WD 02/ 18607 PCT/ US01/ 26788 TRANSGENI C PLANTS CONTAI NIl NG MOLECULAR DECOYS
THAT ALTER PROTEI N CONTENT THEREIN 5 Rel ated Applications This application
clains tivobzmsbit of provisional application serial nunbepeT/USO/B0$8229, 198,
filed August 30, 2000, the disclosure of which is incorporated by

reference herein in its entirety. Field of the Invention The present

i nvention describes a process for the production of transgenic 15 plants
such as transgenic tobacco plants with altered protein content therein,

| eading to altered phenotypes such as reduced nicotine levels, along with
transgenic plants so produced and seed for such plants. Background of the
I nvention 20 The production of tobacco with decreased |levels of nicotine is

of interest, given JRICCSGENIERL.ANTS CONBAINING WEODECUEAR ni coti ne.
Addi tionally, tobacco Elants with extrene“g | ow | evel s of nicotine

production, or no n O¥8 BAdALTER PROTERN CONTENE BHEREINi ents for
transgengs expressing commerci ally val uabl e products such as
pharmaceuticals, cosnetic conponents, or food additives. Various processes
have 25 been designed for the renoval of nicotine fromtobacco. However,
nost of these processes renove other ingredients fromtobacco in addition
to nicotine, thereby adversely a 1 acco. Cassical crop
breedi ng techni ques have produced tobacco plants with |ower |evels of
ni cotine (approximately 8% than that found in wld-type tobacco plants.
Tobacco pl ant s anbhis appieatiohanlaing the denéfitr éfhprovisechal bpmivatioBGerial mindetr i ne
content are i e. Nicotine is farnmed primarily in the roots of f{he
t obacco 1& an&ﬁ%ﬁb&s filed, 'é%ﬂ?&ﬁ?(ol’ yzqoﬁaﬁ]%ﬁ)éﬁscc ugen of ek, 4y dacorpprated f’Y is
stored (Tso, Rhysle MR irAfeniRP2/ 18607 PCT/ USO1/ 26788 Bi ochem stry of
Tobacco Plants, pp. 233-34, Dowden, Hutchinson & Ross, Stroudsburg, Pa.
(1972)). N cotine is produced by the condensation of two precursors,
ni cotinic acid and N-nethyl pyroliagi h arLse fromtwo separate
bi osynthetic pathways (see Figurggiih%ﬂgﬁEKngghunders (1977) Proc. Am
Chem Soc. Synp.,The present invention describes a process for the production of transgenic

15  plants such as transgenic tobacco plants with altered protein content therein, leading

to altered phenotypes such as reduced nicotine levels, along with transgenic plants so

produced and seed for such plants.

Background of the Invention

20 The production of tobacco with decreased levels of nicotine is of interest,
given concerns regarding the addictive nature of nicotine. Additionally, tobacco plants
with extremely low levels of nicotine production, or no nicdtine production, are
attractive as recipients for transgenes expressing commercially valuable products such
as pharmaceuticals, cosmetic components, or food additives. Various processes have

25  been designed for the removal of nicotine from tobacco. However, most of these
processes remove other ingredients from tobacco in addition to nicotine, thereby
adversely affecting the tobacco. Classical crop breeding techniques have produced
tobacco plants with lower levels of nicotine (approximately 8%) than that found in
wild-type tobacco plants. Tobacco plants and tobacco having even further reductions

30 in nicotine content are desirable.

Nicotine is formed primarily in the roots of the tobacco plant and is

subsequently transported to the leaves, where it is stored (Tso, Physiology and



5 New Ol eans, pp. 389-425; Hashinoto and Yamada (1994) Annu. Rev. Pl ant
Physiol. Plant Ml . Biol. 45, 257-285; Waller and Derner (1981) In: The
Bi ochem svoy2/ed607 Pl ants: A Conprehensive Treatise, P.K SpampholzasdssE. E.
Conn, eds. Academ a Press, pp. 317-395). The pyridine nucl eotide cycle
synt hesi ze nicotinic acid (Wagner et al. (1986) Planta 167, 226-232;
Wagner and Wagner (1985) Planta 165, 532-537), 10 whereas

N- net hyl pyrroliniumcations are synt hesi zed fromornithine or arginine via
put rescence 9 E di P hys .ol . Se ary
Plant Pr odu%liogﬁ%s’?} %B)Towcco '}9%{ E’T’ R arb%%igg )%ggt,hﬂwﬁ & Rggggi
Spri nger - Ver $tagpdsiworg, BH(9972)). Nldznjmcumpmddceﬁab}slﬂlenox@dbﬁ%bonﬂf%oqpt&uismsr Y,
25, 107-110).. Reci procal af [ ex er| nts have dem)nstra a
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regulatory l'oci (Nicl and Ni € regul ate nicotine production. Legg € aI
((1969) J. I—Ec‘efd)rleaaa pp2380- QZT)HaShmtp@nétﬁ@ma@erﬁb@@ vion| Bay. Elded |Pdysiol.

mvest i gat o Dab iR d R TN Sy ul) BFer RIS (UFCROPhame e ghar o

cultivars atpiwg: ngdmpr‘él’z&}szv@fﬂé(fm@ FK! (S@ﬁﬁlbff dn@dE. BSCorth, eadfl A ddemiaPressyer |y
identified as B). These two |oci are_ unlinked and the gene action is

seni - domi nanp- 3id-396)-nkhe pyridine nwl@@lctewg@ wynthgpize picg@uir agid (Wagngr ef @b,
2 2 | d
13- 217). g@bhés) 1Gka 6165 ?ﬁ&%é‘) A8 3 @nggén;%“(aﬁss%o)%a% C?H%E‘agﬁﬁﬁﬂ,e

hapl oi d tob reedln i hésof d genotype

genot ypeloof whasskaNdnedytpiynalisiuinScationiNard dyﬁslthelslzédi ﬁaﬁi\bm&hﬁmcbrtdaghuﬁfwh ow
nicotine lines is nicl/nicl nic2/nic2. Nicl/Nicl nic2/nic2 is a hi
i nt er medi at eplamcer%@?ﬁt@(l&\%oa dﬂm%ﬂzyql@peahq SivEiat Frrsigiosye Seqosggry Q%ﬂﬂ

cottins (1978odka0; viL Geeh: pH! Rl BA2, Cl%cﬁlzivc%%l)eds E&%ﬁgeﬂv e6§'€['2| ar

in days-to-flower’ eaves, sl zé ant
anal yses of Tiboaies acnﬂ @alstghe(l&&ﬁi) d’@zydolchem{mtzy,rriﬁ atﬂ?sllsﬂ)owﬂeb@rodahgraftmg

activities of two enzynes, 30 qui i nate 1 box transf er ase
(@PTase)  ancPEtESEtE chupyibied Dk Aepub s pRIFIEe] 1 o aT satiyried
proport '1%n§|th}dh h‘%H@kﬁeﬁfto@éa%& hﬂtﬁoﬁblﬁﬁl}ﬁﬂﬁ& B5is [fa@@b&?@l@ﬁ% Q&l@'nceB% K3 961979)
Pl ant Physi ol 64% 236). Both Nicl and c2 a?f ect PMrase and QPTase 2 WO

02/ 18607 PCT32/301/ 26788 activities in-roots, and thus, regulate nicotine

synt hesi s (Leet e £1983 .0) ds; .. Che d Bi ol.ogi cal
Per specti ves, WBEY uéri‘tf)%’rkmk@}’c J%I?%N %ﬂ]ée§“%?§8ﬁ§‘ne&3°d onl. Legg ef al.
(( 1969) J. Hered., 60, 213-217) incorporated genes from low alkaloid content Cuban

cigar cultivars into Burley 21 cultivars. These investigators showed that the low
20  alkaloid lines differed from standard cultivars at two loci, Nicl (formerly identified as
A) and Nic2 (formerly identified as B). These two loci are unlinked and the gene
action is semi-dominant and primarily additive (Legg et al. (1969) J. Hered., 60, 213-
217). Collins et al. ((1974) Crop Sci., 14, 77-80) prepared doubled haploid tobacco
breeding lines of these four alkaloid genotypes. The genotype of standard cultivars is
25  Nicl/Nicl Nic2/Nic2 and that of low nicotine lines is nicl/nicl nic2/nic2. Nicl/Nicl
nic2/nic2 is a high intermediate and nicl/nicl Nic2/Nic2 is a low intermediate (Legg
and Collins (1971) Can. J. Genet. Cytol. 13, 287-291). These lines are similar in
days-to-ﬂower, number of leaves, leaf size, and plant height. Enzyme analyses of
roots of single and double Nic mutants show that the activities of two enzymes,
30 quinolinate phosphoriboxyl transferase (QPTase) and putrescence methyl transferase
(PMTase), are directly proportional to levels of nicotine biosynthesis (Saunders and
Bush (1979) Plant Physiol 64:236). Both Nicl and Nic2 affect PMTase and QPTase



152). Hibi et al. ((1994) Plant Cell, 6, 723-735) isolated the cDNA
encoding 5 PMrase, PMI, and showed that PMI transcript |levels are

regul at edvry2/Md6a6t and Nic2. The QPTase cDNA and genom ¢ BCTUSE!/AGMSOPTI )
have al so been isolated and the transcript |evels of NtQPTI are al so
regul ated by Nicl and Nic2 (Song, W, Mendu, N., and Conkling, MA. .
(1999) Plant Cell, in preparation). Thus, it appears that the N c genes
regul ate nicotine content by regulating the transcript |evels of genes 10

encodi ng_t he, 165%? (Ltb ”Md' T.'ﬂgséei@%&wf%%lcd: Mgas%ﬁ G (Q%@K%&gfr?ﬁ 1 DBhioidN-C!

and Nic2 have been sh Itivere tors o transcription
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contain the ¢js-acting sequences necessary for N c gene product activation
of Nt QPTI tr cription. Because expression of QPTase and PMrase are

coordi nat el y-reguliafied by El@@ﬂ\"ﬁaﬁﬁCgﬁ"n@ =Rl o[ ?rsoldtéd |thé‘%blNA hﬁ‘l’éo&ﬁ%} Ni ¢

gene products al so dlrectly regul ate transcription MI' gene
appr oach 5 orPMé“dm: IPMT tahé shevel th@ﬁPMTbIaoB@gltMelsmr@mgutajtedshm?lviwégnduM@l i ne

he. b osynt RS RRTAR HORG. PRLAFRNE GLoR N BBl Boepr B At cRpctte

enzyne natu rt@éﬂs&’n@c(le@&@ gt Wt?PTﬁ afePdlSo kdgldéd By anputd el @bhy, ewt avikRd,, ot her
enzymes required’in reduction in that enzyme's abundance
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ni cotine |evghs i %@%@ggs‘e)gps%ﬁﬁto? t@trﬁﬁkhﬁt‘?&?ﬁntﬁaﬁ%ﬂ'sﬁ& 'ng[ﬂt f?lfthé’%rag;ﬁgg”ce

met hyl transterase expression 1S propose at ent's 9, 023
and 5, 260, 20&qtenchiakakcessaryatfick Bt | dene PRFDduetp pttivasivn oof WEDSF! ZEémsanpimonAahad

and Mali k descri bes DNA. encodi PMT t he 30 use of se ntjsense
PMI constr uclggcauﬁdamrpg}% ngpg%ﬁe 3&;@3&%6 W%M%@%egﬁﬁﬁf’ HgCet
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(QPRTase) enzy construct’s conprisihg such
PCT/ US01/ 26 788he PMT gene.

One approach for reducing the level of a biological product, such as nicotine,
is to reduce the amount of a required enzyme (i.e. QPTase and PMTase) in the
biosynthetic pathway leading to that product. Where the affected enzyme naturally

20  occurs in a rate-limiting amount (relative to the other enzymes required in the
pathway), any reduction in that enzyme’s abundance will decrease the production of
the end product. If the amount of the enzyme is not normally rate-limiting, its
presence in a cell must be reduced to rate-limiting levels in order to diminish the
pathway’s output. Conversely, if the naturally-occurring amount of enzyme is rate

25  limiting, then any increase in the enzyme’s activity will result in an increase in the
biosynthetic pathway's end product. The modification of nicotine levels in tobacco
plants by antisense regulation of putrescence methyl transferase (PMTase) expression
is proposed in US Patents 5,369,023 and 5,260,205 to Nakatani and Malik. PCT
application WO 94/28142 to Wahad and Malik describes DNA encoding PMT and the

30 use of sense and antisense PMT constructs. Additionally, PCT Application
W098/56923 to Conkling et al. describes DNA encoding a plant quinolate
phosphoribosyl transferase (QPRTase) enzyme, constructs comprising such DNA, and



met hods of altering QPRTase expression to increase or decrease nicotine
production in plants. Despite previous efforts and successes, there
remai ns aveerwehor new approaches to reduce the producti paT/oRoigsnss
products in plants (e.g., nicotine). 5 Summary of the Invention A first
aspect of the present invention is an isolated nucleic acid nol ecule

(e.g., a plasmd) conprising, consisting essentially of, or consisting of a
cis-acting regulatory elenment, and the use of such an isol ated nucleic

acid for they,ppaduect hl‘?éhr%f QPRThSARHHRGiof 3 Ile&éaseror leStaeSlibothhe YrBsucibher ed
l evel s (e.g., increased or decreased levels) 10 of a protein of interest

therein. A pmrpﬁanﬂal aDeqx‘anpﬂemqus éﬁfowsw@emcwscﬁdab@re rregpmssd need dorenemt
(e.qg., aDNAse ncet Flnd to a ene uct ) such a)
solateq  noERERaURded s P GoRue et HRRErSiTaREs s TRl ) or a
fragnent thereof consisting essentlally of or consisting of, desirably, at
| east 20-455 consecutive nucleotides, preferabl y at | east 30 400
consecutive nucl eoti des, nore prgmm_q_,w consecutive

nucl eoti des, and, 0- r..200- V,

nucl eoti des; and ‘f‘nﬁr { ﬁllleéelg 13% 8108 lﬁ%?‘ Sél]%[r%flof1 Cﬁa?(tg %lfi Holecule
conpl enent O¢e §E@p1dsa1m&n@mngql dodsisting@ e@emidlsT v 9€ cbﬁsisﬁﬂigstbﬂ/@ ciscactinfi C
gene product (i.e., increase or decrease transcription of an operatively

associ at ed g@gélawﬁﬂ cleaieab and gheass of sych andgelated auglgis aci for th?rpr@ché‘—tl@ﬂ ®bded

protein of i sive
Cl emont oan GPSEEEE Pl S ol Ul pEfihy Shered Ik inliBRRaRE EUEIH TRRRTT

No. 5, 458) 25@f a pietedn bf axgrestshdryini 0Cpartionlat exhniple isreeNergene pradoct IIBSp(mBiVBI’ et y.
In sonme enbodi nents, the N c gene1£rodUég responsi ve _element resi

bet ween - 1000/E&8 (o BNA sesiyenss Bt bRdS 1q te1 ehegHptush) sup és (@d é"r‘?ée of
whi ch is di Sﬁﬁc‘?@if"lcfdg nyie anaéqﬁa&ce'\Rco@;fgSt% §é§ nﬁwrﬂwgl%gnfeafrale?&f

enbodi ments 1 nvolve a 300-400 'nucl eot | ragrrent of the Nt QPT1
pronot er t hainsisting mwrmdﬁytqf bmeowsf;mgnof; dn‘SIralbiE, GRFL 2@f4156m¢<mse¢mm/een

-1000 and -600or 700 e U. S.. Pat ent

second aspectU® otidgs, pﬁ?f&aﬁﬂ iﬁ?étnfq %%d PSECTLivE té%? Wﬁf:el %rleger%’i}'dﬁ
const r ucts CoBRYy k&isBeltRRNHRIdtA, And)] HoRCHrbREAVLE AW0300r o BIeAENEorBBERivaS a
Ni c gene 30 product responsive el ement as described above, al ong with the

use of such audlentidayiandn®) inoldted BuRF dcids that H’é(bpdléémthedrﬂnmlefaemrﬁn%ém c
plant or hos#]?ﬁ\g# I1 Y bi d(? 8rc e'ﬁ'e%?%r&iasﬁ%gf)on Og 2R éelfl% rOFbt B%,qn(\/rggste

such as a ba 'cnuc acl
decrease transcrlptlon of an operatively associated gene and hence increase or

decrease the level of the encoded protein of interest in the host cells).

20 The Nic gene product responsive element can also be obtained from the
sequence disclosed in U.S. Patent No. 5,459,252, herein expressly incorporated by
reference in its entirety. In some embodiments, the Nic gene product responsive
element resides between -1000 and -600 or -700 bp of the NrQPTI promoter, the
sequence of which is disclosed in U.S. Patent No. 5,459,252. Accordingly, some

25  embodiments involve a 300-400 nucleotide long fragment of the NtQPTI promoter
that corresponds to the sequence of the NtQPT1 promoter between -1000 and -600 or
=700, as disclosed in U.S. Patent No. 5,459,252.

» A second aspect of the present invention is a recombinant nucleic acid
construct comprising containing a cis-acting regulatory element such as a Nic gene

30 product responsive element as described above, along with the use of such a
recombinant nucleic acid for the production of a transgenic plant or host cell as

described herein. The construct may be a vector, such as a ballistic nucleic acid



WO 02/ 18607 PCT/ US01/ 26788 transfer particle or an Agrobacterium vector.
Pl ant cells containing such constructs, and preferably nmultiple copies

t her eof , va@ @2/&d68D an aspect of the invention. A further aBEERUS0IAf6788he
present invention is a nethod of making a transgenic tobacco plant having
reduced nicotine content and/or tobacco specific nitrosamnes 5 (TSNA)s.
The nmet hod conprises introduci ng an exogenous nucl eic acid construct
conprising a Nic gene product responsive el enment as descri bed above into
said at | ea§5ns@é}epa}méspgn RlePbBackPhibn 1Qtd OHHGSAS cbﬁcaﬁﬁngaat%htcroﬁ&ﬁic@sr med
tobacco plant cell. The at [east one transforned tobacco plant cel

cont ai ns themEMygénﬁmEnm@uﬂecmnaﬁhdfoﬁaﬁaﬂﬂannupmﬁ®fﬂmupymnmnber suff|C|ent

to reduce the nicotj and/ NA | evel of. a.10 t ener at ed
rom inat oo o RcuMfer BRedinaE B ShrdliaR o8 ePEE P Pk A s ERERS | he
woul d be pregBdcol aﬁtmﬁvﬂ@sw&ﬁ@edoﬁlcbm EXRSHR NPT RYIEACEd %pé’&ﬁ@mtfﬂ@ﬁmﬂ’é@t hod
may further inclu %eneratl ng a tobacco plant fromthe transforned pl ant

celb l's, ar§d| (H&Nfb)gal 59 n@&qde@trmmg%e% dpesaeing cavexogerqus miclayt agd egnstrusin t he
seeds. _gener PR N AREE AL kSnoh R YRR b Serk BRKE pord SR sai0

i nvention. Aleﬁsurdﬂ&&bb@@bqﬂénthellttbqn@dlﬁféeﬂtleasﬂ‘éﬁél'ftﬂaﬁifohﬁecﬁtdb@wpl@ntpée’mt
having reduced | eveI s of nicotine and/or TSNAs therein, the plant

conprisi ng cEhg &t leashpng Hpndormed takasse Rbsgt calleqnigins T&@.eaogqnﬁuwcfl@e@@@ﬁo@s

nucl ei c_aci dypagRilaSSody Mt P ORIt anl LRRARRLYE BLBTRRN 2%evlpsEL ! Ded
above. The exogenous nucferc acrd i's contalne the cel in a copy
nunber siff f i wbawb plantregereeatéd &oni that 'cesib ot eslBl asafontpasdd tootha ata@tint antl/or as
conpared to i cqotjne | t hat mo d be present in that plant In the
absence of igﬁAgfﬁ‘aéhﬁﬂo‘ﬁgg’Fé’irise’é@P& © ARSSNGE 0"?‘%@ eKRERAUS nuefRcidg fle seeds
of such pl ant,.@bg rﬁéﬁ GurtRs REdh& Qineldimgd B8 glﬁﬂﬁﬁbinoﬂle T RRRTHEd eQﬁ'UCt S

including, but not I"imted to, sioking materials (e.g., 25 cigarettes,
cigars, pi pecetlbbanctcﬂgwptlcmallﬁ)f poltﬁhamg righacob deaves, sgm cbromdg&@ntthattobarceo

prepared fro sal enl c_tobacco ant s ar di nents

P rvent fon  PREf oftuss PRRECREpsoREEE e e e sttt R R R o
har vest erh t ofiad aRtHoBayEslso adpdcis bE e drédht idMRiocaeen cut, dried, cured,
and/ or fernented according to conventional techniques in tobacco

preparation. Howedelurthabaiperied! th@cmmeqbwemmorw e lohanep alat bavag geduced
Processing C%Oelgl @nlpcﬁhne”?rldg&ﬁe’%ﬁ ttﬁerefﬁr tth lanP %g@gﬁ%lg%lcl%ﬁg gntg{nn}gT%\IAS

In some enbodi Ments acco s’ mad8 frée
ni cotine exogenous nucleic acid, which exogenous nucleic a01d comprises a Nic gene product

responsive element as described above. The exogenous nucleic acid is contained in

20  the cells in a copy number sufficient to reduce the nicotine level of that tobacco plant

as compared to the nicotine level that would be present in that plant in the absence of

the exogenous nucleic acid. Again, the leaves, stems, and seeds of such plant are also
aspects of the present invention.

Tobacco products including, but not limited to, smoking materials (e.g.,

25  cigarettes, cigars, pipe tobacco), snuff, chewing tobacco, gum, lozenges that are

prepared from said transgenic tobacco plants are also embodiments of the invention.

Preferably these tobacco products are manufactured from harvested tobacco leaves

and stems that have been cut, dried, cured, and/or fermented according to

conventional techniques in tobacco preparation. However, modified techniques in

30 curing and tobacco processing can also be implemented to further lower the levels of

TSNAs. In some embodiments, the tobacco that is made substantially free of nicotine

and/or TSNAs is prepared from a variety of Burley tobacco (e.g., Burley 21), Oriental



and/or TSNAs is prepared froma variety of Burley tobacco (e.g., Burley
21), Oiental 5 WO 02/18607 PCT/USO01/ 26788 tobacco, or Flue-cured

t obacco. wo ozissot d be under st ood, however, that npst tobarcDUSwza6rssti es can
be nmade to be nicotine and/or TSNA free using the enbodi nents described
herein. Additional enbodinments include tobacco products that have been
carefully 5 blended so that desired |evels of nicotine and/or TSNAs are
obt ai ned. For exanple, tobacco having a reduced |evel of nicotine and/or

TSNAs, - pr epaggehcBSodBRE LRAGobREEY & shbaId B%%rﬁk&?%ﬁ?lé%i&%&ctgﬁt‘ﬁgéﬂt%

t obacco so as to obtain virtually any anmount o

Furt her, twovasietiepicen \beer m@tlé¢ de twef nicotive @nd/aviINA afreee dsing dthe | @ntaidiménts

ni cotine and/or .. T .can be blended so as to achieve a desired anount of
10 ni coti ne St B¥&s. In this manner, differences in variety, flavor,

as well as anmdunigdiAbndll GRbddBeRS dhQhdel RINAScH prodaetsi ther BARRMbRN! darddiiyist ed.
These bl ended tobacco products can be incorporated into tobacco use

cessati ord kiblendeddsophaicgesived lavelsi gfmiebting anddudENgks askiobiaiade Forcoeinpts,
dependence and car.ci hogeni tenti al .. Such it d. prograns are al so
erbod ment s BPeEReM oA e B0 Menshiindhe TSP RESHECR: BfeRsRcer n
met hods t o r#ayeeahe bl&mies wWigoehventiRAhERbARb s6fas t®baROviRasHUGTySamount
including cigarettes, cigars, chewn t obacco, snuff and

t obacco- cont @i Heqtige gudond NSz divgther, ?%%mmmg?s ¢igpbaceq Aaying airedusede t he
preparation t J f. ni i .and

and the nanugg%ltoglr?@&g e{% é)?:gos% Fésﬁ%ﬁﬁtfe?bl%{d %ltbnalgr%a gggjlg{éé ? ?ﬁ%ccﬁo‘j}rg%{%m
Accor di ndl y, nitdténet araiiGgERNASst obadio nphast diffdeses iihedrialyo\fRyvorra well ﬁeSt ed,
cured, and processed,into tobacco products. These_ tobaccqQ products have a
reduced car ciAYYENPE nicesne gnfier T§é\‘:’§%§@ Pm@cr@rl@ﬁﬁhlﬁéagwmdf r ipse Sended t hat

has a reduc i : ShiRs t he
i nventi on cgﬁg%?}%ﬁ%%g ugf?%%?%?&?ﬁgﬁtgﬁountog stcggsaﬁr%ﬁ&%gs an‘g%% rg%(s)l ites

thereof in hdesegnsd vhedsemnkteslintioats mim®tioe degendenve sed cagamienit pbeata. SThhs
o ToNAs,  ns e BRNT BV TSP ENA G HEPeby | overing the
car ci nogeni ¢ pot emfokdl erfbodMERts PEPIME! idvendi CkabEmN nethRise toeRat& lite the
present invention provides a nethod of nmaking a plant
carcinogenic potential of tobacco products, including cigarettes, cigars, chewing
tobacco, snuff and tobacco-containing gum and lozenges. Some methods, for
example involve the preparation of tobacco having a reduced amount of nicotine
and/or TSNAs and the manufacture of tobacco products containing said tobacco.

20 Accordingly, the transgenic tobacco plants, described above, are harvested, cured, and
processed into tobacco products. These tobacco products have a reduced carcinogenic
potential because they are prepared from tobacco that has a reduced amount of
nicotine and/or TSNAs.

Yet another aspect of the invention concerns the reduction of the amount of

25  TSNAs and metabolites thereof in humans who smoke, consume or otherwise ingest
tobacco. This method is practiced by providing a tobacco product having a reduced
amount of TSNAs, as described above, to said humans, thereby lowering the
carcinogenic potential of such product in said humans.

More generally, the present invention provides a method of making a plant

30 having increased or reduced content of a protein of interest therein, wherein the

protein of interest is regulated by a cis-acting element selected from the group

consisting of (i) a cis-acting activating element that binds an activator compound,



30 having increased or reduced content of a protein of interest therein,
wherein the protein of interest is regulated by a cis-acting el enent

sel ect ed Woomsdshe group consisting of (i) a cis-acting arCTwati/xwgssel enent
that binds an activator conpound, 6 WD 02/18607 PCT/US01/ 26788 whi ch
activator conpound increases expression of said protein of interest in said
plant, and (ii), a cis-acting repressor elenent that binds a repressor
conmpound, which repressor conpound decreases expression of said protein of
interest in JajcH RdRbr cgﬁl%ouﬁﬂatxﬂ'&?&s&o @%}5&%% bf‘%ﬁl@%ﬁieﬂg o IntereR0 4 Mg

nucl ei ¢ acid construct conprising said cis-acting element 1nto at [east
one pl ant ceplent @ncb(iddalcca ating ea:a’essonelemleulrthamlrm:la pdpaessor combippoundj whichhe at
| east one transforned cell containi the exo enous nucl ei.c acjd in
e eopy nunbelt s B PERE feq s S RREaion oL i BT UGS STy dhei
interest in mathdlaRnprReeHRioahad faﬁ%%éﬁo‘ﬁs @8tleR A%d %&@ﬁ%ﬁ%&ﬂﬁlﬁg& sﬁHDU”t
of said protein of interest tha be present in the absence of said
exogenous’ n u@s@c@a@tmentllotom deast erpeplenticall dmprodnce ihftdsasg ene traﬂlSIfqnmdqm]!aIrll es a

pl ant (and pan{ LN reduc evel s of tein
b “T'nt sr st el e filedss o o AR S Bom b RE e tago T ek BFiS e

nucl ei ¢ aci din a/wpghlu&ib@ggﬁﬁu&nn@qh@ba‘se@@ réliuce GENEVE ©F sﬁd‘f)k&elﬁ(‘o‘fhﬂiékeﬁhﬁnem
selected fromthe group consisti ng of (i) a cis-acting activating el enment

that binds ah Pt ireganeratedofipausiad oghls @p camppiedt tor the ot »f 13814 profeimods
expression fnte?@slt ﬂmrt) %h ne&]:ase'tnﬁfn[%g%s hge éﬁiaﬁd 8!0 nﬁdus%ﬂgle{cl A&‘ld a
cis-acting repressor nt a s a repres

r epr essor0 conpounthe qbeaseaamsenmp tiess garraly pmvcuepra)tpmnm (@ﬁd ipatte rtBé‘rEoﬂ) n
said plant; the cells cqgntainjng the exogenous nucleic acid . in a cop
nunber suf f i RAVeHE ”P‘Hefisﬁgr Fadedused (levgle ot RePotsip| ofpfintereplo thirgineithe d’llam

i nterest in the,nlantRrAMRS 1 a%)zogeﬁ&% rﬁfgﬁl'i:legﬁm@ fwikibe egé%%hlglilsgn%ieé% :Skégr est

20 that woul e present 1 n the nce o eXogenous Thus
t he present ¢omqmsbs arcupaqimlgcﬁ@nmtgse}eetedlfmmttlhmgiroup odﬁmstm@oflg) axpraesiagon

of a protein |nte rokaryotic or euk tlc host cel |
wherein t ran%cg’?’f‘tbqg §ifm tﬁﬁabléiﬁﬁ)ta& ?’i%’(yf‘ tor rﬁogfpé’élfl éﬁb"é‘ﬁ’r gyPpound
cis-actimyg %Eieﬂ@%'é?@rc%hﬁﬁﬁiﬁ saﬁd‘@?ot@hrﬁsm?é?est e}ﬁtshl\ﬂaf)l‘aﬁt %ﬂﬂp(‘zwnéj’czsmhﬁﬁ'
activator conpound increases expression of the protein of 25 i nterest

the host cellepreFins elemRpid thas ipindss @srapressent e@@p@ind (\al)lcbrr@meehongcommdy
recombi nant pucl| ej co tr uct co risi cti tivat
el enent ; dé] Cfeﬁl)s S A réosgllﬂ)%f:1 |°rr%sg mt m(t,%ﬁsgg? lﬁ R(i?'ﬂs[ %te H%&rfmgggl th? n an

anount s Uf fi @do@&iods@mbleftﬂamd in a copy number sufficient to increase or reduce the level of

the protein of interest in the plant as compared to the amount of the protein of interest
20  that would be present in the absence of the exogenous nucleic acid.

Thus the present invention provides a general method of decreasing expression
of a protein of interest in a (prokaryotic or eukaryotic) host cell, wherein transcription
of the protein of interest is enhanced by a cis-acting activating element that binds an
activator compound, which activator compound increases expression of the protein of

25  interest in the host cell. The method comprises the steps of: (@) providing a decoy
recombinant nucleic acid construct comprising the cis-acting activating element; and
(b) introducing the decoy construct into the host cell in an amount sufficient to bind
the activator compound and reduce expreésion of the >protein of interest.

Further, the present invention provides a general method of increasing

30  expression of a protein of interest in a host cell, wherein transcription of the protein of
interest is reduced by a cis-acting repressor element that binds a repressor compound,

which repressor compound reduces expression of said protein of interest in said host



the activator conmpound and reduce expression of the protein of interest.
Further, the present invention provides a general nethod of increasing 30
expressi moot/ismoprotein of interest in a host cell, wherePaTUS@SCSS pti on
of the protein of interest is reduced by a cis-acting repressor el enent
that binds a repressor conmpound, which repressor conpound reduces
expression of said protein of interest in said host 7 WO 02/18607

PCT/ US01/ 26788 cell. The nethod conprises the steps of: (a) providing a
decoy reconbj 11C j i bS] i | Sy i :
activating e+é21?renir:l%éiqﬁ%{nh§)d( Oyﬁ)?fr%fgsr %3&%&’%3&%’? g%%&elg%egice g?\% ?c}cgig?n%%%% %ﬁlggfd
host cell i nadidh combuiot camiprising ead ciseching detsatidg elepreassad (b mtrpduciog smd

i ncrease expression of said prqotein of interest. The faqr.egoi.ng and ot her
aspects of t %%r%@ﬁ‘i‘t‘“i IHQPe?Fﬁﬁi gﬁ‘?Staf@Pé‘k ﬁPaﬁnile’&‘tt iSH&lCQ‘ing ap g?m‘g é?la?rlep’ieﬁso_tr he
drawi ngs her ginARd ahlSnFRRE bk pre@idiPsr safl prbRid bF ikRk@y. Brief Description of
the Drawi ngs Figure 1 depicts the biosynthetic pathway |eading to nicotine
bi osynt heésis. 10TEnAymeoingtdndi othess aspeotarnoft e preseat ivention sye KkplringdhdnNi c2
are QPTase (quinolinate hosphori bosyl, transf.erase nd PMrase

(putr escencegfr‘?%ﬂeﬁgl?@@ﬂ%%f%&“éﬂ@%% fler %géhe Sé)ﬁﬁlﬁl%’ﬁ}ﬁ(g’s tgcfrﬂ“ t?%w'r ate-limting
enzymatic steps in nicotine biosynthesis and thus, nicotine levels are

directly proportional to the QPTase and PMlase activities. Figure 2 shows a
di agrammati c representati on oBr e ingse 15 Nt QPTI

n
pronot er - ui dA chi geras., The site. of NSCLiPL] LNt atl k8. L.hdiecat ed
(+l) and the ar rg%"irﬁc}i g?ﬁ“étg t@%gl(ﬁ’@ﬁf(} § étgﬁég ?lé]agtl& Eldeﬁ{cgﬁgenlgﬁ)g#ﬁﬂésqé
present ef) asEnsynes sdiiMigdrcichodar . beleguideldety N Sdriies agd QPTasepqainoligatei S
al so shown as solid bars truncated fromthe 5 end of the pronpoter. Sizes

of pronoter Phesghesihasyk fraesderass) apd PNMilang Gruiescengs wsthykbiapderase). QPTase
n b . A GR . e ob
(3-gl ucur oni 4ap BrABhe Al hIdRRE bnblmfic §8pdin dkothe Bbeminif 4l il Obase

pairs (kb). neric Q pr ono ons were cl into pBIlA.
Fi gure 3 shouigoliik lgheis ureaditedtlg prapGinabiot the QP aserand M Tasel aetividiss. and st ens

of transgenic tobacco plants carrying.the CaWw.35S.pro CaMV/ 355),
the pronoterl ess EYSE( #9513 ,ﬁlaﬁf‘%“@%‘%@feéamaté?rbf’f Bﬁsﬁ&éﬁ@h Ly ®(gene
encodi ng; 25 Mﬁfﬁgr&ﬁ&&o&zﬁﬂ_&h &8st PhdR ofSlahSSiton RAIGARSETs ihdisdBES

dA d e. A2.0, Al .4

fused to the ene are indicated (i. .4, etc.) in kilobase

pairs (kb). Eot thachroonsticates the Ne2k! transcript. Ten exons are presented as

crosshatched bars. The deletion. series of the promoter is also shown as solid bars

truncated from the 5> end of the promoter. Sizes of promoter fragments fused to the
uidA gené, which encodes B-glucuronidase (GUS) are indicated (i.e. A2.0, Al.4, etc.)

20  in kilobase pairs (kb). Chimeric NtQPTI promoter-uid4 fusions were cloned into
pBI101.

Figure 3 shows B-glucuronidase (GUS) activity in roots, leaves, and stems of
transgenic tobacco plants carrying the CaMV 35S promoter (CaMV 35S), the
promoterless GUS (pBI101), and 5’ nested deletions of the TobRD2 (gene encoding

25  NtQPTI) promoter fused to GUS. Sizes of promoter fragments fused to the uid4 gene
' are indicated (i.e. A2.0, Al .4, etc.) in kilobase pairs (kb). For each construct at least

~ 20 independent transformants were assayed.

Detailed Description of Preferred Embodiments

30 The term "plants" as used herein refers to vascular plants. Exemplary plants
include, but are not limited, to corn (Zea mays), canola (Brassica napus, Brassica

rapa ssp.), alfalfa (Medicago saliva), rice (Oryza sativa), rape (Brassica napus), rye



20 independent transformants were assayed. Detailed Description of
Preferred Enbodi ments 30 The term"plants” as used herein refers to

vascul ar wo amsso7 Exenpl ary plants include, but are not |P@TASEl/ 26788 corn
(Zea mays), canola (Brassica napus, Brassica rapa ssp.), alfalfa (Medicago
saliva), rice (Oyza sativa), rape (Brassica napus), rye 8 WO 02/18607
PCT/ US01/ 26788 (Secal e cereal e), sorghum (Sorghum bi col or, Sorghum

vul gare), sunflower (Helianthus annus), wheat (Triticumaestivun), soybean
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uaj ava mang era indica), ol | ve (U ea euro aea5 papaya (Carica
gapjaya)) cas‘f‘fé%e’(’fgﬁ ‘é‘{f (kefécseht gpqgnut rﬁ%’é@ﬁarﬁl@zl enadhc pitwrpele  (dnanas

I t et a :
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(Jugl ans regﬂ"wﬁswbr’wpma((%sm‘"»pp Marvnéaelba(Pma@nma‘caﬁcB; 89 (Bicad fiBaRGRhva

herr Prun each Prunus ers plum (Prunus donestica pear
E:Pyr ug <(:o Q”’ﬁ%‘ffé}?é?e Mg r%n dieq), g’é‘ﬁ’?g? lea egieneg@ BaaYa kR@)ca oat s,

barley, vegelahss ,caﬂfeaa@mca}oﬁumc&yggeﬁfa?e EHIHIE ggm&ﬁm? rgbl’za)f or
&

ornanent al , ‘recréati onal forage purpos eget a es 1 ncl
Sol anacdfus apend e(é’rzerengamygdalvm) osEgar Ibpc‘usp(diresa oolyaes); Wppid (lM)zlusI BhiDe

li fl (Brassica
o e aceay.  CRBSRY offili” ShavRrL Ly sdon i chbleiresen onsena o
aspar agus (Asmﬁrdpla?rléﬁtf(Pﬁ!ﬂﬂtél'ahﬁéma&Bhé}@rr Mm%é&f oSt ;gegl}zi:bge%lug{ een

beans (Phaseol us vulgaris | i ma_beans (Phaseol us 2 rren5|
(Lat hyrus spgprynusyeapericapt pedte (B s c@wounts),t watemmbloas (Gisbidas dvulgcquash (C.

Hubbard), B h chat ZUCChI n e 6* okneck

squash (C. (L:&ru % nec%S %ﬁ Oégy]?ag%ge}’%@bl i?é éﬁ"ﬂ'ﬁ s Biregrasses ¢,

digitatds Qe.gecdadosramaestal, Creck@giohali sii fanagQ phﬂ)@ﬁ@b' I PeRabRRd ifelude

martinezii, aﬁ%’(ld menbers of the genus. Cucum s such as cucunber (Cucum s
c

sativus), AAGRAYE spesiesys. geéﬁmﬂoﬁi)eld@%‘amc% @sawlpukumpe lesicg @.g.mbdasyea
O namental  planh)s bRGsUHELREA! GRora), cauliflower (Brassica oleracea), celery (apium

graveolens), eggplant (Solanum melongenda), asparagus (Asparagus officinalis), ochra
(Abelmoschus esculentus), green beans (Phaseolus vulgaris), lima beans (Phaseolus
20  limensis), peas (Lathyrus spp.), members of the genus Cucurbita such as Hubbard
squash (C. Hubbard), Butternut squash (C. moschata), Zucchini (C. pepo), Crookneck
squash (C. crookneck), C. argyrosperma , C. argyrosperma ssp sororia, C. digitata,
C. ecuadorensis, C. foetidissima, C. lundelliana, and C. martinezii, and members of
the genus Cucumis such as cucumber (Cucumis sativus), cantaloupe (C.
25 cantalupensis), and musk melon (C. melo). Ornamental ‘plants include azalea
(Rhododendron spp.), hydrangea (Macrophylla hydrangea), hibiscus (Hibiscus
rosasanensis), roses (Rosa spp.), tulips (Tulipa spp.), daffodils (Narcissus spp.),
petunias (Petunia hybrida), carnation (Dianthus caryophyllus), poinsettia (Euphorbia
pulcherima), and chrysanthemum. Conifers, which may be employed in practicing the
30  present invention, include, for example, pines such as loblolly pine (Pinus taeda),
slash pine (Pinus elliotii), ponderosa pine (Pinus ponderosa), lodgepole pine (Pinus

contorta), and Monterey pine (Pinus radiata); Douglas-fir (Pseudotsuga menziesii);



(Rhododendron spp.), hydrangea (Macrophylla hydrangea), hibiscus (H biscus
rosasanensi s), roses (Rosa spp.), tulips (Tulipa spp.), daffodils

(Narci sswo8spm,ey7 petunias (Petunia hybrida), carnation POI/@iRe1ms3ss
caryophyl lus), poinsettia (Euphorbia pulcherim), and chrysant henum

Coni fers, which may be enployed in practicing the 30 present invention,

i nclude, for exanple, pines such as loblolly pine (Pinus taeda), slash
pine (Pinus elliotii), ponderosa pine (Pinus ponderosa), |odgepole pine
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ryegrasses, @and qrchardgr es. Also included ar | ant s \that seyve

ot i mari 1y asOTEBGPETEFY TOBMEEssEs J3oeogt: Gbpaicbardiiiar Aw pelied v,
use in the pplaseMat S8E pHmaliRCAsUBorbiOH mouels,Wos. , Ui dbidRpRlis! PleférR@i®Es for

sol anaceous species (e.g, tomatoes), |leafy vegetables such as lettuce and

cabbage, t urts§rineageseaharethpdpinglody (b e nos lignited toegiees, sonagcous spegiesm

barley, rye, ric ar\, va, i )“ fgra r ry
pl ants (e. g.(,e'gArg)g}a?oeggil%a;f?b&gﬁ%bl%ﬁéé C%I %n{e n%ygb}gc%ﬂsbggee’to argsre %ia%@t @ﬁ;? he
present 10Vvepikintefe.gl, adACED wWHeat)sorghuud, paddyl eyd, aickycapi edotton echssah aarid hart s
that can be collected fromthe plants of the present invention (e.g., cut

or har vest edjike)sreddehorateryplants{gg . elrabidepsis). Whifeqpyyrlant spaybe qs%fo(sc,ar’tYLﬂi’ér s,
| eaves, = 15 ﬁ%&%en ﬁ&&tioﬂ%gaccggp?nts'\ﬁéggﬁﬁﬂ%ﬂ ggfelrr?g_erence I's made to a
or réduce

particul ar proteln belng Increas a plant, the anount of
t hat protein may Blenapdarsrtbat dahbewghecied fromethp ipdemtts oftthe prdsyntiinveantipan(é.gcul ar
part of the plant. In O‘je“’i%‘é"g&i” an jllustrative enbodi nent.of the

i nvention, nfWdtiEvested) JRefide 8T icXAPBISa LESHHRES: 55 ARt oRENs [V Eh of
ni coti ni g5 aci@mandiblrwedd, 8R! RylcRyA WhdnYe R fealid ffde B‘@pﬂi@?ﬂ‘ﬁrﬂ&%ﬁ seiagt hway

resulting in nicotine production is illustrated in Figure wo regulatory
| oci (Nic] aimdrenbestyr raduceddn e plandrithe amount elgthitaprotein wiy e @dieied dhiorglehvét i on.

Enzynme anal yses,of roots. of single and.doyble Nic nutants show that the
activities o etp\ll%lt’ Oﬁﬂ} 1g,apﬁt}}%%11£€§ OS%S}%ﬁ%tri bosyl transferase '

In overview, in an illustrative embodiment of the invention, nicotine is
produced in tobacco plants by the condensation of nicotinic acid and N-
20  methylpyrrolinium cation. The biosynthetic pathway resulting in nicotine production
is illustrated in Figure 1. Two regulatory loci (Nicl and Nic2) act as co-dominant
regulators of nicotine production. Enzyme analyses of roots of single and double Nic
mutants show that the activities of two enzymes, quinolate phosphoribosyl transferase
(QPTase) and putrescence methyl transferase (PMTase), are directly proportional to
25  levels of nicotine biosynthesis. A comparison-of enzyme activity in tobacco tissues
(root and callus) with different capacities for nicotine synthesis shows that QPTase
and PMTase activity are strictly correlated with nicotine content (Wagner and
Wagner, Planta 165:532 (1985)). Saunders and Bush (Plant Physiol 64:236 (1979)
showed that the level of QPTase in the roots of low nicotine mutants is proportional to

30 the levels of nicotine in theileaves.
The present invention is, in one preferred embodiment, based upon an isolated

nucleic acid (e.g., SEQ ID NO:1 or a fragment thereof consisting of, desirably, at

10



(QPTase) and putrescence nethyl transferase (PMrase), are directly
proportional to 25 |l evels of nicotine biosynthesis. A conparison of enzyne
activityweaoresarco ti ssues (root and callus) with differPenMiseizgoassi ti es
for nicotine synthesis shows that QPTase and PMrase activity are strictly
correlated wth nicotine content (Wagner and Wagner, Planta 165:532
(1985)). Saunders and Bush (Pl ant Physiol 64:236 (1979) showed that the

| evel of QPTase in the roots of low nicotine nutants is proportional to 30

the levels ﬁggaﬁ QQMSUecbﬂhe&RFve' %ﬁUl%émdeEh‘:&r BHRNL at MUKR! 36"3?0) Scoﬂsébx@i%@

preferred e i ment, based upon an isol nicleic acid g
NO 1 or a fraghetides, hmmq:frekmbiy St-3) odnsedxive mableptidest and,OnWD;@ﬁkfe@BO?

PCT/ US01/ 267 20- 450 t | eoti d bly, |
50 400 sonse b AnpERI e aGR R Bessiisr bR pr Cg2isB Tl DBg b pline °*°
nucl eoti des,y ormémﬂftefs&%&pbylsts &ﬁ%@re%goopﬁhezgfbhf‘%uﬁ%§ %H&ﬁh‘éﬁbosyl

nucl eot i des) I's or contains at |'east one cis-acting regulatory

el enent, Swhi t:msﬁexa@t(QPﬂbw rapd Prescenes rpethm trapsfaresed PM Talse)sqor ongi sngﬂces
transferase Tase cence neth t r ansf erase ( )

sequences. . ATOIHo P uRBRR ehf YRR, PRy P B oo Eu SHARSE Ay

obt ai ned frogaquéite diedokeAGE WISS PhraeMol 15,499352Pat@At ediesshy Helspdhted Ber ei n
expressly |ncorporated by reference in its entlrety I n some enbodi nents,

the N c generefrerfGcin iespditi vdn semengnbodimentgethepicngans prodoty 18sRPNSiO0 or

-700 bp of t r r 0 S e o:gﬁ@t ve a
300- 400 nuclgelg :QEQFELdﬁg %?géeﬁlen of A}?(ﬁel's@(?\n’}%: iOO ﬁ;%n)tgt@?]? t cg”rfdrngés/tgonds
to the skgueAcerdibglyhsorhk %%dmmﬁﬁblvbei S&EA00 nﬁcﬂ&ﬁlcﬁﬂdng t@Pment of7h0, as
di sclosed in_U.S. Patent . 5,459, 252. Thus, in_sone enbodi msntz) t he

13

enbodi ed nucVER!. aElioafsotmb@ cQrIEFRARAE m@etSﬁalﬂen%PB%t@QPaTd RrARgtes BEMEE W t h
one or rmore tlro@dﬂﬁﬁdi'@b'o?n7doa9§8fsélo§e%1ﬁus'\m&mw ZZEKM;S whi ch are

involved in initiating trandcription of Tase an /or Accordi ngly,
sai d nucl ei ¢ aci dfhus &n senalembodiments, dmrmaqumitnucm‘sac1dmha\teraa$tamnirpttlhabn
factor (e.g and Ni c2) hi.ndin uences ch are a ed to
hoCh Ol 5. © adt PIRGRCTh HBRGTO8 EHB RS Or Y TRTFONNE TG # piVee B bt
these cigy acyvhig arf@gyllvarv@ay i ﬁﬁﬁ:ﬁ{n‘g (tBanSeriptRAWEN (BT AsBabnd/Bt epRtasdM th
Nicl and/or Nic2) into a plant 20 cell, the ability of the transcription

factor to inhc¢aadiaglys amdonuctm opidpfarg h@dttar@e@redonj@n@t lgast gne t@psaipgionand/ or
PMTase genes}ac,é: Qe g, NigfUG8 c}\fz 5) §%Hl%lgcs%%9ences which are also referred to as "cis-

acting regulatory elements." By introducing multiple copies of these cis-acting
regulatory elements (e.g., sequences that interact with Nicl and/or Nic2) into a plant

20  cell, the ability of the transcription factor to initiate transcription of the targeted gene
(e.g., QPTase and/or PMTase genes) can be reduced or squelched.

As QPTase and PMTase activities are strictly correlated with nicotine content,
construction of transgenic tobacco plants in which QPTase or PMTase levels are
lowered in the plant roots (compared to levels in wild-type plants), as decribed above,

25  result in plants having reduced levels of nicotine. Without wishing to be bound by
any particular theory, it is contemplated that the creation of tobacco plants, tobacco,
and tobacco products that have a reduced amount of nicotine will also have a reduced
amount of TSNA. That is, by rémoving nicotine from tobacco plants, tobacco, and
tobacco products, one effectively removes the alkaloid substrate for TSNA formation.

30 It was found that the reduction of nicotine in tobacco was directly related to the

reduction of TSNAs. Unexpectedly, the methods described herein not only produce

11



As QPTase and PMrase activities are strictly correlated with nicotine
content, construction of transgenic tobacco plants in which QPTase or
PMrase | avebyisshe | owered in the plant roots (conpared tPCT/@8al%788n

wi | d-type plants), as decribed above, 25 result in plants having reduced

| evel s of nicotine. Wthout wishing to be bound by any particular theory,
it is contenplated that the creation of tobacco plants, tobacco, and

t obacco products that have a reduced amount of nicotine will also have a
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refer to an armbunt of0 nitc {i ng asnd qQr l'eI'tSNAftl gaa tr(z;ms%t ninctht olgacco | ant,
tobacco, or *&°%GHBLNE PPBAIESAPRAETFT LA ERMMOWRERT Nollf §2BE ¥BUY in a
t obacco pl an{vhichOR@CLHE, made BarlsgBisie @Or RIARGT hichfifmhidier TENB. VERIL Y s6he

t obacco processed in_the same nmanner, which was not made transgenic for

reduced ni cotmiectanvildtyprdnirecaietishe samasparcty dhshhascbeen mipressed,jsethe paeco of
the same Va\ﬁ{ﬁﬁ%ertigq}se&"%§ abg%g?%gfx%ﬁi%ﬁdt 'Iﬂef-atsn% WA er gq‘@cﬂﬁ'ﬁofign gﬁ%ﬂlgrgs TgNA

control by Ich to neasure h a reductron rn nrcotrne

has beenl®bt andiedlr $1yAtHae besivebndihstebyrgiclindsiticte artlidde dedeeibed hereidl |. d t ype
tobacco varies significantly in the amunt of TSNAs- and nicotine  depending
on the variety an®HhBPadabseo W@l?%ﬂg&%ﬁﬁvnﬂmﬂ%mam %EW@#@&@ niggtine

exanple, a B - .0 0 t r i Ll P, niggot i ne
and 8, 000 pgé tegalggr&ﬂﬁfel ?’Ag%%% Sggfth%'%ml\i%ﬁg% FSU%E) &ﬁ’r E‘%]VEAJ%‘F’??G | ea d'hafﬁsz)(i)
20, 000 ppm nexamiplae Budeyliob&@0 lgrfthad SOIA00 pads per Millienfpain) sivotide hediB,008s

10, 000 ppmnicotine.and 1 CTSNA. LA cC an orti.on. t hereof
naving & r eqREBPARIIAR GO RoA hENCPS P Rec boter D0 BPdtitipe Hha
inventiops cagn By erINA dedEah Tiledtd)i wRld Raf aad10000 hp¥nicBiind BYd ¢00 LN
sone detectabl e anounts of one or nore TSNA and/or nicotine so long as the
anount of ni €8NAne Anrieliageo PBINA or oriéers themend haveng # gadusedl ranoupd of aueatioe

E)Ihgnt of t hear%cﬁcr)rre Tgﬁlrﬁi, ee{cXOrdiwga{o -{hse’ in%er%'ijd’nl, ¢ nth%gg %%Odeltgcqglﬁle %@o?ﬁie:r%% }:orOf
TSNA, or may contain some detectable amounts of one or more TSNA and/or
nicotine so long as the amount of nicotine and/or TSNA is less than that found in a

20  control plant of the same variety. That is, a Burley tobacco leaf embodiment of the
invention having a reduced amount of nicotine can have between 0 and 30,000 ppm
nicotine and 0 and 8,000 ppb TSNA desirably between 0 and 20,000 ppm nicotine and
0 and 6,000 ppb TSNA more desirably between 0 and 10,000 ppm nicotine and 0 and
5,000 ppb TSNA preferably between 0 and 5,000 ppm nicotine and 0 and 4,000 ppb

25  TSNA more preferably between 0 and 2,500 ppm nicotine and 0 and 2,000 ppb TSNA
and most preferably between 0 and 1,000 ppm nicotine and 0 and 1,000 ppb TSNA.
Embodiments of Burley leaf prepared by the methods described herein can also have
between 0 and 1000 ppm nicotine and 0 and 500 ppb TSNA and some embodiments
of Burley leaf prepared by the methods described herein have virtually no detectable

30 amount of nicotine or TSNA.

Similarly, a Flue-cured tobacco leaf embodiment of the invention having a

reduced amount of nicotine can have between 0 and 20,000 ppm nicotine and 0 and
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i nvention having a reduced anount of nicotine can have between 0 and 30, 000
ppm nicotine and 0 and 8,000 ppb TSNA desirably between 0 and 20, 000 ppm
ni cot i ne vamd2/180and 6, 000 ppb TSNA nore desirably betweenprOT/@Re/26@88000 ppm
nicotine and 0 and 5,000 ppb TSNA preferably between 0 and 5,000 ppm
nicotine and 0 and 4,000 ppb 25 TSNA nore preferably between 0 and 2, 500
ppm nicotine and 0 and 2,000 ppb TSNA and nost preferably between 0 and
1,000 ppm nicotine and 0 and 1,000 ppb TSNA. Enbodi ments of Burl ey | eaf

repared b tmg@ ' rel I 1000
Bpmpni coti %eﬁda}ﬁ 0 an gg%?%ﬁp%%%ﬁa(ﬁgﬁ%gﬁgog gld?%ﬁ?esgﬁ%}@eg{t}ir ?Se(gj%?gaf
prepar ed by TSNAmebleodtsiraldg betvieed Ohardel 00(epE@n wicotinabhd/ Orand @60 @pb AIAINA 30
t of ni [ TSNA Sim_larly, a . Flue-cured t co.l enbodi nent
o the | nverbRBHIESEOR Or BC0RBtcuen LD el 430 s, S8 Wi 0
and 20, 000 DRGNP el gl 20000 i YRCRAL LAY a0 504 HBO70nc 380 D

TSNA desirably between 0 and 15, 00 m ni cotine and 0 and 250 p

nor e desi¥ abpryfdpailybetweon Aread 10000q@nppepticad handartph BANA2 FonlpphbmIBaA
referably be en 0 .and 5,000 icotine and .0 and, 150 .ppb TSNA .nor e

D of or abl y bk SEERUBE oSSR Ry Bt i REnAR SR IEEFDRBn A G  ost

5 pref er abl ypigtmeeand 5@0%;,&1, ROSHRAMAIN &t 2NEPRTENA, AR SHaBodESMYs of

Enbodi ments of flue-cured tobacco prepared by the nethods described herein
can al so havBue-paedeiohadgoapier8ed pithamhedsedesadbadl hpgim happyirtgllx and

sonme enbodi flue-cur t 0 prepared by the nmethods descri bed
herein haven@%}%ct%%bg% Ialf/lono Ofglg%ogl%?ggﬁgﬁ%ﬁount of nicotine or TSNA. 10

Further,1an O i enFalthezUas Dridiidcaned bidedrenibodimenh @fi thy €ftdntion Nawindga a
reduced anount. of nicotine_ can have between 0 and 10,000 ppm_.ni cotine and O
and 100 ppbrefased apeynt obmjcopae kel havr bgtween Beod d8H0Rinps msetivhand0apd 75

I T
nor e pref er abloye dsirasigrbetteed Oeand S0BOGprp pivotine afd & endfidl pfb AR/ Al Prefigpdibly SNA
and oL 1<l 8 ¥ BTGNS, SO PP S5 SR SR S o
herein cgn ahspd P3VE Bﬁfﬂi@&&e@nﬁ@danaﬁ@ IRJIB”TSN& ahd Hﬁ)s?ﬂ@fe%bly baMReR0UngoNe
enbodi ments of Ol entpal cured tobacco prepared by the nethods
500 ppm nicotine and no TSNA. Embodiments of Oriental cured tobacco prepared by '
the methods described herein can also have between 0 and 250 ppm nicotine and no
TSNA and some embodiments of Oriental cured tobacco prepared by the methods
described herein have virtually no detectable amount of nicotine or TSNA.

20 The present invention provides methods and nucleic acid constructs ‘for
producing such transgenic plants, as well as such transgenic plants. Such methods
include the development of transgenic cassettes that will reduce (or eliminate)
nicotine biosynthesis. Tobacco plants are transformed with an excess number of
DNA sequences (cis-acting elements) from the promoters of genes encoding, but not

25  limited to, QPTase and PMTase that are regulated in nicotine biosynthesis. These cis-
acting elements are preferably integrated into the plant genome so as to allow for
transfer to successive generations. Typically, the Nicl and Nic2 DNA-binding
proteins that interact with these cis-acting DNA sequences are expressed at relatively
low levels in the cell, thus the excess of transgenic cis-acting elements will compete

30  with the endogenous elements associated with the genes encoding, but not limited to,

QPTase and PMTase for available Nic/ and Nic2. Accordingly, these cis-acting

DNA sequences (and those of other cis-acting elements) are referred to herein as
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described herein have virtually no detectabl e anount of nicotine or TSNA
20 The present invention provides nethods and nucleic acid constructs for
produci ngveurisedT ansgeni ¢ pl ants, as well as such transgerCT/UpbIZRsrss. Such
met hods include the devel opnment of transgenic cassettes that will reduce
(or elimnate) nicotine biosynthesis. Tobacco plants are transfornmed with
an excess nunber of DNA sequences (cis-acting elenents) fromthe pronoters
of genes encoding, but not 25 limted to, QPTase and PMrase that are

regul at ed i neRiRe1d8-RbIOSMAN H’&%P?’: qﬂﬂ@%g@eﬁfio@%%bﬂagse | & By YrGrans-
preferably integrated into the plant geno so as to allowtor” transfer to
successi ve geting AINArEndiig mirotinsyon theer dbhbgrateanis-asking elifenits, tbiéraly dommt ei ns

that interact with these, ci.s-acting.DNA sequences are expressed at

el atively BB RHEh HE I o tENe ChagRse of transgenic

ci s-acting el ementig Weddnt GRERESEAIZO pvides e ansleaaaoss shaimidiemass o¢i at ed
r

w th the genes enco |gg, but not limted to, QPTase and PMrase fo
avai | abl @ NiQ@PTasadomiPdelaspcend dicagrsy comprising cthesea AN A gmolkmles,eauiovaless (and

021 15607 pirbe RGN, s Gl SR RS L Pt BAE S GES apiets on

decreases ochupsgesly ©baddoasdlls @t pRetsDOAHIS N ahdioRr2¢ ehBscRAzéN ST lokegnat e
cis-acting elenents, thereby down- regulating the synthesis of nicotine

bi osynt hesi StieHingeeatentrihan phsansfrmed ganftel dpbasre eclisragd ipdrads- DNA nol ecul es of
cis-acting el ene . AF C I.ng, t hose
DNA nol ecul es, agf Ovs% {0 g@@@ﬁ?ﬁ’%%@%ﬁ%ﬁ?w% él%gh(%{%ﬁ’ é’%?ggl B%t?féﬁrlag oﬁﬁed
w th thdfe DMikotimel qrodiesioandareectkicacive s ansfsiantse fobagasgearks| expirdsig ant s
of this invention are char@gt erized hy |l ower nicotine content than

unt r ansf or mE@MERTHEREY VPHBRECBOART Suethas phamiaseuticglsa COBNFHarRIBPUICHTS: PBW

| evel s of niggy mﬁpés?%%aém? PrachivD Sk AnebBldny plifit forOa s ﬁ@@ndb{dﬁ%"‘&t Lon,

are attractive as recipients for transgenes expressing co rcla

val uabl e pr altsicitde pusducgsasplobnarace whsityakeneticafmengivearedrpohenddiceon veipod
addi tives. 'Iioba co is attractjve as.a recj[qpi %ntgffl ant for, a tq'?ns%ene
encodi ng a &S PUHRE P oAflcet obakeo plgntt Yot tedused resoushefrtled (P BikgiRRer ed

and pr odycespraduetby acdo;i\ﬁiﬂgl_ybsivmm§ nik9E rd6iRes 4vARARIE ForPradictioNior frah§dne ed
resources devoted to nicotine 15 production accordingly wll have nmore

resour ces avpdugts. eMedhodpr ofdl deensformiog tebapeyerith tpnsghnes sprofecing ddesived
transform nq)r&%%?scgr% 13’1‘40% & %Qsagt? %? sﬁfté}oqg %écﬁgiqglg Srlaa{yeﬁje utilized with the low

nicotine tobacco plants of the present invention.

Tobacco plants according to the present invention with reduced QPTase and

20  PMTase expression and reduced nicotine levels will be desirable in the production of

tobacco products having reduced nicotine and/or TSNA content. The tobacco plants

described herein are suitable for conventional growing and harvesting techniques (e.g.

topping or no topping, bagging the flowers or not bagging the flowers, cultivation in

manure rich soil or without manure) and the harvested leaves and stems are suitable

25  for use in any traditional tobacco product including, but not limited to, pipe, cigar and

cigarette tobacco, and chewing tobacco in any form including leaf tobacco, shredded
tobacco, or cut tobacco.

“ It is also conterhplated that the low nicotine and/or TSNA tobacco described

herein can be processed and blended with conventional tobacco so as to create a wide-

30 range of tobacco products with varying amounts of nicotine and/or nitrosamines.

These blended tobacco products can be used in tobacco product cessation programs so

as to slowly move a consumer from a high nicotine and TSNA product to a low
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products are known in the art; any suitable technique may be utilized with
the low nicotine tobacco plants of the present invention. Tobacco plants
accordi ngvo 02/19se7 present invention with reduced QPTase anBCT/RO01RNIEsSe
expression and reduced nicotine levels will be desirable in the production
of tobacco products having reduced nicotine and/or TSNA content. The
tobacco plants described herein are suitable for conventional grow ng and
harvesting techni ques (e.g. topping or no topping, bagging the flowers or
not baggi ng thitiht ane TSNA ipfddumt FétexumplolaRiioker édhbedfi the Prohinhiking
manure) and the harvested [eaves and stens are suitabl’'e 25 for use i n any

traditional et sigaretigs baving Pmaiofgicoting andot-Smgwf nétpseminepgradyally mave and

i tte t - t in: incl uding | t ,
Shedded t olacnniiR EigERlt Bul PhETG R nd B b e Pl B
ni coti ne and/cigaret@bl/havirzasdmglesaitinbeshd DS RittRAINER, FOREREE Y aiRgrehbended

w th conventional _tobacco so a(i tqo create a wi de- 30 range of tobacco
products Wi t HeVER 7 HBe Birstine &nd P 2amedtiirpeming/followed by sigaaties having 4 dmg

bl ended t obaggQiRE QYRS TSRS tﬁ? @aqsiuﬂle{] ?gﬁ(‘fe%n% Q{n?gé S}élxgﬁesrég%eﬂgk R ans

so as to slowy nove a consuner froma i CO product®to a
low 14 WO 0Zirt@89 moPUTH B0 6iT®8aminks ot fmietirpnsmdiGhAahogedhet . Adoordigdanp! e,

a snoker can begi n,the program in bl ended cigarettes having 10ng of
ni coti ne andﬂ_leé@%de(‘}fm?ﬂe?‘%gégﬁ‘irﬁ’g?%ﬁﬁgrﬂﬂﬁqd? thgbasts fgba% ARIRP#E teireiice thices
with 7ng of RhGRoBfic PBEntiANE aunfintih ASRPLWRe s {thV\Ed by cigarettes

havi ng 5.0ng nicotine and 0.5ng nitrosam ne, followed by cigarettes 5

havi ng 218nmg nicotine and 0.25nmy nitrosanine, followed by cigarettes having
1.0mg nicoti NR @1”0' ne, TSNA unti.l the consuper decides to snmoke only the
cigarettes h ucleic acids encoding cis-acting elements such as NVic sene produgt responsi

snoki ng al t ogRinfe@iks. Accordingly, the blended cigarettes described herein
provide the basis for an approach to reduce the carcinogenic potential in
a human in a st epAWsd & wasihoef cisacting elgraenss eamd ussddm canying oui the podsenty

i o-act  ng. ol Semioh ° JGRARR BTk CRRANRLY SppfeFE T el hestit TavieR,
dependi n¢5 updmamples pécisiactihg eleapptsi(@Rd ¢a@respéndifierRisESHHEn fabieey) th@thay be
used, alone or in combination with one another, in practicing the present invention
include, but are not limited to, AS-1 and ASF-1 (see U.S. Patents 4,990,607 and
5,223,419), the AATT repeat element and PABF (see U.S. Patents 5,834,236 and

6,191,258), a wounding-responsive cis-acting element from potato (Siebert et al.,
20  Plant Cell 1:961-8 (1989)), an embryo-specific cis-acting element from bean (Bustos
et al, Plant Cell 1:839-853 (1989)), a root-specific cis-acting element from the
tobacco RB7 promoter (US patent 5,459,252 and Yamamoto et al., Plant Cell 3:371-
382 (1991)), a positive poly(dA-dT) regulatory clement and binding protein and
negative CCCAA repeat element and binding protein (Wang et al., Mol. Cell Biol.
25 12:3399-3406 (1992)), a root-tip regulatory element from the‘tobacco phytochrome
Al promoter of tobacco (Adam et al., Plant Mol Biol 29:983-993 (1995)), an
anaerobiosis-reponsive element from the maize glyceraldehyde-3-phosphate
dehydrogenase 4 gene (Geffers et al., Plant Mol Biol 43:11-21 (2000)), and a seed-
specific regulatory region from an Arabidopis oleosin gene (see US patent 5,792,922),

30  all of which are hereby expressly incorporated by reference in their entireties.
The status of the art is such that large databases list identified cis-acting
regulatory regions (e.g., Plant Cis-acting Regulatory elements, "PLACE", with some
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15 Exanpl es of cis-acting elenents (and correspondi ng transcription
factors) that nay be used, alone or in conbination with one another, in
practici moohesepr esent invention include, but are not |iPpPCT/@dorw788AS-1 and
ASF-1 (see U. S. Patents 4,990,607 and 5, 223,419), the AATT repeat el enent
and PABF (see U.S. Patents 5,834,236 and 6,191, 258), a woundi ng-responsive
cis-acting elenent frompotato (Siebert et al., 20 Plant Cell 1:961-8
(1989)), an enbryo-specific cis-acting el enent frombean (Bustos et al,

Plant Cel | 1j 889 uffRs( éue%&%i :ﬁ/w%vsf.&%%t.aTﬁ@.%S.ﬁﬁ/hﬁtdSés?Pl?&éEf}gan%' Iﬂﬁi%“éisfa[c?ﬂ%grle

t obacco RB7 pronmoter ( patent 5,459,252 and Yamanoto et al., Plan
3:371- 382 (Rewdatyry Elgrosits i \PéampCAREIA-vdiigh rlistfulsamer y5%| mars nproavederbisaeli ng

017 o ook Rt g o e ShE PR e By e i s BBy sEBFD eR orrent

fromthe tobageQidiMtQHAR® cisAbtif REBkRIry elenteAARSré HRAMeLn RaumbRitant

Mol Biol 29:983-993 (1995)), an anaerobi osis-reponsive el enent fromthe

mai ze gl Ycerefl dehyudeig agifsoBpiearak 24893-aPodeBeand dhge of @bf MNackicucids . |
Plant Mol Bigl 43;11- 0 - . i fi | i
fr grr:] an Ar alb‘?%ﬂ%’icé %72%%%89@3%9)( %g‘g %S%geg %@P %%E?%%%?Ofa@grélv{ﬁg#n?c\hi ch

are hereby expirgiably, tHRRctasataad réf¥rehedsIb6 i€ greilRrdbly@ixpregsly incetpoeged Bne

status of the art I's such that Iar(gdei.dat abases list identified cis-acting
regul atory riefrenss inethgir enfiretigs. chdditienal ggamples|odtcay-getivReresweatory TEIiNEE"

with sone ) /18 / tE] .S
http://ww. éﬁ%{%g‘cgr?lc&gg%ﬁpﬁ ote#?g)éﬁ%i%@ t Heaﬁﬁglq’tﬁghngﬂc ’S . ag%lorr%j © ]I:?egﬁ? atory
El enent s10' Pl Boos#RiEre JWRoajanl Ws BoudeneM] $8ima-Retienati dyoCkaractaeation of cis-

htt p://sphi nx. rug. ae. he: 8080/ Pl ant CARE/. The listed cis-acting regul atory
el ements in Clemeds redtired Jeb ¥asgulgr expression %fcf?lp ﬁgma@@eff GPOr Spd et aseeshe 2dhat

are provi dedg, 4 t : [ id . 1 =
(1508) " and o BroEHIDRU Sl fdtmatiod ¥EEY 93 264167900 U [ S T, e
used with enlokilnEmnt €Aof tolkes inrthe pranwoter ofAbe Arahidayisis, flarhleordat mleaistygeaad

Crt 1ot os: AOATATOLMEEREHSE Setlaket RERRTePuEona T IELFIRE (Dopi o'
can be used @bidbs s.q‘mﬂhﬂﬁm.ﬁwafc%ogml LY #Rch&R INGE&ionl FaQiER8lofmeMally 10

Door ssel aere J, Boer&an W Boudet AM Grima-Pettenati J,, Characterization
of cis- el ensgrletedelgid-biadingr fagtes sithasites ppnking tove differane faiititpemng 2@sA

reduct ase gefgaAShd Fiaff P TBMSTBLE Y105 B &1 Wt €3 1963; 676
Guilfoyle T. Auxin-induced expression of the soybean GH3 promoter in transgenic
tobacco plants" Plant Mol. Biol. 17:567-569 (1991); Pastuglia M., Roby D., Dumas

20 C., Cock J.M., Rapid induction by wounding and bacterial infection of an S gene
family receptor-like kinase in Brassica oleracea, Plant Cell 9:1-13 (1997); Grierson C,
Du JS, Zabala MT, Beggs K, Smith C, Holdsworth M, Bevan M Separate cis
sequences and trans factors direct metabolic and developmental regulation of a potato
tuber storage protein gene Plant J 5:815-826 (1994); MBSI, Petunia hybrida MYB
25  binding site involved in flavonoid biosynthetic gene regulation, Koes R.E., Spelt C.E.,
van Den Elzen P.J.M., Mol JN.M. Cloning and molecular characterization of the
chalcone synthase multigene family of Petunia hybrida, Gene 81:245-257 (1989);
Inaba T., Nagano Y., Sakakibara T., Sasaki Y., Identification of a cis-regulatory
element involved in phytochrome down-regulated expression of the pea small GTPase
30 gene pra2, Plant Physiol. 120:491-499(1999); DRE, Arabidopsis thaliana cis-acting
element involved in dehydration, low-temperature, salt stresses, Yamaguchi-

Shinozaki K., Shinozaki K., Arabidopsis DNA encoding two desiccation-responsive
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Jack T The CArG boxes in the pronoter of the Arabidopsis floral organ
identity gene APETALA3 nedi ate diverse regulatory effects Devel opnent 125:
1647-165WQ 2988)7 15 Cordes S., Dei kman J., Margossi an L. BCT/URbisshesr R. L.
Interaction of a devel opnentally regulated DNA-binding factor with sites
flanking two different fruit-ripening genes fromtomato Pl ant Cell
1(10):1025-1034 (1989); Hagen G, Martin G, Li Y., Qilfoyle T.

Auxi n-induced expression of the soybean GH3 pronpbter in transgenic tobacco
pl ants” Pl a Bi - 6 i RN s 20
C., Cock J. Mnltd2 l%%?sélplpir%tlj% Sllglhi%f;ﬁ\ilo%%di nth%%‘ bactbié?}%{lT?r%‘g%'%%mc%{ggn S
gene fam | yM.eWeptentr Pl, iHedlttdckaKe $omBichskEs dntetastion of elifitarinduetl IDNAL- 13

1997); Gierson C,  Du J I MI, B K,. ith C, . Hol t
bevar) M Sopaiagie drotent, Bl ATeton Pyl Qongut dp b mergbtehop b BaRTey ERY
devel opnent adenee ENBO sznl5@20).85_69915%@_(1Q%W@Lﬁk@aﬁ-a@ﬁ@g lehegiRoREea J

5:815-826 (1994),; MBSI, Petunia hybrida MYB 25 binding site involved in
fl avonoi d bi edlygycletcgulagendte dyuCtguioM,; C.KSekabr M., Olgyeel + HatasS., Kopelni ben

El zen P.J. M | J. N Cloning .and ol equl characferd zatipn of .th

chal cone synﬁﬁ%@oﬁuﬁt %@Wgafm I On&ﬁ‘m’ﬁgt%‘m g‘ﬁ]ﬁ%%edaf{' gee &g :fﬁ%{l%‘g

(1989); |natli3ﬁlsa}-iﬁ»tidﬂaaﬁm3 afd, B-BafeaihiradyRlid . gen&R &2 kynchronohél ethired, Paddtan of a
enment involved in phytochronme down-regul ated expression

i s- | at
SI St LﬁgEeZ 2%983?@%‘5%9730611@9#@@%&9 Imrehyt exmgsshoincompatad by 4of5rengedy ;

DRE, Arabi dopsi hal | a .S i e i I i 0. d -

| owt enper at t@rgfé,%njggﬁ%[eé's '[1 rﬁé }slérgg%%}g@n%%%c 5i I@%?tggpz{agﬁyee%ﬂ &gﬂcg%z%‘%a“ﬁﬂg

Ar abi dopH) s A fehe hostrgllt(wg., hes associhicd wwithe Sposciceping LenddO k2 /a8 ed3¢ntial

PCT/ US01/ 26788 r.d29 genes, Plant Physjol . 101:1119-1120 (1993); Rushton
P.J., Torr esfoybysic el FRCHRES), Rt argdinediopalfy 9SSP@ﬁIeBm8qugul,(aﬂ% REBICERTPDE

I nteraction b Sk ERhiN HNA P ) ' i bCf

response el e%an%gbi%'rrft 1e§’ gfrd%&n%tgters S‘I’IPBQ"?E e&%%%ﬁé@yﬁg%%%%%%am
15(20) : 5690- 5700 ¥i9g6ne phdsict irksponsise ademergs edarnbntisalated| bye derieenibg cthé |
cycle regulation, Ita M,. Criqui. MC., Sakabe M,. Chno T data S., . Kouchi
" Croni nobopterzaRana T achesd ity fanserptop ARG Desdhe M idhe BrbdHia oc
transcripfi of f sdine AN dsYRScribed Meref, Gk chn 88 MRHIFBI BY RAGHHARAIS 16 WHQT €S,
Plant J. 11:983-992 (1997), all of which are hereby expressly incorporated
by ref er enceld NO:t hb¢reineandispbseijeent s¢raenjeg éardhe alpiliforbincthgNec génermsadurct t hat
are not criti(;[ﬁ(l3 to Suet&Ibréiclngl 10 life of the host cell (e.g., not

associ at ed witA° M{80¢e epl né’ é)@'nes" that are essenti al

Nucleic acid sequences employed in carrying out the present invention include

naturally occurring or synthetic fragments with sequence similarity to SEQ ID NO:1
20  or a fragment thereof consisting of, desirably, at least 20-455 consecutive nucleotides,
preferably, at least 30-400 consecutive nucleotides, more preferably, 50-350
consecutive nucleotides, and, most preferably, 100-300 or 200-400 consecutive
nucleotides. This definition is intended to encompass natural allelic variations of
DNA of SEQ ID NO:1 or said fragments. Thus, DNA sequences that hybridize to
25 DNA of SEQ ID NO:1, or the complement thereof, may also be employed in carrying
out the present invention. Preferred embodiments include fragments of SEQ ID NO:
1, or other Nic gene product responsive elements (i.e., elements that bind to the
complement of SEQ ID NO:1), that retain the ability to bind the Nic gene pfoduct.
Such fragments will, in general, be continuous fragments or portions of the naturally
30  occurring construct that are at least 20, 40 or 60 nucleotides in length. Conditions
which permit other DNA sequences with sequence similarity to SEQ ID NO:1 can be

determined in a routine manner. For example, hybridization of such sequences may be
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for basic cell functions), but are functionally associated with regul ating
transcription of a gene or famly of genes that result in a non-|ethal
phenot ypiwoohassge in the plant. N c gene product responsipeT/@harmsmss can be
i sol ated by screening the pronoter region of genes that are
transcriptionally activated by the Nic gene product 15 in the same nmanner
as described herein, or can be identified by hybridization to SEQ 1D NO 1
herei n and subsequent screening for the ability to bind the N c gene

product in alt?ﬁ ed BN EHdef ESit HRDIIE éhR:‘é’Ti E‘H&Ieﬁéfoxa&eﬂ g Cﬁ{‘&ﬁﬁlt?dm'(%ed in

carryi ng out e present 1 nvention inc tural urring or
synt heti c fragaiions representedueasesks |smﬂgamcytqf 08 ME[@(EIDON@M sodino citeate,
f ragnent thereof consi st(lJ ng of,_ desira | east 20- 455 consecutl ve

nucl eot i des, O-hYaF1a® 26 6(°C aF ey 4 Cdp_ MQ@&W%%&W&@E%@% EH IR
preferably, ﬁ%’ ?ﬁgin'gcaoﬁ fnvﬁtuggﬁohﬂ%hgﬁa ngee ﬁ%bpc{o%fe? f‘b Ulecqlpag 300

or 200-400 consecut nucl eot | n|t|on S |ntende
enconpass naClonadg, & LebomtorpMatuab (ki Bé. ISEEQ/)(CCn‘Id Sipting [BIMrlLaiforaaryd). In

f Th h b \ of I.D NO |,
t ngg%femgﬁun%{qlr%;gq gég‘?”%];beg% lég?ﬁl%léﬂ%zlreniﬂtﬁf cé%’ %.Nq%? § Q g’pﬁ‘%’é"ent o
i nvention. Phgfigf 93‘% ﬁHHI%P'd?‘%%x?%%%hHH’@r fnr Mo %’Eﬁ tﬁf, se%ﬁ%ée%&@ herdin é,gr

other Ni ¢ gene product responsive elements (1. , enents that bin
the conpl enBiQ P SIEI@II IDdtmlﬁl)qtmmhalf F@IUaNTE Ishmlahylare ymade tyithd thehéwbi c

duct. Such t f t
Dorti bnaof - SoHUCTHE Ao prasttth B eps i et D BYoteceleet Doge” 40
or 60 nup) eoihfRs] Al ahl%%& I n@iﬁﬁkﬁ%@cﬁﬁchlﬁ@' Gdp RBEME bf 0 BEles A prB&NCES

wi th sequence simlarity to SE 1 can be determned in a routine

manner . For gapalepgtds ofiyher @s&ame.mﬂreopreﬁemﬁ gz gan dangthsesf Der lesy sibname 18607
PCT/ US01/ 26788 rried out under conditions of reduced stringency or even
stringent cofi¢ fetni ghs (e.g., conditions represented by a wash stringency of

0.3 MNaCl, 0.03 FhsONA rﬁeqﬁdnrcatoe the @rcbntSaSetioS My WonsivieessdidfallyofONA Wit h
t he sequence given herein as SEQID NOQ 1 using a standard in situ

hybri di zat i offaaesgy Progided jhergan¥EQK IRt NQ:1), apeedyplant sudesifiengequances
aborat ofy BBl R o R BREI0 Hl SPOLBIOT A i,
simlar, 85% sinUkaofthe@hrase fisubatantiadrsequance Sin¥dagityti indhe pesemspexificstion t he
E?ﬂ]ufg(r:?t 3‘ \éﬁugi eljéxgsl %e?x?p ﬂ]ﬁm 1or aPrgltn%re{El %éciu%plgesovtfhlch %le{\(faengl?ght and
non-consequential sequence variations from the actual sequences disclosed and
claimed herein are considered to be equivalent to the sequences of the present
20  invention. In this regard, “slight and non-consequential sequence variations” mean
that “similar” sequences (i.e., the sequences that have substantial sequence similarity
with the DNA, RNA, or proteins disclosed and claimed herein) will be functionally
equivalent to the sequences disclosed and claimed in the .present invention.
Functionally equivalent sequences will function in substantially the same manner to
25  produce substantially the same compositions as the nucleic acid and amino acid
compositions disclosed and claimed herein.

Additional nucleic acid sequence for use with aspects of the invention include
the Nic gene product responsive element, which can be obtained from the sequence
disclosed in U.S. Patent No. 5,459,252, herein expressly incorporated by reference in

30  its entirety. In some embodiments, the Nic gene product responsive element resides

between -1000 and -600 or -700 bp of the NtQPT! promoter. Accordingly, some
embodiments involve a 300-400 nucleotide long fragment of the NtQPTI promoter
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sequences aligned for maxi mum matching; gaps in either of the tw sequences
being 10 matched are allowed in maxim zing matching. Gap | engths of 10 or

| ess arewoet/essped, gap lengths of 5 or | ess are nore pre¢eUsederssnd gap
|l engths of 2 or less still nore preferred. The DNA sequence of the present
invention may consi st essentially of the sequence provided herein (SEQ ID
NG 1), or equival ent nucl eoti de sequences 15 representing alleles or

pol ynor phi c variants of these genes, or coding regions thereof. Use of the

phrase "substantdfs &mwsmﬁ@seaheﬂdeaaﬂtﬁe/m@ﬁﬁ gﬁ)nﬂft@xslfeﬁze&p-qgm hGpldo@nr and

cl ai nms means that , RNA or 'am no aci d Sequences whi ch have slight and
non- consequetdOais d;sdmdce%rﬂmbimsSﬂﬁ%,ﬁﬁl he act uaI sequences di scl osed
and cl ai med herej re considered.too be e % Ihe se uenc f the
present 20 invent :DM SPHIHTS P‘i"ébﬁ’gflc}m“yﬁaﬁm § c’t?f‘%éq fﬁ st

sequence var tdlsi S GEscudBAbeldiad Vaﬁét?fbf SiiitabiClH4E BARS he{vmgi‘desuhlblé gmﬁ%aes
that have substanti al sequence simlarity wth the DNA, RNA, or proteins

di scl osedp anbarsiﬂlagmeﬁeqs@rﬁ)reamhylavwéablqm@h¢ athal |y equivalent to the

sequences dISC|OS t.he. i Dy ntl nct .

caui val ent  sequencis Shie P RLTCEo kb 4% SRR B0 bR E0ReE o5
produce subsam@htiaghd s tahmoaame of ADNASs IRN AN Solgpeptites i Greeths afiéahs aisk i no
acid conp03|t|ons di scl osed and cl ai ned_herein. Additional nucleic acid

sequence f or DB RiVAnpelypentides e profeans sovdastenatied ihave bepa separatefjfionythedr in

product resp H%!]E}] r he ggﬂeﬂ

di scl osed i n%?ﬁé\éﬁ\gg}f ent \P@ %%@WBQ% fé?%l%lrgq@%ﬁ%ess é/s |’%;§:§r por% 1élleaby

r ef er encH) i n“@ive IBNArseijnericy” ot r‘nlesmabmﬁb@equmm”smeiﬂsm NINA gezjuendzr wilicht
responsi ve el enent esi bet ween -1 0. or_-700 bp of the Nt QPTI

promot er. Actdy b ’r?a g?fﬁémné%‘é%ﬁ% qrﬁ%ﬁé‘i‘% a4ive AINAGOYFIETSBE itRRSE| ong
fragment of @vﬂﬁ:h”ﬁa%-ﬂot BE&erﬁﬁirmall%rsah}é\Qdo 208804 E@_ﬁy§qu aﬁlz%gnes'ig'@ ce

corresponds to the sequence of Nt QPT1 pronoter between 00 an

or -700, asnrd:wdDNéessbquq:nceB &e 1H>atté'ml ROlA ﬁqomaleBMVm@maus@HWnswemeew ded
herein can be transfor. ar| eosd)(l ‘?f; host c di scudssed

bol ow, A var P8YPegegi T B s 2rd BEpf HiRg repobrbiogd 9pdLie 255

handl'i ngj pr operiino®& indh& art LALLM K¥dh! #Bhtvel BlaktIBNAT deq ué&@ 1@ihai Raichagse
"isolated" or "substantially pure"” in the present specification
be isolated from non-transgenic plant cells or tissue. As used herein, a native tobacco
DNA sequence is that which can be isolated from non-transgenic tobacco cells or

tissue

20 2. Nucleic acid constructs and transfer vectors.

Nucleic acid constructs, or “cassettes,” of the present invention include a cis-
acting element such as a Nic gene product responsive element as described above,
typically as a recombinant construct in a linear or circular nucleic acid that serves as a
transfer vector for introducing the Nic gene product into plant cells.

25 The construct or cassette may be provided in a DNA construct which also has
at least one replication system. For convenience, it is common to have a replication
system functional in Escherichia coli, such as ColE1, pSCI0l, pACYC184, or the like.
In this manner, at each stage after each manipulation, the fesulting construct may be
cloned, sequenced, and the correctness of the manipulation determined. In addition, or

30 in place of the E. coli replication system, a broad host-range replication system may
be employed, such as the replication systems of the P-1 incompatibility plasmids, e.g.,

pRK290. In addition to the replication system, there will frequently be at least one
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and clains as a nodifier of DNA, RNA polypeptides or proteins neans that
the DNA, RNA polypeptides or proteins so designated have been separated
from t heiwoozi86vi vo cel |l ul ar environnments through the effper/gsaf26hgsran
bei ngs. As used herein, a 10 "native DNA sequence” or "natural DNA
sequence" neans a DNA sequence which can be isolated fromnon-transgenic
cells or tissue. Native DNA sequences are those which have not been
artificially altered, such as by site-directed nutagenesis. Once native

DNA sequenceﬁgﬁépp}eggrﬁt Mﬂcﬁ%a%ugagﬁﬁpgﬁéoﬂ“ﬁ%wﬂoﬁét& VEERDR RERURGES

may be chem c I

y- synt hesi zed ‘or produced using reconbi nant DNA procedures
as 15 are kniodividual hosts.drhat ishene sacken anayi e, emploxed foe spleatnan DNAprokepyetice i s

t hat which can, be..i sol.ated from non-transgenic ant cells or tj.ssue. As
used her el . BRtdfils, A BHS MeE? BRAY DR ee b Rieehom it ancerhembif ¥ oq
from non-tr apggandy ihé%ﬁ&ﬁ(h_o@@ Ihe Rdrkers inSSUSe BldtedtioNdgAiRitCa W6kide,GABB RS UCE S
and transfer vectors. Nucleic acid constructs, or "cassettes,"” of the

present iSnveantibiniicentdxiare heavy gnetalst onghe|likee mays provides cemplemenfetien,pbvduct
responsi ve el enent as.desecribed ahove... typically as a,reconhinan
Conbtruct i rinspariie BR8P piecH Bk G s PPedid ESAIRE P botyms o
vector for iftdupHubd podteiRnNfe BeBcoMRUHE in thetplunpl ant cell's. 25 The
construct or cassette may be provided in a DNA construct which also has at

| east one repli catpelpicsicd epnstimgts el theepricasit dnvantion gnaso iedilet enehar, anoze

replication t i (e = =i chi [ ha. | E1, 101,
bACYCLB4, o FALHRE! (0Rhs bRESERES, 5% B ) o ST T B pheachl
mani pul atG oneletbigt(s) @s hhdntg tieostabititic indfeyhdreditabl Ity dtbrecfeagidssciblbd iand.St he

correctness of the mapipulation determ ned, |n additjon, or 30 in place of
the B col i VBN St o708 bt hampiasat shost 7 4huo Thgrbeamst b ueE el nay
be enpl oyed, (oSyeihafSydd1€: 41ER,3 7247801 PiYcth e?fa}.:[ 8%06348 I GROR dnﬁét'dl.t,y,

plasm ds, e.g., pRK290. In addition to the replication syste there w ||
frequently badat,0B2a25 tonEhonigso@t0d/, 186 QliscRESTreISH WABHSEe inegrkeratadr bpent ,

whi ch may be gseful in one or e hosts, or different markers for
i ndi vi dual hisEFrEncehgIgin fthelf entitelyt \ o nmy be enpl oyed for selection in a

prokaryotg ¢ host ThdWididus fs EFRHEHind B RRioATRLAN RG] MdssdiRbkesbikers, i n an
eukaryotic host, particularly the plant host. The markers may be

protection agd ethks by be detrodnged corsesuitively by aestiefiont encyms, cldpgags ofdr al s,
or the like; aprig%gpr %e \r/eip%%at?o%n?}ls%rﬂ% it iirlsQerf'tiorp ¥f the particular construct or fragment
into the available site. After ligation and cloning the DNA construct may be isolated
for further manipulation. All of these techniques are amply exemplified in the
20  literature as exemplified by J. Sambrook et al., Molecular Cloning, A Laboratory
Manual (2d Ed. 1989)(Cold Spring Harbor Laboratory).

Vectors which may be used to transform plant tissue with nucleic acid
constructs of the present invention include both ballistic vectors and Agrobacterium
vectors, as well as vectors suitable for DNA-mediated transformation. These are

25  discussed in greater detail below.

The nucleic acid constructs molecules and vectors used to produce the
transformed cells and plants of this invention may further comprise a dominant
selectable marker gene. Suitable dominant selectable markers for use in tobacco
include, inter alia, antibiotic resistance genes encoding neomycin phosphotransferase

30 (NPTII), hygromycin  phosphotransferase (HPT), and chloramphenicol
acetyltransferase (CAT). Another well-known dominant selectable marker suitable for

use in tobacco is a mutant dihydrofolate reductase gene that encodes methotrexate-
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i nparting prototrophy to an auxotrophic host; or may provide a visible
phenotype through the production of a novel conpound in the plant. Nucleic
acid conwoupisonf the present invention may include one PCT/S0IE26788aL i X
attachnment regions positioned 5, 3, or both 5° and 3' to the cis-acting
10 el enment(s) to enhance the stability and/or hereditability thereof, as
described in U S. Patents Nos. 5,773,689 to Thonpson et al., 5,773,695 to
Thonpson et al., 6,245,974 to M chal owski et al., 6,239,328 to Thonpson et

al., 6,100, 414;%5{\?% TRApRIRAatEt r@uctase. AMN A, %&01%2%05&1&5@ mﬁﬁ’ﬂletetﬁnﬁtiotict he

a .
di scl osures o ch are i ncorporated by reference herein in elrr
entirety. 15reSivaneaganesisainfl tlageneresporclomgantibiais.tdre coramiemiadlycayadablect s,
cassettes, markers, and the like nay be introduced consecutively by
restriction enzyne cl eavage of an appropriate replication system and

insertion ofst pgmpa,ratnisfmhﬁ,rﬁogo%gﬁ%ﬁogranﬁr@@@ﬁoﬂ. nto the avail able site.
After ligation and clonrn € construct may be isolated for further
mani pul aty on. Al ITmnSfDrmgfg celelare gelegediont afphy suxenpding inogulaiion tod mm-
literature as_exenplifi.ed by J. nor.ook et -al . lecul ar Cl,oni ng, ;. A
Laboratory ﬁ&’ﬁﬁ“ﬁ?z"ﬁhﬂ’y ff‘@%‘&% ?&In&lx lpf)ﬂl’bl%l‘-% Bgl?:e SH6Y & %L}’lt))l)“? "%gé%r S
whi ch may becsaging anappidpfiatPoRtaaihtién 65MHE afibibtid 2ot caRboundaRipbllyict S
of the present invention include both ballistic vectors and Agrobacterium

vectors, as Wiqtodhe ¢lls) ggaingwhighythe ehgpenpigmingifi sslestiblermpdengenstnroduct These
25 di ] t-ar..det aj | T ' ' .
are ' 502(:}3&&9 rellsiHh&? &ﬁ{ug, %?‘@) dkho*'s’? H‘;’%}ﬁt %e'ﬂﬁ BLCHEIL bgega; ﬂ?&;ﬁ%ﬁ#%@s of

nol ecul es and vectors use uce t ranst or ned
t hi s i nvEnt i anviveynd miultijdy. conpri se a dom nant sel ectabl e marker gene.
Sui t abl e dom nant. sel ectabl e markers for use ip.tobacco. inc¢lude, inter

alia, antibiotic MeEods ghcrakirmecorvesar R Feﬁe e RbEPRBEGT i fEsREde 30
(NPTI), hy gfngmog'f{}sCA %%A% ﬁg&ﬁ%@pf@éﬁﬁ?&gﬁa@mﬁ%Qf@m%ﬁegp!ggicau

acetyl transferase rwe nown nant sel ecta rke
sui t abl e f orresidge inra tissbacappblesofacganterativn ) iThy gzt otlhisehere trastfarsedgeiteat hat
encodes neth i\]'r‘{xat - 20 WD.02/ 18607 PCﬁ/ US01/ 26788

8‘&&5%"8

di hydr of of at GCOPRUS 8 CATEE G R BT R4Bh SPSietpet peein)
resi stante gaResSrecaMBinafeplatl 1598 RMCFH M thd trahdfeitnedasISntCRIMAE ekAlhinéd
avai l abl e. 3. Pl ant tra‘ns?or mati on, regeneration and propagati on.
below, the transforming step is carried out by techniques as are known in the art,
including but not limited to bombarding the plant cell with microparticles carrying the
transcription cassette, infecting the cell with an Agrobacterium tumefaciens
containing a Ti plasmid carrying'the cassette, or any other technique suitable for the
20  production of a transgenic plant.

Microparticles carrying a DNA construct of the present invention, which
microparticle is suitable for the ballistic transformation of a plant cell, are also useful
for making transformed plants of the present invention. The microparticle is propelled
into a plant cell to produce a transformed plant cell, and a plant is regenerated from

25  the transformed plant cell. Any suitable ballistic cell transformation methodology and
apparatus can be used in practicing the present invention. Exemplary apparatus and
procedures are disclosed in Sanford and Wolf, U.S. Patent No. 4,945,050, and in
Christou et al., U.S. Patent No. 5,015,580 (the disclosures of-all U.S. Patent
References cited herein are to be incorporated herein by reference). When using

30  ballistic transformation procedures, the cassette may be incorporated into a plasmid

capable of replicating in or integrating into the cell to be transformed. Examples of

microparticles suitable for use in such systems include 1 to 5 micrometer (um) gold
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5 Transforned cells are selected out of the surroundi ng popul ati on of non-
transforned cells by placing the m xed popul ation of cells into a culture
medi um oVODZISSINY an appropriate concentrati on of the anpChusti/wm7§8or ot her
conmpound normally toxic to the cells) against which the chosen dom nant
sel ect abl e marker gene product confers resistance. Thus, only those plant
cells that have been transfornmed will 10 survive and nultiply. Methods of
maki ng reconbi nant plants of the present invention, in general, involve

first provi dééisi&lgr . PhaPNg %bﬁstﬁﬁ?ﬁﬁgg%eféee%%@;g% %}%ﬁré}?}#ﬁd@@%%ﬁ%le

typically r Ing In a tissue ca ant cell is
t hen transf otepiedqus, stichaas HPpeapitgionuct conprising a cassette of the present

invention (as desgribed herein) 15 and a reconbi t plant is regenerated
from the t 1 anst or NEEOS {eGeqderiie VERir SHERS UBarbi CRREnE olh OPHRFG. ot ep
is carried Ouyedibnl 86 mﬁbﬁﬂ.elsoraes;aﬁabfe, @Q.V!;]htérﬁ Nd1@, 4501355 diftgdsslh Reethil foRot

limted to bonbarding the plant cell with mcroparticles carrying the

transcri pt i oansfggung eusteptiblet plagtst Hacloding dicets, avithagnodgutbecietinm strain
tumef aci ens _cont.ai nin . Ti, pl g carryd ng.the cassette, ,or any, other
tocnn que sureaarRer g T Malndl e AahfuRtyopr s SR me “Wia '

M croparti cl @srobastediiimdeatoPN dis€16§ddr Mal. SOPatbRENSr £383)853. Pahéd, ©NS. Pudéih
mcroparticle is suitable for the ballistic transformation of a plant cell,

are al so uselNaj4.94QB3&Sddlperoari<t al- ﬁ@alogwaawbi@amAgméafﬁeré%wpctphgéntqmn.
e o . \ . _ | f g
The micr Opar%ﬂnghqgchbﬁagg{:gr!%%&gﬁum' &g{i’aégs glrlg%ﬁaf@‘?{i heaTv@rgp{h%d{v’i? Gedoh 4 %ﬁr e

pl ant cell, i'S"regener h ansf or ned plant cell.
Any sui tHbI eplagthidi iaitine T eddion, rand sf secomd plasmitehidvitoh quiegiomtbut appar adgitsh)can
be used in practicing.the present invention. Exenplary apparatus and
procedur es aW@%HF%EWB@%%OWﬁhSBﬁﬁﬁﬁdnﬁﬁﬁovblf, U.S. Patent No. 4,945, 050,

and in Christou %% Z}F%h cgl?snullﬁﬂ%leﬁg dé&x sgg%éeéélgstl(thgﬁaﬂif %gl_pg%léﬁteﬁl &k -

all U S. Patent nc Cite rel eto or por a erel n by
reference). pemeyshmipn8opis| oStthe cisantingocloment(s) powdd cotunisserted hatocaaset t e

may be incorporated .into a plasmd _.capabl f.replicating.in, qr .

't egr at i ng LAEBIGHEMESFOr PR PEfERO R 0T BRI S BITTE AL es

sui t abl e § or pdigBarietUsHicE Vit SiRed MultplecdpidsCofah8heh PRRIEONAThtdRe Plardl WO
02/ 18607 PCT/ US01/ 26788 spheres. The DNA construct may be deposited on the

m cropart i cl gengyeanyhe @ctuiab hembere oh they dis-acigng: hleasnbywhether pachainiiyidually
present on a vector such as a plasmid, counting multiple copies on a single vector or
plasmid, or combinations thereof) that must be inserted into the host cells (and
progeny or daughter cells thereof) to obtain increased or decreased levels of the

20  protein of interest in the cells and plants of the invention will depend in part upon the
particular element, but in general will be at least 20, 30 or 50 to about 500, 1,000 or
2,000, or more.

Plant speéies may be transformed with the DNA construct of the present
invention by the DNA-mediated transformation of plant cell protoplasts and

25  subsequent regeneration of the plant from the transformed protoplasts in accordance
with procedures well known in the art. Fusion of tobacco protoplasts with DNA-
containing liposomes or via electroporation is known in the art. (Shillito et al., “Direct
Gene Transfer to Protoplasts of Dicotyledonous and Monocotyledonous Plants by a:
Number of Methods, Including Electroporation”, Methods in Enzymology 153, 313-36

30 (1987)).

As used herein, “transformation” refers to the introduction of exogenous DNA

into cells, so as to produce transgenic cells stably transformed with the exogenous
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Nunmer ous Agrobacterium vector systens useful in carrying out the present

i nvention are known. For exanple, U S. Patent No. 4,459, 355 discloses a

met hod f ovo oB1g6paNSt or m ng suscepti bl e plants, including BCT/OBG/26088t h an
Agrobacterium strain containing the Ti plasm d. The transformati on of woody
plants with an Agrobacteriumvector is disclosed in U S. Patent No.
4,795,855. Further, U S. Patent No. 4,940,838 to Schilperoort et al.

di scl oses a binary Agrobacteriumvector (i.e., one in which the

Agr obacteri 0 b i 1 t { i f T asm d
but no Tr em' r%ﬁdg %’12;:ﬁ%gﬁhﬁgéﬂag?nnﬁgﬂtgg?tﬁgggyd#errléé(glfgcl}% e%tac?ldofg\ﬂagsggggi on)
useful in cataughtegooprogthecdlls ef drtinitially hihdormeliscells,hing iprefoalypasizdrto of

decoy sequences. nust typically be present jn the.  gen , .tandem copi es of

the cis-act ilﬁberétg%n@htp(rggen&’oﬁ aHtSb8Pit ‘“séﬁ“é%ﬂ’@ﬁ‘?d’@?s &g‘ﬁ%ﬁ%tsﬁﬂ?"ﬂ&n %‘?t or,

but the pr efa%g;&gﬁyr}séﬂageceaf r %%Ptplgrﬁgnsfor mation is by particle 15
which’in i

bonmbar dnent roduces tiplée copies of the transgenic DNA into the
pl ant génome. ThEraastbunéd pellsbrre infuctdéo rigsneratei ingceplentsrthrough epplésatiemch

i ndi vi dual l'y esent. on a vectar .suc S a md,.countj mul ti pl

copi es on a %fl ‘?? I?@CC@%SPSI"HBWe tﬁ&&%%ﬁea?h%raf% aﬁﬁ%ﬂ’sg‘tet?é# Qg\e)m”ﬁftﬁ%‘? oﬁust
be inserted jptiQesdiRriontis BRIskS sd AW beRbaPaAe MHithkab d¥iesd ertansfolhgicef) to

obtain increased or decreased |evels of the 20 protein of interest _in the
cel I's and plAfiersregenaraiéon of/wansgeric wlants Gepenensiormsd reellsgbe intrsucegth PNA ul ar

or 2,000, o gre. el byl 1 SERL sfitn AP I EOR B i T

of the preesentedihgpridtitaindyvithoat idreRpérahadationansf ormati on of plant cell
protoplasts and 25 subsequent regeneration of the plant fromthe
transformed prot opPragiasnle: tocaalya heesegragation o tiwurasess PNaAoRgensiatede

art. Fusion i = J 3 i ia
o1 et opor at P CRRE TR AIRAE g oG BRUNOP gl RV of
Number of Nt hote ool udl ng Bl 6ot 1 poar atL o MRhoda | n Enzyro] oy 183, -
u ' I , I n. Enz ,
313-36 30 (H@Bg§ic Dltg& a%f‘e‘a)gni*%zrygi"ﬂﬁ fg?ﬁ%@%ﬁn}%‘gﬁl&&oﬂéﬁf%&f& hegoryeptd Ry

i nt roduci{qd o i.nt a5 Lol "
col | ot yPIRits HAERALS, P wel Bokh ) Sranfifly 3R SR PENERIRSATRARBG

PCT/ US01/ 267881 produce R, progeny where each progeny plant carries the transgenic DNA;

progeny of heterozygous R, plants will segregate 3:1.
Nicotine serves as a natural pesticide which helps protect tobacco plants from
damage by pests. It may therefore be desirable to additionally transform low or no

20  nicotine plants produced by the present methods with a transgene (such as Bacillus
thuringiensis) that will confer additional insect protection.

A preferred plant for use in the present invention is any species of the genus
Nicotiana, or tobacco, including N tabacum, N rustica and N glutinosa. Any strain or
variety of tobacco may be used.

25 Any plant tissue capable of subsequent clonal propagation, whether by
organogenesis or embryogenesis, may be transformed with a vector of the present
invention. The term “organogenesis,” as used herein, means a process by which
shoots and roots are developed sequentially from meristematic centers; the term
“embryogenesis,” as used herein, means a process by which shoots and roots develop

30 together in a concerted fashion (not sequentially), whether from somatic cells or
gametes. The particular tissue chosen will vary depending on the clonal propagation

systems available for, and best suited to, the particular species being transformed.
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DNA. By "stably transfornmed” is nmeant that the exogeneous nucleic acid is
passed to daughter or progeny cells of the initially transfornmed cells,
and pref avabt/ysepassed to or inherited by progeny plants p€Twk@/terssnsf or med
pl ants (including sexually and asexually reproduced progeny plants). 5
Transforned cells are induced to regenerate intact plants through
application of cell and tissue culture techniques that are well known in
the art. The nethod of plant regeneration is chosen so as to be conpatible
with the nmetfod t j f f: n ' n j | ant s
fromtransfor m&*o‘ﬂ %:rl‘a/lt[sg?é{aﬁ%é{?%itcﬁiggt}%%éﬁ s%F\MIB (qgg’q%gﬁiygg’irbg%lg%({jn% I?/}qjt%ﬁ3 gﬁls erred
to ot her pl anlluysissuet existingmedgiematio vissite @l apitah meristednsh redldiynbudss aed i ces
and wi thout undue .experinentation. .For exanpl e, nal yze the, segregation
of the tr ans@%ﬁ‘in&“ﬁ\&? ’F"én;gB’r‘i]\??ef?r@ﬁrlﬂ?rpéﬂsl?%e%ﬁeﬁoé&éﬁf’én rﬁge)m ﬂ%@/ﬁlﬂg)cﬁg'gm to
maturity, tegb@dehpr |evels of the protein of interest, and selfed to
produce Rl plants.” A percentage of Rl plants carrying the transgenic DNA
are honpdygous f oPlantsef theaprespahinyemion maytakd ervaritty didemzs dbaplarts may p¢ ant s,

w1 produce WBr o mpiRard AP AT eyt Sulsy e, EOTRAAPYS TP ™" ©

DNA;  pr ogenyarRforhah®r @2/ JaliSceid tiRhalimedVitd |cofREH e@at@sate); N plahisn@ager ves
as a natural pesticide ich hel ps protect tobacco plants from damage by

pests. It nesompiisedrafie ob drapefemmeshrd vatranséirmed fispusy (©2ans ti8RFPMaRd H0tno
20 nicotine pl ant duc Fesent ' e uch
as Bacillus Q?%Lﬁr?lﬁég)ﬁ{ g)nasﬁ u%?ra?%fg{’lﬂ%l ﬁf&c%n%ﬁter %g‘fo}lg@l %%ﬁar?sﬁ(;srg%ta i’%ﬁﬁ‘g‘ [ %1(% i on.
A preferred | grpagated i5ea ivarittyeoP hrasy)tsucin\eertiy olonkls prpygaipacoeslasdica he
genus N cotiana, or_ tobacco, including N tabacun,t N rustic nd N

gl utinosa. Aptgeding tchnigpes. FaF pxaRPleIELEACEHORAY b Hanstprms PEW Bryuhe

ti ssue capab %5929 I dat tOLganQoenesi s
or enbr yogenggge&s)fto %ﬁg)e t g%@fsg?%n{@ddg vﬂg?ﬂlggt({)}gg%)oefﬁ%¥&tﬁ%g%%ne§gnt

i nventi on. Tpients efurtheor pmpagmet shaugh aslassed heeding, tavbaigsesa Pr cloessanby
whi ch shoots_and. roots are devel gped sequent.ial.ly. fromneristematic.
centers; theStssfanle %ﬁ%‘y@@%@%ﬂ@ﬁ' célgsti?s%ﬁoﬂﬁﬁegi%fh ARSA RQOSHugY c%??%ﬂgl

whi ch shppt spapfipgoots devel op 30 together in a concerted fashion (not
sequentially), whether fromsonatic cells or ganetes. The particul ar

ti ssue chosen wi|In vamy prefesredi embedimehis ef dhaalinysngpagia ksl ivguee dheg a

? \r/:inls? glr ﬁegogdfﬁgire]gt rtl)liarrsl‘t'gersoliJ e%gy to(r) ’cz'st-gzz%ng %’ié[nilé:nlf'sl e i%ge%idelﬁ c%ﬁé W4 retained

over many cell divisions to produce a transgenic plant with altered levels of protein or
proteins therein, biolistic transformation is used as described above, circular DNA or

20 plasmids are used to carry the cis-acting decoy segments as described above, the
circular DNA or plasmids that are used are relatively small (e.g., they consist of less

than 10,000 or less than 6,000 base pairs), and a high molar ratio of the cis-acting

_ element to selectable marker (e.g., 10 to 1) is inserted into the host cells.

As used herein, a crop comprises a plurality of plants of the present invention,

25  and of the same genus, planted together in an agricultural field. By “agricultural field”
is meant a common plot of soil or a greenhouse. Thus, the present invention provides

a method of producing a crop of plants having altered levels of a protein of interest,

(e.g., QPTase and PMTase activity and thus having decreased nicotine levels),
compared to a similar crop of non-transformed plants of the same species and variety.
30 While the invention describes methods to reduce nicotine levels in transgenic
tobacco, this method can also be employed to phenocopy mutations in frans-acting

transcriptional activators and repressors without cloning their respective genomic loci.
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23 WO 02/ 18607 PCT/ USO01/ 26788 Exenplary tissue targets include |eaf disks,
pol Il en, enbryos, cotyl edons, hypocotyls, callus tissue, existing

meri st ena¥® 02/18685ue (e.g., apical neristens, axillary budBCT/asei/ 267880t
meristens), and induced neristemtissue (e.g., cotyledon neristem and
hypocotyl neristem). 5 Plants of the present invention may take a variety
of fornms. The plants may be chineras of transfornmed cells and
non-transformed cells; the plants may be clonal transformants (e.g., all
cells transf 00 ' e ]:Wn [ rafts
of transfor rr%gﬁ%geé rﬁ%ﬁ?ﬂé\% gﬁﬁ&rc}erbﬁnt%??g% %&1)( gs%lg?edgh?lrlaggs orrrg %&Sﬁﬁlse?ock
grafted to am thatargriefdmfime degionowfithe prametsr gpeaegpond tdHeansergimhafanecs.

pl ants may be .prgpagat ed b variety. of ans, such as cl on

pr opagat i on l‘éz_flg's gﬁﬁgﬁ &or’ﬁr@é%‘ﬁﬂbont@@ SisgRfele PEygRoteL aﬂ{ﬁft&l B¥1|eP%rES & the
generation (Qombtor atd ARE] &F ARPoREBIENE aRR¥xREssicHRdMRLrdpBrtl Yehe hORBANXSRYS
second generation (or T2) transformed plants, and the T2 plants further
propagat éd tinrtranggend¢ axganisais. dsdaitimef transtuiptinneiactors ekomg pament tepbhelogizbl e

mar ker (such. as_npt. c be associated with the .construct t.0.assist in

15" br eed ng. S TS SHIHE RS AEe i BaarTEh b S PRk o bRl e nour e

that a suffigheRtranbdiition Fhctolg Foarlicidin a thith i€lseiBRbite & Gishpsakf &4 1 n

cells and retained over nagg cell divisions to produce a transgenic plant
1l

with alt er edofi gspnsp hagfarpcopuiinptely regilatedibysonher aase tisinggriptiopel activators.
transformati ' [ Cl ] are
used to car @Wﬁ?@ ?—iiea tFnS%&%;ﬁ/Sg%%%%hse Aia){g ?egé@%rol be %atbog%ee?éstatﬁgé@ a‘}é

ci r cul ar1(DNAcopediphtalyfegitlateB by oae or ioehirafseriponal iepedsyorsnal | (e. g., they
consi st of |ess han 10,000 or |ess than 6,000 base pairs and a high

ol ar ratio of {hds d108edaghqVidg thee PR iny Btign @é@da@r%ee%lw@l o isgpt 2P0t o 1)
IS inserted é)%%e%sitoﬁean %Rvn%%ﬁlﬁte S eXedifEo e Ero%én g?ﬂﬂ 8R4 R Tndé& the
plurality of ants of the present invention, 25 an o? the sane genus,

pl ant ed t oget¢dntiol ioh aaris-agfinigcadtivatiag efeinehtdin Byalietyr ofchist weldd, ifidledidg plars
meant a co n plot of sqil or a greenhouse. Thus, the present inventjon

pr ovi dos o WERIRISH AR Rl AR S a5 GRPRGPOting H1EOth ARG (ay ey ik of a
protein pf i ﬁhgi_r, 2 tbacteti8 - Qlis, KIH 3% 91ashdPMT B8, &E bhotbdiy aﬁ@%ga,ul%uhﬁ:\swg
decreased nicofine levels), "~ conpared to a simlar crop of non-transtorned
pl ants of t hplagaide capbeiised taimtreras Peniss of3golwiledechepiosendrim thereellescr i bes
met hods to r (aduceTl[PeI g)?a%prfgs \!vl%\éﬁ lfcﬁlolvxp a}ersgtnt%%ﬁ% Hlustrate the present invention, and

are not to be construed as limiting thereof.

20 EXAMPLE 1

Localization of cis-acting Element in NtOPT1 Promoter

To characterize the minimal sequence required for the NrQPTI cis-acting

element, the promoter region of the NtQPTI gene was isolated, truncated at the 5’

end, and fused to the gene encoding B-glucuronidase (GUS) to assess function as a

25  specific enhancer of nicotine production. The NfQPTI gene was isolated and
sequenced. The start of the transcript was determined by comparing the TobRD2
cDNA sequence to the genomic locus sequence. Sequence located 5° of the
transcription start site was defined as promoter sequence. Using PCR primers and the
promoter as a template, truncations were made at the 5° end of the promoter to

30 determine minimal cis-acting enhancer sequence (see Figure 2). The truncations

were fused to the uid4 gene, which encodes GUS. The fusion gene was inserted into
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t obacco, this method can al so be enpl oyed to phenocopy nutations in
trans-acting transcriptional activators and repressors w thout cloning

t heir respeor/186e7 genonmc loci. 24 WO 02/18607 PCT/ USO01/ 2BGB8S01PA60880t er
regions of a gene can be anal yzed, using technol ogy known by those skilled
in the art, to define regions of the pronoter that respond to transcription
factors. Typically, this is done by deletion analysis of the pronoter.
Nested del etions of the pronoter are fused to a reporter gene and
expression of Jdifor! SROELOAREE tyS BRRICREMoTs | 5t bARSSOPISARARM %

I sol ation of transcription factors using current tec ogies 1S very
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pr asor on oi-Ge BB iy Has AREL EAREE SReS iiorartint out 8o 15 R Emin
ci S-acting agUS/AiVY RACHBdI Y BYal etyoroéacﬂgégstﬁfc{ L Sleadi™® § p@éﬁ@:ﬁdmant

(particularly vascu pl ant suc nocot I cot ani mal (‘avl an,
manmal i an), trﬁnsfqmgmts werelrasdyed. a\ whlh and lstan&ardrdemauonazmﬂ determirtedo. GUS

bacteria and fu S t |ncr ase copi.es of

ol ecul ar - oekty i gaftators P cBrupRel e CaNaR SOl Brof a1 SR SRLE

forth topgl |G§ISV@B?IGIE%O%@15 MxitRY 8IS RBvitANEpresdn®n M OPT] faﬁp&m higd as

limting thereof XAVPLE | Localization of cis-acti n&E ement in Nt QPTI
1

Pronoter To ebtained vérenze>86he +A080 rhnl W@fe@uedade thegid4 genef dfiguteed)Nt S;lwlrter

cis-acting ele t he, pro i on

Cr uncat ed at PEREYE® Tobial RO ebP Bl Blepite e hEbti egPRSdf ek Sfase
(QUS) to asseesN/QRITH lchhcﬁﬁg letherft fe dbddted ©BfvaRA er586f ariil CTOONEp B asfugki on.
The Nt QPTI gene was isolated and sequenced. The start of the transcript
was det er ni nEESERIPRBNGAL Py t he TobRD2 CcDNA sequence to the genonic | ocus
sequence;; Sequence |ocated 5 of the transcription start site was defined
as pronoter sequence. Using PCR priners and the pronoter as a tenplate,
truncations were nade at the 5 end eEXAM®IE pnoter to

Localization of Nic Gene Product Binding Site in NfOPTI Promoter

The NtQPTI1 promoter deletion series fused to the wuid4 reporter gene

(encoding GUS) was transformed into nic/nic” homozygous N. tabacum plants. Ry

20  transformants having the transgenic DNA at a single locus were crossed with nic/nic
or Nic'/Nic* homozygous plants to give homozygous (nic/nic’) and heterozygous
(Nic*/nic) progeny carrying the transgene (NtQPTI promoter-GUS) at the same
chromosomal location. GUS activity was quantified in multiple progeny from
multiple, independent transformants and compared between Nic™ and nic” phenotypes

25 (TABLE 1). Ratios greater than 1.5 were determined to contain the cis-acting

elements responding to Nic gene product activation.

TABLE 1. Regulation of NQPT1 Promoter-Directed GUS Expression by the Nic
Gene Products in Tobacco.

30
Promoter Independent | GUS activity in | GUS activity in | GUS ratio
Transformants Nic*/nic™? nic/nic™ of Nic/nic
2.0 (2010)" 2 111.7 (7) 21.2 (5) 5.3
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tabacum Burley 21. GUS activity was assessed by dividing plants into roots,
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These experiments demonstrated that binding of Nic gene products is located
between approximately —1000 and -600 or -700 bp of the NtQPTI promoter as
determined by GUS activity in Nic'/nic” and nic’/nic” plants.

EXAMPLE 3
Regulation of NtOPT1 Gene Expression Using Molecular Decoys
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Nucleotide sequence located between —1000 and -600 or -700 bp of the NtQPT1

promoter is inserted in tandem arrays into a plant-Agrobacterium shuttle vector and
subsequently transformed into tobacco via methods known to one skilled in the art.
Plants stably transformed with said vector are assessed for the level of expression of
NtQPTI and for nicotine and/or TSNA content. These experiments will demonstrate
that tobacco transformed with molecular decoys that interact with Nic gene products

will exhibit a reduced amount of nicotine and/or TSNA. Plants with multiple tandem

insertions of the molecular decoy which have reduced NtQPT1 expression and reduced

nicotine levels are used for expression of commercially valuable products and

production of tobacco products having reduced nicotine and/or TSNA content.
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30 I ndependent GUS activity in GUS activity in GUS ratio Pronoter
Transformants Nict/nic 2 nic /nic 2 of Nic/nic 2.0 (2010) 2 111.7(7)
21.2(5) @26 02/ 18607 PCT/ US01/ 26788 46.6(6) 11.9(8pCcHUSII26388 1306) 2
92.4(6) 16.6(4) 5.5 93.9 (7) 12.9 (5) 7.3 1.0 (1042) 3 55.7(6) 18.3(4)
3.0 74.1 (6) 27.5 (7) 2.7 78.0(5) 17.2(7) 4.5 734 1 5.5 (5) 3.5 (5) 1.5
586 3 47.55 (5) 44.9 (5) 1.06 24.3 (3) 16.0 (36) 1.5 29.1 (33) 30.3 (19
0.97 535 3 71.6 (10) 50.3(5) 1.4 54.0 (5) 40.7 (3) 1.3 51.9(5) 67.8(5)
0.8 CaM 35S 4 32.7(4) 19.6(4) 1.7 #44ApPk 47-6 (3) 0.94 54.8 (5) 40.6
(5) 1.3 9.7(4) 8.6(3) 1.1 @&US activity 1S expressed as pnol MJg
protein/mn. ' Act uRleguationiof ASF-¥ Birfdipy Usingl NEGACEMblecylar Bretdresi s.

2Nunber in parenthesis indicates t nynber, of pl.ants tested.. 5 These
experi ments denons§s BREPtidReanRE it}%\@@blmileseg@ﬁéna%dfawgavfssm%@a@é@-
bet ween appr gl BRLSlYy, <hAA0 Beer afPBafifordQ0idAP a%lakiNGichPEL B BiERideE as
determ ned by”" GQUS activity in NNc+/nic and nic /nic plants.” 10 EXAMPLE 3

Regul at i dn okndNmQRT bnéSskifledup rtass sit.o nPlasts ngatip IteasfoameDerathy said Nigcloe diavele
sequence |ocatied | %X}EE gctivjitoyoc?f t;@gnqv-efcggg DA B%%?ngbﬁc‘%fr A5 NG teco gnizes

the sequence motif TGACG which is found in plant genes such as histone genes

(Mikami et al., (1987) FEBS Lett. 223:273); enzyme genes for agropine biosynthesis
(Velten et al., EMBO J. 3:2723-30); the octopine synthase gene (Ellis et al., EMBO J.
10 6:3203); and the mannopine synthase gene (DeRita and Gelvin, (1987) Mol. Gen.
Genet. 207:233); as well as the CaMV35S gene, histone H3 gene and nopaline

synthase gene.

15 EXAMPLE 5

Regulation of Spatial and Temporal Expression of

Beta-Phaseolin Using Molecular Decoys

The nucleotide sequence corresponding to UAS1 (-295 to —109) of the beta-

phaseolin gene is inserted in tandem arrays into a plant-Agrobacterium shuttle vector

20  and transformed into a bean plant via methods known to one skilled in the art. Plants

stably transformed with said vector have reduced binding activity of trams-acting

DNA binding factor PvALF which recognizes the sequences CATGCAAA and

CATGCATG located in UAS1 (Bobb et al. (1997) Nucleic Acids Res 25(3):641-7).

Plants with reduced binding of PvALF would have reduced expression of seed-

25  specific expression of beta-phaseolin primarily in cotyledons and shoot meristem
(Bustos et al. (1991) EMBO J. 10(6):1469-1479).

Transformation of tandem arrays of nucleotide sequences corresponding to the

vicilin-box (GCCACCTCAA; SEQ ID NO:2) and site B (CACACGTCAA; SEQ ID

NO:3) of the beta-phaseolin gene into a bean plant results in the reduced binding

30 activity of trans-acting DNA binding factors ROM1 and ROM2 leading to premature

onset of beta-phaseolin expression. ROM1 and ROM2 proteins function as repressors

of beta-phaseolin and phytohemagglutinin L-subunit expression to block onset of seed
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pronoter is inserted in tandemarrays into a plant-Agrobacteriumshuttle
vector and subsequently transfornmed into tobacco via nethods known to one
skilled iwobheseart. 15 Plants stably transforned with sai BCV@sti@67%8r €
assessed for the |l evel of expression of N QPTlI and for nicotine and/or
TSNA content. These experinents will denonstrate that tobacco transforned
wi th nol ecul ar decoys that interact with Nic gene products wll exhibit a
reduced anount of nicotine and/or TSNA. Plants with nulti pI e tandem

i nsertions %awloﬁogﬁsuwenﬁ%% 40,502 {bareﬁstbedktﬁ&% MQP OS2l #Scep and
reduced 20 nicotine levels are uséd for expression o y val uabl e
product s and8:3pF-328LCheometofl. (189@cRIonpE dAUSHI4BaVi ng reduced ni coti ne and/ or
TSNA content. 27 WD 02/ 18607 PCT/US01/26788 EXAMPLE 4 Regul ation of ASF-1
Bi ndi ng Usi ng a TGACG Mol ecul ar Decoy The nucl eoti de sequence TGACG i s
inserted in tandemarrays into a plapkaMgrghbact eri um shuttle vector and
transforned into a pl ant such as pea via net hods 5 known to one skilled in
the art. 5Pl ants st aReguls b Genge '—:»u-.-u-:a' ecrday Betoyed bi ndl ng

ccti VLY o U anr AR %tb*e‘g‘%éﬁﬁ%le"f‘“ B ﬁ%&%&?ﬁ?ﬁf GETREPERRC lines
(Mkam et adcting el@®h} fiomRBe Iuﬂiat:co RBB p&%ﬁbter gmglvaenglaae§459)zsmr@mn<nﬁg
bi osynt hesi s ﬁVeI ten et al. t he octopi ne synt hase

gene (Ellis @ta alYamamoboetpl. (11@%@!2@8?811 &%é3?%é4‘h@nwbpﬁhr¢@d§%ﬁw RagEcyeahe
DeRi t d 7
(CaM\/35% Sgne, Vlle olF]Sen]IEI?g %gﬁ%éd%@ﬂ% aaﬁﬁ%%il%’ﬁ%%g eneAﬁ@ @%ﬁﬁ%éf

Regul at i dn ome&mtazahct&rghlaﬁemoral Expressi on of Beta Phaseol i n Usi ng

Mol ecul ar Decoys The nucl, eotl de sequence_corr spondl ng to UAS 1 (=295 to
-109) of the betakl swasge%milﬁrtjeﬂen.agram%@ dlohing siiadsmaits avstrqnﬁf%madm ant

Agr obact eri upg gt hﬂaﬁtsvﬁcﬁteﬁgce Bfhd ﬁgdaafmsﬁﬁpfﬂze@oﬂaa%@] éoans DA

met hods known to ohe skil int art. "Plants sta d wth
sai d vect or Whadiagrfedosedthsi Adiligeiaatiing topealf elt:mamsambits mgrresli)blﬁdmg RABE

factor PvALF which re nce, TG |.ocat ed
in UASL (BobB&racpg %i‘g )SC‘NGL,#] hafen NG %ﬁ@%ﬁé\eﬁg%% e posttive
15  poly(dA-dT) regulatory element and binding protein and negative CCAA repeat
element and binding protein (Wang et al. (1992) Mol. Cell Biol. 12:3399-3406); the

root-tip regulatory element from the tobacco phytochrome Al promoter of tobacco
(Adam et al. (1995) Plant Mol. Biol. 29:983-993); the anaerobiosis-responsive
element from the maize glyceraldehyde-3-phosphate dehydrogenase 4 gene (Geffers

20 et al. (2000) Plant Mol. Biol. 43:11-21); and the seed-specific regulatory region from
an Arabidopsis oleosin gene (see US Patent No. 5,792,922).

EXAMPLE 7
Tobacco Having Reduced Nicotine and/or TSNA Levels
25 Generated Using Molecular Decoys

Multiple copies of an approximately 300 or 400 nucleotide long fragment of the

NtQPTI promoter (e.g., including nucleotide sequence located between —1000 and -600

or -700 bp of the NtQPTI promoter, such as SEQ ID NO:1) are affixed to
microparticles (e.g., by precipitation) that are suitable for the ballistic transformation

30 of a plant cell (e.g., 1 to 5 um gold spheres). The microparticles are propelled into
tobacco plant cells (e.g., Burley 21 LA) so as to produce transformed plant cells, and

plants are regenerated from the transformed plant cells. Burley 21 LA is a variety of
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Plants with reduced binding of PvALF woul d have reduced expression of seed
25 specific expression of beta-phaseolin primarily in cotyl edons and shoot
meri stemw@Bust6os et al. (1991) EMBO J. 10(6): 1469-1479). pdT/aneiwrssat i on of
tandem arrays of nucl eoti de sequences corresponding to the vicilin-box
(GCCACCTCAA; SEQ ID NO 2) and site B (CACACGICAA; SEQ ID NO 3) of the

bet a- phaseolin gene into a bean plant results in the reduced binding 30
activity of trans-acting DNA binding factors ROML and ROWVR | eading to
premature  opgaly of Wit AxbRARAR tMEAPIRSS o Ricolhhs 30t B]@h@mﬁ{ Bufky

function as repressors pet d- phaseolin and p yto utinin L- lgunit
expr essi on t@ebleleonisbA lefs &b abe ni&@hmﬂlmlslc&“ﬂﬂmw?@‘]l lSSé)LéQ@?BBZ Can J

L 9 ey Pl Ot (52 Do

Regul ation of Pl aphy @ﬁﬂ@ol@b@ﬂﬁﬁ@ el tﬂdﬁ&f@ﬁnMHneﬁHﬂhéﬂol NS apgdrAns oy Bt i on
of tobacco plants vmth tandem arrays of the root-specific cis- acting

el ement fY onisele E@b&ﬂmﬁ aRmraw@nﬂtpwce(iwss Rea disclosdsl insSanferd 288 Wolf ikl i ng

et al.; Yanm 9- 340 cogde or a
structural gq%‘g‘ﬁ? eSu‘f5 (gsjol, ?in% éﬁ‘ésé%‘get b}l‘?%%?genégf 5/1)099\%@?%} Oid Bi {‘
trans-act i ngarNréihNekiph@sifyatfpoftted b9 reh@erldBinChsir aGitikdiids.e| ©pdHally, the

Li kewi se, simlar tandem arrays_of the follow ng cis-elenents are

t ransf or med transfosmed auglpigaeid cep includg@esepe ﬁ@noriglg@csceleoﬁabky ngrkeri@g., a marker
correspondi d U n epeat
el enent and {sé g)gx?s r%gébﬁ% %ﬁ%ﬁ% e%g‘ﬁér?gi %1%60 Sﬁé r-([lsgllé(ﬁ?@fa&ldf gor?{s

5, 834, 23R anchnGbé%o-&Er&ferreﬂhmthosl $elecenblb nmlkey(gh‘hedT)Inr&gylrﬂdmay p&isﬁivem
and blndlng ein and negatlve repeat elenent and binding protein
(Wang et al. ffysfn beegasily iepiified; 2: 3399-3406); the root-tip regul atory
el enent fromthe C C

(195 Pl ant ol . B eSS AT e RelBl el 38 Btk AR Rbe D
fromthe mai @éS)gﬂnydmna(\ﬂﬂhgldmtBelphhrsmha:ltlendeimpdnmlgerga,mubloge,rrkpéﬁhhg ens 20

t | . 2000) , P t 43: 11-2 th f | at
Cearon | om WhEh&l s sPiasaaRun ket S et QreunS IR gIRg s ensas s

EXAMPLE 15 Burley 21 LA (To) are allowed to self. Progeny of the selfed plants (T;) are

germinated. Nicotine levels of T) progeny are measured qualitatively using a micro-
assay technique. Approximately ~200 mg fresh tobacco leaves are collected and
ground in 1 ml extraction solution. (Extraction solution: 1 ml Acetic acid in 100 ml
H,0) Homogenate is centrifuged for 5 min at 14,000 x g and supernatant removed to

20  aclean tube, to which the following reagents are added: 100 pL NH4OAC (5 g/100 ml
H,0 + 50 pL Brij 35); 500 pL Cyanogen Bromide (Sigma C-6388, 0.5 g/100 ml H,O
+ 50 pL Brij 35); 400 puL Aniline (0.3 ml buffered Aniline in 100 ml NH,OAC + 50
pL Brij 35). A nicotine standard stock solution of 10 mg/ml in extraction solution is
prepared and diluted to create a standard series for calibration. Absorbance at 460 nm

25 is read and nicotine content of test samples are determined using the standard
calibration curve.

T, progeny that have less than 10% of the nicotine levels of the Burley 21 LA
parent are allowed to self to produce T, progeny. Homozygous T, progeny are then
identified. Nicotine levels in homozygous and heterozygous T, progeny are also

30 qualitatively determined using the micro-assay. Leaf samples of homozygous T,
progeny can also be sent to the Southern Research and Testing Laboratory in Wilson,

NC for quantitative analysis of nicotine levels using Gas Chromatography/Flame
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Tobacco Havi ng Reduced N cotine and/or TSNA Levels 25 Generated Using

Mol ecul ar Decoys Multiple copies of an approxi mately 300 or 400 nucl eoti de
| ong fragwent/i1ssh7t he Nt QPTlI pronoter (e.g., including nueCcroBIIdEs7$88eqUENCe
| ocat ed between -1000 and -600 or -700 bp of the Nt Q°TI pronoter, such as
SEQ ID NO 1) are affixed to mcroparticles (e.g., by precipitation) that
are suitable for the ballistic transformation 30 of a plant cell (e.g., 1
to 5 mgold spheres). The mcroparticles are propelled into tobacco plant
cells (e.qg., : . t r r | . nd
pl ants are r%’gg%{é%%%cbﬁ%@teﬁgﬁg'r g{r?s Og?%k%% %Irger;\?énggfﬁgl.l gt? lgg%élf%ﬁ gli S a
variety of 8t MO DBstABAE fedhéddSaEléahped tBilrel eytrandfonnéd tebabsd eng.l al7dy
reduced | evels of _nicotine as conpared with Burl e% 21 1(i .e., Burley 21 LA
has 8% t he nPRIBYiBeeanes/ be aiceftinglgvelsyinsuch plaats ppgyyibstantially redygedthe

Ortol , 13: 265 4L {07 ok 8GR Rbutly AiERD, 60: 21317 (1969)) Any
suitable ballistic ce transtornati 3’n net hodol ogy and apparatus can be 5
used. Exénpl ary apipse akxparimeds prilh clechonsimta ttert dobmeto sragkformeSawitio heblamthr WO f
U S. Patent No. 4, 945, 050, din Chrjstou_et_gl.., US. Patent No. .

5. 015, 580,  BRRCAYGRALIISEARY vitbal i geBs Hrodkpis Sty vhﬁﬂ%reﬁe}fs% oY of BiotigRice in
their entirefj@s TSRAL oPBhisYwith Bfutdie %ﬁéﬁrimi&wﬁh& nifdcfliaf ﬂ@cdg%hi%ﬂ? a
gene encodi ng a selectable nmarker (e.g., a marker that allows for positive
or negative koeaedicechNGPPT} expséssiomand sduoed nibetinedbetydra nsaldfonygrdSionad be

co-transferred with a selectable marker gepne. |n.this, nner,. positiye
£ anst or mant STAreRNS RBeP FRuf Fndarodielins phiatagea brodhet Priiofdgduasdq
seedl i ngm) ar Gc&tiRWAdRP TNMashtge- Skoog (MS) medium (with or w thout the
sel ection conpound, e.g., antibiotic, depending on whether a sel ectable

mar ker was used. One-hundred i ndependent transformants of 15 Burley 21 LA

(To) are allowed to self. Progeny of t%ﬁg)# plants (Ti) are
germ nated. Nicotine |evels of Tl prog asured qualitatively using

a. Mmcro- assay techni que. ApmoaxNigtiak wnd ABNABIdndRE T dhabacco | eaves are
collected and ground in 1 nmi extraction solution. (Extraction solution: 1
nm Acetic acid i nlhodoiawingpepmplmgeicrihes swera eweys fougeater ipbacponprgdygts

Fol I owi nor ek SRERR' Bk TR e g R TSRy Btenfgl Rl PR,
35); 500 L Oygpnagkes Begind orith (1Sbapra fiep@88, fréin Svagiefie) thut HAR© extremely low

amounts of nicotine and/or TSNAs. By blending prepared tobacco from a low

nicotine/TSNA variety (e.g., undetectable levels of nicotine and/or TSNAs ) with a

conventional tobacco (e.g., Burley, which has 30,000 parts per million (ppm) nicotine

20  and 8,000 parts per billion (ppb) TSNA; Flue-Cu;ed, which has 20,000 ppm nicotine

and 300 ppb TSNA; and Oriental, which has 10,000 ppm nicotine and 100 ppb

TSNA), tobacco products having virtually any desired amount of nicotine and/or

TSNAs can be manufactured. Tobacco products having various amounts of nicotine

and/or TSNAs can be incorporated into tobacco use cessation kits and programs to

25  help tobacco users reduce or eliminate their dependence on nicotine and reduce the
carcinogenic potential. |

For example, a step 1 tobacco product can be comprised of approximately

25% low nicotine/TSNA tobacco and 75% conventional tobacco; a step 2 tobacco

product can be comprised of approximately 50% low nicotine/TSNA tobacco and

30 50% conventional tobacco; a step 3 tobacco product can be comprised of

approximately 75% low nicotine/TSNA tobacco and 25% conventional tobacco; and a

step 4 tobacco product can be comprised of approximately 100% low nicotine/TSNA
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+ 50 L Brij 35); 400 L Aniline (0.3 m buffered Aniline in 100 m NH4OAC +
50 L Brij 35). Anicotine standard stock solution of 10 ng/m in

extracti omosplssvion is prepared and diluted to create a BCHRUdawrm7sseri es
for calibration. Absorbance at 460 nm 25 is read and nicotine content of
test sanples are deternined using the standard calibration curve. TI
progeny that have |l ess than 10% of the nicotine levels of the Burley 21 LA
parent are allowed to self to produce T2 progeny. Honobzygous T2 progeny are

then identifheds ek icBEvdégﬁxﬁah%oﬁdgc&oﬁot%‘fbg %s@%@s&ﬁﬁ&&kﬁ%ﬁgg@pﬁé ogeny

are also 30 qualitatively term ned using the mcro-assay sanpl es of
honbzygous Tdnoynt afetmpacanp@bdsd fremsearh ¢ thehafoSmuentioned Résdartohsatsly a
Testing Laboratory in W.lson, NC for quantjtatjve analysis of nicotine

| evel s usi ng BEMEHIon ATRELF AN PIogRm. 3655 §3hd SBERISCH GDe Pavagay
l'oni zati on DghGet,iBPeldalylE | aRingl ERRAYEO U UL rBvias § Ml fréth lchc @S dtok@t | ne
| evel s that are substantially reduced as conpared to the untransforned

t obacco (e. gof, 28 packspphpigaBtesnudiech hebastw usé¢ wesshizarcekis Wwould undtlugd arses oéir e

substantial l.y_reduced, .the..T levels in these plants is concomtantly
Conucod. o HSEENSHT s iRl epiof iR frobPub Ol kSRR nlh v ¢
nol ecul ar  deme¥stobbédo prod@tldving dfecilcanifng dTmsbigt Sndvol TSEARIVRIULA Be
reduced anount of nicotine and/or TSNA. Plants with nultiple tandem

insertions onadenavailable ik eonvenienilynsized ameids (@duchaxentadPizaisx paekssiobn and
oot an b BREYOHELSr bR, BEERURG SIREEES] SRRl sERIIBGRRl I BhaD' ©

products an avi ng reduce ni cotine

and/ or TISNA theamenht ofXAdRIcEand/drOMENVA ahdyi ivdivadichily Iirdd| Thele drelolang e@yd he
foll ow ng exanp] e, descri bes several ways to create tobacco products, 15
havi ng speci'Pi 8@ AISuLAOH; Rispiinrlosh d/SHVA Tigkassot hieady msimge e irpchiggse
bl ending a gash i i | €5k ave
extrensly | ouomcaurdf dpd e blloRAc AR EARRES L AT YRS RUIER hoBh

t obacco fr onom gossiblersppatacine/ TSNA variety (e.g., undetectable |evels of

oL andor ToNAS )y LR Rycenent onal, LoRacea (88, BUELRY M
(ppb) TSNA, frbpRedtobacho Mbth R BB x#RaBRD R MERETBNA tobacco can be mixed
with conventional Burley, Flue-cured, or Oriental in a 25%/75% ratio respectively to
obtain a Burly tobacco product having 22,500 ppm nicotine and 6,000 ppb TSNA, a
Flue-cured product having 15,000 ppm nicotine and 225 ppb TSNA, and an Oriental
product having 7,500 ppm nicotine and 75 ppb TSNA. Similarly, to obtain a step 2
20  product, which is 50% low nicotine/TSNA blend, prepared tobacco from an
approximately 0 ppm nicotine/TSNA tobacco can be mixed with conventional Burley,
Flue-cured, or Oriental in a 50%/50% ratio respectively to obtain a Burly tobacco
product having 15,000 ppm nicotine and 4,000 ppb TSNA, a Flue-cured product
having 10,000 ppm nicotine and 150 ppb TSNA, and an Oriental product having 5000
25  ppm nicotine and 50 ppb TSNA. Further, a step 3 product, which is a 75%/25% low
nicotine/TSNA blend, prepared tobacco from an approximately 0 ppm nicotine/TSNA
tobacco can be mixed with conventional Burley, Flue-cured, or Oriental in a
75%/25% ratio respectivély to obtain a Burly tobacco product having 7,500 ppm
nicotine and 2,000 ppb TSNA, a Flue-cured product having 5,000 ppm nicotine and
30 75 ppb TSNA, and an Oriental product having 2,500 ppm nicotine and 25 ppb TSNA.
It should be appreciated that tobacco products are often a blend of many

different types of tobaccos, which were grown in many different parts of the world
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and 300 ppb TSNA; and Oriental, which has 10,000 ppm ni cotine and 100 ppb
TSNA), tobacco products having virtually any desired anmount of nicotine
and/ or VBMAm1ssan be manufactured. Tobacco products havi nBCVaESII@$38saNOUNt S
of nicotine and/or TSNAs can be incorporated into tobacco use cessation
kits and prograns to 25 hel p tobacco users reduce or elimnate their
dependence on nicotine and reduce the carcinogenic potential. For exanple,
a step 1 tobacco product can be conprised of approximtely 25% I ow

ni cotine/ TS : 150 nt | , tapp

pr oduct canN@é&eggarr%?]?Ssglg)q%%gs g%%@@éﬁm%gﬁ? e%%&?ﬁ%\%v& r?lm?:to?j% ﬁg?@f tgggégo and
30 50% convewili dififek fioabaop do caps MNgvedhdledsaby asipg oaivehtiaeh tdehniqoeponesad of

appr oxi mat el %ﬁ 75% | ow. ni cot i ne/ TSNA toga,cco and(biggo conventi onal tobacco;

and a st ep PSHBHSEEYILS BeRierase APt eb RSP AN PpPIEI AR Esd) Lo1884E Row
ni coti ne/ TSNR«irdd 4025 BERCACTIA SRR &R haRasCebard A% SaRap frna

t obacco. A tobacco use cessation kit can conpri'se an anount of tobacco
product f¥ onblend tonef oft kidllad¢anr batemtei theeambimgnefs nicotisatinddy TENA owlirmgherf or a
single month program That is, if the consuper is.a one _pack a day .snoker,
For exanpl e, RERHEORS k45 GBPETHRSS: HoPRomUEnokiliis T PHRTanEs: 8 aict o
total 5 of 2§ Q?Gskﬁf RIbabdOpo8HtE Bavikd SRyl RGO USIBotHRSSRN draftrEadming Wsd
include a set 0 instructions that Specifically guide the consunmer 'through
t he st ep- by- weBps,mppeasarce, {ivor god swekeabdivacembeesatadt s havi ng specific
amounts of nicotine and/or TSNAs woul d be nade available in conveniently
sized amounts (e.g., boxes of cigars, packs of <cigarettes, tins of snuff,
and pouches or twrh¢ foredoiehRVllusitivhaf the PReeAEhsertion] £hdseherto bkQohsttuednount
of nicotine and/or, TSNA they individually desire. There are many ways to
obt ai n vari o@s lingiting; betaohe/ They ngrutiano b ctebingd eiyd she SpHgjvinge claas hivitls
descri bed hegei: f ol i £.S,] uj: . 0f skill
inthe art 't Sias o g g kit SR, TR EtRe R R R s
whi ch is a 2béfebywxpressbt inoarbdiGied tyl refedlencel5 prepared tobacco from an
approximately O ppm ni cotine/ TSNA tobacco can be m xed wth conventional
Burl ey, Flue-cured, or Oiental in a 25% 75% ratio respectively to obtain
a Buriy tdbacco product having 22,500 ppm nicotine and 6, 000 ppb TSNA, a

Fl ue- cured product having 15,000 ppm nicotine and 225 ppb TSNA, and an
Orient al
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product having 7,500 ppmnicotine and 75 ppb TSNA. Simlarly, to obtain a
step 2 20 product, which is 50% | ow nicotine/ TSNA bl end, prepared tobacco
froman veppz/osesbrately O ppm ni coti ne/ TSNA t obacco can bepraT/xsa/2674sh
conventional Burley, Flue-cured, or Oiental in a 50%50%ratio
respectively to obtain a Burly tobacco product having 15,000 ppm ni coti ne
and 4,000 ppb TSNA, a Flue-cured product having 10,000 ppm nicotine and
150 ppb TSNA, and an Oriental product having 5000 25 ppm nicotine and 50

ppb TSNA. Fumtgher WHISEEIS SLNIMEDYS: Which is a 75% 25% | ow ni coti ne/ TSNA
bl end, prepared tobacco from an approximately O ppm nicotine/ TSNA tobacco

can be m xed with conventional Burley, Flue-cured, or Oiental in a

75% 25% rati o respegti.vel.y,to.obtai.n Bur.l obacco_pr.oduct . havi ng 7, 500
ppm ni coti ne andwz‘%w?%%%n%mﬁmg S?feﬁtgaémﬂ“eﬁ%lﬁ)u@?mﬁ%%% 5,000 ppm
ni cotine and 30 7%;)pigblatcdMNiuclélodicriy dOnbiStitgksseARANCHf Baéiikhce 28 dREMo

ni cotine and 25 ﬁﬁ)b TSNA. It should be appreciated that tobacco products

are ofterd a BEGHD HOhaya figgmerirtbereok; yherrinsaid Hggmernisis bofween ab@rt @0gf5wn i n
many differe d 32 WD 02/18607 PCT/USO01/26788 under
various gr owgéllbsgg%fr@int%%lghg&s\{\@da result, the amount of nicotine and TSNAs
will differ from grdpolatedauolRic MNekethiiheyteRlsze tb)ythel sbmpleaRAY SNSEQNH) NO:1

t echni ques one, can eas,il%/ determ ne an average anmount of nicotine and TSNA
per crop usedd gecwanyveto yNE g@aPMAAE. By adj usting the anount of each
type of tobacco that nakes up the 5 blend one of ‘skill can bal ance the
anount of nicotine and/or TSNA wth other considerations such as

appear ant®, flavo2, Thedsdatedabcleictagid dmotdmgtondainet comsistagi essentialdy of shees of

t obacco products having varyi of nigcotine and/or nitrosam ne, as
wel | as, appéeéiuﬁﬁct?eg,w‘?r%%ﬁ}‘@rn aﬁﬁg‘lé m&gb]l 91 4 {ragmeptfhereofe uhergin spad frpgment
f or egoi Ng 1 i ek W' ol/20-055 LiBeRRE A0lebgNt i On, and is not to be

construed as |limting thereof. The invention is defined by the foll ow ng
clainms, with equivalents of the clainms to be included therein. Al

references cited herein are. hereby. expressly i.ncorporated by referepce. 15
33 VID 02/ 18607 PCTY UL 170 BUAGEAYid ke lo g oneisting codentially of the
15  sequence given herein as SEQ ID NO:1.

4. The isolated nucleic acid according to claim 1, wherein said nucleic acid is
a DNA.

20 5. The isolated nucleic acid according to claim 1, further comprising a
recombinant nucleic acid construct, wherein said isolated nucleic acid is joined to said
recombinant nucleic acid construct and said recombinant nucleic acid construct does

not contain NtQPT1 coding sequence.

25 6. The isolated nucleic acid according to claim 5, wherein said recombinant

nucleic acid construct is linear.

7. The isolated nucleic acid according to claim 3, wherein said recombinant

nucleic acid construct is circular.
30
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1. An isolated nucleic acid selected fromthe group consisting of: (a)

i sol ated nucleic acids consisting essentially of a sequence according to 5
SEQ | D NWo d2/t860m f ragnment thereof, wherein said fragnent PCEUBEI2828N about
20- 455 consecutive nucl eotides; and (b) isolated nucleic acids that
hybridize to the conplenent of SEQID NO'1 and are responsive to a Nic
gene product. 10 2. The isolated nucleic acid according to claim1l
consisting essentially of the sequence given herein as SEQID NO 1 or a
fragment thereof, gwhamgi BolaRlddnfd@eMRM acdosdiREtWeaRin RO WirtRY- é(ﬁﬁ;[)risin a,
consecutive nucleotides. 3. The isolated nucleéeic acid according to Faim1
consi sting esyenpsicley whereithsaid ipslatedquielsineacid isdpinhé teesand sscr@E@ticle. NO. 1. 4.
The isolated nucleic acid according to claim 1, wherein said nucleic acid
is a DNA 20 5. The isolated nucleic acid according to claim1, further
conprising a reconbitaiRblattdaluicic a6l dcR@iap 't ¢laimV¥) 85iR&in SaidtebsiRbidkad
nucleic acid is joined to said reconbinant nucleic acid construct and said
reconbi naht AuPisasidomstreds st dgobadedum Negtotont ai n Nt QPTJ codi ng
sequence. 25 6. The isolated nucleic acid according to claimb5, wherein
said reconbinant, nucleic acid construct is linear. 7. The isol ated

nucl ei ¢ aci d accoidi Agpltat cell@bmpHsinghies iedlated aidlelcertdycbrlitg totlkimel.C aci d
construct is circular. 30 34 WD 02/ 18607 PCT/US01/26788 8. The isol ated

nucl eic acid according to claim1, further conprising a mcroparticle,
wherein said isol afje [ B SOl i 1 j . 9.
The isol ated nucl g?'c%aggﬁogcogg?ag&:l r%gé :t&glll %F%?%)%%c%lgﬂ%ﬁ%ﬁé%%&{ué%% P%Ignt 5
nucl ei ¢ #¢i dofwinetina)compssiag Agr obact eri um vector. 10. A plant cell

conprising the isolated nucleig¢c.acid according to.¢Jaim1. 11.-A nmethod of
maki ng a t ransgenirOBERE D Pl af icﬂffl%ﬁmlgegﬁé (i]!%{nﬁflrﬂ Niq (gene PIogesti ne,

gcrnggL IctSI Ng: iddhoReCiBRest M- hiClefst nk GolRBS biht B8l 536 blduYe o 1e8stNing gene
transformed tobacco plant cell, |
said at least one transformed tobacco plant cell containing said nucleic acid in
15 a copy number sufficient to reduce the amount of nicotine in a tobacco plant
regenerated from said cell as compared to the amount of nicotine that would be
present in the absence of said nucleic acid; and

regenerating said at least one transformed tobacco plant cell so as to obtain

said tobacco plant.

20
12. The method of claim 11, further comprising:
collecting leaves from said tobacco plant, said tobacco leaves containing a
reduced amount of nicotine as compared to the amount of nicotine that would be
present in said tobacco plant in the absence of said nucleic acid.
25

13. The method according to claim 11, further comprising:

collecting tobacco seed from said tobacco plant, said tobacco seed containing
said nucleic acid in a copy number sufficient to reduce the amount of nicotine of a
tobacco plant regenerated from said seed as compared to the amount of nicotine that

30  would be present in the absence of said nucleic acid.
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responsive elenent into at | east one tobacco plant cell so as to produce at
| east one transfornmed tobacco plant cell, said at | east one transforned

t obacco pt@ant/isset | containing said nucleic acid in 15 a POpYSewoshes
sufficient to reduce the anmount of nicotine in a tobacco plant regenerated
fromsaid cell as conpared to the anmpbunt of nicotine that would be present
in the absence of said nucleic acid; and regenerating said at |east one
transforned tobacco plant cell so as to obtain said tobacco plant. 20 12.

The method of cl ain e hithéd'SeoGBMR i ichdn §9] LREIANGalPANEShE ook d
t obacco plant, said tobacco |eaves Containing a reduced anount ni coti ne
as conpar ed fespdnkiye@iament iscklented dtdnm thetdratp eumsistingef: present in said

t obacco plant in {he qbsgnce of said nucleic acj .(ﬁS 13. The .nmet hod
according to cl ai @ 1elardnuleic adihrrayHige Samtelyitle SoBkecoACEiE tom
sai d tObaCCOS]@?EIﬂ!i NG A & 4 PRAGGR 1RE&H, WRILA! Al Fagridit G BHGESI SHorEdelaks a
copy nunber sufficient to reduce the anount of nicotine of a tobacco plant
r egener atsed ¢ansenusiat dudesitlessandonpared to the anount of nicotine that 30

woul d be present jn.the absence of ihd, nucleic acid., 35 .

PCT Uso1/ 6788 14 HRUARB ERIHS 2eeh B HoRE 7 e R g QB RO:1 ene
product respne ¥lpShevEdta Ve gefd peligd. from the group consisting of: (a)

i sol ated nucl eic acids consisting essentially of a sequence according to
SEQID NO 1 or a fragnment thereof, wherein said fragment is between about
20-455 5 consecuiive, n ides:. an i $0l . N he.acids 1h

hybri di ze to the %%@P%#‘éé&ﬁgéof%%gi‘j%g%@%m 2R Mgtk &giéigr]]\’s%‘f Fehe Prédfie
gene pr oduct respdnsivéRteniei bortiAcofthel sa@etice @@ erdih.as WREY BDINGAi d N c gene
product 10 responsive el enent consists of the sequence given herein as SEQ
ID NO 1. 16. The nmethod according to claim11l, wherein said nucleic acid

I's contained w t{ynrq, {Sn%ﬁa%H‘%icElﬂﬁﬁngH ¢lafh G 12GmEreiPORY hGLic 2AGE EhtaRil d

i sol ated nucleic acid i ‘
within a recombinant nucleic acid construct, wherein said isolated nucleic acid is

joined to said recombinant nucleic acid construct, said recombinant nucleic acid
15 - construct does not contain NtQPT! coding sequence, and said recombinant construct

is linear.

17. The method according to claim 16, wherein said recombinant nucleic acid

construct is circular.

20
18. The method according to claim 11, wherein said nucleic acid is a DNA.
19. The method according to claim 11, wherein said introducing step
comprises ballistic transformation.
25
20. The method according to claim 11, wherein said introducing step
comprises Agrobacterium transformation.
21. A tobacco plant produced by the method of claim 11.
30

22. A tobacco leaf collected from a tobacco plant of claim 21.
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joined to said reconbi nant nucleic acid construct, said reconbi nant nucleic
acid 15 construct does not contain NtQPT1l codi ng sequence, and said

reconbi namo ozessstruct is linear. 17. The net hod accor di neCT/@Sel/miss 16,
wherein said reconbinant nucleic acid construct is circular. 20 18. The
met hod according to claim 11, wherein said nucleic acid is a DNA. 19. The
met hod according to claim1l, wherein said introducing step conprises

bal listic transfornation. 25 20. The net hod according to claim 11, wherein

said introducing &iep 0 éea%uﬁtgg@ﬁ %%ﬂﬂﬂ%qﬁgﬁbw 21. A

t obacco pl ant produce e met t obacco | eaf
collected froma tobacco pI ant of claim 21 36 WO 02/ 18607 PCT/ USOl/ 26788

23. A tobacco see | lected, from.a tobgcco ant cl ai 21 24
obacco phant. havehokdoREee okt HREOEE BROHCBR RS Qs hEgng Spil
conpri si ng C@ddﬁns%ﬁ"c@!li"cBﬂtaﬁﬁhgeéﬁgé&‘gHﬁod@Uﬁﬁ&élﬁ &5d, dwhWeRI 81id e%&g@hous
exogenous 5 nucleic acid consists essentially of a Ni ¢ gene product

responsi e eﬂ@h@ﬁtacm‘samsms(@gmbaﬂéy wicd dic groe produet aespodsive %@m@t;cemﬂs in
a copy nunber_ suffici e%t tuced t he .ampunt of nico |nef' n%li[g obacco
pl ant as conpaee B Cﬁ%ﬁﬂ? affied in saifl s 1 f SepY, BHRgen #5?1 RtCt4fCsai d
plant in thethahse@e oPhicoahél it ¥0g eskHeso PLGL 8% CoMphdd td the2dmovhttoThacRReP! ant
according to claim?24, wherein said N c agene product responsive el enent

sel ect ed f r otat weulgrhgusesenirisisaidiphent i the(aRyerice f said gxomenpes mucke¢ aRid.
consisting essentially of a sequence according to SEQID NO 1 or a
fragment thereof, wherein said fragment is between about 20-455

consecutitve nucl eps.i dewbaceddhldifi dcbdrdirgoteatiatin M4g lvtiegein Ghids Nichgdneytbdudi ze
to the conplenment of SEQ ID NO 1 and are responsive to a Nic gene product.
26. A t obacclsSpansie %Wé‘?lﬁ%}e‘ilg(’@tﬁ?ﬁ@@ copfighing ¢f: sai d Ni c gene product

(a) isolated nucleic acids consisting essentially of a sequence according to

SEQ ID NO: 1 or a fragment thereof, wherein said fragment is between about 20-455
consecutive nucleotides; and

15 (b) isolated nucleic acids that hybridize to the complement of SEQ ID NO:1

and are responsive to a Nic gene product.

26. A tobacco plant according to claim 24, wherein said Nic gene product

responsive element consists essentially of the sequence given herein as SEQ ID
20  NO:1.

27. A tobacco plant according to claim 24, wherein said exogenous nucleic
acid is contained within a recombinant nucleic acid construct, wherein said isolated
nucleic acid is joined to said recombinant nucleic acid construct, said recombinant

25 nucleic acid construct does not contain NtQPTI coding sequence, 'and said

recombinant construct is linear.

28. A tobacco plant according to claim 27, wherein said recombinant nucleic
acid construct is circular.

30

29. A tobacco plant according to claim 24, wherein said exogenous nucleic
acid is a DNA.
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responsi ve el enent consists essentially of the sequence given herein as SEQ
ID 20 NO 1. 27. A tobacco plant according to claim 24, wherein said
exogenouwoupissitz acid is contained within a reconbi nant Povokei/mw7ssci d
construct, wherein said isolated nucleic acid is joined to said

reconbi nant nucleic acid construct, said reconbinant 25 nucleic acid
construct does not contain Nt QPT1 codi ng sequence, and said reconbi nant
construct is linear. 28. A tobacco plant according to, claim27, wherein
sai d reconbi nant nucleic acid construct is circular. 30 29. A tobacco

pl ant according to claim?24, wherein said exogenous nucleic acid is a DNA
37 WO 02/ 18607 PG, DS6kkt2 &aB8ollcdtd ffmbadcmctepntaidlant2d from a t obacco

pl ant of claim 24. 31. Tobacco seed that germnate into a tobacco plant of
claim?24. 5 32. Tobacco seed collected froma tobacco plant of claim 24.

33. A method of rekingdB, RleNhad ekl 18IGH e beBhirRb4a pr ot ei n of

interest therein, wherein said protein of interest is regulated by a
cis-actidg element, 10 said nethod conprising the steps of: introducing an

exogenous nucl ei ¢ acjid construect c risj sai,d _ci.sracti,ng elenent into
at |east one plam? %8‘9‘?“?866&‘:6’@8%‘[88%@ %{é’ggcc&%aqtl’)gﬁ]@%%’ed pl ant cell,
said at | east one transforned plant cell containing said exogenous nucleic

acid in a copy nunber sufficient to increase or reduce the |evel of said
protein of interédt Anmeti®daoiphaling replentehayinegian abipied foateabpf 8 MetebAbar ed

to the anount,K of said protein of interes ; pr.e i e
absence of <SAIEFSEYSERROoNLCRTIAE ROKH 8,? lﬁstﬁ%jrs]t:ltétrg\@g&g? ﬁg ap(?lg\a/ﬁ'e[g% %lﬁlg%&é ai d
Ci s-actijng eafimBthol SomptisiaP tealdps ofi nked to a codi ng sequence or

conpl ement thereof for said protein of interest. 20 34. The nget hod

according to cl aiiniraducing an @xagenaus nerlsicaasid rgnErieampriging sad gisctingg
activating el

g eyenent & Natealtl Ad ﬁ)la%? c@lﬁc{]ﬁ[x@&%ﬁ: o IR ran¥3lHEY ﬁlﬁﬁﬂ et or
conpound increases expression of said protein of interest i'h said plant,
and with said said at least one transformed plant cell containing said exogenous nucleic acid

in a copy number sufficient to increase or reduce the level of said protein of interest in
15  a plant regenerated from said cells as compared to the amount of said protein of
interest that would be present in the absence of said exogenous nucleic acid, subject to
the proviso that said cis-acting element is not operably linked to a coding sequence or

complement thereof for said protein of interest.

20 34, The method according to claim 33, wherein said cis acting element is a
cis-acting activating element that binds an activator compound, which activator
compound increases expression of said protein of interest in said plant, and with said
at least one transformed plant cell containing said exogenous nucleic acid in a copy
number sufficient to reduce the level of said protein of interest in a plant regenerated

25  from said cells as compared to the amount of said protein of interest that would be

present in the absence of said exogenous nucleic acid.

35. The method according to claim 33, wherein said cis-acting element is a

cis-acting repressor element that binds a repressor compound, which repressor

30 compound decreases expression of said protein of interest in said plant, and with said
at least one transformed plant cell containing said exogenous nucleic acid in a copy

number sufficient to increase the level of said protein of interest in a plant regenerated
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at | east one transforned plant cell containing said exogenous nucleic acid
in a copy nunber sufficient to reduce the |evel of said protein of

i nt erest waozigshant regenerated 25 fromsaid cells as conpar@dotmwrsshe
anount of said protein of interest that would be present in the absence of
sai d exogenous nucleic acid. 35. The nmethod according to claim 33, wherein
said cis-acting elenent is a cis-acting repressor elenent that binds a
repressor conpound, which repressor 30 conpound decreases expression of

sai d protei nfrom daftt edlBSds dompRddddtopthad Himovan df WAill ré&idintoofhtdr &R $at (R be
transfornmed plant cell_ contajning said exogenous nucleic acid in a copy

nunber suf f i BieesRt in e phteneaebsaichexqganeys myelesmacit.pr ot ein of interest in a
pl ant regenerated 38 WD 02/18607 PCT/US01/26788 fromsaid cells as
conpared to the amount of said protein of interest that would be present
in the absence of3Gallt methgéncusdingcd elain a8, filrthéGomphiginget hod according to
claim 33,  further conprising: . 5 generating a_plant fromsaid transforned
plant cells 37. T%efr}’glpﬁéd’l%@@%ﬁ‘%“%ﬁfmdrﬁl%,Celﬁjrther conpri si ng:
collecting seed fromsaid plant, said seed containing said exogenous
nucleic acid in a copy nunber sufficient to reduce the level of said
protei n of intere¥t Thanzthdlacpbmintg toetmmed@ fiethef canpisdigl seed as conpared

to the | evel of sai rotei&of ir&;@rest . th%] woul d be present in the
absence of said OGRS IRSplARpY, Said seaeh COHUNIGSaith EXRNNY RUSIEF ai m

33, wherein & th §icopAGubiber SLEERAL td &dué@hﬁeqtg%i Jfrs‘agHSHIQEe?iH %@%e{egﬁﬁli gting

of UAS-1, the vicilin box, site B, and the tobacco pronot er
r oot - speld f i Rlawti regenstated fremesnich seed3®. compmredetohthd lewet of diid grateincodfainteras,

wh [ [ l.ei id i s .20 40. T t hod di
o cralm 33, narar R BiHag Gttt ont o Gopy Reliepdy o a1 “The

met hod according to claim33, wherein said exogenous nucleic acid is a
DNA. 25 42. The nmethod according to claim 33, wherein said introducing step
conprises bal | i sti% theamsthed mageprging to claim 33, wherein said cis-acting element is

selected from the group consisting of UAS-1, the vicilin box, site B, and the tobacco

15 RB7 promoter root-specific cis-acting element.

39. The method according to claim 33, wherein said exogenous nucleic acid is

linear.

20 40. The method according to claim 33, wherein said exogenous nucleic acid is

circular,

41. The method according to claim 33, wherein said exogenous nucleic acid is
a DNA.
25 |

42. The method according to claim 33, wherein said introducing step

comprises ballistic transformation.

43. The method according to claim 33, wherein said introducing step

30  comprises Agrobacterium transformation.

44. A plant produced by the method of claim 33.
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43. The net hod according to claim 33, wherein said introducing step 30
conpri ses Agrobacteriumtransformation. 44. A plant produced by the nethod
of cl ai mv3302/1£687 WO 02/ 18607 PCT/ US01/ 26788 45. Leaves, PeDUS1/fehsswer s,
roots or tubers collected froma plant of claim44. 46. Seed collected
froma plant of claim44. 5 47. A plant having altered |evels of a protein
of interest therein, said plant conprising cells containing an exogenous
nucl ei ¢ acid, which exogenous nucl eic acid conprises a cis-acting el enent
that regulates the level of said protein of interest in said plant, 10
said cells containing said exogenous nucleic acid in y nunber
sufficient to i né?elgﬁ@&%fweﬂmyem 1oty aapeherpeollegied fmr@a@f) t of claim é4.est i n
said plant as conpared to the anount of said protein of interest that
woul d be present in the absence of said exogenous nucleic acid, subject to

the proviso that géi Sesi®llacikd figneh pldnésf dlsimt. operably linked to a
codi ng sequence or conplenent thereof for said protein of 15 interest. 48.
The plant”according to claim47, wherein said cis acting elenent is a cis-

acting activati nggse.{ag;@% fRAte 51&&9& QRLGE b B SOIRAUIdhertfl %gdgﬁ hivator

conmpound i ncrease ession 0 sal pro ' Sai ant ,
and with sai dofifrising bebstontireng ama;sfganasm’hmlemﬁcm;el | containing said

exogenous nucleic acid in a co .hu sufficient to reduce the | evel of
sai d protein of Wﬁ@the%"'togF?‘P‘?a‘?‘éleb‘F QE‘B RUPTSEH AL Bacting ¢lpmentibahiegylatesai d

protein of |ﬂkqg@§bf&ngbn%gﬂbgnggeaqggﬁabkhp the absence of said exogenous
nucleic acid. 25 49. The plant according to claim47, wherein said

cis-acti hg el emansald selds mmalnmgtsardgexogmmmpleﬁi ik itt a thpy nbinbelssudificient
repressor coppound mhl repressor ¢ und ..decreases ression of said
protein of i Kt&FEEPe ‘?rnre 'e&?‘gﬂ%\Vﬁf £%‘gn€§ﬁflﬂ of dgtgrestin)s Hjsﬁa’g comRFRekigr med
plant cell cgiatahdtindbfSaiddpords on ditsreBUGhe WouRCHE piler? iRARY aBHBE LS said
sufficient to increase the |evel of said protein of interest in said plant

as conpar ed €¥pggnousheicigieasid, Gubieat & icireopm‘\/motﬁlai paid raassactingatlemont i he
present in tQﬁeré\H? qlﬂﬁ(%dotf E% glngegéaggrﬂzgugr Q&rﬁpl%hl%nta&ereof for said protein of

15  interest.

48. The plant according to claim 47, wherein said cis acting element is a cis-
acting activating element that binds an activator compound, which activator
compound increases expression of said protein of interest in said plant, and with said

20  at least one transformed plant cell containing said exogenous nucleic acid in a copy
number sufficient to reduce the level of said protein of interest in said plant as
compared to the amount of said protein of interest that would be present in the

absence of said exogenous nucleic acid.

25 49. The plant according to claim 47, wherein said cis-acting element is a cis-
acting repressor element that binds a repressor compound, which repressor compound
decreases expression of said protein of interest in said plant, and with said at least one
transformed plant cell coﬁtaining said exogenous nucleic acid in a copy number
sufficient to increase the level of said protein of interest in said plant as compared to

30  the amount of said protein of interest that would be present in the absence of said

exogenous nucleic acid.
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40 WD 02/ 18607 PCT/ US01/ 26788 50. The plant according to claim47, wherein
sai d exogenous nucleic acid is linear. 51. The plant according to claim
47, wher avo oxaded7 exogenous nucleic acid is 5 circul ar. 5PCT/UR@/gphesnt
according to claim47, wherein said exogenous nucleic acid is a DNA 10
53. Leaf, fruit, flowers, roots or tubers collected froma plant of claim
47. 54. Seed that germnates into a plant of claim47. 55. Seed collected
froma plant of claim47. 15 56. A nmethod of decreasing expression of a
protein of interes. The 4R Sktcdiink to s, i AL fapkd protein
of interest is enhanced%)by a ci s-gcti%ﬁaﬁ’ir{y/%e'tiiaﬂg%gﬂeﬁﬁéeﬁglgltf‘gt%lgfémb?ﬁgés an
activator corlr’ﬁﬁﬁfnd, whi ch activator conpound increases expression of said
protein of interest in said host cell, said nethod conprising the 20 steps
of : (a) providing a decoy reconbi nant nucleic acid construct conprising
said cis- acting adt Thapiay acdcediptto chisl 47)whedih QeHdCddTerifl SBRRON-d is
construct .into said host cell in an anmount sufficient o bind said
activatorSCoﬁHB Ad and reduce expression of said protein of interest, 25
subject to the proviso that said cis-acting elenent is not operably |inked
to a coding sequence or conplenment thereof for said protein of interest..
57. The net hod aco@r thaplahvacchafing woclainh47,eilersiaisdid&Sherl |nu&1§icaa\cid is
prokaryotic eukaryotic cell. 30 58. The nethod according to claimb56,
wherein said t cell is a bacterial cell. 41 WO 02/18607 PCT/ USO1/ 26788
59. The nethod according to claim56, wherein said host cell is a fungi
cell. 60. The nethod according to claim56, wherein said host cell is an
animal 10 53. Leaf, fruit, flowers, roots or tubers collected from a plant of claim 47.

54. Seed that germinates into a plant of claim 47.

55. Seed collected from a plant of claim 47.

15
56. A method of decreasing expression of a protein of interest in a host cell,
wherein transcription of said protein of interest is enhanced by a cis-acting activating
element that binds an activator compound, which activator compound increases
expression of said protein of interest in said host cell, said method comprising the
20  steps of:

(a) providing a decoy recombinant nucleic acid construct comprising said cis-
acting activating element; and
(b) introducing said decoy construct into said host cell in an amount sufficient
to bind said activator compound and reduce expression of said protein of interest,
25  subject to the proviso that said cis-acting element is not operably linked to a coding

sequence or complement thereof for said protein of interest..

57. The method according to claim 56, wherein said host cell is a prokaryotic
or eukaryotic cell.
30

58. The method according to claim 56, wherein said host cell is a bacterial

cell.
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5 cell. 61. The nethod according to claimb56, wherein said host cell is a

mammal i an cell. 62. The nethod according to claim56, wherein said host
cell is avoazessbar 10 plant cell. 63. The net hod accor di POTAUS0ICI6A$SM 56,
wherein said host cell is a nonocot or dicot plant cell. 15 64. The nethod

according to claimb56, wherein said decoy construct is a plasmd. 65. A
met hod of increasing expression of a protein of interest in a host cell,
wherein transcription of said protein of interest is reduced by a
cis-acting repressor 20 elenent that binds a repressor conpound, which
repressor conpound' reduces expression of said protein of interest in said
host cell, said n¥ hbak wmetodiastonding breclaisn &@switdrein(sald hosionellds adungi delt oy
reconbi nant nucl ei ¢ acid construct conprising said cis- acting activating
el enment; and 25 (b) introducing said decoy construct into said host cell in
an amount sufficigmt Thn&hoW a§Rikding & iclarh 036, GAHERAH REidARSt CHE iLAS Bnimal
expression of said protein of interest, subject to the proviso that said
cis-actirg etedlrent is not operably linked to a coding sequence or

conpl ement t hereof, f LA .protein of . inter ot 6. T hod ;.
according to clai én%'Ggl,[le ﬁ}%léhrogiaﬁgosrgliné tﬁgls?%mcsgf ﬁ'ﬁ%rglna%gc% g‘%%rc ?/12& a(r:rgl %&ahaﬁ
eukaryotic c&ll. 42 WO 02/ 18607 PCT/ US01/ 26788 67. The nethod according to
cl aim 65, wherein said host cell is a bacterial cell. 68. The nethod
according to claim®65, wherein said host cell is a fungi cell. 5 69. The
met hod accordi ng i ] E |l i | .

70. The net hod ac%%rgﬁlgdg%tgé%ﬁ%ﬁ@%?o \?ﬁgﬁeﬁ%’%ﬁh&? ﬁ%lg{% Oggf‘?qplis? gasﬁ%%ml i an
10 cell.10 plant cell.

63. The method according to claim 56, wherein said host cell is a monocot or

dicot plant cell.
15 64. The method according to claim 56, wherein said decoy construct is a
plasmid.

65. A method of increasing expression of a protein of interest in a host cell,
wherein transcription of said protein of interest is reduced by a cis-acting repressor
20  element that binds a repressor compound, which repressor compound' reduces
expression of said protein of interest in said host cell, said method comprising the
steps of:
(a) providing a decoy recombinant nucleic acid construct comprising said cis-
acting activating element; and
25 . (b) introducing said decoy construct into said host cell in an amount sufficient
to bind said activator compound and increase expression of said protein of interest,
subject to the proviso that said cis-acting element is not operably linked to a coding

sequence or complement thereof for said protein of interest..

30 66. The method according to claim 65, wherein said host cell is a prokaryotic

or eukaryotic cell.

42



71. The nmethod according to claim65, wherein said host cell is a vascular
plant cell. 15 72. The nethod according to claim®65, wherein said host cell
is a nmoneo2/t8607 di cot plant cell. 73. The method accor di PgTAUS0ICI628SM 65,
wherein said decoy construct is a plasmd. 20 43

67. The method according to claim 65, wherein said host cell is a bacterial

cell.
68. The method according to claim 65, wherein said host cell is a fungi cell.
5
69. The method according to claim 65, wherein said host cell is an animal
cell.
70. The method according to claim 65, wherein said host cell is a mammalian
10 cell
71. The method according to claim 65, wherein said host cell is a vascular
plant cell.
15 72. The method according to claim 65, wherein said host cell is a monocot or
dicot plant cell.
73. The method according to claim 65, wherein said decoy construct is a
plasmid.
20
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