- ;e3e(x(u\, 6.T"01 FEB 2005 TRANSGENI C PLANTS CONTAI NI NG NO.@C}UEA% %EOYS
THAT ALTER PROTEI N CONTENT THEREI N Rel ated Applications Thi i on
clainms the benefit of provisional application serial nunmber 10 60/ 229, 198;

filed August 30, 2000, the disclosure of which is incorporated by ref erence ..

herein in its entirety. Field of the Inventron The present invention
describes a process for the production of transgenr c | 'S plants-such as -
transgeni ¢ tobacco plants with altered protein content therein, |eadi ng to

al tered phenotypes such as reduced nicotine levels, al ong with transgenic -

pl ants so produced and seed for ‘such plants. Background of the Invention 20
The ° productron of tobacco with decreased levels of nicotine is.of
i nt erest, grven concerns re ardr ‘the addrctrve nat ure of nicotine.

Addi ti onal I'y, tobaccolBARYY ONTAINING MQLECWHLAB i ne

D ohee oy oo hiPROES c.ﬁ?ﬁ%gﬁt‘}aﬁt&@lﬁ#@ﬁ@ﬁ*@@ﬁi‘ﬁf@@ﬁhﬁem °rer

phar maceuti cal s, cosnetic conponents,. or food additives. .Various processes-
have 25 been designed for the renobval .of nicotine Tromtobacco ‘However ;

nmost of these..processes renove ot her I 'ngredi ents fromtobacco in additi on
to nicotine, thereby adversely af f cco.. Classical crop.

br eedi ng techni ques have produced %[dtﬂﬂA cgt % wi th-l ower |évels of:

ni cotine (approxi mately 8% than that found in w I d-type tobacco pl ants.

Tobacco pl ants ang%t’oba co.havin N tﬂl} reductions 30 in.nicotine
content are desir aphe2PRicREeT § Pﬁ%‘éﬁt |R¥3Y1F1|°931| splisationygrisl gambpe

tobacco phantsoang, ios, WSEIMRR! B0t 1RPGP " Lgye |
stored (Tso,: Physi ol ogy and - 01 FEB g’ g{f %Q ﬁm% S:E ry -o %&%@@"%Sﬁaﬁm, -
pp. 233-34, m@fmﬁeneheremumﬂsrensmw& Ross, Stroudsburg, Pa. (1972)). Nicotine
(S produced by the condensation of two precursors, nicotinic acid and -

N- net hyl pyroli-ninm that arise fromtwo separaté biosynthetic pat hways (see

Fi gure 1)(Bush and Saunders (1977)Fﬁ[d)@fth@tﬁveq§ﬁgr Soc.. Synp., 5 New.
Ol eans; pp. 389-425; Hashinoto and -vamada (1994 Annu. Rer. Plant -

Ph, 7~$zo0l .. Pl aot - N®¥.preiest invpptiopsiesai®s a/iocess ﬁ»mdhmmuou%mansgaucthe o

Bi ochem ry t siwve Tr. se

0 ocherm 35 % pilpfLaHS imSORPLENENS NG, TRoUSE: ks ShurPheo0d Bl N
synt hesi ze nite akiérad phamwit e(;\ﬁé@flﬁd reﬂtlcs:’&'mcdtfh%&@elf'aﬁﬁg&m%l@ﬁans%@ﬁc%@ﬁts ééﬁgner :

and Wagner . (198 %‘5 65 532-537), 10 Wnereas N-net hyl pyrroli ni um- B
cations-are ﬂ‘?fi‘ﬁ i“%e@ QTrﬁ“S]PRHDFﬁ ne or. arginine via putrescence. (Leete _
(1980) In: Encycl opedia of Plant . Physr ol ogy, Secondary Pl ant. Products, Vol .

8, 'E.A. Bell and B.V. Charlwood, eds, Springer-Verlag; pp. 65-91; Ti burcro

and -Gal ston (1986) Phyt ocheni st@g @gguﬂ@?tﬂd@ﬁenﬁ’&ﬂl procal graftl ng
experi: rre?Qs have - mns r at ed J‘Ietﬂt ni co e |s S nt hesr zed in_roots and

transpor fed 15 t hridfidhofHfEoR? I%}ﬁt’méfr@a%%m(@&‘ikson“
(1941) Sci engwen%ncéf%ﬁégzwmgw@ &&Qﬂt@é&@\é o Hﬁé\"zgcgjﬁgc%&t t?%cct)?)galﬁltsat €

ni cot'i ne pr oducti on %g et al. ((1969

i hcor por at-ed V@‘éheﬁfﬁfm@ bb’\/\lealblsabf)mtotmmpmducﬁmrbamr 06 gricotingl prodastion] ateo -
Burley 21 culﬁr These dp ?f at ors showed t hat,. he | o 20 al kal ord
lines differ& af’ nassr{e%lﬁggts OF HPPISrarSCrRressifg cppmercipby valpable pradugts such

identified agsAhardiadedtcald, CoRhtR éo‘tnﬁdi@ﬁtk' dri f86d "égch@/es -Rrklﬁ-ﬁ)%s g%eés%ha

unl i nked_and_t he gene action is sem-domnant an prim tive (Legg.
et al. (3deopeen designed. for dbe rgmgxzamf nigptine fremetobatco. (ttcmem)r, BosipofSthiese, 14,

77-80 dt di | f th f
aIIcaI) QPdegghﬁ%?%g‘g% e ge I %féfa SC&B ﬁlﬁa&g’gm :a@eﬁ lggrtg @ggtﬁie %?

Ni c2/ Ni c2 anddedisly affed ﬂieCt@bb.cEt% Id1a8Ral Brop ks il
nic2/zaic2 is a h|{:]h I ntt?iegr medi‘ate and nicll r(r)rﬁcl l\?%%/ Weghg& 8Mdﬁééd\l

i nt er nedi at efQhRegyPlaNE Yidh lower levels p;f notine (appraeimetely Gyf)othan It fo@w 201) .

These |ines y. r upber ,of. | eaves., .| eaf ..sj.ze, and
plant’ hei ght W@n@}%&%ﬁ"é’r étagtg 'g?b"tcS%tPgm dnélntﬂég) o haxing fysn g Ledrstans
show t ha30 t hin aicsting donteit afe desiRallezymes,- 30. qui nol i nat e phosphorii boxyl :
transferase (QPTase) and_ putrescence methyl transferase (PMrase), are

di rectly proporti SHEAtingols| &uaed mw&btmn’@ebrwﬁ)/rﬂfh‘ésr totaSen plkot sandnds Bus h |
(1979) Pl ant sﬂ’s&fdeﬁldy th‘anz.:ﬁgl)ted @8 tle Nefles 2 el Ctzlsafst]pre(a ! (ﬂ\g]- .s'zof'ogy%D pse 2



activities in roots, and thus, regulate nicotine synt he5|s ( ge e (1983)
In: Al kaloids: Czenzical and Biol ogi cal Perspectives, Pel $ B tA06%, ed.
John Whey & Sons, pp. 85152). Hibi et al. ((1994) Pl ant CeII 6, 723-735)
i sol ated the cDNA encoding 5 Plvl Tase, PMI, and showed. that PMT transcript
| evel s are regul ated by Nicl and N c2. The QPTase cDNA and genoni ¢ cl ones
(NtQDTI) have al'so been isolated and the: transcr| pt levels of -Nt OPTI are ‘
al so. regulated by Nicl ‘and N c2 (Song, ‘W, Mendu, N ;-and Conkling,

1999) . Pl ant r atio Th ' ears that the Nic ene
regul ?ate ni co’ Oﬁ%é’@tg'%{’ pﬂfp@&;"’f”‘%’g%lﬁﬁ”né’s& hI%";E{ S&ﬁ&cﬂ’? I%‘J@h@s‘éié %gﬁ-ﬁgﬂo ;
encodi ng .t he SM@udsBﬁI%-PMUIMZ)QI\QQ&ﬁ{E%g reg@o[eg){ e %’ SLenrdds !

and Ni c2 have been 'shown to -be positiv tre nscrrp |on"
and. that pr on@@@iﬂmgawbﬂnésl\lﬂmh)dpﬁnimm Hhait mﬁbmpm@mepﬂatbllﬁbﬁ@lﬂnaid e’

O o "5, chEnPR P RN aﬁ?gr%iﬁrso@%b?gﬂ?%r&%ts st
coor dinat & y- Neﬁ'td)@éaﬁﬁl 3p6g2 Has%gmgt%nﬁdpfﬁﬁ“ 994#)%@%@%%#{5&?; }é»[@z% Nic

gene. products al so dlrectI%/ regul ate transcripti -
approach for PiatédlalgBidied] eﬁ\’/?'é?l 2&& Waueromigoeanexpﬂoﬂn):m E’k&Bzacﬁ&nﬂh@O&ﬁ ne

. i's to reduce;t unt , of a (PTase and PMrase) in f-

t he bi osynt het {CP a(ED e{zcgggza ﬁ% %ME%QP@%% %‘F?’fdé@ﬂ"egreéﬁzyne .

natural |y 20 pp:cmvsgs %ﬂdﬂn& Eh&lb@oa yntﬁeeiz@%\gﬁntecg%&@%&g ngance |
3 u

enzynes requlred in t reduction i n
wi I 1 decrease(108&) p’f@%c]tﬁr’?oﬁ%ﬂ?’ﬁhwmr randdW(agnerl ¢19851)3Péanwr1165;)f5324567),

enzyne i ot | mtln |ts enc in a cell nust. be -
redﬁced tslyra g&r%t%%%% nslutnnc E}%raret &ﬁ’n} REALthingor Argipine vi Ty
out put : Conveptﬁﬁsgence f(Ledie (nog0yr mt |Biw9él§}bl¥dwgrf Wnﬁhyswloﬁﬂ@@@ida@ f%rr?t 25 7

. limting, en any:increase in the enzyne' s-activity w result” I1n an
i ncrease in t OdcissYRE Hoth-4 @éllrmﬁlyBsV eéhrarbmmbods Stringeo¥eflag atg. @5-9F,
ni cotine |ev I Nt i se e on escence .
met hyl - transfeie@al%scg\b Eag?/rraseOB 5 C;"E"s""ﬁ 8%’ gb% Fﬂ@s ﬁgﬁcgﬁ??i §2023

and 5, 260; 205:xperihiaktatiane damﬂnﬁhitd:d(thaf’ﬁiEoﬂﬁ@ ts StithaRey\Gh %é@%ﬁdl%ah@o%ﬁad |
and Mal ik des&lr_l bg DNQt encqdi ng PMI_and the 30 use of sense and antisense. -
BT constiuct TOBRadE BRI s Reamagyer Blaet GaavobBsen £141s Scente, DA o)

descri bes- DNdggncodi ng a-plant qui noi ate- phosphor| bosyl- transfer ase-
(QPRTase) enzymg, constructs conprising such DNA ‘and 3 - 01 FEB 2005

met hods of al t eri nEwQRiEdaterydopr(@5al and Niz2) fﬁgﬂ%ﬁc@ﬁnﬁp@ﬁ@ﬂm Miegtds &?7 |

D posator. ngPBRYEHeRE N, B BT RSt ed B o o oot o

plants ( e.g.cigd éiﬂtﬁtdi@)into%ﬁ'lﬁ?@f Béuﬁfvaﬁqe'ﬂtgééeﬁt%ﬁ%at%r% sﬁé&/ecﬁ?]&?(tﬁe %wt he. |

present invention is an isolatéd nucleic aci plasmd)
conpri si #Y, cBkalpidilineg difBrechfroml standetd cujtivaraistinet Tocig Nt (diozmalyadéntlf@d as

| at | | at ed le for th :
br oduct 1 on CLAVER a2 o B e HE T leBO HE g 7 enel@ae%f@%er%geee o
I ncr eased. or aiﬁﬁntmoﬂ doguledis hnd Briffarity RIRER (Lep el‘E'lt ?]Jt,?ﬁfeﬂ' 6o, 2’@

parti-cul ar exa is a-N.c ene roduct responsive e

sequence t hat21| n@@llt@ & A @ Y& rpp Sdiuctd, 18D raepage) doldﬂé:Chhaa:dmdaobzmco

aci ds' havi ng 13.Se5H r afra t.her eof . -
i nsi'sting: ess]gﬁtl | r'?ﬁ]‘%eooft?Eﬁ %rg fg‘%r%ésl&d 98 N%]ﬁ_%émogype&? ”Faé‘a‘%ffl cg{j.wgg%m
consecut 2fe riiel A6 NQQ/N:BE aﬁ@mb oy lowﬁﬁndoﬁ% indDis4001/RRDSEMEY €Nicl/Nicl
nucl eot i des, r@ggr ef er ab) 50 15 350 consecutive nucl eotides, and, nost

preferably, I vedigiesand ric {/sicd MLt s s loanmtqrmpd:ateoqlaggd

nucl €i ¢ ‘aci d 1 and bi.nd .0

are ot herwi szanﬁigg%%ﬁés?@eﬁ ? 7&" % G ﬁ%ﬁoﬁ%ﬂﬁ ersﬁ eS8 &8° Blr‘mgaéc‘?“ease
transcripti ordagsﬁ-ttaﬁowpgrrmmljeelof 1@&&@%@ Sigle, ONd ergléﬁldhéi CEARHELASRYRE of
decrease the IeveI of the encoded protern of interest in thé host cells).

20 The Nic géReSHictnge andsdale Vic emenentshowrnthat she b@l\bb@%toﬁeoofmownhe

sequencesfi s¢h sl her.ei n_ex

i ncor por gtg edcdoy rer fe:bél #cél %@%%ﬁn&adé%msge@% aF% AN HERESRGF Eﬁ‘tﬁ tyapﬁ%rﬁec
gene product (PhERmsels axeedzeéoﬂrymbpcsﬁonaecs 18R413\82 RicofiRd BicBPsthe £ (SR deré Qiﬂdby
of the Nt QPTI ‘Ph Ergis zgence of which is disclosed in U S. Patent
No. 5,459, 25BUsRILHY Pr{@frfyf’h 4:236): nBodi Mehtand iNiedatfect PMDme 200 QPTase
nucl eotide | ong fragnent of the Nt QPTl pronoter that corresponds to the
sequence. of the Nt QPTI pronoter between -1000 and -600 or -700 as
disclosed in U S. Patent No. 5,459, 252. Azsecond aspect of "the present

invention is a recombinant nucleic acid construct conprising containing a
CIS actlng regulatory elenent such as a N|c gene 30 product respon5|ve

o o " o S - o




01 FEB 2005 transfer particle or an Agrobacterium vector: Eé?%mg?é Ifq%
cont ai ning. such constructs, and preferably nultiple copies? theie ﬁ,%ﬁa:are
al so an aspect of the invention. A further aspect of the present invention
is a nethod of malting a transgenic.tobacco plant having reduced nicotine .
cont ent and/ or tobacco specific nitrosam nes S (TSNA)s. The nethod L
conpr.i ses ‘i ntroduci ng an exogenous nucl eic acid construct'. conprising a Nic
gene: -product responsive elenent.as .descri bed above into said at |east one
t obacco plant cel| to produce at .l.east. one transforned tobacco plant cell. -
The at | east ¥Halties dngeefpnid thupaegdatsl nicotineatynthesint(hests (1988) dnwoglmbiids:

nucl ei c. aci d p M ' QF v-.nunber, suffici-ent - reduc he nicotine
Cnd or Tona | SaCatIR b ed SRNpRUREE S Wb ENGieE e e ReY & So P>
cel l.s as conpHi®d to the nicotine and/or TSNA | evel ‘that- woul-d be pri esent
in the absence of fhe exogenous nucleic acid. The ~nethod nmay further’

i ncl ude gener at i ngH#¥1 t4b e d0 SOfhtantr Gedlt he TR3-4ASY drobaset] theaeD Nk | dnsodiagd

e o | : , ol o o D eodinad
b ant - Thiy) TOLAREENS ShRRRSEE RN AT el Il SR L s
generated fr cfhel @PTasaéDINARARD dertintic Al Gies INROPTH %gveta%- ?ée%%&lhteh%a“&ﬂeon- ¥

A further aspect of: %{ﬁ%present‘ invention i$ a tobacco plant having reduced

| evel s of ni CEANSFRPLARYHOPT FERRET erecalée reoulated by e/ ahiVic?<(Song, oW, | Mendu,

contai ni ng anye s NWE 48T 60864 8., Wi gh exogenou clejcacid .
Compri ses a N ALCORlmg A, 0088) Bl Cofl In PSR ffe b bubtoabonhe

exogenous. nudViei genesirdgulatecnicbine edntesit B9 ieplatifd lthe itndori® Mévels "B CEenes

suf fi.ci e.rib}to' reduce, the nicaqtine l'evel of_that -tobacco plant . as Conpared .-
to the ni'cotiTRECHRG dPC THAFAUGHIPYNG gy Ben kML aser ansk QbTasa. Furthere Nibsende of
t he ‘'exogenousy; ! i AGAIH, . I = Skensynand. seeds of -sych. '
pl ant: are -al s_o@ggigg%?gagfsg?%@ggr%s%é\?ﬁfgn%gﬁ@?%%?’E‘?\g@ggﬁo %}sgrdﬂ&%@dg Vaf[ o

i ncl udi ng, - burromoter seqieness upsireammok ilegiramsedptical initlatiod site 2ontaingBE efstRfing
cigars, pipe teob%cgo-) . snuff . chew ng t ob_&crco;_' gum .l ozenges -that are
prepar ed froftSATHCY FEFESENi fore B sene prmadedd %ﬂ‘é‘l’%d’fe%éﬂf freffanscaptiane

i nvention. PrfcaisebéxprésiRacoft OPFG&O, @EPJS 8¢ RodBHARC LA Bfed (O o
har vest ed t obacco | e)g)ve_s and gt ens ?ﬁg? avg.ﬁiggn_ cu.f%%gag?é (E:)g;ﬂé%,mc
and/ or 'f dPmer@ead Pedustsdit Aebothetothe dYit igonaprodedirlsguiiecily régulbre aenscription
preparation:- & 0di fied techni ques in:30 curing and tobacco E
processi ng cé’?@%ﬁ%@@gﬂgm emented to further lower the tevels of TSNAs. In -
sone enbodi nent s, Quiteapeduehdor tddating ShaTRAE! @fb&)ﬁbﬁj@&éa@g{aauu SiciPds lﬁl:&q}{é ne
and/ or TSNAs.is ‘p'(ecﬁpa_lr:_tgd froma variety -of Burley tobacco (e.g., Burley - -~
21), Ori ent al's o TeducedRe aypmmt of 2 seruitsd azpwe divec @PTobmend PMTasshdulthe be .

under'st ood, i b f3:1 ‘ | etygs. _can [ de to be.nicotine
andior ToNA ragietic pAfb ISkl RERER SHRLE Wik RE bferted v e Jhaprelly TC
embodi meRfs iovcirade 4 obtedimitipgoatuctis (rblativday ahd afRerCaiS ek | qbirdd eP4Rg SO .
t hat desired | veli,of nicotine and/ or TSNAs are obtained. For exanple,
t abacco havi REUEaY AN SGIYCE0B I Shat gngyne s @bundeace wilt drpreaseihe prodagtios of
descri.bed ab@ne enganolgth e g Wik £ @YV et - tobac . t.0_obtain
Viriualty any oens Hlolfe LS bl lof MU BRARI'R, nb ABRERALS B Tipfad 1! "
varieties of Presoacscm daell myush beetdued foeratd-limiting kotlsria @i @ dikSNAE tgan be
blended'so.a%_&&FQChigﬁ%l%ﬁgesired; %2Unt-o‘51011;nic0tine and/or TSNAs. In
this manner, PAITFPESefERE Lonyersely f‘ |napsrlly-gecupEng ameymb pb eneEneis rate
ni cot | neaBndfgsicifENaen 6 ibféast i HRIEDAA Y a AN Aresd DS B HhdEGy LgbACCO

, s S -an

products can_be incorporated:into tobacco use céssation Ki prograns’
desi gned t o bigebetn pathveynand prodist.i The deplificivacofaticotirr leveloge totacco '
potential. S ' nd _prograns are al so enbodi ments of_the invention: 15
eI b L e R ER 0 CER RO RV S
car cinogen ¢i@igpséciin WS PaRARCS)36Y,0015h3 s SIS NalhEA! Ald RECHEA S

chewi ng ‘t obacco, snuff and tobacco-contail ni'ig gum and 1 ozenges: SOME -

met hods, - f or 3BRER8HPR WO P4/28842 eWshapandbMatik describeb Bt elivwdingP M Tr-ad tiged

amount okani GOI i e, /ory TONAs ang, the manuf actyre, of fobacco products
cont ai ni %% Sglg% ﬁ%%@gof& FRREESY of M yFonsmets ¢ agélaﬁ*ﬂnéui’ao@g&cei)ﬁﬂhéﬁ@@l,

descri bed ab®v©98/86%21d6VECohEshe GHr gd, r S |t ¢ c cts.
These tobacco, products_ have a rgeﬁcgd %%r&g?ér%ogméﬁ%cggcodtdg&rﬁ)i%ﬂﬁ%gcgusé%?#ey..
are prepar edPhospheHBOSE bansiemsa (QPRTase ) endymeftonstznmsictmpdising siwhiINAame o
TSNAs: Yet anot her aspect of the inventian concerns the reduction of the
anmount of 25 TSNAs and netabolites thereof in humans who snoke, consune or
ot herwi se ingest tobacco. This nmethod is :practi-ced by providing a tobacco
product having a reduced anmount of - TSNAS,~ as descri bed above,, to said
humans, thereby |owering the carcinogenic potential of such product in said

oy



01 FEB 2005 whi ch activator conpound increases expression of &4i@rﬁb§i n
of interest in said plant;. and (ii), a cis-acting repressor ele t at
bi nds a repressor conpound, which repressor conpound decreases expression

of .said protein of interest in-said plant. The nmethod conprises introducing

an exogenous. nucl ei ¢ aci d construct -conprising said 5 cis-acting el enent
into at |east one plant cell to produce at |east -one transfornmed plant. .
cell, with the at least one transformed plant cell containing the exogenous -
nucl et ¢ aci d LJf ' nb fficient to. ncrease,or reduce the:leyel .of
sai d protein lcl)];%ﬂll%%% g??&%%agﬁu P ESIATP AR Grflesiepts WEPT Brodueiiffar ed
to ‘the anount iroplag®i dDessite bievitfusi eFfREsCild bitksstd UihrebRnARS 8 Heed Tof Bew
absence of said exogenous nucleic acid. , ‘10 The ‘present 1 nvention thus-
general |y protmesshes toraducethaprodaetion eftgene produntsin phnisr(cxgasentire). r educed
| evel's of a protein.of interest therein, the plant conprising cells- -
cont ai ni ng an exogenous nucl eic:acid, which exogenous nucleic acid ,
conpri-ses & cis-acting el enment sehfsaty bPRdRReBhP consisting of (i) a -
cis-acting . activating el ement "that brnds an activator compound, which
acti vat or - conpound®18tst gepesh 96 she presenfsinvention Sadndisplatedenucleié avidt mokstile n

said-plant,. agd, Vi i)...arCLS=a6Ling repressor _el.ement that. ‘binds a.re ressor-" “
conpound, V\h?@%”ri‘e#aesggdrk%ﬁ%%ﬁ%%oﬁigﬁ%gﬁfnﬁﬁg? 8€sqf&ﬁn§}§t11§€a?. 8 FHIeME of
interest in smgdlapirpeicment)end éhd weoPBhcH 41 ROlatdIaRIRIRIPRS IGHELGOAGIS i N

a copy nunber sufficient-to increase or reduce the.level of the protein of
interest in t¥eRsgeninPlant o byt el daving hereddevals (ag.. nhwagedaralepreasedilavalslest

20 t hat il .d. - o _abs of the exeogenous nucleic acid. Thus
the prese | o oneran SEnitRehitefl o€ Bafoller b RS REt Sl s ie s o7
a protein of -é¢lamentesty.,inDNA psquisadeythhd binds 1ok e g@ida‘ﬁbdﬁwpéucﬁab i) MbRtRI N -
transcripti-on of .the protein of interest is enhanced by -a cis-acting
acti-vating el® fﬂ‘f;la?lﬂg apng fsSeanencetacrerding wobOuHY NQil on adsagment dhereof
conpound i ncr :S 110N e.nrat ek n ; i.nt 'Sy _4 e hast: ‘
el - The ot foadts g MAERANPILO: LORiRE B NaBlaly, ofNELET0-4s3, LRl
nucl ei ¢ aci d ewsieotides; tpreforably, si fegstt 304Q0 cometutivg mclebtidds] A@reprefestly, Sod.

(b) intr Ci t he decoy construct into the host. cell "in_an anount

suf fi -ci'egl;g_]t o b1 WS VS&W"&&?@?&. éB?‘rp‘BB%Pfa%aa Bl 03 Wy Edhthhoopseeytive
protein of i nineNsHes;RuAtBLsold:d S QBids v aiblial ) &ﬂﬁ? g,@ﬁﬁr S
met hod' of i ncr_easi-ngs.?,o_e(g'g‘rsgsag%%@gfqégefg?gtﬁ%?ﬁ&%? ,ﬁieﬁé gir/éest '1?ima -os@gel |,
wher ei n -t r ansE? NG:il gnd bind erarg otheswise aésponsive s Mis gereqmodittt Bye., dncieaseamt | ng-

repressor ele 1 h inds a.repressor conpound, which repressar conpound |
reduces expr'e%%?égﬁé o%ﬁljss%llpgpﬁrg’tc &Pn OB HYRIE (%5 ?""1{‘}?‘1‘_3 G ‘W(S]SS‘Q £e INGIEAPEET2005
cell. The metdetbasotipnevet st tHenséRArokin dahtcRisPit e RSkt deMGCOY reconbinant
nucl e'rcfb((i')ldd' construct conprising said cis-acting activating elenment; and.
' (b) intrdducing sHiNie@she qupdict Fesponsive eleingntheat alselbe pbtained afromrithe |
sufficient toghi L 8 8RR RO '[TBRU i ncrease expression .of .said
protein of -i ﬁst P@?ﬁ%ﬁ%@%?‘?@cﬁi_n and%gdfs-%%jag% &t gxggs %glcﬁjfpé)g%tﬁ{l_-by -
i nvention areefrpicaiineits entigtyealesofiet @hbodimehie il v paie ﬁ%ﬂﬁ‘étnre@tﬂlsw%e '
specification,set forth below Brief Description of the Drawi ngs Figure 1

depi ct's t he HIGEGH RSP pavermay 0% aed noPQ 61 nTQLDbD i the MQRTI aepmoterthe

Enzynme acti VidahB8hak 4.0 -bern by, Ni a i ar, Tase .
(qui nol i nate %ﬁgt?gﬁori Eo@fpgﬁ%ﬁgy %?%g'g)sf é’%{#hf’k)}f)és%g“?pzﬁé g e‘ég%o%)%l%fy’ some
met hyl - t i2ansfanlasiehentQiffades a00AbTanelcatide 1y fragmertiofithd NFCRTZY@cer
steps in nicaotine biosynthesis and thus,. nicotine levels are directly .
proportional P8 ©FERISRS IR qpses 96 thecMQA T promaterdgtuees 4 Ahand-600 or

di agrammati ¢ 1epres ) : ne and the 15 Nt QPTI -
pronot er - ui dA cﬁ’la?}e%?glsﬁedr e -'sftPg{eg t&%@é’??%tl on‘initiation is indicated
(+1) ,- and the arrévsscout eapes of. tHehpreberPhlvehtianss i flcombiane xasisicaaeid
presented as crosshatched. bars. ' The del etion, series of the grom)ter is.

al so shown asPORSYIY SHEPESING SALIAIWNE oy naptirg tegulateryotlement syl R @elic mmges

of promotzgr faraire dsRd j e i’ '

[ 3- gl ucursgni arse (_gc)%d( are ieltgglle%{;t%%gde?é?%? %B?%@,] %?nﬁ%gfgﬁs uﬁf) ?fnsﬁq_ Sbase
pai rs (kb).. GréomehinantNnEEEit aeid fint the- ptodvctions oD astrampeni€ plare ri lidse BBl k01
Fi gure 3_shov§ %ﬁ) gl ucuronj[l.gase S&E%JS) activity in roots, |eaves, and stens
of transgeni CCHREEIFTHRante cop AehgPayhe eafartoss Sigh andrhatistieavpless agid t he
pronoterless GUS (pBI'l01); and 5 nested del etions:of the TobRD2 (gene .
encoding 25; NtQPTI ) pronmoter fused to GUS. Sizes of pronoter fragnents
fused to the ui dA gene are indicated (i.eq Q.0, D1.4; etc.) in kilobase -
pairs (kb).. For each construct at |east 20 independent transformants were
assayed. Detailed Description of Preferred Enbodi nents

«Q



30 The term"plants" as used herein refers to vascul ar pl antﬁ’iE&@@rgﬂ%y

pl ants include, but are not limted, to corn (Zea mays), canola (Brassica
napus, Brassica rapa ssp.), alfalfa (Medicago saliva), rice (Oyza sativa);
rape (Brassica: rzapus) rye 01 FEB 2005 (Secal e cereal e)~ sorghum.. .

( Sor-ghum bi col or, -Sor ghum vul gare), sunflower: (Helianthus annus); wheat.
(Triticum aesti vurr)', soybean (dycine nmax), 't obacco {Ni cot'i ana .tabacum, ,
pot at o (SoI anum t uber osuny, peanut s (Arachi s hypogaea), -cotton (Gossypl um -

hi rsutuny ;- bat at us), -cassava. (I\/anr hot 5 escul enta),
coffee (Cof. ea §?§6§ ﬂ%‘&@%gﬁ TRfE VEGoTa) Plap cwélaﬁpn@lmawhscoams)

Cl TS T Ceouldpikidibl g BRiplc €65 00uERE AR AU PRGB! | L2

si nensi s) banana (Mis er - sea amer| cana) g (Ficus '
casi-ca), guava ( PsAdiurthenjasppacivet)the peesget indéniphfie & anéthed Gﬁinaldhgla/@adsgeﬂ@
eur opaea) , (Egarr ca. a?ea/w%' cashew (Anacar di-um occi dental e), ‘
macadani a ( %“eﬁ% @‘F MCHHNE; FORIERY @d@ﬁ@%ﬂcwg@raﬁ@mﬁosmgm
beets (Betsa v M}sS)Th@ﬁﬁ%d{ &%&ﬁeQ %ﬂcld%):m a&%%gﬁcf (x@@ ?131& cop%%c)t

strawberry (Fragaria), walnut ans reg 5 Vi ni

aprr cot :(Pr un@%nmmadﬁa)genc Ipeoduct {rapumme) elemﬁt:hls (lEércﬂbet’ﬁ ab@fesin@rﬂ)smdlidtum
(Prunes dones wat ernmel on (Ci-trullus

vul garis); %ﬁe&é’ﬁ t?ﬁ %i rt?f%pgt%nlgua&‘%yat 19@6@9@@"8@"%‘?@15}%%%13]@11*[ cell. . .
coni fers; andThMﬁl&sﬁéﬁ@&aﬂs?oﬁﬁ‘ed&obacE@gmla?ﬁ; Eaff@dﬁkﬂls thE %ﬁ&é‘e%hé)@?éien? heidfi" age .

pur poses) Veget abl es i ncl ude. Sol anacedus speci es

Lycoper si con @B@Ep‘gﬁmrﬁopym@mh@teumelegt 1o tedudeutha mmvahd/ocmsmsev@mﬂﬁus R

t I B I I |
caonl ant - [Bor ok T TEBRAR 805 BEE Rl of FuRlan SaBrared, B ¥ el ng er
(Abel moschus: BSKAIled] Bdt walllg & ﬂfsm(tﬁé@ﬁs"eﬁééléf %H'eﬂ@één%)is Ildzﬁe PR HRe
(Phaseol us .20 I|rnenS|s) peas (Latlzyuixs spp.) nber s o? e genus

Czrcur bi t a suBAthad I%Ybﬁ&ﬂl? r dnaledengqueratingsh tabddco ﬁilant ﬁfomrﬂleshp.uaﬁinmé@plant

rnoschat a o neck .squash (C. cro
ar gyr osper e &Iﬂ% gSf( rosp rrggllseg%%%; ¥t lea% Ej? t %t %F’e c%‘ﬁ&@i’aéﬁ%r s, -
C. foetidissi ptant (Thﬂsuttﬁred:dd plagts, mothd{aghhe l]éﬁ@i'stemﬁ”&d”ﬁ@@@ géné}ﬁteﬁ Iﬁeongenus

Cucum s! f{)u acf t&c nber, (Cucum s sativus), cant al oupe (
cant.al upefrsi s BFHo PRADRCIE efﬂ‘mr@ﬁﬁntmmm al pl ant s i ncl ude azalea

(Rhododendr oni sppAmﬂu@Iraggaao@{@ PREY 1080 BlB) BiRg (R RESCUS

rosasanensi s)., -roses (Ross’spp I pS I pa Spp
(Narci ssus splpr)ls Oﬁentm“tlraw(dRHtTSNAs rtkrdﬂa-emdahe phat lﬁxhpﬁﬁnﬁ QAN thtSining an

Gont 012, i OB B A5y SRR e odRBormo WedSompresn i et
et ude, 1 of KRG clhiif Ss WeditAS abOR) OThY R0l FhRSe LERIALona AT P! e -

(Pines elliotii), -ponderosa pine (Pinnus ponde epol-e pine I nes
contorts)20 arfge kel iareesppyinvmbepsefdisientith mdade; tthmgtmsleWe]roﬂtBstetubb:&:s pl@t -

e b o Prbieeon e E ST e b T TR B shEtnen OB
silver fir (/Ahéesdgeasmbinidleid aaadAtgiahﬁﬁmlfswes,(s%ah@%n@%ea%% &)lé‘lﬂ%&ﬁg@r s
I-C

such - as Western red cedar (Thuj a ata) and Al aska yell owce :
(Chamaecypar1§PW&B?BF?§PJ§)IHVCHU¢Wfgr ass i ncl ude " but are not limited to 5

zoysi agr asses, S ses -

August i negr asses; r‘]E)ernud g?dafggsegl% gfrl%rst‘@étgd%e Puggggsmamls (eg,_

or char dgr2as s edgarditesp cigaed, ysdpsl taiaecdibl %ﬁﬁﬁ‘ bﬂaﬁm%%u-&c@r ol 11626ng &S that are

| abor at ory nodel s, ﬁg]es Ar abi dopsi s: Preferre plants for use in the
aret fropesal

present met hddsP cbg:pnsgp@cﬁg’pacpp anésiare @) sol eghndiments of dreainwenton.

O o asses. el HAEdnohe BUGURIE WLRTANER M nahESRT iR 1neg
rye, rice, ccam:l S’IBIIiSOIthatCha&a\b&en g, tdied) idedd, aiblor FRSKHT YioBbraRES 1o

(e.qg., Arabl dopsi s any, pl-ant- may- be used to carry out the present
i nventi on, ‘éed’éoa aI“’é IalaIOba%qqr BFPP%TaMIBf &aveser, m@mﬁe@mcpmm can

b [1 d

har vest oy i r?f:"‘ﬁ%%@ ?"o"?l"g‘ﬁ%l%"?gsmg%%s% SR Bl g e 1Bty of

| eaves, 15 stES¥As. bh:rsoma/mﬂﬁbdn&éﬁs thbt&abdbaﬂaammdé%ﬁlﬂ’tzﬁﬂﬁﬁﬁ fige @ﬁﬁ:ﬁiﬂe
e anount of

partlcul ar pr @.R@lrnig i ncreased or reduced in a plant

that protein aﬂ‘% SN} 18 pparsdy Iﬁd@ﬂﬂm%nbﬁtmb@ﬁofﬂﬂyBuﬂe)&baOmmm ar
part of the plant:-In overview, in an illustrative-enbodi nent of the '

i nvention, nlcotlne is produced in tobacco plants - by the condensation of
ni cotinic acid and N20 net hyl pyrraliniumgation. The biosynthetic pathway
resulting in nicotine production is illusfrated in Fi gure 1: Two regul atory
Iocr (N| cl and Ni 02) act as co- dom nant regul ators of n| cotr ne productr on.

o o o S o Y o o o




The present invention is, in one preferred enbodi nent, based ygpon an

i solated nucleic acid (e.g., SEQID NO 1 or a fragnent thereﬁJ 1cbRBi AB/ng
of ; desirably, at 10 01 FEB 2005 | east 20-450 consecutive nucl eoti des;
preferably, ‘at. |east 30-400 consecutivenucleotides, nore preferably,

50- 350 consecutive nucl eotides, and, -nost preferably 100- 300 or 200-400
consecutive nucl eoti-des) that is or contalns at |least..one =

ci.s-actingregul atory el ement; which exists upstream.of the pI ant qui nol at e

h h b f .
(PNTase) cgi.y%r?%ﬁ‘i%%%ﬁ@gs%? Ra25)L AR be SRR TRt U Bt obaceo
responsi ve el eariztits @ah dbenathdé rtenhé fm&se@ﬁﬁn wsRal %S%Siﬂ'g 'Qwsemgéﬁlﬁ&hfs’\b

5,459; 252, herein expressly incorporated byreference in its entirety n
sone errbodl neﬁlﬁsﬁrlb%rﬁpc gene product responsi veel enent  resi des between

-1000 and -600 or - y PTI rormt er Ac song |
enmbodi nents invol ve é%gﬂa ‘aﬁﬂ él'}%?eotl e ?\%ﬁ P?é%‘éﬁfs ﬁﬁat ?’ﬂg‘r%h’éﬂﬂcarﬁ%t er
that cor r éspobiesdedasot hat detrad heelsobf dibsi Ly mﬁ@h&roﬁiﬁhwef"oﬁg%é%'d

- 600 or -700 s disclosed  in U S: Patent No. 5,459;252.-Thus; I n so
enbodi nent's, 1BaSRHRRNiRE arfgeresdclenel of nitative andior JBSNA% proparpd @lsndeemlmd

i nteraction r factors

Ni ¢2), 15whi- c\kll\é%?eq%%vl%l b\}é%felﬁ r‘ﬁl ?ﬁé@ %tlﬁ)élnél? Porbﬁﬁ%oc‘?o HPE ;?9"6’? ’é‘?ﬁ% 80y angpnt,
PMFase, Accor defirgéotinesailthr TSDIAS. Fuathiet]| 3wa o8 nfodé Yarki@ies Bﬁtdbﬁc&ﬁ{h%ﬁigrb &Huée%aSt
one transcri glte%’%nf actor ( g Ni cl and Ni c2) binding sequences; which are

also referre of ueqing TeNAYy mnab%bken@%mm 4 a'Gh&Velardqswdh ginaynt « of

That Lt acant astle {RERTEmenl] 95 SRRl ApENEOEN Pl e B PR BOACR e

transcri pti oremhegtoof micoting taindtoe TSNAS can e iAcrenfentally ddpiseel eGhegerenfa 0,
QPTase "and/ or,, FMTase nes‘)& lcjan be red ced or squel ched. As. QPTase and - _
PMTase act i viPPEEO 691'8 ?/W‘E’Pfé éHtWﬁobﬁC%'é‘i?tqeﬁ‘@ﬁon kits and programs®
content, Const ddfphb®fo Rliutd ANILERALE o ayzqﬂ, ase
| evel s ar eI ovverl(;g?zllL in thg pl ant -roots 8919 gﬂ(% der}:v &glgmgya?%‘%tai) Mr :
plants); de@@d@@atmm ﬂﬁrgshdachmentsmtt’ahamvdﬂamng reduced Ievel s of

ni coti ne: Wt hout shin e bo byan articular.t .
cont enpl. alt ed that MR %Q%ﬁmﬁf ? %ﬁ g‘b o Goncegh g8 ‘gsncfot' B%’G%Othe B
product s t hatcafciigpenid pOHGRS afMeBicced proiedd, i Al Yﬂﬂr%' %’aﬂe?a

reducedanount. " of TSNA._ That is, by renpving nicoti romtoﬁgcco pfva]ﬁ 'S,
t obacco, andttQB%F@@so Spig ok @bag%c@ntazm \goiny and nlovenges.he Satneametlsds, for

substrate forg, dthat t he ction. of. nlcotlne'.:" :
in tobacco was gﬁ eic‘l?{y re%a}?r%g&% ?h@F{m& ‘F%‘FWH b L eptpe the
met hods ‘descrandés TRNAk mnﬂomeqnhﬂufﬁditﬁﬁuéﬂ tdbhceo ProdteB é’&ﬁénin?b%&%lﬂcw a
reduced dic %I ve,, ote ti'al -but, concomtantly, produce a tobacco that has

a Iower &Ar ci %lyp &ranpgenIc topacoyqlands, Idesasthet @bpues dreiravestdde cprd sd "a
1003030 Sk LA Bt e L BB RS B

in a transgem c tobacco obacco,
| ess than whatoteubial dbebmsécthqd areN prepiapddaGom PdtaBEo - thARRCH re@iced’ 4008 T
product fromthe S of tobacco processed in the sane manner, -

a
whi'ch was not” ﬁ%&&%ﬁ@ﬁ?&ﬁﬁ% for reduced nicotine and/or TSNA. Thus, in
some context's, Wi lgst Ta%&- i b
processed in t he saneﬁﬁnglr?ner |g%g§glmggﬁl&a§)%cgg)l t§£¥%¢1‘£ﬁé 'tag%hrfee%giﬁ
whet her 51 edUN¥Apand metabotlitesrikerd6f mrisinoans FdAsrhelse, taeﬁsm@ebb:abmaehnbe/ u’IgBﬁ

i nventive nethods descri bed .herein. WIld. type tobacco varies
si gni fi cant| )}h&f‘f ?hﬁ%ﬂﬁﬁ?dd?wgﬁﬂrwléﬁﬁgﬁﬁé %Féﬁé}ﬁ@l‘ﬂ% héﬁngi@efed‘éﬂeﬂet y
and t he manngmdunt i¢F IR h dsC e
t obacco | eaf - has 30, oooﬂggr tasS gées\ré%&j]?ddb()%I % %ﬁnl Co g{%& 103%(5’%% ﬁ"%per
bill'ion (ppb)cammgemcepdmmnalmwﬂpmdubemdaeﬂiudm 20, 000 ppm ni coti ne and

15 300 ppb TSNA; d an: ”3 cured ;leaf has, 10,000.p m ni coti ne and.

100 ppb ' TSNA A’ B%Fc%%‘e %Preﬁ?ﬂitmwﬂpﬁd?rewﬂes nem‘rh Sfecking g pamunt
of ni cot Bpe AR’ intaNisd egtabl é
ni cotine and/ or SI]\IIA or ap%q:l%%?g:lo%ﬁlsﬂo%g dd %6%!% ‘g‘? %gn%u%%ﬁ%qg%%g&oﬁ‘temre
TSNA and/ or-- rHrefsin g ls‘@rdst)mg reg.llathé e us-acing) iel@tdnn escRotbdofrohSHA | gfoupess
t han t hat fo%n ﬁg L%éjl ant of\féhe sane arlet That is; a-

Bur | ey tobaccs n?lgg}g 8 dcﬁ ‘Fféﬁf’ agtivating, Rlempend that 111(4@ ag ?‘Cé’da@éﬁoa}iaﬁﬁm of
ni cotine can have between 0 and 30, 000 ppm nicoti'ne and 0 and 8,000 ppb
TSNA desirably between 0 and 20,000 ppm nicotine and = 0 and 6; 000 ppb TSNA
nore desirably between 0 and 10,000 ppm nigcoti ne and 0 and 5; 000 ppb TSNA
preferably between 0 and 5,000 ppm nicotine and 0. and 4,000 ppb. 25 TSNA
nor e pref er any bet ween 0 and 2 500 ppm n| cotl ne and 0 and 2 OOO ppb TSNA

o, a ~ NN a ~ NN




13 01 FEB 2005 "decoys" or "nol ecul ar decoys". The conpetigion decreases
occupancy of trapsacting DNA-bi nding, proteins on their cog ta‘%@?gggti ng
el enents; thereby downregul ating the synthesis of nicotine biosynthesis
enzynes. The present.invention also provides DNA nol ecul es of cis-acting .
el'ements of 5 QPTase of PMrase; and vectors ,conprising those DNA o
nol ecul es, as well as transgenic plant cells and plants transforned with -
t hose DNA nol ecul es and vectors. Transgeni c tobacco cells and plants of
this invention are characterized by. lower nicotine content -than = = .
unt f ansf or med Walsht #6Ivaiop sampound inaeasasl epprassicn of ekid cprotaih axfitistewist i kaid . -

| evel s of nic@tlr roduction. or substantially-no 10 nicatine production,
, are attract ﬁf\?}e]ﬂgg&)(’ @tlgﬁ?se%f‘@gf FPPLRSHERE %%ﬁ%%ﬁmassebm%mg’l Which
val uabl e pr odmasa@mpaan@&@qre@e@eﬁprssaio&of-_%ﬁa{i% fn mg&e%@&ts%id" intf 999
addi tives: Tobaccqo is attractive as a recipient plant for-a transgene ~ =
encodi ng. a deB¥Hgg| ompriser itrodaeing @haasogerioss aasleleyacid tehsmet bymprigng exided
and produces g ek v 1 bl oass. per_.acre: tobacco plants wth.reduced
resour ces ?ﬁevg’t’ \eégﬁl%/%&%%g%ﬂ?{r?eﬂ??sﬂ?%e&}ﬁti 5H t%B@g‘PEﬁ ?FQFW\RP?'F rEtehgyant
resources -avacdlpbiith thoat B4 dHE tra@Fortled f1ARTOR BEBAHUSE SxoMbROARIAE aci
transformng fobacco w th transgenes prfgd_uci'ng desired p}r:%%cts a%égéﬂﬁgM' B
in the art; a2 pyoumber selpientiodneragsetse raduct thedevebiof kaitl ipeottinwf hiterestiine
tobacco plantg - t i pvention. a- Tobgcco,plants according.to the.
preesent” i nvent ipgir?_t\t/r\n , Q{ag%ﬁ%éﬁf %ﬁefg S&ﬁd’oﬁ’@afﬁ%ﬂ‘ﬁstggﬁ’b‘?%ﬁ% 1y 9E't“é(_ﬁﬂfced
ni cotine | eveintereut that beuliitis prafhein the bb@nts SRS LHOBeustRBRECR;Pr oducts - .
havi ng‘_r'e@uced ni c,gttli ne and/or. TSNA content. The.tobacco plants described
herei n ac¥ sui tabl &1% SFESERniRYRRliGsh Susgeensrally puedtides ray gdant rignd getisitbgrest) |
(e.g: -oppi NO. BfviiO iAQPRES L edlowers or. ngt bagging the -
flowers, cul ti_v‘:g%g!)(_%n in ng!ﬁu?ﬁﬁ%gﬂeg%?'loé? _W%fel%ucff f Ff"&?‘e%%éﬁ% %‘I?'Fe Pl_ant .
harvest ed’ |'easasmsprisig &llenentainingan éxdgesodmutic A WiickBYodehash fucRidhcid .

t obacco product - including,. butl-.not I#erri ted to, pipe, cigar and cigarette -
t obacco, and THRIHY* CHHEELE S e peresterhion thedgieyp Icensistingaléba cistaciuged -
tobacco, on- cagrivimipaeReent thdtShiaHs AnCH l@akgdubdabuide | COtAne,
anhd/ or TSNA tobacco desc?i bed her ei%H -%aggcg{rng%gége h%cr@da% er?gecg)%\ﬂppﬂd
convent i ddal inelsawe sxpression tof saideptatein off ieBBt jin saidgelant, Andb@ECo cRrRAEUE S
wi t h varyi ng .an s.of. .nigoti.ne, and/ or nitrosanines. These bl ended tobacco -
product s can’-%@g H%%del ?%e]{‘][oﬁ'gicbdn??rﬁ&dff@fesﬁ‘gs%%{??%? prJyF A FEPEEORCOmPoSNd W y -
nove a .consundgcrdase3rexprdibion ofisgigt 'rﬂﬁﬁﬂﬂﬂinTMhPEﬂQEﬁéh £l njtéﬁin Qi FEB -
2005 nicoti ne and TSNA product. ,Fﬂo‘r ~exanpl e, a snoke ?tglﬁacgielg}e\% t e,gg[?l%gr am
smoki ngbl end&&Xo8supRs abelels acid, ingcammpunobersuffiviem do nvdeate Grigednte thictleved afii ne,

gradual ly nov, ' L.gar with 7ng.of. ni.cotine and 1lpg of.
nitrosam ne, ‘?%P{"z%g £ y%ﬁ%%tgrﬁetﬁ Jélgﬁ%?\g\ﬁ%’ﬂg’%ﬁ&%%%‘mtﬁgt%ﬁﬂf’éggﬂﬁmefest.

ni trosani2fe, thal wanlbe byesaitda et dbeabay itd:xdo s dhaeic g1, and 0. 25ng |
ni trosam ne; foll d cigarettes having 1 Ongnicotine and no TSNA unti |

t he consumer deci S{RF RReRed ysntion mevides ageraralonethod nfdeareasiigiexpression

ni cotine and gfid oS OMARrF 1Py bl i ng..al-t\aget her . .Accordi ngl y; t he -
bl‘ended ci gar e'tatfgs descr | B%d’ﬂ%ﬁé.l&n ,(_r“(f)w!}Eé‘&%%éﬂ%s}sc?eiiar‘_’.v@ﬁe%gﬁ?sé%@ﬁb?0 -
reduce t hecardfithoprtdic of diterest ialenhanced byrpeis-betin &HBNG SRnicaSMbORnds an
Nucl ei c aci ds: encodi ng cisg-acting.el ements such as Nic eerie product . =
responsi-veel eaﬁﬁﬁé;fgr_ %‘Paawg%biﬂgtlwomorm%lnémqr%emmm_ iabe piotaisedl in
carrying 28ut  ihResPretRMdsn¥aNt Tes; Eﬁ}% : B EHLES o
application.of the pr es:gt I nvent %erﬁb% glggéﬁleg%@%% gga@ﬁ)ﬁdd’ Hé-*l@ﬁg%ggy_

, (and corr espgermbigant muplsior aqid comstiuattamm)siighibe diBycthRUtidatinl €08e®t ahd -
conmbi nati on v&)}h oge. -.anga%gé—:r; in practicing the present inventioninclude;
but are not |I'PhiERE s TRedqeoy cqnsigiet intp daschast cell fmpe ampunt goticisuttodind
5,223, 419) ; ttheactitdibr c&RBSInEIRAITEMced S80S s 5,834,236
and6; 191; 258), a woundi nﬁ-responsi, vcgaec%ﬁrs-éc ?ntslgg’réé@eﬁn({ Lﬁt%'gér%’pot ato
et e eheimat f Lo o st oeot oL ) b gerdl b B dhbiean
cis-acti e nt. freombean (Bustoset al, ant 3 , a
root-s p'e(E:J’ |gf ii&%g%éﬁ’%%?f%g“’g‘f% HECTeSt R ARk GHawhereinsvansexipinmee! the opan oAt
5, 459, 252. andni¥aeriaRtduced b |a-a‘-E&tﬁi§t Ldor Bletehi ' phlve
pf)l y( df\f dT?:i Eﬁggﬂ%?%g@? e%entls a&jmﬁe%%éﬁési%#ﬁﬁgﬁ.%%;;g%]ie%%;ﬁ%gpeat
el enent an QOO s expressidnl o rofin lof 2otdrest i
(1992)), aroot-tip regulatory elenent fromthe tobacco phytochroneAl
pronoter of tobacco (Adamet al:, Plant Md1l Bi ol 29:983-993 (1995)),
ananaer obi osi s-reponsi ve el ement fromt he7mai' ze ‘

gl ycer al dehyde- 3- phosphat edehydr ogenase 4"gene (Geffers et al., Plant M1l
Bi 0143: 11-21 (2000)), and a seed-specific regulatory region froman

s S o . g PN T NSN NN




all of which are hereby expressly incorporated by reference i,n their
entireties. The status of the art is such that |arge dat abasegilﬁtb 2005
identified cis-actingregulatory regions (e.g., Plant C s-acting Regul atory
el ements, "PLACE", wi.th some 15 01 FEB 2005 1,340 entries, see

htt p: //vaw dna::affrc.go.,p/ hot. docs/ PLACE/ , and- PI ant d's- act| ng. Regul at ory
El ements " Pl ant CARE", Wm ch :lists sone 159 pl ant prom)ter see . o
htt p:// sphinx. rug. ac. be: 8080/PI ant CARE/ . The listed cis-acting regul atory

el ements in th at a s ‘and the cis-acting regulatory elenénts that are -
provi ded in Rﬁ%‘ﬁbgﬁ cchp.pnseN HoRS ‘gc{‘ﬂ§rﬁé‘§é’£r%ﬂe@7 :rpepmnbinant npglggg)

and H go et aheid cbﬁ'&ﬁhﬁt EoRplidlay saJB oAt gl ety é%&ﬂ%ﬂ 121%??%5 X rcl:lglgmg

wi t h enbodi nents of the inventton. at

ref erences. abdwymswmteblyo eaa}irltﬁss Icylllmcamr mnomitedﬁﬁmemwfoebﬂaﬂcﬁd fbp&ét@bﬂ‘

entireties. Additional .exanpl es of .ci-s-ac .regul atory regions; which
, can- be used WTH “é‘ﬁt?&q egpression p P’io jnp HIEI8Y- Laconbe E, Van.10.

Door ssel aey e J, Bo‘i‘héékﬂre Bousi b8 BelsBE B! bRIBK! inferi AL ASLERIATH O

of . cis-- elenents require for vascul ar® expressi PRE O nnand

reduct ase gengreaistid¢tail ipthetdesawingdheretmmideke fmecification s@iferth bdlod3: . 663- 676
(2000); Tilly JJ, ‘Allen DW Jack T The CArG'boxes in the promoter of the |,
Ar abi-dopsi s roraI ~organ-identity gene APETALAS medi at e di verse reguI atory
ef fects Devel opnent 125: 1647- g8Rfpk h H&ﬁnocs Dei kman. J.;; -
Margossi-an L.J., Fischer R.L. ThHte ntal |y 'regulated
DNA- bi ndi ng f act or Figurs lsd@mstsftherbﬁmmgthbm pdibfafagrleading rtmlmeatmadmsygthgﬁs.es

(romomi -Bapl Gilho IRl ACE: ACHH LIEER PR G dBEALD Sl

t ransgeni ¢ t oplagehorib@ail &andfk I as
M : Rgbyl D., %Jngs r?o z andfraéhg i PMEB%@%‘T’J%? ?%?%“ﬁ%ﬁ%%’i’aﬁ? S %éea

bact erial i nf#&t PMTage agnthg rg@rlenm’m angymatie pleps it nkeetitg: hixspnthesiBusb e

Qe v ARl e el B P 0 TRl e R ol D Kr_. |
di rect metabolic aﬁmeweklwmﬂ&gﬂnﬁﬁhﬁ@idp@ékeﬁﬂ‘auén RERL W%PPN%%%%E%P%dI g

t 815- 826 (1994): MBS/, Pet hyb
Gl e e caMGPE B capmenel The Gris tr%gé’r?ét?qna%ufahg@e mdieated 608
CE., van Denafd 380 diboMingbs -md Ndbr CofRL g riD Co Be mreseipd, s

char acteri zation of I"cone ‘synthase nu gene
hybri.da, GeneCIBSShawﬁecQMrs( I 'BM)ieleﬂmaba-le]i of thbg;amOfér is &k@hbmrag solid b&s aki -

Y:, ldentif I t | ved hyt och
doun- r sgul at SREBAdER dfe 57 el Beardinatr. Srmn o6 Phongiehagmans fapdie e
Ph . 120: t
inzii \?ed in dé%(# a?f%%%ﬂkgﬁggpéﬁapure s@?%@@%@%ﬁ%@g ﬁ‘i‘i :T%{f}zakl
K., Shi ndfakiinkkilobasepaitoidi)s ChitneziccHOPT promeoteshiiiafusivns rvees@@maentw '

01.FEB 2005 r@a enes, Plant Physiol: 101: 1119 1120 (1993); Rusht on P J.
Torres 3. T.: ﬂ ske. M ; Wernert P., ‘Hahl'brock K. ‘Sonmssich I.

i eract ion of el gkl 3 6 ROBMGL AR IRECLAVED st BLAEL 1 °§é§6ﬂ%€?‘3
" e mareg 5, e s p
Fukuda H.; ; WBWQWW@S %W@I\fl&ﬂ@bén%y @%‘It?d é%hme@ﬂwé’roé&d&(smmcpdinen of

71 585- géztzsy PN Kl R SHEIESGLE ?é?%?fg?*’q’ﬁ‘i“ef%% b5 skt Re it gspe

reference i'n arbdndicared (iteet2e All4) ee)rdlabaiy 3. BoeemherRRhwt bhRhstar &
not . crltlcal toa E@glmng 10 life of the hos ceI (e.g.,.not associated"

with "housek Jrangfosmants epssassmyadal for basic cel |’ functions), but
are functionally associated with regul ating transcrjption of a gene or -
fam |y of genes that result in a non-lethal phenotypic change in the plant.

Ni ¢ gene product- respon5|Daaﬂb@mm@mmdfﬁqbgmmmﬁ,ﬁﬁeem ng the .
pronoter regi-on of_genes that are transcriptronally activated by the Nic
gene proddct 15 i nlisierayplanis msased bergins tafes do erlatds Exemplery plants
i dentified bYin i 4.9 1 herein subse uent creenl ng
for the abili t%/l)é?% Eﬂ'{tzagé D(I%P] ?ﬁggncp$l@gﬁ&ays ?EWQ ﬁ@?c% ‘6’ %8 ow.
Nucl ei ¢ acid isgpqtsqn};ﬁalim(m;mdgo Bakowd)] MENQDBEY skhfn)PFps ¥BFassiod %}abﬂn e -

include naturally occurring or synthetic fragments with sequence sim I arity
to SEQID NO 1 20 or a fragnent thereof consisting of, desirably, at |east
-20- 455 consecuti ve nucleotldes preferably at |east 30?400 consecutive

nucl eoti des, nore preferably, 50-350 consecutive nucl eotides, and, nost
preferably, 100- 300 or ' 200 400 consecutlve nucleotldes This definition

v o o Y RN I A Y A=~ 1 " Rl A
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25 DNA of SEQ ID NO 1 or the conplenment thereof, may al so be LN
carrying out the present invention. Preferred enbodi nents ingzpojéggf@gﬁents

of SEQID NO 1, or other N c gene product responsive elenents (i. e.;

el enents that -bind to the conplenent of SEQID NO 1), that retain the
ability to bind the Nic gene.product. Such fragnents will, in general, be
conti nuous fragnments .or portions of the naturally. 30 occurring construct .
that are at least 20, 40 or 60 nucleotides in length. Conditions which - .
permt- ot her .'g\lA-se uenees With s‘e&uence simlarity to SEQ 1D .NO 1-can be =~
det er i ned..i nC4c48 uCei¢eleds FREFDUIF G oeglauvp |- dicokoypr Sefighami owlgefe)s usinflower
sequences may, ; ‘ ER 12 rried aut wunder congdijtjons qQf reduced -
stringency oﬁgﬁ%gf r‘?’rlm’é’ h'lt%v %gﬁgﬁ%?%’ﬁ’é c(eg%&cm)’ c%’l}fé?qni g&é’c’l”édf’@g

wash st ri ngen@¥icotishaOtadabdmiia Potat® . B3IMuHO W BLDSHDT B! (42 oG or .-
even -70C to‘DN%Pwi_ ' t he sequ@ence'%isven herei 'n-'ag-’- %E%ﬁt%(‘%@c?gﬁéﬁogﬁgﬁ : :
standard. in S8 TP Jirsehins S3pet getat) (IrBmmion doiates), akssava Nhlaethok ar S

Cloning, A Lakeratesy MuwalE2d. )89 | d Spring Harbor Laboratory)). -
In general, such s@%’ugnces%\?\n‘) | Egjd)at% %&@E..%ﬁ%i’mcv’%’ﬁﬁawgﬁﬁm {) nagoy, -
sim | ar, 85" /@) aitnO0tes (Gt spp), @uath Qi acabl, BB Caihh the
sequence given herein as Determ nations of sequence simlarity

s SEQ ID NO 1.
are ' made m?’ﬁ”ﬁlﬁ%-%%@g&%m.aawa&ﬁéae»rsga amexicenay fip{Brinepsicghpsiavn
ither of th ; i A, 1ed - al al |l owed in -maxinmzing:
e oy sl BS80S Gl
are nor e .prefrepau, cashdwgednachretigh heclleniigy niaeﬁéanﬁbi'dwac&g&;fampﬁﬁéfge%ﬁg; The
. of the :

DNA sequegpce ,of the present inyention nay consist essentiall

seq‘uéncqur ov“..?‘E}%‘EfPﬁEF‘gWﬁ ‘f’@gé{"ﬁ N2y bedls g valgers), rarplee GMotls mevildnces
15 r epr esent.ivdgkBédre! @b YRR (B Y- ANE S 1 3 genes; or cadi.ng =
regi ons 't hereof . Lfsrg%?ﬁg phra_sréh"(g’uﬁit;fa T@ﬁ%egﬁg%&ggpﬁil grraipw(%q’% the -
present speciWhiEE®) apricoh 4P menanienad, dheaty (PNbeusRpeac (PatlinisQeddtd), plum .
sequences whigh have sl i %h)t and @n;,conseque. tial sequence variations from
the .actual séquanceS L sBE aHd ¢l af HEG“Heh ePateamelono feimadue dvidgarss;
equi val ent’ t autheegiedlepneySoadd, Hafidy, ¥ &eeBles? BrdaeaRid ol 1 hy egar.d,
"slight- zgd on-c nsggue-n?i al seqﬁ}éncig%vahshtg_flig%séﬁginéégﬁnltfﬁgt les?“ﬁf%f% c-_:sr
sequences” (i (&g, {0¥e Ypynahdesrectrationsly or s drsizan pinpbsask o Ueneabibs Mihdidd Y

i'th th ‘DNA, Ay prateins.disclosed and. clai med: herei ill_be .
¥V|unct i oﬁal- I ysgq ui vegﬁé rs]]?é' “?%?%%2 t%{é%tgf%‘ﬁ é’gol?ﬁ?‘glegfbg%%gﬁmif%%%g.g.ﬂf,qq%@a
present i nvewsiie, cwotst (Caneds Yaeaw, \LUBAbwEE (BRRSLS M Mce&)ﬁ%f&;? Nabim -

e salre

substantial Iy the 'same manner . to 25 produce substantially t I .
conmposi ti ons 35@’3?4‘?65@%&%”&%%‘8?@"&%?%%@, agatheus hweregus mgiaradis),ashrh and.

cl ai med her eipeipdshisti @Rl AUS | ' lence for .usg wi.th aspects of - - -'
the inventi Ol’(l_ i er‘]_(:l'%(lj&rg‘k ? %%lleﬁW’géh@ g%%ngﬁﬁg‘%%éﬁfov g@é#’eﬁ@ﬁé’ﬁ?ns %Ffﬁ??’f:‘an be
obt ai n.e-.|dz@ r ofmenEs) @guie luaydius spo encribert! oF thbaean Chburbha48th 5 ubbicel N
expressly in rat Jeference.in 30 its entirety. 'In some ‘ -
eftbodi ment s, gﬁ?gg @'ﬁ%@%‘i%ﬁ&}ﬁ%ﬁ %@%b&%ifwcwéh&mh@sﬁcamp@@mmdqoo 0
and -600 or &h o &loolkdrnrNicE erg di nal v. onEe . embodi nent s

i nvol ve a 'BOSC-YL%OOQ%UCIQ;OH d]'é :| 5’%’ rP‘Grﬁa%gE 3rrei_5 ﬁtcow'ﬁdégfjf{@%gfp S%F%?Fﬁafég?‘g%?é"r}g’ 01
FEB 2005 t hal éeadesqpsisd €. fostidignes GLdmedellidna hed W, @FlingtionRd Blerdbeis\gen
-1000 and. -6 -70 as, di sgl osed :in U.S. Patent Na. 5,459, 252a DNA L
sequences prg{\%i--%gu%er%glcwuéaﬁu > 8% aﬂ%cfleﬁ?éd(ﬁ?#ﬁlma $aths) y comtalogpe €6 |s,
as di scussedchebiapensts)y and ahiskOimeidH t(@dl 5 ?'-Stoﬁﬂ* having: desir e ,
growt h and S han-dﬁgén ‘)pr op’ertsi es;e?(glr e(e?erg%lp y aval %Ba[leﬁl:é%ﬂt ng &t e of
the phrase "{&¥dadengron sppouhydeangeal (Magrapkylia rhyidrengpae Skibiscap gEiibikaat i on

and clai ns. as..i i of, DNA: RNA,.. pol ypepti des or_proteins neans that-

the DNA, Rm?&ggﬂ’%gkf i1’§§e_‘7sS @P‘%EBPS‘ Hé‘llgo&é@é’fegﬁme)ediaﬁfaa@ beicissepaPRbed
bei ngs: . AS sed e ol e e eSS W e
sequence”  moRHERImR e GhiEEhemb: Conifershwhichahay Belethphyed bproctRAsgRer i C

cells orqgis ; Ve equences are,those, which have ngt been _

artifi ci3a?|t¢ yﬁ‘gf‘?‘ér@aé;“ﬁg%%ﬁ% T SFPRP s%%seﬂlchlﬁsésgqggi@e Grieds ¥agdake DNA

sequences arﬂaﬂﬂ@n&(?hﬁdeﬂﬁwﬁ,B&hﬁﬁﬂhﬁﬁm@?M&ﬂﬁgﬂ&&b&&%ﬁgﬁ'aﬁﬂy° ggﬁhggy be
eco ‘ Srocei res

chem .cally ?“é/n't he izeéj or produced usi'ng I nant U as 15
are known i- W’ér?l? Monterex) piner (Firys medictt); Royglasrlir (RNeudesuganneziesii);hat
whi ch can be isolated fromnon-transgenic plant cells or tissue. As used
herein, a native tobacco DNA sequence is that which can be isolated from
non-transgeni ¢ tobacco cells or tissue 2% 2. Nucleic acid constructs and
transfer vectors

eﬁ‘?l@&%y. a



Nucl eic acid constructs, or "cassettes," of the present inventjon include a
cisacting elenent such as a Nic gene product 'responsive el ene ‘lﬁg 2885
descri bed above, typically as a reconbinant construct in a linear or
circular nucleic acid that serves as a transfer vector for introducing the.
Ni ¢ gene:product into plant cells. 25 The construct or cassette may be .
provided- i'n a DNA construct. which also has at |east one replication system-
For conveni:ence, it is common to have a replication systemfunctional in.
Escherichia c or the like..In this

. such as ol B, pSC101, pACYCL84, . S
manner;, at ea@}ﬁ’lscffé\g@nﬁé S”é'ﬁGﬂ”gféﬁf’ﬁhlsggﬁéPE“? Heicsngigreqntpdwond (Sequeiamay -

be ‘cl oned, - ‘Segus andd ¥ A sl goimay.
o S b AR Arensh Tu s SR SELGEPHPIAbIS AR Bl Bt il Gl

host -range reptlianeed)pandsgesiomnuchns Béestamred ecllar §Tiedia plicahpandAlaskayéliow- -

systens of -the P-1 inconpatibility plasm.ds, e.g,, pRK290. In addition to
the replicati B aiPeORars Wq%‘” 5 _u’éﬂ?fg}asﬁe IIEFQFEq?eQE'E? agh enof olimited fopp:

2005 mar Key - proisRBiassedhi séh't@faysep,e-feﬁaugraseesonggggm%ge Mssﬁﬁ%sg@eggggegréht'

markers for individual hostS. That 1s, One nar may be enpl
sel ection. i n kerpudigesses, buffdegrassaf)i tyegmsses hend rmacheetaramys. heise indlodedafeor -

nt host. The markers.

sel ection in gn eukaryotic host, partjcularly the pla N0
maybe pr ot ect¥ %ﬁﬁ&iﬁ%@? pgm&r%@sd@, OIgOLY, models; ¢ & “pglidonsts. Rreferredplamadery -

metal s, or thgselih ke pro®vt ReMVHERCRAFAHE BRM G Rk Ie%:.tm};@sr E&lﬁ&g@%ﬁts?%cg&?hy o

to-an auxotrophi c host; or may provide a. visible phen pé throu

product.i on” of (e niowatocsh ripali rtgetableh sughl amiettubi ahéiceblmge,dtucfprstesyatds el t he.

posi t1 oncl & bIeR R qiafid. Shell oSl WG (7, i, b, ol e i s
enhance  t he sl dotTaboRoA Qb Arabichbéiy, WHBE 8%/ plaSBPBORERScichy S

Patents Nos. 5,773,689 to Thonpson .et al., °5,773, -to Thonpson et "al .

6, 245, 974t o WF PFREPHBKSLtER, igbaccogplagoars perticylarlyprpundet al .| 6, 100, 448 to

Nt

Thorpson et al., B3, Tt ) al. . the disclosures of which
ar,grrip?_\ggrggr gt ed 'gglglrlg?%%eﬂﬁce }%g}ﬂ%’é{%&%ﬁﬁ eiﬂ?‘?t? tgf_@l.e ﬂfés%?ﬁ%%?}%‘:iﬂr K %"5";I,C"

fragments :coogprdrshargestdd) imeludeuldr eRBBblel Fhfits, SRR, (88, 188K albers, a@el he

like may he i nt—rog)g{cl?e’d consecutively by restriction -enzyme c:i,e-avage- of -an .

Jrpady sicelNptehat whenaefarenreds made tpa paitisulanpraion deinget

appropr i-ate r&pps

Const ruct oy Beei Ry o e Sty S bt 0t bR AR LAY WS, oo

are ‘anply exeipplabi,ed only intapaticullartpartaif dieeplagis exenpl i fied by J: Sanbrook

et al., Ml ecular Ooning, A Laboratory Mnual (2d. Ed, 1989)(Cold Spring
Har bor Labor at or y)* -QEW%V‘%'%FEHEW%{S trabediment r@n@?oﬁnﬁf’%o&ntm?qt%@iﬁ'

w‘rh'n‘uCI.éic'Iﬁea@cca’owfdm&c%'qﬁaﬁt@ewrﬁae%naégg% U nROhHAC PR g -

bal-l'i sti.c vectors and Agrobacteri umvectors, I-"as vec

for DNA- édi anedyloymelinismneationn . THeHbesynthretic 2Bt ayciesidting imnigotimd prodattioni |-

bel ow. The nugl.gj i d constructs mol ecul es and. vect.ors. used to produce
the transfor tr% %Sgﬁa?‘*? ]é’nglgﬂr?ir][t-s -gP r?ﬁﬁ?%’nff’&h%ffé M VIE B OAFHIPYE, a
dom nant sel aefabloes OPAiEEtne0Buct ! m&ﬁp%my@@é%fﬁ%%fsﬁ%k@amdas@y{cor |
use in tobacco include, inter alia, antibioti-rC resistance genes encoding
neonycin phodph@nisgheWdhatdbe agivitigsNETwp enzimes, auimviate phasphéwtosginsdnsfensse
(HPT), and c i vI t sf erase . Anot.her; wel.l - know

doni nant’ sel M%E@hﬁn@r eresgeﬁfé% é’ﬁ"éﬁ;}{) SHEET é)%%f&}z ou flgecélyn]afpgﬂlglonmto

di hydr.of @3at deveislof hivofing dicsyhibaiis CACREGH: I8! BPLhayAd 8ctBbty inOdbddeh RORR
resi stant di hydrofqlate reductase. DNA ,vectors containing . suirtable

antibiotic rd&etaadcallysnwith differenhenpaeities Spronigpime sythestsi dhows shata@BTase - :

mercial |y AvabhARlE. . 3Pl At LLANST of Bt j on.regener at i
b opagat on’ €0 SNCRSE achvil) B8 bRl ol it GRTRE e pengr nd

popul ati-on ofWagmdry 2iske168632 €1 985)P)Saphass Rad tB&hNPied " 311!—29'tﬂh(1>§759e|;| .
4 )

into a culture nmedium containing an appropriate concentraftion of
antibiotic (cHO¥ERat thelswrlod Qifassin the rents of lowv nisetinesnitentsdgpriopettionsl toh

t he chos dagi : : - war ker gene product confers resistance: ) .'
PO | g ﬁﬁ&%??@ﬁ;@vﬁgmbéeh transformed will i0 survive and

Thus, only those plant ce

mul tiply. Methods The prekent invegtai] adHe frbRRed cafbolilifer®! RSN ipd MERSRA, | N
re

general , . i nvol ve first providing a plant cell capable of eneration
(the plant céMeiels prideis, $%9iﬂm€911noraa fragmeat shapedd] consisting gb rdesizabilynrat. -
The plant cell is then transforned with a DNA construct conprising a o

cassette of the present invention {as described herein)
10 |



i5 and a reconbinant plant is regenerated fromthe transfor pl ant cell.
As expl ai ned below, the transformng step is carried out by t N‘FEEBLMEas
are known in the art, including but not limted to bonmbardi ng the plant

cell with mcroparticles carrying the.-transcription cassettes infecting the
cell wi.th an Agrobacteriumtunefaciens containing a Ti plasm d carrying the
cassette, or any other technique suitable for the 20 production of ‘a -:
transgeni c. plant. Mcroparticles carrying a DNA construct of .the present
i nvention, which mcroparticle is suitable for the ballistic transfornation:
of :a plant celepst 204501 seoriseewivel nficdeotidds) nyeferabiyf at reakt pBAAOG cinsehimive
present invention...The m croparticle,is propelled jnto a plant cel 0
produce a tr a%%@?&% xzb?rgrﬁrefg@rbfx, (;"ng?r'ﬂjé OaC(Bﬁs‘é ﬁviesllufcié@@a%'ﬁg @??&W{E@%&ae '
transf ormed. -pi @006 200-Aeotisdcuibt Qubigdtidesy MGt K Lot RS RAFRLE X-acting

met hodol'ogy and apparatus can be-used:in.practi.cing-the present inventron
Exenpl ary app#galawsy slement.owsdilr existsr wpsiicawl of ¢l planSapimlde ghdsphokibosyl. S.

Patent No.c 4,945.050,..and in Christou et.al. - U.S. Patent No..5,015, 580
(the di sciosuraRee it dnd phtictioaihefut iattise M0l Gigotipges.
i ncor por at ed Afsthém eampletieraegn) - gefbeprolsdtN@sithsRR! LlebhiC obthRed f REHBEON
proocedures; the cassette may be incorporated into a plasm.d capable of
replicating i¥fqumee mitdosad iimd).SnPatenh dloc 81459252 bereima exgiresshyethcotporaigd by of

m-eroparticl esesuitable faor uyse.in such systens i.nclude i to,5 mcroneter. )
Cumy bt ' 51 oAk S blirel ol Rom e B ER PO Sy DBk oReee on
the mi cropar télementbyesiiey tetidedbl OV ERDI-G0E or SO0 BS JFVthR! RRIMF L dtdbter.

Nurrer ous Agrobacteri umvector systens useful in carrying out the present
i nvent i ort¥ar eARgrsdinelyrseme smbpdiments volvgiacpR0-400 nuclasaledong frgwentselistha

met hod f or 5@@5 100 .SL i blie, phants. . ipgl uding.di cot ith an
Agr obact eri un%‘hr rg{ﬁroglgﬁéﬁzﬁ?:%g@%qqogd%to[)%ﬁgéﬁge&ce ?ﬁgle??@@y(ﬁxﬂ%?f%kg&eeﬁoody L
, pl ant s wi t h d00MgudE0oer 700y dictlosed ia (B sRdtaaedh. isMs9,282. Patent No. -~ .
4,795, 855.  FurtherU:S. Patent No. 4,940,838 to -Schilperoort et al: _ _
di scl oses ‘a bi nar yl i Bhsomeembediisaisothe qmbodiedpelaio agifls bavermgructure that - |
Agrobacteriu i i S daving the - wir redioncof @ i smd
but no' T reg %xﬁ&ﬁgeﬁ(f‘& gnfgg%gﬁia%gfﬂagﬁ gﬁ?&% {ﬁ%ﬁgﬁ ifﬁ?l{efg%%o%p Beﬁé’ jr?f)c}v#c}y%gf’o n) -
usef ul i dScarwhichg aput invblyegr &5 eiitidtimgerttanseriptidh afhiQRTRepyndlobEMTasd
decoy - sequences st. typi,cal |y be.present .in the genome; tandem: copjes of
the cis-acti -rfg""é’_ifn%ﬁ% tg‘j%dcf](?ﬁi%c ﬁ@d‘?ﬁ%ﬁ?@&oﬂﬁ oF contag Busast ope MApsEREGR,
but  the pref efagfl (881, ™67 @hd Pid?)t bihARBS: §, Ok Meferie® s "eis- :
bombar dnent - V\/ﬁi ch (?T%t roduces r?u tilpl:eigc%g{léeﬂs&éo’?@%lh% a?%’gﬁggfgﬁe?ﬂgﬁgé%sl rftwo the
pl ant “genome.a°ting raeelatry wlsmas.bf Byhdntodsicingt mulfipkt epies  (finthesheis-astiog
i ndividually" ' a vector such as. a._plasm .counti ng. nul tipl _
copi es-on a s@%@?@%gc of O(ggﬁlsgg?ﬁn&es t%%ﬁ%n‘ﬁi‘ﬂ%é?#é re’g?c?y!‘?‘ﬁgtﬁ?ﬂﬁst_

be inser20d i cellothelubilltgSF tieLtrifeliptich RCRY 9 Hnifite dAHSHpHon Gl leStatReideqhk T 0
obtai.n increased ,or decreased |l evels of the 20 protein of interest in the -
call's and pl dftgs @F Tesscanyifoy BMTasa sanes) carberedured graquelohesh t he particul ar

el'ement, - but in genepmr W dlq PeTale J Gk es SO t o about 500, -1, 000
or- 2 000;. or nor é,ﬂg@gta é@s%orlélc ies neaéfggg{ef %gen%‘ﬁg?%ﬁ%?ﬁwaﬁ‘énm%c%ﬂép Puct. -
of the presentonstnweiohi efitrimsgédie tobidcogslidt éd whioh PRTA¥BtdrOPMThsePledols' areel |
pr ot opl asts _glnd 25 .S .bse]que-nt' regeneration of the .plant fromthe = T

transformed pPYFGHIRIRPIAN raetsdecrapaied i levels i palduypaplasts), ardewibedsbeve =
art . Fusingn J100had ' d R ) l.1:pQs r. Vi :
el. ect_r’-opozrgat ?%ﬂﬂ?gﬁ’gﬁﬁgtvsmqf a?%@ltqj ﬁ@ﬁg?tlw%gﬁ?ﬁﬁﬁﬁg etﬁgﬂ?&tdﬂ%{zg?& E%%’gu% g?{sf er-
t o Prot opl astayqgfartisulqt thtarsloit dsisoredpldsdohas theademiot of Rbiwrts phtsa babes, - of

Met hods, I ncluding El ectroporation”, Methods in Enzynzol ogy 153, 3l 3--36 30
(1987)). As d° .%PFﬂdr“""grtﬁ%{ Bt Auedusad ameRBl of Hep TRl ASORRYE Biredrces

ex0genous DNAy i@ of 4l ' AR SRER 16 St @a¥co, ;
transformed with t r?e exoge%ﬁ??%pr%ﬂ%@‘%ﬁ'gw:t%§s& é.dzliﬁ‘r ;fléﬁa)fco, and _
transforned” tobaove aneductsaond ¢ffectivelyaamouss the elleldid sehsthatefop TSNAdforfation.
daught er ,ar progeny cel f thednitjally transforned cells, and _
pref er abl?’y pggé%ﬁ %Hn‘grd‘irfﬁﬁrrla uction ofnigefang, 1y fohaeco dfas (directly splated tocthe
plants (incl udingionfUpINAs. 20 ARe gl' oGl : ;-
Transforned cells. -are | nducte%e‘to F&lél ér%? %@Q%%%%P}%@Pﬁir%ggﬁ%d&e-
applicaticon of cell -and tissue cul ture techniques that are well known in
the art. The nethod of plant regeneration is chosen so as to be conpatible
with the nethod of transfornmation. After regeneration of transgenic plants

fromtransformed cells, the introduced DNA sequence is readily transferred
to other plant varieties through conventional plant

e




10 breeding practices and without undue' experinentation. ' gg%
anal yze the segregation of the transgeni c DNA, regenerated trans

plants (Ro) may be grown to maturity, tested for |evels of the protein of
interest, and selfed to produce R plants: A percentage of R plants
carrying. the transgeni c DNA are horrozygous for the transgenic DNA: To

i dentify honmpzygous R~-15 plants, transgenic R plants are grown to
maturity and sel fed. 'Honobzygous R plants wi || produce RZ progeny where

each pr ogeny Iant ca ri-e e transgeni ¢ DNA; progeny. of . heterozygous RI-
plants will: @ffﬁu%B@éétCH@e Petenieal ik conpemiigtly, produre a iRbagqel at

hel ps protect Wﬁﬁé’e@ ﬁ{b?é t mage by -pests: It may therefore be
desirable to additi onéﬂ %ln??{o@rlﬁngl | ow or no 20 niccotine plants. produced

byt he present net Etostmutd bh emphameﬂgdm thes phfaseada Bedrickd winduhi!r isrigicadsd )
that will" contﬁr ‘addi ti onal _i nsect ction.. A preferred pI ant for use in
t he present B gy pIQunt of nicgting %‘f $Né1§@ﬁtﬁlsw%fqb&?@l’éﬁt tob¥seCH,

including N t ahaisd Drams]%i
t obacco may be useécarla p%dﬁ%ﬁ&hﬁ?éé%?%ﬁﬁ&ag%a a Oéﬁafr? chanoo lar\tfé{opg%ét&r
propagat:i on, ambtcherprmcorﬁgmﬂ@eﬂm Barmty eﬁmbﬁo@:epmeﬁcd rmyhdosanter wasdepy med
with a vector f .the grese i nventi ‘E]ﬁe? term™" o ano nesls ""as used

herei n; means’ I%HE‘% 8t FJacG HaRtEeRIco §e pedivs, in some |
sequenti-al y téﬂeitgeﬁrtargﬁ%bs B RE Samb r 1534;‘% mé ed -
herein; means a process V\:hl%h shoo?gman 1&20’:%&5': eve %R%?%Lﬁ §g“ét esraﬁ?en a
cancer t ed f ashiapnex zsomseéezr,t& rotatll ) whidbetchmeadure wisetinen tai mduedidns inoficotine

t t h J1 d the clonal
O onnoai 1 I RUR AR SRR ] e B il o
speci es being transfod @i tog&co %efmmm ﬂﬁyudt%?%ﬁgg gﬁﬁmbﬁﬁ; ude N

| eaf - di sks, poI 1 en; .enbr cotyl edons, hypocotyls,. .callus tissue, _
exi sti-ng neri derendinigcon it @[Yél“lﬁd @daﬁhﬁdabnnmrlt & grmwn,daartrdsmdy ahdidsredanBorr oot :

meristens), a ug LSte SS don neriste

hypocot yl ner ?’gar‘%‘rs})g‘ guf;?%gﬁbgc%’f eﬁ%ﬁe@@rﬁﬂg‘ﬁ ﬁ’\?’éﬁ’?liﬁ%ﬁ P’ﬁﬁté“ea m
of forms. Thepatapirbilin @ELCTENRE a F1ed-ChredBirsyTesk 188140008 shm nicotine and
non-transformed cells; the plants. nay. be. .clonal transformants (e -~ all

cel I's trahdf oPAR@PPol S an anr@n%raelsetre@)leafthae IQLQﬂQthmaycrﬁmmdslé}%gpm ts :
of transfor regand UItGA0S! I hAHE LR Pyl ROTLET TRAECS pihiR

grafted-to an untransforrre Sclon crtrus
pl ants may 10abdopTEpagatedrdiye @0 \the igleyitioh, maRsve: £i6l Gleteaably nicb@ahnd/or
propagation o §ﬂ£ssr cal- br eedr ng techni %ues For exanple, first: ener ation

(or TI') trans oo FUAY; SOTHaY 9w deteetbleo amgpyus fnens @b UBoweZ8NA and/or |

generation -(Opichehe & %}g dmg{ Lt ted :
t hr ough cl assi cal ¢ {)3 ding tec ‘ﬁ?gﬁ%‘s%&i %ﬁﬁ"ﬁﬁﬁ s{elsl%S{{ﬁgt’l&%{t JH1[<neﬁ&a(gﬁguch
as nptl | )chancmcaqﬂmtrtﬁtthdsamdz Waridte. dhasis a@urley tabaics edffenitodimém efdieng.
In sone , preferred ﬁnbodr nments .of he ipvention, flo hel p.in urg t hat a

suf fi ci ent nufBEPUEH hgape ¢ riucer amaunt R niceling fs hayecbstieen P ¢a PR:008 ppm and | -
retained. Overni&ﬂﬁeﬁﬁid)aﬂdg@ée%ﬁﬁ'ﬁsﬁﬁpﬁ&‘ﬁﬁﬁﬁrﬁh%&ﬂfm& 008 Bth notibe and~.
altered levels of protein or proteins therei'n; bi stic 'transformation is -
used as descr Pisad b ESNAuhene @Biﬁahiybelﬂvephﬁsamﬂd@ (E}Oqapnsaﬂtotlmmlr(tmd he .

d d bed ab h J
cl o act g Ao e SHATRINE Ao R phbst Do B bt e A RS
or less th@n @smoxdaa@prepemts‘aben@aﬂ oaanhlzgibdwr@ﬁwbﬁﬁé EnPh aﬁétg,o@o gptﬁ?SNng

el ement t.o sel ectabl e marker” (e.qg. Is inserted into the host
cel I's. As use8uhgst nrefetablwéptwmpﬁ alsdaé OQOmpurmlcotuye aid Plandtis008f ppbHESNA.

. f h '
DT ol tur " EBiogichee B aBhel, e BARRATH B A s AE St o g b
or a.-greenhoubtwedh0sandt fUi‘)OFij’pﬁ?ﬁi&btthé‘l(ﬁ‘O'aﬁﬂ 500 PpbABNA 2ARIBAL eAiboRinihCi NG

a crop of plants having altered | evels of .a profein of interest; (e.g

QPTase and PMPABErlgY deayiprspapadcby; theusethods descrlesch leasiochane virtuatly ﬂoednﬁc&)ole
corrpared a_si n-transformed plants of the same species
and vari e"t@ §%‘ %‘J?a‘:é’ltcﬂ%%@"ﬁ@'éﬂ‘ﬁ on ‘descri bes rethods to reduce nicotine
I evel s in transgeniSgmiladacs Bhictdkdd fBHabRA 1o Ruftlodtndte c&‘fml:q}d%ﬁbﬂ lﬂbﬁ@%opy

mutations in irans-acting transcriptional activators and repressors wthout
cl oni ng t hei r rqdBsefk ampyat feienting qapdiave datweep H EEB20.008 pPronicetine anddf) amd of
a gene can be anal yzed, using technol ogy known by those skilled in the art,
to define |legions of the pronpter that respond to transcription factors.
Typically; this is done by deletion analy gs of the pronoter. Nested

del etions of the pronoter are fused to a réporter gene and expression of
the reporter ‘gene IS rmnrtored 5 |n transgenrc organrsms IsoI ation of

oy




As .noted above, the present invention could be enployed to d| srupt gene
expression and down-regul ate the expression of a protein of i @r{@ ngt

is under the control of a cis-acting activating elenent in a varie

host. cells, including plant (particularly. vascular plant such as .nonocot

and di coti)_, ani mal (avi an; -mammalian), * 15 fungi, or bacteria cells; both:
invivo and in vitro. In bacterla and .fungi , rrultlcopy pl asnmi ds can- be used
to'i ncrease copies of nol ecul ar decoy present in .the cell. The exanples | :
which follow.are set forth to illustrate the present invention, and are not
to be construd psb [HSNA idegirabite betwfeen 0 30d EXABPIpipnil nicotiad @i & 250 ppb '

equired for ?ﬁ@ﬂwe&ﬂ‘ SERLY Bty OmtO:@é‘ng(hr T ﬁ&aﬁrﬂ?ﬁ%&g&ﬁ%@%‘ 5 couBoh b s "¢
Nt QPTL gene Wasfdray debfeent Ouﬁﬁat‘j%o incCath © a&ﬂiflgg%&pecs engoq_ne

encoding (3-gl.ucuroni dase (GUS) t0 as ess unctron -as a
enhances of npr@fﬂrahhebphmm& pucth 2 SDlﬁqapm(ﬁb'bltmgenéW\aﬁi u@(bppbdmmand most

d. f th det th -
TohroD. i osTuit bitvern D Ayt d AR o aie tas o SO ES A, Tbrimens of
the transcri pcbﬂ Ae-ShRE! tobab®d ﬁ?e'iaaféﬁf bﬁ%ﬁe E&Eet%m&s%hbéc?qfé?é}ﬁecanug’l%ﬁ%ag ol

primers and the pronbter as a téenplate, truncations were nade
of the pronotkiweas: Gend§0e ppinrmcotine and| 0 ancbzfappb T§NArdeinoas asbpdinests(fee.

d h
FLoure 2 T LUBeAbhans MELe LUSEthd S e tOia Bureli aire ShSTEoEn Sy -

standar d net hasectable Aabhiidnfotih@BsTONARE i on i nt o Ni cotiarur tabacuiu
Burley 21, GUS actjvity was assessed by divi di ng pI ants:into roots, stens;

and | eave - Each pragther,t aw Qréental rawed dobmeed winbhdimedt foff dh@rlnvdldtl(ﬂ?'lﬂavmg a

T " o SR S e iUy eyl BB 200 0400 Sl S o
assay was carIOanbdeSNAtde@i?&l?@étv&énmdhdﬂ@ﬁﬁﬁhﬂ:’ohﬂe WRB0 RBATYpRH THNARYS
nm-: For each. constryct at |east 20 independent transformants were assayed..

A mean and stBRFAHeH ¥P5Weﬁﬁo\ﬁ§§W@mn@@mw@%mdﬁpngﬁNﬁrm&a@blwns
was conpared. (o) s 10 BI 101 '
nmp Ee@weéﬁ a3 %§P LR %&Ww éﬁ ersesl?r lgaga;ég TOER Led

control . Maximal GQUS activi epresentl n
when. - 586l% o Qaghl bgopmrﬁmmd ahd Otainé mupgﬁmaﬁﬁn@mﬁef%}abl &4 0 and -

ters f 1 to. -586 t hi gh |evel s of A |
Proratore, ' DugbebHeoRpCatitn BENa; SRR dmand gt brisaDare iapccsmsopmes bs000
by 5' of the théaRusdseb@ibed!tRfdin Shi Sso %%ﬁ@@&@g%;rb%a'zsé}yr&@eﬁ&? ha Gene

Prooduct Binding Site in Nt OPTI Pronoter 1 proono I on series “
fused to the IﬁFﬁzA ﬁﬂdp‘és)mﬁeﬁmbedlmepsmfoﬁnngams):dmcw prephoednied theninetinide/ ni ¢

hom)zygous N’ nts transfor nts havi n transgeni c -
DNA at a Si ngq E&p%gug}e\?@ﬁ% c%@ydn%‘?tﬁmﬂ?q%?‘ﬁpﬂn S njgoging Rﬁg&ﬁﬁomzygous -
plants t@0gi ve horifiwy gedssnt( mx@ﬁﬁm)pr@ﬁée§1ﬁieﬁtdagyﬂwiu&&cczélﬁ' &&u&é@%?y '
carrying the tr§n$ gene (NtCPT 1lp§>rormter GQUSH at the sane chronosonal -

| gcation. GUIE it dsiwelhad suchl ansgage plantst rSml‘nndethopilse

|ndependent t bet ween Ni.ct+ a C. p en es 25 :
(TABLE 1). Ra’%’?ggg glﬁggc{é‘i/éloﬁﬁg%ﬁ ?’%g‘%“%é’f‘%@ %é‘&att‘gﬁg&?ﬁ N °Eh intinate)
cis-acting elmemintshiogaenii NJobachiflage Rt RoAHYRicGhVAT eRftss FAmPABLE 1.-
Regul.at i on Ofﬂ}gnéggu Pro ter-Directed GUS Expression by the N c CGene

Products in enpp% gqt}qusgggﬁg@nﬁrom the promoters of genes encoding, but not"
: 2.5 7 lmutf;d, to, QPTase and PMTase that are re_gulated in nicotine blosynthe31s. These cis-

. acting elements are preferably integrated into the plant genbme sb' as to allow for
'transfer to successive generations. Typlcally, the Nicl and Nie2 DNA—bmdmg .
_ protems that interact with these cis-acting: DNA sequences are expressed at relatlvely '
low levels in the cell, fhus the excess of transgenic c:s-actmg elements wﬂl compete
. 30 with the endogenous elements assoaated with the genes encodmg, 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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Transformant sGUS activity in Nic+/ nic' ZGUS activity in nic/nfig %&@gt
of Nic/nic2.0 (2010)2111.7 (7)21.2 (55.3 26 @US activity is exp
prmol MJ I xg protein/mn. Actual pronoter size (bp) is indicated in
parent hesi.s. ?Nunber in parenthesis indicates the. nunmber of plants tested.
These experinments denonstrated that- bi ndi ng of Nic gene products i's | ocat ed_'
bet ween approxi mately -1000 and - 600 or -700 by of the Nt QPTI pronoter as
det ermi ned:- by GUS act|V| ty in Nic+l nic and niic%ic plants. 10 -EXAMPLE 3
Regulati on of E‘gpr ession Usi ns :Ml ecul ar- Decoy Nucl eot i de .
sequence- | ocat' 803[§et%e Ieg &0 degoys’ sﬁeoeommmonyde@reameomm ¢ oomet-er
is inserted i R LU or and
subsequent |y %}%%g@?n%&ﬁ?%ﬂgﬁgr%bg%%égfcg@% 2‘&5&%1? ovvn R "o‘!rﬁlsn% ‘-ichv@d:i n .
the art. -15 Pleguetngthatsyythtsiaopfiostimobivtythesiiciizyaed or are assessed for the-
Nt QPTI and for nicotine and/or TSNA content. These

I | - of express of
e)?\[;gl’l ?rent )s(pvm || | Oﬁ*ﬁﬁﬂ@?@”&t‘é"eﬁlﬂ%ﬁ al@%t?&‘b‘@@est]?gﬁsm@bﬁ’é'dsﬂf?ﬁ"aﬁ@&@hﬂﬁmsdﬁcoys
that intersactQprif M (P ts e ?ﬁ:@ cﬁ*? ;’MoHprﬁr% giotse PHLRIUGS C go%%t'h ell as

ni cotine and/ or TSNA. em i nser
mol ecul ar decma,nsgdm@plahavélsraadqdaﬂs Wmmwﬁeslmsemmdnﬁedﬂ@e&d vedfdrs.

of commercially val uable product S -

nicoti-ne.lev areu dfor I on

and- product i o sr?r’e’f”(‘}b d&,&cﬁ ff‘é‘ﬁ Ay thig dorention; wst ¢hasacianized byTRNwEr
(9731 0 (1042 Jeaop W) oA A SRy Pl 0 520
(74.573415. 5 (5) 3. Bobasyd ph8s6 sl B (SrkdoDnichide ) PeathcBor, %rlgrgfjg-tagﬁﬁlfﬁgég 1
33) 30. 3 4(;19 53537 10 803 5)1.454,.0, (5)40.7(3)1
Es)é sc;al\lﬁ} )5‘1%&‘%‘? asjﬁfgiéa %Ffr (eyztreepleé% fous a'?asg99984oerfe§essmg
(5)1.39.7 (4)&nﬁnér81)aﬂly Jva?ifable eauaeeuaa)qg gﬁéﬁ‘ﬁ@eﬁtt eQuhafid g&%@g o

Bi.ndi ng Using_ a T GACG Ml ecu Decov eot | é sequence ,
i nserted in tfﬁﬁ‘éléﬁﬁlléiﬁﬁﬁﬁs)bﬁwseaﬂpam/ﬁgraomepImtsfbmattﬂaﬁsgeﬁetencorhﬁgja .

transforned i such as_pea vi a -methods 5 known one skilled in
the art. -Pl ant sﬁ)@sbtﬁlea b B PR s §8‘F§§1°9ﬂ35t383mﬁ%r\9 cﬁfe BidnWihg
activity of tla@es:namhssnger% bioBaticBOpIEAS tveith ASRredd ‘f&‘oﬁﬁeé %Q&Qd 46%iddiGe -
sequence tif GACG which is found in plant genes such hi st one genes

(M kani. & alPl‘0 yctiop ?9cqréeslyuetﬂthave DI FSpUrces awhb]génelstctﬂmtlmgrfdmnsgne
Gene (21T Lseé‘é’ﬁt MRS of (Ml T SO G eRR BERRNCoOERE
(DeRi ta and Qebducts, al(eJI%Vﬂl)thb arGany sGrEKE teckaigué 3ddy b@%rﬁﬁﬁéd with th@%w '
CaM/BSS gene pdti%fe cﬂoacco pl%rerts of?rhedprgge%?lnlvggtrgg nt hes ¢ gene. |
- s . Tobacco plants accordmg to the, present mventlon wrth reduced QPTase and B
20 PMTase expressron and reduced mcotme levels will be desrrable in the productron of
' .tobacco products havmg reduced nicotine and/or TSNA content. The tobacco plants- |
' descnbed herern are surtable for conventronal growmg and harvestmg techmques (e g. _- .
_ -toppmg or no toppmg, baggmg the ﬂowers or not baggmg the ﬂowers cultivation 1nl
manure rich soil or without manure) and the harvested leaves and sterns are sultable
- 25 foruseinany trad1trona1 tobacco product including, but not limited to, prpe cigar and |
- cigarette tobacco, and chemng tobacco in any form mcludmg leaf tobacco, shredded B
tobacco, orcut tobacco. ,
_- It 1s also contemplated that the low nicotine and/or TSNA tobacco descnbed |
,herem 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 50

as to slowly move a consumer from a high nicotine_ and ‘TSNA product to a low

14



15 EXAMPLE 5 Regul ation of Spatial and Tenporal Expression of
Set a- Phaseol i n Usi ng Mol ecul ar Decoy The nucl eoti de sequence c%ﬁ%@%ﬂﬂmﬁlng
to UASI (-295 to -109) of the betaphaseolin gene is inserted in tandem
arrays into a plant Agnobacteriumshuttle vector 20 and transfornmed into a
bean plant via methods known to one skilled in the art: "Plants-stably
transforned v~ith said vector have reduced binding activity of . traps- acting'
DNA bi ndi ng factor PvALF which recogni zes the sequences CATGCAAA and
CATGCATG | ocat ed an éﬁ% Bobb, et al. (1997) Nucleic Acids Res '
25(3) : 641- 7). “FOHAF &u 4 BEpduge Tamrpmgle, QmeDkﬁLﬁnvhagirdthbqw@ramtknﬁ@h
expr.essi on of 0 a eol i rimarily in
p bhaEe & ém%&e%i‘hﬁ% il %?ﬁicﬁﬁn? L,d?%g p? N R n%ove

cotyl edons ‘and shoat neri ste 0s €

10( 6) a469- 1474y smpkingséigameties wntho?mgajfotﬁmtafermism dTUﬁ %ﬁiﬂ@ ?@H%Eot%?
correspondi ng ltnﬁse Vi Ci I| - box OE’GCCACCTCAA SEQ ) and Si
( CACACGTCAA; é'%% r{lﬁ"{%}g 8 Mg, SI0ERS a@ﬁaﬁémgi nﬂgemmnentfellm@bay gikasites

resul ts insthgavi r Rich -actin i.ndi ng -
factors ROM and. egd%@&%cg@%r ehang g\émg'nse[‘?ﬁ“g‘?% 52@54%1 Omg :
expr essi on.. R@Wh%mmmsmommﬂme Somaintodeckies L6 BOERSORIS 1R DS éq%gfhegol ' n-_ |

and phytohemag%lu |n| n.L- su |t expr.ession to block onset of “see
FEB 2005nat ur Sti on PRl rﬂmﬂﬁf’-’lmeeswemnm serking altagetliehe iArcetdingly,

(1996): PZanY tﬁelﬂl&d@@ﬁr P -'
10:i 35- 148) . EXALVI PLE bESRe ﬂlgéagﬁflg%&%?@iﬁmg%‘%%e aé@%%"e%%@d’ﬁ"%&‘ﬁﬂ&%tﬁt@ul ar-
DecoysTr ansfo?%#PW‘bPOtﬁMmehpﬂnanMampiwﬁeaﬂdﬁﬁhal‘rayS of the . '
root -specjd.i.c cis-acting el enent fromthe tobacco RB7 pronoter .(US Patent
No: S, 459, 252 to: Conklinget al.; Yarrarmto et aI (1991) ‘Pl ant Cell
i 2:.3399- 3406) 1. Nuuleib acitld@ncédine disShdtneldl {,semy e nbodihe reduced
b|nd|ng activity of ‘the- rs-acting D i taaa B
ci s-acting el IS j kewi se,” sinilar: tandem arrays of the fol | owi ng

cis-elenents are.t 0:th ants to .reduce binding act|V|t'y of o
t he correspondi ng %)rggps aﬂ?&k% %Hﬁ }?anmaso‘t"”&r be- uspth i gpEying: ot the present
repeat el enennvemxdm; tdepending dmtgpeﬁﬁlﬁld’ra IR t ee US.Patent
5, 834, ? an 6 A9, 258) the posi ti ve1£5b¢pol &‘?%%T@ @g&t%t;&rﬁ Wnent
and bi nding Slementetaad Oﬂerpqwnéingrtmnscrmmnlfm&smlapmegrebn

(Wang et al 9Adn 2 9-.340 theroot-tip regulatory
el-enent fromt%% tobéﬁ:éngﬁ&%lg?n%ne&% g‘?i’ﬁlb"treﬁg?n?%’b% Prﬁé%h%Yeﬂapn -
(1995) . Pl ant ingrdei it 20 198 3ing8d) to, n&&-taaaﬂeAsPuO&ee-wssm &?? @’%tap from
t he mai ze: glys%fg@g’hﬁldeémos hat.e dehydr ogenase ene{é? r's

(2000) Plant ‘ﬂ’g t ¢lr@eptyand; B, &@@ﬂt cPﬂEgtsl 5,83)4,93(’iegﬂon‘

froman Arabi 80| & 792, MPLE
7Tobacco. GEoleml’l?edggceG‘wl)\lllrﬂlgf)iﬁj %gﬁo;tﬁfé//e S?@@]Eeveﬁn‘é%&ﬁé’%‘? éﬁl@b&tﬁfﬁ aII |
Mol ecul aPUDeddd¥ Callil 06 bi%(1089).em ahbryn-spegifio xismting ¥leat %nﬂ%nr{B%t‘SQt' de
| ong frag”emet%i ‘ﬁf am(%aa'l t?{ﬂ% , - I'ncl udi ng nucl eot'i de 'sequence - N
| ocat ed bet ween - 0 and %@0@ S‘)E)y&‘ 6?°ttSﬁe°1ﬁ9cgmractmgonbmnt fowg thas
SEQIDNOltfahaeccaRB7 roBs I o that are

sui tabl e f03 %2 B ||f@sitd| c tr(gﬁg?g%n&naﬂsg gg%t"gm‘%’%ﬂ% Ff) ‘%%”‘18%%%

pin gold sphéfgd): Shhea, rﬁ%ﬁt}’ﬁale@lAeéThrr%qugebﬂeﬁﬂm aﬁ@ttﬁﬁtﬁﬁgq:r&leﬁﬁhzd:a I's

(e.g:, Burley roduc sf or ned ant-cells, "andpl ants :
are regener at ggd&&lf‘r'feg%r(tj(t§ ans aqgféwgu{geprpgem Ppéftﬂ ‘Mali Gel3 Biclr i et y

of - . '~25?H812669%G40@ 1%2 tlh, sS4 ot ne as -
conpar ed W t rle 1 ))gl.a, I%urF%@Zl%ﬂoﬁlAE%ra%ﬁgg}? E]hy eﬁtl}ﬁ‘(r?% i ?P«? ypoé’
Burley 21, s E@élbg/‘é"t °§It°ba°€9n(AJd@r¢éta1Mlam Md: BRT- 29839973 Y1995 garet B

al ., JHened, 36l )) sui tabl e ballistic cell transformatlon
net hodol ogy, - and apé%ga{otl}(s;@%ar?l@?%é & tﬁ EXRHET aBiycamiiahyderd-nhosphate

procedur es adélydrmhmed e (Gehioetap 945
and in Christou.et al L%BS (Patent ﬁlon}dlamgh%lS 0; 3b§?%f)3?°‘m aédalrsé’ &erel n
expressly. i n%?‘aﬁrrﬁg@ﬁf%& re,géqrbﬂ@n@@ Ambtahpisrol@min geat (®s US)pitbmr@'Vnggozt) he -

n~sf or mexh nugh [ ene codi.n ect abl e mar ker
(e.g.; a mar ke?fﬁg%ﬁaa% %‘\’i\}rs@b#%& o@eed:}:ggrgfqr eé’éﬁ@&?”@ﬁt@ﬁ S

transfor mant s) or Thhetated ef mlhéiﬁxtdiecﬁtéﬁ thek AR BRiabaRs tlfs@?&én%i&’regdcﬂ“g&m@e

sel ectabl e nark gene In th ~manner, poSitive transfornan

easily i dent CBHE {]or Fraames @r%«eﬂlan't@st@ﬁng iRegulatory ataneaese IPLAGE "anéthGioman on
Mur ashi ge- Skoog (Ms) medium (with or w thout the selection conpound, e.g.;
.antibiotic, depending on whether a selectable marker -was used. One-hundred
independent transformants of 15 Burley 21.LA (To) are allowed to self.
Progeny of the selfed plants (T'1) are gefm nated. N cotine levels of. Tl .
progeny are measur ed qual | tat| veI y u5| ng a m croassay technl que.
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0 9 FED 2p05 | onization Detection {GC FID). Honozygous Tz pr ogep?gagf @§ I
have nicotine levels that are substantially reduced as conparéd t>[|3

unt ransformed tobacco (e:g:, ~70 ppm). Because the nicotine |levels in such
plants are substantially reduced, the TSNA |evels in these plants is

concom tantly reduced: 5 These experinents w:| denonstrate that tobacco
transformed with nol ecul’ar decoys that interact with Nic gene-products will -
exhibit a reduced amount  of nicotine and/or TSNA. Plants with nultiple
tandem i nsertipns of. the nolecul ar_ degcoy which have reduced Nt QPTI- -

expr essi on andA0eERIEEY ToF SO BRI TS 2R B doRBLASE) dodi Ranigpis-acting.
conmerci al' | y pabihadid € pt-aauc ts odugt0n: .Qf .tobacep pr: s having -
educed 10 R N bl A0 A R e
bl ended Tobadttp://Epkinkahf.enber§Ce0(BIMICGARBE STie livts] couetiny repalyiory demesgte =~

t obacco prodycts .15 havi ng specific anpunts of nicotine.and/Qr- TSNAs
t hr ough blen%ﬁ‘?‘?&da@@ﬁﬁsﬁp mﬁp Heractisr s aelAlosy plegientsithatiare poxited ip Rawabads f rom
varieti-esst hat jpa rengl ¥, 2FY6E.S00% 1 dtos 0L 4 Ner.andlQf T '

b1 endi g o oaa o eToag el KeceGUeaRs. 6 (AN TRL Ry O AGBER: ol
undet ect abl e Resaptl 27:291-300 i (1899n dérorbeTHdéAs wWithnictibodintsmty exfit the niakeritidhac co
(e.g.;, Burley i.ch has 30,000 parts per mllion (ppm nicotine 20 and 8;
000 pairs 'pet‘&ct‘f‘\fl)\ﬂ“il%ﬁ? ’%ﬁﬁlﬁsﬁb Nﬂ‘?gﬁf‘é}@m@ﬁﬁ Ve _%ﬁihélf?gﬁéfeprfﬁﬁlb'wpmﬁt‘?ﬁ Botine
and- 300 ppb dichifice 3RGLEE leBiifeBbs.  HHE % M 36 Qe ppb
TSNA), . t obaécq p? %’duc’t S ﬁg?/%eﬁgs v%%%%é}éﬁgp%ggfrggﬁ %?ﬁ?ﬂgﬁo%ﬂ?e%@he PR
and/ or TSNAs vdudeh loan feeresed ovith enhbodiniestsc of theonhventionhmeludg: vVibacombs Bnivdamt s -

of - ni cotiipe and/.or, TSNAs, can he: i,ncorpar.ated into tohacgo ‘use, cessation. - -
Kits. andlgrjogé]oé)ﬁ??}asr : (Eflﬁnagb et tu’@‘ér_ @F@dﬁ%@“ﬁ?t}el vhATRRigTIzation: of cis- Y
dependence orldmén®d tdaQired dor : e enh ik .Ear, L le, 7
a step 1 tobacco pr og' uct- can%yg;o%lﬁ%%gggﬁﬁ ggg&gl??%teg‘%yﬁ%% ?&%ﬂéﬁ?&’ _

nicot i-ne/ TSNACE BBteieONA onplexcomvatinn Blanl 1 2htetdeds @080 dily Ioddesd®W, -~

product can I f _approxi-mately :50% | qw, hi cotine/ TSNA tobacco and -

30 50% c':on_veﬁ%‘?%ﬁ;q%et@%% @8’,“33&%%«93"?0?%6’531&%%& 6‘Eﬂ§’é‘(soft°£_ PEIGRIHY SEBR of

approxi mat el APISPAL A médigtt idh@rsEDRuILRPREER ADEvASIMER NP8 N sampd5 7t co;

and a Stig 4 tobacco_product .can be conprised of approxinately 100% | ow .
S

ni cot i neATSNAosdes S.pReikppnigddargessiande ] aFisclmyoRs brintmactionaf ardsielopmentally |

t obacco. use it & (kS a0 samunt. of .. c¢o..product . from
each of :t heggég%%?m%#o%%%aglfgﬁ%g%% Sé%?lﬂgggﬂg t‘érgn%ﬁoﬁ}e%ag %‘Htpr?ggﬂgiﬁg@e%nt h
program - Thatfrans, toirfatd RiamtoGsil My 0): B025-103¢  PEsk);aldayn SPKEarinf O, Bxaypl e;
a single rmniﬁlgﬁ.it \Afptéég)ﬁ_gro‘ﬁygg 7 packs from each stH%, a total 5 of 28 .
packs of ~ci g&fukeds. 1 parrb-indiesd capissson ek dha soybesy CHbopromgtercin fipasgeniet of
I NStiuctions 3 $ infpial Lakr Gkl t4xe. ' g d0Rst R : -step
process. O . éoﬁl}%ésoe?p‘flggbalg%g Iléﬂ) ugg?r/h%?i %@ggg’fl%%h gﬁn%g/%t gggﬂ:ﬁ{)%g%ﬁie
and/ or- TMAs GanGbck evipeRapidiaductioh dyi wowrdlivye and ibhdtyriali inébtionafunt S gess 9. , -
boxes of cigars,. packs: cigarettes, tins-of snuff. and_pouches .or twists
of chew) so ?ﬂgifly E%B%ﬁ@ﬁ‘g%ﬁ? P SEPEte OIE??CF%ﬁWHtQ:b&-Q’ r('(f%t)i él_@eré?ﬁipé)r
TSNA t hey i nghw iJ8U&Habia R, I BeookNRY ‘dreg (Sh 0or. Gdvah MY &L - OW
ni cotine/low TSNA t gbagco bl e%g(%:sgh%%i%r?gﬁfhe’ té‘elgcr ﬁ%sﬁaescr|-lgl\ed\é§§#ea?ée{?n&§nd

t he foll owi ngequsneest anddeats festedsyditeot metabielicoanst defvelolpirlental regulaionnf atpotatoe

possi bl-e apprgach, To obtain a sjen | . cq; prduct ich js-a 25%.] ow
i cot i ol TONAAT aige BREn kePe 16 1, 805 R3E L AL N Hotten bt R

ni cot i. nep5 TShhdigbdacaveaed beflafondl MbiyrHeae\Lent fenBkoBUtb&R EFldser eus ed.
or. Oiental in a 25% 75% ratio respectively to obtain a Burly tobacco

product - havi far 2ensBlrep i M.c dolnbNavid Ciog apg imaletular echaFierization df ghoduct
| eavi 15,0 j in d 225 b .TSNA:: and . i | dy :

ot ng 7. 500 AR Rlsiblre"Sniitses St aepdia MR, GhusBi4s 5] Wity » 20
product,  whi GiabiasTS0%d=aw Vi, COkhki®ahSNA S&LsﬂﬁdYB %@ﬁﬁﬁc&%ﬁoﬁ%ﬁ& eR-bERARRN

approxi matel y ‘O ppm ni cot.i ne/ TSNA .t obacco can be-mxed w th conventi onal
Burley; ~ Fl Glement gyold imphgiechiomierdoanseehisBhexatassion of freqrer vl GTPasbt ai n
a Burly tpoba d i 1,8, n Ai,cot,i and- )00 ppb TSNA, a

' Fl ue- C%Qed%%l?% ua%f ﬁa\;:}ﬁé‘s’fg%&%ﬁ%%mﬁgﬁ ﬁﬁﬁ%@@%@ﬁ%ﬁgﬁ?ﬁ@%n _
Oriental - prodlegtenbaitivobyved0GH —a&gﬂp&ﬁom CRW-RERRGdure) dIRD shebifs, RUMp8E-a
step -3 produgt; which is a 75% 25% | ow ni coti ne/ TSNA bl end, prepared '
tobacco from AR lxiShinazaki §., poabidopss DA ESrling e desiceatiobgesporgive wi t h
conventional Burley, Flue-cured; or Oiental in a 75% 25%ratio - _
respectively to obtain a Burly tobacco product having 7,500 ppm nicotine

and 2,000 ppb TSNA; a Flue-cured product 1l&avi ng 5,000 ppm nicotine and 30

75 ppb TSNA, and an Oriental product having 2,500 ppmnicotine and 25 ppb
TSNA. It should be appreciated that tobacco products are often a blend of
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- 01 FEB 2005 under various growi ng conditions. As a result, 2@3? unt of
nicotine and TSNAs will differ fromcrop to crop. Neverthel g§
conventional techniques one can easily determ ne an average anount of

ni cotine.and TSNA per crop used to create a desired blend. By adjusting the
anount -of each type of tobacco that makes: up the 5 bl'end one of skill .can.
bal ance' t he ampunt. of .ni cotine and/or TSNA with ot her. conS| derations such
as appear ance, flavor, and snokabili ty. In this manner;- a vari ety of ‘types-
of tobacco product s haV| ng varying | evel of nicotine and/ or ‘ni trosam ne,
as wel | ax;d@&@emﬂc@ lant Physiol. é&btll;}ﬁakblhbﬁw%y Rashtoh P Ly Bartesd. T.] Barfivke . -

iﬁLi??LEg L2 B bl B St LT Rad eh&tq”rﬁted#c%ﬂbwm

clainms, wth lﬁﬁdﬁhﬁ%ﬁﬁh'fs ﬁfithtdlﬁrtﬁrl ?és?&r;sﬁeaoelgﬁeh@%uﬂ@?proﬁ te g%'éﬂeé’nce o |

references.cited herein are hereb ssly I ncorporate

01 FEB 2005 mﬁ\HMB@Jslﬂommesmo (r9969;1MSaaol1he ers-amngelmeammmseﬂmt ed -

fromthe 0 i St t uc|

essenti al I%;/ CFthC %{?&F@ﬁ? d@é E/Lq g@@ W égié’ﬁ?l%H .

t her eof, VmerHadhnﬁétod ) rPEARAt H.S K&ﬁmem Ayt 4&5 @éi’l FeUtrb%Lﬁat -
nucl eotides; -(b) an i solated nucleic acid that hybri di zes to"the c Fement

of 'SEQ 1T7 NOtansciptianoof Ae angd rﬁ)-ltmepiantotﬁycanfgeagsmsynchmneuﬂ cuituresa)PlaIankl (c)

an i-sol ated h S .at 90‘V|dettcal e nuclei ¢ acid
of (a), wher %bgag%fﬁ{% é! 5? twdm?hs (‘?Zlbeéﬁl?yee’o&?re?? H’fcﬂﬁmf% %Sy TS CHRe i se
responsi ve .t ahgir Nhtirdgiese Ia gleﬂstﬁl fpre?ferrédlerel a&heﬁ@%&%& ﬁbﬁ?cﬂﬁaﬂt@ﬁ&%ﬁlh g to
claim 1 consisting essentia t he sequence .gi ven herei-n as- SEQ 1

or a fraghent lﬁewértbehost\sﬁlir(esn ngbaa;omfag rveﬁ:t “h@sﬁecmergea@bahatm acsentxal o
consecuti ve h e i d.acc to claiml -
consi sting egfg’g%?ﬁgl Pﬁm%’tﬁé ﬁ%ﬂcarsrgdﬁf §1é)n5w)? Ssomaﬁﬁ Wlth regu{a? anscription . )

of a gene or famrly of genes that result in a non-lethal phenoiyplc change n the plant

- Nzc gene product responswe elements can be 1solated by screenmg the :
_ | promoter regron of genes that are transenpt1ona11y actlvated by the Nic gene product o
- 15 - in the same manner as descrrbed herem or can be 1dent1ﬁed by hybndlzatlon to SEQ. o '
. 'ID NO: 1 herem and subseqnent screemng for the abrhty to bind the Nzc gene product : o
in the manner descrl‘oed below." B ' ' ' ' X
_ Nuc1e1c acid sequences employed in carrymg out the present mventlon mclude
o naturally occurrmg or. synthetlc fragments wrth sequence snmlarlty 1o SEQ ID NO:1
20 or a ﬁ'agment thereof consrstmg of desuably, at least 20-455 consecunve nucleotldes |
- preferably, at Ieast 30—400 consecutlve nucleohdes more preferably, 50-350°
' consecutive nucleotrdes, and most | preferably, 100 300 or “200-400 consecutwe
o nucleotrdes This deﬁmtlon is mtended to encompass natural allehe vanauons of o
.~ DNA of SEQ ID NO 1 or said fragments Thus DNA sequences that hybr1d1ze to
- 25 DNAof SEQ ]]) 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., element's that Bind to the
| complement of SEQ ID NO:lj, that retain the ability to bind the Nic gene producr'.
: Such-ﬁagments will, in general, be continuous ﬁagments or portions of the neturally
' 30 occurring construct that are at least 20, 40 or 60 nucleoﬁdes in length. - Conditions
which permit other DNA seqlrences'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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sequence given herein as SEQ ID NO :1. 4. The isol ated nucl ei oﬂéc?@ﬁ 2005
according to claiml1l, wherein said nucleic acid is DNA. 5. A reconbi nant
nucl eic acid construct conprising the nucleic acid of claiml, wherein said
nucleic acid is joined to said reconbinant nucleic acid construct and said .
recombi nant nucleic acid construct does not contai'n Nt QPTl: codi ng sequence.
6. The reconbinant .nucl ei ¢ acid construct accordl ng to.claimb5, wherein

sai d.r-ecombi nant nucl ei ¢ acid construct-js linear. 7. The reconbinant
nucl ei.c acid construct according to claimb5; wherein.said reconbinant -

nucl ei'c aci d €3Hed pukendes conditionsef reduced smtin@ﬁa' PO TerBstringent conditions @le,

58”2%1 3 or ofPiikR oSty 5.0l I“Q%B% 0P EbL A fodmmdhding.
5, ° _
Zgrgbgctmerl u\r,nmsgﬁfl[o@)?%?g C%gl{’gﬁnmﬁyﬁr anst or mﬁ%héyﬁihéﬁglglaaglsygm d -

accor di ng. to NOal wsing arstandardvin hiadhytridiztion gssayt Sens famibrosloboal; dglEanss

coner 2t ng ocCEMR Papflu il of MR IAR g oot deomirod e

| east -one tobg falpdtﬁﬁtseéi@nbessﬂﬂﬁﬁe bOleRdt RAYE Ginfhar | PRS irlG ?6‘?@%13&5’% B

tobacco pl ant ceII sai d | east one transforned tobacco plant
cont ai ning" s asienilay &% %lﬂelar,mrlqvela%%mpnﬂwbemose;f\mtcnhe Bequence gﬂe@hefehﬁas

anount -of nic t gcea | ant ner at ed, from said ceI | S
conpared to t%% %U?ﬁ&éf Ci% COTPTHROTE &t FEF ey et Made h‘@‘ﬂelﬁ‘eﬁc‘@ of
sai d 'nucl ei ¢ ®qiittice® Az eiasimﬁsﬂ Iﬁebﬁinga étpngﬁ LitRAS R RS g&@gﬂce% %Qﬂfgio

pl ant .cel] so as_to obtain said tobacco p 12. The nmetho
further chpringichet arecilionisd iimmakiaizing matdhing aGap l'eng’d]s@ai lﬂloa itss ameqirefetrellacco. \

| eaves cont ai nt of -ni.cot,i ne.as e t he anount of - ~
ni cot i ne that@&”ﬂn@ﬂ%?@éﬁ@ﬂ%ﬁ “nnQLy Bretty k 4 830 [gfipdﬁ?n 2 Ok less Bfsaid
nucl ei ¢ ‘aci d. prtferedhe- method -according to claim11, furt her conprising: .

col l ecting tobacco. seed. fromsaid tobacco pl ant.,. 'said tobacco seed °
containing said. nu@%m‘]%cﬁeﬂ“"rﬂ‘fe efctbemsenmveeme iy egrmsist e$SenItuaﬂe’ oihéhe_

22‘&32? eSf (o0 ChavERe hroRidBTRASE: BP0, 1 °MRAFL“HEYabtlBt TohiePhE Blemess of
sai d nucl lél c. lapredentmg alleles or’ polymorphlc varlants of these genes, or codmg reglons thereof. |
' o ',' Use of the phrase “substantial sequence 31m11anty” in the present spec1ﬁcanen' .
‘ '_ and. clalms means that DNA, RNA or amino acid sequences Wh1ch have sl:ght and
" non~consequent1al sequence vanatlons from the actual sequences dlsclosed and
| k :'_claimed herein. are cons1dered to’ be: eqmvalent to the sequences of the present'
20 . invention. In thls regard, “shght and- non-consequentlal sequence vanatlons” mean'-
‘that “similar”: sequences (ie., the sequences that have substanﬂal sequence 31m11a:r1ty . Vo
- with. the DNA, RNA or protems dlsclosed and clalmed herem) wﬂl be func‘nonally o |
' 'equxvalent to ‘the sequences disclosed and cla:lmed in: the - present 1nvent10n
L ;'Functlonally eqmvalent sequences w111 functlcn in substanually the same manner to
25 produce substantlally the. same composmons as the nueleic “acid and a.mmo acnd‘.
o composmons dlsclosed and cla1med herein. L
Additional nucleic acid sequence for use with aspects of the 'invention include |
the Nic gene product responswe element which can be obtamed from the sequence - |
| disclosed in U S. Patent No 5,459,252, herein expressly 1nc01p0rated by reference in
. 30 ts entirety. In some embodiments, the Nic gene product respens:ve element re51des
between ~1000 and -600 or ~700 bp of the NtQPTI promoter.- Accordmgly, some.
: embod:ments mvolve a 300—400 nucleotide long ﬁagment of the NtQPTI promoter
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35 01 FEB 2005 14. The nethod according to claim 11, wherein said Nc
gene product responsive elenent is selected fromthe group canm g@g}f
(a) an isolated nucleic acid consisting essentially of the nuc

sequence - of SEQ 1D NO 1 or a fragnent thereof, wherein.said fragment is
bet ween about - 20-455 consecutive nucleotides;. (b) an isol ated nucleic:acid
that hybridizes.to the conpl ement of SEQ 1D NO 1-or to'the conpl ement of a . -
fragnment thereof of (a); and (c) an isolated nuclelc acid that is at least
90% i dentical 'to the nucl ei ¢ acid of (a), whereln said nucleic acid is = -
capabl e of bi that ¢ngrespongds to shmseneenmeétheesfz@msn penicersbelveeng 8009 1dod00 tor

15. Th th d Ni duct
respongl \r/rg e??rqgc%%c%lrll Ugés?éﬁflfépi %hgésgnag: el cI ;c?gngoﬁ;?stjfng of the
nucl-eot i de sequencBNg- seeeltéa MeViddd nbRin The HEEERRG A0 Q%ﬁeﬁfahégtll

\/\herel n: sal d nucleic acid i.s contained w thin a reconbl nant nuc
construct ,” whellsi as disguaserd dsloxe. ¢dvariety of suitablechdsteglisj ]nmzuhg desiablelgrosahahinant

nucl ei ¢ acd d i d. reconbi .nucl ej c: aci-d .construct does not
cont:ai n M@@Tt%%aﬁ%é ﬁ&tpgléuc?%ﬁﬁbeaﬁgha"@% i nant construct is | | near or' |
circular. -17. The URS &bl pRoSS ﬁistﬁlﬂteﬁ’ooﬁ‘ksﬁbs'fhﬂtially‘é@ﬁé etnfihé gen@kifd

is DNA. 18. The nethod according to claim1l, wierein sal |ntro UCI ng step
conpri ses baldnds¢lains anaspedifsr Pf)ﬂDN&,QRNPhePGiEPdmIdeaoc@miemg nteang kit nthé 1,

wher ei'n sai d r ri ses rob mtransfo n. 20 A |
t obacco pl ant Ig%%?ﬁé‘g’o&%@ ﬁ)ﬁﬁe %tdmdtso@g ?‘iﬁ cen SePaIate‘Sga eir in’ g

vivo: cellu]ar environments through the efforts of human beings. - As used herein, a

o 10 - natlve DNA sequence” or “natural DNA sequence” ineans a DNA sequence thch .
can be 1solated ﬁom non-uansgemc cells or tissue. Natlve DNA sequences are t]:aose" :
- ‘which have not been art1ﬁc1a11y altered,, such as by s1te-d1rected mutagene51s Once.: :
' o nat1ve DNA sequences are ldentlﬁed DNA molecules havmg native DNA sequences
- may be chermcally synthe31zed or produced usmg recombmant DNA procedures as
15 are known in the art. As used herein, a natlve plant DNA sequence is that whlch can_
| _' be 1solated from non-transgemc plant cells or tissue. As used herein, a nauve tobacco: -

DNA sequence is that whlch can be isolated from non-transgemc tobacco cells or

‘ -tlssue o

' 20 2 Nuclelc acid constrncts and transfer vectors.

Nucleic acid constructs, of cassettes, of the present mvenuon mclude acis-
actmg -element such as a Nic. geéne product” responslve ‘element as descnbed above |
: typ1caIly as a recombmant construct in a linear or cxrcular nucleic acid that serves as a
' transfer vector for introducing the Nic gene product into plant cells

25 . The construct or cassette may be prov1ded ina DNA construct which also has
at least one rephcatxon system For convemence, it is eonnnon to have a rephcauon

. system functlonal in Escher zchza coli; such as ColE1 , pPSCIOL, pACYC184 or the 11ke "

In thls manner, at each stage after each mampulatlon, the resultmg construct may be '
cloned, sequenced, and the correctness of the mampulation deterrmned In addition, or-
30  in place of the E. coli replication system, a broad host-range rephcatlon system may

be employed such as the replication systems of the P-1 mcompaublhty plasmids, e.g.,
PRK290. In addition to the replication system, there will frequently be at least one
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01 FEB 2005 21. A tobacco |leaf collected fromthe tobacco pl of claim
20. 22. A tobacco seed collected fromthe tobacco plant of cl ? EB(%B& A
t obacco plant having a reduced anount of nicotine therein, said plan
conpr|3|ng cell s containing an exogenous nucleic acid, mhereln sai d
exogenous nucleic acid consists essentially of a Nic gene product :
responsi ve el ement; said exogenous nucleic acid contained in said cells in
a copy nunber. sufficient to. reduce the anmount ‘of  nicotine in said tobacco -

pl ant as conpar t he unt of nicotine. t hat -woul d be resent in said. k
plant .in the: %ﬁ@ﬁ@éﬁsﬁf §V§'ﬂn§1 B2 e a8 dw one oe mpse hosts.or di sphowdept fort -

according to finjiddal hostdhBE RN oﬁ@'n‘?ar%& ?fﬂ@ eﬁ?fﬁ%ﬁt&&! fe%ﬁg‘?%ﬁ/ gggol e IS

sel'ected fromthe group consisting o an’i

consi sti ng esbestt whilé yanofhet hmrhmrcﬂnapthed@nplegcthtﬁﬁeseﬂﬁch&(ﬁﬂdﬁ BRarybtior hot,
fragment thereofé ere| ~sai d fragnent i's between about 20-455 consecutive
nucl eot i-des; icularly &y Qft ke matkersgniy, he PFﬂi‘Eﬁﬁoélagé@S't %btoﬁ@ecﬁwblfénent'

of "SEQ | DNQO 4, t d .

an isolated- nug%?t%cgac@g t hat L/frs’fﬁg%ls ratpéglg%nqgéeynﬁogé 81&: e nuéiﬁgﬂ ?g’am d

of - (a), “wher eimpagtingi pmitoﬂr@hcfdmcard aumtrtq:bﬂ:bh%stoor hra?quaﬁdé @ QgrbIeSplﬁﬁnb

responsive to.a Ni Lo 5. A tqghacco pl-ant accor ing to c alm
thytbd fiad

23, wherein SHop FOVEREBRRING dn Bical@it  consi sts. essential [y
of -a nucl ei.c  aci d KaERicShdiAToRétridRE glf‘ E}Eézgfe%%\ﬂ%§@rﬂfoﬁnﬁgy W o oy%ore

26. A tobacco pl ant- accor di ng to cl erelrn ‘salr & exogenous nuclei c" '
acid is cont amﬂmx witadhirend regionsiyiosidioned 56| & or alsdth Stoaiﬁlt Bum thevrex-gitingsai d

I at ed d d
o ol R ErieAhlaleRkh 160 o B b e RSO b Tl chofoot ke e ecﬁ"“s””“ :
sequence, andP&aits NRCSTIS ce@to Tﬁaﬁbgdtpétdﬁs'?ﬁ%% 10 %g%tp%n &R, 4003, 9%1 The‘_.

t obacco pl ant accordl ng to claimz26, wherein sald reconbrnant naclei€ acid
construct is ¥iMialgwskpst ﬂhe@liﬂ;@lﬁctﬂ Ehcmpsoao&tcaﬂ dﬁﬂQO,ﬂéSctba'lmn@Bon whalr,ei n

said eXOgenOUémf'@%b?'SﬁS at%' '?homps%%lAet al., the drsclosures of whrch are mcorporated by "

reference herem in thelr entlrety

15 L The various fragments comprrsmg the various constructs, cassettes markers,' g
o and the like may be mtroduced consecutwely by restnctlon enzyme cleavage of an |
_ appropriate replication system, and- msertron of the partrcular construct or fragment -
 into the avarlable site. After lrgatron and clorung the DNA construct may be isolated -. -
. - for further mampulatron All of these techmques are amply exemphﬁed in the:-.
20 11terature as exemphﬁed by J Sambrook et al., Molecular Clomng, A Laboratory o
~ Manual (2d Ed. 1989)(Cold Spring Harbor Laboratory) | | |
| Vectors which may be _used to transfonn plant tissue wrth nuclerc acid
L constructs of the present rnventron mcludc both balhstrc vectors and Agrobactermm '
- vectors as well as vectors suitable for DNA-medzated transfonnatlon These are
| .25 ‘_drscussed in greater detail below. | |
o 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. Surtable dormnant selectable matkers for use in tobacco
. include, mt‘er alia, antibiotic resrstance genes encodmg neomycin phosphotransferase
. 30 .(NPTII) hygromycm 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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29. Tobacco |l eaf collected fromthe tobacco plant of claim 2? ﬁ%@ﬁcco
seed that germnate into the tobacco plant of claim23. 31. %

collected fromthe tobacco plant of claim23. 32. A nethod of nmaking a
plant having an altered content of a protein of interest therein, wherein
sai d-protein of interest is regul ated by a ci-s-acting elenment, sald met hod
conpr|5|ng the steps of introducing an exogenous nucl eic. acid conpr|5|ng -
sai.d cis-acting elenment into at |east one-plant cell to produce at Ieast
one transforned plant cell, said at |least one transformed plant cell
cont ai'ni ng sazleaisfeu’foqhh&rlrefqhtcl eidncss.d DN avedpns | eontaiting Uddithlle e abtilibtic

i ncrease: or reduce the Iev sai d protej n of .interest .in a plant
regenerat ed fEENPRH g0 8%|3P Omd&g qibiaiss. AspeRmmetcially ayailatle. ei n of

i nt erest that woul d be present in the absence. of ‘sai d exogenous nucleic .
acid, subject to the prOV|so that sald cis- actlng el enent is not operably
Ilnked to a Ayt tnan sk ' :

: ‘_L, 1 f) D [ o L .
i nterest. 33. The d c di ng cl| ai-m 32 vvherel "said cis acting.
el enent" 53 cis- aﬁ?‘? @iﬁ Sﬂ?‘gﬁjeﬁtlt © dbe isPreandive pepylotian of non- -
corpound, V\hltﬁéhsﬁﬁ?rhle&’%ﬂé bﬁ‘f%m&ﬂ@%é ﬁﬁ&é‘cﬁ?g&g&w &6 Sh1Rir Orm;qrqo ?ﬁﬁ{' of ..

interest in said plant, ‘and W th said"at t onetran - cel I
cont ai ni ng satoafaexb@éméwom@ibeomea’eambn of the amtfhjotinfob ethes uorhpcnirﬂniorrhe]ly

reduce. t he | er es p ner ated from“';
said cells ag&gon’% ?1@%35 ‘iﬁmﬂpt‘ﬂtédﬁ é’le ?fe%etnetPF%Ft“"t/\oul d.
be present i rcohfgs abSanes, qfhu§abﬁ!lyeﬂﬁ9@'p%§ RUEHBHCLAR! Beendh SAERIP005

34. The. net hod accordln to cIa|m32 wher ein said cis- actlng e ement 1s a
cis-acti ri‘@ re%%"é‘é% aplipbat that bi nds a repressor conpound, whi ch

e o T SRS PR SRR BB RO a5 e Rty b sl 5 !
exogenous nudhedlee ﬁstcprbmdﬂrgc@@mlem%pﬂﬂé bt eéRAbration '(ﬂh%ﬁﬁﬁﬁ%ellﬁ?px'cﬁlﬁ? of
said protein of _interest in a plant regenerated from'said | s a§" corfpared.

to the ampunt8ifingdng %P‘éﬁ @ipﬁble Pfuf?&eeerégen)t Fhe plaoticall isahay eeefqrmeda withen

b f n di | '
3 Se?ﬁ(rat (tjters?())nprl sing- gen ratneg'ng %éﬁéeanfﬁta méeeélg:at Oﬁ%‘hg? O‘i St[lgeﬁ% 53' "

ceI |'s. 3d5 demaehmﬂbmammlamngregmetaeerﬂ&ﬁxha‘mhemea@mlcemrtes e}ﬁﬂérhétpt' ng -
seed from sai,d ‘ﬁYatB% aL.d seed contai niing -sai d _exogenous nuclei.c acid-in a -

copy nunber. - S (RnSIoRmng JeP it sarried out by teehniauss psare kapwn ndhesrt, i n a
| | -
pl ant regeneratigding bﬁf&@tﬂhﬁte?ﬁ%%oﬁﬂaaﬁi%ﬂ%ﬂ ‘g;?antt Qe E\?ﬂ ﬁ%gtpgﬂ{;é;ée% ?%ﬂgﬁ%‘?% ein

of interest that.would be present sence sal eic .

aci d.- '37. Théfammna@emm,ngnibeﬂng ahen &4} m&tbrmnnAgeabdcmrmwaeﬂmey@mehﬁrrent -

and .t he tobacC
20 productlon ofa transgemc plant.

()

is selectedfr" 0 nsi sti of UAS-1, the vic n baox teB
cO! i n,g Bgié ,pﬁfsgtlg rc%rymgrtﬁe cassette or any other tec Jque suitable f

}_ o o Mrcropartrcles carrymg a DNA construct of the present invention, whrch_ "
S m.tcropartlcle is smtable for the balhstm transformatton of a plant cell, are also useful' R
for makmg transformed plants of the present mventlon The mrcropartlcie 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 balhsuc cell transformatton methodology and
o apparatus can be’ used in pracﬁcmg 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., US. Patent No. 5, 015 ,580 (the disclosures of -all U.S. Patent |
‘_ References cited herein are to be mcorporated herein by reference) When using
- 30 baJlrstrc transfonnatton procedures, the cassette may be mcorporated into a plasmid |
' capable of replicating in or integrating into the cell to be tranisformed. Examples of |

xmcropartlcles suitable for use in such systems mclude 1 to 5 micrometer (pm) gold
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specific cis-acting elenent. 38. The nethod according to cl ai Wf% BV\Q@’ ein
sai d exogenous nucleic acid is linear. 39. The nethod accordi g C m
32, wherein said exogenous nucleic acid is circular. 40. The nethod
according to claim 32, wherein said exogenous nucleic acid is DNA. 41. The
met-hod according to claim 32, wherein said introducing step conprises '
ballistic transformation. 42.. The nethod according to claim32, wherein

sai d-i ntroducing step conprises Agrobacteriumtransformation. 39 01 FEB
2005 43. A plant produced by the nethod-of claim32. 44. Leaves, fruit,
fl-ower s, r oot $phsrest The DINA sohstutck thafyr eanidervsitgl amthomiabparticedy 4fy, sebk: -
collected f rO{g }{).Ige'é'fgl'arﬁ] f claimd43. 46. A plant having altered | evels of
a protein of 1 HUEHEeFUHE R HCCBYFHP | ant conprising cell's containing an
exogenous nucl ei ¢ Retidrowdhll GBE£H9BR Atof Y5hiBIng 1R6fufl it QBRYING St An& piesBft 1 NT
el'ement that regulates the Tevel of said:pfotein of -interest in said plant,
sai d cel | s cowventiionge kapwnekogxanpde, L8| Batentddo. 459,36 Sedipsloses mtmethod for

sufficient-to,_inerease or reduce the level of.said.protein of interest.in '
Sai 0 o ants acrhRiERRg RehBt sl nfdmegtishh orilt R b Shactel i SR o

be present i ncddiiniaRs QA6 €TOT pRadhid. STAIC RAHFOAHAIR CoraGihdys Uit Wil the
proviso that said cis-acting element is not operably linkédto a coding .
sequence or cégabaererium vestosas disdosashind] S BatentiNof 4,793,865 s Hurthe; U ShBatgihtant

accordi ng 1o glaj Ry, rein said ciss acting. elenent is a cis actin
Sctivati v o SRehdhgRas ROSeRoRRel o chioBes S RoBorde anar Bro P Al Ot

conpound i ncr gasAtcheier 2gabalreAlmSaiiaifd Oheiflaslidl Iive e Wi¥ 28l &f ants -
and with said at-|east one transfor mdnfl ant -cel | containing said exogenous -
nucl ei ¢ adl o Plasmidcagynonlimegien.quifa sdcerd plasmidhaieg aflerdgiaebuiafo wairegion) .
protein of i Ln-sald nl 1S mared to ‘the amount of said protein 7
of interest -%%@m%ﬁ@qggogtr@gg{rﬁseﬁﬁnf%glggbsence ‘of sai d exogenous .nucleic -

acid.. 48. The pl anAsackighdbpyg ntbel af Gech§, sedliiced musatyhiclly-rchrenait ¢ geent
is-a cis acting repressor el enent that binds. a,r-e&r essor. conpound,  which

r epressor  conBOGH dabdein swpiesypf dheidnacmesalemepi(®r epwldobe j insesiedsinte nsaj d

pllant, and w 3said..at | t sf -0k ant., cel ntai-ning. sajd
ex__ogeno_us_-',nuc{qgrig:‘éa}f;ltgzlZ i %e%gﬁ’c%lg?/& n%l%gégfe.dg[{&%@?% P{éﬁ{%ﬁ %&[’th;%érﬁgegaﬁég l€h€8@§%I of
sai d protlin bémbarimesiswhich istasdiced mnltipds cogiepef @ tiansgdnte DAt de slamd
protein of ‘interest that wopld be present in the absence.of said:exogenous .
nucl ei ¢ aci d. SHeMme- oﬁ%@éﬂ?ﬁ%ﬁgy o e plsZHnG SleTRamt r{&’%F@eE RNl o n

sai d. exogeno bai4 rChirblS b b REAR: 4 30, | nding Jiooehaim 46,
wher el 1 sai d oo o8 evREutt o) b PRAIL DundRE AL cHREOLH MO VES &R 10:

d:is circular. - : .
- plasmid, or combinations thereof) that must be inserted into the host cells (and

progeny or daughter  cells thereof) io Q'b_t'ain‘ increased or d-ecre.é_sed levels of the
E 20 p:oteiﬁ of interest in tﬁe 'cells and plants of tﬁe invention will -delj).énd in part uﬁoﬁ the -'
L particﬁlar eiement, but in general will be at leas't'20,l'3070r 50 tb'about 506, 1,000 or -
| Z,OOO,ormoi'e. = S o _- R L .
| 'Plap_nt sp'ééieé'may be trénﬁfdrmed with the DNA construct of the préseni :
inventibn,.byf the "‘DNA-mediatéd '&ansfoﬁnatic-yn'_ of plant"_cell" _pfdtoplasts and
-_ 25 ' Sli_lra‘sequent regeneration. of the piant from thé 'tfansfofﬁied protbplaéts-'rin accorda_ncé
Wlth procedures well known in the art. Fﬁsion of tobacco p‘rotbplasts with DNA—
containing liposomes or via electroporation is known i the art. (Shillito etal., ‘_‘f)_irect
Gene Transfer to Prqtoplasts of 'Dicbtyledonous and Mﬁnocdtyledondus'Plants by a
o Number of _Méthods’, Including Electroporatidn”, Methods in Enzymology 153, 313-36
30 asmy. . -
| As used herein, “_‘transformation” refers to the introduction of exbg"enous‘ DNA

~ into cells, so as to produce transgenic cells stably transformed with the exogenous
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51. The plant according to claim46, wherein said exogenous quIeE acid is
DNA. 52. Leaf, fruit, flowers, roots or tubers collected fromth gl of
claim46. 53. Seed that germnates into the plant of claim46. 54. Seed
collected fromthe plant of claim46. 55. A nethod .of decreasing expression
of a proteéin of .interest in a host cel'l, whérein transcription of said ‘
protein of intérest is enhanced by a ci s- acting actlvatlng el enent that:

bi nds an activator’ conpound whi ch activator compound increases expression
of said proteln of interest in said host cell, said nethod conprising the

steps of (a) PNAviBY hgaldy daasmnnaeqameaaﬂhatwtﬁgenaaﬂsdm@}étbsscwatpassed to. -
conpri sing sajd cis acting activatin g el enent; and (b) introduci.fig sai d

decoy const r (Rauehtar oF Rreeenyrsils of theinitigliy framsfermed cells.fandipeeferably ossed tear d
ti t t
2ty vaor CoMBRUAC 00 ARG pRART 6 O N-RlroRRL SRR Tarkaflind GRS )f“l“l‘nked

to a coding mmﬁgeemdmd@k@mptpmd&gr eof for said protein of |nterest
g to ¢l aim>55, wherein said host cell is a

56. The. thod ac _gr 8}1
pr okar yot c or. euk eedceslls, aT‘B?ﬂd“Fﬁ‘latQ@lgﬁ@ﬁ!at&d@l@ﬁowlﬂ@tStthO@Elaﬁmlssﬁon

wherein saldcgoc% I t hod

cl aim 55, wher el l\ @glﬂds I’l @%ﬁ%ﬁ%ﬂgsgﬁéﬁg% §V%lall %?gﬁl{l:% “ﬁgﬁ’%d’gﬁﬁ@ﬁfd. ng
to-cl ai.m 55, pliadregenession 1sulmtsem£lastb$e€comp§lﬂ1m|mﬂﬁhé meftod otQﬂanﬁEﬁrétﬁt% 60.
The .net hod accprding to.clajimb55, wherein-said host cell is a mammalian
cell. 61. The trﬁsgﬂeaetoer%’l HRPSEENE I iﬁnﬁﬁ Bom tgnstasmed o5lle thesetrcsieced PAy

vascul ar- pl ankeqf&lk -is andﬂy’l&aﬂﬁ 1P 5HE ﬁllaﬂgérhﬁﬁesath?%%% dcoéﬁgg%tfdérglngyﬁapg__- o

host cell is. a m)nocot or “di cot ant ce
clai'm 55 lO\/\hé:reedmgmadtmbsen@{ mﬁomdueekpemodnmmnam d

“For example to analyze the segregatron of the t:ransgemc DNA regenerated .

transformed plants (Ro) may be grown to maturrty, tested for levels of the protem of o
mterest and selfed to produce Ry plants A percentage of R1 plants carrylng the
o ‘transgenic DNA are homozygous for the transgenic DNA. To 1dent1fy homozygous R1 '
150 plants transgenic. R1 plants are grown to maturrty and selfed. Homozygous R; plants g .
o owill produce Ry progeny where each progeny plant carries the. transgemc DNA
;progeny of heterozygous Ry plants will segregate 3:1. _
- Nicotine serves as a natural pesticide which helps protect tobacco plants from -
Vdamage by pests It may therefore be desirable to addrtronally transform low or no o
20 mcotme plants produced by the prcsent methods w1th a transgene (such as Baczllus
R thuf ingiensis) that will confer add1tronal msect protec’uon | | o R
| A preferred plant for use in the present 1nventron is any specles of the genus
| Nzcotmna, or tobacco, mcludmg N rabacum N rustica and N glutmosa Any stram or
- variety of tobacco may be used. o I B
25 Any plant tissue capable ‘of subsequent clonal propagatron whether by
I ‘organogenesis or embryogene51s may be transformed wrth a vector of the present'
" invention. The term “organogenesis,” as used herein, rneans a process by which
shoots and roots are developed sequentrally from meristematic centers; the term
embryogenesrs,” as used herem, means a process by which shoots and roots develop ,
30 together in'a-concerted fashron {(not sequentially), whether from somatic cells or ‘
gametes “The particular tissuie chosen will vary dependrng on the clonal propagatlon

systems available for, and best suited to, the particular species being transformed.
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construct is a plasmd. 64. A nethod of increasing expre55|an of a protein
of interest in a host cell, wherein transcription of said pPo éi ER 9335
interest is reduced by a cis-acting repressor elenent that binds a
repressor conpound, which repressor.conpound reduces expression of said
protein of ‘interest.in said host cell, said nethod conprising the steps of
(a) providing a. decoy recombi nant nuclelc aci d constrct conprising said
ci-s acting.repressor. elenent ; and (b). i ntroduci-ng -sai d. decoy construct
into sai.d host cell 'in an amount sufficient to bind said. repressor conpound
and i-’ncrease--@qmldwlt@ﬁuﬁ)targm dwbtd?tlealfrdldcfs polien; embryosutgtyletonso hypesofylavi so

t hat said CI'S el el ot ...0 erab i'nked.to.a codi equence or
conpl enment ther 818 nﬁllg tl8f PO %Sapmﬁégens’fe%s naé‘lll%lﬁ% @%(ﬂ]}gl ng
to cl-ai m64, mberleﬁuexea) dnnenucs@hlenuemarsuﬁ@éeagy jled Y mekanh ¥a i o
66. The net hod according to claim®64, wherein said host cell is-a acter| al

celI'. 67. Thelllﬂfe‘ttmh accordl ng to claim 64, Wnerel n-said host cetl is a S
f ungal ceII od_ acc £ di n to clalmo64 ei n.sai oSt

R SR AT vt R A s S
cell is a rrarmnhere@ ocr‘aldnsfo‘l&ed i Eﬁ@n%ﬁ%nmm@@eemttb@ 1BEL ffad) BR0clbfal -

claim 64, wherein said host cell is 'a vascular plant cell-. he method -
accor di ng. t o &Eangfosments (ekgr el reellai ranistosmed &b | contain thﬁ)ﬁ@@@ﬁe)oﬂhfdmms pragint

O L Znr ot A B ke ) Dot AR b SR AR

nuel ei-¢c aC|d cots
- - stock grafted to an untransformed scion 111 crtrus specles) The n-ansformed plants may - .

I

' 10 be propagated by a varrety of means, such as by clonal propagatron or classical
. breedmg techmques For. example ﬁrst generatlon (or Tl) transformed plants may be
) selfed to glve homozygous second generatron (or T2) transformed plants and the T2
- plants further propagated through classwal breedmg techniques. A donnnant
S selectable marker (such as. nptll) can be assoc1ated Wlth the construct to assust 111‘_
15 breeding, L PR | -
o '_ In some preferred embodn:nents of the mvennon o help insure that a
sufﬁcrent number of decoy or czs-actmg elements are mserted in cells and retained
over many cell divisions to produce a frans gemc plant wrch altered levels of protein or
protems therem blohstlc transformanon is used as descnbed above crrcular DNA or
o 20 plasmtds are used to carry the czs—actlng decoy segments as descnbed above the
“ _' - circular DNA or plasn:uds that are used are relatlvely srnall (e:g., they consist of lessr :
L -_:than 10,000 or less than 6, 000 base pairs), and a h.tgh molar ratlo of the czs-actmg |
L element to selectable marker (e.g,, 10 to i 1s mserted into the host cells: a
. As used herem, a crop compnses a3 plurahty of. plants of the present mventron,
B o : 25_" and of the same genus planted together in an agncultural field. By “agncultural field” -
s meant 2 common plot of soil or a greenhouse. Thus, the present invention provrdes _
. 2 method of producmg a crop of plants having altered levels of a protein of interest,
(e.g, QPTase and PMTase activity and thus havmg decreased nicotine levels),_
7 compared to a similar Crop of non-transformed plants of the sarne species and variety.
30 Wlnle the mventron describes methods to reduce mcotme levels in transgemc
tobacco, 'I:hlS method can also be employed to phenocopy mutations in frans-acting

B transcriptional activators and repressors without cloning their respective genomic loci.
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01 FEB 2005 SEQUENCELI STI NG <110> Conkling, Mark A. . - ,
ran<120>' TRANSGENI C PLANTS CONTAI NI NG MOLECULAR DECCNSTHAT ﬂﬂERﬂg‘&m
PROTEI N. CONTENT THEREI N - <130> 5051. 471<150> US. 60229, |98-<151> ]

. 2000- OB- 30~-  <160>. 4~<170> Patent In version3d.1l<zio> 1 -<2|1> 456 2p.
<212> DNA--<213> Ni coti‘ana tabacunx400>: 1ggaaacatat '
tcaatacattgtagtttgctactcataatcgctagaatactttgtgcctt60$ gctaataaagatacttgaaa
tagcttagtttaaatataaatagcataata gattttaggal20attagtattt - tgagtttaat
tacttattga.,cttgtaacagtttttataat.tccaaggccc.- 180at gaaaaatt

taatgctttatt algomteaaegmnmﬁ Bgateaanbe ahilgzed, adige eeeaﬁelagﬁ knbwh Bﬁtﬁﬂ@ %kﬂled
atagttcgat attt ttca ttttat aagat aaaa. aact accet 30

- aat t atcggt 4t ?arsa!paea M prompen thet zespand geameftma@piors |

aat cggt t cggt gpjmg ﬂﬁg LG cat t
420cctagttgttgttataggta aaaag a%gtlt acag é Efégigi@gg&i&i 5%@@%@0% the
. <213> Arti firemater Seofneetie. mﬂ@ﬂe{'@ﬁeamﬁwﬁrés@idncbf the reporter gene'is monitored .

C] i gonucl (§Otl .deSe uence - 40<400> zgecacct caa. ;. 10<210> 3<21l> 10- _45<zi z>
DNAe; <213 2@}@5\9 jlﬁnm@tﬁ@tors usmg current technologies.

d i gonuel eot <
AIV?\ ;l\( Ve Al(lgi,(équ( e Rﬂ%( f)g En Aiéﬁgé’tﬁ%( Sﬁ@mvje?xt 6he necessity of clomng the
AV, ARY.A( . Apgataiuanscaipton factess fox(aplicaons in which it is desirable to disrupt any set

A(.. A A(.-A A8A8AA#A8YA8AAAPP/ 45 P / /
0@( "@ 0 0 bt Ui BoRY eaidnoe of tondamerpiond @iGsaID

. Oﬂﬂﬂﬂﬂf,‘, —_ ’
’?@ <| p<<p4<<@:@€%§z’<<e E%%g%@y%]%}m é“xg‘% %Qﬁgéﬁ e]t|0£[g]glf |t]mrt6r'ﬁ <| <<
. <4P<<<<E> msimetelwpeﬂaedbmm asSnpE t(ansc@at@@repmosor@@@ :

S D272 88 |~ 077 2
g@] rS%I@E @%1@3@1&50 noted abovg@ @ p@gent gve ton could ge employed to glsrupl gene -

Ll wgl fa[ V & :
- vl (o[ VQ cakpeiionhsaboniepiis oo ashafl b paasale it ol ©

21 {vpke' ZU| c &PEias)) efag @awélascaswes]gcelwes] nad/Vadty am?]hcaq calls) am:]lm:’aﬁg phhtaV] c

el coleevespattest et sl MR R kel ol

aV] ca] caV} calfuemil] onbactsfic aills, Bt £ pigh anawehe;& UrcBM &Rl &1 fungi, multico
Ul c”a] ca] c™al c" a] c"al. calls V] ca] caV]ca] caV] ca] caV].ca] ca\/] ca] cag</] ca] cap\% ca] c
aV] ca] ca\/] ca]lﬂ?i@]l g?goamcregse Copgay okmiolgenisr gthe cell

;/fi\q cé] caV] cal ‘(’;V;'\}]g%\gfagﬁl 24 ca‘f}?ygf%{,fegﬂgfl%sgg@gﬁ V%? gjlig%g]ﬂni%ﬁv] ca .

are not to be construed as lmntmg thereof.’

_?. | . : . Locahzatlon of cis-actin Element in Nt PTI Promote

To characterme the nnmmal sequence reqmred for the NtQPTJ czs—actmg

. element, the promoter regton of the NtQPTI gene was 1solated truncated at the 5’ 7.
- end, and fused to the gene encodmg B glucuromdase (GUS) to assess ﬂmctlon as a
| 25 specific enhancer of mcotme productlon The NrQPTJ gene ‘was_ isolated and
sequenced The start of the transcnpt was determined by. comparmg the TobRD2
',cDNA sequence to the genomic locus sequence. Sequence located 5 of the

g transcription start site was defined as promoter sequence Usmg PCR pnmers and the .'

promoter as a template truncations were made at the 5’ end of the promoter to |

'30 ..'Jdetermme mu:umal czs-actmg enhancer sequence (see Flgure 2). The truncations

- were ﬁssed to the uidA4 gene, _Whmh encodes GUS. The fusmn gene was inserted into



8111?27 EdEkEnEpEFFFFFEGgGGGGG{ vqkf [Uca\/] ca] caV] ca] ca] cAg]fc?bgaéca cajc
a]ca]c aUc"alJc"alcalcaV]ca]ca]c"alUc"aV]c"aV]c"a w4 ﬂﬁﬁJ
UV] c"a] ca] ca] ca] ca] ca] c$a] c$a] calca Al ;

| KIRI T 1T JJKKL" L1L?LLLLMEMVVVIVVANNE NANSN<N] vk * [ VKf [ UcaV] ca] caV] calcaVlcalc |
aV] ca] caV] ca] caV]ca] ca]c”a] ca] caV] ca] caV] ca] ca\/] ca] caV] ca] caV] ca] ca\/] cajcaVv.
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TABLE 1. Regulatlon of NtQPTI Promoter—D;rected GUS Expressmn by the Ntc -
Gene Products in Tobacco '

30 o
| Promoter Independent | GUS activity in | GUS activityin | GUS ratlo
o | Transformants Nic"/ni¢c” - mic/nic™ - of Nic/nic
_2.0(2010) 2 111.7 (7) 21.2 (5) 53
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EXAMPLE 3

Regt_zlatlon of NtOPTI Gene Expressmn U51 ng Molecular Decovs , 7
' Nucleonde sequence located between -1 000 and -600. or -700 bp of the NtQPTJ |

' promoter 1s mserted in tandem arrays into a plant—Agi obacterzum shuttle vector and

- subsequently transformed 1nto tobacco via methods known to one skxlled m the art.

- 15

: ‘Plants stably transformed with sa1d vector are assessed for the level of expresswn of )

- NtQPTI and for mcotlne and/or TSNA content. These expenments will demonstrate _

' that tobacco transfornled with molecular decoys that interact with Nic gene products
' ,w111 exh1b1t a reduced amount of mcotme and/or TSNA Plants with mulnple tandem :
insertions of the rnolecular decoyr wlnch have reduced NtQPT] expressmn and reduced .

20

production of fobacco products having reduced nicotine arid/or TSNA content.
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~ nicotine levels are used for. expression of commerc;ally valiable products and




100y 100y>gl09%y& ()-! +10%G& () - #8! #5t Ya&WUI3~\ ;

L- c+10W#V#& () - 7! pc+109%& () - 7!i c+10%& () - 7! xc+10%& ()- 7! cmqmgg)q@ﬁcﬂocya
'()-7a&" "({Y7! 1 c+10%1& ()-7! c+10%1& ()-7!$10% : & ()-y

10j 3>510% & ().-! pc+10%H#& () - 7(**++8$- S. xVA{ Y7! | TC+109RRE () - 7! [c+10°/8‘*& ()
7 8HC+109& ()-7!ic+109&" ()-7!ic+109& ()-7!c+10%*& ()-7S.7091: .
1<1=1121{\: 1T +109%&' () -7$10% & ()--= 10M 10M

10M>10%0VK: () -! 7¢+10909& ()- 7! C+L0UKNKNE () - 713u56 89:wWU4{\ :

4+10%*a* & -()-7!; o
+109%Mh& ()-7!i +109%&" () 71 p+10%& () - 7 E@MI(MW +10%& () 7: priii-<=s2-\
| +10%& () -5! Bl +10%5& S
10j >10% & () -s?"Ai A -
10j 210% & () - ! 9% +1TkeWad8stide- @hhénb&UPMG( is ﬁserteﬂlﬁl%ahderﬁ) ys into 2 plant-

| +109%& () -5j ! x| +10%@&& . ( 5bEcEdEpEFEGgGHdB 10j ! 8+10%& @10% '
&() - 8! +10%& (F-oBeq MR PytlgMeotwRnd firapsivoped ojtpuaplon eal““[mm o
& (_) __8' @101%%% to one skilled in the art. Plants Stably transformed wrth said - vector have

reduced bmdmg acu\uty of tr ans—ac’ung DNA bmd:lng factor ASF-1 wluch recogmzes-_ _ k
- the sequence motrf TGACG ‘which is found in plant genes such as hlstone genes
o (M1kam1 etal, (1987) FEBS Lett. 223 273) enzyme genes for agropme blosynthesm _
: '(V elten et al 'EMBO J. 3: 2723—30) the octopme synthase gene (Elhs et al.,, EMBO J.
10 e 3203), and the mannopme synthase gene (DeR1ta and Gelvm (1987) Mol. Gen.
o Genet. 207 233) .as well as the CaMV3SS gene hlstone H3 gene and nopahne' _.
- ._ synthase gene : e '

h . Regglatlon of Sgatlal and Temgoral Exgressmn of

Beta-Phaseolm Using Molecular Decoys ‘
: _ The nucleotlde sequence correspondmg to UASI (-295 to 1 09) of the beta-

o Vphaseohn gene is mserted m tandem arrays into a plaut—Agr obactermm shuttle vector
20 and transformed into-a bean plant via methods known to one skilled in the at. Plants
' _. _stably transfonned w1th said vector have reduced bmdmg achvrty of tmns-actmg
' DNA bmdmg factor PVALF wh1ch recogmzes the sequences CATGCAAA and | ‘
CATGCATG Iocated in UASI (Bobb. et al. (1997) Nucleic Acm’s Res. 25(3) 641-7).
_"Plants w1th reduced bmdmg of PVALF would have reduced expressmn of seed- |
25 - "spec1ﬁc expressmn of beta-phaseohn prlmanly in cotyledons and shoot merrstem.
-'(Bustos et al. (1991) EMBOJ 10(6): 1469-1479). '__ |
S - Transformation of tandem arrays of nucleotide sequences correspondmg to the
' _"-vicihn—box (GCCACCTCAA SEQ ID NO:2) and site B (CACACGTCAA SEQID -
o .'NO :3) of the beta-phaseolm gene into a bean plant results in the reduced binding
30 . actmty of trans-actmg DNA bmdlng factors ROMI and ROMZ leadmg fo premature
| onset of beta-phaseolm expressmn ROMI and ROM2 proteins fanction as repressors

7 of beta-phaseolm and phytohemagglutnnn L-subumt expressmn 1o block onset of seed
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i Jii xA2710! 1 gene, results in the reduced brndmg aetrvrty of the g ans-actmg DNA bmdrng factor of
o 7_10- the RB7 cis-acting element ' ' '

7 Likewise, similar tandem arrays of the followmg czs—elements are transformed -
‘ - ‘into the plants to reduce bmdmg actzvrty of the correspondrng n'ans-actmg DNA '.
" .. binding factors the AATT crs-actmg repeat element and its correspondmg PABF |
_ ,trans~actmg factor (see US Patent Nos. 5 834 236 and -6, 191 ,258); the posrtrve
B = poly(dA-dT) regulatory element and bmdmg protem -and negat:lve CCAA repeat .
~ element and binding protein (Wang et al. (1992) Mol. Cell Biol. 12: 3399-3406); the
root—trp regulatory element from the tobacco phytochrome Al promoter of tobacco ‘
(Adam et al (1995) Plant  Mol. Bzol 29:983- 993) the anaerob1031s responswe : 7
N | element ﬁom the marze glyceraldehyde~3—phosphate dehydrogenase 4 gene (Geffers. |
. o '20,'_ - etal. (2000) Plant Mol Biol. 43: 11- 21), and the seed-speerﬁc regulatory reglon from . - |
v o anArabzdopszs oleosm gene (see US Patent No 5,792 922) |

EXAMPLE 7

Tobacco Havmg Reduced Nlcotme andlor TSNA Levels
' 25 o Generated Using Molecular Decovs '

Multiple copies of an approximately 300 or 400 nucleotrde long fragment of the
. NtQPT 1 promoter (eg., mcludmg nueleotrde sequence located between --1000 and -600
or 700 bp of the NI‘QPTI promoter, such as SEQ ID NO: 1) are aiﬁxed to
mrcropartrcles (e g., by precrpltatron) that are suitable for the ballistic transformation
. 30 of a plant cell (e.g., 110 5 um gold spheres). The. microparticles are propelled into
- tobacco plant cells (e.g.', Burley -21 LA) soasto produce transfonned plantlcells, and

plants are regenerated from the transf_onned plant cells. Burley 21 LAisa varlety of
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, EXAMPLE 8
_ Low Nlcotme and TSNA blended Tobacco ‘ .
R The followmg example describes several Ways to creafe tobacco products .
e 15 havmg specrﬁc arnounts of nicotine and/or TSNAs through blcndmg Some blcndmg | |
- - approaches begm with tobacco prepared from varieties that have extremoly 1ow:' -
amounts of mcotmc and/or- TSNAs By blcudmg prepared ‘tobacco from alow
| mcotme/T SNA varlety (e.g., undetectable levels of mcotme and/or TSNAS ) with a
_ convcntlonal tobacco (eg., Burley, Wthh has 30,000 parts per million (ppm) mcotme-' -
L 20 and 8,000 parts per billion (ppb) TSNA; Fluc~Cured which has 20,000 ppm mcotme R
" and 300 ppb TSNA; and Oriental, which has 10,000 ppm nicotine ‘and 100 ppb._
' ' TSNA) tobacco products having v1rtua11y any desn‘ed amount’ of mcotme and/or
TSNAs can be manufactured. Tobacco products havmg various amounts of nicotine
“and/or TSNAs can be mcorporatcd into tobacco use cessation kits and programs to
25 help tobacco users reducc or ehmmate their depcndencc on mcotmc and reducc the
" Garcinogenic potential. ; -
' - For example, a step 1 tobacco product can be compnsed of approxunatcly
: 25% low mcotme/TSNA tobacco and 75% conventional tobacco; a step 2 tobacco
-~ product can be comprised of approximately 50% low mcotme_/TSNA tobacco and
30 - 50% 'c'onvent.ional' tobacco; a step 3 tobacco -product: can be comprised of -
- 'approximatelj? 75% low nicotine/TSNA tobacco and 25% conventional tobacco; and a

- step 4 tobacco product can be compriscd of approximately 100% low nicotine/TSNA
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,product Whlch is 50% lcw nicotine/TSNA blend prepared tobacco ﬁ:om an '
approxxmately O ppm mcotme/T SNA tobacco can be nnxcd Wlth convcntlona.l Burley,

- Flue—cured or 0r1enta1 in a 50%/50% ratio respectwely to obtain a Burly tobacco-_
o product havmg 15 000 ppm mcotme and 4,000 ppb TSNA a Flue—curcd product
_ 'havmg 10 000 ppm nicotine and 150 ppb TSNA and an Oriental product havmg 5000 -
25  ppm nicotine and 50 ppb TSNA Further, a step 3 product which is a 75%/25% low
o mcotmc/TSNA blend, prcparcd tobacco ﬁ'om an approximately-0 ppm mcotme/T SNA,
~ tobacco can be mixed with conventional Burley, Flue-cured, or Oriental in a
75%/25% Tatio respectlvely to obtain a Burly: tobacco product having 7 500 ppm
o '__mcotme and 2,000 ppb TSNA, a Flue-cured product havmg 5,000 ppm nicotine and
.30 75 ppb TSNA and an Oriental product havmg 2,500 ppm nicotine and 25 ppb TSNA.
' ‘ It should be appreciated that tobacco products are often a blend of many
_dlfferent types of tobaccos, which were grown in many different parts of the world
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THAT WHICH IS CLAIMED IS:

1. An isolated nucleic acid selected from the group consisting of :
| (a) an isolated nucleic acid consisting essentially of the nucleotide sequence of

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

(b) an isolated nucleic acid that hybridizes to the complement of SEQ ID NO :1 or
to the complement of a fragment thereof of (a); and

(c) an isolated nucleic acid that is at least 90% identical to the nucleic acid of (a),
wherein said nucleic acid is capable of binding to or is otherwise responsive to a Nic gene

product.
2. The isolated nucleic acid according to claim 1 consisting essentially of the sequence
given herein as SEQ ID NO :1 or a fragment thereof, wherein said fragment is between

about 20-455 consecutive nucleotides.

3. The isolated nucleic acid according to claim 1 consisting essentially of the nucleotide

sequence given herein as SEQ ID NO :1.

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

5. A recombinant nucleic acid construct comprising the nucleic acid of claim 1, wherein
said nucleic acid is joined to said recombinant nucleic acid construct and said recombinant

nucleic acid construct does not contain NtQPT! coding sequence.

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

nucleic acid construct 1s linear.

7. The recombinant nucleic acid construct according to claim 5, wherein said recombinant

nucleic acid construct is circular.
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8. A microparticle comprising the nucleic acid of claim 1, wherein said nucleic acid is

joined to said microparticle.

9. The recombinant nucleic acid construct according to claim 5, wherein said recombinant

nucleic acid construct is an Agrobacterium vector.
10. A plant cell transformed with the nucleic acid according to claim 1.

I1. A method of making a transgenic tobacco plant having a reduced amount of nicotine,
comprising:

introducing a nucleic acid consisting essentially of a Nic gene product responsive
element into at least one tobacco plant cell so as to produce at least one transformed
tobacco plant cell,

said at least one transformed tobacco plant cell containing said nucleic acid in 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.

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.

-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 would be

present in the absence of said nucleic acid.
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14. The method according to claim 11, wherein said Nic gene product responsive element

15 selected from the gfoup consisting of :

(a) an isolated nucleic acid consisting essentially of the nucleotide sequence of
SEQ ID NO:1 or a fragment thereof, wherein said fragment is between about 20-455
consecutive nucleotides;

(b} an 1solated nucleic acid that hybridizes to the complement of SEQ ID NO:1 or
to the complement of a fragment thereof of (a); and

(c) an isolated nucleic acid that is at least 90% identical to the nucleic acid of (a),
wherein said nucleic acid is capable of binding to or is otherwise responsive to a Nic gene

product..

15. The method according to claim 11, wherein said Nic gene product responsive element
consists essentially of a nucleic acid consisting of the nucleotide sequence of SEQ ID NO
:1.

16. The method according to claim 11, wherein said 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 nucleic acid construct does not
contain NtOQPTI coding sequence, and said recombinant construct is linear or circular.

17. The method according to claim 11, wherein said nucleic acid is DNA.

18. The method according to claim 11, wherein said introducing step comprises ballistic

transformation.

19. The method according to claim 11, wherein said introducing step comprises

Agrobacterium transformation.

20. A tobacco plant produced by the method of claim 11,
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21. A tobacco leaf collected from the tobacco plant of claim 20.
22. A tobacco seed collected from the tobacco plant of claim 20.

23. A tobacco plant having a reduced amount of nicotine therein, said plant comprising
cells containing an exogenous nucleic acid, wherein said exogenous nucleic acid consists
essentially of a Nic gene product responsive element; said exogenous nucleic acid
contained in said cells in a copy number sufficient to reduce the amount of nicotine in said
tobacco plant as compared to the amount of nicotine that would be present in said plant in

the absence of said exogenous nucleic acid.

24. A tobacco plant according to claim 23, wherein said Nic gene product responsive
element is selected from the group consisting of :

(a) an 1solated nucleic acid consisting essentially of the nucleotide sequence of
SEQ ID NO: 1 or a fragment thereof, wherein said fragment is between about 20-455
consecutive nucleotides;

(b) an isolated nucleic acid that hybridizes to the complement of SEQ ID NO:1 or
to the complement of a fragment thereof of (a); and

(c) an isolated nucleic acid that is at least 90% identical to the nucleic acid of (a),

wherein said nucleic acid is capable of binding to or is otherwise responsive to a

Nic gene product .

25. A tobacco plant according to claim 23, wherein said Nic gene product responsive

element consists essentially of a nucleic acid consisting of the nucleotide sequence of SEQ
IDNO :1.

26. A tobacco plant according to claim 23, 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 nucleic acid
construct does not contain NtQPT! coding sequence, and said recombinant construct is

linear.
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27.The tobacco plant according to claim 26, wherein said recombinant nucleic acid

construct is circular.

28.The tobacco plant according to claim 23, wherein said exogenous nucleic acid is DNA.
29. Tobacco leaf collected from the tobacco plant of claim 23.

30. Tobacco seed that germinate into the tobacco plant of claim 23.

31. Tobacco seed collected from the tobacco plant of claim 23.

32. A method of making a plant having an altered content of a protein of interest therein,
wherein said protein of interest is regulated by a cis-acting element, said method
comprising the steps of :

introducing an exogenous nucleic acid comprising said cis-acting element into at
least one plant cell to produce at least one transformed plant cell,

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 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.

33. The method according to claim 32, wherein said cis acting element s 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 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.
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34. The method according to claim 32, 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 containing said exogenous nucleic acid in a copy number sufficient to increase
the level of said protein of interest in 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.

35. The method according to claim 32, further comprising generating a plant from said

transformed plant cells.
36. The method according to claim 35, further comprising:

collecting seed from said plant, said seed containing said exogenous nucleic acid in
a copy number sufficient to reduce the level of said protein of interest in a plant
regenerated from said seed as compared to the level of said protein of interest that would
be present in the absence of said exogenous nucleic acid.
37. The method according to claim 32, wherein said cis-acting element is selected from
the group consisting of UAS-1, the vicilin box, site B, and the tobacco RB7 promoter root-
specific cis-acting element.
38. The method according to claim 32, wherein said exogenous nucleic acid is linear.
39. The method according to claim 32, wherein said exogenous nucleic acid is circular.

40. The method according to claim 32, wherein said exogenous nucleic acid is DNA.

41. The method according to claim 32, wherein said introducing step comprises ballistic

transformation.

42. The method according to claim 32, wherein said introducing step comprises

Agrobacterium transformation,
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43. A plant produced by the method of claim 32.

44. Leaves, fruit, flowers, roots or tubers collected from the plant of claim 43.

45. Seed collected from the plant of claim 43.

46. A plant having altered levels of a protein of interest therein, said plant comprising cells
contalning an exogenous nucleic acid,

which exogenous nucleic acid comprises a cis-acting element that regulates the
level of said protein of interest in said plant,

said cells containing said exogenous nucleic acid in a copy number sufficient to
increase or 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, subject to the proviso that said cis-acting clement is not operably linked to a

coding sequence or complement thereof for said protein of interest.

47. The plant according to claim 46, 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 said plant as compared to the amount of said protein of

interest that would be present in the absence of said exogenous nucleic acid.

48. The plant according to claim 46, 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 containing said exogenous nucleic acid in a copy number sufficient to increase
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.
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9. The plant according to claim 46, wherein said exogenous nucleic acid is linear.

50. The plant according to claim 46, wherein said exogenous nucleic acid is circular.
51. The plant according to claim 46, wherein said exogenous nucleic acid 1s DNA.
52. Leaf, fruit, flowers, roots or tubers collected from the plant of claim 46.
53. Seed that germinates into the plant of claim 46.
54. Seed collected from the plant of claim 46.
55. 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 steps of :

(@) 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, 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..

56. The method according to claim 55, wherein said host cell is a prokaryotic or

eukaryotic cell.
57. The method according to claim 55, wherein said host cell is a bacterial cell.
58. The method according to claim 55, wherein said host cell is a fungal cell.

59. The method according to claim 55, wherein said host cell is an animal cell.
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60. The method according to claim 55, wherein said host cell is a mammalian cell.
61. The method according to claim 55, wherein said host cell is a vascular plant cell.

62. The method according to claim 55, wherein said host cell is a monocot or dicot plant

cell.

63. The method according to claim 55, wherein said decoy recombinant nucleic acid

consfruct is a plasmid.

64. 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 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 repressor element ; and

(b) introducing said decoy construct into said host cell in an amount sufficient to
bind said repressor 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..

65. The method according to claim 64, wherein said host cell is a prokaryotic or

eukaryotic cell.

66. The method according to claim 64, wherein said host cell is a bacterial cell.
67. The method according to claim 64, wherein said host cell is a fungal cell.
68. The method according to claim 64, wherein said host cell is an animal cell.

69. The method according to claim 64, wherein said host cell is a mammalian cell.
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70. The method according fo claim 64, wherein said host cell is a vascular plant cell.

71. The method according to claim 64, wherein said host cell is a monocot or dicot plant

cell.

72. The method according to claim 64, wherein said decoy recombinant nucleic acid

construct is a plasmid,
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