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Background: Selectable marker gene (SMG) systems are critical for generation of transgenic crops. Transgenic crop pro-
duction without using SMG is not economically feasible. However, SMGs are non-essential once an intact transgenic plant
has been established. Elimination of SMGs from transgenic crops both increases public acceptance of GM crops and pre-
pares gene stacking possibility for improvement of complex traits. Synthetic inducible promoters provide an efficient and
flexible strategy to regulate transgene expression.

Objectives: This study aimed to construct a transformation vector based on Cre/loxP recombination system to enhance
efficiency of SMG-free transgenic plant production followed by post-excision expression of gene of interest in transgenic
plants by a pathogen inducible promoter.

Materials and Methods: In pG-IPFFDD-crein-gusint construct, cre recombinase and selectable marker gene (npfIl) cas-
settes were placed between the two /oxP recognition sites in direct orientation. Seed-specific Napin promoter was used for
regulation of Cre expression in transgenic seeds. In the construct, loxP flanked sequence containing npfIl and recombinase
cassettes, located between a pathogen inducible promoter containing FFDD cis-acting elements and f-glucuronidase cod-
ing region. The cunstuct was transformed into Nicotiana tabaccum via Agrobacterium-mediated transformation.

Results: The results showed that both cre and nptll excision occurs in T1 progeny tobacco plants through seed-specific
cre expression. The excisions were confirmed by methods activation of the gus gene, germination test on kanamycin-con-
taining medium and molecular analysis. Inducibility of gus expression by FFDD-containing promoter in T1 leaf tissues
was confirmed by histochemical Gus staining assay.

Conclusions: The established system is not only an efficient tool for marker gene elimination but also provides possibil-
ity for inducible expression of the transgene.
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trait gene and SMG via co-transformation and the sub-
sequent segregation in the progeny was one of the ear-
liest methods developed for marker gene elimination

1. Background
Transformation technologies have limitations for
introduction of multiple genes into plant genomes.

One of these limitations is remaining of selectable
marker genes in transgenic plants that limit reusing of
these genes in sequential transformations (1).
Remaining of selectable marker genes (SMG;), usual-
ly an antibiotic- or herbicide-resistant gene (2), in
plant genomes has raised concerns from both regulato-
ry agencies and the public. Horizontal transfer of antibi-
otic resistance genes from plants to other microorgan-
isms, medically related bacteria or intestinal microorgan-
isms are distinguished as major biosafety concerns (3).
Varieties of methodologies have been developed
to obtain SMG-free transgenic plants. Transfer of the

(4, 5). Homologous recombination system (6, 7), use
of transposable elements (8), and site-specific recom-
bination (9, 10, 7) are the other strategies. The co-
transformation and use of transposons are rather time
consuming and labor intensive. These techniques
require further complementary steps such as selection
of SMG free individuals in subsequent segregating
generations. Occurrence of unwanted deletions due to
uncontrolled recombination events makes the homolo-
gous recombination system less attractive (11).
Site-specific recombination based strategies are
desirable for SMGs elimination. In these systems,
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recombination reactions catalyzed by recombinase
proteins, excise any DNA sequence that is flanked
between two directed recombinase recognition sites in
the same orientation. The well-known Cre/loxP system
from bacteriophage P1 has been widely used in plant
biotechnology (6). Retransformation (12), sexual
crossing (13, 14, 15) and self-excision strategy (16,
17) are the three successful strategies for delivery of
cre recombinase in transgenics. In the first two strate-
gies much time is needed to produce marker-free trans-
genic plants. Additionally, it has been reported that
constitutive expression of cre gene in some plants
result in growth retardation and a distinct pattern of
chlorosis in leaves (18).

In self-excision strategy, recombinase gene is
located on the same T-DNA together with selectable
marker gene between the recombination sites and Cre
gene expression can be limited by using chemical (19,
20, 17, 21) or heat-shock regulated promoters (16, 22,
23). Using inducible promoters have limitations such
as: an additional step to activate the recombinase, an
extra regeneration step and probable side-effects of
inducers on plant proliferation. Conditional expression
of Cre recombinase using tissue-specific promoters
seems to be the method of choice nowadays. Self-exci-
sion systems using pollen (24), floral (25), germ-line
(26) and seed-specific promoters (27) have been
reported for the elimination of SMGs.

2. Objectives

A genetic system based on Cre//loxP recombina-
tion system was constructed for co-elimination of
SMG and recombinase. Following the excision, a
pathogen-elicitor inducible promoter drives the gene
of interest. This system was developed to remove the
marker gene in the T1 progeny of transgenic plants in
a single round of transformation. The strategy relies on
a seed-specific promoter to control the expression of
the recombinase to produce SMG-free transgenic

plants. Feasibility of this genetic system was evaluated
in Nicotiana tabacum to obtain complete SMG-free
and salicylic acid -inducible transgenes.

3. Materials and Methods

3.1. Materials

Restriction enzymes, T4 DNA ligase, Tag DNA
polymerase and PCR buffers purchased from
Fermentas (USA). Plant growth hormones including
BAP, NAA and histochemical Gus activity assay
buffers (NaH,PO,, Triton X-100, Na,EDTA, 5-bromo-
4-chloro-3-indolyl glucuronide) was purchased from
sigma (USA). Kanamycin, cefotaxime, Salicylic acid
prepared from Merck (Germany). E. coli, DH5c and
Agrobacterium tumefaciens, LBA4404 strain used for
cloning and plant transformation. Nicotiana tabacum
cv. Samsun was used as plant material for transforma-
tion.pegGOLD plant DNA Mini Kit (PeQlab,
Germany) was used for DNA extraction. pTZ 57R/T
vector was purchased from Fermentase (USA).

3.2. Construction of Self-Excision System

The self-excision vector was constructed using
classical cloning techniques according to Sambrook ef
al. (28). 2100 bp gus gene ORF with additional Kpnl
and Smal recognition sites amplified using ks-gusF
and sac-gusR primers (Table 1). The purified amplicon
was inserted into the digested pGPV-gusint plasmid
(Figure 1A) (29) with Xhol. The resulting construct
was named as pG-KSgusint, The synthetic IP-FFDD
fragment containing: IPFFDD pathogen inducible pro-
moter, 34 bp loxP recognition site (ATAACTTCG-
TATAATGTATGCTATACGAAGTTAT) and nos termina-
tor, were inserted as a Dralll fragment into the Dralll
cleaved pG-KSgusint vector. NosT sequence was
added between inducible promoter and npfIl cassette
to prevent from probable effect of inducible promoter
on nptll gene expression. The resulting construct was

Table 1. Oligonucleotide primers used for transgenes

Oligonucleotide name

Sequence

ks-gusF 5'-CTCGAGGGTACCCGGGACCATGGTAGATCTGAGGGT AA-3'

sac-gusR 5'-ATTCGAGCTCGGTAGCAATTC-3'

creF 5-CTCGAGATGTCCAATTTACTGACCGTA-3'

creR 5-CTCGAGATAACTTC GTATAATG TATGCTATACGAAGTTATC CCCCCTAT TTCTCAGGCACA-3'
nptllF 5'-CATACCGTTCCCGAGTAA GGATG-3'

nptlIR 5-TCGAGTGGTGATTTTGTGC-3'

F1 5'-GACTAGTTTGTCAATGTCATTAAATT-3'

gusR 5'-CCGGCATAGTTAAAGAAATCAT G-3'
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Figure 1. A: The schematic diagrams of the pGPTV-gusint construct, B: the Cre/loxP self-excision system used for marker
gene excision in tobacco C: the predicted Cre/loxP self-excision after recombination in transgenic seeds. IP-FFDD:
pathogen inducible promoter; NPT1I: neomycin phosphotransferase 11 gene; nosT: nos terminator; nosP: nos promoter;

napinP: seed specific promoter; Crei, the bacteriophage Pl
plete coding region

referred to as pG-IPFFDD-gusint, Napin promoter
sequence inserted as a Hindlll/Xhol fragment into
digested pG-IPFFDD-gusint vector with the same
enzymes to drive Cre gene. The new construct was
named as pG-IPFFDD- napinP-gusint. Creint ORF with
the nos terminator was amplified using creF and creR
primers (Table 1), (with 34 bp loxP sequence in 5" end
of reverse primer) from pLH-cre-gus plasmid (30).
The amplicon was inserted as a Xhol-restricted frag-
ment into XAol cheaved pG-IPFFDD- napinP-gusint
vector. The final construct was designated as pG-
IPFFDD-gusint-creint (Figure 1B).
3.3.  Genetic Transformation and Molecular
Confirmation of Transgenic Plants

The self-excision plasmid pG-IPFFDD-gusint-
creint was transferred into the Agrobacterium tumefa-
ciens strain LBA4404 via heat shock. Tobacco trans-
formation was performed by 4. tumefaciens LBA4404
(pG-IPFFDD-gusint-creint) according to Horsch et al.
(31). Briefly, tobacco leaf discs were used as explants.
After 1-day pre-culture, Agrobacterium inoculation,
and 3-day co-cultivation on COM medium (MS medi-
um supplemented with 0.2 mg.L-! NAA and 2 mg.L-!
BAP), infected leaf discs were placed on RM medium
(MS medium containing 0.2 mg.L-! NAA, 2 mg.L-!
BAP, 100 mg.L-! kanamycin, and 200 mg.L-! cefo-
taxime) for 8 weeks. Adventitious shoots were excised
and transferred to a kanamycin-free MS medium. The
rooted shoots were transplanted to soil for growth and
self-pollination. Genomic DNA was prepared from
leaf of plants using peqGOLD Plant DNA Mini Kit
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Cre recombination gene; GUS!: the B-glucuronidase com-

(PeQlab). The presence of T-DNA in primary trans-
genic plants genome was confirmed by PCR. The pres-
ence of nptll and cre genes was detected by PCR
amplification using two primer sets, nptlIF, and nptIIR
for amplification of 950 bp nprIl fragment and creF
and creR for amplification of 2000 bp cre fragment.
Genomic plant DNA (50 ng) was used as template for
PCR reactions. Non-transformed plant DNA was used
as negative control.

3.4. Seed Germination Test

To determine the SMG-free phenotypes
(kanamycin sensitive) in T1 progeny plants, a number
of seeds from each primary transgenic line were sown
under selective condition (100 mg.L-! kanamycin).
After 21 days, kanamycin resistant seedlings (normal
seedlings with developed shoot and root systems) and
sensitive seedlings (small seedlings with yellow or
pale green cotyledons and undeveloped roots) were
counted.

3.5.  Salicylic Acid Treatment and Gus Activity
Analysis

In order to investigation of excision event, histo-
chemical Gus activity assay in kanamycin susceptible
transgenic lines was performed according to Jefferson
et al. (32). For histochemical analysis, at first leaf
discs derived from T1 progeny plants were incubated
in 0.2 mM salicylic acid (as a pathogen elicitor) in vac-
uum for 20 min for induction of promoter and incubat-
ed in dark condition for 72 hours, then incubated in a
reaction buffer containing 50 mmol.L-! NaH,PO, (pH
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7.0), 0.1% Triton X-100, 10 mmol.L-! Na,EDTA and 1
mmol.L-! 5-bromo-4-chloro-3-indolyl glucuronide (X-
Gluc) at 37°C for 16-24 h. The samples were discol-
ored with 70% ethanol and observed under a light
microscope.

3.6. Molecular Analysis of SMG-Free Plant

Genomic DNA of kanamycin sensitive lines was
extracted from leaf tissues of T1 progeny plants. Two
sets of primers, including F1/gusR and nptIIF /nptlIR
primers (Table 1) were used for analysis of Cre medi-
ated recombination events. The reaction mixture (25
pL) contained 50 ng template DNA; 2.5 pL of 10x
PCR buffer; 10 pmol of each primer, 200 uM dNTPs
and 0.5 U of Tag polymerase. For analysis of precise
recombination event, an 895 bp PCR product ampli-
fied by using F1/gusR primers (Table 1) was cloned
into pTZ 57R/T vector and sequenced with M13
primers.

4. Results

4.1. Generation and Identification of Transgenic
Plants

Primarily the transgenic plants were selected
based on resistance to kanamycin. The cre gene
expression in seeds of these transgenic lines resulted in
co-elimination of cre and nptll cassettes and the loss of
the kanamycin resistance in T1 progeny plants. After
self-excision, the gus gene went under the control of
inducible promoter IP-FFDD (Figurel C).

After Agrobacterium-mediated transformation of

2000 bp

1500

1100
1000
900

» 950 bp
Figure 2. PCR of primary transgenic plants obtained for T-
DNA presence. A: PCR with creF/creR primers; M: molec-
ular marker 1 kb: positive control (pG-IPFFDD-cre!nt-gusint
plasmid); 2: negative control (wild type tobacco); 3-8:
transgenic tobacco plants B: PCR results with primers
nptlIF/nptlIR. M: molecular marker mix; 1: negative con-
trol (wild type tobacco); 2: positive control (pG-IPFFDD-
creMt-gusit plasmid); 3-8: transgenic tobacco plants

the tobacco plants, 10 kanamycin- resistant putative
transgenic lines containing pG-IPFFDD-creint-gusint
were obtained, and analyzed for the presence of cre
and nptll genes by PCR using two sets of specific
primers, including creF/creR (2000 bp) and
nptIIF/nptlIR (950 bp) (Figure 2).

Transgenic lines were self-pollinated to obtain T1
seeds. All transgenic lines showed healthy phenotype
and no abnormality in shape or fertility was observed.
Mature seed materials from these lines were used for
marker gene elimination analysis.

4.2. Seed Germination Assay for Marker Elimination

Seeds from self-pollinated transgenic plants were
used to investigate the marker-free plants. Seeds were
germinated in the presence of 100 mg.L-! kanamycin
to distinguish the SMG-free phenotypes. The
kanamycin susceptibility ratio was estimated based on
the growth of T1 seeds on antibiotic containing medi-
um. Susceptible and resistant germinated seeds were
clearly recognized at 3 weeks after germination
(Figure 3). Small seedlings with small cotyledons and
undeveloped root recognized as susceptible and nor-
mal seedlings with developed shoot, green cotyledon
and developed root system recognized as resistant
seedlings. In kanamycin germination assay, transgenic
seeds with pBl-nptll-gus plasmid were used as nega-
tive control, which showed kanamycin resistant phe-
notype. Wild type seeds used as positive control show-
ing kanamycin sensitive phenotype (Figure 3).
Segregation analysis demonstrated that three trans-
genic lines (TF1, TF5 and TF6) were kanamycin-sen-
sitive (100%) while other lines (TF2, TF3 and TF4)
were differentiated to kanamycin sensitive and resist-
ant phenotypes. The frequency of kanamycin suscepti-
ble plants was varied: 100 out of 137 for TF2, 61 out
of 93 for TF3 and 44 from 147 for TF4 (Figure 4).
Seed germination results showed that self-excision
event occurred between loxP sites, and SMG-free
plants were produced.

4.3. Histochemical Staining Assay

To confirm the results of antibiotic resistant gene
elimination, T1 progeny plants of three kanamycin
sensitive lines were analyzed by histochemical Gus
staining assay to evaluate the functionality of
inducible promoter (IP-FFDD) which is now located
upstream of gus gene. The gus reporter gene would be
expressed by the IP-FFDD inducible promoter after
self-excision in transgenic seeds (Figure 1C). Analysis
of the gus expression in T, progeny of three
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Figure 3. T1 seeds germination on kanamycin-containing medium. (C-) pBI121 harboring transgenic seeds (C+) wild type
seeds (TF4, TF1, TFS and TF6) Transgenic plants seeds. The results show that the npfIl marker gene is completely removed

in TF1, TF5 and TF6 progenies

kanamycin susceptible lines (TF,, TF5 and TF,) con-
firmed Gus activity in leaf tissue after induction by sal-
icylic acid as an inducer (Figure 5). Non-induced leaf
discs were used as the negative control. These obser-
vations was suggestive of occurance of successful
recombination event between two loxP sites in three
sensitive lines. The Gus assay exhibited that the site-
specific recombination event in transgenic lines did
not interfere with the IP-FFDD inducible promoter
function.

4.4. Molecular Confirmation of SMG Elimination
To confirm the results of seed germination and
Gus expression assays, molecular analysis was carried

Lo
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Transgenic lines
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=
-

Figure 4. Phenotypic analysis of SMG excision. Sensitivity
ratio was calculated by ratio of kanamycin-sensitive T1
progeny to all germinated T1 seeds in selective condition
for each transgenic line. Each value represents the mean (+
standard error) of three independent experiments. Columns
are significantly different at p< 0.05
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out using T, progenies (lines 1, 5 and 6). By seed-spe-
cific expression of Cre, the DNA sequence between
the two direct loxP sites was excised. Thus, after
Cre/loxP-mediated excision, only an 895 bp DNA
fragment was amplified with the primers F,/gusR, but
nptll gene was not amplified by nptIIF/nptlIR primers
(Figure 1C). Based on the above principle, some T1
progeny plants for each line were investigated by PCR
with  primers Fl/gusR and nptlIF/nptlIR,.
Amplification of 895 bp fragment indicated that DNA
recombination occurred in kanamycin sensitive lines
(Figure 6A). Thirteen independent T1 progenies for
each sensitive lines (TF1, TF5 and TF6) were exam-
ined for amplification of 895 bp band using F1/gusR

Figure 5. Gus expression analysis in leaf tissue of T1 prog-
eny of kanamycin sensitive transgenic lines. A: histochemi-
cal staining of leaf after induction with salicylic acid B: a
close-up of gus expression in leaf cells with 100x magnifi-
cation by a light microscope
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primers. Out of 13 plants for each line, 10 for line-1, 8
for line-5 and 11 for line-6 were positive. Since
F1/gusR primers were not able to amplify the 6440 bp
fragment from the complete T-DNA of the investigat-
ed T1 plants, the nptlIF/R primers were used for the
identification of complete SMG-free events.
Amplification of 950 bp fragment using nptlIF/R
primers indicated incomplete excision. Genomic
DNAs isolated from T1 progeny that only produced
895 bp amplicon were considered to be completely
marker-free. Thus, others with more than one band
with the right size such as plants producing bands of
895 bp and 950 bp PCR products were not followed
the excision event properly. PCR analysis data for
nptll gene removal was shown in (Table 2).

To further validate the DNA excision in T1 prog-
eny plants, the 895 bp PCR products from SMG-free
plants were cloned into pTZ 57R/T cloning vector and
sequenced. The DNA fragment between the two loxP
sites was removed precisely and only one loxP site
remained between IP-FFDD inducible promoter
sequence and gus open reading frame (Figure 6B). The
flanking regions outside of the two /oxP sites remained
intact. This fragment also contained the intact recogni-
tion sites of Kpnl, Smal and Xhol enzymes.

5. Discussion
In the present study, the pG-IPFFDD-creint-gusint
self-excision vector was introduced as an efficient

genetically system for npt/l gene elimination and
inducible expression of interest gene by FFDD cis-act-
ing containing promoter. This system was designed on
the basis of Cre/loxP site-specific recombination sys-
tem. Cre/loxP is highly efficient system for transgene
excision (6). To accomplish this efficient marker gene
self-excision system, we constructed a self-excision
system in which the cre gene was regulated by Napin
as a seed-specific promoter. Napin promoter is func-
tional in embryo and endosperm of developing canola
seeds (33). The functional analysis of this seed-specif-
ic promoter in tobacco indicated that the napin promot-
er is inactive in vegetative tissues (34). Other studies
using various tissue-specific promoter in cre//oxP self-
excision system exhibited that these promoters are reg-
ulated in expected tissue (35, 36, 37).

To investigate the functionality of designed self-
excision system, the kanamycin germination test was
carried out for T1 progeny plants. The results showed
that kanamycin sensitive phenotype was detected in all
transgenic lines indicating that site-specific recombi-
nation event occurred in these lines. The elimination of
nptll and recombinase cassettes in three kanamycine
sensitive lines was subsequently verified by amplifica-
tion of 895 bp recombined fragment (Figure 6A) and
the sequence of PCR product (Figure 6B). The com-
plete nptll excision efficiency varied between 72.7%
and 100% for the three kanamycin sensitive lines. It
can be speculated that variation in the complete SMG-
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Figure 6. Molecular analysis of SMG-free plants. A: PCR results for kanamycin- sensitive T1 progeny plants with F1/gusR
primers; M: Molecular marker; 1: negative control (wild type plant); 2: negative control (pG-IPFFDD-cre!™t-gus™t plasmid);
3-8: T1 progeny of transgenic lines (1, 5 and 6 lines). Amplification of 895 bp fragment confirmed SMG excision. B:
Sequence analysis of post-recombination 895 bp fragment. The 34 bp sequence of loxP site and restriction enzymes recog-

nition sites are underlined
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Table 2. PCR analysis data for SMG removal

Line Total number Excision Nptll neg- complete exci-
number of samples positive ative sion efficiency
1 13 10 10 100%
5 13 8 7 87.5%
6 13 1 8 72.7%

Thirteen T1 progeny plants for each kanamycin sensitive lines analyzed
with PCR using F1/gusR and nptIIF/R primers. F1/gusR amplifies 895bp
recombined fragments that presented in the table as excision positive
(removal of nptll). Positive samples for excision events were analyzed
with nptIIF/R primers. Nptll negative were scored as complete npt/l exci-
sion. Complete excision efficiency was expressed as a ratio of the number
of putative complete marker-free plants to the excision positive plants

free efficiency for kanamycin sensitive lines might be
due to various expression pattern of recombinase in
embryo (seed) cells at various time points during seed
development. It is demonstrated that napin protein was
detected in outermost tip of the axis at first, and con-
tinued through the axis to the base of the outer cotyle-
don and further toward its tip during canola seed
development (33).

Functionality of different self-excision Cre/loxP
systems using tissue-specific promoters investigated in
various plants. Luo et al. (2007) used pollen-specfic
promoter for cre regulation. They reported 100%
recombination efficiency in tobacco. Germline-specif-
ic self-excision Cre/loxP system demonstrated 83-
100% marker excision in Arabidopsis (26). Mlynarova
et al. (2006) reported 100% excision rates in tobacco
using microspore-specific Cre/loxP self-excision sys-
tem. Floral-specific Cre/loxP self-excision system
demonstrated 37.5% marker excision rates in rice (25).
Li et al. (2007) reported the lower excision efficiency
(5-30%) using embryo-specific self-excision system in
soybean. Seed-specific self-excision Cre/loxP system
by using cruciferin promoter for cre regulation demon-
strated completely marker-free plants in T1 progenies
(27). Hu et al. (2013) reported 10-53% excision effi-
ciency by using floral-specific promoter and 12-36%
excision efficiency by using seed-specific promoter in
rice (38).

Using constitutive promoters for the over expres-
sion of transgenes resulted in poor quality plants due to
reduced growth and altered development (39).
Synthetic inducible promoters provide an efficient and
flexible strategy to regulate transgene expression and
reduce the complexity of the expression pattern of nat-
ural promoters (40).

Iran J Biotech. 2015;13(3):¢1099

In our system a synthetic inducible promoter (IP-
FFDD) drive the gus gene after excision event. This
synthetic promoter was constructed by dimerizing cis-
acting elements (F) and (D) upstream of the CaMV
35S minimal promoter as a phytopathogenic-inducible
promoter (41). The F and D elements present in this
promoter were selected for their ability of the induc-
tion of fungal pathogen elicitors (42) but not by the
wound stress (43, 44). These two criteria were desir-
able phenomena for breeding of disease resistant
plants (45). Analysis of the induction of the promoters
containing FF and DD against phatogen elicitors
showed that these cis-acting elements are active in dif-
ferent tissues which might be attacked by the
pathogens (41). The functionality and inducibility of
FFDD-gus fusion after excision of unwanted DNA is
important for this self-excision system (22). The
results of histochemical Gus staining assay for T1
progeny of three kanamycin sensitive lines demon-
strated gus expression by induction of FFDD-contain-
ing inducible promoter (Figure 5). These data exhibit-
ed that 34 bp loxP spacer sequence between [P-FFDD
and gus ORF did not interfere in Gus expression. This
is similar to the results reported for soybean using
embryo-specific cre/loxP self-excision system (35).

In conclusion we constructed a self-excision sys-
tem based on seed-specific expression of Cre recombi-
nase to eliminate npt/l gene and pathogen inducible
promoter for regulation of gene of interest in trans-
genic plants. When selective pressure is needed for
efficient selection of transgenic plants, Cre was not
expressed during the early tissue culture period, and
gene of interest can be induced by pathogen elicitors in
T1 transgenic plants after excision. In this self-exci-
sion system nptll gene was placed near T-DNA left
border. Accordingly, we became certain that primary
kanamycin resistant plants contain complete T-DNA.
This self-excision system might be an efficient tool for
manipulation of crops to produce marker-free trans-
genic plants. However, it should be noted that the sys-
tem is applicable only for seed-producing plants.
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