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Rapid Cloning of Novel Genes and Promoters for
Functional Analyses in Transgenic Cells
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24 hrs. It is particularly suitable for functional genomics projects or the generation of
libraries from PCR products where a large
number of fragments need to be cloned into
the same vector. We have used this method to
rapidly clone 72 full-length genes (ranging
from 0.8 to 6.4 kb) and putative promoters
(2 kb each) from Arabidopsis thaliana into
plant cell expression cassettes for subsequent
direct functional analyses in transgenic cells.

The availability of sequence information for
thousands of genes for many organisms is
currently unmatched by functional studies. A
cost-effective and high-throughput cloning
system for PCR products was therefore
adopted to enable the rapid assessment of
coding and promoter sequences in functional
assays in transgenic cells. Unlike other systems that involve initial cloning into a specialized PCR fragment cloning vector, this
method describes a rapid and cost-effective
procedure for the amplification of a DNA
fragment by PCR, its phosphorylation and its
direct insertion into the vector of choice.
Restriction enzymes are only required once
for the preparation of the recipient vector,
which is blunt-ended and dephosphorylated.
No special primer designs (e.g. restriction
enzyme sites or flanking homologous
sequences) or subcloning steps are required.
The turn-around time from source organism
genomic DNA to new recombinant DNA is
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INTRODUCTION

The recent availability of large data sets of
sequence information (e.g. large-scale EST
and whole genome sequencing projects) is
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currently unmatched by data on their actual
function. DNA microarray hybridisations
and in silico sequence analyses have led to
the identification of a large number of
candidate genes and regulatory sequences
that are likely to be involved in a given
biological process (e.g. [1,2,3,4]). Further
screening and functional analyses are
therefore required to confirm and further
elucidate the roles of these sequences. One of
the key procedures that help to reveal the
biological function of uncharacterised DNA
sequences is the expression of those
sequences in transgenic organisms. This can
lead to interesting phenotypes displaying
visible modifications or molecular
alterations. In most cases, full-length coding
sequences and regulatory sequences (such as
promoters) of these genes are analysed in
different heterologous expression systems,
each requiring subcloning steps. Rapid,
robust and cost-effective cloning procedures
are therefore required to cope with the large
number of candidate genes and regulatory
sequences.
Many methods for cloning PCR products
require the use of a special intermediate
cloning vector where PCR products are
inserted into a selectable marker (such as the
lacZ gene, which utilises blue/white selection)
or a lethal gene that will stop growth of false
positives (e.g. [5,6,7,8]). For these methods,
additional sub-cloning steps are required to
insert the PCR product into the target
vectors. Alternatively, PCR products can be
inserted into the vector by adding suitable
flanking restriction enzyme sites to the PCR
primers and digesting the PCR product after
amplification (e.g. [9]). A prerequisite for this
method is the absence of these sites in the
amplified DNA sequence. Other flanking
sequences allow for homologous
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recombination events that lead to the
integration of the PCR product [10,11,12].
However, the introduction of these additional
flanking sequences may lead to unwanted
side effects during transcriptional or posttranscriptional regulation. High costs
associated with commercially available
cloning kits often limit their use in highthroughput approaches. In this paper we
present a rapid and very cost-effective
method for direct cloning of PCR-amplified
gene and promoter sequences into any target
vector without the need of flanking
restriction enzyme sites or other added
sequences.

MATERIALS AND METHODS
DNA amplification and phosphorylation
of 5’ends
PCR to amplify genes and promoters from
Arabidopsis thaliana Columbia was carried
out using enzymes with proofreading activity
that generate blunt ends (Expand High
Fidelity PCR System, Roche). Primers were
designed according to annotated Genbank
sequence information including start and
stop codons for genes and covering
approximately 2 kb upstream of the genes for
promoter sequences. PCR products were then
subjected to electrophoresis and purified
(Qiaquick Gel Extraction Kit, Qiagen). 5’
ends of PCR products (1-5 µg) were
phosphorylated in a 20 µl reaction using 2 µl
polynucleotide kinase (10 U/µl; Roche), 2 µl
10x buffer (50 mM Tris-Cl pH7.5; 10 mM
MgCl2; 5 mM DTT) and 0.2 µl 10 mM ATP
and by incubating at 37 ºC for 1 h.
Alternatively, phosphorylated primers were
used for PCR. These were prepared prior to
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FIGURE 1
Schematic representation of the rapid cloning procedure of PCR products.

PCR by adding 0.2 µl polynucleotide kinase
(10 U/µl), 1 µl 10x buffer (as above) and 1 µl
10 mM ATP to 300 pmol primers in a 10 µl
reaction followed by incubation at 37 ºC for
1 h and inactivation at 65 ºC for 5 min.
Vector preparation
To allow for repeated use of vector fragments
a large amount of plasmid DNA (> 10 µg) was
prepared by cleaving with a restriction enzyme
that generates blunt ends. Alternatively, if
restriction enzymes were used that left
overhanging 5’ ends, these were subsequently
filled in by adding the Klenow fragment (1U/µg
DNA) and 1/10 volume 1mM dNTPs and by
incubating for 15 min at room temperature.
The vector fragment was then subjected to
electrophoresis, purified (Qiaquick Gel

Extraction Kit, Qiagen) and dephosphorylated
(shrimp alkaline phosphatase, Roche) to
prevent recircularisation.
The enzymes and reagents listed here have
proven to work reliably for the preparation
of new plasmid constructs and are
suggestions only. The use of an enzyme with
proofreading activity (e.g. Expand High
Fidelity PCR System, Roche) is essential to
reduce errors during PCR and to generate
products with blunt ends. If a library is
prepared or the vector will be used more than
once, a large amount of vector (> 10 µg)
should be used.
Ligation and transformation
Vector and PCR product were purified
(Qiaquick PCR Purification Kit, Qiagen),
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FIGURE 2
DNA agarose gel electrophoresis showing a typical result from screening of 16 bacterial colonies for the presence of a construct
containing a PCR amplified Arabidopsis gene in the correct orientation cloned into a plant expression vector downstream of the
CaMV 35S promoter. A forward primer at the 3’ end of the CaMV 35S promoter was used in combination with the reverse
primer of the amplified gene. Seven bright bands with the expected size of 4 kb indicate positive clones (+). Other bands typically
present are primer dimers (e.g. lane 2 and 3) or weak bands of the right size which indicate false positives that are usually caused
by traces of the ligation mix present on the bacterial plate (e.g. lane 4 and 5). St = 1 kb ladder (Invitrogen).

vacuum-concentrated and ligated (Rapid
DNA Ligation Kit, Roche). Typically, only a
small amount of vector (200-500 ng) and up
to ten times more insert DNA were used for
the ligation. Chemically competent E. coli
cells (OneShot Top10, Invitrogen) were used
for transformation following manufacturer’s
instructions. Plasmids were prepared from
liquid cultures from five colonies for each
construct and were screened by sequencing
for the presence and correct orientation of
the inserted sequence. Alternatively, colonies
were screened directly by PCR using a primer
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within the inserted sequence together with a
primer in the flanking vector sequence.

RESULTS
The availabity of sequence information
from large DNA databases makes it possible
to specifically design primers targeted to a
large number of sequences that are of
particular interest. We have developed a
rapid and cost-effective way to directly clone
and functionally analyse novel gene and
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promoter sequences, without the addition or
modification of flanking nucleotides (see
Figure 1 and Materials and Methods
section). To test whether this method can be
used in a simple, robust and efficient way to
simultaneously analyse a large number of
sequences, we have used sequence
information that was obtained from
microarray analyses. Previously, we have
studied transcriptional responses in
Arabidopsis thaliana by cDNA microarray
analysis and we have identified a set of 705
genes that were up- or down-regulated as a
result of either pathogen attack or treatment
with plant defense signaling compounds [3].
Based on specific expression profiles and
cluster analyses, a subset of 72 potential key
regulatory genes and promoters of special
interest was selected for subsequent
functional studies. These were amplified in
volumes of 50 µl each using genomic
template DNA (10-50 ng), previously
isolated from Arabidopsis leaves following
the CTAB method [13] and then cloned into
three different plant expression vectors to
test the above cloning protocol on a large
scale. Putative promoter sequences from
Arabidopsis genes were cloned into pGreenII
binary vector derivatives [14] using either the
uidA reporter gene [15] or the synthetic green
fluorescent protein reporter gene sgfp(S65T)
[16] fused to the Agrobacterium tumefaciens
nos terminator. The plasmid p35SERFI [17],
a derivative of pBI221 (Stratagene)
containing the cauliflower mosaic virus
(CaMV) 35S promoter [12], the ERF-I gene
[18] and the nos terminator, was used to
clone full-length coding sequences from
Arabidopsis by replacing the ERF-I gene.
Screening of bacterial colonies by PCR and
sequencing revealed that on average 88 % of
the tested colonies contained the correct PCR
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product with half of these in the desired
orientation (see Figure 2 for example). All
cloned coding sequences from Arabidopsis
were functionally assessed for the presence of
cell signaling activity by using a transient
expression system in transgenic PDF1.2
promoter-reporter plants described
previously [17]. All putative promoterreporter constructs were tested in transient
expression assays in Arabidopsis leaves
and/or stable transformation of Arabidopsis
plants and lead to functional expression of
the reporter transgenes (data will be
described elsewhere). This allowed a rapid
assessment of candidate gene and promoter
sequences
and
demonstrated
the
functionality of the generated gene
constructs.

DISCUSSION
It can be expected that rapid functional
characterisation of genes and their regulatory
sequences will be essential for the overall
understanding of complex biological
processes. The availability of sequence data
makes it possible to amplify a large number
of sequences from cDNA or genomic DNA.
These can be directly cloned into suitable
vectors for functional analysis using the
method described here. The simple step of
PCR product phosphorylation [18] in
combination with a rapid and direct cloning
system offers a rapid and cost-effective
alternative to other commonly used DNA
cloning procedures. A significant reduction
of cloning costs is achieved (approximately
US $ 5-10; calculated per PCR product based
on a total of 100 reactions) in comparison to
commonly used modern methods for cloning
of PCR products, such as cloning kits with
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supplied cloning vectors (approximately US $
20-25) or systems that use homologous
flanking sequences for recombination
(approximately US $ 40-50). In addition,
products can be directly inserted into any
position of the target vector where no
flanking artificial sequences need to be
introduced. Potential large-scale automation
of this method could be established by using
software-assisted primer design and gene
identification of annotated sequence. PCR
amplification, phosphorylation, ligation and
transformation steps can be carried out in
96-well microtiter plates (96-well columns
for DNA purification steps). For this purpose
the electrophoresis step could be replaced by
a simple purification step, and the correct
sequence could be confirmed alternatively by
direct sequencing of bacterial colonies.
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