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ABSTRACT. Molecular chaperones of plasmid pBI121 carrying 
CaMV35S promoter and a nucleotide sequence of plasmid pBI221 
were inserted into plasmid pCAMBIA2300 to construct an intermediate 
vector: pVBG2307. This novel vector pVBG2307 contains a greatly 
expanded multiple cloning site with an adjacent imported CaMV35S 
promoter sequence. This vector allows controlled transformation of 
DNA in both Escherichia coli and Agrobacterium tumefaciens. Cloned 
PG, orf456, ipt genes and E8, a fruiting promoter, were amplified 
by PCR of cDNA libraries of Capsicum annum and Lycopersicon 
esculentum and were then transferred into vector pVBG2307. The 
viability of this vector was demonstrated, as it regulated PG, orf456, 
ipt and E8 genes in E. coli and could be transferred into Agrobacterium 
strain EHA105-4.
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INTRODUCTION

Crop improvement against physiological aging is an inevitable step to be taken around 
the world. Horticultural commodities are a mainstay not only for fulfilling food demands but 
also for the alleviation of poverty among people in the entire world (AVRDC, 2005). Pepper 
and tomato are the most valuable horticultural commodities all over the world, where they are 
involved in many significant aspects of human diet and health, serving in culinary, nutritional, 
medicinal, pharmaceutical, and therapeutic uses, and many other food processing industries 
(Pruti and Sharma, 1998; Anonymous, 2003; Kothari et al., 2010).

E8 is an ethylene biosynthesis-related gene that was first cloned from tomato (Sola-
num lycopersicum cv. VFNT Cherry) (Broglie et al., 1986; Holdsworth et al., 1987; Lincoln 
et al., 1987; McGarvey et al., 1992; Zhao et al., 2009). The transcription of the E8 gene is in-
duced by ethylene and activated at the beginning of fruit ripening. Expression of the E8 gene is 
spatially and temporally regulated in mature tomato fruit (Deikman and Fischer, 1988). Smith 
et al. (1990) and Wang et al. (2000) reported that fruit ripening is a complex, genetically pro-
grammed process, involving increases in respiration and ethylene production, changes in color 
and flavor, and softening. Fischer and Bennett (1991) and Ahmed et al. (2011) reviewed that 
fruit softening is associated with structural changes in the cell wall, including reduction in the 
size of hemicellulose, loss of galactose side-chains, and solubilization and depolymerization 
of pectin by the influence of one of the hydrolytic enzymes, polygalacturonase (PG).

Cytoplasmic male sterility (CMS) in peppers is a maternally inherited trait that leads 
to the failure to produce functional pollen. Schnable and Wise (1998) identified the gene as-
sociated with the CMS trait in the mitochondrial genome. Some years later, Kim et al. (2007) 
reported that orf456 is a strong candidate gene for determining the male-sterile phenotype of 
CMS in chili pepper.

Cytokinins belong to a class of plant hormones first noted as able to promote plant cell 
division (Miller et al., 1956; Guivarc’h et al., 2002). One approach to investigating the function 
of cytokinins is the generation of transgenic plants overproducing cytokinins by expressing the 
Agrobacterium T-DNA-derived ipt gene, which encodes an isopentenyltransferase that cata-
lyzes the rate-limiting step of cytokinin biosynthesis (Akiyoshi et al., 1984; Barry et al., 1984).

Crop improvement by means of genetic engineering has become the most authentic, 
efficient and time-saving approach in the recent era of the food revolution (Kahl and Winter, 
1995). Agrobacterium-mediated transformation by means of different targeted expression vec-
tors in numerous plant species has gained some outstanding reputation and has become the 
most favorite choice for the researchers to establish control over different genes.

The present studies aimed at achieving some landmarks in molecular research and 
introduce a novel expression vector, pVBG2307, which may help to establish control over the 
expression and manipulation of different genes such as PG, orf456 and ipt and promoters such 
as E8, extensively involved in the fruit aging process.

MATERIAL AND METHODS

Plant material

Tomato (Lycopersicon esculentum) and pepper (Capsicum annum) fruits of approxi-
mately uniform size and color and free from foreign contamination were collected and used 
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for RNA extraction followed by the construction of cDNA libraries.

Binary expression vectors

Binary expression vectors pBI121 and pBI221 (Chen et al., 2003) were manipu-
lated into the vector pCAMBIA2300 (Xu et al., 2010) towards developing the novel vector 
pVBG2307. Primarily, there are eGFP and GUS reporter genes present in the vector pBI221 
with ampicillin resistance existing at the ApaLI, KpnI, PstI, SacI, ScaI, and XbaI loci. On the 
other hand, the vector pBI121 is devoid of these elements.

Construction of cDNA library

Fruit pericarp was thoroughly ground in liquid nitrogen and total RNA was extracted. 
Total RNA was extracted with an Invisorb-Spin Plant-RNA Mini kit (Invitek, Berlin, Ger-
many). This was then treated with RNase-free DNase-I (Xue and Loveridge, 2004) to remove 
possible contaminating DNA. The remaining RNA was reverse-transcribed using oligo(dT)18 
primers and a RevertAid First-Strand cDNA Synthesis kit. The cDNA was obtained using the 
M-MLV reverse transcriptase kit (Promega, Madison, WI, USA). Samples were reverse-tran-
scribed in situ by adding a real-time mix to give a total volume of 20 μL. Each tube contained 
1 μg 4.5 μL RNA and 0.5 μg/μL oligo(dT)18 primer. Reverse transcription proceeded for 60 
min at 42°C before the reaction was terminated by heating to 72°C for 10 min.

PCR amplification of the PG gene

A set of specially designed primers including the enzyme cutting sites of SmaI and 
XbaI were used for amplifying both PG forward (5'-3') and reverse (5'-3') (Table 1). A reaction 
mixture of approximately 25 μL (0.5 μL pepper cDNA template, 2.5 μL 10X PCR buffer, 0.2 
μL 5 U/μL Taq DNA polymerase, 0.5 μL 10 mM dNTP mixture, 19.3 μL ddH2O, and 1 μL 
each of PG-F and PG-R) was used for conducting PCR. Amplification consisted of 30 cycles 
of 45 s at 94°C (denaturation), 60 s at 54°C (primer annealing) and 120 s at 72°C (extension) 
(Giorno et al., 2010). The optical density of the electrophoretic bands of PG genes was deter-
mined with a gel-imaging analysis system (Syngene, Cambridge, UK). Each treatment was 
performed 3 times. Primer sequences of the gene and its expected amplified product size are 
given in Table 1.

Gene Primer Primer sequence Amplified size (bp)

PG-F PG-F1 5'-CTAGTCTAGAATTATCATGTCTATCCAAAAGATTA-3' 1143
 PG-R1 5'-TCCCCCGGGCACCACATTTTTCACTTTAACT-3' 
PG-R PG-F2 5'-TCCCCCGGGATTATCATGTCTATCCAAAAGATTA-3' 1141
 PG-R2 5'-CTAGTCTAGACACCACATTTTTCACTTTAACT-3' 
E8 E8-F 5'-GACCTTCTTTTGCACTGTGAATGATT-3' 1074
 E8-R 5'-CTAGAAGGAATTTCACGAAATCGGC-3' 
orf456 orf-F 5'-ATGCCCAAAAGTCCCATGTAT-3'   450
 orf-R 5'-TTACTCGGTTGCTCCATTGT-3' 
ipt IPT-F 5'-ATGGATCTTAGACTTATTTTTGGAC-3'   750
 IPT-R 5'-CTAATACATTCCAAATGGATGTCC-3' 

Table 1. Primer sequences of the genes used for PCR amplification along with expected amplified bands.
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PCR amplification of the orf456 gene

A set of specially designed primers including the enzyme cutting sites of KpnI and 
SacI were used for amplifying the orf456 gene. A PCR mixture of 25 μL contained (0.5 μL 
pepper cDNA template, 2.5 μL 10X PCR buffer, 0.2 μL 5 U/μL Taq DNA polymerase, 0.5 μL 
10 mM dNTP mixture, 19.3 μL ddH2O, and 1 μL each of orf456-F and orf456-R) was used for 
conducting PCR. Amplification consisted of 30 cycles of 45 s at 94°C (denaturation), 60 s at 
52°C (primer annealing) and 50 s at 72°C (extension) (Giorno et al., 2010). The optical density 
of the electrophoretic bands of the orf456 gene was determined with a gel-imaging analysis 
system (Syngene). Each treatment was performed 3 times. Primer sequences of the gene and 
its expected amplified product size are given in Table 1.

PCR amplification of the ipt gene

A set of specially designed primers including the enzyme cutting sites of BamHI and 
SacI were used for amplifying the ipt gene. A reaction mixture of approximately 25 μL (0.5 
μL pepper cDNA template, 2.5 μL 10X PCR buffer, 0.2 μL 5 U/μL Taq DNA polymerase, 0.5 
μL 10 mM dNTP mixture, 19.3 μL ddH2O, and 1 μL each of ipt-F and ipt-R) was used for 
conducting PCR. Amplification consisted of 30 cycles of 45 s at 94°C (denaturation), 60 s at 
51°C (primer annealing) and 80 s at 72°C (extension) (Giorno et al., 2010). The optical den-
sity of the electrophoretic bands of the ipt gene was determined with a gel-imaging analysis 
system (Syngene). Each treatment was performed 3 times. Primer sequences of the gene and 
its expected amplified product size are given in Table 1.

PCR amplification of the E8 promoter

The concentration of tomato genomic cDNA was adjusted to 20 ng/μL for the PCR 
template, and PCR was then performed using ExTaq DNA polymerase (Takara, Japan). A PCR 
mixture of 25 μL contained 2 μL template, 2.5 μL 10X PCR buffer (100 mM Tris-HCl buffer, 
500 mM KCl, 0.01% gelatin), 1.5 μL 25 mM MgCl2, 1.5 μL 2.5 mM dNTPs (Takara), 1 μL 
10 μM PCR primers (E8-F and E8-R), 0.3 μL 5 U/μL ExTaq DNA polymerase and 15.2 μL 
sterilized ddH2O. The program was initiated with a hot start at 94°C for 3 min, followed by 35 
cycles of 94°C for 45 s, 54°C for 45 s and 72°C for 1.5 min, and finally 72°C for 8 min. PCR 
products were electrophoresed on a 2.0% (w/v) agarose gel with ethidium bromide in 1X TAE 
buffer, and photographs were taken under ultraviolet light. Each treatment was performed 3 
times. Primer sequences of the E8 gene and its expected amplified product size are given in 
Table 1.

Cloning and sequencing of PG-F, PG-R, orf456, and ipt genes and the E8 promoter

All PCR products were purified using a gel extraction kit (Watson Biotechnologies 
Inc., Shanghai, China), cloned into pGEM-T Easy (Promega) and sequenced with an ABI Se-
quencer 3700 (Shanghai, China). After the validation of sequences with the use of the BioEdit 
version 5.0.6 software the correct clones were subsequently transformed into Escherichia coli 
by means of an improved freezing and thawing method (Deikman et al., 1998; Xu et al., 2005). 
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Construction of the pVBG2307 and other allied vectors 

Plant expression vectors containing the PG, orf456 and ipt coding sequences con-
trolled by the preferential core CaMV35S and E8 promoters were constructed as follows. The 
foreign CaMV35S promoter fragment was cleaved from vector pBI121 with HindIII and XbaI 
and ligated into vector pCAMBIA2300 (Xu et al., 2010), the resulting plasmid was confirmed 
by sequencing and enzyme digestion (Figure 1).

Figure 1. Vector pCAMBIA2300 was used as a precursor of vector pVBG2307, as the cleaved CaMV35S promoter 
from vector pBI121 was linked into it by using the enzymes HindIII and XbaI.

As pCAMBIA2300 is devoid of NOS terminal on its right border, a foreign NOS ter-
minal was cleaved from vector pBI221 with EcoRI and SacI and ligated into pCAMBIA2300. 
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The resulting plasmid was confirmed by sequencing and enzyme digestion and given the name 
pVBG2307 (Plant Vegetable Breeding and Genetics) (Figures 2 and 3). Four other different 
types of plant expression vectors, pVBG2307+PG-F, pVBG2307+PG-R, pVBG2307+E8+PG-
F, and pVBG2307+E8+PG-R (Figures 4-7), were successfully produced by insertion of the 
E8 promoter and PG gene fragments from pGEM-T into pBluescript II SK and then pCAM-
BIA2300 by using the EcoRI, PstI, SalI, SmaI, and XbaI sites following the downstream path-
way of different appropriate restriction enzymes. Plasmids carrying the orf456 and ipt genes 
were developed by using the KpnI, SacI, and BamHI enzymes (data not shown). All vectors 
were confirmed by performing PCR, sequencing and restriction enzyme digestion.

Figure 2. Vector pVBG2307 was developed finally by adding cleaved NOS terminal from the vector pBI221 into 
pCAMBIA2300 using the enzymes SacI and EcoRI.
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Figure 4. Schematic map of vector pVBG2307 carrying imported CaMV35S promoter, PG-F gene and NOS 
terminal. *Specially cleaved CaMV35S promoter; cloned PG-F and NOS terminal.

Figure 3. Schematic map of vector pVBG2307 carrying imported CaMV35S promoter and NOS terminal. 
*Specially cleaved CaMV35S promoter and NOS terminal from vector pBI121 and pBI221, respectively.
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Figure 6. Schematic map of vector pVBG2307 carrying substituted E8 special fruit promoter, PG-F gene and NOS 
terminal. *Specially cloned E8 fruit promoter and PG-F gene with NOS terminal.

Figure 5. Schematic map of vector pVBG2307 carrying imported CaMV35S promoter, PG-R gene and NOS 
terminal. *Specially cleaved CaMV35S promoter; cloned PG-R and NOS terminal.
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RESULTS

Amplification of PG, orf456, ipt genes and the E8 promoter

A PCR product of the PG gene of approximately 1.1 kb was amplified in both forward 
and reverse direction (Chen et al., 2010) at ripening stages of pepper (Figure 8A and B) and 
cloned into pGEM-T Easy (Promega). Subsequently, the PG gene was successfully inserted 
into pVBG2307, and the resultant plasmid was confirmed by performing PCR and enzyme 
digestion (Figure 9A).

A PCR product of the orf456 gene of approximately 0.45 kb was amplified (Kim et al., 
2007) and cloned into pGEM-T Easy (Promega). Subsequently, the orf456 gene was success-
fully inserted into pVBG2307, and the resultant plasmid was confirmed by performing PCR 
and enzyme digestion (Figure 8E).

A PCR product of the ipt gene of approximately 0.75 kb was amplified (Guivarc’h et 
al., 2002) and cloned into pGEM-T Easy (Promega). Subsequently, the ipt gene was success-
fully inserted into pVBG2307, and the resultant plasmid was confirmed by performing PCR 
and enzyme digestion (Figure 9E).

A PCR product of the E8 promoter of approximately 1.07 kb was amplified (Zhao et 
al., 2009) at the ripening stages of tomato (Figure 8C) and cloned into pGEM-T Easy (Prome-
ga). Subsequently, the E8 promoter was successfully ligated into pBluescript II SK and then 
inserted into pVBG2307 (Figure 3), and the resultant plasmid was confirmed by performing 
PCR and enzyme digestion (Figure 8C).

Figure 7. Schematic map of vector pVBG2307 carrying substituted E8 special fruit promoter, PG-R gene and NOS 
terminal. *Specially cloned E8 fruit promoter and PG-R gene with NOS terminal.
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Figure 8. A. and B. PCR product of the PG gene. C. PCR product of the E8 promoter. D. Amplified PG-F + 
pVBG2307 in EHA105-4. E. PCR of the orf456 gene. F. Amplified orf456 + pVBG2307 from EHA105-4.

Cleavage of the CaMV35S promoter

The imported CaMV35S promoter fragment (Tanaka et al., 2011) was cleaved from 
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Figure 9. A. Confirmation of PG ligation in pVBG2307 with the digestion of enzymes SmaI and XbaI. B. 
Confirmation of ligated CaMV35S from pVBG2307 by double digestion with HindIII and XbaI. C. Confirmation 
of ligated NOS terminal from pVBG2307. D. Cleavage of CaMV35S from pBI121 with HindIII and XbaI. E. PCR 
product of the ipt gene. F. Amplified ipt + pVBG2307 from EHA105-4.

vector pBI121 using the enzymes HindIII and XbaI (Figure 1) and successfully incorporated 
into pCAMBIA2300 (Figure 1).
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Cleavage of NOS terminal

The absence of NOS terminal (Ishikawa et al., 2011) on the right border of 
pCAMBIA2300 paved the way for extracting the NOS element from vector pBI221 by 
the action of EcoRI and SacI and successfully ligated into pCAMBIA2300 (Figure 1).

Validation of vector pVBG2307

The utility of vector pVBG2307 was tested by successful cloning of promoter-
less PG, orf456, ipt, and E8 from pGEM-T and pBluescript II SK downstream of the im-
ported CaMV35S promoter element among the BamHI, KpnI, SacI, SmaI, and XbaI sites 
of vector pVBG2307, generating the plasmids pVBG2307+PG-F, pVBG2307+PG-R, 
pVBG2307+E8+PG-F, pVBG2307+E8+PG-R, pVBG2307+orf456, and pVBG2307+ipt. 
All plasmids were successfully regulated and transformed into E. coli and Agrobacterium 
tumefaciens strain EHA105-4 by means of an improved freezing and thawing method (Chen 
et al., 2003; Xu et al., 2005). Hence, their successful cloning was not only demonstrated 
by obtaining the amplified PG, orf456 and ipt genes and E8 promoter from the strain 
EHA105-4 (Sambrook and Russell, 2000) but also conducting the restriction enzyme 
digestion (Figure 9A-D and F and Figure 8D and F).

DISCUSSION

In the field of genomic transformation, expression vectors play a crucial role, and 
we expected that the vector pVBG2307 could be considered as a new hope. The novel vec-
tor pVBG2307 provides unique sites in the multiple cloning sites for 13 different restric-
tion enzymes (Tables 2 and 3) to allow greater manipulation of DNA fragments; moreover, 
pVBG2307 possesses an additional plant promoter in the form of CaMV35S, enabling mo-
lecular researchers to clone their gene of interest in a broader range. Direct analysis of genes 
such as PG, orf456 and ipt and promoters such as E8 without the need for additional subclon-
ing in the tumor-inducing bacteria EHA105-4 and E. coli provide an excellent example of its 
significance.

Location Enzyme name Site of cloning (bp)

RB BamHI 8379
 SmaI 8376
 KpnI 8374
 XmaI 8374
 SacI 8368
 EcoRI 8358
 PlacZ 8355
LB XbaI 8285
 SalI 8391
 PstI 8401
 SphI 8407
 HindIII 8409
 ScaI     35

Table 2. Restriction enzymes in multiple cloning sites of vector pVBG2307 to provide greater manipulation of 
DNA fragments.

RB and LB = right and left border of binary vector, respectively.
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Our findings are in agreement with those of Watson et al. (1996) and Chen et al. 
(2003), as they used similar molecular demonstrations to validate the usefulness of their ex-
pression vectors. The successful cloning of genes such as PG, orf456 and ipt has paved the 
way for the pVBG2307 for Agrobacterium-mediated transformation. Transformed T-DNA 
into E. coli and A. tumefaciens has given the greatest encouragement in the manipulation of 
the expression of genes of interest and prediction of their functions in various crop species. 
In the near future, experiments will be conducted to develop transgenic plants by using the 
vector pVBG2307. On the basis of our results, we can predict some appreciable developments 
regarding Agrobacterium-mediated transformation in different plant species.
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