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B T ON The duckweeds are the sole
né%g%e O?Ck%NO%r%oco e8donous famly Lemmaceae. The
five genera and 38 speC| es are all small,
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speci es and are as short as 20- -1- RTA01l/2157782vl
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) Bull. Inst.
cRiegbals @ggﬁsﬁZ&fﬁy?‘iﬁ% Ribgy, i) (1970) Pl ant
Physi olThe gfowkb IhaMe Bkﬂié ducliwsedels idtal fdriBicehbial. culturmg methods.
Pf | anzenphysi ol I ntensive culture
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pockets, one on each side of the 'ﬁrond midvein. The small midvein region is also the

site from which the root originates and the stem arises that connects each frond to its
mother frond. The meristematic pocket is protected by a tissue flap. Fronds bud
alternately from these pockets. Doubling times vary by species and are as short as 20-
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dry wei ght accunul ation ranging from 6-15% of fresh
weight (Tillberg et al. (1979) Physiol. Plant. 46:5;
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obtai ned in each plant cell using plastone
transformati on nethods. The characteristics of the
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an efficient, plant-based systemfor the production of

recqonbi nan of,ei pns. Accordingl h r esen " .
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| NVENTI he present invention provides duckweed

pl ant sMealwida gf presfenmisg theamckpesenore duslareadinare bera

or. het ek ol C ' c el.c
rRBE Frol RS b AR S PAERT TR R
t dadksvcaabaute cultitekymad officaiithy trasfurakd withthnchixpkessien cassette

pl astids and duckweed cel | s contai ni ng these

t FRIHENBIRRENClOHd? FUdenteOf ASISSINARY AEE Of P AURG RO methods
ehadi YR ahh lsashbtlBariBRhbe, Bf €

¢ TRAAE R ol D M BEE B A AT alicHE B barthRh, B

e aectiopogateonp dloppept, itltkestafle iransforesation lofia fluekveed plastid genome

enbodi nts, nore.than on 0 tide of.interest.is
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sequence for a nmaker pol ypepti de useful for 'the

s ehlewspilasts infathy cellsingd timeefothliRvewaibers lof stegrafed prasgenessan be
of . t he .duck d.pl.ant. that are transforne kth the

nep e B S B Pt Mint PRl B b R R B c | de,

any| oplras taracisticp ot hs Td&ckv@ééﬂ@lfmah&ﬁztl&,it &t idegllcAsics tddevelop
| eucopl asts. -3- RTA0L1l/2157782vl 40989/279828The .
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tar . c . . .

aderaizR®, MG B! 85 RRAIE0ATe: MBhol o UIRLRGNR: 1 e

s egusfoetion of duckgveed @lagtidsor e pol ypepti des of interest
where the nucl eoti de sequence is heterol ogous to the
duckweed pl astonme; and a second targeti ng sequence

that is honol ogousg Aﬂﬁp@p@@ﬁgﬁ@@ﬁﬁqﬂghﬁequence. I'n
sone enbodi nents, the nuclelic acid construct conprises

an expiles piesent dorentiod pewiise duekvaed panksyhavingkdastide thiahare

nucl eoti de sequence encodi.ng the polypeptide of L

| reeaeed i Qi RS A TR REEodie el enchy g mucteic acid
C ehstrubis lafid hlthoels hsteIrboRplodhéiAR 8e0¢ FRtshRBtoRAY Budkweed plants.
nucl eoti de sequence that increases the efficiency of

t Heansfoamsd duckoveed plastids andl daskesdiells tontaipaedbeseitransformed
dugyﬁ$ed. ﬂhe(pqggeic acid construct may al so contain

oR&ESET° Ao PTOoAn gTiption term nati on sequences

oper ablysdnmddabbdidehBahs aaikenee pRIACHE PIgstidh éhat are transformed

pol ypeptide of interest. The invention provides
wéftl%@dsetqr@lpgwﬁm@&%d%geq@ﬁ@e&ﬁcwv&a Relyaeriidsgé ipgerest. In

R S A A o e R

t hstsrodogoiut hudeotidelsequenae i Thelonablogots dwleotiie sequpha@shay

contain a coding sequence for a maker polypeptide useful for the selection of
transformed duckweed cells.

The plastids of the duckweed plant that are transformed with the heterologous
nucleotide sequence may be proplastids, amyloplasts, chromoplasts, chloroplasts,

etioplasts or leucoplasts.
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transformati on where the nucleic acid construct is
absorbed to a mcroprojectile and the bonbar dnent
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i ntroduction of the nucleic acid construct into the

Pt oot QB AEHEE I e et O BB Ty o8 PR eorde

CRéqicA®Y @t is aemerIRoudvdl hakkwtel plefibdk Bédignée, at least one
transpl astom ¢ duckweed plant are provided. The

meuploetide segrange crdpding e aforp pelyaFRiidag o bintpresk ey the
t Inﬁc etlcygl e%cgi’%] e?érglog SdLO (ﬁg&gf E(Wé ﬁnﬁém&'&' ﬁ{doﬂta@?%d targeting

trans OFITHIOH I'S asor Cropt o] ec

UREtRIeneOmal it homslcfguﬁéwtotdtaick%ai plastbdi @e@en@b clansineuct
for chloroplast transformation is introduced into at
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tr I%gs 4o fn!k@@ tPthd ﬂﬁé\g@?{%es%%{@{%e Erom ﬁe gb‘lgggi%ﬁg of interest.

S Tn some e the nu
const r fic some ethb@lchmeatssifhb aotlaiol aeldrmnkte:ctssbq okeloogplashat

confesas ect abl.e enotype _to.the d ed tissue

o e o BiAge ok Sulils SEQuapF b hae DEicaty Poie
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wth the sel.ect,abl er - ARTAO01/
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to 23S rRNA region of the Lemma chl oropl ast _.genone
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B EEDRL o (AT Sl RS RSN e
Flt@ﬂgferrﬁatﬁ)hmré the nuoleit aCWCdetnE@R zlﬂfsbﬂiedm d imcraﬂﬁu ectlle and
210, and 234 within the transgene region.
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p%&a@!c LIARAGR0R in}tO b ﬁh’s‘ﬁgl‘g%ﬁglfxg hiOLRR @SB timeias, thbe

Experinmental section Figure 4 4 shows a
s bhtendogans aiueigotain witdree exipiredscd mttv ecihdrpBCTbibroiBes genome.

t he Ex section for detai

DESCR B S R CRF P TRl Biobr Gameidsd. The
f onemchds indMRithe Gtehd &Bdﬂ%ar&ﬁg b MuSldiccRRRERSYI B8RS cABH
play a mpjor role in the biosynthesis of am no acids,

C ﬁfmﬂt@mt foa pblgrqpéhsgtr@gsfomampy th;i(t; ischbsorheditopd wiazepre) jectile under
T
NG T R A —

C lﬂxhtﬁfd@@émtcsmq&as@&b}ﬁhmd b e fissus, anflrbgepbratihgse
pl astids are derived froma undifferenti at ed precur sor

pldngieweed plast fom e duepreeditisane. dnsomne ﬁmag@l@waFSetheﬁ@clew acid

RSHEPTIRNR R e AR PEQUERS Ul g sl phponoe o
p tlenduckektd tnt andithe rm1b1tw¢:dde1seltﬂ ionoptsiatdin 4 seﬂnocmah medium

for 50 tg 10 | 1. Ch ts h h
ggh§ iﬁggansgﬁr@@g?}g ?’é}e%%lhﬁ\s%? L}%&gp i p?eferae\rllt?aﬁ Srlo;no(t)e\gndle survival

of duckweed cells having plastids that are transformed with the selectable marker

sequence.
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termed a plastone. Each chloroplast contains nmultiple
copies, typically 50-100 copies, of the plastone. The
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i ntroduction of foreign transgenes because the

expressi on of st ones
(terned trans p%gﬁgmyggvéﬁ 2@@5@%@% in

conpar iFsiife Welidwd & sunsh@fieBiapom e thell 681to ZBEIRANVA rédion of the
particul ar, because there are nmultiple copies of the

pLawne reloraplashesmonts. oies shaltpeammentalpectign fordetalsopl ast s
can’ o MG ? Sl PAsHSARES Biadiard O 6 EREC i ARRIBBRTOL. Sec

fﬂﬁﬂ%&@?ﬁﬁhﬁ@ﬁmﬁehﬁﬂdﬁuﬂﬁh!S can result in a higher

evel of transgen Xpressjon In co rison wt e.. .
expr es$igHe p ehays @P?‘?%‘EC’% aE%CBrP&H%%%Z 2i4§1 élﬂcg%ii‘ﬁ‘i{t]&‘n the
a -5 . .

2 8%5%;@); _}%g%%e g('f:e b 681?1 Pﬁr&egwg &k ¢oRMim the inte gration of the

se astids are an attractive
t aB@HE1 ftansgyen @itd duedigied ebloropdasts. HeetheBxprriniantad sedtion for
provi.des nethods and conpositions for the
t 9534%-or mat i on of duckweed pl astids. The conpositions

and metiads 4 Qfiow 18 sdHeMBAE 1RPradl 6f tHS 8kptbssidh &eafd&?@@m. See
t he reconbi nant protein production capacity of the

d tiekBepedmsnpt espticndorgdegtilsm  The conpositions of the
i nvention include transfornmed duckweed pl astids and
transpl astom ¢ duckweed cells and plants, as well as

nucl ei ¢ aci d PENAIIED DESCRIPTION OF THaTSVENTIGN
duckweed gl astids. The invention also provides nethods

for i nPlastdeiagranellesonwt & Mt epldy Bairasyimue Peypsaehesis and
RIS TRERSITGR fe SUERIERS: & A5h0Waas BRI RIRRLAANS, fary

beatidyy. anDigrmdrits. Olisere Alvgct@iltppesef diféssitrued wiant plastids including
"production” refer tq the biosynthesi g of ?é geng

prABiRplasts, ppmeplagtss Heoroplasis EF?FQW% And fqugerlpsis-j H of theae

a . n [1] B
“SPRIB e R Al Bl PO s opipi

c ihleroplasts ks thie mostemnmaenplhstids, gelreee theaitd o8 phatpsmitesis in the

ol b cragh pbologym Bt uitfaet eot B3 miile Alotoplasts, typically for
9i50881 0-péraRRN ChoroplastihMR theik owHlgBhciRdl ladbirchlar DRSS Hoecule

. perpusilla, L. tenera, L. trisulca, L. turionifera,
L terwstl diplastome. Brshieblospplag dentaing Siuliiple eppreditgpically 50-100

S.polyrrhiza). genus Wl ffia (Wa. angusta, Wa.

arCB F%&fﬂkﬁé’@%ﬂ’g‘f-r alina, Wa.borealis, Wa.

brasi | iTaeplat pMétonediat BEdoaitoa tabiet foltiRig@bauction of foreign
Wa. gl obosa, WA. microscopi ca, Wa. negl ecta) genus

Wlapsesnessbeequse theerpaession\nf 2 tigsaene foay ansigrmgr alasiomes (termed
A ey il oy Ul oo LR, Ponech R B¢ plon

Amyiclei. Hampagenkir cbeotiuss piete e nofltiplertopies aftheiplastdnsyin each

exjst, are al sp, aspects, of .the present invention.

L@JPrlﬁéoPé?ﬁé araitinle Heoroplestsi pach el THgh PHEOEA R fsreted

Bglltag%nzr %%)'f %galll?éﬂ ih@8ctEbla cell (&R0 Plastn BIRFrfation methods.
This can result in a higher level of transgene expression in comparison with the

expression level of the same transgene integrated into a plant nuclear genome.
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The term "duckweed nodul e" as used herein refers to
duckweed tissue conprising duckweed cells where at
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90% 95% or 100% of the cells are differentiated
cel I's. i i at cel |l in.is.
ceI I wi eﬁal%? p{la%? F %(ﬁs ?Q e%tck)r %Vue?gréﬁgf?g ?ertllgs glgeéc‘nn%, the

?r@ent iBvehitioh Ipf&vﬁcﬂéé&néméds 2@ cPMPbHPYnsTor theeragxiprasionT
of a marker nucleic acid or protein) that

d idgelvpdindastgs.j The ?Qﬁ?ﬁ%ﬁ&nﬁ ﬁ@} withods afithe apveation ageugefl in
R e A S A R T

negiita. db bomnposi‘e&mrofblmjlnhﬁrtmnnndluximnralsformed dachovodet plastids
surface i nt erconn d cells fuseqd at t

adPaLanP ?%amwﬂaﬂf%ee e Crlete oS ek st woaé‘«gqmn@%ucts
Or.9&] &2 tr'aﬂét@nﬁlhg @chﬁﬁée[{%‘ié@,tl&'sm BiRAhV &l aldd éﬁb‘ﬂﬁ&%ethods for
the tissue urface the tissue of the nodule

c imhttadueingase epindes heérobeblisnpdsvtide sequenesaghtoat duekwedda

pl asmade ta. "perably |inked' as used herein.i

P P SiRaite o s oo the el b Fubiie 8 URsPprgingletai
nyeloeot i de sequences that are placed in a functional
relationship with each other. Cenerally, operably

l'inked DNA sequences are contiguous and, where
ngessary to join two protein coding regions, in

rea%i anme. For exanple, an expression control

sequ S Nq&eit&ns ﬁ@i}ﬁbéslbéﬂ" ioR ;qﬁddﬁcmloa" fﬁfﬁﬂh 16 alid %@sﬁﬁﬁﬁﬂ@ﬁﬁ'a gene
enco |ng a E %@eptl e of interest en the expression

c HHdus tjagsqEipéipR, timslatien ang gssemblnelihe gereproduct.
t ) e
@e%%r?“?é‘%lﬂ"%éd BBl th BnlioR) i REviRROUENE R P JARC Ay
t angettlyny dmnd:ddemtd fike soagtaend 88 |spean¢sejfaiublyw&:adrds dollldves: gbnus
epres on cassette enit,vés |t|on<=stchthat it
mpd S ASTHEOHES b TR} otgiget- § {-dagpnica, L.

t%{zﬂ&ﬁ LIRNRITRIS SAYSRRER:, BUSH RS, 1L Wo1eRX B! 83URNL. turionifera, L.
cassefte is transferred to {)he t'ar get genone séquence.

Avaldoliewt)i ghaus Spinedede(S irdermiedid, Nepdywhiog gsnsdVelffia (Wa.

S T A e

I @6hupibeIHa, Waa§lb al m%rz%usa hWhtmidﬂ&s%Gﬁz%& EFa. ;légzecm) genus
Pl astids The duckweed astids to be transforned

t Weolfel @it CfiWéhquﬁenﬂatﬂa% Wﬂrgiﬁdlaﬁy Wehkaling pll. dme‘ulam WI.
f t at
e Pollle SRS U Pt R LR PR R Py Any

uict bateends speids pf D@hméaedisf th@f‘@/}dlﬂpiraalss ,aspects of the present
chromppl asts, chl oropl asts, et i opl asts, an
| SUEBRIM shariaipgeies ean hegipssificd vpingithe @wog@ﬁ geheme described by

t @8, 7308 yt igpdi vi dual pl astids
conpri s:( b%sgyg mtl-fr%aggkagl%ézbﬁzrlrg?t typically 50 to 100
pl ast offibs tqnmr"dpbla»setelddlodﬁ]eaas mediletdﬁatefm}o teckweed tissue

transf.ar d el c, ac

t
| hOuRTA dageel ol et 571585 Pl 30T et T PUra Bloss70%. 75%,
alsd%r 859:PO@NL 9P At 19080 thateiRaYE dipRRMbIa RSO rm&llfferenuated

a het er ol ogous nucl eotide sequence are referred
t gelbé as used herein, is a cell with at least one phenotypic characteristic (e.g., a
distinctive cell morphology or the expression of a marker nucleic acid or protein) that
distinguishes it from undifferentiated cells or from cells found in other tissue types.
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"transplastomc."” In sone enbodi nents, all of the
pl astones of a transplastomc plastid are

weoeubwstias4dal |y identical, i.e. they all contai RCThS2004/021106
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codi ng region of the -7- RTA01/2157782vI

ortat Qi 57 el O3 P SR G e g st

s SEHOB IR fa6¢ 0 Plntdr@ABECtEN O lm@ﬁ a@ théireMpicesiTe Watlebitiohodules
sequence to pronote expression of the coding

s dlpti davebegugie Arganiaa §pP dond prisopdiney scaéerecathamtgépwsth@ﬁ@ﬁue
I

pﬁ?}%f gxifg%nrﬁ%ﬁé‘h{ég?n Bfé&x'é n]Blrl]lﬂg tgl%fg&e #§£ (gpla%%i Equ cbfin@Pto each

t roﬂmispiaqﬁhmmdesrphtast ids are stably transforned with a

het er ol ogous_ nucl eoti de guence, Stable .

t r ansf o%%ﬁ‘iagb’ Héqed'é%l&?@ﬂ%@r@al ig[ralrgnge fasnushiohide frmanges gefers to
helffiplk '%geﬂéau&ws% &%&b@ﬁ?&g @Ec?m:jasﬁﬂ%&féi fé?e{tﬁm%ﬁ twifh each
peri o of tiIne, n (¢}

catin et er ol ogous
nwitiee.dbemdeal se qperaldy linked ENaX segdertrgs aﬂaeophgmsmd where
Met hods of . det ecti nq %qgorrbl nat i on ﬁnovvn [ P
t RECSSFATY SniPIR XY Brglein ¢ n%’&?&l?ﬁ?ﬁe‘n I A Fefpe, an

USkPBsd6:088 8ol BRfuet@ns Q}%r%l? 1hR&d et lﬁfc@oﬁ%’ uence encoding a
nucl eoti de sequence, or anplification of the transgene

y)olg(pspu@ ofphtgrest ‘dhqrr tha gﬂu‘pmn eomirobsaquense is position such that it
VR e HRIREMYTRRE Rilbally Soledfs BLSREY cperotypeptice of
0 Eﬁt&ﬂe@t@%aﬁoﬂlémfr@lmﬁarg&m@ ﬂd@le@u@é ﬁhbﬂce is operably linked to an
transformati on vector conprisin nucl eoti de sequence
e FERERSIRN easpriteyaptit @ositionss we éhat tear scaeding homalogaysly
exnhe [
AL AR R AR R oA
niGhsfotredi® tﬁecangencgen@ﬁemdlmgcet he pol ypeptide of
i nterest. I n sonme enbodi nents of the inyention,

nucl ei ¢* BYSlePtidESERUGNes At 1p ehgtrrolasaue ip qiweﬁmlastome as used
dyckneREPLAS Bﬁﬁecﬁfa@ts@dg%ﬁcé 12t i9 ot Mtve ¥ ﬂfeeréﬁblgﬂt plastome into
cassettes, each of encodes at |east one
p@ﬂy@E@und§Mm$ interest. The expression contro

sequence may conprise one or nore pronoter sequences,

one or nore enhancer sequences, or both pronoter and
emhanci,sggguences. The expressi on control sequence

may be native to or foreign to the nucleotide sequence

of i nt dihegvckvByed phastilyto be transfosmpd inethd esettanventien may be from

AR 3P RS SRS R RGO ISR s o

| dheltvest plastids Wat shay B @sddenclngs uld fiedentifedProplaktidd, 8myloplasts,
i nt ended that the expression control sequence is not

o§BiogmIasts; pkawplastst ?f@PPf?&ESL it legeopdastfuence encodi ng
the polpypal éﬂ?}% %fe thd 8\{/1? éndnﬂeé@e eh g é)trléé&)?ndﬁg Wﬂxvndwﬂual

Expression con sequen Ive

o ipipatid sseongrisk tmn?tqais ptdsﬁbynﬁ,rlﬁosi aﬁﬁgdl@kfm‘ to[100 :ﬁillistdﬁgss per plastid.
nscription of a S ence in a duckwee asti - 8-
?P?féﬁraf@m bezt(%ls ?@@f@%ﬁbﬂ%@cl%m%cahof&%vwwn are

P E‘éigi‘i’&?fosas"%ﬂigiﬁ'plﬁwmc%r”ean@%cdn'em P1880th& thhfBive been

pronoter from
transformed with a heterologous nucleotide sequence are referred to as
“transplastomic.” In some embodiments, all of the plastomes of a transplastomic
plastid are substantially identical, i.e. they all contain the coding region of the
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t he psbA gene, the rbcL gene, or the atpB rRNA, as
well as rRNA pronoters such as the 16S r RNA pronoter

weeosmidd3f rom t obacco. See, Boyton et al. (1988Y)/US2004/021106
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Nat ure 240:1534-1538; Daniell et al. (1990) Proc.

Netdnsfofi@ath nuekeh clleand | i '
(1998) S %#y%@?eﬁ%za%ﬁ § E@B@?dogﬁm%& ficigied ppression
hesoairpl seeancporat dstiopongf ef ey eapicssidheintrob sdguedeyto promote

I mot.ers al so ,include, but are not |limted
CASPRLEEY B BTN EE Sodtenics Al iSispligfonttt Sismads, pahpels gna
Aqilstss Resain®s 32plaARE Oire ZEANSHS a5 ChoRbe iy
76: 7600- 7703° K Shbors oo Al (19352?01%131%?@%%%?%3
Res. 1004985 embodiments) thetiransplastomic pdatills Rleatublybirasformed with

Bi 39: 54 - BowdQi nd ua .(1989), Ml . o
cieterdingisthricb B S ERE R ot o L phisiv e plastid i
Achaiwn Sdhen BsAeBEo18pR G- RDROdARIuSHRLS atebtiBL bed A i
Pr.o(g. Nat}e. aﬁcad. %éc)l% USA 91Q: féH]d.lg 17?_ herein 8 dpkt8idbe time,
i ARBFaTeRdbal dhs hrterplorpusaimciqolidly saspencstis rassined by the plastome.
EXRERSR T : i.nyentjon, . al so

be gener at S%ggﬁf I%E%%ﬁ%?ﬁ%ﬁ%‘% t“ge?:lh]}ﬁ’?)%él% erallb@l%d{qﬁége’ for

s prathplei Soutiam snal Beeusifpprobustipl can INEBI thAG 6@ s nucleotide
NLSJe ers. AJ2716 77. ang ABA27667g, herei n i ncor por at ed

byt 61 e 8h¥P 1%?5P’é§ thsirapsgene 8y Ps&quences may be

chosen to give a desired | evel of regulation. For

exanple, in sonme instances, it nmay be advantageous to

uSe exBifaé&@iTtﬂmS%)mam@iVs@qmences that are activated in
response to eci.fic environnental stinmuli (e.g., heat
shock S'ene gggrﬁ%ﬁl(g}é?ssg}/eﬁught-i nduci bl e gene

pr oDt Aksord p@tie G@GRERAUEY R NIRAR FRHRIRLEWeed plastids may be
wound- i nduci bl e %ene ronoters, and

| PRRIEY BY Ransiormeation avifenplagidinsérsption vetarongprisingia

r I s from.genes induced. by )
D Sl o B RS i ey e cxpression
acisshite. Ae ceprasgidrecaseXiecemBIios MARbFeaios ESHIRN S&ReRle Sberably
g edv\,h se eggr,&s& on is regulated by light may be
uﬁ‘rélif {'Q thedrrelsptifls spapence gnsesdiegithe pphpseiidsrnf iEkta| o somb
SeEhoERRRS ofF el : : Ll bi ndi ng. .
protein ggﬁggﬁ 1%‘%21?@?,;9{19%&%%%?@’8%?@ ég(oiel EO&”(C%Q‘?‘? the
Plushweethplgstil conledits b or 483 eapressiin @BREEE c8th & which encodes at
(1%%?%)1 Pl.ant a 20?: %04- 14; herein incorporated by
roF e SHRYYPPUARRF IRt rety. Orher induci bl e promoters
may al B rdd§ies chitrdl 3 ' { for
ol o LR chledl R BISESY G AR nS P g
i S5 HHIS 8T aner wyrerahanosnesguimces e betit prorioyer afid eshapadrent

[ m for _induci ng the expression of a
CRRELACTIR ROl Rabehctniucs BiBieno pb orae o the
netlotddesaneics@s idtéass By ke, t 16s ﬁﬁ%'d@(? 2 th %ﬁpl%gsg&{ control
with a sequence_encoding a viral RNA pol ynerase under

tSRAUREs IS aperally lgxk.eg to ﬁ;pmg]/egt_i@ﬁ?sm_ﬁmce encoding the polypeptide of
4RRRYY 1%751%3@%3? %Elll(;nlilé : I‘:‘? “ reoilg@,ﬂ Lé{cilfj fbnlé%{ géa%?h{ee[ﬁ’xggs]gon control

i ntroduci ng ansgene’ i,n

[sequence istmot epdritdy linkabigeReniSeddide bafledcd didk@He HR: Blvoent:
%rfoqot er. Speﬁ fic for the viral Rl\i%mpol ymer as%. Txﬁ)eypepude
expresdihA oI WReSHOHSt i d transgene can then be

i nducespRysibR eI Sedulfed | the viral R

pol yrrergse gene | n_et: e Chu)éIPJ us ggg?(ﬁlém%ﬁaélﬁto?gamsm 'S\(I’Along as
they are capable of promoting transcription of a sequence in a duckweed plastid.
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O her pronoters that direct transcription in duckweed
pl astids nmay be identified by techniques known in the

wanbes/obsm3 exanpl e, the candi date pronopter sequeaTAISE@Y/021106
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be inserted next to a marker sequence that |acks an

essi 0 0 se nce d.this expres
bt Sh b asha RS Folr. hlpS ol IbGRT kS dpromoter from
plﬂ@eﬁssﬂbs& gehBahé ﬁ)e@ %eﬁé RS 8B IHRNAQfas tRE aﬁfﬁ{NArpromoters such as
sequence may then be used to deternine the stren

© R OO rormocpRecueR ABETTopRase! e DNBtaRotis GASSS) Naure

b E Y SWERIA N Y el g S Gl T
i 1Sgiratghe ef cf10(r1993)awphzephytgm 1UF61405- 11D9;tallpifeviictomre hefesn

inserted into the expression cassette in tandem and
t FecorRpuated B T‘?fﬁre@?ﬁﬂaﬁb‘@l? erfBefie HEERPIAEY PIOEI0EH AR diclle, but are

Ca8PRhkted 1o T%s?é&%ﬁﬁéﬂ A ARG L &, {;@% m]\fﬁ i %%{&9&& 9:3251-
transcri p ron termnati on sequence sult e
t 82l Fatravoski segUERER) KnTeM9-7703t Kecbhets etraly (82udadeicnicids Res.

" ARG ot oo T Mo M 288 00 Sl Bowdhin and

i @h‘hhﬁ%@? M@ZQG@;E‘ GaBY. 24S: 2@@1214V§vaw ett*&l gb@o‘j‘%"b@?\tdtﬂﬁcad Sci.
sequence of interest, or ma derived from anot her

s GUHACE]: 8 126e¥30nmyd $vahresd Mtﬂtgadl@ﬁﬁé Piroa Aditlor cark dae bESE50:913-

i ncl ude the sbA.t erm . na sequence.and t he

{ A7 B BB R e T A D RGP st el sl seauences of
S @R D& RN \hdy alélﬁbe%&iiéfa%ﬂltb}l RcdiBiagnt3&dhhl@ds bﬂ)}t &t8er synthetic
art. The expression cassette may contain hore than one

c otfiangy Seselns qsemplgr JeBé doeession ¥t iAJR 76Mt/and B A276676,
i ments, each nucleic acid
gclla%%énce %Lﬁte%b%yg%g%%gl y |i nked to one or nore

expr es Expressiomtdritol S@EeRILS BfaycRtthbscrts givept de@i’]‘ted level of
term nati on sequ?nces Alternatjvely, nmultip
e XPENENo AL G ¢, SORG NSENETSelf ey pe aﬁﬁ@%&%@ foguse expression

t BRI ALARhE QA G Qivhidh! 1‘?1%5#%139 LRLIR eﬁ@u@rﬁgérﬁﬁ%‘uﬁ{ﬁh

cassette conprising a nuc eoti de uence encodi ng a
p&. g pbeEt skkekgfene ptoarctss,. dra'lh’@lt-pnmmﬂné@ péndeprahoterst pathsgen-

nag%/(ﬁlﬁlr@eng %I%I'c' gt%télr gﬁum{) dHflg}aefr%:ngH}oT‘r?o%erls nandqlg?l%ark-mducible
by eﬁélﬁeﬁl%fe@%ro%la@kagl%wtﬁr@hw@&g ek dﬁ%ﬁmtér@hloﬁpéén@ﬁnqﬁ@ed by

protein protern, angiostatin,
elabsctﬁsmwldetaumns gmMHmymcbglh’a@pkhph@g@g E@d ema,mple expression
lating asm n

st
2oy SrbBoss 2 ey MR G ERAEP i TRa el B HeLipishe used t
Cybiitsi @R -refHIBQEPEQSssidhy rmcram 86 O 8@, gen b fBludy 8STI dies,
pl ant -10- RTAO1/ 2157782v| 40989/ 279828pol ypept i des
péb]PFQP@é’H AdR inging prokdib aeAes. Saeador eremnte, Shithasetwht(1997) Plant
i @Y
oo UiEnt 4T LS £ KA BRGY R, & o ATHo G R J0R204-14 herein
dmdomaiecpbﬁse‘faﬂﬁcdmtmmm@ayed such that multinmeric
proteins (e. nonocl onal anti bodi es, henogl obin
p450 ogﬁﬂa%%gm%%m@mqt%{gwy alsadperused 1n; tk%yrea% favention. See, for
I
D e e R R e e AP By rferpne inits
usetsrea/ chiiopaspit dsscribesaim ssfsmmﬁ:trlmducwh@ exmossicai ofiartigansgene
al | of tlde suhuni.t s

%teg w1t%?r$ 'g (pjfagtgd genome. Trh pnses transforming the nuclei of
the plant with a sequence encoding a viral RNA polymerase under the control of a
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During et al. (1990) Plant M. Biol. 15:281 and van
Engelen et al. (1994) Plant Mdl. Biol. 26:1701. This

woeaismnsd4s t hen i ntroduced i nto duckweed pl ast BAEAIS2004/021106
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usi ng the nethods descri bed el sewhere herein. This

R T R N TR

aphafwierd the teidgeh&Brdperaplydirkied to 4 Prodoorer speaﬁa merehe virdl RNA
may be desirable to produce | ess than al/l

s pdlyrierase.oThe exrpssioneitlee plagiddranssee cay Qﬁnieéﬁm’grﬁ% by inducing
D R s R SRR R, 0 .

cheni c@ithgphesesssshardikortrasaipionatin duckweed apstids may be
vacci natjon rposes. I.n sone nbodi

t F@?ﬁ@ﬁ%ﬁ %ﬁepﬁwqwé@swnﬂﬂ &h%?a% OF FXR Eﬁng @ﬂ% P@Ffi @%%B@m%ef

¢ 9 g po?{/ﬂéjﬁ'lgi&%td t RSN IeS ﬂ@&g 'tw 1RKkS &h @?ﬂr@ﬁ ¢ control

pept at can for the selection
ofsequemwafndrthls dxpresdicen azassatﬂemfethen h;husk:é to rehsfprmps dudeveed

e th onferrin ntihiotic resjst nc as
WG TRORES it SRp et Rotradtel eebEhaY BREPHuf o
C ARRAKRE $he JHRhBIh G dR Fr8Hlofd A dgaaﬁ@dmaaamthmdﬁ
for a nodified target protein insensitive to the

harcsasingshoeffitisnciaaf eansqniptioninfte nyelgpdressqpencd arolionreis the

EEEI Eg%@?ﬁhgﬁs {n?]ft&g%opl oy Ig%l%{l%&f?uﬁ@g%%r&ot@ﬁqnserted into
I tHeld3BEssibh 8idsctiyithrtlem £l thOdddiffsrosMendbndl sequtB9 Yo the

Bi oTechnol ogy 8:833; Gordon-Kammet al. (1990) Pl ant
CéKH’TG@QSU@SS@Fiéf exanpl e, resistance to gl yphosphate or

sul fon &?eréagéegtg ‘?ndlg/aa? sPRE0dORLAC Ao 86D &Fuences.
codi ng Re mutant enzymes,
5 %mmhpgmel wyﬂns’rmnbn emuenaylphmph aheearsmay hassed(ikRSRBJance with

an}gﬁﬁgqeeh‘g{ngg%%tpg %Qx@%ﬁ@%&éﬁp play :qzltag\r)ec v%ltﬁ gt)he transcriptional
1rﬁf1£’ticﬁ1me bR ptﬁ%mﬁé(ﬂé’tﬁ)%tvﬁﬁﬁth@ Zufret)dRY&nBEBnARERI d188hy be

usi ng bBactertial genes encodi ng phosph|nothr|C|n
ademyddtﬁcan shethaseprca. ﬁXbmplaaﬁEansgnp’raorP_tennmatlon sequences include

d| chI ohenox acet at e Q0X nase,..which detoxify .
ReBATSRTA AN T ARL ey BTN Rl Ssiverce Dltisadyjpebte

' '?éfﬁﬁ‘ﬁdu@ﬁ sed’(ﬁﬁ&%rwﬁ%lé@ﬁ@l@ﬁt tb figdst dieillediH thakg, not

limted to, nucleotide sequences encodi ng

ani nogIT @@spra@slcgl cagefila y qonaﬂsméreatb@n one|coding sequence targeted

R-HLAI(\%{ B 016 %ﬁ@ §je Igr gcglég K%[S%% Ko d&g&ﬁ Egg%&m&{&ﬁ sequence

Ol b oﬁérZMy Iingedyecone g hasp bopredsial @nasbsegher(des adlcbty‘altsbnptlon
al. (1986) CRC Critical Reviews in Plant Science 4:1)
n &myRdtian BRSPSt Feiestabivayempliiple @gpawawp&éssr%g?%ﬁra%éé%pmwded

(Mai er %ia@ﬁ& trfhsf &Jn}(an%ill Sdidr @h&gﬂy B&ithins @‘f %g%rgsgfbn s Rtte

88: 425 aspartate kinase; rodi plco
Symﬂnbasmg ) Baclleobaie setjuencd 99(3))(11@ aaﬁ'cémirﬁpuﬂ@ gﬁ/mlﬁtes't 1%he

bar gﬁg&%&o}—’gqﬁleregttfg&ye 199 f&r?%?/ %l{oo 1501%’1101’111one,
2%&%%&;%?&% 231%&1‘@&91‘1 Ldhu eﬁbrosfd&@ E)gh%o%ﬁldml retifbfhstoma

onycin p osphot ransfera NEG, Sout hern et

alprotéih9BP) prdteirylahgiofpii, lepEan eryllirGRidtin, lgyeguimeyeimacrophage
hosphot.r sf erase (HPT or HYG Shi al 1986

h ORga R RnG Factes, HlpFiosss HyupapA r e, GegbEn entigen

( Bl FWRKESImSts, c{bRBGY, rEsePfors, Nafdan vASRSbs, MfiMal vaccines, plant
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USA 83:4552); phosphi nothricin acetyltransferase
(DeBl ock et al. (1987) EMBO J. 6:2513);

wa 2805¢hosdaB or opr opi oni ¢ aci d dehal ogenase PCT/US2004/021106
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(Buchanan-Wl | atron et al. (1989) J. Cell. Biochem

I T e

Mekpre€sion ot%&@hmcﬂ&i papeptide-of Iilﬂbnaytr uvyI shi kl mat e-

223832 tgonﬁ Q@W&S:ﬁﬁﬁ égecg’(%pgﬁ%ls %%glgg@tﬂgg%ﬁrthaét
allﬁul‘u Eﬁ ﬂo’[&%?yo o&cfcﬁﬁpﬁﬁgﬁb&g§ h@g@giﬁ%[n el s@bxidase, and

92: 1220 I’hydr Opt er oat e
s ynﬂma,ean(d.%hé like)Goeprodesed. @neaixemphePgipréichrfor protlucing

Cbpsitalirebhb et tactpiot s o5 il Hees wAtrpBR daSformation

1858 o oo ngasup gt i et

N@unn@@hal Ge%?é) Plap1 Mop@ioR 08281 eid vanaligedani at of. (1994) Plant Mol.
| | |
ot Sl ks P b et AR 3 e e e

3Ot ,deMﬂbb@ Els@khetb herelk IMhis Mol rddalts icB16hal duckweed cell or

16; 807) ygronyci nw(V\aI dron et al. (1985) Plant Ml .
Bibknt hgesfb@ -expigp§ #lhef the polypegiles ppogptarysio) aspreble t®: mpulgimeric

SPRUBR ol pRET A T o htys 3 Bioghts B0k ot psubumics

Eb?f e hdilttrherdd pro(el &7 pvdrEBSngle proteid 58bwBde} 1834 ransdoreh ddrduskwveed

o ?3'% %%wgwfi %%ﬁ@%ﬁﬁ“@fe §|Bg' ofjﬁ@é%tﬁ%f%%gﬂelcslz@@@%ﬂ for

I [ 84) Modl. Gen. GCenet.
1 9%07194!%2{39%3%% Qg%gm%ﬁ g@p&sjeg Gen. Cenet.

214: 29511 m erbb@bm;mtls,rpl(lﬁid\bQHefonahuon( @86 ndPides tan Rpression

Bi ol 1 sul f am de (Cueri.neau et al. 990 .
pPREIasFla il ﬁﬁsquegé FERURE P Splstable Gt Palypeptide tha
( 29860 useaifenGe sddtich b tiandorndd delik bERGeE MBIker H ?ﬁ&?ﬁdes
Bi oTechnol ogy 7:811); phosphinothricin (DeBlock

Igzgl@e t@@@ogfcm@antlpmrﬁsgqaiw?g@\wdl as those conferring resistance to

98286 S ectt cin Bret
2 ReroLai ] P BoiniPBe Rl Rl B ARSI FEP Befigiea
C mgamsotbmnbseﬁmdee foethe htdiid drdfohiié ah:ﬁ-d%gﬁﬁes or detoxifies
her bi ci des, such as f‘po)hosphl not hricin

bihs hephieide imha Plané beforedt casagho @edDﬁ%l@olé i ‘b’t {887) EMBO J
S8l 2G5 AL 8l BREKS, éﬁégﬁmﬁ%ﬂoﬁ H§F‘%rgﬁpf Q%z."@&éqsf
o, pat; Tor

constructs Inclu not " Irm’te
biBéd Tephvatogri8 11 @apdornKbine erial (1290)Fanraer]] 2603 fEb’r example
i m dazol i none res or. HYG for. hygrony

t
r ESiLanSH EQe8 W#% H’? ﬁ@%@ﬁ&a herbipdeshasdern gb@tﬂﬁﬁ 8@1118 genes
H
o dhfor RS lANG R SR op ISy B RE B AR e ypitase
e(ERSPY) BRE pcdieinibieispiahasey(@l.Sa.s Resisthhasdp fgbrfosinate amirvaium,
o PSR P SRR P Ao B S INIERC biSuded by using

%hdlena@lg@ﬁ&%hcocﬁnéglﬁ) %b%@ﬁ%é?ﬁfhn@fera% aﬁlﬂrﬂg % a2 4-
Proc. Natl. Acad L USA 89: 631 Yao et al.

CdichloyaphgBoxyRestafic letroox 180 ae, WblCh dﬂmfwlﬁh@t%p@ﬂzam@rblmdes

Bar kl e 7-220; Hu. et al

(1987) 15821?111—3& s é%%%%?sggtm %ﬁ ig ,. %rier sequences 1ncfude but are not
limited to, nucleot1de sequences encoding aminoglycoside 3’-adenylyltransferase
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(1987) Cell 49:603; Figge et al. (1988) Cell 52:713;
Deuschle et al. (1989) Proc. Natl. Acad. Set USA

woaoBA0S43 Fuer st et al. (1989) Proc. Natl. Aca#CT/®82004/021106
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USA 86: 2549; Deuschle et al. (1990) Science 248: 480;

Sy Sy Bl ViR Sy Mplien CRa0s) (2P e JetP & g goro13-917);

8%e38$cin pBasphotraisfarhse I{ (FAlkYy ePuloCLISBIRCRC @«mﬂbj RediewdBAPlant
88; 5072; Whbor sKki 1991) Nuc. Acids

19?%&&@ 4: H IeRAHA P%%lﬁaﬁn sterawdiL sypRdds W%ﬁse (Mper-Greiner
E HE1 9B gJDroclgfaﬂ‘ 48504088 eﬂ&? I3B. ?flgg (Z)L)a gszpa{'t&ﬁ%%ﬁas

timcro ent's Chenot el nschni dt et

aldlh}(djtcﬁﬁla):olﬁlatfcdyaﬂlaset Berl2? nl (B393) BaiTecktolady. 11 1) Dar gene

kil cdg. ((32) BiaeRioiol flo; Boos; Meag ot b FiosbEbep Soi

A@%HBW%P@EXQ{ decgﬁ,oﬁ}ﬁse ({Sﬂoﬂ&ﬁjﬁ €41, @1@939(1&2%5)401 Bzoll 22:907);

Handbook eri nent al ar naco
(ngglaycmmhmpéoe@zsfemsﬁ NEGs. Souﬁneemtmgs(w@)z’sﬂoéa@pl Gen. 1:327);

st RS e TSR D SRk o st VoD Cent pio

diesii7ay ldﬁlgarcﬁbméleﬂ@dwsel(nmwmm@a DY 198 Fre0 Q. Acad Sci.
Anot her exanpl e of a marker peptide for use in

pri&Sskdi: 4$5r¥\)e1hoﬁ]zmn<rthn@@taa¢tﬁléraa$ é@ﬁ%/ %Bi@ﬁwraédé &8 @MBO J.
T
égm )é Zég] gﬁRB@%O&@t& yd%ﬁg‘log‘%h%sec @%g&f&g%oﬁ&r&no 'a? (1989)

non-1toxi C ne
oshCpl. dizedteamﬂ:%DSéé) aEth;&irbX}Hmdestynﬁllase (29 (Hax. Wolrd, 851373 to

AR08 e i b ARERHOE Geticbrion G0 Angrolpyruyl

S e nt
Sasiab s o bnatst e

phebeniniiriese{iVO 87 (4081 theStalkar etah g acetyl- -Coanayino i cirbaxydase

o BB o U e e o PP RESHS oRtege (i

S YhieRgsduse: @f. (1999) PuG) a9311 Bi81.98996NGRd 85 kmtp%%%&stéiﬁ itng
pl astid-preferred codons. For exanple has been

sbolpepiia©it:Shmebbasesan(OEahsyere 22&\1%@(&83)
adeni ng/{ h%ﬁ”iuﬁ@d S&Qst dlg% et s P (ﬁ)nai(j/oxélg (e.g., aacCl,

expresse nore e%g I=Cl en

g W@tﬁ@e&elemwmw)awblowen @%ﬂlmelmbag]?gn%ﬁmﬁhﬁ{&woﬁﬁknera-
or exa er
e elbaoérm@@ 4@983%9 E)BQUeno8T); meligasite (denraiistpileenad (1983)

/ év?rg o ] u{slé}%§ b @19?%}{1?%}% %f)ls t}’g%@@c ‘ﬁ%gf%‘hjgm (Waldron

Nesal. @%sppaaaMamza 8363 mjlalpﬁrdl Ak9%R) Ribint S(cileaea)os 219;

Nat | 324; |
( D5y S OO R il DienabR6a) Simiommimaptcvies & 4! (1973)
( A2B9L ohkiab eire2 A%l 6. et %%}98377 FEBS LRSS 1@' 3' LGB0 RRD ROERNEH ef al.

by reference. It is further recogni zed t or any
p&F89pPlarihdlogditiel. 24081506) spaytitvenyept (Emmfmletwnl (1987) EMBO J

¥R 5ad linionein (et i Mrastead ol i gph. BGet '86lab7.a12;

Mol CAkA OVSSLRMI. WHOGER: MU 9502 0N BleBHGERAHINE s al. (1986)
seg;ence 0 interest to enhance its expréssion in

hdéad. Biphdsle Loyl fonasmidp rvcringat eidd, (1809) Hnet ok Bio.
55500l e Sl TSR 074100 o8 EMENGES 25 N PP
(1989) Bon echnology 7:811); phosphinothricin (DeBlock et al. (1987) EMBO J.
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repeats, and other such well characterized sequences

whi ch may be del eterious to gene expression. \Wen
woassids@3 the sequence may be nodified to avoPdT/US2004/021106

predi cted hairpin secondary MRNA structures. 2.

i T t .

{ PRI eSO PR BB SRR NI THRP B Khmperie Rgpearen

fises).and second targeti ng nucl eoti de sequence, each

of whi ch |s honol ogous to duckweed pl ast one

sequendde bFhERE coBIETbigidR B de Behpdigides, such

t h

o?gpﬁ&és%éﬁ%%ﬂa@?ﬁ g bRLBAR, U5 LRTus Aeor@ihov. Y Jelectable
5 bendrkan ifaccodd be asddha t]pei westop @Bnstribs ih@tdse bige not limited to, pat,

cleotide s ences allow for t sert on of the
e>% Rualaphns a&@gﬁ%ﬁt banoftiicin feistanee .@éﬂ% ig1dazelizppe pipistance,
hq{p}k BEAYE fRR9SRBMIRIN QB stad REEPSP Y thm fﬁﬁ@ st%résﬁﬁance,

honol ogous to reégions of the recipient
Typnt &rirgsistative to Eheg}éct topxgn, mwbldmnjﬂdegmeqm@sc elsd Vdmlnts thereof for

fl th are. at | east . 80% .
| RS RET Eef (yG8 R fedbn G oy o ebatl Sbysclectve
10 Oﬁtgérﬁg%edqwiﬂeﬁaéndtlﬁmwlﬂo oftd 60ddazhay ASR W the art, See Yarranton
89/ 279828t he targeted regi ons of the recipient

pI(ER fresrra A ira Béoteelp 315106; Chistopbenstn eriad 1 A¥HdtrogdViwl. ylcad. Sci.
1) OB ESR BBt BRI gl o2

p Bacdey emlrowm)uw @@tmm 2% }Eﬁﬁwl{@%ﬂ@w 4%¢555; Brown et al.
acconﬁl i shed using a mat hemati cal ?}eyl fhm In the

LRl AT6051 Bage el QEFDrA! T2a0Hs Deysabli sisbr{ 1988 Proe. Natl
t
15 n%&&% : %ﬁg@&@é@s oﬂfstfet%? é?‘ég’ﬁg Eggc WD ch & G?Fgé&\%%s@

programin t e, using a
s Oensahdp erad. r(il KOQ) Setzn el K4F(X, Lﬁboxalet all @1989) M. G&ll Bk’iﬂ 11.0:3343;

6 GRS g1 alol OB Privc: Mg e adas Sis DES $552 B chal €199g) Proc.
6 Nadingcdd. Sait 0@2%835@@9”@17 ybéirsﬁieét alq1 @l IGRL i H8s REAYEIGES

may be honol ogous to thé same, overl appi ng
c blikenandroVissmar (1988 Tapéds in é@lodml Sud Weolr BE 141; &wgenkolb ez al.

20 U0 SRl (R O RoRRE o et R P B G g °

I B ABHIsHD TPI094,Gatd eg@zn(q 092) PRAHAQENE Gofen@Pal. (1992) Proc.
i ntergeni c se uence The targetin sequences may be

ddsiighedd. 6. Ul t89tﬁﬁé7,rmbvae@ .dé9 eﬁﬂ@m@‘Oénfd‘gmm@hwothe;

d h
DSk ARSI, At QSO Thbh ool RSl B RO YE B et
e(qme)ssfmne 8BNTINIU.S e RS, 6)287,837, 62881366 qul@/mdm PCT
t hi s enbodi nent, the native expression

25 oo BORHSTS e DS ot et 20 B0 K00 S isclosures
OEretH%?en‘i‘HféBﬁ%h{t feyence encodi ng the pol ypeptide of

i nt er est anot Her enbodi ment, either or both of the
t ar get Angthaueiaeglé din merkeepalgpemiyie dantsaiimthepeesetit ifvdion is

f NN T T N R
pﬁﬂxi/cp&%lhéjﬁdﬂfydle% Bb®8dxic glycine betaine, an osmoprotectant. See, Daniell
30 H.eral (2001) Current Genetics 39:109-16).
The above list of selectable marker sequence is not meant to be limiting. Any
selectable marker sequence can be used in the present invention.
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The targeting nucl eoti de sequences may be any | ength
that is sufficient to allow for honol ogous

woeowsrmosaaat i on with the recipient plastone. TaPQewiSg4/021106

10

15

20

25

30

nucl eotide sequences containing nucl eotide sequences
less thap |p]f95% n{;ﬁﬁ%ﬁ%‘ 165 abd Yol BRI mB%tfal%éf&p%és?e'&t
to all ow reconbi na H T h goe cases. 1N er

e mobbotiénsesnetoen geentihacediet axpeessiug iredidkdeed eQue pedsnedcation
pr.ovi de for, re efficient honol ogous reconblnatlon

S8 heesypihesis Abths murleslidefequast ehmiaiestaging @lastidpeeferred codons.
d
208y eﬁﬁgple f@ﬁas 0 sh S0P that Oﬁoeot Ases Qartra%ggeng}%kﬁ% 'Fhees

or at |eas or nore nuc s 1In
p r%@mnt:/thymmﬁ torgent pf gudatke thant$@ )6 Bupresedaiiort kéficiGHytin a plastid
NA regions of the. Le m nor chl or op]. ast
T Eoep P B lovige Seear B ouie Bl oo oeggmale, U-S.
N@a%nt No. sgasgen l}{éﬂdll'irﬁﬁbﬁ)orét szrl%feg@ﬁden M&H&isecﬁ’& hflflable in the
sequences are honol ogous - 15- A01/ 21577S2vl
Cuigior synyissging Iatcldo@ég sequences 301, ali¢Gd, coBODsa@O0 Sed] d0x, example,

8338 Plget B0 ar o Bt Pl dsdor 4 R TgnoNer Aead Sei

Havis £3:33147 earmaécgﬁé b, (1997)ebhoS BIEIASS ahd Mifray ef al,
i nvention honol ogous to any duckweed pl ast onme

sdqfen dac eK‘d/é|¢lfl'~¥ &eal 17 h@rmntmmp@ﬂ@d@wsfemme It is further

B e

r etfeowords) fuliyr opfiniiged &Wyaﬂy(dptlﬁlﬁad s%@t&nbésfﬁﬁajf @lso be used.
I%Lt\}lﬁAsdE%&{_rnD region g rp §8to psl 4 region, the

r i <P~ 1034103 Qii‘h%}é%%ﬁné et %%WI%@F@W&@%Q@HF%@S@@

S EhRcE it 'é?ﬁrlsgsdrpmbiu%k'@é’é?l' tThﬁge @88@55&&% ?ﬂﬁ%ﬁ@e bt are not limited

car boxyl ase (accD) region, arge s
pdd, Wbﬁpllat@a od sequtencds reumﬂnhg Shivipug palpddenylatioy tigadls,araasposon-
(petA) reqi the tR trn t o t RNANEt

O Blpch BTtk e AR A g FaEOMLCh ey PR lgrions o
( tgélﬁé/éxpfré%sﬂaﬁs VRNA JoRébRMhe sBfichédMad Be fﬂ?ﬁ?ﬁe@@ I21go1d redicted
region, and regi ons W thin non-essential genes of X
dharniesecopiarytaRNA sructresnsf or mat i on Met hods The
transpl astom ¢ duckweed cells and plants of the
i nvention are produced by transform ng a duckweed

pl asti d. wi t Magpetitg Neolebtié: Se@ugee het erol ogous to the
duckweed pl astone. The heterol ogous nucl eoti de

sequendae plastipgansiararation vBsiorsHA vedionicommrison first and second
IO T He—

magquierce. NRhesd @cketing nueiaotlctecsleqﬁ@desmlaiﬁtthéi exXpression cassette and
tra sftg‘rg%:l;1 into a plastjd in vivo, The_ transformnmed

a5l entisc © theregionod s Ripidenafoanaiin eector to be
n %ﬁﬁ&‘rédjt% {BEHUKDRE. The E‘a?% ting nYleéQ (?er se Een‘é%é’ gll%w for the

Transformati on of the i eve
s msﬁlél@h@ftheaﬂxsfemlmwsmttamtmhd recip)ent @i{asttheeby hmnolo gous

ele ration of plant protoplasts (see, Taylor and
v@?cémg"%ﬁ@%s) Proc. Natl. Acad. Sci. USA 82:5824-28),

PEG- bagheéltapseting dbdiRBcds@Ehorlb8Susab r@élons%fffﬁ@feﬁg)?é P PMstomes.
11:95-97, mcroinjection (see, Neuhas et al DS
Tﬁé@PaHYAﬂpﬂ targeting nucleotide sequences that flank the expression cassette are at

least 80%, at least 85%, at least 90%, at least 95%, at least 99%, or 100% identical to
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Genet. 74:30-36), or by particle bonmbardnent (see,
Boynton et al. (1988) Science 240:1534-38; Svab et al.

wO2030psdsoc. Natl. Acad. Sci. 87:8526-8530; Svai/uamm4/021106

10

15

20

25

30

Maliga (1993) Proc. Natl. Acad. Sci. 90:913-917; and

5. B T4 ogiohSur g oty bgong Ayl ol Qrafiypining
I foargdegoatlydvitintht hevipicillastahy, by reference)

Transf ormati on ,of duckweed nucl ei by particle =
borbar driSTPIRAE SRS Segiesess a9d dletermigation phpapent fgentity and

6 , . 1 1 r r . - - .
A P GRSt LBIANGR) iy e
i ralgemithron In thegrdsaht ingention tha pefcentriddrtivnberatehotivo nucleotide
conprises the steps .of; rovi di.n ckyweed .

{ PeRiret 3 B0 EapF TR haip et i fls Gt G sopefcauekage using
CABYOSUMANScoih OhaRla8te HEARST Of ABt10) MRt N&zz.@&cay.hﬁcé. Us4

duckweed tissue at a velocity sufficient to prerce t

w91 1998%) ande gaplweightiof KO, 50, he, 70, s8Rk amhallengthdegighstiaf 1, 2, 3, 4,
t@e rnggcl eoti de sequence within a cell of the tissue to

t héreby provide a transforned tissue. In particul ar

enmbodi MdBtEst@hd k&t Rateetgiclcbhige sBRLBRGs taktR®omologous to the
i ncl udes the' st e{) of culturing the transforimed tissue
WISETHE: O VEEpIRINRS, GALCHYERES, o5 distiaelapgipesiofithe tasipi¢nt plastome. The

540 R SO e LR e o

d ez kmple degidbmsndospfrising 4 gedc 4 pesdyen® dr th $itei@enibR¥quence. The
bal listic cell traEsforrmti on aghparat us _can be used in

prABEHE SEUPREs HreBeesigned énthas Hie nuelspfideassguence encoding a

a . . . .
SEPBPEHEE iRl S aaRH Mo SRR Ehgh o ju b SR finked to
( 20831 mivket axpeesSRi cFiirol aeqhencesdatve Bathe dtuckMasd plastome. In this
4,945,050, 5,036,006, 5,6100,792, 5,179,022, 5,204, 253,

5 S5y 3R R R e copfrol graugie A BF usqddp piye the

| BgRepMAdfate RyclsRide sefikaed hebiifk &h&wlyﬁe?me oBbifdlest. Tn
apparatus typically allow for the controlf of the

p peiBereanhodegent rithentrdrairefthe tarpesingrreskutide ss@endermayhepntain

is typicall t bgut .500, . psi d
PBEE5HR S B b T 5 5 478 R o o
abieutucRaifde fguenctRacsliftd BepblPeseRtUTIfErsdRY be
i mmobi | i zed on the m_crocarrier particle by

pr eci pilA&iF SN PHeleplidasegeensee@ppbe any sngibhatie suffisient to
e i ' C uch.as .t he
R X 2 BRI R Bk S

i nudléridasequentes coatainirg nmpdedtide lsemien®ss 16 tthamalo nucletides in

coated with .encapsul ati ng agents such as pol yl ysine

¢ BREinee Tlcienidp AllpY yeromhRitIon oh FomBe Susetelmthor

| BRBAifricARoh A8 159Btin Afuctloh ' - -
Rl 9130 AR RO SR 8 o BA0 3o Mion

i hemologews rgeinmbinattbnt Hugh tagetinfheckbtidosqneices naiybe at Rast 200,

e T TN T Y

tinsenigh. i ncl udi ng duckweed fronds, duckweed nodul es,
fragnment ed duckweed nodul es (m cronodul es), and
par t i alhspPressybpventiaupravides &e sequsneroelithe 66S pry 218 cRNG regions

db‘ﬁh@@?fﬂn@ﬁﬂwr%ﬁloroplast genome. This nucleotide sequence is shown in SEQ
ID NO:3. In some embodiments, the targeting nucleotide sequences are homologous
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m cronodul es, and partially regenerated nodul es are

described in U S. Patent No. 6,040,498 and U. S. Patent
wappisioosd4d on Nos. 09/ 915, 873 and 10/ 158, 243, akPCT@K2004/021106

whi ch are hereby incorporated by reference in their

enti . YA 7 .

30586 553000, R0 T 00, or 990 pupeaidss. o sl 1000

t 11590£2008y2 399, ot aterd nicleatides afithelsagicnossc However, the

haonot r anspl ast.om ¢ pl ant.g. .Met hods of regenerating

R IGREE Stcshoes DA RicrBFambgn sim el Eg o Hauciovead

begit RS sdghRd, 1ANdY; i I

P L a0 A7 635 s et may
5 ofbewlsedss targsting sesjuandes onlysiortae BRAINA G (b tetRNAEhy(tinfl’) region,

o REE R R Ry e BP0 TR b Bl et w14
elregghlahe rivaloseN,5-BisplasshiRdty ca¥bo:58As okl Sdhall {Mééé%t)ﬁligﬁgcm to

be used in the present 1nvention. For exanple, in s
erfoadinit af ecetyhsoenzamstA carbdx flassrae D) regiogthe kr geespbunit

R iR s DR e oG R Eh %) Ho, the
10 eMRNAGTS (:sG) fhRNAMBSmBN) 96! (RS pabl2eto RINK s 18RH) Rgion, the

Ikggt t hroughout the selection process. |n sone _
e Vi (V) to HESTRN sgaiemslee tr\d trkps dipsiddegies, and regions within

PR BEE T REIER 1) ani s are then moved
to a nedia that induces frond regeneration, while in

okper enbodi nents_the entire sel ection process occurs
oft- medilaansiamationyVietodsr ond regeneration. i some

15 enbodi rgg Eﬁnsptlzﬂgolﬁi{g %ﬂéﬁ@éﬁ&%@ggﬂmﬁl@g IOF J%h%gﬂée%%iog le} produced

transpl astomc weed plan
h byrbrehsfetnoing @.duklowedgl Hadtidnvich £eldlsotiipdeqlonns Beterdloghes to the

r.oduce t ransf ar m t he duckweed plastid with a
i 82%2%% e gﬂeé%ﬁ@ga?wgmaﬂgeﬁ%mgw Tt eeinserted by
PeindpRthiiBor g sitdl8Redi® Mtcdtdton Je. %t‘ ﬁoﬁ‘bﬁ)gi% ugml%tééllgtg}ngﬁon)' The

duckweed plant or cell in a selection ne
ahgtetpdogone nueleatidescqusnce mel e duberted Ingo amisblatedpiastid or he

20 S AR T e FRBHOBTT P B i b horessthe

Cabteolddoat nadleothRBpleass Siffics iPrivbave sipstantial ly al |
plastids transformed with the nucl eoti de sequence

encodi Ansfeamaidoreef the plastichmri be pehigysdityi aey soitabde transformation

h I 1c i 20t | equenc ncodi.ng t

o PR  SFtole y B B0 ot B F SRR (G d P Pand Watbor

s €986} Prue. Nay. Aeudr S8{UUSS821582420)] PEE-BALeH WRRIMBLARES Golds e
homppl ast om ¢ or._have substantially

25 of %%lfl %E@; 11 95 HoPrstamigeiinn e Nehaeaicd. €A8DdIhegr. Appl.
il . 4 .
t @%né}a’}’ék%%??%g ngér?lgf% boﬁ%ﬁ)&%? g%g,%%ﬁ]:t@l %ral. (%8) Science

analysis na or ne rain
t 24hs534e38; Givale etnic@BL@dPioel Natbrdcpllasty. §758526-8530; Svab and

RS CoaR bt o Saos by R e e stany Dlopt S40-513,
ab 5051817,31 54583 8585961 99 an@’s, 588 A 1R OPhiLE RN iR orporated

second codi ng
30  in their entirety by reference).

Transformation of duckweed nuclei by particle bombardment has been
described in U.S. Patent No. 6,040,498, herein incorporated by reference. In
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-18- RTAO01/2157782vl 40989/ 279828sequence to which the
sequence encodi ng the marker pol ypepti de has been

woOimis@dse4Thi s second codi ng sequence typi cal | yPemasam®sg/021106

10

15

20

25

30

a pol ypeptide of interest, and the selected duckweed

. _ . . ¢ '
R g e Pk AN R PR RO R E R Bpod comprises
ofthesteps dfo(a) providisg s dotkwied uissueatsiadarget) ¢ib) prypalkiyg h
l'imtati.on, Lemma Chl oropl.ast Transformatjon Vectaors |
VaRPtPL B FRERs RIS RHET GATPTRG CEh B U ugieed tisue
Vel € velabiRy ELEERH: to Pidcd B RIS of fife! RASHBRAUE BEES and to deposit
desi gned for honol ogous reconbination wth sites iIn

t Hee npkotigde sgmennmithiagi asH ofthettiseud tortherebhpoviel satstnsformed

. F_gur ). The .segquences used, t onot.e
RO gh B P dhienl RSB A B s e
98RO culkiirtng e fhdfbetkdassshiowltR Waelediih B, hOdL3tddPMbw. In
Lgﬂlons fromthe chl oropl ast genonmes of tobacco,

heryaltgmategraadiraeni the selpetionstapde follasred byl thesieplof o

d ] [ | ' e of. seguence
e e L L o B B o R T e 1 1
t he al iAgryrteatiistic RERtrpndforeisionapearatas cgnesused iapbiididg the
the 16S to 23S _region of the Lemma chl oropl ast genone.
TRESSEJRERERR: Grefpaspanpeityses ahedésclased By gpmorks i, (1988)
P . .. 1 e 3 ( AT (C 1 . .
Pﬁaﬁggﬂaﬁ%?e%gTAT : 9%’3“(9%2%@?%59 f\%%?é and in
PCRS wikegen @Yok of, AH0 Th 510860986 14, hash, 799 6AMD H2 DN 12589 5,371,015,

BT R PTR A o PR s Peres HrseneBiied kvl 1 tae cnirty

V815 Qbaratls typically RlldW tendiasdi § Bl
PCR p?ggﬁct %Bs t%en sequenced aﬁgﬁg S coﬁ%?%%ggk?%sﬁgpﬂm

t e prssure usldn thapresenbmethieds isdypicalihbeswom abett fRnwsirend about

T duct is in SEQID
hgf%fﬁﬂﬂﬁgggggﬂghgg¥ﬁ%ﬁ%Pﬁ®ﬁﬁ5%J@ﬂgﬁgﬁﬁﬁﬁfains the 16S

r RNA g&he nudlEdiiieiss@leaueinag be @imobilizB dn tHedrdtaditr Perticle by
gene, (trnA), and 23S rRNA gene. The vectors were

dBECHaton ol hejprgeise piseipitriagrasamesers smploved pvillnvegedmpending

t i i i - trnnl trL,nA . ..
Ul LG AR S0 SR P o

t ain$henaritt pariields iy bptimlatig bu Sodted ivithsinfe@tapsulating :agents such
reconbi nation into chl oropl ast genone_and- a

t he Henn hl o, "
s &Y REYABNE tqrhgpneaye by st Fﬁogﬁ?lwﬁg $7QyeRed lgnobiliyed thereon, as
Riid&ksedlin BB@ o 458 8%?&1?&3@&8!3] H¥Fbe R3S é%%g%%@te invention,

Lemma genomni ¢ sequence obtal ned as descri

PORIudggad ankeruegsles i Tiradicraanimlsizbys ger@rdblykdetdeAgBBIRt0.6 m
fromthe Lemma 16S to 23S rRNA regi on. The seguences

ofn4 3heubl BHirer s are shown bel ow. Primer 207: 5

ACAAGGHREFHIRT ﬁ)qe%mé;ans}; du(cl%\%gecl pell or tissue, including

duckweed fronds, duckweed nodules, fragmented duckweed nodules (micronodules),
and partially regenerated nodules. Methods for producing duckweed nodules,
micronodules, and partially regenerated nodules are described in U.S. Patent No.
6,040,498 and U.S. Patent Application Nos. 09/915,873 and 10/158,243, all of which

are hereby incorporated by reference in their entirety.
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NO 4) Prinmer 203: 5° TTCAACTCCCCGAAGCATTTCGTIC 3' (SEQ
ID NO5) PCR was perfornmed on Lemma mi nor genom ¢ DNA

wagbsgosa4andard condi ti ons. The PCR product waBCT/US2004/021106

10

15

20

25

30

anplified and cloned into pT7blue vector (Novagen(r),
Madi so 'Traﬁé?astoﬂﬁc 815(9{%%%8 c¥fdr Hod ggge’ be re enerat?(% iento

specti nonycCl n/'streptonycin selec asse
( M@B$plastareEir dmrﬂtdtrmhwiasl@ﬁﬁﬁ HDRAGE) Mﬂh@dmﬂ“s‘rsgdﬂgrahhg duckweed

16S_r RNA . SEQ | D. NQ i th
¢ R B bRl SRy T B SHORACTALSER V. Relers No.
g juegiog Céﬁ& e S Pa%ﬁ?ﬂ}fbl){da%ﬁ&%é Sgs éﬂaﬂr&)mﬂ%@%m ?lﬂof

t obacco psbA 3" UTR (shown in was cl one
wivehichrare BRksin ingeiporabesian e @‘mllrciy ﬂ)&@mnne t Meethods for regenerating

|nte eni en t ma tr nd.trnA,

o SRRl EREET R IsHRE nadile AR ats don SPr ey b
PGEEQA is shown in Figure 2. To produce vector pBCT04,
a kananycin sel ectabl e marker cassette enconpassing

t he todardistleSelaiipn piotreotsanay bhesed i themenonmt@p For
R B TN

geménesarfor parbaitthe sgiedibn Pradeh 4elitbswnmoiiedSiné Jidht NG ofBdr
was. cloned with Pstl/Nsil was inserted into pBCTOO n

t FEbpdimentse fhedrands phpodydss seematfringdsindight thioughaet the pedection

ngr&gggJIuce the plasm d. The kananycin sel ectable
rker cassette was created by PCR anplifying the gene
encodi iysame eropdimestsdthe ﬁaandsmmdlfaiﬁ&bﬁﬁ@dlﬂ&e sdl&dtiBh occurs on

RS D oA e B S move
aa %ddihsﬂhﬁﬁﬁﬂﬁh&g filohe réé%ﬁélﬁﬁ&h Bﬁ%n?r oth%%%nb&hhl%n anééfttrg

was cloned into the site of the Leman Trn
t Peigetiontreeqpendesursei oedia that indaces frdnd reguienitionBCT04. A

e R R T R B o

L enakavedil pmmﬁnﬁ@bns &6 AémopRstdffél H@mobfaﬁﬁﬁl‘(i@éé]ﬁtah@ﬁlants may
al though any Lemma strain can be used. Duckweed nodul e

c B¢ pigdBecdibyt trans foaming the dndewveed olasmmm/mmagv Bequence
BRSSP s L G R e

sdadkpekd phntoit dedl if besldsticar tedilaarst, auws ltlieadurﬁkfﬂ%fdﬁ&lﬁveed
nd Skoog. nedium_(MS nedi um Muirashi

hi
o i o g g 1€ i Wi ge”
Sgﬁ%@ﬁ? PHeSHoWMH dF op 3’%%7 (ﬁﬁ et &4 ?lgb?@%(%gr?oz%és?on%@og have

mM 1- Phenyl - 3( |azo
t $ribdiantialiyoail pl&stgimraﬁﬁﬂzﬂﬁ@d, witldleunckstide feqderldefencoding the
15% Celrjte

B%‘f%:gaé)?g 5 h he 150 I@? g]{ﬁhf L) lagt%?lgc ‘%gék% nuclgotidgisequence
t éﬂé@dln@ﬂ@e mkﬂbfémﬁﬁgﬁﬁél oL, OM ih1€ %dndgﬁf&?ﬁ}mn may be

appeared, generally fromthe central part o
visaired togiredice fhtleverd dlangs or collsithapiredemoplasersiger kivee

su%stan’ually all plastids transformed with the sequence encoding the marker
polypeptide. Southern analysis or PCR analysis may be performed to determine if a
transplastomic duckweed cell or plant is homoplastomic.

In some embodiments, selection for the marker phenotype conferred by the
marker polypeptide allows for the selection of duckweed cells having a second coding
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mmin dianeter) were detached fromthe nother frond

and cultured in M5 nedi um suppl enented with 3%
weuersoes430. 4% Di f co Bacto-agar, 1 mM 2, 4- PCT/US2004/021106

di chI or ophenoxyacetic acid, and 2 mM benzyl adeni ne.

sf r

OIS0 A R0 I B S5 s
Welthipgee piad ﬁdiuh!@:teﬂﬁer&e Qpreaiyt eﬂbé{des a&’foﬁ@)eﬂﬂlde ¢fGhiéfdstiand the
Val enci gold mcrocarriers Bi.0- Rad
LSBlsFiae gP?lfé’ﬁ‘?EdHéF%@Pléée ugeal)to pEqduce Hug %mpflﬁe phiaterest.
purified DNA according to the manufacturer's
instructions. Prior to particle bonbardnent,

5 approximately 50 Lemrma nBNBEREMEANIpIoxi nmately 0.5-10

i aneter) were ced in the ter of a petri
mﬁkﬂ& R ent @ewer?%ﬁs‘rﬁ%{ PEPORBCT U HI OO LBV P L
sqgﬂlta%lgﬁnt ed with 5 nmM 2, 4-di chl or ophenoxyacetl c acid,
.5 MM I -Phenyl -3(I, 2, 3-thi adi azol -5-yl) urea
th| di azuron , 3% sucrose, 0.4 Difco Bacto-agar, and
0..15% i The nodul es were bonbar ded
t e s S B 5582 1000/ He biolistic

10 instr Umﬁ&tori fdmhé?tlrﬂrsﬁﬁtﬂlaﬁﬁp&ll&ggl chitiopBEte wRasonstructed. The
Her cul es, %& foll ow ng the manufactur ers protocol at

a Veelpgnclufiet seApences d@l%lﬁii fordiomplogoue sepambanatin giigites in the

f

ey 258 RRAGENn P IS B AR BB RS iR e
rree!qum"césorsecﬂﬁn fronbse lﬁfrﬁcﬂégdm@ @b tbifRition withethe @ewihe shloroplast
were then transferred. t nmedi um cont ai ni ng 25nmg/ m

s BERINA FRIFCFRHI oGy rf@&qws@ thedé§ el 2g% SR Aisgieps from the
15 CQﬂfoM]:gQét' Setdndilortaco, WeSHeS ritd, 0 iapz A, hnd lﬂlﬁa&qgéfé gﬁgned to

were then“transferred to 0.5x S um’contal nin
nyktetmepeegipmomyoige kgl Iegebwseqmilee 1(tenmyL Baseson thghcbnserved

The .nodyl RTA01/ 21 82 40989 2.798 8
! R RRGHrE e 5A el ety BlrRamRers G Bl ghenl 65 to
t 03gea8s@bent v;emstia km%msa%é&,&n& TH s@qd&%@é%%f‘%ﬁbs@ POR piitners

medi um For pBCT04, the nodul es were incubated in the
darsshownNBlavedi um suppl emented with 5 nmv

20 T B Cnarrg 185 BB R A G IATGRIC 3 SERDNGHD.
3% sucpeiser 186456 TTATREITREEECCEIUGE 31 58EGab b e)
for 48 hours after bonbardnent. The nodul es were then

t PhRsYas pefrmgd ps Lawas Uﬁ’i’@lﬁﬁ’pp@iﬁelﬁNédl%& tiarglapf\gonditions. The
>yl oLORERIBSAREShi e fop B oo BE s

0 Maddiohe WIBac fenetha plasﬁilcﬂ.ﬁBﬁ'GB(b r Th@entlranRﬁﬁomﬂt Was then
kanangm n ]gnd mai pt ai ned for_ four weeks, and then to

d}fﬂ?jlcémf’éldo\brelﬂl*? B S 23S region of the Lemna chloroplast
2 g?ncgh& h’f H&ﬂ@’é}’ﬁfé 1@81%‘21{1& is &Mr on(f ﬁﬁw 3. This region of

2, 3-t |azo-5y rea t

s tior lomena g@ndmacbn:tamsmﬂ IOSaBANA géne] BN Sakaledoine gend (1), tRNA
m kananyci ditional 4 weeks. Nodul es
waiASine e ﬁ%&% ‘&?%‘T@? 8¢ nedi um wi th 100 ng/ nd

kanany qhB vEQbrsSveke d¥ealea toRkgd: tid iIARGRMWR 0f the transgene to the

regener at ed.
30  intergenic region between the trnl and trnA genes. Lemna chloroplast transformation

25

vectors comprising a transgene flanked by homologous regions for recombination into

the Lemna chloroplast genome and a selectable marker cassette was constructed as

-19-
RTA01/2157782v1 40989/279828



Chl oropl ast Transformation of Lemma Fronds by Particle
Bonbardnent: For transformation of Lemma fronds,

wapprsonsaat el y 30 Lemrma fronds were placed i n PO®US2004/021106

10

15

20

25

30

center of a piece of # 5 Whatnman paper on 0.5 x SH

medi1gw e NGask %%éjﬁéjn%s e‘ﬁSﬁ&r éeﬂﬁg}c@kag Eheli dls&%@% l%ovg PCR

nodul es. After orrbar s Wwere 1 ncu
| rprtrms waradesignedtv @ndify aSH ke ftagmEmdrfroh8thedietma 1@8do 23S

trransf red to Mur e and SEQQ%bg%gl um
g‘&”é%ﬁiﬁe hRispHicaggs egg NMS§TSA BRG ¥t oagar ,

0 15% Gelnidrt207: 3 ACAR OTARMENQANRSET 2

nivi be?}zyl aéenl ne, anng}gmrgd/jFﬂ kanarry)é%n Fgg%fb.%e(SEQD

ttA4 erred to fresh nmedia weekly for 6 to 8 weeks

tr anst arba 205 § HC R RGrER Ao R Bt Thavo)
t misﬁves p@ﬂ)ﬁxﬁdfoﬁ@mth@ MRBHEYDNN ubn Qalﬂeﬁrd/\&ﬁiﬁﬁlons The
unt frond regeneration. Analysis of Chloroplast

T Preﬂwmfa@ aplified and elgnedsisto pHfblyeneectoni(Ngyagen®nMskison,
pBCTA transgene region into the Lema chl oropl ast
gengrre, PCR was performed on nodule tissues that were

gener afliopgoduce wdstor IBESUE awpsctindksinf fepnalcitbictectiblemarker

8 weeks rowth opn SH gF RTAOl/ 2157782v|

46@%@%?@‘8‘%‘%’3%%%% moen 4 FAGTA6P) egserprsring, e fpbacco 168 rRNA
i

aPRRue: CRBeSEgiD ?ﬁ?’%ﬂ 0t K0E FBGHHE Rl b Rl in

P@EQ/\E%N@%H mnmglynssmhgysadmg‘h/ﬂMrrsfﬂmibt(aadm getdyand tobacco

e
PpB(EEDB il theaere A} rb@6h Betwleeh tHe'T_,e%ﬁfaacjfﬂl%ﬁd t H)e%xéglﬁ'be the

side of the reconbination site and anplifie
pPBam: %(Fhe@lapp idiagram ofi plasmid BT Q4sis skovami 111 Rgu23S

er ges Eg Qc%gl‘é)kig:f(% %%?ar%-rcgr? [ tallﬁe mar Cezrjltcalls(s)g:tse
Ammﬁmﬁmxm@m roxﬁ&éqsh&vm SEQRDIN®Y6) 48 the

5! TGTTTCATCAAGCCTTA ID NO°10) Pri mer
2RBel goosemsinashingviten Gy WTF@]’SEQ@ Ns07 0 SEOnpPydGide1d"-

'FI')%% el;g%tg%téfeeaég’@ }g%&t S were ;iégé ﬁggﬁ%ﬁ‘%m mﬁ& g'% NO:8)

t Wes clnnlﬂberﬂﬂ @Blﬂ/l\ﬁﬂokammértedl irtte! pBETOWMA thetiiverg@hictrBESE between
Sﬁ‘? art|c$ll arly high |levels of transgene
W@g and PfeF?f% U5 st Plppidatldg kenasiycimeelestable marker

the t '
i deﬁfﬁeﬁ’éﬁs RS PRSBSOS0 e

defrasplatraasierage ASEBI Agoassion é@oﬁﬁﬁ)iﬁd@ Iamdlhgain\geedlbdzﬂs&eam of the

oEPRRHIBSHANA shoigalt REhaTeh&indind b irandpocimeal tiiobiseo psbA
i 31(11 TRt Thie cofsetidiad E¥Rdd iafo thd P§t§ s1§é‘bi* }1@ feinn THE aﬂgttho

whi ch this invention pertains. I catl ons an
plaﬁeé%ﬁmfarﬁsmndatcm@whwww@@?% n“c ecrlpmaa‘c dthglwym of plasmid

pﬁg(?f@ﬁpﬁ%h&%ﬂ? ?h% extent as if each individual
Zten i cati i fi

cation or p application was specifically and

Preparation of Lemna Nodules

In these examples, Lemna minor strain 8627 was used for transformation

although any Lemna strain can be used. Duckweed nodule cultures for transformation
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individually indicated to be incorporated by
reference. Although the foregoing invention has been

wdeswsroosas i n sone detail by way of illustrati 8aTasen04/021106

10

15

20

25

30

exanpl e for purposes of clarity of understanding, it

W [ a

g R O R AL Ao SR TR 31 0B o

clvatins steri23eal pAl ALY tR4 Fréun@2art pio €8 YeRrE SR TOdVh, WWHMIltadh§ge and
ids that are

ks piedin (8 Hoostorr MBresHe A SFehsL L 800 dSeiah ddant. 15:473)

h | . el 04t
5L B0 O S S P00 e
pI3éE2 Srkialinzolp® B hirsa thidideachnt (Sighta BKIBOESSh sucreen0 Aabdifco
SRS Uk SR SRR o ernen o
| n 20t o\

RARLekONAt KRR thdBoRBEURRSR y%g;%s:l’il cgg‘ﬁ'é’%s%sx ?Iy@rkggetdf generally

duckweed pl astone encodes a po
3 frofinthedantalped of Kieeritentrfil sideai Thignodubetisuepsassdaverage size 3-6

| tid f i ' | ect f t . .
CoHRE Rty Rof ™ relhed G BuRs Rt dned S yleh 85 medium
bsubp1ERELEE ¥ith 38 AlHGRCEHEIHIS BARE 2l PLgOIONI dase,

retinobl astoma protein, pb53 proteln, anhgiostatin,

| elpdhilarpplesmgk yacetioacdd,iand 2g M behndydeqinencr ophage col ony
stimulating factor, plasm nogen, nonocl onal ‘
anti bodi es, Fab fragnents, single chain antibodies,

Cﬁh@&bﬁ‘lﬁé’Trﬁl’f‘sﬁ% %eagaﬁ of PUIRINYBGEL BE Bartiffd %ba\f&ﬁ&g{nes’

plant pof ypep , PEPLT des, and Sserum al oumnt .
The dutkméedipBCant and pBCAD4DNA whe pespared aisthg pl QRGN Maxi-

are tr. ith | east. .two nucl eot i de sequence
Y R RS L Ao o e e
POy RaRlies Ger@iled, TLAONRSE coated WR tEUGHMREDHNPA 3BLor Flf(r)lg to the

claim 1, wherein sai"d nucleotide sequence heterol ogous
t snanhBctinerksiesitictibas t e te pagicledmsbardnoait rappseduaetyes0 Lemna

f ker. pol i de t hat b d. for th .
| BpaRelTRBERRLNBEL) o HeRmER e BER s ye orapor
C Rkt nitaiMiAS NS theSRindl(FERFEET0 DUYr WoS RicifSy g%?gegﬁ&ted with 5 pM

resistance to at |east one antibiotic sel from
t Be-diclopbemsiyststiageidf 0.5 pad tl i Rtenyk3 (i, 22 thiadiazol-5-yl) urea

TR OK s 4 DHEe Mare-brdiied B afaCulte(rasB 00

| 988 ho@il&s WeeIeRIbhiRd SR HBIRE Ssi Q! - iolisti
duckweed -24- RIAOL/ 2157782v;ﬁmggg%gzﬂ%ggj%pﬁg%%ﬁgmgftéc

s gistument frero Bio-Rad gPBEH 000HEe, RivMpdoHepnlep) @4) fadlowing the

" LRGeS preob PR Tl P B B nsges g fom
t heoloaD dmdt-hau@h @8 axheormed with at | east one

nucl eoti de_sequence heterol ogous to a duckweed
For pBCTO1, the nodules were incubated in the dark on MS medium for 48

(=

hours after bombardment. The nodules were then transferred to MS medium
containing 25ug/ml spectinomycin dihydrochloride and grown under continuous light
for 2 weeks (for pPBCTO01). The nodules were then transferred to 0.5x SH medium

containing 25 ug/ml spectinomycin and grown under continuous light. The nodules
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pl astonme are chloroplasts. 9. The duckweed pl ant of
claim1l, wherein the expression control sequence

woumstoosraal in the plastid is a plant 16S r RNAPOTAISRE0@/021106

10

15

20

25

30

sequence. 10. The duckweed plant of claim9, wherein

t RGerE XRhGSSL

pl lastid is 59?0 a@%%%%gégﬂﬁigggﬁéﬁgggggge ﬁ%ﬁ%ééﬁ%ﬁfﬁnnd
Thissuhuaflenéed S eaks o). 5&|SHﬂ‘ieaﬁlm wherein said tobacco
16S r RNA pr.omot er sequence i s the nucleotide sequence

set f orfoR PBH?T@éQhR}IONee%WeIfzncubﬁ@d@mt%m@éﬁorp edifm

e bR Qo et RR s 03 ERpet .25

V\ahlfaﬂluaaol 59@11)1 ugca\iBldidzetona 30Radraenus mmtola%gar Tiﬁe 0.15%
du meed | ant of cla|n112 wherei n sai d duckweed

te| or 1heues aierrhogtherduecngr Shpnediesiveere fgndransisrmd to MS

LRy e 00 R T AR AR ARG csbi Pty 1-phenyt

as(hpgrtataliazbi-HkBdr&ORRRBRRS, 3% BRréR! bqvmlm Bacto-agar, 0.15%
nucl eoti de _sequences: a) a first targetlng nucl eot 1 de

s &Fﬂi’éﬁ‘?e andhdProeEedasamycia and mammeqofoaiwweeeke qné tiwe;to MS
the nucleotid e ressi on cassette
e P e iR S e s BB ate Eackh  aitig -Rhenyl-
png@@ﬁhiaﬂﬁz&fS blﬁh%aQEfdl%ﬁfne'Z»'% SiRkskeNd 4 'R iR to-agar, 0.15%
sequence encodi ng a pol ypeptide of interest i's
héleémth zm@d@@ pgdmbkahaokyemeldr pi adklitbona] 4 ardks. 29edules were then
778 40989/, 98280) a second targeting
né? 08 ?19 ééd%%@n% | QWgeial kepamygicienddd wpeeks vatfronds
S%RM?R%&xx&éd The nucleic acid nolecule of claim 14,
wherein said expression cassette additionally
conpri ses an expression control sequence operably
de sequ nce.encod|no a

Of c | aFHﬂ tléhs%ﬁfaﬁbﬁ‘ of’ b&nigfﬁ’&ﬁﬁs O)ﬁﬁ’lg{ei}p}g E%Rﬁc? R68&ds were

functional in the plasti acco
pplnet mrths egpi@nde. plch of ¥seWdatmianvgaderdnahs xFH aélediabnd 6

AHErEREE Cotiaabousior Gomi Tt e M Ao dment, Hedronds
NieleSh&ytRtdddn 'ﬂﬁg &erks 2o § %%‘I—f'}n%é' Frosis: ﬁdu?p %Hi Yhen transferred to

conprising at [ east one ri osone ndi ng

anir@htgedmd §(kq0|gnleéltmhatpplemaﬁlttrdamltm3%| subﬂ@scd lﬂ)@%@‘ﬁﬂ:o Bacto-
19. nucl ei ¢c. acid nmol ecule of claim 18 wherei n said

r P& ﬁ%/ ﬁ%ﬁenb Y] 2.4-digerophenpyprcetiopeifl, 3 WMdbrskyledehine, and

o354 ST PR BB oo

weeks until nodule tissue was produced. Nodule tissue was transferred to 0.5 x SH

with 100 pg/ml kanamycin and transferred to fresh media weekly for 6 to 10 weeks

until frond regeneration.

Analysis of Chloroplast Transformants

In order to test for the integration of the pBCTO01 transgene region into the
Lemna chloroplast genome, PCR was performed on nodule tissues that were
generating fronds. Tissue was taken for analysis after 8 weeks of growth on SH
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20. The nucleic acid nolecule of claim 14,
additionally conprising a transcription term nation

weeosmidd3 21. The nucleic acid nol ecul e of cl aCmMUR2004/021106

10

15

20

25

wherein said transcription termnation sequence is the

t g o S . A0 i-de

| Q8558 AR 0508 BB O\ SRR C0ATUEL BB o
nolsewanisingxd DiNeasynDNA, extiaetii it @QQIAGEN] Va186cif T A PaRtE e was
of interest is a rker . pol ypepti de capabl e of being

f _ :
udEd °re° léﬁu&italfd@;??qngﬁéﬁnéf @ PRI RE'E v e flesigned sgtest for
R | o | ei j.
o O B Ay e e R s il 71 ana 248
c destesk for indegratiemarethe d 68 nidarof iltwi retdmbissticacditednd bewlified a 1796

stre cin and s ti in. 24, e . nucleic acid
P EROFRY Sl Phfne R e Y st 275 Fiod nascoml O b
t prghict. Mhdprih@abidns KIUBHEE S Rigirecppabl e of
pronot i ng honol ogous reconbi nati on wthin a duckweed

pl ast omEMZF1: THAAINCCGRECT CAGFEEUGEARTGC 81 (SERUID NO:9)

et or onr ot 4 e Gl RTELEBPCBAHECH TR 6 5 smQ m Nor10)

chl oropl ast genone. 26. A duckweed chl oropl ast

conprising the nucleic acid nol ecule of claim14. 27.
A duckbEEEr 20015 CHSTRGAACTRACCH BT GRIGICGY (EQ M NO:11)

26. 28py 4 FS| d

of ol af oish 55 R R ETGARTPELACI A o (SR TB P )

14, wherein at | east one nucl eoti de sequence sel ected

f t he fi t ti | eqti de, , dth

OB RPREISJIT RigdHTe st padLcsa g eleis GLans Do agaydoeiovecd
t BRI hedt Wl rIRgY §ﬁf7ﬁe§§}foﬁfiﬁéfnﬂtiblﬂa@g§é?g@ﬁgy& tfagxg%e e

A nucleic acid nolecule conprising, as o
c BriggsRie sSThetl{eR puiductiselgted fioheatd afdhae quiiness/as 8dquanced and

f rgeti. nucl eot i equence honol ogous to a
R B e W MR
Chorh6oEoaet@ibifatiot Kl 8hahe trinSUrdNREHe plbtofhel | DOSOME

bi ndi ng site nucl eoti de sequence that 1s functional in
duckweed; d) a nucl eoti de sequence heterol ogous to a
duckweed chl oropl ast genone, wherein said nucl eotide
sequence het erol ogous to a duckweed chl oropl ast genome
encodeAllpuplitativaptndigatadt applicariesd menthied in the specification are
RTA01L21%§%8§5I 40989/ 279828e) a transcription

¢ OfeRTYg oidhe Lvglitheserskiled iiw thewricte ivdrelt thisinvention pertains. All

publications and patent applications are herein incorporated by reference to the same

extent as if each individual publication or patent application was specifically and
individually indicated to be incorporated by reference.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be obvious

that certain changes and modifications may be practiced within the scope of the

appended claims.
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duckweed; and f) a second targeting nucl eotide
sequence honol ogous to a duckweed chl oropl ast genone

weoeeosmidd3 31. The nucleic acid nol ecul e of cl aCmu8204/021106

10

15

20

25

30

wherein at | east one nucl eoti de sequence sel ected from
the first targeting I ' and t he second
targeting nucl eoti de?@&ﬁmgﬁ ?%%nggus to the

nucl eoti de sequence set forth in SEQ ID NO 3. 32. A
duckweed chl oropl ast conprising the nucleic acid

nol eculle of Qﬂﬁ‘?lﬂ’{e.?épl?%. avingiplagtigdsdbet @es ransérmed avithqpt least
o eSO, Behartd heloRBodt to Fuck Rl INRRE, RhaRlnme

f anclentidoshquéenng haterdlegsis toaducloded pldstbensie @perably linked to an
het er ol.ogou 0 a duckweed stone i nfo .a _duckweed
pl“AREPYHO g%ﬂst@tl AEPRDE tg@dﬁF?@Lﬁg"fMP’d’igﬁ@ the Rizgftiweed
nodule with a nucleic acid nol ecule of claim14

absorbed to a mcroprojectile under conditions such

that s& d nudieslutidesdgdaniefcleirhdt whereg sist aneanucleotide

L N R A A R

clai m 35, wherein said duckweed plastid is a duckweed
chloroplast. 37. A duckweed plastid conprising at . _
| east dne nUdedseirteedpdaeheleim dt wheringeispalypeatide of interest is

d ' i & duck d pl asti.
SNSRI BRI R U o -
: _

PO 2y KA PLAGE B, 5

APOBONFRHREEB, leptivlarkiivepdictie) gramdntye niacgphinge colony

duck d plastid of claim37. 39. . uc d pl ant . X
cSTPRRf R bt firsgatintuplont aunbodipag b RosRatinsinagonain

f aftidaic] Eytokings, tcapoR, Beh A focids, , pBA i
nmet rlmd coérr]%ri Isli n ct ﬁte st eps of :c a?%ﬁ%ﬁ%g@g«?ﬁ%& gﬁﬁi Isj()lypepudes’

dderigeecPnd semealiipmin. a nucl ei ¢ aci d nol ecul e of claim
14 absorbed to a mcroprojectile under conditions such
that sai d nucl eoti de sequence heterologous to a

duckwedd pl &t doekved iphint ofitlgied 1, wihdeiatsald@astidO AR transformed
and regenerating a

| astid of said duckweed nodul e; b
8 Wé‘i\ﬁé g@&stﬁwgﬁ%mke%% SeqPENcEt BRARIEOHS i he dudkweed plastome that
t@mg?ﬁ%gﬁgg&sgy%&@%ﬂ pl ant produced according to

the ne claim4 42. A nethod for obtaining a
duckweed pl ant containing stably

5. The duckweed plant of claim 1, wherein said nucleotide sequence
heterologous to the duckweed plastome comprises a coding sequence for a marker

polypeptide that can be used for the selection of plant cells.

6. The duckweed plant of claim 5, wherein said marker polypeptide
confers resistance to at least one antibiotic selected from the group consisting of

spectinomycin and streptomycin.

7. The duckweed plant of claim 1, wherein the plastids that are

transformed with at least one nucleotide sequence heterologous to a duckweed

4.
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transfornmed pl astids, said nmethod conprising the steps

of : a) providing a nucleic acid nolecule of claim 14,
wohers@oss4sai d nucl ei ¢ acid nol ecul e conpri ses BCTAISk®A/021106

sequence conferring a sel ectabl e phenotype to duckweed

c s .
o REy® bR ERPUR B URER IR S pings
u rdheoma@ads, cthlonsplasts; btiopiadts dtleusvptdssot i de sequence
het er ol ogous to a duckweed plastone is introduced into
at | east one plastid of said duckweed nodul e; c)
mai nt aigi ng ¢ gé/@lﬁ 8 o ' g um
whi ch permt sﬁéfdﬁlglé‘gur Vi %nghﬁgé%aggﬁgﬂdgg avi nglej
5 t Heangtormed withat [shsiroot ppeleotidetseguanoy hetetodagous oy a duckweed

dugk cells gontaining the marker sequence; and d)
rg’g%sﬁ(?erggaj?ﬁeﬁéio5°pgﬁfé§<med pl ant from sai d duckweed

nodul e. 43. The nethod of claim42, wherein the
sel ection nedium preferentially permts survival of

duckweet celTbs dugkvverd Batof ghihdl whergin the bxpressitm control

rerRg o4 EBYA T b guPS sEh@atteR RSB Surrstience.
' Ciaim 42 Tag Amethod for pr odudi no a pol ypept i de of
iCnt er es@:’ sgﬁ.h& B el B@inﬁés ‘é(;’grﬁ' %P%ﬁeﬁ%icél control

dugkraed AnesLinihE ?la@ti@ el t%i)%cqug éﬂEIAe %té}fse@leﬂi:én

14 absorbed to a mcroprojectile under conditions such
that said nucl eoti de sequence heterol ogous to a

duck | is | di |
ol ast dlof e HR kAR AL OGS 1 HEeri st otAcPn 4o ARYA
15 dyedieesdabiait i$Hhe ek c/eomdd ste'g\%?x%e §étqgnl§ hesebhp Noss,

pol ypeptide of interest iIs expresse rom sa
acid nolecule. 46. A nethod for producing a

pol ypept,i de 0f .interes said. met hod conprjsjn .

PO It G K o Rt e A N
matlectud &onf the kRupcdisiabpuiedsdnis 8phibddl g %Eﬁ’tiseWblﬂﬁ@, genus
under. condi ti ons such that said nucl eoti de sequence

heY @lfig)la gad genus Iemnackweed pl astone is introduced into
7o at least one plastid of said duckweed nodul e; b)
regenerating a duckweed plant from said duckweed

nodul e13and Thy deckviaed iplegit 8 8¢16intl LT, kvweeein Bhid duckdélplant is
condi tigns fuch that .t he pol ypeptide of interest is
eﬁgiﬂés g the grosRCansitiSa deep animan Eeinaminisculgy Lemna

dHg%»ﬁggagghhdQg%hggﬂgbastids that are stably
transformed wth at
25 14. A nucleic acid molecule comprising, as operably linked components,
the following nucleotide sequences:

a) a first targeting nucleotide sequence homologous to a
duckweed plastome sequence;

b) the nucleotide sequence of an expression cassette comprising at
30  least one nucleotide sequence encoding a polypeptide of interest wherein said
nucleotide sequence encoding a polypeptide of interest is heterologous to a duckweed
plastome; and

-25.
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| east one nucl eoti de sequence heterol ogous to a

duckweed pl astone, wherein the nucl eoti de sequence
waebwroos@gous to a duckweed pl astone i s oper abbPgTitusaioed21106

to an expression control sequence that is capabl e of

functioning hn the L. -30- R 182V
40989/ 27982818, % Sﬁg%lﬂdé%f%%g?g ﬁﬁ%ﬁ‘.@%‘l@% %?m%’tg%us toa
palwkepdd glesome séqueateest, sai d net hod conprising: a)
provi di ng a duckweed cell according to claim 27,
wherei n said nucl eoti de sequence heterol ogous to a
duckweed. pl ag{qR1f N RdRRILER oFT1MR" '
i nterest; and ggﬁgceul t uril?%g slgi0 C%%I%\%éggér%@leﬁ%du%%&sgm
5 comnskette additignatly colmptisésvm qxpteggieptomten] séquenteomsdbly inked to said
expressed. 49. A nugcleic acid. nol.ecul e having a
ndﬁ’f’%ﬁ&e‘d%qu%t}fﬁgﬁﬁoéﬁ%? BB QfMt#fEStyr oup consi sti ng
of : a) the nucl eotide sequence set forth in SEQ ID

NG 3; b) the nucleotide sequence of a fragnment of the
nucl eotlitde sldguwnlse ased mbleculle of nlaBEQ4 viheNdn Bie anipeassipm control

mediepbf ARERnS FRBCRTER D1 wEREhheaRE orH poyepee

10 SEQ I D NG 3; c¢) the nucl eotide sequence of a fragnent
of the nucleotide sequence set forth in SEQ EDNG 3,
wher ei 17sai dhedagmeerd el rlsis 16 vherin saig gabacco 16S rRNA

F oy RO B iF e oo M el R Bl AP BRI,

fragnent of the nucl eotide sequence set forth in SEQ

EDNC 3, _wherein sajd fragment conprises at |east 400

cont i gd8us rTEJ&Pé‘BRE}CcPé&{ @P@W@ of Glaima 4 ¢4 additiomglle perapaERg at least
15 f Qb BibbnRESh EMNS S nuddot ' i 8@\&%

f ragment 1of t he nucfnéotol E%gﬂﬁgg‘ﬁ@é{gglﬁ&ﬁg#?ﬁﬁﬁﬁ d

EDNCG 3, wherein said fragnent conprises at |east 600

conti gyqus cl eoti des, of . the cl eoti de sequence set .
Fort n 8 SeiheaRells aery RoieeilR o Hout e TSuit GHeabpror binding
f 5@ RN s ffictioRs! 1A WateRdddddmdpeiEtans Gbaslo Hher. kbobdetiRiing site
EDNO 3, wherein said fragnent conprises at |east 800
c aneleefidessquanet setfprlein PEQIRANG@Tc| eot i de sequence set

20 forth in SEQ EDNO 3; g) the nucleotide sequence of a
fragnent of the nucl eotide sequence set forth in SEQ

EDNO 320Wwhe Mk Ruslaicteid agRBI1E of 18m i 8 8R1dRionhBASImHFPRE: a
conti guaus nucl eoti des of the nucl eotide sequence set

f GRRHFTPHOGEEON BN SeqUEicea nucl eot i de sequence havi ng

at | east 90% sequence identity with the nucleotide
sequence set forth in SEQ EDNO 3, wherein said

nucl eofilde TB&nuédibQLidARSEdiB2ul cl4DDBOHRERBLESE GO Ftion

havi ng .at | east 99% sequence identity wi th SEQ | DNO 3
25 ge ] §eqyence is the toggcco psbA gene 3° un¥ranslated reg%n nucleotide

sequence set forth in SEQ ID NO:8.

22. The nucleic acid molecule of claim 14, wherein at least one

polypeptide of interest is a marker polypeptide capable of being used to select for

30  transformed duckweed cells.

26-
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honol ogous reconbi nation with a duckweed chl or opl ast
genone; and i) a nucl eotide sequence having at | east

wO3b6swespdence identity with the nucl eoti de seqgremaS2®e021106

10

15

20

25

30

forth in SEQ I D NO 3, vvherei n sai d nucl eoti de sequence

havi n st9°/se t EQ 1D NO.3 ..
e candbl e oP BBt O REals A A 2o TR T TR peptide
C Hoﬁf@@fa@ﬁtan@@mmlbﬁﬁc sE1840d £r3ABslré Bl ycin and spectinomycin.

40989/ 279828SEQUENCE LI STI NG <110> Bi ol ex, Inc. Cox,
Kevin M. Peele, Charles G. <120> Chl oropl ast

Transf ojymat | f <

T anst o g B 30 SR8 e 190 o

2 G@@eﬁ& fiiclectidd zedii2neek a0>capalsic SEQrdntutingihotmiezoVe Fetbmbination
.<210> 1 <211> 20 <212> DNA <213> Artificial

Se‘ﬁ‘tféﬂ@élu SPCR prinmer 167 <400> 1 gctggtccga

gaggatgatc 20 <210> 2 <211> 20 <212> DNA <213>

Artificial Sequence <220> <223> PCR primer 166 <400> 2

gttat agdt a cigougletpcidMok2dieef 8laxf 14 wHsBdB said duckweed plastid

is a duckweed chloroplast and said duckweed plastome is a chloroplast genome.

26. A duckweed chloroplast comprising the nucleic acid molecule of claim
14.

27. A duckweed cell comprising the chloroplast of claim 26.
28. A duckweed plant comprising the duckweed cell of claim 27.

29. The nucleic acid molecule of claim 14, wherein at least one nucleotide
sequence selected from the first targeting nucleotide sequence and the second
targeting nucleotide sequence is homologous to the nucleotide sequence set forth in

SEQ ID NO:3.

30.  Anucleic acid molecule comprising, as operably linked components,
the following nucleotide sequences:
a) a first targeting nucleotide sequence homologous to a

duckweed chloroplast genome sequence;

b) an expression control sequence functional in duckweed;

c) aribosome binding site nucleotide sequence that is functional
in duckweed;

d) anucleotide sequence heterologous to a duckweed chloroplast

genome, wherein said nucleotide sequence heterologous to a duckweed chloroplast

genome encodes a polypeptide of interest;

27-
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<212> DNA <213> Lemma m nor <220> <221> m sc_feature
<222> 3530, 4789 <223> n = A ,T ,C or G <400> 3

wgebl@gnsaga gaggat gat c agccacact g ggact gagac aequaszmgaz1106

10

15

20

25

30

ctcctacggg 60 aggcagcagt ggggaatttt ccgcaat ggg
cgaaagect g a69030L AR HEEAC0RANRI PR 0GL AR Whimctions] in
ccacgggtcg tgaacttc ctcggaga agaagcaatg acgg%a Ctg
18duchkggahtaadgc at cggctaac tctgtgccag cagccgeggt
aagacagagg atgcaagcgt 240 tatccggaatl gattgggcgt
aaagcgt ct g tRAggt g"g@t%?mfia&gé’é‘ﬁg 8&%@%&8&%@@% g@@elogous toa
CQﬁggg@&p&ﬂaggﬁﬁggﬁgﬁwg gdtggaa actaccaagc tggagtacgg
t aggggcaga 360 gggaatttcc ggtggagcgg tgaaat gcgt

agagat cgga aagaacacca atggcgaaag 420 cactctgctg

ggccgacact cact gaga.gacgaaaqgct . a gagcga a atta .
380 ot aeccalt MR ) CoTh Ao g O AL gt e mitleotde
9Cdcghded béledi6DREMARE Orse MR iRGIMIEIOH e SGhaREeARIthe second
taagtatccc gcctggggag tacgttcgca agaat gaaac

6 0eteetRS erdentide geargneryig hovolpeauatedbe gutlgyiigsagquence set forth in
gt%h{ﬁ@égtcgatgcaaa 660 gcgaagaacc ttaccagggc

ttgatatgcc gcgaatcctc ttgaaagaga ggggtgcctt 720

cgggaacgcg gacacaggtg gtgcatggct gtcgtcagct cgtgccgtaa
ggtgttgggt 780 taagtcccgc aacgagcgca accctcgt gt _
ttagtt gica ctdnekgresdshloseniashsamprigngthgawelsicasgd molecule of claim
gajjaagccgg aggaaggtga ggatgacgtc aagtcatcat gccccttatg

900 ccctgggcga cacacgtgct acaat ggccg ggacaaaggg

tcgcgat ccc gcgagggt ga 960 gctaacccca aaaacccgtc

ctcagttgcgg attgga t gcaact.cgcc tgcatgaagc 1020

cggaat cgct dg?‘g‘i?%gg Ge]g ﬁ?@%%%%\ﬁ‘eéfggﬁﬁg@%t ghckimégdtt ccc
gggccttgta 1080 cacaccgccc gtcacactat gggagctggce
catgcccgaa gtcgttacct taaccgcaag 1140 gggggggatg
ccgaagddgg dyduckgtegd planggemprisegthe dytlavcdagll of aom gBac
1200 tggaaggtgc ggctggatca cctccttttc agggagagct

aatgcttgtt gagtattttt 1260 tttggtttga cactgcttca

cacccaas3aa JRaRewaAdst indeaidhdadtast 820G Id@%3e 3R Rnce
tatggaagtc ttctttcgtt tcttgacggt gaaataagac caagctcatg

ageteralpgaus ta 3doclereed plastaee mtcadetkvsad phgigdtseictmethod

tt . cCC t ca.l1440 cat a .

| SR ERE OB AAEEL BS99 B D P S90Sy g gim 1
1 Sl?ﬁbrbécbmczggtog@rtqjagtige @?géggoﬁi&?ﬁw?ﬁh ?ldtt E?G ‘ﬁht&@@ﬂide sequence
ggLa cgc gcccclgal a attgcgtcgl tgtgcctgg . .
c%@tegﬁgw t & duclgrced elagioppmis algtfngue@cgm@q gdeast ewpplastid of said
at@agsaeGlodgRcccggaga t gt ggat cat ccaaggcaca ttagcat ggc
gtactcctcc 1680 tgttcgaatc ggagtttgaa accaaactta

t cct caggag gat agat ggg gcgattcagg 1740 tgagatccaa

ggtogg at}%.c a af(fltetnge%}tloadt otf c‘fa%r%t 305? %v%%lgeinaéagg gtgc%((\:v%%d E)i:a% 1(%J %gag u%kweed

chloroplast.

37. A duckweed plastid comprising at least one nucleotide sequence
heterologous to a duckweed plastome wherein said duckweed plastid comprising at
least one nucleotide sequence heterologous to a duckweed plastome is produced by

the method of claim 35.

8-
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accaacaagg ctcctctctt ctcgagaatc catacatccc ttatcagtgt
at ggacagct 1860 atctctcgag cacaggttta ggttcggcct

woaeasggsaaa at ggagcacc taacaacgca 1920 tctt cacaga/us2004/021106

10

15

20

25

30

ccaagaact a cgagat cacc ccttttattc tggg9tg a ¢ ¢
gagggatggt 1 at. d""
gaaggté%gg 5Q§gg§gtgaggg : ég%%%’ g%%&@aﬁfébnn37
t gact cgaaa t gggagcagg tttgaaaaag gatcttagag tgtctagggt
2100 t cca tttctta acct tt ttttcttccce
at cgg ag%g gg&ﬁ%%%ﬁ@‘@i%@ Q&nﬁéﬁ%g‘écé‘v‘te%ﬁ@lg%ﬁ&‘m 38.
gggt ggaaca agcaaagcac acttgtagag cgcagtacag 2220
cggagagctg tatgctgcgt tcgggaagga tgaatcgctc ctgaaaaaga
at ct at t4fat 22 8Gthodtfocchteiamgta gansppstamic duckgged phnt, said method
atttact t accggcga ggtctctggt 2340 tcaagtccag
é tagg gaaaagaat a gaagaagcat ctgactcctt

2400 C at gc at ct cﬁ%ﬁ A6 988 e $AAC, SRMIE acid molecule of
ggt agagctc cgctctt ca 2460 attgggtcgt tgcgattacg

g Flaiggleh dpsorbedita 2 gw@pragegtztygmdat cognéttmgs seahtth@sad nucleotide

t ct frcta a aa acc
e D s e D
tgﬁeaagmabw@ﬁagﬂggaggitaggatgggc 2640 agttggtcag

atctagtatg gatcgtat at gaccttagt t cggc ggctctccta
2700 gggttccetc de g e dy gg%t@%@ 8 eed nodule.

tggcacttgc gaacagcttg 2760 atgcactatc tcccttcaac
cctttgcgcg aaat gt gaca aaaggaagga aaat ccatgg 2820
accgacddca tAtghesptsiemic dockvagd pint prdgegiadceordpas aAgoaathod of

fctt ggc 2880 atccaggggt cacggaccga ccatagatcc
tgat‘%‘a taa gtggaacgca ttagcagtcc 2940 gttctctggt
t gggcagt aa gggt cggaga agggcaatca ctcgttctta aaaccagcat
3000 tcttaaaacc caagagtcgg gcagaaaaag ggggagagtt
ctccgt téct  gamethod donptedisng atyckyemst pladtoonguaag stably

atcec tt aat tccgactc acctttt 3120

%@%ﬂ éflﬁ%gg (ﬁﬁngaf??%ﬂﬁﬂ%lﬁgégﬁﬁ ‘acg at gaaagttg
t aagct gt gt 3180 pHeaadiagdadcleictadid Abkbuldbf 8aif 9% Swherein said
tctat agta aatcagtcgg ggaggcccga 3240 gaggcggt gg

t tpeleiccacit melgews sempuses ganarkercgauace copferrang actelecbteqihgnotype
3 h9A gCc cgaaactatg atagcaccca attttgacga
t?g%60a9?§ %gﬁtctatga 3360 tttatcattc atggacgttg

at aagat c ;:t bycat b??tgﬁd&@%@ma@d ﬂ@dt??ﬁ/ﬁh @Eid?nﬁaltgtc ac%d

cc a a ca aacgaggaaa ggcttac at accta
GORCUISo P86 ABgagyaRsy o geayPdnne avgkadbgnucieotide

C Eéc?@ﬁ&ﬂ%er&ogmtaadﬁc%@éﬁﬂ%&ﬁe 23800 ?&gg b %g fégs aglasttd

gaataggtta acCtttcgaa ctgctgctga atcc gc
360&ni¢ dedkotegdngdidect gaaaca tcttagt agc cagaggaaaa

gaaagcaaaa cgattccc 3660 ta gagcgaaat g
ggagcagcct acclt agg ning ]é?gélg?( é:@@(é,g %leyytggmedlumwhlch

apaGARIESL ; :
g 8 cgaaagt Curg%g@{cg‘g{“ga%g@ gg&gig % EcﬁgasgtPe@%g% &eﬁ&gﬁé:{oatﬁ@eby

55@% derrhgkwaetedtlg gogfamingshg gm?ker 387i@nex; egd gt gaa
3600 aagtagthce HEOIGaTRs g s R AhgEdRd P bekgeedibitie

gggagt gaaa t agaacat ga 3960

—

43.  The method of claim 42, wherein the selection medium preferentially
permits survival of duckweed cells having substantially all plastids transformed with

the nucleic acid molecule.
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aaccgtgagc tctcaagcag tgggaggaga atctgatctc tgaccgtgtg
cctgttgaag 4020 aat gagccgg cgactcatag gcagtggctt

wQgbisaasgga at ccaccgga gccgtagcga 4080 aagcgagPCr/US2004/021106

10

15

20

25

t cat agggcg attgtcactg cttatggacc cgaacctggg tgatctatcc
4140 atgaccagga tgaagcttgg gt gaaactaa gtggaggtcc

gaaccgactg atgttgaaga 4200 at cagcggat gagttgtggt

t aggggtdfaa ai genspidstogniadedorgd Plant pedugat dceordiZGOio the method of
tccccgaaat gcgttgaggc gcagcagttg actggacat c taggggt aaa
gcciaé?ig@tc 4320 ggt gcgggcc gcgagagcgg taccaaatcg

aggcaaactc tgaatactag atatgacccc 4380 aaaat aacgg

aggt caaggt cggccagtga gacgat gggg gataagcttc atcgtcgaga
4440 gd@aaadaygsthoddgaprodednggpolypemice of ttarast ga¢ method

c t ga taaaggaggt 4500aggagtgcag agacagccag

g%ééﬁ’?lglélgc t agaagcagc cacccttgaa agagtgcgta 4560

atagct cact @3t cagabarditd 4 SeUedd a8dAL IARCIYRYCIARER%cule of
atctgccgaa 4620 gct gt gggat gt aaaaat gc atcggtaggg _
g&tet ldcabgorbed toamicaprategiissodentcondgongswhda gaitl nucleotide

a at ct tgagtaacgc aaacatt ggt .
A AR R R D G SR AR Frf R R prasia
agdtdid gucloveed agdalgogid 4800 gagt cagggc ctaagat cag
gccgaaaggc %agtcgatg gacaacaggt gaatattcct 4860

gtactacccc O gt t §EEEegiydiskuged plgatager Q?ld'gioslf gechgthat the
. ‘ . ct. ga
??@fy@%ﬁ(ﬁtof‘ﬁ%&%sﬁg Q%ﬁrg?s@@ @oﬁf&%@cﬁﬁ%@% aﬁé é’g)é%él o

cagdgt aa gaaggggtag agaaaa
gt ct gagt ac caggcgctac ggcgctgaag taacccatgc catactccca

5040 ggaaaagqgctc cgacctt aaacaagagg gtacctgtac
ccgaaacdga %‘a@%‘g‘?g‘ﬁg’r RO Cact %%Y%@Qg%ogm&’éﬁ»aﬁgbmﬂmd
geampAgasa actctctcta aggaact cgg caaaatagcc 5160

ccgtaacttc gggagaaggg gtgcctcctc acaaaggggg tcgcagtgac
caggcccggg 8R20 bembudingtaadwwkwaethaminte wiflyh auclegacid molecule of

t t gt at ctgac 5280 gcctgccca .
C SR 360 PG Rl IR B GontiniRh Pk ot apcptice
58 A@ARGLCIOEG1sIb A RRECIDIEE 5GGhARGhBoRREd 33 3 1%%& B8e Alastid
<211> 30 <212> DNA <213> Artificial Sequence <220>

<obspid dugigicedrpedule7 <400> 4 acaaggt agc cgtact ggaa

%\?: ?? Ig gf;? . Egﬁeggnezit%alguc%eég %1%?1‘[ 1%\1% sglgild%lzkweed nodule; and

c) culturing said duckweed plant under conditions such that the

polypeptide of interest is expressed from said nucleic acid molecule.

47. A duckweed cell having plastids that are stably transformed with at
least one nucleotide sequence heterologous to a duckweed plastome, wherein the
nucleotide sequence heterologous to a duckweed plastome is operably linked to an

expression control sequence that is capable of functioning in the plastid.
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<223> PCRPrinmer 203 <400> 5 ttcaactccc cgaagcattt cgtc
24 <210> 6 <211> 119 <212> DNA <213> Nicotiana tabacum

we20308648Ct cccccge cgtcgttcaa tgagaat gga t aagagoaiSen04/021106

10

15

20

25

30

gt gggattga cgt gaggggg 60 cagggatggc tatatttctg

gagcg t c %%W < > 7.
2211> %%c<21§> <59§§8%?§§?§érﬂ%8t %Wﬁ% l%%l%st faid

t tgethodgampygag:t t 16 <210> 8 <211> 189 <212> DNA <213>

Ni coti ana tahacaun<4Q0> cc t gt cta

gaggttttga aﬁagad’&@ﬂ méé’aflé’gg‘é{??ffa"geglt F’@ttf’ %’@‘“27 wherein said
ClRICAA8Rbqd @ He Bl 8182 Gls 36 b ldh O eddtidstdihd Eﬁcoﬁ@st 5&63&%(5}6
cta tatttt 120 acttacatag acttttttgt ttacatt

gaéﬁcéa@a@§tand tttcttgcat 180 ttattcatg 189
<2 10> 9 <21 iés Qﬁ%cdgeeg cgli‘ %Iézgécgt?gr% sugh ﬁlat the

<220> <223> {THEDs 2

ct bﬁ@ﬂbﬁﬂﬁb&%t%&mﬁ%@@ﬁ 10 <211> 25 <212> DNA <213>
i cial Sequence

49. A nucleic acid molecule having a nucleotide sequence selected from

the group consisting of:

a) the nucleotide sequence set forth in SEQ ID NO:3;

b) the nucleotide sequence of a fragment of the nucleotide
sequence set forth in SEQ ID NO:3, wherein said fragment comprises at least 100
contiguous nucleotides of the nucleotide sequence set forth in SEQ ID NO:3;

c) the nucleotide sequence of a fragment of the nucleotide
sequence set forth in SEQ ID NO:3, wherein said fragment comprises at least 200
contiguous nucleotides of the nucleotide sequence set forth in SEQ ID NO:3;

d) the nucleotide sequence of a fragment of the nucleotide
sequence set forth in SEQ ID NO:3, wherein said fragment comprises at least 400
contiguous nucleotides of the nucleotide sequence set forth in SEQ ID NO:3;

e) the nucleotide sequence of a fragment of the nucleotide
sequence set forth in SEQ ID NO:3, wherein said fragment comprises at least 600
contiguous nucleotides of the nucleotide sequence set forth in SEQ ID NO:3;

\ f) the nucleotide sequence of a fragment of the nucleotide
sequence set forth in SEQ ID NO:3, wherein said fragment comprises at least 800
contiguous nucleotides of the nucleotide sequence set forth in SEQ ID NO:3;

g) the nucleotide sequence of a fragment of the nucleotide
sequence set forth in SEQ ID NO:3, wherein said fragment comprises at least 1000
contiguous nucleotides of the nucleotide sequence set forth in SEQ ID NO:3;

h) a nucleotide sequence having at least 90% sequence identity

with the nucleotide sequence set forth in SEQ ID NO:3, wherein said nucleotide
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<220> <223> PCR Prinmer 248 <400> 10 ccgcgttgtt
tcatcaagcc ttacg 25 <210> 11 <211> 24 <212> DNA <213>
wanbisfoosd4al Sequence <220> <223> PCR Priner 218CTAR2084/021106
11 ctgtagaagt caccattgtt gtgc 24 <210> 12 <211> 20
< d b/l L : S - P
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homologous recombination with a duckweed chloroplast genome; and

1) a nucleotide sequence having at least 95% sequence identity
with the nucleotide sequence set forth in SEQ ID NO:3, wherein said nucleotide
5 sequence having at least 95% sequence identity with SEQ ID NO:3 is capable of

homologous recombination with a duckweed chloroplast genome.
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