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Abstract. Efficient and reproducible selection of transgenic plant cells is an essential component of a successful 
transformation and regeneration. Usually antibiotic resistant genes are used as selectable markers. In view of 
biosafety considerations, attempts have been made to substitute such genes with ones that are less harmful, such as 
herbicide resistance. Glyphosate is a non-selective, broad-spectrum herbicide that inhibits 5-enolpyruvylshikimate-
3-phosphate synthase, a key enzyme in the aromatic amino acid biosynthetic pathway in microorganisms and 
plants. In this project, a new binary vector (pSA101) hauling a glyphosate tolerant construct as a selectable marker 
for Agrobacterium-mediated transformation of plant cells was constructed. Precise attachment of different fragments 
of the synthetic construct was carried out by the SOEing PCR. This construct contains the first intron of Hsp70 from 
maize, a chloroplastic transient peptide of Rubico from Brassica napus and a bacterial glyphosate tolerant mutated 
EPSPS gene. It was expressed under the control of the CaMV 35S promoter and nos terminator. Transgenic tobacco 
plants with increased tolerance to glyphosate were directly selected on medium containing glyphosate. Molecular 
analyses confirmed the correctness of gene integration and expression. The results of transformation, regeneration 
and selection of transgenic tobacco plants with this new vector showed that is a usable and safer plasmid than those 
carrying the antibiotic resistance gene as a selectable marker.  
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Introduction 
 
In transgenic plant researches, antibiotic resistance 
genes such as neomycin phosphotransferase (nptII) or 
hygromycin phosphotransferase (hyg) are widely used 
as selectable markers. They work efficiently in selection 
of transgenes in different monocot and dicotyledonous 
plant species. However, the proteins that are related to 
these genes are produced continuously in transgenic 
plants, thus allowing them to be present in the final 
products (Kuiper et al. 2001). In addition, these genes 
could also be transferred to non-target organisms 
including bacteria involuntarily. Since there is limited 
knowledge about the risk of compromising the 
therapeutic value of antibiotics, antibiotic markers may 
be banned in agricultural crops in the future (Miki & 
McHugh 2004). Furthermore, biosafety concerns over 
the perceived risk have led scientists to develop other 
selectable markers. Among these selectable markers, 
herbicide resistance genes are highly valued (Wang et 
al. 2006). 

Many different broad spectrum herbicides, such as 
2,4-dichlorophenoxyacetic acid (2,4-D) (Streber & 
Willmitzer 1989, Last & Llewellyn 1999), bromoxynil 
(Stalker et al. 1996), glufosinate and glyphosate are used 
as selectable markers in plant biotechnology (Mulwa & 
Mwanza 2006). Because of broad spectrum, non-
selective weed control, favorable safety profile, low 
mammalian toxicity, benign environmental impact 
favor, relatively low cost and familiarity with growers, 
glyphosate (Round®up [Monsanto Crop., St. Louis, 
MO]) was considered as an ideal herbicide to use in 
resistant crops (Pline-Srnic 2005).  

Glyphosate effectively blocks the biosynthesis of 
aromatic amino acids, tyrosine, tryptophan and phenyl-
alanine in ordinary plant species (Siehl 1997). This 
herbicide interacts with the 5-enolpyruvyl shikimate-3-
phosphate synthase (EPSP synthase) enzyme [EC 
2.5.1.19] and inhibits its activity. The EPSP synthase 
enzyme catalyzes the sixth reaction in the shikimic acid 
pathway (Amrhein et al. 1980, Steinruken & Amrhein 
1980),  which converts shikimate-3-phosphate (S3P)  and  
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phosphoenolpyruvate (PEP) to 5-enolpyruvylshikimate-
3-phosphate (EPSP) and inorganic phosphate (Padgette 
et al. 1991, Haslam 1993). Glyphosate competes with 
PEP for the EPSP synthase active site, thus inhibiting 
enzyme activity irreversibly (McDowell et al. 1996, 
Marzabadi et al. 1996). 

In genetic manipulation of eukaryotic systems, some 
introns are applied to prevent gene expression in 
prokaryotic hosts (Hu et al. 2003, Howe et al. 2002). In 
addition, the ability of natural introns to enhance gene 
expression has been well documented in various orga-
nisms such as nematodes (Okkema et al. 1993), insects 
(Meredith & Storti 1993), mammals (Buchman & Berg 
1988, Chung & Perry 1989) and plants (Callis et al. 1987). 
In plants, the inclusion of one or more introns in the 
gene construct usually leads to increased accumulation 
of mRNA and protein (Koziel et al. 1996, Simpson & 
Filipowicz 1996). Different introns are used in plant 
transformation systems such as the introns relating to 
the genes Adh1 (Luehrsen & Walbot 1991), Sh1 (Maas et 
al. 1991), Bz1 (Callis et al. 1987), Hsp70 (Sinibaldi & 
Mettler 1992) and GapA1 (Donath et al. 1995).  

In eukaryotic cells, most of the organelles’ proteins 
are encoded by the nuclear genome, which are then 
transferred to the right organelle by using a special 
signal or transient peptide. In plant cells the EPSP 
synthase is a chloroplast-localized enzyme which is 
encoded by the nuclear genome. The enzyme is syn-
thesized as a cytoplasmic precursor with an N-terminal 
transit peptide (TP) sequence that is post-trans-
criptionally directed into the chloroplast lumen (Della-
Cioppa et al. 1987). The TP is essential for the post-
translational uptake of the precursor by the chloroplast 
and facilitates polypeptide translocation across the 
chloroplast envelope barrier via a TP-selective trans-
locon (Liu et al. 2000). In chloroplast targeting strategies, 
the transient peptide of the small subunit of ribulose-
1,5-bisphosphate carboxylase/oxygenase (Rubisco), 
which is a major chloroplastic stromal protein, is usually 
used to increase the efficiency of targeting and accu-
mulation of recombinant protein into the chloroplast 
(Karlin-Neumann & Tobin 1986, Lee et al. 2006). 

In these experiments, a chimeric gene consisting of 
an intron from maize (Zea Mays L.) heat shock protein 
70 KD (Hsp70), a chloroplastic transient peptide of the 
small subunit of Rubisco from rapeseed (Brassica napus 
L.) and a glyphosate resistance mutated EPSP synthase 
gene (Gly96Ala / Ala183Thr) (Kahrizi et al. 2007) was 
constructed. The SOEing PCR (Horton et al. 1989) was 
applied to attach these fragments together precisely. For 
efficient transcription, the CaMV 35S (double enhancer) 
constitutive promoter and the nopaline synthase 
polyadenylation signal were well assembled to the 5� 
and 3� ends of this construct, respectively. Finally, this 

synthetic construct was replaced with the nptII gene and 
used as a selectable marker in a binary vector. This new 
plasmid, designated as pSA101, was used for Agro-
bacterium mediated transformation and regeneration of 
tobacco plants.  
 
 
Materials and Methods 
 
Bacterial strains, plasmids, plant materials and DNA 
techniques 
 

Escherichia coli DH5� was used in all molecular biological 
experiments and Agrobacterium tumefaciens LBA4404 (Hoekema 
et al. 1983) was used for plant transformation procedures. 
Bacteria were grown in Luria and Bertani (LB) medium at 
appropriate temperatures (37�C for E. coli and 28�C for 
Agrobacterium tumefaciens) with shaking at 200 rpm. pTZ57R/T 
(MBI, Fermentas) T/A vector was used for routine cloning and 
sequencing and the Nicotiana tabacum cv. Samsun NN 
(tetrahomoploidy=4x=48) was used as experimental plant 
material. 
Unless otherwise stated, standard DNA methodologies were 
used (Sambrook & Russell 2001). Oligonucleotide synthesis and 
DNA sequencing reactions were carried out at GATC 
(Denmark). 
 
Construction of the plant transformation vector 
 

Isolation of genomic DNA from Maize leaves was carried out 
by using the cetyl-trimethyl ammonium bromide (CTAB) 
method (Murray & Thompson 1980). The first intron of the 
Hsp70 gene was amplified by PCR using specific primers 
Int70F/Int70R (Table 1) and high fidelity PCR Polymerase 
(Roche, Germany). A synthetic fragment consisting of the first 
intron (768 bp) of Hsp70 (Int70) from maize, a chloroplastic 
transient peptide (165 bp) of the small subunit of Rubisco from 
rapeseed cultivar Westar (CTP) and a mutated glyphosate 
tolerant EPSP synthase gene (1284 bp) (Gly96Ala / Ala183Thr) 
(Kahrizi et al. 2007) were constructed precisely by SOEing PCR. 
For efficient transcription, the cauliflower mosaic virus 35S 
constitutive promoter containing a duplication of the -90 to -
300 region (Kay et al. 1987) and the polyadenylation signal of 
the nopaline synthase gene (Fraley et al. 1983) were added 
upstream and downstream of this construct, respectively. In 
parallel, the neomycin phosphotransferase II construct 
(nosPro:nptII:nosTer) was removed from pBI121 (Clontech, 
California, USA) by HindIII/PmeI double digestion, klenow 
end-filling and self-ligation. Finally, the glyphosate tolerant 
synthetic construct was inserted in the manipulated pBI121 at 
the EcoRI restriction site as a selectable marker (Fig.1). The 
resulting new binary vector, designated pSA101, carrying the 
CaMV35S:Int70:CTP:EPSPS:nosTer fragment, was transformed 
to Agrobacterium tumefaciens strain LBA4404 by the freeze-thaw 
method (Hofgen & Willmitzer 1988). 
 
Plant Transformation and Regeneration 
 

Seeds of Nicotiana tabacum cv. Samsun NN were surface-
sterilized with sodium hypochlorite (10%,V/V) for 15-20 min 
and subsequently rinsed four to five times with sterile distilled 
water. The seeds germinated on MS basal medium  (Murashige  
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Table 1.  List and sequences of primers used in this study. For details in attachment sites of primers see figure 2, the 

underlined sequences show restriction endonucleases sites. 
 

No. Primer 
Names 

Primer Sequences 

1 Int70F   5´-CGGGATCCGTACGCGCTCACTTCGCCC-3´ 

2 Int70R   5´-CTGCATTACAATGAATGAGCAAGACTAT-3´ 

3 MI70F   5´-GAGTGGTTTAGCTGGATCAAGAATTACACTCTG-3´ 

4 MI70R   5´-CAGAGTGTAATTCTTGATCCAGCTAAACCACTC-3´ 

5 EPS1   5´-CGGGATCCATGGAATCCCTGACG-3´ 

6 EPS2   5´-GCGGATCCTCAGGCTGCCTGGCT-3´ 

7 35PF   5´-CGGAATTCGCATGCCTGCAGGTCCCCAG-3´ 

8 nosTR   5´-CCAGTGAATTCCCGATCTAGTAAC-3´ 

9 SOEing1   5´-AGAGAACACGGGGGACTGCCCTCTGCCTTTGTTA-3´ 

10 SOEing2   5´-TAACAAAGGCAGAGGGCAGTCCCCCGTGTTCTCT-3´ 

11 SOEing3   5´-CATTCATTGTAATGCAGATGGCTTACTCTATGCTC-3´ 

12 SOEing4   5´-GAGCATAGAGTAAGCCATCTGCATTACAATGAATG-3´ 

13 SOEing5   5´-TTAGCCAGGCAGCCTGAATCAACAACTCTCCTGGC-3´ 

14 SOEing6   5´-GCCAGGAGAGTTGTTGATTCAGGCTGCCTGGCTAA-3´ 

15 GUSF   5´-GGTGGTCAGTCCCTTATGTTACG-3´ 

16 GUSR   5´-CCGGCATAGTTAAAGAAATCATG-3´ 

17 BRT2   5´-CACGATCCCGAGTTAACTCTTCTT-3´ 
 
 
 
& Skoog 1962) supplemented with 15 g/L of sucrose and 
solidified with 2 g/L of phytagel® (Sigma, USA). Single 
colonies of Agrobacterium tumefaciens harboring the pSA101 
binary vector, were grown overnight at 28�C in LB medium 
supplemented with 50 mg/L of kanamycin. Young leaves of 
four to five weeks old tobacco were cut into 1-cm pieces and 
were transformed by the leaf disk method (Gallois & Marinho 
1995, Horsch et al. 1985). After two days, the infected leaves 
were transferred to the same medium supplemented with 300 
mg/L of Cefotaxim and 0.1 mM glyphosate. Transgenic leaves 
of the tobacco plant harboring native pBI121 were used as a 
negative control. After 6 to 8 weeks, the elongated shoots were 
transferred to rooting medium (MS basal salts supplemented 
with 0.2 mg/L of NAA and 300 mg/L of Cefotaxim). All 
cultures were maintained in greenhouse conditions at 25 ± 2�C 
with a 16 h light and 8 h dark photoperiod. 
 
PCR screening of transformants 
 

Genomic DNA was extracted from young leaves of green 
putative transgenic and non-transgenic negative control plants 
by using the standard CTAB method. Insertion of the desired 
gene into the plant genome and its integrity were confirmed by 
PCR amplification of different parts of the synthetic construct. 
Several amplification reactions were carried out with different 
combinations of forward and reverse primers (Table 1 and 
Figure 2 show the sequences and the position of primers) as 
follow: A) 35sPF/Int70R (1650 bp), B) 35sPF/MI70R (950 bp), 
C) MI70F/Int70R (700 bp), D) MI70F/EPS2 (2170 bp), E) 
GUSF/GUSR (500 bp) and F) SOEing3/SOEing6 (1480 bp). 

Transgenic plant analysis by the Southern blot technique 
 

For Southern blot analysis, total genomic DNA was extracted 
from leaves of glyphosate tolerant and negative control plants 
by standard procedure (Sambrook & Russell 2001). Genomic 
DNA (15 μg) was completely digested with HindIII and BamHI 
in two independent reactions, separated on 0.8% (w/v) agarose 
gels and transferred to nylon membranes. Prehybridization and 
hybridization were performed using a standard protocol 
(Sambrook & Russell 2001). An amplified fragment (900 bp, 
MI70F/BnTpR) that consisted of approximately 700 bp of 
Hsp70 intron and the CTP (170 bp) sequences that were labeled 
with Digoxigenin (Roche), was used as a probe.  
 
Reverse Transcriptase PCR analysis 
 

To confirm transcription of the synthetic construct, RT-PCR 
analysis was performed. Total RNA was extracted from the 
leaves of glyphosate tolerant and negative control plants using 
an RNA isolation kit (MBI, Fermentas, Germany). First strand 
cDNA was generated using the gene specific reverse primer 
(SOEing6, Table 1) from the mutated EPSP synthase and 
MMLV reverse transcriptase enzymes. PCR amplification was 
carried out in three separate reactions, using the synthesized 
cDNA as a template with three different forward primers as 
follow: the beginning of the Int70 (Int70F), the first of the CTP 
(SOEing3) and the first of the EPSP synthase gene (EPS1). In all 
reactions the SOEing6 oligo was used as a reverse primer. For 
amplification, the following cycling conditions were perform-
ed: one cycle at 94�C for 5 min as initial denaturation followed 
by  30 cycles  of denaturation  at  94�C  for  1 min,  annealing  at  
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Figure 1.  Diagrammatic procedures of plant expression vector pSA101 construction. RB and LB are right and left 

border sequences of the T-DNA. (a) pBI121 binary expression vector. (b) Deletion of nptII construct by 
HindIII/PmeI digestion, klenow end filling and self-ligation. (c) Synthetic glyphosate tolerant construct. (d) 
Final construct of pSA101 vector with glyphosate tolerant gene as a selectable marker. 

 
 
 

 
 

Figure 2.  Schematic representation of glyphosate tolerant construct and the position of different primers (see Table 
1). (a) Primers 1-8 amplify the different component of the synthetic construct. (b) Primers 9-14 were used for 
SOEing PCR procedure. 
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60�C for 1 min, extension at 72�C for 2 min, followed by one 
cycle at 72�C for 10 min as final extension. 
 
Histochemical �-Glucoronidase staining:  
 

The expression of the GUS gene in the leaves of putative 
transgenic plants was analyzed. The tissue segments were 
dipped in a GUS assay buffer (50 mM phosphate buffer (pH 
7.0), 1 mM 5-bromo-4-chloro-3-indolyl-�-D-glucuronide (X-
Gluc), 1 mM EDTA, 0.001 % Triton X-100 and 10 mM �-
mercaptoethanol) and incubated overnight at 37ºC. In order to 
increase the contrast of the GUS staining, chlorophylls from the 
leaf segments were eliminated by rinsing in 96 % ethanol 
several times. Wild type (non-transgenic) tobacco plant was 
used as a control. 
 
 
Results 
 
Vector construction and plant transformation 
 

The first intron of Hsp70 from the genomic DNA of 
maize was amplified. The 800 bp fragment was cloned 
into the pTZ57R/T cloning vector and the authenticity 
of the fragment was confirmed by sequencing in both 
orientations (data not shown). The Int70, chloroplastic 
transient peptide (CTP) from the Rubisco small subunit 
and the glyphosate tolerant EPSP synthase gene were 
attached to each other in order to assemble the 
construct. The synthetic construct was flanked by the 
CaMV35S double enhancer promoter and nos terminator 
at the 5� and 3� ends, respectively. The final construct 
was sequenced in both directions by the primer walking 
method, to ensure correct attachment of different 
fragments (the synthetic construct was deposited in the 

GenBank under the accession number EU477376). The 
nptII gene was removed from the T-DNA region of the 
pBI121 binary vector and the desired construct was 
successfully inserted into the EcoRI site of the plasmid. 
By this strategy, the new construct which could act as 
selectable marker was located close to the left border 
(LB) of T-DNA. 

Agrobacterium mediated transformation was used to 
deliver the new vector to the leaves of the tobacco plant. 
Multiple shoots developed within 2–3 weeks from the 
single leaf in regeneration medium containing glypho-
sate as a selectable marker. The plantlets which were 
transformed with pSA101, successfully regenerated in 
the medium containing 0.1 mM glyphosate. Meanwhile, 
the transgenic plant which was transformed with native 
pBI121 could not continue growing in medium 
containing the same concentration of glyphosate (Fig. 3). 
The regenerated shoots were transferred to shoot 
elongation and root induction media. After acclimati-
zation of rooted plants to greenhouse conditions, they 
were allowed to flower and set seed (data not shown). 
 
Stable integration of the transgene 
 

Genomic DNA of putative transgenic and non-
transgenic (control) plants were analyzed by PCR 
technique to show the presence of the glyphosate 
tolerant construct (CaMV35S:Int70:CTP:EPSPS:NOS) 
and the GUS gene. Six pairs of specific primers (Table 1) 
were used to confirm the integrity of the transgene. 
Amplification of isolated DNA from transgenic plants as 
template using combinations of different pairs of 
primers [35sPF/Int70R (1650bp), 35sPF/MI70R (950bp),  

 
 

 
 

Figure 3.  Shoot regeneration and growth of tobacco leaf disk transformed with pSA101 (a) and pBI121 (b) on the medium 
containing 0.1 mM glyphosate as selectable marker. 
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MI70F/Int70R (700bp), MI70F/EPS2 (2170bp), GUSF/ 
GUSR (500bp) and SOEing3/SOEing6 (1480bp)] yielded 
predicted fragments (Fig. 4). However, no amplification 
was observed in the control plants (data not shown). 
 
Southern blot analysis of transformants 
 

A sample from transgenic and negative control plants 
were analyzed by the Southern blotting technique. 
Digested genomic DNA was hybridized with Digoxi-
genin-labeled probes. Both HindIII and BamHI have 
unique sites in the recombinant T-DNA construct, 
therefore the number of hybridization bands indicate 
the number of copies integrated into genomic DNA of 
the plant. The results of Southern blotting analysis with 
both enzymes showed that this transformed plant had a 
double gene insertion (Fig. 5). The results showed no 
bands for the negative control plant. 
 
Efficient transcription of the transgene 
 

Three separate reverse transcriptase polymerase chain 
reactions (RT-PCR) were performed to demonstrate the 
efficiency of transcription of the synthetic construct. The 
results of RT-PCR on total RNA isolated from transgenic 
plants showed that the transgenes were actively 
transcribed and the intron was successfully removed 
from the beginning of the mRNA. At the same time, the 
RT-PCR of the isolated total RNA from negative control 
plants showed no bands (Fig. 6). 
 

GUS assay analysis 
 

In order to examine whether the gene, transferred into 
the tobacco plants, was expressed on the plantlets, GUS 
activity in the transgenic and wild-type (non-transgenic) 
tobacco plants was investigated. The majority of 
transgenic lines were found to express the GUS gene in 
their leaves whereas there was no detectable GUS 
activity in the untransformed plants. In the transgenic 
plant, the blue coloration developed in the thin sections 
of the stem, internodes and leaves (Fig. 7). 
 
 
Discussion 
 
Agrobacterium-mediated transformation and micro-
particle bombardment are the two most widely used 
methods for genetic transformation of plants. Mostly, 
Agrobacterium transformation is the method of choice 
because it allows the stable integration of a defined 
segment of DNA into the plant genome and generally 
results in a lower copy number, fewer rearrangements 
and an improved stability of expression over 
generations than the free DNA delivery methods (Smith 
& Hood 1995, Dai et al. 2001). Furthermore, the 
Agrobacterium Ti plasmid is preferred over all other 
vectors, because of the wide host range of this bacterial 
system (Hu et al. 2003). 

 
 

 
 

Figure 4.  PCR analysis using genomic DNA from putative transgenic plants (two lines). PCR amplification using 
genomic DNA with different sets of primers: lanes 1&2, 35sPF/Int70R (1650bp), lanes 3&4, 35sPF/MI70R 
(950bp), lanes 5&6, MI70F/Int70R (700bp), lane 7&8, MI70F/EPS2 (2170bp), lanes 9&10, GUSF/GUSR (500bp) 
and lanes 11&12, SOEing3/SOEing6 (1480bp). Lane M is a MW marker (100 bp ladder), for details see the Fig. 2 
and the text. 
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Figure 5.  Southern blot analysis. (a) Schematic representation of recombinant binary vector T-DNA, the HindIII and 
BamHI sites and the position of the probe. (b) The result of Southern blotting of glyphosate tolerant transgenic 
tobacco plants. Lane 1, pSA101 plasmid (positive control), lane 2, BamHI digested DNA, lane 3, HindIII digested 
DNA of transgenic plant and lane 4, BamHI digested DNA from negative control plant. 

 
 
 

 
 

Figure 6.  RT-PCR analysis on total RNA extracted from transgenic and negative control tobacco plants. Lanes 1 and 
2 RT-PCR on negative control plants with SOEing1/EPS2 and EPS1/EPS2 primers, lane 3, 4 and 5 RT-PCR on 
transgenic plants with EPS1/EPS2 (1300bp), SOEing1/EPS2 (1470bp) and Int70F/EPS2 (no band), respectively. 
Lanes M are MW marker (100 bp ladder). For details see the text. 
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Figure 7.  Histochemical GUS assay for transgenic (a) and non-transgenic (b) tobacco leaves. 

 
 
 
Most vectors carry marker genes, which distinguish 

between transformed and non-transformed cells. 
Among these selectable markers, the most common ones 
are the antibiotic resistance genes. Biosafety concerns 
and anxiety over the unwanted horizontal gene flow 
have led scientists to replace these antibiotic resistance 
genes with other selectable markers such as the bar gene 
that confers tolerance to glufosinate or insensitive EPSP 
synthase genes which confer tolerance to the glyphosate 
(Howe et al. 2002).  

Glyphosate selection has a number of advantages 
over other commonly used selectable markers. There is 
a very low frequency of non-transgenic escapes, 
whereas, escapes have been frequently reported when 
using the bar or nptII genes as selectable markers 
(D’Halluin et al. 1992, Fromm et al. 1990, Gordon-Kamm 
et al. 1990, Kramer et al. 1993). Presumably, these 
escapes are the result of detoxification of the selective 
agent by cells, which are expressing the selectable 
marker, creating a zone of ‘cross-protection’ with 
reduced selective pressure for neighboring wild-type 
cells (Park et al. 1998). When using a glyphosate 
insensitive EPSPS as a marker, glyphosate is not 
degraded by the transformed cells and therefore 
surrounding cells are not protected. In addition, 
glyphosate is very mobile and translocates well 
throughout the plant and organized plant tissues and 
therefore escapes due to poor contact of the target tissue 
with the selective medium, may be less likely than with 
other less mobile selective agents. 

Another advantage of glyphosate selection is the 
extremely low incidence of mutation with regard to 
glyphosate tolerance. Moreover, the presence of 
glyphosate tolerant EPSP synthase genes in segregating 
populations in a breeding program can be followed, 

simply by spraying the plants with an appropriate 
concentration and formulation of glyphosate (Howe et 
al. 2002).  

In addition to research benefits, glyphosate tolerance 
is of direct commercial interest. Several glyphosate 
tolerant crops have already been successfully 
commercialized, including Roundup Ready® soybeans, 
canola, cotton, and corn (Howe et al. 2002).   

Here we use the glyphosate tolerant form of the 
EPSP synthase gene (Kahrizi et al. 2007) as a selectable 
marker and investigate its ability to select the 
transformed plant cells, directly. 

It has already been demonstrated that glyphosate 
affects the shikimate pathway in the chloroplast lumen 
of plant cells, therefore targeting of the EPSP synthase 
protein to the chloroplast has some advantages for 
transgenic plant cells (Della-Cioppa et al. 1987). In order 
to make use of this advantage, a chloroplast transient 
peptide from the small subunit of Rubisco which is the 
most general chloroplastic signal peptide encoded by 
the nucleus, was added to the construct to ensure that 
the manipulated enzyme would be targeted to the 
chloroplast more efficiently. 

Furthermore, for prevention of gene expression in 
prokaryotic systems, an intron (first intron of Hsp70 
from maize) was inserted at the beginning of the 
synthetic construct. It has been shown that this intron is 
one of the most efficient introns in plant transformation 
procedures (Hu et al. 2003, Howe et al. 2002), which can 
be recognized by the splicing system and increase levels 
of gene expression in different plant cells (Brown & 
Santino 1999, Callis et al. 1987). 

Undoubtedly, precise attachment of different parts 
of the glyphosate tolerant construct is very important 
for punctual splicing of the intron, recognition of CTP 
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by chloroplastic transporter proteins, exact cleavage of 
CTP by signal peptidase and finally correct folding of 
the enzyme. Therefore, the powerful SOEing PCR 
method and different sets of primers (Table 1) were 
used in this study to assemble several fragments 
together without any nucleotide insertion or deletion.   

In Agrobacterium mediated gene transformation, 
transfer of T-DNA to plant genomes is accomplished 
from the right border (RB) to the left border (LB). 
Sometimes gene delivery is carried out partially, which 
means that the genes close to the RB are transferred to 
plant genomes completely, but the sequences near the 
LB are not. In some binary vectors like pBI121, the 
selectable marker gene (nptII) is located near the RB. 
Therefore, when T-DNA transfer is not complete, the 
transgenic plant cells are tolerant to kanamycin and thus 
will be selected on the selection medium, but they do 
not receive the gene of interest completely. In the 
pSA101 vector, this weak point was solved by 
translocation of the selectable marker from the RB to 
near the LB. In this system, when transgenic plant 
growth was achieved on the selection medium, the 
transfer of the gene of interest was almost a certainty.  

After plant transformation and regeneration, 
correctness of transferring the construct should be 
checked at different levels, such as genomic integration, 
gene transcription, intron splicing, mRNA translation 
and protein function. In genomic DNA analysis, PCR 
and Southern blotting confirmed the presence and 
integration of the desired gene into the plant genome. 
Generally, in transgenic plant researches, the GUS assay 
technique is used for checking the correct and complete 
integration and expression of the transgene. In this 
study, the results of the GUS assay on the leaves of the 
transgenic tobacco plants have confirmed the integrity 
of T-DNA, correct gene transfer procedure and efficient 
transgene expression. Furthermore, RT-PCR analyses 
with gene specific primers, has confirmed the efficient 
removal of the initial Hsp70 intron from the beginning of 
the synthetic construct. This finding shows that the 
splicing process on the desired hnRNA has been carried 
out completely. It once again confirms the correctness of 
the intron connection to the gene and the integrity of the 
synthetic construct.  

The successful regeneration of transgenic plants 
shows that selection on medium containing glyphosate 
(Fig. 3) has no side effects with regard to the rate of 
shoot and root formation. Furthermore, it has been 
shown that the regeneration efficiency of pSA101 
transplants is comparable with that of pBI121 and it 
even seems in some cases that the rate of regeneration 
has increased, satisfactorily. 

And finally, it is important to note that the tolerance 
of transgenic plants to glyphosate is reliable evidence 

which reconfirms the biological activity of the EPSP 
synthase gene. 

In general, it can be concluded that the pSA101 
plasmid is a utilizable plant expression vector of 
suitable size that can be used not only to provide 
tolerance to glyphosate, which is a commercial property, 
but for transferring another gene to the plant, 
simultaneously. 
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