WO 20 | W 48511PCT/CAN | 010009S3 CHI MERI C | NFLUENZA V1RUS- LI KE PARTI CLES
COVPRI SI NG HEMAGGLUTI NI N FI ELD OF | NVENTI ON 100011 This application clains
prioriryi fr¥m2Ug1B5bvi si onal Application No. 61/220, 1_@CTME2000MEs24, 20009.
100021 The present invention relates to virus-like particles. Mre
specifically, the present invention is directed to virus-like particles
conprising chineric influenza hemaggl uti nin, and nethods of producing chineric
i nfluenza virus-like particles. BACKGROUND OF THE | NVENTI ON t o[ 0003) Sauer=is
t he | eadi ng cause of death in humans due to a respiratory virus, and during
"flu season”, illsERTBUSALYRNZAGNRYM OKE PERPORESEORIPAIGINGIW de may be
infected, |eading to 250-500, 000 dg¢giaR&scinitRIN Y. 100041 The current nethod of
conbating influenza in humans is by alunms! vaccination. The vaccine is usually
a conbi nat i erELQ OFQNQENTIGNr @i ns that are predicted to be the dom nant strains
S 5for the coining tlu-season, however the nunmber of vacci ne dose; produced
annual l'y i s gm0t} auf idpht @0k clhghs\ba Rl TRIEUS PR vMREAN B LGB NALd 1em0, 1FphI.exanpl e.
Canada and the Unjited-States iltitain enough vaccine doses to inmunize about
one third oFWFﬂéf%m%opulation, and in Europe, only about 17% can be vacci nat ed
gi ven current production -- in the face of a worldwi de flu pandemc, this

pi oduct i on ymubdTierésas lih@ingakteEamub-likhRnnaseasakyecARua lbepraeict i on 20
coul d sonehow be nmet. in a given year, the dom nant strains change fromyear to
year, thus $VeIEIT Sivgedio Vi kedgidssredriving angrdplivewraisnaggueis el |

Econoni cal , nlcth@eosrahbnPbRsal ihainsl A8t gstilke i nfluenza vaccine is of
significant interest to governnent and private industiy alike. 10005)

I nfl uenza iiaernaqggl utini RA rface giycoprotein is both a
receptor- bi @%éﬁ&%ﬁﬁ%&a@%% pr ot ei n. is atrinmer of identical

It
subunits, e [ ai ni.n di sul phi de- |1i nke ol ypepti des, RAl and | TA2,
that ard? deiqc(\%h?‘ﬁ{}‘e'ﬁéﬁig%,eﬁ ‘f’%cat‘ffee‘g S5 AN g‘h? é&?‘&%@w’t"ﬁ‘gt has a
si gnal pept giengSeYUEnREE, @ls dsdiBardd ther 1M 20USotAEhoful BIRITBI RS RIGHOE nFagdence at
WO 2010/ 14S511PCPCA2010/ 000983 Us C-term nus. C eavage to form HA! and HA2
gener at es t HEIRE e MUSOBeatonanway. | er poi ypepti de, HA2, which has the
menbr ane anchor sequence at is Ctermnus. C eavage is required for nenbiune
fusion acti yodoy] lTué el ha@hod dNAABIRR lubdza il Menukt A2y bhlwer nitdadiosequence i s
called the '"fusion peptide'  because cleavage at simlar hydrophobi c sequences
is also reqUPfEd ¥ ERUPHEOREMPRAYS) SHFEORHEE t?fﬁ@fﬂﬁl&&?éﬁ%ﬁ%@%ﬁﬂ@f St because
20-resi due gyhh@hiuG MERhdoH e R AGURELRS o VR iR QB PRBudH aduaBTRh&NeS | N
Vitro. (00061 Cenerally, The surface of the globular 'head conprises several
fl exi bl e | o6pféic\amiin vigepte dearoaldiserpaipna Har VM‘P‘&W@a%ﬁ‘ﬂ@*@ﬁi%ggﬁﬁ%ns
desi gnat ed 48 Y RE - ] bR VN : s 7. Annu,
Rev Bi ochei %ﬁtg%:e%g%-h?gf&e dbg?bg é{%:]f@gﬁn %ragélggfll%\ﬁﬁgr{? et%}%&p?ﬁ%ﬁ. mgc‘eup}tEfl{.jo g’s equences
at sone sit egly@bew.! 7B camik @Eycifiabed giyamenirtry protutioe s ithiky &cpelarvarbiseds fhed

(Garcia-Sastri. .et.al. 1995 Biol.oqj 171-17 Epi deroml..growt h factor
(EGP), si ngll:’('g,l\n dg gi’%hls}nr?quﬁg%y“?@%% lg/)%rgﬁ%&'t %ﬁenlg—jetg“d%eﬁag%%rygf& ugﬁjﬁ%&l&r anging in
si ze fram 53oitld s@dehbwdrinroinagids yediaieddndemt stinderchage &bmtvae ideat, @rusi nal end of

a 117 and chjneras has been successful |y expr ed (Hatzjioannou et al., 1999.
Fuman Gone THETAGRE L B B39 DTEAPI et B PRI Py orgt okt RO M e acl d
dormai ns of Baei éttedsveanfluchiacibSngdis of €afifidsat ianichige poRavent@epritusadusy® t he ami no
termnus of g H3 (Li et at, 2005, J. Virol 79:10003-1002). Copel and (Copel and
et al., 200%"§  Virol 79:6459-6471) describes the expression of the gpl20 Env
H'V surface glycoprotein on a F13 stal k, where the gpl20 domain repl aced the
whol e gl obulfarmsheaderah bidaglOOOT (H Sevdialp ceporii insnit « pradudislilyavie been

devel oped as reconhi nant i.nfluenza vaccine 20candi dates, .These. roaches have
focused 2ori THETREPPLLSTSHT This 4 BT F“ﬁﬂh“%ﬂ?%ﬁ?&dﬁWEHmEHWPﬁP%E@H%a type A

| -1 A and NA ket Riypsptide) 1A APXPhESSEDPRDEy drhles fidulalfkBSa pitwagrbacul ovi rus
infected insect cells %Cramﬁord et al, 1999 Vaccine 17:2265-74, Sohinisson,
1999 Vacci nélA% 19p 28yl P g Fedyeee ot 6 NAenpRaIc AR e GBHSE 1ERFES 1l sen et
al ., 1997 Vaccine 15:1149-56). (00081 Production of a non-infectious influenza
virus strain for vaccine purposes is oné‘hay to avoi d i nadvertent infection.

Al ternatively, virus-like particles ('11_,Ps) as substitutes for the cultured
virus have been investigated. VLPs mimc the structure of the viral capsid,

but | ack a genome, and thus cannot replicate or provide a neans for a
secondary infection, Current W 2010/1 INS! |IPCT/CA21110/ 000920 tl uenza VLP
production technol ogies rely on the co-expression of nultiple viral prutelns,



selected fromthe group conprising H. H3, 1-1.5 and B. Furthernore, the

pol ypeptide may conprise a signal peptide. PM5] The present invention also
provi des a rMePEPEISALI d encodi ng the pol ypepti de conpri SCHEAAMSAIAEY i C

i nfluenza HA conprising a stern domain cluster (SDC), a head domain cluster
(}ADC) and a transnenbrane domain cluster (TOG wherein: the SIDC conprises
an F'2 and F subdrunain: the HDC conprises an Kil, El and E2 subdomaiti; the
TDC conprises a trnD and nail suhdomain; and wherein at |east one
sit'actomain is of a first 20influenza RA, and the ot her subdomains are of
one or nore;Se i 7 : } el { B, t he
potypeptiden?ﬁggﬂggﬁg$F§§§;§tfﬁgﬁgp%gggﬁT%ga?%gggar?¥gﬁ&§gﬂﬁﬁggg . HDC and
TOG as def i melipeptidd HE®, whinkehisdk némiprredadionspasticnitdisiCetemmfidsu€raacyisr us | i ke
particles (VLF: ' -' I [o\VA] he. rising:

a) intr oduci\rlﬁr(f'{:;m'gtLP rﬁt@?@?@%lygﬁé%glﬁa&aéﬁﬁ%%éﬁbg'cﬁwggﬁ%%%%mri sing a
si gnal pept isdpenca istaben o fedion pephiit wrancSDEageaat hiedldr iddmphabicdeqshes i FI DC) and

a transnernbyanc domain cluster (TDO) wherein: the SDC rises an F E 2
and F subdortah A Re e St el D RPeRIET PO boBT COpIES Ul re, o
and E2 subdemideuidiguddd icospeseua deidmnael vnai | subdomai n: and wherein at

| east one subclomain is of a first influenza HA, and the other SUbdOl1ll)aillS

are of one e second influyenz intg the.plant  or. rtion thereof and
b) incubat i @)Ogﬁée%’faiﬁttpe %ﬁﬁg‘peo#t%?e&%blf_’ﬁérh@%‘??mﬂwg?Scﬁ%ﬁdﬁx’f’ﬁgﬂ?st“’h@t per ni t

t he expr essivef-«piradiiRemuel \@iidiagitgdenid ASHsIpidue king o BeCMb adkb [ 00171 The
present invention includes the method described above wherein in the step of

i nt roduci ng UEEERH BWilgyhaln & e e &ey BloshhG SRudY PRToRer FPlarmentla

transi eny MaRREFepidd deQlcnek k@ sitdshe. b PaItE RorGhmiu M NIUEds Reve(lR bR s@hed t he
nucleic acid is introduced in the plant and is stably integrated. The nethod
may thrt her (SgRprige alstBs. Biptozispls Bt Ve ngpidsrealsaatt: S5 tEguri T4 ng t he
VIPs. MS| The, Bﬁ&:%&‘ﬂfscﬂ\f};ﬁ{?&‘ﬁﬂz@E‘d&ﬂé??{bﬂ%%u@‘ BoMUin 08 FAAGE kPR LRGILOf ,
conprising a chinieric influenzaor a auclonde sequence encoding the chineric
i nfl uenza HaAgids. hevedisprmasdried pirifid NéemanaHmd @b apr iesd dgmerashae valomaessfdly ust er

wher i - o BOCuE b dRAFL ol 9. Tt PRAGRTEARS SRR R0,

RB, El and BK2d sdthaonmacid ddneninEDCEacoprngesispratbliilhy amigeh I@ut becs Gindd mether; and
wherein at | east, one sub in_i first, i.nf nl.a | d the ot her
subdomai ns APECIPIERE Og? g[meet ?eégﬁ%J'ﬁﬂﬂh lﬁ%i]@zg"']ll!&&%[ b@ﬁg@d%gc@e%{'gﬂta?" or

portion t herzegi_f.,J. Nyl 7f9tH4'6¢16417lgaﬁpmti@&le&x;ﬁgaﬁioﬁioetha@bdoca_&mpm*i/slhrmgga nuc: _eo'f(i ge
sequence encodi ng one of re than on aperone protein operatively |inke
to a 20r egulb’g‘fcﬁl?"?w’r“é’ﬁi*‘dﬁ Serﬁ%*i“(}@feiﬂﬁa @@9 aun Ffﬂ‘é“ﬂﬁ@‘bq‘“%?tg‘%fﬁ% haper on
proteins may be selected fromthe group conprising 1-1.500 and tisp70. [0020]
The present [0 BEveeNrep@hibiAdnn frolig:tshav beds dévelopedp@rédotibadtVien@omgtidesi ng a
chimeric influepnza HA, the chiperic influenza HA conpri.sing, a stein domain

ol ust er 2 DG TS FBRRATISE S FEHS 1 AR PaTE" PRt AEHF LRI 6ha n

cl uster (TDGam@%rr%iemHwhadmratéﬁarmm%%x@@ss%n,ofﬁie&@adinhssdgbdor nai n; the
14DC conprises an RB, El .and 132 subdoinain; the TDC conprises a TinD and
Ctail subdoreeiieninmtefaree isps) calts (Craadard gvid 1obYBiHIA 77855014 dpbaysgpn, 1999

2010/ 14851 1REBGA20) bo700Q8A3 i Sha DA UEAR ARG LAR A1 NGD7 SRRl NS are
of one or nore second influenza LA. The VLPi nay further conprise

pl ar u- spcci flifd 1#{-gblycaos, or nodified N-glycans. [0021] A conposition
conprising an effective dose of the Vi-P as just described and a

phannaceut i qahdsy pREGERH 3Pk forCidleBiffus irdludl A Qirky @¥ind&daccldeQfidR)eslido RNVl t ernat e
aspect of the present invention there is provided anel bod of inducing

i mruni ty to ‘apvaidhiPpdienies infotipg Mreagitlpry i like Rgisics €Y LPsg ahpybstdytesgor the

adm ni st er i ng;§:BeyiM nalebebNiivaHPIELVLP S iV We sHR%RHMhDSH LR, 12 1R, §Ubj ect
orally, intradermally"” intranasaity, intraperitoneally, Intravenously, or
subcut aneousieyemel @pBas ey FeaptietsoTPeyidsgngaipior preporsiaryorfedtieni verynt] i nked to a
sequence encoding a chineric OHA protein_include those that are operative in
a plant cell, an insect cell or a yeast "éell. Such regulatory regions may

i nclude a piastocyanin regulatory region, a regulatory region of Ribulose

1, 5- bi sphosphat e ear hoxyl asel ex-ygenase (RuBi sC0), chlorophyll aft binding
protein (CAB) or ST-LS . OQher regulatory regions include a 5 UIR 3

1.5112. or term nator sequences. The plastocyanin regulatory region nmay he an
al falfa plastocyanin regulatory I 3region; the 5 UTR 3'1,1IR or term nator

o~~~ A



[0030j This summary of the invention does not necessarily describe all
features of the invention of the invention, 10 BRI EF DESCRI PTION OF TI M
DRAW NGS [ 008220iPRESE and ot her features of the inventi AETWIAZNbEOBTE NOI e
apparcnr fromthe follow ng description in which reference is nmade to the
appended drawi ngs wherein: [0032] Figure | A show, a schematic diagram of HA
subdomai ns. SP: signal peptide. F'1, 12. and Fi fusion subcionains; RB:
receptor-bindi ng subdonmai n. El and E2: esterase subdonains. 15Tl VI DI CTi
transmenbrone and cytoplasm c tad subdomains. Figure 18. shows schematic
respresent ajiQfsa %P%ﬁﬁ&%h@ﬂbdﬁ@é&&? oB ¥Rk &%%r&@mﬁ @ﬁﬁﬁihﬁ%%irét%?&ék Juct
nunbers: 774, 540, 6 690, 691. 696) for the expressio

her naggl i ni mdrlNStaneiléﬁtljéﬂt@E}%eB@@TiW\{bﬂdq ¢fahese ledhmatyglesisingsiim cakq of giyangomic

Cal edoni a/ 2 I 15/ 1 ndo)
in native a%ﬂg(%n@n%jer/d&% %}'90 tgc[a@tg %‘%&%ﬂm Fﬁldfg{dnﬁ oe%aLE{pg§dug&° er, Nast
ter 20al f al fwatepl, &snmmnpm ttlammcnam o cxBE3sios b fmdy oxpe:-ptx f@e\;xrapprﬂ)@ms

recept or bi n subdomai n 2 erase. a ndi ng
Subdor nal ns PR PR b AR BE T b st S

aifalfa pr othe,teltbpﬁliezstmlffzicdiﬁesi.sorrer ase. Fi gure | C shows the anino acid sequence
al i gnment superinposed with a structural alignment for several influenza IiAs

(13/ Fl orida BE! ar ﬁ% E GenBan £ssi ACA 3. 34
63 - ol | 1 102 e BRE Bty RS M e b R AR ERE T O Bl
(A-Bri sbane)u,ll B Qbtaid tINChaBbr{EaiBathk plé@rﬁzemsmﬁlﬁud\br fronichat & an Eﬁ)emdi'll , A/ Sol onon

| sl ands/ 3/ 2006 U NO 97 nBank 2040/ 148511 PC- 17(_ A2li Lii /000053
Accessi on N8\ gaﬁg hétﬂﬂbﬂ@l“i?’%ﬂﬁf‘t‘ﬁ@“%’fﬁ’ﬂé@? P EEFpic. ‘géﬁ(‘%art’“ Y8 Ger i Bank
Accessi @n NalasiRedbrdne3Buan dibi 2002 12Vid Si: Ggamey |dn1)95iz:w(eﬁ\v§$ﬂ&@aﬁﬁlslé£are SEQ ID
NO: 99 ( GenBank. Access| on No. AAA6I 366.1 : 1-13 A 7Brisbane/ 10/ 2007

(A- Bri sbanejmovageiiest Rients ¢er ?‘@H'Ba‘ﬁﬁ“‘?f&:‘gé’%ﬁ Bﬁpwause;miz@et guruses). |pf

AW sconsi i LA2005kA HMpeq SRQNBI O hiFRAALI K BAEREELAMDAL AS037599. 1);

H. 5 A/ Anhui / 1/ 2005 (A-Anhul), SEQ ID NO 102 (GenBank Accession No. .A88
180. 1) ; 115 mamREatsa Hehosgay. zet)amﬂvi ta¢ plpgi megEeNON pe cEnBhebAcessi on
No. - ACRASET o T ARG v B o R 08 (13600 A 0GRS 66 1 ABNDE) 08. 1
The boundari es between the Esterase 1, Receptor binding, I':psterase 2, F 2,
Pepti deti ui sicotirahNTOEIGTthg alydeoratingher alniimdmers*uhlterctﬁte\@o‘ﬁﬁbgtesiuén@nﬁn@zcat ed.
[0033] Figu aci d sequence of the indicated subdomai ns of
elilmerie I—&Rggﬁ%mggﬁoéﬁ%ﬁtﬁ lEL[r{lgper panel , constructs 690, 734 (SEQ | D NO
1), 696 (SEQ ID NO 1 12), and |ower panel 691 (SEQ ID NGO 1 13. Amino

aci ds | -92[‘@51105@@115@11!‘&@\/14?9 i anytshigent. placey mE?ldfm@qumlotimIlm simeipde;of B no

acids 93-263 js_an,R. i ds
264-552 is ﬁﬁjt‘%}%ﬁ'@ﬂ 5#@?%‘965%99?5??“%@4‘ %ésﬁ&gg?eﬁgen%dgé%%%‘%éﬁ% NO 112
is the F' l=gbbdenwiususfma 1y v pueh dfrg iiechon der@de8@thd @ paptlBithdlad domai n or
115/ 1 nd amn n _E2+F' d aci ds 1-42
of "SEQ T e Pe Bl St e it o 3l BB R Mgt ™% 35 15 o

El - 103-E2 tﬁ@ﬁ:@lummttmofhdeoﬂ:pe“ritﬁmosthanmcmnckg@mmis&mrﬂsbm&@zt}ks an F' 2
domai n of H5/M,i m 20[ 0034 shows the am no |d se nce, of the

codi ng regi GIFBFA"E AHLPTH egceé ﬂgoﬁ 1 {e8E taff ml‘{f@r 8‘05)39% ‘?‘r%f’ POPHY an KB
suhdomai n  ofheddlifdRi ihe n@ﬁtbﬂanéswﬂsrhd@tvai \Qiﬁlﬁt'hc p.entahaiel,ay AR te am&idalt dosmila conpl ex
(S DC) conprising an U5/ludo F' I, EL, E2, F 2 and F subdoi naMs. 100351 Figure
4 shows the“ﬁ‘?ﬁ%sé’@?}“%ﬁ%@%@%ﬂ“mﬁﬁ@%Mgfm?'@@?‘bn of construct 691 (SEQ
D. NO. SO conprising H/Sri head domain conplex (HOC) conpming El. RB, E2, an
1-1511. nglci [@ii1gn@ke ;ﬁ@cﬁfciicﬁiﬂ)firﬂnﬁnz:h41z5§[LHﬂI€hsSé@i;iﬂcv€tﬁm@idﬂscﬁmye% i2bE)s

conpri sing R5/ Endo tg‘%’gnd F subdomai ns. (00361 Figure 5 shows the am no

aci d xequenc‘ewé)r 240R&0 ing region of construct 696 (SEQ ID. NO 32)
conprising an RE subdornain of 1-15/Indo, a PD signal peptide, and H/NC
stem domai n conplex conprising VI, El1 E2 and F2. 100371 Figure 6 shows an

i mmunobl ot anal ysis of expression of Ht /Br' in native corm cortsu:uci 774
(conprising Illconstnct 692 (conprising the head domai n conpl ex (HOC) of
I11/f3ri), and construct 690 (conprising the all sub domain of H /Br; ['used
with I-1SLIndo stem domain conplex (SDC) in plants. For each construct t ot al
pmein xxtracts from3 separate plants were anal yzed. Twenty mcrograrrs or
protein were | oaded for each plant anal yzed. The Wstern bl ot was reveal ed

wi th anti-HA nonocl onal antibodies (anti 1-11- inBrisbane; FlII 10450).
Construct 774 expresses HI/Bd W|th the nat| ve s| g, nal peptide of 1-111Bri;

I~~~ P



[0043] Figur.l. 12 shows am no acid sequence of the chineric H5/ H3 hei nagglu
in (SEQ ID NO 83; contruct 737) conprising a PDl signal peptide, an

ect odoi nai n \¥P 241834881 Bj | sband 10/ 2007 and a TMY CT of 14%TAaRndoresi a/ 5/ 2005.
25[ 00441 Figure 13 shows the am no acid sequence of the chimeric Hi /I3
hemaggi utinin (SEQ ED. NO 84) conprising an ectodomain of Binoridal4/ 2006
and a TMD/CT of H. 5 A/l ndonesi a/5/ 2005 encoded by the open reading franme in
construct nunber 745- 00451 Fignre 14 shows irrinnnobl ot anal ysis of
expression of BiFlo in native form construct 739 (conprising PDl-13510), or

W th constr getvnviAR Y 6P fivEnBidbo HOC . and SDC fused with an 115(1Incio
| DC). For each construct, total protein extracts from 3 separate plants were

anal yzed. TyRNLYTHE G060 ATR R re e Ol8kds Wa firl R des kpkiRash R bakixn anal yzed,
The Western blot was revealed with anti-BA 13/Florida polyc tonal antibodies
(1511. 13SC OPFE88E)ys diregod §1vVipFdlie B UgcsshHNSS 1erimais| glucarsdespagadutizm. eddpr essi on
of 1-13/ 131 inelRad @t MBcih@Lihern CRASEE Hicdna @i&ﬁmmkébﬁﬂd@!?‘ sp -1-1131Bri),
or with eontrcut 737 (H3iBri 140C and SCD fused with an H5lindo TDC). For
each construct, total protein extracts from 3 separate plants were anal yzed.
Twenty i cr S§HANE Sor opteghobill sl o auide pHIMRERIEH MRt ARy vied-1kThe

) OVést ern bl.gticjw@g; pieveal ed with anti-113 Brisbane poiyclonal antibodies
(N113SC 08/ 524). (0047] Figure 16 shows size exclusion chronmatography of |eaf
protein extracts fromplants infiltrated with construct nunber 745. Rel ative
prot ei n conf¥H{ Be RepsgtiiEiiqnpaRyides A golyeerhfcwampans f ehimaacRilrgatiton.

hni nunodet ¢ ghh @i WaSelidindH Qbster DAL TRGE l0BALRRUSIHE) AR & tdldmddbahor | da
pol ycl onal anti bodies (NIBSC 07/3561 in fractions? to (5 is presented under
t he graph. Theaalclisiyd Dseakersh: B SECDexprEnapbO0E 804 helbdeman thyHPRe arrow
(fraction BombARMGIREIDUAE E2 LuRBAUR. hEDOUGHEHEs B¢k SEAURNGRILERD 1D NO
52) of the synthesized frawnent conprising the conplete H5 (A/lndonesi a/5/05
(HS5N | 1) could whereingl losst ¢ricrsebdoaiaings ofeelirsiiinfhahzaddpraddbe sthef sTvenginopreebei on)

flanked, in 5 D1 ndi- kte.a .3 .- i )..Fi gure 18
shows the mj}g Ef c‘“gé%cé"'@gg‘hee nac%h'( EE“QH%H“R@?L%%?H%?D %gﬁg?zﬁdl%cﬁpég%ﬂﬁgﬁ HA
20expr essi oncleastfedn the gorpcomsprisgigdil. HBf 148 fugl Bl Bsthoopanibe pplvowbdenaand 5'

i TR, hemaggi utiain, c%%i r}glﬁsequence of 115 form Ai | ndonesi al5/ 05 (H5N1),

al fal fa pl astBEYEAi W " UPR'Afd termi nator sequences. [0050] Figure 19 shows the
nucl eic acid sequence (SEO ID NO 54) of the wild-type H (A New

Cal edonira/ 20#@9] Tht pride)t ip-CendBeatde rasides Aoudk¥2 89D@R)dicnillE pgyisedgdeence Wit hout a
-1 MO and nail, .0 2040l 148511 CDT. £,2010,000063, <05, 4ol ULE30,shovs t he
nucl ei ¢ aci 4O SBH GRS TSES B RE™ S EPe sSSP PRAS B 15 0g: e ¢

conpri si ng( AlublenwHIA)edo A iras20m9RAné Jdmb N st (DO gwiseduenckDC agkiraes ahi nD and

Cair, hit " j t he, | | eot | i gl from PDL,.SP and
'l uite & BAB: T80 SRIOGH S B (T . G A OL kT T L& s found

i mredi at el y «dannst k eam of Gdiesubdbinic adDoherdh 2083lorEb@idb@aih s showa the nucleic
acid sequence (SF.Q I D NO 56) of the synthesized fragnent con&rai sing the
Cter H-P (AMNSHrcH-<adHicQIbongdrpamsng ohone gfanerg ssetli8ied?d Re1 d8% ng the TrD
and Ctai | fnh&@ﬂ:taaﬁrdﬁgﬂlgo Sich&@: thOpdiRpEd-ab: 6aaaRe{ 4 idnkegiiddin dudiddh g udual

Sadi S tut si teq). 0053] Figure 2% shows the nucl eotide sequence for

Al eCl | COg0 sRG: ¥ (oS §5Hidei n 10di sul fi de i somenmse. GenBank Accession
No. Li 1499 (SEQ 11.) NO 57). Nucleotides 32-103 encode the PDI sig, nal
peptide, [0Qbdis} A m@ri 2 3roalk@MBeHI@iciatl-eat i deieaaHRRE &VERY in a plant is also

PronPl ast o- PDI SP- Mast o 3' UTR pl asmi c!. Figure 23A shows the nucl eotide
sequence t b PiGAPIaSEGOPRINSIBSPEEQNO 58) . Fi gure 23B shows the nucl eoti de
sequence fromPlasto 3'fiTR (S.F...QID NG 85). Protein isdisulfide isonerase
(PDI) sixgnal peptj ﬂ&o(gﬁ}ngﬁdﬁllﬂeicﬂﬁd!. eﬂBglililg!ha éb&ﬁéﬂﬁﬁl‘]r?mﬁl Hggﬁbrﬁﬁéﬁ@a'ﬁ%gl ]
restriction sites use or cloning are shown .in hold, 551 Figure 24 shows
the nucl ei c PAR1Y & STetrEB Y @%@rl(-ﬁgﬁha hegd dergpin chiet (Pgﬂ‘[f)’) angga ‘H‘ér%ﬁﬂbr?i}f
expressi on GRsSRELd@tE oNPC) shdddnaht abtaoplpass as yFanism pldcoMabasm@ndrdHDYETR,

codi ng sequence of the signal peptide from.PD and of H form.A /Nhig

Cal edoni a./20/99 (HLN L), 70Oalfalfa piastocyanin 3' LITR and term nator
sequences. H From A/ New Cal edoni a/ 2011. 999 codi ng sequence is underlined.
10050 Figure 25 shows the nucleic acid sequence (SEQ ID NO 60) of the

synt hesi zed fragnent conprising the conplete HI (A/Rrisharie/59/07 (H (N Li)
coding region (including the signal peptide and the stop codou) Banked, ifi
5' by alfalfa piastocyanin gene sequences corresponding to the first 84



[ 00651 Figure 34 shows the nucleic acid sequence (SEC) ID NO 69 construct
734) of chinmeric 1151-11 expression cassette conprising the CaW 35S
prornol er, COPRYINIHTIIS' TR chineric hemaggl utiui n codiPRF/Cabemwess, CPMW- HT
Y UTR and NOS term nator sequences. Codi ng sequence of chineric HAis
underlined. to[0066] Figure 35 shows the nucleic acid sequence (SEQ ID 1'40:
70) of the synthesized fragnment conprising the conplete H3 (A/ Brisbane/10(07
(H3N2)) coding region (including the signal peptide and the stop cotton)
flanked, in 5 by alfalfa plastocyanin gene sequences corresponding to the
Gst 84 nUCLﬁ%ﬂs@@ﬁ RSt 8@ Qlhabh8nd thd TID@LUI‘R]I‘@CS STADLLNGMstdicRalY &Lt site
and, in 3 a Sacl site. 15[0067] Figure 36 shows the nucleic add sequence
(SEQ 1 D NC “?i“:m@b‘ﬁﬁ PRicEDIp B it afifd ndHorpHaxpddesithspsbderaaingaes A 6Rpi si ng
the Caw BS%OPJSQEEQIH%HWQ'\%HMWM%; pﬁﬂ%mre%@wnce of the signal peptide
horn PDI, licning.glutinin coding sequence of H3 (bun A/ Brisbane: 10, 07

(H2N3) , CPNV—IIT 3" UTR and NOS term nator sequences. Coding sequence of Sp
2D H3/13ris is Wnuabatingd planbhoms oo uader sorsient el Prws! BF expeetier dequence

(SEQ 1D NO tl%%uclgg@é(gr@&@byrbgoduz,gg)hc%pg chimeric 1-1.5/113 expression
cassette conprising the CaW 355 pronoter, CPM/-HT 5 LTIR, chineric

her naggl uti pag17epgi m&cﬁgﬂﬂéﬁtﬂﬁgmcl@Wellﬂce'thoades‘éﬂ_@d%[;&e%cﬁrﬁﬁme@, QF sSequences.
Codi ng sequence of chineric I-LA is underlined. [0069] Figure 33 shows the
nucl ei ¢ aci dtwéeirgisier 59 PErriNGid FI)iroghced feths platthe s Irpsn2Bimag ment
conprising t t | I t he

si pal pepti é\gt%rgrnghg[g? 0 (g:rg]ggﬁg?&éqjan g)g@:inﬁagb chd & Ogﬂwg %ﬁ‘kg%‘%@%m n gene
sequences VMN@@&G%@A@EIBRGD@W@&&%O@@&@@S@H@@pE@prnﬂwngmm@ﬂwﬁeﬁhhdst 84
nucleotkges upst ?ﬁp?%F the initial ATG starting wh a Drallt site and, in
3", by a Sag di'fe 0701 Figure 39 shows the nucleic acid sequence (SEQ in
NO 74; construct 739) of the an HA expression cassette conprising the CaW
355 pronot eff01EPRA el imigiR: reoddan g phiey oerceoncherediecogipgiied 2 gemericde from PO .
hemag: gl utinj 3" UTR and
NOS ternlnafgﬂwééq g%ggﬂﬂ%%g “8“?5%%%%%‘ £¥5éﬁ£%%@ﬁ§%%ﬁ%Aﬁgwﬁ%§g(1|ned
[0071] Fi guntdlw@zaéhbwsnmhmg mumhlejﬁmaaumlxdttsécﬁl@ml@ac 8@ OuD(HPS) armionst r uct

745) of a Chl nmer i /B .expr e i sseh r| SI ng. 355

pronot er , "‘% nalt %‘ﬁ??ﬁﬂgﬁ%@‘ai il ?‘% d*hY siqueﬁ”cdw CPWV- HT 3'
UTR and INOS snt@ﬁmMnam HIEBGuURHeR3n RBOHI Ag! Eszmqumm e TUU to@ipricesHA 3

under | i ned. 721 Fjgure 41 shows the nucleic acid_sequence encqQding WN (Sa
76). [0073] 1[3‘?8159 R e e “f%‘%éflaﬂﬁe‘f%@fjﬂn%&&éﬁéf@ ?’é R ?ﬂt‘?f a
portion of GEMRBhubEEHains are of AMBDAEr: RE5AY infii@m HA. nd /11 (in the nultiple
cloning site. upstream of the pronot er) to EcoRl | Si medi ately downstream of

the NOS term .. HSP40 .codin ence i s .under]ine 0074 Figure 41
shows t he n[&(ﬂgs g{‘%\@% %Qﬁﬁgﬁ%ém?f BEOUEBTNGPFE) e aﬁgf?’[" 4 const ruct
nunber RS60 nuéle@ite kbgdehct bco(ing otd @ g thiupd cBlpRfting Grofid eratipg$ ig@mod t he

pr onot eré to Ecorti | mrediately % wnstream of the NOS term nat o[) . The H8P70
coding $ qué?ré‘@“if%reﬁﬁaé?tl‘”eﬂéﬂplmfto P B GERE LA APSHGRRON BB BYEPE aci d

sequence ( SEQedld N méDouplopRatiispho @fd repnet ruct 20nunber R870, from H ndu
| (inthe multiple cloning site, 5 upstream of the pronoter) to EcoRl

(i medi ately tream.of the NOS term nator), P40. codi ng sequence is
in underli né@odj%mﬁ‘f KA TYRECHRSBAGS 106! ‘Ff('j? HC(S/?FES é‘r"Ff‘ﬁ*@%‘e”%)

nucl eot i des ihARAGIA Ble OutsdrROb GRS }ﬁeéan@ﬁaéas[eﬂ%ﬁianﬁlm&@mg Shows a
schemati c r%pr esentation of construct nunber - WD 2010/ 148511PCT(CA
2010, 4) 00953 THGFREF Hifriens? é‘ﬁWmPﬁ’éCéﬁw‘FlPﬂ‘é(BWHﬁ'éer%t”E"eﬁ’[ﬁcof i nf | uenza
type A -Bri dgg,RuaBeriing? ahd F YsdbmAiA hOMBEILAAALs a?tB 1SHE E2 Sdbdomaiey S7T2HAL 3)
Cys941- 1A142 5431 1A 4) Cys29211Al - Cys31811. Al 5) Cys | 44HA2- Cyst 48HA2 and
6) Cys52HAt - E@qurﬁwseb ThaDand Graflisgslompingdgdsvherrat ot diaptoas supdee s A and B
(Figure 47) subtypes are indicated with arrows. 5The nunbering from mature
1-13 protein was used. 1r 0078] Figure 47 shows the disulfide bridge pattern
of influenza typo B HA. Bridge numbering: | )Cys4RAl -Cysl1l37H A2, 2)

Cys6014Al t-Cys72HA | , 3) Cys94.11A | - Cysl143HA. 1, 4) Cys2921-1Al.-Cys318HA
| 5) Cyst44HA2-Cys1481-1A2, 6) Cysb52HA | Cys2771i A 7) Cysb5414A |
-Cys57.1.-.1A1 and 8) Cysl 78HA | -Cys2721iA 1l . The disulfide 10bridges that

differ between A (Figure 46) and B subtypes are indicated with arrows. The
nunbering from matureprotein was used. [0079] Figure 48 shows a schematic
di agram of domai n swap fusion junctions. F| gure 48A shows the fu3| on of RB

"~~~



[0087] The present invention flintier provides for a VLF conprising a
chinmeric influenza HA, The VIA' may be produced by the nmethod as provi ded by
the present WAYEM{%H. 10088] By "chimeric protein" or 'PERCHRPEO0SS

pol ypeptide", it is neant a protein or polypeptide that conprises am no acid
sequences fromtwo or nore than two sources, for exanple but not limted to.
two or nore influenza types or subtypes, or influenza's of a different

origin, that are fused as a single polypeptide. The chinmeric protein or

pol ypeptide may include a signal peptide that is the sane as, or heterol ogous
W th, the remainmeiza®fa ildehdpithey PeRbinERs Q& oPFrRle Bre sedd FuESh I Nee
IPCTOCA2010/000983 The chimeric pro_c,n or chinmeric potypeptidc may be
produced as YA tPRTRTIT BRMHTSH AR “@Fh'%rﬂ1gbyc%ﬂﬁc?fé‘mdfftfé T‘E@Eﬁi‘é%ce and die
chimeric protein or chinmeric polypeplide cleaved follow ng synthesis, and as
required, assuaij atc.eﬂlpmmehmp@szmnmmrvb doferoptieiviLp oI N ®f@ibed arl aChi neri ¢
protein or a chineri eptide al so includes a protein or poly pepti de
conpri si ng §hﬂﬁﬁ??§“&ﬁé‘£@@§ g@%ﬂdﬁ%ﬁ%ﬂﬁv¢§ di sul phi de bridges (i.e. a
multinelic protein). For exanple, a chineric pol peptide conprising anino acid
sequences f oMM} WonGiteriE Bspbdidfitht PRsGOLINEBSN MR 1b}&oﬁﬂmaﬁéﬂ dfl Mdiluﬁglbuni ts,
and the subunits associated via disul.phi e br d r oduc ric
protein or CHIMMEN € PRYHBY i”ﬂ’e‘"f(g‘sfé’é‘ VEF )“mef'ﬁ%ﬁ‘ﬁéﬂg’ gl%i de may
be hcmaggl ulsigledt (IRAYLP dRgadRagibel mbmq\rm@, ﬂ@éd@nﬁamgnnmady Tl to acid
sequences that make toup the poipeptide may be obtained fromdifferent HAS to
produce a cHIFFERFCaryantapentaRpdiyy PEReRTusy et Zabaanconsiehi neric HA may al so

i ncl ude an am no acid sequence conpri sing heterol ogous signhal peptide (a

chi meri c HA[pISpRE&@ItR) rdghal thhsml IR@padiiall 8ilkedio atbducng Lﬁdcﬁhlglaf&hﬁiéﬁtz hesi s.
Preferably, t he chlnerl ol ypeptide, or chineric influenza HA

nat ur al 1I'y” odttPRlsHy el @%laga‘ﬁe?edmkéfﬁ(‘:‘b%ﬁ’lﬁ‘@ cell. apminget pedl %BD’?}E@S{H a‘é'hmay be

descri bed asc@idhtdRh faf BOME £HEIRGAED regui@brydeci&) k BRI WELEST | de
sequence A virus-like particle conprised of chineric HA may be described as

"chi meri ¢ Ripytose i[%eseysm@iecem%que%wqj%&ec@weereehs&h aﬂgbrtleﬂs/emceus
enbodi ment s (ehB} &esrpmse@&er rgga%ergloﬁmﬁcﬁeé@f SRR & BTRW AARRLE: Corml ex ( SbC)
a head dommin conplex (HDC) and a transnerubrane donmain conplex f, TDC), where
one or nores mmceﬂ@eelﬂm@ﬂﬁr‘m@g@fat@ Elien mehbe 2080 PIMDCYaNN fepdatos of a fir st
i nfluenza S r | han one
sultdonélnH% 1%??egrﬂkﬁé9§5%xw %@E@BP? Lghn)?%ﬂﬁgggﬁ%gﬁﬁgaﬁgluenza HA type,
subtype, or froma second or different origin. As ilicribed herein, the "SDC'
conpri ses arif§24] fEhe pragniEnsuBeIOMaYifcs a chieeric H[ﬂefnfecljwpmqh@eemeﬁomwtpt and E2
subdomai n, t see
F| gures |A (Eg mat&lg&zjﬁg%o i @}eﬁ%d’ ?gr@&%vﬂ%%g aP‘Fﬁggﬁ%gﬁ@ g‘§eln%%aﬂeLP) or
"virus- | i kengaendedlyesitctor fromitessouprehpisng B Ht HaciuPesHE it HS i, Hssembl e
and conpri t n f.Chineric
i nfluenza H§‘§¥g?gﬁﬁ??%%£gg‘ang ﬁ%ﬁgﬂ%@”@i aréﬁtgﬁggéﬁﬁgzE%mghologlcally
and ar aixgeniscaint ynfisikmas lageraot e vaord mMnmtw:thwpe rer afithe simecigmn, bur | ack
genetic information sufficient to replicate and thus are non-infectious. VLPs
and chimeri 0 101000983 in
sui tabl e hogt&kiﬁ]%g¥ﬁ Fe hQQH&%wamﬁggF1%%$%§%$ﬁ %ﬁ%&%ﬁ§%%§$§gctlon fromthe
host cel | anwlyppone r:@mbraba matahmtpfldﬁrmncqathmsiﬁghaiatptﬁn sgnetee mevibd wbkied
condi tions nd chineric VL. e act, structures.
[ 0091] Chlnerlcﬁe§% oﬂ”@ﬁ?§nﬂn@s eﬁﬁfgsetmn fkﬁéﬁ?#e %%Hmegtelns in
accordance wequendchen 1|nfte®e:nHS mgmﬂampndﬂsedmmﬂhndemnmmm MMtsigneigteptide. The h4l
protein js known to bind RNA (Wakefield and Brownl ee, 1989) which is a
cont ani mant “0f"ViP preparation, The presence of KNA i s undesired when
obtai ning regul atory approval for the chinmeric VU product, therefore a
ethnic-fie VLP preparation | ackrog RNA may be advant ageous. 100921 The
chinmeric VLPs of the present invention may be ['induced in a host cell that
is 10characterized by lacking the ability.to stalyb.te proteins, for exanple
a plant cell, an insect cell, fungi, and other organisns including sponge, L;
()C kilter/31a, annelid; arthonporlat nausea, nemnathel m nthea, rrochel m nies,
pl at hel m nt hes, chactopi atha, tentacul ate, chlanydia, spirochetes,
gram positive bacteria, cyanobacteria, archaebaeteria, or the like. See, for
exanple Gupta et al., 1999. Nucleic Acids Research 27:370-372; Toukach ei
al ., 2007 15Nude|c ACIdS Research 35: D2130 D286; Nakahara et aI . 2008.
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WO 2010/ 1- 18511PCPCA201011100983 [00100] Amino acid variation is tolerated in
hemaggl uti nins of influenza viruses. This variation provides for new strains
t hat an contWAA&M¥EShei ng identified. Infectivity bet wedgTiHatmewst r ai ns may
vary. However, formation of hernagglutinin trinaers, which subsequently Form
VISs is maintained. The present invention, therefore, provides for a

hemaggl utinin artlino acid sequence coinprising chineric HA, or a nucleic
acid encoding a chineric henmagglutinin am no acid sequence, that fornms 'LPs
in a plant, and includes known sequences and vari ant HA sequences that may
devel op. Th@@@éﬁ%%esbﬂY%t’idNbr@Jl&@aB‘[%Ehb@'td?%r&dgmﬁg@vﬂﬁgor@zflmﬁg githggric HA

pol yper ai de conprising a DC, HDC. "For exanple [be chinmeric HA
protein may Hﬁ@ﬁmdmm@gh@lﬂwl(Hé\)é@h@mhﬁ‘éwr@b@fB@ﬁwngsﬂWd’ swbdognalas of HA |
and HA2 fro may be used
' the. proddstyon s Paprkf shEgR dRERL: allen kiU S |

expressi on syspremg a{s@:@ﬂ@me&mmy@m@) ekt;meismed chlstdr (ﬂ@&]auﬂ & pufsoemprand | mer,

whi ch ma bse nmol e, i VE. Ps, f HAG.vi el HAT and
HA2 pol y%ep Pgese ﬁl nki_g%z %%{m&l therepeaom BYag ?Seé ﬂ‘rbgomz?‘%lﬁezl}gﬁgnd 47 for
illustrati Oﬂorﬂﬁns@hzﬁiﬁ]ﬁlﬁjembfil? dgeopeit] e MBY coﬁprrsei5amD| aﬂﬁéf@ixllsﬂlbtﬁ)minr us
particle, cleavage of precursor HAG S re ire t er the conformational
change of Hﬁ@‘?‘t"ﬁ% m Fagh%‘@%ﬂﬂié’mf‘ﬁ‘éf‘d fbrgb q’ﬁ% dHé %Iﬁ‘f’é?' RALS §E °f he HA2
pot ypept i dehnéfdndrekRoid infatd BA) ;eloftmhofsuaidqﬁcmmghﬁ ifoed Und@mneinditidnd that

menbr anes. However, VLPs are nor  infeehous, and cleavage of the HA into HA |
and HA2 is REPUTBgEPFEON pighe wrlsifre, ”‘F‘b'i’yﬂf%ﬁl“ﬁ@cp‘ﬂd)ductl on. Unel eaved HAO
precursor also assenbles in trirrters and bud :O0from pl asma nenbrane to form
li/LP nadﬂowmozi?p’r&s;)mc[u@miﬂzjvme lrky}&tmb@éﬁxe@évlﬁea@m@re& SES1h8 @MAkalon dPNaAI NS.

The KB subdomain of the ! MC conprises several |oops in anti ge c rehMons
desi gnat ed A¥SERAHIA ”F‘"S‘?-‘(h%‘i”t&ﬂld‘i‘f%smflﬁé’tp d583P R PO | ‘i“ﬁ’?‘@l’:ﬁ‘f d&d i nt | uenza

virus are fregdenht ¥nhetehede duQne pRht Raet at hR8SoNItRS. The vesti gi al
esterase subdonains (EIl and E2) nmay have a role in fusion, and may bind

Ca- H. The Prhosphatigrighofipe P Q@%PWJI‘IH@D@%PIWW (RPopurikpeottgnf orm a st em
rai sing the L HALLE & e BB, n may be
i nvol ved in g}%&%}o@fﬂgn%ft t he #UHF%MS’E&%%FOQ? nenbrﬁga{r%[g'prq?pﬁgb églm%gﬁhg have a
rol e intaf f iard nysuaf in kbt fhey ark inpli ediersaf gisveraltiike BC ohBE BT rether chrastoiz lrﬂ@ﬁ ein

Subdomai n sy Be RG] BT P @ BAET A RS pE PR AR MRbPReTS g

the Nterm mut@onsV\BCZﬁdﬂ)E]aéSﬁlMﬂﬁj@ﬁ%DdesmﬁﬁatthDt hne!ebw@qaprlegsp@mri de.

Figure 2, and Tables 4 and. 5 rOV|de exanpl es ences of
SpO U, 2P e s R S e g S R MR IR B Pk deTof pes.
[00103] Pr oceﬁﬁro@@age:f and et mlmlmmkimglagmarr Ipagokges if SE)th@ﬁqmnmm during

expressi_on r secretion of influenza hem a utinins.ma ve a role in
T ot dPng T eRe R T e o B donoid] STl T A rar o FRl PR 0 shor
(about 5-30 aammpﬂﬁndsg)yc&gqmamtaﬁe SHphROo fRBjcBiSoteinQuin gBNekigdd Y at the

N-t errui nus of hemaa, %a%g%lnln ¥§e ptide that may di rect transtocatlon of

the new y- trpﬁ"ﬁ@}‘%iﬂéﬂl“p'tﬁ‘ F3fagecys 8 B@F’%‘H“@ﬁP&?“"&‘?’&a\ﬂé’lﬁ‘I“épia‘B% Witput

posi tioning vﬁghu?qg@:bf)&)&d@g)m%br@rslt Qfmﬁé?ﬁatd&%af?%ﬁ%gﬁcﬁx%h@viﬁé Atheg to ot hers.

t he sipal pepti hemaggl uci nins target the translocation of the protein
into the endé"@mgasmnmeirwtﬂ@umcmlm \f[@srfa%nwé@nmm%b@eﬁsxsmﬁmd iopf

posi tioning of i, thE i RS, REQX LITRL m AR TR E SLAL L V& e e- anchor
dor nai n of t‘ﬁe nasggéﬁ% Oﬁerrélggl Uyﬁllnl T ypeptide to 1'§“¥dol}l;% @]eea%ag&and

fol di ng of tiherenmmunercidimgghat bniine Or['cl@@m@!#qwhglewtﬂnsomcmdsr LA. within the
e.ndoplasm c reticulum (ER) menbrane of the: host silmai peptide cleavage and
protei n gl ygesg) abiphy 8Ma&ic halsSlaiHoRNAs & V@ Siv \@%Pﬁ&meﬁfe%wn&g e &f HA
requires glycosylation of the protein and formation o | east 67i nira-ehain
di sul fi de botyarqrpeeniFiigys. dyis 2GR UTPSIEH cEigument E01 gsteenHisat g P Bt ype A
i's shown tohgygq B GORBEMEED HoRllnfcH&usRIhIGESis B DO Froa o OPRAL [ SON,
the nmonomer of B HtA\( ?‘gure 470112 S séo’vc;n di s]a ? t(:j‘fem)rbrl dgrgs 3 ive of

t hese disulfide, bridges have a counterpart in A (reviewed in Skehel and

Wl ey, 7000. Ann Rev Biochem 69:531-569; exanples of 20 structures
illustrating inn- and intennol eeul ar disul fide bridges and ot her conserved
am no acids and their relative positions are described in, for tX anple,
(Jonblin el al 20045 Science 303; 1338-1842; both oF which are incorporated
herein by reference). As one of skill in the art would realize, it is



[ 001101Exanpl es of usp40 include Dna! from prokaryotes such as E. eoll and
15mycobacteria and En], Hall and Hsp40 from cul aryotes, such as alfalfa
(Frugis et a¥o2ue0ustipl ant Mol ecul ar Bi ol ogy 40: 397- 40SPCTAARHPA B br exanpl e
of an lisp40 is Al saliva Mst (.AJ000995.1 or SEQID NGO 76). Hsp40 plays a
role as a nol ecul ar chaperone in protein fA ding, thernolol erance and DNA
replication, anmong other cellular activities, Figure 4! shows the nucleic
aci d sequence encoding Msj1 (SEQ ID NO 76). 20[001111Anone. Hsps, Hsp70 and
its co-chaperone, |isp40, are involved in the ditbilization of

transl at i NgmaMchneM 1P @E&aﬁlam&epgzjvm@ﬁtﬁ%ﬂﬁy Qﬁ)fwﬁﬂgethé HQ sy H8ShSo | S

conpl ete. VVthout w shing to be bound b eor Hsp40 binds to the

hydr ophobi cPp%Phes? %fenﬂ?f%%@’é‘i(“h‘é%é&%‘%ﬁbaﬁ%W‘?TeteFW‘@# redyaslIPpept i des,

t hus faC|I|&§&h$g the interaction of Flsp70-AlP conplex with the polypeptlde
ATP hydrolysis I'ends to the formation of a stable 25conpl ex between the

pol ypept Hsp70 and ADP, and rel ease of Hsp40. The association of 1isp70-ADP
conpl ex wit Hop e diiennaibn Blante dﬁb&%ﬂ'@gﬂ%ﬁh%%wwv RERpEYE IndEntBrsEngind 249 r

i nt eracty ongwid fiQthels RyAsepHakirg wﬁa&%}%&ce@rnem%gmwoftnfegraanméfgz fol di ng
and the formation of aggregates with other proteins (reviewed in rd, R
1996. Nat ur ad3Bdre isgp need§y gy-expresp HA, or tggyest theympducing 5alts POVRLOMILY THITE3 [JOl
12] Nat i ve CQ% ngﬂﬁmﬁrﬁ%ﬁhﬂ§vﬂﬁ% Qﬁu@?hﬁmﬁ% Militare correct folding of |ow
| evel s of |nant pitteiu, but as t expression | evels increase, the
abundance of native chaperones may becone a limting factor. fligh |evels of
expr essi on GiBHetmygmmdneiiby gveHen %fg’r»a@!mﬁ‘feﬁ%ar!bztdéwgfé@u/@@w%w thead to the
accunul at i of, Ofi NeRe d8MidkNi N poly, peptides in the Seytosol, and

co- expression of one or nore than one chaperone proteins such as Hsp70, Hsp40
or both lis 70 and Hsp40 nay reduce the | evel of m sfol ded or aggregated
henaggi ¢t i ni ﬁlﬁﬁﬁy%%ﬁﬁ OBEHERRANERGE he number of pol ypepti des

exhi biting ry and qu ernary structur characterlstlcs that all ow for
hemaggl uti n %35% Fiekemgouh s shooipae) fl'i’fiegmbs?m“e?aé?f repderono 77 is a

nucl ei ¢ aci @h1RessaR&epRn i@ WRRhtieRr@fis GARIS Hhd@ppensalR wiR8Sherefd: om H ndl 11 (in
the multiple cloning site, upstream of the pronDter} to EcoRi (inmmediately

7315 5 nuchP8 e 25U e T AUEREOH A CRBHLET e SEBE<REB0.2 1 rom_

blitiilMfigndhausan smb(n:lneurﬁl @Blrﬁﬂ:pﬁat bRdinl PE6AAMN ©f ank 88: Rc@ROHBAIMLIR. ECORL
(|nned|atel%‘domnstreant of the NOS termnator), encoding IISP?O
),

(under | ithed FMIBES rmswenbrre gnd cyopigglieied S%P'é‘@%qﬁ}%‘ﬁ%@ bl?owé sQsMAYT i on of
construct n engﬂgrgmffjfaﬁ&}myﬁhﬂ-%aﬁ%&&x;{résﬁoﬁ PRsdred (Ebrghﬁ'ctﬁhﬁﬁﬁr@g?’cs'%@l\log

upstream of t romoter) to EcoRl (i mred |ate]){/ downst r eam of

term nator) 6 éfhéa ol GPERA0h GireRsFiPT pldgmipggling) N APresprE200der (Brhed) , PO
131Ther ef Or femis ummemeum}ual%o@é /RE PHBER adoRliin A ﬁ@mmngk/wum ng
chinmeric influefiza VL: Ps in a pla reln a first nucleic acid encoding a
chineric i nﬁﬂiﬁréﬂzhlﬂ-wmsard@he)cpc éswed laictro: alfsléud@d)cmm mpotac Pdstercodi ng a
chaperong. T | [ Q4 he pl ant
R i L e e R RV
may be assefﬁadwhmeamhﬂup@ubmdmgdﬂﬁommnbﬁ}ﬂﬂ@ﬁ iexanphiganched oaggasutd dt i on

assay, electron mcr e exclu romatop-aphy,, 2s1001151For
si ze excl usiP&i° rc“ﬁjr“%rjr’gﬁ Sfp%%fﬁ{e‘”t &uzgfd%és’c?flﬁﬁfc ﬁlﬁﬁ)'”é‘t g?ﬁhsowﬁgv r?e % acted from
pl ant t: SSUecdiyndaalimgen hzlp?gm{oE’ai »ymfreommﬁabml |camedt t&ﬂsemml 1mua§hgmpl ant
material in extraction _ s terial_ renoved by

centri f ugat i(@ﬁ "3 ﬁ%ﬁ"b’ﬁ W]?(ﬁ?@%@ 7%&33 ‘éf@gapﬁ&“"’ﬁif‘“ HenEfit4 %the sol ubl e
protein s Wﬁﬁﬁa&sﬁwmﬁﬂﬁ(ﬁ}ﬂﬁ‘h@lafﬁeﬁ I8¢} [0PRS 98U DBk csion. 2010/ 4

1PC- MA2011000983 Sephacr | ue Dextran 2000 nmay he used as a
cal i brati on ?88Rdat ot: IR ‘TBhﬁﬁémﬁﬁr%ﬂ%ﬂ%ﬁpéﬁﬁ9mﬂ¥mhé%W%ﬁ@fmﬁy be further

anal yzed by Aoanausebl.qf A/@olq%ﬁtsml&ey@m énrs%t %I)nséi?[ﬂ)}q@)@%erﬁsfm& he fraction
[00 !l ot The present invention also provi for a plant conprising a nucleic

acid encoding one, or nore than one chingric influenza hernaggiutinin and a
nucl ei ¢ acid encodi ng one or nore than one chaperones. [001171The present
iuventton includes nucl eotide sequences: [001 !8] SEQNO. 63 (construct 690; a
chinmeric 1-151H1 expression cassette conprising alfalfa plastocyanin pronoter
and 5 LITIZ, chinmeric hernagglutinin coding sequence, alfalfa plastocyanin
3" ISTR and term nator sequences) and the underlined portion of SEQ ID NG 63
encodlng SP F'1, El of 115 Indo RB of HUBr| E. 2. F 2, F. rtvoicT of

P~ N A A~ ‘A g g~ R P~ o~ A P — ‘. o oA



conprising the Camw 355 pronoter, CPW-HT 5 LITR, chineric hernagglutimn
codi ng sequence, CPMW/-HT 3' LITR and NOS term nator sequences), and the
under | i ned p¥PEIIBRIdI t SSEQ I D NO 72 encodi ng POl SP- El IPCTEIA2VRBIOES,  F2,
17,171 10/ CT of 115inclo; 1001.25]SEQ LL) NO 74 (construct 739; an FLA
expression cassette conprising the CaW 355 pronoter, CPW-H 5 (fR, coding
si xpence of the signal peptide from PDl, henmaggi utinin codi ng sequence of HA
form B/ Florida/4/06, CPW-I1-1T 3"'1.1TR and NOS term nat or sequences), and the
underlined portion of SEQ ID NO 74 encoding PDI SP-F), 10El, R B,E2, P2, F,

| NDI CT of flaceQsiod ﬁ@%b@&@' D NN oA feaush I SEG 1Y 3¢ 9@((&@2&?“{:@&5&'@ 8
expression cassette conprising the CaMv 355 pronoter, CPlvlV-1-1T 5 UTR

chi meri c heMRalytf 1324 A %%é(sdh@aﬁ‘éﬁﬂ@ﬁé%m @“ﬂﬂ(—"?ﬁf’bﬂwo O FEaRarkNOS i
/5
POl TSPopr B RS R g D R B A e R N e T

present i nveéntriBenk At®sidnidl adessal nudk éétﬁfﬂ’@cs@qﬂé’h’lﬂéﬂﬁh‘a{\hwﬁq d} zes under

seQ 1o WS AR RSB T he B RAT TR B8, SR 757 The
B i ngent hybr! ' Sation “2“3“?‘?‘?%2‘2‘*‘1’?"31@“‘ TRl orEntof £ e under i med porti ons
gf“azgegne §E é%@i@b%@} %g "ﬁj(GAS”eS%‘Q"‘ nﬁcg%g%)ﬂﬁﬂg% Shé%ﬁ@g?qﬁ% sequeﬁces
that hybri dl@algam{hb@emd&r A vesh | PRI 1THe BSuRhrisSERweE) hs) G3tbhe 168, 69, and 7
t-75, or a 5conplenment of the underlined portions of SEQ | D NOs:63-65, 68,

69, and 71- Fscerkybidies aES&ﬂﬁsﬁ%rﬁﬂpﬁéWﬁGﬁloﬂtTWfFB?”Bti@’%“t pskdi-syRdn expr essed
fornms a;ghi BRALS a¥lifBicsdad the chimeiicVl2 induces production of an antibody
when adm nistered to a subject. For exanple, expression of the nucleotide
sequence within a plant coil forma chinmericVLP, and the ch| rrerl ¢ VLSI may be
used to prodifBal Hgwsdshesd)e #hae 251 saumanPiehondiststivhde s of 8 METdfing mat ur e

HA, HAG  HAlxp:8dsedW¢h, GbRR BarR, Lmr&tdmlmmg@cﬂwmﬁlgrac,%ttbwmﬁsao Thg chineric
VI P, when adm nistered to a su\i ect, induces art imune response
g

1001281- Hybrpdilorat pagl, GHISEQIP Nd&ht ARy abds Fat Pbﬁﬁ%%ﬂpﬂ'dn%"% RROwn in

the art (Seaofigh ofk/MRloCatb AR 9sIOLORAlPndD aMRARGHY Al ARYmiSubel et
al ., eds. 1995 and suppl enents; Maniatis et al., in Mlecular Coning (A

Labor at dfy a¥Hadalsy is @oﬁ?d’f"gpbm&gl HiasHogo. Lo stidr y)? AGEL IDAHI S ekthand

Russel |, i n Mleecl af, GLON® uﬁ%‘a% Dos. %10§Xn %Brﬂ%ldo %f?@ htndooarﬂggr%gnu each of
whi ch is incorporat ed ‘herel 1 y re erence n exa one such stringent
hybri di zat i canldséﬁﬁdishnsmslizﬁyz deragbo iit] NG - a@m@uudsihg:mm FaNOohijimtkd X SSC at

65C, foll h h 0.1
X SSC gt 85 lg%ha]? ggd anféh%? lsﬁ'ggréllgf%z d?}mgrhloghé?r?p a?ye:tlrlnngent

hybri di zat i @ad ﬁ::ﬁmdlahtiﬁ)l?%ﬂjﬂhfihnb:é’ aanerisne Y (nfld. 6- 20 hour s) in 50% for mar n| de, 4
X SSC at 42C. followed by washi ng in 0.1 X SSC at 65C for an hour,

veshes L Oudnh BRGsafne SAD B 0h AR TS PR R (3655&

Na204 buf f er’ﬂa[—SED 0. MO. HOmm;EB'ﬁg\)maBsﬁﬁ:@mawafhllwnmﬁéémblstgharpe[atd%oc in 0.1
X SSC. 0. 1% SDS_f or .put es each e 2 X SSC,
. o6 b T ovids sl iaoin el B8R S350 e BRI P2 R E Rulioncr

i ncl udes nucl eoti de sequences that are characterized as havi ng about 70, 75,
80, 85, 87, [0@5])iuredizho@3th®amino 86 s@BencOE( iheaqdirggegidrotﬁ%mruarﬁ?l dindbint

t her chet wee guence ide HeSeguence ar it he nucl eoti de
WO 2010/ 1453?1@@%@&%‘3?&’5’% %%h"a%élu%lnce '3%8‘@4 g @ Pm%rgl ]Igg%c}cor ding To

t he undes! i NedirPOsitiHad Aptiod, aaiS/Onle sehn GEFNLDMMNEX (B3]) Shfpidid) Mnd64,1. SEQ LO
NO 65, SEQFCP ﬁgsu%m SEQ CD NO 69, SEQ 11) NO 71, SEQID NO 72, SEQID
NO 74, SEQ'IT™ Aferei n the nucl eoti de sequence encodes hernaggl ut Mn
protein that when expressed forns a chineric Vic?, and that the chineric \ILE
i nduces the production elan antibody. For exanple, expression of the

nucl eoti de sequence within a plant cell fornms a chifllCRC VLP, and the
chimeric VU may be usiY.1l to produce angantibody that is capable of binding
HA, including mature HA. HAO HAI, or HAI The VLF. when adm nistered to a
subj ect, induces an i mune response. |00130] An "i mmune response” generally
refers to a response of the adaptive i mmune insystem The adaptive i mmune
system general ly conprises a hunoral response, and a cell- nedi ated response.
The hui noral response is the aspect of imunity that is nmediated by secreted
anti bodi es, produced in the cells of the B |ynphocyte |ineage (B cell).



20l i nkages and the presence of these sialic acids on the surface of [CSC.
Equi ne and avian HA frominfluenza viruses agglutinate erythrocytes from all
several spec¥@3vitiifi€iiudi ng turkeys, chickens, ducks, guiPRE& AL HUNanNS,
sheep, horses and cows; whereas human HAs will bind to erythrocytes of
turkey, chickens, ducks, guinea pigs, humans and sheep (Ito T. et al, 1997,
Virol ogy, 227:493-499; 1lYledeiros R et al, 2001. Virol ogy 289: 74-85).

25[ 001361Cyt oki ne presence or levels may al so be quantified. For exanple a
T-hel per cell response (Th Vi112) will be characterized by the neasurenent of
117Ny and {0b3d] Bees Rilichg theahlim ailivgebys oftheSAdiferegion RoBiAseisenses. Opt El A
kits). Peri al_. bl ood .nononucl ear .ce WO 2010/ 148SnPCTi 1110/ 000953
PBMC) or sp‘gleﬁ{ £ OSCmBHTGS H f"}bg?ﬁ‘%lng{]%?@éf*q}r?}g[f‘% pepide A B NG REE he
super nat ant dabilyongeixl comphiiorey i sE®ay Fl. so be quantified by

fl uorescence-activated cell sorting (VACS), using marker specific fluorescent

| abel s and pij et hods are known. in the art. [001 m ctoneutralization
assay may a&gg&f%&%ﬁgﬁgfé‘ﬁ%wwlgpﬁ@g@?Péeé‘p%?h“‘i’"rfﬁgh@rf BIBOHS® ™ n a subj ect,
see for sexagphuct e (BRLHBAE HBROMAsiRkt 612 .(condiédy thdincatsdorRitdortpiezat i on titers
may be obtai ned %ever%I ways ingl udi ng;. | enuneration of |lysis plaques

(pl aque assHEPFCHBH GMrgdcorplrc PO fcomarsing RaRP swy stagt oft (G Beedwil) s 2)

M croscopi CHOMEB Ma dodRinQbmBRk kSySh Plah®. fok bicH k6istrdd, 1Rbilpphte@R@iracts from
spxtrophotornetric detection of NP virus protein (correlate with virus

i nfection of sipaste ptasfs| veye Fovori B8P beRirarcans of @miqit yersloadedfterreriaitni | ari ty

may be det ef,gi.ned THSWaded bREAHERCE A AR 3O PLRD ﬁ%ﬂ%‘dfé@(aﬂﬁ wdial provided
within DNASI S°(for exanple, using, but not tiiuilLed o, the follow ng

par amet 8y s: Bapng EHaPI0) S onklruct 7Hoppubsayd Brgvithshe fatixeslzr@hmppdned ty 101
k-tuple 2. fheatl ' ' 5 1 nmet hods of of
sequences [félrl%glérr%g?% %ﬁé’%gé%&%ﬁytr%ﬂg%@ﬁﬁfﬁ%vea@ Xkﬁ)\é?“dgfg%r%ﬁadot he al gorithns
of Smth & isWaterman (1981. Adv. Appl. Mth. 2;482), Needle-man & Winsch (J.
M. Biol. 4B03%JFiguro7eowspeingwivble! gilyman owgsson Brodedngmagve fagad. Sci. LI SA
85 2444), _and i GEITRUL LI a0 AR bR ILA b ORSn A0 RaaRkAAbRAR (& 0. AP,
DES-FI T, FASTA, and BLAST (Al'tschul et al,. 1990. J. ?viol Blot 215:403-4101,
or by manuafuseld ¥ith HbNC E¥d Bliagd BE sibdeipdnt)i fom sachigenseiid. talel piotem catmictso aci d

sequences .G r Lign nd. .c

0det or i nelos Harang it Ok sz R SO ERRRARSHE GRRNERTARA Y, [,
exanpl e | vl piati BAkYNdt Terpetertblot :B88/calduwlih andell 8 dResia poli@orfa 2)ubodies
10881-10890 1) TAL he like..alternately seguences nma e

a1 gned. mantBrGoERaSoRrarrE bl Ramrent o i B al it B HEEE el e

det er m ned. 6§q k@A393 AcbhiagreHt vath (orRIDItsiganl peptide. protein, fusion protein or
pol ypepticle includes a peptide or pol ypeptide conprising a subset of the
am no acid l.enent of a j. .0t el Ro! i provi ded that
fhe. T agnent o FBr 8 Bisi BE R Gotiso RS SRR RSRE LY 100 e
exanpl eyo conpsdtisefoathc axiresgenbLH I/Bgiomtiva (shstresiS3R esidohnseric cdostiuctg 7Fgi on, or

N0 3071 o Hisb | Plereidit 67 Genes Ty Hofume el ShReoRr R e egi on or

domai n conMmnsinempra6é @infiin @impidxa TBaNes [geBeral chanil 34 canprishe of tEgaeNt may

include sufficient amng agid sequence {o ifjcally identify the

1611- | engt h“ﬁ?”&f’@“ﬂe’fﬁlo%' S:7'r g?} Eﬁ?“qefg’cpb%%’PWZ@%TO%‘%M%&%&%P&%%?&% f r agnent
or portion N&S iGORRalSShthaaaheuior, 68%: ka1 abhowd RBORY ptehbidde siepghh, of the
full leueth of the protein, or any anount therebetween, provided that the

e p
fragment® caft-RibFmeaesss avd Ficepiirinidiptety bdsipmss B CEdrneeabpre 2 r om about
600, 6 t 0 abeubpidRdtil EEREMARY YD1 %L foRRokt e Q¥mehto apaRoHT. 8Q% 0 about
100% from about 90%to about 100% from about 95%to about 100% of the
| engt h of t Kemes Pl hegetrasslaiehie Covpradilepaic orira APrarol iticither ebet ween.
Alternately, a fragnent or portion may be from about to0l50 to about 500 am no
aci ds, or any anount therebetween, dependi ng upon the chineric- HA and
provided that the fragnment can forma chimeric VLP when expressed. For
exanple, a fragnment may be from 150 to about 500 am no acids, or any anount
t her eberween, from about 200 to about 500 ami no acids, or any anount
t her ebet ween, from about 250 to about 500 am no acids, or any anount
t her ebet ween, from about 300 to about 500 or any anount t Stherebetween, from
about 350 to about .500 amino acids, or any anount therebetwecn, from about
400 to about 500 or any amount therebetwe.en, from about 450 to about 500 or



WO 20101148511PCl ( CA2i 1101000983 el enent that is operative in a plant.

Exanpl es of reg,uratory elenents operative in a plant rani and that may be
used i n accoV@amn@Eifit h the present invention include bwCTamMermpeevdi mited to
a plastocyanin regulatory region (US 7.125,978; which is incorporated herein
by reference), or a regulatory region of R butose 1,5-bisphospinite

car boxyl asef oxyg, enase (RuBi sCO US 4.962,028; which is incorporated herein
by reference), chlorophyll aib binding protein (CAB; Lecnviler et al; 1986;
which is incorporated herein by reference), ST-LS1 (associated with the
oxygen- evol g 0A0] LR b eXRlRRREASN Shavaisll «aReks A8 el BRG RivSkREKRANU L

al. 1987, 9: which is incorporated herein by reference). [00147] The gene
const r cut of 3% framprsinedhl/Bri nidsn e spntivhgt the %@@g/ﬁiﬂl@és‘éﬂ CERRSION LD

t opr onot er E&@Ewc‘i"?ﬁ?&&%pﬁéﬂ?g @m&%ﬁup@ﬂ Rfrusd gﬁnﬁlﬁmﬁhndeﬁm@e&m bitgd y 11 nked
to the pronoter throughout the various parts of a plant and continuously

t hr oughout éﬁmr\’l&l@/’%b@éﬁh@ntﬁsmw cagmiid} aficonsirgct dheninaisiot am HeGniskB t ut i ve
oot o 1 shghaRIR0g L ah Skl sﬁj&eg?%@/@é)@d&nﬁ@ﬁssrﬂep@m EGulrorchie! | et al .,

1985. Nat ure which i's incorporated b erence 00148] An
exanpl e of aS%Wﬂﬁéb@ah@mrmlmwwa&t@wmsnumtngu;brattemreytrafc&gitmmi s the
15sequence 5! iLn uegnced encodi ng a P nal pepti de of
SEQ I D NO Eﬁjm% prlig‘gsu ll eqeelr}%n r‘éﬁmpsemuﬂr& 0 we% loade%horﬁ%:g gn ance

transl at i on asdlyzad.fire Ivemmrrdﬂots&q vepdal Wi Mnimf@ln mosouidnabemeb(ahas\(m yo-lidhked, where
the nucl eotide sequence may encode a protein or polypeptide. Another exanple
of a regula I ansh ated .regi ons of the
Cowpca l\/bsat[(wdy #g@e?@mﬁ Séd%%rahtd%n%ljeyeggﬁr{&?S%PﬁM rl%t?%%{l T F‘ﬁ}&fransl ate the
nucl eot itde s&qﬂ@mﬁm Ute@xmvhiseh of H3 MmeeTeéwaM@T MAI(Hﬁd&idandrleFbriGP‘Wﬂ)Oﬁ H#&gul atory
region is e ertr at abl elg\gP CP:-v1V-FIT, see, for
exanpl e, Sal ns O&r]?“é’tgphpms cgl%% Ctmrrlf"ﬁ'yeél 0 ogg/\éstflf%a%@%?aﬁ?gdc Sal nsbury et
al ., 2008 P|Carﬁﬁ‘ucBFm®ﬁ'fDﬁ@dsdg:y{ﬂblhlmai totr FB2 513241 phoidh awt anVifi/alo TWE/CT.

i ncopr por at her enc 149] Ther ef n.ascii:t t of the

i nvention pfcgwlfﬂ‘é's ;9 &Fm ”“hﬁéﬁiq @‘egé‘?ﬁgfgg R9PH ogguqlgéfmog{paﬁf %gi on
operatively Hﬂna lﬁﬁéd {oQ FDISRAM §BA R eRCAdI NHda TR/ OBr B3 Qrﬂfd‘aﬁ!ﬂﬂz:% pimoithe

regul atory re may be a plastocyanin Mul ato&% el e and the chinmeric
i nfl uenza HN 'g;f eelh'%r"’r Vet \GRURE Y- FRRIHEPSAT Ao recspiardimfine sugdopiaie - \wpm

i nfluenza tyNeeR-ESWHMRESdPscesbE-Rhd8y stH&%ﬁhsCTﬁ@f@T SEAUERARHGATPI 1 Sing a

pl astocyanin regul atory el ement and - - WD 20101148511PCTI CA2i i t Ot ou9983
a chimeric icHPPEEHg flspbdgmans,idthmliatt é*etemefrléilf‘ﬁiebsmseey CBMYGET: 3n4Ad 64.

Nucl ei ¢ aci @le'ﬁq%ﬁt'é%%@ﬁyﬁpﬁlﬂlrs!aé{bl@@o@rpéﬁﬁoéaﬁ:%h@te%ryss@h@&Fe‘?r{ and a chineric

i nfluenza 1-LA are exenplified herein by SEQ ID hl Gs: 68. 69 and 71-75.
10015011 n anot her aspect, the_ invention prOV|des for _a nucleic acid

conpri sing aY (@nglrédulb]é&"@rﬂ}ﬁ (B S HEE oSt IS REEPE A nIduEd 28 et Bdnpri si ng
subdomaips fiEQ@hdeliPhdizNEPby diWBLdnade sb34Br AminbhdidNGr ifedfalfilRenivpide UeRZiA aley PES,

subtypes or strains. Nucleic acid sequences conprising a CPMY regul atory
clenent and GILENISHYA: andase ereeededdamsning doily e repprt BYHSEQIIMERGS: 66- 69 and
71-75. 10015i 1Pl ant - produced chinmeric influenza VLPs bud fromthe plasm
menbr ane anqodz:b FlghRi1d skAERASHd deQbe@londNg iehiiiREL GsMAembgfilieet ehas. of the
pl ant cell or ant tissue type front which they are produced. The VLPs
produced accd¥?- ﬁn‘@j‘nwt%@ cpR@swia iitvERtlivepidomsriodaneniét i c HA of two or
nore than twogkyReS1®5003 4R ¥y PeS/Of of 1 hUSRARx SRl execi with plant derived
Lipids. Plant |ipids can stinulate speci f| c imune cells and enhance the

I mune response induced. is(001521P| ant ds such t phosphat i dyl

chol i ne)?* and Pt Fwedéah%fﬁt‘twmféf% 1%%5% “ﬁfé)meras*?%hmaégam 8

gl ycosphi ngabi Rbdss) eahprindtn ko m@muﬁmzm@@mwﬁxd@m gl i an i mune
cells such as amg en_presentln cells (APCs) like clenclritie cells and
nacrophages*Hﬁﬂoﬁ%ﬁ@fOE%ﬁFgﬁdﬁémthﬁbmE”ﬁh@mT”PﬁﬁﬁHHdVF@%“7ﬁ the thymus and
liver (reviewed in '"Tsuji M. 2006 Celi Ml Life Set 63:)889-98). CD1

| uot ecul es are structuraily simlar to a@mjor histoconpalibility conpl ex
(MI1C nolecules of class 1 and their role is to present glycolipid antigens
to INNKT cells (Natural Killer T cells). Upon activation. NKT cells activate
innate i mune cells such as NK cells and dendrit le cells and al so activate
adaptive immune cells like the antibody-producing B cells and ---cells.
(001531t he phytosterols present in an influenza VLP conplexed with a lipid
bil ayer, 25 such as an pl asma-nenbrane derived envel ope may provide for an



20exhi biting a basal pionoter activity, elenents that are inducible in
response Loan external stitnulus, elenents that nediate pronoter activity
such as nega¥¥Pveidfi&gll atoly el ement.; or transcripti onalPCEranowrsss

"Regul atory region", as used herein, also includes elenents that are active
followi ng transcription, for exanple, regulatory el enents that nodul ate gene
expression such as translational and transcriptional enhancers, transl ational
and transcriptional 25repressors, upstream activating sequences, and nRNA
instability determ nants. Several of these latter elenents nmay be | ocated

proxi mal t O[(IOhE] EGQ.di: ﬂgaﬂoagﬁr@dﬂuﬂobﬂﬁ/ﬁag@jsgf masiéfm% Aatil0)PA283s1f80161] I n
t he cont ext _of this disclosure, the term"regul ator eI errent or 'regul atory

region” typiSarPRPTEEdid-R ok Sk w emEEh FATIRIDPTITEE o fteday s,

upstream ( 5w)thra@Hgmoqqm)ngxMt&eﬁ%ﬁct%wﬁp@t@mt&&w@mfg@ﬂ&m\/@yuﬁ]& \w@t rol's the
expression of the codlng regi on by provid 3 t he recognition | ot

pol yner ase &éizet TorHEmiragstny of W‘é@fﬂl“?eé‘df’#d@ forr eagh e Z}ﬁli)@ﬁ‘ ter Waﬁ“tm at a
particul ar §jof Gas EOURY Qhith ahd- H'ASB/FQngf?pdfﬁ%ElscﬁQ%@s'@ﬁfBS@d’?%rSISPUCl eotide
sequences, located within intrtms, or 3 of the sequence may al so contribute
to the regulatlon of expression of a codlng rezion of interest. Am exanple of
a_regul at or JPORPIEFHEHE 13 HRLYS BRowI s afabisis Lheprestey i HY/Bi iy VRN pol vi ncr ase or
oi lier tranggfiRt *z%]@bmf,@sﬁawrﬁ b{a OB whiRkbduRbi B9 (A4/BA HIRE Liddpr site is a
pronoter clenent. karyoric pronoter elenments contain ina
TATA box, afuserhwdi wewfh@e W&Cd Fa>c¢aah seqﬂm@d@ahnmnluswtsdmnahem@menend
thyrnldlne I j.de nai I EhYe 25 base

pay 15 upst r o By A T BRI Bl AL Bty ARRNA AbARE T 0 ot 1 s
a basal !pr ooisern Ebtevme ntvealgdosifomsi b} Brisbame ﬁomimltdlanmla)meeﬁ\HBﬂCtOﬁﬂa@cr| ption, as
wel | as other regulatory el enments (as | i sted above) Mat nodify gene

expr essi on. rdegfp dhere L% F1daLOH.ALQ DS |nclud|ng
t hose that ée d@%ﬁﬁipnentg g“?ggﬁ atea B%§3R£|%F§Hor‘bg%§{|tu ive.

regul at ory nrdfiraded wnﬁmonﬁwtiewrmﬁﬁewwmyrmtergmnéﬁme@f eludpr gertionoiks t he

cert ai n or gAReie 0 edluahaf HANGNACRL, M SuhRb Bl rer B KBLEHLIA ™ "
developnentI%HmmmmmbobqanmdmdmsSﬁBSCUﬁbﬂﬁvmﬁwﬂmeEmnéguhatmmymMeghens t hat
are 20devel o ally requl ntl be a tive within certain
organs ot tﬁ%@ﬁ@éﬁﬁpxgb%%FPF%m83€§¥%gh@L gy g a?ﬁeﬁmﬁﬁ | so be active
in a devel opnentally regul ated manner, or at a basal | evel in other organs or
ti ssues w t #0481 hieupli dntowashawatleic aEJdaequlere:s (BHQ tI 5OuEH Pt syuttesizelul at ory

regi ons, for exa Ie see eci ul at i ncl.ude the napin
promoter, andePH: ? omﬁielleCHf%NE Wé‘s‘ﬁgyoé ?rgh?c‘ﬁl%é“g'(ﬁ“ s F €5 N Physi ol .
152, 595-59%e sﬁ‘nhlqdp@id; ull thalstop cd@AAanRbR Rt 5° G lalHIAUTL sile2ld 1iB6), by ABactxianpl e of a
i caf -speeific pronDter i ncl udes the plastocyanin pronoter (see for exanple
SEQ I D NG 1423, 9 ich.is ing d ere f er,ence).
1001631An i E &l E %rerlééhol\vatz}b“r]?m@ézgaf’d = uenceg ﬁ??ﬁ%ﬁl ggcap% ecYgtlpro? dlltlrgect ly or

i ndirectby acmtmammmgamanspmmqﬁammndﬁﬁﬂuneﬁmnunmnamDNASSemBenmeggmmn@enes in

of A nduc APPSR St Al SEHBR O BT D ALt (ai Ty pi cal 1y

t he protei n draciaeFf sdob@dkedi nds specifically to an inducible regulatory region
to activate transcription may be present in an inactive form which is then

directly or ect | onverted. to. the act y i However,
the protein! ¢&@ %“' §$<P“ & Héeﬁfmmfﬁe(é%§8%3&ﬁ§§c¢@e“ﬂd gﬁlcal agent
such as a pK Malmmanomﬂ UeLN g OntBank £gUicahor$oherdatiop deuaice piianohi C
conpound_ orH%§§ %ﬁ# Loglcal stress inposed directly by heat, cold, salt, or
toxi c elgne e G irectly through the action of a pathogen or di sease
agent such as a virus. A plant cell Containing an inducible regulatory region
i nay be exposed to an inducer by externally applying the inducer to the cel
or plant such as by spraying, watering, heating or simlar nethods.

| Dl nduci bl e, regulatory elements /nay beg-:derived liorn either plant or
non- pl ant genes (e.g. Gatz, C and Lenk, E.R P., 1998, Trends Plant Sei. 3,
352-358; which is incorporated by reference), Exanples, of potenti al

i nduci bl e pronoters include, but not limted to, tetracycline-inducible
pronoter (Gat2,, C,,1997, Alm Rey. Plant Playsiol. Plant, Ml , Biol. 48,
89-108; which is incorporated by relerence). steroid inducible pronoter
(Aoyai na, T. and Chun, N.14.,1997. 15Plant 1. 2, 397-404; which is

e~



WO 2010/ 148511PCPCA2010/ 01. 1953 recogni zed by the presence of honology to the
canoni cal form .7 AATAAA-3' al though variations are not uncomon.

[ 00169] Non- | WHiztitAépseixt ent : des of suitable 3' regions arf€Tihen8homwsianscri bed
non- translated regions containing a pc*.aderridation signal of
,4grininacteriurn tunmor inducing (Ti) plasm d genes, such as the nopaline
synt hase (NOS) gene, plant genes such as the soybean storage protein genes,
the small subunit of the ributose- |, 5-bisphosphate earboxyl ase gene
(ssRUBLSCO, US 4,962,028; which is incorporated herein by reference), the
pronot er useghs el | L | NOV 55 I j
25, o758 (A e D B o A S e T ™ or e of
t he chi meri cogemeénd B PeNsw Calctniadd/ et p bwdimg stquomntdching fay @l Sitril del ude
further enhapcers. . ej : i -pLI ers, .as may be
required.  ERnanadr® Ut Bk [BRE: BhiiaRe fm SOPRRGH BLAT SMANEENSyid

t ranscri bed.anEmhidnobrl $aelsoinsic arfeunis nmekineinlotvosipen oHtte ssiicbdoed in the art,
and may include an ATG initiation codon, adjacent sequences or the |ike. The
initiation -] I Y ] i . - g flame ("in
frame") gf tﬁﬁ(&@@gg}:ﬂ%é@ﬁ%ﬁgﬁcne@}é %@o‘é@é@ﬁ%@gw’ éé@%tt Ehg%g'}“ge{g’llzgdn of the

t ranscri bed /menesnesprisi@OLT-1eF ¢l ldivdNdwnCaicientai2Di%@ 4t 1 79 cofing segmstor ned pl ant
cells, the const t f .S A nvention. further ni pul ated to include
pl ant sel ect"élI dtg{grtrtﬁé‘f irglgsaf‘& B*saﬁffﬁ’f“ @‘é%@’gtsgg%m‘?r%?ﬂ(ééfj g &ﬁ%ﬁ%g'egiﬁgfr?%s t hat

provi de for Sueiitdtsasice to chem cals such as an antibiotic for .70exanple,

gent al nyci n, hygronyei n, kananycin, or herbicides such as phosphi not hrycin,

gl yphosat e, I hesldke. . Simlarly. en iding for

oy oauct on’ (PSS ERI 22 RIT Rl B eiEoce Tl Rl s BN PYTE PR ONOE

( bet a- gliucurdismnifchk asmprmso CehBmk descamcBe. AUty (ABQIMANG: e adackptidrBF2-19my be
used. 1: 0017621%& }od)gjqnsi g erq% pad of this invention are transgenie plants,

pl ant colts 01 € 88ds 75O AIRi ng the chinmeric gene constnet of the present
i nvenbon. Methods of regenerating whole plants fromplant cells are al so
known i n thd0@w{ Figare@8mkovad the tucknideceqedeegbaliromEleitb-8 Dilellend B UFTRD i n an

appropriate pedium. whi cont,ain_sel ecti-ve aggents idhiotics,
00 20007 saoTEmd Teab 400 TBE a8 IO R SEUPEL [ Bl o P feRo nRREIR)
Medi t at e i deRiginki28Bshons tiof mutlcankisafumad fiphalistcEUTE, (SERde NEag) usotkor ns, shoot

formati on cap he encoura by enpl oyi ng, the i nt.-ho es in
accor dance vﬁpstuﬂﬁﬁhstgﬂﬁmﬁee&ﬁ)goﬁégﬂlrpgg?%s 'é‘%%%‘f’%d' %Eg{]@gé}%@ a&)&}gg)@’}%{;@ di um
Car regener atiu@ion kit lugsatfse clohrg 4pd aBivs id@Yyd.t hen be used to establish
repetitive generations, either from seeds or using vegetative propagation

t echni ques. | eni | ai.ns can alsq be rated .w t hout i tissue

cul tures. [dgqgg?%ﬂeszg SE%“ﬁSsll %j'é“rcg” aﬁ}iifstequgfmggﬁg rlﬁrﬁ@gﬁ% R 'g?teﬁﬁ jr?Tr{];]"s":'gatfz}ni C

pl ants, tredsa eyeasibn casset achpdsing, al thlitigastockasegbmatachnd 3t AR, @dlngs cont ai ni ng

the chitneric gene construct . risin cleic acid. er in combi nant,
chimeric. HABFGYLA Sf%Pli\?ﬂ'fﬁﬁigﬁong’dé@&ﬁngﬂ?ﬂPﬁ”‘&&{%‘i‘?ﬂ&ﬁ‘é%"“ﬁ%ﬁﬁ{%ﬂ‘Hgl present
inventi on. [HQE/AThOulieFUIEE Bidteelit@REGenks t HEfpheseal Chibkenriconsgay al so
be conbined with coding region of interest for expression within a range of
host or gani sE"°8 Agiense & WAEHXS e to transformation, or transient expression.
Such organisns include, but are not limted to plants. both nonoeots and

tlicots, for[oesi@mgluﬁ: Bubhogthe hichdid @ ge@eg&r(BElesopdram??m?@}mm . barl ey,
150at, Nicogaila spp, .Brassie(' spp, soybea n, pea, alfa , .potato,
tomato. gi nsERGEEREPHTPS GpoYiIge P'Fé@/%ﬁ%?%?%ﬁﬁ?%ﬁ <Sfigp Fee P RSBt | on,
and regener ahé QgnPheptilesR 1By GPUSHE flan@d 88 el disiteplaiistyhdie gt beqaideknown to
one of skill in the art. The nethod of obtaining transformed and regenerated
pl ants i¥ notrEPPEiesl thedivptid nifleidnt urstiraritiitisriital o srarey e ALY or mat i on”
it is meant Llend nterspesifdie transfer of genotic information (nucleotide
sequence) that is manifested genotypically, phenotypically or both. The
interspecific transfer of genetic intbrination froma chinmeric construct to a
host may be heritable and the transfer of; genetic information considered
stable, or the transfer may be transient and the transfer of genetic
information is not inheritable. 2.5[001771By the term"plant matter", it is
meant any materinl derived froma plant. Plant matter nay conprise an entire
plant, tissue, cells, or any fraction thereof. Further, plant natter nmay
conprise intracellular plant conmponents, extrace]lular plant conponents,
liquid or solid -44 - W) 2010/ 148511PCPCA2010/ 0009713 extracts of plants, or



i splant tissue may be harvested and directly feed to the subject, or the
harvested tissue may be dried prior to feeding, or art animl may be
permitted t ovVQRH2@I%H the plant with no prior harvest t&KTig2PPEdess |t is

al so considered within the scope of this invention for the harvested pl ant
tissues to be provided as .a food supplenent within animal feed. If the plant
tissue is being feed to aft animal with little or not anther processing it is
preferred that the plant tissue 20being adm nistered is edible.

1001821Post -transcri pti onal gene silencing (PIGS) may be involved in lionting
expressi on ¢6050} Basgenshdws i anke, ac@EncpuemeeXPQ 3 diCon! ehnsrug Upprdsecn of

silencing fr the potatgo virus. N o) may be used.to nteract .t he
specific dcﬁg‘g]ﬁﬁ‘ﬁsgﬁn GERF RSB aﬁélﬁmocfa@ﬁ ‘{%‘%{Fr q@?%a‘fﬂgq‘f@@ UK t er nat e
Suppr essor s cofingidqemet i Bfoem Wb disb kM 7i(H | ¥ hyeal akth pRRanEniABYUDR ansed as
described herein (Chiba et al., 2006, Virology 346:7-14; which is

i ncoi por at edf™HEFBFHURFY ef er ence), for exanpie but not linmited to, TEV-p

[/ NC-Pro (Tobacco etch virus-pi (1CPro), f3YV -p21, pl9 of Tomato bushy stunt
virus (TOW pisR) Faei7dhg@rsaheiutietf aciloniudiioa of ipidskien wistetts nnfiey8280REQ IBb  of

Cucunber nosaic . V.i ; - CNN- 2h) 25 of Potato. virus X (PVX-p25), | of
Potato vir uz\%z(‘ I"—i‘?m\/&ﬁq (”Pg)lr,e"‘rﬁorthg p'a’fnofﬁgttﬁt‘%c@’i%‘agh‘( ‘B%Qaﬁ‘-(ﬁﬁ[@ ‘\-I?Oé WO

2010/ 148511 RGREGAGHLADVOMN 983 pbeqhonceribferded BH e s EyABGC af & Wpk US, (BScV
-pl6), p23 of Ciints trisicza virus (CTV-p23), p24 of G apevine

| egi on- assocFYEEEn v aehnedeatitdioy. 2 n24) | pl0 of Grapevine virus A,
(OVA-pl0), pl4 of Gapevine virus B (GvB-pl4), plO of Heracleurn |latent virus
W N-pi n or ga&opricGardkistowsammmn!ccadcrinkquehdeySEQ @ NA- 93 pbimct ey @hore, a

suppressor of.silencing, for sexanple, but not limted to, licPr

TB?BYV- p21, © %chggﬁl SPg Caﬁa?/l‘ﬁnp%l?ﬂs‘ﬁwfﬁb‘gs’}%‘ﬁ?)ﬁﬁ@ﬁfm?m%\?%‘f El‘%i“; BScV- p16,
CTV-p23, GLRaMaedic PetagefaB¥mRodingsequidnkd alitRba plastdan¥r PUTR Q8 MA@l 0, may be
co-expressed along with the nucleic acid sequence encoding the protein of

i nterest to SEICRIRr CRIFSTY BAHCHRS FEYRICE SoNdgsinstei n production within a plant
[ 00183] Furthernore, VIL,Ps produced as described herein do not conprise

' zeal - am i nijdeEg F(ghlA)29 stiowakesiycldN e Byqleceqd OE@XPNES @ towitiuby ddy @houl d VL- Ps
conprising HA and e desired. (00184]Therefore, the present _invention
further i nc|taﬁra%1°&g§é\b%xamb%°w&%? CEBKIpE gﬁfﬂ@ p aﬁf@cwm&ﬁ?%mﬁa& Sdifence

sui t abl gsf orchis®@ic WehkoRithhebdift AL al hIFANSIRMirEX VI TESHUemSYeE ens. The
genetic information _may be al so provided within one or nore than one
construct. P&iueaseanpligieng dArefiasfsadece sdudniéedencodi ng a protein of interest
may be introduced in one construct, and a second nucl eoti de sequence encodi ng
a protein thateineufd BSh@l 16Ot dclbe@leadNSEQMO NG 85 QondriitEiogsdr amay be
introduced using a separate construct. These nucl eotide sequences nmay then be
co- expr essed HREKiTH/ & BIPERYO" HETRET FIPrEnE SR PR O LRI T HG GO B et i de
sequence encdhdd hBakdyidiRe BERE SiglerRE, ol LSRNy AR IR MuedRidkid hat nodifies
gl ycosyl ation profil e of thewgroteln of interest may al so be used. In this
case thelnuctelnee SugeEned comtd YIearps rekrlacdi r st sequence conprising a
first nucleic acid sequence encoding the protein of interest operatively
linked to a |pos2ywire Arshé@OHE AlcMiYaci®@hRhce (BRC TB NEGONGNSQEUBNLE 16OAPr i sing a
second nucl el ¢ aci d sequence encodi ng the groteln that nodifies the

25g! ycosy! at FOR RSSO FESEF coRRsisdtet #8177 prerkst PM Yidllseddfd sequence
operatively jdiak8didOcRiRQNRIR0r Al fERIVBANRLY SI/eBiHaNT), RIAAB HTLBYITR
"co-expressed” It is meant that two, or nore than two, nucleotide sequences
are expr essettdNOHBHIratewedusatre Fode spivchierriEH@rplsapderlingdd wi t hin t he sanme
tissue of the plant, WD 2010/ 1-15511PCT/ CA2i ? 111/000983 However, the

nucl eotide s@ossR IRk 1NCRGWNGE nRE:IEXRT RGRAEE BEQEN LS l6Y) i SARE sdgube. Rat her,
the two or npre nucl eotide sequences are expressed in a manner such that the

encoded pr od{i% & THAQ &8 of HEFTREHE S¢H1eR AUEber Bdt exanpl e, the protein that
nodi fi es glycosylation of the protein of interest may be expressed either
before or during the period when the pretiein of interest is expressed so that
nodi fication of the glycosylation of the protein of interest takes place. The
two or nore than two nucl eoti de sequences can be co-expressed using a

transi ent expression system where the two or nore Seil ki al CCS eSe introduced
within the plant at about the same tine under conditions that both sequences
are expressed. Alternatively, a platformplant conprising one of the

nucl eoti de sequences, for exanple the sequence encoding the toprotein that



used in conjunction with an existing influenza vaccine, to supplenent the
vaccine, render it nore efficacious, or to reduce the adm ni stration dosages
necessary. ASO¢BUIHHe known to a 70person of skill in PRECARHINRE vacci ne
may be directed against one or nore than one influenza virus. Exanples of

sui tabl e vaccines include, but are not limted to, those comercially
avai |l abl e horn Sinon-Pasteur, |D Bionedical, Medal, Sinovac, Chiron, Roche,
Medhrtmai e, d axoSinithKline. Novartis, Sartoti-Aventis, Ser0/10, Shire

Phar maceuticals and the Iike. 1001891If desired, the VILPs of the present

i PveEt: Ion m&or?@PFi@dﬂEiBXSﬂ)ﬂ#th&hlﬁle&u&ﬁa&hﬁm&i&ﬁ@lgyalm: 6g&omu&tdmbﬁskmom to one
of ski in the art, Furthernore, the VLP nm e_used in_a vaccine

conposi t i on SeoHpH EriraPEiy BrrEets ‘V@pﬂ%%thﬁ?&%/wg’@@@‘?%ﬁr‘ tHéVetkat'nkht of a
target O gar&b&ﬁgsegﬁend@mﬁegga RBde ik PHEMERIRINE MUF: REeFUEsd peaRr ding to
t he presentﬁggﬁgé‘#gééﬁggé&bﬁ?mpﬁ#%§;#%309§%%§thQQ$|on may Egdconblned W th
ViiPs obt ai s I - ‘e &s) | T SUNAP PEeR AP MEOIRE

neur i nhi ut t | @sendNAkpph QPSR TRAGLRIQr e, the present invention provides a

met hod for inducing Immunity to influenza virus infection in an ani mal or
target organi smconprising admnistering an _effective dose of a vaccine
conpri si ng SR bFiLaE shaygrihots o aeid sypEnard R MR N GV 15ensiiyti Atlstfér ed oraily,
i ntritder malchynerRictsnaNaeAkdich a'ss@ﬁmﬁlsﬁgu fleloum s AReGibd opealiy s
intravenousf H;ﬁhgfubgu anéodgl%i [ 0019 Eg oa%%ig&g ag%%%ding to vaTi QUS
enbodi nent s CRECT A VETRZE GHUABYD EDiRprINSe SHEH age MortemMimfdruenza
strains or SHALYREScodid\RqRhed M fimeiehans ulfyiwe. inthree, four, live, six,
seven, eight, nine, 10 or nore strains or subtypes. The strains or subtypes
represented may be cda single subtype (e.g. all HN_ or all H5N 1), or maybe
a conbi it i JHOH Fisutsty sheays thscasistcaey! seqnspirgEQIA Nt 7 of dhei st stred H5i i ndo, H
liBri, H LNGy ré'n%ﬁ/c%bnisi%]lhé:&&pﬁ%ﬁ@k‘.@ﬂBﬁ@oaﬁé!l@Wﬁﬂ@E)‘c@%Q?e Bh[@ki&agnd

subt ypes nayhéepeﬂd qg t ;igeogrg;&g;&]wgggﬁygkﬁéng ?ubjecgs 't kely to be
exposed to i HigRehanh %W@J'#ﬁQQWD e ik _ Flacyrne SROABINUPSHUl at i on

| obe i MuNi 28d.£:6. g 1§ RRGES4 Al VRHE! [oQWam RYL! GHALAHR ARG VB S hsgh as
swine, etc) and the strains they carry, arc exposed to ot ate likely to he
exposed to, $pkgakivBHs B sHatigenic drift within subtypes or strains, or
conbi nati ons of these factors. Exanples of conbinations used in past years
are avaijkabligod rlhg HahARARE IR RiALARKDXESH S N h d.obeRLI RsAg@Nizat i on
(W10) (see URI:: 20who.inticsr/dieeasntinflueuzal vacci ne recomendati ons]
/en). k-00 IH829prersion prysie corpprasinglihe GaMd yoheroawpr.d 3G HTNOiUWRdeeding, and t he
purified or hadU#hdef " SEAUVE L i figrpately, the VLPs
may he co-ef%?g%gggﬂkﬁéﬁﬁéxggké% Jg?;ﬁ%0 gﬁ%ﬁ% e ég gﬁﬁ!kgrgﬁfon of plant,
or plant cel4/Brifthes/\/@Es5(HAR).BEMGT 1 éld Romd plodacecktoricqueniesi alby ati o, for
exanpl e abouj Y2 I : y be conbined in 2.5such a manner that
one subtype %?ﬁﬁﬁ?ﬁﬁh%gﬁﬁgﬁﬁé3@"?%@“%@1ority of the VLPs in the conposition.
WO 2010/ 1485 | 1PCTi cA20101000983 001931Therefore, the invention pro-vides
for conpbsi tiPeRd FegyrpYissowrghampiciofcid spgreae (FBRID NG dR rrvndruciigbi Ipeka
[001941Al so RroMi.dedi artiglhe manuf 3 J _RgGkagi ng

mat eri al an égcgnﬁos%?P%%mcd%ﬁ%ysﬁﬁgwgﬁgLf%%%ﬁ%??%@ﬁgagtgﬂpﬁéﬁ?g HA. The
conposi ti on Vhklchdesic depiygbitiginicodiag sepuapre, SIRANVEA el UiTRainll WORC creptaglsl e

exci pi ent, ‘ in i al y i nclude a | abel which indicates the
active i ngré%gﬁ%h?cg g?‘%@eq‘é&%ﬁ%@%ﬁﬁc&ﬁ’* 'e‘¥§‘a.‘&(fih"teé9'\ FL. P4 [00195]. A Kit

conprising a conposition conprising a nucleic acid encoding a chinmeric HA as
provi ded herléPe?] Fiuomig sipwhihe mesleiqesid sagnéegd PEQJR N§Y: 78 hed tirurarhiggsezedici d f or
productiQn ol o] I G i S} SGhlk e | | S, o]

b ovi ded THES T b et e Sy BATRTR AN LS TR S B e

chi neri ¢ HA peandt anh&eistvptcpdsot lomsd. mad biyrbhlfddastdepminescampiiesncésnt i m | i gati on on
expressing the nucleic acid in a plant or a plant cell, instructions for
harvesting and obtaining the VLPs fromthe plant or plant tissue. [00196]In
anot her enbodi nent, a kit for the preparation of a nedicanment, conprising a
VLF' conprising a chinmeric HA, along with instructions for its use is

provi ded. The instructions way conprise a series of steps for the preparation
of the nmedi canent, the nedi canent being useful for inducing a therapeutic or
prophyl actic i mmune response in a subject to whomit is adm nistered. The kit
may further conprise instructions addressing dose concentrations, dose
intervals, preferred adm nistration nethods or the |ike. [001.97] The present



Il M SP-111/NC- Sacli Stul tackuig Tfiiiii/cii] 7 primer S3C -Al G pPLI SA
nucl eic acid sec{ of Kprif - HUM ] nDY CT. SacF/ Stut conpri,:ing the. (2-
ter H (A NeWPeHsiEdoni a/ 20/ 99  (MHO codi ng sequence i REMGAPHFIRE TnD ai |
Ctit LI fromthe Kpril site to the stop cotton (flanked in 3" by a dual
SectiButl ie nucleic acid seri of protein disul phide Borneo-Be Nuc |eotides
32-103 Lencode the PDT signal peptide nucleic acid scq of plasm pronoter - PD1
SPBgli nucleic acid scq of constrict 540 conprising alfalfa plash:cyanic,
promoter and 5 LITR codi ng sequence or the signal peptide fromriDl and alit
f orm Af ol eascfeaticalingiahe B0 duckeddd¥s Lpsireah bahE RitRl ASGogyR Witda DN and

t enni ni ner sequences, H from At New Ci detioni ar 20t 1999 codi ng sequence is
under | i ned. SiEraRel ISBHALINEIPI a&t 0. c60 primer Plasm 501A 61 pruner

HA(I nd) - Sac. r "mca: acid sent of Dined - Plasm pronoter-H |ien-Sant

conpri si ng t h@7gorgplre t®shdlvs (MInBtles bét @bt O RHHD N 74) rorsostt MEP) benk an
(including the signal peptide and the s codon .in 5" by alfalfa
pi nat ocyani nHﬁ‘e‘ﬁ‘@‘ge%%?ﬁfé‘??&té%wwpf‘ﬁ%{5’8%6%%%“?%‘32@%&%5&?%59#‘5%5 upstream
of the initialquéloshdligleh&iideirthn @DU 1ohaGAISI dd8he lhfecOBPIASIY al Fal fe

pl ustoeyanin _pronoter and 5 UTR henaggl utinin codi ng sequence of form
APHOsbane/ 50 BRGFIERING SPVYTHERT T PERY CeyaRITHT SIUTR. dri EarFIHEREs 7
sequences ngplk Bif AGhArgRa of construct 828, from Pact (upstream || of the

pronoter) to Asci (inmediately downstream of he NOS terminator).C PNIN HT 3
171T.. sequencer under|ined with nutated ATG in bold, nucleic acid scq or
const ruct 69@03 Jigire 4Qiogs SedHcipr ac‘ﬂBWE?WE&E(Q&N@g%ﬁ%‘PE?% 725&0@3 sea of
construct 696him@ROUSBRKEr-REnEa&et BhpSQASHE BelIVIBE peoid:] GPVY-Hhe 1CaNLV 355
pronoter, CPMW-FI T LintR, hernagglulinin codi ng sequence of F'] form

AcHr i shatfe/ 59TTPEPNOes iuincodnErRaus e NOE VridF M HAR grd e trenbest seauditig

sequence of IdygldyRendefceWpBfhkidgs is unkéningy, | mer El 1-15N-EI . 111B c 68
nockric ante ang el construct 733 | nucleic acid sea of construct 734l

[0072] Figure 4] shows the nucleic acid sequence encoding Ms) 1 (SEQ D NO: 76).

[0073] Figure 42 shows the nucleic acid sequence (SEQ [0 NO: 77) of a portion of construct
namber R850, from HindlI (in the multipie cloning site, upsiream of the promoter) to EcoR!

{3 {immediately downstrean of the NOS terminator). HSP40 coding sequence is underlined.

[0074] Figure 43 shows the nucleic acid sequence (SEQ 1D NQO: 78) of a portion of construct
number R360, tfrom HindlII (in the multiple cloning site, upstream of the promeotcr) to EcaR1T

(immediately downstream of the NOS terminator). The HSP70 coding sequence is underlined.

[0075] Figure 44 shows the nucleic acid sequence (SEQ 1D NO: 79) of a portion of construct

%0 number R870, from HindUI (in the multiple cloning site, 5 upstream of the promoter) to
EcoRI (inunediately downstream of the NOS terminator). The HSP40) coding sequence is in
underlined italic and the HSP70 coding sequence is underlined. A) nucleotides [-4946; B)
rucleotides 4947-9493,

[0076] Figure 45 shows a schematic representation of construct number R472.



nucleic acid sera of Drat:FS-plaster pronmoter -113/Bri-San conprising the
conplete 113 (A7Brisharien0/07 til 3N21) ceding rettgon (including the signal
peptide and WHe'i8tigplicotton) flanked, in 5 by alfalfa FCASHeEYaIH gene at m
uence.s corresponding to the first 84 nucteotirics upstreamof thc initial
ATI3 35 16 prrincr E2 17151-B.B War prinmer RH RIB-E2 115lc 69 70 17 18
primer EI1 IIl B-FB .1-151sfl primer F'1 115N-E1 11113.c72 t nucleic acid
acq of construct 736 nuctec actd seof construct 737 19 prinmer F' 2 H51-E2
14113.r73 nucleic acid seq of Dralll-piasto reltr- EI/Fin-Sect 1 prinmer E2

1-118-12 Bet;e(m th}eudelhcﬁrsaﬁd dlsﬁlﬁﬂ@{nﬁgeﬁﬁ&ﬁidiwueﬂﬁ%ul’ﬁu%rﬁlg6n@ﬁlbdﬂln§69 of
const ruct 7454 nucleic :m l ucictc acid seq of consm ct

850 nucl ei ¢ 35&?‘@%@%?“%%{??é?ﬁ%HféB6y‘7"?‘r“"3) C@%%‘Wér%i@i”‘:ﬂl‘% NCr7S 76 77
primer El HN»BHAL-ARbig1Al ArdyeRuHEZ- Ak 1N¥E2BBh 6 )OL2HA [-Cys22B1AL The 24 25

disulfide bridges that differ between A and B (Figure 47} subtypes are indicated with arrows.

$  The numbering from mature H3 protein was used.

{0078] Figure 47 shows the disulfide bridge pattern of influenza type B HA. Bridge
numbering: 1) CysdHAL-Cysi3THAZ, 2) Cys60HAL-Cys72HAL, 3) Cys94HAL-
Cysl43HAI, 4) Cys292HA1-Cys318HAI 5} Cys144HA2-Cys148HA2, 6) Cys52HAT-
Cys277THAL, 7) Cys54HAL-Cys5THA] and 8) Cys! T8HAT-Cys272HAL. The disvifide
] bridges that differ between A (Figure 46) and B subtypes are indicated with arrows. The

numbering {rom mature H3 protein was used.

0079} Figure 48 shows a schemalic diagram of domain swap fusion junctions. Figure 48A
shows the fusion of RB subdomain from H1/Bri, H3/Bri. and B/Flo with H5/Indo SDC's, and
the RB subdomain of H3/Indo with H1/NC stem domain. Figure 48B shows the fusion of E1-

i3 RB-E2 subdomains (HDC) from H1/Bri, H3/Bri or B/Flo with H5/Inde SDC, and of H3/Indo
HDC withn Hi/NC SDC.

[0080] Figure 49A shows the nucleotide sequence SEQ 1D NO: 86) of HI A/California/04/09.

Alfalfa protein disulfide isomerase signal peptide coding sequence is underlined and mature

H1 coding sequence is highlighted in bold. Figure 49B shows the amino acid scquence (SEQ
20 [D NO: 87) of the H1 A/California/04/09. Alfalfa protein disulfide isomerase signal peptide is

underlined.

[0081] Figure 50 shows an immunoblot analysis of expression of H5/B chimeric

hemagglutinin (construct number 747, comprising B/Fto HDC and SDC fused with an

H3/Indo TDC) afier infillration of AGL1/747 undiluted, co-infilisated with AGL1/443 (empty
25 veetor) and co-infiltrated with AGL1/R870 (HSP40/HSP70). For cach construct, total protein

extracts from 3 separate plants were analyzed. Twenty micrograms of proteins were loaded lor



primer RB 1151-E2 LI) N(1.c prinme: BA-Saar 8 79 nucl ei ¢ acid seq
of construct 870 , Orer Apal-1-11 B.:- r - 81 87 84 Amno acid sequence
conpri sing aKOPHR{Honmin cif 11 1/36, an il5/1ndo sigRalpeptPYes and a
stein domain conplex (SIX) cotripGsing an H5lindo F'! , El, E2, 1'2 and F
subdonai nsl primtuisH/Bs am no acid sequence conprising 111186 head
domai n conplex (HDC) lconp:singEl, P,B, 2, an II5ilndo 1 signet peptide, and
1-15/1ndo stem | domain conplex (SOD) conprising, |I 1-15drato F 1 , 1-72 and
| subdonmains am no acid sequence of conprising an RB suittdoinain of

1- 511 ndo, a BPipkingRalzcpenicivdaienandt JastdichNed site mtB FRiqda fOVaMaXantbegassi ng FL
El, , Et2 and F2 28 29 prinmer SpPD13-1-1 iB.r: prinmer Saci-I1113r I
am no acid séffehte of conprising a PDl signal peptide, an enodoma in of 113
Al Bri skane/ 10/ 2007 and a I ND= of 115 A/Indonesia/5/ 2005 am no acid sequence,
conpri si ng af0&QtRodurd A dhotvs @@ nuBédtlde kdgdarcd (02 G Xahsl p@mivter ygnenof (SHS) LD

Al ndonest ar 2008 encofiod BY 15,98 L Sk 19 FLATE AR SRS Aber 745

5 Pacl (upstream 358 promoter} o Ascl (immediately downstream NOS terminator). Coding sequence

of chimeric HA is underlined. 2X338 promoter sequence is indicated in italics.

DETAILED DESCRIPTION

[0083] The present invention relates to virus-like particles. More specifically, the present
10 invention is directed to virus-like particles comprising chumeric influenza hemagglutinin, and

methods of producing chimeric influcnza vinus-like pariicles.
[0084] The following descriplion is of a preferred embodiment.

[0085] The present invention provides a nucleic acid cosmprising a nucleotide sequence
encoding a chimeric influenza hemagglutinin (HA) operatively linked 1o a regulatery region

15 active in a plant.

{0086] Furthenmore, the present invention provides a method of producing virus like particles
{VLPs) in a plant. The method involves introducing a nucleic acid encoding a chimenic
intluenza HA operatively linked to a regulatory region active in the plant, into the plant, or
portion of the plant, and incubafing the plant or a portien of the plant under conditions that

20 permit the expression of the nucleic acid, thereby producing the VLPs,

{O0R87) The present invention further provides for a VLP comprising a chimeric influenza HA,

The VLP may be produced by the method as provided by the present invention.

[088] By “chimeric protein” or "chimeric polypeptide”, it is meant a profein or polypeptide
that comprises amino acid sequences from two or more than two sources, for example but not

25 timited to. two or more influenza types or subtypes, or influenza's of a different origin, that are
fused as a single polypeptide. The chimeric protein or polypeptide may include a signal

peptide that is the same as, or heterologous with, the remainder of the polypeptide or protein.
S8



31 an pg ner trapal-H5 (A-Truk). 1 ca 8 R nucleic acid sera of Sad -
plastory nnin I|"OITR | primer RC CA-iltdo)-- . nhucleotide :ng of PID
SP-1.1 StulWOo?O&FCal i f orni a/ 04109 Al fal fa protein di SGFCAEENYBHei nse
signal peptide coding sequence is underlined and mature 141 codi ng sequence
is hiahlighted in bold. axone arid sequence of PM SP-H A/ Californial/ 04109
Al 1oH protein disulfide Bermrase signal peptide is underlined 34- 35 |
_Eimer SpRD1-413B.c , 88 7 ) primer Stul-H3B.rT89 7.X355 : nom nee. rimer
Pael -MCS-2X35Se | 16 i 37 1 prinmer TinO 1i51411B.r 1 primer 11.341-Trian
1-151. ¢ 90 OYthe,chipderinprotcdBdrbAMachit pIRpep)i&Ena e, provdutiiion a 263t HB-HORNI dMidérk4TR. C

, 38 rimer HBF-SplIDf.r i.2t9841-1el ;mar. priner . 2 9 prinmner

SpPDL1- 14. 118’.“@'%3‘."%3‘3%%'1%?"8 YN IR & BTG RS PR Aeaved BB

syuthesis, and as required, associated te form a multimeric protein. Therefore, a chimeric

protein or a chumeric polpypeptide also includes a protein or polypeptide comprising subunits

h

that are associated via disuiphide bridges (i.e. a muliimenc protein). For example, a chimeric
polpeptide comprising amino acid sequences from two or more than two sources may be
processed into subumts, and the subunits associated via disulphide bridges to produce a
chimeric protein or chimeric polypeptide (see Figures 46 and 47). The polypeptide may be
hemagglutinin (HA), and each of the two or more than two amino acid sequences that make
{0 up the polpeptide may be obtained from different HA's to produce a chimeric HA, or chimeric
influenza HA. A chimeric HA may also include an amino acid sequence comprising
heterotogous signal peptide (a chimeric HA preprotein) that is cleaved atier or during protein
synthesis. Preferably, the chimeric polypeptide, or chimeric influenza HA is not naturally
occwTing. A nucleic acid encoding a chimeric polypeptide may be described as a "chimeric
(3 nucleic acid”, or a "chimeric nucleotide sequence”. A virus-iike particle comprised of

chimeric HA may be described as a “chitmenic VLP".

[0089]) The chimeric influenza HA according to various embodiments of the present invention
may comprise a stem domain coraplex (SDC) a head domain complex (HDC) and a
transmembrane domain complex (TDC), where one or more than one subdomain of either the

20 SDC, HDC or TDC is of a first influenza HA fype, subtype or from one origin, and one or
more than one subdomain of either the SDC, HDC or TDC is from a second influenza HA
type, subtype, ar from a second or different origin. As described herein, the "SDC" comprises
an F'}, F'2 and F subdomain, the "HDC" comprises an RB, El and E2 subdomain, the "TDC”
comprises a TmD and Ctail subdomain (TMD/CT; see Figures 1A, 40 and 47).

25 [0090] The term “virus like particle” (VLP), or "virus-like particles” or "VLPs" refers to
structures that self-assemble and comprise structural protewns such as influenza HA pratein, or
chimeric influenza HA protein. VLPs and chimeric 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. VLPs and chimeric VLPs may be produced
- 19 -



747- Codi ng, acqui ntst oF chineric HA is underlined, 2.835S pronoter J

tense is indicated initalics 1 40 | primer Stal-14BB.r 94 ~rirnino acid
sequence- ofWEPUMFIHFilda | 41 bp-tines TrnD H51-B Fl oc 988Mna! 1 Va¥PH sequence
of B-Malaysia 42 B Blo-TrnD 1151.¢ _i__pri.nmer 96Lam no acid scat:ince of H

| -Brisbane tit 1 prinmer Hsp4OLuz.lc 97 am no acid sequence O Ht-Sittlisl.
44 ATirimer 115[610Litz-SacL113 98 + am no add sequonce or Fit-New Cal. 45
[ primer fliipd4OLuz-Plastor | D9 ami no acid sequence of 1-12.- Sin apore
am no aci d sequence of 113-Brisbane 46 punter H, sp70Ata, 1 ci 100 47

in suitable host celts including plant host cells, Following extraction from the host cell and

upon isolation and further punification under suitable conditions, VLPs and chimeric VLPs

may be purified as intact structures,

[0091] Chimeric VLPs, or VLPs, produced from influenza derived proteins, in accordance
5 with the present invention do ot comprise M| protein. The MU protein is known lo bind

RNA (Wakefield and Browniee, 1989) which is a contaminant of VLP preparation. The

presence of RNA 1s undesired when obtaining regulatory approval for the chimeric VLP

product, theretore a chimeric VLP preparation lacking RNA may be advantageous.

(0092] The chimeric VLPs of the present inveation may be produced in a host cell that is

W characterized by lacking the ability to sialylate proteins. for example a plant cell, an insect
cell, fungi, and other organisms including sponge, coelenterara, annelida, arthoropoda,
mollusca, nemathelminthea, trochelmintes, plathetminthes, chaetognatha, tentaculate,
chlamydia, spirochetes, gram-positive bacteria, cyanobactena, archaehacteria, or the like. See,
for example Gupta el al., 1999. Nucleic Acids Rescarch 27:370-372; Toukach et al., 2007,

{5 Nucleic Acids Research 35:1D280-1D286; Nakahara et al.. 2008. Nucleic Acids Research
36:D368-12371. The chimeric VLPs produced as described herein do not typically comprise
neuramnidase (NA). However, NA may be co-expressed with HA should VLPs comprising

HA and NA be destred.

[0093] The wmvention also provides VLPs compnsing chimeric HA that obtain a lipid
20 envelope from the plasma membrane of the cell in which the chimeric HA are expressed, For
example, if the chimeric HA is expressed in a plant-based system, the resulting VLP may

obtain a lipid envelope from the plasia membrane of the plant cell.

(0094] Generally, the term “lipid” refers to a fat-soluble (lipophilic). naturally-occurring

mwlecutes. A chimeric VLP prodeced in g plant gecording (o some aspeets of the mvention

1
wy

may be complexed with plant-derived lipids. The plant-derived lipids may be in the form of a
lipid bilayer, and may further comprise an envelope swrounding the VLP. The plant derived

lipids may comprise lipid components of the plasma membrane of the plant where the VLD ig

- 20 -



primer 1isp7011l.ra-Sacl.1956r __ ./ 101 artnno acid sequence of H3A-WC21s1l 48
Pruner Hsp70k31-0lasl oat W2, amino acid sequence of ElI SA-Anhui 49 primer

sapP19- pl astWORI#OBAN no add sequenced |i 5A- V'etnaﬁﬁTSGZWU%WP%%r sup?
W1 ¢ 104 am no acid segnence of 145-|udo 51 primer SinPlin-Saclit -4
52 nucleic acid sequence of conplete 11.5 414/ 1 ndoncsi a/5/05 (1-15N 1))
coding region (including the signal peptide arid the stop codon) flanked, in
5" by a Ilindlll site and, in 3, by a Sad sue nucl eic acid seq of
construct 660 - an HA erpression cassette- conprisinc, an alfatFa pi

asi ¢, cyaf ti | froieycREin@ PHospholipids, Lri-, di- and monoglycerides, as well as fat-soluble sterol
or metabolites comprising sterols. Examples include phosphatidylcholine {(PC},
phosphatidylethanolarnine (PE), phosphatidylinositol, phosphatidylserine, glycosphingolipids,
phytosterols or a combination thereof. A plant-derived lipid may altemately be referred fo as

5 a‘plant ipid'. Examples of phytosterols include campesterol, stigimastetol, ergosterol,

brassicasterol, delta-7-stigmastero), delta-7-avenasterol, daunosterol, sitosterol, 24-
methylcholesterol, cholesterol or beta-sitesterol ~ see. for example, Mongrand et al., 2004,
As one of skill in the art would understand, the lipid composition of the ptasma membrane of
a cell may vary with the culture or growth conditions of the cell or organism, or species, from

10 which the cell is oblained. Generally, beta-sitosterod is the most abundant phytosterol.

(0095} Cell membranes generally comprise lipid bilayers, as well as proteins for various
functions. Localized concentrations of panticular lipids may be found in the lipid bilayer,
referred to as ‘lipid rafts’. These lipid raft microdomains may be enriched int sphingaolipids
and sterols. Without wishing to be bound by theory, lipid rafts may have significant roles in
15 endo and exocytosis, entry or egress of viruses or other infectious agents, inter-cell signal
transduction. interaction with other structural companents of the cell or organism, such as

iniracellular and extracetlular matrices.

{0096] The invention includes VLPs comprising chimeric HA, of which the subdomains may
be obtained [rom any type, subtype of influenza virus which may infect bumans, including, for

20 example, B, H1, H2, H3, H4, H5, H6, H7, H8, H9, Hi0, H11, H12, H13, H14, Hi5 and Hi6
types or subtypes. In some embodiments, the influenza virus ray be of an H1, H3, HS or B
types or subtypes. Non limiting examples of H1, H3. HS or B types or subtypes include the
A/New Caledonia/20/99 subtype (HINI1) (“HI/NC™; SEQ 1D NO:56), the H1 A/California
04/09 subtype (HIN1) ("H1/Cal"; SEQ ID NO:86). the A/indonesta/5/05 sub-type (H5N1)

25 (“H5/Indo™), A/Brisbane/59/2007 (“H1/Bri™), and B/Florida/4/2006 (“B/Flo™} and H3
A/Brisbane/10/2007 (*H3/Br™). Furthermore. the chimeric HA may comprise onc or more
subdomains of a hemagglutinin that is isolated from one or more emerging or newly-identified

influenza viruscs.

.21



| 'FR hermaggititinin coding sequence of 415 form A/ I ndonesi a/ 5/ 05
(1-45N9 ), alfalfa plastocyanin 3 VIR and term nator sequences nucl ei c
acid seq of WALZPWE4EIT i NC (lack in&M D/ C1) WO 2010/ 1485 TIR A D/4b0@% 2 01 O
/00 u 283 Methods and Materials 1. AssenbLy of RA expression cassettes A-
pCAMBI APl ast o 5[ 00199] Al I mani pul ati ons were done using the general nolecul ar
bi ol ogy protocols of Sanbrook and Russell (2001; which is incorporated herein
by reference). Table | presents oligonucleotide priners used for expression
cassettes assenbly. The first cloning step consisted in assenbling a receptor

pl asmici  cop@INTRGrespRtif@aitnind dannsb HEREA G lALY it sRASandhald he
al falfa pl astocyanl n.gene. The plastocyanin pronoter and fdl JTR sequences

10vere anpl PPY &UMRISORT G1malehymaes B e DRSS o1 8y DS oo syl deigmiover s
Xrnal - pPl as pdd S8R, Ik Nese! ﬂouﬁ@dc}tﬁ%@ﬁ A &E]n@%@ @eﬁﬁ@cht@ tggéad pard N€

resulting anplification product was digested W|t Krnal an and i gat ed

i Nt o pCAMBL “IVER2BOT- §lererisn. feradih pnsa petadivestaski mire, v sl odslepndthgdike.ed wit h
the sane; en?sm@%ﬂurseaerreezﬁafﬁmr%%mmnﬂeﬁe‘m%a]s' mlarly, the 3'LITR
sequences and term nator of the plastocyagin gene was anplified fromalfalfa
genom ¢ DNA usin he hal | ow ng primers-. Sac{-FlasTc.r.e (SEQ 1D NO 3) and
EcnRI - Pl as T&YS| Sibyriipengs i nflugive vinretbp e aamagalatinm gers Fléd ankseh hagg and
Ecoft| bef orgebei ﬁﬁnkrﬂ%ﬁél&&ﬂrdté?ﬁ@hﬁﬁ'&n%ﬂ%lédr& Phe RENRI AN REAQP! asl o to
create pCAMBI APi asto. Pl asto-Nalive SP-KS A/l ndoneS| a/ 5/ 05 (construct nunber
660) [ 00200)Amegubiprraris welh@te@m@dwemwm 3 g dfaresril PoTberuaiigg & SEendivn,

A/l ndonesi ai 5/ S Nk LS Zed by
Epoch Bi ol atgl's 1%gugac¥u Lan Sueﬁ %Smmﬁl fr a%ﬁ}?%@g uce(y}gry{%Ul ZLglnl ng the
conpl et e | wmtsvdarcwgcmegle@mywnm(uda fngeﬁdmelen%tehwienewnzalzo@jbmﬂm Bipcaked by a
Filnetill site,ipgymd] t [ d site

i mredi ately dovmlqst r ea%ﬁ}&e'%%%%@% ‘ma{nf ﬂﬂ%ggwgrﬁe&,ﬂq’g réﬁ’ggﬁceﬂ %Ioﬁg&( SEQ I D

NO 52; Fi gusequii®es enbhénd QB md@lhglowegandmrewa&labllecﬁn@damm droan lpb asbeteyani n- based
expr ession ¢ 1 base tion nmethod presented in Darveau et
al. (1995). aﬁ??é@‘fz?lcg&]%&%ﬂfe B&ﬁ‘amﬁjap‘i't I'cat ion was obtained usi ng priners
FI ast 0- 443c b(o‘BEchE{ae h@/(ﬁSe)nuhffhdeﬁcﬂdA@mm#}nﬂuéﬁﬂl)Zﬁﬂiﬁ/{litﬂﬂﬁ&])ﬂiﬁ?@ﬂﬁﬁ R1hd 09900983

P/astor (S CA]’VB r onpPl ) as_tenpl . In parallel, a
second i'tnpl 'P'@é%ﬁ)fﬁg@ [ﬁél"f’ %@%W?‘W @iﬁa P%e"ﬁf'&g?@@p'l—m (SEQ I D NG, 7)
and HA(I nd) ﬂaﬂﬁlﬂm(lﬁmkﬁknmﬁ’db 38R0 CRin B it iaReBRtin (LSRR bRLNOWRRL afel gure 1 7?)
as ienplate. The anplificatjon obtained fromboth reactions were m xed

t oget her and" P8 e Vsrégﬁ?é"d:' as tenplate (hr a third reaction (assenbling

reaction) using Pla.sto-443c (SEQ ED NO 5) and HA(Ind)-Sae.r (SEQ ID NO 8) as
pruners. Theoa%g;mh& Mngmcfnmagfm@tbewmndddges thed fictibnaBadrighisl - a(steth doein, or

pi ast ocyanin m)t er t he end he fragnment) .and cloned into
PCAMBI A, Pl ast %fé rw %‘P@Lﬁ“ fg}?ﬁ& Ww‘ggﬂ“"t‘ﬂé“%@m ting

pl asmi d, onamdsnﬁﬁﬁmnbamamsma&e(dnm ﬁbg@t&oh&ﬁesmr kBad¥akibs3 ) fuslod Geptie ast o- PD1
SP-H . A Ness ,Cal on| al 20/ 99 (construct nupber 540) €1){%02(}l)z,r;)[‘hg_@c%pen readi ng
frame from tthE™* ﬁP SHOHGRA R RE SEpr AT AR AEA Tt RETATS- ZHFIOY FUN ) was

synt hesi zed chp m@tad@gmﬁhﬁjﬁ PlanteRbRLEORIDI0gY Chasihidal tall ecT)Natk emal
Resear ch CounC| |, Saskat oon, Canada). A first fragnent synthesized

cor r esponds PHPEE tFelsHbdoyigins st PRgRSs dauant Bl efs RBAAK * Seeploniydingy289920:

SEQ I D NGO Hinafnl ! €5d9DC InPhiBEKIHBe LHRcSIGNBREBLE M8 ‘G RAbALnSQguUence at
the 5 end and the transnaenbrari e donmai n codi ng sequence at the 3' end. The

5 end Gf tHebigagheiis ¢ial ¢ERIBYEDP bR EheS1oasfuc epcﬂ@e{qrzaeishfmwﬁﬁguemsp
(incl uding &y Bubikd ik RSKFL SELRMoR b @) vARMs &b&”ﬁdms@@q{c@ﬂd Jnd%ﬁ@lnv@v%r:ﬁ-dded

i mredi ately downstream of the stop codon at the 3' termnal end of the
frapnent, t cniHeatabuSARs PsOn 85y %fﬁtﬁlag@P@OymCW%eé@ﬁ]@f”\‘afﬂ‘a@ﬁﬁ‘ﬁﬂ ogfeodi ng t he
Cst er m nal [ and
cytopl asm C%G%O%am%?%?nnk’%t%Q%ﬁ?éﬁ m((egﬁgpt Z@?g%%&?ﬁ%mm 8‘19? gﬁ(@orlg in 3 by
Sac: and St uf. Preshrdtided Bmcigiat dgnmers ol apusipAudesubbeyISEOVNG! inF&urdilgure 21) .
100202) The lira HL fragnment was di gested:wi th Bglll and Sad and cl oned into
the sane sites of:a binary. vector (pCANTIBI APl asto) containing, the

pl astocyanin pronoter and 5 UIR fused to the signal peptide of alfalfa
protein disulfide isonerase (PDI) gene (nucl eotides 32-103; Accession No.
Z11499: SEQ ID NO 57; Figure 22) resulting in a P0Ol-1-11 chinmeric gene
downstream of the plastocyanin regulatory el ements. The sequence of the

pl ast ocyani nbased cassette, ~cont ai ni ng the pronoter and PDI si gnal peptide up

VAN NS AP A AN Tm A oA Pl PNRALINA A A A A P



20[ 00205] CPMV- 1- 171 expression cassettes use the 358 pronoter to control the
expression of art m RNA conprising a coiling sequence of interest flanked. in
5', by nucl e¥?eH&383L512 from t he Cowpea nosai c virus (ELFPORFIIRNASNW t h

nmut at ed ATG at positions 115 and 161, and in 3. by nucl eoti des 3330-3481
fromthe CIPW RNA2 (corresponding to the 3' DIR) foll owed by the NOS
termnator. Plasmd pl3D-05- | LC, (Sainsbury et al. 2008; Pl ant

25Bi ot echnol ogy Journal 6: 82-92 and PCT Publication WO 20071[ 35480), was
used for the assenbly or CPMW-HT-based hemaggl uti ni n expressi on cassettes.
The nut ati on[00f0ATGs ainipogid vagatichlStobndedli6 bewdggtun einCRME ucRMAZruvas Tliene usi ng

a PCR-based |igation .pethod WD 2010/ 148511PC KA2' 110Q, 1) 0983 .presented in
hervoau ot alreCRRATURS T oG B e DR by b B I T Giss ) W G Qe Pers
were pert - ai nBestkisis Aghy Phrd DHOG ek, Cotitibresiedb @ lutthhar peds eiich fibseqlida@yfir st

anplification e . .. C (SEQ ID NG, 9) and Nel ut-Al d 5. r (SEQID
NO 10). Thefwmﬁ;rjré’rsés ’F%?ta‘t’ﬁng‘”eEfg%‘fa‘ Bl i”l?é%‘?%r?r%'\!‘r%é?%ﬂ‘%?gﬁl%T’@l. c (SEQID
NO 11) and bdmBacid sdyubnckorhRglchidcNOHAL ) a muERE di@nidiagnRhlEiObt ai ned were
m xed and used as tenplate for a third anplification usi R’g pH nPl us. 2613c

(SEQ I D NO bymagglytipipapgswepeid sequepee tagtdprms Wil impylangend icigesknowhe resul ti ng
fragment was.diggsiRd vithhhrRas,2nds dPahayafade sl o drdih Qviidah QR Mrmafas @ gest ed

with the sane enzynes. The construct generated, naned 828, is presented in

Fi gure 27 (ShHouDiRCungpy HA mhpepidepphprsngtiaddl. 5PLhmd Hd¥e gtos exasiniidbhig (1113)
dorai n in US,Afi.AOAASSHS HaDBe RAGKP AR (AMRLEN LHPRER, 830mdRARRENA
chineric HA V\I/ﬁ% made%b)} regf)g%i' ng the RB d[(]}mai nin tﬁg M5 A?(i)%%%negg)a/ 5/ 05

W th thato of andHA2 fpBtive branert BOluema i gl e kbinRORHBansetd s Imay &b Besd imide hod
presented in IV | N i 28 1L-85(1995)). In a
first round 8@9%@99%%@%%3@%?%&% 18%32'5};@%%:;&;@. rtésrgrlg?@rmﬂ%sed (0 the

nat ural signal gepti de, the F1/21 and El dommins of the H5 A:lndonesia/5/ 05
was anpl i fied0d8iing pHARePYy tPicagesedand deldeq \SEGTNCIimSY) WAl TRY SUbTIBETEly H51. r
(SEQ L) N 13kt hug ONBL EWGLacDUTORY /800 PN Bor, LA Gink)uyaS template. A
second fragincni, conpri sing tﬁe H  Af Brisbane/ 59/ 07 1th ofomal n “codi ng
sequence, wadisafipt bridge el ighreptT.rigrard € forBINstEion pf di®ifile bEHE nalerhid;, Fa4) and E2
1151-RB Fil a §E% [}Q - i : TD NO, 61, Figure
26) as tggrrpl g‘%&. lltsﬁl rd ﬁeg%%@&c%%%@ggq%%gd%ﬁég%%rrerrbr ane and
cytopl asm ¢ dordwimagordat dunge36 HR2ribko ndskah S0k 0 wasida it fkiN eedrwsif g Hp¥d ners RB
H1B-E2 H51.e (,SEQ.] 1.16).. an -INnd)-Sacl .r (SEQ | D, NOeS), wi.th construct
nunber 660" ( BEOPHNER LA el hel Lot pd RRRRS PR M) ot s
were then m ¥&fs andouisiedicas ahédpdvageaffilertHaisedandnd Bahd vof requiphj thi cat i on
(assenbling reactiaon) with priner | ast el "Ik (SE NO 5) an (I'nd)-
Saar (SEQ T oeRe ki gefho R IR GRSt GRS CR TR | 't he
pi ast ocyani n fiphaine hlemdiile GaGim Yab hafopitigesst op codon) and cloned into
construct nunber 660 f SEQNO 53; Figure 18), previously digested with the
sanme restricti enzynes .t [.ve construct [] ar. 6 I D NO..63). The
construct isidpo(r?gzéent egl:ﬁ Frﬁ“‘@i%h@?%?“@’”é? hc‘[erémgmams‘gﬁe(lz%%?bdomm ofthe

?CT/ Ca2010/ 06MESSmMMB:RQd@fal 48 plin ROTHe@A24AO HGPLROB 3 M8 A1E 9XMD0diEs bdl

Al Bri sbane/ 59/ 07 est.er.ase. and recept or - bi ndi domains (El -rto-E2). in 115

A [ ndonesi al SP0E-BRURTORG Lo BHET TG or B ae ST D0 AR P THEFT HHA s
assenbl ed by ThepdsagiulrgteiabesubdiontihsER2] o) ARy hivehrdib irfugibm dadh@sy BhSCHS. W t h

t hose of _al Brj shane/[.59/ 07 using the PCR-based |igati.on hod aresented in
Dar veau &t aﬁh""(P tlﬁa‘gé%i‘{?”ﬂﬂé‘ﬁf%%%i‘ AeoRsRIe ‘f’fi’@Bf”(?‘Lg%)“i‘Fg {Eﬁmaadf"i‘%ﬁi"r ound of
PCR, a segnmepim@fabéRendahasirgzy antinh REOTDHRY bé WSEded i akdherifpadtuieabldsd gnaal
peptide and the El domain_of 115 A/l ﬁo_nesi a/5/05 was anplified using priners
Pl ast 0- 443c (OS'E'QG’FB%T@}‘ETQ%'“E{ haye 4 %‘-“EFF‘WL’IBPUFIA(f%’é@‘q ‘Nﬁ]"liff'f%‘f‘ﬁ
construct nurbera R0 {aER dDHANIE3im FdigM §stdi8) reRBuds2sPli At @e Cirn paral l el ,
lwo other hiagnments were anplified. The second fragnment:, containing iothe H

A Bri sbane/ 58¥empn mawihe pimiaiart oA sigea! Agplde ke Aes supesiount fieibgniiish
priners F' | 115N-El. U B. e (SEQID NO ®8) and F 2 H51-E2 Il |.B.r (SEQ ID
NO 19) using construct nunber 774 (c.SEQ VD NO 6 |; Figure 26) as tenplate.
For the third fragnent, E 2, F. transnmenbrane and cytoplasm c domains from
(-15 A Indonesta/5(05 were anplified using priners E2 111.13--F 2 1451.c

(S EQID NG 20) and 11A(Incl)-Saclr (SEQ ID NO 8) with construct nunber 660
(SEQ ID NO 53; Figure IS) as tcniplate. Anplification products were then

m xed and used as tenplate for a second round of anplification (assenbling

P n 1 P



SpPDI . c (SEQ 1D NO 30) and Stul4ll B.7 (SEQ ID NO 27) using construct
nunber 787 (SEQ ID NO 67; Figure 32) as tenplate. Resulting fragnent was

di gested wi tWOAp@(1H%hd SM restriction enzynes and cl onedTitwzomonst r uct
nunber 828 (SEQ ID NO 62; Figure 27) digested with the sane enzynes.

Resul ting cassette was nanmed construct nunber 733 (SEQ 201D NO 68; Figure
33). K- Assenbly of H AtBrishane/59/07 receptor-binding (RD) domain in US
Al I ndonesi a/ 5/ 05 backbone in CPW-HT ex-pifission cassette (construct nunber
734). 10021The codi ng sequence of chineric HA consisting in RL3 domain from
H A Bri Sbaﬂﬁ'ﬁ@ﬂ(ﬁ@%plygbptﬁe.@i?&gh,nﬁ§ﬂ‘§!fé/4%d9%%m%§aﬂ@§so?h%%d:fg CPM/- 117
as Follows, 25Restriction sites Apal (imedi ately upstream of ATG and Still
(i mredi at el §eadeRerstt S8aml df 2 tHeR Bt lshudddivnpinpet smadefagnaao imvhabthesner i ¢

hemaggl uti ni n codi ng sequence by performng a PCR anplification with priners
Anal - HS (A [0303. | © PhoSBGol BF DX ctbna bl B dASP NIQLRiurind otiof SEQ 1D NO
32) using construct nunmber 690 (SEQ [D NO 63; Figure 28) as ‘tenplate.
Resul ti ng f pereercting st aflgengs banagkithripyasy fanga Sian tedsiding of thoMelZynes and
cloned into n : X s 62 . :Fl 7 j ed with
Che same ensyneas Feauft e ety Fe st Bl ey BT he b O8I s 1
NO 69; Fi gewids, B4id gduerais gemb-yerofuSpRiicinaddu i Bpdi gioptivie 0 20 0ifect n CPW- HT
expressi on selte ct ,nupber .7 L [00212] A seqguence encodi ng
alfalfa PDTF‘%TEE‘%‘P“F‘)%%‘?9?1‘%‘9%{'&’%%&3“{%? F'ﬂgﬂg%(}r%?nl“l@%éo']&?’ﬁrﬁﬁg%gﬁé’f 4110( 2007 was
cl oned i nt op&@RMuinlbf iScifio hbroaiss ofBie ®typeaids yintithetatie: th pagne Mte sigti goprilhesi zed

conprising the conplete |ienmaggl uti.ni odi ng .sequence, (front ATG to stop)
franked 1o 3 egpoRiraeh it & SRt IR ea sttt ot he
fih rst | 84 nUﬁi@%ﬁéﬂﬁ%po%@i&Sbﬁﬁﬁ bch’]LgidMnfg]tﬁf fhe &tﬁﬂn{ihllisrpﬁ@cﬁlﬁﬂ@bjn@iﬂ é@iutvg)odulost ream of
t he plastocyanin ATO, The synthetic fra nt al so conpri.sed a Sa site

i medi at el y &P e-ﬁlﬁ@wﬂ%ﬁ%&imflscsvﬁfwg&?%lnrwa@ﬁe%@%ds GyiPHEE P¥ed by Top

Ceric Techn@li@gé &shd Mate@Rkbayifdein. Canada) . The fragment synthesized is
presented in SEQ ID NO 70 (% gure 35) and was used as tenplate for further

PCR-based [ 002131Second,. the signal peptide of .alfal rotein disullide

i sorner ase 8&%&%@ (E’EFEV'QBPF %‘gé‘g%}&g@{éoﬂﬁ%‘@%ﬁ‘%mﬂﬁé@ﬁ ,“egﬁ%e?‘ﬁ“m 57;
Fi gure 22) waBskhdkafidt cieddag: GG INEhs FEHASRCR -1Bhs ibnhlr @8its. Correct

Al Bri sbane/ 10/ 2007 along with Arial restriction site inmediatel P,/ _upstream or
ATC3 and® St flVipeetih Ee shicow ety eatvingrd {B2Agl A6t RS FBI | ows.

PDI SP was | ijfakigde bdhat Ree FBuCOfH AP 492G ERGS 4BYEHR AtRubRsE id Jnedh ton met hod
presented in Darveau et _ al:'_. (Met hods in Neuroscience 267 77- 85%31995)). In a
tint round &fvepcriseppll dpul§iigbrilscirep tictemaaBy apmirarisre He monegersf Brigt s

Apal - SeDl i ¢ ;#SEQ , ‘!m H3B- ¢ . | struct
nunber 540 é%é%‘ﬁ@%‘%@‘m |gurne 4 B?Eé?gﬁ%?gﬁgh%ﬁg g@f%éﬁg ot her
fragment comnt Aiimiingedindettei ax Wilcyt H@Ochuh Ry BedmmneeS3df56MZExamples of

or 1 mer & G pr B S RS oA B LR AR R T

previ ousl y ssidd dhndsihcredafiveagmeots a(eSEQbBE INDor #QmpFi Gunigin3b )l 2484, tSerdeat e.

Amplificati . ) r.e . then .m xed d used as t | at e for,.a,second
found of - anmlt PESaETE o Rl Saistrr g rem r e Rrept s e lLpRR °C (seo
| D NO 30) auadidStdilze,s0id 3dpdnar: GEQsha NakilaBSyangchiv@t ¢tesdul Adi Baddes agprfied WO
2010/ 148511PCT20111/ 000983 s digested wth Apal and Sm ( restricaton
enzymes andWd"F‘bH@EF“i“ﬁt‘;ﬂmf’aﬁégﬁuct munber 828 (SEQ ID NO 62; Figure 27)
digested with the same enzynes. Resulting cassette was nanmed construct nunber
736 (SEG | D{MDNST7 | ; Asiguat pepB869 may béd nafesientiad hemage dminyerd GorSpiRpidcid,

Al - Bri sbane/il 0/ 21(%07 (ectocl omaint . 1-115 Al i ndonesi ul 5/ 2005 §)Tt nf),+ Cyto
tail) in CPPRACFPTESRSFOIEPEN L hS RUPTY SELBHE P RTEPeHE L Fme? s h02 14 1A
sequence enchigicAgHal al dompRteA singnabtiaRin derst infsad: dpee. thepect adoniial it of H3
Al Bri shane/ 10 2,0“79\&73993’?‘% t he b-ansrrenbra%rllsegand.c topl asm ¢ donmmi ns of 145
Aandonesi at 5 Be MO HEH PR RN PRerd Herent Grfugiig YRSDIUERPTH SHB8i ng
sequence was 10fused to the I|-15 transnepbrane donain by the PCR-based

i gati on nmethod presented in Dan' eau et al. (Methods in Neuroscience 26:
77-85(1995)). In a first round of PCR, a fragnment conprising PD SP signal
pepti de and ectodomain from H3 Brisbane was generated by "anplification (with
Apal restriction sift upsfreamof the PD(SP htitial ATG using priners

Apal -SpPO .c (SEQ ID NGO 30) and InlID H5I-H38.r (SEQ ID NO 36) with
construct | Snunmber 736 (SEQ !D NO Ti; Figure 36) as tenplate. In parallel,



WO 2010/ 118511PCT( CA20111; 000083 [002171A sequence encoding al falfa POT
signal peptide fused to the ectotiomain fromHA Bl Fieridal 4/ 2006 and to the

t r ansmenbr arteO &H¥1¥ytlopl asi ni ¢ domai ns of H5 Arindonesi &CBL2H0WERS ¢l oned
into CP W-1-1T as follows. PDtSP-8/Floridal4/2006 ectodomai n codi ng sequence
was fused to the 1-15 transnenbrane and cytopl asm ¢ domai ns by the PCR -based
| igati on nethod presented in Darveau et al. (Methods in Neuroscience 26:
7783(1995)). In a first round of PCR, a fiagnent conprising Pl)151" signal
peptide fused to the ectodornain from[-1A Bi Ttorida/4/2006 was generated by
anpl i ficati @gr &ainB@ (R daled Sp Anak SPiRBs B K1 SEQ HDUMGH6, 30 }19 3naliludniypd81- B nos
(SEC) a) NO 41) with construct. nunber 739 (SEQ ID NO 74; Figure 39) as
templ ate. | r’i“apjé?ﬁ H79040 SXPERSDIAEA N ARGRETRICR o it WINICAGobmens o theiHesipn the

| ransi nembr ape, angd o?MLQﬁJﬁﬁﬂgﬁ @qw'm%rmsor%mle'smgéfé Hih RIS, Fl 0- TnD
Rife (SEQ ID NG 'Bé) A-Tndo)-Stul. 1707r Q ID NO 32) 'using
construct nudipéE o6lo( SEQ | D NO. 53; Figure 18) as tenpl ate. Arrpl i fication
products were then mxed and used as tenplate for a second round of
amplificati gmicassenbd sp%ag@@cgé QRnad for BLdntPRe, SroARAhuital frotinkeEQ | D NO 30)
and 1-15 (A—Indo - St uf MNO 32). The ISresultin fragment was

di gest ed wi tEMAgEANINTLA vsvi frihcrﬂ@gﬂrrfluemaaocﬁ fropie Fl’h‘-“ésﬂnﬁli’fﬁ!iﬂtl?ﬂeﬁé% Pelpertiddnst r uct
nunber 828 (

Resul ti ng ca’gs%gt]itfglt&gs n ie (ﬁla%g%?tpr%@cdte%nag%%?QL%&SE g Qpa]éﬁ{%ﬁ%&ﬁgﬁjgure 40) .
| V- Assenbl y itinegsd PN SE: Spleplidepp2-1030tBickéssirn da/ ZIJIIQ%GEOl@ENO 34; Figure

Ai | ndori esi tail) in 2X35S-GPIW-11T expression
cassette (cgﬁgéa%%g’?h%l%n%ae%méﬁ&&gw00218] A sequence encodi ng al fal fa PDI
signal pevt de fused to HAG from HA B/ Fl ori da: 4/ 2006 and to the
transnerfhrane aNhEYY 8FICASHPELIdOMHHF HER f9clpgtidatibh €5 852005 3Nas cl oned
into 2X35S- CIPW-HT as follows. The pronoter switch was perfornmed using the
PCR- based | 'ﬁ@gie@&t me&rhzaﬁl tRFESE PloSed Or Mu\ﬁ@ﬁ:‘%nﬁﬁen%hcﬁwm%ﬁdn{bngﬁ%‘ OSCI ence
26: 77-85 (: first fragnent containing 2>C35S )Y onot er

2588; Fi gur elaWA?rm na sigmplawpie. PORUGPE Reify haeding Sinehe@um 2X35S. ¢ (SEQNO
89) and CPMeRadhiitRz2X35.S.r (SEQ ID NO 90): Paei-MCS-2X35S.¢c (SEQ ID

NO 89) AATTGIT TAAGT CGACAAGETTGCATGCCTGCAGGTCAAC CPW 5' UTR-2X35S.r ( SEQ
| D NO 90) TCAAAACCI ATTAAGATTI TAATACCTCTCCAAATGAAATGAACTI CC using a plasmd
cont ai ni ng tIAE92X35S preroPingss thedppragtusning fap b wnoaint fog *@é}e&m& tfe] CR was
perthrngd u%ﬂr&&t}%fﬂ%fﬁo%l%@‘s%}ﬂéugn aﬁﬁseané %Qlcfn%f[ﬁl@ﬂz@(]?}nh@}n(g Apar -
prot.r(SEQ I'D 92): 2X35S-CPW 5115TR. ¢ (S

TTGGAGAGGI A'IWWW@WWMW@TWWMW @%gglplaﬂuml 1F4blq@)rr%t2tf 3(SIQ ID

NO 92) | Q&T T3 Wﬁ} t 745
(SEQ ID NO ;Jg ig re g}s/g-t -elz;lrrp ate e two %a%j#@rﬁ@lbgg% g%ﬁ%h{ev\%%re t hen
m xed and us#dtheasottiertid mtabvdibuadasecditie: m@un,dh@cﬂcgl%eﬁf assdni dreglispdet | on)

W th Pacl t I D 92) as
priners. f”?"l%q?yn(g” iragmrr?ﬁ tm\/\?élmgij ﬁrgbcgr g lad'S O tﬁg ih hg%ﬁé%dAB i Egnd cl oned
into conzst r Lfolm&drﬁmfcﬂilifppﬂolelﬂ, thd@»r@s‘éndélo(jﬁﬂe&rdr@:)e duagmste@cbtmd‘. br thhigkesanme
restriction enzynws. The sequence of the expressi on cassette, naned construct

Zi;rgssE?olnD Q@sg %es ?ﬁgg%gﬁ%%ﬂhéﬁ? Sho¢ F’g‘?@ selgrh ’%ﬁfﬂ%ﬁ%f‘%‘r’%g??g;one

cassettes \A@Teeiass@mhlneﬂ pattinipate fin vmbumﬁ@etm@:,esseyxpcle@sg phtcof sybthesis,

-4rab|rlop5| ecot tosollc 1597 Aths in
intet e (et el et R s R T RS Sk S B b R hy
chimeric pranﬁemﬁaﬂﬂbnhmm@nebmﬁeﬂmax@&mﬁh&mgLﬁab&ﬂu&&b@@tgmb&d@mmma& (Nir)
and alfalfa Pl ast ocyani n_pronot e Ni ci Pl ast 0) . secao casset conpri si ng
The codi g ORI R DT o 8 T PER R SO D B008S % ol 1oyt obol | ¢
HSP40 ;I\/B].:Ll HSEIIMgmp'@tmaHb;ﬁﬂ)%QﬂlO(Pt@ﬁHsﬂVbbMb@{L{)BH@BQ%BP@l d@ﬂé@ﬁl)énzsg?der t he
contro/ of the_ c ric. NMPlasto pro s. al so assenbl e An
acceptor pla H?dﬂegﬁP5WHWnﬁ“Fﬁ@ ﬁFP5¥T%SWHFgT?@“?@ﬁﬁ@?hgg Nir), the
GLI S reporter gene and NOCS term nator imspl ant binary vector mas first
assenbl ed. Plasmiti pN r3K51 (previously described in US Patent No.

6, 420, 548) was digested with Hindla and EcoRI. The resulting fragnment was
cloned into pCAMBLA2300 (Canbi a, Canberra. Australia) digested by the sane
restriction enzyne to give pCAMBI A-N r 3K, 51. (002211Codi ng sequences for

Rsp70 and Usp40 were cloned separately in the acceptor pl asm d
PCANI BLANI r 3K5 | by the PCR— based Ilgatl on net hod present ed |n Darveau et at



[ 00223] A dual Hsi) expression plasm d was assenbled as follows, R860 (SEQ ID
NGO 78; Figure 43) was digested with TisrEll (downstreamthe NOS term nator),
treated wit WTLIHYESHol ynerase to generate a bl unt end, PARREAHINGRYEPEI with
Sbfl (upstreamthe chinmeric NIRI Plasto pronoter). The resulting fragnment
(Chimeric Nir(Plasto protrioter-HSP70 coditie sequence-Nos term nator) was
cloned into R850 (SEQ ID NO 77; Figure 42) previously digested with Sbfl and
Sinai (both located in the nultiple cloning site upstream chineric.
Nir(Plasto pronoter). The resulting plasm d, nanmed R870, is presented in
Figure 44 (ﬂl.}fﬂ'@nﬁg@)’wb&wﬁ&ﬁz&ﬂpk% of 391 epo L RPEAS BI O Ciasaaitses HePro
expressi on cassette 15 002 HcPro construct w&%}) HcPro) was prepared as

n
descri bed i A YK ?4%[4‘49]6((? Y2\ S AnfeniNoned web e & §uRRt B o confirm t he
integrity Oft,hip@l%n@%@ﬁ:tu"s%lt&mnﬁé%um&&mtgﬁ[o\é@gﬁ) ﬁam TOmd RASEAQE BRehgr obact ei um
iiiene(acien . ATCC, Manassas SA) by el ectroporation
(Mat t anovi CHC"é‘Elaaf“hl@%)HAThe iniegrity of all A zumef ations strains were
confirmed by restriction nmapping. 20PI 9 expression cassette 100225]"'Elie

codi ng sequenneoPf P HxaRpRt StiSpNe BkIukOAR0 aiisfy 3 SbManwhdibs c{IBRMK Was
linked to the alfalfa plastoeyanin expression casscite by the PCR-hased

li gation netisbipiras eatiedatimpaparssa set @M eOreenySPivh Hsarcseiance 26:

77-85( 1995) JrbehBicRisT dnll $hoc 5120B5:R b0 Rachds BEIUENLInQfie Jils%npxle?c%&)m&irﬂaspr onot er
was anplified using prifrers Plasio-443e (SEQ 251-1) NO

supP. 19- pl aéfsem Qrebk@omEsNEricig yolniveht @gmitier prekarpee. -’(“SE@’ PIE‘ @J@?S B3y as

tenpl ate. ral.l . . B uence of pl9
was el 11 G D 0 b Ta s T AT L 1D A PP a0 L sko
| D NO 3530) anadicSapRi9piSatayHpBER A ¥y:/iiN@ HPT) (m@dﬁ@bmﬁmwﬂmi A3‘5597d7ll)9 as
(o AT L R P el R o
second roundhanéby@mblpﬁmrgam pt@rtu(bmsrgmbdi unﬁgldngaetvud)ms)m\m\etabsemblvmhers Pl ast 0- 443c
(SEQ I D NO '-‘E") ?5) t1 anr (SEQ 0O NO 51). The resulting fragnment was

di gest ed wi t4*Bf Pﬁlﬁ’ r(c‘rﬁ‘ﬁ“ﬁ‘eeb‘fastocyam n promoter) -and Sacl tat the end of
the pt 9 coding sequence) and cloned into construct :nunber 660 (SEQ I D NO
33; Figure I[fLI0pr evilbclaslbkesclﬂg@étl'edlum Dheltives lsakmymesemhrdbﬁtdfﬁmnenzynes to

O oS YSkoB YR el B T BHR At BB IS bR B S Fanst vt
vetor). Tabl reanOMofpomeeibelogy 411—:‘35{%40:873% pmceﬂh:fe@mm;s‘sfenmswmﬁ Vexpiedsilon
cassettes. I 5 3,.C..,AJGACCFCRI C UA T TI CGC CACTAT
Chcrn ncToad Ll RS nelrigs: CC‘%%%‘F@&%&TCC

ACI:CTOTACTCAGHUI@h&"HOQJler&nce M@[ﬂ@fl@ipﬂl&@ﬁﬂ.hﬂB@bt@&%&ﬂﬂﬁ A 0RQ838ourk hgenucl eot i de
sequeuee (5'-- }1 16RHH- E2 F151.c A17El |-JIB-F. i_1-151.r FISNEl ill Be
0'2 [5t-E2 ﬁh‘.‘%"%‘ opETi sl segeeqopsoqding Msi LGEELIO YO 76 ot - HD: 35 SpPDI - 1! 1B. ¢
Seel -1-118s A pal SpED1.9 Tr AACLTAG AGCTCETAG MCC ATATI C AC ACTGCAAAGAC
TGTCOGGRECA! W/t IM&@HsﬁQiGﬂ:@Tﬁ@T@Iﬂ'Aﬁ:&A@H‘ﬁp% AAM&@&]@@ | AGATGCAT A

la-rrg-:: Agtcnﬁg(l:- aImgCaCnd'?\lewl-I;/Cq';n esuet?r ep114e3 bcfp}e the synthesu, 1s

compicte. Wlthout wishing te be bound by theory, Hsp40 binds to the hydrophabic patches of
unfoided (nascent or newly transferred) polypeptides, thus facilitating the interaction of
Hsp70-ATP complex with the polypeptide. ATP hydrotysis leads to the formation of a stable
25 compiex between the polypeptide, Hsp70 and ADP, and relcase of Hsp40. The association of
Hsp70-ADP complex with the hydrophobic patches of the polypepiide prevents thewr
interaction with other hydrophobic patches, preventing the incorrect folding and the formation

ot aggregates with othier proteins (reviewed in Hartl, FU. 1996. Nature 381:571-379).

.26 -



CTT AC3 AGCTCTITAG ATOCATATTCTACACI GTAAAGACCCATTC, CAA nar cOGECCC ATGEC7G A
AAAACC? IrGai ATl TICG GC IT ATTGT ApsiE-R5 (A- loc. 141c 32115 (A-1ndo)- Scuf
| 707r H31¥SRPPAESEpPD1- 11311. ¢ 35Stul -1-1313.r TG TECTCATOEAIES AGAA
AATAGTG CT TCTI CTI GCAAT A KATAGGCCTI TAAATGCAAATI CI GC ATTGTA ACCA

TG CATI TCCGOGAAGTTF TTGAGCG AAGA |ra; AGA AG GAACCA | Cl CAG Al CTTCOCTCA
AAAACTTCCCGGAAATGACAACAGC ACG AAAATAGGEOOTTCAAATGCAA. Al GTI GCACC FAATCI TTGCCTTF
TrnD H51-11313.r A TTTGC TAAGITCCTATI G ACTTCACCTCAACC3CCCTI GATCICI G "f
GAGCTGAAG CAATAGGAACTTACEAAAFACTUI CAATt TAn CAA H313-Im HAC c.rrArr CCAG 1

GCAGT TI CGA|@A R CANHale %%m%_a%blero tacilitate correct tolding of low
CAGATCTT GAT TCTGCACTGGAATAACAL ei TCATATTC ACC Cl GA FI G GATA

ACTACCAAATA VEFCATATETA A, et 2F thesumaeoTilee!s fspaso g abunlance ofgptive
20101148511%9%%5%&%%9&9@@1&%9%%?01' %%hgvblgeﬁé Rsdiol orthesl1ggayLHEee (5 -3)
| T splOluzSad. 1 272r AGCTGAGA CCTACTOTTGAGC- G CAI TGC- AC 45 Hsp40Luz- P |
anoGTTG G CO30EOEGAGATITECTEYCASGAPONRB of hasgaluapip ppiveepAtes(BTE G G G

G atcrrac a8 L HEs s RLPAR o Aol ARG e rct OSRIE v T

49 supP19- ploab@h HsICO ShORATIRGEHHIEEFOBAETF FCFCIGAAGAI R r8Gtes bamagkBuininl ¢ A K;

GAACAGE TA'I;]% ypep%’es?gfnd tncrease the number of polypeptides exhibiting tertary and quatemary
structural characteristics that allow for hemagglutination and/ar farmation of virus-ike
particles. SEQ ID NO: 77 is a nucleic acid sequence of a portion of construct number R850,

10 from Hind[{l (in the multiple cloning site, upstream of the promoter) to EcoRl (immediately
downstream of the NOS terminator), encoding HSP40 (underiined). SEQ ID NO: 78 is a
nucleic acid sequence of a portion of construct number R860, from HindlITl {in the multiple
cloning site, upstreamn of the promoter) to EcoR1 {immediately downstream of the NOS
terminator), encoding HSP70 {underlined). SEQ [D NO: 79 is a aucleic acid sequence of a

15 porton of construct number R870, from Hindlll (in the multiple cloning site, 5 upstream of
the promoter) to EcoRlI (immediately downstreamn of the NOS terminator) encoding HSP40
{undertined italic) and HSP70 (underlined),

[00113] Therefore, the present invention also provides for a method of producing

chimeric mflnenza VLPs 1o a plant, wherein a first nucleic acid encoding a chimenc influenza
20 HA is co-expressed 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 intreduced fo the

plant scquentiaily.

[00114] VLPs may be assessed for structure and size by, for example,

hemagglutination assay, electron microscopy, or by size exclusion chromatography.

28 [00115] For size exclusion chromatography, total soluble proteins may be extracted
from plant tissuc by homogenizing (Polytron) sample of frozen-crushed plant material in
extraction buffer. and insoluble material removed by centrifujzation. Precipitation with PEG

may also be of benefit. The soluble protein is quantified, and the extract passed through a

S27-
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AKTEGTI AATTAAGTOGACAMLCTI GGATCL1CCTC- CAGOTCAl i e 9 ;
V 5' 1) TR 2X8BEp/4851T TCAAAACCI ATTAAGATTI TAATACCUCTC- CARFEAANTENASPTCC 1
, 91 92 2X35S- CPW 512114, c TI CGAGAGGTATTAAAATCTTAA | |

TG / 0

beni aggl ut i

r m TCGAGuUIi crimteGCTTTCTU TTCGAAO

; , 90 PaCl - NLCS2X355. ¢

a PM
1

A G3 Tl TGATAAAAGCGA ACG
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Tabl e2: Agrobaeterium strains used for expressiou of influenza

uins with native or PU signal peptides Agro strain | HA
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Cal oduni al2®eP@kryl'P cBhmAaBleRlras1000 ran bélused adh dafibvafBsn sddae/ BAIRAORT)
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chromatography, fractions may be further analyzed by imununoblot te detennine the protein

complement of the fraction.

[onl16] The present invention also provides for a plant comprising a nucleic acid
encoding one, or more than one chimeric intluenza hemagglutinin and a nucleic acid encoding

ane or more than one chaperones.
[00117] The present invention includes nucleotide sequences:

[00118] SEQ ID NO: 63 {construct 690; a chimeric H5/H{ expression cassetie
comprising alfalfa plastocyanin promoter and 5° UTR, chimeric hemagglutinin coding
scquence, alfalfa plastocyanin 3° UTR and terminator sequences) and the undeslined portion
of SEQ ID NO:63 encoding SP, F'1, E1 of H5/Indo-RB of H1/Bn-E2. F'2, F. TMD/CT of
H5/Indo:

[00119] SEQ D NO: 64 (construct 691; a chimeric H5/H1 expression cassette
comprising alfalfa plastocyanin promoter and 5’ UTR, chimeric hemagglutinin coding
sequence, alfalfa piastocyanin 3° UTR and terminator sequences), and the undertined portion
of SEQ ID NO:64, encoding SP, F'l, of H5/Indo-El, RB.E2 of HI/Br-F2, F, TMD/CT of
H35/Indo;

{00120] SEQ D NO: 65 (construct 696;a chimeric H [/HS expression cassette
comprising alfalfa plastocyanin promoter and 5° UTR, chimeric hemagglutinin coding
sequence, alfalfa plastocyanin 3” UTR and terminator sequences)and the underlined portion of
SEQ [D NO:65 encoding PDI SP-F'i, El of HI/NC-RB of H5/Indo-E2, F'2, F, TMD/CT of
HI/NC;

[00121] SEQ ID NO: 68 (consttuct 733; the SpPDI Hi/Bri expression cassetic
comprising the CaMV 358 promoter, CPMV-HT 5° UTR, coding sequence of the signal
peptide from PO, hemagglutinio coding sequence of H form A/Brisbane/59/07 (HIN]),



Pl ast oeyanin AGI /187 AG, 11732 t (AlBrishane/59/2007) 1-11

(A/ Brisbanel59. 120071 native P Plastocyanin 35S/ CPW-HT AC L 036 H3

(Al Bri shane/MMOEZOOFF[" DI 35S/ CPW-HT AGL1/ 660 AGL1/ 73§CHSA2010/000983

cki ndonesi al5/ 2005) t- B (8illorida74/2006) native PDl1 Pl astoeytinin 15S/ C
AGWB28 AGL11690 CPW HT-LC C51 HUBris RB.H5/indo SOC C5ALC native
-,35S1CPW-HT Plasto Plasto AEU-L/69 t AQ _11696 1111Bn El -KB-E2 i 1:15
SDCnat i ve 1: 15, 11ndo RJ3+H !/ NC SI XPD1PlI asto AG.1/ 733 PDI  native7

35S/ CP! 1V-HT AG.1, 1734- AG T i/737 ACIL,U745 -71 HI/Bri /15/1ndo SDC

35S/ CPW- HT CPMWL-HISY BITR £z NasiowiHifdtorkedibhdelic kil (HXadBDASRDACRMYSED ID VEI n
ertoci omai n115/ Endo TOO P9P3F S/ CPMWV- V\D 2010/ 14} 4511PCTI CA211111/ 000983

NO:68, encoding PDISP-F, E1, RBE2, F2, F, TMD/CT of HI/BRI:

[00122] SEQ [D NO: 69 (construct 734; a chimeric H5/H| expression casscite

comprising the CaMV 358 promoter, CPMV-HT 5° UTR, chimeric hemagglutinin coding
3 sequence, CPMV-HT 3" UTR and NOS terminator sequences). The coding sequence of

chimeric HA is underlined, encoding the same clumieric HA as SEQ ID NC:63;

[00123] SEQ ID NQO: 71 (construct 736; an HA expression cassette comprising the
CaMV 35S promoter, CPMV-HT 5’ UTR, coding sequence of the signal peptide from PDI,
hemagglutinin coding sequence of H3 form A/Brisbane/10/07 (H2N3), CPMV-HT 3* UTR

10 and NOS terminator sequences), and the underfined portion of SEQ 1D NO: 71 encoding PDI
SP-F'l, E1, RB.E2, F2. F, TMD/CT of H3/Bn:

[00124] SEQ [0 NO: 72 (construct 737; a chimernc H3/H3 expression cassette

comprising the CaMV 358 promoter, CPMV-HT 5° UTR, chimeric hemagglulinin coding

sequence, CPMV-HT 3° UTR and NOS terminator sequences), and the underlined portion of
13 SEQ [D NO:72 encoding PDI SP-F'1, E1, RB.E2, F2, F, TMD/CT of H5/Indo;

(00125] SEQ 1D NO: 74 (construct 739; an HA expression cassette comprising the

CaMV 358 promoter, CPMV-HT 57 UTR. coding sequence of the signal peptide from PDI,

hemaggiutinin coding sequence of HA form B/Florida/4/06, CPMV-HT 3" UTR and NOS

terminator sequences), and the underlined portion of SEQ ID NO:74 encoding PDI SP-F'i,
20 EL RB.E2, F2, F, TMD/CT of B/Fio;

100126] SEQ ID NO: 75 (construct 734; a chimeric H5/B expression cassette
comprising the CaMV 358 promoter, CPMV-HT 5° UTR, chimeric hemagglutinin coding
sequence, CPMV-HT 3" UTR and NOS terminator sequences), and the underlined portion of
SEQ ID NO:75 encoding PDI SP-F'1, E1, RB,E2, F2, F of B/Flo-TND/CT of H5/Indo.

s [00127] The present invention also includes a nucleotide sequence thal hybridizes

under stringent hybridisation conditions to the underlined portions of any one of SEQ 1D

L.



AGLI/ 747] B/ Fl o ectodomai n F15/1ndo TUCPD! I 2X35S/ CPNI V-11T 4. Preparation
of plant biomass innetilumagroinfiltration. and harvesting [00227] Meanon
hent hami ona WP aHtd4%Ere grown from seeds in Bats fill edPaifiH2HYEeWMTFer ci al

peat noss substrate. The plants were allowed Mgrow in the greenhouse under a
phot operiod and a tenperature regime of 25C dayr20T: night. Three weeks after
seedi ng, individual planttets were picked out, transplanted in pots and tell
to grow in the greenhouse for three additional weeks under the sane
environmental conditions. Prior to transformation, apical and axillary buds
wer e renovedv@d:o Ve, bRWS, indimes s aThd grebicadbediidbed @vincl@ict b edcldoydgpicgahiargut he buds
fromthe plant, chemcally treatin the Lte iacterin
transcect edqwﬁ‘f‘ﬂ?‘)@éﬁﬁ ré%‘ﬁ%?‘ﬂ@@f‘g\%}‘a&c&‘}db Iorf”é’mP Pﬂéﬁztl? é%{ﬂ?fiemant ed with
10 i nN4 2- [ NooRminp bt Bl bRobeiiramesod: 605, 63,201 $hdNSp. TRG: hwhiaceb@sydsi ngone, 50
itglinl kariantycin and 25 tagi nal ol carbenicillin gllS 6 until they reached

an 0000 bet vbB‘éﬁYW‘d%eé?l&‘eF‘@r"qeﬂﬁ?@B‘&&féﬁQﬂPrﬂ%@n § S l-d>-O8at ri f uged

before use ang reﬁﬁm&ﬂ%d@alerhﬁwpemohgmtz;tm 0BHb15. 64 3MnAAGE’s, engiid ;10 nevi
NI BS pl-i 5.6). Syringe- t5infiltration was performed as described by Liu and

Lomonossof f <Q2GOE hemergiiain rotteiyitiap bigh exgrespeiiviay s csrigX8raudyhe For
vacuum i nf i | &rAtHc00p ifducQipfRESRG LEASmBHRRSIIRL ASin RIS (£ £Ql{ 4ged,
resuspended i'n tﬁe i nf |ml't rpatl('on r‘r)eﬂlsum&gc%d stor elal O\fertnlggh{ at 4C. On the
day of infi l&xpapiconpressifant thematietals ssupense dithiataadant sl domsaushmerieViflantres and
allowed to I ts.. N I or N
Fobacaor , ver & By RELGVE HaFhe il sl Al oy ol oh B ERHERAPT A
air-ti ghml stlamlrucllegs&atstee}m HzﬁahkanuIéiAZaofipacuunm@ﬁnfmenﬂ?@ typos @ shigype2- Tha.

FOl l O\M ng Syrl N e \ﬂrg en’t lm Cll Oraa“xtu 61’9 i Qucgndnslm\ll\neul;leerer eOtI‘lur ned to the

gr eenhouse fOracs RCUDELT On od a Rarvedt®™unl ess ot herwi se
speci fi ed, aII |nf|Itrat_|ons wer e perlenned as co infiltration with
AGL1135S-1i cPPE8i n a Hyhrilizagen wdersseoapit hftyrdiZ@8RPnIOVLIEDT iciimsetit the bd &ict ng

20 w'ass | Re FeRsCTaBoeuRs T BORl PR AT RIS AN A R fer il part o

pi ants was happestred, Mimgsendain MBRCarcasiygeh Liahbratopi idaesl), Cltnbda;bmgol ubl e

pr ot ei ns_wer xt r ct ed eni zi Qi Yi1 O ach | e of
frozen- cFushdd ?mt?fa't @ﬁra%“#ﬁ“% G4 Rgsq ]E'%%Oréc’%p%f @WW%?@E‘BWIO? pH 3, 0.15
NT Nita, O. Ow%zﬁbd'i"udmudsremmlsdadl diitieich lamdorborﬂti-.&/l'l@h&lbyHﬁﬂ%ﬁ‘d@)ﬂ@ﬁidthﬂ@ﬂy!

fluoride, After honogenization, slurries, wer ntri ed. at 000 g for
20 nmin at 4C’“§ﬁﬂ°htsﬂ@g' ‘L%‘V%‘@I‘%QBEU% "é%?tbfﬁ%ﬁuélfsﬁg }S”E’H%fa) MR 8 Qfor

anal yses. Th‘esct ateatc, phntved By @RingMd 0. ofx SSC&ftBB‘IC’e[dr BTHIE oEX WEAGS ifi QWSS

determ ned _the Br adf or d assay. (Bio )iercules, CA) using bovine serum
al bumi n as t P Er ek or <P antihgutes. AJW‘E)“E‘@I’]YI apsrenaydany sirigeent PSALRSORor t i ng

010023014 ot &inBiri6Q RN ALAQAS 1K BodOLiL KM, R fhab¥e! N SBEAPIBE S RITAY
(Pierce i3iciehemcals, Rockport EL). Proteins were separated by SDS-PAGE

under reduci vigghwend?.i XOWE e Cofprdnriedr. o 3 ason DA B8C B G58C eBh A8 gels were
scanned and o) I | (N11-1).
0023111 ot o MR VPP Qreery LR WS PO hARTEA SA Clhll ARSI BRI |

acetone Li (BH $2y 0edaNaT 01988 pH 7.esiisperidsidh)i an65.f¢35wwlol wasseq qither at 30°C
eqU|I|brat|on I fter tedb SD) nd duci

condi tions an elc#éé??oo “g’f#])gff%r?%beaggﬁ]f%ew yetl}(rn2 ‘g?le %#uoﬁ{&rﬁ {J-l’?@

menbr anes (Rﬁﬂ&&ur@ﬂ ag]mmmreswéhr poration, inclianapolis, Th4) for

i ni nunodeteetion, f'rier to i m nuoobthil i ng, the nmenbranes were bl ocked with
5% skimm | k 0.19, t i &L for 1.6-in
at 4C. 20[ 00@%22)% mmnog?%ﬁlglﬁ gm?/\p/ar%sgnté?‘feg/&onrgg l%& ﬁﬁ%%g‘g‘%? lﬁelnv%%ﬁ i 2ziresw tabl e
ant i body ( Tathaec@izedionhR2Mg2%o€KDMSnBC, K5 %7, TBSY 'IRZ\’E%W-Q%%.W Bebn s pr

anti bodi es used for m. | um_n nece.. ction_we di cat in Table 4,
diluted as indicate e ep‘:%elév/%lslﬁe %gncg Cicfﬁmg %\é’é esmmraﬁlé'o ’fb ‘cflﬁcﬁer?ﬁﬁor eactive
conpl exes were detected by ehem I um nescence using tun-anal as the substrate
t Roche Diagnostics Corporation). 25Horser-adi sh peroxi dasei - enzyne
conjugation of human ig(ii antibody was carded out by using the LIZ-Link

Pl usi Activated Penxi dase conjugation kit (Pierce, Rockford, tL). Wole

i nactivated virus (WM used as controls of detection for H, H3 and B

subt ypes, were purchased from National Institute for Biological Standards and
Control (N1BSC). Table 3: Electrophoresis conditions, antibodies, and
dilutions for immunoblotting of expressed proteins. H: Fitzgerald Industries



Exanpl e 1: Domain swapping strategy for RR and/or Esterase donmai ns on

i nfl uenza subtype stens, 1100235j The R13 subil omain of H51Luel o nay be

repl aced bywakoRB4subdorrrain of 111, 251-13 or B HA. TRE/EE$UVOINY chimeric
HA provi des an SDC F15/1ndo to form VI-Ps and present the R/ 3 subdomatri
conprising i nmunogenic sites of U,1-13 or B. The 1-15/1ndo R 5 suhdomai n may
be inserted on an 1-1i siem(Et i NC Figures 15. A and. 155 illustrate the
WO 2010/ 148511PCTI CA2010/ 000983 ami no aci d sequences at the fusions of the

i ndi cat ed sul adonmai ns, and the am no acid sequences of the respective
subdomai ns ig

Tables 4 (co u?‘%%iesqg%ji{n%ﬁ ﬁgi%g' c %ﬁ%‘}&%ﬁ@ § Er [gg lt(‘)[?]dg 1?1?1%’%;6011’?%1} o} Pg&f gg gthsgﬂ%%)o?.ndAm no

aci d sequenceéd: a3l SEQ Tip dit0e d4,iSECHD. iglres, 2EQ ANNOT ARISES) 1D WOh9SSEQ 1MOI0: i7hcl ude

si gnal pepti enc _ ains.and chineric influenza HA
Chi neric inf ﬁ);gHH%‘ Sg%g?\&&ﬁéwgﬂgwggﬂgﬁﬁﬁt %@?Sﬁ"b&ﬁ@“ﬁﬁf%‘]ﬁ% no acids
1-92 of SEQ JHamEXutkibpras: thad whed ddplesda m@hi a0finkASVIL nAdA Hatthachigkts 93- 259

are the RB h&apd_ omai n_of f_aff;,a\ri shanc; .am no aci ds 260- %48 are the E21-F2
domai n of Hi ¥ inigduces by pEEdsien ik 580Uk Y crarape: cpresiEd) o] BERIYISOdD6 arc an f.
+El donai N okqukndSlitHiedoplaRRbN@rAEs SmER A6 o Be tRRRIY heady somwed i of

B/ Rori da: am no aci ds 2%7-565 are the E2-t i."2 donmmin of Hillsido.

Tabl e 5 SubddPrirha afBedyrrarsreablet Pridwg Al A-meluding merire itk iy b oHAAZ.

conpri sing | yRhel etyhhdPHSRE 1S4 AR IRuces Mn%glr%ﬂﬁéél rcl7cnol0/ 000983
Constru et No.Stern: F 1. 9101151 ndo (SSA.?1JA Cl OY N/NSTE NO |

07) QUDSLSI ERNVAB | | AQD11. . 1: IKM NCA -RB-P2 heed 11 3113Digism).S P091 11)
O ENC TLI G GP7IGEI DC SONSURW'DISSESERSIAYENFIE 12 Ry RO AS1 28R VAISBeFL

17. 5NN_SSEI\IW5&M. ONG dapt NG RESMNET 35Ra! NWEm delsesl 4 huldfal Fhpdhst. \Whd MEINNSKEDSL VI
WC VI i RPCTONOOD S. V. 9QA, SCR {| "V SI'SRS SNICSRPIO, RNl P SRN V W

| VKPO00J UNSTOFI G, rsRpRCG Eg Mo fhaer@se 11 assppofpmeninghetdy pedifedbst em  F2-
Stop 15/1 nQ.EMf mm&w&améeﬂ%ﬂmmwuowmﬁgﬁa%mﬁw Lv1A C
LRNSRQR ESSRKK RI| LPG A" 'AGI- 1COCWQCSI VD W™ f 1 11-1 SNEVS( WAAO103$TOKAI DG
NKVNAS31 OKMnRbgdicessul tyesrmsiin. Ue RefieEnpNerding ngixehes(Q8S)s, viTiyE9r NEleEYC, M EN

AKET 3 ONCUSERVE TR 2 U1 RS SRPTSSUBEn e 1 J SRS VRIS WO 1. 51 v

SI VA SSLALAI ivivACLid: B8 T/ iMESNUShat @BRInPRny iDlhfSolt a3thseFcODhncNGs 7@ Ebdlje ALCGRP MC

VGTI RSA KA S11 1/ EV) SPVESOO S, 1M 1IDRISIR.  SNLLR ENI RS- SONVI DASKAP GC,
PRI - OTSCECHR S EGBUET A A PR, SR A TE IR g e opoonts

SCEDQ NVN\OOND#Wb: @ ifalukiNb R 6 yiRS1 s NDADK I b HSANGSH IridHvy/ B DsEEDSDI6E" ROSDPO V
VDSODoOK} s (i, %,,DI %O?@/L POSVWCASCGRSK Vi KIiS | PlAI R AD HS. 9. 06)

DLIDDI P Sili Lt A" B 189 T ORPEIE B O TR SATVERT PRI X PABEY pe;
SESD i Et 9 ) Gshk&hiisdd ylh Cb QS Scsaplitde Bl RnSHOYBSACH e bIGHRWSEERS V V 1V

LI KIDVS TYFT1K K,SéIEINTNQED LI .19..),VG4 11(PNID. k. A EORI . VONRTS ISIGL S| IN
DS LWK i  KERUPIEFBEPA ERIStrill. KINDA | NITSNONIA A KO' A VI KA VSKC AA

I NIK, SEI C VON [00238] Ami no acids 1-42 of SEQ ID NO 107 arc an N term nal

F'1 domai n oft0HE71ndoA calivhiaGia@d redsondSis 22 Svakre réspenskEthat RESadE2hvbrad domai n of

F13/ Bri sbane; .am.nq acids 229-507 are the F' 2 domain of 1-15/1ncio.
[ 00230] An nosEnre by 58 SR e e Riion D @i Rl KA Ronn o
| - 15/ 1Mb;  aninigeraghds fidStddddc angnihberdl anidithb2cheadyvaonadoxoks mtrédbaeida- ,
am no acids 282556 are the F.2 domain ofil5/1ndo, 10024%Arr| i.DO acids t-42
of SEQ I D NG '0¢af6/ It SPRPR s 15 poBta {6t opome iTiest) achyaliar) aci ds
43-273 afse t QA aBlvaifBuEd-haaekadeaBispots, Lol edlad GmmamiyiQoantdstag 74- 543 are
the F' 2 domain of WD 2010/ 148511PCTI CA20111/000983

importance in responding to viral infections.

[00132] For example, the induction of antigen specific CDS positive T lymphocytes

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

A



[ 00241 The fusion points for the various chineras were selected so as to be
as close to (bur not necessarily directly at) the Nand Ctermni of the

vari ous subowfaeigissiing t hout ivi shing to he bound by th&&T{EAZHIREYES ysi ons
were selected so as to maxim ze the stability of the chinmeric HA For

exanpl e, structure and sequence conservation is observed at the N-term nus of
the KB subdomain (Ha el al. 2002, EMBOLI. 21:865-875; which is incorporated
herein by refernea A less variable region in the primary sequence is found at
the CGFIY-P triad !'ocated at approximately I 5 ami no acids before, in the El
subdor nai n, Jdvh&sE¥d bGrlgNEorb Fera MHOls¥S dahiNingli:§th S8 Aded 88y O3quaidticah i's
conserved anmong HAs (see Figures 46 and 47). A junction at this Cys may

provi de for 4gaatiléSA gpak ispepiserl antigeypicriie gr ¢rodsrersliwhphadics maalsebat i ve to
the native s o »gggﬁr ] UAS: - i, ed features:
for exanpl e, Eg&%‘gﬁgﬁg\/@g lScr erqgtgégﬁg&%f %bgﬁilgﬁ Iﬁ&\g%g?%%w%%%dvubdomi n
starts wth &chyegugs Shpasformiyg erohatfeysaraiv! -avans theertal i gnnent (Ha et al . 2002,
EMBO J. 21:865-875; which is incorporated herein by refernce). Therefore, the
C-termnus c {3 R B DBtk &S fhib; A &L NGa AR waQitgl of this beta
sheet stguct@?%r thémg:)zf1 %ﬁlbgognﬁa]i,h?ggaé{lﬁétr %g%&ﬁuﬁ@ge 1%&5 dge pattern

i s not changéanongfats e pieacy gbatihedipsvefugedianaedne. PoYacEpRcofPHEM S conpri si ng
RI 3 stil donmgj f o L NG I . Ol b @; ddlo SDC, and
For b/ 1 ndo. g Shirhie tiRlor ey t%?@lﬁg?l%g,@%ﬁ%{n%gmgo?sul hooRd8)s dge will
be added (br iRE8 bg8comhinghdihlempgilRnagn iBuRBomtibedy ti¢re phecnmhiagpe iy i on of

di sul fide brj | d. not _i.nt W h i use it
is |located Wb%%?wﬁttgﬁgy 'ﬂgpogﬁﬁeﬁa[—{kﬁé{qg&?ﬁ%m wgsasﬁbg(g ggg%lﬁfano%&?ﬁgéﬁg%ggﬁence) ,
and may be pmodbceed- eydrorssonecs thibken onthodikel ThisAssad @024 2dikheniermatioRBa E2

subdomai ns of__a fir j,nf l.uenza, type replaced by | -KB- E2 subdomai ns of
a second inf f’sﬁee“ﬁbzl’éoftsy%gg Lgrﬂ‘érhong% %B?‘g\rll\%éﬁ‘ghﬁ(glr—%%vn trhgﬁg)ﬁ%rpéesw“glé’fl é’? nunber of

am no aci ds afigthiesizecnAdst ype at the surface of the H5-14/LP. !'I1l this
exanple, the HDC of H, ID or B was placed on an H5lIndo SDC, and an HDC af

115/ 1 ndo on I,/ NC Tabhl. 4.00243) T U iLon_of Lhe pvas cl eaned
weh a consetDbiNeys: e raf £ Ao R bl Mol HEEERY At Voo a
and tri in Hwmyhepespdidy to dine sframsctfivom ofitct! ethtHidEciat subhee CFdrerampe, egumof t he E2
subdom gn waf defined. with another conserved zgst ei.ne rlesi dge conprising

di sul fi d& br A3& SBE-L EHEUEEESHT 4 A5 Ko TR H BrOPREE i SFarss gy

i nfluenza - ‘Snprisindéh 201041h485 InifRGREAZDE bOLB0POady hyped hhdh HXI akd3dy eihan SDC

of H5/Intio or foyr influenza type 1-15.0on an SI.X:. of H . For the influenza B
chimera, the’f ria’(S'r‘l’f\ng eé'é'i‘%cgl"ﬁsrfé‘&‘cﬁaﬁem’gHﬁr{'g@t{it%r‘ﬂe‘ﬁfm?% first Cysteine
conprising of disulfide bridge #4 (located 4 am no acids away on the FI2
subdonmai n, afi®iggnser Wéchoaneigigng todeRbvis)by thehey, the sagatiiynd Hethioverdas R8G° not

exhibit any after-anon.in disulfide bridge patterns - die H./113/145 hybrid
e wi 11 ot B RS r e T aC e R EE B Ry SR PRttt i
Exanpl e 2 Repla6eme e paferdce 68REQkialkd AkisnE HoABXaRlf RBCEBhEIA: Mdndiangaand
esterase (El-.211-E2) subdomains of 115 At/Indonesi a/5105 with that of H

A Rri sbanelS@'P‘?OWﬁn@d’h‘ﬁ%ﬁsiﬂ%ﬁmﬁ‘F e@%’ﬁ?%‘é&é i8R AlgpveEl premiss i udig 'Wh#Pve Corns.
t 0J002441To eqaRhdeudihernltegpica eyl &b Rork iRl c s, Whelead ufch MBI Ad Rl bind

A 1l otlonesia/5/05 with the ant genicity characteristics of H

Al Bri shane/ 59 Zobrpeyteshil gy ccirkprg SvaL Rnen BMeswarrgany axd Yeedite S nprt $¥Hg donmai ns
from R A/ 6r isRapehsPhe0is. {uaess & Mo Iioifyy R99ARS) al 5/ 05 stem domain
cluster, Expression cassettes for the expression of hi'e 1i5/ 111 hemmagl utinin
fusions are represented in Figure 1 and am no aci d_sequences of the mature
fusi on prot et WE3U5pr o GutosHE PIPTET PEEH T3y abP §Arang fied 8@?&5“?‘?6T68W5%re t he
accumul ati on ¢ Liexelon Qf i/ o) Gl BRI 60870 Y U W BBk biliPN L DRE 1108 sLRGhy native
forms. N cothina bentham ana plants were infiltrated with AG1/774, ACI L11691
and ACI T1/ 696s!sapigs bhelISadvedPinBiceciprarvier ERdKiE therphgras bivodiagndnpdes a¢lison
period, iifo determ ne the accunul ation | evet of each HA formin the
agoinfiltrated | eaves, proteins were oext;pacted frominfiltrated |eaf tissue
and anal yzed by Western blotting using anti-HA nonocl onal antibodies. A

uni que band of approximately 75 kDa (Figure 3), corresponding in size to the
uncl eavedl-1A0 formof influenza liemag,gititinin, was detected in extracts
fromleaves infiltrated with AGL I/690 but not in AG.I/774 or AGLI/691,
indicating that the chinmeric henmagglutinin conprising the receptor-binding
region of It t A/Brisbane/59(2007 25fused to the fi5 A/l ndonesial/5/05



15anti bodi es. A uni que band of approximately 75 kDa (Figure 7), corresponding
M size to the tnel eaved HAO form of influenza bernaggi utinin, was detected in
extracts horMOREMES i nfiltrated with AG1/ 660 and AGL1/PEIEAZ¢IHEEK | ng t hat
both the native 115 N ndonesiat5/05 and the H /H5 chinmeric hernaggi utinin
accunul ate at high level in plants. Exampl e 4: Repl.accnent of the

eet odomai n of H5 A/l ndonesia/5/ 05 with that of 113 or B. 20Conpari son of
expression for chimeric and native forns. [002501The fusion of the eetodamain
from1-13 taristrane/ 10/ 2007 or B Floridat4/2006 to the trartsnenbrace and
cyt opl asnm ¢ (509 BRIPNSod KR Mhidmb o kGl OREF dAAR1 08 NadcQYRIdahed as a
strategy to present bemagg]utinin antigenic regions from1-13 and B strains
whi | e i ncr easthgdt hdyprhaedeirmayaisp on dpasiyaed hydlugieaispes-aciaiidestd posinc asset t es f or
the expr eSSiiPRCY, uéiﬁﬁ&]ﬁﬁer}s&, 1%@%6?{@&%6@ RERRAI IR Bob WS RO 2T e
represented 1n Figure 10 arid amno acids at the border of the fusions are
presented in Figure | 9NO 2010/ 1-18511PC / CA20111/ 00WIN3 [ 00251] Accumul ati on
| evel of 115&7’@)3ghi i nch MECIPRCEFHEAFIDRETAN MRY piP2 B9 Copdusted S RFAEETIYE PRMMNER

ot hi ative HAeddnd (BIIubjett. NGl aRA: BRRIDABLAEBRARL ANT 573, FARLSuMRERion
infiltrated wth At11-1/739 and AGL1/ 745, and the | eaves were harvested after
a si x-day i rfderbaey bropdnddsavera yagetnelgingd ) ehuncation alilves platrcs eNaspe gtaveach

klisi formi i d r i SE st ted from
Ut 1 at e e B R B DR o P T or Bl e

(Fl orida) powiptrdodnELBRt dnd spliceephoymeiricgiectvand NBfvirappptoi (pratekstaviPbvikisi a
(Figure 14),. nding in size to the uncl eaved HAO form of influenza
henmaggl ut i nilgaféa&;?algﬁg%f ((éjéc“fg'gd in extracts fromleaves of one plant infiltrated
wth AGI/739 while the 3 plants infiltrated with AGD /745 showed positive

si gnal cérrd§piaRti ng $eaudrspradgeiivfi seivencd wydilasdt npgba delrmmpkusing B5£A8ngeDe hi mer i ¢

Cor m of he i L i cumul. - I3 i gh. el than the
native for ﬁ?""%ﬁ%"gh@ gg{ngrﬁ%%(%%egi?@%%lﬁarﬂx)gﬂ)tfggégg)rlr}lulmg‘}t{‘i gﬁ r%@vel of
145/ 143 chi neviid hereeligdpvwing paramd &8 TA Rnessalgohfelr teldingonils 6 Hated OFAPi pesalyat | ve
form (736) i li.cori ana. har LN .a ant.s .. PlLant re infiltrated wth
AGLIT 736 and A “&’?‘311.-‘?9%??%%‘%21? %ﬁ%‘%"‘@%ﬁ’%@e %I\)lélﬂé}wﬁgeﬁ’to e fefio E‘e"rf?‘Jéé"‘é“ﬂ"‘x‘-“ ay

i ncubati on pegiecocks (reodedrsomirn eelieovacioumHitatbi enmple el al gofitheaoli Skdh Ronn i r |

i Ssoe i a SRanyoal sy Geerll Rl SR PRbSaEG B Rl P PR ool yel onal

anti bodi es. A70NPeen Banigmad (1apn Paxi Wat.elaid. Koi. kBa S5Eigul &d 19 romedstzes pondi ng

in size to the uncl eaved HAO farm of infl her ,glutiniitt, was detected
in extracts ‘f‘}i’bﬁlﬂ‘*f“é%’)’éé’gihﬁ%eial‘&“F‘ﬁ‘E‘lééle-WQW’ %E%%Flﬁﬁgggéﬁﬁ%L@Tﬂﬁ'%*f‘?“l?hi S
result 20 ingi emibes Mdﬁ@tolQh:‘@d(ﬁuﬂbpﬂrQfmiﬂu@lﬂﬁiﬂﬁ%ﬁ@fﬂﬁi@@ldnﬁf‘pﬁt@m HGHEIE
subdomains from H5 Al |l raionesi a/5105 to the eetodomarri of H3

A/ Bri shane/ 1351920070 ERICILE HPYRT GOPRER RSPk AnA FonseTigt seaucetimmibes to a
si m | ar dyevele@@inkd gsit@nl ¥eselerdi3o N BE bsRaNEe khovd iROR 4n, HPOZRBIcNIELPAOGUCE i on
of Vt.Ps from expression of the H5/B chineric hemagglut Mn (eonstntt no.
745) was evalComee. SR Mpcsiseels el M?@n'@ﬁiﬂﬁ@@bﬁg‘%ﬁyCL%%bmtﬁﬁb@d protein

25extracts R j 45:1.0hd | | inlitkriQesHha & i onat ed by
ci'ze oxcl usi o ERPoraragy aehl L ARt e iR SeFhAT (o

Heal t hcar e tiefwpngsidetaeandor p., Piscataway, NJ, USA). As shown in Figure 16,

Bl ue Dextran (2 MOWelution peaked early in fraction S. When proteins from
200 id.. of @acn) SEC ﬁ'f#&%ﬂn@xﬂ of p@R4d 87 PHRLE CORCERENAL B8lyleprdahdldePY
acetone-precipitation and anal yzed by Western blotting using anti-B

2010/ 148511 REP{iéAz Pehorptda coptging 8 setud f b bspaiossigicompens ¢f esari@iagur echi meri ¢
hent aggl uti nj I j f i i vy o OHLC Ak aqc

i ncor porati o[lg&gmﬁiﬁ&%%g&éﬁF%ﬁld%ﬁﬁ\g‘éh{ﬁg&ﬁg?ﬁ% nétdrbh%??ép C% E%JTSSCV% shing to
be bound by thidmepentingivstosergyest eonitinat ant diEganks ragien. ¢ stEAs-prspined-mdiaet ei t her
assenbl ed i [ S, : [t a high

nol ecul ar \/\/t—:-nlltcguﬁi'iil (l’sr'?lr c?'ﬁ#gﬁg%héy(ﬁ%\gl& ?gdogﬁpgfrﬁﬂgfrgﬂgiogg%@%{aﬁ%t tTj[?%e chineric
RA C0115/Sialg in the ectodomain from HA;Bl i Thui da/4/2006 Ilised to the
transmenbni ne and eyi osoli ¢ subdomains fiornl-15 A/l ndonesi a/5/ 05 assenbl es
into high nol ecul ar weight particles and that the elution profile of these

hi gh nol ecul ar wei ght particles is indistinguishable to that of influenza
VLF's. Exanple 5: Co-expression of 115113 chineric hernagglutinin (construct
nunber 747; toconprising Billo fIDC and SDC fused with an HS/Indo TDC) wth
Ff sp70 and bisp40 in conbination with signal peptide nodification.

[ —



vari ations substantially as herei nbeforc described and with reference to the
exanples and figures. h. \vitt be apparent to persons skilled in the art that
a nunmber of WARYIOMUSFPS and nodifications can be made wi PROGPZHEPHPEI ng from
(be scope of the invention as defined in the 70cl ai ns. Exanpl es of such

nodi fications include the substitution of known equival ents for any aspect of
the invention in order to achieve the sane result in substantially the sane
way. WHAT IS CLAIMED IS: |I.A nucleic acid conprising one or nore regul atory
regions operative in a plant, insect or yeast cell and operatively |inked to

a sequence eReRdhiNgaysehbmBlidk6 rduidd dfabRAn hnROh RRALLAS 1ROARE k&lenY @ stem
domain cluster (SDC), a head domain cluster (HDC) and a tr ansmenmbr ane donai n

cl ust er (TDG)lmtlh@r@ﬁérawerwgmcblgmuéﬁlewmrl@g@@ﬁémpwHb‘v'ipw%!l ey 15" UTR,
3" UTR or &' Lﬂﬁlg,gg tg,l;[go;nha{[cglg,sgpfeyeg:tlve in the plant, insect or yeast
cell, and wherei the SDC conprises an F'1, F 2 and F subdonmai n; b) the
HDC conpri ses an RB El and E2 subdonai n; c) the TDC conprises a Ter and

Ctail subdor@fii0] and SH&KmMe. AtFapmEe £F PO TRRRYSGBRBHTEhahoet QO 19 2poy st

influenza Hﬁo@ﬂ%ﬁh@@?wﬁ@@mngﬁm% r&mﬁrd?mz)pﬂ@ot@(thé@lﬁe%m%ﬁ%m%dnf| uenza
HA and, wherein the El E2 or both subdomains and F'1, F 2 bot h subdonmi ns

are from t hehaiabrdragmentsen fppna chimeond LP ey ewsasadAr orezammﬁe‘r%thoeﬁ @%6i d of

claiml, whepginobhe fr'aﬁaqm&n%%%%m o2 frgmlam's@% tasﬂou(efbé%h#&nagwpeptl de
further conprises a’ signal peptide sequénce selected fromthe group of an HA

native si gna‘JO‘VpepibmdéU@‘éqt@n@i@ut WA alabeut PRI gif rddnehepttiedel Beghehibe,

fl H5 s I S| '
sequence. R Er oyt BeRGHERCAIBRMN" IS Rordk ST PRI . & ure
and 3' UTR ar eSUOdDBtamnﬁlﬂ afrigacals pir ast oyarthercdiReorde@RNNE UFR the chimdivetiAucl ei ¢
acid of ol &l b MIEGS] A bsdealALOrpR Sl A |5 Bl alneck L LOMAR. o

pl ast ocyani n"r ory re i's
car boxyl ase/ I@agyt@ena@e)e(%uBl m&mbome@ﬂlaaﬁmapdlsegnmmcanuhérafmwFronaiﬁeuibi ndi ng

protein (CA | a n, a Caw 35S re tor ctin

regul atory r B')eo&t% you §03t?¥rﬂ] E@l‘ﬁ PRguFEEEH ¢ "Fegifw ‘émta%’/(?“bgg;o%%a?@ i somer ase
1 regul ator yanﬁlﬁ@h@cﬂ; oy bian aateteeaakenl frih laBdult B zf;asctuoﬁnm@%ﬁ)egnmat ory region,
and an ST-LS uI atory pendent|y selected fromthe group

re

conpri si Hg ‘cre WGEHEE’%‘P\(!I"OB%S% t%\a*??éi R0 A5Hle i e Rl heEet e nza vi r us
l'i ke parti C|Q}%ul(uMbP@:)bohtrb()@opﬁ@%oﬁﬂ%éb%w%@n trofh) abbil 5@ BUBLAG 00 Beasucl ei ¢ aci d
of claim1 into the plant, portion thereof, and b) incubating the plant,

or portion t HequebiherepRivRen. @B%"@l‘@ﬁsmﬁﬁﬁﬂle‘b‘e‘ﬁﬁﬁ udprridss Brielss repmdt caihe

nucl ei ¢ aci dinh hekiglie RLOYME e@rgsgea VRS ample BBGu FRIOM 30f 40%,8h B Wherein in
the step of introducing (ste , the nucleic acid i's introduced in the plant
in a transi ettdspepRermoR e Er?e?ﬂlﬁ@@ycb’ﬁ regox i@ tht{eteapipus. thg Ntpraissep of

i ntroducing (s &R ; ddl@x‘?mﬂg%lfgl:lﬁmgﬁ ﬁA'p%te,m %ﬁﬁ%t&@ﬁ%@f n% Momsp that it
is stably integrated in a genone. he "met hdd of claim 6 urt er conprising
a step of c)cihmencedth whentehpresvobt and purifying the VLPs. 10. A pol ypeptide
encoded by the nucleic acid of claiml1l. 11. Avirus like particle (VLP)
conprising tﬁ)@ltﬂ |ype%h1@§m@fot Ghib RidOin ﬂA}ZglI&eﬁeéﬂeECeodfrc I%ﬂaﬁ"béﬂ)% aichiber
conprising plant-specific N-gl ycans, or gl ycans. A conposition
conpri si ng t#eusERheveer eicml $all & cwdcﬁhlpﬁetm'@ém we!akaivcaccéep@ramieaémoru er.

ta. s Of 't DRl UBolhgaRAGH Ll ﬁ.g(?;nd%lr%’é bl PPl AU Mk T b L0 an

i nfluenza virus infection in a su 5. Us g'virus l'ike particle of
cl ai m 1125 or adidser oy ieparedt ol fézalrmdle@aweimnwtwnbdl nEUiol nGgihe amunistiy (¢ an

i nfluenza vi fec C Vi I cl f claim
11 for use |{1%|§1F1%@ctﬁen m?c:ﬂr%%t?] %%l?éuﬁn&ftnfo ?‘@é‘ﬁgﬁ‘e‘\/‘?‘rﬁ%‘*‘. N Sc@ﬁo?]hﬁ“ﬁj% a%subj ect
17. The use o:ﬁcutllnalnermudmrcor 15, wherein the virus like particle is suitable
for oral, intradermal, intranasal, intranusclar, intraperitoneal,

i ntravenous, or subcutaneous admi nistration to a subject. 18.The virus |ike
particle of claim 16, wherein the virus like particle is suitable for oral,
intradermal, intranasal, intranusclar, i.ntraperitoneal, intravenous, or
subcut aneous adm nistration to a subject. 19.A plant cell conprising a

pol ypepti de encoded by the nucleic acid of claim1l. 20.The nucleic acid of
claim1l1, wherein the RB subdomain is of a first influenza HA and the E, E2,
SDC, TDC or a conbination thereof, are froma second influenza HA. 21. A

pol ypepti de encoded by the nucleic acid of claim?20. 22. A virus |like particle
(VLP) conprising the pol ypeptide of claim?21l. 23. A nethod of producing



a) introducing the nucleic acid of claim20 into the plant, or portion
thereof, and b) incubating the plant, or portion thereof, under conditions
that permt WR&IBX{FEssi on of the nucleic acid, therebyPpléadtiiy*dhe VLPs.
24. A nucleic acid of claim1l1, wherein the SDC and HDC are froma first

i nfluenza HA and the TDC is froma second influenza HA. 25. A pol ypeptide
encoded by the nucleic acid of claim?24. 26.A virus |ike particle (VLP)
conprising the polypeptide of claim25. 27. A nethod of producing chineric

i nfluenza virus |ike particles (VLPs) in a plant conprising: a) introducing
the nucl ei ¢ @ci«] of chMLhﬂhmﬁd&&n}nks@aﬁt is @t Lipaed jopskpthesesttnaad b)

i ncubating the plant, legortlon t her eof , under conditions that permt the

expr essi on ofci4 WEOdREA DHBerE A ™ 3 IHEY BHY OB GARIET 95 ? PR ALpad ths @rofuei8) ei ¢ aci d

conpri si Ng OfrehRfer B RerkA OIPABMYhd R, Qﬂﬁabﬂapf%f@Jcixb(eeﬂ;rbfddch&l(Qﬂ(ah@leaotsaﬂ@wence
encoding a chinmeric influenza HA pol ypepti de congg h&g a stem domain cluster
(SDC), a headhelenmaids 1@1‘@§tf@re‘@m)buhﬁﬁ“‘a liptgd e ddrdiIENYUst%er (TDO),

wherein a) t@ﬁ%ﬁ@ﬁ(ﬁ@?@@ ) @nsstéQ 15 N 894 ?M@mﬂsm BN he dilp

conprises an El "and E2 subdomain; c) the TDC conprisés a TnD and C ai
subdonai n; anN@: WhSERITR NOIFSRB subdonaln is of a first influenza HA and the
El, E2, SDC, TDC or a conbination thereof, are fromone or nore second

i nf | uenza HApo 28 The Imclbr@sseﬁt 1%hgorplfunﬁér§fdmd%§axp\‘@§@5r%f@ dubi6ic Bid efedd@f abot h
subdomains and F"1, F' 2 or both subdonmins are fromthe sane influenza HA.

30. A pol ypepthimericdhi dareetanyle Phenonlisited te SESI B NiP: 631 SHAI2HO: 64 SRQPNE | i ke
particle (VLR sﬁefmfwé'ﬁ@gséé‘ﬁ) Rel 8@%&@1@%@1‘71%}% i) ?a@ 7%3%;56 ipRihod. of

produci ng chineri'c influenza virus particles (V a plant
conpri si fg: QA NCvddoi martuﬁelonlmwéii ela@cwdi ndfnt @ﬁ“aﬁnﬁm@wmnmfuﬁbemant or

portion ther Rﬂmega’ﬂgmg& ﬁ@&gx res E&%f?&ei}%mm{? REIA 00 &Eﬁl%ﬁoggﬂ yinder

conditions t ion of the nu el c acl é%y pr oduci ng

t he VLPs. P@]ﬁe@kﬁmkﬂﬁl@G@@B@ak&&losnnﬁE@dEN@Emmb@ThNGoﬁbbdﬂm@gmm RlesctuBEUT URE,

MANON DARCI S, M CHE ELAVRLE, PLERRE- QLI VI ER ﬂ\ﬂ%ay%’t’ L ;n SS&} PHI LI PPE CAQJST

MARC- ANDRE fﬂﬂg Imeric %ﬁ??uenza T US- Li K rtic nﬁ

Hemaggi utinin <130> V82197W) <140> not assi gned <141> not aSS|gned
[60144]) Therefore, the invention provides for chimeric VLPs, and a method for

15 producing chimeric VLPs in a plant expression system, from the expression of a single

chimeric cnvelope protein.

[00145] The nucleic acid encoding the chimeric HA of influenza subtypes, for
example SEQ ID NO: 63, SEQ 1D NO: 64, SEQ [D NQ: 65, SEQ 1D NO: 68, SEQ D NO:
69, SEQ ID NO: 71, SEQ 1D NO: 72, SEQ ID NO: 74, SEQ IID NO: 75 may be synthesized by
20 reverse transcription and polymerase chain reaction (PCR) vsing HA RNA. As an example,
the RNA may be isolated from H1/NC, H1/Bri, H3/Bei, B/Flo or H5/Indo, or from cells
infected with these or other influenza virus types or subtypes. For reverse transcription and
PCR. oligonucleotide primers specific for the HA RNA may be used. Additionally, a nucleic
acid encoding a chimeric HA may be chemically synthesized using metheds as would be

23 known to one of skill in the art.

[00146] The present invention is further directed to a gene construct comprising a

nucleic acid encoding a chimeric HA, as described above, operatively linked 10 a regulatory

~35.



<150> 61/ 220, 161 <151> 2009-06-24 <160> 113 <170> Patentln version
3.4 <210> 1 <211> 32 <212> DNA <213> Artificial sequence
<223> Synt hew mediasmal - pPl as. c <400> PCT/CA2010/000983

L4

clement that is operative in a plant. Examples of reguiatory elements operanve in a plant cell
and that may be used in accordance with the present invention inctude but are not limited to a
plastocyanin regulatory region (US 7.125,978:; which is incorporated herein by reference), or a
regulatory region of Ribulose 1,5-bisphosphate carboxylasefoxygenase (RuBisCO: US
4.962,028; which is incorporated herein by reference), chlorophyll a/b binding protein (CAB;
Leutwiler ct al; 1986; which is incorporated herein by reference), ST-LS1 {associated with the
oxygen-cvolving complex of photosystem I and described by Stockhaus et al. 1987, 1989;

which 1s incorporated herein by reference).

[00147] The gene constrcul of the present invention may also comprise a constitutive
promoter that directs the expression of a gene that is operatively linked to the promoter
throughout the various parts of a plant and contiauously throughout plant development. A
non-hmiting example of a constitutive promoter 1s that ussociated with the CaMV 355

transeript (e.g. Odell et al,, 1985, Nuture, 313: 810-812, which is incorporated by reference).

[00148] An example of a sequence comprising a plastocyanin regulatory region is the
sequence 5° 1o the underhined sequenced encoding a PDI signal peptide of SEQ ID NO: 58. A
regulatory element or regulatory region may enhance (ransiation of a nucleotide sequence to
which is it operatively linked, where the nucleotide sequence may eancode a protein or
polypeptide. Another example of a regulatory region, is that derived from the untransiated
regions of the Cowpea Mosaic Virus (CPMV), which may be used to preferentially translate
the nucleotide sequence to which it is operatively linked. This CPMV regulatory rcgion is
cxploited in a hyper-translatable CMPV system (CPMV-HT; see. for example, Sainsbury et
al, 2008, Plant Physiology 148: 1212-1218; Sainsbury et al., 2008 Plant Biotechnology

Journal 6:82-92: both of which are incoprporated herein by reference).

[00149] Therefore, an aspect of the invention provides for a nucleic acid comprising a
regulatory region operatively linked to a sequuence encoding a chimeric influenza HA. The
regulatory region may be a plastocyanin regulatory element, and the chimeric influenza HA
may comprise subdomains frora H5/Indo, Hi/Bn, H3/Br, HI/NC, B/Fio influenza types,

subtypes or strains. Nucleic acid sequences comprising a plastocyanin regulatory element and

.36 -
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1 agttoccogg gctggtatat ttatatettg tc32 <210> 2 <211> 46 <212> DNA <213>

Artificial

Sequence <220> <223> Synt hesi zed Sacl - ATC-pFl as.r <400> 2

aat agagct c eaitoi¢/oisil caagatgatt aattaattaa ttagtc46 <2ROBCRMPPINIA6 <212>

DNA <213> Artifici al

sequence <220> <223> Synt hesi zed Sacl - Pl asTer.c <400> 3

aat agagctc gttaaaatqc ftettegtot cctatttata atatgg46 <210> 4 <211> 48 <212>
DNA <213> Artificial sequence PCT/ CA2010/000983 <220> <223> Synt hesi zed
EcoRI - Pl asTer.r <400> 4 ttacaaattc tocttcctaa ttddtgtact atcatttatc

aaaggaga48 <210> 5 <211> 25 <212> DNA <213> Artificial

sequence <220> <223>

Synthesi zed PLiaste: 430, AR ReapRidlagath SEaaaatdd 93 aldC3perlg 6 <211>
44 <212> DNA. <213> Artificial Sequence <220> <223> SpHa(lnd)-Plaste-r

6 gcaagaagaaseagaetsEomprisiey Tt egudony olewariaat achweadu e OBA 2reex¢mplifng <212>
DNA'<213> AT 1 £1,6] 8hQI8IHENGE 657707 223> Pl asto- Spha. ¢

L

[00150] [n another aspect, the invention provides for a nucieic acid comprising a
CPMYV regulatory region and a chimeric wfluenza HA, comprising subdemains from H5/Indo,
H1/Bri, H3/Bri, H1/NC, B/Flo influenza types, subtypes or strains. Nucleic acid sequences
comprising a CPMP regulatory clement and a chimeric HA are exemplified herein by SEQ ID
NOs: 66-69 and 71-75.

[0G151] Plant-produced chimeric influenza VLPs bud from the plasma membrane and
the lipid composition of the chimeric VLPs reflects that of the plant cell or plant tissue type
from which they are produced. The VLPs produced according to the present invention
comprise chimeric HA of two or more than two types or subtypes of influenza, complexed
with plant derived lipids. Plant lipids can stimulate specific immune cells and enhance the

unmune response induced.

[00152] Plant lipids such as PC {phosphatidyl choline) and PE (phosphatidy]
cthanotamine), as well as glycosphingolipids can bind 1o CD1 molecules expressed by
mammalian unmune cells such as antigen-presenting cells (APCs) like dendritic cells and
macrophages and olher cells including B and T lymphocytes in the thymus and liver {reviewed
in Tsuji M,. 2006 Cell Mol Life Sci 63:1889-98). CDI iuolecules are structuraily similar fo
major histocompatibility complex (MHC) molecules of class | and their role is to present
glycotipid antigens to NKT cells (Natural Killer T cells). Upon activation, NKT cells activate
innate immune cells such as NK cells and dendritic cells and also activate adaptive inunune

cells like the antibody-producing B cells and T-cells.

[D0153] The phytosterols present in an intluenza VLP complexed with a lipid bilayer,
such as an plasma-membrane derived envclope may provide for an advantageous vaccine
composition. Without wishing to be bound by theory, plant-made VLPs, including those

comprising chimeric HA, complexed with a tipid bilayer, such as a plasma-membrane derved

7.

ot

<400>



<400> 7 ttaatcatct tgagagaaaa tggaaaaaat agtgottatt cttgcd45 <210> .8 <211> 33
<212> DNA <213> Artificial sequence <220> <223> HA(Ind)-Sac.r <400> 8
actttgaact YPaH&IHEH aattctgcat tgtaacgal38 <210> 9 <21FPSTEAZMMPBBIDNA <213>
Artificial sequence <220> <223> Synt hesi zed pBi nPl us. 261. 3c <400> 9
aagaagggaa gaaagcaaaa gaag24 PCT/ CA2010/000983 <210> 10 <211> 56 <212> DNA
<213> Artificial sequence <220> <223> Synt hesi zed Mut-ATGL15.r <420> 10

gt gccgaagc acgatctgac aacgttgaag atcgctcacg caagaaagac aagagab6 <210> 11
<211> 52 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed

Mut - ATGLE1. Cersd@P b indtideOt GaGRY 1r68l@ etk LgOnaACCRGhAE & ABGLEsELsibh t cact gaage
gab2 <210> 12 <211> 25 <212> DNA <213> Artifjcial sequence <220> <223>

Synt hesi zed D&eB5-21d peppe wnglo ts ippprecedgagyindecse Sy dvy grgeeshdevigs 13
<211> 52 <212z.RENA <213> Artificial Sequence <220> <223> Synt hesi zed El

H1B- 71 H5I.r <400> 13 tcatagtcag cgaaatgocc tgggtaacag aggtcattgg ttggattggc
ct52 <210> 14 <211> 48 <212> DNA <213> Artificial Sequence <220> <223>

Synt hesi zed EPIEBN- Eﬁ‘%ﬁfﬁ%@ '2&6‘69%@&?‘@%8’?&‘%“5“‘{@&’6‘5’@&@&@36@? tPegeT

act at gagga agtigaagods, SabRRedBilc2iila-Woved2b2AbiPNA méBe eMbddishéd @t pidaguence
<220> PCT/ CA2010/ 000983 <223> Synt hesi zed E2 H51-RB H1B.r <400> 15
ccaattcact t 8¢ ivsd bpif blayetuteraESHicereorce! taftlycgads <210> 16 <211> 51
<212> DNA <213> Artificial Sequence

[00155] The VLP produced within a plant may include a chimeric HA comprising
plant-specific N-glycans. Therefore, this invention also provides for a VLP comprising a

chimeric HA having plant specific N-glycans.

16 {0156] Furthermore, modification of N-glycan in plants is known (see for example
WO 2008/151440; which is incorporated herein by reference) and chimeric HA having
modified N-glycans may be produced. A chuimeric HA comprising a modified glycosylation
pattern, for example with reduced fucosylated, xylosylated, or both, fucosylated and
xylosylated, N-glycans may be obtained, or chimeric HA having a modified glycosylation

15  paltern may be obtained, wherein the protein lacks fucosylation, xylosylation, or both, and
comprises increased galatosylation. Furthermore, modulation of post-translational
modifications, for example, the addition of terminal galactose may result in a reduction of
fucosylation and xylosylation of the expressed chimeric HA when compared to a wild-type

plant expressing chimeric HA.

20 [00157] For example, which is not o be considered limiting, the synthesis of chimeric
HA having a modified glycosylation pattern may be achieved by co-expressing the protein of
interest atong with a nucleotide sequence encoding beta-t.4galactosyltransterase (GalT), for
g¢xample, but not limited o mammatian GalT. or human GalT however GalT from another
sources may also be used. The catalytic domain of Gal'T may also be fused to a C1'S domain

25 (i.e. the cytoplasmic tail, transmembrane domain, stem region) of N-acetylglucosaminyl
transferase (GNT1), to produce a GNT1-GalT hybrid enzyme, and the hybrid enzyme may be

co-expressed with HA. The HA may also be co-expressed along with a nucleotide sequence

- 35 .



<220> <223> Synthesized RB H13-E2 H5I.c <400> 16 agotttggat caggaatt at
gaaaagtgaa ttggaatatg gtaactgcaa c51 <210> 17 <211> 48 <212> DNA <213>
Artificial Q§eguemagi<220> <223> Synt hesi zed El H1B- E( pi PGREGA2CHBIOINBS <400> 17
gactattcct tttaataggc agagcttccc gttgtgtgtc ttttccagd8 <210> 18 <211> 48
<212> DNA <213> Artificial Sequence <220> <223> Synthesized Fri H5N-E1 H1B.c
<400> 18 aacgggaagc tctgcctatt aaaaggaata gccccactac aattgggt48 <210> 19
<211> 48 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed
F(prime)2 H51-E2 H1B.r <400> 19 ggagtttgac acttggtgtt gcatttatcc attggtgcat

ttgagttg48 < > %%§> r LGhal <220> <223>
Synt hesi zed é%gﬁiéﬂﬁ%&%%%u%%mgéﬁ%mﬁgﬁﬁgﬁ gﬁ&%t%%% ab?gggﬁgggﬁa caacaccaag
t gt caaact ¢ caanggygddn T<Ri@hu@in GPCTCAZOLT 00088 30wt Inay 480 k@21R3: DNA <213>
Artificial ne 2 t |zed El <400

tott cat agt cg‘ﬁ?g‘%”é’g&a?%%c éggt@ﬁa@@f‘d cear ™ ”“P%Hg‘gﬁé’%%qd ng% &gg'ﬁlb 48

<212> DNA =3¢ 3o rdsed.i ci al Sequence <220>

] [00158] Therefore the present invention alsa includes VLP's comprising chimeric HA

having modified N-glycans.

(00159] Without wishing to be bound by theory, the presence of plant N-glycans on a
chimeric HA may stimutate the immune response by promoting the binding of HA by antigen
presenting celis. Stimulation of the immune response using plant N glycan has been proposed
16 by Saint-Jore-Dupas et al. {Trends Biotechnol 25: 317-23, 2007). Furthermore, the
conformation of the VLP may be advantageous for the presentation of the antigen, and

enhance the adjuvant effect of VLP when complexed with a plant derived lipid layer.

jo0160] By “‘regulatory region”, “regulatory clement”™ or “promoter”™ it is meant a
portion of nucleic acid typically, but not always, upstream of the protein coding region of a

15 genc, which may be comprised of either DNA or RNA. or both DNA and RNA, When a
regulatory region is active, and in operative association, or operatively linked, with a gene of
interest, this may result in expression of the gene of interest. A regulatory element may be
capable of mediaring organ specificity, or controlling developmental or temporal gene
activation. A “regulatory region™ includes promoter elements, core promoter elements

a0 exhibiting a basal promoter activity, elernents that are inducible in response to an external
stitnulus, elermnents that mediate promoter activity such as negative regulatory elements or
transcriptional enhancers. “Regulatory region”, as used herein, also includes elements that are
active following transcription, far example, regulatory elements that modulate gene
expression such as translational and transcriptional eshancers, translational and transcriptionat

25 repressors, upstream activating sequences, and mRNA instability determinants. Several of

these latter elements may be located proximal to the coding region.
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<223> Synt hesi zed El HINC-71 H51.c <400> 22 ct gadaat gq aacatgttac
ccagggagtt tcaacgacta tgaagaac48 <210> 23 <211> 51 <212> DNA <213> Artifici al
Sequence <2X0>24@RBS1Synt hesi zed E2 HING- R3 H51.r <400>FPOBCATNVHEAYSt g
atgattgctg agtccccttt cttgacaatt ttutatgcat a5l <210> 24 <211> 48 <212> DNA
<213> Artificial Sequence <220> <223> Synt hesized RB 551-E2 HINC. c <400> 24
gt caagaaag gggact cagc aatcatcacc tcaaatgcac caatggat48 <210> 25 <211> 43
<212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed HA-Sacflr <400>
25 ttaacttaga gctcttagat gcatattcta cactgcaaag acc43 <210> 26 <211> 45 <212>

DNA <213> Arfohfdi¢i al FRAUERERL F2R0T st theYh NRS1LIZEH fRhr [l BeSulatory
PCT/ CA2010/ 000983 <400> 26 tgtcgggccc at gaaagtaa aactactggt cctgttatgc

acat t 45 <210s8io7’ pigally refers &pa eguappgre N A suglly uf agtalvage godisen (Xppase <223>

Synt hesi zed |- I of4 . : ALALL: aagaccec
att gga46 <21%@58"%%@%%‘2@§%®%§°§‘f’%@% e O%%%E%’anc*e Liggh? <223>

Synt hesi zed BpPbig HtBrosmd@0br BBAtpbmsagaing/or bibgogers sequiadt fat igauripagyct accat
Lint noe: sod SaET il HghEr B R bt o Ry SRR G nmgmccc
att ggaad7 <2bOmed@ithRibironsdor X2MReschiNAc<RdBatscArhinbite iathe sgojudmod <220> <223>
Synt hesi zed é%?élss:iosrpﬁ[glcb&ng%%%ﬁ o?:%ierest. An example of a regulatory element that provides

for 1the recognition for RNA polymcrase or other ranscriptional factors to ensure initiation at a

particular site is a promoter element. Most, hut not all, eukaryotic promoter elements contain

10 aTATA box, aconserved nucleic acid sequence comprised of adenosine and thymidine

nucleotide base pairs usually situated approximately 25 base pairs upstream of a

transcriptional start site. A promoter element comprises a basal promoter element,

responsible for the inifiation of {ranscription, as well as other regulatory clements (as listed

above) that modify gene expression.

15 [00162] There are several types of regulatory regions, including those that are
developmentally regutated, inducible or constitutive. A regulatory region that is
developmentally regutated, or controis 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

20 developmentaily regulated may preferentially be active within certain organs or tissues at
specific developmental stages, they may also be active i a developmentally regulated manner,
or at a basal level in other organs or tissues within the plant as well. Examples of tissue-
specific regulatory regions, for example see-specific a regulatory region, include the napin
promoter, and the cruciferin promoter (Rask et al., 1998, J. Plant Physiol. 152: 595-399;

25 Bilodeau et al., 1994, Plant Cell 14: [25-130). An example of a ieaf-specific promater
includes the plastocyanin promoter (see, for example SEQ D NQ: 58); US 7,123,978, which

15 incorporated herein by reference).

[O0163] An inducible regulatory region is one that is capable of directly or indirectly

activating transcription of one or more DNA sequences or genes i responsc to an inducer. [n
T



tt gt oggci cc catggcgaaa aacgttgcga ttttcggett attgt45 <210> 31 <211> 39 <212>
DNA <213> Artificial Sequence <220> <222> Synt hesi zed Apal-H5 (A-1ndo). 1c
<400> 31 tgt¥YaYyeetsHt ggagaaaa tagtgottct tcttacaat39 <FEHSAZRVRPISES 37

pCT/ CA2010/ 000983 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed
75 (A-1ndc)-Stul.17072 <400> 32 aaat aggcct ttaaatgcaa attctgcatt gtaacga37
<210> 33 <211> 4E, <212> DNA <213> Artificial Sequence <220> <223>

Synt hesi zed 113B-SpPDI.r <400> 33 tgtcatttcc gggaagtttt tgagcgaaga tctgagaagg
aaccad4b <210> 34 <211> 45 <212> DNA <213> Artificial Sequence <220> <223>

Synt hesi zed &pBREentIBaCned@Dne BA A @feAgale berbC gt abapmacibtd coggallyat gacaaca
gcacg45 <210> 35 <211> 44 <212> DNA <213> Artificial Sequence <220> <223>
Synt hesi zed BRI RE9" that Lingpspregiicallydatraggcd't TR YD JesCra AHHRCARCERILEL gt t gC
ctttdd <210>m3Puspddm ift an MRARR AR Bt dickdtiy G HdirSe UeneRedid A2 23>

Synt hesi zed TnD 1-13I1-H3B.r <400> 36 atttggtaa ttcctat%ga_cttcagctca
acgccct t ga t &rydushedndigy. dtpweverqibe prateindaopar npyvalse b asenty Thy jpdycgy cagdggence

<220> <223> SyilihesdcARdc/A3plihn ol litc PETH AL 00008& 403187 tgagct gaag
t caataggaa cttaccaaat actgtcaatt tattcaac48 <210> 38 <211> 50 <212> DNA <213>

Artificial seuomNeeoRerPgsolegon sty mives bieelyBheFRD sall, asoosclggents or
mdirectly through the action of a pathogen or disease agent such as a virus. A plant cell
containing an inducible regulatory regron may be exposed to an inducer by externally applying
the inducer to the cell or plant such as by spraying, watering, heating or similar mcthods.

1o [nducible regulatory eiemenis 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 promolers include, but not limited to, tetracyeline-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,

15 Plant ). 2, 397-404; which is incorporated by reference) and cthanol-inducible promoter
(Salter, M.G., et al, 1998, Plant Joumal 16, 127-132; Caddick, M. X_, et 21,1998, Nature
Biotech. 16, 177-180. which are incorporated by reference) cytokinin inducible 1B6 and CKlil
genes (Brandstatter, 1. and Kieber, 1.1.,1998, Plant Cell 10, 1009-1019; Kakimoto, T., 1996,
Science 274, 982-985; which are incorporated by reference) and the auxin inducible elentent,

0 DRSS (Ulmasov, T., et al., 1997, Plant Cell Y. [963-1971; which 18 tncorporated by reference).

[00164] A constitutive regulatory region directs the expression of a gene throughout the
various parts of a plant and continuousty throughout plant development. Examples of known
constitutive regulatory elements include promoters associated with the CaMV 358 transcrip!.
(Odell et al., 1985, Nature, 313: 810-812), the rice actin 1 {Zhang et al, 1991, Plant Cell, 3:

25 [155-1163), actin 2 {Aa et wd.. 1996, Plant J., 107 107-121), or tms 2 (U.S. 5,428,147, which
iz incorporated herein by reference), and triosephosphate isomierase | (Xu et. al., 1994, Plant
Physiol. 106: 459-467) genes, the maize ubiquitin | gene (Comejo et al, 1993, Plant Mol.
Biol. 29: 637-6406), the 4rabidopsis ubiquitin 1 and 6 genes (Holtorf et al, 1995, Plant Mol.

Biol. 29: 637-646), and the tobacco transiational initiation factor 4A gene (Mandel et al, 1993

S 4% -



gttattccag tgcagattca atcagcgaag atctgagaag gaaccaacac50 <210> 39 <211> 50
<212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed SpPDI - HBE. ¢ <400>
39 cagat ctt cyOetigatsefaat ct gcact aga at aacatctt caaact cad€HFALPIEWIB0 <211> 46
<212> DNA <213> Artificial Sequence <220> <223> Synt hesized Stul-HBF.r <400>
40 aaaat aggcc tttatagaca gatggagcat gaaacgttgt ctctgg46 <210> 41 <211> 45
<212> DNA <213> Artificial sequence <220> <223> Synt hesized TnD 351-B Flc.r
<400> 41 tgacagtatt tggtagttat ccaatccatc atcatttaaa gatgcd45 <210> 42 <211>
50 <212> DNA <213> Artificiar. Sequence <220> <223> Synt hesized 13 710-7nmD

H51 . ¢ <400> #@nQgat BRgatavaquagcaratmachglicaad tas Lat heaacihe dopgeeagtly c50 <210>
43 <211> 20 <212> DNA PCT/ CA2010/ 000983 <213> Artificial Sequence <220>

<223> Synt hedil¥ralg "BEpLAg REger Peatieheidhs Wastittye reyinsy Goigh R aT oA EFpNe 44

<211> 31 <2123 seflids At inbiitkd @he RRYUHEREEin 52305 R 28 Zel Y BRSI tRREn
Esp4OLuz- Sacl . 1272r <400> 44 aqctgaqctc ctactgttgﬁ gcgcattqca c31 <210> 45

<211> 36 <21P¥iappgnabasiancars ticn epwivebdraue e saploncdogsntayat trespniet

FdeCLUZ-P'a&&ﬁo&eﬁé%ﬁﬁm%ﬁnﬁh%&gﬁﬁﬁg§m9E&E&ﬂﬁ%@&u&&%&ﬂ&&@ﬁ@fﬂ@Bﬂﬂ%ﬁ@:<210> 46
<211> 21 <212> DNA <213> Artificial Sequence <220> <22 Synt hesi zed

Hsp70Ara. | c &4I0Ose wlaeltfb@qggomrwag}gay@éggor&zammz,ﬁMWVdﬂwte@as daved DNA
<213> Artlflﬁhﬁ|{§§ﬂ%%ﬂ&%rq%%gotﬁé%% @&Q§§%ﬁ§§§§h§%§9&§?’§%§ 1956r <40: 1>

47 agctgagctc ttagtcgacc to ga ct > DNA <213>
Artificial Segaewdearaad@@m of the associaied wdmg sequence.

[00165] By “native” it is meant that the nucleic acid or amino acid sequence s naturaily

10 nccwiTing, or “wild type"”.

[00166] By "operatively linked” it ts meant that the particular sequences, for example a
regulatory element and a coding region of interest, interact either dicectly or indirectly to cacry
out an intended function, such as mediation or modulation of gene expression. The
wnteraction of operatively linked sequences may, for example, be mediated by proteins that

1S interact with the operatively linked sequences.

[O0167] The one or more than one nucleolide sequence of the present invention may be
expressed in any suitable plant host that is transformed by the nucleotide sequence, or
constructs, or vectors of the presenf invention. Exampies of suitahle hosts include, but are not
limited to, agricultural crops including atfaifa, canola, Brassica spp., maize, Nicotiana spp.,

20 aifalfa, potato, ginseng, pea, oal, rice, soybean, wheat, barley, sunflower, colton and the like

(00168] The one or more chimeric genetic constructs of the present invention can
further compnise a 3" untranslated region. A 37 untranslated region refers to that portion of a
gene comprising a DNA segment that contains a2 polyadenylation signal and any other
regulatory signals capable of effecting mRNA processing or gene expression. The

13 poiyadenylation signal is usually characterized by cffecting the addition of polyadenyiic acid

tracks to the 3” end of the mRNA precursor. Polyadenylation signals are commonly



<223> Synt hesi zed Hsp70Ara-Plasto.r <400> 48 tccttctcct ttacccgaca
ttttctctca agatgat37 <219> 49 <211> 34 <212> DNA <213> Artificial Sequence
<220> <223> Y&y atifeETded supPl19-pl asto.r <400> 49 cctt gt ZEAGAEt@HPEcat
tttctchcaa gatg34 <210> 50 <211> 20 <212> DNA <213> Artificial Sequence <220>
<223> Synt hesi zed sup219-1c <400> 50 atggaacgag ctatacaagg20 <210> 51 <211>
32 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed SupPl19-Sacl.r
<400> 51 agtcgagctc ttactcgctt tctttttcga ag32 <210> 52 <211> 1719 <212> DNA
<213> Artificial Sequence <220> <223> Synt hesi zed B-Pl| ast o- Nati ve SP-H5

Ar Endonesf a/ pk&hi<d 0Pme p2s@agsitioaiofdy agaaanbagh f@mtst alioids geaabagt ca

gtcttgttaa
tt gacacaat
cacacaacgg
gt gt agct gg
ggt ct t acat
acgact at ga
t cat ccccaa
cat acct ggg
cat acccaac
ggggaatt ca
cctatatttc
gat ccaaagt
at gat gcaat
tt gt caagaa
ccaagt gt ca
ctct caccét
ggct cagaaa
t agcaggttt
at agcaat ga
at ggagt cac
tt ggaaggga
acgggtttct
gaact ct a
tt agggat aa
at gaat gt at
caagat t aaa

20

a Ctretaﬁi%gh%g %‘ﬁﬁlganté{”ggtg%géotd%gg

aagt gat cag60 atttgcattg gttaccatgc aaacaattca acagagcagg

c&F@é@&é&dT?@“ﬁ&E@?tactg ttacacat gc ccaagacata ctggaaaaga
gaagctct gc1l80 gatctagatg gagtgaagcc tctaatttta agagattgta
afgysdicct c 243-lgugasaaasias JIghigbRac gaicat ire deGadinsaitag aggaat

agt ggagaag390 gccaatccaa ccaatgacgt ctgitaccca gggagttitc
agaggﬁﬁa ém?ﬂeega&ﬁa@e@@a@aggaiaf@%a@%%¥@gdugaaaL%@aé )
apiaiHia bhae 426 &UCORbARE Oyr@agC QI hncafaR bl Gh 6 A GRbetnC
aagt occt ec430 ttttttagaa_at%%gg}atg %cttatcaaa aagaacagt a
asPasayaRasAees. By epacyapY AL RIRET b T HGRRIUE ta PRy gicaetet
C &k g6 1sed); G0 BahIRAALAds RIGBGRCARGT %% AR 8RR LELARGEA in
cattgggaca660 tcaacactaa accagagatt accaaaa atagctacta

aBaLlgdoRB R RIHT gIyeayg SesERsa gt %Fﬂzggﬁﬂﬁﬁﬁbf%m%¥%ﬁﬁﬁﬁwﬁél
cggg%%&ggg?SO agt aatggaa atttcattgc tccagaatat gcatacaaaa
aggggact ca840 gcaattat ga aaagtgaatt ggaat atggt aactgcaaca
aact ccaat g900 ggcgcgat aa actctagtat gccattccac aacat acacc
ciffdddat gc B0 ctReaAtbsCHMCEaFAr taastRag &f thagreent i gkiaasay

tQ@&EﬁﬁgéﬁkﬁanQQQQQQ@QQﬂmﬂﬁﬁ&@&dﬁﬁéﬁ?ﬁ&ﬁﬂﬁﬁﬁ&éaEHﬁG&@gCta
t at agagggalO80 ggat ggcagg gaat ggt aga gg;tggtat gg taccacc
gl dghatde Mgy bt ety ot Adadraaisanaieiea bansaabe gg@aﬁ ag

caal AdggLeq %Q&v%?:ﬁ&ﬁts%ﬂ ed h9RCARAM mPARGARLG A d HAYRIACESE.

atttaataacl?60 ttagaaagga gaatagagaa t'ttaaacaag aagatggaag
agditqghicegyi320r the bkatRatgtiaogaabnt i€ pregegt rey bainghgmaathitigaga

ctela; t t gc
GelsangR A A g

gramadftedtsailb®@®. agaaacggaa cgtacaacta tccgcagtat tcagaagaag
aagagaggaal5e0

{00171] To aid in identification of transformed plant ceils, the constructs of this
invention may be further manipulated to include plant selectable markers. Useful selectable
markers include enzymes that provide for resistance to chemicals such as an antibiotic for
example, gentamycin, hygromycin, kanamycin, or herbicides such as phosphinothrycin,
glyphosate, chlorosul furon, and the tike. Sunilarly, cnzymes providing for production of a
compound identifiable by colour change such as GUS (beta-glucuronidase}, or luminescence,

such as luciferase or GFP, may be used.

[00172)

containing the chimenc gene construct of the present invention. Methods of regenerating

Also considered part of this invention are transgenic plants, plant cells or seeds

whole plants from plant cells are also known in the art. [n general, wransformed plant cells are

culfured in an appropriate medium. which may contain selective agents such as antibiotics,

.43 .



at aagt gggg taaaattgga atcaatagga acttaccaaa tactgtcaat ttattcaacal620
gtggcgagtt coctagcact ggcaatcatg atggctggtc tatctttatg gatgtgctccl6EO

aat ggat cgt t¥eawtdeay aatttgcatt taagagctcl719 <210> 53 PETXK301809983<212> DNA
<213> Artificial Sequence <220> <223> Synt hesi zed 660 expressi on cassette
fromH ndl TI to Eco-Rl <400> 53 aagettgcta gcggcctcaa tggccctgca ggtcgactct
agaggt accc cgggctggta60 tatttatatg ttgtcaaata actcaaaaac cataaaagtt
taagttagca agtgtgtacal20 tttttacttg aacaaaaata ttcacctact actgttataa
atcattatta aacattagagl80 taaagaaata tggatgataa gaacaagagt agtgatattt

Lgacaacaal Ll oLlgrARadR ML LGAIARAR LLAKLECAL ELERL h6RLEAObG

aaaacaat ag agagagaaaa300 aggaagaggg agaat aaaaa cataa
gaaagttgta cahaagmsg$@ﬁ®nmﬁmﬁhﬁmﬁﬁmﬂmﬂaﬁﬂ$8cmmoama&bagxmﬁgmqmaaat atcattgagg

aatttgacaa aagct acaca aataa tt 420 _aattgct gt a aat aaat aa at gacgcat
tagagggat g ?'1 QUCAT'Age° ﬁﬁﬁct“g&‘tqﬂﬁwﬁgﬁmegsaa&?@’ﬁg‘b‘émsg‘ézﬁg}g%@ﬁgmg?%g‘ﬁﬁﬁﬂtt
tttaaaatta aaagkh@ﬁghcmpmmﬁgmkﬁﬂmﬁﬂﬂgaa@ﬁkg@@ﬁbe&ﬂ&ﬁtﬁ@ﬁﬁacg&k@ﬁﬁﬁaaa

gagttggatt tt gt at tagtaattgg 600 aatttggtgt caaatttaat ttgacatttg
atcttttcet a’c ’fﬂéb BT ABHIE ™V BEPAGHrl es. Transgenic plants can also be

generated without using tissue cultures.

[00173) Also considered part of this invention are transgenic plants, trecs, yeast,
bacteria, fung, insect and animat cells containing the chimeric gene construct comprising a
nucleic acid encoding recombinant, chimeric HA or HAQ for VLP production, in accordance

) with the present invention.

[001741 The regulatory elements of the present invention may aiso be combined with
coding region of interest for expression within a range of host organisms that are amenable to
transformation, or transient expression. Such orgarisims inciude, but are not limited to plants.
hoth monocots and dicots, for example but not limited to comn, cereal plants, wheat, barley,

15 oatl, Nicotiana spp, Brassica spp, soybean, bean, pea, alfalfa, potato, tomato. ginseng, and

Arabidopsis.

[OD175] Methods for stable transformation, and regeneration of these vrganisms are
established in the art and known to one of skill in the art. The method of obtaining

transformed and regenerated plants is not critical to the present invention.

2w JO0176) By “transformation™ it is meant the interspecific transfer of genelic information
{nucleotide sequence) that is manifested genotypically, phenotypically or both. The
interspecific transfer of genelic information from a chimernc construet to a host may be
hentable and the transter of genetic information considered stable, or the transfer may be

transient and the transfer of genctic information is not inheritable.

25 [00177] By the term "plant matter”, it is meant any material denved from a plant. Plant
maiter may comprise an entire plant. tissue, cells, or any fraction thereof. Further, plant roatter
may comprise intracetlular plant components, extracellular plant components, liquid or solid

- -



tttttatatt
aaaacggt at
aggat aacat
acgcat ct gt
acaaaaacca
cactttgatt
t gagagaaaa
cagatttgca

=]

t cat agat ca
atttactaaa
caatiedHat
ggcacatct a
at ccacat ct

aat aagagaa
aaat ct aagc
caat cacaac
cattatctaa
ttatcaccua

at aacggtat attaatccct 720 ccaaaaaaaa
cacgt aggag gataacagga 780 tccccgtagg
aat cct gat g agat aaccca S4V/(Aet/adgEcc
at cacacatt cttccacaca 900 tctgagccac
ttctataaaa aatcacactt 960 tgtgagtcta

cccttcaaac acatacaaag agaagagact aattaattaa 1020 ttaatcatct

t ggagaaaat agtgcttctt cttgcaatag tcagtcttgt 10EO taaaagtgat
ttggttacca tgcaaacaat tcaacagagc

extracis of plants, or a combination thereof. Further, plant matter may comprise plants, plant
cells, tissue, a liquid extract, or a combination thereof, from plant leaves, stems, fruit, roots or
a combination thereof. Plant matter may compnse a plant or portian thereof which has not
been subjected to any processing steps. A portion of a plant may comprise plant matter.
However. if is also contemplated that the plant material may be subjected to minimal
processing steps as defined below, or more rigorous processing, including partial or
substantial protein purification using technigues commonly known within the art including,

but not limited to chromatography, electrophoresis and the like,

[00178] By the term “minioeal processing” it is meant plant matter, for example, a planf
or portion thereot comprising a protein of interest which is partially purified to yield a plaat
extract, homoegenate, fraction of plant homogenate or the like (i.e. minimally processed).
Partial purification may comprise. but is not lunited to disrupting plant cellular structures
thereby creating a composition comprising sofuble plant components, and tnsoluble plant
components which may be separated for example, but not limited to, by centrifugation,
filtration or a combination thereof. In this regard, proteins secreted within the extraceltular
space of leaf or other tissues could be readily obtained using vacuum or centrifugal extraction,
or tissues could be extracted under pressure by passage through rollers or gnnding or the bke
lo squeeze or liberate the protein free from within the extraccllular space. Minimal processing
could also invelve preparation of crude extracts of soluble proicing, since these preparations
would have negligible contamination from secondary plant products. Further, minimal
processing may involve aqueous extraction of soluble protein from leaves, followed by
precipitation with any suitable salt. Other methods may include targe scale maceration and

juice extraction in order to permit the dircet use of the extract,

[00179] The plant matter, in the form of plant material or tissue may be orally delivered
to a subject. The plant matter may be administered as part of a dietary supplement, along with
other foods, or encapsulated. The plant matter or tissue may also be concentrated to improve

ar increase patatability, or provided along with other matenials, ingredients, or pharmaceutical

excipicnls, as required.
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aggt t gacac
agacacacaa
gt agt gt agc
aatggtctta
t caacgact a
aaat cat ccc
gt ccat acct
gt acat accc

10

20

(D3
A

1140 aat cat ggaa
1200 cgggaagctc
19030 Pgéfatigget ¢
1320 cat agtggag
1380 tgaagaactg
1440 caaaagttct
1500 gggaagtccc

aagaacgtta
t gugat ct ag
ct cgggaacc
aaggccaat c
aaacacct at
t ggt ccgat c
tcctttttta

ctgttacaca
at ggagt gaa
caat gt gt ga
caaccaat ga
t gagcagaat
at gaagcct c
gaaat gt ggt

t gcccaagac
gcctctaatt

at act ggaaa
tt aagagat t

cgaat t FaTrg Aaangewasicgg

cctctgttac
aaaccatttt
at caggagt t
atggcttatc

ccagggagt t
gagaaaattc
agct cagcat
aaaaagaaca

1500 aacaat aaag
[00180]

aaaagct aca
Examples of a subject or target organism that the VLPs of the present invention

may be admimstered to include, buf are not limited to, humans, primates, birds, water fow!,
mugratory birds, quail, duck. geese, poultry, chicken, swine, sheep, equine, horse, camel,
camine, dogs, feline, cats, tiger, leopard, civet, mink, stone marten, fercets, house pets,
tivestock, rabbits, mice, rats, guinea pigs or other rodents, seal, whale and the like. Such
target organisms are exemplary, and are nof to be considered limiting to the applications and

uses of the present invention.

(001813 [t is conternplated that a plant comprising the chzmeric HA according to some
embodiments of the invention, or expressing the VLP comprising the chimeric HA accarding
to some embodiments of the invention, may be administered to a subject or target organism, in
a vartely of ways depending upon the need and the situation. For example, the chimeric HA
obtained from the plant may be extracted prior to its use in either a crude, parlially purified, or
purified form. ' the chimeric HA is to be at least partially purified, then it may be produced in
either cdible or non-edible plants. Furthermore, if the chimernic HA s orally administered, the
plant tissue may be harvested and directly feed to the subject, or the harvested tissue may be
dried pnor to feeding, or an animal may be permitted to graze on the plant with no prior
harvest taking place. 1t is also considered within the scope of this invention for the harvested
plant tissues to be provided as a food supplement within animal feed. If the plant tissue is
heing feed to ap ammal with little or not further processing it is preferred that the plant tissus

being administered is edible.

[(60182] Post-transcriptional gene sileneing (PTGS) may be involved in limiting
expression of transgenes in plants, and co-expression of a suppressor of silencing from the
potato virus Y (HcPro) may be used (o counteract the specific degradation of transgene
mRNAs (Brigneti et al., 199%). Alternate suppressors of silencing are well known in the art
and may be used as described herefu (Chiba et al.. 2006, Virotogy 346:7-14; which is
incorporated herein by reference), for example but not liraited to, TEV-pl/HC-Pro (Tobacco
elch virus-pl/HC-Pro), BYV -p21, pl19 of Tomato bushy stunt virus (TBSV p19), capsid
protein of Tomate crinkle virus (TCV -CP), 2b of Cucwnber mosaic virus, CMV-2b), p25 of

Potatlo virus X (PVX-pZ3), pll of Potato virus M (PVM-pl (), pl1 of Potato virus S (PVS-
_46 -



at aat accaa
cagagcagac
t aaaccagag
ggat ggagt t
gaaatttcat
t gaaaagt ga
t aaact ct ag
at gt gaaat c

ccaagaggat
aaggct at at
NP gyPatied
cttctggaca
t gct ucagaa
at t ggaat at
tatgccattc
aaacagatta

cttttggtac
caaaacccaa
aaaat agut a
attttaaaac
t at gcat aca
ggt aact gca
cacaacat ac
gtccttgcaa

t gt ggggaat
ccacct at at

ct agat ccaa
ct aat gat gc
aaatt gtcaa
acaccaagtg
accct ot cac
cagggct cag

1620
16EO
1740
1800
1860
1920
1980

t caccat cct aat gat gcgg
ttccattggg acat caacac
agtaaa@%@%Aéﬁggyﬁﬁgaa
aat caactt ¢ gagagt aatg
gaaaggggac tcagcaatta
t caaaut cua at gggggcga
cat cggggaa t gccccaaat

pll), plo of Blueberry scorch virus, {BScV —pl6), p23 of Citrus trisieza virus {CTV-p23),

p24 of Grapevine leafroll-associated virus-2, (GLRaV-2 p24), p10 of Grapevine virus A.

(GVA-p10), pl4 of Grapevine visus B (GVB-pl4), p10 of Heracleum latent virus (HLV-p10).

or pl6 of Garlic common latent virus (GCLV-pt6). Therefore, a suppressor of siiencing, for
example, but not limited to, HePro, TEV -p1/HC-Pro, BY V-p21, TBSV pl9, TCV-CP. CMV-
2b, PVX-p25, PVM-pll, PVS-pl 1, BScV-pl6, CTV-p23, GLRaV-2 p24, GBV-pl4, HLV-

pl0, GCLV-pl6 or GVA-pl0, may be co-expressed along with the nucleic acid sequence

encoding the protein of interest to further ensure high levels of protein production within a

plant.

[00183]

Furthermore, VLPs produced as described herein do not comprise

neuraminidase (NA). However, NA may be co-expressed with HA should VLPs comprising
HA and NA be desired.

[00184]

Therefore, the present invention further includes a suitable vector comprising

the chimeric HA sequence suilable for use with either stable or transient expression systems.

The genetic information may be also provided within one or more than one construct. For

example, a nucleotide sequence encoding a protein of interest may be intraduced in one

construct, and a second nucleotide sequence encoding a protein that modifies glycosylation of

the protein of interest may be introduced using a separate construct. These nucleotide

sequences may then be co-expressed within a plant. However, a construct comprising a

nucleotide sequence encoding both the protein of interest and the protein that modifies

glycosylation profile of the protein of intercst may aise be used. In this case the nucleotide

sequence would comprise a first sequence comprising a first nucleic acid sequence encoding

the protein of interest operatively linked to a promoter or regulatory region, and a second

sequence comprising a second nucleic acid sequence encoding the protein that modifies the

glycosylation profile of the prolcin of imterest, the second sequence operatively linked to a

promoter or regulalory region.

[00185]

By “co-expressed” it i1s meant that two, or more than {two, nuclcotide sequences

are expressed at about the same time within the plant, and within the same tissue of the plant,
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2040 aaat agccct caaagagaga gcagaagaaa aaagagagga ctatttggag ctatagcagg 2100
ttttatagag ggaggat ggc agggaatggt agatggttgg tatgggtacc accataguaa 2160
PCT/ CA2010/ 09098%/1#5§Hgcagggg agt gggt acg ct gcagacaa agaatféc4del1a¥&Eggcaa
t agat ggagt 2220 caccaat aag gtcaactcaa tcattgacaa aatgaacact caqtttgagg
ccgttggaag 2280 ggaatttaat aacttagaaa ggagaat aga gaatttaaac aagaagat qg
aagacggqtt 2340 tctagatgtc tggacttata atgccgaact tctggttctc atggaaaatg
agagaactct 2400 agactttcat gactcaaatg ttaagaacct ctacgacaag
However, the nucleotide sequences need not be expressed at exactly the same time. Rather,
the two or more nucleotide sequences are expressed in a manner such that the encoded
products have a chance to interact. For example, the protein that modifies glycosylation of the
protein of interest may be expressed either before or during the period when the protein of
5 intercst is expressed so that modification of the glycosylation of the protein of interest takes
place. The two or more than two nucleotide sequences can be co-expressed using a transient
expression system, whese the two or more sequences are introduced within the plant at aboat
the same time under conditions that both sequences are expressed. Aliematively, a platform
plant comprising one of the nucleotide sequences, for example the sequence encoding the
1 protein that modifies the glycosylation profile of the protein of interest, may be transformed,
either transiently or in a stable manner, with an additional sequence encoding the protein of
interest. In this case, the sequence encoding the protein that modifies the glycosylation profile
of the protein of interest may be expressed within a desived tissue, during a desired stage of
development, or its expression may be induced using an inducible promoter, and the
15 additional sequence encoding the protein of interest may be expressed under similar

conditions and 1n the same tissue, to ensure that the nucleotide sequences are co-expressed.

(00186] The counstructs of the present invention can be introduced into plant cells using
Ti plasmids, Ri plasmids, plant vitus vectors, direct DNA transformation, micro-injection,
electroporation, infiltration, and the like. For reviews of such techniques see for example

20 Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, New York
VI, pp. 421-463 (1988); Geierson and Corey. Plant Moleculur Biology, 2d Ed. (1988); and
Miki and Tyer, Fundamentals of Gene Transter in Plants. In Plant Meiabolism, 2d Ed. DT.
Dennis, DH Turpin, DD Lefebrve, DB Layzell (eds), Addison-Wesley, Langmans Ltd.
London, pp. 561-579 (1997). Other methods include direct DNA uptake, the use of

25 liposomes, ciectroporation, for example using protoplasts, micro-injection, microprajectiles ot
whiskers, and vacuum wfiltration. See, for example. Bilang, et al. (Gene 100: 247-250
(1991}, Scheid et al. (Mol. Gen. Genet. 228: 104-112, 1991), Guerche et at. {Plant Science 52:
111-116, 1987), Neuhause et al. (Theor. Appl Genet. 75: 30-36, 1987), Klein et al.. Nature
327 70-73 (1987); Howell et al. (Science 208: 1265, 1980), Horsch et al. (Science 227 1229-
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gt ccgact ac
cacaaatgtg
t att cagaag
ggaact t acc
at gat ggctg
attt aagagc
gttaattttg
at gagat gaa

agct t aggga
at aat gaat g
ALY eHAYHEL!
aaat actgtc
gtctatcttt
tctaagttaa
ttcttgtaga
ct ggt gt aat

2460
2520
2580
2640
2700
2760
2820
2880

t aat gcaaag gagctgggta acggttgttt cgagttctat
t at ggaaagt at aagaaacg gaacgtacaa ctat ccgcag
aaaaagagag gaaat aagt o gggt aa&&fiCAgyaat'eHat a
aatttattca acagtggcga gttccctagc actggcaatc
atggat gt gc tccaatggat cgttacaatg cagaatttgc
aatgcttctt cgtctcctat ttataatatq gtttgttatt
agagcttaat taatcgttgt tgttatgaaa tactatttgt
gtaattcatt tacataagtg gagtcagaat

1231, 1985), DeBlock et al., Plant Physiology 91: 694-701, 1989), , Liu and Lomonossott {J,
Virol Meth, [05:343-348, 2002,), U.S. Pat. Nos. 4,945,050; 5,036,006; 5,100,792;
6.403,865: 5,625,136, (all of which arc hereby incorporated by reference).

[00187] Transient expression metheds may be used fo express the constructs of the
present invention {see Liu and Lomonosseff, 2002, Joumal of Virological Methods, 105:343-
348; which is incorporated herein by reterence). Altematively, a vacuum-based transient
expression method, as descnbed by Kapila et al. 1997 Plant Science 122:101-108
(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-infilfration, however, other transietit
methods may aiso be used as noted above. With either Agro-inoculation or Agro-infiliration,
a mixture of Agrobacteria comprising the desired nucleic acid enter the interceliular spaces of
a lissue, for example the leaves, aenal portion of the plant (including stem, leaves and flower),
other portion of the plant (stem, root, flower), or the whale plant. After crossing the epidermis
the Agrobacterium infect and tansfer t-DNA copies into the cells. The :-DNA is episomalty
transeribed and the mRNA translated. leading to the production of the protein of interest in

infected cells, however, the passage of t-DNA inside the nucleus is transient.

[00188] The VLPs comprising chimeric HA provided by the present invention may be
used in conjunction with an existing influenza vaccine, to supplement the vaccine, render it
more cfficacious, or to reduce the administration dosages necessary. As woutd be known to a
person of skill in the art, the vaccine may be directed against one or more than one influenza
virus. Exampies of suitable vaccines include, but are not imited to, those commercially
available from Sanoli-Pasteur, ID Biomedical, Menal, Sinovac, Chiron, Roche, Medlmmune,

GlaxoSmithKline. Novartis, Sanofi-Aventis, Serono, Shire Pharmaceuticals and the like.

[00180] If desired, the VLPs of the present invention may be admixed with a suitable
adjuvant as would be known to one of skilf n the art. Furthermore, the VLP may be used in a
vaceine composition comprising an effective dose of the VLP for the treatment of a target

organtsm, as defined above. Furthermore, the VLP produced according to the present
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cagaatgttt cctccataac taactagaca 2940 tgaagacctg ccgcgtacaa ttgtcttata
tttgaacaac taaaattgaa catcttttgc 3000 cacaacttta taagtggtta atatagctca
aat at at ggt cMAgePeHal! agatt aat aa 3060 t ggaaat at ¢ agtt at E§F4 At eWPtaac
aatcaactta acgttattaa ctactaattt 3120 tatatcatcc cctttgataa atgatagtac
accaattagg aaggagcatg ctcgaggcct 3180 ggctggccga attc 3194 <210> 54
<211> 1711 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed
Wl d-type H/NO codi ng sequence |acking TrID and Ctail <400> 54 atgaaagcaa
aactactggt cctgttatgt acatttacag ctacatatgc agacacaata

invention may be combined with VLPs obtained using different influenza proteias, for

example, neuraminidase (NA).

[00190] Therefore, the present invention provides a methed for inducing immunity to
infjuenza virus infection in an ammal or target organism compnsing administering an

5 effective dose of a vaccine comprising one or more than one VLP. The vaccine may be
administered orally, intradermatly, intranasally, intramuscularly, intraperitoneally,

intravenousty. or subcutaneocusly.

[00191] Compositions according to various embodiments of the invention may
comprise VLPs of two or more influenza strains or subtypes. “Two or more” refess Lo lwo,

19 three, four, five, six, seven. eight, nine, 10 or more sirains or subtypes. The strains or
subtypes represcuted may be of a single subtype (e.g. all HINI, or all H3NI1), or may be a
combination of subtypes. Exemplary subtype and strains include H5/Inde, H1/Bn, HI/NC,
H3/Bri, B/ Flo.The choice of combination of strains and subtypes may depend on the
geographica) area of the subjects likely to be exposed to influenza, proximity of animal

15 species to a hmnan poputation to be immunized (e.g. species of waterfowl, agricultural
animals such as swine, etc) and the straing they carry, arc exposed to or are likely to be
exposed to, predictions of antigenic drift within subtypes or strains, or combinations of these
tactors. Examples of combinations used in past years are avatlable in the databases
mainiained by the World Health Organization {(WHQO) (see URL:

L) who.int/css/diegase/influenza/vaccine recornmendations1/en).

j00192] The two or more VLPs may be expressed individually, and the purified or
semi-purified VLPs subsequently combined. Alternately, the VLPs may be co-expressed in
the same host, for example a plant, protion of plant, or plant cell. The VLPs may be combined

or produced in a destred ratio, for examplie about equivalent ratios, or may be combined in

[os]
th

such a manner that one subtype or strain comprises the majority of the VLPs in the

composition.



60 tgtatagqct accatgccaa caactcaacc gacactgttqg acacagtact tgagaagaat 120

gt gacagt ga
ct aaaaggaa
aacccagaat
aat cct qaqa
caattgagtt
cccaaccaca
t acagaaat t
t at gt aaaca
at aggaaacc
catt at agca
agaagaat ca

bl

1]

cacactctgt caacctactt gaggacagtc acaatggaaa actatgtcta 180
t'MgetedHet! acaatt gggt aattgcageg ttgccggat g FaiEreHHEN 340
gcgaattact gatttccaag gaatcatggt cctacattgt agaaacacca 303
atggaacatg ttacccaqgg tatttcgccq actatqgagga actgagggaq 360
cagtatcttc atttgagaga ttcgaaatat tccccaaaga aagctcatgg 420
ccgt aaccgg agtatcagca tcatgetcpc ataatgggaa dagcagtttt 480
tact at ggct gacggggaag aatggtttgt acccaaacct gagcaagtcc540

JoapagagaarrRIaagi i€ b cr@ba ploaldednr @ngbtiaisCampewgot mag 6@
aaagggccct ctatcataca aaaaatactt atgtctctgt agtgtcttca660
JAYGATT R St ¥4Yaaat a gccaaaagac ccaaagtaag agat caggaa720
actactactg gactctgctg gaacctgggg at acaataat atttgaggca780

[00194] Also provided is an article of manufacture, comprising packaging material and
a composition comprising a VLP comprising a chimenc HA. The composition includes a
physiologically or pharmaceutically acceptable excipient, and the packaging material may

include a label which indicates the active ingredients of the composition (e.g. the VLP).

[00195)] A kit comprising a composiiion comprising a nucleic acid encoding a chimeric
HA as provided herein, along with instructions for use of the nucleic acid for production of
chimeric HA, or VLPs comprising the chimeric HA is also provided. The kit may be usefut
for production of VLPs comprising the chimeric HA. and the instructions may include, for
example, information on expressing the nucleic acid in a ptant or a plant cell, instructions for

harvesting and obtaining the VLPs from the plant or plant lissue.

[00196] In another embodiment, a kit for the preparation of a medicament, camprising a
VLP compnsing a chimeric HA, along with instructions for its use is provided. The
instructions may comprise a series of steps for the preparation of the medicament, the
medicament being useful for inducing a therapeutic or prophylactic immune responsé in a
subject to whom it is administered. The kit may further comprise instructions addressing dose

concentrations, dose intervals, preferred administration methods or the fike.

(00197] The present invention will be further illustrated in the following examples.
However it is to be understood that these examples are for illustrative purposes only, and

should not be used to limit the scope of the present invention in 2ny manner.

[00198] The sequences described herein are summarized below.
[ SEQ 1D NQ [ Description SEQID NO: | Description o i
[ primer Xmal-pPlas.c 33 nucleic acid seq of synthetic Bglil -
i PDI SP-H1/NC-Sacl/Snd {lacking
o TMD/CT)
2 primer Sacl-ATG-pPlas.r 56 nucleic acid seq of Kpnl - HI/NC
TmD/CT-Sacl/Swl comprising the C-
ter H1 { A/New Caledonia/20/99

251 -



aat ggaaat c
at cat cacct
gct at aaaca
aagt at gt ca
caat ccagag
gt agat gagt
caaaaaagt a
aaaat gaaca
gaaaacttaa
ttgttagttc
ct gt at gaga
tttgaattct
gact at ccaa
tt agaat caa
gttuttttgg
t gt agaat at
Artificial

A/ NewCal edo

accat gccaa
cacact ct at
t agccccact
gcgaat t act
at ggaacat g
cagtatottc
ccgt aaccgg
t gct at ggct
acaaagagaa
aaagggcact
gaagatt cac
actactactg
t aat agcgcc
caaat gcacc
gcagtottcc
ggagt gcaaa
gtttgtttgg

ggtatggtta
cacaaaat gc

ctcaattcac
at aaaaaagt
t act ggaaaa
aagt aaaaag
at cacaagt g
aatattccqa
t gggagt at a
Artificial

TnD+0t all- Sagj7Stutl-.

t aat agcgcc
caaat gcacc
grageientsEr
ggagt gcaaa
gtttgtttga
ggtatggtta
cacaaaat gc
ut caat t cac

at gat at gct
aat ggat gaa
tttccagaat
att aaggat g
aaccattgcc
t cat cat uag
catt aacggg

agct gt gggc

tttgcactga
t gt gat gcga
gt acacccag
gt t acaggau
ggtttcattg
aat gagcaag
att acaaaca
aaagaattca

gt agaggct t
agt gt caaac
t cacaat agg
t aaggaacat
aagggggoatg
gat ct ggct a
aggt gaattc
acaaatt gga

t ggat cagga840
acct caagga9g00
dEAEIAGLI0E9B0
cccatccatt 1020
gact ggaat g1080
t gct gcagat 1140
tgtaattgagl200
aagaaggat g1260

ttt

ttg
aat

At aaaaaagt
[ act ggaaaa
nagt aaaaag

tgatgatgga
t gaaaagact
ccaatt aaag

gggagtcta tcaaattctg acg

aa-tgca
Atattccg fﬁﬁ%ﬂﬁ%%%&g tta

ctagaca
gatttcc
aat gcca

[k ggpcatahaalgeagaal320
.MQa@D@maauMthaagami|320

duagga
tctact

grocctge
cat ct gag

G OtaRIpede TT1C
a ccagaatttc al?

ééf °‘P' "“&a'afasao
q SOMCHRS ‘L\gﬁ] a@ = g%’cct g 620
ggatgt atna&gaaag@oév%ﬁmg T BEAgLE80

11 <210> |551s02%k> 1556 <212>

Sequence | si2ROBtasa2Z8> Synt
ni a/ 20/ 99- Sacl / Stul . <400
caact caa¢c aacactattg60 a
caacctactt gaggacaat cl120
acaat t gggt aattgcagcgl80
gattt ccaag gaat cat ggt 240
ftacccaggg tatttcgccg300
atttgaga a ttcgaaatat360

hesi zed ghdleﬁc-&h{ﬂ_wq of construct 540
> 55 agat|cereges idavaoaata t atat a

cacagt act| Pt

acaat gga “é%g%iﬁaéiﬁmﬁgﬁga
[t gccggatig.gahgtdaadd dagkauagaat
Cct acat t giplangaaiasat®andahutd gaga

act at gaggavact gigggagiceaat t gagt t
I ccccaaa éh@%méﬁwﬁﬁgg“@gﬁﬁa@c ca

at at catacteceecd
A UL \JM

Egcggggaﬁﬁmﬁ ¥E§FT¥5%&§O

gaagtcott gtactatggg540
t at cat aca gaaaat gctt 600
ccagaaata gccaaaagac660 ¢
act ctgctg gaacctgggg720
tggtatggt tttgcactga780
at ggat gaa t gt gat gcga840

gccattgcc ggtttcattgl020
cat cat cag aat gagcaagl080
cattaacggg attacaaacall4O
gct gt gggc aaagagttcal200

t aat-gooaas H%E l.l‘-i nffff t acagaaat t
- nuc Cic f'Dra[
acccaaacc ﬂﬁ

Sgc(;cutr:éﬁg %Q aca
gt gt t cat 5%@9@%@@%@&’6@9 gaacc

%w

atgtctct tiHagh gldef ke (caldinaihagca

caaagt aggicapabcagydasggaagaat ca

t acaat aat“a'éffct gy géhe %@&*P alat C

t agaggct tb&%%gf gé agct
(T

gt gt caadc, ¢ 5@3 3?8%? 1eaasca

0., AL A dC gt Ca

aaggaaca

aag9qgggngmg@ﬁm@@aa&gﬂgﬂﬁ@ﬂﬁ@ggt
gatctgqcb&“@ trmaaaaaagt a
aggt caat|t %(é Daddat gaaca
acaaattg &mca §3§§5Cttaa

gat gat gug;td hKhApacaA1260
gaaaggact ttggatttccl320

caatt aaag aat aatgccal380
t aacaat gaa tgcat ggagald40
agaat caaag ttaaacaggngOO

Bﬁtggdbdhﬂd&ﬂéég&ﬁgdﬁmh%ﬁllg ttc
at gact cclaantrgh gpagaatnGlgbad gaga
aagaaat dqgmaaeg@gmmmtsmgargt tct
gtgtgaadaﬁ y&tMyddtat ccaa
agaaaatt ‘&“F?@gaatcaa

ghaagagel, AORGHLIATR

21 3 F\I\II\ ’)‘I >
LU \JU 3P
ﬁ.

TEST zeu‘k

PRAUETICE |54 AR S 690. rovm
| primer Mut-ATG16Ll.c

| 65 nucle-.c acid seq of construct 696

12 primer LC-C5-1.110c

66 nucleic acid seq of construct 732
comprising the CaMiV 335 promoter,
CPMV-HT 5" UTR, hemagglutinin
coding sequence of HI form

i A/Brisbane/59/07 (H1NY), CPMV-

] HT 3" UTR and NOS terminator
sequences. Coding ssquence of
H1/Bn is underlined.

<212>

ggct
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<400> 56 gqtacctatg actatccaaa atattccgaa gaat caaagt taaacaggga gaaaatt gat 60
ggaut gaaat tggaat caat gdgagtatac cagattctgg cgatctactc aactgtcgccl20

agttccct gg tWeRemwRgt! ct ccct gggg gcaat caget totygat gt g tRCAEEE? §gers0
tctttqcagt gtagaatatg catctaagag ctcaggcct219 <210> 57 <211> 1781

PCT/ CA2010/ 000983 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed
Si gnal peptide of alfalfa protein disulfide isonerase (PD) gene <400> 57
ccaaatcctt aacattcttt caacaccaac aatggcgaaa aacgttgcga ttttcggttt 60
attgttttct cttcttctgt tggttccttc tcagatottc gctgaggaat catcaactga 120

cgct aaggaa gt‘r‘ri‘—ﬂ‘c R oE1d mﬁ—fgwi I Ca C U GACHE Yo hhaagaadca | 180
cgatttcatc @gtcqttgaat tctacgcacc ttgqtgtgga casetsglergaga agct agcccc 240
agagt at gag a&ggct got tricgt Bt iERtgagBecact acgag._ coadawagh tegoflctibtugd®t aa | 300
agtt gat gcc dat gaggagerme B ARBEMB.cct cffcat cq gawnderagategofchiamggdat t
16 primer RB H1B-E2 F15].c 70 nucleic acid seq of Dralil-plasio
promoter - [13/Bn-Sacl comprising
the complete H3 (A/Brisbane/10/07
{H3N2)) coding region {including the
signal peptide and the stop codon}
flanked, i 37 by alfalfa plastocyanin
gene sequences coresponding 1o the
first 84 nuclcotides upsircam of the

L initial ATG
17 primer E1 1B-F'1 BH5L.r 71 nucleic acid seq of construct 736
18 | pnwer I'l HSN-E1 HIB.e {72 nucleic geid seg of construet 737
19 [ primer F'2 H51-E2 HIB.r 73 nucieic acid seq of Dvalll-plasto
] promotes - B/Flo-Sack
20 | primer E2 HIB-F'2 H51¢ 74 | nucleic acia seq of construct 739
21 | primer EL HSI.E1 HINC.c | 75 nucleic acid seq of construct 745
22 | primer E1l HINC-Ft H5L¢ 76 nucleie acid seq of Msil
23 | primer E2 HINC-RB H5Lr 177 nucleic acid seq of construct 830
24 | primer RB HSLE2 HINC.c | 78 nucleic acid seq of construct $60
a5 | primer HA-Sacl.r 79 nucleic acid seq of construct 879
26 primer Apal-HiB.e &) Amino acid sequence comprising an ‘
i RB subdomain of H1/Bri, an H5/Indo |
| signal peplide, and a stem domain |'
; complex (SDC) camprising an ’
] H3/Indo F'1,E1,E2,F2and F |
lI subdomains |
27

poimer Stul-BiB.r Al amino acid sequence compnsing ‘
H1/Br head domain complex (HDC)
' comprsing E1LRB, B2, an H3/Indo
J signal peptide, and H5/Indo stem
damain complex (SDC) comprising
. H$/Indo F'). 12 and F subdomnams |
28 primer SpPDI-HiB.¢ 82 amino acid scquence of comprising |
] an RB subdomain of H5/Indo, a PDI \
sigmal peptide, and HI/NC stem
domain complex comprising F'L. EL.
- E2and F2 i g
29 pamer Sacl-[11B.r 43 amino acid sequence of comprising 2 |
‘ PDI signal peptide, an ectodomain of ‘
| |

H3 A/Brisbane/10/2007 and a
3¢ primer Apal-SpPDl.c hE amino acid sequence comprising an

TWDYCT of H5 Alindonesia’s/2005
] ectodamain of B/Flonida/4/2006 and
|
i

a TMLYCT of H3
Aflndonesia/5/2005 encoded by the
opert reading frame in construct
number 745

aucleic acid seq of Sacl -
plastocyanin YUTR

3? | primer H5 (A-Indo)- 86 | nucleotide seq of PDI SP-H|

primer Apal-H3 (A-Inde).lc | 33




360 cccaaccatt aaqattttta ggaatggtgg aaagaacatt caagaataca aaggtccccg 420
tgaagctgaa ggtattgttg agtatttgaa aaaacaaagt ggccctgcat ccacagaaat 480
taaatctqct ¢ge@gae/gEia ccqcttttqt tggtgacaac aaaqttgtta tPEHCAYYEEWIB40
tttccctaaa ttttctggtg aggagtacga taacttcatt gcattagcag agaagttgcg 600
ttctgactat gactttgctc acactttgaa tgccaaacac cttccaaagg gagactcatc 660
agtgtctgqg cctgtggtta ggttatttaa gccatttgac gagctctttg ttgactcaaa 720
ggatttcaat gtagaagctc tagagaaatt cattgaagaa tccagtaccc caattgtqgac 780
tgtcttcaac aatgagccta qcaatcaccc ttttgttgtc

[ Stul.1707r | [ AsCalifornia/04/09 Alfalfa protein
\ | disulfide isomeruse signal peptide
coding sequence is underlined and
maiure H1 coding sequence is
! highlighted in bold.
33 primer H3B-SpPDLr §7 famino acid sequence of PDI SP-H)
| A/California/04/09 Alfalta profein
] disuifide isomerase signal peptide is
1 underlined
(34 primer SpPDI-H3B.c | 38 | 2X35S promoter.
J_ 35 primer Stul-H3B.r 89 [ primer Pacl-MCS-2X355.¢
136 primer YTmD H31-L3B.r 90 | primer CPMY 5 UTR-2X335.1
| 37 primer H3B-TmD H5l.c 91 primer 2X358-CPMV 5"UTR.¢
38 pricner HBY-SpPDLr 92 primer Apal-M prot.r
39 primer SpPDI-HBF ¢ 93 nucletc acid sequence of construct
747. Coding sequence of chimeric
HA is undeslined, 2X355 promoter
|_sequence is indicated in italics
1_4_0_ i primer SwI-HBF.r 94 amino acid sequence of B-Flonda
i 4] | primer Tml> HSI-B Flo.r 95 amine acid sequence of B-Malaysia
| 42 | primev B Flo-TroD [351.c 96 | amino acid scquence oft H!-Brisbane
g 43 | primer Hsp40Luz.lc 97 amino aeid sequence of HI-Sol.Isl.
44 | primer [Isp40Luz-Sacl.1272r | 98 amino acid sequence of H1-New Cal.
45 primer Hsp40Luz-Plasto.r Y amino acid sequence of H2-
\ L _ . Singapore
[ 46 primer Hsp70Arm.ic e anuno acid sequence of H3-Brishane
47 primer Hep70Asa-Sacl.1956r | 10] | amino acid sequence of HIA-WCN
48 primer Hsp70Ara-Plasio.r 102 amino acid sequence of H3A-Anbui
49 primer supP19-plasto.r 103 amino acid sequence ol 1{5A-
Vietnam
50 primer supP19-1¢ 104 amino acid sequence of HS-Indo
| 51 priger SupP19-Sacl.r
52 nucleic acid sequence of
complete 115
{A/Indonesia/5/05 (HSN1))
coding region (including the
signal peptide and the stop |
codon) flanked, in 5” by a

[ingl site and, in 3%, by a
L Sacl site |
nuclete acid seq of construct
660 - an HA expression
cassetie comprising an alfalfa
plastocyanin promoter and 57
iTTR . hemagglutinin coding !
sequence of H3 form
Adlndonesia/5/03 (H5N1),
alfalfa plastocyanin 3' UTR
and termunator sequences
34 nucteic acid seq of native
H1/NC (lacking TMD/CT)

A
L ¥
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aaattcttta actctcccaa 840 cgcaaaggct atgttgttca tcaactttac taccgaaggt
gctgaatctt tcaaaacaaa 900 ataccatgaa gtqgctgaqc aatacaaaca acaqggagtt
agctttcttg tW9aHgatsyt! 960 t gagt ct agt caaggt gcct tccagt aPCT/AGaELe%do
gaagaacaag tacctctaat 1020 tattattcag cataatgatg gcaagaagtt tttcaaaccc
aatttggaac ttgatcaact 1080 cccaacttgq ttgaaggcat acaaggatgg caaggttgaa
ccatttgtca agtctgaacc 1140 tattcctgaa actaacaacg agcctgttaa agtggtggtt
gggcaaactc ttgaqgacgt 1200 tgttttcaag tctgogaaga atgttttgat agagttttat
gctccttggt gtggtcactg 1260 caagcagttg gctccaatct tggatgaagt

Methods and Materials

1. Assembly of HA expression cassettes

A~ pCAMBIAPIasto

[00199] All manipuiations were done using the general molecular biology protocols of
Sambrook and Russell (2001; which is incorporated herein by reference). Table 1 presents
oligonucieotide primers used for expression cassettes assembly. The first cloning step
consisted in assembiing a receptor plasmid containing upstream and downstream regulatory
elements of the alfalfa plastocyanin gene. The plastocyanin promoter and 5’UTR sequences
were amplified from alfaifa genomic DNA using oligonucieotide primers Xmal-pPlas.c (SEQ
ID NO:1) and Sacl-ATG-pPlas.r (SEQ ID NO:2). The resulting amplification product was
digested with Xmal and Sacl and ligated into pCAMBIA2300 (Cambia, Canberra, Australia),
previously digested with the same enzymes, to create pCAMBIApromoPlasto. Similarly, the
3'UTR sequences and terminator of the plastocyanin gene was amplified from alfalfa genomic
DNA using the following primers; Sacl-PlasTer.c (SEQ 1D NO:3) and EcoR!-PlasTer.r (SEQ
ID NO:4), and the product was digested with Sacl and EcoRl before being inserted into the
same sites of pCAMBIApromoPlasto to create pCAMBIAPIasto.

B- Plasto-Native SP-H5 A/Indonesia/53/05 (construct number 660)

[00200) A fragment encoding hemagglutinin from influenza strain A/Indonesia/3/05
(H5N1; Acc. No. LANL ISDN125873) was synthesized by Epoch Biolabs (Sugar Land, TX,
USA). The tragment produced, containing the complete H5 coding region including the native
signal peptide flanked by a Hind{ll site immediately upstream of the initial ATG, and a Sacl
site immediately downstream of the stop {TAA) codon, is presented in (SEQ ID NO:52;
Figure 17). The H5 coding region was cloned into a plastocyanin-based expression cassette by
the PCR-based ligation method presented in Darveau ct al, (1995). Briefly, a first PCR
urmplification was obtained using primers Plasto-443c (SEQ TD N():5;) and SpHA(Ind)-
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tqctqtctca
cgat at ccca
aagt ggaaaa
t gaaaagaac
t gct cagcca
t cggcacaca
aaat cttagr
tgtartactg

ttccasagcg
accgacacct
o ageae AL
aaggat aaaa
gaagcagaac
gt cat ct gcg
gccaat ct at
aat aat gt ga

at gct gat gt
ttgatgtcca
acgacggt gg
ct ggt gct gc
aaccaaaaga
ggctttacaa

1320
1380
1440
1300
1360
1620

tgttattgca
aggct at cca
t aggacaaag
t cat caagaa
tgagctttga

aaact ggat g caact gccaa
accttgtact tcaggtcagc
gaagac ZEETE AL HYAWPcat
gt agaacaac caaaagct gc
aaagttccgc ttggaggata

ctctrttgta tctcagaatc agaagtragg
ctatttttgcle80 gtttcarttt atcettrtgg tttactctaa
gtttrggeggl740 agtttagtac rggaactttt gtrtctgtaa

aaaaaaaaaa @Bl (230> NoBo)sad peAlBRA s dRRstONARRI A3 >In Airhildl | Cd@dna Sequence
<220> <223> Synt hesi zed PronPl ast o- PDI SP- Pl ast o 3(£%in§£UTRzglasnid sequence
<400> 58 ct gyhbgtion yay Rerlgmegeyibamateaddisie- 2athh EAN LA g Al Stagcaagt g

in

(SEQ D NO:8) with H5 coding fragment {SEQ ID NO:32; Figure 17) as template. The

amplification obtained from both reactions were mixed together and the mixture served as

template for a third reaction (assembling reaction) using Plasto-443¢ (SEQ ID NO:5) and

HA({Ind)-Sac.r (SEQ ID NO:8) as primers. The resulting fragment was digested with BamHi

(in the plastocyanin promoter) and Sacl (at the 3’end of the fragmeant) and cloned into

pCAMBIAPIasto previously digested with the same enzymes. The resulting plasmid, named
660, is presented in Figure 18 (SEQ ID NO:53).

- Plasto-PDI §P-H1 A/New Caledonia/20/99 (construct nuraber 340)

r00201]

The open reading frame from the Hi gene of influenza strain A/New

Caledoma/2(/99 (HIN1) was synthesized in two fragments (Plant Biotechnology Institute,

National Research Council, Saskatoon, Canada). A first fragment synthesized corresponds to

the wild-type HI ceding sequence (GenBank ace. No. AY289929; SEQ 1D NO: 54; Figure 19)

lacking the signal peptide coding sequence at the 57 end and Lhe transmembrane domain

coding sequence at the 37 end. The 57 end of the fragment is composed of the last nucleotides

encoding PDISP (including a Bgllt restriction site) and a dual Sacl/Stul site was added

nmmediately downstream of the stop codon at the 3’ termunal end of the fragmient, to yield

SEQ ID NO: 55 (Figure 20). A second fragment encoding the C-terminal end of the H1

protein {comprising a tansmembrane domain and cytoplasmic tail) from the Kpnl site to the

stop codon. and flanked 1n 3’ by Sacl and Stul restriction sites was also synthesized (SEQ D
NO. 56; Figure 21}.

(00202}

The first H} fragment was digested with Bglll and Sacl and cloned into the

same sites of a binary vector (pCAMBIAPlasto) containing the plastocyanin promoter and 3°

UTR fused to the signal peptide of alfalfa protein disulfide isomerase (PDI1) gene (nucleotides
32-103; Accession No. Z211499: SEQ ID NO: 57; Figure 22) resuiling in a PDI-H1 chimeric

gene downstream of the plastocyanin regulatory elements. The sequence of the plastocyanin-

based cassette, containing the promoter and PDI signal peptide up to the Bglll restriction site
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60 tgtacatttt tacttgaaca aaaatattca cctactactg ttataaatca ttartaaaca 120
tt agagraaa gaaat at gga tgat aagaac aagagtagtg atattttgac aacaattttg 180
ttgcaacatt tWAGH&AHEL rtgrtgttcr crottttcat tggtcaaaaa E&AAGHYEYIP40
agaaaaagga agagggagaa taaaaacata atgrgagtat gagagagaaa gtrgtacaaa 300
agttgtacca aaatagtri gt acaaatatca ttgaggaatt tgacaaaagc tacacaaara 360
agggrtaatt gctgtaaata aataaggatg acgcattaga gagatgtacc attagagaat 420
ttttggcaag tcattaaaaa gaaagaataa attattttta aaattaaaag ttgagtcatt 480
tgattaaaca tgtgattatt taatgaattg atgaaagagt tggattaaag ttgtattagt 540
aattagaatt tggtgtiphanahinhaaiidgdotairtdngaf £3act SikeCiebatatecdad SPYTUT &AL 58

(Figure 23). The addition of the C-terminal end of the HI coding region (encoding the
transmembrane domain and the cytoplasmic tail) was obtaired by inserting the synthesized
fragment (SEQ ID NO. 56; Figure 21) previously digested with Kpni and Sacl, into the H1

3 expression plasmid. The resulting construct. named 540, is presented in SEQ ID NO. 59
(Figure 24).

D- Plasto-Native SP-HI A/Brisbane/59/07 (construct number 774)

{00203] Expressian cassetie numbes 774, driving the expression of H from
A/Brishane/59/07, was assembied as follows. A synthetic fragment was synthesized

10 comprising the compicete hemagglutinin coding sequence (Itom ATG to stop) flanked n 3" by
alfalfa plastocyanin gene sequences corresponding to the first 84 nucleotides upstream of the
plastocyanin ATG starting with a Dralll restriction site. The synthetic fragments also

comprised a Sacl site immediately downstream of the stop codon.

[on204) The synthetic fragment was svothesized by Top Gene Technologies (Montreal.

15 QC, Canada). The fragment synthesized is presented in SEQ 1D NO. 60 {Figure 25). For the
assembly of the complete cxpression cassette, the synthetic fragmeat was digested with Dralll
and Saci and cloned inte pCAMBIAPlasto previously digesled with the same enzymes to give
copstruct 774 (SEQ 1D NO. 61; Figure 26).

E- CPMYV HT-LC C51 (construct number 828)

20 [00205] CPMV-HT expression cassettes use the 358 promoter to control the expression
of an mRNA comprising a coding sequence of interest flanked. in 53°, by nucleotides 1-512
from the Cowpea mosaic virus (CPMV) RNAZ with mutated ATG at positions 115 and 161,
and in 3°. by nucleotides 3330-3481 fram the CPMV RNAZ2 (corresponding 1o the 3 UTR)
followed by the NOS terminator. Plasmid pBD-C3-1LC. (Sainsbury et al. 2008; Plant

25 Biotechnology Journal 6: 82-92 and PCT Pubtlication WO 2007/135480), was used for the
assernbly of CPMV-HT-based hemagglutinin expression cassettes. The mutation of ATGs at
position 115 and 161 of the CPMV RNAZ2 was done using a PCR-based ligation method
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600 agagtcagtt aactcatttt tatatttcat agatcaaata agagaaataa cggtatatta 660
atccot ccaa aaaaaaaaaa cggtatattt actaaaaaat ctaagccacg taggaggata 720
acaggat ccc cYP aYYatfdd t aacat ccaa tccaaccaat cacaacaat c EEHAPGHEHEI%E80
aacccacttt aagcccacgc atcrgtggca catcracatt atctaaatca cacattcttc 840
cacacatctg agccacacaa aaaccaatcc acatctttat cacccattct ataaaaaatc 900
acactttgtg agtctacact ttgattccct tcaaacacat acaaagagaa gagactaatt 960
aattaattaa tcatcttgag agaaaat ggc gaaaaacgrt gcgattttcg gettatrgtt 1020
ttctottott grgttggttc cttctcagat ctgagctcta agttaaaatg cttcttcgtc 1080
rcctatttat aasatgigt Dhrvghiabll (Ndbodait Nigbetheet 29t 2B a%s)C Tvaadpaagi PCRs

were performed using pBD-C3-11.C as template. The primers for the first amplification were
pBinPlus.2613c (SEQ 1D NO: 9} and Mut-ATG1{5.r (SEQ 1D NO: 10). The primers for the
second amplification were Mut-ATG161.c (SEQ [D NO: 11) apd LC-C5-1.110r (SEQ D NO:

5 12). The two fragroents obtained were mixed and used as template for a third amplification
asing pBinPlus.2613¢ (SEQ 1D NO: 9) and LC-C3-1.110r (SEQ 1D NO: 12) as primers. The
resulting fragment was digested with Pacl and Apal and cloned into pBD-C35-11.C digested
with the same enzymes. The construct gencrated, named 828, is presented in Figure 27 (SEQ
ID NO: 62}.

10 F~ H1 A/Brishane/59/07 receptor-binding (RB) domain in H5 A/Tadonesia/5/05
backbone (construct number 690)

[D0206) A chimeric HA was made by replacing the RB demain in the H5
Allndonesia/5/05 with that of Hl A/Brisbane/59/07 using the PCR-based ligation method
presented in Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). n a {irst round of
15 PCR, a segment of the plastocyanin promoter fused Lo the natural signal peptide, the F'1 and
El domains of the HS A/lndonesia/5/05 was amplified using primers Plasto-443c¢ (SEQ ID
NQO: 5) and E1 HIB-El H5Lr{SEQ [ NO:13) with construct nunber 660 (SEQ ID NO:53,
Figure 18) as template. A sccond fragment,compnising the Hi A/Brisbane/59/07 RB domain
coding sequence, was aruplificd with primers 1 H3N-E1 HiB.c (SEQ ID NO:14) and E2
20 HSI-RB H1B.r (SEQ ID NO:15) using construct number 774 (SEQ ID NO:61; Figure 20) us
template. A third fragment comprising E2, F'2, F, transmembrane and cytoplasmic domains
from H5 A/indonesia’5/03 was amplified using primers RB HIB-E2 H51.c (SEQ ID NO:16)
and HA([nd)-Sacl.r (SEQ IID NO:8) with construct number 660 (SEQ [[D NO: 53; Figure 13)

as template. Amplification products were then mixed and used as tcmplate for a second round

o
it

of amplitication (assembling reaction} with primers Plasto-443c (SEQ ID NO:5) and HA(Ind)-
Sacl.r (SEQ ID NO:8). The resulting fragment was digested with BamHI {in the plastocyanin
promoter) and Saci {after the stop codon) and cloned into construct npumber 660 (SEQ 1D NO:
33; Figure 18), previously digested with the same restriction enzymes lo give construct

aumber 690 (SEQ ID NO: 63). The construct is presented in Figure 28.
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1140 cgttgttgtt atgaaatact atttgtatga gatgaactgg tgtaatgtaa rtcattrtcacar/b2:
t aagt ggagt cagaatcaga atgtttcctc cataactaac tagacatgaa gaccrgccgc 1260
gt acaatt gt NYPa4i15ty aacaactaaa attgaacatc ttttgccaca AETLCAAIEEY3E320
tggttaatat agctcaaata tatggtcaag ttcaatagat taataatgga aatatcagtt 1380

atcgaaattc

aagettgcta
tatttatatg
tttttacttg
t aaagaaat a
catttgagaa
aggaagaggg
accaaaat ag
aattgotqta
caagtcatta
aacat qt gat
aatttggt gt
aqt t aact ca
ccaaaaaaaa
t coccgt agg
ctttaagccc
t ct gagccac
t gt gagtct a
ttaat cat ct

@At c aacttaacgt tattaactac taattttata tcatcccctt1440
t gat aaat ga tagtacaldb7 <210> 59 <211> 3206 <212> DNA <213> Artifici al
Sequence <220> <223> Synt hesi zed

gcggect caa
tt gt caaat a
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

t ggccct gca
act caaaaac
ttcacct act
gaacaagagt
ttctctottt
cat aat gt ga
at cat t gagg
gat gacqcat
ataaattatt
att gat gaaa
ttgacattta
t cat agat ca
atttactaaa
ccaat ccaac
ggcacatcta
at ccacat ct
cccttcaaac
t ggcqaaaaa

540 expression cassette from H nd= <400> 59

ggt cgact ct
cat aaaagtt
actgttataa
agtgatattt
tcattggtca
gt at gagaga
aatttgacaa
t agaqagat q
tttaaaatta
gagtt ggatt
atcttttcct
dat aagagaa
aaat ct aagc
caat cacaac
cattatctaa
ttatcaccca
acat acaaag

agaggt accc
t aagtt agca
atcattatta
t gacaacaat
aaaacaat ag
gaaagttgta
aagct acaca
taccattaga
aaagt t gagt
aaagtt gt at
atatattgcc
at aacggt at
cacgt aggag
aatcctgatg
at cacacatt
ttct at aaaa
agaagagact

cgggct ggt a60

agt gt gtacal20
aacattagagl80
tttgttgcaa240
agagauaaaa300
caaaagtt gt 360
aat aagggtt 420
gaatttttgqg480
catttgatta540
t agt aatt ag600
ccat agagt c660
attaatccct 720
gat aacagga780
agat aaccca840
cttccacaca900
aat cacactt 960
aattaattaal020

cgttgcgatt ttaggottat tgttttctct1080



tcttgtqttg qttccttctc agatcttcgc tgacacaata tqtataggct accatgccaalld0
caactcaacc gacactqttg acacagtact tgagaagaat gtgacagtga cacactctgt 1203
caacctactt QdBgeea¢Ht acaat ggaaa actatgtcta ctaaaaqgaa tPEFEECERENP2E0
acaattgqgt aattgcagcg ttgccggatg gatettagga aacccagaat qcgaattact 1320
gatttccaag gaatcatggt cctacattgt agaaacacca aatcctgaga atggaacatql380
ttacccaggg tatttcgccg actatgagga actgagggag caattgagtt cagtatottcl440
PCT/ CA2010/ 000983 atttgagaga ttcgaaatat tccccaaaga aagctcatgg cccaaccaca
ccgtaaccgg 1500 agtatcagca tcatgctccc ataatgggaa aagcagtttt tacagaaatt

tgctatggct o6 YReYGIIFIMTaabHeE Ml Dtec§RECHAAGE HoMABS ARG #f gEaaaca
acaaagagaa 1620 agaagtcctt gtactataqg gtgttcatca cccgcctaac atagggaacc
aaagggcact 1EEGorFi¥ht hickbysdepuplretninbgt 6418t gt agtgtcttca cattatagca

gaagattcac 1740 cccagaaata gccaaaagac ccaaagtaag agatcaggaa ggaagaatca
actactactg 1@Q07)gact ot gehgigaacat gagebad RGaahical thak I-ReFPIHaastggaaat c

A/Indonesia/5/05 with those of Hi A/Brisbane/59/07 using the PCR-based ligation method
5 presented in Darveau et al. {Methods in Neuroscience 26: 77-85(1995)). In a furst round of

PCR, a segment of the plastocyanin promoter fused to the natusal signal peptide and the F1
domain of H3 A/Indonesia/5/05 was amplified using primers Plasto-443¢ (SEQ 1D NO:3) and
E1 H1B-F’1 H3Lr (SEQ ID NO: 17) with construct number 660 (SEQ ID NO: 53; Figure 18)
as template. In parallel, two other fragments were amplified. The sccond fragment, containing

i the HI A/Brisbane/59/07 E1-RB-E2 domains coding sequence, was amplified with primers
F’1 H5N-E1 H1B.¢ (SEQ ID NO: {8) and F'2 H5I-E2 HIB.r (SEQ ID NO: 19) using
construct pumber 774 (SEQ D NO:61: Figure 26) as template. For the third fragment, F'2, F,
iransmembrane and cytoplasmic domains from HS A/Tndonesia/5/05 were amplified vsing
primers E2 HIB-F'2 H51.c (SEQ (D NO: 20) and HA{Ind)-Sacl.r (SEQ D NO: 8) with

15 construct number 660 (SEQ ID NO: 53; Figure 18) as template. Amplitication praducts were
then mixed and used as template for a second round of amplification (assembling reaction)
with primers Plasto-443¢ (SEQ 1D NO:5) and HA{Ind)-Sacl.r (SEQ ID NO: 8). The resulting
fragment was digested with BamHI (in the plastocyanin promoter) and Sacl (after the stop
codon? and cloned into construct number 660 (SEQ D NO: 53; Figure 18), previously

20 digested with the same restriction enzymes to give construct number 691 (SEQ D NO: 64).

The consiruct is presented in Figure 29.

H- HS A/Indonesia/5/05 receptor-binding (RB) domain in H1 A/New Caledonia/20/99
backbone (construct number 696)

[00208] A chimeric HA was made by replacing the RB domain in the Hl A/New

(¥
e

Caledonia/20/99 with that of H5 A/Indonesia/5/05 using the PCR-based ligation method
presented in Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). In a first round of
PCR, a segment of the plastocyanin promoter fused to the signal peptide of alfalfa protein
disulfide isomerase (PDISP: Accession No. 21 1499; nucleotides 32-103 of SEQ 1D NQO: 37,
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t aat agcgcc
caaat gcacc
gcagtcttcc
ggagt gcaaa
gtttatttgg
ggtatgatta
cacaaaat gc
ctcaattcac
at aaaaaagt

o

10

1860 atagtatact tttgcactga

1920

aat ggat gaa

Mgavieh i tlagaat

2040
2100
2160
2220
2280

att aaggatg
agccattgcc
t cat cat cag
catt aacggg

agct gt gggc

t gt gat gcga
gt acacccag
gt t acaggac
ggtttcattg
aat gagcaag
att acaaaca
aaagagttca

gt agaggctt tggatcagga atcatcacct
acct caggga gct at aaaca
agagt gtP€E& Aaagr Pt ca

agt gt caaac
t cacaat agg
t aaggaacat
aagggaggtg
gat ct ggct a
aggtcaattc
acaaatt gga

cccat ccatt
gact ggaat g
t gct gcagat
t gt aatt gag
aagaaggat g

caat ccagag
gt agat gggt
caaaaaagta
aaaatgaaca
gaaaact taa

Figure 22). the F*1 and E1 domains of H1 A/New Caledonia/20/99 were amplitied using
primers Plasto-443¢ (SEQ ID NO: 5) and EY HSI-E] HINC.r (SEQ 1D NO: 21) with construct
number 540 (SEQ ID NO: 39; Figure 24} as template. A second fragment, comprising the H3
A/indonesia/5/05 RB domain coding sequence, was amplified with primers E1 HINC-E1
H5Le (SEQ D NO: 22) and E2 HINC-RB H5Lr (SEQ 1D NO: 23) using construct number
660 (SEQ WD NO: 53; Figure 18) as template. Athird fragment compnsing £2, F'2, F,
transmembrane and cytoplasmic domains from H1 A/New Caledonia/20/99 was amplified
using primers RB H51-E2 HINC.c (SEQ [D NO: 24) and HA-Saclr (SEQ D NO: 25) with
construct nomber 540 (SEQ D NO: 59; Figure 24) as template. Amplification products were
then mixed and used as template for a second round of ampiification (assembling reaction)
with primers Plasto~443c (SEQ D NQO: 5) and HA-Sacl.r (SEQ ID NO: 23). The resulting
fragment was digested with Bgill and Sacl and cloned into construct number 540 (SEQ (D
NO: 59, Figure 24) previously digested with the same restriction enzymes to give construct
number 696 (SEQ ID NO: 65). The construct is presented in Figure 30.

I- Assembly of H1 A/Brisbane/59/2007 in CPMV-HT expression cassette (construct
number 732},

[00209]
CPMV-HT as follows. Restriction sites Apal (immediately upstream of ATG) and Stul

The coding sequence of HA from Hi A/Brisbane/59/2007 was cloned into

(immediately downstream of the stop codon) were added to the hemagglutinin ceding
sequence by performing a PCR amplification with primers Apal-H1B.c (SEQ ID NO: 26) and
Stul-HiB.r (SEQ 1D NO: 27) using construct number 774 (SEQ ID NO: 61; Figure 26) as
template. The resulting fragment was digested with Apal and Stul restriction enzymes and
cloned into construct number 828 (SEQ ID NO: 62; Figure27) digested with the same

enzymes. Resulting cassette was numed construct number 732 (SEQ ID NO: 66; Figure 31).
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2340 tgatgatggg tttctagaca tttggacata taatgcagaa ttattgattc tactggaaaa 2400

t gaaaggact
ccaatt aaag
t aacaat gaa
agaat caaag
ccagattctg
ggcaat cagc
gct ct aagt t

W

15

ik

bt
A

ttagatttcc atgactccaa tgtgaagaat ctgtatgaga aagtaaaaag 2460
MPANCGEEH aagaaat agg aaacgggtgt tttaagttct RETEAAHGPEYIB520
t gcat ggaga gt gt gaaaaa tgatacctat gactatccaa aatattccga 2580
tt aaacaggg agaaaattga tggagtgaaa ttggaatcaa tgggagtata 2640
gcgatctact caactgtcgc caqttccctg gttcttttgg tctccctggg 2700
ttctggatgt gttccaatgg gtctttgcag tgtagaatat gcatctaaga 2760
aaaatgcttc ttcgtctcct atttataata tgatttatta

J- Assembly of SpPDi-H1 A/Brisbane/39/2007 in CPMV-HT expression cassette

(construet number 733).

(00210} A sequence encoding the signa! peptide of alfalfa protein disulfide isomerase
(PDISP; nucleotides 32-103 of SEQ ID NO: 57Figurc 22; Accession No. Z11499) was fused
to the HAQ coding sequence of HI from A/Brisbane/59/2007, and the resulting fragment was
cloned tnto CPMV-HT as foltows. The H1 coding sequence was amplified with primers
SpPDI-H1B.c (SEQ 1D NO: 28) and Sac[-H1B.r (SEQ I NO: 29) using construct 774 (SEQ
ID NO: 61; Figure 26) as template. The resulting fragment consisted in the H1 coding
sequence flanked, in 3°, by the tast aucleotides encoding PDISP {including a Bglll restriction
site) and, in 3°, by 3 Sacl resiriction site. The fragment was digested with Bglll and Sac{ and
cloned into construct number 540 (SEQ 1D NO: 59; Figure 24) previously digested with the
same restriction enzymes. The coding sequence of intermediate cassette. named construct
number 787 (SEQ 1D NO: 67), is presented in Figure 32. 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-
SpPDl.c (SEQ 1D NO: 30} and Stul-H1B.r (SEQ ID NO: 27) using construcl number 787
(SEQ ID NO: 67; Figure 32) as template. Resulting fragment was digested with Apal and Stul
restriction enzymes and cloned into construct number 828 (SEQ 1D NO: 62; Figure 27)
digested with the same enzymes. Resulting cassette was named construet number 733 (8EQ

{D NO: 68; Figure 33).

K- Assemnbly of H1 A/Brisbane/59/(07 receptor-binding (RB) domain in HS
AfIndonesia/5/05 backbone in CPMV-HT cxpression cassette (construct number 734).

[00211] The coding sequence of chimeric HA consisting in RB domain from HI
A/Brisbane/59/07 in H5 A/Indonesia/5/05 backbone was cloned into CPMV-AT as follows.
Restriction sites Apal (immediately upstream of ATG) and Stul {immediately downsiream of
the stop codon) were added to the chimeric hemagglutinin coding sequence by performing a
PCR amplification with primers Apal-HS (A-Indo). 1c (SEQ ID NO: 31) and HS (A-Indo}-
Stul. 1707y (SEQ D NO: 32) using construct number 690 (SEQ 1D NO: 63; Figurc 28) as
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ttgttaattt
gt at gagat a
ttcctccata
act aaaattg
gt caagttca
taacgttatt

ggaaggagca

14

15

2%
]

2820 tgttottgta gaagagctta attaatcgtt gttgttatga aatactattt

2880 aactgatgta atgtaattca tttacataag tggagtcaga atcagaat gt

2AQ018081%Hct aga cat gaagacc tgccgcegtac aatt gt CET&AREIPIEBaca
3000 aacatctttt gccacaactt tataagtggt taatatagct caaatatatq

3060 atagattaat aatggaaata tcagttatcg aaattcatta acaatcaact

3120 aactactaat tttatatcat cccctttaat aaatgatagt acaccaatta
3180 tgctcgaagc ctgactggcc gaattc 3206 PCT/ CA2010/ 000983
lemplate. Resulting fragment was digested with Apal and Stul restriction enzymes and cloned

into construct number 828 (SEQ D NO: 62; Figure 27) digested with the same enzymes.

Resuiting cassette was named construct number 734 (SEQ ID NO: 69; Figure 34),

L- Assembly of SpPDI-H3 A/Brisbane/10/2007 in CPMV-HT expression cassefte

{construct number 736).

(00212] A sequence encoding alfalfa PDI sigaal peptide fused to HAQ from H3
A/Brisbane/10/2007 was cloned into CPMV-HT as follows. First, a synthetic fragment was
synthesized comprising the complete hemagglutinin coding sequence (from ATG to stop)
flanked in 37 by alfalfa plastocyanin gene sequence corresponding to the first 84 nucleotides
(starting with a Dralll restriction site) upstrearn of the plastocyarmin ATG. The synthetic
fragment atso comprised a Sacl site immediately after the stop codon. Synthetic fragment was
synthesized by Top Gene Technologies (Moatreal, QC, Canadg). The fragment synthesized is
presented in SEQ ID NO: 70 {Figure 33) and was used as template for further PCR-based
ligation.

[Q0213] Second, the signal peptide of alfalfa protein disulfide isomerase (PDISP)
{nucleotides 32-103; Accession No Z211499; SEQ 1D NO: 57; Figure 22) was linked to the
HAO coding sequence of H3 from A/Brisbane/10/2007 along with Apal sestriction site
immediately upstream of ATG and Stul restriction site downstream of the stop codon as
follows. PDISP was linked to the H3 coding sequence by the PCR-based ligation method
presented in Darveau et al. {Methods in Neuroscience 26: 77-85(1995)). I a first round of
PCR, PDISP signal peptide was amplified using primers Apai-SpPDlc (SEQ [D NO: 30) and
H3B-SpPDLr (SEQ D NO: 33) with construct number 340 (SEQ ID NO: 59; Figure 24) as
template. In parallel, another fragment containing a pociton of the coding sequence of H3
A/Brisbane/ | 0/2007 (from codon 17 to the stop codon) was amplified with pnimers SpPDI-
H3B.c {SEQ ID NO: 34) and Stul-H3B.r (SEQ ID NO: 35) using previously synthesized
fragment (SEQ ID NO. 70; Figure 35) as teraplate. Amplification products were then mixed
and used as template for 2 sccond round of amplification (assembling reaction) with primers

Apai-SpPDLe (SEQ 1D NO: 30) and Stul-H3B.r (SEQ ID NO: 35). The resulting fragment
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<210> GO <211> 1788 <212> DNA <213> Artificial
Synt hesi zed fragnent Draill-Plasto(-84+1)-al A/ Brisbane/59/07- Sact.

cactttgtga
attaatt aat
acagct acat
gt t gacacag
agt cacaatg
agcgttgeccg
t ggt cct aca
gctgactatg
atattcccca
tcccataatg
ttgtacccaa
tggggtgttc
gcttatgtct
agacccaaag
ggggat acaa
ct gagt agag
gcgaagt gcc
ccagt cacaa
ggact aagga
at t gaagggg
naaggat ct g
aacaaggt ca
t t caacadAt
gacat ttgga
tt ccat gact
gct aaagaaa
PCT/ CA2010/
aaagt t aaac
t ct ggcgat ¢
cagot t ot gg

b}

Sequence <220> <223>

Jreeuesit tgattccott caaacacata caaagagaag BGHEBHAVIHEBO

catcttgaga gaaaat gaaa gtaaaactac tggtcctgtt atgcacattt120
at gcagacac aatatgtata ggctaccatg ctaacaactc gaccgacact 180
tactt gaaaa gaat gt gaca gt gacacact ctgtcaacct gcttgagaac240
gaaaactatg tctattaaaa ggaatagccc cactacaatt gggtaattgc300
ggtggatctt aggaaaccca gaatgcgaat tactgatttc caaggagtca360
tiglggaapaiinssaant Qel cgadRaagades Saliinb@ HECcoagagCallbtc80
ag aact ag g?agcaattg agttcagtat cttcatttga gaggttcgaa480
4 8%5%@@¥ 23t gt e 0 destehrdle b Faf CegTagt GEnagE%t e JpgrsRd
GOERAAGRABI b (S BS AIRCRAL I ARt RS ggct gacggg gaagaat ggt 600
acctgagcaa gtcctatgca aacaacaaag aaaaagaagt ccttgtacta660
at cacccgcc aaacat aggt gaccaaaagg ccctctatca tacagaaaat 720
dﬂg%ﬁ@?ﬁbﬁ“f?%&@&ﬁ?gPLgééﬁBHﬂﬁﬁf”P@%PHEE%B&H&Hﬁ‘ tcaaa780
t OROAE&H 2 ABATFIPRBForhBAR PRS- IACLPBRG LS LasSfle (GRAREEG 840
taatatttga ggcaaat gga aatctaatag cgccaagata tgctttcgca900
Jemhegddbc aggaat catc aact caaatg caccaat gga taaat gt gat 960
aaacacct ca gggagctata aacagcagtc ttcctttcca gaacgtacacl020
tlagoagagt ga k&faradicating LEALFRILgn A paARt kaato gl QohdreR 09D
acatcccatc cattcaatcc agaggtttgt ttqgagccat_tgccggtttc1140
B §Y2 04 ead odbairongg ey ateang cgeriar ity faaat gag1200
A RbLAGG089 ALCAGRB QAP RBALEAALALYC CRIdRA3 taRGatLRRALER0
attctgtaat tgagaaaatg aacactcaat tcacagcagt gggcaaagagl320

tiytya datia by garsghana donrig aatha 868 el vgingartiadgerenietinl 380
O -AL A 3L GVRERBACT Hel D s QLnk £ 88 891 989R 1 DARRAG QARG Pl agat 1440

ccaat gt gaa gaatctgtat gagaaagtaa aaagccagtt aaagaataat 1500
t rgyertacgg oot RI6P ganel reriida pebastrdagbip franicdifaBi et vers 26151660

Q .0a .qt at - [ . atc
A e AT Ll R PP e PRRESS

14580 SpRigt (8 EOAD N GoragtTng? Hek- g t (REQ I gt b edtt corgyegygcaat

1n7u‘t1n%era} 3%%%(5 05 R t? gqgéu('r"et £6t] dsa%%gltagt %%%‘:aﬁ}:laegn%ﬁ%} l%z;[gm%n Q:%%%Ingn g
transmembrane and cytoplasmic domains of H5 Indonesia was amplified with primers H3B-
TmD H3lc (SEQ ID NO: 37) and H5 (A-Indo)-Stul.1707r (SEQ 1D NO: 32} using construct
number 660 (SEQ [D NO. 33: Figure 18) as tempiate. Amplification products were then
mixed and used as template for a second round of amplification (assembling reaction) with
primers Apai-SpPDLc (SEQ 1D NO: 30) and HS {A-Indo)-Stul. 1707c (SEQ 1D NO: 32), The
resulting fragment was digested with Apal and Stul restriction enzymes and cloned into
construct number 828 (SEQ [ NO: 62; Figure 27} digesled with the same enzymes. Resulting
cassetie was named construct number 737 (SEQ ID NO: 72; Figure 37).

N- Assembly of SpPDI-HA B/Florida/4/2006 in CPMV-HT expression cassefte (construct
number 739},

[00215]
B/Florida/4/2006 was cloned into CPMV-HT as follows. First. a synthetic fragment was

A sequence encoding altaifa PDI signal peptide fused to HAO from HA
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1788 <210>61 <211>3185 <212>DNA <213>Artificial Sequence <220>
<223>Synt hesi zed 774 expression cassette from H ndl || <400>61 aagottgcta
gaggcct caa tW@eévetH€H ggt cgactct agaggtaccc cggget ggt a EOTHARE ARy
tt gt caaat a actcaaaaac cataaaagtt taagttagca agtgtgtaca 120 tttttacttg
aacaaaaata ttcacctact actgttataa atcattatta aacattagag 180 taaagaaata
t ggat gat aa gaacaagagt agtgatattt tgacaacaat tttgttgcaa 240 catttgagaa
aattttgttg ttctctcttt tcattggtca aaaacaatag

synthesized compnising the complete hemagglutinin coding sequence {from ATG to stop)

flanked in 3’ by alfalfa plastocyanin gene sequence corresponding to the first 34 nucleotides

{starting with a Dralll restriction site) upstream of the plastocyanin ATG. The synthetic

fragment also compnsed a Sacl resinction site immediately after the stop codon. The synthetic

5 fragment was synthesized by Epoch Biolabs {(Sugar Land, Texas, USA). The fragment
synthesized is preseated in SEQ ID NO: 73 (Figure 38) and was used as template for further

PCR-based ligation.

(00216] Second, the signal peptide of alfalfa protein disulfide isomerase (PDISP)
(nucleotides 32-103 of SEQ ID NO: 57, Figure 22 ; Accessior No Z11499) was {inked to the

10 HAO coding sequence of HA from B/Florida/4/2006 along with Apal restriction site
immediately upstream ATG and Stul restriction sile downstream stop codon as fellows.
PDISP was linked to the HA coding sequence by the PCR-based ligation method presented in
Darveau et al. (Methods in Neuroscience 26: 77-83(1995)). In a first round of PCR, PDISP
signal peptide was amplified using primers Apal-SpPDl.c (SEQ ID NO: 30) and HBF-SpPDLr

(5 {SEQ ID NO: 38) with construct number 540 (SEQ D NO: 59; Figure 24) as template. In
parallel, another fragment containing a portion of the coding sequence of HA from
B/Flortda/4/2006 {from codon 16 to the stop codon) was amplified with primers SpPDI-
HBF.c (SEQ ID NO: 39) and Stul-HBF.r {SEQ [D NO: 40) using previously synthesized
fragment (SEQ ID NO. 73; Figure 38) as template. Amplification products were then mixed

20 and used as template for a second round of amplification (assembling reaction) with primers
Apal-SpPDLc (SEQ ID NO: 30) and Stul-HBF.r (SEQ ID NO: 40). The resulting fragment
was digested with Apal and Stul restriction enzymes and cloned into construct number 828
{SEQ ID NO: 62; Figure 27) digested with the same enzymes. Resulling cassette was named
construct nwmber 739 (SEQ ID NO: 74; Figure 39).

b
R

(- Assembly of chimeric SpPDI-HA B/Florida/4/2006 {(cctodomain) + H3
A/Indonesia/5/2005 (TmD + Cyto tail) in CPMV-HT expression cassctte {(construct
number 745).



agagagaaaa
caaaagt t gt
aat aagggt t
gaatttttgg
catttgatta
tagt aatt ag
ccat agagt c
att aat ccct
gat aacagqa
agat aaccca
cttccacaca

Ly

HY]

15

300 aggaagaggg
360 accaaaat ag
AP0 2UMI 550t gt a
480 caagtcatta
540 aacat gt gat

aqaat aaaaa cataatqtga
ttgtacaaat atcattgagg aatttgacaa aagctacaca
aat aaat aag gat gacgcat tagagag&t§rateitttHga
aaaagadaga ataaattatt tttaaaatta aaagttgagt
tatttaatga attgatgaaa gagttggatt aaagttgtat
600 aatttggtgt caaatttaat ttgacatttg atcttttcct atatattgcc
660 agttaactca tttttatatt tcatagatca aat aagagaa ataacggt at
720 ccaaaaaaaa aaaacqqtat atttactaaa aaatctaagc cacgtaggag
8@ 1Tt oc Cc gh aggeag galodiag alfal PIA bitd deptladlsehoadtcrahtdi daing

géﬁﬁﬁ%wggggﬁﬁgméﬁg tct%%ngggaca cta cattatctaa atcacacatt

Ty(t’ctp asmc domains o
A/lndonesia/3/2005 was cloned into CPMV-HT as follows. PDISP-B/Floridas4/2006

gt at gagaga gaaagttgta

ectodomain coding sequence was fused to the HS transmembrane and cytoplasmic domains by
the PCR-based ligation method presented in Darveau et al. (Methods in Neuroscience 26: 77-
83{1995)). In a first round of PCR, a fragment comprising PDISP signal peptide fused to the
ectoedomain from HA B/Florida/d/2006 was generated by amplification using primers Apal-
SpPDI.c {SEQ ID NQ: 30) and TmD HS5I-B Flo.r (SEQ D NG: 41) with construct number
739 (SEQ 1D NO: 74; Figure 39) as template. In parallel, another fragment containing H5
indonesia transmeinbrane and cyloplasmic domains was anplified with primers B Flo-TmD
H51.c (SEQ ID NO: 423 and H3 (A-Indo}-Stul. 1707r (SEQ ID NO; 32} using construci
number 660 (SEQ ID NO. 53; Figure 18} as template. Amplification products were then
mixed and used as template for a second round of amplification (assembling reaction) with
primers Apal-SpPDlI.c (SEQ ID NO: 30) and HS (A-Indo)-Stul. [707r (SEQ TD NO: 32). The
resuling fragment was digested with Apal and Stul restriction enzymes and cloned into
construct number 828 (SEQ D NO: 62: Figure 27) digested with the same enzymes. Resulting
cassette was ramed construct number 743 (SEQ 1D NO: 75; Figure 40}

P-Assembly of chimeric SpPD1-HA B/Florida/4/2006+ H5 A/lndonesia/5/2005 (TmD +
Cyto tail) in 2X355-CPMV-HT expression cassette (construct number 747).

(00218]
B/Ftorida/4/2006 and to the transmermbrane and cytoplasmic domain of H3
Aflndonesia/5/2005 was cloned into 2X358-CPMV-HT as follows. The promoter switch was

A sequence encoding alfalfa PDI signal peptide fused to HAO from HA

performed using the PCR-based higation methed presented in Darveau et al. (Methods in
Neuroscience 26: 77-85 {1995)). A first fragment containing 2X358 promoter (SEQ [D NO:
88; Figure 50A) was amplified by PCR with primers Pacl-MCS-2X358.¢c (SEQ ID NO: §89)
and CPMV 5"UTR-2X358 r (SEQ TD NO: 90):

PacI-MC5-2X355.¢ (SEQ 1D ND:39)

AATTGTTAATTAAGTCGACAAGCTTCCATGCCTGCAGGTCAAC
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ttatcaccca
acat acadag
actactggtc
ccat gct aac
acactotgtc
aqcoccacta
cgaattactg
gaaaaaccaa
ct gagggagc
agct cat ggc

ttctat aaaa
agaagagact
cvgetiat deal
aact cgaccg
aacctgcttg
caatt gggta
atttccaagg
at cct gagaa
aattgagttc
ccaaccacac

aat cacactt
aattaattaa
catttacagc
acactgttqa
agaacagt ca
at t gcagcgt
agt cat ggtc
t ggaacat gt
agtatcttca
cgt aaccgga

960 tutgagtcta cactttgatt ccottcaaac
1020 ttaatcatct tgagagaaaa tgaaagtaaa
1080 tacat at gca gacacadatCageiateiggict a
1140 cacagtactt gaaaagaatg tgacagtgac
1200 caat qgaaaa ctatgtctat taaaaggaat
1260 tgccgggtgg atcttaggaa acccagaatg
1320 PCT/ CA2010/ 000983 ctacattgta
tacccagggc atttcgctga 1330 ctatgaggaa
tttgagaggt tcgaaatatt 1440 coccaaagaa
gt gt cagcat

CPMV 5’UTR-2X358.r {SEQ ID NO:90}

TCAAAACCTATTAAGATTTTAATACCTCTCCAAATGAAATGAACTTCC

using a plasmid containing the 2X35S promoter as template. In paraliel, a second PCR was

performed using primers 2X3588-CPMV 5'TITR. ¢ (SEQ ID NO: 91) and Apal-M prot.r (SEQ

ID NO: 92):

2X358-CPMYV 5'UTR.c (SEQ D NQ:S 1}

TTGGAGAGGTATTAAAATCTTAATAGGTTTTGATAAAAGCGAACGTGGG

Apal-M prot.r (SEQ ID N(O:92)

TCTCCATGGGCCCGACAAATTTGGGCAGAATATACAGAAGCTTA

using construct 745 {(SEQ 1D NO 75; Figure 40} as template. The two fragments obtained

were then mixed and used as template for a second round of PCR (assembling reaction) with
Pacl-MCS§-2X3553.¢c (SEQ ID NO:89 and Apal-M prot.r {SEQ ID NQO:92) as primers.
Resulting fragment was the digested withr Pacl and Apal and cloned into construct 745 (SEQ

D NO 75; Figure 40) digested with the same restriclion enzymes. The sequence of the

expression cassette, named construct 747 (SEQ D NO:93), is presented in Figure 50B.

2. Assembly of chaperone expression cassettes

[00219]

Two heat shock protein {Hsp) expression cassettes were assembled. In a first

casseite, expression of the drabidopsiy thaliana (ecotype Cotumbia) cytosolic HSP70

(Athsp70-1 in Lin et al. (2001) Cell Stress and Chaperones 6: 201-208) is controlled by a

chimeric prometer combining elments of the alfalfa Nitrnte reductase {Nir) and alfalfa

Plastocyanin promoters (Nir/Plasto). A second cassctte comprising the coding region of the
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cat gct ccca
atgqtttgta
t act at gggg
aaaatgctta
ccaaaagacc
aaccogggga
t cgcact gag
gt gat gcgaa

[w]]

L=

2

[
LA

1500 t aat ggggaa
1560 cccaaacctg
Mot Hat cac
1680 tgtctctqta
1740 caaagt aaga
1800 tacaataata
1360 tagaggcttt
1920 gtgccaaaca

agcagttttt
agcaagt cct
ccgccaaaca
gtqtcttcac
gat caagaag
tttgaggcaa
ggat caggaa
cct cagggag

acagaaattt
at qcaaacaa
t aggt gacca
att at agcag
gaagaat caa
at ggaaat ct
t cat caactc
ct at aaacag

gct at ggct g acggggaaqa
caaagaaaaa qaagtccttg

aaaggc et AeHpeHPEcag
aaaattcacc ccagaaatag
ttactactgg actctgcttg
aat agcgcca agatatgctt
aaat gcacca at ggat aaat
cagtottcct ttccagaacg

alfalfa cytosolic HSP40 (Msl1; Frugis et al. (1999) Plant Molecular Biology 40: 397-408)

under the conitrol of the chimeric Nir/Plasto promoter was also assembled,

100220)

An acceptor plasmid confaining the alfalfa Nitrite reductase promoter (Nir), the

(HUJS reporter gene and NOS teyminator in plant binary vector was first assembled. Plasmid

pNIr3K51 (previously descobed in US Patent No. 6,420,548) was digested with HindIlI and

EcoRI. The resulting fragment was cloned into pCAMBIA2300 (Cambia, Canberra, Ausiratia)

digested by the same restriction enzyme to give pCAMBIA-Nir3KS51.

(00221]

Coding sequences for Hsp70 and Hsp40 were cloned separately in the acceptor

plasmid pCAMBIANIr3K31 by the PCR-based Jigation method presented in Darveau et al.
(Methods in Neuroscience 26:77-85 (1995)).

[00222)

For Hspd0, Ms;[ codiny sequence (SEQ D NO: 706; Figure 41) was amplified

by RT-PCR from alfalfa {ccotype Rangelander) leaf total RNA using primers Hsp4(lLuz.]c

{SEQ ID NO: 43) and Hsp40Luz-Sacl.1272r (SEQ ID NO: 44). A second amplification was
performed with primers Plasto-443c (SEQ [D NO: §) and Hsp40Luz-Plasto.r (SEQ D NO:

45) with construct 660 (SEQ 1D NO: 53; Figure 18) as template. PCR products were then

mixed and used as template for a third amplification (assembling reaction) with primers

Plasto-443¢ (SEQ ID NO: 5) and Hsp40Luz-Sacl. 1272r (SEQ D NO: 44). The resulting

fragment was digested with Hpal (in the plastocyanin promoter) and cloned into

pCAMBIANIr3KS 1, previously digested with Hpal (in the Nir promoter) and Sacl, and tited

with T4 DNA polymerase to generate blunt ends. Clones obtained were screened for correct

orientation and sequenced for sequence integrity. The resuliing plasinid, ramed R8540, 18
presented m Figure 42 (SEQ D NO: 77). The coding region of the Athsp70-1 was amplitied
by RT-PCR from Arabidopsis leaf RNA using primers Hsp70Ara. le (SEQ D NO- 46) and
Hsp70Ara-Sacl.1956r (SEQ ID NO: 47). A second amplification was performed with primers
Plato-443¢ (SEQ 1D NO: 5) and Hsp70Ara-Plasto.r (SEQ 1D NO: 48) with construct 660

(SEQ 1D NO: 53; Figure 18) as template. PCR products were then mixed and used as template

for a third amplification {assembiing reaction) with primers Plasto-443¢ (SEQ 1D NO: 5) and
Hsp70ARA-Sacl. 19561 (SEQ 1D NO: 47). The resulting fragment was digested with Hpal (in
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tacacccagt 1980 cacaat agga gagtgtccaa agtatgtcag gagtgcaaaa ttaaggatgg
ttacaggact 2040 aaggaacatc ccatccattc aatccagagg tttgtttgga gccattgccg
gtttcattga 2Y0@Q"44t9Hqgt gg act ggaat gg tagat ggttg gt at ggtftatCreHtewfSaga
at gaqcaagg 2160 atctggctat gctgcagatc aaaaaagcac acaaaat gcc attaatggga
ttacaaacaa 2220 ggtcaattct gtaattgaga aaat gaacac tcaattcaca gcagtgggca
aagagttcaa 2280 caaattggaa agaaggat gg aaaacttgaa taaaaaagtt gat gatgggt
ttatagacat 2340 ttggacatat aatgcagaac tgttggttct actggaaaat gaaaggactt
tggatttcca 2400 tgactccaat gtgaagaatc tgtatgagaa agtaaaaagc
the plastocyanin promoter) and cloned into pCAMBIANIr3KS] digested with Hpal (in the Nir

promoter) and Sacl and filed with T4 DNA polymerase to generate blunt ends. Clones
nbtained were screened [or correct orientation and sequenced for sequence integrity, The

resulting plasmid, named R860, is presented in Figure 43 (SEQ ID NQ: 78).

LA

{00223] A dual Hsp expression plasmid was assembled as follows. R860 (SEQ 1D NO:
78; Figure 43) was digested with BsrBI (downstream the NOS terminator). treated with T4
DNA polymerase fo generate a blunt end, and digested with Sbfl (upstream the chimeric
NIR/Plasto promoter). The resulting fragment (Chimeric Nir/Plasto promoter-HSP70 coding
sequence-Nos terminator) was cloned inte R350 (SEQ ID NO: 77; Figure 42) previously

(¢ digested with Sbfl and Smal (both Jocated in the multiple cloning site upstream chimeric
Nir/Plasto promoter). The resulting plasmid, named R870, is presented in Figure 44 (SEQ 1D
NO: 79).

3. Assembly of other expression cassettes

HcPro expression cassette

A

[00224] An HePro construct (35HcPro) was prepared as described in Hamilton et al.
(2002). All clones were sequenced to confirm the integrity of the constructs. The plasmids
were used to transform Agrobacteium umefaciens (AGLL: ATCC, Manassas, VA 20108,
USA) by clectroporation {Mattanovich et al.,, [989). The integrity of al} 4. numefaciens strains

were confimed by resuriction mapping.
0 P19 expression cassette

jo0223] "The coding sequence of pl9 protein of tomato bushy stunt virus (TBSV) was
linked to the atfalfa plastocyanin expression cassette by the PCR-based ligation method
presented in Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). In a first round of
PCR, a segment of the plastocyanin promoter was amphfied using primers Plasto-443¢ (SEQ
1D NO: 5) and supPt9-plasto.r (SEQ 1D NO: 49} with construct 660 (SEQ ID NO: 53) as

3]
=}

template. In parallel, another fragment containung the coding sequence of pi9 was amplified
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cagttaaaga ataatgctaa 2460 agaaat agga aatgggtgtt ttgagttcta tcacaagtgt
aacgat gaat gcatggagag 2520 tgtaaagaat ggaacttatg actatccaaa atattccgaa
gaat caaagt tAaedgHgH 2530 gaaaatt gat ggagt gaaat tggaat CEACAGHGAGOS: at
cagattctgg cgatctactc 2640 aacagtcqcc agttctotgg ttottttggt ctccctgggg
gcaat cagct tctggatgtg 2700 ttccaatggg tctttacagt gtagaatatg catctaagaq
ctctaagtta aaatgottct 2760 tcgtctccta tttataatat ggtttgttat tgttaatttt
gttottgtag aagagcttaa 2320 ttaatcgttg ttgttatgaa atactatttg tatgagatga
actggtgtaa tgtaattcat 2880 ttacataagt qgagtcagaa

with primers supP 19-1¢ (SEQ 1D NO: 50) and SupP19-Sacl.r (SEQ ID NO: 51) using
construct 355: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 (asserabling reaction) with primers Plasto-443¢ (SEQ [D NQ: 3) and SupP19-

5 Saclr(SEQ ID NO: 51). The resulitng fragment was digested with BamH] {in the
plastocyanin promoter) and Sacl (at the end of the p 19 coding sequence) and cloued into
construct number 660 (SEQ [D NO: 53; Figure 18), previously digested with the same

restriction enzymes to give construct number R472. Plasmid R472 is presented in Figure 45.
Construct number 443
10 [00226) Construct number 443 corresponds to pCAMBIA2300 (empty vetor).

Table 1. Oligonucleotide primers used for assembly of expression eassettes.

SS)Q Title Oligonucleotide sequence {5'—-3")
i XmalpPlase | AGTTCCCCGGGCTGGTATATITATATGTTGTC
7| SacLATGpPlass | AATAGAGCTCCATTTTCTCT CAAGATGATTAATTAATTAATTAGTC |
3 | SaclPlasTerc | AATAGAGCTCGTTAAAATGCTTCTTCGTCTCCTATITATAATATGG
4 | EcoRl-PlasTerc |TTACGAATTCTCCTTCCTAATTGGTGTACTATCATITATCAAAGGGGA
s Plastod3c | GTATTAGTAATTAGAATTTGGTGTC -
6 S iud): GCAAGAAGAAGCACTATTTTCTCCATETICTCTCAAGATGATTA
7 | Plaso-SpHAc | TTAATCATCTTGAGAGAAAATGGAGAAAATAGTGCTTCTICTIG
8 | HAUnG)Sacr | ACTTTGAGCTCTTAAATGCAAATTCTGCATTGTAACGA o

9 pBinPlus.2613¢ | AGGAAGGGAAGAAAGCGAAAGGAG

" GTGCCGAAGCACGATCTGACAACGTTOAAGATCGCTCACGCAAGAAA
GACAAGAGA
GTTGTCAGATCGTCGCTTCGGCACCAGTACAACGTTITCTTTCACTGAA
GCGA

- LC-C3-1.110r | TCTCCTGGAGTCACAGACAGGGTGG

. TCATAGTCAGCGAAATGCCCTGGGTAACAGAGGTCATTGGTTGGATT
GGLCCT
ATGACCTCTGTTACCCAGGGCATTICGCTGACTATCGAGGAACTGAGG
G
CCAATTCACTTTTCATAATTCCTGATCCAAAGCCTCTACTCAGTGCGA

10 Mut-ATGI15 7

1R Mul-ATG161.c

13 E! HIB-EI HALr

14 E1 H3N-E1 HIB.c

15 22 H31-RB HiB.r

I




tcagaatgtt tcctccataa ctaactagac atgaagacct 2940 gccgcgtaca attqtcttat
atttgaacaa ctaaaattga acatcttttg ccacaacttt 3000 ataagtggtt aatatagctc
aaat at at gg tWAaYLHIHAH t agatt aat a at ggaaat at 3060 cagtta?gﬁﬁmﬂ&WW@&?taa
caatcaactt aacgttatta actactaatt ttatatcatc 3120 ccctttgata aatgatagta
caccaattag gaaggagcat gctcgaggcc tggctggccg3180 aattc3185 <210> 62 <211> 2065
<212> 918A <213> Artificial Sequence <220> <223> Synt hesi zed Expression
cassette nunmber 828, from Pacl to Ascl <400> 62 ttaattaaga attcgagctc
caccgcggaa acctoctogg attccattgc ccagctatct60 gtcactttat tgagaagata
gt ggaaaagg a%%gtggctc ctacapat gc catcattgcgl20 at aaaggaaa ggccatcgtt
t

gaagat gcct ¢tgocgacadittggt coliamackgategnaoed®480 cacccacgag gageat cgtg
gaaaaagaag acgttfcaac cacgtcttca aa caa t gg240 at t‘gaﬁt}’g%rga t at ct ccact
gacgt aaggg at gacpeasm-atsceglial Certe 300N He Lt A SCAAYTE

agttcatttc tttgmmﬂw ‘
ggaaacccga acdaa ETTE- ke LOOET A TGN PR CoAGAGE HQB%GEE\% %E%gg
Dottatottt dttgoht gaghvgat CVEREC O TTGT Eeat o0 G IBNITY CHEeagIat
aacgttttct tteac ! at'caaagateto gc
att aaat aac gt dt act® §el-F At tENGT TeYat B YgEets At tygGaaHE §aAEGEM P HIC

~ O Q)

t ggaggct gc tjghi cageee. anf;:@c A LSEAE /IO AL Tt 6 60A1 @GO L GHEC AR L B G § HYTO
gcaatatctc tnr:tf‘fnr‘f acg hnfnffnffnr‘r‘fn??ﬂfnr‘ffr‘tttc ttecttettet
tgctgattgg t|tctat aa@l':?&ég‘[ ct argtrmAMtrcdntmgaaﬁﬂﬁca@(agagthmncc&gtcggmcm

tcgaactt gg ggaaagatt it Aa0RtEREAR I RLAh R SR e AR U ROTEREG] A |
ggttttcaca gct?€agat agsit ggagitat gettttttgg900 atttcagcct ccagaggt ga

tattgtgcta dactcagt et eineage Cptacha@icihgt gaacidtlswecaggagatacghgimaghaic
ttcctgcagg cC’éq Ccaaalsyt at t ggeaa caacctacacl020
RB H3I-E2 | GTCAAGAAAGGGGACTCAGCAATCATCACCTCAAATGCACCAATGGA

(')

QD

4 HINC.c T

25 HASacle | TTAACTTAGAGCTCTTAGATGCATATTCTACACTGCAAAGACC

26 Apal-HIBe | TGTCGGGCCCATGAAAGTAAAACTACTGGTCCTGTTATGCACATT
27 |  SWIHIBr | AAATAGGCCTTTAGATGCATATTCTACACTGTAAAGACCCATTGGA

2% | SpDLHIBS IE'ECTCAGATCTTCGCTGACACAATATGTATAGGCTACC;\TGCTAACA

29 Sacl-HIBr | CTTAGAGCTCTTAGATGCATATTCTACACTGTAAAGACCCATTGGAA

30 | ApalSpPDlc | TIGTCGGGCCCATGGCGAAAAACGTTGCGATTTTCGGCTTATTGT

3 A‘;ijgsl E’*‘ TGTCGGGCCCATGGAGAAAATAGTGCTTCTTCTTGCAAT

32 Hg{if;";;’:' AAATAGGCCTTTAAATGCAAATTCTGCATTGTAACGA

33 | H3B-SpPDLr | TGTCATTICCGGGAAGTTITTGAGCGAAGATCTGAGAAGGAACCA

34 | SpPDIH3B.c | TCTCAGATCTTCGCTCAAAAACTTCCCGGAAATGACAACAGCACG

35 Sml-H3Br | AMAATAGGCCTTCAAATGCAAATGTTGCACCTAATGITGCCTTT |

i6 TmD H3I-H3B.r | ATTTGGTAAGTTCCTATTGACTTCAGCTCAACGCCCTTGATCTGG

TGAGCTGAAGTCAATAGGAACTTACCAAATACTGTCAATTTATTCAA
C
GTTATTCCAGTGCAGATTCGATCAGCGAAGATCTGAGAAGGAACCAA

37 H3B-TmD Hsle

38 HBF-SpPDLr CAC
39 SpPDI-IBF.c iﬁégATCTTC GCTGATCGAATCTGCACTGUAATAACATCTTCAAACTC
40 Swil-HBF.r AAAATAGGCCTTITATAGACAGATGGAGCATGAAACGTTGTCTCTGG

41 TmD HSLI-B Flor | TGACAGTATTTGGTAGTIATCCAATCCATCATCATITAAAGATGC

47 B Flo-TmD H5Lc '?]Cj;é\ ITGGATAACTACCAAATACTGTCAATITATTCAACAGTGGCGAG

43 Hsp-40Luz.1c ATGTITGGGCGCOGACCAAC
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tggtttcaac
at at ct ggga
at caacagtg
cctct cacgt
gt at ccat ct
ttcttgaaca
cgacaaaat g
at gaggagca
gaggccactc

aaaaat cgca
tcccctccag
NyazgEctya
t cggt gat gg
tcccaccatc
acttctaccc
gcgt oct gaa
ccctcacqtt

t gagt ct cca
gtt cagt ggc
agattttgga
gacaaagct g
cagt gagcag
caaagacat c
cagt t ggact
gaccaaggac

aggcttctca
agtggatctg
atgtttttct
gagct gaaac
ttaacatctg
aat gt caagt
gat caggaca
gagt at gaac

t caagt at gc
ggacagattt
gt caacagag
gggct gat gc
gaggt gcctc
ggaagat t ga
gcaaagacag
gacat aacag

ttoccagt cc1080

cact ct cagt

1140

PEHEAYEEYB200

t gcaccaact

1260

agtcgt gt gc1320
t ggcagt gaal380
cacctacagcl1440

ct at acct gt

1500

acaagacat Cc

aactfcaccc

att gt caaga

gcttcaacag

gaat gagt gt

1560

t E12 ot t t agad t t gaksbhaeatkdalct Gg-0t gt gcat t t
totgtgctca gagtgtgttt attttatgta atttaatttc

aqqt ¢gt deeilit-cagcaagd ReaGaraAdaAs Akt H3at 4 tattaaaaaal74

aga rgéﬁhlzﬁ?ﬂf cgatatc aagcttatcg acctgcagat cgttcaaacal8
aagt { Hettlaz Bgat | GEECECOIQICCGaLH TFEIGEgRICGGTAA at cat at 186

gagt tfacgtt Alg@fg(j?& g@\@g@@%@g@gﬁcg‘; aatgcatg acgttattt a1732

b+ b+ o PN PPN TN )
T U Ubbub aat Tt dlL auv dat ttLtaatl abgbg Al ClUClClClOlL:Ol.L\JU

cg€aaac ﬁgwggta a@@@@®eg@g@qaghﬁimﬁﬁﬁbefﬁmthtactagatt204)

cty ﬁr&gﬁgc%

t agaggcct a
t gageggt tt
cctgtttage
aaaaaaaaaa
tttggcaata
aatttctgtt
t gagat gqgt
aaat at agcg
ctagagtctc

ctatgtttgql620
tttgtgagct 168

OO 0O 0O

Artificial Seguen e

Hindl Il to EcBRI %mﬂﬁfhﬁe‘a@@@ﬁﬁ@@ﬂéﬁ9@5@@6T5E§T¢@@666Fbca ggtcgactc
agaggt accc cggqqtqg&@ﬁgctatgkﬁy@kgA&@ghg@@ayﬁ act caaaaac cat aaaagtt
taagttagca cctact—act Tat—aa‘
at cgt t a?t a Zgrﬂg,tt Tt g %Wg St ﬁﬁéhﬁ@ @Tﬁ' 3

t gacaacaat Etiggt t gcCs ccEI\M 1@&gﬁﬁrﬁ%&t¢ﬁ_@@cﬁ@ﬁ0¢ﬁdcf\tzcm;tpggt cal
aaaacaat ag egagags X ,gaagaggg—agaa%aaaaa—ea%aa%g%ga—g%a%gagagaﬂ
gaaagttgta dﬁacgttgﬁggg 6&&@@€@@“ﬂ%@ﬁ&ﬁﬂﬂﬁﬂhﬂ-!,J gay o gt qu
aagct acaca q;acggggs%iqvaa gﬁgﬁﬁﬁﬁﬂ@@m@ﬁgwgabQﬁﬁ@@ﬁbﬂb@gégﬁgﬁﬁg
taccattaga aAt tlt t t gguso caagt catta aaaagaaaga ataaattatt tttaaaatta
aaagttgagt rajtt g%@gg | AATACGRYaECECITICAAN T GABE ot JaaaC yRgiCrgtat t
aaagtt gt at agt dattagQ aatttggtgt caaatttaat ttgacatttg atcttttcet

atatattgcc
at aacggt at
cacgt agaag
aatcctgatg
at cacacatt

ccat agagt c660 agttaactca tttttatatt tcatagatca aataagagaa
tccc 720.cc aaaaaa aaaac tat ttact aaa aaIcta gc
JabGiig S R E R I SR R O o
agﬁhﬂﬁﬂﬁﬂ&ﬁﬂ@uﬁbba@agccc acgcatctgt ggcacatcta cattatctaa
cttccacaca900 tctgagccac acaaaaacca atccacatct ttatcaccca

ttctataaaa{ggg c : Cactttgati‘ecn++“"° aag
agaagagact ‘1aattaa catct tgagagaagd’ ga.é%é%ﬁmagtgo tott
cttgcaat ag : gtgat—cagatttg pPLg caat
t caacagagc iﬁ%&eac-' A& cdt ﬂygzugggacgtt nfqtfgga%@nmnppn hagac
at act ggaaa |dAgadadAcaal BOOVEHRIAHSE 0T gcgat ot Htist g W@chcnaatt
ttaagagatt |d¥dg{ Gt agc] 7 ggaac®Plaat § aatfcatc
aat gt accgg | 2dtidgt3ét t a] H2 0 VBattaat/'§YaW Thaggccaat wiieaa é&ﬁﬁuhﬂéﬁf gttac
ccagggcatt |tAdgdtBact al 30 MPoduged@2@)7agggagcaatDt gagBiPEEMVAtEL t ¢at t t
gagaggt t cg |addttaiedccc 43 QA balangadatiSt cat ggccoatiac cabhsoganaaccggagt g
t cagcat cat |gciidersat aallB@B/Flagidagansgc agttttt ackDlgaaatss/gervalggct gacg
gggaagaat g |gigiigeaccc L8Py HT-LC C5t CSILC | 35S/CPMV-HT |

AGLI/690 H1/Bris RB + H3/Indo SDC native | Plasta

AGLI/69! H1/Bn E1-RB-E2? + H5 SDC native | Plasto

AGLI/696 H5/ndo RB+HI/NC SDC PDI Plasto

| AGLY/733 H1/Bri | PDI | 358/CPMV-HT

| AGLY734 H1/Bri RB + H5/Indo SDC | native | 358/CPMV-HT

| AGLI737 | H3/Bri Ectodomain+H35/Indo TDC | PDI 338/CPMV-HT

| AGLI/745 | B/Flo ectodomain  H5/Inda TDC | PDI 35S/CPMV-HT
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aaacct gagc
t cat cacccg
ctctgtagtg
agt aagagat
aataatattt
aggctttgga
t caaact cca
cat cggggaa
aaat agccct

t gagcagggg
caccaat aag
ggaattt aat
tctagatgtc
agactttcat
t aat gcaaag
t at ggaaagt
aaaaagagag
aatttattca
at ggat gt gc
aatgcttctt
agagot t aat
gtaattcatt
t gaagacctg
cacaacttta
t ggaaat at ¢
t at at catiec
ggctugeccga g

<220> <223>°

aagot tacta
tatttatatg
tttttacttg
taaagaaata
cattt gaaaa
aggaagadyg 4
accaaaataq
aattgctgta
caaatcatta
aacat gt gat
aatttagt at
agrtaactca
Ccaaaaaqga
t occcgt agg
ctttaagccc
t ct gagccac
t gt gagtcta

aagtcctatg
ccaaacat ag
t VOB 5t
caagaaggaa
gaggcaaat g
tcaggaatta

at gggggcga
t gccccaaat

caaacaacaa
gt gaccaaaa
at agcagaaa
gaat caatta
gaaat ct aat
t gaaaagt ga
t aaact ct ag
at gt gaaat c

agaaaaagaa
ggccct ct at
attcacccca
ct act ggact
agcgccaaga
at t ggaat at
tatgccattc
aaacagatta

gtccttgtac
cat acagaaa
gaaat agcca
ctgcttgaac
tatgotttcg
ggt aact gca
cacaacat ac
gtccttgcaa

t at ggggt gt 1620
atgcttat gt 1680
FLagaccoaabyio
ccggggat ac1800
cact gagt ag1860
acaccaagt g1920
accctctcacl1980
cagggct cag2040

[GRA3Ga9909) SERIARUARA: CAMURBATHA
ttttat agaq ’ggag

CIEBI T 99385 Y abiagazgy2100
agggaatggqt agatggttgg tatgggtacc accatagcaa2l60
agt gggt acg ctgcagacaa agaat ccact caaaaggcaa taqgat ggagt 2220
gtgfactcaa tcattgacaa aatgaacact cagtttgagg ccgttggaa92280
- t Beparatigg algmantay AfH g
tggacttata atgccgaact tctggttctc atggaaaatg agagaactct2400
gsebpaaat gvildaaoRaRek ik 3R0R GRARGAHCRER eafindat Hidgearg 460
gag ctgggta acggttgttt cgagttctat cacaaatgtg ataatgaatg2520
a@aiagraa t ’Q‘é‘éé‘g&f-’ﬁ% &d he PHRE dgeotet tp@&g\alagheaea@feaa@%@rtdzﬁeo
9883ha80-9u SA0 23R hreIGRAL GARL@IGDIAE LERCEHBRALRE L 2640
aca%tgﬁ%%%ugttcccﬁﬁgcma&?ggcaatc atgatg%ctg1gtotatcttt2700
seedimat igdaidua glan bt g Pickiyanat trefolaatt tramdperge lafide smitit 852760
SALALEGLAL il A ARRAY el Ll Ll L RARLALCLohd R4 08 02820
aatcgttgt tgttatgaaa tactatttgt atgagatgaa ctggtgtaat2680
nmmghmw@mga@a@wuhgaanﬂmdgaatavmwath@masaams&aa@@@gﬁm&@940

c tt,t gaacaac taaaattu ttttgc3000
P@%@géng‘ %E%ngl%% aﬁ%@ aymgggﬁgf&iagléb t aat aa3060

agttat cgaa attcattaac aat caactta acgttattaa ctactaattt 3120
tHe8lgat aalzatigaragtasicaict wih ea gombigd agtargvrnegdgyoedizngo

Wpferkata ST TR pARS RgpSo VAT e MM 12 2 SE060 e

gougrdigras SO ggod @muacig atld: Yoot ofaghgytilegti Seggacthggeabel

tt a aaagtt taa t aac tacal

o LA B8 B L R 2 SR AR A ke PR PP T e R EEE 260

tr@u@renta:n a[amaa@ﬁaagaﬁmn agxrgmtmgctlt artdoj@cad 08Ed pH b Yt Sygaga240
Ittt cttt tta aaaac 300
I2hi o aadretmet St T g AT Lo Ratget O JAAEa g Ce sy

[RVE aaammmtﬁogaegmaaunwmaa (ARt AC aspensidiaagagt t 420

aataéataaa acacat tagagagata taccattag

aatttttgg480
SEHAYEh A ffna & g P ipiopmetivn wtugyet @fé@lﬁ“‘@%}ﬁ°?-&&1 %gé%@f
tatitiiRal GRuRbligRh 9RaA1 MRt 86 alitaodgid dhddlohadiadlthageRo
caaatttaat ttaacatttg atottttect atatattqcc ccatagaat c660

tip% Pl eapignts At Syatechgar &a@é@%{&*watea%gdﬁpatde devaurecetrog

233R698LALN AL iLACLARS ARRLEE ARLC) CRGH BHIM TR BALAGIAT80
at aacat ccaatccaac caatcacaac aatcct gat g agat aaccca340

g@ﬁmg BFinsyYoatrcn it akes yarcatieashioda srenhesamae 4908y
%&%ﬂﬁ%ﬂg&%m%%ﬁFﬂ&ﬁ%@bn%£%Mﬁ%ﬁ%9§a£ﬁ&#Qﬁﬁﬁ&éua@R&§§ @gga

cactttgatt cccttcaaac acatacaaa agaauagact aatt aa
co-infiltration with AGL1/358-HePro in a 1] ratio, except tor CPMV-HT cassatte-beanno

sirains which were co-wnfiltrated with strain AGLU/R472 ina ! ratio.

5. Leaf sampling and fotal protein extraction




ttaatcatct tgauagaaaa tggagaaaat agtucttctt cttgcaatag tcagtcttgt1080
PCT/ CA2010/ 000983 t aaaagt gat cagatttgca ttggttacca tgcaaacaat tcaacagagc

aggt t gacac
agacacacaa
gcagcgttgc
catggtccta
tcgctgacta
aaatattccc
gct cccat aa

14

25

MRPUIFALSEHL ggaa aagaacgtta ctgttacaca tgcccad§aéAat &btaaa
1200 cgggaagctc tgcctattaa aaggaat agc cccactacaa ttgggtaatt
1260 cqggtgqgatc ttaggaaacc cagaatgcga attactgatt tccaaggagt
1320 cattgtagaa aaaccaaatc ctgagaatgg aacatgttac ccagggcatt
1380 tgaggaactg agggagcaat tgagttcagt atcttcattt gagaggttcg
1440 caaagaaagc tcatggccca accacaccgt aaccggagtq tcagcat cat
1BAGOIt gggJFadagiag incubation, the acrial part of plants was harvested, frozen at -80°C,

crushed into pieces. Total soluble proteins were extracted by homogenizing {Polytron) each
sample of frozen-crushed plant material in 3 votumes of cold 50 mM Tris pH 8, 0.15 M NaCl,
0.04% sodium metabisultite and | mM phenylmethanesulfonyl fluoride, Atter
homogenization, the sharries werg ceatrilfuged at 20,000 g for 20 min at 4°C and these clarified
crude exlracts (supernatant) kept for analyses. The total protein content of clarified crude
extracts was determuned by the Bradford assay {Bio-Rad, Hercules, CA} using bhovine serum

albumin as the reference standard.

6. Protein Apalvsis and Immunoblotting

(00230] Protein concentrations were determined by the BCA protein assay (Pierce
Biochemicals, Rockport IL). Proteins were separated by SDS-PAGE under reducing
conditions and stained with Coomassie Blue. Stained gels were scanned and densitometry

anatysis performed using Image] Software (NTH).

[00231] Proteins from elution fraction from SEC were precipitated with acetone

(Bollag ef al., 1996), resuspended 1 1/5 volume in equilibration/elution bulfer and separated
by SDS-PAGE under reducing conditions and electrotransferred onto polyvinylene difluoride
(PVDF) membrancs (Reche Diagnostics Corporation, [ndianapolis, IN} for immunodetection.
Prior to hmmunoblotting, the membranes were blocked with 3% skim milk and 0.1% Tween-

20 in Tris-buffered saline {TBS-T) for 16-18h at 4°C.

(00232} [mmunoblotting was performed by incubation with a suitable antibody {Table
6}, in' 2 pg/mi in 2% skima milk in TBS-Tween 20 §.1%. Secondary antibodies used for
chemiluminescence detection were as indicated in Table 4, diluted as indicated in 2% skim
milk in TBS-Tween 20 0.1%. Immunoreactive complexes were detected by
chemiluminescence using luminol as the substrate (Roche Diagnostics Corporation ).
Horseradish peroxidase—enzyroe conjugation of human [gG antibody was carried out by using

the EZ-Link Plus® Activated Peroxidase conjugation kit (Picrce, Rockford, IL). Whole

- 74 -



agtttttaca
aagtcctatg
ccaaacat aq
tcttcacatt
caagaaggaa
gaggcaaat g
t caggaat ca

at gggggcga

T\

gaaatttgct atggctgacg
caaacaacaa

QY Qabeatad
at agcagaaa

gaat caat

gaaat ct aat
t caact caaa

t aaact ct

ta

ag

agaaaaagaa
ggccct ct at
attcacccca
ct act ggact
agcgccaaga
t gcaccaatg
tatgccattc

gggaagaat g
gtocttgtac

cat acagaaa
gaaat agcca
ctgcttgaac
tatgctttcg
gat aaat qca
cacaacat ac

gtttgtacco
tat ggggt gt
at got t at gt
aaagacccaa
ccggggat ac
cact gagt ag
acaccaagtg
accct ct cac

1560 aaacct gagc
1620 tcatcacccg
PEBGARL MO YPHGt g
1740 agt aagagat
1800 aataatattt
1860 aggctttgga
1920 tcaaactcca
1980

inactivated virus (WIV), used as controls of detection for H1. H3 and B subtypes, were

purchased from National Institute for Biclegical Standards and Control (NIBSC).

Table 3: Electrophoresis conditions, antibodies, and dilutions for immunobletting of

expressed proteins.

HA sub- | Influenza strain | Electrophoresis | Primary | Dilution | Secondary | Dilution
type condilion aniibody antibody
R A/Brisbane/59/2 | Reducing Fil 10- 4 ng/m!i | Goat anti- 1:10 000
D07 {HIND 150 mouse
{JIR 115
'1 035-146) ¢
HI A/New Reducing FIL10- |4 ug/mt | Goatanii- | 1:10 000
Caledonia/20/99 1530 [ mouse
| (HIND) | (JIR 115-
| 1 (35-146)
H3 A/Brisbane/10/2 | Non-Reducing | NIBRC 1:4G00 Rabhbit 1110 000
007 (H3N2) 08/124 | anti-sheep |
(JIR 313-
g 035-045)
Hs Afindonesia/5/2 | Reducing ITC 1:4000 Gaoat anli- 1:10 008
0035 (H5ND) IT-003- rabbit (JIR
' 005V 111-035-
| | 144)
B BT orda/4/200 | Non-Reducing | NIBSC [:2000 | Rabbit 1210 000
6 077336 apti-sheep
( (JIR 313- |
It 035-045) |

FIl; Fitzgerald Industries International, Concord, MA, USA:
NIBSC: National Institute for Bictogical Standards and Control;
NR: Tackson ImmunoResearch, West Grove, PA, USA;

ITC: Immune Technology Corporanion, Woodside, NY, USA;

7. Clarification and coucentration prior fo SEC

[00233]

To improve resolution and increase sigaal in elution fractions, extracts to be

loaded on size exclusion chromatography, crude protein extracts were clarified and

concentrated using the following method. Extracts were centnfuged at 70 000 g, 4°C for 20

min and the pellet was washed twace by resuspension in | volume (compared to the initial

extract volume) of extraction buffer (50 mM Tris pH &, 0.15 M NaCl) and centrifugation at

~J
o
i



cat cggggaa tgccccaaat atgtgaaatc aaacagatta gtccttgcaa cagggctcag 2040
aaat agccct caaagagaga (gcagaagaaa aaagagagga ctatttqgag ctatagcagg 2100
ttttatagag gyadyat'éigt! agggaat ggt agatggttgg tat gggtacc KETKMAHOAB160
t gagcagggg agt gggt acg ct gcagacaa agaat ccact caaaaggcaa tagatggagt 2220
caccaat aag gtcaactcaa tcattgacaa aatgaacact cagtttqagg ccgttggaag 2280
ggaatttaat aacttagaaa ggagaataga gaatttaaac aagaagat gg aagacgqgtt 2340
tctagatgtc tggacttata atgccgaact tctggttctc atggaaaatg agagaactct 2400
agactttcat gactcaaatg ttaagaacct ctacgacaag gtccgactac

70 000 g, 4°C for 20 min. The resulting pellet was resuspended in (/3 volume (compared to
the witial extract volume) and proteins {including VLPs) were precipitated by the addition of
20% (w/v) PEG 3330 followed by incubation on ice for 1h. Precipitated proteins were
recovered by centrifugation at 10 000 g, 4°C, 20 min, and resuspended in 1/15 volume

5 (compared to the initial extract volume) ot extraction buffer. After complete resuspension of
proteuns, a funal cenirifugation at 20 000 g, 4°C, 5 min was performed to pellet insolubles and

the clear superniatant was recovered.

8. Size exclusion chromatographv of protein extract

[00234] Size exclusion chromatograpby (SEC) columns of 32 mi Sephacryl™™ 8-500
1} high resolution beads (5-500 HR : GE Heailthcare, Uppsala, Sweden, Cat. No. 17-0613-10)
were packed and equilibrated with cquilibration/elution buffer (50 mM Tris pHE, 150 mM
NaCl). One and a balf millilitre of crude protein extract was loaded onto the column Followed
by an elution step with 45 mL of equilibration/elution buffer. The e¢lution was collected in
fractions of 1.5 mL relative protein content of eluted fractions was monitored by mixing 10
13 nl. of the traction with 200 ul. of diluted Bio-Rad protein dye reagent (Bio-Rad. Hercules,
CA The column was washed with 2 column volumes of 0.2N NaCH tollowed by 10 column
volumes of 50 mM Tris pHS, 130 mM NaCl, 20% cthanol. Each separation was followed by
a calibration of the column with Blue Dextran 2000 (GE Healthcare Bio-Science Corp.,
Piscataway, NI, USA). Elution profiles of Blue Dextran 2000 and host soluble proteins were
20 compared between cach separation to ensure uniformity of the elution profiles between the

columns used.

Example I: Domain swapping strategy for RB and/or Esterase domains oo influenza

subtype stems,

[00235] The RB subdomain of H3/Inde may be replaced by an RD subdomain of 111,
25 H3 or B HA. The resulting chimeric HA provides an SDC H5/lndo to form VLPs and present
the RB subdomain compnising immunogenic sites of H1, H3 or B. The H5/Indo RB

subdomain may be inserted on an H1 stem (Hi/NC) . Figures 15A and 5B illustrate the
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agottaggga 2460 taatgcaaaq gagctgggta acggttgttt
at aat gaat q 2520 t at ggaaagt at aagaaacg gaacqtacaa
aagcaagatt 22%8@ti§aaHgagag gaaat aagt g gggt aaaat t
aaatactgtc 2640 aatttattca acagtggcca gttocctagc
gtctatcttt 2700 atggatgtgc tccaatggat cgttacaatg
tctaagttaa 2760 8atgottctt cgtctcctat ttataatatg
ttcttgtaga 2820 agagcttaat taatcgttgt tgttatqaaa
ctggtgtaat 2880 gtaattcatt tacataagtg gagtcagaat cagaatgttt cctccataac

cgagttctat cacaaatgtg
ctatccgcag tattcagaag
ggaat c #&f & A4 &8WP¥acc
act ggcaat ¢ at gatggctg
cagaatttgc atttaagagc
gtttgttatt gttaattttg
tactatttgt atgagatgaa

t aact agaca294botgdagaeetg degodh aodte bidghet batdambing, gaataasinbasdat t gaa

catErtttt

3

10

15

i

c3090 : e - .

9 sequences of the respective subdomains is provide in Figure 2 {constructs 690, 734, 696 and
691) and Tabies 4 (coutructs 900 and 745) and 3 (constructs 910, 920 and 930). Awino acid
sequences illustrated in Figure 2, and Tables 4 and 5 do not include signal peptide sequences.
Tabie 4 Subdomains and chimertic influenza HA. Chimeric influenza HA comprising
heterologous RB subdomain.

Const N-tenninal RB bead C-ierminal stem:
No Stem: -F'1+E| . _ E2+F"2-Stop

00 i IT5/Indo 11}/Brisbane H3/lude

(SEQ 10 | DQICIGYHANNSTEQ | VDVPDYASLRSLVASSGTIEFN | IMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKY

NO:105) | VIYIIMEKNVTVTHA | NESFNWTGVIONGTSSACIRRS | VIGSNRLVLATGI RNSPQRESRRKKRGLFGAIAGFIEGGWQG

QDILEKTIINGKLCDL | NNSFFSRLNWLTHLKFKYPALN | MVDGWYGYHHSNEQGSGY AADKES TQRAIDGVTNEVNSIL
DGVKPLILRDCSVAG | VTMPNNEKFDKLY IWGVHIIPG | DXMNTQFEAVOREFNNLERRIENINKKMEDGF.DYWTYNA
WLLGNPMODEFINY TORNDOIFLY AQASGRITYSTKRS VLM ENER FLDFHODS NN YD R VRLOLRINARKELGNG
PEWSVIVEKANPTND | QOTVIPNMGSRPRVRNIPSRISTY | CREMYURCONECMESIRNGT VNYPQYSEEARLKREEISGVKLY (
NVt WHVKPGDILLINS TONLIAPRGY | $IGTYOQILSIYSTVASSLALAIMMAGLSLWMCSNGSLOCRIC]
| FKIRSGKSS

745 H5/Indo B/Florida HSwde

(SEQ 1D | DQICIGYHANNSTEG | IMHDRTIIROLPNILRGYENIRL | IMKSELEYGNCNTKCQTPMGAMNSSMPFHNITIPLTIGECPKYV

NO: 106 | VDTIMERNVTVINA | STONVIDAEKAPGGPYRLGUSG | KSNRLVLATGLRNSPQRESRRKKRGLFGATAGHIEGGWQGMY

ODILEKTIINGKLEDL | SCPNATSKSGEFATMAWAYPK [ DGWYGYHHSNEQGSGY AADKESTORAIDGYI NKVNSIDKM
DGVEPLILRDCEVAG | DMNENATNPLTVFVPYICTREGE NTOFEAVOREFMNNLERRIENLNKKMEDGEFLDVWITYNARLLY
WLLGNPMODEFINY | DQITYWOFHSDNKTQMKNLYG | LMENERTLOFHDSNVKNLYDKVRELQIRDNAKELGNGCFERY |
PEWSYIVEKANPTND | DSNPOKFTSSANGVITIVSQE | HKCDNECMESIRNG [V NYPOVSEEARLKREEISGVKLFSIGTY
LOVP GSFPDQTEDGGLPOSGRIVVEDY | QILSEYSTVASSLALAIMMAGLSLWMCSNGSLQCRIC]
MMORPOKTGTIVYQRGVLLID
KVWCASGRSK _
[00236] Amino acids 1-92 of SEQ 1D NO: 1035 are an F'1+E1 domain of H5/Indo;
amino acids 93-259 are the RB head domain of H3/Brisbane; amino acids 260-548 are the
E2+F"2 domain of H5/Indo.
[0237] Amino acids 1-92 ¢f SEQ TD NO: 106 are an F’1+E] domain of H5/Indo;
amino actds 93-276 are the RB head domain of B/Florida; amino acids 277-565 are the
E24F72 domain of H5/Indo.
‘Table 5 Subdomains and chimeric influenza HA. Chimeric influenza HA comprising
heterologous RB subdomain.



cacaacttta taagtggtta atatagctca aatatatggt caagttcaat agattaataa3060
tggaaatatc agttatcgaa attcattaac aatcaactta acgttattaa ctactaattt3120
tat at cat cc HP2Y§A{%AH at gat agt ac accaatt agg aaggagcat g EEEEAgHEEE"3E30

ggctggccga attc3194 <210> 65 <211> 3206 <212> DNA <213> Artifici al
<229> <223> Synt hesi zed Construct nunber 696,

Seq
fromHLndl |i

aagottgcta geggcctcaa tggccctgca ggtcgactct agaggt accc cgggct ggt a60
tatttatatg ttgtcaaata actcaaaaac cataaaagtt taagttagca agtgtgtacal29

tttttactt

aacaaaaata ttcacctact actgttataa atcattatta aacattagagl80

t aaagaaat a&otsgg3
cat t t gagaactdat t

It gate@@ngad
tt§ehd Lt g

\ICaagapRB&Ghadt at t
tctottt tcattggtc

t gacaac@aemntdal it gcaa240
h aaaacaat aff'laGeapgagaaaa3oo
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accaaaat agt t gt a’@‘a‘aﬁt}“‘&l‘t
aat t gct gt & &3t 5 Q:ﬁ‘é[
caagtcat{a aaagq ”’\ éb‘a at's
aacat gt gat tatttaatga att
aatttggt gt caadtttaat
agttaactca ttttjitatatt
ccaaaaaaaa aaaacggtat

geo agag

tc
att

t t gacatbdiOnlr 8L Eiee]
gtsagapoavastaagaga

aatgiaga gtatgaria
EFTYEGECHIEYETE
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a %?iﬁtia @m b
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gl 9@%»»9

taTrReaL - AEat G RN
a&—@eﬂ%ﬂﬁﬁaf cacaacg

Jesgaaagtt gt a caaaagtt gt 360
AN GEMaCHE S TRt avyagy Wﬂ?@
T‘t‘é@&"&tﬁﬂ‘ Lﬁfaa‘t"fhf“tvt

&
S )

RANGA L QLA D

@l Ab@bd Qe @\@ai\asﬂxa&m
ArAtAGCYgtat-asihbaaisceh ~7»20
Cslgacytsagygay gat aacagga730

C nnf cctgatg agat nnr‘r‘r‘nR4ﬂ

cttt aagc POLN T“DIa (%_at Lat (I;'I (“ M{J HPi r 00

tot gaQCC¢ ‘%9 ia\q.i Shodd ﬁkéﬂﬁ‘ﬁ p‘ii ﬁizééél 4,44 %éé%i%\ ﬁg
tgtgagtca cact|,i,gak T..ﬁ&c t ARAGNAS RIS f@@@;wma%& 51O 0
ttaatcat ¢t tgagagaaaa tggdegaaradse@ixgegat:t dr0ggehiratmt ghtiteteinbQ80
tcttgtgtfg gttecttctc agatettregoxtgacacaatiavgiraraggoivvacoabigocaatidO
caact caac¢c gacactgttg acacagpactorispagasyadt HYtyasRIat A EBgR E B0
PCT/ CA2010/ 000983 caacctaé’ﬁ’t" é&% EO'CéE‘aa? a’aﬁ"D‘a‘é‘t‘sﬁ’t“ﬁ’P&t"ﬁMt‘f’t‘%&ﬁ‘agc
tagocccac¢t 1260 acaattgggt, ﬂmfg (o%: meﬁﬁ(:@ﬁ '§at ot t agga aacccagaat
gcgaattact 1320 gatttccadg, [Kmpumw i l

r- 234 HLNC Hsilnda NG

(SEQ 1D | DVICIGYHANNSTD | DLDGVRPLILRDCSVAGWILLGNPMC| CDARKCQTPOGAINSSLEFONVHPVTIGECPKY VRSARL !

NO: 109) TVDTVLEENVTVT | DEFINVPEWSYIVEKANPTNDLOYPG) RMVTOLRNIPSIQSRGLFGAIAGEIRGOWTOMYDOWY G

HSVNLLEDSHNGK | SFNDYEEIKHLUSRINHFEKIQUPKSS | YHHONEQGROY AADOKSTONANGIINK VNS VIEKMN

c WEDHEASSGVSSACPYLGSPSFIRN | TOFVAVOGKEFNKLER RMENLNKKVIIDGELINWTYNAE

VVWLIKKNSTYPTIKKSYNNTNOED | [ LVLLENERTLDFHDSNYENLYER VESQLIKNNAKEIGN

L VIWGTHHENDAAPQTRLYONPTT | GCFEFYHRCNNECMESVINGIYDYPRYSEESKLNREK

YIRIGTS TUNOQRLVPIIATREK VRGOS IDOVEKLESMGVY QM AIYSTVASSLVLLVSLGAISFWMWC

GRMEFFWTLLKPNOAINFESNGNELA | SNGSLOQCRICE
PEYAYEIVRKGOSAIMESELEYON _
{00238] Amino acids 1-42 of SEQ 1D NQ: 107 are an N terminal F'} domam of

H5/Indo; amino acids 43-228 are the E1-RB-E2 head domain of H3/Brisbane; amino acids
229.507 are the £'2 domain of H5/Indo.

(00239

556 are the F'2 doma

(002403

it of H5/Indo.

Amino acids 1-42 of SEQ 1D NO: 108 are an N terminal F'1 domain of

H5/indo; amino acids 43-281 are the E1-RB-E2 head domain of B/Flonda; amino acids 282-

Amino acids 1-42 of SEQ ID NO: 109 are an N terminal F'1 domain of

H1/NC; amino acids 43-273 are the E1-RB-E2 head domain of H3/Indo; amino acids 274-548
are the 2 domain of HI/NC.
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gaat cat ggt cctacattgt agaaacacca aatcctgaga atggaacatg 1380 ttacccaggg
agtttcaacg act at gaaga actgaaacac ctattgagca gaataaacca 1440 ttttgagaaa
attcaaat ca t\WeEHHAEHAY ttcttggtcc gatcatgaag cctcatcagg PSOFAAGILHGEt ca
gcatgtccat acctgggaag tccctccttt tttagaaatg tggtatggct 1560 tat caaaaag
aacagt acat acccaacaat aaagaaaagc tacaataata ccaaccaaaa 1620 ggatcttttg
gtactgtggg gaattcacca tcctaatgat goggcagagc agacaaggct 1680 at at caaaac
ccaaccacct atatttccat tgggacatca acactaaacc agagattggt 1740 accaaaaata
gctact agat ccaaagtaaa cgggcaaagt ggaaggatgg agttcttctg

Lh

11

20

(Y]
L

{00241] The tusion points for the vanious chimeras were selected so as to be as close Lo
{but not necessarily directly at) the N and C termini of the various subdomains - without
wishing to be bound by theory, these fusions were selected so as to maximize the stability of
the chimeric HA. For example, siructure and sequence conservation 1s observed at the N-
terminus of the RB subdomain (Ha et al. 2002, EMBO J. 21:865-875; which is incorporated
hierein by refernce). A less variable region in the primary sequence is found al the C-E/Y-P
triad located at approxinately 15 amino acids betore, in the E{ subdomain. This cysteine is
involved in disulfide bridge #3, which is conserved among HAs {see Figures 46 and 47). A
juncfion at this Cys may provide for suitabie, or superior, stability to the chimeric HA rejative
to the native sequence. The C-terminus end of the RB provides conserved features: for
example, a conserved Ser residue at position -1 and the E2 subdomain starts with a beta-sheet
observed in all HA on the alignment (Ha et al. 2002, EMBO J. 21:865-875; which is
incorporated herein by refernce). Therefore, the C-terminus of this RB may be fused to the
initiating amino acid of this heta sheet structure of the £2 subdomain. Further, the disulfide
bridge pattern is not changed, or is not substantively changed, for the chimeras comprising RB
subdomains of HI/NC, HiBnr. H3/Bri, or B/Fio on an H5/Indo SDC, and for H5/Indo RB
subdomain on H] SDC (total of 6), but a disulfide bridge will be added (bridge #8) on the
hybrid HA of B RB on H5 stem. This addition of disultide bridge should not interfere with the
folding of the HA (hecause it 1s located within the RB domain and the Cys are adjacent on the

sequence), and may be produce a even more stable hybrid 1TA.

[00242] The E1-RB-E2 subdomains of a first intluenza type were replaced by E1-RB-
E2 subdomains of a second infiuenza type. Such an arrangement may present a greater
nuraber of amino acids of the second type at the surface of the H53-VLP. In this exampte, the
HDC of H1, H3 or B was placed on an H5/Indo SDC, and an HIDC of H5/Inde on an HI/NC
SDC (Table 5).

(00243} The junction of the HDC was defined with a conserved cysteine residue
(compnsing disulfide bridge #6 of HA type A and #7 in HA type B). The junction of the HDC
at the C-teominus of the E2 subdomain was defined with another conserved cysteine residue

comprising disulfide bridge #6 (the second amino acid of the F'2 subdomain) of influenza
S70.



1800 gacaatttta aaacctaatg atgcaatcaa cttcgagagt aatggaaatt tcattgctcc 1860
agaata7gca tacaaaattg tcaagaaagg ggactcagca atcatcacct caaatgcacc 1920

aat ggat gaa t¥PaHPat§H agt g7caaac acct caggga gct at aaaca EEAGHEMIEWIHBOSO

t 7t ccagaat gtacacccag tcacaatagg agag7gtcca aagta7g7ca agagtgcaaa 2040
attaaggatg gttacaggac taaggaacat cccatcca/7t caatccagag gtttgtttgg 2100
agccattgcc ggtttcattg aaggggggtg gact ggaat g gt agat gggt ggtatgg7ta 2160

t cat cat cag aat gagcaag gatctggcta tgctgcagat caaaaaagta cacaaaatgc 2220
cattaacggg attacaaaca agg7caattc tgtaattgag

type H1 or H3 on an SDC of HS/Indo or for influenza type HS on an SDC of HI. For the

influenza B chimera, the junction was established the connection af the first Cysteine
comprising of disulfide bridge #4 (tocated 4 amino acids away on the F'2 subdomain, and

conserved among the HAs). The resulting chimeras do not exhibit any alteration in disulfide

=

bridge paiterns - the HI/H3/H3 hybrid HAs will contain 6 disulfde bridges and the B hybrid

will have 7 of them.

Example 2: Replacement of receptor binding (RB) or receptor binding and esterase
(E1-RB-E2) subdomains of HS A/Indonesia/5/05 with that of H1 A/Brisbane/59/2007:

Comparison of expression for chimeric and native ferms.

10 {00244) To combine the high accumulation level of VLPs from HS A/lndonesia/5/05
with the antigenicity characteristics of H1 A/Brisbane/39/2007, chimeric hemagglutinins were
designed comprising domains from H1 A/Brisbane/59/2007 fused to an H5 A/lndonesia/5/05
stem domain cluster, Expression cassettes for the expression of the H5/H1 hemagglutinin
fusions are represented in Figure 1 and amine acid sequences of the mature fusion proteins

15 produced itlustrated in Figure 2.

[00245] To compare the accumulation levet of H5/H1 chimeric hemagglutinins with
that of their native forms, Nicotiana benthamiana plants were infittrated with AGL1/774,
AGL1/691 and AGL1/690, and the leaves were harvested after a six-day incubation period. To
determine the accumulation levei of each HA form io the agroinfiltrated leaves, proteins were
20 cxtracted from infiltrated leaf ttssue and analyzed by Western blotting using anti-HA
monoclonal antibodies. A unique band of approximately 75 kida (Figure 3), corresponding in
size to the uncleaved HAD form of influenza hemagglutinin, was detected in extracts from
leaves infiltrated with AGL1/690 but not in AGL1/774 or AGL1/691, indicaling that the

chimeric hemagglutinin compnsing the receptor-binding region of H1 A/Brisbane/59/2007

bt
/]

fused to the HS A/indonesia/53/05 backbone accumunlated to higher level than both the native
form of H1 A/Brisbane/59/2007 (AGL1/774) and the chimeric hemagglutinin combining the
esterase andd receptor-binding regions of M1 A/Brisbane/59/2007 with the FS
A/Indonesia/5/05 backbone. The whole inactivated virus (WIV) (H1 A/Brishane/59/2007)

SR -



aaaat gaaca ctcaattcac 2280 agctgrgggc aaagagttca acaaattgga aagaaggatg
gaaaacttaa at aaaaaagt 2310 tgatgatggg tttctagaca tttggacata taatgcagaa
ttgt 7ggttc t'HeeYydatad 2400 t gaaaggact 7tggatttcc at gact EEAL LY EHRFaa7
cgt at gaga aagt aaaaag 2460 ccaattaaag aat aat gcca aagaaat agg aaacgggt gt
ttzgagttct atcacaagtg 2520 taacaatgaa tgcatggaga gtgtgaaaaa tggtacctat
gactatccaa aatattccga 2580 agaat caaag ttaaacaggg agaaaattga 7ggagtgaaa
ttggaat caa tgggagtata 2640 ccagattctg gcgatctact caactgtcgc cagttccctg
gttott7tgg totccctggg 2700 ggcaatcagc t7c7ggatgt gttccaatgg gzczttgcag
used as a positive control was detected as multiple bands with a major band at approximately

30 kDa. corresponding to the molecular weight of the precursor HAQ of H1
A/Brisbane/59/2007. These results demonsirated that the replacement of the receptor-binding

region froro H5 A/indonesia/S/05 with that of HI A/Brisbane/59/2007 generated a chimeric

M

hemaggiutinin which presented the antigenic region of B1 and which accumulated at higher
level than the native H1 A/Brisbane/59/2007 in plants. However, the chimeric hemagglutinin
in which the esterase and receptor-binding regions from HS A/lndonesia/5/05 were replaced

by those of HI A/Brisbane/59/2007 did not accumulate to a detectable level in the plants.

[00246) The tusion of the receptor-binding region trom H1 A/Brisbane/59/2007 10 the
1 H5 A/Indonesia/5/05 backbone as a method of increasing accurnulation of Hi antigen-
presenting VLPs in plants was re-evaluated under the control of a strong CPMV-HT-based
expression cassette. This fusion stralegy was also compared to signal peptide replacement as
mean of increasing accumulation level. Expression cassettes for the expression of the HS/HI
hemagglutinin fusions under CPMV-HT are represented in Figure 8 and amino acid sequence

13 of the mature fusion protein produced is presented in Figure 2.

(0602471 Nicotiana benshamiana plants were infiltrated with AGL1/732, AGLV/733 or
AGL1/734, and the leaves were harvested afier a six-day incubation period. To determine the
accumulation level of each HA form in the agroinfiltrated leaves, protein were first extracted
from infiltrated leaf tissue and analyzed by Weslern bloiting using anti-H) (Brisbane)

20 polyclonal antibodies. A unique band of approximately 75 kDa (Figure 6), corresponding in
size to the uncleaved HAQ form of influenza hemagglutinin, was detected in extracts from
leaves infiltrated with AGL1/732, AGL1/733 and AGL1/734. However, although
hemagglutinin was detected in all extracts analyzed, important differences in accumalation
could be noticed. While H1 A/Brisbane/59/2007 expression was barely detectable under these

25 conditions when using its natural signal peptide (732}, replacament of sigual peptide with that
of PO resulted in higher accumulation of mature Hi A/Brisbane/539/2007 (733), and the
chimeric H5/H 1 hemagglutinin (734) accumulated to the highest level. Taken together, these
results show that the fusion of the receptor-binding domain from H1 on a HS backbone leads

to high accumulation of H! antigens-presenting hemaggintinin and that the accumulation level
-8l -



t gt agaat at gcatctaaga 2760 gctotaagtt aaaatgct7c ttcgtotcct atttataata
tggtttgtta ttgttaatgt 2820 tgttcttgta gaagagetta attaatcgtt gttgttatga
aa7actattt g¥aeydgtfy 2880 aact ggtgta at gtaattca tttacatP&Egreggayeaga

at cagaat g7 ttcctccata 2940 actaactaga cat gaagacc 7gccgcgtac aattgtctta
tatttgaaca actaaaattg 3000 aacatctttt gccacaactt tataagtggt matatagct
caaatata7g gtcaagttca 3060 atagattaat aatggaaata tcaqttatcu aaattcatta
acaat caact taacgttatt3120 aactactaat tttatatcat cccctttgat aaatgatagt
acaccaatta ugaaggagca31l80 tgctcgaggc ctggctggcc gaattc3226 <210> 66 <211>
3058 <212> BmwmaﬁﬁsamﬁﬁmbhmcwmmsS&QmanmmtﬁﬂB&@méﬂﬂabmSymhheahz@mj&bnstruct
732, fron1Path to As ﬁg> 66 tt ttaaga attcgagctc caccgcggaa acctcct ogg
attccattgc &¢ 8@F?E%F%W‘& %8??%% %agaagata gt ggaaaagg aaggt ggct c
ctacaaatgc catcattgcgl20 ataaaggaaa ggccatcgtt gaagatgcct ctqgccgacag

t ggt cccaaa @aﬁ:ggiaécdh:ﬂ:&@emmmtmgﬂg isadieg (RB) sybdansaaafHag/Mogt t ccaac

cteocactar correpuaiasngr Rt PR bRHAIE Car Rt Rl R B 5 a0 es

gt att aaaat chikaat aqggh36Q forms.

{00248] Use of an H | backbone {from A/New Caledonia/20/69) for the presentation of
H35 antigenic region was also evaluated. Expression cassettes for the cxpression of the H1/HS
hemagglutinin fusion are represented in Figure 1 and amino acid sequence of the mature

fusion protein produced s presented in Figure 2.

i [00249] To compare the accumulation level of HI/HS chimeric hemagglutinin with that
of its native form, Nicotiana benthamiana plants werg infilirated with AGL1/660 and
AGL1/696, and the leaves were harvested after a six-day incubation period. To determine the
accurtulation level of each HA form in the agroinfiltrated Ieaves, proteins were extracted from
infiltrated leaf tissue and analyzed by Western blotting using anti-H35 (Indonesia) polyclonal

13 antibodies. A unique band of approxumately 75 kDa (Figure 7), corresponding in size to the
uncleaved HAO form of influenza hemagglutinin, was delected in extracts from leaves
infiltrated with AGL1/660 and AGL1/696, indicating that both the native H5

Aflndonesia/5/05 and the H1/HS chimeric hemagghatinin accumulate at high leve! in plants.

Example 4: Replacement of the ectodomain of HS A/Yndonesia/53/05 with that of H3 or B.

20 Comparison of expression for chimeric and native forms.

100250] The fusion of the ectodamain from H3 A/Brisbane/10/2007 or B
Florida/4/2006 to the transmembrane and cytoplasmic subdomains from H5 A/Indonesia/5/05
was evaluated as a strategy to present hemagglutinin antigenic regions from H3 and B strains

while increasing their accumulation level in plants, Expression cassettes for the expression of

1ot
th

the H5/H3 and H5/B hemagglufinin fusions are represented in Figure 10 and amino acids at

the border of the fusions are presented in Figure 11
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tttgat aaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact ctotctcatc420
totcftaaag caaacttctc tottgtottt cttgcgtgag cgatcttcaa cgttgtcaga480
tcgtgcttcg JrABHAGISAL aacgttttct ttcactgaag cgaaat caaa ggiﬂ@ﬁéltlt”t"ywo
t ggacacgta gtgcggcgcc attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagracc catacattac ttgttacgat 660
tctgotgact ttcggcgggt gcaatatctc tacttctgct tgacgaggta ttgttgcctg720
tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat tttctttgaa780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagottct gtatattctg840
cccaaatttg teggicccatagandgicdas! ot BB ggtnece bgtdgatigcaci4a) visaoagat@eih

acat at gcag acacaat.at ctac .catgctaaca actcgaccga cactgttgac960
acagt acttg g&gggﬁgf%ﬁ Agﬁ@%? 9 aggfi%rgé’? %[E"G?Ig'éa @%‘E‘Qt @f‘?gﬁmda@éfgﬁé g“&ﬁ 1020
aat gga?aac %ba({iut;tzm abd Aabaagy a?l e gﬁ&? t@@&tfﬁﬁuefﬁﬁ ifgggtiraaj i{ngﬂa?@(ﬁgit eﬁi&igg
gcogggtgga tctta aa cccagaat gc gac ctga ccaagga ca cC
Dacattgtag AMSTARCARATRUPEIGAT GgRntarem "SRy feac et ot eI 0
t at gaggaac UHaggeREe&orlibagtd kar Ghatel hedked hoReaggbbithgasat aiitg 1260
cccaaagaaa gct cat gglcc caaccacacc gtaaccggag tgt_caacate at gct occat 1320
aat ggggaaa gé*ag‘éﬁva%{o afjaigaties ¢ Wit 5@@1@5%@@5@'&@3?*& §H¢ fac1380
PCT/ CA2010/ QPR&8& e xR deChdik \GeRAGH FHAFHISAAARAR AAATRRGA AL ARG t Ot
act at ggggt 1440 gttcatcacc cgccaaacat aggt accaa aaggfccct ct _at cat acaga
aaat gct t at fsm@'sgm kvt aeregtaet pElekd tt ﬁgﬂéé?@awaé@t@ééz@e@ ifdHethydyc

caaaagaccc 1a§0 asaghaaged: /l $Ra023809.AR0A8 heaal, kan! AGLAEE utt Rt 9sis 9a
acccggggat 1620 acaataatat ttgaggcaaa tggaaatcta atagcgccaa gatatgcttt
cgcact gdfjt chimeric form of hemagglutinin accomulated more regularly at high level than the native form

of B hemagglutinin.

(00252] Similarly, accumulation level of H5/H3 chimeric hemaggtutinin (737) was
compared with that of s native form (736) in Nicotiana benthamiana plants. Plants were
infiltrated with AGLI/736 and AGL1/737, and the leaves were harvested afier a six-day

13 incubation period. Te determine the accumulation level of each HA form in the agromnfiltrated
leaves, proteins were extracted from infiltrated leaf tissue and analyzed by Western blotting
using anti-H3 (Brisbane) polycional antibodies. A unique band of approximately 75 kDa
(Figure 15), corresponding in size to the uncleaved HAD form of influenza hemagglutiniu,
was detected in extracts from leaves infiltrated with AGL1/736 and AGL1/737. Tius result

20 indicates that the fusion of transmembrane and cytoptasmic subdomains from HS
A/Indonesia/5/05 1o the ectodomain of H3 A/Brisbane/10/2007 creates a chimeric

hemaggtlutinin that accumulates to a similar level as the native H3 A/Brisbane/J0/2007.

[00253] The production of VLPs from expression of the H5/B chimeric hemagglutinin
(construct no. 745) was evaluated using size exclusion chromatography. Concentrated protein

25 extracts from AGL1/745-infilirated plants (1.5 mi) were fractionated by size exclusion
chrematography (SEC) on Sephacryl™ $-500 HR columus (GE Healtheare Bio-Science
Corp., Piscataway, NJ, USA). As shown in Figure 16, Biue Dextran (2 MDa) elution peaked
early in fraction 8. When proteins from 200 pL of each SEC elution fraciion were

concentrated (5-fold) by acetone-precipitation and analyzed by Western blotting using anti-B
SR3C



1680 agaggctttg gat caggaat catcaactca aatgcaccaa tggataaatg tgatgcgaag 1740

t gccaaacac
acaat aggag
aggaacat cc
ggggggt gga
tutggctatg
gtcaattctg
aaat t ggaaa

h

ct cagggagc tataaacagc agtcttcctt tccagaacgt acacccagtc 1800
ayPaeiedHat gt at gt cagg agt gcaaaat taaggat ggt tPATEBGHENHIHB260
catccattca atccagaggt ttgtttggag ccattgccgg tttcattgaa 1920
ctggaatggt agatggttgg tatggttatc atcatcagaa tgagcaagga 1980
ctgcagat ca aaaaagcaca caaaatgcca ttaatgggat tacaaacaag 2040
t aat t gagaa aat gaacact caattcacag cagtgggcaa agagttcaac 2100
gaaggat gga aaactt gaat

(Florida) polyclonal antibodies {Figure 16), chimeric hemagglutinin was primarily found in
traction 7, indicating the incorporation of HA into high molecutar weight structures. Without
wishing to be bound by theory, this suggests that the chimeric HA profein had either
assembled into a large superstructure or that it has attached to a high molecular weight
structure. The results obtained indicate that the chimeric HA consisting ir the ectodomain
from HA B/Flonda/4/2006 fused to the transmembrane and cyiosolic subdomains from HS5
A/Indonesia/5/035 assembles nto high molecular weight particles and that the elution profile

of these high molecular weight particles is indistinguishable to that of influenza V1LPs.

Example 5: Co-expression of H5/B chimeric hemagglutinin (construct number 747;
comprising B/Flo HDC and SDC fused with an H5/Tndo TDC) with Hsp70 and Hsp4d in

combination with signal peptide modification.

[00254] Expression of Hspd0 and Hsp70 in plants and co-expression with influenza
hemagglutinins is described in co-pending application PCT/CA2009/000032. Cytosolic Hsp70)
and Hsp40 {construct number R870) of plant origin may also be co-expressed with chimeric
hemagglutinins, to increase their accumulation tevel in plants. The co-expression may be
performed by agroinfiltration of N. benthamiana planis with a bacterial suspension containing
amixture {1:1:1 ratio) of AGL1 beanng the casseite tor the expression of the desired chimeric

HA with AGL1/R870 and AGL1/35SHcPro.

[00253] Accumulation levet of H5/B chimeric hemagglutinin (B/Fle HDC and SDC
fused with an H5/indo TDC) was evaluated in co-expression with HSP40 and HSP70 in
Nicotiana benthamiana plants. Plants were infiltrated with AGL1/747, AGL/747+AGIL1/443
{empty vector) or AGLI/7T47+AGLI/RE70 (HSP4O0/HSP70), and the leaves were harvested
after a six-day incubation period. To determine the accumulation level of H5/B chimeric HA
in the agroinfiltrated leaves, proteins were {irst extracted from infiitrated leaf tissue and
analyzed by Western blotting using anti-B (Florida) polyclonal antibodies. A unique band of
approximately 75 kDa (Figure 50}, corresponding in size to the uncleaved HAG form of
influenza hemagglutinin, was detected in extracts from lcaves from 3 plants infiltrated with

AGL1/747+AGL1/R870 while the 3 plants infiltrated with AGL1/747+ control vector (443)
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aaaaaagttg
ct ggaaaat g
gt aaaaagcc
cacaagt gt a
tattccgaag
ggagtctatc

t ccct ggggg
at ct aaaggc

h

atgatgggtt tatagacatt 2160
aaaggacttt ggatttccat 2220
AP eHYAFAH t aat gct aaa 2220
acgat gaat g cat ggagagt 2340
aat caaagtt aaacagggag 2400
agattctggc gatctactca 2460
caat cagott ctggatgtgt 2520

t ggacat at a
gact ccaatg
gaaat aggaa
gt aaagaat g
aaaattgatg
acagt cgcca
t ccaat gggt

at gcagaact gttggttcta
t gaagaat ct gt at gagaaa
at gggt §ETCALYLBRUPET at
gaacttat ga ct at ccaaaa
gagt gaaatt ggaat caatg
gttctctggt tcttttggtc
ctttacagtg tagaatatgc

ctattttctt tagtttgaat 2580 ttactgttat tcggtgtgca
showed no signal {(under the exposure condition used) indicating that the HS5/B chunene form

of hemagglutinin accumulated at high level when co-expressed with the HSP40 and HSP 70

chaperones.

[(00256] All citations are herein incorporated by reference, as 1f each individual
publication was specitically and individually indicated to be incorporated by reference herein
and as thougb it were fully set forth herein. Citation of references herein is not to be construed

nor considered as an admission that such references are prior art to the present invention.

[00257] I the description a number of terms are used extensively and definitions are
provided to facilitate understanding of vartous aspecis of the invention. Use of examples in
the specification, including cxamples ot terms, is for illustrative purpeses only and is not
intended to limit the scope and meaning of the embodiments of the invention herein. Numeric
ranges arc inclusive of the pumbers defining the range. In the specification, the word
“comprising” is used as an open~ended term. substantially equivalent 1o the phrase “including,

but not himited to,” and the word “comprises™ has a comresponding meaning.

(002581 One or more currently preferred embodiunents of the invenlion have heen
described by way of example. The invention includes ail embodiments, modifications and
variations substantially as hereinbetore described and with reference to the examples and
figures. [t will be apparent to persons skilled in the art that a number of variations and
modifications can be made without departing trom the scope of the invention as defined in the
claims. Examples of such modifications include the substitution of known equivatents for any

aspect of the invention int order to achieve the same result in substantially the same way.



tttctatgtt
ttctttgtga
ttttattaaa
gatcgttcaa
atgattatca
at gacgtt at
gcgat agaaa
at gt tact ag

t ggt gagogg
gctcctgttt
dadaaaaadaaa
acatttggca
tataatttct
ttatgagatg
ac aaaat at a
att ct agagt

2640
2700
2760
2820
2880

ttttctgtgc tcagagtgtg
agcaggtcgt cccttcagca
aaaaagaccg ggaatt cgat
ataaagtttc ttaagattga
gttgaattac gttaagcatg
ggtttttatg attagagtcc 2940
gcgcgcaaac taggat aaat 3000
ct caagcttc ggcgcgcc 3058

WHAT IS CLAIMED IS:

1.

tttattttat
aggacacaaa
at caagctta
atcctgttgc
taat aattaa
cgcaattata
t at cgcgcegce

<210> 67

gtaatttaat
aagattttaa
t cgacct gca
cggtcttgcg
cat gt aat gc
catttaatac
ggt gt cat ct

A nucleic acid comprising one or more regulatory regions operative in a plant,

insect or yeast cell and operatively linked to a sequence encoding a chimeric influenza

HA polypeptide comprising a stem domain cluster (SDC), a head domain cluster (HDC)

and a transmembrane domain cluster (TDC) the one or more regulatory regions further

including a 5’UTR, 3’UTR or 5’UTR and 3’UTR that is operative in the plant, insect or

yeast cell, and wherein

a) the SDC comprises an F’ 1, F’2 and F subdomain;

b) the HDC comprises an RB, E1 and E2 subdomain;
¢) the TDC comprises a TmD and Ctail subdomain; and

wherein at least the RB subdomniain is of a first influenza HA and the SDC, TDC or both
are from one or more second influenza HA and, wherein the E1, E2 or both subdomains

and F’1, F’2 or both subdomains are from the same one or more second influenza HA.

2. The nucleic acid of claim 1, wherein the sequence encoding a chimeric influenza
HA polypeptide further comprises a signal peptide sequence selected from the group of

an HA native signal peptide sequence, alfalfa PDI signal peptide sequence, influenza HS

signal peptide sequence and influenza H1 signal peptide sequence.

3.

4.

The nucleic acid of claim 1, wherein the 5°UTR, 3’UTR or 5’UTR and 3’UTR are
obtained from a plastocyanin UTR or CPMV UTR.

The nucleic acid of claim 1, wherein the regulatory region is obtained from a

plastocyanin regulatory region, a Ribulose 1,5-bisphosphate carboxylase/oxygenase

(RuBisCO) regulatory region, a chlorophyll a/b binding protein (CAB) regulatory region,

a CaMV 35S regulatory region, an actin regulatory region, a ubiquitin regulatory region,

a triosephosphate isomerase | regulatory region, a translational initiation factor 4A

regulatory region, and an ST-LSI1 regulatory region.
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<211> 1719 <212> DNA <213> Artificial Sequence PCT/CA2010/000983 <220>

<223>Synt hesi zed construct <400>67 nunber 787

dcgttgcgat tttoggctta ttgttttctc ttattgtatt ggttccttct
ctgacacaat atgtataggc taccatgcta acaactcgac cgacactgtt
tt gdaaagaa tgtgacagtg acacactctg tcdacctgct tgagaacagt
aactatgtct attaaaagga atagocccac tacaattggq taattgcagc

ggat ott agg aaacccagaa tgcgaattac tgatttccaa q?agtcat g
5. The nucleic acid of claim 1 wherein the first an

independently selected from the group comprising H1, H3, H5 and B.

at ggcgaaaa

60 cagatcttcg

220 gacacagt ac
180 cacaat ggaa
240 gttgccgggt

second influenza HA are

6. A method of producing chimeric influenza virus like particles (VLPs) in a plant

comprising:

a) introducing the nucleic acid of claim 1 into the plant, or portion thereof, and

b) incubating the plant, or portion thereof, under conditions that permit the

expression of the nucleic acid, thereby producing the VLPs.

7. The method of claim 6, wherein in the step of introducing (step a), the nucleic

acid is introduced in the plant in a transient manner.

8. The method of claim 6, wherein, in the step of introducing (step a), the nucleic

acid is introduced in the plant so that it is stably integrated in a genome.

9. The method of claim 6 further comprising a step of

c) harvesting the host and purifying the VLPs.

10. A polypeptide encoded by the nucleic acid of claim 1.

11. A virus like particle (VLP) comprising the polypeptide of claim 10.

12.  The VLP of claim 11 further comprising plant-specific N-glycans, or modified N-

glycans.

13. A composition comprising the VLP of claim 12 and a pharmaceutically

acceptable carrier.

14.  Use of the virus like particle of claim 11 for inducing immunity to an influenza

virus infection in a subject.

15.  Use of the virus like particle of claim 11 for the preparation of a medicament for

inducing immunity to an influenza virus infection in a subject.
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300 tcctacattg tagaaaaacc aaatcctgdg aatggaacat gttacccdgg gcdtttcgct 360
gact dt gagg aact gaggga gcaattgagt tcagtatctt catttgagag gttcgaaata 420
ttccccaaag aaagctcatg gcccaaccac accgtaaccg gagtgtcagc atcatgctcc 480

cat aat gggg aaagcagttt ttacagaaat ttgctdtggc tgacggggad gaatgatttg 540
tacccaaacc tgagcaagtc ctatgcaaac aacadagaaa aagaagtcct tgtactatgg 600
ggtgttcatc acccgccada catai ggt gdc caaaaggccc tctatcatdc agdaaat gct 660
tatgtctctg tagtgtottc acattatagc agaaaattca ccccagaaat aaccaaaaga 720
cccaaagt a. gagidtecamg likapmgbelgabtieinadt faosamtinggagtivngwity to an influenza

virus infection in a subject

17.  The use of claims 14 or 15, wherein the virus like particle is suitable for oral,
intradermal, intranasal, intramusclar, intraperitoneal, intravenous, or subcutaneous

administration to a subject.

18.  The virus like particle of claim 16, wherein the virus like particle is suitable for
oral, intfradermal, intranasal, intramusclar, intraperitoneal, intravenous, or subcutaneous

administration to a subject.
19. A plant cell comprising a polypeptide encoded by the nucleic acid of claim 1.

20. The nucleic acid of claim 1, wherein the RB subdomain is of a first influenza HA

and the E1, E2, SDC, TDC or a combination thereof, are from a second influenza HA.
21. A polypeptide encoded by the nucleic acid of claim 20.
22. A virus like particle (VLP) comprising the polypeptide of claim 21.

23. A method of producing chimeric influenza virus like particles (VLPs) in a plant

comprising;
a) introducing the nucleic acid of claim 20 into the plant, or portion thereof, and

b) incubating the plant, or portion thereof, under conditions that permit the

expression of the nucleic acid, thereby producing the VLPs.

24, A nucleic acid of claim 1, wherein the SDC and HDC are from a first influenza

HA and the TDC is from a second influenza HA.

25. A polypeptide encoded by the nucleic acid of claim 24.

26. A virus like particle (VLP) comprising the polypeptide of claim 25.

27. A method of producing chimeric influenza virus like particles (VLPs) in a plant

comprising:
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t gaacccggg 780 gatacaatad tatttgaggc aaatggaaat ctaatagcgc caagatatgc
tttcqcactg 840 agtagagqct ttggatcagg aatcatcadc tcaaatgcac caat ggataa
atgtgatgcg 900 aagt gccaaa cacctcaggg agct at aaac agodgtottc ctttccagaa
cgtacaccca 960 gtcacaat aa gagaut gt cc aaagtat gtc aggagtgcaa aattaaggat
ggttacagga 2020 ctdaggaaca toccatccat .tcdatccaga ggtttgtttg gagccattqc
cgaltttcatt 1080 gaagggaggt ggactggaat ggt agat ggt tgatatgatt atcatcatca

gaat gagcaa 21 c tggp c,.acacaaadtg cc at gg
gattacaaac 120 g[g etnucg: cgcf S]gtgal 13? 33%81‘““ or poﬂ’:l on &CI‘COF (Ta
b) incubating the plant, or portion thereof, under conditions that permit the

expression of the nucleic acid, thereby producing the VLPs.

28. A mucleic acid comprising one or more regulatory regions operatively linked to a
sequence encoding a chimeric influenza HA polypeptide comprising a stem domain
cluster (SDC), a head domain cluster (HDC) and a transmembrane domain cluster (TDC),

wherein
a) the SDC comprises an F’1, F’2 and F subdomain;
b) the HDC comprises an RB, E1 and E2 subdomain;
¢) the TDC comprises a TmD and Ctail subdomain; and

wherein the RB subdomain is of a first influenza HA and the E1, E2, SDC, TDC ora

combination thereof, are from one or more second influenza HA.,

29. The nucleic acid of claim 28, wherein the El, E2 or both subdomains and F’1, F’2

or both subdomains are from the same influenza HA.
30. A polypeptide encoded by the nucleic acid of claim 28.
31. A virus like particle (VLP) comprising the polypeptide of claim 30.

32. A method of producing chimeric influenza virus like particles (VLPs) in a plant

comprising:
a) introducing the nucleic acid of claim 28 into the plant, or portion thereof, and

b) incubating the plant, or portion thereof, under conditions that permit the

expression of the nucleic acid, thereby producing the VLPs.
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actcaattcd
aat aaaaaag
ct act ggaaa
aadgt aaaaa
t at cdcaagt
aaatattccg

at gggagt Qfl

gt ot ccctga

caucagt aag
tt gat gat gg
at gaaaggac
gccagtt aaa

cadagaattc
gtttatagac
tttggatttc
gaat aat gct

1260
2320 atttg
1380 cat ua

1940 aaaga

gacat <at aat gcaga
ctcca at gt gaagaa
aat ag gaaat gagtg

adcaaatt gg adagaaggat ggaaas@lda@oi0/000983

actattggtt
t ct gt at gag
ttttgagttc

gt aacgat aa
aagaat caaa

at gcat gga
gtt aaac

tgactatcca

1500 _agt gt aaaga at gaaactta
Eﬁ@%éiagaghaattg at qgagt gaa attggaatca

O@tqﬁgggg(g%nggcgatctac 2620 tcaacautcg ccdattctct agttctttta

gagiRabeRd wekd et ggat g 1680
- DARGIS, MICHELE
LAVOIE, PIERRE-OLIVIER
VEZINA, LOUIS-PHILIPPE
DAOUST, MARC-ANDRE

<120> Chimeric Influenza Virus-Like Particles Comprising Hemagglutinin
<130> VvB82197WO

<140> not assigned

<141> not assigned

<150> 61/220,161

<151i> 2009-06-24

<160> 113

<170> PatentIn version 3.4

<210> 1

<21i> 32

<212> DNA

<213> Artificial sequence

<220>

<223> Synthesized Xmal-pPlas.c

<400> 1

agttccccgg gctggtatat ttatatgttg tc 32
<210> 2

<211> 46

<212> DNA

<213> Artificial Sequence

<220> »

<223> Synthesized SacI-ATG-pPlas.r

<400> 2

aatagagctc cattttctct caagatgatt aattaattaa ttagtc 46
<210> 3

<211> 46

<212> DNA

<213> Artificial sequence

<220>

<223> Synthesized SacI-PlasTer.c

<400> 3

aatagagctc gttaaaatgc ttcttcgtcect cctatttata atatgg 46
<210> 4

<211> 48

<212> DNA

<213> Artificial sequence



tgttccaatg ggtotttaca gtgtagaata tgcatctaal719 <210> 68 <211> 307&T<RA2&»/000983
DNA <213> Artificial Sequence <220> <223> Synt hesi zed Construct nunber 733,
fromPad | to Ascl <400> 68 ttaattaaga attcgagctc caccgcggaa acctcctcgg

attccattgc ccagctatct60 gtcactttat tgagaagata gtggaaaagg aaggtggctc

ctacaaatg ﬂﬁ

tggt ccca at cccl
cacgtcttéa:%aggggé?aﬁf 0 at gatgtga

at ct ccact

atcattgcgl20 at aaaggaaa ggccatcgtt gaagat gcct
0_cacccacgag gageat cgtg gaaaaagaag

gacgt aaggg

at ccoact ajpsot f cgcaag300 acccttcctc tatataagga agttcatttc
gt att aaaataGhhaatl aget360.4 tthgatAaan Hegaacgtggggaaacccga

cttctaaact ctctctcatc420 tctcttaaag
cgatottcaaltcgt t gt cagad80 tcgtgcttcg
Cgaaat caaallgat¢icttt g540 tggacacgta
cct at t et ¢+ ¥cgefiigt ggt 600 ctt gggaaaa
cat acat t ae' ¥t gtidégatB6eo°terget gact
t gacgaggt gtgttgcctg?ZO tacttctttc
aat ctagtaf, It el 1t gaa780, acagagrttt
ttaagcttct gtatattctg840 cccaaatttg
tcggcttatfogttétctctt 900 cttgtgttgg

gt at aggcteaecat gettaagl60tpacyecgaccg

caaacttctc
gcaccagt ac
gt gcggegec
gaaagcttgc
ttcggcgggt
ttottcttct
cccgtggttt
t cgggcccat
ttccttctca
acactgttga

tcttgtcttt
aacgttttct
at t aaat aac
t ggaggct gc
gcaatatctc
tgctgattgg
t cgaactt gg
ggcgaaaaac
gat cttcgct
cacagt actt

t gacagt gac acactctgtcl020 aacctgcttg
t aaaaggaatltagceccact al080 caattgggta
acccagaargi’cgaat t act g1140 atttccaagg agtcatggtc
at cct gagaaitggd¥tat gf 1200 t acccagggc atttcgcetga
aattgagtf%L%gt%VEF?%HTQ%@*F?P@agaggt t cgaaat at t
ccaaccacag, gt aaccggal320 gtgtcagcat catgctccca

acagaaat thogct atagell380s:@cggggaaga atggtttgta cccaaacctg
at gcaaacaa caaagaaaaal440 gaagtccttg tactatgggg tgttcatcac

agaacagt ca
at t gcagcgt

caat ggaaaa
t gccgggt gg
ctacattgta
ct at gaggaa
ccccaaagaa
t aat ggggaa

ct gccgacag
acgttccaac
at gacgcaca
attt ggagag
accaaacct,
cttgcgt gag
tt cact gaag
gtgtacttgt
tgttcagccc
tacttctgct
ttctataaga
agaaagattg
gttgcgattt
gacacaat at
gaaaagaatg
ctat gt ct at
at ctt aggaa
gaaaaaccaa
ct gagggage
agct cat ggc
agcagttttt
agcaagt cct
ccgccaaaca

t aggt gaceacmaaggccct c1500 PCT/ CA2010/ 000983 t at cat acag aaaatgctta
t gt ct ct gbeaglagt et tocactatt atageag taaaattteastglat860 ccagaaat ag ccaaaagacc

caaagtaaga gatcaagaag gaagaatcaa
<210> 7

<211>
<212>
<213>

45
DNA
Artificial segquence

<220>

<223> Plasto-SpHa.c

<400> 7

ttaatcatct tgagagaaaa tggagaaaat agtgcttctt cttgce

<210> 8

<211> 38

<212> DNA

<213> Artificial sequence

<220>

<223> HA(Ind)-Sac.r

<400> 8

actttgagct cttaaatgca aattctgcat tgtaacga

<210> 9

<211> 24

<212> DNA

<213> Artificial sequence

<220>

<223> Synthesized pBinPlus.2613c

<400> 9
aggaagggaa gaaagcgaaa ggag

45

38

24



ttactactgg 1620 actctgcttg aacccgggga tacaataata tttgaggcaa at ggaaaydaboio/000983
aat agcgcca 16EO0 agatatgctt tcgcactgag tagaggcttt 'ggatcaggaa tcatcaactc
aaat gcacca 1740 atggat aaat gtgatgcgaa gtgccaaaca cctcagggag ctataaacag
cagtottcct 1800 ttccagaacg tacacccagt cacaatagga gagtgtccaa agtatgtcag
gagt gcaag O186 ttaaggatgg ttacaggact aaggaacatc ccatccattc aatccagagg
tttgtttg % gccattgccg gtttcattga aggggggt gg actggaatgg tagatggttg
gtatggttal ,198(,cat cat caga atgagcaagg atctggctat gctgcagatc aaaaaagcac

acaaaat ggzci?);oz],lx tgﬁﬁgg ggga.tiacaaacaa ggtcaattct

<220>
<223> Synthesized Mut-ATGl15.r

<400> 10

gtgccgaagc acgatctgac aacgttgaag atcgctcacg caagaaagac aagaga 56
<210> 11

<211> 52

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Mut-ATGlél.c

<400> 11

gttgtcagat cgtgcttcgg caccagtaca acgttttctt tcactgaagce ga 52
<210> 12

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Synthesized LC-C5-1.110r

<400> 12

tctcctggag tcacagacag ggtgg 25
<210> 13

<211> 52

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized E1 H1IB-E1l HOI.r

<400> 13

tcatagtcag cgaaatgccc tgggtaacag aggtcattgg ttggattgge ct 52
<210> 14

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized E1 H5N-E1 H1B.c

<400> 14

atgacctctg ttacccaggg catttcgectg actatgagga actgaggg 48
<210> 15

<211> 48

<212> DNA

<213> Artificial Sequence

<220>



gt aat t gaga aaat gaacac tcaattcaca 2100
agaaggat gg aaaacttgaa taaaaaagtt 2160
aat gcagaac tgttggttct actggaaaat 2220
gt gaagaat c tgtatgagaa agtaaaaagc 2280

aal gggtotl, 1 gagliela i g.faag%t%p HS5 00

ggaacttat g act a

ggagtgaagg(gggggtcaat gggagtct at 2460
agt tctct ggaal:tttggétt ttggéat%rag’@cgcgg%cg§2<ggcctctact cagtgcga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

51

DNA

Artificial Sequence

Synthesized RB H1B-E2 H5I.c

le

gcagt gggca aagagtt caa
gat gat‘gggt ‘tt at agacat
gaaaggactt tggatttcca
cagtt aaaga at aat gct aa
aacgat gaat gcat ggagag
gaat caaagt taaacaggga
cagattctgg cgatctactc

ggctttggat caggaattat gaaaagtgaa ttggaatatg gtaactgcaa c

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

48

DNA

Artificial Sequence

Synthesized E1 HIB-F(prime)l

17

H5I.x

ggctattcct tttaataggc agagcttccc gttgtgtgtce ttttceccag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18

48

DNA

Artificial Seqgquence

Synthesized F'1l H5N-E1 HIB.c

18

aacgggaagc tctgcctatt aaaaggaata gccccactac aattgggt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

19

43

DNA

Artificial Sequence

Synthesized F(prime)2 H5I-E2

19

H1B.r

ggagtttgac acttggtgtt gcatttatcc attggtgcat ttgagttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

20

48

DNA

Artificial Seqguence

Synthesized E2 H1B-F(prime)2

20

H5I.c

aatgcaccaa tggataaatg caacaccaag tgtcaaactc caatgggg

<210>

21

caaatdc@ggmani1o/000983
tt ggacat at
t gact ccaat
agaaat agga
t gt aaagaat
gaaaat t gat
aacagt cgcc

48

51

48

48

48

48



gcaat cagct tct

ggatgtg ttccaatggg tctttacagt gtagaatatg

cctattttct ttagtttgaa tttactgtta ttaggtgtge atttctat gt
gttttctgtg ctcagagtgt gtttatttta tgtaatttaa tttctttgtg
tagcaggt cg tcccttcagc aaggacacaa aaagatttta attttattaa
aaaaaagagg gggpattcga tatcaagett atcgacctge agatcgttca

aat aaagt; 12(;'[ t

tgttgaatts cot
gggtttttat gat

<220>
<223>

<400>

dggattg aatcctgttg ccggtottgec gatgattatc

4.49g9¢cal, 0taatgaalta acatgtaatg catgacgtta
tagagtc ccgcaattat acatttaata

Synthesized E1 H5I-E1 HINC.r

21

tcttcatagt cgttgaaact ccctgggtaa catgttccat tctcagga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22

48

DNA

Artificial Sequence

Synthesized E1 HINC-E1l H5I.c

22

ctgagaatgg aacatgttac ccagggagtt tcaacgacta tgaagaac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

atttgaggtg atgattgctg agtccccttt cttgacaatt ttgtatgcat a

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

51

DNA

Artificial Sequence

Synthesized E2 HINC-RB HbI.r
23

24

48

DNA

Artificial Segquence
Synthesized RB HS5I-E2 HINC.c

24

gtcaagaaag gggactcagc aatcatcacc tcaaatgcac caatggat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

43

DNA

Artificial Sequence

Synthesized HA-SacI.r

25

ttaacttaga gctcttagat gcatattcta cactgcaaag acc

<210>
<211>
<212>
<213>

<220>
<223>

26

45

DNA

Artificial sequence

Synthesized Apal-H1B.c

cat ct aaaggec?b=bo10/000983
ttggt gagcg 2640
agctcctgtt 2700
aaaaaaaaaa 2760
aacatttggc 2820
atataatttc 2880
tttatgagat 2940

48

48

51

48

43



cgcgat agaa aacaaaatat 3000 agcgcgcaaa ctaggataaa ttatcgcgcg cggt géceataeo10/000983
tatgttacta gattctagag 3060 totcaagett cggcgcgcc 3079 <210> 69 <211>

3067 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed Construct
734, fromPad | to Ascl <403>69 ttaattaaga attcgagctc caccgcggaa
acctoctogg attccattgc ccagctatct OD gtcactttat tgagaagata gtggaaaagg

aaggt ggct g, Gt aféaaat gc catcattgcg 120 at aaaggaaa ggccatcgtt gaagatgcct

ct gCCgaC@(thtggg &&%@%a%@gggigggg&ggt cctgttatgc acatt 45
<210> 27
<211> 46
<21Z2> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Stul-H1B.r

<400> 27

aaataggcct ttagatgcat attctacact gtaaagaccc attgga 46
<210> 28

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized SpPDI-HI1B.cC

<400> 28

ttctcagatc ttcgctgaca caatatgtat aggctaccat gctaacaac 49
<210> 29

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized SacI-H1B.r

<400> 29

cttagagctc ttagatgcat attctacact gtaaagaccc attggaa 477
<210> 30

<211> 45

<212> DNA

<213> Artificial seguence

<220>
<223> Synthesized ApaI-SpPDI.c

<400> 30

ttgtcgggcce catggcgaaa aacgttgcga ttttcggett attgt 45
<210> 31

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Apal-H5 (A-Indo).lc

<400> 31
tgtcgggcecce atggagaaaa tagtgcttct tcttgcaat 39
<210> 32
<211> 37



180 cacccacgag gagcatcgtg gaaaaagaag acgttccaac cacgtcttca aagcaagtggz024(poooss3
attgatgtga tatctccact gacgtaaggg atgacgcaca atcccactat ccttcgcaag 300
accottectc tatataagga agttcatttc atttggagag gtattaaaat cttaataggt 363
tttgat aaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact ctctctcatc 420
tctcttaaag caagettctc tettgtettt cttgegtgag cgatcttcaa cgttgtcaga 483
tcgt gottcg g)cag agtac agcgttttct ttcactgaag cgaaatcaaa gatctctttg 540
tggacacgta gt gaggcgcc ‘attasataac gtgtacttgt cctattcttg toggtgtggt 630
ctt gggaaaa, gaaagcttgc tggaggctgc tgttcagccc

<223> Synthesized HS5 (A-Indo)-Stul.l707r

<400> 32

aaataggcct ttaaatgcaa attctgcatt gtaacga 37
<210> 33

<211> 45

<212> DNA

<213> Artificial Seguence

<220>
<223> Synthesized H3B-SpPDI.r

<400> 33

tgtcatttcc gggaagtttt tgagcgaaga tctgagaagg aacca 45
<210> 34

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized SpPDI-H3B.c

<400> 34
tctcagatct tcgctcaaaa acttcccgga aatgacaaca gcacg 45

<210> 35

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Stul-H3B.r

<400> 35 v
aaaataggcc ttcaaatgca aatgttgcac ctaatgttgc cttt 44
<210> 36

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized TmD H5I-H3B.r

<400> 36

atttggtaag ttcctattga cttcagctca acgcccttga tctgg 45
<210> 37

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized H3B-TmD H5I.c



catacattac ttgttacgat 663 tctgctgact ttcggcgggt gcaatatctc tactt ctagedazoio/000983
tgacgaggta ttgttgcctg 720 tacttctttc ttcttcttct tgctgattgg ttctataaga
aatctagtat tttctttgaa 780 acagagtttt cccgtggttt tcgaacttgg agaaagattg
ttaagcttct gtatattctg 840 cccaaatttg tcgggcccat ggagaaaata gtgcttcttc
ttgcaat agtocagt cttgtt 930 aaaagtgatc agatttgcat tggttaccat gcaaacaatt

caacagagea_ gqttgacaca,
t act ggaaad gacacacaac 1320 gggaagctc

acaca, 960 a('gtqagtc 99&a£a & aac

ttac tgttacacat gcccaagaca

¢t 498 TGgagt gaag cctctaattt

t aagagat t.g;§.agtgt agct 1080 ggat ggctcc tcgggaaccc aatgtgtgac gaattcatca

<211> 50
<212> DNA
<213> Artificial sequence

<220>
<223> Synthesized HBF-SpPDI.r

<400> 38

gttattccag tgcagattcg atcagcgaag atctgagaag gaaccaacac 50
<210> 39

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized SpPDI-HBF.cC

<400> 38

cagatcttcg ctgatcgaat ctgcactgga ataacatctt caaactcacc 50
<210> 40

<211> 4o

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Stul-HBF.r

<400> 40

aaaataggcc tttatagaca gatggagcat gaaacgttgt ctctgg 46
<210> 41

<211> 45

<212> DNA

<213> Artificial sequence

<220>

<223> Synthesized TmD H5I-B Flo.r

<400> 41

tgacagtatt tggtagttat ccaatccatc atcatttaaa gatgc 45
<210> 42

<211> 50

<212> DNA

<213> Artificial Seqguence

<220>

<223> Synthesized B Flo-TmD H5I.c

<400> 42
ggattggata actaccaaat actgtcaatt tattcaacag tggcgagttc 50
<210> 43
<211> 20

<212> DNA



atgtaccgga atggtcttac 1140 atagtqgaga aggccaatcc aaccaat gac ctct géctra®@010/000983
cagggcattt cgctgactat 1230 gaggaactga gggagcaatt 'gagttcagta tcttcatttg
agaggttcga aatattcccc 1260 aaagaaagct catggcccaa ccacaccgta accggagt gt
cagcatcatg ctcccataat 1320 ggggaaagca gtttttacag aaatttgcta tggctgacgg
ggaagaat g tttgtaccca 1380 aacctgagca agtcctatgc aaacaacaaa gaaaaagaag
toctt gt actlHt ggggtifta 1428 Cafcacccge caaacat agg tgaccaaaag gccctctatc
atacagaaag, f.gettatgtc 1530 tctgtagtgt cttcacatta tagcagaaaa ttcaccccag

aaat agccag, 4agacssaas 560, ghaagagat ¢ aagaaggaag aat caattac

<400> 43

atgtttgggce gcggaccaac 20
<210> 44

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Hsp40OLuz-SacIl.1l272r

<400> 44

agctgagctc ctactgttga gcgcattgca ¢ 31
<210> 45

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Hsp40QLuz-Plasto.r

<400> 45

gttggtccgce gcccaaacat tttctctcaa gatgat 36
<210> 46

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Hsp70Ara.lc

<4Q0> 46

atgtcgggta aaggagaagg a _ 21
<210> 47

<211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Hsp70Ara-SacIl.l1956r

<400> 47

agctgagctc ttagtcgacc tcctcgatct tag 33
<210> 48

<211> 37

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Hsp70Ara-Plasto.r

<400> 48



tactggactc tgcttgaacc
gcgccaagat atgctttcgce

cggggat aca 1620 avaatatttg agqcaaat qg aaat cicaair@oio/000983
act gagtaga 1630 ggctttggat :caggaattat gaaaagtgaa
ttggaatatg gtaactgcaa caccaagtgt 1740 caaactccaa tgggggcgat aaactctagt
atgccattcc acaacataca ccctctcacc 1300 PCT/ CA2010/ 000983 at cggggaat
gccccaaat a tgtgaaatca aacagattag tocttgcaac agggctcaga 1860 aat agocctc
aaagagagﬁﬁjﬁébﬁﬁgééﬁ&”&ﬁﬁhgﬁ@@&@tf%fﬁFg%ﬁgc tat agcaggt 1920 tttatagdgg

gaggat ggca gggaat ggta gatggttggt atgggtacca ccatagcaat 1980 gagcagggga
gt gggt acgg,\Lgcagacaaa gaatccactc aaaaggcaat agatggagtc 2040

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized supPl9-plasto.r

<400> 49

ccttgtatag ctcgttccat tttctctcaa gatg 34
<210> 50

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized supPl9-I1c

<400> 50

atggaacgag ctatacaagg 20
<210> 51

<211> 32

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized SupPl9-Sacl.r

<400> 51

agtcgagctc ttactcgctt tctttttcga ag 32
<210> 52

<211> 1719

<212> DNA

<213> Artificial Seguence

<220>

<223> Synthesized B-Plasto-Native SP-H5 A/Indonesia/5/05

<400> 52

aagcttatgg agaaaatagt gcttcttctt gcaatagtca gtcttgttaa aagtgatcag 60
atttgcattg gttaccatgc aaacaattca acagagcagg ttgacacaat catggaaaag 120
aacgttactg ttacacatgc ccaagacata ctggaaaaga cacacaacgg gaagctctgce 180
gatctagatg gagtgaagcc tctaatttta agagattgta gtgtagctgg atggctcctc 240
gggaacccaa tgtgtgacga attcatcaat gtaccggaat ggtcttacat agtggagaag 300
gccaatccaa ccaatgacct ctgttaccca gggagtttca acgactatga agaactgaaa 360
cacctattga gcagaataaa ccattttgag aaaattcaaa tcatccccaa aagttcttgg 420
tccgatcatg aagcctcatc aggagttagce tcagcatgtc catacctggg aagtccctcec 480
ttttttagaa atgtggtatg gcttatcaaa aagaacagta catacccaac aataaagaaa 540

10



accaat aagg tcaactcaat cattgacaaa atgaacactc agtttgaggc
gaatttaata acttagaaag gagaat agag aatttaaaca -agaagat gga
ctagatgtct ggacttataa tgccgaactt ctgqttctca tggaaaatga
gactttcatg actcaaatqt taagaacctc tacgacaagg tccgactaca
aat qcaaagg agctgggtaa cqottqtttc gaqttctatc acaaat gt ga taat gaatgt 2340
at ggaaagt a .t aagaaa aaqgtaca%&cggt%cg t attca aaga_agcaa attaE% 00
aaaagagagy aaat aaqgtgg 9ot aadatty qaat Cant agt oXeett acca @atactyt ca 2460

atttatt C@&g%@@éaﬂﬂ%@@a%a%&&%%@%c% Qa%%@@z;acc%at&actdgggtttggcgtct%a‘&géat ta 660

cgt t ggaaggec21ddQo10/000983
agacgggttt 2160
gagaactcta 2220
gcttaqggat 2280

tcaacactaa accagagatt ggtaccaaaa atagctacta gatccaaagt aaacgggcaa 720
agtggaagga tggagttctt ctggacaatt ttaaaaccta atgatgcaat caacttcgag 780
agtaatggaa atttcattgc tccagaatat gcatacaaaa ttgtcaagaa aggggactca 840
gcaattatga aaagtgaatt ggaatatggt aactgcaaca ccaagtgtca aactccaatg 900
ggggcgataa actctagtat gccattccac aacatacacc ctctcaccat cggggaatgce 960
cccaaatatg tgaaatcaaa cagattagtc cttgcaacag ggctcagaaa tagccctcaa 1020
agagagagca gaagaaaaaa gagaggacta tttggagcta tagcaggttt tatagaggga 1080
ggatggcagg gaatggtaga tggttggtat gggtaccacc atagcaatga gcaggggagt 1140
gggtacgctg cagacaaaga atccactcaa aaggcaatag atggagtcac caataaggtc 1200
aactcaatca ttgacaaaat gaacactcag tttgaggccg ttggaaggga atttaataac 1260
ttagaaagga gaatagagaa tttaaacaag aagatggaag acgggtttct agatgtctgg 1320
acttataatg ccgaacttct ggttctcatg gaaaatgaga gaactctaga ctttcatgac 1380
tcaaatgtta agaacctcta cgacaaggtc cgactacagc ttagggataa tgcaaaggag 1440
ctgggtaacg gttgtttcga gttctatcac aaatgtgata atgaatgtat ggaaagtata 1500
agaaacggaa cgtacaacta tccgcagtat tcagaagaag caagattaaa aagagaggaa 1560
ataagtgggg taaaattgga atcaatagga acttaccaaa tactgtcaat ttattcaaca 1620
gtggcgagtt ccctagcact ggcaatcatg atggctggtc tatctttatg gatgtgctcc 1680
aatggatcgt tacaatgcag aatttgcatt taagagctc 1719
<210> 53

<211> 3194

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized 660 expression cassette from HindITII to Eco-R1

<400> 53

aagcttgcta gcggcctcaa tggccctgca ggtcgactct agaggtaccce cgggctggta 60
tatttatatg ttgtcaaata actcaaaaac cataaaagtt taagttagca agtgtgtaca 120
tttttacttg aacaaaaata ttcacctact actgttataa atcattatta aacattagag 180
taaagaaata tggatgataa gaacaagagt agtgatattt tgacaacaat tttgttgcaa 240
catttgagaa aattttgttg ttctctcttt tcattggtca aaaacaatag agagagaaaa 300
aggaagaggg agaataaaaa cataatgtga gtatgagaga gaaagttgta caaaagttgt 360
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2520 tggatqtgct ccaatqgatc gttacaatgc agaatttgca tttaaaggcc tatttidavddods8{doss
agtttgaatt tactgttatt cggtqtgcat ttctatgttt ggtgagcqqt tttctqgtqct 2640
cagagtgtgt ttattttatg taatttaatt tctttqtgaq ctcctgttta gcaggtcgtc 2700
ccttcaqcaa ggqacacaaaa agattttaat tttattaaaa aaaaaaaaaa aaaagaccgg 2760
gaattcgat a tcaagottat cgacct gcag atcgttcaaa catttggcaa taaagtttct 2820

taagattgaatcct cc tettocga t t cat ataattctgt aattacg280
Stcs HrEti s on 2640

ttaagcat gt aa AC Aty aa a°f acg SRR LS

ttagagt CQ&tt%@&tat Qé@ééa%&} %@%@&%CQQ al.39aa88, caraat alad, £9egeanact 4g0

caagtcatta aaaagaaaga ataaattatt tttaaaatta aaagttgagt catttgatta 540
aacatgtgat tatttaatga attgatgaaa gagttggatt aaagttgtat tagtaattag 600
aatttggtgt caaatttaat ttgacatttg atcttttcct atatattgcc ccatagagtc 660
agttaactca tttttatatt tcatagatca aataagagaa ataacggtat attaatccct 720
Cccaaaaaaaa aaaacggtat atttactaaa aaatctaagc cacgtaggag gataacagga 780
tcceccgtagg aggataacat ccaatccaac caatcacaac aatcctgatg agataaccca 840
ctttaagccc acgcatctgt ggcacatcta cattatctaa atcacacatt cttccacaca 900
tctgagccac acaaaaacca atccacatct ttatcaccca ttctataaaa aatcacactt 960
tgtgagtcta cactttgatt cccttcaaac acatacaaag agaagagact aattaattaa 1020
ttaatcatct tgagagaaaa tggagaaaat agtgcttctt cttgcaatag tcagtcttgt 1080
taaaagtgat cagatttgca ttggttacca tgcaaacaat tcaacagagc aggttgacac 1140
aatcatggaa aagaacgtta ctgttacaca tgcccaagac atactggaaa agacacacaa 1200
cgggaagctc tgcgatctag atggagtgaa gcctctaatt ttaagagatt gtagtgtagce 1260
tggatggctc ctcgggaacc caatgtgtga cgaattcatc aatgtaccgg aatggtctta 1320
catagtggag aaggccaatc caaccaatga cctctgttac ccagggagtt tcaacgacta 1380
tgaagaactg aaacacctat tgagcagaat aaaccatttt gagaaaattc aaatcatccc 14490
caaaagttct tggtccgatc atgaagcctc atcaggagtt agctcagcat gtccatacct 1500
gggaagtccc tecctttttta gaaatgtggt atggcttatc aaaaagaaca gtacataccc 1560
aacaataaag aaaagctaca ataataccaa ccaagaggat cttttggtac tgtggggaat 1620
tcaccatcct aatgatgcgg cagagcagac aaggctatat caaaacccaa ccacctatat 1680
ttccattggg acatcaacac taaaccagag attggtacca aaaatagcta ctagatccaa 1740
agtaaacggg caaagtggaa ggatggagtt cttctggaca attttaaaac ctaatgatgc 1800
aatcaacttc gagagtaatg gaaatttcat tgctccagaa tatgcataca aaattgtcaa 1860
gaaaggggac tcagcaatta tgaaaagtga attggaatat ggtaactgca acaccaagtg 1920
tcaaactcca atgggggcga taaactctag tatgccattc cacaacatac accctctcac 1980
catcggggaa tgccccaaat atgtgaaatc aaacagatta gtccttgcaa cagggctcag 2040
aaatagccct caaagagaga gcagaagaaa aaadagagga ctatttggag ctatagcagg 2100
ttttatagag ggaggatggc agggaatggt agatggttgg tatgggtacc accatagcaa 2160
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3000 aggat aaatt atcgcgcgcg qtgtcatcta tgttacraga ttctagaqtc tcaaciegrdrogLo/000983
3060 gcgcgcce 3067 <210> 70 <211> 1791 <212> DNA <213> Artificial
Sequence <220> <223> Synt hesi zed fragnment Dralll-Plasto(-8411)-H3

Al Bri sbane/ 10/ 07-3a" <400> 70 cacttrgtga gtcracacrt tgattccett caaacacata
caaagagaaq agactaatta 60 attaattaat catctrgaga gaaaargaaq actatcatt

cttt gagctarTarses argrIateos c%tggf?atctaéaa‘iﬂaé%l%éa%%aata@%??@gééﬁtga%\%acé@?ga

13

ngcaacg%gccgatagggé tggggacjﬁ%ga tcattgal?:g/ wCAtgggg'coa/cQ_OQgg%%tgaag%c gctzgc(\f%ga;[gaccgﬁ%cgg
ggaatttaat aacttagaaa ggagaataga gaatttaaac aagaagatgg aagacgggtt 2340
tctagatgtc tggacttata atgccgaact tctggttctc atggaaaatg agagaactct 2400
agactttcat gactcaaatg ttaagaacct ctacgacaag gtccgactac agcttaggga 2460
taatgcaaag gagctgggta acggttgttt cgagttctat cacaaatgtg ataatgaatg 2520
tatggaaagt ataagaaacg gaacgtacaa ctatccgcag tattcagaag aagcaagatt 2580
aaaaagagag gaaataagtg gggtaaaatt ggaatcaata ggaacttacc aaatactgtc 2640
aatttattca acagtggcga gttccctagc actggcaatc atgatggctg gtctatcttt 2700
atggatgtgc tccaatggat cgttacaatg cagaatttgc atttaagagc tctaagttaa 2760
aatgcttctt cgtctcctat ttataatatg gtttgttatt gttaattttg ttcttgtaga 2820
agagcttaat taatcgttgt tgttatgaaa tactatttgt atgagatgaa ctggtgtaat 2880
gtaattcatt tacataagtg gagtcagaat cagaatgttt cctccataac taactagaca 2940
tgaagacctg ccgcgtacaa ttgtcttata tttgaacaac taaaattgaa catcttttgce 3000
cacaacttta taagtggtta atatagctca aatatatggt caagttcaat agattaataa 3060
tggaaatatc agttatcgaa attcattaac aatcaactta acgttattaa ctactaattt 3120
tatatcatcc cctttgataa atgatagtac accaattagg aaggagcatg ctcgaggcct 3180
ggctggcecga attce 3194
<210> 54
<211> 1711
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized Wild-type H1/NC coding seqguence lacking TmD and Ctail
<400> 54
atgaaagcaa aactactggt cctgttatgt acatttacag ctacatatgc agacacaata 60
tgtataggct accatgccaa caactcaacc gacactgttg acacagtact tgagaagaat 120
gtgacagtga cacactctgt caacctactt gaggacagtc acaatggaaa actatgtcta 180
ctaaaaggaa tagccccact acaattgggt aattgcagcg ttgccggatg gatcttagga 240
aacccagaat gcgaattact gatttccaag gaatcatggt cctacattgt agaaacacca 300
aatcctgaga atggaacatg ttacccaggg tatttcgecg actatgagga actgagggag 360
caattgagtt cagtatcttc atttgagaga ttcgaaatat tccccaaaga aagctcatgg 420
cccaaccaca ccgtaaccgg agtatcagca tcatgctccecc ataatgggaa aagcagtttt 480



aacgat agt g aaaacaat ca cgaat gacca
t cagagttcc tcaacaggtg aaat atgcga
ctgcacacta atagatgctc tattgggaqga
atgggacctt tttgttgaac gcagcaaaqc ctacagcaac 420 tgttaccctt atgatqtgcc
ggattatgcc tcccttaggt cactagttgc ctcatccggc 480 acactggagt ttaacaatga
aagt t t caatcagggatt ggatpWoaktcaazmwaeqguaadangotsddrceet ettt tgraatbaygagatic
taataacagt ttotttaqta gattgaattg gttgacccac 600 ttaaaattca aatacccagc
at t gaacqt g~ HeratYocar Aeaatyadda cat t gL AL 9680 H-E gt Re aET4°CH Ry gat @Ogja

aattgaagtt 240
cagtcctcat 300
coctcagtgt 360

act aat gct a
cagatccttg

Ct gagcic@gin2010/000983
at ggagaaaa
gat ggcttcc aaaat aagaa

ccacccgggt, acggacaat 9.

999

gccct

accaa

é%%gégtaca

cct

aaa

ég:atgggtt7§¥%t%

aggalsad gpagaatgac

cattatagca gaagattcac cccagaaata gccaaaagac ccaaagtaag agatcaggaa 720
ggaagaatca actactactg gactctgctg gaacctgggg atacaataat atttgaggca 780
aatggaaatc taatagcgcc atggtatgcect tttgcactga gtagaggcectt tggatcagga 840
atcatcacct caaatgcacc aatggatgaa tgtgatgcga agtgtcaaac acctcaggga 900
gctataaaca gcagtcttcce tttccagaat gtacacccag tcacaatagg agagtgtcca 960
aagtatgtca ggagtgcaaa attaaggatg gttacaggac taaggaacat cccatccatt 1020
caatccagag gtttgtttgg agccattgcc ggtttcattg aaggggggtg gactggaatg 1080
gtagatgggt ggtatggtta tcatcatcag aatgagcaag gatctggcta tgctgcagat 1140
caaaaaagta cacaaaatgc cattaacggg attacaaaca aggtgaattc tgtaattgag 1200
aaaatgaaca ctcaattcac agctgtgggc aaagaattca acaaattgga aagaaggatg 1260
gaaaacttaa ataaaaaagt tgatgatggg tttctagaca tttggacata taatgcagaa 1320
ttgttggttc tactggaaaa tgaaaggact ttggatttcc atgactccaa tgtgaagaat 1380
ctgtatgaga aagtaaaaag ccaattaaag aataatgcca aagaaatagg aaacgggtgt 1440
tttgaattct atcacaagtg taacaatgaa tgcatggaga gtgtgaaaaa tggaacttat 1500
gactatccaa aatattccga agaatcaaag ttaaacaggg agaaaattga tggagtgaaa 1560
ttggaatcaa tgggagtcta tcagattctg gcgatctact caactgtcgc cagttccctg 1620
gttcttttgg tctccctggg ggcaatcage ttctggatgt gttccaatgg gtctttgcag 1680
tgtagaatat gcatctgaga ccagaatttc a 1711
<210> 55

<211> 1556

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized BglII-H1 A/NewCaledonia/20/99-SacI/Stul.

<400> 55

agatcttcgc tgacacaata tgtataggct accatgccaa caactcaacc gacactgttg 60
acacagtact tgagaagaat gtgacagtga cacactctgt caacctactt gaggacagtc 120
acaatggaaa actatgtcta ctaaaaggaa tagccccact acaattgggt aattgcageg 180
ttgccggatg gatcttagga aacccagaat gcgaattact gatttccaag gaatcatggt 240
cctacattgt agaaacacca aatcctgaga atggaacatg ttacccaggg tatttcgccg 300
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agt ct ct acc
aaggaat at ¢
tttgattaac

aaaagaagcc aacaaactgt aatcccgaat 780 atcggatcta gacccagagh2010/000983
cccagcagaa taagcatcta ttggacaata ‘840 gt aaaaccgg gagacat act
agcacaggqga atctaattgc tcctagggqgt 900 tacttcaaaa tacgaagtgg
gaaaagct ca at aatgagat cagatgcacc cattggcaaa 960 tqcaattctg aatgcatcac

t ccaaacqga agcattccca atgacaaacc attccaaaat 1020 gt aaacagga tcacatacgg

ggcct gt otetaagatmt gtt@mIdgraaaacae It et gahatatgc 10309yrdacgygac tadegaadt gt
accagagaaa caaactagag acatatttga cgcaatcgcg 1140 ggtttcatag aaaatggetig
ggagggaafﬁxﬁﬁﬁ?ﬁh?ﬁﬁgFaba%éf@@?FFC%éﬁﬁEﬁFﬁﬁﬁ %ﬁﬁéC%%FtUFﬁéﬁaxﬁaaté%éaca

agcageagal ctcasaagea 1 caqeade 2at.caal caa, 1209,a1 caal 4992, o

480
acccaaacct gagcaagtcc tatgtaaaca acaaagagaa agaagtcctt gtactatggg 540
gtgttcatca cccgecctaac atagggaacc aaagggcact ctatcataca gaaaatgctt 600
atgtctctgt agtgtcttca cattatagca gaagattcac cccagaaata gccaaaagac 660
ccaaadgtaag agatcaggaa ggaagaatca actactactg gactctgctg gaacctgggg 720
atacaataat atttgaggca aatggaaatc taatagcgcc atggtatgct tttgcactga 780
gtagaggctt tggatcagga atcatcacct caaatgcacc aatggatgaa tgtgatgcga 840
agtgtcaaac acctcaggga gctataaaca gcagtcttcc tttccagaat gtacacccag 900
tcacaatagg agagtgtcca aagtatgtca ggagtgcaaa attaaggatg gttacaggac 960
taaggaacat cccatccatt caatccagag gtttgtttgg agccattgcc ggtttcattg 1020
aaggggggtg gactggaatg gtagatgggt ggtatggtta tcatcatcag aatgagcaag 1080
gatctggcta tgctgcagat caaaaaagta cacaaaatgc cattaacggg attacaaaca 1140
aggtcaattc tgtaattgag aaaatgaaca ctcaattcac agctgtgggc aaagagttca 1200
acaaattgga aagaaggatg gaaaacttaa ataaaaaagt tgatgatggg tttctagaca 1260
tttggacata taatgcagaa ttgttggttc tactggaaaa tgaaaggact ttggatttcc 1320
atgactccaa tgtgaagaat ctgtatgaga aagtaaaaag ccaattaaag aataatgcca 1380
aagaaatagg aaacgggtgt tttgagttct atcacaagtg taacaatgaa tgcatggaga 1440
gtgtgaaaaa tggtacctat gactatccaa aatattccga agaatcaaag ttaaacaggg 1500
agaaaattga tggagtgaaa ttggaatcaa tgggagtata ctaagagctc aggcct 1556
<210> 506
<211> 219
<212> DNA
<213> Artificial Seguence
<220>
<223> Synthesized KpnI-H1 A/NewCaledonia/20/99 TmD+Ctail-SacI/Stul.
<400> 56
ggtacctatg actatccaaa atattccgaa gaatcaaagt taaacaggga gaaaattgat 60
ggagtgaaat tggaatcaat gggagtatac cagattctgg cgatctactc aactgtcgcec 120
agttccctgg ttcttttggt ctecctgggg gcaatcaget tctggatgtg ttccaatggg 180
tctttgcagt gtagaatatg catctaagag ctcaggcct 219
<210> 57
<211> 1781
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1320
1330
1440
1500
1560
1620

adaaattcca
agaaat at gt
ccct ggagaa
aaacaaagaa
accacaaat g
t at acagaga

agct gaat ag gttgatcgag aaaaccaacg
cagaagt cga agggagaatc cagaaccttg
tct ggt cat a caacgcggag cttcttgttg
ct aact caga aat gaacaaa ctgtttgaaa
aagatatggg caatggttgt ttcaaaatat
caat cagaaal4ggd¥et t at gaccacgatg
t ccagat cad' tggtytitigatf c£§adytag qat acaaaga ttagatacta 1680 tggatttcct
ttgccata&gZ&}gttttttg ctttgtgttg ctttgttggg gttcatcatg 1740 tgggcctgcce

aaaaacagQ§§3>Ca%§r§cglggggeda§9<?r¥atlt g&@clggt&ag%tfacpgolg}n disulfide isomerase

t cagat t gaa
1 QagQacacc
ccaacat aca
acaact gaga
t gacaat gcc
t gaagcatta

aaagagtriaaboio/o00983
aaaat agat c
attgatctaa
gaaaat gct a
Lgcat aagat
aacaaccggt

(PDI) gene

<400> 57

ccaaatcctt aacattcttt caacaccaac aatggcgaaa aacgttgcga ttttcggttt 60
attgttttct cttcttctgt tggttccttc tcagatcttc gctgaggaat catcaactga 120
cgctaaggaa tttgttctta cattggataa cactaatttc catgacactg ttaagaagca 180
cgatttcatc gtcgttgaat tctacgcacc ttggtgtgga cactgtaaga agctagcccc 240
agagtatgag aaggctgctt ctatcttgag cactcacgag ccaccagttg ttttggctaa 300
agttgatgcc aatgaggagc acaacaaaga cctcgcatcg gaaaatgatg ttaagggatt 360
cccaaccatt aagattttta ggaatggtgg aaagaacatt caagaataca aaggtccccg 420
tgaagctgaa ggtattgttg agtatttgaa aaaacaaagt ggccctgcat ccacagaaat 480
taaatctgct gatgatgcga ccgcttttgt tggtgacaac aaagttgtta ttgtcggagt 540
tttccctaaa ttttctggtg aggagtacga taacttcatt gcattagcag agaagttgcg 000
ttctgactat gactttgctc acactttgaa tgccaaacac cttccaaagg gagactcatc 660
agtgtctggg cctgtggtta ggttatttaa gccatttgac gagctctttg ttgactcaaa 720
ggatttcaat gtagaagctc tagagaaatt cattgaagaa tccagtaccc caattgtgac 780
tgtcttcaac aatgagccta gcaatcaccc ttttgttgtc aaattcttta actctcccaa 840
cgcaaaggct atgttgttca tcaactttac taccgaaggt gctgaatctt tcaaaacaaa 900
ataccatgaa gtggctgagc aatacaaaca acagggagtt agctttcttg ttggagatgt 960
tgagtctagt caaggtgcct tccagtattt tggactgaag gaagaacaag tacctctaat 1020
tattattcag cataatgatg gcaagaagtt tttcaaaccc aatttggaac ttgatcaact 1080
cccaacttgg ttgaaggcat acaaggatgg caaggttgaa ccatttgtca agtctgaacc 1140
tattcctgaa actaacaacg agcctgttaa agtggtggtt gggcaaactc ttgaggacgt 1200
tgttttcaag tctgggaaga atgttttgat agagttttat gctccttggt gtggtcactg 1260
caagcagttg gctccaatct tggatgaagt tgctgtctca ttccaaagcg atgctgatgt 1320
tgttattgca aaactggatg caactgccaa cgatatccca accgacacct ttgatgtcca 1380
aggctatcca accttgtact tcaggtcagc aagtggaaaa ctatcacaat acgacggtgg 1440
taggacaaag gaagacatca tagaattcat tgaaaagaac aaggataaaa ctggtgctgc 1500
tcatcaagaa gtagaacaac caaaagctgc tgctcagcca gaagcagaac aaccaaaaga 1560
tgagctttga aaagttccgc ttggaggata tcggcacaca gtcatctgceg ggctttacaa 1620
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<210> 71 <211> 3085 <212> DNA <213> Artificial Sequence <220> <223#ca2010/000983
Synt hesi zed Construct 736, fromPad | to Asci <400>71 ttaattaaga
attcgagctc caccgcggaa acctcctcgg attccattgc ccagctatct 60 gtcactttat

t gagaagat a gt ggaaaagg aaggtggctc ctacaaatgc catcattgcg 120 at aaaggaaa
ggccatcgtt gaagat gcct ctgccgacag tggtcccaaa gatggacccc 180 cacccacgag

gagcat cgt g gaaaaagaag acgttccaac cacgtottca aagcaagtgg 240 attgatgtga
tatctccaé C@%&@’f%gﬁéﬁa%ﬁ AAFEAB A 3EE cTCACT Tt Bt TG e Ay CBUT tat ot t g?:ffqoc

tatat aag%@t@cgat’cggi?tattggttttgg tttactctaa tgtattactg aataatgtga gttttggcgg

1740
agtttagtac tggaactttt gtttctgtaa aaaaaaaaaa a 1781
<210> 58
<211> 1457
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized PromPlasto-PDISP-Plasto 3 (prime)UTR plasmid sequence
<400> 58
ctggtatatt tatatgttgt caaataactc aaaaaccata aaagtttaag ttagcaagtg 60
tgtacatttt tacttgaaca aaaatattca cctactactg ttataaatca ttattaaaca 120
ttagagtaaa gaaatatgga tgataagaac aagagtagtg atattttgac aacaattttg 180
Ltgcaacatt tgagaaaatt ttgttgttct ctcttttcat tggtcaaaaa caatagagag 240
agaaaaagga agagggagaa taaaaacata atgtgagtat gagagagaaa gttgtacaaa 300
agttgtacca aaatagttgt acaaatatca ttgaggaatt tgacaaaagc tacacaaata 360
agggttaatt gctgtaaata aataaggatg acgcattaga gagatgtacc attagagaat 420
ttttggcaag tcattaaaaa gaaagaataa attattttta aaattaaaag ttgagtcatt 480
tgattaaaca tgtgattatt taatgaattg atgaaagagt tggattaaag ttgtattagt 540
aattagaatt tggtgtcaaa tttaatttga catttgatct tttcctatat attgccccat 600
agagtcagtt aactcatttt tatatttcat agatcaaata agagaaataa cggtatatta 660
atccctccaa aaaaaaaaaa cggtatattt actaaaaaat ctaagccacg taggaggata 720
acaggatccc cgtaggagga taacatccaa tccaaccaat cacaacaatc ctgatgagat 780
aacccacttt aagcccacgc atctgtggca catctacatt atctaaatca cacattcttc 840
cacacatctg agccacacaa aaaccaatcc acatctttat cacccattct ataaaaaatc 9200
acactttgtg agtctacact ttgattccct tcaaacacat acaaagagaa gagactaatt 960
aattaattaa tcatcttgag agaaaatggc gaaaaacgtt gcgattttcg gcttattgtt 1020
ttctcttctt gtgttggttc cttctcagat ctgagctcta agttaaaatg cttcttcgtc 1080
tcctatttat aatatggttt gttattgtta attttgttct tgtagaagag cttaattaat 1140
cgttgttgtt atgaaatact atttgtatga gatgaactgg tgtaatgtaa ttcatttaca 1200
taagtggagt cagaatcaga atgtttcctc cataactaac tagacatgaa gacctgccgce 1260
gtaéaattgt cttatatttg aacaactaaa attgaacatc ttttgccaca actttataag 1320
tggttaatat agctcaaata tatggtcaag ttcaatagat taataatgga aatatcagtt 1380
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360
120
480

atttggagag gtattaaaat cttaataggt
accaaacctt cttctaaact ctctctcatc
cttgcgtgag cgatcttcaa cgttgtcaga
ttcact gaag cgaaatcaaa gatctctttg 540

gtgtacttgt cctattcttg toggtgtggt 600 cttgggaaaa gaaagcttgc tggaggctge
tgttcagccc catacattac ttgttac tctgct gact ttoggagggt gcaatatctc

t act t ct gétctgathagit @ e ‘Etag?‘(?gf@aoﬁ’éotattééf‘ﬁ?tct te%tbtto F?:‘icctcijté‘i gatttfy

ttt gat aaaa gcgaacgtgg
tctcttaaag caaacttctc
tcgtgcttcg gcaccagtac
t ggacacgta gt gcggcgcec

ggaaa@@dg@OlO/OOOQ%
tottgtottt
aacgttttct
att aaat aac
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ttctat aaga taaaatag agctaggagattctttgaa 780 1457
<210> 59
<211> 3206
<212> DNA
<213> Artificial Seqguence
<220>
<223> Synthesized 540 expression cassette from HindIII
<400> 59
aagcttgcta gcggcectcaa tggccctgca ggtcgactct agaggtaccce cgggctggta 60
tatttatatg ttgtcaaata actcaaaaac cataaaagtt taagttagca agtgtgtaca 120
tttttacttg aacaaaaata ttcacctact actgttataa atcattatta aacattagag 180
taaagaaata tggatgataa gaacaagagt agtgatattt tgacaacaat tttgttgcaa 240
catttgagaa aattttgttg ttctctcttt tcattggtca aaaacaatag agagagaaaa 300
aggaagaggg agaataaaaa cataatgtga gtatgagaga gaaagttgta caaaagttgt 360
accaaaatag ttgtacaaat atcattgagg aatttgacaa aagctacaca aataagggtt 420
aattgctgta aataaataag gatgacgcat tagagagatg taccattaga gaatttttgg 480
caagtcatta aaaagaaaga ataaattatt tttaaaatta aaagttgagt catttgatta 540
aacatgtgat tatttaatga attgatgaaa gagttggatt aaagttgtat tagtaattag 600
aatttggtgt caaatttaat ttgacatttg atcttttcct atatattgcc ccatagagtc 660
agttaactca tttttatatt tcatagatca aataagagaa ataacggtat attaatccct 720
ccaaaaaaaa aaaacggtat atttactaaa aaatctaagc cacgtaggag gataacagga 780
tcccecgtagg aggataacat ccaatccaac caatcacaac aatcctgatg agataaccca' 840
ctttaagccc acgcatctgt ggcacatcta cattatctaa atcacacatt cttccacaca 900
tctgagccac acaaaaacca atccacatct ttatcaccca ttctataaaa aatcacactt 960
tgtgagtcta cactttgatt cccttcaaac acatacaaag agaagagact aattaattaa 1020
ttaatcatct tgagagaaaa tggcgaaaaa cgttgcgatt ttcggcttat tgttttctcet 1080
tcttgtgttg gttceccttctec agatcttcge tgacacaata tgtataggct accatgccaa 1140
caactcaacc gacactgttg acacagtact tgagaagaat gtgacagtga cacactctgt 1200
caacctactt gaggacagtc acaatggaaa actatgtcta ctaaaaggaa tagccccact 1260
acaattgggt aattgcagcg ttgccggatg gatcttagga aacccagaat gcgaattact 1320
gatttccaag gaatcatggt cctacattgt agaaacacca aatcctgaga atggaacatg 1380
ttacccaggg tatttcgccg actatgagga actgagggag caattgagtt cagtatcttc 1440



acagagtttt cccgtggttt tcgaacttgg
cccaaatttg togggcccat ggcgaaaaac
cttgtgttgg ttccttctca gatcttcget
gcaacgct gt gccttgggca ccatgcagta

agaaagattg ttaagottct gtatattct gci@4£r010/000983
gttgcgattt tcggcttatt gttttctctt 900
caaaaacttc caggaaatga caacagcacg 960
ccaaacggaa cgat agt gaa aacaat cacg 1020
aat gaccaaa ttgaagttac taatgctact gagctggttc agagttcctc aacaggtgaa 1080
at at gcgaca gtcctcatca gatccttgat ggagaaaact gcacactaat agatgctcta 1140
t t gggagacttictrgagt Gi-gerargatttccearr Hat FHGasatIYgaeaccrt 1y cegtrgadtgc 100

agcaaagect, acageagelg tlacogttatl gat gt decay atlatgecte Cotfaggt ca, 1260

atca
gacggggaag aatggtttgt acccaaacct gagcaagtcc tatgtaaaca acaaagagaa 1620
agaagtcctt gtactatggg gtgttcatca cccgectaac atagggaacc aaagggcact 1680
ctatcataca gaaaatgctt atgtctctgt agtgtcttca cattatagca gaagattcac 1740
cccagaaata gccaaaagac ccaaadgtaag agatcaggaa ggaagaatca actactactg 1800
gactctgctg gaacctgggg atacaataat atttgaggca aatggaaatc taatagcgcc 1860
atggtatgct tttgcactga gtagaggctt tggatcagga atcatcacct caaatgcacc 1920
aatggatgaa tgtgatgcga agtgtcaaac acctcaggga gctataaaca gcagtcttcc 1980
tttccagaat gtacacccag tcacaatagg agagtgtcca aagtatgtca ggagtgcaaa 2040
attaaggatg gttacaggac taaggaacat cccatccatt caatccagag gtttgtttgg 2100
agccattgcc ggtttcattg aaggggggtg gactggaatg gtagatgggt ggtatggtta 2160
tcatcatcag aatgagcaag gatctggcta tgctgcagat caaaaaagta cacaaaatgce 2220
cattaacggg attacaaaca aggtcaattc tgtaattgag aaaatgaaca ctcaattcac 2280
agctgtgggc aaagagttca acaaattgga aagaaggatg gaaaacttaa ataaaaaagt 2340
tgatgatggg tttctagaca tttggacata taatgcagaa ttgttggttc tactggaaaa 2400
tgaaaggact ttggatttcc atgactccaa tgtgaagaat ctgtatgaga aagtaaaaag 2460
ccaattaaag aataatgcca aagaaatagg aaacgggtgt tttgagttct atcacaagtg 2520
taacaatgaa tgcatggaga gtgtgaaaaa tggtacctat gactatccaa aatattccga 2580
agaatcaaag ttaaacaggg agaaaattga tggagtgaaa ttggaatcaa tgggagtata 2640
ccagattctg gcgatctact caactgtcgc cagttccctg gttcttttgg tctcectggg 2700
ggcaatcagc ttctggatgt gttccaatgg gtctttgcag tgtagaatat gcatctaaga 2760
gctctaagtt aaaatgcttc ttcgtctcect atttataata tggtttgtta ttgttaattt 2820
tgttcttgta gaagagctta attaatcgtt gttgttatga aatactattt gtatgagatg 2880
aactggtgta atgtaattca tttacataag tggagtcaga atcagaatgt ttcctcﬁata 2940
actaactaga catgaagacc tgccgcgtac aattgtctta tatttgaaca actaaaattg 3000
aacatctttt gccacaactt tataagtggt taatatagct caaatatatg gtcaagttca 3060
atagattaat aatggaaata tcagttatcg aaattcatta acaatcaact taacgttatt 3120
aactactaat tttatatcat cccctttgat aaatgatagt acaccaatta ggaaggagca 3180
tgctcgagge ctggctggcc gaattc 3206
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ctagttgcct catccggcac actggagttt aacaatgaaa gtttcaattg gact ggagt ecty8sx910/000983

20

act caaaacg gaacaagctc tgottgcata aggagatcta ataacagttt ctttagtaga 1380
ttgaattggt tgacccactt aaaattcaaa tacccagcat tgaacgtgac tatgccaaac 1440
aat gaaaaat ttgacaaatt gtacatttgg ggggttcacc accogggtac ggacaatgac 1500
caaatcttcc tgtatgctca agcatcagga agaat cacag totctaccaa aagaagccaa 1860
caaact gt aal®cce@aat at cggat ct aga cccagagt aa ggaat at occ cagcagaata 1620
agcat ct attllggatddt agt aaaaccggga gacatacttt tgattaacag cacagggaat 1680
ctaattch%}?}agﬁggggﬁﬂp%ggﬁgggta cgaagt ggga aaagct caat aat gagatca
<220>
<223> Synthesized fragment DrallI-Plasto(-84+1)-H1
A/Brisbane/59/07-SacI.
<400> 60
cactttgtga gtctacactt tgattccctt caaacacata caaagagaag agactaatta 60
attaattaat catcttgaga gaaaatgaaa gtaaaactac tggtcctgtt atgcacattt 120
acagctacat atgcagacac aatatgtata ggctaccatg ctaacaactc gaccgacact 180
gttgacacag tacttgaaaa gaatgtgaca gtgacacact ctgtcaacct gcttgagaac 240
agtcacaatg gaaaactatg tctattaaaa ggaatagccc cactacaatt gggtaattgce 300
agcgttgccg ggtggatctt aggaaaccca gaatgcgaat tactgatttc caaggagtca 360
tggtcctaca ttgtagaaaa accaaatcct gagaatggaa catgttaccc agggcatttc 420
gctgactatg aggaactgag ggagcaattg agttcagtat cttcatttga gaggttcgaa 480
atattcccca aagaaagctc atggcccaac cacaccgtaa ccggagtgtc agcatcatgce 540
tcccataatg gggaaagcag tttttacaga aatttgctat ggctgacggg gaagaatggt 600
ttgtacccaa acctgagcaa gtcctatgca aacaacaaag aaaaagaagt ccttgtacta 660
tggggtgttc atcacccgcc aaacataggt gaccaaaagg ccctctatca tacagaaaat 720
gcttatgtct ctgtagtgtc ttcacattat agcagaaaat tcaccccaga aatagccaaa 780
agacccaaag taagagatca agaaggaaga atcaattact actggactct gcttgaaccc 840
ggggatacaa taatatttga ggcaaatgga aatctaatag cgccaagata tgctttcgcea 900
ctgagtagag gctttggatc aggaatcatc aactcaaétg caccaatgga taaatgtgat 960
gcgaagtgcc aaacacctca gggagctata aacagcagtc ttcctttcca gaacgtacac 1020
ccagtcacaa taggagagtg tccaaagtat gtcaggagtg caaaattaag gatggttaca 1080
ggactaagga acatcccatc cattcaatcc agaggtttgt ttggagccat tgccggtttc 1140
attgaagggg ggtggactgg aatggtagat ggttggtatg gttatcatca tcagaatgag 1200
caaggatctg gctatgctge agatcaaaaa agcacacaaa atgccattaa tgggattaca 1260
aacaaggtca attctgtaat tgagaaaatg aacactcaat tcacagcagt gggcaaagag 1320
ttcaacaaat tggaaagaag gatggaaaac ttgaataaaa aagttgatga tgggtttata 1380
gacatttgga catataatgc agaactgttg gttctactgg aaaatgaaag gactttggat 1440
ttccatgact ccaatgtgaa gaatctgtat gagaaagtaa aaagccagtt aaagaataat 1500
gctaaagaaa taggaaatgg gtgttttgag ttctatcaca agtgtaacga tgaatgcatg 1560



1740 gatgcaccca ttggcaaatg caattctgaa tgcatcactc caaacggaag catt ecasto1d/R0¢s3
gacaaaccat tccaaaatgt aaacaggatc acatacgggg cctgtoccag atatgttaagl860
caaaacactc tgaaattggc aacagggatg cgaaat gtac cagagaaaca aactagaggcl920
atatttggcg caatcgcggg tttcatagaa aatggttggg agggaat ggt ggat ggttggl980
tatggtttca ggcatcaaaa ttctgaggga ataggacaag cagcagatct caaaagcact 2040
caagcagcaa tcgat caaat caat gggaag ctgaataggt t gat cgggaa aaccaacgag2100
aaat t ccatf@Iat ey a4aat ¥Hagt t'erea-Gaagt®gaqtf 'y§atadt eca 2gyadettgag2160
aaatatgttg aggacaccaa_aat agatctc tqgfcataca acgcggagct tottgttgcc 0
ctggagaa@gg%%%ﬁ?%égﬁﬁt?ﬁﬁ?cEﬁﬁ%fqﬁ%c%%ﬁéﬁgﬁx¥gg%%%§ Tt “gtid ﬁggaaggéb
acaaagaagg .aact9aqga.aaal octgag: gat At Hegca- At ggidot it cga&ac%rtgé ac2340
g

cacaaatgtg acaatgcctg cataggatca atcagaaatg gaacttatga ccacgat gt a2400
t acagagat.gqapgealt tA339 €aae Ccobt 6t LAgat Laagg-tgegid@gaget gaagt caggaz2460
tacaaagatt ggatactatg gatttccttt gccatatcat gttttttgct ttgtgttgct2520
ttgttggggelecatcat gt g ggcct gccaa aaaggcaaca ttaggtgcaa catttgcatt 2580
t gaaggcct<dltttBéfttag tttgaattta ctgttattcg gtgtgcattt ctatgtttgg2640
tgagcggtf¥1¥btgfgptca %gtgtgttt attttatgta atttaatttc tttgtgagct2700
cct gttt agétaggte {%ﬁ%a?t€ﬁﬁﬁéﬁgg acacaaaaag attttaattt tattaaaaaa2760
aaaaaaaaag,pagaccggga attcgaratc aagcttatcg acctgcagat cgttcaaaca2820
tttggcaaty;aagittatla,agatt gaanc, otgt taceog. ECLlgagatg attatcatat 2880
aatttctgrt gaattacgtt aagcatgtaa taattaacat gtaatgcatg acgtrattta2940
t gagat ggguobit tcat gatt agagtcccgc aattatacat ttaatacgcg at agaaaaca3000
aaat at ageggcgoraaci@gcgataaaddcatt g gegegatcighcaighatg chyactisagat t 3060
ctagagtctc aagctncggc gcgcc3085 <210> 72 <211> 3088 <212> DNA <213>
Artifici dlatSetjasnce 9220 a<22@8s2BiAw Aekiazedt ICoA3TTtaEE2 2379t dtrem Paétlt o
Ascl <400> 72 ttaatraaga attcgagctc caccgc gaa acctcctogg attccattgc
ccagct at ¢t 60 Yt EAcE LAt T Gaydagat ¥ gt ggHaahty 2asdeiyt ettt @eaaat g¢to
catcattgcgl20 ataaa geccatcgrt ct ctac tocca
Gat ggacoce 1o B haceae ot Aaat ey oaaananaas acartcoaae Catacr o

aagcaagt gg240,.BCT{ LA2040/,000983 @ttt gatiglgecd ateiceacd -gags-2aady 3oo0
at gacgcaca atcccactat ccttcgcaag 300 accottcctc tatataagaa

aggaagaggg agaataaaaa cataatgtga gtatgagaga gaaagttgta caaaagttgt 360
accaaaatag ttgtacaaat atcattgagg aatttgacaa aagctacaca aataagggtt 420
aattgctgta aataaataag gatgacgcat tagagagatg taccattaga gaatttttgg 480
caagtcatta aaaagaaaga ataaattatt tttaaaatta aaagttgagt catttgatta 540
aacatgtgat tatttaatga attgatgaaa gagttggatt aaagttgtat tagtaattag 600
aatttggtgt caaatttaat ttgacatttg atcttttcct atatattgcc ccatagagtc 660
agttaactca tttttatatt tcatagatca aataagagaa ataacggtat attaatccct 720
ccaaaaaaaa aaaacggtat atttactaaa aaatctaagc cacgtaggag gataacagga 780
tccececgtagg aggataacat ccaatccaac caatcacaac aatcctgatg agataaccca 840
ctttaagccc acgcatctgt ggcacatcta cattatctaa atcacacatt cttccacaca 900
tctgagccac acaaaaacca atccacatct ttatcaccca ttctataaaa aatcacactt 960
tgtgagtcta cactttgatt cccttcaaac acatacaaag agaagagact aattaattaa 1020
ttaatcatct tgagagaaaa tgaaagtaaa actactggtc ctgttatgca catttacagce 1080
tacatatgca gacacaatat gtataggcta ccatgctaac aactcgaccg acactgttga 1140
cacagtactt gaaaagaatg tgacagtgac acactctgtc aacctgcttg agaacagtca 1200
caatggaaaa ctatgtctat taaaaggaat agccccacta caattgggta attgcagcgt 1260
tgccgggtgg atcttaggaa acccagaatg cgaattactg atttccaagg agtcatggtce 1320
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agttcatttc atttggagag
gaaaacccga accaaacctt
tottgtottt cttgcgtgag
aacgttttct ttcactgaag
attaaataac gtgtacttgt
t ggaggct gc tgttcaaccc

at att aaaat cttaat aagt
cttctaaact ctctctcatc
cgatcttcaa cgttgtcaga
cgaaat caaa gatctotttg
cctattcttg tcggtgtggt
catacattac ttattacgat

360
420
480
540
600
660

ttt gat aaaa gcgaacat/gaz010/000983
tctottaaag caaacttctc
tcgtgcttcg gcaccagtac
t ggacacgta gt gcggcgcec
ctt gggaaaa gaaagcttac
t ct gct gact ttcggcg?gt

gcaat at cFertaacftxt9geteagat gaggt @ e gtige et 72 ragitottticoarte t c

tgct gatt
t cgaact t

o

ccccaaagaa
taatggggaa
cccaaacctg
tgttcatcac
tgtctctgta
caaagtaaga
tacaataata
tagaggcttt
gtgccaaaca
cacaatagga
aaggaacatc
aggggggtgg
atctggctat
ggtcaattct
caaattggaa
ttggacatat
tgactccaat
agaaatagga
tgtaaagaat
gaaaattgat
aacagtcgcc
ttccaatggg
tcgtctccta
ttaatcgttg
ttacataagt
gccgcgtaca
ataagtggtt

cagttatcga

ttctataa

agctcatggc
agcagttttt
agcaagtcct
ccgccaaaca
gtgtcttcac
gatcaagaag
tttgaggcaa
ggatcaggaa
cctcagggag
gagtgtccaa
ccatccattc
actggaatgg
gctgcagatc
gtaattgaga
agaaggatgg
aatgcagaac
gtgaagaatc
aatgggtgtt
ggaacttatg
ggagtgaaat
agttctctgg
tctttacagt
tttataatat
ttgttatgaa
ggagtéagaa
attgtcttat
aatatagctc

aattcattaa

a aatctaatat tttcttt
gaggaa ctgagggagc aattgagttc agtatlt

ccaaccacac
acagaaattt
atgcaaacaa
taggtgacca
attatagcag
gaagaatcaa
atggaaatct
tcatcaactc
ctataaacag
agtatgtcag
aatccagagg
tagatggttg
aaaaaagcac
aaatgaacac
aaaacttgaa
tgttggttct
tgtatgagaa
Ltgagttcta
actatccaaa
tggaatcaat
ttcttttggt
gtagaatatg
ggtttgttat
atactatttg
tcagaatgtt
atttgaacaa
aaatatatgg

caatcaactt

cgtaaccgga
gctatggctg
caaagaaaaa
aaaggccctc
aaaattcacc
ttactactgg
aatagcgcca
aaatgcacca
cagtcttcct
gagtgcaaaa
tttgtttgga
gtatggttat
acaaaatgcc
tcaattcaca
taaaaaagtt
actggaaaat
agtaaaaagc
tcacaagtgt
atattccgaa
gggagtctat
ctccectgggg
catctaagag
tgttaatttt
tatgagatga
tcectceccataa
ctaaaattga
tcaagttcaa

aacgttatta
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a 780 acagag Eéiﬁﬁatétggigo

a tttgagaggt

gtgtcagcat
acggggaaga
gaagtccttg
tatcatacag
ccagaaatag
actctgcttg
agatatgctt
atggataaat
ttccagaacg
ttaaggatgg
gccattgccg
catcatcaga
attaatggga
gcagtgggca
gatgatgggt
gaaaggactt
cagttaaaga
aacgatgaat
gaatcaaagt
cagattctgg
gcaatcagct
ctctaagtta
gttcttgtag
actggtgtaa
ctaactagac
acatcttttg
tagattaata

actactaatt

catgctccca
atggtttgta
tactatgggg
aaaatgctta
ccaaaagacc
aacccgggga
tcgcactgag
gtgatgcgaa
tacacccagt
ttacaggact
gtttcattga
atgagcaagg
ttacaaacaa
aagagttcaa
ttatagacat
tggatttcca
ataatgctaa
gcatggagag
taaacaggga
cgatctactc
tctggatgtg
aaatgcttct
aagagcttaa
tgtaattcat
atgaagacct
ccacaacttt
atggaaatat

ttatatcatc

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120



agaaagattg ttaagottct
gttgcgattt tcggcttatt
caaaaacttc ccggaaatga

gtatattctg 840 cccaaatttg tcgggcccat ggcgaa@aa®n2010/000983
attttctctt 900 cttatgtigg ttccttctca gatottcgct
caacagcacg 960 gcaacgctgt gccttgggca ccat acaata
ccaaacggaa cgat agtgaa aacaat cacg 1020 aat gaccaaa ttgaagttac taatgctact
gagctggttc agagttcctc aacaagtgaa 1080 atatgcgaca atcctcatca gatccttgat
gaagaaaactctgéaetr rabdctaght gereta L2143 e tfgagac et sagt gAra‘teyct tdaa

aat aagaaat ggaacctttt tgttgaacgc 1200 agcaaagcct acagcaactg ttacccttat
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gat gt gccggt@ttat gcctc ccttaggtca 1260 ctagttgect catccggeac
<210> 62
<211> 2065
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized Expression cassette number 828, from Pacl to AscI
<400> 62
ttaattaaga attcgagctc caccgcggaa acctcctcgg attccattgc ccagctatct 60
gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatgc catcattgcg 120
ataaaggaaa ggccatcgtt gaagatgcct ctgccgacag tggtcccaaa gatggacccce 180
cacccacgag gagcatcgtg gaaaaagaag acgttccaac cacgtcttca aagcaagtgg 240
attgatgtga tatctccact gacgtaaggg atgacgcaca atcccactat ccttcgcaag 300
acccttcctc tatataagga agttcatttc atttggagag gtattaaazat cttaataggt 360
tttgataaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact ctctctcatc 420
tctcttaaag caaacttctc tcttgtcttt cttgcgtgag cgatcttcaa cgttgtcaga 480
tcgtgcttcg gcaccagtac aacgttttct ttcactgaag cgaaatcaaa gatctctttg 540
tggacacgta gtgcggcgcc attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc catacattac ttgttacgat 660
tctgctgact ttcggcgggt gcaatatctc tacttctgcect tgacgaggta ttgttgectg 720
tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagcttct gtatattctg 840
cccaaatttyg tcgggcccat ggttttcaca cctcagatac ttggacttat gcttttttgg 900
atttcagcct ccagaggtga tattgtgcta actcagtctc cagccaccct gtctgtgact 960
ccaggagata gtgtcagtct ttcctgcagg gccagccaaa gtattagcaa caacctacac 1020
tggtttcaac aaaaatcgca tgagtctcca aggcttctca tcaagtatgc ttcccagtcc 1080
atatctggga tcccctccag gttcagtgge agtggatctg ggacagattt cactctcagt 1140
atcaacagtg tgaagactga agattttgga atgtttttct gtcaacagag taacagctgg 1200
cctctcacgt tcggtgatgg gacaaagctg gagctgaaac gggctgatgc tgcaccaact 1260
gtatccatct tcccaccatc cagtgagcag ttaacatctg gaggtgcctc agtcgtgtge 1320
ttcttgaaca acttctaccc caaagacatc aatgtcaagt ggaagattga tggcagtgaa 1380
cgacaaaatg gcgtcctgaa cagttggact gatcaggaca gcaaagacag cacctacagc 1440



actagaattt aacaatgaaa gtttcaattg gactggagtc 1320 actcaaaaca gaacCa@geda@o10/000983
tgottgcata aggagatcta ataacagttt ctttagtaga -1380 ttgaattggt tgacccactt
aaaattcaaa tacccaacat tgaacgtgac tatgccaaac 1440 aat gaaaaat ttgacaaatt
gtacatttg ggggttcacc acccaggtac ggacaatgac 1500 caaatcttcc tgtatgctca
agcat cauga agaatcacag tctctaccaa aagaagccaa 1560 caaact ataa tcccgaat at
cggat ct agE@lagEeHFaarderaggaatdar e vjeageaaaaiac 1626 t ageat craattciyifac altlagt
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aaaaccggaa gacatacttt tgattaacag cacagggaat 1680 ctaattgctc ct agg%%tta

cttcaaaafy gg(j%%ﬁft @@ﬁ&%é‘é‘bé‘?&%%%%ta&gégﬁa@éla 1946 g c acgadtat 0
tagaggccta ttttctttag tttgaattta ctgttattcg gtgtgcattt ctatgtttgg 1620
tgagcggttt tctgtgctca gagtgtgttt attttatgta atttaatttc tttgtgagcet 1680
cctgtttagc aggtcgtccc ttcagcaagg acacaaaaag attttaattt tattaaaaaa 1740
aaaaaaaaaa aagaccggga attcgatatc aagcttatcg acctgcagat cgttcaaaca 1860
tttggcaata aagtttctta agattgaatc ctgttgccgg tcttgcgatg attatcatat 1860
aatttctgtt gaattacgtt aagcatgtaa taattaacat gtaatgcatg acgttattta 1920
tgagatgggt ttttatgatt agagtcccgc aattatacat ttaatacgcg atagaaaaca 1980
aaatatagcg cgcaaactag gataaattat cgcgcgcggt gtcatctatg ttactagatt 2040
ctagagtctc aagcttcggc gcgcc 2065
<210> 63
<211> 3194
<212> DNA
<213> Artificial Segquence
<220>
<223> Synthesized Construct number 690, from HindIII to FEcoRI
<400> 63
aagcttgcta gcggcctcaa tggccctgeca ggtcgactct agaggtaccc cgggctggta 60
tatttatatg ttgtcaaata actcaaaaac cataaaagtt taagttagca agtgtgtaca 120
tttttacttg aacaaaaata ttcacctact actgttataa atcattatta aacattagag 180
taaagaaata tggatgataa gaacaagagt agtgatattt tgacaacaat tttgttgcaa 240
catttgagaa aattttgttg ttctctcttt tcattggtca aaaacaatag agagagaaaa 300
aggaagaggg agaataaaaa cataatgtga gtatgagaga gaaagttgta caaaagttgt 360
accaaaatag ttgtacaaat atcattgagg aatttgacaa aagctacaca aataagggtt 420
aattgctgta aataaataag gatgacgcat tagagagatg taccattaga gaatttttgg 480
caagtcatta aaaagaaaga ataaattatt tttaaaatta aaagttgagt catttgatta 540
aacatgtgat tatttaatga attgatgaaa gagttggatt aaagttgtat tagtaattag 600
aatttggtgt caaatttaat ttgacatttg atcttttcct atatattgcc ccatagagtc 660
agttaactca tttttatatt tcatagatca aataagagaa ataacggtat attaatccct 720
ccaaaaaaaa aaaacggtat atttactaaa aaatctaagc cacgtaggag gataacagga 780
tcccecgtagg aggataacat ccaatccaac caatcacaac aatcctgatg agataaccca 840
ctttaagccc acgcatctgt ggcacatcta cattatctaa atcacacatt cttccacaca 900



1800
1860
1920

ttgacaaatg caattctgaa
t ccaaaat gt aaacagaatc
t gaaatt gac aacagggatg
caatcgcggg 7ttcatagaa aatgattggq agggaarggt ggatagttgg 1980
gacat caaaa ttctaaggga aragaacaag cagcagarct caaaagcact 2040
PCT/ CA2090/£0003832 crageatic aactacgatc daatcasaat gogaagraet gadicagytttt gat®¢gggaa

tgcat cactc
acat acgaga
cgaaat gt ac

caaacgaaag cattcccaat
cct gt occag -at at gttaag
cagagaaaca aact agaoqc

aacaameoabo1o/000983
caaaacactc
atatttagcg
targgtttca
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aaccaacgag 2100 aaattccatc agattgaaaa agagttctca gaagtcgaag ggagaatcca
gtgagtcta cactttgatt cccttcaaac acatacaaag agaagagact aattaattaa 1020
ttaatcatct tgagagaaaa tggagaaaat agtgcttctt cttgcaatag tcagtcttgt 1080
taaaagtgat cagatttgca ttggttacca tgcaaacaat tcaacagagc aggttgacac 1140
aatcatggaa aagaacgtta ctgttacaca tgcccaagac atactggaaa agacacacaa 1200
cgggaagctc tgcgatctag atggagtgaa gcctctaatt ttaagagatt gtagtgtage 1260
tggatggctc ctcgggaacc caatgtgtga cgaattcatc aatgtaccgg aatggtctta 1320
catagtggag aaggccaatc caaccaatga cctctgttac ccagggcatt tcgctgacta 1380
tgaggaactyg agggagcaat tgagttcagt atcttcattt gagaggttcg aaatattccc 1440
caaagaaagc tcatggccca accacaccgt aaccggagtg tcagcatcat gctcccataa 1500
tggggaaagc agtttttaca gaaatttgct atggctgacg gggaagaatg gtttgtaccc 1560
aaacctgagc aagtcctatg caaacaacaa agaaaaagaa gtccttgtac tatggggtgt 1620
tcatcacccg ccaaacatag gtgaccaaaa ggccctctat catacagaaa atgcttatgt 1680
ctctgtagtg tcttcacatt atagcagaaa attcacccca gaaatagcca aaagacccaa 1740
agtaagagat caagaaggaa gaatcaatta ctactggact ctgcttgaac ccggggatac 1800
aataatattt gaggcaaatg gaaatctaat agcgccaaga tatgctttcg cactgagtag 1860
aggctttgga tcaggaatta tgaaaagtga attggaatat ggtaactgca acaccaagtg 1920
tcaaactcca atgggggcga taaactctag tatgccattc cacaacatac accctctcac 1980
catcggggaa tgccccaaat atgtgaaatc aaacagatta gtccttgcaa cagggctcag 2040
aaatagccct caaagagaga gcagaagaaa aaadagagga ctatttggag ctatagcagg 2100
ttttatagag ggaggatggc agggaatggt agatggttgg tatgggtacc accatagcaa 2160
tgagcagggg agtgggtacg ctgcagacaa agaatccact caaaaggcaa tagatggagt 2220
caccaataag gtcaactcaa tcattgacaa aatgaacact cagtttgagg ccgttggaag 2280
ggaatttaat aacttagaaa ggagaataga gaatttaaac aagaagatgg aagacgggtt 2340
tctagatgtc tggacttata atgccgaact tctggttctc atggaaaatg agagaactct 2400
agactttcat gactcaaatg ttaagaacct ctacgacaag gtccgactac agcttaggga 2460
taatgcaaag gagctgggta acggttgttt cgagttctat cacaaatgtg ataatgaatg 2520
tatggaaagt ataagaaacg gaacgtacaa ctatccgcag tattcagaag aagcaagatt 2580
aaaaagagag gaaataagtg gggtaaaatt ggaatcaata ggaacttacc aaatactgtc 2640
aatttattca acagtggcga gttccctagc actggcaatc atgatggctg gtctatcttt 2700
atggatgtgc tccaatggat cgttacaatg cagaatttgc atttaagagc tctaagttaa 2760



2160
2220
2280
2340

ggacct t gag
tottgttgec
gttt gaaaaa
caaaat at ac

aaatatgttg
ct ggagaacc
acaaagaagc
cacaaatgtg

aggacaccaa
aacat acaat
aact gaggga
acaat gcctg

aatagatctc tggtcataca
t gat ctaact :gact cagaaa
aaat gct gag gat at gggca
cat aggat ca at cagaaatg
ccacgatgta 2400 tacagagatg aagcattaaa caaccggttc cagatcaagg gcgttgagct
gaagt caata 2460 ggaacttacc aaatactgtc aatttattca acagtggcga gttocctagc
actggcaaﬁ€@?5?6*afégﬁﬁﬁéfgt@ﬁb%ﬁ?é%ﬂfié?ﬁﬁﬁfg$§€a?56§a?ﬁﬁéﬂt%§%td@ﬁ&tg
cagaatttggaKIBO aEttaa%ggg c%attttott

acgcggagaboio/oo0983
t gaacaaact
atggttgttt
gaacttatga

taat taatcg tatgaaa tactatttgt atgagatgaa ctggtgtaat 2880
gtaattcatt tacataagtg gagtcagaat cagaatgttt cctccataac taactagaca 2940
tgaagacctg ccgcgtacaa ttgtcttata tttgaacaac taaaattgaa catcttttge 3000
cacaacttta taagtggtta atatagctca aatatatggt caagttcaat agattaataa 3060
tggaaatatc agttatcgaa attcattaac aatcaactta acgttattaa ctactaattt 3120
tatatcatcc cctttgataa atgatagtac accaattagg aaggagcatg ctcgaggcct 3180
ggctggceccga attc 3194
<210> o4
<211> 3194
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized Construct number 691, from HindIII to EcoRI
<400> 64
aagcttgcta gcggcctcaa tggccctgca ggtcgactct agaggtaccce cgggcectggta 60
tatttatatg ttgtcaaata actcaaaaac cataaaagtt taagttagca agtgtgtaca 120
tttttacttg aacaaaaata ttcacctact actgttataa atcattatta aacattagag 180
taaagaaata tggatgataa gaacaagagt agtgatattt tgacaacaat tttgttgcaa 240
catttgagaa aattttgttg ttctctcttt tcattggtca aaaacaatag agagagaaaa 300
aggaagaggg agaataaaaa cataatgtga gtatgagaga gaaagttgta caaaagttgt 360
accaaaatag ttgtacaaat atcattgagg aatttgacaa aagctacaca aataagggtt 420
aattgctgta aataaataag gatgacgcat tagagagatg taccattaga gaatttttgg 480
caagtcatta aaaagaaaga ataaattatt tttaaaatta aaagttgagt catttgatta 540
aacatgtgat tatttaatga attgatgaaa gagttggatt aaagttgtat tagtaattag 600
aatttggtgt caaatttaat ttgacatttg atcttttcct atatattgcc ccatagagtc 660
agttaactca tttttatatt tcatagatca aataagagaa ataacggtat attaatccct 720
ccaaaaaaaa aaaacggtat atttactaaa aaatctaagc cacgtaggag gataacagga 780
tccececgtagg aggataacat ccaatccaac caatcacaac aatcctgatg agataaccca 840
ctttaagccc acgcatctgt ggcacatcta cattatctaa atcacacatt cttccacaca 900
tctgagccac acaaaaacca atccacatct ttatcaccca ttctataaaa aatcacactt 960
tgtgagtcta cactttgatt cccttcaaac acatacaaag agaagagact aattaattaa 1020
ttaatcatct tgagagaaaa tggagaaaat agtgcttctt cttgcaatag tcagtcttgt 1080
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tagtttgaat ttactgttat tcggtgtgca
tcagagtgtg tttattttat gtaatttaat
ccettcagca aggacacaaa aagattttaa
ggaattcgat atcaagetta tcgacctgca

tttctatgtt 2640 tggtgagcgg tttt céd@id@o1i0/000983
ttctttgtga 2700 gctcctgttt agcaggtcgt
ttttattaaa 2760 aaaaaaaaaa aaaaagaccq
gatcgttcaa 2820 acatttggca ataaagtttc
ttaagattga atcctgttgc cggtcttgcg atgattatca 2880 tataatttct gttgaattac
gttaagcatg taataattaa catgtaatgc atgacgttat 2940 ttatgagatg ggtttttatg
at t agagt Ex22egesnat fada tEeta faad decer garagmaat 3006cTradazidAt a2 gegc gcadac
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taggat aaz?z;[tcgagégcagacgggga%cgggagtc(t:ggtcatcagg %tggzgcce;[a% Cc atactggaaa agacacacaa 1200
cgggaagctc tgcctattaa aaggaatagc cccactacaa ttgggtaatt gcagcgttgce 1260
cgggtggatc ttaggaaacc cagaatgcga attactgatt tccaaggagt catggtccta 1320
cattgtagaa aaaccaaatc ctgagaatgg aacatgttac ccagggcatt tcgctgacta 1380
tgaggaactg agggagcaat tgagttcagt atcttcattt gagaggttcg aaatattccc 1440
caaagaaagc tcatggccca accacaccgt aaccggagtg tcagcatcat gctcccataa 1500
tggggaaagc agtttttaca gaaatttgct atggctgacg gggaagaatg gtttgtaccce 1560
aaacctgagc aagtcctatqg caaacaacaa agaaaaagaa gtccttgtac tatggggtgt 1620
tcatcacccg ccaaacatag gtgaccaaaa ggccctctat catacagaaa atgcttatgt 1680
ctctgtagtg tcttcacatt atagcagaaa attcacccca gaaatagcca aaagacccaa 1740
agtaagagat caagaaggaa gaatcaatta ctactggact ctgcttgaac ccggggatac 1800
aataatattt gaggcaaatg gaaatctaat agcgccaaga tatgctttcg cactgagtag 1860
aggctttgga tcaggaatca tcaactcaaa tgcaccaatg gataaatgca acaccaagtg 1920
tcaaactcca atgggggcga taaactctag tatgccattc cacaacatac accctctcac 1980
catcggggaa tgccccaaat atgtgaaatc aaacagatta gtccttgcaa cagggctcag 2040
aaatagccct caaagagaga gcagaagaaa aaagagagga ctatttggag ctatagcagg 2100
ttttatagag ggaggatggc agggaatggt agatggttgg tatgggtacc accatagcaa 2160
tgagcagggg agtgggtacg ctgcagacaa agaatccact caaaaggcaa tagatggagt 2220
caccaataag gtcaactcaa tcattgacaa aatgaacact cagtttgagg ccgttggaag 2280
ggaatttaat aacttagaaa ggagaataga gaatttaaac aagaagatgg aagacgggtt 23490
tctagatgtc tggacttata atgccgaact tctggttctc atggaaaatg agagaactct 2400
agactttcat gactcaaatg ttaagaacct ctacgacaag gtccgactac agcttaggga 2460
taatgcaaag gagctgggta acggttgttt cgagttctat cacaaatgtg ataatgaatg 2520
tatggaaagt ataagaaacg gaacgtacaa ctatccgcag tattcagaag aagcaagatt 2580
aaaaagagag gaaataagtg gggtaaaatt ggaatcaata ggaacttacc aaatactgtc 2640
aatttattca acagtggcga gttccctagc actggcaatc atgatggctg gtctatcttt 2700
atggatgtgc tccaatggat cgttacaatg cagaatttgc atttaagagc tctaagttaa 2760
aatgcttctt cgtctcecctat ttataatatg gtttgttatt gttaattttg ttcttgtaga 2820
agagcttaat taatcgttgt tgttatgaaa tactatttgt atgagatgaa ctggtgtaat 2880



3060 attctagagt ctcaagettc ggcgcgcc 3088 <210> 73 <211> 184k&t/cag@b2000983
DNA <213> ArtificialL Sequence <220> <223> Synt hesi zed fragnent

Dral Il -PLasto(-84+1)-HA B/ Fl orida/4/06-Sacl <400> 73 cactttgtga

gtctacactt tgattccctt caaacacata caaagagaag agactaatta 60 attaattaat

cat cttgaga gaaaat gaag gcaataattg tactactcat ggtagtaaca 120 tccaatgcag

at cgaat Cgigaa@g@qtgggaqaa:aagtg gagtcagaat cagaatgttt cctccataac taactagaca 2940
tgaagacctg ccgcgtacaa ttgtcttata tttgaacaac taaaattgaa catcttttgce 3000
cacaacttta taagtggtta atatagctca aatatatggt caagttcaat agattaataa 3060
tggaaatatc agttatcgaa attcattaac aatcaactta acgttattaa ctactaattt 3120
tatatcatcc cctttgataa atgatagtac accaattagg aaggagcatg ctcgaggcct 3180
ggctggccga attc 3194
<210> &5
<211> 3206
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized Construct number 636, from HindIII to EcoRI
<400> 65
aagcttgcta gcggcctcaa tggccctgca ggtcgactct agaggtaccc cgggctggta 60
tatttatatg ttgtcaaata actcaaaaac cataaaagtt taagttagca agtgtgtaca 120
tttttacttg aacaaaaata ttcacctact actgttataa atcattatta aacattagag 180
taaagaaata tggatgataa gaacaagagt agtgatattt tgacaacaat tttgttgcaa 240
catttgagaa aattttgttg ttctctcttt tcattggtca aaaacaatag agagagaaaa 300
aggaagaggg agaataaaaa cataatgtga gtatgagaga gaaagttgta caaaagttgt 360
accaaaatag ttgtacaaat atcattgagg aatttgacaa aagctacaca aataagggtt 420
aattgctgta aataaataag gatgacgcat tagagagatg taccattaga gaatttttgg 480
caagtcatta aaaagaaaga ataaattatt tttaaaatta aaagttgagt catttgatta 540
aacatgtgat tatttaatga attgatgaaa gagttggatt aaagttgtat tagtaattag 600
aatttggtgt caaatttaat ttgacatttg atcttttcct atatattgcc ccatagagtc 660
agttaactca tttttatatt tcatagatca aataagagaa ataacggtat attaatccct 720
ccaaaaaaaa aaaacggtat atttactaaa aaatctaagc cacgtaggag gataacagga 780
tcccecgtagg aggataacat ccaatccaac caatcacaac aatcctgatg agataaccca 840
ctttaagccc acgcatctgt ggcacatcta cattatctaa atcacacatt cttccacaca 300
tctgagccac acaaaaacca atccacatct ttatcaccca ttctataaaa aatcacactt 960
tgtgagtcta cactttgatt cccttcaaac acatacaaag agaagagact aattaattaa 1020
ttaatcatct tgagagaaaa tggcgaaaaa cgttgcgatt ttcggcttat tgttttctct 1080
tcttgtgttg gttccttctc agatcttcgce tgacacaata tgtataggct accatgccaa 1140
caactcaacc gacactgttg acacagtact tgagaagaat gtgacagtga cacactctgt 1200

28



acatcttcaa actcacctca tgtggtcaaa 180 acagccactc aaggggaggt caat gtegach2010/000983
ggt gt gat ac cact aacaac aacaccaaca 240 aaatcttatt ttgcaaatct caaaggaaca
aggaccagag ggaaactatg cccagactgt 300 ctcaactgca cagatctgga tgtggctttg
ggcagaccaa tgtgtgtggg gaccacacct 360 tcggcgaagg cttcaatact ccacgaagtc
aaacctgtta catccgggtg ctttcctata 420 atgcacgaca gaacaaaaat caggcaacta

cccaat cttaecrenagortoactYaaaat a2 FBectHAGGet attaaroeadagcgtcacat cdarec;
gaaaaggcac caagaggacc ct aca%)actt540 ggaacctcag gatcttgccc taacgctacc

agt aagagtg2gadett 1T JE ATt Yyereto It hyderat e Ctfaghat¥ac tiacaadaat

goaacgasss, o0l aacadt .agaagLaceanes L acalLl o1, 208990999, a0accaaate

actgtttgag ag AGAt aacaaar20 “deccaaa ga agaacct cta tggagactca
aat cct caga aglidLacsle it actaat {80 00801386 Ca cakRCh alOk 21 Lkcagalb
ggcagcttcc cagatcaaac agaagacgga840 ggactaccac aaagcggcag gattgttgtt
gat t acatgathgeaaaanceatgggaaaacaddy tggaapaat t@gttetaegasagaagagt tisbg
ttgcct caaa aggt gt ggtg cgcgagt ggc960 aggagoaaag taat aaaagg gt ectt goct
tt aat t gt tasgcagatitgtecottt eatgmal®2 0 cadatcatygttaagetataazaat amgcaadgeéeét
tact acacag gagaacat qc aaaagccat al080 agaaattgcc caatatgggt gaaaacacct
t t gaagct G CeeRgaHe e Haf at HHa114 02 R e e g caa  adcat 1 aaacyydaagygot
ttcttcggag.ctattgct ttcctagaal20 agga aaggaat gat _tgcag g
P A DR R e e R L e e K L S LD

cacggat ata catctcacygg a gga

caagaagciabasacaagal-caacaaagaat-432Q ;g caatt cld L gagtogagek - agragtaaag
aat ctt caaa gactaagtgg tgccatggat 1380 gaact ccaca acgaaatact cgagct ggat

gagaaagt ggaat gat=cyeagraged gascaet 144 gggcaaagt ggaaggatgg agttcttctg 1800
gacaatttta aaacctaatg atgcaatcaa cttcgagagt aatggaaatt tcattgctcc 1860
agaatatgca tacaaaattg tcaagaaagg ggactcagca atcatcacct caaatgcacc 1920
aatggatgaa tgtgatgcga agtgtcaaac acctcaggga gctataaaca gcagtcttcc 1980
tttccagaat gtacacccag tcacaatagg agagtgtcca aagtatgtca ggagtgcaaa 2040
attaaggatg gttacaggac taaggaacat cccatccatt caatccagag gtttgtttgg 2100
agccattgcc ggtttcattg aaggggggtg gactggaatg gtagatgggt ggtatggtta 2160
tcatcatcag aatgagcaag gatctggcta tgctgcagat caaaaaagta cacaaaatgc 2220
cattaacggg attacaaaca aggtcaattc tgtaattgag aaaatgaaca ctcaattcac 2280
agctgtgggc aaagagttca acaaattgga aagaaggatg gaaaacttaa ataaaaaagt 2340
tgatgatggg tttctagaca tttggacata taatgcagaa ttgttggttc tactggaaaa 2400
tgaaaggact ttggatttcc atgactccaa tgtgaagaat ctgtatgaga aagtaaaaag 2460
ccaattaaag aataatgcca aagaaatagg aaacgggtgt tttgagttct atcacaagtg 2520
taacaatgaa tgcatggaga gtgtgaaaaa tggtacctat gactatccaa aatattccga 2580
agaatcaaag ttaaacaggg agaaaattga tggagtgaaa ttggaatcaa tgggagtata 2640
ccagattctg gcgatctact caactgtcgc cagttccctg gttcttttgg tctccctggg 2700
ggcaatcagc ttctggatgt gttccaatgg gtctttgcag tgtagaatat gcatctaaga 2760
gctctaagtt aaaatgcttc ttcgtctcct atttataata tggtttgtta ttgttaattt 2820
tgttcttgta gaagagctta attaatcgtt gttgttatga aatactattt gtatgagatg 2880
aactggtgta atgtaattca tttacataag tggagtcaga atcagaatgt ttcctccata 2940
actaactaga catgaagacc tgccgcgtac aattgtctta tatttgaaca actaaaattg 3000
aacatctttt gccacaactt tataagtggt taatatagct caaatatatg gtcaagttca 3060



at aagct cgc
gat gagcat c
gagat aggaa
atagctgctg

aaat agaact tgcagtottg ctttccaacg
tattggcact tgagagaaaa ctaaagaaaa
atggatgctt cgaaaccaaa cacaagtgca
gcacctttaa tgcaggagaa ttttctctcc
attactgctg catctttaaa tgatgUtgga ttggataacc atactatact gctctattacl740
tcaactqctg cttctagttt ggctgtaaca ttgatgctag ctatttttat tgtttatatgl800

gt ct ccagd aﬁﬁéé@gﬁFFﬁﬁﬁﬁééﬂE@éFBﬁFﬁt%Fgféﬁ 22t L8AY L2908 F7UC <2142 3142
<212> 214A <213> Artificial Sequence <220> <223> t hesi zed Constrjct 739,
fron1Pac?af%“ﬁ§§itégﬁ6§c?g(¥F§5Ffﬁgg%*h??%a§g%f%x§%§5b8§§§§aﬁ%%tcé{%bg
attccattggc(gggggqgggg%;gEQ§§&ggat t gagaagat a gt ggaaaagg aaggt ggct e,
ctacaaatgc catcattgcgl o] ataaaggaaa ggccatcgtt gaagatgcct ctgccgacag

t ggt cccaaa: @gat ggaccccl180 PCT/ CA2010/ 000983 cacccacgag gagcatcgtg
gaaaaagaaglrmecgtpgraac cacgtcttca aagcaagtgg 240 attgatgtga tatctccact

gacgt aaggalat gasggcaca arcccactat ccttcgcaag 300 acccttcctc tatataagga
agttcattteélatt fggdgagagtsatteaaaat cttaat aggt 360 tttgat aaaa gcgaacgt gg
ggaaacccggzggcaaacctt cttctaaact ctctctcatc 420

aaagaat aat aaacagt gaadm@2010/000983
tgctgggtcc ctctgcetgtalse0
accagacctg cttagacaggl620
ccacttttga ttcactgaacl680

<223> Synthesized Construct 732, from Pacl to Ascl

<400> 66

ttaattaaga attcgagctc caccgcggaa acctcctcegg attccattge ccagcectatcet 60
gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatgc catcattgcg 120
ataaaggaaa ggccatcgtt gaagatgcct ctgccgacag tggtcccaaa gatggaccce 180
cacccacgag gagcatcgtg gaaaaagaag acgttccaac cacgtcttca aagcaagtgg 240
attgatgtga tatctccact gacgtaaggg atgacgcaca atcccactat ccttcgcaag 300
acccttcctc tatataagga agttcatttc atttggagag gtattaaaat cttaataggt 360
tttgataaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact ctctctcatc 420
tctcttaaag caaacttctce tettgtcecttt cttgcgtgag cgatcttcaa cgttgtcaga 480
tcgtgcttcg gcaccagtac aacgttttct ttcactgaag cgaaatcaaa gatctctttg 540
tggacacgta gtgcggcgcc attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc catacattac ttgttacgat 660
tctgectgact ttcecggegggt gcaatatctce tacttctget tgacgaggta ttgttgectg 720
tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagcttct gtatattctg 840
cccaaatttg tcgggcccat gaaagtaaaa ctactggtcc tgttatgcac atttacagcet 900
acatatgcag acacaatatg tataggctac catgctaaca actcgaccga cactgttgac 960
acagtacttg aaaagaatgt gacagtgaca cactctgtca acctgcttga gaacagtcac 1020
aatggaaaac tatgtctatt aaaaggaata gccccactac aattgggtaa ttgcagcgtt 1080
gccgggtgga tcttaggaaa cccagaatgc gaattactga tttccaagga gtcatggtcc 1140
tacattgtag aaaaaccaaa tcctgagaat ggaacatgtt acccagggca tttcgctgac 1200
tatgaggaac tgagggagca attgagttca gtatcttcat ttgagaggtt cgaaatattc 1260
cccaaagaaa gctcatggcc caaccacacc gtaaccggag tgtcagcatc atgctcccat 1320
aatggggaaa gcagttttta cagaaatttg ctatggctga cggggaagaa tggtttgtac 1380
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tctcttaaag caaacttctc tcttgtcttt cttgcgtgag
tcgtgcttcg gcaccagtac aacgttttct ttcactgaag
t agacacgta gt goggcgcc attaaataac gtgtacttat
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc
tctgctgact ttcggcgggt gcaatatctc tacttctgct tgacgaggta ttgttgcctg 720
tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagt t fE*RCETYGERTIICCHRaCE Gy 2 agaaragat 1y ot tadget 1€t *gtacartict gt 840

cgatcttcaa cgtt gt cagac®8g010/000983
cgaaat caaa gatctctttg 540
cctattcttg tcggtgtggt 600
catacattac ttgttacgat 660
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cccaaatt %gtc;[a%gggcc%%géaa%gggaa%% ggcc%gtga%%ggégctt gtg:aa%g(gaaéat aaatgcttat 1500
gtctctgtag tgtcttcaca ttatagcaga aaattcaccc cagaaatagc caaaagaccc 1560
aaagtaagag atcaagaagg aagaatcaat tactactgga ctctgcttga acccggggat 1620
acaataatat ttgaggcaaa tggaaatcta atagcgccaa gatatgcttt cgcactgagt 1680
agaggctttg gatcaggaat catcaactca aatgcaccaa tggataaatg tgatgcgaag 1740
tgccaaacac ctcagggagc tataaacagc agtcttcctt tccagaacgt acacccagtc 1800
acaataggag agtgtccaaa gtatgtcagg agtgcaaaat taaggatggt tacaggacta 1860
aggaacatcc catccattca atccagaggt ttgtttggag ccattgccgg tttcattgaa 1920
ggggggtgga ctggaatggt agatggttgg tatggttatc atcatcagaa tgagcaagga 1980
tctggctatg ctgcagatca aaaaagcaca caaaatgcca ttaatgggat tacaaacaag 2040
gtcaattctg taattgagaa aatgaacact caattcacag cagtgggcaa agagttcaac 2100
aaattggaaa gaaggatgga aaacttgaat aaaaaagttg atgatgggtt tatagacatt 2160
tggacatata atgcagaact gttggttcta ctggaaaatg aaaggacttt ggatttccat 2220
gactccaatg tgaagaatct gtatgagaaa gtaaaaagcc agttaaagaa taatgctaaa 2280
gaaataggaa atgggtgttt tgagttctat cacaagtgta acgatgaatg catggagagt 2340
gtaaagaatg gaacttatga ctatccaaaa tattccgaag aatcaaagtt aaacagggag 2400
aaaattgatg gagtgaaatt ggaatcaatg ggagtctatc agattctggc gatctactca 2460
acagtcgcca gttctcectggt tecttttggtc tcecctggogg caatcagett ctggatgtgt 2520
tccaatgggt ctttacagtg tagaatatgc atctaaaggc ctattttctt tagtttgaat 2580
ttactgttat tcggtgtgca tttctatgtt tggtgagcgg ttttctgtgc tcagagtgtg 2640
tttattttat gtaatttaat ttctttgtga gctcctgttt agcaggtcgt cccttcagcea 2700
aggacacaaa aagattttaa ttttattaaa aaaaaaaaaa aaaaagaccg ggaattcgat 2760
atcaagctta tcgacctgca gatcgttcaa acatttggca ataaagtttc ttaagattga 2820
atcctgttgc cggtcttgcg atgattatca tataatttct gttgaattac gttaagcatg 2880
taataattaa catgtaatgc atgacgttat ttatgagatg ggtttttatg attagagtcc 2940
cgcaattata catttaatac gcgatagaaa aéaaaatata gcgcgcaaac taggataaat 3000
tatcgcgcge ggtgtcatct atgttactag attctagagt ctcaagcttc ggcgegece 3058
<210> 67
<211> 1719
<212> DNA
<213> Artificial Sequence



gttttctott 900 cttgtgttgg ttccttctca gatcttcgct gatcgaatct gcact gge@s2010/000983
aacatcttca 960 aactcacctc atgtggtcaa aacagccact caaggggagg tcaat gtgac
tggtgtgata 1020 ccactaacaa caacaccaac aaaatcttat tttgcaaatc tcaaaggaac
aaggaccaga 1080 gggaaactat gcccagactg tctcaactgc acagatctgg atgtggcttt
gggcagacca 1140 atgtgtgtgg ggaccacacc ttcggcgaag gcttcaatac tccacgaagt
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caaacctgtt 1200 acatccgggt gotttcctat aatgcacgac agaacaaaaa tcagacaact

acccaat ct£<%260 ct cagaggat at gaaaatat caggctatca acccaaaacg tcatcaatgc

ggaaaaggla’ T320VH¢aggEggac ¢etac ayaet” t'gdaacct ca
<400> 67
atggcgaaaa acgttgcgat tttcggetta ttgttttete ttettgtgtt ggttccttcet 60
cagatcttcg ctgacacaat atgtataggc taccatgcta acaactcgac cgacactgtt 120
gacacagtac ttgaaaagaa tgtgacagtg acacactctg tcaacctgct tgagaacagt 180
cacaatggaa aactatgtct attaaaagga atagccccac tacaattggg taattgcagce 240
gttgccgggt ggatcttagg aaacccagaa tgcgaattac tgatttccaa ggagtcatgg 300
tcctacattg tagaaaaacc aaatcctgag aatggaacat gttacccagg gcatttcgcet 360
gactatgagg aactgaggga gcaattgagt tcagtatctt catttgagag gttcgaaata 420
ttccccaaag aaagctcatg gcccaaccac accgtaaccg gagtgtcage atcatgctcc 480
cataatgggg aaagcagttt ttacagaaat ttgctatggc tgacggggaa gaatggtttg 540
tacccaaacc tgagcaagtc ctatgcaaac aacaaagaaa aagaagtcct tgtactatgg 600
ggtgttcatc acccgccaaa cataggtgac caaaaggccc tctatcatac agaaaatagct 660
tatgtctctg tagtgtcttc acattatagc agaaaattca ccccagaaat agccaaaaga 720
cccaaagtaa gagatcaaga aggaagaatc aattactact ggactctgct tgaacccggg 780
gatacaataa tatttgaggc aaatggaaat ctaatagcgc caagatatge tttcgcactg 840
agtagaggct ttggatcagg aatcatcaac tcaaatgcac caatggataa atgtgatgcg 900
aagtgccaaa cacctcaggg agctataaac agcagtcttc ctttccagaa cgtacaccca 960
gtcacaatag gagagtgtcc aaagtatgtc aggagtgcaa aattaaggat ggttacagga 1020
ctaaggaaca tcccatccat tcaatccaga ggtttgtttg gagccattge cggtttcatt 1080
gaaggggggt ggactggaat ggtagatggt tggtatggtt atcatcatca gaatgagcaa 1140
ggatctggct atgctgcaga tcaaaaaagc acacaaaatg ccattaatgg gattacaaac 1200
aaggtcaatt ctgtaattga gaaaatgaac actcaattca cagcagtggg caaagagttc 1260
aacaaattgg aaagaaggat ggaaaacttg aataaaaaag ttgatgatgg gtttatagac 1320
atttggacat ataatgcaga actgttggtt ctactggaaa atgaaaggac tttggatttc 1380
catgactcca atgtgaagaa tctgtatgag aaagtaaaaa gccagttaaa gaataatgct 1440
aaagaaatag gaaatgggtg ftttgagttc tatcacaagt gtaacgatga atgcatggag 1500
agtgtaaaga atggaactta tgactatcca aaatattccg aagaatcaaa gttaaacagg 1560
gagaaaattg atggagtgaa attggaatca atgggagtct atcagattct ggcgatctac 1620
tcaacagtcg ccagttctct ggttcttttg gtctccctgg gggcaatcag cttctggatg 1680



ggatcttgcc ctaacgctac cagtaagagc 1380
ccaaaggaca acaacaaaaa tgcaacgaac 1440
acagaagggg aagaccaaat cactgtttgg 1500
aagaacct ct atggagactc aaatcctcaa 1560
acacactatg tttctcagat tggcagettc 1620

ggatttttcg caacaat ggc
ccact aacag tagaagtacc
gagttccatt cagataacaa
aagttcacct catctgctaa
ccagat caaa cagaagacgg

t t gggect/ghzr10/000983
atacat tt gt
aacccaaatg
t ggagt aacc
aggact acca
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caaagoggcatigyatt gtaogetttgae t HeareRr689Et Gedtmaaac ct gggaaaac aggaaeakht t
gtctaccaaa_gaggtqtttt gttgcctcaa 1740 aaggtgtggt gcgcgagt gg caggagcaaa
gtaataaaéé}ﬁ@t%%g&gcc tttaattggt 1800
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized Construct number 733, from Pacl to Ascl
<400> 68
ttaattaaga attcgagctc caccgcggaa acctcctcgg attccattgc ccagctatct 60
gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatgc catcattgcg 120
ataaaggaaa ggccatcgtt gaagatgcct ctgccgacag tggtcccaaa gatggacccc 180
cacccacgag gagcatcgtg gaaaaagaag acgttccaac cacgtcttca aagcaagtgg 240
attgatgtga tatctccact gacgtaaggg atgacgcaca atcccactat ccttcgcaag 300
acccttcctce tatataagga agttcatttc atttggagag gtattaaaat cttaataggt 360
tttgataaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact ctctctcatc 420
tctcttaaag caaacttctc tcttgtcttt cttgcgtgag cgatcttcaa cgttgtcaga 480
tcgtgcttcg gcaccagtac aacgttttct ttcactgaag cgaaatcaaa gatctctttg 540
tggacacgta gtgcggcgcc attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc catacattac ttgttacgat 660
tctgctgact ttcggcgggt gcaatatctc tacttctget tgacgaggta ttgttgcctg 720
tacttctttec ttcttcttet tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagcttct gtatattctg 840
cccaaatttg tcgggcccat ggcgaaaaac gttgcgattt tcggettatt gttttctctt 900
cttgtgttgg ttccttctca gatcttcgct gacacaatat gtataggcta ccatgctaac 960
aactcgaccg acactgttga cacagtactt gaaaagaatg tgacagtgac acactctgtc 1020
aacctgcttg agaacagtca caatggaaaa ctatgtctat taaaaggaat agccccacta 1080
caattgggta attgcagcgt tgccgggtgg atcttaggaa acccagaatg cgaattactg 1140
atttccaagg agtcatggtc ctacattgta gaaaaaccaa atcctgagaa tggaacatgt 1200
tacccagggc atttcgctga ctatgaggaa ctgagggagc aattgagttc agtatcttca 1260
tttgagaggt tcgaaatatt ccccaaagaa agctcatggc ccaaccacac cgtaaccgga 1320
gtgtcagcat catgctccca taatggggaa agcagttttt acagaaattt gctatggctg 1380
acggggaaga atggtttgta cccaaacctg agcaagtcct atgcaaacaa caaagaaaaa 1440
gaagtccttg tactatgggg tgttcatcac ccgccaaaca taggtgacca aaaggccctc 1500



gaagcagatt gccttcatga
ggagaacat g caaaagccat
gccaat ggaa ccaaat at ag

ttact acacacm/g86910/000983
tttgaauctc 1920
tttottcgga 1980

aaaat acggt ggattaaaca
aggaaattgc ccaat at ggg
acctcctgca aaactattaa
gctattgctg gtttcctaga aggaggat gg gaaggaatga ttgcaggctg gcacqgatac 2040
acat ct cacg gagcacat qg agtggcaqtqg gcggcggacc ttaagagtac gcaaaaagct 2100
at aaacaatpt raacmaaand Jttt T aat ettt 9t gagt gdgect dfahgiraacafeat 1 ccaaPreo
agactaaqtq gtgccatqga tgaactccac aacgaaat ac tcgagctqga tgagaaagtg2220
gat gat ct CFGAYAYECHEPAT 240 HG 2B 4R SRRERE 9t 110 aYT Tt “ ot £t c¥aac??80

gaaggaat aa t aaacaqt qa _agat gagcat _ct at cac_ttgagagaaa_ act aaagaa 0
it pnat e sata ik ch e e R i e R oA G e
aaccaqacgl,+3eLiagacqash 98t AAcL I -+ 90CRGE 1AL Al Gcag0aga, AfhbE ClCt C2ABO
cccacttttg attcactgaa cattactqct gcatotttaa atqgatgatqc attggataac2520
cat act at aegdageiol at o chenaetgedaagetdetagidagt gget g @accajtcgatget azhdo
gqctattttta ttgtttatat ggtctccaga gacaacgttt catqctccat ctgtctataa2640
agqcct at ttcdrgbttmatticegaat tcraettrovt atautgTrgat FCat vt Clvasi ot ggt qaroo
gcggttttct gtgctcagag tgtgtttatt ttatgtaatt taatttcttt gtgaqctcct2760
gtttagcaﬁ@“ﬁ@@?%%6gf%“@é%%éﬁé%ﬁ&aéaééﬁéﬁﬁﬁﬁCt%ﬁéfﬁ%%@ttVé%éHﬁﬁhaa%@fo
aaaaaaaaag

t t at tt t tcat f ttt 0
A F RO Ghoie L Jhareaty Pt oAt et e g ATt 751 GBl Haat 5040

agcaat aadg
ttctgttoaa Ltacgt Laag satgtast aa bt apcatol-a-at gcatgaco.tiattiat azneo
gatgggtttt tatgattaga qtcccgcaat tatacattta atacgcgata gaaaacaaaa3060

t at agcqcgcraadagiagaataaaad togt cgo rgeqpggt HgaadCirgb gidcar edagaidCct adili20

aaqt ctcaag cttcggcgcq cc3142 <210> 75 <21-1> 3142 <212> DNA <213>

Artifici ataSequeneesx22032 <223 IGans{oraeyatpgsradarbmaPatidaategtAscl 2400> 75

aaagcaagcc
t gaaaacacc

aggaaagggg

gatgatgggt ttatagacat ttggacatat aatgcagaac tgttggttct actggaaaat 2220
gaaaggactt tggatttcca tgactccaat gtgaagaatc tgtatgagaa agtaaaaagc 2280
cagttaaaga ataatgctaa agaaatagga aatgggtgtt ttgagttcta tcacaagtgt 2340
aacgatgaat gcatggagag tgtaaagaat ggaacttatg actatccaaa atattccgaa 2400
gaatcaaagt taaacaggga gaaaattgat ggagtgaaat tggaatcaat gggagtctat 2460
cagattctgg cgatctactc aacagtcgcc agttctctgg ttcttttggt ctccctgggg 2520
gcaatcagct tctggatgtg ttccaatggg tctttacagt gtagaatatg catctaaagg 2580
cctattttct ttagtttgaa tttactgtta ttcggtgtgc atttctatgt ttggtgageg 2640
gttttctgtg ctcagagtgt gtttatttta tgtaatttaa tttctttgtg agctcctgtt 2700
tagcaggtcg tcccttcagec aaggacacaa aaagatttta attttattaa aaaaaaaaaa 2760
aaaaaagacc gggaattcga tatcaagctt atcgacctgc agatcgttca aacatttggce 2820
aataaagttt cttaagattg aatcctgttg ccggtcttge gatgattatc atataatttc 2880
tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta tttatgagat 2940
gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa aacaaaatat 3000
agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta gattctagag 3060
tctcaagctt cggcgcgcec 3079
<210> 69

<211> 3067

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized Construct 734, from PacI to AscI
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ttaattaaga attcgagctc caccgcggaa
gtcactttat tgagaagata gtggaaaagg
at aaaggaaa gqccat cgtt gaagat gcct
cacccacgag gagcat cqt g gaaaaaaaag
attgatgtga tatctccact gacataagag
accottcctc tatataagga aattcatttc

acct oct ogg
aaggt ggct c
ct gccgacag
acgttccaac
at gacgcaca

attccattgc
ct acaaat gc
t ggt cccaaa
cacgtcttca
at cccact at

ccagct at cte6fycar2010/000983
catcattgcgl29
gat ggacccc180
aagcaagt qg240
ccttcgcaag300
atttagagag gtattaaaat cttaataggt 360

tttgataaééO%%ZQ%c t aaacccga accaaacctt cttctaaact ctctctcatc420
PCT] CA20107 00098 Tt EL T hang EeGe tod tTacACTa” 1t Goukaan t ot gotlact

caaact t ot.g 1 &Lt gf QLLL, SLL0CALga0. deaceagtac ARcaLLLL G L1Aclgnad 4y
gtchchgc attaaataac (qtgtacttgt gaaagcttgc tggaggctqc tgttcagccecc

tt cqgcgggt  geaatatLteadaet tgdaget g cgateid-gaa Lgt41at-eag9a scgarateaaa 150
gatctctttq cctattcttg tcqgtgtggt catacattac ttqttacgat tgacgaggta
ttqttgcctegcdBqbdBagod 660 FRBat@ct etdtitccddotbaiticectcd getvgabtgyg tt 24t aaga
aatctagtat tttctttgaa 780 acagagtttt cccgtggttt tcgaacttgg agaaagattq

tt aagct t ettetatat tfet gt 840t cerahmorgr teggeree at cgegraaabecagregcgad it
tcqgcttatt qttttctctt 900 ctt%tgh%gg ttcottctcaT%atcttcgct %atcgaatct

gcact qgadt caacat Ct et TEE2 autt-c At Httqe ottt 452 Fae ayc chti* '6¢49ygggaly

tcaat gt 9%‘%1:%5&%%95 g%égaég%g S£AGLAAGAR £33CAGCARCA32At ctlal LIl gcagafc

t caaaggaac aaggac
tctcttaaag caaacttctc tcttgtcttt cttgcgtgag cgatcttcaa cgttgtcaga 480
tcgtgcttcg gcaccagtac aacgttttct ttcactgaag cgaaatcaaa gatctctttg 540
tggacacgta gtgcggcgcc attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc catacattac ttgttacgat 660
tctgctgact ttcggcgggt gcaatatctc tacttctgct tgacgaggta ttgttgcctg 720
tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagcttct gtatattctg 840
cccaaatttg tcgggcccat ggagaaaata gtgcttcttc ttgcaatagt cagtcttgtt 900
aaaagtgatc agatttgcat tggttaccat gcaaacaatt caacagagca ggttgacaca 960
atcatggaaa agaacgttac tgttacacat gcccaagaca tactggaaaa gacacacaac 1020
gggaagctct gcgatctaga tggagtgaag cctctaattt taagagattg tagtgtagct 1080
ggatggctcc tcgggaaccc aatgtgtgac gaattcatca atgtaccgga atggtcttac 1140
atagtggaga aggccaatcc aaccaatgac ctctgttacc cagggcattt cgctgactat 1200
gaggaactga gggagcaatt gagttcagta tcttcatttg agaggttcga aatattcccc 1260
aaagaaagct catggcccaa ccacaccgta accggagtgt cagcatcatg ctcccataat 1320
ggggaaagca gtttttacag aaatttgcta tggctgacgg ggaagaatgg tttgtaccca 1380
aacctgagca agtcctatgc aaacaacaaa gaaaaagaag tccttgtact atggggtgtt 1440
catcacccgc caaacatagg tgaccaaaag gccctctatc atacagaaaa tgcttatgtc 1500
tctgtagtgt cttcacatta tagcagaaaa ttcaccccag aaatagccaa aagacccaaa 1560
gtaagagatc aagaaggaag aatcaattac tactggactc tgcttgaacc cggggataca 1620
ataatatttg aggcaaatgg aaatctaata gcgccaagat atgctttcgc actgagtaga 1680
ggctttggat caggaattat gaaaagtgaa ttggaatatg gtaactgcaa caccaagtgt 1740
caaactccaa tgggggcgat aaactctagt atgccattcc acaacataca ccctctcacc 1800
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1080 gggaaactat gcccagactg tctcaactgc acagatctgq atgtggcttt gggcagaceaciblebdsss
at qt qt gt gg ggaccacacc ttcggcgaag gcttcaatac tccacgaagt caaacctqtt 1200
acatccgggt gotttcctat aatgcacgac agaacaaaaa tcaggcaact acccaatctt 1260
ct cagaggat at gaaaatat caggctatca acccaaaacg tcatcgatgc ggaaaaggca 1220
ccaggaggac cctacagact tggaacctca ggatcttgcc ctaacgctac cagtaagagc 1880
ggatttttcg caacaat ggc ttt%ggct gt c ccaaaggaca acaacaaaaa tgcaacgaac 1440

36

ccact aacHG It HFRAgt ACC2 3t ac AT G R " He 253G oY° daGaktasat*waetGert gg°2800

ggqtt(:Caééta%é%%%Eaggéggggggécgggggégagga%gggégéggc tatttggagc tatagcaggt 1920
tttatagagg gaggatggca gggaatggta gatggttggt atgggtacca ccatagcaat 1980
gagcagggga gtgggtacgc tgcagacaaa gaatccactc aaaaggcaat agatggagtc 2040
accaataagg tcaactcaat cattgacaaa atgaacactc agtttgaggc cgttggaagg 2100
gaatttaata acttagaaag gagaatagag aatttaaaca agaagatgga agacgggttt 2160
ctagatgtct ggacttataa tgccgaactt ctggttctca tggaaaatga gagaactcta 2220
gactttcatg actcaaatgt taagaacctc tacgacaagg tccgactaca gcttagggat 2280
aatgcaaagg agctgggtaa cggttgtttc gagttctatc acaaatgtga taatgaatgt 2340
atggaaagta taagaaacgg aacgtacaac tatccgcagt attcagaaga agcaagatta 2400
aaaagagagg aaataagtgg ggtaaaattg gaatcaatag gaacttacca aatactgtca 2460
atttattcaa cagtggcgag ttcecctagca ctggcaatca tgatggcectgg tctatcttta 2520
tggatgtgct ccaatggatc gttacaatgc agaatttgca tttaaaggcc tattttcttt 2580
agtttgaatt tactgttatt cggtgtgcat ttctatgttt ggtgagcggt tttctgtgct 2640
cagagtgtgt ttattttatg taatttaatt tctttgtgag ctcctgttta gcaggtcgtc 2700
ccttcagcaa ggacacaaaa agattttaat tttattaaaa aaaaaaaaaa aaaagaccgg 2760
gaattcgata tcaagcttat cgacctgcag atcgttcaaa catttggcaa taaagtttct 2820
taagattgaa tcctgttgcc ggtcttgcga tgattatcat ataatttctg ttgaattacg 2880
ttaagcatgt aataattaac atgtaatgca tgacgttatt tatgagatgg gtttttatga 2940
ttagagtccc gcaattatac atttaatacg cgatagaaaa caaaatatag cgcgcaaact 3000
aggataaatt atcgcgcgcg gtgtcatcta tgttactaga ttctagagtc tcaagcttcg 3060
gcgcgcc 3067
<210> 70
<211> 1791
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized fragment DrallIl-Plasto(-84+1)-H3

A/Brisbane/10/07-SacI

<400> 70
cactttgtga gtctacactt tgattccctt caaacacata caaagagaag agactaatta 60
attaattaat catcttgaga gaaaatgaag actatcattg ctttgagcta cattctatgt 120
ctggttttca ctcaaaaact tcccggaaat gacaacagca cggcaacgct gtgccttggg 180



at ggagact c aaatcctcaa 1560
tttctcagat tggcagcttc 1620
ggattqttgt tgattacatg 1680
gagqtgtttt gttgcctcaa 1740 aaggtgtgqt gcgcgagtqg caggagcaaa (gt aat aaaag
gqtccttgecc tttaattggt 1800 gaagcagatt gccttcatga aaaatacggt ggattaaaca
aaagcaagcacdat aciacacaai 36 aggagaacatpacaaaagcoaht aggaaad ttgeagaaat atiggg
t gaaaacacc tttgaagctc 1920 gccaat ggaa ccaaatatag acctcctgca aaactattaa

aagttcacct
ccagat caaa
at gcaaaaac

cat ct gct aa
cagaagacgg
ct gggaaaac

t ggagt aacc acacaetraiagoi0/000983
aggact acca caaageggca
aggaacaatt gtctaccaaa
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aggaaagogef tryota ggwc]':g@tg tgetatttgettigaacaggtg aaatatgcga cagtcctcat 300
cagatccttg atggagaaaa ctgcacacta atagatgctc tattgggaga ccctcagtgt 360
gatggcttcc aaaataagaa atgggacctt tttgttgaac gcagcaaagc ctacagcaac 420
tgttaccctt atgatgtgcc ggattatgcc tcccttaggt cactagttgc ctcatccggce 480
acactggagt ttaacaatga aagtttcaat tggactggag tcactcaaaa cggaacaagc 540
tctgcttgca taaggagatc taataacagt ttctttagta gattgaattg gttgacccac 600
ttaaaattca aatacccagc attgaacgtg actatgccaa acaatgaaaa atttgacaaa 660
ttgtacattt ggggggttca ccacccgggt acggacaatg accaaatctt cctgtatgcet 720
caagcatcag gaagaatcac agtctctacc aaaagaagcc aacaaactgt aatcccgaat 780
atcggatcta gacccagagt aaggaatatc cccagcagaa taagcatcta ttggacaata 840
gtaaaaccgg gagacatact tttgattaac agcacaggga atctaattgc tcctaggggt 900
tacttcaaaa tacgaagtgg gaaaagctca ataatgagat cagatgcacc cattggcaaa 960
tgcaattctg aatgcatcac tccaaacgga agcattccca atgacaaacc attccaaaat 1020
gtaaacagga tcacatacgg ggcctgtccc agatatgtta agcaaaacac tctgaaattg 1080
gcaacaggga tgcgaaatgt accagagaaa caaactagag gcatatttgg cgcaatcgcg 1140
ggtttcatag aaaatggttg ggagggaatg gtggatggtt ggtatggttt caggcatcaa 1200
aattctgagg gaataggaca agcagcagat ctcaaaagca ctcaagcagc aatcgatcaa 1260
atcaatggga agctgaatag gttgatcggg aaaaccaacg agaaattcca tcagattgaa 1320
aaagagttct cagaagtcga agggagaatc caggaccttg agaaatatgt tgaggacacc 1380
aaaatagatc tctggtcata caacgcggag cttcttgttg ccctggagaa ccaacataca 1440
attgatctaa ctgactcaga aatgaacaaa ctgtttgaaa aaacaaagaa gcaactgagg 1500
gaaaatgctg aggatatggg caatggttgt ttcaaaatat accacaaatg tgacaatgcc 1560
tgcataggat caatcagaaa tggaacttat gaccacgatg tatacagaga tgaagcatta 1620
aacaaccggt tccagatcaa gggcgttgag ctgaagtcag gatacaaaga ttggatacta 1680
tggatttcecct ttgccatatc atgttttttg ctttgtgttg ctttgttggg gttcatcatg 1740
tgggcctgecc aaaaaggcaa cattaggtgc aacatttgca tttgagagect ¢ 1791
<210> 71
<211> 3085
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized Construct 736, from PacI to AscI



gtttcctaqga
gagcacat gg
t aacaaaaaa
gt gccat gga
gagct gacac

aggaggat qg
aqt ggcagtg
tctcaattct
t gaact ccac
t at aagct cg
agat gagcat

gaaggaat ga
gcggcggacc
tt gagt gagc
aacgaaat ac

ttgcaggct g gcacggat ac 2040 acat ctoeango10/000983
t t aagagt ac gcaagaagct 2100 at aaacaaga

t agaagt aaa gaatcttcaa 2160 agactaagtg

t cgaci ctgga tgagaaaqtg 2220 gatgatctca
caaat agaac ttgcagtctt gctttccaac2280 gaaggaat aa

t aaacagt ga ctattggcac ttgagagaaa actaaagaaa2340 atgctgggtc
cctctgct fmﬁ’ag t agga aat ggatgct tcgaaaccaa acacaagt gc2400 aaccagacct
gt { agachl BACAGt PYLt HGEACE L&At GRABGAgR ATt (T el ot coAB0 e ncact & 11

at t cact gga. £atl act.gcl. Aeal clbhaa,. 8408148l 00 8L L00al BaC 2020, L geeaaal AL

tgtcaattta ttcaacagtg gcgagttocc tagcactggc aatcatgat g2580 gctggtct at
ctttat ggat.giggei£caataggat cghtac;Rat gereaalaqt t gaattiaadbdfyaggect atdd
tctttagttt gaatttactg ttattcggtg tgcatttcta tgtttggtga2700 gcggttttct
gt gct cagagedgicgad taatitattbat gleaat{gakaatddrottdacgtgaget oot 2760:agt ¢d agcady
tcgtcccttc agcaaggaca caaaaagatt ttaattttat taaaaaaaaa2820 aaaaaaaaag
accgggaattt e Fat et Cahgt CeeatCgaERWgcHFACER At eEracatatt 2880 I§arhat addy

fttcttaaga ttgaatcct ttgccggtct tgcgatgatt atcatataat2940 ttctgtt a
Lt acgt t adic Tt ot Adtha- TPAACH G3r 4 GEaTHALT Y P A T LAT bas0 00 64T yggt 111
tat gat t aga, @1,06£0CAdL. JALACALLL A, AL ACYCal A .0AAAACAAA 3060, Lt ACTEGE

aaact aggat aaattatcgc gcgcggtgtc atctatgtta ctagattcta3l20 gagtctcaag
cttcggcgegt €63142 2102 c¥6 <21 th272 152323 DM <2133 Aptidicedbal Seguence
<220> <223> Synthesized Vsj 1 codi ng sequence <400> 76 atgtttgggc goggaccaac
aaggaagagtyigattaac aceacadtatdagoygs teat tictatgee0 cepdat campagat gicgetagt gado

agat gaaat c aagaaagcct atagaaaggc agcgat gaagl20

tggacacgta gtgcggcgec attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc catacattac ttgttacgat 660
tctgctgact ttcggcgggt gcaatatctc tacttctgct tgacgaggta ttgttgectg 720
tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagcttct gtatattctg 840
cccaaatttg tcgggcccat ggcgaaaaac gttgcgattt tcggettatt gttttctctt 900
cttgtgttgg ttccttctca gatcttcgct caaaaacttc ccggaaatga caacagcacg 960
gcaacgctgt gccttgggca ccatgcagta ccaaacggaa cgatagtgaa aacaatcacg 1020
aatgaccaaa ttgaagttac taatgctact gagctggttc agagttcctc aacaggtgaa 1080
atatgcgaca gtcctcatca gatccttgat ggagaaaact gcacactaat agatgctcta 1140
ttgggagacc ctcagtgtga tggcttccaa aataagaaat gggacctttt tgttgaacgce 1200
agcaaagcct acagcaactg ttacccttat gatgtgccgg attatgcctce ccttaggtca 1260
ctagttgcct catccggcac actggagttt aacaatgaaa gtttcaattg gactggagtc 1320
actcaaaacg gaacaagctc tgcttgcata aggagatcta ataacagttt ctttagtaga 1380
ttgaattggt tgacccactt aaaattcaaa tacccagcat tgaacgtgac tatgccaaac 1440
aatgaaaaat ttgacaaatt gtacatttgg ggggttcacc acccgggtac ggacaatgac 1500
caaatcttcc tgtatgctca agcatcagga agaatcacag tctctaccaa aagaagccaa 1560
caaactgtaa tcccgaatat cggatctaga cccagagtaa ggaatatccc cagcagaata 1620
agcatctatt ggacaatagt aaaaccggga gacatacttt tgattaacag cacagggaat 1680
ctaattgctc ctaggggtta cttcaaaata cgaagtggga aaagctcaat aatgagatca 1740
gatgcaccca ttggcaaatg caattctgaa tgcatcactc caaacggaag cattcccaat 1800
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aaccat ccag at aagggtgg ggatcctgag aagttcaagg agttgggcca agcat at gaad8@ta2010/000983
gtgttgagcg atcctgaaaa gaaagaactg tatgatcaat atggtgaaga tgcccttaaa240
gaaggaat gg ggggaggcgc aggaagctca tttcataatc cgtttgatat tttcgaatca300
ttttttqgtg caggctttgg tggtggtggt ccttcacgcg caagaagaca gaagcaagga360
gaagatgtgg tqcattctat aaaggtttcc ttggaggatg tgtataacgg cactacaaag420
aagctatcac tttctaggaa tgcactgtgc tcaaaatgta aagggaaagq ttcaaaaagt 480
ggaact gctugcgmaggt gicchadggat gecagoggcacaggbad gaagatrtac acagadaggeaas4e0
attggactgg gcatgattca acaaatgcaa cacgtctgtc ctgactgcaa aggaacaggc600
gaggt cat rargrgagadaga t@gat JpeeevIcdat Readg gaagoaage 2eatieaagaassd’
aagaaggt gc tggaggtgca tgtggaaaag aggat gcagc aggatcacaa gattgtattc720
gaagaacazi‘é%%é’&ggacﬁ(j&c%?@ gt%ftt&éga cé%teﬁﬁégﬁggagg?%ﬁtt??ti g%@‘f%?t g¢aa?8t’
gt aaagggac, at.ccaaagtt .t ogga ag cgtgatgacc tccacattga acacaatftg

a0t t Soct AUl e Trattaaa Pocan i, IR TR O FERRR
ctattggtca, gﬁégagggt&9@@géﬁﬁgggﬁgc@@ﬁg@ggﬁgkggag@ggﬁa§9&£@5§€at9@&)
gat gaagaaa tgccacaaca tgataagccg ttcataaagg gacacctata catcaaattt 1020
agt gt t gatshat 0ecaaaddae t@gaht {ddstt ttdaC GeLRRGEL gaagetgaaqatdtagaaaagloso
atattacctc aaaagacaaa caaaaacttg tcccaaaaga aagtagatga ttgtgaggagll40
accaccct aeastigatatcmaci @b godgaat dagatgagt ecqgaaag@agea tacaattaccat 22900
gaagcat at g at gacgat aa t gat gaagat aat aagcact cgcagcctca gatgcaatgcl260
gct caacagiIafr2?2 EPE03-PTr PIESeUA0LTEIAPNAXP2E3SS Artaddseral Séffience
<220> <223> Synt hesi zed Construct nunber R850, from N ndTlI <400> 77
aagct t acat- 2 ptErgc Ayt TeHEE g8 HFFab bt GgY yet ggtet gt “Aeat'vEat ct 66°°
tgccgcecett t a t ac

L caagaase Gar e { Geaa B G ac C00 900f fa0aan Ol ATarss Tariarat otaD’
agagaaaggg -gaasaltige.galggagiesyald tagdibaaspgtatrehta hhatdbgat 246
caataaattt gtatacttct tatttagatc aataaatttg tcattaagct ataatccaaa300
at aaat t acacatxcpaat @fagacaast gitttaactocagtacht gat attaaactt taagtageat ct 3600
cttggtttct ttggcaatca catgcctaag aaataaataa tatcatatga ttgtatttag420

t cagact t caggbafosagatagcalettot giittge gt aasasageca ttaardtasat catttaragaa48e0

tat cat at ga ttgtgtttqg tcagacttca gagcatctct tgatttctct ggcaatcat a540
t gcct aag aé?%ﬁ‘Fa@i5CFF5@aFUéPFt@EhFF@ﬁﬁfE“ﬁ@é@?¥€ébﬁC%FEﬁééﬂéacéééo

tgtttggg t tt aattaagtge ttat tt t
[Tt Cat acaq PR E ol G0 Gadar SAaL7 gdadl SOCEAt AF LGITLr S ‘St Al Bager a 720
tcet 99agac%tStt,ﬂit%%ga:?g%@c&@&%cé@@a@@aM@Q&éa@%é‘af%@@@&%@@@ 9201 gLL t azsh,

cat aagat ct Ccoctaacagt ctcaaaagtg tttatgccag tagataaatt cadataagtc840
aat ct aaaca gacceth aarhcesaht alggbracctaiaatt o4 tageid-aht ceatLlttat 909
t aagaat gt ¢ at gagat aac at aatgataa cacattattt tgacacaaat gggcagatct 960
agcaat t t aatotctaggagiat tcttttcaagactaget gt ¢olsttage gaagidoeae gteocicgaat L0620
catgttcctg tatggaagcc tgaaagacct caaattctaa aaggtggcga taaattgaaglO80
gt t t acaazatt BEtac € cIE tYeAfct RFeaAd BRgaAgycaatr cIE R TPAE oot exaget c £240
aacggguat a ttgatttca% aagt cacttg gagagcaatc cttgtgccaaEgtttgaagtalzoo
atttttgt dtf24ycHicat gi't ab%?%&t A5 CHat ttddara gat eaccray LartHget ct £269

Lcact Taas | gagngealg.aaLl 11200, at analatg. aceal gagol Sggcal goct 1920

ttgtaatgcc tac ggucaactc a aaaft at auat
gactt caacg .glacktagacEoRit tidQt aagataactg aatgttcata tttaatgttgh4do

<210> 72

<211> 3088

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Construct 737, from PacI to AscI

<

téggztaléa attcgagctc caccgcggaa acctcctcecgg attccattgc ccagctatct 60
gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatgc catcattgcg 120
ataaaggaaa ggccatcgtt gaagatgcct ctgccgacag tggtcccaaa gatggacccc 180
cacccacgag gagcatcgtg gaaaaadaag acgttccaac cacgtcttca aagcaagtgg 240
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ggttgtagtg tttttacttg attatatcca gacagttaca agttggacaa caagatt gt gddaféh2010/000983
ggtctgtact gttatttatt tatttttttt ttagcagaaa cacuttatct tttgtttcgt 1560
ttgaat gt ag aat gaaaat a aaagaaagaa aat at aacat uat cggccgc gcttgtctaal620
tttcgggcag ttaggatcut utccggtuac cggaaagttt cagtagaaga aacaaaacacl630
ugt gactaaa atgatactat tattttattt attatgtttt tcttttttct accggaactt1740
tttagaaugg atcccaactc gttccggggc cgctacaact gaaacaaaag aagatatttt 1800
ct ut ut ct tetIagaeaRt R cgRtt YaettrIae afar e aticcaetiatt ctigavtzagat 1860

gt ggt gact a agat aaagc atactaattt gaut uttgga aacccataaa gttt at gctta1920
tccgt gtt%?ccg(j Tabttt a8t oYt tht £ACET GGt TRat gt g gret gt t c 1980

cattctgatt, t cg a cttgtaattt aaaatctagg,a cagac att gaacaat 2040
cccaat at %%tgtag%%fag'% a %%ggga%?aﬁccg ?tatctcgﬁ%gttg%gg?ag%? gc%cd:tc? fagctcgacf%éo
t gagat t gag drealacatilforcact aagaaact oot guaad t ace a ccazlgo
gtt gcaaaca tgauﬁgftcgg gagt ggt%%% tttgatgagttgcg%t ??ﬁ%{acc%tﬁgég%ﬁcu%go
attccttttagtiyaatdLyaadcabesd chtglg rbtaaauhatdab gCalgh add=at gddd totdt aa2280
aatttacatg tcatttattt tgcctcacta actcaatttt gcatataaca atgat aaat g2340
at at tt t gaggadceataaattysacatat aasttabt cgacatcgtt¢drat t attgt tdgavtggat g2400
attaacaaat ataacaaact ttguaactaa ttaaccacca actgaatata attaactata2460
act gt gaadg-Wdgtacadat3ocar 1t ttoat Hetet - Aerace c aztaagagat wattaatrggt a2820
tattaatccc tccaaaaaaa aaaaacgg%% tatttaut aa aaaat ctaag cuacgt agga258

0
ggat aacaby &t &occdt o §agy st “t RSt b CEa At Et dat CHAP LT gat 2640
gagat aaceg, act1 {Aages GaUgGaL eLa . Lgasacal ol acattat ola, Aateacacal 2700

tottccacac atctgagcca cacaaaaacc aatccacatc tttatcaccc attctataaa?2

aaat cacagtadal,gt Gagt 8 Reactdtgal (HocoLE9aAR s Cacalacaaa 8agaagagaozia0
taattaatta attaatcatc ttgagagaaa atgtttgggc gaggaccaao aaggaagagt 2880
gat aacacea=aatatd acgaydratt eyt gglaagt tdtegaaaa t gt getagitgagagatgaaat c 28040
aagaaagcct atagaaaggc agcgat gaag aaccatccag ataagggtgg ggat cct gag3000
aagt t caagg-agttyygtoa tagecatdat gaa gt glargagt( cat ot gaaaacyaaagaact g 2060
t at gat caat at ggt gaaga tgcccttaaa gaaggaat gg ggggaggcgc aggaagct ca3120
ttt cat aafPTGrtIgaratt PetT gaat ta it t t1rEgutdge cauet t g2t ggt eitiggt K80
cott oacgog_ caagaagaca gaagcaa agat gt tgcattctat aaaggtttcc 0
L o0agoat e Tr S adEhe Cant aoanag-SRcHR Pl PRl G TP ERRlA oot
t caaaat gt a,.aagg99a3agy Lt caaaaagt: 9gaach9cl.g 9aaggqL ottt 1f09at gecag3360
ggoacaggt a tgaagattac cagaaggcaa attggactgg gcatgattca acaaat goaa3420

cacgt ct gteggacd ¢geaaytaggaacaagtgaggitaaliatgigrgagagatiagatgacct 3480
caat gcaagg gaaacaagat tactcaagaa aagaaggtgc tggaggtgca tgtggaaaag3540
gggat goagocagggtic acascagatd gitat t o tgaaggataayocé gat-gadge ct oebgataac aBB00
at cacaggag acatagtttt tgtcttgcaa gtaaagggac atccgaagtt tcggagggag3660
ogt gat gacbrttéeacarejarwecae aat #1ytagcrrcaatiageagycrericiog It ggeedccags?2o

tttaatgtca cacatcttga t aa% caa otattggtca aatcgaaccc oggcgaagt 0%7?80
at caagcoag- groast &f ‘éaae?ggf at géﬁqcaéétagggggﬁta%at %%aégéﬁggac?%%ﬁgﬁ%aocg 20
{1 oat gaagg, acaceala.cateangll a0 alloall.! ooaagallo.gagLLLLol ! 2200

t coccaagcc” aaa ga attagaaaag atattacctc aaaagacaag caagaactt g3960

t ccoaaaaggr AQgt agat ga- Lot GRA0AG 36 CALLOt GR Al galghtaa ghalhgsagagddro
gagat gagt c gaaagaagoa acaat accgt gaggcat atg at gacgat ga tgat gaagat 4080
gat gagcaetaL£goagocyog: gyt §oaat geaggat omacagiagaggaget cagasdcgaadd t 44690
cccgatcgtt caaacatttg gcaataaagt ttottaagat tgaatcctgt tgcoggtott4200
gcgat gat taadtat at dartoaacttoganttaaceiraagiceartcaat et cta@catyt aad¥bo
tgcatgacgt tatttatgag atgggttttt at gatt aga tccctgcaatt atacatttaad4320

t acgcgat a§°Haadcaddat>Uracyege P HWaciugyatd fanftare iy CRtagge ot ca2Z80
tctatgtt %%agt%%g{g%%gggég%éclgoc tggé’il'a%?:a7(:8ga<a%g'<;:yl'g>ga59§a16gctcaat aatgagatca 1740
gatgcaccca ttggcaaatg caattctgaa tgcatcactc caaacggaag cattcccaat 1800
gacaaaccat tccaaaatgt aaacaggatc acatacgggg cctgtccéag atatgttaag 1860
caaaacactc tgaaattggc aacagggatg cgaaatgtac cagagaaaca aactagaggc 1920

atatttggcg caatcgcggg tttcatagaa aatggttggg agggaatggt ggatggttgg 1980

tatggtttca ggcatcaaaa ttctgaggga ataggacaag cagcagatct caaaagcact 2040
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PCT/ CA2010/ 000983 <212> DNA <213> Artificial Sequence <220> <223>pct/ca2010/000983
Synt hesi zed Construct nunber R860, fromH nNndl I T to ECORT <400> 78
aagcttgcat gcctgcaggt cgactctaga ggatccccgg gctggtctgt acattcatct 60
tgccgecttt gcattcactt ggccacaaag agt agagaga aggaagagaa gagcccagacl20
tt caagaagc gaccttgcaa gtgcactcga gggtcagaaa ctgtatatca tatctatgtgl80
agagaaagtijogadcat t1Gacemiggagideaat ot artttegat gyrataset aadccattdaggat2240
caataaattt gtatacttct tatttagatc aataaatttg tcattaagct ataatccaaa300
at aaat t atdy "At CH4at #t'G IR HHat BT 1AG T Ct 4R AT tFPPRACE t IGAE Hgeat ctB360
cttggtttct .t caat ca_cat gcct aag aaat agat ag_tat cat at ttgratttg
tcagactt%ﬁmag 8a6%¥6a8%E%Fa%%Fgcgégﬁagﬁﬁagaffﬁ%%%ﬂ583“&%?%%¥§gag%§g
tat cat at gaoht gt 1189 .teagactt Gaa.gagcat Siot. tiggt Lictet gggaat.gat abd0
tgcctaagaa ataaatagta tcatatgatt gtgtttggtc agacttcaga gtcagat gac600
cct gt t t ggo st aaacagedtyaaatd aagigeqtd abaganaa agegetdat ccakat aagt gctao
ttttgtacag ttatttctat gaaagtagaa gaaatagtca tattgtttta atataagcta720
t cct ggageraettgisggesma st alac cagadat egasctdabys greacgitoat cgaget gkt t 280
cat aagat ct ccctaacagttctcaaaagtgttttatgccag t agat aaatt caaat aagt c840
?at ct a?a%%ag?%@t ta%%ﬁa é?aaﬁ fawtfgﬂg é@@@taf@t@ffgt@tcagmat%t:ga@@é@ﬁtta% afggg
aagaat gt c at gagat aac at aat gataa cacatta acacaaa cagatc
agfaﬁttt?ﬁmgfg?%gaﬁfﬁcg?vbﬁ bﬁf?tﬁiﬁﬁig%f?aac 55???@50“?%32??§aagi?98
catgttcc 0923066, :1.03A30a06L . £23a 2. aaggladega. taaattgaa
gtttacaaa%at g% a%cgfg%ctgggcttg%ctgtgﬁgagg%g g b ccagt%tcctggttc&gO

aacggggai g thh et teag raag! ¢agtdg.gagageant et cld gt geeaagithgaagt akdgo
atttttgtgt agcatatgtt gagctaccta caatttacat gatcacctag cattagotct 1260
ttcact t aamtbgagagaatigtaagt tttaggoaattgagtitatgt ageat ggagt t teggeaioggct2d20
ttgtaatgcc taccctactt tggccaactc atcggggatt tacattcaga aaat atacat 1380
gact t caage:cat alcttt agmwItett cretigrisagataaciega amogt tidar at tite atagt t 440
gogttgtagtg tttttacttg attatatcca gacagttaca agttggacaa caagattgtgl500

ggt ct gt att22§R 13 £ IR atd CERTTCITt agcatuah® dadet T et 91 Pt e gt 4560
ttgaatgta t gaaaat a a agaa, aat at aacat cat ccgc_gc tcta 0
ttfeqgocan T inoat CEPoar cogar e -an AL eathe O S JE L SRt
cgt gact aga .at gatagt al.at atd Ltatidoaad tatal ftha toktbt 1 1det s ageggaact 40
tttagaacgg atcccaactc gttccggggc cgctacaact gaaacaaaag aagatatttt 1800
ct ot ct ot tatagaaat ghaatghtd beeciddgt a€ agak AcGEa atdte agoatt gdg@akycagat 860
gt ggt gact a gagat aaagc atactaattt gactcttgga aacccataaa gtttatgttal920
t ccgt gt t etaaggarivaatewcasit gggggeaat dacctgicget ettat gtgt gatgtt-tefgiat t cI0$80
cattctgatt tatgcggcga cttgtaattt aaaatctagg aggggcagac attgaacaat 2040
cccaat at t¥-FagtHabt taRIFGeadgatix-Ctttttat taa tgagatgatg tgtttgt gac?f60
tgagattgggngca%gcattt cact aagaaa tggttccaag taccaaacta tcatgaccca2l60
gttgcaaaca ,{g L.t cgg gagtggtcac tttgatagtt caatttcatc ttggcttctt2220
attcctttia faafl,ctaat tettottgtg taaactattt catgtattat ttttctttaa2280
aatttacatg H.cattitiat ti, 1t geglcacta actcaatttt gcatataaca atgataagt g9240
atattttgac tcacaaaatt tacatcaaat ttcgacatcg tttattatgt tcattggatg2400
att aacaaat2cat aacaaact ttgcaactaa ttaaccacca actgaatata attaactata2460
act gt gaaagp tagtiraact zeat fidghat @tbre{ Tatragatod - &l adly &g 8l adtdaat/gt a2320
tattaatccc tccaaaaaaa aaaaacggta tatttactaa aaaatctaag ccacgtagga2580
ggat aacagéfat cotcgt ag gaggat aaca t ccaat ccaa ccaat cacaa caatcctgat 2640

g
gagat aacEectac Pt tadgeicceacycat et o foeat at B 2 avarfaitfa? @at-éaddc at 2790

attaattaat catcttgaga gaaaatgaag gcaataattg tactactcat ggtagtaaca 120
tccaatgcag atcgaatctyg cactggaata acatcttcaa actcacctca tgtggtcaaa 180
acagccactc aaggggaggt caatgtgact ggtgtgatac cactaacaac aacaccaaca 240
aaatcttatt ttgcaaatct caaaggaaca aggacéagag ggaaactatg cccagactgt 300
ctcaactgca cagatctgga tgtggctttg ggcagaccaa tgtgtgtggg gaccacacct 360
tcggcgaagg cttcaatact ccacgaagtc aaacctgtta catccgggtg ctttcctata 420
atgcacgaca gaacaaaaat caggcaacta cccaatcttc tcagaggata tgaaaatatc 480
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tottccacac atctgagcca
aaat cacact ttgtgagtct
taattaatta attaatcatc

cacaaaaacc aatccacatc tttatcaccc
acactttgat tcccttcaaa cacatacaaa
tt gagagaaa at at caggta aaggagaagg
agtatcgatc ttggtaccac ttactcttgc gtcggagtat ggcaacacga ccgtgttgag2940
atcattgcta atgatcaagg aaacagaacc acgccatctt acgttgcttt caccgactcc3000
gagaggt t 2P IR P&EFAGET £AHATAT ICAFIHEE HELA Ct CRIAe EDTIH Ctarmgackgt t 3060
ttcgacgcta agaggttgat cggtcgtcgt ttctctgaca gctctgttca gagtgacat g3120
aaattgtg%%“%%f %h&gaﬁiﬁg%éégéa%&a&&ﬁﬁ%é@%%§gdﬁﬁﬁég?§§ta%?@é%?%@aaﬁ%@O

t acaaggg aa cgcagct agattt cttccatggt tcttattaag3240
atgcgtgaé%xgﬁgggbggg%mg%%%g??%ﬁfagggggg%Eﬁgcdﬁﬁgéé%%%ta?ﬁp%%%@gtté% 0
ccaactt agscatt@a@@ag@gg&agrggeag%@Ig@&aggt&@a@%gga%ga&wg&gt a&ALGeget 90t 3360
ttaaacgtta tgcgaatcat caacgagcct acagccgccg ctattgccta cgia-toTtgac3420
aaaaaggctacceageghygocagagaagagdctgh tolftarchat sgatetdggaggtggaact 3480
PCT/ CA2010/ 000983 tttgatgtct ctcttcttac cattgaagag ggtatctttg aggtgaaggc
aact gct ggtaBB40cgasarveatt ttygiwgygacagattictt gae taacagastaggcddaaac caot t
t gt ccaagag 3600 ttcaagagga agagt aagaa ggat atcacc ggtaacccaa gagctcttag
gaggttga@%“§666“héﬁ?%ﬁ@ﬁﬁ@€ﬁ§§§§§é§&§tga@ﬁé@tET%“F%%%%E%EP@a%Ftagdﬁ@ac
cat cgagat t 3720_t %ctctctat acgqg%?tq; cgacttctac tccaccat ca cccgtq;tag
at t t gaggaF 23780 T CHHCAT 4y “HPEI Ot t dag IGa eyt Y ThEY e aHttg - Eaagt gt'ct

tcgtgatggggagcaaag taataaaagg

at t ct at aaast¢pdd2010/000983
gagaagagac2820
accagct at c2880

gtccttgcct ttaattggtg aagcagattg ccttcatgaa 1020
aaatacggtg gattaaacaa aagcaagcct tactacacag gagaacatgc aaaagccata 1080
ggaaattgcc caatatgggt gaaaacacct ttgaagctcg ccaatggaac caaatataga 1140
cctcctgcaa aactattaaa ggaaaggggt ttcttcggag ctattgctgg tttcctagaa 1200
ggaggatggg aaggaatgat tgcaggctgg cacggataca catctcacgg agcacatgga 1260
gtggcagtgg cggcggacct taagagtacg caagaagcta taaacaagat aacaaaaaat 1320
ctcaattctt tgagtgagct agaagtaaag aatcttcaaa gactaagtgg tgccatggat 1380
gaactccaca acgaaatact cgagctggat gagaaagtgg atgatctcag agctgacact 1440
ataagctcgc aaatagaact tgcagtcttg ctttccaacg aaggaataat aaacadgtgaa 1500
gatgagcatc tattggcact tgagagaaaa ctaaagaaaa tgctgggtcc ctctgctgta 1560
gagataggaa atggatgctt cgaaaccaaa cacaagtgca accagacctg cttagacagg 1620
atagctgctg gcacctttaa tgcaggagaa ttttctctcc ccacttttga ttcactgaac 1680
attactgctg catctttaaa tgatgétgga ttggataacc atactatact gctctattac 1740
tcaactgctg cttctagttt ggctgtaaca ttgatgctag ctatttttat tgtttatatg 13800
gtctccagag acaacgtttc atgctccatc tgtctataag agctc 1845
<210> 74
<211> 3142
<212> DNA
<213> Artificial Segquence
<220>
<223> Synthesized Construct 739, from PacI to AscI
<400> 74
ttaattaaga attcgagctc caccgcggaa acctcctcgg attccattge ccagctatct 60
gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatgc catcattgcg 120
ataaaggaaa ggccatcgtt gaagatgcct ctgccgacag tggtcccaaa gatggacccc 180
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3840 aagat ggaca agagcactgt tcatgatgtt gtccttgttg gtggttctac ccgt ab&pedodPdos3
aaggttcagc aattgctcca ggacttcttc aacggcaaag agcttitgcaa gtctattaac 3960
cctgatgagg ctgttgccta cggtgctgct gtccagggag ctattctcag cggtgaagga 4020
aacgagaagg ttcaagatct tctattgctc gatgfcactc ctotcfccct tggfttggaa 4080
actgccggtg gtgtcatgac cactttgatc ccaaggaaca caaccatccc aaccaagaag 4140
gaacaagt Tttt eatirat et vagataacarhatecygrgc tgreydtce aaggedttacgaa 24200
ggagagag t%gccagaaccaa

ccf ccagef ¢ ot €yt

&fa atcccdactat ccttcgcaag

acaacaac cttottggta aatttgagct ctccggaatt 4260
CceAgareo R agt Ty

acccttectce tatataagga agttcatttc atttggagag gtattaaaat cttaataggt 360
tttgataaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact ctctctcatc 420
tctcttaaag caaacttctc tcttgtecttt cttgcgtgag cgatcttcaa cgttgtcaga 480
tcgtgcttcyg gcaccagtac aacgttttct ttcactgaag cgaaatcaaa gatctctttg 540
tggacacgta gtgcggcgcc attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc catacattac ttgttacgat 660
tctgctgact ttcggcgggt gcaatatctc tacttctgcect tgacgaggta ttgttgectg 720
tacttctttc ttcttcttct tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagcttct gtatattctg 840
cccaaatttg tcgggcccat ggcgaaaaac gttgcgattt tcggecttatt gttttctcett 900
cttgtgttgg ttccttctca gatcttcgct gatcgaatct gcactggaat aacatcttca 960
aactcacctc atgtggtcaa aacagccact caaggggagg tcaatgtgac tggtgtgata 1020
ccactaacaa caacaccaac aaaatcttat tttgcaaatc tcaaaggaac aaggaccaga 1080
gggaaactat gcccagactg tctcaactge acagatctgg atgtggcttt gggcagacca 1140
atgtgtgtgg ggaccacacc ttcggcgaag gcttcaatac tccacgaagt caaacctgtt 1200
acatccgggt gctttcctat aatgcacgac agaacaaaaa tcaggcaact acccaatctt 1260
ctcagaggat atgaaaatat caggctatca acccaaaacg tcatcgatgc ggaaaaggca 1320
ccaggaggac cctacagact tggaacctca ggatcttgcc ctaacgctac cagtaagagce 1380
ggatttttcg caacaatggc ttgggctgtc ccaaaggaca acaacaaaaa tgcaacgaac 1440
ccactaacag tagaagtacc atacatttgt acagaagggg aagaccaaat cactgtttgg 1500
gggttccatt cagataacaa aacccaaatg aagaacctct atggagactc aaatcctcaa 1560
aagttcacct catctgctaa tggagtaacc acacactatg tttctcagat tggcagcttc 1620
ccagatcaaa cagaagacgg aggactacca caaagcggca ggattgttgt tgattacatg 1680
atgcaaaaac ctgggaaaac aggaacaatt gtctaccaaa gaggtgtttt gttgcctcaa 1740
aaggtgtggt gcgcgagtgg caggagcaaa gtaataaaag ggtccttgcce tttaattggt 1800
gaagcagatt gccttcatga aaaatacggt ggattaaaca aaagcaagcc ttactacaca 1860
ggagaacatg caaaagccat aggaaattgc ccaatatggg tgaaaacacc tttgaagctc 1920
gccaatggaa ccaaatatag acctcctgca aaactattaa aggaaagggg tttcttcgga 1980
gctattgctg gtttcctaga aggaggatgg gaaggaatga ttgcaggctg gcacggatac 2040
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ttgacattga tgccaatggt 4320
agaacaagat caccatcacc 4389
t ggtt caaga ggct gagaag 4440

atcctcaatg
aat gacaagg
t acaagt ccg

tctctgctga ggacaagacc
gt cgt ct ct ¢ '‘caaggat gag
aagacgagga gcacaagaag

aCCggedrachk2010,/000983
at t gagaaga
aaggt t gaag
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CcCaagaacgc tctcgagaac 4500 tacgcttaca acatgaggaa caccat ccaa gacgagaaga
ttggtgagaa gctcccggct 4560 gcagacaaga agaagatcga ggattctatt gagcaggcga
tt caat ggct cga%? taac 4620 cagttg g ggctgat ga gttcgaagac aag at?aagg
aat t ggagay* At 83%%“?6%@5@E§§F€ Fﬂﬁ“@&%ﬁﬁﬁtHfﬁgé%%ﬁg@%ﬁﬁﬁaaﬂigg:ﬁgag
Cngt ggt (azgaaaa%gggac%%acéaa%zgg t%g:[:a?a;[tgg@c‘gcggtg‘ggaa:[ggcttiagaagtaaa gaatcttcaa 2160
agactaagtg gtgccatgga tgaactccac aacgaaatac tcgagctgga tgagaaagtg 2220
gatgatctca gagctgacac tataagctcg caaatagaac ttgcagtctt gctttccaac 2280
gaaggaataa taaacagtga agatgagcat ctattggcac ttgagagaaa actaaagaaa 2340
atgctgggtc cctectgctgt agagatagga aatggatgct tcgaaaccaa acacaagtgce 2400
aaccagacct gcttagacag gatagctgct ggcaccttta atgcaggaga attttctctc 2460
cccacttttg attcactgaa cattactgct gcatctttaa atgatgatgg attggataac 2520
catactatac tgctctatta ctcaactgct gcttctagtt tggctgtaac attgatgcta 2580
gctattttta ttgtttatat ggtctccaga gacaacgttt catgctccat ctgtctataa 2640
aggcctattt tctttagttt gaatttactg ttattcggtg tgcatttcta tgtttggtga 2700
gcggttttct gtgctcagag tgtgtttatt ttatgtaatt taatttcttt gtgagctcct 2760
gtttagcagg tcgtcccttc agcaaggaca caaaaagatt ttaattttat taaaaaaaaa 2820
aaaaaaaaag accgggaatt cgatatcaag cttatcgacc tgcagatcgt tcaaacattt 2880
ggcaataaag tttcttaaga ttgaatcctg ttgccggtct tgcgatgatt atcatataat 2940
ttctgttgaa ttacgttaag catgtaataa ttaacatgta atgcatgacg ttatttatga 3000
gatgggtttt tatgattaga gtcccgcaat tatacattta atacgcgata gaaaacaaaa 3060
tatagcgcgc aaactaggat aaattatcgc gcgecggtgtc atctatgtta ctagattcta 3120
gagtctcaag cttcggcgcg cc 3142
<210> 75
<211> 3142
<212> DNA
<213> Artificial Sequence
<220>
<223> Construct 745, from Pacl to AscI
<400> 75
ttaattaaga attcgagctc caccgcggaa acctcctcecgg attccattgc ccagctatcect 60
gtcactttat tgagaagata gtggaaaagg aaggtggctc ctacaaatgc catcattgcg 120
ataaaggaaa ggccatcgtt gaagatgcct ctgccgacag tggtcccaaa gatggacccc 180
cacccacgag gagcatcgtg gaaaaagaag acgttccaac cacgtcttca aagcaagtgg 240
attgatgtga tatctccact gacgtaaggg atgacgcaca atcccactat ccttcgcaag 300
acccttccte tatataagga agttcatttc atttggagag gtattaaaat cttaataggt 360
tttgataaaa gcgaacgtgg ggaaacccga accaaacctt cttctaaact ctctctcatc 420



ccctgcttca
fttocccgat
tcttgcgatg
gt aat geat g
ttaat acgcg

ggcggt gct g gacct aagat cgaggaggtc 4800 gact aagagc tcagch@g@é®oio /000983
cgttcaaaca tttggcaata aagtttctta 4860 agattgaatc ctgttgccgg

attatcatat aatttctgtt gaattacgtt 4920 aageatgtaa taattaacat
acgttattta tgagatgggt ttttatgatt 4980 agagtcccgc aatt atacat
at agaaaaca aaat at agcg cgcaaactag 5040 gat aaattat ogcgcgoggt
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gtcatctatg ttactagate gaattc 5986 <210> 79 <211> 9493 <212> DNA <213>

Artifi ciEﬁlcééfﬁﬁgn %?qfﬁgfﬁ9 CCTE gt oBET I CASAEA B 0983 20 35V AL Frssi zedEBnst r uct

nunber F%%Q%g@%é%@ g@ggégg%ag:%ag%¥%%¥ct ttcactgaag cgaaatcaaa gatctctttg 540
tggacacgta gtgcggcgcece attaaataac gtgtacttgt cctattcttg tcggtgtggt 600
cttgggaaaa gaaagcttgc tggaggctgc tgttcagccc catacattac ttgttacgat 660
tctgctgact ttcggcgggt gcaatatctc tacttctgct tgacgaggta ttgttgcctg 720
tacttctttc ttettcttct tgctgattgg ttctataaga aatctagtat tttctttgaa 780
acagagtttt cccgtggttt tcgaacttgg agaaagattg ttaagecttct gtatattctg 840
cccaaatttg tcgggcccat ggcgaaaaac gttgcgattt tecggecttatt gttttcetett 900
cttgtgttgg ttccttctca gatcttecget gatcgaatct gcactggaat aacatcttca 960
aactcacctc atgtggtcaa aacagccact caaggggagg tcaatgtgac tggtgtgata 1020
ccactaacaa caacaccaac aaaatcttat tttgcaaatc tcaaaggaac aaggaccaga 1080
gggaaactat gcccagactg tctcaactgce acagatctgg atgtggcttt gggcagacca 1140
atgtgtgtgyg ggaccacacc ttcggcgaag gcttcaatac tccacgaagt caaacctgtt 1200
acatccgggt gctttcctat aatgcacgac agaacaaaaa tcaggcaact acccaatctt 1260
ctcagaggat atgaaaatat caggctatca acccaaaacg tcatcgatgc ggaaaaggca 1320
ccaggaggac cctacagact tggaacctca ggatcttgcc ctaacgctac cagtaagagc 1380
ggatttttcg caacaatggc ttgggctgtc ccaaaggaca acaacaaaaa tgcaacgaac 1440
ccactaacag tagaagtacc atacatttgt acagaagggg aagaccaaat cactgtttgg 1500
gggttccatt cagataacaa aacccaaatg aagaacctct atggagactc aaatcctcaa 1560
aagttcacct catctgctaa tggagtaacc acacactatg tttctcagat tggcagcttc 1620
ccagatcaaa cagaagacgg aggactacca caaagcggca ggattgttgt tgattacatg 1680
atgcaaaaac ctgggaaaac aggaacaatt gtctaccaaa gaggtgtttt gttgcctcaa 1740
aaggtgtggt gcgcgagtgg caggagcaaa gtaataaaag ggtccttgcc tttaattggt 1800
gaagcagatt gccttcatga aaaatacggt ggattaaaca aaagcaagcc ttactacaca 1860
ggagaacatg caaaagccat aggaaattgc ccaatatggg tgaaaacacc tttgaagctc 1920
gccaatggaa ccaaatatag acctcctgca aaactattaa aggaaagggg tttcttcgga 1980
gctattgctg gtttcctaga aggaggatgg gaaggaatga ttgcaggctg gcacggatac 2040
acatctcacg gagcacatgg agtggcagtg gcggcggacc ttaagagtac gcaagaagct 2100
ataaacaaga taacaaaaaa tctcaattct ttgagtgagc tagaagtaaa gaatcttcaa 2160
agactaagtg gtgccatgga tgaactccac aacgéaatac tcgagctgga tgagaaagtg 2220



<400>79 aagottgcat gcctgcaugt cgactctaga guatcccogg gctggtctut acatiaadioyooosss
60 tgccgecttt gcattcactt ggccacaaag agtagagaga aggaagagaa gagcccauac 120

tt caagaauc uaccttgcaa utgcactcga uggtcauaaa ctgtatatca tatctatgtg 180
agagaaaggu gaacatttga gatguagtcc atttacttga ugtatactta ttattttgat 240
caataaattt gtatacttct tatttagatc aataaatttg tcattaagct ataatccaaa 300

at amat t a8y At cedafaty géa%%tt@‘gf%@ft(i% #FPat1 ¥4 °t btacaa=cttt ga%tt@@%aa?t ct 2@@0
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cttggtttct tt Caéclt cgcacgtgcct? ngata gt ac% attcat at a tt gtttgg

t cagactt ¢a gagt cagat t°gt ‘%% gataa %ﬁj °t YR A C tHgaa’> 0

tat cat at g@gctttgg&rg} EEU&&@@H%@E&%gHQ%@ES§@I¢tt ‘gcg;tataggéa%t acacaagtgc 2400
aaccagacct gcttagacag gatagctgct ggcaccttta atgcaggaga attttctcte 2460
cccacttttg attcactgaa cattactgct gcatctttaa atgatgatgg attggataac 2520
taccaaatac tgtcaattta ttcaacagtg gcgagttccc tagcactggc aatcatgatg 2580
gctggtctat ctttatggat gtgctccaat ggatcgttac aatgcagaat ttgcatttaa 2640
aggcctattt tctttagttt gaatttactg ttattcggtg tgcatttcta tgtttggtga 2700
gcggttttct gtgctcagag tgtgtttatt ttatgtaatt taatttcttt gtgagctcct 2760
gtttagcagg tcgtcccttc agcaaggaca caaaaagatt ttaattttat taaaaaaaaa 2820
aaaaaaaaag accgggaatt cgatatcaag cttatcgacc tgcagatcgt tcaaacattt 2880
ggcaataaag tttcttaaga ttgaatcctg ttgccggtct tgcgatgatt atcatataat 2940
ttctgttgaa ttacgttaag catgtaataa ttaacatgta atgcatgacg ttatttatga 3000
gatgggtttt tatgattaga gtcccgcaat tatacattta atacgcgata gaaaacaaaa 3060
tatagcgcgc aaactaggat aaattatcgc gcgcggtgtc atctatgtta ctagattcta 3120
gagtctcaag cttcggcgcg cc 3142
<210> 76
<211> 1272
<212> DNA
<213> Artificial Sequence
<220>
<223> Synthesized Msjl coding sequence
<400> 76
atgtttgggc gcggaccaac aaggaagadgt gataacacca aatattacga tattcttggt 60
gtttcaaaaa gtgctagtga agatgaaatc aagaaagcct atagaaaggc agcgatgaag 120
aaccatccag ataagggtgg ggatcctgag aagttcaagg agttgggcca agcatatgaa 180
gtgttgagcg atcctgaaaa gaaagaactg tatgatcaat atggtgaaga tgcccttaaa 240
gaaggaatgg ggggaggcgc aggaagctca tttcataatc cgtttgatat tttcgaatca 300
ttttttggtg caggctttgg tggtggtggt ccttcacgcg caagaagaca gaagcaagga 360
gaagatgtgg tgcattctat aaaggtttcc ttggaggatg tgtataacgg cactacaaag 420
aagctatcac tttctaggaa tgcactgtgc tcaaaatgta aagggaaagg ttcaaaaagt 480
ggaactgctg gaaggtgttt tggatgccag ggcacaggta tgaagattac cagaaggcaa 540
attggactgg gcatgattca acaaatgcaa cacgtctgtc ctgactgcaa aggaacaggc 600



ggcaat cata 540
ut cagat gac 600
at at aagt gc 660

t gcct aagaa
cctgtttagg
ttttgtacag

at aaatagta tcatatgatt gtgtttgutc
t aaacagctt aattaagtuc ttatauaata
ttatttctat gaaagtagaa uaaat agtca
at at aagcta 720 toctggagag cttutggaaa taaccagaaa agaacttatg gacacut cat
uagctgttta 780 cataagatct ccotaacaut ctcaaaagtg tttatgccau tagataaatt
caaat aagfeIBL0t I aHAca® Uace et waat c et attargeacaéet it cattceeezyct t &t
ccatCtttat 900 ta aat#tc atgauataao at aat gataa cacattattt tgacacaaat

aggcagat 2199668  Hgcaatit 45> COEP§Uagt et Caxat e Uct it et @haaut t cAc
gi ccct gagt, 1020, $at gLL.6eL 4.3 GHARGCS: LAAAGAGEL, .caRal Lt,A3, AA00! R0

t aaat t gaag

agact teaga2010/000983
agcucttatc
tattgtttta

gtaaagggac atccgaagtt tcggagggag cgtgatgacc tccacattga acacaatttg 840
agcttaactg aggctctctg tggcttccag tttaatgtca cacatcttga tggaaggcaa 900
ctattggtca aatcgaaccc cggcgaagtc atcaagccag gtcaacataa agctataaat 960
gatgagggaa tgccacaaca tggtaggccg ttcatgaagg gacgcctata catcaagttt 1020
agtgttgatt tcccggattc gggttttctt tccccaagcecc aaagcctgga attagaaaag 1080
atattacctc aaaagacaag caagaacttg tcccaaaagg aggtagatga ttgtgaggag 1140
accaccctgc atgatgtcaa tattgcagag gagatgagtc gaaagaagca acaataccgt 1200
gaggcatatg atgacgatga tgatgaagat gatgagcact cgcagcctcg ggtgcaatge 1260
gctcaacagt ag 1272
<210> 77

<211> 4402

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized Construct number R850, from HindIII

<400> 77

aagcttgcat gcctgcaggt cgactctaga ggatccccgg gctggtctgt acattcatct 60
tgccgecttt gecattcactt ggccacaaag agtagagaga aggaagagaa gagcccagac 120
ttcaagaagc gaccttgcaa gtgcactcga gggtcagaaa ctgtatatca tatctatgtg 180
agagaaaggg gaacatttga gatggagtcc atttacttga ggtatactta ttattttgat 240
caataaattt gtatacttct tatttagatc aataaatttg tcattaagct ataatccaaa 300
ataaattacg atcaaatatg caaatgttag ccagtacttg tgttaaactt gatggcatct 360
cttggtttct ttggcaatca catgcctaag aaataaatag tatcatatga ttgtgtttgg 420
tcagacttca gagtcagatg actctgtttg gataaacagc ttaattaagc gcttatagaa 480
tatcatatga ttgtgtttgg tcagacttca gagcatctct tggtttctct ggcaatcata 540
tgcctaagaa ataaatagta tcatatgatt gtgtttggtc agacttcaga gtcagatgac 600
cctgtttggg taaacagctt aattaagtgce ttatagaata agcgcttatc atataagtgce 660
ttttgtacag ttatttctat gaaagtagaa gaaatagtca tattgtttta atataagcta 720
tcctggagag cttgtggaaa taaccagaaa agaacttatg gacacgtcat gagctgttta 780
cataagatct ccctaacagt ctcaaaagtg tttatgccag tagataaatt caaataagtc 840
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1080 gtttacaaaa tataccctgc gugcttgaca cagaugcaag ctotttatac cttccagida@oiblebdoss
aacguggatg ttuatttcag aagtcacttg uauagcaatc ettgtgccaa gtttuaagta 1200
atttttgtgt agcatatgtt gagctaccta caatttacat gatcacctag cattauctct 1260
ttcacttaac tuagagaatg aauttttagg aat gautatg accatggagt cggcatguct 1320
ttutaatgcc taccctactt tggccaactc atcugguatt tacattcaga aaatatacat 1380

gact t caatt “afattt dadC eett CretigttIaaratadcrgt datge ticatactatcaatatt t g L440
gogttgtagtg ttfttactt ttatatcca uacaqgttaca, agttggacaa caagattgtg 1500

0t cLgt AECGRLAIT FATTFATT P ETIE Tt Ageagaaa” CHECTTater (A TATtTegt X860

ttuaat gt Q@:a@@%%a@%ta;ggeﬁg%@@Qéﬁa%a@'@tg%tta'@@c%ttaC@gta%gggc%gcg&%tctcggacct a8, 420

catgttcctg tatggaagcc tgaaagacct caaattctaa aaggtggcga taaattgaag 1080
gtttacaaaa tataccctgc gggcttgaca cagaggcaag ctctttatac cttccagttc 1140
aacggggatg ttgatttcag aagtcacttg gagagcaatc cttgtgccaa gtttgaagta 1200
atttttgtgt agcatatgtt gagctaccta caatttacat gatcacctag cattagctct 1260
ttcacttaac tgagagaatg aagttttagg aatgagtatg accatggagt cggcatggcect 1320
ttgtaatgcc taccctactt tggccaactc atcggggatt tacattcaga aaatatacat 1380
gacttcaacc atacttaaac ccctttttgt aagataactg aatgttcata tttaatgttg 1440
ggttgtagtg tttttacttg attatatcca gacagttaca agttggacaa caagattgtg 1500
ggtctgtact gttatttatt tatttttttt ttagcagaaa caccttatct tttgtttcgt 1560
ttgaatgtag aatgaaaata aaagaaagaa aatataacat catcggccgc gcttgtctaa 1620
tttcgggcag ttaggatcct ctccggtcac cggaaagttt cagtagaaga aacaaaacac 1680
cgtgactaaa atgatactat tattttattt attgtgtttt tcttttttct accggaactt 1740
tttagaacgg atcccaactc gttccggggc cgctacaact gaaacaaaag aagatatttt 1800
ctctctcttc agaaatgtaa gttttccttt acagataccc attcaccatt tgattcagat 1860
gtggtgacta gagataaagc atactaattt gactcttgga aacccataaa gtttatgtta 1920
tccgtgttct ggaccaatcc acttgggggc ataacctgtg tctatgtgtg gtttggtttc 1980
cattctgatt tatgcggcga cttgtaattt aaaatctagg aggggcagac attgaacaat 2040
cccaatattt taataactta tgcaagattt tttttattaa tgagatgatg tgtttgtgac 2100
tgagattgag tcatacattt cactaagaaa tggttccaag taccaaacta tcatgaccca 2160
gttgcaaaca tgacgttcgg gagtggtcac tttgatagtt caatttcatc ttggcttctt 2220
attcctttta taattctaat tcttcttgtg taaactattt catgtattat ttttctttaa 2280
aatttacatg tcatttattt tgcctcacta actcaatttt gcatataaca atgataagtg 2340
atattttgac tcacaaaatt tacatcaaat ttcgacatcg tttattatgt tcattggatg 2400
attaacaaat ataacaaact ttgcaactaa ttaaccacca actgaatata attaactata 2460
actgtgaaag tagttaactc atttttatat ttcatagatc aaataagaga aataacggta 2520
tattaatccc tccaaaaaaa aaaaacggta tatttactaa aaaatctaag ccacgtagga 2580
ggataacagg atccccgtag gaggataaca tccaatccaa ccaatcacaa caatcctgat 2640
gagataaccc actttaagcc cacgcatctg tggcacatct acattatcta aatcacacat 2700
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1620 tttcgagcag ttaggatcct ctccgutcac cggaaagttt cagtagaaga aacaamagaecoib/o00983
680 catgactaaa atgatactat tattttattt attgtgtttt tottttttct accggaactt 1740
PCT/ CA2010/ 000983 tttagaacgg atcccaactc gttccggggc cgctacaact gaaacaaaag
aagatatttt 1800 ctototcttc agaaatgtaa gttttccttt acagataccc attcaccatt
tgattcagat 1860 gtggtgacta gagataaagc atactaattt gactcttgga aacccat aaa
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gtttatgtta 19205%%?%%%“ (T%gagaca%%tcgat%ctgqgg %tatacacctgct tggat%&tg
gtttggtt e TO8P catt et §ar? Tatgeggeqacrigtaa gaaat &t gtg

aaatcacact ttgtgagtct acactttgat tcccttcaaa cacatacaaa gagaagagac 2820
taattaatta attaatcatc ttgagagaaa atgtttgggc gcggaccaac aaggaagagt 2880
gataacacca aatattacga tattcttggt gtttcaaaaa gtgctagtga agatgaaatc 2940
aagaaagcct atagaaaggc agcgatgaag aaccatccag ataagggtgg ggatcctgag 3000
aagttcaagg agttgggcca agcatatgaa gtgttgagcg atcctgaaaa gaaagaactg 3060
tatgatcaat atggtgaaga tgcccttaaa gaaggaatgg ggggaggcgc aggaagctca 3120
tttcataatc cgtttgatat tttcgaatca ttttttggtg caggctttgg tggtggtggt 3180
ccttcacgcg caagaagaca gaagcaagga daadgatgtgg tgcattctat aaaggtttcce 3240
ttggaggatg tgtataacgg cactacaaag aagctatcac tttctaggaa tgcactgtgc 3300
tcaaaatgta aagggaaagg ttcaaaaagt ggaactgctg gaaggtgttt tggatgccag 3360
ggcacaggta tgaagattac cagaaggcaa attggactgg gcatgattca acaaatgcaa 3420
cacgtctgtc ctgactgcaa aggaacaggc gaggtcatta gtgagagaga tagatgccct 3480
caatgcaagg gaaacaagat tactcaagaa aagaaggtgc tggaggtgca tgtggaaaag 3540
gggatgcagc agggtcacaa gattgtattc gaaggacaag ctgatgaagc tcctgataca 3600
atcacaggag acatagtttt tgtcttgcaa gtaaagggac atccgaagtt tcggagggag 3660
cgtgatgacc tccacattga acacaatttg agcttaactg aggctctctg tggcttccag 3720
tttaatgtca cacatcttga tggaaggcaa ctattggtca aatcgaaccc cggcgaagtc 3780
atcaagccag gtcaacataa agctataaat gatgagggaa tgccacaaca tggtaggccg 3840
ttcatgaagg gacgcctata catcaagttt agtgttgatt tcccggattc gggttttett 3900
tccccaagcc aaagcctgga attagaaaag atattacctc aaaagacaag caagaacttg 3960
tcccaaaagg aggtagatga ttgtgaggag accaccctgc atgatgtcaa tattgcagag 4020
gagatgagtc gaaagaagca acaataccgt gaggcatatg atgacgatga tgatgaagat 4080
gatgagcact cgcagcctcg ggtgcaatgc gctcaacagt aggagctcag ctcgaatttc 4140
cccgatcgtt caaacatttg gcaataaagt ttcttaagat tgaatcctgt tgccggtcett 4200
gcgatgatta tcatataatt tctgttgaat tacgttaagc atgtaataat taacatgtaa 4260
tgcatgacgt tatttatgag atgggttttt atgattagag tcccgcaatt atacatttaa 4320
tacgcgatag aaaacaaaat atagcgcgca aactaggata aattatcgcg cgcggtgtca 4380
tctatgttac tagatcgaat tc 4402
<210> 78

<211> 5086



aggggcagac attgaacaat 2040
tgagatgatg tgtttgtgac 2100
taccaaacta tcatgaccca 2160
caatttcatc ttggcttctt 2220

Cccaatattt taataactta tgcaagattt ttttt@irldacio/000983
t gagatt gag tcatacattt cactaagaaa tggttccaag
gttgcaaaca tgacgttcgg gagtggtcac tttgatagtt
attcctttta taattctaat tcttcttgtg taaactattt
catgtattat ttttctttaa 2280 aatttacatg tcatttattt tgcctcacta actcaatttt
gcat at aatd?at gaaagt g 2340 atattttgac tcacaaaatt tacatcaaat ttcgacatcg
tttattat gttt catt-ggHtig 2200°att aacaaat at aacaaact ttgcaactaa ttaaccacca
actgaatq&gOgttaactata 2460 actgtgaaag tagttaactc atttttatat ttcatagatc

<223> Synthesized Construct number R860, from HindITI to EcoRI

<400> 78

aagcttgcat gcctgcaggt cgactctaga ggatccccgg gectggtctgt acattcatct 60
tgccgecttt gcattcactt ggccacaaag agtagagaga aggaagagaa gagcccagac 120
ttcaagaagc gaccttgcaa gtgcactcga gggtcagaaa ctgtatatca tatctatgtg 180
agagaaaggg gaacatttga gatggagtcc atttacttga ggtatactta ttattttgat 240
caataaattt gtatacttct tatttagatc aataaatttg tcattaagct ataatccaaa 300
ataaattacg atcaaatatg caaatgttag ccagtacttg tgttaaactt gatggcatct 360
cttggtttct ttggcaatca catgcctaag aaataaatag tatcatatga ttgtgtttgg 420
tcagacttca gagtcagatg actctgtttg gataaacagc ttaattaagc gcttatagaa 480
tatcatatga ttgtgtttgg tcagacttca gagcatctct tggtttctct ggcaatcata 540
tgcctaagaa ataaatagta tcatatgatt gtgtttggtc agacttcaga gtcagatgac 600
cctgtttggg taaacagctt aattaagtgce ttatagaata agcgcttatc atataagtgce 660
ttttgtacag ttatttctat gaaagtagaa gaaatagtca tattgtttta atataagcta 720
tcctggagag cttgtggaaa taaccagaaa agaacttatg gacacgtcat gagctgttta 780
cataagatct ccctaacagt ctcaaaagtg tttatgccag tagataaatt caaataagtc 840
aatctaaaca gaccctazat ccattatggt acctatcatt ttagcttatt ccatctttat 900
taagaatgtc atgagataac ataatgataa cacattattt tgacacaaat gggcagatct 960
agcaatttaa ctctggagtc cttcaagact gctgttctta cgaagttcac gtccctgaat 1020
catgttcctg tatggaagcc tgaaagacct caaattctaa aaggtggcga taaattgaag 1080
gtttacaaaa tataccctgc gggcttgaca cagaggcaag ctctttatac cttccagttc 1140
aacggggatg ttgatttcag aagtcacttg gagagcaatc cttgtgccaa gtttgaagta 1200
atttttgtgt agcatatgtt gagctaccta caatttacat gatcacctag cattagctct 1260
ttcacttaac tgagagaatg aagttttagg aatgagtatg accatggagt cggcatggcect 1320
ttgtaatgcc taccctactt tggccaactc atcggggatt tacattcaga aaatatacat 1380
gacttcaacc atacttaaac ccctttttgt aagataactg aatgttcata tttaatgttg 1440
ggttgtagtg tttttacttg attatatcca gacagttaca agttggacaa caagattgtg 1500
ggtctgtact gttatttatt tatttttttt ttagcagaaa caccttatct tttgtttcgt 1560
ttgaatgtag aatgaaaata aaagaaagaa aatataacat catcggccgc gcttgtctaa 1620
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aaat aagaga aat aacggta 2520
aaaat ct aag ccacgt agga 2580
ccaat cacaa caatoctgat 2640

tattaatccc tccaaaaaaa aaaaacggta tatttmet@aao10/000983
ggat aacagg atocccgtag gaggat aaca tccaatccaa
gagat aaccc actttaagcc cacgcatctg tggcacatct
acattatcta aatcacacat 2700 tcttccacac atctgagcca cacaaaaacc aatccacatc
tttatcaccc attctataaa 2760 aaatcacact ttgtgagtct acactttgat tocottcaaa
cacat ac adacgagaadagaca tZ820ctcaart @at terarvdt cat'eoregagagamacat gt 6§yt a
aaggagaagg accagctatc 2880 %1tatc atc ttggtaccac ttactcttgc tcgga?tat
D90 aacaCHRICEEGI 1 Gal FOA0" AL EAT Get ot HOGR 'cAAHY AhSe AGAREECAE gOdAT Lt

anti:gCtJ&Eagaacgg atcccaactc gttccggggce cgctacaact gaaacaaaag aagatatttt 1800
ctctctettce agaaatgtaa gttttccttt acagataccc attcaccatt tgattcagat 1860
gtggtgacta gagataaagc atactaattt‘gactcttgga aacccataaa gtttatgtta 1920
tccgtgttct ggaccaatcc acttgggggce ataacctgtg tctatgtgtg gtttggtttce 1980
cattctgatt tatgcggcga cttgtaattt aaaatctagg aggggcagac attgaacaat 2040
cccaatattt taataactta tgcaagattt tttttattaa tgagatgatg tgtttgtgac 2100
tgagattgag tcatacattt cactaagaaa tggttccaag taccaaacta tcatgaccca 2160
gttgcaaaca tgacgttcgg gagtggtcac tttgatagtt caatttcatc ttggcttctt 2220
attcctttta taattctaat tcttcttgtg taaactattt catgtattat ttttctttaa 2280
aatttacatg tcatttattt tgcctcacta actcaatttt gcatataaca atgataagtg 2340
atattttgac tcacaaaatt tacatcaaat ttcgacatcg tttattatgt tcattggatg 2400
attaacaaat ataacaaact ttgcaactaa ttaaccacca actgaatata attaactata 2460
actgtgaaag tagttaactc atttttatat ttcatagatc aaataagaga aataacggta 2520
tattaatccc tccaaaaaaa aaaaacggdta tatttactaa aaaatctaag ccacgtagga 2580
ggataacagg atccccgtag gaggataaca tccaatccaa ccaatcacaa caatcctgat 2640
gagataaccc actttaagcc cacgcatctg tggcacatct acattatcta aatcacacat 2700
tcttccacac atctgagcca cacaaaaacc aatccacatc tttatcaccc attctataaa 2760
aaatcacact ttgtgagtct acactttgat tcccttcaaa cacatacaaa gagaagagac 2820
taattaatta attaatcatc ttgagagaaa'atgtcgggta aaggagaagg accagctatc 2880
ggtatcgatc ttggtaccac ttactcttgc gtcggagtat ggcaacacga ccgtgttgag 2940
atcattgcta atgatcaagg aaacagaacc acgccatctt acgttgcttt caccgactcc 3000
gagaggttga tcggtgacgc agctaagaat caggtcgcca tgaaccccgt taacaccgtt 3060
ttcgacgcta agaggttgat cggtcgtcgt ttctctgaca gctctgttca gagtgacatg 3120
aaattgtggc cattcaagat tcaagccgga cctgccgata agccaatgat ctacgtcgaa 3180
tacaagggtyg aagagaaaga gttcgcagct gaggagattt cttccatggt tcttattaag 3240
atgcgtgaga ttgctgaggc ttaccttggt gtcacaatca agaacgccgt tgttaccgtt 3300
ccagcttact tcaacgactc tcagcgtcag gctacaaagg atgctggtgt catcgctggt 3360
ttgaacgtta tgcgaatcat caacgagcct acagccgccg ctattgecta cggtcttgac 3420
aaaaaggcta ccagcgttgg agagaagaat gttcttatct tcgatcttgg tggtggcact 3480
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caccgact cc 3000
taacaccgtt 3060
gagtgacatg 3120
ctacgtcgaa 3180
tcttattaag 3240
tgttaccgtt 3300

gagaggtt ga
ttcgacgcta
aaat t gt ggc
t acaagggt g
at gcgt gaga

t oggt gacgc agct aagaat caggtcgcca
agagdttgat cggtcgtcgt ttototgaca
cattcaagat tcaagccgga cctgccgata
aagagaaaga gttcgcagct gaggagattt
ttgctgaggc ttaccttggt gtcacaatca
ccagcttact tcaacgactc tcagcgtcag gctacaaagg

t gaaceesEbo10/000983
gctctgttca
agccaat gat
cttccatggt
agaacgccgt
at gct ggt gt

cat cgct gt B36D°Y CHAHCHF#A PHEGTRILE AITERACHAgEIA At Feeyddgt€ttat t ta

cggtcttgac 3420 aaaaag

gacacccatc
ttcaagagga
acttcctgtg
gactctctat
ctcaacatgg
aagatggaca
aaggttcagc
cctgatgagg
aacgagaagg
actgccggtg
gaacaagtct
ggagagagag
cctccagctce
atcctcaatg
aatgacaagg
tacaagtccg
tacgcttaca
gcagacaaga
cagttggctg
ccaatcattg
ggtatggacg
gactaagagc
agattgaatc
aagcatgtaa
agagtcccge
gataaattat
<210>
<211>

<212>
<213>

79
9493
DNA

<220>

ttggté%gga
agagtaagaa
agagagcgaa
acgagggtat
atctcttcag
agagcactgt
aattgctcca
ctgttgccta
ttcaagatct
gtgtcatgac
tctccaccta
ccagaaccaa
ctcgtggtgt
tctctgctga
gtcgtctctc
aagacgagga
acatgaggaa
agaagatcga
aggctgatga
ccaagatgta
atgatgctcc
tcagctcgaa
ctgttgccgg
taattaacat

aattatacat

cgcgcgeggt

cta cca

agat
ggatatcacc
gaggactctt
cgacttctac
gaagtgtatg
tcatgatgtt
ggacttcttc
cggtgctgcet
tctattgctc
cactttgatc
ctcagacaac
ggacaacaac
cccccagatce
ggacaagacc
caaggatgag
gcacaagaag
caccatccaa
ggattctatt
gttcgaagac
ccaaggagct
ccctgcettcea
tttccecgat
tcttgcgatg
gtaatgcatg
ttaatacgcg

gtcatctatg

Artificial Seguence

Qc%gg gagacagaatgg

ggtaacccaa
tcttccactg
tccaccatca
gagccagttg
gtccttgttg
aacggcaaag
gtccagggag
gatgtcactc
ccaaggaaca
caacccggtg
cttcttggta
acagtctgct
accggacaga
attgagaaga
aaggttgaag
gacgagaaga
gagcaggcga
aagatgaagg
ggtggtgaag
ggcggtgcetg
cgttcaaaca
attatcatat
acgttattta
atagaaaaca

ttactagatc
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ttaaccactt
gagctcttag
ctcagaccac
cccgtgcectag
agaagtgtct
gtggttctac
agctttgcaa
ctattctcag
ctctctcect
caaccatccc
tgttgatcca
aatttgagct
ttgacattga
agaacaagat
tggttcaaga
ccaagaacgc
ttggtgagaa
ttcaatggct
aattggagag
ccggtggtcce
gacctaagat
tttggcaata
aatttctgtt
tgagatgggt
aaatatagcg

gaattc

tgtccaagag 3600
gaggttgaga 3660
catcgagatt 3720
atttgaggag 3780
tcgtgatgcet 3840
ccgtatccect 3900
gtctattaac 3960
cggtgaagga 4020
tggtttggaa 4080
aaccaagaag 4140
ggtgtacgaa 4200
ctccggaatt 4260
tgccaatggt 4320
caccatcacc 4380
ggctgagaag 4440
tctcgagaac 4500
gctcccggcet 4560
cgagggtaac 4620
catctgcaac 4680
aggtgcctct 4740
cgaggaggtc 4800
aagtttctta 4360
gaattacgtt 4920
ttttatgatt 4980
cgcaaactag 5040

5086



agagaagaat gttcttatct tcgatctr_gg tggtggcact 3480 tttgatgtot ctotetoichzgo/000983
catt gaagag ggtatctztg aggt gaaggc aactgctggi: 3540 gacacccatc ttggtgggga
agattttgac aacagaatgg ttaaccactt tgtccaagag 3600 pCT/ CA2010/ 000983

tt caagagga agagt aagaa ggat at cacc ggt aacccaa gagctcttag gaggttgaga 3660
acttcctgtg agagagcgaa gaggactctt tottccactg ctcagaccac catcgagatt 3720

gact ct ct ab2&cgagggrat zegacttstraet repcdbeh ceeytigetad att ttgagpag 3780
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ctcaacatg atctcttcag gaagtgtatg gagccagttg agaagt gt ct tcgtgatgct 3840
aagat ggac tgca aCt %t géa%%% gc%[a tcta t CCta:[t% 9gggt g £ %{[:ga’cc aca catcgtCCt 3690
tgccgecttt gcattcactt ggccacaaag agtagagaga aggaagagaa gagcccagac 120
ttcaagaagc gaccttgcaa gtgcactcga gggtcagaaa ctgtatatca tatctatgtg 180
agagaaaggg gaacatttga gatggagtcc atttacttga ggtatactta ttattttgat 240
caataaattt gtatacttct tatttagatc aataaatttg tcattaagct ataatccaaa 300
ataaattacg atcaaatatg caaatgttag ccagtacttg tgttaaactt gatggcatct 360
cttggtttct ttggcaatca catgcctaag aaataaatag tatcatatga ttgtgtttgg 420
tcagacttca gagtcagatg actctgtttg gataaacagc ttaattaagc gcttatagaa 480
tatcatatga ttgtgtttgg tcagacttca gagcatctct tggtttctct ggcaatcata 540
tgcctaagaa ataaatagta tcatatgatt gtgtttggtc agacttcaga gtcagatgac 600
cctogtttggg taaacagctt aattaagtgc ttatagaata agcgcttatc atataagtgc 660
ttttgtacag ttatttctat gaaagtagaa gaaatagtca tattgtttta atataagcta 720
tcctggagag cttgtggaaa taaccagaaa agaacttatg gacacgtcat gagctgttta 780
cataagatct ccctaacagt ctcaaaagtg tttatgccag tagataaatt caaataagtc 840
aatctaaaca gaccctaaat ccattatggt acctatcatt ttagcttatt ccatctttat 900
taagaatgtc atgagataac ataatgataa cacattattt tgacacaaat gggcagatct 960
agcaatttaa ctctggagtc cttcaagact gctgttctta cgaagttcac gtccctgaat 1020
catgttcctg tatggaagcc tgaaagacct caaattctaa aaggtggcga taaattgaag 1080
gtttacaaaa tataccctgc gggcttgaca cagaggcaag ctctttatac cttccagtte 1140
aacggggatg ttgatttcag aagtcacttg gagagcaatc cttgtgccaa gtttgaagta 1200
atttttgtgt agcatatgtt gagctaccta caatttacat gatcacctag cattagctct 1260
ttcacttaac tgagagaatg aagttttagg aatgagtatg accatggagt cggcatggct 1320
ttgtaatgcc taccctactt tggccaactc atcggggatt tacattcaga aaatatacat 1380
gacttcaacc atacttaaac ccctttttgt aagataactg aatgttcata tttaatgttg 1440
ggttgtagtg tttttacttg attatatcca gacagttaca agttggacaa caagattgtg 1500
ggtctgtact gttatttatt tatttttttt ttagcagaaa caccttatct tttgtttcgt 1560
ttgaatgtag aatgaaaata aaagaaagaa aatataacat catcggccgc gcttgtctaa 1620
tttcgggcag ttaggatcct ctccggtcac cggaaagttt cagtagaaga aacaaaacac 1680
cgtgactaaa atgatactat tattttattt attgtgtttt tcttttttct accggaactt 1740



aaggttcagc aattgctcca ggacttcttc aacggcaaag
cctgatgagg ctgttgccta cggtgctget® gt ccagggag
aacgagaagg ttcaagatct tctattgctc gatgtcactc
actgccggtg gtgtcatgac cactttgatc ccaaggaaca caaccatccc aaccaagaag 4140
gaacaagtct tctccaccta ctcagacaac caacccggtg tgttgatcca ggtgtacgaa 4200
ggagagagagtreaganctaacagghe aat aadsIort Bt gees tagt ARt 2edategyaat t 14060
cctccagctc ctcgtggtgt cocccagatc acagtctgc7 ttgacattga tgccaatggt 4320
at cct caar§Ctde T@é@@%ﬁﬁﬁéﬁéﬁgéE%ﬁﬁécﬁﬁﬁég Cagyadcasyat “eadcaftacct 4%80

agctttgcaa gtctattaaecBes10/000983
ctattctcag cggtgaagga 4020
ctctctccect tggtt7ggaa 4080

aat gac aa%gggtgacta

gagataaagc atactaattt gactcttgga aacccataaa gtttatgtta 1920
tccgtgttct ggaccaatcc acttgggggc ataacctgtg tctatgtgtg gtttggtttce 1980
cattctgatt tatgcggcga cttgtaattt aaaatctagg aggggcagac attgaacaat 2040
cccaatattt taataactta tgcaagattt tttttattaa tgagatgatg tgtttgtgac 2100
tgagattgag tcatacattt cactaagaaa tggttccaag taccaaacta tcatgaccca 2160
gttgcaaaca tgacgttcgg gagtggtcac tttgatagtt caatttcatc ttggcttctt 2220
attcctttta taattctaat tcttcttgtg taaactattt catgtattat ttttctttaa 2280
aatttacatg tcatttattt tgcctcacta actcaatttt gcatataaca atgataagtg 2340
atattttgac tcacaaaatt tacatcaaat ttcgacatcg tttattatgt tcattggatg 2400
attaacaaat ataacaaact ttgcaactaa ttaaccacca actgaatata attaactata 2460
actgtgaaag tagttaactc atttttatat ttcatagatc aaataagaga aataacggta 2520
tattaatccc tccaaaaaaa aaaaacggta tatttactaa aaaatctaag ccacgtagga 2580
ggataacagg atccccgtag gaggataaca tccaatccaa ccaatcacaa caatcctgat 2640
gagataaccc actttaagcc cacgcatctg tggcacatct acattatcta aatcacacat 2700
tcttccacac atctgagcca cacaaaaacc aatccacatc tttatcaccc attctataaa 2760
aaatcacact ttgtgagtct acactttgat tcccttcaaa cacatacaaa gagaagagac 2820
taattaatta attaatcatc ttgagagaaa atgtcgggta aaggagaagg accagctatc 2880
ggtatcgatc ttggtaccac ttactcttgc gtcggagtat ggcaacacga ccgtgttgag 2940
atcattgcta atgatcaagg aaacagaacc acgccatctt acgttgcecttt caccgactcc 3000
gagaggttga tcggtgacgc agctaagaat caggtcgcca tgaaccccgt taacaccgtt 3060
ttcgacgcta agaggttgat cggtcgtcgt ttctctgaca gectctgttca gagtgacatg 3120
aaattgtggc cattcaagat tcaagccgga cctgccgata agccaatgat ctacgtcgaa 3180
tacaagggtg aagagaaaga dgttcgcagct gaggagattt cttccatggt tcttattaag 3240
atgcgtgaga ttgctgaggc ttaccttggt gtcacaatca agaacgccgt tgttaccgtt 3300
ccagcttact tcaacgactc tcagcgtcag gctacaaagg atgctggtgt catcgcectggt 3360
ttgaacgtta tgcgaatcat caacgagcct acagccgccg ctattgccta cggtcttgac 3420
aaaaaggcta ccagcgttgg agagaagaat gttcttatct tcgatcttgg tggtggcact 3480
tttgatgtct ctcttcttac cattgaagag ggtatctttg aggtgaaggc aactgctggt 3540
gacacccatc ttggtgggga agattttgac aacagaatgg ttaaccactt tgtccaagag 3600
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gtcgtctctc
aagacgagga
acat gaggaa
agaagat cga
aggct gat ga

caaggat gag attgagaaga tggttcaaga qggct gagaag 4440 t acaagtcegpi0/000983
gcacaagaag aaggt. Tgaay ccaagaacgc tctcgagaac 4500 tacgcttaca
caccat ccaa gacgagaaga . Ttggtgagaa gctcccggct 4560 gcagacaaga
ggattctatt gagcaggcga ttcaatggct cgagggtaac 4620 cagttggctg

gtt cgaagac aagat gaagg aattggagag catctgcaac 4680 ccaatcattg

ccaagat gt a ccaaggagct ggtggtgaag ccggtggtcc aggtgcctct 4740 gg. Tat ggacg

atgatgct6§C%%E@@%f*@%ﬁﬁﬁ@@g%ﬁﬁé?ﬁ“ﬁa@ﬁﬁﬁég%ﬁ>@@&g@éﬁﬁiéaﬁﬁﬁﬁa@actég gc

tecagetegag frhececgat cotlcaaaca tttogqaaty aagtttctta 4860 agattgagic
gactctctat acgagggtat cgacttctac tccaccatca cccgtgctag atttgaggag 3780
ctcaacatgg atctcttcag gaagtgtatg gagccagttg agaagtgtct tcgtgatgct 3840
aagatggaca agagcactgt tcatgatgtt gtccttgttg gtggttctac ccgtatccct 3300
aaggttcagc aattgctcca ggacttcttc aacggcaaag agctttgcaa gtctattaac 3960
cctgatgagg ctgttgccta cggtgctgct gtccagggag ctattctcag cggtgaagga 4020
aacgagaagg ttcaagatct tctattgctc gatgtcactc ctctctccct tggtttggaa 4080
actgccggtg gtgtcatgac cactttgatc ccaaggaaca caaccatccc aaccaagaag 4140
gaacaagtct tctccaccta ctcagacaac caacccggtg tgttgatcca ggtgtacgaa 4200
ggagagagag ccagaaccaa ggacaacaac cttcttggta aatttgagct ctccggaatt 4260
cctccagcectce ctcgtggtgt cccccagatc acagtctget ttgacattga tgccaatggt 4320
atcctcaatg tctctgctga ggacaagacc accggacaga agaacaagat caccatcacc 4380
aatgacaagg gtcgtctctc caaggatgag attgagaaga tggttcaaga ggctgagaag 4440
tacaagtccg aagacgagga gcacaagaadg aaggttgaag ccaagaacgc tctcgagaac 4500
tacgcttaca acatgaggaa caccatccaa gacgagaaga ttggtgagaa gctcccggcect 4560
gcagacaaga agaagatcga ggattctatt gagcaggcga ttcaatggct cgagggtaac 4620
cagttggctg aggctgatga gttcgaagac aagatgaagg aattggagag catctgcaac 4680
ccaatcattg ccaagatgta ccaaggagct ggtggtgaag ccggtggtcc aggtgcctct 4740
ggtatggacg atgatgctcc ccctgcttca ggcggtgctg gacctaagat cgaggaggtc 4800
gactaagagc tcagctcgaa tttccccgat cgttcaaaca tttggcaata aagtttctta 4860
agattgaatc ctgttgccgg tcttgcgatg attatcatat aatttctgtt gaattacgtt 4920
aagcatgtaa taattaacat gtaatgcatg acgttattta tgagatgggt ttttatgatt 4980
agagtcccgc aattatacat ttaatacgcg atagaaaaca aaatatagcg cgcaaactag 5040
gataaattat cgcgcgcggt gtcatctatg ttactagatc gaattcgtaa tcatggtcat 5100
agctgtttcc tgtgtgaaat tgttatccgg ggctggtctg tacattcatc ttgccgcctt 5160
tgcattcact tggccacaaa gagtagagag aaggaagaga agagcccaga cttcaagaag 5220
cgaccttgca agtgcactcg agggtcagaa actgtatatc atatctatgt gagagaaagg 5280
ggaacatttg agatggagtc catttacttg aggtatactt attattttga tcaataaatt 5340
tgtatacttc ttatttagat caataaattt gtcattaagc tataatccaa aataaattac 5400
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ctgttgccgg tottgecgatg
t aatt aacat gtaatucatg
aattatacat ttaatacgcg
cgcgcgeggt gtcatctatg

attaTcatat aatttctgtt gaattacgtt 4920 aagcatgicazp10/000983
acgttattta tgagatgggt ttttatgatt 4980 agagtcccgc
at agaaaaca aaat at agcg cgcaaactag 5040 gat aaatt at
ttactagatc gaattcgtaa tcatggtcat 5100 agctgtttcc

tgtgtgaaa. T tgttatccgq ggctggtctg tacattcatc ttgccgectt 5160 tgcattcact
t ggccacaaat gagt alg dgaer wage argage ca§ageccagprtet1ataagalay t5P2Z0 tefaccbt gea

agt gcact
agat ggag

cg aggut cagaa actgtatatc atatctatgt gagagcaaagg 5280 ggaacatttg
et ¥Rt adre o wggt agtaé‘éﬁaaétat%"tattff‘b%gt eaatahhtd I53HF T Tyt atact tc
agagtcagat gactctgttt ggataaacag cttaattaag cgcttataga atatcatatg 5580
attgtgtttg gtcagacttc agagcatctc ttggtttctc tggcaatcat atgcctaaga 5640
aataaatagt atcatatgat tgtgtttggt cagacttcag agtcagatga ccctgtttgg 5700
gtaaacagct taattaagtg cttatagaat aagcgcttat catataagtg cttttgtaca 5760
gttatttcta tgaaagtaga agaaatagtc atattgtttt aatataagct atcctggaga 5820
gcttgtggaa ataaccagaa aagaacttat ggacacgtca tgagctgttt acataagatc 5880
tccctaacag tctcaaaagt gtttatgcca gtagataaat tcaaataagt caatctaaac 5940
agaccctaaa tccattatgg tacctatcat tttagcttat tccatcttta ttaagaatgt 6000
catgagataa cataatgata acacattatt ttgacacaaa tgggcagatc tagcaattta 6060
actctggagt ccttcaagac tgctgttctt acgaagttca cgtccctgaa tcatgttcct 6120
gtatggaagc ctgaaagacc tcaaattcta aaaggtggcg ataaattgaa ggtttacaaa 6180
atataccctg cgggcttgac acagaggcaa gctctttata ccttccagtt caacggggat 6240
gttgatttca gaagtcactt ggagagcaat ccttgtgcca agtttgaagt aatttttgtg 6300
tagcatatgt tgagctacct acaatttaca tgatcaccta gcattagctc tttcacttaa 6360
ctgagagaat gaagttttag gaatgagtat gaccatggag tcggcatggc tttgtaatgc 6420
ctaccctact ttggccaact catcggggat ttacattcag aaaatataca tgacttcaac 6480
catacttaaa cccctttttg taagataact gaatgttcat atttaatgtt gggttgtagt 6540
gtttttactt gattatatcc agacagttac aagttggaca acaagattgt gggtctgtac 6600
tgttatttat ttattttttt tttagcagaa acaccttatc ttttgtttcg tttgaatgta 6660
gaatgaaaat aaaagaaaga aaatataaca tcatcggccg cgcttgtcta atttcgggca 6720
gttaggatcc tctccggtca ccggaaagtt tcagtagaag aaacaaaaca ccgtgactaa 6780
aatgatacta ttattttatt tattgtgttt ttcttttttc taccggaact ttttagaacg 6840
gatcccaact cgttccgggg ccgctacaac tgaaacaaaa gaagatattt tctctctcett 6900
cagaaatgta agttttcctt tacagatacc cattcaccat ttgattcaga tgtggtgact 6960
agagataaag catactaatt tgactcttgg aaacccataa agtttatgtt atccgtgttc 7020
tggaccaatc cacttggggg cataacctgt gtctatgtgt ggtttggttt ccattctgat 7080
ttatgcggcg acttgtaatt taaaatctag gaggggcaga cattgaacaa tcccaatatt 7140
ttaataactt atgcaagatt ttttttatta atgagatgat gtgtttgtga ctgagattga 7200
gtcatacatt tcactaagaa atggttccaa gtaccaaact atcatgaccc agttgcaaac 7260

56



.Ttatttaua. T caataaattT gtcattaagc tataatccaa aataaattac 5400 PCT/CA2010/000983
PCT/ CA2010/ 000983 gat caaat at gcaaatgtta gccagtactt gtgttaaact tgatggcatc
tottggtttc 5460 tttggcaatc acatgcctaa gaaataaata gtatcatatg attgtgtttg

gt cagacttc 5520 agagtcagat gactctgttt ggataaacag cttaattaag cgcttataga
atatcatatg 5580 attgtgtttg gtcagacttc agagcatctc ttggtttctc tggcaatcat

at gcct aaga 5640 aat aaat agt atcat at gat t tgtttggt cagacttcag agtcagat ga

ccct gt t t G§9BFODCYHIIqaACHIER TAATtad t"gcaé1 Feteagaatosaatg e ECTERT at a¥gt g
cttttgtaca

ataattctaa ttcttcttgt gtaaactatt tcatgtatta tttttcttta aaatttacat 7380
gtcatttatt ttgcctcact aactcaattt tgcatataac aatgataagt gatattttga 7440
ctcacaaaat ttacatcaaa tttcgacatc gtttattatg ttcattggat gattaacaaa 7500
tataacaaac tttgcaacta attaaccacc aactgaatat aattaactat aactgtgaaa 7560
gtagttaact catttttata tttcatagat caaataagag aaataacggt atattaatcc 7620
ctccaaaaaa aaaaaacggt atatttacta aaaaatctaa gccacgtagg aggataacag 7680
gatccccgta ggaggataac atccaatcca accaatcaca acaatcctga tgagataacc 7740
cactttaagc ccacgcatct gtggcacatc tacattatct aaatcacaca ttcttccaca 7800
catctgagcc acacaaaaac caatccacat ctttatcacc cattctataa aaaatcacac 7860
tttgtgagtc tacactttga ttcccttcaa acacatacaa agagaagaga ctaattaatt 7920
aattaatcat cttgagagaa aatgtttggg cgcggaccaa caaggaagag tgataacacc 7980
aaatattacg atattcttgg tgtttcaaaa agtgctagtg aagatgaaat caagaaagcc 8040
tatagaaagg cagcgatgaa gaaccatcca gataagggtg gggatcctga gaagttcaag 8100
gagttgggcc aagcatatga agtgttgagc gatcctgaaa agaaagaact gtatgatcaa 8160
tatggtgaag atgcccttaa agaaggaatg gggggaggcg caggaagctc atttcataat 8220
ccgtttgata ttttcgaatc attttttggt gcaggctttg gtggtggtgg tccttcacgce 8280
gcaagaagac agaagcaagg agaagatgtg gtgcattcta taaaggtttc cttggaggat 8340
gtgtataacg gcactacaaa gaagctatca ctttctagga atgcactgtg ctcaaaatgt 8400
aaagggaaag gttcaaaaag tggaactgct ggaaggtgtt ttggatgcca gggcacaggt 8460
atgaagatta ccagaaggca aattggactg ggcatgattc aacaaatgca acacgtctgt 8520
cctgactgca aaggaacagg cgaggtcatt agtgagagag atagatgccc tcaatgcaag 8580
ggaaacaaga ttactcaaga aaagaaggtg ctggaggtgc atgtggaaaa ggggatgcag 8640
cagggtcaca agattgtatt cgaaggacaa gctgatgaag ctcctgatac aatcacagga 8700
gacatagttt ttgtcttgca agtaaaggga catccgaagt ttcggaggga gcgtgatgac 8760
ctccacattg aacacaattt gagcttaact gaggctctct gtggcttcca gtttaatgtc 8820
acacatcttg atggaaggca actattggtc aaatcgaacc ccggcgaagt catcaagcca 8880
ggtcaacata aagctataaa tgatgaggga atgccacaac atggtaggcc gttcatgaag 8940
ggacgcctat acatcaagtt tagtgttgat ttcccggatt cgggttttcet ttccccaagce 9000
caaagcctgg aattagaaaa gatattacct caaaagacaa gcaagaactt gtcccaaaag 9060
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5760 gttatttcta tgaaagtaga agaaatagtc atattgtttt aatataagct atcctmggagz158209s3
gctt gt ggaa at aaccagaa aagaacttat‘ ggacacgtca tgagctgttt acataagatc 5830
tccctaacag tctcaaaagt gtttatgcca gtagataaat tcaaataagt caatctaaac 5940
agaccctaaa tccattatgg tacctatcat tttagcttat tccatcttta ttaagaatgt 6000
cat gagat aa cataatgata acacattatt ttgacacaaa tgggcagatc tagcaattta 6060
act ct ggagpasEetatcadgac st gt getecrcat gahgitidtar ceEertegaadsrgat fattcct®18220
gt at ggaagc ctgaaagacc tcaaattcta aaaggtggcg at aaattgaa gg%tttacaaa l6180

at at acccTG 2 HTIEL L Gac - ATHY2BPIEA " Yo Lt TT AL AT GLOR LTRGet toatgageac

tcgcagcctc gggtgcaatg cgctcaacag taggagctca gctcgaattt ccccgatcegt 9240

tcaaacattt
atcatataat
ttatttatga

gaaaacaaaa

ggcaataaag
ttctgttgaa
gatgggtttt

tatagcgcgc

tttcttaaga
ttacgttaag
tatgattaga

aaactaggat

ttgaatcctg ttgccggtct

catgtaataa ttaacatgta

gtcccgcaat tatacattta

aaattatcgc gcgcggtgtce

tgcgatgatt
atgcatgacg
atacgcgata

atctatgtta

9300

9360

9420

9480

ctagatcgaa ttc 9493
<210>
<211>
<212>

<213>

80
568
PRT
Artificial Sequence

<220>
<223> Synthesized amino acid translation of coding

construct 690 expression cassette

seguence in

<400> 80

Met Glu Lys Ile Val
1 5

Ala Ile

10

Leu Leu Leu Val Ser Leu Val Lys Ser

15
Gln Ile

Ile Ala

25

Thr Glu

30

Asp Cys His Asn Asn Ser Gln Val

20

Gly Tyr

Thr Ile

35

Met Glu Val

40

Asp Thr Val Ala

45

Lys Asn Thr His Gln Asp Ile

Glu
50

Leu Val

60

Leu Lys Thr His Asn Gly Leu

55

Lys Cys Asp Asp Gly Lys

Pro Leu Ile Leu Ser Val Ala

65

Asn
80

Arg Asp Leu Leu

70

Cys Gly

75

Trp Gly

Met Glu

85

Pro Phe Ile Val Glu Ile

95

Pro Ser Val

90

Cys Asp Asn Trp Tyr

Glu Ala Thr His Phe Ala

110

Leu Pro

105

Asn Pro Asn

100

Lys Asp Cys Tyr Gly

Glu
115

Glu Glu Gln

120

Asp Tyr Leu Val Ser Ser Phe Glu

125

Arg Leu Ser Ser

Phe
130

Arg Glu Ile Phe Glu Pro Asn His Thr Val

140

Pro Lys Ser Ser

135

Trp

Thr
145

Gly val Ala Ser Ser His Asn Glu Ser Phe

150

Ser Cys Gly Ser

155

Tyr
160
Thr Asn
175

Asn Leu Pro

170

Arg Asn Leu Leu Trp Leu

165

Gly Lys Gly Tyr Leu

Ser Lys Ser Tyr Ala Asn Asn Lys Glu Lys Glu Val Leu Val Leu Trp
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caacggggat 6240 gttgatttca gaagtcactt ggagagcaat ccttgtgcca agtttmaagboio/000983
aatttttgtg 6300 tagcatatgt tgagctacct acaatttaca tgatcaccta gcattagctc
tttcacttaa 6360 ctgagagaat gaagttttag gaat gagtat gaccatggag tcggcatggc
tttgtaatgc 6420 ctaccctact ttggccaact cataggggat ttacattcag aaaat ataca
tgacttcaac 6480 catacttaaa cccctttttg taagataact gaatgttcat atttaatgtt
gggtt gt agt 6540 gtti%’t actt gattat at dé>agacagttac aagﬂg@gaca acaagat t gt
gggtctgtac 6600 tgttatttat ttattttttt ttta %%geg acaccttatc ttttgtttcg

tttgaat gt&v688D Hgéalfﬁaﬁﬁ%tkaa%ﬁé“g%?g%ya%%’t P eateyddegs

Thr Glu Asn Ala Tyr Val Ser Val Val Ser Ser His Tyr Ser Arg Lys
210 215 220

Phe Thr Pro Glu Ile Ala Lys Arg Pro Lys Val Arg Asp Gln Glu Gly
225 230 235 240

Arg Ile Asn Tyr Tyr Trp Thr Leu Leu Glu Pro Gly Asp Thr Ile Ile
245 250 255

Phe Glu Ala Asn Gly Asn Leu Ile Ala Pro Arg Tyr Ala Phe Ala Leu
260 265 270

Ser Arg Gly Phe Gly Ser Gly Ile Met Lys Ser Glu Leu Glu Tyr Gly
275 280 285

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
290 295 300

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
305 310 315 320

Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Gly Leu Arg Asn Ser
325 330 335

Pro Gln Arg Glu Ser Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Tle
340 345 350

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

Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys
370 375 380

Glu Ser Thr Gln Lys Ala Ile Asp Gly Val Thr Asn Lys Val Asn Ser
385 390 395 400

Ile Ile Asp Lys Met Asn Thr Gln Phe Glu Ala Val Gly Arg Glu Phe
405 410 415

Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp
420 425 430

Gly Phe Leu Asp Val Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met
435 440 445

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu
450 455 460

Tyr Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
465 470 475 480

Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
485 490 495

Ser Ile Arg Asn Gly Thr Tyr Asn Tyr Pro Gln Tyr Ser Glu Glu Ala
500 505 510
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cgcttgtcta atttcgggca
aaacaaaaca ccgtgactaa
taccggaact ttttagaacg
gaagatattt tctctctott
ttgattcaga tgtggtgact
gtgttc
¥t gaf

cattgaacaa tcccaatatt

agtttatgtt atcc
ggt t t ggt tF9ctHAt

Thr Tyr
530

Leu Ala
545

Ser Leu

Gln

Ile

Gln

<210> 81

<211> 568
<212> PRT
<213> Artificial Sequence

<220>

Ile

Met

Cys

6720
6780
6840
6900
6960

7020 t
Fos6't
7140 ttaat ¥act t at gcaagatt
Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala

535

gttaggat cc
aat gat act a
gat cccaact
cagaaat gt a
agagat aaag

accaatc
ot oialyY dett Biaatt

t ot coggt ca ccggaaagtt
ttattttatt tattgtgttt

t cagtragaagp10/000983
ttettttttc

cgttccgggg ccgetacaac t gaaacaaaa
agttttcctt tacagatacc cattcaccat
catactaatt tgactcttgg aaacccataa
cacttggggg cataacct gt gtct at gt gt

i?@a%ﬁi&%%dﬂdaggggcaga
Pttttatta

540

Met Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly

550

Arg Ile Cys Ile

565

555

<223> Synthesized Amino acid translation of coding

construct 691 expression cassette

<400> 81

Met Glu
1

Asp Gln

Asp Thr

Leu Glu
50

Pro Leu
65

Pro Glu

Glu Lys

Asp Tyr

Arg Phe

130
Thr Gly
145
Arg Asn

Ser Lys

Gly Val

Lys

Ile

Ile

35

Lys

Gln

Cys

Pro

Glu

115

Glu

Val

Leu

Ser

His

Ile

Cys

20

Met

Thr

Leu

Glu

Asn

100

Glu

Ile

Ser

Leu

Tyr

180

His

Val

Ile

Glu

His

Gly

Leu

85

Pro

Leu

Phe

Ala

Trp

165

Ala

Pro

Leu

Gly

Lys

Asn

Asn

70

Leu

Glu

Arg

Pro

Ser

150

Leu

Asn

Pro

Leu

Tyr

Asn

Gly

55

Cys

Ile

Asn

Glu

Lys

135

Cys

Thr

Asn

Asn

Leu

His

Val

40

Lys

Ser

Ser

Gly

Gln

120

Glu

Ser

Gly

Lys

Ile

Ala

Ala

25

Thr

Leu

Val

Lys

Thr

105

Leu

Ser

His

Lys

Glu

185

Gly

Ile

10

Asn

Val

Cys

Ala

Glu

90

Cys

Ser

Ser

Asn

Asn

170

Lys

Asp

60

Val

Asn

Thr

Leu

Gly

75

Ser

Tyr

Ser

Trp

Gly

155

Gly

Glu

Gln

Ser

Ser

His

Leu

60

Trp

Trp

Pro

Val

Pro

140

Glu

Leu

Val

Lys

Leu

Thr

Ala

45

Lys

Ile

Ser

Gly

Ser

125

Asn

Ser

Tyr

Leu

Ala

560

sequence in

Val

Glu

30

Gln

Gly

Leu

Tyr

His

110

Ser

His

Ser

Pro

Val

1590

Leu

Lys

15

Gln

Asp

Ile

Gly

Ile

95

Phe

Phe

Thr

Phe

Asn

175

Leu

Tyr

Ser

Val

Ile

Ala

Asn

80

Val

Ala

Glu

Val

Tyr

160

Leu

Trp

His



at gagatgat gtgtttgtga
gt accaaact atcatgaccc
tcaatttcat cttggcttct
tcatgtatta tttttcttta
t gcat at aac aat gat aagt
gtttattatg ttcatfggat
aactgaatat aatt aact at

caaat aagad~azat a3t qge

aaaaat ct aa gCcacgt agg
accaat caga.agaabestga
t acatt at ctysaaat cacaca
ctttatcacc cattctataa
acacat ac aagagagaagaga
cgcggaccaa caaggaagag
agt gct agt g aagat gaaat
gataagggﬁ%eg@bhﬁg%t &
gat cct gaaa agaaaga

gggggaggcg, ca %?gQQ%
qcaggctttg gt%tzg tgg
gtgcattcta taaaggtttc
cttt ct agggsat@caeh girg
ggaaggt gtt ttgyat gcca
ggcat gattc aacaaat gca
agt gagagafftatagatgcte
ct ggaggt g at gt ggaaaa

gctgatgaa%rc%é:lc atac
cat ccgaagt’ t t 6ggaggga
gaggctctct gtggcttcca
aaat cgaacs -Ceggagaadgt,
at gccacaac at ggt aggeo
ttcccggatt cgggttttct
caaaagacddaqgeaadgaactie
cat gat gt ca at at t’eaga
gat gacgat g at gat gaaga
t aggagct c Yg%%;& attt°
ttgaatcctg ttgcoggtct
cat gt aat ag .t taacal gt
gt cccgcaatsst at acattta
aaattat cgc gcgoggtgtc
<212> PRTI1<218> PApt ifsi

Glu
420

Asn Asn Leu

Gly Phe Leu

435

Asp

Glu Asn Glu

450

Arg

Tyr Val

465

Asp Lys

Asn Gly Cys Phe

Ile Asn

500

Ser Arg

Arg Leu Lys

515

Arg

ctgagattga 7290 gtcatacatt tcactaagaa atggtieeo@acio/000983

agttgcaaac’ 7269 atgacgttcg ggagtggtca ctttgatagt
tattcctttt 7320 ataattctaa ttcttcttgt gtaaactatt
aaatttacat 7380 gtcatttatt ttgcctcact aactcaattt
gatattttga7440 ctcacaaaat ttacatcaaa tttcgacatc
gat t aacaaa¥B00 t at aacaaac t4d%gcaacta attaaccacc
aact aaa/560 qtagttaact catttttata tttcatagat

Eﬁéﬁg% “Ec7820° ctEcad@ady’ addaddtggf dratttacta

aggat aacag7680 gatcoccgt'd ggaggat aac atccaatcca
tgagat aaccl /460 cacLt {aage, ceacecalel gtggcacatc
ttobggcaca7800 catctgagcc acacaaaaac gL@at ccacat
aaaat cacac7860 tttgtgagtc tacactttga ttcccttcaa
Ciaath aatt 7923 caatitvaat c &y cidpgaigagaa dat gttt ggg
t4gat aacacc7980 aadttattacq atattctt2gg tgtttcaaaa
caagaaagcc8040 t at agaaagg cagcgat gaa gaaccatcca
gaa FEdéﬁgB%D@l?dﬁ¥%éﬁbéﬁrdﬁécﬁ?%g@a]éﬁtgttgagc
gt at gat caa816G°? at ggt gaag at gcétttaa agaaggaat g
alJ Leataat gﬁglg%ﬂt Lgata, thLtcoaate attttttgot

cttcacdc gcaagaagac agaagcaagg aéhagatgtg
ctt ggaggat 8340 gt gt at aacg gcact acaaa gaagctatca
ciLagaatigt 8400 raaaggqapagagiitecaaaaag dggaact gct
gggcacaggt 8460 at gaagat t3aoccagaaggca aattggactg
acacgtot gt 8520 cctgact gca aaggaacagg cgaggtcatt
ﬁ@aéﬂ?dﬁégBBBGﬁggﬁéaééadéYt@%&?E%é@a?@@agaaggtg

ggggat gcag8640 cagggftaca agattgtatt taaggacaa
at cac ag70 atagttt ttgtcttgca t aaaggga
g;b?ﬁ%ﬁ%%bg?% e%?gﬁb?%ffgyd%%hcﬁ %ﬁg %%gcttaact

gtttaatgtc8820 acacatottg atggaaggca actattggtc
eat 02a00cAa8380.,90t.caacatiasaagctaf aaa figat gaggga
gt t cat gaag894Gsggacgcct at acatgeagtt tagtgttgat
ttcoccaagc9000 caaagcctgg aattagaaaa gatattacct
glecdadaag906@lngalgygtiagakd &t gtgdggaligaccaccctg
ggagat gagt 9920 cgaaagaagc a#Paat accg tgaggcat at
t gat gagcac9160 tcgcagcct c gggt gcaat g cgct caacag
égﬁégﬁtgig5%%6H¥cgﬁagé¥eggdg%hgf%éﬁg Yt ct t aaga
tgcgat gatt 9300 atcatataat ttctgttgaa ttacgttaag

2t 96at 0acoa36Q 1Lt @it kAt 9a,08f0991 Lt iatgattaga
at acgogat a9420 gaaaagaaaa t at agcgcgc aamact aggat

atctatgtta9480 ctagatcgaa ttc9493 <210> PO <211> 568

vealrsBetfuente R22@> Ala Val Gly Arg Glu Phe
405 410 415

Glu Asn Leu
425

Ile Met

430

Arg Arg Asn Lys Lys Glu Asp

Val Thr Asn Ala Glu Leu Val Leu Met

445

Trp Tyr Leu

440

Phe Asn Val Asn Leu

460

Thr Leu Asp His Ser

455

Asp Lys

Gln Asn Ala Glu

475

Leu Leu

470

Arg Arg Asp Lys Leu Gly

480

Glu
485

Glu Met

495

Phe Tyr His Lys Cys Asn Glu

490

Asp Cys

Thr Gln Glu

510

Gly Tyr Asn Tyr Pro Ser Glu Ala

505

Tyr

Glu Glu Val Glu

525

Ser Leu Ser Ile

520

Ile Gly Lys Gly

61



<223> Synt hesi zed am no acid translation of coding sequence in camstdadcto/000983
690 expression cassette <400> SO Met Gu iys Ile Vol Leu Leu Leu Ala Ile
Vol Ser ieu Val 73-ys Ser 151015 Asp Gn lle Cys Ile Ay Tyr Hs Ala Asn
Asn Ser Thy Gu A n Vol 202530 Asp hr Ile Met A u Lys Asn Vol hr Val Thr
Hs Ala Gn Asp Ile 354045 Leu A u Lys Thr Hs Asn Jy Lys Leu Cys Asp Leu
Asp Ay Vol Lys 5055.60 Pro Leo Ile Leu Ar% (,%&%Ser Val Ala Ay Trp Leu
Leu G y ASH § 7 57580 °PFo” NEE s s Thsped theTHat I’gl SSoITBrdt @ u rp Ser Tyr
Ile Vol 9095 u Lys Ala Asn Pro Thr Asn Anp R Cys Tyr Pro Ay Hs Pie
Ala 100105119, Asp Tyl @u A@augéﬁee@rs@rqéﬁ GLp @UcSek. Sal, V@, Ser Ser Pie
Au 115120825 Arg Pie Qu dshe Phe Pro Lys &4 Ser Ser Trp Pegy Asn His Thr
Vol 130135140 Thr Gy Val Ser Ala Ser Cys Ser His Asn Ay A u Ser Ser Phe
Tyr 145150F5546@1Ar gysAshag Liew ¢eu1T¢p Leu Thr Gy Lys Asn Ay Leu Tyr Pro
Asn Leo 165170175 Ser bBys Her Tyr Ala Asn Asn Lys Gu Lys Gu Val Lou Vol
Leu Trp 180185190 Ay Val Hs Hs Pro Pro Asn Ile Ay Asp Gn Lys Ala Leu
Tyr Hi s 1‘9@?602@5 Chr Gu Asn Ala Tyr Val Ser Val Val Ser Ser His Tyr Her
Arg Lys 2 15 Phe Thr Pro Qu Ile Ala Lys Arg Pro Lys Val Arg Asp G n
Gu dy 2 éo Argsg e . Asn Tyr Tyr Crp Thr Leu Leu Gu Pro @y Asp
ThrIIeIIe24 15C5LI5 uAIaAsnGIyAsnLeuIIeAIaProArgTyr Al a
Phe Al a Lely260265270 Ser Arg Gy Phe Ay 5¢cr Ay Ile Met Lys Ser Qu Leu
Cu Tyr Gy3275280R85 zAslys Asa ThansbLysiotysr GoRidhseiacMein Ay Ala Ile
Asn Ser Her 29C285308:-tMetéc RxorfheotiwmsAsitel le Hs Pro Leu Thr Ile Ay Qu
Cys Pro Lys 3C5310315320 Cyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Gy
Leu Arg AstP08er82325330335 Pro G n Arg G u Ser Arg Arg Lys Lys Arg Ay Leu
Phe Ay Ala || e 340345350 Ala_d n dy Mt Val
ssp Gy O/F Tyr Jes3uosts By PR S e & & e PG TG Set Oy Ty
Ala Ala Asp Lys 370375380 Qu Se_ Thr n Lys Ala lle Asp @y val Chr Asa
Lys Val Asn, $ef 385390395400 hhe ahl € ASPLYSe A8 @@m&& Phe Gu Al a
Val Ay Arg Gu Phe;2C5410415 Asn Asty Leu G u Arg Argolle Gu Asia Leu Asn
Lys Lys Met Clu Asp 42042543C Cy Phe Leu Asp Val Trp Thr Tyr Asn Ala Gu

Leu Li eu M AbewprsNefer Thr Asp Thr Val Asp Thr Val Leu Glu Lys Asn Val
35 40 45

Thr Val Thr His Ser Val Asn Leu Leu Glu Asp Ser His Asn Gly Lys
50 55 60

Leu Cys Leu Leu Lys Gly Ile Ala Pro Leu Gln Leu Gly Asn Cys Ser
65 70 75 80

Val Ala Gly Trp Ile Leu Gly Asn Pro Glu Cys Glu Leu Leu Ile Ser
85 90 95

Lys Glu Ser Trp Ser Tyr Ile Val Glu Thr Pro Asn Pro Glu Asn Gly
100 105 110

Thr Cys Tyr Pro Gly Ser Phe Asn Asp Tyr Glu Glu Leu Lys His Leu
115 120 125

Leu Ser Arg Ile Asn His Phe Glu Lys Ile Gln Ile Ile Pro Lys Ser
130 135 140

Ser Trp Ser Asp His Glu Ala Ser Ser Gly Val Ser Ser Ala Cys Pro
145 150 155 160

Tyr Leu Gly Ser Pro Ser Phe Phe Arg Asn Val Val Trp Leu Ile Lys
165 170 175

Lys Asn Ser Thr Tyr Pro Thr Ile Lys Lys Ser Tyr Asn Asn Thr Asn
180 185 190

Gln Glu Asp Leu Leu Val Leu Trp Gly Ile His His Pro Asn Asp Ala
195 200 205

Ala Glu Gln Thr Arg Leu Tyr Gln Asn Pro Thr Thr Tyr Ile Ser Ile
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435440445 GQu Asn Qu Arg Thr Leu Asp Phe His Asp Ser Asn Val Li ysr/Aszpibaaosss
450455460 Cyr Asp Lys Val Arg Leu An Leu Arg Asp Asn Ala Lys Qu Leu Gy
46547047548C Asa Ay Cys Phe Cu the Cyr H's Lys Cys Asp Asn A u Cys Met

G u 485490495 Ser Ile Arg Asn Ay Thr Tyr Asn Tyr Pro Gn 7yr Ser Au Gu
Al a 500505510 PCT/ CA2010/ 000983 Arg Leu Lys Arg Chu (Thu Ile Ser Chi/ Val
Lys Leu G uzﬁér IIe Ay 5155205825 Thr Tyr G n W?e Leu Ser Ile Tyr Ser Thr
Val Al a Ser AIa 53053 540 L Leu Ser Leu
Trp Met @%é éfrS éLeuséz% 35%%3 %era? b e &'h Iéy Zgl/i‘%%fl Joys Ile 565
<210> 81°2311> 568 <212> <2135 Artificid Sequence <2205 <223>

Synt hesi zed A1 0o achdsity anslati @n, aty cedi g, sgguence-d preonst ruct 691
expressi on cassette <400> 81 Met Qu Lysolle Val Leu Leustieu Ala Ile Va
Ser Leu Val Lys Ser 151015 Asp Gn lle Cys Ile Ay Tyr Hs Ala Asn Asn Ser
Thr G u Gen Mal P2O25802Aspldhilel Aen Rb¢ ABuuSdrygsAsiiyVadn Phe Nal Thr His Al a
Gn Asp |le 354045 4%€u @ u Lys Thr ﬂﬁ% Asn Ay Lys Lelp Cys Leu Leu Lys Gy
Ile Ala 505560 Pro Leu G n Leu Cys Ser Val Ala Ay Trp Ile Leu Ay
Asn 65707“3‘809"7@% %ﬂdr@? & LIé’éu eeﬁa]Tllé(SSIe‘fs Eyé p@‘“us%relp‘lal'rldeSer Tyr 1le
Val 859095 G u Lys Pro Asn Pro gl Asn Ay Thr Q/s Tyr Pro Cy H's Phe Al a
100108410, A5:THL: @l 1 photehl £, Gty G A@Jﬁgmy%e&y Vah, Sgr Ser ?he du
1151201 25 ArgzPhe G O Ile Thegero Lys G'u Ser 3 ?ro Asn His Thr Va
130135140 Thr dvy Vval Ser Ala Ser Cys Ser Hi's Asn Sly Gu Ser Ser Phe Tyr
145150155160c 14y gl Asnalele bew SErpsdetedrroGhe Lys rAsnvd yiiketroTyr ?ro Asn
Leu 165170375 Ser Lys Ser 3T§r Ala ASP, Asn3lys G n Lys Qu 3al Leu Val Leu

Trp 130185190 GY Val H's his Pro Pro Asn Ile Ay ASE Gn Lg/s Ala Lell Tyr
Hi s 1952]@@2'613 Ile Gly Glu Cys Pro Lys Tyr Val Arg Ser Ala ys Leu
325 330 335

Met Val Thr Gly Leu Arg Asn Ile Pro Ser Ile Gln Ser Arg Gly Leu
340 345 350

Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly Trp Thr Gly Met Val
355 360 365

Asp Gly Trp Tyr Gly Tyr His His Gln Asn Glu Gln Gly Ser Gly Tyr
370 375 380

Ala Ala Asp Gln Lys Ser Thr Gln Asn Ala Ile Asn Gly Ile Thr Asn
385 390 395 400

Lys Val Asn Ser Val Ile Glu Lys Met Asn Thr Gln Phe Thr Ala Vval
405 410 415

Gly Lys Glu Phe Asn Lys Leu Glu Arg Arg Met Glu Asn Leu Asn Lys
420 425 430

Lys Val Asp Asp Gly Phe Leu Asp Ile Trp Thr Tyr Asn Ala Glu Leu
435 440 445

Leu Val Leu Leu Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn
450 455 460

Val Lys Asn Leu Tyr Glu Lys Val Lys Ser Gln Leu Lys Asn Asn Ala
465 470 475 480

Lys Glu Ile Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asn Asn
485 490 495

Glu Cys Met Glu Ser Val Lys Asn Gly Thr Tyr Asp Tyr Pro Lys Tyr
500 505 510

Ser Glu Glu Ser Lys Leu Asn Arg Glu Lys Ile Asp Gly Val Lys Leu
515 520 525

Glu Ser Met Gly Val Tyr Gln Ile Leu Ala Ile Tyr Ser Thr Val Ala
530 535 540
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Thr G u Asn Ala 1yl- Val Ser Val Val Ser Se |- H's Tyr Se |- Arg #%ca2010/000983
210215220 Phe Thr Po Qu Ile Ala Lys'Arg Pro Lys Val Arg Asp An du Gy
225230233240 Arg Ile Asn Tyr Tyr 1rp Thr Le' Leu Cio Pro Ay Asp Thr Ile

Il e 243250255 Phe Qu Ala Asn Ay Asn Leu Ile Ala Po Arg Tyr Ala Phe Al a

Leu 260265270 Ser Arg Ay Phe Gy Ser Ay Ile Ile Asn Ser Asn Ala Pro Met

Asp 275280285 Lys Cys Asn Thr Lys Cys Gn Thr Pro Met Ay Ala Ile Asn Ser

Ser 290295306r Netu Prlo LPheli %aadnr| e Fis APpollceteTHRe| T @F Gu Cys Pro

Lys 305316315320 Tyr Val ‘ELESPS Ser Asn Ag Léd°val Leu Ala Thr®@y Len Arg Asn

Ser 325330335 Pro n_Ar Ser Ar Lys Arg Gy Leu ?he Ay Ala
|l e 34034%356° At gﬁg/ -Bf néys gffyg ey An dy Met Val Asp Ay Trp
Tyr 355360365 Gy Tyr H| S H| s Ser Asa An Gly Ser Ay Tyr Ala Ala Asp

Lys 370375380 Gdu Ser Th An Lys Ala lle Asp Ay Val Thr Asn Lys Val Asn Se
385390395400 : ke Ile Asp Lys Met Asn Thr G n Phe u Ala Val Gy Arg Qu
Phe 4054194%5 Asn Asn Len Gu Arg Arg Ile Qu Asn Len Asn Lys Lys Met Gu
Asp 420425430 @&ty fPhieall eeqvdspeVal Trp Thr Tyr Asn Ala Qu Leu Leu Val Leu
Net 435440445 GQu Asa Gu Arg Thr Len Asp Eke Els Asp Ser Asn Val Lys Asn
Leu 450455460 Cyr Asp Lys Val Arg Leu G n Len Arg Aso Asa Ala Lys Qu Len
Ay 465470475480 AsH & fsy@ Ffrféig EFUPRE Ty P T 1 oéilil?sseg?/%ncﬁsbnAsn A u Oys
Met G u 485490495 8T 'Pé AP G ASH @Sy“'e%‘fﬁ* Tyr Asn Tyr Pro Gn Tyr Ser GQu
Au Ala 500005510 Arg Leu Lys Arg Qu Gu Ile Ser Ay Val Lys Len Gu Ser
Ile Ay 515520525 PCT/ CA2010/000983 1hr Tyr Gn Ile Leu Ser Ile Tyr Ser
Thr Val AlazJerigenstediAld 230333540, Lew 1Aharid eeMafeuMedu Aba Gy Leu Ser
Leu Trp Met Cys Ser Asn Gy 545550555560 Ser Leu G n Cyss Arg Ile Cys lle
565 <210> 82 <211> 572 <212> PRT <213> Artificial Sequence
Leu Val Pro Ser Gln Ile Phe Ala Gln Lys Leu Pro Gly Asn Asp Asn
20 25 30

Ser Thr Ala Thr Leu Cys Leu Gly His His Ala Val Pro Asn Gly Thr
35 40 45

Ile Val Lys Thr Ile Thr Asn Asp Gln Ile Glu Val Thr Asn Ala Thr
50 55 60

Glu Leu Val Gln Ser Ser Ser Thr Gly Glu Ile Cys Asp Ser Pro His
65 70 75 80

Gln Ile Leu Asp Gly Glu Asn Cys Thr Leu Ile Asp Ala Leu Leu Gly
85 90 95

Asp Pro Gln Cys Asp Gly Phe Gln Asn Lys Lys Trp Asp Leu Phe Val
100 105 110

Glu Arg Ser Lys Ala Tyr Ser Asn Cys Tyr Pro Tyr Asp Val Pro Asp
115 120 125

Tyr Ala Ser Leu Arg Ser Leu Val Ala Ser Ser Gly Thr Leu Glu Phe
130 135 140

Asn Asn Glu Ser Phe Asn Trp Thr Gly Val Thr Gln Asn Gly Thr Ser
145 150 155 160

Ser Ala Cys Ile Arg Arg Ser Asn Asn Ser Phe Phe Ser Arg Leu Asn
165 170 175

Trp Leu Thr His Leu Lys Phe Lys Tyr Pro Ala Leu Asn Val Thr Met
180 185 190

Pro Asn Asn Glu Lys Phe Asp Lys Leu Tyr Ile Trp Gly Val His His
195 200 205

Pro Gly Thr Asp Asn Asp Gln Ile Phe Leu Tyr Ala Gln Ala Ser Gly
210 215 220

Arg Ile Thr Val Ser Thr Lys Arg Ser Gln Gln Thr Val Ile Pro Asn
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<220> <223> Synthesized Am no acid translation of codi ng sequencerdrica2010/000983
construct 696 expression cassette <400> 82 Met Ala Lys Asn Val Ala Ile Fhe
Cly Leu Leu Phe Ser Leu Len Val 151015 Leu Val Pro Ser Gn |Ile Phe Ala Asp
Thr Ile Cys Ile Ay Tyr H's 202530 Ala ASE Asn Ser Thr Asp Thr Val Asp Thr
Val Leu Gu Lys Asn Val 354045 Thr Val Thr His Ser Val Asn Len Leu Cu Asp
Ser Hs 2n @y Lys 50556830Leu Cys Len Leud3kys Ay Ile Ala2Fo Leu Gn Leu
Cly Asn C?/s Ser 65707580 Val Ala Ay Trp Ile Len Ay Asn Pro Qu Cys Gu
Leu Leu Fie CEErSg590D5 Py IG ot gep “pI%erPr‘?y?eI] PEI VAP Tu'Thr Fro Asn Fro
Gu Asn Gy 100105110 %ftr Cys Tyr Pro &Y Ser Phe Asn ASpP Tyr Gu Gu Leu
Lys Hs Leu. 115120125 e rg.l H.s, Phe,d.u_L Gnillelle
Pro Lys g%rr ngg%é%ig@ VLEEL r%rée@?yﬁé% ﬁl\?fg Lé“uL%l gl%eéggsée/% (@5 Val Ser Ser
Ala Cys Pro 145150155160 Tyr Leu Gy ger Pro Ser Fhe Phe Arq Asn Val Val
Trp Leu Lle nsySrel651d0LZ5pdey 8rfSN ySeyr Phé thyr i arderl 68, Lys Lys Ser Tyr
Asp Asn Thr Asn2780185190 Cn G2ascAsp Leu Len Vaksteu Trp Ay Ile Hs H's
Pro Asp Asp Ala 195200205 Ala Gu G n Thr Arg Leu Tyr G n Asn Pro Thr Thr
Tyr 1le Ser Sekell2MeR 8228GRy THE Ber IThrclieliysASHs Gsn &g CLleu Val Pro Lys
Ile Ala Thr %Afg 2252302352402§%r Lys Val Asn PI% Gn Ser Gy Arg Met GQu
Phe Phe Tr hr 1l e 245250255 Lelg Iﬁ?s Pro AsaLAsB Al I(lsle Asn Phe Slu Ser
Asn Gy Ség fie™ 1 5“?@(5?6% 0°Aa*Pr's &°U E\Egr AW A FyreLy S IA% Val Lys Lys
Ply Asp Sof Ala |le 275280985 Ile Thr Ser Asn Ala Pro Net ASp Gu Cys Asp
Ala Lys Qys A&, thr129029630Q:1 P0G Sy sdlardd €aAsaSerm wef Leu Pro Phe
G n Asn Val H s Pro 306310315320 Val Thsolle Sly G u Cysz3Pro Lys Tyr Val

g Ser Ala Lys Leu Arg 325330335 Met Val Thr Gy Leu Arg Asn Ile Pro Ser

e G n Ser IAngLGE yeb dua3h0345353C¢tPhvey Gy VAllaPid €1AIlaysSEyn Phe Ile Slu Gy
Ay Trp Thr Sly MeB4Wal 355360365 AP Ay Trp Tyr SI3O0Tyr H's H's Gn Asn
GQu Gn Ser Tyr 370375380 Ala Ala Asp G n Lys Ser Thr G n Asa Ala

e

Ay SI¥
Asn éf? qlpeggg] h?ﬁﬁ}y Ala Ile ?ég Gly Phe Ile Glu izg Gly Trp Glu

Gly Met Val Asp Gly Trp Tyr Gly Phe Arg His Gln Asn Ser Glu Gly
370 375 380

Ile Gly Gln Ala Ala Asp Leu Lys Ser Thr Gln Ala Ala Ile Asp Gln
385 390 395 400

Ile Asn Gly Lys Leu Asn Arg Leu Ile Gly Lys Thr Asn Glu Lys Phe
405 410 415

His Gln Ile Glu Lys Glu Phe Ser Glu Val Glu Gly Arg Ile Gln Asp
420 425 430

Leu Glu Lys Tyr Val Glu Asp Thr Lys Ile Asp Leu Trp Ser Tyr Asn
435 440 445

Ala Glu Leu Leu Val Ala Leu Glu Asn Gln His Thr Ile Asp Leu Thr
450 455 460

Asp Ser Glu Met Asn Lys Leu Phe Glu Lys Thr Lys Lys Gln Leu Arg
465 470 475 480

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

Cys Asp Asn Ala Cys Ile Gly Ser Ile Arg Asn Gly Thr Tyr Asp His
500 505 510

Asp Val Tyr Arg Asp Glu Ala Leu Asn Asn Arg Phe Gln Ile Lys Gly
515 520 525

Val Glu Leu Lys Ser Ile Gly Thr Tyr Gln Ile Leu Ser Ile Tyr Ser
530 535 540

Thr Val Ala Ser Ser Leu Ala Leu Ala Ile Met Met Ala Gly Leu Ser
545 550 555 560
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385390395400 Lys Val Asn Ser Val Ile Qu Lys Met Asa Thr G n Phe ddtyca@bi /000983
Val 405410415 Ay Lys Slu Phe Asn Lys Leu Gu Arg Arg Net G u Asn Leu Asn
Lys 420425430 Lys Val Asp Asp Gy Phe Leu Asp Ile Trp Thr Tyr Asn Ala Gu
Leu 435440445 Thu Val Leu Leu Gu Asn Slu Arg Thr Leu Asp Phe H s Asp Ser
Asa 450455460 Val Lys Asn Leu Tyr G n Lys Val Lys Ser G n Leu Lys Asn Asia
Al a 465470475480 Lys Au Ile Ay Asn Ay Cys Phe Qu Phe Tyr H's Lys Cys
Asn Asn 485490465 G SeySsmefli@Sar S Vel yshAshIASYSTHe Tyr Asp Tyr Pro
Lys Tyr 500505510 Ser °&Pu G u Ser 7.ys”L%®u Asn Arg Siu tys 1le Asp Ay Val
Lys Leu 515520525 flu Ser Met Gy Val Tyr Gn lle Leu Ala Ile Tyr Ser Thr
Val Ala§ §35 0 PCT/ CA2010/ 000983 Ser Ser Leu Vol Leu Leu Vol Ser Leu
Ay Ala L}e.SegzPhe Trp Met 545550555560 Cys Ser Asn Ay Ser Leu G n Cys
Arg lle Qrsssl | £.565570 s2dQr:-83 <211> 575 <212> PAT <213> Artificial
Sequence <220> <223> Synt hesi zed am no acid translation of codi ng sequence
i n const ramt>- 737 expression cassette <400> 83 Net Ala Lys Asn Val Ala lle
Phe Ay k&ip>LetyrEkesHerd dreimoleo dVotarb3301% beuwrodahs Pegu8ere Gin |l e Phe Al a
G n Lys Lou Prerr@tyudsi4Aspyrrastio2025s8eke Thr Ala Thr Lou Cys Lou Ay His
Hs Ala Vol Pro Asn Sly Thr 354045 Ile Vol Lys Thr Ile Thr Asn Asp Gn lle
Gu val THt”Ash* Ala Thr 505560 G u Leo Val G n Ser Ser Ser Thr Ay Qu lle
Cys Asp Ser ,Pr i 5. 657075e0.G n,. .| Thr Lou Ile
Asp Al a E%tu 13(} 53%357589 aA%% %FS %Jr—l%%/s%%gs%eés% #ﬁgs%unq&%%n Lys Lys Trp
Asp Leu The Val 100105110 G n Arg Ser Lys Ala Tyr Ser Asn Cys Tyr Pro Tyr
Asp Vol PBeo vAsprAl5d2@12511Ry pnAlraaSedp bhoy 1AegeserntanyVale Aha Ser Her Sly
Thr Lou Qu Eke 130475140 Asn Asn Gu Ser Phe Asn Tr3 Thr Sly Vol Thr G n
Asn Ay Thr Her 145150155160 Ser Ala Cys Ile Are Arg Ser Asn Rsn Ser ?he
Phe Ser Apy SeEUPA/sACLEB3270E782 gl ThY HirsToGlLysS vPRE: Vg5 Tyr Pro Al a
Leu Asn Val Thr*Net 180185190 “¢ 43

Asn Val Thr Gly Val Ile Pro Leu Thr Thr Thr Pro Thr Lys Ser Tyr
50 55 60

Phe Ala Asn Leu Lys Gly Thr Arg Thr Arg Gly Lys Leu Cys Pro Asp
65 70 75 80

Cys Leu Asn Cys Thr Asp Leu Asp Val Ala Leu Gly Arg Pro Met Cys
85 90 95

Val Gly Thr Thr Pro Ser Ala Lys Ala Ser Ile Leu His Glu Val Lys
100 105 110

Pro Val Thr Ser Gly Cys Phe Pro Ile Met His Asp Arg Thr Lys Ile
115 120 125

Arg Gln Leu Pro Asn Leu Leu Arg Gly Tyr Glu Asn Ile Arg Leu Ser
130 135 140

Thr Gln Asn Val Ile Asp Ala Glu Lys Ala Pro Gly Gly Pro Tyr Arg
145 150 155 160

Leu Gly Thr Ser Gly Ser Cys Pro Asn Ala Thr Ser Lys Ser Gly Phe
165 170 175

Phe Ala Thr Met Ala Trp Ala Val Pro Lys Asp Asn Asn Lys Asn Ala
180 185 190

Thr Asn Pro Leu Thr Val Glu Val Pro Tyr Ile Cys Thr Glu Gly Glu
195 200 205

Asp Gln Ile Thr Val Trp Gly Phe His Ser Asp Asn Lys Thr Gln Met
210 215 220

Lys Asn Leu Tyr Gly Asp Ser Asn Pro Gln Lys Phe Thr Ser Ser Ala
225 230 235 240

Asn Gly Val Thr Thr His Tyr Val Ser Gln Ile Gly Ser Phe Pro Asp
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Pro Asn Asn Qu Lys Phe Asp Lys Leu Tyr Ile Trp dy Vol H's H s 18628020%0009s3
Pro dy Thr Asp. Asn Asp. Sin Il'e Phé Leu Tyr Ala Gn Ala Ser Gy 210215220
Arg Ile Thr Vat Ser Thr Lys Arg Ser Gn Gn Thr Vol Ile Pro Asn
225230235240 Ile Gy Ser Arg Pro Arg Val Arg Asn Ile Pro Ser Arg Ile Ser
Il e 245250255 Tyr Trp Thr Ile Val Lys Pro Ay Asp Ile Leu Leu Ile Asn Set
Thr 260265270 Ay Asn %ééu IIe Ala Pro APY Ay Tyr Phe L\}%5||e Arg Ser Ay
Lys 275280285 Ser Ser Ala Pra G!] ys Cys Asn Ser
d u 2902853007 Cy! IAF% Gf‘PirG]P’r (Tje P?f §8{? e B 51%2@1 % @y% Pro Phe G n
Asn 305310315320 VAl Asn Arg lle Thr 5I'yr dy Ala Cys Igro Arg Tyr Val Lys
G n Asn 325330335 Thy Lg%uplta/%%%s%@ Z:h)_{; ﬁryﬂ\éewaﬁrqgjr%fh ¥al, Pro Qu Lys
G n 7hr 340345350, Arg heody Ala Ile Alagdy Phe Ile Gu Asn Gy
Trp A u 355360365 Ay I\/bt Val Asp Ay Trp Tyr Ay Phe Arg H's Gn Asn Ser
Au Ay 8703753801 ILke KEoycE nyAlwlAls Asp Aleusdy siPenrgTher Gy Ala Ala lle
Asp G n 385390395400 Ile Asn2&y Lys Leu Asn AQ Leu Ile Ay Lys Thr Asia
G u Lys Phe 405410415 Hs Gn lle Qu L s Qu Phe Ser u Val u dy Arg
lle Gn E YUs0Ur5 430 SﬁénL@ GTRYSUTYIe Vay Céu ARSPSTHIYSLYS® BF8 Asp Len Trp
Ser Tyr A8 435440445 Al a*d u Leu Le u Val’'Rla Leu Gu Asn>&n His Thr Ile
Asp Leu 55 p; Ser, S Thr Lys Lys
Gn Leu } %32@% %f% " Ngér L Q [L% I\g‘fe%é?h1er1 %ﬁk@%ﬁqs Phe Lys
[le 7yr H|s Iys 485490495 Cys Asp Asn Ala :, Ile Gly Ser Ile Arg Asn Ay
Thr Tyr Asp AHiasLE005055E0cAspsVadysTyfo Ang Aspvdl wyAl arLers Asa Asn Arg ?he
Ar Ile Lys Ay 5133820525 Val GQu Lets Lys Ser Ile A3p0Thr Tyr Gn Ile Leu
Ser Ile Tyr Ser 530535540 Thr Val Ala Ser Set Leu Ala Leu Ala Ile Mt Met
Ala Ay Leéa SerA545550555560 LyPC-CARD FOr 000983 Lyeul<Fr psMBSCys Her Asn
Sly Ser Leu G n ii/s Arg IIe Cys 19% 565570575 <2163 84 <211> 593 <212> PAT

< >
213 ‘Ar%agléngabl %%Q e Gly Ala Ile Ala Gly Phe Leu Glu Gly Gly Trp

370 375 380

Glu Gly Met TIle Ala Gly Trp His Gly Tyr Thr Ser His Gly Ala His
385 390 395 400

Gly Val Ala Val Ala Ala Asp Leu Lys Ser Thr Gln Glu Ala Ile Asn
405 410 415

Lys Ile Thr Lys Asn Leu Asn Ser Leu Ser Glu Leu Glu Val Lys Asn
420 425 430

Leu Gln Arg Leu Ser Gly Ala Met Asp Glu Leu His Asn Glu Ile Leu
435 440 445

Glu Leu Asp Glu Lys Val Asp Asp Leu Arg Ala Asp Thr Ile Ser Ser
450 455 460

Gln Ile Glu Leu Ala Val Leu Leu Ser Asn Glu Gly Ile Ile Asn Ser
465 470 475 480

Glu Asp Glu His Leu Leu Ala Leu Glu Arg Lys Leu Lys Lys Met Leu
485 490 495

Gly Pro Ser Ala Val Glu Ile Gly Asn Gly Cys Phe Glu Thr Lys His
500 505 510

Lys Cys Asn Gln Thr Cys Leu Asp Arg Ile Ala Ala Gly Thr Phe Asn
515 520 525

Ala Gly Glu Phe Ser Leu Pro Thr Phe Asp Ser Leu Asn Ile Thr Ala
530 535 540

Ala Ser Leu Asn Asp Asp Gly Leu Asp Asn Tyr GIln Ile Leu Ser Ile
545 550 555 560

Tyr Ser Thr Val Ala Ser Ser Leu Ala Leu Ala Ile Met Met Ala Gly
565 570 575
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<220> <223> Synthesized am no acid translation of codi ng sequencerdrica2010/000983

construct 745 expression cassette <400> 84 Met Ala Lys Asn Vol Ala Ile Phe
Gy Len Len Phe Ser Len Len Val 151015 Len Val Pro Ser Gn |Ile Phe Ala Asp
Arg Ile Cys Thr Sly Ile Thr 202530 Ser Ser Asn Ser Pro His Val Val Lys Thr
Ala Thr Gn Ay Gn Val 354045 Asn Val Thr Ay Val Ile Pro Len Thr Thr Thr
Pro Thr Lys Ser Tyr 505560 Phe Ala Asn Len Lys Gy Thr Arg Thr Arg Ay Lys
Leu Cys ProSaspge6570758D CysSteAsASHYCYST FhE ASpCYeRrAspevars Ala Len Gy
Arg Pro Met Cys 859895 Val Gy Thr Fhr Pro Ser Ala yS Ala Ser Ile Leu His
d u Val !r, s 100105110 Pro Val Thr Ser Gy Cys Phe Pro Ile Met His Asp Arg
Thr Lys ff%e 115120125 Arg G n Len Pro Asn Len Len Arg Ay Tyr Gn Asn Ile
Arg Leu Ser 130135140 Thr G n Asn Val Ile Asp Ala Gn Lys Ala Pro Ay Gy
Pro Tyr A5@-145150155160 Leu Ay Thr Her Gy Ser Cys Pro Asn Ala Thr Ser
Lys Ser @¥>?hes165170175 Phe Ala Thr Met Ala Trp Ala Val Pro Lys Asp Asn
Asn Lys Asre>Al aizl80185190 Thr Asn Pro Len Thr Val Qu Val Pro Tyr :le Cys
Thr G n St38>G &rti9520020851ukspe G n Ile Thr Val Trp Sly Phe Hi s Her Asp Asn
Lys Thr G n Met 210215220 Lys Asn Len Tyr Gy Asp Ser Asn Pro G n Lys Phe
Thr Her Fet°>Al a 225230235240 Asn SI?I/Eﬁ Thr Thr His Tyr Val Her Gn :le
Sly Ser Phe PromASpS 245950285 Gn? Fir " U RASH 6P Gy Leu Pro G n Ser Gy
Arg Ile Val,.Val. Asp 260265270 Tyr Met Met G n Lys Pro Gy Lys Thr @y Thr
Tie Val yc_fct@tgg I 02 242480285 txté/aétalc%tlagutg%gt@g@ Lys gValacTrp Gys Ala
Ser Ay Arg Ser Lys 290295300 Ile Lys Gy Ser Leu Pro Leu lle Ay Qu
Al a Asp Qyﬁgtltewﬁtsgi’a@aa&@&%%teg Wty sgtbypr &daptédtatletytAsfadays Sen Lys
Pro Syr Tyr Thr Ay G u 325330335 His Ala Lys Ala ?le Gy Asn Cys Pro Tie
Trp Val Lysctaitrg Pretdtenti340845850a lapsgtiericAl egaaAsaga@tygTitectys: Tyrl8Arg Pro
Pro Ala Lys Len Leu Lys 355360365 Qu Arg Ay Phe Phe Sly Ala lle Ala Gy
Phe Leu @ELFtéPVtaGgWaﬁgﬁa?&a?(Fg?S%@GgGEtfaSFE/gtl%tta}tlaétNaé 1452970 Hi <@ y Tyr
Thr Ser tgaacgtgtt t@gccacaac tttataagtg gttaatatag ctcaaatata tggtcaagtt 300

caatagatta ataatggaaa tatcagttat cgaaattcat taacaatcaa cttaacgtta 360

ttaactacta attttatatc atcccctttg ataaatgata gtaca 405

<210> 86

<211> 1718

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized PDI sp - A/California/04/09

<400> 86

atggcgaaaa acgttgcgat tttcggctta ttgttttctc ttecttgtgtt ggttcecctctc 60

agatcttcgc tgacacatta tgtataggtt atcatgcgaa caattcaaca gacactgtag 120

acacagtact agaaaagaat gtaacagtaa cacactctgt taaccttcta gaagacaagc 180

ataacgggaa actatgcaaa ctaagagggg tagccccatt gcatttgggt aaatgtaaca 240

ttgctggctg gatcctggga aatccagagt gtgaatcact ctccacagca agctcatggt 300

cctacattgt ggaaacacct agttcagaca atggaacgtg ttacccagga gatttcatcg 360

attatgagga gctaagagag caattaagct cagtgtcatc atttgaaagg tttgagatat 420

tccccaagac aagttcatgg cccaatcatg actcgaacaa aggtgtaacg gcagcatgtc 480

ctcatgctgg agcaaaaagc ttctacaaaa atttaatatg gctagttaaa aaaggaaatt 540

catacccaaa gctcagcaaa tcctacatta atgataaagg gaaagaagtc ctcgtgctat 600

ggggcattca ccatccatct actagtgctg accaacaaag tctctatcag aatgcagata 660
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385390395400 Gy Val Ala Val Ala Ala Asp Leu Lys Ser Thr A n G u Aracabb®/ /000983
Asn 405410415 Lys Ile Thr Lys Asn Len Asn Ser Leu Ser Au Leu u Val Lys
Asn 420425430 Leu G n Arg Leu Ser Cly Ala Met Asp GQu Leu Hs Asn Qu lle
Leu 435440445 A u Leu Asp Gu Lys Val Asp Asp Leu Arg Ala Asp ?hr Ile Ser
Ser 450455460 Gn Ile Gu Leu Ala Val Leu Lou Ser Asn du GI%/ Ile Tie Asn
Ser 46547RUFFABH LIRS CH WFarFFacedP@ae N E ERAFCA ARS8 1en LIS Lys
Met Leu 485490495 Ay Pro Ser Ala Val Gnlle Ay Asn d %s Phe %u Thr
Lys H s 500508810 TEJoays” ARG H ThIo b Lau REBATY FIEA 0 a GY Thr
Phe Asn 5 e o] eu nille
Thr Al a g%%fégg%% a%gttggga ggga%%ai%tﬁ%%tya{%g%g %%Ct‘is‘%agé n gipzzl%e Leu
Set 1le 549050855560t Jysk cSefgtIhtacal tAl-agS0l SefagkethAbacdedaAl a [b@ Met
Met ALa Gy 565670575 PCT/ CA2010/ 000983 Leu Sec Leu rp Met Cys Set Asn Gy
Set Leu GhactCyscAragchle@alysydh805855% ackes=<21Bccast sl hataHabat212>9NA
213> Artificial Sequence <220> <223> Synt hesi zed Sacl-Pl asto 3(prine)Ula
sequence cedo@sa8h tgagraeteaatfertdaadt erateracc giaAte detaart yacaacs at getc t gt
tattgttaat60 tttgttcttg tagaagagct taattaatcg ttgttgttat gaaat act af

Lot at gaGATZ0 P HRdE GG L dat GEAaTT Babrt HUat B HUP HOurEa Ganttagalt’
gtttcctc 0] o t tgccgcg C gt tt

Saact asadt 40T bascar St e T gacaaned vl i S R R T

t ggt caagty 300 ccapt-agaidacatprtggada falcagidatjcgaaqtd catatraacaat cam
cttaacqtta360 ttaactacta attttatatc atcccctttg ataaatgata gtacad05 <210> 86
<211> 1738a=t2>s DNAtt2E8> AabbdtgaaktSequencea<R203t <228z=a8ymt hesieed FT'
sp - A/Californial04/09 agat cttcgc acacagtact ataacgggaa ttgctggctg

cct acat t GFamtPatgagqartcfe caagate dtchygcripacatt weteHaadggggead t ca32o

acatttggac ttacaatgcc gaactgttgg ttctattgga aaatgaaaga actttggact 1380
accacgattc aaatgtgaag aacttatatg aaaaggtaag aagccagcta aaaaacaatg 1440
ccaaggaaat tggaaacggc tgctttgaat tttaccacaa atgcgataac acgtgcatgg 1500
aaagtgtcaa aaatgggact tatgactacc caaaatactc agaggaagca aaattaaaca 1560
gagaagaaat agatggggta aagctggaat caacaaggat ttaccagatt ttggcgatct 1620
attcaactgt cgccagttca ttggtactgg tagtctccct gggggcaatc agtttctgga 1680
tgtgctctaa tgggtctcta cagtgtagaa tatgtatt 1718
<210> 87

<211> 573

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized PDI sp - A/California 04/09

<400> 87

Met Ala Lys Asn Val Ala Ile Phe Gly Leu Leu Phe Ser Leu Leu Val
1 5 10 15

Leu Val Pro Ser Gln Ile Phe Ala Asp Thr Leu Cys Ile Gly Tyr His
20 25 30

Ala Asn Asn Ser Thr Asp Thr Val Asp Thr Val Leu Glu Lys Asn Val
35 40 45

Thr Val Thr His Ser Val Asn Leu Leu Glu Asp Lys His Asn Gly Lys
50 55 60

Leu Cys Lys Leu Arg Gly Val Ala Pro Leu His Leu Gly Lys Cys Asn
65 70 75 80
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tgacacatta agaaaagaat actatgcaaa gatoctggga ggaaacacct gctaagagagecr/ca2010/000983
aaqttcatgg agcaaaaagc gctcagcaaa ccatccatct tgtataggtt gtaacagtaa

ct aagagggq aatccagagt aqttcagaca caattaagct cccaatcatg ttctacaaaa
tcctacatta actagtgctq atcatgcgaa cacactctgt tagccccatt gtgaatcact

at ggaacgt g cagtgtcatc actcgaacaa atttaatatq atgataaagg accaacaaag
caat t caacke taaceivt €t Tgeatat §hgthsot Lrracagdast tacéeadga a1t ffgraagq
aggt gt aacg gct agt t aaa 8gaaagaagtc tctctdfcag gacact gt ag’yaagacaage
aaat gt aaca agotcat t gatttcatcg ttt agatat gcageat gt ¢ aaaggaaat t
ctcgtget at® & fg%ﬁggg% £ Tyr Féﬁ%ﬁ; ?663@8%305F5H_%t%?itg¥ggggtca
t caagat aca gcaagaagtt caagccggaa atagcaataa 720 gacccaaagt gagggat caa
gaagggagag, tgaashabla «ot,ggacact a1t AgAgcCag .780, 9agacaaanal cagcat t cgaa
gcaact ggaa at ctagt ggt accgagat atiogcattcgcaa 840 nggaaagaaa tgctggat ct
ggtattatca tttcagatac accagtccac gattgcaata 900 caacttgtca aacacccaag

ggt gct at aau aecaceagrel seecadrdt Poag-laatsad atat@u96l: chgatmachat Thr
130 135 140

Ser Ser Trp Pro Asn His Asp Ser Asn Lys Gly Val Thr Ala Ala Cys
145 150 155 160

Pro His Ala Gly Ala Lys Ser Phe Tyr Lys Asn Leu Ile Trp Leu Val
165 170 175

Lys Lys Gly Asn Ser Tyr Pro Lys Leu Ser Lys Ser Tyr Ile Asn AsSp
180 185 190

Lys Gly Lys Glu Val Leu Val Leu Trp Gly Ile His His Pro Ser Thr
195 200 205

Ser Ala Asp Gln Gln Ser Leu Tyr Gln Asn Ala Asp Thr Tyr Val Phe
210 215 220

Val Gly Ser Ser Arg Tyr Ser Lys Lys Phe Lys Pro Glu Tle Ala Tle
225 230 235 240

Arg Pro Lys Val Arg Asp Gln Glu Gly Arg Met Asn Tyr Tyr Trp Thr
245 250 255

Leu Val Glu Pro Gly Asp Lys Ile Thr Phe Glu Ala Thr Gly Asn Leu
260 265 270

Val Val Pro Arg Tyr Ala Phe Ala Met Glu Arg Asn Ala Gly Ser Gly
275 280 285

Ile Tle Tle Ser Asp Thr Pro Val His Asp Cys Asn Thr Thr Cys Gln
290 295 300

Thr Pro Lys Gly Ala Ile Asn Thr Ser Leu Pro Phe Gln Asn Ile His
305 310 315 320

Pro Ile Thr Ile Gly Lys Cys Pro Lys Tyr Val Lys Ser Thr Lys Leu
325 330 335

Arg Leu Ala Thr Gly Leu Arg Asn Ile Pro Ser Ile Gln Ser Arg Gly
340 345 350

Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly Trp Thr Gly Met
355 360 365

Val Asp Gly Trp Tyr Gly Tyr His His Gln Asn Glu Gln Gly Ser Gly
370 375 380

Tyr Ala Ala Asp Leu Lys Ser Thr Gln Asn Ala Ile Asp Glu Ile Thr
385 390 395 400

Asn Lys Val Asn Ser Val Ile Glu Lys Met Asn Thr Gln Phe Thr Ala
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1020
1080
1140
1200

t ggaaaat gt
tat cccgt ct

gt ggacaggg
at at gcagcc

ccaaaat at g t aaaaagcac
attcaatcta gaggactatt’

at ggt agat g gat ggt acgg
gacct gaaga gcacacagaa

aaaat t gaga
t ggggccat t
ttat caccat
tgccattgac

ct ggccacag
gccggtttca
caaaat gagc
gagattacta

gat t gag@@@010/000983
tt gaaggggg

aggggt cagg
acaaagt aaa

71

ttctgttatt gaaaagatga atacacagtt cacagcagta ggtaaagagt 1260 tcaaccacct
ggaaaaaaga atagagaatt ‘“Paaat aaaaa agttgatQat ggtttcctgg 4320 acatttggac
ttacaat gcc ggactgtt E)ttctattg%a aaatgaaagg_ac&}tggact %§80 accacgattc
aaat gt gady" adt1'at §f § "aaaugyt adg “dagrraytt d “aadadcaat§ 1440°¢caaggaaat

Lys Lys Val Asp Asp Gly Phe Leu Asp Ile Trp Thr Tyr Asn Ala Glu

435 440 445
Leu Leu Val Leu Leu Glu Asn Glu Arg Thr Leu'Asp Tyr His Asp Ser
450 455 460

Asn Val Lys Asn Leu Tyr Glu Lys Val Arg Ser Gln Leu Lys Asn Asn

465 470 475 480

Ala Lys Glu Ile Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp

485 490 495
Asn Thr Cys Met Glu Ser Val Lys Asn Gly Thr Tyr Asp Tyr Pro Lys
500 505 510
Tyr Ser Glu Glu Ala Lys Leu Asn Arg Glu Glu Ile Asp Gly Val Lys
515 520 525
Leu Glu Ser Thr Arg Ile Tyr Gln Ile Leu Ala Ile Tyr Ser Thr Val
530 535 540

Ala Ser Ser Leu Val Leu Val Val Ser Leu Gly Ala Ile Ser Phe Trp

545 550 555 560

Met Cys Ser Asn Gly Ser Leu Gln Cys Arg Ile Cys Ile

565 570

<210> 88

<211i> 747

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized 2X35S promoter sequence

<400> 88

gtcaacatgg tggagcacga cacacttgtc tactccaaaa atatcaaaga tacagtctca 60

gaagaccaaa gggcaattga gacttttcaa caaagggtaa tatccggaaa cctcctcgga 120

ttccattgcc cagctatctg tcactttatt gtgaagatag tggaaaagga aggtggctcc 180

tacaaatgcc atcattgcga taaaggaaag gccatcgttg aagatgcctc tgccgacagt 240

ggtcccaaag atggaccccc acccacgagg agcatcgtgg aaaaagaaga cgttccaacc 300

acgtcttcaa agcaagtgga ttgatgtgat aacatggtgg agcacgacac acttgtctac 360

tccaaaaata tcaaagatac agtctcagaa gaccaaaggg caattgagac ttttcaacaa 420

agggtaatat ccggaaacct cctcggattc cattgcccag ctatctgtca ctttattgtg 480

aagatagtgg aaaaggaagg tggctcctac aaatgccatc attgcgataa aggaaaggcc 540

atcgttgaag atgcctctgcec cgacagtggt cccaaagatg gacccccacc cacgaggagce 600



t ggaaacggc tgctttgaat tttaccacaa atgcgataac acgtgcatgg 1500 aaagtgirg@aoio/oooss3
aaat gggact tatgactacc caaaatactc agaggaagca aaattaaaca 1560 gagaagaaat

agat ggggt a aagctggaat caacaaggat ttaccagatt ttggcgatct 1620 attcaactgt
cgccagttca ttggtactgg tagtctccct gggggcaatc agtttctgga 1680 tgtgctctaa
tgggtctcta cagtgtagaa tatgtatt 1718 <21C 87 <211> 573 <212> PRT <213>
Artifici aFC%éaa%éég%azzze%t é??g%c%?ﬁt%§F%@&0Pﬁgt§ﬁattgAFF%thaF6‘f% a o4 09
<400> 87tl\/Et c é tI e Qet Slt)é Lou Leu Pktle% r_Leu Ley Val 1
1015 LeuVait® ﬁ?%gé ag%%aﬁg?lcé’cé‘ﬁaea AP a* RSP THT TEEYST PSSV r H'S 202530
Ala Asn Asn. Se ttTQ t@&gtpclgtgaggég Asp Thr Val Leu @u Lys Asn Val 3530 Thr
Val Thr H s Setf Val Asn Leu Lou Clu Asp Lys H's Asn Sly Lys 505560 Lou Cys
Lys Lou ApgosSlysVal Ala Pro Leu His Leu Ay Lys Cys Asn 65707580

PCT/ CA201011000983 1Ile Ala Ay Trp Ile Leu Gy Asn 2ro Qu Cys Gu Ser Leu

Ser Thr 8390950k a Ser Ser Trp Ser Tyr Ile Val Qu 7hr Pro Ser Set Asp Asn
d y <213> Artificial Sequence

<220>
<223> Synthesized PacI-MCS-2X35S.c

<400> 89

aattgttaat taagtcgaca agcttgcatg cctgcaggtc aac 43
<210> 90

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized CPMV 5(prime)UTR-2X35S.r

<400> 90

tcaaaaccta ttaagatttt aatacctctc caaatgaaat gaacttcc 48
<210> 91

<211> 49

<212> DNA

<213> Artificial Seguence

<220>
<223> Synthesized 2X35S-CPMV 5 (prime)UTR.cC

<400> 91

ttggagaggt attaaaatct taataggttt tgataaaagc gaacgtggg 49
<210> 92

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized Apal-M prot.r

<400> 92

tctccatggg cccgacaaat ttgggcagaa tatacagaag ctta 44
<210> 93

<211> 3580

<212> DNA

<213> Artificial Seqguence

<220>
<223> Synthesized Construct 747, from Pacl to AscI

<400> 93
ttaattaagt cgacaagctt gcatgcctgc aggtcaacat ggtggagcac gacacacttg o0

72



100105110 Thr Cys Tyr Pro Ay Asp Phe Tie Asp Tyr Gu G u Leu Ar gecoldr2&ionooooss
115120125 Leu Ser Ser Val Ser Ser Phe Gu Arg Phe Qu Ile Phe Pro Lys Thr
130135140 Ser Ser Trp Pro Asn His Asp Ser Asn Lys Ay Val Thr Ala Ala Cys
145150155160 Pro Hs Ala Ay Ala Lys Ser Phe Tyr Lys Asn Leu Ile Trp Leu

Val 165170175 Lys Lys Ay Asn Ser Tyr Pro Lys Leu Ser Lys Ser Tyr Ile Asn
Aso 1801‘85]?99%_%?53@%*3[3_?%3 Ghtrojal cl eaIsadacERREPREcEty FHIBCHitSCHI s PPo Ser
Thr 195200205 Set Al a Gn dn Sec Leu Tyr G n Asn Ala Asp Thr T r Val
Phe 21021%3309%% aﬁvcg%?a é@?c%%cgrﬁat%éctatwsCCLCf?%Ctlﬁﬁé t$e8rdea u e Ala
|l e 2252 Pr Vi 9.Asp G ggqﬁé 5Tyr
Trp Thr D4eaB098s L o val G Pra y As Ly TLe T Phe GTCA a Thr
Asn Leu 260266240+ YalgaVadc RO AT W oM & cBhea Ak ggNet QAL GaAsn 3/é>loa G y
Ser Ay 275280285 Ile Tie Ile Ser Asp Thr Pro Val H's Asp Cys Asn Thr Thr
Cys G n 220296300gJdHaaPyan bysgt@cyaAl@atdetAsmnabbhrasey detgPragPhe 3@0n Asn
Ile Hi s 305310315320 Pro Ile Thr Ile Ay Lys Cys Pro Lys Tyr Val Lys Ser
Thr Lys te3c32B3303352AFF LeacAMldacT et GrapapeutaArgRragh 1438 PERISer 4I2I0e dn
Ser Arg Gy 340345350 Leu Phe Ay Ala lle Ala Ay Phe Tie flu Ay Gy Trp
Thr Ay M358 566%36% Vatd %btﬁcﬁaﬁ’ra&a?%taétftfwgﬁ% ‘Hicé:t@%tAsn 4(%lou Gn
Sly Ser %Cy 70375 a, Ley Lys S r Asnh. Al adl,e Asp
Gulle ratg%%%cﬁggtfﬁggét i ﬁ/tsa Vést%/isﬁa §§ a(f% #Jel G%J%Ef/s t Asn Thr
Sin Phe Jtfaaféa 4054140445 ayaéga@ayg Lyrst &t gPheyah§hcdd Sgde@@c iy Lyssobrg Il e
A u Asn Leo Asn 420425430 Lys Lys Val Asp Asp Ay Phe Leu Asp Ile Trp Thr
Tyr Asn #Aac&hanad86d40445 cevadgeyod/alcaterrdheleGhuadso @GuechagaThr deeu Asp
Tyr H's Asp Ser 450455460 Asn Val Lys Asn Leu Tyr Qu Lys Val Arg Ser Gn
Leu Lys %wt%wmssmﬂvmgeamtalawstcecfaaqtlgé @tylawt@%ﬁg@@aqﬂhe Ad24 Phe
Tyr H's Lys Q{s Asg 485490495tAsntThr t%/ ALy Val ggs Asn WY Thr
Tyr Asp ﬁ’%//‘?acfé TLYS“ET6EUES5 T Set” %gaég ,&Iaé tl_%?% He7AH Ar g 'G°u Q u
Ile A¥5p g%e@agg%ctL¥§ataggttt tgataaaagc gaacgtgggg aaacccgaac caaaccttct 840
tctaaactct ctctcatctc tcttaaagca aacttctctcec ttgtectttct tgcgtgageg 900
atcttcaacg ttgtcagatc gtgcttcggc accagtacaa cgttttcttt cactgaagcg 960
aaatcaaaga tctctttgtg gacacgtagt gcggcgccat taaataacgt gtacttgtcc 1020
tattcttgtc ggtgtggtct tgggaaaaga aagcttgctg gaggctgctg ttcagcccca 1080
tacattactt gttacgattc tgctgacttt cggcgggtgc aatatctcta cttctgcecttg 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 tcgaatctgce 1380
actggaataa catcttcaaa ctcacctcat gtggtcaaaa cagccactca aggggaggtc 1440
aatgtgactg gtgtgatacc actaacaaca acaccaacaa aatcttattt tgcaaatctc 1500
aaaggaacaa ggaccagagg gaaactatgc ccagactgtc tcaactgcac agatctggat 1560
gtggctttgg gcagaccaat gtgtgtgggg accacacctt cggcgaaggc ttcaatactc 1620
cacgaagtca aacctgttac atccgggtgc tttcctataa tgcacgacag aacaaaaatc 1680
aggcaactac ccaatcttct cagaggatat gaaaatatca ggctatcaac ccaaaacgtc 1740
atcgatgcgg aaaaggcacc aggaggaccc tacagacttg gaacctcagg atcttgccct 1800
aacgctacca gtaagagcgg atttttcgca acaatggcectt gggctgtccc aaaggacaac 1860
aacaaaaatqg caacgaaccc actaacagta gaagtaccat acatttgtac agaaggggaa 1920
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515520525 Leu G u Ser Ihr Arg lle Tyr Gn Ile Leu Ala |Ile Tyr Setecthdazddaloocosss
530535540 Ala Set Set leu Val Leo Val' Val Set Leo Ay Ala Ile Ser Phe Trp
545550355560 Met Cys Set Asn Gy Set Leu A n Cys Arg Ile Cys :le 065570

<210> 88 <211> 747 <212> DNA <21:3> Artificial Sequence <220> <223>

Synt hesi zed 2X355 pronoter sequence <400> 88 gt caacatgg tggaqcacga

cacacttgtc tactccaaaa atatcaaaga tacagtctca60 gaagaccaaa gggcaattga

gact t t t c§acaaagygt-aat 140 e cggaadtcet %%aéﬁﬁ%?fzﬁcﬁataé%ﬁat geeccagtt at 2?8@)
teacttlatl glgaagatad, 199aanadoa. a0oladel co160. pacaaal gec.alcal L 9odp

t aaaggaadd %cca cgttg @agatycctc tgeccqacagt 49 gggt O0Ccaaag at agaccocc
acccacqaqg: ageat £9l-99-aaaaagaaga. 4t &&%@é&&%oga&%%&éat cag-RAcaAat 9o
tt gat gt gat aacat ggt gg agcacgacac acttgtctac360 tccaaaaata tcaaagatac
agt ct cagaatgaceanagggeoaat t gagagcadott tppacand?9.agggt pataiceeggaaaccdo
cotaggattc cattgcccag ctatctgtca ctttattgtg480 aagat agt gg aaaaggaagg
t ggct oct astadat ge catet @tk g cyab deotaggaaagyers409atcegidtgaatpaabgect ot ged
cgacagt ggt cccaaagatg gaccoccacc cacgaggagc600 atcatgoaaa aagaagacgt

t
t ccaaccad§ t ot ceh th%éﬁggg;&a%t%g?‘gtﬁaéﬁaa%ﬁ”?aéﬂ?bg&ﬁ%ﬁ@g%a%6022
1 1 t aa at ga cqgcacaatcc cactatcctt cqca accc tfcctctata 0
- AR . L e O SR e 90380 L ST RRIA

taaagaagtt catt S
<213>Artiticlialc Sequence e 52992 c

aaatatagac ctcctgcaaa actattaaag 2400
gaaaggggtt tcttcggagc tattgctggt ttcctagaag gaggatggga aggaatgatt 2460
gcaggctggc acggatacac atctcacgga gcacatggag tggcagtggc ggcggacctt 2520
aagagtacgc aagaagctat aaacaagata acaaaaaatc tcaattcttt gagtgagcta 2580
gaagtaaaga atcttcaaag actaagtggt gccatggatg aactccacaa cgaaatactc 2640
gagctggatg agaaagtgga tgatctcaga gctgacacta taagctcgca aatagaactt 2700
gcagtcttgc tttccaacga aggaataata aacagtgaag atgagcatct attggcactt 2760
gagagaaaac taaagaaaat gctgggtccc tctgctgtag agataggaaa tggatgcttc 2820
gaaaccaaac acaagtgcaa ccagacctgc ttagacagga tagctgctgg cacctttaat 2880
gcaggagaat tttctctccc cacttttgat tcactgaaca ttactgctgc atctttaaat 2940
gatgatggat tggataacta ccaaatactg tcaatttatt caacagtggc gagttcccta 3000
gcactggcaa tcatgatggc tggtctatct ttatggatgt gctccaatgg atcgttacaa 3060
tgcagaattt gcatttaaag gcectattttc tttagtttga atttactgtt attcggtgtg 3120
catttctatg tttggtgagc ggttttctgt gctcagagtg tgtttatttt atgtaattta 3180
atttctttgt gagctcctgt ttagcaggtc gtcccttcag caaggacaca aaaagatttt 3240
aattttatta aaaaaaaaaa aaaaaaagac cgggaattcg atatcaagct tatcgacctg 3300
cagatcgttc aaacatttgg caataaagtt tcttaagatt gaatcctgtt gccggtcttg 3360
cgatgattat catataattt ctgttgaatt acgttaagca tgtaataatt aacatgtaat 3420
gcatgacgtt atttatgaga tgggttttta tgattagagt cccgcaatta tacatttaat 3480
acgcgataga aaacaaaata tagcgcgcaa actaggataa attatcgcgc gcggtgtcat 3540
ctatgttact agattctaga gtctcaagct tcggcgcgcce 3580
<210> 94
<211> 569
<212> PRT
<213> Artificial Sequence
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<223>Synt hesi zed Pacl - MCS- 2X35S. ¢ <400>69 aattgttaat taagtcgacar/ca2010/000983
agcttgcatg cctqcaggtc aac 43 <210>90 <211>48 <212>DNA

<213>Artificial Sequence <220> <223>Synt hesi zed CPW

5(prinme) UTR- 2X355. r <400>90 tcaaaaccta ttaagatttt aatacctctc caaatgaaat
gaacttcc 48 <210> 91 <211> 49 <212> DNA <213> Artificial Sequence <220>
<223> Synt hesi zed 2X35S-CP51V 5(orinme)137. R ¢ <400> 91 ttggagaggt
attaaaaf@?ofaata uttt tgataaaagc_gaac u49 <§% 0> 92 <211> 44 <212> 2NA
<213> Artirciar %%Sdﬁsﬁ FLOYS B293Y s@%ﬁﬁ]@sﬁa &%Ral - M prot.r <400> 92
tctccatggg,cccgacaaat ttgagcagaa tatacagaaq cttad44 <210> 93

Asp Arg Ile Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His Val Val
1 5 10 15

Lys Thr Ala Thr Gln Gly Glu Val Asn Val Thr Gly Val Ile Pro Leu
20 25 30

Thr Thr Thr Pro Thr Lys Ser Tyr Phe Ala Asn Leu Lys Gly Thr Arg
35 40 45

Thr Arg Gly Lys Leu Cys Pro Asp Cys Leu Asn Cys Thr Asp Leu Asp
50 55 60

Val Ala Leu Gly Arg Pro Met Cys Val Gly Thr Thr Pro Ser Ala Lys
65 70 75 80

Ala Ser Ile Leu His Glu Val Lys Pro Val Thr Ser Gly Cys Phe Pro
85 90 95

Ile Met His Asp Arg Thr Lys Ile Arg Gln Leu Pro Asn Leu Leu Arg
100 105 110

Gly Tyr Glu Asn Ile Arg Leu Ser Thr Gln Asn Val Ile Asp Ala Glu
115 120 125

Lys Ala Pro Gly Gly Pro Tyr Arg Leu Gly Thr Ser Gly Ser Cys Pro
130 135 140

Asn Ala Thr Ser Lys Ser Gly Phe Phe Ala Thr Met Ala Trp Ala Val
145 150 155 160

Pro Lys Asp Asn Asn Lys Asn Ala Thr Asn Pro Leu Thr Val Glu Val
165 170 175

Pro Tyr Ile Cys Thr Glu Gly Glu Asp Gln Ile Thr Val Trp Gly Phe
180 185 190

His Ser Asp Asp Lys Thr Gln Met Lys Asn Leu Tyr Gly Asp Ser Asn
195 200 205

Pro Gln Lys Phe Thr Ser Ser Ala Asn Gly Val Thr Thr His Tyr Val
210 215 220

Ser Gln Ile Gly Ser Phe Pro Asp Gln Thr Glu Asp Gly Gly Leu Pro
225 230 235 240

Gln Ser Gly Arg Ile Val Val Asp Tyr Met Met Gln Lys Pro Gly Lys
245 250 255

Thr Gly Thr Ile Val Tyr Gln Arg Gly Val Leu Leu Pro Gln Lys Val
260 265 270

Trp Cys Ala Ser Gly Arg Ser Lys Val Ile Lys Gly Ser Leu Pro Leu
275 280 285

Ile Gly Glu Ala Asp Cys Leu His Glu Lys Tyr Gly Gly Leu Asn Lys
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<211> 3580 <212> 9NA <213> Artificial Sequence <220> <223> Synt hesirzadoi0/000983
Construct 747, fromPad | to Ascl <400> 93 ttaattaagt cgacaaactt gcatgcctoc
aggt caacat gqt ggaqcac gacacacttg60 PCT/ CA2010/ 000983 tctact ccaa

aaat at caaa gat acagtct cagaagacca aagggcaatt gagacttttc 120 aacaaagggt

aat atccgga aacctectog gattccattg cccagctatc tgtcacttta 180 ttgtgaagat

agt ggaaaag ¢&@dggt ggct cctacaadbg ccatcattgc gathaaggaa 240 aggccat cgt

t gaagat gcc tctgccgaca gt ggtcccaa, agat ggaccc ccacccacga 300 agcat cgt
ggaaaaagdd; gacotttcda qg’cfa Gt cGléfagjg%%é@ta’ggéﬁ &i? g(tqd g%g aacat ggt
ggagcacgac acacttgtct

Pro Ile Trp Val Lys Thr Pro Leu Lys Leu Ala Asn Gly Thr Lys Tyr
325 330 335

Arg Pro Pro Ala Lys Leu Leu Lys Glu Arg Gly Phe Phe Gly Ala Ile
340 345 350

Ala Gly Phe Leu Glu Gly Gly Trp Glu Gly Met Ile Ala Gly Trp His
355 360 365

Gly Tyr Thr Ser His Gly Ala His Gly Val Ala Val Ala Ala Asp Leu
370 375 380

Lys Ser Thr Gln Glu Ala Ile Asn Lys Ile Thr Lys Asn Leu Asn Ser
385 390 395 400

Leu Ser Glu Leu Glu Val Lys Asn Leu Gln Arg Leu Ser Gly Ala Met
405 410 415

Asp Glu Leu His Asn Glu Ile Leu Glu Leu Asp Glu Lys Val Asp Asp
420 425 430

Leu Arg Ala Asp Thr Ile Ser Ser Gln Ile Glu Leu Ala Val Leu Leu
435 440 445

Ser Asn Glu Gly Ile Ile Asn Ser Glu Asp Glu His Leu Leu Ala Leu
450 455 460

Glu Arg Lys Leu Lys Lys Met Leu Gly Pro Ser Ala Val Glu Ile Gly
465 470 475 480

Asn Gly Cys Phe Glu Thr Lys His Lys Cys Asn Gln Thr Cys Leu Asp
485 490 495

Arg Ile Ala Ala Gly Thr Phe Asn Ala Gly Glu Phe Ser Leu Pro Thr
500 505 510

Phe Asp Ser Leu Asn Ile Thr Ala Ala Ser Leu Asn Asp Asp Gly Leu
515 520 525

Asp Asn His Thr Ile Leu Leu Tyr Tyr Ser Thr Ala Ala Ser Ser Leu
530 535 540

Ala Val Thr Leu Met Leu Ala Ile Phe Ile Val Tyr Met Val Ser Arg
545 550 555 560

Asp Asn Val Ser Cys Ser Ile Cys Leu

565
<210> 95
<211> 570
<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized Influenza B virus B/Malaysia/2506/2004
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act ccaaaaa t at caaagat
aaagggt aat at ccggaaac
t gaagat agt ggaaaaggaa
ccatcgttga agatgcctct
cat cgt gga aaaagaagac
?ctccgc?gép%gt& gggat
t at aaggaag ttcatttcat

gaacgt gg§i’ dadcctyadt

Lys Thr Ala Thr
20

Thr Thr Thr Pro
35

Thr Arg Gly Lys
50

Val Ala Leu Gly
65

Val Ser Ile Leu
Ile Met His Asp
100

Gly Tyr Glu His
115

Asn Ala Pro Gly
130

Asn Val Thr Asn
145

Pro Lys Asn Asp
Val Pro Tyr Ile
180

Phe His Ser Asp
195

Lys Pro Gln Lys
210

Val Ser Gln Ile
225

Pro Gln Ser Gly
Lys Thr Gly Thr
260

Val Trp Cys Ala
275

Leu Ile Gly Glu
290

Lys Ser Lys Pro
305

acagtctcag 420

ctcctcggat’
ggt ggct ect

540

gccgacagtg 600
gttccaacca 660

gacgcacaat

deeted:

ttg

Egﬁa

Gln

Thr

Leu

Arg

His

85

Arg

Ile

Gly

Gly

Asn

165

Cys

Asn

Phe

Gly

Arg

245

Ile

Ser

Ala

Tyr

Gly

Lys

Cys

Pro

70

Glu

Thr

Arg

Pro

Asn

150

Asn

Thr

Glu

Thr

Gly

230

Ile

Thr

Gly

Asp

Tyr
310

Glu

Ser

Pro

55

Lys

Val

Lys

Leu

Tyr

135

Gly

Lys

Glu

Thr

Ser

215

Phe

Val

Tyr

Arg

Cys

295

Thr

720

480"

aagaccaaag
tccattgccc
acaaat gcca
gt cccaaaga
cgtcttcaaa
cccactatcc
at t aaaat ct

Tq§26er Ser Asn Ser

10

Val Asn Val Thr Gly

25

His Phe Ala Asn Leu

40

Lys Cys Leu Asn Cys

60

Cys Thr Gly Asn Ile

75

Arg Pro Val Thr Ser

90

Ile Arg Gln Leu Pro
105

Ser Thr His Asn Val

120

Lys Ile Gly Thr Ser

140

Phe Phe Ala Thr Met

155

Thr Ala Thr Asn Ser

170

Gly Glu Asp Gln Ile
185

Gln Met Ala Lys Leu

200

Ser Ala Asn Gly Val

220

Pro Asn Gln Thr Glu

235

Val Asp Tyr Met Val

250

Gln Arg Gly Ile Leu
265

Ser Lys Val Ile Lys

280

Leu His Glu Lys Tyr

300

Gly Glu His Ala Lys

315

77

ggcaat t gag

agct at ct gt
tcatt gcgat

t ggaccocca

gcaagt ggat

tt cgcaagac

t aat
Pro

Val

Lys

45

Thr

Pro

Gly

Lys

Ile

125

Gly

Ala

Leu

Thr

Tyr

205

Thr

Asp

Gln

Leu

Gly

285

Gly

Ala

actttteas®2010/000983
cactttattg
aaaggaaagg
cccacgagga
t gat gt gat a
cottcctcta

Agottt tgataaaagc

Ile

30

Gly

Asp

Ser

Cys

Leu

110

Asn

Ser

Trp

Thr

Val

150

Gly

Thr

Gly

Lys

Pro

270

Ser

Gly

Ile

15

Pro

Thr

Leu

Ala

Phe

95

Leu

Ala

Cys

Ala

Ile

175

Trp

Asp

His

Gly

Ser

255

Gln

Leu

Leu

Gly

Leu

Glu

Asp

Arg

80

Pro

Arg

Glu

Pro

Val

160

Glu

Gly

Ser

Tyr

Leu

240

Gly

Lys

Pro

Asn

Asn
320



tctaaactct ctctcatctc tcttaaagca aacttctctc ttgtctttct tgcgtgagcgec@dfd2o10/000983
atcttcaacg ttgtcagatc gtgcttoggc accagtacaa cgttttcttt cactgaagcg 960

aaat caaaga tctctttgtg gacacgtagt goggcgccat taaataacgt gtacttgtcc 1020
tattcttgtc ggtgtggtct tgggaaaaga aagottgctg gaggctgctg ttcagcccca 1080
tacattactt gttacgattc tgctgacttt cggcgggtgc aatatctcta cttctgcttg 1140
acgaggtatt gttgcctgta cttctttctt cttcttcttg ctgattggtt ctataagaaa 1200

t ct agt at £¥3t ¢t t Haaak %abﬁ tTPEcPrc?gPﬁbtltYStgeugég%@ﬁﬁg%ﬁgy %?%éé(tst gtt 1260
aagottctgt atattctgcc tdaatttgtc gggcccargg >

Tyr Arg Pro Pro Ala Lys Leu Leu Lys Glu Arg Gly Phe Phe Gly Ala
340 345 350

Ile Ala Gly Phe Leu Glu Gly Gly Trp Glu Gly Met Ile Ala Gly Trp
355 360 365

His Gly Tyr Thr Ser His Gly Ala His Gly Val Ala Val Ala Ala Asp
370 375 380

Leu Lys Ser Thr Gln Glu Ala Ile Asn Lys Ile Thr Lys Asn Leu Asn
385 390 395 400

Ser Leu Ser Glu Leu Glu Val Lys Asn Leu Gln Arg Leu Ser Gly Ala
405 410 415

Met Asp Glu Leu His Asn Glu Ile Leu Glu Leu Asp Glu Lys Val Asp
420 425 430

Asp Leu Arg Ala Asp Thr Ile Ser Ser Gln Ile Glu Leu Ala Val Leu
435 440 445

Leu Ser Asn Glu Gly Ile Ile Asn Ser Glu Asp Glu His Leu Leu Ala
450 455 460

Leu Glu Arg Lys Leu Lys Lys Met Leu Gly Pro Ser Ala Val Glu Ile
465 470 475 480

Gly Asn Gly Cys Phe Glu Thr Lys His Lys Cys Asn Gln Thr Cys Leu
485 490 495

Asp Arg Ile Ala Ala Gly Thr Phe Asp Ala Gly Glu Phe Ser Leu Pro
500 505 510

Thr Phe Asp Ser Leu Asn Ile Thr Ala Ala Ser Leu Asn Asp Asp Gly
515 520 525

Leu Asp Asn His Thr Ile Leu Leu Tyr Tyr Ser Thr Ala Ala Ser Ser
530 535 540

Leu Ala Val Thr Leu Met Ile Ala Ile Phe Val Val Tyr Met Val Ser
545 550 555 560

Arg Asp Asn Val Ser Cys Ser Ile Cys Leu

565 570
<210> 96
<211> 548
<212> PRT

<213> Artificial Segquence

<220>
<223> Synthesized Influenza A virus A/Brisbane/59/2007 (HIN1)

<400> 96

Asp Thr Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr Val
1 5 10 15
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cgaaaaacgt tgcgattttc
tottcgctga tcgaatctgce
cagccact ca aggggaggt c
aatottattt tgcaaatctc
t caact gcac agat ct ggat
cggcgaaggc ttcaatactc

t gcacgac

P adcadaaate

ggct at caac ccaaaac

c

Leu Glu Asn Ser

Pro

Pro

65

Glu

Asp

Arg

Thr

Arg

145

Ser

Gly

Thr

Phe

Arg

225

Phe

Ser

Lys

Leu

Tyr

305

Pro

Leu

50

Glu

Lys

Tyr

Phe

Gly

130

Asn

Lys

Val

Glu

Thr

210

Tle

Glu

Arg

Cys

Pro

290

Val

Ser

35

Gln

Cys

Pro

Glu

Glu

115

Val

Leu

Ser

His

Asn

195

Pro

Asn

Ala

Gly

Asp

275

Phe

Arg

Tle

Leu

Glu

Asn

Glu

100

Ile

Ser

Leu

Tyr

His

180

Ala

Glu

Tyr

Asn

Phe

260

Ala

Gln

Ser

Gln

1320
1380
1440
1500
1560
1620

cacg

4686Yagge

1740 atcgatgc

a

3
a9

His Asn Gly Lys Leu

Gly

Leu

Pro

85

Leu

Phe

Ala

Trp

Ala

165

Pro

Tyr

Tle

Tyr

Gly

245

Gly

Lys

Asn

Ala

Ser
325

Asn

Leu

70

Glu

Arg

Pro

Ser

Leu

150

Asn

Pro

Val

Ala

Trp

230

Asn

Ser

Cys

Val

Lys

310

Arg

Cys

55

Ile

Asn

Glu

Lys

Cys

135

Thr

Asn

Asn

Ser

Lys

215

Thr

Leu

Gly

Gln

His

295

Leu

Gly

40

Ser

Ser

Gly

Gln

Glu

120

Ser

Gly

Lys

Ile

Val

200

Arg

Leu

Ile

Ile

Thr

280

Pro

Arg

Leu

Val

Lys

Thr

Leu

105

Ser

His

Lys

Glu

Gly

185

Val

Pro

Leu

Ala

Tle

265

Pro

Val

Met

Phe

Cys

Ala

Glu

Cys

90

Ser

Ser

Asn

Asn

Lys

170

Asn

Ser

Lys

Glu

Pro

250

Asn

Gln

Thr

Val

Gly
330

79

Leu

Gly

Ser

75

Tyr

Ser

Trp

Gly

Gly

155

Glu

Gln

Ser

Val

Pro

235

Arg

Ser

Gly

Ile

Thr

315

Ala

Leu

Trp

60

Trp

Pro

Val

Pro

Glu

140

Leu

Val

Lys

His

Arg

220

Gly

Tyr

Asn

Ala

Gly

300

Gly

Ile

Lys

45

Ile

Ser

Gly

Ser

Asn

125

Ser

Tyr

Leu

Ala

Tyr

205

Asp

Asp

Ala

Ala

Ile

285

Glu

Leu

Ala

Gly

Leu

Tyr

His

Ser

110

His

Ser

Pro

Val

Leu

190

Ser

Gln

Thr

Phe

Pro

270

Asn

Cys

Arg

Gly

o504

Tle

Gly

Tle

Phe

95

Phe

Thr

Phe

Asn

Leu

175

Tyr

Arg

Glu

Ile

Ala

255

Met

Ser

Pro

Asn

Phe
335

tg

ggcttattgt tttctcttct tgtgttggtt cctt cdeanacio/ooosss
act ggaat aa catcttcaaa ctcacctcat gtggtcaaaa
aat gt gact g gt gt gatacc actaacaaca acaccaacaa
aaaggaacaa ggaccagagg gaaactatgc ccagactgtc
gtggctttgg gcagaccaat gtgtgtgggg accacacctt
qgg:ca aacctgttac atc

Br dGaatitt fiet €a

c tttcctataa
fatt*Jaaaat at ca

Ala

Asn

Val

80

Ala

Glu

Val

Tyr

Leu

160

Trp

His

Lys

Gly

Tle

240

Leu

Asp

Ser

Lys

Tle

320

Tle



aaaaggcacc aggaggaccc tacagacttg gaacctcagg atcttgccct 1800 aacgcicag®anio/000983
gt aagagcgg atttttcgca acaat ggctt' gggctgtccc aaaggacaac 1860 aacaaaaatg
caacgaaccc actaacagta gaagtaccat acatttgtac agaaggggaa 1920 gaccaaatca
ctgtttgggg gttccattca gataacaaaa cccaaatgaa gaacctctat 1980 ggagact caa
atcctcaaaa gttcacctca tctgctaatg gagtaaccac acactatgtt2040 tctcagattg
gcagcttc@bﬂé@aﬂ@aaaﬁaT@ad@abﬁ@adaéa%ﬂaééhéépa%@tﬁétgggz&bﬁHé%tgttgittg
attacat gat gcaaaaactt gggaaaacag gaﬁ%hattgt ctaccaa 2160 ggtgttttgt
tgcct caaaa, qat g1.40kac (9c0agt 0024, agadcanagl. aaf22aaa0d2220 f cct L gect !
taattggtga agcagattgc cttcat ga‘éa%gat acggtgg”a a%égaaaz agcaagcctt
act acacagg agaacat gca aaagccatag gaaattgccc aat atgggt g2340 aaaacacctt
t gaagct cgen caat HGAAEE cAgai At agagset CLt geaaanasd.avt aaag2400 . gaaaggggt t
tcttcggagc tabtgctggt ttcctagasag gaggat ggga aggaat gatt 2460 gcaggct ggce
acggat acac atctcacgga gcacat ggag tggcagtggc ggcggacctt 2520 aagagt acgc
aagaagct H¢t @aaacHagata racadaadad aflc@at Les tAlughigt gagdtva2b80 Gaagt aaaga
at ctt caad®P act aagt ggt gccatyggat g aact ccaca@>cgaaat act c26404gagct ggat g
agaaagt gga tgatctcaga gctgacacta taagctcgca aat agaactt2700 _gcagtcttgc
tttccaacgd’ é*dﬁabéettaﬁg%l ﬁ@cg‘ﬁt gaadvat @ﬁgg%’? cﬁsPa%Tpgg&écﬁhFZZ% Ag%lgagaaaac

t aaagaaaat gctgggtccc tCtgctgtag agataggaaa tggatgcttc2 gaaaccaaac
acaagt gcaga. GCagacchge Al,agacagga.J,agst 961 4g..Cagekl{ aal,2880 nggaggagaat
tttctctccc cacttttgag tcactgaaca ttaptgctge atctttaaap2940 gat gat ggat
t ggat aacta ccaaatactg tcaatttatt caacagtggc gagttcccta3000 gcactggcaa
t cat gat ggor tiggt &iratctd HikatggatgtAsgcrLc aat ggnategirvacaa30p0 vhgcagaat tt
gcatttaaag gcctattttc tttagtttgas@tttactgtt attcggbgtg3120 catttctatg
tttggtgagc ggttttctgt gctcagagtg tgtttatttt atgtaattta3l80 atttctttgt
gagct cct g¥s trragedydte lgtcttt fea léah@béé%c%ea%gé@éﬂql%@ﬁ) FRattttatta
aaaaaaaaaa éﬁgaaaagac cgggaaﬁ?%g at at caagct té?%gacctg3300 cagatcgttc
aaacatttgg, caatagagtl [Lctt 9:@41tAsgaéfuc%ggtﬁetggﬁg%fegtxﬁa@]?gso aGgatgattat
cat ataat ks ctgttgaatt acgiipagca tgtaataati,saacat gtaat 3420 ,ggat gacgtt
atttatgaga tgggttttta tgattagagt cccgcaatta tacatttaat 3480 acgcgat aga
aaacaaaatay tagcgegoaa met aggayaaryat tat cgeguugeggtgs catn3b40 retat gt t act
agattctaga gtctcaagct 486ggcgcgcc3580 <230> 94 <211> 569412> PRT <213>

Artificial Sequence PCT/ CA2010/000983
Glu Lys Ile Asp Gly Val Lys Leu Glu Ser Met Gly Val Tyr Gln Ile

500 505 510

Leu Ala Ile Tyr Ser Thr Val Ala Ser Ser Leu Val Leu Leu Val Ser
515 520 525

Leu Gly Ala Ile Ser Phe Trp Met Cys Ser Asn Gly Ser Leu Gln Cys
530 535 540 '

Arg Ile Cys Ile
545

<210> 97

<211> 548

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized Influenza A virus A/Solomon Islands/3/2006 (HINI1)

<400> 97

Asp Thr Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr Val
1 5 10 15

Asp Thr Val Leu Glu Lys Asn Val Thr Val Thr His Ser Val Asn Leu
20 25 30

Leu Glu Asp Ser His Asn Gly Lys Leu Cys Leu Leu Lys Gly Ile Ala
35 40 45
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<220> <223> Synt hesi zed | nfl
Ay Ile Thr

Ile Cys
Thr Gn
Thr Lys
Cys Pro
Met Cys V&
Vat Lys
Ile Arg
Ser Thr
Arg Leu
Phe Phe
Asn Al a
Gy Gu
Gn Mt
Ser Al a
Pro Asp G
Val Vat
Tyr G n
Arc Ser
Cys Leu
Thr Gy
Lys Thr
Lys Leu
Gu dy d
Hs Gy
Gu Ala

Thr

Gy du Vval
Ser Tyr

Pr o 5\9a|

gy Thr

Gn Thr
Y Pﬂ?r
Arg 4 y

Ser
Asn Val

Phe Al a Asn
Asp Cys Leu Asa Cys Thr
LehyCIthEeTHLYPro: SEf
Thr Ser Ay

b L 10,4y, lle Arg L
Cvglglﬁeup‘geu ,I&?a éA\rgA %}5 efSTer y{ngIPe nite Arg Leu

Ser

Ay Ser

uenza B virus B/ Floridal/4/2006 <400> Q4/AspLoAdd9s3

Ser
Thr
Leu

eys

‘Asn
Ay
Lys
As

Phe

Ser Pro His Val Val 151015 Lys Thr Al a
Val Ile Pro Leu 202530 Thr Thr Thr Pro
Gy Thr Arg 354045 Thr Arg Ay Lys Leu
Leu Asp 505560 Val Ala Leu Ay Arg Pro

p
SRiraV3ly 1857207580 TAF °BeflY €2 Leu H's G u

Pro 859098°fie Met His Asp Arg Thr Lys

Pro y Ay Pro Tyr

Cys Pro 130135140 Asn Ala Thr Ser Lys Ser Ay
At €.1.yEhe - VREn At:d dTp ndh a:1Vabn A1 4515845616Q1 Prio sLys. Asp Asn Asn Lys
Thr Asn Pro Less Thr Val
Asp Gn Ile Thr Val

Cu

Vale0165170175 Pro Tys Ile Cys Thr Gu

Trp Ay Phe 180185190 His Ser Asp Asp Lys Thr
Bys TAsnGleGlTyireuGhys Adp Ber LAsKe195200205<ProerGe Iy8 Phe Thr Ser
Asn Gy VaIlOfThr Thr His Tyrl®al 210215220 Set'%Gn Ile Ay Ser. Phe

ﬁlrvef{%ed’% B

Led Leu Pro

Lys Mgl vELl %el-y;@laGsa/r

H's Gou Lys Tyr

Ile Asn Lys Ile

Gly

Lys

Phe

Arg

225

Phe

Ser

Glu

Leu

Tyr

305

Pro

Glu

Gln

Asn

Glu

Thr

210

Ile

Glu

Arg

Cys

Pro

290

Val

Ser

Gly

Asn

Ala

pdud

Asn

195

Pro

Asn

Ala

Gly

Asp

275

Phe

Arg

Ile

Gly

Glu

355

Ile

180

Ala

Glu

Tyr

Asn

Phe

260

Ala

Gln

Ser

Gln

Trp

340

Gln

Asn

Tyr

Ile

Tyr

Gly

245

Gly

Lys

Asn

Ala

Ser

325

Thr

Gly

Gly

dy

Val

Ala

Trp

230

Asn

Ser

Cys

Val

Lys

310

Arg

Gly

Ser

Ile

Leu

2

Pro 225230235240 G n Set Ay Arg lle
] fefyrsrpﬁ%?ﬁg S%HTW?r &% Tar Ile Val
Lys Val 2602 70 Trp Cys Ala Ser Ay

t d8dsFY Qs heyt 245280285 1 be Gy Au Ala Asp
3y Leu Asn Lys 280295300 Ser Lys Pro Tyr Tyr

GQu Hs Ala Lys Ala lle @y Asn Cys 305310315320 2-so Il e Tzds Val
Pyve AseuldySehelrpAlan Asn @yyLThRshySlyTyeu 3253303851 Aeg Pro Pro Al a
Ilé@u Lys Au Arg G Phe
Net
Ak Heled oy LA e Var

>Thr

Val His His Pro Pro Asn

I'le

Lys

Ser
Lys
215
Thr
Leu
Gly
Gln
His
295
Leu
Gly
Met

Gly

Thr

Phe
Al a
yﬁs
Asn
Ile

Val
200
Arg
Leu
Ile
Ile
Thr
280
Pro
Arg
Leu
Val
Tyr

360

Asn

dy A|3a55l | e 340345250 Ala Ay Phe Leu
€] H s 355360365 Ay Tyr Thr Ser
G Rt ‘gluLEﬁl 370375380 LyS Ser Thr d@n
Leu ﬂsn Ser

Gly Asp Gln Arg Ala Leu Tyr His
185 190

Val Ser Ser His Tyr Ser Arg Lys
205

Pro Lys Val Arg Asp Gln Glu Gly
220

Leu Glu Pro Gly Asp Thr Ile Ile
235 240

Ala Pro Arg Tyr Ala Phe Ala Leu
250 255

Ile Asn Ser Asn Ala Pro Met Asp
265 270

Pro GIn Gly Ala Ile Asn Ser Ser
285

Val Thr Ile Gly Glu Cys Pro Lys
300

Met Val Thr Gly Leu Arg Asn Ile
315 320

Phe Gly Ala Ile Ala Gly Phe Ile
330 : 335

Asp Gly Trp Tyr Gly Tyr His His
345 350

Ala Ala Asp Gln Lys Ser Thr Gln
365

Lys Val Asn Ser Val Ile Glu Lys
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385390395400 Leu Ser GQu Leu Au Val Lys Asn Leu G n Arg Leu Ser fdryca®bid /000983
Met 405410415 Asp Qu Leu H's Asn Qu Ile Leu Au Leu Asp Au Lys Val Asp
Asp 420425430 Leu Arg Ala Asp Thr Ile Ser Ser An lle Qu Leu Ala Val Leu
Leu 435440445 Ser Asn Qu Gy Ile lle Asn Ser Qu Asp Qu His Leu Leu Ala
Leu 450455460 Ju Arg Lys Leu Lys Lys Met Leu Jy Pro Ser Ala Val Qu lle
dy 4654704?%9180 Asn Ay Cys*Phe @u Thr Lys #i% Lys cys Asn G n Thr Cys
Leu Asp l e, Al he_ As u 2he Ser Leu
P- 884) é 3@%5%’95% " gjsaevaﬁg% 9}25 G% & Thr Riﬁ ay Ci% ﬁ “lLeu Asa Asp
Asp Ay eu 515520525 Asp Ass Hi s Th-L- IIe Leu Leu Ty z- Tyr Ser Th-L- Al a
Ala Se zprSekqlheud 530235540 Aba rValnyEhralewpMely key phkarild asfhe 11e Val Tyr
Met Val Ser Arg 545550555560 Asp Asn Valo Ser Cys Ser |l&sCys Leu 565 <210>
95 <211> 570 <212> PRT <213> Artificial Sequence <220> <223> Synt hesi zed

I nfl uenzal RTvpris R MVRsaysSlisalbRb064 2004 Va PCELCA20E04 060983 Ax#100> 95 Asp Arg
Ile Cys Thr Gly Ilé2@?hr Ser Ser Asn42§er Pro Hi s Val 8l 151015 Lys Thr Ala
Thr Gn d Val Thr Ay Val Ile Pro Leu 202530 _Thr Thr Thr Pro
Thr Lys %%%lLﬁFsA ShEh%IHéSA@Sﬁ E%ﬁ Lys Vaél §7ysl'ﬁrsnd”‘°dl % 2048 Tir VAt g Ay Lys Leu
Cys Pro Lys Q/s eu Asn Cys Thr p Leu Asp 5055 Val Ala Leu Sly Arg Pro
Lys /s Thr ofClycsn.d 6P, et HALa Y 6165107580, Valo:Serd b Leu Hs Siu
Val Arg Pr04‘g/al Thr Ser Sly ©ys Phe Pro 85909&dle Met His Asp Arg Thr Lys
Ile Arg Gn Leu Pro Lys Leu Leu Arg 100105110 Ay Tyr Gu His Ile Arg Leu
Ser Thr &l FAsmTWahid [lgs Asys Abma AGbuG1l 632 0%2561AsAeAlValPre Gy Sly Pro Tyr
Lys Ile &y Thr Ser Ay Set® Cys Pro 1301353740 Asn Val Thr A8h Cy Asn Ay
Phe Phe Ala Thr Met Ala Trp Ala Val 145150155160 Pro Lys Asn Asp Asn Asn
Lys Thr Afa Tﬁ*’ﬁrTyﬁsﬁSISégrggL%ﬁf Tt e’ glglééﬁé)%%yi/aheupﬁg ¢ 1le Cys Thr
Gu dy CQu Asp An Il'e"Thr Val Trp Ay

Glu Lys Ile Asp Gly Val Lys Leu Glu Ser Met Gly Val Tyr Gln Ile
500 505 510

Leu Ala Tle Tyr Ser Thr Val Ala Ser Ser Leu Val Leu Leu Val Ser
515 520 525

Leu Gly Ala Ile Ser Phe Trp Met Cys Ser Asn Gly Ser Leu Gln Cys
530 535 540

Arg Ile Cys Ile
545

<210> 98
<211> 548

<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized Influenza A virus A/New Caledonia/20/1939 (HIN1)

<400> 98

Asp Thr Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr Val
1 5 10 15

Asp Thr Val Leu Glu Lys Asn Val Thr Val Thr His Ser Val Asn Leu
20 25 30

Leu Glu Asp Ser His Asn Gly Lys Leu Cys Leu Leu Lys Gly Ile Ala
35 40 45

Pro Leu Gln Leu Gly Asn Cys Ser Val Ala Gly Trp Ile Leu Gly Asn
50 55 60

Pro Glu Cys Glu Leu Leu Ile Ser Lys Glu Ser Trp Ser Tyr Ile Val
65 70 75 80

Glu Thr Pro Asn Pro Glu Asn Gly Thr Cys Tyr Pro Gly Tyr Phe Ala
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180185190 Phe Hi's Ser Asp Asn AQu Thr G n Met Ala Lys Leu Tyr G yecAgf2&@o000983
195200205 Lys Pro G n Lys Phe ?hr Ser Ser Ala Asn Gy Val ?hr Thr His Lyr
210215220 Val Ser Gn lle Ay Ay Phe Pro Aso Gn Thr u Asp Ay Ay Leu
225230235240 Pro G n'Ser Ay Arg Ile Val Val Asp Tyr Net Val Sin Lys Ser

Sly 245250255 Lys Thr Gly Thr 1Ile Thr Tyr SIn Arg Sly Ile Leu Leu Pro G n

Lys 260265270 Val Trp s Ala Ser Ay APg Ser Lys Val I1Pe Lys Ay Ser Leu

Pro 275280285 Leu | d s Leu d Tyr Ay Ay Leu
Asn 290298300 LY o %jrw Apt gl‘fyG?l %fg% Gy Vg Je éJerA?g%e Je Anile d y
Asn 305310315320 / CA2010/ 000983 Cys Pro Ile Trp Ars Thr ?ro Leu
Lys Leu Aba Asi @.Grve WHe LS 1325330335 sIyrr.Ar 6, P, R2Q. ﬁluavlays Leu Leu Lys
du ArcsPhe Phei3y Al a 3403433500l le Ala Ay Phezkeu Au Ay Ay Trp Qu
Gy Met Ile Ala Ay Trp 355360365 His Ay Tyr Thy Ser His Ay Ala H's Sly
Val Al a Val Alvavél 8eATpP a370375368rLéis Ibys Bar Lyhsed serGliwe Ava 11 e Asn Lys
Ile Thr Lys A9n Leu Asa 365390395400 Ser Leu S8 Qu Leu Gu Val Lys Asn
Leu Gn Arg Leu Ser ? Al a 405410415 Met p.Au Leu Hs Asn Qu Ile Leu
G u Leu é%% grutty seva rpAﬁ)u £20425430° ASp %%UL?&? d YAl oA 'FFZP Ile Ser Ser
Gln |le Leu Ala Val Leéu’ 435440445 Leu Ser Asn Gu Gy '8 11e Asn Ser
G u Asp Gyt Hsckeu boliAha, 450433460, Leu DA g Lvsleli L Lys Mt Leu
Gy Pro Ser a Val "Gkl | e 465470475480 Gy CysyPhe A u Thr Lys
H's Lys Cys Asn A n Thr Cys Leu 485490495 Asp Arg IIe Ala Ala Ay Thr Phe
Asp Al a Gy @lunFEheiiSerrd ewo Pso BIR0605550 Jhr ARhelAspuSeyr lved Asn |l e Thr
Ala Ala Ser Leu AsnisAsp Asp Sly 515529525 Leu Asp As¥eHi s Thr Ile Leu Leu
Tyr 7yr Ser Thr Ala Ala Ser Ser 530535540 Leu Ala Val al= Leu Met Ile Ala
|l e Phe VAF W&l 29y Lpetyovar! Ser %Esb%%%@ ArY TASpIASA*VaFISer Cys Ser
Ile Cys Leu 565570 <210> 96 <2115°%548 <212> PRT £913> Artificial Sequence

Phe Thr Pro Glu Ile Ala Lys Arg Pro Lys Val Arg Asp Gln Glu Gly
210 215 220

Arg Ile Asn Tyr Tyr Trp Thr Leu Leu Glu Pro Gly Asp Thr Ile Ile
225 230 235 240

Phe Glu Ala Asn Gly Asn Leu Ile Ala Pro Trp Tyr Ala Phe Ala Leu
245 250 255

Ser Arg Gly Phe Gly Ser Gly Ile Ile Thr Ser Asn Ala Pro Met Asp
260 265 270

Glu Cys Asp Ala Lys Cys Gln Thr Pro Gln Gly Ala Ile Asn Ser Ser
275 280 285

Leu Pro Phe Gln Asn Val His Pro Val Thr Ile Gly Glu Cys Pro Lys
290 295 300

Tyr Val Arg Ser Ala Lys Leu Arg Met Val Thr Gly Leu Arg Asn Ile
305 310 315 320

Pro Ser Ile Gln Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile
325 330 335

Glu Gly Gly Trp Thr Gly Met Val Asp Gly Trp Tyr Gly Tyr His His
340 345 350

Gln Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Gln Lys Ser Thr Gln
355 360 365

Asn Ala Ile Asn Gly Ile Thr Asn Lys Val Asn Ser Val Ile Glu Lys
370 375 380

Met Asn Thr Gln Phe Thr Ala Val Gly Lys Glu Phe Asn Lys Leu Glu
385 390 395 400

Arg Arg Met Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Leu Asp
405 410 415
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<220> <223> Synt hesi zed | nfluenza A virus A/ Erisbane/ 59/ 2007( HLN1jcr%4$Q6  &B9s3
Asp Thr Ile Cys Ile Ay Tyr His 'Ala Asn Asa Ser Thr Asp 7hr Val 51015

PCT/ CA2010/ 000983 Asp Thr Val Leu Qu Lys Asn Val Thr Val Thr H's Ser Val
Asn Leu 202530 Leu Qu Asn Ser H's Asn Gy Lys Leu Cys Leu Leu Lys Gy Ile
Al a 354045 Pro Leu G n Leu Gy Asn Cvs Ser VaI Ala v Trp Ile Leu Gy Asn
505580 Pro G Il Cys GIl Leu Leu lle Se r s Qu Ser Trp Ser Tyr Tie Val
65707530"Q ULy PR ASh Pro®d &ei\égud@l %ﬁ Gt €/gbr%luei*]gﬁ H s Phe Ala
859095 Asp Tyr du u Leu Arg Qu n Leu Se r Ser Ser Ser Phe GQu
100105113 Arg, bhe ﬁe gkl ‘%EP@eLPEz\Qn LoLs %#A&heﬁe%yrﬁeﬁ?u RrQ fsn H's Thr Val
115120125 Thr Gs¢ Val Ser a SeuoCy Hs Aspudy Qu Ser Ser Phe Tyr
130135140 Arg Asn Leu Leu Trp Leu Thr Gy Lys Asn Ay Leu Tyr Pro Asn Leu
145150156460 8erinLys: See ZEyr AAl alAstysAstu liys @yvurdysi@aysVake Leu Val Leu
Trp 16517017250Gy Val His H $Pro Pro Asn Il etddy Asn G n Lys Ala Leu Tyr
Hi s 130135190 Thr Qu Asa Ala Tyr Val Ser Val Val Ser Ser H's Tyr Ser Arg
Lys 19528832658°Phé Tt [pfo-yd &1 Pen AHa £y MAFgGlrﬂr BeLysiVal®s Ay Asp Gn Qu
Ay 210215220 Arg Tie Asn'Pyr Tyr Trp Thr “lRu Leu G u Pro &% Asp Thr Ile

I'l'e 225230 P Ti e Arg Tyr Al a Fhe
Al a Leu ‘% 5%363@% %% 4§\ggﬁl& yf%ﬁég A%gdlt%g SeIrIIé %QE A éfggr Asn Ala Fro
Met Asp 260263270 Lys Cys Asp Ala Lys Cys G n Thr Pro Gn Ay Ala Ile Asn
Ser Ser 21ib28028% heu cProvdher@ neAstiuVadr HMes Arovdalryfhrinl kece Ay A u Cys
Pro Lys 290295300 Ty Val Arg Ser Al Lys Leu Arg MstiovVal Thr Ay Leu Arg
Asn Tl e 305310315320 Pro Ser Tie Gn Ser Arg Ay Leu Phe Av Ala lle Ala
dy Phe HLEA?}QS@%O?@S SepCHrCARD 1O 05096 Lehwad eLGI?UT\fad Twr Ay Met Val
Asp Gy Trp Hyr’'@y Hyr Hi s His>340345350

Leu Gly Ala Ile Ser Phe Trp Met Cys Ser Asn Gly Ser Leu Gln Cys
530 535 540

Arg Ile Cys Ile
545

<210> 99
<211> 547

<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized Influenza A virus A/Singapore/1/1957 (H2N2)

<400> 99

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Lys Val
1 5 10 15

Asp Thr Ile Leu Glu Arg Asn Val Thr Val Thr His Ala Lys Asp Ile
20 25 30

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Lys Leu Asn Gly Ile Pro
35 40 45

Pro Leu Glu Leu Gly Asp Cys Ser Ile Ala Gly Trp Leu Leu Gly Asn
50 55 60

Pro Glu Cys Asp Arg Leu Leu Ser Val Pro Glu Trp Ser Tyr Ile Met
65 70 75 80

Glu Lys Glu Asn Pro Arg Asp Gly Leu Cys Tyr Pro Gly Ser Phe Asn
85 90 95

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Ser Val Lys His Phe Glu
100 105 110

Lys Val Lys Ile Leu Pro Lys Asp Arg Trp Thr Gln His Thr Thr Thr
115 120 125
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Gn Asn Qu dn Ay Ser Ay Tyr Ala Ala Asp G n Lys Ser Thr A n 3360365000983
Asn Ala Ile Asn Ay Ile Thr Asn 'Lys Val Asn Ser Val Ile Ju Lys 370375380
Met Asn Thr G n Phe Thr Ala Val Gy Lys Qu Phe Asn Lys Leu Qu
385390395400 Arg Arg Met A u Asn Leu Asn Lys Lys Val Asp Asp Gy Phe Ile
Asp 405110115 Ile Trp Thr Tyr Asn Ala GQu Leu Leu Val Leu Leu Qu Asn GQu
Arg 420425430 Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr G u Lys
Val 4354%%%%%@ &7 AéanCBLSeali%lA%@rF ASh PAPa” j@xée{ fﬁhﬁ Pte®&y Asn Ay Oys
Phe 450455460°G u Phe Tyr His tys Cys Asn Asp-@u Cys Met G u Ser Val Lys
Asn 4654704 Y 50 r sSer Lys Leu
Asn Arg ég }i%g?l\gaSldT %-E%g/lsf}jg é®£plél£s I?é%sir{rr : V&gsglraGL b Ay Val Tyr
Gn Ile 500505510 Leu Ala Ile Tyr Ser Thr Val Ala Ser Ser Leu Val Leu Leu
Val Ser B51p520520 het ZshyTiA 8et l@ySeru Bhe MEtprdNetr1€ys «Serp Asii Ay Ser Leu
G n Cys 530535540 Arg lése Cys |l e 545 €210> 97 <211> 548/x212> PRT <213>
Artificial Sequence <220> <223> Synt hesi zed Influenza A virus A/ Sol onon

| sl ands/ 375320@6(111-}1%\1% L4005 PLASHITRIY Fle fegsThy éed Rr=Tyk2 APR Al a Asn Asn
Ser Thr Asp Thr Val®451015 Asp Thr V& Leu Glu Lys Asf Val Thr Val Thr His

Ser Val eu_.20253Q Le p S Leu Leu Lys
Ay lle %%P % %yﬁ%laﬁcgffogﬁ}é% 9@3‘ s LbAgnLL J&%/ %n Cys Ser Val
Ala Ay Trp IIe Leu Gy Asn 505560 Pro Gu Q/s Gu Leu Leu Ile Sur Arg GQu
Ser Trp Sef rl¥radd e1¥al1266404580 - Uyd ws1 Pts@ &sh 1P 1@ e AsRgE y Thr Cys

Tyr Pro Ay Hios Phe Ala 8590955Asp ?yr Qu Gedeu Arg Au An Leu Ser Ser
Val Ser Ser Phe 3 u 100105110 Arg Phn Qu Ile Phe Pro Lys G u Ser Ser Trp
Pro Asn MeSs Gihr PiZhge1 I5P20125eTHreu@sp Vat Ber A ghSerleCysr Sé¢ His Asn Ay
A u Ser %ér Phe Tyr 13013531%0 Lys Asn Leu 4%€u ?rp Lou 7hr &Y Lys Asn Ay

Leu Tyr PE n Leld 515915%} eE )@ Ser ’>¥ Asén Lys Gu Lys
U r_ Gly Asn Leu e Ala Pro u Tyr GY¥y Phe Lys Il
du Vval Cel %al oG oy 50 .

Lys Arg Gly Ser Ser Gly Ile Met Lys Thr Glu Gly Thr Leu Glu Asn
260 265 270

Cys Glu Thr Lys Cys Gln Thr Pro Leu Gly Ala Ile Asn Thr Thr Leu
275 280 285

Pro Phe His Asn Val His Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr
290 295 300

Val Lys Ser Glu Lys Leu Val Leu Ala Thr Gly Leu Arg Asn Val Pro
305 310 315 320

Gln Ile Glu Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu
325 330 335

'Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr Gly Tyr His His Ser
340 345 350

Asn Asp Gln Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr Gln Lys
355 360 365

Ala Phe Asp Gly Ile Thr Asn Lys Val Asn Ser Val Ile Glu Lys Met
370 375 380

Asn Thr Gln Phe Glu Ala Val Gly Lys Glu Phe Ser Asn Leu Glu Arg
385 390 395 400

Arg Leu Glu Asn Leu Asn Lys Lys Met Glu Asp Gly Phe Leu Asp Val
405 410 415

Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met Glu Asn Glu Arg Thr
420 425 430

Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Asp Lys Val Arg
435 440 445
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165170175 Ay Val Hs H's Pro Pro Asn Ile Ay Asp Gn Arg Al a LeupckyéazblioSooosss
180185190 Lys G u Asn Ala Tyr Val Ser Val Val Ser Ser H's Tyr Ser Arg Lys
195200205 Phe Thr Pro G L' IIn Ala Lys Arg Fro Lys Val Arg Asp Gn Gu dy
210215220 Arg Ile Asn Tyr Tyr 7rp Thr Leu Leu Gu Pro Gy Asp. Thr Ire lle
225230235240 Phe Qu Ala Asn Gy Asn Leu Ire Ala Pro Arg Tyr Ala Phn Al a
Leu 2452892580 Set AF g “ePyrFhEalalysSert Gay AlvePJuelAsiysSere Ash Ala Pro Met
Asp 260265276°G u Cys Asp Al &°tys Cys G n Thr*Pro An Ay Ala Ile Asn Ser
Ser 275280285 Leu coPEhe G n Asn.Val H.s Pro Val Jhr. IIln Gy GQu Cys Pro
Lys 29023%:3%5#%% g/}éﬁ Cj/g(rsgzzige%s Q;aluL%/%S k%ﬁ ?@Egé{ﬁat\]agallys I %& Leu Arg Asn
I1e 305310315320 Pro Ser Ile @n Ser Arg Gy Leu Pe Ay Ara lle Ala Ay he
| I'n 325330335 Gdp &y GoyLfd pydhnoGiy Mot Mal L ASpe@asnTaRy Ryr Gy Tyr His
Hi s 340345350 G n Asn48ku G n Gy Ser @Gy Tyr Ara Ala Asgp G n Lys Ser Jhr
G n 355360365 Asn Ara Ile Asn Ay Ire Thr Asn Lys Val Asn Ser Val Iln GQu
Lys 370875386 MNet GAgrVaThky=GLau Pieg J4w MAL &1VaVal@ryr [3lg GQaulPhe Asn Lys Leu
G u 385390395400 APgArg Met A u AsPPileu Asn Lys LyssWal Asp Asp Ay Phe
Ile Asp 405410415 Ile Trp Thr Tyr. Asn Ala Qu Leu Leu Val Leu Leu A u Asn
Gu Arg 420426434 Thi Tﬁléuv%ﬁlﬁ%gl-fesr ASD S§§rL%‘s@ al*Lye X&h Leu Tyr Qu
Lys Val 435440445 Lys Ser G n Leu Lys Asn Asn Ala'Lys Qu Ile Ay Asn Ay
Cys Phe Aﬁ%ﬁg%& Gy Pher lykeH & sLys: &S ASNsAsR.Fdi Qyss et G u Ser Val
Lys Asn 465440475490 Ay Thr sTyr Asp Tyr Pro tys Tyr Ser Qu Gu Ser Lys
Let Asn Arg 485493495 Qu Lys Ile Asp Ay Val Lys Leu Qu Ser Met @y Val
Tyr G n Ele GOO0RHRS10 Leu Ala Ile Tyr Ser Thr Val Ala Ser Ser Leu Val Leu
Leu Val $8é¥ 515523525 Leu Ay Ala Ile Ser Phe Trp Met Cys Ser Asn Ay Ser
Leu Gn Qés 530535540 Arg Ile Cys Ile 545 <210> 98 <211> 548 <212> PRT
<213> Arfrfici aPY Sequence <220> <223> Synt hesi zed I nfluenza A virus A New
Saledoni% /1 § (HIN1) <400> 98 Asp Thr Ile Cys Ile Ay Tyr H's Ala Asn

Asn Ser {Bﬁasgrti Ec%@ﬂ Sequence

<220>
<223> Synthesized [Influenza A virus A/Brisbane/10/2007 (H3N2)

<400> 100

Thr Ala Thr Leu Cys Leu Gly His His Ala Val Pro Asn Gly Thr Ile
1 5 10 15

Val Lys Thr Ile Thr Asn Asp Gln Ile Glu Val Thr Asn Ala Thr Glu
20 25 30

Leu Val Gln Ser Ser Ser Thr Gly Glu Ile Cys Asp Ser Pro His Gln
35 40 45

Ile Leu Asp Gly Glu Asn Cys Thr Leu Ile Asp Ala Leu Leu Gly Asp
50 55 60

Pro Gln Cys Asp Gly Phe Gln Asn Lys Lys Trp Asp Leu Phe Val Glu
65 70 75 80

Arg Ser Lys Ala Tyr Ser Asn Cys Tyr Pro Tyr Asp Val Pro Asp Tyr
85 90 95

Ala Ser Leu Arg Ser Leu Val Ala Ser Ser Gly Thr Leu Glu Phe Asn
100 105 110

Asn Glu Ser Phe Asn Trp Thr Gly Val Thr Gln Asn Gly Thr Ser Ser
115 120 125

Ala Cys Ile Arg Arg Ser Asn Asn Ser Phe Phe Ser Arg Leu Asn Trp
130 135 140

Leu Thr His Leu Lys Phe Lys Tyr Pro Ala Leu Asn Val Thr Met Pro
145 150 155 160
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151016 Asp Thr Val Leu Gu Lys Asn Val Thr Val Thr His Ser Val Asgcrk@d010/000983

202530 Leu G u Asp Ser His Asn Gy Lys Leu Cys Leu Leu Lys Ay Ile Al a
354046 Pro Leu G n Lela Ay Asn Cys Ser Val Ala Ay Trp Ile Let Ay Asn
505660 Pro Qu Cys GQu Leu Leu Ile Ser Lys Au Ser Trp Ser Tyr Ile Val
65707580 A u Thr Fro Asn Pro Qu Asn Ay ?hr Cys Pro Ay Tyr Phe Al a
859095 ARP TyP WuwlG ﬁhﬁe‘tprHf &b Gtn! i@e&rgeﬁﬂysé? ViaP Ser PBer Phe G n
100105110 Arg Phe @ u'ffe Phe Pro Lys ‘b Ser Ser Trp Pt0 Asn His Thr Val
11512012p, aI r S H.s Ser Phe Tyr
13013514 ?E} %%%_/ Gt P %E‘e%g% v Lys 548 Ql%%ét%rs?' %&r Pro Asn Leu
145150155160 Ser Lys Ser Tyr Val Asn Asn Lys GQu Lys Qu Val Len Val Leu
Trp 165170 ta- Gy Vad Thirsu i srfreerRe1e Asm thi-evdd@ y1AsnoGan Arg Ala Len Tyr
Hi s 180185190 Tias G u Asn Al a TyooVal Set Val VakoSer Ser His Tyr Ser Arg
Arg 195200205 Phe Thr Pro Gn lle Ala Lys Arg Pro Lys Val Aro Asp Gn Gn
Ay 210285226+ Ay Fie MAagnValy ArdyWsnTiHe The SeeuPi1edlG®cPre @'y Asp Thr lle
|l e 225230235240 Phe G u AlaZasn Ay Asn Leu #4° e Ala Pro Trp Tyr Ala Fhe

@L? !&gg %gé%gg% ggf gPr Xl r}Aquly gg{ L%yx isl:bls%rT %Er ﬁlsg ,lA:ae1 ig(r)]

Ser Ser 280285 Leu Pro he GI n Asn Val 2I—|| s Pro Val Thr [le Ay Qu Cys
Fro Lys 29022330Q Zv4 pValn Ay @1§@yr%@ Lys lheun Ay ge Moty \VR)s EbF Gy Leu Aro
Asn |l e 305310315320 Bue Ser e Gn SerkoArg Ay Leu Phessy Ala lle Ala
Gy Fhe Ile 325330335 Gu Gy Ay Trp Thr Ay Met Val Asp Ay Trp Tyr Gy
Tyr H s Fies 1340345350 SGrniisasAldAroG e Gy SerCd psTyerAFlar Ava Asp G n Lys
Ser Thr A n 355360365 Asn Al a IIe Aty Ay Ile Thr As2r70Lys Val Asn Ser Val
Ile Au Lys 370375380 et Asn G n Phe Thr_Ala Q’ s G n Phe Asn
Lys Leu B 7385300395406 Ho A et i AR Tou e ye L e val Acp. Asp
Gy Phe Len Asp 405410415

Asn Arg Ile Thr Tyr Gly Ala Cys Pro Arg Tyr Val Lys Gln Asn Thr
290 295 300

Leu Lys Leu Ala Thr Gly Met Arg Asn Val Pro Glu Lys Gln Thr Arg
305 310 315 320

Gly Ile Phe Gly Ala Ile Ala Gly Phe Ile Glu Asn Gly Trp Glu Gly
325 330 335

Met Val Asp Gly Trp Tyr Gly Phe Arg His Gln Asn Ser Glu Gly Ile
340 345 350

Gly Gln Ala Ala Asp Leu Lys Ser Thr Gln Ala Ala Ile Asp Gln Ile
355 360 365

Asn Gly Lys Leu Asn Arg Leu Ile Gly Lys Thr Asn Glu Lys Phe His
370 375 380

Gln Ile Glu Lys Glu Phe Ser Glu Val Glu Gly Arg Ile Gln Asp Leu
385 390 395 400

Glu Lys Tyr Val Glu Asp Thr Lys Ile Asp Leu Trp Ser Tyr Asn Ala
405 410 415

Glu Leu Leu Val Ala Leu Glu Asn Gln His Thr Ile Asp Leu Thr Asp
420 425 430

Ser Glu Met Asn Lys Leu Phe Glu Lys Thr Lys Lys Gln Leu Arg Glu
435 440 445

Asn Ala Glu Asp Met Gly Asn Gly Cys Phe Lys Ile Tyr His Lys Cys
450 455 460

Asp Asn Ala Cys Ile Gly Ser Ile Arg Asn Gly Thr Tyr Asp His Asp
465 470 475 480

Val Tyr Arg Asp Glu Ala Leu Asn Asn Arg Phe Gln Ile Lys Gly Val
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PCT/ CA2010/ 000983 Ile Trp Thr Tyr Asn Ala Gu Leu Leu Val Leu Letbr@adoR3tvooss
G u Arg 420425430 Thr Leu Asp PhHe Hi$§ Asp Ser Asn Val Lys Asn Leu Tyr Qu
Lys Val 435440445 Lys Seer G n Leu Lys Asn Asn Ala Lys Qu 71e Gy Asn Ay
Cys Phe 450455460 A u Phe Tyr His Lys Cys Asn Asn Qu Cys Met Qu Ser Val
Lys Asn 465470475480 @y Thr Tyr Asp Tyr Pro Lys Tyr Set Ju Glu Set Lys
Leu Asn Arg 485490495 4&Pu Lys : Ie Asp @(ﬂ/ Val Lys lieu G2 Ser Met Gy Val
Tyr G n I]e_ 500505510 Leu Al a %/ er Thr_Val _ Al a Ser eer Leu Val Leu
lieu Val GJébéFHSIf@Sg%f%YLTé’J &ﬁ/ Aﬁf e él eLFuPTféD Tt Kt }ﬁ/é Ber Asn Ay Ser
Leu G n Cys 530535540 Arg Ile Cys | e 545 <210> 99 211> 547 <212> PRT
<213> Artifisclad,Seguence «220: 223> Synthestzednd nikugnza, A virus

Al Si ngapor e/ 1/ 1; §57(112N2) <400>:99 Asp Gn Ile Cgsslle Ay Tyr His Ala Asn
Asn Ser Thr Gu Lys Val 151015 Asp Thr :le Leu Gu Arg Asn Val Thr Val Thr
Hs Aa Ay& CAS PGl eyR0253nl ele @ry ¢_§5BSA5|'IhrIlHi GysAShre Gy Lys Leu Cys Lys Leu
Asn Ay :le5PPo 354045 Pro Leecr @ u Leu Ay Aspt®Cys Ser Ile Ala Ay Tru Leu
Leu Gy Asn 505560 Pro G u Cys Asp Arg Leu Leu Ser Val Pro Qu Trp Ser Tyr
7le Het 6%75 O du Lys Adu Asn Pro Arg Asp @y Leu Cys Tyr Pro @y Ser
Phe Asn é%sp Tyr flu Qu Leu Lys His Leu Leu Ser Ser Val Lys H's Phe
du 1001 angg Jle.Leu Pro Lys Asp Arg Trp Thr Gn H's Thr Thr
Thr 115120125 PCT CA2010/ 000983 Sly Sly Ser Arg Ala Cys Ala Val Her Sly
Ass Pro Serp-Phe Phe Arg 130135140 Asn Met Val Trp Leu Thr Lys Lys du Ser
Asn Tyr PrmsVabyAlhasiyesi AA4655504655160-53kyoSen) Tyr Ass Ass Thr Ser Ay Gu
Gn Mt Leu llelle Trp Ay 165170175 Val His H's Pro Ass Asp Au 7hr Qu
Gn Ara Tﬁ@oiehorl'yr A n Asn 180185190 Val Sly Thr Tyr Val Ser Val Sly Thr
Ser Thr Leu Asn Lys Arg Ser 195200205 Thr Pro ASRSI le Al a Thr Arg Pro Lys

Val Ass %}PJS, AE@UTrgl §ets ysA%e(jl 1y His His l[l)a Val Pro n Gly iSr

Val Lys Thr Ile Thr Asn Asp GIln Ile Glu Val Thr Asn Ala Thr Glu
20 25 30

Leu Val Gln Ser Ser Ser Thr Gly Gly Ile Cys Asp Ser Pro His Gln
35 40 45

Ile Leu Asp Gly Glu Asn Cys Thr Leu Ile Asp Ala Leu Leu Gly Asp
50 55 60

Pro Gln Cys Asp Gly Phe Gln Asn Lys Lys Trp Asp Leu Phe Val Glu
65 70 75 80

Arg Ser Lys Ala Tyr Ser Asn Cys Tyr Pro Tyr Asp Val Pro Asp Tyr
85 90 95

Ala Ser Leu Arg Ser Leu Val Ala Ser Ser Gly Thr Leu Glu Phe Asn
100 105 110

Asp Glu Ser Phe Asn Trp Thr Gly Val Thr Gln Asn Gly Thr Ser Ser
115 120 125

Ala Cys Lys Arg Arg Ser Asn Asn Ser Phe Phe Ser Arg Leu Asn Trp
130 135 140

Leu Thr His Leu Lys Phe Lys Tyr Pro Ala Leu Asn Val Thr Met Pro
145 150 155 160

Asn Asn Glu Lys Phe Asp Lys Leu Tyr Ile Trp Gly Val His His Pro
165 170 175

Gly Thr Asp Asn Asp GIln Ile Phe Leu His Ala Gln Ala Ser Gly Arg
180 185 190

Ile Thr val Ser Thr Lys Arg Ser Gln Gln Thr Val Ile Pro Asn Ile
195 200 205

Gly Ser Arg Pro Arg Ile Arg Asn Ile Pro Ser Arg Ile Ser Ile Tyr
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210215220 Met A u Phe Ser Trp Thr Leo Leu Asp Met Trp Asp Thr || ercAgdrz8@o009s3
225230235240 G u Ser Thr Sly Ass Leu‘lle Ala Pro Gu Tyr Sly Phe Lys Ile
Ser 245250255 Lys Arg Sly Ser Ser Sly Ile Met Lys Thr Qu Sly Thr Leo Gu
Asn 260265270 Cys A u Thr Lys Cys G n Thr Pro Leu Sly Ala Ile Ass Thr Thr
Leo 275280285 Fro Phe His Asn Val H's Pro leu Thr Ile Sly Qu Cys Pro Lys
Tyr 290295380° Val Lys Her G%lﬁ_ys Leu Val Lew?Ala Thr Sly Leu Arg Ass Val

Pro 30531031532 S eu Al e Ala Sly Phe
o Gy 525350398 E‘quéffrgr SR Sl W SR R TS % Sty Tyr H s
Hi s Ser 0345350 Asn Asp n Sly Ser SIy yr Ala Ala Asp ys G u Ser Thr
G n Lys 255360368 A2 cBheAse Shy: 1he T ASmubys.Val, Ass Ser Val lle Gu
Lys Met 370375380 Ass>Thr A n Fhe Qu A@ Val Sly Lys @ss Fhe Ser Asn Leo
A u Arg 385390395400 Ara Leu G u Asn Leo Ass Lys Lys Met GQu Asp Sly Phe
Leu Asp Mal 1405410445 s¥r prsPhalalpro Ak Ala Léh ovsedsrLear Val Leo Met Sl u Asn
A u Arg Thr 420425480 Leo Asp Phe Hi% Asp Ser Ass VaAl'OLys Asn Leu Tyr Asp
Lys Val Arg 435440445 PCT/ CA2010/000983 Mt G n Len Ara Asp Asn Val Lys
du Len é@yT%érF gi}SW%sti‘?é &% g%o“ﬁ%%b Lgﬁe‘?r?yg%gﬁénﬁfé’ Asp Asp G n
Cys Met Asn Ser? Lys Asn Gy 5470475430 Thr r Asp Tyr Pro Lys Tyr
an dudnaserbys.Ley. Asn ﬁiaac?wmél gé%l%g he Aysp@y Val Lys Leu
Ser Ser Met ,ghy Val Tyr G n }é£ Len 50053 5510:Ala Ile Tyr Ala ?hr Val Al a
Gy Ser Len Ser Len Ala Ile Met Met 515520525 Ala Gy Ile Ser She Trp Met
Cys Ser #AsniGhyLeberld enr Guy @yts 2As Ash3053%540:1ul By<COpsnlte B4AH <210> 100
<211> 5430%x212> PRT <213=3TArtificial Sequente <220> <223> $¥ht hesi zed

[I nfluenza A virus A/ Brisbane/ 10/ 2007(H3NG) <400> 100 Thr Ala Thr Len Cys
Len Ay E%THsA & éllaﬁlﬁ %&sﬁﬂG@’yPhFhFlef Icéu 15 T0F 5y V&P ysG*Dhr Ile Thr Asn
Asp Gn lle Gu Val Thf°Asn Ala Thr @ 6°202530

Met Val Asp Gly Trp Tyr Gly Phe Arg His Gln Asn Ser Glu Gly Ile
340 345 350

Gly Gln Ala Ala Asp Leu Lys Ser Thr Gln Ala Ala Ile Asn Gln Ile
355 360 365

Asn Gly Lys Leu Asn Arg Leu Ile Gly Lys Thr Asn Glu Lys Phe His
370 375 380

Gln Ile Glu Lys Glu Phe Ser Glu Val Glu Gly Arg Ile Gln Asp Leu
385 390 395 400

Glu Lys Tyr Val Glu Asp Thr Lys Ile Asp Leu Trp Ser Tyr Asn Ala
405 410 415

Glu Leu Leu Val Ala Leu Glu Asn Gln His Thr Ile Asp Leu Thr Asp
420 425 430

Ser Glu Met Asn Lys Leu Phe Glu Arg Thr Lys Lys Gln Leu Arg Glu
435 440 445

Asn Ala Glu Asp Met Gly Asn Gly Cys Phe Lys Ile Tyr His Lys Cys
450 455 460

Asp Asn Ala Cys Ile Gly Ser Ile Arg Asn Gly Thr Tyr Asp His Asp
465 470 475 480

Val Tyr Arg Asp Glu Ala Leu Asn Asn Arg Phe Gln Ile Lys Gly Val
485 490 495

Glu Leu Lys Ser Gly Tyr Lys Asp Trp Ile Leu Trp Ile Ser Phe Ala
500 505 510

Ile Ser Cys Phe Leu Leu Cys Val Ala Leu Leu Gly Phe Ile Met Trp
515 520 525

Ala Cys Gln Lys Gly Asn Ile Arg Cys Asn Ile Cys Ile
530 535 540
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Leta Val G n Ser Ser Ser Thr Ay Qu Ile Cys Asp Ser Pro Hs G n 23404& .0l bm9s3
Leu Asp Ay Gn Asn Cys Thr Len ' le Asp Ala Leu Leu Ay Asp 505563 Pro G n
Cys Asp Ay She G n Asn Lys Lys Trp Asp Len Phe Val G n 657075BO Ara Ser
Lys Ala Tyr Ser Asn Cys Tyr Pro Tyr Asp Val Pro Asp Tyr 859095 Ala Ser Leu
Ara Ser Len Val Ala Ser Ser Ay Thr Len Qu She Asn 100105110 Asn du Ser
She Asn Trp ?hr Ay Val Thr Gn Asn Gy Thr Ser Ser 115120125 Ala Cys :le
Arq Arg Ser0>Ash0?Asn Ser Phe She Ser Arg Len Asn Trp 130135140 Leu Thr His
Len Lys PhE>Ly85Ryr Pro Ala Leu Asn Val Thr Met Pro 145150155160

PCT/ CAZOi@ﬁ?(?OO@%IB Asn Asn Qu Lys Phe Asp Lys Len Tyr Tie Trp Gy Val H's
Hi s Pro 165t70475 '& 32 TRFIASHS Asn Asp. Gn Ile Phe Lea Tyr Ala Gn Al a Per
Gy Arg ;g 85190 Tie Thr Val Ser Thr Lys Arg Ser Gn Gn Thr Val Tie Pro
Asn lle %%Oogg&h@syz&%ﬁ gng’m é\hglsva/m .9, B8R0k | @xPyo Per Arg Ile Per
Ile Tyr 215220 Trp Thr Ile Val Lys Pro Gy Asp Tie Lea Leu I'le Asn Ser
Thr Ay 22&2302&5240 Asn Leo Ile Ala Pro Arg Ay Tyr Phe Lys Ile Arg Ser
Gy Lys Per 245250255 Per Ile Met Arg Ser Asp Ala Pro Ile Ay Lys Cys Asn
Per G n Gys 260265278 l1leeGTrhrryPrio sAsIe Gey Ser s¢4 ghPraduASin Asp Lys Pro Phe
G n Asn Val 275280285 Asn Arg Ile Thr Tgr Gy Ala Cys Ptdo Arg Tyr Val Lys
G n Asn Thr 290295300 Len Lys Leu Ala Thr Gy Met Arg Asn Val Pro Gla Lys
G n Thr Afg %53]160@25392{9 "y AF’PeVa‘IihEhli';‘lvxj‘lAi?har e AP '@ §°PHéTie G u Asn
Gy Trp Gn Gly 325330335 Met Val A%f) Gy Trp Tyr ?Phe Arg Hs Gn Asn
Ser Gu e .34 50 p Y, Gn Ala Ala
Tie Asp gen %u - ggéggl&mq 3&18 JS@% fclé% %zjnL ke%y‘sl"?gél -C%% Lys Thr Asn
G u Lys Phe HIS 370375380 Gnlle Gn Lys Gn Phe Ser Gu Val Gn dy Arg
lle Gn Asp et a1:38539039040Q & de-lys: Tye Mal 76 neAspulbry lngs |1 e Asp. Leu
rp Per Tyr Asn Al a 4054104155G n Lea Leu Val Aba Lea Gu Asn Gn H's Thr

Ile Asp Len Thr Asp 420425430 Ser G n Met Asn Lys Len Phe G n Lys Thr Lys
Lys G n |Eeg MtgC@E @sp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile Val
70 75 80

Glu Lys Ala Asn Pro Ala Asn Asp Leu Cys Tyr Pro Gly Asn Phe Asn
85 90 95

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
115 120 125

Ser Gly Val Ser Ser Ala Cys Pro Tyr Gln Gly Thr Pro Ser Phe Phe
130 135 140

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Asn Thr Tyr Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Ile Leu Trp
165 170 175

Gly Ile His His Ser Asn Asp Ala Ala Glu Gln Thr Lys Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser Val Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205

Leu Val Pro Lys Ile Ala Thr Arg Ser Lys Val Asn Gly Gln Ser Gly
210 215 220

Arg Met Asp Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

Val Lys Lys Gly Asp Ser Ala Ile Val Lys Ser Glu Val Glu Tyr Gly
260 265 270

90



435440445 Asn Ala G n Asp Met Gy Asn Gy Cys Phe Lys Ile Tyr H scit/ps200y/900983
450455460 Asp Asn Ala Cys Tie Ay Ser Tie Arg Asn Gy Thr Tyr Asp H's Asp.
465470475480 Val Tyr Arg Asp G u Ala Leu Asn Asn Arg Phe Gn :le Lys Gy

Val 485490495 A u Leu ys Ser Gy Tyr Lys Asp Trp Ile Leu Trp Tie Ser Phe

Al a 500505510 Ile Ser Cys Phe Leu Heu Cys Vai Ala Heu Leu Gy The Tie Mt

Trp 515520525 Ala Cys G n Lys Q), Asn lle Are Cys Asn Ile Cys Ile
5305355401 <HF0357 LT F1 SYS A<D SrGRjLle<S3 A1 arklief fg] &P SGuence <220>

<223> Synt hesi z&d A/ W sconsi n/ 8’7%35/ 2005( H3) <400:%¥°101 Thr Ala Thr Leu Cys

LeuGy S Hi n 0 V s 7hr Ile Thr Asn
Asp G M1ch ¥ §h }ESTESH Ese HZ%SIS Prﬂﬁr hIrhr %J%Sgé @ﬁl %éﬁ lpéon YS8er Ser Ser Thr
Gy Gly I|e Q/s Asp Ser Pro HIS Gn 354045 II'e Leu Asp Ay G u Asn Cys Thr
Leu Il e RsprAl ayber-Lesh &y 1AsPyD095601Rr 0..Goly Qs Asp aGhYscRhe G n Asn Lys
Lys Trp38sp Leu Phe Val Gl 65707580 Arg Sey Lys Ala Tyr Sen Asn Cys Tyr
Pro Tyr Asp Val Fro Asp Tyr 859095. Ala Ser Leu Arg Ser Leu Val Ala Ser Set
Ay Thr Hreuldd arfPréuAsry 200135110 Asp AvuLSerhPhBE vAste Tip Aar Gy Val Thr
Gn Asn Ay Thr Her Seét> 115120175 Ala ©ps Lys Arg Arg Sér Asn Asn Her Phe
Phe Ser Arg Leu Asn Trp 130135140 Leu Thr His Leu Lys Fhe Lys Tyr Pro Al a
Leu Aso Vil P%FW\/&“F(FJOV FA5 1561551667 ASH %@nA@LFIIYylé/rHDHér,@pI Lys Leu Tyr
lle Trp Gy Vai H¥°H s Pro 165170173 Gy Thr Asp A%Asp Gn Ile Phe Leu
Hs Aa Ny 480 s Arg Ser Gn
Gn 7hr T\%ﬂ f% : %%r%%n e g %%%%Qd erAlgAl%%ggjg%p XPE dﬁxle Arg Asn Tie
Pro Ser Arg IIe Ser Ile Tyr 210215220 Trp Thy Ile Val Lys Pro Ay Asp Ile
Len | eu deketiAsniSalysThra Gy 225230235240 Asnhihewadl gsiAlsarPne Arg Ay Tyr
Phe Lys Il e3’Aarg Ser Ay Lys Ser 245250255 Sersble Met Arg Ser Asp Ala Pro

Ile Ay Lys Cys Asn Ser A u Cys 260265270
Ile Asp Lys Met Asn Thr Gln Phe Glu Ala Val Gly Arg Glu Phe Asn

385 390 395 400

Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp Gly
405 410 415

Phe Leu Asp Val Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met Glu
420 425 430

Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr
435 440 445

Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly Asn
450 455 460

Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu Ser
465 470 475 480

Val Arg Asn Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu Glu Ala Arg
485 490 495

Leu Lys Arg Glu Glu Ile Ser Gly Val Lys Leu Glu Ser Ile Gly Thr
500 505 510

Tyr Gln Ile Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala Leu
515 520 525

Ala Ile Met Val Ala Gly leu Ser Leu Trp Met Cys Ser Asn Gly Ser
530 535 540

Leu Gln Cys Arg Ile Cys Ile

545 550
<210> 103
<211> 552
<212> PRT

<213> Artificial Seqguence

<220>
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Ile ?hr Pro Asn Gy Ser Ile Pro Asn Asp Lys Pro Phe G n Asn Val 2528028500983
Asn Arg Ile Thr Tyr Ay Ala Cys Pro Arg Tyr Val Lys A@n Asn Thy 290295300
Lou Lys Len Ala Thy Gy Met Arg Asn Val Pro Gn Lys Gn Thr Arg

305310315320 Sly Ile She Ay Ala lle Ala Ay The Ile Qu Asn Ay Trp Gn

Gy 325330335 Met Val Asp Gy Trp Tyr Ay Phe Arg Hs G n Asn Ser Gn Gy
|l e 340343350 Wryh<GigeAl Al eeasp? eaut s VSeimaThtl G/ A0 H5Ma 11e Asn G n
Il e 355360365 Asn Ay Lys Len Asn Arg Len Ile Ay Lys ?hr Asn G n Lys Phe
His 370379880 '&n Ile Gu Lys Gn Phe Ser Gn Val Gn Gy Arg Ile Gn Asp

Len 3853903954 i N S r.val.. G h Sl L Trp Ser Tyr
Asn Al a %@53?@%@@%%%&# %e%yr\/gﬁs &qgﬁnnxg{ n}%s%hregr%@%zg %}r Ile Asp Leu
?hr Asp 420425430 Ser G n Met Asn Lys Len Phe G n Arg Thr Lys Lys G n Leu
Arg G n 435440445 wshch a6 BsASp1 Met- @iy TAsni8l M1 Lysn P Lys 1le Tyr Hs
Lys Cys 450155160 Asp Asn Ala Cys ldse Ay Ser Ile Asg Asn Ay Thy Tyr Asp
Hi s Asp 465470475480 Val Tyr Arg Asp G n Ala Len Asn Asn Arg Phe Gn Ile
Lys Ay Mal G485490795 HG msheflil yss Sen sy AFyrleuyB3spASpy Mg I¥e Len Trp Ile
Ser Phe Al a 500305510 Ile Ser Cf#8 Phe Lela Leo Cy3 Val Ala Len Leo @y Phe
e Met Trp 515520525 Ala Cys G n L\ys Glay Asn lle Ar% C%/s Asn Ile Cys Ile
530535510°° PET/CABT0 00083 Y < 2105102 < 211> B51° %212 PRI %213>
Artificial S guence <220> <223> Synt hesi zed |%f 1 uenza A virus

A Anhui / 1/ 2Q05(Z15N) 54002 102 ,A5p,@ P.d I8, O3 kle A yrlygH s Ala Asn Asn
Set Thr & u G n"Val 15101% Asp Thr Ile Met;5d u Lys Asn Val gghr Vol Thr Hi s
Ala Gn Asp Ile 202530 Len Qu Lys Thr Hs Asn Ay Lys Len Cys Asp Len Asp
Gy Val tys 135404528 erbenll hen kep AQCASPyCysroSery Vap Mlean&dy 7rp Len Leu
Gy Asn 505560 Pro Met35Cys Asp G u Phe20le Asn Val Pro @u Trp Ser Tyr Ile

Val 65707580 A u Lys Ala Asn Pro Ala Asn Asp Len Cys Tyr Pro Ay Asn Phe
Asn 95908% Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu

100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Ser His Glu Ala Ser
115 120 125

Leu Gly Val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser Phe Phe
130 135 140

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
145 150 155 160

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
165 170 175

Gly Ile His His Pro Lys Asp Ala Ala Glu Gln Thr Lys Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser Val Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205

Leu Val Pro Arg Ile Ala Thr Arg Ser Lys Val Asn Gly Gln Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

Val Lys Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
275 280 285

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300
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Asp Tyr AQu Gu Len Lys His Leu Leu Ser Arg Ile Asn H's Phe G n 200t851d/00983
Lys Ile Gnlle lle Pro Lys Set Per Trp Ser Asp Hs Gu Ala Ser 115120125
Per Ay Vol Ser Set Ala Cys Pro Tyr Gn Ay Thr Pro Ser Phe Phe 130135140
Arg Asn Vol Val Trp Len Ile Lys Lys Asn Asn Thr Tyr Pro ?hr lle
145150155160 Lys Arg Ser Tyr Asn Asn Thr Asn G n GQu Asp Leu Leu :le Leu
Trp 1651770178 @rg ddrer#i $rpf seuSEel AsH Nep TN &1Al eevGheg Gsp Sr Lys Leu Tyr
G n 180185190 Asn Pro 7hr31ff“hr Tyr IIe Ser VA&l Gly 7hr Per ¥ Len Asn G n
Arg 19520020% Leu o a Thr Am o Ser Val _Asia Sly G n Ser
Sly 21021825 C}%ﬁr@h“ﬁhéysrrlﬁ{ 7?@9} Fte Lf&nml_eyg F‘@ AT Asp Ala Ile
Asn 225230235240 The u Ser Asn Sly ASH Phe Tie Ala Pro G n Tyr Ala Tyr
Lys |l e 245260255 Mal Gw%lgy@lﬁyyp Ash Ber udl agahlﬁspvahy Ly3 Gn Val Qu
Tyr Gy 260265270 34CT/ CA2010/ 0009835 Asn Cys Asn TheglLys s Gn Thr Pro
Ile Ay Ala Ile Asn Ser Ser 975280285 Met Pro Phe His Asn Ile H's Pro Leu
Thr Ile @wT@ wiCysisPeer lags @I0295300 2 cMalTykysiaPera Asp 1ys Leu Val Leu
Ala Thr Ay Le#>Arg Asn Ser 305380315320 Pro Leuw3d&rg Gu Ar Arg Arq Lys Arg
Ay Leu Phe Gy Ala Ile Al a 325330335 @y Phe 71e Gu Gy Ay 7rp An Ay
Met Val %bsﬂ ;ThTr%ln’?WS Gly 5340335330 Wi THF sASPil Ly spEel ASR U Gn Ay Ser
Ay Tyr Al a K a Asp Lys Qu 355360365 Per Thri®@& n Lys Ala Ile Asp. Ay Val

A'a val By NGB PRe ASh 365300305400 Ak EaL T A AGUALY |1 e Gn Asn

Lou Asn Lys Lys NEt Gu Asp Gy 405410415 Phe Leu Asp VaI ’>rp Thr Tyr Asn
Ala G n AguakencVabid gug Moy Gd c#2042543024A8 ., 1y Alge T AgU Asp Phe Hi s
Asp Per Asn Val Lys AsnslLeu Tyr 435440445 Asp Lys Val Ang Leu Gn Lou Arg
Asp Asn Ala Lys Gu Leu Ay Asn 450455460 Gy Cys Phe Au Phe Tyr His Lys
Cys Asp @AsnP&F veCydsoVEtl Ara Par T4654704 5480 Ddal Ly Jal Asm 1@ty hr Tyr Asp

Tyr Pro Gn Tyr Pet2®Gn Ju Al a Ar¢2285490495 430
Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu
435 440 445

Tyr Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
450 455 460

Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
465 470 475 480

Ser Val Arg Asn Gly Thr Tyr Asp Tyr Pro Gln Tyr Ser Glu Glu Ala
485 490 495

Arg Leu Lys Arg Glu Glu Ile Ser Gly Val Lys Leu Glu Ser Ile Gly
500 © 505 510

Ile Tyr Gln Ile Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala
515 520 525

Leu Ala Tle Met Val Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
530 535 540

Ser Leu Gln Cys Arg Ile Cys Ile

545 550
<210> 104
<211> 553
<212> PRT

<213> Artificial sequence

<220>
<223> Synthesized A/Indonesia/5/2005 (H5N1)

<400> 104

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
1 5 10 15
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Leu Lys Ar u Gn lle Ser Ay Val Lys Len Gn Ser Ile Ay Thr 560505&10/000983
Tyr Gn lle Len Ser Ile Tyr Per 'Tnr Val Ala Ser Per Lou Ala Len 515520525
Ala :le Met Val Ala Ay Len Per Len Trp Met Cys Ser Asn Ay Ser 530335540
Lou Gn Cys Arq Ile Cys Ile 545530 <210> 103 <2T1> 1352 <212> 2aT <213>
Artificial Sequence <220> PCT/ CA2010/000983 <223> Synt hesi zed [Infl uenza
A Vi rus XovEet darf M4 2004(53NTyL 400%2 1108 A8 EanClretseysl9le Ay Tyr H s
Al a Asn Asn Ser Tht9 G n G n Val 151915 Asp Thr Ile l@@t G n Lys Asn Val Thr
Val Thr | e 202530 Leu Thr n.dy Lys Len Cys
Asp Let WélpG@l Q“y@aThrLﬁg 354025 pYd II_eéfncﬁ @sEeLneuAggg]D f)ﬁ et Val Ala Sy
Trp Leu Len Gly °Asn 505560 Pro t Cys Asp Qu Phe Ile Asn Val Pro Qu Trp
Ser Tyr MoeLé@ln@57QJ§§9 A@pnc}sx'%eﬁlm/%m Rip Mal L AsRcAspyLes Cys Tyr Pro
Gy Asp Phe 85DMO5 Asp :y¢ Qu Gn Leu Ly H's Len Len Ser Arg Ile Ass
H's Phe Gu 100105110 Lys IIe Gnllelle Pro Lys Ser Ser Trp Ser Ser His
A u Al a Ser M315420435 clewrnd yld/abn Serl Ser GALarr@ysePIrer Thirr Gen Ay Lys Ser
Ser Phe #he 130135140 Arg/0Asn Val Val 7rp7Bou Ile Lys Lys Asn Ser ?hr Tyr
Pro ?hr 1le 145150155160 Lys Ar Ser Tyr Asn Asn Thr Asn G n GQu Asp Leu
Leu Val ®eulye pl\lfes%arvéﬁsﬂe §s1 PP Hy %TP&FOPILOyleA%rAH% Afa Gn Gn Thr
Lys Len Tyr Gn 180185190 Asn Pro 7hr thr Cyr lle Ser val Gly ?hr Ser Thr

Leu Asn n._Arg..19 I Lys Val Asn
Ay Gn ]% Téf%lflgggl%%%yﬁr ée% é%lg hemfr pS ri!Irlz h% en Lys Pro Asn
Asp Ala Ile Asn 225230235240 Phe Gn Ser Asn Ay Asn Phe Ile Ala Pro dc
Tyr Al a Ty4 thyscinl e1245250250yVakr Lys tys sehyrhspiSenuThwa ke Met Lys Ser
Gu Leu Au Tyriil@y 260265270 AsnoCys Ass Thr Lys2®Cys G n Thr Pro Met Gy

Ala Il e Ass Ser Ser 275280295 Met Pit Phe His Ass Ile H's Pro Leu Thr Ile
Cy Qu @%f?govfﬂl}ﬁerz@@z%@o?g; If@l’/m@@m/@@@o%ﬁro Ser Phe Phe

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
145 150 155 160

Lys Lys Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Arg Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser Ile Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205

Leu Val Pro Lys Ile Ala Thr Arg Ser Lys Val Asn Gly Gln Ser Gly
210 ' 215 220

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
245 250 255

Val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Glu Tyr Gly
260 265 270

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
275 280 285

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
290 295 300

Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Gly Leu Arg Asn Ser
305 310 315 320

Pro Gln Arg Glu Ser Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile
325 330 335

Ala Gly Phe Ile Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr
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:yr Val Lys Ser Asn Arg Len Val Len Ala Thr Sly Thu Arg Asn Ser pct/ca2010/000983
305310315320 Pro A n Arg Qu Arg Arg  Arg Lys Lys Arg SIy Leu Phe Ay Ala
Il e 325330335 Ala Ay Phe Ile Qu @y Sly irp @n Sly Met Val Asp Ay Trp
Tyr 340, 345350 Sly Tyr his H's Ser Asn Gu Gn Sly Ser Sly Tyr Ala Ala Asp
Lys 355360365 G u Ser Thr Gn Lys Ala Ile Asp Sly Val Thr Asa Lys Val Asa
Ser 370375380 |le 1% Asp Lys Met AEH Thr @ n She G3%Ala val Sly Arg Qu
Chs 385390395403 Asn Asn Leu Qu_ Arg Arg Ile Au Asn Leu Asn Lys Lys Met
G u Asp ﬁb’sﬂi@gg Sy S“FﬁeASEleEil%_gég Y §tp G*HrTYFyﬁé%sqﬁaAﬁsé’ &% Len Thu Val
Leu Met 420425 Gu Ass Qu Arg ' Thr Leu Asp She " Hi s Asp Ser Ass Val Lys
Ass Thu dapdaads Cul 1gsmulysValALg Leul i md-en, £ed, Ash, Ass Ala Lys G u
Thu Sly 450455460 Ass y CysyPhe A u Phe Tyrszddis Lys Cys Asp Ass G u Cys
Met G u 465470475480 Ser Val Arg Asn Sly Thr Tyr Asp Tyr Pro G n Tyr Ser
Gu G u Ala 1485420495 vAr grshhuht ysnArg G w 2Ghwdll e1pergSty: Vad Lys Len Gu
Ser Ile S% 500505510 Il e%byr Gn Ile Leu3lSer Ile Tyr Ser Th¢ Val Al a Ser
Ser Thu Ala 515523525 Len Ala Ile Met Val Ala Sly Len Ser Leu Trp Met Cys
Ser Ass 5y 2530835540 A58 rA%e bl SiGhu G A?% Aspeley Ve IMet5AR558P <210> 104
<211> 553 <212> PRT <ZP8> Artificial séflience <220> <228> Synt hesi zed

Ar I ndonesj a/ 5/ 3005( H5 <40 04 p 1 s _| |y Tyr H's Ala Ass
Asn Ser %euL |é123/§%&53r€125r Ijgéﬁ'/ 6%%660@%13%%2]@21%%?% Met Gu Lys
Asn Val Thr Val Thr ?—iis Ala Gn Asp Ile 202530 Leu u Lys Thr His Asn Ay
Lys Leu €ys rAspciherrAsp-Slac Mad thysai35404%Pr sl e e AsurAig Asp Cys Ser
Val Ala Ay Trpsdseu Leu Sy Asn 4205560 Pro Met Cyss Asp G u Phe Ile Asn Val
Pro Qu Trp Ser Tyr Ile Val 65707580 G u Lys Ala Asn Pro Thr Asn Asp Leu

Cys Tyr Pro AspylySeiaPhRegAsiv 859095 AspAfyras@ AlaGlus By kepsGHrs Leu Leu Ser

Arg Ile Asn“*Ps Phe Gu 455 460
Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
465 470 475 480

Ser Ile Arg Asn Gly Thr Tyr Asn Tyr Pro Gln Tyr Ser Glu Glu Ala
485 490 495

Arg Leu Lys Arg Glu Glu Ile Ser Gly Val Lys Leu Glu Ser Ile Gly
500 505 510

Thr Tyr Gln Ile Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala
515 520 525

Leu Ala Ile Met Met Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly
530 535 540

Ser Leu Gln Cys Arg Ile Cys Ile Lys

545 550
<210> 105
<211> 548
<212> PRT

<213> Artificial Sequence

<220>
<223> Construct 900

<400> 105

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
1 : 5 10 15

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
20 25 30

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
35 40 45

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
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100105110 Tys Ile Gn lle Ile Pro Lys Ser Ser Trp Ser Asp H s G ucAl@a28erooosss
115120125 Ser Sly Val Ser Ser Al'a Cys Pro Tyr Leu Gy Ser Pro Ser Phe Phe
130135140 Arg Asn Val Val Trp Leu Ile Tys Lys Asn Ser Thr Tyr Pro Thr Ile
145150155160 Lys Lys Ser Tyr Asn Asn Thr Asn Sin Gu Asp Leu Leu Val Leu
Trp 165170175 Gy Ile H's Hs Pro Asn Asp Ala Ala Qu G@n Thr Arg Leu Tyr
Sin 180185190 Asn Pro Thr Th|55Tyr IIe Ser Tl e y Thr Ser Thr Leu Asn G n
Arg 195200205 Leu Val Pro Lys |1 Ar  Ser Val Asn. Ay G n Ser
ady 21022 26t ArG RER Gu zgﬁnél%ﬁénﬂ?} ?ﬁ? ,§]1u TrLpe& ﬁrPF]oe ASh Asp Ala lle
Asn 225230235240 Phe GQu Ser Asn Ay Asn he Ile Ala Pro G'U Tyr Ala Tyr
Lys |le 245 g@%@ﬁa Yal, ﬂrxssmy%sﬁpyspﬂé&l St Tg apld @yYel Lys Ser Au Leu Gu
Tyr Ay 260265270 Asn £&ys Asn Thr Lys Gys n Thr ' Pro Mgt Ay Ala Ile Asn
Ser Ser 275230285 Met Pro Phe His Asn Ile H's Pro Leu Thr Ile Ay Gu Cys
Pro Lys 299295300 Fyr Mal alysSeSaicuhsal Arg deeusdalcliemmrAlen The Gy Leu Arg
Asn Ser 3053103153200Pro G n Arg A uwBer Arg Arg Lyslllgys Arg Gy Leu Phe
Gy Ala Ile 325330335 Ala Gy Phe Ile Qu Ay Gy Trp An dy M Tal Asp
Ay Trp Tye 2s34B3U5350g| %]heryﬁ\uanir@ s CEervaAsiGCn @5t Sty T™8er Sly Tyr Al a
Ala Asp Lys 355%3650365 Adu Ser Th’%Gn Lys Ala ||é2%sp Sly Val Thr Asn Lys
Val Asn 70 le,lle Asp. L n_.Thr She u Ala val Ay
Arg Gu Ph e% g 5% G AS %%é‘g Soelf i IXﬁ AérA\sr K{le PIhF Qr%sgﬁ Leu Asn Lys
Lys Met G n Asp 405410415 Sly She Let: Asp VaI Trp Thr Tyr Asn Ala G u Leu
Leu Val ket Vet 1420425430148 wyAstheGhis AR g B aleu.eAspnPhg Hins Asp Ser Asn
Val Lys Asm Leu 43544044519yr Asp Lys Val #sg Let: SIn Leni1Ang Asp Asn Ala
Lys Gu Let: Ay 450455460 Asn Sly Cys Phe G n Phe Tyr Hs Lys Cys Asp Asn
G n Cys Net HEHonAZ6547(04 75480 PSérASIPI éysAr upAsir Sl TTArGIRyvaAdasTyr Pro G n
Tyr Ser Gu G u A a 485490495 Amg Leu'§s Arg u Slu e Ser Ay Val Lys
Len Gu Ser IIe SI 50050551 n Len.Sea | r Ser Thr Val
Al a Ser §GF }ir r Asp Asn% él(gg @h ﬂeu Tyr %l irg !Afa-gy

Gly Arg Ile Thr Val Ser Thr Lys Arg Ser Gln Gln Thr Val Ile Pro
195 200 205

Asn Ile Gly Ser Arg Pro Arg Val Arg Asn Ile Pro Ser Arg Ile Ser
210 215 220

Ile Tyr Trp Thr Ile Val Lys Pro Gly Asp Ile Leu Leu Ile Asn Ser
225 230 235 240

Thr Gly Asn Leu Ile Ala Pro Arg Gly Tyr Phe Lys Ile Arg Ser Gly
245 250 255

Lys Ser Ser Ile Met Lys Ser Glu Leu Glu Tyr Gly Asn Cys Asn Thr
260 265 270

Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser Met Pro Phe His
275 280 285

Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr Val Lys Ser
290 295 300

Asn Arg Leu Val Leu Ala Thr Gly Leu Arg Asn Ser Pro Gln Arg Glu
305 310 315 320

Ser Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile
325 330 335

Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr Gly Tyr His His
340 345 350

Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr Gln
355 360 365

Lys Ala Ile Asp Gly Val Thr Asn Lys Val Asn Ser Ile Ile Asp Lys
370 375 380
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515520525 Len Ala Ile Met Met Ala Sly Let: Sea Leu Trp Met Cys HefcrAsnoiB)gposes
530535540 Ser Len G n Cys Arg Il'e Cys Ile Lys 545550 <210> 105 <211> 548
<212> PRT <213> Artificial Sequence <220> <223> Construct 900 <400> 105 Asp
Gnlle Cs Ile Ay Tyr Hs Ala Asn Asn Ser Thr Gu G n Val 51015 Asp Thr

Ile Mt Qu Lys Asn Val Thr VaI Thr Hs Ala A n Asp Ile 202530 Len G n Lys
Thr H's Asn Ay Lys Len (,é Len Asp Sly Val Lys 354045 Pro Leu Ile Leu
Arg Asp. Y SASSe?hIVﬂnﬁﬁhé %E&/Aﬁ‘ aLe?’llﬁLéﬁg Ash 25Pris™Met” Eys Asp A u Phe

Ile Asa VAl Pro Gu Trp S Tyr IIe VaI 75HO d u LysAI UAsn Pro Thr

Asa Asp Leu Si Ly, Pro 9 r Leu Arg Ser
Leu Val %\F% Agér ASHT%&I gigﬁ% %Sﬁ%e ﬁé@@ﬁ Ser Phe Asa
Trp Thr Ay Val Thr (€] n Asn Gy Thr 115120125 Ser Ser Ala Cys Ile Arg Arg
Ser Asa Asn 15erri2heyPhenSera Alg leurd30i3sl40vAsmidrgsnleu; Bhg Hi s Leu Lys
Phe Lys Tyr Pro Al az2teu Asa Vol Thr 4445150155160 Met4¥Fro Asn Ash Ju Lys

Phe Asp Lys Leu Tyr Ile Trp Ay Val H's 165170175 H's Pro Ay Thr Asp Asa
Asp G n I'he IRheriredhTyHisAR Een IAraVBertvi 3185490 YA AFPARYE IVRé Thr Val Ser
Thr Lys An Ser &% dn Thr Val 19%€ Pro 195200205 4A§n lle Ay Ser Arg Pro

Arg Val Arg Asn Tie Pro |l e Ser 02 T Thr 1le Val
Lys Pro élrg p“ geEeAurg gﬁp IA‘S Aéa LéserGlQ%Sa’Z’:i%% ‘F’h%éy -l%i/lgAsn Leu Tie
Ala Pro Arg y Tyr Phe Lys Il5e Arg Ser Ay 2 50255 Lys Ser Ser Ile Met
Lys Ser @Gy dieUr{d widViysGhys Asp AWScAS Thie+t260262270 L ys; Gs G n Thr Pro
Met Ay Aba Ile Asn Ser Sero Het Pro Phe Hig5275280285 Asn ldse His Pro Leu
Thr Ile Ay Qu Cys Pro Lys Tyr Val Lys Ser 290295300 Asn Arg Leu Val Leu
Ala Thr Gly TreuTar gsAstyrSerc Phlo GmsSér ¢lE elu305810815320yS@rgArg Arg Lys
Lys Arg Gly Leu Phe Gl‘y35AIa Ile Ala dy°Phe Ile 325330335 flu Ay Ay Trp

Gn dy M g Trp. Tyr Ay Tyr H's H.s 340345350 Ser Asn Gii G n
Sly Ser (Gle)Fl‘FyFl%l -8° o A Hrystd @lgiérerﬁﬁe GHh Thr Tyr Gln Ile

510

Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala Leu Ala Ile Met
515 520 525

Met Ala Gly Leu Ser Leu Trp Met Cys Ser Asn Gly Ser Leu Gln Cys
530 535 540

Arg Ile Cys Ile
545

<210> 106
<211> 565
<212> PRT
<213> Artificial Sequence

<220>
<223> Construct 745

<400> 106

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
1 5 10 15

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
20 25 30

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
35 40 45

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
50 55 60

Pro Met Cys Asp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile Val
65 70 75 80

Glu Lys Ala Asn Pro Thr Asn Asp Leu Cys Tyr Pro Ile Met His Asp
85 90 95

97



355360365 Lys Aia Ile Asp Gy Val Thr Asn Lys Val Asn Ser |l|e Ti eecAgp2dipgooosss
370375380 PCT/ CA2010/ 000983 Met Asn Thr Gn Phe Qu Ala Val Ay Arg Qu
Phe Asn Asn Lec d u 385390395400 Arg Arg Ile A u Asn Leu Asn Lys Lys Met

G u Asp Ay Phe Leu Asp 405410415 Val Trp Thr Tyr Asn Ala Qu Leu Leu Val
Leu Met Gu Asn Clu Arg 420425430 Thr Leu Asp Phe Hi's Asp Ser Asn Val Lys
Asn Leu Tyr Asp Lys Val 435440445 Ara Leu G n_Leu Ar Asn Ala Lys Qu
Leu Ay Ash T@ryLﬁlj He 9456458466 ° ZEG Ae Ry A8 Sirys d}g ASP Asn du COys
Met Gu Ser Ile Ar n 46547047548 y Thr Tyr Asmtfyr Pro G n Tyr Ser
Qu Qu é,lLQ Pé':ggLé_iue%e;_'yl%r%ﬂl %@154\%949§e gsbl Aq"auGid %y§eilag£’yo \ﬁ"kf Lys Lec Qu
Ser Ile hridyr G n Ile 500505510 Leu Ser Ilgydyr Ser Thr Val Al a Ser
Ser Leu Ala lieu Ala Ile Mt 515520525 Met Ala Gy Leu Ser Leu Trp Met Cys
Se r Asnc@ yerSeryd edg Gan ©xs Th3MEISEA0 sAF Cilsl erOpsnldia 545 s€210> 106 <211>
565 <212> PRB0<213> Artifici aB5Sequence <220>14223> Construct 745 <400> 106
Asp Gnlle Cys Ile Ay Tyr H's Ala Asn Asn Ser Thr Qu G n Val 151015 Asp
Thr 11 e NS SGruG{&y@%s%eVé}a Thie Meal ARhTopislaalal Evp Ay Rere 2202530 Leu G u
iys Thr Hfs Asn Ay Lys L&W Cys Asp Leu AsBSC;y Val Lys 354645 Pro Leu Ile

Leu Arg As s, Ser, .V Trp Le 0 Pro Met Cys Aso
C u Phe IAISIE Agsls nVal™ aIlhréLsn ?ré{ - l&at (HUVa l%%‘?og’ gP C35Lys Al a Asn

Pro Thr Asn Asp Leu Q/s Tyr Pro IIe I\/Et Hi s Asp 859095 PCT/ CA2010/ 000983
Arg Thr kys diech¥ g1@ mxplen kne Asnvieu-pett Aege @iy B o6 wsAsn 100105110
Ile Arg Leu 3e2 Thns@ n Asn Val I|leidsp Ala Qu Lys Aloa Fro Gy 115120125

Gy Pro Tyr Arg Leu Ay Thr Ser Ay Ser Cys Fro Asn Ala Thr Se2 13013514C
Lys Ser @Gvy PhreGCPhéleAl laysThen Mt Wranﬁr psAl :Vakn Pro Eys LASFhAsn

145150155160  1°° 205
Thr Ser Ser Ala Asn Gly Val Thr Thr His Tyr Val Ser Gln Ile Gly
210 215 220

Ser Phe Pro Asp Gln Thr Glu Asp Gly Gly Leu Pro Gln Ser Gly Arg
225 230 235 240

Ile Val Val Asp Tyr Met Met GIn Lys Pro Gly Lys Thr Gly Thr Ile
245 250 255

Val Tyr Gln Arg Gly Val Leu Leu Pro Gln Lys Val Trp Cys Ala Ser
260 265 270

Gly Arg Ser Lys Ile Met Lys Ser Glu Leu Glu Tyr Gly Asn Cys Asn
275 280 285

Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser Met Pro Phe
290 295 300

His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr Val Lys
305 310 315 320

Ser Asn Arg Leu Val Leu Ala Thr Gly Leu Arg Asn Ser Pro Gln Arg
325 330 335

Glu Ser Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe
340 345 350

Ile Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr Gly Tyr His
355 360 365

His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr
370 375 380

Gln Lys Ala Ile Asp Gly Val Thr Asn Lys Val Asn Ser Ile Ile Asp
385 390 395 400

Lys Met Asn Thr Gln Phe Glu Ala Val Gly Arg Glu Phe Asn Asn Leu
405 410 415
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Asn Lys Asn Ala Thr Asn Fro Leu Thr Val du Val Pro Tyr Ile Cys l&5icA0disB3000983
Thr Gu Ay Gu Asp An lle Thr Val Trp Ay Phe His Ser Asp Asn 180185190

Lys ?hr G n Met Lys Asn Leu Tyr Ay Asp Ser Asn Pro G n Lys Phe 195200205

Thr Ser Ser Ala Asn Ay Val Thr Th2 His Tyr Val Ser Gn Tie Gy 210215220

Ser Fhe Pro Asp Gn Thr Gu Asp Ay Gy Leu Fro Gn Ser Ay Arg
22523C235240019 8rvdileValt Asp Try2rwNeLyMetysAleF Bys PPotd yPEy$UThr Ay Thr

|l e 245250255 Val ™F An Arg Ay VAF°Leu Leu Pro G #*lys Val Trp Cys Al a

Ser 26026527 er L |l t Lys r g ey, Au Tyr. Ay Asn Cys
Asn 2752 8%%%‘3 ﬁg% @f&éﬁ“ﬁ% N?“Su St %‘eiy Lﬂ]l%di:fl gluAsArsln er' Ser Met Pro

Phe 2902953C0 His Asn Ile H's Pro Leu Th2 Ile Ay élu Cys Pro Lys Tyr Val

Lys 305310315320 Selsp st Af g AgusMahshet 1Al gs Thh EuytiedsArgsAsn Ser Pro

G n Arg 3253803835 A u Se2 A2gisAra Lys Lys Argseby Leu the Ay Ala Le Ala

Gy Phe 340345350 Ile Gu Gy Ay Trp Gn Ay Mt Val Asp Ay Trp Tyr Gy

Tyr H s 355360865uHile Ber AAsis@ bistGAha @vy Sker LehGlhypstAlGay Alvea Asp Lys G u

Ser Thr 3P€375380 G n Lys4APa Ile Asp Ay Val Thr Asn Lys V& Asn Ser Ile

Il e Asp 385390395400 L%/_s Met Asn Thr G n Phe Qu Ala Val. Gy Ara G u Phe

Asn Asn Led AC5X10418 "PCTreA26107006983 ) GU AF ¢ A 1 et @ Asn Leu Asn
Lys Lys Met Qu Asp Ay Phe Leu 420425430 Asp Val Trp Thr Tyr Asn Ala Gu
Leu Leu Val, keu ety G Mo As), Gl 435440445 ALg cThraled. AsR,RNe Hi's Asp Ser
Asn Val Lys Asn Lewgbyr Asp Lys 450455460 Val Ara Leyi&a n Leu Arg Asp Asn
Ala Lys Qu Leu Gy Asn Ay Cys 465470475480 Phe G u Phe Tyr His Lys Cys
Asp Asn QAng Qs GMetIlE ge:'Seiylve Brg 1485430495 TAsns1@ yhdmyr T§Im Asn Tyr Pro
G@n Tyr Ser AusSGu Ala Arg Leu B¥S 500505510 ArgcBu Qu Ile Ser Ay Val
Lys Leu Gu Ser Ile @y Thr Tyr @ n 515520525 Ile Leu Ser Ile Tyr Ser Thr
Va. Ala Sef S SEBU-A BLGET AT The 2830595590 LB L= APA= Ay Leu Ser Leu
Trp Met Cys 38t Asn Gy Ser L¥U G n 545550555560 Cys Arg Ile Cys Ile 565
<210> 107,5241> 2545 52127 PR 52137 ALt fd clals Sequence 152203,

545 550 555 560

Cys Arg Ile Cys Ile

565
<210> 107
<211> 545
<212> PRT

<213> Artificial Sequence

<220>
<223> Construct 910

<400> 107

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
1 5 10 15

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
20 25 30

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Ser Pro His Gln Ile
35 40 45

Leu Asp Gly Glu Asn Cys Thr Leu Ile Asp Ala Leu Leu Gly Asp Pro
50 55 60

Gln Cys Asp Gly Phe Gln Asn Lys Lys Trp Asp Leu Phe Val Glu Arg
65 70 75 80

Ser Lys Ala Tyr Ser Asn Cys Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
85 90 95

Ser Leu Arg Ser Leu Val Ala Ser Ser Gly Thr Leu Glu Phe Asn Asn
100 105 110
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<223> Construct 910 <400> 107 Asp Cn Tie Cys Ile Gy Tyr H s PLacAsn20A8/n00983
Ser Thr u G n Val 151015 Asp Thr Ife Met du Lys Asn Val Thr Val ?hr His
PLa G n Asp Ile 202530 Leu Qu Lys Thr H's Asn GLy Lys Leu Cys Asp Ser Pro
Hs Gn Ile 354045 Leu Asp Gy Gia Asn Cys Thr Leu Ile Asp Ala Leu Leu Ay
Asp Pro 505560 dn Q/s As Phe Cn Asn Lys Lys Trp Asp Leu Phe Val Qu
Arg 65707580 Sefq ys Al %}? éif Een oy SITyESTPELY T £ %L%rps%lmpro Asp Tyr A9
asDo95 Ser Leu Nr Ser Leu Val A% Set Ser Gly T Leu G u Phe Asn Asn
10010511 PCT/ 1 3, 94U.S adl |. ?hr G n Asn
Gy Thr S S Mral%@%% QTR AT A0 5o ASAdE fer Phe Pho Se
Arg Leu Asn Trp Leu 130135110 ’?hr H| S Leu Lys Phe Lys Tyr Pro Ala Leu Asn
Val Thr Mgt PRrs01Asnyi45L50155160pAsn1 Oiulys Phe thAspudiysrdeunTyr Ile Irp
Gy Val Hius His Pro Ay 165470175 Thr Asp &sn Asp G n Ile Re Leu Tyr Al a
An Ala Ser Gy Arg Ile 130185190 Itr Val Ser ?hr Lys Arg Ser Gn Gn Itr
Val |le Pso @Agnlys éhd 3sr1 952062057 rSéte ﬂrrg Pro VAF glivalisAPac ASw |l e Pro Ser
Arg Ele Ser Ile Tyr Tr 5210215220 7hr 117 Val Lys Pro G'y°Asp Ile Leu Leu

Il e Asn Thr Gy As 230235240 L Pro_ Ar Tyr Phe Tys
e Ao ZF TR ATYE ﬁ& St %%@z%‘tfz% e 8 N o oo A AT Pro e Gy
Tys Cys Asn Thr Lys s Gn 2602652 ?hr Pro Net Gly Ala Ile Asn Ser Set
Net Pro Rhe iissésnnkl g, Hnss 225280285, Re feu 1Thrp ol £5:Grye @1y Cys Pro Lys
Tyr Val Lys Serifdsn Arg Leu 290295300 Val Leu Al a&ofhr Ay Len Ara Asn Ser
Pro Gn Arg Qu Set Arg Arg 305310315320 Lys Lys Ara Gy Leu Phe Ay Al a
Ile Ala Gey BhlePré ér@ YrlGhyg @sy BR5380235 Argp I&G rfed ylel\lévr\léck) Asp Ay Trp
Tyr Ay :yr HOS Hes Ser Asn Glé 340345350 G n<&y Ser Ay :yr Ala Ala Asp
Lys A u Ser Ala |I]le 355360365 Asp Gy Val Thr Asn Lys Val Asn
Ser Ile I]¢ %%VE§SLYI?/E?rOA§§YﬁS§rIJ??@%?%:%OZQ ﬁ\srﬁ”hgcfr@rtf ARa8 Ay Arg A
Phe Asn ASR Len QG u Arg Arg I1e

Leu Ile Ala Pro Arg Gly Tyr Phe Lys Ile Arg Ser Gly Lys Ser Ser
245 250 255

Ile Met Arg Ser Asp Ala Pro Ile Gly Lys Cys Asn Thr Lys Cys Gln
260 265 270

Thr Pro Met Gly Ala Ile Asn Ser Ser Met Pro Phe His Asn Ile His
275 280 285

Pro Leu Thr Ile Gly Glu Cys Pro Lys Tyr Val Lys Ser Asn Arg Leu
290 295 300

Val Leu Ala Thr Gly Leu Arg Asn Ser Pro Gln Arg Glu Ser Arg Arg
305 310 315 320

Lys Lys Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly
325 330 335

Trp Gln Gly Met Val Asp Gly Trp Tyr Gly Tyr His His Ser Asn Glu
340 345 350

Gln Gly Ser Gly Tyr Ala Ala Asp Lys Glu Ser Thr Gln Lys Ala Ile
355 360 365

Asp Gly Val Thr Asn Lys Val Asn Ser Ile Ile Asp Lys Met Asn Thr
370 375 380

Gln Phe Glu Ala Val Gly Arg Glu Phe Asn Asn Leu Glu Arg Arg Ile
385 390 395 400

Glu Asn Leu Asn Lys Lys Met Glu Asp Gly Phe Leu Asp Val Trp Thr
405 410 415

Tyr Asn Ala Glu Leu Leu Val TLeu Met Glu Asn Glu Arg Thr Leu Asp
420 425 430

Phe His Asp Ser Asn Val Lys Asn Leu Tyr Asp Lys Val Arg Leu Gln

100



385390395400 G u Asn Len Asn Lys Lys Met Gu Asp Gy Phe Leu Asp pvalcadnp/000983

Thr
Asp
Gn
?yr
Tyr
Au
Her
Al a
I'le

405410415 Tyr Asn Ala Gu Leu Leu Val Lau Met A u Asn G u Ara Thr Leu

420425430 Phe El Ls Asp Set Asn Val Lys Asn Lau Tyr Asp Lys Val Arg Leu

435440445 Leu Arg Asp Asn Ala Lys Gu Leu Ay Asn Ay Cys She du She

450455460 His Lys Cys Asp Asn Qu Cys Met Qu Her Ile Arg Asn Gy Thr

465470475486°Asn Tyr Pro G n44'Pyr Her GI u d u ‘APa Arg Leu Lys Arg Gu

Il e 485490495 Ser y Va L r Gn lle Leu
AR

Il e %665%55&?? ﬂ?? ¥ %sr?hﬂl%ll% °AYA 11e Met Met
Gy 515520525 Leu Her Leu rp Met Q/s Her n Sly Ser Leu Gn Cys Arq
Cys 330532540 kg £436cr210z dA3cr2kl? b36rs2hdz &%Fmglq%% Artificial

Sequence 15820> <223> Construct 920 <400> 108 Asp Gn Ile Cusolle Ay Tyr

Hi s
Thr
Cys
Met
Lys
Ile
Thr
Leu
She
Thr
Cu
Met
Al a

Ala Asn Asn Her Thr Au G n Val 151013 Asp Thr Ile Mt G n Lys Asn Val
Val TFhn HirsPA &16 TvzASpr [dle 202530 Arguldd Gy ysgThiu Fis TAsn Sly Lys Leu
Pro Asp Cys Len AstPCys 354045 Thr 4/Si§p Li eu Asp Val 42 a Leu Ay Arg Pro
Cys Val y Thr Thr 503560 Pro Her Ala Her Ile Leu Hs du Vol
Pro Vaf GﬁWr V@er”ﬁS%‘?éé@ S@Fy“@yﬁ Eﬁélrp?ﬁb‘f GF% %tlﬂi S®ASP°Arg Thr Lys
Arg Gn Leu Pro’859095 Asn Leu L&u Arc Gy Tyr GU Asn Ile Arg Leu Her
an Aso o4l TAP%Q%%OSQ% AR I% %Er»@etGAya @y Pro Tyr Arg
Sly Thr Her 5115120125 Ay Het,Cys Pro As Ser Lys Ser Oy Phe
Ala Thr Met 130135140 Al a Trp Ala Val Pro Lys Asp Asn Asn Lys Asn Al a
Asn Peo $en1ed45p5®t5636GeThasnValy et Mal cPr @ybykrd Tee Qs Thr Qu Ay
Asp G n F%e Hhr 1651701753Val Trp Gy PheSHds Set Asp Asn Lys Thr G n
Lys Asn Leu Tyr 180185190 Ay Asp Ser Asn Pro G n Lys Fae Thr Set Ser
Asn @lg Val ?.hr 195200205

<210> 108
<211> 556
<212> PRT

<213> Artificial Sequence

<220>
<223> Construct 920

<400> 108

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
1 5 10 15

Asp Thr Tle Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
20 25 ' 30

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Pro Asp Cys Leu Asn Cys
35 40 45

Thr Asp Leu Asp Val Ala Leu Gly Arg Pro Met Cys Val Gly Thr Thr
50 55 60

Pro Ser Ala Lys Ala Ser Ile Leu His Glu Val Lys Pro Val Thr Ser
65 70 75 80

Gly Cys Phe Pro Ile Met His Asp Arg Thr Lys Ile Arg Gln Leu Pro
85 90 95

Asn Leu Leu Arg Gly Tyr Glu Asn Ile Arg Leu Ser Thr Gln Asn Val
100 105 110

Ile Asp Ala Glu Lys Ala Pro Gly Gly Pro Tyr Arg Leu Gly Thr Ser
115 120 125

Gly Ser Cys Pro Asn Ala Thr Ser Lys Ser Gly Phe Phe Ala Thr Met
130 135 140

Ala Trp Ala Val Pro Lys Asp Asn Asn Lys Asn Ala Thr Asn Pro Leu
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Thr His Tyr Val Ser Gn :le @y Ser Phe Pro Asp A n Thr GQu Asp 202h5220000983
Gy Ay Leu Pro dn Ser Ay Arg'lle Val Vval Asp Tyr Met Met G n
225230235240 Lys Pro Ay Lys Thr Gy Thr :le vVal Tyr Gn Arg Ay Val Leu
Leu 245250255 Pro G n Lys Val Trp Cys Ala Ser Ay Are Set Lys Val :le Lys
Gy 260265270 Ser Leu Pro Leu Ile Ay Qu Ala Asp Cys Gn Thr Pro Met Gy
a 2752806285 Ile Asn Ser'Ber Het Pro Phe H’s Asn lie His PPB Leu Thr Ile
y 2902953 u ro.L Tyr Val s Ser Arg L | Lou Ala Thr
) 3053103183001 L EbC ArG RCh EerBr G ATS O A AT Ly Lys A g
y :Jou 325330335 Phe Qdy Ala lle Ala Ay Phe Ile Qu Qdy Ay Trp Gn Gy
t Val 340345350, Asp {Esysdd Rsd Ydsn@ys TyF dlinsuddll .y SedsnAse @, G n Ay Ser
Ay Tyr 355360365 Aba Ala Asp Lys Gas Set ?hr A n LysocAla Ile Asp Gy Val
Thr Asn 370375380 Lys Val Asn Ser Ile Ile Asp Lys Met Asn Thr G n Phe GQu
Al a Val 385350395406n G Ary ANy L& (PHPhEASAr A Reu 26 relAr g2 lATarl l e A u Asn
Leu Asn Lys 405430415 Lys Met A4P%Asp Gy Phe Le#%Asp Val Trp Thr Tyr Asn
Ala Qu Leu 420425432 Leu Val Leu Met u n AQu_Arg Thr Leu Asp Phe His
hsp Ser Ash ‘saf0dls Va Gﬂ%;}%s%%if Tt Btk S0l EBE G Loa A a
Asp Asa Al a 450455460 Lys Au Leu Gy Asn Ay s Phe A u Phe Tyr H s Lys
Tys Asp Asp 465470475480 sG m1QysMete GLy Sar all e AngAsp Giy Thr Tyr Asn
Tyr Pro Gk Tyr 485490495, Ger u Gu Ala Asg Leu Lys Arg Gho G n Il e Ser
Gy Val Lys Leu 500505510 G n Ser Lie Ay Thr Tyr Gn Ile Leu Ser Ile Tyr
Ser Thr Vab HlcacH15520525GPerrhSerlel gal Ava Cleurst &1k 'elveeu et Ala Ay Len
Per Leu 7rp Met 530535540 Cys Ser Asn @9 Ser Lela Gn &35 Arg Ile Cys lle
545550555 <210> 109 <211> 548 <212> PR <213> Artificial Sequence <220>
<223> Consfrict L@%@gkﬂo@f{%éﬂﬂsﬁaﬂ@%g e Cfs ™11 €°Q y,°TH¥° 18 Ala Asn Asn
Ser Thr Asp 7hr Val 11015 Asp ?hr Val” Len GQu Lys Ash Nal Thr val Thr His
Ser Val ’gép Lle%u}?gcp%ééolle Gly Glu Ala Asp Cys Gln Thr Pro Met Gly Ala

275 280 285

Ile Asn Ser Ser Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly
290 295 300

Glu Cys Pro Lys Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Gly
305 310 315 320

Leu Arg Asn Ser Pro Gln Arg Glu Ser Arg Arg Lys Lys Arg Gly Leu
325 330 335

Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly Trp Gln Gly Met Val
340 345 350

Asp Gly Trp Tyr Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr
355 360 ‘ 365

Ala Ala Asp Lys Glu Ser Thr Gln Lys Ala Ile Asp Gly Val Thr Asn
370 375 380

Lys Val Asn Ser Ile Ile Asp Lys Met Asn Thr Gln Phe Glu Ala Val
385 390 395 400

Gly Arg Glu Phe Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys
405 410 415

Lys Met Glu Asp Gly Phe Leu Asp Val Trp Thr Tyr Asn Ala Glu Leu
420 425 430

Leu Val Leu Met Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn
435 440 445

Val Lys Asn Leu Tyr Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala
450 455 460

Lys Glu Leu Gly Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn
465 470 475 480
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Leu Gn Asp Ser H's Asn Ay Lys Leu Cys Asp Len Asp Gy Val Lys 35#0xB1¢H000983
Len Ile Leu Arg Asp Cys Ser Val Ala Ay 7rp Leu Leo Ay Asn 505560 Pro Met
Cys Asp Qu Phe Ile Asn Val Pro Qu 7rp Ser Tyr Ile Val 6570.7580 G u Lys
Ala Asn Pro ?hr Asn Asp Leu Cys 7yr Pro Gy Ser Phe Asn 859095 Asp Tyr G n
Gn Leu Lys His Len Len Ser Arg Ile Asn H's Phe G u 100105110 Lys 71e G n
Ile Ile Fro Lys Ser Ser Trp Ser Asp Hs Gn Ala Ser 115120125 Ser dvy Val

Ser Ser A%\ “EySPr Bllil'ﬁl‘;rfelr‘? oy ASBroPr §2 e’ PHE Pie Pf@o%%‘si% Arg Asn Val

Val Trp Len Ile Lys Lys5Asn Ser Thr Tyr Pro Thr 1le 145150155160 Lys Lys

Ser Tyr Ash Msneilhh1 AstGdy g,y hspcfedr oy Val, kep vinp 165470175 Gy Tie
Hs Hs Pro Asn Aspofl a Al a u G nsgehr Arg Leu Tyr §@on 180135190

PCT/ CA2010/ 000983 Asn Pro Thr Thr Tyr Ile Ser Ile Ay Thr Ser Thr Leu Asn
G n Arg 195200205 Gew ™al TRr glhySel len Aba TIhr TAr geSemhrlysl ¥a: Asn Gy dn
Ser Ay 210215220 Arg Met G u PHéOPhe Trp Thr Il e2beu Lys Pro Asn Asp Al a
Ile Asn 225230235240 Phe G u Ser Asn Ay Asn Phe Ile Ala 2ro Au Tyr Ala
?2yr Lys PPe 5225980255 hgg| Ay d1g yErasF ﬁéi‘) Gar Ly §°T IT6UNEtP 1'§s Ser G u Leu
Gu Tyr Gy5§80265270 Asn (yé?ﬁsp Al a Lys Q/s%g n Thr Pro Gn Ay Ala Tie
Asn Ser 5280 u i js Pro Val Thr Ile dy GQu
Cys Pro E% %’&%%5%@8 #}%rggﬁ{a?lﬁﬁggsgrrﬁz?%\%;sﬂfgu Arg Met Val Thr Gy Leu
Arg Asn Ile 305310315320 Pro Ser Ile G n Ser Arg Gy Leu Phe Ay Ala lle
Ala Ay Pheosl | 0825330335 Au Ay Gy Trp Thr Ay Met Val Asp Ay Trp Tyr
Gy Tyr Hesl>H 54840345350 G n Asn@n Gy Ser Ay Tyr Ala Ala Asp A n Lys
Ser Thr & #>35B860365 Asa Ala Ile Asn Ay Ile 7hr Asa Lys Val Asn Set Val
lle G| Ey53°3703753807INEEIYE[Thr. G n Phe Thr Ala Val Gy Lys G u Phe Asa
Lys Leu C yo>385390395400 Ara Arg Met G u Asa Leu Asa Lys Lys Val Asp Asp
Gy Phe >Asg()§%5410}§g Ile Trp Thr ?yr Asn Ala G u Leu Let: Val Let: Leu
A u Asn u Arg 63%% Thr Leu Asp Phe Hi's Asp Ser Asn Val Lys Asn Leu
Tyr G u Lyso-Vahog '

Asp Thr Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr Val
1 5 10 15

Asp Thr Val Leu Glu Lys Asn Val Thr Val Thr His Ser Val Asn Leu
20 25 30

Leu Glu Asp Ser His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
35 40 45

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
50 55 60

Pro Met Cys Asp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile Val
65 70 75 80

Glu Lys Ala Asn Pro Thr Asn Asp Leu Cys Tyr Pro Gly Ser Phe Asn
85 90 95

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
115 120 125

Ser Gly Val Ser Ser Ala Cys Pro Tyr Leu Gly Ser Pro Ser Phe Phe
130 135 140

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
145 150 155 160

Lys Lys Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Arg Leu Tyr Gln
180 185 190
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435z; 40445 Lys Ser A n Leu Lys Asn Asn Ala Lys Au Ile Gy Asn QzaerfegsoiBh®osss
450455460 G u Phe ?yr 111s Lys Cys Asn Asn Gu Cys Met GQu Ser Val Lys Asn
465470475480 Ay Thr Tyr Asp Tyr Pro Lys Tyr Ser AQu GQu Sec Lys Leu Asn

Arg 485490495 Gu Lys Ile Asp Ay Val Lys Leu Sir Ser Met Ay Val 7yr An
Il e 500505510 PCT/ CA2010/ 000983 Leu AI a Ile Tyr Ser Thr Val Al a Ser Ser
Leu Val Leu Leu Val  Ser 5155205 a lle Ser Trp Met Cys Ser
Asn Gy S8 Téu G n"tys™s %ﬁﬁ%ﬁ% A(?P js® %%4?%%%)9510 <400> 110
000 <210> 111 <211> 552 <212> <213> Artl f| ci aI Sequence <220> <222>

Construct, 690 1apd, 734 <5400 L1 AspsG A LiwaiONs, Iche &nysdyiibis Ala Asn Asn
Ser Thr G u fGgn Val 15015 Aspidhr lie t G uzbys Asn Val Thr Val Thr His

Ala Gn Asp lie 202530 Len Gn Lys Thr Hs Asn Gy Lys Len Cys Asp Leu Asp
Gy Val Lkys 854045 PPy oPHeeTroliTer Ligle Pewg LAS pPrOy8siSésp Vela Ala 26hy Trp Len Leu
Ay Asn B05560 Pro Met Cys3®Asp G n She Ile23Asn VaI Pro GnZ¥fPp Ser Tyr Ile
Val 65707580 Gu L Ala Asn Pro Thr As As Cys Tyr Pro Gy H s Phe
Al a 859095¢ AZp Sr%/rr%\@rﬁ LR A G g HY%é\rlas%Yrr ‘$6r Ser Phe Gu
100105110 Arg Phe G n 2’IA’ i'e [the Pro Lys u Ser Ser Trp Pro Ash H s ?hr Val
115120125 Thr, Gy, \é% 87 o8l d198n OfS: S H.SeASneB 0.Crp Sy Ser Phe Tyr
130135140 Arg Asn Len Leu Trp Leu Thes Gy Lys Asn dAaysclen Tyr Pro Asn Len
145150155160 Ser Lys Ser Tyr Ala Asn Asn Lys Qu Lys Gu Val Leu Val Leu
Trp 1651726047/ sGhyp ¥ak HisscH S1RrmrPrPoo ASn ¢llver@ y1AspsnGear Isgs Al a Leu Tyr
Hi s 180185190 TAT>5 G Il Asn Ala T840 Val Ser Val ValB>5Ser Set His Tyr Ser Arg
Lys 195200205 Phe ?hr Pro Slu Ile Ala Lys Arg Pro Lys Val Arg Asp Gn Qu
dy 2102%522@%?1@@ 5le ZﬁéanErJyrHlTyPrrOTP’ﬁl 'FF?F Yeén i;%zfléal PFE° &Y Asp Thr Ile
Ile

Tyr Val Arg Ser Ala Lys Leu Arg Met Val Thr Gly Leu Arg Asn Ile
305 310 315 320

Pro Ser Ile Gln Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe TIle
325 330 335

Glu Gly Gly Trp Thr Gly Met Val Asp Gly Trp Tyr Gly Tyr His His
340 345 350

Gln Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Gln Lys Ser Thr Gln
355 360 365

Asn Ala Ile Asn Gly Ile Thr Asn Lys Val Asn Ser Val Ile Glu Lys
370 375 380

Met Asn Thr Gln Phe Thr Ala Val Gly Lys Glu Phe Asn Lys Leu Glu
385 390 395 400

Arg Arg Met Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Leu Asp
405 410 415

Ile Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg
420 425 430

Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val
435 440 445

Lys Ser Gln Leu Lys Asn Asn Ala Lys Glu Ile Gly Asn Gly Cys Phe
450 455 460

Glu Phe Tyr His Lys Cys Asn Asn Glu Cys Met Glu Ser Val Lys Asn
465 470 475 480

Gly Thr Tyr Asp Tyr Pro Lys Tyr Ser Glu Glu Ser Lys Leu Asn Arg
485 490 495

Glu Lys Ile Asp Gly Val Lys Leu Glu Ser Met Gly Val Tyr Gln Ile
500 505 510
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225230235240 Phe Gu Ala Asn Gy Asn Leu Tie Ala Pro Arg :yr Al a f#headbia/o009s3
Leu 245250255 Per Arg Ay Fhe Ay Ser Ay Ile Met Lys Ser Qu Leu flu Tyr
Ay 260265270 Asn Cys Asn Thr Lys Cys G n Thr Pro Met Sly Ala Ile Asn Ser
Ser 275280285 Met Pro Fhe His Asn Ile H's Fro Lea Thr Tie Ay Slu Cys Pro
Lys 290295300 Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Sly Leu Arqg Asn
Ser 3053109315320 °Pr¥" SR Arg Vst Li*lge%erAF@rAred 13/s LBy s 2Ar 3§ Leu Phe Sly
Ala Tile 325330335 Ala Gy Phe T8 Gu (fly Gy TFp Gn Sy Met Val Asp Gy
Trp Tyr 34 ro.Hi i u-G Tyr Ala Al a
Asp Lys g%%%%g%%% g% i %r”?hzﬁgb%tﬁ% g%‘“eﬁﬁsgeg%“\s/g{% ¥ Asn Lys Val
Asn Ser 370375380 Ile Ile Asp Lys Met Asn Thr Gn Fhe Au Ala Val Ay Arg
A u 2he 2385390385400 Asn Asn Leu Gu Ara Arg Tie Slu Asn Len Asn Lys Lys
Met G u Asp 405410415 Ay Phe Leu Asp Val Trp Thr Tyr Asn Ala G u Leu Leu
Val Leu Met 420425430 G It Asn Ga Arrx Thr Leu Asp Phe H s Asp Ser Asn Val
Lys Asn Eeéd435440445 Tyr Asp Lys Val Arg Leu Gn Leu Arq Asp Asn Al a Lys

GQu Leu 4 O>452455460 Asn Ay Cys Fhe G a Fhe Tyr His Lys Cys Asp Asn G u
Cys Met @iﬁ 465470475480 Ser |le Arg Asn Ay Thr Tyr Asn Tyr Fro G n Tyr
Ser Gu u Al a 485490495 Arg Leu Lys Arg Au GQu Ile Ser Gy Val Lys Leu

Gu Ser Lbeydy;H$00505510 Thr Tyr G n 71le Lea Ser Ile Tyr Ser Thr Val Al a
Ser Ser Lkeii | 85515520525 Leu Ala Ile Met Met Ala Ay Leu Ser Lea Trp Met
Cys Ser Asre>d yrH530535540 Ser Leu G n Cys Arg Ile Cys Ile 545550 <210> 112
<211> 5482k 22rPRTcx2]1 3>qAmicef i ci al Sequence <220> <223> Construct 698
<400> 112 Asp ?hr Ile Cys Ile Ay Tyr Hs Ala Asn Asn Ser Thr Asp Thr Val
11015 Asp?dthr Val Leu Ju Lys Asn Val Thr Val Thr His Ser Val Asn Leu
202530 Lén* @ u“AEF=8er P AsA’@y Lys Leu Cys Leu Leu Lys Ay Ile Ala
354045 Prg,leu; G n Leu Ay Asn Cys Ser Val Ala Ay Trp Ile Leu Gy Asn

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
1 5 10 15

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
20 25 30

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
35 40 45

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
50 55 60

Pro Met Cys Asp Glu Phe TIle Asn Val Pro Glu Trp Ser Tyr Ile Val
65 70 75 80

- Glu Lys Ala Asn Pro Thr Asn Asp Leu Cys Tyr Pro Gly His Phe Ala
85 90 95

Asp Tyr Glu Glu Leu Arg Glu Gln Leu Ser Ser Val Ser Ser Phe Glu
100 105 110

Arg Phe Glu Ile Phe Pro Lys Glu Ser Ser Trp Pro Asn His Thr Vval
115 120 125

Thr Gly Val Ser Ala Ser Cys Ser His Asn Gly Glu Ser Ser Phe Tyr
130 135 140

Arg Asn Leu Leu Trp Leu Thr Gly Lys Asn Gly Leu Tyr Pro Asn Leu
145 150 155 160

Ser Lys Ser Tyr Ala Asn Asn Lys Glu Lys Glu Val Leu Val Leu Trp
165 170 175

Gly Val His His Pro Pro Asn Ile Gly Asp Gln Lys Ala Leu Tyr His
180 185 190

Thr Glu Asn Ala Tyr Val Ser Val Val Ser Ser His Tyr Ser Arg Lys
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505560 Pro Qu Cys GQu Lea Leu Ile Ser Lys Qu Ser Trp Ser Tyr |lmrxaboio/000983
65707580 G u Thr Pro Asn Pro Au Asn Ay Thr Cys Tyr Pro @Ay Ser Phe Asn
859095 Asp Tyr Qu GQu Leu Lys His Leu Leu Ser Aleg :le Asn Hs Phe G u
100105110 Lys Ile Gn lle Ile Pro Lys Ser Ser Trp Ser Asp His Gu Ala Ser
113120125 Set dy Val Ser Ser Ala Cys Pro Tyr Len Gy Ser Pro Ser Phe Phe
130135140 Arc' Asn val Val Trp |_88, Ile Lys Lys ASP Ser ?hr Tyr Pro Thr Tie

14515015516 ys L ol p u Leu Val Leu
Tr p 1651%61%55(5%3? ¥R 3R A Hy 6 ! E{As%%ilh% Fatn 50, Arg Leu Tyr
G n 180185190 Asn Pro Thr Thr Tyr Ile Ser Ile Gy Thr Ser Thr Leu Asn G n
Arq 19520020%cLew Yal TRrordpysnd levAlan Thi sAbgeSenspysrVale Ast Ay G n Ser
Cly 210225220 Aug Met G wFhe Phe Trp Thr 2Bbe Leu Lys Pro Ash Asp Ala lle
Asn 225230235240 PCT/ CA2010/000983 Phe A u Ser Asn Ay Asn Phe Ile Ala

Pro G u Ty CARRIRyfshydv|Ae pA5IEe285 Vap ArgsTiry sl Ape Ser Alalle :le
Thr Ser Asn Ala Pro I\/@t45Asp 260265270 @% Cys Asp Ala L¥® Cys G n Thr Pro

Gn @ LLe. fsp, Ser, Ser. 275 Ph Hs Pro Val
T b’ d Y B B0 S 20009800 Ty VAT A Ser 1 E L)Y Leu A Nt

Val Thr Ay Leta Ary Asn Il e 305310 15320 Pro Ser IIe Gln Ser Arg Ay Leu
Phe Ay Alachkend anlCrysPhe ki€ 18253303836 @ Und Y18unTsp The Gy Met Val
Asp Gy Trp Tyr2/@y Tyr H's Hi s 2340345350 G n Aspsgdu Gn Gy Ser Ay Tyr
Ala Ala ASID A n Lys Ser Thr O n 355360365 Aun Ala Ile Asn Ay Ile Thr Asn
Lys Val Psh PSerfhgaliid [PenG@le Eys F370375380 WetGCAsALTHysG1 Phe Thr Al a Val
dy Lys du?Phe Asn Lys Leu gfh 385390395400 A% Arg Met G u Asn Leu Asn
LysLsVIAE GyPheLeu p40410415|| TrApThrTrAsnAIaGu
Leu Le u IT,P’SL ésnﬁ ney u'e rlyeu4 éﬁ 30" ThF & ﬁ“p E’be H's Asp Ser
Asn Val Eys Asn Leu Tyr u Lys Val 43544 5 Lys Ser Ee u Lys Asn Asn
Al a Lys GL& Glll'leAlg M]JA%QICA% @é LPIQeLys Arg Gly Leu Phe Gly Ala Ile
325 330 335

Ala Gly Phe Ile Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr
340 345 350

Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys
355 360 365

Glu Ser Thr Gln Lys Ala Ile Asp Gly Val Thr Asn Lys Val Asn Ser
370 375 380

Ile Ile Asp Lys Met Asn Thr Gln Phe Glu Ala Val Gly Arg Glu Phe
385 390 395 400

Asn Asn Leu Glu Arg Arg Ile Glu Asn Leu Asn Lys Lys Met Glu Asp
405 410 415

Gly Phe Leu Asp Val Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Met
420 425 430

Glu Asn Glu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu
435 440 445

Tyr Asp Lys Val Arg Leu Gln Leu Arg Asp Asn Ala Lys Glu Leu Gly
450 455 460

Asn Gly Cys Phe Glu Phe Tyr His Lys Cys Asp Asn Glu Cys Met Glu
465 470 475 480

Ser Ile Arg Asn Gly Thr Tyr Asn Tyr Pro Gln Tyr Ser Glu Glu Ala
485 490 495

Arg Leu Lys Arg Glu Glu Ile Ser Gly Val Lys Leu Glu Ser Ile Gly
500 505 510

Thr Tyr Gln Ile Leu Ser Ile Tyr Ser Thr Val Ala Ser Ser Leu Ala
515 520 525

106



450455460 G u Phe Tyr His Lys Cys Asn Asn GQu Cys Met G u Ser Valredrys2di®nooosss
465470475480 Ay Thr Tyr Asp Tyr Pro’ Lys Tyr Ser (flu Cu Ser Lys Leu Asn
Arg 485490495 Gu Lys Ile Asp Ay Val Lys Leu Qu Ser Met Gy Val Tyr @n
Il e 500505510 Le u Ala Ile Tyr Ser Thr Val Ala Ser Ser Leu Val Leu Leu Val
Ser 515520525 Leu Ay Ala lle Ser Phe Tro Net Cys Ser Asn GAT Ser Leu Gn

Cys 5305355 Tie s II CAZQ 983, <210> 113 <211> 552
<212> PF§e %% Afl%rpetfl Cralt @ence <2£6% 5?2%} nssterru% 691 <400> 113 Asp

Gnlle Cys IIe ny Tyr His a Asn Asn Ser Thr Glu G n Val 151015 Asp Thr
Ile Met Q@ ikyYscihshyVal-gThre VYal tthr His Ala Gn Asp Ile 202530 Leu Gu Lys
Thr Hs Ash Sly Lys Leu Qys Leu Leu Lys (fly Ile Ala 354045 Pro Leu G n Leu
Gy Asn Cys Ser Val Ala Gy Trp Ile Leu Ay Asn 505560 Pro Gu Cys Gu Leu
Leu Ile Seroxlysldd u Ser Trp Ser Tyr Ile Val 65707580 A u Lys Pro Asn Pro
Slu Asn & 1>Th?49Q/s Tyr Pro Ay H's Phe Ala 859095 Asp Tyr Qu Gu Leu Arg
Gn Grt<tern S&r Ser val Ser Ser Phe G u 100105110 Ara the Qu Ile Phe Pro
Lys G u Ser> Sef FrpHro a8t s Thr Val 115120125 Thr Gy Val Ser Al a Ser
Cys Ser His,,Asn Gy Gu Ser Ser Phe Tyr 130135140 Arg Asn Leu Leu Trp Leu
Thr Ay gy§3ﬁsaorgt¥uj,@lg97gyr Pro Asn Leu 145150155160 Ser Lys Ser Tyr Al a
Asn Asn Lys Qu Lys Qu Val Leu Val Leu Trp 165170175 Ay Val Hs H's Pro
Pro Asn kheoxd y1Asp G n Lys Ala Leu Tyr H's 180185190 Thr G u Asn Ala Tyr
Val Ser Val Val Sr Sor Hi's Tyr Ser Arg Lys 195200205 Phe Thr Pro Gu lle
Al a Lys Asp Pthg Liyss CvalllAr glyASpr Gin £44 asOAsn23@2 162 ZGPAFy Ve Asn Tyr Tyr
Trp Thr Eeu Leu Au Pro Gly Asp Thr 11é% 1 e 225230235246° Phe G u Al a Asn

Sly Asn Leu |l e T r Al a 2he a Leu 245 255 Sor Ar fly Phe
Sy ter & Trerih dehal it R frard Stelealh Setamee o 0 (T

Leu Glu Asp Ser His Asn Gly Lys Leu Cys Leu Leu Lys Gly Ile Ala
35 40 45

Pro Leu Gln Leu Gly Asn Cys Ser Val Ala Gly Trp Ile Leu Gly Asn
50 55 60

Pro Glu Cys Glu Leu Leu Ile Ser Lys Glu Ser Trp Ser Tyr Ile Val
65 70 75 80

Glu Thr Pro Asn Pro Glu Asn Gly Thr Cys Tyr Pro Gly Ser Phe Asn
85 90 95

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
100 105 110

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
115 120 125

Ser Gly Val Ser Ser Ala Cys Pro Tyr Leu Gly Ser Pro Ser Phe Phe
130 135 140

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
145 150 155 160

Lys Lys Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
165 170 175

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Arg Leu Tyr Gln
180 185 190

Asn Pro Thr Thr Tyr Ile Ser Ile Gly Thr Ser Thr Leu Asn Gln Arg
195 200 205

Leu Val Pro Lys Ile Ala Thr Arg Ser Lys Val Asn Gly Gln Ser Gly
210 215 220

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
225 230 235 240
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PCT/ CA2010/ 000983 Lys Cys Asn Thr Lys Cys G n Thr Pro Met Gy Amrldaeoihsdvosss
Ser Set 275280285 Met Pro Phe His Asn Ile H's Pro Len Thr Ile Ay Gu Cys
Pro Lys 290295300 Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Sly Leu Arg
Asn Ser 305310315320 Pro G n Arg A n Ser Arg Arg Lys Lys Arg Ay Leu Phe
Gy Ala Ile 325330335 Ala Gy Fhe Ile Au Ay Gy Trp Gn Ay Mt Val Asp
Ay Trp Tyr 340345350 y Tyr HHs Hs Ser Asn. Qu.An Ay Ser Sly Tyr Al a
Al a Asp Eé% G?%S%Oé%% U Ber "FHy e@fla gg% a1 ELash® gz vaf Thr Asn Lys
Val Asn Ser 3703753802II5e Ile Asp Lys Asn Thr G n Phe Gu Ala vVal Ay
Arg Gu Rhe %5%%0%%4@% Asn pAsnrakedh Grldr AAG ALO ahk &G MeASB Leu Asn Lys
Lys Met Gu p 405440415 Ay Phe Legs Asp Val Trp ThryoTyr Asn Ala Qu Leu
Len Val Len Met 420425430 Gu Asn Qu Arg Thr Leu Asp Phe His Asp Ser Asn
Val Lys A3n dveur£38440445Cy GlASIhrLys Vah ArvgrleuldasnLesr Aeg Asp Asn Al a
Lys A u Leu Sl y2#50455460 Asa SI39Cys Phe @ u Phés8Tyr His Lys Cys Asp Asn
Gu Cys Met Gu 465470475480 Ser Ile Arg Asn Gy Thr Tyr Asn Tyr Pro G n
Tyr Ser & P(goum}ﬁ 5%8@&9%%%&6%&9 Egﬁ Iﬁhegg GE WS P& &8F Ay val Lys
Leu G n Ser 11e Gy 50050551 hr Tyr Gnlle Len Ser Ile Tyr Ser Tar Val

Ala Ser $er da%uz% %é%@@%ﬁ%h%ﬂ@ ke et et N3 Gy, bLeu Ser Leu Trp
Met Cys Sge Asn y 530535b40 Ser 'Leu A n GQys Arg Ile Cys kLbg 545550

Pro Ser Ile Gln Ser Arg Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile
325 330 335

Glu Gly Gly Trp Thr Gly Met Val Asp Gly Trp Tyr Gly Tyr His His
340 345 350

Gln Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Gln Lys Ser Thr Gln
355 360 365

Asn Ala Ile Asn Gly Ile Thr Asn Lys Val Asn Ser Val Ile Glu Lys
370 375 380

Met Asn Thr Gln Phe Thr Ala Val Gly Lys Glu Phe Asn Lys Leu Glu
385 390 395 400

Arg Arg Met Glu Asn Leu Asn Lys Lys Val Asp Asp Gly Phe Leu Asp
405 410 415

Ile Trp Thr Tyr Asn Ala Glu Leu Leu Val Leu Leu Glu Asn Glu Arg
420 425 430

Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu Tyr Glu Lys Val
435 440 445

Lys Ser Gln Leu Lys Asn Asn Ala Lys Glu Ile Gly Asn Gly Cys Phe
450 455 460

Glu Phe Tyr His Lys Cys Asn Asn Glu Cys Met Glu Ser Val Lys Asn
465 470 475 480

Gly Thr Tyr Asp Tyr Pro Lys Tyr Ser Glu Glu Ser Lys Leu Asn Arg
485 490 . 495

Glu Lys Ile Asp Gly Val Lys Leu Glu Ser Met Gly Val Tyr Gln Ile
500 505 510

Leu Ala Ile Tyr Ser Thr Val Ala Ser Ser Leu Val Leu Leu Val Ser
515 520 525

Leu Gly Ala Ile Ser Phe Trp Met Cys Ser Asn Gly Ser Leu Gln Cys
530 535 540

Arg Ile Cys Ile
545
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<210> 113

<211> 552

<212> PRT

<213> Artificial Sequence
<220>

<223> Construct 691

<400> 113

Asp Gln TIle

1

Asp

Leu

Pro

Pro

65

Glu

Asp

Arg

Thr

Arg

145

Ser

Gly

Thr

Phe

Arg

225

Phe

Ser

Thr

Glu

Leu

50

Glu

Lys

Tyr

Phe

Gly

130

Asn

Lys

Val

Glu

Thr

210

Ile

Glu

Arg

Ile

Lys

35

Gln

Cys

Pro

Glu

Glu

115

Val

Leu

Ser

His

Asn

195

Pro

Asn

Ala

Gly

Cys

Met

20

Thr

Leu

Glu

Asn

Glu

100

Ile

Ser

Leu

Tyr

His

180

Ala

Glu

Tyr

Asn

Phe
260

Ile
Glu
His
Gly
Leu
Pro
85

Leu
Phe
Ala
Trp
Ala
165
Pro
Tyr
Ile
Tyr
Gly

245

Gly

Gly

Lys

Asn

Asn

Leu

70

Glu

Arg

Pro

Ser

Leu

150

Asn

Pro

Val

Ala

Trp

230

Asn

Ser

Tyr

Asn

Gly

Cys

55

Ile

Asn

Glu

Lys

Cys

135

Thr

Asn

Asn

Ser

Lys

215

Thr

Leu

Gly

His

Val

Lys

40

Ser

Ser

Gly

Gln

Glu

120

Ser

Gly

Lys

Ile

Val

200

Arg

Leu

Ile

Ile

Thr

25

Leu

Val

Lys

Thr

Leu

105

His

Lvys

Gly

185

Val

Pro

Leu

Ala

Ile
265

Asn

10

Val

Cys

Ala

Glu

Cys

30

Ser

Ser

Asn

Asn

Lys

170

Asp

Ser

Lys

Glu

Pro

250

Asn

109

Asn

Thr

Leu

Gly

Ser

75

Tyr

Ser

Trp

Gly

Gly

155

Glu

Gln

Ser

Val

Pro

235

Arg

Ser

Ser

His

Leu

Trp

60

Trp

Pro

Val

Pro

Glu

140

Leu

Val

Lys

His

Arg

220

Gly

Tyr

Asn

Thr

Ala

Lys

45

Ile

Ser

Gly

Ser

Asn

125

Ser

Tyr

Leu

Ala

Tyr

205

Asp

Asp

Ala

Ala

Glu

Gln

30

Gly

Leu

Tyr

His

Ser

110

His

Ser

Pro

Val

Leu

190

Ser

Gln

Thr

Phe

Pro
270

Gln

15

Asp

Ile

Gly

Ile

Phe

95

Phe

Thr

Phe

Asn

Leu

175

Tyxr

Arg

Glu

Ile

Ala

255

Met

Val

Ile

Ala

Asn

Val

80

Ala

Glu

Val

Tyr

Leu

160

Trp

His

Lys

Gly

Ile

240

Leu

Asp

PCT/CA2010/000983



Lys

Met

Tyr

305

Pro

Ala

Gly

Glu

Ile

385

Asn

Gly

Glu

Tyr

Asn

465

Ser

Arg

Thr

Leu

Ser
545

Cys

Pro

290

Val

Gln

Gly

Tyr

Ser

370

Ile

Asn

Phe

Asn

Asp

450

Gly

Ile

Leu

Tyr

Ala

530

Leu

Asn

275

Phe

Lys

Arg

Phe

His

355

Thr

Asp

Leu

Leu

Glu

435

Lys

Cys

Arg

Lys

Gln

515

Ile

Gln

Thr

His

Ser

Glu

Ile

340

His

Gln

Lys

Glu

Asp

420

Arg

Val

Phe

Asn

Arg

500

Ile

Met

Cys

Lys

Asn

Asn

Ser

325

Glu

Ser

Lys

Met

Arg

405

Val

Thr

Arg

Glu

Gly

485

Glu

Leu

Met

Arg

Cys

Ile

Arg

310

Arg

Gly

Asn

Ala

Asn

390

Arg

Trp

Leu

Leu

Phe

470

Thr

Glu

Ser

Ala

Ile
550

Gln

His

295

Leu

Arg

Gly

Glu

Ile

375

Thr

Ile

Thr

Asp

Gln

455

Tyr

Tyr

Ile

Ile

Gly

535

Cys

Thr

280

Pro

Val

Lys

Trp

Gln

360

Asp

Gln

Glu

Tyr

Phe

440

Leu

His

Asn

Ser

Tyr

520

Leu

Tle

Pro

Leu

Leu

Lys

Gln

345

Gly

Gly

Phe

Asn

Asn

425

His

Arg

Lys

Tyr

Gly

505

Ser

Ser

Met

Thr

Ala

Arg

330

Gly

Ser

Val

Glu

Leu

410

Ala

Asp

Asp

Cys

Pro

490

Val

Thr

Leu

110

Gly

Ile

Thr

315

Gly

Met

Gly

Thr

Ala

395

Asn

Glu

Ser

Asn

Asp

475

Gln

Lys

Val

Trp

Ala

Gly

300

Gly

Leu

Val

Tyr

Asn

380

Val

Lys

Leu

Asn

Ala

460

Asn

Tyr

Leu

Ala

Met
540

Ile
285

Glu

Leu

Phe

Asp

Ala

365

Lys

Gly

Lys

Leu

Val

445

Lys

Glu

Ser

Glu

sSer

525

Cys

Asn

Cys

Arg

Gly

Gly

350

Ala

Val

Arg

Met

Val

430

Lys

Glu

Cys

Glu

Ser

510

Ser

Ser

Ser

Pro

Asn

Ala

335

Trp

Asp

Asn

Glu

Glu

415

Leu

Asn

Leu

Met

Glu

495

Ile

Leu

Asn

Ser

Lys

Ser

320

Ile

Tyr

Lys

Ser

Phe

400

Asp

Met

Leu

Gly

Glu
480

Ala

Gly

Ala

Gly
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