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; BACKGROUND OF THE | NVENTI ON ' 1. Field of the Invention

The invention relates generally to plant genetic engineering, and

specifically to novel genetically engi neered plants characterized

as having a phenotype of early flower 5 meri stem devel opnent, and

met hods for produdENETICALDY:MODIFIED PLANTS HAVING MGDULATED FEOWERat ed
Art - Most angi osper m speci es $€X§E§§% o flower in response to
environnental stinuli ~such a and tenperature, and
i nternal cues, such as age. Adult organs of fl owering plants

devel op from groups of stemcells called neristens. '[he identity of 10
a neristemis inferred fromstructures it produces: vegetative neristens

give riseto : THEYSOENTIONC! escence neristens give rise
BACKGHSY o o

to flower neri.stens, neristens give rise to floral
organs such as sepals and petals. Not only are neristens capabl e

of generating new neri.st of different identity, but their own identity
can cha\r,i/ge dﬁﬁ?’gﬁ&ww&ent. For exanple, a vegetative shoot
meri stem can be Irhe inventisriueitedrgeRetallytopland genetit enigineering andspecifically tomowvel

floral induction, and in sQme species, . .the inflorescepce ri stem
i tsel f will evensgagticglihhengineered m& & hatiog 5 phenotype of early flgwer
i nportance of Meiiepitem devisthdnt, AR mefholll AR prokiRg SRNPMnts, | i ttl e is known
about the under | yi'ng mechani sms.

2. Description of Related Art
Most angiosperm species are induced to flower in response to environmental stimuli
such as day length and temperature, and internal cues, such as age. Adult organs of
flowering plants develop from groups of stem cells called meristems. The identity of
10 a meristem is inferred from structures it produces: vegetative meristems give rise to
roots and leaves, inflorescence meristems give rise to flower meristems, and flower
meristems give rise to floral organs such as sepals and petals. Not only are meristems
capable of generating new meristems of different identity, but their own identity can
change during development. For example, a vegetative _shbot meristem can be
15 transformed into an inflorescence meristem upon floral induction, and in some species,
the inflorescence meristem itself will eventually becéme' a flower meristem. Despite
the importance of meristem transitions in plant development, li_i:tle is known about the
underlying mechanisms. '

Following germination, the shoot meristem produces a series of leaf meristems on its
20 flanks. However, once floral induction has occurred, the shoot meristem switches to
the production of flower meristems. Flower meristems produce floral organ primordia,
which develop individually into sepals, petals, stamens or carpels. Thus, flower
formation can be thought of as a series of distinct developmental steps, i.e. floral
induction, the formation of flower primordia and the production of flower organs.
25 Mutations disrupting. each of the steps have been isolated in a variety of species,
suggesting that a genetic hierarchy directs the flowering process (see for review, Weigel
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Devel oprent , Somamer, el 8b,1Sci@ep350:931,a129080 Severak of theSe genes ate 1rafScriptiono;
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has been desiSéivéaesl SohnetVéral Psupra). (Schwar z- Sormer, et al., supra).
10 Earlier acting genes that control the identi ty of flower neristens
have al so been characterized. Flower neristens are derived from

i nfl orgscenc ri st.ens _in hoth ., Arabi sis and Antirrhj num TwoQ
f act orlg) t hat %«ggﬁf I‘agf“?g ﬁsn?fg@@{ 8$%ﬂtm8fldmnw Of%ODWFér?‘E‘F%mi v?:@isf’ieﬂﬁt o
flowers are hatarerizedl. AFRWer dMstistemst 41€ dedivéd Foniinflobditeriek Mtisteins in both  Of
t he LEAFY gene gV‘él gel, et al., Cell 69:843, 1992) and the APETALAI gene 15

(Mandel , ‘et drabidepsis,aad 3dutirriarum 9 9Fwo factars cthah ontypl tthe sdevglopmenti of
i‘ Pg\%‘e'r \sla;ﬁg Imré{iftgrpaeﬁsccceelrl]% ig%gtg%\;}eﬁ?%%re%a%ﬁ? 'th %?aﬁgon}jsjisr,] itﬁ‘e?fagt%?s :&}Q?}Peeﬂr%idg&s of
~ of the LEAFY gene (Weigel, et al., Cell 69:843, 1992) and the APETALAI gene
15 (Mandel, ef al., Nature 360:273, 1992). When either of these genes is inactivated by
* mutation, structures coinbining the properties of flowers and inflorescence develop
 (Weigel, et al, supra, Irish and Sussex, Plant Cell, ;:74_1, 1990). .:In Anﬁrrhihum, the
homologue of the Arabidopsis LEAFY gene is FLORICAULA (Coen, et al., Cell,
63:1311, 1990) and that of the APETALA! gene is SQUAMOSA (Huijser, et al., EMBO
20 J., 11:1239, 1992). The latter pair co_n'_tains MADS box domains. |

LEAFY is expressed very early in floral anlagen and floral primordia, consistent with

it having a direct role in establishing floral meristem identity. In th_e developing floral

primordiun_l, LEAFY expression is detected much earlier than expression of the

homeotic genes AG and AP3, suggesting that LEAFY plays a role in controlling the
25 e:-ression of floral homeotic genes. |

- There is increasing incentive by those working in the field of plant biotechnology to
successfully genetically engineer plants, including the major crop varieties. One

genetic modification that would be economically desirable would be to accelerate the
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Antirrhinum the honol ogue of the Arabi dopsis LEAFY. |
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owering t1ne _cﬁroxﬂ- gér“gém&’n Sﬁ&p ‘dcﬁ%ﬁfgdoforf J:d?ifﬁﬁl%d@g ﬂb@eﬁﬁé &fould €be ebdriontically

factor for . Ccrop nts. One of "the nost inportant factors
control ling i nduavdlwablef flowering is day |ength, which varies
seasonally as well as geographically. There is a need to develop a

nmet hod for controlling and inducing flowering in plants, regardless 5

of. the | ocal e orsmw o FEK INVERAQON ons, thereby allow ng production
of crops, ~at any given tine. Since nost crop products (e.g.,
seeds, grains, fruits), are derived fromflowers, such a nethod

gﬂkﬂvﬁ%?/t act)(l) H.Eg| | Omr%&v‘éﬁt‘i’olndargsee,guct%??hrg gigclzolv%ry that a genetiic:'ﬂl\frarhéjl'f‘lg&ié plant cell
could be produced, from which a whole plant can be regenerated which stably
incorporates a ﬂowér deyelopment genetic trait introduced into the plant cell
Specifically, the trait of early flowering can be imparted on a plant by genetic

modification according to the method of the invention.

15 In a first embédiment, the present invention provides a genetically modified plant
comprising at least one heterologous nucleic acid sequence in its genome and
characterized as having modulated floral meristem development. Preferably, the plant |
is genetically modified by introduction of a nucleic acid sequence encoding the LEAFY

-protein. Alternatively, the plant is genetically modified by transformation with a

20. nucleic acid sequence encoding the LEAFY protein or a nucleic acid sequence
encoding the APETALAL protein, or both. The invention also provides plant cells,
plant tissue and seeds derived from t.l.le'genetically modified plant.

In a second embodiment, the invention provides a'vector(s) for transformation of a
plant cell to modulate flower meristem development, wherein said vector(s) comprises
25 a nucleic acid sequence comprising at least one structural gene encoding a protein that
modulates flower meristem development, operably .associalted with a promoter.

Preferably, the vector comprises a nucleic acid sequence encoding the LEAFY protein.
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FIGURE 2 shows the early flowering phenotype of 35S::LFY tobacco plants. Left,
control plant, transformed with an unrelated construct. Middle and right, two
independently derived T, plants carrying a 35S::LFY transgene (lines 146.21, 146. 26)

15 Plants are five weeks old. -

FIGURE 3 shows precocious enlargement of apical meristem in 35S::LFY tobacco

plants. |

Panel (A), Control, transformed with an unrelated construct. Panel (B), Experimental
~ plant, transformed with a 35S::LFY construct. Size bar, 50 um.

20 FIGURE 4 shows the early flowering phenotype of 35S::LFY Arabidopsis plants.
Panel (A), Control plant, transformed with an unrelated construct. The rosette leaves
(rl) are significantly larger than the cotyledons (cot). Panel (B), 35S::LFY transformant
(line 151.106). The first two rosette leaves () are smaller than the cotyledons. A
small shoot has formed, with what appear to be two cauline (=stem) leaves (cI).

25 FIGURE 5 shows the conversion of all shoots into flowers in 35S::LFY Arabidopsis
plants. Panel (A), For comparison, a drawing of a mature Arabidopsis plant (Nossen
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FIGQURE 1 shows a schematic illustration of pDW39, which is the parental
plasmd 10 f oty T “&%1;5355 éﬁYsho\«actma rﬁaﬂ dft ildagpeot
LEAFY (LFY) is o %tf‘a%ﬁﬂhg% err1a and 3[err] a at ed regions are
stippled. . ArabidopsisSURflot2scenoeysillustmtiog rthe lridetnmnang of Khel@hgqiemGﬂStGBS

unt ol ated conat rERoels (-08) shony35%: A4, plasts penbraled inthe Rgsedieditvpe, tef Posks
T2 plants carryigg E'aﬁé%g),@ﬁic@&%&%ﬁhﬁbtswﬁ&; e Hbwels'@riiples) e 151.201).

Plants are five wee ows’ precoci ous en| argenent
of apical seri stAmotyled%ﬁSis mdlattmdbat)cci’anel (D) Devq!nmnr&ofapnmarytermq.bﬁ

Control, transfo th a unr el t ruct Pan [

plant, transfor g‘f% Lal‘—“@ﬁﬁ ppmert of &ngle sgegn a@‘o@%‘?’%ﬁfﬁ”ﬂggm !f
FI GURE 4 shows ti‘%anﬂ?n&'lé’aff Bweslhgls {BRARA EWer® bridhs flony M R Tstulen| roBitR
Panel (A), Control ant ransforrred wth an unrelated construct. The

rosette | eaves leaves (rl) are lindicated by gnmﬂﬁa@ne)ﬁﬂéﬂghr Panel-(E)h Elasetup wiawnef

Coo Foser e | couisity il S5ebhEE APURT Hown in D). a5 e R B anble *Fhe syitSchin &)
shoot has or ”edoomyn*sxhg WeahrpeRPpears Rrdddy hovnal aThé Aembersifetamens (S(pis rédlic):d

25 FI GURE 5 shows the conversion of all shoots into flowers in 35S:
JFY Arabi dopsi s and petals anplsamls arePghsent. ( A) single firstowheal pegan with leafrvsengl-oandy

mature Arabi dOpS' 7 é?-hﬁg %ea{ures i3 indicated by an asterisk.

Figure 6 shows constitutive expression of Arabidopsis LFY converts aspen shoots into

15 flowers. Panels a and b show ﬁVé-month-old shoots of hybrid aspen (Populous tremula

x tremuloides) grown in tissue culture. Panel a shows a 358::LFY transformant,

Solitary, lateral flowers in the axils of leaves (lf) and an abnormal terminal flower (tf)

are indicated. Panel b shows a non-transgenic control. Arrowheads indicate axils of

leaves, from which lateral vegetative shoots will emerge, normally in the following

.20 year.‘Note that aspen plants regenerated from tissue culture show the same juvenile

phenotype duﬁng the first growing cycle as plants grown from seed (Nilsson, O,

Thesis, Swedish Univ. Agricul. Sciences, 1995) Panel C is a close-up view of solitary

male flower that formed in a leaf axil of a seven-month-old 35S::LFY transformant that

- had been transferred to the greenhouse. Panel d shows a close-up view of male flower

25  removed from wild-type catkin shown in panel e. Note bract (b) subtending wild-type

flower. Panel e shows a cluster of male catkins of P. tremula, one of the parental

species of hybrid aspen, taken from a 15-year-old tree. Red pigment in anthers is
apparent. Scale bars: a,4, 5 mm; ¢, d, 1 mm; e, 20 mm.

_ Figure 7 shows 355::LFY phenotype is partly suppressed by an ap/ mutation. Panel
30 a shows five-week-old plants that carry the erecta mutation. The 35S::LFY API" plant
(left) has no elongated primary shoot. A primary shoot is well developed in the
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ecot ype) WA 269 si x weeks of age is shown. Panel (B), ToBCHUSHFIA85Y

wi | d-type Ar abi dopsi s inflorescence, illustrating the ' .
I ndet erm nacy of the shoot neristem -6- Panels (O -(E). show 35S: LFY
pl ants (generated in the Nossen ecotype), three weeks ol d. Panel

O, Repl . b [ ' ' < () ' 1).
5 ot T arY P plady (hines ot thE Pty oo A Soiates Bcmiateel )
term nal fl owend is shorter thanlthat of theamon:-transgenic apfiqpldnt (right) dParelsolp-deshiowod

I ngl d of in.th il of C | i |.eaf
(e, “Sinol e Geskied ot ST LFK a4 Bhases PastbriBomsa dossru v e gabatiogt
| I R | > | Li _ | ]
Vie::,/\legf(r ) aﬁ&dtg?ibgrary l<:§1ér?§“{s%condary .'%I%%&@#Wgo*?g??&eat aogﬂs?tgewto
angl e. F¥he gyleoessi Ran¢lg) shovd a top viewrpf peinary shbet with perininal lopen (tf). Panelet vy
normal . The né_gibfr f stamens lé_sﬁ) i s tedu gg, _ e%rlggpet al gtr'lld
sepal s are ab m%"&”ﬂ%ﬂ: 2 -Fsﬂgr 36'1’3 Fects are ¢nbance 5§Ib~v‘§ﬁ -1
carpel -like f ﬁaidﬁbﬁ,salih%u'%xfmﬁieﬁé’{s%@l ﬁ{iﬁﬂv@&faﬁ%&' fifthe 358::LFY apl SEt 2 6 shows

constitutive expression Ar abi dopsi s LFY converts aspen nto 15
flowers. Panels a and b show five-nonth-old shoots- of hybrid aspen

(Popul ous tr WI | N . tissue culture.. Panel a
shows a 35S: W%P . dﬁ%ﬁ?sﬁ%ﬁhateral flowers in the

axils of leaves (1f) and an abnornmal termnal flower. (tf) are
i ndi cated. Panel b shows a non-transgenic control. Arrowheads indicate (
axils of The presenirvention provides @rgeneticaliy modified: planit wehighhisccharacterizedasr ge)

normal Ly in the.follaw ng 20 . r. te that aspenpl.ants eper at ed
fromt ilg-s ue cl?ﬁvpggiée é’t}mﬂp}fetragg%eﬁﬂ&%mer ggv elopment, ot H@M@“&u&ﬁ%ﬁﬁf’he
first grow ngs@ehétialy modied byHt 18t bcOsthithRel deble that ¥Acodes a protein, such

Thesi s, Swedi s(t;géUni v.” Agricul ” Sciences, 199_5)é Partlg‘ft Cis a bl oeéne’-gp 7 ew
of solitary LEAFY, whighissufficientto induce flawering intheplangaf axil of a
seven-nont h-ol d 35S:: LFYtransformant that had been transferred to
t he greenhouse. Panel d shows a close-up view of nale flower 25

renoved fromiwid fist sbodimeit, thesiivettion Hrovid@ a SenetiGdlly Médified plant M%“g
w | d-type flower. Panel e shows a cluster of male catkins of P
tremul a, one afleashonp heterplogous nucleic acid ;sequense it its gemomie ang sharactatizad 4 om a

; g yga?r?:nm g E}ﬁ@@g rhﬁ)ﬁ?&éﬁé‘g Eﬁbﬁﬁr 'W@év%l&pﬂxex.u;. Also inclif¥l Heflid are%?a%lt% ars
and plant tissue, all derived from the genetically modified plant of the invention. In
addition, seeds which can germinate into a genetically modified plant as described

herein are also provided.

- The term "genetic modiﬁcaﬁon" as used herein refers to the introduction of one or

20 more heterologous nucleic acid sequénces into one or more plant cells, which can

generate whole, sexually competent, viable planté. - The term “genetically modified”

as used herein refers to a plant which has been generated through the aforementioned

process. Genetically modified plants of the invention are capable of self-pollinating or

cross-pollinating with other plants of the same species so that the foreign gene, carried

25 in the germ line, can be inserted into or bred into agriculturally useful plént varieties.
The term "plant cell" as used herein refers to protoplasts, gamete producing cells, and |

cells which regenerate into whole plants. Accordingly, a seed oomprising multiple
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premat urely, k : : t ; i fHeORiRh i
plant (right). plant cslls 3able Of t¥hirafing 6 oWdle plagi, 1 iMdfidel i RN é’%ﬁ*f
pl ants. Panel b "plaoweelld cl ose-up view of |ateral shoot i ndi cat ed
by arrowhead in panel a. Panel ¢ shows energi pg shoots in the axils of
rosette 5 | eaves. Panel d shows a top view of primary shoot with
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pl ant. The apl further by the Lo
mut ati on, alt howgla group of plantroells; suth asplantdisguen foyexampleh Plasiets: dré-also picluded

h t ) e e DETAI SCRI PTI . THE. | NVENTI| ON ' .
Be o boer | v SfttingHe PHegYE G Plamty o Bl Iehded i the inyaMigiLare apy, Aawesing plants
characterized agmbRable td’%%nﬁﬁﬁmpmﬁfq}i ! Cirfcfuﬁix{g %Btl?%éﬁbc“y@ﬂ%ﬁous and

devel opment, or early flowering. The plan I's geneticall'y nodified
by at | east onedicotyledomous plgatse t hat encodes a protein, such as '
LEAFY, which is sufficient to induce flowering in the plant. In

a first enbodinent, the invention provides a genetically nodified plant
conprising ExampR§ of ﬁﬁﬁéc«%ﬂ@d&ﬁh@ pRNAGAISAE) Bt ﬁ‘e‘hlo@ fimited £5) 48P Sauisfidld S

genone and characterized as 1 havi ng nodul’ated flower meristem
devel oprrent . Al gnd isweetiderh, tharley,nwheas, pice,nsorghurh,sonion, pearl nillet, pyeamnd oats.

{i ssue 3 der Byl olds P dlbiyiBseil Sty nfRE b hel P fimla 16 b HEbbSY,

| cotton, rapeseed, field beans, soybeans, peppers, lettuce, peas, alfalfa, clover, cole crops
or Brassica oleracea (é.g., cabbage, broccoli, cauliflower, brussel spfouts), radish,
carrot, beets, eggplant, spinach, cucumber, squash, melons, cantaloupe, sunflowers and
various ornamentals. Exemplary models described herein include the tobacco plant and

15 the perennial tree, aspen.

The term "heterologous nucleic acid sequence" as used herein refers to at least one
structural gene operably associated with a regulatory sequence such as a promoter. The

- nucleic acid sequence originates in a fbreign species, or, in the same species if
substantially modified from its original form. For example, the term "heterologous

20 nucleic acid sequence"” includes a nucleic acid originating in the same species, where
| such sequence is operably linked to a promoter that differs from the natural or wild-type

promoter.

As used herein, the term "nucleic acid sequence" refers to a polymer of
_ deoxyribonucleotides or ribonucléotides, in the form of a separate fragment or asa
25 component of a larger construct. DNA encoding the proteins utilized in the method of
| the invention can be assembled from cDNA fragments or from oligonucleotides which
-provide a. synthetic gene which is capable of being expressed in. a recombinant
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used herein Exhmples bstmEidPirds that nfhy'HRlet tHeChredtnt fwertith include th
cells which regenerate into whol e rIIﬂlgnts li,%\ké%grdl ngly, a gee clgrrgrl S|eng
mul tiple LEAR)t;gm,ambgl@sAPETALAI gene which control flowering. Also included i m the -

PCT/ USQ5/ 16859

olant Col | s BLSSm: inveption grs sructural and, fangtional homglagres of, the, LEAFY, B he

definition OAPETALAl gened! aPér €Richple, in Antirrhimum MajusS ke "bﬁﬁﬁ‘dtﬁﬁoﬂ, higet €7 M
"plant” refers to e|ther a whol e plant, REl ant part’, a plant ce

olr a gr olupdo’hop\ph}ﬂle ofthed EAKYE Be@slspheﬁw GAIIE]A gene wdahmhmnolbgwgf ?es are
t
25 P o s S IAORKLEE S Bt AT o

techni ques, bakhowh Egthose bf sEINAGRé Hﬂt%ﬂ@mv@rﬁﬂﬂbmcﬂmed. di cot yl edonous
pl ant s. Exanpl es of nonocotyl edonous plants include, but are no

limted to, asparagus, field and sweet corn, barley, wheat, rice,

509N o0t Rl sl ity 3 ot Bon b o ARG 6 it
cotton, rapeFerexariple|tie DN san boisbREIUsinpBEGRatidPhiodedurePRhich afd Wl f 2,

clover, col ®known in the art. These include, but are not limited to: 1) hybridization of probes to

genomic or cDNA libraries to detect shared nucleotide sequences; 2) antibody

screening of expression libraries to detect shared structural features and 3) synthesis by

15 the polymerase chain reaction (PCR). Sequences for.speciﬁc genes can also be found

in GenBank, National Institutes of Health computer database.

Hybridization procedures useful for screening 'fo_rj'desired nucleic acid sequences
utilized herein employ- labeled mixed synthetic oligonucleotide probes where each
probe is potentially the complete complement of a specific DNA sequence in the

20 " hybridization sample which includes a heterogeneous mixture of denatured double-
stranded DNA. For such screening, hybridization is preferably performed on either
single-stranded DNA or denatured double-stranded DNA. Hybridization is particularly
useful in the detection of cDNA clones derived from sources where an extremely low
amount of mRNA sequences relating to the polypeptide of interest are present. In other

25 words, by using’ stringent hybridization conditions directed. to avoid non-specific
binding, i_t is possible, for example, to allow the autoradiographic visualization of a
specific cDNA clone by the hybridization of the target DNA to that single probe in the
mixture which is its complete complement (Wallace, ef al., Ni:clez‘c Acid Research,
9:879, 1981). |

*



of Brassica ol eracea (e.g., cabbage, broccoli cauliflower, brussel

sprouts), g‘ﬂé% carrot, beets, eggplant, spinach, P&W -59
squash, nel éﬁ al oupe, sunflowers and vari ous ornanentals.

Exenpl ary nodel s described herein include the tobacco plant and 15 t he
: perennial'tree, aspen. The term "het er ol ogous nucleic acid
" sequence" as used herein refers to at |east one structural gene

operabl y associ aispgcifit DNA séquendeseftodingsl haeﬁﬂogdme lpraemaafmnemt, stch ashEEAFY

nucl ei ¢ acid sequence ori nates in a forei ﬁg , in_the sane
species if protein, ig8n aisa bephtgineddry: 1) isglafipn dQltbl%ﬂF@dﬂ‘&pN% seauengss from

- exanple, the ter 0 C C
el oi ¢ aci d or| e apy PRAF ALciea syhiford PNACieluiRE S iiide E bS]
is operably |inkeddérms far tilld\af intéréstedrml 3y inrwid) syminsisiofla duublé-steandpde
pronot er. As used herein, the term" nucl eic acid sequence"
refers to & pol yMquuencebyreversgngM e from a,gikaryatisdogescell

the formof a se ﬂ?ﬁ}l B%J, Elﬂﬁf
construct. DNA e flaﬁtgeﬁ'tc Bé‘f @%@F@%{fomﬁleéﬁ 6 dleof 1 orm?%e
i nvention can be“mqggmryr@mmmaécmgmnt s or from oligonucl eotides

whi ch provi de a synthetic gene which is capabl.e of being expressed

in a reconbi nant - - . WO 96/ 19105
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transcriptional unl?NAPe’fpr%sﬁ%s eol%raxabsuch & "‘F‘el C %lcli é’qusgf\ec?lelgd 0 d.“%ﬁtey for a

i nvention i ncl udheterologous polyﬁwhdeﬂlfdmgm leammtwmusmg antibodies specific for the

Exanpl es of structural genes that nay he enpl oyed in toiwi)re ent inve
digscoam) be

i ncl ude thé@ heterol °&QB3\FW°§€heS§ aphiko &ﬁt’?‘?ﬂoco nally
fl ing. Al
angm?lrjln(r:]?i onaisohom)l ogues 011(S ?ﬁwf%&wonﬁm&dm%gwtﬁ%glgg%wgr%s

exanpl e, in Anti proteinudDNAj us, the snapdragon t he

A polypeptide sequence can be deduced from the genetic code, however, the
degeneracy of the code must be taken into account. Nucleic acid sequences utilized in
15 the invention include sequences which are degenerate as a result of the genetic code.
There are 20 natural amino acids, most of which are specified by more than one codon.
Therefore, as long as the amino acid sequence of heterologous polypeptide results in
a functional polypeptide (at least, in the case of the sense polynucleotide strand), all

degenerate nucleotide sequences are included in the invention.

20 "Modulated" flower meristem development as used herein, refers to flower
development in the plant which may be either accelerated or inhibited/delayed as
compared to the naturally occurring, unmanipulated plant. Therefore, the term
"modulate" envisions the acceleration or augmentation of flower development when
development is desirable or suppression or inhibition of flower development when

25 development is not desirable.

The heterologous nucleic acid sequences utilized herein are structural genes for flower
meristem development. Preferably, such genes encode a protein that is sufficient for

the initiation of flowering, and most preferably, the nucleic acid sequence encodes the



honmol ogue of the LEAFY gene is the FLORI CAULA gene and the honol ogue of the '
APETALALl gene is the SQUAMOSA gene. O her genes which control flowering

Wil | WO096/19105c known to those of skill in the art or cRCTJESIFAERP| y
ascert ai ned. 10 Nucl eic acid sequences utilized in the invention can
be obtai ned by several nethods. .fgor exanple, the DNA can be

| sol ated using hybridization procedures: V\h‘li ch are well known i n

the art. The ' 1de. b h Pagh - : bt ' of, bes .
to SRR Hfin, e 2 ene o oS foler erlith! ddtefopiici dhe iy
sequences; 2)beatilizédalpne or in combimmatioaavithnanotiier strpctasal igene, lsudlr asranother geret ect
shared structural features and 3) synthesis l?y 15 t he pol ymeras'f chain
reaction (PCRyhickgncades a protgin wemmtgeﬁe\ée of flopering, A example of |,
GenBank, Nati ' - h conput er dat abase. - -
Hybri di zati onﬁgﬁggﬁ%gyﬁg?&l%ébreem ng for‘desired nucleic acid
sequences utilized herein enploy |abeled m xed synthetic

ol et compemBrLy Grodiielmart o theyapesenare Risliont by Eottarting s BRh<Hl Mt | on
sanpl e which j hot ar IO =N : 7
stranded degéagggﬂﬁg%gégn%aﬁ%ﬁsr fi%eliglgta?gﬂl %ﬁ@%ﬁ%’gﬂer or??eed on
ei t her structiralgene ehcadiniral pfotein chat ceotdatessfiowierunéristern devalepméntiATo
Hybridi zation is g.ll“:%icularl p. useful, in the detection of. c

l ones dor | v SFSHVE 9P Brofesduingg, Plant ety Frygiral gens OF kot musben A
sequences r el sal fedPet ?ﬁdnﬁﬁ IcRtiS fefrotti t r 25
wor ds, by usi gk%}aﬁkggﬁt hytﬁ% ati%tﬁ%giggdllgtlong%(rjfﬁlr@%fpgﬁﬁtcgug\?%%ﬁﬁ :
non-spéei f i c transcription of thei gene oft intesesposAdditienalljoa pelyadedylationoseghiénees drhe ‘

Pybr i i zat| oATIRCARIDR confiR| cghafieo oo secogpizgg B plagheslsmphso b8 employed.”

m xture whi cht kSpg : ' ic | bd
L ar @ Nt Ot iprefGre iR B gf)&gm&aﬁﬂg theHererdiou hudlkic ackl teyfidrice s

PCT/ US95/ 1685@ntain one or more selectable marker genes so that the transformed cells-cgn be
Spect ¢ DA g A e n S eieithed I £ RhBROUS aReRb e e, 11t ET Ot Stch a5

15 The term "operably associated" refers to functional ﬁnkagé between a promoter
sequence and the structural gene regulated by the promoter nucleic acid sequence. 'I‘he
operably linked promoter controls the expression of the polypeptide encoded by the
structural gene. o '

The expression of structural genes employed in the present inireption may be driven by
20 a number of promoters. Although the endogenous promoter of a structural gene of
interest may be utilized for transcriptional regulation of the gene, preferably, the
promoter is a foreign regulatory sequence. For pla'nt' expression vectors, suitable viral
* promoters include the 35S RNA and 19S RNA promoters of CaMV (Brisson, ef al.,
Nature, 310:511, 1984; Odell, ez al.., Nature, 313:810, 1985); the full-length transcript
25 promoter from Figwort Mosaic Virs (FMV) (Gowda, et al., J. Cell Biochem., 13D: 301,
1989) and the coat protein promoter to TMV (Takamatsu, et al., EMBO J. 6:307, 1987).
Alternatively, p'lant'promoters such as the light-inducible promoter from the small
subunit of ribulose bis-phosphate carboxylase (ssRUBISCO)'(Coruzm', et al., EMBO
J., 3:1671, 1984; Broglie, ef al, Science, 224:838, 1984); mannopine synthase




pfotein, can also be obtained by: ‘1) isolation of double-stranded DNA
sequences from the genom c DNA; 2) chem cal synthesj osfi
sequence twor?ﬁﬂﬂoae t he necessary codons for the polypeptide of
~interest; and 3) in vitro synthesis of a double-stranded 5 DNA

" sequence by reverse transcription of nRNA Lgal ated froma eukaryotic donor
cell. : In the latter case, a doubl e-stranded DNA conpl enent of nRNA
is eventually f ‘ﬂ?& i GhB enexal] Y984)f Aopatifie spnthasec@@S) and

A cDNA expressi g{n |Bl;grl3e/l,ten’st%\#aés Ia?rb‘g’aagt 11, caﬁ beﬁsc_rgseq':l_ed i hdi ,r)ect y
for a betopine| syythese p(OQS) pprovioters vicaied: one sumonindueipg ; plgamidss oh g

anti bodi es specific for, the 1Q . heter.ol,ogpus protei | I
can be either pdﬂ)"&%ﬁé’f"f'ﬁ/"ﬂf&%‘fm} 105 &Y §J’°% pro&o?erﬁeér?g.v%ﬁ%ggﬁggaf
detect expressi fiy1HRO8 (Gliridy!éHat Aol Cellf Bibl\%6:95% 1986; Sewdrin erlal| PlamyMul. Biol.,

pr ot ei n cDNA. A’ pol ype%ptide sequence can be deduced fromthe
genetic cede, hd582%ri990)maybeused. - degeneracy of the code nust be taken
~into account. Nucleic acid sequences utilized in 15 the invention

i ncl ude sequences which are degenerate as .a result of the genetic code.
There are 20 nappyibtedd usfultm fhe. inV&itfonCiclabié ©BtIR constittivel ariiniducibler sattuahn
T

' one codon. herefore, as long as the am no acid sequence of

_heterol ogous popsqmetersias welbas engineered promoters. The GaMY Premoter arg examples of

e e Rl BonRRRL O P AL P TEB B o 1 e o
"NModul at ed” | OggresdRniif i ibséle oF HeRdiices ) pecvide kigh expressidiein the prefénceiof

- devel opnent in the plant which nay be either accel erated or )
i nhi bi t edbdel aythe inslucer; 3) use anoinduetion schempthatadegsanotyintarfere Withythe normal

unmani pul ated plant.. Therefore  th e " god Y enyi sl he -
accel eration orpﬁﬁé‘ﬂ'@ﬁlf é’f ﬁ&?’n pﬁ“’f?’ﬁ/@r L%‘}(?vré? SFE%‘n?“ %eeg*;%&on Hiybﬁfepréénés.
devel opment is Eﬁﬁﬁxb&b'o?hﬁucﬁ)l@?bﬂm ir9 iseflil inplars irichidethodel indwied byvehemicabnt
when 25 devel opnent is not desirable. .. .The het ebryol 0gous

nucl ei ¢ acid setpeans; sucluas thezeastmetallothionein prometet,which de adivated,by; qopper 10ns

sut i cient for (Ve eral Pl Rl Yead S, BT SGASBRABIRILT eha 872 rbdlptor

the nucl gjsc aci gegiRABARRICR O ABGvAtdtEby substituted benzenesulfonamides, e.g., herbicide
safeners (Hershey, et al., Plant Mol. Biol., 17:679, 1991); and the GRE regulatory
sequences which are induced by glucocorticoids (Schena, et al., Proc. Natl. Acad. Sci.,
U.S.A., 8510421, 1991). Other promoters, both constitutive and inducible and
enhancers will be known to those of skill in the art.

20 The particular promoter selected should be capable of causing sufficient expression to
result in the production of an effective amount of the structural gene product, e.g.,
LEAFY, to cause early floral meristem development. The promoters used in the vector
constructs of the present invention may be modified, if desired, to affect their control

characteristics.

25 Tissue specific promoters may also be utilized in the present invention. An example
of a tissue 'speciﬂc promoter is the promoter expressed in shoot meristems

: (Atanassova,' et al., Plant J., 2:291, 1992). Other tissue specific promoters useful in
transgenic plants, including the cdc2a promoter and cyc07 promoter, will be known to

those of skill in the art. (See for example, Ito, et al., Plant Mol. Biol., ,25:863, 1994;
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LEAFY prW0OR6(19108he [ EAFY gene or other flower neristem devBCHERM68¥ene nay
be utilized alone or in conmbination with another structural gene, such as
anot her gene whi ch encodes a protl,fl n inportant in the devel opnent
of flowering. An exanple of such "a gene is the APETALAl gene. 5

ol ant col 17 Vel B Vi iy et R TRT, a9 S R0 MSa, 00 P G

sequence conpBi3songonl; Teradd, evat, Plant Journdi! 3:241,U1993; m@nbmdt aa Rlant
protein that nodul ates fl ower meri st em devel opnent . To
ef fective oncéournel 8fldetPPBhio plant cells, the structural gene of i nt er est

nmust be ' operably associated with a pronoter which is effective in
the plant cells to cause 10 transcription of t‘he gene of interest.

Addi tional | Iy 0@tlmdllyadeel§¢tﬁle marmqu@rml | aﬁbcmte? mthbtheme&ral og%ustmmlem:md rol
sequence, al so recogniz nt cells may. al so be enpl oye I t
is preférred %qqaanehéevam Cﬁaﬁwmgermxm e@mpé used herqin the

sequence al so,

t he transforrregimcé? lscerg;r%ﬂtsa{ona%ﬁe%céggfé '?ﬂéte ro hno%ér(g{]hé@oé@ﬁ“ﬁ %hat

in culture, aselcbemr bfeok ther séreening ¥or, a plahibcort plam ‘celp containing 3he aharkerd”
refers to fun“tlo | i nkage between a_pronoter sequence and the
structural gePref m the MATKRF gene 15,30 mla?tlw&smee geneywhergb thecappropriate

oper abl y "nkﬁﬂlb%&% a@g?ﬁ%&&?&t%ﬁf&ﬁ%%ﬂﬁmﬁ:%&@ a/e;lge{xartf}g?ﬁafoded

by the structur e expressio ural ‘
genes aopl oyentansfornied. Examplds ofrsuitable mdeaablehwﬁmmhdtya&ﬁosme deantinaseber

of pronoters. e endogenous ter of struc ur gene of
i nterest may @@%ﬁ?&?qtgede ystase, aRl%'P F‘B‘Cﬁ‘”g s thX"h‘gmﬁ
prefefably, thgh £0faS r
pl ant expr ESSI on ve ta(;zrmse Fﬂéxﬁ%ﬂfoﬁ’t]ﬁbdsgltﬂn% ég&d Elg&%sr@eel n'qlﬁgo Fﬁe 35S
RNA and 19S Rréhsferasefit(kammyéinGadohycitr ansi(@41 8 tteslsmhcq) Other suitable markers will

be known to those of skill in the art.

15 Vector(s) employed in the present invention for transformation of a plant cell to
modulate flower meristem development comprise a nucleic acid sequence compﬁsing

 at least one structural gene ericoding a protein that modulates flower meristem develop-

ment, operably associated with a promoter. To commence a transformation process

in accordance with the present invention, it is first nebessary to construct a suitable

20 vector and properly introduce it into the plant cell. The details of the constructioh'-of
the vectors then utilized herein are known to those skilled in the art of plant genetic

engineering.

For example, the heterologous nucleic acid séquences utilized in the present invention
_ can be introduced into plant cells using Ti plasmids, root-inducing (Ri) plasmids, and
25 plant virus vectors. (For reviews of such techniques see, for example, Weissbach &
Weissbach, 1988, Methods for Plant Molecular Biology, Academic Press, NY, Section
VIII, pp. 421-463; and Grierson & Corey, 1988, Plant Molecular Biology, 2d Ed.,
Blackie, London, Ch. 7-9, and Horsch, et al., Science, 227:1229, 1985, both
incorporated herein by reference). | '



Nature, 310:511, 1984; Cdell, et al., Nature, 313:810, 1985); the
full-length transcript 25 promoter from Figwort Mosaic Virs S %
(Gowda, et MO9/B10%c| | Bi ochem, 13D 301, 1989) anBCTNS e8P
protein pronoter to TW (Takarrats_u et al., EMBO J. 6:307, 1987).

- Alternatively, plant pronoters such as the |ight-inducible pronoter from
t he snal | ~subunit of ribul ose bis-phosphate carboxyl ase

(ssRuUBI SCO).. ( Cor Q@g‘g

al ., Science, ZB %%gf ﬁéléﬁ%he rrannobﬁl art]%e gsoysnetiehct a&aﬂﬁZﬂnatl 7%@%@’&0& the
PCT/ US95/ 16859 heterologous nucleic acid sequencemarelatlvely intact state. Thus, any vector which

-QILS”“f:r (fve' ot oyl Beodi RS Gaios ho KBRUN DN AS R0 S10uLd o AR go
c.g.. soybean sl M%‘%P%?WAW%E%W?%&*J TSR ol the RGP g this

Bi ol , 6:559 1986Ghvémiony thougleit lat. effiéerioyt THel seleBiiar of the vector, orighe3lét, to 19€9)

may be used. Pr opot er.s fuI ventlon i nc ude bot h
constitutive and veﬁwsmaﬂg gcill;ly em °dBE'6 as engi neer ed

pronoters. The CaM/ pronoters are exanpl es of constltutlve
pronoters. To be npost useful, an inducible pronoter should 1) provide | ow
expression in thérlidoamsfm-nmﬁon bﬁplantiunaccorﬂanqanmm the ihveption maydsestapried outtihe

f 10 the, i nd duc t hat t
it or fr e wi t h ¢ 1FSSBAARY OF the varioug Hges a0 hoseri i e sk of Bt s ruiag
effect on the eXRii6Hd gstééf f@ﬂgﬁ%neﬂgnﬁ&thods of Em@iagylval of 53 m@uql % and

pronot ers usef ul s i ncl t’hose 1 nduced by chiem cal
means, suchpas t t@ropsmat, Bdw; Alchdﬂrﬂnc Pness ringorporatesk herdin by reference)i \As usdd ihgrein,
copper ions

1993): In2-1 and thmer& é@?ﬂs At ors m Pr&%ﬁft@:‘?e&ﬁ&mwtﬁ?%@%ﬁﬁ}aﬁ%‘&%?&
substituted benz &t sd§uence. saf eners
LSRRI gy

(Her shey, et al. 679, 1991); and the GRE regul atory
sequences whi ch are i nduced by glucocorticoids (Schena, et al., Proc. Nail.
Acad Sci . U. S. A 0421, 1991).. Ot her pronoter at h
constitutive and Foig¥amplee gﬂgo}ogous nucleig gFig, segyen b%’@“&ﬁ'b‘?ﬁﬂ 1ptQ 4 plgweells
skill in the art.uilizing Agrobacterium tumefaciens containing the Ti plasmid. In using an 4.
15 tumefaciens culture as a transformation vehicle, it is most advantageous to use a non-

oncogenic strain of the Agrobacterium as the vector carrier so that normal non-
oncogenic differentiation of the transformed tissues is possible. It is also preferred that
the Agrobacterium harbor a binary Ti plasmid system. Such a binary system comprises
1) a first Ti plasmid having a virulence region essential for the introduction of transfer
20 DNA (T-DNA) into plants, and 2) a chimeric plasmid. The latter contains at least one
border region of the T-DNA. region of a wild-type Ti plasmid flanking the nucleic acid
to be transferred. Binary Ti plasmid systems have been shown effective to transform
plant cells (De Framond, Biotechnology, 1:262, 1983; Hoekema, et al., Nature,
303:179, 1983). Such a binary system is preferred because it does not require
25 integration into Ti plasmid in Agrobacterium.

Methods involving the use of Agrobacterium include, but are not limited to: 1) co-
cultivation of Agrobacterium with cultured isolated protoplasts; 2) transformation of
plant cells or tissues with Agrobacterium; or 3) transformation of seeds, apices or

meristems with Agrobacterium.



20 The particular pronoter selected should be capabl e of causing
sufficient expression to result in the production of an effective
anount oWW’ﬂég’é'ﬁructural gene product, e.g., LEARETUYSA6]8e carly |
floral meristem devel opnent. The pronoters used in the vector :
constructs of the present invention may bg nodified, if desired, to affect
their control characteristics. 25 Ti ssue specific

pronot ers maypal.g8: PLi [ Nad NP - HAV ROt BN e

O ot Saue. o0 R, bt | s ol SePARSERKAY 6) I i, BuliEBn by,
(At anassova, AMdgrodacterittinaas déscribéd BY Bechtohl et af) [ER. dcadusicis Paris,f316:1194,
pronmoters useful..in L .tra enj,c plants,. includihg the cdc2a
pronot er and %ﬂﬁm@@'me{g%@dﬁﬁMOﬁ“app@a&?%%%% € yagyum
%eggftlglé geeinﬁﬁfatiﬂﬁ%ﬂ'sﬁspehﬁé?n ofligribactertim'¥end®! Biol, 24:863, 1994,

PCT/ US95/ 16859 - 12-
Marti nez, et Pr.oc. | ,Acad i. USA, 89:7360, ,1992;. Medford,, et al .,
Plant O8I, Fhe Preferredsn%%s? O?w&%wsiﬁmls@% nucleig agid " it plagy cellg istp,

1993; W ssenbggdee &ich@plant Refli)t an explant, a mheH§tER! °r4é#té‘?ielﬁ%f)gro oo

Optionally, a selectable markér nay be assocl ated Wt ogous
nucl ei ¢ aci d Agrobacteriuns Ganafaciens ds.describeti abover (Idnder apprgpriate conditibhs/krawrk ed
to a pronoter., sed herein, ,the . term "marker" refers.,to,a gene
encoding a ¢ rlithe aft: e ERTisd Rt Al e grown i dorm Shoos, ro0t, R GPIOR,

or the screenffifier iftfo plantp! ant or plant cell containing the marker.
Preferably, the marker gene is an antibioti.c resistance gene whereby the
appropn®at e A preferred veetor(s) of the invention coroprises @ Heplasotid bmaryt systegf wheneth

cells fromanpng, cells that ,are.not 10 transf . Exanpl.es of

i t abl e sel B cpteroloks Pucifh et Heatihar susaded TesEREY profei " Sich o vestor

di hydr of ol at an#yp Gpfibidly: cdhitsth AMhBLIRTcBadid ASHAEES AT 'eRSSHes | 41 ¥B3dAI otk ase,
development factor, such as APETALAL. Alternatively, two vectors can be utilized

wherein each vector contains a heterologous nucleic acid sequence. - Other flower
15 development genes can be utilized for construction of one or more vectors, in a similar

manner.

* Alternatively, heterologous nucleic acid can be introduced into a .plant cell by
contacting the plant cell using mechanical or chemical means. For example, the nucleic
acid can be mechanically transferred by microinjection directly into plént cells by use

20 of micropipettes. Alternatively, the nucleic acid may be transferred into the plant cell
by using polyethylene :glycol which forms a precipitation complex with genetic
material that is taken up by the cell.

Heterologous nucleic acid can also be introduced into plant cells by electroporation
(Fromm, et al., Proc. Nail. Acad. Sci., U.S.A., 82:5824, 1985, which is incorporated
25 herein by reference). In this technique, plant protoplasts are electroporated in the
presence of vectors. or nucleic acids containing the relevant nucleic acid sequences.
Electrical impulses of high ﬁ'eld. stfength reversibly..penneabiliz'é membranes allowing
the introduction of nucleic acids. Electroporated plant protoplasts reform the cell wall,



xant hi ne- guani ne phospho-ribosyltransferase and am no-gl ycosi de
3[err]-0O phospho- transferase |1 (kananycin, neonycin and (418
resi st anceWOS(1AWS suitable markers will be known t FHA68Y
‘skill in the art. 15 - Vector(s) enployed in the present invention
for transformation of a plant cell to .15. hodulate flower meristem
devel opnent conprise a nucleic acid sequence conpri sing at | east

one structural Lng. r N d : ‘ln?é@e st
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transformtion famféerated gene can be adtomplishied asing phendtypio anapkers as tescribexhhérein,
it is first necessary to construct a suitable 20 vector and properly
introduce it into the plant cell. The details of the construction of

the vectors t hepohel LEARNGF fiiddakifi KRAUE b ihfaP Fladtdell i HighVeldifty Batissié

- plant. genetic engi neeri ng. or” exanpl e, the

- heterol ogous nupéreiration ibg samll partichs with thenmdleicracidito e mtreducedroonatainiedreither
can be introduced jnto plant _cel|ls uysing Tj, plasmds, rpot-induci (Ri) -
pl asni ds, Sand 2Wwithin the WPfM?$§ﬂ8®°1¥F%°¥g\ﬁ cﬁweﬁﬁkpegbﬁﬁf’?ques
see, for exanpl ) _ U@ﬁ’hﬂf ’sinjg?égﬁ Wﬁ f

Mol ecul ar Bi ol ogﬁuyg%zo;‘#?saeé@ow ect gﬂ% tro , %S.%z@"%;

and Grierson & #id sequerkei$reqiired) thidhietind partidilartyqrgvideésifoF chultiple introductions.
Bl acki e, London, Ch. 7-9, and Horsch, et al., Science, 227:1229, 1985, both

i ncorporated herein by reference). WO 96/ 19105
PCT/ US95/ 16859 : PO : . -

- aMYg ector for intfoducin
One of skill i nC?,tgleﬂog\Fq[r I\I/lvlo"‘falm ggusaé?e' t rg%}{ éa%:s? %enugegp?%gr‘(at e vector forg

i ntroduci ng t heheterologous nusleicescidlinto plant calls (ES Patant No s440%956). iGaMV virhDNve| y
intact state. Thus, any, vector which ) i 1|, produce a plant ¢ wi ng
the intrdBuced m%mmqeréet%mampyéngwmﬂeﬁméﬁﬁms a reCombingpt A "

pi ece of DNA would ' | factefiaC : : bt Blastdd S

5 i nventi @h@ﬁﬁéﬁ% ﬁfjg}vv%gg#?%?’ency. a‘I'- e egg ec gfr?‘}g@n{xtt]e vg_c?ts or,

or whether to usgaimmay be cloned and further modified by introduction of the desired nucleic acid
sequence. The modified viral portion of the recombinant plasmid is then excised from

the parent bacterial plasmid, and used to inoculate the plant cells or plants.

15 In another embodiment, the invention includes a method of producing a genetically

modified 'plémt characterized as having modulated flower meristem development, said

‘method comprising contacting a plant cell with a vector, comprising a heterologous

nucleic acid sequence compﬁsing at least one structural gene encoding a protein for

modulating flower meristem development, operably associated with a promoter to

20 obtain a transformed plant cell; growing a plant from said transformed plant cell, and
selecting a plant exhibiting modulated flower meristem development.

As used herein, the term "contacting” refers to any means of introducing the vector(s)
into the plant cell, -including chemical and physical means as described above.
Preferably, contacting fefers to introducing the nucleic acid or vector into plant cells
25 ( including an explant, a meristem or a seed), via Agrobacterium tumefaciens

transformed with the heterologous nucleic acid as described above.



vector, is

typically guided by' the nethod of transformation sel ected.

The transformation of plants in accordance with the invention nay be
carri eWQWioie$ essentially any of the various WBGEHURMUIAES: o
the art of plant nol ecul ar bi ol ogy. (See, for exanple,

skilled in
. Met hods of

Enzynol ogy, Vol. 153, 1987, \y and 10 G ossman, Eds.

Academni ¢ Press, incorporated herein by reference). As used herein,

the term"t
by the
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I on ogous n
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t hose |,

pl ant

For exanpl e provesse The hmetiats prodottaf theatamifarmation isceferred o6 as at'trabgesote’. nt o a

pl ant cell

utilizing Agrobacteriumtungefaciens containing th

pl asmi d. | nTheitemn J\growingtor “regenergtion jas ysed hereinaeans growing aswholgnlang

vehicle, it

t he Agrobac
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as t he carri érrso

e Ti
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ai n of

oncogani ¢ did.g.cfrontd protaplasfcaliis; of tissaefpart)red ti ssues is possible. It is
al so preferred that t he Agrobacterium harbor a binary Ti plasmd
system Such a binary system conprises - 1) afirst Ti plasmd

havi ng a vi
DNA ( T- DNA)
-- | east one

plasmd fla

Rl oo P vitied Rlm ety GUEL bR el bl ikl

20
ns at

a suspensiontof rpietoplastgisdinst aiadehin Gerfaispeeigs, @mbeyo formiation tarpthe |

to be transferred. Binar

Kj the nycleic acid . . y
pl asm d sysg%wa‘gmg@% rPr%tI?B%PF uspension, to the stage o ripening and germination 34
(De Franond ' I  cultuf fredih Sl _ Nat. .
303: 179, 19%%@3??3@ A g%a?“é/mg?stem% %érﬂgfaehﬂégfimg'te‘éﬁ?s"é i), feids an

““requiloe 25

hormones.engcassaynfor igrowihi amd sepenetation. Afxatnples ©f ihormones utilized

Met hods i nvol ili ng the yse of .Agrobacteriuminclude, but, are not |im
de dyiniapd eyiolinias
i

1) co--

mciu

- A ISoemetimes adyantaggous 1o add.glutamig agid an

ransformati o

pr ot opl asnsﬂro@i}iettbgg}@{rﬁém @ﬁxaeei‘(all%‘f’%ﬁc such sptcfe8 tasC&drh Sind" atfalfs S UERicként

Agrobacteri

~"wi t h Agr obaregenération will depend W0 tBé meditdg on the genotype, and on the history of the

nm or seeds, aplces or nerl

PCT/ US95/ 1'6c81i:it%re. If these variables are controlled, regeneration is réproducible.

— 15

Regeneration also occurs from plant callus, explants, organs or parts. Transformation
can be performed in the context of organ or plant part regeneration. (see Methods in
Enzymology, Vol. 118 and Klee, et al.,-Annual Review of Plant Physiology, 38467,

- 1987). Utilizing the leaf disk-transformation-reégeneration method of Horsch, ef al.,

20

25

Science, 227:1229, 1985, disks are cultured on selective media, followed by shoot
formation in about 2-4 weeks. Shoots that develop are excised from calli and
transplanted to appropriate root-inducing selective medium. Rooted plantlets are
transplanted to soil as soon as possible after roots appear. The-piantlets can be repotted
as required, until reaching maturity.

In vegetatively propagated crbps, the mature transgenic plants are propagated by the
taking of cuttings or by tissue culture techniques to produce multiple identical plants.

Selection of desirable transgenotes is made and new varieties are obtained and

. propagated vegetatively for commercial use. g

Ti
cells

ed to:

h
stens



-"14- In addition, gene transfer can be acconplished by in situ
transformation b Agrobacterlun1 as described by Bechtold
et.al., (C Wﬁb&él@m Paris, 316: 1194, 1993) and BSKENSIYIE®y in
t he Exanpl es herein. This approach I s based on the vacuum
‘infiltration of a suspension of Agrobacteriumygcells. 5 The
preferred nethod of introducing heterologous nucleic acid into plant cells

is to F C I gne‘gpo
wi th transfor madm feel p?bﬁég&%lgcg&apst glr |Iﬁuam fb{}ﬁ@gm eﬂgmgsmgg%cr | cf%glgg\%&ﬁge
Under appropriate lwmubygommmbmbplmt The inbred plahthprodutes sebd: contaimirfgntheenewly

plant cells are grown to_form shoaqt roots, angd devel o furt her
into plants. 10 Introduged fareigp SE%e(éech!ﬁs? §3ed§]caq @ STaVR-ta P’BF‘“%P’H“%E@

plasmd binary s Earyﬁﬂ gous nucl eic acid

sequence encodes}sﬁ&e{@yéﬁprolpgl n.tmasﬁc#]a ect or ; may optionally

contain a nucleic acid sequence which encodes a second fl ower

- devel opnent factor such as, APETALAL. Alte nati_ vec S be
utilized 3 aith Spiained diam The-FeBReraig tﬂew&r%geﬁis Ipgeese Pranichss,

sequence. Qther Hxﬁ, Vil thelike are mclqgé@ﬁl%é”ﬁﬂ&mﬂﬁll[‘g%vﬁﬁﬂ thit %s%%@%&ﬁse cells

. construction of on€ or nore vectors
~Alternatively, heiathavebesnstransformed aadestribed. Peogeny rand wariants,rand mutahtsraf the

cell by cont act,i t he pl ant sing .nech cal or._chem.,
_means. For ex arrpreegenfrﬁ?drﬂjg?t dlsc S H’é‘ﬁﬂ’ '@gﬁ f 3 °E%‘I"P’>Pr°“ﬁe‘l that
- transferred by se&,t,# dif e t ﬁtgénbés by use 20 of
. m cropi pettes. g}terg I ve y,eﬂhel fril'h!(i: cgpc agilé(?@ir?as; transferred into the
- plant cell by using pol yet hyl ene -glycol which forns a

PheCeBl | 24" © BB b SRl s cneisf i Bepeioprbi ab BrisPgERA L6 el

- plant cells by elfehafoR" I NFithe ind6ritid
Sci., US.A, 82: l5’824 B%Bgthb%m 'u"s"duuﬁg%)fgloa{rﬂa%r°%°abythgﬁﬂﬂ‘é’rd ein by o

reference). "I'n thlclndhg(phntnpsm sqeids,rand ther pleng sells derived-fremithe genetically modified:
presence of vect 0{5 or nucleic acids containing the relevant nucleic acid
sequences. ant. £| ectrical i npul ses of high field strength reversibly
per neabi | i ze menbranes al | owi ng the introduction of nucleic acids.
El'ectroporated plant protoplasts reformthe cell wall

In yet another embodiment, the invention provides a method for modulating flower

15 meristem development in a plant cell, said method comprising contacting said plant cell
with a vector as described above to obtain a transformed plant cell, growing the
transformed plant cell under plant forming conditions, and modulating flower meristem
development in the plant. The method of the invention reduires that the promoter
sequence operably linked with the structural gene. The promoter is an inducible

20 promoter when induction of flower development is desired. For example, a plant cell
and plant is produbed as described above and modulated flower meristem development
is induced by contacting the promoter, linked with a nucleic acid sequence encoding

- LEAFY, with an appropriate inducer. Such inducible promoters are described above,

and include those promoters preferably inducible by chemical means. -

25 While the present examples demonstrate that constitutive. expression of a floral
regulatory gene (LEAFY) causes accelerated flowering, this system could be modified
such that flowering would be inhibited. For example, dpmiﬁant—negative versions of
floral regulatory genes could be expressed constitutively. Dominant-negative mutants



WD 96/ 19105

PCT/ US95/ 16
di vi de a‘ﬁﬁ’?b’?lﬂ?a pl ant cal | us. Sel ection of the transfor r?é‘é’"b#”éﬂf’s‘ee| s

with the transformed gene can be acconplished using phenotypic
mar kers as descri bed herein. Aot her nethod for introducing
nucleic acid into a plant cell is high velocity ballistic

penetration ?ﬁ ?,Paéihsaﬁiwfde@smv&fe&mtﬂmheﬁ&aﬁﬂom%db oasipl than.

cont ai ned ei wi tthin the matrix of small beads of par
on the surf acEhus/the aation(Ra gene cantbedilocked without. maﬂmngm:umalme jtself

Al t hough, typica a si I nt rodu uclei c

aci d sequencep |“§% ﬂ’% r@s?@%ﬁ’&cﬁaﬁ *-QFET \31# {€.8n Attarg, ol e
i ntroducti onsgl, Proc. Natl Awd%lmogmtomsm% Lidyds e:(&?amuﬁa 2635) 1b91used
as a vector for |ntrodu0|n heterologous nucleic acrd into plant

cel | s (US Patlegeatierall ) $5H): 1827 Q9 /iMantovaai, ezal., J. Bzgé@wm,l&tm&e,t ed

whi oh con EQ%?%%%L#""' oF o Bk B A . LR B2 3868, 19 Richarasom, PRl o 6
agai n_nmay be xbg By, 2451173169 TsalDé al.| Géhed Deb.N62058)ADODY THe EE‘RF?%?bt"eﬁd |

nucl eic acid sequence. The nodi fied viral portion of the

reconbi nant % kel 1@ bexa m:snnpmn faetar,fasmpcahzes to thenuclpusmdtcan&mdethNA

Bnother ' embodt g CiERE R oA dtar blory Retin Rolig AREAAy, gotcte

or

geneti¢@l |y known transéﬁ%ﬂ!ioh facton| vtk amsq}NAllﬂlmin@doﬁﬁhl(é'@ NeAtideR L4,
fl ower meristem devel opnent, said met hod conpri sing cont actl ng a‘
plant cel | wilaiure, 360:28%, 1992kpri si ng a het er ol ogous nucl ei c acid

sequence conprising at |east one structural gene encoding a protein for
nmodul ating flower neristem devel opnent, operably associated with a pronoter

=+ to 20 ~, Otedabbve disckssafepemeally! dustrilies|the pgésem inderiticnl 2At mbfedcarmpleré

transforned plant cell; and sel ecting a_plant exhibiting nodul at ed
flower meri smﬁp@@y@mgm he obtained by reference to the following specific examples which

are provided herein for purposes of illustration only and are not intended to limit the

15 scope of the invention.

EXAMPLES

To study the effects of ectopic LEAFY (LFY) expression, a chimeric gene in which the
LFY coding region is under the control of the constitutive 35S promoter from
cauliflower mosaic virus (CaMV) was constructed (Odell, J.T., et al. Nature, 313:810,
20 . 1985.) By way of illustration, the chimeric 35S::LFY gene was introduced into
Arabidopsis and the distantly related tobacco plants by T-DNA mediated
transformation. Other examples show aspen trees transformed with LFY. The
phenotypic effects observed in transgenic plants show that LFY i is not only necessary,

but also sufficient for the initiation of flower development.

235 - . EXAMPLE1
TI ] T



AS used herein, the term"contacting" refers to any means of introducing

t he vector&é into the plant cell, including chemc W&;I cal
neans as dS¥@PFRYUES above. Preferably, contacting re%&r

i ntroduci ng the nucleic acid or vector into plant cells 25 i ncl udi ng

. an explant, a neristemor a seed), via Agrobgcterium tumefaci ens
= transforrred with the heterol ogous nucleic acid as descri bed above.

WO 96/ 19105 For transformation of tobacco, the pDW146 vector was used. For trmsfongatlon of

- PCT/ US95/ 16859

Nor mal |y, a pl anArabilolpsis,sthe WS bventiort wassedi rBothwectors precderived Siom plesmid

transformati on rocess., The i nmmedi aj.e pro

transformation i BDWdBwhich goptains the enfire; éﬁ%ﬁﬁ%ﬁgﬂn ?h“’wwﬁwﬁm‘“
"grow ng" or ,?ﬁi}?daé&is%bl (W%%él,*l?f @k Al r@an@mwm{apmbm Bp Bpstidam of

froma plant cel roup o cell's, 'a plant part (including seeds),
or a plantspi ecetheu&ahoncodo@xean@l%bpm&pmpﬁmm cagan (for cDNVA sequenge, see

part). eratlonfrom rot o sts

speci es of pl antgle‘ﬁ?ﬁg ROMIC § el de ?&f&dd %ﬁ%&%’%ﬁ%& 1§§ éﬁpesr
first made. In %) S&%b%sendea‘gm site W8 latideéll 2polimierase chain reactlorb@Saﬂn
I nduced fromt he prot

| ast suspension, to the stage of ripenin
germnation as etdl, Sczence 12301483 1988}Jr1§tdbe 3'ehd, acgenomic:Seal gite wap B&@éﬁéﬂ&mw
contain various gnmi,no acids d, 10 or no nece r
regeneration. ﬂ‘b‘PgsPrB‘FesFrcﬂ"ﬁdﬁEsfoH?Wé] 8diately by & ilsﬁi%uﬂ% eg{ %ﬁﬁ%
cytokiningg It i dlﬁgdgﬁ bt R8$ chiip Vedt? FIGUREAJd gl utam ¢ acid and

proline to the I um “especial 'y for such species as corn and alfalfa.
Efficient regeneratlon wi || depend on the medium on the

d
o conttol T ed. FERRI bt ool siretop of POW1 4 biepeplpihgiifRor it
occurs from pl arléf}‘ié | LFSF vé&xdYs 21The oper sating Franieof BEAFY {DEY)0Kk hatched) 5' and 3'

can be performed in the context of oedgan or plant part regeneration. (see
Met hods in untranslated regions are stxpp

To construct pDW146, the 1.5 kb Bg12/Asp718 fragment carrying the LFY sequences

15 was inserted into the binary T-DNA transformation vector pMONS530 (Rogers, et al.,
Meth. Enzymol., 153:253, 1987), using the same sites in the vector. This vector
contains an expression cassette comprising a 0.3 kb fragment of the caulifiower mosaic
virus 358 prorhoter,"including the transcription initiation site (Guilley, et al., Cell,
30:763, 1982); Odell, et al., supra.);, a multilinker containihg several unique restriction

20 sites; and a functional polyaden_ylaﬁon signal from the Ti plasmid T-DNA nopaline
synthase gene ("3' nos"; [Bevan, et al., Plant Cell, 1:141, 1983]).

- To construct pDWlSl, the Asp718 site of pDW139 was filled in with Klenow enzyme
(Sambrook; et al., Molecular Cloning 2nd ed. (Cold Spring Harbor: Cold Spring Harbor
Laboratory, 1989) and a Bgl2 linker was added. The resulting Bgl2 fragment was

25 inserted into the BamH] site of pCGN18, a transformation vector containing a CaMV
35S promoter 3' nos expressi'oh cassette (Jack, et al., Cell, 76:703, 1994).

pDW146 and pDW151 plasmid DNAs isolated from E. coli were transformed into
Agrobacterium tumefaciens strain LBA4404 (Ooms, et al., Plasmid, 7:15, 1982) or



Enzynol ogy, Vol. 118 and Klee, et al.,- Annual Review of Pl ant Physi ol ogy,
38: 467 1987). Utilizing the |eaf -

di sk- travngngr‘}gfl on-regeneration nethod of Horsch, et al, PCT/US9S/16859 _
Sci ence, 227:1229, 1985, disks are cultured on selective nedia, followed by
shoot 20 formation in about 2-4 weelgs. Shoots that develop are
excised fromcalli and transplanted to appropri.ate root-inducing

sel ective medASBVFRIY, efak) Bibtechhciogy 3.629, 1985) respedtively, aisingcthé Greszd-thaws

soon as possible after roots appear The p antlets can be repotted

as requ ![ [1 ed, method asdesreiedidl afgen andWillmitzer, Nucl. Ac"ﬂ’rﬂ@feg}éﬁ%"vb?%ﬁ)qtcﬁ"gﬁﬂ{gat ]ed
crops, the r aking o
cuttings or n?)}&tll%s;sr{?g&? ure 4‘@% %@@%@Q%@ﬁe rmf I'ple identical

pl ants. : ~ . Selection of deS|rabIe transgenotes i s nmade and new
varieties are obtained and proopagat ed vegetatively for conmmerci al
use. WO 96/ 19105 . | ¢ _ -

PCT/ US95/ 16859 NE OF A : -17-

I n seed propagated c , ) el f -crossed .
to produce a honDzygous inbred plant. The inbred plant produces
seed contalnlng the ne I ntyodu foreign gene(s)., These seeds
can be grown Fo% fﬁma@@ctt% {mtf, ﬁea?peceso by grewnitebacep seiad
phenot ype,  e.pq, ma{,g,  were fected with R A4408loBW 46, ol Plawere
regenerated plant, such as fTowers, eaves

fruit, and t hegénekatechae desmbeﬂi(\Horsnht&teaIl rﬂamﬂce ozgz mwuesa) t Selectidnefor

parts corrprlse cells been trapsformed as descri bed. )
Progeny and ¥ fﬂwedp!%m 2&6 mym Raw@a%m fﬁgamrgtesre (

al so il udedy Rirdtet RafVesead filo
t hese parts g’#p%l stget e | nt ro s(‘Iélhnuglnel Cc acl sequences tt% pri gl ants
exhi bi ti ng nmirinsfatmahts.| ower rrerl stem devel opnent can be sel ected by vi sual

- FIGURE 2 shows the early flowering phenotype of 35S:.LFY tobacco plants. The left

panel shows a control plant, transformed with an unrelated construct (a LFY promoter

~ fused to a GUS reporter gene). The mi_ddl_e and right panels show two independently

15 derived T, plants carrying a 35S::LFY transgene (lines 146.21,.146.26). The plants
shown are five weeks old. Note abundant proliferation of leaves in the control, while

the experimental plants have produced only two true leaves before initiating a terminal

flower. The insert shows a top view of floral bud of plant shown at the right. The bud

is still unopened.

20 Of 32 transgenic tobacco lines analyzed in detail, 27 exhibit the same dramatic
phenotype in the progeny of the primary transformants (T, géneration). Transgenic |
plants develop only one pair of true leaves, in addition to the ex_nbrjonic leaves
(cotyledons), before they produce a terminal flower (FIGURE 2). Although wild-type
tobacco plants also produce a terminal flower, they generate twenty to twenty-five pairs

25 of leaves before flowering. Thus, constitutive LFY expression causes precocious
conversion of the shoot meristem into a floral meristem. Histological sections of
transgenic plants reveal that the apical meristem is morphologically different from that
of untransformed plants at least as early as five days after germination (FIGURE 3).
The result of these changes is that transformed plants produce visible floral buds after



observation. The invention includes a plaht produced by the method of the
I nventi on, I ncl udi ng plant tissue, seeds, and ot her

derived froﬁ*?ﬂguag%etically nodi fi ed pl ant . Qk%ﬂ#%ﬁ@%%f
anot her enbodi nent, the invention provides a nethod for nodul ating fl ower
15 meri stem devel opnent in a plant cell,.2¢aid nmethod conpri sing
“contacting said plant cell with a vector as described above to

obtain a transf ortgRcweelaNivhil€ hbrmal tsbaces plahe flower only after abait ahree do fivenionths
cell under plant form ng conditions, and nodul ating flower neristern, .

~devel opnent in t Hthesxaetitimerdepends omenvironmeatal eanditians such as light dntensity, fesidlizer,
t . . i ith the structural . Th
P omoter s an | ATREHDPE 15 IR ey ot SRR, RO | 1SLS o of 1 over

devel opnment is desired. For exanple, a plant cell ] and plant is

- produced as described above and nodul ated fl ower neri'stem devel opnent

“i's induced by coffiIS3REG shows nregasious enlargareant of apical maeﬁtemcma?éséﬁlofebme
 encodi ng _ FY, with an appropriate inducer. Such inducible
pronot ers at e de?cl, I'Ded above, and include those pronoters

~preferably inducipanél (&Y isdédtitol trafefoimed withGhe unrelatéd’donstridi desuribed it FIGURE
exanpl es denonstrate that constitutive expression of a_ fl oral

regul atory gene (3 ERangl Bhshaws an-expesmental plant teansfogmed with & J33:LFE sonsirugt

nmodi fi ed : ' V\%él ePﬁinE' | Bi,Lgd

dom nant - negat i vg@ggglle{c‘?ng&%&%% Hgys o%a re%%’g?%g’ye‘b‘g‘%@ggé‘gﬁm and
ex p/r ess_e;i const i tsedtioned.y Triddples indicate addthiof eneristenms! Note that the\Weafrimididiaarising
PCT/ US95/ 16859 ) - 18-

are protei M5 t hatat the flapks of the3551-LFE mgristem gre retarfled;compgred 10 thpsean the control
endogenous pr ot ei f,- : T the action of a gene can be bl ocked .
wi t hout i nacti vatnlqbr?gs"etnfjes%?lr’%rb?g?g' gene itself or its RNA This
strat egy has been successful for transcription factors (e.g., Attardi, et

al., Proc. Natl. Acad Sci. USA, 90:105 993; Ll oyd, . et ., Nat . '

- 352:635, 1991: él'hg%mé%séml Werg0 %ﬁsiaﬁm@@aﬂ’eﬁ%sﬂ?gomggm OYS%t%rGS%%an
t al., J. Biol ): ; ,

Nath Ao Sor R mynBES THE s buds are surradaitd by S8R 96481 brgins, anflifals are

either absent or sepaloid. Stamens and carpels are morphological normal, but their

15 number deviates from wild-type, being in most cases higher. Neither second-order
shoots nor flowers develop from the axils of the two true leaves, although adventitious

shoots can arise from the hypocotyl.

E LE3- :
GENERATION OF TRANSGENIC AR4ABIDOPSIS PLANTS

20 pDW151 was introduced into Arabidopsis by vacuum infiltration (Bechtold, et al., C.R.
Acad. Sci., 316:1194, 1993). Leaves of adult Arabidopsis thaliana plants of the
ecotypes Wassilewskija (Ws-0) and Nossen (No-0) were infiltrated with ASE/pDW151,
and seeds were harvested from the infiltrated plants. Seeds were grown on MS medium
(Murashige and Skoog; Physiol. Plant , 15:473, 1962) supplemented with 50 pg/ml
25 kanamycin. Transformed plants were identified by their ability to grow on kanamycin
' containing medium. Using this method, 27 transgenic 35S::LFY Arabidopsis plants
were isolated, of which 21 exhibited essentially the same dramatic phenotype, which

“was very similar to that observed in 35S::LFY tobacco plants.



Mech Dev.', 45: 173, 1994; Tsai, et al, Genes Dev., 6:2258, 1992.) The LEAFY

protein Is likely to be a transcription factor, lzes to
the nucP@¥B can bind to DNA ' in vitro. Likew g@%@f&% her .

floral regulatory genes, including APETALAL, encode 10 known
transcription factors with a MADS DNA- bi.agli ng domain (e.g., Mandel, et al.,
Nat ure, 360:273, 1992). The above di scl osure generally describes
the present mThe Qﬁhsfam:aﬁ%nrabenﬁemmtmwd a new method! fifhé chrbwafiventotissae chlure

obtai ned by reference to the follow ng specific exanpl es which are

provi ded her endh regsnerstiop fcelaws from gallustandnallowrs, disertlyafos thegeneratioriad t o

limt the 15 0 1

EXAMPLES  ransgemié %“CEBSH@SH’] & Sf’f eﬁ] 4cad. Sciy 3161194 A3Q3), | Inghis method,
a chimeric gfiaces ¢f adiit plants e vacuum-infiltkdied with laspspension of dgrebadrriuntcells
control of the constitutive 35S pronoter, from caul i fl ower g”@?a' C

vi rus @Caw) camdng anENAt plasngidy cThe Agr OPGC‘eWmaFenshﬁPWr@ plants;

1965-). BY Wyl 50 Dol SATRR e By o e

medi at ed Seeds weretrivestedtframn thélnﬁhfat&i(ﬂﬁitb,em&mmaapambﬁdtﬁe&ntmmng

transfornmed with LFY. The phenotypic effects observed in transgenic
pl ants show Medium toysejest fﬂSt‘m@Fﬁ"M%eés‘ﬂPﬁ fraction of seeds, between ongn t for

xypLe 1 ik S48 SER R e S B AR 2 4

WO 96/109105 single Arabidopsis plant can produce several thousand seeds.)
PCT/ US95/ 16859 o _ : -19- ‘

The following description of the 35S::LFY phenotyﬁe in Arabidopsis is based on the
analysis of ﬁrst generatlon transformants. The phenotype should not change
significantly in subsequent generations, because these transformants have been grown
from seeds, as opposed to having been regenerated from tissue culture. The same

15 method has been used to generate transformants with four other constructs, none of
which cause the.phenotype observed with the 35S::LFY construct.

FIGURE 4 shows the early flowering phenotype of 35S::LFY Arabidopsis plants. In
panel (A), a control plant, transformed with an unrelated construct. The rosette leaves
(r) are significantly larger than the cotyledons (cot). Panel (B) shows a 35S::.LFY
20 ~ transformant (line 151.106). The fu'st two rosette leaves (rl) are smaller than the
cotyledons. A tiny shoot has formed, with what appear to be two cauline leaves (cl).
The floral bud is still unopened. Both plants, which are 17 days old, were selected on
kahafnycin containing medium for a week, which is likely to have slowed their

development somewhat.

25 FIGURE 5 shows the conversion of all shoots into flowers in 35S::LFY Arabidopsis
plants. Panel (A) shows a drawing of a mature Arabidopsis plant (Nossen ecotype) of

- about six weeks of age. Note that indeterminate shoots develop from the axils of all

rosette and stem leaves. These shoots bear a few leaves themselves, before they start

to produce flowers. Panel (B) shows a top view of a wild-type Arabidopsis
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For transformation of tobacco, the pDW46 vector was used. For
transfornmati on of Ar abi dopsi s, the pDW51 vector was_used. Both
vectors ar eWR6WMS from pl asmid pDWL39, which cont XGHUSTH6Y i (e
open reading frame of the LEAFY (LFY) gene from Ar abi dopsi s
thaliana (Wigel, D., et al., Cell, 69:843, .1§92), plus 21 bp upstream of

5 the initiation codon and 195 bp downstream of the stop codon (for
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Caul 1 ower moonstowh (058 filfe bR ettt e Srmanigiminel favusrdt phmgrrel,
initiatiomgsite (ReigdyhS¥ciuBi(gR!compsihg the carpels, appéirs S3gel} 98anal, Al dumbR of

al., supra.); a multTlinker ‘Contal ning several Uuni que rest riction 20
sites; and afunstamensi(st)isireduted,dndtpetals and)sepalsrare absent: A single; Srst-wiprimggan

17001, "Tomay) . wibleR Serar e atne it it RS i, of “powiso

"was filled in with Kl enow enzyne (Sanbr ook, et al., Ml ecular
. G oning 2nd ed (Cold Spring Harbor: Cold Spring Harbor Labor at ory,
£ 1989) and a Bgl 2355:&@5. Amlﬁdqwqdant_srﬂewmmriﬂ% wijd-typerplants: nThexe arexamly two
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 Cel 1, 76: 703, 199fhral bud can be visitl&HY éflydic adS ahepaiiiatioR FGURE! H! Sindeliom

"E coli were transforned into Agrobacterium tumefaciens strain
' LBA4404 (Oons, etakes twomvegksfar the devslopnwsrpf @ stage 12 flower (Smyth, et al., Plant Cell,

2:755, 1990), flowers must initiate within a few days after germination. This is much

earlier than in wild type, where the first flowers are initiated only when a plant is about

two weeks old. Unlike tobacco, Arabidopsis has an open inflorescence, meaning that

20 the shoot apical meristem remains undifferentiated until the plant dies. The 35S::LFY

plants not only flower eérlier, but their primary axis terminates with a single flower,

similar to the #/7 mutant phenotype (see FIGURE 1). Thus, ectopic expression of LFY

causes transformation of the indeterminate shoot meristem into a determinate floral

meristem. In contrast with the'tfl ‘mutant phenotype, no normal lateral flowers are

25 formed before the primary terminal flower develops (FIGURES 4B and 5D).

Additional terminal flowers develop from the axils of leaves in 35S::LFY plants,

indicating a transformation of second-order shoot meristems as well (FIGURES 5C and

5D). Surprisingly, most 35S::LFY plants develop a tiny shoot, with one or two leaves

that resemble cauline (stem) leaves of wild type (FIGURES 4B and 5D). For

30 comparison, Figure SA illustrates the normal architecture of a mature Arabidopsis plant,
with indeterminate shoots arising from the axils of all leaves.
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ASE " ( Fr aW§}“a| ., Biotechnol ogy 3:629, 1985), respecti v%ﬁlps%%ll%g%’ t he
freeze-thaw nmet hod as described (Hofgen and Wl Il mtzer, Nucl.
Acids Res., 16:9877, 1988), except .24- that .LB nmedi um ( Sanbr ook et
al ., supra) was used instead of YEB. - '

EXAVPLE 2 5 The early flowering phen hif\the GanEormidtidN T/ shootinky Cl6taPmélistem,
For generation of transgenic tobacco plants, |eaf pieces of sterily grown

t obacco st r ai show that LFY achivityiis sifficientiia determine theddentity ofjameeristamy -HoweysT;

LBA4404/ pD\WL4 Nt S. ' ' de ' : sch,
et al., Sci en@g;ea@g;ﬁ@%@ s{%ggsold ufgeslleeagte Iséﬁgfégr?fsaéoﬁgeﬁéi lq'f r%ﬂg o{r;lr?.él pl ant s
was with 200 {here dppeni tokserudditional fadtorsathptoprevent shesshoot merigemndrom estpdftling
plants were transferred.to soil, and seeds were harvested fromthe primary
t r ansf ofmant sto LFY activity immediegelyaftes gamingtionsar | y 1 oweri ng phenot ype of
35S:: LFY tobacco plants. The left panel shows a control plant,
transfornmed with an unrel ated construct (a LFY pronoter’ fused to a
GUS reporter SSSIEFY plines appeat to flowkr fispdrttharpasy ctherrearly floweting ameam elrat lhys 15
derived T[errJ,e pl ants car ré_ipng a 35S: LEY transgene 6. 21,14

' 1 ..20) .
The pl ants en descabgsif 4ralidopsjs ingludiag dheem _E""Miﬁ?’jpmmaﬂ’ é’YGlHéP z)n

of leaves in t | ; ' May=Toll I S

produced onl yﬁéb\%oaﬁﬁra usciaéﬂ tgg‘\’/}’gését%&h ﬁ%of‘r,\el%eygﬁf%pg%er m@gflg’ érbtl" mg’?lcle’ov\er -
The insert shpS&k1643-064%i 4992) Unfortunately] thé eghcirtime of flower initietion iphémf The
bud is still unopened, rans c tobagcco |ines

anal yzdf in d@utants has témrquﬁqdhwztghﬁ@%u’fs%ﬁ%@gme %PJ-B%%B%F that | he‘.

brogeny of Mok fihdtd 48 36056HRR Befofd e iarl 5t i dad SBRBRIE the .

pl ants devel op on one palr of true leaves, In a

o | eaves emf phenotype distinct from the 35S:LFY phenotype. It appears that emf mutants pause

after germination, and then proceed directly to the formation of an inflorescence.

The exact phenotype of individual 35S::LFY Arabidop.sfis. plants varies. Most flowers
15 observed are virtually identical to wild-type flowers (FIGURES 5D and E). Very

importantly, for further analysis, stamens and carpels are fertile. The primary terminal

flowers are often abnormal, in that the outer organs are leaf-like or absent, and the

numbers of petals is reduced, similar to the effect ‘seen in the terminal flowers of

358::LFY tobacco Iplants (FIGURE SE). In addition, carpels can be unfused, and the
20 - number of stamens can be lower than the wild-type number of six.

The finding that the LEAFY gene from Arabidopsis can modify flowering in tobacco
implies that the mode of LEAFY function is well conserved among flowering plants,
that the Arabidopsis gene is likely to function in a wide variety of flowering plants.
Arabidopsis and tobacco belong to two very divergent subclasses among the class of
25 . . dicotyledonous plants. Arabidopsis is a genus within the family Brassicaceae, which
belongs to the order Capparales within the subclass Dilleniidae. Tobacco, Nicotiana
tabacum, belongs to the family Solanaéeae, within the order Solanales of the 's.ubclas's
Asteridae. The Dilleniidae are closely related to the Magrloliidae, the most primitive

subclass of dicotyledonous plants. In contrast, the Asteridae are the most advanced
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15 _ EXAMPLE 4
' - ‘RSION SPEN

Because constitutive expression of LFY can induce flowers precociously during the
vegetative phase of Arabidopsis, other species were examined as well. The effect of
constitutive LFY expression wés studied in a perennial tree, hybrid aspen, which is
20 derived from parental species that flower naturally only after 8-20 years (Schreiner, E.J.
~ in USDA Agriculture Handbook, 450: Mﬂxﬁhﬂ&&hﬂnﬂsﬂ@sﬂed
Schopmeyer, C. S.) pp. 645-655 (U.S. Government Printing Office, Washington D.C.,, |
1974).  35S5:LFY aspen plants were obtained by Agrobacterium-mediated
transformation of stem segments and subsequent regeneration of transgenic shoots in
25 tissue culture (Nilsson, O., et al., Transgen. Res., 1:209, 1992). -

* Hybrid aspen was transformed as described previously (Nilsson, O., et al. , ibid). Levels
of LFY RNA expression were similar to those of 35S::LFY Arabidopsis, as determined



shoots can arise fromthe hypocotyl. :
"EXAMPL GENERATI ON OF TRANSGENI C ARAB NTS
20 “%W%% was i ntroduced into Arabidopsis by vacuun#%'é%ﬁég I on .
(Bechtold, et al., CR Acad Sci., 316:1194, 1993). Leaves of adult
Ar abi dopsi s thaliana plants of the .26- ecotypes Wassil ewskija (VW-0)
and Nossen (No-0) were infiltrated with ASE/ pDW 51, - and seeds

wer e harvest gg Northémbite ahdisis. Theinaaber of végetativedeliveyRirfedtictweerOthe Wifep@ai um
(Murashi ge and Skoog, Physiol. Plant,  15:473, 1962) supplenented with 50
[err]g/ni 25regenerating shogtsi Fhose withsa bighermumberiof vegetativejleavesiformed,rotsei r

ability to grQw o ci.n Al A ' ' | t hod,
27 transgeni Eﬁ%‘gg@:éﬁg% i‘86‘b%F§e%'T°§ﬁ€§5W&m‘U§}g%§%®a‘}t& ggitﬂ%@ ni ch
21 exhi bi t ed pfiffay trafsformdnticthat ikd Bediinsferrddeioothe [Rreenhbist) or from catkineas
very simlar to that observed in_35S::LFYtobacco plants. WO ,
096/ 19105 collected in spring 1995 at Carlshem (Ume4, Sweden) from a tree whose age was
PCT/ US95/ 168 . . . . . -2

The transi or RECTBINe, e P4RERe theumber; of snmyl tings in pcore gmacted WAfiLep, (o
culture incrementd borgener dtS om odbowe aprouridr develal Flowersaindrert! | fned in
directly for the. generation _of transgeni c seeds (Bechtold, et al.,
CR Acad Sci . foxgxﬂ;ige. hydedacetia acid/ethane], and destained n ethanol before phetogsaphys adul t
plants are vacuuminfiltrated with a suspension of Agrobacteriumcells 5
carrying a T-DNA plasnid. The Agrobacteriumcells grow in planta, where
they . Figures6shibes thid ebnstitutive/expression bf dadllidopsisicFXiconverts Aspepishoats sor s
of ganete producing cells g eds were harvested fromthe .

infiltiated pitefiowers,kanels aand dnshewe gﬁ-w@-elérﬂlapwi afdhybrid aspen (Fopufoun ¢ o
oL o RO AL ASEAAE e LT G
« (A 10 si Bglitary)\istenatifipwers iptiendxils ofileaves(if) and aw abrmirmhherminalfioweer dt) )
-' axfe indicated. Panel b shové‘s a non-transgenic control. Arrowheads indicate axils of
leaves, from which _laterai vegetative shoots will emerge, normally in the following
15 year. Note that aspen plants regenerated from tissue culture show the same juvenile
phenotype during the first growing cycle as plants grown from seed (Nilsson, O., supra)
Panel C is a close-up view of solitary male flower that formed in a leaf axil of a seven-
month-old 355::LFY transformant that had been transferred to the greenhouse. Panel
d shows a close-up view of male flower removed from wild-type catkin shown in panel
20 e. Note bract (b) subtending wild-type flower. Panel e shows a cluster of male catkins
of P. tremula, one of the parental species of hybrid aspen, taken from a 15-year-old
tree. Red pigment in anthers is apparent. Scale bars: ab,s mm,; ¢, d, 1 mm; e, 20 mm.

o Regenerating 35S.:LFY aspen shoots initially produ,céd solitary flowers in the axils of
normal leaves '(F igure 6a,e). However, the number of vegetative leaves is limited, and
25 the shoot meristem is prématurely consumed in the formation of an aberrant terminal
flower (Figure 6a). Precocious flower development is specific to 35S: :LFY
transformants, as such an effect was not observed in'non-tr'énsgenic controls (Figure
6b). Furthermore, not a single instance of precocious flower development has been seen

in the more than 1,500 other lines of transgenic aspen that were generated with various
30 constructs during the past six years at the Swedish University of Agricultural Sciences
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I nfl orescence, illustrating the indeterm nacy of the shoot neristem
Fl ower s devel op in a phyllotactic spiral, with the youngest

fl owers being thg, : - : . c‘@h@- ¥, ot alFY
. plants (generate %?9?%2{ @sﬂﬁé@g?%rg Pgﬁﬁfg? a%egkqsesgrlltae{d ang%sg SR, a

Mole. Breed, 1:5, 1995) which, similarly to tobacco LFY (Kelly, A., et al., Pl Cell,

7:225, 1995) is already expressed during the vegetative stage. The vegetative
expression might have suggested that LFY activity is not sufficient to induce flower

15 development in these species. The present results in aspen, which is the same in genus
as poplar, indicate that this is not the cése,' a finding that extends to tobacco, which also

flowers very early when transformed with a 35S:: Arabidopsis LFY construct (see

- Examples 1-3). One possible explanation for the effects of 35S::LFY in these species

~ is that the transgene is expressed at higher effective levels m than the endogenous gene.

20 In tobacco, expression of the endogenous gene in the center of the shoot meristem
(which eventually turns into a flower meristem and forms a terminal flower) is
relatively low (Kelly, A. J., et al., supra.), and it is conceivable that the other genes,

such as AP1, are the primary regulators of flower-meristem-identity in non-transgenic

tobacco.
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Transheterozygote F, progeny was either backcrossed to apl-I or allowed to self-
fertilize. The cal genotype of selfed F, progeny was determined by polymerase chain
20 . reaction (PCR)(Kempin, S.A., et al., Science, 267:552, 1994).

Figure 7 shows that 35S::LFY phenotype is partly suppressed by an ap/ mutation.
Panel a shows five-week-old plants that carry the erecta mutation. The 35S::LFY API"
plant (left) has no elongated primary shoot. A primary shoot is well developed in the
358::LFY apl plant (middle), although the primary shoot still terminates prematurely,
25 and is shorter than that of the non-transgenic ap/ plant (right). Panels b-d show a
detailed view of 355::LFY ap! plants. Panel b shows a close-up view of lateral shoot
indicated by arrowhead in panel a. Panel ¢ shows emérging shoots in the axils of rosette

leaves. Panel d shows atop view of primary shoot with terminal flower (tf). Panels ¢
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nodi fy fl oweri ngombirtedtezxtivities of LFY andi ABP] iares even ahore effeotivbeinofrarisfolming shoot
function is well c.onser.vegl anong fl owelgi n | ant s, t hat the

Ar abi dopsi s gend&gnstemsyrtoflower pieRistems & astnay@laneet y of 1 owering

pl ant s. Ar abi dopsi s and tobacco belong to two very divergent
subcl asses anong the class of 25 - di cotyl edonous plants. Arabi dopsis
is a genus w t hiTlakéritogéther] thesévemusits suggest ¢hat vinpétence to respond € flower-ineristom-
order Capparales,within the supc|ass 3&' lLeni i dae. .-Tobacco, Nicotiana

t abacum Bel ongidentity genes 1§.3qqyired, eradually, In yapag, meristams,frompetense ARRass; toype

the subclass 1w and bOM £EV 466 AP] 4fe Qqurgtd'cﬁgﬁ\o?é ?oxﬁ#r‘é%%lﬁg@%@é@p g}ag ﬁf Qe

Magnol i i dae, the nbst primtive SS 0 onous
. I'n contrast., thehouts élomizetense inctdasesiatet intthie difeceydle, and LFY alone becomes sufficient

to induce flower development.

Summary
20 The present invention shows that constitutive expression of a single flower meristem
identity gene, such as LFY or AP1, can induce precocious ﬂow& development in plants
as diverse as Arabidopsis, an ephermeral weed, and aspen, a perennial tree. The results
not only contribute to the understanding of flower development and floral induction,
they are also 'likely to be of interest because shorter ﬂowerihg times lead to shorter
25 generation times, which in turn allows acceleration of breeding programs. Modern crop
varieties are the result of continued improvement by breeding and two recently
developed technologies have made breeding even more important. The first technology
is molecular mapping, with which genes encoding desirable traits can be rapidly located
within the genome. Introduction of such traits into agriculturally important varieties is



WD 96/ 19105
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subcl aséw(%)%?%sot yl edons (Cronquist, A, An Integrated Syls,%%s%‘?%‘és,

Cl assification of Fl owering Plants, 1981 (New York: Colunbia

Uni versity Press). The two famwles to which Arabidopsis and

t obacco bel ong, Brassicaceae and Sol anaceae, are large fanmles of
maj or econoninow Sreatly assisted bie ywomitdring/linked mblecular mafkepsycinsteql oF resting for t he
VWorld, 1993, (New York: Oxford University Press).. Miin . . .crops
within the Begyal of these traits, The secand tashnology is srapsigemation ofiplantewith; v es,

such L [, - ChinNes .

Fani |y Sol antyBld ok coitfrilg Oifibus HalE Sl ms ULSBRE Bt REma S, |
cont ai ni ng rrmmwb mgmgreésmgﬂemﬁhlesbanderage%b&aus” ,ethemunbawﬁpémvmm’ igsoes,
t omat oes, aubergi nes, paprika, .chilies, an peppers. .10, . Recent
wor k hds shomem&&toaaa@fgnmmtagﬁ%fem%--mﬁwww%mpm igmegededdanes

exi st in non Egsm eE I n‘ﬁp&g _ &ef«g‘lﬂ&hél)
and %ﬁ%ﬁgs ﬁg{t/&élg een P%eﬁil *I"elgbl n 'ma+sge Z%eia%%}e al.,”Pl ant
Cel |, 5:1205and ¥af8sgene introgressidh, geduction oftpeneration timel throvghethe linducton iof of
Mor phogenesi s pp., 91-105, 1993, (New York: W ey-Liss). 15
EXAMPLE 4 precocious flowering should prove useful coNVERS| ON OF ASPEN SHOOTS '
Because constitutive expression of LFY can induce flowers precociously
during the veget ati ve phase of Arabi dopsis, other species were
exani ned as Whe foregiing is fricanttto diustrate, but not to &imit; theiscopeof thy irveptiers sindeedyas

tudi ed i ial t , hybrid : ich i .
studl e10 ' atl%eser:g grldl%ary s{c,i?lem they ax{ Eanraegggrnenwms{gnpandlpgoduce:ﬁmher embodiments,

based on the teachings herein, without undue experimentation.



20 derived fro

8- 20 years in USDA Agriculture Han
Seeds of Vﬁé)g%qgsﬂts “mmllmmwual tes (ed. Schopmeyerfé% S.)
pp. 645-655 (U S. CGove fice, Washington D.C.,

- 1974). 35S.: LFY aspen p ant s 'wefe Obt ai nagl. by Agrobacteri um medi at ed
“transformation of stem segnents and subsequent regeneration of transgenic
shoots in 25 citApMge culture (Nilsson, O, et al., Transgen. Res.,

hat flower naturally only after

1: 209, 1992). Hybrid aspen was transfornmed as descri bed
previously (Nilsson, O, et al., ibid). Levels of LFYRNA expression
| \S/EeS/r igib? lar to f hose %fene%lsﬁly tbdified Plaflf Esthprisiy at 16dsE biié fidterologous nucléic acid
PCT/ US95/ 16859 equence in its genome and characterized as having modulated flowePfaeristem
by Northern bl ot anal 5| s. The nunber of vegetative leaves varied between
the different evelopmertr ati ng shoots. Those with a hi gher nunber of
veget ative | eaves forned roots, : allowing for transfer to the
- greenhouse. Individual flowers were renoved either from primary
~transformants that harheian of chig  cwhedintthe irodulation isueueleraterdevelopmestt ki ns
5 collected in spring 1995 at Carl shem (Urea, Sweden) froma tree
whose age was determ ned by counting the nunber of annual rings in
a core extracted, wt [ ?ﬂe‘ @Q@ ound
| evel . Fl owers %e hrh%gbémtr?fdmml Wi orﬂéﬁaﬁﬁgoﬁ “]dtnlﬁ%éaam ’62 anol, and
destained in et hanol bef ore phot ogr aphy. Figure 6 shows that

constitutive expression of Arabi doi)3| s LFY converts,  aspen shoots

into flowers. Pd#nel s Eheaplantokelaim W@‘Mﬂ%ﬂé‘%ﬂ?&fb?’&“ﬁﬁwmﬂrﬁ“& pueleic

Shows & 355: - LFYLr andiPR qyghob GG Bibed? b il SeSpribly dsbocidiff B -

axi |l s of ‘leaves (1f) aaprdmterabnor mal termnal flower (tf) are
i ndi cated. Panel b shows a non-transgenic control. Arrowheads indicate
axils of | eaves, fromwhich | ateral vegetative shoots will energe,

T Y 0 oL A oty nenb e it gL 0 B SNCH

first grow ng cycl e dfonliegiethgecfin from seed (Ni'lsson, O, supra)

6. The plant of claim 5, further comprising a structural gene encodmg APETALAI

protein or homologue thereof.

7. The plant of claim 4, wherein the structural gene encodes APETALALI protem

- or homologue thereof.
8. The plant of claim 4, wherein the promoter is a constitutive promoter.
9. The plant of claim 4, wherem the promoter is an inducible promoter.

10.  The plant of claim 4, wherein the nucleic acid further comprises a selectable

marker.

11.  The plant of claim 1, wherein the plant is a dicotyledonous plant.



Panel Cis a close-up viewof solitary male flower that formed in a | eaf
axi | of Wo?%)‘ﬁibs mont h-ol d_35S: : LFYt ransf or mant tpatrpbaficieen
transferred to the [

gﬂm m]” m“‘ d shows a close-up view of
mal e flower renoved!H - seat kin shown in, panel 20 e. Note

bract (b) subtending wi l'd-type flower. Pasel e shows a cluster of male

cat ki ns of P. tremula, one of the parental species of hybrid
aspen, taken 12.om Zhd plaptoficlaind, wherein the plant ds a Redogatyledonousplanbt hers i s
apparent. Scale bars: a,b, 5mMm ¢, d, 1 nm e, 20 M _ :
Regenerating 35S::LFY aspen shoots initially produced solitary flowers in
the axils of 13 A plarfi QelBérivedFicag tHe'platit'of clafig)l. However, the nunmber of
vegetative leaves is imted, and 25 the shoot neristemis prematurely
consuned in the formati on of an aberrant term nal flower (Figure

6a). Precocioys fl .devel o Nt _|:S speci~fic to?35S::LFY

t ransf or mant s-,yias gﬂaﬁ{pgﬁe gﬂ@ﬁ%@‘%@%%&*&’r‘%@d i n non-transgenic
controls (Figure 6b). Furthernore, not a single instance of
precoci ous flower devel opnment has been seen in the nore than 1,500.
ot her |ines olS.t r aAsspediwhichs germindtes intR: acplansrcomprising.tt Inast onechetergldgous
constructs during the.past, si x vears at the Swedi sh University of
Agricul tural Sci enxaléczelg acid sewrég /1 &5 genome and cha ac_tenze&/ as ?lavx}{g modulated

PCT/ US95/ 16859 flower meristem development. _ _ - 27-
(Nilsson-O, et al., 1992 supra; N lsson, O Thesis, Swedish University of -
Agricul tural Sci ences, 1995). Al t hough wi | d-type

Ar abi dopsi s aspen .ar aer . di hf.erent. one being.a weed, and

the other a (Tee. RygeBt ErhPrila Mobif ace eqlife Rl ich it ppprt 1
resenbl es that of gdne encodingaroteinthabniddutieésficwer nleristentdéveRspnitn® Iperdbly bot h
species, flowers are normally formed - i'n lateral positions on
i nfl of escence shooassocigtnd witharpromatese i nf | or escence shoots are

called catkins and arise fromthe leaf axils of adult trees (Figure 6d, e).
I n both 35S: : LFYAr abi dopsis and 35S::LFY aspen, solitary flowers .

forminstead pf shDigvecionof claim 16, wherein thi ivectopEomprises atT-DINA dényved. vector.
Mor eover, as in Arabidopsis, the secondary shoots of

o 18. The vector of claim 16, wherein the structural gene encodes LEAFY protein.

19.  The vector of claim 18, further comprising a structural gene which encodes
APETALA 1 protein.

20.  The vector of claim 16, wherein the structural gene encodes APETALA 1

protein.
21.  The vector of claim 16, wherein the promoter is a constitutive promoter.
22.  The vector of claim 16, wherein the promoter is an inducible promoter.

23.  The vector of claim 22, wherein the promoter is induced by chemical means.



16 trangeni c aspen are nore severely affected than the primary shoot.
An apparent_LFY. orthol ogue from poplar has been described (St .
AL L

WO 96/19 . it
e Tt 11 1T 1T I BT R s

 during the vegetative st'agé. FTheMveyet*ati ve.ss. expressi on m ght have
- suggested that LFY activity-is not sufficient to induce flower 15

devel opnent in thgse -Apﬁe{h%a-ofﬁi'&ﬁ%s@@tm&ﬁﬁw inddified PHne Rhardblefifed &5 hdving

same in genus as popl ar, cate that this is not the case, a

finding that extends easlytfldyearaugristom develdpment, said method comprising;ery early

when transfornmed with a:35S:: Arabi dapsis LEY construc S . .

Exanpl es 1-3). One pog‘%'_ftﬁ‘l’tg‘ge'&ml o tﬁoarvg.ﬁgr &pggflég.%rﬁlgcégf:a'_%s?qyeme

these speci es  comprising 2t 1€ ohéStrut@bd GRNE enSodiNga dor ModbRted flower

effective levels in than the endogenous gene. 20 ~ 1n tobacco, expression

of the endegenoumeristem development; rsaish gese apesably, associated; with @ promoter to gbtpin
.nmeristemand fornms a termnal flower) is

. eventual ly turns_into a.flower.
' relatively | ow (?’(’E’Pﬁtf?ffneﬂ.pllﬁgelgt al, supra.), and it is conceivable that

' the other genes, producifig & plahé frof saiPérnsFdithel platibtells] &yl at or s of
- flower-neristemidentity in non-transgenic t obacco. WO
- 96/ 19105 selecting a plant exhibiting said early flower meristem development.
PCT/ US95/ 16859 . _ -28 -
. EXAMPLE 5 MEDI ATI ON OF LEAFY-ACTIVITY BY APETALAL

“In addition to L&Y, NFh@inefhiod of elaih 24 0WhereinARE cortddting AFby al helihs. and

UNUSUAL FLORAL ORGANS (UFO) are known to affect the i1dentity of Arabidopsis
5 flower neristens (Mandel, MA., et al., Nature, 360:273, 1992;

o Ve G288 Tagmetiog o el 29" Wer e obidithe 60 Cherl g, ©

“Cell, 7:529, 1995) although Ify nutations have generally the

“transformation o27.at Fhesuethod eficiim 2d; vherain the plantscellysselectsd fro

~genes al so

strongest effects, and are the only ones that consistently cayse atﬁorgrpl ete
R 8¢ 8D, e

consisting of protoplasts, gamete producing cells, and cells which regenerate
into a whole plant.
28, The method of claim 24, wherein the promoter is a constitutive promoter.
29. - The method of claim 24, wherein the promoter is an inducible promoter.

.30. A plant produced by the method of claim 24.

31.  Plant tissue derived from a plant produced by the method of claim 24.



10 af f ect the_Lden%+%ﬁkfﬁ—4Hﬂmﬁﬁ—-organs but neristemidentity and

or gan-i ef ects at least in sone case

(BovmanW(SB{’{’\‘og eﬂuﬂ W‘m 119: 721, 1993: ﬁ’&%?&%; et
al., Cell, 76:703, ne whet her any of the other genes are
required to medi ate t he effects of 35S: :BEY on neri-stemidentity, or

whet her their i nactivation would nerely affect the identity of
floral organg2in 3néthbd" for mBadlating) Alower meristén®: deveitpifit Gene plmé cellossed
into various nutant backgrounds. A 35S:: LFYtranfornant (l'ine
DWL51. 117, Wassi | €eapngiBgiecot ype) was crossed to apl - | (Landberg

erecta ecotyoe (| e fo S4By ot

to self- plantcelfertilize. The cal genotype of selfed F[err] progeny was
determ ned by pol ynerase chain 20 - reaction (PCR)(Kenpin, S.A_, et al
Sci ence, 267: 552, 81ewing the transformed qunt %@Wﬁ%ﬁ@mﬁﬂtcos%mﬁmphenotype

i veowoek-of d pi e ity 3 iten? Beyelopment in bl RuBCBiftsonsapd .,

plant (I eft) forastime seficiegtabanduee ieaily florahMefister developmentshoot i s wel |
devel oped in the 35S:: LFY apl plant (mddle), although the primry

shoot still term nates prematurely, 25 and is shorter than that of

t he non-trang enl . E@Hﬁ il ed
vi ew of 35S:: g\pgtw eyéﬂrl]l? Qﬁo %‘E%t cs? stng al?}%gtz&fl}vﬁe?ﬁrglwgg?s ?ué:gégga shoot
i ndi-cated by ar r owpxadca amrmln@ aaﬂovﬁhﬂaienﬁemhrdeamgnprogmgnsmgémw ahde

Dy
@,

axils of rosette ves. . Panel. d shows a t p view of primary sho
with terninal flofearaqterized apiﬂ@ps inhibited flower perigismdrvglopment. ¢
PCT/ US95/ 16859 - 29-

and d are froma four-week-old plant The apl effects are enhanced further
by the cal -1 mut ati on, although there is no qualitative change in
t he 35S::LFY apl phenotype. The ap2-1, ap2-2 and ufo-2

mut ati ons caused only additive phenotypes, and did not



significantly affect the shoot-to-flower conversion in 35S::LFY plants. In

contrast, the 5 apl -1 nutation suppressed the 35S:: LFPtBhenot%ge to
a not abl e WS04 t hough termnal flowers were st
(Figure 7). Both the primary and secondary shoots - were affected,

~wth the strongest effects being observed in |ateral positions (Figure
7bc). The solitary flowers that develop in the axils of rosette | eaves of

35S: : LFY API[err] pl ants becone co ex shoots with an average of
10 nodes in 35S:: LFY apl plants 10 (Figure“7c). These observati ons not
only confirmed that LFY can induce APl (which fails to becone

~activated in early arising flowers of Ify nutants), but also that the
conbi ned activities of LFY and APl are ever nore effective in transform ng
shoot ' meristens into flower meristens than LFY activity al one.
Taken together, these results suggest that conpetencé to respond to
flower-neristem 15 identity genes is acquired gradually. In young
meri stens, conpetence appears to be | ow, and both LFY and APl are
required to pronote flower devel opnment over that of shoot s.
Conmpetence increases later in the life cycle, and LFY alone becones
~sufficient to induce fl ower devel opnent. The present
invention shows @hat co@§Ditutigeoexpresgioon of1goglnglq?Fb
“identi ty gene, shich—as LEYaor APLL can indliice pred¢oci ous VELJ_QVM (0] ITEI'lt
~in plants as diverse as Arabidopsis, an epherneral weed, and
aspen, a perennial tree. The results not only contribute to the
under st andi ng of flower devel opnent. and fl oral induction, they are
also likely to be of interest because shorter flowering tinmes lead to

shorter 25 Bgl2q1 gBhAti on times, which in turn allows accelergt
- breeding pr oggr an? Mydern, £Lop es_are the result {(i?%‘?;/'\spﬂﬁ
el aped

. continued inp eHEfRf4 ,
~technol ogi es have nade breedlng even nnre |nportant The first technol ogy

i s nmol ecul ar mapping, wth which genes encoding desirable traits can be
“rapidly | ocated within the genone. Introduction of such traits
~into agriculturally inportant varieties is WO 96/ 19105
PCT/US95/16859

SUBSTITUTE SHEET (RULE 26)



- 30- now greatly assisted by nonitoring |inked nol ecul ar markers,
I nst ead of testin? for actual expression of these traits. The
second t echWO19689105s tr ansformation of plants with ROTVVIPSH6852 S
conferring various traits such as engi neeered pathogen resistance.

However, progress in this area has been del ayed because the nunber of plant

varieties 5 anenabl e to transfornation is often restric¢ted, and
~extensive backcrossing is needed to 2/8 rogress transgenes into a
desired background. In both cases, marker-assisted breeding ~ and
~transgene introgression, reduction of generation tine through the induction
of precoci ous flowering should prove useful. - The
~foregoing is meant to illustrate, but not to limt, the scope of the

i nvention. I ndeed, 10 those of ordinary skill in the art can readily
. envi sion and produce further enbodi nents, based on the teachings
herein, w thout undue experinentation. WO 96/ 19105

PCT/ US95/ 46859 5 —— e ey

CLAI M5

- char act er
L 2. The
devel opne
i nhi bited

SUBSTITUTE SHEET (RULE 26)



J
4. The plant of claim1, wherein the nucleic acid sequence conprises a
nucl ei c aci d sequence conprising at |east one structural gene
oper abl y assv‘()’%:)igglt”el sWi th a pronoter. 5. Pﬁ@sﬁ’ 9 of
claim4, wherein the structural gene encodes LEAFY protein or
honol ogue t her eof . 6. The plant of claim5, further conprising a
structural gene encodi ng APETALAl protein or honol ogue thereof
7. The plant of claim4, wherein the strucgmral gene encodes APETALAL
protein or honol ogue t her eof 8. The plant of claim4,
wherein the pronoter is a constitutive pronoter. 9. The plant of
claim4, wherein the pronoter is an inducible pronoter. 10. The
pl ant of claim4, wherein the nucleic acid further conprises a selectable
mar ker . 11. The plant of claim1l1l, wherein the plant is a
di cot yl edonous pl ant . WO 96/ 19105 ‘ PCT/ US95/ 16859

L . e
_fibwer, §

SUBSTITUTE SHEET (RULE 26)



-32- 12. The plant of claim1, wherein the plant is a
nonocot yl edgno nt . 13. "~ A plant cell derived f nt
of_ claim 1. %&?19%58 14. Plant tissue derived fromthe pl an%eigpkc g?ér%al.
15. A seed which germnates into a plant conprising at |east one -

het er ol ogous nucl eic acid sequence in its genone and
characteri zed as havi ng nodul at ed fl ower neristem devel opnent.
16. A vector conprising a nucleic acid s@ﬁ%ence conprising at |east one
structural - gene encoding a protein that nodul ates fl ower

meri stem devel opnent, operably associated with a pronoter

17. The vector of claim 16, wherein the vector conprises a T-DNA derived
vect or. 18. The vector of claim 16, wherein the structural gene
~encodes LEAFY protein. 19. The vector of claim 18, further
conprising a structural gene which encodes ' APETALA 1 protein
20. The vector of claim 16, wherein the structural gene encodes APETALA 1
pr ot ein. 21. The vector of claim 16, wherein the pronoter is a
~constitutive pronoter. :

FIG.5B  FIG. 5C

SUBSTITUTE SHEET (RULE 26)



22. The vector of cIain116, wherein the pronoter is an inducible

pronoter. 23. The vector of claim22, wherein the pronoter is

i nduced by WS neans. WO 96/ 19105 PCT/US95/16859
PCT/ US95/ 16859 24. A met hod of producing a genetically
nodi fi ed plant characterized as havi ng early flower neristem
devel opnent, said nethod conpri sing: contacting-a plant cel
with a vector conprising a nucleic acid seguence conpri sing at

| east one structural gene encoding a prote for nodul ated flower 5
neri stem devel opnent, said gene operably associated with a pronoter to

obtain a transforned plant cell; produci ng a pl ant .
fromsaid transformed plant cells; and sel ecting a plant
exhibiting said early flower neristem devel opnent. : 25. The

met hod of claim 24, wherein the contacting is by physical neans.

26. The nmet hod of claim 24, wherein the contacting is by chem cal neans.
27. The net hod of claim 24, wherein the plant cell is selected fromthe

group con g rotopl asts, ga od i ceIIs and
cells which regenerate Fl@ 6(R _into a whol enm B .

The net hod of cl

FIG.6C  FIG.6D FIG. 6E

SUBSTITUTE SHEET (RULE 26)



29. The met hod of claim24, wherein the pronoter is an inducible

pr onot er. . 30. A pl ant produced by the nethod of claim?24.
31. Pl ant MAWE3WSqer i ved from a pl ant produced by the net hdCHPS95(1685% 24
WD 96/ 19105 PCT/ US95/ 16859
- 34- 32. A nmethod for nodul ating flower neristem devel opnent in a
pl ant cell conpri si ng: ' contacting said plant '
cell with the vector of claim 16 to obtain a @&@ansforned pl ant cell;
5 growi ng the transformed plant cell under plant formng

- condi tions; and I nducing early floral neristem devel opnent in
the plant under conditions and for a tine sufficient to induce early

- floral meristem devel opnent. 33. A genetically nodified plant

~conprising at |eas
encodi ng a fl ower
charact eri zeg—as

&

L -1 6 -3

ogous nucleic acid ue
AT o s génome andFIG 7B
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