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ABSTRACT

A chromosome walking method was improved in this work. The new method was named as nonspecific primer
anchored PCR (NPA-PCR). Nested gene specific primers were designed based on the known region and long
random primer using degeneracy oligonucleotides for nonspecific anchoring. Annealing temperatures were varied
to control the priming. Target sequences were obtained by PCR with random primer and gene-specific primer.
Nonspecific sequence with long random primers at both ends formed stem loop structure due to inverted terminal
repeats. The method was employed to isolate a gene with newly-isolated actinomycin producing strain Streptomyces
setonii Z-L-22. A 0.77 kb fragment of actinomycin synthetase gene cluster was isolated from the strain. The
fragments of 1474bp and 701bp were obtained, respectively, at the up and down streams of known fragment through
the this method. NCBI Blast analysis showed that the walking sequence and the known sequence were located
conjointly in the same cluster gene. It demonstrated that the result was correct and this technique could be useful
and efficient for chromosome walking or isolating the gene.
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INTRODUCTION but require enzyme digestion and ligation, making
them relatively expensive and time-consuming.
The hunt for missing sequence data is oftefhermal asymmetric interlaced PCR (TAIL-PCR)
required in the experiments. Several polymerasg@.iu et al., 1995) is a representative method ef th
chain reactions (PCR)-based methodologies atbird one. This method has its specific advantage
available for walking from a known region to but the amplified products are generally limited to
cloned or uncloned genomic DNA, includinga length of <1 kb.
inverse PCR (IPCR{Triglia et al., 1988; Melanie Here we report a nonspecific primer anchored
et al.,2004, Ochman et al.,1988), adaptor ligatioPCR (NPA-PCR), which has been developed on
(LM-PCR) (Espelund and Jakobsen1992; the basis of Peng's (Peng, 2005) nonspecific
Kilstrupand Kristiansen2000; Yan et al.,2003; anchoring of suppression sequence PCR (NASS-
Chen et al., 2004) and randomly primed PCR (RFPCR).
PCR). The first two methods have high specificity
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MATERIALSAND METHODS based on the known sequence. GSP1 and GSP2
started respectively from 216bp and 89bp in the
Template DNA upstream of the known region. GSP3 and GSP4

Streptomyces setonii Z-L-22 was used in this started respectively from 502bp and 701bp in the
work. Its genomic DNA was extracted accordincdownstream of the known region. The sequence of

to the method described by Kieser et al., (2000). anchoring primers SAP1, SAP2 used in NPA-PCR
and SSP1, SSP2 used in NASS-PCR together with

Walking primers gene specific primers are shown as follows.
Two sets of nested specific primers were designe

SAP1 5’-CCTGAGACCTATTACCGCCCAGAGGATCTCCGTGTNNNNTGCAT-3’
SAP2 5’-CCTGAGACCTATTACCGCCCAGAGGA-3’

SSP1 5°- GTAATACGACTCACTATAGGGCTGAGACGCATGATACCTCTGCAT-3’
SSP2 5°- GTAATACGACTCACTATAGGGC-3’

< GSP2

5’-CCTTGCTCAACTTCCTCGTGGGCATGCGGGAGAAGGCTCCGATCCGGCCGGAGGACCG
GCTGCTCGCGGTCACCACCGTCGCCTTCGACATCGCCGCCCTCGAGCTCTACCACCCCCTGCT

CTCCGGCGCCGCCGTCGTCATCGCACCCAAGGAAGCCGTTCC-3°
< GSP1

GSP3 >
5’-ATCGCAAACACCCGGGTCTACGTGCTGGACTCCGCTCTGCAGCCGGCCGCTCCCGGTGT

GGTGGGTGAGCTGTACGTCGCGGGCGAGGGCCTGGCCCGCGGCTACGCCAACCAGCCCGGG
CTCACCGCCGAACGCTTCGTCGCAGATCCGTTCCACCCCGAACCCGGGCAACGGATGTACCG

CACCGGCGACCTCGCCCGCTGGAACACCCACGGCGAACTCGAATACCTCG-3”
GSP4 -

PCR procedure dNTPs, | x GC buffer | and 1 U Taq DNA
Four steps were included in NPA-PCR. In the firspolymerase. After the PCR, the reaction mixture
step, PCR mixture (15l final volume) including was resolved by electrophoresis on a 1.2% agarose
50 ng of template DNA, 1 U of long and accurategel and DNA fragments were visualized by
Tag DNA polymerase (TaKaRa Biotechnology staining in ethidium bromide. Reactions of NPA-
Co., Ltd), 0.2M dNTP mixture, 10ul 2 x GC PCR and NASS-PCR are shown in Table 1.

buffer I, 0..uM SAP1. qul GSP1 (with the final

concentration of 0,8M) was added, and the Cloning and sequencing of the PCR product
reaction cycles were run (Table 1) then the secorithe PCR products were purified from agarose gel
step started. The third step was carried out inl25 with DNA purified Kit (TaKaRa Biotechnology
volume of reaction mixture composed of theCo., Ltd) and linked with pMD19-T vector
reaction products above and @A.55AP2 with the following the introductions given in the Kit. The
final concentration of OgM and 2.l 2 x GC plasmid was transformed int&. coli JM109
buffer | and run the program in table 1. For thecompetent cells. The positive clones were
fourth step, ful of the third step PCR products sequenced by Shanghai Sangon Biological
diluted 50 times with Milli-Q water was used asEngineering Technology and Services Company.
the PCR template. The reaction mixture wa®NA sequence analyses were carried out using the
composed of 0.paM GSP2, 0.5uM SAP2, 0.2 M BLAST program (http://ncbi.nim.nih.gov).
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Table 1 - Reactions of NPA-PCR and NASS-PCR.

NPA-PCR NASS-PCR
steps Primersadding  cycles procedure steps Primersadding  cycles procedure
1 94°C 5min 1 94°C 5min
30°C 3min 10 94°C 30s
1 SAP1 ramp to 65°C 60°C 1min
at the rate of 0.25°C/min SSP1 1 72°C 3min
65°C 5min 1 GSP1 94°C 30s
10 94°C 30s (GSP3) 35°C 3 min
2 GSP1 65°C 3min ramp to 65°C
(GSP3) 1 72°C 5min at the rate of 0.25°C/min
72°C 5min
SAP2 1 94°C2min 1 94°C 2min
3 20 94°C 30s 2 SSP2 20 94°C 30s
65°C 3min 60°C 1min
1 72°C 5min 1 72°C 7min
GSP2 1 94°C2min GSP2 1 94°C 2min
4 (GSP4) 30 94°C 30s 3 (GSP4) 30 94°C 30s
SAP2 65°C 3min SSP2 60°C 1min
1 72°C5min 1 72°C 7min
RESULTS examined (Fig. 2). The amplification results were
the same for the upstream walking by NPA-PCR
The principle of NPA-PCR and NASS-PCR. Bands with the length of

The principle of NPA-PCR is illustrated in Figure approximately 1500bp were obtained. Different
1. Four primers were used in NPA-PCR. Tworesults were obtained at downstream walking: a
sequence anchoring primer (SAP), SAP1 andand of approximately 700bp by NPA-PCR while
SAP2 (a part of SAP1), were as the nonspecifi600bp by NASS-PCR. The products were purified
anchoring. Two gene specific primers (GSP)and sequenced.

GSP1 and GSP2, were nested primers (Fig. 1¢

Four steps were included in NPA-PCR. First, &equenceanalysis

single cycle of PCR was carried out at a lovUpstreamed 1474bp-fragments were obtained both
annealing temperature with only primer SAP1. Aby NPA-PCR and NASS-PCR. The sequences
this temperature, SAP1 could prime at target cwere the same except for the primer sequences of
non-target positions on the DNA template (FigSAP1 and SSP1. The walking sequences had 86bp
1b). Then the annealing temperature was increasoverlap with known sequence. A fragment of
to the point corresponding to the annealin(70lbp was obtained by NPA-PCR at the
temperature of GSP1. GSP1 was added at this tirdownstream with 70bp overlap to the known one
the amplification products were produced wheiand was consistently with design. A 2716bp-
SAP1 hybridized with target position by SAP1 ancfragment obtained by assembling the walking
GSP1, meanwhile the non-target gensequence and the original sequence was shown
amplification was suppressed by the stem-loobelow. The sequence had 79% identity with
structure of the DNA (Fig. 1c). SAP2 was added iiactinomycin synthetase Ill (acmC) gene cluster of
the third step. The amplification was carried oyt b Streptomyces chrysomallus, which was consistent
GSP1 and SAP2 to generate the template (Fig. L«with the antibiotic kind ofS setonii Z-L-22. A

The products of third step were diluted and used idownstream 641-bp fragment was obtained at the
template in the last step. Target DNA wasend by NASS-PCR. The sequence with SSP1 at
exponentially amplified by the nested PCR witfboth ends showed no overlap with the known one
GSP2 and SAP2 (Fig. 1e). and no similarity with any other sequences by
NPA-PCR and NASS-PCR were carried ouNCBI blast analysis. It should be non-specific
according the protocol described above. The PCamplification sequence.

products were separated on 1.2% agarose gel and
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a. Primer design target sequence

GSP1 GSP2
GDGGDC

SAP1
b. Add SAP1, annealing at 3D

>
GSP1 GSP2

C. Add GSP1, PCR with GSP1 and SAP1
SAP1

Zhang, Y. et al.

Non target sequence

l

AP1 l

SAP1

(9

SP1

|

d. Add SAP2, PCR with SAP2 and GSP1
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L —> >
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Stem loop structure SAP1
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Figure 1 - Schematic outline of NPA-PCR method for chromosamalking Known and unknown
sequences are depicted with thick and thin linespectively. DNA sequences with
thin white arrows in them represent the same sempse@as the primers. SAP1 is
composed of grey, blue and black segments. Granaets show the expected specific

hybridized sites, black segments show the sameop&#AP1 and SAP2, blue segments
show the nonspecific hybridized parts particulaBAP1.

2000bp
1000bp
750bp
500bp

Figure 2 - Amplification results of genomic DNA d&reptomyces setonii Z-L-22 by NPA-PCR
and NASS-PCR M, DNA ladder: DL2000. 1: upstreamkivey by NPA-PCR; 2:
upstream walking by NASS-PCR; 3: downstream walking NPA-PCR; 4:

downstream walking by NPA-PCR.

Braz. Arch. Biol. Technol. v.52 n.5: pp. 1201-1288&pt/Oct2009



A Nonspecific Primer Anchored PCR Technique 103

CCTGAGACCTATTACCGCCCAGAGGATCTCCGTGTCCTCTGCAMACGAACTCCTCGGCGA

SAP1
CCAGAACGACCCCCACAGCCTCTTCACCAACCAGATCACCCACTGGAAAARACCCTCGAA

AACCTCCCCGACCACATCACCATCCCCACCGACCGACCCCGCCCCACCARCCACCTACCA
AGGCGACTACACCACCATCACCATCAACCCCACCCTCCACCAAAAAATCACCACCTCGCCC
ACACCACCAACACCACCGTCTTCATGGTCCTCCAAGCAGGACTCACCACCICCTCACCAAG
CTCGGCGCCGGAAACGACATCCCCATCGGCACCCCCATCGCCGGACGCAGACCACAACC
TCGACAACCTCATCGGCTTCTTCGTCAACACCCTCGTCCTCCGCACCGATICACCAACAAC
CCCACCTTCACCCAACTCATCAACCGCATCCGCGAAACCAACCTCACCGCIACGCCCACCA
AGACGTCCCCTTCGAATACCTCGTCGAAATCCTCAACCCCACCCGCACCAIAACCACCACC
CCCTCTTCCAAATAATGCTCGCCCTCCAAAACGCACCCGAAGGAGCATTCEACTCCCCGGC
CTCACCATCGACATCGCCCCCGGACGCACCGGAACCGCCAAATTCGATCTTCTTCAGCCT
CGTCGAGAAACGCGGACCCCACGGCGAACCCGAAGGCATCACCGGCGCCABAATACTCC
AGCGACCTCTACGACGAAACCACCGTCCACACCCTCTTCGAACGCCTCAGQIGCATCCTCGA
AACCGCCACCGACCACCCCGACCAACCCCTCAGCCACATCGACGCCCTCAECGCACGAG
AAGCACCAGGTGCTGGACTCCTGGCTGGAGACGGCGACGGAGGTAGGGGGGTCTGCTGC
CTGCCCGCTTCTCAGAGCAAGCGTCCGCGACACCGGACGCCGTGTCCCTBBECCGGCGAC
ACCGTCCTGACCTATGCCGAACTGGACCGGCGGGCCAACCGGCTGGCCCGRCCTGCTCGA
CCGAGGTGCGGGAGCCGGCCGTGTGACCGCCATCGCGCTGCCGCGCTC®GBCCTGGTG
GTGGCACTGCTGGCAGTGCTCAAGTCCGGCGGCGCCTACCTGCCGCTCG2UCGACCACCC
GGCGGCACGCCTTACGCACGTCCTGGAGGATGCCCGCCCCTCACTGCTANTGACCACGG
CGACGGACTGGATGATCCCGGAGGTGGGCGCCGCACAGCGGCTGGTCCTAT CCGACCC
CGTACGGGAGGCATCGGACGCCGCCCTCGACAGCGATCCGGCCGACGACGGGGGTCGCC
CCCCTCCGGCCGGAGGACGCCGCGTACGTCATCTACACCTCGGGCTCGA2EGCCGGCCGA
AGGGCGTGGTGGTCCCGCACGGCGCCTTGCTCAACTTCCTCGTGGGCATGGGAGAAGGCT
CCGATCCGGCCGGAGGACCGGCTGCTC GSpP2
GCGGTCACCACCGTCGCCTTCGACATCGCCGCCCTCGAGCTCTACCACOCTGCTCTCCGGC
GCCGCCGTCGTCATCGCACCCAAGGAAGCCGTTCCGCAGCCCTCGGCCRIBSGACCTGAT
CGAACGGCACAGCGTCACGGTCGTGCAGGGCACCCCGTCCCTGTGGCAAGTTCGTGGCGC
ACGACGCGGAGGCGCTTCGAGGGCTACGGATACTGGTCGGCGGCGAAGCBGECCGGTCTC
CCTCGCCGAGGCCCTGCGCGGGCTCACCGACGACCTGGTCAACCTGTACGGCGACCGAG
ACCACCATCTGGTCGACCGCTGCGGATCTGGCCGGCCACACCGGAGGGCGGACCGATCG
GGCGGCCGATCGCAAACACCCGGGTCTACGTGCTGGACTCCGCTCTGCAGGGCCGCTCCC
GGTGTGGTGGGTGAGCTGTACGTCGCGGGCGAGGGCCTGGCCCGCGGCTBRIAACCAGC
CCGGGCTCACCGCCGAACGCTTCGTCGCAGATCCGTTCCACCCCGAACCGGCAACGGATG
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TACCGCACCGGCGACCTCGCCCGCTGGAACACCCACGGCGAACTCGAATRTICGGCCGTAC
CGA

GSP4
CCACCAGGTCAAGATGCGGGGCTACCGCATCGAACCCGGCGAGATCGAGARACCCTCACC
GACCACCCCGACATCGCCCAGGCCGCCGTGATCGTACGGGAGGACAGGCGGAGACCTCC
GCCTGGTCGGGTACGTCGTGGCCGACAGCGGGGGCGGAGTCCGTGACGAEGTCGAGCG
GGACCAGCTGAGCGAGTGGCAGGACCTCTACGACTCCGTCTACACGTCC@GGCGAAACT
GACATCGGCGAGAACTTCGCGAGCTGGAACAGCAGTTACGACGGTCAGCOO CCCACTGG
AAGACATGCGGGAATGGCGCGACAGCACCGTCGACCGCATCAAAGCACTCRCCCACGACG
CGTCCTGGAAATCGGCGTCGGCACCGGCCTCCTGCTCGCCAAAATCGCAGGACTGCGACG
AATACTGGGGAACCGACTTCTCCCCGACCGTCATCGAAGACCTACGACACARCATAGAAGC
CGACCCCCACCTCACCGAGAAAGTCACCCTCCGCACCCAAGCCGCACACRLEACGGCGAC
CTCAAGAAGAACCACTTCGACACCATCATCCTCAACTCCGTCGTGCAGTACTCCCCAACGC
CGGATGCATGGAGCTGCCTCTAGGAGACCCGCCATTATCCAGAGTCC

SAP1

Amplification of the assembling sequence from  The amplification results are shown in Figure 3.
genome DNA Expected fragments were 2100bp and 1300bp. The
The PCR were carried out using the gene specifiemplification fragments shown in the gel were
primers designed from the assembling sequena®nsistent with the expected. Sequencing results
with genome DNA to verify the walking results. were same as the expected.

2000bp
1000bp
750bp
500bp

Figure 3 - Validation the walking results by amplification, \DNA ladder marker, DL2000. 1:
Validation the assembling sequence at 5 by angalifon; 2: Validation the
assembling sequence at 5’ by amplification.
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DISCUSSION For SAP1, as random primer, the length and kind
of oligonucleotide could be varied. Different
Anchored PCR is often used for the amplificatiornumber and kinds of specific anchoring
of cDNA ends due to the same homo-oligonucleotides at 3’ ends of SAP1 would lead to
oligonucleotide at 3'ends of mMRNA (Ohara et al.different amplification results. Five specific
1989; Frohman et al., 1988) and generally coul@ligonucleotides were chosen in this work and a
get good results. However, the DNA structures areequence of 1474bp was obtained in upstream
not same, anchored PCR can’t be used in DNAhromosome walking inS  setonii Z-L-22.
without any manipulation. Nonspecific anchoringAnalyzing the sequence between SAP2 and GSP2,
primer, equal to adding the same structure td GCAT sites appeared once thus creating one
DNA, was used in this work, which could clear band in the gel electrophoresis. There would
accomplish the amplification of unknown region. be more TGCAT sites of contiguous DNA far
Chromosome walking methods based on th&om the target sequence, which wasn’t be
random primer is well accepted due to simplicityamplified due to the length. To be addressed, two
and specialty (Jiang et al., 2007; Tan et al., 2005aspects increasing the specificity should be ndtice
The NPA-PCR method described in this work wagh NPA-PCR in the second step. First, the
designed on the basis of NASS-PCR. Randorgoncentration of GSP1 should be low while the
primers were redesigned and reactions wereoncentration of SAP1 should be high (Wang et
improved. NPA-PCR showed a higher specialtyal., 2007). Second, GSP1 should be added at its
when employed in chromosome walking inannealing temperature.
Streptomyces setonii. The method was based upon
the principle that a primer may initiate PCR at any
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