(54) Title: USE OF DUCKWEED I N H GH THROUGHPUT SCREENI NG (57) Abstract:

Met hods for high-throughput screening in duckweed are 91'5 ‘g"{?&ﬁ%&@éﬂcggfng

aspect, t net hods are used to identify nucleotide
poIprept i g@ig%ﬁmi”ﬁt erest. In another aspect, these met hodsPGIESOAexst o

identify nucleotide sequences that nodul ate the expression of a target
nucl eotide sequence. The methods conbine the predictive benefits of
screening in whole plants with the speed and efficiency of a high
t hr oughput system 21 Novenber 2005 WD 02/097433 PCT/ US02/ 16938 USE OF

DUCKVEED | N H GH THROUGHPUT SCREENI NG FI ELD OF THE | NVENTI ON The present

I nvention rel ates t&ﬁﬁﬁﬁ&ﬁ\%gﬂ[ﬂﬂhféﬁ%‘ﬁﬂ{%b@ﬂﬁ&ﬁﬁmﬁng
FIELD OF THE INVENTION

The present invention relates to methods for high throughput screening using

5  duckweed.

BACKGROUND OF THE INVENTION

- The duckweeds are the sole members of the monocotyledonous family

10 Lemnaceae. The four genera and 34 species are all small, free-floating, fresh-water
plants whose geographical range spans the entire globe (Landolt (1986)
Biosystematic Investigation on the Family of Duckweeds: The Family of Lemnaceae—
A Monograph Study Geobatanischen Institut ETH, Stiftung Rubel, Zurich). Although
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) Bot. 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
‘pockets, one on each side of the frond midvein. The small midvein region is also the
| Sfte 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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pockets. Doubl i nBedenf@s/aMak Yn P¥ntSRESHESe ; as .20- .24 hours
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(Landolt (1957) Ber. Schwei z. Bot". 977) Bull -
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nucl eotide sequeRGRiine or confim 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.




interest and a gene which confers resistance to a sel ection agent, followed
by 10 culturing the transforned cells in a nedium Contﬁfﬁiv% btr% §e| ection
agent . 8o®079$33 Patent No. 6,040,498 and U.S. Provisi or]af—m%@ﬁﬁgﬁ,s
Application 60/221,705; herein incorporated by reference in their

entirety. Recent advances in _plant genone sequenci ng have provided a wealth
of information regarding théU @FOTHQéﬁé@I‘é i ng novel polypeptides
and the .15 associated nucl eotide sequences that may serve to regulate the
expression of these codi ng sequences. However, these sequence data provide
no i nf or mat i onHighgthrotighynt ntelterdp fercieseminihg tiefbiblogreal Aueliensf ARlGEqUences in
physi ol ogi cal | ¥-i ortant. processes., To determ ne or confirmthe function
of novel @Cé&g?,ecf‘e a0d dorjdentifyns puclels agid melscdenp binteresidr a dyelvesed n vi vo.
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pl ants, the highest predictive success cones fromtests for the activity
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02/ 097433 SUMVARY OF THE | NVENTI ON 21 Novenber 2005 PCT/US02/ 16938 Hi gh
t hr ougAPEiEChes FradenqesionHEtstrhi RPHgLsreuasce ferp palyperfidssi on of nucleic acid

nmol ecul es, d f ' RV | e ' I S interest in a
duckweed s@t emglgrtderqg%lilfif gfgggwg(#? (gdenqa‘gg{élc ’ng‘fl&?'ﬁéé%p?]géuelﬁtcuﬁﬁl\%’nti on there
i's prodiderked shignsiohronitghy ot dudetdddrbaiplisdesil thiyirgndentsaideiionsaci d

nol ecul e ,of interest, said t hod conprising the steps, of (a) transformng
a duck ey i pelypénirde e%?”@ﬁ&&é’dhﬁdaﬁﬂ I@l%%ﬂ%@&r%gue%%v@@ae%%pensi on

cul turgyqor duckweed protoplast cell culture with a test nucleotide
sequence conprising a coding sequence for a pol ypeptide; (b) culturing the
duckweed pl @it cd¢temmiaingdwbétherethenpdypaptidelenovded byd dok et dudestpdnsi on

CUl T UT Goquhoe B ENERE oPhiBloARhR BlspSile] whithdid! a2e A8 hediA NS 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.
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such that the pol ypepti de encoded by the test nucl eotide sequence is
expressed; and (c) determ ni ng whet her the pol ypeptid nco e% ? the test
nucl eotide sequence nodul ates a biol ogi cal response, PEmRe0 %st

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 (b) are perfornmed in the sane high density format plate or
container. The nethods of the.invention are anenable to automation to allow
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acid nolecule of interest is identified by determning if the reporter
nucl eotide 3a WO 02/ 097433 21 Novenber 2005 PCT/ US02/ 16938 sequence is
i ntegrated_jnto the duckweed DNA such that it is operabl Yovsmired%% o a
nucl ei ¢ ac® HP¥edl e of interest. DETAI LED DESCRI PTI ON OF sErusodléhi! ON 5
The present invention is drawn to nethods for the high-throughput screening

of nucleic agj .20 in. c ed emto identify and characterize
nucl ei ¢ aci §éc&§f}%€gﬁg‘é‘§%ﬁegi'ﬁf’ﬁ%&&%ﬁiéﬂ%ﬂ%dﬁ@ 108 eBerAklyinkeddtoedi cti ve
success of . sucleiencidgnolBevboel mitdbsants With the size, labor, time and cost

efficiencies of high 10 throughput screening typically associated with
single cell technology. Definitions The nethods of the invention are’

hi gh-t hr oughput screeni Iﬁpﬁ ~high- t hod" as used
herein is intended a mst@%o or mﬁﬁgﬁ%ﬁq}égwﬁﬁwﬁgﬂ&\{]he followng is
true: (1)5> The nmethod is perfornmed in a high-density format, i.e. in a

format such thatTm)re than one sanple may be processed sinultaneously. - For
exanpl e, in sone ERIEAhiYERtionds dragasto methesis fnpthe hight thregbput 2deatingor e, at
| east 48 or dmElkeicalkid S8Rk , .l east 384 or. nore sanples may
be processed in a si lngl e p?%?neaggc%‘%grsy%%ng%ﬁ{eﬁﬁﬁeﬁna chractpiizgmclsic ot her

cont ai ner nedpidonolspides off interast affiesel nfettiods h&nﬁfrﬁ%{l‘%r_ettﬁﬂﬁiré‘&l?@e%ﬁ‘ 6€, and
ition of a porous

automated h i.ng. of duckweed. cultures by the a _
support sys ? g%}r}’ﬁ gla‘é’hg'ﬁé’ﬁ".ts ‘S’éléﬁ’cfsb?e’ Bkaiyime and cost effiioncissmfiaighPat ent

- Appl i catipon ugeighaht MpcendfY @%arﬂﬁgijﬁglgg“gm SN%% %‘\?}gp%%%? and the U.S.

Uility Patent Application entitle | at'e & Hi gh Thr oughput
Screening” filed on May 25 28, 2002. (2) The nethod is performed such that

mul tiple stggﬁiiu-E ﬁsr exanple, the transformation, selection, and
regeneratio duckweed culture, can be performed in the sane high

density format plisd @e@odsenhaim@htion & Q{'%é},_@,m%ﬂ' two or jopre of the
steps sel ecy e&bf romthe transfor m;?i oﬁ é ep, ePg%tgfegﬁmgtmee&Odﬁ'ngy
regener at i orf'&bthiqughputinethpd’ ssased berein is heerslate mithddfos hidhak 1dskanst er  of

t he dUCi@"’ee&hﬁéjl’o‘ilH&ﬁné RRQE T equi red between steps -4
(1) The method is performed in a high-density format, i.e. in a format such
that more than one sample may be processed simuitaneously. For example, in some
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. '

a

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.

)
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21 Novenber 2005 WO 02/097433 PCT/ US02/ 16938 (3) The nethod is anenable to
automation, i.e.. one or nore steps of the nethod may be perforned using a
| aboratory robotics station. (4) The nethod all ows for?2}tHeveribgh08peed
screeni ngWd¥ 02119@438ot i de sequences. For exanple, in sone epdgokRpizg of the
present invention the 5 transfornmed duckweed may be assayed to identify a
nucl ei ¢ acid nol eggl e .of inrltl#a)r est - followng as few as 4-16 weeks after
transformation, Sinethed iwamgnakle to putpigtien, i.enpregrimage flepsal the f ewer
W thin 6 weqksh J TR pthin 8 weeks or fewer,
W thin 9 weeks ﬁmfagﬁ??r%ﬁ%i%oyﬁg@?%? ?ig@\/\sresrt?tmvr\}'thi nl 1 weeks or
fewer, within 12 ($keksThermétoorllowd fohthe hgh speek scresidgofeiuclevtideni n 14 weeks
or 10 fewer,_ wWthin 15 weeks or fewer, or within 16 weeks or fewer (5) The
met hod provi g s""‘%%i%ﬁ%%‘?%i 'grame egpodiments db%PS?S“ElF vl red  duckweed
|ines sush t@adfomicd aRkivealhagibe W0d @liadBaPh ndsefe Abid TS G Al hERY 40% or

nore, at |east 45%or nore, at |eas % or nore, a east 55% or nore, at
| east 60% &lloygngas W asehd 6 waBke after trendformatiohcash a7 99bimrd weske or febver,east

about 75% ) e 15 % or re,. at | east_ abqut 85% or. nore, at
| east about %IB o%r%?r%lr)og%‘g?r’ ét"tg &fneggteé%b%&?wergg%ﬁ@r-" Wﬁ‘g‘é opteveR eVl Bneed

cul tures tremasarifeder withiieo MREIGAS ol Mewithinel 0 Weeks bARSEL NIt VEuged | i nes
conpri si ng ac'I est nucl eotide sequence or a reporter nucleotide sequence.
The term " dof E%%&lgy%ﬂ%mee%wr'fawerkm@w Buwveskser feweruwakintdmeicks or20

encorrpaﬁﬁesfeq;éﬁlwmggIEW%SUSHGW{ &5 witlhiC as%q(gg)??eul e cultures, duckweed

I WET
suspensi on cul tures ckweed protop Cultures The term

"duckweed plant @Gl t uFle' mathod pechidessradiigh ¢fatRASY 109 e r@d;tlvtelycﬁ‘traﬁﬁﬂﬁﬁé@i ng
nostly ful !53/ gi fferenti aﬁg‘g duckweed plants. . The term "duckweed nodul e
cul ture" adUGERECG RS SHCl Bakatdeash3Greon mog, at esstddhpen mpiegatdesstd®Sedr cel | s

where at | qgastk. fbout 450% % 9 9 % 9 80% 85% %, 95% or
100% of the cells ar e%i(%{%? e’naltt ?éé)l‘?/? eséﬁ /g(e{fl)Tél% t]‘zgﬁ(??%roern qr%ta%i(’?as%%é'/cl , " as
used her ei f micage,at daabt 63aor nyraht leest FO%orengbeatdéagpitvut PR A€ 1akisbic (€. g. ,

a distinctiye cell rphol o r the expression of a marker nucleic acid
or protdi n;sot/‘ﬁ%ﬁmo% & F%bﬁ]i’%‘géé% QT TR Fhoat e orIOEE, 683t leashrbout om

cell s foungstgbiGhiieiorthSdiifwelPefurd ot RiPiFID AkiNE R i e _duckueed

nodul e culture conprises duckweed m crono s as desc ewhere
herei n. - 5iUNBERCEMZEREd lines comprising a test nucleotide sequence or a reporter

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 Insome embodiments, the duckweed nodule culture comprises duckweed

- micronodules as described elsewhere herei.




21 Novenber 2005 PCTI USO2/ 16938 The term "duckweed suspension culture" as
used herein refers to a culture _conprising dispersed duckweed cells, for
exanpl e di spersed duckweed callus cells. Generally, 2diRMemeed@lspension
culture wi MOPHEPPse both single cells and unorgani zed ceCrmiseicoss
aggregates of varying sizes. 5 The term "duckweed protoplast cell culture”

refers to a cul tur q&_ﬁprq?{sli(‘g% duckweed cells where at |east about 50%
60% 70% 80% or of (HEkYTrdsEREasion ylfuce’| ag uged:-hesein refogsitp a chdsatiods f or

0

‘maki ng pr ot opbmgtisiag bisperbéddncRvedd cetig! hsexdhfpie & ' f e, in

~ Eriksson (192% iEBPI ant Protopl asts, Fo%kgﬁe% gﬁ?g,ehlgggf\?éegéﬁ@%@gs,

herein incor SRy aspckwed sugpansion toltorhavill epmprissibottognglakellsmdt i on"  as

used herein pRESLS ' j.cal tivity or property of a nucleic acid
TR iR o ey

nol ecul e or pol ypepti de. ical functions for nucleic

aci d nol etul es i nThetenfosuknatd paidyiat 6gi &&hrd"‘?éf@:@@é%ulnfr@%:ﬂ? ‘§i8é
ression of target nucl eot de equences

pol ypepti des nd | ating .the ex
Exanpl es of B‘i‘%?’"&@‘?gg@ “fafl?FFc% ilﬁﬂ%ahﬂef 54561 6% 0Pd 88%i ar O0YUdef the dudkatded g

bi ol ogi cal  JeRsIRRALEN SN MEKGK LR HEIIAL A AREELESPCIL Lt er est

conferring biochemcal activities er % egul atory
activities ofes¢ritedrfos exanRee,tin Euiksson (1e9s) id Pm:ttﬁ’rlaﬂygﬁiﬁﬁﬂpb@ﬁe B g1 Tegull atory
and regul at gry~gctivities include the ability to bind a substrat € of
interest, the abirrtly 9bmsPmeraed bygafaense. i nterest, the ability to catal yze

a reactibon of i rmei&st bid1bScAFddrby" t [ nse to.a plant

hor nrone, the ability 20 .tlo %gdul atngxaésﬂlésgegg%é@r S%atogﬁ)gcﬂ?g'ﬁ?lcﬁﬂlwtf‘érgul at or,
the abil ity PrePery@lip avdeig acidspaeade ort @1 ypeptide0 IFSE Bt Ahp 18 i d I8 ERAT fARionk he ‘
ability to gpndyl.ate [ e nse hysj ol ogi cal . perturbation, the ability}
to modul ate ' a rggi)coar?gde"?%Q'glﬁ%'"tﬁf”%ﬁg}"gutﬁﬂ'ﬂ%\ logical igpponsesecoding farty to 7
nmodul ate a pelypeies, afd BRI RxpiR¥ essj on" as used
herein refers to the tra_nsgriu[l) ionx%r éé}gonfg%?tgﬁﬁgﬁfe%%ee%ﬁﬁgmﬁﬁcl eoti de

sequence. THEATRIERPFbiplorisellynctions dorpolypeptiieh arckide inddatatiha midlygikAnmaceac.
This fpam | i ivided int.o faur genera and_ 34 species of
duc k\/veecfilfmasyei‘S gﬂsés\?/\g&d%{g g g’“‘t‘%’ﬁﬁﬁm{’ Eélﬁse?f?ﬂ"ﬁffgft’ Folfering blocheriisel na, L.

ecuador i ensadivities ofjinbdvest, dad chaRetgGBgulatbry 2iRREs ofinteldsp] . obscura,
L. perpusilla,.L. tenera, L. trisulca, Llfy tdri osn?fgfa,SEB%Eﬁ‘E#lﬁ%rab?ﬁ Vi ana) ;

genus Spi r ofBitige cxamples af madnlaorysindseguiateryiagtvitias inplude thatabjlity gebing a W! £ fi a
(W t Whe i Wy l,d b | i WA Y b ili i
: . angust@pste offhs: . tralina Ma borealls, Wa. brasiliensis,
Wa. col unbi‘ana, Wa. gﬁgﬁgﬁ%, It\’;\z&jgléfj%lggréq oeﬁt.ereﬁ'i’ thesbuppite catalyge a negl ect a)
and -6 reaction of interest, the ability to modulate 2 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-




21 Novenber 2005 WD 02/097433 PCT/ US02/ 16938 genus Wl fiella (W. caudata,
| denticulate, M gladiata, 91. hyalina, W.. lingulata, W. repunda, W.
rotunda, and K. neotropica). Any other genera or spectld¥osmbergifhceae, if
t hey exi sWO®WHBso aspects-of the present invention. LeR€A/UpeeBses can
be classified using the taxonom ¢ schene described by Landolt (1986) 5

Bi osystemati ¢ | n i i-on on t amly. o ckweeds:, The mly of
Lemmaceae- Aﬁ%%@%%%@uﬂ?@oE@téﬁ{p%%én;”?-%‘fﬂh‘f‘ﬁt H/E'f’l‘ff’)?'ﬁ Wt ung Rubel,
Zuri ch. " Opdigllafa, WN¥eiindaswusesindig bel Wii Rect@pREE Ry bfleridhbg ot | de
sequences refers to multiple nucleotide sequences that are placed in a
functional refFdes fsHngrcods H theyaxist.arhalso aspsets of thepiresent ipyastion.ekemmac| eot i de
sequence i s |k nk | eot i de.seqgue nit is
osi 1 oned SARes b liHe yinf uR RN AR BY BT 1145

nucl eot i fle dRayee@atic Thestgiionds thaFaridest Diyiveg! saThwﬁhﬁﬁf:@f Behshebplecul e of
interest co step of transform ng a duckweed plant culture,

ise the ] r
duckweed no%@”%‘ﬂfﬁﬁ@{dy Reteusrhen insan &18H Stifineg Rabel ofurghic kweed
protopl ast cell eghity Il L giglg : _ enpadi nent s,
t he nucl eoti de seg engg’ ]},‘\g& Q %;{g%(?ﬁ%% gg I eﬁgegtgdlgglg(é&dger&g%geﬁ%@grm
nucl eot i de sedfieoecledure segtdnoch thatannplaced ihe fandtionalyreldonshdvitiPedchansf or m

t he duckweeti!l culLture. [n one enbodi nent, the stably. transforned duckweed
“i's obtai ned®fy THEXBMPIERPTGBIRET PGPS SeaRanRp HOPaaRY ikedito aseeend,  pat ent

No. 6, OAP, 49&18cdSleqRncivhal it is }g{fitfzd(t)l&i st tfatit éﬂ%ﬁ:g aﬁg‘?ﬁs‘%@ bf the

60/ 221, 705; "herein incorporate .reference. 0 escribed in

t hese ref er sascrdnudiedtddscgenee.t ransfer by ballistic bonbardnent with
m.croprojectiles.coated w.th, a.nucleic. acid conprisi the nucl eotide
sequence of int eT@%’lne%‘ijﬁ r ‘}F&%Bﬁ%g?ap‘bq]?'gtaF'@%(gg%’éer%‘ﬁng‘?t SHMSHHG] ectil e
bonbar dmentstegdéf S FRRRZ 4 ShRwREIPRAAIRIE), dulleRBd ho @8 ERfurdYuckweed |

el ectroporation, and gene transfer nediated byAgrobacterium conprising a
vect or conpipRdnsgnianuRsonduskwotd pretopbgteniioaultofe with avadetide Tysewel &cti on and

fegeneratiQ f_transgeni duckweed |ines are described in these

ref eren ?es ,S%g% (e q%nggrﬁgltg%%ci?og\ﬁﬁ BFIEERCe 1P ﬁ%ﬁﬁguc(?@ﬁ‘ﬁ% GYHERGE O ARPOsiER ) y

t r ansf or nechudi¢elide subiced Lai m@Rod kb vay: (RS 8t fay bb@sedAd taRashemum medi at ed
met hods di sclosed in U S. Patent No. 6,040,498 to Stonp et al. The

Agr obact er idrk e rulereadnopaenbedinment thretahly wansfamedgndiered évdbiaimaD
.0 209205 e AP e N s AR A Gl O L™
Met' hods Mbler aBioolU.SARit&h AppiiioaMiGEbes 88/221,705; 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-




21 Novenber 2005 PCTIUS02/16938 106, Mathur et al. (1998) Methods Mol .
Biol. 82:267-276, and Datta et al. (1999) Methods Mdl. Biol. 111:335-347,
herein incgrporated by reference. In one enbodi ment, tHeNeNsERGE8 pl ant

cul ture, dgr ehodul e culture, duckweed suspensi on cul POT@soRicesiuckweed
protoplast culture is transformed in a 5 high-density format plate or

.~ other contai , 4-wel | plate, 48-well plate, or a 96-well
~plate. The ppgg’errlr{aﬁgllr%Re(a?ar@g%@@ée%’f%’&ﬁ{‘f{eg’ﬁgtggﬁéyé’JG gt of (1989) duckweed
cul tures by tehadldifali Bda»l.qflizaﬁlgﬂﬂqﬁre%‘}’i?lla@r&)&ajt% @%@r‘ﬁ@u See, for
exanple, U S. Provisional Patent Application Seria . 60/ 294,430 filed

May 30, 2001 and Uh¥¢ sgbodingnt) the quokaeedplangupltiren tickweed nbditiedultirk at e and

Met hod for Hy : ° C ning', filed May 28, 2002; herein

i ncor por at ed %{gw}g‘? %%n '%u(ri:tu%t é’g‘ﬁwk"e"g@dﬁf’@%ﬁ%‘f‘xﬁuﬁ%‘séﬁ% RERe B ture is

transfor rfed highessitygbena phir@bmelier 366taine fortehGmp RUCKNRET Pia?e %fbﬁeﬁf erred to
€

a hi gh-densit uckweed may be transferred o th igh-density =

for - The d
format by ha'h%‘?’ %frar?"fiéfeﬂpgﬁf&f’@w Péite mar koedaptad! fanthe autnocuddekandlisg sP@Bsi on
cells, or praipRbasts si ng net.hods k inthe art. 15
The present inventi%ﬁtug%)ggﬁgee@d%@ﬁgggo#bé’? S'ﬂﬂ’é’“ﬁf’@ﬁé\"ﬁ%ﬂé&%ﬁ”&éé’ﬁﬁl@ed
nodul e cul t W/-8sProlisionabatbre AqmiitdtipnISRAAING, %U&@4%b%%9%}%}&38?ﬁéjur es.
0

The et hod _ ] breakj.ng up | arger duckweed nodul es to produce
duckweed " ?ﬁ-g?‘gﬁ@%ﬁﬁem gBPic“i?g%%?mﬁi@rigP@WdlMgﬂlo@f@fﬂghﬂ‘mughpmdul es that
are of a0 s@kfdesingnhiled Npdd 280 ; n aspiyrated or di spensed
usi ng the nozzle gf an Z%Baédt g%?gﬁnﬁ%a%rpﬁx eg%’alrgfe.mnf"% %‘o‘ﬁ&erenbodi nent s,
the aut omat EBOPAigENE, henatioreed culta icmatontd it SnfleREh@cPMREMESHe P | S

nodi fied togy) e the si.ze of the barrel and_ tip opening so that the
ni cr onodul egh%%??se%?"ﬁ Cﬁfggio?ﬁlgg-dg?ﬂygwaéf Thedugkwsed maytheransfanyd et hod -~

for breaki ng thphighaledsiBkReast vyRaLd, 85 u{eqraﬂéfgﬂ&ﬁ cﬂgvgéaﬁ@fgﬁ%@%f,gegy be used,

i ncl.udi ng nmechani cal et hods, "enzymati ¢ net hods, » growi ng the

25 duckweedSUsRdsIONCSHeior prteplastsonat beaptarmed wingticthodoknew s fomedpl es_ I n
duced by pushi ng duckweed

( nbpdi t, 1 | t i

gggu?esgjlt ﬁgug hT 0 erg%?'[ %S’?%%Pg’ﬁ}cgvﬁl 53‘55*&9@2 Iﬁ‘gfgg PEspatatipp ophdyokiwead ar

enbodi ment snodBiE aumbsies tigit 2149 e 8isHy mﬂmﬁé&%iﬂﬁﬁ?ﬁ&% Eﬁ)c%eg. htheTEe
er e

transferred tﬁ‘b‘f hi gh-density format = plate or o ontal ner.
concent r at i BFIHS RPSE Breakiag up bssandyckveed dpdidtetd sodive Mcitadd nost wel | s

Cranst or mat o onony | U, PSSRl SSs Fudlfieer Roeiles B sRkban of f1 ci ency
of frond - 8uffitiendy embl siz2 @b 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 liquid 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
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




WO 02/ 097433 PCT/ US02/ 16938 regeneration simlar to that observed for
duckweed nodul es that have not been broken into smaller pieces. In sone
enbodi ments of the present invention, the duckweed is thHepber#8 by a
nucl ei ¢ adYQOHM7&BuUl e conprising a test nucl eoti de sequenarT/Usvpeusti cul ar
5 enbodi nents, the test nucl eotide sequence is conprised in an expression
cassette having a transcriptiqnal ipitiation region operably linked to the
test nucl eot’&&" r%@ﬂﬁ@ﬂiaém A0 ?'aﬁi@f Ape I“Oﬂﬂleﬁﬂﬁ‘fﬁ%‘f? B geaybroken g. , a
pronot er) maEyoendlet hik&sOr honol ogous or foreign or heterol ogous to the
host, or may be a naturally occurring sequence or a synthetical |y-created
" sequence. By f or dhgeme embodiments efithe @reskrttinventiot Othe daciseaedps transfdrmiedi ti at i on

region is n f dinth il d-type host into which th transcriptional
initiation (r% g%ng‘ﬁi%f"sé".'dnw%a‘%é%r@%ﬁ'gﬁ %%FE%???'H?SWB‘F& E'ﬂcmﬁ'ci“sﬁ“t he art can
be enpl oyed cabodinetinhy tHeQest hclcdide s@fbndety 88hpAskd(ih 3k i fieBgoPaRt &l 2l -
yeast, fungal,. insect, mammualian, and plant pronoters). For exanple, plant

promot ers, MPAYNGANAEsCHRHRIAb BtigHoB Regian eneratdy linked® the tedt niBletipt ar y
pronoters i . bt t. the Cauliflower, Mbsaic Virus
35S pronot ere &lutg ﬂ% o%léﬁrgggscﬁl Rpﬁéeat{ g’s“ga tlﬁ?%?%?%r(g'g(’g.pd‘.)',r'("r?f)sr?a)ﬁ]&%'?at‘b’&?f etc.),

the ubi qui homologowsirdoreigntoe hateioldops RIThE Bost, biBay bdAhAGR] ioﬁcﬂﬂﬁﬁfhat e
(RubP) carboxyl ase small _ subunit pronoter, and the al cohol dehydrogenase

promoter. THE ERfCIoRa smnthesalty-eantBd seanerce- Syeforeigubuinintendedithitdie i s known in
the arty( Si !ré(r%&ﬁﬂfd?ﬂ?inﬁ%aﬁglb relgﬁogl i p&t ﬂncﬁlnacﬂé “J}fgl-t&;e?b(?s;t/ "H%Wéﬁe Q her

“pronoters from viruses ect plants,  pref are al so
sui t abl e i nednsditptipnabinitiation relgiomiis mtkofmedpr onoters i sol ated from Dasheen
nosai c virus, Chlorella virus ( the Chlaorella virus adenine

e.g., (
met hyl t r ansf er ase™p'dih @Fomqiprkngwa)in 313.3”(%@9’&)‘3“@% aeeprdimgitothe 25: 85)
tomato spqibed Wvédtio\&'(fn@%iin?%?&ﬁﬁﬁ, Yeald fu‘?;g%(f, ideet &Qgﬂfa‘fﬁggar% Wy S Virus,

t obacco ring spot virus, omato 11 ng’ sp Vi rus, cucu i ¢ vi rus,
peanut st uripompters, Farlekahifle, plog picmoters rinslpdmgglacioass fragiotdrd, aapbgadnavi r us
.and theclike,  F.nall ronoters can be chosen to give a desired_|evel of
regul a??on.usi%réxeé% ngo,m(?t?fsé‘ﬁif’@eiam’é% imijed tafhe Caghflawerdewsits to use a
promot er  t hatusaBBiRESotet MIpireihiiBa SXRbEDROR: & Endh mhiGLBRNPRiNe synt hase
pronoter from Agr oqu!act erium 30 urre?aci ens). {Aklé’er nati \Ell’gqcy’, |'j|’)1moe?her

si t uat i ons ubjquitieRrometendiasttiagewnster, theuimlossbisphoshate (RabPacsbastdsyat ed i n

esponee.eqaRl G, RATER b b e meBEBIC, o 21
Novenber 2B@bP 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.




WO 02/ 097, 33 PCT/ USO21 16938 pronoters, wound-induci bl e gene pronoters, and
| i ght/ dar k-i nduci bl e gene pronoters) or plant growh regulators (e.g.,
pronoters from genes induced by abscissic acid, auxi n&! %‘SPF’(?RH%W s, and
gi bberel | MO B¥P#33 As a further alternative, pronpters capchgs@hgagn that
gi ve tissue-specific expression (e.g., root, leaf, and 5 floral-specific
pronoters). The overal l strerg)ge';h of a given pronoter can be influenced by

the conbi natT8RC"End Lp&Eneils glipzampPsrs, and ight/dadeinduciblagerot i de
sequences sqﬁ&na@rsglBﬁf,raﬁ@épowﬁplteg}rin@%g&_%Sé}gﬁlgge?éfmﬁ(r)ﬁre {lgsxi ﬁ%ﬁgxam vating

nucl eotide sequences derived fr e cteri une S octopine
synt hase gerf&sassie asih anvios,tayarkeins, pnd gibbéretiia abQi)! A8 aAFiRdIAUE@BAH]D

t unef aci ens i ne,synt hase pronnter (see U S. Patent 5,6955,6646 to
Gelvin et a|p?‘§m?‘§ cpfiRE éﬂ%%‘éﬁiat gﬁ’\?éﬁf%ﬁ, Cl%ﬁéxgﬁw@sgq&»ﬁoeta&gﬁtan@ can
contai n act ifleailispgifidisloaidse sequences inserted upstream of the pronoter

sequence to enhance the expression of the test nucleotide sequence. In one .
embodi ment, the TBxpreslsoenzgnetegiven prooiatetesn bh irdmengsithyahav@shihaRhi g

sequences derj from:i1.he 15 Agrobacterium | unefaci ens octopi ne synthase
'gene_oper abF@‘_’ #ﬁﬁﬁléﬁg@#aggﬁrggﬁﬁ%ﬁng 855?({}@8 SPQUSRESTUAFOPEEERR | um
t umef aci ensacmatigécqtermyt PaSRaGpRe a&tﬁﬁh_ﬁn@n&]ed?ﬁ%%@éueﬁcegglgg%}ﬁfmrnF’rfes' n

i ncor por at e‘? bﬁ reference). The expression cassette may itiona
conpri se a T#ARSEE BT fErdpcigrdclamansndasogeale car enrfianet iramscriptiiinofrorh unct i onal

in plants. ARYeS LA ion 20 sequence kn [ art may be
- used in accordgﬁdgga\%pl%ﬁl t%"%e f#g%g'%f] ”?‘?{U"eﬂﬂﬂﬁﬁ? Pr?ﬁ’é)?é,l\’?%qﬁﬂ-{-ggﬁtgﬁ regi on may
be native vi,235,446c0Gedviaer 2t il prestint indbihtRh, HRExPRssiBRYastfie Bat i ve with

t he nucleot] de.sequence of interest, or may be derived from anot her )
sour ce. CorfPBRIMAMIVaHERYciotign seaugnens dnsarted wnsatemisif éhef prommoten eeqlieacpltas i d of)

A tunef aGhRitSe tHUS : i t.het aser and n lin nt het ase
termnation 25 regi o?g%§g%te3?%ﬁ%§%£%@??tﬁ%gﬁqﬁm%l In ?nfgg%?)g%qnit n. Genet.
262: 141; Prgpréssiontassetit 98dydeSehree Ghstfed; achonfrcequaicesderived 894 m&enes Dev.
5: 141, 1g\/bgcraqnmta .. (1990). .Plant Cell 2:1261; Munroe et al. (1990) Gene
91: 1517 BarFAYUEE 4" (Hrelgswys REIEPIBE synthgse genqrepsrably limigdto agnemdteshi et al .

(1987) NucleivedAintan Resobad@iid82dmePdelt | i %}}ﬁﬂ?ﬂs terqy gation
sequences are the pea %ﬁ“’b_ﬁ .cgr boé%eas%lnghrrgﬁﬁgps"ﬁ% Al %%&{e ?er%r{pigti on
sequence aRecHted 6, htreimgncvpemted byirefteend®S t er m nati on sequence. QO her

A e o A ObrS SRS il acB o IR Srist 2 canmtional ang | "

translational termination region functional in plants. Any suitable 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.

-10-




WO 02/ 097433 PCT/ US02/ 16938 The expression cassettes nmay contain nore than
one gene or nucleic acid sequence to be transferred and expressed in the
t ransf or ned El ant. Thus, each nucleic acid sequence w8 hp! y
linked toYP 0203433 regul atory sequences. Alternatively, mwsSophess
expression cassettes may be provided. 5 Generally, the expression cassette

wll conprise a | ect able marker gene for the selection of transforned
cell's or ti 'ssues.sﬁ§eeix8f:ffs§lﬁ’f’é?a%$"?§ ayg‘é’ﬁg@é"‘ Mees 'E‘G%O’@%WQ or Bl ertd

anti bi otic rseqicicanC: traitdiredant RPN GOM MAnGSRAMGI 1P TREH B RADRILT ase
Il (NEO and ,@S/qgrorrym n_phosphot r ansf er ase gHPT), as well as genes
conferring 3Fésicqueiise @1t beppemablyilmked olpadid'deguldontsegiatees: ddlestatingg, genes

generally c g 19rexgregﬁomg%%]tgeganaééﬁregugsviﬁ’édo'[ ein insensitive to the

her bi ci de or an enzyire es of detoxifies the herbicide in

“the planf bef or e Genetaliy, the expréasorDeBicne kvil tomprisd 2 &fblablFlBR:rben 2 513;
DeBl ock et al. il .989) Plant Physiol, 91:691; Frommet al. (1990)

Bi oTechnol o@V sglogtan olggansiormed welleer tssues( Belsotbleimarker@engs ipcladeageneor
exanple, regsd - p f | urea .herbi ¢ci des.has been
~ obt ai ned usia?’ldgil g negb%) lc%%%iﬂ%g&féc}r%t%ﬁg{oﬁ% acr?? ﬂéé‘%%rg%@"éRzglsﬁlé%t,ramfmsc

5- enol pyr uvHI(dHEQiand hgg®nphbgiitvapleotsysitlass@P)ERSPS) asiescnleiaet at e
synt hase (ALS), Resistance to gl uf Oﬁ%&gte amoni um  boronmoxynil, and

2, 4-di chl or Eﬁ%ﬁ@?iﬁ&&?&tﬁ_&'ﬂ&{d@ qoznpupgls fAgRICHlsdRs IS S5aes Ssperally fgle foract er i al
genes efiL 0dinbdi 20 ¥RPAI RNl inSdnliRe ’ %%31%@2%&%5%?8]} gnz?#grthflt ﬁ%%%?e%\r% a2 4-

di chl or ophenoxyacet at € nonooxygenase, et oxI res
her bi ci des. det@0figothe perbpoderm tbé ptanebgforeseran acn\SeetDeBlockse ke ¢198l7) e mar ker

| de: : bé, . .
hosphot r arePBORL 15 pPRlogk eEel GPed) Pralalissiebr 8| ditesim el (980) i n Pt ant
Sci 4: 1Bi; ] ' ' . Natl.
acad Sci . USh aaabor Laoaenacarfet 8 (1990) Pl €4l 2303, FaEelS N hase

(Pert et alfesigtaggdy gBipbTenbiatecir sylforylyrgd Barbicites haptreen pFairdd esingbene§ 1992)

Pl ant P o] 00:.1503: h t al. (199 Cr Sci,. 36:1367);
t rf/lgt oéﬁan%gfggz{?rbt ?(f)}ui%'g?f%r&l\%%g eése?'CHSIP)"(”%@iég‘?‘}rﬁt‘éﬁ?préh.ateI:WB‘I ?532)2: 907) ;
neonyci n  gBRPSPHindaBslbrictsSsyntilaS: (AB)! ReEBthte t@lgluf()ﬁ@%_g)lmﬁmnw,- Appl .

Gen. 1: 327)b; hygronyci n phosphotransferase (HPT or Shimzu et al.
(1986) Mel borospdxyng; and 2,4-gichiprayhendkyrpetpiofid1ed have bowt csan¢diyRRingKwok et

|. (1986 - | . L. 30. US - 4552) - phosphi nothri cin
acetyl trancraoial e¥hsenr R ppofhinofisAceR e ke LiBRRE 3 14 ©
2, 2- di chl odehloogpienoxysactad ri@ivakoganas whicBuehangmdijaativonagtidad. . (1989)

J. OeI%G] Bi ochein. 13D: 330@ acet ohydroxyaci d synthase (U.S. Pat. No.
4,761,473 to -1¥Yoppurpesss ghidie pyesgnt invention, selectable marker genes include, but are

not limited to, genes encoding neomycin phosphotransferase I (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

-11-




WO 02/ 097433 PCT/ US02/ 16938 Anderson et alL; Haughn et al. (1988) Ml . GCen.
CGenet. 221:266); 5-enol pyruvyl - shi ki mat e- phosphat e synt hase (aroA; Conai
et al. (1985 Nat ure 317:741): haloarylnitrilase (W BMusast 20 st al ker
et al.); av&WB¥%¥3bnzyne A carboxyl ase (Parker et al. (198G)uRiAgsss
Physi ol _ 92:1220); d| hydr opt eroate synthase (sull; 5 CGuerineau et al.

- (1990) PI ant t t ] I tid
E psbA) Hi ?gck%rerS?Jle a1’}faf§éé%f)al§é§8egﬁ§@5%p 2 OS%?Q%% ﬂ“ﬁgmyﬂ?ﬂgfuheg are

genes encodi shikinesé-phauphsre s@ithae (WraAYChiflaiCFal L, 1) Plant Mol.
Bi ol . 17:301:303) . chl ora Pune By Coriaiict Eﬁggﬂ/"@e“ﬁ?@ig%) ENBQU.

2:987); et hBel P%")‘(E'ftﬁlaéﬂé $ HOEK! e Platkeper adl);. ac(atjzl)e@)lzyiae W erl3B31a209; Meij er

(1085) Pi ant ot ALoSBLPIRL Phiseh 903380 aiffHopiptia st (8ll ence
188 219; Swvei Gecmgau edal. (1999)11)’1agdefarm B:dg/ilg 1é26 ;@hd 3@&13%%2,503;&5,@@ onmycin

s et al Gen. Genet . spectinonycin
EB(rjgt?agne satft g?'eﬂ Q(PN{’)A HirsRhpreey %é’g%?ﬂ&l@ésﬂgpil@l()l?% eomycin (Hlle
t aL (1986) PI d Qu 1990
T5 Brant Mol B ol ehuddtShe geheschbding Hos BN St fGREy el ence

242: 419): 2,(49D) Pldy MileBiodt1 720]- xoxgaarbraﬂlpaamemﬂleﬂ% ﬁsﬂtl%il&)eﬁ alPdg3)

onfors. her 1P PEIS Firefae oot Fuee o yboRa) Nrreiaas o, %km%i?e

e entabi e oo ap PonlmeMob Aol R BafbatsRh (WliSton’ ol USEN PRGILLY 1 wce,

but are not H4/nd:1 @Y Zhijjandial (p205) g’émesczaicsoos o19; Néiferehes (8949) Plans _
PLoSE ot R AL SERBE TS o ogfsaeﬁegua%m&%;?b;z;ag@&é;m
gl yphosat e smnﬁdmﬁem&ﬁgnéﬂs&grﬁ%af ?Igggﬁf}naz, V%Jp,pceR;SOSIIIg?) t&)éw sk?lnfl .

ot her selecElve ents used routi nel to one o
the art 25 Hgfige (rl&ﬁﬁbﬁfa(ulMQQ)Bw@ﬂ‘t7l)Qulfmaane)((éwdmne3u5&6(1@90 t opher son

ot al ad. S SA 89 5, (1992) Cel |
21 23 SN WQF fé"dgfg A7 S8 on i ser o ‘2’4(613%%%66335%1% 19) . 4(@9230) The
Qperon 177- @ﬁ@berlell:laletl%@) B(olie&zz)aldgfb1811)4§n&f§|§) D%Iﬁﬁ cﬁtqﬁblqc@?% Loy roc.

Cel | 49: 603; F&i'ﬂ et al 1988) Ce 52:713; usc
‘Nat| Acad. @2 Ode62488: Fuerst et al. (1989) Proc. Natl. Acad. 30 Sci.

USA 86: 2549: Deusg Bheadt Bhierl iAA0Ke BSIBRSS 2Tt st Chicd i 130
USA 89: 3952 pRasphinotirica (PRT) 99BihlaPkdzCand ¥ Jike. A@s?ﬁbte&%ove%nﬂééié%?e
V\ybor S 5b et aaf(ers t(hat cou)l éJ Sscdpﬁ(l: Ith%%/ec-:t%rz wﬁgﬁulggsvlgmgé b%xt 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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WO 02/ 097433 PCT/ US02/ 16938 Res. 19:4647; Hillenand-W ssman (1989) Topics
in Mol. And Struc. Biol. 10:143; Degenkolb et al. (1991) Anti m crob.
Agent's Chemot her. 35:1591; Kl einschnidt et al. (1988)21BNyemesiZddy y
27:1094; @ @2/ex4ml . (1992) Plant J. 2:397; CGossen et al. #cdi9@p/i6d3g0C.
Nat|. Acad. Sci. USA 89:5547; Oiva et al. (1992) Antim crob. Agents 5-
Chenot her. 36:913; H avka et al. (1985) Handbook of Experi nent al

Phar macol ogy/es7$9:46h4 RijienandWissman (18868 )Tonkss ért Mod 3tndSimuc. Bigdhl 01431 osur es
are herein i %ﬁﬁ [ [.enc e Li. f | ect abl e, mar ker
genes is notl!j an‘?lbf%gggglww '?lf"ﬁﬁ%Ag en%if%%?)é J gg‘%%ﬁglgﬁgﬁlglﬁgﬁa(be used
in the presdili?88)BietHermiy 2701 (VAEGHX pr &SEDOT) RIAGKSELRIIDTECOReh o Y (BIRpSt

‘nucl eoti de sequence js transforned_ipto a duckweed plant culture, duckweed
nodul e cul tﬁ’g’?e’g‘ﬂ&{{ﬁ@@ ¢ s &deis1°61% b@tﬂ ¢ Gf-d19%) Antgienefed®endy ot opl ast cel |
culture. 5Th - . i ; dto

ul tur e. sThecAdnamRt-O5¢®G . diakneay. 1§8§)r}?d%db5w£§tzﬁgnﬁggh@?ﬂ%@» .

det erm ne whet her the test nucl eotq de 'sequence”ha I ol'ogi ca

of interest .78 and Gill #@dd 986 VatihaB34: T . Buck diselbsanes urerheray iverpopated

- mani pul ated,to 1clet erm ne the biological function of the test nucleotide. In
one enbodi mEATEITRE bi ol ogi cal function of interest is the ability to

nodul at e a bi ol ogihg aboverlisPbs2leelaP@intaker BRRINAS Iﬂgaﬂtmﬁéﬁﬁﬁtin&-.r%@nges i

bi ol ogi cal response can be any response i ncl udi ng response t
t enper at ur e seledatye masker genecdan hg usediim thegyesertigvdntionesponse to changes in

water potential, yesponse to changes.in 20 |1ight .level, response tq
pat hoge‘ril)6 exposur ) E"E Fﬁ)cf Fﬁj&}ﬂﬁassggt(ep%oglgﬁﬂgmgéﬁ?ﬁj HQ%FOB% froHeKs s EWS?%E@Q,
viroids, neimé adackwdedpesmt cIRS, Guckedd RAANSEIIRIre RRERIERNSApensRaPONse to
toxin exposure (e.g. exposure to high levels of salts, netals including

heavy net al silturg@r pidugleeasd pertopdash esll alive Fhedmnsfoamed duckviaed ds thepor t ant
physi ol ogi c I esponse t.0..pl ant. _hornpn response _to plant
RlrisPDd WRNShaveq LERRIRTE ko B ool iaP AT scfiniRdas e

growt h regu 0 an

pert ur bat i obiologizal Hebtidrf of intertbic ITeis eecogiigedmhtaie Uaciofecd Ry REMATHay(BOr exanpl e
a nucl eoti de sequence encodi n%_ a pol égle%de t hat nodul ates the response
of i nt ePestManipylated tedefermyac be dinlegcpb Bmciemeihatesynedieotidsst nucl eot i de

sequence assayedy il S BIBmAIIRHABALS kB PRIGSS B Byfly/pic o

contai ning the test nucleotl de sequence I's at of
duckweed t hatdudaes bidbdgicaiot physioldptcal RSporse!6f Bedrtde TARMIGIBER ] redfiisé €SpONse
may be ass%eg bf\xl a change i n any phenotype including, for exanple, growh
rate. Det ecPRBF 8MYTesPise HickWingfespaase te ShHSeTIN tRRAPEER{UES.TASRONSN® t est

nucl eot.i de chdre¥d 83/ lQl?gzﬁ,]rgs%onse 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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"can be determinegci?

ligand, the 45iHIneys psd

21 Novenber 2005 PCT/ US02/ 16938 sequence is a nucleic acid nol ecule

interest. The nucleic acid nolecule of interest (e.g. encoding the

pol ypeptide that nodul ates the response of interest) malyNev§aherZ805 readily

i denti fi edVBY28Y##%l ating the transgenic duckweed |ine havppgudelReisabl e

difference in the biological response to the E. coli or Agrobacteriumline

that served s _the source of the test nucleotide sequence. Gowh rate
é‘ é ‘i‘f@“ﬁé‘f‘ﬁ&@l%‘gﬁ/\h‘iﬂ?‘?ﬁt-t Rhe nugleic pejd molepwht of infeyestet or

00 et gnt, @i Dhdodmgane FADSSIe it holatlSReL S L ERTRY BE.BERPE, (oS!

sel ective or restrictive conditions. The term ective™ o ictive"
growt h condi epdilyddentifigd byl chrrelating theftensgenic duckeeéd Biechaviigaieeohibgh t he

O onth 1t o etk A Bl A S e ol Scpoaanmaoe fatgromad |
condi ti ofis iaschesderce estheitedt nuslebtidi¥eqh@e! , restrictive pH conditions, or

the -presence of pathogens or toxins that restrict growh. In sonme
enbodi ment's, t he Feiidpie cagibg datsrmamet by ey metteddsbwh sn thens fe @ikhrdple

sequence en j epti.de havin bi pl pgi cal function of interest.
The 15 bi ol g’g?‘}ggl& %%%%n&&t i %Pgtg t‘(a:g}?‘ﬁlég‘gﬁ?ﬂa‘bihﬁﬁég‘iaé’ahe@%%ti on, for

‘exanpl e, t henddoistiedtive of eestrintive Coddifibns CRHeN I QelBRG PG ricg{‘,@p%gw t he
a partl

ability to bind.a parti g}gl ar substrate, the ability to bin cul ar
TR Ecfera fq eenditians uaderpyluch theigravid raloifl ity to

catal yzp) a @afdnsoHh& dd. ! 3 instan where the pol ypeptide

encoded by the test nugﬁgg%q ggedsdégﬂﬁ‘g"zﬁ?aé’s%gﬂtﬁﬁﬁﬁwf"ﬂbf%m@ﬁpﬁfmﬂhe

duckweed 20capditions.eExamyplézeofiselotatgrontinc RN IR IGRERHBS e @i‘.@'m@éﬁayed for

t he bi ol ogircégl. .fgpgfti %n.of interest, for exanple, a particular structural 3

property, a particdil Gmditinnsc9rdhs presense of pathggeng or toxinsahitirestyctigooitar m a

conplex with a gREdhEMBEdied r ot her agent. en t he

pol ypept i de encoded by t he teeésg’?mﬁl?g fg%f&fcg@%glgg@ﬁgﬁgléer sz'g%f"éﬁl?% Wi t hin the

duckweed t iS§qusace erveding ¢ polypeptidti lmvinpt elsfoBital RBciddfMhRrdb Tig extract ed

and as eqd.for the expression of a polypeptide having the biological
functi ggyo?} “III(? ical gﬂcﬁoﬁg)ﬂFg@%téﬂ‘bBﬁﬁﬁéﬁP ,g'oﬁh’é'"ﬁﬁl% tqstexempleestierahdity on,
and/ or assaycorféresruaiital bR pxildr%féfﬁﬁe SITRGAL WRiAL:S natr{i%ﬁarg%gﬁ%é? tide

havi ng the biol ogical function of est 1s-a var
nat ur al | y- SEAHRY igpipde ppristilad Bgarsin thetabélittoobiadia@atichilaR eddetdr, o3 theof
of the pol ypeptide having the

int t i Spi . | east t
b ol 0gi cal TIGL CARORT pREshEERer R IR gaRe steries Wi Behmentidy - ocur i ng

82!52;/?? 5)'[6 ijdzcggﬁq Hg(rlgs Legtr)ffgildrf?.ﬂﬁgg geéif&fiiﬁb ¥ 3Edr@BY ShAFRAACHNE Qudilifegr t and
_ 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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21 Novenber 2005 WO 02/097433 PCT/ US02/ 16938 Exanple 2 in the Experinental
Section. The property that differs between the pol ypegti de havi ng the

bi ol ogi cal function of interest (i.e. the variant) and?k}evember200

nat ur al | ywsc@97438g pol ypepti de may be any property of i ntmregdoziigpas udi ng,

but not |imted to, a structural property, the ability to bind a
substrate, thhe a iIit¥l to bind a 5 ligand, the ability to catalyze a
reaction of GXAMBISesin the Fxpemmpental Sechion., hbs propertintbat differsiheiveeatee out si de

bi ol og1 ¢al _baAEidRa g ADLII e RuEROH bRknd: BOURTI Al LaPRGNSS. | The

pol ypepti de having the Interest nmay be Ied as descri bed

above. Eachawcatlweeurringlpolypeptdemie berayy frepdriyesfifiereseiicinding, butmoc! ei ¢ aci d
preparation,contai ni ng sequence variations.of only one orjginal nucleotide
sequence. i'ﬂ“t%ii ?Oe Fﬁé‘?‘ﬁ}*@qﬂ ORSHY] h&@é’ﬁ’éﬁ%toﬁﬂ’g’/‘l %@’%%ﬁﬁs&ﬁ PE@?D’ WRibind &

het er ogefieoygardugle@bAitded ShtalPsEP ALY iRRRALA Y A i eral test
nucl eoti de s%a uenges.l‘ ool sta_g% about 3, [ ag%ﬂkﬂyémggggg&%@{%@%ﬁt 15, about
20, about 2eendiinpsuBsle blogica@nge oo the abdity abmodula®@, bialbgicsl régonsbout 80,

about 90, o bqut 10Q0.test .nucl eoti seqguence per .duckweed. culture may
be used. | _nht]%?&siy% égggﬂfflgﬂk?o‘?rgp?#y %ﬁglteregmﬁ%'bff ﬁﬁ%"g@ﬁ?ﬁé@e‘g@ﬂvﬁi ning a
15 nucl eoti de sepaanfRkwadd didtude HinglO@iag Bk trhiWIshidwf 2 hidigkash are

subj ected to one_or nore rounds of subdivision and screening to identify a

si ngl e nuc| RFRArAEINFORIRaE equshice Yartagpessef onffhenctasiginal nucibaidecstqueast.

nucl eotide reened in,eith appr.aac may be at .l.east | or nore
, at Iefacgt '?1‘88@%‘{% I,ee?c%as[%ﬁpz%g]?y Jk.’gg ags?tﬁ%e?ie@ﬂ]a? n?t81§§f¥nef}1§)6‘ﬂflﬂ? pre, at

| east 10, OQfemiativarcontaitiing 8966l dfABv&ENReR husTBstRle sequdneas tPoaRbABGuar mor e,
or at 20 least_ 1,000 or _nore. In sone enbodi nents of the present

,000
i nvention, 3PAY haARYUW;LE, shoul 1 HabeutQ abeut 20 mbepkdq, abeuti4feabaut pAdbbyt
t formi | d - K - d
Supenal on 2 fSEH YESBoR AbLGH ot b snol FNET A MR salehch PR duckWEor o

nucl eot i de cakwpaemyseustdr Incthisdippraach, moioftdehuddRide8pQicheds cBHGIRaLd de 25
Sequengg is integrated inta the duckweed DNA. The reporter nucl eoti de
sequencd EUAERYESSAUEnes hrvipe abinlesicdl fnrstion of xsestare pbliepirdte pPaeor The

reporter paloPRRbLE ; LE Lol i.ngy no
[Tt e to o SRAPEET N1 SRy SR ORI Ehalk PELUL R mifu 8t
acet yl t r ansgfterests @h¢ @Aa)nunarer f eatnidiectide sepatcep sataied in ik rpprivkithods f or

the detection,of each of these reparter polypeptides are well 30 known in
the art .| RSt R A etiEs ot ieht 1D epoloraa KRN RBer mors bt dd®Paeks a

transcri pt nenaht leﬁdﬂilb%(_)gb loP Fhodt G R 19,006 AHRIEE at 1eBstS0bRbo IR geAt s, the

reporter nucleotide -
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.

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

initiation nucleotide sequence. In other embodiments, the reporter nucleotide
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21 Novenber 2005 WD 02/097433 PCT/ US02116938 sequence conprises a
transcriptional initiation nucleotide sequence. The thg]?scri ti ﬁnal
initiation nucl eotide sequence nay be any known in the pvemen 39 ?ng t hose
descri bed W& &/87438n sone enbodi nents, the transcriptional péfigkdRehan
sequence is a mniml pronoter sequence. This allows for the
identification of nucleotide 5 sequences serving as transcriptional
enhancer's wh&RTUCHES OBHBISER? trarferiplintaljitinign apdeotide sequenesyrBieed i nto t he

duckweed DNAuSHERpliBR irifiaddch RBEDAR Yeol R Rely b2 1 PANARSEL o SRfUERCE: The

reporter nucl eotide sequence may contdin a's ri bed
above to ai dthose ¢seribel lertinoin afmd eminglimeits; 1 teadb&riptiday i68LE61 sdaligndzer ker
known in the. 10.ar orter nucl eotide sequence al so

t b d.
conpri ses nul &gy Pg@ﬁa'@_ﬁe@gwat ?Sd{]ﬁ% forithe igentpficatipmptnydinotide he
duckweed Mcqh&d@@&erﬁﬁgggtrﬁﬁ‘éaf'iptiérl?i?érﬁ'laﬂéé?é i dle {@%ﬁ&hﬂ@ﬁe@ﬁﬁ%%%g&%%n?z (limr -

DNA (T-DNA) sequences. ese seguences are segnen

i nduci ng) " pl Bdpiegrated i theodusiwatd DA suck tiat Ady apesablyERnkets bii 8hHasicer 15 | N
one enbodi ne%guentcge i nperfect direct repeat sequences found at the T-DNA
sequence bordérs are inserted at the 5 and 3' ends of the reporter

nucl eoti de sequenmife.repotee ndclbhRicREGlARE MBEc & Dﬁ%\@l?&alﬂé pﬁh&r% e

i nvention p%ferabl, .conprise as [east onhe epeat sequence. %’ee, for -
exanmpl e WO FBPYe PR in the splemioatod trandgenie phantsy Angfseleetlble ma2RerMabivhii gifel on of
the T-regi ony . ffie,ghant cell is nediated by another region of the
Ti-plasmd, the“vir (Virulence) region (reviewed in Zanbryski (1988) Annu

- Rev.. Genet. 22: Tha@podemiiciéiide Séquehoe AsbWBRbrisRIduchbid 3z Bar on
and Zanbrysk 1996) Curr. Biol. q6: 1567- 156 §’ Tﬁg réqw gé%‘]:\?slt?lgfrjegi on ma

be provi ded alfﬁwstrtaﬂg?gr ale dptodhefyskaveeth DN As do onelepbedimicot, tfesantuilewidg pl asmi d
system Seegedi@ > el al, 983) Nature 310:115-120 and
Bevan (1984556({{Ilull(izcle.g)é%g?J 3?6 g’@%%ﬁﬂ‘g’?ﬁ: PR ATE Srementsof t he
vect or cont Hicrlirgg Ti fremBNAdbeing)epl st Habfcd by iaR virdch PABGBICEMA strains,

Agr obact rirﬂr? by trid arental mating or electroporation, and honol ogous
r econbi mat i SHPIERRS E‘P%éh%@%@ﬁt iFpekrepeat sequenngsl faund abihe pDOA Ti - pl asmi d.

30 The cl ai gdedre i ' e ification of various nucleic
acid nol ecfﬁaees o%@%&#‘é%ﬁ%@n&gﬂeeg Eﬁ%%%ﬁ%ednfit#e Eegggffwgplgpﬁdea%qqae%i ecul e
of i nter est TheF-B¥A nadeatidorsoquenees afithepraenciaverton FesdethBly@ohipfist kANSCT i pti on

of a target cl eat|
941 Gne ?—BI@E repcat sequence. 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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-16 21 Novenber 2005 WD 02/097433 PCT/ US02/ 16938 sequence. Accordingly,
t he nethods may be used to identify pronoters and enh?g ers %ﬂgﬁé are
involved in a biological response to a stinulus of inter pmb -slim'ting
exanpl es VORIPHIFI of interest include changes in |ight, pchasgesosn

tenperature, changes in water potential, changes in day |length, changes in
pl ant 5 hornone | e es i.n gl an owm h regul ator |evels, exposure

: vgl S, _chan% S? gr N re
to pat hogensTaHHe 9&9&‘03]@’ § meiodnday vg ?‘:’Géﬂfqepﬁl YPIAMOIES Ridhci d nol ecul e
i nvol ved i n ehhhchis@hRaiCinbolvE@HRONSBLA rbhEnsith Tlilfuust TSnENEKgSH cul ture

conprising the integrated reporter nucleotide sequence is exposed to the
sti mul us andimitee esapdessifonmuli of frderest panluderchangek yphght] dhengss et er mi ned. I n

t hose cases, wher he reporter nuclegti,de seqyence has 10 i.ntegrated into
the duckweed W%g}&p atnﬁ%tmi“faterré’ogeﬁgﬁa%aﬂ}gqsilﬁa@&e %tﬁaaﬁf'gff?df‘é’f? r enhancer
activat el byoinfithedévels, thithge£MPI AR SroWth RigulalR 16VRROELFFsuRAb ¥RGBEL R | | be
detected. The site of integration of the reporter nucl eoti de Sequence can

be identifi é’éPOSHF§it%§3X|é%§r~ tFodentdy a nhdeir apid maecuinioivelyed dethe biplegicd as a
marker to t i ] th I ide sequence that erts a
‘modul atory %gé(?@ﬁdyﬁllgExl}rniej}sluﬁbtﬁlggu@{g&fe%g&ﬁs%r??ﬁﬁ’ 1 @efﬂggré?ﬁg@gteaf t he

i nvention mucldtidusepiches is @rpdskd 1 thegimelus 4R (BearRaaRMm ofthéfepbREU! at e t he
transcripti or] of a tar%et nucl eoti de sequence in a tissue-specific nanner.

The t r ansgefR!Patidk Relcirrmineds Inmtheses@pes the repgeiar nycjeatide sequenpckas

expr essjgng i i eGi .l ckweed tissues, for
exanpl ermr o%?gfaq?tqus@g# P%ﬁm\%e?gﬁhﬁszggu g%%rnj 1??%‘%%)2?’ El?ﬁ%ﬂréuacﬁ’m@wgteéé’f d nol ecul e
of i nt er estenfrancet hdivatc@®yhike stibarlhd, bipeeksm of eraepdiag pabpesidiusilaie aci d

nmol ecul es tcgat goqjél ate #he transl ati on of a_ target nucleotide sequence
(for exanpl¥CHE- 1855HE et nfrgration of the renogigepiclaoting sequgace 4 e idendificincr ease

transcr i ptiafalpofldus i ARG éporfth illiaidk SRR SE AHEBRES O REHAlelily e S
untransl ated "region of a target nucleo I e sequence (t or exarer'e,
sequences tivaleoideequence ithud sxars a2fodnlataty ag)vityrid résposse tb liat stinplagase NMRNA

stability. These.nucl eofi sequences e .|ocated anywhere within the
t ranscrli%bed. por ﬁ‘!hBH’e(ﬁOd.tﬁ 0331?&?" PHER ey Egz?eﬁ 19 peng Yn‘l&’l‘ﬂq“&%@é‘@@‘@sr egi on of
the transchipftnodulatd e tﬂaﬂ%ﬁ?ﬁbﬁoﬂ' £ g@ﬂﬁcﬁeﬁati&@&qﬂ@&%’in %QQsdeEEptgPi%csl

untransl ated region of the transcript. These sequences are identified when
t he repor t @anngrudihgdransgengatpgkwesd linnt argsercgsdwp identifiathbseditesr i bed site in a

SEne., e TRAHL T e Peb AT SR eoh ot oo TRI 2B o " T
transcri pt raigbteieOfibRe) $eEGCHURARIES TRERGIGPEI MR of IHEt&PHLPheaeauences
nodul ating translation may be regul ated by particular stinuli. .
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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-17 WO 02/097433 21 Novenber 2005 PCT/ US02/ 16938 Accordingly, reporter

pol ypepti de expression in response to a stinulus of interest naé be
monitored to identify a regul atory nucleotide sequence’tMEMPLZe& i vated in

response W8®MY4Btinulus. In some enbodi nents, the reporteeToue)Rels de
sequence integrates into the 5 duckweed DNA such that it is operably

linked to th i sequence of . ene . whose expression (i.e.

‘transcripti 'oﬁ%gﬁ ;I@y,{erpgﬁgrl YPSH?S‘? %‘W‘“e*@i?lﬂd{lé%ﬁpsysedo ashmylusof giterestnbey est .
The nucl eot i de meabjoed eeidone®diraaiibs fRRYkk t} de: s :
transcri bed an& transl at edqgl c])ﬁ% Wi ?h t he ‘r‘gé%‘ﬁ'gb%‘ﬁﬁ%e‘%gﬁ?’gﬁ?é‘? N°BORKi meri ¢
pol ypepti de {hthe siwghlupe det ect ed usi ng the sane techni ques used to identify
the 10 reporter pg| hde.  The .,expression of the chiperic polypeptide in -
response to the sts?éﬁu%%dsbggl eln%f g}eergft’mieéﬂug’goﬁ%ﬁq?@c?HE?&W‘F%/'“W sgeni c

duckweed ¥ i ndsckiveedDiNghsuch ehat ft@PEpdrly uy@&gtthggoﬁwg%ei@agggg abl'y
| ated . gene that is a nucleic acid nol'ecule of interest.

linked to a requ i )
See, SpringeY (??GBBTSSF‘I%F- tEaperiptpn pod/pr trardatidng isiegulaied by rptimaleth by
reference. 1tcEXPERNGENEA: foll ow.ng,.exa éJr?'ES are offered for purposes
of illustration, noté\@y wa‘if% Eeqc?r%n?o\gf?%%?r P‘élyﬂ‘?pt'%?g}%’f‘%r mati on and
Regener at i orirapfcribed nbteahslaredanldiig Witheftseinlated @efOfoBim YehigHci qui d Medi um

I n previ oush%-dgsc igﬁd eé‘ggri ments, culture of duckweed has been performed
on solid medPRPeRs thc Sectedpsingsths sametgehnigues ysed teilentifyehdrer duckweed

could he cuybdodee [ ted with,a.liqguid nmedia. This
woul d rmake thlfa 25%%&%%?%%82#%?%%fh%rqf,hHé%ﬁ%&%%eﬁgd%meg@&%@rtgf’i on
st eps anenalbii@ulup ohmtesesttandre usadieb idenysiansgedid MakweBElUGK WaED: @ysStem i s

useful for bigh-throughput screening of = nucl eotide sequences. Duckweed }
nodul e cul tg‘%"ggeilﬁ’gi)ﬁog@%eﬂ?‘%ﬁ? FPRFEADY Rfreddte agpgniated g thatriea nacleiesf or med /

with a GUS exprps&uRbIaRgsHT SEL DG AUPEhEELID I RSB

transformation as follows. The ‘expré&ssion’vector useé
expr essi on BEARRPTIREbYefsTepBAEP- 3.

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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Thi s expression vector is derived from pBWMSP-1, which is described in U S.
Patent 18 21 Novenber 2005 WD 02/097433 PCT/ US02/ 16938 No. 5,955, 646,
herein incorporated by reference. The pBVBP-3 transcriPtVofaber 28sset t e
contai ns MR 8¥OEHEEi es of a transcriptional activating nucl potise/seguence
derived fromthe Agrobacterium tunefaciens octopine synthase and, an

additional t | O | .activati,ng nucl eotide sequence derived fromthe
Agr obact er i u%g'rié\f{yﬂdr%telsf g%?‘é’dﬂ""ﬁ%%%‘%ﬂi"g’e"e {/er?f’ﬁalgge E}é%g?d;“ﬁ?sﬁﬁm@ta] regi on
derived fromatseee fgiainatires dopiestoff aRfaasdripidn AR PRI SuENDENARGuaRRe, A

pol yl i nker sjte %gr insertion of the_ nucleotide sequence encodi ng the
pol ypept i de GFVEhirendhs Agrahacrerive v efaciennoctepine symdse and, an ddditiomal t he

Agr obact er i YmnbdHpRbRG 8f ' Thi s, expression vector
al so contains a mucl eoti ?igﬂgg%lgﬁgdees%gg%}%gﬁf %?Q"ﬁfé"d?n? bel"?igrfégae" 1m

pl i osphofr anghendes thinmapina spahaetgeht,e pramoair reglérpdsivell BonPeof t he

sel ect abl e %err seclueg/ce_ is driven by a pronoter derived fromthe

Agr obact er i (¥ PAFREF 4R tuRg/aciepmANRRPIRS Hintese senena polyBNEPsite fadiseitonal | v 7
contai ns a BefeRALIEGRISRYMERE EncolRd Ll iieliegtd des 12221775 of
t he mai ze al cohol dehydr g%%nasecoger%ra é?%@ﬁ%g%?oxg@ée%ssti %nﬁj 1&%5’?3%4049)

inserted bessgercctdenvpt Womiter AgrodatiasubGupefiylenskaalind Synidse géee T84S
a GQUS _coding sequence and a

expressi on construct tusg}d in this eﬁa‘g@ e,
~ kananyci n r &9 SPEATECGLHEC GRITENT BREIEQHS seevencs soding fsprgomypsipr essi on
vect or . 10AQr plRAphdFah s ITRE AGLIBARLIS hAkd . ibe; id Pafile GUS
expr essi on g[ongtrljict ~was grown on YEB ngdﬁg%&?gb%ﬁnaﬁgég&gﬁiérgg{k?S g/ L
beef 20 ext¥eqeence & djjven by pipoersotebderivedSomn deedgrobietaritn Nys@idiessont ai ni ng

st rept onmyci .5 [L., s jnonycin . at 50.nmg/ L and kananycin sul fate
at 50 ny/ L.%&%ﬂ%ﬁ@aﬁ@ﬁm&epﬁﬁﬁﬁﬁ? 3@'?‘8?"1 yr%ﬁ%%?@ﬁdme%par ed as
follows. DuekyRadinknentGeotRes 1 SENET A §the ﬁﬂ?zera%héﬂ d%?tgrgg%vsﬁééngw th a

sterile scalpel, and the fronds are placed, ventra ,
Mur ashi ge dREnBrEAdCosEsiNInben 304K 92 Msenterblatwisrbibd pronSitgnandGheni cal

Cor por aki ot Laui 5.6, supplenmented. wi.th 5

2, 4-di §E| oS! elrﬁ%rx%c@?kleﬁgw, e"é’.’%"s’iﬁ’ﬁh"%‘%ﬂ%%egé‘( %&?’@ﬁ%é&%m _5-y1)

urea t hi di apdingSequBh@nmdRAEBShyciB YessupiceSene Werd iReFEQ 8 0lgsmaap.s( Fi sher

Scientific), and 0.15%CGelrite (Sigm). Fronds were grown for 5-6 weeks.

At this tifePTEE¥RR Vi9dul es (small, yellowish cell nasses) appeared,
B cce (aver age 8 2arBHiA uBlLeR! bt Bl RN bt G ond and
“cul tured i expessashtioggnendaSkoeg oreYEBMERR! (AN odirhbt, SWL beer
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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-19 21 Novenber 2005 WD 02/097433 PCT/ US02/ 16938 sucrose, 0.4%Difco

Bact o-agar, 1 pM 2, 4-dichl orophenoxyacetic acid, and 2. AM benzyl adeni ne.
Duckweed nodul e cultures were transfornmed as foll ows. zllﬂg"vﬁﬁ‘ﬁ?r@é ate

Agr obact erWOP0%H83 aci ens strain was grown on a YEB agar pt@t/esoditkisg50 g/ L
5 kananycin and 100 M acetosyringone, and the fully grown plate was

resuspended in_ 10 .0f _Miurashi ge _and Skoog nedi um suppl enented with 0.6
~ M manni t ol aﬁ'ﬁsrﬁﬁ08'4%\ﬁ5g‘é{36‘§9'ragﬂggrﬂ@42&633@“1%‘0@]@9“%&3@&& agid,@ndydstM nocul at ed

by i nmer si ngbérzylaigning 0! Uti on of resuspended bacteria for 1-2 mnutes,
blotted to renove excess fluid, and plated on co-cultivation nedium
consi sting of MirRythersdadulSkobgresmereuransbinad b isent B appiopriatexi n and

cytokinin optim.zed .to pronote nodul e growth and 100 M acetosyringone. The -
nodul e cul t u%‘%?b&%f’ré"’f’ ﬁ‘@ﬁeﬁﬁ'ﬁbﬂéﬁ%ﬂw?ﬁﬁfayﬁ RRESER agar plateayish 50 ppfl. sel ect i on,

nodul e cyl t g f . S (Treagtment 1, see below) or
2a-vel 1Bl at e And 0 NP e oA e eSS bt e U 5.
Provi si onal ftrelstof MyhshigetandiSkSeg inrdivbhietpplenRicd Y4thD3EM Jnhﬁﬁtd}/ge{m 2001
and the 15 U S. Uti]lity Patent Application entitled, "Plate an thod for

Hi gh Thr oughpicdeyEwgenny Naduleeylves tissge waobpcylaiedby mpnersidg isde bel ow) . To

prepare the l: rt (fdLt). the 24-well plate, hydrophilic

pol yet hyl eneSB i]}{ ?L%pgéfs Sélbg%%e%;bﬁ?{ég? f(\g/\lfals'b gﬁ?utes], R%’ge‘}{%é'e?f”f’ec’%%ssf 1d, 4ado

24-wel | pl apéatedorcaciitlationasediin|cbrssting df MuriShildlagd §R6ogBEdigm exchange.
These f{ its were aut(gcl_aved, “dried and put into 24-well "plate snooth 20

sur f ace ij. sypplemented Witk pwxipand eoliintthomianzes to pronmie ashilggrostidagk biy medi um

H 5.6 wt 9 . - di.chl te,, 2 b | adeni
Bnd one. of Y EARAff e, tohaedle SN SRIRBRAPEE! fdiiont ket 240 My L )
kananyci n sul f at EoregeitchiOf) nogile cuﬁ@tfe@h;@?lfzi tRseRed o8 Rh Pistks @rfét&%ﬁlmpl Lo Pl ate)”

cin sulfate and 500 ny cef ot axi me 'and cultured’for four

200 ng/ L kagangr ]
days under RORE! ALhwell plytes adawed withuwiyethybeny supPortsiasydedoritiellén therld8sf or med

nodul e cul t : t r ansferted a | at e

Conta ni ng B eial PAERUIEbad oS B M ARS8 ab Bl dh Dol R e gy 1 30
kananydisn  sUIS: didityaPater 0 piigdtionceakite @)X Ps and MethRerop O ?hr%ﬁéﬂgiﬁ'ﬁes of

Tr eat nent t he %Ud[m was_changed to 0.5X Schenk and Hi | débrandt nmedi um

cont ai ni ng HIEENLEC 2y 86, JH92 (Treanmeny &i ssc helawh 0o pagpare dlef tlpothytend or 12
well's, and sugpdh &#it) 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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-20 21 November 2005 WD 02/097433 PCT/ US02/ 16938 Schenk and Hi | debr andt
medi um cont ai ni ng 200 ng/ L kananycin and 300 ng/L ce"tjl pyridi num chl ori de
for the remaining 12 wells. These nodul e cul tures wer I Noveurhelt288P under

full |ightWOMABEI36 days, tissue from several sanples was PETaiSouci3s

nmonitor GUS expression. The results were as follows: 5 10 15 Treatnent |
| arge areas o aining 8 2

- Sanple Nu ”be%%}%tgl?ﬁd ggg{’q%&cg kv Satl e 280 %K@Wﬁ’ﬁé‘f“é é?’éiﬂ?ﬂ/hg Pattern

~small blue s
18 patchy bl sitylgRidigundbhiBriat firfhd¥emardngSITRL 411D ITHesSRIBLR chltfred il € cul tures
were incubated for 7 additional weeks and nonitored for 20the regeneration

of duckweed neuhated undercfulldight. 1 Afigréotays. hssuprfenme sevetal Sampléd wagystaived Wi t h
cef ot axi ne - 2 Sahmpl t enerati on@JS Staining 251 No
%&"&%@Is ﬁ%&’ﬁ jo&e%@ﬁ%@%&ﬁ?@%@ﬁi ve 4No regenerated

regener at ed
frondsNN B 513 weeksPositive 613 weeksPositive 3079 weeksPositive 88

weeksPositive
' 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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99 weeksPositive -21 WO 02/097433 21 Novenber 2005 PCTI US02/ 165{2&%% 51_(|)_h13
weeks Negative 11 13 weeks Negative 12 No regenerat ed%ll];%g‘%gi}gr%om e
t ransf or ion efficiency in this experinent was at le was duced
observed%&“zﬂf&@ﬁﬁeed cul tures grown on the pol yethyl ene sgp/@gmt,gg;g; Oa\lje d
regenerated fronds nmore quickly than those grown on agar plat ets, ?inn gt ve
hi gher transformatjon effici e.n%{wThus., in addition to dem%)InS r 2t ha? tha
duckweed may be cultured in |i |deer]ﬁ§d| a, this experinent _HZ%NS’ nat the
use of- a pol yet hyl enie support 1Q3fvagekgul turi ng_the-duck\A/eedN%é)d%gg q
transformation effigiency and decreased the tine requiredt prg uE o
transgeni c duckweedq i nes. Thes&NGlegenomjed fondmstrate t hatNAhe uc ng
system provides a val uabl e approach for whol e-plant based screte_nl Egof
nucl eotide sequences. 15 Exanple 2: Transfornation and Regeneratio o er
Duckweed 3 n a Hi g”ﬁhel:«aansﬁotn;mtiolﬁm:lt‘fhaﬁm:5:1311A tids f??f“i“}“’?‘h ﬂ,qagtatrlg?sﬁgb%ggg‘géﬁﬁckmed

i ssion, vectors, Agro , .
lngdbPlescﬁr?lrﬁblesgwﬁgi}@[ﬁﬁﬁﬁwhb@ﬂgTQW’ER‘hFP&:F?_I}@ﬂiﬂ%If S\:\tgxszhrtsanr??rcﬁgaezsused in

i ex i y@(ﬁ}@: - ivati

élgtszrggeg P?ﬁ%ﬁ%ﬁnﬁs %Icz)or deé}ﬁ#ﬁgf@ﬁg fon" %%ﬁga‘aré’llaé‘ésf?'g‘ﬁ?avﬁédwt?rculttur es
wer e transf dianglamafion efficiensy Thys| at ldittbmpo@mdhithatiel (HAIYLENS n%%;\)ﬁor s

i ni [ [ h 3% sucrose, |
cont ai ni ng shtge and Sko medium pH 5.6 wt _
2, 4-di chl org{gt@%@%@@%“é‘f@? 3, t%%ﬁwwa that ths mge ofigpelyethylonasippertand 200

! . i i h - wel |
ng/ L kab@ny dorrcustutih@dhe d“a{%ﬁ]g‘\ﬁi@@ﬁ}g& gﬁnﬁ%ﬁtﬁﬁ%fﬂagécg%@ gaére%ﬁéﬁ'ﬁ\,\g | of

exchanged as fo um was Ta (
Pt esh mod! uRMRISHREA qbrodised assansidiluciwers! InasoTheks (3061 dostdhidgnal meds um

IRY& [ Lti di um was added.

dded, s, descr.i bed- %q?O pl additional ne '

\IN?srrgdi um rg{saglhggove ﬁg%\%’esfe“b?mvﬂ&; § &elngh'e arpreaginiar f“,’hoéﬁxléléétsba\%ﬁi; r enoved. 38
On the next satigepingtdf@uéitestidd Redudndebe 24-wel | pl ates was exchang](ca as

descri bed above. The nmedi um was then changed every two days for

approximately 2 additional -22
‘ 15 Example2: Transformation and Regeneration of Duckweed in a High Density

" Format

Using Kaﬁamycin 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 removed 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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21 Novenber 2005 WO 02/097433 PCT/ US02/16938 weeks. At this point, the
grow h of the nodule cultures was nonitored. 20 of the 24 wells contained
live cal'lus cells. Subsequently, nodule cultures were ZINWEEPHERT n 0. 5X
Schenk and¥O f#494&€¥r andt nedi um cont ai ni ng 3% sucrose, 200 PEI/USORAGSAY Ci N
and 500 ng/L 5 cefotaxinme, and nedi um exchanges were Ee][for med ever_yt_two I
days for a I . r, weeks. then gnce a wee 0 addi ti ona
wooks. - Appr B phBt N o REANE RIS Ao U uERS anat
“medi um cel | wellsfaonmiediblelcalhvaiels. St aimr)led tSo det ect I G|US expr e33| onl. I TQ;leJS{
results are as follows: 10 Sanpl e Nunber Staining arge and sma

patches 4 |arge cqusaily, "@gcﬁ%@%@e“@mtaﬂﬁlwﬁxﬁ?&ﬂk@g& pgtches 18
--25% of cal | : e S . m er
sel ecti on, tﬁﬁgﬁgt%fﬁggméﬁﬁoﬁhrg@ég%ﬁl i%é??ﬁ%g[éké%ﬁcﬁﬁapatter S. 16% of
the cul t ér escchotiibies Bd rebtm grahahges winepearfdrined wedrl twadapl fopst  conpl etel y
filled wth duckweed]'yftr onds; 62%. of the cul tq%r es eXh_It_bl tled medi um 20

gr owt h, V\hferagplfoﬁgn%ﬁ Io\ﬁa“éee_ggﬁf‘ ﬁ?eﬁfﬂ“éﬂ/‘”ﬁ%ﬂ Qr fc;;:Iaé@ ‘EP% H"zfg;ﬁmgefjffg ](c)n;jﬁ,e
and 12% o Axdh. . .

wel | was fi I%@ﬁaﬁﬂzﬁhﬁmckmeg&fr'gﬁdg% %]Eéemf( Ii(:iL \}\g(% Vsa m%rl séfe%ti on, 18
of the 24 ddokwesw!lewetastaneddode@itedS exprgesiver. dftiengsuits antlas fojowsng an
overal | transformation efficiency of greater than 75% 25 Exanple 3: _
Transfornmation and Regeneration of Duckweed in a High Density Format Using
A18 asja Sel ect g@,lnglel\;w,{s@gr_ The purpose OfaihideS experi nment was to test

nmet hods for further 1 ncreasing 30 duckwee ransfornat+| on efficiency and
reducing the time reqdired to regener at e lage and spaall GUSI platabesl | i nes. I n
this exanple, expr essjion vectors and Agrqbacte |urm§y§| ns.were as

descri bed in Exanple Duckweed nodul es ‘#eF B"G¥EP P3HIES i nor strain
8627. -23 WD 02/ 097438 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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21 Novenber 2005 PCT/US02/ 16938 The nodul e cul tures were prepared
essentially as described in Exanple 1, with the exceptid\?n t hat,_sonme nodul e
tissue sanples were cultured in Mirashige and Skoog nEdUFPRESM enent ed
with 3% s%%’%’@?“@ﬁ 4% Di fco Bacto-agar, | tM 2,4 dichlor oppenexyaesis C
acid, and 2 M benzyl adenine (referred to as "control" 5 sanples) and sone

nodul e tissu re arown on 0.5X Schepk and . Hi |l debrandt nedi um
cont ai ni ng t?eléggﬁr:%@guétgﬁsi%e%%p{epgfgP?Sgﬂél‘lg' asdeserihed i Exarpple Iswithitles) .
Co- cul tivat i exceptin qhmrsbﬁfeﬁiadulasisdﬁ%ﬁﬂ{plb@dvéré‘c%@@lrﬁvﬁraslﬁgé and Skaog

a

decontam nation and sel ection, nodule cultures were transferre
24-wel | pl at Bedymsyapiemantod with3ds sursoseo0 o4 Byfke Bactsrygmoil td gt ai ni ng 560 |

per wel | Mur i nd Skoog, nedi.u H5.6 with 3% sucrose, | M

2, 4-di chl or o‘%@@h’g’%‘%@é{’a&?éﬁ a‘gd’tﬁ(ﬂ %&ﬁwﬂmmﬁfm tags (‘cangpbt axi ne and
418 at & canaphsy ald BMmedbdRB tR8{clsam3f: / r 400 no/L. The
duckweed nedi um was exchanged as dgg‘?r ist‘)%r%éh]o@(g@%?g%heﬁ‘n@%mw 15

provi ded st ridisbEatemedivn coneirsug the same hiditionsfrefensd ar ALPrehledrs Was kil l ed
after 3 wee%,;p@%) sel ection. A large nunber of regenerated duckweed fronds
were observed “after only six weeks of selection. After eight weeks, the

transformation elo-@iBatn wisBedshRE % BedBsq -E%&Q'}Pgﬁo I eat ment Nurber
of transgenic |ines produced (out of 12)transformati on 8- 25866

(418- 501083 JesPripmipgiop snd selettaadraddBcuti S wae tanshatredio) STEwed it 00975
the nethods of. the i nvention can be used to

Thi's exaypl RSt fakes, fhat :
produced t rg?]ag)genl iﬂ Jélksvgé)g‘ff’%?)fl%ssupﬂor&scq’w]% 580 w1 paravadl Myrashige and
t ransf or mat SRévg édiind pEINCH 85thIoL A& hsel i ROYSIRSL 200> VO
02/ 097433 PCT/ U803/ 16936 Exanpl & Ao A i BBV AR 21N | an s y
Havi ng aBi ob&ghledanine,hed ingfl. aeffotaxime and G418 at a concentration of 25 mg/L, 50 ‘
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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Interest The followi ng exanple is directed to the identification of a
~variant of a naturally-occurring polypeptide, where t vagﬂ})ag@ :1;_3 B
different fromthe naturally- 5 occurring pol ypeptide REPELI one -
property. whazfppmstuce the variants, the codi ng sequence of gdidaghypepti de
. is subjected to saturation nutagenesis to generate a popul ati on of

nucl eoti de “each one encoding an am no acid variant: of the

ori gi nal encd@8Bicdsl yionthgaionfHolgiy Wempnts Hawvinga Biglogipalifhectioniof and ar e
described, fqL.gxanple, is US Patent Nos. 6,096,548, 10 6,117,679,
6,132,970, 6,165,793, and 6, 180,406, herein incorporated by reference. To
i dentify a nucl eBhé fidloséngenamleizaditticred tatheddérmificatidvoinOvariapr sperty of

interest, a %@%Hl ation of variggt ucl eoti de sequences i s produced as
descri bed aBYWélY-OrqUsTIRg PPIYPEPt aﬂg?fsﬁ%&‘faé&ammd grentyfrope thegrturalh

t r ansf orgredgdcibheBolmRbade i ' , 000- 10, 000 col oni es are picked
fromthis Ii t?r ar &!%Oa)ﬁ)dbt h%m%mggﬁe 5@%}%??\9 pl asm ds are transfornmed into
Agr obact er i um bylepreduccthe vatiarss) .the Qiding seqietco bétHegoilypeptidd wRilgsctare pi cked
for use in tage tt ransformation of duckv\@ed ‘ ufsi n% ayt omat ed col ony picking

t echnol ogy RHOWMPTRUpE-ICsSfo gengrate p pppulgtion gfnucigplide seguenge, eachgogy

Bi ot echni qugodidg &Pdrm b ackfVarAfo Mt SABinG] ertbded QLI CE ! Jds Res.
20: 4599- 4606, . hegr ein i nC(‘):r poar at e(()j_ by r'g']fereenceeﬁ ﬁz%%#ﬂgps$%ﬁ%é%§% ony '
Agr obact er i Aitkipvaniarthe 4 asd arealesuithed, foo exwnpls, i§ BiSRaténndlosof, 096, 5usee wel | s

For. R R R AL Al 2 G L0 P wPi Oy Brrtaeter  suppor t

in-each wel |l (sqe idéntify WnBelefiRVcghaRtalenfRURY vaARRl hAAld PPropeiy & No.
60/ 2. 94.430 fil ed Nadm%o, "e0L and the"t S@Hu‘fi PR bavig eﬁrtoﬁ%yp i cation
entitled, "MEEbles APRNINETRSariont nHclphtidhsaaueivpsis R6dEed epdésagbedtabbes) May 28,

2002, herei.p.l I . ref.erenc a duckweed plapts, duckweed
odul s ottt Rl BB Bt BTy RERY:, aREuiti Ty ato il * he

co- cul ti vatAipproxiBaitigGL 0GR ] 0,a00csleaes ae pidked SRS IfrSyCaidust ed in the
special%y- adapted 24-we|l| plate as described in the previous exanple. Al

|1 qui d1tr afQTeEPedingplagaids grairnstpsmed infovisrebasigripareeleraregbiatignand | i qui d
handl i ng p i . I at i the.trans i ¢, duckweed

Bl ant s ar o AR BheciciRol B R o ARG e Aol RS S g ¢ ne
property ofsiggworeated colong pivkingnsdtmoley knokheh Gkiagi (5, ot eRABHIRETber
poLypeptidedgonggigg a sequenc&@directin its secretion. In -25 21 Novenber
2005 WO 027/FGAX%T) Besteckiupies d 68960 R044 apd Yatsomas g/, (B2 Nuslejcofaiised from t he

transgeni CREUSKNSIHI I nEREAKES pbAited by reference).

| 20 - The_ single colony Agrobacterium preparations are added to wells (one, two, or -

three wells per Agrobacterium colony) of a 24-well plate that is specially adapted for -
the handling of duckweed cultures by the addition ofé filter support in each well i(see )
‘ ‘t'h_e U.s. Provisiénal Patent Application Serial N‘o'. 60/2_94;436'ﬁiéd Maj/ 30; 2001 aﬁ.d ;
: " the U.S.";Utility Patent Application entitled, "Plate and Method for High Throughpuf' |
25 Screeﬁing" ﬁled May 28, 2002, he_rein_incorpora'ted by réferen_ce), and duckweed
. plants, duckweed nodules, or duckweed suspension cells are added to each well. The
_ qo—cultiva_tion, selgction, and regeneration steps are conducted in the_.sp_écially— |
adapted 24-well piété as described in the previous example. All liqﬁ'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 prdperty of interest. In some instances,

the originally encoded polypeptide contains a sequence directing its secretion. In
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-~ nethods well known in the art. In those instances where the pol

determ ne the presence of a variant pol ypeptide having the property of
~interest. Such assays are conducted using high througﬂ%tversngé&%ag_ng.,, EE

ypeptide is
expressed WQ#9743Be duckweed 5 tissue, autonmted technol 99?‘/0%(?2&1%3 dto
di srupt the duckweed tissue and extract the expressed pol ypeptide "The
extract is then assayed for the presence of the variant pol ypeptide having
‘the property OFSeicatesy Bs medjaris sgempstel fropnthgitransagnid dokiwesed asd pssegsli g a

vari.ant of i nde i j sgenic. lines, the fronds from

this well ar %@ﬁeatﬁgg}et?éoﬂggﬁg}%ﬁ%n%@# é&’gigf an’ﬁ)thﬁﬁﬁoﬂeﬁéﬁP wizesfeduety

det'er mi ne whiasays adicoidiusdd usingehighcr@shpet stiRenia icaidls Rell YRS ifi§e Jfavi Ng

the property of interest. Exanple lz: Screeni ng cDNA Expression Libraries in

Duckweed This exa?r‘b 5§ E’Sﬁﬂ?eégﬁ%‘f & Polypertidie igexpmgsed withia thealick weed

nucl eoti d& SeEEHRNAR dAREBL AL 4 Lol ogl © response of interest. A

CDNA expression i b?g?tééits t'rg‘%ﬁsl?grgeﬁ‘gtglqlﬁlg%g@%‘gg etﬁsﬁerﬁ'gfx“a"” €

- el ect r opor at F¥TessadhBolypeptidbatheextiant suhdnusesed o thieirbsenst M REVAIRAY! € .
col oni es and ]ggcj %ahggd h{% 1534 \&P%H lJol ates. The transforned Agrobacterium
i s co-cul ti vt &R T A2VEEICRERFY O {NIFleY as described in the previous .

‘exanpl e. Transgenifa wkItdoneseinp hadkve AT as. described and

t hen assayed for their r.es.p.olr:és)le1 to 8%gﬂgg§n{gn eﬁ@@ffgﬂﬁ%ﬁtcgfﬁ%rturbati on,
for exanpl e WHlips Bansganicheasgibs frodds frorantigs wellwed eparpet edtingle isdiaaags. | i ght

" level chang exposure, ., and-taxin exposure. A single collection
cof tr an;l gen?% dégﬁgv}?gag/gg é%f“‘?qe’i'ﬂlﬂ%@ﬁﬁw%ﬁ"ﬂ dipg cxpyesses e yamant pelypentisiy .
protei ns i niavingdhé pro ater@df different responses. 25 All publications
ingane prope

‘and patent applications mentioned in the specification are indicative of"_‘;
the I evel of those. skilleéed in the art to which this invention pertains. AT

publ i cati ongxapdic 5-Pakeibyf Qb’ a )i(ons.o' r.e _herein incorporated by
_reference to t%ﬁﬁrv@vr%hﬁ# ﬂ?—ﬁﬂé&%ﬂcati on or patent
appl i cation was dhescixbinphik diredel fo@d#e&xhiﬁ%labN}A'!jB}Qﬂié‘s%F,%cﬁeQ,ﬁBﬁseqﬁgme
I ncor pog at ed % r.ef eéjeqce.‘ Al t hough the foregoing I nvention has een.
descri b&d i Fodgirtnga ialegien) regpgnssof interesist r ati on and exanpl e for purposes

of clarity of ungdey bR i WM obvi.ous that certain changes and
modi fi cati ons -may lggq%r@g%ljtalg%%ddﬁ%x\qyﬁ% Hglﬁﬁ%msegé%g”‘tgf"aq”ﬁ’é”&ﬁ‘ nded cl ai ns. -26
21 Novenber eleQOHOTAR, ANl AGrobrdzluml dHfreskre dorived Frold O bRBicdBiN0d f or

~i.dentifying_ a.nucl.ei id | ecul e of '
| ' y -gmamtamed m-CISQE well plates. The transformed 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 ‘
- po_tcntial_ changes, _light level changes, pathogen exposure, and toxin ekposﬁre. A
single collection of transgenic duckweed cell lines may be .us'éd ,io' screen fof en_cdéd .
- pr_otein'é involved in a number of different responses. | | |
25
All publications and patent applications mentioned in the specification are indicative
of the_lcvel of those skilled in the art to which this invention pertains. All publications vand'
_ 'patent appliCationér'ar:e herein incorporated by reference to the same ext'en'.f ‘;si:'if each
individual publication or patent application was specifically and individually indicated -to be

30  incorporated by reference.
~Although the foregoing invention has been described in some detail by wéy of
illustration and example for purposes of clanity of understanding, it will be. obvious that

.certain changes and modiﬁcationls_may_ be practiced within the scope of the appended cla'im;s- :
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- :duckweed plant cul fure, .duckweed nodul e cu ture

interest, said nmethod conprising the steps of: (a) transform ng a duckweed
- plant _culture, duckweed nodule culture, duckweed sus q@%g@mggbggre, or
duckweed protoplast cell culture with a test nucleoti’de sequénce
conprising a coding sequence for a polypeptide; (b) culturing the duckweed
pl ant cul ture, duckweed nodule culture, duckweed suspension culture, or
‘duckweed protoplast cell culture under .conditions such that the-

pol ypepti de encoded by the test nucleotide sequence is expressed; and (c)
det er mi ni ng whet her the pol yP@HTi WHIEHJSdedABYEDhe t est nucl eoti de

sequence nodul ates a bi ol ogi cal response, wherein a test nucl eotide
sequence that. enaadgs tdoRgiprpertlicdefol Rtk b 3hERicAhcRl RbRGUERAS T esponse
is identified as a nucleic acid nolecule of interest; wherein steps (a) and
(b) ar e"ﬁ%ﬁe?t@?%é&“iﬂwdt%@%% the gisptiefisi ty format plate or container. 2.
[The method ofy ol afiicforritiehelibiarkd Hhfl 0dical alaIRnsRae aghggted from

t he group consisting of. response t anges i n tenperature, response to
changesduﬂﬁ’wf?&dysqsewwn culegpons sluckwetthmyeteplast velt ceultmtat withi altestr esponse to
changes t \V response. to_ex o re t ogens, response to
exposur eh‘l['le&i‘%)%e unt ggcs’rﬁlgrﬁsé“el R T ?{&poqg?ep g%ponse to plant growth
regul ators. @) Th@lWﬂh@OﬂleOﬂucﬂdﬁw&m Blant\ReNi@ien diek@éAVhbddIat &il@fe,a duckweed
pl ant éulturg duckweed nodul&y&ylture duckweed suspension cul'ture, or
duckweetNGTEEE SPREPSIoR Spfureypr drckvierd protaplestarl cylwedingpy sonditonsucl ei ¢ aci d
ol ecul ichithhthep&i§beptilcCRENIAG Y He (&PARALI ﬁmeméng Es@x 00, Ep‘i at Ieogf a
cul ture, @uc kv@fdmpmm @rheﬁls:r thfelpblypcpttd@r@mbdddaby |th¥: et nuqiﬂfoaudsf ormed with

' the‘nuc' interest,. and wh e ability of the :
' poI’,ypep% i Bé‘n @%legﬁ%; % %glo ol O Cay W%%%‘Bnasées élu‘"gg?t&ﬁrﬁeﬂ‘é% tyhaiet er ni ni ng
the gr omcbdesraqio@pefmdehbatﬁhuﬁlhmmed bidlagital Gesbbnse 6 idetumicnees nigislaba@d cul tur e,
duckweed su S|on culture, _ or duckweed protoplast cell culture
transfd@ﬂé&“ OLMLEhd t est nucl eoti'de sequence. -27 21 Novenber 2005 4.
The net hod ofph&biai [ Jl ant.
cul ture, duckmeégSﬁ%ﬁﬁ?gﬂfgﬁffﬁéga%gggﬁ$g§%Eﬁﬂi%g%g%gﬁ g&%@ﬁ@%ﬁ or duckweed
protoplqm@mktell culture transforned with the nucleic acid nol ecul e of
interest is increased under selective growh conditions in conparison wth
the gromh rate of the duckweed plant culture, duckweed nodul-e culture,
- duckweed sushensi Ohe mufhodb€claii 1duchkeneifdaid biological response is selected

- 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
companson with the growth rate of a duckweed plant culture, duckweed nodule culture,

duckweed suspension. culture, or duckweed p_rotoplast 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
' __rate of the duckweed plant culture, duckweed nodule culture, duckweed suspension
- culture, or duckweed protoplast cell culture transformed with saJd test nucleotide

sequence.
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protoplast cell culture that is not transformed with the nucleic acid

- nmol ecul e of interest under the sanme sel ective growh ﬁ%d‘;et L9 and t-he
growth rate. of the duckweed plant culture, duckweed hodul 6 cu ure ‘
duckweed suspension culture, or duckweed protoplast cell culture

transformed with the test nucleotide sequence is determ ned under selective
growmh -conditions. 5. The nethod of- claim3, wherein, the growmh rate of
'the.duckmeed plant - cul ture, duckmeed nodule cul ture, duckweed suspension

cul ture, uck d 0 Iture transforned with the nucleic
‘acid nol ecul g’ of m?%t'é‘%gé Fg a3y E’E ﬁ&@? Jgle ot thes, duckivsed Rlaglondi ti ons

i N conpanltse, rdu@kﬁ;ébdtdb&ulg E:ﬁlwtr&] dhakxﬁeeﬂfsuéphﬁslmﬂr AlcReed frdtdplise, duckweed
nodul e cuﬁ W enskfn C# or duckmeed pr ot opl ast cel

cul t ur e SEHSPIYTE t% ’imre n‘§ G §1 l?l‘éflléteéf‘ét # inpigated vwatlen nt er est

under tlaaecwarmwﬁlﬂceﬁtﬁﬁdﬁﬁ ngk@m@&ss@mﬂmtmergﬁ)wmﬁ{eto@%éamed gfaﬁ‘t of "the

duckmeed | ant, cul t duckweed nodul e culture, duckweed susSpension

cul t ur e Suiirey durkess B?Q}‘tl%m“g%'fe c@ickwegd | sugpeasion a%@lﬁ:n@ﬁ deWeqdhe t est

nucl eot lpﬁﬁolﬁ%ﬂk!@ﬂ@lﬂnﬁ‘éthﬁle‘k%E)mrﬁ%ﬂ)rbi&ii%thstﬁ‘é ffcldie/ feid HAMGTE HGRGIL ons. 6.
The net ho E%Of claim4, wherein the selective romﬁ Itions conprlse at

| east oMBIGsrthe mang slactive ergwibneageitigns, and thesgrowtBtrpigeof| thfg Heckiveed plont
restri Clohluge, oxi ns.
BibkwelEndalie SRREE dadiwRad &%%@\&A]e egﬁﬁféémﬁwﬂf/t uﬁ;?&&éﬁ din

" The method of claim1, wheréin the d

' _culturec Hﬁ%k%ﬁ@ﬁn§hﬁﬁéﬁsMEhm@hpb®W%ﬂwmw3uddkmae@imubn@¢$amagueml culture

. tra@&{cﬁqfomed by inoculation with Agrobacterium conprising said test
;nucl eotide sequence. 8. The nethod of claim 1, wherein the duckweed pl ant
cul ture, duck meed n0d§1% %ulturg guck ed %%S en |on C ture or duckweed

protopl ast c@l1 culf dreEodsor qlaim, & whetn g | 28 21

Novenbe E:ulﬁlﬁ@ﬂucl&ueea' Reduletdiet, ahickWeal Bispensith *URIE 6rhﬁclgﬂé\ehvlﬁ§l lgtant
cul ture, duckweed nodule culture, - duckmeed-suspen5|on cu

duckmeeadbﬁﬁ F@?ﬁm@@iNm@thHW@QP§mdﬂﬂdﬁ@ﬂ®pﬁEmﬂ@Wl%ﬂgmﬁﬁabumhilon 10.

{raner of Ol i, Bkt St Eyl FANSREBL! SRL BN SBtbB S °

gl ycol ) culat, dud@lveeal nedudsf onltomet dmﬂtweédlsusﬂ'dm&oﬂeﬂlhmd op fduedvadethpiatopMaer ei n t he
odule cul tur ckwee sus ensi on

duck I K d
: m:t \Slreggelp?ueha[fvc g EF@{S@%@ tWIT(I;e ¢ npcleic acid pedule of thtersst under the

‘same seleqtlve 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.

28~
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‘selected fromthe group consisting of the genus Spriodela, genus Vblffla
genus Wffiella, and genus Lemma 12. The nethod of C'@hﬁ%&%m.&@ﬁéf'n said-
duckweed pl ant or duckweed nodule is selected fromthe group consisting of
Lemma minor, Lemma miniscula, Lemma ageuinocitalis, anhd Lema gi bba. 13.
The nmet hod of claim1l1, wherein the ability of the pol ypeptide to nodul ate a
bi ol ogi cal responsthd sethet @f elanad, bhesibihe cheli&al plas Sadure lduckwB& Met hod of
claim1, Ndﬁmﬂm&@uﬁbﬁdeﬂtsm@hsmneumb Mﬁeﬁickd@edg ofpildt BLIE caturPiio! 0gi cal
response irgmsfbened By aleslrdpyraBiophysi ol ogi cal assay 5. The method of claim 1,
.wherein the ablllty of the polypeptide to nodulate a biological response
is determ ned by a phenotypic change. 16. The nethod of claim1, wherein

t he pol ypepti de. t hahe reikddabeslam 10vAkRB § AluckRSR PRKSIRB LR Pikd iy site
for an agent, and the presence of sai d pol ypeptide that nodul ates a

bi ol ogi caransfeusdnad e methed ef trapsformetiosr isi FBG (ylyethylenst glyeplkhetiatédor mat i on
of a conqhg&bgﬁﬁpgen sai d pol ypeptide that nodul ates a biol ogi cal response
and sai d agent. The nethod of elaimb5, wherein the selective growth .
conditions conprise at |east one of the follow ng: high: salt, restriective

i - nce .o at hogens, and the presence
Lot Levels, oSt el iRaRet ckin®l Phiesh T diokwha Dl uttire, ducloweed © |

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 -






