Met hods for Producing Proteins In Plants The present invention relates to
nmet hods for expressing proteins of interest, particularly pharmaceutically
val uabl e woavermsss7t ransiently in plants. 5 The | arge sealr&ppsiodeziBe on of
reconbi nant proteins is an inportant application of transgenic plants.

Al t hough many plants can be successfully used for production of reconbi nant
proteins, few systens have the potential to produce substantial anmounts of
a reconbinant protein within a short time period. Transient gene expression
in plant cells has been devel oped as a rapid neans to 10 produce snal
anounts of a given protein and for testing genetic constructs. Methods to
transiently produce a protein in a plant cell include for exanple particle
gun delivery of a nucleic acid nol ecule conprising the gene coding for a
desired protein in an expressible manner, Agrobacterium nedi ated delivery
of a binf.1hg;‘t8r, .1 Sidn0 phg e ﬁgsible gene, el ectroporation of

pr ot opl asts—ahe . rere=agireor—nedi at ed delivery of naked DNA into
pl ant protoplasts. Particle bonbardnment usually reaches only a few cells
and t hle mrl;iédpmtegr mhtri]brlnereiatéd 'tmtmétfh]gds ffor ek?mss'mgi ploteins taf interest, ]
acconplished, and.is thus. not very effjcient for transient expression. The
use of AGRBIGHAr rﬁnﬁﬁﬁnéﬁ?qt{?@ﬂ%&alwglﬁrﬂrp eﬂ"r‘sattrﬁﬂﬁ'e(‘ﬁblfﬂgﬁﬂtﬁi ltration) can
deliver 20 foreign genes to significantly higher nunber of cells. The

ori gi Aal 18@dawe salegradystionof facombinant pietes is @n ImPeR3PLARPICRHPR 88 on was
descri be i t R b " %
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I i ncl udi
ptants | T\XetHgtlisn 90 transiently produce a protein in a plant cell include for example

particle gun delivery of a nucleic acid molecule comprising the gene coding for a

desired protein in an expressible manner, Agrobacterium-mediated delivery of a

binary vector comprising the expressible gene, electroporation of protoplasts, and
15 polyethylene glycol-mediated delivery of naked DNA into plant protoplasts.

Particle bombardment usually reaches only a few cells and the DNA must reach
the eell nucleus for transcription to be accomplished, and is thus not very efficient
for transient expression.

The use of Agrobacterium delivered by infiltration (agro-infiltration) can deliver
20 foreign genes to significantly higher number of cells. The original system of
Agrobacterium infiltration for transient expression was described by Kapila et al.,
Plant Sci. 122: 101-108 (1997) and was developed for rapid testing of the
functionality of a protein thought to be useful for disease resistance of the plant
tissue. For this application the protein would not need to be purified or
25 characterized since the entire plant tissue could be used in a bioassay. This
system was later used to express pharmaceutically important proteins (Vaquero



the steps of (a) imersing plant tissue in a nmediumincluding an infective
5 transformation vector such as Agrobacterium (b) reducing the pressure on
said tisswe2r/01B7to - 100 kPa gauge; (c) nmintaining sacu/greassoziseo f or 10
to 60 mnutes, and (d) raising said pressure to atnospheric pressure or
above, wherein the transformation vector allows selection to identify plant
cells or tissues in which the transformation vector is integrated into the
genonme said plant tissues 10 or cells. It is further disclosed that the
plant material may be subjected to alternating cycles of reduced and over
pressure, wherein the pressure is set forth to be in a range of 10 to 500
kPa (0. 1et@l5 Ml )BiotEphnol6 62 20822 1i( $996) s eldowevédrp dbe fppoduction from this
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i nvention provides the means and pethods to neet this need. In particular,
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whol e plant, pafticul whol e and i ntact plant or a part of a 5 whole

arly a _
and i nt ad® bﬁl"hﬂﬂ?"@ﬂoﬁﬂ%&lﬁ@ﬂ kiPg (&1 tadd1as).and i ntact plants or a plurality
of parts of whole and intact plants, with Agrobacteriumcells suspended in
a fluid, Bh#682-00Zdisplgses msthadsufer Agrobacteriyminediated @epedsarnsduction
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Agrobacteria.

WO 01/12828 describes an apparatus that comprises a vacuum chamber, means

20 for generating a vacuum, and a connector between the vacuum generating
means and the vacuum chamber and, further, means for affixing or supporting a
plant inside the vacuum chamber.

There is a need for systems and methods that can produce a substantial amount
of a recombinant protein at a commercial scale within a short time period, such

25 as for example, subunit vaccines for the prevention of pandemic outbreaks or
emerging diseases.



wherein the expressible construct is selected to provide transient
expression of the heterol ogous peptide or protein of interest and at |east
one of theopres®Ese 15 cycles conprises an increase in pPCEEPeria/osBR@ti ve to
at nospheric pressure. In certain enbodinents of the invention, the plants
are treated with one or nore pressure cycles, which all conprise an

I ncrease in pressure relative to atnospheric pressure. In a specific
enbodi ment, the pressure per cycle is naintained for a period of 20 between
0.5 seconds and 60 seconds. In one enbodi nent, the present invention
provides a nmethod for infiltrating Agrobacteria into a plant or plant part,
or a pl urldei plgesent piventien provﬁﬂesnthepmeaas anghmetlsdsgto negt tustreedi g a whol e

| ant t l.ant d
Prtact pramcuy; e Reda fyBghonmspateh (i bed aruhilient & ethpear i ¢y of
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whol e and i ntact . or the plurality of whole and intact plants or of
parts of whothe ésﬂahastea@m ﬁﬁﬁﬁ\t‘l\ﬂth anel qrnaomptﬂsa@teepv@ms&ewhegew éhe reat ed
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system conpr er con ure r recel a v\/ho e plant,
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pl ant, neans fo ust.abl Si r,and/or, fluid pressure
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pl ant ar @tosphergaressirehe infiltrati on medi um containing the Argobact erium
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In one embodiment, the present invention provides a method for infilirating
Agrobacteria into a plant or piant part, or a plurality of plants or plant parts,
comprising:
() contacting a whole plant, particularly a whole and intact plant or a part of a
25 whole and intact plant, or a plurality of whole and intact plants or a plurality
of parts of whole and intact plants, with Agrobacterium cells suspended in a
fiuid;
(ii) treating said plant or plant part, or the plurality of plants or plant parts and
the Agrobacterium cells with one or more pressure cycle(s),



251 n still another enbodi nent of the invention, the chanber is configured
such that all or part of the aerial parts of the plant are subnerged in the
i nfiltratworzorpa@iism cont ai ni ng t he Argobacteriunn cel | sPamErPexposado t o
pressure in the one or nore pressure cycles, whereas the underground parts
of the plant, particularly the plant root, are positioned outside of the
chanber such that they are not subnerged in the infiltration nmedi um

contai ning the Agrobacteriumcells and not subjected to the pressure
applied during the one or nore pressure cycle(s). In one enbodi ment of the
I nvention, the pressure treatnent conprising one or nore pressure cycle(s)
is appl i e¢hereintthe expedssibie donstruattis sebetedto pravie trafisiérteexpredwiore ofind

i ntact pl whi | e sai d.pl ant r onta t with the
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I n one enbodi nent” of 'the 1 nventl east one e pressure cycles
conpr i sedatrmasphericiprgssute. whol e pl ant, part I cul arl y t he whol e and i ntact
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whi ch i s betwderad Skecohds ang 60Getonds. erspherl C pressure, particularly the
whol e and intact plant or a part of the whole and intact plant is subjected

to a pressohe ehbédimentsf tHé ﬁvbﬁﬁon ARé it plany, pﬁrnairaﬂlyeﬂrﬁat wilaofé éﬁtr

parti cul arl of at |east part icularly of | east 2.

par t il8ul At pianker a pagk °f2th9 ‘MB‘P'E ansk infact |péanty%rhear@iuraélas9f yhgleb%nd
parti cul t &aﬁg y f@q%gct

parti cul Zf?tbgt @%n%tOIJI eastrts%ﬁwﬁél"e a%‘%%@ﬁ'%%a?ﬁé tm% Ag cast uﬂ%légﬁsbar :
parti cul &e ytreatedt withaone 505 mealie, presaire utyale(s) olithin acalosed. system,
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infiltration medium containing the Argobacterium cells and subjected to the

pressure applied during the one or more pressure cycle(s).

20 In another embodiment of the invention, the chamber is configured such that only
all or part of the aerial parts of the plant are submerged in the infiltration medium
containing the Argobacterium cells, but the entire plant including the aerial parts
as well as the underground parts of the plant is subjected to the pressure applied
during the one or more pressure cycle(s).

25  In still another embodiment of the invention, the chamber is configured such that
all or part of the aerial parts of the plant are submerged in the infiltration medium
containing the Argobacterium cells and exposed to pressure in the one or more
pressure cycles, whereas the underground parts of the plant, particularly the
plant root, are positioned outside of the chamber such that they are not
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can be easily determ ned by the person skilled in the art by using a test
system as di sclosed herein in the Exanples. In one enbodi nent of the

i nvent i orvwotzhe/®risp of treating the whole plant, particecamprgotiioe21hol e and
intact plant or a part of the whole and intact plant, or 5 the plurality of
whol e and intact plants or of parts of whole and intact plants, conprises
at least 2 cycles, particularly at |least 3 cycles, particularly at |east 4
cycles, particularly at least 5 cycles, particularly at |east 6 cycles,
particularly at least 7 cycles, particularly at |east 8 cycles,
particularly at least 9 cycles, particularly at |east 10 cycles,

parti cul aubmemged iatbie idflitratjort mednuﬂ‘nmmtanrag theatgrobamrmn ctlisand noycl es,

mhodi t d f at
Ceast o SUBPIed G E(EﬁsléHF%/naB?"egtdqr@&iﬁl BnE'GE 30T BERUER AP of at | cast
1.5 bar, Il[:I)artlcub H@ff Z]a%leas &bar parti cul arlg of, at least 2.5
bar, par thQM€FMNYO of &he inventjon, the piessyre reatment CORPrFIGSPNE3OL bar |
parti cul ades &Es@\ire'@%lﬁ(s)‘ﬁs%ﬁbﬁéd t8ahé 'vﬂt&ié”éhd |ﬁtfac€‘E>la|nF%Fta ﬁar? *'t‘ﬁ%
parti cul art{oie of at |east J)art i cul arl | east ar,

parti éul & cﬁndatnt%taelane \@hltmrsal dlardtor plag P@ﬂllssét@ﬁdtﬁctwﬂb the
parti cul A, r¥b§c%ru§1+t F@ﬁ]tthgrb%cﬁer;@p?g qﬁgﬁﬁoﬂart icularly for at least 0.3
€eas .

second/ cy ., par second/ cycle, particularly for
S;rltlegﬁlt a'rqlo;%efsor at é@tlsﬁf Iﬁ)% 'éeq'g'ﬁg }tlbc(%isl?x‘rgp%sdlpr&ao?h éﬁﬁégﬁgﬂﬁhﬁ‘lseast 2.0

seconds/ (cpmpmsesant(DBGD(ardf vt teaast 410, I;malkiula&lySon& IeaﬁOhﬁ,Sbm}icttIarIy phaticul arly

Seconds/ g 20, RHiedRRGPT ot legit B8, padieuilyprddemiar Eyearicuipry of o

enboclorrerréasttas tp%ntdmt&ntdf@ﬂedsha cﬁbaﬂucefar&r&%tléaatme \Ahol e plant or the
plurality of whol e pl ants or the plant part or the plurality of plant

parts conprises at | east cycl es. 25 In one enbodi nent of the |nvent|on
the step 'BfoRg LHPediment qththee inyention.o at tlgastypne Pt the diresseecytlent s or

the pl amcoggfrheé’%ubj'é@tuﬁ& tHealvhbig ﬂéntPPﬁﬁ?cul&?lSrttﬁe QR LSE Mt dlmr & cycles.

In one enb nent of the I nvention of treating the e plant or

t he pl ur #artsf the whele anglinfactsplant, tonéhq)pbtmhnpafwhgle anckbinfadk plants pr of pl ant
parts conpy I tion,
the step oﬁstregﬁ%"ﬁggﬁtémaﬁﬁs%hgﬁ?atﬁtaﬁe%e%%?d% Qéec#?é\i\g e%p:I ants or
t he dbantatpaspheic presspiey rparlicuartf the amblepand smtantrptarﬂem atpdr‘eaﬁtthes cycl es.
In one e i ment .of the.inventi t he step pl ant or
the ol ur AT, S nic e 8 RSBk n o B e Bt s Bt bTea0 81 " an
parts compnesses!. atbdreﬁéﬂtcdlaﬁ?lfﬂf% leddl 1.8 mepaﬂi@uﬁrlsr&ﬁtatqéaéthzm Barent i on,
the step of treating the whole plant or the plurality of whole Iants or

the pl antPagiguarly, of ﬁteleﬁﬁh?eﬁ bar, rartigyiany obhat Skérﬂ)P%é@fﬁ@UI#‘@é?f ag cycl es.
I'n one em‘s‘%rﬁaro atttbnud ‘éﬁfﬂat Pehast 4., Olﬁé}Stp ?ﬁlﬁllé?f Bf“ét Wéﬁ%p?%&yd es

conprises treating o l'ant or the p ants or the
pl an20parmarticitartyr oft atalepBUEéJ baly Refrtiqularht ot)at— least \Eu& haa particidanye obat at | east

2.5 bar td.on, S ressure
cycl es C(%érr%’rt%s]gs@%ﬁ)g)gb@ggthéf Wﬂi‘? e pfgnl%é}brpaﬂcéﬁagﬁu&%% t??/é)%féQhe%?qe pl ant s
or the plpanticubaiyt ofoat lehst &Dwfa{l balstlcufarlploirnt lpastt H).0 biat, partipulady of @t of at
| east 3.5 bar,. I n_one | I nvention, at |east one of the
pressure?ﬁﬁiﬂéso% EB%Pﬁ?H% W:&é&l %ﬂg Bl e plant or the plurality of
whol e plants or the plant part or the plurality of plant parts, with a
pressure Thie aptimabiredsurePpavhich allows a maximal infiltration of the bacterial

25 suspension into the plant or plant part without damaging the plant, may vary

depending on the plant species and, within a given plant species, also depending

on the variety, used in the infiltration method. The optimal pressure conditions



I n one enbodi nent of the invention, at |east one of the pressure cycles
conprises treating the whole plant or the plurality of whole plants or the
pl ant parwoanizdoesspl ural ity of plant parts, with a pres®oTEPed11At21Beast 6
bar. 25 1In one enbodi nent of the invention, at |east one of the pressure
cycles conprises treating the whole plant or the plurality of whole plants
or the plant part or the plurality of plant parts, wth a pressure of at

| east 8 bar. I n one enbodi ment of the invention, at |east one of the
pressure cycles 5 conprises treating the whole plant or the plurality of
whol e plants or the plant part or the plurality of plant parts, with a
pressur e can bt easilygletarmibed by ithe pesamshkiledrinrthe et by esingva test systenhe

pressure _i.S 5 seconds/cycl e and 10 seconds/cycl e.

I n one eﬁﬁ&ﬁ%ﬁ%%?q§¥éﬁﬂa“%%EBﬁBP@ﬁ the pressure is applied for between 10
1 second/cycle and 5 seconds/cycle. In one enbodi nent of the invention, the
pr essur e In sorip @nisadihent laetmeeimvenﬁorﬁettmdtdpcmltmamg thes evhohel /pdanst| . | n

one enbodi nen f the invent.i on ng the ol e pl ant,

T oo Berear thoroIo ae0: ihat il o7 @ Bar f Hie ol AenEE RANE | ni act
pl ant 5 Orthét%ldrbmypdf%ﬁélbté/nd)int&ét%lan@n& bfpaks d?lvaﬁtslé 4hd fitadtaplastsOf whol e
and intact plants, pressure that is increased relative to

at m)sphe@@%ﬁ@%@ﬂ@%&%'%@%cqlﬂ%@t Ipast 3| qyslesgpadicyledy Alrleastt4 at | east
?n\?eg? |r 0 c&@l@g%aﬂtﬁ@ﬁﬁ;{r %f%a%? @%g%mh@ldr& Faﬁ@e?élcu’l rrﬁf:ul%ﬂ&? whol e and

i ntact plleast brcyalqsarpamdularllye alhlebst andyclas apartlpwariy atoleszd 9 hyclgsural ity

of whole a r of IS tact ants, with a
ot esour o ParEaHy i jeft 30yl Rertbliary aiedit 31 SoPRE pBRET aleBifShe e o

| east108 @f cdafid cydles? obl i AUkPediic Imbaivdbntd . 4l bRsaid @fﬁcléi-. kemplisd a
second/ cycl e. In one embodi ment of the invention, e step_of treating

Che. whol PTeRSkE of BhICBSLOPHar, PATIEUIRHY 08 2hledst HOAT, BARIRKIAHY Of 3bigast of 1 he
whol e ang V\%B? n@!@é‘ﬁy of Mt |§a‘§t*§0 I%Hr;ﬂérhéo{arﬂf owmbss@é Ha?tﬁﬂcméﬂsﬂt s or of

parts of I ntact pl ant a pressure that Is 1ncreased
rel ati ve of @t é&aﬁ)é}z{hbaﬂ. @aﬂm@lyr@’ atdmh%é@aatparquarlmo&gbleest 40 barpr essure
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15 Ieast 5.5 bar, particularly of at Ieast 6.0 bar, for at least 0.1 seconds/cycle,
particularly for at least 0.2 second/cycle, particularly for at least 0.3 second/cycle,
particularly for at least 0.4 second/cycle, particutarly for at least 0.5 second/cycle,
particularly for at least 1 second/cycle, particularly for at least 1.5 seconds/cycle,
particularly for at least 2.0 seconds/cycle, particularly for at least 2.5
20 seconds/cycle, particularly for at least 3.0 seconds/cycle, particularly for at least

3.5 seconds/cycle, particularly for at least 5.0 seconds/cycle.

In one embodiment of the invention, the step of treating the whole plant or the
plurality of whole plants, or the plant part or the plurality of plant parts comprises
at least 2 cycles.

25 In one embodiment of the invention, the step of treating the whole plant or the
plurality of whole plants or the plant part or the plurality of plant parts comprises
at least 4 cycles.



particularly the whole and intact plant or a part of the whole and intact
plant, or 5 the plurality of whole and intact plants or of parts of whole
and i ntacwopbeymsi87wi th a pressure that is increased relPaTiRPRO11062180

at nospheric pressure conprises at |east 2 cycles, at a pressure of at |east
6.0 bar, for at least 0.5 seconds/cycle. In one enbodi nent of the

i nvention, the step of contacting the whole plant, particularly the whole
and intact plant or a part of the whole and intact plant, or 10 the
plurality of whole and intact plants or of parts of whole and intact

pl ants, with Agrobacteriumcells conprises (i) dipping the plant or a part
t her eof iln anesempedigient wﬂhd\gnmhﬁom,eth'ewtepeifItlse,atmglélneiwhdlélelamsmehei on

conpri se | east 1.0 rticul

parti cul %J%"&Dq %q?cag&ntﬁ obﬁﬂ'epéf"'m Bg'%é’lr the B r%li{y P&B%ﬂ“ Eaas CBQ‘H’P%I arly of
at | east ﬂléastgajyuegul arly of at least 3.5, partr cularly of at 15 | east
4.0, particularly of at least 4.5 (ii) exposing the plant or a part

t hereof to an aeE rated hy u |n a suspensi on qf Agrobacterl um
Simandsn | et

cel I's corlPang &y hg inyenfi 8P %A'EGPF'BQJI"A‘P whaolg plantjoedke 1. 5,
parti gul %ur&h@fof%hdléﬁﬁnt@ opthepﬁl'éhf Eb'r't%'i'ltﬁle Bfurél féaﬁ? cBFH isgyl arly of
at | east 0, "particularl | east 3.5, par east 4.0,

parti cul ﬁl'%ﬂsbﬁc‘aﬁleﬁeast 4 5. 20 In one errbodl rrent of t he |nvent| on, the
plant is a Nicotiana species, particularly a N catiana tabacum speci es, at

d |
a devel ORARMHe éﬁﬁﬂ&n@nt%’ftﬁe Wenfi t{htra '?r?g gro%"%ﬁ% wholk ?%?q%\%ol o

i nvention provides a system
pl ant, paiyralityl cfrwhoie plands er ehajplant part op fthen plucality op plaint pana cmmpheeand

i nt act pl an r lurality of whole and intact plants or of parts of
whol e 25 agrlu%aStZtcggngpl ants, and/or for producing a heterol ogous peptide or

protein conprising a chanber configured for receiving a whole plant,
part iloul dnloneaembodiimentaf it frotentidmnthecstep of dnreiating tiee Whoié plamb @r ahereans

configure dj,ustaply increasi ir and or. fl ressure in the
hanber Pyl uiale Blants, of e bl Bad or £ Ruraline of plerb RAS dpmetes a
corrpresscyﬂgmdaa;ym@gssure reducer I n one enbodi nent of the invention,

the systemconprises a plurality of inlets, outlets and conduits for

providing a fluid th between the interior and exjerior of 5 the chanber,
wher ei n tqﬂeoli'q cﬁﬂ‘B&?ﬂeﬂchmﬁ‘er ayantipeg at | Igaghong f)dh?re‘?fﬁs%‘f"et R¥Ce$vent i on,

the cham@mpiiaes treafifg tHewhoie méﬁterrrtm pru?arw Hfﬂhblblbléﬁts RPTd Siant pat are
di mensi oned for atom zing or aerosolizing a liqu I n one errbodl ment of

t he ildvertritmpluraldy ehplapkpans wilhrd prgssue %flﬁil*ﬁashaﬁ Bafe entire plant body
including its aerial and underground parts is subnerged in the 10

i nfiltratpogndmeshbeRifmeRt AfNtHYD ifvaAtion AP ABEET oHE" 619|t11é ﬁr@gs%bbﬁﬂé§d to the
pressure applied during the one or or e pressure cyc
comprises treating the whole plant or the plurality of whole plants or the plant part

or the plurality of plant parts, with a pressure of at least 3.5 bar.

In one embodiment of the invention, at least one of the pressure cycles
20  comprises treating the whole plant or the plurality of whole plants or the plant part
or the plurality of plant parts, with a pressure of at least 4.5 bar.

In one embodiment of the invention, at least one of the pressure cycles
comprises treating the whole plant or the plurality of whole piants or the plant part
or the plurality of plant parts, with a pressure of at least 6 bar.

25



I n one enbodi nent of the invention, the chanber is configured such that
only all or part of the aerial parts of the plant are subnmerged in the
i nfiltratworzorpa@irism cont ai ni ng t he Argobacterium cel | s, POUEPRG18/062186 r
pl ant including the aerial parts 15 as well|l as the underground parts of the
plant is subjected to the pressure applied during the one or nore pressure
cycle(s). In one enbodi nent of the invention, the chanber is configured
such that all or part of the aerial parts of the plant are subnmerged in the
infiltration medium containing the Argobacteriumcells and exposed to
pressure in the one or nore 20 pressure cycles, whereas the underground
pﬁrtshoablnhen@leﬁnb?]dipmn:] | afutheer Iirwetritien,glaanltaafjto@he ﬁf Qh@?@r}ebém@?dyadégi de of
t he chanber such. .t hat e re nqgt su r nthe infiltration nedi um
cont ai i roMATEeR Feaie i While el or IR NG obpbeieciatts of Hie pRELRAE o
appl i ed dthé Blurdity BNSIaRf pAf, vithr £ prodsreCofcdt fdait 8 Wap, one enbodi nent of the
I nvention, the chanber conprises one or nore 25 openings to all ow passage
of aerial parts of the plants during insertion or renoval, which openings
b%é' Fd%s

are |i n_ed"v\P'i'?l Roqimen & Inyentione @t Jepst gReephdbe CPTERSABa YRS
hydr ayl i Gopfiiises treBtiR thePWROR! gt lor tﬁ@gyﬂwafwggigr ésﬁ&%?ﬂ#eg?lﬁﬁﬁ?#e of a

system according to the invention and €scCri erein trating
Agr obact @ritheplusaiite of planhparts witha pressunetof abdeast d@lbarl y a whol e and i nt act
plant or a plant part and/or for producing a heterol ogous peptide or

protein. |f t | L ler Pl.essi Lthin the
scope of Itﬁ%ﬁsé %@P@Qeﬁg%faﬁggéa@&'8+1 ;ﬁ%o& Egs"glév[n%?h@%@ﬁﬁ%w%%ﬂnonl y
appl i ed tb5 seeondsicyclecanb1® seeondséoycleof pl ant bi ol ogy. Al of the follow ng
termdefinitions apply to the conplete content of this 10 application. The

word "conprj ; o) cl. .0t h el egent s, or e ngd the

I ndefini [ﬁg {')ﬁ% P%F%%g'%ngr&f Qﬁ "ﬁ%&'gﬁ’o?ﬁ%x@%ﬂg a'splaaﬁg?cﬁf?r abﬁq‘@?%l e step
may fll f i1 sedoadfoyoletand® sedormisioyelel features recited in the claims. The
terms "essentially”, "about", "approximately” and the |ike in connection

wi th an tribu . a vyal.u articularly also define exacgtly the attribute
or exact IE}@ H’é %ﬁ?%mefg qfe eéqwﬁpg'_ tﬁ%é)r?ﬁﬁ%f"" Ebgﬁpﬁe‘fﬁ"f ﬁ@th@%‘?ﬂ ext of a
gi ven nune$ sécondslayeiedind fegeondityile to a value or range that is within 20
% within 10 % within 5 % or within 2 %of the given value or range. A

plant” g3 S5eGnibddinint B ReCiRehtion ‘Y SR of fealing 1! whid Balt 2Nt @
particularly the whole and intact plant or a part of the whole and intact plant, or
15 the plurality of whole and intact plants or of parts of whole and intact plants, with
a pressure that is increased relative to atmospheric pressure comprises at least 5

cycles, at a pressure of at least 3.0 bar, for at least 0.5 seconds/cycle.

In one embodiment of the invention, the step of treating the whole plant,
particularly the whole and intact plant or a part of the whole and intact plant, or

20 the plurality of whole and intact plants or of parts of whole and intact plants, with
a pressure that is increased relative to atmospheric pressure comprises at least 8
cycles, at a pressure of at least 4.5 bar, for at least 1 second/cycle.

In one embodiment of the invention, the step of treating the whole plant,
particularly the whole and intact plant or a part of the whole and intact plant, or
25  the plurality of whole and intact plants or of parts of whole and intact plants, with



substantially intact plant, or to a plurality of intact or substantially
intact plants; a 20 whole plant, a substantially whole plant, or a

pl ural i t ywof2ommra7or substantially whole plants, and i PSTmPogansa8) at any
stage of its devel opment. For the purpose of the present application, an
intact plant is understood to refer to a plant conprising an essentially
intact and cl osed vascul ar system which does not show drai nage of the
vascul ar fluids due to injury or lesions. 25 A "plant part" as used within
the present invention refers to a any part of a plant including cuttings, a
pl ant organ, a plant tissue, or a plant cell, which plant part may be an

i sol at ed aopnesswe thakis picieaseant refativarto ahﬁosp’rrerijéssmedompria&c apleast1 A

cven i1 (RPEr 8 §pRASUITORE ey B bl ot Atnt 0% P aleVe®. P i bt s

provi ded as a functional conponent of the pl ant wi th a vacul ar systemt hat
remai ns flol bne |em|ag:imbaﬂ dfnthe triwentum atrnte am;b @f ofeatingasiwa lvatiols yastm of the

i ntact plant. "pl ant cel n the present invention refers
to a str ALY f'v ﬁ@e.%\do@ |°E ao@ara%mwhpi%wmmctm!@mteﬁr ovul es,
and zygotiRe pluFaifty f Wholecahd |rﬂ§6t ;Mhtk dr P bahebf ameré)éﬂplrﬁéét gmﬁtQ Qyith 2 cel |
wal |, an isol ated single cel cul tured , or a cel a part of

hi gher orag%rﬁﬁiléré that is lweaﬁfalsfelaiwe i otmp-'mhetﬂ@cpressurp K:amprlses; anleastaz pl ant
| 10 "Pl ant
organ, g@le@’” f g@s@ﬂlte of di‘fééé‘i’ BtPodt M? f'%a@?ﬁ {B@@Pfﬂ@ﬁ ot an

tissue” use rern nmeans pluraf are organi zed
into structural or functional un| ts. Th| S i ncI udes any tissue of a plant in
pl ant a orinjgnec emhodimentpphithe drvgationatheustep b contacting dhe wile mlast; i nct or

adffer r | ot 0_.a,rqot tem
Ceat | 11 G REnG Ao Bl PR r 2l by MK wholB a6E ettty bt e

i ncl lmes tlaelplwalgwmf wfhom arhcahﬁaatrplmitam of parts of ahblelsied mt&&tqjléntwml al" as
used within t resef invention refers to aq solid, liquid or gaseous
conposi t i b%ﬁ A ﬁ@DSngpmaHS%e(ﬂee&pp'n%&*i'%cn%g BLa et therpebdn 1

secr et i OrysPENSIN bﬁAgmbaeiéfnaWé‘énsewhéﬁé'n ﬂ\&%@'&bnsbh TohiptisE& anaMeEd 9ans

either in ?éanta or In cul ture, i ncl ud m&:; eaves, stens, roots, fl owers or
f1 ower p&fﬁgleaﬁk 10 partigylagy (of ahleagt, 1,5eparticylgry of at leasti2.0, e@ntlpuln@]z of and any

ot her parg fedat 23, ?Eﬁi@ulary%f%‘ﬂe Fh' g'dhfcga?lyd?%t @PS‘Q‘bB Hi'%g lﬂ?io‘r?hﬁfsent

i nvention enconpasses cu tures o S suc ed to,

pr ot dpl adeast %Inamularlyef atdeast 4. &,e(il) expasinguthewplact grl apartthereobt, arcel I s in

expl ant s, r as us d within the present

Chbent oRerSstLBgnpltad Wy P p SepbRORRES AbriciafingRfis cBhipsie, A

Ni cot i an@D60T lofidit rigastul.On particuldriyecf apIddst dt5, apaticalang whdtdeadt. 2.0abacumn) .
re descrjbed_ herein using the term

Ct?(r)t)glcgo%rébﬂ%ﬁ‘h Wﬁéé?ﬁg?é%%éésgﬁ'gﬁ%qhﬁﬁ feash %%H'ar%ﬁhaH'S@gtr:? Btions are

to be co }ﬁdwéhyt(gf difedat UITs lpa ARG ANy G fat @ggtggbacum specifically. The term
upolynucleotlde is used herein to refer to a pol ymer of nucleotides, which

may be unnodified or npdified deoxyribonucleic acid (DNA) or ri bonucl eic
aci d 20R\AY onp&Rkegdimgnt of thejaysntige B plast isanNisotiann srecies. partiedlaibn, a

genoni ¢ %oﬁmia%%%%?écia%&&@é@o Jﬂgﬁﬁ of8lg Snpe RNA.  Moreover, a

5 pol ynucl eotide can be ngl e-stran Ie st'randed DNA, DNAthat IS
a mxture of single-stranded and doubl e-stranded regi ons, a hybrid nol ecul e
conpri si Ny IMeA digant, dhe apresert inventier (arevides ha system Jioe iafiltrating

pol ynuct oo e g 8iidis Bt el & Whole Shfifict ol of Sbart ofay oy
RNA, or Iwdwle and frdastmlanteort a pluraliy of whole and intact plants or of parts of whole
25 and intact plants, and/or for producing a heterologous peptide or protein
comprising a chamber configured for receiving a whole plant, particularly a whole
and intact plant or a part of a plant, and a means configured for adjustably
increasing air and/or fluid pressure in the chamber.

9.



10 contain one or nore nodified bases, such as phosphot hi oates, and can be
a peptide nucleic acid (PNA). Cenerally, polynucleotides provided by this
i nvent i orwoani2n®7sgsenbl ed fromisol ated or cl oned fragmremEP2@fi/06IIBIA,
genonme DNA, oligonucl eotides, or individual nucleotides, or a conbination
of the foregoing. The term ' nucl eoti de sequence"” refers to the base
sequence of a polyner of 15 nucleotides, including but not limted to

ri bonucl eoti des and deoxyri bonucl eotides. The term "gene sequence" as used
herein refers to the nucl eoti de sequence of a nucleic acid nolecule or

pol ynucl eoti de that encodes a pol ypeptide or a biologically active RNA and
enconpas deonehembodiment iofl thes myertiore thé sgstpar tompridés a cdimpgessnumacs t hat
only encaodes a fragnent of a protein. A gene sequence can al so include
sequence MRERHR &gulatory function on expression of a gene that are

| ocat ed upstream or downstreamrel ative to the codi ng sequence, and intron

sequencedn ainedegbodimehit of ithe MveptionDther systeéth domprisel e piirgiity @F iifletssequence
tTanscr

at the 5 u&%@of a der_le 25 that directs the initiation of :ﬂgtion of
the gene® QHW? WS daropraoviding:a dHidRath hetweesn thedpieriop and iexterior @hy s
suffi gi enpe chaneér,wetréig tﬁéﬁbﬁ%?'neia_igfre@l&t%a.e to which it is operably

| inked. In the design of an expressi bl e gene construct, the gene is pl aced
in sufficient proximty to and in a suitable orientation relative to a
pronot er 1B RRe embedimant of the Jeyentiops thenshamher compaes.dhitbe interiohea

Phe gone PARd Dogof Rl 37 ifiersiorke WRAAN F SEfaRi-Bb slidihE, =" ' ©

approxi mates the distance between the pronoter and the gene it controls in
i ts nat url@dlonseembagdimens ofsthenisvention, the chambes dsreonfiguredi suchi that thes

di st ance r M . . f Lon.. . used

her ein, ﬁ%‘g% gﬁ# Bég%?ﬁé:tﬁ?d\} &Q%‘éﬁ.gtgﬁé HQQ%@rW%ﬁ%}soﬁ&%?r&eg "@i’ﬁ%ect ed to
a codidng imféyation inmediumh cantaiming thé Argebacteriamr cells amdoubjbetedcteditivg r egi on
is controlled and regul ated by that pronoter. Means for operatively |inking
a pronot @feﬁsd'r%aBBItfﬁ‘ﬁgurF@g Srﬁ%gr‘g '“@%Iprﬁ?ﬁm Wﬁeéﬂe art. As used herein, an
"expression control sequence" includes a pronoter and may 10 i ncl ude, but
i's not | ilmichednisodimeat of thetunvertiohathecthameiserds eofigureBEEHR ithidtionly all

termnation se nces, .pol yadenyl ati on sequences, 3 or_5'" untranpslated
sequence®’ R g_ﬁﬁ'\eca%’@ﬁtﬁﬁ%e%f, théiﬂi%’%toﬁfﬁ omaragd dn dhe infifalios; mediustquences
that may cohfiMihg Z5e ArgSHdetsritin® 8elf)'Hut Me Sﬁﬂ%ﬁéﬁﬁﬁclﬂainﬂ tgé Merialpavtd! ant

cell. Expression control sequences may be endogenous (i.e., naturally found

in alfs @savell apthe underatoynd dads of the plaat isrsubigctedtonibeipressyse applierbst ) .
Exogenou%fuﬁﬁ qﬁéah?g{ﬁﬁgggré;s%tar%%@é%my not be plant sequences so | ong as

they are funCtiona der selected conditions.

In one embodiment of the invention, the chamber is configured such that all or
part of the aerial parts of the plant are submerged in the infiltration medium
containing the Argobacterium cells and exposed to pressure in the one or more
20 pressure cycles, whereas the underground parts of the plant, particularly the
plant root, are positioned outside of the chamber such that they are not
submerged in the infiltration medium containing the Agrobacterium celis and not
subjected to the pressure applied during the one or more pressure cycle(s).

In one embodiment of the invention, the chamber comprises one or more

25 openings to allow passage of aerial parts of the plants during insertion or
removal, which openings are lined with an elastic seal, particularly an elastic
pneumatic or hydraulic seal.

-10-



A "het erol ogous gene" or "heterol ogous codi ng sequence" refers to a gene or
codi ng sequence that is exogenous to, or not naturally found in, the plant
to be 20 woansforised or treated and that encodes a "het @COIFPQ@IH62180

pol ypeptide" or a biologically active fragnent thereof. Heterol ogous gene
sequences include viral, prokaryotic, and eukaryotic sequences. Prokaryotic
encodi ng sequences include, but are not limted to, mcrobial sequences,
bacterial sequences or viral sequences (e.g., for the production of
antigens which may be adm ni stered as 25 vaccines). Eukaryotic coding
sequences i nclude mammal i an or human sequences, but may al so include
sequencedn onerembodimentydie invention reldtes tpltlentse of acysidmegcdordingab the mited to

| eader or,_secretion signal. sequences,. targeti equences, .and.the like. In
one pref éMYEYCY gs Sﬁ"é'?%fgfefﬁj'?)ﬁgf ﬁtﬁ'@ 'H8£&Pga§8f'Wemﬁ% IO 1R man
protei n. witfe tf4ann PaeicialyoaowhoeBRd iAfact HART & @0BIaht HAFOAhAGr SlBFUeNnce”
includes, but is not Ilimted to, naturally occurring, mutated, variant,
cheni cal IWOMgﬁﬂeﬁF@PQS%BﬁP@e DNAteIDr  any conbination of such
sequences. The reference to a "gene" enconpasses full-length genes or

f ragmgnt Ddrintiopgf encoding biologically active proteins. The term

"het er ol 6gous pepti de" or "heterol ogous protein", as used herein, refers 5

to a peptﬁmecmeélqéinﬁ@aﬁa bggresaeﬁs ,ae%g Qﬁﬂem ﬁl@%cogé of tHi& agﬁidatign afe!S

expressed froma "heterol ogous gene terol ogous coding sequence" as
defi ned &ieoeellyAebergivenythe mensingresmmonly gpplieg dépthiamein the pértinemtarbgous

protein" o%%*‘%@f a plant is exogenous to, or not naturally found in,
t he pl ant”. e érol ogous peptide" or "heterol ogous protein" can be a

| | i . in The "h j de”
Theter of QYost WPo buPRRHG JEE AstimBNg  Bpbl, o ne Rblen BaEAR T IS (o'
vari dot applicdtioned her word feomprising” dsadt hoeertiugs ﬁtmrmlemeatsolepbie&, or

ant Specl es, I ne or

protein not naturally found in the producing pl _
variety. 2 hanegnth rick ot Qox{ANh Bas Mot epluide & BlugallixaRisingieate
conpri si ﬁﬂayﬁ@ulﬁbﬂﬁé _fulrﬁ:lti%ﬁs SCsQRiraIdfodhirag FRALENRhE2BAIMS Phe REIMY

recogni zed by the virul ence gene products of an Agrobacteriumstrain, such
as an A. espedtialy’eraboyt’, apprexingiriycandsthedike ingronaegtinn wite @ancattributeit ed f or m
t her eof ' ' f Lahe 0 ngi-e Bl\léx c which it
is li nkeé’,'fl n%c})é@u{ga y%tuﬁgﬁcgﬁbs@érﬁee )éé(gﬁl {j{ep%gﬁ%mge | S. a@ﬁ}i‘jg{édg?fu%i tion

i ncl Udes respgctivelyndhe term taddbut’dn th conteixtioba igivemcmumernatey valu®Nid rbngeler s 20

fromwl d; iplasmds.  as well .a y functignal . deriyative thereof,
and | ol (e o 2 el BT, R ESwnia 29 wHRRCE SRS Y st e
encodi ng 2%mfene givendatiedsraangen control sequence of an expression
construct according to the invention is |ocated between two T-DNA borders.

The ter mA Spla@tt ad Gsed Wathird €hé rErasemtn Invekiiee T8feP8 "tor B Cihfact Plam, axpr essi on
25 construct that has been specifically designed for transient gene

expr essi GHPstanfally.intact pfant o toa, pluraliy, of intastiaf Subsiantialsintact B i onal

bi _ S _ .

sel ecti onote geni’éffﬁie%?’?’é‘ié"‘s?'?y OIS flaht 3o PLiFRi, o AR o SUbsgRTaAy T 0

As used Wédie plants; @ngddisrprogeniesatany stags of its developroeritaEeor thetpurposgient t hat
Ll ) oohabi e - ) |

0o e PETbIRRER: APNERER. 8B, fukd DAl if IRaBetodd B Ielercich BLpef ¢ °°

Bi ol ogi czbnipyisingran dsskhtiallyhimtadticarab closbd waseular si8ten), whishr fiees aot s may be

cat egori zgd as_anioni ﬁ'i noni oni.c,. zw tterioni ¢, or cationic,
show drainage of the vascular fluids due to injury or lésions.

25 A “plant part” as used within the present invention refers to a any part of a plant
including cuttings, a piant organ, a piant tissue, or a plant cell, which plant part
may be an isolated part of the plant or a part of the whole and intact plant.
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dependi ng on whet her they conprise one or nore charged groups. Anionic
surfactants contain a negatively charged group and have a net negative
charge. Nuoi2ory73ar f act ants contai n non-charged pol ar gcompgoiand2ikave no
charge. These surfactants are generally the reaction products of al kyl ene
oxide with al kyl 10 phenol, or primary or secondary al cohols, or are am ne
oxi des, phosphi ne oxi des or dial kyl sul phoxides. Surfactants that can be
suitably used in plant infiltration systens are, for exanple, disclosed in
WO 2005/ 076766. I n particul ar, exenplary nonionic surfactants include, but
are not limted to: t- 15 octyl phenoxypol yet hoxyet hanol (Triton X-100),

pol yoxyethyparhef arwhalaandointach plant’cis (Meartrto2efer toa plant patithatnessor ii t an

ol yoxye raieds Sohsrptely MR ¥ leMaiRE RaR' o5 he BRY dayichlsReh B8GH bi ¢ an
nonool eatfendtibrat cofihonendlof athgeplant eviths @r Rhé@ar gsggt/@tl\wlfpi_t%te fdreaind ety 85) ,

(octyl phenox %’ 0 | yet hoxyet hanol (1 GEPAL CA- I
triethyl éﬂ'@g?/ E‘il'"tﬁﬁ'f%!"?ﬁﬁt?}/‘g asef veseular system ol thesitast plantnonol aur at e
(Span 20), A zw tferi oni ¢ surfactant contains both a positively charged

gr oup Jand® aPiBh &€l @ yusadavibia theopfeseahinveaiondefass torarsiieictusali end| e
zwm tteri g{Hgfjio&H{iéa?%ﬁ S b3t iﬁﬁﬁ:dir?j;{: f%.rnE oVles! HHY Eﬁé’ot&gf Tt?éab@n%gﬂ such as

car boxyb nes, 25 sul fobetal nes %Io nown as suffal nes), "anni dobet ai nes
and sul f dnay debin formeof aspuitoplast withputi 8 ecellSwall,8an dsalatedasingleCtelh-£18,

S e A0 B PO 018 B 8 Bkl
n- al kyl ditopplapl tissoena plamt biyane oc a mihiotey plang, ifdMdikg a wholé alsd listhelsiax. anmoni o

et hane carboxyl ate (DAEC) and n-al kyl di met hyl ammoni o propane car boxyl at e

( DAPQYD, rPaEnt issuet ad Deed hereih inydandi arplursitRoTpam cellk Yhatsarbidrgatieed N-al Kyl
di met hyl anmoni o et har}e sul ff)na,t e &DAES .. h-al kyl di met hyl anmoni o propane
sul f onat d"ersipefuralRf 1Hoctapal unjts,dhisinglides ABY Bssusef aplehbinplantamiis) |
hexadecylgftifet hy! anmoni o propane sul fonate, n- 5 al kyl am domet hane

di et hyl ammoni o net hane car boxyl ates, n-al kyl arni do net hane di nmet hyl anmoni o

ot hane Capki i gl AisGBHIONs R i o Henflnl A 1S e e

di met hyl ammoni o net hane sul fonat e, ane yl ahmoni o
et hane suuchres dubmet dimiledyioasi wopr steamdeal, fiowey) flawenipartp flopendudul f onat e,

ang 35" VAR ARAERE bR T IABER Rt B B9 kot T ot
CHAPSO) ,» 101 i d ' C g
bhosphat | EHG e 4P &S Uk witin 1 BRRAR st RAGS 18 A0S Sl Yo Enot f nes,
di al kyl wasepbsitdoeydosition, rersa comibinatior ithened,| inblidinge dut not limited to
| Y2 ophos BBt e A SisRe obEapid AN 2 hiahat subscand Sigans either in
planta or in culture, including leaves, stems, roots, flowers or flower parts, fruits,
20  pollen, ovules, zygotes, seeds, cuttings, and any other parts of a plant.

“Plant cell culture” as used within the present invention encompasses cultures of
plant cells such as but not limited to, protoplasts, cell culture cells, cells in
cultured plant tissues, cells in explants, and pollen cultures.

A “tobacco plant” as used within the present invention refers to a plant of a
25  species belonging to the genus Nicotiana, including but not limited to Nicotiana
tabacum (or N. tabacum). Certain embodiments of the invention are described
herein using the term "tobacco plant” without specifying Nicotiana tabacum, such
descriptions are to be construed to have included Nicotiana tabacum specifically.
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15 fatty acid derivatives (e. g. , ethyl esters, propyl esters, cholesteryl
esters, coenzyne A esters, nitrophenyl esters, naphtyl esters,

nonogl ycewoas12/@irigryceri ds, and triglycerides, fatty al ech@pPa911foex18y

al cohol acetates, and the like), |ipopolysaccharides, glyco-and
shpingolipids (e.g., ceram des, cerebrosides, galactosyldiglycerids, gang

| i osi des, | actocerebrosides, |ysosulfatides, and the 20like). A'cationic
surfactant” has a positively charged group under the conditions of
infiltration. Suitable cationic surfactants include, but are not limted
to: quaternary amnes or tertiary amnes. Exenplary quaternary am ne

sur f act arfile temn tpbdynucletide®isnosed iherdie dotreferciet & Ippiymel of noelebtides de,

tyltrinethyl i i de 25 ( CTAB; (al bioch 2633 or Al drich
i 8558916 MRS HOPRORH Y o P hPBITISE ReERNA) 9 tpugieic
&num 292&&IRNApde@cdraih?w?hrpd|ynméaﬁabtaanbbézrmﬁi%t{t;ﬂﬁﬁﬁﬁo§' a5 rreﬁ?ﬁ]yl

y

D-8638), dodecyltrinethylamoni urn chloride (DTAC), octyl tri
anmoni um ¥ nicgmplaraentate SNA r(cRby MRNAY®S; antisepse RNA. (Mareover, a

tet c ' ' ' . :
dodocy T ot EeoRHs RERTE: i aandi opERlEs e ided DA NG 3t 8 urm

broni de (MZLoTAH) singiaisicanded @ndnybpbloshianded nrdgiansi ce KybrigBnolendedecyl y!
et 7o o DR 65 B SAEBRY R i e s o' o
pal ni t amamhapdoubye-strandert rRglonghlroadditon, ke polyRLsIBLETE CAMBE RBposBY BF
Mcintyre Grou ), and 5 wheat_1li pi d epoxide (Mackernium WE;, Mintyre

y t d 2 e\ o
G oup, Lttﬂl?|)‘3"_3%|§5?bﬁ$| reEIPNE ¢ orRPRsingy DA A 0B Aoth. | Achkelyrucientideagan not
lim tgd IR | e I & ) : e Gy di yl am ne,
t et régectﬁg}ﬁmwgm ne, nﬁ\%@('g%degglggéllnﬂdﬁi{’gﬁhﬁgbﬁ%gkogf%é%#jgéﬁpﬁﬁ am ne,
oct yi decyleptide pugleionrcid (PNAL yEerarally, pelyneclestides provided/bwthis iventioracet yl am

non ' um C ' ' ' l.ord | ky ' yl
anmmoni umjc%HI %gr f&gg&ﬂgggﬁﬁg@@hg& aégggngﬂ e%ﬁ%ﬂt?c&séqlgégﬁéﬁgéeﬁﬁ@?‘ude, but
are not |dligdbhacledties pboisgivithialinucleotidéspdi a eonvbirdation fof ke fategolhgie gr oups.
Anionic surfactants are generally water-soluble alkali netal salts of

organi ¢ The term “nucleotide sequence” refers to the base sequence of a polymer of
15 nucleotides, including but not limited to ribonucleotides and deoxyribo-
nucleotides.

The term “gene sequence” as used herein refers to the nucleotide sequence of a
nucleic acid molecule or polynucleotide that encodes a polypeptide or a
biologically active RNA, and encompasses the nucleotide sequence of a partial

20 coding sequence that only encodes a fragment of a protein. A gene sequence
can also include sequences having a regulatory function on expression of a gene
that are located upstream or downstream relative to the coding sequence, and
intron sequences of a gene.

The term "promoter” refers to the nucleotide sequence at the 5' end of a gene
25 that directs the initiation of transcription of the gene. Generally, promoter
sequences are necessary, but not always sufficient, to drive the expression of a
gene to which it is operably linked. In the design of an expressible gene
construct, the gene is placed in sufficient proximity to and in a suitable orientation
relative to a promoter such that the expression of the gene is controlled by the
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sul fates and sul fonates. These include, but are not limted to: potassium

| aurate, 15 sodium |l auryl sulfate, sodium dodecyl sul fate, alkyl

pol yoxyetWol2ers#03387f at es, sodi um al gi nate, dioctyl sodi eeTaP2é1096218¢ Nat e,
phosphati dyl choline, phosphatidyl glycerol, phosphatidyl inosine,
phosphati dyl seri ne, phosphatidic acid and their salts, glyceryl esters,

sodi um car boxynet hyl cel | ul ose, cholic acid and other bile acids (e. g.,
cholic acid, deoxycholic acid, glycocholic acid, 20 taurocholic acid,

gl ycodeoxycholic acid) and salts thereof (e. g., sodi um deoxychol at e,

etc.). Co-surfactants such as a short-chain al cohol such as ethanol,

1- pr opandirematef sSequentendhe premotetdist pasitidried prefersetially ugsirdannadithes of any

of the ab fact s may be used. Sur.factant t. 25 specifically
i sted adbVE 84 4 Aitahdintomo e  Eanearblipd Soit stedfiat appikinaths dhei on
Amount s - afistaticd Befwighthe pRsmulel and de/ gihé i coRBolk )i fts ABtura dedtfri@ Al jgnd pl ant
tissue being treated (i.e., the thickness of the wax covered surface of a

|

| eaf, et KNPWn indheas, spmesyarfation dm thjs sisdanceeean he dolatated mithpuhloss afigi ng
from@. 0O E 1 04 u 0 d sl on.

b of e ap b omoterBitiont A Lsod hoféthy I it A Thdd-deahs Riatcs

pr ef er ablpromptesris govoected dg socading hegion 0 EEH a Gayethat the tramseeiptioeoél s of

i oni ¢ sur il e n _snoni.qni,c, syyf.actants. The term "vacuum
infiltr attf‘%ﬁw&hé '\L%ééd‘ Esercﬁlﬁ',g"%d;ﬁagpegeq%ﬁgdm ﬂ%@ promoter. ng Kier

penet r at ioperativehelinikirgea proriatet &5 & 2odifig Fegifa 2pd aell KhbWwRin thy artt he
intercellular or interstitial spaces and in that way to study the

i nt er act i A uSed hewin, RirExpresaibrdedmal e8h GelRe itdlides FPYSrhémr land Maguum
gener at es negative at r_msgherl c 10 pressure that causes the air spaces

bet wedn tREUdRPY ishnethlimpied te: pRe Qfemore @BbARGES cseqneaces nF@NSONRtORur at i on
and the | : ;;da@ SSqali p S
withint ﬁgﬁﬁpgﬂé}?t_i&%@%@%ﬁncﬁm cr egglgﬁyﬁ ”}sﬁ%ﬁf%nrc'gg,s u:? e ogl F{.O\;\agﬁl ﬁﬂe%?ét&d

i nfiltratSegdensss, dnironia cegdences, hibasomer binging sies: f anchethernsaquences to
rel ocat e 4, h ant_ t] F n ranstor lon, vacuym can be
applied ttg&ta%p a%tFBqlggpoarr é’ﬁ‘?}rﬁP ﬁe&%’rﬂg’iZeﬁkgésgﬁrﬁAafggﬁé?%r'? Lﬁnﬂ?%ﬁ Caeq@ertai n
ti me per ibgresiiorusedirblesequencebanagrbe eatiogser (ie., piataslly foudefinngs a
force .per_uni ea exerted against a_surface by the weight_ of air above
t hat Eiéurf':’a\i'?zl f‘ﬂsatirfg gXqgenous Hinoh Aaturally feppd<ip 8 plant '\058045,"0(9?"%? ght,
exerted Gxpfessivr SeqtePess Wiyl oBfag. ndibé planlBasudneds isb 18ﬁ§%§ltﬁe£8?é- The
pressure exerted tt%/plgmlgl | ogram mass on a_ 20 surface equals 9.8 Pa. The

pr essur e fengdionghin celhnder selestadeanditionst he Earth's surface is

approxi mat el y 100, 000 Pa. Usually, atnospheric pressure is quoted in

m | 11 bar S (Riprolagaysi genay @N "heterolrgops coslings sequance” sefees fhargeneppessure i s
about 10 . : f ' Var

dependi ng ane, pidlenBe thatSleABpelidin 5 of ncE nAREANE TR Bint Bde ey
25 ca@fnoriapsisheedy e treated andatigé dreodesna Iheterblogogs PolpeptideBecaaise

pressure . |t |t nessyre observed at variqus | ocations
st be AOQBARFgatel fedhon Hefhor MERTPIORS Bounok® [ndile MBS o o
on an engqrokgotid, and edkaryetit sequéncisoPeskaryiticadriteting sequepdsdincluae, W t hout
loss to %v?rg/ porpon_ of the flyid and to the walls of the .
ut are not limited to, microbial sequences, bacterial sequences or viral
sequences (e.g., for the production of antigens which may be administered as
25 vaccines). Eukaryotic coding sequences include mammalian or human
sequences, but may also include sequences from non-mammals, even other
plants, including but not limited to leader or secretion signal sequences, targeting
sequences, and the like. In one preferred aspect, a heterologous gene nucleic
acid encodes a human protein. The term "heteroclogous gene" or "heterologous

30 coding sequence” includes, but is not limited to, naturally occurring, mutated,
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container. For a fluid at rest the difference in pressure between two
points in it depends only upon the density of the fluid and the difference
i n dept h woetzeran7ishie two poi nts. Accordingly, a fluid ePeTiEP2@106H86Ur € on
all bodies inmersed init, which is equal to the externally applied
pressure on the top of the fluid plus the 5static fluid pressure fromthe
wei ght of the liquid. Technical and scientific terns used herein have the

meani ngs conmonly understood by one of ordinary skill in the art to which
t he present invention pertains, unless otherw se defined. Reference is nade
herein to various nethodol ogi es known to those of skill in the art.

Publ i cat i\Laﬂ'unta,rmaumbelly spithesiabd, déncreict icNA, oot bing mdmﬂ»imm Betsaemol ogi es
to which de are,incqrporated herein rence in their
entireti e{_e%g‘én‘f?ﬁ) Ehesm? BgFentq A QBT'E ﬁ?&oﬁﬁpéﬁﬁ‘?ﬁz%'@) 9enEEN on wi | |
enpl oy, urdgmgqt@mm-ém@ﬁ;oun@mabg@aupgwmm techni ques of chem stry,
nol ecul ar bi ol ogy, m crobi ol ogy, and plant bi ol ogy, which are within the

skill of THecterht“hetbPologous pbptifer or nmtsfdléqo%sad}eiew BELEOE PetdiO 1B Lér@ those

of sk|II can be utilized in carrying out resent I nvention: however,
pr ef ef’r edofeeRntidg) @Wﬁmhg@eanw@ly@eeﬂm of amde:mmtatsu esldpsessedafmt s and

exanpl o Sy WR[GB0d M BEAETEr Muteilfudus, bting HeaehP S8 EBH ARNC ca 20
The pr eséecordinglyt then'hetdralogeus peplidé coms* tmtefomgbh@qlﬁotbw p%@umﬁin”ﬂ

id / I
phar mac o RRiLaR| SAGEANGAR e BE 5Pt Aekiah i, B ant, ThRSRERIPIPIOHS pi ant .

I n parti quptile” bhehéterstogoud priteint ¢ap B8 d m%mﬁsﬁhmer rl‘ﬂ%afrpbe?mé %?'UCI ng
Agrob cteriumcells into a whole and intact plant, or a plurality of whole

pl ant? drolginathe hetgrolpgaus Bﬁﬁﬁ'q%t%fcth%?famoﬂﬁcﬂfmﬁ"hgmy eves BAtaor gan or
tissue | hidttepeptide T n%l"&élhqp it5 & D&ridMtVafufiled HA %‘F%l @faht ?bﬁfﬁe or.
ously re ing in a

agr0|nf|Itrat|on of plants singly or sinultane

yi el d of Rreleindi apeptige Ot proteintnodatwrally fowed in ke prddacingplantrsmecigs, ot her
met hods. %Q%ﬁ%}' ds can be readily scaled and autonmated to nmeet changi ng

demands o e reconbinant protein. Agroinflltration of plants is

currently (o t hods.. The first nethod
ises a syt B horBin 3T DAY dRBrlo &N raBRelEbotintiins A6, sty

i nj edi n@scawdiedtid Imngllsehuénm‘ carpdﬂte bfibéingiracoghifed by thWeiniléndPgeheé oned on
the 5 under f the |eaf t he plunger is gent ushed such that the
bacteri a Fgﬂéﬁ'fg?@f)ﬁﬂ p?ﬁ?@fg%”"{rﬂrs aﬁhéHg n| A& fpm %’Y thodizogerador i ous
and not &l e rh@dlﬁédibf itated erh‘?th%?@d?”éind%mqs bﬂﬂ'@ie\‘l? r‘ﬁ%‘ngﬂar%f vacuum
to assist the upt ake of the bacteria by the plant. Typically, a plant is

pl aced upsPhé seqye ﬁcﬁépd@h'ﬁh @H&Hﬁbﬁd-aﬁﬁ’delﬂt%ﬂ!@ ¢eélav9@ferﬁblwwianﬂ gellsmrer sed

i bact bout

e bacteys byRSERBRUES M SIS, O PR O oo

t he 28cudrgm awiltl-iyhenTiaplasimids, saswelldas ehy tLImetidJMfdeiwam ithetelo& amdjui d. The
| k

Sovera " ridfiges, ChEmBany, ShinebisBaC TR FRIAES 1, dre ety eopMnd i e The

15 vacuursegaemamﬁdsez;[ﬁ'ekabn copfrolnsegjueptd beas expression doh@trhétfadcbfd?ﬁ??d pl ants
in the plants

that res aV|n d|ff| ulties to recover fromor

survive 3‘3%"? ifventqn ||?ﬁ?t?ﬁgﬁ P&‘h@?}"@&fs the invention provides an
i mproved t hod for i nt roduci n A robacterl umcells into a whole plant, or
a plural iﬂ\% %06 dRt Brovy ttr,aegqeat |expeession” refers to an expression

25 construct that has been specifically designed for transient gene expression in
plants, in particular by removing elements of conventional binary vectors
necessary for stable transformation such as transformation selection genes (see,
e. g., RP Hellens et al, Plant Methods 205, 1: 13).
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20 whol e and intact plant or part of a whole and intact plantincluding a

pl ant organ or plant tissue in planta. The nethod of the invention provides
positive wbunt/qorasgsure, or a conbination or positive amrdTrPg@atiovasd | ui d
pressure, to facilitate Agrobacteriumcells to infiltrate a whole plant, or
the plurality of whole plants, particularly a whole and intact plant or a
part of a whole and intact plant including 25 a plant organ or plant tissue
in planta, unlike nethods known in the art which use a vacuum or negative
pressure. The invention al so provides systens and neans for delivering
positive fluid pressure to whole plants, or a plurality of whole plants,

parti cul a&d wselioherein)dthenteri "Sirfdtiantd referdabt a Ofurfacabsttveaagedtniragt pl ant

i ncl udi n%qnglzﬂ]nt or gans o vj&la t tissues in planta that are or have been
cont act e f V@”{‘fgﬁﬁé opbpbig porlienapd @ghydsophilic pattiont (sea, epdsi ti ve
fluid preasydi A iGuidetd wy P ?yﬂ% | i ' of whol e
pl ant s, part_i|cul arll y the Wﬁ) | e anﬁ%@tﬁpﬁﬁgbgtﬁqg %B%E%Fﬁ&tbh‘\é’mm e
and i nt adtalbipghem-Neuabincheay Carpa1898Lbj ected to treatment with one or nore

pressure cycle(s) under closed conditions. Fluid pressure is the pressure
at sofe pulirfactaats may bef categdorizadc bs anionic,enorioniaj ewitkenioniex arpdationicnder a

| d Wi LR, in_which the fluid i tained is. tant.
' var i od e ol Nistir Miey Ratlohse s apaiof eBereBflStsben S g
pressur e suefaetantsocdritainad hedativelyeoitarged \Wrddp and hebe abmst riigaivé ckagevol une. A

fluid pressure is referred to as a positive pressure when it is greater
than t he%‘?'@ﬁtsué{afz{ﬁw%é@ﬂw AenGhacgesd pofas groyre Rndl, bave,naachaige. | ocat i on

wher e t herhgab ieffablanissrel Wliyﬁgek%%@@ﬁrbﬂﬁ‘&s of Qﬁﬁfé‘n\éeoﬁ&flﬁlﬁyrao '

overpressure is provided When t ant, or the plura whol e
pl antl, Phenplor arimary aesem®ngdatl alcahelsi enaretanpihaoxides, phesphineobxidés whol e

and inta ' ading a plant organ or plant tissue in planta, and
bact eri aqﬁg\%elﬂ{g%g'ﬁﬂg&gg%‘ed to a target pressure that is higher than anbi ent

air pres oxer pr. r n It ressure are herein used
intercha?lsguerg‘gfayg,&hg{ ?r%[‘ é:grg%@?sluuggav%r Ebg tdlgﬁl‘irﬁﬁpﬁgsyg»ﬁerpﬁeargr tef?)f ude at

t he | ocatexampld) eliscldsed invYVOMRO05076766t i ced and on 20 t he weat her conditions
at the time when the nethod is practiced, and can be readily determ ned by

t echni qués panticutan iepremplark nwmionio sukfactants include, but are not limited to: t-
15  oclylphenoxypolyethoxyethanol  (Triton  X-100),  polyoxyethylenesorbitan
monolaurate (Tween 20), polyoxyethylenesorbitan monolaurate (Tween 21),
polyoxyethylenesorbitan monopalmitate (Tween 40), polyoxyethylenesorbitan
monostearate (Tween 60), polyoxyethylenesorbitan monooleate (Tween 80),
polyoxyethylenesorbitan monotrioleate (Tween 85), (octylphenoxy)
20 polyethoxyethanol (IGEPAL CA-630/NP-40), triethyleneglycol monolaury! ether

(Brij 30}, and sorbitan monolaurate (Span 20).

A zwitterionic surfactant contains both a positively charged group and a
negatively charged group, and has no net charge. Suitabie zwitterionic
surfactants include, but are not limited to: betaines, such as carboxybetaines,
25 sulfobetaines (also known as sultaines), amidobetaines and sulfoamidobetaines,
such may comprise C8-C18, preferably C10-C18, alkyl betaines, sulfobetaines,
amidobetaines, and sulfoamidobetaines, for example, laurylamidopropylbetaine
(LAB) type-betaines, n-alkyldimethylammonio methane carboxylate (DAMC), n-
alkyldimethylammonio ethane carboxylate (DAEC) and n-alkyldimethylammonio
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Many units can be used to express the value of a pressure. For exanple, the
bar is a unit of pressure equal to 100 kil opascal, and roughly equal to the
at nospherwo 2pr2#®3isre on Earth at sea | evel. Atnospheri cPaI/EPRIIGDH62IBE | S
often 25 given in mllibars where standard sea | evel pressure (1 atn) is
defined as 1013. 25 nbar (hPa), equal to 1.01325 bar. Positive pressure

val ues useful in the invention can thus be expressed in terns of a
percentage val ue of the anbient air pressure, for exanple and w thout
limtation, 110% 125% 150% 175% 200% 250% 300% 350% 400% 350%
500% 550% 600% 650% 700% 750% 800% 850% 900% 950% 1000% 1050%
1110% 1mopane1mﬂ%xylate3(m9®)t en-atkyisattaines,| nelkydr disethyiamnponiy ekyer t han

t he foreqoi A sim,lar tion can _he used for desgribhing n tive
pressur e%ﬁ@ﬂmﬁs é‘" L@ss&l R CIRANEN ?W&méfﬁ)i zﬁf'\bgb B‘raj’g’ ure. 5 A
positive d@metrwrmnam qirépéﬁeatsmﬁhutebqoms) eaﬁednlaw eﬂmtﬁfrlaﬁ%&ﬁém ute

val ue, faor exanp and without limtation, 1.1 .5 atm atm 2.5

atm 3 athytang 5§uggrpﬁte4(%$§) dhexagdegyl @%W'afﬂﬂ'@n&% rﬁ"omﬁﬂﬂ ﬁP'f@aieaﬂm 7 at m
7.5 atm dadhidothetatdn dﬁn&hgibgﬁncﬁ'l@t tillgn@t @Egt?&y%t% o é&g@bﬂa 11

atm 12 atm and so on;
bar, 4 banethane duaethymmmomo?ﬁtﬁammcarb@xwate, Iamyhnﬁdmnpylbetmre (A, bar 8

ot sy + R Hkyisiiienarss SfethiidoRirio pemai Sy - ﬁ@vfés?%%ﬁa@e”vﬁiie

an anbi entimethylgmrasaior ethane rwﬂfoﬁﬂtévalﬁﬂ?ﬂ-él?lammm%péﬁndlmtﬁyldwm@t I on
herein, the anble E& ai r piessu e.is intended tg be standard atnospheric
pressur e RSAPENg ¢ BUtANals, 5 F-e.le| (3-cholamidoprany)- gheethylamepeaiol-piapanener ei n

referng t | -2tH n one
oot AR CHSF 0T COBATRS pfl puiybod plfFone, 1)

pr essur e Arppanegsyifenate =) WQSIﬂhﬁlllad%Jl(&eg , tihesphatidytetharaminesip| e,

' cqui | {erERelideehdls, ShoSEHaBnRs 58 ey brBePh A el ey ™ ' "0
pre ts rs] ur e phasphatiylcholines) Itysdpmaphandqumbaw rlysophnsphatﬁdmmancﬂamnwgbe lr3 used
in the i ve n, st ar ssure r ressur e above
at m)spheg i..\' qﬁ@yp%e&ol&r Qfggﬁh%spg?t!‘ﬁlé'"f??’t‘géu?& F?ﬁﬁ‘i aﬁg’ %?ﬂ”@%spherl c
air. 1bn Vatty cichd eiekiostiveenie gf | tdthyli amerglprap¥|t 6tepd, atholBSteRS Usstergnd end
pressure be different, and ma%beac be different fromthe anbient air

pressure °°ﬁ§¥v"2% Exafplers. DtRRheaYbr esises. t ingehi r eﬁﬁeé%de‘@"‘PQJY%rQSngl e
pressur e digigdetids aRd %’gﬂ%éﬁd@!ci’a@ty@&oﬂdk v8tf BlBhEIMREatE_ Nhiid HHTikd

mul tiple target pressures, e.g. first target pressure, a secont) t ar get
pr essur e lipapelyisacghatidesst g bﬂ@@ﬂir §hpmlalimds of¢.g.. ceramides, cerebrosides,

galactosyldiglycerids, gangliosides, lactocerebrosides, lysosuifatides, and the
20 like).

A’cationic surfactant” has a positively charged group under the conditions of
infiltration. Suitable cationic surfactants include, but are not limited to: quaternary
amines or tertiary amines. Exemplary quaternary amine surfactants include, but
are not limited to, cetylpyridinium chloride, cetyltrimethylammonium bromide
25 (CTAB; Calbiochem # B22633 or Aldrich &num;85582-0), cetyltrimethyl-
ammonium chloride (CTAC1; Aldrich &num;29273-7), dodecyltrimethyl-
ammonium bromide (DTAB, Sigma &num;D-8638), dodecyltrimethylammonium
chloride (DTACI), octyl trimethyl ammonium bromide, tetradecyltrimethyl-
ammonium bromide (TTAB), tetradecyltrimethylammonium chloride (TTACI),
30  dodecylethyidimethylammonium bromide (DEDTAB), decyltrimethylammonium
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Thus, different pressure cycles may each have a different start pressure
and an end pressure, and any nunber of discrete internedi ate target
pressur esWOR0R/modsri nuous transition froma start press®CE/EPRO1AN6ERE
pressure. In the methods of the invention, a plurality of different
pressure cycles can be applied and each can be applied one or nore tines,
such as but not l[imted to 5 two, three, four, five, six, seven, eight,
nine, or ten tines. Accordingly, in a nmethod of the invention or even in a
pressure cycle, the variation of pressure over tine can be expressed by a
graph or a waveform such as a sine wave, a square wave, a triangle wave,

or a sawhsemidenddtITAR), ﬂ@sieowltr@henyiphtbmhoapm bromidee O TRB), afctadesylybr egoi ng.

o essur o tiefyf HApRER TyBidelCstediogonlly e - GbakBRLT Wil on of ' ¢

BN it gt o T ol o Lt o e Whol &
inta r

Zﬂd i nt ai’i’ B{hﬂﬂ’?h'oﬁg‘i’ %ﬁgrtﬁ'ﬁ@“ 84 %@‘@?Eﬂ'&'@ Pt"gé' Mﬁ'{"@ﬂ'@lﬁ@ugykide)c@ﬂﬁ)rl si ng

treat isng whedl fipil dPoride (MacﬁeﬁﬁlﬁﬁWEE*Mclﬁgfré“drBuﬁ‘ IRggssure of at least 4.5

bar for 0.5 seconds, neans that the over duration of the pressure

appl i ed tE)ceHi;fFa ! EtEFndbry? Qnﬁnéegﬁﬁgétan&h';ﬁﬁluﬂéy()? QCléj'Qe it P Giif!

i ncreasing pressure above atnosphefic air and the press&fe cycle
by equi | ioshidimethwamineat desyidimethylamine, V\d@dec&lqmaamyimhlue dietradecyidis .

Prefer abI s nv ressure
that is a Bﬁg@é |\%e§(8§é§iure h‘{@%é{er‘tggwl%%ﬁw&gﬁnéh gﬁg@%ﬁﬁ of the
i nvent i omnethy!grrme (md@myh Imetrqlﬁ'stngng ]Edoulewhuehytdnﬁhe,l StriaceiEmmgRiupt essur e.
I n ot i me t he et ho t he, ion co rlsea rst t ar get
pr esgg °ﬁﬁ’?’l |§e "ﬂ)‘éﬂ'i“f‘l @ge'ﬂﬁees é'"‘yg Vpggnéyls?gﬁ HB‘% idgr essur e
that is adafbal \Hadde8sS v Gatiohit cstuha&taﬁmo%ma@t ut LA Rt hiffedftol he

invention conprise a first target pressure 25 that is a negative pressure,

as wel | Rhogphenigndintidzefine. ppd sthytated peting @roaPBosi ti ve pressure. An
optional rest period can be included in the nmethod of the invention between
pr essur e Aljenie surlegtants afesgermaﬂsoavatewsolu@e alkali gpeial saits 10f orgshic 0, 1,

0.2, 0.3, at%s #df’sulﬂa aﬂasf:’Tlr}%% dﬁtcﬁ: bu?‘ar@ ngt Inéllite%t @e%sgﬁ'.l% H:erat\tg 10 or

nore secon N certarn e s AQ Fobact erioum sconprising the
expr dSsi Gndmnnslamrubtsuﬁate, isddndmrmmtylsntfatea aukyjl polpbeyethylene sujfatesal ity of

whol e pl p | ar|. whol.e and j.nt act ant, or..a rt _of. a whol e
and int a%paﬁlmn%éhgﬁudié{éca] pF%\qwmorSHho%lrcc'ﬁ'P% h%sﬁ'i'@t'& p?'?;ﬂ%'pg I n one
enbodi nemphosphutidyhfglyderel| | ghospBatid rinesineu rphbsphétmyfsenﬁée%ﬁ@ﬁﬁﬂfdl@

sur f act ant alﬂél udi ng. ani oni ¢, cationic, non-ioni ZwWitterionic

sur f act afCldl anghheir salts. glycerd gsters. spdiumsearpaxyae vkﬁﬁwloawfmcm:h are
Triton Xzh@0ofter DBilevakids- (&> g2 éfdilenﬂcﬁu'ﬂtaaﬁicfl%ilcté@& [yevendie! g&,uvel y low

toxicity to plants. After |ncubat|ng he plant or plant tissue under
sui t 281 e tawaehalicogsid, halycedeawcholis ETidx pnds salts bereofr (&t gt.o seslipmess t he

pepti de [ | interest in a plurality of plant cells, the protein
can be dgée&%ﬂgd& dantified in the plant or plant part such as the plant

organ or i eptide or
protein |®6€uqﬁ%én'ﬁ§ %ECH dqsﬁdgﬁﬁ!i%'l' °ﬁ§F§+§°?h%sd§{h%'§§'r qﬁ{éx?%&élh%ndaﬁ) For
exanpl e, batariotanay adqﬁtimalwrbewisddhe bi omass may be honogeni zed, and 15
reconbi nant peptide or protein extracted and further purifi ed. Extraction

gay ](c:orrptdcsmlaatwgisngf Ghyidﬂ;ﬁbSﬁWG berfémamlg_em_aye%é mrsadseiiut‘fabﬂaaﬁ abvent .
urif.jcation ude t are not |inmted to, innnunoaffinity
pur i fzﬁcalspﬁﬂr%& E%Pfj pboye @te Qﬂlﬁ'@é’"mé o‘H‘“i"He“B%éEPWCOSF% of a

pepti de, jp/eptighnh or protein corrpl ex, electrophoretic nobility, biological
activity, and/or net charge of the

Amounts of surfactants used will vary with the type of surfactant and plant tissue
being treated (i.e., the thickness of the wax covered surface of a leaf, etc.).
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20 peptide or protein to be isolated, or based on the presence of a tag

nol ecul e in the protein. Characterization of the isolated peptide or
prot ei n o0 2be/oisduct ed by i nmunoassay or by ot her net ircaigEPROIGMRIBN t he
art. For exanple, peptides or proteins can be anal yzed on SDS- PAGE gel s by
Western blotting, or by Coomassi e blue staining when the peptide or protein
I's substantially purified. 25 In another enbodi nent of the invention,
systens are provided to treat intact whole plants, particularly whol e and
intact plants or a plant parts such as plant organs or plant tissues that
have been contacted wth Agrobacteriumcells upon application of positive
fluid prd3sneraly, Budasipptseane uded inecancesinstions ranging fsem. ﬁ@&%ﬁerah‘wt

recei vi ng, rly a whol e ' r a plant
par e such7aot R Rl b 1R akditacirin 3u8Bshor Freldthly efncimiiatons' wn) o

pl ant's orram@frbm)elﬂos% wdbaum&a@ érﬂfm@ﬁé ipyésferably, Fesm tdboet 010059 Bs essur e.
The chanber ¢ n%z r&@ material s known in the art that maintains a
definite 83’95@9 t %ﬁ'l‘ypdg eprievald ofnigpie: surfaciants; wilh e B%‘?%'a‘m eto
flui dg usRRidnic sdtadtaenti on. 5 The chanber conprises a plurality of inlets
and outlets, 1ncluding at | east one opening through which a whole plant or

| ant dth
BrZZSuPZr‘T“ﬁS‘Fﬁﬂ Bt atloh S s heping LY B0 BRI WA BB R ey
conpr i segeasntratiemioh gathogeniccbadteriadegt Agrétacteriverainiothe injergelisat oni t h t he
hanb . : f ' 10 | ve en t hr h the
ci'de of iMeRIRa akates SR s RV To, oRleV} B8, Bisogidhe AR eRE, pACIscatb y
mai Nt ai nipathdgenicc haktia. aPkysidaly C Gaeuumn gbh@raweala Megalea aatiRRphéic a
| ocki Bg position, and at |east one flexible valve nmeans, nounted with

respd®t tPEEIHMES gg?wﬁa'ﬂﬁ?énm?ga“fs(ﬂacﬁﬁ datwesry the raalls dnfhenplgBt Hiewle ihe
interior qaarkads! The qsngéfr thd quiehisA Pl thd owdrané lb‘fé%e bAtheORicubRfkhy Provide

a means whereby a plurality of whole plants or plant parts are contacted
wi t h Agr desscaiespass there &s withiprthe plany tissum Arpinceeasenp toe preéssuwhsliewsgl ant s or

Pl ant Paihe i dlidn el DAL BiG e fldefyé TeRSTARIGH veliok ' fiaager where

the positive pressure Is SRRV ressur'e ca
del i ver edntbythapjantdisage. lemvpiamtrﬂrﬂrMomﬁngO&uumrmanmd)aphlmdrtb a plaat

[ d h d t it d id d
needs' Sheli '@e Rl e BBl R B el | P oS
Agr obacteri u IIs e, _cha) s connected to a source of c. ressed air
t hr ough 2‘ % P'ée"Fe ﬁctgfmvﬁ %?Pheﬁ'Fé?reﬁr?ede fféfP@ePe 'g rises a

rel ease \éacbrt@d Iagatn%t laeglirfite t\ethealvbighP bE bR b tharesdrrébe% thBEEérﬂ%Tber 25

The pressure reducer and the inlet valve are used to regulate the pressure
in the crngsphere BressHiR 'So%éorﬁﬁ’ AbWeight, Gc”Fﬂitelda‘P'@étSLb‘faé?sQﬁfé{rﬁt) aréan be

attai ned gng i Pt?ea@sb?éﬂ)ﬂPad:cﬁis prés@u*é‘éie:l[r@deosfjﬁ 'kilé!@"a egfaséoﬂ Itive

pressure, the chanber iIs close he" 1 nl et valve I’s to oft and the
presdlre sua‘aq%@quab 8.8tPaoThe tpaeasj@re pxeded by. tharwhele tatmogpbere ¢ themer sed

Issf 1E ihgi IeI %'he cﬁsl ﬁ%pr\ﬁgi[ﬂﬁel Sccgpﬁt?peegztaarge il%r%tgégﬁiheﬁ rp'ré’s%u? '
quoted in millibars (mb). 1mb is equal to 100 Pa, so standard atmospheric
pressure is about 1000 mb. In fact, actual values of atmospheric pressure vary
depending on the location, altitude and weather conditions. At sea level,

25 commonly observed values range between 970 mb and 1040 mb. Because
pressure decreases with altitude, pressure observed at various locations must be
adjusted to the same level, usually sea level.

A pressure exerted on an enclosed fluid at rest in a closed container, is
transmitted without loss to every portion of the fluid and to the walls of the
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and a second period of tine when the target pressure is maintained in the
chanber. After the periods of tine have el apsed, the inlet valve is closed,
and t he rebeap®ovisive i s opened all owi ng the chanber toPCe&tEPROL1062180DI ent
air pressure. In another enbodinment, the invention provides that a whole
and intact plant is 5 positioned inside a chanber that conprises a
plurality of nozzles and a rel ease valve on the sides of the chanber. The
nozzl es are connected to a common nani fold which in turn is connected via a
first inlet valve to a reservoir of a liquid conprising Agrobacterium
cells. A source of conpressed air is connected to the nozzles though a

pr essur e costhinar Forda ﬂum!micmdt theediference ah \peessline bptwisstliveo pointseiuicer is

used to s sur.e t ai ned hanber. For
exanpl e, ‘%8"\"&? Pf@t %’ ?V'tgfdgﬁﬁc;'lé’fd[ F%?'Eﬁ g fence 't"h%eRfR #en s

cl osed, tth@twbahtyal&erduﬁw PNGEEkBRS \éadréeslﬁa%ntélﬁbdcﬁé§merséhqﬁ iare all
cl osed and .the pressure reducer is set to a target pressure. Then, the

i nl et vaWhichifequrl tptha extesnally arpligd ressue onchertep whike ﬂU@lﬁhSﬂmﬁlt the
i quig C%ﬁifdfﬁ]l(’i‘gréggﬁrel@olﬂgﬁ%ﬁfegﬂntbFtﬁt jg.ed or aerosolized by the
spraye

conpressed air zzles onto the plant inside the

chanber. % S e are
opened for gn?g'r ?tnd %Héﬁg C{e{?ﬁﬁeéés%d? %’énpa\? tF.'Fhe cﬁﬁﬁ’%e?o%@o ch the
t ar get pwgemtmdarbd enesexfcmdunpqr sloid mfthta-u ant tohwhichhihet pregent nvestforre i s
mai nt ai n Af t eriods of ti ave 20 el g t he

d,
inlet val a %’Plg?anqﬁ?'&i%r rfb"éps 5#r’eéeQ990§%o‘"ag§dn?w Ié’ﬁgg&s{?al ve is

opened a|rﬂx§thbdilﬂo%|be kebantiethase 6RSKIT ih the AMTFUNEatRinG ANdEGthEF Matdrialdt her
enbodi ment s of ‘the invention, it is contenplated that liquid fluid pressure

(or Hfdr 261G fertlt <3HcH) kF‘QWBpmqthRf’Q'Qﬁ'ﬁ% tondrhighe Jefasenca 1I8f Magei Bee at i on
medi um i f nt act
o ant | s Mot NSl Refelonbf B ictitrtlied’ad fiduoR sef n i the

convent i Phagticaeainthe muemlca'swﬂbemmy,Iur’thSSedtheouisydndlcaied pxbnpmthmal udi ng

The. syat deatffEe b oRging moRoupl Mookl Mibloblcidrwid SR pbBB.i pront

such as wdlicheare(witlyn the skill ef theadrtzes, check val ves, manual val ves, actuated
val ves, needl e valves, and the like, as well as conbinations conpri sing at

| eastlSonAnyfsuitablef maeajdlmgndlaf mhods‘ khdveri $o (tfbs@ of sb@ll:béﬁ balutdized @i s,
particle filters

k t
(e 0. . preavinBu BR peoskit InyEnp, oRYSF ReIPTac AR, DG oF GRshomSe ur .

i qui d I%veues@rmédt Nﬂ%itéﬂlé‘i@ reagemgldndatﬁequﬂa% W’ﬁdrpfé?eréﬁe@'id §1'a89 ifinhd €ast one
of the 5 foregoi ng sensors) controls for ter’%erature (such heat ers,

heat excfffa!lﬂyémg; desewptians and sxanples ate  ohtainak froabﬁpchmbrsomcegsure
(such as,, k% notégd the like), flow controls (such as, punps, fans,
bl owers, an the [ [)1 as wel | as combinations conprising at |east one of

LD 28" SRS b Bore BT Aot e mabted 1670 g BRI S2L, 1
of the f@andgwipngteirsndiuintezest, particularly for expressing pharmaceutically valuable
peptides and/or proteins, transiently in plants. In particular, the invention provides
an improved method for introducing Agrobacterium cells into a whole and intact
plant, or a plurality of whole plants, or a part of a whoie and intact plant including
25 a plant organ or tissue in planta. The method of the invention provides efficient
agroinfiltration of many plants singly or simultaneously resulting in a yield of
recombinant proteins that is higher than that obtained by other methods. The
methods can be readily scaled and automated to meet changing demands of the
recombinant protein.
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In addition to the above equi pnent, the systens of the invention can
optionally further conprise neans for transporting a plurality of whole

pl ants orwplarntoopssrt s such as plant organs or plant tis®CE£PRe10MLASS OCcati on
to the chanber, nmeans for facilitating the contact of a plurality of whole
plants or plant tissues with 15 Agrobacteriumcells, neans for receiving a
plurality of whole plants or plant tissues in the chanber, neans for
positioning and repositioning the plurality of whole plants or plant parts
such as plant organs or plant tissues in the chanber, neans for retrieving
the plurality of whole plants or plant parts fromthe chanber. Preferably,
one or nwgeoivfiltratien fofrpdeputs rig cusrendy qreeformied nacoedding dotore of thesectwani cal
systens,gﬁggﬂ% clude but are not Iimted to notorized transport systens,
factory au i on systens, security systens, process control systens, data

cbod mediedirst MU, s & 3yiog Rk B, SusHane oB-0n AGRBSRBHMGERSy i g and
posi ti oniahg iAjeBling ahtl ndwWididl 9b4F v bhleRal TRe %gﬁrii%d% baditidried Ghaweper such

that 25 the entire plant comes into contact wt e infiltration nmedium

cont aP ni Mgdersidenph Hienlasé, angrthe plunger is party pushed supk thatuthgl bagjerig pl ant s
IS positi ST R prdits L7 t | i s r and
undergro&ﬁgﬁgnartst}'lpg sub?rli}rﬁa qtn eﬁheéa%?'nﬁ?'ﬁdmétﬁgér’lLﬁrgreﬁlgﬂ%a@so%%gi ﬁlbtng t he
Ar gobact @meanabteetol scalingnuphi s configuration, the entire plant including the
aerial parts as well as the underground parts of the 30 plant conmes into
cont act Vihersechad inmdgthod iremlves using avacourhdo mssigt tHecuptake obthetkacteria cel | s.

The subneraged plants are subjected to one. or, nore essure cycl e(s),

wner o - B 48 oty TinEp, i PlsRE schlrbSe PR GBIy e 8 St cndold. |
presqor e |dxiest e whellptinpsarbed ii6 PNRrieiaf siiPendidn.aThEeslebsdrecimbasli ment
the pressure is maintained for a period of between 0,5 seconds and 5 60
seconds. CFﬁﬂbﬁb 'SOWQU_SW teckoub Adg W tpRthe f Inaillibpr. Theeaik ifdinidially wéthdravged and
seal ed. o SieBaV bithive vaguURh, ARPWhEicCisdeintBilitld) the tedi b iftinerhen the
pressure is agglled onto the enclosed infiltration nedium the chanmber
becones pavids iihe yvagudmeproeesschirssatdrast tiwoodisadvantagess itdé stoveas itdakes and a

bst ant i I.f - ' ) t : h
cont oy ni avpias i@ RoPRAREHE phcssbie o 68 A BN, RSN RS ur
a(r:]ti ng owaclhliansgm? a@sdcﬁrltbaig_tmﬁ-aegl%gu?ﬁast_tésal b?_ﬂhbeirfﬁmcﬁsprllimmthapm ied to
the system .|l n_anothe odi nent.. o e i nvention, e cha onpri ses
roans T ofsuttsdn 30 bRRR RS ot o' Beaval T gfo shaie BRdTRSRR bl ant s
Wi thin tlpeogdeanber such that only part of the plant cones into contact with
the infiltrati on nedi um

In one aspect, the invention provides an improved method for introducing
Agrobacterium cells into a whole plant, or a plurality of whole plants, particularly a
20 whole and intact plant or part of a whole and intact plantincluding a plant organ or
plant tissue in planta. The method of the invention provides positive fluid
pressure, or a combination or positive and negative fluid pressure, to facilitate
Agrobacterium cells to infiltrate a whole plant, or the plurality of whole plants,
particularly a whole and intact plant or a part of a whole and intact plant including
25 a plant organ or plant tissue in planta, unlike methods known in the art which use
a vacuum or negative pressure. The invention also provides systems and means
for delivering positive fluid pressure to whole plants, or a plurality of whole plants,
particularly whole and intact plants or a part of a whole and intact plant including
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15 contai ning the Argobacteriurn cells. In particular, the plurality of
plants is positioned such that all or part of the aerial parts of the plant
are subnmewg@ediz/ae7ishe infiltrati on nmedi um contai ni ng t he PATFPR@Ea621BUM
cells, while the underground parts of the plant, particularly the roots of
the plant, are not subnerged in the infiltration medium In this
configuration, the entire plant including the aerial parts 20 as well as

t he underground parts of the plant are subjected to one or nore pressure
cycle(s), wherein at | east one of the pressure cycle(s) conprises an

I ncrease in pressure relative to atnospheric pressure and, in a specific

enbodi memlanttdrgans e splamst tissuesi int plantadtiatrare grehaes bekn besritgsed Qvith seconds
and 60 seré‘co ds.t 25 E’iﬁﬁsuire 5 shows an exanpl e of such enbodi ment of the
i nvent i on IR ER™0 conprises a chamber 11 having a lid 12. Wth the

lid 12t\%%chnbr 11.can be sea}linl_ cl osed., sho in Fig. 5 in this
exanpl ¢ GRGPEILELEP 1 INENPY eastive il RIPSYITE e dayieras Womm theyshale o
chanber Wdn, 6Mheasitiafity m;ﬁe%aﬁtg,epmieﬁlhrlpgiéﬁ%%%d'irftéEi‘iﬂeﬁﬁ%r'd“ a

liquid. The system 10 al so conprises a liquid tank 14 30 which is connected

wi th f#hePaR g whole iangduigtact granti and bactena arequbjectechto raatmempvitses a
| . . N . o g
ownvar done) HoniEEHFElte Libled 330 cbsed CBfokRe DRI Bobbuls RE Chanber

11 t hr ougressorziat sorhé poirtavithim aifilid, sueh asndatet epairhEomexamsple cundertahe
mrer sed and

chamber 11 i§ raised so that the ]eaveg of the plants are j

subj ect e&h%a&ogdﬁpa’s@ﬁrvg?%? thh'é:ﬁﬁg? Ef’\d\)ﬁ GPBtaEﬁeﬁ%ﬁF?B?t?E{-ﬂ)’r‘gg@QH%. In yet
anot her eppdiiens dfithé ivenfive peeiicatibits of theauid Pré?sfsuﬂi AitéStd theRfsi ti oned
in the chanmber such that all or_part of the aerial parts of the plant are

submiP ge #ressurewithinra chambers afb@dMalwBat ai ni ng t he Argobacterium cel |'s and
are subjected to one or nore pressure cycle(s), wherein at |east one of the
pr essur e Acfldidaressure is mipred &2 agra pasitive pressirgwhen it is greater ithan the

at nospheighhi : ot | i | e € e el

i nt a1 e ENCE theestfitudad o RAE slofed SPAGNTER the JOGIRN TR e

conf i gur metbed afhtheurieientjoo uisd prasticed.oPositive ppressurep ar t ovenpressyret e pl ant
t, Lt ' L . t

Submer ged" i WABFABEIE Bict b o BERRRY oF Mihove, Buts JiodiBiers cer

and nst shojeeahedntaot plant pr agst of thephekld ahd intactigientoncedingar slapt essur e

cycle(s). Duri ng}loqe:or nor e R(issu E cycl g(s\zﬁ, t he chané:)q;jr Is closed and

seal ed, PBF¥TEPCLAF vissHeng Bla gﬁﬂ‘{; B rig;ha _ beemh SXPoseq,¢h & BChhen the

ressure bt ai [ %;her

Eecorres Srééss?gﬁﬂhzaggs%geﬁe?ghﬂgl stanc%PPtéﬁnuﬁ\mﬁ@g;ﬁ‘%{ rgg%tﬁg er and

subst ant Pasifiye pRegseirenar® hereir dised interehangeably: AmhientAaiy htessurehvarigsamber

cont ai ni rj : I . | figuration,

tho. pr osCopEnEng ¢ RCkifuae ot the Ritahin ndrd e nihay io Pracipe BAE' b0 "L

t hat 28ppthe weatharheorgitonenat the time ovivayd tiieemethodhls practisedyf aiwhoar tend i nt act

butsi de (i EafnalREtechlous alE sAUsneH KAuniB R £ho Chanber ey
compri sel\ﬁ):-xnn‘:y JHits"Can eogseerg t%gésxptré)ssatlhleovvgl S ora B?es%Lre. For example, the bar
is a unit of pressure equal to 100 kilopascal, and roughly equal to the
atmospheric pressure on Earth at sea level. Atmospheric air pressure is often

25 given in millibars where standard sea level pressure (1 atm) is defined as
1013.25 mbar (hPa), equal to 1.01325 bar.

Positive pressure values useful in the invention can thus be expressed in terms
of a percentage value of the ambient air pressure, for example and without
limitation, 110%, 125%, 150%, 175%, 200%, 250%, 300%, 350%, 400%, 350%,
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aerial parts of the plants during insertion or renoval. The di mensions of
an opening are variable due to the presence of parts of the whole and

i ntact plwot2oiznordse openi ng. The opening is |ined with eCagrea19enBs such
that the opening can be cl osed despite the variabl e di nensions of the
opening. The elasticity of the seals 30 may help to protect the plant parts
from nechani cal damage. Typically, whole intact plants are positioned such
that the seal is fornmed around the main stens due to the elasticity of the
seals. The el astic seals can be configured to oppose and slide towards each
other to close the opening effectively formng a tenporarily airtight or
wat er pr o&00pu riS0% n600ar B50%a 700%s ST5086,c800%, 860%, C08/M)I5BL, ¢RD0%E

pressuri ie ri,l fhe infiltrati.o di um and erlal arts of
the pl anf‘?gg( quﬁé? ééﬁo% 1?ﬁ8 |°5§“Vd"'§HHP§'aPEA{‘TPﬁB§-a9Fp?’B’ ¥Alue grAtehhodi nent
i s shown than ey feregbingFiA0 sinfilar convestiimehh e LSES féleﬁéséﬂlﬁﬂ Yegutif a
chanber 20. Charrgwgl 20 has two wall portions 21, 22 that are connected with

each ot h&feSHYreBaIe 13 e P{esfurg valpig. |°Wﬁ’étr!a8ftheémmglrlme§wfﬂ g. 6 shows the
chamber 20 in_ its open state. At the free ends of the two wall portions 21,
22, i Af | A p@siivesprgssure can tesnalivelycbe expressed)in temawfl Ay absolate)valgeshows t he

chanber $ Sharhiis dlORRibu idGaph, P14, ‘U8 a2 20F LA, Sakhase! =0 that

t he chanber seal e oWs a perspeéective 'schematic view of
a charrberath aﬂmca4cﬂ1atmm,eﬁ afs, 555atahcﬁj\atrm 6.5 ke, &f atngl 725viatrg, B atmn8i8 s open

seal 1o SVBPRLEDS B AT FEE iy T S A AR AT AR bt
noveabl e 1t‘Dharr ds bac 2 bk 26 bamcta B4€ 8.8 bafdane4.ether 5 ba0'’s.BhaBlsari n a
sI|d|ng epl is inserted partly (seetop rlght drawi ng in

Fig, ]9) a'E m%bﬁ‘ggén??f'l% ar, B85 hat, 1658850 urlg Rane1d.6dparofl 1thas, pI ant ,
20and thq13e¥ap 34 Bdre drnér\)ﬂﬁrﬁﬂnh@dlﬁfed%lubootr' k,x[uéeg#ea&é]ﬂtr@aa 26. 1t

i s understood by the skilled person that the shown arrangenent wt
moveabl e foregoipar Whate amambisniiaiuinresaures @ah@t pmvldedj fos compasigenyin & y

enbodi e t o] g ng:.a onpa V. the i For
exanpl e, '&Es&fﬂgag E‘?F%gvﬁﬁé lenﬁelln? |r équ@grﬁé Hgbﬁ'l? ?ort(tr)n8 hgt\égﬁé}r%er

may haveaanemrmﬁlcqnéss‘tmenn\&arthatseaﬂemlr cul ar opening for receiving part of
the plant Along the edge of the circular opening, a single annular seal nmay

be piévi dhe temt'pressunef ¢yalethisedt ereinclefers tte at sdrieatofi changes érs ptdssumnt i re
openi ng of the ch r around th tem.of the plant such as to, provide
ai rtight oypr Meélpg;% m%e@' one e %oalment a pressd?e cycle comprises a té)rget

pressure, that is, the pressure that is to be reached within a given time period.

For example, during a pressure cycle, a desired pressure in a chamber starts

from being in equilibrium with ambient air pressure, changes to the target

20 pressure, and returns to ambient air pressure. Accordingly, a chamber used in
the invention can start a pressure cycle by increasing pressure above
atmospheric air and end a pressure cycle by equilibrating with atmospheric air.

In various embodiments of the invention, the start pressure and end pressure
may be different, and may each be different from the ambient air pressure. For
25 example, a puise of positive air pressure is a single pressure cycle. A pressure
cycle may in certain embodiments comprise multiple target pressures, e.g., a first
target pressure, a second target pressure, a third target pressure, and so on.

Thus, different pressure cycles may each have a different start pressure and an
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In a particul ar enbodi nent, the invention provides elastic pneunmatic or
hydraul i c seals, wherein the seals each conprise a cavity in which are

i nt roducewsiocormpoesgsed air or an inert gas or a hydraul i eCriEred 1062186 an
inflation pressure. The inflation pressure causes the otherw se defl ated
seal to expand flexibly into 5 the gaps that exist between the seal and a
part of a whole intact plant, effectively formng a tenporarily airtight or
wat er proof junction. in one particular configuration, at |east tw opposing
seals line an opening in which are positioned the main stem of one or nore
whol e intact plants. Upon inflation, the opposing seals expand into the
space betendepressuwe andtany nhmpepwf [disayelieninteramediate tthryet oessules rorm t he nmai n

t f l.ant §. bet th to f il irtight
SLoTs) oo SR B BT R SRS Y S e
(LTS 18108 llF A LT BT S bl s Sl SR, | oo O

i nflati ompplié&s akll @ach daiebe applidd ofi€ Br @R sueht a®Buthot Ak td C
pressure to the 15 infiltration nmediumin the chanber can be sequenced.

Pr ef ePabltyo. #fKECafRYri E¥ei 8. SeVemf pight. ofinpr 65 den dines. tAecasdinglyi dngkal s is
(0 advandetibd [ 3hé Rilerfigh| #"ewin 1Y dEkdure REERS e vaNStbd BR prébsbiicti on 1S
formed before the chanber becones pressuri zed. Conpressed alf 1Ts comonly
utili zed oxer tithe ¢anf baexpressedibyra grapheor a wavefori) sapiplascasinenwave;dr aul i ¢
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pressure. An optional rest period can be included in the method of the invention

between pressure cycles.

Such a rest period may last for about 0.01, 0.05, 0,1, 0.2, 0.3, 0.4, 0,5, 1, 1.5, 2,
25,3, 35, 4,45, or 5 and up to 10 or more seconds.
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with a gene or genes of interest, particularly a heterol ogous gene or genes
of interest, are used to deliver the gene(s) to a whole and intact plan or
a plant paoto2mozisch as a plant organ or plant tissue, POT/APRENSSERE
expression in the cells and/or extracellul ar spaces of the plant or plant
parts. Generally, a suitable expression construct conprises: at |east one
T- DNA border sequence, an expression regul atory sequence (e.g., a pronoter
whi ch may be inducible or constitutive, a pronoter whose activity is

ti ssue-specific or tissue-biased), and a gene of interest 25 operably

i nked to the expression regul atory sequence. In certain enbodinents, the
expr essi dmcertais temhndirhentshAgrabantarimeeelh coptprisirgpihe exprdssiorgemstuoter

cont rol S Ui, f r . and fur expression requl at or equences.
In certai I:I @ﬂ" 36 ?QW'EHIIDBQSF S AT 'B‘ngftwﬁ(d@? @t?)wlcgﬁarg’ @&é‘f’

conpri si agdamacPplaib b a0parfiona Wihole &iid pedct Plan, dhcll@gta Bﬁnﬂt BFda Or Of
replicati on sw table for replicating the vector conprising the expression

const r ucPlant tiggue ia plantay A 9BE(§’B%°d"ﬂ¢€t Aﬂjﬁdﬂﬁ'&‘?ﬂ?” lﬁnc§ | edr imie can be
d
used §n EPé’se‘nEéE‘d?td Slrthdtaht Gsciidih 'a?ncﬂﬁ\ 8 {cé%oh%@&r a@tli’gbw;c%relﬂﬁc

t umef aci Agrobacteri um' rhi zog nes rrum

Agr obact eulfmtanlsm Argobacteriumvitis, but particul arly Agrobacterium

t umef aci ens and Agrobact erium rhi zogenes. In one enbodi nent, at |east one
Agr obact dlondimiting akamplesyfissasfattard boattcani bensedaredbiton X-10Mer Siwebact eri um

Ui abi o et & tngre Rigtlank malBPal? rearvalkleh @ty B %P&a;sﬁ;n?g. o “such as

10 Agrob terlu aci e trains,in cho r epes is

mut ated. e5ef inaiBalad el iR ot et R g puable sondnione PRSI Beact or i um
strailgs ‘ehﬁlfeeslﬁntdmwuét tg@a@r@spthes;%pﬁae@aqu@tem mH@reﬂnntdﬂﬂnmiy bf altered
due to th%]presence of nmutant or chinmeric virA or virG genes (e.g. Chen and

W nans, i celis, thg prefejin,can bexdeteated and quantifigd S&N@%P@’ﬂi oF cPJﬁ"télaffal
1994, J. sBa¢ b8th@ plant hgdit &8 plad Bisue or in the cells thereof. After harvesting,

peptide or protein isolation may be performed using methods routine in the art.

For example, at least a portion of the biomass may be homogenized, and
15 recombinant peptide or protein extracted and further purified. Extraction may
comprise soaking or immersing the homogenate in a suitable solvent. Purification
methods include, but are not limited to, immunoaffinity purification and
purification procedures based on the specific size of a peptide, protein or protein
complex, electrophoretic mobility, biological activity, and/or net charge of the
20  peptide or protein to be isolated, or based on the presence of a tag molecule in
the protein. Characterization of the isolated peptide or protein can be conducted
by immunoassay or by other methods known in the art. For example, peptides or
proteins can be analyzed on SDS-PAGE gels by Western blotting, or by
Coomassie blue staining when the peptide or protein is substantially purified.

25 In another embodiment of the invention, systems are provided to treat intact
whole plants, particularly whole and intact plants or a plant parts such as plant
organs or plant tissues that have been contacted with Agrobacterium cells upon
application of positive fluid pressure. The systems of the invention comprise a
chamber for receiving a whole plant, particularly a whole and intact plant or a
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15 Agrobacterium strains conprising an extra virG gene copies, such as the
super virG gene derived from pTi Bo542, preferably linked to a nultiple-copy
pl asm d, we 2esorished in U S. Pat. No. 6,483,013, for erammPreo11051180
suitable strains include, but are not limted to: A tunefaciens C58Cl (Van
Larebeke et al., Nature 252: 169-170 (1974)), A136 (Watson et al., J.
Bacteriol 123: 255-264 20 (1975)); LBA401 1 (Klapwijk et al., J. Bacteriol
141: 128-136 (1980)), LBA4404 (Hoekema et al., Nature 303: 179-180 (1983));
EHA101 (Hood et al., J. Bac. 168: 1291-1301 (1986)); EHA105 (Hood et al.,
Trans Res. 2: 208-218 (1993)); AG.1 (Lazo et al., Bioffechnology 2: 963-967
(1991)); p&é&ﬂba{‘tf&mﬂ asta plant ogaprar pldrd@issle, dta pmtalltyabfesu@gr\mmeWﬁtﬂm

strains, eSS|n diff enes can b sed t o produce
i ndi vi dudf P;CS‘? F@D s 8 efrBan g i 53} pr%sfsqr% 'ﬁ%&ﬁﬁ@i’?he yield

of a pepidafeedhads of ﬁhjﬂ nfa‘teﬂlaﬂé RhE&WH in ﬁ«.enémﬂat 'ﬁi‘uélhl‘&ﬂ"lsea(%ﬁﬁlté Hape et T f er ent
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viral orittg ﬁurpﬂs?-é}fﬁ%ﬁ inventjon gnd 3%1apt PeTmEable toofluidsy ysed Kgﬂ‘@bavﬁfﬁlonum strain
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beet, canola, Crucifera assi ca, Arabidopsis) t omat o.
10 Sui t atipeans| font redﬁagahlvOmamtam @mm@hambprmd the anyerpa:r tthe)fsealm pl ant .
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pl ant tisste“rs |eaf tIss rom a conprising t
about 7- mlmmespeattoltbasmlmepmmg:rfer providimng naﬂuld)tpatrebmdmmethésmenopl ant

speci es, ev | ant organ is 15 sel ected whose cells conprise
AR G STy

undetect pr ot eases mhlch di gest het erol ogous proteins,
e.g., t hap about 5% s an about | ess th bout 0, 1% of
heterlél ogi"ﬁssyﬁ LA 089%'?% s%rav'pﬁa(wsaaﬁ feal?yea(ﬂ"ﬁégtﬂég whele REthe peri od
of tine forparitHaredite dontactéd Wptﬁ'@Qr@bé&éﬂ&n@@%ePFéf@thIW%é‘&bﬁEa@ﬂurS@OUS
protein to at |east about the time when t protein is’isolated from20 the

pl ant ti $&the whelgiplants or plant §a8§wwéhg£ﬁ9@apt¢r@4m ¢slisis prstareed IR i ne in
h h
the art, chQﬁm' F’Wﬁ@ré/\ﬁi%t gagiwaa e 'ﬁeﬁv&%d. R0 ﬁﬂﬁﬁﬁfa@%ﬁh%g@t o ot

expr essi on. errp ary speci es o cotiana genus |

limted tdelivetedbyianyanedns knoven indhe@rt. ana anpl exi caulis, N cotiana
arentsii, Nicotiana bentham ana, N cotiana bigelovii, Ni coti ana corynbosa,
Ni cot2Dandn dateneyibodibei dbe i inventionc piavides, thist coiwhala andi indact planbts ana

o L oo GopRfifd PSR SRREREREL A ool BRL AR SRR b ERRPET s

megal osi phiguid Mmptﬁ31ﬁgjmgf’0b§c£erlwn RN Thahamber is connected to a source of
compressed air through a pressure reducer via an inlet valve. The chamber also
comprises a release valve installed on one wall, preferably the lid of the chamber.

25 The pressure reducer and the iniet valve are used to regulate the pressure in the
chamber, such that one or more of the target pressure(s) can be attained in the
chamber. For example, to initiate delivery of a positive pressure, the chamber is
closed, the inlet valve is switched to off and the pressure reducer is set to a
target pressure. After the plant is immersed in the liquid, the inlet valve is opened

30 for a first period of time sufficient for the chamber to reach the target pressure
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nesophil a, Ni cotiana noctiflora, Nicotiana nudicaulis, N cotiana otophora,
Ni coti ana pal med, Nicotiana paniculata, N cotiana petunioides, Nicotiana

pl unbagi Mwbabi2zo73d7cot i ana repanda, Ni cotiana rosul at a, PNIEPRI12062180
rotundi folia, Nicotiana rustica, N cotiana setchelli, N cotiana stocktonii,
Ni cotiana eastii, Ni cotiana suaveolens or Nicotiana trigonophylla.
Desirably the first tobacco plant is N cotiana anplexicaulis, N cotiana
bent ham ana, N cotiana bigelovii, N cotiana 5 debneyi, N cotiana excel sior,
Ni cotiana glutinosa, N cotiana goodspeedii, Ni cotiana gossei, N cotiana
hesperis, Ni cotiana knightiana, N cotiana maritinma, N cotiana nmegal osi phon,
Ni cot i anandualimohdsperltﬁdcof itiaven wheni the! target presstrenisa ndintairegi in the i a,

Ni coti ana,.r i coti.ana J,.ustjca na ,sua eoJ ens or oti ana
tri gonop%{?i’1 %IQBEN%?TB?%‘? Q/é \é%elgp ?\ééﬁ gLy %%E&Rﬁ%@ﬂ%ﬁ@
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HBO4P, Basna Xant hi BX 2A, Coker 319, Hicks, MNair, 944 944) , Burley

21, K149)n Yabthet %nit?&iu%eni(étﬁé lir'NerNBW%irovnB@s 2. 2 GHoRS a3d Jmﬁei flanV¥g sl i ca,
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200, KY 10, KY. 14 K 6Q, KY 17, KY 171, KY 907, KY.160, Lit

Cri tt endERMPIEINE; “}9’39%3‘9&}&%?%1'59&4?0“%&" SENRTESSed AL i SONREgte \R‘P thess

Madol e, NGzZIe9 thdvighlQ Hreddurd 08duceNandd sedbnd Pressiie viide. THe res‘ﬁﬁre4 NC 5,
NC 6, NC 606, NC 71, NC 72, NC 810, NC BH 129, OXFORD 207 "Periq

tobad@o r is psegip set Ahedargelntessurs/that is fo bertiainashin t RchamberR 7- 12

RG 17, Bete

179, SP 210 s'ﬁafgg’ '"@@t%lé%"é"éiga écz-p?o sé;es?%éﬁ&g 'ﬁgg'lﬁ%\?é@ 0o 90 ™
97, TN Dilet valveotw pms@ne)wahesemx)thwalﬂaeg valuscee alacesed and the 359,

Tob t | Al h | ant
rrear sPiaiEe Faddt §' 840 H et Bipsulll Thgit 86! s ol T 21 S
enbodi rrerm'essbr& hahienaesn topaned ptaortinately sushethdt tBe diquid cmmprlsii@dthemer ein

e ke e RASREn Y LRI AL O 1

15 cm  Withe noRzles e AE ChlhRitireRieathie BR¥BEIM THEE iflbtOVEIve G prebBure
alternative systemthat identifies key gromh stages in tobacco rangi ng

froma svalve. Bf the pressyre v@ivecargerened Toha firstmeded ofilimessyfficignt foe heuar y
2009, "Achambgl %o f8AcH P oot PHéRLR %ﬂ&sa ?Bﬁacc?%ﬁed footﬁﬁg wﬂéi‘f] kheor ce

Gowm h Stages and ldentifi cat I on Keys f tre de
Co- oper atargat ptﬂﬁsureess Rmmf@mﬂdem thei gmmerqlﬁseranbemmds of time have

,(Agfzz)rgl ng ‘ép'::l C@éﬁ,& sys ﬂr(ﬂ{écﬁeé\& %m'%hg@?%g %'chgp%mﬂg&eoe used,

but part ivalveds bpemddalicwing thoe dvumbattagemrﬁito armbient air pressure.

In other embodiments of the invention, it is contemplated that liquid fiuid pressure
(or hydraulic pressure) is applied to an enclosed volume of infiltration medium in
which a whole and intact plant or a part of a whole and intact plant is submerged.
25 Liquid fluid pressure can be supplied by any conventional means, such as but not
limited to hydraulic pumps including gear pump, vane pump, and piston pump.

In addition to the above equipment, the systems of the invention may further
comprise various other equipment, such as valves (e.g., relief valves, check
valves, manual valves, actuated valves, needle valves, and the like, as well as
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10 A tobacco plant with a large | eaf surface area is preferred. It is a
particul ar advantage of the invention that already grown plants can be used
i n the nwbade/wf58rhe i nvention or used as a source of pCaAMP211962186. The

i nvention provides systens and net hods that nake it possible to take

advant age of protein production in grown, commercially avail able plants,
tobacco 15 in particular, and provides a novel solution to the probl em of
procuring the necessary anounts of reconbi nant heterol ogous peptides or
proteins for therapeutic or prophylactic uses in a short period of tine. In
one aspect of the invention, the nmethod conprises introducing an expression

c](c)ng'(t)r uc combinations B@Tp@nm?cbaetﬁméi ot tiee lfetdyoﬂig)@alwé_speﬂtérd\?\sne(i, prf)t ein
0 i nterest i ol agi ¢ actjye fragment ‘thereof. into ole plant
or pl ant tbﬁﬁﬁef'agﬁﬁﬁrsaQagﬁﬂﬁ gih?ysk i%“é’ué‘eah%? afell s LBE}S‘F'@%% ithgrep

e protein

in the pbanéor@r(esq.aaﬁesaafé,-teﬂilperaﬂn@.@%w HUPAHIN CoridbicRfy Ak Ymixtdiked to an
expression control sequence capable of driving transcription of the

encodi ng ligeigeyRieand the, ke s welh ag/combinations comprising atleast epaobtheof t he
| ant : . . t
Puan: Son ShagheNahkosT GHEGRNGY b aeiia tediras R aRSLANGERRARE! 302 °

pl asni d. cedlers, diyerseanaditie likée corfroleSor pressores{suchtas, comprpssosedand t hin a
vect or capahl f replicating in_at |east e cells, qgf an Agrobacterium
speci es, @%E‘F@aﬁoﬂgﬁn%@& ér"'f:ﬁrﬂst B%Péc?%ﬁsbrﬁ"‘!?%n@%gﬁe@@’ g?lé” e pl ant
or plant cpmbination® dopdsisitakt lédst Uhd 6P theélforegbRgddordfoNNamd *Bhduits/\O

2012/ 007587PCT/ EP2011/ 062180 Preferably, the plant conprises relatively

| arge | _e&%&_s fluid Q’PPdBfF%aﬁlﬁ‘Ft"?ﬂaWn&HB%r;a’Td the like), msawell @sseorphipativnfensi on) ,
e.g. N %Hpﬁgﬁgtaﬂlq@%yg}w of e ﬁ@;b%@gnst ruct may be part of an

ran ugg a

expressi on vect can 1 ncl rt1onal desirable sequences such as

bact ef | alin Akkio %o the bBBYE CRulfbrt, HEHERRARL B kHERRNSH cBn dptbhally ' 91 NS of

replication), reporter genes that function in bacteria suc
Agr obact &rthemcamprrise means for dtansporting.a plgusity 6FwholeGslBntsBiMlant parts

bet a- gal ' g . bl Kk

Cor o 92 aRbg et BGang B blanf fizey®5 Thorh ' TeBRtian, B el i@ g e ¢ o1 o1 o1
DEA us ed fagilitatire m}t‘@ﬂ“@ﬂhbﬁ:f ;itmtmgt bbrwmms'tplbats ?ﬁ{IpﬂahiS]gisﬁuéaérvhﬂTl ge][le,

t he expression o ich allows the separati.on ransforned cel]ls from
non- tjfganz'%ﬁ‘? r@.@rp Icsewgum‘??@si fr%ftrpﬁ?“"é'go imﬁragkyaﬁg&h%@iﬁr&s RErR@pt gene
gener al | YisQaOomethedcHinMed] Mednsorar ﬁgkiggfipg%ﬁto Féﬁ?:‘ﬂﬁi'&ﬁ[n\gpﬂ:h@%lhbéliﬁj &f i ngui sh

transfornmed cells from untransforne wever, 1t 1s an advantage of
t he tran¥{helf Piapts: @ plapk RRtcsYdnaslanbargans s miantdissues ivctherchambesn t hat

mar ker g ; Lt ' ' or
proteins ro%q:%ﬁegd?n'ﬁg‘?i tst'lfje:@lthlle{l{ o°m‘e€§ﬁ%@{§gggfa§%%§%§tgﬁ‘u@’? 2%” \?g@%or'r s are
I nt r oduc &defelibly,expeeosi more wfs thedosegeing froearrserarbe automptedreeleetiowi th a
S L P36 "hSBRICEP SP8erRR drcP Hohide! bt rk ot InhiBE B RABEEE B Shsport
systems, factory automation systems, security systems, process control systems,

data communication systems, data storage systems and computing systems.

In one embodiment of the invention, the chamber comprises means for receiving
and positioning a plurality of whole and intact plants within the chamber such that
25 the entire plant comes into contact with the infiltration medium containing the
Argobacterium cells. In particular, the plurality of plants is positioned such that
the entire plant body including its aerial and underground parts is submerged in
the infiltration medium containing the Argobacterium cells. In this configuration,
the entire plant including the aerial parts as well as the underground parts of the
30 plant comes into contact with the infitration medium containing the
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limted to, the p25 protein of PNA the P1-HcPro protein of tobacco etch
virus, 20 and the pl9 protein of tomato bushy stunt virus. As used herein,
| evel of woans/mmnis7expression refers to the capacity toPexmresis/ocfisat | east
about 250 m crogram at |east about 500 m crogram at |east about 750

m crogram at |east about 1 ng, at |east about 2 ng, at |east about 3 ny,
at | east about 4 ny, at |east about 5 ny, at |east about 10 ng, at | east
about 15 ng, at 25 | east about 25 ny, at |east about 50 ngy, at | east about
75 ny, at |east about 100 ng, at |east about 150 ny, at |east about 200 ng,
at | east about 500 ngy, at |east about 1000 ny, at |east about 1.5 g, at

| east abAgltob%cgeriLm ¢a|astTIIebeubll11§rgﬁedgp:)a1ﬁsIaressmafbdeu fo @neatr Ibrﬁamt about
7.5 g, at |least aho 1 . & east a t 15 g, or at,6 | east about 20 g per
K- of " pi BIRESHTS SHdtRks Werkin 3L sepshne, o the, pizsdiisn vle(eh GOTTBSS Aer i od o
tinme thajncrSadel 9 BrRREGR rElalPs Mol tMBsPHdrRN phésstir@t 8hd) i 0N §peifid abl e
plant tissue. Preferably, protein expressionis at suitably high |evels

wi t hi n aembedimentpthetpressiie is maintained ferdperigd gblheiwean 0.2 8e¢ongdsad 3 days,
at | east I I days. at
Ieastgabggtt%l‘;baé??ui?g ?h%scﬁa}ggﬁﬁpggggédgﬁ%%? h?ecg@ aeggﬁg togggays, at

| east abeasiedOprdgrablyawith aasir neghigibleldir dwithin, it,asuchdhsat whew the peesdaes, at

| east about 1 ays | east about..14 days, .or | east ., abgut 15 days

b ter tnit cuntelobitg e SB3bea ciiretioh -t Fhe' EREMNEE sols ' one
aspect, Pk&sls_ﬁhied b6 ho resistaficé frond ierivalks ofiHehéHandber #id &-slBs@asallyand nore
preferably within 3-5 or Er-agzlpdaés’ after introduction of an_expression

const r uctNf@tht Brasgerey| ifin theugheihalhe Fhamhess ceptainieedth®, met hods
of t [ | ubd-cal s, ed for
hei 10w PROToIee PRs:n (RECbtRoRaRbRT L bisEBu® paING BT tne BRIt o

ar e used plants i substantialjethel same as trat appliedite thpslystem.i on (e. g., topical

adm ni stration) to hunmans. Reconbi nant protein also 15 may be expressed

whi ch ar én ethdr embotingnt cefuthiel inveofionsi thiel shambee gomprisds vioeans far i an

it ed CoEepoar oRBha ™ pIORay of WorR Bl Atece BRpta. i e hithpdL” ™'
ki nases, sath hatsonly panosiethe planbcomey iritoscomtact vathotree iffilitationgmediatrei ns,

|1 I r Qt ei ns, t abol j t ei ns, I t e r di
pr ot 4P ns COplRSIE e, AVRARATIRI | Cplsy del pRricRLe e el OF BN GO os,

ant i gens poBigh&d 36ch fadt 4 SVPAIE of the aerial parts of the plant are submerged in
the infiltration medium containing the Argobacterium cells, while the underground
parts of the plant, particularly the roots of the plant, are not submerged in the
infiltration medium. In this configuration, the entire plant including the aerial parts
20 as well as the underground parts of the plant are subjected to one or more
pressure cycle(s), wherein at least one of the pressure cycle{s) comprises an
increase in pressure relative to atmospheric pressure and, in a specific
embodiment, the pressure is maintained for a period of between 0.5 seconds and

60 seconds.

25  Figure 5 shows an example of such embodiment of the invention. The system 10
comprises a chamber 11 having a lid 12. With the lid 12 the chamber 11 can be
sealingly closed. As shown in Fig. 5, in this example whole and intact plants 13
are provided upside down inside a chamber with the aerial parts of the plant
being wholly immersed in a liquid. The system 10 also comprises a liquid tank 14

30 which is connected with the chamber 11 through conduit 15. The liquid tank 14
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resi stance to di seases, antimcrobial proteins, interferons, and cytokines.
I n one aspect, antigen encodi ng sequences includes sequences for inducing
pr ot ect i WeOi2omnogssresponses (e.g., as in a vaccine for mpCatEPem)/0638€ h

sui tabl e antigens include but are not limted to mcrobial antigens
(including viral antigens, 25 bacterial antigens, fungal antigens, parasite
antigens, and the like); antigens fromnulticellular organisns (such as

mul ticellular parasites); allergens; and antigens associated with human or
ani mal pat hol ogies (e.g., such as cancer, autoi mune di seases, and the
like). In one preferred aspect, viral antigens include, but are not limted
to: HV sompgsesa plungerensd fl6rcanmettedr withy piston et iWben themistorsiioisses 30t o

7 R DS BRI ST f@RES o Bedpper ™ e
pol ypept idaRroughGondQir M. ThieNguid Ieielr st ald the presyiive #Nthedshzingtbeenciodi ng
sequences repeated in an expression construct, and optionally separated by

one or mby &Aied & that JheJeaves of theRiantasarss immersed, and isshies $ be used
to expr e??eé%ﬂf‘e w?iﬁé?elﬂﬁ*%étﬁ‘ro@ &%Egﬁfeenzyrratlc pat hvvays for chem cal
or

Zynthegl ustri al proce ses. e present invention is further
exanpl o i ARBHERELRAhen? B R bR, RR ol of et pBSitiohéli a1
schenat i thevclambér suchethaugll of part of thepaeriad pads of/ﬁteepiannarecsmme:fge@ i

Chove o 315 RGP eokif gamtein 4 pudinacRRRERRE aofare SubBehElie. \21es”

(PMFO15) one or mior@ pressuré oyo(s), &Ehe@@ntﬂureaei ohemfelheamaswrer@ms)‘ or
Fl uor escence response 15 val uesﬁérPl\/éi%‘b) e 4 shows a 2D cqontour pl ot
over 18ct l‘}ﬁmpf'ﬁﬁ%@"f BcraasgoNcRESHIE &n %?"? AVRSHUS a0l & 5 shows

a schemaispeoifié C¥Bbditehy St grésura is! Heﬂﬁt’aﬂﬂedA%:O'éa%ﬁbd Ugh pRGkESH @ into a
whol e and | ntact plant under pressure. 20 Figure 6 shows a schematic cross

sect i onal0.vsesonds andcBl speendso In thig geefigurstidhe updergsednd pantsehtheati c vi ew

Zglt ?2& %ﬁﬂ??@er‘ﬂ(@ula;\-ﬁm&p@n? SRS Rt OBl ltsitid P HHER L AL s AR T on

they are not submerged in the infiltration medium containing the Agrobacterium

15 cells and not subjected to the pressure applied during the one or more pressure
cycle(s). During one or more pressure cycle(s), the chamber is closed and
sealed, preferably with no or negligible air within it, such that when the pressure
is applied to the enclosed infiltration medium, the chamber becomes pressurized
due to resistance from the walls of the chamber and substantially uniform

20 pressure is transmitted throughout the chamber containing the submerged aerial
parts of the plants. In this configuration, the pressure acting on the submerged
plants is substantially the same as that applied to the system.

To accommodate aerial parts of whole and intact plant(s) inside a chamber while
the underground parts are positioned outside the chamber, cne side, typically the
25 top, of the chamber may comprise one or more openings to allow passage of
aerial parts of the plants during insertion or removal. The dimensions of an
opening are variable due to the presence of parts of the whole and intact plant in
the opening. The opening is lined with elastic seals such that the opening can be
closed despite the variable dimensions of the opening. The elasticity of the seals
30 may help to protect the plant parts from mechanical damage. Typically, whole

-30-



carrying gene for the fluorescent protein TurboGFP) and Al17 (AG.1l strain
carrying the gene for pl9 suppressor of silencing) used within the

pr epar at iwo 20f2/@%87he Agrobacteriuminoculum Tabl e 2 showe2@iperisorent al
i nformation on conposition A91 (AG.1 strain carrying gene for the
fluorescent protein TurboGFP) and A17 (AGL1 strain carrying the gene for
pl9 suppressor of silencing) used within the preparation of the
Agrobacteriuminoculum 5 Table 3 shows six different conditions with
paraneters used within infiltration experinment. Table 4 shows nine
different conditions with paranmeters used within a further infiltration

exper i mengtact plha @‘eﬁazﬁtﬁ)@d%@hd&éﬂtw satlionemeld drouhe G neontsteshs pr ot ei n
(rTurbo GFP, 10 Evrogen #FP552) in plant extract (nock_extract from N. b.

| eaf samfitg tPribe alasicly ohiftesedls 71 m elastis seatsoe FO@&W@Q 4O PRPBSRFP) .
Table 6 Sa*ﬁ%""%h@é‘allo%f%'r@s Qf5cfl fcirﬁ‘éreﬂfeéoé@ttﬂ@eﬂpém% C@ﬁéﬂt;% r@ﬁﬁfda on G-P

concentration expressed in pg GFP per g frozen wel ght vmt i dence
i nterval tempossily agtugmwrevae@hmwsuamwﬁwmgfa Nﬁ@sdfef ¢3@ﬂ%r’£b@§hﬁétb@éen t he

oF ot e Lo ot PR A RRSEANLRD LY o MBEER RS dabluaT Bha teelBl BroSRL 0f © e
di f f er enges phetyeeneddesetidndhtichmstictzaatd on pg G-P / g frozen wei ght of
infiltrated | eaves with a confidence interval of 95% 20 Table 9 shows

anal ysi s mf ekAep@ bf enencasdRhvrer éﬂi@mwmsgur@rﬁs ihias edisosm s@gen%ﬁ’c per
plant wwth a confidence interval of 95% Table 10 shows, anal Z of the

di f f er encéQsHERAOBA! ViAW chﬁwﬁ‘iﬁm%ﬁrsz%agweﬁr &kpag dyie avalk B8 $r cent age
of TSP Cgﬁiﬁaére%mlﬁbﬁdpw %\/@h LHEANGERIERE 9B Mhis 28, ?ﬂaﬁéﬁ%mng%erva' of

95% conparing overpressure in optinmal €onditions
and ri@f erfég.c@ showaihe chambleow® indisnepan state. midi i dies egBoet thef indewat

wi i e iRy FonafRlite staR A% ek P EVEREN Tt B LSRRI & SRgce P on

shows the chamber 20 in its closed state with the two seals 24 being inflated so

that the chamber is tightly sealed.

Fig. 7 shows a perspective schematic view of a chamber 26. The chamber 26
15 shown in the left drawing is in its open state with the two inflatable seals 24 being

spaced from each other. Each seal is provided at the edge of a lid portion 25, Lid

portions 25 are moveable towards each other and away from each other, for

example in a sliding manner. Once the plant is inserted partly (see top right

drawing in Fig. 7), the two lid portions 25 are closed around the stem of the plant,
20  and the seals 24 are inflated in order to tightly seal the chamber 26.

It is understood by the skilled person that the shown arrangement with moveable
lid portions and longitudinal seals 24 is just an exemplary embodiment and other
configurations are encompassed by the invention. For example, instead of having
a cylindrical or tubular form, the chamber 26 may have a spherical form with a

S
(43

gircular opening for receiving part of the plant. Along the edge of the circular
opening, a single annular seal may be provided that is inflatable to such extent
that it closes the entire opening of the chamber around the stem of the plant such

as to provide airtight or waterproof seal.

-31-



foll ow ng Exanpl es. Such Exanples are, however, exenplary nmethods of 5
practicing the present invention and are not intended to limt the scope of
t he i nverwpDan12/@88VPLES  Part A: Eval uation of effici eRCy/ErR011/062180
Agro-infiltration by positive pressure 10as conpared to vacuum for the
transfection of N bentham ana Exanple 1: Overall Set Up: Plants were
infiltrated with a bacterial suspension consisting of a mxture of A91
(AGL1 Agrobacteriumstrain carrying the gene for the fluorescent protein
TurboGFP) and A17 (AGL1 Agrobacterium strain carrying the gene for the pl9
15suppressor of silencing). TurboG-P is an inproved variant of the green

f 1 uor escémt pariicutamerabpdiriént,| the daentiomprovide diaBtic paelratic pt hydraalic

Arth da; Crust : Vaxil | da; Co d Shaqi.n DA, | ., GFP-1lik
br ot 61 b S581S, HRRTP{o 048 RHeLS, SN GIPSer & by oD e (helbeac
features céﬁ%réésﬁaﬁﬁéik‘bﬁ'anciﬁéilwgﬁé' éVa %Faﬁb%ui@@ln@rf’bn_im%h préséume: 841-501.

It possesses bright green fluorescence (excitation/em ssion nmax = 482/502
nm that The ioflatichl pressure; causes e ptheswisecdallated sealitn expgne dexibiyuiptescent

pr ot ekns ' i r L ' Conpany;
N1 1 uino RGPS e BxisP il s Seel A8 HBi 4 i TEL AL skl o

Tur boGFPformihdgne ai émporaailye daigightt ®rwamaterpigofr qundtien) yinnoone oparticldsr i nagi ng
of the whol I.Pl nts,or (ti tached .infiltrated | eaves. under bl ue *Ir?%]% bet ween
two days CRBUQUTRTEN. 3t least B0 SRPRsing 5gg's Jne s QRENNG,indVah afe, BRSTIORGH) af ¢ or
extract i @e nfaif stBre P RInat 6 bHO WhSRE Mt 'PRAHEr Upbn InflalioNafhéudppating trati on:
Vacuuminfiltration was performed wth a Labconco vacuum chanber wth

i nt er nal SgAeANARASINtY theoxraseRRINeRD dheme 4Bl they Rushargakst LacACRtDR rel i ef
val v (S i faiTRé %Qinaﬁgrg@&fzgﬁagﬁng?em (Iﬁen?c} I ga'g% )teMbéll_':b?iFI)yr essur e

regul ator. The vacuum par were as
decr ease airtight ot watgnpreof junctios.00nbethaseal inflatiom peessireuiscremaved; the ni nut e

hol ding tsiegP re%rnEQOqga&eﬂa_teé %%Esiti&ﬁ,l Eﬁéctiv@lyar%(ﬁg{[lina tRhe %?&%%Te inside the

chamber. It is contemplated that, in one embodiment, the application of inflation

pressure to the elastic seals and application of hydraulic pressure to the

15 infiltration medium in the chamber can be sequenced. Preferably, the application

of inflation pressure to the elastic seals is in advance of the application of

hydraulic pressure such that a junction is formed before the chamber becomes
pressurized.

Compressed air is commonly utilized as the inflation medium while in some
20 applications hydraulic (liquid) means may be applied. Inflatable seals offer
versatile configurations in three different planes: radially in, radially out, and
axially. Seals in the form of trips can form closed ends, mitered ends, and
continuous loops. Pneumatic seals or hydraulic seals may be made of variety of
elastomers including silicone, Butadiene Styrene (SBR), Chloroprene
25 (Neoprene), Ethylene propylene (EPDM) and Fluorinated Hydrocarbon (Viton®).

Those skilled in the art will recognize that the various embodiments described
herein can be implemented, individually and/or collectively, by various types of
electro-mechanical systems having a wide range of electrical components such
as hardware, software, firmware, or virtually any combination thereof; and a wide
30 range of components that may impart mechanical force or motion such as rigid
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For this experinment, plants were infiltrated one at a tinme by imersion of
the aerial part in a 1 or 2L beaker filled with the bacterial suspension.
1.2 Over pwoxs1w®@758The overpressure setup is shown in Fi gOT&EPW11BbHBES wer e
15 pl aced upsi de down inside one pressure chanmber (Volune of about 10
litres) through an ad-hoc hol der connected to the top |id. The hol der
position was adjusted to mnimze the clearance between the liquid surface
and the holder. Once the Iid is closed, the foll ow ng sequence was carried
out to treat the plants and Agrobacteriumw th positive pressure: 20 1. Wth
t he manual ball valves V2 and V3 closed the regul ating valve V1 was set to
the desi bediespspring aecbreuionapbmes;rderamlcs,\/and\mwhanagmtnchﬂy achuated he

pressuresc{ eached i nsi de aBF EDI’]I tore thro P‘he ms;,n ter

B e detREsedr At CHBbVaHRT dhetiah CRsdieb . A o herein SebeFe” by 25
openi g Yiechaficak Bistem "t iRBILAYS BN fshﬁétulﬂhltéd“?o Sélb@tﬁﬁﬁlr clﬁahmy/&;p faMly | i d was
opened, the plant fenoved fromthe hol de Exanp 2: reparatlon of the

Agr obact €eHpled; wite @ Jﬁﬂﬁdl&efdﬁrﬁ:eﬁﬂr%ﬁtéﬂor n%d'l]@tﬂm %m@mﬁgc oryséalni xt ure
of A9 7( ?géi 151 tﬁbﬁl GRALitH nghgeatqsgﬁ &?éo r s{(’ﬁﬁetélé_dL thcal Slicult! Qfe%# fitaf Ur LOG-P)

and A rarn carry he gene suppressor SI | enci ng)
was pr epaireditry Travirg at bladt ame mtdg&ed)cecumteleumcaitolrcultnymaw;g af least
infiltratiaon, 'Il' oncentra

* ﬁ ‘i oclu ilgoedtolel
concent r fEoAPRIIGatOR |SPPF’ iyparie cﬁ"&P oﬁe REQID (OTS A PERE prs. 6)
at room triRsyedtorhputing? 6Yice chhﬂyureﬂeﬁyﬂlaecérh?ut&? fp'i'é Fn té‘g Isﬂ Ehéraft i ons.
The ix final concentration coriesponds to a fin 0.3 with a
11 rati PuFrosto compyiescenfigured by a computer program whlch at Ieast partiaily
10 carries out processes and/or devices described herein, or a microprocessor
configured by a computer program which at least partially carries out processes
and/or devices described herein), electrical circuitry forming a memory device
(e.g., forms of random access memory), electrical circuitry forming a
communications device (e.g., a modem, communications switch, or optical-
15 electrical equipment), and any non-electrical analog thereto, such as optical or

other analogs.

In various embodiments, cells of Agrobacterium harboring expression constructs
with a gene or genes of interest, particularly a heterologous gene or genes of
interest, are used to deliver the gene(s) to a whole and intact plan or a plant part
20 such as a plant organ or plant tissue, for transient expression in the cells and/or
extracellular spaces of the plant or plant parts. Generally, a suitable expression
construct comprises: at least one T-DNA border sequence, an expression
regulatory sequence (e.g., a promoter which may be inducible or constitutive, a
promoter whose activity is tissue-specific or tissue-biased), and a gene of interest
25 operably linked to the expression regulatory sequence. In certain embodiments,
the expression construct further comprises a selectable marker gene under
control of a suitable promoter and further expression regulatory sequences. In
certain embodiments, an expression construct is part of a vector comprising one

or more origins of replication, at least one origin of replication suitable for
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For the 2nd experinent, a 1% (v/v) Triton X-100 stock solution was prepared
ininfiltration solution and, when specified, added to the inoculumin the
infiltratworzot2znokssat a 1:100 dilution to reach a final PCITiEPR0IX0E080
concentration of 0.01% (v/v). Exanple 3: Biomass Production 5 N cotiana
bent ham ana accession MM plants were grown in the greenhouse with 20h
light, 26C/ 20C day/ ni ght tenperature and 70% 50% day/ ni ght rel ative

hum dity. Artificial lightening is turned autonmatically on between 02h00 to
22h00 when natural fight is under 200 Wn2 (20 hours light) with a 15 000
or 20' 000 Lux lighting systemgiving a PAR of about 100 pnol/n2/s. Plants
wer e gr oweplicating thec wecior donoprising Ghe dexpréssiom donstrudll ic gyrobadefurh) -
Fert-irri tiﬁ%? by sub-irrigation was applied every 2 days: 25 nm water

during 3 The fertilization was adjusted to an EC of 2.5 n/cm and
a pH of I nf.il tion Paraneters In an infiltration
exper i mea[he éﬂ?@#ﬁf@r’%ﬁt’e@% 1q |‘E§st%\é'§§‘ge

dh e frvgntiqn, include, Bvbiseiadr s used
are reporltrﬁlcbd ) n%wbac?enuﬁam:ﬁefac,@hw% aaéﬂehuﬁﬁmTz%{?@ﬁ&s W(%éﬁ%tg%{&ﬁar]

Hol ding tine s nber of replicates nt # 1 Vac ute 60 6
rad.'obac er, Agrobactenum rubi, Argobacterium vitis, but particularly
Agrobacterium tumefaciens and Agrobacterium rhizogenes. In one embodiment,
at least one Agrobacterium strain comprises Agrobacterium tumefaciens. The
Agrobacterium species used can be a wild type (e.g., virulent) or a disarmed
strain. Suitable strains of Agrobacterium include wild type strains (e.g., such as

10 Agrobacterium tumefaciens) or strains in which one or more genes is mutated to
increase transformation efficiency, e.g., such as Agrobacterium strains wherein
the vir gene expression and/or induction thereof is altered due to the presence of
mutant or chimeric virA or virG genes (e.g. Chen and Winans, 1991, J. Bacteriol.
173: 1139-1144; and Scheeren-Groot et al., 1994, J. Bacteriol. 176:6418-6246),

15 Agrobacterium strains comprising an extra virG gene copies, such as the super
virG gene derived from pTiBo542, preferably linked to a multiple-copy plasmid,
as described in U.S. Pat. No. 6,483,013, for example. Other suitable strains
include, but are not limited to: A. tumefaciens C58C1 (Van Larebeke et al.,
Nature 252: 169-170 (1974)), A136 (Watson et al., J. Bacteriol 123: 255-264

20 (1975)); LBA401 1 (Klapwijk et al., J. Bacteriol 141: 128-136 (1980)), LBA4404
(Hoekema et al., Nature 303: 179-180 (1983)); EHA101 (Hood et al., J. Bac. 168:
1291-1301 (1986)), EHA105 (Hood et al., Trans Res. 2: 208-218 (1993)); AGL1
(Lazo et al., Bio/Technology 2: 963-967 (1991)); A281 (Hood et al., supra
(1986)).

25  Multiple Agrobacterium strains, each expressing different genes can be used to
produce the individual proteins or a heteromuitimeric protein, or to enhance the
yield of a peptide or protein of interest. A non-limiting example of a different gene
that can be expressed is a gene that encodes a silencing suppressor of viral
origin. Alternatively, or additionally, a single Agrobacterium strain may comprise a

30 plurality of sequences comprising different genes of interests, particularly
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heterologous genes of interest. The different genes may be comprised within a
single nucleic acid molecule (e.g., a single vector) or may be provided in different
vectors.

The methods of the invention can be used for Agrobacterium infiltration and
transient expression of many species of plants, including but not limited to:
tobacco (Nicotiana species), lettuce, alfalfa, mung bean, spinach, dandelion,
radicchio, arugula, endive, escarole, chicory, artichoke, maize, potato, rice,
soybean, cotton, small grain cereals, wheat, barley, Sorghum, sugar beet,
canola, Crucifera (e.g., Brassica, Arabidopsis) duckweed, and tomato.

Suitable plant organ or tissue generally can be any part of the plant. In one
preferred aspect, plant tissue is leaf tissue. In one aspect, the plant tissue is leaf
tissue from a plant comprising leaves of at least about 7-8 ¢cm in at least one
dimension.

In various embodiments, a plant species, variety or even a plant organ is
selected whose celis comprise undetectable or low levels of proteases which
digest heterologous proteins, e.g., less than about 5%, less than about 1%, less
than about 0.1% of heterologous proteins expressed in the plant are digested
during the period of time from introduction of nucleic acids expressing the
heterologous protein to at least about the time when the protein is isolated from
the plant tissue. Protease levels can be assayed for using methods routine in the
art, including Western blot analysis of heterologous protein expression.

Exemplary species of the Nicotiana genus include, but are not limited to:
Nicotiana africana, Nicotiana amplexicaulis, Nicotiana arentsii, Nicotiana
benthamiana, Nicotiana bigelovii, Nicotiana corymbosa, Nicotiana debneyi,
Nicotiana excelsior, Nicotiana exigua, Nicotiana glutinosa, Nicotiana goodspeedii,
Nicotiana gossei, Nicotiana hesperis, Nicotiana ingufba, Nicotiana knightiana,
Nicotiana maritima, Nicotiana megalosiphon, Nicotiana miersii, Nicotiana
nesophila, Nicotiana noctiflora, Nicotiana nudicaulis, Nicotiana otophora,
Nicotiana palmeri, Nicotiana paniculata, Nicotiana petunioides, Nicotiana
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19-24 5 Overpressure 1.5 10 6 25-30 6 Overpressure 2 10 6 31-36 In a
second infiltration experinent, nine different conditions were conpared.
The paramwOerr/38d are reported in table 4. WO PCT/EP2011/062180
2012/ 007587PCT/ EP2011/ 062180 Table 4

plumbaginifolia, Nicotiana repanda, Nicotiana rosulata, Nicotiana rotundifolia,
Nicotiana rustica, Nicotiana setchelli Nicotiana stocktonii, Nicotiana easti,
Nicotiana suaveolens or Nicotiana trigonophylia. Desirably the first tobacco plant
is Nicotiana amplexicaulis, Nicotiana benthamiana, Nicotiana bigelovii, Nicotiana

5 debneyi, Nicotiana excelsior, Nicotiana glutinosa, Nicotiana goodspeedii,
Nicotiana gossei, Nicotiana hesperis, Nicotiana knightiana, Nicotiana maritima,
Nicotiana megalosiphon, Nicotiana nudicaulis, Nicotiana paniculata, Nicotiana
plumbaginifolia, Nicotiana repanda, Nicotiana rustica, Nicotiana suaveolens or
Nicotiana trigonophylla.

10 Exemplary varieties of Nicofiana tabacum include commercial varieties such as
DAC Mata Fina, PO2, BY-64, AS44, RG17, RG8, HB04P, Basma Xanthi BX 2A,
Coker 319, Hicks, McNair, 944 (MN 944), Burley 21, K149, Yaka JB 125/3,
Kasturi Mawar, NC 297, Coker 371 Gold, Wislica, Simmaba, Turkish Samsun,
AA37-1, B13P, F4 from the cross BU21 x Hoja Parado, line 97, Samsun, PO1BU

15 64, CC 101, CC 200, CC 27, CC 301, CC 400, CC 500, CC 600, CC 700, CC
800, CC 900, Coker 176, Coker 319, Coker 371 Gold, Coker 48, CU 263, DF911,
Galpao tobacco, GL 26H, GL 350, GL 737, GL 939, GL 973, HB 04P, K 149, K
326, K 346, K 358, K 394, K 399, K 730, KT 200, KY 10, KY 14, KY 160, KY 17,
KY 171, KY 907, KY 160, Little Crittenden, McNair 373, McNair 944, msKY

20 14.times.L8, Narrow Leaf Madole, NC 100, NC 102, NC 2000, NC 2981, NC 297,
NC 299, NC 3, NC 4, NC 5, NC 6, NC 606, NC 71, NC 72, NC 810, NC BH 129,
OXFORD 207, "Perique” fobacco, PVHO3, PVH09, PVH19, PVH50, PVH51, R
610, R 630, R 7-11, R 7-12, RG 17, RG 81, RG H4, RG H51, RGH 4, RGH 51,
RS 1410, SP 168, SP 172, SP 179, SP 210, SP 220, SP G-28, SP G-70, SP

25 H20, SP NF3, TN 86, TN 90, TN 97, TN D94, TN D950, TR (Tom Rosson)
Madole, VA 309, VA 309, or VA 359,

Tobacco plants of any stage can be used, particularly the tobacco plants are at
stage 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15. In a specific embodiment of the
invention, plants at stage 8, 9 or 10 are used, wherein the plants have an
30 average height of between about 6.5 cm and about 16.5 cm. At stage 10, the
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Order Condition Target pressure [bar] Holding time [s] Number of replicates
Plant # 1 Syringe unknown - 6 1-6 2 Vacuum 0. 05 absolute 60 6 7-12
WO 2012/007587 PCT/EP2011/062180

plants are 5-6 week-old and have a height of around 15 cm, with well expanded
leaves and maximum one flower open.

An alternative system that identifies key growth stages in tobacco ranging from a
scale of 1 — 9 is disclosed in the CORESTA Guide N°7 of February 2009, “A

5 Scale For Coding Growth Stages In Tobacco Crops”, Task Force Growth Stages
and ldentification Keys for Tobacco, pp. 1-15, Centre de Co-operation pour les
Recherches Scientifiques au Tabac. (http://www.coresta.org/Guides/Guide-No7-
Growth-Stages_Feb09.pdf). According to the CORESTA system, plants in growth
stages 2 - 8 may be used, but particularly plants in growth stages 3 - 5.

10 A tobacco plant with a large leaf surface area is preferred. It is a particular
advantage of the invention that already grown plants can be used in the methods
of the invention or used as a source of plant tissues.

The invention provides systems and methods that make it possible to take
advantage of protein production in grown, commercially available plants, tobacco

15 in particular, and provides a novel solution to the probiem of procuring the
necessary amounts of recombinant heterclogous peptides or proteins for
therapeutic or prophylactic uses in a short period of time.

In one aspect of the invention, the method comprises introducing an expression
construct comprising a sequence encoding a heterologous peptide or protein of
20 interest or biologically active fragment thereof into a whole plant or plant part
such as a plant tissue and transiently expressing the protein in the plant or plant
part. The encoding sequence is operably linked to an expression control
sequence capable of driving transcription of the encoding sequence in the cells
and/or in the extracellular spaces of the plant or plant part. Preferably, the
25  expression construct comprises at least one T border sequence from T-DNA of a
large tumor-inducing ("Ti") plasmid. Also, preferably, the expression construct is
comprised within a vector capable of replicating in at least the cells of an
Agrobacterium species, such as Agrobacterium tumefaciens. in one aspect, the
whole plant or plant part comprises leaf tissue from an already grown plant.
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3 Overpressure 2.5 10 6 13-18 4 Overpressure 1.5 10 6 19-24 5 Overpressure

2.0 10 6 25-30
WO 2012/007587 PCT/EP2011/062180

Preferably, the plant comprises relatively large leaves (e.9., greater than about 7-
8 cm in at least one dimension), e.g., Nicotiana tabacum).

The expression construct may be part of an expression vector and can include
additional desirable sequences such as bacterial origins of replication

5 (Agrobacterium and/or E. coli origins of replication), reporter genes that function
in bacteria such as Agrobacterium and/or plant cells (e.g., GUS, GFP, EGFP,
BFP, beta-galactosidase and modified forms thereof) and selectable marker
genes (e.g., antibiotic resistance genes, and the like). To this end, the foreign
DNA used in the method of this invention may also comprise a marker gene, the

10 expression of which allows the separation of transformed cells from non-
transformed cells during initial cloning stages. Such a marker gene generally
encodes a protein which allows one to phenotypically distinguish transformed
cells from untransformed cells. However, it is an advantage of the transient
protein production methods according to the invention that marker genes are not

15 required to isolate heterologous peptides or proteins from plant tissues into which
expression constructs/vectors are introduced.

The expression constructs may further be complemented with a silencing

suppressor, particularly a viral silencing suppressors, including, without being

limited to, the p25 protein of PVX, the P1-HcPro protein of tobacco etch virus,
20  and the p19 protein of tomato bushy stunt virus.

As used herein, level of transient expression refers to the capacity to express of
at least about 250 microgram, at least about 500 microgram, at least about 750
microgram, at least about 1 mg, at least about 2 mg, at least about 3 mg, at least
about 4 mg, at least about 5 mg, at least about 10 mg, at least about 15 mg, at
25  least about 25 mg, at least about 50 mg, at least about 75 mg, at least about 100
mg, at least about 150 mg, at least about 200 mg, at least about 500 mg, at least
about 1000 mg, at least about 1.5 g, at least about 2 g, at least about 2.5 g, at
least about 5 g, at least about 7.5 g, at least about 10 g, at least about 15 g, or at
least about 20 g per kg of plant tissue mass. As used herein, "transient" refers to
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6 Overpressure 3.5 10 6 31-36 7 Overpressure 3.0 10 6 37-42 8 Overpressure+

0.01% Triton 2.5 10 6
WO 2012/007587 PCT/EP2011/062180

a period of time that is long enough to permit isolation of protein from a suitable
plant tissue. Preferably, protein expression is at suitably high levels within at least
about 1 day, at least about 2 days, at least about 3 days, at least about 4 days, at
least about 5 days, at least about 6 days, at least about 7 days, at least about 8
5 days, at least about 9 days, at least about 10 days, at least about 11 days, at
least about 12 days, at least about 13 days, at least about 14 days, or at least
about 15 days after introduction of the expression construct into plant tissue. In
one aspect, suitably high levels are obtained within 3-7 or 5-10 days and more
preferably within 3-5 or 5-7 days, after introduction of an expression construct
10 into the plant tissue.

Recombinant proteins produced by methods of the invention may be used as
pharmaceuticals, and can be expressed for their utility as nutraceuticals and
cosmeceuticals, since these products are used for direct ingestion, injection or
application (e.g., topical administration) to humans. Recombinant protein also
15 may be expressed which are useful in the production of similarly regulated
veterinarian products. Exemplary proteins which may be produced, include, but
are not limited to: growth factors, receptors, ligands, signaling molecules;
kinases, enzymes, hormones, tumor suppressors, blood clotting proteins, celi
cycle proteins, metabolic proteins, neuronal proteins, cardiac proteins, proteins
20 deficient in specific disease states, antibodies, antigens, proteins that provide
resistance to diseases, antimicrobial proteins, interferons, and cytokines.

In one aspect, antigen encoding sequences includes sequences for inducing
protective immune responses (e.g., as in a vaccine formulation). Such suitable
antigens include but are not limited to microbial antigens (including viral antigens,
25 bacterial antigens, fungal antigens, parasite antigens, and the like); antigens from
multicellular organisms (such as multicellular parasites); allergens; and antigens
associated with human or animal pathologies (e.g., such as cancer, autoimmune
diseases, and the like). In one preferred aspect, viral antigens include, but are
not limited to: HIV antigens; antigens for conferring protective immune responses
30 to influenza; rotavirus antigens; anthrax antigens; rabies antigens; and the like.
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43-48 9 Vacuum + 0.01% Triton 0.05 absolute 60 6 49-54 Plants were

wei ghted i medi ately before starting the infiltration sequence. At 5 the
end of thwoi2nfZdorssati on, plants were taken out of the clrariEPesiiasdshel d
upsi de-down in a "dripping rack'. Weight neasurenents were taken
respectively 2 and 10 mnutes after the conpletion of the venting step. In
bet ween these two neasurenents plants were agai n placed upside-down in the
rack, while at the end of the |ast weighing they were positioned in the
recovery area. The 10difference in weight before and after infiltration may
be used as an indicator of the volume of inoculuminfiltrated in the plant.
Exanpl e SVadin®astigersncan be wnsbded a€anditivalentpépstidesvarnsplypdptides aé.gon,

| ants we | aced..on agreenhouse bepnches in the 82 conpartnent until
Ear vest i n‘%ﬁ"'&éﬁ' %é{’%defﬁe%’ihﬁ%‘P%@B@efaarﬁ"ﬁpemrwwg% preatad;inABn needed
using a deipleddion GevstAIRt, nditapilondieserhte@BYEsHedr RBRAiHKeP B8qfeHcBs S

fertilization, photoperiod and tenperature used during the recovery and

i ncubat i oMefhods cofRESinVERicHEEn alsdBE Lisel! todeHeEs dhBCorPhidnd Be g€goabove) .
There was no dark incubation of plants because it has previodsly been shown

t hat doesreREduserengymatic pathways o ehamieal synthesigordosindgetriabprocesses.
Fl uorescence Imaging =
The present invention is further described by reference to the following non-

limiting figures, tables and examples.

BRIEF DESCRIPTION OF FIGURES AND TABLES

Figure 1 shows a schematic view of a set up of a overpressure system
10 comprising a pressure chamber. V1, V2, V3: valves; M1: manometer; S1:
silencer.

Figure 2 shows a 2D contour plot over actual range for Flucrescence response
values (PMF015).

Figure 3 shows a 2D contour plot over actual range for Fluorescence response
15 values (PMF132).

Figure 4 shows a 2D contour plot over actual range for Fluorescence response
values (PMF204).

Figure 5 shows a schematic view of a system for infiltrating Agrobacterium
bacteria into a whole and intact plant under pressure.

20  Figure 6 shows a schematic cross sectional view of a chamber 20.
Figure 7 shows a perspective schematic view of the chamber 26.

Table 1 shows experimental information on composition A91 (AGL1 strain

carrying gene for the fluorescent protein TurboGFP) and A17 (AGL1 strain

carrying the gene for p19 suppressor of silencing) used within the preparation of
25  the Agrobacterium inoculum.
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Transi ent expression of the turbo GFP was nonitored by phot ographing pl ants
under blue light 5 or 6 days followng infiltration. A Dark reader |anp
(HL32T Hawo 2bemo758C1 are Chemi cal Research, USA) whi ch emrCT&PRé1glos2186 t hi n
the range 5 of excitation of the turbo G-P (excitation maxi numat 482 nm
was used. Photographs were taken in a dark environnment with a digital
canera equi pped with an anber filter provided by the | anp manufacturer.
Exanple 7: Harvesting Plants were then placed under blue |ight and all
expanded and infiltrated | eaves 10 show ng fl uorescence were coll ected.
Leaves at the apex of the main and axillary shoots show ng fl uorescence
only at tTableip shaves rexpelimentsstiafbrmation haw womsabitiora\yaes (&Ge1f stesih pl aced

under a plastic shee f% Fll uor escence i rfl?rk)n .\E;he were then placed in a
zi p-bag aFNING NG, 10 the o UFERERNY| PICIgID e HéF ARG fpl e lBEL1 AptraIBags wer e
then br ougtiyingpfie génd fof p19is aebs%baaﬁéiﬁ.wcﬁ@gme vithin the Sebatitbhloft N€

| eaves were processed for analysis. Exanple F?]uorescence antitation
The cont &R Agrokagierua dneedungr ound to a fine powder using the

cof fee-grinder_/dry-ice nethod so that one sanple corresponds to all

i nfil t at Eable chSBaW Hix ghiffasrant; conditions witheparameters uised withinginfilteation
Sub-sarrpl&&,em.rle%tOOg +/- 0.05g frozen 20 wei ght of powder were prepared on
dry-ice for extraction. Extraction was perforned at a ratio of 1g frozen

wei ght f o1 f f mvi..Tri s _base: 10Q noM NaCl . EDTA 1
m 0. 2%%$?omﬁs%8'?ﬁépan??%t %épdﬁl\%g'nsswglbyaﬁm %"ﬁ é‘)?f*ﬁd‘"&lﬂ? Pl onds
f ol | owed ibfjitrabon experipaénton at 20' 000 g for 15 mn. Soluble extracts were
kept on ice for analysis. 25 TurboGFP concentration (Ex max: 482nm Em nmax

502 nn) iTablées ahbwacstand@rs dikitionsi sfeTuiioGHR @oaF6E pteifE@FURNEFP, 0N a
Modul ys r%'cro I%‘: é;Sapler Turner Biosystens) in Fluorescence node with
Bl ue ]g)pti YPIRA ?’ 2) Wopiant exteagt (Mock extratfrome by Jgaf sampie infiltratedd 11100

i n extr ackittwA1Pehfyethafdsksist e‘itp\’&“sel'%rﬁaé?ﬁ).i ntriplicate on a black 96-well

pl ate A standard curve was prepared by adding different amounts of TurboGFP

control prafi@ie shova!rdraiysieof Ewe%%s#ﬁ&g'régﬁqtge@mﬁgg%s@ac nGgpted 1,

100 final in extraction buffer (extract f sanple 1nfiltrated
with Al7 eomcentsaipnexinsessed inwg GEP peng franesiweightowittsa ¢osfiderivednteoral t he
sanpl es). gié%)r escence fromthe sanples diluted 1:100 ranged fromO0.4 to
1.3 x 10'%r units in the first experinent and 1.4 to 2.5 x 10'000 units in

the sgcong, g ?@”@g@{%naysw ofthbifréVeh88s 68fldenthe tonlfiths 53234 &h WP

triplicates,
concentration expressed in %TSP (“Total Soluble Protein”) with a confidence

interval of 95%.

Table 8 shows analysis of the differences between the conditions based on ug
GFP / g frozen weight of infiltrated leaves with a confidence interval of 95%.

20 Table 8 shows analysis of the differences between the conditions based on mg
GFP per piant with a confidence interval of 95%.

Table 10 shows analysis of the differences between the conditions based on
GFP concentration in percentage of TSP (“Total Soluble Protein”) concentration
with a confidence interval of 95%.

25 Table 11 shows ANOVA comparing overpressure in optimal conditions and
reference.
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A Standard curve of fluorescence units as a function of TurboGFP
concentration. This curve was obtained by reading fluorescence on a Mdul us
m cr opl atworemd®rss15 ( Turner Bi osystens) in Fl uorescenc@Crmgeoiosi18dl ue
optical kit from 200 pL of standard dilutions of TurboG-P control protein
(rTurbo GFP, Evrogen #FP552) in plant extract (nock extract from N b. |eaf
sanple infiltrated with ALl7 only that does not express TurboG-P) prepared
as indicated in the table. Each dilution was read in triplicates and the
standard error of the mean (SE) cal culated (<0.01 20 x 10' 000 fl uorescence
units, not represented). This standard curve was used to quantify TurboGFP
concent r afakle 12 showsbineaos twitte tindipidaplb 86% fonfidentdi interahledfop! sptimatat er i al

expressin ! P. |l e 9: Total Soluble Protein quantitation Total
sol ubl e p&&-ﬁmoﬁggg'dtrﬁ@%acts was determ ned using the Coomassie-Plus 5
Assay reagent fram Pierce. (#24236) b bsor bance, neasurenent on a

m cr opl a?‘gh?‘ Loga%qmgtdeg@rgﬁ w@ﬁ}er 'é‘@f%f r‘@d&ﬁqﬁ?%H"t%:t ® fg"érqnozdc’i the

ul trapur efolewing EXEmpRsDLSUSH cExaMpies b, t howbieratdkefiblary! htithdd tdtm

m croplate. A standard curve was prepared from seri al clil ut1ons of Bovi ne
Ser umAAl RIAFHCINBYG Present ipvandinn rand are pehijtendedipolimi theccope af theesul t s
wer e consjo&stsh, to be valid 10 when variation coefficient (CV) between
triplicates was below 8% Results A first infiltration experinent was
performed to conpare the efficiency of infiltration by vacuum (50 nbar
absolute) with positive pressure values ranging fromO0.5 bar to 2.5 bar
(Table 3). 15Efficiency of infiltration was first assessed by | ooking at
the distrg 1 f the inoculumover the |leaf area just after

infil trat%%ﬁ.“%esr)l observing the abaxial side of the |eaves, infiltrated
areas appegar as dark green, In plants infiltrated by vacuum al nost 100% of
the area RALA: F&ﬁl\!‘égoﬂa%f efficiency wfi Agro-infilfration by, positiver pressawred usi ng
posi tiQe pressuras campargd te yacoum tos the transfectinivetiNabenthanti@ngat chy

di stribution of inoculumover the |eaf area. Bottom|eaves were | ess

i nfiltratEegampledt Overhil'get@prd using positive pressure values ranging from

2.0 to 2. ar showed a nore uniformdistribution of the inocul um although

infilt ratp|gﬁtsvw§reriﬁﬁltr§§éd0\9ﬁwlaeédé”ct@r§ai isﬂsﬁér?s‘,tiﬁﬁ cbﬁgiétlry&tfﬁim’lré’ BFH?'rino mAl 5

second experiment was perforned using positive pressures ranging
25 bar t dAGLY Harobacieliumastraio capyinge thehganendonr she ofuasesaend proteinl um

i nside t 06 TIT | - 1. t i pgcu in
conbi nat |h§"lnr bg\néi:ﬁ) Fﬁg %‘gfk%d\?g?&gg%&ér@%n%h I 8%1%%'/&@ téﬁg%ng eﬁgp B.be lJigldi tion
of deltSer gruppsedsas obsilemcinggport ed t o enhance efficiency of infiltration and
Agrobacterium nmedi ated transi ent expression in several plant systens. Three
control chudoGFBnis aarinpreesd variant of ithé i greent fubréscent promimtCSpBFwar, with
: o . )
or wit houélor?e‘cp ?‘ré)mTEbégp%dxﬁggtelfﬁvgdp}t):}lnaﬁ r(}’\li:lﬁl'reo'poda; Crustacea; Maxillopoda;
Copepoda) [Shagin DA, et al., GFP-like proteins as ubiquitous metazoan
superfamily: evolution of functional features and structural complexity. Mol Biol
20 Evol. 2004, 21 (5):841-50). It possesses bright green fluorescence
(excitation/emission max = 482/502 nm) that is visible earlier than fluorescence
of other green fluorescent proteins. Turbo GFP is available from Evrogen
(Evrogen Joint Stock Company; Miklukho-Maklaya str, 16/10, 117997, Moscow,

Russia)

25  Expression of TurboGFP in the infiltrated plants was
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5In this second experinent, the plants used had reached a nore advanced
devel opnental stage (stage 10, average 16.5 cm hei ght conpared to only 6.5
cmin thewDizoptoogssper i nent corresponding to a stage 8) WwCTIEPrOIn®6HRPanded

| eaves. Plants were generally better infiltrated than during the first
experinment even at the | owest positive pressure used which was at 1.5 bar.
There may be 10 two main reasons to this: 1) for practical reasons, the
size of the plants made it easier to ensure that all |eaves were fully
imrersed in the inoculumin the overpressure tank and 2) expanded | eaves
may have been nore efficiently infiltrated because of the structure of the
| eaf ti ssu#kregulariyrmositoreddby imagingi oft thecwhblel plantsporcdetbenéd iinfiltrateg t he
spread of i A trend s detected. 15 as jt was first noticed in
the first ﬁ?%ﬁ%# pﬁéﬁ%%é’?@f W“?R”&h&ystwqﬁyiﬁrﬂpé‘s@ﬁ@,dsqytﬁf '?ﬁSY%squni form
and conpl eamdthe infiltration. Plants infiltrated with 3.0 or 3.5 bar
showed a VS)IF’)%/ uni formdistribution of the inoculumthat seenmed conparable

to that of 2hfiuaitified after extgactign iy aymisapiate flyotassancereader. of t he use of
0.010/c Triton-X100 coul d be detected at this stage. 20The phenotype of the
pl ant & diﬁn@ﬂﬂm&!&ﬁ/ aNacuwBubliralion yrss pedormeed iwith at kabdoprowas

noni t ore i of . . Sl " r | I. cont ent
(ot - quaniacfh erserit infhalitimeniohi of JHS0GR o fled BY SLBMOH or o7

col our, iasepumdeelidf walve (Brancdintietér) and @s\er 10aBUdH bulpr (8 enf/hoye) et her
stress-rel i - such as wiltin severe chlorqgsis or necrosis were
obser ved %tsgg?&'ﬂ)lg@hﬁ‘%ﬁw P?m%ﬁrsc%ﬂ@?gi“@ﬁgas ssi on of TurboGFP in
t he pl ant-spressuraidecteastdbnivatriogifheriand 56/miarsbsoli®dif 2pidute®ni t ored during
the ipcubajign phase (from 2 days post infiltration to the day of harvest)
by pI]E)ci g W@thth g fime 2t 30dpRahox under bl ue |ight and observing or

i magi ng thyasf lelief iR EbBOES sbésiist he TurboGFP with an anber filter. Leaf
areas where G-FP is expressed emt green fluorescence. Leaf areas where no

or | ow coryerhty a&wﬁﬁer@t{ g@:n?s Weffe Eiﬁﬂﬂfrﬁf%ﬂegrrf‘%?%afimhrba\{ FHmArGoh Gf Ak ur al

aut of | uorescence from plant tissues. For nfritration conditions, |ow
GFP expr eagfiabpamkdrsa 4| ordyeakes filkedbwith thee basterialBuspensiomfi | trati on and
increased with time in infiltrated | eaves whilst at the sane tine, plants
cont i nued!-2@vemreissireandheeweypressunedsaiup s sbowatint Figurepéx Plands wese not

been jinfi i -show CFP f| uorescence appeared. i,n red, In the
fi rstlsandA Ié%%t)ﬁgs'gégde%&e( R0 RIRERWS £ rt(g% %gﬁ?za@%lf @hlétreﬁp ant s,

i magi ng chrouigbl an Edahds hoider nednnieetdthtes ethé Mop dids iMhecholdet gakitidnf wagences in
GFP 10expr S%@E wer e Vi Z'hbl bet \ABBHB%%PS l nfiltrated in different

condi t i orfi&Y 2 MM dNe SLearanes, e thealighid sudace |apd; theholdelges of
det ached bRt libisedlogdd, thefolowiryf sdtjienes twas! dartié® ol fosttreéﬁﬁérﬁlé"ﬁ?t , 8
very patchy &?rttern of GFP fluorescence was observed fromleaves of plants
i nfiltrat3d AgoRacterum WitbResitvapigsseire (0.5 to 1.5 bars) with a very
weak fluorescence frombottom 15 |eaves. A brighter GFP fluorescence was
obserdfed ¥ r omWithithesmanug) ket valvesr Y2 apd Marclesed theuregulating valve M1 wases of

| ants i ndy ted. | Ltive pressure conditions including the
p ek td fre! il BMprOlselir BRSLIEYE P g

hi ghest ue of experinment using small plants (average

6.5 cm hej ght ly r.0f S ner.al | - 6)_ per pl ant
showed G?P fl)l}lozr g@g‘eﬁg%ﬁg& ![1 Rgéj {gl?l ﬁethgf p*?gskg@s{é%ﬁﬁgégaﬂ%éﬁ@o?ﬁ“ t8Y for
quant i t atmomitorél HrougtatheomanomefseMr ned after total soluble protein
extraction fromfrozen powder obtained fromthe | eaves collected for each
pl ant. Rekul t /2anasstleseds ahdaheaaak trbagltToddie fo GtrAshhericChreasling Bjpow t hat
GFP expression ig Rl ants infiltrated b%_lposi,ti veugressure was significantly
| over?t hARePNG: VS ANG vaRting thersystem thrgugly thesilepgei B even at t he hi ghest
over pressure ed.jin this experinment (2.5 bar). A general trend al so

appear ed:*t he glﬁé@'a%ﬂ@%?%@@@h@*%@édrqm@%heﬁe& the GFP expression in

infiltrated | eaves.
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It was already noted that plants used in the second experinment were at a
nor e advanced devel opnental stage (Stage 10, average 16.5 cm hei ght) and
were gernwoabiyoobstter infiltrated than during the firstcesmpesiioeri8o This
was reflected by the nunber of |eaves effectively expressing TurboG-P and
coll ected for each plant by a higher yield of the TurboGFP per unit of

bi omass whi ch on average was two tinmes higher than the yield obtained in
the first experinment. It is 5 inportant to note that | ess material was
collected fromsyringe-infiltrated plants since only expanded | eaves could

be infiltrated by this method resulting in overall less infiltrated |eaves
than wi t e, etheprapihasn GuABlAdRbherriahInédabhes 8 to 10) indicate
t hat Tur bo expression in plants infiltrated wth an overpressure of 3.0

bar was nogy %bﬁé@ﬁt?a?@@Lﬂgg:%JM E:@ﬁﬁ??ngf é%ﬁiﬁ@% bhag! ansp1 1 8id &{rhjirt;g? ated by

syringe or vacuum (Wt Triton ences in expression in plants
i nfiltrattee geneHopthes BusresventupstaimigrivazFr bend A0 7t (AGLD shainscateyirg not

statistical Ly si.gnifi t. However, . Lani fi tl Ssi on
vas. obserfeaor o oS TR BTy i sifhding ot Bt 4R 1oL ZREE T Ton
X- 100 st 0 stdredianac@hmem theathytad ifilgatwnf | cant but noderate increase (<15%

i ncrease per plant) in 15 TurboGFP accunulation in plants infiltrated by
vacuum The effect of adding 0.01% Triton X-100 in conjunction with a
positive.,gar?%ﬁure at 2.5 bar was not as clear. Table 6. Analysis of the
differenc ? etween the conditions with a confidence interval of 95%

Condi tion Meg DL - . 5230. 440
OP1. 0229. 236:= 8% B S s based on
GFP concent n%Y8RCexpressed in pg GER g ¢ Ly frozen-weightusingleach pairs
student t teHD8R9NMa confidence_inter ViaP26f 959 (lLevels not connected by
the sane | et tGancgriatigryni fi cantly difflé&Pent)
To be diluted in xL of infiltration | 16.7L

LI X K N B R

solution
Infiltration solution composition 5mM MES, 10 mM MgCi2, pH5.6
 Glycerol 1 A81.393 09.08.08 JBE
- Glycerol 2 A17.116.06.08 SRO
Final ODB00 culture 1 3.3
Final OD600 culture 2 3.1
10
Tahle 2
Volume 2x 1L
obsoonm 20
Concentration V 6X
To be diluted in xL of infiltration | 2x 5L
solution
Infittration solution compaosition 5mM MES, 10 mM MgCl2, pH5.6
Glycerol 1 AB1.393 09.09.08 JBE
Glyceral 2 A17.1 24.09.08 SRO
Final OD600 culture 1 A91: 2,27
Final OD600 culture 2 A17:2.25

The concentrated inoculum was diluted to 1x final concentration in infiltration

15 solution (5mM MES, 10 mM MgCl2, pH5.6} at room temperature (~20°C) ~1 hour
before the start of the infiltrations. The 1x final concentration corresponds to a
final ODggonm of 0.3 with a 1:1 ratio of A1 and A17.
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Table 7. Analysis of the differences between the conditions with a
confidence interval of 95% LS Category neansG oups V505. 083A 0P2.03. 213
0P2. 53. 10800PR/®H258740 OP1. 02. 571 OP0. 52. 066 G oupi ng @eCTiRPRO16ABE ON
conditions based on GFP concentration expressed in %SP using each pairs
student t test with a confidence interval of 95% (| evels 5not connected by
the sanme letter are significantly different). Table 8. Analysis of the
di fferences between the conditions with a confidence interval of 95%
Condi tion
For the 2™ experiment, a 1% (v/v) Triton X-100 stock solution was prepared in
infiltration solution and, when specified, added to the inoculum in the infiltration

tank at a 1:100 dilution to reach a final Triton X-100 concentration of 0.01% (v/v).

Example 3: Biomass Production

5 Nicotiana benthamiana accession MIM plants were grown in the greenhouse with
20h light, 26°C/20°C day/night temperature and 70%/50% day/night relative
humidity. Artificial lightening is turned automatically on between 02h00 to 22h00
when natural fight is under 200 W/m2 (20 hours light) with a 15'000 or 20’000 Lux
lighting system giving a PAR of about 100 pmol/m%s. Plants were grown in

10 rockwool blocks (Grodan Delta Grow Blocks size 6.5). Fert-irrigation by sub-
irrigation was applied every 2 days: 25 mm water during 30 minutes. The
fertilization was adjusted to an EC of 2.5 mS/cm and a pH of 5.8.

Example 4: Infiltration Parameters

In an infiltration experiment, six different conditions were compared. The
15 parameters used are reported in table 3.

Table 3
. Target Holding Number of

Order | Condition pregsure [bar] | time [s] replicates Plant #
1 Vacuum 0.05 absolute | 60 6 1-6
2 Overpressure | 1 10 6 7-12
3 Overpressure | 2.5 10 6 13-18
4 Overpressure | 0.5 10 6 19-24
5 Overpressure | 1.5 10 6 25-30
6 Overpressure | 2 10 6 31-36

In a second infiltration experiment, nine different conditions were compared. The
parameters used are reported in table 4.
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Mean G oups V50 w Triton 790151 A V50 723.700 Syringe 649.413

WO 2012/007587 PCT/EP2011/062180
Table 4
. Target Holding | Number of
Order | Condition pressure [bar] | time [s] | replicates Plant #
1 Syringe unknown - 6 1-6
2 Vacuum 0.05 absolute 60 6 7-12
3 Overpressure 2.5 10 6 13-18
4 Overpressure 1.5 10 6 19-24
5 Overpressure 2.0 10 6 25-30
6 Overpressure 3.5 10 6 31-36
7 Overpressure 3.0 10 6 37-42
Overpressure  +
8 10.01% Triton 2.5 10 6 4348
Vacuum + 0.01%
9 Triton 0.05 absolute 60 6 49-54

Plants were weighted immediately before starting the infiltration sequence. At

5 the end of the infiltration, plants were taken out of the chambers and held
upside-down in a “dripping rack”. Weight measurements were taken respectively
2 and 10 minutes after the completion of the venting step. In between these two
measurements plants were again placed upside-down in the rack, while at the
end of the last weighing they were positioned in the recovery area. The

10  difference in weight before and after infiltration may be used as an indicator of
the volume of inoculum infiltrated in the plant.

Example 5: Recovery and Incubation Conditions

Following infiltration, piants were placed on greenhouse benches in the $2
compartment until harvesting. Water and fertilizer were administered to plants

15 when needed using a drip irrigation system. The environmental conditions such
as fertilization, photoperiod and temperature used during the recovery and
incubation phase were the same as used for growing the plants (see above).
There was no dark incubation of plants because it has previously been shown
that does not affect turboGFP expression.
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OP3.0 627.456 C IDOP2.5 w Triton 606.548 C D 0P2.0 601.443 C D 0P3.5

580. 485
WO 2012/007587 PCT/EP2011/062180

Example 6: Setup for Fluorescence Imaging

Transient expression of the turbo GFP was monitored by photographing plants
under blue light 5 or 6 days following infiltration. A Dark reader lamp (HL32T
Hand Lamp, Clare Chemical Research, USA) which emits light within the range

5 of excitation of the turbo GFP (excitation maximum at 482 nm) was used.
Photographs were taken in a dark environment with a digital camera equipped
with an amber filter provided by the lamp manufacturer.

Example 7: Harvesting

Plants were then placed under blue light and all expanded and infilirated leaves
10 showing fluorescence were collected. Leaves at the apex of the main and axillary

shoots showing fiuorescence only at the tip were not harvested. The harvested

leaves were first placed under a plastic sheet for flucrescence imaging. They

were then placed in a zip-bag and transferred to 4°C until harvesting was

completed. All bags were then brought back to the lab and transferred to minus
15 80°C until the leaves were processed for analysis.

Example 8: Fluorescence Quantitation

The content of each bag was ground to a fine powder using the coffee-grinder
/dry-ice method so that one sample corresponds to all infiltrated leaves harvested
from a single plant fully homogenized. Sub-samples of 1.00g +/- 0.05g frozen

20 weight of powder were prepared on dry-ice for extraction. Extraction was
performed at a ratio of 1g frozen weight for 3 mL extraction buffer (50 mM Tris
base; 100 mM NaCl; EDTA 1 mM; 0.2% Triton X-100; pH 7.5) by two steps of
vortexing for 20 seconds followed by centrifugation at 20'000 g for 15 min.
Soluble extracts were kept on ice for analysis.

25  TurboGFP concentration (Ex max: 482nm/Em. max 502 nm) in the extracts was
determined by fluorescence measurement on a Modulus microplate reader
(Turner Biosystems) in Fluorescence mode with Blue optical kit (Ex: 490nm / Em:
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OP2.5 576.924 I D OP1.5 494.170 G ouping of infiltration conditions
based on mcrogram G-P / g frozen weight of infiltrated | eaves using each
pai rs st ustenbizoorasst with a 10 confidence interval of 9Ppea(drevmelos2ismt
connected by the sane letter are significantly different).

510-570nm). Exiracts were diluted 1100 in extraction buffer and 200 pl were
loaded in triplicate on a black 96-well plate. A standard curve was prepared by
adding different amounts of TurboGFP conirol protein (fTurbo GFP, Evrogen
#FP552) to a mock-extract diluted 1:100 final in extraction buffer {extract from
5 N.b. leaf sample infiltrated with A17 only and prepared in the same conditions as
described for the samples). Fluorescence from the samples diluted 1:100 ranged
from 0.4 to 1.3 x 10'000 units in the first experiment and 1.4 to 2.5 x 10°000 unifs
in the second experiment with a variation coefficient (CV) <2% between

triplicates.

i Table b

H
160 pb

200 yl
240 ul
280 pbL
320 pb
360 b
380 pl.
390 ul
400 pl

A Standard curve of fluorescence units as a function of TurboGFP concentration.
This curve was obtained by reading flucrescence on a Modulus microplate reader
15 (Turner Biosystems) in Fluorescence mode with Blue optical kit from 200 ul of
standard dijutions of TurboGFP control protein (rTurbo GFP, Evrogen #FP552) in
plant extract {mock extract from N.b. leaf sample infiltrated with A17 only that
does not express TurboGFP) prepared as indicated in the table. Each dilution
was read in {riplicates and the standard error of the mean (SE) calculated (<0.01

20 x 10000 fluorescence units, not represented). This standard curve was used to
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Table 9. Analysis of the differences between the conditions with a
confidence interval of 95% Conditi onMean Goups V50 w Triton 18.637 A
V5015. 923B0OPB/01387760BC Syri ngel3. 777BC 0P3. 513. 377C OP2T(EP2010981G8) OP2. 5 w
Tritonl3.065CD 0P2.512. 304CD OP1.510. 610D  Gouping of infiltration
conditions based on ng GFP per plant using each pairs student t test with a
confidence interval of 95% (|l evels not connected 5by the sane letter are
significantly different). Table 10. Analysis of the differences between the
conditions with a confidence interval of 95%

quantify TurboGFP concentration in soluble extracts prepared from infiltrated

plant material expressing TurboGFP.

Example 8: Total Soluble Protein quantitation

Total soluble protein in the extracts was determined using the Coomassie-Plus
5 Assay reagent from Pierce (#24236) by absorbance measurement on a

microplate reader at 595 nm. Extracts were diluted 1:10 or 1:20 in ultrapure water

and 10 L were loaded in triplicate on a flat-bottom microplate. A standard curve

was prepared from serial dilutions of Bovine Serum Albumin (BSA) in a

concentration range of 100 to 400 pg/mL. Results were considered to be valid
10 when variation coefficient (CV) between triplicates was below 8%.

Results

A first infiltration experiment was performed to compare the efficiency of
infiltration by vacuum (50 mbar absolute) with positive pressure values ranging
from 0.5 bar to 2.5 bar (Table 3).

15 Efficiency of infiltration was first assessed by looking at the distribution of the
inoculum over the leaf area just after infiltration. VWhen observing the abaxial side
of the leaves, infiltrated areas appear as dark green. In plants infiltrated by
vacuum, almost 100% of the area of all leaves was uniformly infiltrated. Plants
infiltrated using positive pressure ranging from 0.5 to 1.5 bar showed a very

20  patchy distribution of inoculum over the leaf area. Bottom leaves were less
infiltrated. Plants infiltrated using positive pressure values ranging from 2.0 to 2.5
bar showed a more uniform distribution of the inoculum although infiltration was
not as complete as in plants infiltrated by vacuum.

A second experiment was performed using positive pressures ranging from 1.5
25  barto 3.5 bar (table 4) to improve the penetration of the inoculum inside the leaf.
The addition of 0.01% Triton X-100 to the inoculum in combination with 2.5 bar
overpressure condition was also tested. Addition of detergents has been
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Condition Mean G oups V50 w Triton 9.668 A V50

WO 2012/007587 PCT/EP2011/062180

reported to enhance efficiency of infiltration and Agrobacterium-mediated
transient expression in several plant systems. Three control conditions were
used: plants infiltrated by vacuum at 50 mbar, with or without 0.01% Triton X-
100, and by syringe.

5 In this second experiment, the plants used had reached a more advanced
developmental stage (stage 10, average 16.5 cm height compared to only 6.5
¢m in the first experiment corresponding to a stage 8) with more expanded
leaves. Plants were generally better infiltrated than during the first experiment
even at the lowest positive pressure used which was at 1.5 bar. There may be

10 two main reasons to this: 1) for practical reasons, the size of the plants made it
easier to ensure that all leaves were fully immersed in the inoculum in the
overpressure tank and 2) expanded leaves may have been more efficiently
infiltrated because of the structure of the leaf tissues with more void in the
intercellular space facilitating the spread of the inoculum. A trend was detected

15 as it was first noticed in the first experiment wherein the higher the overpressure,
the more uniform and complete the infiltration. Plants infiltrated with 3.0 or 3.5
bar showed a very uniform distribution of the inoculum that seemed comparable
to that of plants infiltrated by vacuum. No clear effect of the use of 0.01% Triton-
X100 could be detected at this stage.

20 The phenotype of the plants during the recovery and incubation phase after
infiltration was monitored. At the time of harvest, a slight decrease in chlorophyll
content (not quantified) was visible in infiltrated leaves, i.e. a paler green colour,
independently of the conditions used for infiltration. No other stress-related signs
such as wilting, severe chlorosis or necrosis were observed in any of the

25 infiltration conditions.

Expression of TurboGFP in the plants co-infiltrated with A91 and A17 was
regularly monitored during the incubation phase (from 2 days post infiltration to
the day of harvest) by placing the plants in a black box under blue light and
observing or imaging the fluorescence from the TurboGFP with an amber filter.
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8.618 Syringe 8.514 OP3.0 7.891 B C

WO 2012/007587 PCT/EP2011/062180

Leaf areas where GFP is expressed emit green fluorescence. Leaf areas where
no or low concentrations of GFP are expressed appear in red due to natural
autofluorescence from plant tissues.

For all infiltration conditions, low GFP expression was already visible at 2 days
5  post-infiltration and increased with time in infiltrated leaves whilst at the same

time, plants continued to develop and newly expanded leaves at the apex that

had not been infiltrated did not show GFP fluorescence and appeared in red. In

the first and second experiment (not shown as due to the size of the plants,

imaging of whole plants was not technically feasible), clear differences in GFP
10 expression were visible between plants infiltrated in different conditions.

These differences may be observed more easily from images of detached leaves
taken on the day of harvest. In the first experiment, a very patchy pattern of GFP
fluorescence was observed from leaves of plants infilirated using the lowest
overpressure (0.5 to 1.5 bars) with a very weak fluorescence from bottom
15 leaves. A brighter GFP fluorescence was observed from leaves of plants
infiltrated by vacuum than from leaves of plants infilirated in any of the positive
pressure conditions including the highest value of 2.5 bar. In this experiment
using small plants (average 6.5 cm height), only a small number of leaves
(generally 4-6) per plant showed GFP fluorescence at the time of harvest and
20  were collected for guantitation.

Quantitation was performed after total soluble protein extraction from frozen
powder obtained from the leaves collected for each plant. Results and statistical
analysis (Tables 6 and 7) clearly show that GFP expression in plants infiltrated
by positive pressure was significantly lower than that in plants infiltrated by

25 vacuum even at the highest overpressure used in this experiment (2.5 bar). A
general trend aiso appeared: the higher the overpressure used the higher the
GFP expression in infiltrated leaves.

It was already noted that plants used in the second experiment were at a more
advanced developmental stage (Stage 10, average 16.5 cm height) and were
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oP2.5 w Triton 7.535 CD O0P2.0 7.214

WO 2012/007587 PCT/EP2011/062180

generally better infiltrated than during the first experiment. This was reflected by
the number of leaves effectively expressing TurboGFP and collected for each
plant by a higher yield of the TurboGFP per unit of biomass which on average
was two times higher than the yield obtained in the first experiment. It is

5  important to note that less material was collected from syringe-infiltrated plants
since only expanded leaves could be infiltrated by this method resulting in
overall less infiltrated leaves than with the other method. Quantitation data
(tables 8 to 10) indicate that TurboGFP expression in plants infiltrated with an
overpressure of 3.0 bar was not significantly different from that in plants

10 infiltrated by syringe or vacuum (without Triton). Differences in expression in
plants infiltrated with pressure values ranging from 2.0 to 3.0 bars were not
statistically significant. However, a significantly lower GFP expression was
observed in plants infiltrated with 1.5 bar. Addition of 0.01% Triton X-100 to the
inoculum lead to a signficant but moderate increase (<15% increase per plant) in

15 TurboGFP accumulation in plants infiltrated by vacuum. The effect of adding
0.01% Triton X-100 in conjunction with a positive pressure at 2.5 bar was not as
clear.

Table 6. Analysis of the differences between the conditions with a
confidence interval of 95%

Condition Mean Groups
V50 435415 A
OP2.5 258.117

OP2.0 250.960

OP1.5 230.440

OP1.0 229.236

OPO0.5 167.226

wwww

C
C
C

20 Grouping of infiltration conditions based on GFP concentration expressed in
ug GFP per g frozen weight using each pairs student t test with a confidence
interval of 95% (levels not connected by the same letter are significantly
different).
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Table 7. Analysis of the differences between the conditions with a
confidence interval of 95%

LS
Category means Groups
V50 5.083 A
0oP2.0 3.213 B
OoP2.5 3.106 B
OP1.5 2.740 B C
OP1.0 2.571 B C
OPQ.5 2.066 C

Grouping of infiltration conditions based on GFP concentration expressed in
%TSP using each pairs student t test with a confidence interval of 95% (levels
not connected by the same letter are significantly different).

Table 8. Analysis of the differences between the conditions with a
confidence interval of 95%

Condition Mean Groups

V50 w Triton 790.751 A

V50 723.700 B

Syringe 649.413 Cc

OP3.0 627.456 C D
OP2.5 w Triton 606.548 cC D
OP2.0 601.443 CcC D
OP3.5 580.485 D
OP2.5 576.924 b
OP1.5 494.170 E

Grouping of infiltration conditions based on microgram GFP / g frozen
weight of infiltrated leaves using each pairs student t test with a
confidence interval of 95% (levels not connected by the same letter are
significantly different).

-53-



OP1.5 5.785 G ouping of infiltration conditions based on GFP
concentration in percentage of TSP concentration using each pairs student t
test wthwe 20®/c3%7i dence i nterval of 95% (| evel s not cecmaEPR@Ed/onse he sane
letter are significantly different). Conclusions Efficiency of

over pressures between 2.0 and 3.0 bars for Agro-infiltration of whole N
bent ham ana pl ants and transi ent expression of reconbi nant Tur boG-P
approaches that of the currently used nethod of vacuuminfiltration 5 when
t he bi omass used has reached the devel opnental stage currently used for
Agro-infiltration (stage 10, 5-6 week-old plants, height of around 15 cm
wel | expanded | eaves and maxi mum one fl ower open). Efficiency of

i nfiltratTailep. Analysissefuthe \diferepres betweennhthe gfonditionst mithi en by vacuum
when Over&fnﬁaéhgeeiﬁté?&aqu@‘sb/ar or |ower were used or when the plants used
for infiltratron were at a ?LOyounger devel opnental stage i.e. stage 8. No
adver se ef f ecConditiber 5 Meani si@rogpsi gns of plant stress of using positive
pressures as YBQhv fstod. D1H8R7 W € observed during recovery and i ncubation
post-infiltraysgn. G vem4gggapossibiligy to use purpose-built equipnent,

overpressure ppadhe 14.760 B C
Syringe 13.777 B C
OP3.5 13.377 C
OoP2.0 13.093 C D
OP2.5 w Triton13.065 C D
OP25 12.304 C D
OP1.5 10.610 D

Grouping of infittration conditions based on mg GFP per plant using each
pairs student t test with a confidence interval of 95% (levels not connected
5 Dby the same letter are significantly different).

Table 10. Analysis of the differences between the conditions with a
confidence interval of 95%

Condition Mean Groups

V50w Triton 9.668 A

V50 8.618 B

Syringe 8.514 B

OP3.0 7.891 B C

OP2.5 w

Triton 7.535 cC D
OP2.0 7.214 C D
OP2.5 6.857 D
OP3.5 6.679 D E
OP1.5 5.785 E

Grouping of infiltration conditions based on GFP concentration in
percentage of TSP concentration using each pairs student t test with a

10 confidence interval of 95% (levels not connected by the same letter are
significantly different).
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15 potential to considerably reduce infiltration cycle tine as the
overpressure brought to the tank by conpressed air and the infiltration
itsel f arwoabro®rss7nst ant aneous (here the positive pres®OTEPMHAI/OABNE ai ned
for 10 sec) whilst a conplete vacuum cycle takes on average 4 to 5 m nutes.
The addition of 0.01%triton to the infiltration solution did not inprove
the 20 efficiency of the infiltration by overpressure at the pressure
tested of 2.5 bar. However, use of this detergent at the sane concentration
during vacuuminfiltration led to a significant increase of the expression

of GFP in infiltrated | eaves. 25 PART B: : Infiltration using positive
pressure with N cotiana tabacum Exanpl e 10: Procedure and nethod A direct
conpar i sdzonglugiensum i nfiltrati on and the nethods of the invention using

positive Eressure was conducted for the three tobacco varieties. In this 5
exper i menEffigiency 20f overpBssursisabetwesina@i0s a08(B.pebarsafoh Agrbdnfitratiaar ioft y) were
germ nate d nder _st ard enhouse condi.tion 24C and, 20 hours
l'i ght. g'pg%aégm nﬁq@%r @?qrﬁﬁngf'@ fF@HSWf hEXRIPEHA ¢ Qfl GEPERINaR es
(Agl11) connmnmﬂmapmagh@sethaftlaqnem&ehttpmaéelmetﬁuﬂ ko GaBulih ipARFatisRt | on
with a su&gressor of silencing %So%{} froma tobacco virus. Vacuum

i nfil frat VORN Mg bipmass jised hagdeashed thedaysiopmental slage gurremlwusadofﬁs (50
mbar, 60 Aefapmﬁ&raheh qs tmm% fegwéenz oft B[fﬁsemelg&sbf bigund’ £5 T

condi tions: Particul ar ctors - ive pressure va ue
[ 1. 5- 4. 5 expgndgddeaves audﬁaaxnmunprowsﬂmwerc;:per@s Rffigienhcye of Jnflittatih ber e

tested wh r i was k t, 1o 1 second to keep

t he total bvquﬁzeteégls’%t 38 tll%‘ge'{]&'?qr}ﬁ% %ﬁ tr%ﬁ{aﬁ%y AeKin WBPMVEFRXEM "BSr vest ed

5 days af ofe1 5i bidri drtlowet weralmeleGEPv&qwtﬁesglannsmbyfbemfmlfmimt\géﬂgv@a( and
uantitativel itatjve estinma of GFP were perforned by

ghot ddr apﬁ‘?"H’@%f H&‘%@B’V@E{%F‘WP '1enF{aBF tion under blue light. Quantitative

anal ysi s P abundance .in |e ves was det ned b quorescence

measur emsﬁ? GPG D9 é’t‘%blﬁe%la’é? 0? TF;]]?We? tresso & Lisings positive

Fl uor esceﬁn@gsmeasmrﬁdh Bét@sqmrlwéﬂe Bbéer(;Ed duﬁﬂﬁﬂ@cbvéwarﬁsl% cubafisd - Leaf
di sks of approxi mately 80 ng were collected wth a holé puncher fromthree
| eaves pekosttinfiiratign,| iy expanded | eaves from positions 1-3, were O

represents the
Given the possibility to use purpose-built equipment, overpressure has the

15  potential to considerably reduce infiltration cycle time as the overpressure
brought to the tank by compressed air and the infiltration itself are almost
instantaneous (here the positive pressure was maintained for 10 sec) whiist a
complete vacuum cycle takes on average 4 to 5 minutes.

The addition of 0.01% triton to the infiltration solution did not improve the

20  efficiency of the infiltration by overpressure at the pressure tested of 2.5 bar.
However, use of this detergent at the same concentration during vacuum
infiltration led to a significant increase of the expression of GFP in infiltrated
leaves.

25
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shoot apical neristem for all the treated plants. Sanples fromthe three

| eaves of a single plant were pooled then ground in a TissueLyser (Q agen)
for 25 appoorivmrsry 2.5 minutes in the presence of 1 nPCOfEPGHR/06¢86 acti on
buffer (50mM Tris, 1mM EDTA, 100nM NaCl, 0.2% Triton X-100, pH 7.5). 10 pL
of the supernatant was diluted 1:20 with the GFP extraction buffer and
fluorescence quantified. GFP concentration was cal cul ated using a standard
curve made with commercial Evrogen tG-P protein. The standard curve was
prepared by adding different anounts of TurboG-FP control protein (Turbo
GFP, Evrogen #FP552) to GFP-free | eaves extracts diluted 1:40 in extraction
buf f er. 1BARTRBsul:insfilfratiopausing positiveapresstvé\ with Nivotianatabatymias
conducted to test the equality 5 of Fluorescence neans and to check if
there is significant evidence of interactions and main effects. No

si gni fi caExampleld@ce of Protedigelansl mektlsed i nt eracti on for an al pha | evel of
0.05 (standard level of risk for type |I error), but significant evidence of
Pr essur e Aditeétudosgarisen of erééuum Snfiltvatiqn anwd the raethoﬂba:ﬁthe?mvenﬁbronémg of
Pressure main effect for ant, 3 was . al so 10

Pl ool ot dRite” prestiyre uaf Sdfiaudied, 16¢ 36, Hirss, Iobecke dEariolsR, 1 £ no

rel evant &lipbfiRieft eetotdll 8n56 tsﬁé'tkdé:l b@ﬁtsa(su 9Bk féaeﬁrtbbacda 9afétyfWerér ence
bet ween the Fl uorescence neans for a pressure of 4.5 bars and a cycle of 8

pul ses. /AgesmifAted Aadvaraws unsiet &taf\dﬁjﬁmﬁ@nml@@r égﬁ@h@l@s nSueaded®s from

vacuum 18wt HBAL A gl e, GRS RRE iR RaToPaBBhghT Blluifey 00 1 "¢
p-val ue dAgl ) mentaming tthe fgreen flacrescent protedn EbﬂmGRRIlrr eerpbmaonaﬂnmea (R2 and
adj ust ed fepre3e? dr B (' rhAChCobScsS ks’ VALl Fhitflivoh 388
10 applied using a commonly used set of conditions (50 mbar, 60 seconds holding
time) and 7 different positive pressure conditions. Particularly, two factors - the
positive pressure values [1.5-4.5 bar] and the number of pressure cycles
(“pulses”) [1-8] were tested while the pressure holding time/pulse was kept to 1

second to keep the total process time to its minimum.

15 Infiltrated piants were harvested 5 days after infiltration and GFP expression
analyzed qualitatively and quantitatively. Qualitative estimations of GFP were
performed by photographing the leaves after infiltration under blue light.
Quantitative analysis of GFP abundance in leaves was determined by
fluorescence measurement on a Modulus microplate reader (Turner Biosystems)

20 in Fluorescence mode with Blue optical kit (Ex: 490nm / Em: 510-570nm). Leaf
disks of approximately 80 mg were collected with a hole puncher from three
leaves per plant (fully expanded leaves from positions 1-3, were O represents the
shoot apical meristem) for all the treated plants. Samples from the three leaves of
a single plant were pooled then ground in a TissuelLyser (Qiagen) for

25 approximately 2.5 minutes in the presence of 1 mL of GFP extraction buffer
(50mM Tris, 1mM EDTA, 100mM NaCl, 0.2% Triton X-100, pH 7.5). 10 pL of the
supernatant was diluted 1:20 with the GFP extraction buffer and fluorescence
quantified. GFP concentration was calculated using a standard curve made with
commercial Evrogen tGFP protein. The standard curve was prepared by adding
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Source DFSSMSF P Pl ant 3 Pressure 1110383411038340.10 0. 754 vs Error
88424395110530494 Reference Total 985347785 S = 3245 R Sq =
1. 29%R- Sowadpi2/007483700% PCT/EP2011/062180

10

15

different amounts of TurboGFP control protein (Turbo GFP, Evrogen #FP552) to
GFP-free leaves extracts diluted 1:40 in extraction buffer.

10.1 Results

A separate two-way ANOVA for each variety was conducted to test the equality
of Fluorescence means and to check if there is significant evidence of
interactions and main effects. No significant evidence of a Pressure*Pulses
interaction for an alpha level of 0.05 (standard level of risk for type | error), but
significant evidence of Pressure and Pulses main effects for plant 1 and piant 2,
and only of Pressure main effect for plant 3. The additive model was also
caiculated, omitting the interaction term from the model, but with no relevant
difference. Plant 1 exhibited a significantly higher difference between the
Fluorescence means for a pressure of 4.5 bars and a cycle of 8 pulses.

A simple ANOVA was used to compare Fluorescence measurements from the
optimal conditions with the reference measurements obtained using the vacuum
method (see Table 11). It is inferred for plant 2 from the p-value and the amount
of variation in the observed response values (R2 and adjusted R2 - see table 10)
that there is statistically significant differences with the reference.

Table 11
Source DF S8 MS F P
Plant 3 Pressure 1 1103834 1103834 0.10 0.754
VS Error 8 84243951 10530494

Reference | Total 9 85347785
S$=3245 R-Sq=1.29% R-Sq(adj)=0.00%

Source DF SS MS F P
Plant 1 Pressure 1 69691378 69691378 1.21 0.308
vs Error 7 403771649 57681664

Reference [ Total 8 473463026
S§$=7595 R-Sq=14.72% R-Sq(adj)=2.54%
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Source DFSSMSF P Plant 1 Pressure 169691378696913781.21 0. 308 vs Error
740377164957681664 Reference Total 8473463026

WO 2012/007587 PCT/EP2011/062180
Source DF SS MS F P
Plant 2 Pressure 1 351389652 351389652 6.74 0.036
VS Error 7 365030615 52147231

Reference | Total 8 716420267
S=7221 R-Sq=49.05% R-Sq(adj)=41.77%

The comparison is investigated further by taking confidence intervals for the
difference between the means with a family error rate is 0.05 to control the rate of
type | error. The intervals for pressures 0.05 (vacuum) and 4.5 (overpressure)

5 both have zero as an end point, indicating that these differences are significant
with overpressure being the best in this specific case.

Table 12

Plant 2 |level Lower Center Upper -——+ + + +-
optimal | 0.05 -21753 -12575 O

conditions | 4 50 0 12575 21753 ()

Vs + + + —t
Reference -12000 0 12000 24000

10  The above observations are confimed by the qualitative GFP quantitation where
it can be visually perceived that higher pressure and increased number of pulses
lead to higher GFP expression.

The 2D contour plots shown in Figure 2, 3 and 4 displayed the predicted
Fluorescence response values, spanned by two factors, in a response contour
15  plot, over the same range as the experiment (i.e. no outer-range predictions).

10.2 Conclusions

The data show significantly higher measurements of Fluorescence for plant 2 at
an overpressure of 4.5 bars and a cycle of 8 pulses, compared to measurements
obtained by using the vacuum method. The three N. tabacum varieties show
20 increasing Fluorescence measurements when increasing the pressure and the
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S = 7595 R Sq = 14. 72%-Sq(adj) = 2.54% WD 2012/ 007587PCT/ EP2011/ 062180
The conparison is investigated further by taking confidence intervals for

t he di ffewenoe/eisdeen the nmeans with a famly error raPeTIER201062180
control the rate of type i error. The intervals for pressures 0.05 (vacuun
and 4.5 (overpressure) 5 both have zero as an end point, indicating that
these differences are significant wth overpressure being the best in this
specific case. Table 12 10 The above observations are confirnmed by the
qualitative GFP quantitation where it can be visually perceived that higher
pressure and i ncreased nunber of pulses |ead to higher GFP expression.

The 2D cqnisms; whicht lead hone 'concFFilsjum eha':l inCreasiflg preésupé anddhé mambee df ct ed

Fl uorescence resegnse val ues 'ﬁﬁ ?j@f\! two factors, in a response contour
15pl ot , AIEPSHRE ﬁﬁﬁa?é{ﬁﬁ@‘@é“ PRt (i.e. no outer-range

predi ctions). 10.2 Conclusions The data show significantly higher

nmeasur enents of Fluorescence for plant 2 at an overpressure of 4.5 bars and
a cycle of 8 pulses, conpared to measurenents obtained by using the vacuum
met hod. The three N. tabacum varieties show 20 increasing Fl uorescence
measur enents when increasing the pressure and the
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pul ses, which |lead to the conclusion that increasing pressure and the
nunmber of pressure cycles can inprove infiltration efficiency. CLAIMS 1. A
met hod f owopprdweisng a het er ol ogous peptide or protein eCTIEPRE1O61180
conprising: 5a) contacting a whole and intact plant, or a part of a whole
and intact plant, with Agrobacteriumcells suspended in a fluid, wherein
the Agrobacteriumcells conprise an expressible construct encoding the

het er ol ogous peptide or protein of interest; b) treating the whole and
intact plant or a part of the whole and intact plant 10and the
Agrobacteriumcells with one or nore pressure cycle(s) whereby the
Agrobacteriumcells infiltrate the whole plant, or the plant part, wherein
at | east @AIMS the pressure cycle(s) conprises an increase in pressure
relative to atnospheric pressure and is nmaintained for a period of between
0.5 seconds and 60 seconds. 15 2. A nethod for infiltrating Agrobacterium
cells into a whole and intact plant, or a part of a whole intact plant
conprising: a) contacting a whole and intact plant, or a part of a whole
and intact Al arethodi fon papducingt er heterolopous speplideded protein f bfuiinterest b)
treatirm;%ﬁﬁhﬁgﬂﬁte plant or a part of the whole and intact plant and the
20Agr obactertum¥ells with one or nore pressure cycle(s), wherein at |east

one ofs the papsentaetimy alwiole and MACISIISNA0r BNE&AR S A WhbI® BAE Shta6t plahet i ve to
at nospheri c géﬁs urg gtgd is maintained for a period of between 0,5 seconds
and 60 secon¥dih Agrebagiedum.eellssuspendsd dma Bid; whergin thay AGEPRACIBTIMEN wher ei n

the expressi by 2SmpRES bh Wsbrdssitile Ebﬁﬁuﬁwﬁﬂ@b%s g’%’ggg Fg%gﬁ?%z or

sel ected to provide transient expression of heterol o
protein of i @f pradein ofintaresthe net hod of any one of the preceding clains,

wherein the gy GagHlCiHeSwhBle Y MEft bfint Br RS040 Sr fe WRLNSHY Rtadt %%%?nds and

60 seconds.
10 and the Agrobacterium cells with one or more pressure cycle(s) whereby the

Agrobacterium cells infiltrate the whole plant, or the plant part,
wherein at least one of the pressure cycle(s) comprises an increase in pressure
relative to atmospheric pressure and is maintained for a period of between
0.5 seconds and 60 seconds.

15 2. A method for infiltrating Agrobacterium cells into a whole and intact plant, or a
part of a whole intact plant comprising:
a) contacting a whole and intact plant, or a part of a whole and intact plant,
with Agrobacterium cells suspended in a fluid;
b) treating the whole plant or a part of the whole and intact plant and the
20 Agrobacterium celis with one or more pressure cycle(s),
wherein at [east one of the pressure cycle(s) comprises an increase in pressure
relative to atmospheric pressure and is maintained for a period of between
0.5 seconds and 60 seconds.

3. The method of any one of the preceding claims, wherein the expressible
25 construct is a plant expressible construct and is selected to provide transient
expression of the heterologous peptide or protein of interest.
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5. The method of any one of the preceding clains, wherein the pressure is
applied to the whole and intact plant or a part of the whole and intact

pl ant, whwbeoR/®aisd pl ant or plant part is in contact WPCH/EPR@1/062180
Agrobacteriunn cells in the bacterial cell suspension. 6. The nethod of
any one of the preceding clains, wherein the suspension of Agrobacterium
cells conprises an 0D600 of at least 1.0. 7. The nethod of any one of the
precedi ng clai ns, wherein the whole plant or 10 the plant part and the
Agrobacteriumcells are treated with one or nore pressure cycle(s) within a
cl osed system particularly a system conprising a chanber configured for
recei vi ngt. aThérohethpd aoft anpone o thet prevetingacldins, nwhereir dhe grgssirelis y

fl t ch .. 8. Th t hod of
cl'ai m 7, TBARG £r8 neroil PoRESA S SIGEP%%SGQEQEH%%&?"Q%e entire 15 plant
body i ncludi d I b d th
i 11 4 ot ofPahe Rl conay ARoot e Riesaning! Galin, WERIa G @resmiyeds cd t o

the presyppfiedRPtHeofh6le dndtin{dee pRAEoPE PERT &F the WO 8nd rith&@(dant, while The
met hod oﬂpﬁal m 7, wherein the ghan‘oer pFgrconfl ur ednsuch tpaart' oni?/ all or

part &f tSqid alant ar plaat partds in pentpetawith the Agmbactasiym gellshin therbacterial i on

medi um 2Q..§Q0 6]? the Argobacteriumcells, but the entire plant
i ncl udi ng the aerla parts as well as the underground parts of the plant is

subj ecteg t n r_. [ [ ycle(s).
The St T MtRoF 37 an GHiELf 6% Siechda cipu RuRigiAhg e mieR e *a

or part dgrobactasumaellp gomprisés am OB0OWf AAleastdlDrerged in the infiltration

medi um contai ning 25 the Argobacteriumcells and exposed to pressure in the

one or m?r eThJe ﬁs&thdﬁd& of aely ene umtheqaecédmg lﬂﬁlmlsgmgmln ?ﬁé ?\\&Io&fh pﬁ@@opl anth
part| t he ant  r oot re.pos I one outside o t he cha er suc
t hat 35%%'1%8? amn@ﬁmowﬁgw qehﬁf Are ragted Wit ane: AT MA5e HTeSSWE ¢ he

Agr obact Ryke(8)CRithin artglosma s?sié Cﬁa?ﬁbméw hes O,wt&ﬁseksrﬁpﬁaﬁglae%hambbng the

one or nore pressure cycle(s any one Of the preceding
cl ai ns, VeBfigirediacreseivingA whpt%\mlan@ Of ﬁ@lamcnaét pn@lr@t means fas agiustablyar t

corrprlseqnég%smé r,e‘ﬁﬁyo y@%egégre%tmcﬁémbsﬁs'[ 3 cycles; or C at least 4

cycl es east
8. The method of claim 7, wherein the chamber is configured such that the entire

15 plant body including its aerial and underground parts is submerged in the
infiltration medium containing the Argobacterium cells and subjected to the
pressure applied during the one or more pressure cycle(s).

9. The method of claim 7, wherein the chamber is configured such that only all
or part of the aerial parts of the plant is submerged in the infiltration medium

20 containing the Argobacterium cells, but the entire plant including the aerial parts
as well as the underground parts of the plant is subjected to the pressure applied
during the one or more pressure cycle(s).

10. The method of claim 7, wherein the chamber is configured such that all or part
of the aerial parts of the plant are submerged in the infiltration medium containing
25 the Argobacterium cells and exposed to pressure in the one or more pressure
cycles, whereas the underground parts of the plant, particularly the plant root, are
positioned outside of the chamber such that they are not submerged in the
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12. The method of any one of the preceding clainms, wherein at | east one of
the 10 pressure cycles conprises treating the whole plant or the plant part
W th a prwe0r2oais7 a) at least 3.5 bar; or b) arCrra&estiidcshsbar; or
c) at least 6.5 bar; or 15d) at least 8 bar; or e) at least 12 bar. 13. The
met hod of any one of the preceding clains, wherein the pressure is applied
for between a) 0.5 seconds/cycle and 10 seconds/cycle; or 20b) 1

second/ cycl e and 5 seconds/cycle; or c¢) 0.5 seconds/cycle and 1
second/cycle. 14. The nethod of any one of the preceding clains, wherein
the step of treating the whole plant or the plant part with a pressure that
i s i ncredsfiation atedicen tcontatining the grolpacterium aell amdi setssbfsttedito tigast 1

cycle, at asglressulre gf.at hI east 8 bar, for at l%?St 0.5 seconds/cycle; or
b) at |eRE§SSHEPRPIRH duingths oneqrmorgipressure ¥ele®)nar . for at | east 0.5
seconds/cycle; or c) at least 8 cycles, at a pressure of at |east 4.5 bar,
for at | gdsThé method df englone dfthe Precatirtid)clairas) ywireirothet 16p BF Geafiig g

cl ai s, erein the st f treating the whole plant or the plant part with
a pr essu\ri\‘té]ewﬁa[‘]a plant gy ﬁé&%@@pﬁﬁl@m ¥€%0 5 atnospheric pressure conprises
at |east 8 gyaf Rast 2eydeprgssure of at least 4.5 bar, for at least 1

second/ cycl e.
b) at least 3 cycles; or

c) atleast 4 cycles; or
d) at least 8 cycles.

12. The method of any one of the preceding claims, wherein at least one of the
10  pressure cycles comprises treating the whole plant or the plant part with a
pressure of
a) atleast 3.5 bar; or
b) atleast 4.5 bar; or
c) atleast 6.5 bar; or
15 d) atleast 8 bar; or
e) atleast 12 bar.

13.The method of any one of the preceding claims, wherein the pressure is
applied for between
a) 0.5 seconds/cycle and 10 seconds/cycle; or
20 b) 1 second/cycle and 5 seconds/cycle; or
c) 0.5 seconds/cycle and 1 second/cycle.

14. The method of any one of the preceding claims, wherein the step of treating
the whole plant or the plant part with a pressure that is increased relative to
atmospheric pressure comprises
25 a) at least 1 cycle, at a pressure of at least 8 bar, for at least
0.5 seconds/cycle; or
b) at least 2 cycles, at a pressure of at least 6 bar, for at least
0.5 seconds/cycle; or
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16. The nmethod of any one of the preceding clains, wherein the step of
contacting the whole plant, or the plant part with Agrobacteriumcells
conpri seswo 2012/00758a) di ppi ng the plant or a part thereofPCirerParismspensi on of
Agrobacteriumcells, 10wherein the suspension conprises an 0D600 of at

| east 2.5, b) exposing the plant or a part thereof to an aerosol generated
by using a suspension of Agrobacteriumcells conprising an 0D600 of at

| east 2.5. 17. The method of any one of the preceding clains, wherein the
steps conprise a) subnerging the plant or a part thereof in a
suspensi on of Agrobacterium 15cells in an encl osed chanber, and b)

appl yi ng licuiatl febst @ pyelesurat aoptdssussyientileastold. SAgsavp ot eati lgastel | s
conpri si ng ihe su nemggd pl ant or part thereof. 18. The nethod of any one
of the precefPfPULPH%s, wherein the plant is a Nicotiana species,
particularly a N cotiana tabacum species, at a devel opnent 20 stage of 8§,

9, or 10,15iee ﬁiethdidlan)@bﬂétcﬁtﬂmp@céding\tﬁiﬁﬁemmﬁth@éteb&if%@%ﬂn?lﬂ@élt 6.5 cm
and about 1?.5 one of the precedi cl ai ns,

19, T t hod, of
wher ei n Ahole t@g'g]tr 95§_[]?e3'39€ﬁ’@50%& ?2n esswrs: that '&n"\cfﬂqS@ﬁsEeq@Wepit%ssur e
rel at sve dhfodhREIRPHRELGrePéSASINeR: atdeasts cyBBs TBE A fediuré Ry aPledsha. Hr ecedi ng

clains, wherein the pressure treatnent cofprising one or nore pressure
cycl e(s) biag, fapp! ieast lweecandigysleahol e and intact plant or a part of the
whol e and intact plant are submerged in the bacterial cell suspension.

21. Th t h ' | & i it f
oi ant s or Col eyt MU PRY of HnyC lonk 6t The "iARbaing, lfls., WhEIdHA me Bl 8h Y, '
f1 ui d andaobtactingtieeiwholepianteontherplart parewithiAgrabacterim edls/coyprises f or

infiltrating Agrobacteriuymbacteria into a whole and,intact .plant or a part
of a whol o DAPPREAEE Bart B Eherf tietenf ncp Sutkemipre St AbBbERsEbTCoHSnt i de or
prot dbn i n whgfein theadudpensios comphiés ah GDEOU &f atfiedst@®| e and intact plant

conpri si ng chanber configured f receiving the whole plant or the plant

or
part, 10 an SXRASING; they Rlang oF &ypard thergpeliia 2B ?rpﬁ@r%’ﬂtﬁdaﬁw UgIRA/®r 1 uid
pressure i ngidiRnSidAE Agrobacterium ¢8R édiﬁ%ﬁé]h_{%fan@@s(m dfat 68T 5.SI Ng a

conpressor and a pressure reducer. 2 e systemof claim 22,

conpri si n% a plurality of inlets, outlets and conduits for providing a
f1uid pat'f- bee medhed afcanyeng oldhe precading:claisns. yhereip the stapscomplisgher ei n t he

flow of fl uhfsismérihy fHeSPlant or a part thereof in a suspension of Agrobacterium
15 cells in an enclosed chamber, and
b) applying liquid fluid pressure to the suspension of Agrobacterium cells
comprising the submerged plant or part thereof.

18.The method of any one of the preceding claims, wherein the plant is a
Nicotiana species, particularly a Nicotiana tabacum species, at a development

20 stage of 8, 9, or 10, wherein the plants have an average height of between about
6.5 cm and about 16.5 cm.

19.The method of any one of the preceding claims, wherein ail the pressure
cycles applied comprise an increase in pressure relative to atmospheric
pressure.

25 20.The method of any of the preceding claims, wherein the pressure treatment
comprising one or more pressure cycle(s) is applied while the whole and intact
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25. The system of any one of clainms 22 or 24, wherein the chanber
conprises, in the interior, a plurality of nozzles that are dinensioned for
at om zi ngworoeenessel i zing a |iquid. 26. The syst em ofCamp2an®611B0 cl ai N6
22 to 25, wherein the chanber is configured 20 such that the entire plant
body including its aerial and underground parts is subnerged in the
infiltration nmedium containing the Argobacteriumcells and subjected to the
pressure applied during the one or nore pressure cycle(s). 27. The
system of any one of clains 22 to 25, wherein the chanber is configured
such that only all or part of the aerial parts of the plant are subnerged
in the 2Filantidrta paitef thedvhole aodtistani pignt ke Sulynbmedeini thenbaetdria) cblit t he
entire p%@ﬁ%enégﬁluding the aerial parts as well as the underground parts
of the pl i ‘ubj ected to the pressure applied during the one or nore
pressure cycle(s). 28. The system of any one of clainms 22 to 25, wherein

t he cham@di The nuethéd ofiaryl onedi thé precedingoclaies, twitdreinhe paralitalof pharits of t he
pl ant are sybner ' | ni

d.inthe infiltratjon 5 nmedium containi.ng the
Ar gobact &7i RIAMB I%'saﬁﬁnt@%s@ﬂht‘%ﬂrﬁb@gﬂw@ ??lgt $Hspghged, in rﬁ)}lﬁ'dp?'é%sure
cycles, WhekaPwith bAe OPARSE presiirdaydies.of the plant, particularly the plant
root, are positioned outside of the chanber such that they are not

subnerged in the infiltration medi um containing the Agrobacteriumcells and

not subj €& BFYsien e ipfilrating Agsehacterivra haciasia;ifto awhale apdristagt plastr e
I : ' \ e [ ses one
of ot o) ShErpaR of iy ShA AL Bl SRl foh o cind  heRIBRARLs BRERNE 30T ng
i nserti o@roproteimdnza whalg @mndojnéadt ngjantaoe d paddofwat whaleaand intaetapkant 30. The
t f ' , ' ' I L. | n.elastic pn tic or
Py aut  Go0Rjoar8 cugBEE Bt Frizkb e WP ERA T S ARETESR: 50 f or
i nf i 110r atanelga Agrapbaohfigirec fopadjasiably intreasinghsil angloafitidosressuredanthgar t
and/ or for B\rboeg.UCi ng a heterol ogous peptide or protein in a whole plant or

a plant 4P

23.The system of claim 22, comprising a compressor and a pressure reducer.

24.The system of claim 22, comprising a plurality of inlets, outlets and conduits
for providing a fluid path between the interior and exterior of the chamber,
15 wherein the flow of fiuid is regulated.

25.The system of any one of claims 22 or 24, wherein the chamber comprises, in
the interior, a plurality of nozzles that are dimensioned for atomizing or
aerosolizing a liquid.

26. The system of any one of claims 22 to 25, wherein the chamber is configured
20 such that the entire plant body including its aerial and underground parts is

submerged in the infiltration medium containing the Argobacterium cells and

subjected to the pressure applied during the one or more pressure cycle(s).

27.The system of any one of claims 22 to 25, wherein the chamber is configured
such that only all or part of the aerial parts of the plant are submerged in the
25 infiltration medium containing the Argobacterium cells, but the entire plant
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including the aerial parts as well as the underground parts of the plant is
subjected to the pressure applied during the one or more pressure cycle(s).

28.The system of any one of claims 22 to 25, wherein the chamber is configured
such that all or part of the aerial parts of the plant are submerged in the infiitration
medium containing the Argobacterium cells and exposed to pressure in the one
or more pressure cycles, whereas the underground parts of the plant, particularly
the plant root, are positioned outside of the chamber such that they are not
submerged in the infiltration medium containing the Agrobacterium cells and not
subjected to the pressure applied during the one or more pressure cycle(s).

29.The system of claim 28, wherein the chamber comprises one or more
openings to allow passage of the aerial parts of the ptant during insertion or
removal, which openings are lined with elastic seals.

30.The system of claim 29, wherein said elastic seal is an elastic pneumatic
or hydraulic seal.

31.Use of a system according any of claims 22 to 30 for infiltrating
Agrobacterium bacteria into a whole plant or a plant part and/or for producing a
heterologous peptide or protein in a whole plant or a plant part.
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