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USE OF PHYTOENE SYNTHASE FOR 
CONTROLLING TRANSGENE ESCAPE 

This is a submission to enter the national stage under 35 
USC section 371. The international application WO2006/ 
005807 Was ?led on 07 May 2005 as PCT/FI05/50268 and 
has been published on Jan. 19, 2006. The international appli 
cation is a continuation-in-part of US. national application 
Ser. No. 10/892,513 ?led 15th Jul. 2004, now US. Pat. No. 
7,495,148, Whichis a continuation-in-part of US. application 
Ser. No. 09/617,543 ?led 14th Jul. 2000, now US. Pat. No. 
6,849,776. 

SEQUENCE LISTING 

A Sequence Listing according to 37 C.F.R. section 1.181 
(c) is attached. Attached hereto is a diskette containing the 
Sequence Listing in computer readable form in accordance 
With 37 CPR. section 1.821 (e). 

TECHNICAL FIELD OF THE INVENTION 

The present invention is related to phytoene synthase for 
controlling transgene escape. A nucleotide sequence encod 
ing phytoene synthase is used as a blocking gene in a Recov 
erable Block of Function (RBF) system, Which comprises one 
or more blocking constructs (BCs), and means for recovering 
the blocked functions With or Without one or more recovering 

constructs (RCs). 

BACKGROUND OF THE INVENTION 

The techniques of plant biotechnology have improved dur 
ing the last ten years so that most of the crop species, Which 
are of importance to mankind, can be routinely transformed. 
The industry seeks for neW traits not only for agricultural or 
nutritional purposes, but also for pharmaceutical purposes. 
There is an increasing interest to develop e?icient and eco 
nomic production systems for useful biological compounds. 
Transgenic plants play an important role in the research aim 
ing to develop such a system. Given the concerns of environ 
mental impacts of genetically modi?ed crops this develop 
ment has clearly created a need for a reliable system to 
prevent transgene ?oW among crops and in their relatives. 
Accordingly, several research groups around the World are 
currently engaged in developing techniques for gene contain 
ment in transgenic crops. 

The technologies that are aimed to prevent transgene How 
can be categoriZed into one-component and tWo-component 
technologies. The main feature of the one-component sys 
tems is a factor, Which enables a negative selection of trans 
genes from plant populations. As examples, the knoWn con 
cepts of male sterility, chloroplast transformation or 
‘Terminator’ technology, are mentioned. One-component 
systems decrease gene ?oW, but they do not alWays provide a 
completely reliable containment. TWo-factor technologies 
Were developed in order to improve the gene containment. 
These systems use negative selection factors together With a 
recovering (rescuing or repairing) factor. The negative selec 
tion factors are usually lethal for the plant and therefore they 
totally prevent the transgene How. The rescuing factor 
represses the action of the negative selection factor, disrupts 
its function or recovers the functions blocked by the negative 
selection factor. Examples oftWo-factor technologies are the 
systems described in the International patent publications 
WO 94/03619 (Bright et al.) and WO 00/37660 (Fabijanski et 
al.). 
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2 
The International patent publication WO 02/064801 (Ku 

vshinov et al.) describes a tWo-factor system, Where an exci 
sion construct (EC) is linked to the transgene of interest 
(TGI). The EC excises the Whole insert from the genome of 
the host organism under natural conditions. An arti?cially 
activated repression construct represses the action of the EC 
and saves the transgenic insert in the host genome. This 
system removes the entire transgene insert and leaves the host 
genome free from the foreign genes. Thus, in natural condi 
tions transgenic plant produces non-transgenic seeds only 
and can not produce transgenic seeds. 

According to Gressel, Trends Biotechnol., 17, 361 -366, 
1999, inactivation of negative selection factor (gene) may 
happen With a frequency of approximately 10_6. In practice 
this means once during a groWth season, in each middle siZed 
?eldplot. Such a frequency of gene escape from a ?eld, Where 
the transgenic crop is cultivated for production of a vaccine or 
other pharmaceutical compounds Would create public con 
cerns. It has been suggested that the inactivation problem may 
be solved by using an one-component concept called mitiga 
tion tandem technique. In this technique the desired trans gene 
is coupled in tandem With gene(s) that Would render hybrid 
offspring or volunteer Weeds less able to compete With crops, 
Weeds and Wild species. Examples of features that could be 
used in mitigation technique are secondary dormancy and 
dWar?ng. A problem encountered With the tandem mitigation 
technique is that due to absence of a recovering system, 
removal of transgene from the population demands several 
generations. Therefore this technique does not provide su?i 
ciently reliable transgene containment. The scarce sources of 
genes capable of mitigating, is another limitation of the tech 
nology. 

The International patent publication WO 02/06498 corre 
sponding to the US patent applications U.S. Ser. No. 10/892, 
513, US. Ser. No. 10/644,664 and US. Ser. No. 09/617,543 
(Kuvshinov et al.) all disclose a tWo-factor system called 
RBF-system (recoverable block of function system), Which 
comprises at least one blocking construct (BC), Which is an 
insert consisting of a blocking gene, Which is linked to a 
transgene of interest (TGI), Which is a gene encoding a 
desired protein or gene product, and at least one recovering 
construct (RC). According to said disclosure the BC(s) 
block(s) a vital physiological or molecular function of the 
host plant through developmental or organ speci?c expres 
sion. The RC is induced by an externally controllable stimu 
lus and When induced it recovers the function previously 
blocked by expression of the BC(s). 
Due to the increasing use of transgenic plants, not only neW 

methods for controlling transgene escape in plants are 
needed, but also alternative neW blocking genes, Which may 
block essential functions of the plant particularly during ger 
mination and Which can be recovered by a user controlled 
intervention. 

Phytoene synthase is an enzyme in the biosynthetic path 
Way (FIG. 1) leading to production of carotenoids, Which are 
biologically important in many organisms ranging from bac 
teria and fungi to higher plants. 

Phytoene synthase produces phytoene (C40) from gera 
nylgeranyl diphosphate (C20), Which is a mutual precursor of 
carotenoids, tocopherols, gibberellins and chlorophyll (Fray 
et al., Plant 1., 8, 693-701, 1995; SheWmaker et al., Plant 1., 
20, 401 -412, 1999; Sandmann, Trends in Plant Sci., 6, 14-17, 
2001). Bacterial crtB genes encoding phytoene synthase have 
been expressed in plants in order to increase content of caro 
tenoids. “Golden” Rice (Oryza saliva) is an example of a 
transgenic plant seed overexpressing the phytoene synthase 
(Beyer et al., J. Nutr., 132, 505S-510S, 2002). 
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Seed-speci?c expression of the gene encoding phytoene 
synthase leads to a 50-fold increase in carotenoids, decrease 
in chlorophyll levels and slight delay of seed germination in 
Brassica napus (SheWmaker et al., Plant 1., 20, 401-412, 
1999). In tomato (Lycopersicon esculenlum), constitutive 
expression of the crtB gene under 35S promoter results in a 
decreased level of chlorophyll and dWar?sm, Which Was pro 
voked by 30-foldreduction in levels of gibberellin (GA) (Fray 
et al., Plant J., 8, 693-701, 1995). 
Embryo speci?c overexpression of plant endogenous phy 

toene synthase results in increased levels of carotenoids in 
seeds of Arabidopsis (Lindgren et al., Plant Physiol., 132, 
779-785, 2003). The plant derived phytoene synthase 
increases the level of chlorophyll, Whereas the level of 
ot-carotene is only slightly increased. The plant derived phy 
toene synthase also results in decreased levels of gibberellins, 
Whereas an increased level of abscisic acid (ABA) leads to 
delayed germination, Which is not recoverable by a gibberel 
lin addition. 

Even if it is knoWn that constitutive, seed or embryo spe 
ci?c overexpression of phytoene synthase delays seed germi 
nation, the gene encoding phytoene synthase does not totally 
prevent germination, because expression does not occur dur 
ing germination. Because germination is delayed and not 
fully blocked, the seedlings are capable of overcoming the 
lack of gibberellins and excess of ABA. Accordingly, the 
constitutive, seed and embryo speci?c expression of crtB 
gene is not suitable for developing RBF-systems for control 
ling of transgene escape. 

SUMMARY OF THE INVENTION 

The present invention is related to the use of a nucleotide 
sequence encoding phytoene synthase for controlling trans 
gene ?oW or transgene escape in plants. The nucleotide 
sequence encoding phytoene synthase is used as a blocking 
gene in a RBF-system, Which comprises one or more BCs as 
Well as means for recovering the blocked functions With or 
Without one or more RCs. 

Accordingly, the RBF-system is a combination of expres 
sion cassettes. The BC is an expression cassette or a plasmid, 
Which can be inserted into the plant cell or plant tissue. In the 
present invention the BC comprises as a blocking gene at least 
one nucleotide sequence encoding phytoene synthase, Which 
preferably expresses under the control of a germination spe 
ci?c promoter or a promoter constitutively repressed by an 
RC. The nucleotide sequence encoding phytoene synthase is 
an isolated, unmodi?ed native crtB gene, Which is obtainable 
from suitable available sources, such as plants, bacteria and 
fungi. Said nucleotide sequence may be arti?cially modi?ed 
by truncation or synthetic means by adapting the crtB 
sequence to plant codon preference, for example by increas 
ing the GC-content or AT-content. 

The expression of the blocking or crtB gene preferably 
takes place under the control of a germination speci?c pro 
moter, such as a sulfhydryl (or cysteine) endopeptidase (SH 
EP) promoter or a Heat Shock (HS) promoter and prevents the 
transgenic plant seeds to germinate beyond the stage of coty 
ledon expansion. 

The user controlled intervention comprises recovery of the 
blocked function by chemical or physical means. When the 
blocking gene is crtB, the recovery of the blocked germina 
tion is achieved by adding an effective amount of gibberellin 
or gibberellic acid and carbohydrates or sugar, particularly 
sucrose, into the groWth medium during the germination 
phase. The effective amount is an amount that effectively 
recovers the blocked germination. 
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4 
The RBF-system may be an one-insert system as the so 

called simple RBF-system, Which comprises only the block 
ing crtB gene, Which expresses under the control of a gerrni 
nation speci?c promoter and means for recovering the 
blocked germination. More complicated RBF-systems may 
be constructed comprising the BCs, RCs With respective 
TGIs, promoters and markers in one insert, as in a so called 
double blocking system, Which comprise one or more BCs 
?anking one or more RCs and the TGI, or alternatively a site 
for inserting the TGI, or in tWo separate inserts as in a so 
called segregating RBF-system or delayed RBF-system, in 
Which the BCs comprising a crtB gene and RCs are intro 
duced into the plant separately one by one. 
When tWo BCs are used in an RBF-system, they may 

contain tWo identical or similar or totally different crtB genes. 
CrtB genes With varying degrees of similarity or differences 
are obtainable by modifying crtB genes, Which may be iso 
lated from the same source. The modi?cation is achieved, for 
example by arti?cial modi?cation, preferably by modifying 
to plant codon preference, Which may include, for example, 
an enriched GC-content or AT-content. CrtB genes With vary 
ing degrees of similarity and differences may be obtained by 
isolating the CrtB genes from different sources, for example 
from plant, bacterial or fungal sources. Nucleotide sequences 
comprising the full length or truncated CrtB genes may be 
used. If a truncated CrtB gene is used the prerequisite is that 
the truncated sequence still has the capacity of encoding 
phytoene synthase and blocking the germination. 
The RBF-system may comprise tWo totally different BCs. 

One BC may comprise a crtB gene, Which is recovered as 
de?ned in the present invention. The other BC may comprise 
a totally different blocking gene, for example, a gene encod 
ing Bamase, Which may be recovered by a gene encoding 
Barstar. 

The RBF-system may in addition to the user controlled 
intervention contain one or more RCs. The RC is an expres 
sion cassette, vector or a plasmid, Which may be inserted into 
the plant in the same insert as the BC (one-insert system) or in 
a separate insert (a tWo-insert system). The RC comprises a 
recovering gene, Which may express for example a repressor 
polypeptide, Which binds to the promoter(s) of the blocking 
gene. Thereby, the recovering gene inhibits the functions of 
the expression products (phytoene and/ or bamase) of the 
blocking gene after induction of RC, Which may be regulated 
by an inducible promoter, such as a heat shock inducible 
promoter. 

Alternatively, the RC may comprise a nucleotide sequence, 
Which encodes an enZyme involved in the synthesis of 
metabolites, Which due to the overexpression of phytoene 
synthase have been depleted in the transgenic plant. Such 
nucleotide sequences are the sequences encoding the 
enZymes ent-copalyl diphosphate synthase or ent-kaurene 
synthase, Which enZymes are needed for the synthesis of 
certain metabolites in the gibberellin biosynthetic pathWay 
shoWn in FIG. 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a scheme of biosynthetic pathWays starting 
from the key moleculeigeranylgeranyl diphosphate. TWo 
geranylgeranyl diphosphate (C20) moieties are condensated 
to form a carotenoid precursor, phytoene (C40). The enZyme 
responsible for this reaction is phytoene synthase encoded by 
crtB gene. Geranylgeranyl diphosphate is also a precursor in 
synthesis of carotenes, gibberellins, chlorophylls and toco 
pherols. 
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FIG. 2A depicts CrtB.F1 forward primer sequence (SEQ 
ID N012) used in cloning the phytoene synthase gene, crtB 
from Erwinia uredovora ATCC 19321 (synonym Panloea 
ananalis). CrtB.F1 is a 59 mer sequence, carrying nucleotides 
(capital letters) speci?c to nucleotides 5797-5828 in the crt 
operon of Erwinia herbicola (synonym Panloea agglomer 
ans) Eho13 (GenBank accession no. M90698) and nucle 
otides (small letters) for the recognition sites (underlined) of 
restriction enZymes, Which Were used to ligate the crtB gene 
to a vector backbone or to a chloroplast transit peptide. 

FIG. 2B depicts CrtB.R1 reverse primer sequence (SEQ ID 
N013) used in cloning the phytoene synthase gene, crtB from 
Erwinia uredovora ATCC 19321. CrtB.R1 is a 60 mer 
sequence, carrying nucleotides (capital letters) complemen 
tary to nucleotides 6655-6687 in the crt operon of Erwinia 
herbicola Eho13 (GenBank accession no. M90698) and 
nucleotides (small letters) for the recognition sites (under 
lined) of restriction enZymes, Which Were used to ligate the 
crtB gene to a vector backbone or to a transcription termina 

tion sequence. 
FIG. 3A depicts Tps.F1 forWard primer sequence (SEQ ID 

N015) used in synthesis of the transit peptide sequence, tps, a 
sequence encoding pea (Pisum salivum) chloroplast transit 
peptide and a leader sequence. Tps.F1 is a 61 mer sequence, 
carrying nucleotides (capital letters) speci?c to nucleotides 
1144-1204 in pea gene for ribulose-1,5-bisphosphate car 
boxylase small subunit (rbcS) (GenBank accession no. 
X00806). 

FIG. 3B depicts Tps.R1 reverse primer sequence (SEQ ID 
N016) used in synthesis of the tps sequence. Tps.R1 is a 64 
mer sequence, carrying nucleotides (capital letters) comple 
mentary to nucleotides 1080-1243 in pea rbcS gene (Gen 
Bank accession no. X00806). 

FIG. 3C depicts Tps.F2 forWard primer sequence (SEQ ID 
N017) used in synthesis of the tps sequence. Tps.F2 is a 63 
mer sequence, carrying nucleotides (capital letters) speci?c 
to nucleotides 1098-1160 in pea rbcS gene (GenBank acces 
sion no. X00806). 

FIG. 3D depicts Tps.R2 reverse primer sequence (SEQ ID 
N018) used in synthesis of the tps sequence. Tps.R2 is a 51 
mer sequence, carrying nucleotides (capital letters) comple 
mentary to nucleotides 1225-1256 in pea rbcS gene (Gen 
Bank acccession no. X00806) and nucleotides (italics) 
complementary to the sequence encoding the beginning of 
the leader sequence described in SheWmaker et al., Plant 1., 
20, 401-412, 1999. 

FIG. 3E depicts Tps.F3 forWard primer sequence (SEQ ID 
N019) used in synthesis of the tps sequence. Tps.F3 is a 53 
mer sequence, carrying nucleotides (capital letters) speci?c 
to nucleotides 1086-1123 in pea rbcS gene (GenBank acces 
sion no. X00806) and nucleotides (small letters) for the rec 
ognition sites (underlined) of restriction enZymes, Which 
Were used to ligate the tps fragment to a vector backbone or to 
a promoter sequence. 

FIG. 3F depicts Tps.R3 reverse primer sequence (SEQ ID 
N0110) used in synthesis ofthe tps sequence. Tps.R3 is a 55 
mer sequence, carrying nucleotides (italics) complementary 
to the sequence encoding the end of the leader sequence 
described in SheWmaker et al., Plant 1., 20, 401-412, 1999, 
and nucleotides (small letters) for the recognition sites (un 
derlined) of restriction enZymes, Which Were used to ligate 
the tps fragment to a vector backbone and to the crtB gene. 

FIG. 4 depicts a simple RBF-system containing one block 
ing construct (BC) and a selection marker (hpt gene) as a 
representative of transgene of interest (TGI). BC consists of 
the phytoene synthase gene (crtB gene) from Erwinia ure 
dovora (Panlhoea ananalis) ATCC 19321 headed by tps, the 
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pea rbcS chloroplast transit peptide sequence With a leader 
sequence. The crtB gene expression is driven by a Heat Shock 
promoter (HSp) from Glycine max and terminated by a nopa 
lin synthase polyadenylation signal from A grobaclerium 
Zumefaciens (pAnos). The hpt gene encoding hygromycin 
phosphatase is driven by a 35S promoter (35Sp) from Cauli 
?oWer mosaic virus (CaMV). 

FIG. 5 depicts expression of crtB gene in leaves of in vitro 
tobacco (Nicoliana Zabacum) plants. Due to high expression 
of phytoene synthase, the yelloW color of carotenoids substi 
tuted the green color of chlorophyll. 

FIG. 6A depicts tobacco sprouts carrying the HSp-tps-crtB 
construct. Sprouts germinating in room temperature are 
green-colored or slightly yelloWish. 

FIG. 6B depicts effect of heat shock treatment on the 
tobacco sprouts carrying the HSp-tps-crtB construct. Sprouts 
from the same transgenic line as in FIG. 6A became yelloW 
after heat shock treatment (1 hour at 420 C. every day). The 
yelloW-colored sprouts could not produce the ?rst true leaves, 
remaining to the stage of cotyledon expansion. Green sprouts 
occurred approximately in ratio 1115. 

FIG. 7 depicts Northern analysis of crtB expression in 
sprouts germinated under heat shock and in normal condi 
tions. 1 pg of total RNA from N. Zabacum sprout Was loaded 
in each lane. The synthetic RNA of crtB gene Was shorter than 
the mRNA due to the absence of polyA tail. The mRNA levels 
of transgenic sprouts expressing crtB gene Were 0.3-0.6 pg in 
normal conditions and 0.7-3.0 pg after heat shock treatment 
per 1 pg of total RNA. 

Abbreviations: Ntinon-transgenic tobacco, N2 and 
NSiIWO lines of transgenic tobacco. Heat Shockilanes 
shoW expression of crtB gene in sprouts groWn under heat 
shock. No H.S.ilanes shoW expression of crtB in sprouts 
groWn in normal (ambient temperature) conditions. 0, 0.2, 
1.0, 5 and 25 pg4quantities of synthetic crtB mRNA Were 
loaded in the gel With 1 pg of non-transgenic carrier RNA. 

FIG. 8A depicts a RBF-system containing one recovering 
construct (RC). The construct contains GUS gene as TGI, 
tetR gene under HSp as RC, crtB gene under SH-EPp as BC1 
and bamase under CRUp as BC2. Promoters of the BCs 
contain tet operator sequences (0). pAocs in the RC construct 
is octopine synthase polyA region. 

FIG. 8B depicts a RBF-system containing tWo RCs. The 
construct contains GUS gene as TGI, tetR gene under HSp as 
RC1, barstar gene under HSp as RC2, crtB gene under SH-EP 
promoter containing tet operator sequences (0) as BC1 and 
barnase gene under CRU promoter as BC2. 

FIG. 9 depicts a DNA construct consisting of a double 
RBF-system, in Which one BC1 (bamase) is recovered by 
induction of an RC (barstar) and another BC2 (crtB) is recov 
ered by gibberellin and sucrose treatment. The BC1 consists 
of a bamase gene expressed under a SH-EPp and is recovered 
by an RC consisting of barstar gene driven by a HSp. The BC2 
contains a crtB gene under an amylase promoter (AMYp) 
expressing speci?cally during the germination. The TGI is 
represented by a GUS gene. 

FIG. 10 depicts a DNA construct consisting of a RBF 
system, in Which the BC (crtB) is recovered by heat shock 
induction of an RC consisting of ent-copalyl diphosphate 
synthase gene (cps). The BC contains a crtB gene expressing 
under an AMYp. The TGI is represented by a GUS gene. 

FIG. 11 depicts the effect of overexpression of a crtB gene 
on Brassica seedlings. The 5 transgenic seedling has a yel 
loW/ orange color due to overproduction of carotenoids and is 
incapable of forming the ?rst true leaves. 0n the left side and 
the right side of FIG. 11, respectively, a non-transgenic con 
trol sprout and a transgenic sprout are shoWn. 
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FIG. 12 depicts the expression of a crtB gene in sprouts of 
B. napus. 1 pg of total B. napus 10 sprout RNA Was loaded in 
each lane. Synthetic control RNA Was mixed With 1 pg of 
non-transgenic carrier RNA. The synthetic RNA of the crtB 
gene Was shorter than mRNA because of the absence of a 
polyA tail. The expression of the crtB gene achieved a peek of 
expression (7 pg in 1 pg of total RNA) on the third day of the 
germination and faded to 0.3 pg after tWo Weeks. 

FIG. 13 shoWs a transgenic Brassica sprout carrying as a 
BC a crtB containing RBF-system, Which groWs on a medium 
containing gibberellin (10 mg/ 1 GA3) and sucrose (2%). 
Addition of gibberellin and sucrose has overcome the block 
caused by crtB expression. Therefore, the ?rst emerging 
leaves are green. 

DETAILED DESCRIPTION OF THE INVENTION 

Terms used in the Disclosure 
In the present disclosure most of the terms used have the 

same meaning as they generally have in the ?eld of recombi 
nant DNA techniques, molecular biology and in plant pro 
duction related sciences. Some terms are hoWever, used in a 
someWhat different Way and are explained in more details 
beloW. 

In this disclosure gene means an isolated and puri?ed 
nucleotide sequence. 

The term blocking construct means an expression cassette, 
a plasmid or vector construct, Which comprises a blocking 
gene. 

The term recovering construct means an expression cas 

sette, a plasmid or vector construct, Which comprises a recov 
ering gene, Which represses the blocked function. 

The term recoverable block of function (RBF) system 
means a combination of BCs and RCs, Which may be intro 
duced into the plant cell or tissue as one or several inserts. 

Simple Recoverable Block of Function System is a system 
Without an RC construct. The recovery of blocked functions is 
obtained solely by an external intervention. A simple RBF 
system is described in Example 1 and shoWn in FIG. 4. 

One-insert system is synonymous to Single-insert system. 
Both of these terms mean that all components of the RBF 
system are situated in the same DNA-insert and are integrated 
into one site of the plant genome/chromosome. One-insert 
systems are described in Examples 1-5. 

TWo-insert system means that the blocking construct(s) 
(BCs), comprising at least one crtB gene and the recovering 
construct(s) (RCs) With promoters and markers are placed in 
separate DNA inserts, vectors or plasmids and these BC and 
RC constructs are subsequently inserted one by one. The 
tWo-insert system is exempli?ed in a so called Segregating 
Recoverable Block of Function System Which is synonymous 
to Delayed Recoverable Block of Function system. Both of 
these terms describe a RBF-system in Which the RC(s) is 
situated in a different DNA insert than the BC(s). After plant 
transformation the RC(s) is integrated into a different non 
allelic chromosome apart from the BC(s) and the TGI. 

Detailed Description Of The Invention 

The present inventors have demonstrated that germination 
speci?c overexpression of phytoene synthase in contrast to 
constitutive, seed speci?c and embryo-speci?c expression 
not only delays, but prevents germination of transgenic seeds 
carrying the crtB gene. Furthermore, the present inventors 
demonstrated that the blocked germination could be recov 
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8 
ered by a user controlled intervention including the treatment 
of germinating seeds With gibberellin and sugar or through 
induction of an RC. 

Based on preliminary observations, Which indicated that 
the nucleotide sequences encoding phytoene synthase could 
be useful as blocking genes for controlling transgene segre 
gation, the inventors designed a plant transformation vector 
or BC comprising a crtB gene (SEQ ID NO: 1) from Erwinia 
uredovora expressing under Heat Shock promoter of Glycine 
max (GenBank accession number M28070; CZarnecka et al., 
Mol. Cell. Biol., 9, 3457-3463, 1989). In one embodiment of 
the invention, targeted expression in chloroplasts or plastids 
Was achieved With a BC, Which included a transit peptide 

sequence (tps) (SEQ ID NO:4) of pea (Pisum salivum) ribu 
lose-1,5-bisphosphate carboxylase small subunit gene (rbcS) 
(GenBank accession no. X00806) and a leader sequence (Sh 
eWmaker et al., Plant 1., 20, 401-412, 1999). The crtB gene 
acted as a blocking gene in the germinating seeds and the 
overexpression of phytoene synthase depleted the synthesis 
of a precursor for chlorophyll together With overproduction of 
carotenoids. This led to phenomena, Which herein is called 
“golden sprouts”. The depletion of the gibberellin precursor 
led to a blocked germination, because gibberellin is an essen 
tial hormone, Which regulates the germination process. 
Because the transgenic seeds could not germinate in natural 
conditions, no reproducing plants Were formed either. 

It Was demonstrated that the expression of crtB gene in 
germinating seeds in moderate or high levels (mRNA>1 
pg/ pg of total RNA) resulted in total blocking of the germi 
nation. It Was possible to recover the blocked germination 
caused by de?ciency of gibberellin and sugars in the germi 
nating seed by an external addition of an effective amount of 
gibberellins or gibberellic acid and carbohydrates (sugars) or 
by repression of the promoter expressing the crtB gene. The 
advantage of the crtB gene is that occasional overexpression 
of the phytoene is not crucially adverse in the other stages of 
plant development. 

Examples of suitable germination speci?c promoters are 
the promoter of sulfhydryl (cysteine) endopeptidase (SH-EP) 
of I/zgna mungo (GenBank accession number X51900; 
Yamauchi et al., Plant Mol. Biol., 30, 321-329, 1996), amy 
lase promoter (Mita et al. Plant Physiol, 1995, 107: 895-904, 
Gene bank as. No. s77076) and the Heat Shock promoter 
(HSp) from Glycine max (GenBank accession number 
M28070; CZamecka et al., Mol. Cell. Biol., 9, 3457-3463, 
1989) or Wciafaba. The Heat Shock promoter is induced by 
a heat shock treatment and has a strong germination speci?c 
ity in Brassica napus, but a Weak germination speci?city in 
tobacco. 

Accordingly, the present disclosure is related to nucleotide 
sequences encoding phytoene synthase, Which When alloWed 
to express under the control of germination speci?c promot 
ers or a promoter constitutively repressed by an RC, are useful 
in any methods for controlling transgene segregation or trans 
gene containment and for designing RBF-systems, for meth 
ods or systems Which require a nucleotide sequence, Which 
blocks an essential function, Which block may be recovered 
by a user controlled interventions With or Without a suitable 
RC. 

The means for recovering the blocked germination is a user 
controlled treatment in Which the seeds are contacted With an 
effective amount of gibberrellin or gibberellic acid and/or 
sugar, preferably sucrose. The effective amount is an amount 
that blocks the germination of the transgenic seed. The effec 
tive amount for gibberellin or gibberellic acid is at least 2 
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mg/l, preferably 5-10 mg/l . The effective amount of carbo 
hydrate or sugar, When it is represented by sucrose at least 2%, 
preferably at least 3% sugar. 

In the RBF-system, the RC may comprise a nucleotide 
sequence, Which encodes an enzyme involved in the synthesis 
of metabolites, Which due to the overexpression of phytoene 
synthase have been depleted in the plant. Such nucleotide 
sequences are the sequences encoding the enZymes ent-copa 
lyl diphosphate synthase or ent-kaurene synthase, Which are 
important in the synthesis of certain metabolites in the gib 
berellin biosynthetic pathWay shoWn in FIG. 1. Genes encod 
ing ent-copalyl diphosphate synthase and ent-kaurene syn 
thase may be isolated from several plant species, for example 
from Arabidopsis (Fleet et al., Plant Physiol., 132, 830-839, 
2003). Such genes have also been cloned from rice (Oryza 
saliva) (AY602991; Prisic et al., Plant Physiol., 136, 4228 
4236, 2004; GenBank accession numberAY347882; Margis 
Pinheiro et al., Plant Cell Rep., 23, 819-833, 2005), from 
barley (Hordeum vulgare) (GenBank accession number 
AY551436; Spielmeyer et al., Theor. Appl. Genet., 109, 847 
855, 2004) and tobacco (Nicoliana Zabacum) (GenBank 
accession number AB170035; Ishida et al., Plant Cell 16, 
2641-2651, 2004). 

The applicability of the crtB gene is disclosed in the fol 
loWing examples. 

EXAMPLE 1 

Simple RBF-system containing one BC Without RCs Bras 
sica napus plants expressing crtB gene produce seeds, Which 
germinate only after adding gibberellic acid and sucrose. 

a. Cloning of the Gene Encoding Phytoene Synthase, crtB 
(SEQ ID N011) from Erwinia uredovara (synonym Panloea 
ananalis) 

The gene encoding phytoene synthase, crtB (SEQ ID 
N011) Was cloned by high ?delity PCR from Erwinia ure 
dovora (Panloea ananaZis)ATCC19321. Genomic DNA Was 
isolated as described herein. 
An aliquot of an overnight culture of E. uredavora ATCC 

19321 in Luria-Ber‘tani (LB) broth Was suspended in 90 pl of 
50 mM Tris-HCl (pH 8.0)i5 mM EDTA, supplemented With 
500 pg ofRNAseA. 10 pl of 1 OSDS Was added and the viscose 
suspension Was placed at 60° C. for 5 minutes. 500 pl of the 4 
M ammonium thiocyanatei100 mM Tris-HCl (pH 8.0)i 
25% EtOH (ATC-solution) Was added to the lysed bacterial 
extract, and the mixture Was transferred to a hand-made col 
umn of glass micro?bre GF/C (Whatman). The column Was 
centrifuged at 5000 rpm for 1 min, and the bound material Was 
Washed With additional 1 ml of ATC-solution, and further 
With 1 ml of 4.2 M guanidine-HCli40% isopropanol. Col 
umn Was Washed three times With 75% ethanol and DNA Was 
eluted in 100 pl of distilled Water. Concentration of the puri 
?ed DNA Was approximately 30 ng/ pl. 

Primers for crtB gene synthesis Were designed according to 
the crtB sequence of E. herbicola (synonym Panlaea agglo 
merans) Eho13 carotenoid biosynthesis gene cluster (Gen 
Bank accession number M90698; To et al., Microbiol., 140, 
331-339, 1994). Primers carried recognition signals for the 
restriction enZymes, Which Were used in ligating the crtB 
gene into vector backbones and to the tps transit peptide 
sequence. The Cr‘tB.F1 (SEQ ID N012) and CrtB.R1 (SEQ ID 
N013) primer sequences are presented in FIG. 2. 
DynaZyme DNA polymerase II (FinnZymes) mediated 

PCR ampli?cation of crtB Was carried out in a thermal cycler 
With a heated lid (PTC-200 Peltier Thermal Cycler, M1 
Research). Reaction mixture (25 pl) contained 200 pM 
dNTP-mixture, 0.6 pM Cr‘tB.F1 primer, 0.6 M CrtB.R1 
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10 
primer, 100 ng E. uredovara ATCC 19321 DNA, 1x 
DynaZyme DNA polymerase buffer, 0.6 U DynaZyme DNA 
polymerase II. Initial denaturation Was carried out at 94° C. 
for 2 minutes, folloWed by 30 cycles of: denaturation at 94° C. 
for 40 seconds, annealing at 55° C. for 40 seconds, and 
extension at 72° C. for 2 minutes. Final extension Was carried 
out at 72° C. for 8 minutes. The PCR ampli?cation yielded a 
DNA fragment of approximately 900 bp (SEQ ID N011). 

b. Cloning of the Pea Transit Peptide Sequence, tps (SEQ 
ID N014) from Pisum salivum 

In order to target the phytoene synthase gene into chloro 
plasts or plastids, a transit peptide sequence, tps (SEQ ID 
N014) Was synthetiZed. The DNA fragment encodes the tran 
sit peptide of a pea (Pisum salivum) Rbc Small Subunit (Gen 
Bank accession number X00806; CoruZZi et al., EMBO 1., 3, 
1671-1679, 1984; MisaWa et al., Plant 1., 4, 833-840, 1993), 
preceded by a leader sequence (SheWmaker et al., Plant 1., 20, 
401-412, 1999). The tps sequence Was synthetiZed chemi 
cally by PCR in three steps by using the Pfu DNA polymerase 
(Promega). In the ?rst reaction a DNA fragment containing 
nucleotides 1144-1243 in the X00806 sequence Was synthe 
tiZed from tWo partially complementary oligonucleotide 
primers, Tps.F1 (SEQ ID N015) and Tps.R1 (SEQ ID N016). 
In the second reaction by using the ?rst reaction mix as a 
template and tWo neW oligonucleotide primers, Tps.F2 (SEQ 
ID N017) and Tps.R2 (SEQ ID N018), a DNA fragment 
containing nucleotides 1098-1256 in the X00806 sequence 
and the beginning of the leader sequence Was synthetiZed. In 
the third reaction by using the second reaction mix as a 
template and tWo neW oligonucleotide primers, Tps.F3 (SEQ 
ID N019) and Tps.R3 (SEQ ID N0110), a DNA fragment 
containing nucleotides 1086-1256 in the X00806 sequence 
and the rest of the leader sequence Was synthetiZed. 0ligo 
nucleotide primers used in the third reaction carry recognition 
signals for the restriction enZymes, enabling vector cloning 
and ligation to the crtB sequence. The primer sequences 
Tps.F1 (SEQ ID N015), Tps.R1 (SEQ ID N016), Tps.F2 
(SEQ ID N017), Tps.R2 (SEQ ID N018), Tps.F3 (SEQ ID 
N019) and Tps.R3 (SEQ ID N0110) are presented in FIG. 3. 
The ?rst PCR ampli?cation reaction Was carried out in a 

thermal cycler With a heated lid (PTC-200 Peltier Thermal 
Cycler, M1 Research). Reaction mixture (25 pl) contained 50 
pM dNTP-mixture, 0.6 pM Tps.F1 primer, 0.6 pM Tps.R1 
primer, 1x Pfu DNA polymerase buffer, 0.9 U Pfu DNA 
polymerase (Promega). Initial denaturation Was carried out at 
94° C. for 45 seconds, folloWed by 5 cycles of: denaturation 
at 94° C. for 40 seconds, annealing at 70° C. for 40 seconds, 
and extension at 72° C. for 1 minute. Final extension Was 
carried out at 72° C. for 2 minutes. 
The second PCR ampli?cation Was similar to the ?rst PCR, 

except that 2.5 pl of the ?rst reaction mixture Was used as a 
template and the reaction consisted of 20 cycles of denatur 
ation, annealing and extension. Third PCR ampli?cation used 
2.5 pl of the second reaction as a template and 15 cycles of 
denaturation, annealing and extension. The PCR ampli?ca 
tion yielded a DNA fragment of approximately 243 bp (SEQ 
ID N014). 

c. Designing an Expression Cassette or BC for a Simple 
RBF-System 
A tps-crtB construct, Which expressed under the inducible 

Heat Shock promoter (HSp) from Soy Bean (Glycine max) 
(GenBank accession number M28070; CZamecka et al., Mol. 
Cell. Biol., 9, 3457-3463, 1989) Was designed. To ensure 
termination of transcription, the polyA region from the Agra 
baclerium Zumefaciens nopaline synthase (nos) gene (Gen 
Bank accession number V00087; Depicker et al., 1. Mol. 
Appl. Genet., 1, 561-573, 1982; Bevan et al., Nucl. Acid. 
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Res., 11, 369-385, 1983) Was included. Said expression cas 
sette Was introduced into a pCAMBIA1301 (Cambia) binary 
vector for plant transformations by replacing the 2.8 kb 
BamHI-NheI fragment of pCAMBIA1301 With the crtB 
expression cassette, Which consisted of the Glycine max Heat 
Shock promoter (HSp), the synthetic tps sequence (SEQ ID 
NO:4) encoding pea RbcS chloroplast transit peptide, the 
synthetic E. uredovora phytoene synthase (crtB) gene (SEQ 
ID NO:1), and the A. Zumefaciens nopaline synthase polyA 
region. The vector contained a hygromycin resistance marker 
as a representative of transgene of interest (TGI), driven by 
the constitutive 35S promoter (35Sp) of Cauli?ower mosaic 
virus (CaMV) and terminated by CaMV35S polyA. The com 
ponents of said simple RBF-system are presented in FIG. 4. 
The kanamycin resistance marker in pCAMBIA backbone 
Was used for bacterial selection and the hygromycin resis 
tance marker (TGI) Was used for plant cell/tissue selection. 

d. Plant Transformation (Electroporation and Agrobacle 
rium Mediated Transformation) 

The simple RBF-system consisting of a HSp-tps-crtB-pA 
nos as a BC construct and a 35Sp-hpt-pA as a TGI construct 

(FIG. 4) Was transformed into electrocompetent A. Zumefa 
ciens strains C58Cl, carrying the pGV3850 helper plasmid 
(Zambryski et al., EMBO 1., 2, 2143-2150, 1983) and 
LBA4404, carrying the pAL4404 helper plasmid (Hoekema 
et al., Nature, 303, 179-180, 1983) by using a Bio-Rad elec 
troporation apparatus, and maintained on YEB medium 
supplemented With 50 mg/l kanamycin and 50 mg/l rifampi 
cin. YEB medium consisted of 2.5 g/l yeast extracti5 g/l 
peptonei2.5 g/l triptonei0.5 g/l MgSO4><7 H2Oi5 g/l 
sucrosei15 g/l agar. 

Hypocotyls of B. napus and leaf segments of N. Zabacum 
Were transformed by A. Zumefaciens LBA4404 inoculation. 
Regenerated shoots Were selected on hygromycin and 
checked for transgene integration using PCR. PCR-positive 
shoots Were groWn in the greenhouse and Were self-polli 
nated. When expressing under a heat shock inducible pro 
moter in tobacco plants, HSp exhibited germination (?rst 3 to 
7 days) speci?city in oil seed and tobacco plants. Transgenic 
plants overexpressing crtB gene Were dWar?sh and had yel 
loWish inclusions on leaves. The normal phenotype plants 
Were selected to produce seeds 

e. Demonstrating the Blocking Effect of crtB Expression in 
Tobacco Plants and B. napus. 

In vitro groWn tobacco leaf segments Were transformed 

With Agrobaclerium Zumefaciens carrying a transgenic con 
struct, Which is described in Example 1 (c) above and shoWn 
in FIG. 4. Recovered transgenic shoots Were applied to heat 
shock at +420 C. for tWo hours. Transgenic tobaccos express 
ing crtB gene after heat shock Were chosen for experiments. 

During heat shock treatment the expression of the crtB 
gene varied from strongly constitutive to speci?c. The differ 
ent levels of expressions Were demonstrated as color varia 

tions in the leaves. The colors varied from green to yelloW 
spotted leaves to totally yelloW leaves as shoWn in FIG. 5. 
Plants having a normal phenotype or being slightly yelloW 
colored Were groWn in greenhouse and Were used to produce 
transgenic seeds, Which Were alloWed to germinate on Wet 
paper in room temperature and in heat shock conditions for 
one hour at 420 C. each day. Transgenic sprouts in heat shock 
conditions Were yelloW and could not produce the ?rst true 
leaves, While control sprouts Were green and greW normally 
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12 
like non-transgenic plants (FIG. 6). Green sprouts appeared 
among yelloW ones in a frequency of 1:15, Which probably 
indicated that tWo independent transgenic inserts had been 
introduced in the genome. Northern analysis demonstrated 
that the block of germination Was caused by expression of 
crtB gene at a level of 3 pg mRNA per pg of total RNA as 

shoWn in FIG. 7. After heat shock treatment a block of ger 
mination Was demonstrated in 70% of the sprouts of one of 

the lines used, Whereas sprouts of the same line demonstrated 
in average a one Week delay in germination. The germination 
of sprouts on 3% sugar media Was slightly inhibited in both 
transgenic lines and control lines. Gibberellic acid (GA3) in a 
concentration of 1-3 mg/l promoted germination of sprouts 
treated With heat shock. 

Transgenic Brassica seeds expressing crtB gene developed 
yelloW-orange colored sprouts (‘golden sprouts’) as shoWn in 
FIG. 11. In natural conditions the orange sprouts can not groW 
further after the stage of expanding cotyledons. When 
expressing during early germination stage under HS pro 
moter, the crtB gene overproduced phytoene synthase and 
depleted the mutual source for synthesis of those molecules. 
Lack of precursor for chlorophyll together With overproduc 
tion of carotenoids led to phenomena of ‘golden sprouts’. 
Lack of gibberellin precursor led to block of germination, 
because the gibberellin is the essential hormone regulating 
germination process. crtB gene acted as a BC in the gerrni 
nating seeds by decreasing the content of gibberellin. There 
fore, the transgenic plants could not groW and reproduce in 
natural conditions. 

Expression of crtB gene Was demonstrated in Northern 
analysis from seedlings of B. napus of different ages. (FIG. 
13). The transgenic seeds Were steriliZed in 2% Na hypochlo 
rite and germinated aseptically on MS (Murashige-Skoog) 
agar. The “golden sprouts” Were collected on the 2nd, 3rd, 
4th, 7th and 14th day of germination. Total RNA Was isolated 
as described earlier. The samples Were run in an agarose gel 
and hybridized With a Digoxinin labeled RNA probe prepared 
based on the crtB gene. The expression of the crtB mRNA Was 
compared to a synthetic non-labeled RNA loaded in the same 
gel/blot in different amounts. The expression of phytoene 
synthase mRNA increased from 1 pg/ug of total RNA on day 
2 to 4 pg/ug on day 4 of germination. crtB expression contin 
ued for one Week and faded after about tWo Weeks. 

f. Recovery of the Blocked Function 

The action of the RBF-system Was demonstrated in gerrni 
nation tests and in order to recover the blocked germination 
function, external addition of gibberellins and sucrose Were 
applied in different concentrations. Seeds Were steriliZed in 
Na-hypochlorite and thereafter they Were alloWed to gerrni 
nate on Murashige Skoog (MS) agarose media. ‘Golden 
sprouts’ could not groW further than to the stage of cotyledon 
expansion on media lacking sucrose and gibberellic acid. 
Addition of 2% sucrose increased the groWth rate and the siZe 
of the sprouts Was doubled. The sprouts developed to full-siZe 
cotyledons, but could not produce the ?rst leaves. Gibberellic 
acid in a concentration of 1-1.5 mg/l had no effect on the 

transgenic sprouts, but blocked germination of non-trans 
genic sprouts. Golden sprouts could germinate, but had to be 
transferred onto MS media Without gibberellin on day 3-7 
after the start of germination in order to continue germination. 






















