬁsﬂlﬁj@ct@harge’eﬂrga%&m, Mal Trp Thr

Tyr Asn Ala Gu Leu Leu Val Le 5440445 Asn u Asp Phe
H s Asp Ser2R&W Obﬁi’ys@%en%%uﬁf’ggh daz{lgéf§ A efwle‘gg'lel’ "g“ifg‘e}e‘a%n Leu Arg
Asp Asn Al aoHtaised@oth th@plm@lngﬂyb&éktﬁ&&ﬂﬁm%atk&@e 1G|eyhe©9f8ruﬂ%hparﬂlly pehfedyr Hi s Lys
Cys Asp n_Gd.u du S 485 95. Val Tyr Asp Tyr Pro
an v Sorrte G Bk eRip eBtscRRte et Iy in G (e B &) VAl Lys
Leu G u Serndnledib@d gtanTshrFuﬁlieﬁﬁé}QEQﬂie fﬁy&t’elrﬁk orally ginligsterSé thelplaat flggue :BerveThr Val Al a

Ser Ser Le 3 5540 . Ala.l]e Val Ala Qy Leu Ser .Trp Met Cys
St Ao Gy SsReE U REARIRR 0 Bl SrdhaPed b el sl 151,15
568 <212> PAEn<@i3bm#yrteipkinditall to g@efen b@platﬁ%h’n&ﬁﬁ&ﬂihmbsomklng B@ce. Itisalso

(A'M et nam 119 érztpw E@Nl f<ﬁli091?/e Mghe plan ?ss&/alto bléeuow Phe Aalle
val Ser Leu”Va 18r0%s 0 dI e‘f s 2 Msn Asn Ser
Thr Guld nfowtupﬁmsrsmthmpnﬂi‘m fekd. éf thﬁamlarﬂlluutyéelﬁgfced/azlan'ﬁnmalv(mkh ﬁlfﬂe; orHis Ala A n

Asp Ile 354 A ; 5, £ hgu Asp Gy Val
Lys 505560 %ﬁg‘“ﬁf‘%if’g?‘ig“%ﬁl“ gﬁ{}gﬁi‘{;ﬁé@z‘p a§g %W%La%&@/?ﬁp‘leg Leu Gy Asn
65707580 Pro Met Cys Asp Qu Phe Ile Asn Val Pro Qu Tr Ser Tyr 1l e Val
859095 4 u I%EFN a ARt m%crvapnabsqﬂe AlepeipeF TEpgmay/be lpf%veé;lryhm@pg Phe Asn
100105110 Aspreldidn (@tﬂdns dés E%nts}’&d'db-%xﬂr@sﬁoﬁ-@ith redRbr@f Elleﬁcn%sf?orﬁllh% phae Qu
115120125 Lys Ile dn Pro Lys Ser Ser Trp_ Ser Ser Ju Ala Ser
130135140 LB §ickg) m@é‘?e@@%tow%twéthpﬁnﬁmﬁyfie@dﬁtl@Cgf trgRpgeng@iRNGsy  Phe Phe

14515019516@rphdi 8N 1¥8). NAdrmald :ﬂlpﬂa{@ééoﬂs b€511|ef{0$ngLaY§wA§lﬂlo§ﬁ[n A%t ML Thr 1le
165170175 Ly s Arg Ser Tyr Asn Leu Leu Val Leu Trp

180185190 G‘Sfi M Sqqio%d figredn @h&aﬂk% %&06 WOAO%3§6 élﬁ ‘@lﬂl iyppeorpgrated bieindy @ n
195200205 Aﬁ:ﬂ:réﬁf:é) @héxaﬂiblre bot 1|11{1Eed$@rTEVd;L1/I@1 yroT(hbbaﬁafetéﬁhﬁm&épUHmo)G n Arg
210215220 Ley. Val. Pro Arg r Arg Ser Lys Val Asn @n Ser Ay

I

2252302352487 Kriy e OéTamﬁﬁgusbﬁéma* vBusiH e Vmﬂw@p@%ﬁ TREAO AEPINYES| | " Asn
245250255 Wmvam),Sebf@mm&rynogsav1ﬂhecMNezwpas Y otd@ viru W (PRKap2Ty p1ilyfs 11 e
2602652 Val Lys Thr |l t uleu Gu Tyr Ay
2752802%@ }%@?{Oé&?‘?%ﬁﬁ?ﬂ 5151%%% Sﬁ?ﬁl’% d% X ?g%‘%hf%?/%c? e WEK: Ser Ser
290295300 MBScPrpl FPhe23Hif SitAS iristdzevitlis SCPY-921)ep24 DR Grabévene@afroHatkobyted Pro Lys
305310315320 T r Leu Leu Arg Asn Ser
325330335 Prg® 9?@??;’%526)}&0%&“)&%@“{?? @J@‘é}‘,&ﬁ%’ Eﬁf%@@e &P Aa lle
340345350 NCWHEbM)F;’thf HeadBlun 1@kt vEhy(HTVpp 1G), r fA6yof Matlic Vahméslate wrud T p Tyr
355360365 /1. Hi Lys
370375380 gduhge/?l#hr Cﬁﬁforc’ asuppﬁssorgfmcf&s“ﬁ? %an{?é’ %Xm;i%ﬁﬁteﬂ H@er’ n Ser
385390395409 1/HEPb] BY AppL, [IBS VIMEP, TROACTHEM B 2h, wvépra BVAI-pl 1VaVS@llyBAc‘g- G u Phe
405410415 ) _ ] ) € A u Asp
420425430 ?'& é“ﬁ{épkﬁu‘“f;‘g P r%‘%?%&@?ﬁy v R e Cou her
435440445 Gurepse alchgwitl e Tiplei¢ aoud sagysn@izacading thrgpotSe pf insrestva FurthyrenAgn Leu
450455460 TMEh@5@8(;_%%té(@{)m@ﬁogm{_@}ghlgdplaheu Arg Asp Asn Ala Lys Gu Leu Gy

465470475480 Asn he A u Phe Tyr H's Lys Cys Asp Asn Qu Cys Met Qu
485490495 Ser Asn GI Thr Tyr Pro @dn Tyr Ser Qu Au Ala
500505510 Qﬁ\_éilu Lyg UrREIOEY. &Lﬁﬁax P Fedéxwwmmr%%‘é%“@?f Ber 11e @y

515520525 | :’.uBtyiR}él’ F@ dxathple, LY n2@ kothprde e or DRFe A onYalA AInathSaibtypeH1Ligy Al a

530535540 Leu Trp Met Cys. Ser Asn G y
54555055556%5?%Ie‘fAh?xe‘JEI4 %72ﬁ%¢§aii}€|fﬁﬂg’léyé% IHEE!%@ L e 70%25’21119“1%)8 <212>" PAT
<213> Arti fihelestl SelefivRDERe sddmticRATIAChO R dé8ifedv] aaliktbHReghepemB12/ 97
(H6N1)) <400> 57 Met Ile Alalle Ile Val Ile Ala lle Leu Ala Ala Ala Ay Lys
Ser 151015 Asp Lys Ile Cys Ile Ay Tyr Igh%s Ala Asn Asn Ser Thr Thr d n Val
202530 Asp Thr Ile Leu Au Lys Asn Val Thr Val Thr His Ser Ile G u Leu 354045
Leu Gu Asn An Lys Gu Gu Arg Phe Cys Lys Ile Leu Asn Lys Al a 505560 Pro Leu
Asp Leu Arg Qu Cys Thr Ile Au @y Trp Ile Leu Ay Asn 65707580 Pro A n Cys
Asp Leu Leu Leu Gy Asp A n Ser Trp Ser Tyr Ile Val 859095 G u Arg Pro Thr Al a
G@n Asn Ay Ile Cys Tyr Pro Ay Thr Leu Asn 100105110 u Val Qu Gu Leu Arg
Al a Leu IIe Ay Ser Ay Gu Arg Val Gu 115120125 Arg Phe GQu th Phe Pro @n
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385390395400 Asn Lys Met Asn Thr G n Phe Gu Ala Val Asp H's GQu Phe Ser Asn
405410415 Leu Qu Arg Arg Ile Asp Asn Leu Asn Lys Arg Met @ n Asp Ay Phe
420425430 L¥Q2N8M9A Trp Thr Tyr Asn Ala Gu Leu Leu \?élf/q_AéQP%‘_’@lﬁlﬁG u Asn
435440445 G u Arg Thr Leu Asp Met His Asp Ala Asn Val Lys Asn Leu Hs Gu

450455460 Lys Val Lys As Al a . Thr y Asn Ay
4654704754802€)E Pfﬁh%edcﬁs iﬁG‘é{rﬂ’Il EOW‘%“QR} 4 Vasgiae 1Rg BSCA%W"%&I“’G‘H%,\{%&JS "¢ @ u Ser Vval
485490495 Lysmasaafs ¢pmbihitiohypf HASpbtyyes, viile VILYS ustful foEiri@cﬁ[hfngﬁhMarSarayLys Leu

500505510 Asn Ar eu s lle u Ser y Val Tyr
215520525 CEAMTESPRIeArEof R b odey's ‘}Y{ﬁﬁﬁp Vi @eFBgéy sl i8r G ey Vil
530535540 GHywket otHeeHNBUbtAle@odvBihatihymbyehe pTepprel/Bepefsliss en thasive dEthe \8dr. Met

aiTicr Al SuieREoassSLr Sotter R AR B Er T B BRGS0 s

Met Asn Thr nﬁ/he&d &plesdgd Witkin llesald eellThor exSapleAlplanRied. Phe Tyr Val 151015 Arg Al a
Asp Lys IIe Cys Leu Ay Hs Hs Ala Val Ser Asn Gy Thr 202530 Lys Val Asp Thr
Leu Thr Ay u @n Thr
Asn |le Pro §1]I Il e g/&e &G%PS Idudl%i/gs 5 &lgg(gﬁer%?é&ﬁﬁ ngura}@%ﬂge Gy A@n
Cys Gy Leu (I}Léh P@wV¢hNAVatb'b¢ p@eme;seém?@a@ow HLPar@rr@ﬁn@é aAébIAGen Phe Leu
G u Phe Ser 4ALgiAsn Leu Ile Val 859095 Gu Arg Arg Gu Gy Asn Asp Ile Cys Tyr
Pro Ay Lys e Asp Asn 100105110 Gu Gu Thr Leu Arg Lys Ile Leu Arg Lys Ser
Ay Ay Ile Lys Lys 115120125 J u Asn M e Thr Tyr Thr Arg Thr
Asn Ay @ u [0%?2 11301 3Braloreshe Pajest ipyAQtioy ﬂW@}*C@B?S w@ﬂ%ﬁw@eﬁom@ﬁé 8@? Ala Gu
Met Lys Trp cHifhed&QhGRtoRitdddior &4 wit kitlRe stabldlér tASPenfSiprddiyn shiemENEnePro G n |V9t
Thr Lys Ser 165170175 Tyr yS Asn 1‘%" W Lys Val Pro Al a Le IIe ée Trp

e H s 18028%190 qllin%t“’gé‘fay 95‘5%?’“ Wi O“GOUm@eﬁh”“i*ﬁPe ‘I&P@I“’E'e THATRCy? Ser G| y
Asn 1952002@&1@)&& Aeqabnbd @cddirg a\fabteil bPinfakt 8 belint®ddaed indna cédstucband Phe Val Pro

210215220 Asn Pro Arg Pro dn e Asp
225230235246“91*@‘194‘“’8&??&‘1“%“8% ‘nﬁéar"ﬁé’btrh%ﬂ?q%ﬁglx&%aﬁ‘w 09%¥‘Pﬁ?‘9?§]he Ser Phe
245250255 Asdierést maﬁb@ni?dnﬁcddl windh @epraQ: céﬁq&uAr @heéb ﬂucﬁ;@ﬁde%b@eh@hlmé\y’ thebey Lys
260265270 S%r—eLeus%%th IGt nﬂse el ct ri a cfeoﬁtze se uence%(codel u Gy
275280285 GAUEHE B e FY GP ?‘1“5’ FlP% S0 pa Pfe an
290295300 Asnbth Itlieq)rdtaﬂ ofSefereltragd ﬂde@rdtdnethﬁl nyodifies glysylRicm pﬁcrfge a’fyhe pratkinbys G n

ggggéggég?’%ﬁ%ﬂ ma{y Siko llt‘aeul“slec{/glg t Lecléllseﬁt#\e nulg{gotldse%/qu%ce WOXI% c?_m%nsgdg ﬁrsgegu%gilj Phg Pro
340345350 Gceympisinglalfest AhdeiChoyd feheentd epcd@ing twﬁsmotﬂlyvf fﬁaarqst c@enatr@l}yhﬂl(edjtolal e Asp

3553603 Ay Trp Tyr Tyr s Hi r Al a
29530368 Sl TNt 8 s B0 Bl
385390395406ndoding As mrofgigthhtenodifics thelglycbsyktidproills nf @k pro@nrpf RiteesGlthe SE@de I e Asp

405410415 Ay Asn Val Ile Asn Trp
420425430 "IA'\%r “%cg %ﬁl@gﬂ“ﬁd%“"%‘n‘ey‘”vy lﬁﬁgﬁfe@eﬁ Tyr Asn Ala G u Phe Leu
435440445 Val Al a VaI Au Asn G n Hs Thr IIe Asp Leu Thr Asp Ser G u Met
450455460 AdP283s LeByTga-exarassery ispagantAhay twes gr weprh thap tvoaprlactide sse¥sn9Fa Q u
46547047548%% ﬁ@@ata;datfi\s@ang tynlel&erIa@p&ilnthnhk\ethPh& aing ngéhaof%splﬁﬁp Asn Asp
485490495 ga Ser Ile ArgnASn Asn Thr ?/ H s Lys ér Arg
500505510 L W@/E‘u nyicleptyde spqyencesneay got PP gxPEgsipd %‘a%‘é/ﬁhe/-ﬁa‘&e w E%‘ffﬂ Y Ser
515520525 Sﬁ\K/o & riyord picldod @& sBgfendeb a‘eiilqﬁeslsﬁl.in éﬁﬁmﬁhﬁwﬁ&lﬁt tﬁ’ﬂ&c@leﬂ pl@dﬁ’ctsalfhﬁze Cys
530535540 Phe, Leu P e a .Met Leu Val P I1e s.lle Lys
545550555560 AERE &< nHWaW‘@%&Pémra/ﬁ‘aﬁ?%&{%%Pyﬂ’%!a%%‘s‘gﬂ?l’mé%ﬁ& 59 <211>

560 <212> PhAfere@ hdpbdexpichded idtler sdetel emmngma Qénoé MBI?the bﬁbfml oA8Gerest is

( A/ HongKong/ 1073/ 99 0, hr Ile Leu
Leu Val Val STRFSHg %EI% ‘iézlaai%oﬁg@%ﬁoéy \%prlo egl erfsf #@Eeélpfcﬁl ‘@ n Ser Thr
Asn Ser 3bhr t@ urrﬁﬁaﬁxsﬁ)t%hmdb(aideéeqpenfbsrcatbucol’dxpre@emuﬂ'ﬁya ﬁhﬁmeﬁw’aipré%mn Val Thr His
éIOgSIé)éS G3540 s‘?’enblw%{erﬁebét%f? gr r?ore se':&gencelshare 1@{5odu% w1%1r¥thca|v§lﬁnta 3}01&% € SgIF tl%:: Ser Leu
65707580 Gl yindss ponRitionsShat bGI)hSeq&s@ed_:Heleﬂp&lsseﬂeAltﬁl&lv@yya phatfprifcb lantoppiSeng Tyr
859095 Ile Val Gu Arg Ser Ser Ala Val Agn Gy Thr Cys Tyr Pro Gy Asn
100105110 Val du Asn Leu Gu GQu Leu Arg Thr Leu Phe Ser Ser Al a Ser Ser
115120125 Tyr G n Arg Ile An Ile Phe Pro Asp Thr Thr Trp Asn Val Thr Tyr
130135140 Thr Ay Thr Ser Arg Ala Cys Ser Ay Ser Phe Tyr Arg Ser Met Arg
145150155160 Trp Leu Thr A n Lys Ser Gy Phe Tyr Pro Val @n Asp Ala A n Tyr
165170175 Thr Asn Asn Arg Ay Lys Ser Ile Leu Phe Val Trp Ay Ile Hs Hs
180185190 Pro Pro Thr Tyr Thr Qu GI n Thr Asn Leu Tyr Ile Arg Asn Asp Thr
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Gy Ser Asn Ala Met GQu Asp Ay Lys Ay Cys Phe GQu Leu Tyr H's 465470475480
Lys Cys Asp Asp A n Cys Met Au Thr Ile Arg Asn Ay Thr Tyr Asn 485490495 Arg
Arg Lys Tyr WPGOB28 u Ser Arg Leu Gu Arg G n Lys |l e RACABOOH08310 Gy Val
Lys Leu Gu Ser Au Ay Thr Tyr Lys Ile Leu Thr Ile Tyr 515520525 Ser Thr Val
Ala Ser Ser Ley Val Leu Ala Met_. Gy Phe Ala Ala Phe 330535540 Leu.Phe Trp Al a
Vet Sor AsnoR) egkeEe spgines <onimpiF de et Snos g8 G RIBR OIS BE <2115
3111 <212> phdssizibadrofild dfftieGir@tin SEGURRCRayRADRsfsizied ithly tfafidotly orin a

Al I ndonesi a/ .5/ 2005 ( Constryct 660) <400> 60 agaggtacc ctggta tatttatatg
ttgtcaaata 4t ecrﬁﬁﬁlﬁraglﬂgﬁi aélg'é‘ﬁ B¢ °38{5?‘g%@81’f8§f€%&%% Sgi ﬁ‘t%g? faﬁgt ‘g aacaaaaat a
ttcacctact sqiiqgtdatahidAbe @beattliaatidifieabatly@gagioh aadipadsteardtgjgaf ig@testa

gaacaagagt agtgatattt180 .tggcaacaat tttgttgcaa cat agaa aattttgttg
Cioteiertt veargprescnra ARy Lk a il SEagRRE A3k a2cea

cat aat gt ga ¢gpatgagagas3ddivgalaagt hgindudidagangdtg tindabcaidaatd gequigt arcadiag

atcatigadg gatllgagaased aogclacacs. anl aadodtlsfaLlach ola.Aalanalaag

gat gacgcat tagagagat g420"faceartaga gaa?]'t'[1 t'gg caagtcatla aaaagaaaga
ataaattatt tistradasht adB0tikaagichgage coatirdsget t a aacat gt gat tatttaatga

attgat gaaa gagttggatt540 aaagttgtat tagtaattag aatttggtgt caaatttaat

ttgacatttg @6%4 tt ccy R0, aLal 8t thOGEsehGN AARILE b RAGTRS plah dohi Ss@Hstri

t cat agat ca aat aagagaab60 ataacggtat attaatccct ccaaaaaaaa aaaacggt at
atttact dda plawids BagjesTod. elad girssgigeiors ghcet 408y iepsforndvgtaigy-iaigynaacat

ccaat ccaac QadLFRLRRACIABH AR SRLEANY. AGRLARKGE dich dhARRS GE fACIHHCT Ot
ggcacatcta cattatctaa840 atcacacatt cttccacaca tctg;gccac acaaaaacca

atccacat ct PMenthedrad Y opbachtMendaadlanbt elac e tBiolegyt depgere Bressaldew ¥ et t

cccttcaaac gApLAGARAE @5@6?@5@%%&7éo@ﬁ%@z@%@%l&ﬁ@%@@@&ﬁd. (ORgRQRAaa
t ggagaaaat Jg@%gcttctt 020 cttgcaatag tcagtcttgt taaaa?tgat cagatttgca

ttggttacca ablyerabuntgpotdceficay higestadgutltyadaélaategbddgaatiddgRacgt t a

ctgttacaga bemECHAUREGIL DHILAtRE DBaA%AGACARAGHA- W ALY ABAEHEs AL Utdhad

at ggagtgaa gcctctaatt 1200 ttaagagatt [g%a t taqc t ggat ggct ¢ ct cgggaacc

caat gt gt ga Byadlt 1 C4t ¥7r Jeber Hieelydr t’tg&gf%‘t‘li akectit w§rehlRgeAHggccaat ¢

caaccaat ga geduebghtoaCfolSdRpeaggpa@hlhst, 6Aacdf&ticn, hiaqgaedild oARRSIReS il

t gagcagaat aaaccat Btt, agaaaattc aaatcatccc caaaagtitct tg?g}%gtca?atc
y t .

at gaagcct ¢ HCEHR AL faflori?ls?‘r‘g Rl Gieng fiat Arered PO gg daa éltg%lé e tta
At ace08 CCasoa0t 1260 C1 L it o0t e o ot e heag
cagagc aggc ﬁﬁ%@‘g&f’ g'tgai‘tm%e@? (ﬂ*@iéﬁ‘ﬁ'g %% 3@'35’33%?@?‘&“ e Jelte g4 Va4t B4he gg
t aa?c c ggfltg Ig?\b@lﬁt alcgsaéiefi&&(t)m g.aaagtl agf),t}ﬁ)r@? gg?t(g&a?e fmt g:&gqtggg 19maang®t a%aa
Ganattrcat fabuglliaobeng PhtghaTaRE Muaes 7 b BhaEt e MR 2
{ Saact 01 50 (alpocatte 1920 cacancatac. acact el pac. catcooadan 1 oaceeanat
at gt gaaat g Eéngaz%glél a iieas'igﬁgenﬁf cct Sﬁﬁ%’g@g%agiﬁﬁ&i g%onﬁﬁﬁﬁgggg@t%ggégﬁg%éga
gcagaagdaa ¥sagwgagya. POAMsct, 4B qgao00@at agoagy a408 Ret; agas 1 ygaioat ggc
agggaat ggt ggaf ?fgh&g% ié%og%rée%tbgfg%r%&%). accat agcaa tgagcagggg agtgggtacg

ct gcagacaa agaat ccac caaaaggcaa tagatggagt caccaataag gtcaactcaa
tcatt gacaa aat gaacact ) i
[00285] Transient expression methods may be used to express the constructs of the present

invention (see Liu and Lomonossoff, 2002, Journal of Virological Methods, 105:343-348; which

is incorporated herein by reference). Alternatively, a vacuum-based transient expression
30 method, as described by Kapila et al. 1997 (incorporated herein by reference) may be used.
These methods may include, for example, but are not limited to, a method of Agro-inoculation or

Agro-infiltration, however, other transient methods may also be used as noted above. With
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2220 cagtttgagg ccgttggaag ggaatttaat aacttagaaa ggagaataga gaatttaaac 2280

aagaagat gg
at ggaaaat g
gt ccgact ac
cacaaatgtg
t att cagaag
ggaacttacc
at gat ggctg
attt aagagc
gttaattttg
at gagat gaa
cct ccat adc
t aaaat t gaa
caagtt caat
acgttattaa
3123 <212>

Cal edoni a/ 209028619 ( Cafibe nugteptide ssn@)ceof DsesEncelgag praust datdgdispelyyt a tatttatatg
%ﬁr@&?%@@to?ﬂt%@,@tﬁh B? Qsit ARIERSCH iadh LA tAcRiohl &l BLittPnAACaaaaat a

tt gt caaat a
ttcacct act
gaacaagaldt
ttctctcettt
cat aat gt ga
at cat t gagg
gat gacgcat
ataaattatt
at t gat gaaa
ttgacatttg
t cat agatiza
atttact aaa
ccaat ccaac
ggcacatct a
at ccacat ct
ccctt caaac
t ggcgaaaaa
agat ctt cge
acacagt act
acaat ggaaa
ttgccggat g
cctacattgt
act at gagga
t ccccaaaga
at aat gggaa
acccaaacgct
gt gt t catCa

30

aagacgggtt tctagatgtc tggacttata atgccgaact tctggttctc 2340
WAgHAEYRES agactttcat gactcaaatg ttaagaacct ACAEGELAAHI2Z400
agcttaggga taatgcaaag gagctgggta acggttgttt cgagttctat 2460

i adgan o bRt e 9 BB RN BEPRARRT - hRAPERE R 20
aﬂ@faﬁﬂ???xﬁ?&ﬁ&?ﬂ?&ﬁq?&ﬁgf?@ﬁgﬁﬁgEif@ﬁﬁﬁ@bm&&h@@???ﬁmuﬂggg
Pl sfiiah Ea DGR b ot i Peer abot d M b gmgRet fuvaler 9460

tthoke ghagaeagages thaagiddrantiegtd-efizchoit afgoad thadd aDNAGopR820

ct ggt gt ttcatt tacata t at .cagaatgtit. 2880
s e SRy e R PR RS R RS e K00
eaidadtioh bfjthe pracaadittérest ndafgttgtetla hawakta gepeaagaat abEAJGeide3F00

t aat aa tggaaatatc agttatcgaa attcattaac aatcaactta 3060

agat
8?%%?5%???“?atatcatcc cctttgataa atgatagtac a 3111
DNA <213> Artificial sequence <220> <223> Hl from A/ New

actgttataal20 atcattatta aacattagag taaagaaata tggatgataa
&gtogescd throueBort thgabattaalectively grargciag theavel eqyde srauanat eltitteett g
%&@ﬁ&&ﬂ&ﬁﬁ%&ﬁeé@@@@éﬁ%@&qﬁgﬁﬂég%&%&pﬁ@&?ﬂgﬁﬁﬂﬁmﬁﬂﬁﬁﬁﬁﬁiéﬁﬁ
gt at gagaga300 gaaagttgta caaaagttgt accaaaatag ttgtacaaat
RALRPEGECHESGMsAngCTaatian sxpautianggytetucs drereffet ghen prafusng e &y
Lagadaoat g0 Ahackabl3dmaadatdtlaaifkarahsial &ra apgraaaaga
tttaaaatta480 aaagttgagt catttgatta aacatgtgat tatttaatga
FEgratggat s aecdda srct v adireetegpraniop 5 the ssarengg tigticesiaat t t aat
atcttttcct600 atatattgcc ccatagagtc agttaactca tttttatatt
aarazgagaabbcahmiamgghatl Pabl apesat intoaatandaascdanaagadtiah

aaat ct aaqc/20 cacgt agga at agcagga tccccgt a a t aacat
RN R e B SR SR s s e
catetiat teadBditratialosged Hecialc casvanil Hedhgagoaaersacaatifiac tha
ta}'tatkng 921%81%9 goobet(}ir%}:tg éa %% ogér:1 trCrr?oCra tcug o teq}lfg.}%géa%g as Cb%(%;[nt ltegc?ft t
aca acaaag@ agaagaj%cf dattaartaa ttaa caté?'tgagggaaaa
cutdbgogaited D20dd, baggotot Brhitddgo,tthdse taimdrgtltygivgitablg figint Ssisefi-ct ¢
t;gaca .21080 at aggct accat a ct C togttg
R e AR R S LG SO
Abtvatig Sedcdil2@0tis, & tramn ygahatnagoticdswl ted&kat t gggt aat t gcagceg
gatcttagga 1260 aacccagaat gcgaattact gatttccaag gaatcat ggt

gRIGCcacCyr kil al/e s F0F &b A% RN tal baeaGA0G H Al ldHgICcCy
actg%gggag 1380 caattgagtt cagtatcttc atttgagaga ttcgaaat at

adgrant gy dbedoo v opae elakil it g paaEEdg s éhei daevtheategdt ecc

3adaRebhpdsitibR 0nrRcada a@ichvd 86 @tgoetr BAGOEGaaH oARkGet t T gt
gagcaagt cc_ 1560 tat gt aaaca acaaagagaa agaagtcctt gtactat ggg

OERBERt 3 46fined 9P vat RYGEERET A EREET 2eostiBslP e PTG A EyORt

may be combined with VLPs obtained using different influenza proteins, for example,

neuraminidase (NA).

[00289]

influenza virus infection in an animal or target organism comprising administering an effective

Therefore, the present invention provides a method for inducing immunity to

dose of a vaccine comprising one or more than one VLP. The vaccine may be administered
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<210> 61 <211>



at gt ct ct gt
ccaaagt aag
at acaat aat
gt agaggct t
agt gt caaac
t cacaat agg
t aaggaacat
aaggggggt g
gat ct ggct a
aggt caattc
acaaat t gga
tttggacata
at gact ccaa
aagaaat agg
gt gt gaaaaa
agaaaat t ga
caact gt cgc
gtt ccaat gg
£t cgt ct cot
attaatcqtt
tttacat adg
t gccgegt ac
t at aagt ggt
t cagt t at cg
ccccttt gat

agtgtcttca 1680 cattatagca gaagattcac cccagaaata gccaaaagac
%gatcaggaa 1740 ggaagaatca actactactg gactctgctg gaacct gggg
AP2HAYRE 1800 aat ggaaatc taatagcgcec at ggt atP§dtCA2004eM% ga
t ggat cagga 1860 atcatcacct caaatgcacc aat ggatgaa tgtgatgcga
acgtcaggga 1920 gct ataaaca gcagtcttcc tttccagaat gtacacccag
Sﬁgﬁfﬁ?ﬂg%@al BEY agaﬁﬁsa‘(“{j ?’B'é?c’aﬁﬁg Wé&%&%’ng@gd%%g?oﬁ Y acaggac
eacatoaly 2040 caatccagag gtttgtttgg agccattgcc ggtttcattg
gactggaatg 2100 gtagatgggt ggtatggtta tcatcatcag aatgagcaag
cagat, .2’ : - -at. a

i ER R G e S A S
adgasgydt g d2280atyaaipletiinzde Hb ¥aRaesalind in gsinghcagdghicher easeagsca
: t ageggact ttggatttcc
%Vg%%%%ggﬁm%ﬁg%l%g‘%na%g%ﬁae gg‘g%"ggggg‘%gzgaat t ggag aat aat gcca
aaacgggt gt 2460 tttgagttct atcacaagtg taacaatgaa tgcatggaga
i%?lgc ct ats oIy iy highst Saad 24 B Py admigiiered Ié}gorte%(élag gégg
3 9a@haRfRd &e@Grbibdor el LAahJOvRAThAlR, LLa0AL Y $SMcgRgRE Ct act
cagttccctg 2640 gttctttt tctccc caatcagc ttctggatgt

) gt i g tggg g :

STEROUERHY Fropnitgtayadedpesicdt VL Raargarlas gt rousiiyent c
ast bdodpinas 2H6PcVeBRshil gk h& alhBistcRAH S VILBE B¢ tHa0bReORATBGREL @
ttgttatga 2820 a?tac attt gtatgagalg. aactggtgta atgtaattca
gﬁ@iﬁ?@g SERETAH Sy Yiapr 00 fERL APiedEct aga cat gaagacc
aattgtctta 2940 tatttgaaca actaaaattg aacatctttt gccacaactt
[@a9At agcrhd60fa, claadbrat dingnghie dagplig-anadt afadnzadl Paatnggaaat a

catta 3060 at caact taacottatt aac%ailaa@>tttat t cat

i o R S O

62 3088 DNAsthgits, dridchaalirdddikk potivléy Bryi e dme/a5WnPHsmag@n(bcamnst r uct #774)

ctggtatatt
tgtacatttt

15

20

25

30

tatatgttgt caaataactc aaaaaccata aaagtttaag ttagcaagtg 60

[@eb3192acqdLaaRR! AL bl AREAGEIdd:LRbARRKGR cdhilsin@ AR ective

dose of a VLP comprising an influenza virus HA protein, one or more than one plant lipid, and a
pharmaceutically acceptable carrier. The influenza virus HA protein may be H5
Indonesia/5/2006, A/Brisbane/50/2007, A/Solomon Islands 3/2006, A/Brisbane/10/2007,
A/Wisconsin/67/2005, B/Malaysia/2506/2005, B/Florida/4/2006, A/Singapore/1/57,
A/Anhui/1/2005, A/Vietnam/1194/2004, A/Teal/HongKong/W312/97, A/Equine/Prague/56,
A/California/04/09 (HIN1) or A/ HongKong/1073/99. Also provided is a method of inducing
immunity to an influenza virus infection in a subject. The method comprising administering the
virus like particle comprising an influenza virus HA protein, one or more than one plant lipid,
and a pharmaceutically acceptable carrier. The virus like particle may be administered to a
subject orally, intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or

subcutaneously.

[00294] Compositions according to various embodiments of the invention may comprise
VLPs of two or more influenza strains or subtypes. “Two or more” refers to two, three, four,
five, six, seven, eight, nine, 10 or more strains or subtypes. The strains or subtypes represented
may be of a single subtype (e.g. all HIN1, or all H5N1), or may be a combination of subtypes.
Exemplary subtype and strains include, but are not limited to, those disclosed herein (e.g. A/New

Caledonia/20/99 (HIN1)A/Indonesia/5/2006 (H5N1), A/chicken/New York/1995, A/herring
-73 -
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120 ttagagt aaa gaaat at gga t gat aagaac aagagtagtg atattttgac aacaattttg 180
ttgcaacatt tgagaaaatt ttgttgttct ctcttttcat tggtcaaaaa caatagagag 240
agaaaaagga AYxYIYeGRA t aaaaacata at gt gagtat gagagagaaa 5??’5{‘%@% 22800
agttgtacca aaatagttgt acaaatatca ttgaggaatt tgacaaaagc tacacaaata 360

agggttaatt gc at t aga tacc t 420
ttttggcaag %3129 Fgéz%g“%ﬁgg*ggﬁx %3%%%%’%?? zlid/aaa %@a%@bldﬁhé@%?iggﬁo%%
t gatt aaaca tAgiogthtrh aintailtTadtGag @29 Adtugaaanags/6t et g/ thogtlatltaagis4/H3,0
aattagaatt tggtgfcaaa tt/ﬁﬁ?ﬁié(ltlﬂ?\!@%@&c%%clgnd%%gﬁﬁtl\%ﬁ at attgccccat 600
agagt cagtt aacglf c%‘??frfnartlyata tca ga caaata agagaaat’aa cggtatatta 660
at ccct ccaa adhmadmaac@ g B2NM.tA/GaldVaadmdd04/ T HAY D Y latlag§agedlad/s220
acaggat cgc a ) t 780
Aacccact 11 AaRRARdAR.ARTIEES] AEROPAAAR - ARGRARARREN CRSTRITERL a0
cacacat ct g dgobaoebag/t6aaEeaaRce/88¢ 4 BY bt ABrishane TI00E (H B la.as&elamen 900
acactLidno aana! sedkinikanlincel. 10ARARACR) RGAABAGIAMMAGINALI L 200

aattaattaa tcatcttga daat gaa agtaaaacta ctggtccigt tatgcacatt 1020
tacagct aca tBaYgemgabas/eeet R pride/4/a¢lgctdocatorgl/t aEedar A/ Agat Y y@é 445080

tgttgacaca gt ﬁ:gtqé ' o . 1140
cagt cacaat %@ggg%?g%/gfﬁ%@ﬁlg’ggT%ggga ag@?aégfggpgﬁ?gz’t[v% glg%}ggg't@? 1200
cagcgt t gdc GGt Yo CelifonzdfdR4 0N ayg Adigelars/ 107389 gEIN2D. ccaaggagt ¢ 1260
atggt cctac attgtagaaa aaccaaatcc tgagaatgga acatgttacc cagggcattt 1320

cgctgact at gaagfact 9angaagerdibiMast JGadhdunl Githpad hidi-pdrRddtic.cga 1380
aat attcccc aaagaaagct catggcccaa ccacaccgta acc%gagt gt cagcatcatg 1440

ctcccat aat @RS GE Ehtg pubietsdikely i heegeasy! t FHREARY Bagamaliredso0

tttgtaccca @LKingaPepuladh et gtnid@ias aapana ofraaddddadcllGil ighasiucl 60

at tgtt catcacccgc. caaacata t gaccaaaa ccctectatc at acagaaaa. 1620
t gg? ? gt gt c swine, etc) argd the stragls %ey gegry, gre expose?l tg orgare l?ke y to be exposeg togpredictions of

15 antigenic drift within subtypes or strains, or combinations of these factors. Examples of
combinations used in past years are available (see URL: who.int/csr/dieease/influenza/vaccine
recommendations1/en) . Some or all of these strains may be employed in the combinations

shown, or in other combinations, in the production of a vaccine composition.

[00296] More particularly, exemplary combinations may include VLPs from two or more
20  strains or subtypes selected from the group comprising: A/California/04/09 (HIN1),

A/Brisbane/59/2007 (HIN1), an A/Brisbane/59/2007 (HI1N1)-like virus, A/Brisbane/10/2007

(H3N2), an A/Brisbane/10/2007 (H3N2)-like virus, B/Florida/4/2006 or an B/Florida/4/2006-

like virus.

[00297] Another exemplary combination may include VLPs from two or more strains or

25  subtypes selected from the group comprising A/Indonesia/5/2005, an A/Indonesia/5/2005-like
virus, A/Vietnam/1194/2004, an A/Vietnam/1194/2004-like virus, A/Anhui/1/05, an
A/Anhui/1/05-like virus, A/goose/Guiyang/337/2006, A/goose/Guiyang/337/2006 — like virus,
A/chicken/Shanxi/2/2006, A/chicken/Shanxi/2/2006-like virus, A/California/04/09 (HINT1) or
A/California/04/09 (HIN1) —like virus.

30  [00298] Another exemplary combination may include VLPs of A/Chicken/Italy/13474/99
(H7 type) or A/Chicken/British Columbia/04 (H7N3) strains of influenza.
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t ct gt agt gt
gt aagagat c
ataatatttg
ggct tt ggat
caaacacctc
at aggagagt
aacat cccat
gggtggactg
ggctatgctg
aattctgtaa
ttggaaag?a
acat at aat’g
t ccaat gt ga
at aggaaat g
aagaat ggaa
at t gat ggag
gt cgccagtt
aat gggtctt
ctcctattta
tcgttgttigt
at aagt ggag
cgtacaattg
gtggttaata
t at cgaaat t
ttgataaatg

<220> <223> Hl from A/ Sol onon | sl ands/ 3/ 2006 (HLN1) (Construct # 775)
taagtta

63
taaagaaat a
agagagadaa
aagct acacCa
aaaagaaaga
aatttggt gt
attaat ccct
aatcctgatg
aCaaaaacCcCa
ttaat catgt
acactgttga
caattgggta
gJgaaaaaccaa
CCCcCaaagaa
atggtttgta
t at cat aaagd
gat caagaag
t agaggct ft
ttctctcttt
gat gacgcat
ttgacatttg

cttcacatta tagcagaaaa ttcaccccag aaat agccaa
aagaaggaag aatcaattac tactggactc tgcttgaacc
MY eHHAVFY aaat ct aat a gcgccaagat atgcetttcge
caggaat cat caactcaaat gcaccaatgg ataaatgtga

a agct at aaacagcagt cttcctttcc. aca 1920 cccagtcaca
é‘g)gggiaagt ént"g?ré’é ¥ crage F’é’émgggﬁﬁsto c 1980 aggact aagg

gatitieadlbesiagagor bt §/HinKERICTHIL A gLy @Iehiplax?;%ﬁlz 00 bhatidngas/ggg
gaat a t.t ggt tatcat c at cagaat 21 caaggat ct
Lot RSttt Bl AR 0 e GRTRT £ R 20 R BRRER
VL gagoadatbagd aa0r Canttct c@nagtagmbiggipoaasgen@At2VLgt dicaacaaa
t ggaa gaat,.aaa a ttgatg. at tttat 80, acatttgg
SoF o0 Gt PEPLENS - ORAd AR Dyl FhbeBh 2550 (T coat gac
Bydatwiagsas/L @a g ddagida/12aem gcB/BgtbahayaHatraias @4W0yfegct aaagaa
ggtgttttga gttctatcac aagtgtaacg atgaatgcat 2460 ggagagtgta
gact \aa
f0d:80,92C! Gnt (AR g&ﬁLﬁs%ag%agggéasse@tmct g&agﬁqmg@ggmﬁﬁggg&gﬁ

gaaattgga a gga gtctatc ggcgat ctact caaca
otefiqggiltPs substquggycbobinet gdgggehatht Yajemecharo2gaesserbin dhegime ¢
t - ttcgt
HEER% b AEhAL Bl el ARORAEKTARRNIBAAH . LA AT Kt c 2
exnydadbeicqriatient giias. gr mgaeganbingl igsethamago R8O shtyreax st
EcG @étﬁ@&aﬁﬁg%ffth%%fps fGAd &ﬁ'@%ﬁ@nn@t agacatga 2880 agacctgccg
C

ttatattt 'gaacaactaa aattgaacat cttttgccac 2940 aactttataa
t&gct caaat_at at
¢

g&%caa gttcaataga ttaataatgg 3000 aaal at cagt
PHacaathersioes the Hvgntiop AoV HETPRCoRPaH s CHRPTS IS 0 Lt eHVE Ot ct
AoROAHS or su&@ﬁﬁ%,

1680 aagacccaaa
1740 cggggat aca

FEHE A0 YUYt0aga
1860 tgcgaagtgc

<210> 63 <211> 3102 <212> DNA <213> Artificial

<400>
gt gt ca.tttttagcttg aacaaaaat.a atcattatt cattaga

HiBui0atan Tl R PR R S e R B IRt g
algy dadjhgygh. atj aa bhssaacgaasg hivg hahpatacdgbhpgtment dabaatlage t t gt acaaat
aat aagggtt. aa tgt. . -t t t gg caagtcatta
SR ARRaR AT B B AR, B B PR RAR A MEIRY T agtaattag
cdamisteralad ammals at thgereseoeat agaygt of agtjvaattagdthe thAdt at att at aacggt at
; - : at aacat
o o A R R o L I B e g cac
tof et altebalpnvant phacaatetHst Gt Ryalgnetstate asigtifigat HAhguigagade aattaattaa
| 0RIA0RRAD LA L A6RERAAH AT RGN R6 2 Eh 0GR HRE ARARL AL BRC! CaaCCg
cacagtactt gagaagaatg aacctgcttg aggacagtca caatggaaaa ttatgtctat
ardidpsaf ¥ §Ps ddgeoggad gahareentayguencactadewen gy saalac@ayp BAst acat t gt a
tacccagggc atttcgccga ctatgaggaa ctgagggagc tttgagagat tcgaaatatt

agslk 6 akQ SGual A FRGEAEN GRLAChBEGRARat BgagRdoRgCagt Lttt acggggaaga
cccaaacctg agcaagtcct gaagtccttg tactatgggg tgttcatcac ccgcctaaca

tgctta tagtctctgt t gt ctt.cac.ccagaaat ag ccaaaagacc caaagtaaga
PR RS e et B B e ety Gaggcas agatatoctt togeact gag
ggatcaggaa 60 ttcacctact actgttataal20 gaacaagagt agtgatattt 180

Sy 99} Credlen badlglign ot at gagagasoo; gjcal gagg aatit t gacaasto
tlagagagat Al Rdsiient |t L aaaat tasdbeat Tyt gaaa ga ttggatt540
{it ctittcc C termind {:\Hlnﬂognn(\é% aat-aagagaact igure 4b

3 H5 coding sequence Figure 6

4 primer Plato-443c¢ Figure 7a

5 primer SpHA(Ind)-Plasto.r Figure 7b

6 primer Plasto-SpHA(Ind).c Figure 7¢

7 primer HA(Ind)-Sac.r Figure 7d
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atttactaaa
at ccacat ct
gt at aggct a
acccagaatg
ccaaccacac
t aggt gacca
at ggaaat ct
gt gccaaaca
cacaat agga
aaggaacat c
aggggggt gg
at ct ggct at
ggt caattct
caaat t ggaa
tt ggacat at
t gact ccaat
agaaat agga
t gt aaaaaat
gaaaat t gat
aacagt cgcc
tt ccaat ggg
tcgtctccta
ttaatcgttg
tt acat aagt
gccgegt aca
at aagt ggt t
cagttatcga
ccctttgata
3093 DNA

aaat ct aagc720 ccaat ccaac caat cacaac780 ggcacatcta cattatctaa840
ttat caccca900 cccttcaaac acat acaaag960 tgaaagtaaa actactggtcl020
NKA2HEEBAT1080 t gacagt gac acact ct gt c1140 t aadAd@adtraeccact a1200
cgaattact gl260 atcctgagaa tggaacatgt 1320 aattgagttc agtatcttcal380

gﬁ;i jﬁg§%}?4“ ““a“aggttt getatggetgl ”ﬁmﬁkﬁﬁéﬁﬁfﬁﬁ ?aaagagaaa1560
9Y CTCTT = yaattaa O t aCt aCt 991740
gatagcgccé@@ﬁﬁﬁt a clca SYagio-bated ] g at ggat gaat |gt gat gcgaa
cctcagggcg@gfﬁPﬁé c:?€¥§§0 ttccagaatg tacaccct gt
nagt gf Fa¥al f tatct%agﬂan neanan ’IGQ{' Ltaﬂ“gat gH LtaL:aggaCt
catccattgzggtcé%thfg t%ﬁﬁﬁ?ﬁgggwgé R %ﬁtgccg gtttcattga
act nrtaaf an ©! Qn:@/, ‘? 7!1 nt at aattat 2100 ca Nt ~nanAn At nf\gcaagg
ST Yy ?—IA"_ gat v y lgl. atyyt I.Ul.l.ql_.l.\.l\- \:Uu. crvuayu UI.I.U
é%tgcagat Ajapaaa %’ Raaaat gc89%1%0 P %Rt ggga tt acaaacaa
at aatt aads LN eSLaL r‘ﬂﬂffr‘ﬂf‘ﬂ ')')')r act ot ooo0eca :a:an-gttcaa
AT U 3“ \'n ]\:;uu. 3““\1 T AT T CUT q [~y =Y ALY < 333\1” uuy(.t
gbaaggat g g C Eﬁgg ?&gétsf’ USRS | at gggt ttatagacat
aat gcagaat ML et aaat—2340 ﬂﬂaaﬂﬂacLL tggatttcca
4t gaagaat A %ég@“ﬁ%ﬁchﬁﬁi Eaaga at aat gccaa
2460 aacgatgaat—geat ggagag
éﬁaacttatq P23 ¢ CHQRP %?@t?@@éé&“fgfcF&%&ﬁ@éaagt t aaacaggga
nnagt gaa MT&W@QQQ%)‘_Q?@agt ctat 2580 r\gnnf tct gg—cgat ctactc
ttctct gg{nf%‘teﬁatf*t cOIBgGEIUseRq FiEatlE aget t ct ggat gt g
tctttgca fagdat C gcttct
{1t at aat atm%‘ Y18 YP? t QAL LsFAUsHes0 FrctOfgt ag aagagcet t aa
ttgttatg ,c:k@hﬂ‘ghlaﬁ agatga 2820 actggtgtaa tgtaattcat
dfagt cagadnite %?gm?éﬁi%égﬁééﬁﬁgﬁcf@?&h@?agac at gaagacct
attgtctt t(Apgt %B‘P@WTﬂgggk&wmhg 2940 acatcttttg ccacaacttt
a4t at aget|dnBisareat A GYPE ERading 240us0050 FiBatY aat a at ggaaat at
aattcatt A#TWWQ;QWP/@;I:S/@ : 4)a 3060 actactaatt ttatatcatc
A%t gat agt|dnnzazd oRbives H§>codipg pequepeps Figew s <220> <223> <400> 64
(A/shoveler/Iran/G54/03)
19 Influenza A Subtype H10 coding sequence | Figure 10h
(A/chicken/Germany/N/1949 (H10
N7))
20 Influenza A Subtype H11 coding sequence | Figure 10i
(A/duck/England/56(H11N6))
21 Influenza A Subtype H12 coding sequence | Figure 10j
(A/duck/Alberta/60/76(H12N5))
22 Influenza A Subtype H13 coding sequence | Figure 10k
(&/Gull/Maryland/704/77 (H13N6
))
23 Influenza A Subtype H14 coding sequence | Figure 101
(A/Mallard/Gurjev/263/82)
24 Influenza A Subtype H15 coding sequence | Figure 10m
(A/duck/Australia/341/83 (H15N8))
25 Influenza A Subtype H16 coding sequence | Figure 10n
(A/black-headed
gull/Sweden/5/99(H16N3))
26 Influenza B HA coding sequence | Figure 100
(B/Lee/40)
27 Influenza C HA coding sequence | Figure 10p
(C/Johannesburg/66)
28 Complete HAO H1 sequence Figure 5
29 Primer Xmal-pPlas.c Figure 10q
30 Primer Sacl-ATG-pPlas.r Figure 10r
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Artificial
agaggt accc
t aagttagca
atcattatta
t gacaacaat
aaaacaat ag
gaaagttgta
aagct acaca
taccattaga
aaagtt gagt
aaagtt gt at
atatattgcc

sequence

APareiie

aacatt aga

H2 from A/ Si ngapore/ 1/ 57 64 (n2N2) (construct # 780)
a tatttatatg ttgtcaaata actcaaaaac cataaaagtt 60
P tttttacttg aacaaaaata ttcacctact RATYEA294809200
g taaagaaat a t ggatgataa gaacaagagt agtgatattt 180

ttt attoe
LT C A4

a + catt ot na 240

at aacggt at

cacgt aggag
aatcctgatg
at cacacatt

ttctataaaa
agaagagact

ctcctgttca
acagagaagg
ctt gagaaga
ggggactgta
gt gccagaat

ggcagcttca
aaagt aaaga
gcctgegegg
gaat caaat t

ataatttggg
gt gggaacct

gcaacaaggc
gat at gt ggg
tt caaaat at

t gt gagacca
gt ccacccac |t
gcaacaggac
ggttttatag
aat gaccagg
at caccaaca
aaagagttca
tttctagatg
cttgactttc
gacaacgt ca
t gcat gaat a
ct aaat agaa
gccatttatg
ttct ggat gt

aaaatgcttc
gaagagctta
atgtaattca
cat gaagacc
gccacaactt

aat ggaaat a
tttatatcat

<213> Artif
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act caaaaac cataaaagtt60 taagttagca agtgtgtaca tttttacttg aacaaaaata ttcacctact
actgttataal20
agtgatattt180
t cat t ggt ca240
gt at gagaga300
aatttgacaa360

Y T B o % 3

atcatt

gaaagt

2 . . - a2

t gacaacaat
aaaacaat ag

aagct acaca

at
AN Yo TN SUR IR 1Y | R P SR 2 300
Pri '3 rwc'?ﬂt asaaa% atc tE&uuﬂ"pS;af t?g;c a 360
gy £ 44t aaat aa gaeFEatlt g420
daatttttggVtey @é?nt‘aézoégé’a( NDaga at  aadt ¢ 16 1 t t aaaat t|ad80
catttgatt ﬁ@ﬂgﬁmﬂmﬁﬁn 7 at gaaa gagttggatt 540
Bdgt aat t aglatitd ISl PNEAE tt gadaf¥t b atcttttcdt 600
(‘(‘gLanan'r dv[ ‘?kag;qg]@]ﬁnil\{ptz_ltlﬂ?%tt tr‘gt aqat r‘g aat ab60
aPt aat ccotAVduatetaersuit BANAL gqt at atttdﬁ@&%&gaaatctaag0720
gat_aacaqqaCBarkeAteasien AegiE dccaat ccaac _caatcacadc780
fat aacccLleny T&HgPRE degcaratlgte Fadadagee & cat t at ct 4a840
ct t ccacacLorptiyag eedecyarn Jesiten rei¥clacat ct tt at caccda900
aatcacacttq$ tgapinkedloceerce §arofing ét t caaac acat acaaag960
aattaatta pue(30209aH Ndhaaa t goclcat cat ttatctaati{t 1020
dagcagt gad® gggéﬁkcd%Nétaf@%aﬂ@@ﬂbaP.d%&Fﬁé’caataattc01080
t cgacacaat~¥ P&%ﬁ@?@bcﬁ@“@@ﬁttcatgc caaggacat|t 1140
cccataacggeﬁﬂﬁgﬂﬁﬁw' Bt afachaeash ccct cc act t gaact|al200
diecie @ W%&j’g&at@%"é@ Rt gat ag gcttct aadt 1260
0 at\Magdt hgagaaa gaaaacccos al320
'gattatgéna a ?%ad@"at@@%ct’éﬂ-c.o sﬂa%§)acatttcga91380
t t ct gcccaa>4FAmAGAg gPlAtAI AU afgV 8 i8R Claact gg aggt t cacdgl440
t gt ct ggt afegl%a?R?é'f‘Pt’"gytf“@‘éé $acHay ggt ct ggct gacaaagaaal500
atccggttgdm€§ﬁﬁgdéﬁcﬁ té@gﬁ a5t 4028%gcggaga acaaat gct/al560
qgot gcaccadectas gagacagaac—aaag t 1620
3 gtttccgtC%. cgzktd@“ caﬁ@@aé@éﬂaaﬁgdﬁ%ﬁ%%lcccagacata1680
ct aaagt gaa> FYReTHy % égi t g lagbtict ctt g gaccct at tjg1740
acaccat aa df@?ﬁt@§ 4t a ghtﬁmﬁﬁ%ttgcacc agagt at ggal1800
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Clone 778 HA amino acid sequence
B/Malaysia/2506/2004

Figure 42A

Clone 779 HA amino acid
/Florida/4/2006

sequence

Figure 42B
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Clone 780 HA amino acid
A/Singapore/1/57 (H2N2)

sequence

Figure 43A

55

Clone 781 HA amino acid
A/Anhui/1/2005 (H5N1)

sequence

Figure 43B
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Clone 782 HA amino acid
A/Vietnam/1194/2004 (H5N1)

sequence

Figure 44A

57

Clone 783 HA amino acid  sequence
A/Teal/HongKong/W312/97 (H6N1)

Figure 44B
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Clone 784 HA amino acid sequence
A/Equine/Prague/56 (H7N7)

Figure 45A

59

Clone 785 HA amino acid
A/HongKong/1073/99 (HON2)

sequence

Figure 45B

60

HA expression cassette comprising alfalfa
plastocyanin promoter and 5’ UTR,
hemagglutinin coding sequence of H5 from
A/Indonesia/5/2005 (Construct # 660),
alfalfa plastocyanin 3° UTR and terminator

sequences

Figure 51
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tcgttgttgt tatgaaatac tatttgtatg 2820 agatgaactg gtgtaatgta attcatttac

at aagt ggag tca%aatcag aatgtttcct 2880 ccataactaa ctagacatga agacctgccg
cgtacaattg tWPrAWAPYES gaacaact aa 2940 aattgaacat ctttt gdEdCARNONPV aa
gtggttaata tagctcaaat atatggtcaa 3000 gttcaataga ttaataatgg aaat atcagt
tatcgaaatt cattaacaat caacttaacg 3060 ttattaactactaattttatateatcccct

t t gat aaat g | AEQJDN%R Sﬂqmcelle,ﬂmﬂlw <211> 3111 oI Risclepuxe \rtificial
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HA ‘expressiolil cassette é’o?npn‘s"‘lﬂg alfalfa
plastocyanin promoter and 5’ UTR,
hemagglutinin coding sequence of H6 from
A/Teal/Hong Kong/W312/97 (H6N1)
(Construct # 783), alfaifa plastocyanin 3’
UTR and terminator sequences

Figuress
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68

HA expression cassette comprising alfalfa
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of H9 from
A/Hong Kong/1073/99 (HIN2) (Construct
# 785), alfalfa plastocyanin 3° UTR and

Figure 59

terminator sequences
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t at gggt acc accat agcaa cgagcagggg agt gggt acg
caaaaggcaa tagat ggagt caccaataag gtcaactcga
cagtttgagg wogbtoggray ggaatttaac aacttagaaa
aagaagat gg aagacgggtt cctagatgtc tggacttata

ct gcagacaa agaat ccact 2160
ttattgacaa aat gaacact

ggagaat aga ﬁé‘?ﬁ?‘gﬁ”ﬂ?z 280

at gctgaact tctagttctc 2340

at ggaaaacg ctcaaatg-tcaagaacet—ttaecgacaag 2400

gt ccgact ac@%ﬁaﬁ‘;ﬁ&j g fﬂaﬁm‘rrﬁ“ selosweagttctat 2460

cat aaat gt g| &f aat gaat d{‘% aﬂwé}a&gﬁss Eea%?g‘é.’ {3 5%%5696{9 ct acccgccig 2520

t at t cagaag| aagcaagaqgtP lagtacaBiga AR Yefaat a@ c'% ttaaaatt ggaatcaata 2580

ggaat ttacc|aaat att gt élela%&gmﬂaﬁce Ing seg dcctage actggcaatic 2640

at ggt agct g gt ct atccttﬁ’ﬁf‘ﬂ@&?/bq/@? cd Lg Yt acaat g cagaatttgc 2700

attt aagagc |t ct aagt t 4@18PGRL ¢t t ‘%Td’tcf“@ct P9t aat at g gtttgttatt 2760
gttaattttg_t_LcLi_gLag@%@?&@%LLaaL taatcaottot tottat nnnn _taectatttagt 2820

at gagat gaa| ¢? ggt gt aatHAgFHﬁfsﬁleéﬁﬂssft@c%&@%a‘?ég {diget! cagaatgttt 2880
cctccat aac |t aact agaoé’ats‘g%g&ggcc&r egcacha ticttata tttgaacaac 2940
taaaattgaalcatcttttdd P PAng ggtagctca aat at at ggt 3000

caagtt caat agattaatq a‘é‘é‘t/ﬁ'{/%o%g% alfdlPdat t aac aatcaacttPaBOGO
acgttattaa|ctact aatttpé?:‘ﬁfﬁﬁ‘é‘at%c t?’&at'ﬁ’é’mﬁaﬁ‘ﬁa\t agtac a3111 <210> 67 <211>
3105 <212> | DNA <213> SR} ¢ rom-ALTeal/ Hong-{Kong/ W12/ 97
(H6N1) (Condtruct # fxmselegcevet%? élﬁ%élf‘ﬂ Jotf’a tatttatdtg ttgtcaaata
act caaaaac | cat aaaagt|{tP6OCERagt tIgEATag g%ac titttacttg aacaaaaata ttcacctact
actgttataal20 atcat t|dERasgiiaiee &ﬁeqt‘%’&% hiramy| ggat gat aa gaacaagagt
agtgatattt 180 tgacaac“dgﬂ“‘t“f/{’fj’tgt‘ij b &) a@% fajattttgttg ttctetcttt
tfattggtcagMO aaaacaagﬂ Bcﬁﬁ’égaﬁg da a@‘{f]aa%’é?ﬁﬁorfgaat aaaaa cat aat/gt ga

gt at gagaga - ag ;;lfgLaeaaat—ax—eax—tgagg
aatttgacaa3éd aagct acHe & BISFRAGEYTHe LAPIYES ﬁgéijaa 184ephag gat gacgeat

t agagagat g420 t accat|tPHAie° ’&ttlfrf’lf‘ o6 c¥¥gtta 1é{Raaaagaaaga at aaat|t at t
tttaaaatta480 aaagttgﬁﬁ‘f‘g g "P% 8‘fe éﬁf atttaatga attgatigaaa
gagt t ggat t 540 aaagt t|dta® téfg'g? %{g E% 2daaatttaat ttgacatttg
atcttttcct 600 atat at|th E‘,’C}@B gadt aai"ftttttatatt t cat agat ca

aat aagagaateo—ataacyg ttaatcecet f‘{:ﬁmaﬂ%mam"r aaacggtat—atttact aaa
aaat ct aagc 720 cacgt c% &“@’83(?3 Ef' YO('E‘%PE‘E‘ 4 faaga%'fea(g‘cat ccaat ¢caac
caat cacaac780 aatcct i? acgcatctgt ggcacatcta
cattatctaa840 atcac %ﬁ e@%? %ﬁ EEA gcaaaaacca atccagat ct
ttatcaccca900 ttct ataf‘ﬁ'é aat a fajactttgatt cccttdaaac
acat acaaag960 agaag P %ﬁ’t“t aatt ‘ﬁgt %g’f’?ﬁ 0% gagagaaaa tgatt gcaat
catt gt aat alp20—geaat Fagea aaa aagat "m\,\mj tgggt at ca
t gccaacaat 1680 tcaa moh q%gj‘ oS cq‘ﬁﬁ“teééispéga ?é%‘é gt ga ct gt dacaca
ctcaattgaalld4O ttgct 'ag’ caag“ gga agaaagattc tgcaagat at tgaacaaggc
ccctctcgacl2pbttaa ttooat gaatec—ccca tgcga
cct attgcttjzgo a cctactg ctcagaacgg
gat ct gct ac1320—ccaggaacct taaat gagot:-agas SFeele it cagg

agaaagggt al3¢
cagt ggaaca

tggcaaggag ttgdcaccaa
tctttctaca gaagcctcct

gﬁ?ggt gcd

at ggat aat a i CEABIR. g@cagaata tccagt aat t| @pgggraiilsacadcaacac
t ggaacccag 60 ccaat'cctct atttctgggg tgtgcatcat) e o0l@ACA ccgacgagca
agat actct g [ 1820 tat dogiiCAig;igkgat cgat a cgtt agaat g @@rechdaaacgsatjgaattt
t gccaagagt |1680 ccggaaattg cggcaaggcc tgct gt gaat @uacaaagagcge@daatt ga
ttattattgg|1740 tcggttttaa aaccagggga aacctt gaat| Aficggaanctasatygaaat ct
aat cgcccct [1800 tggtlat gcat acaaatttgt caacacaaat| ‘Hgidad@ydg ccgt/ctt cag
gtcagattta 79 Mut-ATG161 c GTTGTCAGATCGTGC
TTCGGCACCAGTACA
ACGTTTTCTTTCACTG
AAGCGA
80 LC-C5-1.110r TCTCCTGGAGTCACA
GACAGGGTGG
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a
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C
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Construct number 790, from HindlII (in the
multiple cloning site, upstream
Plastocyanine  promoter) to  EcoRI
(immediately downstream Plastocynine
terminator).

Figure 7

91

HBF-SpPDLr

GTTATTCCAGTGCA
GATTCGATCAGCGA
AGATCTGAGAAGG
AACCAACAC

92

SpPDI-HBF.c

CAGATCTTCGCTGA
TCGAATCTGCACTG
GAATAACATCTTCA

AACTCACC
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ccaaat acgt gaaaagtgaa 1980
tt gaaact ag dEIELPLR092040
t gat agat gg gt ggt at ggc

2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
68 <211> 3087
Kong/ 1073/ 99

tiaidtg ttgtcaaata

ata ttcacctact

gagt
cttt

atigt ga

gagg
gcat
tatt
gaaa
tttg
atca
t aaa
caac
tcta
at ct
aaac
caat
at cgg
cct gt



aaagaatt gc
ctcattctag
ct gt t gggag
tgttaccctg
tcct accaaa
agcagagcat
ttttaccctg
t ggggcat ac
acaacaacaa
aggccccttg
ggccaaacat
ctttcaggag
gt gcaatgtc
aaat at gcat
ggt ct gagga
at agaaggag
caaggggttg
t ccaaggt ga
tttagtgagg
gacgt at ggg
gagcat gatg
gct at ggaag
gaaacaattc
aggcagaaaa
tattcgactg
gccat gt cca
cttcttcgtc
cttaattaat
ttcatttaca
gacct gccgce
actttat aag
aat at cagt t
tcatcccctt

tccacacag
acacat

cac tattgaagga

dﬂﬁd&@g§365gtcctacatc

a gcat aat gga caac

atgctgtgtg
ctagtctatg

aagcct

gggacat ccc1200
gcaacccttc ttgtgacctgl260

gt cgaaagat catcagct gt dFINGGEROHPIR0
ggaat gt aga aaacct agag gaactcagga cactttttag ttccgctagt 1380
gaatccaagt—cttcecagacacaacectgga—atgtgactt acactggaacald40
E%&M&QEE@E‘%* at gagat—ggetd n Disclosure gageggt 1500
%caagacgé“@ﬁggfacaca aat aacaggg gaaa1 12 tlg1560
lat cacccagc—cacctatacc_gagcaaacaa—atttgtata d4c1620
§8 gt gacadCoRYREPHTFY Hat oy GHd p diga 1i@59t? gat agggedal680
t caat ggt dt™ %@@gg Zat t taﬂwmﬁ? dgt cggt act aaaacgal740
t gcgagt ac 1@?@8%5? romef E. cat ggt a tggacacgt{t 1800
ggagccatg Qﬂ@ﬁ%té’% cyﬁﬁéaggtgg taattgtgtla 1860
nr‘nrn: acat ¢t gr‘r-nt tcca caat %t nagt 1920
P ggaacctd“@: &t at gtaagagtta atagf%q%gx; éﬁEﬁA’gtc 1980
acgtgcctgc tagatcaagt agaggact at ttggg%g [ tjlc 2040
gttggccagg act agt cgct ggctggtatg gttt at 2100
at QleﬂPf C_8 G ataada 2160
?aatatag aacaagcaat ddtlgaa 2220
tt gaaact ag actcaatatg at caat aat a agaté%?%gf% a5t HEaa 2280
cat at aat gc agaattgcta gtactacttg aaaat AHCAeYetEat 2340
aga cact—gggctecadt 2400
35 gggaaag?ﬁ‘ft&{c{ ‘E‘E@?ﬁng@ g‘f”é% E%E%P“f“’ gt Q%F?ﬂi’i t cagt gcat|g 2460
ggaacgggac- et XM gﬁ& figyedigleiaggaat ¢ aagact agaa 2520
333uu cttacaaaat—cctcaccatit 2580
9§gcctcathPéH:é$ %W?lbcaatggggt ttgct G {6 dg 2640
atggatctt|g cagatgcaac atttgtatat aaga AGdh 39& tlg 2700
tcotatttat aatatagottt TGIT t agaagag 2760
Attgttgt tH%%QS‘éf%é@tl7§%ft tgtatga gatg G ﬂ tl(gt da 2820
t aagt ggagt cagaatcaga atgtttcctc cat datt B AP AL R %aa 2880
.gLagaaLLg c ) a 2940
8yt t aat at CAFRCEIDEROP al Y L RAAPSF PRI AEGR? t aat aat gga 3000
atcgaaattésétﬂ§§@$§ic“haéi adegtedieleht laact ac taattttatla 3060
tgataaatg fﬁh&?ﬁor) <210> 69 <211> 3105
101 Construct number 686, from Pacl (upstream | Figure 75
35S promoter) to Ascl (immediately
downstream NOS terminator)
102 Apal-H1B.c TGTCGGGCCCATG
AAAGTAAAACTACT
GGTCCTGTTATGCA
CATT
103 Stul-H2B.r AAATAGGCCTTTA
GATGCATATTCTAC
ACTGTAAAGACCCA
TTGGA
104 Construct 732, from Pacl (upstream 35S | Figure 76
promoter) to Ascl (immediately
downstream NOS terminator).
105 Construct number 733, from Pacl (upstream | Figure 77
35S promoter) to Ascl (immediately
downstream NOS terminator).
106 Apal-H3B.c TTGTCGGGCCCAT
GAAGACTATCATTG
CTTTGAGCTACATT
CTATGTC
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<212> DNA <213> Artificial

sequence <220> <223> H3 from A/ Bri sbane/ 10/ 2007

(H3N2) <400> 69 agaggtaccc cgggctggta tatttatatg ttgtcaaata actcaaaaac
cat aaaagtt 6YOLYHAYIEEyca agtgtgtaca tttttacttg aacaaaaatPATIGAZHLEIA
actgttataa 120 atcattatta aacattagag taaagaaata tggatgataa gaacaagagt

agtgatattt
tcattggtca
gt at gagaga
aatttgacaa
t agagagat g
tttaaaatta
gagttggatt
atcttttcct

aat aagagaab60

aaat ct aagc
caat cacaac
cattatctaa
ttatcaccca
acat acaaag
cattgctttg
cagcacggca
aat cacgaat
aggt gaaat a
tgctctattg
t gaacgcagc
t aggt cact a
t ggagt cact
tagtagattg
gccaaacaat
caat gaccaa
aagccaacaa
cagaat aagc
agggaat ct a
gagat cagat
t cccaat gac
t gt t aagcaa
t agaggcat a
t ggt t ggt at
aagcact caa
caacgagaaa
cctt gagaaa
tgttgccctg
t gaaaaaaca
aat at accac
cgat gt at ac
gt caggat ac
tgttgctttg
ttgcatttga
tattgttaat
tt gt at gaga
gtttcctcca
caact aaaat
t ggt caagt t

180 tg

$Q 1D Xa

L Sequence
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t tttottgcaa-—catttgagaa
- IV R >
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fffnffn ffn
b A wt
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I&

306 gaaagt
360 aagct
420 taccat
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at aac
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Y TTA HIITTITIIY

Syl H3Baaaagtt gt accaaaatag f
ycaca aataagggtt aattgctgta 4
taga gaatttttgg caagtcatta a
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aggggaaﬁﬁﬁgg%%
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[RBE el A
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780 aat cct
40 _at cacas

gPREaeRade c a'sek t ¢aE
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566333 i
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5@&?€§aat
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tcata
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1 Sbrstrget avabeat’d ¢ thiwmolzect updgey
823 grromptyot daagsclat Gagehaiga

figvedtcacc cgggyt
at cacagtct ctac
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ag499aaseceyd
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hat aat
hagcat
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1920
1980

2040 tttgc

aacac¢

AL REAdARt gbAaa caggatcaca
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3arghaee’y Aageas
gald 9ggagg gaat

cagat a
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2220

W98z pPhggpaat t¢ Tgagggaat g

ycaat cg at caaat caa t gggaagct (
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GI9863eeeg ceed
) AZlGG T ERcTEY
i&ﬂdﬁﬁﬁwwga gaaf

o
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tat
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21480
2340
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ATEFCHGRAN LAWY
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gcttct
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AIFRAAR-SHAPGEAaaa gt gagga
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A AR HETAG
Tegareirggaacalt
) (8ra&agggcg ttgq

tttcaa
At gacca
Agct gaa

2580
2640
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aaaq
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ki ad - piaed At ggat
yggt t ca tcat gt gggce

Ttccrttge
ct gccaaaas

tctaag ttaaaatgct tcttcgtcte

» TECRTCAEOTTTAE
1 Cg9eaaqetrEacegt
AQlTd ot aa t at

2460
2820

2880
2940

Tt
t gag

t gas

t aac

Jcbdt@ duadBeafRgr rodRlnki ARTIR
100 0haibRat Gddd! U sikdl Lip@eah?
bRakld Jasal gasea CehaehAayt

JFILARBOt tat gaa
1 agt ggagt ca gaat
acaattgtct taté

getttg
jcaacat
hgt t t gt
At act at
cagaat
Attt gaa
haat at a

Q& istrbant NOS GRaGAGG6r)! L T at aagt (

) gttaatatag ctcq
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taacaatcaa cttaacgtta 3060 ttaactacta attttatatc atcccctttg ataaatgata gtaca
3105 <210> 70 <211> 3105 <212> DNA <213> Artificial sequence <220> <223> H3
from A/ W scol9i2hP89322005 ( HBN2) <400> 70 agaggtaccc cggdRaTgeizeootoatoes at at g

tt gt caaat a

act caaaaac cataaaagtt 60 taagttagca agtgtgtaca tttttacttg

aacaaaaat a ttcacctact—actgttataa120-atcattatta gacattagag-taaagaaat a
t ggat gat aa ﬁ&ﬂﬂnﬁ‘?\ %?f‘i‘?“omn fnﬂcaacaﬁt tf,‘ib F"é‘ﬁéa cattt gagaa
aattttgttg|tect ct ctttcoPﬁﬁ‘F’t @‘E gRéﬁQ) Sl Lg | £ eaégi‘aaaa aggaagaggg
agaat aaaaa | cat aat gt gd'gt S§%ag O@B% élé% eﬁgﬁﬁa caaaagtt gt accaaaat ag
tt gt acaaat atcattgag;]%“é’i%f’tt"fr %g%a a €Y |aat aagggtt aattgctgta
aat aaat aag lgat gacge OWE‘ : Yaccattagagaattittgg——caagtcatta
aaaagaaaga gm%aattat {Copgifug é@ %‘5‘5 ‘Ed P T3S Pat ta aacat gt gat
tatttaatgalattgat gaaa{h @’ at{"’%‘@% éﬁ?g&;? E tagt aattag aattt/ggtgt
caaattt aat ttgacattt ‘fr ti\l %t ccat agagt ¢ agt tjaactca
tttttatatt tcatagatﬁ }ﬂﬁ“““*ﬁ* attaateeect ccaadaaaaa
aaaacggt at atttact aaa?ul?fa tp t<‘§I§gc 720 cacgt aggag gg‘gégcgt agg
aggat aacat ccaat ccadc caatcacaac 780 aatcctgatg T dagccc
acgcat ct gt rggeaeat ctla cattatctaa 840 atcacacatt¢tf’ecacacatetgagcecac
acgaaaacga %cacatctsul?lflgtl(iaccca 900 ttctataaaa |da% 8 @Gpaﬁzagt cta
cactttgatt (cccttcaagcacatacaaag 960 agaagagact dutda@¥t aa ttaatcat ct
t gagagaaaa | ifhagact atSUBRP et t g 1020 aget acat t ¢ AGHFAYGEETTAS dact caa
aaacttcccg|gaaat gacda cagcacggca 1080 acgct gt gcc (4 al{9ddgt acca
aacggaacga La?Lgaaaal@aaLeaegaapJ;MO—gaeeaaau—g ) act gag
ctggtt caga |dtt cct caad ugtds é%ﬁ‘cizﬁothfgggﬁﬁla%fc Figesi%agat cctt{gat gga
gaaaact gca|cact aat agaPaf ct E}E}%’tj%g“ 1 285 Ggad agt gt gat gg ctt dcaaaat
aagaaat ggg |accttttt gtt (epgsspie n¥ Ohcd geaactgtta cectlt at gat
gt gccggatt |atYcct coctARE t @t a ieg'éﬁ?cﬁtt Ect d%ﬁ‘g%%?gact ggagtttaac
129 2x35S8 promomter Figure 93
130 primer PacIl-MCS-2X35S.c AATTGTTAATTAAG
TCGACAAGCTTGCA
TGCCTGCAGGTCAA
C
131 primer CPMV 5’UTR-2X35S.r TCAAAACCTATTAA
GATTTTAATACCTC
TCCAAATGAAATGA
ACTTCC
132 primer 2X35S-CPMV 5’UTR.c TTGGAGAGGTATTA
AAATCTTAATAGGT
TTTGATAAAAGCGA
ACGTGGG
133 primer Apal-M prot.r TCTCCATGGGCCCG
ACAAATTTGGGCAG
AATATACAGAAGCT
TA
134 intermediary vector 972 Figure 94
135 H1 A/California/4/2009 Figure 95
136 portion of CPMV M (from Dralll to Apal | Figure 96
restriction site), signal peptide of alfalfa
PDISP, HAO of A/California/4/2009
hemagglutinin with mutated Sacl and Stul
restriction site
137 Fragment 1 Figure 97
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t caat t ggac
acagtttctt

t ggagt cact 1440
agtagattg 1500
acgt gact at g¥P2&RE&}RLS 1560
cgggt acgga caatgaccaa 1620
ct accaaaag b. 15"2\;"3 16860 i atrcc
ryyda

at at ccccagrt :“1 aat oa.g ¢ % Loga
Ty

ttaacagcac a qqaatctg $8 attqctccta

tFrag®6f 3gcacccat t g

gct caat aat | g¥gat caga
at ggaagcat '&pcaatgcgnnaqﬂaﬁgﬁﬁqagggc
1a 1980 aacact ct ga

gtcccagata|tgttaagce
agaaacaaac|t agaggcatla 2040 tttggcgcaa
gaat ggt gga tggttggtdc 2100 ggtttcaggc
cagat ct caa ﬁﬁgcaC[Ccﬁnﬁ ggaggaarca
tcg?gaaaac ca?cgagaaa gggg :tfc?zcaga
gaat ccagga| cct cgagaaa at gtt gagg
cggagcttct rgttgcect gn‘?& O gagggiccaac at acaat t ya i aard AFEr AGRyaaat ga
acaaactgtt |t gaaagaac aagaagcaac tgagggaaaafQ9e¢igagoRicaleygcaatg

gttgtttcaal aat ataccac 2460 aaat gt gaca at gcct gcalgreggaeralds:agaaat ggaa

caaaat ggaa
aattggttga
gaaaaatttg
atcttcctgc

at A
Descrp

caagctctgc ttgcaaaagg agatctaata
cccacttaaa attcaaatac ccagcattga
acaaattgta catttgddgAagtrdateacc
at gct caagc atcaggaaga at cacagt ct
cgaatatcgg I blscloﬂlabbb agaat aagga
caatagtaaa FagLgggagac atacttttga
ggggtt act t é%aaatacqa agt gggaaaa
gcaaat gcaaFigustigaat gc at cact ccaa
daaatgraaa \qaggahGageAcd ggggcect
aat t ggcaac raggeRidcer@at gt accag
tcgegogt t t 1aalagaqanicegt t 9ggagg
at caaaat t ¢ rfrgggggaat a ggataagcag
at caaat caa Jag9aagergcaat aggt t ga
t t gaaaaagaghietcagaarghagaaggga
acact aaaat egaheial g riceat acaacg

PoW_W-\

-’e-(

cttatgacca E

tt gagct gaa
ttttgctttg
ggt gcaacat
tatggtttgt

Batgtaty
gt caggat g
tgttgettt

l? 2580
g 2640 ttggggttca

g3y gaagy
aaagat t gga

cattaaacas
t act at ggat|

t cat gt gggag x¢

CTEYIAGEET AT
Adcgeicrcaggragat
Gleepaaaa

catttg

tattgttaa

rigé 091 SAUBE Gt aay
2760 tttgttcttg

ttaaaat gct
t agaagagct

TreANdddadGFG 4

@gea

aaggcg
catgtt
acatta
ttataa
tgttat

dRAdGGLFEGTA 9!
ddidd

t aat gt aat t ARy @G 0gagt ca
gacat gaaga t§Ct gccgcgt acaattgtct

gaaat act at
gaat cagaat

ttgtatgaga 2820 tgaactggtg
gtttcctcca 2880 taactaacta

145 primer Stul-H1 Cal.r TATTAGGCCTTTAA
ATACATATTCTACA
CTGTAGAGACCCAT
TAG
146 SpPDI-H1 A/California/4/2009 (in 2X35S/ | Figure 98
CPMV-HT expression cassette) construct
560
[00303] The invention will now be described in detail by way of reference only to the

following non-limiting examples.
Methods and Materials

5 1. Assembly of plastocyanin-based expression cassettes for native HA

[00304]
Sambrook and Russell (2001; which is incorporated herein by reference). The first cloning step

All manipulations were done using the general molecular biology protocols of

consisted in assembling a receptor plasmid containing upstream and downstream regulatory

clements of the alfalfa plastocyanin gene. The plastocyanin promoter and 5’UTR sequences were
10 amplified from alfalfa genomic DNA using oligonucleotide primers Xmal-pPlas.c (SEQ ID NO:
29; Figure 10Q) and Sacl-ATG-pPlas.r (SEQ ID NO: 30; Figure 10R). The resulting

amplification product was digested with Xmal and Sacl and ligated into pPCAMBIA2300
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tatatttgaa caactaaaat 2940 tgaacatctt ttgccacaac tttataagtg gttaatatag
ctcaaatata.pggtcaagtt 3000 caatagatta ataatggaaa tatcagttat cgaaattcat

t aacaat caa AHOYIRH 3060 ttaactacta attttatatc atcccctRAIEAGNAA0at a gt aca
3105 <210> 71 <211> 3117 <212> DNA <213> Artificial sequence <220> <223> H/
from A/ EqQui n / 56 7 <400> 71 agaggtaccc cgggctgqta tatttatatg
ttgtcaaata é g%@é“%a“ﬁ’ ﬁ%??@@us{yadéﬁt?‘gaggt Séﬁrbeteé‘lg%f%ﬁ’ t? ?rte?tf acttg aacaaaaata
ttcacctact gachnBIAbraad Blstat siatitdy, ik 3AsCREdagas ahaaﬁg'aaatcﬂtne@gm)gamaa
Creteraiit eosreograissoonaiabasray: Bhagauads o ouuenanes sagtleiasad

cat aat gt ga (REQ gmgagasﬁ@u@aase)gaha gtR[Phabagt(SB0 I]aclmaaa?ﬁm Ty achaat

at gacqcar PAUMYAAS B30 " Ata aRpatet Prra A -adhaage
ataaattatt bCAmpxbﬁéﬂﬁ)staﬁa@meg@gMBjAP]hﬁtgatta aacatgtgat tatttaatga

att gat gaaa gagttggatt540 aaagttgtat tagtaattag aatttggtgt caaatttaat

ttgacattto Biebl tcohihahakhasen aRtAIAhGARLLARG, AdnidLbiabat

t cat agat ca ag aa66 taatccct ccaaaaaaaa aaaacggt at
atttactaaa &3 hﬂaa@b?%NbM Jezgg"ég wgatvahewnyd by Eech Biptlabg (Fragdanaddat

Saeacatcta Cattanciagker

BRLEE LORLAn PUBLARRGERS %éxﬁgarég&ﬁﬁclécﬁﬁé%ﬂé Gt

at cadacatt tttccacaca tctg agccac acaaaaacca

at ccacatlét sigedl centide Boded st achlladlélesaalnamd@éﬂbaw@eafrgtf@&gm@%leﬁ%emat Yyt dite
cccttcaaac AGALAGAFAINRLANRRNRARIEAARLAA Fagntd AaEeabolo. byRgagapaa

t gaacactca aattctaata 1020 ttagccactt cggcattctt ctat gt acgt gcagat aaaa

tct gcct agg dbatie m%re@%ﬂa@l(@?‘b@@aﬁtPg!jﬂs‘@&?&‘@@é&%ﬁ'étexlﬂgsé’@&é%??ﬂ“f— bythe

GBaaag

gaat agaagt Q¢ Agkiee Aethdd - REROATHERG éttag@@Qﬂaﬁﬁefﬁa@f?@tﬁfﬁﬁm@@gﬁfoﬁw&t

caaaaggaaa acagactgtt 12

acctt tc aatgtggatt acta gacc g ttatt gg

ctccccaat g Pbta@%‘&t%tpﬂ&l%@l 986D WP yb e 1) aatt 4(5%1’&5%
gt aat gacat cgs FakeC) %é%ﬁtmgﬁﬁﬁa&mas@&mémﬁgam@%@& t.0agad &aﬁﬁkmca

gaaaat ccgg a gaattaaa 13

at ggagagac t‘”&@ﬁf‘g@g’t‘ witvpione é‘d’gﬁg’g?aﬁ%églﬂég‘ig%%béﬁﬁo t%: g‘tg%g ggg@dg{%ﬁgggéég

ttctatccag ¢aQRIRROAL Fi

QD‘SQQ@H@E&&@ EaAEIAAL BAH1AAAH HHliActiBRAGRALACT A

agaaggt acc agctctgata 1560 atctggggaa tccaccactc aggatcaact actgaacaga
gaagg g g éq%?

ctagattata tHHIABtTERTHONEESEF HEPLEE A ARt ﬁﬂaeassgtﬁm@etagg afhied repetiofyt
cttttgtccc Q@?&ﬁbﬁh@@@ctﬂ;ﬁﬁ@m@ CRAYAIC € OF IRl Q2R Fgre703 atlcagaal) agaak Egant

ttcact ggct ctagat 1740 ccc at gat.a cacttt cagtrttaa ccttta
t agcacctya %&32 glc8Y g PABOHTESt é%?ﬁléﬂﬁgé?%]fﬁtc‘@‘“‘@fgeg ‘éi’étll}é"t“?i‘%l (g’ag‘gat gcac
?act t tg ?;: aa paabdyghig @ﬁ;mbge@(hng gidQ el thg Glendbiad ﬁigﬁrggtt ) agiodiaed altoapcadtMBg&Q’@aa@t
gccctttca aaaca caa aa cca caga
agagct t aat 6??"3@%%&5%?6]11 3“* ?8‘% i]?%gst SIH C’iae’gﬁlé@alsgjé% gUAdlac

t aact cat ca @igﬁxgaga;a@asee?ﬂiéﬁ}eaa)aagaggtt tatttggt gc aat agcagga ttcattgaaa
at gggt ggga aggattaata 2100 gacggat ggt at ggat ataa gcat cagaat gcacaaggag

aagggact gc t@pagact agnt o0 ARAAGARACaRAHE hdfePl 7408 #CAR R Rembled as

25  follows. A synthetic fragment was synthesized comprising the complete hemagglutinin coding
sequence (from ATG to stop) flanked in 3’ by alfalfa plastocyanin gene sequences corresponding
to the first 84 nucleotides upstream of the plastocyanin ATG and ending with a Dralll restriction

site. The synthetic fragments also comprised a Sacl site immediately after the stop codon.

[00307] Synthetic hemagglutinin fragments were synthesized by Top Gene Technologies
30 (Montreal, QC, Canada), Epoch Biolabs (Sugar Land, TX, USA). The fragment synthesized are
presented in figures 28 to 39 and correspond to SEQ ID NO:36 to SEQ ID NO:47. For the

assembly of the complete expression cassettes, the synthetic fragments were digested with Dralll
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accggaaaat tgaacagact aatagaaaaa 2220
aaata%aaaa acaaattggc 2280

gagttcaatg
at cgaagt at
gatttaactg
aat gct gagg
at ggccagca
aacagaat cc
tttagcttcg
t gt at aaaaa
cttcttegtce
cttaattaat
ttcatttaca
gacct gccgc
actttataag
aatatcagtt
tcatcccctt
Artificial
agaggt accc
agtgtgtaca
aacatt agag
tttgttgcaa
agagagaaaa
caaaagtt gt
aat aagggt t
gaatttttgg
catttgatta
tagtaattag
ccat agagtc
attaat ccct
gat aacagga
agat aaccca
cttccacaca
aat cacactt
aattaattaa
t aacat ccaa
t caaaact gc
ccaccaaat c
aat gcctcaa
taccct cggc
ctat aat gca
at at caggtt
aaat t ggaac
t ggcttgggce
aagt accat a
at aacgaaac
ct gccaacqgg

o)e) gt

AR t gcagagttc 2340

act cagaaat gaacaaacta 2400

R D VLTS T

pepadrt QBEGSscagtpaaiagHd tvdth 2180 rrasg aliiiedt bndaglanagadnés ingkast.t t gg

gggcat cat g
at ggaaacat
tcctatttat
cgttgttgtt
t aagt ggagt
gt acaat t gt
t ggt t aat at
at cgaaattc

t gat aaat ga tagtaca 3117

tttcttattt
gcggt gcact
aatatggttt
at gaaat act
cagaat caga
cttatatttg
agct caaat a
att aacaat c

2640
2700
2760
2820
2880
2940
3000
3060

accaaccagc aattcgaact aatagat aat
aatgttatta actggactag agattctatc
ct cgt agcag t ggagadt@aRevdaveat t
tatgaaaagg t aagaagaca act gagagaa

R R R R T

cttgccattg caatgggtct tgttttcata
atttgtatat aagagctcta agttaaaatg
gttattgtta attttgttct tgtagaagag
atttgtatga gatgaactgg tgtaatgtaa
atgtttcctc cataactaac tagacatgaa
aacaact aaa attgaacatc ttttgccaca
t at ggt caag ttcaatagat taataatgga
aacttaacgt tattaactac taattttata

<210> 72 <211> 3162 <212> DNA <213>

sequence <220> <223> HA from B/ Mal aysi a/ 2506/ 2004 <400> 72

cgggct ggt a
tttttacttg

t aaagaaat a
catttgagaa
aggaagaggg
accaaaat ag
aattgctgta
caagtcatta
aacat gt gat
aatttggtgt
agttaactca
ccaaaaaaaa
t ccccgt agg
ctttaagccc
t ct gagccac
t gt gagt cta
ttaatcatct
t gcagat cga
t act caaggg
tcattttgca
ct gcacagat
aagagtttca
cgacagaaca
at caact cat
ct cagggt ct
cgt cccaaaa
catttgtaca
ccaaat ggca
agt gaccaca

tatttatatg
aacaaaaat a
t ggat gat aa
aattttgttg
agaat aaaaa
tt gt acaaat
aat aaat aag
aaaagaaaga
tatttaatga
caaat tt aat
tttttatatt
aaaacggt at
aggat aacat
acgcat ct gt
acaaaaacca
cactttgatt
t gagagaaaa
atctgcactg
gaggt caat g
aat ct caaag
ct ggacgt gg
atactccatg
aaaat t agac
aacgttatca
t gccct aacg
aacgacaaca
gaaggagaag
aagctctatg

tt gt caaata
ttcacct act
gaacaagagt
ttctctettt
cat aat gt ga
at cat t gagg
gat gacgcat
ataaattatt
at t gat gaaa
ttgacatttg
t cat agat ca
atttactaaa
ccaat ccaac
ggcacat ct a
at ccacat ct
cccttcaaac

act caaaaac cataaaagtt60 taagttagca
actgttataal20 atcattatta
agtgatattt 180 tgacaacaat
tcattggt ca240 aaaacaat ag
gt at gagaga300 gaaagttgta
aatttgacaa360 aagctacaca
t agagagat g420 taccattaga
tttaaaattad480 aaagttgagt
gagttggatt 540 aaagtt gt at
atcttttcct600 atatattgcc
aat aagagaa660 at aacggt at
aaat ct aagc720 cacgt aggag
caat cacaac780 aatcctgatg
cattatct aa840 atcacacatt
ttatcaccca900 ttctataaaa
acat acaaag960 agaagagact

t gaaggcaat
ggat aacat c
t gact ggt gt
gaacagaaac
ccttgggcag
aagt cagacc
agct gcct aa
at gcagaaaa
ttaccaat gg
acaaaacagc
accaaattac
gggact caaa
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aattgtactal020
gt caaact cal080
aat accact g1140
cagagggaaal200
accaaaat gc1260
tgttacatct 1320 gggtgctttc

acttctcaga
t gcaccagga
aaacggattt
aacaaattca

cgtttggggg
gccccagaag

1380
1440
1500
1560
1620
1680

ct cat ggt ag
ccacatgttg
acaacaacac
ct at gcccaa
acggggaaca

ggat acgaac
ggaccct aca
ttcgcaacaa
tt aacaat ag
ttccactctg
ttcacct cat



cattacgttt

agcggt agaa tt

t at caaagag
at aaaaggat
tt aaacaaaa
at at gggt ga
ct att aaagg
ggaatgattg
gcagacctta
agt gagctgg a
gaaat act ag
at agaact cg
ttggcgettg
ggatgctttg
acctttgatg
tctttaaatg
tccagtttgg
aatgtttctt
tttataatat
ttgttatgaa
ggagt cagaa
attgtcttat
aat at agct c
aattcattaa
aat gat agt a

10

15

cacagattgg tggcttccca 1740 aat caaacag

ttgttga ttacatggtg 1800 caaaaatctg

gV AR o0YeES gect caaaaa 1860 gt gt ggt gcg
cgttgccttt aattggagaa 1920 gcagattgcc

aagacggagg
ggaaaacagg

act accacaa
aacaattacc

caagt gd€d§-Ag4yeeagt a

t ccacgaaaa

at acggt gga

cctt ca 1980 aacat tgccca
i§§§ cccttmaﬁgégWﬁg@gm?@%@m rﬁﬁﬁggééwgﬁﬁﬂfg g%ﬂ@gévgcaaaa
andigee ghdrientst t cggagct 2100 attgctggtt tcttagaagg aggat gggaa
caggttggca cggatacaca 2160 tcccatgggg cacat ggagt agcggt ggca
ca Lé.bﬂ.es Aggacata 2220 aacapgataa caaaaaatct—caactctttg
E%h 49&& cttcaaaga 2280 ctaagdﬁﬁ@@”@€§@9q§@&&wéﬁﬁﬁtacaac
apct agacga gaaagt ggat 2340 gatcfcagap spitgat acaat aﬁgg&%ggaa
cagtcctgct ttccaatgaa 2400 ggaatﬁaﬁaaﬁam¥gﬂaﬁga I gagaatstic
a ct—_gaagaaaat g ctgggeccect ret gt gt aga gatagggaat
a Mé@ﬁ%?ﬁ@%@@”ﬁgﬁb caga:c? tc tégacagadt pgct@et ggt
caggagaau oftABdbml@emz/zﬁmlmt tttgatl cgetgaatat tactgetgga
acgat-gg@ tER actatactgetttactracte—mpactgetgac
cté?aaca‘?dﬂml%acaqc?(gggg atctitéfttg tetatat gt ctcc®gagac
gcﬁ@catd@gﬁﬁﬁﬁa@aag@@%ZHﬁ@)ctctaagﬁta aaat ggttat tcgtwtcctja
9ot t ottt srhakLRdkbick o820 gttT gz[ aggagettga ftaalcgttg
alactatttg tatgagatga 2880 actggtgtaa tgtaatitcat ttacdtaagt
t cHYaat gl ofPERIEEAIEa 2940 ctaalt agar atigaagacet gecgogt ada
a mbgaaqaaﬁgmaggéaﬂgamm@pu acatctiftpg cgacaactit ptaagtggit
aa;LaLa%g aag ffraafuvvv tagattaatp-atggaaatat ragttatcga
ca7fcaac‘4“3385?/§Fﬁ§ﬂ§120 actact datt tt*at atjcalc pcct ¢t gatja
ca782 3162HA of 2M@mant/BL194/2004 (H5N1) 36 44 57 66
783 HA of A/Teal/HongKong/W312/97 (H6N1) 37 45 58 67
784 HA of A/Equine/Prague/56 (H7N7) 38 46 62 71
785 HA of A/HongKong/1073/99 (LI9N2) 39 47 59 68

Assembly of plastecyanin-based PDISP/HA-fusion expression cassettes

H1 A/New Caledonia/20/99 (construct number 540)

[00309]
Caledonia/20/99 (H1N1) was synthesized in two fragments (Plant Biotechnology Institute,

The open reading frame from the H1 gene of influenza strain A/New

National Research Council, Saskatoon, Canada). A first fragment synthesized corresponds to the
wild-type H1 coding sequence (GenBank acc. No. AY289929; SEQ ID NO: 33; Figure 16)
lacking the signal peptide coding sequence at the 5’end and the transmembrane domain coding
sequence at the 3’end. A Bglll restriction site was added at the 5” end of the coding sequence and
a dual Sacl/Stul site was added immediately downstream of the stop codon at the 3’ terminal end
of the fragment, to yield SEQ ID NO: 1 (Figure 5A). A second fragment encoding the C-terminal
end of the H1 protein (comprising a transmembrane domain and cytoplasmic tail) from the Kpnl
site to the stop codon, and flanked in 3’ by Sacl and Stul restriction sites was also synthesized
(SEQ ID NO. 2; Figure 5B).
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<211> 3159

<212> DNA <213> Artificial sequence <220> <223> HA from

B/ Fl ori da/ 4/ 2006 <400> 73 agaggtaccc cgggctggta tatttatatg ttgtcaaata

act caaaaac
t gacaacaat
aat aagggt t
atatattgcc
agat aaccca
ct cat ggt ag
actgtctcaa ¢t
ggaccct aca
aacaaaaata
accaaaat ag
tatttaatga
t ccccgt agg
cactttgatt
ttattttgca
aaaat caggc
tt gt acagaa
accaat gtigt
ct accagt aa
acaaaaccca
ct aat ggagt
acggaggact
aaacaggaac
gt ggcaggag
at gaaaaaa
ccat aggaaa t
at agacctcc t
t agaaggagg at
at ggagt ggc a
aaaat ct caa
t ggat gaact
acact at aag
gt gaagatya
ct gt agagat
acaggat agc
t gaacattac
att act caac

atatggtctc ca

tgcttcttcg t
agcttaatta
aatt cat ta5a
aagacct gcc
caactttata
gaaat at cag
tatcatcccc

30

HPAHAAYEI60 taagttagca agtgtgtaca atcatt at tPATEACHVOYYAy
tttgttgcaa aaaacaatag agagagaaaa gaaagttgta caaaagttgt aagctacaca

(T agt vt s beateat touec ene € Bebk g ou] «BEn ot Bbhe sl gat o

MG AEABiIadrl vekdr (OB Alds©) adntdaay thapledeaatd pragaagagatiTraat t aat t aa

SEBURyR R PRt e Ly G GTUETT T E ‘ErR e DA b ra gaaa AP G cagget

QRcdstigUaa T 11490 gSRRIRBOL 3y CicuggdrreadiagtiagBRyHL adnatiaeat tttttacttg

t aaagaaa ataa cattt Aatttt aga agaat aaaaa
Eo g rme et oy aidraaioaty DhavedeeRoafaGaaRRE-A00a: ot oar
a&&étﬁe@g{tghmg:ﬁlaa])l sigal p@gdd 1aﬁ1©ie®&d it Kigntral €4HQ rtnmaaaaaeesmmacggt at
at aacat agccc acgcatct gt tctgage a t gagt ct a
tpggﬁid(?g?t?:lf’edtﬁé gﬁlgé?%’ “&&%‘gg’éﬁ%@h SH %1%5@51?5 9 @aélg? gg%C jidgt caat g
aghibtoepaagenet geaddigat ofthgGaighggnd ecalgmégme(emamg theacg cgacagaaca
t caac caadaac gtctcaggﬁict nwgéaac I cccaaaq gacaacaaca
3@6@5 Eﬂﬂ% Téng OBEUE ALY < 66% 0ay8985a% ct t t gggeag
dﬁgﬁﬂmaﬂﬁpnl@mtbﬁamadBa@eMammuﬁgmmdMMthagmdsmgoqga&aﬁ.ggcaccagga
attt at aacccact g aaatcact gt .t cattcagata
A G ARSI S SR A T

aagcacacac tatgtttctc agattggcag cttcccagat 1740 caaacagaag
accacaaagc ggcaggattg ttgttgatta catgatgcaa 1800 aaacct ggga

%%%Sﬁe@i%ﬁz@@ﬁ&@&%&nﬁrhﬁe}géat:)gcc tcaaaaggtg 1860 tggtgcgcga
Caaagtaata aaagggtcct tgcc aat tggtgaagca 1920 gattgccttc

¢@By goatt %é‘ﬁ%@%ﬂ@@of@ﬁﬁﬁa%&% ﬁns&lﬁ@&%ﬁ&lé&@ (P8 (ﬁ&‘ie%@é@élg
cccaat a t%ag aaaa cacctttgaa cgccaat 204 gaaccaaat
@%eﬁf&%?}?@‘]@t A aha 90yt Fate 10y Na Pk (200 SOragt &\ o
c?&&@@gﬂﬁfr%%ﬁ@&ﬁﬁgsgmw i@ T@xE A6 6N Lleqeh&0y £ anggRacac
ggcggcg éaccttaagaagtacgfaaga agct at aaac 2220 aagat aacaa

t“tl@tpflt“ﬁré&!ﬂ’ bigetlaga $ etd Haldpdagad e SERBONQgE dittcca
GORGARCI AR RRDEIBO @Sﬁ@ﬂﬁﬁg%gqaglﬁgilggﬁtteﬂﬁltatezﬂfwesﬁttlﬁgﬁﬁﬁ%g
ct Ccg caaat a gaact t cag cttgctttc caac ga 2400 at aat aaaca
g&%ﬂstffiéﬁ &haﬂge%%& sg@&acegf&a%f‘gdpéa&y é’gé%?g g%de?%edlg@%‘é& ctg

}@aadas 99 glltr&ﬁ{&lﬁlgﬁt%ﬁarﬁ(:ﬁ@a%?ﬁ Bl HsPRBG GBI hE 5{2@11@1@@&&1%6751@&
tg c&%@cacc tttaatgca% gagaattttc tctccccact tttgattcac

PR EghidSa¢lead dlodrdiine Sengigiet BHRPST 14948 ER LRS! %Eﬂ@uraé%)ct gct ct
ta61o0Qa} tigtstcaghithtig e g rds@iatatchgates Gk AA abdte 2A0Qd tdrb@lct gt t t

%@%acaaccgittcatgct ccatctgtct at aagagctc 2760 t aagtt aaaa
081 SEUPRL A gigPreeiint eyt Yaat ttt gt t 2820 ctt gt agaag
atcgttgttg ttatgaaata ctatttgtat gagatgaact 2880 ggtgtaat gt

9B(thguAs YR00A (Gmbtomt Aat gttt cc tccat aacta 2940 actagacatg
gcgtacaatt gtcttatatt tgaacaacta aaattgaaca 3000 tcttttgcca
aYBdYt t aatThasignt papddaoitabtlétmygtic disalfjid iseadrasg (BUED) (amcﬂca»adaétlg
Libatcoagal nboALIBASAG I CRACk ARG ) LatiRar sleh aghgatttta

ttt'gat aaat gat agt aca <21 >~ PAT
sequence of H1 from A/Brlsbane/>9/2007 as follows. The H1 coding sequence was amplified

with primers SpPDI-H1B.c (SEQ ID NO: 84) and SacI-H1B.r (SEQ ID NO:85) using construct
774 (SEQ ID NO:62; Figure 53) as template. The resulting fragment consisted in the H1 coding

sequence flanked, in 5°, by the last nucleotides encoding PDISP (including a BglII restriction
site) and, in 3, by a Sacl restriction site. The fragment was digested with BglII and Sacl and

cloned into construct number 540 (SEQ ID NO:61; Figure 52) previously digested with the same
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<213> Influenza virus <220> <221> m sc feature <222>(3)..(3) <223> Xaa can be
Al a or Val <220> <221> misc feature <222>(52)..(52) <223> Xaa can be Asp or
Asn <220> <MP20I8{08R2% eat ure <222>(90)..(90) <223> Xaa AT/ EPE0PYPLr Arg <220>
<221> msc feature <222>(99)..(99) <223> Xaa can be Lys or Thr <220> <221>

m sc feature <222>(111) ) <223> can be T S 0> <221> m sc
feature <228 Pi%)enzy(“fﬂgfg %@%@seﬁé&é’aﬁ‘ﬁ ét“%‘}u“’é’Fly{?ﬁ%%g%g »1> nisc feature
<222>(157) . preskdté) indd@B70%@a can be G u Lys <220> <221> misc feature
<222>(162)..(162) <223> Xaa can be Arg or Lys <220> <221> mi sc feature
<222>(182) ., b2 a can be Val,or Ala <220> <221> m sc feature
<222>(203) .~ r Asn <220> <221> mi sc feature

<222>( 205)..(205) <223> Xaa can be Arg or Lys <220> <221> msc feature
<222>(210) . [003180) <2Pig=sigalapepias obd faifh progsin ispdfide ppsrasx PRI Pir{ngeleqtiday 17r e
<222>(22§) . 1&32353%3%%%\%%%@@9%%%@ 9; ﬂgurleﬁ)“a%%&?ed t&%@ﬂ{%o@lxﬁ feature
<222>(268)..(268) <223> Xaa can be T > msc feature
<222>(283). segmse) of &P Kahiseans 1Qfé007HF foéipwst\é’gkl&?zmim@zq&w M3sedipgat ur e
<222>(290) . se(l@e%ga byﬂggﬁea%@s@dﬁgaﬂopﬁeﬁ,&presremamm%%geetiﬁ andlsse feature
<222>(432)..(432) '<223> Xaa can e or Leu <220> <221> m sc feature
<222>(489). NGM%?HC@?QSE 83409 &arin béfsh@ﬁn%?“’@pawefﬁofﬂ!e RAB#OYYRINSaa Lys Leu Leu
Val Leu Leup@ﬁate;fﬂgedl?@ﬁnﬂébrwaémplma udi¥d primek O Al A ¢ A5HY ﬂ'ﬁod@@@m&se Ay Tyr
Hs Ala Asn Asn Ser Thr Thr 202530 R/al Thr Val Leu n Val Thr
Val Thr 18§ SR BanPIig S5 ONG-T buh et RASE @A NEFS: Fae Gy [Y9ten Cys Lo
Leu Lys G yiiJag100a088: f’roélgﬁﬁeﬁrcgntbiﬁfﬂ Cobtibieok td g BeqbiRe S813 Val Ala Ay Trp Ile
Leu Ay 65707580 Asn Pro Ggu Leu Leu Ile Ser Xaa G u Ser Trp Ser Tyr
Il e 859095 !etéﬁm@ne‘ﬂ%%fﬂﬂremﬁ@%nﬂ’?aﬂt@%PeAgeﬁm@my sifpwagyEplifie WBP §TEEY Xaa Phe

100105110 AkgpBs3Ey(s mﬁﬂms 4 A0 BRI, 952 SBQUBNPRY) uSIBE cofdlucBeTs ( Phe
(Eg e )llsaﬁeHéu\;o 9ys gudé[er Ser) TéCOPro Asn a@% Thr
¥

115120125
130135140 %%Ioér“@'rwwﬁ tegplateapgp kiigation prodssls wiredheadpixed apd yeed agspnlels;  phe
iggi?gi?glﬁﬁ)rl&s’&oﬁ%@uﬁ?ﬂ allng_liﬁoht%h (ds@nil@p rehftfonSvivh Mﬁetﬂﬁkt@\l/%lc k—@QL I_D\//r PrLO Asn
eu Ser Lys Ser aa u Val Leu eu
180185190 THp" @Fv%TA)ﬁP%Hﬁ{%Bér%ZﬁﬁgQﬁéﬁqL@ 'geyesxlz@ﬁg %W%‘é{as/ﬁl%?stﬁgu Tyr
195200205 Hivgh EﬁrﬁHﬁﬁUthAﬁllast&dy&uﬂ_ piomV@t) aReSpeVah thyal3 cSéihg s‘éqlﬁenl:ds) andlyéneder ér g
210215220 Xaa Phe Thr Gn u
225230235248 NS IAFFIM E&‘Q@Kg @R/{D Wrﬁgf!' %’rer?% H.‘“e"b"“ﬁ'@&‘g@tgi ‘iﬂﬂbtg@a?‘p °Asp Thr Ile
245250255 | l‘fﬁtl‘laﬁlﬁ ek yh eAtoggi ASIandGluyt nAGiBer 7@ (SEHQRIDAN @96} TheXaastrliytris pentehd Al a
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354045 Leu Leu Gu Asp Ser H's Asn Ay Lys Leu Cys Leu Leu Lys Gy Ile 505560
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Pro Asn Pro Qu Asn Ay Thr Cys Tyr Pro Ay Tyr Phe 100105110 Ala Asp Tyr Gu
Gu Leu Arg Au G n Leu Ser Ser Val Ser Ser Phe 115120125




AQu Arg Phe Gu Ile Phe Pro Lys Qu Ser Ser Trp Pro Asn His Thr 130135140 Val
Thr Ay Val Ser Ala Ser Cys Ser H's Asn Ay Lys Ser Ser Phe 145150155160 Tyr

Arg Asn LeuW@popg3225eu Thr Ay Lys Asn Ay Leu Tyr ProPRYAAIEHPeRP75 Leu Ser
Lys Ser Tyr Val Asn Asn Lys Gu Lys Qu Val Leu VaI Leu 180185190 Trp dvy Val
Hs Hs Pro Pro Asn Leu T 952002 j hy du Asn
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Thr Pro Ala Ile Asn Ser 290295300 ge Pro Phe G n Asn Val His Pro
val Thr ?I esaﬁeﬁesﬁcﬂowgyrﬂ?séo %‘U%%Df%{f% °f {7 (%ﬁ‘%@lp'gﬂ' SEFUIES Lys Leu Arg

Met Val Thr efgratsibethshit@is peBenBd53B@3352.1 |l e Pro Ser Ile Gn Ser Arg Ay Leu Phe
Gy Ala lle Ala Ay Phe 340345350 Ile du @y Ay Trp Thr Ay Mt Val Asp Ay

G Lys ser APORBCIRRGEHARAAR S BRIELT QU 1L Thr Ach s val Asn Sor
pan Lys Leul 8058104150 B AP g A ot REr G Ten L Al O e Pl Rt o ey

Phe Leu 1420425B80 cAdmprididgn Cdeg quuenfyof iAsmstAlagked in Slenulzlthldbial—S Lzfiorhéw G u Asn

b e aa0t BTl B YT RNR i iR {\;&%@L Rl G u Lys
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| nfl uenza vRNAS weddns uyige «@@R&eqed ligagion mgthfhpresentgd ipParGy et Fh(MTtheds\ia|l  Leu Ser
L& 1o (P ONERHARCRE AT, KSR Gt bl Audbofed ket O U Asp Val
Phe 202530 Ala G G u Val Leu Met u Trp Leu Lys Thr
354045 Arg Prplafe %hqmmegefpr fpop @s@@phﬁ?ﬁﬂowg PRinPlug 26E3¢|(BEQ & YOPH aun»tiaMutPhe 505560
Thr Leu Thr A)I(@hlspr(ﬂi(isﬁj NG V’S)pﬁﬂ p%rslﬁ%lﬂhe@e&né\ﬁlgpﬁfcgtldﬁr\&rm@ A\'ﬁi16ﬁ,5(§@6580 An
Asn Ala Leu As y Pro Asn Asn Met Asp Lys a 859095 Val Lys Leu
Tyr Arg2Pys¥E: K@@%%C@QWK%Q@NW) Fihs tvg %Pt%eé frwmmfbewge@ﬂ Il e Ser
Leu Ser Tyr us%@as v@&'n?la@fd/r AR de§ifiBlidn S8ig p@/@m&@éls %Qé&ﬁw 769 a\ﬁd'L@lt5“ e Tyr Asn
Arg Met Ay Thr Thr Gu Val Al a Phe 13013 Leu Val Cys Ala Thr
Cys G u a n1 Hoé(s/%l%‘a 88bps pompersHR esultipg fragmpptiy isﬁ@m@é’radmé Applgndy n Met Val
Thr Thr Thr 1484 ifb PBD&LS- 1|LCed1é¥sﬁd iit§ tHelshinel @O ¥ SscfSRcSrtheRpredal Leu Al a Ser
Thr Thr Ala Lys Ala Met Au G n Met 180185190 Ala Gy Ser Ser AQu Gn Ala Ala
Au Ala Met C@el}eg%{’leraﬁidl@é? 8% 1§ Pisgy02 DS AL (AQY AR Mt val G n Ala Met Arg
Thr Ile Ay Thr H's Pro Ser 210215220 Ser Ser Ala Gy Leu Lys Asn Asp Leu Leu
A u Asn 28eu AGembllof SHBIN-I22E52ABQ A3 5:24:0a/T/9D ih YEPMAI-f T MedresGboly cadakte (Gofstivitt G n Ar g
Phe Lys 245 ngbe%%gf 77 <211> 24 <212> DNA <213> Artificial sequence <220>
<223> pBi nP us. 2613c <400> 77 aggaagggaa gaaagcgaaa ggag24 <210> 78 <211> 56
<212> DNA <213> Artificial sequence <220> <223> Mit-ATGL15.r <400> 78

gt gccgaagc HEOgHdct gad Saca@meteg@é@gakfé@mwle%p&ga@aﬁlaeHMé@@d%A@ww 79 <211>
52 <212> DNAqrzdshd?zoA0tiaf bichalintg CANRNGR 1 sREO. K&aRtioMles AfFHEhdiakA00> 79
gttgtcagat cgt gcttcgg caccagt aca ac ttttctt t cact gaagc gab52 <210> 80 <211> 25

<212> DNA <sgsanpefiftial ATG) @%W@%@ sfope n)lwqaeﬂdewot% 80

tctcct ggag h&RpAgaGHA G sggRRee b§%3&ﬁmﬁ%$l’@R§%ﬂpﬁﬁcaﬁgﬂ3ﬁh WE%KQ?A 2$ppF400> 81
2065 DNA Artificial Expressian r(guence cassette nunper ttaattaaga
E:Sf&’é) t

at t cgagct ¢ Jygar) é}@cft-%ffl&(@gN%} EQLR §1O: dVaiRg sretucsrogher 0 FEQHD
t gagaagat a yoLIYARigAE32)28 UGS Resuting Gagadng waLaicrl ik Apdi2Qd spRaggraa
ggccat cgtt gaagat gcct ctgccgacag tggtcccaaa gatggacccc 180 cacccacgag
gagcat cgt g gaaaaagaag acgttccaac cacgtctfca aagcaagtgg 240 attgatgtga
tatctccact gacgtaaggg atgacgcaca at cccact at ccttcgcaag 300 acccttcctc
tat at aagga agttcatttc atttggagag gtattaaaat cttaataggt 360 tttgataaaa
gcgaacgt gg ggaaacccga



accaaacctt
cttgcgtgag
ttcact gaag
gtgtacttgt
tgttcagccc
tacttctgct
ttctataaga
agaaagattg
cct cagat ac
actcagtctc
gccagccaaa
aggcttctca
agtggatctg
atgtttttct
gagct gaaac
ttaacatctg
aat gt caagt
gat caggaca
gagt at gaac
att gt caaga
ctgttattcg
attttatgta
acacaaaaag
aagcttatcg
ctgttgcecgg
t aat t aacat

15

20

25

cttctaaact ctctctcatc 420 tctcttaaag caaacttctc tcttgtcttt
cgatcttcaa cgttgtcaga 480 tcgtgcttcg gcaccagtac aacgttttct
HAAHPBHFR gatctctttg 540 tggacacgta gt gcggcdEE CARYANI Rac
cctattcttg tcggtgtggt 600 cttgggaaaa gaaagcttgc tggaggctgc
catacattac ttgttacgat 660 t ttcggc t. gcaatatctc
FRugne g cgeevs Pt P ERTp ro- b CRREEY i P abtat ¢ gg
aayetaitsalting tisadtt vgammé8 Corrtag aghtict 580QSEQUOMA: V7Y cgaact t gg
ttaagcttct gtatattctg 840 cccaaatttg tcgggcccat ggttttcaca
hE Q08 oF QEpisiG( M li8hiH bRt 5 A4 PmEIAIRPELOR LRl ILAGHR:

CaRACL grcrgtgact 960 ccaggagata gtgrcagrct trcctgcagg

gtattagCaa caacctacac 1020 tggtttcaac aaaaatcgca tgagtctcca
gd%)??gt at 9§ dbaGHALEH, }1%% PRk é&g&a‘i e LG HABAImILL cagt ggc
gacagattt cactctcagt 1140 atcaacagtg tgaagactga agattttgga

At (i fenigy 4g0Q%avers alyotdggto 2XO85-ERMYt EAiesgpllavsggt gat gg gacaaagct g
gggctgatgc tgcaccaact 1260 gtatccatct tcccaccatc cagtgagcag
gRgOH gcct oveandi ekl Arind3rit Chlofartmiahd SIBS ¢fonfraagasat c
ggﬁgattga t ggcagt gaa 1380 cgacaaaatg gcgtcctgaa caﬂétggact
é g B CERIESEAR e KR FPIA AT S P HiAE A M AN BT ARG s daticsBggac

gAGahRAGCAY perfdnaC e itheIH0b SaOGREACh&hAGRAABALEH DaRd&L dt GIACCC
ctf{caacag gaatgagtgt 1560 tagaggccta ttttctttag tttgaattta
&'@t@ﬁ’e B AP EEEg @gﬂg §1620)- 4 gﬁggwmcowewsga@ PIYRBTEHIG t t
ab Noaadot (Figuietob gl gageglificid3Porcligt frin@€  aggt cgt ccc ttcagcaagg
attttaattt tattaaaaaa 1740 aaaaaaaaaa aagaccggga attcgatatc
acct ggag: 3 ag ftggcaata aagtttctta agattgaatc
tcttgg%gﬁgzggggﬁ%gsgﬁI%ggg3@atttctgtt gaattacgtt aagcatgtaa

t aat gcat acgttattta
TTGTTAATTAAGTCGACAAGCTTGCATGCCTGCAGGTCAAC

and CPMV 5°UTR-2X35S.1: (SEQ ID NO131):

TCAAAACCTATTAAGATTTTAATACCTCTCCAAATGAAATGAACTTCC

using a plasmid containing 2X35S promoter as template. In parallel, a second PCR was

performed with primers:
2X35S-CPMV 5’UTR.c (SEQ ID NO132):

TTGGAGAGGTATTAAAATCTTAATAGGTTTTGATAAAAGCGAACGTGGG

and Apal-M prot.r (SEQ ID NO:133):

TCTCCATGGGCCCGACAAATTTGGGCAGAATATACAGAAGCTTA

using construct 685 (SEQ ID NO 100; Figure 74) as template. The two fragments obtained were

then mixed and used as template for a second round of PCR (assembling reaction) using primers

PacI-MCS-2X35S.¢ (SEQ ID NO:130) and Apal-M prot.r (SEQ ID NO:133). The resulting
-92.



1920 tgagatgggt ttttatgatt agagtcccgc aattatacat ttaatacgcg atagaaaaca 1980
aaat at agcg cgcaaactag gataaattat cgcgcgcggt gtcatctatg ttactagatt 2040

ctagagt ct c AQMVGYPE gcgcec 2065 <210> 82 <211> 48 <PEVCARYUNOWRP3>
Artificial sequence <220> <223> SpPDI -HA(Ind).c <400> 82 gttccttctc agatcttcgc

t gat cagatt cattggtt accatgcad8 <210> 83 <211> 3218 < > . <213>
Artificial g@i}?&h@% thep Sigssfed” Wﬁk‘%‘ﬁé@ é?ﬁ’g"(“f’ﬁ@fledd&%%‘%“%%é?5 é#@%%mou <400>
83 aagct t ggh 7¢gciigsed anth ggiceitieian ggiymgathcleqagaegdtiadnenedggokgot a 60
tatttatatg ttgt aaaaac cataaaaqgtt taagttagca agtgtgtaca 120
tttttacttg ﬁaéfgegﬁgm lﬁc@g’g%ﬁd&Pre%{féltegﬂa%gﬁ%g%tcattatta aacattagag 180

t aaagaaat a t ggat gat aa gaacaagagt agtgatattt tgacaacaat tttgttgcaa 240
catttgagaa HABIAt gt t Yativedtlcl/Erlifbrniakidd009 spquencanatabtiined fomddgaihdateasg00
aggaagaggg 9&%&%&%&%%&&2% 9hAlJRI 08328288 EHAbAN G 297 A hi @S0

accaaaatag ttgtacaaat atcattgagg aatttgacaa aagctacaca aataagggtt 420
aatt gct gt a sarasateagsigat patgoedtha GHAY dbegint(achaf MY d GgaatessiantcgegetirB 0

caagtcatta 8aa304RR9RpALARRNEALL aloh @mtafsigna@ggﬁhé S rARb ki 9Rhikge 240
aacatgtgat tatttaatga attgatgaaa gagttggatt aaagttgtat tagtaattag 600

aatttggt gt cemebset(BlAISP) (ngdenditiest’g- 148 01 qoession Noat 14 44 BHQ D déhB4dagyre! 66061
agttaact ca Wtk &l@lifordigBbaRakhR ARLAGIRAIA A SALST SRl Ak AH GERL 720

ccaaaaaaaa aaaacggtat atttactaaa aaatctaagc cacgtaggag gataacagga /780
tcccegt d8g agerateaacikisure Ba@EQI RO Xt lha cenaenca prynietiyd Ay BNAGdd Manlg 40

ctttaagccc agQCat il PGt GRffchrfflhi@ FelArnAl RO IS AT 1 6 Fi%&@@%??(s%gg

tct gagccac aCaaaaacca atccacatct ttat caccca ttctataaaa aat cacac
t gt gagt ct a EANOEIEFAtiguretDrrtheES ROHP- 4tk Hryredd heiea guendledustng sha AR -1990

ttaatcatct Ii%?i%%ﬁ@@pr%&%@ﬁa@@@ea&&tai 068 ds it NegGeihRbel Btdst(i &lshl1n 1080
tcttgtgttg g tccttctc a&gt cttcgc tgatcagatt tgcatttggtt accat gcaaa 1140
1

a
caattcaaca ﬁ@'@&’@b‘iftaglplé g%fbéegtdif&ée@ég%]g wake done. The first fragment was amplified

15  using primer:
Dralll-MProt#2.c (SEQ ID NO:140)

ATGCTAATATCACGTAGTGCGGCGCCATTAAATAACGTGTACTTGTCC

and H1 Cal.390r (SEQ ID NO:141)

20 GCTTAATTGCTCTCTTAGCTCCTCATAATCGATGAAATCTCC

using pJ201 vector (DNA2.0 proprietary vector) containing Fragment 1 (SEQ ID NO: 139) as

template. The second fragment was amplified using primers:
H1 Cal.310c (SEQ ID NO:142)

25  TGGAAACACCTAGTTCAGACAATGGAACGTGTTACCCAGGAG

and H1 Cal.1159r (SEQ ID NO:143)

CTGCATATCCTGACCCCTGCTCATTTTGATGGTGATAACCGT
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gttactgtta
ct agat ggag
aacccaat gt
aat ccaacca
ct att gagca
gat cat gaag
tttagaaat g
t acaat aat a
gcggcagage
acact aaacc
ggaaggat gg
aat ggaaat t
att at gaada
gcgat aaact
aaat at gt ga
gagagcagaa
tggcagggaa t.
tacgct gcag a
tcaatcattg
gaaaggagaa
t at aat gccg
aat gt t agga

ggt aacggt't
aacggaacgt

agt ggggt aa
gcgagttccc
ggat cgttac
ctatttataa

15

20

25

cacat gccca 1200
t gaagcctct 1260
OYQaAYeEE 1320
at gacctctg 1380

aat agacca 1440 ttttgagaaa attcaaatca tccc tic tcc
Bl V@@torl@ab‘\zé)g&r?patj yc%ectgéa?fa%'e% fageﬁvéégfﬁ@ baba: ¢
tcg@laat BigQly, tho 66 flaahcaaaaagpldre aghagiierACCCcaacaat aaagaaaagc
ccaaccaaga 1620 ggatcttttg gtactgtggg gaattcacca tcctaat gat

agacat act g gaaaagacac acaacgggaa gct ct gcgat
aattttaaga gattgtagtg tagctggatg gctcctcggg
cat caat gt a ccggaat ggt cttacaPﬁB%Aaﬁgﬂﬁgﬁgcc
ttacccaggg agtttcaacg actatgaaga actgaaacac

agac Hoégﬁgxgﬁgﬁgqq ac ccaaccacct atatttccat tgggacatca
agaga tggt CCcaaaaat a gct act agat ccaaagtaaa cgggcaaagt

ttcttct 1800 acaatttta aaacct aat aatcaa ctt cgagagt
Teaeng GG OATEd ARG A e bhaagg ggact cagea

gt gaat t gga 1920 at at ggt aac tgcaacacca agtgtcaaac
ctagtatgcc 1980 attccacaac atacaccctc tcaccatcgg

aat cagasagd- A0 @rEaptasi45)gcaacaggge t cagaaat ag
gaaaaaagag 2100 aggactattt ggagct at ag caggttttat

TARLA0R RS 1 o0 LA IR A AdA LATTRE Al 8r BeaRT BRGC

cact caaaag gcaa agat g gagtcaccaa
acaaaat gaa 2280 cactcagttt gaggccgttg gaagggaatt taataactta
tagagaattt 2340 aaacaagaag atggaagacg ggtttctaga tgtctggact
asiegt 1t/ 89 lgigetondPO0\ 2 (rernictjgarectan coriejpiga Aragment é@%&Q D N@éﬁ% attca

t ccaat gggg
ggaat gcccc
ccct caaaga
agagggagga
a ggggagt ggg
t aaggt caac

ﬂﬁ@ﬁ&!ﬂﬁﬂé«%&ﬁ%nﬁéﬁQﬂi@&Qﬁbﬁ%@ﬁﬁﬂ&&&ﬁmgg 1@@&%ﬁﬁ§ {9
tcgagtt 2520 ctatcacaaa at aat aa a aagt at aaga
ﬁ@m@&eém(hus%@oe@éagﬁ #le prevaeryy Brézaﬁgdﬁ g)g14algaagéaaéila

2all 90aad K0204D ThéRLANYABEherk %Qé@é%eﬁ%&l %ﬁﬁ%& S b GRaeA9t 9
tagcactggc 2700 aatcatgatg g gg@ctat ctttatggat gtgctccaat

o4t yedgaat’2 27800 N@éét‘)tctl%?ate SHRR T Gign srzymes. f bg 1uelgpiedec
tahgQt bitad reRBR bRAhdtWadAdmdi bt DN 2gARGALTK). t aat t aat cg

Assembly of H5 A/Indonesia/5/2005 in CPMV-HT expression cassette (construct number 685).

[00320] The coding sequence of H5 from A/Indonesia/5/2005 was cloned into CPMV-HT
as follows. Restriction sites Apal (immediately upstream ATG) and Stul (immediately
downstream stop codon) were added to the hemagglutinin coding sequence by performing a PCR
amplification with primers Apal-HS5 (A-Indo).1¢c (SEQ ID NO: 98) and H5 (A-Indo)-Stul.1707r
(SEQ ID NO: 99) using construct number 660 (SEQ ID NO:60; Figure 51) as template.
Resulting fragment was digested with Apal and Stul restriction enzymes and cloned into
construct number 828 (SEQ ID NO: 81) digested with the same enzymes. Resulting cassette was

named construct number 685 (SEQ ID NO:100).

Assembly of SpPDI-H5 A/Indonesia/5/2005 in CPMV-HT expression cassette (construct number
686).

[00321]
A/Indonesia/5/2005 was cloned into CPMV-HT as follows. Restriction sites Apal (immediately

A sequence encoding alfalfa PDI signal peptide fused to HAO from H5

upstream ATG) and Stul (immediately downstream stop codon) were added to the hemagglutinin
coding sequence by performing a PCR amplification with primers Apal-SpPDI.c (SEQ ID NO:
-94-



ttgttgttat gaaatactat 2880 ttgtatgaga tgaactggtg taatgtaatt catttacata
agt ggagt ca gaatcagaat 2940 gtttcctcca taactaacta gacatgaaga cctgccgcgt
acaattgtct tV&@ aPPHXE 3000 caact aaaat tgaacatctt ttgccafGdéAL0P/at08% gt g
gttaatatag ctcaaatata 3060 tggtcaagtt caatagatta ataatggaaa tatcagttat

o anat gat a 5f e oraane el hog S bR S AgRbE Gt vt Sy BRaBiit ¢ ¢ so1s
SO0 B4 1 R e s B
S311s 47 <A BRCosyERNRPRRs £8R) fLEh N ARAE3E 0 e 95 SRR Rbwie 22005 65

ctt agagct c datsaigatgaaheddohgivacaaibegiBagEadrsOatiggaad7 <210> 86 <211> 3206
<212> DNA <213> Artificial sequence <220> <223> Construct nunber 787,

from H nal I/%sae%?bgggf I§16A/Bn§?atgg/§§/§]&}7% S6M9°4F SRR IRGECE OGO GaRkt %2&3939@ acce

cgggctggt a ttatatg Ccaaata actcaaaaac cataaaagtt taagttagc
agtgtgtaca 120 tttttacttg aacaaaaata ttcacctact actgttataa atcattatta
aacat t agag (9852t aaagtssrding wanepaiad %%@éé*é%@ﬁ’a@éﬁéél?%‘ﬁstd@&h@@ac aat
tttgttgcaa @4Qv-realtitigadats@etdt et A S Ghakahel tbslsrhraghras@aaacaat ag
agagagaaaa 300 dgggaagaggg agaat aaaaa cat aatgtga gtat gagaga gaaagttgta
caaaagtt gt @E0cdiEdnderahgm F weera dereafdedite gagﬁna&alﬁlt@gatdg&gsaca@w&&aca

aat aagggt t #20masl 4 Bck ahalifRMAGEhIRG S A BRCIBI(SE@URYRY a2 atiierli i a
gaattttt(?g éﬁg I]éz%agtcatt,a aaaagaaaga ataaattatt tttaaaatta aaagttgagt
a

catttgat @D gsine copsrichapsr A ER JANL Yatierggans it t gt at

t agt aat t ag ©Q0iAekih@eedk deeaal withatal bddgaeatstiddoRétlhist68 tlo@datat t gcc
ccatagagtc 660 a ttglgactca tttttatatt tcatagatca aat aagagaa at aacegtgt at

att aat ccct WE%WE%’& 28 SR ot 1A tieat ey Crthesams Sy Rea Bgrltiog eyt gay

gat aacagga nh8Qd teseeghager #QJst@as alD: ¢egat ccaac caatcacaac aatcctgatg
agat aaccca 840 ctttaagccc acgcatctgt ggcacatcta cattatctaa atcacacatt

Cticcacaca Assembly of SpPDI-H1 A/Brisbane/59/2007 in CPMV-HT expression cassette (construct
15  number 733).

[00323] A sequence encoding alfalfa PDI signal peptide fused to HAO from H1
A/Brisbane/59/2007 was cloned into CPMV-HT as follows. Restriction sites Apal (immediately
upstream ATG) and Stul (immediately downstream stop codon) were added to the hemagglutinin
coding sequence by performing a PCR amplification with primers Apal-SpPDI.c (SEQ ID NO:

20 95) and Stul-H1B.r (SEQ ID NO: 103) using construct number 787 (SEQ ID NO: 86) as
template. Resulting fragment was digested with Apal and Stul restriction enzymes and cloned
into construct number 828 (SEQ ID NO: 81) digested with the same enzymes. Resulting cassette
was named construct number 733 (SEQ ID NO: 105).

Assembly of H3 A/Brisbane/10/2007 in CPMV-HT expression cassette (construct number 735).

25 [00324] The coding sequence of HA from H3 A/Brisbane/10/2007 was cloned into
CPMV-HT as follows. Restriction sites Apal (immediately upstream ATG) and Stul
(immediately downstream stop codon) were added to the hemagglutinin coding sequence by
performing a PCR amplification with primers Apal-H3B.c (SEQ ID NO:106) and Stul-H3B.r
(SEQ ID NO: 107) using construct number 776 (SEQ ID NO:69) as template. Resulting

30  fragment was digested with Apal and Stul restriction enzymes and cloned into construct number
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900 tctgagccac acaaaaacca atccacatct ttatcaccca ttctataaaa aatcacactt 960

t gt gagt ct a
ttaat catct
tcttgtgttg
caact cgacc
caacctgctt
acaat t gggt
gatttccaag
ttacccaggg
at tt gagagg
agt gt cagca
gacggggaag
agaagt cct
ctatcataca
cccagaaat a
gact ct gctt
aagat at gct
aat ggat aaa
tttccagaac
att aaggat g
agccatt géc
t cat cat cag
catt aat ggg
agcagt gggc
t gat gat ggg
t gaaaggact
ccagt t aaag
t aacgat gaa

agaat caaag
15

20

25

cactttgatt cccttcaaac acatacaaag agaagagact aattaattaa 1020
2aleE2a t ggcgaaaaa cgttgegatt ttcggettat PHTCAEEYRY920080
gttccttctc agatcttcgc tgacacaata tgtataggct accatgctaa 1140

acactgttg acacagtact tgaaaagaat gtgacagtga cacactcigt 1200

S5 2N S0keeggtuh Y Ferome T ik Ra" HY CUBELRE 550
Adid-gTRISEQ I 9Cc gyt 9 gat cttagga aacccagaat gcgaattact 1320
gagtcatggt cctacattgt agaaaaacca aatcctgaga atggaacatg 1380

attic agga t tt cagtatcttc 1440
S PaRSar L AR TR R A R SRR GRS 1500
twattegC¥6gcc at aat gggga aagcagtttt tacagaaatt tgctatggct 1560

aatggtttgt acccaaacct gagcaagtcc tatgcaaaca acaaagaaaa 1620

Bbash at 999 sgc{ugﬁcte%%ﬁﬁg CRALPEA GG AL RAORARAGE nABRIRGECCt 1680
gaaaatgctt atgtctctgt Zg%gécttca cattatagca gaaaattcac 1740

Jdeabmad 800 ves sgneiagto HigaRllgyalguaction sigs padi(aenegiald00
GRACHCH9EPaD SRS AnRB LRl oW HSIAE HopBIRLARAL Qddte@t%tﬂ?oﬁﬁ%ggl%iggxg

ttcgcactga gtagaggctt t'ggatcagga atcatcaact caaatgcaccC
efingacqyetss ba geriraagad CRoarbAgg eV rananded-PERYe EQXD 1980

SOABRERRY- T HRCRRNABNEIBYGhE CehsRROh B F7 (968 8d 8erRA 22040
gttacaggac taaggaacat cccatccatt caatccagag gtttgtttgg 2100

Forlatec Restiina Bagerabytsgligrated Hignary 2ut HuHeyation gyrasyyt £ane160

a8 QadReAHNBALLE aaes B NOCH YRR ERARSRRE CRyHAS RBRARING Casdcdd 0
att acaaaca gtcaattc é&taattﬂgg aaaat gaaca ctcaattcac 2280

a
H&é@éﬁ@?%ﬁﬁ%%é%@¥%6ﬁﬁs JaAGHEPY gaaaacttga at aaaaaagt 2340
tttatagaca tttggacata taatgcagaa ctgttggttc tactggaaaa 2400

Atsg@alylof Ho RFigaddonma it OR g agoapressigitcaisgag sonatdgt amesapsL460
aat aat gct a aagaaat agg aaatgggtgt tttgagttct atcacaagtg 2520

t(ﬁ??é&g 9208y A1,91,8339aR bOIRAGL I 1.9R%E A6 Galu ARl Ad E69F-#PR0
t aaacaggg

follows. Restriction sites Apal (immediately upstream ATG) and Stul (immediately downstream
stop codon) were added to the hemagglutinin coding sequence by performing a PCR
apmlification with primers Apal-HBF.c (SEQ ID NO: 110) and Stul-HBF.r (SEQ ID NO: 111)
using construct number 779 (SEQ ID NO:73; Figure 64) as template. Resulting fragment was
digested with Apal and Stul restriction enzymes and cloned into construct number 828 (SEQ ID
NO: 81) digested with the same enzymes. Resulting cassette was named construct number 738
(SEQ ID NO: 112).

Assembly of SpPDI-HA B/Florida/4/2006 in CPMV-HT expression cassette (construct number
739).

[00327]
B/Florida/4/2006 was cloned into CPMV-HT as follows. Restriction sites Apal (immediately

A sequence encoding alfalfa PDI signal peptide fused to HAO from

upstream ATG) and Stul (immediately downstream stop codon) were added to the hemagglutinin
coding sequence by performing a PCR amplification with primers Apal-SpPDI.c (SEQ ID NO:
95) and Stul-HBF.r (SEQ ID NO: 111) using construct number 798 (SEQ ID NO: 94) as
template. Resulting fragment was digested with Apal and Stul restriction enzymes and cloned
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agaaaattga tggagtgaaa ttggaatcaa tgggagtcta 2640 tcagattctg gcgatctact
caacagtcgc cagttctctg gttcttttgg tctccctggg 2700 ggcaatcagc ttctggatgt
gttccaat gg QY@RM/HB2§ t gt agaat at gcat ct aaga 2760 gctcta&ﬁ?@“ﬁ%%ﬂg ttc
ttcgtctcct atttataata tggtttgtta ttgttaattt 2820 tgttcttgta gaagagctta

attaatcgtt gttgttatga aatactattt gtat at g 2880 aact ggt gt tgtaattca
tttacataag ?@gﬁﬁ?ﬂﬁgﬁmﬁFégﬁgﬁﬁgpTﬁ?é%?@gﬁﬁg“?gﬂﬁsﬂﬂfg%%?%b@@@%@%ﬁﬁﬁﬁ%c
t gccgegt ac wathatLidhankattibgaaogasmeimaaat By 3000 aacatctttt gccacaactt

tat aagt ggt taatatagct caaatatatg gtcaagttca 3060 atagattaat aatggaaata

tcagttatcg gaattcalta acaatcaact faacgttatt 3120 aactactaat tttatatcat

cccctttgat gagca 3180 tgctcgaggc ctggctggcc gaattc
3206 <210> 87 <211> 45 <212> DNA <213> Artificial sequence <220> <223>
H3B- SpPDI . r[0&3P8b> 87Twyhehthpekorotey famy expressionyasstriaryee serykgdagdraaccass <210>

88 <211>545.,5 ; %x%oxfgfjtﬁg A%z@b}si’s%@z‘an@@@ﬂt‘ﬁa@ @%luﬁ%?ag’ Eyt&%g(sHSPgﬂ@ Q{h'sWB- c <400>
88 tctcagatct tcgctcaaaa acttcgggga aat gacaaca gcacg4b <210> 8 <211> 23

<212> DNA <bindsn @t (300b) Gelll Siew aperppay$: 203 293) igquioliydiby aghimeric 400> 89
ttgcttaaca ﬁ@&&%ﬂg%&ir%%g@tsﬁaﬁaf% Nitritlrbdittadhér) and AP I yani213>

Artificial sequence < <223> Construct nunber 790, fromH ndl Il <400>
90  aagct t emaier ENigRlestehA seeae ertee o g fecedingigaign pbed ity gaeelyt a 60

tatttatatg fE@foGRAAL Pru?& LCA]PRILPIGA MAAR AL Eiofo?ﬁ@é: BaPeR) Bic-0ho taedl k20
tttttacttg aacaaaaata ftcacctact actgttataa atfcattatta aacattagag 180

t aaagaadl a hgumgia g gHaeRagEh Y igiogaeabled: t gacaacaat tttgttgcaa 240
catttgagaa aattttgttg ttctctcttt tcattggtca aaaacaatag agagagaaaa 300

aggaagaggg @gssif aaaaasn eat@aipiisgal ghaihigyreialgaaagt tediots€pamagt (), tB60
2ot actote G AR AAT-OHY oo qRat e A AONr 4y T LE At Boc GABALORg 400
caagtcatt a geisxFagagdoslyaaatibalih UStPh@aaaat ba2@HaYtvighghted atth Hoatlt @nd540
aacatgtoat fakh bagtd. ! LakAARR LA AIRAMARRI0 Sk AXAR %P

15  digested by the same restriction enzyme to give pPCAMBIA-Nir3K51.

[00330] Coding sequences for Hsp70 and Hsp40 were cloned separately in the acceptor
plasmid pCAMBIANIr3K51 by the PCR-based ligation method presented in Darveau et al.
{Methods in Neuroscience 26:77-85 (1995)).

[00331] For Hsp40, Msj1 coding sequence (SEQ ID NO: 114) was amplified by RT-PCR

20  from alfalfa (ecotype Rangelander) leaf total RNA using primers Hsp40Luz.1¢c (SEQ ID NO:
115) and Hsp40Luz-Sacl.1272r (SEQ ID NO: 116). A second amplification was performed with
primers Plasto-443c (SEQ ID NO: 4; Figure 7A) and Hsp40Luz-Plasto.r (SEQ ID NO: 117) with
construct 660 (SEQ ID NO: 60; Figure 51) as template. PCR products were then mixed and used
as template for a third amplification (assembling reaction) with primers Plasto-443¢ (SEQ ID

25 NO: 4; Figure 7A) and Hsp40Luz-Sacl.1272r (SEQ ID NO: 116). The resulting fragment was
digested with Hpal (in the plastocyanin promoter) and cloned into pPCAMBIANir3K51,
previously digested with Hpal (in the Nir promoter) and Sacl, and filed with T4 DNA
polymerase to generate blunt ends. Clones obtained were screened for correct orientation and
sequenced for sequence integrity. The resulting plasmid, named R850, is presented in Figure 83

30 (SEQID NO: 121). The coding region of the Athsp70-1 was amplified by RT-PCR from

Arabidopsis leaf RNA using primers Hsp70Ara.1c (SEQ ID NO: 118) and Hsp70Ara-Sacl.1956r
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aatttggtgt
agttaactca
ccaaaaaaaa
t cccecgt agg
ctttaagccc
t ct gagccac
t gt gagtcta
ttaat cat ct
tcttgtgttg
ggcaacgct g
gaat gaccaa
aat at gcgac
at t gggagac
cagcaaagcc
act agttgcc
cact caaaac
attgaattgg
caat gaaaaa
ccaaatcttc
acaaact gfa
aagcat ct at
tctaattgct
agat gcaccc
t gacaaacca
gcaaaacact
catatttggc
gt at ggt tisc
t caagcagca
gaaatt ccat

20

25

atcttttcct
aat aagagaa

caaatttaat ttgacatttg
tttttatatt tcatagatca
AHAABYYB2AS atttact aaa aaat ctaagc
aggat aacat ccaatccaac caatcacaac

cgcat t cacatcta. cattatctaa atcacacatt cttccac 00
BB S 2 B ACEGR bt bl e bV ot mrness Sap adEsBER 60
saciitigad 1AGGE H/aaacPatat (SEQAR YA J2(H GaY 26istrad b @@ERAR N®20

HETORRTT b el R RAGR FEL R T i B el 1140

1140
higplichigayssantiat gaagh) aecadreoRr)astacgal STyl TaNaaa Caateag ad200

tt t ] tt. .cagagttcct caac tga. 1260
Baeate SeaTeRoghd SRAshaT FERaRAISh JETA IR Al 120
detpagtyghig pahggeldnd clanaldab pagMEBIANGRIHcEgstd ity Hpg daclg Nis80
t acagcaa ttaccet. t gcec att at t .ccctiaqggtc .1440
PREPRETHE e L gy I rd IR TP A e R RS BB t0
ggaacaagd for cirget drgotafionaad gggatat foaat@acagk rity. dht teagticey 1560
t1gacccac aaattcaa.atacc ; ga ctatgccaaa 1620
P% daﬁgggéR%gfg é??%%159686$?§%§2%%@§2%%gta cggacaat ga 1680
ctgtatgctc aagcatcagg aagaatcaca gtctctacca aaagaagcca 1740
H08¥dgaat & dueldarcenresgionplewrid 2t saipdas atllews-@@é‘gwghmte%oo

Wt BEAU RInRAAACOAIOAIREH, BChild L PR DRAGAIFHEAGAT 3oRALE60
cctaggggtt actt caaaat acgaagtggg aaaagctcaa taat%agatc 1920
t

alunigyeaaa digepted at S 4unte eginercddBAdytpanmopien tibe reantinen 80

b GEAARR Berl ABABRAAIF M GRCAS OGN HCGE AL LREA TR Bl ds@Pn&D40
ctgaaattgg caaca ggatigfgaaat ta ccaggggaac aaact agagg 2100

FeaBIVFEEugy e Hand §neldbethy egefiathygnuligtiatigra gfe 2160
@?ﬁ@ﬁﬁa%ﬁéﬂﬂ%hﬁhﬂéﬁﬂgmﬁ%tﬁ&ﬂéﬁﬁﬁg9&&&89&@&&R®R@@%ﬁ9&@£&3220
at cgat caaa t caat gggaa gctgaatagg ttgatcggga aaaccaacga 2280

eyt G RNGab P ct ¢

Assembly of other expression cassettes

atatattgcc ccatagagtc 660
at aacggtat attaatccct 720
cacgt aggag §al/&aelyea°2r8o
aat cct gat g agat aaccca 840

Soluble H1 expression cassette

[00333] The cassette encoding the soluble form of H1 was prepared by replacing the
region coding for the transmembrane domain and the cytoplasmic tail in 540 by a fragment
encoding the leucine zipper GCN4 plI variant (Harbury et al, 1993, Science 1993; 262: 1401-
1407). This fragment was synthesized with flanking Kpnl and Sacl sites to facilitate cloning. The
plasmid resulting from this replacement was named 544 and the expression cassette is illustrated

in Figure 11.
M1 A/Puerto Rico/8/34 expression cassette

[00334] A fusion between the tobacco etch virus (TEV) 5°UTR and the open reading
frame of the influenza A/PR/8/34 M1 gene (Acc. # NC_002016) was synthesized with a
flanking Sacl site added downstream of the stop codon. The fragment was digested with Swal (in
the TEV 5°UTR) and Sacl, and cloned into a 2X35S/TEV based expression cassette in a
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agaagt cgaa
ct ggt cat ac
t gact cagaa
ggat at gggc
aat cagaaat
ccagat caag
tgccat at ca
aaaaggcaac
tctcctattt
atcgttgttg
cat aagt gga
gcgt acaatt
agt ggt t aat
tt at cgaaat
tttgat aaat

gggagaat cc aggaccttga 2340 gaaatatgtt gaggacacca aaat agat ct
aacgcggagc ttcttgttgc 2400 cctggagaac caacatacaa ttgatctaac
AN QAAYHERE t gttt gaaaa 2460 aacaaagaag caact gE&GH§AHRYAEYPEt ga
aatggttgtt tcaaaatata 2520 ccacaaat gt gacaat gcct gcataggatc

t g accacgatgt 2580 ataca t agcattaa acaaccggtt
JoRER BodRiRaET BdesRue-SraEaT At Re R Pagaioret:
bt XSBTYY prérh @érghd FOUTRADD tHe NGH thiggdggor { doasiuceltsof figegidgt gcca
attaggtgca acatttgcat 2760 ttgagagctc taagttaaaa tgcttcttcg
?ﬁﬁg%gggg%ng%g%£attgt 2820 taattttgtt cttgtagaag agcttaatta
t

atgaaata ctatttgtat 2880 gagatgaact ggtgtaatgt aattcattta

tcgﬁaatca aatgtttcc 2940 tccataacta actagacatg aagacctgcc
8%06% at at ﬁnglgﬁréz@awg (¥dlyBroywat nrepstsd a5 testribed yddamikersttk t at a

lagCchraARed Al-algHkea 13 080inattfaat Gk B lAdkaal B 9RAUALGAY

tcattaacaa tcaacttaac 3120 ?ttattaact actaatttta tatcatcccc

el inranclaen dgrabackgnamdegers (YgabC e Maagsggte o8 cyy¥gaat t c3212

<210> 91 <2UlGroplratidkRiatddWicre kB> 98) Tild ifk@ty SRMULNGR TRAMFamEwee HBF- SpPDI . r
<400> 91 gttattccag tgcagattcg atcagcgaag atctgagaag gaaccaacac50 <210> 92

<211> 50 <
cagatcttcg
<212> DNA
ttcat aacaa
sequencg
aagcttgcta
tatttatatg
tttttacttg
t aaagaaat a
catttgagaa
aggaagaggg
accaaaaa?g

20

25

2 $dinppd oy OMPERNREi al sequence <220> <223> SpPDI - HBF. ¢ <400> 92
ctgatcgaat ctgcactgga ataacatctt caaactcacc50 <210> 93 <211> 28
<PI1Baxphsdionfdagkttd Ssequence <220> <223> Pl aster8Or <400> 93 caaat agt at
caacgatt 28 <210> 94 <211> 3269 <212> DNA <213> Artifici al

< < > 2 i > 94

(B8, TSI U Pl SO0, S 5000

tinkstl tcathatlflia plaseyara exreatiomeiatgtie byt thabt Rdgudliggivgmgtheda 120

?gge%?eﬁﬁ%ﬁvéah CAEMRELAR NILL I Ag: R 9ﬁ§§(?§9%?. A%k FO%Q@&#%

gat gat aa gaacaagagt agtgatattt tgacaacaat tttgttgcaa
asgmentgf thy plasieeyanio pramote st goplidiad veneavimstsdipstggaGdRdR 1900

@%g&@@@)@aﬁd 9&#@@%}%&9{@ baag 297 WaRAaakhdbe GRBIBHNG.E0; FRAR
ttgfacaaat atcattgagg aatttgacaa

51) as template. In parallel, another fragment containing the coding sequence of p19 was
amplified with primers supP19-1¢ (SEQ ID NO:125) and SupP19-SacLr (SEQ ID NO: 126)
using construct 35S:p19 as described in Voinnet et al. (The Plant Journal 33: 949-956 (2003)) as
template. Amplification products were then mixed and used as template for a second round of
amplification (assembling reaction) with primers Plasto-443¢ (SEQ ID NO: 4; Figure 7A) and
SupP19-Sacl.r (SEQ ID NO: 126). The resulting fragment was digested with BamHI (in the
plastocyanin promoter) and Sacl (at the end of the p19 coding sequence) and cloned into

construct number 660 (SEQ ID NO:60; Figure 51), previously digested with the same restriction
enzymes to give construct number R472. Plasmid R472 is presented in Figure 86.

3. Preparation of plant biomass, inoculum, agroinfiltration, and harvesting

[00337] Nicotiana benthamiana or Nicotiana tabacum plants were grown from seeds in
flats filled with a commercial peat moss substrate. The plants were allowed to grow in the
greenhouse under a 16/8 photoperiod and a temperature regime of 25°C day/20°C night. Three
weeks after seeding, individual plantlets were picked out, transplanted in pots and left to grow in

the greenhouse for three additional weeks under the same environmental conditions. Prior to
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aagct acaca
taccattaga
aaagt t gagt
aaagt t gt at
at at attgcc
at aacggt at
cacgt aggag
aatcctgatg
at cacacatt
ttctataaaa
agaagagact
ttcggcett gt
t gcact gg

gt caat gt ga
ct caaaggaa
gat gt ggct t
ct ccacgaag
at caggcaac
gtcatcgatg
cct aacgdba
aacaacaaaa
gaagaccaaa
t at ggagact
gtttctcaga
aggattgttg
agaggtgttt

15

aataagggtt 420 aattgctgta aataaat aag gat gacgcat tagagagatg
gaatttttgg 480 caagtcatta aaaagaaaga ataaattatt tttaaaatta
O 2009808225 540 aacatgtgat tatttaatga attgat gBaHCHHYYIYFAL t
tagtaattag 600 aatttggtgt caaatttaat ttgacatttg atcttttcct

cca tc 660 aactca tttttatatt tcata at.c a

E?”E%Hg%'%ﬁ’tap*??l@ngg’ﬁ%&%‘&é&’eﬁé‘é{%‘b@ f‘té’taﬂ%ﬂst“fnﬁ 4 C"‘éﬁg;{g}e%’ %@er
BpiRdeggbudSRoh 6. LAt a0y dAggiliiBacaingthaaditcaac caat cacaac
agat aaccca 840 ctttaagccc acgcatctgt ggcacatcta cattatctaa

Khif12caca 3004 ¢l SRIEAAN. ArARRRREEA ALesRsRLalvid Aheageca
at cacact t °960 gag cta cac % att ccettcaaac acatacaaag
a@plbxaattédaathm)zﬁl\/lm[alahmahcﬂmoktymgﬁaaacm gJEfa2@aad acgbstgagad, t

A e R S L R S e S i

¢.b got gé.gadro20ua ecaakaacecracaaiaged adocassat edst@erided ingcaaat

EEDgeaTERR D AR EERG oS 0 Bt EEE T oot o

p@ﬁmﬂﬁhtg&mmﬁﬂmylacaﬂamgg@mﬂ@mzmncmmamuﬁavgbgagakﬂagﬁacaaaa
1440

E S %Q%?CIE': or fgﬁ]ﬁmtlnﬁlﬁgt%agzg %me 2880 g‘ygae?im%)rgs%% cen @ge cccaaaac

cggaaaagg accagoaggaCEEtaea aacc gatcttgc
mmaqmdagagwiﬁB@Mmgg&ﬁmtnmdmqméa@m&@ggh@Ct@@@@ﬁgﬂﬁmﬁmamaggac
e R S e e AN Tty
cact g 1 ggg ccat 4t daca aaacccaaa Ygaagaacct c
plalaabm tbezahamm& cae[agbaoaawcremtaa‘tdmpgdct dovatig tha hraael wgeasacihat

H &i&iﬂeéfggegl GG R98 L $AQuR ?9&‘2{9’?&9f09§%9§%ﬁ“%§n§§%%§&99QC

at gCaaaaa CC aaaa Caggaacaa CCaa
yég:tnulg mﬁﬂtcaaon plants were returned to the greenhouse for a 2-6 day incubation period until

harvest. Unless otherwise specified, all infiltrations were performed as co-infiltration with
AGL1/358-HcPro in a 1:1 ratio, except for CPMV-HT cassette-bearing strains which were co-
infiltrated with strain AGL1/R472 in a 1:1 ratio.
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1920 aaaggtgtgg tgcgcgagtg gcaggagcaa agtaataaaa gggtccttgc ctttaattgg 1980
t gaagcagat tgccttcatg aaaaat acgg tggattaaac aaaagcaagc cttactacac 2040
aggagaacat YouuaHWera taggaaattg cccaatat gg gt gaaaacac BEVEGHAYW2%100
cgccaat gga accaaat at a gacctcct gc aaaactatta aaggaaaggg gtttcttcgg 2160
agct attgct t ggaaggaat g attgcaggct ggcacggata 2220

#U89%gcggac cttaagagta cgcaagaagc 2280

t at aaacaag at aacaaaa at ctcaattc tttgagtgag ctagaagtaa agaatcttca 2340
aagact aagt [§giYccat dyllewigametteten draeiphpat @ pne gas baryytedtipageas§?@400
ggat gat ct ¢ AGAGGhIRER Ghall ?o%‘fet]ﬁot&ﬁéé@é 2dABcfby ﬂggog&ﬁémé @8]#2& C4g2460

cgaaggaat a at aaacagtg aagat gagca tctattggca ctt aa aactaaagaa 2520
aat gct gggt sawende diftyetngeresherbijant agtyridamd ggungef celd gaadt tds Mhtaddagdd 52@80

caaccaggcc a&@P&W@@%&H&E&%ﬁ;@ GudHYCRAERS hitho RALABAINAG AR & d GhEi

ccccactttt gattcact acattactgc tgcatcttta aatgatgatg gattggataa

ccat act at a2c20490 et mae tltd%@elt@b%? glet fiadtcange cxtragly (upg ésﬁmtg‘ ag'ét/szsmo
agetattitt ol el bhhtoh@4LPLERAA AAPCAAGILL: AR Gl bRLOHELAL 25820
agagctctaa gttaaaatgc ttcttcgtct cctatttata atatggtttg ttattgttaa2880
ttttgttctt Rgddlymalsaded usiaabavasserugtatbymingstlze rﬁ%@a@tsaé@aad tttgt at gag2940
at gaactggt gtaatgtaat tcatttacat aagtggagtc agaatcagaa tgtttcctcc3000

at aact aact sagiacatiaadchaseddeaecer dracaaitgf ¢ ttatattt ga acaact aaaa3060
tt gaacat ct tttgccacaa ctttat aagt ggttaatata gctcaaatat at ggtcaagt3120

2t anctct AP0 t ot ot Lol A AAabol <Ml Bohee AL bl aann 5d0
gcat gct cg a r@@@ﬂdr@ﬁs@SQ%@R&Gﬁd&ﬁﬂ&aﬁﬂl@}a@ Bwe&eﬁl@at&&) 2 LDQ1>3 IDNAers213>

Artificial 0] 223> t gt.Cc cat ggcgaaa
aacgtt gcga’f Ct%?(r %“3 §apit 8?1%% (FW %quéﬁ’%omg °<"§ f?gr (i(gm?@i <@%§§‘%Rr ?'i“?g ? c ? al
sequence < EﬂﬂwhahZQBmtrSDMruddb(ro@em\I@)tract v«aé@ia&edgﬁtoa;ha@hargngfonowqitbagmlgﬂm tattctacac
t gcaaagacc 4 10>.97.<211> 3 < nce <220>
<g 23> Cg nst I‘Stﬁ ; %P] Eg 9 of ﬁ)]{a 10n/e]f5 r%gouff%rlﬁ}? w “gig'gofleéa‘&f 15 ffﬂa@{oﬁl %fslgsgfgﬁ caccgcggaa
acct cctlégg radtive p@tdug@nt;mavg eluwt Ghct®bs gisoawitoredby mgragdﬁ gl&t@ﬂgtﬁggwaasa@}g

aaggt ggct 2?6 &1? SARLAE BRR Mdgp%t% %yééggeﬁé(ﬁ%maﬁéc&&%ﬁtﬁg L HRR2AL A&t

ct gccgacag tggicccaaa gatggacccc” 180" cacccacgag gagcat cgt g gaaaaagaag

acgt t ccaac withégrlotmn galuamegf A2t PR dllowied ydOgolymn veltwecd 26 mMy Adgria dyy

at gacgcaca ik KGEASHALmGHI LSIE gegm&%@%mw SeaifbAlARARR AR LEAHLL

atttggagag gtattaaaat cttaata %at adaa gcgaacgtgg ggaaacccga
accaaacct t Dextrant?48hEiE Iéftabh@tec%@écwzv@ Comr, discaiavey. Chdady tHaton profitegott t t

ct 1 gcgt,gag pgr@H&EALRB0 A HotlsGRABIR pARGhs Wt QhbiEdh HF ARG CAU AR ARFQlehdut Lt
ttcact gaag clgqaaatcaaa gatctctttg PR40 tg O?acacgta gt gcggcgec at t aaat aac
gt gt act t gt ue r@ttféﬁtﬁ‘gelﬁté’@@!ﬁ'ﬂﬁj@ﬁ“’swhﬁ Woyasda gaaagcttgce tggaggetge
tgttcagcce catacattac ttgttacgat 660 tctgctgact ttcggcgggt gcaatatctc
tacttct gct of Brae@ag@has hidhingesiigif20 tacttctttc ttcttcttet tgctgattgg
ttctataaga aatctagtat tttctttgaa 780 acagagtttt cccgtggttt tcgaacttgg

agaaagat t g §3A0C1 t 6l h Al H4R (SEFARALL 1R $CR99RSCAL, BguRaaaac

Biochemicals, Rockport IL). Proteins were separated by SDS-PAGE under reducing conditions

25  and stained with Coomassie Blue. Stained gels were scanned and densitometry analysis

performed using ImageJ Software (NIH).

[00342] Proteins from elution fraction from SEC were precipitated with acetone (Bollag et
al., 1996), resuspended in 1/5 volume in equilibration/elution buffer and separated by SDS-
PAGE under reducing conditions and electrotransferred onto polyvinylene difluoride (PVDF)

30  membranes (Roche Diagnostics Corporation, Indianapolis, IN) for immunodetection. Prior to
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gttgcgattt tcggcttatt gttttctctt 900 cttgtgttgg ttccttctca gatcttcgcet

gacacaat at gtataggcta ccatgccaac 960 aactcaaccg acactgttga caca&t actt

gagaagaat g MawaHt0§Re acactctgtc 1020 aacctacttg aggacabttaAt4u§Yaaaa
ctatgtctac taaaaggaat agccccacta 1080 caattgggta attgcagcgt tgccggatgg
atcttaggaa acccagaatg cgaattactg 1140 atttccaagg aatcatggtc ctacattgta
gaaacaccaa 'S"E¢P %E{j&%%%&&“@?&aaﬁsg‘?ﬂiéeg‘e?%@gézgj@gtm ?”ﬁ@g‘c/gt‘ﬁeel}izgfrb gaa
ct gagggagc adetedagdint CTERIT)ALCIO B8R afl#60 ttt gagagat tcgaaatatt ccccaaagaa
agct cat ggc ccaaccacac cgtaaccgga 1320 gtatcagcat catgctccca taatgggaaa
agcagttttt aatt . . g
scaagt cot Db D anc e B kBl AaE s O R L A bbb G A0
ccgcct aaca indgggelac 2’4 seaguigiciadBS-TvEe024 Git b alcaodgyaa@dwtige tediargt ct ct gt a
gtgtcttcac &%ﬁﬁ&%&%&lc@@&eﬁ&gﬁ&%}g as%g@8at&ﬁﬁ‘%§é‘i,adﬂut8&%6}ﬁ‘<ﬁ&?e%§n sARILAAI2
gat caggaag gaagaatcaa ctactactgg 1 act@gt gct g(tg aaggtgtgg]gla tacaat aat a
ttt gaggcaa iatlf§akvesee 20 datadogroecdrd BOcomylyketveped detacted b ctegalgminssyengget t t
ggat caggaa tcacct a
Qo cagooag BB SRGHE vBRANAReRE el it ER 8%@%@%%%2%%82?@%%%&% Ao
gagt gt ccaa agivgityh oblyngpade@)orihedy 1BE0TILd by admgght Eatagdhst Aatigtsdacat ¢

A L B R A At
gct gcagat c eauelaalyetctiadedihtigend E@d@ms,wm@g@@e@ tfraim aatiemblngiiete &at t ct
gt aatt gaga aagag. heaaiLaagavdked gctgtgggca aagagttcaa caaattggaa
agaaggat gg ggg)ggtg%aar?iag?aoagt?\lzm gat gatgggt ttctagacat ttggacatat
aatgcagaat tgttggttct actggaaaat 2220 gaaaggactt tggatttcca tgactccaat
gt gaagaat c T%Il%g‘g?dﬁ‘é@l’ﬁgf%l%\%{’&éﬁwn% 28@‘%&&%‘ Q&@%““é?%fa‘f“@&'&ﬁ'%t‘“‘éﬂ&éﬁt agga
aacgggt gtt pgagddtgrb@ink.cacaagt gt 2340 aacaat gaat gcatggagag tgtgaaaaat
ggt acctatg actatccaaa atattccgaa 2400 gaat caaagt taaacaggga gaaaatt gat

+ o

ggagt gaaat tggaateaateaggagtatac 2460 cagatt ct-ag, eqatctacte—agelgtegec
agttccctgg t E% 1% g&@??%cct gia‘gt@@’fﬁs‘écaér@a%ct ifeg ngggfﬁ{l Xt E%%%?‘Sgg
tetttacagt atPSaat bl oy oy A3 ditighg A antibo anttbo
geagt GLRua R NCiomia0 | duding ~ | FII 10-| 4 pg/ml | Goat anti- | 1:10 000
4/09 (HIN1) I50F mouse
(JIR 115-
035-146)
H1 A/Brisbane/59 | Reducing FII 10-|4 pg/ml | Goat anti- | 1:10 000
/2007 (HIN1) 150 mouse
(IR 115-
035-146)
H1 A/Solomon Reducing NIBSC | 1:2000 | Rabbit 1:10 000
Islands/3/2006 07/104 anti-sheep
(HIND) (JIR 313-
035-045)
H1 A/New Reducing FII 10-| 4 ug/ml | Goat anti- | 1:10 000
Caledonia/20/ 150 mouse
99 (HIN1) (JIR 115-
035-146)
H2 A/Singapore/l | Non-reducing NIBSC | 1:1000 | Rabbit 1:10 000
/57 (H2N2) 00/440 anti-sheep
(IR 313-
035-045)
H3 A/Brisbane/10 | Non-Reducing | TGA 1:4000 | Rabbit 1:10 000
/2007 (H3N2) AS393 anti-sheep
(JIR 313-
035-045)
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cctattttct ttagtttgaa tttactgtta ttcggtgtge

gttttctgtg
t agcaggt cg

aat aaagt t t 29 aatG Gt TG ot G at aa
tgttgaatta i%%taagdgﬁf E’ (ﬁaﬁPgRﬁﬁgﬁétc§§§:§a1g;% éR?@EatgabyimQ
gggtttttat gattagddt®’é tat acattta ,gatagad?’ﬁ aatat 3000
agcgcgcaaa ctaggataaa ttatcgEgcg cggtgtcgatc ta1gttact ( % t agag 3060
tctcaagctt eggegege 9“70 210>98—<24H1>39-<212 )21 AL&'fICia|
sequence <2 <223;3Wv SISV %%Hﬁﬁ%%@glcggégg bémﬁbtc igtx: é@g daaa
tagtgcttct tcttgca <210>99 <211> 3 2 DNA <2135 i i1|C|aI seqguence
<220> <223k H5 (A ) -Stut. 1707r <400> 99 aaat aggcl I%% é1gcaa attctgcatt
gt aacga37 <21i0>-1 1241\ <212>—DPNA 213> Ar - Hed segdence
<220> <2 Cbn ‘E@g )gﬁﬁﬁgg frg Qﬁft LB et mTfILEngba
attcgagctc caccgcg ctcgg attccat/tg; Ccagctathﬁ } g actttat
t gagaagat a gtggaaaagg aaggt ggctc ctacaaa catcattgcg é'ataaaggaaa
ggccat Cgtt Cngat pct %t.ru\r‘n faXaVa fng‘_ CUN:::L:L gat-aggacee 14 0 Ca"f‘f‘ﬂf‘ﬂﬂg
gagcat cgt g caaaaqgﬁgnggﬁ¥ (gﬂﬁwﬁgcgtcﬂFEES% 333 dh% g:atgg @Fga
tatctccact gacgta 3 acgcaca atccca 043 c1tcgcaag'i 00°Beect t cetic
tatataagga Agttcatftc atttggagag gtattadaat ct1aataggt(J 1Pt gat aada
gcgaacgt gg ggaaaccega accaﬂa'ﬁ*tgettbtaC°“* tefea aifvske—chﬂﬂ g
caaacttctc fCttgtct /v‘ EI BrEREREt ¢ 5&% % ;lap “f g?&@@cg
gcaccagt ac aacgttt cact(aag cgaaat @ ctcttt a U gacacgtia
gt gcggcgcec At t aaat |a gtacﬁtgt cctattcttg tcggtgtggt gggaaaa
gaaagcttgc nnagnr\f ac-t ottt e ateece Cul. acat Lo Wal o} anng ﬁ +p \ nact
ttcggcgggt g atatﬁ%@é&%@é% 5@?r?@ﬁ@§a0§§ EP% EEQZ gR Egﬁm R0
ttcttcttct tgctgatt @% ¢rat paga aat ctagt ttictttga e
035 045)
H7 A/Equine/Prag | Non-reducing NIBSC | 1:1000 | Rabbit 1:10 000
ue/56 (H7N7) 02/294 anti-sheep
(JIR 313-
035-045)
H9 A/Hong Reducing NIBSC | 1:1000 | Rabbit 1:10 000
Kong/1073/99 07/146 anti-sheep
(H9N2) (JIR  313-
035-045)
B B/Malaysia/25 | Non-Reducing | NIBSC | 1:2000 Rabbit 1:10 000
06/2004 07/184 anti-sheep
(JIR  313-
035-045)
B B/Florida/4/20 | Non-Reducing | NIBSC | 1:2000 | Rabbit 1:10 000
06 07/356 anti-sheep
(JIR 313-
| 035-045)

ct

ceectve

tto-3atcet

&HeS aaggacacaa
aaaaaagacC gggaattcga tatcaagctt

tt

aaagatttta
atcgacctgc

aatt at

e 2t At a0

tt o f)Q

atttctatgt ttggtgagcg 2640
agtgt gtttatttta tgtaatttaa tttctttgtg agctcctgtt 2700
attttattaa F4ILa8R880926/60
agatcgttca aacatttggc 2820

FII: Fitzgerald Industries International, Concord, MA, USA;
NIBSC: National Institute for Biological Standards and Control;
JIR: Jackson ImmunoResearch, West Grove, PA, USA;
BEI NR: Biodefense and emerging infections research resources repository;
ITC: Immune Technology Corporation, Woodside, NY, USA;
TGA: Therapeutic Goods Administration, Australia.

[00344]

Hemagglutination assay for H5 was based on a method described by Nayak and

Reichl (2004). Briefly, serial double dilutions of the test samples (100 pL) were made in V-
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acagagtttt
Cccaaattt g
aaaagt gatc
at cat ggaaa
gggaagct ct
ggat ggct cc
at agt ggaga
gaagaact ga
aaaagttctt
ggaagt ccct
acaat aaa?a
caccatccta
t ccatt ggga
gt aaacgggc
at caactt Ccg
aaaggggact
caaact ccaa
at cggggaat
aat agccct C
tttatagagg
gagcaggdga
accaat aagg
gaatttaata
ct agat gt ct
gactttcatg
aat gcaaagg
at ggaaagt a
aaaagagagg
atttatt cl?a

20

25

cccgtggttt tcgaacttgg agaaagattg ttaagcttct gtatattctg 840
t cgggcccat ggagaaaata gtgcttcttc ttgcaatagt ca tcttgtt 900
AYR2HYES t ggtt accat gcaaacaatt caacagagca §HUCHHEHNR'960
agaacgttac tgttacacat gcccaagaca tactggaaaa gacacacaac 1020

cgatctaga t ggagtgaag cctctaattt taagagat agt gt agct 1080
Peastante: altarg b ouunre qrok HRORAT ey ud g gttt ent v
g0 CER dtifitedRCORREsPAE 0.25% hikdyaelhl CRiggiagigehsicaBgdat mt., 1200

acacc t ga aat ccattttg agaaaatt.ca,aatcatcccc, 1260
Shtcenaraa fgadaar ceh EEAbTRHET Sof P RAGOAT o AL EaT AETFG 1520
Thd tetipiotA gf taamb gk giluaon hoeint aimdetahmagglatagold asataaed as H880

A0S B RARRRL ATIRAP At ks RS e hROPR R bn 1B

Aty
platecaacact aaaccagaga ttggtaccaa aaat agctac tagatccaaa 1560
t aat gatgca 1620

aaagt ggaag gatggagttc ttctggacaa ttttaaaacc
aattgtcaag 1680

agagia cAdplbGal faget ccagaat atgcatacaa
ggaat at g gt aactgcaa caccaagtgt 1740

t g gcgat aaactctagt atgccattcc acaacataca ccctctcacc 1800
5% aaat Qn¢ gililHeraf dactieachdarrdly dweh fogrhaecl dfgget caga 1860
ARIAGBYRY of AYABLFARAR bARIAIRAGR6ICH AbdIbOARIE 26-66aaF@00t 1920
aggat ggca gggaatggta gatggttggt atgggtacca ccatagcaat 1980
gltswgwewcwwg%&géwgtaatdcce%teg@eda%?gaiggﬁd%%@ooaedétcgg tg2dizgly 0
WePRstiedal i€ B I-82GARNAHEAARE A6h thedd hiddRAEed £IEHhOARGEk 3460
acttagaaag gagaat agag aatttaaaca agaagatgga agacgggttt 2160
sgaerpelegise! frpbetyaathanegdiyyrion %Yt ggaaaat ga gagaactcta 2220
act caaat gt taagaacctc tacgacaagg tccgactaca gcttagggat 2280
adgtitagginimoscagt t gttt ¢ gagttctatc acaaatgtga taatgaatgt 2340
t aagaaacgg aacgtacaac tatccgcagt attcagaaga agcaagatta 2400
Apaiaaot 96, galaRa L9028t HAAhA%s PARCKLAGLAAAhARE H £9iAFRO0
cagtggcgag ttccctagca .

ultracentrifugation tube (Beckman Instruments, Palo Alto, CA, USA). A grid was placed at the

bottom of the tube which was then centrifuged 5 min at 120 000 g. The grid was removed, gently
dried, and placed on a drop of 3% phosphotungstic acid at pH 6 for staining. Grids were
examined on a Hitachi 7100 transmission electron microscope (TEM) (for images in Figures

14B, 15B and 15C).

[00347] For images in Figure 19, Leaf blocks of approximately 1 mm® were fixed in PBS
containing 2.5% glutaraldehyde and washed in PBS containing 3% sucrose before a post-fixation
step in 1.33% osmium tetroxide. Fixed samples were imbedded in Spurr resin and ultrathin
layers were laid on a grid. Samples were positively stained with 5% uranyl acetate and 0,2% lead
citrate before observation. Grids were examined on a Hitachi 7100 transmission electron

microscope (TEM).

9. Plasma membrane lipid analysis

[00348] Plasma membranes (PM) were obtained from tobacco leaves and cultured BY?2

cells after cell fractionation according to Mongrand ef al.by partitioning in an aqueous polymer
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ct ggcaat ca
agaatttgca
ttctatgttt
tctttgtgag
tttattaaaa
atcgtt caaa
t gat t at cat
tgacgttatt
cgat agaaaa
tgttactaga

<400>101

60 gtcacgttg] tg

at aaaggaaa
cacccacgag
attgatgtga
acccttcctc
tttgat aaaa
tctcttaaag
tcgtgcttcg
tggacacg&a

cttggga
t ct gct gact

tacttctttc
acagagtttt
cccaaatttg
cttgtgttgg
aat t caacag

15

20

25

2

tgatggctgg tctatcttta 2520 tggatgtgct ccaatggatc gttacaatgc
tttaaaggcc tattttcttt 2580 agtttgaatt tactgttatt cggtgtgcat
Yo gHYeYES tttct gt gct 2640 cagagtgtgt ttattt PATGA2HI00Hat t
ctcctgttta gcaggtcgtc 2700 ccttcagcaa ggacacaaaa agattttaat
aaa aaaaaa aa C gct acctgcag
Bir g P 4A ATy T ihe 3450 333% F?quaﬁ()({@z?’ogﬁaf*éd%“ S dEtgcga

ptramhéd ggct t gaat t acg 2880 ttaagcat gt aataattaac atgtaatgca
tatgagatgg gtttttatga 2940 ttagagtccc gcaattatac atttaatacg

t at t
e s L s, FE
<212> DNA <zﬁ3%wAEDMfm@u@hn@bgd@ﬂ@@ﬁ%@?@ébymQ@@B@mﬁgm#HBﬂIﬁUﬁbeﬂwGSG from Pact
At PAGHEEHE 99 Ak GERIEOGiGRAICE at Ct

ggctc ctacaaatgc catcattgcg 120

é@t%ggde%ﬁb%g AAGLS R FGIE

gaaga ggaaaagg aaggt
Yk cerpeicetatg asa@a@@e«tby Megbcoy alclaglds yee adsuidzd by argpaiswced thego
gﬁ?&f&%‘ﬁ%%&mgé&%&r@s‘@ﬁ LGRAAE wERSHLAES £ é%%ﬁ 93¢ A %240

a ccact gacgfaaggg atgacgcaca atcccactat ccttcgcaag 300
LatiaMRd . agreptdart 3G whigh wesgtagmg figndttigzam BleasenttGeat Ry GtSA360
gcgaacgt gg ggaaacccga accaaacctt cttctaaact ctctctcatc 420

¢aa@s it 81 onicehdsaiselobs) wlif@aat 9ag cgatcttcaa cgttgtcaga 430
gcaccagtac aacgttttct ttcactgaag cgaaat caaa gatctctttg 540

gf?gngabﬁzgwﬁ%e gtd@?f” ctattctt m%g%?ztfg%glg{ 600

HEHE LT 660
tzblﬁlggﬁg‘ggtnlxgmﬂﬁﬂsms Nl uﬂnﬁM(’ahgom% gﬁﬁgﬂg@ﬁa&lsﬁﬁ'@hﬁ@g@t g 720

sigr o O Gidinl 8 bl PG adyBR Bbv F ard i edio

pHEOgCICHtacqlig agjd adaabdeigf hgogdat 420 C fe gaah tlattbmglebisteatcDE) 900
%%{fégg%tﬁ% lgegt-tgea{ﬁe%te;[(t(r:a%‘g to a95%¥ i COl’l%ﬂ.l’l‘ll gt%tmteglglttgtead by(%hae [g—f se}l?i?gnd%ga

treatment, and the slurry was filtered through a Whatman paper filter. The resulting clarified

extract was centrifuged at 10,000 x g for 10 minutes at RT to remove residual DE, passed
through 0.8/0.2 um Acropack 20 filters and loaded onto a fetuin-agarose affinity column (Sigma-
Aldrich, St-Louis, MO, USA). Following a wash step in 400 mM NaCl, 25 mM Tris pH 6, bound
proteins were eluted with 1.5 M NaCl, 50 mM MES pH 6. Eluted VLP were supplemented with
Tween-80 to a final concentration of 0.0005% (v/v). VLP were concentrated on a 100 kDa
MWCO Amicon membrane, centrifuged at 10,000 x g for 30 minutes at 4°C and resuspended in
PBS pH 7.4 with 0.01% Tween-80 and 0.01% thimerosal. Suspended VLPs were filter-sterilized

before use.
11. Animal studies
Mice

[00351] Studies on the immune response to influenza VLP administration were performed

with 6-8 week old female BALB/c mice (Charles River Laboratories). Seventy mice were
randomly divided into fourteen groups of five animals. Eight groups were used for

intramuscular immunization and six groups were used to test intranasal route of administration.
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cacaat cat g
caacgggaag
agct ggat gg
ttacatagtg
ct at gaagaa
ccccaaaagt
cct gggaagt
cccaacaat a
aat t caccat
tatttccatt
caaagt aaac
t gcaat caac
caagaaaggg
gt gt caaact
caccat cggg
cagaaat agc
aggttttata
caat gagcag
agt caccaat
aagggaatift
gtttctagat
tctagacttt
ggat aat gca
at gt at ggaa
at t aaaaaga
gtcaatttat
tttatggatg
ctttagttusg

20

25

30

gaaaagaacg ttactgttac acatgcccaa 1020 gacat act gg aaaagacaca
ctctgcgatc tagatggagt gaagcctcta 1080 attttaagag attgtagtgt
NEWYYGPA acccaat gt g tgacgaattc 1140 atcaatﬁgﬂgAgﬁﬂgﬁgggtc
gagaaggcca atccaaccaa tgacctctgt 1200 tacccaggga gtttcaacga

aaacacc. tatt ca at aaaccat, 1260 .ttt gagaapaa tfcaaat cat
Kb R RS i i B o B TR B 58 P g Rp e Bara b BEde
pueviag the thikst idiragaaatgt ggtatggctt 1380 at caaaaaga acagtacata
aagaaaagct acaat aatac caaccaagag 1440 gatcttttgg tactgtgggg

£6193 02! 4, S486RAAAPAIACAAYE! o] B0 rl AL aRRIRG R CRgecacct a

ggacat caa cactaaacca gaga 0 ccaaaaatag ctactagatc
ggguxadygity cifaagpltggeadg H MUPdAGJudon GRS/ WA M IN Y aeccmactl,dat ga
t. c ttgt

2RO Bnfl AR o] PR o O PO A RER L BIAAAP o

etubbt hyygegirtogarehiecibesed ag st delon@00h/ 0% H D tlarod awiied fomcdet ct

i ggct
SR SEE A ) Somnbann A il et

ghuyiraydattedjg Batdggaritol yat Ridfat byt antiggOcongys eftaguytacide Ehe¥atfag
909395889  and GAGIBC APAnFARBY AL &&v%g%‘&@e. %écﬁm&ﬁﬂc@g%ﬂ%&gg

aaggt'caact caatcattga caaaat gaac 00 actcagtttg gccgttgg
tatthis eanragycialapagiyetgunnt indbagaart YiPs2 160 aacaagaaga t ggaagacgg
gtctggactt ataatgccga acttctggtt 2220 ctcatggaaa at gagagaac
patpact cado abGhl AarGaRct GEAGHARNRG 22dBlofAdBRIGESARMNuaLa0RHT /0

aaggagct g taacggttg tttcgagtt 340 t at cacaaat at aat ga
%3%%&53%@553%&? s 8&%\??%?%@%9&6& (G é%f%ﬁ%%w gﬁ%@&ﬁ Caag
gaggaaabpara@ing 9gbaaN AUy garitic 8 .2 dodhatAgganagiitincaadiad act

ca C ttcccet cagtggca. 2520 atca t.gg .ctggtctatc
bR L ahe R GoRtut toltne St e Sty fics 3t yeant fuod g dekGe ¢
groups of five animals. Eight groups were used for intramuscular immunization and six groups
were used to test intranasal route of administration. All groups were immunized according to a
prime-boost regimen, the boost immunization performed 3 weeks following the first

Immunization.

[00354] For intramuscular administration in hind legs, unanaesthetized mice were
immunized with the plant-made H5 VLP (0.1, 1, S or 12 pg), or the control hemagglutinin (HA)
antigen (5 pg) or PBS. All antigen preparations were mixed with Alhydrogel 1% (alum,
Accurate Chemical & Scientific Corporation, Westbury, NY, US) in a 1:1 volume ratio prior to
immunizations . To measure the effect of adjuvant, two groups of animals were immunized with
either 5 ug plant-made VLP H5 vaccine or with 5 pg of control HA antigen without any

adjuvant.

[00355] For intranasal administration, mice were briefly anaesthetized by inhalation of
isoflurane using an automated induction chamber. They were then immunized by addition of 4 pl
drop/nostril with the plant-made VLP vaccine (0.1 or 1 pg), or with control HA antigen (1 pg) or
with PBS. All antigen preparations were mixed with chitosan glutamate 1% (Protosan,
Novamatrix/ FMC BioPolymer, Norway) prior to immunizations. The mice then breathed in the

solutions. To verify the effect of adjuvant with the intranasal route of administration, two groups
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aatttactgt tattcggtgt gcatttctat 2640 gtttggtgag cggttttctg tgctcagagt
gtgtttattt tatgtaattt aatttctttg 2700 tgagctcctg tttagcaggt cgtcccttca
gcaaggacac auha¢es1d taattttatt 2760 aaaaaaaaaa aaaaaal '85“‘%03%{@?@%?3”0

gat at caagc ttatcgacct gcagatcgtt 2820 caaacatttg gcaataaagt ttcttaagat
tgaatcctgt tgccggtctt gcgatgatta 2880 tca tt tctgttgaat tac aagc

at gt aat aat ?%ﬁ@%?sg’feé%m?ﬂ@&ﬁ‘g%@? “%‘&%f-f?a&ftk’?k aV§°°é‘teg‘g‘ 1?1[6\t;{g NS H‘S‘agag
tcccgcaatt aitigeatttaa tacgcgatag 3000 aaaacaaaat atagcgcgca aactaggata
aattatcgcg cgcggtgtca tctatgttac 3060 tagattctag agtctcaagc ttcggcgcge c

3091 <210>;102 <211> 45 <212> DNA <213> Artificial sequence <220> <223>

Apal - H1B. c <460> 102 t gt cgggccc at gaaagt aa aactactggt cctgttatgc acatt45 <210>
103 <211> 46 <212> DNA <213> Artificial sequence <220> <223> Stul-H2B.r <400>
103 aaat agg®8356] t agaleczeurat thereia dnaled BG4 ¥ogksoit 1o gonegx kepKjare used.
<213>Ar t 5 i ¢lalRUSRERTALE A BARIRGIE 7 At fcddRvartt BseT S ERMORSE tiifm) 732, from
Pact <400>104 ttaatt aaga attc?a?ctc caccgcggaa acctcctcgg attccattgc
ccagct at ct  Gupgtos Biasectont Dengatka a4 el gty g asaiag epransg ey testreembrang aspatigfed
catcattgcg AAQALAAIGORBR 1 POCEH:GELd 29 8RGHAC T Rl GECIREAGOLAN GagaRa

gat ggacccc 180 cacccacqag gagcat cgt g gaaaaagaag_ac ttcc‘aac‘cacggcttca

aagcaagt gg 220 Y geagteed mernkeprecloppd r@%@’er&a&ﬁgﬁ%ﬁ prfeia spimpredicat tsie

ccttcgcaag gRAoResmbbeediculi@t 8) BRER TeeHnbbaf Cirfordidnl(@agag gt at t aaaat
cttaataggt 360 tttgataaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact

ctctctczc izlg% cttaaag caaacttctc tcttgtcttt cttgcgtgag cgatcttcaa
a 48Y°{cdf

cgttgtc YO Yaccagt ac aacgttttct ttcactgaag cgaaatcaaa
gat ctcttt g 540 ¢ ggaca ,gt a :Jt U‘P‘i’&ﬁi&‘lﬁ‘ ‘Egjttéiddt ddbR&Tteg(;lfdbt t gt cctattett g
tcggt gt ggt 600 [ctGrggpgaaaa gaaagctatngldszt ggaggct gkl ksagccaidprecal t ac
ttgttacgat 660 fTrygct act—t %gagcggg_t gCaatarctc [gettcrgct tgacgaggt a
ttgttgectg 720 tacttcfttc |t dibéteeiegedgant gg -

2 5 Vaccine-plant, 1 pg 1 -

3 5 Vaccine-plant, 1 pg im. Alum

4 5 Vaccine-plant, 5 ug m. -

5 5 Vaccine-plant, 5 ug i.m. Alum

6 5 Vaccine-plant, 7.5 pg Lm. -

7 5 Vaccine-plant, 15 ug .m, -

8 5 Vaccine-plant, 15 pg im. Alum

9 5 Vaccine-plant, 30 pg 1.m. -

10 5 Vaccine-control, 5 pg im. -

*{.m.: intramuscular
[00357] Ferrets were assessed for overall health and appearance (body weight, rectal

temperature, posture, fur, movement patterns, breathing, excrement) regularly during the study.
Animals were immunized by intramuscular injection (0.5-1.0 total volume) in quadriceps at day
15 0, 14 and 28; for protocols incorporating adjuvant, the vaccine composition was combined with
Alhydrogel immediately prior to immunization in a 1:1 volume ratio). Serum samples were
obtained on day 0 before immunizing, and on day 21 and 35. Animals were sacrificed
(exsanguination/cardiac puncture) on days 40-45, and , spleens were collected and necropsy

performed .
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ttctataaga aatctagtat tttctttgaa 780 acagagtttt cccgtggttt tcgaacttgg
agaaagattg ttaagcttct gtatattctg 840 cccaaatttg tcgggcccat gaaagt aaaa

ctactggtcc tWYOEHPYBAY atttacagct 900 acat at gcag acacaat CHGAa04gYe1oac
cat gct aaca actcgaccga cact gttgac 960 acagtacttg aaaagaat gt gacagtgaca

cactctgtca gctt 1020 aa ctatt aaaaggaata
gccccact ac [Q@E lygat gﬁ’tq’f‘@@ﬁ% 0%%%38 gg 85%?1?%%% 4G " ¥, agaat ge
gaattact ga mmbmgmgg&t@dls@hg@mﬁat&dmﬂ\u daoatst gt ag aaaaaccaaa tcctgagaat
ggaacatgtt acccagggca tttcgctgac 1200 tatgaggaac tgagggagca attgagttca

gtatcttcat {)6 Q%Qaggtﬁem% %@\ﬁﬁl%ﬂtiﬁhi‘%%%an%ﬁg ARGl Elﬁl%tgsg@f%-lﬁxﬁﬁﬁ&ﬁgyacc

gt aaccggag tgtcagcatc atgctcccat aat ggggaaa gcagt a cagaaatttg
ct at ggct ga 2d ggddradghecrt gatuated bamia@aa Hid aadseibgd (Agoeadttebtod3x deigBncaac

aaagaaaaag aadf. &Pe%{egkmﬁ‘?etc%&%%oy gglgzymgtﬁe&%a%ﬁ%ed%g& GRRAGHh a ?érgi%ﬁcaa

aaggccctct at cat acaga aaat g tg 8t cttcaca ttatagcaga
aaatt caccc @a@mg@@aéa@dﬁ@ééellﬁmmﬁa@? ijla‘gRﬁ ¢ i ndmgylanpiaarccaat

tactact gga gl,6hAaidi9m @o%&&&&g%¥ th g%% xﬂ%ﬂ% fﬂ%&‘&im LEALRARRr higgarat ct a

atagcgccaa gatatgcttt cgcact at caggaat cat caactca
aat gcaccaa (hqyeradeaerdony), vgsied BBEafom 74 borag d:l@;\@é’a@etest@tt@ éﬁé@g@g mostaengiEe age

agt cttcctt y.eceagaacal, aG hnGy dBQ0: AGABLAYLR YOG AaRe ARl RLICRIY

agt gcaaaat taaggat ggt tac acta 1860 aggaacatcc catccattca atccagaggt
ttgtttgtfag tb@@ﬂtﬁ@@dg*g)ﬂt%@@?@glaﬁlmmws@g@w@ﬁ g¥enct ggaat ggt agat ggt t gg
tatggttatc atcatcagaa tgagcaagga 1980 tctggctatg ctgcagatca aaaaagcaca
caaaat gcca [byzmat g99atrodsaeraaadagite?d40A piteaat feeétgininamiigagna vadhgbagact

caattcacag cagtgggc agttcaac 2100 aaattggaa a aa ct t gaat
aaaaaagttg ’%(?”g%‘%‘*g’g@&% (%%Fgglgﬁ'ﬁrt"tmeﬂw ”Flﬁéﬁlé‘gg'étf‘i}lgﬁgg’gb%{‘ggfmﬁ? d8ttcta
ct ggaaaat g ;aadggasddit o0t tichaathe 23401 Yiamha cRaisg\/Vgaagaadroogtaad gagaaa
gt aaaaagec A/Vietnam/1194/2004 or the A/Anhui/01/2005 (subclade 2.3) or the A/turkey/Turkey/1/05

15  (subclade 2.2). All analyses were performed on individual samples.

[00361] Data analysis: Statistical analysis (ANOVA) were performed on all data to

establish if differences between groups are statistically significant.
Experimental design for lethal challenge(mice)

[00362)] One hundred twenty eight mice were randomly divided into sixteen groups of
20 eight animals, one group being unimmunized and not challenged (negative control). All groups
were immunized via intramuscular administration in a two-dose regimen, the second

immunization being done 2 weeks following the first immunization.

[00363] For intramuscular administration in hind legs, unanaesthetized mice were
immunized with the plant-made H5 VLP (1, 5 or 15 pg), or 15 ug of control HA antigen or
25  PBS. All antigen preparations were mixed with one volume of Alhydrogel 1% prior to

immunizations (alum, Accurate Chemical & Scientific Corporation, Westbury, NY, US).

[00364] During the immunization period, mice were weighted once a week and

observation and monitored for local reactions at the injection site.
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agtt aaagaa taatgctaaa 2280 gaaat aggaa atgggtgttt tgagttctat cacaagtgta
acgat gaat g cat ggagagt 2340 gtaaagaatg gaacttatga ctatccaaaa tattccgaag
aat caaagtt dpWaHWPIRG 2400 aaaattgatg gagtgaaatt ggaat cRal/GAYuY’elat c
agattctggc gatctactca 2460 acagtcgcca gttctctggt tcttttggtc tccctggggg

caatcagctt ctggatgtgt 2520 tccaatgggt ctttacagtg tagaatatgc atctaaaggc
ctattttctt QAP t gaat VIHET ORI e %@@@@P Soatiop e 1o Mt Yaycag
ttttctgtgc éenagadtghgadffQ n)tittah BLE ddntGidat hib@abryl(PLIdah BlégauxgBBERMGL t t
agcaggtcgt cccttcagca 2700 cacaaa aagattttaa tt aga aaaaaaaaaa
aaaaagaccg b’ﬁ’&a‘%"?’? ‘f"t}?‘;ggb" E?ggoédﬁlf?@mied St é‘@ﬁ(ctg(é}b%@qfﬁergﬁatttggca
at aaagtttc ATaagabip® 262 kialycetgiddee Dedgitned Lige Qyat GatdratyClayohaitrart)t t ct
gttgaattac gttaagcatg 2880 taataatt cat gt aat gc. at gacgt.t.at ttatgagatg
Sotititang BPRGRGIHESoRse CGRARRT At Lronr R ALy AE G ga Sojeind abaadatat o
gcgcgcaaac foafeataasdiod0Ue tvith cgegagfectign bgiipe@iicind aightlas e 5at et agagt
ct caagcttc %%ggc 3058 , <210> 105 <211> 3079 <212> DNA <213> Artificial
sequence <2PHEMZEALC @Bt nunber 733, from Pact <400>105
ttaattaaga attcgagctc caccgcggaa acctcctcgg attccattgc ccagctatct 60

gtcactttat Blgedadigaiva lgtcgydamalysdagyt gdot colbrimaaat gc cat cattgecg 120
at aaaggaaa ggccatcgtt gaagatgcct ctgccgacag tggtcccaaa gatggacccc 180

cacccacgag %?t COt PatGARFHRARIYeiRERd LhBdon GACHHBIlLF0RRACHFILEYthd40
at t gat gtga atctccact gacgtaag at gacgcaca atcccact at ccttgq%caag 300
o

acccttcétc fiatimmyataionapd fousgen gysaﬁfrtsaf@agévgn@%@ti?%ﬁnaéﬁe& 295l 360

tttgat aaaa g4GEa¥LILHLE0RA/MERIRiBGLADAEE L1064 Ct aaact ctctctcatc 420
tctcttaaag caaacttctc tcttgtcttt cttgcgtgag cgatcttcaa cgttgtcaga 480

ggacacot a BPGthococE Rr EaRARaRtcolt BTREERDr: O St fgneied wit E0Ps )

and immediately upon termination, cardiac puncture was used to collect blood.

[00368] After final bleeding, a catheter was inserted into the trachea towards the lungs and

15  one ml of cold PBS-protease inhibitor cocktail solution was put into a 1cc syringe attached to the
catheter and injected into the lungs and then removed for analysis. This wash procedure was
performed two times. The lung washes were centrifuged to remove cellular debris. For nasal
washes, a catheter was inserted towards the nasal area and 0.5 ml of the PBS-protease inhibitor
cocktail solution was pushed through the catheter into the nasal passages and then collected. The

20  nasal washes were centrifuged to remove cellular debris. Spleen collection was performed on
mice immunized intramuscularly with 5 ug of adjuvanted plant-made vaccine or 5 pug adjuvanted
recombinant HS antigen as well as on mice immunized intranasaly with 1 pg of adjuvanted
plant-made vaccine or 1 pg adjuvanted recombinant HS antigen. Collected spleens were placed
in RPMI supplemented with gentamycin and mashed in a 50 ml conical tube with plunger from a

25 10 ml syringe. Mashed spleens were rinsed 2 times and centrifuged at 2000 rpm for 5 min and
resuspended in ACK lysing buffer for 5 min at room temperature. The splenocytes were washed
in PBS-gentamycin, resuspended in 5% RPMI and counted. Splenocytes were used for

proliferation assay.

Antibody titers
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tcggt gt ggt 600 cttgggaaaa gaaagcttgc tggaggctge tgttcagccc catacattac

ttgttacgat 660 tctgctgact ttcggcgggt gcaatatctc tacttctgct tgacgaggta
ttgttgecct g PAD20HYBI26tttc ttcttcttct tgetgattgg ttctat aggycf;\gw?ﬂa%%at

tttctttgaa 780 acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagcttct

gtatattctg 840 cccaaatttg tcgggcccat ggcgaaaaac gttgcgattt tcggcttatt
gttttctctt (B0t t gtAptrighuanecifipedy diter F@ﬁﬁ&ﬁ@ieaﬁ‘é@%g‘h@éﬁaf&?g‘ﬁé{ﬁcta
ccat gct aac #afin2achGIaccs 12GaAL L Odd/gatet a6 agbaCitim@raanad and @edvgacagt gac
acactctgtc 1020 aacctgcttg a‘?aaca tca caat ggaaaa ctatgtct at d;aaaaggaat
agccccact a YFFERINEEM VGG IIka] yrugrogtent aytey gyUsiedhe Ay ¥  agaat g

cgaatt act g A/kOnaiatsi03Ga g Joadig Byt The chdpaittighawgaapasad aathateptgagaa
tggaacatgt 1200_ taccca c atttcgctga ctatga a ctga c . aattgaqttc
agtat ci t5a ‘T80 I FGHGAAREoT CHAGaraD kA4 g 1 LEE B JOe "Ach At tac
cgt aaccgga c¢bdidd sghigéscagcat catgctccca taatggggaa agcagttttt acagaaattt
gctatggctg 1380 acggggaaga atggtttgta cccaaacctg agcaagtcct atgcaaacaa

canggecct o OO0 Pat caf dukflel A5 BaRRl b BHGE|LE 1EORE BRPORML PR SC g

aaaat t cacc 566abeadbnblidg apaaaagadscrbadagt aaga gat caagaag gaagaat caa
ttactactgg 1620 actctgcttg aacccgggga tacaataata tttgaggcaa at ggaaatct

aat agcgcca ;}g&%glgg@atng;,g,g;b;tm;,gggggéysgag tagaggcttt ggatcaggaa tcatcaactc
aaat gcacca 1740” atggat aaat gtgatgcgaa gtgccaaaca cctcagggag ctataaacag

cagtcttcct 00 ttccagaacg.tacacccagt caat a gagtgtccaa a t cag
gagt gcag a égﬁé] tt a&ﬁ’@aﬁg](j@“afl?%’é‘g‘éﬁ‘gﬁ fﬁlgﬁﬁﬁﬁg%gﬁ ‘?fgrﬁ %’ﬁ‘%&@gf‘ﬁf’ agél?%‘gaé(ﬁagg
tttgtttgga dR2@e geeatingua@atioh bd gratib gy RGHHEIRIUY 2@t Kgaatigep)t agaivgett g
gtatggttat 1980 catcatcaga atg aa ct t at at c aaaaaagcac
acanast goc JOABERTTRAT GUOATFar daeans Jootadire Hiai Fompee Sl thaca
tcaatt caca @dB0s@@aginglg @ HI activity. Sera were pre-treated with receptor-destroying enzyme II
(RDE 1II) (Denka Seiken Co., Tokyo, Japan) prepared from Vibrio cholerae (Kendal 1982). HI
15  assays were performed with 0.5% turkey red blood cells. HI antibody titres were defined as the

reciprocal of the highest dilution causing complete inhibition of agglutination.
Examples

Example 1:Transient expression of influenza virus A/Indonesia/5/05 (HSN1) hemagglutinin

by agroinfiltration in N. benthamiana plants

20 [00372] The ability of the transient expression system to produce influenza hemagglutinin
was determined through the expression of the HS subtype from strain A/Indonesia/5/05 (H5N1).
As presented in Figure 11, the hemagglutinin gene coding sequence (GenBank Accession No.
EF541394), with its native signal peptide and transmembrane domain, was first assembled in the
plastocyanin expression cassette — promoter, S’UTR, 3’UTR and transcription termination

25  sequences from the alfalfa plastocyanin gene — and the assembled cassette (660) was inserted
into to a pPCAMBIA binary plasmid. This plasmid was then transfected into Agrobacterium

(AGL1), creating the recombinant strain AGL1/660, which was used for transient expression.

[00373] N. benthamiana plants were infiltrated with AGL1/660, and the leaves were

harvested after a six-day incubation period. To determine whether H5 accumulated in the
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aagagttcaa caaattggaa agaaggat gg aaaacttgaa taaaaaagtt 2160 gat gat gggt
ttatagacat ttggacatat aatgcagaac tgttggttct actggaaaat 2220 gaaaggactt
g

tggatttcca MRARMYEERS gt gaagaat c t gt at gagaa agt aaaaagc POBEALNYPYRRaga
at aat gct aa agaaat agga aatgggtgtt ttgagttcta tcacaagtgt 2340 aacgat gaat
gcat ggagag tgtaaagaat ggaacttatg act atcc a atattc 2400 aagt
t aaacaggga @a%za%}ffﬁt@%{ca\@@é’&taaaaﬁe ‘Fﬁ@’&’a‘f@ @f&’é‘?dg%gflssﬁﬁw 3@ gf}%t a9
cgatctactc aace@be@es wigh et gs g\gethmtpbtytﬂ@@il a@ih6@ied. gg@glu«%&glg ogcaat cagct
tctggatgtg ttccaat ctttaca aat cat ct aa S cctattttct
ttagtttgaa ﬁ&%%&?ﬁ%?g @]P%ﬁiftdﬁ‘(egtﬁd ftcfs &{fl%r ‘?bgf"@%‘g‘gmﬁéﬁwe@? tctgtg
ctcagagt gt giddaaddtHA®fotrg baaﬂamemhggmtinng Tl @a@ictdd gistused 40 ﬁositﬁzg e@ggt cg
tcccttca a ttt attftattaa a a 6 acc
ggaat t ca Cutenageer SRR0TeeE R i VR ada prpge Skso BPALE

cttaagattg agdppkigiatelly 48cHdLEkDYCCorgap@aing af te ﬁbl&étﬂeﬁtwtetght &880 dngHAgaat t a
cgttaagcat Qtaataatta ac catgacqgtta ttat
gat t agagt c %ﬁ%‘?ﬁ'ggt fte%&ectheﬁt 3&‘ gf”go%téaéed 6@’565331& 3%%% ﬁl%%?fﬁea%’sgrescu & Baa

ct aggat aaa theat@gogtch @ygigtieatd trimlagid meduat. gat t ct agag 3060 tctcaagcett
cggcgcgcc 3079 <210> 106 <211> 48 <212> DNA <213> Artificial sequence

<220> <223> B agct acat
tctat gt c48 (R R Too Th BGy Sy A RAREC Rl ORRARSD a@é&g% N
St ul - H3BOr  proffyOxtrad7iram AGL&G6E banstooaaideayesio agtlyineig takeyoedideqgtcelpddde t t 44 <210>
108 <211> g’tQﬁan <212> DNA  <213> Artificial sequence <220> <223>
Construct number from Pact <400> 108 ttaattaaga attcgagctc caccgcggaa
acctcctcgg attccatt Cc ccagctatct 60 gtcactttat tgagaagata gtggaaaagg

aaggt ggct c Exapaladt é’eareaﬁreae% gphempgalytinin-confaininssHUEHS dt PRBLEXFAt Yt
ctgccgacag hwga aelaaasigntiemsesaph0 cacccacgag gagcat cgtg gaaaaagaag
acgttccaac cacgtcttca aagcaagtgg 240 attgatgtga tatctccact gacgtaaggg

at gacgcaca

?50395ﬁ act atl“he assembly of plant-produced influenza hemagglutinin into high molecular
15  weight structures was assessed by gel filtration. Crude protein extracts from AGL1/660-
infiltrated plants (1.5 mL) were fractionated by size exclusion chromatography (SEC) on
Sephacryl™ S-500 HR columns (GE Healthcare Bio-Science Corp., Piscataway, NJ, USA).
Elution fractions were assayed for their total protein content and for HA abundance using
immunodetection with anti-HA antibodies (Figure 13A).As shown in Figure 13A, Blue Dextran
20 (2 MDa) elution peaked early in fraction 10 while the bulk of host proteins was retained in the
column and eluted between fractions 14 and 22. When proteins from 200 pL of each SEC elution
fraction were concentrated (5-fold) by acetone-precipitation and analyzed by Western blotting
(Figure 15A, H5), hemagglutinin (H5) was primarily found in fractions 9 to 14 (Figure 13B).
Without wishing to be bound by theory, this suggests that the HA protein had either assembled

25  into a large superstructure or that it has attached to a high molecular weight structure.

[00376] A second expression cassette was assembled with the H1 nucleic acid sequence
from A/New Caledonia/20/99 (HIN1) (SEQ ID NO: 33; Figure 16; GenBank Accession No.
AY289929) to produce construct 540 (Figure 11). A chimeric gene construct was designed so as
to produce a soluble trimeric form of H! in which the signal peptide originated from a plant

30 protein disulfide isomerase gene, and the transmembrane domain of H1 was replaced by the plI

variant of the GCN4 leucine zipper, a peptide shown to self-assemble into trimers (Harbury et
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ccttcgcaag
ctt aat aggt
ctctctcatc
cgttgtcaga
gatctctttg 5
t cggt gt gt
ttgttacgat
ttgttgectg
tttctttgaa
gtatattctg
atgtct ggtt
t gggcaccat
agttact aat
t cat cagat ¢
gt gt gat ggc
caactgttac
cggcacactg
aagct ct gct
ccact t aaaa
caaat t gtlfic
t gct caagca
gaat at cgga
aat agt aaaa
gggttacttc
caaat gcaat
aaat gt aaac

15

20

25

30

300 acccttcctc tatataagga agttcatttc atttggagag gtattaaaat
360 tttgataaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact
AD200¢908126aaag caaacttctc tcttgtettt cttgegt FafCoHaNV%aa
480 tcgtgcttcg gcaccagt ac aacgttttct ttcact gaag cgaaatcaaa

8000y i uadqe e iaaeee oty tbaayuaet i dehbkac

ﬁﬁQnEﬁh@&hlaﬁkm&bﬂﬁﬁﬁgﬂgmmgmqaﬂﬁmﬁmm“hﬁcttctgct tgacgaggta
720 tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat

(RS RCagaBld FaGEITNLY LERARTLIAA AIRIBIRLER Shanaet ot

ccaaat gaagactatc attgctttga gctacattct
Qﬁ)ﬂomatezdémsfﬁ@aad awa(ptetsemee:@fg{ lochatdfars aes wagy mggé an Wegfemndloginet

YR pRAARC AT ABIAREARI S OhABRTHAS (NS A6 ABRI duhfRARY 0

gagc t ttcctcaaéa ggtgaaatat gcgacagtcc
1888 it degatudmaignaazact gralo glaoblaata gaishgptugtnt wigyhgpghvect ca

%grgd foly %ﬁx@ﬁé%z@ﬂﬁ@ﬁie@?ﬂg FiffeliBE] 9h W ARG GARCRIRIGSHAC A

atgat tgccg t CCtCCCtt ag gtcacta ttgcctcatc
Jo@ e @algoﬁm haxelama@tgh@a@iamd treraa*s tfymotstigiga by haelutorgatiere dgaac

3 5bi0 2hBP00m QA Gh Bk Al GGG §olaﬁéﬁgaﬁl 2129 got t gac

tcaaa cC cagcat gaa cgtg ct at CCaaacCa aaatttg
doryprizont H hrogdigy(Preten Selense Eogyg dfeadyg & lé%‘b)ge@élétm in @toﬁ]éfépé a

850 %rs HGRAMRRBAR EACAIILDE 1DAE FARARARA 3RYCLAARATSHRbRARCC

1560 tctagaccca gagtaaggaa tatccccagc agaataagca tctattggac
QWD(F&‘@@%%HW@EN@Q wve HhddageBéa gggaat ctaa ttgetcectag
1680 aaaat acgaa gt gggaaaag ctcaataatg agatcagatg cacccattgg
floodix)t ct gaat@aatetigaaiet aad | CgAgsiat én IeaRaaltFaraseadttiabt cca

structure, a M1 expression cassette was assembled using the nucleic acid corresponding to the
coding sequence of the A/PR/8/34 (HIN1) M1 (SEQ ID NO: 35; Figure 18; GenBank Accession
No. NC_002016). The construct was named 750 and is presented in Figure 11. For the co-
expression of M1 and H1, suspensions of AGL1/540 and AGL1/750 were mixed in equal
volume before infiltration. Co-infiltration of multiple Agrobacterium suspensions permits co-
expression of multiple transgenes. The Western blot analysis of SEC elution fractions shows that
the co-expression of M1 did not modify the elution profile of the H1 structures, but resulted in a

decrease in H1 accumulation in the agroinfiltrated leaves (see Figure 13F).

Example 3: Isolation of HS structures by centrifugation in sucrose gradient and

observation under electron microscopy

[00379] The observation of hemagglutinin structure under electron microscopy (EM)
required a higher concentration and purity level than that obtained from SEC on crude leaf
protein extracts. To allow EM observation of H5 structures, a crude leaf protein extract was first
concentrated by PEG precipitation (20% PEG) followed by resuspension in 1/10 volumes of
extraction buffer. The concentrated protein extract was fractionated by S-500 HR gel filtration
and elution fractions 9, 10, and 11 (corresponding to the void volume of the column) were
pooled and further isolated from host proteins by ultracentrifugation on a 20-60% sucrose

density gradient. The sucrose gradient was fractionated starting from the top and the fractions
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1800 aggat cacat acggggcctg tcccagatat gttaagcaaa acactctgaa attggcaaca 1860
gggat gcgaa at gtaccaga gaaacaaact agaggcatat ttggcgcaat cgc tttc 1920
at agaaaat g §tQ Yd¢egg aat ggt ggat ggttggtatg gtttcaggca ngggg)ﬂ?/@l“”fggo
gagggaat ag gacaagcagc agatctcaaa agcactcaag cagcaatcga tcaaat caat 2040

gggaagct ga at aggttgat cgggaaaacc aacgagaaat tccatcagat fgaaagagag 2100
ttct cagaag F’Er@gﬁ‘é@ﬁ%?@d a%%%&&&&a&?qlg%gﬁa%m&{g@k 1&58@%?@ E’é‘aaésgﬁ 52160
gatctctggt gRLACAALINsGFAIEE a6d kenGlllFEEEHOYsRYBROCAAAH H5ACARulaGAmad2? 0

ctaactgact cagaaatgaa caaactgttt gaaaaaacaa agaagcaact gagggaaaat 2280
gct gaggat a {igigeenatyly 'Orgrihcenaige *tﬁé?t/‘asé‘&rﬁif’awgeé?a@gﬁ%@iﬁ‘e?ﬁﬁgég’&eﬁﬁﬁakﬁé%

ggat caat ca ga®dh §0Faktiddkay d83CHAG9 YatePbAbB G gAYl FRATMIBbiARAGRAREEMA00
cggttccaga tcaaggg,gcgt t gagct gaag _t caggat aca aagat%%gp at actatggatt 2460
a

tcctttgcea EXRBAIGE Pt the Prglecfrgy Igngetdiir g gt PRt sSRISEGHGHYEE 2520
tgccaaaaag geae atstRGoslneaamaint whigicAbtticd ar Pgptolaatichl dhadétérisagldf irgludb80
aatttactgt tatt%ggtgt catttctat gtttggtgag cggttttctg tgctcagagt 2640
gtgtttattt VARPYEENE¥Blatttctttg tgagectcctg tttagcaggt cgtcccttca 2700
gcaaggacac aaaaagattt taattttatt aaaaaaaaaa aaaaaaaaga ccgggaattc 2760
gat at caagc EkahplgachiriffeagaifighiencadfChPt rgm@ptaabaaagt ttcttaagat 2820
tgaatcctgt tgccggtctt gcgatgatta tcatataatt tctgttgaat tacgttaagc 2880

at gt aat aat Lot%a tgt ag, Lig6ai 836G Iunidh LoALEGRbYIBdids! f1aR {dALEA8GnERA0

tcccgcaatt catttaa tacgcgatag aaaacaaaat atagcgcgca aactaggata 3000
aattat cdég eyedigtyter deelatigiucar welgareiétang linige dhe eradrextredt yergedicd 8p60
3061  <210>,4Q8 #3584 0zt RABRntRASTed 1@%%13&1 MitbfdeGls@brtS@AUSNGS 520> <223>

Construct nunber 736, from Pact <400> . ttaattaaga attcgagctc
caccgcggaa aieibpd %9?‘&519@%& detagled Qewpgera@félgeéﬂqﬂﬁcatlon method). Figure 15A (lanes 1-4)

presents a Coomassie Blue stained gel comparing protein content at the various steps of

clarification. A comparison of protein content in the crude extract (lane 1) and in the clarified
15  extract (lane 4) reveals the capacity of the clarification steps to reduce the global protein content

and remove most of the major contaminant visible at 50 kDa in crude leaf extracts. The 50 kDa

band corresponds to the RuBisCO large subunit, representing up to 30% of total leaf proteins.

[00381] Influenza H5 VLPs were purified from these clarified extracts by affinity
chromatography on a fetuin column. A comparison of the load fraction (Figure 15A, lane 5) with
20  the flowthrough (Figure 15A, lane 6) and the eluted VLPs (Figure 15A, lane 7) demonstrates the

specificity of the fetuin affinity column for influenza H5 VLPs in plant clarified extract.

[00382] The purification procedure resulted in over 75% purity in H5, as determined by
densitometry on the Coomassie Blue stained SDS-PAGE gel (Figure 15A, lane 7). In order to
assess the structural quality of the purified product, the purified H5 was concentrated on a 100
25  NMWL (nominal molecular weight limit) centrifugal filter unit and examined under EM after
negative staining. Figure 15B shows a representative sector showing the presence of profuse

VLPs. A closer examination confirmed the presence of spikes on the VLPs (figure 15C).

[00383] As shown in Figure 15D, HS5 VLPs were purified to approx. 89% purity from
clarified leaf extract by aftinity chromatography on a fetuin column, based on the density of the
30 Coomassie Blue stained H5 hemagglutinin and on total protein content determination by the

BCA method.
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60 gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatgc catcattgcg 120
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ggccat cgtt gaagatgcct ctgccgacag tggtcccaaa gatggacccc 180
Fuyaregl§ gaaaaagaag acgttccaac cacgtcttca QﬁggHBWﬁBQ§4O
tatctccact gacgtaaggg atgacgcaca atcccactat ccttcgcaag 300
tatataagga agttcatttc att aga tattaaaat cttaat t 360
iRs8icat oaneBaminbe b Cubhate Sottrdedt bty i e blifke 220
GRRFGEd K6dd kit (H4 sdtkowad.t gcgt gag cgatcttcaa cgttgtcaga 480
gcaccagtac aacgttttct ttcactgaag cgaaatcaaa gatctctttg 540

LA Dol 3P R PLPIRTIMAL oA AR Vv AR A )
bloiyg eybigtmugedescadrotith dnaoti-Hotpglytlotal swga (yVeetnanyt20g/2eddy A720
i ) Flarb A5 kAR, AohICALAR AR PRLELRAAb-esd hELN AP I
foggd odloetza jgogaaneadigid e ghanstthe Clgystuttatetof the tveacime evith 1800
%&ﬁ%%&ﬁEﬁ%m%%%ﬁ&%ﬁ%ﬁéﬁﬁ@ﬁ%ﬁaottC ccggaaat ga caacagcacg 960
gccttgggca ccatgca

g a cCaaacggaa cgat agt gaa aacaatcacg 1020
t&gaagttac t aat gct act gagctggttc agagttcctc aacaggtgaa 1080
E8elcat c¥ I@awe@tfqrglatateg dagamageatiopebipise bublferiag hrqyek 242 1140
Fitc a0 9A cbAas WalhaRuRREARIRERBAN RAC T hrfuls At HAE UG satd 00
acagcaactg ttacccttat gatgtgccgg attatgcctc ccttaggtca 1260
Seeden bt donge Ndagrile MadReyg Abaliitedresaece gaet 99 agt 65320
geAsARUblkin@gihocat a aggagatcta ataacagttt ctttagtaga 1380
tgacccactt aaaattcaaa tacccagcat tgaacgtgac tatgccaaac 1440

acaaaft gtacatft t cacc acccgggt ac ggacaat gac 1500
&%gQngﬁéﬁm 3P8éﬂaﬁﬂggg§%ﬁgﬂéﬁnfctctaccaa aagaagccaa 1560
t cccgaat at cggatctaga cccagagtaa ggaatatccc cagcagaat a

1620
defasaat agtlodealirs gl sgat ennéive their plgema merstaenecaeciagbgdst 1680

%&ﬁgﬁﬁﬁhﬁ%n%h&ﬁgﬂ%ﬁé@m@%@&ﬂ%ggﬂﬁﬁﬂﬁ%ﬂ&£%E@%ﬂ%ﬁ&ﬂﬁgéﬁﬁﬁné74o
ttggcaaatd caattctgaa
Observation of leaf cells indicated the presence of VLPs in extracellular cavities formed by the

invagination of the plasma membrane (Figure 19). The shape and position of the VLPs observed
demonstrated that despite the apposition of their plasma membranes on the cell wall, plant cells
have the plasticity required to produce influenza VLPs derived from their plasma membrane and

accumulate them in the apoplastic space.

Example 6: Plasma Membrane Lipid analysis

[00388] Further confirmation of the composition and origin of the plant influenza VLPs
was obtained from analyses of the lipid content. Lipids were extracted from purified VLPs and
their composition was compared to that of highly purified tobacco plasma membranes by high
performance thin layer chromatography (HP-TLC). The migration patterns of polar and neutral
lipids from VLPs and control plasma membranes were similar. Purified VLPs contained the
major phospholipids (phosphatidylcholine and phosphatidylethanolamine) and sphingolipids
(glucosyl-ceramide) found in the plasma membrane (Figure 27A), and both contained free sterols
as the sole neutral lipids (Figure 27B). However, immunodetection of a plasma membrane

protein marker (ATPase) in purified VLP extracts showed that the VLP lipid bilayer does not

contain one of the major proteins associated with plant plasma membranes, suggesting that host
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tgcat cact c caaacggaag cattcccaat 1800 gacaaaccat tccaaaatgt aaacaggatc
acat acgggg cctgtcccag atatgttaag 1860 caaaacactc tgaaattggc aaca gatg
cgaaat gt ac OWYHAIHHEPA aact agaggc 1920 atatttggceg caatchﬁggA?pwgﬁ gaa
aat ggt t ggg agggaat ggt ggatggttgg 1980 tatggtttca ggcatcaaaa ttctgaggga

at aggacaag cagcagatct caaaa 2040 caagcagcaa tcgatca caat.gggaag
ct gaat aggt Rrﬁté’t“éﬁ’@b%"a’eQ%Gé‘g‘t‘,‘b’é&o‘?ﬂﬁ)‘“‘é{%fﬂ% & @é’é&cﬁjﬁ P%‘Séi%% ta

gaagt cgaag ggpeaatikqrigggascytgag 2160 aaatatgttg aggacaccaa aatagatctc
t ggt cat aca acgcggagct tcttgttgcc 2220 ctggagaacc aacat acaat tgatctaact

gact cagaaa c tt t gct gag
gat at gggca ggﬂﬂﬁ? ?FP“%Q%&%% tggmigﬁgLéﬁghaa ggg"ggagggcc 3“%? aggat ca

at cagaaat g gaacttatga ccacgatgta 2400 tacagagatg aagcattaaa caaccggttc

cagat caagg §eFol gagcMisgasttadaguseradottyeald ayhbs bygaEmeisewdar ughen vect t t

gccat at C§t ﬂ&&&agaﬁ g&ﬁﬁatlg gbgtt$ gfﬁg (%%Qs %IQ% Mgﬁtra%%ﬁﬁ %(QmQ;Q %Eh%ﬁl?-a
aaaggcaaca ttaggtgcaa c tttgcatt 25 tg aag}gccta ttttctitag tttgaattta

ctgttattcg @tagedeemnt accetdinege the ggsmzls‘dmletlgéfg Geft antibedytigiryjeere absgaiet Gittythe t
attttatgta ghtdadiht @1&1&1&% 9h 99 fihr ﬁ%ggﬁu&% Lidra39g rROabiaSE, GGiGoIE t Cagcaagg

acacaaaaag attttaatt taaaaaa 2 aaaaaaaaaa aagaccggga attcgatatc
aagctt at cg krwegetyatt (ligwaddda 2820 tttggcaata aagtttctta agattgaatc
ctgttgccgg tcttgcgatg attatcatat 2880 aatttctgtt gaattacgtt aagcatgtaa

taattaacat gbhaaygcat @i acgid@ddi-tRd2949 L PgRgat@gaibtetel idiatgalytwithgadlaecdc
aattatacat ttaatacg t agaa a 3000 aaatata cg. caa ttat
cgcgegedit @?dlbvé?t@f%‘(f‘% dfor 84 a&re@s’essg&%b@aﬁ ot Q"&?‘P @@’g 03@&?@ Vit 085

<210> 110 <alalham 4fuverilBruldABK213> Artificial sequence <220> <223> Apl-HBF.c
<400> 110 ttgtcgggcc catgaaggca ataattgtac tactcatggt agt aac46 <210> 111 <211>

46 <212> O% 3> A]:" ! Ibo{h%‘dl%lms r?tﬂ)lﬂ?o& %%ger ar n%g gﬁ%‘lgﬁ'ﬁ‘fgasnlﬁﬁsz <400> 111

aaaat aggcc atagaca gatggagca aaacg gt ct <211> 3115
<212> DNA sexRd@ersintwab pbﬂerazbd sej lQéﬂle ence<t@®ﬂ> Recomt8tH Cohdtaantgennunber 738,

from Pact conferred low (<1/40) or negligible (1<1/10 for the non-adjuvanted recombinant HS) HI titres.

15 Example 8:Hemagglutination-inhibition antibody titer (HAI) HS VLP

[00392] Figure 21 A, B illustrates the hemagglutination inhibition (HAI) antibody
response 14 days following a “boost” with plant-made H5 VLP, or recombinant soluble H5. The
lowest dose of antigen (0.1 ug) when administered intramuscularly produced a superior HAI
response to a 10-fold greater administration (5 ug) of recombinant soluble H5. Increasing doses

20  of H5 VLP provided a modest increase in HAI over the lowest dose.

[00393] HAI response following intranasal administration was significantly increased in
mice administered plant-made H5 VLPs (1.0 or 0.1 ug) compared to those administered 1 ug
recombinant soluble HS, which was similar to the negative control. All mice immunized by
intramuscular injection of H5 VLPs (from 0.1 to 12 pg) had higher HAI titers than mice

25  immunised with the control H5 antigen (Figure 21A). For the same dose of 5 pg, VLPs induced
HAT titers 20 times higher than the corresponding dose of the control H5 antigen. VLPs also
induced significantly higher HAI titers than the control HA antigen when delivered through the
intranasal route (Figure 21b). For a given dose of H5 VLP the levels of HAI titers were lower in

mice immunised intranasally than for mice immunised intramuscularly; 1 ug VLP induced a
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<400> 112 ttaattaaga attcgagctc caccgcggaa acctcctcgg attccattgc ccagctatct

60 gtcactttat tgagaagata gt ggaaaagg aaggtggctc ctacaaatgc catcatt cg 120

at aaaggaaa
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attgatgtga
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ttt gat aaaa
tctcttaaag
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Juruaregiws gaagat gcct ctgccgacag tggtcccaaa 5?5@5@%@@1@80
gagcat cgt g gaaaaagaag acgttccaac cacgtcttca aagcaagtgg 240

tatctccact acgt aadgg at acgcaca atccc cta ttC
st ALY g&ﬁ et ‘E“E“Séf‘f%tl 33@ g faniet ?faza uc 3@3%*

gf gRasigt@giggaaacccga accaaacctt cttctaaact ctctctcatc 420
caaacttctc tcttgtcttt cttgcgtgag cgatcttcaa cgttgtcaga 480

agtag,aacattifct.ttcactgaa aa 40
g@g%g gcg Cg\lhgil? 1mtstered 1 ramflscu]t%? t%11 g(gst a(?fi\@?’agndtgcged% ggxtléve fg 00
graaa@adagablethgmggghgnolbgm vhge mactvattdattsdEigtegiteacg2d). 560

t L eagconnl. caal ALEL Gl BELLGIIEL.J OASOR0NAL HAL RGELY 720

gctgattgg tTct a aaga aatctagta gaa 780

egggt @gtept the (aall ggumedagatet bpost),asboh eeigegpratastivetigd8d 0
900

DEASRGEE R0t O A AL AT Bt AT IBR AR BRERLERARE O
aggmasabft 'gLPgathcgglulgtegbladlag: gribtdditagaadadacbe aatedifemtgen1 020
. . C 080
R B R A R R S SR S e
raptcaacga Ahdgita abattt Sdttinzes Aigha ¢hag tedoret fous! it ati@angeoseed 00
332006 PIATRAEARLLLEhCAOAM ARk Bigacaa | atcaggct o 1260
tcatcga tgcggdaaag gcaccaggag gaccctacag acttggaacc 1320

ct aacgc taccagtaag agcggatttt tcgcaacaat ggcttgggct 1380
g@é%ﬁiaac adhalnygesatyy afgf %gé‘étdélé"eé styadg's Wedhendegsiisated 40

9002AdA6LFaddloGaal Ghicd. @88PIbL &€ BALB/c mice were immunized

intramuscularly twice at 3-week intervals with 0.1 pg to 12 pg of VLPs containing HA from

influenza A/Indonesia/5/05 (H5N1) formulated in alum (1:1 ratio). Hemagglutination-inhibition
titers (HI or HAI), using whole inactivated virus antigen (A/Indonesia/5/05 (H5N1)), were
measured on sera collected 14 days after the second immunization. Immunization with doses of
VLP as low as 0.1 pg induced the production of antibodies that inhibited viruses from
agglutinating erythrocytes at high dilutions (Figure 21A). Parallel immunization of mice with
5pg of non-VLP alum-adjuvanted control H5 antigen (also from A/Indonesia/5/05) induce an HI

response that was 2-3 logs lower than that achieved with the lowest VLP dose.

[00396] For both administration routes, and over a range of antigen quantities, the HAI

response is superior in mice administered VLPs.
Example 9: Effect of adjuvant on immunogenicity of HS VLPs

[00397] Plant-made H5 VLPs have a plasma membrane origin (Figure 19, Example 53).
Without wishing to be bound by theory, enveloped viruses or VLPs of enveloped viruses
generally acquire their envelope from the membrane they bud through. Plant plasma membranes
have a phytosterol complement that is rarely, if ever found in animal cells, and several of these

sterols have been demonstrated to exhibit immunostimulatory effects.
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caaaacccaa 1500 atgaagaacc tctatggaga ctcaaatcct caaaagttca
t aat ggagt a 1560 accacacact atgtttctca gattggcagc ttcccagatc
NYAGYeSI2A 1620 ccacaaagcg gcaggatt gt tgttgaf?ggAépﬂgpﬁgaaa
aacaggaaca 1680 attgtctacc aaagaggtgt tttgttgcct caaaaggt gt

caggag 1740 aaagt aat aa aagggtcctt gcctttaatt ggt gaagcag
(gg%%aata eth éﬁ?ﬁ@dﬁﬁgggﬁbgﬁﬁng%@¥vé Ezggﬁggagaac
m&h@@@@q&@niaﬁ@tbgﬁﬁeﬁa&g&xg&ghg&aa&%facﬁ@bhg&&gﬂ&uﬂgccaatg
cct caaaact at taaa cttce tattg
A G 190 P pang et AEPgrage VIS gL iE sk PR ditiet o
b002ddgg6avaddingdrdita s goindeed dxaaplag it atgcaagaar gaefiditadaca

TR PR e T T

Eﬁ&hﬂﬂﬂ&@ﬁmﬁ%ﬁ@1&Egﬂﬂﬁﬁhﬁgﬂﬁﬂ@hb@ﬂﬂg&mﬁbbgﬁﬁ&kGB\H&@gaaggaa

att cactt gagag aaaact aaag.aaaat gc
R LR R R R e R R
gatagct 2400 gctggcacct ttaatgcagg agaattttct ctccccactt
gaacattact 2460 gctgcatctt taaatgatga tggattggat aaccatacta

E C aac Exl%g%]ga&% @ikl 1@ve98§ﬁ&1€1&&9£y 2REO 335G AL T

atg tctcc agagacaacg tttcatgctc catctgtcta taaaggccta
pdmpigiatstion af P20 igwed2epand by a fctpr gfé3a% for the p@ntlgt H$ ggigerg bjeggt t t

AaghIkQh L, %7%0\/@% flah @l AR irht ﬁ‘t@xthttﬁan érgﬁag‘%ﬁe c%ﬁésg&rtdﬁ gc

tt cagcaadgg aCaCaaaaagd attttaattt a t aaaaaa aaaaaaa
dese epenteld1528 0 gena Shitesemdid gotdeet the agan Hablevd abthe epntr@kfgfg@amna

Agad ?kﬁﬂ@@ﬁ*@re&w&& geeogAT C1d 968RL fnrdliRd Al flgaatp tctgtt
aagcatgtaa 2940 taattaacat gtaatgcatg acgttattta t gagat gggt
administered i.n. by a factor of 5-fold.

Example 10: Antibody isotypes

[00400] Mice administered plant-made HS VLPs or recombinant soluble HS in the
presence or absence of alum as an added adjuvant demonstrate a variety of immunoglobulin

isotypes (Figure 23A).

[00401] In the presence of an added adjuvant, the antibody isotype profiles of VLPs and
the recombinant HS are similar, with IgG1 being the dominant isotype. When VLPs or
recombinant HS are administered without an added adjuvant, [gG1 response is reduced, but
remains the dominant isotype response to VLPs, with IgM, IgG2a, IgG2B and IgG3 maintaining
similar titers as in the presence of an added adjuvant. IgG1, IgG2a, and IgG2b titers are
markedly reduced when recombinant H5 is administered without an added adjuvant (Figure

23A).

[00402] These data, therefore, demonstrate that plant-made VLPs do not require an added

adjuvant to elicit a antibody response in a host.

[00403]
(A/Indonesia/5/05; A/Vietnam/1203/04)1 in mice administered plant-made VLPs or soluble

Antibody titers against whole inactivated influenza virus strains

recombinant HA intramuscularly in the presence of an added antigen are illustrated in Figure
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acccaatctt 1260 ctcagaggat atgaaaatat caggctatca acccaaaacg tcatcgatgc
ggaaaaggca 1320 ccaggaggac cctacagact tggaacctca ggatcttgcc ctaacgctac
cagt aagagc YEBDIYYaINtttcg caacaatggc ttgggcetgtc ccaaagfabar ey baaa
t gcaacgaac 1440 ccactaacag tagaagtacc at acatttgt acagaagggg aagaccaaat

cactgtttgg 1500 ttccat aacaa a cca t at gagactc
aaat cct caa 58P ggg r8§€8'1'°"c¥ﬁg & s@’(:"f“é?;l“t{q’ a'ﬁig‘t" gbﬁ(af}gz@g%{? @'a‘icf ct cagat
tggcagcttc 1620 ccagat caaa cagaagacgg aggactacca caaagcggca ggattgttgt
tgattacat g 68®] at gctmaaectivityofpaamaotiaggaadaat by Hf dMl&ccaanesgalggriott t t
gttgcctcaa %@gm@&&%@&ﬂ%m%%%&%%&@reﬁ?s@%g CRRGLB h@s@g fha(gl 8ab glg} ds9gcc
tttaattggt gaagcagatt gccttcatga aaaat acggt gga t aca aaagcaagcc
ttactacaca ¥868 5 grdgemobtiy achgea aoesdthighdidvaprthody btan tgaingyycledsdatiaieacc
tttgaagek Clgggieﬂ&%%ﬂ%am&ﬁ } B A00HA6A03038AARL0HAMARA9900
tttcttcggal tattgct tttcctaga aggaggat gg gaaggaat ga ttgcaggctg
gcacggat aCZQw@@/Mkm’tT@d@g’l@égbmai@@ agt ggcagt g gcggcggacc ttaagagtac
gcaagaagct 2100 at aaacaaga taacaaaaaa tctcaattct ttgagtgagc tagaagtaaa

gaatcttcaa2 @@oi}gact 88943r, 8Ly e S0 RdOAACHERBCHARG@ARALAGL Cgagct gga
t gagaaagt g2220 gat gatct ca gagctgacac tataagctcg caaatagaac ttgcagtctt

gct t t ccaac 228ukea kAl Ratreiy 6‘5@?8‘3 Hohtitga dedie inderggode wetgigHghaa
act aaagaaa ¥g4H atgctgggtc cctctgctgt agagatagga aat ggatgct tcgaaaccaa
acacaagt gc2400 aaccagacct gcttagacag gat agctgct ggcaccttta at gcaggaga
attttct ctttt ttcact attact G ttta atgg
att ggat c2 ﬂf“@&?g (grﬁfs 8&0[“6“? fr§ YB&'&E‘E‘S% &dﬁ'[pgime{dﬂ e%&ﬁ‘gt aac
attgatgcta2580 gctattttta ttgtttatat ggtctccaga gacaacgttt catgctccat
ct gt ct at aa28Wa0Eggc c Matetthat prsviveshyhadtbeqpad minitestdp o alotecggimgn pfcat t t ct a

tgtttggt gaz;ggdog&gz%/bg #1541 8¢ g%%&ﬂﬂ@agwagmé@amnf chdiRh&h dthashiRAkil cttt
gt gagct cct 2 gca/gg tcgﬁcccttc agcaaggaca caaaaagatt ttaattttat

t aaaaaaaaazme@aéé@d@a 82/6fc @@h&aﬁrk@gléﬂ‘ék bla&'g“% viagsc g obsernge adan o

tcaaacat t t 2880, 90c83).Aaad.1114:GbTL #2098 0b kKadaEeR),g. ttgccggtct tgcgatgatt
atcatataat 2940 ttctgttgaa ttacgttaag catgtaataa ttaacatgta atgcatgacg

ttatttatga3000 gatgggtttt tatg aga ccgcaat tat cattt atacgc ata
gaaaacadda3t¥d’tat ag ﬁé&eysga%{fﬁ%lﬁ lgégﬁaf)@g%m&éa ’(fﬂstff the FESe e

ctagattcta3 &&ﬁogaatﬁimagxlﬁbdr@@gmg&g HE®8 I Zurs 260> 14004 o fRedikdats alidhidstegedl 2> DNA

aat at tnogn TAEYRR, HUEBDTGU Pt Ladacn ot gRAGH UL ShiA Jaaar oF BIQAAAJeRt af aganaggc

agcgat gaaglziillageodics GrREx@riaRMOHs ggmig@d.cct gag aagtt caagg agttgggcca

agcat at gaal80 gtgttgagcg atcctgaaaa gaaagaactg tat gat caat at ggt gaaga

tgcccttaaa2 agga f & t at
gtgz;%ﬁt oot gg%ﬂn%ggﬂﬁggfcggvagﬂ%% %% r{g(‘tr?e grﬁne%%&étg@

tttcgaatca3 caggc gat gg gg tcacgcg caagaagaca

gaagcaadfa3eCraggaagal Jrgyvivgeaticatieted daaggiic Ml@etagga@ﬁgmdgl f gt Etwad gy
cact acaaag ﬂ%gne@%%t\ﬁ%%gfo}e cBﬁIeﬁ%gﬂ@th %%@8&% ﬁi%m&b‘faﬁ?s@h%n% tRAYHAFIRY
tt caaaaagt ggaactgctg gaaggtgttt tg at gcCcag ggcacaggta tgaagattac
cagaaggcaa @m@nmﬁrttg?gém@glcgleamga@d@alsta@ aaegtthaVEBtoprex gtlevesadpgdt gcaa
aggaacaggc @1 fi9ABALE aNE@nGé QAGAGAEANS @Qﬁémﬁ@tchgl%géj%mga@ﬂ%ﬁ%a%r
tact caagaa 6 0 aagaag% gc tgga gtgca tgreggaaag& %@at gcagc ‘ﬁg‘a tcacaa
gattgtattc PoobYHAGHa aa@ve&pgtai Faggeote tred 03 Patbebhdaligagy! ot t t

tgtcttgosa FA8N1BxABALOEAR Rk ¢&IaRRHT mEé%QGﬁ@H@&u%%gﬁé SPEEmdre %ﬁ&ﬁ%l’re"egﬁ
acacaatttg 840 agcttaactg aggctctctg tggcttccag tttaatgtca cacatcttg

t ggaaggcaa 96 r&lf%%lffbgwgdbé%}?%*aa&@&%mgf elb%f%thafcﬂﬂaﬁg*@e%vgl ﬁgftﬂefagelae@

agct at aaat 964 (@ab GRAOYEDH Maky YBE aCmAGFardnd GetddeeE sd heatdBRaggadRedRL iRt a
catcaagttt

average body mass of the positive control cohort is still significantly below that of the negative

or the VLP-treated cohorts.
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1020 agtgttgatt tcccggattc gggttttctt tccccaagcc aaagcctgga attagaaaag 1080
atattacctc aaaagacaag caagaacttg tcccaaaagg aggtagat ga tt_gt gg}gga 1140
accaccct gc AtQAH¢es2a tatt gcagag gagat gagt c gaaagaagca B€H& @39@200
gaggcat at g at gacgat ga t gat gaagat gatgagcact cgcagcctcg ggtgcaatgc 1260

gct caacagt a 1272 <210> 115 <211> 20 <212> DNA <213> Artificial sequence
<220> <223>[Oa§‘%9l 40LuZhgsg datm Jgsstora gemensirdte Ggiglanyegeiatuseflisseprisies <211> 31

<212> DNA <@l 33 h&hldglutiainahralSReibie Heecesd 20mured &spanstisidiGl Bt pSacdenit 21fEnzs400> 116
agctgagctc ctactgttga ,gc‘%cattgca c31 < 10>pﬂ17 <211> 36 <212> DNA <213>
Artificial SEHieRddakydglke pastiotes njay SUErom 2 plagiRia™e MERgH3®117 gt t ggt ccge
gcccaaacat tttctctcaa gatgat36 <210> 118 <211> 21 <212> DNA <213> Artificial
sequence <2R0#10%223>ThispdBirardiae, d400strdd Bagilgtscggabdladggagaagigiladds <210> 119
<211> 33.<212> <213> Artificial se nce 220> <22 70Ar a- Sact . 1956r
S400> 116 agergRBerEty dg g B T R R T R S Pl R 7 102 D
<213> Arti f plesnad meggarence <220> <223> Hsp70Ara-Pl asto.r <400> 120 tccttctcct
ttacccgaca ttttctctca agatgat 37 <210> 121 <211> 4402 <212> DNA <213>

Artificial ﬁggf; nce Féﬁ%ﬁ? ﬁsing ths-@arnt R8sk EM@SSi&V%BIO@Q%rst E&%@ﬁﬂd’lm' Il <400>

121  aagct gcct gcaggt ctgactctaga ggatccccgg gctggtctgt acattcatct 60
tgccgecttt pedicedany 16 drye eftes Haaenvense atihe ot B gaagigac. Yadse e ageat 120

ttcaagaagc g t Q08RG &t dibpbaler ] Stifkiaked Yarkd!
agagasaggs 8%%%%%?‘%%&?%3%?%@?& 1hent d: R et r ot part oot 24
t

caat aaatlft prodecacte.e0 vaedinerdagpat Ehiawtiguepmbigation af platfyesinglisiat s¥ ab@P 36D

ataaattacg aLRMRUALLNEARBLAL AL IRS AL ARhE Oht:HhadAEk!, 198k 806:8d flpoag0
cttggtttct %éggcaatca catgcctaag aaataaatag tatcatatga ttgtgtttgg 420
t

t cagacttca watpat g 2Retdeit t t g gat aaacage ttaattaagc gcttatagaa 480
tatcatatga ttgtgtttgg tcagacttca gagcatctct tggtttctct ggcaatcata 540

tgcct aagaa akanlt A8 GhakScddrah@ad of hgingidhitgGi-comdgniag (BRI, BB oAy alegaa H)O
CELOL L1999 LasnCatbl R At ffSLRARLAPARAGHIRI C o 2 catoe O20
t cct ggagag cttgtggaaa taaccagaaa
15 [00412] The assembly of plant-produced influenza hemagglutinin of different subtypes
into high molecular weight structures was assessed by gel filtration. Crude or concentrated
protein extracts from AGL1/660-, AGL1/540-, AGL1/783-, AGL1/780-, AGL1/785- and
AGL1/790-infiltrated plants (1.5 mL) were fractionated by size exclusion chromatography (SEC)
on Sephacryl™ S-500 HR columns (GE Healthcare Bio-Science Corp., Piscataway, NJ, USA).
20 As shown in Figure 46, Blue Dextran (2 MDa) elution peaked early in fraction 10. When
proteins from 200 pL of each SEC elution fraction were concentrated (5-fold) by acetone-
precipitation and analyzed by Western blotting (Figure 46), hemagglutinins were primarily found
in fractions 7 to 14, indicating the incorporation of HA into VLPs. Without wishing to be bound
by theory, this suggests that the HA protein had either assembled into a large superstructure or
25  that it has attached to a high molecular weight structure, irrespectively of the subtype produced.
In Figure 46, H1 from strain A/New Caledonia/20/1999 and H3 from strain A/Brisbane/10/2007
were produced using PDI signal peptide-containing cassettes. The results obtained indicate that
replacement of the native signal peptide by that of alfalfa PDI does not affect the abiity of HA to

assemble into particles.
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agaacttatg
tttatgccag
acctatcatt
cacattattt
gctgttctta
caaattctaa
cagaggcaag
gagagcaat c
caatttacat
aat gagtatg
at cggggatt
aagat aactg
gacagttaca
tt agcagaaa
aat at aacat
cggaaagttt
attgtgtttt
cgct acaact
acagat accc
gactcttdfa
ataacctgtg
aaaat ct agg
tttttattaa
t ggttccaag
tttgatagtt
taaactattt
actcaatttt
tt cgacatigg
ttaaccacca

20

25

30

gacacgtcat gagctgttta 780 cataagatct ccctaacagt ctcaaaagtg
t agat aaatt caaataagtc 840 aatctaaaca gaccctaaat ccattatggt
NQYae0a126 ccatctttat 900 taagaatgtc atgagat Sﬁycé%oé%ﬂ‘ﬁ?fgaa
t gacacaaat gggcagatct 960 agcaatttaa ctctggagtc cttcaagact

cgaagttcac gtccctgaat 1020 catgttcctg tatggaagcc aaagacct
Exyyuplg Lt Jagsicnt xRy esaign 26%0@%"?%3%‘3“183?%%@%5@ Evggct t gaca
edrointiltAdida i€ M Shaginida blh® RaeIRoUial-gpt hgaddide aguanrgt cacttg
cttgtgccaa gtttgaagta 1200 atttttgtgt agcatatgtt gagctaccta

cctag, catta ct 1260 ttcactt - ttagg
GPERCC e RAShel o200 RS A0 ApREaaEl B g oo
hracathtagavadetatiacairodd8l: gactsiaadthe Hitsalgyiedmacstvmet t t t t gt

AR PR MER) by S0 BN P LRSI BHOFUND B PlbTr
aaic/Solamart Istandsgy2006 G I NIS Glastmidyedd)gotae Rasuyhaabomn stamgaaagaa
. 6.2 0k t

AT FAAET R0 ARG PR gy v AR AR LR en LB LT
fromtstrains B'Mabga g e coed (Vid@iatlintamgaakbygyid 47 60 el Floridge/'4/28§gggc

. ttt
CPPRLRR AT TR AL LD TR B bR L AR ER AL T ot
aaociiat inde pipstotyanigterestoR Oassatte gireprtotstr, YGAR.GAATR enddenscgniiygc
Ee%ﬁﬁt%%@e&%& £8e hfeta{%a%a%iagw‘éﬁhﬁl gat b bRtgegecgddsthidiaat tt

aggggcagac attgaacaa ) cccaatattt taataactta tgcaagattt
ingertgd ingatog CGMBIGt bigzaey plasodd. tTgaplatnidrayere hen tanafeeted intect aagaaa

t - ol t g cac
pspaaom el icason G000k pesmonc aor sl dsonpeal gnc e

ASLG7a0 AL 7T 1 Gk YV /8 apd 8OL /3L reseeehiredy-t cat ttattt tgecctcacta
gcat at aaca atgataagtg 2340 atattttgac tcacaaaatt tacatcaaat

fdoedt at giv. &e&ﬁzﬁbzﬂz@@b]@nt?é‘r@n@ irdfltAaGAGA Gl ZAacCA8Brb40 hgCaacs aa
%%E?%%,%Gau%t%/,a A?(?IE 1%78'8 a%(éi1 E%Ll/ 779 and the leaves were harvested after a six-day

incubation period. To determine whether H1 accumulated in the agroinfiltrated leaves, protein

was first extracted from infiltrated leaf tissue and analyzed by Western blotting using anti-HA
antibodies (see Table 6 for the antibodies and conditions used for the detection of each HA
subtype). For the HA from H1 strains, a unique band of approximately 72 kDa was detected in
extracts (Figure 47), corresponding in size to the uncleaved HAQ form of influenza
hemagglutinin. This demonstrated that expression of different annual epidemic strains of
hemagglutinin in infiltrated leaves results in the accumulation of the uncleaved translation
product. Using these expression and immunodetection strategies, the expression of influenza HA

from H3 subtype or B type was not detected in the crude protein extracts (Figure 47).

Example 15: Transient expression of potential pandemic influenza virus hemagglutinin by

agroinfiltration in V. benthamiana plants using the wild-type nucleotide sequence

[00415] The ability of the transient expression system to produce potential influenza
hemagglutinins was determined through the expression of the H5 subtype from strains
A/Anhui/1/2005 (H5N1) (plasmid #781), A/Indonesia/5/2005 (H5N1) (plasmid #660) and
A/Vietnam/1194/2004 (H5N1) (plasmid #782), the H2 subtype from strain A/Singapore/1/1957
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actgtgaaag tagttaactc atttttatat ttcatagatc aaat aagaga aataacggta 2520
tattaatccc tccaaaaaaa aaaaacggta tatttactaa aaaatctaag ccacgtagga 2580
ggat aacagg AQCYVaYYS2R§ gaggat aaca tccaat ccaa ccaatcacaa E%@g&”@ 929640
gagat aaccc actttaagcc cacgcatctg tggcacatct acattatcta aatcacacat 2700

tcttccacac atctgagcca cacaaaaacc aatccacatc tttatcaccc at taaa. 2760
aaat cacact (Hgﬁ%)g@}@%neé #HOh i HfEem ptege sl eddlong g%ﬁ’@?%h‘”éé@éﬁg &g%f&“cg 20
taattaatta 738) daHo & Girkih QAUAGR P gad 0156 (19TVU0 (9&800L3aP6Md Tag YadnRgh stgagﬁg
gataacacca aatattacga tattcttggt gtttcaaaaa gtgctagtga agatgaaatc
aagaaagcct AAH%&%%@Q”&H’% Qﬂﬂ‘gﬁ&lﬁ%‘iﬁ%&@e g‘?’gﬁ%‘g‘g‘flg 5"‘5%&‘%18%%6&%‘@‘3%000
aagtt caagg vagd firgggemsled gt phdasaril &bicgRGt@ssatcCCirgaaan s JaRaFaaR agd gggg
tat gat caat at ggtgaaga.tgcccttaaa _gaaggaat.g aggcgc aagct
tttcataat c "CHFHPER I EHILHAULEE ff?@?ﬁ@?@& éas?o%%%ﬁf@ggarﬁaagw f“d’g‘*?’ 3180
ccttcacgcyg eRefadgrReReBrAaa6 ROHDANBRYGhGY g@snig Chibrb@ids aaad@h trittec8240
ttggaggat g .t gt at aacgg cactacaaag.aagctatcac tttct t t gc 3300
t caaaat gt a"éfgdéﬁ’zgéﬂ@‘mt(ﬁg&rébaﬁ? gcu?fgggé?:bt“ﬁ’é’f”ﬁ" 6%&%&%%11‘%8@? tag 3360
ggcacaggt a A@aamal Aerl/cagaAsyuoen Adlll ggaetiducigierdsgat t ca acaaat gcaa 3420

cacgtctgtc ctgactgcaa aggaacaggc gaggtcatta gt gagagaga tagatgccct 3480
caat gcaagg [S@f’igf aagay b&‘%@%@‘%@%&?ﬁm%&%ﬁ@l@&t@&w&l?%?%glc A 194688283953 240
gta ga

gggat gcagc ‘agggt cacaa ga C gaaggacaag c gaagc tcctgataca 3600
at cacagifng /el z§t AGL1/T 3t antl A\gd A4 8Yteadithg tegees Watedoyangt aftet ogpgdygyabat®e60
cgt gat gacc p%ﬁ&@%@%iét%ir?e%%ﬁ@ 4 &c&?ﬁ&&@ﬁ%e&g@oﬂgﬁ&a%d%agest g:g{%ht&a% ddk¢ 3720

tttaatgtca cacatctiga tggaaggcaa ctattggtca aatcgaaccc ¢ggcgaagtc 3780
at caagccag gtrotddataalilaged krldnate aghtnghiggidadV tstpocl etingwingggrraggecgtidByo
Lt cat gaagg gagaRelal fufed fRAGLLhANAN ARk REPEOALLG.AIgLLLLOLE 3900
tccccaagcc aaagcctgga attagaaaag atattacctc aaaagacaag caagaacttg 3960
t cccaaaagqg sugjppreagavmercthrryt of appyergmalely 3¢ Rt yes detegiad g wshizett diptagle frgméprae0
gagat gagf ¢ \Gaap0aA96xAedRth 6T IFHARARALY tﬁ,tcgﬂssg&{dg% it 63 GRRAALA0P0
gat gagcact cgcagcctcg ggtgcaat gc gctcaacagt aggagctcag ctcgaatttc 4140
cccgatcgtt RAGBEaptin ufgm%ginin. This demonstrated that expression of ditferent potential

pandemic strains of hemagglutinin in infiltrated leaves results in the accumulation of the

(@)

uncleaved translation product. Using these expression and immunodetection strategies, the
expression of influenza HA from H7 and H9 was not detected in the crude protein extracts

20  (Figure 48b).

Example 16: Transient expression of H5 by agroinfiltration in /N, fabacum plants

[00417] The ability of the transient expression system to produce influenza hemagglutinin
in leaves of Nicotiana tabacum was analysed through the expression of the H5 subtype from
strain A/Indonesia/5/2005 (H5N1) (plasmid #660). The hemagglutinin gene coding sequences
25  were first assembled in the plastocyanin expression cassette — promoter, 5°UTR, 3’UTR and
transcription termination sequences from the alfalfa plastocyanin gene — and the assembled
cassettes were inserted into to a pCAMBIA binary plasmid. The plasmids was then transfected

into Agrobacterium (AGL1), producing strain AGL1/660.

[00418] N. tabacum plants were infiltrated with AGL1/660 and the leaves were harvested
30  after a six-day incubation period. To determine whether H5 accumulated in the agroinfiltrated

leaves, proteins were first extracted from infiltrated leaves and analyzed by Western blot using
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ttcttaagat
t acgt t aagc
at gat t agag
aact aggat a
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cgact ct aga
ggccacaaag
gt gcact cga
gat ggagt cc
tatttagatc
caaatgttgg
cat gcct adg
actctgtttg
t cagacttca
t cat at gat t
aat t aagt gc
gaaagt agaa
t aaccagaaa
ct caaaagtg
ccattat gft
at aat gat aa

15

20

25

<211> 5086
Const r uct nﬁﬁb@?mﬁ§®5“ ﬁﬁ%ﬁW?FWﬂPf%m%ﬁ@@§l

tgaatcctgt tgccggtctt 4200 gcgatgatta tcatataatt tctgttgaat
at gt aat aat taacatgtaa 4260 tgcat gacgt tatttatga atg ttttt
W WIUHAIAE at acatttaa 4320 tacgcgat ag aaaacaBaHEAHY ggﬁﬁgca
4402

aattatcgcg cgcggtgtca 4380 tctatgttac tagatcgaat tc
23
a5 ‘&tf‘tt?j‘daf"tﬁ‘fité@%‘ﬁ‘g‘b"s

<213> A.rtlflé?:Zk uence <220>
mglﬁﬁ@lﬁgﬁl spe kOt ﬁrtogsﬁve'a(}ma forh sftmﬁ&niagmgggmtmn Uhiatidncoastated

B aan e EAgRatateh POREEER 0P Tairi R ndngs aaea i Ga
atuhaektgraAgpglairaetta ttattttgat 240 caataaattt gtatacttct
aataaatttg tcattaagct ataatccaaa 300 ataaattacg atcaaatatg

EXEHNR TP i S ok GRGS to¥ @9(?{1{1 ggg &l Ftont Sndcn@i8as C2

cagacttca gag cagatg
gﬂmﬁnamﬁgmmttaattaagc gcttatagaa 480 tatcatatga ttgtgtttgg
gagcatctct tggtttctct ggcaatcata 540 tgcctaagaa ataaatagta

?50916 1tggat Q&Q@é&&aﬁa@x@ﬂﬁu@hﬁ@e@ﬁk%@ QRO ELH Hdil898 hRAACRAR
t at aata a ?cttatc atataagtgc 660 ttttgtacag ttatttctat
t

gbrlant gtve%lVL titre erassaeastiebigd sau puibeeingerad bgthe HE Jt§gaaa

L2AE Ettﬁéogesgﬁ%aaﬁg i 53§%) WRgGEELd Eﬂw&%%g]@tﬁ%%gﬁ{lﬁﬁom%@e%ﬂ%t
tttatgccag aat ct aaaca gaccct aaat

5@54éﬁ%%ﬂTAT¥%@@®#§¥@mééﬁﬁégggévv@ﬁﬂm@é%ﬁ%ﬁf%*b 1) 3t4agat aac
0aCahlbE bl WUBE AERRAcIIGIOAG MG 0K AYLARE bt e ThE HGFRD! C

vaccine (Figure 50A), and 14 days after the 2" dose (Figure 50 B). For all 3 dose

concentrations, cross-reactivity is observed
Example 18: Analysis of the immunogenicity results according to CHMP criteria.

[00420] The EMEA’s Committee for Medicinal Products for Human Use (CHMP)
(http://www.emea.europa.ewhtms/general/contacts/ CHMP/CHMP .html) sets out three criteria
(applied following the second dose) for vaccine efficacy: 1 - Number of seroconversion or
significant increase in HI titers (4-fold) >40%; 2 - Mean geometric increase of at least 2.5; 3 -
proportion of subjects achieving an HI titer of 1/40 should be at least 70%. Analysis of these
criteria in the ferret model is shown in Tables 8-11. (*) is indicative of meeting or exceeding the

CHMP criteria. A summary of cross-immunogenicity analysis in relation to CHMP criteria for

licensure is shown in Table 12.

[00421] Animals were assessed daily for body weight, temperature and overall condition.
No sign of sickness or discomfort was recorded during the study. Body weight and temperature

was within normal ranges during the study. The vaccine was safe and tolerated by the animals.
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ctt caagact
t gaaagacct
gggctt gaca
aagtcacttg
gagct acct a

gctgttctta cgaagttcac gtccctgaat 1020 catgttcctg tatggaagcc
caaattctaa aaggtggcga taaattgaag 1080 gtttacaaaa tataccctgc
oHQ Ay ctctttatac cttccagttc 1140 aacgggdat/§ALedyatPiscag
gagegicagoactt gt gccaa gtttgaagta 1200 atttttgtgt agcatatgtt
caatttacat gatcacctag cattagctct 1260 ttcacttaac tgagagaatg

aagttttagg aat gagtatg-accatggagt—cggeat ggct 20— accctactt
t ggccaactc atcgq;gggi ctaaeaztc%g% aaaf at acat 86 gpctt caacc atacttaaac
ccctttttgt aagataaety a@g:ttcai@i:ttaatgttg ﬂﬁiggttgt tg tftttacttg
attatatcca gacagt t-acaf-agttggacaa-caagattgtg J0—ght-etgtpet—gtitatttatt
tatttttttt ttagcagada eaectt dtete ttgtttcgt 0% { gaat gt ag aﬁlt gaaaat a
aaagaaagaa aat atjaacat @a%@gggoeﬂ@ get{gtctaa 6203t {t cgggcag ttlaggat cct
ctccggt cac cggaaagttticagtagaaga—aacfaaacac 30— gt-gactipaa—at gat act at
tattttattt attgtgft}s ;c;t,,ttttkct accggaact t 1Q, B{ t agaacgg afjcccaact ¢
gttccggggc cgct acaaicE agaang day At atttt 80@&5 stetelt & ggaaat gt aa
gttttccttt acagat aécg atz(%cc@t €gd1 t cagat 50 ﬁgt & gqgat aaagc
atactaattt gactqt{ggd|aacccatlaaa Jitfatgtta 20 Bgcgtgttct ggaccaatcc
acttgggggc ataagctgtgjtctat gt gtg gttiggtttc O.cpttctgatt tatgcggcga
cttgtaattt aaaatictadg ggg% %3 &t t gaacaat O040>cgcaatattt taataactta
tgcaagattt tttttattaa ‘f’gaga‘tg g ?gﬂ tgtgac 2100—t pagattjgag t¢atacattt
cact aagaaa tggtticcaagjtacctaagcta tcafgaccca O gitgcagaca tgacgttcgg
gagt ggt cac tttga%agfé& saqtetcat e ttggcttett O3aftccttiita taattctaat
tcttcttgty taaactat Lt |Satgatjfac Btt{ctttaa Ofagtttaclatg tgatttattt
tgcctcacta actcaaftttgcatatdaca atgataagtg O_afattttigac tg¢acaaaatt
t acat caaat ttcgétgat cq tttattdt gt tcattggatg 0 g|taacaaat afaacaaact
ttgcaact aa ttaaccac,pg g@at ata @t;aact at a Qoartghtgaasag Faigttaactc
atttttatat ttcataggte aaﬁtaé’@@a gagpacggta 2520 § ht.a @@cm gt caaaaaaa
aaaaacggta tatttact ag aaﬁa?sct ?{;a:gt agga 0 gpat aacayg &fccccgt ag
gaggat aaca t ccaat ¢caa ccaatpacaa caaf cct gat 0
2less g 2
n |22 D S o o w
= B
Oﬂg\c C'E -);*'3;5 —~ w%"r\)\:’\cmc
_ ok BN DS 2 it RN RN
" — 3= E=N > 2 Ql\" ; .
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a s | e =
2 i ? E- 20
3 —_ R KRR IR 3 =
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2 S |[BEEL|EE 5, 2 S5 |2EB|8ETS
g 2EE32EEs 5 2EB2ES
¢ 9 ik hoti~ 3 = =
: 2izyz iz = 25322
2 + 5355553 s T5%55T5%
z I IIRZ &= g IR
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gagat aaccc
tcttccacac
aaat cacact
taattaatta
ggt at cgatc
atcattgcta
gagaggtt ga
ttcgacgcta
aaat t gt ggc
t acaagggt g
at gcgt gaga
ccagct t act
ttgaacgtta
aaaaaggct a
tttgatgtct
gacacccatc
tt caagagga
acttcctgtg
gact ct ct at
ct caacat gg
aagat ggaca
aaggt t cagc
cct gat gagg
aacgagaagg
actgccggtg
gaacaagt ct
ggagagagag
cctccagcetc
atcctcaatg

actttaagcc cacgcatctg
at ct gagcca cacaaaaacc
tWQ YIS acacttt gat
attaatcatc ttgagagaaa
ttggtaccac ttactcttgc

at gat-c; aaacagaace
tcggigaggg agct dagaat
agaggt t gat| cggt dgt cgt
cat t capgat|-tcaageegga
aagagaaa gal gt t cdcagct
ttgctgaggc| ttacgttggt
t caa¢gactcfttagdgtcag
t gcgaat cag caacgaggcﬁ
ccagegl Fogl Sgagsayaats
ctctfct tag| Cat tYambag
ttggt ggggdal agat tjft t gac
agagt aagaa| ggat gt cacc
agagagcgdal gaggact ct t
acgagggtat | cgactft ct ac
at ct gaagtjgtatg
agagq tcatdatgtt
aattg ggactjtcttc
ctgtt aj cggt get get
tt cag tctat t*gCt g
gt gt cacttjtgat &
tctca §t§@%@€
ccaga ggacajac ah &
ct cgt £l ccccclagat ¢
tctct ggacajagacc
§ E * x ¥
N 2E[Ra e e X
FRREE AR
’5 =

&=

by E

f —

2

<

3 5 5

5 29 |E3

AN CE R
B T |[E2F|EZ2F
g 2 18551852
E S |[BEZ|EE®
% 253223
= =9 5 Zls 82
3 2 2Zle 2T
g T23333
é c\Ec\o\za\
S | 5| 2E|2E
% TZ | w3
P

t ggcacat ct

acattatcta

aat cacacat

2700

aatccacatc tttatcaccc attctataaa 2760
tcccttcaaa cacat acaaa d&d4adUWYa¢I2820
at gt cgggt a aaggagaagg accagctatc 2880
gt cggagt at ggcaacacga ccgtgttgag 2940
acgccat ctt—acgttget cagcgact cc 3000
caggtcgccaszg accccgt t agcaccgtt 3060
ttctctgacawgelctgtta gadtgacatg 3120
cct gccgat a—ag¢ecaat-gpt—etgcgt cgaa 3180
gaggagatitt gt tctitattaag 3240
gt cacaat|cs gt tgtitaccgtt 3300
gct acaaagg catjcgct ggt 3360
acagccgccg a cggtcttgac 3420
gttcttatict 4 gyt ggcact 3480
ggt at ct tit g aajt gct ggt 3540
aacagaatigg t gtjccaagag 3600
ggt aacccag ag gadgt t gaga 3660
tcttccadtg ACc cat|cgagatt 3720
t ccaccatics ng at tit gaggag 3780
gagccagtit CtU tcgt gat gct 3840
gtccttgtit Ac ccdtatccct 3900
aacggcaadsy pa gtgtattaac 3960
gt ccagggay Ag cgdt gaagga 4020
gat gt cacty] ct tgdtttggaa 4080
ccaaggaacd 't «aadcaagaag 4140
caacccggt g aq%@@ gt acgaa 4200
cttcttggta 0E TiRjcggaatt 4260
acagt ct gct pa t gdcaat ggt 4320
]
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uw
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§ RN
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accggacaga agaacaagat caccatcacc 4380
att gagaaga tggttcaaga ggct gagaag 4440
aaggtt gaag FAaYHAEEY t ct cgagaac 4500
gacgagaaga ttggtgagaa gctcccggct 4560

gagcaggcga ttcaat ggct cgagg

aagat gaagg aable d¢

ggt ggt gaag ﬁggghggtcc aggtgcctct 4740
ggcggt gct g gacct aagat cgaggaggtc 4800
tttggecaata—aagtt

cgttcaaaca
att at cat at
acgttattta
at agaaaaca
ttactagatc
sequence

aagctt gcat
tgccgecttt
tt caagaagc
agagaaaggg
caat aaat tt
at aaattacg
cttggtttct
t cagacttca
t at cat at ga
t gcct aagaa

5

10

15

aattt t gaal

tgagagggigt ttt

aat at nnr‘n r‘nr‘

yareygrd

ggt aac 4620

+ ot + o A0 O

ggt at ggacg
gact aagagc

gct 18&

aat gacaagg gtcgtctctc caaggatgag
t acaagt ccg aagacgagga gcacaagaag
tacgcttaca acat gad§adAeeeeUWPcaa
gcagacaaga agaagatcga ggattctatt
cagttggctg a
[ HEnuRgEaRiciy aa%l&sawge'e

agttc

aagac
B critesia

g@agct

atgatgctcc ccctgcettca
t cagctcgaa tttccccgat

+ ot t

LLLJLLQ. "I‘UUU

i

tgcgat g

ttacgt 492

t at gat$" %980 aga
aactaag 5040 qat ¢

aage

“AUT T ™

aat5t1“§t

<

gaattc 5086 <
29 skey/ Tukpy B85

gcct (gl cga
gcattcactt ggc

/4 OfoltDigcrease J 1
Gomst ruct number
Clleh gganarat@ese (
Cacflidiageradt dfaga

<212> Di
r 90 %ii*n
t 20 * a
gagEa *g

tgcatg

tctatg

il $9%24Q90> 123

catttat dt
A Old0 Ly 3

60
120

gaccttgcaa gtg
gaamati Itagaclgad
gt at act.sct tat
at caaat atg caal

Cact ofainggat GRgH:

[N &g abdnoad ingedsé 1
ab of HRgerGE @b act t

ggagt cc atttact t galogyt at

a ctgta

giiesatt
a100gs * a

tatca t
aeoaea *t t
aagicA * al
agvs * g

180
240
300
360

at ct at gt
abd%bt*gg
aagecadg
at g@gat g

ftggcaatca cat

0AQtieagRY BH4aat
tt gt géikdeag tca

at aaat agta tca

Lo B e P Glub L 90T

06 GLBRCingdat aaaliag tatca
ahgtttg gataaacagc dgaat

0AGhLEanBRARGLL Ct baatt

c @g]act

tatga t
t aRgc+ g
tcygtx g
t GRga« gt

420
480
540
600

gt ottt g
Ct t@b@ga
gcagfygcat
cag)% of-

c
g
t

a
t

g
a
a
c

Example 19: Selection of hemagglutinin nucleotide sequences

[00422]

The nucleotide sequences of the HA were retrieved from an influenza sequence

database (see URL: flu.lanl.gov), or the NCBI influenza virus resource (Bao et al., 2008. J.
Virology 82(2): 596-601; see URL: ncbi.nlm.nih.gov/genomes/FLU/FLU.html). For several of

the HA nucleic acid sequences, multiple entries are listed in the databases (Table 13). Some

variation is associated primarily with the culture system (Origin — MDCK, egg, unknown, viral

RNA/clinical isolate); for example, the glycosylation site at position 194 (mature protein

numbering) of the HA is absent when type B influenza virus is expressed in allantoic fluid of

eggs (see also Chen et al., 2008). For some sequences, domains may be lacking (e.g. incomplete

clones, sequencing artifacts, etc.). Domains and sub-domains of influenza hemagglutinin are

discussed generally in the Descrition. Domains or subdomains of a first sequence may be

combined with a domain from a second existing sequence e.g. the signal peptide of a first strain

sequence may be combined with the balance of the hemagglutinin coding sequence from a

second strain to provide a complete coding sequence.
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cctgtttggg
ttttgtacag

t cct ggagag
cat aagat ct
aat ct aaaca
t aagaat gt ¢
agcaatttaa
catgttcctg
gtttacaaaa
aacggggat g
atttttgtgt
ttcacttaac
tt gtaatgcc
gactt caacc
ggttgtagtg
ggt ct gt act
tt gaat gt ag
tttcgggcag
cgt gact aaa
tttagaacgg
ctctctcttc
gt ggt gact a
tcecgtgttct
cattctgatt
cccaatattt
t gagat t gag
gtt gcaaaca

t aaacagctt aattaagtgc ttatagaata agcgcttatc
ttatttctat gaaagtagaa gaaatagtca tattgtttta
oNQ YiYYaRa t aaccagaaa agaacttat g gacacgt cat

at at aa

gayee

at at aagt gc 660
cta 720
129492780

ccctaacagt ctcaaaagtg tttatgccag tagataaatt caaataagtc 840
accctaaat .ccatt gtlﬁccta#ca tttt cttatt ccatctttat 900
e hivasation '&J{‘@'éf’g BSUOLPSE PhEYee "f’d’g’g PUEEIYEETagat ct 960

ctctggagtc cttcaagact gctgttctta cgaagttcac gtccctgaat 1020
l atjggaagcc (Sgameagacct cgaat|t ct aa apggt ggcga taaattgaag 1080
[ at ggemt 9C g@geistgaca cggaggcaag c ctttatac cttccagttc 1140
[tgatttcag daigtee%ctit g gagadcaatc cttgtgdcaa gtttgaagta 1200
gcatatgtt dgctacd Oslgm g_?_t, \,ulfIA% ot chcpbvﬁrge@f%aact et—1260
tgaggggg&g d&@ﬂ%ﬂidgg aat gagt at/g a,catggagiR®gg§ﬁmgQ@&mﬁ620
[ 2C 6@t do 5§gc‘caac i®ckt/cgdggatt vt acat t cagagaaabat@catbdild80
at aggt aaac CCEFPEttgt adgatlaactg aat gtt c&ikek tst@at GUDGKILBA0
Fttittacttg dftatatcca gdcagdttaca agttggaés caagattgtg 1500
httlatthatd, tatttttttt ttlagdagaaa caccttatig Rtﬂ’e‘ﬁgft?@tl"e @Qbo
hat gapadin dodtadhgag, adtatlageat yeat oggac c?kgé%t " G820
t aggat cct épccggtc ac cggaaagttt cagtaga gh2chda MRt h§80
at-gatactat—tattttattt tgtgtt ettt R D 10
At cca/daetan gtt ccggggc cgct acaact gaaacaa%ﬁ%gﬁﬁ p&800
ngalddandy ¥ gELIOeEt Pt aca@atéchYaitdéccq&ﬁgyggsng Ex L 860
jagdf aaagc atactaat/tt gactcttgga aacccatigaa) gtttatgtta 1920
jgaccaat cc acttgggggc atjaacctgig tctat gtjgtgret G 2oik pdi880

tat %g%% s bgioaat MDC%?a? cgﬁc;gNa(gg cagangat tgaagaaip@040

t aa [xgcaagat titlattaa t gagat g&iigpet gte:tigtigaCKPRO0

fcatacattt cactaagaaa tggtticcaag taccaaadks 2160

t aac 6489 189: R ou G, 220: K (MDCK)

J Igffg% oo |ISDN2209 | vl v | N N | T(Egg), 249: Q (MDCK)
53 £8 R(Egg), 550: L (MDCK) R
06
(Ege)
189: R ou G, 220: K (MDCK)
A/Solomon .
Islands/3/20 |EU124137 |Egg Y| Y| N N I{gﬁ’g’ 525‘(‘)9_' LQ(M%DK?E
06 (Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
T(Egg), 249: Q (MDCK)
Islands/3/20 |EU124135 |[MDCK | Y | Y | N N ,
Py R(Egg), 550: L (MDCK) R
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
Islands/3/20 |EU124177 |MDCK | Y | Y | Y Y E((Eﬁi))’ 525‘2)9,: L%M%%H%
06 St
(Egg)
A/Brisbane/S | ISDN2826 203: D/UN D est le plus
HI 9/2007 76 MDCK | Y| Y Y abondant chez les H1
A/Brisbane/ | ISDN2851 203: D/I/N D est le plus
59/2007 01 Fee Y Y| N N abondant chez les H1
A/Brisbane/ | ISDN2857 203: D/UN D est le plus
59/2007 77 Fee Y|y Y Y abondant chez les H1
A/Brisbane/ | ISDN2826 203: D/UN D est le plus
59/2007 77 Fee Y|y Y abondant chez les H1
A/Brisbane/1 | ISDN2748 202: V/G, 210:L/P, 215: del
H3 | 012007 93 Bgg | Y| Y IV Y a0 81
A/Brisbane/ | ISDN2576 202: V/G, 210:L/P, 215: del
102007 |48 MDEKI NI Y 1 Y 1 Y 2405
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gagt ggt cac
tcttcttgtg
tgcctcacta
t acat caaat
tt gcaact aa
atttttatat
aaaaacggt a
gaggat aaca
cacgcatctg
cacaaaaacc
acact ttgat
tt gagagaaa
ttactcttgc
aaacagaacc
agct aagaat
cggt cgt cgt
t caagccgga
gtt cgcagct
ttaccttggt
t cagcgt cag
caacgagcct
agagaagaat
cat t gaagag
agattttgac
ggat at cacc
gaggactctt
cgacttctac
gaagtgtatg
tcat gat gtt

tttgatagtt caatttcatc ttggcttctt 2220 attcctttta taattctaat
taaactattt catgtattat ttttctttaa
O HAPPEY gcat at aaca at gat aagt g
ttcgacatcg tttattatgt tcattggatg

2280 aatttacatg tcatttattt
2340 atattt tPQELCAtZQ?a/@%%?at t
2400 attaacaaat ataacaaact

ttaacc ta-attaactata 2460-actgtgaaag-tagttaactc
ttcatagatc %?zgﬁﬁbaga aat aacggtia 2520 tattaatccc tccaaaaada
t at (dadt aa qgerﬁﬁgaag ccacgtagga 2580 ggat aacagg atccccgtgg
fccaat ccaa :ﬁ@dicangg&@%&pqhg>hAQGﬁngagﬁgggﬁ&p actttaagdc
99CREALGL ARBRER oL a "aatcacacat” 2700 TTIhTCagas; (qhE Lyagena
aat coas@t ¢ t4it at cacdes at t &t at’aga Y2760Y aapiigagagi (tdtgagtdt
TCCChBrdas CRPRIAGAAA gagaaga CYZMU U aghd.agbt 31080k 35, GRE|C
at gtiogogt a asggagaadde accagetatic Y2880Y ggtat egate ttggt accac
gt cogagtatc ggoaasacga chtgtégagY2~40Yat Cet.t et aoaligalcargy
acgrioatwt t  amgt t ot cacdgact de Y3000Y gagagatx ga t cggt gacdc
CagphABgea/ | cecgt taacaccgtit 3060t t pgacyct acagagys:teat
ftc lotgaEca %ﬁ?@ﬁ%t 55gag&gaégtgyglonaaanigmggm catt caagat
ct pamgetiam/ ¢ gat cthacgt a.3180,t apaagygt gloday agaarga
gagpageartt ¢ @2:25{% %thc t%at 'SgangMOYat gepasa ttqctgaqﬁc
gtcaﬁ&ﬁﬂm&#&@&&@ﬁ@cg%gtgthacqgttY3300chagtt%attummaangamtc
gct plO@e¥gg at3gct ggtigt™ cat cget gdt 3360 ttpdactt & t gcgaat cat
acagodiyenty ciafoh g6 ClvihGIOke! hac y3420y aagdagyct allddagegtdelg
gt t cOP2E8ct tcgatcttigg tggtggecact 3480 tpAlgaAdlgbkt ctcttcettla
ggtaﬁ??&f@ﬂaggNaﬁéggggaacNgcbggt}B'40Ngaé@€d€§téumfﬁgmﬁgbga
aac] t'gg tiaaccactt tgtccapagag 3600 tt 3}3%%@; _agagt aagda
jgt 8y gg'éb&‘ée/ g558E%¢ t lag, gabet ngagay3§60Yact2ﬂ€c§t 104dagaticlHa
et tdcatt g et cagacclac catcgagatit 3720-gactb gk it
treepecateca¢eecgtgetagatitgpggag 3180-ctrgacalgg—atetetteqg
gagBQQQQ&&négaagngtct t cgt gat gct 3840 aaqégﬁa%ca agagcact gt

gHecE1aht 9 ggygwxmtéc ccglNat ccat Y N |6 av
' 196: H/Y :

138: A/S

A/Wisconsti parti 156: H/Q

w67/2005 | DQB63947 )7 N Y Ty [ N igs:av

: 196: H/Y

138: A/S

A/Wisconsi ]' 156: H/Q

we7200s | EFA73424 17 NP Y Y N gegv

l 196: H/Y

138: A/S

A/Wisconsi | ISDN1387 E N | v v v 156: H/Q

n/67/2005 |23 g8 186: G/V

[ 196: H/Y

138: A/S

A/Wiseonst | ppygass | g N[ Y | Y | vy |B&HQ

1/67/2005 g8 186: G/V

196: H/Y

138: A/S

A/Wisconsi | ISDN1387 |, Nyl y vy |136:HQ

w/67/2005 |24 : 186: G/V

196: H/Y

., | ISDN1266

B ggg/lél;ggf/ 72 (vaccine | Egg Y| Y N N 120 K/N

rec.) 210 T/A

B/Malaysia/ 120 K/N

L 2506/2004 | Fro00433 |Egg | Y | Y | NN iga
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3900 aaggttcagc aattgctcca ggacttcttc aacggcaaag agctttgcaa gtctattaac 3960
cct gat gagg ctgttgccta cggtgctgct gtccagggag ctattctcag cggt gaagga 4020
aacgagaagg tWEaHYA4eRES tctattgcetc gatgtcactc ctctctccct tREEAHYAI2080

actgccggtg gtgtcatgac cactttgatc ccaaggaaca caaccatccc aaccaagaag 4140
gaacaagt ct tctccaccta f‘fM acaac—caacceggtg-tgttgateca—ggtgtacgaa—4200
ggagagagag ccagaaccaa as‘?caac ctitctitggta aatttgagct ctccggaatt 4260
cctccagctc ctaggugat gt |G erencegdtc agagtictgct ttgacatitga tgccaatggt 4320
atcctcaatg fctctgctga |ggacaagaghs,;iddseIaas bﬁ@gﬁﬁgaag@grg&ﬁgcat cacc 4380
aat gacaagg OUTHGLGLE q%@g@t ag at[t gagaaga tgottcaggaxk/9gct gagaag 4440
t acaagt ccg pagasgagga ggacaaga%?@ aag’%tt§a<achcaé’gaagg)cr/Actcgagaac 4500
tacgcttaca acatgmggsa “mm‘:ﬁﬁc acgag aanttgg} gagak/gct cccgget 4560
gcagacaaga agaagataga ggattcta gag aggcga tft caat gogmtT/£gagggt aac 4620
cagttggct g aggavgsityga/ a( agat ggagg, apt Lggagagi/sat ct gcaac 4680
ccaatcattg ccaamateia %E:Fgaég%a lglﬁcgc?%ctqa' g _ccggt gge¥c/aggt gecctct 4740
ggt at ggacg at gdvgatse Gesia%L U6, gcc‘ggtgcthgaCGXt acg%OtK/Egaggaggtc 4800
gact aagagc tcagdoeeMa itttcccega tt gaaaca tttggcaatla/hagtttctta 4860
agattgaatc ct gt/ éﬁ’g/ tref 5469 Mg,cﬁttyzitht atyagat tt ct 20
aagcat gt aa "1250 4t gt dgttlattia tgagatd 80
agagtcccgc a %Y'#EO% Ff% CyMOCHt| agdagacaN apamat ags gcaaact ag 5040
gat aaatt at egegegcggt glcat ctatg-ttactagategaattegtaa—teat ggtcat 5100
agctgtttcc togtgtgaaat—tgttateceggggetggtetg taba‘rtu%mng fioieyeys(oyer oS0
tgcattcact | gqbdéuidadl g%@ﬁ?ég(agg& agggaagagayagageca gloﬁ:gfc gﬁig(gacﬁizo
cgaccttgca pgt|ge8ct cg @dggt cagaa adtgtjatatc atatcta mT&@gﬁgﬁg@gﬁ 5280
ggaacatttg agatlgRagka catttactw adgt at acttNa tatttjtga tcaataaatt 5340
tgtatacttc [t3abidsagat B5ht Cﬁt tit aagc 't at aat gcaa aat aaattac 5400
gat caaat at pcaasrigida/ gmmags(acltg/xrocgtg&ta cttoatgggatc tcttggtttc 5460
tttggcaat c acatyoct aa |ghaat aaat a gtiat catatg attgtgtittg gtcagacttc 5520
agagt cagat gadti¥lgidett/ daacpg ct/tywat taagycycety atlaga atatcatatg 5580
atg t gt gt ? tg ) 2006gt % Bk P4l haggy cpett Ingcludes cytoplasmic tai
B/Brisbane/3 | ISDN2566 lacking glycosylation site at
B 12007 28 Ege Nl Y | N N | position 211
B/Brisbane/ | ISDN2637 lacking glycosylation site at
3/2007 82 Fgg | Y| YV | Y Y | position 211
B/Brisbane/ | ISDN2637
12007 23 MDCK| Y | Y | Y Y
A/Viet ISDN3868
HS5 | Nam/1194/2 |6 (Vaccine|? Y| Y Y Y
004 rec.)
AlViet
Nam/1194/2 | AY651333 |? Y| Y| Y Y
004
A/Viet
Nam/1194/2 | EF541402 |? Y| Y| Y Y
004
) DQ37928
H5 %{)\5’“}‘“‘” V' vaccine | ? yly |y ]| v
rec.)
A/Anhuil/1/ | ISDN1314
2005 65 Feg (Y YV Y| Y
A/Chicken/It
H7|aly/13474/19 | AJ91720 ;I:IN Y| Y | Y Y
99




gt cagacttc
at cat at gat
taattaagtg
t gaaagt aga
at aaccagaa
t ct caaaagt
tccattatgg
cat aat gat a
ccttcaagac
ct gaaagacc
cgggct t gac
gaagt cactt
t gagct acct
gaagttttag
tt ggccaact
cccctttttg
gattatatcc
ttattttttt

aaaagaaaga aa

tctccggtca
ttattttatt
cgttccgggg
agttttcctt
catactaatt

cacttggggg

agagcatctc ttggtttctc tggcaatcat
tgtgtttggt cagacttcag agtcagatga
OYQ 2N1¢¢H2 aagcgcttat catataagtg
agaaatagtc atattgtttt aatataagct

at gcct aaga
ccctgtttgg
cttttgtaca
at cct ggaga

5640 aat aaat agt
gt aaacagct

BEHOAHOYRPI0ct
gctt gt ggaa

5700
5820

a

aagaactt at aa(‘a(‘m‘ ca tgagctgttt acataagatc 5880 tccctaacag
ttitatgcca aﬁhdat t caaat aagt caatctaaac 5940 agaccct aaa
g ¢ g
aclGt@aincat 'é ttat tccat|ctttla t{aagaatgt 6000 cat gagat aa
cagattartelitics 98973001 b 29FR2! 12,8090 act ct ggagt
tgcrgttctt abgaaguba tCCCtgaa tCatgttcctl orzZu gtatggaagc
Caaattcta dddzg%] ? Cy at@adttgga gyttt acygas @80 atataccctg
acag@ggggﬁ. ¥{ata ccttclcagtit caac gggad (rag40 gttgatttca
y'd4 t d&th gt ggé t ¥t t YaattYtt B0Q t
ggagagsaa g %&% a ag gaagt "aa Qb (EB0RIytRPaBA aited
acaat ttaca 'BATCHCGt a gcat tlagetc tit cact|teaise®60 ct gagagaat
gaatgﬁgm&Wr%?ﬁgﬁtgggg t clggcatggcttt g aatgc 6420 ctaccct act
caticgg@gat t{acattgag aaaatlataca tgacttcaac 6480 catacttaaa
aagat aact aatatt at atttaatgtt ggottgtagt 6540 gtttttactt
ngadegieac a gca aclagattgt gggtctgtac 6600 tgttatttat
13?3%%%55%1 g %ga?c ttit ¥ot 0t dg¥t {t ghat|gt a 6660 gaat gaaaat
a’at aﬂﬂa L cat cggccg—egettgt ctra—-attt eg 2C
CCJ ?% gﬁgé 139 aaagaagaga,ccgtgact aa 6780 aatgatacta
Iatbgf% &8 :??t c taccggaagt ttttagaacg 6840 gatcccaact
cgctacaac tgaaacadaa gaagatattt—tctctctectt—6900 cagaaatgt a
acpgdk &d-attcac at— ttjgattcaga tgtrggtgact 6960 agagataaag
tBhlatott gg aRCeAtda agt ¥tlat'gt/t Yat cchtgttc 7020 tggaccaatc
catla t ct at gijqgt titigottjt _ccattctjgat /080
/ﬁﬁg%g&e%zomo GUENATI LI Oty e
A/Singapore
11957 L11142 ? Y| Y |Y Y
A/Japan/305/
H2| 957 120406 ? Y| Y | Y Y
A/Japan/305
/1057 120407 ? Y| Y | Y Y
A/Japan/305
11957 CY014976 |? Y| Y| Y Y
A/Japan/305
11957 AY209953 |? Y| Y | N N
A/Japan/305
1957 J02127 ? Y| Y | Y Y
A/Japan/305
1957 DQ508841 |? Y| Y | Y Y
A/Japan/305
11957 AY643086 |? Y| Y| Y N
AlJapan/305
11957 AB289337 |? Y| Y| Y Y
A/Japan/305
11957 AY643085 |2 Y| Y | Y Y
Drug
/i\g/?;pan/BOS AY643087 |resistan| Y | Y | Y N
t
A/Teal/Hong
H6 | Kong/W312/ | AF250479 |Egg Y Y | Y Y
1997 (H6N1)

Y, N - Yes, No, respectively

SP — presence of signal peptide sequence Y/N
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ttat gcggcg
ttaataactt
gt cat acatt
at gacgttcg
ataattctaa
gtcatttatt
ct cacaaaat
t at aacaaac
gt agt t aact
ct ccaaaaaa
gat ccccgt a
cactttaagc
cat ct gagcc
tttgtgagtc
aat t aat cat
aaat att acg
t at agaaagg
gagt t gggcc
t at ggt gaag
ccgtttgata
gcaagaagac
gt gt at aacg
aaagggaaag
at gaagatta
cct gact gca
ggaaacaaga
cagggt caca
gacatagttt

10

15

actt gt aatt taaaatct
atgcaagatt ttttttat

MeQxetgZa at ggttccaa
ggagt ggtca ctttgatagt

H%éaaac_t att
BB/
Hhacabe@ae HAbtdegasat/]
ittt gcaact a attaaccacc

ttcttcttgt
Hirgccrmalge

ag
ta

aact

gaggggcaga
at gagat gat
gt accaaact
tcaatttcat
tcatgtatta
t gcat at aac
gtttattatg
aat at

PAPTterael RpeRtrga fordn dtthagag

daaaaaacggt atatttacta aaaaatctaa
ggaggat aac atccaatcca accaat caca
GRRRLG/ 4Rt L at ot
at cacc
tacactttga ttcccttcaa acacat acaa

SEaT ISt 4358

aCaCaadaaC Caa

1]
cCaCa

ctt

catt gaacaa
gtgtttgtga
at cat gaccc
cttggettct
tttttcttta
aat gat aagt
ttcattggat
aatt aact at
aaat aacggt
gccacgt agg
acaat cct ga
aaat cacaca
cattctataa
agagaagaga

tcccaatatt

7140

U260

ctgagattga 7200
35?@8

tattcctttt
aaatttacat
gatattttga
gatt aacaaa
aact gt gaaa
at attaatcc
aggat aacag
t gagat aacc
ttcttccaca
aaaat cacac
ctaattaatt

7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920

B0#3d gagaBishimgna acieausares Y are cemrERagyaanaignt idetibdet abble7dgBo
AlAoh GY T 88ivh8d 4 {33 r30LAC A FARIW BAG e LhRIARAJCC

cagcgat gaa gaaccat cca gataagggtg gggat cctga
aagcat at ga agt gttgagc gat cct gaaa agaaagaact

AHYe e tA/BdloagakiggR 31 290¢ 8696 agd cgiat@ggaagct C

ttttcgaatc atttttf

gt

m‘ang("r tt g g'r ggt

gt gg

d

agaagcaagyning adgat

it g Mige

attct aBggaaggtttc

gcact ac tgtg
gt t caaaa@d?t ggaact gct gBaaggt gtt ttggatjgcca
ccagaaggep-aattggactg—ggeatgatte gacaaqt gca
aaggaac dalcgaggtcatt agt gagagag dt agat|gccc
tt act caagg aaagaagygt-g—cf ggaggt gc—gtgtggaaaa
agattgt cgaaggacgaa gctgatgaag ctcctgatac
tt gt ctt gCy, AUl AFAIYYsA, catccygaagt ttTyggaggga

Strain: HI from A/Brisbane/59/2007

[00424]
(N).

Strain: H3 from A/Brisbane/1

[00425]

0/2007

deletion is observed in two sampled sequences.
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gaagtt caag
gt at gat caa
atttcat aat
tccttcacgce

ct t ggaggat
ct caaaat gt

gggcacaggt
acacgt ct gt
t caat gcaag
ggggat gcag
aat cacagga
gcgt gat gac

8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760

Position 203 exhibited a variation of aspartic acid (D), isoleucine (I) or asparagine

Sequence variations were observed at 5 positions (Table 15). In position 215, a



ctccacattg
acacatcttg
ggt caacat a
ggacgcct at
caaagcct gg
gaggt agat g
cgaaagaagc
t cgcagcct ¢
tcaaacattt

0580

ggcaat a

ag tttctt

aacacaattt gagcttaact gaggctctct
at ggaaggca actattggtc aaat cgaacc
AU M10d2a t gat gaggga at gccacaac
acatcaagtt tagtgttgat ttcccggatt
a gatattac
JarosEaseaT
aacaat accg tgaggcatat gatgacgatg atgatgaaga
gggt gcaat g cgct caacag taggagctca gctcgaattt

flpdige

aga ttg

gtggcttcca
ccggcgaagt
at ggt aggcc
cgggttttct
aagaact t
et gcaga

t

g

g
t

c

P g s

atcctg ttGCFgOTFt

t ccccaagce
t cccaaaag
gagat gagt
gat gagcac
cccgat cgt

t gcgat gat t

at cat at aat
ttatttatga gatgggttt
gaaaacaaaa tat agcgc
ctagatcgaa ttc

sequence <220> <223
tttctctcaa gatg34 <
<223> supP19- 1c <40
<213> Artificial se
ttactcgctt tctttttc
<220> <223> A/Calif
t ggagcacga cacacttg
gacttttcaa caaagggt
tcactttatt gtgaagat
t aaaggaaag gccat cgt
acccacgagg agcat cgt
ttgat gt gat aacat ggt
agt ct cagaa
cctcggattc
t ggct cct ac
cgacagt ggt
t ccaaccacg
cgcacaat cc

ggagaggt at

ttctgttg

cattgccc
cccaaaga

cactatcc
t aaaat ct

gaccaaaggg

tcttcaaage

aa tt acgt 1
tatgat

Qagincat

::mn n'r Il

12Ra2 Ha2t5 XA bt a

‘r‘nr‘anf tatacattta

gléDaIaa@P

<21

1588 aaa

'\5 124 <

Vat dgc gcgefgt dt ¢

11> QA (’)’I’)\ DPNA <)
A' Y

t acgcgat a
tctatgtta

%tgcatgacg

gtttaatgtc 8820
cat caagcca 8880

getiearyeyo8940

9000
9060
9120
9180
9240
9300
9360
9420
9480

B

210 '1’)]:

) &%to r

213> Artificial

22005 134 c%ttdiatag ctcgttccat

038,

JELLCQag

I"\I l.

ctatacaaggzs <510>

<L‘

ga ag§2

> <2231
7% 127

SupP19%Sacy T <400
<211> 3462 <212> DN

OfsBiNa? 41
tc tactccg

naaa at atf

%) écassnvte]punber 560)s <4

caaaga tacagtctca60

agDNatma g
ag t ggaaas

jaga cct
agga_aggt

cctcggal20 ttcaattg
ggctcc 180 tacaaatg

0dd aaaaadi

[ 6UBRagHt gC

haga cgtt

SICKH gce

gacagt 240 ggt cccaal
ccaacc 300 acqgtcttc

a€ag
gagac

actt
ttt

gt ctac 360 f£ccdaaaa
caacaa 420 agggt aat

0>

CcC
CcC
ag
aa
ta
at

aaat gccatg

attgtg 4\80 %agért agt

g9
aag

660
\SAv)

20

{50

aa

»LgaFg
gaag

Strain: H3 from A/Wisconsin/67/2005

[00426]

i ficial
126 <211> 32 <212> DNA
> 126 agtcgagctc

A <213> Artificial

sequence <220>

127 gt caacat gg

gaagaccaaa gggcaattga

cagctatctg
at cattgcga
at ggaccccc
agcaagt gga
t caaagat ac
ccggaaacct
aaaaggaagg
at gcctct gc
aagaagacgt
t aagggat ga
catttcattt

Sequence variations in this strain were observed at 4 positions (Table 16).

Table 16: H3 from A/Wisconsin/67/2005 amino acid variation

Origin 138, 156, 186, 196
ISDN138724 | Unknown | A H G H
DQ865947 | Unknown |S H VvV Y
EF473424 Unknown | A H G H
ISDN138723 | Egg s Q VvV Y
ISDN131464 | Unknown {A H G H
EF473455 Egg A H G H

*Numbering from the mature protein
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780 acgtggggaa acccgaacca aaccttcttc taaactctct ctcatctctc ttaaagcaaa 840

cttctctctt
cagt acaacg
ggcgccatta
gcttgctgga
gcgggt gcaa
tcttcttget
tggttttcga
gcccat ggcg
ttctcagatc
t gt agacaca
caagcat aac
t aacatt ggt
at ggt cct ac
catcgatt at
gatattcccc
at gt cct cat
aaatt cat ac
gct at gggge
agat acat at
aat aagaccc
gccgggagac
cgcaat ggaa
caat acaact
acat ccgatc
cacaggattg
tttcattgaa
tgagcagqgg
t act aacaaa

15

gtctttcttg cgtgagcgat cttcaacgtt gtcagatcgt gcttcggcac 900
tWOLHPPRE ct gaagcgaa atcaaagatc tctttgtgga F&EGHAYOHLIBGO
aat aacgtgt acttgtccta ttcttgtcgg tgtggtcttg ggaaaagaaa 1020

ctgctgtt cagccccata cattacttgt tacgattctg ctgactttcg 1080
ggf%f%ﬁ%ﬁPWWéﬁﬁﬂé?égzxﬁaggtattgt tgcctgtact tctttcttct 1140
gattggttct ataagaaatc tagtattttc tttgaaacag agttttcccg 1200
dvurYygagad aagah bigtvd aesitipns tsobgtat (btedp dosiiomEtltis gitegg 1260
agaaacgttg cgat.tt t t ctctt tgtt. . 1320
BT PR LA B He bbb bl Bl R0 1 5
tllawinggalase mgagst gt aac agt aacacac tctgttaacc ttctagaaga 1440
gggaaact at gcaaact aag aggggtagcc ccattgcatt tgggtaaatg 1500
G0t 98 UemGodINBARR BMALGATL HeBRB4 1RAG LY ChRGAYCaaget ¢ 1560
att gt ggaaa cacctagttc agacaatgga acgtgttacc caggagattt 1620
gaggagct aa gagagcaatt aagctcagtg tcatcatttg aaaggtttga 1680
aagacaagtt catggcccaa tcatgactcg aacaaaggtg taacggcagc 1740
gct ggagcAg Araggkt ot a gpdgaagtta atggct ag ttaaaaaagg 1800
ccaaagct ca gcaaatcdta cattaatfgat aaagggpaag aagtcctcgt 1860
att caccafpocatctactlag tgct gaccaa gmpaagirtct atcagaatgc 1920
gtttttgtgg ggtcatcgag atacagcaag aagttcpagc cggaaatagc 1980
aaagt gagggioat caagaagg gagaat gaac tattacfgga cactagtaga 2040
aaaat aacat tcgaagcgac tggaaaticta gtggtaccga gatatgcatt 2100
agaaat gctgmgat ©h ggidatorst at cat t t ca gat acaccag tccacgattg 2160
t gt caaacac ccaagggt gc tat aaacacc agcctcccat ttcagaatat 2220
a¢HAt ’f‘*’@fgé%{“‘él’éﬁf@‘f’%g@g’ﬁldé{"é’lo@@é%@(‘é”é acaaaat tgagactggc 2280
aggaatatcc cgtctattca atctagagga ctatttgggg ccattgccgg 2340
0WgeRIgt gg@beAagygahGal irrpdat gaad gud deaegad taditinacaaiioadana 2400
tggpgegcg{?g & e SRARSIRES " A FRARRIRF R T RAAPREARER i LRAFIR 460

cells, while glutamic acid (D) is found in sequence isolated from eggs. Position 211 is a

glycosylation site, and is abolished following culture in eggs.
Strain: H2 from A/Singapore/1/1957
[00429]

Sequence variations were observed in 6 position s (Table 18).

Table 18: H2 from A/Singapore/1/1957 amino acid variation

Origin Amino acid No.
166 168 199\236 238 358
L20410 Viral RNA | K E T L S \Y
L11142 Unknown | E G K L S I
AB296074 Unknown | K G T Q G Vv
Consensus K G T Q/L G Y
A/Japan/305/1957

! Numbering from the mature protein
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ttattgaaaa
aaagaat aga
at gccgaact
t gaagaact t
acggctgett
ggactt at ga
gggt aaagct
gttcattggt
ctctacagtg
t cggt gt gca
gtaatttaat
aagattttaa
t cgacct gca
cggtcttgeg
cat gt aat gc
catttaatac
ggt gt cat ct

<213> Artificial

<400> 128
Val

10

15

20

25

gat gaat aca
gaat t t aaat
gYe gytreeLR
at at gaaaag
tgaattttac
ctacccaaaa
ggaat caaca

cagttcacag
aaaaaagttg
tt ggaaaat g
gt aagaagcc
cacaaat gcg
t act cagagg
aggatttacc

cagt aggt aa
atgatggt tt
aaagaacttt
agct aaaaaa
at aacacgtg
aagcaaaat t
agattttggc

2520
2580
2640
2700
2760
2820
2880

agagttcaac cacctggaaa
cctggacatt tggacttaca
ggact a®EHEAFUPPVAKat g
caat gccaag gaaatt ggaa
cat ggaaagt gt caaaaatg
aaacagagaa gaaat agat g
gatctattca actgtcgcca

swetiggtiagve AGeednyd g lcaatddbgtdt A/2940/1C0¢gat gt gc t ct aat gggt
tagaatatgt atttaaaggc ctattttctt 3000 tagtttgaat ttactgttat
foblf at 91 1 BELOACEHHidL bhERBS BGnIARR, dLAGAThGLGod hfghhk !

tctttgtga gctcectgttt a gtcgt 3120 cccttcagca aggacacaaa
mvﬁﬁhﬁﬂﬁﬁém@éaﬁﬁaééﬁﬁeEgﬁﬁﬁéaccg 3180 ggaattcgat atcaagctta
gatcgttcaa acatttggca ataaagtttc 3240 ttaagattga atcctgttgc

st gatieat s redashi kKede/ms ogaat t ac 3300 gttaagcatg taataattaa
at gacgtt at ttatgagatg gogtttttatg 3360 attagagtcc cgcaattata

BP4F) SO gFASE M JGaRaSERRS 12D pqeeatceat ategegeae

act ag ¥ PNGHEY a3
<220> <223> A/ Californial/ 04/ 09

sequence
Strain: jgttonMl&quiysPisgwe/Sal Ala 11 e Phe Ay Leu Leu Phe Ser

15 10

[00432]

was excluded as it is a laboratory reassortant.

A total of 2 sequence entries were found in the databases. The entry AB298877

Strain: H9 from A/Hong Kong/1073/1999; AJ404626

[00433] A total of 2 sequence entries were found in the databases. Only one was complete.

Example 20. Transient expression of influenza virus hemagglutinin fused to a signal

peptide from a plant secreted protein.

[00434] The effect of signal peptide modification on HA accumulation level for other
hemagglutinins was also investigated through the expression of the A subtype HAs from strains
A/Brisbane/59/2007 (HIN1) (plasmid #787), A/New Caledonia/20/1999 (HIN1) (plasmid
#540), from strains A/Brisbane/10/2007 (H3N2) (plasmid 790) and A/Indonesia/5/2005 (H5N1)
(plasmid #663) and of the B type from strains B/Florida/4/2006 (plasmid #798) fused to the
signal peptide (SP; nucleotides 32-103) from of alfalfa protein disulfide isomerase (PDI;
accession No. Z11499; SEQ. ID. NO: 34; Figure 17). The PDI SP-hemagglutinin gene fusions
were assembled in the plastocyanin expression cassette — promoter, 5’UTR, 3°UTR and
transcription termination sequences from the alfalfa plastocyanin gene — and the assembled
cassettes were inserted into to a pCAMBIA binary plasmid. The plasmids were then transfected

into Agrobacterium (AGL1), producing Agrobacterium strains AGL1/787, AGL1/540,
AGL1/790, AGL1/663 and AGL1/798, respectively.

[00435] N. benthamiana plants were infiltrated with AGL1/787, AGL1/540, AGL1/790,
AGL1/663 and AGL1/798. In parallel, a series of plants was infiltrated with AGL1/774,
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15 Leu Val Pro Ser An lle Phe Ala Asp Thr Leu Cys Ile Ay Tyr H's 202530 Al a
Asn Asn Ser Thr Asp Thr Val Asp Thr Val Leu G u Lys Asn Val 354045 Thr Val Thr
Hi s Ser Val WEM10/&323%¢u G u Asp Lys His Asn Gy Lys 505360/ CRe080826 ys Leu Arg
Gy Val Al avBrmyowae Hs Leu Ay Lys Cys Asn 65707580 Ile Ala Gy Trp Ile Leu

Gy Asn Pro Au Cys GQu Ser Leu Ser Thr 859095 Ala Ser Ser Trp Ser Tyr Ile Val
G u Thr Pro Ser_Ser Asp Asn Gy 100105110 Thr Cys Tyr Pro Ay Asp Phe Ile Asp
Tyr Gu @ uAEéa76Af*&Lé680 enk TG smpiniioposty Lk st st ebrBT 6 Ar g Phe
G u |l e PhedBrigcubiin phiod303304A O eRakrSen fbifinfi@efRivckinE ASlPzed8y Asn Lys Ay

Val Thr Ala_Ala Cys 145150155160 Prg Hi s Al a Al a Lys Ser Tyr Lys Asn
Vo e T Svicgmul wdeeiogpranpg an-ga yred 1 Sedrrrerdor dli i Ml Y os anr
Tyr Il e Asnass/BSDIR51OOcInyi8erfBlyinlpy&e@lidingid SELom VBI cdnldred kxh&dpresdien Hi s Hi s

Pro Ser Thr 195200205 Ser Al a. Adn dn Ser Leu r n Asn Ala Asp Thr Tyr
Val Phe 310958350004F Sa@iﬁféwt@@% RPe T SpoqTie {iﬁ)sa“gﬁéesevélvwo%su lle Ala
Il e 2252302352400A6fG: tREDHA ism\iabty il Bsgin E@Newdledchiy/ 26X ¢p9Mehs oBafrmBYr Tyr Trp

Thr 245250255 Ley,Val GQu Pro d s Ile Thr .Phe du. Al.a Thr y Asn Leu
260265270 va?m&}ﬁs %BF%’IIE‘A?'&@“’W}P%&V Q*&@Z%é Hticey OKP‘&“%@ﬁPL%‘&F S%GOOG‘"@&;? Ay
275280285 | ksthhtial inkreasSer HAsguhbratidy for Na{A/Hidsnefia5/2Qy3 (Asure Th, akdfio Cys G n

290295300 Thr Pro S Ile. Thr, . Leu Pro Phe A n Asn.lle His
3053103153204 ¥4 TL%““P%‘XF&&@ S @?ﬂ @‘Qa/ﬁ?@%%spf?fve%??&lﬁ??‘%B?F’“%r Lys Leu
3253303385 Aungd lfi@uexpibsaiom (Riguet §7eh. ur Ar the AmditibdseviereahéSaprebdican oBHA vBeretdngl G y
340345350 Leu Phe . Gy Ala.lle a Phe 11le u | Gy Trp.T y Met
355360365 Val “AL' é““f‘?aﬁt‘ ;}’?“‘Q"%‘/S “%%Veﬁia{sea Pplge We‘q*%"f@p\{u""&ﬂ“%dé%k b Qy
370375380 Tykig AatoAl),aoksspordey ihyise tSere ulitlcaved HAAprcdaa | | e Asp A u |le Thr
385390395400 Asn Lys Val Asn Ser Val Ile Qu Lys Met Asn Thr G n Phe Thr Al a

405410415 Vgl,, MszfA Gptestiaf ugié? thi &nhGH)fQP‘M%IﬁIAﬁgeséi{:]@cageueﬁs” Leu Asn
420425430 Lys Lys Val Asp Asp y Phe Leu Asp Ile Trp Thr Tyr Asn Ala Qu

435440443 Leghabau ValyglegbedsBH cfbdte SBRNVATY (ifibutD bt dE200AP RNt BRYsidTh S ASP Ser
450455460 Asn Val Lys Asn Leu Tyr Qu Lys Val Arg Ser G n Leu Lys Asn Asn
4654704754802 182 18;p8e ayodVP12807 3p45Q gormripingyiatranplatedeguanprs frpprth¢fawneys Cys Asp
485490495 A%{&stim%owg RIGh Y wlsed/Bl exlpYeBsifSIF sGhy he-E%f;glIty{insAlﬁ Qan-g%ghicpr 0 Lys
500505510 Tyr Ser u u A Asp y Val Lys

a !Eés Leu Asn Ar.%Gu' ulle
515520525 L&kt A e Afhew dplgdonja0tgPo @1y A/Pesbprs(POR087 (Hlg Tyr Ser Thr Val
530535540 AIAagéganeﬁexzomm){alxlna&fésié/abodéqha%a Blaskidadayr06d @) Wek cRfiessihe Trp
545550555560 Met Cys Ser Leu S |l e s. |le 565570 <210>

Asn 3y Ser n Arg |

129 <218 7xmderthg sCntiphpl @M‘éﬁTﬁg 1 lf@@?@iﬂﬂ%@@ﬁ@ﬁ’@@lnﬁg@@éa%mbedzﬁﬁsts pr onot er
<400> 129 gtfamneat, Jgvdggranncgal eamaed hifitics tathaiapdRindkaiEaradanpaeadt ct ca 60
gaagaccaaa gg caat tél?a Agacttticaa caaag gt aa tat cCggaaa cctcct Qg%a 120
ttccattgcc ag'fﬁta?l ScHRYR lflé*‘f&umg%f*gfaag MYgHT gepaesaiay pasetiy bt fgugecHAaso
tatcaaat gcc a%;ﬁ:@'éiblgrégat&ﬂ%%ﬁwﬁ@%ét&gs&@e@ﬁggbg@@Ei@naﬂ &%%iﬂlﬁié@«gt ggg

CCCaaa adCCCCC acccacga agca aagdaagaaga C .CCaacc
200t ot toaa AYCRABEAH 0L GUoHT AIUAC B8 gt aeONAaL churtigt Boste 360
t ccaaaaaba ul@adgatdaectigiof Hoagamughos aridgBthabadildgRgate dddttitaacaa 3;8
a taatat cc agacct cctcggattc cattgcccag ctatctgtca ctttattgt
agggt agt gg é‘%@%{i@%&%‘&n fodlalglg'gsc‘?'}% HAET Gt g"f%‘%’ﬁﬁ“@&‘@"‘ﬁ?é&“ﬁﬁgaaaggcg 540
atcgttgaag atgcctctgc cgacagtggt cccaaagatg gacccccacc cacgaggagc 600
at cgt ggaaa aagaagacgt tccaaccacg tcttcaaagc aagtggattg atgtgatatc 660
tccact gacg taagggatga cgcacaatcc cactatcctt cgcaagaccc ttcctctata 720

taaggaagtt catttcattt ggagagg 747 <210> 130 <211> 43 <212> DNA <213>
Artificial sequence <220> <223> prinmer Pacl-MCS-2X35S. ¢ <400> 130

-135-



aattgttaat taagtcgaca agcttgcatg cctgcaggtc aac43 <210> 131 <211> 48 <212> DNA

<213> Artificial sequence <220> <223> pri ner

CPMW 5' UTR-2X35S. r

<400> 131

t caaaacct a MQAGEPBEA aat acct ctc caaat gaaat gaacttcc48 2OTEA20PFP0X11> 49

<212>
<400>
<211>
<400>
<213>

44 <

cassette ng

gacacacttg
gagacttttc
tgtcacttta
gat aaaggaa
ccacccacga
gattgatgtg
acagt ct cag
ct cct cggat
ggt ggct cct
gccgacagtg
gttccaacca
gacgcacaat
t t ggagaggt
caaaccttct
t gcgt gagcg
cact gaagcg
gtacttgtcc
ttcagcccca

or

DNA <213> Artifici al

4. <IN

;

3505 DNA Artif

sequence <220> <223> pri nmer
t attaaaatct taataggttt tgataaaagc_gaacgtggg49 <210> 133
<Deblel OpbEtiTgsien epssele g e sXrepsipnotliniigazadiem

133 tGlicealogP D ceaa
<220> <223> <400> 13

o792 + t ANt t A

icial

2X35S-

CPW 5" UTR. ¢
Utipga| - M prot .

aaats. t t gggcagaa tatacagaag ctta44 <210> <211> <212>

expreSS|on 134 sequence

roct JIT o

LaEal Lo o .

%Dtctactc

faVWa'l
i aa

68 a

nnnnnnnn
HL

ugauaagut L

t at caaa gat ac

taaValal

=

HL baab

ca aag

at ggt ggagcac
ggcaat t

L«

40

.9

a
ZZVCEIF

aauaocou

g

B

Sy

W

ecagctatc

cat cat t gc

L
q

1/381

Q@ @ T 9

A

Ll

—
&t

a

T

DO O Parl
D D THEOQO

t ggaccc
gcaagt g

G

O O« 9

E’EE’?%%@
NN R-g

1/774

249BV 78 gac

<

TSt Aot

oy
D
\b)

N

uuuv

Plastacyami aat

a

t caaagat

AGBI73 ot ¢

.Isuf(afk,mﬁan

t—o-GHEt

Flﬂf ﬂﬂ

ccggaaac

84bl/A % aat

EBEA/Brishane/io/2

DG

gl EBMYGAT -
g Bﬁﬁ?qyﬁﬁ“ﬁ ga an

aaaggaa
t gcct ct

86D1/4% ccadid

d

A/Brighane/d

9/2903) (‘(‘(‘;E:J

Rlaseyafin o ga_aa

agaagac

£601/d3t ct

Ea44/

isbanatl 088047 t ga

™ (g fs 1
SRR
[(oN(x.] 1<'D
D(oN(s]

&
Q)]

RMYCHET g ga _cg

#6b1/dtcac

e/

rﬁ@m@%@@%ﬁ)cctt

¢EDEt 3

EBMQHHEaao tt

aagggat
catttcat

2801/66% aa

1&546/1@%@%2(106) t gat

azlgc

Bha@umlggg aa

8401681 aad

W EB D/ Tndooestrdt/2006) t ct t 4

\aggea

gEMtMBt ctc tt

acccgaac
tctttct

8001/dT%t t ¢

8601/a%at cé

B¢ laridgtt@80@t c gt gt
BAGa largip@200@t g gacac

Begoqytracaa cqg

ftttcttt

ngogc
gbagt

feggugocat ta

aat aacgt

A0RD73%t t ¢

Bt (GtRtorglg GOt ct t ggg

jagaagaCBycT gct g g

aggct gct g

| A0B073%Acat

BaBtRlorgiatt&00@t t ¢ t gct §BEt t t CEMeldHgt gc a

atatctcta

cttctgcttg 1140 acgaggtatt gttgcctgta cttctttctt cttcttcttg ctgattggtt
ct at aagaaa 1200 tctagtattt tctttgaaac agagttttcc cgtggttttc gaacttggag

aaagattgtt
gcttcttcgt

10

15

E
132

modification.

[00438]

Le sichl n i {s§ha tagt
'g%ﬂgﬁ’ag x%% dgntvg%lf[ fgi%;%% & AMolih BrfibiHARG AL SR ARPARR

Cytosolic Hsp70 and Hsp40 (construct number R870) of plant origin were co-

expressed with H1 New Caledonia (construct number 540) or H3 Brisbane (construct number

790), both bearing a signal peptide of plant origin (alfalfa PDI signal peptide). The co-expression

was performed by agroinfiltration of N. benthamiana plants with a bacterial suspension
containing a mixture (1:1:1 ratio) of AGL1/540, AGL1/R870, AGL1/35SHcPro (For H1) or
AGL1/790, AGL1/R870 and AGL1/35SHcPro (for H3). Control plants were agroinfiltrated with
a mixture (1:2 ratio) of AGL1/540, AGL1/35SHcPro (for H1) or AGL1/790, AGL1/35SHcPro

(for H3). After incubation, leaves were harvest, extracted and HA contents in protein extracts

were compared by Western blot (Figure 89). In the conditions tested the results obtained indicate

that the co-expression of Hsp70 and Hsp40 did not increase hemagglutinin accumulation level

for H1 New Caledonia. However, for H3 Brisbane, the Western blot clearly indicated that the co-

expression of cytosolic Hsp70 and Hsp40 resulted in a significant increase in hemagglutinin

accumulation level.
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aagt gat cag
cat ggaaaag
gaagct ct gc
at ggctcctc
agt ggagaag
agaact gaaa
aagttcttgg
aagt ccctcc
aat aaagaaa
ccat cct aat
catt gggaca
aaacgggcaa g
caacttcgag a
aggggact ca
aact ccaatg

cggggaat gc cc

t agccct caa
t at agaggga
gcaggggagt
caat aaggt c
atttaat aac
agat gt ct gg
ctttcatgac
t gcaaaggag
ggaaagt at a
aagagaggaa
ttattcaaca
gat gt gct cc
tttgaattta
gagtgt gttt
ttcagca%gg

15

20

atttgcattg gttaccatgc aaacaattca 1380 acagagcagg ttgacacaat
aacgttactg ttacacatgc ccaagacata 1440 ctggaa a cacacaacgg
o 2HYYE12J gagt gaageec tctaatttta 1500 agagatfﬁ%ﬁAﬁpﬂW3§§tgg
gggaacccaa tgtgtgacga attcatcaat 1560 gtaccggaat ggtcttacat

sebtidt gurgeagaal dha CodeoRighg udsoodaat HASI AT C 25

bgeaeibe ddsgetRagcct cat ¢ aggagttagce 1740 tcagcatgtc catacctggg
ttttttagaa atgtggtatg gcttatcaaa 1800 aagaacagta catacccaac

gﬂ% caat & ﬁ’tl\ff‘& A5 ogagga{e%ats al%(é\gsgd kot %g;lgrgéf }glgg@ﬁftoltn a
at'gcggcag agcagacaag gcta caa aac caacca cctatatt

Oﬁah@auUaa#aﬁbﬁgagsmL9@gmHd@w&awamﬁﬂ@naaggmﬁmmwéag®$@@ahagt
t t

SRR APRPR b (L AEER e AERRRER R R ITB0EE,
gcxaameQH)yaM@s@nguatt s g@afatlralf igge oR 1@&%‘«3&@@&@@%@@@@@@% a
at

R BE- RS AIARL, SCCR BARGES & PR PRl T RE hehEREED,

ﬁ@aga@agdamgaagaaamaangagﬁg@d@@bﬁﬂ@40 tttggagcta tagcaggttt
ggat ggcagg gaat ggtaga tggttggtat 2400 gggtaccacc at agcaat ga

a@ai@acact gagags ForahGEAE beaaw’d e vrReoaaaal #0rigi89agt cac
aact caat ca ttgacaaaat gaacactcag 2520 tttgaggccg ttggaaggga

ttagaaagoa—ogaatagagaa—tttaaacaad ’)RQ('\ aagataggaag
LB a20r o et fetoato 2640 gagaataags gaact ot aga
caagtigie i TCCTAPIR g Syt T?’é@?uﬁééc tt agggat aa
&t gggt 1 ) o P 1 C.ARdy/ at gaat gt at
Qrmn 3 J(A( H30AER o _PMVE&PH@I@HSBCJQSHR gaag caagattaaa
ﬂ'r aaatM nﬁlgﬁ%ﬂlﬁqﬁna 'SNF%V‘?A gologan m"r'rm‘r‘aaa t act gt caat
at ggc ng’lop?"éé@{hr‘ar‘t (;&X%-‘;ﬁ-(; ﬁ%ﬂdﬂl‘%ﬁaﬁ?ﬂ?lﬁﬂp% tatctttatg
at gdBWOFI05S60 gcag aAKPTeRYY HIBhAIGERGEEPA| ttttcttt ag
Bt gt tIBWEYIGIg602at tt¢LXPTreRY HIOADAIGHEENHEO? | t ct gt gct ca
Attt t|RYIRIRIPoGAt tt ¢ i 2K IyaMY HBDAKalifrmy' 482 | aggt cgt ccc
acacaaaaag attttaattt att aaaaaa 3180 aaaaaaaaa aagaccggga

[00441] All citations are hereby incorporated by reference.

[00442]

embodiments. However, it will be apparent to persons skilled in the art that a number of

The present invention has been described with regard to one or more

variations and modifications can be made without departing from the scope of the invention as

defined in the claims.
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attcgatatc aagcttatcg acctgcagat cgttcaaaca 3240 tttggcaata aagtttctta
agattgaatc ctgttgccgg tcttgcgatg attatcatat 3300 aatttctgtt gaattacgtt

aagcat gt aa tVHAEYUHEBAIS gt aat gcatg acgttattta 3360 t gagat FEFICARLPOOYat t
agagt cccgc aattatacat ttaatacgcg atagaaaaca 3420 aaat atagcg cgcaaact ag

gat aaattat cgcgcgcggt gtcatctatg ttactagatt 3480 ctagagtctc aagcttcggc gcgcc
3505 22101880 5. Lo S sdonta, E- ashbasla -(2007i§@3q2ﬁ AR O <3005135
at gaaggcaa jaghagliagbul et geairdtpradattdigfaad e geadal gel bagcaﬁgaﬁq;lats@id?go
tgtataggtt atcatgc caattcaac acact g acacagtact agaaaagaat

gt aacagt aa @a&a@%&@@?émﬁﬁ%ﬁr&§F§~§5§§%éﬁé c ataacgggaa act atgcaaa 180
ct aagagggg tagccccatt gcatttgggt aaatgtaaca ttgctggctg gatcctggga 240
aat ccagagt Chgaatembind &t &ic &lc 246 Stadgicing dteghycoybtiacetitgiof gfammacBect 300
agttcagagca atggaacgt g..Lt a cat t1 cf-aagagag 360
caattgaggt4%?%%%?%%?%M%Y?gé%%%g%“?%%égbgfé%Jﬁgég%gggg 3%%%?tcatgg 420
cccaatcatg actcgaacaa aggt gtaacg gcagcatgtc ctcatgctgg agcaaaaagc 480
ttctacaaaa aerfadtatWilgeradt t Yancwakygraamith. Gt SectaMa Ferechgeabierdro
tectacatta g 031 23R90-035A0A0LEnGLEOLGRA BleeBOGERAL LEASAGRNGHRLEL 600
actagtgctg accaacaaag tctctatcag aatgcagata catatgttit tgtggggtca 660
t caagat aca Qéﬁﬁgﬁéﬁ@me%%gééﬁﬁﬁ§Y%¥a giae ba2’§adétaaagt gagggat caa 720
gaagggagaa tgaactatta ctggacacta gtagagccgg gagacaaaat aacattcgaa 780
gcaact ggaa phetagh gpdilcasChagaérahulg AR HeARd Yahanddddmbgeihgeales.t 838
ggtattatca o t ac gattgcaata caacttgtca aacacccaag

ggt gct at'a %%%8%’ 8%?“2@@&%%?@% "aat at acat ¢ cgat cacaat tggaaaatgt 960
ccaaaat at g taaaaagcac aaaattgaga ctggccacag gattgaggaa tatcccgtct 1020
att caat ct a gaggcEVat AndegggBacHuirts-lge pggties p@shortjamyygg gecgsgigacHgiygds1080
atggt agat g gafs0f; ¢g9 ttatcaccat caaaatgagc aggggtcagg atatgcagcc 1140
gacct gaaga gcatacagaa tgccattgac gagattacta acaaagtaaa ttctgttatt 1200
gaaaagat ga
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atacacagtt cacagcagta ggtaaagagt tcaaccacct ggaaaaaaga 1260 atagagaatt
t aaat aaaaa agttgatgat ggtttcctgg acatttggac ttacaatgcc 1320 gaactgttgg
ttctattgga MBIGH®ARA actttggact accacgattc aaat gt gaag R@@GAgﬁ%WP atg
aaaaggt aag aagccagcta aaaaacaatg ccaaggaaat tggaaacggc 1440 tgctttgaat
tttaccacaa atgcgataac acgtgc aagt gt caa t t. 1500 tat tacc
caaaat act c ﬁ&%@géEGEﬁléég?Fé%&%%”@?ggagﬁﬁﬁﬂCEgﬁ?%%gg?d“f?B%Séiﬁ%@gﬁaat
caacaaggat piradEagakdiond dndgseablein @dnt RalitGIB £g0Hagik CiusdORbecint JYLAREHJ

tagtctccct gggggﬁ;ggg agtttctgga tgtgctctaa tgggtctcta 1680 cagtgtagaa
tatgtattta a 1701° <210> 136 <211> 2056 <212> DNA <213> Artificial sequence

<220> <223> to be synthesized containing HL A/ Californial4/2009 <400> 136
at gct aat at &hegtagBde (H§eybuattiatienvdandigra 4ciregtepeggdutinincant gewggyni@dse

tgtggtcttg t 120
O D R T S R S S
t gcct gt act supbridréd ¢ooventienat vactige tVagranet IJgRA7¢20#k aagaaat ¢ tagtattttc 240
tttgaaacag agttttcccg tggttttcga acttggagaa agattgttaa gcttctgtat 300

attctgccca aghdnt dt CHE ARELAL 90690 AARRAGDnI WA Ak bACAIn&ic idfubgh Linus38a
tctcttcttg tgttggticc ttctcagatc t'tcgetgaca cattatqtat aggttatcat 420
i

gcgaacaat t aeteinggl Yaehéae! 480
b1t agaaga caagcataac gggaaactat gcaaactaag
t gggt aaat g taacattgct ggctggatcc tgggaaatcc

EagsRe v WRbRF LI DARED cagageaat ¢
R R e L e

tctgttaacc
ccattgcatt
tcactctjﬁa
acgtgttacc
tcatcatttg
aacaaaggtg
at at ggct ag
aaagggaaag
caaagt cti6t

paAd@daltoadng Y dtyaeose exPeeuet A gakdova sEuct

LgPEPR-GRT St GoginSTPRACESPE PRRu e

ancagsdicgstragat/acal. afe:/gilt 1a5t 38 gPoerat caag

aggggt agcc 540
agagt gt gaa 600
agacaat gga 660
aagctcagtg 720
tcatgactcg 780
caaaaattta 840
Elﬁat{:aategatsgoo

GFeryact 8% ¥60

at acagcaag

Macala, L.J., Yo, R K. & Ando, S. J Lipid Res. 24, 1243-1250 (1983)

Mattanovich, D., Riiker, F., da Camara Machado, A., Laimer, M., Regner, F., Steinkellner, H.,
Himmler, G., and Katinger, H. (1989) Efficient transformation of Agrobacterium spp. By

20  electroporation. Nucl. Ac. Res. 17, 6747.

Mena, 1., Vivo, A., Perez, E., and Portela, A. (1996) Rescue of synthetic chloramphenicol
acetyltransferase RNA into influenza virus-like particles obtained from recombinant plasmids. J.
Virol. 70, 5016-5024.

Mongrand S, Morel J, Laroche J, Claverol S, Carde JP, Hartmann MA et al.. Lipid rafts in higher

25  plant cells. The Journal of Biological Chemistry 2004; 279(35): 36277-36286.

Neumann, G., Watanabe, T., and Kawaoka, Y. (2000) Plasmid-driven formation of virus-like

particles. J. Virol. 74, 547-551.

Nayak DP, Reichl U. (2004) Neuraminidase activity assays for monitoring MDCK cell culture
derived influenza virus. J Virol Methods 122(1):9-15.

-139-



1020 aagttcaagc cggaaat agc aat aagaccc aaagt gaggg at caagaagg gagaat gaac 1080
tattactgga cactagtaga gccgggagac aaaat aacat tcgaagcaac tggaaatcta 1140
gt ggt accga g¥PAVYELEES cgcaat ggaa agaaat gct g gat ct ggt at  tPATEAR2EVE92200
gat acaccag tccacgattg caatacaact tgtcaaacac ccaagggtgc tataaacacc 1260
agcctcccat ttcagaat at acatcch%tc acaattggaa aat gtccaaa atatgtaaaa 1320

at't

agcacaaaat ¢§HgScVggdc@ssugyal't PPdgiatssteN e gelEeat- &a Nelirayadgd 1o
ctatttgggg D.QMa&l@iﬁQ@gD.t,tah@&Miﬁlaﬂ.ng@g@)ghlgﬂLﬂlt ; og@gﬁgaﬁmiticaag@ﬁbg@ﬁévﬂgs-iggg
cagaat geca TOBAEUAEIN A SE0L SUTRE PERA TPt B O Scee Jur BRa GO F260
cagttcacag paglaggt aa agagttcaac cacctggaaa aaagaataga gaatttaaat 1620
aaaaaagttg atgatggttt cctggacatt tggacttaca atgccgaact gttggttcta 1680

tt ggaaaat g aaa ttt ggactac at at g..t aact. a 1740
ot agaagte AONToint CRORRHRERAS IR ARl BARTPALkhe BURLPRRRAT. 1500
cacaaat gcg atmaatpagingt lwabgasagt hairdegaasttaips gfmb tdnat gyasJoarod o s aalody860

t act cagagg 2”(}'69%??73-33%543 cagagaa gaaat agat g gggt aaagct ggaatcaaca 1920
agat

aggatttacc ggc gatctattca actgtcgcca gttcattggt actggtagtc 1980

tccct ggggg caatcagttt ctggatgtge tctaatgggt ctctacagtg tagaatatgt 2040
atttaaaggc Rewealect al. 199§5@etection gfantitgly topayms influgnza & ) DA indngs sexpm pf i ci al

sequence <228 ATEBBTorS NS .%ﬁgysf 7 a8 Brobior 4933437 atgctaatat cacgtagtge
ggcgccatta aataacgtgt acttgtccta ttcttgtcgg 60 tgtggtcttg ggaaaagaaa

gcttgctgga ggctgectgtt cag ata cattacttgt 120 tacgattctg ctgactttcg
gcgggt ggga g ttlgré s ‘f&ttag%‘% g Eorbaéﬁ‘f Qt@%f"a @giyég%@a?%@ghettgq ettt
tcttcttgct geRhdsggBlotthmiogagaaptcr-tagtattttc 240 tttgaaacag agttttcccg
tggttttcga acttggagaa agattgttaa gcttctgtat 300 attctgccca aatttgtcgg

gcccat ggcg tt t t of tcttet ttcc
ttctcagatc ?a?%g%?( gaaé‘g R@%t@l? fg%% ﬁgo? ecglﬁltg (Enér?gé %[ab%%tgr}éﬁaélg%b&éoé(ﬁ ?p %‘gg%%al’gac ac
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480 tctgttaacc ttctagaaga caagcat aac gggaaactat gcaaactaag aggggtagcc 540
ccattgcatt t& gtaaat taacattgct ggctggatcc tgggaaatcc agagtgtgaa 600

t cactctcca g A9@e12¢S at ggt cct ac attgt ggaaa cacctagttc REFCEROYFPA9860
acgtgttacc caggagattt catcgattat gaggagct aa gagagcaatt aagc 714 <210> 138
<211> 849 <212> DNA <213> Artificjal sequence <220> <223> synt hesi zed fragnent
2 <400> 138 %Cﬁﬁ%léﬁh%l@eost EQ’P]PE%S@ach&a%tstbégaacgt gttacccagg agatttcatc gattatgagg
60 agct aagaga gcaattaagc tcagtgtcat catttgaaag gtttgagata ttccccaaga 120
caagtt cat g Goadiaat.tatlaigaltic ghaedl, Rag@kgmaa@JggmagBaﬂ@tchﬁsﬁMgctg 180
gagcaaaaag Gt at t t agt a C 240
agctcagcaa.§f§§?g%§??)§ag&% %agé gg%%&gaggﬁyﬁgﬁcgg ‘%gg'gg %@“ﬁ%o
accatccatc ﬂa@@a@mgmtmgﬁnmaaeaeﬁhgﬂ%8umm@uah@meg@mmgékwawdmai@w&ﬂ&QGO

ttgtgggotc
t gagggat ca
taacattcga
at gct ggat c
aaacacccaa

at caagat ac
agaagggaga
agcaact gga
tggtattatc

gggt gct at a

agcaagaagt
at gaact at't
aat ct agt gg
atttcagata
aacaccagcc

tt ggaaaat g tccaaaat at gt aaaaagca
atatcccgtc tattcaatct agaggact at

ggt ggacagg gat ggt agat ggat ggt acg

gat at gcag

849

t caagccgga
act ggacact
t accgagat a
caccagt cca
tcccatttca
caaaat t gag

tt ggggccat
gttatcacca

aat agcaat a
agt agagccg
tgcattcgca
cgat t gcaat
gaat at acat
act ggccaca
tgcecggtttc
t caaaat gag

<210> 139 <211> 651 <212> DNA <213>

agacccaaag
ggagacaaaa
at ggaaagaa
acaacttgtc
ccgat cacaa
ggat t gagga
at t gaagggg

caggggt cag
Artificial

420
480
540
600
660
720
780
840
sequence

<220> <223> synthesi zed fragnent 3 <400> 139 ttgaaggggg gt ggacaggg atggtagatg
60 aggggtcagg at atgcagcc gacct gaaga

gat ggt acgg
gcacacagaa

at acacagt t
t aaat aaaaa
ttctattgga
aaaaggt aag
tttaccacaa

ttat caccat
tgccattgac
cacagcagt a
agt t gat gat
aaat gaaaga
aagccagct a
at gcgat aac

caaaat gagc
gagattacta
ggt aaagagt
ggtttcctgg
actttggact
aaaaacaat g
acgt gcat gg

120
180
240
300
360
420
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acaaagtaaa ttctgttatt gaaaagatga
t caaccacct ggaaaaaaga at agagaatt
acatttggac ttacaatgcc gaactgttgg
accacgattc aaatgtgaag aacttatatg
ccaaggaaat tggaaacggc tgctttgaat
aaagt gt caa



aaat gggact tatgactacc caaaatactc agaggaagca aaattaaaca 480 gagaagaaat

agat ggggt a aagct ggaat caacaaggat ttaccagatt ttggcgatct 540 attcaact gt
cgccagttca ttggtactgg tagtctccct gggggcaatc agtttctgga 600 tgtgctctaa
tgggtctcta cagtgtagaa tatgtattta aaggcctaat a 651 <210> 140 <211> 48 <212>
DNA <213> Artificial sequence <220> <223> priner Dralll-Mrot#2.c <400> 140

at gct aat at c%églg%?tﬁc 1@gcglccatta aat aacgt gt acttgtcc48 <210> 141 <211> 42
<212> DNA <% CFATRERIISsequence <220> <223> primer HL Cal.390r <400> 141
gcttaattgc tctcttagct cctcataatc gatgaaatct cc42 <210> 142 <211> 42 <212> DNA
<213> Arti fl. ¢ micledagidemogrisa220mcle@i8 zeqdedcaeinicotithg Gaihfideh@sheanh@Patinkd 2 t ggaaacacc

tagttcagac t c cccagg .agd? < > 3.5211> 42 <212> DNA <213>
Artificial @g\c}g@ﬁg %ie@%é&) °<S§%g‘%6€‘1%ﬂ§rm %8&#)1%%’9?93@&5%31”%%§ %t gcat at cc

t gacccct gc megattotytggiin agitegat phoic 2.0thd Buckd 83d dfbthing 2, 1direrdi ths BIAcmiphiks <213>
Artificial <220> <223> primer HL Cal. 1081c <400> 144 ttgaaggggg

gt ggacaggg %%gg%%gaaoa%égieﬁﬁzlé@ | {142 <210> 145 <211> 45 <212> DNA <213>
Artificial sequence <220> <223> priner Stut-HL Cal.r <400> 145 tattaggcct
ttaaat acat hflhettaracidnt slyim acdierein thapusatige Yenalluptidedy 4 pro@HRUsutRiE2> DNA <213>
Artificial sgfRBGend24fide <223> expression cassette nunmber 560 <400> 146
ttaattaagt cgacaagctt gcatgcctgc aggtcaacat ggtggagcac gacacacttg60 tctactccaa
aaat at caaa tacagt ct cagaaggcca aa caatt gagacttttcl20 aacaaagggt

aat at ccgga ‘ggcr&?t@gltogamg&‘t%%‘gﬁ‘fw WGE‘g gg“c&a&%ﬂsg}j & ulant 9@ePrsngt gaagat

agt ggaaaag gaaggt ggct cctacaaatg ccatcattgc gat aaaggaa 240 aggccat cgt

t gaagat gcc t ct gerighohicigg ginodeiaacidgatidgddoio tleehad oaggéond@thegiagaat cgt
ggaaaaagaa gacgttccaa ccacgtcttc aaagcaagtg gattgatgtg 360 ataacat ggt

ggagcacgac acaci) ghhtidGhEHaAdR R M Faa tulﬁsﬁ&h&h&é%agé%mg%accaaag

ggcaattgag acttttcaac aaagggtaat atccggaaac ctcctcggat ccattgccc

agct at ct gt cact FXEAESFIgn piyhaptcipcidgasharodisingdheggdiscct 540 acaaat gcca
tcattgcgat aaaggaaagg ccatcgttga agatgcctct gccgacagtg 600 gtcccaaaga

t ggaccccca L rhenghghe oAl CgiggaindRadgad gdeadidqaasscae ARRICHIGE t caaa

gcaagt ggat .t tgata ctccactga cgtaagggat gacgcacaat 720 cccactatcc
ttcgcaagac ' ’gﬁlg‘ﬁ%b’ﬁﬁaﬁ?ﬁééﬁﬁs egj‘t’f“?‘lf’ﬁ’i‘ttcat tt ggagaggt 780 attaaaat ct

taataggttt tgataaaagc gaacgt gggg aaacccgaac caaaccttct 840 tctaaactct
ct ct cat ct ¢ & dhe methobe chan t eheedin it thgtten ¢fticttodbgogbagagy thed0eiatdd séaacg

ttgtcagatc : ttttcttt cactgaagcg 960 aaat caaaga
tctctttgtg 18%%%&%’5‘28%pg@gsgg%agﬁ%@geaat aacgt gtacttgtcc 1020 tattcttgtc

tgtggtct t aaaaga aagcttgct aggctgctg ttcagcccca 1080
ggtgtgg 7.%[919 method of c]ain? 4 further cgom%risglggagtep ogf J

c) harvesting the host and purifying the VLPs.

8. The method of claim 4, wherein, in the step of introducing (step a), a second nucleic acid
comprising a nucleotide sequence encoding one or more than one chaperone proteins is

introduced to the plant.

9. The method of claim 8, wherein the one or more than one chaperon proteins is selected

from the group consisting of Hsp40 and Hsp70.
10. A method of producing influenza virus like particles (VLPs) in a plant comprising:

a) providing a plant, or a portion of a plant, comprising the nucleic acid of ¢laim 1

k)

and
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tacattactt gttacgattc tgctgacttt cggcgggtgc aatatctcta cttctgcttg 1140
acgaggtatt gttgcctgta cttctttctt cttcttcttg ctgattggtt ctataagaaa 1200
tctagtattt tctttgaaac agagttttcc cgtggttttc gaacttggag aaagattgtt 1260
aagcttctgt atattctgcc caaatttgtc gggcccatgg cgaaaaacgt tgcgattttc 1320
ggcttattgt tttctcttct tgtgttggtt ccttctcaga tcttcgctga cacattatgt 1380
ataggttatc atgcgaacaa.ttcaacagac actgtagaca cagtactaga aaagaatgta 1440
acagt aacac act c?’S‘t"F‘i’é‘t‘% T’gf"33’5&‘”&%%é@edﬁ%“éu’éi@bﬁﬁﬁ’&a@tmaﬁﬁ%%t a 1500
agaggggt ag ccccakprgean bf thg gillaamid, gleade poigigitegelggat cct gggaaat 1560
ccagagtgtg aatcactctc cacagcaagc tcatggtcct acattgtgga aacacctagt 1620

t cagacaat g gaac t ﬂgﬂg cgatt atgaggagct aagagagcaa 1680
ttaagct cag gg'?&c%%rggﬁlﬁp%gn%gagg %Ecatéfgg)g%lgﬁ%c ccaagacaag ttcatggccc 1740
aat cat gact cgaacaaagg tgtaacggca gcatgtcctc atgctggagc aaaaagcttc 1800
t acaaaaatt YaaRurlenjet clzgt bl aBiHagaoghEam e alricaeie ceraripas aqugedida fagpet860

tacattaat g &taRANIEIAMBIARALAE LiGpabACHALIGOSHEMIL & font 920
agt gct gacc aacaaagt ct mct at cagaat pgcﬁabg%t alca%eat gt%tﬁég'?o %%%’8%@21?%0111980

agat acagca ®§¥gePtdh gccggaaat a gcaat aagac ccaaagt gag ggat caagaa 2040
gggagaat ga actattactg gacactagta gagccgggag acaaaataac attcgaagca 2100

act ggaaat ¢ 13:afhggimetclgagd] ahgea telot@oandrg hanargAari@e ploggaticiegotd 2160

attatcattt gcagatacacc agt.cc at .t acaa cttgtcaaac acccaagggt 2220

gct at aaaca ‘%‘8’28‘8&‘3&188‘”&3@?% 3%0 Bé‘ggﬁgioccga t cacaatt gg aaaatgtcca 2280

aaat at gt aa aaagcacaaa attgagactg gccacaggat tgaggaatat cccgtctatt 2340

caat ct agag tvag agy cdugent ntagéent, gre. ggutige gac gatigs 2400
Hadrant tkppagged P gredget kit Gedddygugdtis gdachgy

gt agat ggat &%gggg@ﬁﬁ (1A GRREELGER: 791 9306000.40) 6398abIG. 982865486, 2450

ct gaagagca cacdgaatgc cattgacgag attactaaca adagtaa gttattgaa 2520
aagat gaat a ere diprreakriddugl Agyk pangagt t ca accacct gga aaaaagaat a 2580
gagaatttaa ataaaaaagt tgatgatggt

15. A composition comprising an effective dose of the VLP of claim 14 for inducing an

immune response, and a pharmaceutically acceptable carrier.

16. A use of the virus like particle of claim 14 to induce immunity to an influenza virus

infection in a subject.

17. The use of claim 16, wherein the virus like particle is for administration orally,
intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or

subcutaneously.

18. A virus like particle (VLP} produced in & plant, the VLP comprising an influenza virus
HA having at least 70% sequence identity to SEQ ID NO: 28, and bearing plant-specific N-
glycans, or modified N-glycans.

1. A composition comprising an effective dose of the VLP of claim 18 for inducing an

immune response, and a pharmaceuticaily acceptable carrier.

20. A use of the composition of claim 19 to induce immmunity to an influenza virus infection

in a subject.
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ttcct ggaca
tt ggact acc
aacaat gcca
t gcat ggaaa
tt aaacagag
gcgatctatt
ttctggat gt
tttagtttga
gct cagagtg
gtcccttcag
cgggaattcg
tcttaagatt
acgttaagca
t gat t agagt
act aggat aa
ttggcgcgcece

tttggactta
acgat t caaa
aggaaat t gg
gt gt caaaaa

caat gccgaa 2640
t gt gaagaac 2700
aaacggctgc 2760
t gggacttat 2820
aagaaat aga tggggt aaag 2880 ctggaatcaa caaggattta ccagattttg
caactgtcgc cagttcattg 2940 gtactggtag tctccctggg ggcaat cagt
ozt CTheaadhiQd o0laeh 4, a68En 3O gﬂgnpbgﬁoﬂ%@ﬁl&tsteﬁﬁ aldshgapgaigectattttc
atttactgtt att t gt o catttctatg tttggtgagc ggttttctgt
CorER it s e e R f et lell ot Tragcagote
cabgyacada aaaagatttt 3180 aattttatta aaaaaaaaaa aaaaaaagac
at at caagct tatcgacctg 3240 cagatcgttc aaacatttgg caataaagtt
gaatcctgtt gccggtctt 3300 cgatgattat catataattt ctgttgaatt

t ot QA ClFRd A Y en o3 Be s o Y St Pt at gaga tgggttttta

cccgcaatta tacatttaat 3420 acgcgat aga aaacaaaata tagcgcgcaa

234 34,00999.8699" AL8RLIHBR AALIL ARG AGR! Ot ot ag agtet caage

ctgttggttc
ttat at gaaa
tttgaatttt
gact acccaa

t att ggaaaa
aggt aagaag
accacaaat g
aat act caga

t gaaagaact
ccagct aaaa
cgat aacacg
ggaagcaaaa
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