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Abstract Acquisition of flanking sequence adjacent to a
known DNA site is an important task in microbial genome-
related research. In this study, we developed a new method
containing two rounds of PCR followed by cloning and
sequencing. Firstly, specific primer (SP) is added into the
reaction system for primary locus-specific linear amplifi-
cation, and then a complex long primer (CLP) is added into
the cooled reaction system for only one cycle. Amplification
products from the first round of PCR are directly purified
without electrophoresis, diluted, and used as the templates
of the second PCR. Secondly, one long specific primer
(LSP) and one long base-fixed primer (LFP) are adopted.
The amplicons are purified for cloning and sequencing. The
achievement of specific amplification for long flanking
region mainly depends on ingenious and precise settings of
PCR programs, structure design of CLP primer, adding of
CLP primer after specific linear amplification, concentration
ratio of CLP and SP primer, applying long primers, etc.
Through this method, we successfully performed the long
PCR walkings (>1.5 Kb) on rpoB gene of Vibrio vulnificus,
transposon-like gene of V. alginolyticus, and sto gene of
V. cholerae. The method provides a robust and simple
strategy for rapid amplification of long unknown DNA
fragments from microbes.
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Introduction

Acquisition of flanking sequence adjacent to a known DNA
site is an important task in microbial genome-related
research. For instance, we explore the insert sites of bac-
terial transposons and the genes flanked by transposase gene
[1], or obtain the full lengths of functional genes in me-
tagenomics [2, 3]. Construction and screening of genomic
libraries are generally demanded to meet this objective.
However, the methods are time-consuming and laborious.
Thus, convenient PCR-based methods have been developed
instead of construction and screening of genome library.
Some classical methods include inverse PCR [2, 4-6], PCR
of various adapters (vectorett or linker) [7—11], restriction-
site PCR [12-14], and TAIL-PCR [15-20], which have
extensive applications to genome walking in various
organisms including microorganisms.

However, these methods still have their respective merits
and demerits in practice. The methods originated from
intramolecular circularization or adapter-mediated PCR
demand enzyme digestion of genomic DNA and ligation
before PCR. Owing to unavailable information in flanking
region, generally, combinations of several enzymes must be
tried to increase the probability of generating convenient
DNA fragments [21]. Also, high quality of genomic DNA
is required by these methods. In addition, the efficiencies
of intramolecular ligation efficiency and adapter ligation
have been main limitations for successful construction of
amplification templates [22]. Owing to these limitations,
in actual operations, an extensive protocol often does not
work well for the acquisition of flanking unknown DNA
sequence, which entails further costs. Of these methods
originated from semi-random primer PCR, TAIL-PCR is a
representative method and widely used in cloning unknown
flanking regions. However, to obtain a consistent PCR
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product, time-consuming exploration of the precise manip-
ulation of cycling conditions is required [23]. In addition,
conventional TAIL-PCR is prone to generate small products
[22], resulting in retrieves of insufficient information in one
genome walking. In order to achieve higher success rate in
obtaining target products with larger size, an improved
method named hiTAIL-PCR has been developed [24], but
the sizes of main products are still less than 1.5 kb.

Recently, a new high-throughout genome-walking method
was introduced [17], which uses partially degenerate
walker—adapter primer and Phi29 DNA polymerase with
strand-displacement DNA synthesis activity. This leads to
amplification of nonbiased whole genome into new over-
lapping fragments, with walker—adapter sequence attached
to the 5" end of them, using for the templates of subsequent
nested PCR. However, the nonspecific amplification prod-
ucts that emerged in the above study could not easily be
excluded by hot-start PCR or touchdown PCR [17].

To surmount the limitations inherent in the above
mentioned methods and acquire flanking fragments as long
as possible in a single operation process, we developed in
our study a simple and efficient PCR walking method for
rapid acquisition of long unknown DNA sequence flanking
a known site, which just needs two steps of PCR and
subsequent sequencing, without prior digestion, ligation,
and tailing steps. Through this method, we successfully
performed long PCR walkings on rpoB gene of Vibrio
vulnificus, transposon-like gene of V. alginolyticus, and sto
gene of V. cholerae. This method promises to be an
effective approach for the isolation of long flanking DNA
fragment in microbial genomes.

Materials and Methods
Overview of the Method

The method consists of two rounds of PCR followed by
cloning and sequencing (Fig. 1). In the first round of PCR,
one specific primer (SP) with the length of 20 bases and one
complex long primer (CLP) are adopted. CLP primer con-
tains a fixed 29-base oligonucleotide segment at its 5’ end, a
4-base completely degenerate site (NNNN) at its middle
section, and a 7-base terminal segment (G4C > 3). Every
7-base terminal segment contains one 6-base restriction
enzyme digestion site, two 3-base repeat sequence, one
4-base restriction enzyme digestion site plus one purine and
one pyrimidine, or two 2-base repeat plus one purine and one
pyrimidine, and a T or A at the last base site. The degenerate
section and 7-base terminal segment constitute an actual
annealing site with DNA templates, allowing the use of a
relatively low annealing temperature (40—-43°C). SP primer
is first added into reaction system for primary locus-specific

linear amplification at relatively high annealing temperature
(58-64°C), and then CLP primer is added into quickly cooled
reaction system for only one cycle. In this cycle, low dena-
turing temperature (80°C) is adopted instead of conventional
denaturing temperature (92-95°C) to decrease the opportu-
nity of CLP primer binding with original genomic DNA, as it
is designed to anneal with newly synthesized single-strand
DNA (ssDNA) and produce complementary strand.

Amplified product of the first round of PCR is directly
purified without agarose gel electrophoresis to remove the
unincorporated primers, diluted, and used as the template of
the second PCR. In the second PCR, one 29-base long
specific primer (LSP), which has identical sequence with 29
fixed bases at 5" end of CLP primer, and one long base-fixed
primer (LFP), are adopted. Both are simultaneously added
into reaction system and a routine long PCR is performed.
Amplicons are purified for convenient TA cloning and
sequencing, and a pair of specific primers (named CSP
primer) located in internal region of known sequence is
used in another PCR for screening positive clones.

Bacterial Strains and Genome DNA Extraction

Vibrio vulnificus 1.1758 was purchased from the Centre
of General Microbial Culture Collection (Beijing, China).
V. cholerae HN375 and V. alginolyticus E0601 were iso-
lated in our laboratory and deposited in China Center for
Type Culture Collection (Wuhan, China) with accession
number CCTCC AB209168 and CCTCC AB209169. The
strains were cultured overnight in alkaline peptone water
(APW) at 30°C, and the genomic DNAs were extracted
with the MiniBEST Bacterial Genomic DNA Extraction
Kit (TaKaRa, China) as per the manufacturer’s protocol.

Feasibility Verification of the Method

To confirm the feasibility of the method, one long PCR
walking on rpoB gene of Vibrio vulnificus 1.1758 was first
carried out. As we did not know rpoB sequence of the strain,
specific primer rpoF1 and long specific primer rpoF2 were
designed based on rpoB sequence of V. vulnificus CMCP6
(Accession number in NCBI: AE016795, 4029 bp). A ran-
domly selected 29-base primer RL served as LFP primer in
all the experiments. Ideally, 3’ end of primer T2 can closely
match with two sections at rpoB downstream region of V.
vulnificus 1.1758 (supposing that the 3’ end of primer T2 is
randomly designed, and V. vulnificus 1.1758 has the iden-
tical rpoB sequence with V. vulnificus CMCP6). All the
primers used in this study are summarized in Table 1.

The compositions of PCR mixture used in this study are
listed in Table 2. In the first round of PCR, genomic DNA
of V. vulnificus 1.1758 was used as the template, and the
reaction was performed under the following conditions: an
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Fig. 1 Schematic outline of the
method for acquisition of long-
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initial denaturation step of 94°C for 4 min, followed by 30
cycles of amplification; each cycle consisted of denatur-
ation at 92°C for 20 s, annealing at 58°C for 1 min, and
extension at 68°C for 4 min; then the reaction system was
quickly cooled to 12°C for 10 min, and 1 pl of primer T2
was added into reaction tube; after the addition of primer
T2, the reaction system was quickly skipped to one PCR
cycle containing denaturation at 80°C for 30 s, annealing at
43°C for 2 min, and extension at 68°C for 4 min, followed
by the final extension at 68°C for 8§ min.

The first PCR product was directly purified by PCR
Cleanup Kit (Axygen, China) without agarose electrophoresis
and diluted to 100 pl, to be used for the second nested PCR.
PCR was initialized with a predenaturation at 94°C for 3 min,
followed by 30 cycles of amplification including denaturation
at 92°C for 20 s, annealing and extension at 68°C for 4 min,
and then terminated by an extension at 68°C for 8 min.

The second PCR products were loaded into a 0.6% agarose
gel containing eithidium bromide and electrophoresed at
100 V for 30 min followed by visualization under UV light.

Long PCR Walking into Flanking Region
of Transposase-like Gene from Vibrio alginolyticus
E0601

The amplification of long flanking region of a known DNA
fragment from Vibrio alginolyticus EO601 was performed as a
practical application of our method. We had obtained a 1928-
bp DNA sequence containing predicted transposase-like gene
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of V. alginolyticus E0601 before genome walking [25]. The
sequence has no similarity with any other published DNA
sequence of V. alginolyticus except that the part of transpos-
ase-like gene is very similar to vpiT gene in VPI island of
V. cholerae. We hope to acquire the long flanking regions of
the known segment in V. alginolyticus EO601 genome through
the method proposed in this study.

Specific primer VapF1 and long specific primer vapF2
were designed based on the known 1928-bp DNA fragment
of the strain. Besides, six long complex primers (NRL1-
NRL6) were adopted as CLP primers. The conditions for
the first PCR for this study were identical to those of above
mentioned first PCR of V. vulnificus except that the low
stringent annealing temperature was reduced from 43 to
40°C and extension time was enhanced from 4 min to
6 min.

The first PCR products were purified and diluted according
to the above mentioned approach, to be used for the templates
of the second PCR. The conditions of the second PCR were
identical with the second PCR of V. vulnificus described
above except that the extension time was enhanced from 4 to
6 min. The second PCR products were electrophoresed and
photographed under the aforementioned condition.

The PCR Walking into Unknown Flanking DNA
Region of sto Gene in Vibrio cholerae HN375

Previously, we acquired a 325-bp sequence containing
heat-stable enterotoxin gene (sto) from V. cholerae HN375



Mol Biotechnol (2011) 47:220-228 223
Sthg;e 1 Primers used in the Primers T}'/pes of Sequence 5'-3’ Length
primers
rpoF1 SP TGGTTTACTCTTATACCGAG 20
VapF1 SP GTTCTATCCGACCATAGATG 20
ST-F1 SP CTATTCATTGCATTAATGTT 20
rpoF2 LSp TATACCGAGAAAAAGCGCATCCGTAAGGA 29
VapF2 LSp TGGGCTAACCTCGGATAGACAGGATTACT 29
ST-F2 LSP CAGTGCAGCAACCACAACAAATTGAAAGC 29
RL LFP TAGTCATGCCATGTCAGTTCTAGCATCTG 29
T2 CLP RL-NNNNCGTCTTC 40
NRL1 CLP RL-NNNNCTGCTGA 40
NRL2 CLP RL-NNNNGACGACT 40
NRL3 CLP RL-NNNNCAGCAGT 40
NRL4 CLP RL-NNNNGTCGTCA 40
NRLS5 CLP RL-NNNNGCTCTCA 40
NRL6 CLP RL-NNNNGGATCCA 40
NRL7 CLP RL-NNNNCAGCTGA 40
NRLS8 CLP RL-NNNNGACGTCA 40
NRL9 CLP RL-NNNNCCTAGGA 40
The 5' end of each of the NRL10 CLP RL-NNNNTCGTACA 40
primers T2 and NRLI-NRL10 rpoF3 CSP ATCGAACAGGATCCTGAAGG 20
has identical sequence with the rpoR3 CSP GGTTGCCAAGGTGGTCGATAT 21
primer RL. SP specific primer, VapF3 CSP GAATTACAAGCTCGATCTTCAGC 23
LSP long specific primer, CLP ;g3 CSP AGGCCAACCTATATCTTCTAATC 23
complex long primer, LFP long
base-fixed primer, CSP primers ST-F3 CSP GTGAAAATGAAGAATGCCCAT 21
used for clone screening ST-R3 CSp TAGTGKTATGCGTTGCCAGC 20
Table 2 Compositions of PCR systems
Reaction Grouping Type of primers PCR walking
V. vulnificus V. aliginolyticus V. cholerae
Primer name Usage Primer name usage Primer name Usage
First PCR SP rpoF1 A VapF1 A ST-F1 A
CLP T2 B NRLx B NRLy B
Second PCR Test group LSP rpoF2 C VapF2 C ST-F2 C
LFP RL C RL C RL C
Control group 1 LFP RL B RL B RL B
Control group 2 LSP rpoF2 B VapF2 B ST-F2 B
PCR for clone CSP rpoF3 C VapF3 C ST-F3 C
screening CSP rpoR3 C VapR3 C ST-R3 C

A: 0.5 ul (1 uM); B: 1 pl (10 pM); C: 0.5 pl (10 uM); NRLx: NRL1, NRL2, NRL3, NRL4, NRLS5, or NRL6; NRLy: NRL1, NRL2, NRL3,
NRL4, NRLS5, NRL6, NRL7, NRLS, NRL9, or NRL10. Except for primers, other components in PCR system contain 10x PCR buffer 2.5 pl,
dNTP 2 pl, 0.25 pul LA DNA polymerase (5 U/ul), and ddH,O to 25 pl. LA DNA polymerase: LA Taq (TaKaRa, China), dNTP: dNTP mixture

(2.5 mM each)

and sequence analysis indicated that the flanking region of
sto gene in V. cholerae HN375 were likely different from
those in other V. cholerae strains. Therefore, we hope to
study the characteristics of downstream sequence of sto
gene in V. cholerae HN375, and amplification of flanking

region of this gene was performed as another practical
application of our method.

Specific primer ST-F1 and long specific primer ST-F2
were designed on the basis of 325-bp known DNA seg-
ment. Beside the aforementioned primers (NRL1-NRL6),
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four new CLP primers (NRL7-NRL10) were also used.
The two PCR amplifications were performed using the
methods described above.

Cloning and Sequencing

To further verify that the aforementioned PCR products in
test groups were authentically primed by primer RL and
LSPs, we excised some bands that only occurred in the
electrophoresis gels of test groups, purified them with
Agarose Gel DNA Recovery Kit (TaKaRa, China), and
cloned them into pMD18-T vector (TaKaRa, China). Pairs
of internal specific primers (CSP primers, see Table 1)
anchoring with known DNA regions were used for the
identification of positive clones. The bacterial strains con-
taining recombined plasmid were directly sent for plasmid
extraction and subsequent sequencing (in Invitrogen Co.,
Ltd., with Applied Biosystems 3730 Automatic Sequencer).
The sequences were spliced and deposited in the GenBank
database (HM622073, EU787499, and GU598214).

Results
PCR Walking in rpoB Gene of Vibrio vulnificus 1.1758

As expected, two fragments with the sizes of 3044 and
4055 bp were obtained in the second round of PCR. As
shown in Fig. 2, three obvious bands, A, B, and C in lane
1 were produced in the second amplification of rpoB gene
from V. vulnificus 1.1758 using this method; but no bands
occurred in lanes 2 and 3. The sizes of bands A and B
were consistent with the size of predicted two bands,
revealing that they should be the bands generated by
specific amplification. No band occurred in lanes 2 and 3,
showing that single primer rpoF2 or RL had little possi-
bility to generate nonspecific amplification. However,

M123

Fig. 2 PCR walking of rpoB gene from Vibrio vulnificus 1.1758.
Lane M: 15 Kb ladder. Lane I: amplified products from the second
round of PCR using primers rpoF2 and RL, lanes 2 and 3: there were
no amplified products from the second round of PCR using primer RL
or rpoF2 alone. A, B, and C represent three obvious bands in lane 1
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band C with the length of approximate 900 bp occurred in
lane 1, while no bands existed in corresponding horizontal
position in lanes 2 and 3, which indicated that band C
was indeed generated by specific amplification. The bands
A, B, and C were excised, reamplified, and cloned for
sequencing. The sequencing results showed that the three
bands were specific amplification products primed by the
primers rpoF2/RL as both ends of every acquired
sequence were identical with the sequences of the primers
rpoF2 and RL, respectively. The section of seven fixed
bases (CGTCTTC) at 3’ end of the primer T2 had only
one mismatch site (the third base, T) with the upstream
segment of acquired rpoB gene sequence from V. vulnif-
icus 1.1758, which led to a 865-bp band (band C) in the
second PCR as well. The sequences were assembled, and
a complete sequence was deposited in GenBank database
(HM622073). The results obtained in this study docu-
mented the feasibility of the new method for PCR
walking into long flanking unknown genomic region.

PCR Walking into Long Flanking Region of Known
DNA Fragment from Vibrio alginolyticus E0601

Figure 3 shows the typical amplification result from the
second round of PCR walking for Vibrio alginolyticus
E0601. A band at 1.0-2.5 Kb (lane 1) and a band of about
4.0 Kb (lane 5) were obtained by this method using primers
NRL1 and NRLS, respectively. No bands were produced in
the control groups in second round PCR using LFP primer
(RL) or LSP primer suggesting that nontarget products
primed by the LFP primer or LSP primer alone did not
appear and the bands in lane 1 and lane 5 were most likely
produced by the amplification with both primer RL and
long specific primer VapF2. Sole band in the lane 1 or the
lane 5 suggested that the primers NRL1 and NRLS5 could
anchor a flanking DNA site in the extension range of the
first PCR with 6-min extension time, while other primers
(NRL2, NRL3, and NRL4) could not. The use of the primer
NRL6 did not lead to any PCR product either in the test
group or in the control group (data not shown).

The band in lane 5 (Fig. 3) was excised and purified for
cloning and sequencing. One complete sequence of
3820 bp in length was obtained by successive sequencing
and sequence splicing, and the sequence (remove exoge-
nous adapter sequence and vector sequences) has been
deposited in GenBank database (EU787499). Two terminal
portions of the complete sequence contain the sequences of
VapF2 and NRLS, individually, and the upstream of
complete sequence also contains the known DNA region
(992 bp). The results demonstrated that the DNA fragment
in lane 5 was the true extension of the known region using
the primers vapF2 and RL, and our method could acquire
nearly 4000-bp flanking fragment by two rounds of PCR.



Mol Biotechnol (2011) 47:220-228

225

M123456789101112131415

" Aehsheh

T

R — — -

Fig. 3 The typical electrophoresis result for long PCR walking into
flanking DNA region of Vibrio alginolyticus EO601. Lane M: 15-Kb
ladder, lanes 1-5: amplified products from the second round of PCR
using the primers VapF2 and RL, lanes 6—10: amplified products from
the second round of PCR using primer RL alone, served as control
group 1, lanes 11-15: amplified products from the second round of
PCR using the primer vapF2 alone, served as control group 2

PCR Walking into Flanking Region of Acquired sto
Gene from Vibrio cholerae HN375

Figure 4 shows the typical amplification result from the
second round of PCR walking into sto flanking region of V.
cholerae HN375 using the CLP primers, NRL7-NRL10. A
clear band of approximatively 1600 bp in length from test
group (lane 10) was detected when using primer NRL10 in
the first round of PCR. Though there were two weak and
short fragments (between 250 and 1000 bp) in the lanes of
the test groups, the identical amplified fragments in size
also existed in the control group 1, where only the primer
RL was used in the second round of PCR. Thus, through
size comparison of PCR fragment between the test and
control groups, these weak and short fragments was iden-
tified to be nonspecific amplification caused by the primer
RL alone. Using primers NRL1-NRL6 did not produce any
specific amplification product except that two weak and
short fragments were produced, which were consistent with
the nonspecific fragments in other test groups (data not
shown).

1 2 3 4 5 6 7 8 9

10 11 12
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Fig. 4 The typical electrophoresis result for PCR walking into
unknown DNA region of Vibrio cholerae HN375. Lane M: 15 Kb
ladder, lanes 1, 4, 7, and 10: amplified products from the second
round of PCR using the primers ST-F2 and RL, lanes 2, 5, 8, and 11:
amplified products from the second round of PCR using the primer
RL alone, served as control group 1, lanes 3, 6, 9, and 12: amplified
products from the second round of PCR using the primer ST-F2 alone,
served as control group 2

The clear band in lane 10 was excised and purified for
cloning and sequencing. A 1632-bp sequence was obtained,
and a splicing 1798-bp sequence containing part of the
previously known 325-bp sequence was deposited in
GenBank database (GU598214). 1632-bp cloning sequence
contained the sequences of primers ST-F2 and NRL10, and
the part of the 325-bp known sequence. The sequencing
results strongly demonstrated that the DNA fragment in
lane 10 was the true extension of the known sfo region
caused by primers ST-F2 and RL, and the reliability of our
method was confirmed once again.

Discussion

Given that the construction and screening of genomic
libraries are too laborious and time-consuming, researchers
have been working on rapid and simple methods for
acquiring flanking sequences. Although TAIL-PCR, as a
representative method, has been widely used toward this
aim in plants and other organisms including microbes [15-
20], it does not always work well in actual application. The
often-encountered problems include: (1) The method tends
to produce undesired smaller products; (2) Nonspecific
products (primed by SP or AD primer alone) still exist after
three rounds of PCR; (3) It seems that specific products
appeared in the second round of PCR, but they disappeared
in the last round of PCR; (4) The procedure of TAIL-PCR
is so complicated and the reiterative exploration of opti-
mizing procedure are often needed for a good result. In the
following improved method, named hiTAIL-PCR, the
authors modified the PCR procedure of TAIL-PCR and
improved the design of degenerate primers to decrease the
production of smaller products, but some small molecular
products still appeared in the figures offered by other
authors [24]. In other aspects, authors did not do more
modification compared with the primary TAIL-PCR. Thus,
the encountered problems in conventional TAIL-PCR may
appear in hiTAIL-PCR in the same way. In effect, we think
the flaws of TAIL-PCR (hiTAIL-PCR) arise from the fol-
lowing factors: (1) High degeneracy at the 3’ end of AD
(LAD) primers will result in too many anchoring sites with
genomic DNA in small extension range. (2) Before the new
amplification, the products are not purified to remove the
superfluous SP or AD primers. (3) So long as low-strin-
gency annealing exists in multiple cycle process, there are
enough chances for exponential amplification of nonspe-
cific products.

In order to overcome the existing problems and the flaws
in TAIL-PCR and other walking methods, we developed
the method proposed in this study. In this study, we dem-
onstrated the specificity and the efficiency of the new
method by the feasibility verification, the practical
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applications, and the sequencing inspection. The achieve-
ment of long PCR walking depends on the following key
measures:

(1) After linear amplification with SP primer, one CLP
primer is added into reaction system for only one low
stringency cycle. CLP primer has no use for the
primary linear amplification, and the subsequent
addition of CLP primer largely decreases the possi-
bility of nonspecific amplification triggered by this
primer. In other methods, such as TAIL-PCR [15],
restriction-site PCR [12], and multiple strand-dis-
placement PCR [21], adding arbitrary primers at the
very start and the existence of multiple low stringency
cycles result in nontarget products primed by arbi-
trary primers or specific primers.

(2) In only one low stringency cycle, low denaturing
temperature (80°C) causes only a few parts of
primary genomic DNA to attain a completely molten
form, which largely decreases the binding of CLP
primer and SP primer with primary genomic DNA.
Meanwhile, newly synthesized specific ssDNA have
higher copies than primary genomic DNA (nearly
30-fold increase) and are not complementary with
each other. Therefore, under low denaturing temper-
ature, they have more chances to be anchored by CLP
primer.

(3) Concentration control of primers: the ratio of SP
primer to CLP primer is 1 to 10. The amount of SP
primer only maintains efficient linear amplification
while superfluous CLP primer has sufficient chances
to bind with the newly synthesized ssDNA in the last
low stringency cycle.

(4) Annealing temperature in the last stringency cycle is
another factor related to the specificity and the
number of amplified DNA bands (target and nontar-
get). A much low annealing temperature will lead to
too many binding sites of CLP primer. On the one
hand, it facilitates generating a spot of nonspecific
DNA segments that have identical end sequence (two
new ssDNA primed by walker-adapter primer are
complementary); on the other hand, it gives rise to the
occurrence of some short specific DNA segments,
which will suppress amplification of long PCR
products. In the method of this study, annealing with
temperature range of 40-43°C ensures that 3’ end of
CLP primer (7 fixed bases plus 4 degenerate bases)
can closely match with the templates.

(5) Design of CLP primer: seven fixed bases at 3’ end of
CLP primer ensure it utmost has only one binding site
in sufficiently large range, which facilitates generat-
ing long amplification and decreasing the number of
amplified bands. Also, the structure of the 3’ ends of
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CLP primers allows using a lower annealing temper-
ature (<40°C) and increasing mismatch sites to
enlarge the universality of available CLP primers.

(6) A pair of long primers is used in the second PCR
(nested PCR), which increases the annealing temper-
ature and enhances the specificity.

(7) The first amplification products are directly purified
without electrophoresis steps to remove unincorpo-
rated primers, and diluted PCR products are used as
templates to decrease nonspecific amplification
derived from primary genomic DNA and the inter-
ference of superfluous SP or CLP primer to the
second round of PCR. These key measures also
embody the differences and the improvements of our
method compared with other methods.

In general, there are two main nonspecific products in
hemispecific PCR: one primed by specific primer alone
(type I) and the other primed by arbitrary primer (type II)
[15]. The former can be eliminated simply by successive
reactions with long specific primers [15]. In this method of
our study, a series of measures mentioned above (including
nested PCR with long primers) can greatly decrease type I
nonspecific products and type II nonspecific products. In
addition, a very simple strategy is adopted in the method to
distinguish two types of nonspecific products, that is, every
test group (using LSP primer and LFP primer) is performed
with two controls in the second round of PCR. In the first
control, only LSP primer is used in amplification for
checking type I nonspecific products, and in the second
control, only LFP primer is used in amplification for
checking type II nonspecific products. Those bands in the
test group, which are consistent with the bands in any
control, will be identified to be type I or type II nonspecific
bands and will be excluded. In the three examples of this
study, PCR walkings into flanking regions did not bring
about type I nonspecific products (lane 3 in Fig. 2, lanes
11-15 in Fig. 3, and lanes 3, 6, 9, and 12 in Fig. 4). In other
methods of hemispecific PCR walking (e.g., TAIL-PCR
and restriction-site PCR), as random primers take part in
multiple low stringent cycles, they have sufficient chances
to trigger single primer amplification. Therefore, type II
products should be considered as the most possible source
of nonspecific products. Through the above measures in
our method, only small amounts of type II products may
appear. In the cases of this study, no nonspecific type II
products were found in the walkings for rpoB gene of
V. vulnificus and transposase-like gene from V. alginolyti-
cus (lane 2 in Fig. 2, and lane 6-10 in Fig. 3). Though
some type II products were generated in the walking for sto
gene of V. cholerae (judging from the bands in lanes 2, 5,
8, and 11 in Fig. 4), they could be easily excluded through
abovementioned strategy.
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Compared to other PCR walking methods (especially to
TAIL-PCR), our method has the following advantages:
Firstly, this method is much simpler and time saving. Our
method just contains two rounds of PCR (61 cycles).
Supposing we hope to get 3-Kb fragment with a 3-min
extension time (theoretically, 1-Kb extension per minute),
our method at least saves 40% of the time consumed
compared with TAIL-PCR. Secondly, the method has high
specificity, and there are only a few possibilities for gen-
erating nontarget products in the second PCR through a
series of above measures. Thirdly, the method can give rise
to the production of long DNA fragment (>3.5 Kb) while
TAIL-PCR has difficulty in acquiring such long fragment
due to the inherent limitation of TAIL-PCR procedure (too
many steps in the procedure). Supposing we set the
extension time to be at 5 min, the process of TAIL-PCR
(hiTAIL-PCR) would become very long, and moreover, it
poses a rigorous challenge to the activity of DNA poly-
merase. Finally, the procedure of our method is simple and
relatively fixed, and it does not need laborious exploration
for the optimal procedure parameters. In order to get a
good positive result, we just need to change the annealing
temperature in sole low-stringency step (increase or
decrease the matching degree of CLP primers with tem-
plates) in the first PCR or increase the design of CLP
primers. Moreover, application of the method has no lim-
itation in species as 3’ end sequence of CLP primer can be
at random. Although there were 10 CLP primers used,
researchers can design new CLP primers according to their
special demand. Therefore, the method proposed in this
study provides a robust and simple strategy for rapid
amplification to obtain long unknown DNA fragments, and
greatly decreases the appearance of nontarget products
despite using partly random primers.
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