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Figurel. BP and LR reactions in Gateway technology. A) The BP reaction is the basis for the reaction between the
donor vector (pDONR™) and PCR products or other clones containing attB sites. Recombination between attB and attP
sites yields attL and attR sites. B) The LR reaction is the basis for the entry clone(s) X destination vector
reaction.Recombination between attL and attR sites yields attB and attP sites on the resulting plasmids. The expression
clone containing the PCR product is used in your expression system. The by-product plasmid contains the ccdB gene
and prevents growth if taken up by Mach1™ T1R competent cells after transformation (Anonymous, 2006).
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Figure 2. Three PCR products flanked by specific attB or attBr sites and three MultiSite Gateway Pro Donor vectors are
used in separate BP recombination reactions to generate three entry clones. The three entry clones and a destination
vector are used together in a MultiSite Gateway® Pro LR recombination reaction to create your expression clone
containing three DNA elements (Anonymous, 2006).
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Figure 3: Schematic description of the USER friendly DNA Engineering method. Lines with the arrowheads symbolize

PCR primers. Boldface lines within the P1 and P2 primers and PCR products symbolize complementary overlapping
sequences. Black triangles refer to the point mismatches in the primers and white triangles refer to the resulting
mutations in the PCR products. dU is indicated by ‘U’. The specific sequences GGAGACAU in the left primer and
GGGAAAGU in the right primer are designed for their compatibility with the vector pNEB206A sequence (Bitinaite et
al., 2007).
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A Site-specific mutagenesis:

Left primer P1 primer
> — A >
Target DNA
U — -
P2 primer Right primer

B Sequence insertion:

Left Primer \ ¢ P1 Primer
Target DNA
<« «—
P2 Prfme}“(\ Right Primer

C Sequence deletion:

Left Primer P1 Primer

—_— —

-+ K -+
P2 Primer Right Primer

D Sequence assembly:
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- e -
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Figure 4: PCR primer design for various DNA manipulations. The indicated DNA manipulations are completed by

performing steps 1-4 shown in Figure 3. (A) Site-specific mutagenesis. The desired sequence change, shown as a black
triangle, is introduced downstream of dU into either of the overlapping primers P1 or P2. An alternative is shown in
Figure 3 where sequence changes are introduced into the overlap sequence of both primers. (B) Nucleotide sequence
insertion. The desired non-priming sequences are added to the 5° ends of both primers (shown as angled lines). The
overlapping sequence is created from the 5’ terminal 6—10 nucleotides of the insertion sequences (C) Nucleotide
sequence deletion. The overlapping primers P1 and P2 prime distant locations precisely adjacent to the targeted deletion
region (shown as a dotted line). To create the overlapping sequence, the 5 end of one primer (P2) is supplemented by a
non-priming sequence complementary to the 5’ end sequence of the other primer (P1). (D) Sequence assembly. A
complimentary copy of the 5’ terminal sequence of one primer (P1) is added to the 50 terminus of the other primer (P2)
to create the overlapping sequence necessary for joining two independent DNAs (Bitinaite et al., 2007).
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both ends.
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Gene Cloning Methods Without Ligase Enzyme

Mirzaie-asl'”, A. and Abdollahi?, M. R.

Abstract

The cloning of a DNA fragment into a plasmid vector is a procedure in recombinant DNA technology. The most
common methods for cloning require the use of DNA ligase and restriction enzymes which are less efficient. Different
Ligation-free cloning methods have been developed in which of them, Gateway and USER friendly technologies have
been commercialized. Gateway technology is a rapid and efficient method of cloning base on bacteriophage lambda
site-specific recombination system. The components of the lambda recombination system are modified to improve the
efficiency of the system. Recombination occurs between site-specific attachments. In this technology, a target fragment
is cloned into a entry vector. Transfer of DNA from entry vector to other vectors easily can be done without any
restriction enzymes and ligase in one hour recombination reaction. In the USER (uracil-specific excision reagent)
Friendly Cloning, vector-specific PCR primers which contain one uracil per primer are designed and the target DNA is
amplified with Tag DNA polymerase. The resulting PCR products are treated with the special enzyme to create unique
3" single-stranded extensions which can then anneal to the supplied linearized vector without ligation enzyme. By
varying the design of the PCR primers, the protocol is easily adapted to perform DNA manipulations. In this review key
aspects and advantages of these methods are discussed.

Keywords: Gene cloning, Gateway Technology, USER Friendly Technology
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