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BACKGROUND OF THE | NVENTI ON This invention relates to certain

transgenic pl ants and invol ves a nethod of creating transgenic 5
plants with controltable genes. More particularly, the I nvention
relates to tranagenic plants that have been nodi fi ed such that
expression of a desired introduced gene can be limted to a
particul ar stage of plant - devel opnent, a particular plant tissue,
particular 10 environmental conditions, or a particular time or

| ocation, or a comnbination of these situations. Vari ous gene
expression control elenments that are operabl e in one or nore species
of organi sns are known. For exanple, PCT Application WO 90/ 08826
(Bridges, et 15  al.) discloses an inducible gene pronoter that is
responsive to an exogenous chem cal inducer, called a "gene switch."
This pronoter can be linked to a gene ~and introduced into a plant. _
The gene can be. . sel ectively expressed by application of the chem cal
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BACKGROUND OF THE INVENTION
This invention relates to certain transgenic
plants and involves a method of creating transgenic
S plants with controllable genes. More particularly, the
invention relates to transgenic plamts that have been
modified such that expression of a desired introduced
gene can be limited to a particular stage of plant
" development, a particular plant tissue, particular
10 environmental conditions, or a particular time or
location, or a combination of these situations.

Various gene expression control elements that are
operable in ‘one or more species of organzsms are known.
For example, PCT Applzcatlon WO 90/08826 (Bridges, et
15, al.) discloses an inducible gene promoter that is
| responsive to an exogenous chemical inducer, called a
- "gene switch." This promoter can be linked to a gene
and introduced into a plant. The gene can be
selectively expressed by application of the chemical
20 inducer to activate the promoter directly.

'PCT application WO 94/03619 (Bright, et al.)
discloses a gene cascade consisting of a gene switch
linked to a repressor gene and a repressible operator
linked to a disrupter protein capable of disrupting
25 plant develcpment. Growth of the plant can be

' controlled by the application or withholding of a
chemical inducer. ' While the inducer is present, the



di scl oses a gene cascade consisting of a gene switch linked to a

repr eWEN¥6/04M3Ie and a repressi ble operator - | i nkedPEHUSEIMIIpt er
protein capable of disrupting 25 pl ant devel opnment. G owth of the
pl ant can be - controll ed by the application or wthholding of a
chem cal inducer-. Wile the inducer is present, the WO 96/ 04393

pCT/U595/09595rep;§ssor is expressed, the promoter atpackedrtosthepr essed,
the pronoter agizetipdekodeiR i isaddipt ' : Qe

di srupter protein ig © not rée)?&éeyss?ed,,ﬁeer eEy a %’\?\npégé?ﬁgnp}gnt to -
gr ow nBPrafKpPTreseeche by alleyiag the piameite grew 5 gene
switch is turnadrmalllyt.he Irfemrﬁssﬂﬁdnﬁ.dalormidiﬁcézf is withl'lzé‘Pa, repgessed, so
t he di srupter ei.n:i.Scexpr an ant vel opnent is,
di'srupted Th Qégés?g’ﬂnlt?’? 1 Wy off, il ﬁ%{ﬁsﬁﬂ?e’-%o?f%%?ﬁglﬁhe
escape of plannet repressed,oschdhe |didruptekt pratein ionéxpredsgdowt h and
10 devel opne d e c?bfe ' %%ﬂ { catq 0, .

chem cal inducgfrl? gﬁgatolatr%vgi terﬁe&gp;&éb e od' ‘fﬁ)fs_ %)}F%%%'Pvégt
sprouting of gﬁﬁiﬁstSybﬁiPﬁﬁﬁailﬁ?qiﬁ?ntrcllingﬂﬁhﬁcﬁ#camﬂucérpbantae | ast

stages of seedinto the #Q1d ®/Widking thbir contindsd ZgAcweiM 45 (1988)
and Gatz, .et al,. gi99 Hoppe- Seyl er), 372:659- 660 91),
avél pIREg)

2 .
di scl oset@ pl aff opm)eht d&?ﬁn\?@"&e &he cantinuad Hifagaen; @‘l- a
c]?nt LOl I edoby chemical thduaen, eaid @ Qif:.ltt:.f@ldtﬁslwﬂe r%z'oﬂi“&usdﬁt em consi sts
of the TnlO te r caul.iflower . ' sajiCc virus
(CaMV) 35S pro%%gg?'%%gi ngg?‘i‘&%&gr??faﬁams by -%Wdﬁg%r%hs and |inked
to the chl or anghemical inducer atetbhe lamtf artages of )sembe (Gatz and ‘
Quail, 1988), g velogfnentrf‘)dified to contain three tet operons and |inked

to the eta-glucuroni dase (gus) gene (Gatz, et al., 1992). So 25
|l ong as the Tnl0O tet repressor gene is active, the - nodified

promoterigs repressggthy ande Qualidr (29ed) @nd Gatz, et al, (1992),
(Hoppe-Seyler), 372:659-660 (1991), disclose a plant-
active repfessor-operator system'that_is controlled by
the appiicétion of tetracycline. The system,consists
of the Tnl0 tet repressor gene, and a cauliflower

20 mosaic virus (CaMV) 35S promoter, modified to contain
two tet operons and linked to the'¢hloramphépicol
acetyltranéﬁerase (cat) gene (Gatz and Quail, 1988), or
modified to_cOnﬁain three tet operons and linked to the
beta-glucuronidase (gus) gene (Gatz, et al., 1992). So

25 long as the Tnl0 tet repressor gene is active, the
modified promoter is repressed by the interaotion of
the repressor with the tet operons, and the cat or gus
gene is not expressed. The presence of tetracycline

. inhibits repressor binding, enabling expression_df the
30 cat or gus gene.

SUMMARY OF THE INVENTION |
The present invention involves, in one embodiment,
the creation of a transgenic plant that contains a gene
whose expression can be controlled by application of an
35 external stimulus. This system achieves a positive



the repressor with the tet operons, and the cat or gus ne | s not
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expr essedWO#0439%sence of tetracycline inhibits re i ng,
enabl i ng expression of the 30 cat or gus gene.

SUMMARY OF THE | NVENTI ON ' - The present invention involves, in
one enbodi nent, . the creation of a transgenic plant that contains a
gene ' mhose expression can be controll & by application of an 35
external stinulus. This system achi eves a positive WO 96/ 04393

PCT/ US95/ 09595 . 3 control
of gene expression by an external stinulus, wi t hout the need for

continued appl i catGUHEAL (3% gene expressinnl byt ApupKsersalnstisnivgene

expression. The yjithoutP € MesdVEDE| Qﬁnekﬁﬁeaniﬁblgéathﬁnao%ew 5
enmbodi nent, the creatlon of traqgﬁenlc ar ent al are

hybri di zed to proditfEh Snt alnta"ﬁngQ?sF?@;?s&éﬁé"nofrhe
expressed in eitfuprqsﬁnﬂﬂznvéhtxon alsOCanDmbhanglhha Gaﬂtmﬁslon Of genes

inder 10 one Sbasitely PRECCR{REoD. oFCrPRARGRRT RedeBiah, Blabes

phenotype i s advarthafeaxe hybkrnidizedrtoaovprodusephaprogeny plamt plant its

seed under anot herpﬁofélﬁng ééRQSnBE gﬁgressed :.ﬁn%h.tﬁ?kre

where a different nt ageous nlque h 3'
particular utili tyc¢fFFr° ng thei exprepaionnaingenesuthatartfiant & ons.

In accordance wi t lpngife GolORbEPHE, Oltt B8 possible to grow plants under
10 one set of condxt;ons or in one environment where one
phenotype is advantageous, then ezgyer move the plant
or plant its seed under another set of conditions or in
another environment where a different phenotype is
advantageous. This technique has particular utility in
15  agricultural and horticultural applications.

In accordance with one embodiment of the
_1nvent1on, a series of sequences is introduced into a
plant that includes a transiently-active promoter
linked to a structural gene, the promoter and
20 structural gene being separated by a blocking sequence
that is in turn bounded on either side by specific
excision sequences, a repressible promoter operably
linked to a gene encoding a site-specific recombinase
capable of recognizing the specific excision sequences,
25 and a gene encoding a repressor specific for the
repressible promoter whose function is sensitive to an
external stimulus. Without application of the external
stimulus, the structural gene is not expressed. Upon
application of the stimulus, repressor function is
30 . inhibited, the recombinase is expressed and effects the
removal of the blocking sequence at the specific
excision sequences, thereby directly linking the
structural gene and the trahsiently-active promoter.



invention, a series of sequences is introduced into a | ant t hat

i ncl uMEXIEP483ansi ent | y- acti ve pronoter | i nked t BCHUSY8ur al gene,
t he pronoter and 20 structural gene being separated by a bl ocking
sequence that is in turn bounded on either side by specific
exci si on sequences, a repressible pronoter gpperably linked to a
gene encoding a site-specific reconbi nase capabl e of recogni zi ng

t he specific excision sequences, 25 and a gene encodi ng a repressor
specific for the repressi bl e pronoter whose function is sensitive
to an ext er nti atnedifiscatwnhofit tajpl ienkbodiment,t vheext er nal

stinmulus, the Sfddigdiéds Qﬁ?@diﬁ?neﬁeefgﬁ§§§§ﬁaseuggﬂzq; ﬁﬁ1réaﬁé' ation

of the stlnulus re ressor unct € reconni nase
i s expressed arﬁFEﬂ’F%? Lyi#Rto the plaghpViR & vimalhVestion; sequence at

t he specific exci si on sequences, thereby dlrectly l'i nking the
structural gene and_ihe tr sienth actm% d pr onot e WO 96/ 04393
PCT/ US95/ 09595 n an alternative embo lment, no Ippressor gene or |

a rmgi) ficaion néptés‘sibb@oﬁrdmtort bs used. Ilnseﬁamcueembmﬁdﬁ

r econbi nase ca r e nt Via, a
viral vector. @é}?e {5 fﬂfﬁ&& T’% anJsFe gﬁgﬁg\b sé ?a'ﬁe %MSor
gene or 5 lnuxgdwsedbiatgreneeparaseupéant Exomeade tdtheconbi nase
gene is |inked n I n ed
o L separ ot Shndediedg] NathapERAE ébﬁta&amgovch%n@ggnaﬁ?nqy TS
contai ni ng the H%W‘B‘F%’ﬁt laeking sequence:pa&ﬁloeﬁrums& @%cﬂﬁence and

structuralo geneclién hyﬂﬁ;dlzébeﬂlbhbthdl peanw bbn&h&n&hgﬁttweont ai ni ng the'
reconbi nase genéc éé%%ﬁé £89e”¥oéﬂéin8922%§2n%LEhat contain all of
the sequences When the second transxently-active
promotorx becomes: active, the recombinase removes the
blockxng sequence in the progeny, allowing expression
15 of the structural gene in the progeny, whereas it was

not expressed in either parent.

In still another embod;ment, the recombinase gene
is simply linked to an inducible promoter Exposure of
the plant to the induce specific for the inducible

20 promoter leads to the expression of the recombinase
gene and the excision of the blocking seqﬁence.

In all of these embodiments, the structural gene
is expressed when the transiently-active promoter
becomes active in the normal course of growth and .

25 development, and will continue to be expressed so lcng :
. as the transiently-active promoter is active, without
the necessity of’continuous-extefnal stimulation. This
system is particularly useful for developing seed,
where a particular trait is only desired during the
30 first generation of plants grown from that seed, or a
trait is desired'only in subsequent generations.



fhe sequences. Wen the second transiently-active ecomnes
active, tWO9%%®4¥Ihi nase renoves the bl ocki ng sequeﬁé’gﬁ?%?‘n%

Qrogeny, al | owi ng expressi on 15 of the structural gene in the
progeny, whereas it was not expressed in either parent.

In still another enbodi nent, the reconbi nase gene Is sinply li nked
to an induci ble pronoter. Exposure of. S the plant to the induce
specific for the inducible 20 pronoter |eads to the expression of the
reconbi nase gene and the excision of the blocking sequence.

In all of these enbodi nents, the structural gene i s expressed when
the transiently-active pronoter becones active in the nornal

.course of growth and 25 DETATULSDODESTRIFTIONVIE THEINVENTIONE
CiPresees S0 1OM, | epse Fovie A Eh iRk, oL b e L

systemis partlcuIEmaqsgeniulplantdewhenpmngtheeexpre551on oﬁhcnzta;n
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pl ants grown from eS|re
subsequent gdner at9mmsembodiment othe4goBtrol is achieved through

DETAILED DESOR pri ARPLECELCT D P femmal stimilugp)dn spoehes, | o\ o
to a method of creafpe@iment 1 i‘-Faﬁgﬂém’edpFBFPB‘QWn@VPFﬁdt%%'e% on of
certain Plgeillranéthey embbdiinehy iedes achéeved eyn@idect n
' introduction of a recombinase or recombinase gene into
10 a plant. The transgenic plants of the present

invention are prepared by lntroduczng into their genome
a series of functlonally interrelated DNA sequences,
containing the foilowing basic elemente: a plant-
active promoter that is active at a particular stage in
15 plant development or under particular environmental
conditions ("transiently-active promoter"), a gene
whose expression results in an altered plant phenotype
which is linked to the transiently-active promoter
through a blocking sequence separating the tfaneiently-
20 active promoter and the gene, unique specific excision
sequencee flanking the blocking sequence, wherein the -
‘specific excision'sequences are recognizable by a site-
specific recombinase, a gene encoding the site-specific
recombinase, an alternative repressible promoter linked
25  to the recombinase gene, and an alternative gene that
encodes the repressor specif;c for the repressible
promoter, the action of the repressor being responsive
to an applied or exogenous stimulus. While these
elements may be arranged in any order that achieves the
30 interactions_desctibed below, in one embodiment they
are advantageously a:rahged_as follows: a first DNA
sequenee contains the transiently—active prcmotof, a
first specific excision eeguence, the blocking



5 one enbodi rent the control is achieved through | i cation of
an ext WO2/04393 mul us; in anot her enbodi ment it ?gr’&’égéj‘?v"%'tj t hrough
hybri di zation, in, still another enbodinment it is achieved by

di rect i ntroduction of a reconbi nase or reconbi nase gene into

10 a plant.. The transgenic plants of thg present I nvention are
prepared by introducing into their genone a series of functionally
interrel ated DNA sequences, containing the foll ow ng basic

el enents: a plant- . active pronoter that is active at a particul ar

stage in 15 seguemcede\ge|sgennd specifitc ewcisichaseqnencenmandalthe
conditions (" trg@ﬁ@%&éé@@ﬁﬁf&ﬁ Fglltd £5"n altereg g Wigee "

expression resufts in an altére enot
to the transi enPPPRSYRES @wﬁﬂﬁQ#d DNA sequ?%?ﬁu@ﬁnﬁabpackhﬁg sequence

separating the b:é@li@s@ilﬂbe prowdter raisl1pr DiRkea €8dchRe rgdmbinaiseUe

specific e CISIOn ue é?in i ng the bl ckln uence,
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sit e;m _ _ qunlehl ce roerrEimiase, the meeenedaﬂggt bhesrkpressof i ﬁ

r econbi nase, 7 | r t he
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r epressor specuﬁ:prnmouanaﬁunnninnaieand constipubiveein phanasti oThef the
repressor bei ngtm%aowwese ence ci:? &éhn idl-:ﬁﬁ'l raEEOQSr‘Ehlé Etlbgk A0y

VWi | e these el enent arrange or der
t he 3010 |n@@ﬂ&@ﬂF@h§QE§&9¢tﬁ&lQh# Lrsh BNA EﬁﬁBﬁFﬁSntbFﬁeyan

Lo S Uy i oo bt b sliléing che mustierce:
ex0|5|0ﬁ sequen §F %éqﬂﬂq#h}é) égkég@ﬁﬁﬁ4%§§ besmodi#ied”Sich Ehat
PCT/ US95/ 09595 the recomblnase sequence is introduced separately via a
sequence, a secqN¢a3PSfldedy SX %! 4 SAWENLE: v8 "mbBiment, an
15 advantageous arrangement is as follows: a first plant
containing a DNA sequence comprising the transiently-
active promotor, a first specific excision signal
sequence, the blocking sequence, a second specific
excision signal sequence, and the gene whose expression
20 results in an altered plant phenotype, a second plant
containing a DNA sequence comprising a constitutive
'plant -active promotor operably linked to the
recombinase gene (the two plants being hybridized to
produce progeny that conta;n all of the above
25 sequences)

When a plant contains the basic elements of either
embodiment, the gene whose expression results in an
altered plant phenotype is not active,'és it is
separated from its promoter by the blocking sequence.

30 In the first embodiment, absent the external stimulus,
the repressor is active and represses the promoter that
controls expression of the recombinase; in the
alternative embodiment the recombinase is not present



dene whose expression results in an altered pl ant nﬂﬁgﬁﬂ%; gg a
second DNEOS Bce contains the repressible pro 5%& |y

l.inked to the reconbinase 5 gene, and optionally an enhancer; and a
third DNA sequence containing the gene encodi ng the repressor
specific for the repressible pronoter, itself linked to a pronoter
functional and constitutive in plants. The 7 third DNA sequence can
conveniently act as the bl ocking 10 sequence |l ocated in the first DNA
sequence, but can al so occur separately without altering the
function of the system This enbodi ment can be nodified such that

t he reconbi nase seuecthe $amenplanticas8 tbgafirscyDWAasequence. Sugchila
vector. In an al teﬁf@ﬁ&V@}fﬂbﬂdt”ﬁ%plagothelilteﬁ'@d Dﬁk@ﬂ%@ Al TR SPEN

is as follows: aTfirst ntainin nce conprising
the transiently- produce geed\Ehakowsuda, S&VFlF&FesESbPﬂﬁ?Qé«ﬁQﬁQﬂ?kﬁ%mal

sequence, the bl ocda rmaﬁeaﬂspssy ah&eamadr&aeph‘énat .  Whe?xajisd on si gnal

sequence, t he gene ose ex ts i n an, altered t
shenot ype: a Becorft Hrakys &R bR PP ARG OBNAS, SRR Ed e i (AR S
constitutive . to tnianseedtorethilnpiantopehebkppreuhetInmtﬂunger

reconbi nase gene (f&ﬁb#¥@h§lfﬁé§m§ﬁ£§ﬁgh¥gg gkﬁ%@a%&on qf the Rilice

progeny that contain a
Wien a pl ant cont #pecifitchuecombinassy s oy aéittemtwely. wherbddierent, the

gene whose expressygiombinabé LB #Mtroduced vihtﬁ iu;%t:mmsw I's not

active, as it is separated fromits pro bl "ocki ng
sequence. 180 expresged, ¢§¥1EﬁbSGFWéﬁPt’-&5‘sé’ﬁt tthﬁeséﬁﬁer fdthar af us,

the repressor is aghioR éﬂﬂeEEQr ea&e&etnbeanr alfoh:ﬁe bw:king sequeiity ol s
expression of the reconblngﬁ g itlve enbodlneq} t.he
reconbi nase is notPPr¥esH the’ SPQE} 6F05§§§51°n sxgna sequences pon

PCT/ US95/ 09595 removal of the blocking sequence, the transiently-

active promoter becomes directly linked to the gene

15 whose expression results in an altered plant phenotype.
A plant grown from either treated or hybrid seed, or a
treated plant, will still not exhibit the altered
phenotype, until the transiently-active promoter
becomes éctive during the plant’s developmeﬁt,-after

20 which the gene to which it is linked is expressed, and
the plant_will'exhibit an altered phenotype.

As used in this specification, a transiently-
active promoter is any promoter that is active either
. during a particular phase of plant development or under
25 particular environmental conditions, and is essentially
inactive at other times.

A plant active promoter is any promoter that is
active in cells of a plant of interest. Plant-active
promoters can be of viral, bacterial, fungal, animal or
30 ° plant origin.



7 in the same plant as the first DNA sequence. Such a
pl ant w 9¢r0489% di spl ay the altered phenotype, and wi || PCT/US95/0958%duce seed

that would give rise to plants that al so do not display the altered
phenot ype. Wen the 5 stinmulus to which the repressor is sensitive is
appl i ed to this seed or this plant, the repressor no | onger
functions, permtting the expression of thg site- specific

reconbi nase, or alternatively, when the . reconbi-nase is introduced
via hybridization it is 10 expressed during germ nation of the seed,
ei t her of whi ch effects the renoval of the bl ocki ng sequence

bet ween t he SpelelAgéﬁbsth&tswﬂl@q&?%?%lém plant phé&AB¥Ppeof the
bl ocki ng sequence the transien %econes

Ve pronote
directly |inkedSt32¥h8eHgn¥ °331§¥‘pm% %é% "tfg the Plant, an altered
pl ant phenotypexhxbltxng a Aquﬂﬂbqyunaiﬁscﬁh&ntwuuldrdiéfihgﬁlbhbitd

seed, of @  from a PASAECLP UL galld o E%ei% s e R Pbdaiflg fhbe! o

phenot ype, ransi ently-ac active
during th® pl agene.deFxespies ofamush al@redwhmtmgemclndemach it is

l'inked is exPrSi?EQreﬁﬂdgrowth haﬂﬂﬁalﬂfﬁﬁréﬁlf%6W$%tﬁf £R: 8L 868dr

phenot ype. in this specification, a transiently-

active pronDtePrl§“éﬂﬁtﬁhoﬁ5ﬁmaQH¥ﬁ QQ;¥ﬁ§¢\ﬁ;QHQ¥%§Q: increased, pxgy a
particul ar phaaecgfsaabanyiéaual FTEI iy UnkFtalidp, di)ﬁéibél“ ar

envi ronment al condi ti g essenti al I.nac ve at ot her
times. A PHERER, &3‘%‘3’&% r?é‘tc&r ipﬁﬂg‘%‘?w&ft%‘? on ~ active
in cellsiof a metabodfites,coastan RlodErettcrop quality suchmasrsas'ne be of‘
viral, bacterigk,agbggibndgninal or 30 pl ant origin

A gene and a promoter are to be considered to be-:
operably linked if they are on the same strand of DNA,
in the same orientation, and are located relative to

15 one another such that the promoter directs
transcription of the gene (i.e. in cis). The presence
of intervening DNA sequences between the promoter and
the gene does not preclude an operable relationship.

A blocking'sequence is a DNA sequence of any
20 length that blocks a promoter from effect;ng expression
of a targeted gene.

A specific excision sequence is a DNA sequence
that is recognized by a site-specific recombinase.

A recombinase is an énzyme that recognizes a
25 specific excision sequence or set of specific excision
sequences and effects the removal of, or otherwise
alters, DNA between specific excision sequences.
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|s any gene whose expression |leads to the plant exhibiting a trait
or traits that woul d di stinguish it froma plant of the sane
speci es not expressing the 5 gene. Exanples of such altered

phenot ypes i ncl ude a different growth Rabit, altered flower or
fruit color or quality, premature or late flomering, i ncreased or
~decreased yield, sterility, nortality, disease susceptibility,
altered production of s condar 10 netabolltes or_an.altered cro

qual ity such as taste Xy %%s a gene product \thafpca gﬂ ko

pronoter are to beptenenﬁeem@neseinn of an anher&igeIex@rdssibléegenee OA
t he sane strand of t re_l ted
ol ative to 15 TeBEEsser ﬁ&ﬁf@&i&%@?ﬁ‘#p%rﬁ%ﬁ%%ﬁ &r! SR

transcription of the gene (i.e. in cis). The presence of

intervening DNA sequenc@s Mmm@ pYHBESY Bida promoter! fRadels does
not preclude an oper%ble rel ati onshi bl ocki ng sequence

is a DNA sequénce 8f by a rQRgéﬁq?qrﬁﬁeqﬁQEkssﬁgBrﬁhBFer from
effecting eXpreSSIQ&anscrlptldﬁ of ttiife)jerie dhirtked to the repressible

speci fic excision seguence i,S DNA equence that is recognized by
a site-specific rePdmBoreT 18 prevente A reconbinase is an enzynme
that recogni zes a 25 speci fic excision sequence or set of specific
excl sion ~ Sequencey Pl A erla i 2 Rl pPEs@hPCiNvEfition
involves a transgenic plant or seed which, upon.
10 treatment with an external stimulus produces plants

that produce seed that cannot germinate (but that is
- . unaltered in other respects). If the"ttansiently-
active promoter is one that is active only in late
embryogenesis, the gene to which it is linked will be
15 expressed only in the last stages of seed development
or maturation. If the gene linked to this promoter is
a lethal gene, it will render the seed produced by the
plants incapable of germination. In the initially- '
transformed plant cells, this lethal gene is not
20 expressed, not only because the promoter is
intrinsically inactive, but because there is a blocking
sequence separating the lethal gene from its promoter.
- Also within the genome of these cells are the genes for
" the recombinase, linked to a represeible promoter, and
25 the gene coding for the repressor. The repressor is
expressed constitutively and represses the expressxon
of the recombinase. These plant cells can be
regenerated into a whole plant and allowed to produce
seed. The mature seed is exposed to a stimulus, such
30 as a chemical agent, that inhibits the function of the
repressor. Upon inhibition of the repressor, the
promotor driving the recombinase gene is depressed and



alters, DNA between specific excision seqguences. WO 96/ 04393
PCT/ US96 566439 PCT/USI5/09595 A

repressor elenent is a gene product that acts to prevent
expression of an otherw se expressible gene. A repressor el enment
can conprise protein, RNA or DNA A repressible pronoter is
a pronoter that is 5 affected by a QQpressor el enment, such that
transcription of the gene linked to the repressible - pronoter is
prevent ed. - In a preferred enbodi nent, the present invention

I nvolves a tr enj r d .whi Q 0 treatnment with an
external stinu Eg %?%88‘%32‘55%522& 1‘@“ e%rﬁ%%ﬁrh'prmer%ﬁﬁt%ﬂ%t cannot
germinate (butrenambinase recogniizels &hed specifiiar exsisinn)sedqientes
transiently- i eV d@ggkpr Igueia t halg i | | Mol te
enbr yogenesi s, f%ﬁ?‘égﬁg%%tg,%hlgch | t isséqi‘l' nked vrﬁc} %feﬁgée'éftgtﬂg ié?(%trg‘ééged
only in the | aQf Sh&gllogking: Se@ipncsHneithe late embyyogenesison. If the

gene |inked t optBin6tREOEREEHES lethal gere latihalheitrdirédt V! 1inRader the
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pronot erloanq prodices B'@edA Gedid¥adidn (I e SHHE - 1add€ repressor is

embryogenésis promoter becomes active,'- the lethal gene ‘

is expressed in the maturing second generation seed,

which is rendered incapable of germination. 1In this

way, accidental reseeding, escape of'the-érOp plant to

15 areas outside the area of cultivation, or germination
of stored seed can be avoided. |

In an alternative preferred embodiment, the
preseht invention involves a pair of transgenic plants
that are hybridized to produce progeny that display a
20 phenotype not seen in either parent. In this
alternative embodiment a transiently-active promotor
that is active only in late embryogenesis can be linked
to a lethal gene, with an intervening blocking sequence
bounded by the specific excision sequences. These
- 25 genetic séquehcgs,can be introduced'intc-plant cells to
produce one transgenic parent plant. The recombinase
'gene'is linked to a germination-specific promotor and
. introduced into separate plant cells to produce a
second transgenic parent plant. Both of these plants
30 can produce viable seed if pollinated. If the first
and second transgepic parent plants are hybridized, the
progeny will contain both the blocked lethal gene and
the recombinase gene. The recombinase is expressed



éxpressed constitutively and represses the expression f %%
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pl ant and all owed to produce seed. The mature seed is exposed to a
stinul us, such 30 as a chem cal’ agent, that inhibits the function of

t he repressor. Upon inhibition of the repressor, the

pronotor driving the reconbi nase gene is deprédsed and WO 96/ 04393
PCT/ US95/ 09595 10 t he
reconbi nase gene is expressed. The resulting reconmbi nase recogni zes

t he specific excision sequences, f | anki pg the pl ocki ng sequence, and
effects the renpvalPonR germigation lﬂfo&a%gsieégtﬂ&ee.‘pé?@t? a&ée removal of

eLrbrlyogﬁnlesi S 5thepbloekingaméduendest kad igercher£itde rembod@iment | i nked.
The | ethal gene is [ ) I ca ; prenoter is

not active at thi S_tﬂ%kﬁﬁdﬁ%%%%lﬁﬁ%%tﬁu Liseetﬁaggéeé'.‘eﬁg Egﬁd can be
pl anted, and growntrengiengdy-active pramafiowd Fmplnftie afixstAs the crop
miures and 510 eRbBAHGRACT LAY PrMUSH bdthed *fte 148 abfifg

enbryogenesi s pronoter becones active, the gen | S_expressed
in the maturing sePafyrgsdonaofothasecond genexghionseednqjeesultiBgdpiBl e

of germ nation. |ngeldsthat is.ﬂMEAPdﬁlé(Biﬂgérﬁfﬁéiiﬁﬂg, £8€apeyf thae
crop plant to 15 areas outside.the area of cultjvation, or ergénatlon

of stored seed canff#&sk BAFest ewploys a maleqsterility gene.ad the (g
enbodi ment, the  blockifgeseguenteentdmd imehides an herbidide apregistance

pl ants t hat,_are hybridi.ze I( h L Sp 20
phenot ype nolloseengleﬁee‘i t her tgla{'rzsegfa% %}eﬁﬁoﬂﬂgﬁ:’{or&lﬁrﬁéﬁ gﬁse
enbodi ment a transtansgendc pagentimplant is avoidg@aiandosghﬁ-pnlyingted
| at e” enbryogenesi s geinP tirialftnic paredt® Flaftdatatohé e¥ihinated by

I nterveni ng bl ocki ng sequence ~. .
application of the herbicide. 1In the hybrid progeny,

the male-sterility gene is removed by the recombinase,
15 resulting in hybrid progeny capable of self-
pollination.

In another embodiment, the recombinase gene is
linked to an inducible promoter. Examples of such
promoters include the copper, controllable gene

20  expression system (Mett et al., 1993) and the steroid-

| .induéible gene system (Schena et al., 1991). Exposure
of the transgenic plant to the inducer specific for the
inducible promoter leads to expression of the
recombinase gene and the excision of the blocking
- 25 sequence. The gene that results in an altered plant

phenotype is then expressed when the transiently active
promoter becomes active.

Any appropriate transiently-active promoter can be
used, and selection of an appropriate promoter will be
30 governed by such considerations as plant type and the
phenctypic trait over which control is soughﬁ. The
transiently-active promoter is preferably not a "leaky"



bound speci fic excision sequences. These 25 | equences
can bga?2¥?§gﬁced into plant cells to pr oduce oﬁﬁgﬁﬁﬁﬁﬁge I ¢ parent

pl ant. The reconbi nase gene is linked to a germ nation-specific
pronot or and i ntroduced into separate plant cells to produce a
second transgeni e parent plant. Both of th&se plants 30 can produce
viable seed if pollinated. |If the first and second transgenic
parent plants are hybridized, the progeny will contain both the

bl ocked | et hal gene and ) tge reconbi nase gene. The reconbi nase is
expr essed pﬁhy@ﬁ#54gggan1ng that it is active substantially only

PCT/U895{0959?during a well-defined phase of éﬁaqf growth or|$n%ﬁr' EPOH
germnation o . a - e of __ o t he bl.acki ng
sequence, asigé{ﬁéﬁﬁﬁggtg&%%%éﬁﬁ%ﬁ?%ﬂ cgﬁgg%%o?ﬁér@ﬁ?«ﬁﬁqﬂﬁﬁ%%ﬁﬁﬁkgng t he
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5 enbod nent ' Ok Gt pge | t tion of
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germination. IREE¥QuUS published exampiespafefraamienrdyrantiisresterility

gene as the promoteds pCkhiEhSeAHEBECapplded Gnlede Pradt Eyiten.
resi stance iﬁ% gﬂei én thyg g@é gelf-gpl[lnatuon g&lthe first
transgeni ¢ par Ef Fiple Gonaide F&_Qeﬁ?—p@ﬁ#ﬁﬁ%ﬁgg n second
transgeni ¢ parapprepribatecprohoteri isnshedsbpage in the glantcal ilgEef the
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sel f - expressedi onIf it is desired tpnhaivet lthe phenditype , the
gﬁgﬁ”bi nase gedifpiSgsed after! LRKCE:iF8raBehBPdtitng HW&P@{% es of
is active during seed production is preferred, as it
will not be active during the vegetétive phase of first
15 generation plant growth. If it is desired to have the
" altered phenotype expressed at some time during the
first generation itself, a promoter that is active at
an earlier stage would be appropriate. It will be
readily apparent to workers conversant in the art that
20 the timing of the application of the external stimulus
to the plant to trigger the system, in those
embodiments employing the repressible promotor system,
should occur prior to the stage at which the selected
transiently-active promotor is active'for the
25 generation of plant which is desired to display the
.altered phenotype. A promoter active in late
embryogenesis,'such as the LEA promoter, Hughes and
Galau, 1989 and 1991, Galau, et al., 1991, 1992 and
1993, is ideal when it is desired to have the altered
30 phenotype appear after the first generation, because it
is active only during the formation of the embryo
within the seed, after the first'genération plant has
completed a season of vegetative growth (embryogenesis



pronoters include the copper, controllable gene stem
(Mett et WP 96/048993) and t he steroid- [ ndUCI bI e ge%ﬁé&ggg?ﬁ§¥8chena
et al ., 1991). Exposure of the transgenic plant to the inducer
$pecific for the i nduci bl e pronoter | eads to expression of the
reconbi nase gene and the excision of the bl ocking 25 sequence. The
gené that results in an altered pl ant 13phenotype is then expressed
when the transiently active pronot er becones acti ve.

Any appropriate transiently-active pronoter can be . used, and

sel ection of an appropriate ronDter wll be governed by such
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at sone I ng

desired to have the phenotype expresse
t he or under some condxtlons, but at a certain cost to the

plant. For instance, a trait for insect resistance
might involve the production of secondary plant

18 metabolites or structures, at a certain metabolic

| expense to the plant. This is advantageous in an
environment where pests are present, but essentially an
unnecessary -burden where they are not. Another example
is the production of seeds in an annual fruit crop,

20 such as watermelon. Obviously, it is necessary for at
least one generation of plants to produce seeds, so
that a seed company can produce seed for sale to
growers, but a seedless fruit crop grown from that seed
is commercially desirable. Still another éxample is a

25 trait that allows ready and rapid seed germination in a

. cereal crop.  This is advantageous for getting a crop
established as rapidly as possible and with a minimum
- of effort, but very undesirable if it leads to
germination of the harvested grain in .the grain bin.

30 Still another example would be where the plant is
desirable in one location or season (as a winter forage
crop, for instance), but considered a weed in another.
If the second generation seed were incapable of
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susceptibility, early flowering, low seed production,

or seedless. A ribosomal inhibitor protein ("RIP")
gene is a preferred lethal gene, the saponin 6 RIP,
(GenBank ID SOSAPG, Accession No. X15655), being
particularly preferred. RIP directly interferes in the
expression of all protein in a plant cell, without
being toxic to other organisms} Expression of RIP in
the cells of the embryo would entirely prevent
germination.of the seed. .-

The blocking sequénce_can be any sequence that
prevents expression of the gene linked to the
transiently-active promotor, such as a termination
signal, but in those embodiments employing a
repressible promoter is advantageously the sequence
that codes fdr the repressor. 1In this way, when the'
bloéking sequence is excised, the repressor gene is
eliminated, thus further minimizing the chance of later
inhibition of the system. In the hybrid embodiment,
the bloéking sequence is advantageously a gene that
produces male sterility (such as a lethal gene linked
to an anther-specific promotor). In this way,
hybfidization is facilitated, but hybrid progény will

Gal au, 1989 and
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econdary pl ant 15 netabolites or structures, at a certain netabolic
expense to the plant. This is advantageous in _an envi ronment where
pests are present, but essentially an 15 unnecessary burden where
they are not. Another exanple is the production of seeds in an
annual fruit crop, such as maternelon Qoviously, it is necessary
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of the recombinase, yet there will be a low probability
of the repressor being_accidentally or incidentally

15 blocked. 1If the repressor is sensitive to a chemical
stimulus, the chemical is preferably non-toxic to the
crop and to non-pest animals. A preferred system is
the Tnl0 tet repressor system, which is responsive to
tetracycline. Gatz and Quail (1988); Gatz, et al.

20 (1992). 1In this system, a modified Cauliflower Mosaic
Virus (CaMV) 35S promoter containing one or more,
preferably three, tet operons is used; the Tnl0 tet
repressor gene produces a repressor protein that binds
to the tet operon(s) and prevents the expression of the

25 gene to which the promoter is linked. The presence of
tetracycline inhibits binding of the Tnl0 tet repressor
to the tet operon(s), allowing free expression of the

- linked gene. This system is preferred because the '
stimulus, tetracycline, is not one to which the plant

30 would normally be exposed, so its application can be
controlled. Also, since tetracycline has no harmiul
effects on plants or animals, its presence would not
otherwise zmpede the normal development of the plant,



will not germinate, or the |last exanple could alternatlvely enploy
any gWOP6OKIN i nt roduces a trait 10 that decr easesPEHESHY s vi gor,

such as di sease susceptibility, early flowering, |ow seed

producti on, or seedless. A ribosomal inhibitor protein ("R P")
gene is a preferred | ethal gene, the saponin 6 R P, (GenBank 1D
SOSAPG, Accession No. X15655), being 156 particularly preferred. RIP
directly interferes in the expression of all protein in a plant
cell, wthout being toxic to other organisns. Expression of RIPin
t he ceIIs of the, enbr woul d entirely prevent erm nation of the
seed. 20 and resffﬁ %IB’BRPHE%Eﬁ%En@E &be seeshprs plantc afiten

prevents eXpr&Sﬁemoﬁ:tmuuenﬁabenhedsignamcant environgletea) | y-active
pronotor, such, as atter nat# nal in those enbodi nents
enpl oying a tTPac %1 5?e°SrBHBFErrP 5&@&%&5@§ERHQFQQN§E§§REﬁCe
25 t hat codexré (xiesdmxbeqirbgsnanzernanal Sujayrd iloes)hand Ptashnd) ocki ng

sequence d S e‘ﬁi%ﬁg’ the repressor gene is el i m nated, thus
further mninizing the chance of |ater inhlbltlon,of_the system
In the hybrid enbodinment, t he bl ocki ng sequence is advantageously
a gene that 30 Tméoﬁe@sabﬂaue?éﬁehhabn Gadudndd %;)a‘ab e | 1 nked
to an anther-specific nDtor way, |zat|on i's
facilitated, l%hnyQﬁ, 0@% 9c§;v9 y removes DNA in a plant genome.

PCT/ US95/ 0959 3R &6 D456 sequences are Ereferably unique in the 15

be capabl e of pla L4 POLL ! PRLE C0nYRELN50S 21855508 of the plant genome ‘

10 does not occur. Several examples ogfsuéh gystems are

' discussed in Sauer, U.S. Patent 4,959,317 and in
Sadowski (1993). A preferred system is the _
bacteriophage CRE/LOX system, wherein the CRE protein
performs site-specific recombination of DNA at LOX

15 sites. Other systems include the resolvases (Hall,
1993), FLP (Pan, et al., 1993), SSVl1 encoded integrase
(Muskhekishvili, et al., 1993), and the maize Ac/Ds
transposon system (Shen and Hohn, 1992).

The methods used for the actual transformation of
20 the target plant are not critical to this invention.
The transformation of the plant is preferably
permanent, €.g. by integration of introduced .,sequences
into the plant genome, so that the introduced sequences
are passed ontoc successive plant generations. There
25 are many plant transformation techniques well-known to
workers in the art, and new techniques are continually
- becoming known. Any technique that is suitable for the
target plant can be employed-with this invention. For
example, the sequences can be introduced in a variety
30 of forms, such as a strand of DNA, in a plasmid, or in
an artificial chromosome, to name a few. The
introduction of the sequences into the target plant



dequence is renpved by the reconbinase. In those

enbodi merWe %6839y i ngya repressible pronot er syst erﬁcyﬁ%”ﬁ‘é’??é
encodi ng the repressor is 5 responsive to an outside stinulus, or
éncodes a repressor element that is itself responsive to an
outside stinmulus, so that repressor function £fan be controll ed by
the outside stinmulus. The stinulus is preferably one to which the
plant is not normally 10 exposed, such as a particular chemcal,

t enperature shock, or osnotic shock. In this way, the sinple

application of theellsndars belacdbmpkishedrbpr asvagiety of tecﬁhﬂdWES;
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which th [ | K
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t he  pl ant nor e be expose 1ts _ap ati1on can .
control | ed. Ajso QtheE ?%?%ﬁc?%ﬁ?ﬁ@cﬁﬁs A8 hBr khe first Preﬁﬁ#@%is on

plants or animals emﬁédﬂméﬁen&esu@ﬂbddn&bove The Yepewsidligpede the
nor mal devel oprment_of the pla hbinas WO 964043%3 be also introduced
PCT/ US95/ 09595 promoter reco inase construct can be a roduce
~ directly via a viral vector into a transgenic plant
15 that contains the other sequence components of the
system. Still another method of introducing all the
”necessary sequences_into'a single plant is the second
 pre£erred'embodimeht described above, involving a first
transgenic plant containing the transiently-active
- 20 promoter/structufal gene sequences and the blocking
sequence, and a second transgenic plant containing the
recombinase gene linked to a germination-specific
plant-active promptor,'the two plants being hybridized
by conventional to produce hybrid progeny conta;nlng
25 all the necessary sequences.

It is also possible to introduce the recombinase
itself directly into a transgenic plant as a conjugate
with a compound such as biotin, that is transported
into the cell. _§gg'Horn, et al. (1990).

30 The methods used to regenerate transformed cells
- into whole plants are not critical to this invention,



16 and residual anobunts left on the seed or plant after

treat V@®6/M3893 d have no significant environmental PCTURIHOYS9S Exanpl es
of other repressible pronoter systens are described by Lanzer and
Buj ard (1988) and Ptashne, 5 et al. The
reconbi nase/ exci si on_sequence system can be any one that

sel ectively renmoves DNA in a pl ant .genone.18 The excision sequences
are preferably unique in the pl ant, so that uni-ntended cl eavage of

t he pl ant genone 10 does not occur. Several exanples of such systens
are dlscgosed I n Sauer, %%i; Patent 4,959, 317 and i-n

Sadowski (1993RR Aaaaremtim }e %9r the targefpplanbprageberE/ LOX
system wher ei ampttoyGBE pf'IQ'IéBIJI‘i.terature mﬁéé)ﬂlseélﬁﬁnéi@eﬁbftéchnmues
reconbi nati on Q her gste i ncl ude the

resol vases (Ha%Pr Yegtn er?ﬁﬁﬁﬁ s&ﬁﬁ*%*ﬁupliﬂteﬁyp s\VY18ncoded’
i nt egrase soma(cmdq:slermmnesisa,t Unbeck 008y , ahnd 1ha7lmana Rokes
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per manent, e. gdemnu%t WP Vot Sulit ABILE Kb HRUPIES Swithout uhgha the

pl ant genone, so_that the i nt roduced sequences are passed onto
successi vé pl af¥PEEATERGHHOR There 25 . are many plant transformation
techni ques wel | -known to workers in the art, and new techniques are
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planted as a yearly crop from seed .These include, but
are not limited to, fiber crops such as cotton and
flax; dicotyledonous seed crops such,as soybean,
15 sunflower and peanut; annual ornamental floﬁers;
monocotyledonous grain crops such as maize, wheat and
-sorghum; leaf crops such as tobacco; vegetahle crops
such ‘as lettuce, carrot, broccoli, cabbage and
cauliflower; and fruit crops such as tomato, zucchini,
20 watermelon, cantaloupe and pumpkin

The following ekampics are meant to illustrate,
but in no way to limit, the claimed invention.

EXAMPLE 1
Selection of Lethal (RIP) coding sequence.

25 'There'are'cﬁrrently two major biotechnologically
relevant gene classes encoding proteins that when
expressed in a plant cell]reshlt in the death of that
cell. These classes are 1: Nucleases; for example
Barnase and ribonuclease A and 2: Catalytic lethal

30 proteins; for example diphtheria toxin and ribosomal
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17 WO 96048935 can be acconplished by a variety of techREGHELS09595

as well, such as cal ci um phosphat e- DNA co- precipitation,

el ectroporation, mcroinjection, Agr obacteriuminfection, |iposones
or mcroprojectile - 5 transformation. Thpge of ordinary skill in the
art can refer to the literature for déTails, and sel ect

sui tabl e techni ques w thout undue experinentation. It is
possi ble to introduce the reconbi nase gene, in particular, into

the transgenic pl afﬁhiﬁié‘o??ﬁ?ﬁ{’:eﬁﬁs (R%9) .-h\A@x»'ate_iHse fIUE LiThed¥e class

I ntroduced along wwth all of the Qt her basi c, sequences, as in the
first preferred (°F anE EYEPREXLCIREPLRIBY SWoPFCMGE AAFYRALigally

pronot er/ r econbi nagLo8RBeEr b9t sGah Repbtein)t cadl¢rd used sucdldfBRilly Vi a
Cenioneeconponen: Fof spRRELE"MB18E A o, bhert1E, AL Ad N A"
introducing a$l| thgenes are understheycoagroices itimsuwe amgelllspecisiche
second : pr@%%ﬁééﬁié&?ﬁ@&?f@%gﬂ%% ighed t-z%b;%‘é%t ié%x‘éo'e"éﬁ%hfc} '&Elehe

transgeni ¢ plant contarnin rently-activ
pronot er/ st ruct ur avagéatatecpuesessiond syssem dakitpacco a coding srEuenscel

a second transgeni gopl gaf, eNtRAeNkABWhN9ethal gendsLIHIdXE dieivapblidked
Lgiﬁ gﬁrnlnaplon-sgchLLgo_ c gﬁﬁh@ﬂ%ﬁPCtlve pronotor, the t pl ants
g hybri di zed Bythahky S5 FRTERAHAIE y
BORSTH L% 19T oqpeLbetad, estateguaeesia be upad pince Shbke 00 0
F ?Zﬁlsgeni c pl ant agratﬁaﬁfu‘g'gf‘gg impact the ﬁié{atc]ts)er%ﬁﬁ#lgc %y%ég%é)bta‘l.’lﬁ?
that is transportetarget tissuet §orh&heclexpressicirof *atlatthak i9a0s., A
ribosomal inhibitor protein (that should be susceptible
to protease inhibition in the guﬁ) and nucleases are
15 likely candidates for expression in cotton seeds. If
the seed is not a factor in the commercial value of a
crop (e.g., in forage crops, ornamentals or plants
grown for the floral industry) any lethal .gene should
be acceptable. In our example we have chosen the
20 Ribosomal Inhibitor Protein (RIP) saporin and Barnase
(from Bacillus-amyioliQuefacien) are described as
cellular lethal proteins for expression late in seed
development.

The RIP coding sequence (CDS) contains a transport
25 signal sequence at its 5’ end (the N-Terminus of the
preRIP protein) which is 75 base pairs long. The '
- coding sequence for the mature RIP was derived from a
- CDNA clone isolated from a Saponaria officinalis seed
cDNA library as described by Barthelemy et al, (1993),
30 the signal sequence was derived from the sequence of a
complete RIP gene, saporin 6 (GenBank ID SOSAPS,
Accession No. X15655). A construct linking the
nucleotides coding for the signal sequence to the
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nmet hods used to regenerate transforned cells

whol e W0 26#48%8re not critical to this invention,
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1987) and nore

18 and any
met hod suitable for the target pl ant can be enpl oyed. The
literature describes nunmerous techni ques for regenerating specrfrc
pl ant types, (e.g., via somati'c en%?yogene3|s Unrbeck, et al.

5 are continually becom ng known. Those of ordinary
skill in the art can refer to the literature for
sui tabl e t echniggiqgreV db@ihg UPEYEon was clSﬁQﬁrSEEQ abb%ﬁy 1_fragment

The present invention can be used, to, mak

ari et

nsgenlc

detail s and sel ect

plants. The netRy the general Gloning,Veetox pBIuescrids Wik KSH ants t hat

are pl argteshtegengrar | his ofohsefuteewas themed Dellude, MAHig
are not limted t

fib tt d fl D
di cot yl edonous %%%ﬁe%é%g%raé&gﬁaﬁgli y éaﬁgnsgﬁ%@ as&ﬁFP&ﬁerp]é‘rﬂaX i anut ;
annual or fanmentthat |lcontained the matuveoRIPedoding g'egimmrmﬁitﬁg

mi ze. wheal At an g SOSGH'Hhc! §2huf’ BHE AMEGRRAANS4L YGOR!

crops

cant al oupe and
illustrate,

10

15

20

25

such as
caul i f | ower; arfehe rsignal opequenceas Thiat QORQGG@mtnMSB degignadtest rad on,

uce, carro rocco

as

DUATPKI N.pel 3 thus codesT?.Srf gl Rew %tﬁxi”'@:.g%ﬂre nmeant to

but 1n ho z limt, the clainmed | nvéntion.:
sequence, whzch hen expressed results in the protein

being excreted from the cell. . This does not result in
cell death and thus serves as a testable control for
the system. The Del 1 codes for a RIP that when
expressed is retained in the cytoplasm of the cell and
is thus cytotoxic.

To prepare the RIP constructs (Del 1 and Del 3)
for use in specific promoter fusion constructs a Nco I
site was introduced at the 5’ ATG sequence at the five
prime end of each of the two RIP sequences.. This was
achieved using PCR mutagenesis; Primers carrying the

‘mutation to generate the NcoIl site within the RIP se-

quence and spanning part of the multicloning site of
the pBluescript II KS+ plasmid, 3’'-GAAGTAGTGATCGGTACCA-
GTGTAGTT-S5’ for Del 1 and 3'-GTAGTGATCGGTACCTCTATATAC-
AACATCG-5’ for Del 3, were used in conjunction with
priﬁers to the pBluescript sequences downstream of the

- RIP sequences. The mutant RIP sequences, Del 1Nco and

30

Del 3Nco, generated by PCR weregindividually cloned
directly into the vector pCRII (InVitrogen) to give
source vectors, pDellNco and pDel3Nco. From these con-
structs the RIP sequences can be isolated intact for
subcloning into promoter constructs as RIP cassettes.



EXAMPLE 1 Selection of Lethal (R P) coding sequ 25
There ar WO96P438|y two maj or bi ot echnol ogical ly réF3W§%§$&?ﬁe

cl asses encodi ng proteins that when expressed in a plant cel

fesult in the death of that = cell. These classes are 1: Nucl eases;
for exanple -Barnase and ri bonucl ease A and 2: Catal ytic |ethal

30 proteins; for exanple diphtheria toxin amlribosonal WO 96/ 04393
PCT/ US95/ 09595 19 i nhi bitor
proteins (RIP). Proteins fromeither class (or any cytotoxic

protein, or product enzymatically _ ﬁﬁgggggd by such a protein) can
be used successfully for genetic a K &f specific cell types if

t he 5 genes are Isviatidre amdinagénds s usf dleaclLaspecenbrgogenesis
transcriptional pronoters. To test tr§%&g5;£@§¥p£gm5£§%? varieta
or

protection systemin tobacco a codi ng sequence any of the known
| et hal genes woul d be suitable. In cotton that woul d be grown

comercially only 10 mfeié t GFoh&t 825 GS@&SiﬁOEhﬂstxﬂﬁﬁiesiw@%@ R
proteins could inpact the fina ual1ty of seeds, the target tissue
for the expre$si on 0 LeaFemesgenkea dA and Leaj bisonBheprhPEPMOtersomere

(that shoul d be susipid®! for their éRpPéSsESHcchababtbeir@Btidst h@haUiimitg
nucl eases are 15 i kel .candldatef fgr eﬁ%%eiSI n i,n cotton seeds.,

K the sedf iSFHRACELPE CROTUMHLRFLOR HRERLPAAUFARG. SBPTYOTenesis
crop (e.g., in foraymd cdimmatureapbanel sissuesania the cottogr varikey t he
floral industry) anyJgihsd, 9g0er8fgitda by mughel®aR°ER1ER %1088 BHa

exanpl e we have choSen :
' 10 1991, Galau et al 1991,1992, and 1%?3 and the avail-

ability of published gene sequences‘(Genbank). Both
genes are expressed late in seed developmént and do not
appear to be under the control of thé’plant hormone
abscisic acid (ABA) in mature tissues Promoter se-

15 quences for each gene were generated from Coker 201
genomic DNA using PCR from nested primer sets that
spanned the 5’ end of the Lea protein coding regions to
sequences approximately 2000 bp upstream of the trans-
lational start sites for each promoter. For Lea 4A the

20 outer primers were at position -2043 (base 1 = A of
ATG), 5’'-CCCCTCCTATGACCAAGTTACC-3’ and +279, 5’'-CCCT-
TCAGTTCCTAGTTGTTGC-3’ and the inner primers were at
position -2018, S5'-GCTCCAAACGAGTTGACTTTGAC-3‘'and +258,
5S¢ -ACTTTGTGCCTCCCTTTTCATC-3‘. For Lea 14 the outside

25 primers were at position -2113, 5’-CTAACTCCTCTTCTCAGGC-
AAATG-3’ and +342,_5'-TTGTGTCGCTGGCTTTCAAEG-3' and
the inner primers were at position -1846, 5’'TCAGCTCGTC-

- TGCTTCATACCAAC-3’and +172, 5'-CAAATGGGGATGGAATGGCTGTAG-
3’. 1In both cases the primary amplification reactions

30 were accomplished using the outer primers; and from the
products of this reaction, final promoter fragments
were. isolated from secondary reactions utilizing the
inner primer pairs. The final products of the Lea 4A



20 Ri bosomal | nhibitor Protein (RIP) saporin and Barnase (from
Baci | mus960u8930! i quef aci en) are described as c e PCE{USPSHBPHhal
proteins for expression late in seed devel opment . _ .
The RI P coding sequence (CDS) contains a transport 25 si gnal sequence
at its 5 end (the N-Term nus of the preRI P protein) which-is 75
base pairs long. The codi ng sequ@ﬁbe for the nmature RI P was
derived froma cDNA clone isolated froma Saponaria officinalis.
seed CDNA |ibrary as described by Bartheleny et al, (1993), 30

t he signal seq e d _fr e onpl ete
RI P gene, sapoﬂﬁgg e?%%x% h%¥%DC§S§§inié% %6?@%5?%5 Rﬁa 1&15655)
A construct |iBrPAYcEReinto PBluQﬂﬂﬂunﬁliixKSXMhtg)generaEestgeaLeaequence

to the 26mB#883source plasmids, pCLeas d pRSL CT/ US95/ 09595
20 V\q)mature codi ng rggl on was cponed %sa%n CO ?ﬁ ? agment
into the general cloning vector pBluescript Il KS+ (Stratagene).

This construct was F?rnadoﬁﬁhgspdﬂydﬁ$s (i.e. ,Sﬁﬂuﬁﬁﬁﬁ YRe PP dh%téégto
construct.a seggn f e natur codi ng
regi on s?artlﬁ €nB' 338 g&ﬁ“&ﬁ"ﬁ?@%\ﬁﬁbﬁ%%ﬁ S%’t ‘Hétﬁ%? PFGes t hat
code for leadehesqueabese¢uemcehéﬂnea(pruman!t feagrentgngsed as
Del 1. Del 3 t S . Seq i ch
when expressed ?‘23‘8??? lggg‘ﬁa @rlogtt\gietnlhﬁ %ﬁfﬂr}ﬁtelpf;gp e?%?’é’?édgga'g%‘fzﬁg cell.
Thi s does not. tb@ulealﬁrOWDter fragmentss we e mutagenizedsuaing testabl e
control for  mutant pPemaySHeR tdﬂgéd3¥aéb‘NEE§ §£§$§-§%Fﬁﬁgaén&h§ﬁus

expressed is re alned I n_the cytopl asmof_the cel
Cyf ot oxi ﬁ leader seque%ces Using the upstream inner ' .

primer and new mutant primers, mutadt Lea promoter °
fragments were synthesized by PCR and cloned into pCRII
to generate mutant Lea promoter source plasmids,
pCmLead4p and pCmLeal4p. The mutant primera'used in
1s 'conjunctlon with the corresponding upstream inner
prlmers were 5'-CTCTGACGCCATGGTTCTTCTTGC-3' for Lea 4A
and 5'- CCAACAACTGCGCCAIGGCGTACAAAGTC-3' for Lea 14.
o EXAMPLE 3
Construction of lethal genes using the Lea promoters
20 and RIP.

3.1 Coding regidns :

Chimeric partial genes composed of each mutant Lea
promoter fragments and each of the RIP coding regicn
constructs were assembled and placed in the stock

25 . vector pBluescript prior to cloning into a plant
. transformation intermediate vector. For Lea4-Del 1 and
Del 3 combinations, the Lea 4 promoter fragment was
isolated from pCmLea4p as a Sal I / Nco I fragment and
ligated into both pDel 1Nco and p Del 3Nco cut with
30 the samé_two'enzYmes. This gave rise to the Lea 4
chimeric gene source plasmids pCmLea4Dell and



15 repare the RIP constructs (Del 1 and Del 3) r use
I n speC|fVE)%V er fusion constructs a Nco | sitgcxﬂE”?ﬁFé duced
at the 5° ATG sequence at the five prine end of each of the two

R P sequences. This was achi eved usi ng PCR nutagenesis. Priners
carrying the 20 - nutation to generate the Ncol site within the R P se-
quence and spanning part of the.nulticloning @te of t he

pBl uescript Il KS+ plasm d, 3'-GAAGTAGIGATCGGTACCA- ' GWGWAGWT 5'

for Del 1 and 3' - GTAGTGATCGGTACCTCTATATAC AACATCG 5' for 3,
were used in conju t u e ences
downst ream of the %%%%4%%% seétfenlég?i rﬁ%gl rﬁ{iﬁéhﬁ %B% §§§ﬁ%§{é8§ Q

1Nco and : Pem3able gana Bakl Dyf Fgment efondtloningl y 'Ehenael 1

QreotlY haLe e e Bl i NI wife L6 igred Srom Befinc pna
sequences can be |QQQ%QNFth¥u§19Qﬁ31°B with @%%c?o%$§gxhﬂtb pesksietion

constructs assRlI P eSMidssand 1igaledoif¥sS%he mutant Lea 14 pBluescript
PCT/U895/09595 g ° i

EXAMPLE 2 conatyuat SRt tththesare tyo %%zm%?e eBifogavesi s
abundant) pronoter<xise to the Lea 14 diviméricpparvial sgenedsourthi s :

orombters vere | Plashigy Skowiheflii i ledfesfldte. orics, e

timng of transcript accunulation |evels during enbryogenesis
and in mature plant tissypS,rddy ({8 SShéPRYSMbYete LeaRip genes a 3°
: 10 nén-translated region containing a polyadenylatlon site

and a transcriptional termination sequence
(3’Terminator) was added to the 3’ end of the RIP
coding sequences. For all constructs this was
‘accomplished by the assembly of a cassette consisting

15 of the 3'Terminator sequence from gene7 (Agrobacterium
tumefaciens Octopine T-left region) and a gentamycin
resistance gene (to enable the use of a wider range of
Agrobacterium strains and binary vector systems for
plant transformation). The gene7Term/gentamycin

20 cassette was constructed by subcloning an EcoRI-Sall
fragment from pAP2034 (Velten and Schell, 1985)
containing the gene7 sequence into pBluescript KS+ to
give rise to the pg7KsS plasmid. A gentamycin
resistance cassette from pTC182 (Charles and Nester,

25 1993) as a PstI fragment was inserted into the Pstl
site downstream from the gene7 3’'-Terminator sequence
to give the plasmid pg7KSGm.

3.2 Introduction of chimeric genes into a plant
transformation intermediate vector and A. tumefaciens.

30 For the Lea 4 promoter RIP constructs the
gene7Term/gentamycin cassette is in::oduced“as a Sal



Coker 201 as reported by Hughes and Gal au, 1989 and 10 1991, Gal au

et al WOP6/04332, and 1993 and the avail - . abi | i RGT/B$95IBASi shed

gene sequences (Genbank). Both genes are expressed late in seed
devel opnent and do not appear to be under the control of the

pl ant hor none : abscisic acid (ABA% in mature tissues Pronoter se-
15 quences for each gene were generated from Coker 201 genomi C .
DNA using PCR from nested priner sets that spanned the 5 end of
the Lea protein coding regions to sequences approxi mately 2000 bp

upstream of the}| 5 Longl i for e r o r.
For Lea 4A thee'['f?g%ed'ﬁ?eg BF?#@%ggvgrkgigt@& O?&%%ﬁr%%h%?("égeeﬁfé A of
ATG), 5'- COCCTGORNIIACTRaIAeat' SmadIl+27¥bas'T gdtes after the Lea 4

-2018, 5'-GCTgE£AACE¢? g%ﬁCTT%G§E§3r GiBR ha¥ChRed! cloned intdGiHd

] 'and +258, 5
- ACTTTGTGCCT iate VegFOF.ibinary BBign 3@ as a5 EcqyRIers were
at positi @ -21ffaghenCTAACRIETET0EEGAEECagenerates tha DliGshidsaind +342,
5'rTTGTGTCGCTG%&%E%%;&%ﬁ%&;Eﬁngnd BLead EE?% lnner priners were at
position -1846, s pBLeadp WCCAAC- 3' and +172, 5'
- CAAATGGGGATGCGAATGECTGTAG _ 3'. In both cases the primary
anplification reacti P&ih i quter priners,
and fromthe §8§pF%au§?g %*e?ﬁPgsgggﬁ Lon?£¥#ﬁ§ﬁ&%%£§% er fragnments
were isol ated fgemetEernideptaByeinofasgette;, gy imtroduced as 4 @ak priner

pairs. The finat,p{pregt fbaf 1t Beagfent Adirect 1% HouwrbtI2am from the
PCT/ US95/ 09595 ' 22

mut agenestd werRIR| eReingE8IPERFPS éﬁdhpﬁé‘“?ﬁm}*ﬁil‘well adducts into '
pBl uescript || ¢giBmLéaigpatsaae EBoRVeand Xbal gitemt eFrom iuieedd asm ds,

pCeadp and pK§E§§$éPUcts the complete gene constructs plus the
gentamycin resistance marker was removed as a Sal I -
Xba I fragment and cloned into the intermediate vector
15 (binary) pBin 19 at Sal I and Xba I sites in the
multicloning site. This procedure generates.the
plasmids pBLeal4Dellg7Gm and pBLeal4Del3g7Gm.

These constructs were individually introduced into
two strains of -Agrobacterium tumefaciens, EHA101 (Hood
20 et al., 1986)) and GV3850 (vanHaute et al ., 1983) by
direct transformation, as described by WalkerPeach and
Velten (1994). The constructs were then introduced,
via Agrobacterium infection, into the tobacco variety,
Nicotiana benthemiana via a standard leaf disc-
25 transformation protocol (Horsch et al., 198S5) and into
cotton via a hypocotyl transformation précedure and
- regeneration via somatic embryogenesis (Umbeck et al
1987). ' '

Plants that express the Lea RIP gene in the
30 correct manner are chosen as those that successfully
grow to maturity, flower and produce seed. The seeds



For cl oni ng purposes (|. ., to link the pronoters

sequences g 0438%3%t the 5 untransl ated | eader sequg#gﬁjgwgrﬁt he
Lea pronoter fragnents is directly linked to the ATG of the RIP
codi ng sequence) the | ea pronoter fragnents were nutageni zed using
mut ant prinmer PCR to generate Ncol sites at the end of 10 the 5 | eader
sequences. Using the upstream i nner pés ner and new nmutant priners,
nmut ant Lea pronoter fragnents were synthesized by PCR and cl oned
into pCRII to generate nutant Lea pronoter source plasm ds,
pCnieadp and pCmlieal 4p. The mutant_ prinmers used in 15 conjunction wi.th
the correspondi ng &t SAFTRidie Lea RIP ghimexigegene will be incapable

5' - CTCTGACCCCATGGT BT Hebrhiinat idw) Rewevdr. Such phédnts would attest to

RAnpLE 5 T ‘EW%E £ 4L 3EF wid ene deyelnpmental, sporzel

20 of the Lea pxbmdtter for use if. théodudd progtection

Chineric partl WDQ§§9: e t
fragnents and each 5 i%g RI %lsng r%. on Phdters ﬁrove leaﬁg gﬁ&e‘éﬁuse
assenbl ed and pl ac@remature sieath of Jghe Db%m%ropBPbé%r tdsspesoprior to

cloning into a p|aWhtur1ty ofréﬁ?ifrﬂﬁlééﬂd'ﬂi@ﬁfﬁéiéhetﬁéﬁIQhe E%hoters
Lea4-Del 1 and : Del conbj nati ons, é ea 4 pronoter fra nent was
i sol at ed fron1anLé&Kbhﬁs@P?§9341?e | T¢ EﬁﬂénF°aﬁdseq“en°e 03k &8 i nto

both pDel 1Nco and gttt BNeexpréssedhat thBe coibectagimevw@ncsaedes. This

gave rise to the Leaé1 £ chineric gene source plasmds pCnriea4Del 1
and . Vo 9§ 043 Faturation. PCT/ US95/ 09595
23

3.3 Selection of non-leaky gene constructs.

Non-leaky Lea promoters are obtained by
mutagenesis of either the Lea 4 or Lea 14 promoter
prior to attachment of the RIP coding regions, i.e.,

15 using the plasmids containing only the Lea promoters,

pCmLeadp or pCmLeal4p. Mutagenesis is achieved in one
of several ways; by random means either via“PCR using a
collection of ambiguous primers (as described by Zhao
et al 1993) or by site directed mutagenesis utilizing

20 2 alpha-thio strand endonuclease resistance in
conjunction with mutagenic pfimers (Olsen et al.,
1993). The Lea promoters can also be subcloned into an
M13 based vector for the production of single stranded
DNA as a substrate for random chemical mutagenesis with

25 sodium bisulfite as described by Botstein et al., 1985.

- Following mutagenesis the population of Lea
promoters are isolated and sub-cloned into a pBin 19
intermediate transformation wvector such that a
population of mutant Lea promoter RIP/g7Term chimeric

30 gene constructs are produced. These will be introduced
en masse into a suitable Agrobacterium tumefaciens



pCriLeadDel 3. The Lea4-Dell and Del 3 cassettes are renovabl e as a

Sal | woosem3st for cloning. The Del 1 and Del ZCIUSIY¥Ences were
i sol ated from pDel 1Nco and pDel 3Nco by digestion with Nco | and
Xba 1 restriction 5 enzynmes and ligated into the nutant Lea 14

pBl uescri pt : construct cut with the same two enzynes. This gave
rise to the Lea 14 chineric partial gene ggurce pl asm ds

pKSnmieal 4Del 1 and pKSmieal 4Del 3. In order. to generate
conplete LeaRi p genes a 3' 10 non-transl ated regi on containing a

pol yadenyl ation site and a transcriptional term nation sequence

(3' Ter mi nat or ) speaind dBHA! Q.OtLheb% diect tidahdlidimation as (kdBibed

F
aaenbl y of & BhoRefBl°RBHCVRLERE (1330) ang ehd SiaRE hadeentance
from gene7 (Agculbaurerussd as an :.mmﬁ.fwcmms tZansfiqymatiai tof egi on) and
a gentanyein NicorisnhoBALHUGAAENT [l ARG i 1ofp Us gl der range

acterrumstral ns and bi nary \vec ns for

pl ant tra%sforﬁareeaybhheegetéwm@m# es the searchifeorvwas
construct ed anéﬂbIéQ NgedN pofidte?ifirom the mutfd’r?éJ FPuldfeRALR034

(Velten and Schel |, nt ai en sequence | nto
pBl uescri pt KS® ﬁ? 13 Lrangg\%u'q é tq'l‘ﬂe%;?é’?%é%p %m%e%%%ym n
eref: s]Eance c?sset matﬁr&&ypiﬁ%t gz(oawt deesewd] fiem esreltf fﬁti:l{:.:w@&fnas ?h
S ragmen S I_.nto e | ownst rea romthe
gene7 3'-Term ’9’%%0?? g&&gg gre n°lill ‘P%#’(} F\ﬂ?’} H’e E’P‘%qu"m P ,
3.2 Intrbduct i nanoleakynwersiganef itieo I&qolpxnmoter The rmnsz-im:nat i on .
internediate ng&ﬂé égdcéﬁ bdRleidvaitad b,y %’ in eé’[e érs

Te uqt r%/m n cass

pronmoter RIP c nstructs gene

i ntroduced as alrgpdy available) from DNA iscla ed from leaves taken
as samples during the growth of the plgnt. Such a
mutant promoter is then used in the construction of the

15 full system for use in both tobacco and cotton.

EXAMPLE 4
Construction of a tet repressor gene driven by a 358
' promoter.

The codingfsequence of the tetracycline repressorxr
20 gene from Tnl0 was isolated by PCR amplification from
total DNA isolated from an E. coli cell line
containing the episome F',-lachAMlS. preoAB, Tnlo,
(tetr). A set of nested PCR primers, two outer and two
inner, were synthesized to achieve the isolation. The
25 §’ inner primer contains a mutation that results in the
) creation of a unique restriction site (Bgl II) to
facilitate the cloning of the repreééor'fragment into
an appropriate vector.The outer primers used were 1}
the S’ . cuter primer 5'-GCAAGCAATACGCCAAAGTG-3’ f£rom
30 position -234 to -214 (+1 at the ATG), 2} the 3’ outer
primer 5'-GTCAACAGCAATGGATCACTGAA-3’ from position +859
to +882 (the stop codon is.at +621. The inner primers
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24 W0 96/04393| | ed Xba | fragnent directly downstream of PEHESY43S9S
codi ng sequence at Sma | - Xba | sites after the Lea 4 pronoter/RI P
¢odi ng region had been cloned into the i nternedi ate vector (binary)
pBin 19 as an Eco R 5 fragnent. This procedure generates the

pl asni ds pBLea4Del 1g7Gm and pBLea4Del 237Gm For the
Lea 14 prompter RIP constructs t he : gene7Ter m gentanyci n cassette is
i ntroduced as a Sal [:filled Xba |I fragnent directly downstream

fromthe 10 RIPc dlng guences I n both pKSmieal4Del 1 and
pKSnieal 4Del 3 at ERS® expal C8pt &5, MutARf dnner primer (Gopgairindtde
conpl ete gene consgglcts Bhiue Wee-2) 57 -gentanycin resistance narker was

renoved as a Sal | . of ongd into the,
i nt er nedi ate vect OFMETAG%QEW% n% a#ﬁf"%ﬁf?l%*?‘és R
t he mul ti cton+bd antde2) Thies 3¢r doxvexr enupaTdr gicigmehes’ -

pl asnmi ds pBLegl4Depd: T
const ruct s mere |n§ é&ﬁ%ﬁl Fﬁ#?%%hceé&ﬂ%G@ from pesition $§§et° +754.
of - Agr obact eri um t Ghef Bgﬁeﬁé'r'agEHM—OPb(ﬂﬁé&fd af;!{p:@ttla; seqm)yom o£/3850

(vanHaute et-al . aﬁﬁ&@:aﬁlon using HheL Ginrid OISR P ine S WS CEL1EREQDY
Wl ker Peach and The constructs,were then i ntroduced,

vi a Agrobacterlun1FHF€cPF3§I tﬁtGqﬁﬁgﬁ(ﬂhﬁxﬁ9qﬁﬁ91§%ﬂne repress@E otPana

bent hem ana via a gbapdar plasaiddpetetR.25 transformati on protocol
(Horsch et al., 1985) and'into cotton via a hypocotyl

transformati on procedure and regenerati on via somatic
enbryogenesi 30( Unbeck efoalgenerate a tegiplete chzmeric tetFueychindat

express the Lea R BageRggb? LRfie driven by the caMv 359 promoter the
tetracycline repressor CDS was removed from pCtetR as a
Bgl II (at -2) - Eco RI (at +682) fragment and cloned
~ between Bgl II - EcoRI in the plasmid pGG (Sutton et. '
15 al, 1992). This placed the tetracycline repressor CDS
between a short 358 promoter AMV 5’ leader fusion and a
NOS 3’ terminator sequence to create a full chimeric
tetracycline repressor gene. The resultant- source
plasmid was designated pGGtetRl. In order to
20 reconstruct theé full-length 358 promoter an Eco RV to
Sal I fragment (containing 116 bp of the 35S promoter,
AMV leader, tetracycline repressor and Nos 3’
termination signal) was moved to pMM23 (Qin et al.,
1994) to create pMM23tetR2.

25 = The full 35S - AMV5S’ -tet R CDS - Nos3’'Term gene
- was removed frbm pMM23tetR2 as a Bam HI (3’ end of
- Nos3’ Term) - Hind IIT (5’ end of 358 promoter)

fragment and cloned into the intermediate vector
(binary) pBin 19 at Bam HI and Hind III sites in the

30 multicloning site to generate pBintetl. This construct
was introduced into two strains of Agrobacterium
tumefaciens, EHA 101 and GV3850 (as described above).



30 correct manner are chosen as those that successfull grow to

mat ur i WP,96(08¥%er and produce seed. The seeds WD 96/ §95/09595

PCT/ US95/ 09595 : 25 t hat
carry the Lea RIP chimeric gene will be incapable of germ nation
however. Such plants would attest to the efficacy of the RIP and

t he devel opnental control of-theqﬁﬁipronnter for use in the full
protectioen 5 system Should the pronoters prove | eaky and cause
prenature death of the plant or plant tissues prior to maturity or

early in seed u g t&f eni zed or
reduced to a sggéeﬁgé'?%4?§g1dd¥%[ﬁﬁgg) r|cg?uc%Qbr%ggeﬁgg?g#%ggféppect
tine in seed infectigm,udmticorthe tobacco VQKEEEELeEicohlananon | eaky gene
constructs. benthemzana vﬂ&”&'éﬁﬂﬁﬁéﬁﬁiigéfnaféé @fﬁngféfhgﬁgoﬁy

mut agenesi s of either .the Lea 4 ﬁb?a 14 Qr to

Bri
att achment of PF@"RFP%O‘&*"F&?%@ i 369&)5) nP?B in H%Fﬁﬁat ﬁ‘éuEP-&§rrFG’s
cont ai ni ng onl gsskesl ehep ity of the te@ﬂ&ﬁdﬂﬂn&rr 88b#Pand

ML ageneer s o i Yo vl of onm Shr SRR gL

descri bed by Zpzxomoter in or alorkfRicts. tnmhisezdlaehiededubygehesis

utilizing ?ﬁll%ml?x tﬂy&&g&land(-%gjofyflé‘ééfaégg rﬁ&&QEfTQgg?S The Lea

conjunction w mut agenr-c priners
pronoters can prgmmrsu@:ntmij totzepkace the wildgypesa8Svprowmetesr the

producti eg of $hnghe Praditifiinctional GUS plasmid, pBI221 (Clonetech
Laboratories Inc.). The resulting Op35S->GUS->NOS3’
gene will be électroporated into :?ansgenic-tobacco
cell lines as described by Nunberg and Thomas (1993)
expressing the tetR gene (internal control is a
15  wildtype 358->Lux construct) . Active tetracycline
repression will reduce or eliminate GUS activity
(relative to LUX) in electroporated protoplasts.

| EXAMPLE §
Construction of a CRE gene under the control of a
20 tetracycline-derepressible 358 promoter.

A 358 promoter containing three tet operator se-
quences in the same location as that described by Gatz
et. al. (1992) was constructed as a double stranded
adapter contéining an EcoRV site at the 5’ end and a 3’

25 overhang complimentary to an Xba I 5’ overhang at the
- 3’ end. The adapter was constructed by annealing, in
- a step-wise fashion, the following two oligonucleotides



DNA as a substrate for random cheni cal nutagenesis with %g Wm

bi sul fit eVOP6HQEP3 i bed by Botstein et al., 1985. PCT'US” $Powi ng
mut agenesi s the popul ation of Lea pronoters are isolated and
sub-cl oned into a pBin 19 ' i nternmedi ate transformati on vector such
that a popul ati on of nmutant Lea promyter RI P/ g7Term chineric 30
gene constructs are produced. These will be it roduced en nasse
into a suitabl e Agrobacterium tumnefaciens WO 96/04393

PCT/ US95/ 09595 strain

(EHA 101) by directytsa rsrfatj,qn %SM%ACGTM%F% 7 mo%g‘ra glLten

(1994) and the resultant bacteri a ure use um-f or

t ransformati on of CACTCTAﬂqAﬁﬁQAﬁﬁﬁ&ﬁﬂﬁ?ﬁﬁﬁ%ﬂﬁﬁAQTﬁiiﬁﬁﬁﬁﬁG%$RG$$TGAACTﬁe
5 screenabl e gemgrcacTaAmciTRAddemdde a&ﬁlrﬂt'fm@smcccnmc-rcm-

ransgont ¢ pi ant | TCRGTORMRATHAAH AR RA A crranamacaBicharéacr -

produces seedsfr onGATAGAGTGEGATTCTGICTCATCCCTTACEGTEAGTEGAGRAT € non- vi abl e
then it nust be carrying a 10 non-| eaky version of the Lea pronoter.

The nmut ant pronot er .can be recovered by PCR (using the Lea priners
al ready avail able) f rom'mNA fiuldl 2581 promotanvixon 23 was subcloned! as

YT LRE Cone o U850 M cxomens TS BLAURL ot el

cotton. mid cut with Hind III a E;4;o yield pB8K388r ucThen

of a tet repressor 3§gNprénotdy PY3 a6 operator adapter was cloned into

| 10 this plasmid between the EcoRV and Xbal sites within
the unmodified 35S promoter to yiefa pPBSK35830. The
full 35S promoter containing the three tet operator
sites was isolated as a Hind III to Xbal fragment from
this plasmid and subcloned back into pMM23 to yield

15 pMM23tet30. This plasmid thus contains a CRE coding
sequence flanked by a 35S tet 6perator promoter and a
NOS 3’ terminator sequence.

The full tetracycline repressible CRE chimeric
gene was isolated from pMM23tet3O as a Hind III to Sal
20 I fragment and cloned into the intermediate vector
* (binary) pBin 19 at Sal I and Hind III sites in the
multicloning site to generate pBin3SS30CRE. ,This con-
struct was introduced into two strains of Agrobacterium
tumefaciens, EHA 101 and GV3850 (as described above).
25 The constructs were then introduced, via Agrobacterium
infection, into the tobacco variety, Nicotiana benthem-
. iana via a standard leaf disc transformation protocol
(Horsch et al., 1985). Expression of CRE protein from
this construct is tested in three ways; immunologically
30 ‘'with CRE antibodies to establish levels of CRE proteins
in transformants; biochemically using an in vitro assay
for CRE activity'as descr@bed by Sauer (1993) or third-



pr onot er . The codi ng sequence of the tetracycline repressor
20 Weseofsdm Tnl0 was isolated by PCR anplification fRCIHSISO09595 ¢ ot al

DNA isolated froman E. coli cell line cont ai ni ng the episone F',

| acqZ[ err] ML5, proAB, TnlO, (tetr). A set of nested PCR priners,
two outer and two I nner, were synthesized to achieve the isolation
The 25 5 inner prinmer contains a nutaion that results in the
creation of a unique restriction site (Bgl II) to facilitate the
cloning of the repressor fragnent into an appropriate vector. The
outer primers used were 1} the 5 outer primner .

5' - GCAAGCAATACARCAiA@RE 1Y in protgplaspesifrom aﬁ?ﬂplanﬁZﬁhe@thﬂEtﬂs&

ATG), 2} the 3'goilised, i.e. PT#JE1Staf G : Y _
posi tion +859 e' s%%f—ﬁﬁﬁf{n é?g%%%ggggon I'S at-+6§%éc%ge F%ﬁg%&%g}ners
WO 96/ 04393 tion (Nunberg and Thomas_19?3) w1tpcg/gg§5[@@g§mld that
§71 O osit tv&b‘;ﬁ.‘a \Birfreds t'ﬁes@éeéma?pri ens $€§b&§bﬂ: A&%gigsa f
g site at - ‘- = > ' 3 from
bosition 5o exdnple e will iptROdied S IRRSFSHRT MK pasARLts into ' °f
AGTGAACCCCGT TTGHeT BefHE <itd rafn pRE221 ofcidfiétech+Laboratories IHee )PCR
fragnment obt ai _ r . d, : =Yalo] i sing the
i nner set of p?ﬁ vf%érg\a%ﬁ%%O%Wnéegf aﬁétghﬁcﬁpﬁ Fggdrgg't%[esﬁ%eetén
tetracycline r djoedhe @bientation thatrabighssthe NOSe8R of thel(retR
To generate a oY qlife ABEPISmbEEFAEECEBES21. CRE activity will
10 remove the LOX-tetR-LOX block between P35S and GUS q
activating GUS transcription and thys generating scora-
ble GUS activity. Those tobacéo'plants'that are ex-
pressing active CRE proteins at high levels will be
used in a cross to establish the complete excisable -
15 repressible protection system in tobacco.

This construct was also introduced into cotton via
the hypocotyl /Agrobacterium transformation procedure
and regeneration via somatic embryogenesis as described
by Umbeck et al 1987. This will produce cotton plants

20 that will serve as CRE don9r§ to establish'the complete
excisable - repressible prctectidn 3ystem in cotton.
Again CRE expression will be gauged as described for

tobacco.
EXAMPLE 6
25 Introduction of a blocked lethal gene into tobacco and
- : ' . cotton.

- 6.1 Addition of LOXL blocking sequence LOXR to Lea
promoters and RIP lethal gene constructs.

The LOX sites can only be used in one direction
30 for this type of construct as in one orientation their
' introduction would introduce two ATG codons into the 5’



r'epressor_gene driven by the CaWw 35S pronoter the
“&ﬁ Bgl || ﬁﬁﬁ%&g&%o RI

r epr essor 43S 1 enpoved frompCetR as a

(at +682) fragment and cl oned between Bgl Il - EcoRl in the
plasm d pGG (Sutton et. 15 al, 1992). This placed the tetracycline
repressor CDS : bet ween a short 35S proggter AMV 5' | eader fusion
and a NOS 3' term nator sequence to créate a full chineric
tetracycline repressor gene. The resultant source pl asm d was
designated pGx etRl. In order to reconstruct the full-length 35S

promoter an Eco RV &% Fra slatgd 1'eafc!' %éxfd@tﬁi rEH%B %&%&é’fgéx@é 35_5

pronot er , er tetracyc epressor
termination signal ) WkaShnwpudd: aosvbes exgises lowlng exPOQEEﬂDt@othe

K{)egt_?_ PM\R3t et R2. CRE p#dtein. Sglb.?x farid c%nst AN/ S'Etn&%nslatedf
s3' Term gene was removed fr o) as

Nos3' Term) - Hind tPRAEE SgRyenCesse %ﬁﬂi%f% transla§§qﬁﬂgﬁuééﬁdtran-
cloned into the intscrtbed aRMACamd thus redude e/ )lenidl dP the Blezitednd
Hnd Ill sites in't It| ' ge A

Thi s construct . B‘%Od“\fgs |J'ﬁ‘t uc%d&mﬁ{i% %:'!{e J%al n;ﬁ%q%% $?ﬁwse
t umef aci ens, EHA 10¢fatbeGdesite &o gdase m atﬂmdgmg sequAlOs/ D 30ize 5’

PCT/ US95/ 09595 n-translated leader sequence ofzgéveral dlff 2%
constructs were thenorntrogucad. via Agrobacter]um ectron, rnto

the tobacco vari et yPTRIESEFataCDS cons Qﬁmnkﬁu%SHQP%%§§§$ﬁkﬁQl¢%@Fed|sc
transformati ong :.ntopthbo%hm{drpw IetSJ.ae atl e dtird roP! e acpg ugh es

to . 3 _ assess tgilaggggé égg}r1 ﬁf?'&%ﬁ gf%é(¥)é¥§§hce éhother ATG
sequence in this region after clonlng and excision of
the blocking sequence thus the Nco I sequence at the 5’
end of an introduced LOX adapter must be such that
15 after excision and relegation the extra ATG is not
introduced into the sequence. Thus the following Nco I
adaptor was synthesized to create a Lea promoter sepa-
rated from the RIP coding sequence by a set of asymmet-
ric restriction sites to allow the introduction of LOX
20  sites and blocking sequence in a directed orientation
and to eliminate the problem of introduction of an
extra ATG sequence. The adaptor sequence was; upper
strand S5’ -CATGTCTTCGAATTCGCCAC-3’ , lower strand 5'-
) CAIGGTGGCGAAITCGAAGA 3’. This adaptor, aftexr the an-
25 nealing of the oligonucleotzdes, has NcolI specific
overhangs at both the 5’ and 3’ ends, an EcoRI. site
in the center and a BbsI site (offset cutter) that
allows the reméval. of an excess Ncol gite that would be
- generated during CRE directed excision at the intro-

30 duced LOX sites.

The construction of the full Lea prom-
oter/excisable stuffer (LOX -35S -tet R - g7 - LOX)/
RIP - Nos 3’ comstruct is_complicated by its size and



the effectiveness of the tetracycline-repressible 35S ronoter in

our comewe/Ms®s. This is achieved by the fol | owi PETHHSIE . The tet
operat or nodified 35S pronoter is used to replace the wildtype 35S
pr onot er 10 in the plant-functional GUS plasmd, pBl221 (C onetech
Laboratories Inc:). The resul ting Op35S32GUS- >NOS3' gene will be
el ectroporated into transgenic tobacco cell lines as described by
Nunberg and Thonmas (1993) expressing the tetR gene (internal

control is a 15 wildtype 35S->Lux construct). Active tetracycline

repression wltheediffevens! siteat aveiSahde i the Lea promdtarse to LUX)

In eIectroporg?gQ géﬁﬁegkﬁétﬁgaﬁp%ﬁs descri e the copstruction SEAMPLE 5

Construction ene-un € contro
tetracycl i ne- d%@%ﬁrégél596135Br9N9#GFeFYStemS but similax speanegiser

containing thregnteé QgedaEer agi possibleﬂ&ﬂﬂp%ﬁﬂdtﬁé¥3ﬁ%ﬁﬁbdéﬁ@t'0” as
t hat descrlbed was constructed as a doubl e -

92
stranded 2 gxﬁdﬁﬁFePeCHﬁFQIﬁPn§g§nf 3Ré& “&®-at- the 5 end and a 3

25 over hang conplinentary to an Xba | 5 overhang at the 3" end.

The adapter ma o struc g - te ashlon
the foll ow ng [i goné%%%gé&gn%%algzﬁs@:%@ &'ﬁg‘?, Noas3s Peé’ﬁ Sses'é
PCT/U895/09595

(witten 5 -3"), 1: ATCTCCACTGACGTAAGGGATGACGCACAATCC-

CACTCTATCAGTGATAGA
TATCAG¢£ATA@ﬁ@gﬁﬁﬁg%gﬁggézégﬁgngﬁéaggecTAccggggigygnaas obtained by

the remova of_the gentamycin resistance cassette from 'l
10 pKSmleal4Dellg7Gm by Pstl digestidnqgnd fragment puri-
’ fication and subsequent ligation. This plasmid was
then cut with Ncol (which cuts at the single Ncol site
previously placed between the Leal4 promoter and the
Del 1 CDS) and used as the vector source in a ligation
15 containing an excess of the NcoI adapter described
above to generate pKSmLeal4NcoladDellg7. Successful
introduction of the Ncol adaptor was tested by EcoRI
digesﬁion and confirmed by sequence analysis. This
plasmid was digested with BbsI and BamHI to remove the
20 Del 1/g7 region and generate a vector-Lea 14 promoter
BbsI/BamHi fragment which was gel purified as a target
for a LOXL(S’ excision sequence) adaptor.
A LOXL adaptor for fusion to the Leald promoter
was constructed by the- anneal;ng of two synthesized
25 oligonucleotides: upper strand; 5’-CGCCATAACTTCGTATAG-
CATACATTATACGAAGTTATG-3’, lower strand; S'FGAICCATAAC-
TTCGTTATAATGTATGCTATACGAAGTTAT-3/. This adaptor, once
annealed, generates a BbsI specific 5’ overhang and a
BamHI 3’ specific overhang. The LOXL(Leal4) adaptor
30 was ligated to the vector-Lea 14 promoter BbsI/BamHi
fragment to yield the source plasmid pKSmLeal4LOXL.



fCACTGATAGAGWTCACTCTATCACTGATAGAGWCTTATATACACTCTATCACT-

GATAGAGT ORI CGT CATCOCT TACGT CAGT GGAGAT ‘1%8"?%"1’5%553
pronoter from pM3 was subcl oned as a Hndlll to Xba I fragment
i'nto pBluescript KS plas- E mdcut with-Hnd IIl and Xba | to yield
pBSK35S. The - 35S pronoter/ 3 tet opeggtor adapter was cloned into
10 this plasm d between the EcoRV and Xbal “Sites within t he
unnodi fied 35S pronoter to yield pBSK35S30. The full 35S pronoter
containing the three tet operator sites was isolated as a Hind I

to Xbal fragment from The starEQ.’cs Fbaﬁmid R@h&ﬂ&ﬁb@&&%vb%' g&%\é‘\??’

to yield 15 pMVR3t et 3 asm d- Thus contains  a

sequence flanked 6?1%F35S9¥e?nepg%ﬁ§5FIpFBnSF@PVEnGh& Lea14 Prqmgsey and
tﬁrm nator sequencgs generate a Del 1/§% Nubt?{u&haamlﬂmﬁwl Q&ﬁ.” dqigcalfa?E
chimeric e _was a rom t et n to Sa

20 | fragnment éﬁ%fd?%ﬁtﬁl?ﬁtﬁgtﬂe Fﬁ?&?gg%Féﬁeﬁé%éa ; exClsion saaurn )
pBin 19 at Seé8 | cemced nadaptoxites in the multicloning site to
generate pBi n35S30CRE. This con- . .Struct was introduced into two

strains of Agrobacterium tunmef aci ens, EHA 101 and Gv3850 (as
descri bed above). o5h LOXReadaptorufor fusionhse ithe Reldd Chiwas

Agr obact eri um consttiéeedl BY chal thgﬁléﬁga%(fo £ imibhdi id PWigo-

bent hem lana via_a standard I Sc transf ornatlon r ot oco

(Horsch et al., 19®4gleceidedsspBReE: SERANG: ot &' TAGHFFATAACTTCGTATAGCATA-
construct is testegATTATACGRAGETATCCRTLE0O!, 0dioweld Btrand) swmm'm-

oo o5 10 o) AR RIRhRoho G R BRRN T g-3s. b B

descri bed by Sauerofi¢é€98hnealedi r generatedDaoHiMITI specific 5’ overhang

PCT/ US95/ 09595 and a Ncol 3’ specific'overhang. The LOXR adaptor was
ligated to the Del 1/g7 Ncol/HindIII fragment to yield -
the source plasmid pKSLOXRDellg?. '

5 . The final construct, Leald-LOXL-Nos3'’-tetR-35S-
LOXR-RIP-g7, was assembled in the Bluescript II KS+
vector by a:triple ligation of gel purified fragments
derived from the aforementioned source plasmids. The
three fragments were as follows; 1. a BamHI/HindIII

20 fragment from pMM23tetR2 which contains the full 358 -
AMVS’ - tet R CDS - Nos3‘’Term gene; 2. a HindIII/Sacl
fragment from pKSLOXRDellg7 which contains the complete
LOXR-Del 1-g7 sequence; and 3. a BamHI/Sacl fragment
from pKSmLeai4LOXL that contains the complete Blue-

25  script II KS+ vector and the Leal4 promoter-LOXL se-

quence. This ligation generates the source plasmid
- pKSmLeal4LOXLNos3’ tetR35SLOXRDellg7.

The full Leal4LOXLNos3’ tetR35SLOXRDellg7 construct

was removed from p pKSmLeal4LOXLNos3’ tetR35SLOXRDellg?

30 as a Smal/Sall fragment and cloned into the intermedi-
ate vector (binafY) pBin 19 at SmaIl and Sall sites in



30 ly directly in protoplasts (fromany plant where CRE is
expr ewees/04393e. . for |ater constructs) via el ectropora-PCT/USISA9S9% j on

(Nunberg and Thomas 1993) with a test plasnd that woul d express a ,
screenabl e enzyne activity. As an 5 exanple we wll introduce a
LOX-tet R-LOX cassette into. the Baggdl site of pBl1221 (clonetech
Laboratories Inc.) bet ween the 35S pronoter and the GUS CDS, and
screen for the orientation that aligns the NOS 3' of the tetR

with the 35S pronoter of pBl221. CRE activity wll 10 renove the

LOX-t et R- LOX bkhek mudirirdoriifit reghidi/So geng:atagglsnlmnéémbadﬁnrosr -
transcription rat g - o e US activiity. Those
t obacco pl ant S%%ﬂ:g{;%%?. g@ﬁ&bﬁ’e ﬁ”d-ﬂ sﬁ?%?e%%’ﬁ%%‘fi%s Cﬁcﬁ? Vgﬁﬁsx%c’hi gh

| evel s will bethe GV38SQusirdins of Agrobacteninm stunéfacibenset eTheci sabl e
- 15 repr ' I Qlff iy Shrsd ' 0 : : hi s
construct _was glasﬁye:r%dr&oduce?%o coﬁ%%%clihb@fgOAgrOb?ﬁ%eﬁ§u%‘c3P§F£

/ Agr obact &r i unFiPRnsAGtMtheh tRRAGRREariety, Nigpkianacherthemianaa

somati c enbryoggacsl standiaw idws disc tran@ﬁ’oﬂﬁ@@%n?réﬁoégw-(HEQES_ will
pr oduce cottoncgl %réts that , wll serve onprs to establish

' as
the conpl ete alemﬁ@zfa’e‘ - ERE SREHRR SEARRLOTBALioR Ehei A8t on.
Agai n CRE expr basteriun |strmaiga ERN X6l dis préferfed. However) obheco.

cotton. _seraidSiiidd W hndipyedr bl ftale diaekeR fnegRcs” M
pronntergoand.RpmghﬁgqgeqxaqiegnﬁnnLni@h_kangmycin offtraﬁhﬁotﬁ!dsitgs can
ol Sntat | on t o0l ledihing Yhuted lroRiafodyee thatonoxRHE1 187 ", I
the 5' _ which carries its own kanamycin resistance gene, since
Agrobacterium cells that do not contain the plasmid
also survive the antibiotic treatment. ' In order to
1is select for only Agrob;p:erium cells containing pBmlea-
14LOXLNos3’ tetR35SLOXRDellg7 a gentamycin resistance
gene (Gm) cassette is introduced into this plasmid,
conveniently as a Pstl fragment. Thus transformed
Agrobacterium cells containing pBmLeal4LOXLNos3’ tetR-
20 35SLOXRDel1g7Gm are selected for by treatment with

~gentamycin.

6.1.2. Assembly of the Lea4-LOXL-Nos3’-tetR-358-
LOXR~-RIP~-g7 construct. '

A starter plasmid pKSmLea4 was obtained by sub-

25 cloning the mutant Lea4 promoter as an EcoRI fragment
from pCmLéa4 into pBluescript'II'Ks+.This plasmid was
then cut with Ncol (which cuts at the single NcoI site
previously placed between the Léa14'promoter and the
Del 1 CDS) and used as the Qecto: source in a ligation
30 containing an excess of the Neol adapter described

above to generate pKSmLeaéNcoIad. Successful introduc-

tion of the Ncol adaptor wés'tested by'EcoRI digestion



‘WO 96/ 04393 PCT/ US95/ 035'?/%595/09595

31 WO 96/043%3_t r ans| at ed | eader sequence in the chinert¢
whi ch woul d not be excised follow ng exposure to the CRE protein.

- Such ATG codons in a 5' non-transl ated | eader sequence woul d
inhibit translation-of the tran- 5 scggbed nRNA and thus reduce the
| evel of the desired product, in this exanple the RIP. In _

~addition, because of the desire to place the bl ocking sequence in
the 5 non-transl ated | eader sequence of several different

pronoter - CDS corsid uzdms,be tconfilrmed abyesequehocecanalysis. From tthdis

common Nco | site gy ﬁ%?s{ﬁét@gaﬁe%g@?‘ bgomoteréNcoIahhaf;Qgi't S %%%ncghi S

woul d al so i ntroduc s region
¢l oning and exci sW(#ﬁ ofemoved as anhacgkﬁcﬁrﬁgmssqwnéeqlmdt h@tlmd:he

sequence at the 5'EcoRI site &fdp@E18N (L8t iadveadckOX Qﬁﬂﬂtlers:.@éﬁatb‘%h“'émh
t hat after ex éﬁt and rel egation the exts I S n%

i nt roduced imo the sse‘Efg thepetant Fﬁ?f’oﬂfﬂ@mﬁea t° 91"3 & BaREse
wazI synt hesi zed L plasmid wcrmmmtoadsepwms plasmid walscdilgeybddie R P
codi ng sequence by, Lc_restrict sites to
allow the int roduc‘f%%‘f%ﬁange%I t°s$?8§raﬁ8 B 38EFH§ Z@&l}eﬁfé"q%ef
directed orientatiRBsI/BamHi fragwient whichnwas ged purifdedolas @ rtachget on
of an The adaptor sequence was; upper

strand 5' CATGWCﬂﬁgégbé¥éggggg%§§§€°rfomer strand 5'-

CATGGTGECGAATTCGAAGA- 3'. This adaptor, after the an- . neal i ng of

the oligonucjgotides, hﬂsz.mlaaaﬁebi-l Eor fusion tBVQh@m@FMHEéf‘Qvé
and 3' ends, an EcoRl. si Ee center B ie (,of f set

cutter) that. °°n9t§I"?5?\g Prethe n‘BV&Pa fngn ok, tw Rhdarsul d
be genermicllesvidey: Ghppdrr stiafddgxces l-mcaﬁAmMmmmmcxrAc-

ATTATACGAAGTTATG-3', lower strand; S’-GATCCATAACTTCGT-
TATAATGTATGCTATACGAAGTTAT-3’. This adaptor, once an-

15 nealed, generates a Bbsl specific 5’ overhang and a
BamHI 3’ specific overhang. The LOXL{Lea4) adaptor was
ligated to the vector-Lea 4 promoter BbsI/BamHi frag-
ment to yield the source plasmid pUCl8mLea4LOXL.

The final comstruct, Lead-LOXL-Nos3'-tetR-35S-

20 LOXR-RIP-g7, was assembled in the PUCl1l8 vector by a
triple ligation of gel purified fragments derived from
the aforementioned source plasmids. The three frag-
ments were as follows; 1. a BamHI/HindIII fragment
from pMM23tetR2 which contains the full 35S - AMVS' -

25 tet R CDS - Nos3’Term gene; 2. a HindIII/PstI fragment

- from pKSLOXRDe11g7-which,qbntéins the complete LOXR-Del
1-g7 sequence; and 3. a BamHI/PstI fragment from pUC-
18mLea4LOXL that contains the complete pUCl8 vector and
the Lead promoter-LOXL sequence. This ligation gener-

30 ates the source plasmid pUCl8mLea4LOXLNos3’' tetR35SLOXR-
Dellg7. '



30 duced LOX sites. The construction of the full Lea
prom wo096/04393 ot er/excisable stuffer (LOX -35S -tet RPCTHIEISNSE) /

RIP - Nos 3" construct is conplicated by its size and WO 96/ 04393

PCT/ US95/ 09595 32 t he
different sites available in the Lea pronoters. The foll ow ng
exanpl es descri be the construction . of 36 |Lea4 and Leal4d pronoter
systens but simlar strategies can be used for -all possible Lea or -
ot her pronoters 5 that can be used in the full system

EO)l(R-l Rl P- g?sig@t Yo he"ulf® ak%kx.ﬁ%sgt '-'?5 3%%@&%%7 was
obt ai ned by is rembvedeﬁnomlpopKSh&egemnanbsxWEEMRESBEUXRBEEE§1eaér0”1
10 pKSrrLea14llﬁl %2?&?9?1%%58‘%9?35513” 30 ? ﬁwttfgrln%me%mtm h

fication and subsequ asm
Ncol (which cut%eqtorhébsnngyé RBdn 49t é-t Smal ang Sablistites atedcibet ween

the Leal4 ?ronuﬁﬁitﬁeﬂohﬂﬁg region b8 gbnlePak A Phritsduh BoxiNEs Y CEL &R - SOUr Cce

in a ligation n excéss of th yf adapt er descrlbed
tro

above to genera?%sﬁ %ﬁPQ iﬂﬁcolggbélf&?StGEE¥%§%? uced ; int e on of
the Ncol adapt ogvsesot Eﬁi‘ﬁﬁlnEYOECABhrobacterluih gRsfie £t £eYs CONfhe M&6n bY

amove the - SOPETRER 1pgnrEprEReAna ga AEAP AR R R ARt orkRE -
the tobacco variety, Nicotiana benthemlana via a stan-
10 dard leaf disc transformation protocol (Horsch et al.,
1985). Again, for cotton transformation, if EHA10l is ‘
used, a gentamycin resistance géneahassette can be
inserted into meLea4LOXLNosB'tetRBSSLOXRDellg? for
convenient selection of transformed Agrobacterzum.

15 | EXAMPLE 7
Production of whole plants with functioning system.

Transgenic tobacco plants that contain the Lea 4
promoter -LOX - 35S tetR CDS - Nog 3’ end - ﬁco,I sité
- RIP CDS - g7 -Term - Gm construct that are actively
20 expressing the tetracycline reﬁrgssor and are verified
to contain all components of the construct will be
crossed with plants that are expressing CRE protein
under the control of the 358 promoter con:ainihg three
tec.operator sequences. Progeny that contain the com-
25 plete system, i.e., contéining the Lea 4 promoter -LOX -
35S tetR CDS - Nos 3’ end - Nco I site - RIP CDS - g7
- Term - Gm and 3583tetO-CRE, will be grown to maturity..
The progeny containing these- constructs will be select-
ed by their resistance to kanamycin and gentamicin,
30 expression of the tetracycline repressor, their non-
expression of CRE but presence of the 35S3TetO-CRE
chimeric gene, and the presence of all of the other

»~



Bbs! / BanHi fragwln whi ch was gel purlfled as a target B?g
LOXL(5' eXOi9%6{08393sequence) adapt or. A LOXL ada‘fﬁ'{ﬂ‘s’P usi on
to the Leald pronoter was constructed by the annealing of two

syntheS|zed 25 ol i gonucl €oti des: upper strand; 5'-CGCCATAACTTCGTATAG
CATACATTATACGAAGTITATG 3', . | ower strand; 5' - GATCCATAAC
TTCGTTATAATGTATGCTATACGAAGTTAT-3'.  This adaptdr, once anneal ed,
generates a Bbsl specific 5 overhang and a . BanH 3" specific
overhang. The LOXL(Leal 4) adapt or 30 was ligated to the vector-Lea 14

pr onot er BbsI/BanHl fr nt to Zleld t he spurce plasm.d ,
pKSnieal 4LOXL. qgg%ﬁg@% e systém by PCR with apgroprlate prim-

PCT/ US95/ 09595 ers. Transgenic cotton plants cont83n1ng the complete

Th tart | t

Hndri T Lo romove LG s, B8 JendBlceh O0R' e, gane wal) 88, BR) cBRgrco
Ncol / Hindl I frageshibyretrapsformationgef phantﬁedoataanuaggahef@eaa4
LOXR(3" exci g on %&Wﬁoter ELOXGDC?QSaQEEﬁOéDS -, Ngs 3’ end -ANEEK@ @%ﬂg(”

for fusion to t he "Del constructed by annea

synt hesi zed ol i go-~ RIp Cos hd%?é%??ﬁes G%pﬁ@ﬁsﬁ¥?ﬁﬁdW1th pBin35830

5' - AGCTTATAACTTCGTATAGCATA- CATTATACGAAGTTATCCAC- 3', | ower strand,
5' - CATGGTGGATA- 10 ACTTCEWATAATGWATGE£§§§ GITATA-3' . This adaptor,
once anneal ed, generates a HndlIl specif @rhang and a Ncol

3' specific overhanyectivatiG¥Rofdexcdsionsby tetracykcildnecdtd edrwrddd ald g7
Ncol/Hindl Il fragnent to jaatiive Lea promdies RIPcchimenid g&neOXRDel 1g7.

10 Activation of the 3583 tetO-CRE®chimeric gene by.
the release of the tetracycline repressor upon complex
formation with tetracycline can be achieved by exoge-
nous treatment with tetracycline in one of several
ways. Firstly seeds of the transgenié tobacco or cot-

15 ton can'be imbibed in an aqueous solution of tetracy-
cline, apical meristems and/or the total shoot can be
- sprayed with an aqueous solution of tetracycline or
tetracycline can be introduced directly through the
root system. ‘In all cases the concentration of tetra-

20 cycline required for activation is low, constant appli-
cation of 0.01 to 2 mg/L have been demonstrated as
effective in induction of a tetracycline repressor
repressed promoter .in tobacco (Roder et al., 1994, Gatz

. et al., 1991,1992, and Gatz and Quail,1988). Such
25 levels of this antibiotic have the added advantage of
" . being of negligible impact on the environment in which
. such treated plants are grown. In the example dis-
cussed above the intention is to induce the system'by
imbibition of both cotton and tobacco seeds in a solu-

30 tion containing tetracycline. In both cases a concen-
tration of tetracycline will be chosen to maximize
effect but minimize possible environmental accumula-



15 The final construct, Leal4-LOXL-Nos3'-tetR-35S-
LOXR- WO-9§B4399as assenbled in the Bluescript Il KS+ PCT/USSHO8¥Sr by a

triple ligation of gel purified fragnments . derived fromthe

af orenmenti oned source plasm ds. The three fragnents were as
follows; 1. a BanH /Hi ndllI 20 fragnent from pMW3tet R2 whi ch
contains the full 35S - AWS - t¥ R CDS - Nos3' Term gene; 2. a
Hi ndl I 1/ Sacl fragnment from pKSLOXRDel 1g7 whi ch contains the
conpl ete LOXR-Del 1-g7 sequence; and 3. a BanHl/Sacl fragnent

from pKSrr1_ea14th>éll,1f£1 E h @tﬂ%&elgorrpigtfs Béfg‘?aﬁtaneah@aﬁr Iag%“Plif:’r‘KSJr

vector and the [ea
generates the Jom &€ ;ﬁth wwill be usqﬂ(shmaa@mxal\neaceacaaﬁbﬁ)XRDel lg7.

The full Lealdlggghso Rie! {1975 th ed
fromp pKSmiealdl O] X et LO_XRDeI 1g7 § the systelifiin B et
and cloned int &3 b dJ.scs at%h%eh{-%e{'b;ﬁxﬁ}) Wb&ﬂ-anQ at Snal
and Sal | gites required 48 % (Mﬂ% only expose the seed to the antibi-
PCT/ US95/ 09595 t he

mul ticloning r &§itsh BoF FofR%: TR & APRIBES "“'b"gltmn after
t et R35SLOXRDe 1 whichTithe eurdtace tofivdshe nseedsicetillnbe cleaned ofhany/3850

nt roduced, v 3 e cetTRCl e (Eeeher rogullfig bHRhiETY bup"

variety, Nicot mmr@@ﬁmemfar@e growth enmvizommentauponcpladking) .

transformation protocol (Hors- ch et al., 1985). For cotton
transformation the A’I‘% eriumstrain EHA 101 is_preferred.
However , 1Ohe est%ﬁ?‘cé’r?lr ‘Ra%?ry%‘?‘-‘ﬁl}?% i CeRRREYRALREr ifhi ch

10 corrpl i cattie 12 deiyern of tdekanany cthe Oprol DEBFAE NG apical meEMALOL,
cont al ni ng anE%%MLO)fn'&& ?tio%} %’P%%(%Dféé&n by derepression of the

3583 tet0 promoter driving CRE expression in these cells
would ensure that all future germline cells would con-

15 tain the expressible Lea-RIP'chimeric geney thus ren-
dering all maturing seeds from the plants derived from
the treated seeds incapable of germination. We have
demonstrated in cotton that'imbibitién of seeds with a
vital dye, Tetrazolium Red in a 5% DMSO solution, of

20 similar size and complexity to tetracycling does suc-
cegsfully infiltrate into all cells of the developing
embryos and indeed throughout all the tissue of the
seed. We are at preSént-testing seeds of transgenic
tobacco plants expressing both the tetracycline repres-

25 sor protein and containing a'bacterial B-glucuronidase
CDS (GUS) under the control of a 35S3tetO promoter for
the pattern of GUS expression upon imbibition in a _

- tetracycline solution. This will determine the condi-
tions necessary to induce derepression of the CRE chi-

30 meric gene in the L2 layer of the apical meristem of
the germinating embryos.’



which carries its own kananycin resistance gene, since

Agr obact eWOR$033) s t hat do not contain the plasmd PCLUSH i ve
the antibiotic treatnment. 1In order to 15 select for only
Agrobacteriun1cells cont ai ning pBniea-

14LOXLNos3' t et R35SLOXRDel 1g7 a-gentanycin resi stance gene (G7M
cassette is introduced into this plasmd, 39 conveniently as a Pstl
fragnent. Thus transforned Agrobacterium cel |l s contai ning
pBnLeal4lLOXLNos3' t et R- 20 35SLOXRDel 1g7Gm are sel ected for by
treatnment with gentanycin. 2. Assenbly of the
Lead- LOXL- Nos3' - t et R- 35S EXM’LP(B%Q?% P-g7 const fuct .

A starter plasnm d pKSdmrsdation cbf ca ngenéyicubystem?by whibhnandetedomst ant
Lead4 pronoter as an EcuBhtBidgneontrolled ledthah perecds iavtmivatedsoyi pt
11 KS+. This plasnidexgision of athbockimgwsefuenoe (sbufferdt byan slice-
single Ncol Site specifie\recenhiprse cénproduead: Mdal aavidrploNecsorand
t he Del 1 CDS) and used' aSY8%®emyée¥oPtheyr meangla |igation 30
contai.ning an excess of the Ncol adapter described above to

gener at e pKSniea4Ncol ad., Successful introdyc- . . tion of the Ncol_,
adaptor was tested by EEB®R IBRGELF System gﬂEF§6PG§39§ the above specific

PCT/ US95/ 09595 example does not require the induc8ion of the siah can

Lead promot er/ ool SERABEES Ceionhinhbe by "ok, sxonenoy 3gnay Bimmetely

fragment andl@| oneits nintrbduction ingcoRhesikarget ©ells Eifo thet rtaan=e a
SB‘(;‘LT‘rf"CGSi te at the genPe pPanfdeOtnbNSpPrbpdiateat il ™irfkik ouldid/bd Ne
: : achieved in several ways, by direct'introduction of an
expressible DNA system as described for cotton seeds by
Zhou et al (1983), by attachment of the site-specific
15 recombinase to biotin molecules as described for soy-
bean cells by Horn et al (1990), or by use of a viral
vector system such as described below. The fdrmer two
examples have not been demonstrated to be reliable
means of ingroduction of proteins or genes on a whole
20 plant level or for batch treatment of seeds as would be
required for the scheme we suggest. The latter exam-
'ple, a viral vector, could be used.  The following
narrative describes a system for use in'plants that can
: be infected by Tobacco Mosaic Virus (TMV) but does not
25 preclude the use of other viral vectors that can infect
other plant species. The basic elements of the scheme
would be the same for any viral vector system for de-
livery of a site-specific recombinase.

The system in this example uses the same gene
30 arrangement as that described for the endogenous induc-
er system in that the Lea promoter (or any other pro-
moter) is separated from the desired coding sequence,
in this case a RIP CDS, by an excisable blocking se-



pl asm d pUCl8nieadNcoad. This plasm d was di gested wi th Bbsl and

BanHl W@9¢/e4383 ate a vector-Lead pronoter Bbs| / BRFAHUSPHAMBNt whi ch
was gel purified as a target for a LOXL adaptor. 10 A .
LOXL adaptor for fusion to the Lea4 pronoter was . constructed by the
anneal i ng of two. synt hesized oligo- gonucl eoti des: upper strand,

5' - AACCATAACTTCGTATAGCATAC ATTATACGAAGTTATG 3', |ower strand;

5' - GATCCATAACTTCGT- TATAATGTATGCTATACGAAGTTAT- 3' . Thi s adaptor,

once an- 15 neal ed, generates a Bbsl specific 5 overhang and a '

BamHl 3' speci f gueneerhamhe Bleodk@Ny( lsetrberasa i e s example is0ateelst 0

t he vector-Lea er / | i eld.the, source
ol asm d pUCLS m_érﬁﬁ%g?f %Rﬁ) c%%@_'protaﬁﬁ.éx fcf%al (H)‘?Fsﬁ UC’J[Q om chimeri

Lead- LOXL- Nos3' geneR- 3Thus the ful@xmaugmt weoulod anre cthe nfd:hboﬂiﬁ.‘éB
vector by a  geruckhirel; eﬂéagqt ?i’éu@tte |j|g§f§m§ deqipyed from

t he aforementloned source pl asm three frag- ' ments were as

follows; 15 a BaR®F/ HF'H&PF'-P CPfymeMos 3’ Term (ph Fee D skteh- cREPai ns
the full 35S - Ap5- g7 Tezm. Tl R&@%se:ﬂ@:ﬁ ikRF N el exi’emeavia

Hndll1/Pstl fra rrent r OXRDeI i ch cont ains t
conpl et e LOXR- (BY one of al“é‘f@é ’\?q‘sogm jon feehn ht from
PEC Lona gghﬁa&b%Mecmﬁamsgemt picamisettﬂ-xwﬁiﬂyqﬁ@due?ﬁ

e Lea4 prono e i0 e S e
source plasmd gb&génkgém %@&EQ%S%&%%ABRI‘ Ié? °°at6\0
96/ 04393 10 proteins should have no v:l.sn.bla?@ﬂw% not af-
36 ' fect plant productivity. = =~ ‘

The CRE protein is delivered to the seed cells (L2
layer of the apical meristem to ensure that all struc-
tures of the developing plant can express CRE) as an

15 expressible gene carried in a recombinant viral genome
package in viral coat protein. In this example this
can be done in the following manner. The coat protein
coding sequence in a cDNA copy of the RNA gencme of a
mild strain of TMV (i.e., one that does not invoke

20 symptoms in the target plant) is removed and replaced
with the CRE CDS. The coat protein attachment site in
the 3’ section of the viral genome must remain in poéi-
tion. The engineered cDMA is cloned into pBluescript
and a full length mutant TMV RNA is synthesized in

25 . vitro by the use of T7 or T3 polymerases. The full
length RNA is then packaged in vitro with coat protein
and used to infect a transgenic plant that is express-
ing the TMV coat protein, i.e., contains an active 3585 -

coat protein - Nos 3’ chimeric gene or equivalent.

30 Infection with the full-length RNA without in vitro
packaging would yield a similar result though perhaps
less'efficiently..'This step is necessary to amplify
the mutant TMV (containing the CRE protein CDS) to



The full _LeadlLOXLNos3' t et R3B5SLOXRDellg7 const ruct i from
a Smal/ ng?"#?Q@ﬁiﬂt

p pKSNLeXR WAL 3 t et R35SLOXRDel 1g7 as and
¢gloned into the internediate vector (binary) pBin 19 at Smal and
Sall sites in the 5 multicloning region to generate

pBnLead4LOXLNos3' t et R- 3SSLOXRDel 197,44, Thi s construct is introduced
into the Gv3850 strains of Agrobacteriumtunefaciens. The con-
struct is introduced, via Agrobacteriuminfection, into t he
tobacco variety, Nicotiana benthem ana via a stan-. 10 dard | eaf disc
transformation pr@&ﬂ@ﬂbléﬁ@rﬁébeﬁb ﬁbr,batch inochi@hion Aigeedd cdiil t ON

transformation, if h E genta cin resjstance gene
cassette can be talnlng F EeFFEBrPﬂFBtﬁ nE@éﬂ &¥e RSO | g7
for convEromotesel eTMVoCoat Pranefiar KBS AgNozG’erlapim - LOX 15

EXAMPLE 7 %gggctlﬁgp anholﬁ7p&ggh§d@dg%guggnl3#%¥%r§*ltem

Transgeni c tobacco plan hat “"Contal n Lea ™4
35S tet R CDS5- Nofied imdthengourcei pdant the muanuavma gy - iﬁn]mi‘-ed?m

construct that argngcip¥gl ¥o :.naeulatéxl&hés%' '%%etth"sééﬁd A% Qld it SN

and are verified to contain a .conpaients Qf theé construct w I
be cr osstAPIPLRigRant OnFRaLhEY X’-é’k‘ﬁr d&silfy the: spedsivirus on

| undertthe' ControltnépéhefaéS arg&n&etseeaataﬂam tr@ir@';%ed arTci_ tiné@éitvat-
operator sequences. Pr at._contain co . ‘plete s m

i .e., containing tfe L °& ?5%9@8 Spokhe %eveTop;n%gge[@t %ﬂgﬁ%& 3
end - Nco li1site infefcedS anQ?because theTerlbls @nenkpresyinid) wtie, TMV | |
0F) 9" pun Lo Al bbke. protgin, chl uBaR8C AR A0 dHGAR (EIbIdISS:

will be select- helrr resi stanc
gentanicin, -  30the dape&gpmg plante tBuringlinfe $he CRBIGDS non-

Sxpressi on of (CREbYL BECEEREastl Wica 59538 QRRE translated) 4B | GRiene,

and the presence o
protein synthesized.  The CRE then removes the blocking

15 sequence from the Lea 4 promoter -LOX - 35S Promoter -
TMV Coat Protein CDS - Nos 3' Term - LOX - Nco I site -
RIP CDS - g7 Term sequence thus bringing the RIP coding
sequence under the controcl of the Lea promoter. RIP
will be expressed during the maturation of seeds on

20 this plant rendetingqit incapable of producing progeny.
As long as the L2_1ayérs of the primary meristems are
infected and CRE protein'produced.in them then the rest
of the developing plant will have cells in which the

_ Lea - RIP gene is active, in particular all future
25 developing germ cells.

Since, the blocking sequence is the 358 - coat
proteiﬁ - Noa;3' chimeric gene or equivalent these
- plants will exhlbzt a dramatic loss in ability to pro-
duce coat prote;n which in turn will inhibit prolifera-
30 tion of the mutant virus. This has the advantage of
reducing the capacity of :the target plants to act as
effective reservoirs of mutant virus and reduces the
transfer of energy from photosynthate to virus replica-



WO 96/ 04393 PCT/ US95/ 09595
37  WO096/04393 conponent s of the system by PCR with appr 86A{USP¥OHF m

ers. Transgenic cotton plants containing the conplete system w | |
be generated in the sanme way as for tobacco or by retransformation
of plants containing the Lea 4 5 pronoter -LOX - 35S tetR CDS - Nos
3" end - Nco | site - RIP CDS - gi2lerm- Gmconstruct with

pBi n35S3CCRE. EXAMPLE 8

Activation of excision by tetracycline to generate an '
active Lea pronoter RIP chineric gene. - 10 _Activation of the

35S3t et O CRE chiimer iandy@rolbiferation mimimizimpgsosdibbe impaetgcobEne

by exoge. OncEdTRyBtem on plaf Bddibeliiy ® AN abBga BERGI OV
ways. Firstly Seagare ofh&himmyater igbeke oclnabibity ofsthet mntean be

i mbi bed in an ﬁ%%&&‘éﬁli‘&hﬁé drfd 'msve m plan:Céiaeueaphﬁﬁé BEEh&temS
and/ or thg tot shoot can aqueoqus soFutlon of
ne

tetracycl tr%"(%/c‘t? r%“'c%gfubeni‘ n‘ivyi'%o% d| r ERRBYNPRrough t he
root system Inralnlsg'eaﬁsas plantentand redansgedic ghplants €Rat deyfbene

o ot boen ShBAE hul Bgead S RS OB Gronsin, aei] Slpfby 58! 1© 2
tetracycline replfeatced by th:.s refrussedSpreadtef the tmotant vRoder iat al .,

1994, Gatz Ftc}gt QJaI | ,1988). Such 25
| evel s of thi stant |eg£’ot [ gmhave t%] advaén?age . bei ng of

negligi bl e inpact on the envi ronrrent i n which . such treated pl ants‘
are grompg In the exarrple dis- EXxaMIeE gpove the intention is to

I nduce the system nbi bi tion of bot hcatton and tqQbacco seeds in
E
a sol u- Bdtuatien #ragf?a?i'faeyg } plant sy fxom Bxanple, 1 d%n.

t1i0 n-viab e seeaq.

Evaluation of the effectiveness of the transgenic

system is made in whole plents that are homozygous or

15  true breeding for both the LEA 4 promoter-LOX-35S tet
repressor CDS-Nos 3’ end-Ncol site-RIP Cbs'g7 Term-Gm
and the 35StetoCRE constructs. Two types of
evaluations are made. One set of evaluations tests for
the normal growth of the transgenie plants and the ‘non

20  functionability’ of the system in the absence of
tetracycline tteetment. The second type of evaluations
tests the effectiveness of the functioning system when
tetracycline is applied to the seed. |

, In the first series of replicated tests, untreated
25 seed of transgenic plants is ‘planted alongside seed of
the non-transgenic parent plants, in a :eplicated
design, both in'greenhouse and field environments. The
primary cbjective is to evaluate the phenotype
‘similarity of the transgenic and;nqn-trensgenic plants.
30 A desired transgenic plant (not treated with



tration of tetracycline will be chosen to maxinize Pgb%ggmﬁﬁg_

i ni ni ze WEWHE environmental accumul a- WO 96/ 04393

JPCT/ US95/ 09595 : 38 tions of
the antibiotic. It is envisioned that a maxi - ' mum of 5mg/L will be
used (this is a concentration shown to be effective in activating
the systemin floa- ting tobacco | eaf %lscs) The hi gher level wll
be 5 required as we will only expose the seed to the anti bi - -
otic for a short tine to conplete i mbibition after whi ch t he

(i'ur Cher reduci ng YOSt am) Aas eduefblatiy, phe PR, hRkibe" G4 erd®

envi ronnent upon[nonﬁtrqﬂsgenlclﬁarent planht.target cells for the inbibed

tetracycline is the L2 layer of cells of the proliferating apical
meri - stem Induction of the systemb derggression of the
35S3t et O pronoter driviTairE suphecasi garminakion abifity, vigorpgrewth

ensure that all fLﬁéﬁftﬂﬂﬂﬂiufftfe|%fo&ﬁékdyiémd and@d roaﬁb% 11t are
expressi bl e Lea-Rl P%{ll meri.c erin tur| ng

seeds fromtHe pl &Y Feded 5h1any traiPh@ePFBEng B3 fEG3RN ¢ of

ger(T natlt ﬁn Ve haﬁ@gat:l.ve dedﬁﬂﬂﬂéhrefeﬂhent&ahbgénhbaplamdﬂlﬂnc&n tile
seeds W a

20 simlar si zé’%dtﬁmgégi?‘?;g%%gﬁgt P;wg &Eaégégeé%g %@ 4 on. of

cessfully infiltratembihatibh oéltheofolhewdageldysﬁgnct;on inertdheyos and
| ndeed t hr oughout t e
eé@&a ' 58ndCabt ifiEies ox, a peRdcilh %rf%e@goﬁf?ﬁi@
ome.

testing seeds of tT S expre55|ng
tetracycl|rm10epre@°nStEBCt Sbﬁepﬁé9§|ﬁl§ﬁd°éoﬁhélEﬂﬁ&ta

[f(r){n][) : glr u]gg; oni dasgatter probiem( HSaddrdaselyCmaliitg and e’ir'ii?tidi‘.ti(ag
4 plants derived from several insertion events involving

both the LEA4 promoter - LOX - 355 tetrepressor CDS -
- Nos 3’ end-Ncol site-RIP CDS - 87 Term - GM and the 35S
15 3tet0-CRE constructs.

The second type of test involves evaluation of the
effectiveness of the desired phenotype upon -activation
of CRE by way of treatment of transgenic seed with
tetracycline. This series of tests involves transgenic

20 plants after seed imbibition with tetracycline, in
comparison with non-treated, non-transgenic parent
plants. Expected effects of transgenic plants include
normal growth and development, normal maturity and

_ normal product yield and quality. Non-viability of the
25 seed produced from the plants is also expected.

- Evaluations in not only controlled environmental
conditions, but also in a wide array of field
environments is also expected. Of particular interest
is identification of any specific environmental

30 condition that might cause premature or unexpected
activation of the 3553tet0-CRE gene. Evaluation



the pattern of GUS expression upon inbibition in a tetracycline

sol ut i B 96/0#BI3s wi | | determine the condi- tions REEASTHIN% 0 i nduce
derepression of the CRE chi- 30 meric gene in the L2 |ayer of the

api cal meristem of t he germ nating enbryos. WO 96/ 04393

PCT/ US95/ 09595 - -39

EXAMPLE 9 Ceneration of a genetid4d system by which a devel op-
mentally controlled | ethal gene is activated by exci sion of a

bl ocki ng sequence (stuffer) by a site- 5 . specific reconbi nase
introduced via a viral vector, ) system (or other
means) . involvesTgergdgatiions pfi aaak fRIIrny i of trenabrsatedeci fic

exaran_e doesbnoerAﬁsgbh&ct Maiﬂ%@%&igt{l a¥e. v&iiaga a m-tlmb’erséﬁgi fit,c -
reconbi nase by an exogenous .si gnal. hut ner . its infroduction into
the target cel |§ngp.rpﬂ@ep:égl}s_c%n§1tmn%em %%ﬁn%}ll'hee‘@%\’%ﬁg?ﬁt &3t ne.
This could be made ofathecvddakinems!r dr agtsivayion rpriorntoollatei on of
an ~expr i Sy ¢ S i r o] b
Shou et al 5( 16651ErRoBsRERLE Ue Bt e BAoliih AL o fOLs GBS Nr rhe .
to biotin nol echlockingd seguiense .f o Anyoy/-leakage’ peswnltel is theHdeatht al
(1990), or by u | I t S - e i.bed bel ow.

of Bﬁ.aﬁt‘eé'x grar:Jp lpelsaxﬁ: part® cgéhe?é’ S1edh Sthé ggegoét‘gg

20

The former two , ave not been denonstr at el i abl e
means of introdBEPAYFesk by &ha RLafitdrenes on a whol e pl ant | evel
or for batch treatnent of seeds as woul d be o required for the
schenme we suggest. The Iat.ther exam:

used. The fol | owing ©nce t e%ﬁvﬁliwmrl?%‘gé’ialg‘g%lgéglﬁ?}/gﬁgagiéliﬁulp?alrjn(:a.
that can 10 functionability of the system, thenﬁ-t:h’e transgenic
' plants are introduced by way of backcrossing into an
array of genotypes within a species. The backcrossed
genotypes are again evaluated for functionability, as
well as economic potential. . '

-



be infec bacco Mdsaic Virus (TW) but does not iIde t he
use of o?ﬁg?g%ggl vectors that can infect ot her ghﬁjts%[@gé#]es

iThe basic el enents of the schene woul d be the sane for any vira
vector system for de- livery of a site-specific reconbinase.

The systemin this exanple uses the sane gene 30 arrangenment as that
descri bed for the endogenous induc- er systemin.that the Lea
pronoter (or any other pro- ‘noter) is separated fromthe desired
codi ng sequence, in this case a RIP CDS, by an exci sabl e bl ocki ng
se- WO 96/Q§§ﬁ§;§ggﬁ§ PCT/ US95/ 09595

40 guence. The bl ocking sequence in this exanple is a 35S -

pronoter - TW cRatrthebamy, €05 MakeindayleDV,CRDEE’ M., MatsunanffeN&R, Thus
the full construkingpuNd, hBeaathd,f @l.,0@av@llaro, U.,SiSc#adl ™. Cadd
pronoter -LOX - B&spProbot Ar (1998) Theb expRessidroict sagdrin Nas plader m -
LOX - Nco I5siteribmspme inactivap$ng probedim, fn wm@,rt@gﬁ_% the
genone Vi a Cheman?68r6548.a nunber of plant transformation technol o-
gies to generate transgenic plants that only produce t he viral

coat protein. THQEE&PiBssPen andyShertdeat D. (1985)pSaisinge FgRd I IBve no
vi si bl e phenotype and not _af- - . fectaplant productivity.-

The CRE protein §; 2y eéeﬁ' oBrRghtec® -#oJ.o @Greenland, A dhyerand the
api cal rrEriégs(tem O Rhsyf et ha ene Switgh, WO 90/0882% dpubilighediAugust ng

pl ant can press’ ! § an 15 expressible gene carried in a

reconbi nant vir e acka in vjral_coat protein.. In this
exanpl e this aérfsﬁebasmggggg gp %f'olr‘il‘ﬂi/ﬁ’ndmaigli A Rainw ei n
codi ng seguence (PuB1 € #BK E ] §$§%5ﬁ9%)§61 . : .

Charles, T.C., and Nester, E.W. (1993) Achromosomally

15 encoc}ed two-compartment sensory transduction system is
required for virulence of Agrobacterium tumefaciens. J,
Bact. 175:6614 - 6625.

Galau, G.A., Jakobsen, K.S., and Hughes D.W. (1991) The
controls of late dicot embryogenesis and early
20 germination, Physiologia Plantarum 81:280 - 288.

Galau, G.A., Wang H.Y-C., and Hughes D.W. (1992) Cotteon
Lea4 (D19) and LeaA2(D132) Group 1 Lea genes encoding
water stress-related proteins containing a 20-amino

acid motif, Plant Phvsjol. 99:783 - 788.

25 Galau, G.A., Wang H.Y-C., and Hughes D.W. (1993) Cotten
Lea5 and Leal4 encode atypical late embryogenesis-
abundant proteins, Plant Phvsiol, 101:695 - 6€96.

Gatz, C., and Quail, P.H. (1988) TnlO-encoded tet
repressor can regulate an operator-containing plant

30 promoter, Proc. Natl. Acad. Sci. USA. 85:1394 - 1397.

Gatz, C., Kaiser, A., and Wenderburg R. (1991)
Regulation of a modified CaMV 35S promoter by the TnlO-
- encoded Tet repressor in transgenic tobacco, Molec.
35 and Gepexal Gepet, 227:229 - 237.

Gatz, C., Frohberg, C., and Wenderburg R. (1992)
Stringent _repression and homogeneous de-repression by
tetracycline of a modified CaMV 35S promoter in intact

) transgenic tobacco plants, The Plant Jourpnal 2:397 -
40 404.



mld strain of TW (i.e., one that does not invoke in the
t ar get ‘sz?ﬁ’f’f’g?s renoved and repl aced with the @%"%e coat

protein attachnent site in the 3' section of the viral genone nust
remain in posi- tion. The engineered cDNA is cloned into

pBl uescri pt . and a full length nuta® TMV RNA i s synthesized in

25 vitro by the use of T7 or T3 pol ynerases. The full | ength
RNA is then packaged in vitro with coat protei n “and used to infect
a transgenic pl ant é_hat | S express the TW coat protein,

i .e., contains af2& c355a_nd Half°rdrcc§a-tE }) -SpemdiBicibynefi BNgene
or equivalent. ¥°§88 gn:. FrPé‘cf" ﬁ?ﬂrrb ey of tsbte-in vitro
packagi ng woul d ZPQF;&fgcs ﬁﬁ vases, Nucleic
efficiently. nplify the mutant TW

(cont ai ni ng the £BBaPT gLgi.N ﬁ@@netzo G.L. V\Q'Paqe%?’gé ., and Chilton,

PCT/ US95/ 09595

M,-D ( 986) The erv:v. lence Agrobacterium
sufficient |evel Eufn@”faéifeﬁg A2 %.U eéeﬁ? :Lon of ? gg the
i ncor por at ed Leaoﬁtggago b®' T- . &QT al "Protein
CDS - Nos 3' Term - 0 SI RI P CD erm construct .
Once anpli - 5H°rhl eﬁ an,! bR indtedn plpar[i tt'a,dn.gg@@tpvsrug;lggo) sol at ed

and used tQOInocghathLhed&au@a:deaﬂ*éﬂy/dﬁﬂaxagénduﬁimacromoléeblébt'On
Once the virus iints sbybeandzelilsys Elant Phvsidle s3iieer of14be. seeds
can be renpved and inactivat- ed. Upon germ nation thé devel opi ng

seedling wi |l beHorseh, Ri.Bf,efwyd, Jal] [Rofifimem,t e . LelBichoktexplessing the

TW coat Rpgetrsi,nSt.Be amdafralieys Ryl (L2388 A $implehand
the devel opi ng pgsneramumenquﬂﬁgn|&nanaﬁ;n;$ngxgeqes intovplante, rel ease
as a viral LARNA, Scisnceslad: é-ﬁ@9CRE1231 protein synthesized. The CRE

then renoves the bl OCkI n% sequence fromthe Lea 4 pronoter -LOX -
35S Pronoter - Hughes, W ' and Galau, G.A. (1989) Temporally modular
gene expression during cotyledon development, Genes and -

Development 3:358 - 369.

Hughes, D.W., and Galau, G.A. (1991) Developmental and

20 environmental induction of Lea and LeaA mRNAs and the
postabscission program durzng embryc culture, The Plant
Cell 3:605 - 618.

Lanzer and BuJard (1988) 2:gsl_na;ll_agadl_ss;l_nsa
85:8973 - 8977.

25 Mett, V.L., Lochhead, L.P., and Reynalds, P.H. (1993)
Copper-controllable gene expression system for whole
plant" __mw: 90:4567 - 4571.

Muskhelishvili, G., Palm, P., and 2illig, W. -(1993)
SSVl-encoded site-specific recombination system in

30 Sulfolobus sh.zbatae, MQMM% 237:334
-342.

Nunberg, A.N., and Thomas T L. (1993) Transient
analysis of gene express:.on in plant cells In
(B.R.
35 Glick and J.E. Thompson ,Eds.) CRC Press, pp. 147 -
152.

Olsen, D.B., Sayers, J.R., and Eckstein, F. (1993)

Site-Directed Mutagenesis of Single Stranded and Double
_ Standed DNA by Phosphorothioate Approach. Methods in
40 Enzvmelogy, Recombinant DNA Part H volume 217 Section

II. Mutagenesis and Gene Disruption. pp. 189 - 217.

L



™V Coat Protein CDS - Nos 3" Term- LOX - Nco | site

- S -
g7 Term Qgﬂaﬁfﬂ‘?é’ thus bringing the R P coding sequé’rfgéuq?ﬁgg?gfhe
control of the Lea pronoter. RIP will be expressed during the
mat urati on of seeds on 20 . this plant rendering it incapable of
produci ng progeny. - As long as the L2 4ayers of the primary _
neristens are I nfected and CRE protein produced in themthen the
rest of the devel oping plant will have cells in which the
Lea - RIP gene is actlve |n partlcular aII future 25 devel opi ng germ -
cel | s. - Pan Sadewslkd, | B.Phe(38%3) coat
protein - Nos 3' z:gaﬂﬁ Qﬁ %wﬂ%ﬁtl%gﬁ%écn of FLP regambinase:
exhibit a dramati & E;ons in FLP dpEat bﬁtbﬁréﬂthtﬁﬁich
inturn will |nh| 1 qQQﬁE%°n %?0 vi2ad167Thi s has

t he advantagé of reduci ng the capaC|ty of the target plants to act

as effec - eSer\oi uces the

transfer of ener g;ﬁ%%(ﬁho%%s%/frlt hglf%)an%#%éﬁé | é%gg WO 96/ 04393

PCT/ US95/ 09595 Qin .. Ba le ., Stoc ton T., afld gg D.W. é19§49n
S

and prollferatlondgénfgdgdgh
pl ant productivit perwitif P¥aftd ﬁﬁhomes. Ezégggﬁégic %ésgéﬁggi ﬁ§hf
the inability of @hﬁﬂﬁﬁgﬂu 1710. virus to replrca

ti ssues unl ess the TW coat protein is present in the cells. Thus
non- tranmaze, [#ant s detehl) g opDj canfiagaez| hel degnay
contain an expres@fficiMdampast prind et et RePel e dépbfident genei Nfected by

“this virus. Spreakpredsiomueystenw: r Complete suppféeseculaﬁdneﬁflbient
t her ef ore negat edinduction of the rolB phenotype in transgenlc plantss

15 and Gen 243:32 - 38.

Sadowski, P.D. (1993) Site-specific genetic
recombination: hops, flips, and flops, FASEBR J. 7:760
- 767. '

Sauer, B. (1993), Manipulation of Trans genes by site-
20 specific recombination: Use of CRE recombinase, Meth.
Eng. 225:890.

sauer, B.L.; Site-specific recombination of DNA in
eukaryotic cells, U.S. Patent No. 4,959,317,

Schena, M., Lloyd, A.M., and Dav1s, R.W. (1991) A
25 steroid-inducible gene expression system for plant

cells, Proc., Natl., Acad, Sci. USA, 88:10421 - 10425.

Shen, W-H., and Hohn, B. (1992) Excision of a

transposable element from a viral vector introduced

into maize plants by agroinfection, The Plant J, 2:35 -
30 42.

Umbeck, P., Johnson, G., Barton, K., and Swain W.
(1987) Genetically transformed cotton (Gossypium

hirsutum L.) plants, Bio/Technology 5:263 - 266.

vanHaute, E., Joos, H., Maes, M., Warren, G., van

35 Montague, M., and Schell, J. (1983) Intergenic transfer
and exchange recombination of restriction fragments
cloned in pBR322: a novel strategy for the reversed
genetics of Ti plasmids of Agrobacterium tumefaciens,
EMBO J. 2:411 - 417.



10 EXAMPLE 10 Eval uati on of

t r ansf 3YQRY043P3hnt s from Exanple 7 for PCTHI980¥9F on of
non-vi abl e seed. Eval uation of the effectiveness of the
transgenic - systemis nmade in whole plants that are honbzygous or
15 true breeding for both the LEA 4 pronoter-LOX-35S tet

repressor CDS-Nos 3' end-Ncol site-RIP CD5-4§7 Term Gn ~and the
35St et oCRE constructs. Two types of eval uati ons are nade. One set
of evaluations tests for the normal growth of the transgenic

pl ants and the |J

ﬁ iagls IR S le, gbogrer o
tetracycline tr t he
ef fecti veness gg -l%nqrg :6981 - ;g r%f‘cylaﬁlh S

functi onahi

a X

f$ ugg(;%ﬁg‘%%

applledtothe firs serles of replicated

tests, untreat eﬁ'alke35peacﬁee@|: of ahgam«%@rp bl a(rhgﬁ“saﬁgﬁgﬁgf{mm de

seed of 5 meabst:éang&hén%&Qﬁs‘fe&aﬁ:@“blﬁrﬁ:ntc%né' € and
desi gn, both i nbih&ephoeeeozndysitems, eIy rimary
obj ective is tM&ygalials.pPheceledial,YREA. Schilpeitdtt adnd )b | N&erma,

transgeni ¢ and B@$: ) r Khayewi Qublla.mng mprelhsiem red transgenl C pI ant
(not treated with - WD 96/ 04393
PCT/ US95/ 09595 Zhao, L.-J., 2Zhang, Q. X. ' and Padmanalshan, R. (1993)
tetracycllde) heslywmerasealChainh&eaatdon+Bamed Paint hmtagenes:.s
non-transgeni c Preeacop, aMethods in Enzvmology, Recombinant DNA Part H
volume 217 Section II. Mutagenesis and Gene
Disruption, pp. 218 - 227. _ ‘

_ Zhou, G,-Y., Weng, J., Zeng, Y.,.Huing, J., Qian, 8.,
15 and Liu, G. (1983) Introduction of exogenous DNA into

cotton embryos. MMZM 101:433 - 481.



Traits such as ggrnination ability, vigor, growth naturity,

product WRPHOEHY product quality are 5 eval uat ed. mﬁj 9509505 i t

asured, a significant negati ve deviation of the transgenic plants
fromthe non-transgeni ¢ parent plants indicates one or a
conbi nation of the follow ng: dysfunction 4% the
activities or a position effect of the 10 construct i ‘1
the plant chronosone. The - | atter problemis addr-gigsghg@akﬁfﬁggﬂll
and eval uating . plants derived from several insert At-S
i hvol vi ng We @lRHMthe LEA4 prompter - LOX - 355 tetrepressor CDS -
Nos 3' end-Ncol1siteaRhéthE® foB/mdRifly- aCengdithe1§5Modikied plteaitO CRE
constructs. The second type of test 1nvolves eval uation of
t he ef f ect i SRWBELSHRIt he desired phenotype upon activati on

of CRE by way of treatmenintfotiuabagedntoseeplanthcell a firtset DAFycline.
This series of tests S c n t ﬁyggg

i mbibition with tetra%@M?£¥8 cLﬁ§P§Q§H§ 2 fl%gt ?Qhé mlo%fen%%:treate

non- t.ransgeni ¢ par entesults in pnaﬁi-‘éerESipEé?@G PheaetyDel, Binghsydiman-

pl ants incl ude 1en999Dabt%e\agboﬁ\aéoéevehap&’&%c @%@'aﬂaatﬁﬁéty and
normal product yield and qualit n-viability of ,the se
produced fromthe pIEﬁ?@si§n5@¥oa€§b¥€tEH°m°t°r being oper %ﬁﬁ% in

not onl%/ ]g_onlt (rjol | ed epvbhenarethAbr, but sepagaded @lyga glboedls@; | In a wide
array o | e envir nts ecte ar.tl.cul ar
i nt er est iss?g%ﬁ?F?igggﬁoﬁsoFigﬁ§e§p§¥pPP8c&§&|rg%ﬁﬁﬁxﬂg 30

condi ti oL@ hat ni ghtsegquercesenatichetbatutbeppereegénce of theadiliocking of

Lg;/%ggg}gggégRE gengeqﬁgﬁbgabkggents tHO 28pP43%3on of the first

gene, a second DNA sequence comprising a second
gene that encodes a recombinase specific for the
specific excision sequences flanking the blocking
15 sequence of the first.DNA sequence, and a

repressible promotor operably linked in functional
relation to the second gene, and a third DNA
sequence domprising a third géne that encodes a
repressor specific for the repressible promotor of

20 the second DNA sequence;
regenerating a whole plant from the plant
cell.
2. . A method according to claim 1, wherein the

blocking sequence comprises the third DNA
sequence.
3. A method according to claim 1 or claim 2, wherein
the transiently-active promotor is selected
from the group comprising a promotor active in
late embryogenesis,'in seed development, in flower
5 development, in leaf development, in root
' development, in ‘vascular tissue development, in
pollen development, after wounding, during heat or
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44 i nvol ves germ nation of seed progeny of non-treated .

t ransgeWOP{8#¥dt s that are grown in a nunber of PET/USIHN95aSal
conditions. Additionally, evaluation is made of the 'l eakiness' or
activation prior to late 5 enbryogengsis..of the LEA pronnter after
excision of the - bl ocki ng sequence5&Any~«Leaka& -
deat h of plants or plant parts other thq:nngfA% ceu e _
produced. by the plants. Onse=these—ayvaluat i afls have

i ndi cated the full 10 functionability of the system_ then the
transgenic g kdtstreses; ndusimgewabgrvalresshaekc Avgdinggomt o an

array of genotypes d!éé&rbﬁpéﬁﬁféeée H@&v?aﬁéééﬂésed genotypes are
agai n eval uated for functlo as econom c potential.

WO 96/ 04893 et déne is SeleCtedpéiers%FogG%lP

45 Referermﬁprn.slng aBBéth&lagt!nel anl\/hhheaﬁmta.dal, gene, M,
Mat sunam , R Sori a, NIR and

Lappi, D. A (199$Fuﬂﬁ§é§ﬁﬁ%§§$%ﬂebf SSBB$?ﬁgaafpﬂﬁﬂ?' agbac- i hosome
i nactivating proteitgriociakofene, Ja @rought resighenre2géné54a

Botstein, D., and Shuddf frodddB et 6PCE 3g8eléﬁ§t alters

15 secondary metabolism,

the specific excision sequences are selected
from the group comprising LOX sequences and
sequences recognizable by either flippase, ‘I
resolvase, FLP, SSVl-encoded integrase, or

20 transposase,

. the second gene encodes a specific recom-
binase selected from the group comprising CRE,
flippase, resolvase, FLP, SSVl-encoded integrase,
and transposase,

25 the third gene encodes a repressor selected
from the group comprising the Tnl0 tet represéor,
and the lac operator-repressor system,

the repressible promotor is selected from the -
group comprising a 358 promotor modified to con-

30 tain one or more tet operons, a modified ubiquitin

promotor, a modified MAS promotor and a modified
NOS promotor. _

4. A method according to claim 3, wherein the

transiently active promotor.is the LEA promotor.

5. A method according to claim 3, wherein the first

gene encodes ribosomal inhibitor protein (RIP). _

6. A method according to claim 3, wherein the'specif—

ic excision sequences are LOX sequences and the
second gene encodes CRE.

7. A method according the claim 3, wherein the third

gene encodes the Tnl0 tet repressor. |

———
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iBri dges, ight, S.WJ., Geenland, A J., and Schuh, WW
Gene Swi t%vr?%‘(ﬂb%m 08826 (published August '10 9, 1990).PCI/USS098%% | opt
S WJ., Geenland, A J., Jepson, |., and Paine, J.A'M, Inproved

pl ant ger npl asm WO 94/ 03619 - (publ i shed February[fFF

Charles, T.C., and Nester, E.W (1993) Achr®hosonally [I5THIS W%BEC“J
t wo- conpartment sensory transduction s-yst emis r equi r RER

virul ence of Agrobacterium tumefaciens. J. Bact. 1756614 - 6625.

Gal au, G A, Jakpbse K..S . ,and Hu hes D W .(1991) e control s of
late dicot enbr;l%ggen&ir%et?h%d e%\?‘l:?/r Pog%?‘ tRa roﬁgeﬁﬁf:'& BPSQF"&Pres‘
Pl antarum 81: 280 - 288ible promofbtaus & 355 phogotbY- iodighddHughesnb. W

(1992) Cotton . 4 (S 208 D132) Goup 1 Lea genes encoding
wat er stress-rel ated prot el ns %on 4Fn'gng aéZO am no acid notif,

Pl ant Physiol. $0: 783 -metggd a%ordlmlm claim, 2\WhereliX- Che pldnHudises
D.W (1993) Cotton cottor&eatﬁu@ngréﬁéﬂénﬁwogétﬁ{r igf&'"ﬁ?’egg LER

enbr yogenesi s- abundant prot ei ns, Pl ant
Gatz, C., and Quail, HZ‘TCFF°"'(‘?E§'88'§) Q'rﬁ@%:héb‘aeﬁx?b?lon sequengeesave &KX

regul ate an oper at or -sRfiieidesg tah@nflr&e ger&@(@ﬁ@é&éAs PiBésc\ﬁJé%' bAcadR
Sci. USA. 85:1394 - ajser, A nder burg R
(-1991) S . Regul at%'ﬁfﬁ‘%‘rt‘%{‘ r%%?’i“? ss'éﬁ?)rBﬁB’r’%?swlﬁhEr?ﬁ?@r
encoded Tet repressorig ra t358 goeonatdomoddfiedbtecconBain thpde Ceeer g
Genet, 227:229 - 237 e eLpurg
(1992) ) Stri nger?t roenpsr'eSS| Oﬁs%c%dn%oém en%rg%%g % @%reéﬁg hg
tetracycline of a noditfird RANSSBEREONDY e¢h¢ nTRho atet repres'soanggaal c
tobacco plants, 1phe B MUthlUIfY rdffcing Heed ¢4 is incapable of

germination, comprising _
introducing into a plant cell a first DNA
sequence comprising a lethal gene and a promotor
5 - that is active in late embryogenesis, the lethal
gene and the late embryogenesis promotor being in
functional relation to one another, but separated
by a blocking sequence that is flanked by specific
~excision sequences, such that the presence of the
10 blocking sequence prevents the expression of the
lethal gene, a second DNA sequence comprising a
gene that encodes a recombinase specific for the
specific excision sequences flanking the blocking
sequence of the first DNA sequence, and a
15 repressible promotor linked in functional relation
to the specific recombinase gene, and a third DNA
sequence comprising a gene that encodes a repres-
sor specific for the repressible promotor of the
second DNA sequence;
20 regenerating a whole plant from the plant
' cell; o
allowing the regenerated whole plant to pro-
duce a first generation seed;
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WO 96/ 04393 PCT/ US95/
46 WO96/04393 {5 | | S.C., and Halford, S.E (1993) Spec?F%@fS?;?/wo?sm

recognition in the nucl eoprotein conplex of site- specific
reconbi nation by Tn2l1l resol vases, Nucleic - Act-ds—] 1: 5712 -
5719. 5 Hood, E.E., Helnmer, G L., 5= all eyyis BRECT HASHBEEN it on,
M -D (1986) The hypervirul ence Agrobact eri ufn REPLAGEDmﬁaC| ns A281 is
iggodgg in a region of pTiBo542 out fe—at—TDIN&—J—Bact eri ol .

: 1291 - 1301. Horn, MA. ,, Helnsteln F., and LOM/P S. (1990
10  Biotin-nedi at ed deHXRQ%}Qﬁ Qﬁﬁmﬁﬁﬁﬁk 9&&§¥ﬁﬁ$%%u?%§d |n§o )

soybeansgel |'s, Pl agje ikisisdlchdd3 Hétks t®6function of thesch, R B, Fry

J.E, Hoffman, N. L, Eicholtz D

(1985) A sinple and’epressor' Mﬁhﬁtmﬁg‘f%ﬁf?7%%f%$ﬂn e, Sées into

pl ants, 15 oty AhhikiAss -exihldssion of thekﬂgeesfla W, and

Gal au, G A (1989) _Te

cotyledon developm&%&gﬁggﬂéééIQ?HQE”there?%ve+opneﬁ?xgﬁéggégggﬂubfng
Hughes, D.W, and @meaLspeeuflc( rEgnipavase et t exchpiion ofothe
envi r onggnt al i ndughik Hg Leanadiibd 68 ciAs; Ao Hlig sequence at the

post absCi ssi on progran1dhr|ng enbryo culture, The PI f Cel
- 618. L &paci G SFiFien BpBjenteR. Refrltipgqinstpe ysa
85:8973 - 8977, direct functional linkage of the late

embryogenesis promotor with the lethal gene;
germinating the first generation seed to
35 produce a first generation plant expressing the
late embryogenesis promotor/lethal gene sequence;
allowing the plant to produce second
generation seed, whereby in the coufse of
embryogenesis, the late embryogenesis promotor
40 becomes active, permitting expression of the
lethal gene in the second generation seed, thereby
rendering the second generation seed incapable of
germination. ' _
11. A method according to claim 10, wherein the block-
ing sequence comprises the third DNA sequence.
12. A method according to claim 10 or claim 11, where-
in the seed is cotton seed; _
the late embryogenesis promotor is selected
from the group comprising a LEA promotor and a '
5 promoter other than LEA that is active in late
embryogenesis.
the lethal gene is selected from the group
comprising ribosomal .inhibitor protein (RIP) and
barnase, '
10 the specific excision sequences are selected
from the group comprising LOX sequences, and se-
quences recognizable by either flippase,

\
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25  Mett, Lochhead, L.P., and Reynal do, P.H.

(1993
Copper-cWF?[%‘W%bl e gene expreSS| on system for whole }mmf)?séoﬁfgs{

Proc. Natl. Acad. Sci. USA, 90:4567 - 4571. : - Muskhelishvili, G

Palm P., and Ziilig, W (1993) SSV1-encoded site-specific

Egconblggglgn systemin 30 .  Sul fol obuB3shi bat ae,..Malec _and General
net . : 334 C -342. Nunberg, A N. 198

(1993) Transient - ° anal ysi s of gene expressio g l%p[AggiPEEN

Met hods . in Plani Nblecgk%r Ei go% agq Bi. ot €chnateay CBR-—— 185

dick and J.E. Thonpsof©, Eage) 'p §§' N éﬁ." g7 Lntegra 2.

A sen, D.B., Sayers,tdakspoaadelckstein, F. (1993) ' Site-Directed

NUtagenes“%Iof Single Strgﬂ%@gﬁ Qf@gugggggblnage 1§t%%@@%q%§;) m the

Phosphor&t oat e Approach s in nzynol og | nant DNA
Part H vol unme 217 Segtrbup comprising) CREMJﬁEég@pé@ﬁs aesodaReen it i on.

pp. 189 - 217. 6
PCT/ US95/ 09595 §§b9 éﬂéé&éd integrase, and transfosase,

Luetke, K., and Sadowski, theprepregspr gene enﬁ@@ﬁﬁh@sﬁqgr?ﬁ%%Réﬁﬁﬁﬁﬁd

ligation of FLP recopbinagem the group aowmpriiedingonhef ']mlloatueansreprﬁP
protein by in vitro

13:3167 -20 5  3198F and tﬂgp&Sangﬁ’ua’?téla %5 q%filp\és(éf%?é:) e B4 156
Qn, M, Bayley, C, Stockhenrepresaitbl@vpRomotiokdds) selected(ﬁmpm the
ot s e, o g, SR oIS box moai AR AL
- tain orie or more tet operons and a promotor
modified to contain lac operator sequences.

13. A method according to claim 12, wherein the late
embryogenesis promotor is the LEA promotor.

14. A method accordlng to claim 12, wherein the lethal
gene encodes ribosomal inhibitor proteln (RIP).

15. A method according to claim 12, wherein the speci-
fic excision sequences are LOX sequences and the
specific recombinase gene encodes CRE.

16. A method according the claim 12, wherein the re-
pressor gene encodes the Tnl0 tet repressor.

17. A method according to claim 12, wherein the re-
pressible promotor is a 35S promotor modified to
contain three tet operons.

18. A method according to claim 11 wherein the seed is
cotton seed, late embryogenesis promotor is the
LEA promotor, the specific excision sequences are

_ LOX sequences, the blocking sequence is the third
5 DNA sequence, the lethal gene encodes ribosomal
inhibitor protein (RIP), the repressible promotor
is a 35S promotor modified to contain two tet
operons, the specific recombinase gene encodes
CRE, and the third DNA sequence is the Tnl0 tet

10 repressor dgene.
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10 91:1706_- 1710. ' Roder, F.T., Schmulling T., and Gatz, C
(1994) WO96/04393k( ¢ i cj ency of the tet racycl i ne- dependent gBﬁE’US95’°9595

expressi on system Conplete suppression and efficient i nduct i on of
the rol B phenotype in transgeni c plants: 15 = Mol ec. and General Cenet.
243: 32 - 38. Sadowski, P.D. (1998f Site- specidie |

reconbi nation: hops, flips, and flops, FASEB J.  Tiw#80~zuT HAS BEENVH7.
Sauer, B. (1993), Manipul ation of Trans genes q/ Si t REPLALED spgcific
reconblnatlon Use of CRE reconbi nase, Meth. ErF—225
Sauer, B.L.: StPe-sBeE¥RPEIRBAGHBLARE Havimodwdthin its geﬁﬁmﬁugmﬁlc
cells, U S. Patent gbquénaéa aaﬁprlslng Schena, M, Lond A. M-, and
Davis, RW (1991) A £ % d- |ndu0|ble ene JjFgﬂess on systen1for.
pl ant cell's, Pr8c Rt - cgﬁquﬁﬁ 1ygfn ygene

Shen, WH., and HohwhoBe ¢%Pp®2bskoni sesulds dn- an alteﬁddnpxxnﬁ&ph?ﬁlenent
fron1a Vi aI vect or od d s oi nfection
The PI anth 2: 35 -O{-’%é dh8 43, trans:LenLt'fl.B(OI%@%;ﬁr% @%ﬁoﬁson Bart on,
K., and Swain W  first 9€m§8anG§héttGaNSQGDKstﬁmﬁﬂxﬁ(nxqmnt¢ibssyp|um
hirsutumlL.) p'antSbeEEQ/Iﬁcbﬁﬁhﬁgbn512§%laﬁ¥@§ to one ano qﬁ

Joos, H., Maes, M, Warren, G% g 35 Mont ague, ,_and 'Sc |,
(1983) Intergenic tPERa¥ared by a 18ﬁ51€£bﬁ%ﬁ$§WQQxﬁhﬁquﬁﬁ(ﬁi%ﬂked
restriction fragmenbg Spelelc eketisdonn seEiiddtesy B tHdwtgey for the

reverse netics of T I of Agrobacterium tunefaci ens,
ENEO‘J. Y411 - 4lggrgseﬁce Ehg %i ﬂlng seguence prevents the .

expression of the first gene, 'I
a second DNA sequence comprising a second
gene that encodes a recombinase specific for the
specific excision sequences flanking the blocking
15 sequence of the first DNA sequence, and a
repressible promotor linked in functional relation
to the second gene, and _
a third DNA sequence'comprising a third gene
that encodes a repressor element specific for the
20 repressible promotor of the second DNA sequence.
20. A trénsgeniq'plant éccording to ¢claim 19, wherein
the blocking sequence comprises the third DNA -
sequence. _ _
21. A transgenic plant according to claim 19 or claim
20, wherein - '
the transiently-active promotor is selected
from the group comprising a promotor active in
5 - late embfyogenesis, in seed development, in flower
development, in leaf devélopment, in root
development, in vascular tissue development, in
pollen development, after wounding, during heat or
cold stress, during water stress, or during or
10 after exposure to heavy metals,
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WD 96/ 043 PCT/ US95/ 09595

48 éa%g@mﬁgpten ., and Schell J. (1985) Selection- ex%?gggﬁ%ﬁﬂ”
wectors for use in genetlc transformati on of higher Nucl ei ¢
Acids Res. 13:6981 - 6998. . Wl ker - Peach, C., anq’_,, \994)
Agr obacterium 5 nediated gene transfeb5to pI pE=E€T 1 St rate
and bi nary vector systens, In Plant Nbleculgfﬂﬂ@é%@

Manual (S:P. Gelvin, R A. Schil peroot and D. P S Ve\ga ds. )

Kl uwer Publishing. In Press i X., and
Padmanabhan, R (1993)  1Bhe §6F§ﬁe9§§‘§ eRaPRLREREE SROBALRS MrHP

mut agenesi s Fhompﬁmélnybhhmd&ham EéﬁEUDhﬁginsgawmﬁmdaﬂﬂgdﬂﬁﬁ Rart H
vol ume 217 Section |1 NUtag@HeS|s and % ruptlg}‘_fl pp. 218 -
227. Zhou, G- geRezefy; u‘?glcﬁﬁ‘éﬂrgge © ,

and Liu, G, (1983) Intenﬂocndah génexogedmoagBNAresuetance genaotwon

embryos. Mgf hods |n ¥Egkﬂgéfégﬁfﬁ ﬁ%8|§ -3 BFne that altertf ddcidl

1. A nethod for kihg a geneiica conpri si ng
stably transforn1ng ad%?ﬁn@eﬁébplmﬁmh a first

the spec1f1c excision sequences are selected
from the group comprising LOX sequences and se-
quences recognizable by either flippase,
20 ' resolvase, FLP, SSVl-encoded integrase, or
| transposase, _
the second gene encodes a specific recom-
binase selected from the group comprising CRE,
flippase, resolvase, FLP, SSVl-encoded integrase,
25 _ and transposase, |
the third gene encodes a repressor selected
from the group comprising the Tnl0 tet repressor,
and the lac operator-repressor system,
-the repressible promotor is selected from the
30 - group comprising a 35S promotor modified to con-
tain one or more tet operons, a modified ubiquitin
promotor, a modified MAS promotor and a modified
NOS promotor.

22. A transgenic plant according to claim 21, wherein

the transiently active promotor is the LEA promot-
) or. :

23. A transgenic plant according to claim 21, wherein
the first gene encodes ribosomal 1nh1b1tor proteln
(RIP).

24. A transgenic plant according to claim 21, wherein
the specific excision sequences are LOX sequences
and the second gene encodes CRE.

25. A transgenic plant according the claim 21, wherein
the third gene encodes the Tnl0 tet repressor.
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sequence conprising a first gene whose expression 5 results in an

al t er edopemas93zphenot ype, and a tran- si ent | y-pelrizuek/os9xnot Or
the first gene and the transi ently-active pronotor being
operably Iinked to one another, but. separated by a bl ocking
sequence that is-flanked on either side Qg 10 _EQC|f|c exci si on
sequences, such that the pre- se e, Pl ockigsequence
prevents the ex- - pression of thelfi : d DNA

sequence conprising a second gene—t acades a reffom
bi nase speci fig. f & ﬁfmsgeﬁiélplaml acearaenglio claim 23 diranki ng

the bl ocki f 1 ne
oo osor b el TelsNE Plptdsibly promotor A8.d PRt BTANCERE Mkt i on 1o

t he sechield gepegonhdin thired DA seewemse conprising a

third gene t e S ko2 ressibl e
pronotor of the secgﬁﬁéﬁgﬁéﬁgé 2L QEEb&Hﬁ é O glaﬁm se&%ﬁﬁ%ﬁpbelng
linked to a the planht lﬁcFPt“éoprroﬁﬁ?eitranSlently active egenerating a

whol e pl ant frOWTtéfbﬂ$@8£ is the LEAcﬁkbmotor, Zhe Ap@Rifad according to
claiml1, whereint bl ockin guence conprises the third DNA

sequence. 3. e¥ciziem segueraefqga 8 % BEEUSNCESsi hbe Sdkstei n
the trarmsiently- aoge:ve Pnecaes’ ribosematt édhibitor protiedm t(RImro0up
conprising a pro f,or active ate_e gyo ene%!s in seed

devel opnment, in fl r%Pre851glﬁe9£Pgﬁﬁgﬁtlslﬁ ment, in root
devel opnent, "in-. vammﬁié;edlEeueodeaenophrae tiett operons, qhalsacond

devel oprent  -af t elodipNghoGaedUERRY BAA! Lhe thizd pNa SllfletdeSy durinog
wat er stress, or ren ter exposure vy neta s,
49 the n10 tet repressor gene.

28. Plant seed that contains exogénbus DNA comprising

a first DNA sequence comprising a first gene
whose expreséion results in an altered plant phen-
otype, and a transiently active promotor, the

5 first gene and the trahsiently active promotor'
being in functional relation to one another, but
separated by a blocking sequence that is flanked
by specific excision sequences, such that the
presence of .the blocking sequence prevents the

10 - expression of the first gene,

a second DNA sequence comprising a second
gene that encodes a recombinase specific for the
specific excision sequences flanking the blocking
sequence of the first DNA sequence, and a

15 repressible promotor linked in functional relation
to the second gene, and
a third DNA sequence comprising a third gene
that encodes a repressor element specific for the
repressible promotor of the second DNA sequence.
29. Plant seed according to claim 28, wherein the
blocking sequence comprises the third DNA se-
quence.
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the repre55|bl ronotor is selected fromthe group -conprising a

35S pronot¥P? $ied to con- tain one or nore t&CTHFEBMS and a
[r onot or nodi fied to contain |ac oper at or sequences 13. A
nethod according to claim12, wherein the late ____ enbryogen S

pronoter is the LEA-pronmotor. . - 14. A ngThod accdf sﬂ@EﬁHﬂS@EE&
wherein the |ethal gene encodes ribosonmal i h@b!hﬁﬁﬁeln
(RIP). 15. A nethod according to claim12, wher eS = -
fic excision signal sequences are LOX sequences and the speC|f|c
reconbi nase gene ¥hcodtkarReséed accapding ket Rbalwce8r @rn§lefd @9i m 12,
wherein the re- wherepPhessor gene encodes the Tnl0 tet repressor.

17. A nethod according to clal 12, wherein the re- pressible
promoter is a 35S pronotor N gi%ﬂ t(geed is a COotEgh: 8RR hree tet

oper ons. 18. A nethodhactnaﬂshgntbyeaatmvélpnbmbeon tibe sededted]
cotton seeds | ate eTDIYOORNASL SgPbaE kohpEEslE & promprgr HERIRECTR OF

t he specifi ¢ excision Sigha sequences t he
bl ocki ng sequence 5 late embryegenesisd gnmssequéaU910pmentetnm ﬂ;gwe

encodes M RspePbp é‘z@tb' iR 18488t &é{?ei\%ﬁéntt hen' %BE:%SS' bl e

pronmotor is a 35S pronptor nDdlfle to contaln tet operons,
the specific reconmbi ndiRVeLPRM@REodER vascular tiggape dayedrpmeRt.dipNA

sequence is the Tnl0 tgs11én develoﬁﬁ@ﬁ@?SQEtGQ”ﬁoundlng,18ur&nbr%@%&e@ﬂ3
pl ant stably transforne nces conprisin

u
a first DNAI%equence dﬁ%ﬂ¥n§Fﬁﬁsﬁ'f??gfngeﬂﬁter gtress, 0SUTARG: £%si on
results in an altered aftet e&pmsuré to heavyomgpalsand a tran5|ently

active pronotor, the ?ﬁ ang%QgtEEa@§bﬁn h %g%h¥e

pr onot or bei ng |n unc%é oné~ano
separated by a bl ocki repepgisins @hhethelfgamedan 1nsect1C1dnlegLe|m@r & de

by tsEeCIb}‘lckeXCI sion sl s8£ENeTgenl, a fungifEdalSYehel Nl phRe Presence
o] e ockin
g teriocidal gene, a drought resistance gene, a

protein product gene or a gene that alters secon-
dary metabolism, '

the specific excision sequences are selected
from the group comprising LOX sequences and se-

20 qguences recognizable by either flippase,
resolvasé, FLP, 8SVl-encoded integrase, or
transposase,

the second gene encodes a specific recom-
binase selected from the group comprising CRE,

25 flippase, resolvase; FLP, SSVl-encoded integrase,

and transposase,
the third gene encodes a repressor selected

from the group cbmprising the Tnl0 tet repressor,
and the lac operator-repressor.system;

30 o : the repressible promotor is selected from the
group comprising a 358 promotor modified to con-
tain one or more tet operons, a modified ubiquitin
promotor, a modified MAS promotor and a modified
NOS promotor.
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53 t he second gene encodes a s ecific recom
bi naseWOROAId from t he group conprising CRE, PCT/PSIH5S -

resol vase, FLP, SSV1-encoded integrase, 25 and transposase,

the third gene encodes a repressor sel ected fromthe group
conprising the Tnl0 tet repressor, 58 [=—and tne, |

oper at or -r epressor system g twé"Hiseﬁ‘f‘% s % pro tor is
selected fromthe 30 group conpri si a 3 dified to
con- tain one or nore tet operons, a nDdl i ed ubiquitin

promotor, a ndd¥ifi BAaRASSEEEMICSOTHH@G to@Yaiay 30, wherein N2 pronot or .

22. A transgenic Ekéﬂbléﬁﬁq b@&l&% Bt ﬂg“ﬂﬁﬁfLEA promotor! he plant
devel opnent pronoto 23. A

transgenic pl3ft agiﬁpalﬁﬁeﬁanﬁﬁqﬂ¥§9 Eh&iaim 30, Wherelqrﬁh?lrst gene

encodes ribosomal Ehpksbi fehepenicddes ribosomal (iMHbitor prddeid
transgenic plant a Slng to claim 21, wherein the specific
exci sion signal 33@% és are LOX sequences and the second gene
encodes CRE. 33. PlantAseednsgeordipcate adedmlidty twhemdin tl2d, wherein

the third gene encgdessiie Takldsieh RIS are 1oXGedhdiassogaac bl ant

according to clai repressi bl e®pronotor 1s a 35S
pronot or nodi - the secondesep@ easesdes (Rfee tet operons. 27. A

transgeni c plgpt apeandi Beelo aclcdrdifly WHY @1aim 30, wherdile Phant is
cotton, the tran5|eﬁé% active ronDtor I's the LEA pronotor, the

specific i GPBR engRYess &hige e XEPLERARNces, the

35. Plant seed according to claim 30, wherein the 'l
repressible promotor is a 35S promotor modified to
contain three tet operons.

36. Plant seed according to claim 29 wherein the plant
seed is cotton seed, the transiently active
promotor is the LEA promotor, the specific
excision sequences are LOX sequences, the first

5 gene encodes ribosomal inhibitor protein (RIP),
the repressible promotor is a 35S promotor
modified to contain three tet operons, the second
gene encodes’ CRE, and the third DNA sequence is
the Tnl0 tet repressor gene.

37. Plant tissue that contains exogenous DNA
comprising _

a first DNA sequence comprising a first gene
whose expression results in an altered plant phen-

5 . otype, and a transiently active promotor, the

first gene and the transiently active promotor
being in functional relation to one another, but
separatéd by a blocking sequence.that is flanked
by specific excision sequences, such that the

10 presence of the blocking sequence prevents the

expression of the first gene,. -
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5. first gene encodes ribosomal inhibitor protein g%FH%,
t he repre‘é’&%(oé”%rormtor is a 35S pronotor modi f PEHUBYOET ai n
t.hree tet operons, the second gene encodes CRE, and the third
DNA sequence is , the Tnl0 tet repressor gern 28 Pl ant
‘seed that has been transformed with exogeno&® THISNAEEPARE IHEHEND
55 _ .. excision signal sequences arg| LOX qepugaeps, thg 5
first gene encodes ribosomal inhibhitor protein :

repressible pronotor is a 359.pronptor nodified to contain
three tet operons, the sec@n@econd DNA seqpence RAWRISI LT ArLEPR2t hird

DNA sequence is gene thhlte ehtblesela MRAIYMERHasieBpecific Sdr thkant
ti ssue that has been s%g%k* transf.or.med with

conprising Specitic; BxaiBigR seqnsnees FhATiNg e bEeciing
whose expression resubéqubncano&ltbeedﬂmsrnDuﬁusequéhce, and atype, and a
e proorey '° P OBep S proporer LS SPAANGLNG LLETSLES )

active pronotor uncti on but
separated by a bl ocki g tbguessenchgenss fanghked on either side
by speci fic excision signah $83¥@NDNE) sequence Compriiiihd NRte ik Pgesence
of the bl ocking sequence prevents the expression of the Tirst
gene, | thale £9F9988A 3 FERAFES W RHeEHy sPacthif for the
gene that gpgcodes a reepieisadda espeendtor Wf i Hecond DNA sgpiénée.

excl sion sl gnal ggaueRiese’ t306ul ddiraing to c1ld P "URSHEL End’ the

first DNA sequentg, a
- blocking sequence comprises the third DNA

sequence.
39. Plant tissue according to claim 37 or claim 38,
wherein | .
the plant tissue is cotton tissue,
the transiently-active promotor is selected
5 from the group. comprising a promotor active in
late embryogenesis, in seed development, in flower
development, in leaf development, in root
development, -in vascular tissue development, in
pollen development, after wounding, during heat or

10 cold stress, during water stress, oxr during or

after exposure to heavy metals, .
the first gene is selected from the group
comprising a lethal gene, an insecticidal gene, a
fungistatic gene, a fungicidal gene, a bac-

15 teriocidal gene, a drought resistance gene, a
protein ?roduct gene or a gene that alters secon-
dary metabolism,

the specific excision sequences are selected
from the group comprising LOX sequences and se-

20 quences recognizable by either flippase,
resolvase, FLP, SSVl-encoded integrase, or
transposase,
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repressi ble pronotor linked in functional relation to the second

gene, WR6/04393 a third DNA sequence conpri si REEUSIOPYSgene 20
t hat encodes a repressor el enent specific for the repressi bl e
pronotor of the second DNA sequence, the third sequence being
linked to a plant-acti.ve pronnser-——— Hi llssue
according to claim37, wherein the IS B G T & e llconpri ses
the third DNA se- : guence. 39. Iantnﬁ ac ing to
claim 37 or claim 38, wherein the plant tissue is
cotton tissue, the secend 9?6ﬂs¢€ﬁ?ﬂ9saétFpécéﬁéﬁbﬂ@GQM? selected 5
fromthe group Copin£éédsél ¢8Rt ProRCth¥egkBup com rlsln CRE,

58 43. Pl ant tlfsue accordlng ? F IE : mhereln t he
third déne encodess1HRPag80 TEOT¥RPRssERP, SSVI- e&&? eg| dRteg

according to cl ai mi3d, tresposasdp : ' repressible pronDtor S a

355 promotor modified the chira gonec8ALah0e I $eokELaBi kiRcrag | 40

‘Pl ant tissue according erern
active pronotor -i sSExoRe i growptoemprising the Thaolsped friepresscs,on

si gnal sequences a3 LiRe lac o eratéfqyé?ﬁfé }hﬁggtéﬁp gene.encodes

ri bosonmal in- 5 |to rotein rep’essi ble pronotor is
a 35S plonot or nDdlfledF?% %%B?%?ﬁlP%?eEr?@Ptﬁﬁeis selected froms thehe

second gene encodesrdiif, c@‘ﬁﬁri@ﬁa@h&rﬂss romotor W&li&%ﬂe%ﬁ do‘iu-t he Tnl0
tet repressor 9€N%ain onez%r morg gQE opeLoﬁg?tah%gdg ?2d§h 1&£1t1n
t ransf or ned-
promotor, a modified MAS promotor and a modified 'I
NOS promotor.

40. Plant tissue according to claim 39, wherein the
transiently active promotor is the LEA pfdmotor.

41. Plant tissue according to‘claim 39,.wherein the
first gene encodes ribosomal inhibitor protein
(RIP).

-42. Plant tissue according to claim 39, wherein the
specific excision sequences are LOX sequences and
the second gene encodes CRE.

43. Plant tissue ‘according the claim 39, wherein the
third gene encodes the Tnl0 tet repreésor.

44. Plant tissue according to claim 39, wherein the
repressible promotor is a 35S promotor modified to
contain three tet operons.

45. Plant tissue according to claim 38 wherein the
transiently active promotor is the LEA promotor,
the specific excision sequences are LOX sequences,
the first gene encodes ribosomal inhibitor protein

5 ' (RIP), the repressible promotor is a 35S promotor
modified to contain three tet operons, the second
gene encodes CRE, and the third DNA sequence is
the Tnl0 tet repressor gené. '

—_—
This Sheet Has B

I 1T ————



Wi th exogenous DNA conpri sing
gene

conpri si ng {0433
gl ant phen- 5

first gene and the transiently active pronotor

a first DNA se nce
whose expression results ébﬁ%ﬁ?%ﬂ%ﬁ?red
and a transiently active pronotor, the

——being in

ot ype,

functional retation to one another, but 61 sEp@n@@gd i ng
sequence that is flanked on-either side Qy spegd| Jﬁg%§¥£%$g"
signal 10 sequences such t hat the presence

sequence prevents %
a second DNA sequ@

reconbi nase specific focmph&siﬁg

fl anki ng the
repressi bl e pronotor
gene, and

that encodesga repressg%@gemaﬂh 2P eFahisq e Q%tiveh (?motézepr

pronot or of the second

go I on gf §\%‘2‘& (ﬁ’°ntalns exog&é’r?é‘%tem encodes a

_ speC|f|c exci si on signal seguences

bl ogki n e e, a

[ nkedst EoEaNcE B s benid” sonvioatits WG GQN 1
whosg expressmnsmmdw danan aligred iplahtyopherd

i bl e

sequence, sequence elng

linked to a plant-acti§érst gene andppgﬁbﬁgpn51ently actlve promotor

60 49.

transiently active pr onot or

according to claim48,
i nhi bitor protein
cl ai m 48, wﬂ;rein t he

15
20
47.
48.
5

10

befngl ant fﬁﬁl::'t 1 20Br HeNathHorr kR BrS andtaie n M@

TBhgrekadl By 5 1R Hemenss, Miar, A F1Am6S
by speciBXE) excisionbkequéndes)t sumdH tdetorttheng to
presence of the blocking sequence prevents the
expression of the first gene,

a second DNA sequence comprising a second
gene that encodes a recombinase specific for the
specific excision sequences flanking the blocking
sequence of the first DNA sequence, and a
repressible promotor linked in functional relation
to the second gene, and

a third DNA sequence comprising a third gene
that encodes a repressor element specific for the
repressible promotor of the second DNA sequence.

A plant cell according to claim 46, wherein the
blocking seéuence comprises the third DNA
sequence. )

A plant cell according to claim 46 or claim 47,
wherein

the plant cell is a cotton cell,

the transiently-active promotor is selected
from the group comprising a promotor active in
late embryogenesis, in seed development, in flower
development, in leaf development, in root
development, in vascular tissue development, in
pollen development, after wounding, during heat or
cold stress, during water stress,.or during or
after exposure to heavy metals,

—_—
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specific X O%608393 gnal sequences are LOX sequen- ces and the
second gene encodes CRE. 52. A plant cell according the claim48,

wherein the third gene encodes the Tnl0 tet repréggﬁﬁmmwﬂm- 53
A plant cell according to claim48, wherein the repressible
pronotor is a 35S pronotor nodified to 62 _ - LT tef
operons. . 54. A plant cell according to cIaJn1Q§%§@%%£g§§BFﬁQ
transiently active pronmotor is the LEA pronotor, _ ne _specific
exci sion signal sequences gjrg ] sequences, the bl ocking
sequence is the third, DNA - f£¥ét gegéqmsnselebhgdfE&%%ggﬁgf encodes

5 ysugnotor i s

ri bosomal in- - comP?ﬁﬁﬁ@@rapletEéD é&%g), t he repr

a 35S pronot or nodrﬂﬁnhgigggﬂgéﬂ#%#hree et~ 6pBF- 1nsecticidaloganed he
second geh& encodes g@gicgnd t.he 1F4g @ fUHgicidaI»ggﬁgqugn e I's the3n10
tet repressor gene. ﬁ%gallgqnﬁJuxidgogggpqgin non’ v aBP€-seed

conpri si ng Protelnspaahﬂckr%%%%P%g!ngza?ﬁ aree |gemepehl culture
with a first DNA seqggpee rising=a Tettfal® gane attht 53 a :
pronotor that is activggiﬁngBBiéﬁBwyogenesis, 5 . _tﬁﬁfﬁeﬁ?ﬁﬁngene

or. being in functional

and the | ate enbryogenesi 5herspeeif; .
Hhig T*S454Pn; Sequpnaesl agld %%1%%%“594:‘:9
. e I

relation to one anotfwdm th but
that is Rban- ked %ﬁ?%?t?@ﬂpgiaén@yL@gegéahgnexc|S|on Si

sequences, such thaﬁqﬂREﬁﬁwﬁﬁﬂngniﬁaﬁjgag§cg¥%£§ 10* ces agdgsgence
‘prevents the expressbsmlahs@heﬁﬂgiugsv - ﬁeﬁk4ppase$econd DNA

sequence conpri singg ne sﬁﬁﬁﬁﬂndedrﬁﬁtégyg) s a reconbi nase
speci fic, for gaggp9ﬁ§s§pecific exci sion si-gnal sé%%bd%ﬁs flanking

gge bl ocki ng sequence ofthaesébpgal Eggbsg ggggg, _ .'
binage a4 specific
25 e sglected from th _ recom-

30

+ & modifieq ubiquitin
tor and 3z modifieg
49, .

50. a Plant ce1} accordji

. 51. |
A plant cel] according to claim 48

Specific excision ge ’ Wherein the

qqences are LOX S8equences anqg

52, A plant cell accordi
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15 and_an i nduci bl e pronmotor |inked in functional

rel ati on™PPHM¥3speci fic reconbi nase gene; PCTUSHYPRN ng a
swhol e plant fromthe plant cell or cell culture;

al l owing the regenerated whole plant to pro- 20° ___duce first
generation seed; - exposing t#i3e first J e
stinulus that i nduces t he induci bl e pr onot or of eﬂ%éaél_:‘gj X R
sequence, thereby induci ng t he gene encod |

reconbi nase and enablln excj sion of the bl ocking sequence of

the first DNA : %aeéqﬁe%ée agcaning, &Q 19la ik d&i orherefial the

sequences, resul ti ngrbpr@%@:.@lree(i:lrofrrwt@x* dfla 358 promotdr HSILE DéQt BE
| at e enbryogenesi s pra the first gene; 30

germnating the firsf g‘gﬁéflagh&ﬁesé:&f perons produce plant expressing
the | ate enbryofénesBAsplant cell moamtdimd itrostclgeime mquemerea.n the

constitutively: I I \M 9 ¥ Qg R! ts econd
generation seed, wher rgns nttfgl'fcg&rse H'lid ch'%ryog% LPHe late
embr yogenesi s pronot §he Speclflc lexcdmioracEgrenqes mne |InQ}< sSeessces, of

the first e %@%%%rgpen ’ é‘%‘u
rendering it non-vi aglﬁg b'].?:cﬁdl%gs net hog's‘ca)lf %lgzum ng a h dn ?ant
expr essi ng°a the; firsthgenegncedas mikasanal dar 1t<@€)®¥¢%¢h@

stably transformng qrip)st thleali*ep&@éswlecgixlomotor 1s a G384 Wronbtbra
first DNA sequence con‘grl Sl

g.a e 0se expressi on
‘results in an alterel® I:"§Prfaa to °°n%alﬁhm%ée%ﬁd’e§%n§%t?%%@i ve
Erom)tor tBle . aenef ens:bd@snt €RENd dridet ttheantdiiamd Imm@e{qv.gargd@rmi?)r g
ei ng operably |inked.to separated by a bl ocking
sequence that is flanllzlg TH10 LT r}%?re%%tqﬁ e by specific excision
sequences, 55. Asmehhodaoft parogusiag: acaf-wiedls ssed onprising

g;events the expression of nihedhiditly 98#® a plant cell or cell culture

a first DNA sequence comprising a lethal gene and
a promotor that is active in late embryogenesis,

S the lethal gene and the late embryogenesis promot-
or being in functional relation to one another,
but separated by a blocking sequence that is flan-
ked by specific excision sequences, such that the
presence of the blocking sequence prevents the

10 expression of the lethal gene, the second DNA
sequence comprising a gene sequence that encodes a
recombinase specific for the specific excision
sequences flanking the blocking sequence of the
first DNA sequence, and an inducible promotor

15 I linked in functional relation to the specific
recombinase gene; |

regenerating a whole plant from the plant
cell or cell culture;
allowing the regenerated whole plant to pro-

20 duce first generation seed;

-exposing the first generation seed to a
stimulus that induces the inducible promotor of

—
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stably transform ng a second plant cell or cell culture with a second

DNA seqW@R68433npri sing a second gene that encodes aPCHUSIWIINGSe
specific for the speci fic excision sequences flanking the bl ocking
sequence of the first DNA sequence, and a pronDtor. that is active.
during seed germ.nation and . Subst | [ herw se operably
linked - - in functional relation to t1é*@%§ i QE%N)

regenerating the first and second cell s|jor gttires into first
and second pl ants, hybridi zing the first and second plants to

produce hybrid seed:leerﬁeq:@n@gDNAesequsncandthhe'eby inducdmg Rilte gEpesnces;
grow ng the hybr'Cléﬁﬁﬁhiﬂ%otﬁeh¥Béb§f@EaQEcoﬁﬁlnés@ehgﬂpe&ﬁ%t gi g to

claimb56, wherein the | | ocki Ng sequence 1's a sequence ses mal e
sterilitdp 58. A|ﬂ§¥ﬁk§%&%0?€lﬁﬁetbleFKFﬁg5$eq%ﬁ§F§|ﬁf the first,ONA

transiently-active gequieios 46 cBkespedific Ekemshaa %b@ﬁhl%rﬁ.‘e@“ sing a’
pronntor active in

r enesl s n_see ment , n fl ower
devel oprent , |nleﬁﬁe%ﬁi&ﬁ%%n%ﬂ ¥ﬁg EFBSFt fun&@&@?@gngﬁp age s &her
ti ssue devel opnent ,late emb;mwgenedésepnpmenbr afitdér theufdirsg géiid;ng heat

or cold stress, duri p@ﬁgglﬁérgﬁé f?E éggg Q% io %f%P&ﬁgxposure to

- heavy netal s, e né s ser oM
conprisiPfg a | et halprg#wce amlameexpceaanngenbe date efnbryiogemesisgene, a

fungi ci dal gene, ﬂ&?&notor/fﬂ*é@cgéﬁe 8846endd eah!swc%h%'l ; & drought

resi stance gene, a proteln grp uct eng or gene érs secondary

met abol i sm allowing the plant to produce second
- generation seed, whereby in the course of
embryogenesis the late embryogenesis-promotor
35 becomes active, permitting expression of the
lethal gene in the second generation seed, thereby
~rendering it non-viable.
56. A method of producing a hybrid plant expressing a
trait not expressed by either parent, comprising
1ntroduc1ng into a first plant cell or cell
culture a first DNA sequence comprising a first
5 gene whose expression results in an altered plant
phenotype, and a transiently-active promotor, the
first gene and the tranSiently-active'promotor
being operably linked to one another, but
-separated by a blocking sequence that is flanked
10 by specific excision sequences, such that the pre-
- sence of the blocking sequence prevents the ex-
pression of the first gene;
introducing into a second plant cell or cell
culture a second DNA sequence compr1s1ng a second
15 gene that encodes a recombinase specific for the
specific excision sequences flanking the blocking
sequence of the first DNA sequence, and a promotor
that is active during seed germination operably
linked in functional relation to the second gene;
_,,,,~f~-"“’”"'~
een Rep,aced
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*t he specific signal sequences are selected fromthe grou I n
LOX sequeWOL504303 se- guences recogni zabl e by elthergflfgﬂgggﬁm&% °
,resolvase, FLP, SSVI encoded integrase, or transposase,

64 the second gene encodes a spe “_—a-n"——"j

bi nase sel ected fromthe group conprising CRE ﬁ*gggaseHAﬁéﬁﬁNuse
FLP, SSV1-encoded i ntegrase, and transposase, REPLAGER: jilence
that caused male sterility is sel ected from t he=groaf ‘——-*rrrgrﬁg a

.l ethal gene operably linked to an anther- speC|f| ronptor_ and a
| et hal gen20operably | i nke#egensrasing tise&imst and ﬁé&ﬂéﬁ:ﬁel%é or p

Imgt{]ﬁg EEEXOL?BPT& E)? ctg%um éﬁlt\ﬂi%(rjselﬁzﬂdﬁatlrst ahfdifﬁ‘ddﬁgid Yokaitsye pronotor
Q accor.di 8 ein the first

gene encodes ri bosomal i nhiBPEd :%iﬁé% %99&94&5?%&% P ng to

claim 58, wherein the rodueepwb‘mca @eﬁ&mmntsa:gnaig sehpiefiioest card Lthe

sequences and the second gﬁpzm&h a% 62. A nethod accordlng to claim
58, wherein Lhe SUSes 'mal e sterility is the RIP

gene |inkedsto an ant her sm@wmng phendndiridzeed imth@ hykbidi piapb-

claim 58, whereigtheaplan PR Atse , theetdBstigat |y active
pronot er is”a LE&' ronote?cc g%QC|f|c excisi on si gna

sequences are LOX seqbémgﬁénﬁlﬁﬁqHQQﬂegﬁﬁu? sequenre da R ¢AUSEE TaLSNd
gene encodes CRE, andgterility.

58. A method according to claim 57, wherein

the transiently-active promotor is selected
from the group comprising a promotor active in
late embryogenesis, in seed development, in flower

5 development, in leaf development, in root

development, in vascular tissue development, in
pollen development, after wounding, during heat or
cold stress, during water stress, or during or
after exposure to heavy metals,

10 the first gene is selected from the grodp
comprising a lethal gene, an insecticidal gene, a
fungistatic gene, a fungicidal gene, a bac-
teriocidal gene, a drought resistance gene, a
protein product gene or a gene that alters secon-

15 dary metabolism, | '

the specific excision sequences are selected
from the group comprising LOX sequences and se-
quences recognizable by either flippase, '

_ resolvase, FLP,'SSVl-encoded integrasé, or
20 : transposase, '

the secornid gene encodes. a spec1f1c recom-
binase selected from the group comprising CRE,
flippase, resolvase, FLP, SSV1-encoded integrase,
and transposase,

eet Has Been Replaced
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sequencg t hat _causes nmale sterility is the RP gene linked to an
ant her Y28 pronoter. 64. A nethod of producing seedPEHESS9Scapabl e

- of germ nation, conprising stably transforming a first plant
cell or cell ~culture with a first DNA sequence CORPri=SH -hal .
gene, and a pronoter that is active in | a6é emﬁvyb fESIHAS BEEN ljlet ha
gene and the late ‘embryogenesi s pronoter bei ng_operf#RbAGEMked tlo
one anot her, but separated by a bl ocki ng sequence that 15 T d on
ei ther sjde by specific __ excision sequences, such that the presence of
t he 25 _ the sequepge that causes male sterility is
AVENDED SHEET selected. fbbﬁckhéglgi'éilpe&@?tpﬂﬁg\i%@t =Y tlféecrgamplrgee%?é On| f’f
t he | et hal gepe. . t transform ng.a,second plTant ce or
cel | culture _5§%F%P%%c$hﬂkﬁﬁm£8e ﬂeﬁ88i85ﬁﬁPFgF%@°aHﬁ9m9t°r andat

encodes a reconbi naaselephal f genéoopehably lisked tioc acyoildied spRstiefices

fl anki ng the blocmégbmoter§equence of the first DNA sequence, and a

pr onot or that Ts active during seed germ nation operably l'i nked
in functional I ath dretlodhaceerdingntceclaim §énewherein the regenerating

the first and secondr&@bién€ly acti®él brotbtBiess BhR S b e ond
p'a”ts; rnmgdgl%&q%eéggafééggrggggsggoggagkag%? a%erein the first
_ gene encodes ribosomal inhibitor protein (RIP).
'61.. A method according to claim 58, wherein the
' specific excision sequencés.are LOX sequences and .‘I
the second gene encodes CRE. '
62. A method according to claim 58, wherein the
sequence that causes male sterility is the RIP
gene linked to an anther specific prémoter. ,
63. A method according to claim 58, wherein the plants
are cotton plants, the transiently active promoter
is a LEA promoter, the specific excision sequences
are LOX sequences, the first gene encodes RIP, the
5 second gene encodes CRE, and sequence that causes
male sterility is the RIP gene linked to an anther
specific promoter.
64. A method of producing seed that is incapable of
germination, comprising
introducing into a first plant cell or cell
culture a first DNA sequence comprising a lethal
5 gene, and a promoter that is active in late
embryogeﬁesis, the lethal gene and the late
embryogenesis promoter being operably linked to
one another, but separated by a blocking sequence
that is flanked by specific excision sequences,
- 10 . such-that the presence of the blocking sequence
prevents the expression of the lethal gene and the
recombinase gene;

\
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“produce hybrid seed containing the first and the second DNA sequences;

ger mi nat W2@0489hybri d seed to produce a hybri d pl ant PEXAISaYE3583) t he
if econbi nase; all owing the hybrid-plant to produce second
generation hybrid seed, whereby in the course of _enbryogenesi s, the
| ate enmbryogenesis-pronoter: .. becones a7 ve, per £ f

t he | ethal gene in the second generation hybrid S@ﬁ@g*ﬁETHA&BEENy
renderi ng the second generation hybrid seed incapabl ergPLAGEDI nat |
65. A nmethod according to claim64, wherein the . Is a
sequence that causes nalelntrQQHangt%ntQNa second twkante cerl norteetlai m

65, wherein cutllﬂ‘ﬁfer AN TARL é&-&%ﬁ@tﬁ%ﬁﬁéﬂ §Ci€dene from
the group_conprising a pronotor active in Tyogenes) s, Th seed
devel opmeh®, in flowshat engodes;gmaifconiinasg sras T ther oot

devel opnent, in vascgpatiffies exci®im Befilendds flaﬂk&ﬂéﬁtﬂ@vsieengﬁg
af ter woundi ng, duri ng heat or c?.d s‘%r S, dur| cgewat ot stressbtor
during or after BYFHERFE OF Kb Hhs ID(é‘i,aL promotor

66 . 72, A nthhud1%0acndwauﬁurxpgmséedﬂggmminhﬁlmml¢¢amably
conmpri st ng EQR' Hharf% tidHh12 x%laaﬂho%'éo "\éﬁé‘ Pﬁérﬁﬁin?&@
sequence conprising a gene ose expression S In an

al tered p2@nt phenot gg8eiand a tran-
regenerating the first and second cells or

cell cultures into first and second plants;
hybridizing the first and second plants to
produce hybrid seed containing the first and the

25 second DNA sequences;

germinating the hybrid seed to produce a
hybrid plant expressing the ;
- allowing the hybrid plant to produce second
generation hybrid seed, whereby in the course of

30 ' embryogenesis, the late embryogenesis proﬁoter
becomes aétive,-permitting expression of the
lethal gene in the second generation hybrid seed,
thereby rendering the second generation hybrid
seed incapable of germination.

65. A method according to claim 64, wherein the
blocking sequence is a sequence that causes male
sterility.

66. A metho@ according to claim 65, wherein

the specific excision sequences are selected
from the group comprising LOX sequences and se-
quences recognizable by either flippase,

5 resolvase, FLP, SSVl-encoded integrase, or

transposase, .
the recombinase gene encodes a specific
recombinase selected from the group comprising
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siently-active pronotor, the first géne and the transiently-actiVe

pr onot oWos104393oper abl y | i nked to one another, but sBORUSIHWSYY a

bl ocki ng sequence that is flanked by specific excision sequences,
such that the. presence of the bl ocking seqgene 2vents the
expression of - the-first gene, an opga onal :
conprising a - second :gene that encodes a r¢g qr

the repressible promotor of a third DNA sequen codi ng

the repressor being linked to a .plant-actlve_pronnter, _
i ntroduci ng i nto RB,anflippase o tésolivady, FLPse§8¥heencoded sing a third

gene tIRt encodes ]%n._%? {éor@ﬁ&‘aéfa§¥8%£%% for the specific excision se-

quences$ f | anking t sequenc - first DNA sequence, and a
promoLor that is- ok Qwﬁ#qqenp¢e%h@§s¢%u§e§r@ﬁ%@eﬁtéﬁéﬂaﬁwyMa nked

in functional rel aéél%ééatf‘f‘otﬁhtﬁ&' §E8Ep com ns:.n eaemaﬁ;ﬁfalln@hea:émol e
plant fromthe plant el | nf ec BNE lant wi tth the, pl ant

virus, such1ﬂﬂﬁeﬁqh;¥|¥%ﬂke§e5%nﬂn anh ?ﬁl? epiAlc PropRtecéidre al |
present in the plahtlethal gene operably linked to a pollen-dﬁ%c1fic

15 promoter.
67. A method according to claim 66, wherein the
) transiently promotor active in late embryogenesis.
'68. A method according to claim 66, wherein the lethal

gene encodes ribosomal inhibitor protein (RIP). 'l

62. A method according to claim 66, wherein the
specific excision sequences: are LOX sequences and
-the second gene encodes CRE.

70. A method according to claim 66,'where1n the
sequence that causes male sterility is the RIP
gene linked to an anther specific promoter.

71. A method according to claim 66, wherein the plants
are cotton plants, the promoter active in late
embryogenesis, the specific excision sequences are
LOX sequences, the lethal gene encodes RIP, the

.5 recombinase gene encodes CRE; and sequence that
causes male sterility is the RIP gene linked to an
anther specific promoter.

72. A method for making a genetlcally modified plant
comprising

introducing into a plant cell a first DNA
sequence comprising a first gene whose expression
5 results in an altered plant phenotype, and a tran-
siently-active promotor, the first gene and the
transiently-active promoﬁor being operably linked
to one another, but separated by a blocking
sequence that is flanked by specific excision
10 sequences, such that the presence of the blocking
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VD 96/ 04393 ' PCT/ US95/ 09595

69 W0 96/043935cquence prevents the expression of the fiFSHUSISN0959S
gene, an optional second DNA sequence conprising a second gene
t hat encodes a repressor specific for t he repressi bl e pronotor
of a third DNA sequence, 15 irﬁ90ducrpg=£ﬂ£g=§=g£§gL-V|rus a

third DNA sequence conprising a third{gene $HEHT 1SASBEES
recombi nase specifi¢ for the specific excision Sﬁ REPLACEDQUENCIES

flanking the bl ocking sequence of the
pronotor that is 2osequen0%mﬁt%wﬁw¢§ Bhe cprerepsian ppinbher Ldgatabl v

li nked n&“ﬂaﬁﬂﬁﬁti@ﬁﬁllQécéﬁdtDﬂAtBééﬂeﬁ@éecomprlslng a
regenerating a mhol om the pla

| ant fr
infecting the plant svﬁp S HERF e | Ptodes repres§it SPRGLELRe SPFr 1
second, and third Dthe repressibbeopreowesornrefadl thiedeDNAiI seghenpkant .

15 introducing into a plant virus a third DNA
sequence comprising a third gene that encodes a
recombinase specific for the specific excision se-

and a

quences flanking the blocking sequence of the
first DNA sequence, and a promotor that is
20 optionally a repressible promoter operably linked
in functional relation to the third gene;
regenerating a whole plant from the plant
cell;
infecting the plant with the plant virus,
25 such that the first, second, and third DNA
sequences are all present in the plant.
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