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Transient expression is an easy, rapid and powerful tech-
nique for producing proteins of interest in plants. Recom-
binational cloning is highly efficient but has disadvantages, 
including complicated, time consuming cloning proce-
dures and expensive enzymes for large-scale gene cloning. 
To overcome these limitations, we developed new ligation-
independent cloning (LIC) vectors derived from binary 
vectors including tobacco mosaic virus (pJL-TRBO), po-
tato virus X (pGR106) and the pBI121 vector-based pMBP1. 
LIC vectors were modified to enable directional cloning of 
PCR products without restriction enzyme digestion or 
ligation reactions. In addition, the ccdB gene, which en-
codes a potent cell-killing protein, was introduced between 
the two LIC adapter sites in the pJL-LIC, pGR-LIC, and 
pMBP-LIC vectors for the efficient selection of recombi-
nant clones. This new vector does not require restriction 
enzymes, alkaline phosphatase, or DNA ligase for cloning. 
To clone, the three LIC vectors are digested with SnaBI 
and treated with T4 DNA polymerase, which includes 3′ to 
5′ exonuclease activity in the presence of only one dNTP 
(dGTP for the inserts and dCTP for the vector). To make 
recombinants, the vector plasmid and the insert PCR 
fragment were annealed at room temperature for 20 min 
prior to transformation into the host. Bacterial transforma-
tion was accomplished with 100% efficiency. To validate 
the new LIC vector systems, we were used to coexpressed 
the Phytophthora AVR and potato resistance (R) genes in 
N. benthamiana by infiltration of Agrobacterium. Co-
expressed AVR and R genes in N. benthamiana induced 
the typical hypersensitive cell death resulting from in vivo 
interaction of the two proteins. These LIC vectors could be 
efficiently used for high-throughput cloning and labora-
tory-scale in planta expression. These vectors could pro-
vide a powerful tool for high-throughput transient expres-
sion assays for functional genomic studies in plants. 
 
 
INTRODUCTION 
 
Transient expression is a powerful technique for producing 

proteins of interest in plants. The technically simplest in planta 
transient expression systems take advantage of the ability of 
Agrobacterium to transfer DNA into plant cells. Because Agro-

bacterium-mediated transformation is so efficient, easy, and 
inexpensive to use, it has become a common method for pro-
ducing proteins in plants (An, 1987; Bevan, 1984; Huitema et 
al., 2004). Recently, in planta transient expression methods 
were developed that combine Agrobacterium-derived T-DNA 
and plant viral genomes such as Potato virus X (PVX) and 
Tobacco mosaic virus (TMV) (Huitema et al., 2004; Lindbo, 
2007). These virus-based vectors can produce higher agro-
infection efficiency and recombinant protein expression levels 
than other, conventional agro-infiltration/transient expression 
systems in plants (Huitema et al., 2004; Lindbo, 2007). How-
ever, although this vector system has advantages, it also has 
some disadvantages. First, conventional methods use restric-
tion enzymes and ligase to digest DNA and ligate the insert into 
the vector. This enzyme-mediated cloning technique requires 
sequence information for the restriction enzyme sites. It is also 
necessary to prevent the growth of non-recombinant transfor-
mants by treating the vector with alkaline phosphatase. Despite 
this treatment, a considerable fraction of the clones often lack 
inserts. Second, the PCR-based approach is now the method 
of choice for the rapid amplification and isolation of specific 
DNA sequences from genomic DNA (Saiki et al., 1988). In this 
case, single adenosines (A) are added to the 3′-ends of the 
amplified PCR products by Taq polymerase, and used to ligate 
the product into a vector containing the complementary 3′-ends 
thymidine (T) extensions (Marchuk et al., 1990). This method is 
much more commonly used for PCR product cloning than re-
striction enzyme -based methods. However, this method is not 
directional, and correctly oriented (Goda et al., 2004). Accord-
ingly, restriction endonuclease sites may be introduced into the 
amplification primers at their 5′ ends to facilitate cloning, but the 
cleavage efficiency is variable (Clark, 1988). Third, the GATE-
WAY method has been successfully implemented for high-
throughput cloning of PCR products. However, this system also 
has disadvantages, including time-consuming, complicated 
cloning procedures and a high cost for large-scale cloning (re-
viewed by Dong et al., 2007). Thus, the limitations of currently 
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available plant expression vectors include not only the multiple 
steps for cloning but also the expensive price cloning. 

To overcome these limitations, Aslanidis and de Jong (1990) 
developed a ligation-independent cloning (LIC) method for PCR 
products that does not involve restriction enzymes, alkaline 
phosphatase, T4 polynucleotide kinase, or DNA ligase (Dieck-
man et al., 2002). Many researchers have constructed im-
proved LIC-plasmid vectors (Aslanidis et al., 1994), and these 
tools have been used for cloning and expression of various 
cDNAs (Bonsor et al., 2006; Hamel et al., 1993; Haun et al., 
1992). Recently, Dong et al. (2007) developed a TRV-LIC vec-
tor using modified LIC system for the high-throughput cloning of 
tomato cDNA clones for gene silencing. LIC is much faster and 
more accurate than other conventional cloning systems as only 
a single transformation is required. This procedure uses the 
exonuclease activity of T4 DNA polymerase to generate 5′ 
extended complementary cohesive ends in both the vector and 
the PCR product (Aslanidis et al., 1994). However, a disadvan-
tage of this method is the strict requirement for correct T4 DNA 
polymerase treatment of both insert and vector.  

On the other hand, positive-selection cloning vectors are effi-
cient tools that simplify in vitro DNA recombination procedures 
by reducing or eliminating recombinants with plasmids lacking 
inserts (Bernard and Couturier, 1992). The ccdB1 gene en-
codes a potent cell-killing protein that acts by trapping DNA 
gyrase (Bernard and Couturier, 1992). DNA gyrase (or topoi-
somerase) is a unique class of ubiquitous enzymes that are 
able to control supercoiling by breaking and rejoining the phos-
phodiester backbone of one or both DNA strands (Type I and II 
topoisomerase, respectively). Therefore, positive-selection can 
be made in F-strain bacteria with almost no trace of background 
and without any special biochemicals (Bernard and Couturier, 
1992). To date, many expression vector systems have been 
developed, but none of them are LIC or positive-selection ex-
pression vectors for plants. 

In this study, we constructed three positive-selection LIC vec-
tors, pGR106-PSLIC, pJL-PSLIC and pMBP1-PSLIC, which 
rely on the replacement of the cytotoxic ccdB1 gene of the 
target plasmid vector for positive selection. These vectors could 

provide a powerful tool for high-throughput cloning and tran-
sient expression assays for functional genomics in plants. 
 
MATERIALS AND METHODS 

 
Bacteria and reagents  

All restriction enzymes, T4 DNA polymerase and corresponding 
buffers were purchased from New England Biolabs (USA). E. 
coli strain DH5α was purchased from Real-Biotech (Korea). 
Other strains, including E. coli strain DB3.1 and DH10B, were 
purchased from Invitrogen (USA). Oligonucleotides were syn-
thesized and HPLC-purified by Bioneer Biotech (Korea). Ampli-
fied or digested reaction products were column purified using 
the DNA clean up and gel purification kit (Zymo Research, 
USA) to remove unincorporated dNTPs and primers or other 
products. For plate selection, kanamycin was used at 50 μg/ml. 
Pfu and Taq polymerases were purchased from SolGent Ins. 
(Korea). 
 
Positive selection-LIC vector construction 
The plant expression vectors pMBP1, pJL-TRBO, and pGR106 
were used as the basis for the positive selection and ligation 
independent cloning (PSLIC) vectors (Baulcombe, 1999; Lindbo, 
2007; Oh et al., 2005). First, the plasmid pMBP1-LIC was con-
structed by cloning two annealed oligonucleotides that included 
SnaBI restriction sites (to serve as adaptors) into the BamHI 
and KpnI sites of pMBP1. The DNA sequences of these prim-
ers were: pLIC-SnaBI-For, 5′-GGATCCTTAATTAAAGCCAAT 
CCCTCTACGTAGGAGGATACCCATACGATGTTCCAGATT
ACGCTTGATAGGGTACC-3′ and pLIC-SnaBI-Rev, 5′-GGT 
ACCCTATCAAGCGTAATCTGGAACATCGTATGGGTATCCT
CCTACGTAGAGGGATTGGCTTTAATTAAGGATCC-3′. Sec-
ond, to enable positive selection, the ccdB gene was amplified 
by PCR from the plasmid TRV-LIC (Dong et al., 2007). The 
primer sequences for this reaction were: ccdB-For, 5′-TACG 
TAAATTCTCGACTAAGTTGGCAGCATCACCCGACG-3′ and 
ccdB-Rev, 5′-TACGTACTCGAGCAGACTGGCTGTGTATAAG 
GGAGCC TG-3′. The ccdB-containing PCR product was then 
cloned into the pMBP1 plasmid via the SnaBI sites (Fig. 1) to 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. PSLIC sequence of the cloning sites for the positive-selection, LIC-based vectors. The plant expression vector pMBP1 was used as the 

basis for the PSLIC vectors. The plasmid pMBP1-LIC was obtained by cloning two annealed oligonucleotides into the BamHI and KpnI sites of 

pMBP1 to produce the pMBP-LIC plasmid. These annealed oligonucleotides included two adaptors with SnaBI restriction sites. The pMBP-

LIC plasmid was then further modified by adding a ccdB gene for positive selection. The ccdB gene was amplified by PCR with SnaBI sites in 

the primers, and then digested by SnaBI. The SnaBI-digested ccdB PCR fragment was then inserted into pMBP-LIC at the SnaBI site to cre-

ate the pMBP-PSLIC vector. 
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create the pMBP1-PSLIC vector (Fig. 2). The pJL-PSLIC and 
pGR106-PSLIC vectors were constructed using the same 
methods as those used for the pMBP1-PSLIC vector. All PSLIC 
plasmids were transformed into and maintained in E. coli strain 
DB3.1 [F- gyrA462 endA1 Δ (sr1-recA) mcrB mrr hsdS20 (rB-, 
mB-) supE44 ara-14 galK2 lacY1 proA2 rpsL20 (SmR) xyl-5 λ- 
leu mtl1] (Invitrogen, USA). 
 
Ligation-independent cloning procedures 
Hundreds of pepper (Capsicum annuum) and other solana-
ceous ESTs (http://pdrc.lribb.re.kr) were amplified with primers 
that included identical 14-nucleotide tails: pCLIC-For, 5′-CCA 
ATCCCTCTACG-vector (gene)-specific sequence-3′ and pCLIC- 
Rev, 5′-TATCCTCCTACGAT-vector (gene)-specific se-quence- 
3′. The amplified PCR fragments were purified with either the 
DNA clean up or the DNA recovery gel extraction kit (Zymo 
Research, USA) to eliminate any nonspecific PCR products 
and unbound primers. A minimum of 50 ng of purified PCR 
product was treated with T4 DNA polymerase (NEB, USA) in 
1X (final concentration) reaction buffer (10 mM Tris-HCl, 50 mM 
NaCl, 10 mM MgCl2, 1 mM Dithiothreitol, pH 7.9) supplemented 
with 2.5 mM dCTP (final concentration) at 22°C for 30 min, 
followed by 20 min of inactivation of T4 polymerase at 75°C, 
and then cooled at 4°C. At the same time, the pPSLIC vector 
plasmid (1 ug) was digested with SnaBI restriction enzymes 
(2.5 U) at 37°C for 3 h and purified using the DNA recovery gel 
extraction kit (Zymo Research, USA) for elimination of the en-
zyme and any nonspecific reagents. The linearized pPSLIC 
vector was treated with T4 DNA polymerase under the same 
conditions except that the reaction mix was supplemented with 
2.5 mM dGTP instead of the 2.5 mM dCTP used for the insert. 
This treatment will produce overhangs in inserts complemen-
tary to that of vector overhangs. The DNA concentration was 
determined using a spectrophotometer (Nano-drop, USA) and 
adjusted to 25 ng/μl. A total of 25 (or 50 ng) of PCR products 
and the PSLIC vector were mixed and incubated at 65°C for 1 
min and at 22 to 25°C for 20 min. In the final procedure for clon-
ing, 5 μl of the mixture was used to transform E. coli DH5α or 
DH10B competent cells (30 μl; Invitrogen, USA) using heat 

shock (at 42°C, followed by the addition of 450 μl SOC medium 
and incubation of the bacterial cells for about 20 min at 37°C) 
(Sambrook and Russell, 2001). Then, 250 μl of the reaction 
mixture (cells) was plated onto LB agar media supplemented 
with 50 mg/L kanamycin, and then incubated at 37°C overnight. 
The transformants were confirmed by PCR using the following 
primers: for pMBP1-PSLIC, 5′-CTATCCTTCGCAAGACCCTT 
C-3′ and 5′-AAGACCGGCAACAGGATTCA-3′; for pJL-PSLIC, 
5′-CGATGATGATTCGGAGGCTAC-3′ and 5′-CAATCCGTTA 
TTTATTATGC-3′; and for pGR106-PSLIC, 5′-AATCAATCAC 
AGTGTTGGCTTGC-3′ and 5′-AGTTGACCCTATGGGCTGTG 
TTG-3 or 5′-AAGACCGGCAACAGGATTCA-3′. Plas- mids from 
PCR-based positive clones were purified and DNA sequencing 
was performed by NICEM (Seoul National University, Korea) 
using a DNA Analyzer machine (ABI Prism 3730 XL, Applied 
Biosystems, USA).  
 
Agrobacterium transformation and in planta assay 
Three binary pPSLIC-inserted plasmids purified from E. coli 
DH5α or DH10B cultures were transformed into Agrobacterium 
tumefaciens strain GV3101 or GV2260 using the freeze-thaw 
method (Chen et al., 1994). Transformed Agrobacteria were 
plated on YEP (Yeast ext. 10 g, NaCl 5 g, Pepton 10 g, Agar 15 
g, and dH2O 1 L) plates with 50 mg/L kanamycin and 25 mg/L 
rifampicin for recombinant selection. For in planta transient 
assays, a single colony of transformed Agrobacterium cells was 
grown at 28°C, 220 rpm for 24 h in YEP broth media including 
the same antibiotics. Cell cultures were diluted 1:20 in the same 
media supplemented with 20 μM acetosyringone, and grown 
under the same conditions to an A600 of 0.8. The cell culture 
was then centrifuged, resuspended in induction buffer (10 mM 
MgCl2, 10 mM MES pH 5.6, and 150 μM acetosyringone), and 
kept at room temperature for 3 h (Oh et al., 2009). Then, the 
Agrobacterium culture was mixed and infiltrated into the ex-
panded leaves of N. benthamiana using a needleless syringe 
(i.e., mixed with pMBP1-PSLIC-Rpiblb2 and pGR106-PSLIC-
Avrblb2 construct). The infiltrated plants were placed in a 
growth room at 24°C at 60% relative humidity with a 14/10-h 
light-dark cycle. 

Fig. 2. Construction of a ligation-independent

cloning vector: maps of the pJL- and pMBP1-

PSLIC vectors used in this study. All pPSLIC

plasmids were transformed and maintained in

the E. coli strain DB3.1 [F- gyrA462 endA1]

(Invitrogen). RB, Right border sequence; LB,

Left border sequence; CaMV35S, Cauliflower

Mosaic Virus 35S promoter; Replicase, TMV

126K/183K; MP, Movement protein; NPTII,

Kanamycin resistance gene; NOS-pro, Nopa-

line synthase promoter; NOS-ter, Nopaline

synthase terminator; HA, Hemagglutinin; S,

SnaBI enzyme; R-AP, Right region Adapter

sequence; L-AP, Left region Adapter sequen-

ce; ccdB1, controlling cell death B1 gene. 
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RESULTS AND DISCUSSION 

 
Alternative to conventional cloning systems  

To date, there are over 1 million solanaceous plant ESTs, cor-
responding to 100,000 unique sequence clones, in the NCBI 
and pepper EST (http://genepool.kribb.re.kr) databases. Like-
wise, pathogen-derived “effector” genes, such as the Phy-

tophthora RXLR effectors and fungal virulence factors, are also 
represented by several thousand ESTs in the Phytophthora 
Functional Genomics Database (PFGD) (www.pfgd.org). How-
ever, little is known about their biological functions. Accordingly, 
many groups have developed cloning methods to introduce 
these ESTs and genomic DNA sequences into plants for func-
tional studies. One currently available method for plant expres-
sion is the virus-induced gene silencing vector (VIGS) for re-
verse genetics approaches to investigate plant genes of interest 
(Chung et al., 2004; Liu et al., 2002). Together with VIGS ap-
proaches, transient- or over-expression methods also offer 
great opportunity for gain-of-function studies (An, 1987; Lindbo, 
2007; Oh et al., 2009). Most expression vectors have been 
developed for use in bacteria, yeast and animal cells, instead of 
plant cells. Therefore, we consider that there is a need for im-
proved expression vectors for rapid, efficient and easy-to-use 
recombinant DNA expression systems for plants.  

To overcome several disadvantages of conventional plant 
expression vectors, we generated the Positive Selection and 
Ligation Independent Cloning (pPSLIC) plasmids. These plas-
mids will facilitate large-scale cloning from plant ESTs or fungal 
ESTs using the universal “One Primer Sets” of vector plasmid 
sequences (Fig. 3). In addition, they will also enable enzyme- 
and ligation-free cloning of large genomic DNAs using LIC 
adaptor primers, including gene specific sequences, to 100% 
cloning efficiency (Fig. 4 and Table 1). Therefore, we modified 
several plant expression vectors using a ligation-independent 
cloning system (Aslanidis and de Jong, 1990) and ccdB1 as a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Cloning efficiency for ligation-independent cloning. The clon-

ing efficiency into pPSLIC-1 was 100% (100% of transformants 

contained the target DNA insert) as shown by PCR amplification 

and comparison of fragment sizes. M, DNA size marker; CK, nega-

tive control DNA. 
 
 
positive selection marker gene (Bernard and Couturier, 1992).  
 
Construction of the “pPSLIC” vector 
Recently, two ligation procedures, the Gateway technique (Invi-
trogen, USA) and LIC, have been used extensively. These 
techniques provide the opportunity for parallel cloning of multi-
ple genes into different vectors (Hartley et al., 2000). In LIC 
methods, genes of interest are amplified with 12 to 15 bp end 
nucleotides and the 5′  3→ ′ endonuclease activity of T4 DNA 
polymerase is then applied (Aslanidis and de Jong, 1990). Most 
LIC expression systems are restricted to bacteria, yeast, or 
animals. Therefore, we aimed to generate more improved plant 
expression cloning vectors that enable easy, rapid, directional, 

Fig. 3. Ligation-independent cloning (LIC)

strategy. (A) Preparation of PCR product for

LIC. Target genes were amplified by PCR

using gene-specific primers with LIC sequen-

ces attached to their 5′ termini. PCR products

were purified and incubated with T4 DNA

polymerase and a single dCTP to generate

an LIC insert with single-stranded 5′ over-

hangs. (B) Preparation of the LIC plasmid.

The pJL-TRBO vector was used to generate

the new pJL-PSLIC vector by insertion of a

cassette containing adapters and two SnaBI

sites in two digestion and ligation reactions.

The pJL-PSLIC vector was digested with SnaBI

enzymes. The linearized vector was then

purified and incubated with T4 DNA poly-

merase and a single dGTP to generate sin-

gle-stranded 5′ termini. (C) Purified vector plas-

mids and target genes (EST clones) were

mixed and annealed without DNA ligase at

room temperature. These mixtures were then

transformed into E. coli DH5α cells. 
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Table 1. Size-dependent cloning efficiency of the modified ligation-

independent cloning vector 

Insert  

(kb) 

Vector
a 

(ng) 

Insert  

(ng) 

Enzyme  

mix 

Number of 

colonies
b
 

% with 

inserts

0.3-1.0 

1.1- 3.0 

3.1- 6.2 

25 

25 

25 

10-25 

25-50 

50 

T4 poly 

T4 poly 

T4 poly 

150-400 

80-250 

18-120 

99.9 

~ 

100.0 

aFinal concentration of vector plasmid 
bNumber of colonies obtained after transformation of LIC reactions in E. 

coli with the indicated amount of inserted plasmid (minimum to maximum 

in 250 µl bacterial cell solution). 
 
 

and cost effective massive cloning of ESTs using combined 
positive selection markers and ligation-independent cloning 
methods. 

To accomplish this, we created pPSLIC plant expression vec-
tors using the CaMV 35S-based binary vectors pGR106, pJL-
TRBO and pMBP1 as their backbone. First, an oligonucleotide 
cassette was introduced into the pMBP1-PSLIC (or pGR-PSLIC 
or pJL-PSLIC) plant expression vector via two LIC adaptors 
located between the BamHI and KpnI sites (Fig. 1). These 
adaptors consisted of 14 bp of oligo-sequences and an HA-tag 
(“YPYDVPDYA”) in the C-terminal part, and SnaBI restriction 
sites in the central part. Regarding the 14 bp length of the oligo-
sequences, we chose a longer length because Aslanidis et al. 
(1994) reported that an LIC system with 12-nucleotide long 
single-stranded (SS) tails produced more efficient transforma-
tion than an LIC system with 10-nucleotide SS tails. Likewise, 
Oliner et al. (1993) also demonstrated that the efficiency of LIC 
system is dependent on the length of the cohesive ends gener-
ated. In addition, the cloning and transformation efficiency 
achieved by our procedure is very stable. Therefore, we did 
consider that it is suitable for LIC cloning experiments with 14-
base longer LIC tails. Second, we inserted the ccdB gene (con-
trolling cell death B gene), as a positive selection marker, be-
tween the two LIC adapter sites created by SnaBI digestion. 
This created the pPSLIC vectors (the pMBP1-PSLIC, pGR-
PSLIC, and pJL-PSLIC vectors). The ccdB gene, a new topoi-
somerase II and DNA gyrase poisoning agent, encodes a po-
tent cell-killing protein that is able to control supercoiling by 
breaking and rejoining the phosphodiester backbone of DNA 
strands (Bernard and Couturier, 1992). Bernard et al. (1994) 
reported that E. coli [wild type gyrA+ strain] transformed by 
ccdB-based vectors died. It is known that the ccdB protein acts 
from within the cell and is able to interfere directly with the vi-
ability of transformed bacteria. Therefore, our three PSLIC vec-
tor plasmids were derived and maintained in the E. coli DB3.1 
strain, a ccdB-resistant host with a genetic background [F- 
gyrA462] that allows propagation of ccdB-containing plasmids 
(Invitrogen, USA). Thus, the ccdB gene rapidly and accurately 
selects putative transformants in similar fashion to the 
GATEWAY approach. In summary, we constructed three posi-
tive-selection, LIC-based plant expression vectors, called pGR-
PSLIC, pJL-PSLIC and pMBP1-PSLIC, which rely on the inac-
tivation of the cytotoxic ccdB1 gene for selection (Fig. 2). 
 
Cloning of target genes into the “pPSLIC” vector and  
in planta expression analysis 
LIC is a fast and accurate cloning system, but it has a strict 
requirement for correct T4 DNA polymerase treatment of both 
insert and vector (Aslanidis et al., 1994). To improve this LIC 
system, we introduced the ccdB gene, which encodes a potent 

     A 
 
 
 
 
 
 
 
 
 
 
 
 
 
     B 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Activation of Phytophthora effector-induced cell death in the 

Potato R gene of Nicotiana benthamiana. Agrobacterium cultures 

containing the Phytophthora effector and R constructs were infil-

trated at OD 600 nm = 0.3 [(A) pJL-PSLIC-Rpiblb2 and pGR106-

PSLIC-Avrblb2 constructs, (B) pMBP1-PSLIC-R3a and pGR106-

PSLIC-Avr3a
KI 

constructs]. Photographs were taken five days after 

agro-infiltration. 
 
 
cell-killing protein, between the two LIC adapter sites in our 
pPSLIC vectors, for the efficient selection of recombinant 
clones (Fig. 2). To test the cloning efficiency of pPSLIC vectors, 
we selected 104 NBS-LRR gene families from pepper ESTs 
and Solanaceae genomic DNAs (http://genepool.kribb.re.kr) for 
large-scale functional analysis. Likewise, to demonstrate the 
efficiency of the pPSLIC vector for high-throughput screening, 
we also cloned 290 Phytophthora capsici or P. infestans ge-
nomic DNAs or ESTs into these vectors. Briefly, T4-treated 
PCR products and pPSLIC vectors were mixed and incubated 
as described in the “Materials and Methods”. The T4 DNA po-
lymerase treatment generates overhangs in the PCR fragment 
that allows subsequent insertion into a complementarily T4-
treated vector using a simple annealing procedure (Fig. 3). 
Because there is no need for restriction enzyme or ligase 
treatment, the pPSLIC vector is a highly efficient and cost-
effective method for mass cloning (Dong et al., 2007). Trans-
formation into E. coli cells (DH5α) was efficient; 99.9% of the 
colonies screened were found to be positive for pPSLIC. Then, 
cloning efficiency was confirmed by PCR amplification and 
sequencing analysis to verify the presence of inserts in the 
vector (Fig. 4). As shown in Fig. 4, the targeted inserts were 
present in 100% of transformants. From these results, we were 
convinced that the pPSLIC plasmid containing the ccdB protein 
is able to act from within the cell to directly interfere with the 
viability of transformed E. coli strain DH5α or DH10B cells (Fig. 
4 and Table 1) (Bernard and Couturier, 1992).  

To validate in planta expression of the cloned gene in 
pPSLIC vector, we transformed to Agrobacterium tumefaciens 
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strain GV3101 and then co-expressed both pathogen-derived 
effectors and plant NBS-LRR genes in Nicotiana benthamiana. 
To do this, we infiltrated four-leaf stage N. benthamiana leaves 
with a 1:1 ratio mixture of pGR-PSLIC-Avrblb2 and pJL-PSLIC-
Rpiblb2 (Fig. 5A), or pGR-PSLIC-Avr3a and pMBP-PSLIC-R3a 
genes (Fig. 5B) (Bos et al., 2006; Oh et al., 2009). As shown in 
Fig. 5, with multiple cases, we observed hypersensitive cell 
death only in co-expressed combination, but not in single gene 
expression.  

In this study, we present new expression vectors that facili-
tate high-throughput cloning and transient overexpression in 
plants. The pPSLIC vector system allows rapid, directional, 
efficient (100% of transformants were confirmed to contain the 
target DNA) cloning, and has the added advantage of cost 
effectiveness. The cloning procedures are simple and do not 
require restriction enzymes, ligase, or recombinase. The ccdB1 
gene, which acts as a potent bacterial cell-killing protein, pro-
vides a built-in positive-selection feature that helps to ensure 
low-background cloning. Gene-specific primer sets are not 
required for massive cloning of ESTs; instead, large-scale clon-
ing of ESTs can be accomplished using the universal “One 
Fixed Primers” from vector plasmid sequences. Therefore, our 
improved vector systems provide new and useful tools for high-
throughput in planta expression strategies for plant functional 
genomics studies.  
 

ACKNOWLEDGMENTS 

We would like to thank Dr. D. Baulcombe for providing pGR106 
and John Lindbo for pJL-TRBO. We also thank Dr. S. Kamoun 
and Dr. Dinesh-Kumar for technical comments. This work was 
financially supported by grants from the Crop Functional Ge-
nomics Center and the National Research Foundation (Project 
No. 2010-0015105) of Ministry of Education, Science and 
Technology (MEST) of the Korean Government. 
 

REFERENCES 

 
An, G. (1987). Binary ti vectors for plant transformation and pro-

moter analysis. Methods in Enzymol. 153, 292-305. 
Aslanidis, C., and de Jong, P.J. (1990). Ligation-independent clon-

ing of PCR products (LIC-PCR). Nucleic Acids Res. 18, 6069-
6074. 

Aslanidis, C., de Jong, P.J., and Schmitz, G. (1994). Minimal length 
requirement of the single-stranded tails for ligation-independent 
cloning (LIC) of PCR products. Nucleic Acids Res. 4, 172-177. 

Baulcombe, D.C. (1999). Fast forward genetics based on virus-
induced gene silencing. Curr. Opin. Plant Biol. 2, 109-113. 

Bernard, P., and Couturier, M. (1992). Cell Killing by the F plasmid 
ccdB protein involves poisoning of DNA-topoisomerase II com-
plexes. J. Mol. Biol. 226, 735-745. 

Bernard, P., Gabant, P., Bahassi, E.M., and Couturier, M. (1994). 
Positive-selection vectors using the F plasmid ccdB killer gene. 
Gene 148, 71-74. 

Bevan, M. (1984). Binary Agrobacterium vectors for plant transfor-
mation. Nucleic Acids Res. 12, 8711-8721. 

Bonsor, D., Butz, S.F., Solomons, J., Grant, S., Fairlamb, I.J.S., Fogg, 
M.J., and Grogan, G. (2006). Ligation independent cloning (LIC) 
as a rapid route to families of recombinant biocatalysts from se-
quenced prokaryotic genomes. Org. Biomol. Chem. 4, 1252-1260. 

Bos, J.I., Kanneganti, T.D., Young, C., Cakir, C., Huitema, E., Win, 
J., Armstrong, M.R., Birch, P.R., and Kamoun, S. (2006). The C-
terminal half of Phytophthora infestans RXLR effector AVR3a is 
sufficient to trigger R3a-mediated hypersensitivity and suppress 
INF1-induced cell death in Nicotiana benthamiana. Plant J. 48, 
165-176. 

Chen, H., Nelson, R.S., and Sherwood, J.L. (1994). Enhanced 
recovery of transformants of Agrobacterium tumefaciens after 
freeze-thaw transformation and drug selection. BioTechniques 
16, 664-670. 

Chung, E., Seong, E., Kim, Y.C., Chung, E.J., Oh, S.-K., Lee, S., 
Park, J.M., Joung, Y.H., and Choi, D. (2004). A method of high 
frequency virus-induced gene silencing in chili pepper (Capsi-
cum annuum L. cv. Bukang). Mol. Cells 17, 377-380. 

Clark, J.M. (1988). Novel non-templated nucleotide addition reac-
tion reactions catalyzed by prokaryotic and eukaryotic DNA po-
lymerases. Nucleic Acids Res. 16, 9677-9686. 

Dieckman, L., Gu, M., Stols, L., Dnnelly, M.I., and Collart, F.R. (2002). 
High throughput methods for gene cloning and expression. Pro-
tein Expr. Purif. 25, 1-7. 

Dong, Y., Burch-Smith, T.M., Liu, Y., Mamillapalli, P., and Dinesh-
Kumar, S.P. (2007). A ligation-independent cloning tobacco rat-
tle virus vector for high-throughput virus-induced gene silencing 
identifies roles for Nbmads4-1 and -2 in floral development. 
Plant Physiol. 145, 1161-1170. 

Goda, N., Tenno, T., Takasu, H., Hiroaki, H., and Shirakawa, M. 
(2004). The PRESAT-vector: Asymmetric T-vector for high-
throughput screening of soluble protein domains for structural 
proteomics. Protein Sci. 13, 652-658. 

Hamel, C.P., Tsilou, E., Pfeffer, B.A., Hooks, J.J., Derick, B., and 
Redmont, T.M. (1993). Molecular cloning and expression of RPE65, 
a novel retinal pigment epithelium-specific microsomal protein 
that is post-transcriptionally regulated in vitro. J. Biol. Chem. 268, 
15751-15757. 

Hartley, J.L., Temple, G.F., and Brasch, M.A. (2000). DNA cloning using 
in vitro site-specific recombination. Genome Res. 10, 1788-1795. 

Haun, R.S., Servent, I.M., and Moss, J. (1992). Rapid, reliable liga-
tion-independent cloning of PCR products using modified plas-
mid vectors. BioTechniques 13, 515-518. 

Huitema, E., Bos, J.I.B., Tian, M., Win, J., Waugh, M.E., and Ka-
moun, S. (2004). Linking sequence to phenotype in Phytoph-
thora -plant interactions. Trends Microbiol. 12, 193-200. 

Lindbo, J.A. (2007). TRBO: A high efficiency Tobacco mosaic virus 
RNA based overexpression vector. Plant Physiol. 145, 1232-1240. 

Liu, Y., Schiff, M., and Dinesh-Kumar, S.P. (2002). Virus-induced 
gene silencing in tomato. Plant J. 30, 415-429. 

Marchuk, D., Drumm, M., Saulino, A., and Collins, F.C. (1990). 
Construction of T-vectors, a rapid and general system for direct 
cloning of unmodified PCR products. Nucleic Acids Res. 19, 1154. 

Oh, S.-K., Young, C., Lee, M., Oliva, R., Bozkurt, T.O., Cano, L.M., 
Win, J., Bos, J.I., Liu, H.Y., van Damme, M., et al. (2009). In 
planta expression screens of Phytophthora infestans RXLR ef-
fectors reveal diverse phenotypes, including activation of the So-
lanum bulbocastanum disease resistance protein Rpi-blb2. Plant 
Cell 21, 2928-2947. 

Oliner, J.D., Kinzler, K.W., and Vogelstein, B. (1993). In vivo cloning 
of PCR products in E. coil. Nucleic Acids Res. 21, 5192-5197. 

Saiki, R.K., Gelfand, D.H., Stoffel, S., Scharf, S.J., Higuchi, R., Horn, 
G.T., Mullis, K.B., and Erlich, H.A. (1988). Primer-directed en-
zymatic amplification of DNA with a thermostable DNA poly-
merase. Science 239, 489-491. 

Sambrook, J., and Russell, D.W. (2001). Molecular cloning: a labo- 
ratory manual, (Cold Spring Harbor, NY, USA: Cold Spring Har-
bor Laboratory). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


