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Throughout history, a continual effort has been made to increase the yield and
nutritious value of food crops. For centuries, plants having desirable characteristics
such as greater resistance to drought conditions or increased size of fruit were
crossbred and progeny plants exhibiting the desired characteristics were selected and

20  used to produce seed or cuttings for propagation. Using such classical genetic
methods, plants having, for example, greater disease resistance, increased yield, and

better flavor have been obtained.

More recently, the methods of genetic engineering have been applied to plant
25  biology, thus expediting the generation of plants having desired characteristics. For
example, genetically engineered tomato plants have been generated such that the
tomatoes do not continue to ripen after they have been picked from the plant. Asa
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 planté that are less susceptible to

freezing or to damage by biological pests also have been generated. The availability
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freezing or to damage by biol ogi cal pests also have beer@Peg0dr 00€d. The
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future. Methods of genetic engineering ?I so have inpacted the ornanental
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plant cell contains a héterol ogous nucl eotide Sequence ng | uciferase
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light is visible to the naked eye. Such a genetically nodified plant cell

generally expresses at |east about 100 pg Iuc+/glprotei n as determ ned by
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contains a heterologous nucleotide sequence that encodes a bioluminescent polypeptide,

which, upon expression, can result in the production of at least about 750,000 photons of
20  visible lightmm®/second by the plant cell. The bioluminescent polypeptide can be any
polypeptide that is bioluminescent, or can act in concert with a second molecule such
that visible light is produced. In one embodiment, the genetically modified plant cell
contains a heterologous nucleotide sequence encoding luciferase or a luciferase variant,
for example, luc*. Upon contact of a genetically modified plant expressing luciferase or
25  avariant thereof with luciferin, a sufficient amount of visible light is produced such that
the light is visible to the naked eye. Such a genetically modified plant cell generally
expresses at least about 100 pg iuc”/pg protein as determined by western blot analysis

such that, upon contact of the plant cell with luciferin, the cell is visibly bioluminescent.

30 In another embodiment, the genetically modified plant cell, or the plant cell from
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,



reduces or inhibits pignent formation in the plant, for exanphg, gfr enoi d
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The present invention also relates to a recombinant nucleic acid molecule,
20  which comprises a translational enhancer, which enhances translation in a plant cell,
operatively linked to a nucleotide sequence encoding a bioluminescent polypeptide.
The translational enhancer can be any translational enhancer, for example, a plant
potyvirus translational enhancer such as tobacco etch virus (TEV) translational
enhancer, a tobacco mosaic virus omega translational enhancer, or a translational
25  enhancer comprising a Kozak sequence. The encoded bioluminescent polypeptide

can be a luciferase polypeptide or variant thereof, for example, the luc' luciferase

variant.

A recombinant nucleic acid molecule of the 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,
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8340 to 12,098 of SEQ ID NO:4 or as nucleotides 6 to 3570 of SEQ ID NO:5.

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 35S
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 35S 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 SEQID 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
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example, a luciferase polypeptide or variant thereof. The transgene also can contain a

20  plant virus enhancer, for example, a CaMV 35S enhancer, which is operatively linked
to the plant translational enhancer and nucleotide sequence encoding a bioluminescent
polypeptide. In one embodiment, a transgene useful in making a visibly luminescent
genetically modified plant cell contains, in operative linkage, a dual CaMV
35S enhancer, a CaMV 35S promoter, a TEV translational enhancer, a nucleotide

25  sequence encoding a luciferase polypeptide or variant thereof, and a
CaMYV 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:Z,'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



12,098 of SEQ ID NO 4, and nucleotides 6 to 3570 of SEQ ID NO 5. 30 A )
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inhibits the WO 02/081647 6 27 OCT 2005 PCT/US02/11116 synthesis of a

pi gnent such as carotenoids, which can absorb light generated by the

luci ferase. For exanple, the genetically nmodified plant cell can be
contacted with an agent such as norfl uor afon, whi ch reduces or inhibits
chl orophyl | pr od}Lljct ion in the llants, thus allow ng increased em ssion of
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bi ol um nesce a 25 nunber of times, as desired. In addition, a kit of the
I nvention can include an anount of a inhibitor that reduces or inhibits
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example, a transgenic plant derived from the genetically modified plant cell, or a cell,

a tissue, or an organ of such a transgenic plant. As such, a kit of the invention can

contain one or more flowers, bracts, leaves or other tissues or organs, which, upon
contact with luciferin, are visibly luminescent.
20

Accordingly, a kit of the invention can further include an amount of luciferin
sufficient for generating visible bioluminescence of the genetically modified plant cell
or the 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

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
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exanple, a suitable plant food or other nutrient source required for
growth of t (A L Ly t It tHeRledqC! nmount
of a 5 car ositaglﬁg}% ég:v%lg?utngilrn Q%E?tftll‘@fsg%?é érgir?{]cragé%grﬁgﬁér m‘?{?bfqt%i%%gcﬁr{h@

chl or ophyl Ikipslsdes inclndeé reagents foapsgeinga tranagiqplaninfrém oime ¢ding at ¢eedg or

seed; and/or can inpclude an anmount .of . luciferin sufficient fo enerating
Visible bi GPeHHRESREAEATLIE aasuetﬁ*aﬁ%f@dmrmerwmt QUG ACAHISR it ng or

seed. 10 S bR ERE DAty (hnt! T aliditbiitRe git%&s fhchude A WhdhintBPa Of the pTKI

. t fuae.
829 pl asm striction endonucl ease sit are I ndicated, as are the

first ndcl eatdtelmipadibitoresiimfent forr reducess, oranltibisingtchitrophydl grodwdtioanu al ast
nucl eoti de positions of the nmultiple cloni ite are i.ndicated. ' |uc+"

i ndi cat es riESETMC BlSﬁBBSFPWS%(PéH F%ﬁ“lf\%&fﬁ@?ﬁﬁgagfwwaﬁ@f‘a8{1 amRHRLofi i cat es
anpi ci |1 n-1f, e84 5 SIH66 AP ocherating Visiflk SRlumkEesdeRc b a tinsgbhig Ylat grewhovs a
map of the pPZPTKl 829 binary vecCtor plasm d. Restriction endonucl ease
sites and nohdlet ¢uttngosseed.ons are indicated as in Figure 1. " |uc+"

i ndi cates ' region encoding variant |uciferase polypeptide; "Spec" and
"Gent-R' indicate the genes 20 conferring resistance to spectinomycin and
gentamyei n, respectivel yBRIEFIDESORIFEIGN ORTHR FASURES i gi n of
replication. "LB" and "RB™ tndicate Teft border and, right border,
respectively, ofFighe Ishaws ¢ mapef die Rlkek823 plaswid: Resdictipn gpdanyelepsesiies i nt o

the plant (see,,. also -l R
MT- OM LUC+ BF Hg}%?k%é%st %‘?E‘gdégﬁ]hl%&ke‘?t% ré‘itlgit]%ﬁe é%eg,t(}%é\%t glase sf?%te%ag%s
nucl eot i de REHdotidOpssitidne of e innAdslel clainiBitE g indicated. ™ lhelt HidicdtGSregion
"CGent-R', "Oi", and "LB' and "RB' are as in Figure 2. "M" indicates the
met al | ot hi omeP¢ing vamans fucerassralynertds: a indlicatRs AmplotlinaesiStaRie &8P s t he
onega ra i r; and "E9 3'" indicates the RbcS E9 pol yA

1?5 ”é!eg%issg{?és%gﬂ RaNes

regi on (see,

Figure 2 shows a map of the pPZPTK 1829 binary vector plasmid. Restriction
endonuclease sites and nucleotide positions are indicated as in Figme 1. " luc™ indicates
region encoding variant luciferase polypeptide; "Spec" and "Gent-R" indicate the genes

20  conferring resistance to spectinomycin and gentamycin, respectively. "Ori" indicates the
plasmid origin of replication. "LB" and "RB" indicate left border and right border,
respectively, of the binary vector that allow transfer of the insert into the plant (see, also,

SEQ ID NO:2).

25 Figure 3 shows a map of the MT-OM-LUC" binary vector plasmid. Restriction
endonuclease sites and nucleotide positions are indicated as in Figure 1. " luc™, "Spec”,
"Gent-R", "Ori", and "LB" and "RB" are as in Figure 2. "MT" indicates the
metallothionein transcriptional regulatory element; "Ome" indicates the omega
translational enhancer; and "E9 3' " indicates the RbcS E9 polyA region (see, also, SEQ

30 IDNO:A4).



D NO 4). WD 02/081647 8 27 OCT 2005 PCT/US02/ 11 1 16 Figure shows a
ﬁgpl of the) ACT- OMF LUC+ binary vector plasmd. Restriction e&do8Gi 28
sites and WON2M814*de positions are indicated as in Figure 1P"G"IT/U$'OUQ1'115"
"Spec", "Gent-R', "Ori", "LB" and "RB" aLe ast! n gl tgure (2:ri pﬂTgna?nd E9
3"' are as in Figure 3; "ACT" indicates the actin rans
regul atory el emegt (see, also, SEQ 5 ID NO5). DETAILED DESCRI PTI ON G|:| THE
| N\VENTI ON The present invention provides génetically nodified plant cells
that are visibly j ol um nescent due to expression of heterol ogous
pol ypeptide, and v ’§qu9@S}H)Vﬂﬁ@Hmnfﬁheéﬁh@l\ﬂdaﬁﬁglﬁﬂmvabtaﬂbﬁlsﬁmn{ésquﬁgnor

I dified ant. cells. As discl osed her’el n,
She 1 r anagen: SOSHECleBESE 48 nalico R hast bR Pispdicaisa p inhgure dn e helSpe,
vi si bl e to th&dntHRAN"@'s "LBY aad "RB" hfdes BY B 2. dicRéagdn l P ant cells

II I.f{.ed to express heterol ogous bi ol umne tEht
ggrlygeg'? i ggg el;l i Ql 4‘%’3]1%%@@ 3(5512 Iranshriptimahegilapryelearent (st alg, SEQ
i nstrumentsat i @ reqU| red to 15 detect the biol um nescence; one could

d detect the
not sinply |ook at pI ant conprising such cells directly an _

bi ol umrrﬁe}s/cence It is noted that there is a report on the world w de web,
at the URL "hybri dorchi of a b| oI um nescent orchid. However, no
publ i shed information f . A AUNTION] t he

A O}
i nformation on therp @@n{ﬁvgﬁ% BvB gk rhe present
i nvention provides cécl}ﬁposmlons 938 \ %eé}r’e?ﬁ ?11& éa%ﬁ@? ﬂs %ﬂswﬂ?\?gsand
linitations thﬁ%lvmmmﬁde@tquer@smoﬁhetmlagbu cﬂy;h%pﬁde dauessrbl e p

N her ei the vjsibly biolumnescent “genetically
Do 1 od 10 afh e BoRIENE chinrebEmsising asentseled Romrmicb enatoniip et i =

resear ch t oolmodifatiplamvellgr 83 HiseloBARRLA! thy hiiSenid filan s L m%?%{%\ rﬁnﬁgétc ont

| ant cell ortrans eni ¢ plant of the inventrioff s Visi
8 ugnt oCexpr edigl qugceé’ﬁ%ﬂw iarvisible td the bnmian epy. aPl'aorct@tHe&’pr@d‘eni Hisclbdupd) pURRI C

d h the term
plb??)lt umm;\egc gﬁftﬂ mﬁ%%&‘? 12 I’?{gcfg?i%teé‘p‘acsﬁg?stgrﬁg}ﬁg{‘g%g !1‘36%39; Hodyneptidesssed

ilscifermd, b tighbDidtiteric o8 hhRh A
: Pgﬁtl ! V;E?olsﬁ?r:m ent pol ylggp%l de cantﬂfng IDﬁ%erent rs?ﬂ‘b‘reéP‘H ght

such as P uofg€e ‘0 BRINgLRNGS opgerudd reatdimplyock g8 ngmt C(ahpxas'iﬁg %im?glr;lgl
agent such t Qatcthy aﬁﬁ%ﬁécpfﬁe DS &Med ' 171 Nosed thg%eré % 4 regog on fhe world

wide web, at the URL "hybridorchids.com”, of a bioluminescent orchid. However, no

published information for making such orchids is available and the information on the

website has not been updated since 2000. The present invention provides compositions
20 and methods that obviate the previous limitations that prevented the generation of visibly

detectable plants and plant cells. As disclosed herein, the visibly bioluminescent

genetically modified plant cells and transgenic plants of the invention are useful as

research tools, and have great ornamental 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



exanple, a genetically nodified plant cell can contain a &leier I us

nucl eoti de WO 02/081647 9 17 OCT 2005 PCT/US02/ 11116 sequ dUn I ng

| uci f er a© ®O8Iv4rhat, upon expression of the |uciferase andrwsnt/acic of the
plant cell with luciferin, 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

el ectromagnetic spectrum generally 5 el®ctronmagnetic radiation having a
wavel engt h bet ween about 100 to 1000 nanoneters (nm, and particularly

bet ween abosequdie encodinluniferaselsuil tag apomp etpr@eivhiol de latitbrhsd@hd €658 of

variants arge exanples, of . biolum nescent pol ypeptides that_are particularly
useful for %FQE’PF@?I U‘tbll\‘@lfb Rdsmilgmyieacest sackanpscuisand yisdalighténms of t he

invention. A§idgedsHeEPh&eint I t&x‘?r?]migib}éqigh?rr%?e?s 1o/ Qb AN has-Rl BlafatloR @
nmodi fied | uciferase pol ypeptide that contalins one or Mor & sm no 2 5ci d
addi ti ons, aheb@stedmatiothe yisisle poritonafsheslearmpgnetic sgecauanperssibndi ng wil d

type lyciferagse pol ypeptide, and that en contacted with an appropriate
sﬁgstra e sﬁﬁﬂmégf eﬁ@??"éﬂ%“ﬁﬁ’@@r\_ﬁ%@e% HREFDA Q‘}‘igpolt‘éjsul ts in the
product i on piooviapibBleters hﬁx'ibt\,/an%éahrhﬂlﬂbﬂfb@t%%n LBGLtwde 1Hash G @l | uci Terases

such as Vibrio harveyi or sheri uci ferase, marine ostracod crustacean
| uci ferases such a Vargula hilgendorfii luciferase, dinoflagellate

| uci ferases such, as.Gonyaul axpl oydr.g l.uci f erase coel enterate |uciferases
such as Renilla {,gﬂfe[rgsre%/ﬂoiyp(eggée ;ﬂ’ﬂg%lg@l’ﬁéivﬁg?‘ﬁ&e Sampiesd] eopt er a
(beetle) | usibfiptinsRenSpbepEdathi ;ﬁe&95:%@@1%;1?%éfﬁkf&%&dti@)ngftﬁmn'ebhods .

|l uci ferase, a Phengodidae (glow worm famly luciferase, "or a Lannpyridae
(fireflly) |andnredugieg thepompesitiops ef the irtentipmuds vseddidreinsthe ter® "lygifeadse s

| uci f erase, ot | ke, ncludi. Lfie ns,t.hereof (see, .for
exanple, U S. Btr.g?eﬁé)%o E}l{rlgggl,%g?g‘lflpﬁ?fsg%g@??n%oé’g&%f‘%%;°r IQE aiRo N\,
5,229, 285; ddidadditibns, ¥eletibnsstGubifintidhsSs chbared 28 a Dorrepofifiig 3R typk S.  Pat .
No. 5,618,722; U S. Pat. No 5,674,713; U S. Pat. No. 5,814, 565; and U. S

Pat. No. 5,aierasgpolypentidssangdithathwhen pomdentebivith @ anpiopriatetsybstrad wichage) . A
TG e A A e
of whildh is incorporated herein by reference), which [acks a peroxisone
|ocal izing 30 dopr b e20 Re AL LS BT oS Le oSBT oD fter
luciferase, marine ostracod crustacean luciferases such a Vargula hilgendorfii
luciferase, dinoflagellate luciferases such as Gonyaulax ploydra luciferase,
coelenterate luciferases such as Renilla reniformis (sea pansy) luciferase, or
20  Coleoptera (beetle) luciferases such as an Elateridae (click beetle) family luciferase, a
Phengodidae (glow worm) family luciferase, or a Lampyridae (firefly) luciferase, for
example, a Photinus carolinus or P. pyralis luciferase, and the like, including
modified forms thereof (see, for example, U.S. Pat. No. 4,968,613; U.S. Pat.
No. 5,221,623; U.S. Pat. No. 5,229,285; U.S. Pat. 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. 5,843,746, each of which is incorporated herein by
reference). A luciferase variant is exemplified by the firefly luciferase variant, luc’
(U.S. Pat. No. 5,670,356, Sherf and Wood, Promega Notes 49:14, 1994, each of
which is incorporated herein by reference), which lacks a peroxisome localizing
30  domain, can be particularly useful for preparing a genetically modified plant cell or
visibly bioluminescent transgenic plant of the invention. Polynucleotide sequences

encoding luciferases and mutant luciferases are well known (see above references)



vi si bly biolum nescent transgenic plant of the invention. Polynucleotide
sequences encoding luciferases and nutant |uciferases are W 06 Q@005 (see
above ref eWEhELS$I6HND 02/ 081647 10 17 OCT 2005 PCT/ US02/ 1111®cangsoy@ehor s
cont ai ni ng such pol ynucl eoti des are commercially avail abl e (Pronega;

Madi son W). As used herein, the term"visibly biolumnescent" refers to
the em ssion of a 5 suff|C|ent anmount of visible light such that it can be
seen by a hurran eye. As such, the wuse of 19 ght gathering, Iight

anpl i fying, é}g‘gt enhancing or fight accunulating instrunentation is not
required to d E?thrﬁéoﬁﬁawmﬂﬁuﬂémlemﬂ@Me@&m&mm’hlly Asileble¥PichidgaN can
be used, for gypt 0 quantitate the ampunt of visible |ight enitted.
I't should be recognl zIe)d that a visibly biolumnescent plant cell nmay not be
10 visible to the unaided eye due to its small size, but can be seen using
a magni fying gl ass rosco or the like. Such a plant cell is
considered to be vﬁéluﬁ?‘ih%?lai ‘gﬁf ek visihly bigtumipescput! efersfio theenpissisestta

t SHun L ti I f
natrunentat o oo g8 Ebl e SRS P e P Emindhage Snmmttheg

vi deo system usesqﬁéghtga;ﬂtanhgrdmgmamphﬁhﬁg ﬁghl'@lh%lngjdrgight gdcﬁgmﬁ‘gﬂ prment, or
the like is not %ﬁlred 15 The ll%g produced by a visibly | um nescent

t ransgenic pllélﬁtf'm& atl?é“§88trfeﬁ‘§/“eé“° teetdhe biplustinescenegnattougivaiichng at t he

| ant t |
'na tar Kened T oon o e von b wBEE Br bl @ Bl B P ent .

pl ant of the ¢miftedt ltehowdhe D@ogmeda@maqohaﬁlytmmms@e@ﬂpraﬁs cdllnﬁiy%t'isg 20 any
general | yousef‘s]ﬁ a sugd%g 3 35 .nm sb ngl e |l ens reflex camera, di gi tal
camera, a Po i E 9 unaided exe dug @ ifssmaflisize, bug gashbe sean uangamagndylug glaky

gl owi ng pl antmiedscHse, obiRiliked SucHs pAhiSe cal | d| fied
plant cell, or a p'ib%nt pl ant ﬁssge orh %?la&rggwa'?]e@gnwgl ﬁ%ﬂg ant
cel | that eniRWPGseS pithe praspusinventon b@:amwdtghhgathﬁnngl aﬂcbirﬁlatlhg@hhph cond,

general ly at i, hot ons f visible |i ght/ nun2/ secon 25

and parti cul ari %n@?g)gsfl é?% %’to QmEePh W@u]rtﬂPi"Frr pRAge sRbansing Bdeosystens) e

| i ght/ m®/ seosmadrophStomeﬁdrbﬁMq Ehoksion) NeRicRB qlipRenty AR

di scl oseﬂsherel n, contact of a genet i cal | g ﬁmgl f{ledlaﬂ];PhE ?sqét?-&@%rgg'he

i nventio or of a plant cell from which the geneti cal l'y nmodified plant

cell is derived, ofhfc nt e invention with an agent

‘hat reduces or inhl bl%@p%@u&éﬂ@r}ﬁ%ggﬁg lﬁ?lﬁmmcscentt Eansgemc pIantc Vl\ge seen bya
person or other mammal lookmg at the plant, particularly when the plant is in a dark

environment, for example, in a darkened room or outside at night. In addition, a
bioluminescent plant of the invention can be photographed using a camera, including

20 any generally used camera such as a 35 mm single lens reflex camera, a digital camera, a
Polaroid® camera, and the like, such that a picture of the glowing plant can be obtained.
As disclosed herein, a genetically modified plant cell, or a plant, plant tissue or plant
organ comprising the plant cell that emits at least about 750,00 photons of visible
light/mm?¥second, generally at least about 850,000 photons of visible li ght/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



one or nore pigments in the plant or plant cell. By reducgmggghaesnount of
pigmentation of a plant, or a portion of the plant such @gsrt&e/1haaves or
f1 ower sWYARKE Y on of WD 02/081647 11 27 OCT 2005 PCT/ US02/ 11116

bi ol um nescence by the pignment is reduced, thereby enhancing the emni ssion
of photons fromthe plant and, therefore, the visible biolumnescence. For
exanpl e, contact of the genetically nodified plant cell or a transgenic

pl ant of the invention with an inhibitor of carotenoid synthesis can

reduce or inhibit chlo | g g , : |
absorption Ibbqumﬁﬁ’gfcc?ﬁge %’88{:& ?ﬂ%‘ P %]\p‘) E{/ljlgﬁ‘%leﬁ’ ﬂthﬁréb_g Fr_g%tna%%éh%%\%’é% Spg?{g%l%g r _
em ssi on  Gfont {he phid hadShdrefors, tHeevigiblabiolurhiniesdent @ r Borekampleptetast of thgnt hesi s
in plants are well known and include herbjci q,e such.as_norf] Qrazope,
which is c@nn@wehlﬁn1oglfe@¢axl4ras¢lb°%tmzml%Bf@w)° ﬁ_é? BveRpn ‘t"@s‘/%@ﬁ{ 3OBPhp
Producti on; %%e%gpds i siNChn fe]dgcé Sk iftRiBit Qﬂor%?ﬂ?h’ffﬁgﬁs indhe piahtdthvs

bi ol um nesg ransgeni c plant 1s generat romthe genetically nodified
pl ant cgl | redueing absmiptien bfpletaisdyahboropiplldn theddantand alevmganatatienyssion

Cr ansgent o ofPieRnoIGns fiash fheiplant otaptgioss ft tstnont SebEdS BERis Fn Y T om t he
transgeni c knp#g Ahd i:?clmg&%rmiﬁe’égﬁ%ﬂ aPNorblSrab SR WARMAIE chthRBtcialHadaitatbt A OF

genom ¢ rary prepared fromthe transgenic plant or froma plant

cell or pl FAORAISSh&biehiedSyrgenfar Crop PréductiomGigensberog@ht . The transgeni ¢
pl ant can be a nonocot, or can be a dicot, for exanple, an angi osperm such
as a cereal plant, a |legum nous plant, an oil seed plant, a hardwood tree,

or an gpnanental IPDalngﬂ‘nte%— gﬁldﬁpgiﬂ'?enﬁ aR%iU@'i tg?luﬁaiﬁc%ﬁﬁﬁttfa‘ﬁgg&ﬁc bhaft isigkGerale ONe

enbodi ment, plants use I purpose the present invention include

orchi ds. 2Grdmh tiengdneticalbninodified plant p¢lhosrsainingfatetérologous pudeddidsf t he

present invention exclude .qQrchids., K The present. i nv b | a

r econbi nantSCAYICE CRCALPH2 Hiﬂq%meé?e%&%gptﬁ%t Il}lfcfélg ’gtﬁél_leqlré}flg{”g}g%%gssto_

nucl eot i de ﬁ@ﬂ&%ﬁ%ﬂwﬁhﬂgs #ellia ld P RESESNYr tizohy/elitpinkd €rodbthe panhsddnie y

| inked to one or nore transcriptional or translational regul ator}ybel enent s,
1

or a conbi natntpmsedderediced Ay thewansgenieiptant.tand aNA 9 EeBeBIIINASHDIAY ysed

in a cqnmparative.sense wW.th respect ' : ing a
bi of urr oG QARG G0FR B et TR < i BpPHE AP LA ERUERREERTRM 02 2 e
i s not an endaagqRHr plamc MRitidssarglancen bsia mopbantforcah beadiot, ki ch it is

to be introduced,” or ‘that the nucl eotide 30 sequence gas part.] ofda] ctonstruct
such that iexampld, an angigpparey Heh a%haﬁealtplﬁgmégﬁgnmm nf,an oilseed plant, a

hardwood tree, or an ornamental plant such as a petunia, a carnation or the like. In
one embodiment, plants useful for purposes of the present invention include orchids.

20  In another embodiment, plants useful for purposes of the present invention exclude

orchids.

The present invention provides a recombinant nucleic acid molecule, which
includes a heterologous nucleotide sequence encoding a bioluminescent polypeptide
25  operatively linked to one or more transcriptional or translational regulatory elements,
or a combination thereof. As used herein, the term "heterologous” isused in a
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



found in a plant cell in nature. For exanple, a heterol og&i}s nucl eoti de
sequence can WD 02/081647 12 27 OCT 2005 PCT/ US02/11116 e |refly

| uci f er'ODPYFKHEH is not normally expressed in a plant cé’ICIT/‘ét?rﬂ’a“”c‘ﬁerefore
is heterologous with respect to the plant cell. The regul atory el enent or
conbi nati on of regulatory elenments is selected such 5 that the

bi ol um nescent pol ypeptide can be expref%sed in a plant cell at a | evel

sufficient for the plant cell, or a pla conprising the cell, to visibly
bi ol um nesce. regu el enment” is used broadly herein to refer
to a nucl e%}%CPG%a gé‘éfﬁ'elﬁﬁlé C%\A%Q?f ngpBRlkY FXRIPSEd Xﬂrﬂd@a"ttcéya%ng’éb@ﬁ&fea

expressi bl g HRied16 %Bds%tlﬁfeggﬂeﬁt%tﬁé?%ﬁ%e'llpt ion or translation of the
a rtrbo

nucl eoti de sequencte suc nucl ei ¢ acid (RNA) nol ecul e 10 or
pol ypepti de, respectively, can be generated, or encodes a donain that

confers a de5| bl e hara teri stlcqngn a poI ypeglde cont ai ni ng the domain.
For purposes of e gMEIH QL SPmBHatign o Fgu th@P%Fﬁtse&éﬁﬂﬁr%‘Phy

i ncreases Hhena B Rk, sce&tbaxr}@e%ﬁdwa%eoerx {'és?&ﬁnaal 195 &l a%glape@rat i vely

| i nked nucl eoti de sequence’e scent ypeptide, or
provi des asufficirmst ﬁoothecnlalhthzﬂ @ d)pbhtmnm@thebﬁllpol\y:pbxytbldhaxﬁmesme

PRa trane! Tot Gt Fuldled dfeu; Bisks Brogtly Yeifteritlen fepmis heidRreapPisot or .

enhancer s, thai, wheh ro@@ﬁ't@él?dnﬂt@d 5:) a Y&oha, “édp?és§ﬂ31§&9&5‘dl&i%%ff&fststtf£a@§ﬁﬁ5ﬁ&6d

sequence, for exanp otd signal Sequence or other transcription
201 213

term nati oor tSﬂﬂghéan Oﬁth,émw equshee suchrhint astiledniuklerd angd GREMgmalecide ot her

gene re55| trg nts .20 kno tore ex e55|on or
Phe  ardnt ot iep Pk eBnr e IS, B e hsraaie, oF sicsHet Snsmah Far e Sucer vl
for const rwatrhme camraeeﬁaﬂm mabow@bmeccmlﬂm@h@emﬁnofpo} B@rpdsé‘é’@ﬂbb On can
be isolated froma naturally occurring genom c DNA sequence or can

synt het i c, Pregsnt BWEREORD 2 gewiptern elemenpgenemlbr incregsestbmampunttdfonal regul atory
el enents C@lepr? t?cs}p&ltjra{nlﬁah\ﬁl# aﬁ)(()g r%ﬁ§ ghrnﬁg(ll' @él?&t?’de s hgeq}%g%inf:?%g §1e or

mai nt ai n gene Xpl’ essi on at COﬂS

can be i nobicluhhﬂesrce@ﬁoaypapﬁde,lcermml&es aCmasﬁs foubtaligk ¥ bexlpfmessseeht’ egul at ory
el enents can be expressed |n any ype, for exanple an actin pronoter

such d9 arPU¥RsPHA? to § partighlar | OCGPO%IH’ %P@h gatticotarhaplant qofir) Tigpssiiptienalsuch as
s xpr enea anpiBhal BB efhehle R e ARG i A B B e T e
r egul at or yenbhmores) 3)-uninamshatedsoeX pmtrasdated anueuiues crfgranscnbed sequence, for
example, a poly-A signal sequence or other transcription termination signal, or other
protein or RNA stabilizing elements, or other gene expression control elements
20  known to regulate gene expression or the amount of expression of a gene product. A
regulatory element useful for constructing a recombinant nucleic acid molecule of the

invention can be isolated from a naturally occurring genomic DNA sequence or can

be synthetic, for example, a synthetic promoter.

25 Transcriptional regulatory elements can be constitutively expressed regulatory
elements, which maintain gene expression at a relatively constant level of activity, or
can be inducible regulatory elements. Constitutively expressed regulatory elements
can be expressed in any cell type, for example an actin promoter such as an actin 2
profnoter, or an elongation factor (EF) promoter such as an EFla promoter; or can be

30  atissue specific regulatory element, which is expressed only in one or a few specific
cell types, a phase specific regulatory element, which is expressed only during

particular developmental or growth stages of a plant cell, or the like. A regulatory



particul ar devel opnental or growth stages of a plant cell gor the like. A
regul atory WO 02/081647 13 17 OCT 2005 PCT/US02/11116 el &TAET WBh as a
tissue §§éé?@?%”6r phase specific regulatory el ement or REWHHIL! Bioe

regul atory el enent useful in constructing a reconbi nant nucleic acid

nol ecul e of the invention can be a regulatory element that generally, in
nature, is found in a plant genone. However, the regulatory el enent also
can be from an organi smother than a 5 ant, including, for exanple, from
a plant vir an imal, virus, _.or a cell froman animl or other

S !
mul ticel | ul é?’hgﬁng%‘ﬁ 2 tashe specific aF Bhase spasiiq regplptory elementerean inilecible phase

specific re K Wl b nce that .effects
transcri pt i%ﬁhl?%&%ﬁ}e;?{%ﬁ%ﬁrﬂ lg ew gg?ggg%gfe@?ﬁﬁbﬁ%ﬁagﬁ?lg "&‘E}F‘f%ﬁof)ﬁ@ or a
f ew st ages ventiea danfbe aggglletoof elamphiathat, geherllgyia mptues, i RfudiPh pant peri od of
tinme during a particul ar tae%ﬁ of %&gvgyt h, devel ogrrent or differentiation.
The terns "%‘?“Qg\fe Qyiciep:ithe regpigtory nt alse £ be fremean prganism gthendhantzer ei n
in refesringant! Mchideky, b Y | atory
el enent canrmhave cha?g%{eg‘rgﬁgﬁg?ﬁo?bgot ﬂ}utsi/%g%“@?lﬁergéﬂpg%g?liﬁgﬁe%nts. For
exanpl e, a anagel ertashyr myltietlbamrgamsmye only during a particul ar stage of
pl ant devel opnent al so can be expressed only in one or a few types of
cells in the plant during the particular stage of devel opnent. A tissue

specific or phasgs afdierdif, the GmakiQ&é sBLEAEBE pRE sHR ] duci ng
a genetically nodified plant that is bS?oI um n_gsceﬁﬁ&bﬁ%%wﬁt%gﬂepcupar
organs or Mfapsaaniclegtide prqpenae thatrdfecisdransoriptiou &t oplyent ak astwagell ty7is,

Nuner o ti | fic or-phase specifdc regul atory el enepts have been
Noaer i B0 ey SRGR Ccord reRIARRS BPEEIE S it e Buonvibea e or
phase spegictiod of egid duiring)a [ty istage BE kHMD, ddVEloBYRAPSEdiffRAAHJH, FRUI TFULL

regulatory el ement, which is activated upon floral induction (Henpel et
al ., Devel opeREMDgissoespeaifis” aud phasospecifigharstused tagather heneintindefoming n by

reference) ik kS G . ugh as the regul atory

el enents fromt %Fe%%;g'iéﬂae%eéﬁ %ggé%%ggXﬂ&é}%q@g@rlléo%fgﬂagaicaﬁﬁﬁquedor off, Proc.

Nat | . Acad.ch@mtteristiS/ofIotH Bpddefii2gulatory d18R8nts SFot dxaniple, Radgilally Pl ant Cel |

7:735- ES 995, each qf which is, ilncor porated . herein '(t;%/ ref erence);

f1 ower [2pedteRent AERVR iy AYrng 2 paticulagsiage ofplanideyelgpmentalse o bel enents from

the LEAFY gepRssdbrly'th MFothlbl tg5ier lellsaiEHH@ﬁlaﬁttduﬁng’the particular stage of
development. A tissue specific or phase specific regulatory element can be useful for
producing a genetically modified plant that is bioluminescent only in particular organs

or tissues, or only at a particular developmental stage.

Numerous tissue specific or phase specific regulatory elements have been
described and are known and available to those in the art. Such tissue or phase
specific regulatory elements include, for example, the AGL8/FRUITFULL regulatory
element, which is activated upon floral induction (Hempel et al., Development

25 124:3845-3853, 1997, which is incorporated herein by reference); root specific
regulatory elements such as the regulatory elements from the RCP1 gene and the
LRP1 gene (Tsugeki and Fedoroff, Proc. Natl. Acad. Sci., USA 96:12941-12946,
1999; Smith and Fedoroff, Plant Cell 7:735-745, 1995, each of which is incorporated
herein by reference); flower specific regulatory elements such as the regulatory

30  elements from the LEAFY gene and the APETELAI gene (Blazquez et al..,
Development 124:3835-3844, 1997, which is incorporated herein by reference;
Hempel et al., supra, 1997); seed specific regulatory elements such as the regulatory



Devel opnent 124: 3835-3844, 1997, which is incorporated herein by reference;
Henpel et al., supra, 1997); seed specific regulatory el n@&T h as the
r egul at BiQ020§0®+402/ 081647 14 27 OCT 2005 PCT/ US02/ 11116 elpemassozfiram t he

ol eosin gene (Plant et al., Plant Mol. Biol. 25:193-205, 1994, which is

I ncorporated herein by reference), and dehi scence zone specific regul atory
el ement. Additional tissue specific or, phase specific regulatory el enents
i nclude the Zn 13 pronoter, which is a]ﬁollen specific pronoter (Ham|ton
et al., Plant Mol. Biol. 5 18:211-218, 1992, which is incorporated herein
by ref er enélient frem the ssemin gracRiant eRGANT(/UHG), Bis/oRfil ©3-200)1 95, iwhi@Ct i ve

i n api cal ' 1.1 h [ Qnot active in shQot meristens
( At aﬁas s ovgsme?@r%@?h %%:ge@ by .r&?e%e(l}: m@@gsmﬂqwnpggpeqlﬁe sgWateylementei n by
r ef er ence) Adtitiensldiage @eamt&ghm GMEQ?eﬁﬂé’cR@fz aémégtﬁ?ncl%?eg tgeﬁiﬁ?})l e, Ito

et al., Plant M. Biol. 24:863, 1994; Mirti et Acad.
10 Sci., UMRmPterywhigh iz ypolienpgtificdhremoter (Hamilamtet @k) Pladt 369, BidP91; Ter ada

et al.,s Pl _ y . 3. Wssenpach et al.., Plant J. 4:411, 1993,

each of V\h?g(;%lll glgl’ﬁggg’é?)}rué?zsdmc%lgpﬁ?ﬁifelflz’fyeﬁﬁéﬁ%‘é’?iﬁ ©WENHG bt er of the
APETELA3 QEDORABORBGANS (BFD thétef, vaiah is JERVE § H1ea . meCel |
76: 703, 1994, which is i(ncor)\pl)l)gorat gd herelisn by referéﬁ%ﬁ?%%srtr%&é thgt al .,
supra, 199BFPMOLEr aetivainshoeirmeristems tvanasspweet(@hcPiant dnd 291,998 ewhichis f or

exanpl e, | s ' | neristem.upon.the trapsitjon to

fl owering (Heﬁpol\cgzlﬂn'ldgitér%aﬂﬁ b 9%51}3%6?’3&?&%% ;ﬁa PﬁogPojFr %‘SSCS’FQQPEH{H%%G%HJBFTN ers;

LI - speci f i exampie itotee ks, PlandMoh Bibl R&:86SUG04! MestitRz P 8L Pide. NhiPhAsE

speci fli C L&guk@t r?/ el epents. can be used to construct a reconbi nant

nucl ei ¥ act@ HSART7368r 1992 Mrditrd et pbrPlaniGol 3:359a19H afspdniet alp Rlntr t hat i s
vi si bl'y bi pluwai negae i d tissyes.or. 20 organs such
as in fl 0\/\‘/‘2r3 ;mﬂ é’r%’ P\tgg%/egg?&g?t%{i'hg@zggelﬁgygﬁggg’ee C%H?V%b%rlﬁ H&O&P%&@i cul ar

stage of dwveih bpmefatense)ctheasomioter 06 tHel AMETAIWS gdridwhidhl i€ 26O A RLY
el ements al so are, usef ui’ folr %{)@ztructi ng.a reconbi nant _nucleic acid
mol ecul e JPeHTENS HoeknttiabnCelAd 619341904y wihich 18 freorrarated harsirby Fefereagul at or y

25 el ementHeri®AREald sHHGUL FIOF Y Fdnﬁdmf rb%tam ) t.0_an J nduci ng
agent, effects an in%r eas_e@f I gve of tatrna scropgﬁggﬁﬁgjﬁ‘ﬁg%ngﬁg?eﬁ?%’el y
| i nkedSnudPeetampde, &l ddch srrctive ingshobembiistennipoashe thngidby Rept | de as
conmpared t I | of transcriptiop, . .any, in the absence of an
i nduci ng afgbgn%?lgl(ﬁéﬁ FlgﬁitéJ"rSé‘ﬁ(ﬂ”a]ltg%%?‘Bﬂrﬁlﬁ&ﬁ?‘?’g‘hwr}%’rf’%ﬁﬁs; Llyspecifise no
basal or gqoombtetsytd/thedikt] Bubl tisdhed spadific 8f PR shRAS fighRitdrYL14RARs exposur e

can be used to construct a recombinant nucleic acid useful for producing, for example,

a transgenic plant that is visibly bioluminescent in one or a few selected tissues or

20 organs such as in flowers or in leaves, or that are expressed only during a particular

stage of development such as during flowering.

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



30 to an inducing agent, or those that effect a basal or t'br@tTiMi ve | evel
of transcri@ti an, which is increased upon exposure to a¥/08uaig agent.

| nduci BY@%% dfﬁ atory elenments that effect a basal or constitutive |evel of
expression generally are particularly useful 27 OCT 2005 "'O 02/081647
PCT/ US02/ 11116 15 where the induced | evel of transcription is substantially
greater than the basal or constitutiveslevel of expression, for exanple,
at | east about two-fold greater, or at |east ‘about five-fold greater.

e b ert B hyckR RN BE EA RAUGH b BLARA! Sefler Bah ubbRal & Pasa o

constituti% i Vi Oor 1 ncreas vel o ranscription at | east
about 5 t epnftthdvdleedteexplasion, foasadmpie, at dewst atiaut iwe-fold\a¢ater or at least

t i pti iated wi_th t | at ol | t.. The. t "i nduci
agent " 15 ApeBd Yol Etero PaicH Y P IMOUP L EEREY SIRREIA0 "OUdRKE ¢ hat
effects t r%ﬁ‘%&fdr%h&gﬂ{i&%ﬂtﬁﬂgj NAHG M ahE RAY] 6t iPAnécEpiesEAleast Bbdu@Sponse to

10 exposur 0 an 1 nducing agént, transcription fromthe inducible

r egul atsor yteg!feithendaterghares bhday of sonistittivaied! détransenpiden asso¢iatedsdtiedeabove a
basal or constitutive | evel of expression. Such induction can be

i dent i fi edregateEy e8@eRet hods di scl osed herein, including detecting an

i ncreased | evel of nRNA encoding the biolum nescent polypeptide. The use
of an inducible regulatory elenment in a reconbi nant nucleic 15 acid

nol ecul e of t heThetermt"inducingagentdds useddarefer to ashsried, binbogisabpiphysiEst ent

pol ypepti de on desired tLne, t.hus.prey i

transcri pt?%Htat}"gb;{‘ecFsrtéaﬂ’éf’%‘?ti‘%hg?mé’@tlpgﬁct@e ir?g{f%}éggﬁlg‘ﬁﬁtggﬁ ?’%Kﬁsﬁ Bduci ng
agent ysef Uhohitedo ﬁﬂd@l@ﬁlin?fagéﬁl‘?tﬂaﬁﬁéﬁptib@&ohﬁth&@xhcﬁmﬂﬂdr&g@myml\emm 20
particul ar i'nduci bl e regulfatory el enment. For exa

l e, the .inducjble
regul at or ygesemilpris indtiatedde govmemis inpreased abeye(amsak Iopaiityhye B?Véln%fjnt such as
an MI2B requl at or | e . C y of : I t, or a
tetracycl i ?‘?&’r?sﬁl(‘j’ﬂc?éﬂf mrgrag{glﬁ? g?noé)e;ﬁgf“é%en% ,ﬁ%jﬁg I]éég%iﬁlgg%{ﬁegr?%@gm whi ch

o oot o [
etracycline, respectively (Furst et al., . ) ; e
al ., Proc. pobpaptidac Zhe ussof an inducibly raggalons glementig-p repombingpt nycleic” o 5y )
2: 397- 404, j i ideS8meda8 RS Expréé3hSBioh8nindSRdt each of

deSa ' mears t¢ heBi t
which 1s i ﬁ%@gléé?cgﬁg%{tﬁginﬁlﬁu Ii/Mr%Jgi‘ eer enceea) Thxepri nduci bl e_lrn_egul atory
Pt oy D B ot s ot ot ch oo be. offocted | ¢
response tgam%él}?@tiﬁ}‘y&ﬂ’é’rpﬁﬂtégﬁi d 30 (Christopherson et al., Proc.
Natl|. Acad. Sci., USA 89:6314-6318, 1992; Schena et al.,

An inducing agent useful in a method of the invention is selected based on the

20  particular inducible regulatory element. For example, the inducible regulatory
element can be a metallothionein (MT) regulatory element such as an MT2B
regulatory element, a copper inducible regulatory element, or a tetracycline inducible
regulatory element, the transcription from which can be effected in response to
various metal ions, to copper or to tetracycline, respectively (Furst et al., Cell 55:705-

25 717, 1988; Mett et al., Proc. Natl. Acad. Sci., USA 90:4567-4571, 1993; Gatz et al.,
Plant J. 2:397-404, 1992; Roder et al., Mol. Gen. Genet. 243:32-38, 1994, each of
which is incorporated herein by reference). The inducible regulatory element also can
be an ecdysone regulatory element or a glucocorticoid regulatory element, the
transcription from which can be effected in response to ecdysone or other steroid

30  (Christopherson et al., Proc. Natl. Acad. Sci., USA 89:6314-6318, 1992; Schena et al,,
Proc. Natl. Acad. Sci., USA 88:10421-10425, 1991, each of which is incorporated

herein by reference). In addition, the regulatory element can be a cold responsive



Proc. Natl. Acad. Sci., USA 88:10421-10425, 1991, each of

I ncorporated herein by reference). In addition, the regulatory el enment can
be a col WOA®LsHHEi ve WD 02/ 081647 16 27 OCT 2005 PCT/ US02PETAUS2AEY6 at ory
el ement or a heat shock regulatory elenment, the transcription of which can
be effected in response to exposure to cold or heat, respectively
(Takahashi et al., Plant Physiol. 99:38?-390, 1992, which is incorporated
herein by reference). Additional regula %ry el enents useful in the nethods
or conpositions of the invention 5 include, for exanple, the spinach

nitrite redfREURIY sBentoyaihsaishock regwiaieryalaaantethe transcriptipm af wirigh cagj ol .
17:9, 1991, ywhich 4 S, ' - i gt . i nduci bl
equl atory SF Sicted facBSHB08 BAIHAA6 CoM hehHERERRRly (i e gl 10T D) ©

and Chua, S&VaendéyddBo%9:B83-3P99D99% adtictofs indvrpdraicd herehwbyp esfereck)her ei n by
ref erence), .plant hornmone i nduci hl e regul atory el ement . .

( Yamaguchi - éﬁﬁﬁ@fgﬂﬁeg@t@.{v Pfé“mnéﬁn‘ﬂse?‘ﬁ inhe n_letgpgq g" cpmpgsitions obile inveatiens et

al ., Pl ant -l i g o ' §.Sq r her ei n
by ref e?igncggE ?Udae!r?gi&teﬁ%]%?lie%g.é s&@?ﬁ%&ﬂ?@%@ﬁ%ﬁ%@% “F@?‘J&’% gaﬁ%?é%éﬁ{jetsuch as
a cab2 pronelk.gtlaksMel Biak 1€2ah§1e whidh isancogporafed hefiraby referehce); 4 g 1087,

1992, which.is incor ated herein by reference), c al be consi dered an
exanpl e of UFI:'?EEU?EE@ y §&6‘T°&‘f &'39“ “ehﬁﬁ?i-;§@9-n%@1-2§56%§§§=6§9,f1r989¢ kgwh a
promot er 15;3PORM, Fclcd 8481471, 990SRRADT whikHAs Wra@&%@&i@ﬁ)@%fWeﬁ&ga time
of day. A regulatory elenent operatively l'inked to a nucleotide sequehce

encodi ng a 2aplat heimanedaducipeirgpdgoivieementd Yemagechidhimeakiret enh@inper

transcr] bt | Mok EIRR A RosR 9 BRRE BT B ERL 2o CPep E9BRE Ghen ShRRbT on
can be any %ﬁh@d%ﬁ&(atﬁ%éiﬂ'bk&eﬁ?éﬁ@j, @h@@hé/ﬁl&_eh_@ch@hﬁaﬂtrhgﬁﬁﬁregﬁla?&yenhancer
from anot her organi smthat has enhancer activity in a plant “cell] for

exanpl e, a pleawnt sich@s asabdnamoteniseq forenampla Millaveh a., §éme Cellph E¥ed in an
i nvert ebr at I 2 Yer rate cell .su as lian cell., or an
enhancer of ?%E?ﬁ\}%;?%}gh%lﬁ%!s 1{1%(?1%8 iedslt%eéﬁmcbé’ I rﬁ% Fcn'&eg%a&”ﬁ%w Slﬁﬁ?giag virus
(CaMV) 35S exdugsle of an indabibXbregiRGy @lcpherd, shcatkpiesEig FORNARE Qlprémateri S
useful for increasing the transcriptional , activit Y of a nucl eotide
sequencl t o2RAFAKSHO OECYTdN SESPPRSS 19 ff}cqor Avsegiatedyyith a timegdday.enbodi ment, a
reconbi nant nucleic acid nolecule of the invention-contains a CaWw 35S
enhancer operatively linked to a nucl eotide sequence encodi ng the
bi ol um néscent pdlgpelptargelenfemebperatively linke tGaincibide sdymener ericsdiagadual
enhancer, . . . . . . .
bioluminescent polypeptide also can comprise an enhancer, including a transcriptional
enhancer, translational enhancer, or both. A transcriptional enhancer useful for
20  purposes of the present invention can be any enhancer generally associated with a
plant gene or an enhancer from another organism that has enhancer activity in a plant
cell, for example, a plant virus enhancer, or an enhancer from a gene expressed in an
invertebrate cell, or a vertebrate cell such as a mammalian cell, or an enhancer of a
virus that infects such cells. A cauliflower mosaic virus (CaMV) 35S enhancer is an
25  example of a plant virus enhancer that is useful for increasing the transcriptional
activity of a nucleotide sequence to which it is operatively linked. Thus, in one
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



30 conprising two copi es of the CaW 35S enhancer nucl eot i gip grIoQM@®ce. An

actin 2 wieelsaisery el ement provides another exanple of apeiaRses{REi onal
regul atory elenent, conprising a pronoter and an enhancer, that is useful

in constructing a conposition W 02/0816-17 17 6*7 OCT 20 PCT/ US02/ 11116 of
the invention or practicing a nmethod of the invention (see nucleotides 6 to
1145 of SEQ ID NO5). A netallothionein7egulatory el enent provides

anot her exanple of a transcriptional regulatory elenment useful for

pur poses of of the ipveationbr praetieing amethotlof the imietl6n (dae nadldbtid3®axb 1adyypt age

that it inc i.nduci bl.e enhancer see 5 nucleotides 11,000 to 12, 095
of SEIQ I:Z) Né%% ﬂa@arﬁm&ﬁ BHHPR‘%FF&# @Hpéqm@m@e@ther sxanpleicda of a
pol ypept i detﬂaﬁscﬁ tl&la"l‘?%gu?ﬁ&lgf é&u&%ﬁfo‘iggg}o%e ng}gxﬁei%hnﬂg%@up' ant

transl ati onal ance arec | e of
the inventi provsleﬁnhe@addytmmhacbmnmy thad ittinelnddsadn mdwdlblelahﬁz&feef (sebat generally

IS assoc ated .w ene of another organi sm
Exanpl es of ¥ ﬁdfﬂt!ﬁﬁf ?Eﬁhﬁ ﬁggﬁﬁf&%& rh@r‘& ncl ude a plant potyvirus
transl ati onal enhancer such as the tobacco etch virus (TEV) transl ational

enhancer, and a tobacco_ nosai ¢ virus transl ati onal enhancer such as the
omega enhancer QAdswwslafionalexbamkr whidttrdanhcadmnihfion bba p@RPemtideSEQ | DNO 5;

see, also, 15 Carrjington a Free J Virol. 64; 15 0, 1990; Gallie et al.
B ant - col | PRal 4 rERaERE SdnBraly Ferelpron pledt iR igaF Lerdanerah B by

ref erence) , aagoi®idanefudifie aBUGhEIbIIEE e SMEARER shE% I aAGeaRgut 101

nucl eotide upstream of the potato virus S (PSV) coat ° proteih gene (Turner

and Fost@®r, tragsiationyl gnbpncer fmt gereraliysis am@mtedmthla plant geoopeitagdndief ei n by

e ence) - AASPLAR BB BRI CaBlp R on oo

transcripti potyviey trasRIDh#& enBarjeet sHB HeAobaitostdNdtus (REVWndafoh4r M nat or
is an exanple of a transcription termnation signal useful in constructing

a recombi naffthangficand; atohageg mesaiscyirus trapslajionad coharicersich as thesimegzei d
ol ecule of il DKL R ARC FARET) Bl PAPLSLENONRTERL e
exanpl el5 anCmmmgromaahdrﬂrmsanﬁ; €IN64:Y5%0,1199¢;| RES} et 4., FOzRKCHENBENGEL,
e D o e e on
The regul at Q:'Z;Mence beginning about 101 nucleotide upstream of the potato virus S (PSV) coat

protein gene (Tumer and Foster, Arch. Virol. 142:167-175, 1997, which is

incorporated herein by reference). A recombinant nucleic acid molecule of the

20  invention can also contain regulatory elements required for termination of
transcription, for example, a polyadenylation signal. A CaMV 35S terminator is an
example of a transcription termination signal useful in constructing a recombinant

nucleic acid molecule.

25 A recombinant nucleic acid molecule of the invention also can contain
regulatory elements required for initiation or termination of translation or both,
including, for example, an internal ribosome entry site (IRES), a Kozak sequence, a
nucleotide sequence encoding an initiator methionine residue, and a nucleotide
sequence encoding a STOP codon, which terminates translation. The regulatory

30  element also can be a nucleotide sequence encoding a leader sequence, signal peptide,.
cell compartmentalization domain, or the like, and can be included in the construct,

for example, where it is desired to localize the bioluminescent polypeptide to a



30 el ement al so can be a nucl eoti de sequence encodi ng a IEhdET MWuence,

si gnal gneq%?{)is , cell conpartmentalization domain, or theridee/itand can be
i ncl ud® he construct, for exanple, where it is desired to |ocalize

t he bi ol um nescent pol ypeptide to a WO 02/081647 18 27 OCT 2005

PCT/ US02/ 11116 particul ar conpartnent such as the cytosol, nucleus, a

chl oropl ast, or another subcellular otganelle in a plant cell. Such
intracellular localization can be particularly useful where the

geneti cal ertigl?lﬁl' E?rﬁ?aﬁﬁkﬁbsn@l‘i aPIR Mt 8N natRLAG dhilstoplatt] or dndtHep De used as
a research tool, for exanple, a pafticular intracellular conpartnment of a
pl ant cel kubcllvlat orgaskli incnplant aeilatSuch intraceBular logalization cambhpartieuistiier

regul atory el enent can he contained j,n the nucleotide sgqu di ng
the-bi ol ukeetecTare thopBRE POBORRS sl o eyt aeBRps IR (T REpSAER

nor mal |y ﬁ%és%ﬂcgtt%jl, Yirlehatp e, B 6kRAlHr GarE8NIURNESmpaHmeALER plaanbell.s a part
of the nucleotide sequence as a consequence of its isolation froma 10

natura$y source, or can be heterol ogous to the nucl eotide sequence and

P Eron Sequence Brgantgy Birisn OF jisinifion R oh bihe PR ofulfdh 8am, 20
sequence, ,bg Qbnt8iRARh the filchiBtiEMNequelba\bhoddindl tie Violahiwesenhpolgpeptidprcessi on of
[

a nucl eotide sequence encoding a biolum nescent pol ynpe&&(ei de and,.
t her ef or e beaaaguletoay cbmuh@lﬁtlsmnaauﬁééiﬁﬁﬁﬂ%ﬁ?“ﬁg‘eﬁﬂé cailee fdreRSdPecul e of

the i tion. . di d_her ei [ [ : t
b sel oot GG EH AR & FERRET e TR ar e DAl T BRI GT S oo"

nucl ey i dg,a8548HRR, SNuadictteralopowd tartha asclestidemelysrep bidieparativdle
constructed, and wherein the reconbi nant 20 pucl ei.,c acid nol ecul e al | ows

for expr edikehthsretonAdditinnghiegulatesy elemns a8 80 ipfran segehiels 1081 | such t hat
the plant cell,isg Vigi ' m @&g&,@pifgg@; & ffdrg TV d

nol ecul e 51’““?1%15’ %rﬁ{}le%fjﬂ)érP%%?éﬁ%ﬁ?ﬁ?gﬁa%é,s I'n pp’erat ia\rlﬁewl i nkage, a Caw
35S enhanQ@CMA o£AV T8 58sp ettt e exprassidiof a Bud¢dide spguenenencadmg,a a

nucl eoti de sequence encoding l.uci f erase %l g&egti (gle or va%i.ﬁamg t her eof ,
and a CaMbiolgmumsscentpelypaptde andy hereforsEUPHA SPTPPRET AL RAPIBS I ancer
conpri,ges . GB86n. and the luciferase pol ypeptide or

vari a tﬁlglf:féi’g‘?aécilg a cﬁ%&tﬁggﬂ%r alée variant. I n another enbodinent, a
reconbi nant nucleic acid nolecule of the invention is exenplified by the

nucl eoti de sequlgg 8iesclso§éd ﬂe%i%?c%%bi%gt?oux}s of regulatory elements can be selected such

that a recombinant nucleic acid molecule comprising a nucleotide sequence encoding
a bioluminescent polypeptide can be constructed, and wherein the recombinant

20  nucleic acid molecule allows for expression of the bioluminescent polypeptide in a
plant cell such that the plant cell is visibly bioluminescent. A recombinant nucleic
acid molecule of the invention is exemplified by, in operative linkage, a CaMV
358 enhancer, a CaMV 35S promoter, a TEV translational enhancer, a nucleotide
sequence enéoding a luciferase polypeptide or variant thereof, and a CaMV

25 358 terminator. In one embodiment, the CaMV 35S enhancer comprises a dual
CaMV 358 enhancer, and the luciferase polypeptide or variant thereof is a huc
luciferase variant. In another 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



nucl eotides.8366 to 11,113 of SEQ ID NO 2. 30 A reconbi naft? 00T I2008c aci d
nol ecul §f°2@8’f{ J7nvent lon also is exenplified by the segeenusisatisf orth as
nucl eotla 3t o 12,098 of SEQ ID NO 4, which WO 02/081647 19 27 OCT
2005 PCT/US02/1 1116 i ncl udes, in operative |inkage, a netall othionein gene
(Mr2B) regul atory el enent corrpri sing an enhancer and pronoter (nucleotides
11,000 to 12,098 of SEQID NO4), an ont®ga translational enhancer

(nucl eotides 10,675 to 10,741 of SEQID NO 4), a nucleotide sequence

encodi ng a r d gérieeVePd
(nucl eot i deisnlég%sl%g' 1ﬁ%§e g%gﬁgirge Enﬁiall‘bﬂﬁb%ﬁ a%d an R%jgrseg Légkbé—??lghmfegl on

(nucl eot i desorBpAéng an Sﬁl&ihcon‘ arﬁﬁﬁpmml(nlmﬂeotlﬁns bHE0Q took2,098 ¢ nant

I
et forth abOTuapteepdang gy sRnar @udPifrdbE ™ bt sERaD o o
operative | 0 ’
oot er (b o b B e o o) a1 | onal

enhancers ( nsuﬂheastlude(slumeﬁd@&()l?%l@»ﬁm Q@N@@ ang apdicedid RdYAequence

encodi n I f
(nucl eotgl geéeuc’g‘%hé‘ f?%ﬁg %@H E%g EFRE@S[P%Q ‘gt %}5 églt%c Plln%&r egi on
(nucl eot i deg, 48R %ciPmBREQIVT tRERVEMINGIS) is eiénﬁhﬁ&blwrﬂiersaqﬂennclsétéonh aci d

nol ecul e of the invention congrl ses a nucl eotide ,sequence_encoding a

b: ol uni nescencleqmrlﬁﬁpﬁetpﬁﬂ@ 0(ﬁ|§ QaEDNQ§/ whiglh ig14d5s. A OPEFRLING HiEKaZeeUl at or y
Cboarmt el abtin Rl forf el B AR anARANG P ind ARUAGLnBEERGRs 6B Lot

erence to a regqulatory elenent and a

second jpuclegs bESECEUVRIOES), aibmea tramsldimnahathhncer l(mg:llmmd@s 9'1@ o236 obr a
coding or other 20 sequence means t hat the re at or | S.
posi ti oned \BEQID dXShta nuslactide seapignes engadin ‘?catergsg &W&B %rhvwgi t he

regul atory 3 eObnl cfhl Rt m{ctle%tﬂcdg{‘ 4398 2805 Bf SEOPECNO:$ 0 akid1th RBEDEY

nucl eoti de uence In su ant the sane manner as it does when the
regul atory eoBrerdgion(rfucketdes 29a9|to§57fao£ﬁ§13ﬂz IP3¥PtS)on in a genomne.
Transcriptional pronoters, for exanple, generally act in a position and
orientation dependent manner, 25 and usually are positioned at or within

about fijye nucl egq &%ﬁlﬁlﬂaﬁhﬁélhcfabfdrﬁoleﬂﬁlﬁ o€ eeliftention cotiprisecan)cladftidehe

start sife of transcription of a gene in nature. |n_ comparison, enhan
can act in aeq@nat eneddmgpabioluninesnentpelEpapbide enemhwbélﬁ%to one ormote

regulatory elements, for example, a translational enhancer. As used herein, the term
"operatively linked," when used in reference to a regulatory element and a second
nucleotide sequence, which can be another regulatory element or a coding or other

20  sequence, means that the regulatory element is positioned with respect to the second
nucleotide sequence such that the regulatory element effects its function with respect
to the second nucleotide sequence in substantially the same manner as it does when
the regulatory element is present in its natural position in a genome. Transcriptional
promoters, for example, generally act in a position and orientation dependent marnner,

25  and usually are positioned at or within about five nucleotides to about fifty
nucleotides 5' (upstream) of the start site of transcription of a gene in nature. In
comparison, enhancers can act in a relatively position or orientation independent
manner, and can be positioned several hundred or thousand nucleotides upstream or
downstream from a 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 various regulatory elements,

including the positioning of a transcribed regulatory sequence such as an IRES or a



manner, and can be positioned several hundred or thousand nucl eoti des _
upstreamor downstreamfroma transcription start site, or @? ggri on

wi t hi n t heWsbeR/8do47egi on of 30 a gene, yet still be operati welyudobnakad to
the coding region so as to enhance transcription. The relative positions
and orientations of various regulatory elenments, including the positioning
of a transcribed regul atory sequence such as an I RES or a 27 OCT 2005 WO
02/ 081647 PCT/US02/ 11116 20 transl ated regd atory el enent such as a cel
conpartmental i zation domain in an appropriate reading frane, are well

known and net Wetslated regasontdlemént shilnki mgelbetihparth @R SR USmagLiAe 1 N t he
ook et al “Mol ecul ar  Cdoning: A |aboratory

art (see, for aexarrﬁlte, a%glzrg)ﬁ_ - ]

manual " ( Col d*BFPPHE I PRBATS s knopasand rogshyds for aperatiedly dinkialk spch
"Current Prot ekalehtd dic MltRe i e B @bOGYr : Sﬁw al timore
MD 1987, and suppl erre%ts t hr oug?h 1%95%?‘r%7%g@?§f§%dnb?%%@%}gl? 8?658 ted
herein by ref &l@Heg) A laboratorimanvall (ColtltSpring Harberucdbettorg@réssigoyul e” or
"pol ynucl epti de' wpdcl eot i de se ce" ans a sequence of two or

nor e deoxf/\ér) i b%‘nﬁa%ﬁ)eggg ‘lg'de%Fmoérf’go(?ﬂffdﬁﬁ@F%%rﬁlﬁg%gyaKJé’hPiWQ@daftQ)@@Sher by a
phosphodi est eBahimste MB 1982 andtsnBnlefiehEs thioh qgfévﬂ?@fﬁ wh n be
a gene or a portjon thereof, a CP&A, e:a syn?ﬁ??@%gly eoxyrlsﬁ)gérylfg{ﬁg?e acid
sequence, or pFEM bxEeferaRte).can be singl e stranded or doubie stranded, as

well as a DNA/RNA hybrid. Furthernore, the terns are used 15 herein to
i nclude naturally .occurring nucleic acid nol ecules, which can be isol ated

froma cell, as welAsuasd isorein vt teemmaliSieiela6R matBEE" 7 @Pol &écﬁﬂ@‘%d’ for
exanpl e, ret oda of chem cal synthesis or by enzymaiic nethods such as
ol ¥ mergEEeotide,

by the p SRAHeRcEaeARS R §qaer)ce of fiwo e mere desxyribomaniedtides orised
herein to refgpodiRicdtiaEcingi [ LS produced by, Ijnkin

t oget her at Lea%t tvvol nu]lil:llgie%%3 ?@égdsted(%gﬁggigp hg@ﬁ%eg&e ?F(S‘f ‘S%ﬂépaﬁ‘hwe Snked
toget her in naclnde RMA agd EINA awhieh eab beagendivica portion ehefleoMPLBMA, @
enconpassed wifhin. th c%r eselg} i nvent%on is disti n,gui shabl e froma nucleic
aci d ol ecul e>{H4t1C ;Y BXVIIRenciers acid sequsnsepPithe iife, ang cgnibssingle stranded
general , the sUEdBN itFRded ATWElISHs ADR AVRRANRILEANS | cid mol ecul e,

25 pol ynucl eotide or nucfeoti ge sseg:l)}gnce g@bﬁgf l?rugtﬁ%ﬁdgg’ctg?ﬁrﬂﬁ arc'used
deoxyr i bouc| kgeindedncludangrally acemiing pudyic asidnaslegules) witcloéart bvigblagd i nked

raci 11 ke oD B et el A it BoleEilFe niicit a bog st To ovinslednt do
sequence al somethbds ofi¢tRinticdl 49hiBedié 8by enzymatic methods such as by the polymerase
chain reaction (PCR). The term "recombinant" is used herein to refer to a nucleic acid
molecule that is produced by linking together at least two nucleotide sequences that
20  are not generally linked together in nature. As such, a recombinant nucleic acid
molecule encompassed within the present invention is distinguishabie from a nucleic

acid molecule that may be produced, for example, during meiosis.

In general, the nucleotides comprising a recombinant nucleic acid molecule,
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 sequencé 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



anal ogs, including non-naturally occurring synthetic nucl eotides or

nodi fi ed natural |y 30 occurring nucleotides. Such nucl eoti de &#ade¥ 2008 e
wel I known er?%‘@x%ﬁt and commercially available, as are polRTsoentiides
cont ai ni ng such nucl eotide analogs (Lin et al., Nucl. Acids Res.
22:5220-5234, 1994; Jellinek et al., Biochem stry WO 02/081647 21 27t OCT
2005 PCT/ US02/ 11116 34:11363-11372, 1995; Pagratis et al., Nature

Bi ot echnol . 15:68-73, 1997, each of which i ncor porated herein by

reference). Singil e | ent . bond |inking the nucleotides of a
nucl eot i de seq?@ﬂié\éé{ %%@né‘ég%ﬁ)fg%lsét plhd¥pedbietechnol iin68-7BpiaSTe eachtdfe
coval ent bond ahseh i§ tdRsoraied *ﬁfsiﬁ‘ﬁgﬁ{;@r‘éﬁcﬁt her bonds, including a

ond,

t hi odi ester bond, a phosphor ot hi oat a peptide-like bond or any
ot her bond known to those in the art as useful for linking nucleotides to
faor exanple, Tamet al., Nucl.

d t heti | | eot i d :
IR UL RTER R M S I R
1995, 10 eath pénerdliycio alp‘lao'sﬁlfc{a'ié%%r%%ﬁﬁ‘._ eweld &%e&@il@ﬁteb%g)&;sogqﬁﬁmﬁ% of

i ncorporation of non-natura occurring nucleotrde ana
linki ng the nuBtegiongetheppondsmichyingathiddiespartiondys plidsphoio@iivhte Bh&I @ t he

| ei id I8, . d, & i. t that tai
- nuc eor vt ¢ Beriatiifke'nltr 4Ry RERPBEI ki RaRoss ipRiat as pssuldoptang &
medi um or in angdlenides & prodatgmiiidtie pagghhéksﬂdmkéﬁi%ﬂr%aﬁ?fé Qﬁnltegglglqlz?fl_

susceptible to gﬁgr adation. A nucleoti sequence contal nfng na
occurring nucl 66T 865 22T 7Y B dicker and Gronle, BioBrehinelogh eBi36 360y 1995,

synt hesi z or . i . [ ecordi nant A et hods, using an
appr opr i ateIeb pﬁ%ﬁ&é’?ﬁ%ﬁﬁ?@?ﬂ?ﬂ%&%@ﬁ §}_/ “iqifz)feﬂﬁfa c o aRGOLRMatien ¢fucl eot i de

sequence cont anori-majurilyloeotrritg raBRbAESaRIog ®F BbAM i@ the ﬁ%{%@ﬁdés%ﬁ”
phosphodi est er bonds gﬁgeral I gaéare chem cal ly synthesized, although an

enzyme such as™PE5GMY REPaKIculagly yspih hstedhe nueleic acid myloesle is torhecixpodedde
anal ogs into @& @#itbAtehe@hi : - sed .t o produce,  such
a pol ynucl eotide reconbi ﬁlt;{n?aﬁy@?%?na gﬁ&g‘%%“g%?tf‘g@e&?%‘ &y e(xvgr%‘i’ & d8lankt
al ., supra, 1998yecylgiranredionior menplanueiliesiacathiednsdiiebmotecafes chepd p¥ent i on

can be intyod i: cel]. as a naked DNA nol ecul e, can be incorporated
inamtrix shg%%&gglggeqf)?dﬁgga‘é%mbr a particle such as a viral particle, or

can be incorporated into a vector. Incorporation

A nucleotide sequence containing naturally occurring nucleotides and
phosphodiester bonds, can be chemically synthesized or can be produced using
recombinant DNA methods, using an appropriate polynucleotide as a template. In

20  comparison, a nucleotide sequence containing nucleotide analogs or covalent bonds
other than phosphodiester bonds generally are chemically synthesized, although an
enzyme such as T7 polymerase can incorporate certain types of nucleotide analogs
into a polynucleotide and, therefore, can be used to produce such a polynucleotide
recombinantly from an appropriate template (Jellinek et al., supra, 1995).

25

A recombinant nucleic acid molecule of the invention can be introduced into a
cell as a naked DNA molecule, can be incorporated in a matrix such as a liposome or
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



of the polynucleotide into a vector can facilitate mani pul ation of the

pol ynucl eotide, 30 or introduction of the polynucleotide ingp g t
cell. Accov@ RgBye47t he present invention also provides a veggyy Se,g,q L ni ng
a reconbi nant nucleic acid conprising a WO 02/081647 22 27 OCT 20

PCT/ US02/ 11116 nucl eoti de sequence encodi ng a bi ol um nescent pol ypept| de
operatively linked to one or nore regulatory elenents. A vector can be
derived froma plasmd or a viral vector s2h as a T-DNA 5 vector (Horsch
et al., Science 227:1229-1231 (1985), which is incorporated herein by

reference). | flucdetmdeedque:dae enemim)g a bivlunHEBdens Sol PR BESGE Y {
transposabl e _el enent a Ds trans%%ggér?( B?Ecrol?&y%ngle%{eb e

a
Genetics 134: {0B9em5g¢a orxgg@ |ch is incorporated herein by reference)
or an Spmtransposon (Aarts et al. Mol . Gen. Cenet. 247:555-564, 1995,
which is incorporated herein by reference) In 10 addition to containing a
reconbi nant nucl ei & eetcd cmbedmheed)fromi'@laxﬁmdrﬁrla%al Védtor $68R 504 TADRA can
contain V%I’I for exanple, rescue

of the vect or\l’le% o(gxﬁgrs[c}x&g uen%&zﬂkggéﬁé?g%;’%%m inperpomtstidrerdin by
host cell, V%f&éhdé?”ﬁbﬁsﬁ‘e@'tﬁé‘%ct%aﬂgbm ﬁ%&@rﬁg&{mtst{]fea @g@@%ﬁ&%&@ﬁﬁh! hg

or expreSS| on of an_encodi ng nucl eot é)equenc

all or a por télemens fox eﬂé@plﬂed%mﬂmm (Begirofi. andDean Chencticy €34 072 1G 809,
contain any addi onal tr nscrl ption and transl ation

el ements, inc ﬁrﬂ’é@gﬁs SO é SHreP by irfenenesd op 2B SpmetransposoniAade etal., and
the Iike (seeMot aﬁene@aﬁal 247: 555-1564 19524 hich ¥eind 4
1987). Far a vector can contain ‘ec em?n??guse %re ]balaregess ﬁ
growt h or O éfé%’u teﬁoﬂﬁlfan%aé@@mtanarsylgclemacxmmblpduhg)fahdaxaoérﬂronaiheorI gin

f | t b bl t dth
AN SZc't orketdh ali, o QOB Al varklls ol BlacBaRtheet Mg PeufioBr o pemilace.
recogniti on ansbue Ioémmgmtcmﬁc&ﬁattalnﬁfohﬂb@ﬁlanf &11; PARAPL 65 the vEAbYihl JUGRE cell,

sequence, facgl it nsertl on or renbval of a Trecombinant nuclerc’acid
mol ecul e, 25 YHeRGH ‘°r BH aP& aé‘“ﬁ%b%“é?‘?%e)fse‘imemﬁé celtlmndxpgsaorbobimm nescent
pol ypepti de ehcodifis Ao i l e t he j.nvepti on, a
vector cont ai nlccr)lg %uc segﬂ cl%l’#a}}] nuc Bl gﬁg guaqirr?‘fl ‘8“0 ‘F’FSE‘Eﬁﬁlt ain

one or ndfe crHing reglpneg?elslubh; armtcar@:hndentaﬁ)emyeim@ﬁlnﬂd%ﬁeﬂhdmné}ﬁ] RNA or a
pol ypepti de qlta LNt er est t he _additional, nucleotide sequence

can encode an BNfiPlioRand r’i@BFlé}‘Bn g@mﬂtﬁ)}r@h@vr@ copstituiyy aed indupiblespromoters,
enhancers, and the like (see, for example, Bitter et al., Meth. Enzymol. 153:516-544,

1987). For example, a vector can contain elements useful for passage, growth or
expression in a bacterial system, including a bacterial origin of replication; a

20  promoter, which can be an inducible promoter; and the like. A vector also can
contain one or more restriction endonuclease recognition and cleavage sites,

including, for example, a polylinker sequence, to facilitate insertion or removal of a

recombinant nucleic acid molecule.

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  pB-galactosidase, B-glucuronidase, luciferase, alkaline phosphatase, glutathione
S-transferase, chloramphenicol acetyltransferase, guanine xanthine

phosphoribosyltransferase, and neomycin phosphotransferase; a viral polypeptide or a



30 (3-gal act osi dase, (3-glucuronidase, luciferase, al kalst,zeoﬁh hat ase,
glutatliione S-transferase, chloranphenicol acetyltran uani ne
xant hi N¥0 %5#¥¢phori bosyl transf erase, and neomycin phospi‘f’cﬁTr/‘aiﬂgf Yse: a
viral polypeptide or a WD 02/ 081647 23 17 OCT 2005 PCT/ US02/ 11116 peptide
portion thereof; or a growh factor or a hornone, which can be a pl ant
growth factor or hornone. Expression ofzsuch a nucl eotide sequence can
provi de a neans for selecting for a cell containing t he construct for

e ) oS BRI OGRS R Y B bR S 2

can be, or ﬁﬁ@@dﬁhox@qcﬁﬁl Bxpaddien ﬁﬁﬁdiﬁra,nd&i‘ﬂoﬁbe suufieﬂce ﬁr@&@ﬁfﬂe@rm%bﬁ'@ssed
in a plant cell, provides a neans to identify the plant cell containing

the mar ker . sehecsiag éenasisilecontainiag therconpiass, fr w@e;wccg@m@ﬁiar@saable
popul ati on lenB ;@Qi&e(a: plit EeIPeh & %ta?ﬁiiig?he ﬁ&]%?qﬁg%é{%flég10§& &%}ﬁpi‘eq ghd1e Mmarker

and, theref I han e conprisrng a nucl eotide

sequences enmiminmgl auclddlideiseduent € eaciss) or pedoyipepsdlsteablénrieitee cWhishewhad ker
general ly confers a selective advantage to the plant cell. . or a plant
cont ai ni ng PIREENE &Y expressed mapigntecelly H@Véj&ﬁ nm%anﬁtpldﬁmw the plamg el esence of a

negative selgfiiif idBie? URMeRBEBR AILEERRYIdEs RindlAs BiShAlRningh Sl ecti ve

advant age al so ca or exanple, to an en novel capacity
to utilize mpu&dubaabfq:dmtsoun;ilaatsceals,rtundermify thoge bawihg ﬂmahanrkenancbrﬂmrg‘presour ce.
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expr essimn e advantage
©X5r 00 e bt X ot e sl tatel e 0

expressi on wzivantapé tl thaiplees celhor pplanp epitaidingthe oclhfovéthesple, therabitisy too a

sel ect plant cell, contain odi ng nucl epti de sequence, ver, 20
The use ot ERVLRdNE PBGeT obf oteSine de et iER 1t OF R BN A herb i ows
plant cell AQelestive/ddi@ntdpélflso BANBE e Forlciinple; ENEH érilARSed B Velpasity®ans
to enrich for transforne pl ant cell's cont ai ni ng the reconbi nant nucl eic

aci d nol eculoattilizg anpiidas compounéd es aprisientgkayty fadter gaaergbaretestri bed

above, t for
exanpi o> di RtHSF af GRuled a5 b DBIETbER oIS SARRGHE, G ShPRESH | 7L e
(Reiss, Pl aptbdﬁ&tyalb)lacc(mbmetlcﬁioof pofyhuc)eotid& &H&ebﬂ&esﬁ:@ﬁﬁ)aphﬁotﬂ@lbglms
phosphotran ferase, % confers resistance to an nog l})othSIIdes

neonyci n, &R éPHSléiii%IS i’?i“{&ﬁieﬁPégaél"Eé?IF%tl“ieeﬁd"Eié@aSB@r

should be recognized that expression of a bioluminescent polypeptide also provides a

means to a select plant cell containing the encoding nucleotide sequence. However,
20  the use of an additional selectable marker, which, for example, allows a plant cell to

survive under otherwise toxic conditions, provides a means to enrich for transformed

plant cells containing the recombinant nucleic acid molecule.

Examples of selectable markers include those described above, as well as

25  those that confer antimetabolite resistance, for example, dihydrofolate reductase,
which confers resistance to methotrexate (Reiss, Plant Physiol. (Life Sci. Adv.)
13:143-149, 1994); neomycin phosphotransferase, which confers resistance to the
aminoglycosides neomycin, kanamycin and paromycin (Herrera-Estrella, EAYBO J.
2:987-995, 1983) and hygro, which confers resistance to hygromycin (Marsh, Gene

30  32:481-485, 1984), trpB, which allows cells to utilize indole in place of tryptophan;
hisD, which allows cells to utilize histinol in place of histidine (Hartman, Proc. Natl.
Acad. Sci., USA 85:8047, 1988); mannose-6-phosphate isomerase which allows cells



2:987-995, 1983) and hygro, which confers resistance to hygr& mycin (Marsh,
Gene 30 32:481-485, 1984), trpB, which allows cells to utili&d 0CHQE in

pl ace of tWpeWBha@ki; hisD, which allows cells to utilize himti/osd1iinep! ace
of histidine (Hartman, Proc. Natl. Acad. Sci., USA 85:8047, 1988);

mannose- 6- phosphat e i sonerase which allows cells 17 OCT 2008 WD 02/ 081647
PCT/ US02/ 11116 24 to utilize mannose (WO 94/20627); ornithine

decar boxyl ase whi ch confers resistance t&the ornithine decarboxyl ase

i nhi bi tor, &F?I f | uor onet thY) DL-ornithine (DFM3 M Conl ogue, 1987, In:
Current Comuid Biilizegnannose (BIQ:84/206278) arnithine c@ohtﬂoﬁ_}daslel;lg/hldﬂaddﬂ%rs E@bﬂ]ﬁ%my

d dd | whi ch nf t t
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resi st ance, hgr exanpl e, phosphinothricin acetyl trans er ase~gene, S\%‘ngh
confers resis m[tabora&ﬁbﬁéﬂiﬁ@tdﬁﬂmﬂ%e(ﬁmﬂep@gd&bten&zlm;bvhmhcdoﬂserReS

18: 1062, 90;, 79:.625-631, 1990
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whi ch confers_.im dazg?l i one_or sul fonyl urea resistance
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(Jetferson, EMBO J. 6:3901-3907, 1997), and numerous others as disclosed herein or

20  otherwise known in the art. Such markers also can be used as reporter molecules.

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.



regul atory elenents initially can be a conponent of the vect of,..0 he
regonbi na%t 30 nucleic acid nolecule. WO 02/081647 25 V OCTCgbd-{fT M

PCT/ US02/ 11 YMB9%¥¥1¢tle enbodi nent, a vector of the i nvention ®EFENS1IA6
recombi nant nucleic acid nolecule conprising, in operative |inkage, a CaW
35S enhancer, a CaM/ 35S pronoter, a TEV translational enhancer, a
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the plant cel|inyentdori.c DNA or plastid DNA that is stably maintained in the

plant cell,sIf desired, a transgene conprising a reconbinant nucleic acid
nol ecul e o% the invention can be introduced into a plant genonme in a site-

The present invention further provides a method of producing a genetically
modified plant cell that is visibly bioluminescent. As used herein, the term
"genetically modified,” when used in reference to a plant cell, means that the plant
cell contains an exogenously introduced nucleic acid molecule. For purposes of the

20 present 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



specific matter, for exanple, by honol ogous reconbinati on. A et hod of
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art of a_plant, including a plant cutting, a ) ant” Ce
Eul ture, léppD@ pwdp galeriess phoserynthetid plashpigmept, amhye btherpipheent thaekdn i s t he

' ' ' h I e I Si a protopl ast
and o cel | el T BRYEIAL ABAE Rir lbierlycbRhel R in S By egboued

and a cell wall. . 8 single
cel | or aggr dgmeesf Thehgent thacts sakctedffti Rhéing or inhibiting pigmentation of a plant

is based on the particular pigrnent, and that the pathway involved in synthesis of the
pigment. For example, an agent such as norfluorazon, which inhibits carotenoid
20  synthesis, can be used to reduce the amount of chlorophyll in the plant cell, thus

enhancing the emission of a greater number of photons from the plant cell, or from a

transgenic plant derived from the plant cell.

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



callus, or a cultured cell, or can be part of higher orgaQiTzEgT%t, for

exanple, a plant 30 tissue, plant organ, or plant. Thus, ell can
be a prdeHE’ﬁ%‘f’V a ganete producing cell, or a cell or c%ﬂg g‘[}?'dﬁ](’of cells

that can regenerate into a whole plant. As such, a seed, which conprises
mul tiple plant cells and is capable of regenerating WO OCT 2005 WD

02/ 081647 PCT/US02/1 1116 27 into a who 9 plant, is considered plant cell
for purposes of this disclosure. A plan ti ssue or plant organ can be a
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stage of ripening and germnation. The culture nedia generally contains
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and 20 t he MPOPBRY asPed B2 pifce O @ Plant sp sl g3 ?&_faiycléé%apé Yol | ed,
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cal | us, S, organs or plant parts. © Transfornma n can lge pet fornmed
i n the contaesuspaisionrafpnotoplapisaan bparaderasddneedtinepeci@s embe® foemhtiorEean nol .
Vol . '118; Klee.et al. Ann. Rey. Plant.Physjol., 38:467 .(198 whi.ch is
ncor pdar &t ibtcer ey (e Blse usPOrsion 55 16 1368 OF BRFIGR kY bpiERihat | on-
regener at i ofhe'®iithiROmediageftaNP toutaitls hSod @nsénkhts A6cdbar§ Bhregbivieaedi a,
followed by shoot fornmation 1n about two to four weeks (see Horsch et al.,

supra, 1983psergtasionsincluding, fenaxeniplaherrasss sueh sy awinsandicytokinig #rdpl ant ed
to approprighig, haak 'Sl!lé?xda"écéhﬁgmic acid and proline, depending on the particular plant
species. Efficient regeneration will depend, in part, on the medium, the genotype, and

20  the history of the culture. If these 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.



30 selective nedium Rooted plantlets are transplanted to soil as soon as
possible after roots appear. The plantlets can be repotted dB?dEHuﬂﬂEd
until reacHe/M¥dg4irity. WO 02/ 081647 28 27 OCT 2005 PCT/ USQ¥/ddobk611ln
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As used hereipn, r“?ﬁ term "introduci ng" neans transferring a pol ynucleotide
into a plant cer A nucleic acid nolecule can be introduced into a cell
by a variety of nethods. For exanple, the reconbinant nucleic acid

nol ecul e of the inyention, which can be contained in a vector, can be
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el ectropor at i;gg; di ated t nsf ornmati on, or using
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introduced into a plant cell provi
characteristics of i mterest are well known in the art.

A method of the invention can be performed by introducing a recombinant
20 nucleic acid molecule of the invention into a plant cell. As used herein, the term
"introducing" means transferring a polynucleotide into a plant cell. A nucleic acid
molecule can be introduced into a cell by a variety of methods; For example, the
recombinant nucleic acid molecule of the invention, which can be contained in a
vector, can be introduced into 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



a genetically nodi fied plant cell containing nultiple copgpspaf 2gm§si nal e
transge$¥ W 02/081647 29 2T CCT 2006 PCT/ US02/ 1111 cqaioah g9 two or
nore di erent genes either or both of which can be present in nultiple
copies. Such genetically nodified plant cells can be produced, for exanple,
by sinply selecting plant cells having nultiple copies of a single type of
transgene; by cotransfecting plant cel$s with two or nore popul ations of
di fferent transgenes and identifying those containing the two or nore
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ot her plant virus vectors are known in the art (see, for exanple WO

99/ 47552; Wi ssbach and Wi ssbach "Met hods for Plant Mol ecul ar Biol ogy"

et o AT B B

7-9, eagh Gfanwdi®Bd pRint Hge irmrd@tdmchgernemnb&r (seé Bumpeai Patblr/s ab4 avsyl .
supra, 1985). The wld type formof A tunefaciens, for exang i cont ai ns
&°
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pl ant host usi ng A cterium nedi ated transformation
i ncl ude cq:dadnuds/atAarhzzvgézgasabcteméuclummwlasmmsn or ether pattatimig VpetorsAse ast s;

transtor mitvlvapknown in the art (see, for example, WO 99/47552; Weissbach and Weissbach,
"Methods for Plant Molecular Biology" (Academic 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

introduced 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



plant cells or tissues with Agrobacterium and transformatiopn of seeds,

api ces or 27 OCT 2005 WO 02/ 081647 PCT/ US02/ 11116 30 neri st offE QGT 200
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commerci al |y BEYPPLAPEhered byfelencepa) 0 Alto CA). For transformation,
Agrobact ersi um can be cocultured, for exanple, with plant cells or wounded
ti ssue such as |eaf tissue, root explants, 15 hypocotyls, cotyledons, stem

pi eces or tubers (4gwbatlgrivemedibted t@nsfokmatich dnemplon cointddeitb 9dstotsbrPl ant

Mol ecul ar Bi o). ngd Bi ot echnol.ogy’ (Boca Raton FL, CRC Press 1993),

which is i ncﬁﬂe*%%i‘/avt%sﬁfﬁgﬁm gy W%HE’@PPCWBEM@&S@dWQ divided hetweghant

ti e that hang j ; ' A .de, novo
i ssu p&rORRtdr W Rich @6kidu p%%%_ap% kwmg»%@a%\éﬁ %SP&@%%?&C&@W oV

when cul tured under the appropriate conditions; e resulting
shoots 20 eveYitulgnoe\geges; and psbuttle veetan ygech conphiantlss genhiof intereBt tRuRd& by

exogenousgly i ci rigadi an-requl at ol ynucl eotide, or an
ol i gonuclslgot iﬂgsej%'g?%:(ﬁloﬁc?shef?g%rf" .Veﬁ@f%ﬁﬁé"fe Mﬁ?@fﬁs% g’rﬁﬁé‘ﬂﬁ*&ti on has
been used to De Brhusendy BicTdchiolog) 1:262A18IEMobkdth#BL &1, NG L4851190. {d¥s
exanpl e, tranqsag]gg%wéﬁm,ferous@é):hant Sbguqcfh as®25 Ar abi dopsi s, nustatd,
rapeseed and , § JRGPTROTR ATeNb DY raferenes andohe esmmlefcdliyegvailpisla,
soybean, tref@iln | ver: ggni. ¢ sol anacequs pl ant uch
as eggpl ant ,@per% %ﬁgﬁm p%?%t@ 6A8 %Bé@@%oé%%m%oﬁﬁfogbaf%@é‘f" ‘f%‘rqbee‘i?ﬁ r@,g’ fg’%ng
et al., "TraxefmpteyatithoplantceHs antoundud tHend sidhcisqesfIRMIc Mot ekpRARY | dge,
Uni ver si tlg Pr.ess 1&9%§g/{1| ch is incorporated herein by reference). In
addi t i on!° AgriBBAEYERs: titYISEON aieHt RIGCasoa haest (hee. fon examplaeGligdeand Bhampaoaduce
U ant o e B e 81 n B (B RAGPRL o' ¢
Press 1993), which is incorporated herein by reference). Wounded cells within the

§
are

plant tissue that have been infected by Agrobacterium can develop organs de novo
when cultured under the appropriate conditions; the resulting transgenic shoots
20  eventually give rise to transgenic plants, which contain an exogenously introduced

circadian-regulated polynucleotide, or an oligonucleotide portion thereof,

Agrobacterium mediated transformation has been used to produce a variety of

transgenic plants, including, 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,



horseradi sh, lettuce, norning glory, nusknelon, neem poplar,gptocaniisry,
sugar beet, WADBBIEE1647 31 27 OCT 2005 PCT/ US02/ 11116 sunfl eegiusodgl; it
asparagus, rice and other plants (see, for exanple, Gick and Thonpson,
supra, 1993; Hiei et al., Plant J. 6:271-282, 1994; Shi manoto, Science
270:1772-1773, 1995). 5 Suitable strains of A tunefaciens and vectors as
wel | as transformation of Agrobacteria and®lappropriate growth and
selection nedia are well known in the art (Gv3101, pMKOORK), Koncz, Mol.
Gen. Genet. 2oaw§h)3vezgwalnm93@arf\tgys&m andpiﬂ!ﬁ%&ﬁﬁkﬁ(#e, faeadaaqsl@,mmwahd Aci d

Res. 13:4777, 1984; Koncz, Proc.
Natl. Acad. Sci. §%§i§§é%ﬁ6%§4%& &%Ff &9%‘5 Shisnamgjopficience
20: 963- 976, 19920:1Re¢773,39¢es8).al i zed vectors for gene tagging and

expression studies. In: Plant Mol ecul ar Bi ol ogy Manual Vol. 2, CGelvin and
Schi |l peroort (Eds.), Dordrecht, The Netherlands: Kl uwer Academ c Publ.

1994), 1-22; Euro 516 ma: The Binary Plant Vector
(Syste?n 0‘5fzsetdlrjuk gf;f}?tj)lg%tr %?QAé 6/6 acffl"ﬁflggggﬁ%fﬁﬁf tvfggg)trang%%tgn
Fraley, Crit. R&gmbad:&nﬁlaadlfapplﬁphatc ghovkthdd sé¥ectidEMBENia afk wéll kA& Wn i rg‘l%@@‘t
Where t he recog{lg?&u m c.acid nolecule is contained in a vec
vector can con R )éi%‘ﬁérﬂl@ GfeﬂrG@}@&rﬁ%em?’l-f‘lﬁﬁt 19%4;¢es58CHNd

i ght bord f

“right border {)GS'@ISI@%ﬁ)aﬁaérF@vud%%s ’%gf” %ﬁr'ge%%"‘"(v%/ég éﬁlfg or

stable integration intoa 20 ant  genone fBctors
that permt thé2 §@hler1Q64dﬁom Proar Nerl zﬂd‘adeStt'zl’ 854 B68467(84an} Bg6! KBn@z?‘?’WBJte

wh t t t f pl
dover opnont? or M PR BB Satih e Kohbrupodteaiiiomorsose asinapne,

met hods of co é;r asfoRr SRt O (lerﬁ'MJﬂ WhaBiol 161, 1989;
Peng, Pl ant Mol pﬁ}Bl ol . 27:91-104, 19505 %%dr@tlﬁa@sa?yﬁét]zstﬁe?‘% dlenzym&*s

capabl e of 25 Sehilpsraon(BdsxdPogoeht, ﬂ“é:cmfmimmdmmuwemmlé Pes, ( 1@9@)

W97/ 0833 1, i 53- 199 Ll o d Mol .

Genet. 242:653- égsﬁmfgé%ﬁg %‘gbs‘t#%%r %é"ﬁ“ é‘gﬁémarz? ﬂﬁ/@s §yst11991
Onouchi, Nucl . Oﬂfs¢tdfukReﬁJ K839, 0B Rssch®iH (19838 Gha g{ew FRagPc9 al .,
supr a, 19§3 038171 di rect gene transfer method stch as eléctro pora{el on al so

can be us hFodtid #0aABoFURR Y b2 T1887.1085) cel | such as a pl ant
cell. For exanple, plant protoplasts can be electroporated in the presence
of a reconbi nant nucleic acid

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 Agrobacterium, 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



sequence | a bi ol um nescent pol ypeptide, which ca vect or
(F?om‘n ez\@a?g,%%?oc. Natl. Acad. Sci., US. 4 82:5824, 1985, "~ _ '8

i ncorporated herein by reference). Electrical inpulses of high field
strength reversibly perneabilize nenbranes allow ng the introduction of
the nucleic acid. 5 Electroporated plantyprotoplasts reformthe cell wall,
divide and forma plant callus. Mcroinjection can be perfornmed as

descri bed i gmdh: I]é/&gﬁpﬁsl}% . Cene, Transfer To Plants.

Springer Verl a?jl Berl n, ﬁ%g@%&e&l#‘?g?\%‘%dg%%glﬁiwe*&@tlI?OT _ 1§F=n| ng

the i ntrodubdéirhresndrein pameton (Rrbeine eteat], #rom ek ead, 2: bersi densbh i g5 due to
ded in_the construct, or sinply by

a. ker, i LNt
10°1 oki g SPPHE RaNEEE hFie e eSEaieM Risoutasl bmiulpssaitbighbsd soreth
M cr opr o] ecidvkiy ki ARSHALIBLAIRRiA 30 E0uRROH 37 el ol Loguce 2

reconbi nant _nucl el ¢ acid nol ecul e of the T nvention . 1t 3 | (Kl ein
et al., 5 NaElpeopaatedplang proateasts vformin thiescellvel, diviad ish foehei flak¥allus.

) | s.method 15 utd lizes mcroprojectiles such as gold or
Fungst on. ) WMIGkTifEo 5 bR peirommds dfadinebon Phivkes wdpensmbreio)by
S Oitat | . . . o - o o ol .
e Tt opr o etk e e et er g DA, Y Bfoosh B AR P o7
ti ssue usi ngflcoméainiag thaiatroducedhecoBitfharginCleRDcidRBIsealet dad Ibe idemmified oRad;

Her cul es roprajectil e nedi ated deljve ("particle bonmbardnent™)
i s especi 36% i %8}31%1’%138'&8%#?gﬁlg?tsl?%%rgﬂtm@gg?imtthéporg,t@cgpf $imply by t o

transf dom olookiagan et esllomastiening MEBRASIoNMhAER: OF t he .
transformation using biolistic nethods are well known (Wan, Plant Physiol.

104: 37-48, 1984; Vasil, BioTechnol ogy 11:1553-1558, 1993; 25 Chri stou,

[ oy 3 423, : 6)..,. M croprajectile, medi at ed
(ranstormati on ncBBaehicpecifdd v dRapaion ig ki S intorieas of
transgeni ¢ mptambinasrecidisacid Avleudld\6f tBOtiveRtion RIARE pRnt 641 (kiefiydphi d popl ar

and papaya (,see ' nd __Thonpson, supra, 1993). |nportant cereal crops
suchpag \>//\/n tf‘"eogf,ﬁ(ﬁa&%?: whichAuircomarnted heseialbygefeaanse) cBhis tetinst or ned

usi ng MkCr QpIREE flidrb HiR6 £€d1 R Q Al thre Blotec

14: 464- 398, 1686 GaPhralc, e £ thobigbtufibn g?:‘?fé‘?-dﬂfl\g’, the figgisd |

rapi d transhugleraedid maleybniey ptecipitatiorsivitncélofunt bislofdgdpeiiiame @k transgenic
polyethylene glycol. The microprojectile particles are accelerated at high speed into a
plant tissue using a device such as the BIOLISTIC PD-1000 particle gun (BioRad;

Hercules CA).

WO 02/081647 32 27 OCT 2005 PCT/US02/11116 nol ecul e corrprirf'?} _Ta cl eoti de
C 0241'11-1

20
Microprojectile mediated delivery ("particle bombardment") is especially

useful to transform plant cells that are difficult to transform or regenerate using other
methods. Methods for the transformation using biolistic methods are well known
(Wan, Plant Physiol. 104:37-48, 1984; Vasil, BioTe echnology 11:1553-1558, 1993;

25  Christou, Trends in Plant Science 1:423-431, 1996). Microprojectile mediated
transformation has been used, for example, to generate a variety of transgenic plant
species, including cotton, tobacco, com, hyBrid poplar and papaya (see Glick and
Thompson, supra, 1993). Important cereal crops such as wheat, oat, barley, sorghum
and rice also have been transformed using microprojectile mediated delivefy (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



pl ants such as a systemthat produces transgenic wheat in W&@ﬁ&' ee
mont hs (@eroiddz/ 081647 33 PCT/ US02/ 11116 Eur opean Pat epleiNg&o2E 116
0709462A2, which is incorporated herein by reference) also can be useful
for producing a transgenic plant according to a nethod of the invention,
thus allowng nore rapid identification of gene functions. The
transformati on of nost dicotyl edonous @3ants is possible with the nethods
descri bed above. Transformation 5 of nonocotyl edonous plants al so can be

t ransf or medEugipssh Ptert RS IO RO4BR A} Which is RbARASe®Rerd }e?é?g%cl%s%‘é’

protopl ast transformation, electroporation of partially ernme I zed
cel I's, intredukausshil or mrpucing agragsgenic planteacsording tobanttbnd oftheddiattied,
transf or mat | t | ke .. .Plastid transformation also can he used to
i nt roduce a{h(r?]lggpg\?glgég?rg rh@ﬁé%%q%gcgt?%? 89%6%@3?“0@81 Itrhf U?‘%?fg’@é"ct@‘hoﬂ%%stt

5,451,513, &icb¥tedBihdus plasts & Fuabibilwith VM2 Sefhbdd AascribbPBibdR. atraformaibAC
Natl. Acad. Sci., USA 91:7301-7305, 1994). Chloroplast transformtion

i nvol ves® i nPfHarRsohdcdengus planisialsg eanche transfarmedmsing, for sn&npls, biolstii r ed

nucl eoti de I | e. marker togeth ' 15
pol ynucl cot T EF A descilbe MR oA LB O “Eftsition agtial;
exanpl e, a pérnlehisilized oslls, intotioglonsdf DNANSHQS gRatd Mrers|Bihobh @i meamk&d UM
chloride or PEG nediated transformation). One to 1.5 kb flanking regions

("t ar get i ngiraseRIBIREeRsandithe like-t ate  honol ogous reconbi nation with the
pl astid genone, and allow the replacenent or nodification of specific
regions of the plastone. Using this nethod, point nmutations 20 in the
chl or oplCast 16S Phastid trankfompstidn gésoasn behised tcmnoducer emicidiancid nislecule

[ ' ' d ilized I bl Kk
For | transt brvapEahe LS Betnles 53T 1Rt b5 AL and3 8 S18EA 57: 526 8830,
1990; St a!JbW@QSVlWﬁj;%chﬁ’é@éltal.,CP{;Ac. NadPA4Rd, fs%%?,f?&zm of %Hi.}ﬁes} 1h934 abl e

honopi asmi ¢_transfornmants, at a frequency of approxi matel'y oné per 100
bonbar dment Shlefoplast fransfbmsativs indleeLiBtpdecng cegiods aflctomed plastid ®ANAet ween

these markegs.al l owed creation of a plastid targeti vecior fo )

i nt r oduct i oHABY& %&%ﬁ‘rg? ndglﬁgg&( %Bﬂbc_%a?f’d eﬁ?ﬁﬁnﬂ’g%g S@ﬁ%%l.e n %{‘%‘d?g%g%‘,wmm%) .
Subst anitsi al pdlpictasids off itéregtriffoQs siabRNafge HLRBONIMRY, ForQRhAPREE bidlistic or

repl acenent of the recessjve rRNA or r-protein antibiotic resistance genes

with a doni Mamplastemsdermtion matked (o8 nealeiaen diloride oG medistashcodi ng t he
?ESSE' nony ¢ I-sg&g{naglbﬁ)g'Cc_ﬁygﬁ\ég].5_319%1551@@rggghye%gaﬁfg%eq&%%% bcpfsler ase
homologous recombination with the plastid genome, and allow the replacement or
modification of specific regions of the plastome. Using this method, point mutations
20 inthe 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



Sci., USA 90:913-917, 1993). Approximately 15 to 20 cell digm i cles
fol | owi NYO RP§H or mati on are generally required to reachngmti di c
state. Plastid WO 02/081647 34 2' T OCT 201 PCT/US02/ 11116 expression, in
whi ch genes are inserted by honol ogous reconbination into all of the
several thousand copies of the circular plastid genone present in each
pl ant cell, takes advantage of the enordus copy nunber advantage over
nucl ear - expressed genes to permt expression |levels that can readily
exceed 10% BPTERON: Bt which @endsl aze pisemted by horblogohs Rcambiagbh iAOLE off@fe
BT

t r eat nent | nethad of the.inyvention so as to be visi
bi ol uni nesg%gggaggl%qf)%n%n‘%ﬁbe&?? g]eocf"cﬂisaé@gaét‘érgﬁn‘i’fﬁé present ingachaplentreetl, takes t ed

to, maize,advhrtage obthel e(ﬁysmmt)é%op?mﬁﬂ)_epm%%xlgg %@%uc?e%%’exgrgig%grgéla | ettuce,

cabbage, cauliflower, broccoli, turnip, ra , Spl nach, % oni on
garlic, pepfisEmit egrespipn lavslsthatasn reasdilyrsxicend M tirutota soTible Rk BrotBigar .

qui nce, snel on, plum cherry, peach, nectarine, apricot, strawberry, grape,
raspberry, bl ackberry, pineapple, avocado, papaya, nmango, banana, soybean,

tomat o, sor ghumPlantyanitable forstedmher? @6dordine R b ¢l over.
t obacco, car. rﬁ]& cotton, alfalfa, rice. pot at gﬁmg%dg%{tg‘g?r,ﬁggﬁ%rh%%srt,o Be
|

Ar abi dopsi &ifi Qi%]Hal,ln%ﬁqept\%B 89 nsingeets os dishtseanddoclnde batisreandl g dslous

trees. 15 i gr geneticall di fied plant cel’l of

t he i nvent ?ﬁﬂ?ﬁéﬂ’%@gﬁgﬁ%‘éf@%%@%w&%nmEﬁcﬁw%@%scaebm are divided
into two brealifleversbexchlisemigmadi HhaBier WsObN L&h seed
| eaves .t hat g{sﬂerall . Ssjore opr? ab,ilgrs fOOda;S}%ga 0 n%]hgg%tﬁl@?’@ eg’ucse%&

angi osper mA%ESIPUPpkineherar.\Zueciin, apple neawiquirey) wdlonopism, ahgihgppsthn has two

cot yl edons neARgh& EPEE ' of, useful prodycts including

material s such assaPungig?t?g r ug@ég?ap\g%g%&a%é’f ?laf:?%e&yspgl‘?&?? &<AVEER%eNn and

linen; hePBRayantiangelitenares ssybehn,asmate, BorgBumshgakdaRk asbhi Koet ?ﬁﬁ‘ﬁﬁ?é}t al

fl owers su s . roses.and, where included within the sope 6f the ptesent
(f\;pe ed P abg ¢

i nventi on, OrchidgOvEn{PoI5ce ot cet alfelfa, sicegpatptasegapldng, cubumbers and

veget abl es ArdbVdbRsPHalEn£Rea i . ring. plants, including,

for exappl o ceﬁal pl ants, %gz#l?ar?gsﬁidcg}aéﬁ?élfgré?%@e%%ﬁ%ﬁmE?eshar dwood

trees, 1§ r uihup adransgenie nlantor gendticallyanedified planovell 6f thektiveRi@eas @l af! asses

are not ne rily. exclusive. Cereal 30 plants, which produce an edible
.grain ceregtrﬁg,Qi é?Del(‘:r%‘tﬁ)(ﬁ W8Fpe§5?anpl e, corn, rice, wheat, :

Angiosperms are divided into two broad classes based on the number of
cotyledons, which are seed leaves that generally store or absorb food; a
20 monocotyledonous angiosperm has a single cotyledon, and a dicotyledonous
angiosperm 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; oramental 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



barl ey, oat, rye, orchardgrass, guinea grass, sorghum and gnrggr .

Legum now® o2piseays i ncl ude menbers of the pea famly (Fabpsfagy, ffifs Produce
a characteristic WO 02/081647 35 17 OCT 2005 PCT/US02/ 11116 fruit known as

a | egune. Exanples of |egum nous plants include, for exanple, soybean,
pea, chickpea, noth bean, broad bean, kidney bean, |inma bean, lentil,
cowpea, dry bean, and peanut, as well as3salfalfa, birdsfoot trefoil, clover
and sainfoin. QGlseed plants, which have seeds that are useful as a source

of oil, inchuildnsauheancgunte. SERHMIISEES lERARRIREHahG LA f@r’ﬁ%@%‘ié onseed.
a

Angi osperns_al so i nclude hardwood trees, which are per enni ody plants
that gener afdXpeihpga,£hiskngd. anethdean,throadkheanSsidngl Bsnplims bedn, tergis i ncl ude

al der, ash, e S i pdeny, h,.hirch, cherry, cottonwod,

elm eucal y%?_ g]s, ’ Egyct%%ﬁy%%%aﬁg%t%g el)l %&8@?3’ B’égs,t{’?)tgﬁsf?’rlﬂ%ﬁ’l‘?/er B¢ saipfoin.

sycanor e, wailseed, plass wiich hartewds thatvre TsdaBas AoRrddR oM incht sE¥BUR! € as a
structural material and fuel. Angi osper are

source of pulp, paper,

fruit-b ariﬁ@%ﬁﬁgﬁtrgpqsw(cﬁ?@@lﬁi@ eotionsagde, ri pened ovary, which generally
contains seeds. A fruit can be suitable for human or animal 15 consunption
or for collection of seeds to propagate the species. For exanple, hops are

a menber of the Angibeparmshbsoiihslulbhirdaned peés; Shididre bBRhfiiafl kBYAY bRl N Ml t
l'iquor. Fr leli { - bear| r}gagg in% perns al so i ncl ude grape, orange, °enon,

gr apef r ui t , PALEFOSERYY eR, (trunler Hxamples\of sugh tiges indedaalder, aghpl e and
pear trees gpneh rel: LY t er Lneappl e,
pear L1 ees AR MaRHA e BRIk, SIARPBSIE Yoo AARRL o LSRR

angi osplér m loawsti mapledakopersitranatg pophi, syearhbreywalnufxajuol# and illGOMMREs | al |y
Smapdr agon. SETEND R XaBPRads bROURGORRN ke FUIUA matsrghmd el ude
orchids. 25 The skilled artisan will recognize that the nethods of the

invention can be practiced using these or other angiosperns, as desired,
as wel | as gymmoApsipsnsrms aie frwit-Hoaring plpmts that prodeedis mature, ripenéd ovag, such,

t he met hod lventi.on can .used to.prepare biolun nescent plants
of vari ouss‘?'%%f]il %lggesr%lp}f %oé’IEadH? ﬁeﬁ,gs'f 8%‘5&%‘?&%?“&&%?@3‘&8@&@%9& famly:
Fabaceds- Panéanption orfobicieetsn bhekdas td m6pgate MROIFRAR, fRdBs! v
Euphor bi aceae-lgjg%r ge rf amly; Lam a.ceae-llsi}/letr)ltééfearri I%/;_ e @eﬁéﬁle, Fops

Mel ast omat ZEea81uesof theanilhprry family fhahare psized foy theinflaxoring in malt liquor.

Scrophul ar i g6R#8a PMYidsperms 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 Anomamental 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



famly; Acanthaceae-Ancanthus famly; Myrtaceae-Myrtle famly;
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Eri caceae- %P%‘"’f’éﬁi | y; Apiaceae-Carrot fanily; Rosaceae- Rosect/asiziniie
Brassi caceae- Mustard famly; Araceae-Arumfanm|ly; Ascl epi adaceae-M | kweed
famly; Arecaceae-Palmfam|ly; Solanaceae-Potato famly;

Bor agi naceae-Borage famly; Gesneriaceae-Ceneriad famly; Lauraceae-Laurel
famly; and Broneliaceae 5 Broneliad fam | §§ In certain enbodi nents, the
nmet hods of th ique#lti on also can be wused to prepare biolum nescent plants
of O chi daceae?Brimiraceas-HyathfprailsdpiaceastCrarot fentlpiRosose,Roe bk, of the

orchid famly : irl clyuded. A reconbi nant _nucleic_acid’
nol ecul e of t k?gésﬁhc\%g%%i%kﬁ&?rd %m\?lgfc%?ceé?fﬁtrgﬁnrflaﬁlg& f‘é"qﬂﬁédqcé@%%ﬂm
nucl ei ¢ aci d fwhidyhecmeasPdbs fanit@| S63dHaBe deCPARM  fafnQY; BOGBIHaE ¥ Rbant
cells contai ng%n]q. a'r:bi nt roduced nucleic acid nol ecul e’ For “éxanpl e, the
recombi nant ndATLY:CesarrpGras-Sepeaad fmilys Epwraceasr aireli fagilyhand Broomdlapedat

nucl ei ¢ ac§ d Bi®h ; i : , | de.,sequence of .interest,
Fol | owi ng transf Og&ﬂiﬁxgﬁ@gpn °gﬁq§ﬁ% ﬁlggp'}’g%vt\ns’%é ]‘Enﬁg'og%g ITETEIoR glspgn baci d

mol ecul e of t Kesditapeenarobioluhinedvedtplants bAONChiERRaE O IRA FhiRY SERHENGS ogler
I nterest, visibly.biolumn scenil plant cells can be selected sinply by

| ooki ng at thgmb%(gmen&gemeg? eFor! the grebidiamilycrse specifieallyssoluded.and  pi cki ng
out the ones that are visibly biolum nescent, thereby selecting plant cells
that also contain the nucl eotide sequence of interest. Thus, a reconbi nant

nucl eic acid nol eduteeorsbinahinticteieadiid awlecieisfths invkation 5€4 96dtat MtdIRnger -

and proviges quéo kbiHZQ effici e(gt, anfmign}%épensi ve means to identify~a

plant cell contarmng & AEckiGymoleculspridest valnalle sapgentafon identifingle

sequence of | plaar et coh@ifRMh RAGANSAHLCIRHIAIRILGIQ PoHRBL e e O
0

exanple, a viral or bacterial polypeptide, or a peptide por ereof. A
genetical |y 25cambimntrpclia acid seelpculpaortviectot contginmgt tharegmibinphadisic acid

conprising su | ant. cel n used as..a sour of ra vacci ne,
wherei n the 1 a2l B infflay  niBaliF siifiee B e frgbatoonens smastermation of
protective orplpai deilawitheth FECORBINMS RACISIE abidl ABlBIRSE the'%‘ﬁv&ﬁioﬁdarh}ghonal

£

advant ag8,s probl ems _general |y associated with the preparation an
purifi catiPon Gtans thy aucieatidgseqyenqe ofdntsxes; aipblybibluminesepat planbeelsroah bens

and the |ike @&y YA f e exanples, it.wll be
recogni zed that -ée%‘él{nP%% 1furer]tl)lgia? Wg}q% gﬁilggﬁéﬁ ?xsan}ﬂ:ﬁéé unaéfé}]@gféﬂqcepwaﬁt
conpri si ng suipkiogbhtthconesthat arg visiislgidlaminesedhy, theteby odledtmeSAsiRaaeHal

also contain the nucleotide sequence of interest. Thus, a recombinant nucieic acid

molecule of the invention is useful as a selectable marker, and provides a quick,

20 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
25  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
30  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



interest can be prepared, and that the inclusion of a reconbigant nucl ei c
aci d nol ecug@ g& WD 02/ 081647 37 27 OCT 2005 PCT/US02/ 11116 €Ae0GTh 8t i on
provi des a P B marker that facilitates the identificaPComsod/1aie
transforned plant cell or plant conprising such a cell that contains the
nucl eoti de sequence of interest. 5 A reconbi nant nucleic acid nol ecul e of
the invention, or a vector containing suchya nucleic acid nolecule, also
is useful for preparing transgenic plants having great ornanental val ue.

Vi si bly biolum ] 0 i Nin etical | nodi fied plant cells
have not pr evim(gusl y Eeg@%@iegra icéglgét.%lﬂémg]ﬁ%ﬁgattf‘f?ght?tf%ﬁ@g@fmlﬁcatWD@ﬁas of the
i nvention, whi thnsfoineed plant célbotifslt.comprigk 8ctes QAR CBHQﬁgﬁzﬂ;tn%l e{s)tl‘ nt. 10
For exanple, a transgenic plant expressing a |luciferase po ypeﬁ or
vari ant ther eof®IUERGF BantEisPlayed with water containing luciferin, or the
transgenic plant or a cutting or other portion of the transgenic plant,
for exanple, an inflorescence of the plant, can be dipped or placed in a
sol uti on coht ai ni ngA gedrhbinant, nusteic ectip arvlédide ¥ thé mv%nt%r@oi"mvgg&cﬁ?ﬁfnjn
produced. For g)gzﬁrrple 'HO&HSI can be cut froma transgenic 15 p anE1 t he
i nvention and pf SdCisic aelt g %‘?ﬁ’é SAithgsafuldpr pieparingiansgenic phetsihaeirger i n
is taken up ap@atsrapnapsal efud. iding a visibly
bi ol um nescent g‘l@f | ower . Gener%IO\I/;;,m%/iﬁleo%g%(%eggﬁlaﬁﬁ%wéw& gHersadent to
i nduce vi si bl emogifisdplant eslbrmye nohplevitaslydiceh dasstibadONk sﬁbh,ltHEMran?ékg%c

I'n addi tion,

trati . 1 , D MM or re can be used.
the sol uti Lgnzgl%ﬁtg%ﬂ%ogf’ﬂ’&of‘e&mﬁhq§g’“(:’e{ht%F driorde paeEcloram g, f or
exanpl e, alMONForaRampieheF865dniSHER Aprestift g%&%'r%%é?%l@g%ﬁeg% vtfd%t (L PET

P40 detergent in a concentration of about
facilitating ey spravedaviihateeeantainimgducifeinpbniht tartdenic plﬂt%ﬂbﬁ;hﬁfﬁ?tdr_y,

| uci f er ase- nedj J 1 nce.,canti nues for several hours fol [fow ng
a single adni ﬁ?tsﬂ%rﬁgr?%xﬁbgﬁﬂ%{f%g?& et %a@n&r CX$1BPlss Yt wilorasesnge pEthg plant, can be
requi rement 25dipprait ortplecerlinn kslubion eonthiniialubifertd, %@He%ﬂngkﬂt Hgh@l n

bi ol um nescenctg. Furthermgre, the transgenic plants can be selected based
on their exprelSiBHNEFeRrs s Biodacede Fiar example; §owers cambe odli frgn pltansgenidat

gl ow di M w5 yaslamioFith Mvedtidd 4nl g very brightly. ILn addition to
provi di ng gen?r al or nan‘;%tgﬁ va%ﬁ%,e&?ﬂgvagﬁlrgﬁf?ué %f’ﬁ%%@éﬁm thedugiferin is
transgeni c_pl ke upf anditearispartat ook fbwer, GAR pREVNINGQ VisiBiy s lLfRlesyak ue.  For
exanpl e, Vi si t}ll(%v bi ((ﬂ_B:un‘i escent tranfsge_ni c plants that grow as bushes,
shrubs or treedWek, Yeaerally, the amount of lciferin 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 luciferin 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 cohtinually treated to maintain bioluminescence. Furthermore, the
transgenic plants can be selected based on their expression of variable levels of Ij ght

]

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



arranged along a wal kway or driveway. \Were such plants epqr gef J08ci f er ase
or a V\Qvgzri]z%ﬂ(q 7 38 27 OCT 2005 PCT/US02/11116 vari ant Pkt}ﬁfsgg)/flm{)or;
exanpl e, tHe plants can be watered in the early evening wth a” solution
containing luciferin such that they illum nate the wal kway or driveway
after night falls. Thus, the transgenic plants of the invention provide
the additional advantage they can be uged to nake an area safer by
illumnating the area. 5 The present invention also relates to kit, which

cont ai ns i i fie )| _an I f t.he invention, or, a
Gorivat; ve  SFAFpeTalr torBRebbleTfhs o lanE areled!if tod SR yeRe Btn §
t ransgeni csqihtion cateainitgdudifain duek tige felyiilamidate@divilR@apbaddverly aftepr a

cell, atis ug or_an organ of, such a_ transgenic plant. As such, a kit of
the i nvent Pight Bls Thus dbs Grnseerie Phntsafithe Mvewken pravidecths additianals or ot her

| _ FIGREPE prasic s
| um nescerte LB e B mERRP s MRy HERMBRER, 0BRER" D0 Lo an

anount 50f luciferin sufficient for generating visible biolumnescence of
the genetically godi fied plant cell 15 or,the derivative of the genetically
modi fi ed plant &8fPresgMdnygniionakse relates Rikitawhichcaptaing a goneticadly medifind s of
luci ferin, ,hhus] W : - Q4] L S} ' ' number
of i mes, BRI GOl o ROEHPAER e HrtimR Mot AT 68 3P e an
anount  of exangde,ct teansgehic phinbdé¢rived ffom thexgenptiesllymodified plmosell, suhfceldj ent
for reducing or inhibiti hl or ophyl |, production in the genetically

modi i ed pf BRECCR 7 Yt Hestsh mg%{{{q bt fehyR A g an%emwaiqaped pl ant
cel . flon aanidigonedPafbrdRBversdbiakis, ﬁBvéshﬁ_o‘tﬁBf?ﬁEdé@%rg%ha!»ﬂficl‘?,r\'ﬁ)oﬂr or e
cuttings, seeds, or other portion or derivative of a Vvisibly

bi ol um neseantact prtntucidérin, lage visibdnhingnescenich t hat a vi si bly | uni nescent
transgeni c plant can be grown therefrom As such, the 25 kit al so can
include reagents for growing a transgenic plant fromthe cutting or seed,
including, for axasfirgly,a lstotdbifventi@néar RPHePincRIdBRnh afiduht SThcifRH Ce

required for growth of the particular plant. In addition, the kit can
i ncl ude ansuffieiant fosgererating visiblrdbigluningssenesrofshe genstieslly modified ghlanit nefl or

i nhi bitd I i i Nq i I . f h
cutting orte §eAL o BElAR h0afied AR RAEI oo SAh B A SR OF
fﬁr gener abf sugh uhmiubtsefihaciferit thes akoegahe gerdcratiagemiisibRIbislumiiiesvdra from
the cutting
nu

rglgerso%%gies, 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.
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I nvent i oo alsugdes a contai ner for the conponents of the pkirtusod/ighoul d be
recogni zed, however, that the container can be any conveni ent neans for
hol di ng a conponent of the kit, including, for exanple, a packet or

coll ection of packets containing seeds obtained froma transgenic plant of
the invention, or 5 containing predeterm%ed anmbunts of a reagent such as

| uci ferin, which can be added to .a specified anount of water to provide a
sol ution suffici Gehetallygekieofthe inventibh encliderlalbdhnRs E5C8e E5RARbRMOSPRS| ti On
of the invention. In one enbodinent, the kit conprises a flower cutting of
a transgeni Ktplishpuldiberrpeogniagd haverver.ithat theieentainercansie anfreobveentmeansde one

or nore pregdet ] f 2nt such as luciferin. In 10 another
erbodi ment . O EoRBBuaL ir e 8, LRERRRD. Bt Ghnlie ek Foisetioh of
transgeni ¢ padkatstconfaidihg séedy ebfained fromnd tiausddnes plaMtcdfURemvantigagent such as
Iuciferif and/ar, norfluorazon, in which the seed or cutting, or a plant

h

deri ved 1 hef¥H#BIAS REsHFIgEIRGdAIROUNtS L 4 tsrBeisHeh esdupiferis whieh ¢am enatidlddt o

illustrate Q< Jaeifeliiam ' ' A . REPARATI OF

LUCH FERASE ERbIRediedd \?Eﬁirg@lﬁ%ét%@?gg@ﬁﬁ‘ljsgl proogﬁggée]né%n%?q%%e Y5111 epari ng
| uci f erase bohshinescescd fiah acampoeitionrd diciay eritingh. iIAbae ambedipiens ThORitvect or
and are useful for %LDOdUCi ng a.visibly, 20 biolum nescent plant. Plasmd

PRTL2, whi cFOBBRECS AHOWET euliie 96 & trapsgrpichlan afihemyention iae vaspieadsen, a TEV
PRIL et LU . | rads
eader and HiHet Ml $hBer ﬁﬁ?@ﬁa&aeﬁﬁﬁm gpgwfaqgafggﬁt_ &%ﬁﬂcﬁkgpd I o

pol yadenyl ation (poly A) signhal sequence er e
15: 589010 25an@B enfeedimapthe kitabmpriBbsmsecGel b cBttRHF bbtalAIDfromaFarREembi Ch i s

i ncorporated herejn.by .reference;.see, also, Carrington and Freed, supra,
1990) was sglﬁﬂte?ﬁb%m ntb‘?’bég‘ﬁ ﬁa&emﬁqqearfaggﬁaw @s fuclieHBAnd®par at ed by

el ect r ophor g&iflsoRBoR i WilerAg8 5@ ratting] BE Eh& el e e Caw
35S pronoter w ?h (()jup;l i cat ed enharﬁcerfn Wapﬁgadﬁﬂegﬁger?ﬁ%i %e%eg iohgl'

sequence, and CaW 35S poly A signal sequence of pRTL2 30 is shown as SEQ
ID NO3. ADNA D xinately 3. b.representi t .| inear pRTL2
(see nucl eot i deSf‘ﬁg{ogfoﬁ%é)éﬁx@%iﬁtsn%g% 1liqs?r§%%ult BO{I%?“‘?@? RYENUORs 5| at ed
and extrsacted fromthe gel using a Q AQU CK DNA gel extraction kit

EXAMPLE 1
PREPARATION OF LUCIFERASE EXPRESSION VECTORS

This example provides a method for preparing luciferase 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 358 promoter with duplicated
enhancer, a TEV leader and initial coding sequence from pTL-7SN, and a CaMV 35S
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  isshown 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 S.EQ ID NO:1) was
isolated and extracted from the gel using a QLAQUICK DNA gel extraction kit



WO 02/ 081647 40 27 OCT 2005 PCT/US02/11116 (Q agen; Val en ] ccordi ng
to manufgetdlie@ss i nstructions. The Nco | site in the TE\ZCLr ehiyontains

the start codon for translation. Translational fusions containing the

initial 20 am no acid residues of the TEV polyprotein are nade by ligation
to one of the polylinker sites, provided care is taken to avoid the STOP
codon in the Xba | 5 site (see SEQID NQ®). In a parallel reaction, pG3
(Promega Corp., Madison W), which contains a nodified |luciferase coding

sequence, | oikoélfaes ; < : : U .S Pat.
No. 5,670, 358, G %‘?ﬁé\iﬁ?‘g%Ewgh{nﬁgg%%?g@g%ﬁg?\%%gﬁ&rgﬁegﬁg%g)te Wi 10
di gest ed se§B¥neaddricpniginsihedtart icododfoktanslatioh eTransipacia ebidhg containing

el ectrophor gsi.s.,.0 0. 8%.agar pse | . bands were present - a 1.6 kb
band repr esﬁﬁt‘ﬁ“ﬁ@pgﬁmulﬂ:‘f?%ggéﬂf“ﬁ@g@ﬁJ&%Owgﬁel@.@ mpdg by Neation, te p0¢ 356)
and an appr g : i G i of .t h 3
ol as d. Tho S BeBItice: fRe 0% el REER Bheh Bl e P ESondh LSO Dsaaor
SEQ | D NO 14iteises PEQIERYNO:3nd extracted as 15 described above. The

i solated luck sequence (4 1) was ligated into the linearized pRTL2 vector
(1 1) using ligase and ligation buffer fromBRL (Gaithersburg MD). The

ligation was perd @bﬁﬁﬂeﬁ’éﬁti&h%ﬁL@'{Pr%%ga%orﬁ.?i\/iadgdﬁM?#vh%h‘é&ﬁﬁ%}ins a

t ransf or ned us_iréga_ZO Bi oRad ctroporator 1n aratio’o I'i gat ed
DNA to 20 phogiicddugiferagegioding sequenst doe r@poskatitoet alt, lRrotiegndbes 562, cel | s

wer e | ncuba ,' i 1 hr at,.37C,. then re plated on LB pl ates

cont a: ni gg %%%gp i L%%nﬁg: #ﬁé'lg%ga‘gb%f‘ﬁ%chﬁ%‘@fz?/rm Lenbyirelerengs) ‘O@Pe

sel ect ad andigesicdsrumentilyRith koa I'fah@NcB(I,kthieﬁ'§Qfa&atemele%%ﬁﬁﬁ'e:s?]§’\@rg§ d 25
or e en

specific for the 5 end of the TEV promoter in pRTL2" and
of the pol y-87tagaressgebr Twa bards werequesese@ 1.6 kichasyl repeRrntingthedins’ r eveal ed

that 30 of i G I I insert. The, pr ce of the
insert in GCotgp%n%glb%gdse%%eel?{% ?gg?‘%y%zg#gt?’f@ﬂ‘ %Pr?é‘?’%ﬁa??y girg%f‘% candi dat e
cl ones, desiepreatretihgliki rdmainder o}'uﬁe@csm@raenﬁ@qmw@;qﬁomm&gm.isrma ubepaapesence
of the luck insert., 30 The TK1-8 clone was digested at Cfor 2 hr with

Hiond 111, ofgFRyrdeqtidss iss to Z89pEPERHD NRsl)oxanisdiasd sné swrantedsist h
dupl i caked LRbMGEILoveEY | eader, luck coding sequence and poly A
term nation signal (designated "TK1829"; see Figure 2, 27 OCT 2005

The isolated luc* sequence (4 pl) was ligated into the linearized pRTL2 vector

(1 pl) 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 yl of ligated DNA to 20 pl 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 j1g/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 358 promoter with duplicated enhancer, TEV leader, luc”
coding sequence and poly A termination signal (designated "TK1829"; see Figure 2,



WO 02/ 081647 PCT/USO2/ 11116 41 and nucl eotides 8366 to 11,11 ?f SE%D
NG 2) was is%at ed by el ectrophoresis as described above. T H&Ta

vect or, pPZ[5 POIALL was di gested with Hind Il and isol at ®€T/US02/11116

| i neari zed pPZP221 vector was treated with shrinp al kali ne phosphat ase for
1 hr at 37C, to renove term nal phosphate groups, followed by 5 15 mn at
65C to heat inactivate the enzyne, then the, TK1829 insert and |linearized
pPzZP221 vector were |igated and transfornmedtinto DH5a cel|'s as descri bed
above. Cells were plated on LB agar plates containing X-gal, IPTG and 100
p.g/n specti n&ﬁgle}‘ﬁ.emi Sﬁgéq {p- Kl LI i SEQ IBINR123 svagsdnodatedbye eleeithphansist 3¢

hover a1 ver & Eaort roe o are ey 6o BB 2R ol Waseofty BRCILARL ca

above;, all were positive for quence.
and the ori ent aolased.oThe hmearinskpRZRZ2Y vdetor wak medted With @sitdy Akiigr di gest

lysis, [ S o t t. (#29) havi th rrect
oreht at | on vaBERalEler [Hhal BT als R SIS TR ERapS, dolloweddas { vas
15 desi gnat®d pRARKIGLEST {(eatiSctRatethSe ot qtgg?;i&fggﬁggg %%%ﬁ%i%g of

expression construct was designated TKI nuc
SEQ I D NG 2). PRREZDDvestes veargligatcd dndisamsforniddrintosDHPe ¢ells 4 de@rited aBbek, 3’

insert flankin i ons of Pzp221 vect.or. The pRTL2 vector from which
t he TK1829 insgre[l?%gge@B@gpﬂﬁag%égﬁi@ﬁogﬁﬁléﬁ%ﬁ’l &.@88e Figure 1; see,
al so, SEQ | D N@0O Ap/mi2Peditipnil; OM LUC+ (SEQ I D NO 4; Figure 3) and

PACT-OM LUC+ (SEQ ID NO5; Figure 4) binary vector plasm ds were prepared
fromthe pPZP221 binary vector, as described above. The netall ot hi onein

(M) or acign (ACT) ] . inserted | dj at el recedi ng, t he onega
enhancer i fn0 a Bam HF%?E@E, ﬁ&%%/\%iorﬂ?sov?@esgi&%dc%ﬁP%F&?t"%@i’q lctgpding
substitute ot hesquenansay doplimasdiby P@Rﬁs&le@éﬁbeﬂ'aﬁﬂwtaﬁ-ww&%% eluc
PREPARATI ON AND CHARACTERI ZATI ON OF VI SI BLY BI OLUM NESCE PLAI\ﬁ'g1 38° Thi s

exanpl e provi d8AUENGFe b 8amples Watersstegtedmgd dhe erdentationsd teinsers wandetemintd uct
into plants sugh dhal; 1 | y .. 0d] f ] &fVi ibly biol uni cent plant
i s produced, angr =7 B%T ggg giaﬁ@s()g?l%%;%g /%M@i%%%%avmgt ¢
correct onentation was selected. The binary vector containing the luc” insert was
15 designated pPZPTK1829 (Figure 2; SEQ ID NO:2), and the inserted expression
construct was designated TK 1829 (nucleotides 8366 to 11,113 of SEQ ID NO:2).

TK 1829 was sequenced using primers specific for 5' and 3' insert flanking regions of
the pPZP221 vector. The pRTL2 vector from which the TK 1829 insert was obtained
was designated pTK 1829 (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 2 method for introducing a luciferase expression construct

into plants such that a genetically modified visibly bioluminescent plant is produced, and



a method for determining a threshold val ue of photon em ssio, 7r(ﬁ¢‘|“i2l?d for
visible lum nescence. A Preparation of TK1829 Transforned ®Fart's The
TK1 829 exPe®diBH#7construct was i ntroduced from pPZPTK1829 ROTYWs02/11116
Agrobacteriumstrain ABI 1 with the help of pRK2013 by tri-parental mating.
Agrobact erium contai ni ng the TK1829 construct were sel ected based on their
resistance to the 100 g/m spectinonycin, 50 g/m kananycin, and 25 g/m

chl or anpheni col . TK1829- Agr obact eri um strat?hs were grown, then DNA was 10
purified and checked by restriction digest analysis using Sca |l (2 hr; 37
C) to verify anw&wrfesétmmgtahbresmValue &f pletdryemikon 2&ubgd ahaddiei um was
grown as descru%ﬁxg%cg%eow, and 28 day old plants were infiltrated.
Supernova (Snv) strain plants and Colunbia (wild type) 15 plants were each
infiltrated. Two sets of infiltrations were perfornmed on Colunbia and Snv
plants. Each tine, two 4 inch pots of each |ine were used and each pot

cont ai ned appfolirgpaEat b b3y : t¢bPRntof 200 plants per line

wih Scott s 20 nareaRmeR Bultlubt SRRl TR Bhoneet M bBabrkTkEn gt

Soi | was wet dgrdbarrendecsttain ABNA wiktetheHeBrSf pRIRI0 MASy #REAHRE] AMtiMg aPPi Ng a
r ubber band arourgd the neck of the pot, making sure that the nesh was in

contact with {§@begferiug rontpring the Tl 82%eansirnetrwerg seleetad baspd andbeid get

t hrough t he : Je 0 m_of sterdil ter and
Stored at 4c ForraTamy Do 80 Beitl Febadha i By Ry b A Zsatenlie o soun
usi ng a dr opparoranphepiceldlS BI9sAgodatbyriomestratideveae BfAEE thén DN;A wE?Sh- g

Pl ant s re gro at approximately 22C in 12 hr light: 12 hr dark per day
to a st\gglé) atgp‘b%?egt?nﬁlﬁﬁ’g%k yée%mg’@eﬁt@éﬁ*y@st“ém caddR & T h.to PRdfibol t s
were cut of f tht @rdsBeliecsT tBE k. of secondary inflorescence. 30 Infiltration

was nost effective 4 to 5 days after decapitation of bolts, but can be
performed up to 8 days later. For infiltration, 5to 20 m Iliquid

reculture of Agrgbagt efd cont ai ni ng the appropr,i at nstruct were
gr ownli fch)r about g Bﬁéy’ﬁf{@ﬁ@‘e%’%g’"mw%gfg@?sw?ewc‘%%wmz%day;
shaki ng i ncubsid §lantd wéRGnfilthedd. 4peovai Sk shamh ﬂl%g%@t%ﬂlﬁ%l% twhBBype)

preculture and incubate for one additional day. arge culture
gener al | YwasPlpits pgreepchriafitieaied. poyosats efiafiltndtions mere perfomsedperadnmbih

and Snv plants. Each time, two 4 inch pots of each line were used and each pot

contained approximately 50 plants, for a total of 200 plants per line infiltrated,

For in planta plant transformation, 4 inch pots were prepared with Scott's

20 Metro 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 days prior to being applied to pots.

25  Seeds were sbwn 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



5 Transfornmed Agrobacteritan cells were grown to an optical deppgpgry2e 600

nm (OD600) wef oaRkpEexi mately 1.2, then harvested by centrifugat)] 00
rpm 10 min, roomtenperature), and resuspended in infilt ra?%}rllj%n%gﬁ&?n

(1/2X Murashige and Skoog salts; 1X Ganborg's vitam ns; 5.0% sucrose; 0.44
1V1 benzyl am no-purine (10 g per liter of a 1 ng/m stock); pH adjusted to
5.7 using KOH, then add 200 Ul 10 Silwet; nmdia need not be sterilized if
used i Mmedi ately) to an OD 600 of approxinmately 0.8. The OD600 of an
overni ght cult : \ . 1.6.units..A.400 ml suspension
general |y was %Hc?ghl%g? gﬁt@g&r aé?@?(;f? F%%‘}lﬁngﬂfEB%%%H%‘%"@%W@S%%C@@%@M on
can be used asineabate & dniradéitionabdny. TheAMrgutulti@g@f&any wak pidhred the day

Agr obact eri uni sta%‘pgnmn was adde(t;j to ,either a beaker or dish and the
prepared pl ant &SIy Be IyEpIOR wasPEIqrReds uspensi on. The plants were
entirely subnmerged and kept in the solution for 10 to 15 mn. The pots then
were renoved fromthe suspension and drained thoroughly, laid on their side
ina plastic flat, Teandformeé Mgdohuictdnivan gdllastdre gehometoadn dpaicalrde¥igPattéd0 nm

mai nt ai n hum dj 0 .The fl at s, uncovered the next day and the pots set
upright. A |ittcﬁfé‘i%ét"érapﬂ%"aﬂaié\’ﬁ‘-ltt e harvestad Bnseadrifugaiian (400 pnmdOmiteep
the humdity | gl tehdpabanif) |a8dirBRspnded s WEliSati cnSEOUER fﬂ&x%ﬁ?q ver e
grown for 3 to 4 vveekrg, kebepi ng th]gé bol tslfrorr% gac pot( t oget Sfe?iltggg}r}g

separ at ed fr onbkeaggabierliX apbiosg sivitaniing;f 20%rsuciosé;i 0.44 pbi ensylairoepyiment S
began to yello nd_senesce, tering was,re e r.di 1tinued. Seeds
were 25 harves ggl% %egrgltt reoﬁeaflrn\(,;%"gﬁgc ok a?%%éﬁ%?’ri‘fﬁ’%g% ﬂ%eé‘laégtzgg “@h 150
X 15mm sel ®ct | Sitwpl; aiedia ekl ¥t B@ﬁt@ﬁﬁi@ﬂfu@ddnﬁ'ﬁme@?{&ﬁﬁ ob%ogRbor g’ s
vitam ns; 1% sucrose; 0.5 g/1 MES; 0.8% agarose; pHto 5.7; autocl aved,

g 0 .
then add 75 ggPRATO¥EREAYHE nThesBDOYYphan evarmight ailiurngeremlizovasgbarit

Fol L owed by 107 B b e ah ey Eehaty JhladeHdth o ap UEHST ¥ e

with sterile patedure.Thke saedsuspeisior @nlspasd asmiany 3s theeckims. of sterile
wat er and plated by WO 02/ 081647 44 17 OCT 2005 PCT/ US02/ 11116 pouring onto
a plate and shaking until evenly distributed. The plates were allowed to

100 AL of ry seeds o Cates s e R i RSBt Dot r
at 4C for 3 dalssker ¢redish andaths fpeepasd plants wgreoinw ertahiatdhe 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/mi 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



5 In some experinents, the herbicide, norflurazon (5 M zgf?c

5- (et ‘;é/b%n) o) 2 {3- (trl-fluororrethyl)phenyl) 3(2H) - pyri

i ncl udet® %Y HRE growt h medium Norfiurazon inhibits chl BE&BRIYIN ynt he5| s,
resulting in the growm h of "white" plants. Treatnment of plants with
norflurazon resulted in greater 10 em ssion of visible biolumnescence due
to the Iack of chlorophyll, which absor4§s | i ght and bl ocks Iight em ssion
(see Tabl es). After 7 to 10 days (depending on the antibiotic resistance

sel ected for). wer e [ den as dark reen plants with
el ongat ed R° BOP a?p{?g%‘g’c%%’@%’ﬂ'gi‘@u ﬁ‘@ng}b‘ii F?ésg}@ PS Wefs alleved to
transferrqg @PS%@O?EE%%%Q&S&H @lv?a%trﬁlﬂevﬁ ak ox@ 703§ {66 i {days,
plants had 4 to 8 true’ | eaves an branc seu o resrs an pl ant s
wer e unabldey seeds wwore \aédedpdrlpﬂaie nBnisnwerd hléowéchtmt stratifieat 40€) for B dans tienr ed to
soil, and ’lE(?I%?ft cg\[{ered r thﬁ)flrst few days. 20 Plants were allowed to
recover, B 2BPRbsce. Seeds were harvested when dry, then
were fgrther dried in a dessicator for 1 week. Yield was approxi mtely 0.5

to 0.75 m of seed per pot. Ti (transgenic first generation) seeds in the
Col unbi a backgrlutﬁnmwa;penwmseuhedieldmmdes ngtfidrazpen(SaiNc4chlonet 500 gg/ ni

car beni ci | at eds i nd were s d on 75
gg/m 25 eﬁ?!ﬁbf} 6)5%)(53_687 ﬁfml&?&?agl@h&gfﬂi‘ﬁx 3?%%836&]3&{:}7W W%’é’ﬁﬁ’éleg (Snv
strain corimer@owth h{e@ﬂﬁﬂeN%rﬂtﬁﬂi&{ﬁlhiBﬁs KRIOASPhG 11 ByhthediS rafiiflg inyer an 8
week peri od, E)rom mat el y 32,000 seeds) of each Ti see set was

sterili zed!r%l\ﬁ@l Cpf "ébﬂtl@dp a@tszdrreatn(emoof)pls@tedseyh mrﬂqm@osretsnltﬁi]nrgreqmat es as 30

o1 ot A0 coRh oby SPuGlngnSiceRle dle38 i o iRl bR 7. °

Si xt y- seveéighiidndelecks light entisdibie(sepTablagkgr ound and 25 Ti seedl i ngs |n t he
Col unbi a background WO 02/ 081647 45 t7 OCT 2005 PCT/US02/1 1116 grew under

the selection conditions, and were recovered and transferred to soil to

harvest T2 seegypdly {4 Ofd‘da%&%ﬁ?&h&ﬁ%%h%%%n&b%t YredSBlTe {ded BT seed to T2

seed, and var ween aractertzatron
Tr ansf or mécinsfoamasts Vs ﬂbdaﬁecl a{iddrk ighdea plaits Bith elonguiad weste tiait pénetlaredd and
pl at e(ilS as abgg\g Tﬁese seedlings were transferred onto a second set of selection plates. After
several days, plants had 4 to 8 true leaves and branching roots. Pseudo-resistant
plants were unable to survive in this medium. The plants then were transferred to

soil, and kept covered for the first few days.

20 Plants were allowed to recover, bolt, set seed and senesce. Seeds were
harvested when dry, then were further dried in a dessicator for 1 week. Yield was
approximately 0.5 to 0.75 ml of seed per pot. T1 (transgenic first generation) seeds in
the Columbia background were screened on 75 pg/ml gentamycin and 500 pg/ml
carbenicilin MS plates. T1 seeds in the Snv background were screened on 75 pg/ml

25  gentamycin, 500 pg/ml carbenicilin, and 50 pg/ml kanamycin (Snv strain contains a

transgene conferring kanamycin resistance).

Over an 8 week period, 1.6 ml (approximately 32,000 seeds) of each T1 seed
set was sterilized and planted in 200 pl (4000 seeds) aliquots on 50 ml plates as
30  described above. Plants were stratified for 3 days at 4°C, then moved to a growth
chamber set for 12 hr light:12 hr dark and approximately 27°C. Sixty-seven
T1 seedlings in the Snv background and 25 T1 seedlings in the Columbia background



screened for antibiotic resistance. In addition, the seedljpgs were
screened for biolum nescence, visually and with the Hama SQFTpMOn
count i ngYAME64TT2 seedlings within individual famlies RWeTeWeheased
based on their intensity and 10 brightness. Three lines in the Snv
background (Snv 11, Snv 37 and Snv 57) and two lines in the Colunbia
background (Col 10 and Col 19) were sel et;jt ed as the nost visibly

bi ol um nescent plants. Seventy-eight T3 %’ndividuals of Snv 11, which was
extrenmely bright, were selected based on their visible biolum nescence.
Three of  t S&¥eundsytheselegtiomprnditionsgandsyere recdzyedmddrapefeeret ¢alsaid td he

Thr ee gtiomspandiliongagndoivere e edad he
of Puc fer aue E5 peceaion Y CUBERIRRTE? 1o 18 Bk BFeA Ty S oMd i s

gr own under aldreardrietwesndilantans. Exam nation of Colunbia wild-type plants,
Col unmbi a plants transformed with 35S: Luc ("35S:Luc") and Snv plants 20

transfornmed with cab2: Luc (" Supernova"; see Hicks et al., supra, 1996) was
included fgr c@pFR&IEH i bel ow), protein
Concentratimrm_M%onprﬁ@ afTo(HhE aelﬁsts (RLU) were acquired

using a | uni nomeT2seedsesCalumiih ahd Supériovowewaterlzed arIBRddsisiBoyVEGARDI nant
| uci ferase anti bg?i es,. Pl.ants were_imaged using a N ght OM Canera (see
bel ow) to ofF&anRd LFARtibiotic resigancemip addition,dhe sendlingswakerserezged fzpect ed

vi sual |y t opigRiiihsdPehdalishi ' IR -t he eye. Based on
t hese assaysl, thlq appr 6x%sﬁn§?e£?n\gﬁ§?§q%¥“¥@§ﬁs¥E?gtgé%ﬁ'selﬁml%c%%%?‘am of total
protein anB s¢edlifigd withindndiaiinal fansliesywereacletel hysedesnetheigigendifyesid and t he

t [ i Ltted. by.t | t t i d. 30 F tei
ey, [ rimestr ThS Satin OF SRy Bacrage GRyh paYSLag SoiS Akt he
same condi tlifRsn WS ColihdeBhckgrolhdt s 1@%1@&9) Vet £ tRe LiJIE POV,

and stored in_ aliquots of approximtely | volume on dry i1ce or at -80C
until the Wisibly WgheninessentaiantcTS veniy- gy Thodividudsof Smel hvdtieh was wer e

extracted. Approxi ly_ 10 f the powdered. tissue was tracted in
500 Al of IX Pr aﬁ%@%‘i‘i‘%@‘g?@d&8%?8@&&%‘&#%}‘53 GO eRtReBgengs-| ?ﬁ%ﬁftoﬁ a
mortar and thesst(Sav 11488n¢ ¢ n4g] SpeIlsa) wife deficted A¥ithe BdpilOR ah®Werd N
super'neit ant was, djvided into 100 Al aliquots and transferred | medi ately

to dry Pce MAnipinedasindividyel lnegsed within 1 hr were stored at -80C to
preserve enzyme activity. Protein concentrations were determ ned for 20 pl
of tissue extract using the DC Protein Assay

For characterization of luciferase expression, tissue was collected from 22 day

old plants grown under the same conditions. Examination of Columbia wild-type
plants, Columbia plants transformed with 35S:Luc ("35S:Luc") and Snv plants

20 transformed with cab2:Luc ("Supernova"; see Hicks et al., supra, 1996) was included
for comparison. In various assays (see below), protein concentration was determined,
relative light units (RLU) were acquired using a luminometer, western blot analysis
was performed using recombinant luciferase antibodies, plants were imaged using a
Night Owl Camera (see below) to obtain counts of light/mm?/sec, and plants were

25  inspected visually to confirm that bioluminescence was visible to the eye. Based on
these assays, the approximate amounts of luciferase per microgram of total protein
and the fold increase in enzyme activity were determined, and the amount of light

emitted by the plants was determined.

30 For protein assays, a few hundred 22 day old seedlings from plants grown
under the same conditions were placed in liquid nitrogen, ground into a fine power,

and stored in aliquots of approximately 200 pl volume on dry ice or at -80°C until the



Reagent (BioRad); optical density (OD) was determined at 750 gmusing a
Pha?maci gi Ut rZJSpe(F:) Il spectrophotonmeter. 10 Acquired Rel atﬁ?eﬁlﬂi -
Units (RLUPVORYB108t ai ned using a Turner TD20E Luni nonet er.p&aopl2a1fsr om
pl ants containing the TK1829 construct were diluted 1/100 (5 1/500 1) in
order for the reading to be within the range of the |lum nonmeter. Five gl
of sanple and 50 | of Pronega Luciferase Assay Reagent (LAR) was used. The
maxi nrum val ue of the range of readings t ak&h every 30 sec for the first 5
mn of 15 the reaction was entered into the data tables. The anount of

| uci f er ase waliMmePEPeHRiwe sytragiedvedppronitately Hfahy of the(pbaaleesd tlssadivag) Or

using the RLU . i Vol UM N tey.and the total protein
concentr at i one)gg%cgeldnlggb@ﬁﬂ %gﬁg‘c}t)rpgﬁﬁﬁ%ﬁ&%iﬁaﬁﬁﬁl’g%)’ groupd briefly withot
anal ysi s of tmertaxiridysdstle\@en peitFiAlgdB At H"-‘(’JM%‘&?F&@?’O gﬁH,e'Th% Lﬁ%ﬁ%&,@ﬁ&as
(ECF; Amersham) .to visualize protein bands. For sanples  containi ag €
TK1829 const rdj¥idedgnte 1&9Ldfahﬂéﬁfélaﬂéltltan@ﬁ?rred\/asnmd?tbly Rodrydtd. Ahjhea:m;)ﬁaﬁ?d es,
1.0 of teqt I ' Ih -fold difference was_necessary to
keepgt he Isﬁci Seeraggte}ﬁ%? o@%gg%g%deﬁt'ggﬁbon%reﬁw hEHIRIRRATY HYe PRt e assay.

| uci f erase 25cqueemteatipnavwerb delyrmindd &t 20 KR fitReuPHARNRRS TreIFC PRGRIW Assay

anti bod Pr a r used to identify protein bands.” Proteins were

separ at gd( by Og‘?%fg"r &ﬂgﬁ% BtigH density, (G wateteralineq 8 7(59;3(;11)1 uséimg erPharmacia

transferred t ' e. .Images were visualized using a

Mol ecul ar Dyn]glraﬂégwlﬁhgﬁchng?gét!)maen " data was anal yzed using | nmageQuant

software. 30 Luciferase was expressed in 35S:Luc transfornmed Col unbia )

plants (,%35S: Luc") and b2: Luc, transformed Supernova plants (" Supernova";
1 s Eericiat

Table 1), %ut cvo 0994 HUnBetR L) werq abtaingd using 2el yhenFR20R: r

10t i S1ELY TRt sabtoR YA BN TSSO P Der (1020

transformed Col unbia plants were um nescent.”
i ndi cat e t hat1/10Q(% m/xdhe)) dn puter firghbteadbigdb briwides €raengsohtt Waghoaleay! 85

(Tabl o 1) 5 SEHRREESTe Aad ST hERRRussd Tatiarsr Aty onpenta duOumaninsed.

6.5-fol d nor eTHeudximum value of the range of readings taken every 30 sec for the first 5 min of

A

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 pg of total protein was used. For all other
samples, 1.0 pg 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



than the TK1829 transfornmed Col unbia plants as determn memsern bl o
anal ysi s zéo Table 1). In addition, the Snv-TK1829 pl ant spg%)bgs%gd”@bout t
7-f ol dWDP8pHAEt ons of |ight/ m®/sec than the Col - TK1829 plants. These
results denonstrate that visible 10 biol um nescence can be produced in
various Arabidopsis strains. In addition, growth of the TK1829 transforned
Supernova plants in norflurazon resultgd in an alnost 2-fold increase in

| uci ferase protein as neasured by |um nomatry, and a greater than 7-fold

amount of mtted
Thi s result?esggﬁ?é‘ﬁ%‘fv?%?tr@ﬁfshbge g‘["m‘ré‘ﬁg‘ &%h Vi El‘ngFﬁ gég'ﬁ L%%%g@ggmt g?n be
i ncr eased yloTRY 829 YR fbinidd @dﬂhﬁhlbmhm’uth “&ymxmw Bioluminbseent: dilegeraseltpl ant s.

TABLElPIant Line a) Colunbia WIld Type b) 35S;L t
c) cab2: Lundxcatamlsatmm@epsmls&m@@le myluméess)%@e% B?fléj‘%sli‘ rﬁ@%‘s fég@gﬁg? lunbl :

Nor 1 | ur a0 P RTEE BRIGR 3 PpriPd O B AT ARt BIOYE

ota protein 0.01 .0 85.0 125.0
834.0 51456.0 A conparison of western blot data on varlous pl ant extracts
allowed a determnation of the relative difference in I f rase .protein

concentrati on aRenEKL$Rd pmsfermed SUPHNgKE PlRPi§EXP Ia§’°ES VRGBT 1S o
anal ysi s Cg%lg éﬁ%ﬁoﬂ%&'%@?ﬁbfh ;ﬁ? s QlePRA MY WhRerh Bl 29algsigst I uct

expressed eater anount ase expression as conpared to
g Ic%n b Z 0t2 ; i(ﬁfirgrmedn wildition, tBESV-TK 1829 ptantsmlwi ey tiohymes phptaspiaC 5

light/mm?/sec than the Col-TK1829 plants. These results demonstrate that visible

10  bioluminescence can be produced in various Arabidopsis strains. In addition, growth

of the TK 1829 transformed Supemova plants in norflurazon resulted in an almost

2-fold increase in luciferase protein as measured by luminometry, and a greater than

7-fold amount of light emitted as measured using the Night Owl imaging system.

This result demonstrates that the amount of visible bioluminescence can be increased

15 by inhibiting chlorophyll synthesis in the transgenic plants.

TABLE 1
Plant Line pg Luciferase protein/ug 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
) 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

1



(see Table 2b and d) and as conpared to cab2: Luc-transformeq Snv
("Supernova"; see Table 2, ¢ and e). The various plant lin THTNR: e
exam ned bYQ ¥W4§IHd anal ysis using the 5 EGG Berthol d N ghtPCOMSORiTagHng
system (see, also, Exanple 2C, below). Plants were sprayed with
approximately 1 m of 5 mMIluciferin in a solution of 0.001% TRI TON X-100
detergent. The canera settings were kept C‘f sistent for all plant |ines.
However, the tine duration for taking the ges was varied to acconmodate
the different |eyels of biolum nescence in the various plant lines. Al 10
data was proc&€edable?d andd)) agd @s pomppied toeabdduret gansforiviedBniva( Sapeovava" he

time the inma nun/ sec); variation between individual plants
was el i m nat eggebrr;/%?ea%gc{q;/{zal ‘%’g pool s of plants. TABLE 2 Pl ant Conpari sonFol d

increase in luciferase protein concentration a) Supernova vs. 35S:Luc5 b)
TK1829 transfornmed_Col unbia vs. 35S Lucl28 c) TK1 829 transforned Col unbi a
vs. 31 Supernova dfberanieuselantdines alspaveraexaatined by imaging andgss usipg éhe TK1829

transfor mey Spper BRI N Qn} 8 ' d,S nova with
2 Norflurazon vs. the sa%ﬁﬁﬁgﬂﬁgﬁ%%{é g I%él%%g%?rg@ﬁ%fo%%&o ‘gﬁg@?ﬂtﬁva
wi th 450 Nor f wareasprayed svitlB&fpraximaldy Il mipeYsahMelucifetimin Heolugyebs of | ue
expressi on as gpgﬁwglg | i ght em ssion by the TK1829 transforned
pl ants was sub: I -,00 detergent, amgra $ifngsovere kepbennsistenh fasfallr ned
Wi th the 35S: buft HRRS Howrdves, Rk eratiof fohking thIrYeS was varied to

accommodate the different levels of bioluminescence in the various plant lines. All

10 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. 35S8:Luc 5
b) TK1829 transformed Columbia vs. 35S:Luc 128
c) TK1829 transformed Columbia vs. 31
Supernova
d) TK1829 transformed Supernova vs. 244
35S:Luc
e) TK1829 transformed Supernova vs. 53
Supermnova
f) TK1829 transformed Supemnova with 2
Norflurazon vs. the same line without
g) TK1829 transformed Supernova with 450
Norflurazon vs. 35S:Luc
15 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 TK1829, as measured by photon counts per area



transformed with a cab2:Luc construct ("Supernova"; see Table 3). Light

eni ssi on of bi dopsi s plants transformed with TK1829, as n&Zs00Te MBSy
phot on coun‘fVQA}B@P‘“dFea WO 02/ 081647 49 V OCT 20 PCT/ US02/ 111P6TAisp2/s6¢end,
was i ncreased by as much as 5,200 fold over 35S:Luc transfornmed Colunbia
pl ants (see Table 3g). Plants also were inspected by eye to confirmthat
they were visibly 5 biolumnescent. The TK1829 transfornmed Col unbia and
TK1829-transforned Supernova plants were vi’si bly biol um nescent (whether
grown in the pf)grsé?cné: or .abseggﬁ of norflurazon), whereas the none of the
ot her plants, utin g’ 28 AECTERSEC PY @S MUch 38 p gORdeldayien AdS Aua trdnsfatnzed_uc
transformed SugelRthiapRhés(kSo TYHE gg)\_/i sibly biolum nescent. These results
denonstrate that transformation of "a plant with a 10 construct that can
express about 125 pg luc+/g protein as determ ned by western blot analysis
can effectively gen e visibl.y biolum nescent. plants. TABLE 3 Pl ant
Conpari son Fold i ncf%g{ssealslon‘%ﬂed%ﬁpeﬁsedééfﬁé(? ?fb?/%f‘flfg’ thatthey werg wisiblyme/ sec) b)
Tk1829 tr arfsf obiniehifiedcentdi EheVBK 1 S5Srdrd i tehal d

Col unbia vs. 1,5 Supernova d) Tk1829 tfogﬁlsefag;s)rlre blét%gffg(olvsgg\r}gn&z?%e%SS: Luc
e) TK1829 tr anHRSFIRYE PRRIPe M§E Wsibhy, bisbingngssentdvdefter EKLa2H the prsémesed

Supernova W t hyplence 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*/pg 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
Supernova
d) Tk1829 transformed Supernova vs. 712
35S:Luc
¢) 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 LB981 (EG&G Berthold; Bad

Wildbad, Germany) was used, and all images were acquired under the following



Nor fl urazon vs. Supernova g) TK1829 transforned Supernova WI;JQ 0372%
Nor fl urazon vs. 35S:Luc C. Threshold Photon Em ssion for Vi I
Bi ol umi nesW&R&8437 | n order to provide a standard for deter RCHIUSG2/ tiao

t hreshol d nunber of visible ||ight photons required for visible
bi ol um nescence, the nunber of photons of visible light emtted per square
mllimeter per second was determ ned using defined system A N ght Ow

camera with WnLi ght Program LB981 (E&G thol d; Bad W/I dbad, Gernany)

was used, and %g{.b.im?l s were acquired under the followng ,7 OCT 2005 WO
02/ 081647 PCTFUEHHIDS] {410 SyppesTPR{2N; Peteri GorsentioncON; Skar KiNer, DFFect

Correction, m'anﬁaaﬁezﬁoh{,%fbow;:aain,@ﬁ@-f;iolgﬁq%%le éltgﬂg \ \fy HIGH Look

up Table set to GAMVA. Measurenents were taken 1n a hy dark room
with a pl at e- Mraswamenissyean takenfin a phbtography tdarkdoth with hiphge-eidik dharfodlor

canera). Each ant ,was, i ed for.g tine 5 appropriate to the amount of
bi ol um nescengz§ By (%taéﬁiaﬁ@%%\}%& %gl%é""%ﬂﬁﬁ& Z@gh plant yasimaged for a time
counts/ area/ s iat CRPIHOER e beamgﬁx/ itthg", 109 @
conver si on of Qﬁﬁ?@éhar ges per rrionute |S%ﬁéﬁgﬁgg&ﬁ?gﬁ%g%%eﬁ%{é%#em
Ni ght OM canphefor geundsrared/seeandcal i brat ed usi ng manuf act ur er - provi ded

standards fromthe Beckman LS6500 scintillation system Two standards were
used. The first standard contained scintillant alone, which represents

background | evel s Afppﬁﬁ)éﬁnhﬁ,rﬂﬂﬁor@ﬁfm%M&e(ﬁﬁmatchﬂ@ngs§EMrs%%%ar d

contai ned an amount of carbon-14 in scintillant that produces , 600 dpm
| mages wer e t GiReHIZesneg minuteslivided by apunigperiminutea RgrNightO %S cambrtrsysteimon,

and val u of . S) . were .a ired. The th

i 1 pl i o by EEUHE R BE BB AR Pl Gt iR oml B B L5638
represent at i vecintilfationaysiegr Jhwo stapddaasiwi wedl Thotiegsahing cBehmegarticle in
the formof a photon. "Dpni divided by "cpmi then provided an approxi nmate

efficiency fof“RIHENEalPBEavhichpeRipsapisbagkerqund fevalsiof discharged pazsnitoteddpmprat e
actual phot ongpeebh& Sanfal S5 o0k slandard = 3.6
cps and scinti Pfar?t a?%ﬁeﬁz c?ﬁ%‘iﬂ%'&?n aﬁg@@gfl‘ ?afr{é'gr}]e Illggj gﬂlﬁ}fll}fngﬁlgﬁlerggyg@ cps)
= 84 cpm andlAHEQ6dind pumagkswiete daliey WihgCiphpixel Bindg witlsbdRE@AEAG COUNt
(phot ons/lcjountl)b v¥rni ch is Psed as a conversion factor to

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 cps, the
difference = 1.4 cps (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 TK1829 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 4c and 4d; corresponding to 126.4 and



cal cul ate the nunber of photons emtted by plant and detect ek.;%ct he
canera. 25 %@ g n above conditions and cal cul ation, vario FMpe
and transforne nts were exam ned and phot ons/ M2/ sec wePETASPUHIMed.
No visibly detectable biolum nescence was observed in the Col unbia wt

pl ants, the 35S LUC-transfornmed plants or Supernova plants, whereas all of
the TK1 829 transforned plants were visibly..biolumnescent. As shown in
Table 4, a threshold value of visible 30 t% ol um nescence occurs between
about 700, 000 Pp&tﬁns/ /sec, and 1 x_vé%G phot ons/ m®/ sec (conpare Tabl es
4c and 4d; corresp RBTY6y/ HEPTSis L EeSRAGHVOR. avAeiemeingd by lyniaometry and

PCT/ US02/ 11116spbofidplotdietritGett ExRmBleeid), respectively, as determ ned by

| um nometry and spectrophotonetry; seée Exanple 2B). TABLE 4 Pl ant

Conpari sonPhot on Emi ssion (cts/ m®2/sec) a) Colunbia wld-typel6.8 b)

35S: Lucl0, 063.0 c) Supernova701l1, 669.0 dh,lﬁéﬁzg- 19-transf or ned

Col unbi a1, 061, 668. 0 e) TK1829-11-transf §uper nova7, 160, 446. 0 f)

TK1829- 11-transformed SepaitiCotapatiidh 52, 604, 180.1%, se
results denonstrate that the arrgunt of light pr lﬁ‘ucegﬁbnygﬁﬁlg&vtg/?nﬁgﬁ%ec)

transforned pl At colupiaVadd &y th the anount of |uciferase B®ressed in
the plants, ang £8f.pplish standard conditions defining a threshold |evel
of light em ssirbgn re'qu+red for visible biolum nescence. (b&lgh%se results

further provide)duipgelavaes for generating ot her const ruck@®,eedp ch contain

vari ous conbi na i f regulatory elenents, that can be exam ned for the
ability to conf rWﬂl%trg‘?S&?rmﬁd@E@h@e on a plant. HeW6lebGpl e, by

conparing a p'@“FKiS@?f—%H@Qnmdt&ﬁn{ ggonbi nant nucl e) ]gq@ﬁgdq nol ecul e
conprising a nucl eotide sequence ericoding a biolum nes¢ of ypepti de
operatively |i fkd&K1& %% etransfornred Siffemegaivithor y el enenszs604ngon pl ant s
transforned with Noffhfatzomc construct or a cab2: Luc

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 li ght 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



construct, reconbinant nucleic acid nol ecul es enconpassed wijhin the .
present invention_and useful for generating visibly biolum lsﬂfé'nMI ant
cells or t‘?"gr{g@%‘rﬂ% pl ants conprising such cells can be ob®P&TAEH2/1NG6 e
directly, by transform ng plants wth various constructs and determ ni ng
phot on em ssi on under standardized 20 conditions as descri bed above,

vi si bly biolum nescent plants can be obtaiched. Furthernore, the results

di scl osed herein indicate that plant cells other than Arabi dopsis plant

cells can be J.cal ly, modi.fiied usi for..exanpl e, a TK1829 WD 02/ 081647
52 1'7 OCT 268%@&%5)‘1%‘%“fgeﬁuzf‘egﬁ{ﬁipﬁ%ﬂf“% gats ta obtpindiffsente, thus
provi ding a nspesiss, sRaiabbad Radétds OF Otlbly bRAGh Ascent frAhddenRHaar ixfﬁﬁses of

vi si bly biolum nescent transgenic plants. In this reSpect, genetically

nodi fi ed pet URIPECt BaRatically modifias psitgnia Rleajstthetrexhibii @iceptiores baviceinesdence have

been gener at I I 0 i.tions and nethods. .5 D

Pr epar ati on gaﬁsgq‘%lhvgfgg%?g?%%g J|i g%ﬁg}l'?%ﬁ?%ﬁhﬁg@@g 10p%2 ?’ﬁaﬁgfl&nt s
pMTI- OM LUE+ or pACT- OVt LUC+ expression constructs were introduced from
MI- OM LUC+ or  pACT- OM LUC+ i nt o Agrobacteriumstrain ABI | and in planta
t ransf or mat i dh—breparation and;(hayg 2 of BiolnmingscentRetupiy Plapntsed as 10
descri bed above. 1 0 funia plants were. renoved
and washed in wa ngﬂpﬁﬂﬁgfﬁﬁtﬁe’l‘a@gﬁ \j\tgct; eé {%?ﬁoﬁ{lgggpqcﬁs Yﬁ’f%m{md“ceg[)

(v/ v) chl or i ndronMI-®M UGN dr pAGTeOM-BUC RS Adroba@teinsea@ABY 1 agguar es of
approxi mat el vy, 11 cm wer% cut. frog.lr;?%&e I e_ave(fp 15 under sterile conditions
with an scal FePAmyrRtormatyniel A apdorsss andoineting plapiseverswerformeds medi um
suppl enenped dekdeibell 28B4, Of 6- benzyl am nopurine (BAP) and 0.1 g/m of

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

f i ngl | t 28 ight in |iquid LB nedi
Lotary sharer (950 PatiieSel BRI el el Reisns Bltbieere ieinp esmndogaanad in |
kananyci n, 1Qr@y/sshp$ Rt DeAVEEiwera QR4 Pin 0% (@Wcﬁr&ﬁa%ﬁiﬁhn agf(bﬁns ext

day, a 1:10 dilution was nmade into LB nmedi um (wthout antibiotics) and sub-
cul tured cel Mimgsrwithststite Water.4Squarg dfrappoximatelysl omrveerdichitifrent the leanesOD

(660 nm 19 f %ﬁd&'s@é’ilg QOIQdiRZn%hH aft rsgéll:():elf la%x rcfellnlnjeg lflérdonréecgiyl{rq] 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/ml 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-



Expl ants were inoculated with a | og phase sol ution of Agrcqujcqrm

adj ust edyd @yap0xi mately 5 x 108 cells. The |eaf pieces ﬁh&ﬂal | ow to
soak for 5 mn i1n the bacteria solution, blotted on sterf M filter
di scs to renove excess of solution, 30 then replaced in the original
pre-culture plates and incubated for 2 days at 23C under |low light. The

| eaf squares were transferred into shootsyproliferation medium (pre

2' 70CT2006 WO 02/081647 PCT/ US02/11116 53 cul ture nedi um containing 75

/m genta i : icilin). After 4 weeks,..shoots were
gxci sgd angy %ngggéagﬁgrggllgtg {nnmé fﬁ’:%%{r]ng% kfémﬁﬁ%ﬁ'ia@ﬁgogﬂ%r%%ﬁ?’gﬂuwgt wiss g/ nd
gent anyci n arncek)@hgdtsiweeaeviset and blatkd oMfdoting rﬁéH??rﬁ{M%@JiMmS weeks, the

plants were transferred to soil. 5 As shown in Table 5, Arabidopsis plants
cont ai ni ng t4RPlaventsd Witle60 Ledmbeemtamydin end §0Rdpganl'cddeniciiliipbAfes) or t he

ACT- OVt LUCH+ y " "H1T7" i si.bl'y biolum t (i.e.,
greater t haﬁ%%@gl8&‘6%%%&%?%1‘5%?? r#ﬂ‘%?ég%w SSPIZ:IOI ﬁmﬁl Ioagtranl ggsggﬂot (()Ins'('a) .

These results denpnstrate that the nethods of the invention 10 can be used

to make vari ous gonst ructs, which, when introduced into plant cells, result
in the generati ﬁSB?‘WP’sT%hl%/ihﬁ"ébldmmwmorﬁmamgﬁe MTROMREUE,

i ntroduct i ofyRfud I 297.C; t 3 - LUCH copstruct into
petunia plants retgﬁﬁs%éggelﬁng% h@%‘e’%@ﬂ%rﬁ@f %‘%?f’é’é%?%ﬁgt ?fFffa pl ant s.
15 Al t hough"#i@tuwméra visiinbohenintsent (e, @haemmmmwpmbwgﬁmﬁ%e&ot
exam ned fo lu%réft%gpﬁlgts,"the mean RLU/ g was sim'lar to those for the TK
1828 and ACTUEN IpbRisd tRhQiRns 3y FBeseesults dersongiate: tht the mathedswefithe inveittsiny

bi ol um jpescentbetiRed REmal&A B I tr.at hat .the .
constructs of teheei_ nvent i onogér)ceo-ﬁt%@zcgsdl Ct)ll‘r’ maﬁejﬁler@ g?‘ieﬁdntgpsﬁ&?feétsym&‘fh Visibly
bi ol unm nesclbagensrationsof visiggblodumintdventdaid.t s of these studies denonstrate
the broad utility of the clained nethods for generating visibly :
bi ol um nescent plants. 25 Although the invention has been described with

reference 1ot NeSiaiavg, iadRkies of th TR 479 dfisHRFGH §b ART-HRRL RRdi fi cati ons

and variations are enconpassed within the spirit and scope of the

i nvent i on. SBEBIEIMgPyiniapéanisTesnted anthe gendrationed binhuyineycehtyenirid planssng

cl ai ms.1527 %uﬁgggnuﬁa plants containing the MT-OM-LUC" construct were not examined for
photon counts, the mean RLU/ug 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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Claims

1. A genetically modified plant cell, comprising a heterologous nucleotide sequence
encoding a bioluminescent polypeptide, wherein the bioluminescent polypeptide can be
expressed in amount sufficient to produce at least 750,000 photons of

visiblelight/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 luc* luciferase variant is
expressed in the plant cell at a level of at least 100 pg/ug 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.



CC Q rMD-O: . ') ( O:(V e-'-NLOOOON aOMcONCV NCOrM nNO ,:-00MD ) M|

ON C~-CONM-MOcor :0:.Cce) MOWOV' UV O00CacOO OOxo000r; O E co
CO0) to 27 0CT 2005

56
9. A plant cell or tissue obtained from the transgenic plant of claim 8.
10. A cutting of the transgenic plant of claim 8.
11. A seed produced by the transgenic plant of claim 8.
12. The transgenic plant of claim 8, wherein the plant is a monocot.
13. The transgenic plant of claim 8, wherein the plant is a dicot.
14. The transgenic plant of claim 13, wherein the plant is anangiosperm.

15. The transgenic plant of claim 14, wherein theangiosperm is a cereal plant, a

leguminous plant, an oilseed plant, or a hardwood tree.
16. The transgenic plant of claim 8, wherein the plant is an ornamental plant.
17. The transgenic plant of claim 16, wherein the ornamental plant is a petunia.

18. The transgenic plant of claim 16, wherein the ornamental plant is a petunia or a

carnation.

19. The genetically modified plant of claim 1, wherein the heterologous nucleotide
sequence encoding a bioluminescent polypeptide comprises nucleotides 8366 to 11,113
of SEQIDNO: 2.

20. A recombinant nucleic acid molecule, comprising, in operative linkage, a plant

translational enhancer and a nucleotide sequence encoding a bioluminescent polypeptide.
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21. The recombinant nucleic acid molecule of claim 20, wherein the plant translational

enhancer is a plant potyvirus translational enhancer.

22. The recombinant nucleic acid molecule of claim 21, wherein the plant potyvirus is a

tobacco etch virus (TEV) or an omega enhancer.

23. The recombinant nucleic acid molecule of claim 20, wherein the bioluminescent

polypeptide isa luciferase polypeptide or variant thereof.

24. The recombinant nucleic acid molecule of claim 20, further comprising an operatively

linked transcriptional regulatory element, which comprises a promoter.

25. The recombinant nucleic acid molecule of claim 24, wherein the transcriptional
regulatory element is a cauliflower mosaic virus (CaMV) 35S regulatory element, a

metallothionein regulatory element, or an actin 2 regulatory element.

26. The recombinant nucleic acid molecule of claim 20, comprising, in operative linkage,
a CaMV 35S enhancer, aCaMV 35S promoter, a TEV translational enhancer, a
nucleotide sequence encoding a luciferase polypeptide or variant thereof, and a CaMV

35S terminator.

27. The recombinant nucleic acid molecule of claim 26, wherein the CaMV 358 enhancer
is a dual CaMV 358 enhancer.

28. The recombinant nucleic acid molecule of claim 26, wherein the luciferase

polypeptide or variant thereof is a luc” polypeptide.

29. The recombinant nucleic acid molecule of claim 20, comprising, in operative linkage,

a metallothionein gene transcriptional regulatory element, an omega translational
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Claims 1. A genetically nodified plant cell, conprising a heterol ogous

nucl eotide sequence encoding a biolum nescent polypeptlde,_?ﬁeh¢+qakhe

bi ol um nescent pol ypepti de can be expressed in amount sufficCie t

produce at |east 750,000 photons of visiblelight/m2/ second. 2. The
genetically nodified plant cell of claim1l, wherein the biolum nescent

pol ypeptide is luciferase. 3. The genegically nodified plant cell of claim
1, wherein the biolum nescent polypeptide is a luciferase variant. 4. The

| cal kyhamoel] & neclegi ke | M [ 0. :i ferase. variant
o a1 ok Lrcrter ase war s aniec ghtodted Mederald BHFbabDBr Wby HAST Y
claim 4, %E‘BE}#E tpﬁg’ﬁ $RAMCNGSei f erase variant is expressed in the plant
cell at a level of at least 100 pg/g protein as deternmned by western bl ot
anal ysis. 6. The genetically nodified plant cell of claim1, wherein the

bi ol umi ne3e&Ftte rpadylnapitinteleiccid Ml F 5o zioncﬁﬂpﬂmﬁgﬁ%ﬁéraﬁmﬁm&ge,
e

one mllion photons of visib .
produce 2 lagt?ns h gene transcrlptlongl regulatory element, an omega translational enhancer, a

nucleotide sequence encoding a luciferase polypeptide or variant thereof, and an RbcS E9

polyA sequence.

31. The recombinant nucleic acid molecule of claim 20, comprising nucleotides 8366 to
11,113 of SEQID NO : 2.

32. A vector, comprising the recombinant nucleic acid molecule of claim 20.
33. The vector of claim 30, wherein the vector is an expression vector.

34. The vector of claim 32, wherein the recombinant nucleic acid molecule comprises, in
operative linkage, a CaMV 35S enhancer, a CaMV 35S promoter, a TEV translational

enhancer, a nucleotide sequence encoding a luciferase polypeptide or variant thereof, and
a CaMV 358 terminator.

35. The vector of claim 32, wherein the recombinant nucleic acid molecule comprises, in
operative linkage, a metallothionein gene transcriptional regulatory element, an omega
translational enhancer, a nucleotide sequence encoding a luciferase polypeptide or variant

thereof, and an RbcS E9 polyA sequence.

36. The vector of claim 32, wherein the recombinant nucleic acid molecule comprises, in
operative linkage, an actin 2 gene transcriptional regulatory element, an omega
translational enhancer, a nucleotide sequence encoding a luciferase polypeptide or variant

thereof, and an RbcS E9 polyA sequence.



|'i ght/ m®2/second. 7. The genetically nodified plant cell of claim1, which
has a reduced | evel of chlorophyll as conpared to corresponding wld type
plant cell. 8. A transgenic plant, conprising the genetically nodified
plant cell of claim1 or claim 7. V OCT 2005 56 9. A plant @ I0C3r2008 ssue
obtained fromthe transgenic plant of claim8. 10. A cutting of the
transgenic plant of claim8. 11. A seed produced by the transgenic plant of
claim8. 12. The transgenic plant of clsaim8, wherein the plant is a
nonocot. 13. The transgenic plant of claim8, wherein the plant is a

di cot. 1437.The vecesrsefedlaien BRaWherefn ﬂk%&ﬁxﬂﬁnaﬁv}ﬁ&@i@aﬁﬁ%m&ﬁ% chhprises

anangi osperrln éS. Tg;ée transgeni c plant of claim14, erel n theangi osperm
is a cerelyelentidas 83 toﬂég‘dﬁi"ﬁ@@@ﬁ)h@ﬂ-an oi | seed plant, or a hardwood
tree. 16. The transgenic plant of claim8, wherein the plant is an
ornanental plant. 17. The transgenic plant of claim 16, wherein the

or nament ad8.dlharvectosofxclgiat mgivmicms.sereuedtﬁroansg@rlbq\lol:q%qut@m 18,
wherein the ornanmental plant is a petunia or a carnation. 19. The
genetically nodified plant of claim1, wherein the heterol ogous nucl eotide

sequence 9100eiNGnfuifihe TeRSSIRR RElKNRR! bR GRTRLIFRESNUC! €0t | des 8366

to 11,113 of SEQ ID reconbl nant nucl erc Id nol ecul e,
conprising, in operative |inkage, a plant translational enhancer and a

nucl eoti d e .encadi ng. a bioluginescent polypeptide. t7 OCT ion 57
B UENSERNERE AR BRI D

21. The reco u ul e of claim 20, wherein the plant
transl ational enhancer is a plant potyvirus transl ational enhancer. 22.
The recompi nant nucl ei ¢ acid nolecule of claim2l, wherein the plant
pot yvi r us*i- s Ag metgedicelo reduring raisgenrtivallyomadifishegante obtin that . is2 Jisiblhe
reconbi napg; i i .0f.clgim20, wherein the, biolum nescent
pol ypept i euﬁggésﬁirg,l @g rngestgpdpg% "2%‘?3 gigrogpmg%pitmgepﬁépgwl_smg@ nuglgotide
reconbi nasequende| ecodingi @ bileninescedf polybeptidd infouat Pt CQIMPT WhbreSy e
operati vegg l.i nked tfanscc{i,pti onal regulatory elenment, which conprises a
pr orot er .01 luminescent polypeptide is expressed at a level thaf produces at least 750,000 photons

of visible light/mm?/second, thereby producing a genetically modified plant cell that

visibly bioluminesce.

42. The method of claim 41, wherein the transgene further comprises a plant translational

enhancer operatively linked to the nucleotide sequence encoding a bioluminescent

polypeptide.

43. The method of claim 41, wherein the plant translational enhancer is a plant potyvirus
translational enhancer selected from a tobacco etch virus (TEV) translational enhancer

and a tobacco mosaic virus translational enhancer.

44. The method of claim 41, wherein the bioluminescent polypeptide is a luciferase

polypeptide or variant thereof.

45. The method of claim 42, wherein the transgene further comprises a transcriptional

regulatory element operatively linked to the plant translational enhancer and nucleotide

sequence encoding a bioluminescent polypeptide.



25. The reconbi nant nucl eic acid nol ecul e of claim 24, wherein the
transcriptional regulatory elenent is a cauliflower npsaic virus (CaWw)
35S requl atory elenment, a netallothionein regulatory el emaz% eoor n_actin
2 regulatory elenent. 26. The reconbi nant nucleic acid nole ? s aim
20, conprising, in operative |linkage, a CaMW 35S enhancer, aCaM/ 35S
pronmoter, a TEV transl ati onal enhancer, a nucleotide sequence encoding a
| uci ferase pol ypeptide or variant thergof, and a CaMW 35S term nator. 27.
The reconbi nant nucleic acid nol ecule of claim26, wherein the CaW 35S
enhancer 46.5The dtiethoCaVcRES £9)haneRn tl?e8-trai{&?ip{iﬁﬁé?”@tglﬂggﬁrﬁnélgﬁl@htci G d

nol ecul e of -(ﬁl aim 26, wherein the luciferase polypep rovari an

t her eof i SAULIOWEK MR apLs E€aM) 3FReregulatoryi elementn i Insstallalsioneinogeeul e of
cl ai m 20, (LQRR SleRnt. b af? j j met al | ot hi onei n gene
transcri ptelgonalryr gguflétoor yggfﬁg%??édé#&g%z%%mﬁr ansl ational V OCT M 58
enhancer, a nucl eotide sequence encoding a |luciferase pol ypeptide or

vari ant ther.gof n an .Rb pol YA sequence. 30. The reconbi nant
nucl eic a raﬁ’r?o‘ins'@f]& S saip %ﬁw%?lnc%ﬁﬁ@m% comprisese imioperative hikkags, a an
actin 2 gang¢ ¢aMVSI3S Rhhaiel, 4 eINhRLBRY nt, Cbranslat ional
enhancer, a_ nucl eotide Il?‘_qe@guence enc%gi %Ig’hg’@h%i }-%?a{s?%%gdo %}%)le%fl\a% ol

variant tHisieodfle seqngnem elioemIgED lughfotasé pobpeptitieeor GitianT terécfcaibh GAMY
nucl ei ¢ ag4 eﬁg%gt%gl e of claim 20, conprising nucleotides 8366 to 11, 113

of SEQ | 2. A vector, conprising the reconbinant nucleic acid
nol ecul e of claim20. 33. The vector of claim 30, wherein the vector is an
expressi o ctor, 34. The vector of claim32, wherein the reconbinant

nucl ei ¢ at%: gthed of climr47s aherqin the pisifatase polypeptiger vari@atieBHSis a

enhancer ,lu@*&g%}ﬁé dgs pronoter, a TEV translational enhancer, a nucleotide
sequence enco ng a luciferase pol ypeptide or variant thereof, and a CaWwW
35S term nator. 35. The vector of claim 32, wherein the reconbi nant nucleic

acid nol egul-e conprises, .in operative |linkage, a netallothionein gene
transcri pﬁ-‘]cﬁ’ﬁlm%ﬁ‘ij Iogt‘:&ﬁ"? 4l SHasHeIn the, traRsRgRS comarisgsain operhtiemlinkagera a
nucl eot i dRetaBGIHRNER OQAMEriftidriaf | I; r variant thereof,
and an RbcS E9 pol yAgés?{é\:quencrel.ﬁt ' Sdé. r%@gaﬁ\él c?glrn\égﬁ?%41$ﬁ8Wf15%§r%PWOEHe

r econbi natd, apionaily, awiedhanskrcuml emegapridational enhancer; a nucleotide sequence

encoding a luciferase polypeptide or variant thereof; and an RbcS E9 polyA sequence.

50. The method of claim 49, wherein the luciferase polypeptide or variant thereof is a
luc” polypeptide.

51. The method of claim 41, wherein the transgene comprises, in operative linkage, an
actin 2 gene transcriptional regulatory element, which comprises a promoter and,
optionally, an enhancer; an omega translational enhancer; a nucleotide sequence

encoding a luciferase polypeptide or variant thereof: and an RbcS E9 polyA sequence.

52. The method of claim 51, wherein the luciferase polypeptide or variant thereof is a

luc™ polypeptide.




operative |inkage, an actin 2 gene transcriptional regulatory el enent, an
onega translational enhancer, a nucl eotide sequence encoding a |uciferase
pol ypeptide or variant thereof, and an RbcS E9 pol yA sequegﬁﬁ. ttO OCT
2005 59 37. The vector of claim 32, wherein the reconbi nant &fulFEi®Paci d
nol ecul e conprises nucleotides 8366 to 11,113 of SEQID NO : 2. 38. The
vector of claim32, which is selected fromSEQ ID NO: 1 and SEQ ID NO : 2.
39. A cell containing the reconbi nant mucl eic acid nol ecul e of claim 20.
40. A cell containing the vector of claim32. 41. A nethod of producing a

genet i cal 5. Hindinkited ofl daiin $&] Whérb@t thé Stra_lﬂgg%in@lcﬁmr?gg L%\ﬁlé(;)gﬁgsgg%%sekogzlﬁet hod

conprising.in i a transgene conprising a

encodi ng gﬂ&@%ﬁ#ﬁé@@é@s nyelepiidast83de t9 #2.89% 0P RQIDANOI: 4 avhmclebiddsteto

bi ol um nessrNdr K YORRH L §le is expressed at a level that produces at |east
750, 000 photons of visible Iight/m®2/second, thereby producing a
genetically nodified plant cell that visibly biolumnesce. 42. The net hod

of claim4l,+wherei e.transgene further conprises a plant translational
enhancer g‘éeﬂ‘&ﬁ?}ﬁ?@Of Flﬂﬂ’éé twg?lﬁ@ the diapsgene) s %@dnm@agﬂnd@mm@lmt cell

bi ol um neggeffe. pol ypeptide. 43. The nethod of claim41l, wherein the plant
transl ati onal enhancer is a plant potyvirus translational enhancer
selected froma tobacco etch virus (TEV) translational enhancer and a

t obacco i j nsl atj onal .enhancer. 44. The nmethod of claim41,
wher ei n the }I&O S%ﬁeés{:glﬁfmz%ﬁ’ Q@éeﬁ?lfl&ge jtansgeng Js riptegrated pue \he plang selr
vari ant tgemomef. 45. The nmethod of claim42, wherein the transgene further
conprises a transcriptional regulatory elenent operatively linked to the
pl ant transl ati onal enhancer and nucl eoti de sequence encoding a

bi ol um nesq: adenBRLAREREdiflE pfah?cq@o&%ggll)gg]%46étih§5]§fcﬁgﬁﬁyf of claim 45,

wherein the ttanscrrptional "regu ory S | ower nosaic
virus (CaMV) 35S regul atory elenent, a netallothionein gene regulatory

el ement, ﬁr a&? acti.n_gene requl ahory el ement. 47. The nmethod of claim 41,
wher ei n’ tHe A THEGUR RIERLSAmATEMNG the gergtisally modifier pleag ecll of clainns6.CaM/ 35S

enhancer, a CaMW 35S pronoter, a TEV transl ational enhancer, a

58. A genetically modified plant cell, comprising a heterologous nucleotide, which
comprises, in operative linkage, a CaMV 35S enhancer, a CaMV 35S promoter, a TEV
translational enhancer, a nucleotide sequence encoding a luciferase polypeptide or variant
thereof, and a CaMV 358 terminator wherein the luciferase polypeptide or variant thereof

can be expressed in amount sufficient to produce at least 750,000 photons of
visiblelight/mm?/second.

59. The genetically modified plant cell of claim 58, wherein the heterologous nucleotide

sequence encoding a bioluminescent polypeptide comprises nucleotides 8366 to 11,113
of SEQIDNO: 2.

60. A transgenic plant, comprising the genetically modified plant cell of claim 58 or
claim 59,

61. A plant cell or tissue obtained from the transgenic plant of claim 60.



nucl eoti de sequence encoding a luciferase pol ypeptide or variant thereof,
and a CaW 35S termnator. 48. The nethod of claim47, wherein the

luci ferase pol ypeptide or variant thereof is a |uc+ polypepyiger qﬁg. The
met hod of claim4l, wherein the transgene conprises, in operative [T nkage,
a netallothionein gene transcriptional regulatory el enent, which conprises
a pronoter and, optionally, an enhancer; an onmega transl ational enhancer;
a nucl eoti de sequence encoding a |uci®@rase pol ypeptide or variant

t hereof, and an RbcS E9 pol yA sequence. 50. The nethod of claim49, wherein
t he | uci f 62.a%eutfing yPehpttiadisgenic pladitioTlaihiber eof is a luc+ pol ypeptide. 51.
The nmethod of claim4l, wherein the transgene conprises, in operative

| i nkage, an actin 2 gene transcriptional regulatory elenment, which

conpri sesg® [ nhancer; an onega transl ational
enhancer;62}ﬁﬁgﬁgﬁﬁﬁﬁgmg%gﬁg%%%ggg%é%ﬁrﬁgkgnl ¢iferase pol ypeptide or
variant thereof; and an RbcS E9 pol yA sequence. 52. The nethod of claimb51,

wherein t uci f.erase eptide or variant thereof is a |uc+

pol ypept i Q‘E.Aﬁnﬁ‘ﬁﬁ?f %‘g&bé&) p’%ﬁ‘é Chil; spsRprising: f dreteralogoustauckiotide sequenams gene
conpr i seswhi¢h|cofiptid&s i8S 3kt afi : . | eoti des 8340

to 12, 098 of SE%ﬁﬁ D RO :gﬁtaqu ekage ﬁlgg@omhp@go“%%c’é@é%ﬁ?ﬁ&ﬁ%% 54,
Tlhe {ret h?)‘EJGIHFntc A Omega ,tranﬂeti@nath hetﬂmd cer, anm@&ml \ S'Zﬁs s\iﬁleabe!: ync:tﬁﬁiﬂgt ailigférdse t he

pl ant ce 3 m,54, erein e transgene is

i nt egr at eéjp IYI%? gagﬁrevgl?%ﬁ}ﬁﬁgﬁ an‘g@'ﬁg{]?@.g EgdGPOI)ﬁf‘gsSﬂ%?’i"E’aWh?FeWD@P flnciferase ant

cel | pr odputtptige bh earent iadtedT!caf ! Rpfebsed™if-anfoulnt $090RAL fo Blodlibe SORRYT 51 N

t
t he genet] |y nmodified plant cell of claimb56. 58. A genetically nodified
15ag :

pl ant cel betons gf visible ighttnwysesenducl eoti de, which conprises, in
operative |inkage, a CaW 35S enhancer, a CaMVv 35S pronoter, a TEV
transl ati onal enhancer, a nucl eoti de sequence encoding a |luciferase

pol ypept i e Adransgeriiaplant, cownprisihg thergéneticallivhciBifed samt daBlo@elanigrei n t he

| uci ferase pol ypeptide or variant thereof can be expressed in anmount
sufficient to produce at |east 750,000 photons of visiblelight/m2/second.

59. The gggAlplasceN ofBsiub ioBthittlidim Gl ttanSfentd AbAR 711G €1 N the

het er ol ogous nucl eoti de

67. A cutting of the transgenic plant of claim 65.
68. A seed produced by the transgenic plant of claim 65.

69. A genetically modified plant cell, comprising a heterologous nucleotide sequence,
which comprises, in operative linkage, an actin 2 gene transcriptional regulatory element,
an omega translational enhancer, a nucleotide sequence encoding a luciferase polypeptide
or variant thereof, and an RbcS E9 polyA sequence, wherein the luciferase polypeptide or

variant thereof can be expressed in amount sufficient to produce at least 750,000 photons

of visible light/mm*/second.

70. A transgenic plant, comprising the genetically modified plant cell of claim 69.

71. A plant cell or tissue obtained from the transgenic plant of claim 70.



sequence encodi ng a bi ol um nescent pol ypeptide conpri ses nucl eoti des 8366
to 11,113 of SEQID NO: 2. 60. A transgenic plant, conprising the
genetically nodified plant cell of claim58 or claimb59. 61’%;9#* cel
or tissue obtained fromthe transgenic plant of claim®60. rt 2 2 62.
A cutting of the transgenic plant of claim®60. 63. A seed produced by the
transgenic plant of claim®60. 64. A genetically nodified plant cell,
conprising a heterol ogous nucl eoti de sggjuence, which conprises, in
operative |inkage, a netallothionein gene transcriptional regulatory

el ement, 72 AcmGeg of the faaddepiddllarkBPaRRL). @ nucl eoti de sequence encoding a
| uci ferase polypeptide or variant thereof, and an RbcS E9 pol yA sequence,
wherein the luciferase polypeptide or variant thereof can be expressed in
anmount s IAC I 0 photons of visible
Iight/nn%?%é%%%gbn%gsagﬁfgggg@%ﬁpgﬁ%%gﬁ%?QQB2§rising the genetically

nodi fied plant cell of claim64. 66. A plant cell or tissue obtained from
the transgenic plant of claim®65. 67. A cutting of the transgenic plant of
claim65. 68. A seed produced by the transgenic plant of claim®65. 69. A
genetically nodified plant cell, conprising a heterol ogous nucl eoti de
sequence, which conprises, in operative |linkage, an actin 2 gene
transcriptional regulatory elenent, an onega translational enhancer, a
nucl eoti de sequence encoding a |luciferase pol ypeptide or variant thereof,
and an RbcS E9 pol yA sequence, wherein the luciferase pol ypeptide or
variant thereof can be expressed in anmount sufficient to produce at | east
750, 000 photons of visible |ight/mR2/second. 70. A transgenic plant,
conprising the genetically nodified plant cell of claim69. 71. A plant
cell or tissue obtained fromthe transgenic plant of claim70. rr OCT X006
63 72. A cutting of the transgenic plant of claim70. 73. A seed produced
by the transgenic plant of claim70.



