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(57) ABSTRACT 

Disclosed is an inducible promoter System in conjunction 
with a site-specific recombination System which allows (i) 
Specific activation of transgenes at Specific times or (ii) 
excision and removal of transgenes (e.g., antibiotic resis 
tance markers) from transgenic plants. These "Suicide’ gene 
cassettes, including the recombination System itself, can be 
evicted from the plant genome once their function has been 
exerted. The system is based on the ability to temporally and 
spatially induce the expression of CRE recombinase which 
then binds to directly repeated lox sites flanking the trans 
gene in question leading to the precise excision of the gene 
cassette. Also disclosed is a method to activate an inverted, 
and therefore Silent, transgene by placing two loX sites in 
opposite orientations flanking the transgene. This results in 
inversion of the intervening DNA fragment in the presence 
of CRE recombinase. This activation can be timed by 
placing the CRE recombinase under the control of an 
inducible promoter. 
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INDUCIBLE SITE-SPECIFIC RECOMBINATION 
FOR THE ACTIVATION AND REMOVAL OF 
TRANSGENES IN TRANSGENIC PLANTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a division of U.S. patent 
application Ser. No. 09/439,534, filed 12 Nov. 1999, incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Transgenic techniques have become a powerful 
tool to address important biological problems in multicel 
lular organisms, and this is particularly true in the plant field. 
Many approaches that were impossible to implement by 
traditional genetics can now be realized by transgenic tech 
niques, including the introduction of homologous or heter 
ologous genes into plants, with modified functions and 
altered expression patterns. The Success of Such techniques 
often depends upon the use of markers to identify the 
transgenic plants and promoters to control the expression of 
the transgenes. 
0003. Selectable markers are widely used in plant trans 
formation. Historically such markers have often been domi 
nant genes encoding either antibiotic or herbicide resistance 
(Yoder and Goldsbrough, 1994). Although such markers are 
highly useful, they do have some drawbacks. The antibiotics 
and herbicides used to select for the transformed cells 
generally have negative effects on proliferation and differ 
entiation and may retard differentiation of adventitious 
shoots during the transformation process (Ebinuma et al., 
1997). Also, Some plant species are insensitive to or tolerant 
of these Selective agents, and therefore, it is difficult to 
Separate the transformed and untransformed cells or tissues 
(Ebinuma et al., 1997). Further, these genes are constitu 
tively expressed, and there are environmental and health 
concerns over inserting Such constitutively expressed genes 
into plants which are grown outside of a laboratory Setting 
(Bryant and Leather, 1992; Gressel, 1992; Flavell et al., 
1992). 
0004. A system to silence or remove such marker genes 
or other genes or to express them at only desired times 
would be very useful. Placing Such genes under the control 
of an inducible or tissue-specific promoter has been accom 
plished. For example, transgenic plants expressing the ipt 
gene under the control of heat shock- (Medford et al., 1989), 
light- (Redig et al., 1996), copper- (McKenzie et al., 1998), 
tetracycline- (Redig et al., 1996; Faiss et al., 1997; Gatz et 
al., 1992) or dexamethasone- (Kunkel et al., 1999) inducible 
promoters have been used to Study the biological effects of 
cytokinins. Other inducible Systems include the heat-induc 
ible expression system (Lyznik et al., 1995), the ethanol 
inducible system (Caddick et al., 1998), the ecdysone sys 
tem (Martinez et al., 1999), and the TGV dexamethasone/ 
tetracycline system (Bohner et al., 1999). 
0005 Excision of a marker gene by using the transpos 
able element Ac has been performed, although this occurs at 
a very low frequency and after a long period of cultivation 
(Ebinuma et al., 1997). Another method for excising a gene 
is to use the Cre/lox system. The bacteriophage P1 Cre/lox 
site-specific recombination system (Dale and Ow, 1990; 
Odell et al., 1994) consists of two components: (i) a recom 
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binase (CRE) and (ii) recombination sites (lox) at which the 
recombinase acts. The CRE gene encodes a 38 kDa recom 
binase which is able, without any other additional factors, to 
catalyze the recombination between two lox Sites. Alox site 
consists of two inverted 13 bp repeats Separated by an 
asymmetric 8bp Spacer where each inverted repeat acts as 
a binding site for CRE. The asymmetric nature of the 8 bp 
Spacer gives a directionality to the lox Site and determines 
the type of recombination event. The presence of two 
inverted lox sites leads to an inversion of the intervening 
DNA sequence whereas the presence of two directly 
repeated loX sites results in the excision of the intervening 
DNA sequence. 

0006 There are several site-specific recombination sys 
tems that have been shown to work in plants in addition to 
the described bacteriophage P1 Cre/lox system and these 
include: (i) the FLP-FRT system from Saccharomyces cer 
evisiae (O'Gorman et al., 1991), (ii) the GI N/gix system 
from bacteriophage Mu (Maeser and Kahmann, 1991) and 
(iii) the R/RS system from Zygosaccharomyces rouxii 
(Onouchi et al., 1991). 
0007. The FLP-FRT recombination system from Saccha 
romyces cerevisiae is based on Site-specific recombination 
by FLP recombinase on FLP recombination target sites 
(FRT). FRT consists of two inverted 13 base pair repeats and 
an 8 base pair spacer on which FLP recombinase acts. By 
inserting two directionally repeated FRT Sites flanking a 
target gene it is possible, by addition of FLP recombinase, to 
excise the intervening DNA fragment by Site-specific evic 
tion. FLP recombinase mediated excision has also been 
shown to be reversible providing means for the introduction 
of DNA into Specific Sites in mammalian chromosomes 
(O'Gorman et al., 1991). 
0008. The Gin invertase encoded by bacteriophage Mu 
catalyzes the Site-specific inversion of the G Segment in the 
bacteriophage. The recombination sites (gix) are 34 base 
pairs in length and the two sites consist of two inversely 
oriented half-sites Separated by two croSSOver regions. GIN 
acts on the gix Sites by binding to the two half-sites and 
mediates DNA exchange and hence DNA inversion. 
0009. The R gene from pSR1 from Zygosaccharomyces 
roulxii encodes a recombinase that mediates Site-specific 
recombination between two recombination sites (RS). The 
RS sites on pSR1 comprise a pair of inverted repeat 
sequences of 959 base pairs which contain the recombina 
tion sites (58 base pairs). Depending on the directionality of 
the RS Sites, the R recombinase can catalyze, without any 
other additional factors, the excision (directionally repeated) 
or inversion (opposite orientation) of large DNA fragments 
(~200 kilobase pairs). 
0010. The publications and other materials used herein to 
illuminate the background of the invention or provide addi 
tional details respecting the practice, are incorporated by 
reference, and for convenience are respectively grouped in 
the appended List of References. 

SUMMARY OF THE INVENTION 

0011. The invention is directed to the use of an inducible 
promoter System in conjunction with a Site-specific recom 
bination System in order to (i) Specifically activate trans 
genes at Specific times and (ii) to excise and remove trans 
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genes (e.g., antibiotic resistance markers) from transgenic 
plants once used and no longer needed. These "Suicide’ gene 
cassettes, including the recombination System itself, can 
therefore be evicted from the plant genome once their 
function has been exerted. 

0012. The system is based on the ability to temporally 
and Spatially induce the expression of CRE recombinase 
which then binds to directly repeated lox Sites flanking the 
transgene in question leading to the precise excision of the 
gene cassette. In order to test this System a construct was 
designed that allows in planta monitoring of precise excision 
events using the firefly luciferase (LUC) reporter gene as a 
marker for recombination. 

BRIEF DESCRIPTION OF THE FIGURES 

0013 FIG. 1 is a schematic diagram showing pCVG 
Cre/lox-luc and the principle of inducible Site-specific 
recombination and eviction of the intervening Stuffer-frag 
ment. G1090; promoter (Ishige et al., 1999) driving the 
tri-hybrid transcription factor GVG; 3A-ter: rbcs 3A polyA 
addition sequence; 6xUAS: 6x binding site for GVG: 
CaMV-ter: CaMV polyA addition sequence; NOS-ter: nopa 
line synthase polyA addition sequence; E9-ter: rbcs E9 
polyA addition Sequence. 

0014 FIGS. 2A-B show DEX treated and non-DEX 
treated leaves from two independent transgenic Arabidopsis 
lines showing inducible site-specific recombination and 
eviction of the "stuffer-fragment”. Positive recombination 
Sectors are shown by luciferase activity. 
0.015 FIG. 3 is a schematic diagram showing the prin 
ciple of inducible site-specific inversion of an intervening 
transgene. G1090: promoter driving the tri-hybrid transcrip 
tion factor GVG; 3A-ter: rbcs 3A polyA addition sequence; 
6xUAS: 6x binding site for GVG; CaMV-ter: CaMV polyA 
addition Sequence, NOS-ter: nopaline Synthase polyA addi 
tion Sequence; E9-ter: rbcS E9 polyA addition Sequence. 
0016 FIG. 4 is a schematic diagram of a binary vector 
enabling constitutive expression of a marker transgene fol 
lowed by inducible excision of the DNA cassette. X Cas 
Sette: transgene encoding genetic trait of interest; G1090: 
promoter driving the tri-hybrid transcription factor GVG: 
3A. rbcS 3A polyA addition Sequence; 6xUAS: 6x binding 
site for GVG., NOS: nopaline synthasepolyA addition 
sequence; E9: rbcs. E9 polyA addition sequence; NOS: 
nopaline Synthase promoter. 
0017 FIG. 5 is a schematic diagram of a binary vector 
enabling inducible expression of a marker transgene fol 
lowed by inducible excision of the DNA cassette. X Cas 
Sette: transgene encoding genetic trait of interest; G1090: 
promoter driving the tri-hybrid transcription factor GVG: 
3A. rbcS 3A polyA addition Sequence; 6xUAS: 6x binding 
site for GVG (high affinity); 1xUAS: 1x binding site for 
GVG (low affinity); NOS: nopaline synthase polyA addi 
tion sequence; E9: rbcs. E9 poly Aaddition sequence; NOS: 
nopaline Synthase promoter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.018 We here demonstrate site-specific excision of DNA 
fragments from transgenic Arabidopsis plants using the 
bacteriophage P1 Cre/lox Site-specific recombination System 
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in conjunction with the GVG inducible system (U.S. patent 
application Ser. No. 09/014,592 which is incorporated 
herein by reference; Aoyama and Chua, 1997). The gener 
ated construct, pGVG-Cre/lox-luc, consists of the GVG 
inducible promoter system (Aoyama and Chua, 1997) driv 
ing the expression of CRE and a CaMV 35S promoter 
driving LUC expression which is transcriptionally blocked 
by an intervening DNA cassette, a "stuffer-fragment” con 
taining two directly repeated lox Sites flanking a NOS polyA 
additional sequence (FIG. 1). 
0019. The system works as follows: (i) Addition of the 
chemical inducer, the Steroid hormone dexamethasone 
(DEX) in the examples of this disclosure, to transgenic 
plants leads to a conformational change and “activation' of 
the trihybrid transcription factor GVG which in turn is able 
to bind to the 6x UAS promoter Sequence and initiate tran 
scription of CRE. (ii) The generated CRE recombinase binds 
to the directly repeated lox Sites giving rise to Site-specific 
recombination and the excision of the NOS terminator. (iii) 
Following recombination and removal of the NOS termina 
tor the CaMV 35-S promoter is able to drive LUC expres 
Sion which marks the recombination Sectors. 

0020 We have transformed pCVG-Cre/lox-luc into Ara 
bidopsis thaliana and analyzed site-specific recombination 
events before and after DEX treatment. Transgenic Arabi 
dopsis plants harboring the GVG-Cre/lox-luc transgene 
were grown under greenhouse conditions for 2 weeks fol 
lowed by application of DEX. A solution of 20 uMDEX was 
applied (painted) onto one marked leaf from various trans 
genic Seedlings. The Seedlings were then transferred back to 
the greenhouse for between 6-12 hours. The marked DEX 
treated leaf was then excised from the Seedlings together 
with an adjacent non-DEX-treated leaf, placed on a petri 
dish, followed by application of the firefly luciferase Sub 
strate luciferin. All leaves were then monitored for LUC 
activity using a cooled CCD camera. 
0021 Although our system is demonstrated successfully 
using the GVG inducible system, any inducible or de 
repressible expression System will work as efficiently as the 
example described. Other inducible Systems include, but are 
not limited to, the heat-inducible expression System (Lyznik 
et al., 1995), the ethanol inducible system (Caddick et al., 
1998), the ecdysone system (Martinez et al., 1999), and the 
TGV dexamethasone/tetracycline system (Bohner et al., 
1999). 
0022. There are several site-specific recombination sys 
tems that have been shown to work in plants in addition to 
the described bacteriophage P1 Cre/lox system and these 
include (i) the FLP-FRT system from Saccharomyces cer 
evisiae (O'Gorman et al., 1991), (ii) the GIN/gix system 
from bacteriophage Mu (Maeser and Kahmann, 1991) and 
(iii) the R/RS system from Zygosaccharomyces rouxii 
(Onouchi et al., 1991). Although we have demonstrated 
eviction using the Cre/lox System, all the above recombina 
tion Systems can also be used for inducible or de-repressible 
transgene eviction or activation using any inducible pro 
moter to drive the expression of the described recombinases. 
0023 The described example of site-specific recombina 
tion involves eviction of a Stuffer-fragment to allow activa 
tion of a Silent transgene. It is also possible to activate genes 
by Site-specific reversion of the intervening DNA fragment 
when the loX sites are placed in the opposite orientation. 



US 2004/0143874 A1 

0024. The use of an inducible or de-repressible system in 
conjunction with a recombination System allows the Specific 
eviction of any Single transgene placed between the chosen 
recombination Sites. It is also possible to use a “two 
component System where two inducible Systems are 
employed. This allows inducible activation of the transgene 
in question (e.g., an antibiotic resistance marker) using one 
inducer followed by eviction of the entire transgene, includ 
ing the recombination System, using a Second inducer, once 
the transgene (e.g., an antibiotic resistance marker) has 
fulfilled its function. Alternatively, inducible promoters with 
different inducer affinities may be used selectively to acti 
Vate one transgene and not the other depending on the 
concentration of the inducer in question. Eviction of trans 
genes (e.g., antibiotic resistance markers) from the plant 
genome using Cre-catalyzed excision biology has been 
reported (Dale and Ow, 1991; Odell et al., 1994). However, 
these events rely on gene transfer with Subsequent excision 
of the transgene leaving the recombination transgene, linked 
to a Second marker gene, Still present in the plant genome. 
0.025 Although the system described was tested in Ara 
bidopsis thaliana, any transformable plant Species can be 
used for this purpose. 
0026. The ability to specifically remove transgenes from 
transgenic plants offers a way of engineering desired genetic 
traits into crop species without the presence of potentially 
environmentally unfriendly transgenes Such as antibiotic 
resistance markers. The System can also be used to activate 
silent transgenes by removal of “stuffer fragments or by 
inverting the Silent transgene into the correct orientation for 
functional expression. The Site-specific recombination SyS 
tem described has the ability to fulfill these objectives and 
these can be divided into two broad categories: A) timed 
activation of a Silent transgene by excision or inversion and 
B) eviction of constitutively expressed genes after usage. 
0027. The present invention is described by reference to 
the following Examples, which are offered by way of 
illustration and are not intended to limit the invention in any 
manner. Standard techniques well known in the art or the 
techniques specifically described below were utilized. 

EXAMPLE 1. 

Timed Activation of a Silent Transgene by Excision 
or Inversion 

0028 A) Removal of “Stuffer” Fragment 
0029. This example demonstrates clearly that a silent 
transgene can be temporally activated. The principle is based 
on the ability of a terminator Sequence to abolish functional 
expression of a transgene from a constitutive promoter when 
placed between the promoter and the transgene in question 
(FIG. 1). By placing two directional lox sites flanking the 
terminator Sequence, here NOS-ter, it is possible by induc 
ible recombinase expression to excise the terminator 
Sequence leading to functional transgene expression. The 
firefly luciferase (LUC) reporter gene is used as a marker for 
functional recombination and Subsequent transgenic activa 
tion. The addition of dexamethasone induces expression of 
CRE which in turn will cut out the terminator region 
between the two lox Sites. In the absence of dexamethasone, 
the presence of the NOS-ter between the 35S promoter and 
the luciferase gene prevents the expression of luciferase. 
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After dexamethasone is added, thereby inducing CRE which 
cuts out NOS-ter, the LUC gene is controlled by the CaMV 
35S promoter and is expressed. This gene remains expressed 
even after withdrawal of dexamethasone. The LUC gene is 
here used only as an example because its expression is easily 
observed. It can be replaced by any other desired gene which 
will Similarly be Silent prior to addition of dexamethasone, 
but will be turned on by addition of dexamethasone and will 
remain on after withdrawal of dexamethasone. 

0030 AS can be seen from FIGS. 2A-B, the application 
of DEX induces site-specific recombination in leaves of 
transgenic Arabidopsis Seedlings. It is also clear that the 
System shows no non-specific induction as is evident from 
the lack of luciferase activity in non-treated leaves. For 
applied applications the LUC gene can simply be replaced 
by any transgene. An example illustrating this is given 
below. 

0031. The expression of floral homeotic genes in Arabi 
dopsis depends on the action of meristem-identity genes 
such as LEAFY, which encodes a transcription factor that 
determines whether a meristem will generate flowers instead 
of leaves and shoots. LEAFY participates in the activation of 
homeotic genes, which are expressed in Specific regions of 
the flower (Busch et al., 1999) and it has been shown that 
ectopic expression of LEAFY leads to flower induction in 
transgenic aspen (Weigel and Nilsson, 1995). 
0032. Using the developed site-specific recombination 
system it is possible to generate timed activation of LEAFY 
in transgenic trees which show desired traits Such as rapid 
growth in the field after several years. Treated trees will 
flower and set seed which can be used immediately for 
propagation by Somatic embryogenesis. 
0033 B) Inversion of a Transgene 
0034 Placing two lox sites in the opposite orientation 
leads to inversion of the intervening DNA fragment. Using 
the site-specific recombination System it is possible to 
activate Silent transgenes by timed inversion of the transgene 
in question (FIG. 3). Placing the transgene in an antisense 
orientation behind a constitutive promoter leads to non 
functional expression of the transgene. Timed expression of 
the recombinase leads to site-specific inversion of the trans 
gene into the Sense orientation which in turn leads to 
transgene activation. This approach, although feasible, has 
the disadvantage that the recombination event is reversible 
due to the continual presence of both recombination Sites 
after recombination. This in effect means that the interven 
ing DNA fragment can be “flipped” back and forth during 
the presence of the recombinase. 

EXAMPLE 2 

Eviction of Constitutively Expressed Genes after 
Usage 

0035 A) Constitutive Expression of a Marker Transgene 
Followed by Inducible Excision 
0036) The transformation of any plant species requires a 
selectable marker in order to identify individuals that have 
been Successfully transformed with the transgene in ques 
tion. This is normally performed using either an antibiotic 
resistance marker gene Such as npt II and hptI or a gene 
coding for shoot regeneration properties Such as isopentenyl 
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transferase (Kunkel et al., 1999) as part of the transgene 
cassette which in turn becomes integrated into the plant 
genome together with the desired genetic trait. The 
described inducible recombination System can be used to 
remove the “marker' gene once transformed plants have 
been regenerated and Selected for Successful transgene inte 
gration leaving behind only the transgene (genetic trait) of 
interest. The underlying principle is as follows: A plant 
transformation binary vector is constructed containing the 
following between the left and right border integration 
sequences (FIG. 4): (i) the gene of interest (X Cassette), (ii) 
constitutive expression of a marker gene, e.g., kanamycin or 
CKI1 under the control of a NOS promoter as shown in FIG. 
4, and (iii) inducible expression of a recombinase, e.g., use 
of the GVG system in combination with CRE which is 
controlled by a 6x UAS promoter as shown in FIG. 4. The 
order of the internal Sequences need not be that shown in 
FIG. 4. The cassette containing the marker gene and the 
recombinase is flanked by two directly repeated recombi 
nation sites. 

0037 Upon transfection with the vector, transfected 
plants or cells are identified via the marker which is con 
Stitutively expressed. After Selection of transfected plants or 
cells, the selected plants or cells are treated with DEX which 
binds to GVG, this complex in turn binds to the 6xUAS 
causing induction of CRE which then excises the complete 
region of the vector between the two lox sites thereby 
leaving only the RB, X Cassette, one copy of lox, and the 
LB. This system allows for the regeneration of transgenic 
plants containing the gene of interest by virtue of marker 
gene Selection followed by marker gene eviction by Site 
Specific recombination in response to an inducer. 

0038 B) Inducible Expression of a Marker Transgene 
Followed by Inducible Excision 
0.039 Inducible promoter systems can be manipulated so 
that their affinity towards the inducer varies. In this respect 
it is possible to construct a Site-specific recombination 
System where both the marker gene and the recombinase are 
under the control of the same inducible promoter but harbor 
different affinities towards the inducer in question. The 
underlying principle is as follows: A plant transformation 
binary vector is constructed containing the following 
between the left and right border integration Sequences 
(FIG. 5) (i) the gene of interest (X Cassette), (ii) inducible 
expression of a marker gene (e.g., kanamycin or CKI1) 
using a high affinity promoter (here, 6x UAS), and (iii) 
inducible expression of a recombinase (e.g., CRE) using a 
low affinity promoter (here, 1xUAS). The order of the 
internal sequences need not be in the order as shown in FIG. 
5. The cassette containing the marker gene and the recom 
binase is flanked by two directly repeated recombination 
Sites (lox is used in this example). 
0040. To use this system, plants or cells are transfected 
with the vector. Addition of an inducer (DEX in this 
example) at a low level induces the gene under the control 
of the high affinity (6xUAS) promoter but not the low 
affinity (1xUAS) promoter. In the example, a low level of 
DEX induces kanamycin or CKI1 which can be used to 
Select transfected cells or plants. After the transfected cells 
or plants are Selected, they are treated with a high level of 
inducer which then binds enough GVG to be at a high 
enough concentration to bind the 1x UAS to induce Synthesis 

Jul. 22, 2004 

of CRE. The CRE then cuts out the vector region between 
the two lox sites, thereby leaving only the RB, X Cassette, 
one copy of 10x and the LB as the integrated nucleic acid. 
0041. This system allows for the regeneration of trans 
genic plants by induction of the marker gene using low 
concentrations of the inducer followed by marker gene 
eviction using high concentrations of the inducer. The use of 
inducible promoters, only differing in their inducer affinities, 
to activate both the marker gene and the recombinase has the 
added advantage of controllable marker gene activation 
which may be important when using marker genes encoding 
proteins involved in Shoot regeneration or developmental 
patterns. 

0042 A further improvement of this system is the use of 
mutant recombination sites with lower affinity towards the 
recombinase. Mutant lox sites showing lower affinity 
towards CRE have been demonstrated (Albert et al. 1995) 
and ensure that the eviction of the transgene does not occur 
prior to increasing the concentration of the inducer, i.e., due 
to leaky expression of CRE. 

EXAMPLE 3 

Inducible Eviction or Activation of Chloroplast 
Encoded Transgenes 

0043 Horizontal gene transfer of foreign nuclear 
encoded genes, especially Selectable marker genes Such as 
antibiotic resistance genes, from transgenic plants Via pollen 
is of environmental concern. One way of overcoming this 
potential problem is to contain the foreign genes in the 
plastids Since plastid encoded genes are not transmitted by 
pollen. High frequency plastid transformation has been 
shown for tobacco (Svab and Maliga, 1993) and can be 
performed for a number of plant Species. One way to 
overcome the potential danger of horizontal gene transfer 
via pollen is to couple plastid transformation with inducible 
eviction of the chloroplast localized Selectable marker gene 
cassette after Successful Selection. The principle of the 
system is effectively identical to the described Example 2 
with the following modifications. The transgene cassette 
harboring a constitutively Selectable marker gene, Such as an 
antibiotic resistance marker, flanked by directly repeated lox 
Sites resides in the plastid genome. After positive Selection 
of transgenic plants CRE is induced as described previously, 
however in this case the gene for the CRE recombinase has 
been engineered to contain extra DNA sequences encoding 
an N-terminal transit peptide for chloroplast targeting 
(Schnell, 1995). Upon addition of the inducer, CRE recom 
binase is generated and translocated to the plastids where it 
acts upon the loX sites and removes the Selectable marker 
gene cassette. The principle of Example 1 can also be 
applied and this System can also be used for the inducible 
eviction or activation of any chloroplast encoded transgene 
by the appropriate placement of the lox sites. 

EXAMPLE 4 

Localized Activation or Eviction 

0044) The site-specific recombination system disclosed 
above and any variation using the described recombination 
and inducible or de-repressible promoter Systems can be 
used for the permanent activation of a transgene at tissue 
Specific locations within a plant. 
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004.5 The Arabidopsis titg mutant lacks both trichomes 
and anthocyanin pigment (Lloyd et al., 1994). This mutant 
phenotype can be reversed by the expression of the maize 
regulatory R (which requires a second regulator C 1), which 
is required in maize for the expression of anthocyanin. The 
R protein contains acidic and basic HLH domains with 
strong homology to the HLH domains of mammalian MYC 
transcriptional regulators. It is possible to use the described 
inducible site-specific transgene activation System to create 
transgenic ttgplants that can activate R gene expression and 
hence anthocyanin production at Specific regions which will 
be constitutively expressed throughout the life cycle of the 
plant. 
0046) Overexpression of the R gene in wild type Arabi 
dopsis and other plants, Such as tobacco or tomato, can cause 
anthocyanin production. We can therefore use the Cre/lox 
System together with Selective application of the inducer, 
using a template Such as a leaf, to make Specific patterns that 
express anthocyanin. 

0047 While the invention has been disclosed in this 
patent application by reference to the details of preferred 
embodiments of the invention, it is to be understood that the 
disclosure is intended in an illustrative rather than in a 
limiting Sense, as it is contemplated that modifications will 
readily occur to those skilled in the art, within the spirit of 
the invention and the Scope of the appended claims. 
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What is claimed is: 
1. A plant transformation vector comprising a gene encod 

ing a transcription factor, an inducible gene, a promoter, a 
gene of interest, and a pair of recombination Sites flanking 
a terminator. 

2. The vector of claim 1, wherein the transcription factor 
together with an inducer induces expression of the inducible 
gene. 

3. The vector of claim 1, wherein the inducible gene is 
under control of a vertebrate hormone inducible promoter 
System. 

4. The vector of claim 3, wherein the hormone inducible 
promoter system is the GVG inducible promoter system. 

5. The vector of claim 1, wherein the inducible gene 
encodes a recombinase which cleaves at the recombination 
Sites. 

6. The vector of claim 5, wherein the recombinase excises 
the terminator when the inducible gene is induced. 

7. The vector of claim 6, wherein the gene of interest is 
under the control of the promoter when the terminator is 
excised. 

8. The vector of claim 1, wherein the inducible gene 
encodes CRE, FLP, GIN or R. 

9. The vector of claim 1, wherein the recombination sites 
are lox, FRT, gix or RS. 

10. The vector of claim 1, wherein the gene of interest 
encodes LEAFY. 
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11. The vector of claim 1, wherein the inducible gene 
encodes a protein comprising an N-terminal transit peptide 
for chloroplast targeting. 

12. A method for expressing a gene in a transgenic plant 
or plant cell at a Specific time comprising: 

a) transfecting Said plant or plant cell with the vector of 
claim 1; and 

b) adding an inducer to induce the inducible gene of said 
Vector, 

wherein the inducible gene of the vector expresses a 
product which cleaves the terminator from the vector 
thereby placing the gene of interest of the vector under 
the control of the promoter of the vector resulting in 
expression of the gene of interest Subsequent to addi 
tion of the inducer. 

13. The method of claim 12, wherein the inducible gene 
is under control of a vertebrate hormone inducible promoter 
System. 

14. The method of claim 13, wherein the hormone induc 
ible promoter system is the GVG inducible promoter sys 
tem. 

15. A plant or plant cell comprising the vector of claim 1. 
16. A plant transformation vector comprising a gene 

encoding a transcription factor, an inducible gene, a pro 
moter, a gene of interest, and a pair of recombination Sites 
flanking the gene of interest. 

17. The vector of claim 16, wherein said transcription 
factor together with an inducer induces expression of the 
inducible gene. 

18. The vector of claim 16, wherein the inducible gene is 
under control of a vertebrate hormone inducible promoter 
System. 

19. The vector of claim 18, wherein the hormone induc 
ible promoter system is the GVG inducible promoter sys 
tem. 

20. The vector of claim 16, wherein the inducible encodes 
a recombinase which cleaves at the recombination sites. 

21. The vector of claim 20, wherein the recombinase 
causes inversion of the gene of interest. 

22. The vector of claim 21, wherein upon inversion of the 
gene of interest, Said gene of interest is under the control of 
the promoter. 
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23. The vector of claim 16, wherein the inducible gene 
encodes CRE, FLP, GIN or R. 

24. The vector of claim 16, wherein the recombination 
sites are lox, FRT, gix or RS. 

25. The vector of claim 16, wherein the gene of interest 
encodes LEAFY. 

26. The vector of claim 16, wherein the inducible gene 
encodes a protein comprising an N-terminal transit peptide 
for chloroplast targeting. 

27. A method for expressing a gene in a transgenic plant 
or plant cell at a Specific time comprising: 

a) transfecting said plant or plant cell with the vector of 
claim 16; and 

b) adding an inducer to induce the inducible gene of the 
Vector, 

wherein the inducible gene of the vector expresses a 
product which causes inversion of the gene of interest 
of the vector thereby placing the gene of interest under 
the control of the promoter of the vector resulting in 
expression of the gene of interest Subsequent to addi 
tion of the inducer. 

28. The method of claim 27, wherein the inducible gene 
is under control of a vertebrate hormone inducible promoter 
System. 

29. The method of claim 28, wherein the hormone induc 
ible promoter system is the GVG inducible promoter sys 
tem. 

30. A plant or plant cell comprising the vector of claim 16. 
31. A plant transformation vector comprising an inducible 

gene, a promoter, a gene of interest and a pair of recombi 
nation sites flanking a terminator. 

32. A plant transformation vector comprising an inducible 
gene, a promoter, a gene of interest and a pair of recombi 
nation sites flanking the gene of interest. 

33. A plant transformation vector comprising an inducible 
gene, a marker gene, a gene of interest and a pair of 
recombination Sites flanking the inducible gene and the 
marker gene. 


