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Introduction 
There are several recombinases, which are 

able to induce changes in the structure of a 
transgenic sequence in vivo. The most com-
monly  known  are  the  Cre/loxP system  of 
Bacteriophage  P1  (Sternberg  &  Hamilton 
1981), the FLP/FRT system of Saccharomy-
ces cerevisiae (Broach et al.  1982) and the 
R/RS system of  Zygosaccharomyces  rouxii 
(Araki  et  al.  1985),  although  a  variety  of 
other usable recombinases exist (Nern et al. 
2011). These enzymes belong to the tyrosine 
recombinase family and have highly specific 
recognition  sites,  which  compose  of  palin-
dromic inverted  repeats of 12-14  bp  and a 
spacer  sequence of 7-8 bp.  These enzymes 
are able to either invert or excise sequences 
between recognition  sites  as  part  of an in-
tramolecular recombination, but also to per-
form an intermolecular site-directed integra-
tion of DNA, depending on the orientation 
and type of recognition sites. These proper-
ties  have  been  reported  in  several  plants 
(Lyznik et  al.  1993 -  for  an overview,  see 
Wang  &  Yau  2011)  and  are  also  wildly 
known in the field of genomic engineering 
with mammalian and drosophila cells as well 
as several prokaryotes (Kolb 2002). General 

considerations  for  the  use  of  recombinases 
and the use of variable constructs should be 
the  right  choice  of  promoters,  regulating 
when or where which recombinase should be 
active (Van Ex et al. 2009). For an effective 
and reliable recombination, the codon usage 
and G/C content of the gene should be adap-
ted from the host  organism to ensure gene 
expression (Song & Niederweis 2007). Also 
detrimental  effects  of  the  recombinase  like 
chlorosis,  growth aberration and even steri-
lity could  be  observed  in  tobacco,  petunia 
and tomato (Coppoolse et al. 2003).

Excision of marker genes and 
transgene confinement

In  the  last  twenty  years  there  have  been 
several  successful  attempts  of  marker  gene 
excision in a variety of plants (Russell et al. 
1992, Dale & Ow 1992, Kerbach et al. 2005, 
Darbani  et  al.  2006,  Gidoni  et  al.  2008). 
While the first attempts of marker excision 
were carried out with constitutive promoters, 
the last five years have brought a shift to a 
finer regulated on demand activation of the 
marker  excision.  For  example,  the  use  of 
either  an  inducible  Drosophila heat  shock 
promoter in potato (Cuellar et al. 2006 - ex-

cision rate up to 14%), the salicylic-acid in-
ducible  promoter  from  tobacco  in  tomato 
(Ma et al. 2008 - excision efficiency of 41%) 
or  a  tissue  specific  promoter  like  NTM19 
(microspore  specific)  from tobacco  (Mlyn-
árová et  al.  2006 -  excision  failure  rate  of 
0.024  %) leads to  the activation  of the re-
combinase and the highly effective excision 
of genes. Due to the general design of these 
constructs, they are only suited for a specific 
application  or  plants  which  can be held  as 
scions in laboratory dimensions like tobacco 
or poplar. For breeding and in field applica-
tion  of grassy plants,  a different  and gene-
rally applicable type of constructs is needed. 
As a  new approach,  we  created  constructs 
which  are  composed  out  of  two  separate 
units (Fig. 1). One region transfers a certain 
set of traits to the plant and is used for trans-
gene selection. The second unit controls the 
heredity  of  a  transgene  by  seeds.  This  is 
achieved through a combination of inducible 
and germ line specific regulation of recom-
binase expression. These constructs were in-
troduced into the maize genome,  by means 
of  Agrobacterium-mediated  transformation. 
Screening of transgenic lines was performed 
and seeds were produced from the different 
lines. After the seeding of T1-plants, the in-
ducible recombinase was activated  via heat 
shock.  The  expression  of  the  recombinase 
was monitored through RT-PCR and West-
ern blot (data not shown),  while the spacer 
excision of the recombinase and its promoter 
(Fig. 1A) was confirmed using Southern blot 
experiment(Fig. 2). The loss of an interven-
ing  sequence  between  recombination  sites 
for the first recombinase resulted in the re-
duced size of the hybridization product (Fig.
1B and Fig. 2 lines 288 and 3440). After the 
removal  of  the  spacer  sequences,  a  tissue 
specific  promoter  sequence  is  brought  in 
front of the second recombinase. In this con-
finement  approach  the  pollen  specific 
ZmMADS2 promoter (Schreiber et al. 2004) 
was used, which would lead to an activation 
of the second recombinase during pollen de-
velopment.  This  recombinase  excises  the 
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transgenic  sequence,  leaving  only  the  in-
significant residue of the right and left bor-
der sequences from the transformation event 
and  a  single  recombinase  recognition  site 
(Fig. 1C) in the host genome. After the trans-
formation of maize embryos, we were able to 
obtain 268 supposedly independent lines. 28 

lines  could  be  identified  as  single  copy 
events.  After the heat shock application 10 
lines showed full excision of the spacer frag-
ment  in  Southern  blot  experiments.  After 
crossing the pollen from those lines into the 
maize  inbred  line  A188,  three  crossing 
events  showed  extreme deviation  from the 

Mendelian  segregation.  One  line  even 
achieving a transgene excision efficiency of 
100% in the following generation.

To verify the removal of transgenic sequen-
ces from the host genome we crossed pollen 
from fully activated lines into inbred A188 
maize lines. Fourteen days after pollination 
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Fig. 1 - Schema of the confinement construct. 
The construct composes out of two selectable 
marker genes, bar and uidA, for the selection 
of transgenic plants and offspring. The ex-
cision of the transgenic sequences from the 
host genome is interrupted by a spacer se-
quence, which is flanked by FRT sites. The 
spacer sequence is made of the FLP recom-
binase and the GmHSP 17.5E promoter from 
soy bean (Czarnecka et al. 1985), regulating 
the activity of the FLP recombinase. On the 5´ 
end of the spacer sequence the pollen specific 
promoter ZmMADS2 is located. Following 
the spacer sequence on the 3´ side is the Cre 
recombinase. After the transformation of the 
dormant construct (A) the activation of the 
constructs is induced through the application 
of a heat shock, leading to the expression of 
the FLP recombinase and the excision of the 
spacer sequence. This brings the pollen spe-
cific promoter in regulating distance to the 
Cre recombinase (B). After the developmental 
activation of the ZmMADS2 promoter the Cre 
recombinase is expressed in pollen. This will 
excise the whole construct, leaving only one 

framing loxP recombinase recognition sites in the host genome, rendering the phenotype of the T2 - progeny wild type (C). The black arrows 
show relevant primer binding sites, Dig-cre fw and Dig-cre rev, for the construction of a labeled probe for the determination of heat shock 
activation (A) and (B). The primer binding sites T1F and T1R were used to confirm the excision of the construct (C). (T): terminator se-
quence (nos/35S); (bar): Phosphinothricin acetyltransferase gene; (gus): uidA gene from E. coli; (pAct): Act1-F promoter from rice; 
(pZmMADS2): MADS2 promoter from Zea mays; (flp): FLP recombinase; (Stls1): Stls1-Intron from potato; (HSP): GmHSP 17.5E pro-
moter; (35S): CaMV35S promoter; (cre): cre recombinase; (LB) and (RB): Left- and right border sequences; (FRT): FRT recognition sites; 
(loxP): loxP recognition sites; (Dig cre fw) and (Dig-cre rev): primers.

35Sbar TT TpAct pZmMADS 2 cregus Tflp HSP

loxPFRT
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loxP

(C)

induction
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Fig. 2 - Activation of the confinement construct. 
Southern Blot analysis of the heat shock induced 
recombination. The excision of the spacer fragment 
in the construct leads to a specific size reduction in 
the fragment after SfiI / EcoRI digestion. Here are 
shown several transgenic lines (No. 234; 137; 96; 
288; 3440) after an applied heat shock. The expec-
ted band for the non-induced transgenic sequence 
lies at 5.9 kb. After the heat shock, the size drops 
to 3.8 kb through the excision of the spacer frag-
ment, composed out of the inducible promoter and 
the first recombinase. In line 1 the DIG VII marker 
(Roche) is shown. Lines 2-4 show chimerical 
plants in the analysis with an only partly excised 
spacer fragment. Lines 5 and 6 show fully activa-
ted plants after the complete excision of the spacer 
fragment in compliance with the Fig. 1B.
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the kernels were harvested and the immature 
embryos  isolated.  After  the  germination  of 
the embryos in tissue culture the small seed-
lings were transferred into soil. After a few 
days histological GUS-staining of leaf tissue 
was  performed  (data  not  shown)  to  screen 
for significant deviations from Mendelian in-
heritance  pattern.  Genomic  DNA was  iso-
lated from lines showing a highly significant 
amount  of  non-transgenic  phenotype  off-
spring (> 70%) to verify the excision on a 
molecular  basis.  For  this  primers  were  de-
signed at the borders of the construct  (Fig.
1C - black arrows).  In  case of an excision 
event a PCR should lead to a 450 bp frag-
ment (Fig. 3), which was isolated and the fi-
nal excision proven through sequencing.

Cassette exchange and site 
directed integration

The integration site of transgenic  sequen-
ces into the host genome, mediated by Agro-
bacterium is  supposed  to  be  favorably  in 
AT-rich regions, as it was shown for tobacco 
(Gheysen et al. 1987),  Arabidopsis (Mayer-
hofer et al. 1991), rice (Takano et al. 1997) 
and poplar (Kumar & Fladung 2002). Des-
pite this, the expression of genes in those re-
gions may still differ greatly from one trans-
genic line to another. The insertion of certain 
traits  into  a  well  defined  region  is  already 
possible in animal cells and fungi (Smithies 
et  al.  1985,  Thomas  &  Capecchi  1987, 
Capecchi 1989,  Hinnen et al. 1978,  De Lo-
zanne & Spudich 1987), due to their ability 
of homologous recombination. A highly ef-
fective method for the targeted integration of 
transgenic  sequences  via homologous  re-
combination  into  the  genome  of  higher 
plants is not yet available, although a lot of 
research has been committed (Paszkowski et 
al.  1988,  Puchta  et  al.  1995,  Salomon  & 
Puchta 1998). An available alternative is the 

site-specific  integration  of  transgenic  se-
quences or cassette exchange via recombina-
tion (Vergunst  & Hooykaas 1998,  Araki et 
al.  2002,  Fladung  &  Becker  2011).  To 

achieve this,  double transgenic poplar lines 
were developed carrying one transgenic se-
quence with an inducible FLP recombinase 
(Fig.  4A)  and  a  second  integration  event 
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Fig. 3 - Genetic analysis of non-transgenic  
phenotype in T1 - progeny. After the outcros-

sing of transgenic maize pollen into inbred  
line A188, the offspring were histochemically  
stained for the expression of the marker gene  
uidA. A normal Mendelian segregation of the  
transgene would result in a roughly 50:50 se-

gregation in the next generation. From lines  
with abnormal high amounts of wild type off-
spring genomic DNA (gDNA) was extracted  
from non-transgenic phenotype progeny and  

the excision of the construct verified via PCR.  
Line 1 and 10: O’GeneRuler™ 1kb Plus DNA  
Ladder (Fermentas). Lines 2-9: Verification of  

transgene excision PCR of gDNA extracted  
from the progeny plants from Line 288. Line  

11: negative control maize gDNA Line 12:  
water control without gDNA. Line 4 and 7  

show the expected 450 bp excision fragment,  
in compliance with Fig. 1C. Isolation and 

sequencing of the products verified 
the successful excision events.

Fig. 4 - Construct schema of the cassette exchange experiments. Schematic representation of 
the integrated acceptor  (4A) and donor (4B) construct  used for site directed cassette ex-
change in poplar and the integration site after the successful site directed integration (4C). 
The targeted integration through cassette exchange was carried out with double transgenic 
lines.The integrated acceptor construct carries the selection marker nptII and the FLP recom-
binase from yeast. The expression of the FLP is under control of the Gmhsp 17.5E promoter 
from soybean. Collateral orientated FRT- sites are flanking the 3` end of the FLP terminator  
sequence and the 5´end of the selection marker nptII between gene and promoter. A 35S pro-
moter is located on the 3´end outside the recombination sites. In the inactivated state, the 
35S promoter drives the nptII gene. The second insertion carries a promoterless bar gene,  
flanked by parallel FRT sites and an additional selective marker gene hpt. After the heat ac-
tivation the expression of the FLP recombinase leads to the excision of the FRT flanked re -
gions in the constructs. Through the possibility of site directed integration the promotorless 
bar gene can be inserted in the acceptor construct (4A) in front of the 35S promoter leading 
to a functional selective marker gene (4C). (T): terminator sequence (nos/35S); (bar): Phos-
phinothricin  acetyltransferase  gene;  (FLP):  FLP  recombinase;  (Stls1):  Stls1-Intron  from 
potato; (HSP): GmHSP 17.5E promoter; (nptII): Neomycin phosphotransferase gene; (35S-
Pr., 35S): CaMV35S promoter; (hpt): Hygromycin phosphotransferase gene; (LB) and (RB): 
Left- and right border sequences; (FRT): FRT sites.
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(B)

induction

(C)
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with the target sequence (Fig. 4B). After the 
transformation, the cassette exchange was in-
duced  via heat shock treatment, the leaf tis-
sue crushed and the regenerating calli were 
screened for successful expression of the tar-
get gene (Fig. 4C). The site-directed cassette 
exchange led to the expression of a hygro-
mycin resistance marker gene,  which could 
be readily selected on regeneration media in 
a frequency of up to 7.4% (Fig. 5 - Fladung 
et  al.  2010).  Higher  cassette  exchange  fre-
quencies  of up  to  44% could  be shown in 
Arabidopsis using  the  Cre/loxP  system 
(Louwerse et al. 2007). With the possibility 
of a site-directed integration or recombinase 
mediated cassette exchange one can circum-
vent the extensive work of determining high 
expression  lines  for  every  new  construct. 
After  the  construction  of  an  acceptor  line, 
with  a  thoroughly characterized  integration 
site, new constructs could be precisely inser-
ted through site-directed insertion or cassette 
exchange mediated by a site-specific recom-

bination. The expression of a new construct 
could be easily predicted and would not be 
subject  to  great  variability.  This  could  be 
carried out through the construction of new 
transgenic  lines,  which  would  be  crossed 
into the acceptor  line.  The transgene trans-
mission could be realized in the resulting hy-
brid plants and genetically purified through 
back crosses.  Another alternative would  be 
the transient or stable retransformation of the 
acceptor line with the integration construct, 
followed by a cassette exchange.

Inducible gene expression and 
induced RNAi in plants

Induced gene expression
Tissue specific expression of genes for the 

accumulation  of  certain  products  has  been 
successfully  used  in  different  plants.  For 
example the production of resveratrol, which 
is supposed to have beneficial effects on hu-
man health,  has  been carried  out  in  barley 

(Leckband & Lörz 1998) and in oilseed rape 
(Hüsken et al. 2005). But the conditional ex-
pression of certain substances can lead to un-
expected effects on the development  of the 
plants,  due  to  substrate  competition  and 
physiological strain (Fischer et al. 1997). To 
circumvent such effects, especially when the 
expression is supposed to take place in the 
reproductive organs of the plant,  the trans-
formation can be carried out with an inacti-
vated  construct  (Fig.  6A).  This  will  only 
transfer an active selection marker resulting 
in minimal physiological strain for the plant 
during the breeding process.  After the suc-
cessful  breeding,  the activation of the con-
struct (Fig. 6B) will lead to the conditional 
expression of the desired product, while pos-
sible  negative  side-effects  can  be  ignored. 
The first  successful induced expression ex-
periments have been carried out, with a gfp-
sequence fused to a maize-peroxidase gene. 
To  verify  the  feasibility  of  the  constructs, 
maize  embryos  14  days  after  pollination 
were transiently transformed through particle 
bombardment.  After  the  transformation  the 
embryos  showed  no  GFP-signal  (Fig.  7A). 
The induction of the constructs leads to the 
excision of the spacer region followed by an 
expression  of  the  fusion  protein  shown  as 
GFP-signals in transformed cells (Fig.  7B). 
These data demonstrated the viability of this 
approach for conditional protein expression 
in plants.

Induced RNAi
RNAi has been used widely and success-

fully for genome analysis in several different 
plants. In most constructs a promoter is fol-
lowed by a sense and antisense sequence of 
the gene of interest, devided by a spacer or 
an intron (Waterhouse et al. 1998,  Smith et 
al. 2000). Due to the large homologies in the 
vector,  sequence  cloning  and  construction 
can be quite complicated. Efforts have been 
made  to  make  the  cloning  of  RNAi-con-
structs easier for high throughput application 
(Wesley et  al.  2001),  but  still  the  issue of 
homologue sequences remains unsolved and 
can be quite troublesome. Furthermore, can 
the construction of mRNA-RNAi libraries be 
hindered by the development of lethal effects 
or phenotypes in the plants. To overcome all 
those  limitations  on  RNAi,  our  group  has 
adapted the opposing-dual promoter system 

iForest (2012) 5: 131-137 134  © SISEF http://www.sisef.it/iforest/ 

Fig. 5 - Cassette exchange in poplar regene-
rants. Proof of concept work showing the 
expression of a hygromycin resistance after 
a cassette exchange in poplar. Double trans-
genic lines without inducing treatment 
showed no regeneration on selective media 
(A), while induced lines were able to rege-
nerate plantlets (B) in accordance to Fig. 4C.

Fig. 6 - Schema of inducible expression construct. The construct has the bar marker gene un -
der control of the 35S promoter. The expression of the ZmPox-GFP fusion protein triggered 
by the  Ubi-int  promoter  (ZmUbiquitine  promoter  with  first  intron)  is  interrupted  by the 
GmHSP 17.5E - Cre cassette (A). After the induction of the Cre recombinase via heat shock 
the spacer will be excised. This will put the constitutive promoter in front of the fusion pro-
tein leading to  its  expression  (B).  (T):  terminator  sequence (nos/35S);  (bar):  Phosphino -
thricin acetyltransferase gene; (HSP): GmHSP 17.5E promoter; (35S): CaMV35S promoter;  
(Ubi-Int):  Ubiquitin promoter from Zea mays; (ZmPox): Peroxidase gene from Zea mays; 
(GFP): green fluorescent protein gene; (Cre): cre recombinase; (LB) and (RB): Left- and 
right border sequences; (FRT): FRT recognition sites; (loxP): loxP recognition sites.

(A) (B)

induction

loxP

35S bar Ubi-int TT ZmPox GFP(B)

T35S bar Ubi-int

loxP

CreHSP TT ZmPox GFP
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from fungi (Mette et al. 2000, Schmidt et al. 
2012) for easy cloning. To circumvent lethal 
or detrimental RNAi-effects the transforma-
tions  are  carried  out  with  inactivated  con-
structs (Fig. 8A). After the successful trans-
formation,  the RNAi constructs are specifi-
cally activated through a heat shock, which 
will excise a spacer fragment (Fig. 8B). After 
the excision of the spacer a constitutive pro-
moter will be in front of the second recom-
binase.  This  leads to  the expression  of the 
second recombinase, which will  deliver the 
complement promoter in activation range to 
the RNAi sequences (Fig. 8C). The expres-
sion of complementary RNA strands initia-
ted  through  both  promoters  results  in  the 
formation  of  double  stranded  RNA,  which 
will induce the RNAi-effect. The feasibility 
of the opposing promoter system for RNAi 
could be shown for tobacco (Schmidt et al. 
2012) and poplar (Fladung M, personal com-
munication).

Conclusions
The use of recombinases in our constructs 

has facilitated a variety of new possibilities. 
The transformation of inactivated constructs 
leads to the real autonomy of the transforma-
tion process and the following transgene ef-
fect on the plant, in contrast to tissue specific 
or  conditional  expression.  After  the  trans-
formation of plant  material  transgenic lines 
can be bred and seeds obtained, containing a 
dormant construct. This separation allows re-
searchers to induce certain traits in the plants 
and study the following effects without con-
cerns for the viability of the transgenic line 
or the risk of destroying valuable seed mate-
rial.  This is of special interest for the field 
scale application as a confinement strategy, 
where the breeding and crossing of transge-
nic  sequences  into  different  lines  is  neces-
sary, but stands in harsh contrast to the need 
for  a  reliable  and  highly effective  excision 
during the germ-line development.  Another 
great  advantage  arises  for  basic  studies  in 
plants.  The  simple  but  effective  cloning 
strategy enables researchers to create whole 
mRNA-RNAi  libraries,  where  potentially 
lethal RNAi effects can be transformed and 
bred. The effects of the RNAi can be studied 

in detail and at any time during development 
after  the  activation  of  the  constructs.  The 
same applies  for the induced expression of 
proteins. The conditional expression of cer-
tain proteins leads to an enormous physiolo-

gical strain and might have a negative effect 
on the plants in general or the fertility of the 
expression lines. Furthermore, will the con-
struction of so called acceptor  lines enable 
the  researcher  to  circumvent  the  laborious 
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Fig. 7 - Transiently induced gene expression  
as proof of concept. Validation of the indu-

cible expression. 14 days after pollination  
maize scutellum underwent heat shock treat-

ment after biolistic transformation with the  
expression constructs (Fig. 6A). Left: scutellar  
tissue without induction, right: tissue 24 hours  

after a heat shock treatment, showing the ex-
pression of a GFP-peroxidase fusion protein.

Fig. 8 - Inducible RNAi construct schema. The construct has a bar gene regulated by a 35S  
promoter for general selection. With the nptII gene, regulated by the pAct, it is possible to 
select against premature activation of the RNAi during tissue culture. The nptII fragment, 
flanked by loxP sites, is also used as an inactivating spacer for the antisense stand of the  
RNAi sequence. Furthermore lies an inverted pAct promoter at the 3´end of the construct, 
producing a sense stand of the RNAi fragment. For the activation of the construct a heat  
shock will lead to the expression of the FLP, excising itself and its promoter, bringing the 
Ubi-int promoter in regulating distance to the cre gene (B). After the first induction, the ex-
pression of the cre recombinase leads to the excision of the nptII marker gene, putting its  
pAct promoter on the other side of the RNAi fragment, leading to the expression of the antis-
ense strand. The production of complementary RNA strands leads to the formation of double 
stranded  RNA,  resulting  in  the  initiation  of  the  RNAi  effect.  (T):  terminator  sequence 
(nos/35S);  (bar):  Phosphinothricin  acetyltransferase gene;  (gus):  uidA gene from  E. coli; 
(Ubi-Int):  Ubiquitin  promoter  from  Zea  mays;  (pAct):  Act1-F  promoter  from  rice; 
(pZmMADS2): MADS2 promoter from  Zea mays; (FLPo): Codon optimized FLP recom-
binase;  (HSP):  GmHSP 17.5E  promoter;  (35S):  CaMV35S  promoter;  (Cre):  Cre  recom-
binase; (nptII): Neomycin phosphotransferase gene; (LB) and (RB): Left- and right border  
sequences; (FRT): FRT recognition sites; (loxP): loxP recognition sites.
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search  for  high  expression  transformation 
events.  This leads to  an acceptable  and re-
liable expression of the integrated sequence.

Outlook
The  major  setback  of  the  inducible  con-

structs is the lacking of non-leaky and relia-
ble inducible system which performs in field 
scale applications.  While a set of inducible 
promoters  are  available,  the  majority  are 
only suited for  scientific  approaches.  Indu-
cible promoters either require the application 
of chemicals, which might be scorned at in 
field trials or depend on a certain physiolo-
gical strain, which imposes problems in large 
scale  impulse  response.  Furthermore,  most 
inducible promoters are activated by a varie-
ty of factors. For several heat shock promo-
ters it was shown that a variety of impulses, 
such as heavy-metal levels, were able to in-
duce an expression. This instability will pose 
problems in the premature or improper acti-
vation during field application depending on 
the  environmental  circumstances.  On  the 
other  hand,  the  large  scale  application  of 
hormone  or  chemical  solutions  is  not  very 
accurate  and  the  achievement  of  inducing 
concentration  might  be  compromised,  not 
considering  environmental  or  public  health 
concerns. The answer might lie in the deve-
lopment of synthetic promoters or the adap-
tion  of  bacterial  promoters  for  the  use  in 
plants. The most desired traits for such an in-
ducible promoter are the specificity and irre-
vocability of the signal. It is supposed to be 
exclusive, easy to impose and should lead to 
a high gene expression without severe harm 
for  the  plant.  Another  future  aspect  of  re-
combinase  depending  approaches  is  the 
search for new reliable enzymes. There have 
been a lot of new findings and developments 
on  this  field,  clearly showing that  some of 
the  recombinases  are  not  suited  for  every 
host  system.  High  expression  levels  of  the 
Cre-recombinase  leads  to  malformation  in 
Drosophila optical cells and is supposed to 
have pseudo-recognition sites in the murine 
and human genome. Therefore the variety of 
different  recombinases  which  are  available 
should be thoroughly tested for their appli-
cability in the possible host organisms. Even 
enzymes with  a  very low activity but  high 
specificity can be adapted for different plants 
after optimization of codon usage and adap-
tation on the host. The variety and exclusive-
ness  of  recombinases  throughout  the  diffe-
rent species, as well as the modification and 
adaptability  of  their  recognition  sites,  turn 
recombinases  into  a  powerful  tool  in  next 
generation  biotechnology  of  plants.  Con-
sequentially,  new  and  more  complex  con-
structs will be derived with the different pos-
sibilities  of  integration,  inverting  and  ex-
cision all carried out in one construct. This 
gives  rise  to  highly  complex  constructs, 
which  will  lead to  a tightly monitored  and 

predictable  transgene expression,  not  follo-
wing  the  unchecked  expression  design  of 
previous vectors.
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