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The present invention relates to nethods for high throughput screening
using 5 duckweed. BACKGROUND OF THE | NVENTI ON The ducﬁﬁﬁeds ar he sol e
menber s o&g&he monocot yl edonous fanily 10 Lemmaceae. T Wﬁﬁ?méﬁ ra and 34
speci es are 474¥al 1, "free-floating, fresh-water plants ROTESN2/16938

geogr aphi cal range spans the entire globe (Landolt (1986) Biosystematic

I nvestigation on the Fam |y of Duckweeds: The Fam |y of Lemaceae- A

Monogr aph Study Geobat ani schen Institut ETH, Stiftung Rubel, Zurich).

Al t hough the nost norphol ogically reduced plants known, nost duckweed
species have all.the 15 tissues and organs of nuch larger plants, including

i bd ext onsi vel o S o Cakar aRp N aPH ERR L EER BRI, 15 e

ecol ogy, systematics, life-cycle, netabolism disease and pest

susceptibility, their reproductive biol og%g %eneti c structure, and cell
bi ol ogy. (Hillman (1961) Bot. iy} OF BHE INYENTIGNdol t (1986) Bi osystematic

| nvestigation on the 20 Fam |y of Duckweeds: The Fami |y of Lemmaceae-A
Monograph Study Geobatani schen Institut ETH, Stiftung Rubel, Zurich). The
growth habit of fTheprusekimetson elitetial méthodsTorhigh itBbudhiphi séfdeAg W8P OIS .

The pl a(r)st r ‘FiEdlﬁ proliferates through vegetative budding of néw fronds, in
a nacr scog'c fmer anal ogous to asexual propagation in yeast. This

proliferation 25 occurs by vegetative budding fromneristematic cells. The
meristematic region is small and is found on the ventral surface of the
frond- Meristematic cells BACKGROWND QFCKREESNVENTION each side of the
frond mdvein. The small mdvein region is also the site fromwhich the
root originates and the stemarises that connects each frond to its nother

frond. The meri stigiickweRRGKSthe sSleMQLRE ' iy onds. bud -1
21 Novenber 2005 WD 02/ 097433 PCT/ US02] 168%‘819?1]0?'8%(%%% ga%fr?‘l’%ﬂ’l\these

pocket 40 DdsBmagepet Thedowrgeperhund pé spestesancizlbsmalh $res lonting SredPwakd hour s
et al. (1977) Bull -

(Landol t (1958 gﬁgsfgi%ﬁgsg‘é‘ﬁ%@;agﬁ%%ﬁgeﬁ{fag?c{b%gﬁgfd%lgﬁ%) Physi ol . 65: 16;

I nst .

Venkat ar andiosgkreatiic (hosipkién Bl i OB YD MweEB: T!?clﬁénéibf’%/?é%}g@e%g | plant or

duckweed nodul e cultures can be efficiently transforne any one of a
nunber of ret/REeE el Gegbatemesbae tnstitwi BTib StifiuegiRgen Zirichh sA iqugh

the most morphologically reduced plants known, most duckweed species have all the
15  tissues and organs of much larger plants, including roots, stems, flowers, seeds and
' fronds. Duckweed species have been studied extenstvely and a substantial literature
exists detailing their ecology, systematics, life-cycle, metabolisnt, disease and pest
susceptibility, their reproductive biology, genetic structure, and cell biology. (Hillman
(1961) Bot1. Review 27: 221; Landolt (1986) Biosystematic Investigation on the
20 Family of Duckweeds: The Family of Lemnaceae—A Monograph Study
Geobatanischen Institut ETH, Stiftung Rubel, Zurich).
The growth habit of the duckweeds is ideal for microbial culturing methods.
The plant rapidly proliferates through vegetative budding of new fronds, in a
macroscopic manner analogous to asexual propagation in yeast. This proliferation
25  occurs by vegetative budding from meristematic cells. The meristematic region is
~ small and is found on the ventral surface of the frond. Meristematic cells lie in two
| _p_(_)ckc_ts, one on each side of the frond 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 -
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bal listic bonbardnent, or electroporation. Stable duckweed transformants
can be isolated by transform ng the duckweed cells w bot ?p(gsn

nucl eoti de_sequence of interest and a gene whi ch confers”Fesy ce to a
sel ecti on ‘é(&éﬁ{ﬂ?”m lowed by 10 culturing the transforned eeltisodgos nedi um
containing the selection agent. See U S. Patent No. 6,040,498 and U.S.

Provi sional P |i,cation 60[221 705; herein incorporated by
reference in aﬁ%@?‘%lygﬁﬁl rﬂéets?/i.)ocllﬁgté'ehf) uémﬂéﬁﬁﬁs"aﬁhb)bfﬂ’&ﬁ@s ages skertien29-ng

have provi de@4aowedlirkion(1957)Bex BBALRN Sof Rk 1971, a%%%&’&ﬂfl?ﬁingnes

encodi ng nov% pol ypeptides and the .15 associ at€d nucleotide Sequences

that may ser V& {&eredarhdi. ehdIdpkesyl Mudd(l WApBancBhisig. Setglences.

However, the royhde ng in nption regarding the precise
s LR A Y

role of these nucleoti al | y-i nportant processes.

To deterdine or condkwerd phat briduckwesd mRHuRURred 8RR offibichd Qﬁ&?@ldédy
necessary tobyex ress .t hese genes 1 n ViVvo. When screeni ng FP(JC eotl ae

sequences to SPfeh 2 nepbderad methads ingludingsdgmbgtienns medheedhzgleasinsfer,

predi ctive SH0&ESdom® or the -activity of the sequence in a
whol.e plant. However, Qfgﬁlgg{r’\%gﬁgcgﬁ)@?%?rﬁgg%ﬁeid?fflé%‘?ed %“ﬁ%ﬁ’f‘?%‘? Gwhg? nsoil is
time- and speddctby amiforging the declaveed bélls with bah@lie 1RfcReoBils SequbRGbs €d tO

pr epare, carigtelfeotrd and scgrﬁ t hese screens, and these steps are generally
not anenabl'&ed WIAFTHE POIFh conlers Trsiitpnsg t9 d seletionagemglofiower byl eot i de

sequences | RuluripIhe ahdtéined @B ; : pctive.success of e pl ant
screening with rtmr%e reduced size lgﬁgn%dgtsht%@#tgiﬂi%ﬁbc ?ﬂ?cgigfaﬁlﬁﬁ‘it' §8w ing is
desi rabl e. Reeaiiie-(5040,498med B & Reorisibmal @atehDAplicaYHE 66/22 MBDRARSeif,OF
conducti ng %%tg) h?){ﬁﬁ#?h ut scr&eﬂs i.n a duckweed system WD 02/097433 )
SUMVARY OF P e NDEREMreY005  PCT/ USO2/ 16938 Hi gh t hr oughput ~
met hods for det eRedent aahdt® ihIhQBh&AL sdcBRbd | GeafCld 1ol ecul es,
and. for identifying nucleic at():i d%%ol ecfﬁfqeg&t(‘)#@?’hr‘{tg%? es&d:aanwgalﬁh%emeed
system are PHUYRHeR regpriingrthe segperce obgerteh enqodamanivel pol@Rptiaes dldahe i S
provi dgd a high; : method for identifying a nucleic acid nolecule
of int erest%}g%tyﬁg#%(?@%%q&%cﬁ &ahraa;( FEVSedpeilge tegxprosaioafodithisag a
duckweed pla@dingGufuiantes, Hbwhweadsd@qubRe Ath bidvide ndi &-\‘ifé ngion
cul ture, or,duckweed protoplast cell cul turg Wi t'ehn a{ﬁt?es %g"%ga%ng

the precise role of these nucleotide scquences in physiological ly-important processes.

To determine or confirm the function of novel genes, it is generally necessary
to express these genes in vivo. When screening nucleotide sequences to determine
. 2_0 their activities in plants, the highest predictive success comes from tests for the
activity of the sequence in a whole plant. However, greenhouse testing of intact
plants grown in soil is time- and space-consuming. Large amounts of Iabor are also
required to prepare, care for, and score these screens, and these steps are generally not
amenable to automation.
25 A method for screening for nucleotide sequences in a system that combines
the predictive success of whole plant screening with the reduced size and cost of high-
throughput screening is desirable, Accordingly, the present invention provides |

methods for conducting high throughput screens in a duckweed system.

L -




nucl eoti de sequence conprising a codi ng sequence for a pol ypeptide; (b)
culturing the duckweed plant culture, duckweed nodul e QPILTEVU&%erzOgkaweed
suspenswomzieatisur e, or duckweed protoplast cell culture mﬁ@;ozﬁ@g}gi tions
such that the pol ypepti de encoded by the test nucl eoti de sequence is
expressed; and (c) determ ning whether the pol ypeptide encoded by the test
nucl eotide sequence modul at 55’%&“%@@'&15 N wherein a test

nucl eoti de sequence that encodes a pol ypeptide that nodul ates a bi ol ogi cal
response is identified as a nucleic acid nolecule of interest; wherein
steps (a) and Hiph throegiyen iretined formietdnausagehetigogde@ntintiod 6f ARleip! ate - or
contai ner. .The nef hodg .of. the.invention are anenable to _automation to allow
for rapi d*'QARIEY F'c"i"aﬁ r '?%&W‘g preeic spidaneleerisy almisestar pduclpreeduc) ei ¢
acid npl e@g]c%am'ghﬁ,ideqpt hods may be perforned in a. high-density format so
that multi'ple sanples may be processed sinultaneously. In addition;

mul tiple st?lgs of the t hod nay. be . performed i_H éhe sanme hi gh-density
format. For IRPARFFRECE O T BrsHl Oy Frling, thercels Rrpwided 3r WghitBrpuslBrbect i on, and
r egenepaith@. fopf ideR8fHNE kNeREIcH ke RbRcAl! of 2RALS, Ofaid PaicALdPer f or med
in the sane high density format plate. The nethods provide for the high
speed sempagingdhostepuef eoti de sequences such that a nucleic acid nolecule
of interest, may i Lfied J shortened t| frame followi ng the

t ransf or mat }(@n 0 rg"%fﬁlgﬁhgc%(v@g‘&‘ggﬁ PE}H@.C“EPBG&\I(%'%,EWFW@W oﬁ@%f”ovi de for a
~ hi gh edltlovesdc yuspbnsiee eubiube, &ff didlensdoprspladicéae edithic9gth adtedtl Novenber
2005 The nmethods involve transform ng a duckweed plant culture, duckweed
nodul e PEEEPYGSEqyERIE GOEWISIRG B FRFISH seamange dor ppolypertidasd prot opl ast cel |

culture wt a ¢l i h Kk st i.s._then
mani pul at ed&t‘)o i glglntl E% ﬂgee dﬁlﬁgﬁ%}ﬁ%&n}d& rlrgllﬁlécﬁ\?(gg‘gf%\éi H?ﬁe?%lgs(fu.l B one
enbodi decitwiddesugpakivaetiitptagnt dockweadeprothipticnedt cnodel@dettdnditons duckweed

suspensi gn_cul ture, or.duckweed protoplast cell culture is transforned with
a test SHdcebthype Baﬁ&ﬁc%}c\égﬁg byBe e ByicoRdersgareRSisFRPrFREe e st

nucl eogjgle sequence is determned to thereby determne if the test

nucl eoti de sequence is a nucleic acid nolecule of interest. In another
enbodi ment , (Dhe defeimeimg whether thel palypeptidackested byothd st abcleotide

sequence modulates a biclogical response, wherein a test nucleotide sequence that
encodes a polypeptide that modulates a biological response is identified as a nucleic
acid molecule of interest; |

wherein steps (a) and (b) are performed in the same high density format plate

or container.

The methods of the.invention are amenable to automatil('i'n:‘to allow for rapid
and efficient identification and characterization of nucleic acid molecules. The
methods may be performed in a high-density format so that multiple samples may be
i)rocessed simu]faneo’usly. In addition, multiple steps of the method may be
performed in the same high-density format. For example, in one embodime_nt, the
transformation, selection, and regeneration of the duckweed culture are all capable of
being performed in the same high density format plate. The methods provide for the

- high speed screening of nuc[eotide sequeﬁces such that a nucleic acid molecule of
“ interest may be identified in a shortened ﬁmc frame following the transformation of
the duckweed culture. Finally, the methods provide for a high efficiency of recovery

of transformed duckweed lines.




- enbodi nents, at least 1

duckweed suspension culture, or duckweed protoplast cell culture is
transfornmed with a reporter nucl eotide sequence under %@ﬁditLopﬁ iUCh t hat
“the reporter nucleotide sequence is integrated into tfe tXE°E Phe
duckweed pl ant culture, duckweed nodule culture, duckweed suspension

cul ture, or duckweed protoplast culture, and the nucleic acid nolecul e of
interest is identified by determning if the reporter nucleotide 3a WO
02/ 097433 21 Novenber 2005 PCT/US02/ 16938 sequence is integrated into the

duckweed such that it is operably |inked to a nucleic acid nol ecul e of
interest. DEPAM Bdﬁﬁg’é{’l‘:ﬁ “Eﬁ"ﬁjﬂgﬂ‘éch‘(ﬁ)ﬁ\ﬂﬂi@(}“ﬁu%@%ént invention is

dr awn hoduTetRaE, dudkowédiullicitioh BEIRRAR hicRGLATN Blas LML Rl GiafCl
nol ecul e in a duckweed systemto identify and chafacterize nucleic acid
nol ecup &yclgetidanequanse.. Ththdusgwnet dystds: is tindpi manipidetepnte eatifnee success of
Screenj 1.0 whol | ant fth the size, labor, tine and cost efficiencies
of high&%ﬂcgﬁpgﬁaﬁﬁﬁ?ﬁgﬂégﬁ ing typically associated with single cel
technol ogy. Definitions The nmethods of the invention are high-throughput
screeni ng mbt dredsnboBimérhitlghduckwesdgdiputculredehastkwasd us@sle bgngin is intended a
met hod ,f or ich at Ie?st on& 15 of the followng is true: (1) The nethod
i's perfhb‘f(]%(‘j PEPPEISIHYE o fyrkwgedregotonlaskeel] epliyre isrtrmsfosmediwithhat  mor e
t han Oﬁ'ﬁ:sﬁmdgﬁéﬁu%egm5§ﬁﬂ) a ntcﬁ&‘?m;t}tﬁ{est ﬁ%le&m@({fmc n some

| . or nore, at |east or nore, at Teast 48 or nore,
at | eaistdegeningd (ntheesby detemnint st teSiBichntidosaquemeik aswclele dori processed in a
singl e B a“e t other 20 container. The plate or other container nay be
speci alPy RGN or the growth, maintenance, and autonmated handling of
duckweed cuhtaab@sr &hdd b Hi S in each well.
See, for exanple, U S h%?%\%gpgﬁ(glle@% ?a g?\?lﬁﬁ%gllu?%g?%ﬁ?dg}ér%ua “No.
60/ 294lugBwedq suspension prlfurs Oor d20i0teedpiotbhlastideB culthiel ik trgndRatesdtwitlAppl i cation

entitled. "Plate _and Method for H gh Thrqughput Screening”.filed on May 25
28, 200 P"%)"“‘r'ﬁ‘z" WERCT UNGSEFIBTHRIS 54 fha e renper Mletdeeps, for
exanplsequdnbeis iR TR DRA FTRhEGIKMRed R SRGRL bt @A Rhufhe duckweed
culture, can be perforned

culture, duckweed suspenston culture, or duckweed protoplast cuiture, and the nucleic

acid molecule of interest is identified by determining if the reporter nucleotide

3a




in the sane high density format plate or container. In one enbodi nent, two
or nore of the steps selected fromthe transformati on_step, selection
step, and {ve('{qenerati on 30 step, are performed in the sahBoyke?08y t hat
transfer o YHEHdtkweed culture is not required between Stamsso24s9dd
Novenber 2005 WD 02/097433 PCT/ US02/ 16938 (3) The nethod is anenable to

automation, i..E£. . r.e st f t nmet hod may be perfornmed using a
| abor at ory rosgﬁltelnéc%ggé]?%%ﬂ.mtf’ﬁep‘%ﬁgwﬁﬁ‘%]ﬁw stichdha %15 ppemblydinked topeed

screeni ng of nndeiceadimeecidegippess. For exanple, in sone enbodi ments of the

present invention the 5 transfornmed duckweed may be assayed to identify a
nucleic acid nolecule of interest following as few as 4-16 weeks after
transformati on, such as % R - ithin 5 weeks or fewer,
within 6 weeks or fewer Ij/“Ev'\%l;t |Wﬁ£§?@ﬁ9ﬁﬁ&§5%§sglﬂoﬁ weeks or fewer
within 9 3veeks or fewer, within 10 weeks or fewer, within | 1 weeks or

fewer, within 12 eks or fewer, within 13 weeks or fewer, within 14 weeks
or -10 fewer, withi'lf PIBSREMNENUNN 1§ digem togrethpdsHonthe bighethksughput bereatting 5) The

et hod_pr ov! aiasciicicalmBletli i ARolhled DRSS RKSEY, Of Janshoried, duckueed

| i nes such that at |east 30% or eas
nore, at | edstd mogsuwes afbinteresat ThesastetidcombiiRitke praicli faslcc@5%F O Nmore, at
| east 60% %Freglp]re ah Ie?st 6b% or nore, at |least 70%or nore, at |east
about 75% At PN I WhelGPlanks wibbhsisiaee jabor, ime andsostebbeiendsus bighror e,  at
- | east ahout H2086R0t $RESD . - 950 re of the duckweed
cul tures transfgo}?rred in r{ gp?r%]%)t]%g&%?lgg%ssé'?%?eg%eq{?%?goﬂi ¢ duckweed |ines
conprising a test nucl eotide sequence or a reporter nucleotide sequence.

The term"d systent or "duckweed culture" as used herein 20
enconpasses hmggsd pl ant cul tures, duckweed nodul e cul tures, duckweed

suspensi on cul t uTlesmetads 8PHK YRRHHHE e }ﬁ?,_ b | tures . Jhe term
"duckweed pl.ant culture" as used herei (rmil‘e e?“ig%k)!étsgi’égléfln l??eéhog 'ohﬁri si ng
most |y ful | yigli-thfeuehpus methad tassisoshereil ianttended aFhehddfomwhiaek waqthaodul e
cul turejs asyyge e & fers to a culture 25 conprising duckweed cells
where at | east g’b‘?ﬁéﬁsigotq %55% 60% 65% 70% 75% 80% 85% 90% 95% or

100% of the cel I($) ar eTHd héb@RtpeAbate B! 4 HohAondh td 8 LR m&elky "
used her ei n, is a.cell having at |east onegphenﬁ?ypﬁa%’ghéé?}a% apftaueh
a that more than one sample may be processed simuitaneously. For example, in some

as
(e.g.

embodiments, at least 12 or more, at least 24 or more, at least 48 or more, at least 96
or more, or at least 384 or more samples may be processed in a single plate or other
20  container. The plate or other contaiper may be specially adapted for the growth,
marntenance, and automated handling of duckweed cultures by the addition of a
porous support system in each well. See, for example, U.S. Provisional Patent
Application Serial No. 60/294,430 filed on May 30, 2001 and the U.S. Utility Patent
Apphcation entitled "Plate and Method for High Throughput Screening” filed on May
25 28,2002. '
2) The method is performed such that multiple steps, for example, the
' transformation, selection, and regeneration of the duckweed cuiture, can be perfo'nned
~ in the same high density format plate or container. In one embodiment; two or more
of the steps selected from the transformation step, selecfion step, and regeneration
30  step, are performed in the same plate so that transfer of the duckweed culture is not

“required between steps.

t 40% or

o

a




di stinctive cell norphology or the expression of a marker nucleic acid or
protein) that distinguishes it fromundifferentiated cells or fromcells
found in other tissue types. 30 In sone enbodi nents, t HeNesERaEedd5 nodul e
cul ture cHh¥wesssduckweed m cronodul es as descri bed el sewharesshacsgn. -5
WO 02/ 097433 21 Novenber 2005 PCTI US02/ 16938 The term "duckweed suspension

cul ture" as used gfrel r toa culture conprising dispersed duckweed
cells, for exanpl® di sﬂ@ar Mﬂ%’@ﬁle@é?wﬁg‘a@@%l@ OﬂﬁCRiﬁ%‘?f&FtP@S ofghegluckweed

suspensi on Grdthsd Bayi Ebeﬁ&mdlﬁﬁaélpfaﬂoéio@ﬁ}o%oﬁgé deSi dﬁnckmunorga“' zed

cel l ul ar aggregates” of "varying sizes ed protopl ast cell
culture" refers t#) a ciletroetood alprs Hr tig highusplens edteaiind of nubleotideat | east
80% or. 90% of the duck cells lack cell wall.

bout 50% %
K‘/E? lﬁods f%rggncé%f]%egs Q&%%ﬁ?‘é‘&'"&fnfgnﬁb%'meﬂf \:ﬁﬁﬁ%@ef‘%’t Yrveniiqidagy i ped, for
exanpl e, Si ntighifsmaanddckA88d miakh bBadaledodRR 0@5%@1615‘3%%@301@ afin ‘énq:

Press, herein incorporated by reference. term "Dbi ol ogl ca unctl on"
as used heré‘?WW‘%@?@W@"&%WW&%N@&&W@% oich apwaibmrttwcediﬁ oafmc,l eic

acid nol ecu or ex b|o functions,

nucl ei ¢ aci h/ﬁrrg{ eg@%}ﬁ&&%‘g?u éh:} e 5"63‘*‘15 5?@6‘?“@%%&%%"&63. ng for
pol ypept i deweelarut fewel withir@ wichies @>PW &S Hithin mwéacrsgﬁreww%ﬁm | f@emgauences.
Exanpl es of ol ogi.cal functions for poI peptides include nodul ati ng

bi ol ogi cal ‘)rlf1 EWER I BIR 3 Wegkverdle e ayithiny Wmlﬁlor@mewﬂhlesifIMeekmwr est,
conferring RLRERGEMiLE5 wedkd {u_yfegv' xe%rgfflthlnnlt Skts Oﬁgnd conferring regul atory

activities of I'nterest. i 'cur non- e><arrp| es of nodul atory

and regul atory a&)i wThmclhbdlpudeddshEh:gbttfﬁbIeMcﬁ for Bedcivensdfiaahiminteof

|nterest rfp ab# Erﬁndall and of interest, the ability to catalyze
react i orfUSKWe ]Ié'?‘%§ patdgast 3 §’°E' B10ip glileastd % @@ypr@n@éeasbz o pt ant

hor mone. or@Didédey a8 ok SndFDHALES g bEADRNSACAE 53Rl 3. O A Bof gl at o

t he abllltyto modul ate a response " to envifonmnen t he
ability to ompuué,at bcast 6556 ponsee, taolepdnyﬁ%cﬂromxeadt lea@eztﬂourMIa@lhasttdbautabi lity

to nodyl.at res se to on nore pat hogens, and the ability to
nodul altjg %Pg% 5 ?tge?fhﬁb(ﬁﬂt Sgr%’r%”’[‘?f?ﬁﬁ astghout 2%nor B e5filenst abost used
herein ref @bs, 61Qn6ﬂ&%fttﬂeadl§:§WeQ& bR BRREAL :ﬂgpeﬁﬁ)dﬁveans yg! eotide

sequence. The term "duckweed"” refers to nenbers o Lemmaceac.
Thi s transgenic duckweed lines comprising a test nucleotide sequence or a reporler

nucleotide sequence.
The term "duckweed system" or "duckweed culture” as used herein
20 encompasses duckweed plant cultures, duckweed nodule cultures, duckweed
suspension cultures, and duckweed protoplast cell cultures.
The term "duckweed plant culture” as used herein refers to a culture
comprising mostly fully differentiated duckweed plants. _
The term "duckweed nodule culture” as used herein refers to a culture
25  compnsing duckweed cells where at least about 50%, 55%, 60%, 65%, 710%, 75%,
80%, 85%, 90%, 95%, or [00% of the cells are differentiated cells. A "differentiated
cell," as used herein, is a cell having 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.
30  In some embodiments, the duckweed noduie culture compnses duckweed

" micronodules as described elsewhere herein.




famly currently is divided into four genera and 34 species of duckweed as
follows: genus Lema (L aequinoctialis, L. disperma, L. ecuadoriensis, L.

gibba, L. japonica, L. mnor, L. niniscula, L. obscurdNevempar280%i||a, L.

tenera, L. Y48/ B3, L. turionifera, 30 L. valdiviana); geposuSpircose! a (S.
internedia, S. polyrrhiza, S. punctata); genus Wlffia (WA. angusta, WA.

arrhiza, Wa. austr leit%% ..dWawb%r eali s, V\é' brasiliensis, W colunbiana,
Wa. elongata, Wa. gl obosa, WU BERRATiuse” apaisedhegtin sefars tapgultge2]
‘Novenber ~2005omp6iag HRPF4ERRIETESES UBOBGnpasv fdl 1s Squdata, |
- denti cul at e, C%l %hgdi ata, 91. hyalina, WL.. i ngptfl a%ig'}lal\ﬁ%dfc\e‘é\g‘ﬁsncc@,& W .
rotunda, and “€NeREYEWgkvegd suspapsion sulturg ik comprise bofiesings cells ds@nmaceae, i f

they exist, ah&oalisd ; resent invention. Lemma species can
be classified using t%gggg&@%éﬁmté%ggﬁgwg%&cri bed by Landolt (1986) 5

Bi osystenltic | nvEbe fegat tmkwnaod pfmﬂfﬂﬂtélb’cuﬂhr@f’&@é@@g%ﬁlt&@%o&?ﬂlih% of
Lemaceae- A %I\ég(nog# aﬁE t udy Geobat ani schen Institut ETH, Stiftung Rubel,
zurich. " OpePUHMeEq ¢ ered! lepskaboHb Wb 0% 7084, 80%re @0%oo fithie Heckweda
sequences I efedlkJackQ celfW4ill i enc that, are placed in a
functional rel at.zilconscﬁi p a?/\l/i %&ggﬁéﬁdme@%ﬂﬂgg P%Eogjblasg?(ei%ﬁog' BlaBtr?ﬁ”gf’E’r nucl eot i de
sequence i s dssented] fpr xavigdd ib Erikssoa ¢ D99s) kOPRICIORIIAS, FORKEBCH When it is
posi ti oned s&géptrhath it. can drive th? transcription of the seéond

nucl eoti de sequence. IR IRMEII byyetarenseit i fying a nucl eic acid nol ecul e of
i nt erestigoconpri saheh@m HisBei ng# ] : -plant. culture,
duckweed nodul e cul ture, du%%v&e%%ﬁlaguﬁ%@?%%@%&ﬁ?g,q)’cg?glﬁﬂc?ﬁmé‘%or

pr ot opl ast ®ERerty@f & oudeigiacid moledudoor méypeptidee Foe exdniipld, bislopRaefhafeNnt s,

t he nucl eoti uence §s a test nucl eqgti de sequence or a reporter J
nucl eot i de g@ﬁé%@e&'ﬁmieﬁ@ﬁ%ﬁjﬂﬁBWH“'iaH"& Pialogeal segponses, peding fas t r ansf or m~’

the duckwepdlypetides,and hiddoREneHRRApRENn oﬁfg{;}%%%@%b%dﬁt %eg{e}sf or med duckweed

is obtained_ by one of the gene transfer I'SC @ u s Patent
No. ‘6, 040, 4582hRlesspidnplozisal finctions forlpofypeRistes itclulip phddatiting bidWbEaar

60/ 221, /O5; LN . ated by 20 .reference.. The nethods described in
t hese r%%)erg%n@%ngéﬁfﬁ%ﬁg@fgggg%ww %‘}r‘l?g?'gf’s &btﬁntcgaaq, Ferderring henegmingbnt wit h

m cr opr o] ectdtiviies obaiteest VinttoRferiig r@énﬂat@@ia‘étiﬁ%?n%ﬁ ifiteRBe [RGicMChoL | de
sequence of].i nterest (also know as brolistic bonbar 3msnt, m cr Opr%j ectile
borbar drent MBS G ¥PRisaet MedWatporasdrenatey acdties incladsfherabiity to bind a

Vector comprt oot e 95 MRTH b S50 Cn P AR o SRR ecti on and

r egener at i aeactibn bf ateseethe ability to modulate a response to a plant hormone, the ability

20  to modulate a response to a plant growth regulator, the ability to modulate a response
to environmental perturbation, the ability to modulate a response to physiological

perturbation, the ability to modulate a response to one or more pathogens, and the

-

ability to modulate a response to one or more toxins.
The term "expression" as used herein refers to the transcription or translation
25  ofanucleotide sequence.

The term "duckweed" refers to members of the family Lemnaceae. This
family currently is divided into four genera and 34 species of duckweed as follows:
genus Lemna (L. aequinoctialis, L. disperma, L. ecuadoriensis, L. gibba, L. japonica,
L. minor, L. miniscula, L. obscura, L. perpusilla, L. tenera, L. trisulca, L. turionifera,

30 L. valdiviana), genus Spirodela (S intermedia, S. polyrrhiza, S. punctata); genus

Wolffia (Wa. angusta, Wa. arrhiza, Wa. australina, Wa. borealis, Wa. brasiliensis,

Wa. columbiana, Wa. elongata, Wa. globosa, Wa. microscopica, Wa. neglecta) and

-6-




duckweed lines are described in these references, as well as el sewhere
herein. In one enbodinent, the stably transfornmed duckweed is obtained via
any one of the Agrobacterium nediated nethods di scl os®&@dNeWmberd00Pat ent No.
6,040, 498WQDIM4IFHA3 et al. The Agrobacterium used i s AgrolPLOYES0R/1G83

tumef aci ens or Agrobacterium 30 rhizogenes. |In another enbodi nent, the

duckweed cul ture b s.t for i .PEG di,at.ed nsforgation. See,
for exanpl e, eE‘eJ&g}r"?ﬁd{a%%‘sﬁa“%gh%ﬁgfé‘fﬁ‘“& E’li.g"ifié‘?‘%%%y‘&&ﬂ“o 097433 21
Novenber  20UfguRied) MEQ2H LAY 381, 1otinddyahd Wy, ;eetan%scaf, 1998dth&kichader Mol . Bi ol .
82:267-276, and Datta et al. (1999) Methods | . Biol. 111:335-347; herein

i ncor por at edPgijes efflegranpceae, ifiheyfEisbipdelisoraanects ohthedueskmgavengpantermd t ur e,

duckweed no tur . 8 ' lture,. or_d

pr ot opl ast _cHrc e cfuss A S HE B BUTBERS cHAE b b Lol REY . o

ot her cofit aiBiesysteinatic Ex@sdd@ion ol dhoiripb oD RulvwdSisNEhe fapliBof Lehacdnd6- wel |

pl ate. The p) ate may be adapted for the automated handling of the duckweed
cul tures by “Henagrapt Sty Sreobatpnischgn Instiy &1, St fluag Rubgl) Zurickee, f or
example, U S PrgyLS i i riad e 294. 430 filed
May. 30, 2001 and ?ﬁ%‘%b%ﬂ%’mﬂa’i‘sﬁ%@ﬁ%ﬁ%ﬁ?éfk‘%g?‘?s‘ga “?lgﬂﬁ%nst"ug'?‘{“%%? rbésg? e and
Met hod for hiulipld hndegthfeteqidhcSahatend plgéed inlacfindviayal28latiafg; witesaeh n

i ncor por at edhby eferenf;e. I n ot her e‘goodi ment s, tEe duckweed culture is
~ transf or med®{f 'alg%riel’fém COMNPEPHE PudpRiidesequanse s opaaRivdudred & a seaensk erred to

a_hi gh- genShhdled e FBGuend@hEE KRARIORBY s Jh%ﬁﬂ&h%’fv@ tfflsdlpfiof bz dens! ty

format by hand, or the transter of duckwee ants, nodu suspensi on
cell's, or psesoephededsidrmgquzacaut omat ed using met hods known in the art. 15

Th (O ' i des .net hods f.or th Aati f duckweed
nodut e cul tur s REPIHRY® b PR HikneiE e dip B st rameg=siibc odur es
The et hodgeLOMPAnsERmM LAY ebPpladl GRturd HoHMREd n@&lﬂé’hﬁﬁ;r&, Qgﬂfﬁ%&%ﬂ' ce

duckweed "m cronodul e" cultures. "M cronodul es” are duckwee ul es that

are of a suspansioasultyres apduckyiedprotoplast ¢rdicudtare with aggbéatide edjuencediispensed
n sone enbodi nents,

usi ng tjhe | e ;of..an 2Q, aut t.ed liquid handler..|

t he autllémaps gégel%nhblﬂdgnﬁlgﬁg{’%?ucgﬁr}’%dgﬁ?qgﬁﬁ ee'ﬁaI“?S&ﬁli'cgmﬁ'gﬁﬁ?aé'lﬁn(ﬁioﬁéf?@“ﬂ pis
modi fied t quickolieéasqubhe. Hihamahod BRWIAHIEE adAfly bk UBdAB @AhISmSHet hat the
m cronodul es can freely nove intg and out of the pipette tip. Any nethod
for breaki iyckipeadaly dnoas embadimsst, the siatdyiransforingd dndonded ss obtaindde  used,

el uding HENBREGRY ool tA0ME: mERSH TGl T DX PateRl NG ARIDE OB icf0 M N9 Lhe
E 3 P
' et al., or U.S. Patent Application Number 60/221,705; herein incorporated by

‘20 reference. The methods described in these references include gene transfer by
- ballistic bombardment with microprojectiles coated with a nucleic acid comprising the
nucleotide sequence of interest {(also know as biolistic bombar,dr.nent, microprojectile
bombardment, or microparticle bombardment), gene transfer by electroporation, and
gene transfer mediated by Agrobacterium comprising a vector comprising the
25  nucleotide sequence of interest. The selection and regeneration of transgenic
duckweed lines are described in these references, as well as elsewhere herein. In one
embodiment, the stably transformed duckweed is obtained via any one of the
Agrobacterium-mediated methods disclosed in U.S. Patent No. 6,040,498 to Stomp et
al. The Agrobacterium used is Agrobacterium tumefaciens or Agrobacterium
- 30 rhizogenes. In another embodiment, the duckweed culture is transformed using PEG-

 mediated transformation. See, for example, Lazerri (1995) Methods Mol. Biol. 49:95-




25 duckweed under conditions pronoting the formation of mcronodules_ In
one enbodi nent, the mcronodule culture is produced by pushing duckweed
nodul es through one or nore |ayers of neshed sieve. |# Neyemben 2083
enbodi nment ,O‘QgWﬁ%h sieves are used. The m cronodul es mayctivgor/f6ss
transferred to a high-density format plate or other container. The

. concentratio f m Gr I be. justed such 30 that nost wells
o he. bt gh- A B MbaG: B AO0 oS W Bial Haibo oAt anoipeiacig (909)
transf or nmat i dfederds Mol Elpe 1M GBLNHTWHeRsSN Qnﬁo%ﬂﬁtéd%ﬁr;éilég%{%gsmw an efficiency

of frond -8 21 Novenber 2005 WD 02/ 097433 PCT/ USO2 " regeneration
simlar to that oBs¥K/AsPodsRent b disdecobplahtas ltuieatiutiaxced noduibegifurkr oken

into snall er gy pents, of the present invention, the
duckweed i 5 frAMerds '??@%‘S?‘ﬁg&‘é‘%%gg%‘%%s% Pd"‘r?Braé%‘gi"é‘“’c'é frapsterme ia & est

nucl eot i de skiglidrsty onmpaldté eities cBniaib tirBRAhple Mlﬁwkﬁgiaté‘%l&é}f i de
ing a transcriptional

sequence is ]glorrpri S iﬁ n expression cassette havin

initiation rZgFol "’0%62?”’5 P@%iﬂl@@éﬁw may headaptad fouticsntdneeed kamdlinpofthe The
transcripti bl duidtd ' Q.. a pronoter be native or

honol ogogs éﬁl@?g?ﬁ %drllﬁgérsqﬁgt;egggﬁgggﬁg P tg s ﬁl«gpﬂ%ts'f’ ca W%E);S‘E?efod xampleal | y
occurring dé§uBmriianal Bateytitppéitatioa|Sehiyl-Ig. 66128d, 430GHEN NGy 35}’2609%%3[% It is

i ntended t hay _tlgp .tha\ﬂ?ﬁr?%scii'i Ptional initiation region is not found in the -
wi | d-type host v be RatL APplication pnfyiled, Platei a9d d¥lethed fardligi Threaghput i s

i ntroduded. Sérgning? ﬁ&@lma}ng?qg@fmellgnﬂ%*ua{ea%yaréfe{egl?ﬁgaﬁleot npl oyed

according to the present” invention (iInc I'ng~bac ) ast, fungal,
i nsect, mamfEPPdimentsthepluglivecd pultme isetra) forihed irex Sifple ContRlrdPin OO T S,

i ncl udi ng d . pronpt er. ' be .15 used. Exenpl ar ronoters 1 nclude, 3
but are %ot Hﬁéﬂrorfet% g('fp t{%]g%Fﬁg%%{'}EKﬂFW@%aﬁe dwﬁ%déagbprtmn@lbﬂcd the

opi ne synt haihs dighrdefEityeloSmit®yhand, 3 the (1R the . pbiquitin
pronoter, the actin Erom)t er, yt ﬁ[’é ri bl?| osgfei)‘?fs:pC‘égp%ﬁda%%mf?&?gﬁyestar boxyl ase

smal | subunfYSPHEEHRACEY. or grrdonlésts maclahwitoraméd/ aving aredRds REGIPirEthe afthe
duckweeg; RubP mal | subunit pronpter is known in the art
(Si | verthrone e'fﬂg%)ﬁ)%%?%?@w] pﬁvé‘ﬁqs mygthods gordhe preparatipn otylyskwvepd onot er s

from vi r usemduteatulires eeh nly 38 bssily nthefubliahlsih i SNEES suitabl e
i ncl udi ng, ot limted to, ?om)f%rs i SOl at e rgﬁ%%glg%ézﬁhemsai o

bu ;
virus, Chl dP‘éFf"P Gompgse peeaking up egerdudveted rodiles® mddute dackweed

nmet hyl t r ansd 0BRSS <M el .al. 994), Pl.ant Mol . Biol. 25:85),
t omat o spoETt%eIgﬁﬁmdqu% Vi rﬁerg', %%é@gglefa?rffiécjlwqeﬂé’f’dglsﬁg’éﬁﬁfeﬁéérosi s virus,

t obacco ri myffspotly sinalisize that they can be aspirated or dispensed using the nozzle of an

20 au‘tomated hquid handler. In some embodiments, the automated liquid handler or
automated fiquid handler pipette tip is modified to increase the size of the barrel and
1ip opening so that the micronodules can freely move into and out of the pipette tip.
Any method for breaking up the duckweed nodules to produce micronodules may be
used, including mechanical methods, enzymatic methods, or methods for growing the
25 duckweed under conditions promoting the formation of micronodules. In one
embodiment, the micronodule culture is produced by pushing duckweed nodules E
through one or more layers of meshed sieve. In particular embodiments, 30 mesh
sieves are used. The micronodules may then be transferred to a high-density format ;
plate or other container. The concentration of the micronodules may be édjusted such
30 that most wells of the high density format plate or container will have only one )

*+transformation event. The micronodules of the invention show an efficiency of frond




25 tomato ring spot virus, cucunber nosaic virus, peanut stunp virus,

al falfa nosaic virus, sugarcane baciliform badnavirus and the |ike.
Finally, promoters can be chosen to give a desired | ev& NormpegiPati on. For
exanpl e, MO 8¥B433nst ances, it maybe advant ageous to use a@qwuswhensst hat
confers constitutive expression (e.g, the mannopi ne synthase pronoter from

Agrobact er i um 30 tunef aci . Aterpatively, in other situations, it
be. advant agdRE TSl A5 O LPEERBY Ouioeidmofuea e havasbpmbroen |

speci fi ¢ envinfopiaet gecegt i muli (. e.g., heat shock gene pronoters,
drought -i nduci bl e gene pronoters, pathogen-inducible gene -9 21 Novenber
2005 WO 02/ 097, 33npamt e8badimgas 8f {he prasemrisyentiouttie idncloeded|ie trgesfgmpdonot er s,

and |ight/dark-jnducible gene ronoters) or plant growh regujators (e.g.,
promoters f%g%dgg%écséﬁ'&nﬁﬁggge Svgpré%%gc? %&?'&"éﬁ?ﬁ&? S%ﬂ}%’?f’s,mcﬂ?‘f‘%lélaﬁi ns, and

gi bber el bi ¢ eabodimenhs tha tést hidIedtida béqRentis ¥omprifdddHah @kSreedbn BRsdaosen t hat
give tissue-specific expression (e.g., root, leaf, and 5 floral-specific
pronot er s) . MYag av@pseriptienal sitation sesien epevalily Binkerbodhe teaimumdeotidé | uenced by

t he conbi natj ial- oraanj.zation of cis-act] nucl eot i de
sequences s%%:‘ﬂ'gré%ea:}glg? lfg'g%’fr@ ll?Jtcat{ ?’\% tﬁ%’ﬁée%%%ﬁ%ﬁ'céi&m'ﬁfi{ﬁrr}%}%%‘? RAUVEQF | vat i ng
nucl eot i de bemulpgeesordercigned hétegdolieto tAg heRAGREY beT hatiRRGL&RSnCt OPI Ne

synt hase gene can enhance_ transcription from 10 the AgrobacCterium

t umef aci ensSTHAIG K AsYilsicalisereped srapeice( Radforgim:, iFsintendedsha sl 646 to
Celvin g  aranseripdbralgik F L qaxpression cassefte can
~contain act ir?/asf?]%]g nu@f‘%@?ﬁ%@%&%ﬁ@ﬁ%{és H%fslg?/tﬂgg%ep@(fsﬁ @%ngfcﬁeth% pr onot er
sequence t otrarsofitivmel inhatiex peads ovoddcetihe t est nucl eoti de sequence. I n one

enbodi nent, the , expression cassette includes three upstream activating
sequences der i ved™f pRPERImaerknowp ie therar gan beestpleyedriscerdingsp the synt hase

gene oper abyy¥sehi Mb&Hiohind : [ f clterium
t unef aci en? rrrsws‘lennlopi nle0 (shyn!tuﬁgsggg %tglﬁlzg’ }%ggete}‘%g%l fr%g%tgﬁ'? é%[agfgg’ aélgé’l,lanlller ein
i ncor por at gdoibgtersef or enaeyle, pline penpitas shdnding sinetwedmymact, iagnal | y

.conpri atr criptional and . translational. termnation region_ functional
inm;I aﬁ?s. “ﬁ\%@n@’iﬁ"’t’igwgf%‘}t?ﬁ H}W@ﬁ%ﬁg&&dﬂ@ﬂ@é iRribshaphtlowe Mesaiqray be

used In acoGREISSHinbEr, ipiR3kald pEAbIRI(e. d o ﬁl%%;H;Q,gééé.ﬂ'{her egi on_may

. . A 'y S, .
be native with the transcriptional initiation réegion native with

t he nucl eotPBitERiO®ALS the adtinpemester, theritmiysetbéspiesyibatd RubBjrabmiyles
o small subumit promoter, and the alcohol dehydrogenase promoter. The duckweed

RubP carboxylase small subunit promoter is known in the art (Silverthrone et al.

20 (1990) Plant Mol. Biol. 15:49). Other promoters from viruses that infect plants,
preferably duckweed, are also suitable including, but not limited to, promoters
1solated from Dasheen mosaic virus, Chlorella virus (e.g., the Chlorella virus adenine
methyltransferase promoter; Mitra ef al. (1994) Plant Mol. Biol. 26:85), tomato -

_ spotted wilt virus, tobacco rattie virus, tobacco necrosis virus, tobacco ring spot virus,
25 tomato ring spot virus, cucumber mosaic virus, peanut stump virus, alfalfa mosaic
virus, sugarcane baciliform badnavirus and the like.

Finally, promoters can be chosen to give a desired level of regulation. For
example, in some instances, it may be advantageous to use a promoter that confers
constitutive expression (¢.g, the mannopine synthase promoter from Agrobacterium

30 tumefaciens). Alternatively, in other situations, it may be advantageous to use
- promoters that are activated in response to specific environmental stimuli (e.g., heat |

shock gene promoters, drought-inducible gene promoters, pathogen-inducible gene

9.




|

- insensitive to't

source. Convenient termnation regions are available fromthe Ti-plasmd of
A. tunefaciens, such as the octopi ne synthetase and nopal i ne synt het ase
term nation 25 regions. See also Guerineau et al. (199& NegsmberZ0S  Genet .
262: 141; MYQUH¥HSt (1991) Cell 64:671; Sanfacon et al. (AGR#30f6038S Dev.
5:141; Mogen etal. (1990) Plant Cell 2:1261; Munroe et al. (1990) Gene
91:151; Ballas et al. Féé%Q)_ Nucleic Acids Res. 17:7891; and Joshi et al.
(1987) Nucl &1'¢MRETS & opag-indpsibgseene prmpiersoand lisht'darkpindugiblegers nat i on
sequences argohbRrsP8aR | ni_t Lerm,nation
sequence and the. nglﬂgﬁg%gr N%g’g?é(t:&%ﬁ'%gtﬁgég#gﬁ?nmr%ﬁ%dhg%cgaEgnce. O her
sui t abl e t erdifaisid asid, euxjoemyaskining, land gibhpreticerid)! AstafogRersiteinh@ek, i n t he
art. -10 21 M&QR%Q 00 02/ 097433 P US02/ 16938 The exgressi on
cassettes may contar N ror &t gh BLrd IS weaic sypicesion (e-doots keghiende to be
transf er§ ed flarul-spechiepoafbds). t he transformed plant. Thus, each nucleic
acid sequence will be operably linked to 5 and 3' regul atory sequences.

Al ternatively, e eygaksesnsitesti giver poswti¢rean baynihengddyi thecomBindgner al | y,

t he expressi i || .conpr.i se sel ect abl e rker gene for the
'sel ection o?%ygﬁéﬁ}gé%zz nglofglsggr&'flgQgﬁ%@{deéﬁq"é’ﬁ%‘fﬁf‘ #eREFyenes i ncl ude

genes  encositivgtingdeiqhémies. CRdraShmpl) 66tivaSHE Rudotidd Qs fuch RS ARG £ %’e;:i n
phosphotransferase |11 (NEO and hygronycin phosphotransferase , as
wel | as gend&opemiedms tnrefadies) atameesniasegdicsan ahhanorpansadstionHesthi ci de
resistanpce gen | faor a.10 mpdified target protein

gﬁoﬁg&%&? it%%ll&@(a%(r% ?"%Pn%?{nceﬂ? e?rﬁa’t‘)t?fég‘ica[-&gsfg%?m det oxi fi es

the her bi ci Ye5S,M6tth&Gaptiart abjefintie: prescmbimvaiion, BRExPRBIGE Kaslicabn (1987)
EMBO J. 6:2513: DeBlock et al. (I 989) Plant Physiol. 91:691; Fronmmet al.

(1990)  Bi FPRRHASH A nenusieot desrqneAcaganneTted upsireah T9UE) profater s@akice2o 603,
For exanpl @nharkcB88i s r sul fonyl urea .herbicides has
been obt ai ned. Ssi nef;é xg{égr%ggﬁ% g{(%g{eﬁgag %E&ts%%ueﬁﬁ?‘aﬁt 'F'a?Fg’é’f‘“’éWgﬁﬁ%s,

5- enol pyr uwbrsssidi crasatie 3nqides pivat apsysainhasieatingEERR e PReivad 8bA) RSt at e
synt ha§ﬁ (?LS%P. esi stag{%e,to %I uf osi nat e anmoni um _ boronoxynil, and

2. 4- di ¢hl of SPITEREY LBV aE e oAopife s ibass @eRe enstatiln Hakagyto agirergotehact er i al
genes encodim@ddims BR sk ich i L rida or a 2,4-
di chl or ophenoxyacet at e%?r‘so_noéggligletgg%géie%?@ﬁﬂ%ﬁg}fﬂF@s?# er(%eggzéti ve

her bi ci desPatemtP, 355646 hproancaporated tprrefeemte) nvent i on, sel ect abl e mar ker

genes i ncl ude, re.not Iipmted.to, genes encodi ng neonycin
phosphot r ansf er’g@(:tec’ﬁaﬂresfll'—gpﬁwh‘)emaéIadé'(‘?ﬁlé)coﬁ'@ﬁ@e afiapscggiiordandws i n Pl ant
Sci ence 4: dnslaciyndl agthilRatlndeSbA S dilRAIGH pGhE&! P&ly shltable termination

20 sequence known in the art may be used in accordance with the present invention. The
termination region may be native with the transcriptional initiation region, may be
native with the nucleotide sequence of interest, or may be derived from another
source. Convenient termination regions are availéble from the Ti-plasmid of 4. -

7 tumefaciens, such as the octopine synthetase and nopaline synthetase termination

25  regions. See also Guerineau et al. (1991) Mol. Gen. Genet. 262:141; Proudfoot

 (1991) Cell 64:671; Sanfacon et al. (1991) Genes Dev. 5:141; Mogen et al. (1990)
Plant Cell 2:1261; Munroe et al. (1 990) Gene 91:151; Ballas et al. (1989) Nucleic
Acids Res. 17:7891; and Joshi et al. (1987) Nucleic Acids Res. 15:9627. Additional
exemplary termination sequences are the pea RubP carbéxylase small subunit
30 termination sequence and the Cauliflower Mosaic Virus 35S termination sequence.

- Other suitable termination sequences will be a'pparent to those skiiled in the art.
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al. (1991) Proc. Natl. Acad. Sci. USA 88:4250); aspartate kinase;

di hydrodi pi colinate synthase (Pert et al. (1993) BioTechnol ogy 11:715);
bar gene (Told et al. (1992) Plant 25 Physiol. 100: 150%1;NWE51§?{€2P059'[ al .
(1996) Cr P 6A%74336: 1367); tryptophan decarboxyl ase (CGoddigmuset/iebs (1993)
Plant Mel. Biol. 22:907); neonycin phosphotransferase (NEO Southern et

. (1982) J. Mol . Gen. 1:327); ' h hot r ansf erase (HPT
gr HSKG S?’]i mzu e e%[’){%re(silgggﬁssﬁféffs.m%ﬁ%‘ﬂ"%‘%ﬁ‘gg&'}“’g@%&i‘? f’(r) B 6rGe ol at(e

reduct ase (BefpRncKtplie ©insBrred(@h83Qprek¥e@in thilddahsfoMs@hlanC il"huéf’@acy%cl%gf 4552);
phosphi nothricin acetyltransferase (DeBlock et al. (1987) EMBO J. 1 2513);

2, 2-di chl or #ptdoisaeice wall ibg operablydipkediiosS’ amii 3 ITegdatorpiiesancemn Adtenaitively,1989)
J. Cell. Bi in. - : roxyacid synthase (U. S. Pat. No.
4,761,373 to -%ﬂaﬁg’%odgﬁggesﬁ%gi”%@é%’g7433 PCT/ US02/ 16938 Ander son et
~al; Haughn et al Gen@@88)thdlekpressivh casmneiwill 28mpRES) seldetBRAMBKEDARE for

shi ki mate-p osphat_eﬂ/@(nt hase (aroA; Comai et al. (1985) Nature 317:741);
hal oar yl ni t 4 Sgistiongd Bansinrmgd cells o tgsyesy Selectableynarkerezeyes indedergenes A

oaryl et al (1990 . P gl 02-1990) - di hydr opt er oat
oynenase. (screERE a5 B0t SRFNE il B ahen B o5

kDa phot osy8t(BiliQ)land hpgrppepi presgipsiassfeldse GLMesowel adened dABingSCi ence
222:1346 (1983). Al so i.nclﬁded ars glgngs_enco_di ng resistance to: gentamnycin
(Carrer et Hrstanpqpgerbigidalcompaundg;ierbicide repistangy genesgenerelysase ool

He E 083) +.2:987)
E ot o) Eobiticd tggetyr?te%%ggegsm’\lvg% h§%’§°:?§%%“; fof %gﬁ%tﬁe%f‘@es Cig91)
Plant Mol . ®itaNifiesitbe derbyciddinghopiant beférsal anat. decdeBI¢koBE). (Fgant Mol .
Biol . 5: 103 Zhijian.et 199 t Sci 8:219: Meijer et al.
C1001) Pt v Bbt 'S5} Dehigck g atsh B Bt DH4RES emmat ol (T985) WoL
Cen. Genet .BidTEH@bl; S%QFGM&M&M@?&?E%@?P%Q?% g')th{gl #br ex&%?%?)

Transgenic Res. 5:131); bleonycin (Hlle et”aL ( ant Bi ol .
7:171); sulrtosiardede ghyphesibawany setforilured 9bRIded baghean bblabled uBngkenet5: 127)

b i | | t 1988) Sci 242:419); 2,.4-D (St t al.
(1080 1B o rRThRAPERs Shul e Ehbite S e Wty SRkl S G svabase ( 1007)
EMBO J. 6: ZBRSPS) ahdachalacGe§mansé e(I8)h Rebis@heo BisbihAR §Snfofium

gl uf osi nate-type herbicides, such as phosphinothricin (PPT) or "bi al aphos,
and the | i Peromexyrtad Zabhgicklorephrspxmettaict 24HR) have bemr dheaised thatsingoul d be

gene, a1 so A RenEInhae bRog Bt Ry b i FERh A bR YHEALS gene for
dichlorophenoxyacetate monooxygenase, which detoxify the respective herbicides.
20 : For purposes of the present invention, selectable marker genes includ'e, but are
not limited to, genes encoding neomycin phosphotrans ferase I1 (Fraléy et al. (1986)
CRC Critical Reviews in Plant Science 4:1); cyanamide hydratase (Maier-Greiner et
al (1991) Proc. Natl. Acad. Sci. USA 88:4250); aspartate kinase; dihydrodipicolinate
* synthase (Perl ef al. (1993) BioTechnology 11:715), bar gene (Toki et al. (1992) Plan:
25 Physiol. 100:1503; Meagher et al. (1996) Crop Sci. 36:1367); tryptophan
decarboxylase (Goddijn et al. (1993) Plant Mol. Biol. 22:907); neomycin
phosphotransferase (NEQ; Southern et al. (1982).J. Mol. Appl. Gen. 1:327);
hygromycin phosphotransferase (HPT or HYG; Shimizu et al. (1986) Mol. Cell. Biol.
6:1074); dihydrofolate reductase (DHFR; Kwok e al. (1986) Proc. Natl. Acad. Sci.
30 US4 83:4552); phosphinothricin acetyltransferase (DeBlock et 4. (1987) EMBO J.
- 6:2513); 2,2-dichloropropionic acid dehalogenase (Buchanan-Wollatron et.al. (1989)
J. Cell. Biochem. 13D:330); acetohydroxyacid synthase (U.S. Pat. No. 4,761,373 to
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i m dazol i none resi stance, the HPH or HYG gene for hygromycin resistance,
the EPSP synthase gene for gl yphosate resistance, the HM gene for
resistance to the He-toxin, and other selective agentd Neyedbsdt5 nely and

known to of® Bf¥HHi nary skill in the art. 25 See Yarrant opct/@€@2odsurr .
Opi n. Biotech. 3:506; Chistopherson et al. (1992) Proc. Natl. Acad. Sci:

. USA 89:6314; l,.. v{.1992 | 83, R i koff (1992) Mbl.
M crobiol . 6%@%38& ﬁ:arlkr}‘éwggq gtaﬁgl%%%é@? G[‘ﬁ’e%m ré)%: ;%E%Rlpﬂu‘flét al .
(1987) Cell sHiRinwdbdSphd3phue s@ithask éaBrgi)a@@gﬂlaiQ?bi ?1%8@9;%&:@ 9913.7%2% al . (1988)

Cell 52:713; Deuschle et al. (1 Proc. Na Acad. Sci . 86: 5400;
Fuerst et al holpawmésilase (WO 04181 sp Stalkeger adii acetyBRoddByBE A0caraybish| e et al .

(1990) Scien : 488 l; g ( 0)..Ml. Cell. Bio 0: 3343,
- Zanbretti et agﬁr%?tlfgg%ggéfg%w ﬁl\@f ﬁ%[ 9%@%2‘.%’ é&%roﬂgW%@%ﬁ? ES im et al.
(1991) Prioc. GNerirleau éraad(1980) PlaklSWoBBidsAEA27 B@l&bagho@sk stérd $91) Nuc. .
Acids -12 21 cgloven%)eéﬁé‘%pa WO 02/ 097433 PCT/ US02/ 16938 R‘{as. 9: 4647;
Hi | | enand- WREYRERU{E! s ypshbergien ah bl983)afriener 222:1346 @P83)10: 143;  Degenkol b
et al. (1991) AntA r. 35:1591: Kleinschnidt et al.
(1988) Bi ocheni stArlgé g{%ﬁ%ggé%e%tészqu?ﬁg &glftfgﬁeztf‘ %ﬁ"i yey (%'?f@‘?‘,aeossen et
al . (19922) - (PP lewa& Mdg::@di&%ljsmo&ﬂip;ﬁérﬁﬁél (gefrgllﬂ-@é(treﬁb et) &1.1@@%) < of
Ant i m crob. t z enot her. 36:913; H avka et al. (1985) Handbook o
Experi nent allﬁgﬁgrﬁ rf%f?%pé %)07@?‘3% Tesr3-Estealia gf al. (1P88BVameae 306203 Metzt. Such
di scl osqoes eank(Ive1 ePin} DIERSN 8 3 The i S f
sel ectabl e nar kgar g):ne_g {Wg@g?ﬁ r?}éegﬂ?’ %%“@Icﬁ@‘?ﬁ‘}?ae?ﬂ@%/ﬁﬁé%%% mar ker
gene can 'be%eﬁ:@hz.hmax?tgéél%@ﬁlwnﬂﬁm?10&2?’9}@16}5@@@&5(@915@&&@“3 -
conpri si ng es. 620 sequence is transfornmed into a duckweed plan
cul ture, dugﬁf\'/eelgf' 2@%9 esﬁiﬂ%?‘mfg'} 53&%@@%&{4@6&%&%@42&%6,); or a "”’i
duckweed pr ofcophdincirt @itaghé biiard ABE (99BN PLALIRH RUCKUREH plnl RGN
regener at ed _and assayed to determ ne ether the test nucleotnd seqguence

has the bi GlidgrcH (1PEOLPiannMot Biait bt B3tsulfotaniide (Guoienz e/t (1890} he

duckwe S -he ani pul at. o determ pe the biol ogical function
o1l‘J t hee{ges%lpiﬁgJ eo%éf%elé?%ﬂgﬁ‘gﬁgﬁ%g&@]fﬁ e ?lhé%%%lcégﬂzﬁb s€idoR of

i nterest is(Stieberabiid (1989) BioTeoRldlaay o:31 Pl ﬂgrjsﬁlﬁhozﬂﬁcﬂﬂ?%b%&% égl response

of interest i.S _biological response can be any response 1 ncluding
‘response tcﬂgi{ﬁ OjJn 6% dPerature, response to changes in day |ength,

CeerFosponse s el PRI A BRIt
pat hogens, as phosphinothricin (PPT) or bialaphos, and the like. As noted above, other selectable
20 markers that could be used in the vector constructs include, but are not limited to, the
pat gene, also for bialaphos and phosphinothricin resistance, the ALS gene for
imidazolinone resistance, the HPH or HYG gene for hygromycin resistance, the EPSP
synthase gene for glyphosate resistance, the Hm|1 gene for resistance to the He-toxin, -
and other selective agents used routinely and known to one of ordinary skill in the art.
25  See Yarranton (1992) Curr. Opin. Biotech. 3:506; Chistopherson et al. (1992) Proc.
Natl. Acad. Sci; USA 89:6314; Yao et al. (1992) Cell 71:63; Reznikoff (1992) Mol.
Microbiol. 6:2419; Barkley et al, (1980) The Operon 177-220; Hu et al. (1987) Cell
48:555; Brown et al. (1987) Cell 49:603; Figge et al. (1988) Cell 52:713; Deuschle er
al. (1989) Proc. Natl. Acad. Sci. US4 86:5400; Fuerst et al. (1989) Proc. Natl. Acad.
30  Sci. USA 86:2549; Deuschie et al. (1 990) Science 248:480; Labow et al. (1990) Mol.
- Cell. Biol. 10:3343; Zambretti et al. (1992) Proc. Natl. Acad. Sci. USA 89:3952; Baim '
et al. (1991} Proc. Natl. Acad. Sci. USA 88:5072; Wyborski et al. (1991) Nuc. Acids
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viruses, viroids, nematodes, insect pests, and bacterial pathogens),
response to toxin exposure (e.g. exposure to high levels of salts, netals
i ncl udi ng heavy metals, herbicides,- or other substancedsNevaberiZfi%erfere

i npor t ant Whyzdwksgi cal functions), response to plant horgmmes/ERgponse
to plant growth regulators, or a response to any 25 other environnental
perturbation, To identify a nucleic acid nolecule of interest (for exanple

a nucl eot i deess EGdet dlilienandiWigsrean/d P83 dipics é MehtAndotitncaBid. k4% esponse
of interest) r . C .0l Ng.. ) 1 pucl eotjde
cequence aseadRolp P EE PSR B AL AR O R 8 150 el EfeL

cont ai ni ng t{#888)e¥bcheniig@7: 94364 end (1092) Ik RBITIGobdeh ot Haf199D)

‘duckweed th dogs not contain the test nucl eotide sequence. The response
may be assa erﬂc‘tfga’é”gﬂ%r%éq ggﬁ%héﬁ‘&‘ifﬂé (D ubwmbcropofigasanpl e, growt h

rate. Detsect Ji-f n ' J el ; tes
nucl eot i 3e %%@621598%1?,, %@%kg % CIl\lloh({\?ggn%Z?a%ré}%‘gcglJ W?fé%f&%gggﬁagaﬁ ceis a
‘nucl ei ¢ aci d8nandQul & ail. (i 238 dlrturd B34 Tilic | Rick disclodures hecherain dicotpurgte@ st

- (e.g. encodi ng heagol ypeptide that nodul ates the response of interest) may
then be reddi -‘f‘%rei" ntified by correlating the transgenic duckweed |ine

havi ng det ect abl erhéial‘a@x%n%ﬂsﬁseie@tasiaené@ké?'g@ﬂés%hotﬁﬁ?aqz?rE]lﬂ?e fiﬁ’:itﬁl%ﬁcxlﬁ coli or

Agrobacteriumline that served 5 as the source o e test otide
sequence. GChYoteble mragker gencnan de usadmn thegrésgntanyentmnhod known in the art; for
exanmpl e, by wet dry weight, or nitrogen content- The duckweed cul tures
my be Wown  undbf SHEPSItastis ConRinB A ey Budlsiids segtihoe T s rmmed

"sel ective" if a dh&chdel plany Qultued, QUKW cePASHIS &nﬁ;r@,%iu\éﬁﬁétemc%iﬁéx@iohef ers to
conditions under which the growth rate of 10 untransformed duckweed is

reduced in eHEROr 8dHckyracH prdieplast et ¢uliues Therthesfooped dutkwesdnsithen ons .

Exanpl es of i [ ndi. tians include restrictive Light |evel,
restricti vereg%eg%%%%ﬁfq %ﬁ%\,{:\ﬁ gor&e?%nenmﬁr“éseg}%g'e&?s 6%1‘?%8 %%%e%?ncte&?'? Héﬂ t hat
restrict grisialogical funstiurEofdntenstl MEBt&oghib@ Matche dacidded spREAGHEHOT 1 Nt er est

is a nucl eotide sequence encoding a polypeptide having a biol ogical
functi o of MaRipeiatedo detpraninsthg piglesiat Binciemet the tesbpudlentisicest can be any

bi ol ogi cal functy, : m: : j Ll . apfer..a..structural or
mechani cal pr oper%@?e{nﬁédlgﬁ N egn?léglgﬁl%Céb%éﬂnﬁ%ﬁﬁé?{hgﬁggwL e, the
abi lity to hoddate apésidgicalloaphysioraia] resfmsabf Intdryst! ThidibidiogicRirespomd ar
receptor, or the ability to catalyze a partjcular reaction. In those

i nst ances & Eapjﬁgeswsg,mg ingdesponse to changes in temperature, response to

changes in day length, response to changes in water potential, response to changes in
20  light level, response to pathogen exposure (including exposure to fungal pathogens,

viruses, viroids, nematodes, insect pests, and bacterial pathogens), response to toxin

exposure (e.g. exposure to high levels of salts, metals including heavy metals,

herbicides, or other substances that interfere important physiological functions),

response to plant hormones, response to plant growth regulators, or a response to any
25  other environmental perturbation.

To identify a nucleic acid molecule of interest (for example a nucleotide
sequence encoding a polypeptide that modulates the response of interest), the
response of duckweed containing the test nucleotide sequence assayed. In some
embodiments, the response of a duckweed containing the test nucleotide sequence is

30  compared with that of duckweed that does not contain the test nucleotide sequence.
*The response may be assayed by a change in any phenotype including, for example,

growth rate. Detectable differences in the response indicate that the test nucleotide
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~ property of ¢

encoded by the test nucl eotide sequence is secreted, the nmediumof the
duckweed 20 culture may be renoved to a separate contai ner and assayed for
the biological function of interest, for exanple, a pdrXeverben208% ruct ural
property, MO ¥ul ar  biochenical activity, or the abili pgriQedRem a
conplex with a particular ligand, substrate, or other agent. Wen the

pol ypepti de | eoti de_sequence is retained within the

_ gheoded by the test nu nce
duckweed ti ss‘%e,ncf: e %{lfc eé‘&éc‘gémﬁ? THEEFtadbe avdeip aeid @alecade ¢fgntexdst act ed

and assayed feqf efddg@in®thy ﬁ&?ﬁéﬂﬁd@fha@nﬂﬂhlﬁ%ﬁﬁ}%‘%ﬂ}%&’ Lg@}etcr)%?) rﬁéﬂhg@ 'bcal

function of interest. In sonme enbodi nents, I'SFu ¥on,
and/ or assaycadilydgentified by gonelatiegithe transgemic dckodéd i invidghiieabipept i de
havi ng t he hyj; i.G f tion of inpterest is a variant of a
nat U ol | y- o TBRlelR o WekicRlroonst 8 BE 2o ol Sdabaneren fipn hapesrosd
i nt erest 5i s a tlef@nge obtheaést haasstidRqeperty of the polypeptide having the
bi ol-ogi cal function of interest in conparison wth the naturally-occurring -
pol ypept i de, Met (Bereth rate caabe detenniond baanamethodikaotn avtheiart; fd?@:x@rh%]eand

3

descri bed el i See, -14 2 Vi er 2005 WO 02/0974
PCT/ US02/ 169 gﬂg@;ﬁ% P‘%@%ﬁ "tﬁﬁo 28Rt mﬁ%ﬁ’gg@eﬂz ureg Ay HegseVR y t hat

(i.e. the var@nt) and &lhe_ natural |l y-occurring pol ypeptide ma

18 ¢ uged tetsdn Fréers Busoniditions lundértvhich the grovethrraetodir al  property,
the abiiot yuditanbloRRedd t ility to,hind a 5 |ligand, the '
ability to cat 2} yze a lﬁ;gg%%ﬁi %r{g%%%?%f ‘g;r%ne%%n,sg? H’éthglb‘? FoMh rate %tﬂ?&f’i’tﬂﬂa]under
condi ti ons erdgiods Bianipler afaelertvggrowdi céddaicRiihdliioe reriBRAU AL vl
bi.ol ogi cal rregr&}lgt(,)vnszg 'Ehe po(IE_yggpti de having the property of Intefest may 3
be identifi'€ SRS TIOHIS e JhePresense 9T pufbeaame r toxinsuhas resimqiigeowthy be -
transfornmed w t Hngohbeh8bd i r } Qnt ai.ni ng .sequence. vari ations
of only one original nucl eg{éﬁﬁ’gthgé}gg%%?gwﬁg%cﬂftog}ntti%{%t\'/se"l’9‘,"’?%’61!? sanpl e
may be tr arf§iusheaeicoding 2 gohpeptidedeanusbiolsgical fmdGinthf iRfeRRAIMBld ON
cont ai ggng b‘?ol?éigl’l ﬂ?f .sevielrfgel test nucl eoti de sequences. Pools of about 3,
about 57 abou ad TeH 8L PT ipderest Gan be sy biglogigrl tamctiom, éartexampleathoubiltd. about
50, about tHEonfahaucthful opRREbanR i 4 208 hest, puel eoti de
sequence per duckweed cul tur ear_lmayp%?gﬁ%’etggaqlﬁ{yttﬁi%gﬁg parrg%lg?f,suB%@%s of test
nucl eot i de Mc§ilirtosking s pamicnlan hgand] terabilite ot bide apanicens Eedaptel, Bt

bi ol ogi cal f; [ Lnt. t _ar bj ected t ds of
cubdivi 51 o Hd? SRANEE  RVEUET raflir Jhhe iaschuehar readhpenidecul o of

di ffers bet wadmn s¢lbaive potesmipive dendifdns) T HeNSP* QLG S "Fek'gfem/é* g&nhi nterest
e any

interest. @iedédtyethe RYMRRTcHHe b@flenEis s6QLEA G S FRBGRCSARS GLE&NEY | N el ther

apprloaﬁfl culture may be removed to a separate container and assayed for the biological
function of interest, for cxample, a particular structural property, a particular
biochemical activity, or the ability to form a complex with a particular ligand,
substrate, or other agent. When the polypeptide encoded by the test nucleotide
sequence is retained within the duckweed tissue, the tissue is disrupted and the protein
25 is extracted and assayed for the expression of a polypeptide having the biological
function of interest. In some embodiments, the disruption, extraction, and/or assay
steps are automated. |
In some embodiments, the polypeptide having the biological function of
interest is a variant of a naturaily—occuning polypeptide, and the biological function
30 ofinterest is a change of at least one property of the polypeptide having the biological
function of interest in comparison with the ﬁatﬁrally—occuning polypeptide. Methods

of making such variants are known in the art and described elsewhere herein. See,
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may be at least | or nore , at least 10 or nore, at |least 100 or nore, at
| east 1,000 or nore, at |east 10,000 or nore, at |east 100,000 or nore, at
| east 500,000 or nore, or at 20 |east 1,000,000 or noflelNoyemberieas

enbodi menWD @f0914382 present invention, the nucleic acid nolmaw®29§93s
interest is identified by transform ng duckweed plant culture, duckweed
nodul e culture, duckweed suspensjon culture, or duckweed protoplast cell
cul ture wit xémpier%'ﬁotﬁgéxp?mﬁ%{$?f€°§e&h‘é?ﬂ@ée©h@é?dléféﬁdlef“i’@ﬂéhesuch t hat

the report ebo%@[%tﬁﬂ%&dﬁlg%ﬁe Bi ﬁtgg&ﬁ FurlcBioh BF &k § . H{y&‘lmz afifgkweed DNA

The reporter nucleotide“seque conprises a coding sequence for a
reporter pohngtedlyiateurrifigeolyppptidemapbé ypemvpae oflingrdseinaldinginwmoi N t he art
i ncl udi ng, hut t limted to, f3-qglucuronidase (GUS) uci ferase,

chl or arrphen"%ﬁeggocéltsfﬂ”’?'i“?ﬂ?f‘&ﬁé@’eﬁgég Y ‘03%"“8? %'gﬁtrﬁqeu@lzég Bt bida ei n
(GFP).  Mpt hggsdf e abhﬁyﬂféa@fl&k@ﬁ‘r&fztiﬁg&fgn@{es% m:eSai%Hft?l?@fJn@{iorpﬁ{d)épem ides are

wel | 30 known in the art. Ih sone enbodi nents, e"reporter nucleotide
sequence | aequlitipns opistdertiplogisabiangs, or thicabilintomoddeateiaddolpgigalangensel n ot her
enbodi nent s he reparter. nucl eotide 15 21 Novenber 2005 WO 02/ 097433
PCT/ US02 1165%%"033’&8@% ay |%r82""’§" oSt ey 'i’f‘oﬁg?“‘ﬁ*?‘i'i 35idgpsribRd AbRYEeot i de

sequence. The tE@RuckREedAMuré SniglainagBe usdfGiAdddfin? £ AUQBE Geifiy e any
known in the art including those described herein. In sone enbodi nents,

t he transcrRIpRAYE contiinipng s¢qnenecvirations ofionlyone arigwmal npelestitesequacuience.
Thi s al{pws Ldentifihcation of nucleot.ide 5 sequences .serying as
L Ao AR RE PSR PR s EE R 65 <

transcri pt i'ona ncers en

i ntegrat ed prejatation@otltairkue e BobINA seuahl b aliclbdtideSeRACED | Pools JPag6ut0 an
enhancer sequence. The reporter nucl eoti de sequence nay contain a

sel ect abl e g¥ieAdAY 1deahaut herborbd ebew 24i oih3q. kbowelleadud A0.aboutr ansgeni ¢
plants. An)(sosﬁjo%??(?%ﬁu% §§5ut%03\pabloﬂt fdbetest}lgcl rt%c{e?s%éu%%aﬁgrﬁ 'ggwlr_?eﬁlat

reporter nucleoti de€ sequence al’'sb conprises nuc &0

allow it teultwtegtydiecustdt n thiseappreaklgndisidifest hicleilc eoRRdidtRbhtaiipos e
hucl eot i.de equdences are transfer DNA (T-DNA) sequences. These sequences
are seé?nanl“gcﬁ?‘ eSRaugnss faving abiqlagealifuertion afintysesi org sibinstadde ene oy al |

VLl ent (o HRDREHES SHILENGNDSud scl bl 8RfenGPARLE Mhetok1Gid HBEEEGE 1T ect
interest. The total number of test nucleotide sequences screened in either approach
may be at least 1 or more , at least 10 or more, at least 100 or more, at least 1,000 or
more, at least 10,000 or more, at least 100,000 or more, at least 500,000 or more, or at

20 least 1,000,000 or more.

In some embodiments of the present invention, the nucleic acid molecule of
interest is identified by transforming duckweed plant culture, duckweed nodule
culture, duckweed suspension culture, or duckweed protoplast cell culture with a
reporter nucleotide sequence under condiﬁions such that the reporter nucleotide

25  sequence is integrated into the duckweed DNA. The reporter nucleotide sequence
comprises a coding sequence for a reporter polypeptide. The reporter polypeptide
may be any known in the art including, but not limited to, B-glucuronidase (GUS'),
luciferase, chloramphenicol acetyltransferase (CAT), or green fluorescent protein
(GFP). Methods for the detection of each of these reporter polypeptides are well

30  known in the art.

B In some embodiments, the reporter nucleotide sequence lacks a transcriptional

initiation nucleotide sequence. In other embodiments, the reporter nucleotide
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sequence borders are inserted at the 5° and 3' ends of the reporter

nucl eoti de sequence. The T-DNA nucl eoti de sequences o% t he present

i nvention preferably conprise as |east one T-DNA repedt NOEFEEOE see, for
exanpl e WONSBP2{0p1488, i ncorporated herein by reference. Zopmgéjﬂ%ﬁgsi on of
the T-region to the plant cell is nediated by another region of the
Ti-plasmd, the vir (virulence) region (reviewed in Zanbryski (1988) Annu
Rev. Genet . SPCRCORpmpFsah: (ranscripions initiatigggycl@side sepren@3-T@1, and Baron
and Zanbr ysKitrandch -r B -6 - . _The requijyed vir region may
be provided in trgﬁgeal %étmg)?{él%%g%%eaggngéggﬁée8?%1 A¢ Bftﬁ%\arf)f"r‘f Hl asni d
system - See, tiose describgsl lereil5 Haekesmbelimeatts, tHelt®MadriphohaligitidGeh dehRen20 and
Bevan (1984) isl\AUC} - Acids Res. 22:8711-8721. In_other enbodinents, the

vect or cont aini NG T HIRALT seqyenaer allop dor ke idantifiratienaf nyseptide

Agr obact ex i ugaghyndes Edpdin i i honol ogous
reconbi nation ?t akes pl a%gg E’g?ﬁ%fﬁ&%%ha\%eg%ﬁ&gﬁé?E%)ﬁg&ancugé%%ﬂ F SSRUCNGY| asmid. -
30 The cl ai nEdntagreted dreto greoduicliweébPNwaich danit i dpeedblyohinkedl tv afi Eghssicguc| ei ¢
acid nol ecugegﬁen%fe interest. In one enbodi nent, the nucleic acid nolecule
of interest sérves as a pronoter or enhancer to nodul ate the transcription

of a target nucl eTHeirgsortet Auldothie\seqRAEe R¥PEont a%&%ﬁ%?ﬁ%r@?ﬂ HRQALLp938

sequence. Aﬁ%grdi ngly, the nmethods may be used t y prom)ter% and
enhancers t HRPVGIOAI] inthe selertion of teisgenigipbals. rewpolesteble maakeatkinowhus tef

i nteresfyy N‘?i'?t‘m.!n}l?@ﬁg%&'g exanples of stinmuli of interest include changes in
| ight, changes I'n tenperature, changes in water potential, changes in day

- length, changes iThe pipafitr SudMtidb B&ukReRsd coRPARIGRcleBti R RBherREOULD
regul ator |eyels, exposure to pathogens, and exposure to'toxins. To )

identify a AURY & YesrateipodbafiuckmeedDNAd Tnene probédimientytheat nudiesidense t o
the stimulu D‘HH onprising.the integrated reporter
nucl eot i de geeq&lhgt%ég}éﬁl;d\ﬂg%gos ed@lobﬁ@esgglﬁnﬁ?ﬂ %gesfﬁaqlquégs&fﬁfi@é‘?“gﬁ’fof t he

reporter pdiepepli (fembsindetiegypiaesd hhibotdd 05l GAGRA ABAbScEMEn %ﬁ'@iﬂ%t er
nucl eot{;de e ueqr}g)e has 10 integrated into the duckweéd DNA such that it is
i ﬁk‘gﬁ

oper abl ogimsin 1B umPestect dimsbiteent sewenops favad by thetiDAA nul us,
expr essi on Qfuédee bﬁﬂaf%raffr@fns&%(yﬁq %5'8&3 Pells m%e %ﬁ%ﬁ%&%ﬁ@gﬁ&eﬁqﬁl@%ﬁeﬁgi ng

integration of the reporter nucleotlde Sequenc

portions of ThenB-DNehontlentideiselentéstet tsesteenCiavaion pratskBly doipBesEby
identify tt}g nuc | de se%uence hat exerts a nodul atory activity in
response to 35, ang wlﬁ?eats quence. See, for example WO 93/17116, incorporated

herein by reference.

20 Mobilization of the T-region to the plant cell is mediated by another region of
the Ti-plasmid, the vir (virulence) region (reviewed in Zambryski {1988) Annu Rev.,
Genet. 22:1-30; Zambryski et al. (1989) Cell 56:193-201, and Baron and Zambryski
(1996) Curr. Biol. 6:1567-1569). The required vir region may be proﬁded in trans,
for example on a second plasmid of a binary plasmid system. See, for example,

25  Hoekema et al. (1983) Nature 310:115-120 and Bevan (1984) Nucl. Acids Res.
22:8711-8721. In other embodiments, the vector containing the DNA to be
transferred is introduced into Agrobacterium by triparental mating or eIectroporaiion,
and homologous recombination takes place between this vector and the acbeptor Ti-
plasmid.

30 The claimed methods provide for the identification of various nucleic acid
“molecules of interest. In one embodiment, the nucleic acid molecule of interest serves

as a promoter or enhancer to modulate the transcription of a target nucleotide
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15 The nethods of the invention may be used to identify nucl eotide

sequences that nodul ate the transcription of a target cle tig sequence
in atissue-specific mnanner. The transgeni c duckweed 14iNe&mBFd @creened to
identify WoB&ITHBhes expressing the reporter pol ypepti deponugod/rsespeci fic
duckweed tissues, for exanple roots, stens, flowers, seeds, or fronds. The

nucl eic acid nol ecule of. i nterest then 20.be .identified as described
above Nucl ei’t1%Efu A% ‘E‘Ugg’s&‘? I'T%‘thc’ﬁgé’ﬁy EF usedife ideptifcpramolims #1d a t ar get

nucleoti de cARAHERERat GFOihvEN BT #bibIBEIcAISPYbER to Q‘éﬁhﬁﬂlg‘é&i@@&%%&rﬁ) i ncl ude

those that increase transcriptional efficiency, such eader sequences

| ocat ed in dimdtisg examplennd]stitradi of indefes inabideahamgeg 6t lighicttmogésde sequence (for

exanpl e, seque t hat pronote rjbeso 25 .bi,ndj n nd t hose that

i ncrease m%g‘%?aggrier .g‘la%’.ggsﬂﬂ_ err'?ﬁ@ﬁ%t%%@?é‘bﬁ@h%@@‘ BE MPFYAL ed
anywher e5 Wi hiinfonieheveld, ahfzes gsland @Fcitl Fegfato? 1ORRC expodleltd pBBobdhst fif 5
untransl ated region of the transcript, in the intronic regions of the gene,
and in the SXPosyiste ixdnsatledidentify 8 nudeic apid molemwenvplved fhée bidegjuances are

identified [ r | i sequence integrajes within a
transcri bedygg?%esg Fbﬁthg%gg’ﬁfie“.%’ LFﬁchrqr%veg‘{l 8@0"? ?chﬂqu?%tbf’ At %rﬁé?ﬁ Y EEt s are
moni t ored byuchasidy seymehe is ehgosek prRs Similudind the eX[ReRISHESf thoRbYREPt | de. As
described for, transcriptional regulatory sequences descri bed above,

g

nucl eot i de RUWFEHERS detsammngd; Aythoregasgsathernthaagporer pealentide sequsycobast i cul ar
stimulipg -1 ; NeMebe _ 16938 Accordingly,
reporte]r0 p(])1 §f eé%gﬁtéég?ce%eon I'n rést%agg@%g)%%f? 21% f‘erfupﬁ%uasp%wofeﬁtoérest may
be noni t or exbhturet adiviicilbyahe egnilad, expressionlof e rdporse puBpestidenaill hes act i vat ed
in response, to tg_g‘ Sti n}JJ us. In sone enbodi nents, the reporter nucl eotide
sequence i ritcigiedt ddeisHe 8t infrgratign of fhe Fenoge gkl eotidn seqygRCy qanibs idpinied| v

| i nked to t3geGRAIIIE oF BRUE ' 43,6
transcripti onggﬁd/ or 0t?r ans?ﬁﬁrg%@?tggr@%ﬁﬁ‘%ggg rﬁﬁéf?éﬁé??%‘?)&ge@fy t]imnt erest.
The nucl eotnudigosdpegnase dnmt extirtsg mddalat@p activity ip edspprgett de: stianlis
transcribed and.tran ed .al.ong with the regu| ated gene to forma chineric
pol ypepfi de t hatﬂgﬁil!ﬁ@tsc?gf]@d%eg‘“ﬂ%f“ﬁ{j"? H@dé‘g NREIHIHYES seavgacaso | dentify

the 10 repad sodomte/meRLh&Sprdhsr :@é@%ﬁﬁ&ié&ﬁd@éeqﬁ%ﬁ:e% Iy £Je9$>@8'ﬁ\épept ide in
response to the stinmulus of interest can be used to identitTy transgenic
duckweed | impagen Thetitapsgeniveduckeerdrlings amuokestlitol elentfiubnsdiries oper abl y
linked to %(pl;rggsjrlgq;lg gepgﬁgze p&l?p%})ti&eson?y {r]aus(;:)lacelhg duckweed tissues, for example
| roots, stems, flowers, seeds, or fronds. The nucleic acid molecule of interest may then
20  beidentified as described above. |
Nucleic acid molecules that modulate the translation of a target nucleotide
sequence (for example the reporter nucleotide sequence) include those that increase
transcriptional efficiency, such as leader sequences located in the 5' untranslated
region of a target nucieotide sequence (for example, sequences that promote ribosome
25  binding) and those that increase mRNA stability. These nucleotide sequences may be
located anywhere within the transcribed portion of a gene, including in the 5'
untranslated region of the transcript, in the intronic regions of the gene, and in the 3'
untranslated region of the transcript. These sequences are identified when the reporter
nucleotide sequence integrates within a transcribed site in a gene. The modulatory
30 translational effects are monitored by assaying for the expression of the reporter
“polypeptide. As described for transcriptional regulatory sequences described above,

nucleotide sequences modulating translation may be regulated by particular stimuli.
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acid nol ecule of interest. See, Springer (2000) Plant Cell 12:1007-1020,
herein incorporated by reference. 15 EXPERI MENTAL The foll owi_ng exanpl es
are offered for purposes of illustration, not by way 0?1NCIVF’FFP‘F§9‘?50n.

Exanpl e 1:WQO¥AY#EBr mati on and Regeneration of Duckweed in petuséyioensi ty
20 Format Using Liquid MediumIn previously-described experinents, culture

of duckweed erformed on solid nedia. The purpose of this
“experi ment vvahﬁ&?@ﬁ%g@ ? ep\%%"t@peﬂﬂ‘&eﬁ’é?fs@ad{‘ desppased pistimelis 9f ingenestrmays

support sat ubateditsict o Rlehti §tdireoulROHAuckblide YA JRASs %‘P@afeg ,-,gig%gﬁv\%gidon

transformatign, selection, and regeneration stgps anena 0 a
and dermnstr&%@etsq‘l‘ﬁt'luﬁ-he duckweed systemis useful for high-throughput

screeni ng of nuc i uences. Duckweed nodul e cultures (derived from
Lemma m %or strai n%e%%bt%ﬁ@}eg&’ e&ﬁ%?rﬁefﬂﬂée%‘ qﬁ%”%"@%ﬁ%éﬁ%wewnstruct
usi ng AgrbbadudkwicedDNAGiuah ekt AGs byerats TREERE foQRe aédi%éé::geé}%e oﬁ cBXPression

vector used fﬁr the GJS expression construct was p S expression
vector is- dePPPEGFPESIABRERASCrIpkiPN @ndios trarsletidn) éorepwlatod By aRetnaiis of 18 21

Novenber 200{terddO 16938 No. 955, 646, herein
i ncor por at ed l%r/ _re%ﬁ%é&%@%@%ﬁ@%@ﬁ%%’%P%H%ffpt'gﬁg?géft te contains
- three copi edrasfcrived mehsarslapdd dora] wab thewaiilagd pest RAbHAS cRRfyence derived
fromthe Agr%z)i%ctte‘{i 5"? tu <,I1ﬁja0i ens _oct opl nemsgénjt hase and, an additional
‘transcripti onaP RS A LA tatehisingeths seme teehnigues used td ontiflyitiee
Agr obactier i yeporfer poIRbLAGE. i e _gene,..a. pronoter region
deri ved fromé_@toherg robact glr‘}iﬁu %%?ggf%%gbﬁ%%n%%meghgﬁ/ THSpOBsGiafle " a

pol yli nker $iimulup of intarest cani twrusedto idestiMueheginideuckeALERER B WERTI Mg t he
pol ypepti de sequence derived fromthe

f lntere and a.term nation }
Agrobact eri UL %ﬁ%k&?ﬁé%?qﬁ%‘ﬁﬁl'q Rsrabiy imkeddo gapenlatyth pene thatps asatleic vect or /

al so cont ai B@'d&xoﬁﬁdzﬁle&iﬂdt&@stsg%‘@g)‘?ﬁ ' Lehdy- :

pli osphotransferase Il as a sel’e tagﬁ?ﬂ%@é@{it«?ﬁﬁg%@rq}p@gmﬁw he
sel ect abl e MaPRefateddwdefereoec.i s driven by a pronmoter derived fromthe
Agr obact eri um tunmef aci ens

15 ' EXPERIMENTAL

The following examples are offered for purposes of tlustration, not by way of

limitation.

Example 1:  Transformation and Regeneration of Duckweed in a Hi gh-Density
20  Format

Using Liguid Medium

| In previously-described experiments, culture of duckwéed has been performed A
on solid media. The purpose of this experiment was to test whether duckweed could
be cultured on a porous support saturated with a liquid mcdia.-_ This would make the
25 duckweed transformation, selection, and regeneration steps amenable fo automation
and demonstrate that the duckweed system is useful for high-throughput screening of
nucleotide sequences.
Duckweed nodule cultures (derived from Lemna minor strain C016) were
transformed with a GUS expression construct using Agrobacterium-mediated
- 30 | transformation as follows.
The expression vector used for the GUS expression construct was ;;BMSP—IS.

This expression vector is derived from pBMSP-1, which is described in U.S. Patent
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nopal i ne synt hase gene. pBVMSP-3 additionally contains a nucl eotide sequence
correspondi ng to nucl eotides 1222-1775 of the nai ze al cqQhol dehydrogenase
gene (GenBank Accession Nunber X04049) inserted betweemqFE? %Fé%ter and
the 15 polWPPHMEF3 To make the GUS expression construct USPOTABA9S
exanple, a GQUS coding sequence and a kanamycin resi stance gene were

i nserted |nt resshon ve ctor r terium.tunmefaci ens
strain Egs05 ?rénsforhedg\ﬂnl???pm%ee€%§m§§eﬂf%szﬁ‘%ﬁ’1§@g§sﬁrwnmabrovvn on
YEB nedi um (chsgithcgmasi tl'@é@tdo@ﬁds of 2 tg/nbcrnmﬁal?&neaﬂn@%%xeoéd@éelquaﬁet one, S
g/ L sucrose, contai ning streptonycin at 50

/L
spect i norrymdr?“é{? @“ﬁb?ﬁg@ﬁGCfRﬁ%ﬁ%? ACiEt ?fa@l@nasmsﬁ@ﬁd, an@d@lhm%d nodul e
cul tures fOrtraftlgé’i‘ﬁﬁf)ﬁzﬁrﬁ@tﬁ\?aﬂﬂ%pﬁél??tﬂfees%ﬁﬁgﬂe%%n& dflr%r{%v@}epgrog%%%%?%y onds were

separated, the roots were c Sterty fronds

are pl acéd, twmefbciats marmepnhe\smhm g, m@eteam@gl&kw@em%vmb(cat al og 25
nunmber M 551 Cor por.ati on Louis, MO pH 5.6,

|
suppl ement ed&” %S‘IF%" 'gml\ﬂ“?e ﬁg’gi’%wm%%ﬁ@kﬁﬂé%éﬁ%a pelylinkey 836 frviinsertion
1- Phenyl - 3( bf theJutiBbifd @éﬁﬁncée?{doﬁx hE€3o gc&gﬁﬂlﬁ%wyﬂé}e& P6186%rf' » 3%

sucrose, 0.4 Difco Bacto-agar (Fis
(Sigma). Fr Manmlueavgf fiom tlﬁm«ﬂgr‘bbﬁcmesmgum%ca‘em ﬁopranﬂesymme god qihi%s
ener al I fromthe central part of

smal |, yelLow s ) red
- Ehe 30 ventr)éqmsgioa Vec{?ﬁggoﬁ%‘g%ﬂ‘ EBF@ gecse %%@egmz@m 6 ng) were
det acher®) f r pliBshiRransfeibe r medi um
suppl enent eg[ vfabt hrag% - 19H§%L5§Igl\g/%t§n%grn%2+(%%ﬂé ﬁ%%%%Q@iﬁ%%%ﬁf&ng
sucrose, 0. &ﬁwmcmﬁdim@mbmamnptendwe@ fford it pobpbrenox yataghdiensaci d, and 2
?h/l benzyl algio g”pe ccg%v\c?]gdpgwnﬁggig%ﬂ S \Aepa;r;e tranﬁ)f orned as fol I oWs.

e appr opr| T U confanst qpgleolife fgausncea YEB agar
plate with diﬁregiohdﬁagk@ﬂm&id@s b 198 Mtﬁ@ﬁia%md gegqgﬁgdx%g%&wgﬁe“' ly grown

0

pl ate was resuspended in 100 m's of Mirashige an
suppl ement & eRBatk AccssapniinmbercK04NHS) 1®©ﬂedélmtac@ttbspramcgmd thedul e cul ture

tlssue S in the | ut.i.o resuspended bacteria
for 1. 3% debdake il dOBHS LM Reb s Bemird S cxmmlog GHe

co- cuI t i vataodmg sepienica adndiagihign @ésxd%&fcé%hh@ﬁen%ﬂﬁ%eﬁlé@ﬂﬁo B&g*sr

suppl emented with auxin and cytokinin optimzed to pronote no e growth

and 100 MEAREFHYSKHone. The nodul e cul tures were then incubated in
darkness for 2 d@¥Sucrerium tumefaciens strain Egs05 transformed with the GUS

expression construct was grown on YEB medium (1 g/L yeast extract, 5 g/L beef
20 extract, 5 g/L peptone, 5 g/L sucrose, 0.5 g/L MgSQ,) containing streptomycin at 500
mg/L, spectinomycin at 50 mg/L and kanamycin sulfate at 50 mg/L.
| Duckweed nodule cultures.for transformation were prepared as follows.
Duckweed fronds were separated, the roots were cut off with a sterile scalpel, and the
fronds are placed, ventral side down, on Murashige and Skoog medium (catalog
25  number M-5519; Sigma Chemical Corporation, St. Louis, MO) pH 5.6, supplemented
with 5 pM 2,4-dichlorophenoxyacetic acid, 0.5 pM 1-Phenyl-3(1,2,3-thiadiazol-5-yi)
urea thidiazuron (Sigma P6186), 3% sucrose, 0.4 Difco Bacto-agar (Fisher Sciehtiﬁc),
and 0.15% Gelrnite (Sigma). Fronds were grown for 5-6 weeks. At this time, the
nodules (small, yellowish cell masses) appeared, generally from the central part of the
30 ventral side. This nodule tissue pieces (average size 3-6 mg) were detached from the

“mother frond and cultured in Murashige and Skoog medium supplemented with 3%
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For selection, nodule cultures were transferred to agar plates (Treatnent
1, see below) or 24-well plates adapted wi th pol yethyl ene sugports as
described in the U.S. Provisional Patent Application SeV9Emog r
60/ 294, 430VPi%REM /Ay 30, 2001 and the 15 U.S. Wility Patmmiuspnkégation
entitled, "Plate and Method for Hi gh Throughput Screening” filed May 28,

2002 (Treatnent 2, bel . To prepare_the polyethylene support (flit)
" the 24-vell praYeE: 0%%%%%%@-% }@Sﬁy’rﬁéﬁ@i?@ﬂmowawtm@mb BréRuMas cut
into the sizBedMlalibdinénto 24-well plate, and a hole was drilled in the
m ddl e for nedia exchange. These flits were autoclaved, dried and put into
24-wel | plate snoBreke@dsodilaceltups wererdnsfotrsedarfellovas trie appiopria@0 pl  of
wi th 3% sucrose,

Mur ashi ge ang Sléoo redi u(gcp_H 5.6 1M

2, 4-di chl or opfé] 8?(5%%’8{’3? acigns\itgEnY 91 SawA PR Ydrhagnplateovith fRupMl | owi ng
O L cof ot o nRvaR apd 100 hRIoBiBiR arf Uy AR prosBOT A P SRt Ul Tare
and 500 ng/ L100gekof Muirashigeutd Skobg iedivindsupbRHlen@aWShWS RS maAtd] BHE Y50 li ght
(20-40 AWWMR -sec). On day 4, the transforned nodule cultures o r eat ment

| were trandtMargesyrgeass. Nedulgrutuge tissaewas moenjated by MSeisimglin drd

Hi | debr andt ' ] 0S 0.my/ L ananmycin sul fate and 500

nmg/ L cef ot af?ﬁn@w Eg*r’@s%%g;ﬁ%?g}%?{gngg rt]ﬁ'?ggg‘g?s’ tf“%gﬁ‘%(Wé'ﬁ'i%’ée excesd i Andm was

changed to @lded Soireakltienidnhddiah canditin !\/%ngasﬁil}%é}aﬁdi RicoME meQiumucr ose, 200
or wel |'s

ng/ L kapéarryci n .and ei(;)o_ngll__ cefotaxjme tor , and to 0.5X -20 21
Novenbet! 208%PPIegs oS Witk 2wgn pudt eyisioinim auimszgah erdmaiatdodul¢ grobtiamet 10tdi um

tai ni - ' d 300 ng/L. cet i di lgride for th
Fonei i ng. 15 kARt RRRCRE R RE e Wert ef Db dkretntoed eyt 11 ghe
After 6 days, tiE&lﬂ%lﬁ‘cﬁ@fmnsmercaitur%@%}eqﬁanmﬁﬂe@fé)aa!;FEk‘%ﬁatEQﬁrE@Hfg}le s2S -’

expression., The results were as follows: 5 10 1 reat me anpl e  Nunmber
St ai ni ng PaP¥e¥hor 2#4-sH plaes adapted with polyethylene supports as described in the U.S.

Provisional Patent Application Serial Number 60/294,430 filed May 30, 2001 and the
15 US. Utility Patent Application entitled, "Plate and Method for High Throughput
Screening” filed May 28, 2002 (Treatment 2, see below). To prepa;re the polyethylene
support (frit) the 24-well plate, hydrophilic polyethylene (1/16 of inch thick) was cut
into the size to fit into 24-well plate, and a hole was drilled in the middle for media
exchange. These frits were autoclaved, dried and put into 24-well plate smooth
20  surface up. The frits were wetted with 560 ! of Murashige and Skoog medium pH
- 9.6 with 3% sucrose, 1 uM 2,4-dichlorophenoxyacetate, 2 uM benzyladenine and one
of the f'olldwing treatments: | | )
Treatment 1: (agar plates) 200 mg/L kanamycin sulfate and 500 mg/L |
cefotaxime
25 Trea_tment 2: (24-well plate) 200 mg/L kanamycin sulfate and 500 mg/L
cefotaxime :
and cultured for four days under continuous light (20-40 uM/m*sec). On day 4, the
transformed nodule cultures of Treatment 1 were tranéfened to an agar plate
containing 0.5 X Schenk and Hildebrandt medium with 3% sucrose, 200 mg/L
30 kanamycin sulfate and 500 mg/L cefotaxime. For the nodule cultures of Treatment 2,
the medium was changed to 0.5X Schenk and Hildebrandt medium contain'ing 3%

sucrose, 200 mg/L kanamycin and 500 mg/L cefotaxime for 12 wells, and to 0.5X
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5 large areas of staining 8 2 snall blue spots 11 patchy blue Treatnent 2

Sanpl e Nunber Staining Pattern 18 patchy blue 20 no blue stainin 24
smal | bl ue spots The nodul e cultures were incubated fof! ¥vaeli?8hal weeks

and noni t AY@&29BE3320t he regeneration of duckweed fronds. Pag/osesméss from

the Treatnment 2 wells grown with cefotaxine are shown bel ow. Sanpl eWeeks to
- Regenerati onGyS St ai i 25 . regener.at fronds VD 21 eksN D 37

~ weeksPosi-ti vgﬁfﬁga‘}deggﬁ%fﬁﬁdéal\'ﬂa}% Iﬁngigo WZ[_EEWF'P\?Egé\ég MgkksPositive
3079 weeks Pogtlpyidifiin vERKaPRY ifid re@althgeekaRO ki duR bulR QA L9 7433 21
Novenber 2005 PCTI US02/16938 10 13 weeks Negative 11 13 weeks Negative 12
No regener atiagnbated adenfulh lightr hbfier Oadays, disstgtframm sefefal sirepieswasnstainid to

experi ment - % r t hat duckweed cul tures grown
on the pol y\gf} 'g}ﬁ)tér(ljéﬁgu 5%5%03' L&?’S‘é%@'e‘%%?g“a (ﬁg’rwét ed fronds nore quickly than
those gréwn on agar plates, and gave a higher transformation efficiency.

Thus, in addition to denonstrating that duckweed may be
' Treatment 1

Sample Number Staining Pattern
2 paichy
5 large areas of staining
10 : 8 2 small blue spots
11 patchy blue

Treatment 2

Sample Number ' Staining Pattern

15 18 patchy blue
20 no blue staining
24 small blue spots

The nodule cultures were incubated for 7 additional weeks and monitored for
20  the regeneration of duckweed fronds. The results from the Treatment 2 wells grown

with cefotaxime are shown below:

Weeks to Repeneration GUS Staining

Sample

1. -No regenerated fronds N/D

25 2 10 weeks N/D
3 7 weeks ' Positive

4 No regenerated fronds N/D
5 13 weeks Positive
6 13 weeks Positive
30 7 9weeks - : : Positive
8 8 weeks 7 Positive
9 9 weeks Positive
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cultured in liquid nedia, this experinment shows that the use of a

pol yet hyl ene support 10 for culturing the duckweed increased. the
transforr’rq&vi on efficiency and decreased the tine requirBererben8duced
transgenic QLY 11 nes. These fi ndi ngs denonstrate thapchipgesiésigneed
system provi des a val uabl e approach for whol e-pl ant based screening of

nucl eot i de sequenceg)e 15 Exanpl Z:i?gsansfornati on and Regeneration of
Duckweed in a High nsity For Y ng Kananycin as a Sel ¥egaisee Mar ker

I n this exanple, expression vectigngeekfdrobacterium strains,y uckweed
nodul e cul tures wer&eas described in Exanple 1. The nodule cuitures used in
this 20 experi nent re 2 weeks Nl iggergmted fivndsat i on was perlfi@ nmed as
described in Exanple 1. For decontam nation and sel ection, nodule cultures -
were transferred to a 24-well plate adapted with pol yet hyl ene supports

cont ai ni g Mir as hThyrasitrkivag ffeeticyin tHideRefiniint Was%p BAE505.8 1t L aPM :
e,, 2. M benzyl adenine, 500 ng/L cefotaxinme and 200 °

2, 4-dichl or O&Q%Q’O{’(ﬁ%f@} Et

ng/ L kananyci nos4 ickweedmgyliuges ETO3# PRythepplyetthdenesupportsiprodived 24- wel |

pl ates was eax¥gmneRdidads mba! di um was .renoyed, and 200 | of
fresh nedi um%f adpled.slTIExc(Lng)eg};yrr%1 |(§’r?1(‘2'13 WL O PTastio 0 Yaadgissl nedi um
was added, dfastoeninacffiiencyleinrs| bediditRRtoplendletidtingnak FBE N MRS, added.

I f mediumr bove |.evel. of. pol yet hy] ene support, excess was renoved. 30 °
On the next %gglf/r,%g?%@qur‘fgﬁfﬂﬁn tL‘ﬁ C?H‘Fé'ynﬂ‘-t Ws {habthe sqata puy¢thylgedsupport

descri btd &hrawuridi@e dRkwvs ey two days for

approxi mately 2 add%l?i onal %igﬁgﬁgé@%%@%@%%l@@gg%geawd the

PCT/ US02/ 1693 regusted to prpdudeil raysgiemit duthheeedrimet.nThéset iRl denBngithkd Ur es was
nmoni t or ed. |l s contained |ive callus cells. Subsequently,
nodul e cul tﬁ‘?é@gﬁgé\g"%?ﬁ[\% WQHI%F%E‘ 5?'59&3@%!9&‘%@6 whailq-plentrbasett nedi um J
cont ai ni ng |Yeeningrafagscledtide séqikhcekananycin and 500 ng/L 5 cefotaxine, and
medi um exchanges were perforned every two days for approximately four
weeks, and then once a week for four additional weeks. Approximtely one
week afgtser ggapibbft 4.9 ' edium cells fromb5 wells
were stained to dete ] FHVEcCa R 3 2ol DENSHtYS -

Sanpl e Nunifermst ai ni ng

Using Kanamycin as a Selectable Marker

In this example, expression vectors, Agrobacterium strains, and duckweed
nodule cultures were as described in Example 1. The nodule cultures used in this
20 experiment were 2 weeks old. Co-cultivation was performed as described in Example
. 1. For decontamination and selection, nodule cultures were transferred to a 24-wel]

plate adapted with polyethylene supports containing Murashige and Skoog medium

f\/ -

pH 5.6 with 3% sucrose, 1 uM 2,4-dichlorophenoxyacetate, 2 1M benzyladenine, 500
mg/L cefotaxime and 200 mg/L kanamycin sulfate.

25 | The following day, the medium in the 24-well plates was exchanged as
follows. The old medium was removed, and 200 ! of fresh medium was added.
Excess medium was removed. 200 ul additional medium was added, and removéd as

described. 200 pl additional medium was added. If medium rose above level of

polyethylene support, excess was removed. “
30 On the next day, the medium in the 24-well plates was exchanged as described

above. The medium was then changed every two days for approximately 2 additional
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| large and small QUS{ patches 4 large and small GUS+ patches 8 l|large and
smal | GUS+ patches 18 --25% of callus is GUS+ 15 21 | arge GQUS+ patches
After 8 weeks under selection, the duckweed cul tures eXATDFRRE 2% ee growt h
patterns. M@OW4Bhe cul tures exhibited fast growth, wher @CIHENIF38Was

al nrost conpletely filled wth duckweed fronds; 62% of the cultures

exhi bi ted neg] , [ S_appr.oxi mat h i1l ed
W th duckmegké@o%‘gégggé\%ef%\%}g%ﬁl (%fﬁlge ﬁé@% e@@”@imp i"foéldltoge[%o%ogc?f]&{)ﬁ # wher e
"l ess than hawélisofontdireedviblelcaltmscefls.| | ed with duckweed fronds. After 11 weeks

under sel ecti on, néL‘S\?Of t he 24 duckweed cul tures contai ned regenerating
fronds, giving a gusnily, medile e iures Wos maqtaigedincQ S ¥ iScherladndr t han 75% 25
Exanpl e 3: TradsiLRibQ i ' KeSAd j @by Density
Format Using (418 as a S&%ﬁéﬁg%ﬁﬁéé?ﬂgkﬁgose o%ﬂ %}hdl%sddlerg eri ment was
to test ifet obdafime, fndrmédumicnchapgesivege pGrated kvere dwbd dayssfoer mat i on
efficiency and reduc]iérr}.guthe ti uired to_regenerate transgenic

[

duckweed | i rfBRIOX{Ifjalp re‘%%ﬁl?f):aé, trrﬁ’;gf“é“s"sWS‘?k for lqus pddigpmal Ageekbact eri um

strains wer ey@soxi RS Eeck DAEXREDAR td Sl SHE B e.prived from
L m nor straiIy;%"%8627§%'f 23 WO 02/ 0974?:3 21C Noveﬁggﬁ]d%g&ﬁﬁ@?’bs(é%%wg% The
nodul e cul t dfoas5 wetle weretizinaido decer(bUS Expresssond SBterredd armadbolopke 1, with

the exception that some nodul e tissue sanples were cultured in Mirashige

and Skoog nmedi um suppl enented with 3% sucrose, 0.4% Difco Bacto-agar, | tM
2,4 di chbor ophengyyaratifbaci d, and 2 M bﬁggﬁﬁlgadeni ne (referred to as
"control" 5 sanples) and sone nodul e ti ssue sanples were grown on 0.5X

Schenk and Hi | debrandt nedi um cont ai ni ndatghend small G tatohss (referred to
aEiarrBlrgt rl.eafzgsl sarrpj_les). Co-cul tivati Or?ar‘é@%n&serﬁgl?bﬁd paatschglsescrl bed in

8 large and small GUS" patches
18 ~25% of callus is GUS™
15 21 large GUS” patches

After 8 weeks under selection, the duckweed cultures exhibited three growth
patterns. 16% of the cultures exhibited fast growth, where the well was almost
completely filled with duckweed fronds; 62% of the cultures exhibited medium

20  growth, where the well was approximately half filled with duckweed fronds, and 12%
of the samples exhibited slow growth, where less than half of the well was filled with
duckweed fronds. _

After 11 weeks under selection, 18 of the 24 duckweed cultures contained
regenerating fronds, giving an overall transformation efficiency of greater than 75%.

25
: Example 3:  Transformation and Regeneration of Duckweed in a High Density

Format

Using (G418 as a Selectable Marker

The purpose of this experiment was to test methods for further increasing
30  duckweed transformation efficiency and reducing the time required to regenerate
. transgenic duckweed lines.
In this example, expression vectors and Agrobacterium strains wer'e as

described in Example 1. Duckweed nodules were derived from L. minor strain 8627.
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decontam nati on and sel ection, nodule cultures were transferred to a
24-wel | plate 10 adapted with porous polyethyl ene suppo:l\ﬁé' cont.ai ni ng 560 |
per wel |l Nurashige and Skoog nedium pH 5.6 with 3% sucrgyembyr 245

2, 4-di chl oWQﬂ'I’n’@Wg%’yacet ate, 2 uM berizyl adeni ne, 500 nu/ Lpceimisikese and
(418 at a concentration of 25 ng/L, 50 ng/L, 1 00 ng/L, or 200 ng/L. The

duckweed nedi nged as descri i n, Exampl.e_ 2. The 418 15
provi ded strg’ég“@%@i‘@&g “%F%B?B?r& e?S“‘?ﬁthaSLﬂ?ﬁ?%%Fﬁ%Nedwub theas kil | ed

after 3 meemepﬁomthht@ﬁhieﬁﬂdulétﬂsﬁfegﬁm?mre eﬁitar@@ﬁmhﬁak@gg ﬁ%@@gg d fronds

were observed after only six weeks of selection. After s, the

t r ansf or nat | BEAERrsupplemented with 3%e searotene d %abifsh Bantokeho vy 2B eat ment Nunber

of transgeni g i roduced .(out, .of . 12)transformati on G418- 25866
G418, 501083 %ﬁ%@ﬁﬁﬁ’(&%‘eﬁ ¢t 2084 bepadadening Ederreddo s feonGol's- 200975

Thi s exapl eatplEnaid BiresolelishRafBlddite Bolg: b YIBLAT,CAN De used to

produced transgeni ¢ duckweed |ines I as SiI X Wwee h

t r ansf or nat i [B¥debend; mpdinmicentaipingthe sathb addigoss (réferréd toNRVrdRhte@005 WO

02/ 097433 Pgﬁ#@%ﬂ 16938 Exanple 4: . ldentification of Protein Variants
Havi ng aBi ol ogfcal function of Interest The follow ng exanple is directed

to the identifi cmommmﬁmampé&&%neefasaescﬂ%&'irfi{skéfﬁ;gg‘fuw ng pol ypepti de,

where the v%ri ant is different fromthe naturally- occurring pol ypeptide

in at | east ‘GiEgHBPIREYd setectipnotiedide culbiresawerattansfetrbrbtocozl-wgll ph@sience of
saturation nutagenesis to generate a

ot A PSR S ASBRT s nsar o
o' escr | SEhe AARaan OB Hne St by ZEL BBl S a5 5T ™
6, 132, 970, benzpladends:, Se(huipgh, Gforadifif; ankd G AisnatianeaERORESESE BympAf spence. /

mg/L, 100 mg/L, or 200 mg/L.

The duckweed medium was exchanged as described in Example 2. The G418
15 provided strong selective pressure, so that untransformed callus was killed after 3
weeks of selection. A large number of regenerated duckweed fronds were observed
after only six weeks of selection. After eight weeks, the transformation efficiency

was determined as shown below

Treatment Number of transgenic lines %
produced (out of 12) transformation
(418-25 8 66 -
GA418-50 10 83 P,
G418-100 (pretreated) 10 83 |
(G418-100 (control) 9 75
G418-200 9 75

20

This example demonstrates that the methods of the invention can be used to

produced transgenic duckweed lines in as few as six weeks, with transformation -
efficiencies greater than 80%.
25
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To identify a nucl eotide sequence encoding a variant having a property of

~interest, a population of variant nucl eotide seqguences,| rod as

descri bed above, cloned into an Agrobacterium binary %}e@?‘%ﬂgeréﬁ@g

t ransf or nw@ azi9@3E. cola. Approxi mately 5,000-10, 000 col gigirassedidsdi cked

. fromthis library, ‘and the 15 correspondi ng plasm ds are transforned into
Agr obact eri ym by eI ect roporat| on. S| ngl e Agrobact er| um col on| es -are picked
for use in tH8MPELE : fQle I Eeidants k4 a ks & W pi cking

technol ogy knowg in the art’ (see for exanpl e, Uber et al . (1991)

Bi ot echni qués IT (5):642-647 and Watson el al. (1992) Nucleic Acids Res.

20: 4599- 4606, heThd foliondeg pangllets dm;ectedft@ttfeﬁﬁﬁl)nf'c&@onTm wrjag ¢r acol ony

Agr obacteri F%hp[]eparatl ons are add d to wells (one, or three wells

per Agrobac YrOEGIRE polypentide w IthepYaata@‘mtdtfﬁftfeﬁtsff%pﬂlﬁrﬁmf%‘l}'adapt ed
for., the hﬁMHﬂgQ)o%eﬂ%t%MﬁaE‘i’ea%ﬁe I’G?e y the addition of a filter support
na

LI

in each well (seé the rovi Si at ent Application Serial No.

60/ 2. 94,430 fil e'Eb m;iucm;he%ﬂdntamhb cctdm tdqbencbiof thetpolypapidd is Autgtdt&Rbi on
entitled, "SPu { % Met hod for g rou hput 25 Screening" filed My 28,
2002, her ei BYHEOS P F'%ﬁ"(?ﬁ’sh?/g?"@f"’é? RERY at‘%{h rggleR e sPaugicsneash opuckweed

nodul es, orendoikmeesn
endbdiknee ﬁimmraﬂt&edhb%ngtnﬁlé}fég pﬁcﬁg%gﬁ V?ggcteg,nthe

co-cultivation, selection, and regeneration ste
speci al | y- %@b@ﬁ“edmzm gt iand pﬂeaies:rd@dd@sexanh;ﬂct T hfStRwemMm @096, $8anpl e. Al

I|qU|d rans usi t ed ate handl ing and |iquid
. handl.i. ntg ptkoiolg@j?taaé’%%g?@ﬂﬁ%ﬁ ‘Q@éﬁ@? o1 ‘é‘pPFaa JefeEengtickweed
plants are assayeddéndify hAacleSidR @5 e@éodﬁxgvaat?dxﬁﬂthm P@%@é@e d;haV' ng the
property of interest. In sone instances, the originally

pol ypept i dénteiss apemylationcfiieriart nticleatide mgucltoss sqrodided as désarib@Eabade, Novenber

2005 WO 02/, 302/, 16938 thes |s renoved fromthe
transgenic gﬁ%‘ﬁﬁ% EC%I%'(LI"J’ aslg’a?'g g "Efe? Wfﬁ%ﬂsﬁr‘ﬁ@ege Eghof a vari ant
pol ypept i deppeoximgellySe008- DREOE yolotics At PIkSd froRBlY liRaSaNMR MEe conduct ed
usi ng hégh throughput screening nethods well known in"the art. In those

i nst andes GPIEGSRONdiRg R)‘B‘Ff?p'éﬁ{q tgrnsfagmed pite dgeabagier byt ¢lectroporeiieed 5 tissue,
automated & i&“@r%»’ EglgmteQ al%'p%lg:ﬁtf 108 i 9He ags% tlat?cﬁ'gefpcﬁng%e? tract the

expressed polyp pt| e extT actt 7’5 t Ren assay e of the

variant  pesiypapimated balmnynglckhg tpeop gl Ynokn nmueraaqgee Kdr example] UB&Nt @i ni ng
duckweed exprei?s)d %a var.i ant {) interest contains nultiple transgenic -
Lines, the“ - Bidiaehngues \(3)-04264d apd Watwon e 6. éi?@)@%ﬁmml%al s

Res. 20:4599-4606, herein incorporated by reference).
| 20 : The_ single colony Agrobacterium preparations are added to wells (one, two, or -
three wells per Agrobacterium colony) of a 24-well platc that is specially adapted fof‘-'
the handling of duckweed cultures by the addmon ofafi iter support in cach weH (see )
‘ the U.s. Prowsxonal Patent Application Serial No. 60/294 430 fi led May 30, 2001 and
" the U.S. Utxllty Patent. Application entitled, "Plate and Method for High Throughput '
25 Screenmg f led May 28, 2002, he_rem_mcorporated by referen_ce), and duckweed
plants, duckweed nodules, or duckweed suspension cells are added to each well. The
_ oo—cultiva_tion, selection, and regeneration steps are conducted in the_.spocially— |
adapted 24-well piate as described in the previous example. All liqti'i'd:tfansfers are
- performed using automated plate handling and Iiquid handling procedures. |
30 Following regeneration, the transgenic duckweed plants are assayed for the
. expression of a variarit polypeptide having the property of interest. In some instances,

the originally encoded polypeptide contains a sequence directing its secretion. In
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- cDNA Expression Libraries in Duckweed This exanple is

10 and then assayed to determ ne which individual |ine expr esses t he

. i creeni ng .
‘variant polypeptide having the property of. interest. ﬁxrc’em'é B oéscreenl ﬁg

CDNA | i br aMe@/ioa33nucl eoti de sequences 15 nodul ating a bjpga @%z‘if&kss
response of interest. A cDNA expression library is transfor 0

i | tures are derived
‘Agr obacteriu el ect roporation, and -Agrobacteriumcu
“from single rchFiv?rﬁa%‘gs ‘Qﬁi’:drﬁgﬁ ;ﬁm?ﬁcﬁoamt?mgsggmﬂcmuﬁmedmd ;ﬂgg)édrdlrtgg;f ?L npﬁe
Agr abact eri ungg &l t

p?ew ous exa?pelltezmﬁ%tgnégeér@csd%c el gﬁé’\‘@% @‘6"%\&‘5”@6&%8 WPt auch

descri bed andstayearcassdnotal sarg Hi glethrougapme&emhg nfetRay a,@; likRow Wihk Qipme nt a:
l e tenperat@re changes, day |ength, water entia

bat f a
Changes. 11 ght | edelBRiRGReS et seﬂyesm@m@mmwmmmmw% A
singl e cobl eekdeNaémicedReaRilbsy SUSlBAbifle 4RSS ?dﬁr‘?%“‘?@édp%‘?r b Scre

for encoded proteins involve |n a nu

, ti ons CXpTEss P@lbfpeml#pl Tbaextowsis et dssayed forthd fresehBest the Géﬁdn?n are .
Plrjltc}:::ggli/e pﬁ’h those skilled in the art to which thi X

vel .
i nvention pe {’lﬁg?@de Ym% Iﬁ“épfff‘lyd’z? Rl patent appl Lca;hp\r/\lsduglre herei n
incorporated by I Ehefan@Auifint HISRET HHESH; aégapllaltnto ek oDt a | y

atent a |icati on was spec
P oot 1 OB sEa bosatve dongs franahionc archlebinaueg o Snglch T GRGAING

' of illustration and
exanpl o Por BUrBECRR 1 BGE1 G- SRTE iy Bbal pa¥ ptprores e veriass pobpemis ¢ hat
certain charig:emgahdpmpdt)fd)ﬁatey@ﬂs may be practiced within the scope of the ‘3

~appended clains. -26 21 Novenber 2005 THAT WHICH IS CLAIMED: 1. A

hod for identifying a nuclelc aci d nol ecul e of
Ph?grggiougggﬁt nef he s ) ransfornlng a duckweed
1R

SaSEl culture, or
~ plant culture, si on

kweed pr ot opl &hts exetn lerIHtreUtaj noasmexﬁng 6§NA ﬁt&f&:‘:&%& fAY§Ences |
glcj)(r:rprl s p a g bence for a polypeptide; (b) c lI(Flfcurl ng #’h Ftickweed
pl ant c F%?%g ga@gﬂogﬁ%m%owmuﬁ@mﬂ duckweed suspension CE| ture, or
h, that the
duckweed pr ot opl I 4 ondltlon suc
poI ypept i ge encogiédm%;?e%( eggt!e&sjltlﬁh;rilrg/q%I dmcgé‘&ﬂézﬁ@aF@"E% Yessed; and
electroporation, and Agrobacterium cultures are derived from single colonies and

- maintained in 1534 well plates. The transfonned Agrobacterium is co-cultivated with
~ duckweed cultures as described in the previous example. Transgenic duckweed plants
20 are regenerated as described and then assayed for their response to changes in
environmental perturbation, for example temperature changes, day length, water_ -
. potennal changes hght level changes pathogen exposure, and toxm exposure A ,
smgle col!ecnon of transgemc duckweed cell lines may be used to screen for encoded -
’ protems mvolved i a number of different responses.
25 | |
‘ All publications and patent applications mentioned in the specification are mdlcat:ve
of the level of those skilled in the art to which this invention pertains. All publications and
_ patent apphcatlons are herein incorporated by reference to the same extent as'if each

individual publication or patent application was specifically and individually mdicated to be

30  incorporated by reference. 7
~Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clanity 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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. .:The. method- of claim

(c) determining whether the pol ypeptide encoded by the test nucleotide
- sequence nodul ates a bi ol ogi cal response, wherein at quggkgg%bge L
sequence that encodes a pol ypeptide that nodul ates a _iéfoglca response
is identified as a nucleic acid nolecule of interest; wherein steps (a) and
(b) are .perforned in the sane high density format plate or container. 2.
‘The nethod of claim 1, wherein said biological response is selected from
the group consisting of. response to changes in tenperature, response to
changes in day length, res & WhlicHdD IMERat er potential, response to
changes in light level, response to exposure to pathogens, response to

exposure to 40xi na hig ut SrefliNfor RULITPARS o nBklclceRRPRDRCHR ¢ ant growt h
regul ators. 3 Jhe method of claiml1, whereéin ne growh rate of.a duckweed

plant BHFEdy s dsEharsompristig the efspt of e, duckweed suspension cul ture, or
“duckweed protpl aginstdrRiid %Uh&ﬂ&ﬁm&ﬁﬂku'&uﬁ&@”ﬁ&&%ﬁ@ Hﬁhggo%ﬁﬁu9“0|e'c acid

nmol ecul e of Interest is changed in ‘conparisdon w rate of a
duckweedugkveaed susbensian, culwkweediusbwaéd peetbplasiecell dultimeewithsastpsnsi on.

cul ture C rotoplast cell culture 'that i.s not transformed with
t he ,nucfné(fq(é:()tgd(:éisg%rr%’l%e eoﬁéngflg Fﬁ?éﬁp SEIUAG f%f’eROZWFPPﬁ%& ability of the

ecu (0]

pol ypeptide {0 nodituging tebiekogicdaplaheepRnee duskWedde hpide dulrget er mi ni ng
duckweed nodul e cul ture,

the -gro rate of the duckweed plant culture ul
duc kmeaﬁ‘gﬂ‘?ﬁa [FEFRSASIOR GRYELOr g‘&kw&ﬁ‘% RiRteRi25 cstl spltusrunden songifiangr e

tr anst ogiERdnithipSigbébid thodiRIBhE 45t B ARG Rauendd ik PNSITYE] 2005 4.

. . Wherein the gro weed pl ant. .
cul ture, ducleheedetrsnining odicthsr ¢he golykepitld swedrnky the tast tusletider duckweed

~ protopl - ansformed with th ,ei.c acid mol ecul e of
Prter estibencE Thodfied ¥ bl RIS RITEE Wi ool BReFeis et n e dfbar | son w th

t he gr oschdesatelygkptideaha wedkivked apliclogical eesbbnse & ideluminees ndsdehadcul ture,
duckweed §Uﬁﬁggsion_culture, or duckweed protoplast cell culture that is
not traRerEMHEE™S S t he nucleic acid ol ecul e of interest under the sane

sel.ective groMibinGRBS LADE) ardYhrioRfedant S Pifh ofsich ReEmtilieREd Pl ant

cul ture, duckweed nodule culture, duckweed suspénsion e, or duckweed
prot opleestaimeel | cul ture transforned with the test nucleotide sequence is
determ. ned under selective growh -conditions. 5. The nethod of claim 3,
wherein, the growmh rate of the.duckweed pl ant ' :

: 2. The method of claim 1, wherein said biological response is sclected

- from the group consisting of: response to changes in temperature, response to changes
in day length, response to changes in water potential, response to changes in light level,
response to exposure to pathogens, response to exposure to toxins, response to plant

- hormones, or response to plant gfowth regulators.

_ 3. The method of claim 1, wherein me growth rate of a duckweed plant
culture, duckweed nodule culture, duckweed suspension culture, or duckweed protoplast
. cell culture that is transformed with the nucleic acid molecule of interest is changed in
compaﬁson with léhe grom rate of a duck\'wveed plant culture, duckweed nodule culture,
~ duckweed suspension. culture, or duckweed p_rotoplést cell culture “that is not
8 trgﬂsfonne’d with the nucleic acid molecule of inférest, and wherein th.e”éil')‘i‘lity of the
- polypeptide to modulate a biological response is determined by determining the growth
' __r_ate of the duckweed plant culture, duckweed nodule culture, duckweed suspension
- éuIture,, or duckweed pfotopla_st cell chlturé tran'sfdrrhed with said test nucleotide

_sequence.

e ,




cul ture, duckweed nodul e culture, duckweed suspension culture, .or duckweed
~ protoplast cell culture transformed with the nUC|e'C;ﬁﬁhanBm%ﬁH§e of .

interest is decreased under selective growh conditions in conparison with

the growth rate of the duckweed plant culture, duckweed nodule cul ture,
duckweed suspension culture, or duckweed protoplast cell culture that is
not transforned with the nucleic acid nodul e of interest under the sane
"sel ective growth conditions, and the gromth rate of the duckweed pl ant

cul ture, - dugkwee ure, . duck spen |on culture, or duckweed
_protopl ast cgll ﬂﬂt ¢8§Pfﬁ%§?3rﬁgﬁtﬁ @?f% eerbPEBlguence i s
det er mi ra:ehhra,rﬂilekw&dlxﬁdlﬁlb %ﬂm@kﬁ&\l&%ed@@bﬁd@ﬂ&}lmﬁs orl Ji\&kweécmetogfastcl aim 4,
wherein t ctlve cong i.tiQns rlse at |east one of the

fol | owi 17§ H'i%ﬁﬁ ugEelq pthmo of infegsst js; ipgregsed pmden he

pr esenceelaftv@@}dmmu@@dn b @fs&ﬁmem@fgravﬁwrﬁé of fhe dHGwEEL pﬁﬂt of claim
1, mherelﬁmthe uckmeed plant cuiture duckweed nodul e culture, duckweed

suspensCBIEy (dpeieed o ol Kipdtarss #?WE‘F%#SR?EWH ceMtuER: eﬂﬁ sduckwendsf or med by
i nocul alpkapliic Bl AGRADAGE B bl FARRIRE %Jltﬂghéﬁdcﬁ’elé R34 it Odf* &ﬁ’r@ﬁ?&eq uence.

The method of claim 1, wherein the duckweed pl ant c
cul t ur e dk%é%ﬁ3§$§5€h§Pﬂﬁ‘%@ﬁ@@ﬁewﬂbﬂmdﬁ@WWEE@<§ﬂbtdw&a@#19bm1 cul ture

is trapgfed aRIweN Rallk etk dﬁ&%éd svi\g%egﬁ ?&mm@o%cié@é’eﬁgp&ipl&’%ﬁ 9. The

met hod of cla|n11 wherein the d ant culture nodul e

| cuI t ur e Culturgimasipeae ‘Eﬂsﬁb@ﬁ@t@wbémetmmcw detemiinasiechdpr steotivesgsowtbel | cul ture

: - trapsimioped- by el ectroporation. 10. The method of claim1, wherein a
;duckmeed protoplast cell culture is transformed and the nethod of

transformati n is. EG ne di at nsformati on. -11.-

The nethod ‘0 clalﬁ% l&ﬁéﬁﬁﬁﬂxtﬁe ﬁ%@ﬁ&ﬁ@%m%ﬁ %gFF%P ﬁ@dﬂ%ﬁeed nodul e

_CuI t ur e culohits kEeFked URENSIIOR, audméé@susﬁalsi@ﬁ%{im%rniuah%h ofigk! culture
sele g@ﬁ fromthe roup conS|st|ng of he-genus Spri odel a, genus

W)I ffi aCelyEHivee W}%qur@ ¥ithfhe) ngdeig ecidanelgeule of INtesestras ﬂgmeaeftd mh@r m 11,
wher ei nsdakide duekesithant t&ﬁ%ag&#%ﬁ% %8&@6%& §f 8 gﬁf iom the. group

consi sting of "Lemma m nor, m ni scul , and-
Lema gf@ivze, duckweed nodule culture duckweed suspension culture, or duckweed protoplast

“cell culture that is not transformed with the nucleic acid module of interest under the
‘same seIe¢tive grqwth conditions, and the growth rate of the duckWeed plant culture,
duckweed nodule culture, duckweed suspension culture, or duckweed protoplast cell
culture transformed with the test nucleotide sequence is determined under selective

growth conditions.

6.  The method of claim 4 wherein the selective growth COHdltIOIlS compnse at
}east one of the followmg high salt, restnctwc hght levels, restrictive pH the presence of

pathogens and the presence of foxins.

7. The method of claim 1, wherein the duckweed plant culture, duckweed .
nodule culture, duckweed suspension culture, or duckweed protoplast ce]l culture is

- transfonned by inoculation with Agrobactenum comprising said test nucleotlde sequencc

8. The method of claim 1, wherein the duckweed pIant culture, duckweed
- - nodule culture duckweed suspension culture, or duckweed protoplast cell cuiture is
transformed by ballistic bombardment.
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'13. The method of claim 1, wherein the ability of the pol ypeptide to

nmodul ate a biol ogical response is deternined by a bi og) &g{g&zﬁ&say 14.
The method of claim1, wherein the ability of the pol ypep t0 nodul-ate a
bi ol ogi cal response is deternined by a physiol ogi cal assay. - 15. The net hod
of claiml1, .wherein the ability of the polypeptide to nodulate a

bi ol ogi cal responsEhd methot of danad, bheirpihe Rty ped pliaRgRure 1§uckWB&l met hod of
claim 1, wdiefeecututd)hpiobesantpeton RakurBDeRiRk 8 Sed proki peélpedﬂn{r@%soonse has

a bi ndi ng;rmgfoﬁnéd)byaectﬁgafhhonand the presence of said polypeptide that
nodul ates a bi ol ogi cal response of interest is determ ned by detecting the

formation of a conpl ex between said pol ypeptide that nodul ates a bi ol ogi cal

response and I9ai d Tagandthodldt ke 1TRIHIRE Qfduab%e@ﬁotowroal Ruibfpe jsel ective
growth conditions conprise at | east one of the follow ng: high salt,

restri ct i wastprpd; andethe| methods of fprsforpation-is' PRG (pelyetbylow glyéolpmedimeiens, and
the pres%gfo&flan&o_m ns. . 29 _

11.  The method of claim 1, wherein the duckweed plant culture, duckweed
nodule culture, duckweed suspensmn culture, or duckweed protoplast cell culture is
selected from the group con51st1ng of the genus Sprlodela, genus Wolffia, genus

- Wofﬁella, and genus Lemna '

_ 12.  The method of claim 11, wherein said duckweed -p‘iant or duckweed
nodule is selected from the group consisting of Lemna minor, Lemna miniscula, Lemna

ageuinocitalis, and Lemna gibba.

13.  The method of claim 1, wherein the ability of the polypeptide to modulate a
biological response is determined by a biochemical assay. '

14.  The method of claim 1, wherein the ability of the polypeptide to modulate a
blologlcal response 1s determined by a physiological assay.

15. The method of clann 1, wherein the ab111ty of the polypeptlde to modulate

a b1olog1cal response is detennlned by a phenotypm change

16. The method of clann 1, whereln the polypeptlde that modulates a
biological response has a binding site for an agent, and the presence of said polypeptide

that modulates a blologlcal response of interest is determined by detectmg the .

, and said agent.

. 17. The method of claim 5, whereln the selective growth conditions comprise
at least one of the followmg high salt, restrictive hght levels restrictive pH, the presence

of pathogens and the presence of toxms
' 29 -




