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| NVENTI ONy g oIhi§i6py €SENt i nvention r erally to pl ?l?{" I y and N\~
nor e SpECI?I ca Iy to plants that B @m@ lmﬂﬁml l'y nodified /Updz 1%
bi ol um nescence, and to conposi t| ods for making such

genetically nodified biolum nescent pfigngs. BACKGROUND | NFORVATI ON 10

Plants and pl anthDUNHMSUMT%AN?SmNMTﬂGf)@WﬂE KENEEAv: T ect LY
or

or indirectly, for all animal life, including human e majorlty of
the world's human popul ati on and for many animals, plants and pl ant
products provide the sole .tian rid popul ati on

" increases, the best hope t%’&éf&; : ON; o increase the

quantity and i nprove the qual i FYERD OPAHEINVENTFONNr oughout history, a
. continual _effort h%s been nmade to increase the yield and nutritious val ue

of food cfops. Forlthegresentinyention rglates senevalligo alest biglogy a@dlmpmpemﬁﬁllyde such

as greater Shat ép [ ease si ze of vvere
crossbred ang Bt%(ggée%%ge ﬁgntasyg@h %8? ?%M@ﬂ‘ﬁo@l,s#l#édw%ﬁggé ?Oél?l?°§1lt1|°8§

sel ected andmbﬂlodsﬁn‘mahngsmclugameaw@xmdlﬁwﬁxblngﬁnekwntpl&@tﬁagatl on. Usi ng
such classical genetic nethods, plants having, for exanple, greater disease
resi stance, increased yield, and bett er fl avor have been obtained. Mre
recently, the nethods of gengjiexRIMRUOTRGS Pw applied to plant 25
bi ol ogy, thus expediting the generation o Nﬁ ant gﬂﬁgﬁqng desired

charact et®stics. tlnntseavdrmm prglensiproadd the qanmanyesarsmiamamaM&r diragitysorhave
been generated.s the 0 not inue to ripen after they
have been pi Htéiér&"ﬁif Jl?ﬁ @Laen"BF ﬁgﬁﬁlg §, 19 b?@lai%"t)‘lB fhegvprids pi ck
unripe tonat aema@peptlfRm dnddbr ﬁlﬁl%)/alﬁhlfa ﬁlaﬁ‘t@ aﬁ@ l Hﬁ‘éf@{)rog derth@&glgss at
the time the consuner is ready to eat them onat oes can be
pi cked at a Souiee ofaHritioeyAnthe Wmhirprhthnmwmﬂ thelhweiﬁmpsto pregentshi pped to

consuners fo n Geneti c e er ed lants th e |less
susceptibl e E’V cﬁ% IZ%H%BS?S d“‘%i?ﬁsg% %&9‘ ﬁ dﬁnl?ﬁﬂ ﬁle%‘i“?hi?f gitcfoﬂ {®Pheen
generatetls The availability WO 02/ 081G L7 2 PCT/US02/1 | 11C of such

pl ants has been a_boon to the agricultural industry, and provides a neasure
of certainty that T8rheytdvistony @ eentinualsefiont ifas bgemimiade todnercasedbayiclinnd i n

he f h
or nament &l pl REo) et PgSH Lorn b aRkidd I i E o TRERSRtabBhishc < 11 om

envi r onment alsucshtasgm resistimoelto gronght qaditions geineidasedain@ ofdalii wgehas been
used to produce o taI I ant s ew and interesting

h
charact eri st F{o8sbr ;m 13‘5%%‘}1 lémsﬂrgﬁ degiged ?@%@SB%WGYGSFP@GC@@%ner ate
roses th a I QR I gﬂg% pl ant s
havi ng nz(\%v a&gedﬁhﬁadgla eg%gﬁygg?%@gsétﬁ?ggdﬁag%t&{ﬁ des a ﬂfggrﬁg&s%{o %%lr?d he 10
ornament al  phthodsznlkgs hawing, forhexanfpds, greatemdlsemnmanca memsedlymlif,l*m&l a
need exi sts tott q§nt|f bnt er st|$g and unusual traits that can be
expressed by 865 i 8 ¢IhOBPBEte a new market in the ornanmental pl ant
i ndustry. The present invention satisfies this need and provi des additional
advantages. 1 S SUMVARY OF THE | NVENTI ON The present invention relates to a
genetical Iy nodi f MRre 5eantly,des methrds ofsenetic @@Hmennglhﬁwémenmdlqdnaplar@

het er of ofous Do o atbecilihe BoREARhi Blonts PR d SFel BBt Plept | e,

whi ch, upon exqm;ﬂs,sgenaucad:lgrengmserbd tonfatd bﬁnﬁﬂﬁd&lbédncg%naﬁtedtsuﬁﬁmt thabout

750, 000 phot ons of
tomatoes do not continue to ripen after they have been picked from the plant. As a

result, there is no need to pick unripe tomatoes and hope that they attain an optimum

level of ripeness at the time the consumer is ready to eat them. Instead, the tomatoes
30  canbe picked at a time when they are near their optimal ripeness, then shipped to

consumers for consumption. Genetically engineered plants that are less susceptible to

freezing or to damage by biological pests also have been generated. The availability

T
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20 visible light/mm/second by the plant cell. The biol um nescent

pol ypepti de can be any pol ypeptide that is biolumnescent, or can act in
concert W ond nol ecul e such that visible light is . In one
enbodineﬁ%ébyﬁgaggnetically nodi fied plant cell contains %e&gggﬁgﬁggous
nucl eoti de sequence encoding luciferase or a luciferase variant, for
exanpl e, luc+. Upon contact of a genetically nodified plant expressing

| uci ferase or 25 a variant thereof with I @iferin, a sufficient amunt of
visible light is produced such that the light is visible to the naked eye.
Such a genet i cidukly planth Has dderpd Bétn 168hd aggRORIAL Induih 8S pRVIRE alnfdsire @POUL

| 00 pg luc+/ ~ rotein as deternm ned by western blot analysis such that,

" upon cont act afrity that spfficicat quapities Qfd)@/‘?@ will remaimavailgble in ¢hefugird| y

bi ol um nescent. 30 In another enbodi ment, the genetically nodified plant

. cell, or the plant cell fromwhich the genetically nodified plant cell is
derived, is contacMethods bfigartiageginedringtalsoddue aRpaeted thb bRiahfenfi glaent
formation Jin Ige | ant , . .for exanpl.e, carotenojd synthesis, WO 02/ 081G 17
PCT/ US02/ £11 1S, 2‘%@89“’108&%8% tigg ormestal pliats diam PRV FRIMCNt) ST eRses| o3

Si nce chl or opkyldeidal i : he

| uci ferase in th(;gl ggﬁgstt%?gglﬁtl;%ﬁ%lgf‘?@&ﬁ gf’gﬂ?“%gﬁ %gg%te(g@%ﬂ %‘ﬁgl[‘ﬁémg

geneti cal | y neaiinfig eeiv phdimteresting charcteristicanEgesiampid, zatetidemigineeringieis ef r om

with an am)ung of a.carotenoid i Hagl bitor,suffi ﬁh}e?gi’,to reduce or inhibit
5 02} 2, il

chl or ophyl | esei}ﬁltsﬁ% BENBIALS Fo £ 601_%‘}1_ Bh & senees exrsaniel om
the plant celplafigBavinBER{80 GnufRNRERIdREc ol kS Hie%%éﬁ?éﬁlet ge. In
still anot her enbodi ment, a visibly biolumnescent transgenic plant is

gener at ed! r opinementgbplent raarkplandotereferd, the aenmonylin generalai Flivagp weed exists

het er ol ogous ' ncodi bi ol um.nescent | ypept i de.
As such, the ?O%\(}%ﬁﬁ&glﬁ&lregfﬁ%@q{%g&%&%ﬁﬁsaﬁffgﬂgbagﬁp{?sfpg’ﬁ’t% ﬁg‘g a&éf’%{)as to a
plant cell orcreateaurwoitrdeniadhd srapmeitel flaRiaARRYC TRE pisentdne@eidn BitRdbced by
t he transgeni é}p{ol ant, acid a cDNA or genomic DNA |ibrary prepared fromthe
transgeni c pl 8t nesd apd pravidesadditiona apvantagsbant ti ssue obtai ned from the
transgeni c plant. The transgenic plant can be a nonocot, or can be a 15

di cot, for exanple, an angi osperm such as a cereal plant, a | egum nous

pl ant, anlbilseed plant, a haSUMMARY &F THE ENVENTION't al pl ant such as a
petuni a, an orchi a carnation or the like, The present invention also

d
relates to a recon%b‘?]&li‘?fe“ﬁﬁ‘é’F@}o(@ relatedtoagcaetigally megifigdindant eelhibes cbibity
transl ati onal ,igRAARERENce Wik KiSHB AGE attdaahs! §'ﬁdh% eh&ic%g? koafo'a}ﬁeﬁgka&ﬂ cell

operatively linked to a nucleotide sequence enco g a um nescen
pol ypept i de. dTingainy ahgératogonsaiuckentideseguencathabencades athicinsilimeséennpdlyeptidscer ,

for exanple, ant _potvvirus translational .enh er. such_as tobacco etch
virus (Tev o bt o Rl Saetin ey Snata i el Sho i5eor
transl atizmal viﬁhtbﬂ?kﬂm?%c@;dﬂfyaﬁ@;blaﬁti cenaTheBioRANAREAT pERPEYLIS LAtbAank0Zak
sequence. The encoded bi ol um nescent pol ypeptide can be a l'uciferase

pol ypept i de orolypapfigethat is bickwninescont, encamatan consert|vwithwa deaoid molaede shi ant . A

{ansori pti onft AegisniEhEl TRGBE By Bhe SlfodiBiihp S ReAR AR REE B S T )

enhances transmitiind 4 hdterologaugruaitbtidedetiuent© EncodmgPhciferade B alkifarhdeUarigfthancer
such as a caulifl ower masaic virus O&\gal\/v) 35S enhancer, or a reqgul atory
el ement from DRF*BRMErIUG, ponepmtact ofpeencticglivangdiijedpimi oxpressing luciferase or

exanpl e, #n aﬁb&ﬁn?tﬂe%?%ﬁ%ﬂfeﬁﬁ,%%ﬁicé&f arﬁoﬁﬁ%ﬁﬂs@iﬂﬁl@g r{;ﬁociu%g&léu% &

el enent, which conprises a pronoter and, optiona ancer, erein
t he transcri pthedight is visghi¢ ®ttbe yaked eyee rfuch a gopsticaltyl medified plakeetlitgendrily pl ant

transl ati onal enhanc nd n eoti de seqguence encodjng the biol um nescent
pol ypept i de. i’fpﬁesﬁﬁea%i‘?‘?gt@gw@rcqb ps @&B’H%Flﬁélﬁ etﬁlggpg’l&y\geqt@nﬂﬂt aralysis
contains, in QRARR d{ﬁn'cbﬁké%?the%llagﬁm WRlRIOA]) 8 cell & @ﬁwaﬁ{@éﬁe%ﬂ% er, a

_ TEV transl ational enhancer, a nucleotide sequence encodi ng erase
pol ypeptide or variant thereof, and a CaWw 35S term nator. 1n another

erbodi menty the Capauitiz: SHARRSELL b sl S ed SR R SRES et EOS

which the genetically modified plant cell is derived, is contacted with an agent that

reduces or inhibits pigment formation in the plant, for example, carotenoid synthesis,



10 variant. Such a reconbinant nucleic acid nolecule is exenplified herein
by the nucl eotide sequence set forth as nucleotides 8366 to 11,113 of SEQ
) D NO: 2. il - ot her enbodi nents, the transcriptional t el enent
in a recab P%gﬁ?4%ucleic nol ecul e of the invention is a n%?gﬁF@¥ﬁ§%nein
regul atory elenent or an actin 2 regulatory elenent, and the transl ati onal
enhancer is an onega enhancer, for exanple, .15 in a reconbinant nucleic
acid nol ecul e having a sequence set forth as nucl eotides 8340 to 12,098 of
SEQ ID NO: 4 or as nucleotides 6 to 3570 of SEQ B7 NO S. The present _
| nvent 1 on T UbiBy rddating 8 inhbidh Oy AALY Mndd HBSAIIIARRbaRUENC! © ac! d
. ol ecule conprising a translational 'enhancer active in-a“plant operatively
20 |inked t ocaa ahsash pbotouegenemuedriyshehcifatasedn thelpendticallymsdigiet plail ogiept i de.
Preferably, th ector | expression yector. In one enbodinent, the
. reconbi nant énoﬁlg Cﬁ?@%&? lﬁ‘gﬂéﬁ?fﬁée‘ﬁéﬁ‘ftéf’mé’ﬂ ajransegRic plgt g‘?ﬂ‘@é therafiops | i n
oper ative || RiRaeam3utall ooRnSRNMIGRI: suficloA retfis: B MR ChiordblfF”
transl ati onal enhancer, a nucleotide sequence encoding a luciterase
pol ypept ide Bpthegis peovides B areans to eahahca pl@imverassian §om theplaniatland, | n anot her
enbodi nent, gﬂgi t . ei,c_acid nolecule contained in the vector
conpri ses, iﬁg§8%§§ |V§Q3£H?%§%$K%waﬂgFmE§NV 35S enhancer, a CaMW 35S
pronoter, a TEV translational enhancer, a nucl eotide sequence encoding a

luc~ luciferase variant, and a CaM 35S termnator. In still another
enbodi nent, the rBcHHENAREKE chbediment, avisiblyrbiokuninescentiransganic plantise vect or
conpri ses t hghnuel€0d] 0 . AUC tides 8366 to
11,113 of SEO)D m%%%ﬂé%gﬁ@%@ﬁ@pé%tﬁeﬁﬁ ,“%“E%A ficten @Mt i onal
regul at oy ehuzhmeftitle sequehee eneodinp iarbisltiminesdet golasdptideDAe Stdle tHedARkisRS an

actin 2 pr orm%?r or net al | ot hkiggei n Pr onoter, and the WO 02/ 081G7
PCT/ US02/ 11118510 Aeqia Tanseemin Rk as inell a5 tonilgnt eollipatistte obtainedsfkemphes, i n

the recombi Nn@HsodHiChBRhE 236k EB { L de 340 to
12,098 of SEQ I D NOi:)4 or asdj%’lég{l%gﬂyg%%é Sﬁ%ﬂéé%eg?@g %&D&ﬁ&f:%g.ﬁ%/ect ors
of the i nvenPNénlitaary rerparpd fibimettle remsgemic biant biobemaplaicell or plant tisssEQ | D
NO |, SEQ ID I%IO: 2 SECt)HI NO: 4, a%Sﬁ%l D NO.5. The present inventjon also
provi des a cEHREPmthe Fansgepicplanti T Fansgenicplantean b ABI0BLELEr 60 b

i nventi oI, odic6tOfol atAmple, ad angiokrmuch s ¥ Bldn0 | %ﬂﬁa BEEFGAL ad NVENTI ON
further relates to a rrp\;:lt hod gf l?)h;oduci ng a gegeti’cale y %ﬁ?@aaﬂpl ant cell
that is vi si®lspedplant phawseditree cormstonmanental plaat suvhes Ripeniza an behid) a
performed, f SRR hee’l'lpey. introducing a transgene conprising a nucleotide
sequence encodi ng a 1%l Ui nescent pol ypeptide into a plant cell, whereby
t he bi ol um nescent pol ypeptide is expressed at a | evel that produces at

| east about 750,000 photons of visible |ight/mR/second. The transgene
useful in a met hobhSoRressRk ygntionalsrtelaies tp ¢ rerombinasg nytleiq acidanoleewat i s

vi si bly %y ol YrmiRe anekabibdar e t Lat | enhancer that
is active in a pl %%??Eefs g‘r ef%%%{%,eﬂgéng%aﬁlpﬁ P Fans gﬁgﬁgﬁognﬁﬁﬁgag‘?cégch as a
pl ant pot yviepesativebrisikat ito naliclestidersequen¢eencgdinga bidvimlinesestt pblypeside.

enhancer), t obac sajc viru T t.rans| ati onal _enhancer such as the
onega _en%angvg?e,tr%‘ﬁ@ﬁagﬁf U Wéif(%ny{%aﬂﬁlaﬁ‘ﬂl@L E‘HW%F@ for gxample ﬁié@di ng a
bi ol um nesc%ﬁt*fﬁﬁis%ﬁﬂﬂfaﬁ%l ehRfnc&BERhEobich ‘éﬁfhf\gfuggﬁp?{r&%?ﬁfohgle or

variant thereof. The transgene also can contain pl ant virus enhancer,
for exanpl e, erhamer)d RBE® conhesaisarirus wiieghtranslasipaslainhemdey, driartkeaslationat he pl ant

pol ypepti e, ISR BRESHR ARIFAK SaePSieS doH EnCiEs BIONTHEGER P MPSPHLF bl y
| um nescent @arnetalGéilfdrisePolifebade &J%Tantf%ﬁéﬂeof}@d}te%hﬂ%elz, iR 18P en@fase | 1 nkage,
a dual CaMv 35S enhaiicer, a W 35S pronoter, a TEV transl ati onal

enhancer, a Yi#@rkotide 25 sequence encoding a | uciferase pol ypeptide or
vari ant thereof, and a CaMv 35S term nator.. In another enbodi nent, the
nucl eoti de sequence encodes a |uc+ luciferase variant pol ypeptide. Such
transgenes are exkngdonibirght hyclticaciiuadleailé 8fthe invention also can contain a

30  transcriptional regulatory element, i.e., promoter, enhancer, etc., that enhances
transcription in a plant cell, for example, a plant virus enhancer such as a cauliflower

mosaic virus (CaMV) 35S enhancer, or a regulatory element from any other organism,



sequences set forth as nucleotides 8366 to 11,113 of SEQ I D NO: 2,

nucl eotides 8340 to 12,098 of SEQ ID NO:4, and nucleotides 6 to 3570 of SEQ
| D NO: 5. od of the invention can further include [ t he

pl ant cel@,8 oglrog{%%ﬂ genetically nodified plant cell deri vege?ﬁfes%br]% W th
an agent that inhibits the V1-'O 02/08167 6 PCT/US02/11116 synthesis of a
pi gnment such as carotenoids, which can absorb |ight generated by the

luci ferase. For exanple, the geneticallygmodified plant cell can be
contacted with an agent such as norfluorazon, which reduces or inhibits

chl or ophyl | Log, 4.t us. .al l.ow I.ncregsed em ssion of

_ phot ons fromﬁ'tli%e . lzba’n&'?1 %:Cgi Prﬁ%gt@k@%ﬁ%&eg&% %ryaéﬂﬁtglin?%ﬁg’nﬁfl&ﬁ%‘ﬁﬁﬁgm 5@8‘3% om t he
plant cell. whichsoinpyissi promiote anériptigRBy, bt ahaiceD FhbleRthBhiandcripBbhal Tade

according to a nget hold of the invention generally contains the transgene

stably mai nt S8HatPTY flepeat 151oRaratixely linked @rthe plantfransiasiopal enhencer avkgene i s

I ntegrated i ; . glmgg - he (present L.nvention
al so rel at esﬂ%cgeorghggn ‘%?%eafiﬁbhlgg Tl e%“%qzﬁn@gﬁ&e%é%du@é) eg@%gc'h%epﬂ(gd of
t he inverit i orecombinaed nuckeic smd molecatespatuins, 1 @retative Ninkigd, ACaMV gener at ed
fromsuch a eticall 1 fied pl ant | . The present invention also
relates to kit “WATEH %GM %ise %r‘)g?ﬁgtff'ggklV‘W@HP@@@%@%F&H?I@@@@I of the
i nvention, Ogeqer#8ch¥dingy 5lﬁifefag@p&ﬁ?«fiﬁi'de%hkfﬂtiiﬁ?ﬂie}é&d‘}lﬂl aa@%}\,lgel |, for

I d d y nodi

exanpl e, a transgenic plant derived fromthe genet1 cal fied pl ant
cell, or a c& termingtoss lreanaghergmbodigaamt,dhe €alV 363 entnacmis & dpdl@MVAs such,

a kit of the,idvention ontain gne ar, nore.flgwers, bracts, .| eaves or
ot her ti ssue?éggg?rﬁlg?cgee{hasnfa%\aﬁfug ﬁ?zraaepgﬂy%@ﬁggef Viiah eﬁ"t??f%‘?‘? ﬁl,c i'l‘égeﬁsgi bl y

| unmi nescENt . vaAnf\Sihdi re@ibinantiiubleR acid¥oldd¥R &R et 6y Henc! ude an
anount of luciferin sufficient for generating visible biolumnescence of

the geneti caf¥ajeotigeisequeBceich frrtheas| nucisptides 83oetol Makldwoé SEQ IDNSOge Natstiial | v

dified pl : ! lyral ity of h ats of
Toci ferirt, (hasiiqdftis e febaoh i KRR il g BroRbianliRiFGs °
nunber of timekculaofdesinvadionlina addillott@meitrdgulatddy clchfent BvaNckian can

I nclude an anmount of a inhibitor that reduces or 1 nhibits pignment synthesis
in the geneticgdiriopy glsanent. and fhedranslatipnal sphanger ig an pmees shapeert fos eyemplei cal | y

modi fi ed;l ant, &@A&bingﬁrnu@%m#??mwaﬁlelﬁia(lin %%eﬁt?éﬁtcg L4 Bt A4 &Icﬁébglh?s
synthesis inhibitor such as norfluorazon, I Ch reducés or inhibrts

chl orophyl | $3¥48dud2i098 .of SEQ ID Mo heas rewteodi estito, 3550kif SEQf ID N©:5.nvent i on
contains one or nore cuttings, seeds, or other portion or derivative of a

vi si bly biolum nescent plant of the invention WO U2/U31G-7 7
The present invention further relates to a vector containing a recombinant

nucleic acid molecule comprising a translational enhancer active in a plant operatively

20  linked to a nucleotide sequence encoding a bioluminescent polypeptide. Preferably,
the vector is an expression vector., In one embodiment, the recombinant nucleic acid
molecule contained in the vector comprises, in operative linkage, a CaMV 358
enhancer, a CaMV 35S promoter, a TEV translational enhancer, a nucleotide
sequence encoding a luciferase polypeptide or variant thereof, and a CaMV

25 35S terminator. In another embodiment, the recombinant nucleic acid molecule
contained in the vector comprises, in operative linkage, a dual CaMV 35S enhancer, a
CaMV 358 promoter, a TEV translational enhancer, a nucleotide sequence encoding a
luc” luciferase variant, and a CaMV 358 terminator. In still another embodiment, the
recombinant nucleic acid molecule contained in the vector comprises the nucleotide

30 sequence set forth as nucleotides 8366 to 11,113 of SEQ ID NO:2. In yet another
embodiment, the transcriptional regulatory element in the recombinant nucleic acid

molecule comprises an actin 2 promoter or a metallothionein promoter, and the




PCT/L1S02/ 11116 such that a visibly |um nescent transgenic plant can he
grown therefrom As such, the kit also can include reagents for growi ng a

t ransgeni t fromthe cutting or seed, including, for gﬁ* a
suitable‘gpggﬁgygéd or other nutrient source required forpgﬁ® ﬁ%% t he
particular plant. In addition, the kit can include an anbunt of a 5
carotenoid inhibitor sufficient for reducing or inhibiting chlorophyll
production in a transgenic plant grown fromthe cutting or seed; and/or can
i ncl ude an amount of luciferin sufficient for generating visible

bi ol um nesc e, Of [ lant _gown fromthe cutting.or seed. 10
BRI EF DESCRI -%%@nﬁéﬁgiﬁé%ﬁ%g%ﬁeﬁwﬁe%ﬁée@pé, W&ﬁe BqCOP’ﬁ@aBWC?%%g

" plasnid. Residid giole@nles RelOBHE e atdestides 8340 B 12UHSCHISER) NG 6r e first
nucl eoti de positions of the sites, except that the first and | ast

nucl eoti de p¥ileatigaso & 33 HofAQ IPINO:S| dfeciors of the invertiomate exgraplified | uc+"

i ndi cates regi i val . EE=1y tdJe .. " i pdicates
i oi 111 - e 0 el B S O] (B SRR KPR s MR amt R ™2 e
of the pPAZPTHE) NER2S. Whepregenténicntion hBs brivides Besll thhthindiy LROSAbIGhAARRIH t €S
and nucl eoti de B\%i#lif?ﬁr}s are indicated as in Figure 1. " lucT" indicates
regi on encodd the mvewions 8T ¢Rit3ipiEg @ vaetor ofbhe dnvegtien.” Gent - R'
i ndi cate the genes 20 conferring resistance to spectinomycin and
gentanmycin, respectively. "Ori" indicates the plasmd origin of
replication. "LB"ThepreSerBinvemtaindattkecrrelbtes tocrmethodothrodughiy denettrally

the pl ant (edisg Bfen’eclChl s RgbBiviokBhnset ch wlmovel e gpion o
MI- OM LUGH bpérprined 86 Slanild 8P iflrod B8k hitfahb e 9&%9&#&% Egﬁ@e&idgggglféﬁge

nucl eotide positions are indicated as in Figure
"Gent-R', " Cucodingracbioluplingsoeht pRbeptide int 4 Markicglly whe@eby i bidludinesdeas t he

tal | ot hi i,n_t ipti | | at | t: " " i ndicat th
oega tr anel SOVRIPIRE S RpRtssRl 8 1ol s R oqd o R bt TRE 008 UGS o y A
region (see, vigiblelighBEARcdrd. Nhiedansgeny M6 10%H A8AEhS Y 0 BmBGHS Mot dilyl G

Figure 4 shows a map of the ACT-OM LUC+ binary vector plasmd. Restriction
endonucl easeméfified collthaeistvidely paeipmingsesnh generallyl ineluides aganslatichajure 1.

|uc+", "Spect . "Cent R SOt R " RB" i 0 Fi 2 "Ore" and
"o 3 e ophon(E i aciyhh o plant for AAPICEplt ulfadoda{Glllely oSl "
regul atory eplaneputyinseranglational Si@nber (B.g\NQA: TNV trksTAlonkl | B foabedOF THE

| NVENTI ON The pr.esent | ntiqn, provi des genetically nodified plant cells

n

that are vi sTBF4C Bires (W%l{iér tiangkenhgnesy sucdiasithh opeearabhapest.epstatively

pol ypepti de, y; inSd Q.. bl J : I . rising or
gener at ed frg%wsal}g Irtlﬁéglglr%etoi%lggP%C&Ie}rir\?d‘?’f%?(ggg%Ibgﬂgﬂggg%g&%}t@%ﬁgggd her ein,
t he transgenéxangileratlycifdragelelypeptide oovarartihiicof. Bted transgens aisocen thmthinias

vi si bl e the human eye. Prior tot nt, di scl osyr.e, plan | l.s
coul d bei_(ge n@fiptc‘ﬁmsfnﬁ%‘ﬁﬂ’if@dex?g‘pg‘?( 6?2’%@{/ f?ég&%ﬁn&awg“ 'lﬁpﬂ%m‘é%@ﬁfed
pol ypept i destose plaabtrhntdtiofhPsBanddt ind hiMotida kiflch@en@bdiafRbididiniHscent
instrumentation was required to 15 detect the biolum nescence; one coul d
‘not sinply |eupentidgl Anencunpedineniga Sasigenendefuldn makingya vasitlydemiescanhe

bi ol um nesce L 514 e IS epart on th ri,d wi de web,
at the URL " E%Fllkél r%ﬂ&gltse.gg(l)aﬁﬁp?én&&g&ﬁsﬁ o ﬁré{g}s)eglen?geo?gﬁ% : wever, no

publ i shed i n$38 emtianost, & CaMWB§$ p@ntdteh a AEMirds1atisnsl\e@hAriby, @ ndoldotidee
information on the website has not been_ updated since 2000. The present

i nventi of® pr3FANERES BEAHBE pdcisrase polypeptide or variant thereof, and a

CaMV 358 terminator. In another embodiment, the nucleotide sequence encodes a

luc” luciferase variant polypeptide. Such transgenes are exemplified by the nucleotide
sequences set forth as nucleotides 8366 to 11,113 of SEQ ID NO:2,'nucleotides 8340 to
12,098 of SEQ ID NO:4, and nucleotides 6 to 3570 of SEQ ID NO:5.
30
A method of the invention can further include contacting the plant cell, or the

genetically modified plant cell derived therefrom, with an agent that inhibits the



20 and nethods that obviate the previous limtations that prevented the
generation of visibly detectable plants and plant cells. As disclosed

her ei n, S ¥ biolum nescent genetically nodified p g and
transgenlc pFantg;of the invention are useful as researchb¢ﬂ F&ﬁ aﬁh have
great ornanental value. 25 A genetically nodified plant cell or transgenic
pl ant of the invention is visibly biolumnescent due to expression in the
plant cell, or in plant cells of the tra@sgenic pl ant, of a bi ol um nescent
pol ypeptide. As used herein, the terns "biol um nescent polypeptide" refers

t | bi t
effects /PPt el BT SRRE A i o A B SR AR L DL o
i nherently ehncifemsesmﬂrethgllal ths lgeﬂfetﬁslli modified R Eell &dn Kedonketedanitipgat ed

wi th a physical K or chem ]gent such that a reaction occurs and visible
“light is pr o%HPBEWChrﬂéW%ﬁ’QFP&P wijc &%P?S@&llwblmlwrpawlbmduct@@lm ﬂtean

O 2 enebIBiS! RACHRVAHE bR Permistlh BRI dhdm il et anh
sequence encodi ng lucif se Such that on expressi BAS qum ferase
and cont &ct mnsg¢mcp1aahdemdlfrmnthlapllemtcélhr| n, a chem | um nescent reaction
occurs and visible light is emtted. As used herein, the term"visible
light" refers to el ectromagnetic radiation associated with the visible
portion of the elgqgﬁg@agagﬁﬁlfe

radi ati on having a wavel ength Bie?l\ﬁgéeraeﬁgiblg%t%&ﬁ%k )énﬁ%%ioﬁ%&aénorret %nn)
and parti cul @ethpd péthedeyention geneally cantaiftha tandgene ﬁteblasmlmainy@apﬂuedes and

Iumferasev s are e f . bi ol um nescent ptld that are
particularly us:c% lgeF%rpe ?%@?@Vntg TRBSERRE nee ddﬁt& t%$ gge{l?@e
conposi ti®nsAetudhlitheiprasent inddhtioAse SRt &5 @Féheutzmy h6difled bt EQT ase
variant"” refers to a nodified |uciferase polypepti'de that contains one or
nmore ani no aﬁlioéucééd%}’tﬁ pathod gbthstinvmtionras ighlsasite atiansgsnigplaopripibing @ a
correspondi n and that, when contacted
with an appr r| ae?i ﬁéslrﬁebég%}% éen%ég%lﬁllglg&%{'ucﬂaé??drl} under goes a reaction that
results in the production of visible light. 15 Luciferases include

bacteri al Iuciferfses such as . Vihrio_ harveyi or V. fisheri luciferase,

marine ostracod c B%Prﬁﬁf‘é’éﬁl"?ﬁté?q‘ eggchgeéagesstg(kﬁ whighsqutars 4 gegelicaBy madified

| uci ferape, 4l C

| uci fer al?é, @g@ﬁ%ﬁ?ﬂ?fg%bﬁagﬁ%xﬁaﬂ@%@ﬂ% @%g%ﬂ%?%e?é%ﬁé& sea pansy)
| uci f erase, etangle, @dtaneganar paftisieevedromithe gmeasaily mudnlﬁeaplaanceﬁ at ecelijae

(click beetle). faml uci f a Phengo I rm famly

| uci f er ase, %%lssé}e’l_(gr%‘ﬂ g%g?}?gp?ggfnqc %1“? géé‘éc f’gFto YRRUI08 ot i nus
carol i nus or cdhtaiR¥hebt Sotd Bdvhas, Bhors @éb%é &eothérktﬁsués%? b@h@gvlﬁa%{)bﬁd forms
t hereof (see, for exanple, U S.

5,221, 623; s@tachytith Ingiferm, @291821815 lurmr@scenht No 5 330,906; U.S. Pat. 25
No. 5,604,123; U S. Pat. No. 5,618,722; U.S. Pat. No 5,674,713, U S. Pat.
No. 5,814, 465; and U.S. Pat. No. S, 843, 746, each of which is incorporated
herein by ref er engegordifigly e ikitef @scinvéitioanhn figthex Ridhlde fah @tholmt dfhecifdrinef | y

| uci ferase varjant, luc+ (CJ.S. Pat. No. 5,670,356; Sherf and Wod, Pronega
Not es 49: 14, suffigant fopsenesstingrigiplebiolimusposaeaeiche Bencaralpyodifed plant eqll

whi ch | acks ful
For prepar ng L UARER 1 Rntfcald ARkl cofl e BRoREh Bl preatBP 1
t ransgeni ¢ pbGsuch efotins oif iuceﬂaﬂn ahus ﬂmlwmlﬂiegenardmlsmuable&ﬁolunnnesce a

25  number of times, as desired. In addition, a kit of the invention can include an amount

of a inhibitor that reduces or inhibits pigment synthesis in the genetically modified
plant cell or the derivative of the genetically modified plant cell. For example, the kit
can contain a carotenoid synthesis inhibitor such as norfluorazon, which reduces or
inhibits chlorophyll production.
30
In another embodiment, a kit of the invention contains one or more cuttings,

seeds, or other portion or derivative of a visibly bioluminescent plant of the invention



encodi ng luciferases and nutant |uciferases are well known (see above

ref erences) WO 02/ 08167 PCT/ US02/11116 10 and vectors contai ning such

pol ynucl gphiysiesepr € comercial ly avail able (Pronega; thiﬁ@ﬂUMbhjl used
herein, the term™"visibly biolumnescent” refers to the enmssion of a 5
sufficient anmount of visible light such that it can be seen by a human eye.
As such, the use of |ight gathering, light anplifying, |ight enhancing or

| i ght accunul ating instrumentation is not required to detect the

bi ol um nescence, al though such instrunmentation can be used, for exanple, to

guantitate t . P Si.bl I .emm dual houl d. be recogni,zed
thar a vi o pion oot kSt oy Blabl e b B o) AT G
unai ded eye ldtislsd eani insluderedapersis fe, gréwing @arhnbgensesant YFind theaubBE Hris¥éd)d

gl ass, mcroscope, or the like., Such a plant cell js considered to be

visibly bi o|laﬁlflﬁ1é‘§c§’ﬁﬁxmlepm%§1@§ﬂw foqgeorstiaes aRtrientsparae reabiddause | i ght
gathering, ageiiHeiht BeiehlaPHRL. "'aBGitbAShE WITRM BLHAP a8 HiBuADE

| um nonet er,” photonul ti plier, 1 nmage enhancli ng video system

spect r oplfot craestencid fnhibitor suffienn fordedyicingzarrighibiing chierdphytipréduetion lea i s not

required. 15 The light prodyced by a.visibly biolumnes¢cent transgenic

pl ant can be &SN plant SWQBTPI%FI‘C&“H&% FesReraand/spsanipclude ahamemt of |

particul arl yjuwesh i L Srdtd : : i , I @glgll] L a

dar kened r oglm or ogiju{fg? g,lgqg{ génni%gjdﬁllt?l gaﬂ%ﬁggaﬁwgﬂg%ggégi;foai %@nsﬁgfsfc ntte%f){gﬁt of

t he invent i offorodhe Gutiphort ssgd.aphed using a camera, including 20 any

general ly used canera such as a 35 nun single lens reflex canera, a digital

canera, a Polaroid canera, and the like, such that a picture of the gl ow ng

pl ant camm be obtai ned. ASBRIEFDESCRICTRON.ORTIREIGORESY nodi fied pl ant
cell, or a plant,_plant tissue or plant organ conprising the plant cell

pra : ST/ .
that enits at | ed&guwgdcliowysmapefgleatldl$28 plaginigd. Restrictiethendengsiesse sited,

general ly at b .of visible |] / seco 25
and particul agl; ﬁ@i;ctﬁe%r ée)sjé%% %g%%%% 931@&?#8;@51{@“%0*% ﬁﬂie% rﬁ(c%ﬂ@’tagﬁ%h’éf a\‘f?@ﬁbl e

| i ght/ M2/ s enrhdtidsSpositiing by the nalitigle clRa®ERIte fzerlidaxcdnp e 2 adichrblaidh . As

di scl osed herein, contact, of a(&enet,i cal ly nodified plant cell of the

i nvention, oficeding veanhjucifenase nolyeptigs: CAmiph indicates ampieilly-rerianes genepl ant
cell is gerinedasQr g 1) ransgeni ¢ plant of the invention with an agent
t hat reducescéor’aisn’hslfg?tsht%ﬂg synthesis of one or nore pignents in the plant
or plant cell. By reducing the anount of pignentation of a plant, or a
portion of the plant such as the |ea wers, absorption of, WO
(12/081G 17 11 ST _ﬂ’ii@alﬁioéltkﬁﬁ'ﬁ\%%ggéﬁgég’é‘?ytvﬁ@%w@%qt Regriptitiuced,

t her eby enhag@ongt1406siRFh8S h@lleotilic B AR Srd h@RMENS iﬂlﬁ%gﬁe andy,tNggieler e,
the visible biolumnescence. For exanple, contact of the genetically

nmodi fi ed pl aliggios&htoding wariantdneitesase polypepiidentSpetieant fiGenttR vindisate khesgenes

i nhi bit of .ot enoi nthesis can reduce or inhibit. chhapophyl |

synt hest 20 | ne PRt RSt 0 P& TR Emia s T Ep i SRPEVEM G, O TRyPHes the

chl orophyl | plasniii@riginestirepdivdticl, I"OB" agd YRBAIndicaRNEfEEraé 208 righebopdef ons from
the plant. Inhibitors of carotenoid synthesis in plants are well known and
i ncl ude her bicgpegaeely @%ﬂ%ﬁ?qt‘eﬂh@tﬁéﬁ@,ﬁa@ﬁfﬁw thesingesiiptorthe plapty(sepyalse.abl e
as ZORI AL he%@gnﬁb%_(ﬁyngenta Crop Production; Geensboro NC). 10 In

anot her enbodi ent, a’visibly biolum nescent transgenic plant is generated
fromthe genetically nodified plant cell containing a heterol ogous

nucl eot i sequenge encodi ng a bi gl un nesc +pol ypepti de. such, the

i nventi of?e relate We&r%ﬂwé%ﬂ@@gﬁghﬁ"mﬁﬂ& g’él eFto’éBlaf%‘%gRﬁF@ﬁtﬂo‘bel | or

tissue obtai BeflnddiQRE: bR ahd ﬁﬁ@&ﬁi&b%oﬁ{i%tare Fﬁ%@&'a%%‘i’%ﬁ@‘i‘. b}ﬁc’f'hea;pec",
d a I brary

transgenic plant, an eDNA or genom ¢ DNA prepared trorthe

" transgeni ¢ ptGent-RYy "Oni'o anda" B "sant] "BE" |arecas ip Figute 2.1 "M ikindiostas thed from t he
transgeni c plant..The. transgeni | ant _can be,a npnaco or can be a dicot,

~ for exanpl e,n’ﬁﬁh%%%wwgﬁeﬁlﬁé&“g“%% °n§| @H‘F lnﬁlﬁaéf’éﬁiﬁ%%e plant, an

oi | seed pl anganshitibad WRRdert LREEIOT " HiMi R INERGR EPIAU repiis(s&ts alfo,BHQINI @, a

carnation or _the like. 111 one enbodi nent, plants ‘useful” for purposes of

the pres¥ht IAN& on include orchids. 20 In another enbodi ment, plants

useful for purposes of the present invention exclude orchids. The present
i nvention provides a reconbi nant nucl eic acid nol ecul e, which




i ncl udes a heterol ogous nucl eoti de sequence encodi ng a bi ol um nescent

pol ypepti de 2S operatively linked to one or nore transcriptional or
translatkga%?mgﬁgﬁlatory eIenePts, or a conbination thereﬂénU§ﬁnHﬁ%d
herein, the term "heterol ogous” is used in a conparative sense w respect
to a nucl eoti de sequence encodi ng a bi ol um nescent pol ypeptide to indicate
either that the nucl eotide sequence is not an endogenous nucl eoti de
sequence in a plant cell into which it ig to be introduced, or' that the
nucl eoti de 30 sequence is part of a construct such that it is in a form

other than it norggll.y feaund -~ t. cel|l in.natureg. For
_exanple, a hetero g&j‘ss\i!@ﬁ%gé“%}% iOgg%s‘g%t&@éﬁngbmWfﬂ%OWfﬁgﬁﬁ?‘eitﬂcuon
PCT/ US02/ 11 1&fBorimdedesites bid riidigotide pbditua s inddatedad s Figire nOr Rt ySmxnr essed

inaplant cell and therefore is heterologous with respect to the plant
Ccell. The red'J;{ﬁné r\PrEh e nandy RE sesiR FIWe 2f "Qrag and( 593" areadnt s i s

sel ected suc £ o n Rl HTNess 2 i e i a

pl ant cell ai't:‘iggﬁl%évép?s md?élam ent Pg?%ﬂaﬁ%néﬁgxgag }e%g af"??Sllr%&&Sg?%en?‘?@%r?p‘?i si ng
the cell,5 t dI¥yN&i:Hl y bi ol um nesce. The term"regulatory elenent" is used
broadly herein to refer to a nucl eotide sequence that, when operatively

| inked to a second, expressible nucleotide effects transcription ox
translation of the nucheaii Gl PRARP RGN CIRHFINVERTYONS! ¢ aci d (RNA)
nol ecul e 10 or pol ypepTTde, TEesSpectivery, can be generated, or encodes a
domai n t hat conf eFke prestssinveaision prdvadea gensticsily modifiediplant oefie hiat ate visinky ai ni ng

the domain. F f the. t t . . at | t
general 1y nEplBRbBan Bie B ohtSpt SREhapRE PokBE ey on of an
operati VE) y bibRisiflestéif braficeie pERtLanpesiab 6P gindtitdd Ford brhWehaRagE Nt

pol ypeptide, or provides a neans to | Qcafl zé a biolumnescent I o
pol ypept i de madidied alapt eells.aAs diselasgdderain the transgeniqulants efithe ifvgntionpixhibit cel | .

Transcri pti (A equl at or | e ts_ar | I known and

i ncl ude pr oorr@t% @@%@%{gﬁﬁ%@%&lﬁ@%@uﬁg 3%‘6‘%? 83(%;%& {g;tﬂg Bﬁ?f?gﬂé\qﬁgf'gﬁ pi uences
of transcri bediss6ald®ogencticaly Budifpd . ex@r@@héfer&lo@b@ﬂﬁéluﬁﬁﬁﬁ@bﬂ@%l epfiifer
transcription termnation signal, or other protein or RNA stabili zing

el enents, orSushieRuicierase, Bytdisas satharingon emplifyaednsrmentgior mearequived ogul at e
gene expy£ssj : . i t gul atory
o oot et s S Y BESULe Bhe EBA EOSARy Mol PERERHE At dIE T % e
i nventi on cadirdedy iasdtettw the biolmmineseeoe. alt isynotezichiat itiege arreporcoriNAweeluence or
can be synthetjc, .for e e, . thetjc_ pronoter. 25 Transcriptional
regul atory el bﬂ%ﬁ@f@h@f@ﬁ?ﬁ%} y© Bjpuadnagoqnt greud QVe¥Fefent s,
whi ch i nt a1 IEHEInRHREESSioP Mhafing Judhtdrattillyie h¥ai GBRSHhA e hR¥Bhtid ordRL | Vi Y,
or can be inducible re%ul atory elenents. Constitutively expressed

regul atory ewebstigihgs nelbepreumiaied sktice 000, Theyreseitlintentien progidepsampuisiionn actin
pronot er,such_as_an tin 2 onot er . ..ot._an el ongation. factor. (EE). pronot er
such as & E?—J?(gmﬁt%%atﬁ%tro?gv@F%%Breﬁlguﬁimgatﬂné ?@gplgﬁg}ﬁ?cﬁhg Epnegatie totgg"fﬁ’ly

el enent, whi ééledt@ol@?]ﬁﬁt@%ﬁ@ﬁlaﬂtrﬂeus.i Rs @i8€loded harefre WeSRGEIY bidtufiRkicehty PES, @
phase specific regulatory el enent, which is expressed only during

particul ar dgensti difiedoplarfcelht anddransgsnicaiants ofithginvension aregisefhas | i ke. A
regulatory reEea}'chQOb%,/ w4 gre&t:gomamental value.

25 A genetically modified plant cell or transgenic plant of the invention is visibly
bioluminescent due to expression in the plant cell, or in plant cells of the transgenic
plant, of a bioluminescent polypeptide. As used herein, the term "bioluminescent
polypeptide" refers to a polypeptide that can be expressed in a living organism and
exhibits or effects the emission of visible light. A bioluminescent polypeptide can

30  inherently emit visible light such as fluorescence, or can be contacted with a physical
or chemical agent such that a reaction occurs and visible light is produced. For

example, a genetically modified plant cell can contain a heterologous nucleotide



PCT/ USU2/ 1111G el enment such as a tissue specific or phase specific

regul atory el enment or an inducible regulatory elenment useful in

const r uctyRY,RAsfcgsonbi nant nucleic acid nol ecul e of the i9¥?ﬂkbﬁplﬁ9n be a
regul atory eﬁenent that generally, in nature, is found in a plant genone.
However, the regulatory elenent also can be from an organi smother than a
pl ant, including, for exanple, froma plant virus, an animal virus, or a
cell froman animal or other nmulticellula organism As used herein, the
term"tissue specific or phase specific regulatory elenent” nmeans a

| id : iption.i I f |
Cypes. 10 or e guioile BkFRr Sl Gl GlonbbRBioTofdR el aha Soelof P

" for exanpl e, theplayt dedirwith Reiferit] a @herhihiBineieentteactio BédukLanki aisitlé age i#f 9rowt h,
devel opnment or. differentiation. The terms "tissue specific" and "phase

specific" ar@nifsdais Yspskhrasingibe tarm visible fight' refgrsiip elegemagnetig mdiatinny

el enment bec . Ll _ \, hstics of

bot h types. ofvimes ufl e LR Bt pFl-EHRoi Al et EhARL | Crront

active oMl y dectiontpgaciarddiatiohdnviap ageavelengihdretweba\ebbopl®dnt al so can be

expressed on in one or a fewtypes of cells in the plant during the

particul ar sl @%Pma@&%ﬁnﬁan@ﬁpa&lﬁw&%weﬁb@w é‘SQ)‘iO PRa%e specific

regul atory el ement can be useful for producing a genetically nodified plant

that is biolumnescent only in particular organs or tissues, or only at a
particul ar devel obhwafearade polypgptide@ Gnidlluriimss viriasuare spauples of or phase

i fi | at | ts.h b ib d .k d
e 1 abl et opagBbeRn R ep S dfeire Pty Ui dEr wpuGiRE B gt or y
el ement s10 nchdfodib@hg BeBRIPBsitibACo AR BivERdn! FA-hsell ROMIR IR ¥R M BBB&hse Whi Ch

is activated upon floral induction (Henpel et al., Developnent 25
124: 3845- 3g5watiang'gpfersve; amoilidiefl hundlepase polydentisledhai chytaing ooe enwele aminot

speci fic regul at of. | {s suc .the regulatory elenments fr the RCP 1

gone and 1 ety iRitiofs, SFRALE, it Aiand 5 Gl By cRdFo g g Loa

96: 12941- 129%RiferhOF0lySeptids, madhdteanenédntackidanith &€hpprdpriasdsubdiate 3&hSs each

of which is incorporated herein b% reference); flower specific regulatory
3

el enents suchcHern,padergges afeastjorsaigieanisin thefpredhcting of Haible iglie and t he
APETELAI (gene (Bl azquez et al., Devel opment |24:3835-3844, 1997, which is
i ncorporated herein by reference; Henpel et al., supra, |1997); seed

speci fic regul at oLycifirasee iMcdudelbabtesial lubiferaseg whall a3riXibrio Woneyl OF] Gsheril 4

PCT/ L' S02/1111G el ement fromthe ol eosjn,gene (Pla et al., Plant Ml.
Biol . 25: 1031 Brase, gaprine Giragpd; cSusiarean i aimess SHeh %g?}ﬁrw ?'_ége@ff@rp%e) , and
dehi scence Z%&eﬁ@é%ﬁdf&gél‘?ﬂé‘l&lf@fa&s%h@lﬁ‘?@bmg?@%dg%é%& ndifesde specific or

phase specific regulatory elenents include t I pronpter,’mhich is a
pol | en speci toadenterotedneiferisdamudht asReptllaaieniforplia(sea Muisy) Bicigbrasd, 8r 211- 218,

1992, which is,i ted . ' f . th UAL FLORAL ORGANS
(RO} or &ior GP1eopfiPe e st Ruckhecli TaRaed subk ey Brly rfiate.s
active in sheatnddidas(€16% WHindTamslQaciRlase] or.a Mndiidde (FReBPUucifdiBee, forhi ch

is incorporated herein by reference), the cde2a pronoter and cycO7 pronoter
(see, for ex&xgmple, q Photanus gprolings ok, mviwlis Ippisarasepandgbglike, indudingmr t i nez et

al ., Proc. | 4 13%‘3 I : , ; I tp.al, Pl arat
Cel | 3:359, N%B)gh.ﬁ eﬂ%%é‘ggt%?gﬁe?’, Mﬁ%ﬁplg’ﬁgi%%ggg'ldgg%?é%g]s'%npggch et al.,
Plant.|. 4:4Nb, 5299823 dashPaf Noh5,2ho,p85;i s oPaoNat 58301806 S [Bat.r ef er ence) ;
t he pronoter_of the APETELA g’ene, ' i.S_active _in Qral meristens

3. whi ch fl
(Jack et 22l . NoggoP4:183:798, Patodle, Sah:¢ 825 1ESi PrtoNpardttdd 3 nerde At by ref er ence;
Henpel et al: ) i =1 }
ma%er, 15 f(l)\];o' 2%(82%%%’]&%35 ?av{:hpﬁg@?ﬁj’gﬁ’iegéeh I'n sEo%tlhdma |rétt%§rl‘r%rl?%§§?tﬁe
" transition tocfeleno®)r iAnlpciftiaspedriaat is@kemphifigt &y the $0at]y lufifemsd vagast iwsi on

o phase speddis 7 ShuparbRsbuteRimevedh Tromendots 4Bl fa ot of o €
recombi nant RuEEk nddehdtatdd BEldin bfefRERAY GlEh laEIQJaﬁéi@ﬂlﬁJnﬁe IRakiZiagsgeni c

plant that is visibly biolumnescent in one or a few selected tissues or 20
organs s@@h adomiim, tarobepartiorlailyusefal\fospreparingragengtienlyxpedifedplantdell oduri ng a

particul ar sta f .devel o nt such. a ring flowerin .nduci bl e

regul atory elvgﬂgxggolgpg}gscaeﬁgg%sggw p}agfoﬂtgxﬁéqvgﬁggq. Olgngéec?hﬁ%ﬁg&ﬁ?ceﬁucl eic
aci d nol ecul en@fditdRicifErdssitand mutdift 16ERAsBEAE Wbl Knd@mt(8dcibol e tides)

regul atory 25 elenment” neans a regulatory elenent that, when exposed to an
i nduci ng agent, effects an increased | evel of transcription of an
operatively |inked nucl eoti de sequence encodi ng the bi ol um nescent

pol ypeptide as conpared to the level of transcription, if any, in the
absence of an inducing agent. Inducible regulatory elenents can be those

S e o = B Y e




which is increased upon exposure to an inducing agent. Inducible regulatory

el enments that effect a basal or constitutive |evel of expression generally

are partigydl sef ul VWO 02/ 0816-47 15 PCT/ US02/ 1111 e

i nduced ngéﬁﬁg 4‘,tdranscription is substantially greater tﬁgwﬂgkﬁlggsal or

constitutive |level of expression, for exanple, at |east about two-fold

greater, or at |east about Five-fold greater. Particularly useful inducible

regul atory el ements do not have a basal gy constitutive activity, or

increase the level of transcription at |east about ten-fold greater than a

basal or co i he regulatory

el enent . Thgﬁﬁe&ﬁﬁky dﬁ%¥ﬁ%SQgE%ﬂﬁﬂﬁg%hgédﬁgdgﬁﬁggr bﬁ“&ﬁ% 1eeea

" bi ol ogi cal ovagisgs W agent that effects transcription fronran i nduci bl e

regul atory elenent. In response to 10 exposure to an inducing agent,

. transcription fromthe inducible regulatory el enent generally is initiated
de novo or is incakg ression.

Such i nducti on cdﬁ Eﬁﬁﬁﬁﬁﬁf. usrng%ghﬁﬁﬁé%gﬁggé §%§§ﬁ§%> EB

i ncl udi n@ deQUéﬁanﬁgm@nnn oforrsddshghtlsmhethatofcamﬁblée@nqmmntdye Rk gidhn@heescent

pol ypepti de. se of .an duci.hl.e re tory elepent in a r econbi nant
nucl ei ¢ 15 alt‘?ec??}rgtft(%ﬁﬂ En%fh Wﬁlﬁv@ﬁtlrgg r%?%?&i@s‘%ﬁ“%&ﬁé‘%gexpress t he
bi ol umi nesceRmMEnYARAtE A8 rQikd ﬁideeecﬂﬂa% blofthihbd¥Bnce! AHuBl GEENTI Ng

extraneous transcriptional or translational activity in @Le plant cell. An
i nduci ng agéﬁﬁ“@%@ﬁ&ilonrcnnhewﬂhfodempﬂmm qumehatertbmarnsursefasmbd1@ased on the

20 parti cul | equl at or. or. exa he i nduci bl e
regul atory enelkrtg(?r?ﬁ (S:a(;r%l %Ee c?%]tlze?fm@? nﬁ’iY WOF‘W%F%”BIE‘&V&EV’%’I‘ fit such as
an MT2B IegWwisiblery tie!@eakied ey@dr@@@nermamﬂze%alcﬁn besuthakink ¥ n?igﬁﬁﬁﬁ orNﬁg
tetracycline inducible_r ]gul atory elenent, the transcription ch can

be ef f ect ed MISTaseese pLde dike. Stich guanieelhis consideredito be (mfméy blohmunescent for

t tracyclin t 55: 705 717 8, Mett et
o oo, A RRRBEhk Btk ki SRy ey Sthring adSmultnk af P oyt
2. 397- 404, lAGAmdRedien seth alalmnmmeteﬁqmo@ﬁﬂ@ﬁ lieg4aa gncing3fdso e, Of
which is incor&wpgt ed hergin by reference) he induci bl e regul atory

el ement al scPE RIOK}PicE. sipip Gigitizing ‘;ﬂ“éﬂ%rw therliks ignaieesmied.i coi d
regul atorgy el ement, the transcription fromwhich can be effected in
response to ecdysone or other steroid 30 (Christopherson et al., Proc.

Natl. Acad. Sci . ,ThedighgprodBded baunasibly HdymiBedventaraasgenlc. plarPeache sdai by 2 Acad.
Sci., USA 88;:10421-10425, 1 ea whi ch i corporated herein by
reference). 3(95PE’\%W@WZ?OPE@BI%&'SP{F"EP%W@WJXEK °‘b’@e£{ @b # 8¥Konsi ve
WO 02/ 081C- 4evikbnrRbrt! fo50didpld, 162 AUt QI oe&ﬁrr&aat rf?dht A iRkioR NP CK

regul atory el enent, the transcri ption of which can be effecte I n response
to exposur e 'Ttl@lu@éﬂ%cw plagtaf the ipygnsion carebephotiaphad hiings caners, iRilading

Pl | 9 whi.ch t h f
nda i o roay gPieraosed LB SNCR B b SR o RS o Ml Gatsts 2ot ¢ e
i nvention 5 Pdl@rbid@%améﬁi aRKBOHkE sudh*'tﬁat%%di&% _f ﬂietg'ld\{/lﬁ ﬁﬂ%%@v\ﬁb‘ﬁﬁ'ﬁﬁ

regul atory el ement Back et al., Plant 1991
i ncor por at edAhédisdesedibprein pgeraticaly madlﬁc@lbltanﬁ cnﬂ,mrralp[lzmt mmhasua pypledhte mrent

(Fei nbaum etor@:ln con%slng%@pla&@ﬁﬁat Qs éHea’st a%outl750|'0%mhotons of visible

light/mm?second, generally at least about 850,000 photons of visible light/mm®*/second,
25  and particularly at least about 1 x 10° (one million) photons of visible light/mm?/second

is visibly bioluminescent (see Example 2C, Table 4).

As disclosed herein, contact of a genetically modified plant cell of the invention,
or of a plant cell from which the genetically modified plant cell is derived, or of a
30  transgenic plant of the invention with an agent that reduces or inhibits the synthesis of
one or more pigments in the plant or plant cell. By reducing the amount of pigmentation

of a plant, or a portion of the plant such as the leaves or flowers, absorption of



and Chua, Science 248:471, 1990, each of which is incorporated herein by
reference), a plant hornone inducible regulatory el enent

( Yamaguchy & Shi ki et al., Plant 10 M. Biol. 15:905 ( - Kares et
al., Pl SHopBMIRER] ¢t (1990), each of which is inc%‘?@g%‘g{‘é Sher ei n
by reference), and the like. A circadian rhythmregul atory el enent such as
a cab2 pronoter (see, for exanple, MIlar et al., Plant Cell 4:1075 1087,
1992, which is incorporated herein by refierence) can al so be considered an
exanpl e of an inducible regulatory el enent, since expression fromsuch a

t 15 . A fact i at ith ti
of Cday. A r eioEficedng 87 Bipigsiket SRGIRE ool ifilte G PG Gl tubence
" encodi ng a Hrah tripias eadtheebiptitvisite Blohnif@teRe TP SQnpl, BskaR 6€ihe

including a transgri pt %é%rc]lal enhancer, translational enhancer, or both. A
transcri pt i gaficalyaiodtedpdat eall argyiranseepicnioy efthsfinventionwitk eminhibitpeof i on
can be any eghade Bk Gl ' : enhancer
from anot her orgag{liss}%ﬂl tﬁa?%ﬂaégﬁ%ﬁﬂ%ancéf&gﬁgok&lﬁyﬂ%hggglﬁgﬁkﬂégﬁ , for

exanpl e, 5a peduringdbsorptiembfplotms by chlarophplhanthe plafit anth aflogaparexgreassasd i N an
invertebrate cell, or a vertebr .cell such ag a mal i an cell, or an
enhancer of % R’t{%onfﬁé)fn %P@E&-%@BENS&SW@@%&@&HH@%lammsm‘aﬁl& virus
(CaMV) 35S ambaaaal inchudherbioi®s30R] & b ifdrRoRl i ¥ ?or‘ﬁm%?cri‘ﬁ@ravﬁili'@tle ds>
useful for increasing the transcriptional activity of a nucléeotide sequence
to which it ZQREIET barbierleySrigakte Crof Proguction; GreenshuboNC)ENt , a r econbi nant
nucl eic acid nolecule of the invention contains a CaMv/ 35S enhancer
operatively linked to a nucl eoti de sequence encodi ng the bi ol um nescent

pol ypeptigde. Pr ef[grabingr ethB&iseiVa 3216 Bbsdefit eogléll&c ﬁﬁﬂ%gggﬁeratggn

conprising two copies of the CaWaSSS enhancer nuc e sequence.

actin 2 regurem theygesetealiyimpdified plest @Haphiniexahptemlafous nticlesisier i pt i onal
regul atory el ement,. conprisi .a prgnoter and an enhancer, .that is useful
in constructThg & 816??81 atﬁ@ﬁgnm?/%e‘gfpb@fgt.“%? @%S%Evr‘%&%f}l&%ff AeSIP t he

i nventi on orsupk atahgdeAlt RardtPisiadl] £to taarit BYEHE e 65@RA HOhPOE i8S fict O
1145 of SEQ D7 NO'S). A netallothionein regulatory el enent provides anot her

exanmpl e of PlaHahseseipprdueadby thedranagepioplanteasha cONAS orl gehomiqIdNpdiearyof t he

present 4i:nv i i he additiqgnal advantage that. it .i ncludes
T ndudil & o R RBNAAR oldCoRliol e 5o O BSCEGHS SRbigets 5B no. )
A transl at i ahatrasspeaio piint. The Ghnsgafiapgiscahbdd shetot@Noran Be RAlKRERt i de in a
plant cell (also referred to generally herein as a plant transl ational

enhancer), (&apple. phangioeprBiciaAtt Geral Biret, adesunHapusqians. asxoilsprd plawteat i on
simlarly capdfoditeel Br %ﬁ @ﬁ%@ﬁﬂaﬁ?gﬁt sﬁ?lgg{'z?gémﬁigaﬁc %;ﬁ)rnaclrltﬂe 1%, 4fsoci ated

with a plant gene or wiwth a gene of ano rgani sm anpl'es of a pl ant
t r ansl at i onaneenttediorent] plahtsidsefal for purpoges oy therpussehr ianaltmhiindlade @ohidncer
such as .fhe tobacco etch viru T ransl ati gnal enhancer, and_a tobacco
nosai ¢ VA'r us[ntaflgt‘rf?g %ﬁ%ﬁﬁen%ﬁﬁﬁﬁd’é%gﬁéﬁuﬁ?s?ﬁﬁqgﬁﬁrﬁée"é HivgRtarexclide  f or
exanpl e, nudggiédes 1169 to 1235 of SEQ IDNO S; see, also, 15 Carrington

and Freed, J. Vinol. 64:1590, 1990; Gallie et al., Plant Cell 1:301-311,
1989, each of which is incorporated herein by reference), as well as the

nucl eoti de sequenge begi nni ng. about. 101 nucl eotj de. upst.ream of the,potato
virus S (PSV) coat | rr_(g)%él?ﬂwalghoél RrRYifRed TSRy ESEEI&C,IW%?%?% P’C\ql%cfliﬁ When
142:167- 175,ind1986s a Nierolbgoss hitlédiiae befuefcd @icBding RYbid8m@ic8enepolypeptide
reconbi nant nucleic acid nolecule of the 20 invention can also contain

regul at oy eIRSFSYELY limbgdite e ergnotediensqiptions] o frapslatinnal regulatny elementsxanyl e,
a pol yadenyl gt, c%ﬂlb?ﬁeg{bﬁltherébtgcﬂﬁgg‘{\sgdﬁ r%n} £k W3 lord Sl %R § of a

transcription termnation si use in constructing a reconbi nant
’ comparative sense with respect to a nucleotide sequence encoding a bioluminescent

polypeptide to indicate either that the nucleotide sequence is not an endogenous
nucleotide sequence in a plant cell into which it is to be introduced, or that the nucleotide
30  sequence is part of a construct such that it is in a form other than it normally would be

found in a plant cell in nature. For example, a heterologous nucleotide sequence can



nucl eic acid nol ecule. 25 A reconbi nant nucleic acid nol ecul e of the

i nvention also can contain regulatory elenents required for initiation or
term nati nslation or both, including, for exanpl i n% r nal

ri bosone Vgﬁtor?{)/sfsﬁ:ife (IRES), a Kozak sequence, a nucl eoti d'gcgggot}/elr% 13
encoding an initiator nethionine residue, and a nucl eoti de sequence
encodi ng a STOP codon, which term nates translation. The regulatory 30

el ement al so can be a nucl eotide sequencg encoding a | eader sequence,
signal peptide, cell conpartmentalization domain, or the |like, and can be

included in - . r nple. where it is desired,t ocalize the
bi ol uni nesce%r\lag%cg?@%tgé#ﬁ? Iécrz{sg, %ﬁ&%\%ﬁ%w&%\ﬁﬁ%s@?ﬂ@%F%ll@%(;lhf@?ore’
" particul ar cetprrolegons withGbspas té the ptant @801 , nucl eus, a chl oropl ast, or

anot her subcel lular organelle in a plant cell. Such intracellul ar
| ocal i zation can be particularly useful where the genetically nodified

“cell, or plant c 1.0] sk Sa esearch tool , for
exanple, a parti ﬁﬁe@%ﬁ’r@g%ﬂ% Jgrcog?)o rlrl%aglro B %\gﬁ%ﬁga‘;grg eE‘I“éeﬁ‘?S R 8«%21the(£such

t ransl atiSon that the bidluninescenepatypeptide barchesmphdssat inci it ceR gt Rivelr y el emrent

can be contai ned ir} t{?’g nucl efti de, sequence encodjng the biolum nescent

pol ypept i de CIY 19T @H"éfﬁl ’)?rélpéar%ﬁ‘?mi’%%'ﬂg the Cﬁ]értﬁé(IsIl@ly%‘%%In&ﬁ‘@d Wi th

the nucl eot i fig SEHYRBARLAY MMdAlSs ?E@l HrSadly R&ein el m&ﬁhbg&w\%ﬁ uence

as a consequence of its iSolation froma 1% natur ar source, or cah be

het er ol ogousthaip whhe operatiedly lidkedtoqusecmm, exyrtessibde andlectidy effiects arenkctiptoet 0.

Addi ti onal requl r ement s..such as an.,i ntron sequence ex | e,
from Adhl or® Irqgﬁal%gpf{ogh]e&u\gfep%fe feauer S'é“éh‘ﬁ%ﬁﬁ;@?o gifélce@? A) mp }?M\/
MCW or @ VI éf’po@ﬂ'p%ti@é‘,fiié‘é;g@tgf‘ne’fdﬁ%@&ﬁé BéhePlted oPH?do%@éé@&nﬁﬁ%’ﬁ'&Sﬁffef‘ngOd' ng a

bi ol um nescent pol ypeptide theréf ore, can be a conponent o
reconbi nant deBirable cbarectanstit ovpd palypaptidé conteiningwbetdoroain. Kor pirposes otheher ei n,

conbi nations_of re ultatory el mancgs can be' sel ect ed .such %‘Ha& a reconbi nant
nucl ei ¢ aci cPTLETFAT Y ARPRUARG et eeter RO S A B & ng a
bi ol um nesceiinspEptIGER! ttARla6aA 0P GRREIVENCIREd nadidotideaegidhet Becodazaabi nant

20 nucleic acid nolecule allows for expression of the biolum nescent
pol ypept i de bialumipesgant podyneptide: lar prexides pangangistloealize ajbiolyiisestant

bi ol um o . ' i i e+ nv. Qn, i s
exerpl i 11 ed PyyPehETSEBAE Ry UGG Sl R EEN £pflh doh° TrRKERbG
pronoter, a didiranskEnishadtreguiabresitiaaesre veelNuohwaainddeciséoprenoergncodi ng a

| uci f erase pol yﬁepti de or varjant thereof, and a CaW 25 5 Stermnator.

3
In one embodf¥ERAters:En tefl of SsuptAshated segueRses Qldsangcrahed| sequenre, Jo1ss
enhancer, ang, L uciid.ar R&p&ri £ s . . +
| uci f erase vg;?ai}lgﬁ?’ .aLi&I\drIIy g&n%?ﬁdgrgé&euﬁbodl r?g%r?{agé’% ggﬂngﬁnhgﬁglgﬁgﬁglf gr éz’itggrd
mol ecul e of protein pwBMA stabilizing xlemehis orathéryzent exprassicentontte]l slemednce set
forth a bout nucl eotli des 8366 to 11,1 |3 of ?g)&él D. NO:f2. 30 A .recombi nant
nucl ei ¢ “Aci TLIOFFEUIBE SeRe SXRTGSSIAN 95 theqraepmt @ FAstonsat @ gepy Progicts dyuence
set forth aSreguﬁI&%teleeI&m 848 hOcohetrfith pQf resdahdihdht Meldic aMd Bbleculddf the
U2/ U81G 17 19 PCT/USU2/ 1111G i ncludes, in operative |inkage, a
“met al | ot hi on@vantipemaneiseyicd Sgu araswiplle peerering saneptic DNy segvergstaseer and
pronoter (n | des 000 to Qf .SFQ m NO: 4), an onega
transl ati on;@%%'%%eg‘?e@}%ﬁﬁ :I%Sb%?ééiseg?gf%%%o | 0, 741 of SEQ 117 NO:4), a
nucl eoti de sequence encoding a |luciferase pol ypeptide or variant thereof S
such as luc''~ (nucl eotides 901 S tg 10,667 or SEQ 1D NO:4) and an RbcS E9
pol yA refl on ( nuclegssrationgysgulatgriseemenss capes ganstiptivgly ekpressgd reguiaiorya

r econbi nant I i C | - { 1fi.ed by
{he_sequonce  Sarpor T andlRaRihf el 4 4QHR AP Fh |G HER oF
includes, incaeriatinciblelregiatgey elanemet Conditutbglyl expessyedaegulatoty elemprits Si ng an

enhancer and pr.onoter é ucl eot j des f6 to 10 114S.of SEQ I D NO S), .an onega
transl ati ona?d%e'?ﬂ‘mé%gﬁ {W&S DPEstor s¥ynplg 24 sl pomeERy) speh thg

" nucl eoti de sggy i i I i i eof
G a5 | o PONRRGCORAIEAThGioR fuci (REL PRrolR SRR SRE Rl pRIIATY: S
pol yA re#fi ona {isswelspedific esgubdny elemedEFhicl is SEResOANGIYSh.ong o8a Aew epssifi nant

| ei id I I f the.l ' ' . I i d
encodi ng & bfO] UAFhAREEH RSO Y SBEHE SR i PP T Br nor e

regul atory epgtieilasdevelipnionddlpt Srovah bagdidratplai bl R ees. A Agulery herein,
the term"operatively linked," when used in reference to a regul atory

el ement and a second nucl eoti de sequence, which can be another regul atory
el enent or a coding or other 20 sequence, neans that the regul atory el enent
is positioned with respect to the second nucl eoti de sequence such that the
regul atory elenent effects its function with respect to the second

o, o o . 4= o o o T




nucl eotides S (upstream of the start site of transcription of a gene in
nature. I n conparison, enhancers can act in a relatively position or
orientat“gaokmg@pﬁndent manner, and can be positioned sevp&@ﬁB&yﬂgﬁed or

t housand nucleoti des upstream or downstream froma transcription Start

site, or in an intron within the coding region of 30 a gene, yet still be
operatively linked to the coding region so as to enhance transcription. The
relative positions and orientations of vgyious regulatory el enments,

i ncluding the positioning of a transcribed regulatory sequence such as an

| RES or a / -4 6 r l.at ed_ requl at ory el ement

~such as a ce%fgn%ﬁﬁggggsn%ﬁ%sgﬁ%egﬁ? %‘é\rjpé%%%slp ﬁglﬁn r%%atg} rei%‘r?‘?’gt% ap g’é%’lnﬁ frane,
are wel | knomgulatedy aletrieatissefid in epstrattinge] cdrmbiibmausletdctd SIORRLE oAE

for exanple, Sanbrook et al., "Ml ecular C oning:

routine in the art (dg e, )
A | abor at or y"T¥EHR© ?)e&r%%myrrderpﬁ}tm sengsellatppatursy isfeundiggyplantysubel et
al., "Curren t i j ¢ " and
Bai {1 mor e NOISHS, TRk M RRESHE bt Aot Wiy i bR o8 an o
i ncor por &t edplhety michuding, fafexampeefromAsplasiedrubemenimalt vims] @raweeliftaghenc aci d
nol ecul e” or " OL%I’I El eot hd«? r 10, "nucl eoti de sequence" neans a sequence
of two or notelg >83 STEBHHES AT O8I 1 i bonucl eot i des that are |inked
t oget her by a phosphodi ester bond. As such, the ternms include RNA and DNA,
whi ch can be a gene or a portion thereof, a cDNA a synthetic
pol ydeoxyr i bonucl &6 sseddieteinghetemné'fissme spenefi¢ okphasaspecimrepaatwingbmet r anded

or doubl e st ed s.well as hybri.d. . Furthernore, t terns are
used 15 her eri%%ﬁ}%oa I}%gqogggsw%ﬁe;p%%%@u%g} ity ong prja fﬁﬁ‘f %‘5&3@? whi ch
can be iEpl| aseshly dwih@oesdrla fedStapes bf @8 lify Bichedf Lplaml R ek AspleVWHIE Rorgan be
prepared, for exanple, by methods of chem cal synthesis or %y enzymati c

met hods suchpaipdif tinrredysinganartiiadarstage of gwadhi daveloporyt orphiferertiation.

"reconbi nant -y, 33 ] nycl ei o] | ecule. that is
produced by Tlflén%frﬂsa Sgﬁaewegfrhcagn ‘# ahglge %p\%gﬁiﬁugﬂ%e@?(??%e{shgﬁg%ﬁ%légr%ﬁgltngZO are
not gener al | 4 suchk echul agetdiement bednabei singldsegulabry dethegeahhpant nucl ei c

aci d nol ecul ef@enconpass d within_the Present i nvention_ is distinguishable
from a nucl efRATaESTHUAHP byrenaf regultopy clemgatsc ar exasleedagaordur i ng

mei 0si S.14 N genekdltivi b Legt, 1 LS [ cleic acid
nol ecul e, 25 po ynﬁéreoﬂygfgﬁog hﬁﬁgc?t??tggégﬁg%gr@gélgﬁlggﬁalura :%g occurring
deoxyr i bonuctxgotssetbenly smote arsa fedetypesaf celis mstheplangdiaingrie partithiyinstage dfi nked
to 2'-deoxyribose, or ribonucleqtides such.as adeni ne, cytosine, ni ne or
Lraci | |1 nkeSPERPIBl s IS Rsa e ofPhisE FRRCiIcREEHalvEY Blmelt o beder BLRY de
sequence al spro@dding 8pkAdtRaM fo8 i HearR Bk RS olubihidsbicht Bﬂlaﬂﬁ DaRRhiAF 8t da¥s
occurring synthetic nucleotides or nodified naturally 30 ocCcurring

nucl eot i des. oSifshesnoe Py @l Ypartipulpodpyelopmental staggiown in the art and
commerciglly avail abl e, as are pol ynucl eoti des containi ng such nucl eotide
anal ogs inet al., Nucl. Acids Res. 22:5220-5234, 1994; Jellinek et al.,
Bi ochemistry  ONO@fefusGsdhe spR6fié biSpRsd debBicbo@idiolil 36t 372 beka9S;
Pagratis et al., Nature Biotechnol. 15:68-73, 1997, each of which is

i ncor por at edd¢serigdandarg knesyin prdeavailaplaite Bropg/in theartc Suell dsste POPRSE i nki ng t he
nucl eoti des I UENGR L Vial W [ nd.
However , theﬁ%eg@igﬁé%lﬁ@%%@xg?@g can bg)?g%/lﬁ%lf ’ t%h%e@é%ﬁg her lg%%‘glét,o Y

i ncl udi ng a tlement, ehidhris bahdiedaipph dlopi daduictioo @fenisb etlal., Davelppinerd- | | ke bond

k those in th | f | i nki,
uct oot i Hoe. 1ERRVSUR 158 RS Hoo iR PLbEF Y TELERc 6ot eRE o, Tam et
al ., Nucl. Afégdﬁatd?\g%len?e%is%?ﬁh 28 rbdiftory=idiRint @M ThOREP1 bg%h«?é[ gaol ogy
5 1 h of which herein by refer

13: 351360, 19 each I'sS 1 ncorporated ence). The
" incorporati ohRBl gaem(Tsageki ahd Fedsooffy ProagNer ccedt Sade USH 60194 b11294mds

l'i nki th t.j,d I icul ar | ful. wh h
nuclers actd o SRUNCARI g AL PR cEl B5- B L eBnalion iR e a1 n o
nucl eol yti c Bekiniytiéferértel; YbwRs spdciiic @Bk Lelemets 3ikdh 45 thS Hulkdriur e medi um
or in a plant cell, since the nodified nolecul es can be | ess 15 susceptible

to degr adfat i ekemeptsfipan &wtlifet S gapgand eheotMEREIM hgenadBlazaneactebeurri ng

puct 20t oS B0 ABRSI120 S SR I00s o B FRGGR A BRI o0 o cor

pol ynucl eot i Hempsl @ al.Lspl-At1997); Becdspeei AP ddgubiddty efeniditd f1h iafl heSELIKOEL

cont ai ni ng. nucl eoti de anal ogs or coval ent bonds ot her than phosphodi ester
bonds generally are chem cally synthesized, although an enzynme such as T7
pol yneri se can incorporate certain types of nucleotide analogs into a

pol ynucl eoti de and, therefore, can be used to produce such a pol ynucl eoti de




reconbi nantly froman appropriate tenplate (Jellinek et al., supra, 1995).
25 A reconbi nant nucl eic acid nolecule of the invention can be introduced
into a cell39synaked DNA nol ecul e, can be incozporated i,gT/% gg?ltll;jGX such
as a |iposonme or a particle such as a viral particle, or can Be
incorporated into a vector. Incoporation of the polynucleotide into a
vector can facilitate mani pul ati on of the pol ynucl eotide, 30 or
i ntroduction of the polynucleotide into g4plant cell. Accordingly, the
present invention also provides a vector containing a reconbinant nucleic
acid conpri s} 7 I ; L eguence
encodi ng a b%lo Sﬁt‘ifrr]%n\sféle%n(?gé)sgl?é%igppl %Q(C%é}raé ?é/éo?)]ﬁ ﬁl gigcbﬁt% gg’g@gﬁb re
" regul atory eisanmmperated hemid by rafaended, s ideliesknte aoneappdifs Bghla@sry@]shdnal
vect or such ga a T-DNA vector (Horsch et al., Science 227:1229-1231 (1985),
Cwhich is i ncOffgPRIdEsHRPErific sy Phase speHicegulptory elementg inalpde the€nd? can

compr | e COTRNRRSwRinds Bpatn ST RSN IRLSINLes PlaEAATR, 1 O

i ncor por at ed1$i2t e2b8,0Y9R efkick mcipporporated hSpein by seferpnaedythé AANTSUALL al ., Mol .
Gen Cenet 247; -564 ich is incarporated herein by reference). In
T0 adai t1 on PEORAHRGANS Er ol Bsitr bt i ohie e 18 Epigal hpeanpisior: he

i nventi on, t?@m&&ta@ﬁv@inss%o&arﬂeﬁé?é}h | AaR6d VA4S al etk ot h%sm@,egﬁﬁﬁ i{ hat
facilitate, Tor exanple, rescue of the vector froma transformed plant

cel | ; passag@cemordied hereindry referenchlotite cdeld promioter And aycOB oremptentsee, fani mal |

bacterial, or_i ost ,eel | - . ) iLan gf _.an encodin cleotide
sequence in %}hag{]pjgé\[{ooé,af' ]ﬁ%f’ 0@‘%’?&5&398&1@3%%%% 33? é%ﬂg(}@a A% o di ng
region. K S8&hUSH SERTIC, 1990} MTsR o aRBlaff Cal 11359859 I TeRall ek bR
transcription and translation el enents, including constitutive and

i nduci bl e prérfotds $99F N isaenbach ctaabel Plans . |4:4d , 1 8%b cadhorf veldielnisl incorpiratedr et

al., Meth. E , 044 7 F | e vector. canycontain

ol errent s uscrat by ettt Rane onhed bR IR R Rl g5 o

i ncludi ng a terbtems @ackiet gi, Cellf76: 731 19084 indbilth iQindCrppfaddhetin byfitefencgn be an
i nduci bl e pronoter; and the |like. A vector also can contain one or nore
restriction BRUERLERba@7¢.dO8dhrbropotaef ) agapantliss ¢AQL) familyaaember, f or

exanpl e, 18 PR WkhAkR! ABTRUGRES i a&iv%g?%ﬂ&t gﬁst&m@%}litmﬂ{s-tfoﬁwval of a
reconbi nant nucl et aci o ecuTe. n additionto a nuc} eot1 de seqguence
encodi ng a bilowemg@saepdl epal, sgpt 1909); foraleabseikriorazine puaheters; Btispedifit ecul e

of the invention, or ector_containi ng_such a reconbi nant nucl ei ¢ acid
ol ecul e, calrogBirS Bk SHPdisSteoriGs o Bule B frePaar U cE s Sences
encodi ng an EWbdised t@0bBABI [HBorfbinkd hBERR acid LA XA TRbSuciifdh Fordsl glegnal
nucl eoti de sequence can encode an anti sense nucleic acid nolecul e; an

enzyme such agag@enis-pdant st dsvisihlyehiolpgungsernt iroenedusidfew|salscted tiasss onl kal i ne

phosphat ase, gl thione~S-transferase | or anphenj cql .acetyltr.ansferase,
ot no. 30, prkett SicB A8 REASHEA I B BARRCH-68 RERTRSH Gl 4ARE X phhidiied
phosphot r anskagastdevalopireat suehlay gefigd fleveringa VWO 02/ 08167 23

PCT/ US(12/ 11116

Inducible regulatory elements also are useful for constructing a recombinant
nucleic acid molecule of the invention. As used herein, the term "inducible regulatory
25  element" means a regulatory element that, when exposed to an inducing agent, effects
an increased level of transcription of an operatively linked nucleotide sequence
encoding the bioluminescent polypeptide as compared to the level of transcription, if
any, in the absence of an inducing agent. Inducible regulatory elements can be those
that have no basal or constitutive activity and only effect transcription upon exposure
30 toan inducing agent, or those that effect a basal or constitutive level of transcription,
which is increased upon exposure to an inducing agent. Inducible regulatory elements

that effect a basal or constitutive level of expression generally are particularly useful



peptide portion thereof; or a growh factor or a hornone, which can be a

pl ant growth factor or hornone. Expression of such a nucl eotide sequence
can provkgsoﬁo ans for selecting for a cell containing tprﬁ@&ﬁﬁﬁﬂﬁt’ for
exanpl e, by conterring a desirable phenotype to a plant ce contal ning the
nucl eoti de sequence. For exanple, the additional nucleotide sequence can
be, or encode, a sel ectable marker, which, when present or expressed in a
plant cell, provides a neans to identifyj4he plant cell containing the

mar ker. A selectable marker provides a neans for screening a popul ati on of
pl ants, or tQ | I ho vi.ng. th r k and, therefore,
a reconbin a%ﬂﬁh (t:}feglmti:écaeg il%elrlng)ﬁg%:ﬂus F%{pt%:oél rr% Slilb:s.?%xaa 2 AU %Yeggl 13@3 ‘%aéah nce

" encodi ng a ldnsiitotiverienclsafenpresaby, Fepidatple, At ealtabbiahive- ORI deedtergengradst ¥
confers a sel ect] vepﬁgvant age to the plant cell, or a plant containing the

Ccell, for ex@nopt Bve-fold seagter Pyrticyarly Begfilinduriblp resniatery elgmentsdqyaetinpue

sel ective aga‘?@ésalsd’r%n&ﬁuﬁ]el Qéﬁk/itg'o?tiﬁc?eaﬁé tﬂ%quél GF ﬂ'ﬁnscﬁpﬁﬂ gtqg%syg?oqﬂvant age

al so can be due, for exanple, to an enhanced or novel~ capacity to utilize
an added contpouold gasater thart a basat or @natithitive lactl@f transoeipdoy wsseoldtedavitiithd 5

sel ective advant age can be conferred by a single polynucleotide, or its
expr essi on pch@a@?),’elgmegg a conbi nation of polynucl eoti des whose expression
in a plant cell gives the cell a positive selective advantage, a negative
sel ective advantage, or both. It should be recognized that expression of a
bi ol umi nescent pollygpiepni"tducing eggnt'bisivdedtoaefor tms chamiaalskibtgicap bapitysivel |

containing the codi-ng .nucl eot i sequence, However,. 20 the use of an

addi tional s egtgt?%toffq%ec t}aigé?r,lp%‘%%q} a1 ug@%gm‘éﬁtog Flgment, FERPIEP! to
survi ve undegxpabiie tovius Bdhoink ag&RNeinké@on RN WedRSuctblBasatby Bdthdfth for
transformed plant cells contarning the reconbinant nucleic acCid nolecule.
Exanpl es of s@kmdlyapinitizied dereyoiondd ndisasddabevelebasal deepnstitutive lessl ofel | as 25

t hose that c . antyl .ite resist.ance.. far e I di hydr of ol at e
et ave. ibbioR ShF ARG GntE GHARS fsipk Bl SRR Rea Sl bSO o ol
(Life Sci. Advluflink3eletBngd 49 incifel) levél T MO A cASSEHDE bdlehaied®at Whi ch
confers resistance to_the am nogl ycosi des neonycin, kananycin and paronycin

(Her r er a- Est plypeptidgnBes yse of -apandugdre regglaipry slemneny by arecombispntamisieis s
resistan t . ' : - . whi ch

al | ows cgslel s&tléc?f%ﬁemégdg %%%F@@r?%qg%%ﬁgg gflﬁg%%‘ég%a%&gm%n%ﬁ%&h al | ows
cell's to utipalgeephide bnlyalt aidesipddairee, tiushiretenthgexttdaoisteansciifitional dat | . Acad.
Sci ., USA 85; 804?., B:alrl988%§i; na?‘no%%- 6- phosphat e i sonerase which allows cells
wo 02/ osl G ~Lanslptigpalackation iy the Pt 8lhit i | | ze mannose (WD 94/ 20627) :

orni t hi ne decar boxyl ase, which confers resistance to the ornithine

decar boxyl ase inhibitor, 2-(difluoromethyl)-DL-ornithine (DFM3 MConl ogue,
1987, | n: CurrentAcsadughigrgenionsiul in arcthod |oftheBhvwnsigy is @d¢ctedImsedion thar bor

Lab t ) d,d i f i1l ter. whi f 5
root st oy tRrkeuRRaRGRT Ry PR Bhdotahible b bR WigeRtnn.
59: 2336- 2338¢leh82Thn bAAdhdthlRRlonsial(FI) 2BhBatoBy diGfisntisiel 440 NriTope t hat

confer herbicide resjstance, for exanple, phosggl1 nothricin ]
acet yl t r ansf ©ealstory elsmentysiconpe drdusible ragylatary sisamend ophdespsyelterindudible (Wi t e

Sor i 7or crElil offiRy, e Ao bA i BRRGCER telemliea i REforse 14 PP -

gl yphosat e 1@arioms inseta naes, (oapphras tetet@dbyclinB) resctiaeipBgyt Q41,9087 92205-1998) ,

a mut ant_ace synt hase, i ch nfers imdazoljone or_ sulfonylurea
resi st an%i (i@eeiééga;;\ﬁ‘?t,t "F_EN/B%’@C A%lM 3@43{&1@?@?@%'%7%@% G&%ﬁ,a?m ch
confers resi A7 ¢ daoPE i AANSI ~911-917,
1993), or a %@2%?%?0?%{)2?%%3% nogcejdﬁ"%(o{'gg%léafgéetgﬁﬁﬁsﬁgg’a?gﬁtéa(l%gp?& 767,
373), or ot hwhichas lneopocade kareinfy refesinse)arithe inducibie repnbitary dkenicht slsc bams
glufosinate., In addition mark%elrs that facilitate i entificatif%n of a plant

cel | cont ai nPhE TSP TGRHIROEGT PIEN AR @ R RGO R TRFHEP™Y HEmeRtether or
exanpl e, | UC&&%Eﬁ%t%ﬂﬁ)ﬁ%ﬂtmcaﬂ@éﬁecl%ﬁiin respbnse o éelysdir otirgistaiha, J.
Bacteriol. 178:121, 1996), green fluorescen rotein (Cerdes, FEBS Lett.
389: 44- 430 16dwistapherspn gl al direm iNggls deqd) 81, d/%bBH:63dB63 18, 18923 Soheraandl.,

art | Such ot s Sty 5o IS RATPars BeT. i ERuRlel oSGl 1

herein, a vehérein Bfrefdiénce) VRNHIURIONCHB répulord dletaiibhBni cold etpohsiaei d

nol ecul e conprising one or nore regulatory elenents in operative |inkage
with a nucl eotide sequence encodi ng a bi ol um nescent pol ypeptide. For
exanpl e, the 25 reconbi nant nucleic acid nolecule in a vector can contain,
in operative linkage, a plant enhancer, plant pronoter, a translational
enhancer, a nucl eotide sequence encodi ng a bi ol um nescent pol ypeptide, a



transcription term nation sequence. It should be recogni zed that one or
nore of the regulatory elenents initially can be a conponent of the vector
or of the, @ﬁt) ant 30 nucleic acid nol ecul e. WO 02/ 0; IJ‘].QE

PCT/ USOZ?‘X??% I'#one enbodi nent, a vector of the inventig g(r?%(é?lr?s a
reconbi nant nucleic acid nolecule conprising, in operative |inkage, a CaWwW
35S enhancer, a CaMW 35S pronoter, a TEV transl ati onal enhancer, a

nucl eoti de sequence encoding a |uciferasg;pol ypeptide or variant thereof,
and a CaW 35S term nator. In another enbodi ment, the reconbi nant nucleic

acid nol ecul | int viect ar ri,ses, .n operative.l]jnkage, a

_ dual Cawv 3£gglgﬁgﬁélg§gn%&&l%%t %Jéi‘ﬁ?%ﬁ%? re,le%e%l'—_tbe FP‘%’?QP & %‘ﬁﬂucﬁ ﬁ%hncer,
a nucl eot i debeseffieaiidn respendditd @xposuttSth doMCbT RARERpYGAEBTakARhi &t FaMWV 35S

termnator. Vectors of the invention are exenpli ?I ed herein by a vector

having the niferelobisint Lot 1892.3¢ich i ingorpqraied bereinabyesfergcgire | ), and
10 by a vect : | i e f .D,:NO: see, al so,

Flaure 2) . AR A6 MEhER L AR or Rpo R Pis Fb B epfiite. e

forth as SSEQnenddforicantl SER sgndv@nBritelfedugiisepent ragnlaesty icliment @ucRepvi des a

o cont ai nt - LIATEEe BOT v 1DGDaHR oI neshorHigd PGt FEarwAs L AIEDE ur t her
provi des a niﬁ&\!i@ﬁ'l@%gtﬁit@%‘élélﬁ@t&%ﬁ@iﬁﬂﬁﬁﬁ@ ! YedioGs, g?egezpbé’élhzfﬁbbl-trf*%?ﬁe 4

vi si bly bi ol um nescent. used herein, thé term "genetically nodi
when used i nndeflaraelidende248:491a90; eadh, of vdrdeisis ivatpdrited héreintbycetdreree))t ai ns

an exogenous] y, introduced nucleic acid nmol ecul e. For_ purpqses of the 20
pres en!g'.J i nveﬁ%&o@ﬂg‘? }rﬁipplﬁﬁqugﬁlam %@B’Lﬁfl@g’éﬁméﬁ’@éﬁ% chtlylgnd o
reconmbi mgnt YL by%zcmgosi(kwgbﬁqwr@s QQPPlant NOL B, 95:2263(1992):?9&8116&1%}{‘;11

el ements operatively linked to a nucl eotide sequence ehcoding a

bi ol um nescefingemoypied hein byoreferencsdtand thokiiteaiAmé¢ingdinchythmrreguwlatornant

nucl eic acid e, The,nucl ejc,acid nol ecule.can be_transjent

associ at ed vﬁlaﬁgrﬁcﬁg&bf‘sa%f&g@rﬂm%ﬁgseﬁ’eﬁ’é?’éﬁq &Ml fﬁttf\tfyp ’égalgﬂghgw th the
25 geneti cal 10870887, indicicie ilcorpzaté@ hbrefishy feferdic@P@idalsotie ddasidasd an

aut ononously replicating nolecule or due to integration into the plant cell

genomi ¢ DNA @Rmpleek angnipgible sagulateryselement, siederexaresson fram sweh pipzomoter| | . | f

et | 7 APRAYRE o IRFAAING 1615 FRAGIRAN iR Blie ilagd 10! ol © OF e

invention can be introduced 1nto a none 1n a sitespecific matter,
for exanple, by honol ogous reconbination. 30 A nethod of the invention can

be perforned, for,6exa i ntroduci gg a transgene conpri sing

le, b .a
reconbi nant nucl ef*d® tﬂrWP‘éE‘Eﬂoé’e@I“VFIW ke oA RUseolide sequence\encedling 20816- 47
26 PCT/ US02/ i flhfinddeait : bj i :
pol ypeptide is exgr essggﬁﬁﬁﬁ?ﬁﬁ% g%taéoggj ?ﬁegltﬁ.'&ggﬁggé{ng{uﬁ? ?g%%%?%%lgle at
| east about Gden@plranslational boBarshnohethofA wrarstiiptéonal gliehcarméefeciond. As

h, t £ i tion .alsq. d tical dified plant cell
or oducedhy BRFRTASHLSProsa: KGR AR bE 28y GUPce gonally pRacilgl Mt S bi ant
contai ni ng oplaggieas 8t atledfaBPRrFiHN afotBENR birksdh that AR inhhRdr BYtAMNY i€ 8/plant and to

pl ant tissues | ant cells Plant organs and seeds produced by such a

transgeni c pelinfor example; p plaat yisusenbepgsT.ox ap epkawcer T algene expyessedisaated f r om

t he transgen r.fr | ant [ n i e agbtained from

the tr ansger e e celf or s ARESR @lufiflds MenBleflh ol 37 HE e MibEiniae

contacti ng tvieusghatrihfec®lsich eullst Recadifiotviembbayc vipsH (Ua®V )15 dnhbkicee & dn

derived t?erefrom wi th an agent that reduces or inhibits pignent synthesis
a

in the prant®XeEIPle @fa plantyvipissahancer that iaisefsk formcrepnmg di teanserptionat t he
i nvention, fogivR¥aem hﬁ?ﬁ%"{% YN Wufth i oBGLAOAY ARk, TSGR he 2

wat er-soluble red to
embodiment, a recombinant nucleic acid molecule of the invention contains a

CaMV 358 enhancer operatively linked to a nucleotide sequence encoding the

bioluminescent polypeptide. Preferably, the CaMV 35S enhancer is a dual enhancer,
30 comprising two copies of the CaMV 35S enhancer nucleotide sequence. An actin 2

regulatory element provides another example of a transcriptional regulatory element,

comprising a promoter and an enhancer, that is useful in constructing a composition



pi gnent; a carotene, which is an orange-yellow pignent |ocated in the

chl oropl asts; chlorophyll, which is the green pignent in green plants;

xant hoph)qvb m ﬁh is a 15 yellow to col orl ess phot osynt hl?(?]t[‘/ﬁsﬁ/l"i‘ﬁ

pi gment, or any ot her pignent that can absorbs visible |i or exanple

| ycopene, which is a red pignment found in tomatoes. The agent that is

sel ected for reducing or inhibiting pignentation of a plant is based on the
particul ar pignment, and that the pat hwayi7 nvol ved in synthesis of the

pi gment. For exanple, an agent such as norfluorazon, which inhibits

car ot enoi d 24 thyilBfdrSor fradtich d&ﬁ@tﬂo& B8f the ﬁtleﬁgeéﬁﬁm@&tld@g %ﬂlf) yll in
the plant cell, thus enhancingthe emssion o reater er o ot ons
" fromthe pl aFEQ FRINQ:5dr Afmctailfahxonalmsrwmtorypdlanentqbeusmdrffsdmbmemvtahqﬂ@bﬁmt

I, The t | ant diy herein ! | ud | ant _at
Stage of 25 TAERRRREETBIREY Sepiant ieght 45 aephess o4BF pisy T epha ALt | ng

a plant cel lproided @B lad@iiohal@dVini® that 1%@1&36@5191%&%1@16%1‘?&{%@% , and a
plantlet. A plant cell is the structural and physi ol ogica It of the

plant, cconpriusiestjdes Pr0tpl 1098 f FEQ BENO:4Jal | . A plant cell can be in the
formof an isolated single cell or aggregate of cells such as a friable

callus, or a cultured cell, or can be part of higher organized unit, for
exanpl e, a plant BGrahilssstel cilaaddr, WhGB RnhHoedhaRlation BES polﬁ}rpéﬂtﬂetm gel | can
be a protoplast anet e producrn cell, or a cell or collection of cells

that can regdlag tlégﬁ%f@efae%(ﬂeéer wihereinms aplasts translafional enbianast), seafptinses
mul tiple pl ﬂﬁﬂ f t i 02/OAIGI7

PCT/ US02/ 11?51%0%{)#%?0 alé\/\ioﬁ?&ei&%?éacﬁ , fltlé %gér}gfo Sujglgaﬂ %ﬁ for purposes
of this Ul sciroslatienal Anhdiat thhi gehellglis sadifited withn plan gbﬂe or wigied gene of
protoplast, callus, or any other groups of plant cells that |s or gani zed

into a st ruct9HSF otgantsih cExagples rﬂﬁlantﬁépﬁlﬁwah?ﬂlﬂ?n%%&ﬂm epelen of a plant

i ncl ude harv. ny
pllant's. A haruLot Aar e ado SthaRl ok alhiiorkblo ALPRAITIAN BhgpigaEry

- for exanpl e, erﬁthm@e,rasld agobdoen mcsmedrhmmgsnslatmhelrarhaﬂmam asslteecrfﬁegaf ruit,

seeds, roots i ke. A par e ul for propagatr on

i ncl udes, fo‘?nhé 68’ IIOES’éEH’%p eﬁr}“ﬁ gdesgt}gp Wti;@té o) (DYO:5; st alse;

r oot st ocks, @mngtaﬁ ahut?eedlﬁ V%,era@mnmgoob%meaaﬂ ﬁﬁn[@%ﬁﬂ%ﬁ%?ﬂ froma
genetical ly nodi | ant " cel I, i a | ant’ can be Tegeéenerated
froma pl ant 138} each@fg\ﬂwplsmcommtt:d beﬂeineoy lafepcvrmebps well as dlesmehtpudaz a p| ece

or ot opl act s Variee oPiesuBi D E R lnete bt it REFUES B e

suspensi on ofropii0g@R! (Taier 6RIFRter AR, FROL 14701 6RN V51 1997 PRKLE S, enbr yo
formati on can 15 be jnduced fromthe protoplast suspension, to the stage of

ri pening andmﬁ‘é‘Pﬁ’iaFF‘altlleé‘ﬁn bYH%fe’i?ﬂFQ)urAereﬁ%@P’ala@éWé}%ﬂ acjd mokacalersd thear i ous
componens NEGERRA N hRb SHAN AT A0RBAE Aldudl sl iAldRof OF exampl e,
hor nrones such as auxi ns and cyt nins; no acrdssuch as glutamc
acid and pr Oiransletilptdnpﬁngaxmgphna ph@admytaﬁou h@galplﬁﬁ@hlﬁﬁ@@&ﬂ &&nm&fofrllﬁadxent .
regeneration w en art, on the nmedium the enotyp and 20 the
history of tREmREe EEnSpRDROpUSEn RaRonL TR Vsl 18 ARSI faga raremb

regener ati onpicgeid SQARHIEM €. Regeneration can occur from pl ant cal | us,
expl ants, organs or plant parts. Transformation can be perforned in the
context of organ or plant part regeneration. 25 (see Meth. Enzy nol . Vol .
118; K egst et al. Ann 467 987 ch

i ncor por4t ed her e‘f‘ﬁe%ﬁm g %PB%E aCI}aLT?IF?‘E‘? ﬂgth rl.%ve al%b célh contain *

di sk-t r ansf ofggRlatopy ERERAR T4 RA fBﬁhhﬁ‘ﬁon bPterBitioh 6f uﬂtstsdf@n df Bothul tured on
sel ective nedia, followed by shoot formation in about two to four weeks

© (see Horsch @eluding, f@@rsmaple;tm)em@mboscm endry m\(auz)ta aK@zd«mgmteraom

calli and tr riat.e rootinduci n el &g medi um
Root ed pl ant ﬁ%ngr e cﬁlre éﬁ%%{)gglpg&npg?gtgf Weg’éo%%e Ws@ge 6‘8@&“8 ta(%t root s
" appear. The glqagide@hsodinga BEOPaRAbA,ashictstelRitidics BEnsletivin. | THeG8@AtBE, rrat urity.
WO (12/0816-17 2S PCT/ US02L11111 I'n veget atively propagated, crops,. the
mat ure t $GnsEEmFRt aljogndemckotidasqrensegneeding ¢ aétrtsmf‘@ée Signel peptide,
culture tech n I of
desirable t rgénfs]%&’gﬁ)#&seﬂlfaglq%&aﬁe an %ﬁ ﬁ‘lé\%‘ évlg% é‘#%‘lsn ba%rlga% dalﬁﬁlgeg&o%%&t
propagat ed végekahplegihertatis desimsnte icehlizestte biolumsiaesteprpobggptiéstocr ops, the
mat ure transgenic plants can be self pollinated to produce a honbzygous
inbred plant. The resulting inbred plant produces seeds that contain the

i ntroduced transgene, which can conprise a heterol ogous nucl eoti de sequence
encodi ng a bi ol um nescent pol ypeptide, and can be grown to produce plants
t hat express the pol ypeptide. As such the |nvent| on provi des seeds

e M AN " -

I



t hereby providing a neans to obtain transgenic plants containing two or
nore different transgenes, one of which encodes a bi ol um nescent

pol ypepti e other 15 or others of which confer a i I

char act er‘?@tﬂ?@a{%ﬁt he plant. Methods for breeding plants gﬁ@bée 3L ng for
crossbred plants having desirable characteristics or other characteristics
of interest are well known in the art. A nethod of the invention can be
performed by introducing a reconbinant 2f; nucleic acid nolecule of the
invention into a plant cell. As used herein, the term"introduci ng" means

transferrin : Y, I i I ell. nucl eic acid nol ecul e

_ can be int rg‘)c?até@?iéric% ag&tggfﬁdﬁeg gxe\?gqugg&u%lieuswg{:ﬁl%? aSﬁé’F apgt ?Fpl e, the
reconbi nant subedikilar cagindlientl £plahiecell Subk intRelilindbealishlicilcaaR paficagrtya ned

introduced into a plant cell using a direct gene

in a vector, cgln&%g ( Si [
transfer neth&H sber ths sorpticplbemedidisa seilon phant sentpimedheesll. istorbedised e
transf or mat i pRceQ8h 48] i i i used
nerenn, the T orea v ok 2 SIRARE S pakIoH, TR AR, bR S iy oF
exogenousl y i ntroduced nucleic acid nolecule. It should be recognized that
one or nore nucl\%c aci d nolecules, which afe the 30 sane or different and

at |east one of !U@Hslpgorhm,lt SRS bpamnatigp elementen Qﬁh‘?ﬁ?F%@P@f Q;?mgﬁ(gan

i nvention, GgtdatinddlihPRRRIOAL Qe eﬁé@afcoeiﬁg the BibIB ARG tgxgﬁgﬁﬂieacaﬂeans
to obtain a genetically nodified plant cell containing nulti copies of a
si ngl e t r anshgerxegulatory elamedPihaBis GorrRdlPETodiISeR ivith tHénmwbsutide sequgndena or nor e

di fferent genes, either or,.both of.which can be present ji.n nmyltiple copies.
Such genet ?CIE\ 5 2R &R %Paég(’fpﬁ?‘ﬁ H‘tldﬁ%t}‘ilgs]se%ﬁ’i‘cﬁ as ?)F‘Bg%’é’a?e ‘P%‘FS lg‘sj%ﬂi'f)é?m@yp
sinply s ecidniral Rt of&inlbe H&?éfbl@goﬁvtlbttﬁeﬁ'nﬁ: KPRt SRuBicetindiop&agvdiype of

1
transgene, by cotransfecting plant cells with two or nore popul ations of

di fferent triafsddimpetoaddldgidngeseiipiory glemeatssueloan ai iniroy sequencewd®dror nor e
different tr LQr Qssbr eedi t yansgeni c,.pl ant ac whi ch
cont ai ns one&éﬁgﬁ%%%g‘s@?éﬁg{o? %sﬁre%is@qgan(%r PERERYCr ) ﬁéar:lﬁ%’s 0‘8:3%‘8&@

havi ng the deIM¥briATANYQsise enhalvbd Bigtiessionrofiamutieetidy seguéhcd¥sdading Aci d
nol ecule intg a plant cell to obtain a 10 transformed plant al so include

di rect gene Piphunescentpolypeptidiangdnthorafenss can begucospopentiof ageqonthinant

el ectro at J - plali St i h as particle bonbardnent,

pol | enmedi atllcla'%%tl? géﬁg#%@%ﬁ% %ﬁﬁtwgﬂg% &'CRNA virus- nedi ated transformation,

| i posone nedi ated transformation, transformation using wounded or

enzyme- degraded i ture enbryos, qr wounded or enzyne-degraded enbryogenic
callus, and the 185 fisgsedray! f%%??tmsﬁgf%& rﬁseﬁgnﬁ@aabaéﬁle?%ﬁﬁc?ﬁ
tunef aci ens #urechgiahiithclelé doi® hidButlScd rﬁing"ﬂxﬁ%ﬁﬂ@&qﬁ%@ngg&lﬁ% ng
(Ri') plasmds, or other plant virus vectorsp are well known in the art (see,
for exanpl e, a YolpihassaNolwiEpt dbeantbegrns Vit bad Wherelvkthh setombiranP| ant

Mol ecul Bi ol " .((Academ ¢, Press, NY 1988) ecti.on VIII s 42| -463;
&1 o Sortand b got BEALTTE HiRT e bisite SEbnRee 2ebpB T Gondon
1988), Chaptgiast cétlSuciea@tiheiplad celisivasibiybaslnmirk&at. N rédombant ghciEiRNCE;
Horsch et al ., su?ra 1985). The wild type formof A tunefacierrs, for
exanpl e, conddd mlesuls ofgheswertion i esempelifieddrys inenseiveiliokagst 2 CaWB¥ i geni ¢
crown gall g h EMRL Tran i i0g: T DNA
regi on of th%%rﬁ%ﬁgegmgg 0 gg%ﬁrngt%é%g‘%, ‘?Jélétaprg%%%ﬁ%wkr‘?g%ﬁ%lg%‘% encoded
virul ence geswgaems eneddinga lucifobdde polypaitiie o vanidrit ciivreufgand as@MWT di rect DNA
repeats that_delineate the region to he transferred. An Agrobacterium based
vect or A2 S iaaro et erﬁboﬂmﬁﬂagﬁwyﬁﬁ&mlhﬂcﬁwmwaFl%lyci ng
funct | 00 o1 abRPh 56 GhaRler artifl ARIfeASe SESHEIRE oPlaridth BASIrid k" 1S to b
luciferase variant. In anotﬁer embodiment, a recombinant nucleic acid molecule of

the invention is exemplified by the nucleotide sequence set forth as about
nucleotides 8366 to 11,113 of SEQ ID NO:2.
30
A recombinant nucleic acid molecule of the invention also is exemplified by

the sequence set forth as nucleotides 8340 to 12,098 of SEQ ID NO:4, which



30 Met hods of using Agrobacterium nedi ated transformation include

cocul tivation of Agrobacteriumw th cultured isolated protoplasts;

transf or ngly BRshii7 Pl ant cells or tissues with Agrobacteri

transformati on of seeds, apices or WO 112/0816-47 PCT/ %@M]ﬂ]f fi 30
meristens with Agrobacterium In addition, in planta transformation by

Agr obacterium can be perfornmed using vacuuminfiltration of a suspension of
Agrobacteriumcells (Bechtold et al., C R Acad. Sci. Paris 316:1194, 1993,
which is incorporated herein by reference). Agrobacterium nediated
transf or mat i RRRHAS i YV r i vect or. systens, in
whi ch the corrponeritlsgi{;)gfr t%eﬂwggﬁa@%@lﬁgﬁé&éﬁﬁég\nggi%’e\égﬁa?oziyﬁlﬁnﬁegf vect or,

" whi ch resi deeompnismnanedhancen ahé prodgptetiantlestidzs 1 j006 to 821098 af SE@IDt he
vi rul ence ge]gxa%) and a shuttle vec whi ch contains the gene of interest

~ bounded by 1 PRIACRESR, Eisediong; g‘;Pb’(/@é‘FEP@de&rl@’ﬁﬁéltP 1RAGhRE SEQTRe art

(see, for exmQy | ﬁ.%r}p‘ , , t al.,
Nat ure 303: 178),3 *)igggl,qe(gg%k@@%n\?ﬂs@-&gl I h@g%f%%eré%gp ﬁ§$§i ‘Fﬁ@ﬁ&?‘g‘% 8fence)
and are conmiichiaaluoy (mvcdédtided 2015Gb d0166C oy SEQ 1B WOL4) afd)en REeS E9 polyA
transformati gn r gbaci et C b C red, for. .exanple, wth plant
cells or mu%&ieo&ég}@gﬁb&eg gé%sﬁ%é&g S&&s@hgb odt a&‘i&ﬂ?’&rﬂ@?m&@nﬁ%ﬁpocot yl's,
cotyl edons, gGiddh ptidGRSecdile 6HRE fvehB8ifalsd Brexgﬁﬁgﬁﬁé@by {Helseiucnbllsel n,

"Methods in Plant Ml ecul ar Biology and Biotechnol ogy” (Boca Raton , CRC
Press 1993), nygheatides & @ ATHY G STEQ HA N6 ewhichynolwtesia wperptivébuicagesancel | s

within the p t,) Ll t been infected Al bact erj astn can
devel op or ga%@&e&ggl\%%&?%ﬁ@ﬁiegu@%&%é&qﬁé a%(gégpg%?qrgpléﬁgogﬁfms git‘bns; t he
resul ting tr ASgESEQ D OWD:S), 20 omegh trandlhtiond] Mahées SndcReotidad BIg®th q 294 81t S,
whi ch contaip an exqgenously introduced circadi an-regul ated pol ynucl eoti de,
or an ol i gonERdBINe)pRuGlenide fequsaee ensgding Bducifarasemoliwaptidecat variant
transformati : [ tHhansgensC nts,
el ading. 1 or ok vehie hue!NEIERidRE 2108 o BF LB R A dR GBS

Ar abi dopsi s, polyAtregidn (mepeetde2 ®ado 852X of SEQABAYMISY. | egum nous pl ants such
as alfalfa, pea, soybean, trefoil and white clover; and transgenic

sol anaceous plants such as eggpl ant, petunia, potato, tobacco and tomato

(see, fors exanpl ep WégbifintAheleic ablANSTRiEBE ﬂf%glé%nua\}ﬁ%ﬁn% 4 o@iebtide

M croor gani sns" (Canbridge, University Press I'S 1 ncorporated

herei n by r efeguenveencoding abtiluhimescenippapzeptide Dperatd@iyriukestte dnt bamsfeoor mat i on

can be used to jintraduce, ap _exogenous nucl eic acid | ecul.e i.nto appl e,
aspen, bel | arc?gﬁhgo,ry Sggbe?tscﬁ)ﬁeﬁ Pec%lﬁ%#"“?lot%ll eé’ﬁ?‘,“:e&ggf B?ﬁ% }l?fﬁ*}ﬁ’rfg%wf%gr ape,
hor ser adi sh, "dpRtdiive8, linlked,Niwhen G M refBHBKER] SftouRfRTelcRRBl Md a SbrbErry,
sugar beet, WO 02/081G 47 PCT/US0211111G 31 sunflower, wal nut, asparagus,

rice and ot heclentidesequeses whiddy cagbgmppiier EERIstory algnEhbISedingsomtagr 1993;

Hiei et Y . 1 2700l - X j Dt o, . Science 270Q: 1772-1773,
1995) . sﬁSui ?éaa%%{&%é?‘g%?sﬁlég%%e ?Ae.%a@h"%g?%@egﬂ‘ss?’g%‘ o Vit §eSB%°t§%ﬁF Sgeond
t ransf or mat i muclaftidégeqizacs sich ahan e repilaRpy tlainentrestshtsdoaktpa vt jegpeciedi a
are well known in th&art (Gv3101, pMKIORK), Koncz, Mol. Gen. GCenet.

1 204: 383- 306, O1hgsccopdapelotidsseaene Hsubsipalllyshe samg mpnnesas i deeswharg: 4777,
198S; Bevan, i i w87 4: . , . : d. Sci.
USA 86: 8467-%??%11?%@ 6 é‘%%‘ﬁ?i?‘e t S By Sugshle S%Eé%égﬁ koncz,
Speci al i zed pmvtoters, hosxagele geaggilyactamd pesiporasd amensdtioni dependent matreent

Mol ecul Bi ol nual Vol .. 2, Gelvin and Schil peroor Eds.), Dordrecht,
The Net ﬁ%srl a?ﬂfg&%lq/ﬁ%rpoﬂgﬁaﬁqﬁt@r I'-"G{S‘Fr.l ‘B{%g}ﬁ fm%@g’f{ss @.ﬁ%&gﬁy%at ent A-1 20

516; Hoekensg 1 1B ; F: o4 ters B. V.,
Al bl asser darﬁl %c}gng) , ggg%}t% gﬁiwgf%gggﬂs;é%hﬁﬁgcﬁg\}gﬁ ?f %@é&%‘gﬁ? hﬂugéé?ﬂ 4:1-46;

© An, EMBO J. @omyrisoszphag8s)canihkine relatively positiom anorientatiomi independentol ecul e

is contained_in a vector, the vector n contagin functional elenents, for

~exanple "l _ef{naB?ﬁI. cag} b P"?lﬁame@‘csﬁS?faﬁﬁ“nd%fé‘gﬂ%%‘w‘gwﬁl?Pél%?% cgip or
Agrobact er i ugdwididea fRdrh QWah&iripSibABlaft sitBl Gh 84 irAfoni wikifn m@&dﬁifg%gioﬁ gpome.
Furthernore, nethods and vectors that permt the generation of narker-free

transgentt p# &pies yetrshil beapaystizely dinkedtoathe epding ragfion seeaskeenlpnne is | ost at a

certain stag f..plant~devel. . or._pl ant eedi are known, and
"l ade, *f or TbsiBi G TEHEP B R g b S 2y e R B
Biol. 13:1 Sinthiliéig thd B8Stiomesef a RhmtibédieguBiody seqhién@lsubR4s anl BALY or H1
met hods that utilize enzynmes capabl e of 25 pronoting honol ogous

reconbination in plants (see, e.g., W97/08331; Bayley, Plant M. Biol.
18: 3S3-361, 1992; Lloyd, Ml . Gen. Genet. 242:6S3-6S7, 1994; Maeser,




Mol . Gera. Cenet. 230:170-176, 1991; Onouchi, Nucl. Acids Res.

19: 6373-6378, 1991; see, also, Sanbrook et al., supra, 1989). 30 A direct
gene tra od such as el ectroporation also can be i ht roduce
a polynugﬁégé@%ga?nto a cell such as a plant cell. For exgﬁgﬁgéﬁ%?ﬁnt
protopl asts can be el ectroporated in the presence of a reconbi nant nucleic
aci d WO 02/ 08167 32 PCT/ US02/ 11116 nol ecul e conpri sing a nucl eoti de
sequence encodi ng a bi ol um nescent pol ypgptide, which can be in a vector
(Froomet al., Proc. Natl. Acad. Sci., USA 82:5824, 1985, which is

i t ' f . Electrical jnmpul f hi.gh field
trongenr ovERElaEidFeBYialoll BeReS hcn F EHL LS Bparb R e R Somb B AR on of the
" nucl ei ¢ aci dappidRiitd RBGNA TR MR el PERWaPdndshsths & foF B@érstgve@fﬁﬂkiﬂ@édch di vi de

aizd forma plant callus. Mcroinjection can be perforned das described in

~ Potrykus andclepapigarsrerting adhe yit (scenfer pramnle.cvambgosk el s "Mejseulager Ver | ag,
Berlin, NY ( r " { I [Nl the i oduced

r econbi nant %ﬁ’?z‘ﬁggf c&ggf’gﬂ%ﬁ%%ﬁglgleq?g@ %?gﬁ{g&%;%ﬁ ?#]?Aeb r%%g I{}%Sstll’%é)pr esence of
a sel ect @bl eAnmbkket al.ntCurdad ProtoddieindvioktildcBiolegy" $JomplWildyaniBdneoki ng at

t he pl ant c;ﬁl S, and]tvﬁgigéj/i ng Vi ?i bl e bi ol um nescence. M craoprojectile

medi at ed t r aR&fBIFR » 8B4 sunplegentsBEPUes 1P ) stk vduslbis dvasrrraried nucl ei ¢
aci d_nol ecul gorgfy yfigreld¢ention into a plant cell (Klein et al., Nature
327:70-73, 1987, which 1s" incorporated herein by reference). This nmethod 15
utilizes mcroprojectiles such as gold or tungsten, which are coated with

the desired nucleic aci.d nol ecul e by precipitation with calciumchloride,
sperm di ne or po!@éPWI}@W@?’&W@.n‘}%W ?’ﬁ“i:‘?‘Bi?FB‘fg%rt iPP‘témbé?qquF‘é‘s are
accel er afed_afolbde RREALCT Mbsa sBh ke bf HRUG rHér'eg%Sﬂmg)gi{kﬂélébtﬁlE&Qr as the

k
BI OLI STI C PD- 1000 particle gun (Bsn OoRad; Hercules croprojectile
medi at ed del fibanugleptigesthitoire libkadisagether ity a4 phiosplasiiastor Abhd; Asaich] the germs

transform pl ant .c t re.difficult to transformor r nerate usin
ot her net hgd@c f"ﬁﬁ%‘%@?%ﬂ%@‘%ﬂ ST BRI A pﬁgfor?gthf)rle%ﬁr’ Fgﬁ%’r?et hods ar g
wel | known (¥athetiPlpahidettaibohotleiclabitls8duehBe, o Wedlikeyasd tan B3l s finRdeDY

11: 1553- 1558, 1993; 25 Christou, Tretads i~t Pla~at Science 1:423-431,
1996) . M cr ofrdjubla strapdede a5 web@s 8 DIRARN vaybiad Rathesmers, thedermsfage ussdanpl e,

to generate ar. | ft o . I i_ncl.udi ng, cot ,
tobacco, 1xor ferdh e B nch LA ARt BN BB RS AR ARRERORED
1993) . I npor framta @4l aawell boPmtlstic indlsculddeahich@ah be Begphey, fos exghple)and rice
al so have been transforned using mcroproj .ectile nmediated delivery (Duan

et 30 al ., NBFHPEs of desural syathedwoutymenzymigic msthods Rhas bdhe poligpprase

Bi otech. 5 ié&irl&%cti&g@bﬁa . Artedghn ks B&Ht'“}%tdsé’c[‘hér@ﬁ‘%ﬂ%f@;tﬂo% wRRE &R T or
t he production of 1xansgenic plants such as a systemthat produces

t ransgeni ¢ whekculerthatupproducddrbeelinking togethsteat leasiA®0RICESLOF se@Bences that

PCT/ USO 1116 Eur ope Pat ent .. EP 0709462A2, whi ch is incorparated
herein by ref'&"8hé erai‘l}slgﬁgg PEFEE LAt O SBF &Jﬁ‘fﬁlﬁa”?ﬁﬁﬂ%é c pl ant
accordi ng t omdldeBlchabopaskEBwithinané pRBent ikVeatién 1sQMdtRGuidRie 8l Chucleic
identification of gene functions. e transformation of nost dicotyl edonous
plants i s pogud plodeopie thatmay hepleduesdd & cximple, dbinganeidsiansf or mat i on of
nmonocot yl edonous pl ants al so can be transforned using, for exanple,
biolistic nethods as descri bed above, protoplast transformation,

el ectroporati on ofn gaktdlaht sudlestieaborhprigae & @dcdombiriant MRIKIE héi@ ModculNA usi ng

gl ass fibers, Agrobacterium nediated transforpation, and the |ike.
25  polynucleotide or nucleotide sequence are naturally occurring deoxyribonucleotides,

such as adenine, cytosine, guanine or thymine linked to 2'-deoxyribose, or
ribonucleotides such as adenine, cytosine, guanine or uracil linked to ribose.
However, a nucleic acid molecule or nucleotide sequence also can contain nucleotide
analogs, including non-naturally occurring synthetic nucleotides or modified naturally

30  occurring nucleotides. Such nucleotide analogs are well known in the art and
commercially available, as are polynucleotides containing such nucleotide analogs
(Lin et al., Nucl. Acids Res. 22:5220-5234, 1994; Jellinek et al., Biochemistry



10 Plastid transformati on al so can be used to introduce a nucleic acid
nol ecule into a plant cell (U S. Patent Nos. 5,451,513, 5,545,817, and

5, 545, 818, /16783; McBride et al., Proc. Natl. Aca-~l i
91:7301-§¥8¥§%§§§ﬁ). Chl oropl ast transformation invol ves Fﬁf@goﬂéfﬁb
regions of cloned plastid DNA flanking a desired nucl eoti de sequence, for
exanpl e, a selectable nmarker together with 15 pol ynucl eoti de of interest
into a suitable target tissue, using, fog; exanple, a biolistic or
protopl ast transformation nmethod (e.g., calciumchloride or PEG nedi at ed

transfornati 6ne . i bONS, (tar | equengces”)
~facilitate h%ﬂti)Pogous'?’%?’el(]:gg?b%%tlisﬁE!iﬁr}tg‘ﬁ&fe%&gg%ﬁg{so{'i 1§-%§?&%Q§?iaﬁ%§h Sfl ow t he
repl acement whichuslincorpatdtahhepéindyeefefance)r egi ons of the plastome. Using this

met hod, point nutations 20 in the chloroplast 16S rRNA and rpsl 2 genes,
~which confer resistance to spectinonycin and streptonycin and can be

Nat | Acad. Soi - ooy PEEBl el Yond A05E MRl RNTReRbf seunoll

?: 39- 45, 519f9ge)n,eral]@'si§1 hptadslphudissttatﬂomdhg%m{givﬁ tﬁeg:ot/aﬂtamﬂj‘o?d?&mcs? bla'an}aof ™
requency of approxigately ane per 100 bonbardments of target |eaves. The

25 gr ese%ce %‘FB%PB%?% E‘?’%@énﬁg&%é plieger IPPé’rdk%P’%OSQP?TBM‘éfg%P@%Pon of a

plastid tar %&éjﬁﬁﬂ&lﬂ@ Gl of Ay dthdrHE Rhbwi tPhodneh PRk FENR 65 1%%“"

Mal i ga, EMB 12: 601- 606, "1993). Substantial i1ncreases in tr rmation
frequency areuckstidesedproguocsphthetanmiynusieotities (sex dursixampleRNAN @t alr, NychHt ei n

bact or i ol aci G BRL 2Ry HeEBgEaM honye: ReBAaaeRy T g° St hiire
ani nogl yuosi eigh 3f whildii liddoffdedted REBin(bFUeReréie). MBlelifdbrpdRalsn ofNat | . Acad.

Sci., USA 90:913-917, 1993). Approximately 15 to 20 cell division cycles
fol | owi ng t regmsharislyicserrape nucdertidglanglogeepiondsilinking dwatuckeotidesopl ast i di ¢

state. Plastj W, / 6..17 PCT/ US02/ 11116, expr essi in i.ch
genes are i nésﬁej‘lrkfgesﬁ %Qﬁg%gﬁ%l%&%&ﬁle %%B#ﬁa{}“.cf?hc 94 Wogef'?lseﬁ %{H‘Feex%%rtﬁl
thousand copiresnvidoniriegt thar catlcaritail Suicledl@RNQITIR iRHRTHg, ifor SasiHIQh Pt cel |,

t akes advant age of_ the enornous copy nunber advant age over

nucl ear - expr B58e guifR swdipn peing plantellcsinge she medidied malegulesan beleds | y exceed
10% of the tglalyt protein. 5 Plants suitable for treatnent
according to a r?etﬁﬁéo%mgga%@' nvention so as to be visibly biolumnescent
can be nmonocots or dicots and include, but are not limted to, naize,
wheat, barley, rye, swee ot at o, bean, a, chicory, lettuce, cabbage,
caul i fl ower, br chdquicifc\egpéq %ﬂb?ncf’QBP@W}H%‘&%WQI&Y\WC&%‘H’&F&PHWn, garlic,
pepper, cel eppospAdiisdstaids, RIMBE i S/ R yn G e @m@@@&&ucé@@sﬁn quince,
mel on, plum” cherry, peach, nectarine, ag’ﬁ cot, strawberry, grape,
raspberry, bregebwanyDNA methods, usingom eppioprigiapelyayclentidg @s a beamata, Iisoybean,
t omat o, rghu sugarcane,..sugar beet .sunf | r., rapeseed, .claver,

t obacco, ch_éar {goonfl e 8’?’?301?111,0?65 HAS peience;coptaifiig myc é,,\&lgs ﬁﬁﬁgﬁﬁ or 08&?:18??3’&“95

Ar abi dopsi s bthat thamphospRodiveathonit séefal FuedcltmicANy syBhesiseR AlhdlBRIaduUOUS
trees. 15 Thus, a trans%enl c plant or genetically nodified plant cell of
the inventi ofPZYENS sHeh anl AnglyBspise sroincerpartssqsstein typesqif awpleptide anelogdi vi ded
into two bro f I S, i e seed

| caves that i s paSREicoRREy ekl BT RE st 0 GRILEHRA polttsElloRbe

angi osper m hasombiiantyy &omoinydppripriateaasiphatedellingld edbnapsa,a995psper m has two
cotyl edons. Angi osperns produce a variety of useful products including

mat eri als” such as | unber, rubber, and paper; fibers such as cotton and
linen; herbs and gedighiisnt aHORicARidHHbIRNE offhd it | e |

fl owers such as roses ang, Merlg%iéﬁfgﬁulggﬂ &P{h%i1%¢e?ﬁéﬁ§%%%§ing§&%gﬁg§gsent
" invention, ocahisdenakaddN nfobaib, cdif Ise imcarhomteddn ainmsrix sidhsas afliposdmae and
veget abl es.

a particle such as a viral particle, or can be incorporated into a vector. Incorporation
of the polynucleotide into a vector can facilitate manipulation of the polynucleotide,
30  or introduction of the polynucleotide into a plant cell. Accordingly, the present

invention also provides a vector containing a recombinant nucleic acid comprising a



Angi osperns enconpass a variety of flowering plants, including, for

exanpl e, cereal plants, |egum nous plants, oilseed plants, hardwood trees,
fruit-begf) | ants and ornanmental flowers, which genera are not
necessar %9“3@@@& ve. Cereal 30 plants, which produce anbgﬁpglﬁ?qglfai n
cereal, include, for exanple, corn, rice, wheat, barley, oat, rye,

or chardgrass, guinea grass, sorghum and turfgrass. Legum nous plants

incl ude menbers of the pea famly (Fabacgae) and produce a characteristic
WO 02/ 081C- 47 35 PCT/US02/1111G fruit known as a | egunme. Exanpl es of

| egum nous ts.include, for. ex | e, soypeagn a, chj.c not h bean,
~ broad bean, %@% r?Zl)c}é %%%ﬁ‘,qcﬁ qrﬁé&l%gﬁflm?%meﬁ%?%@%e@@ﬁe HPVaﬁ\é&ggﬁg%ﬁ‘Moﬁaﬁnut,
as well as alfrabrbaeguditoflsdi@néntt.refoil, clover and sainfoin. G lseed plants,
whi ch have seeds that are useful as a source of oil, include soybean,
~sunfl ower, rapeseed (canola) and cottonseed. Angi osperns al so include
har dwood trees, I e ! ol r al ve a
single stem (tr u%)vgaggg%p%edse%gp 4 ?8%‘@@?%%@ 0?%&&&!12&3?%@?1?&%%#@3 pen,

basswood X | i vedton (Hoksele etal., Stieade 2272203123 ¢ ¢1985hWotdeh iscihéarperded hyiniby
hi ckory, 10 | Qcust, mapl.e,. Qak, persimon, poplar, sycanore, wal nut,
sequoi a, andetirecsly, Lt dpsited, heyectorean compsise eRARPIGHLS G plaridigngrosarle pul p,

P o chdty, fRELEhAE 208 uhtiGosor HAhORRSEITAR Gl 1RERI B8] 20! S

that produce a nature, r?@lgened oﬁgg) I'ch generally contai ns seeds:
fruit can bel%3 wairhes fnoorporaiethhayeindiyirefetents) aranSpaptrimsposin (Aarts endl), ect i on

i berry | arkiPy Uae e Set s 1993 PTG F PGPS DX PRPEiEh 0

Frui t - begy | NgIdRH 9B MEnAA RRomBilaHORICHIGREd n&RNof theIRBntidh! aeef rui t,
avocado, date, peach, cherry, olive, plum coconut, apple and pear trees

and bl ackberysgiorialsoebe cogtainrvasiphenuojeotidt sequiorges yhat faaiktatsp for exaropies o,
cucunber and_eggpl.ant ants. 20 An orn ntal flower .is an angjo m

Ul t1vat eq 1SRoURRS TieysBld Bicpha FRlRmeoagF Eapooroag O erer e FRS B an
ornanent al fiRiRcan bO1s bUEE 2SR, bdctaril, of lskd hasibeANbySPRisEieeMin snapdr agon,
canellia, carnation and petunia plants, and can include orchids. 25 The

skilled arti®wadiggmnpcleetidsgiequence fnthevietordndheding all or hpoitionefie resuehn be
practi ceg usj § r r i [ ired wel,l  as
gymos pe?sms, é%%%&g% (r%‘ostsgl%lp’gadvtf?%ggéigétﬁ ’a%f?t; %ﬁ?’%}{)%sdfs? ggw\,é\g%lhe met hods of

the inventi oamseriptive anglathnklation elpmests tincludig ROAGRMvendihducitile PRMLS,
famlies, including, for exanple, Asteraceae -Aster fam |y, Fabaceae-Pea

fam |y; Rubi eRheBeerivand die ikefseey formyampleeBitsr ef als datladinzymol. 153:516-544,
Euphor bi acea u d Vi L.AC. = I L

Mel ast omat acg%f’??-wg a%’{amé’ fyag%&tlaf;};:ﬁll_&?‘?%%%{an? t?%éf%yr‘%r Ipf}s;sage’ growth or
Scr ophul ar i acgaessiengne bactbaal systemAma hidinpcelzetetiat angin s répdichtion; a

rtaceae: Myrtle fanly; er aceae: Sedge 2{.0811-L7 35 PCT/US02/1111G
Fo g Y brouorer hieh ot b R R S, GDS Lk 3 CHGLILSRY Ry

fam ly; Brasgdiftas 8a8oMidlcresrit@on ndont¥]1eee 3obhiith hadtledvage sites,
Ascl epi adaceae-M | kweed fam |y; Arecaceae-Palmfamly; Solanacéae-Potato

fam | y; Bor agichdingaérrsemple, & poliylipker Segnenes, sa Eaiitate insettion dr zemoyal of a
Lauraceae-Layrel . fam |y: .and. Brone|iaceaeBroneliad famly. In certain
enbodi nent s, yetcﬂrélb%?ﬁ%%gel%?c‘? Hleo‘i)?cﬁ ention al so can be
25 In addition to a nucleotide sequence encoding a bioluminescent polypeptide, a
recombinant nucleic acid molecule of the invention, or a vector containing such a
recombinant nucleic acid molecule, can contain one or more other expressible nucleotide
sequences encoding an RNA or a polypeptide of interest. For example, the additional
nucleotide sequence can encode an antisense nucleic acid molecule; an enzyme such as
30  B-galactosidase, B-glucuronidase, luciferase, alkaline phosphatase, glutathione
S-transferase, chloramphenicol acetyltransferase, guanine xanthine

phosphoribosyltransferase, and neomycin phosphotransferase; a viral polypeptide or a



used to prepare biolumnescent plants of O chidaceae-Ochid famly, whereas
i n other enbodi nents, nenbers of the orchid famly are specifically
excl uded., i nant nucleic acid nol ecule of the invepti r vect or
containiebé?aﬁﬁﬁgpreconbinant nucl ei ¢ acid nol ecul e proviﬁ%@ﬂgnggf@able
reagent for identifying plant cells containing an introduced nucleic acid
nol ecul e. For exanple, the reconbi nant nucleic acid nol ecule, or vector
contai ning the reconbi nant nucleic acid n23 ecul e, can include a nucl eotide
sequence of interest. Follow ng transformation of plant cells with the
r ecombi nant _nyeplid poaiontinéred €64 grofth bitforloR WHBHhaKL, WHKHGAn be? piBR kRN N
. nucl eotide sequence of interest, visibly biolumnescent pPant cel Ps can be
sel ect ed si npfagiopyr hersrangg Eapressien pf sauch acwtlestide sequencaomi providedaneams for

m cr oscope, Lckin ut _the opes that are visib bi ol um nescent,
_thereby sel e(a:%%?er?gn%%%rn et l?%&eﬁg%"%%?ra?xﬁmph%lb&ﬁ% BiedfedesigRience of
interest. Thushendtyhet®Fhiantekll douedidhg tRGud1BRIEEddhEnRf thfexd NERhd ON 'S

useful as a sel ectable marker, and provides a quick, 20 efficient, and
i nexpensi Ve nisdiionabnudieniidesgquengs eattbec el dncodm aselsctableanarken whichdeheequence

of interest. i f 1D t also.can encoed

i nmunogeni ¢ ﬁf%g%f%é%ﬁ?%@@%eg: pﬂg@l@?é; gfne%ﬁs %ég?n@?}( @16 pg%’?ﬁ%gpti de, or
a peptide pordontinihheliecmbrker Yasiettoblamarke Srovades d @darslfandcr&ding.a
particularly a tiansgeni c plant conprising such a plant cell, can be used

as a source dHOPHIafRBGT piantsyAEplantetindo ideafil thosa kaving the markan and: deerefora| v
i ngest the pl i nal liative kI 0 .

obtai ned. A6 aecomBRnEnlet 5o el &flsile o ol AP R BRI EbE . ¢ 1
t he pr epak(at i Wwoluandessenti folypepiidn Akelectuite aiarlesr gageruly tordisrs atseleape and
refrigerati onw%r obl e{’ns ag tgegal i ke are ohviated. In view 30 of these

exanpl es, it WENAERIHE of p planpenniainiag the celly, far exanpls) haebidiey tos and
transgeni c pl @By i Qﬁ@é | el d.al. oy

nucl eoti de se%uenlge 0 IIei§ér€ita g? gglﬁ @gcagﬁé E%e%%%%%@g?&an ?ﬂx&%ﬁ;{tﬁ:ér ?%éfcﬁc}sel'on of
a reconbi nant Aselettevecadyentdgeralsecan ke dife, for Waple B! dbi-otliarReT bt IsH21 ddpheity 37

the i nvention provides el ectabl e rker that .facilitates the

i dentificati gtﬁ “8@283’9 P%(ﬁ%‘f%flmn i‘sa?ﬂrlr‘%lé‘@i‘tr g@W?‘bfaé“r OF GRPBY SQUEF- stich a cel |
that conti nsseldeeive uéymeigedan beasTHRal B a SiRERMPHnucRoid, 8 ATBIpI&RTonnUC! €i C
acid nol ecul e of the invention, or a vector containing such a nucleic acid

nol ecul e, al skyofuct idryia combingiandpobmueleatidag svtiose prricasiontinwiptapt gelbgives

ornanmental v L i hnescen ntai,ning genetically
mod; 11 ed pl antLegh HESHAVELIIBORRREY n a0t SaGARL e S RN T
transgeni c pl shouRl ief ret bygnizadviRattek pressisibLabiolinginesconttpolypdptide alsdproviddea a
novel ornanmental plant, 10 For_exanple, a transgenic plant expressing a

npl e :
| uci ferase pol§FEde adelestplanicell sontaininedhe cRoodingdiuslsotJespaipads. Eomever,
cont ai ni ng) | gL §6s bfan Aldifdial Leﬁ&%?eeﬁ o) ' ortion
of the transgenic pl annt, nﬁ or exanpl e, hg\ﬁﬂi n %hd?%rs%glﬁ\lgieet’ %@&yﬁ%pl‘éﬁﬁ%@l}gcan be
di pped or pl aseddive nndersdharnviserioxio noraiitonsgprouties @ means totearieh foanrahiforniédi bl e
bi ol um nescence i s..produced. . For exanple, .f.lowers_can be cut froma
transgeni ¢ 15° B?ta%{IES?&?W@g th%q‘ff’fn}éﬂlggwcbql%ﬁéﬁn?%e%get er cont ai ni ng
luciferin, wherein the luciferin is taken up and transported to the flower,
thus providing a visibly biolumnescent flower. CGenerally, the anount of

| uci ferin suffici eB¥xamples aigtastablesnakersinadndmthosesdeserthediahoveydewelias | east

about 0. trati Jrom.about 0.1 . or re can be

used. | njzasgél/; tp?%ﬂth 81‘[)%%1?%& ' |e%§glét8 ﬁ?séﬁtﬁ}%gf"r ﬁ’&ﬁ@?\{: 4{%}%0%6 ?ef}}q%)tﬁsgr i ncl ude
a surfactant, whieh cemmmeeistaacmnnétm'resscatéemersng&nﬁm‘yﬁoa%LiTRSEﬁQNd%B100
detergent or NONTDET P40 detergent in_ a concentration of about 0.001 %to

" about 0.1 % tHIA-149i19P¢hopengyen phespbetransterasgcvhishicanfersiresistaecedp it cel | s.

Signi ficantl i : - I.at i ! 0 I f er al

hours o 1 ow SREEbSARSIRLA, Cehaltyolc M BRERNC RO INES BEARIVCT DL
i's no requir exBT-925, 1A83) artdieygod,avttish benfere idsistanzk kyhygremyeid (MarshpGaiai n

bi ol um nescenge, rnore. the txansgenic plants can be sel ected based
on their prgg‘?‘g#g%ﬁ%g}?l@ﬁ’ E’H}c oys g@ﬁ]qtp p!ze mdelednphge sfﬁmtgph%t gl ow
dimy, yet Vigsb! ¥hicRhHokEesis tohliz&hiRMhol$ Y1aPE bERidine (Hartman, Proc. Natl.

Acad. Sci., US4 85:8047, 1988); mannose-6-phosphate isomerase which allows cells

O




In addition to providing general ornanental value, the visibly

bi ol um nescent 30 transgenic plants of the invention also can provide a
practi cal or exanple, visibly biolum nescent tran i | ants t hat
grow as ‘Wéqémguéﬁrubs or trees can be arranged along a mggﬁ&§§”§#ﬁ
driveway. Were such plants express luciferase or a WD 021 0816-47 38

PCT/ US02/ 11116 variant thereof, for exanple, the plants can be watered in
the early evening with a sol ution contaigyng luciferin such that they
illumnate the wal kway or driveway after nlght faIIs Thus, the transgenic

plants of th addi t i onal yant age they can be use
to nake an a&’elgﬂlszgf%arnggfo Q"f’%ﬁ&#é?ﬁn ac{}g%{b Tire VBB SORtErS TEARSEo

" al so rel at estd the knﬁuumdcﬁrbsmaw1ﬁﬁbﬁoxg@qaiﬂu@addwthﬂmlf befthHeIDEM) | of
the invention, or a derivative of the genetical % nodi fied pl ant cell, for

exanple, a tMekoplogne 1984nkn: HureRtdprrmBwratinns deMalocalar B}Olﬁﬁﬂquléﬂp@m&nt
cell, or a Cﬁ*al'bor Egﬂérﬁt%‘x’fcd g(ﬁnﬁtﬁe@ﬁﬁgﬂ: ﬁ’ém%ﬁg 9[1{%{(?931%9 %lo {yfs As such,

a k|t of the rnvention can contarn one or OWet s, rac | eaves
or other 3i sssi@ance tooBl;aﬂitSdm\ﬂ”(mahmra,lMcﬁmtadbzoﬂ\nﬂzdiblzle}ﬁcw 283612338, e visibly
| um nescent rdingly of the invention can further incl ude an
anount of &%53 Agldglﬂnfi F?P}ef@?rkﬁ’éﬁ’é‘il‘é@q tﬁasﬁ/‘ih%‘i onéer berdicids rrsiskese of

the geneti Cafdrléx‘uj f%lﬁc%pﬁh@ﬂhcﬁﬁkbtgﬁf&n eratsggfu 5y Icﬁltdo\ﬁ rQ;esf]s%cgﬁ)net' cal l'y

nodi fied plant celt, al so can | ty o such anounts of
| uci ferin, tplssphinbthricng(White gjaheNat/i dcidoResil8i1062 1996) Spannerst al. alfeorber  of

tinmes, as desir I n it kit of jnvention.can incl ude an
anount of a le &é’ﬁ% ﬁgg%f%%f%?& FB?“@QE}?E?X y quaﬁ 0’%?“%2 %feréﬁfwﬁeﬁ%t f or
reduci ng1@r fé@.{&talﬂbég ek &%PPB}WTéch%Iij)Qi i995-900 1998), ashedbhCRbloYachidi fi ed
plant cell or th derivative of egenetlcal’lyrmlf ed plant cell. In

anot her enbosyniase, whick confers mmzbm@mrlsb}fmbdmamﬂst?@ne (I@ﬁe Eﬁr@lr ,eEMBOtJ ngs,

The i hvent i ot C4ER2Ehad o8 oEli b Rct Baeforbataiel EMHER B ®E g1 own

therefrom Agl,SReky. PHR®I. 29311 - %Wsw%ﬁmrlamdt%%r6@MH¥ﬁl ndgeh ogfd@w (@& a
transgenic pl ant fromthe cutt]j ng or seed, includin or exanp

sui t abl e pl ak:S et Blo. &t 1ds 3TR): o1 ashar m&rlwrééom@qmgrréastame *grab\hﬂ’bl%tﬂe t he
t I t
Par ot enorst | Sftlizs elioBfete, LPRuiE piblakort Bl BRI TRnBRIM Y aBlabect
pr o?ugt ion i nor&amm][thgpnliynuq:lécamlb egmt}mg ﬂlemmrkérenc:ludd, lﬁlit@x@fnpba@hﬂ:ifex&ﬂd/ or can
t 0 i nt
bi o1 it noscoRRBCGTI Pl iegh S0 HPalo6 SRR PRl (85 PO Beigen W0
02/ 081G 17 S%uegéeuﬁg%ta&%ééd@wwwb 38:4d 7 Ofooiir ARERKARLsE nC| udes a

contai ner for the conponents of the Kit. shoul d” be recogni zed, however,
that the con(J@ifﬁmespn,cléMBw ér@%dr%érﬁ%’ﬁ) anéanmefoas othstsdisriysciosed hgreimanrt  of

the kit, ncI for ex et .or cqllection of packets

cont ai ni %{5 F%?‘H%B”?IF §u$9§‘ﬁ§‘§ésnar1%°ﬁ“§?ﬂ 4astrr?8°’i'tﬁp\}’é$11f”? # or 5
cont ai ni ng predeterm ned anmounts of a reagent such as luciferin, which can
be added

As disclosed herein, a vector of the invention contains a recombinant nucleic
acid molecule comprising one or more regulatory elements in operative linkage with a
nucleotide sequence encoding a bioluminescent polypeptide. For example, the

25 recombinant nucleic acid molecule in a vector can contain, in operative linkage, a

plant enhancer, plant promoter, a translational enhancer, a nucleotide sequence
encoding a bioluminescent polypeptide, a translation termination sequence, and
transcription termination sequence. It should be recognized that one or more of the
regulatory elements initially can be a component of the vector or of the recombinant

30 nucleic acid molecule.



to a specified amount of water to provide a solution sufficient to generate
vi si bl e bi ol um nescence froma conposition of the invention. In one

enbodi menf,, bRigici t comprises a flower cutting of a transggp/lgg Pt of the
invention In a vase, and can further include one or nore pre e?erm ned

anounts of a reagent such as luciferin. In 10 another enbodi nent, the kit
conprises a seed or a cutting obtained froma transgenic plant of the
invention, and further includes a reagenpssuch as |uciferin and/or

norfl uorazon, in which the seed or cutting, or a plant derived therefrom

can be grown. The | ow L. .l il lustrate but. not
limit the inventi %&el@Wﬁéﬁﬁgﬁ%P%@gﬁ% ﬁéﬁ@%‘ﬁ’"@kﬁﬁﬁéﬁco\l

~ VECTORS Thi sacid amidoalepcompribinsg, in opeidtive linkageph €MV BSS bulgint&l @asanvoonst ruct s
that can be %{ggr or at e& into an expression vector and are useful for

producing a terp2 BEY ﬁﬁsﬁggﬁgﬁﬂlﬁc%?.nuﬁp%@ﬁ%QWEEI}CW&% cont ai ns

a CaW 35S PrfBles pdthdpigil v G SRR %n Lt i al
codi ng sequence f_roI?n P éIP 7SN, %?gle%aémﬂggsc%\g}é%e%y aft{Qr(.)f]lH p%@f/lt A)
si gnal sefueembodiffiept, gre recorabinantMucleic abii wisleRes cort5inBB A0the *BctdO87; Rest repo

et al., Plant Cel|l 2:987, .1990 eac f ' i § 1ncorpo herei n by
reference; sE&PH%SGN opgrAfy e kage ‘E}MEFQ&@ 5@%3‘?‘%%9@@&%@&@@9@%&& ally
di gested wi t B TNGOwinspfidnaiRAhhncet, RSMcRBRA lg8hcB¥n&Idatd 4 RENRLEShLs. 0N a 0. 8%
agarose gel. The nucl eoti de sequence of the CaW 35S pronoter wth

dupl i cat ed evtrintend aftaMVS&8demznator. iV eckars of thdiingntien exerexemphifiet] I@adld 35S

ly A si of .pRTL2 30 is sh 1.D_NO: 3. band of
oot o macer g 3 ERDRR R wB ot selu iR BES ER B ULst oy Dttt 1o 1
| 88 andi®848y h 9e&idrBavaig RERuLIBLING skqlent@ s SEQITRINT: 2916k, 8K Bet:@3)f r om t he

gel using a QJ AQUICK DNA gel extraction kit _ WO 02/ 08167 40 PCI/(S02/11116
(Q agen; Val Adéitigndajeciostet thp ityepiiomarn gremeplifiedbydhoseset focthias 88Q Fhe Nco |

site in the ' t Lranslatjon. ..

Transl at i onaﬁ@f%éﬁ%‘gg}con g)?griin?l%]e é}gseeili %i(’%l?t%%% }Iarar?r{l;lﬁ%)s a:@?sé cerliegscirﬁad]élélg(?f t he
TEV pol ypr ot sicombirantimubdeid ycill ngsédulsoftthe dventivh, bhéonpahink ianeetor 6f thes,
provided care is taken to avoid the STOP codon in the Xba | site (see SEQ
| D NO: 3). | n"YeHiMh| | el reaction, pG.3 (Pronmega Corp., Madison W}, which
containsy;q nodified luciferase coding sequence, |uc+ (Goskreutz et al.,
Proni ega Notes 50:2, 1995; U S. Pat. No. 5,670,356, each of which is

i ncor por at ed her eiThe pyesendfigventior furtims prb@ides g astled fepnahcingd depetidally Xba |

and Nco I, then.separat by. el.ect rophoresi s on a Q.8%.agarose gel. Two
bands were pP’é’QgSFFgpﬁ‘a‘gceﬂ@%bg%%{%'w&ﬂ?’é@é?ﬁn?n‘ésfl }}eﬁﬁi@g‘ﬁ%ﬁpﬁg sequence
(see U.S. Patgenbealy: RId1id® 0 wheR dsdNn M¥BieAXd 8L Rhit o311 KRRt BRIPIGRENT | NG
the remai nder of the pA.3 plasm d. The approximately 1.6 kb luc+ band (see

nucl eot i des ¢albniznosuaxsizeaRely Dirvdrcell nuelsiciagidl melechlenBorpurpeses efthas 15
descri begy ab B}Ie@ent invention, the introduced nucleotide sequence generally is a recombinant

nucleic acid molecule comprising one or more regulatory elements operatively linked
to a nucleotide sequence encoding a bioluminescent polypeptide, or a vector
containing such a recombinant nucleic acid molecule. The nucleic acid molecule can
be transiently associated with the plant cell, but generally is stably associated with the
25  genetically modified cell, as well as its progeny, either as an autonomously replicating
molecule or due to integration into the plant cell genomic DNA or plastid DNA that is
stably maintained in the plant cell. If desired, a transgene comprising a recombinant
nucleic acid molecule of the invention can be introduced into a plant genome in a site-
specific matter, for example, by homologous recombination.
30
A method of the invention can be performed, for example, by introducing a

transgene comprising a recombinant nucleic acid molecule of the invention into a



The isolated |luc+ sequence (4 pl) was ligated into the linearized pRTL2
vector (1 p,l) using ligase and |ligation buffer fromBRL (Githersburg M).

The |igaty g, nesPerforned overnight at 16C. E. toll DHSa e
t ransf or rr\égr?’am n(f:]-Pa 20 Bi oRad El ectroporator in a ratio O?E'g)lt,&iyﬁlk | i gat ed

DNA to 20 p,| of cells. Follow ng el ectroporation, the transformed cells
were-incubated in LB nediumfor 1 hr at 37C, then were plated on LB pl ates
containing 50 pg/m anpicillin. O approy mately 3000 col onies, 32 were
sel ected and screened by PCR for the luc~" insert. PCR priners were

specific for ' : er., i L2.and for,.t ' end 25

~of the poly I,)A{ta{ﬁgjﬁ ﬁ‘isﬁgr?%ﬁ %ﬁ%g%@t@%’ﬁ{ﬁ%%@%?w%& Edﬁpgﬁgwg?ﬁe Slé“{}teal ed
that 30 of téedl atallond dat cansradwuedt ldast dbdatt7300008rth 1 xTHE pRHRES BE Gisie t he

insert in 6 ¢lopes,was verified by restriction analysis, and two candi date

clones, desi\#HEE /aRenG: Apguchkihepresgat invatignalroatovidessogametivalyne presence
of the luc+ .08 - Is . 7 I r-wth
Hnd I, anﬂgﬂﬁi&&? }%gcr:rélein Ozgqtl)%r?td glly(rﬁ Iﬁgﬁ?ﬁg&é}gl\%ﬁéﬁ’ﬁ?é@@t%ﬁg \%it’iaﬁs%éﬁbcl i cated
enhancer ,5 TEMabieadining acgenerédfjoraaqclen genetivallynabyifidd planitdbahd plagnal
(desi gnat ed ".TKlSZ@;)' iee Fi gure 2, VO 02(6‘!281G 17 41 PCT/ US02/ 1111G and
nucl eoti des 4SSB%: Planbqellp, planjioregnes anghseqys prodpged b schedrrnsgenis platt abhor esi s
as descri be , ' M j ith Hi nd
OwBlp 8y Ry 2 JING ARIr PR AMIEASNA! llbﬁﬁl@ﬁ%d ﬁ‘&rﬁ?hé’%sgaﬂﬁ{aﬁe Som i

1l and isolated. The |inearized pPZP2 r was treat
al kal i ne phoEphatpdens ceb or plaht tisshe SMa@ned fronetio vransgenivipiait. phasthbdbétlgr oups,
followed by 5 1

. mn_at .65C to, heat j.nagtivate the enzynme, .then_.the TKI $29
insert acid I'VREEH %%mgg;z ‘ide\@&{a(ﬁ{m%\@reé’\{afnitt @ﬂi’é’a t%ﬁ%‘?‘i‘%ﬁug%‘?‘jﬁr&ﬁfi nt o
DHSa cel (s aglaftesldeoet MBRYOmM, WalH & WRAEhY BlRds @flin!aﬁit@%?_gméﬂt 3fifiesis
containing X-gal, IPTG and 100 ~,g/m" spectinonycin. 10 Forty-Six white

col oni es wer & Beplagt eell oramd tissis opoegaand @ transganic plamt-of dadinventiongfoence was

confirmed by d i oall Le.positiv or .the |luc+
sequence. Si ?(’E@i) rlr‘%1 ﬁ%essﬁm%{eéﬂ Z’g F@?’?tégcygﬁgl’ %’V}Q’EC}I(}P fplé‘f‘?tt%fsloﬁwieorredtt% Elule r‘i’i@t t was
det ermi ned byigmest; aicatoténe, ¢hiphis avbahysyellow pightenBioeatkd 81 thtdhlokoplidhe
construct (#29) having .the correct orientation was sel ected. The binary

vector cont afHPeghylhevhicheis the,green pigmeny i grean pjpais:caniopimik véuch ism gure” 2;

SEQ I 17 ;2 ' i ' ted TK1829
(nucl eot ?%es}eé%’g@%tégﬂ%és%@&%%%ﬁgéphﬁﬁ@g% pﬁi}lﬂ%@z@{ﬁér S sgqﬁgé\tg:g usi ng
primers specabisbibsfvinibls light) forExampke hyicopdnamvhiel is £gidgigmet folel pPZP221
vector. The pRTL2 vector from whjch the TK1829 jnsert was obtai ned was

dosi gnat eq pHPRTIRS. A5AEM: RIS TCBAIOr NGnE e iog HepHEenson AGs plant

PMT- OM LUCH {s$fabddloh/thBarticulal fighfenBand Bkt PRGRHMy ihiétted mERhEL NG S Figure
4) binary vector plasnids were prepared fromthe pPZP221 brnary vector, as
descri bed abpigmentTHiorpsampleoahagentsush @yvmprilworazon, which\@hjbitsrcarasereid was

i nserted,i medi.at el recedi ng .t he, oneqga .enhancer, i.n Bam Hl..site, which
pr ovi des?5 aayn(t}beﬁve%qne usgﬂoel%fhbcesthﬁg?]lg 9 cﬁ@ﬁ%qhyilllgﬁ‘&qﬁ CFontdprs

regul atory eéxﬁﬁﬁﬁh%he@ﬁﬁ%?b@oﬁa BRERARb &N (ANB L RBAGRERI260dIONr FbmV SI BLY
Bl OLUM NESCENT PLANTS 30 Thi s exanpl e provides a nethod for introducing a

luciferase eWphsgewr pkangderisied feam thetidariicelht s such that a genetical ly
nodi fied visibly biolum nescent plant is produced, and

The term "plant" is used broadly herein to include any plant at any stage of
25  development, or to part of a plant, including a plant cutting, a plant cell, a plant cell
culture, a plant organ, a plant seed, and a plantlet. A plant cell is the structural and
physiological unit of the plant, comprising a protoplast and a cell wall. A plant cell
can be in the form of an isolated single cell or aggregate of cells such as a friable
callus, or a cultured cell, or can be part of higher organized unit, for example, a plant
30 tissue, plant organ, or plant. Thus, a plant cell can be a protoplast, a gamete
producing cell, or a cell or collection of cells that can regenerate into a whole plant.

As such, a seed, which comprises multiple plant cells and is capable of regenerating



WO 02/ 0816-47 . PCT/US02/ 11116 42 a nethod for determning a threshold

val ue of photon em ssion required for visible |um nescence. A Preparation
of TK1829ydhaushkes med Plants The TK1829 expression constri;@f,w@?u'gﬁtroduced
from pPZPTK1829 into Agrobacteriumstrain ABI 1 with the help of pRK2013 by
tri-parental mating. Agrobacteriuin containing the TKI 829 construct were
sel ected based on their resistance to the 100 p,g/m spectinomycin, SO

p, g/ M kanamycin, and 2S p, g/ nm chl oranppeni col . TK1829 Agrobacteriutn
strains were grown, then DNA was 10 purified and checked by restriction

di gest anal ysji I ; : | e 1 C t he
_insert. Bri elf§1 lto;a H‘fil'belgg%agﬁ%é Irc %Ig%%ét}éedr P%ﬁ% c\%&s&g?ﬁggéléegéf%%?g?{@%g&bglpgile},t and 28
day ol d pl artissuever glantdrghit camtbech seSdqrotoplaat, ¢Bhue) orsiny aither ghaups of pladt Col unbi a
(wild type) 1.S plants werge each infiJtrated. Two sets of infiltrations
were perfor nf&ds gﬁ’t EPrERNre! WRyR W“HF‘L% netiegal it fﬁé’;m‘i Iymsefid pasioels of
each |ine £ i L el , Aor a
Cotal of 200 o anraagBvRRRlc pite fpey RDRP bR PLpRicR of piinchy Pliké: A

t r ansf or rhat i ltyestablepart pioa slanisas beranp aseful part of aSdants fog et flawars,x 200

soil and covered wi th w ndow screen nesh.. Soid wa t.a unded up, and
the screen n%og}ﬁnm%egdg%%suﬁlgarsb aWa%ﬁ’inﬁ’gép'ﬁt’ F?fgﬁ’erpoga%ﬁ the Bgﬁg‘gtﬂi}g 0&{é"ck of
the pot, nakpiagt Eefig fdripRbpdghfoiBiRudes Toi dkabPY, 86dds ity éthﬁndés%éedﬁh'gst ace so
t hat germ nating seedlings could get through the nesh. Seeds were
stratified ifbes, rogtswokaiandfiheliks:i | e water and stored at 4C for 3 days
prior to being applied to pots. 2S Seeds were sown using a dropper, to
spread seeds evenly over the surface of the nmesh. Plants were grown at

appr oxi ngg el 'y 22CA tiansdedidlant cghtb'e3;3%1&1&&&%11@@rgeﬂmcaman@dﬁteawbemhi ch
bolts were anywhere from3 to 10 inches high. The bolts were cut off to

i nduce gr owt He-of whaledha cogn baFqesperated ftom 2 lang ¢olk; p groypiod plapheelivnat

effective 4 i ter i ' performed up
fo 6 days | ay SRl e RGN e Qs 184 2 corfibiof Bs BRGRE'

Agr obact er i uRegsmetationifrogn pirocopdits varies ditomn spenies touspeciesofplgntovRof examphgut 2
days in a WO 02/ OSlf%-47 43 PCT/ USO%tlzll |, 1 fi .shaking incuhator, at 28C,
then 400 m ®FUSPERSARR OF PrGtplastssan ke madeRBd. i SETATR SPECIEsnTniIYe MeFalion 6 one
addi tion day; d ore the
B B S K e A S
an optical d€hstuljuramedOzenana{ldL6Mins vhriaysomponeitehgcedsapy for lgaowthandest ed

by centrifugation (4000.r 0 mn, roomtenperature), and yesuspended in
Che Lt § on R, DM ORI e RS A Lok s EEMeB R { ami no:
5. 0% sucr 0seamfhoteids. MR 8NZHitaRiTE B6id PHA bRftine, dépendiflg B thel gatt@fulRfplamt 1 ng/ n
stock); pH adjusted to 5.7 using KOH, then add 200 ~,1/1 10 Silwet; nedia

need not be Skesics| Efscientiregpneratiopellidgpaidyin pagt, am themneligmethe genotype, and
20 the history of the culture. Ifthese variables are controlled, however, regeneration is

reproducible.

Regeneration can occur from plant callus, explants, organs or plant parts.
Transformation can be performed in the context of organ or plant part regeneration.
25  (see Meth. Enzymol. Vol. 118; Klee et al. Ann. Rev. Plant Physiol. 38:467 (1987),
which is incorporated herein by reference). Utilizing the leaf disk-transformation-
regeneration method, for example, disks are cultured on selective media, followed by
shoot formation in about two to four weeks (see Horsch et al., supra, 1985). Shoots
that develop are excised from calli and transplanted to appropriate root-inducing
30 selective medium. Rooted plantlets are transplanted to soil as soon as possible after

roots appear. The plantlets can be repotted as required, until reaching maturity.



approximately 0.8. The 0D600 of an overnight culture generally was about
1.2 to 1.6 units. A 400 m suspension generally was adequate for an

i nfiltraty dure. The sane suspensi on can be used a three
tinmes. \VQ@ %gﬁgo 200 m of the Agrobacterlun1suspen3|oﬁcﬂggﬁggd%

ei ther a beaker or dish and the prepared plants were inverted into the
suspension. The plants were entirely subnmerged and kept in the solution for
10 to 15 min. The pots then were renovedxdromthe suspension and drai ned
thoroughly, laid on their side in a plastic flat, and covered with a

Phe: next day and Teecilfiaily bopBadd Bols, Mhduld adBentt Bkl HEBpHIEDL " °
" bottom of t hldlltzxngycmmgseirplsm%nhﬂwwlmmws tcymb&&&lmdﬂtl 1& iaériticsl gilags.pl ant s

were recover a romn for to 4 weeks, keeping the bolts
. from each po $q?6‘§ ‘?ﬁif ds W@W%Wlﬁﬁafﬁ&b@”&ﬁcﬁ i fferent

i nfi | trati ongropsdagal \rygetrazﬁelp@a%nmerm QUIRBA4SRARRERY ML GAL RS

reduced or scontl nuéd. Seeds were arvest rom one pot .

Tr ansf or rant @anmc plhtsctn e ea:if—pEmnxtetl Erpnodmteea:homzylgbm mbreﬁb/lzﬁﬁ( Whe ashi ge

d Sk | t t 1% MVES;. 0. 8%
agar ose: _pi TepineinbRRR et FEHF Hateonih s Hrodsend AgeeeR wes cang, "
carbeni ci | i ncondftise@ het@élﬂhoﬂ‘s&ﬂu@f&ﬁﬂé@equ%@ﬁcd@ﬁgea ﬁiéﬂlﬁﬁlﬁ@sc%ﬁtﬁfdyﬂeéﬁdé or

mn in 500 QL70% et hanol ; followed by 10 mn in 40% bl each SDS 59%
wat er; then %ndr@e@egrqwmﬁspr@ﬂw plands ihatexpaese the prieptidal sAmerch, thesuspended

o L1 T e LA bl BB et o

The pl atEs wawentnl owed to sit for 5 to 10 min, then excess liquid was
removed. Approximately 70 to 100 p,| of dry seeds wer e added per plate.
Plants were allowed to stratify at 4C for 3 days, then transferred to a

O e o THaRs RN BRPES PR aiffoRh ARG Ao ARbEH 3608, (5 P M
3- (tri-fl uorterbhptvidiagymeads BHbigiy tiadgehicqiars vasaihing tweegmiore t he growt h
medi um Norfl.urazon inhibits chl arophyl | énthesm resulting in the

greswth of " SbereRt IARsgRRes,; OBk d’i’lﬁéﬁ‘]?m@ﬁle% ﬁl‘%mWSLCFPtrP@HHeHV%W thesather ed i n
I or ophy 11 -y B Bhick Shitk & APHAW GRS RERFLIcNE plal InEloR forBhocding

:[Af t erf 71to éLpiamaysd $Qiequlgd‘mnqosshretdhﬂimmhavt»ng)descralzlesh;a'fﬁ:arifiics el tethged f;)rj,
ransformants were i ed as dar reen plants w el ongated roots
that penetr aY ci%ls lﬁseoéfﬁg? Rl S lalg‘l—? p ‘g&/\ere transferred onto a second
set of selection plates. After several days, plants had 4 to 8 true | eaves

and branching roots. Pseudo-resistant plants were unable to survive in this
medi um The pl antA method okihe inventies eanrhscerformesd by insredudiege resowbinadt f or t he

first f d I d. var set ed and
senesce%Se(aa%sd?/{é?%ﬁr@%%&,\@gﬁmﬁl Jeﬁ% mEQ[ %én \A%ﬁe ug?%%?reﬁr hggeri“h a

dessi cat or f tintrdduste) meﬁnetrmsthﬁmgla@bgmualabt&ieﬁn@ dplagk 117 A riicledd acig¢ed per
pot. T1 (trans enlc f| rst generation) seeds in the Col unbi a background were

screened on 17’939 /AT bg Ky lﬁtoa%%Fl vajiey olometbeds: diariekamlepat es. T1
seeds in the,epvLRaRHKA g%?)@ o‘fec'ﬁfercﬁ‘?f?@ﬁvg?gn </wﬂlc'ﬂ/c% béRoRERERIYE! N, SO0

pg/ m car ben| cilin, kanamnmycin strain contains a transgene
conferring kaermrycanrberm’soducaah oed a plant cell using a direct gene transfer method such as

25  electroporation or microprojectile mediated transformation, or using Agrobacterium
mediated transformation. As used herein, the term "transformed" refers to a plant cell

containing an exogenously introduced nucleic acid molecule.

It should be recognized that one or more nucleic acid molecules, which are the
30  same or different and at least one of which is a recombinant nucleic acid molecule of
the invention, can be introduced into a plant cell, thereby providing a means to obtain

a genetically modified plant cell containing multiple copies of a single transgene, or



Over an 8 week period, 1.6 ml (approximately 32,000 seeds) of each Tl seed
set was sterilized and planted in 200 p,| (4000 seeds) aliquots on 50 m

pl ates a §3¢/ i bed above. Plants were stratified for AC, then
noved tos\gégrzgwt chanber set for 12 hr light:12 hr dark gﬁ?{ﬂé%ﬁlﬁg?i mat el y
27C. Sixty-seven T 1 seedlings in the Snv background and 25 T 1 seedlings
in the Col unbi a background w0 02/08167 PCT/US02/ 11116 45 grew under the
sel ection conditions, and were recoveredand transferred to soil to harvest
T2 seed. It took approximately 12 to 16 weeks to take Tl seed to T2 seed,
and varied helwesh Rhad ; Bl rs ' TK1829 Tr ansf or med Pl ants
. T2 seeds of Col un@%a an%ﬁlgﬁésglf%\?/lg vverg’eéltgl?%érﬁ%flgzéfdwgﬁ c%ﬂ %?%raseggmabove, and
screened f ormaltipletiopidsc Suels garetioalty modifiad glant eolls chliBe pRAdEdAN G cvahple,

screened for, bi.ol ym nescence, vjsually and wi th the Hamanmatsu photon

. counti ng camséf.npté’zse Hge Pf?&%cﬂist YRS HUSRIE GORIES plandingle &ynged dransgeaesthyd
based on t heddirahdtb&ii fidnt2Ms &Hn pkb o RRSSopuld LiRERnt

background (Snv. 1'1,1}%.&%/ 37 asnd Snv 57§n a pp%%ﬁf%i*e(gﬁ?%n{ﬁaeﬁs%egg C|1a

backgr ourfd (identifydgdheseContairg)g thertwo oeinece different trivesgemes] onbysirbdspreeding

bi ol um nescent pl ants.. Seventy-eight T3 individuals of Snv 11, ich was
extremely brigh ‘?m?AB‘.%‘BtSs%ﬁ"E@? é’(ﬁ“@a@@@lr&?rf’nfﬁéi‘l}or?/al%s?rﬁggaﬁgﬁp?f scence.
Three of thegent thdseSro haing $he fRMed damdindder e sel ected as the

bri ghtest and vveﬁrﬁgl\ng ITE)I n%%glyned gs i ndi \e/i dﬁ%% rIli nes. For characterization
of luciferase expression, tissue was collected from 22 day old plants grown

under the sane c pti,ons.. Exam nation.of .Col unbja wil d-typ |.ant s,

Col unbi a pl ants %ﬁs‘?ﬁ%?%Htrgﬂawwwc%%a?goﬁgcﬁkdnso ar%ﬂﬂp@ﬁ@ t‘g?‘gﬂlpsa 20
transf orited trsformed 3lanyglsé ilRRIINRYPgene HafsfEl (SKSERbpein Ratdhti Al Bo4 5H39)6) was
i ncluded for, conparison. In various assays (see below), protein

concent r at i oftJSRESN, glackPRoration, bialiste mpethads geeh asiperticly mbardmentepellegui r ed
. e . f . et
ool Perase dipEsl ranBahAIdh Bl RRANME e lia Bl oRnE o cco

bel ow) to ohtadisted otansformitidn, ghisfortiss asing Mbupdaidrenypihe déqaddispect ed
visually to confirmthat biolum nescence was visible to the eye. Based on
t hese assaysMUBHECAHTYRS FaIOUAGHY A cazBne-legrpded cadayosspiciaiis grdtheof t ot al

prot ei ”ﬁnd fie ﬁ%@fﬁ&%@ﬁﬁ@d&@@g@ﬁ&} i} aamgg{gfengghg%rmﬁ g @d the

anount light em s“was determ I prote
assays, a f eplasnudsioed. Z@zogayesabol-iadedhg (Ri3 plasaits pdranies pipndwitug vedeots ilee sane

condi ti ons wer | aced. in liquid nitro r d_int fi power, and
stored i n al VELSRQVE s arsetniar sromplsoWs! 74T te Wrtsshrgh amddVeipshagh. goc
until the  NyebdPfoP Pldat MoldRUFBISISP 2 ALhddifdc Press, NY 1988), section VIII,

pages 421-463; Grierson and Corey, "Plant Molecular Biology" 2d Ed. (Blackie,

20 London 1988), Chapters 7-9, each of which is incorporated herein by reference;
Horsch et al., supra, 1985). The wild type form of A. tumefaciens, for example,
contains a Ti plasmid, which directs production of tumorigenic crown gall growth on
host plants. Transfer of the tumor inducing T-DNA region of the Ti plasmid to a plant
genome requires the Ti plasmid-encoded virulence genes as well as T-DNA borders,

25  which are a set of direct DNA repeats that delineate the region to be transferred. An
Agrobacterium based vector is a modified form of a Ti plasmid, in which the tumor
inducing functions are replaced by a nucleotide sequence of interest that is to be

infroduced into the plant host.

30 Methods of using Agrobacterium mediated transformation include
cocultivation of Agrobacterium with cultured isolated protoplasts; transformation of

plant cells or tissues with Agrobacterium; and transformation of seeds, apices or



time proteins were extracted. Approximtely 100 ng of the powdered tissue
was extracted in 500 p,l of 1X Pronega Cell Lysis Reagent (CLR), ground
briefly w tar and pestle, then centrifuged at 4C j.n 14,000
rpm The@bﬂ%@%&%nt was divided into 100 p,l aliquots anI&8f/rU§%£?flélrﬁr ed
imediately to dry ice. Any sanples not used within 1 hr were stored at
-80C to preserve enzyne activity. Protein concentrations were determ ned
for 20 p.1 of tissue extract using the D§ Protein Assay Reagent (BioRad);
optical density (OD) was determ ned at 750 nmusing a Pharnmacia U trospec
11 spectrophetq - Ao Lative Liah ' wer e obt ai ned
usi ng a Turner T%g%)éhﬁf%}ﬁon%%{ﬁd@a%%ﬁ%g’ﬁ o(!rz#%}traaﬁ%}lgﬁ%%n% ning the TK1829

" construct wedgrodizdtatien cin bOPerfanri/uSRG vacdum infil@atiter offadsuspdrsione®di ng to be
within the r

nge of the Jum noneter. Five ~ | of sanple and 50 ~, 1 of

_ Pronega Luci @P§§@37M§éﬁhﬁi§£§@gﬁ‘itIE‘AF&Ma‘ésS@H.P oS L AdADAAAO3 avbiehéF t he
range of reagifi9srak iBYBEh ec for the first 5 mn of 15 the reaction
was enteredailglnt g[ahe atla ?e%ﬁe%g?é%he anount of luciferase was approxi mated
by western blot analysis (Tables 1 and 2) or using the RLU data obtained by
| um nonetry and E/I?e otal. protein con?ent r.ati on oht ai ned b%

spect r ophot onet r y“§*f. ﬁ?tﬁ"%’%.m%t%@‘%‘@ PgHER Calanpley oigiest RVERIPQEL s was
perfornmed ushiggryQRBARSRIeRS) milicﬁqh@&ﬁmeﬁtﬁ%thﬁma%mréd?viubéyétbvkeg@
protein bands., For sanples containing the TK1829 construct, 0.1 pg of total
protein was ubdger vegtor,athiclyrasisies permainent]y in. the dgrpbaétetion dostandiceires s used.

The 10-fold difference wa ecessary. to. keep the |ucifergse protei

concent rat i onSUIH Ctekﬁ%ﬂesf ﬁ%é?gth‘ﬁ@e S?Ct%hg81§5§3 an %ﬁx%qnpgfgggreggxow%qg}w

ant i bodyl @NATDNAkERIhER. BiRGPRadtasareReRAGY ikt hRqsks fd?reﬁﬁﬁﬂl%) were used
to identify protein bands. Proteins were separated b el ect rophor esi s on,

10% SDS PAGEDg Eramqmgl, Srddy/imalegn :262aA88% Afasyema eHilh deannai30B d@Bi 198Bose.

| mages were yj j US| 1 C | uor i met.er dat a was
anal yzed usi %dé:ﬁte’?}g}g}%%3#@@%%%&%@%%%&%’2%@“%% fg‘ﬁ%g's%aﬁ? ©35S: Luc
t ransf or med @lbneth;Pafd Altd €A, BoSranstonnadon] AxabBactartumt cartss cibste§UpLr nova
pl ants (" Supernova"; Table il]), but wo o2iosl~a~ 47 2 5 PCT/US02/11116

t hese pl ant sCXAEHde: Y5th Ripwt qs{ls onvewnded Hesiespeh anleal issusroRdexplpnisye. | n
conpari sp, f i8 S § j | gt eqyiLsi

bi ol um nescent". cTﬁeég&y Ieeggﬁs@m?cgg? é%gﬁs%hgd}tea?egg{?b lébl?%l?d ?;Illosr{l%ﬁog’

bi ol um nescelidethpds inRlmteviolatadart Bidogyradd Bidtegimolagy¥ (Pocat Ratod FLgCREot ei n as
determ ned by we n bl ot .anal ysj Tab] e . The TKI 829 transforned
Super nova pl é’ﬁ?ﬁ% fée()gé’r‘@@ggbs IBBQIB%/I a%%\f;‘%f%? Ey ﬁ%‘?l)@n?%c iv%dﬁfcqlh I’fflgl“? ﬁ"ﬁg

chl orophyl |  sMhi 88t that RaveMRed MBI FgBbaRESum LABLE cloplfghlian Abs TK1829
t ransf or ned | umbi a plants as deternmned by western blot analysis (Table
1). In addi t when culfiwe Regporopriaietconditions; dhe rebalting Fasgenic sheats phot ons  of
l'i ght/ sec 1 t he Col-TK1829. plants..These.results denonstrate that

Vi 91 bl o B of CrsrHALY s 4h HRRHER SRR, i PRt & HoaBp BT REOaRed, no™ 1
addi tion, gr eivéadisptrepiatedisdBAAcIEStaTs bodndlthobuglestidridetheeof. N nor f | urazon
resulted in an alnost 2-fold increase in luciferase protein as neasured by
| um nonetry, and a greater than 7-fold anmount of |ight emtted as measured
using the Ni ght Owl.| J. i : r -{h)q
anount of vi si bl e%dg%lﬂgsﬁ%ﬁ%gﬁﬁ%@#ﬁ@ ;{é%%%ﬁ'{%é&?%ﬁ%@%re ysbgh ©
protein/p,g tretsgenipmpianes, moludixdg, for example, transgenic cruciferous plants such as

25  Arabidopsis, mustard, rapeseed and flax; transgenic leguminous plants such as alfalfa,
pea, soybean, trefoil and white clover; and transgenic solanaceous plants such as
eggplant, petunia, potato, tobacco and tomato (see, for example, Wang et al.,
"Transformation of Plants and Soil Microorganisms" (Cambridge, University Press
1995), which is incorporated herein by reference). In addition, Agrobacterium

30 mediated transformation can be used to introduce an exogenous nucleic acid molecule
into apple, aspen, belladonna, black currant, carrot, celery, cotton, cucumber, grape,

horseradish, lettuce, morning glory, muskmelon, neem, poplar, strawberry, sugar beet,



Plant Line 20 a) Colunbia WId Type b) 35S: Luc transfornmed Col unbia c)
cab2: Luc transforned Supernova d) TKI 829 transforned Col unbia e) TKI 829

transforr\égg%/ﬁiy]g‘%r nova f) TK1829 transfornmed Supernova w %gﬁmgﬂlg azon 7.0

85.0 | 25 1456.0 A conparison of western bl ot data 's pl ant
extracts allowed a determnation of the relative difference in |uciferase
protein concentration anong the various plant |ines (Table 2). Wstern bl ot
anal ysis confirmed that Arabidopsis trangformed with the TK1829 construct
expressed a nuch greater anount of |uciferase expression as conpared to

pl ants trans i : . c 02/ 081G.17, .
~ PCT/ US02/ 111%%@5&(’ \s?eéatéﬂ‘f'gaﬁ?g‘%%su fied g‘g‘f‘gﬁé%ro‘h%ts g%)ﬁ'pféF gxpngR)e, Glick and
cab2: Luc- t r afsdmpsoads:Pre, 1093 el Plant Js&27Fadl,€ 984, ShidashoR) Scidh@ vari ous
pl ant i nesgﬁt S'Wiﬁéex ined by inmaging analysis using the 5 10 EGG
~Berthold N G: i} gi%system (see, also, Exanple 2C, below). Plants
were sprayed with approximately 1 m of 5 mMluciferin in a solution of
0.001 % TRI TON X-100 detergent. The canera settings were kept consistent

for all @ ant | i nSwitabldosterirerof A hendfciensdmdatetiors fsovell akiangfoimatidneges was

varied to acgo ate the different |evels of biaglum nescence in the
various pl ang‘gﬁrgg%‘gg".’am ANPLPRIAfR SN %EZ?T“SHEPWSQ’@H kngwn imthed® count s

of |ight/ar egywy®n, pREKIORKD, KbSca, W%&%@@@Jﬁ?&r:&éﬁb&%ﬁ?; (Y:%?b?t ion

bet ween i ndivi dual plants was el i mnated by anal yzi ng ‘pool’s of plants.

TABLE 2 a) fp¥pikany DebBEs;, Mucl. dyidRes8PD4T77an98 %D Beven, ObicluibAdad\Res, 35S: Luc

c) TK1829 tr r Golunbia vs. ;S roov, _ t st or me

Super nova vsﬁ?g’ég? Eggzl’é%)onf&l 26 ﬁ‘i%%%rﬁéoﬁ%‘gﬁ%gﬁg‘??}s55@@3@?‘%3%"#)
TK1829 tiansi/el. Besl. S0:063-998,a 9002 { Ko S]%)déﬁal&@dﬂvé’o‘iorstf chd MpeldgdW thout g)
TK1829 transfornmed Supernova with Norflurazon vs. 35S Luc Fol'd increase in

| uci }‘er alse pPrEsien shilesny: Rlanpalecnia Ri,qlogsaM@galz\lfqlEa@, Ggvinrangar al : el with
" ' . ) ) ket .
Conpar | son o5 HHEFoRRBEERDAER, ThERARAMATR IR AMBmRIE) QR oF ' ¢ han

that of Col urBRgEpbpednsPateranst a0 5ed; Mbékeniah®hSBGiakyiP1aaOVISdt61Sstem,35S: Luc" }
or of Snv pl ﬁ,ts transformed wth a cab2:Luc construct ("Supernova"; see
Tabl e 3). Li§ §et%‘?#\§’ eridhanders B Yip Adblasserdap) R8S), Chaptsy Wi FaaleywCtih REK1829, as

measur edi Yy pRak 88; CRAYNESARCEMBPR 4:277-287, 1985).

Where the recombinant nucleic acid molecule is contained in a vector, the
vector can contain functional elements, for example "left border" and "right border"
sequences of the T-DNA of 4grobacterium, which allow for stable integration into a

20  plant genome. Furthermore, methods and vectors that permit the generation of
marker-free transgenic plants, for example, where a selectable marker gene is lost at a
certain stage of plant development or plant breeding, are known, and include, for
example, methods of co-transformation (Lyznik, Plant Mol. Biol. 13:151-161, 1989;
Peng, Plant Mol. Biol. 27:91-104, 1995), or methods that utilize enzymes capable of

25  promoting homologous recombination in plants (see, e.g., W097/08331; Bayley, Plant
Mol. Biol. 18:353-361, 1992; Lloyd, Mol. Gen. Genet. 242:653-657, 1994; Maeser,
Mol. Gen. Genet. 230:170—176, 1991; Onouchi, Nucl. Acids Res. 19:6373-6378, 1991;

see, also, Sambrook et al., supra, 1989).

30 A direct gene transfer method such as electroporation also can be used to
introduce a polynucleotide into a cell such as a plant cell. For example, plant

protoplasts can be electroporated in the presence of a recombinant nucleic acid



WO 02/ 0811n7 PCT/ US02/ 11116 49 per second, was increased by as nuch as
5,200 fold over 35S:Luc transforned Colunbia plants (see Table 3g). Plants
al so wer gypnspeGied by eye to confirmthat they were visi

bi ol um nescent. The TK1829 transformed Col unbi a and TK18ZB¢?{/PgOnZ§ 1l ed 10
Supernova plants were visibly biolum nescent (whether grown in the presence
or absence o f norflurazon), whereas the none o f the other plants,
including the 3 5 S : Luc transformed Cojunbia and cab2: Luc transforned
Supernova plants, were visibly biolum nescent. These results denonstrate

t hat transf ofBRENRRoRHH&NR A 3HaE1W; C n_express about 125
. Pg luc~/p.g protei noa ndgggr mkﬁé\fé&%fau\/\%g??rlén&%f%{ ﬁgkuzri!ﬁﬁ%ﬁcgrﬁggﬁ'pgptf ttively
generat e vi swhich cin bé ima nessardFtonph ahals ProABIdE. Ackl. S61, TSABRS5830NBES d

increase in |J. gt{.ct s/ | sec).a) Su rnO\Sa S. %is Luc70bL.Tk1829 t ransf or ned
oorunbi e ve. VBRI B aRRATRRY S by P ReRe nEcisianl smilses of high field strongth
vs. 1. SSuper nevashki§RRabilia0 fRbARGs SRAHENANSavehoR SRk RaLTELERO

transfornmed Supernova vs. 10Supernovaf) T transtor ne upernova
wi t h7Nor Pl urBlgefronesatedplaat proteplasFiePdRe the callswal, mixddSapkforawglant callus.

i t hS, 200Norf urazo S.. 35S Luc €. Threshol , Phot on 1 ssion for Visible
\Ig: ol uni nesceﬂ#écgoTiecﬁﬂXS?%éﬁp?to%F‘g@? geéceg%dﬁgg)&gy i W@@P&%ﬂgﬁ& (F@s-)olhel
threshol d nuGéss Trahsfet $6 Plagts! Sﬁlﬁﬁgep'V‘éﬂQg}%eﬂjﬂﬂWYl’?Fblg_cS?.rA\{faﬁjbe%rﬁecfl %lant

bi ol um nescence, the nunber of photons of visible light emtte er square
mllimeter pretlcoptaining thesniedusediasembinentimycleiciadid madecslestaaie idenhifight O

canera with W.nkLi EGXG Bert hol d: Ba /| dhad, Ger many)
was used, an e&ki@%ﬁrg%@?@é\ﬁ%&%cg%i? rér@%%ﬁﬁﬁqueg H?E%FSP?%W\(%QT SIpEPY 2/ 081G7
PCT/ US02/01 1 1166king atthe hldnit 0615 an@RSHaroinSvRible bol@Rinesdincdlef ect Correcti on,
ON, Star Killer, OFF;, Camera Readout, SLOW Gain, H GH Look up Table set
to GAMVA. Measurenents were taken in a photography dark roomw th a

pl ate-to-1ens di s{gy 27 i i.gh camera) .
Each plant was inagegﬁﬁ‘ogcug? @?%@ﬁgﬁ%ﬁgg feSBtc(Q)Ig ngse r?gtljl{rﬁogyea

bi ol um nescercembininitrexleinatid abieeslewd tle ino¢ridhiizied Flant REID{I0RIN et al.,

count s/ area/ econ@wﬁggi’o i?ate, phat ons/ MR/ se¢ were cal cul ated using a
conversi on of“Hfettialty ]éé >_Wﬁlejtsemeﬂmra@éhs§ﬁ%%mf§r%@a- g geghodrhe N ght
OM  camersa syl G op@fectifts sBeitplsGb1d s 108 sg%ﬂ%%tdfé E8add Qith ARtest-andar ds

fromthe Beckman LS6500" scintillation sys Two standards were used. The
first standatutlaioacidimmebudechynpriecipdationavitineslciwm chitoridepspesmitdire drackgr ound

| evel s of disgh es_ per .m-nute (dpm ... The.second standard .contained an
amount of ca?og%%ﬁgﬁn? Elyg%li OF WI&[E‘?PPOE’”%QP %’B‘éﬁﬁ:@g aq ,rﬁtﬁga&ﬂﬁh sReed J88 2ver e
taken using plark tRkuachsit NV ich Bs HBTHOLISTIE BB 19D bEART R BRItV al ues of
counts per second ﬁﬁ(}‘gs) were acquired. The cps then was multiplied by 60 to

obtain countléerﬁlé'tes ute (cpn). Each discharge is representative of the
energy rg eased by a disintegrating beta particle in the formof a photon.
"Dpm' divided by "cpni then provided an approximate efficiency for the
canera, whi ch wasMigeprojeetilcaiddistad delivety@'partiolcdibredBen®Qtisiespedilipy ONs
emtted. For e ng)l e, .20 ere tfl}eﬁcar bon- 14 standard = 3.6 cps and
scintillant %ﬂeﬁﬁé tragsform plant qeffs that ane dilfiqul to-fransforporragangrate wsing otherg4 cpm

and 100, 600 gembad VidaRddyorite @ﬁf@&a&?@gﬁ%ﬁ@héﬁ&&ﬁ@@%g/reﬁgcggg,ﬁs/ count),

which is used as a conversion factor to calculate t ot ons
em tted by plVéart, Fderd Rligsiel t164:38:48f W84 ¥axit, Bio Dérhiislogg] 1:hE53abip8e19987di t i ons

oot ons: oy SRR o regvn Eir Sethiao st b D46k Bk atire coile Mraee conce. was.
observed in &RRfdeRIaHER has W@en%&f‘?&exﬁx%%e?%%ehé&éi A %Wg%ns JantO"

Supernova plants, whereas all of the trans re
" visibly biol spetisadsending sstierh tabracéa; cdimbhybrit paplarland phwiyd (sealGlekandvi si bl e

30 biolumn ence _occur en_about 700, 000, phot ons/ /sec and 1 x 106
_ phot ons/ m?glg%n]f% DhpEr %ﬁ‘?ggj, \éﬁ-lpgga%ﬁgre&ﬁ?rog%ﬂcg%8&&15%&” [t ?Z?I]Sf%g.o
and rice also have been transformed using microprojectile mediated delivery (Duan et
30  al, Nature Biotech. 14:494-498, 1996; Shimamoto, Curr. Opin. Biotech. 5:158-162,
1994). A rapid transformation regeneration system for the production of transgenic

plants such as a system that produces transgenic wheat in two to three months (see



WO 02/ 081G t7 PCT/US02/1111G 51 1562.4 pg luc+/~, g protein, respectively,

as determ ned by |um nonetry and spectrophotonetry; see Exanple 2B). TABLE

4 Plant QopRandsen S 10 15 20 a) Colunbia wild-type b) 355 uper nova

d) Tk1829-19-transforned Col unbia e) TK1829-11-transfor negcjg[ggoez?l)r]l%)‘\?a fJ

TK1829-11-transformed Supernova with Norflurazon Photon Em ssion

(cts/m2/sec) 16.8 10,063.0 701, 669.0 1,061, 668,0 7,160,446.0 52, 604, 180.0

These results denonstrate that the anpbumgz of |ight produced by the various

transforned plants correlates with the ampunt of |uciferase expressed in

the plants, gadh&stmll opdi 4 i L4 g - hol\d.l evel of

. Iight em ssi ongﬁ2 equi rélg%b?i)??g%?é%bﬁo ch%gﬁlggrggﬁe{é%& @#ﬁﬁ?&%@iﬁ?@?ﬂ@u” her

provi de gui dehibeesefibfor pertacaigiartcanegdnér planirstorditigto awhéthdd ¢ givBnti@{, i ous

conmbi nations, of requlatory e]enments,. that can be examned for the ability

. to confer vi@‘%‘f@"ﬁ%% %@é‘ic@ﬁ‘_%téé‘@ﬁo‘éo g%}?ffgnws-eyh?rﬁﬂ@fowtl%ﬁﬁﬁpﬁtng a
plant transf@ESHRANdA plnkss QERINEWAHIHE IBIHGIGLAATR] SONECTEAIREL A0 2

nucl eoti de sequence encodi ng a bi ol um nescent pol ypeptide operatively

| i nked t & oraf menogotyéedonous plamds glse canemtransfosinet upingfos examapls,fdolisid Wit h a

35S: Luc construct or,a cah2:Luc construct,. reconbinant nucl ei.c acjd

nol ecul es er{g?)tﬁ’f)‘iss%sedc?s (i}eﬁiahos{ehgrogci@g%'}njlian#H%aﬁltopoﬂe%{mo@@p&f P?‘E‘Phy

generating ViennbAbiliiddeUs inesERAGN Bf DRIA dhd Sla&y ik NSRS cferPhAREBated

conpri sing \s/puch cel | s can be obtained. Mor eé%li rectly, by tcr énsfor mar?g

pl ants wit h tvansfosmetiesrasd thediks. and det er mi ni ng phot on eni ssi on under

st andardi zed conditions as descri bed above, visibly biolumnescent plants

can be obtained. Furthernore, the results disclosed herein indicate that

pl ant celd s ot herPluftilnréisfoymdinsilso pritd useé kd MmirediceEm@eAChdie alolacuredi i ed

usi ng, for exanple, a_TKl 829 VWO 02/ 081G 17 PCT/US02/1111(i S2

reconbi nant Hincd Rlpst celli (. Srdlatsat Nes. 34lsd 195 evfaBhG aad $e84AS 180 obt ai n

different s | 65/; L @ RS- Vg et Vd Si i e

transgenic pi an?i/.m ﬁ’%@cr@e%gglé’%{ogglgﬁgfﬁ%%l C?/" %%igﬁiééijp@gpﬁﬁli@g%l ants

t hat exhi bi tChlempidst traxesforhiatib iivobss éntaelueing degdionscofviiad piased BN usi ng t he

di scl osed co sitiogns and n&%ods. S D. Preparation and Characterization

of Biolunin 18 PLEURT BuBpatieseaimonipL Sempls, applestabivmpanc teggihes deiton
construcgss Wedindcotiad HlPﬁﬁerEsrt M %ﬁ%#ﬁa %su?'blgfﬁ%rh&g@ple% Qioéistic or

Agrobacteriumstrain ABI 1 and in p ransformati Ar abi dopsi's and
of petuni a phratephasteansigerfion methodde.g., calcium chloride or PEG mediated

transformation). One to 1.5 kb flanking regions ("targeting sequences") facilitate

homologous recombination with the plastid genome, and allow the replacement or
modification of specific regions of the plastome. Using this method, point mutations

20  in the chloroplast 16S rRNA and rps12 genes, which confer resistance to
spectinomycin and streptomycin and can be utilized as selectable markers for
transformation (Svab et al., Proc. Natl. Acad. Sci., USA 87:8526-8530, 1990; Staub
and Maliga, Plant Cell 4:39-45, 1992), resulted in stable homopiasmic transformants,
at a frequency of approximately one per 100 bombardments of target leaves. The

25  presence of cloning sites between these markers allowed creation of a plastid targeting
vector for introduction of foreign genes (Staub and Maliga, EMBO J. 12:601-606,
1993). Substantial increases in transformation frequency are obtained by replacement
of the recessive rRNA or r-protein antibiotic resistance genes with a dominant
selectable marker, the bacterial aadA gene encoding the spectinomycin-detoxifying

30 enzyme aminoglycoside-3'-adenyltransferase (Svab and Maliga, Proc. Natl. Acad.
Sci., USA 90:913-917, 1993). Approximately 15 to 20 cell division cycles following

transformation are generally required to reach a homoplastidic state. Plastid



10 descri bed above. Wole | eaves from 10 week ol d petunia plants were
renoved and washed in warm soapy water. Leaves were sterilized in 10%
(v/v)chl ogpnSekRi7 1 S min and rinsed 4 tines with steril ep /tlﬁﬁz/n‘?’ﬂsuar es of
approxi mately cmwere cut fromthe |leaves 1 S under sterrlie conditions

wi th an scal pel and cultured for one day in pre-culture nmedium (M5 nmedi um
supplenmented with 1 ng/1 of 6-benzylam nopurine (BAP) and 0. | p.g/m of

al pha- napht hal ene acetic acid (NAA). A gunefaciens strain ABlI carrying one
of the plasm ds was used to inoculate 20 the pieces of |eaves. Bacteria

froma singl y: . : overnight in liquid L di.ymon a
_rotary shake’%p?%ég)ﬂf 161%‘3]1_%%:%@”2%@5&%%%&? y\Shl? B}ﬂl‘%%lﬁfeé:an‘\lmq}aﬂogﬁl%ﬁ TJEP ©
kananycin, |@Rerpl lonsangpopies 00theGirdulanslad¥l gnemElpréhiah ARNEIRAGRLL; talthle next
day, a 1:10 djlution s made into LB nmedium (w thout antibiotics) and
_subcul tured W@g%f(\i‘%QPBWP‘FGPPBﬂmFBb% adyantage qvigr Buclusrexprestedigetiesto an OD
(660 nm of . ; A -Gyl &, QLK i nt.s. wer e
i nocul at ed V\ng%ﬁl@ta& Oégﬁgﬁé%ls‘é%ft{}ta}? (E)%dgy eigegggé&yrtﬁ%@% ?%%e&ﬁ%t%rotcm.
approxinétely S x 10g cells. The |leaf pieces were allow to soak for S nin
in the bacteria sglution, blotted on sterile Wiatman filter discs to renove

excess of sol uti onenSEuHhle fordisaticnt according tajp mgihed jof rednygntion se apfotees and

i ncubat ed f oyisiB\WERY¥Ringh Lok :
transferred ilsll_t o}qghoot %s%glﬁi%dfei?gﬁ dgﬁ%&%g?%%ot(s gﬁ%lﬂc%&g%@o}é&@;eﬁég’
PCT/ US02/ 111mh@izeswheat.chaniey ryen sweat pitatdtipail Spea, diicdry dettacanyabbagand 500
~ g/mM carbeniecillin). After 4 we Eif shqots were exci seq. and pl aced on
rooting nedi?ﬂll’ﬁfl%_e R4 lstﬂm’éﬁ@ b EHIRR - ASREBAEYSy POy SAT L npRPPRT SRET500
~. g/ m cry begjuai, b}lﬁbkirﬂﬁﬁxﬁﬁ, APHI X %}I'Sfﬂ&,?eﬁrAauH{@ KSelon, Murh! @RRhS

e

& , Yk,
transferred to soil. As shown in Ta ., Arabi dopsi s ‘plants cContailning the
M- OM LUCK cRAS4ATIGcRpTic@b sirgwberex grape; raspbenabblecidiermys pinbapplCv@ero,UC+

construct (" ) " y Vi si b i ol um nescent (i .e.., greater than
750 000 phot e g Hnahe SPUa Blile! sSiehu RRERARE bk fet sHEBHFoul s
denonstrat e iapadeed,utoverttbbatso afariol) @ottory, @lfhifgRick Optab, eplisedubinake

various constructs, which, when introduced into plant cells, result in the
gener ati on ofl"axdgpsisyhdianaysndgeedyilants suchas copifrpes and deridupesdiresi on of the
TK 1829 gpns ]ﬁ\gﬁlg- ' I t.s resul ted
in the gener}g{nlﬁg%\ t%?s%lh%l um r?e c%#?a%@ﬁﬁﬁagia%?%&@? WF 60319%3&26ta3ni a

pl ant s cont aanpisspgetnner MintddpktdiC+ construct were not exam ned for photon
counts, the nean RLU ~,g was simlar to those for the TK 1828 and
ACT- OM LUC+ transfornmed petunias and the plants were visibly biolumnescent
tothe eye 20 ThARgiokSeiistabe AGHIBAND BhE bIAIALIANS DGR HE hitmBlr dfh
invention are useful for generating a variety of visibly biolumnescent

pl ants. Togetdigledonshwhichane seeddéaventebgaeraliystorel enahssthr fabd; 4 he br oad

ol ant s 35 neBhTRonetE nudhenR baR iR oty wl oM IRERCe (o < he

above exanpl ggsiosperm has two cotyledons. Angiosperms produce a variety of useful products

including materials such as lumber, rubber, and paper; fibers such as cotton and linen;
herbs and medicines such as quinine and vinblastine; ornamental flowers such as
roses and, where included within the scope of the present invention, orchids; and

25  foodstuffs such as grains, oils, fruits and vegetables.

Angiosperms encompass a variety of flowering plants, including, for example,
cereal plants, leguminous plants, oilseed plants, hardwood trees, fruit-bearing plants
and ornamental flowers, which general classes are not necessarily exclusive. Cereal

30 plants, which produce an edible grain cereal, include, for example, corn, rice, wheat,
barley, oat, rye, orchardgrass, guinea grass, sorghum and turfgrass. Leguminous

plants include members of the pea family (Fabaceae) and produce a characteristic



it will be understood that nodifications and variations are enconpassed
within the spirit and scope of the invention. Accordingly, the invention is

Ilmted e follow ng clains. Vi~" 0 02/081 G 1 1111G
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fruit known as a legume. Examples of leguminous plants include, for example,
soybean, pea, chickpea, moth bean, broad bean, kidney bean, lima bean, lentil,
cowpea, dry bean, and peanut, as well as alfalfa, birdsfoot trefoil, clover and sainfoin.
Oilseed plants, which have seeds that are useful as a source of oil, include soybean,

5 sunflower, rapeseed (canola) and cottonseed.

Angiosperms also include hardwood trees, which are perennial woody plants
that generally have a single stem (trunk). Examples of such trees include alder, ash,
aspen, basswood (linden), beech, birch, cherry, cottonwoed, elm, eucalyptus, hickory,

10 locust, maple, oak, persimmon, poplar, sycamore, walnut, sequoia, and willow. Trees

are useful, for example, as a source of pulp, paper, structural material and fuel.

Angiosperms are fruit-bearing plants that produce a mature, ripened ovary,

which generally contains seeds. A fruit can be suitable for human or animal

15 consumption or for collection of seeds to propagate the species. For example, hops
are a member of the mulberry family that are prized for their flavoring in malt liquor.
Fruit-bearing angiosperms also include grape, orange, lemon, grapefruit, avocado,
date, peach, cherry, olive, plum, coconut, apple and pear trees and blackberry,
blueberry, raspberry, strawberry, pineapple, tomato, cucumber and eggplant plants.

20  Anornamental flower is an angiosperm cultivated for its decorative flower. Examples
of commercially important ornamental flowers include rose, lily, tulip and

chrysanthemum, snapdragon, camellia, carnation and petunia plants, and can include
orchids.

25 The skilled artisan will recognize that the methods of the invention can be
practiced using these or other angiosperms, as desired, as well as gymnosperms,
which do not produce seeds in a fruit. As such, the methods of the invention can be
used to prepare bioluminescent plants of various families, including, for example,
Asteraceae —Aster family; Fabaceae-Pea family; Rubiaceae-Madder family; Poaceae-

30  Grass family; Euphorbiaceae-Spurge family; Lamiaceae-Mint family;
Melastomataceae-Melastome family; Liliaceae-Lily family; Scrophulariaceae-Figwort

family; Acanthaceae-Ancanthus family; Myrtaceae-Myrtle family; Cyperaceae-Sedge
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family; Ericaceae-Heath family; Apiaceae-Carrot family; Rosaceae-Rose family;
Brassicaceae-Mustard family; Araceae-Arum family; Asclepiadaceae-Milkweed
family; Arecaceae-Palm family; Solanaceae-Potato family; Boraginaceae-Borage
family; Gesneriaceae-Generiad family; Lauraceae-Laurel family; and Bromeliaceae-
Bromeliad family. In certain embodiments, the methods of the invention also can be
used to prepare bioluminescent plants of Orchidaceae-Orchid family, whereas in other

embodiments, members of the orchid family are specifically excluded.

A recombinant nucleic acid molecule of the invention or a vector containing
the recombinant nucleic acid molecule provides a valuable reagent for identifying
plant cells containing an introduced nucleic acid molecule. For example, the
recombinant nucleic acid molecule, or vector containing the recombinant nucleic acid
molecule, can include a nucleotide sequence of interest. Followiﬂg transformation of
plant cells with the recombinant nucleic acid molecule of the invention, which
contains the nucleotide sequence of interest, visibly bioluminescent plant cells can be
selected simply by looking at the plant cells, for example, under a microscope, and
picking out the ones that are visibly bioluminescent, thereby selecting plant cells that
also contain the nucleotide sequence of interest. Thus, a recombinant nucleic acid
molecule of the invention is useful as a selectable marker, and provides a quick,
efficient, and inexpensive means to identify a plant cell containing a nucleotide

sequence of interest.

A nucleotide sequence of interest also can encode an immunogenic polypeptide,
for example, a viral or bacterial polypeptide, or a peptide portion thereof. A genetically
modified plant cell, particularly a transgenic plant comprising such a plant cell, can be
used as a source of a vaccine, wherein the individuals to be immunized merely ingest the
plant, and a protective or palliative immune response is obtained. As an additional
advantage, problems generally associated with the preparation and purification of a
vaccine, as well as storage and refrigeration problems and the like are obviated. In view
of these examples, it will be recognized that genetically modified plant cells and
transgenic plant comprising such cells containing essentially any nucleotide sequence of

interest can be prepared, and that the inclusion of a recombinant nucleic acid molecule of

, G-t~
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.MM.::: N WO 12/ ®B1G-7 55 What is clainmed is: PCT/US02/1111G"' 1. A
genetically nodified plant cell, conprising a heterol ogous nucl eoti de
seqguence ' a bi ohuni nescent pol ypeptide, wherein t ' | nescent
polypeptiﬁgﬁgggﬁg@ expressed in anount sufficient to prodgggkéﬁiﬁgggt

750, 000 photons of 5 visible light/mi2/second. 2. The genetically nodified
plant cell of claim1, wherein the biolum nescent polypeptide is

| uci ferase. 10 3. The genetically nodifigd plant cell of claim1, wherein

t he bi ol um nescent pol ypeptide is a luciferase variant. 4. The genetically

nmodi fied pl ; i lqad wahsd et fer . | Is a luc+

| uci fer asg 3{2% iug‘ﬁ%ﬂ.m%mgllfle%ﬂ%ee%gteanet | %‘gﬁh@gﬁ%@# ? éegeglegfeglﬁﬁ%igﬁ%%f claim4,

" wherein the transforingd pfast celeor plant emiprisingeue eaditlaticontaing the rallcotdd | at a
| evel of at |east 1?0 /pg protein as determ ned by western bl ot anal ysis.
20 6. The geir@ty¥ar W%g%i fied plant cell of claim1, wherein the

" bi ol uni nescent pol ypeptide can be expressed in ampbunt sufficient to produce

at least one mllion photons of visible Iight/mz/second. 7. The
geneticaldy nodi f Aggcqmbinant sutleicatidahalieenld pf thisiintentias, on arvedioe echthiairg] of 25

hi hyl | d. di ild ty | ant. cell. 8, A
Cransgen ¢ plane EBir PRk AR Ra L pronaine FBRrePiSRARRvIg Cl ai m 1

or claim7. @Qatbmangitaintahe Visily BibRsiifeseh plaecbohiihg Bendicansgeni ¢ pl ant
of claim8. 10. A cutting of the transgenic plant of claim 8. WO

U2/ UB16~7 5emedified pians gelfsrhsyaseiprayiorsipbeanadeseréheidc Asisuch, the trarisgenic 8.

PCT/ US02/ 11 ROM. G |4 brar repared fromthe
transgeni c plant %theé\ng%@flﬁo‘&Pﬂgr& glrv o%%?lfp\clﬁﬂ&npmggqqpa %cgre PrgmepiaL RigRt
obt ai ned1( r oFersexamhply, amagsvhi i@ Rkpredstng al Thiftiagd S FHtpeid® bAMriaaf thelairm 8,
wherein the plant is a nonocot. 14. The transgenic plant of claimS8,

wher ei n t he {Andstsprayed vathowater eogtainng fngiferinpidhpimnsepriantanber a¢uiing o,
wherein the s | r T r ' f claiml S,
Wher i n ( ne nBtloridn 818 HhARAR Mot B cXMpIL WAIAGRERE, Sflhe Blanf B Bl
pl ant, or a dppelvqgdadeder a sdBition containing luciferin, whereupon the visible

bioluminescence is produced. For example, flowers can be cut from a transgenic
15  plant of the invention and placed in water containing luciferin, wherein the luciferin is
taken up and transported to the flower, thus providing a visibly bioluminescent
flower. Generally, the amount of luciferin sufficient to induce visible
bioluminescence includes at least about 0.1 mM, and concentrations from about
0.1 mM to 5 mM or more can be used. In addition, the solution containing luciferin
20  can further include a surfactant, for example, a non-ionic detergent such as
TRITON X-100 detergent or NONIDET P40 detergent in a concentration of about
0.001% to about 0.1%, thus facilitating entry of the Iuciferin into the plant cells.
Significantly, luciferase-mediated bioluminescence continues for several hours
following a single administration of luciferin and, therefore, there is no requirement
25  that the plants be continually treated to maintain bioluminescence. Furthermore, the
transgenic plants can be selected based on their expression of variable levels of light,

including plants that glow dimly, yet visibly, and those that glow very brightly.

In addition to providing general ornamental value, the visibly bioluminescent
30 transgenic plants of the invention also can provide a practical value. For example,
visibly bioluminescent transgenic plants that grow as bushes, shrubs or trees can be

arranged along a walkway or driveway. Where such plants express luciferase or a



17. The transgenic plant of claim8, wherein the plant is an ornanental
plant. 18. The transgenic plant of claim 17, wherein the ornanental plant

s a petupj 9. The transgenic plant of claim17, wh ' t{)

or nanent ;\ng?g%&%s a petunia or a carnation. 20. The geng{:f@gw ?Wodified
plant of claim 1, wherein the heterol ogous 25 nucl eoti de sequence encodi ng
a bi ol um nescent pol ypeptide conprises nucleotides 8366 to 11,113 of SEQ )D

NO: 2. 21 . The genetically nodified planggof claiml, wherein the
het er ol ogous nucl eoti de sequence encodi ng a bi ol um nescent pol ypeptide

conprises n of 4 1 of S NQ: 4 or nucleotides 6 to
3570 of SEQ | %@g%%f’%éb‘g@g’}%@ﬁﬁ?‘?’gg%“zi’wg'%%d%efﬂo‘é Mg W & nbi nant
nucl ei ¢ aci csobwioaconerining toeifierin Bgeh thit tAeeilRkiNge tHeWelbay &r dvadWay after
transl ati onal, etgtjg]ﬁsnc’ﬁ}élsa d a nucl eoti de _sequence encodi ng a bi ol um nescent
T 4

, pol ypepti de. ™ SrApsseRin PlaRfs PEthe 1aventonBravidel the addidonal m 22,
wherein the plapbod 1RVShALE I %fg@ i : Lr transl ati onal
enhancer. 24. Thegrecgn%‘?haﬁ%@ntac el gﬁggﬁagﬁtﬁng?%no?&%%gﬁ}%%& wherein
the plantd potyvirus is a tobacco etch virus (TEV) or an onega enhancer. 10
25. The reconbi napt nuclr@lc aci d .nol ecul e _of ﬁl im 22, wherein the.
bi ol uni nescent pgf%%"ﬁf‘? B“’legt‘%fl s relalesfodity Vgéﬁflﬁa% a&eng%aﬂlgmodgﬁ,@ eof .
26. The recofpnaNtof MihndittiodChith &@Hv‘iﬁ%@fiﬂfz ﬁbmﬁodifﬂéa?im QPR 1 s ng
an 15 operatively linked transcriptiona regé atory el enment, WAT éh
conpri ses a §¥amWie, ertranggenicTplantrdecived frosrthe gersticalty modifiedplantcslk ond cell,ai m
26, wherein the transcriptional regulatory elenent is caul i f] ower nosaic
virus (Cam? S\asge’rogg?f}loé%%‘rgf%ggléﬁg sgenic plgnt ﬁéﬁlﬁ‘?qbﬁé?tr??tﬂ%ﬁg‘w%ﬁt’ﬁp)?a’é! enent ,
or an act0 N chnkHABhebO¥refovedrsBRidts, 1ddes INGh&EARESTHI0R 3R an L URiSh, Gpas! d
mol ecul e of claim 22, conprising, in operative |inkage, a CaW SES
enhancer, a %akagt 9518 lpeifwey ate viwblydwmineseest.at i onal enhancer, a nucl eoti de
sequence encodi ng a |l uciferase polypeptide or variant thereof, 2S and a
CaMv 35S term nator. 29. The reconbi nant nucleic acid nol ecul e of claim 28,
wherei n the CaMV Accordingly, a kit of the invention can further include an amount of luciferin

sufficient for generating visible bioluminescence of the genetically modified plant cell
15  orthe derivative of the genetically modified plant cell, and also can include a plurality
of such amounts of luciferin, thus allowing the generation of visible bioluminesce a
number of times, as desired. In addition, a kit of the invention can include an amount
of a carotenoid inhibitor, for example, norfluorazon, sufficient for reducing or
inhibiting chlorophyll production in the genetically modified plant cell or the
20  derivative of the genetically modified plant cell.

In another embodiment, a kit of the invention contains one or more cuttings,
seeds, or other portion or derivative of a visibly bioluminescent plant of the invention
such that a visibly luminescent transgenic plant can be grown therefrom. As such, the

25 kit also can include reagents for growing a transgenic plant from the cutting or seed,
including, for example, a suitable plant food or other nutrient source required for
growth of the particular plant. In addition, the kit can include an amount of a
carotenoid inhibitor sufficient for reducing or inhibiting chlorophyll production in a
transgenic plant grown from the cutting or seed; and/or can include an amount of

30 luciferin sufficient for generating visible bioluminescence of a transgenic plant grown

from the cutting or seed.



35S enhancer is a dual CaW 35S enhancer. 30 30. The reconbi nant nucleic
acid nol ecule of claim 28, wherein the |uciferase pol ypeptide or variant
t her eof | |l Ue+. pol ypepti de. WO 021081Gt7 PCT/ US02/ 1 The
reconbinaﬁgﬁﬁﬁgﬁ%?c acid nol ecul e of claim 22, conprising}%%ﬁﬁgggﬁﬁiive
| i nkage, a netallothionein gene transcriptional regulatory el enent, an
onega transl ati onal enhancer, a nucl eoti de sequence encoding a |luciferase
. pol ypeptide or variant thereof, and an RycS E9 pol yA sequence. 5 32. The
reconbi nant nucleic acid nolecule of claim 22, conprising, in operative

| i nkage, an actin tr-anseri ptional ul atory el epent, an one
_transl ati onal enhgﬁgg@,}ﬁa&l %ﬁ%ﬁsté%yﬁlggu%l&ﬁ@ﬁ%ea ‘Wg%é?rrfjﬁr Qelcﬁ@i’f’%‘?ﬁ%@g‘ c
pol ypepti de &it. Uahoaldtbetrb@igaizbd, IRRdvan tHAPtha cBRtalfel ¥ih BeMeRaPenidi nisdns The

r ecombi nant ?u | ej.c acid nolecule of claim22, conprising nucleotides 8366
“to 11,113 of %%Qﬁinzg fgompongat offthe kitcinldingafor exaraplei apasketbreollentionefof

claim?22, co .8l ] I 40, . A 0f.. SEQ >D NO: 4 or

nucl eoti des E%Hgéfgggﬁg?ggégg%hﬁgﬁ g% ﬁbgu&%g%régg gar%t o’ictgﬁf)&legg% °fhe

recombi naht ponthieing predetermitedcmaamesf ofel raagenPich 20 LWdbferid hehive 64r0be fideg! ai M
32, wherein the ve,ci.twgr IS an_expressiqn vector. 37. The vector of claim 35,

wherei n the REHFEIHFEAMPILPVECHONOHE: @ selndonsiiiciraids genaatg yisiklei ve
linkage, a CoiMMiBmsiRROPRGR" coth AR T | @k kgnal
enhancer, a nucleotide sequgncgepgﬁ?:{g ?gglegﬁ uc??e?la@g @)ﬁo;d%ep ’itggl‘% or
vari ant ther eothprisend flov@anttias 8f & éansgenicqriant 88the Tineenvien ia vaxk, aldadam 35,
wherein the regonbi ﬁ]adnt nucl ei ¢ a&i d nol ecul e conprises, i.n qQperative

| i nkage, a o BEHISBF ST JOREPPHCIFITHRehamelts ok &rpasent sngh as|lucissm. Inp,
omega trams! ghdtRGImRARAAR Qb I Lf:erase
30 polypeptide or variant ?ﬁg&%g?i;@{gﬁ% aaﬁg%gﬁg&%gﬁggﬁgﬁggIgggle%gé&bﬁ8

U2/ 081G-7 59rkamiithsomentian gndfurthehincludes areagéntsheh as BSiferiherdéirn t he

r econbi nant eic acid | ecul e conprises, i erative |linkage, an actin
2 gene transg(lfslricﬁf)1 fa(%ﬂrg’lmrwehg%\t SYSy B8 OF da?lPrﬁéi%Eé’ﬁgﬁ? tcpxbﬁggrown.
enhancer, a nucl eotide sequence encoding a luciferase pol ypeptide or
variant thereof, and an RbcS E9 pol yA sequence. 5 40. The vector of claim
35, wherein the r&bsfovdng crarenles are intendledtt Bhigirate botpotilveisthedeveatioides
8366 to 14,113 of SEQ ID NO:2. 41. The vector of claim 35, wherein the
reconbi nant nucleic acid nolecule 10 conprises nucleotides 8340 to 12, 098
of SEQ ID NO:4 or nucleotides 6 to 3EXAMPLE 1

PREPARATION OF LUCIFERASE EXPRESSION VECTORS

This example provides a method for preparing Iuciferase constructs that can be

incorporated into an expression vector and are useful for producing a visibly

20  bioluminescent plant.

Plasmid pRTL2, which contains a CaMV 35S promoter with duplicated
enhancer, a TEV leader and initial coding sequence from pTL-7SN, and a CaMV 358
polyadenylation (poly A) signal sequence (Topfer et al., Nucl. Acids Res. 15:5890,

25  1987; Restrepo et al., Plant Cell 2:987, 1990, each of which is incorporated herein by
reference; see, also, Carrington and Freed, supra, 1990) was sequentially digested
with Nco I and Xba I, then separated by electrophoresis on a 0.8% agarose gel. The
nucleotide sequence of the CaMV 35S promoter with duplicated enhancer, TEV
leader and initial coding sequence, and CaMV 35S poly A signal sequence of pRTL2

30 is shown as SEQ ID NO:3. A DNA band of approximately 3.9 kb representing the
linear pRTL2 (see nucleotides 1 to 1188 and 2844 to 5475 of SEQ ID NO:1) was
isolated and extracted from the gel using a QTAQUICK DNA gel extraction kit



SEQ MNOS. NO:2. 15 NOS. 20 42. The vector of claim 35, which is selected
fromSEQ ID NO 1 and SEQ >D 43. The vector of claim 35, which is sel ected

from SEQ%:}@O@&M SEQ m 44. A cell containing the recogmﬁj@%z&ﬂiﬁl ei c

acid nol e claim?22. 45. A cell containing the vec m 35.

46. A nethod of producing a genetically nodified plant cell that is visibly
bi ol um nescent, the nethod conprising introducing a transgene conprising a
25 nucl eotide sequence encoding a biol unypescent polypeptide into a plant
cell, whereby the biolum nescent polypeptide is expressed at a | evel that

produces at i 0] ot 0 of visi.ble light/ m®R/secand,_ thereb
produci ng a g@%% P (z:}gl?qngla%%‘gﬁ%@%% tﬁﬁ?mﬁl(g?qmrf”h%ﬂg%f@f’m'yﬁ%ﬁoﬁ?%}ﬁIWég 30

" 47. The net hOBVdéadel aoritaifl thehef &IdBn fhierdnsRASHCTRNSIHISME fusiRiRbARRA Pl ant
transl ati onal enhancer operatively linked to the nucl eotide sequence

“encoding a bihsiifrhedkuBie a5 rppdyssiodéhe TEWB@F@@Q@M@?‘#%?%@MQ@H@O 48.
Th t hod AT W | td '
ptant - potyvi 8 Botfhier HOEIRAded cafe Btk 14 PARTIR ST bo BRI L P s

(TEV) trédnsl site (seeaSE@MDAYOS). and a t obacco nobsaic virus translational

enhancer. 5 49. The nethod of claim46, wherein the plant translational
enhancer is an onega transl ational enhancer having a nucl eoti de sequence

set forth as nucl ﬁﬁ]%g 31f‘ekﬁgn’?aﬂ?@g%‘ﬁ%%ﬁg‘g??gy@@"i"f?g.“’?’%h c-gﬂﬁilﬁ%t hod of

claim 46, wherein I ol um nescent erase
pol ypept i de modifiedilegiferaseeoédiaf sedibnce] he' (@tdshdutfet al. aProntdy Nohe 50120 t he

t f i i pti gnal | el t
operativel y 1TPRBES TN S se; PR Sy s incop e HARE R R TRLEHRRSPEB de
sequence|@encaigeaa @gqhélﬁwmsv}vﬂﬁﬁxgm alapmcpﬁ RbdnRparaed byéfecﬂﬁgmgsisoén glaim 51,

wherein the transcriptional regulatory el'enment is a Cauliflower npsai ¢
vi rus (CaM) 0.85s2gaqpgigatl. oFyo bamsisavare presendt-al ll.okihbardaiepreggnting tleglut at or y

el ement, or 9o%ir"f‘gcéelqﬁel %rtgeerﬁ.%yﬁa?tt R6Ys ,‘817&?? &ta'nd %1(1) approximately 3 kb band
representing the remainder of the pGL3 plasmid. The approximately 1.6 kb luc’ band
(see nucleotides 1188 to 28440f SEQ ID NO:1) was isolated and extracted as

15  described above,

The isolated luc” sequence (4 pl) was ligated into the linearized pRTL2 vector

(1 ul) using ligase and ligation buffer from BRL (Gaithersburg MD). The ligation
was performed overnight at 16°C. E. coli DH5a cells were transformed using a

20  BioRad Electroporator in a ratio of 2 pl of ligated DNA to 20 ul of cells. Following
electroporation, the transformed cells were incubated in LB medium for 1 hr at 37°C,
then were plated on LB plates containing 50 pg/ml ampicillin. Of approximately
3000 colonies, 32 were selected and screened by PCR for the luc' insert. PCR
primers were specific for the 5' end of the TEV promoter in pRTL2 and for the 3' end

25  ofthe poly A terminator in pRTL2 (see SEQ ID NO:3). PCR analysis revealed that
30 of the colonies contained the luc” insert. The presence of the insert in 6 clones was
verified by restriction analysis, and two candidate clones, designated TK1-7 and

TK1-8, were sequenced to confirm the presence of the luc” insert.

30 The TK1-8 clone was digested at 37°C for 2 hr with Hind III, and the fragment
containing the CaMV 35S promoter with duplicated enhancer, TEV leader, luc”
coding sequence and poly A termination signal (designated "TK1829"; see Figure 2,



53. The nethod of claim46, wherein the transgene conprises, in operative
| i nkage, a dual CaMW 35S enhancer, a CaW 35S pronoter, a TEV transl ati onal

enhancer, AHslgeti de sequence encoding a |uciferase pol i de
variant ther e@?,(ﬁand a CaW 35S term nator 25 54. The et ﬁgﬁ}l}éi’gt’llﬁ{m 53,

wherein the | uciferase polypeptide or variant thereof is a |uc+

pol ypepti de. WO 02/ 08t (>-47 PCT/US02/1111G 61 55. The nethod of claim
46, wherein the transgene conprises, in gperative |inkage, a

net al | ot hi onei n gene transcriptional regulatory elenment, which conprises a

promot er and,,Qpti I n ; nmega trans| ational _enhancer; a
~nucl eot i de gaélquen%:egﬂgénsc%gglﬁgg1@%8*?%?&@&@?5 %@W?ﬁ%‘{we]\?ﬂquﬁ’fes‘csﬁér eof ;
and an RocS d&Scrilsddyabobe. SERRIIASS vebidr, pW?2ﬁEtam%é%fdi§és?édrﬁ/§l5Hir§fm &ign the
| uci ferase pol ypeptide or variant thereof is a |luc+ polypeptide. 10 57. The

et hod of clapiAiede ThehHesaizad pPREPZY avestps s disated ivgthsshrimp allsddinat i ve | i nkage,
an actin 2 I oA l,.r ; n whi ¢ onprises a

pr onot er ang?{bg%}ﬁ[%‘ﬁg@f{/&%ﬁ%@ﬁﬁﬁ%ﬁ%&%ﬁﬁ%ﬁ@g@sg ra%\éngrf)gﬁ’gﬁgﬂwr%ﬁancer; a
nucl eot i de sEymenaie586 ¢oteat dnaatilvate tHeemhapae ihéryihe 1K 1829 disextand @Réarizegr eof ;
and an Rbcspé?%}%g:ByA seg(uee{)ce. 15 58. The nethod of claim57, wherein the
| uci f er ase tviegfar weredigated pnd trgpsfanned wto,DHIg cellyrs deserhed @aboves9. The
met hod of cl @i wW&e pYdisd i e R nucl eoti des 8366 to
11, 113 of SEO ID NG'2. n‘ﬁic?%té‘??fo%é@%%%ﬁ?‘é’ﬁ?g%g ioi?’%%EQ m NO: 4 or

nucl eot i des BGug/Bb3ecohoBgnm NO: 5. 60. The net hod of claim46, wherein

the transgene is stably maintained in the plant cell genone. 25 61. The
met hod of claim 60, wherein the transgene is integrated into the plant cell

genone. 2. The nmeirae ofhiceloBioMed drerd MAAIEL, oS PTHRHSUEA SHORE RES tdting e P! ant

cell, or 30 the genetically nodified plant cell derived therefrom-with an
agent that iseHPericesvas spufimediby RGRehdsscsbed dbovemll werd positige fdrehatuwolint  of

et hod of o1 WS Sf i wore salfted srCRR Srreionaidhe Voan v deisatinedi 1y
modi fied pl apy resictiondipgesicadysy, dshgy SRIe NPT, Ohabssticiam o) BvfgtRe S
correct orientation was selected. The binary vector containing the luc” insert was
15 designated pPZPTK 1829 (Figure 2; SEQ ID NO:2), and the inserted expression
construct was designated TK1829 (nucleotides 8366 to 11,113 of SEQ ID NO:2).

TK1829 was sequenced using primers specific for 5' and 3' insert flanking regions of
the pPZP221 vector. The pRTL2 vector from which the TK1829 insert was obtained
was designated pTK1829 (see Figure 1; see, also, SEQ ID NO:1).
20

The pMT-OM-LUC" (SEQ ID NO:4; Figure 3) and pACT-OM- LUC" (SEQ
ID NO:5; Figure 4) binary vector plasmids were prepared from the pPZP221 binary
vector, as described above. The metallothionein (MT) or actin (ACT) promoter was
inserted immediately preceding the omega enhancer in a Bam HI site, which provides

25  aconvenient site to substitute other transcriptional regulatory elements.

EXAMPLE 2
PREPARATION AND CHARACTERIZATION
OF VISIBLY BIOLUMINESCENT PLANTS
30 This example provides a method for introducing a luciferase expression construct

into plants such that a genetically modified visibly bioluminescent plant is produced, and



65. A transgenic plant conprising the genetically nodified plant cell of
claim64. 66. A genetically nodified plant cell, conprising a heterol ogous
nucl eot i jch conprises, in operative |linkage, a Cglé{k/ hancer,
a CaWw 35 Ogr}@f?rlo\a{‘yer, a TEV transl ational enhancer, a nucle /Pg‘gﬁgg%uence
encoding a luciferase polypeptide or variant thereof, and a CaM/ 35S

term nator wherein the |uciferase pol ypeptide or variant thereof can be
expressed in amount sufficient to producg at |east 750,000 photons of
visible |ight/m2/second. 15 67. The genetically nodified plant cell of

| ai m 66, | et ef | i.d ) i ng.
bi ol um nescenrent S ACsARE CRRIal Vi ERLbi R M IRE R P oz o0

NO: 2. 20 68.luAidescensgeni ¢ pl ant, conprising the genetically nodified plant
cell of claim66 or claim67. 69. A plant cell or tissue obtained fromthe
_transgenic plant of claim68. 25 70. A cutting of the transgenic plant of

claim68. - 41 < nic plant of claim68. 72. A
cDNA or gen Aspr fn OF 21396 1ihind find gtransgeni c plant of 30 claim
68, or frsom a pl dFite TKI 82%exppdsaioh conssoewadinaiodectdfffanpBAPTK 1 $29niageni ¢

pl ant . WO 02/ 08167 PCT/ US 1116 63 .73, A genetically npdified plant

cel I, conpri%§R cée’l‘l’é’f’é?rﬁmo% W) a‘ee}éﬁlPﬂgp%gﬁ@n]?)éfrf'MF‘étﬁl@@fﬁﬁises, in
operative | | RbaBsorerulebihintld HOTK 1R20BBRUEARSRISERL LA BRI AANA OT Y

el ement, an onega translationa ancer, a nucleotide sequence encoding a
| uci f er ase prebigiare odke YO0 pginilapectinbmyeiof 50 pg/th] &nndydin, Bad A6 [gAnb

sequence. , rein the |yciferase polypeptide or variant thereof can be
expressed in° QrBuRRerLchly ﬁgléﬁg)—fg()o%}cg%@egstggnq VS EOmp | fo¥&ns of _

vi si bl e 10 ghfr1Ted/2n8 €RBked B¢ restiiQioBRfigist &Mlivsys WEY $daa2 kY o98b Yery Cl @i m
73, wherein the heterol ogouS nucl eoti de sequence conprises nucl eotides 8340
to | 2,098 ofthep@senaa®idhell@seqt. A transgenic plant, conprising the
genetically nodified plant cell of claim73 or claim74. 76. A plant cell

or tissue obtained fromthe transgenic plant of claim75. 15 77. A cutting
of the transgeni CBRbM)ITIOfS20L8drbbdBeridBwaél steéhited Beldyy, ki@ 28 dansgeni c

pl ant of claim75. 20 79. A geneti cal lé nodi fied plant _cell, conprising a
het er ol ogousOldpansowvpigdnilgieen SupempyatSnydeiin plagts and Gobembie(wid kypskage, an
actin 2 ne Lt [e I Ve tr (.akt.onal
nhancer's a PlERRAREs LR Bl IR of s ER B, w AR BRI SO Al

vari ant t heragfSnveplanta nE&RICENEIw0a iyidh petg O€ el linetvesre isedtane ehdlopdter ase

pol ypeptide or varjant thereof can be expres eg iin amoynt sufficient to 25
produce at |%°£§%mef%@zpe%mﬁw %‘hglaeﬁsa Fr sidpoznmanmer doe intlieted, The
genetically nodified plant cell, wherein the heterol ogous nucl eotide

For in planta plant transformation, 4 inch pots were prepared with Scott's

20  Meiro mix 200 soil and covered .with window screen mesh. Soil was wet and
mounded up, and the screen mesh was secured by wrapping a rubber band around the
neck of the pot, making sure that the mesh was in contact with the soil surface so that
germinating seedlings could get through the mesh. Seeds were stratified in 10 to
50 ml of sterile water and stored at 4°C for 3 dayé prior to being applied to pots.

25  Seeds were s'own using a dropper, to spread seeds evenly over the surface of the
mesh. Plants were grown at approximately 22°C, in 12 hr light:12 hr dark per day to
a stage at which bolts were anywhere from 3 to 10 inches high. The bolts were cut off

to induce growth of secondary inflorescence.

30 Infiltration was most effective 4 to 5 days after decapitation of bolts, but can
be performed up to 8 days later. For infiltration, 5 to 20 ml liquid preculture of

Agrobacterium containing the appropriate construct were grown for about 2 days in a



sequence conprises nucleotides 6 to 3570 of SEQ )D NO'S. 30 81. A
transgeni c plant, conprising the genetically nodified plant cell of claim
79 or cl g V1~' O 02/ 081G7 PCT/US02/11116 64 82. A .| or
ti ssue ob goﬁ@ 16fﬂomthe transgeni c plant of claim81. 83%%{%&?&4169 of the
transgenic plant of claim8l. 5 84. A seed.produced by the transgenic plant
of claim8l. 85. A kit, conprising the genetically nodified plant cell of
claiml or claim7, or a derivative of t genetically nodified plant cell.
10 86. The kit of claim85, wherein the derivative of the genetically

nodi fied plapt,cel.l is. the,drans LhC .pl.ant of. clgim@8, of a cell, tjssue
_or organ of Sgl }{lélgtl?%%%)é HF%EE E?Q}?ﬁ%gfﬂ Ofﬁll‘ ¥t mB‘fuel%tF WHP@% p’iﬁﬁ@F‘ET’ A% he
organ of sai jclibA¢ fFOnE additian dbp. Bhd laPNulthR RhedlIPFAS brepdfed dh@ayki t of
claim85, 86 or 87, further conprising an amount of " luciferin sufficient

for gener at i PRIORFitBe Biftration wasinesomaedke of the genetically nodified plant
cell or the derivative of the genetically nodified plant cell. 20 89. The
kit of claim@85, 86, 87 or 88, further conprising an anmount of a carotenoid
i nhi bi t or5 suffi ci Brinsfonmed ggksdhbvgritn ceNdrivbictdrogn Ehh0oiRAY ddnsity ACBOOLARN i N

t he geneti cal l]X mgdi fied plant cell or the derivative of the genetically
modi fi ed pl a¥RDe¥) of aperogimately 2, thep hatyested Ry centafization (4900 tpa, 1¢ migeni ¢

pl ant of cl g{a&@teg@e@%@g%@f&%ﬁ@em iffGatioPARARR G/ Mlradfpetd M 8. 91.

The kit of alm her corprising reagents for grow ng transgenic
pl ant from t Beoogalts;nd Gambertt. vitdthins; YN Bibké351 47 URCHédStanRAd-pidke 65 92.

The kit of claim90 or claim91l, further, copprising unt of a
car ot enoi d ihﬁﬂfﬁ?%rht%‘lﬁfﬁ%é@é’hlts@c&b{ Ht}gé‘ilﬁﬁtﬁg&’ogﬂ U§iRE &b}iﬁgefbmd&%ﬂgl I
product | gy 1 Sit@et: ERARARRN oA ifel skl BifbMiehiid bBIPEQRAed. > 93 The

kit of claim90, 91, or 92, further conprising arf’anmount uciferin
suffici ent fapprganmtely 0r8g TheHIDOE dfi anl aveinigls celtare gofierally wanatgahi ¢ pl ant

f t tii .94 A Kkit I, Si h ticall
Todi 11 edpl ahe B8 BF & ARG sPepionantryS R wieioat et AFRENORC,  Var i ve
of the genet pabdte.TUHb EirkckisbetRlontahlbe 196 as Hhfiyistin®b tishedi m 94, wher ei n

the derivative of the genetically nodified plant cell is the transgenic
pl ant of claim68, 75, or 81, or a cell, tissue or organ of said transgenic
plant. 5 About 150-200 ml of the Agrobacterium suspension was added to either a

beaker or dish and the prepared plants were inverted into the suspension. The plants
were entirely submerged and kept in the solution for 10 to 15 min. The pots then
were removed from the suspension and drained thoroughly, laid on their side in a
plastic flat, and covered with a plastic dome or Saran Wrap to maintain humidity.

20  The flat was uncovered the next day and the pots set upright. A little water was added
to the bottom of the tray to help keep the humidity level high while the plants were
recovering. The plants were grown for 3 to 4 weeks, keeping the bolts from each pot
together and separated from neighboring pots and different infiltrations. Once plants
began to yellow and senesce, watering was reduced or discontinued. Seeds were

25  harvested together from one pot.

Transformants were selected on 150 x 15mm selection plates (1/2X Murashige
and Skoog salts; 1X Gamborg's vitamins; 1% sucrose; 0.5 g/l MES; 0.8% agarose;
pH to 5.7; autoclaved, then add 75 pg/ml gentamycin, 500 pg/ml carbenicilin,

30 50 pg/ml kanamycin). Seeds were surface sterilize for 2 min in 500 pl 70% ethanol;
followed by 10 min in 40% bleach, 1% SDS, 59% water; then rinsed 3 times with

sterile water. The seeds were resuspended in 3 to 4 ml of sterile water and plated by



15 96. The kit of claim95, wherein the organ of said transgenic plant is a
flower or a bract. 97. The kit of claim94, 95, or 96, further conprising
an anount jferin 20 sufficient for generating visibl i | hescence
of the geﬁgﬁ?@g ﬁz nodi fied plant cell or the derivative § Tﬁh@bgﬂkétically
nodi fied plant cell. 98. The kit of claim94, 95, 96, or 97 further
conprising an anount of a carotenoid inhibitor sufficient for reducing or

i nhibiting chlorophyl|l production in they25 genetically nodified plant cel
or the derivative of the genetically nodified plant cell. 99. Akit,

conpri sing [ t J1C t . of clalm@g8 75 81, or a
seed pr odch%&‘E{?%sog'% dé)Plrang:aglg e E&?‘Qﬁg ﬁgf}]ltgv@%@%ﬁrgput% Zhﬁ ﬁa%’F W(?Teaﬁ?]“@é o

" further conpsit forfigo 16 agianthsn ExvesgliqQui N@s Beridvals ,?fcﬁmaht@rwdtquwgfcutti ng
or seed. 02/ 081G 47 PCT/US02/1111G 66 10l . The kit of claim99 or
claim 100, foSARAS wSRpAded ney phte. Hinintvers allowed to satify @t 49(hfas3tdeys, then
sufficient f j isahihiting chlorophyll production in a
transgenic p?%nﬁfﬁgpgﬁ%%%%ﬂ eg%:lf)tti ng or seed. 5 102. The kit of claim
99, 100, or 101, further conprising an anmount of luciferin sufficient for

generating visi blﬁ1 bi ol um nescenge of ,a transgenic_plant grown fromthe
cutting or seed. some experiments, the herbicide, norflurazon (5 pM; 4-chloro-

.AL3. A Ae. A94. 7 2 a2 (B2 : A&, . ASh
SR AD, AQ A%?%ﬁ?‘%{”?ﬁ%%%ﬁ%ﬁ %%?5%5@8%&@? ?(Zﬁg{p@k{%%@gwﬁ%%wh, . A9
?. A9{. AL{. Agin, thengnagith mmdfurdoNorRirazagdnhibitschiindphylVsyhthedls, ASulthfin’tha
A& A A9{. A9e..AlL ., A E..A9. A9s?2. A- 6 7; .
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Luminometer. Samples from plants containing the TK 1829 construct were diluted
1/100 (5 pl/500 pl) in order for the reading to be within the range of the luminometer.
Five ul of sample and 50 pl of Promega Luciferase Assay Reagent (LAR) was used.
The maximum value of the range of readings taken every 30 sec for the first 5 min of

15 the reaction was entered into the data tables, The amount of luciferase was
approximated by western blot analysis (Tables 1 and 2) or using the RLU data
obtained by luminometry and the total protein concentration obtained by

spectrophotometry (Table 4).

20 Western blot analysis of the extracts was performed using enhanced
chemifluoresence (ECF; Amersham) to visualize protein bands. For samples
containing the TK 1829 construct, 0.1 pug of total protein was used. For all other
samples, 1.0 ug of total protein was used. The 10-fold difference was necessary to
keep the luciferase protein concentrations within the range of the assay. A luciferase

25  primary antibody and an alkaline phosphatase secondary antibody (Promega) were
used to identify protein bands. Proteins were separated by electrophoresis on,

10% SDS PAGE gels (BioRad), then transferred to Hybond nitrocellulose. Images
were visualized using a Molecular Dynamics Fluorimeter, and data was analyzed
using ImageQuant software.

30

Luciferase was expressed in 35S:Luc transformed Columbia plants

("35S:Luc") and cab2:Luc transformed Supernova plants ("Supernova"; Table 1), but
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Plant Line pg Luciferase protein/pg total protein
a) Columbia Wild Type 0.01
b) 35S:Luc transformed Columbia 7.0
¢) cab2:Luc transformed Supernova 85.0
d) TK1829 transformed Columbia 125.0
e) TK1829 transformed Supernova 834.0
f) TK1829 transformed Supernova with 1456.0

Norflurazon

A comparison of western blot data on various plant extracts allowed a
determination of the relative difference in luciferase protein concentration among the
20  various plant lines (Table 2). Western blot analysis confirmed that Arabidopsis
transformed with the TK 1829 construct expressed a much greater amount of

luciferase expression as compared to plants transformed with a 35S:Luc construct
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aclggnm(ljocfﬂggfhé )dlfferent levels of bioluminescence in the various plant lines. All

data was processed and averaged for photon counts of light/area over the time the
image was taken (mm/sec); variation between individual plants was eliminated by

analyzing pools of plants.

TABLE 2
Plant Comparison Fold increase in luciferase
protein concentration
a) Supernova vs. 35S:Luc 5
b) TK1829 transformed Columbia vs. 35S:Luc 128
¢) TK1829 transformed Columbia vs. 31
Supernova
d) TK1829 transformed Supernova vs. 244
358:Luc
e) TK1829 transformed Supernova vs. 53
Supernova
f) TK1829 transformed Supernova with 2
Norflurazon vs. the same line without
g) TK1829 transformed Supernova with 450

Norflurazon vs. 35S:Luc

In parallel with the levels of luc* expression as disclosed above, light emission
by the TK 1829 transformed plants was substantially greater than that of Columbia
plants transformed with the 35S:Luc construct ("35S:Luc") or of Snv plants
transformed with a cab2:Luc construct ("Supernova"; see Table 3). Light emission of

Arabidopsis plants transformed with TK 1829, as measured by photon counts per area
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5  bioluminescent. The TK1829 transformed Columbia and TK1829-transformed

Supernova plants were visibly bioluminescent (whether grown in the presence or

absence of norflurazon), whereas the none of the other plants, including the 35S:Luc

transformed Columbia and cab2:Luc transformed Supernova plants, were visibly

bioluminescent. These results demonstrate that transformation of a plant with a

10 construct that can express about 125 pg luc'/ug protein as determined by western blot

analysis can effectively generate visibly bioluminescent plants.

TABLE 3
Plant Comparison Fold increase in light
(cts/mm?/sec)

a) Supernova vs. 35S:Luc 70

b) Tk1829 transformed Columbia vs. 35S:Luc 106

c) Tk1829 transformed Columbia vs. 1.5
Supemova

d) Tk1829 transformed Supernova vs. 712
35S:Luc

e) TK1829 transformed Supernova vs. 10
Supernova

f) TK1829 transformed Supernova with 7
Norflurazon vs. Supernova

g) TK1829 transformed Supernova with 5,200

Norflurazon vs. 35S:Luc

C. Threshold Photon Emission for Visible Bioluminescence

15 In order to provide a standard for determining the threshold number of visible
light photons required for visible bioluminescence, the number of photons of visible
light emitted per square millimeter per second was determined using a defined
system. A Night Owl camera with WinLight Program L.B981 (EG&G Berthold; Bad

Wildbad, Germany) was used, and all images were acquired under the following
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was calibrated using manufacturer-provided standards from the Beckman LS6500

scintillation system. Two standards were used. The first standard contained
scintillant alone, which represents background levels of discharges per minute (dpm).
The second standard contained an amount of carbon-14 in scintillant that produces
100,600 dpm. Images were taken using 1.1 pixel binning with background
15 subtraction, and values of counts per second (cps) were acquired. The cps then was
multiplied by 60 to obtain counts per minute (cpm). Each discharge is representative
of the energy released by a disintegrating beta particle in the form of a photon.
"Dpm" divided by "cpm" then provided an approximate efficiency for the camera,
which was used for all data values to estimate actual photons emitted. For example,
20 where the carbon-14 standard = 3.6 cps and scintillant alone = 2.2 ¢ps, the
difference = 1.4 ¢ps (actual cps) = 84 cpm; and 100,600 dpm divided by 84 cpm =
1,198 discharges/count (photons/count), which is used as a conversion factor to

calculate the number of photons emitted by plant and detected by the camera.

25 Using the above conditions and calculation, various wild type and transformed
plants were examined and photons/mm?/sec were determined. No visibly detectable
bioluminescence was observed in the Columbia wt plants, the 35S LUC-transformed
plants or Supernova plants, whereas all of the TK 1829 transformed plants were
visibly bioluminescent. As shown in Table 4, a threshold value of visible

30  bioluminescence occurs between about 700,000 photons/mm?/sec and

1 x 10° photons/mm®/sec (compare Tables 4¢ and 4d; corresponding to 126.4 and
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¢) Supernova 701,669.0
d) Tk1829-19-transformed Columbia 1,061,668.0
e) TK1829-11-transformed Supernova 7,160,446.0
f) TK1829-11-transformed Supernova with | 52,604,180.0
Norflurazon
5 These results demonstrate that the amount of light produced by the various

transformed plants correlates with the amount of luciferase expressed in the plants,
and establish standard conditions defining a threshold level of light emission required

for visible bioluminescence.

10 These results further provide guidelines for generating other constructs, which
contain various combinations of regulatory elements, that can be examined for the
ability to confer visible bioluminescence on a plant. For example, by comparing a
plant transformed with a recombinant nucleic acid molecule comprising a nucleotide
sequence encoding a bioluminescent polypeptide operatively linked to one or more

15  regulatory elements, with plants transformed with a 35S:Luc construct or a cab2:Luc
construct, recombinant nucleic acid molecules encompassed within the present
invention and useful for generating visibly bioluminescent plant cells or transgenic
plants comprising such cells can be obtained. More directly, by transforming plants
with various constructs and determining photon emission under standardized

20  conditions as described above, visibly bioluminescent plants can be obtained.

Furthermore, the results disclosed herein indicate that plant cells other than

Arabidopsis plant cells can be genetically modified using, for example, a TK1829
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10  described above.

Whole leaves from 10 week old petunia plants were removed and washed in
warm soapy water. Leaves were sterilized in 10% (v/v)chlorine for 15 min and rinsed
4 times with sterile water. Squares of approximately 1 cm were cut from the leaves
15 under sterile conditions with an scalpel and cultured for one day in pre-culture
medium (MS medium supplemented with 1 mg/l of 6-benzylaminopurine (BAP) and

0.1 pg/ml of alpha-naphthalene acetic acid (NAA).

A. tumefaciens strain ABI carrying one of the plasmids was used to inoculate
20  the pieces of leaves. Bacteria from a single colony were grown at 28°C overnight in
liquid LB medium on a rotary shaker (250 rpm). The medium was supplemented with
50 pg/ml kanamycin, 100 pg/ml spectinomycin and 34 pg/mi chloramphenicol. The
next day, a 1:10 dilution was made into LB medium (without antibiotics) and sub-
cultured cells were grown for 4 to 5 hr. Cultures were diluted to an OD (660 nm) of
25 0.05 to 0.07 with pre-culture liquid medium,

Explants were inoculated with a log phase solution of Agrobacterium adjusted
to approximately 5 x 10° cells. The leaf pieces were allow to soak for 5 min in the
bacteria solution, blotted on sterile Whatman filter discs to remove excess of solution,

30 thenreplaced in the original pre-culture plates and incubated for 2 days at 23°C under

low light. The leaf squares were transferred into shoot proliferation medium (pre-
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10 canbe used to make various constructs, which, when introduced into plant cells, result in

the generation of visibly bioluminescent plants.

Similarly, introduction of the TK 1829 construct or the ACT-OM-LUC"
construct into petunia plants resulted in the generation of bioluminescent petunia plants.
15  Although petunia plants containing the MT-OM-LUC" construct were not examined for
photon counts, the mean RLU/pg was similar to those for the TK 1828 and
ACT-OM-LUC" transformed petunias and the plants were visibly bioluminescent to the

eye.

20 These results demonstrate that the constructs of the invention are useful for
generating a variety of visibly bioluminescent plants. Together, the results of these
studies demonstrate the broad utility of the claimed methods for generating visibly

bioluminescent plants.

25 Although the invention has been described with reference to the above examples,
it will be understood that modifications and variations are encompassed within the spirit
and scope of the invention. Accordingly, the invention is limited only by the following

claims.
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30

sequence encoding a bioluminescent polypeptide, wherein the bioluminescent

polypeptide can be expressed in amount sufficient to produce at least 750,000 photons of

visible light/mm®*/second.

2. The genetically modified plant cell of claim 1, wherein the bioluminescent

polypeptide is luciferase.

3. The genetically modified plant cell of claim 1, wherein the bioluminescent

polypeptide is a luciferase variant,

4. The genetically modified plant cell of claim 3, wherein the luciferase variant

is a luc” luciferase variant.

5. The genetically modified plant cell of claim 4, wherein the Iuc’ luciferase
variant is expressed in the plant cell at a level of at least 100 pg/pg protein as determined
by western blot analysis.

6. The genetically modified plant cell of claim 1, wherein the bioluminescent
polypeptide can be expressed in amount sufficient to produce at least one million

photons of visible light/mm®second.

7. The genetically modified plant cell of claim 1, which has a reduced level of
chlorophyll as compared to corresponding wild type plant cell.

8. A transgenic plant, comprising the genetically modified plant cell of

claim 1 or claim 7.
9. A plant cell or tissue obtained from the transgenic plant of claim 8.

10. A cutting of the transgenic plant of claim 8.
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12. A cDNA or genomic DNA library prepared from the transgenic plant of

5 claim 8, or from a plant cell or plant tissue obtained from said transgenic plant.
13. The transgenic plant of claim 8, wherein the plant is a monocot.

14. The transgenic plant of claim 8, wherein the plant is a dicot.

10
15. The transgenic plant of claim 14, wherein the plant is an angiosperm.
16. The transgenic plant of claim 15, wherein the angiosperm is a cereal plant,
a leguminous plant, an oilseed plant, or a hardwood tree.
15
17. The transgenic plant of claim 8, wherein the plant is an ornamental plant.
18. The transgenic plant of claim 17, wherein the ornamental plant is a
petunia.
20

19. The transgenic plant of claim 17, wherein the ornamental plant is a

petunia or a carnation.

20. The genetically modified plant of claim 1, wherein the heterologous
25  nucleotide sequence encoding a bioluminescent polypeptide comprises nucleotides 8366
to 11,113 of SEQ ID NO:2.

21. The genetically modified plant of claim 1, wherein the heterologous
nucleotide sequence encoding a bioluminescent polypeptide comprises nucleotides 8340
30 to 12,098 of SEQ ID NO:4 or nucleotides 6 to 3570 of SEQ ID NO:S5.
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25. The recombinant nucleic acid molecule of claim 22, wherein the

bioluminescent polypeptide is a luciferase polypeptide or variant thereof.

26. The recombinant nucleic acid molecule of claim 22, further comprising an

15 operatively linked transcriptional regulatory element, which comprises a promoter.

27. The recombinant nucleic acid molecule of claim 26, wherein the
transcriptional regulatory element is a cauliflower mosaic virus (CaMV)
35S regulatory element, a metallothionein regulatory element, or an actin 2 regulatory

20  element.

28. The recombinant nucleic acid molecule of claim 22, comprising, in
operative linkage, a CaMV 358 enhancer, a CaMV 35S promoter, a TEV translational
enhancer, a nucleotide sequence encoding a luciferase polypeptide or variant thereof,

25  and a CaMYV 358 terminator.

29. The recombinant nucleic acid molecule of claim 28, wherein the CaMV
35S enhancer is a dual CaMV 35S enhancer.

30 30. The recombinant nucleic acid molecule of claim 28, wherein the

luciferase polypeptide or variant thereof is a luc* polypeptide.
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30 81. A transgenic plant, comprising the genetically modified plant cell of
claim 79 or claim 80.
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10 86. The kit of claim 85, wherein the derivative of the genetically modified
plant cell is the transgenic plant of claim 8, or a cell, tissue or organ of said transgenic

plant.

87. The kit of claim 86, wherein the organ of said transgenic plant is a flower

15 orabract.

88. The kit of claim 85, 86 or 87, further comprising an amount of luciferin
sufficient for generating visible bioluminescence of the genetically modified plant cell

or the derivative of the genetically modified plant cell.

20
89. The kit of claim 85, 86, 87 or 88, further comprising an amount of a
carotenoid inhibitor sufficient for reducing or inhibiting chldrophyll production in the
genetically modified plant cell or the derivative of the genetically modified plant cell.
25 90. A kit, comprising a cutting of the transgenic plant of claim 8 or a seed

produced by the transgenic plant of claim 8.

91. The kit of claim 90, further comprising reagents for growing a transgenic
plant from the cutting or seed.
30
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96. The kit of claim 95, wherein the organ of said transgenic plant is a flower

or a bract.

97. The kit of claim 94, 95, or 96, further comprising an amount of luciferin
20  sufficient for generating visible bioluminescence of the genetically modified plant cell

or the derivative of the genetically modified plant cell.

98. The kit of claim 94, 95, 96, or 97 further comprising an amount of a
carotenoid inhibitor sufficient for reducing or inhibiting chlorophyll production in the

25 genetically modified plant cell or the derivative of the genetically modified plant cell.

99. A kit, comprising a cutting of the transgenic plant of claim 68, 75, or 81,

or a seed produced by said transgenic plant.

30 100. The kit of claim 99, further comprising reagents for growing a transgenic

plant from the cutting or seed.
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5 102. The kit of claim 99, 100, or 101, further comprising an amount of
luciferin sufficient for generating visible bioluminescence of a transgenic plant grown

from the cutting or seed.



