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Abstract

Background: Rapid and simultaneous splicing of multiple DNA fragments is frequently required in many
recombinant DNA projects. However, former overlap extension PCRs, the most common methods for splicing DNA
fragments, are not really simultaneous fusing of multiple DNA fragments.

Results: We performed an optimized method which allowed simultaneous splicing of multiple DNA fragments in
one PCR reaction. Shorter outermost primers were prior mixed with other PCR components at the same time. A
sequential thermo cycling program was adopted for overlap extension reaction and amplification of spliced DNA.
Annealing temperature was relatively higher in the overlap extension reaction stage than in the fused DNA
amplification. Finally we successfully harvested target PCR products deriving from fusion of two to seven DNA
fragments after 5-10 cycles for overlap extension reaction and then 30 cycles for fused DNA amplification.

Conclusions: Our method provides more rapid, economical and handy approach to accurately splice multiple DNA
fragments. We believe that our simultaneous splicing overlap extension PCR can be used to fuse more than seven
DNA fragments as long as the DNA polymerase can match.
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Background

Fusion of two or more DNA fragments is frequently re-
quired in many recombinant DNA projects but conven-
tional restriction enzyme cloning and adapters cannot
work well in many cases. Overlap extension PCR [1-3],
USER fusion [4-6] and some other developed techniques
[7-9] all can be used to fuse DNA fragments. Original
overlap extension PCR, known as OE-PCR, was employed
to splice two fragments precisely and quickly without the
use of restriction enzymes [1-3]. Some modified OE-PCR
methods can be applied in many areas, such as long-
length DNA fusion [10-12], long-length gene cloning
[13-15], gene mutation [16-18] and DNA circularization
[19]. Although some researchers have successfully as-
sembled up to four DNA fragments simultaneously [10],
multiple DNA splicing remains a challenge and no evi-
dences show that multiple DNA fragments fusion based
on OE-PCR is a universal approach or not. Here we
modified OE-PCR, referred to simultaneous splicing over-
lap extension PCR (SSOE-PCR), which was allowed to
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simultaneously assemble seven DNA fragments in one PCR
reaction without the use of ligation based on restriction
enzymes. We believe that our SSOE-PCR can be used to
splice more than seven DNA fragments as long as the
DNA polymerase can match. In this new method, the
outermost primers were added with other PCR compo-
nents at the same time before beginning overlap extension
reaction, but higher annealing temperature was setup
during overlap extension stage. Moreover, it allows dir-
ectly running the next programs with lower annealing
temperature in the same reaction solution after overlap
extension phase. Our method will be not only more faster
and flexible than regular restriction enzyme cloning, but
also more rapid, economical and handy than other OE-
PCR protocols [8,10,17,18,20,21].

Results and discussion

Overlap extension PCR was initially employed for fusion
of two or three DNA fragments. The classical overlap
extension PCR method generally consists of two steps
and two separated reaction mixtures i.e. (1) In the over-
lap extension phase the outermost primers were no need
and annealing temperature was relatively lower than the
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next step (2) In the fused DNA amplifying phase, a new
reaction mixture with the outermost primers was made and
a new program was run at higher annealing temperature.
The overlap extension products merely acted as templates
in second step. We combined these two steps of reactions
in our SSOE-PCR: i.e. one PCR solution with all the
components including the outermost primers was made
and one continuous cycling program was employed at
higher annealing temperature in overlap extension stage
but lower in the fused DNA amplifying stage (Figure 1
and Table 1).

Multiple DNA fragments can be simultaneously fused
together in one reaction by SSOE-PCR. A hypothetical
principle may explain how it works (Figure 2). First,
DNA1 to DNAn with overlap sequences can be amplified
respectively by normal PCR and programs (stage 1 in
Figure 2). Second, all the PCR components including
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DNA1 to DNAn are mixed together and a single chain
of one fragment will match with another one at properly
higher annealing temperature, such as chain A" belong-
ing to DNA1 will match with chain D’ of DNA2 and so
on (stage 2 in Figure 2). A series of double splicing
products may be arisen after few cycles of extension and
then longer splicing products after more cycles (stage 3
in Figure 2). Some fully spliced DNAs will always come
into being after 5-10 cycles of extension (stage 4 in
Figure 2). Finally, the outermost primers will exert their
function in the next 30 cycles cycling program with lower
annealing temperature and full length of multiple fuse
DNA can be amplified (stage 5 in Figure 2). Similarity to
double fusion is that outermost primers with other PCR
components are mixed at the same time, and overlap
extension reaction and full length fused DNA amplifica-
tion reaction are working in one tube. The difference
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Figure 1 Principles of our simultaneous splicing overlap extension PCR (SSOE-PCR). Step 1, two fragments with overlap sequences are
amplified by normal PCR after choosing better outmost primers (Forward primer and Reverse primer) and overlap primers. Step 2, a program of
five cycles is employed at higher annealing temperature after correctly mixing DNA polymerase buffer, dNTPs, few of the two fragments,
outermost primers and Pfu DNA polymerase as well as adding water to certain volume. Some fused DNAs (DNA1 plus DNA2) will be synthetized.
Step 3, a continuous program of 30 cycles following step 2 is edited and running at lower annealing temperature through normal PCR protocols.
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Table 1 Comparison between classical overlap extension PCR (OE-PCR) and our simultaneous splicing overlap extension

PCR (SSOE-PCR)

Method Overlap extension phase Fused DNA amplifying phase Number of Thermo cycling
Outermost  Annealing Function of Outermost  Annealing Function of reaction system programs
primers  temperature outermost primers primers temperature outermost primers
Classical No need Lower _ Need Higher Yes One by one Separate
OE-PCR
SSOE-PCR Need Higher No Need Lower Yes One Continuous

between double fusions and multiple fusions is that the
multiple fusions may need more cycles.

Seven different lengths of DNA fragments have been
amplified well through seven pairs of primers after
35 cycles. All the target lines showed high specificity in
1% agarose gel (Figure 3). Half of PCR products were
purified by gel extraction kit and re-dissolved in 30 pl
water. The recycling rate of gel extraction was about
85%. The results of alignments all perfectly matched
with DNA sequences anticipated after sequencing PCR
products (data not shown).

According to the principles of SSOE-PCR (Figures 1
and 2), we successfully fused two and three DNA frag-
ments by using our simultaneous splicing overlap exten-
sion PCR (Figure 4A). Then we tried to simultaneously
fuse more than three DNA fragments to make sure the
extensional applications of modified overlap extension
PCR. All reaction components were mixed together
according to Table 2 and the cycling program were
followed according to the upper protocols. Interestingly,
we have successfully amplified the multiple fused DNA
whenever unpurified or purified PCR products were used
as the templates (Figure 4B-E). Higher specificity candi-
date lines have been harvested in four and five fusions
than in six and seven DNA fragments fusion. The results
of six and seven DNA fragments fusion showed that use
of unpurified PCR products as the templates were better.

However, the recombinant candidate DNA fragments
may be amplified from the leftover vector pGADT7 but
not from the fused DNA since pGADT7 was used as the
template for PCR reactions to generate all seven frag-
ments. To dispel this doubt, the candidate DNAs were
digested by EcoRI and then run in 1% agarose gel. The
result showed that the anticipated bands were clear in
gel (Figure 5). Therefore, it was verified that multiple
DNA fragments have been successfully assembled.

The classical OE-PCRs generally contained three reac-
tions: (1) Two different DNA fragments with overlap
sequences were amplified through DNA polymerase (2)
A PCR mixture with DNA polymerase buffer, Mg>*, dN'TPs,
two types of purified PCR products coming from the
previous step and DNA polymerase except primers was
made, and processed a 5-10 cycles cycling program at
lower annealing temperature (3) Using the second PCR
products (fully fused DNA) as the templates, amplification

was done through the outermost primers (Table 3). There-
fore, the classical OE-PCRs are suitable to fuse two or three
DNA fragments, but not strictly simultaneous splicing.

We combined the last two reactions, modified the cyc-
ling program and realized simultaneous splicing two or
more DNA fragments. Therefore, we called this method
simultaneous splicing overlap extension PCR (SSOE-PCR).
The protocols of our SSOE-PCR are as follows: First, over-
lap primers containing two parts of sequences respectively
matching with DNA1 and DNA2 must be designed and
then two longer DNAs with overlap sequences are
amplified by normal PCR program (Figure 1 step 1).
Second, a five cycles cycling program is employed at
higher annealing temperature decided by overlap primers’
Tm after correctly mixing all the components, including
DNA polymerase buffer, ANTPs, few of the two types of
PCR products coming from last step, outermost primers,
Pfu DNA polymerase and certain volume of ddH,O
(Figure 1 step 2). Third, a 30 cycles cycling program,
keeping in step with earlier 5 cycles of overlap extension
reaction, is working at lower annealing temperature de-
cided by the outermost primers’ Tm and the spliced
DNA will be amplified (Figure 1 step 3). In SSOE-PCR,
the important modifications are designing shorter outer-
most primers (forward primer and reverse primer), mixing
the outermost primer in step 2 (Figure 1), setting higher
annealing temperature in overlap extension phase and
running a continuous cycling program in one reaction
mixture. In fact, the outermost primers could not match
with DNA1 or DNA2 and affect PCR reaction in step 2
because the Tm value of overlap sequences was higher
than the outermost primers.

According to the principles of our SSOE-PCR, splicing
of two or more genes becomes very easy and it is a con-
venient tool when making constructions without restriction
enzyme. Classical OE-PCR can be introduced to splice
genes, make certain mutations and circulate linear DNA
[16-19]. In this research, all the components including
specific primers were mixed together in advance before
the cycling staring programs of step 2 (Figure 1). That
increased the stability of reaction system and made the
protocol more easily operating.

Although OE-PCR becomes a general method in mak-
ing construction as well as some researchers have already
assembled four different linear DNAs through a modified
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Figure 2 Hypothetical principle of multiple DNA fragments fusion by overlap extension PCR. Stage 1: designing primers and amplifying
DNAT1 to DNAN with overlap sequences respectively through normal PCR; Stage 2: One chain of a fragment matched with another one. Stage 3:
Single chain matching with another one extended along 5’ to 3’ at higher annealing temperature and then a series of double splicing DNAs
might come into being after one cycles. Step 4: One double splicing DNA could continuously match with another one and then extend, and so
forth. Finally, some full multiple splicing DNAs would always be synthetized after more several cycles in the former condition. Stage 5: Amplifying
full multiple fusion DNAs at lower annealing temperature through normal PCR.

OE-PCR [9], the process based on two separated reactions
and wasn't strictly simultaneous splicing. In this research,
we tried to simultaneously splice more than two DNA
fragments after mixing all the reaction components (fol-
lowing Table 2: DNA polymerase buffer with Mg>*,
dNTPs, templates, primers and Pfu DNA polymerase)

and successfully harvested the anticipated PCR products
in one PCR reaction (Figure 2). To introduce multiple
DNA fragments into a vector we need to use multiple
restriction enzymes but sometimes enough restriction en-
zymes sites may not be available. Therefore, our SSOE-
PCR will be a convenient and powerful tool in this regard.
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Figure 3 PCR products of seven different fragments. Lanes from left to right represented DNA molecular weight marker, DNA fragment
D1 (2000 bp), D2 (1500 bp), D3 (1000 bp), D4 (750 bp), D5 (500 bp), D6 (200 bp) and D7 (100 bp).
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Overlap extension PCR was described more than twenty
years ago [1-3] and have been developed as a general tool
for recombinant plasmid construction. As a powerful tool,
several factors can affect the quantity and quality of
PCR products such as primers, annealing temperature,
template quality, ion environment and DNA polymer-
ase. For successfully splicing multiple DNA fragments
more attentions were given for primer designing, annealing
temperature and templates selection in this research.

Designing somewhat shorter primers is helpful for handy
operation. In general principle, the designing of primers
needs to be in the range of 15-30 bases. In this experiment,
the lower limit (15 or 16 bases, Table 3) was chosen for
shortening the base quantity of overlap primers to
control their melting temperature within the range of

68-70°C (accordingly, annealing temperature during long
PCR is 65-68°C). Too long overlap primers bring about
too high Tm and so annealing temperature set up in
step 2 (Figure 1) may be not the best choice.

Setting higher annealing temperature is the key factor
in the first several cycles of overlap extension reaction in
SSOE-PCR. In this method, the length of overlap primers
was almost double of the outermost primers (forward
and reverse primers). Two heterogeneous single chains
can match according to the overlap sequences but cannot
match with the outermost primers at higher annealing
temperature. Therefore forward and reverse primers, prior
added to PCR reaction solution of step 2, don’t affect
the overlap extension reaction in the first several cycles.
We can directly setup the next cycling programs with
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Figure 4 Electrophoretic analysis of different number of DNA fragments fusions in 1% agarose gel. (A) Two and three DNA fragments
fusion: lane 1 (800 bp), D5:D6:D7 fusion; lane 2, DNA molecular weight marker; lane 3 (3250 bp), D2:D3:D4 fusion; lane 4 (3500 bp), D1:D2 fusion.
(B) Four DNA fragments fusion (D4-D7): lane 1 (1550 bp), unpurified PCR products as templates; lane 2 (1550 bp), purified PCR products as
templates; lane 3, DNA molecular weight marker. (C) Five DNA fragments fusion (D3-D7): lane 1, DNA molecular weight marker; lane 2 (2550 bp),
unpurified PCR products as templates; lane 3 (2550 bp), purified PCR products as templates. (D) Six DNA fragments fusion (D2-D7): lane 1

(4050 bp, arrow), unpurified PCR products as templates; lane 2(4050 bp, arrow), purified PCR products as templates; lane 3, DNA molecular weight
marker. (E) Seven DNA fragments fusion (D1-D7): lane 1, DNA molecular weight marker; lane 2 (6050 bp), unpurified PCR products as templates;
lane 3(6050 bp), purified PCR products as templates.
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Table 2 Components of PCR solution for splicing of different numbers of DNA fragments

'Components Two Three Three Four Five Six Seven
Volume (pl)

Total 30 30 30 30 30 30 30
ddH,0 15.7 14.7 14.7 13.7 127 1.7 10.7
“Buffer 3 3 3 3 3 3 3
dNTPs 3 3 3 3 3 3 3
Primer1 3(D1F) 3(D5F) 3(D2F) 3(D4F) 3(D3F) 3(D2F) 3(D1F)
Primer2 3(D2R) 3(D7R) 3(D4R) 3(D7R) 3(D7R) 3(D7R) 3(D7R)

Pfu 03 03 03 03 03 03 03
D1 1 - - - - - 1
D2 1 - 1 - - 1 1
D3 - - 1 - 1 1 1
D4 - - 1 1 1 1 1
D5 - 1 - 1 1 1 1
Dé - 1 - 1 1 1 1
D7 - 1 - 1 1 1 1

'"The orders of components were not necessarily taken into account when making PCR reaction mixture.
2When using the unpurified DNA fragments as the templates we need subtract the amount of buffer in templates.

lower annealing temperature in the phase of amplifica-
tion of fused DNA fragments, but it is no need to make
a new PCR reaction solution.

In fact, the DNA fragment with overlap sequences not
only functions as template but also primer in the process
of step 2 (Figure 1). The quantity and quality of hetero-
geneous DNA fragments may affect reaction. However,

there is a novel phenomenon that the specificity of can-
didate line was unexpectedly better when using not puri-
fied PCR products as the template than purified by
agarose gel, especially in six and seven DNA fragments
fusion (Figure 4). Gel-purification of longer fragments
made them not suitable for long multiple splicing but
acceptable for short fusion under six fragments. The
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Figure 5 Detecting the digestion product of fusion DNAs by EcoRl in 1% agarose gel. (A) Lane 1: five fusion (D3-D7, 2550 bp) from lane 2
of Figure 2G; Lane 2: five fusion (D3-D7, 2550 bp) from lane 3 of Figure 4C; Lane 3: four fusion (D4-D7, 1550 bp) from lane 1 of Figure 2B; Lane 4:
four fusion (D4-D7, 1550 bp) from lane 2 of Figure 4B; Lane 5: DNA molecular weight markers. Lines more than 1 kb indicated that the fused DNAs
were not fully digested. (B) The PCR products were digested by EcoRl after purifying the target DNA (4050 bp in lane 1 of Figure 4D and 6050 bp in
lane 2 of Figure 4E) by gel extraction kit and then amplifying them by PCR. Lane 1: six fusion (D2-D7); Lane 2: seven fusion (D1-D7); Lane 3: DNA

1 2 3
v bp
5000
> S 3000
2000 - s . 2000
1500—> ‘ S 1500
1000 —> v —— 1000
750—> s 750
500 > wemm— - 500
200 — w— — o 200
100 —> . 100

B




Luo et al. Biological Procedures Online 2013, 15:9
http://www.biologicalproceduresonline.com/content/15/1/9

Page 7 of 9

Table 3 Name of the DNA fragments, the nucleotide sequence used for designing the PCR primers and product length

DNA fragments name Primer name

Primer sequences Product length (bp)

D1 D1F 5'gaattcACCCGGGTGGGCATCG3! 2000
DIR 5'CCGGCTTTTCATATAgaattcGAATAGAGAAGCGTTCATGAC3!

D2 D2F 5'GTCATGAACGCTTCTCTATTCgaattcTATATGAAAAGCCGG3' 1500
D2R 5'GAAGATCCTTTTTGATgaattcAATCTCATGACCAAAATC3!

D3 D3F 5'GATTTTGGTCATGAGATTgaattcATCAAAAAGGATCTTC3! 1000
D3R 5'CCGCTCATGAGACAgaattcATAACCCTGATAAATGS'

D4 D4F 5/CATTTATCAGGGTTATgaattc TGTCTCATGAGCGG3! 750
D4R 5'GTAGAGGTCGAGTTTgaattcAGATGCAAGTTCAAGG3’

D5 D5F 5'CCTTGAACTTGCATCTgaattcAAACTCGACCTCTACS! 500
D5R 5'GAATCTATACTTCTTgaattcTTTTGTTCTACAAAAATG3’

D6 D6F 5'CATTTTTGTAGAACAAAAgaattcAAGAAGTATAGATTC3’ 200
D6R 5'GACCTGCAGGCATGCAgaattcGCTGCATTTTTACAG3'

D7 D7F 5'CTGTAAAAATGCAGCgaattc TGCATGCCTGCAGGTC3! 100
D7R 5'gaattcACCCTTATATTTGTC3'

most likely reason is the damage to the template that
results from exposure to ethidium bromide and UV light.
Long PCR is ordinarily much more sensitive to the quality
of the template [22]. Moreover, DNA is more stable in a
buffer with pH above 7, but the DNAs repeated freezing
and thawing or storage in distilled water are not fit as
template for long PCR [10,22]. Unpurified PCR products
can function as the excellent templates since DNA is of
high stability in PCR buffer. At the same time, directly
use of PCR products as the template is an economical
way for less time and fewer chemicals consumption. If
one does have to gel-purification of long PCR products,
it is recommended that very low level of ethidium bromide
should be used in agarose gels (not more than 0.15 mg/ml)
and the gel never exposed to direct UV light [10].

Conclusions

In conclusion, our protocols of simultaneous splicing
overlap extension PCR have the following characteristics:
(1) Designing shorter outermost primers with lower Tm
(accordingly, setting lower annealing temperature) can
make sure that the outermost primers have no function
in the first several cycles of OE-PCR when they are
simultaneously added into PCR reaction mixture together
with other components (2) Setting higher annealing tem-
perature can make the candidate splicing DNA extend
fully in the first several cycles of OE-PCR and increase the
specificity of final PCR products in the next cycles, but
the outermost primers cannot match with one of DNA
fragments in the higher annealing temperature condi-
tion. If the annealing temperature is installed according
to the outermost primers or even lower following the
former researches, the specificity will decrease dramat-
ically and some shorter fragments will arise (data not

shown) (3) Outermost primers are simultaneously mixed
together with other components and a series of continu-
ous programs are set up. It is a rapid, economical and
handy approach since there is only one PCR reaction solu-
tion and a series of continuous programs when integrating
overlap extension PCR and the next normal PCR. Other
limiting factors such as the kind of DNA polymerase
and the length of DNA fragments are attentively taken
into account. Therefore, the high fidelity and efficiency
DNA polymerase with a 3'-5" proofreading activity, such
as Pfu or Phusion DNA polymerase but not Taq [23],
should be applied in splicing multiple DNA fragments
(especially long fragments). In this research we have
successfully fused seven DNA fragments but our team
harvested highly specific candidate DNA sequence spli-
cing from nine shorter fragments (60 bp-1 kb) when
making a construction (not published). Therefore, our
method is expected to become a universal approach in
multiple genes fusion.

Methods

Primer designing for splicing of DNA fragments

We randomly chose seven DNA fragments (D1:2 kb,
D2:1.5 kb, D3:1 kb, D4:750 bp, D5:500 bp, D6:200 bp
and D7:100 bp) derived from a vector pGADT7. DI1F
and D1R were used to amplify fragment D1; D2F and D2R
were used to amplify fragment D2. The rest could be
deduced from this. Outermost primers D1F and D7R
were designed with minimal requirement length of 16
and 15 bases respectively (Table 3). And lower melting
temperature (Tm) of outermost primers allowed them
working well at lower annealing temperature. One overlap
primer (D1R to D7F in Table 3) generally contained two
parts of sequences with more than a dozen bases coming
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from two different DNA fragments. For example, 5’
CCGGCTTTTCATATAS3' in primer DIR derived from
D1 could match with one chain of D1, but 5'GAATAGAG
AAGCGTTCATGAC3' in primers DIR derived from D2
and could match with one chain of D2; DIR is the reverse
complement sequence of D2F. Vector pGADT7 contain
unique EcoRI site and fragment D1 stars from this site.
Moreover, restriction enzyme sites of EcoRI (small let-
ters in Table 3) were employed at the ends of the seven
fragments for digestion analysis to confirm the results.
Fragments D1 to D7 were amplified by using pGADT7
as the template.

Preparation of a series of different lengths of DNA fragments
Two tubes of 30 pl volume of reaction solution were
prepared for every DNA fragment: 17.2 pl ddH,O, 3 pl
10 x Pfu DNA polymerase buffer with MgSO, (Beijing
TransGen Biotech Co. Ltd., China), 3 pl 2.5 mM dNTPs
(Sigma, USA), 3 pl 5 uM forward primer, 3 pl 5 uM re-
verse primer, 0.5 ul 0.1 ng per milliliter of pGADT7 solu-
tion, 0.3 pl Pfu DNA Polymerase (500 bp/min, Beijing
TransGen Biotech Co. Ltd., China). Cycling parameters:
initial denaturation at 94°C for 4 min, denaturation at
94°C for 30 s, annealing at 54°C for 30 s, extension at
72°C following different times, 35 cycles, hold at 4°C.
All PCR products were electrophoresed in 1% agarose
gel. Half of PCR products were purified from agarose gel
by using EasyPure™ Quik Gel Extraction kit (Beijing
TransGen Biotech Co. Ltd., China).

DNA fragment splicing

All components, including ddH,O, Pfu DNA polymerase
buffer (containing Mg2+), dNTPs (2.5 mM), primers (5 uM),
DNA fragments (above PCR products acting as templates)
and Pfu DNA polymerase, were simultaneously added into
a tube according to Table 2. Unpurified PCR products
were directly used as the templates when splicing double
or triple DNA fragments. Two triple fusions in Table 2
were merely different in the length of target products. At
the same time, two tubes were employed to make reaction
solutions to compare the simultaneous multiple fusion
rates when using purified PCR products or unpurified as
the templates. Generally, former researchers firstly setup
5-10 cycles of program for overlap extension without
primers and secondly the PCR products were used as tem-
plates for the next 30 cycles of PCR. Here, only one con-
tinuous program was employed and cycling parameters
were as follows: initial denaturation at 94°C for 4 min,
denaturation at 94°C for 30 s, annealing at 60°C for 30 s,
extension at 72°C (time following the longest fragment),
5-10 cycles for overlap extension; then denaturation at
94°C for 30 s, annealing at 54°C for 30 s, extension at
72°C (time following full length of fused DNA), 30 cycles
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for amplifying fully spliced DNA, finally hold at 4°C.
PCR products were electrophoresed in 1% agarose gel.

Competing interests
All authors declare that they have no competing interests.

Authors’ contributions
All authors read and approved the final version of this manuscript.

Acknowledgements

This research work was funded by the National Natural Science Foundation
of China (Grants No. 30900099 and 91117006), the Hunan Province Natural
Science Found (09JJ3052), the Open Fund Project of Hunan Province
University Innovation Platform (Grant No. 11K032), the Natural Science
Foundation for Young Scholars of Hunan Agricultural University and
Programs of Key Laboratory of Crop Germplasm Innovation Utilization.

Received: 22 June 2013 Accepted: 31 August 2013
Published: 9 September 2013

References

1. Horton RM, Hunt HD, Ho SN, Pullen JK, Pease LR: Engineering hybrid
genes without the use of restriction enzymes: gene splicing by overlap
extension. Gene 1989, 77(1):61-68.

2. Yon J, Fried M: Precise gene fusion by PCR. Nucleic Acids Res 1989,
17(12):4895.

3. Yolov AA, Shabarova ZA: Constructing DNA by polymerase
recombination. Nucleic Acids Res 1990, 18(13):3983-3986.

4. Geu-Flores F, Nour-Eldin HH, Nielsen MT, Halkier BA: USER fusion: a rapid
and efficient method for simultaneous fusion and cloning of multiple
PCR products. Nucleic Acids Res 2007, 35(7):e55.

5. Nour-Eldin HH, Geu-Flores F, Halkier BA: USER cloning and USER fusion:
the ideal cloning techniques for small and big laboratories. Methods Mol
Biol 2010, 643:185-200.

6. Stein V, Hollfelder F: An efficient method to assemble linear DNA
templates for in vitro screening and selection systems. Nucleic Acids Res
2009, 37(18):122.

7. Xiong AS, Yao QH, Peng RH, Li X, Fan HQ, Cheng ZM, Li Y: A simple, rapid,
high-fidelity and cost-effective PCR-based two-step DNA synthesis
method for long gene sequences. Nucleic Acids Res 2004, 32(12):€98.

8. Young L, Dong Q: Two-step total gene synthesis method. Nucleic Acids
Res 2004, 32:e59.

9. Bode M, Khor S, Ye H, Li MH, Ying JY: TmPrime: fast, flexible
oligonucleotide design software for gene synthesis. Nucleic Acids Res
2009, 37(2):W214-W221.

10.  Shevchuk NA, Bryksin AV, Nusinovich YA, Cabello FC, Sutherland M, Ladisch S:
Construction of long DNA molecules using long PCR-based fusion of
several fragments simultaneously. Nucleic Acids Res 2004, 32(12):e19.

11, Fujii W, Kano K, Sugiura K, Naito K: Repeatable construction method for
engineered zinc finger nuclease based on overlap extension PCR and
TA-cloning. PloS one 2013, 8(3):¢59801.

12. Engel H, Gutiérrez-Ferndndez J, Fliickiger C, Martinez-Ripoll M, Mihlemann K,
Hermoso JA, Hilty M, Hathaway LJ: Heteroresistance to fosfomycin is
predominant in Streptococcus pneumoniae and depends on the murA1
gene. Antimicrob Agents Ch 2013, 57(6):2801-2808.

13. Benders GA, Noskov VN, Denisova EA, Lartigue C, Gibson DG, Assad-Garcia N,
Chuang RY, Carrera W, Moodie M, Algire MA, Phan Q, Alperovich N, Vashee S,
Merryman C, Venter JC, Smith HO, Glass JI, Hutchison CA: Cloning whole
bacterial genomes in yeast. Nucleic Acids Res 2010, 38(8):2558-2569.

14.  Neilan BA, Tillett D: Enzyme-free cloning of PCR products and fusion
protein expression. Methods Mol Biol 2002, 192:125-132.

15. You C, Zhang XZ, Zhang YHP: Simple cloning via direct transformation of
PCR product (DNA Multimer) to Escherichia coli and Bacillus subtilis.
Appl Environ Microb 2012, 78(5):1593-1595.

16. Ho SN, Hunt HD, Horton RM, Pullen JK, Pease LR: Site-directed
mutagenesis by overlap extension using the polymerase chain reaction.
Gene 1989, 77(1):51-59.

17. AnY, Ji J, Wu W, Lv A, Huang R, Wei VY: A rapid and efficient method
for multiple-site mutagenesis with a modified overlap extension PCR.
Appl Microbiol Biot 2005, 68(6):774-778.



Luo et al. Biological Procedures Online 2013, 15:9
http://www.biologicalproceduresonline.com/content/15/1/9

18. Heckman KL, Pease LR: Gene splicing and mutagenesis by PCR-driven
overlap extension. Nat Protoc 2007, 2:924-932.

19. Zuo P, Rabie ABM: One-step DNA fragment assembly and circularization
for gene cloning. Curr Issues Mol Biol 2010, 12:11-16.

20.  Kuwayama H, Obara S, Morio T, Katoh M, Urushihara H, Tanaka Y: PCR-mediated
generation of a gene disruption construct without the use of DNA
ligase and plasmid vectors. Nucleic Acids Res 2002, 30(2):€2.

21, Warrens AN, Jones MD, Lechler RI: Splicing by overlap extension by PCR
using asymmetric amplification: an improved technique for the generation
of hybrid proteins of immunological interest. Gene 1997, 186(1):29-35.

22. RedAccuTaq LA DNA polymerase mix. Sigma-Aldrich, Saint Louis, MO:
Technical bulletin No. MB-690; 1999.

23. Sambrook J, Russel D: Molecular cloning: a laboratory manual. New York:
Cold Spring Harbor Laboratory Press; 2001.

doi:10.1186/1480-9222-15-9
Cite this article as: Luo et al: Simultaneous splicing of multiple DNA
fragments in one PCR reaction. Biological Procedures Online 2013 15:9.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Results
	Conclusions

	Background
	Results and discussion
	Conclusions
	Methods
	Primer designing for splicing of DNA fragments
	Preparation of a series of different lengths of DNA fragments
	DNA fragment splicing

	Competing interests
	Authors’ contributions
	Acknowledgements
	References

