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Panhandle PCR 

Douglas H. Jones 

Department of Pediatrics, 
University of Iowa College of 

Medicine, Iowa City, Iowa 52242 

PCR permits highly specific DNA amplification in vitro. PCR occurs by primer 
extension from each end of a sequence and therefore requires knowledge of 
those ends. (1) Several methods have been developed for PCR amplification of 
unknown DNA that flanks one end of a known sequence. (z-zS) These methods 
extend the application of PCR to the retrieval of DNA where only one end of 
the DNA sequence is known, so that one can use PCR to "walk" along an 
uncharacterized stretch of DNA without screening a library for overlapping 
clones. None of the existing methods, apart from panhandle PCR, has per- 
m i r ed  the highly specific PCR amplification of >3.0 kb of human genomic 
DNA that flanks a known site. This paper describes a protocol for panhandle 
PCR that permits the highly specific PCR amplification of ~<4.4 kb of DNA 
that flanks a known site directly from bulk human genomic DNA. 

REAGENTS 

1. Restriction endonucleases (New England BioLabs, Beverly, MA) 
2. Calf intestinal alkaline phosphatase (Boehringer Mannheim Biochem- 

icals, Indianapolis, IN) 
3. Geneclean II (Bio 101, La Jolla, CA) 
4. TE (10 mM Tris-HCl at pH 8, 1 mM EDTA) 
5. T4 DNA ligase (Boehringer Mannheim Biochemicals, Indianapolis, IN) 
6. AmpliTaq polymerase, 5U/l~l (Cetus, Norwalk CT) 
7. lOx Taq polymerase buffer (500 mM KCI, 100 mM Tris-Cl at pH 8.3, 15 

mM MgCl2, 0.1% (wt/vol) gelatin 
8 100 mM each of dATP, dCTP, dGTP, and dTTP (Boehringer Mannheim, 

Indianapolis, IN) 
9. Oligonucleotides (Midland Certified Reagent Company, Midland, TX) 

10. Agarose 
11. Ethidium bromide 
12. TAE buffer (z6) 
13. Long, thin micropipette tips (Gel loader tips T-010; Phenix Research 

Products, Hayward, CA, USA) 

PROTOCOL 
Panhandle PCR is illustrated in Figure 1. Briefly, genomic DNA is subjected to 
restriction endonuclease digestion that generates a 5' overhang and dephos- 
phorylation with calf intestinal alkaline phosphatase (step 1). Following glass 
bead extraction to remove the alkaline phosphatase, the cleaved DNA under- 
goes T4 DNA ligase-mediated joining to a single-stranded oligonucleotide to 
create 3'-end extensions (step 2). These end extensions are complementary to 
the known sequence located upstream to the unknown DNA of interest. Fol- 
lowing glass bead extraction to remove unligated oligonucleotides, the mix- 
ture is denatured and reannealed under dilute conditions and high stringency 
in Taq DNA polymerase buffer with Taq DNA polymerase and the four dNTPs. 
Those single strands that contain the complement to the 3'-end extension 
form a stem-loop with a recessed 3' end that primes template-directed DNA 
polymerization. This polymerization attaches known DNA to the uncharac- 
terized end of the flanking unknown DNA (step 3). Because this polymeriza- 
tion results in known DNA being positioned on both sides of the unknown 
flanking DNA, PCR followed by nested PCR can be used to amplify the un- 
known DNA (steps 4,5). Two primers are used during each PCR amplification. 
Amplification using a single primer works poorly because relatively large 
inverted repeats in PCR product ends impede amplification. The steps out- 
lined above are detailed below. These steps correspond to those in Figure 1. 
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FIGURE 1 Panhandle PCR. The numbered steps correspond to the numbered steps in the Proto- 
col. The two complementary strands of genomic DNA are represented by thin and thick lines. 
The unknown region of genomic DNA is enclosed by brackets and is hatched when double- 
stranded. The jagged portion of the thick line represents the annealing region for the ligated 
oligonucleotide. The PCR primers are numbered arrows. The location of the primers in relation 
to the relevant strands of genomic DNA are shown on top of the diagram for step 1, and the 
primers are not used until step 4. One or two nucleotides are added to the 5' ends of primers 2 
and 4 that are not complementary to their original template and are represented by upended 5' ends. 

Figure 2 shows the posi t ioning and sequences of a set of ol igonucleotides that  
were used to amplify 4.4 kb of DNA flanking the pr imer  anneal ing  sites 
following digestion of h u m a n  genomic  DNA with the restriction endonu-  
clease BclI. (24) 
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1. Restriction Endonuclease Digestion Followed by Calf Intestinal Alkaline Phos- 
phatase Treatment Digest 5 ~g of human genomic DNA with 20-40 units of 
a restriction endonuclease that yields a 5' overhang in 100 ~l for 2 hr. De- 
phosphorylate the digested genomic DNA by adding 0.05 units of calf intes- 
tinal alkaline phosphatase (Boehringer Mannheim Biochemicals; add 5 ~l of 
0.01 U/~l; dilute the stock I U/~l, 1:100 in TE) directly to the digest, resulting 
in a total volume of 105 ~l. Incubate the mixture at 37~ for 30 min. Extract 
the DNA using Geneclean (Bio 101, La Jolla, CA), and suspend the DNA in 
50 ~l of TE. Freeze 25 ~l of the Geneclean product for later use as the tem- 
plate control. Note:  (1) We purchase our genomic DNA from Clontech (Palo 
Alto, CA) for convenience; this DNA is made according to the method of Blin 
and Stafford. (28) (2) The restriction endonucleases typically have a 6-nucle- 
otide recognition domain and generate a 4-nucleotide long 5'-end extension. 
Enzymes used to generate panhandle PCR products have included HindIII, 
BamHI, BclI, BglII, AvrII, and XbaI. (23'24) (3) Glass bead extraction using Gene- 
clean removes small DNA fragments and the calf intestinal alkaline phos- 
phatase. 

2. Ligation of the Phosphorylated Oligonucleotide Ligate the remaining 25 ~l 
of genomic DNA (containing -2 .5  ~g of DNA) to 50-fold molar excess of a 5' 
phosphorylated oligonucleotide in T4 DNA ligase buffer (50 mM Tris-HC1 at 
pH 7.6, 10 mM MgC12, 0.5 mM ATP, and 10 mM dithiothreitol) using one Weiss 
unit T4 DNA ligase (Boehringer Mannheim Biochemicals) at 23~ for 4 hr or 
overnight at 16~ Purify the ligation mixture using Geneclean and suspend 
it in 25 ~l of TE. This is the template for step 3. Note:  (1) A restriction 
endonuclease with a 6-nucleotide recognition domain cuts genomic DNA to 
an average size of -4 .0  kb. A 50-fold molar excess of a single-stranded 33 
nucleotide long phosphorylated oligonucleotide (as shown in Fig. 2) requires 
-~516 ng of the oligonucleotide. These calculations are a rough estimates, and 
it is not necessary to make a more precise calculation that compensates for 
poor Geneclean recovery of DNA <500 bp and for a restriction endonuclease- 
cutting frequency that varies with the nucleotide composition of the restric- 
tion endonuclease recognition domain [attributable in part to the A/T pre- 
dominance (59%) of mammalian genomes(29)]. (2) The oligonucleotide with 
a phosphorylated 5' end is generated during oligonucleotide synthesis by 
addition of a phosphorylated phosphoramidite during oligonucleotide syn- 
thesis. Alternatively, it can be 5' phosphorylated using T4 polynucleotide 
kinase as follows: Incubate 2 ~g of the oligonucleotide with 10 units of T4 
polynucleotide kinase (New England BioLabs, Beverly, MA) in kinase buffer 
(50 mM Tris-HC1 at pH 7.6, 10 mM MgCl2, 1 mM ATP, and 5 mM dithiothreitol) 
at 37~ for 30 min. Then, inactivate the T4 polynucleotide kinase by heating 
at 68~ for 10 rain and store at -20~ until it is used. (3) The 5' phosphor- 
ylated oligonucleotide has a 5' end that is complementary to the single- 
stranded ends of restriction endonuclease digested genomic DNA generated 
in step 1. A single phosphorylated oligonucleotide can be used with genomic 
DNA that has undergone digestion with one of several restriction enzymes. 
For instance, an oligonucleotide whose 5' end consists of 5'P-GATC can be 
ligated to genomic DNA that has been digested with either BamHI, BclI, or 
BglII. An oligonucleotide whose 5' end consists of 5'P-CTAG can be ligated to 
genomic DNA that has been digested with either XbaI, AvrII, NheI, or SpeI. (4) 
The phosphorylated oligonucleotide is designed so that the T m of the domain 
that undergoes annealing during panhandle formation (step 3) is -~ 74~ T m 
values for the phosphorylated oligonucleotide and primers are calculated 
using the computer program OLIGO (National BioSciences, Harnel, NM). (5) 
One application of this method is the amplification of a gene promoter from 
human genomic DNA using cDNA sequence data. In this application, the 
cDNA sequence is used to design primers that will amplify the genomic DNA 
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located 5' to the cDNA sequence. It is important to consider that the cDNA is 
usually not intact in the genome, because it is interrupted by one or more 
introns. The presence of an intron within a primer annealing domain will 
prevent this method from working. Therefore, it is advisable to amplify the 
primer annealing domains (the DNA sequence to which primers 1-4 and the 
phosphorylated oligonucleotide will anneal), directly from genomic DNA 
using conventional PCR prior to carrying out panhandle PCR, to make sure 
that the predicted piece (typically 150-200 bp) is obtained. This precaution 
will ensure that this stretch of DNA is intact in the genome, and not inter- 
rupted by an intron. 

3. Panhandle Formation Add 18 ~1 of H20 to a 25-~1 aliquot of 2x PCR 
mixture (1.25 units of Taq DNA polymerase [AmpliTaq, Perkin-Elmer Cetus, 
Norwalk CT), 100 mM KC1, 20 mM Tris-HC1 at pH 8.3, 3 mM MgCl2, 0.02% 
(wt/vol) gelatin, 400 ~M of each dNTP]. Layer with approximately 50 ~l of 
mineral oil. Preheat the tube to 80~ prior to the addition of 2 ~l of template. 
Place the mixture in a thermal cycler and allow the following temperature 
transitions (Perkin Elmer Cetus): 95~ for I min, followed by a 2 min ramp to 
72~ for 30 sec, and then to an 80~ soak. Note:  (1) The 2x PCR mixture 
aliquots can be prealiquoted and stored at - 20~ for ~<6 months prior to use. 
(2) Maintaining the tube at 80~ before adding the template prevents non- 
specific annealing and polymerization. (3~ (3) Because the genomic DNA con- 
centration is <4 ng/~l, these denaturation and reannealing steps result in 
intrastrand annealing of the ligated synthetic oligonucleotide to its comple- 
mentary sequence in the genomic DNA. (3) This is followed by template- 
directed polymerase extension of the recessed 3' end. (4) Two additional 
tubes, one containing the template control (genomic DNA that has been 
restriction endonuclease digested but not ligated to the phosphorylated oli- 
gonucleotide) and the other containing a reagent control (no DNA) should be 
processed concurrently as controls. 

4. Initial Amplification Add 12.5 pmoles of each primer (primers 1 and 2 in 
Fig. 1) in a total volume of 5 ~l of H20, under the mineral oil while each tube 
from the previous step remains in the heat block at 80~ Cycle (95~ for 30 
sec, 60~ for 30 sec, and 72~ for 4 min) for 30 cycles followed by a final 
extension at 72~ for 7 min, then, go to an 80~ soak. Note:  (1) Final con- 
centrations are 0.25 ~M of each primer with 200 ~M of each dNTP. (2) Fol- 
lowing thermal cycling, cooling the reagents to 4~ (as opposed to keeping 
the tubes at 80~ at the end of this step also works well. (3) A hot start is 
carried out by maintaining the temperature of the fully constituted poly- 
merase reactants above 80~ prior to the primer annealing step. This elimi- 
nates priming at low stringency, preventing the generation of nonspecific 
products. (3~ (4) Primers in each amplification are designed so that their T m is 
-62~ (Fig. 2). The annealing temperature during the thermal cycling is -2~ 
below the primer TmS. Primer 2 in this amplification and primer 4 in step 5 
have 1-2 nucleotides added to each 5' end that do not anneal to the original 
template, and the T m values used have not included these added nucleotides. 
These nucleotides are added as a precaution to prevent the possibility of a 
short circuiting of the amplification. Short circuiting could occur by the 
annealing of the 3' end of one strand of a short nonspecific PCR product to 
the template, with this strand being complementary to the strand into which 
one of these primers was incorporated. It is an inexpensive precaution whose 
necessity has not been tested. 

5. Nested Amplification Remove 1 pd of the unpurified initial PCR product 
by inserting a long, thin pipette tip through the mineral oil layer, and place 
it in a corresponding PCR tube containing nested primers (primers 3 and 4 in 
Fig. 1) preheated to 80~ with the same enzyme, reagents, and primer con- 
centrations as in the first PCR amplification. Tubes with the nested primers 
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undergo 35 PCR thermal  cycles with cycling parameters  identical to those 
used in the initial amplification. Note :  PCR products  are detected by agarose 
gel electrophoresis followed by e th id ium bromide staining. If mult iple  bands 
are seen, raising the anneal ing temperature  in this nested amplif ication by 
1-2~ will frequently eliminate the shorter products. The PCR product  either 
can be directly sequenced or cloned prior to sequencing.  (31'32) Once the un- 
known end is sequenced, a new primer  can be made so the sequence can be 
amplified from genomic  DNA using convent ional  PCR. 

CONCLUSION 
Panhandle  PCR amplifies >3.0 kb of h u m a n  genomic  DNA that  flanks a 
known site. High specificity occurs because full nested amplifications can be 
carried out. This has permit ted panhandle  PCR to amplify near the l imit  of 
what  can be accomplished using Taq DNA polymerase and routine buffer 
conditions. 

Another  me thod  that  amplifies of >2.0 kb of h u m a n  genomic  DNA that  
flanks a known  site is the related targeted inverted repeat amplif icat ion 
method.  (2s) Targeted inverted repeat amplif icat ion shares with panhand le  
PCR the restriction endonuclease digestion of DNA followed by the ligation 
of an oligonucleotide that  is complementary  to the known  sequence. In con- 
trast to panhandle  PCR, the 5' ends of genomic  DNA are extended by ligation 
to an oligonucleotide instead of the 3' ends, so that  denatura t ion  and intra- 
strand anneal ing results in the formation of a s t em- loop  structure with a 
recessed and phosphoryla ted 5' end that  can undergo template-directed liga- 
t ion to a second oligonucleotide using a heat-stable ligase. These two oligo- 
nucleotides can then  be used sequentially in single pr imer  amplifications of 
the u n k n o w n  flanking DNA. 

Targeted inverted repeat amplification requires fewer primers than  pan- 
handle  PCR and can be carried out using a shorter stretch of known  sequence. 
Panhandle  PCR has fewer steps and has amplif ied longer fragments  using 
Taq DNA polymerase and routine buffer conditions.  Panhandle  PCR is, at 
this time, the preferred me thod  unless a l imited stretch of known  sequence 
(<150--200 nucleotides) precludes its use. Applications of panhand le  PCR 
include ch romosome  walking, retrieval of promoters  and gene regulatory 
domains  using cDNA data, de terminat ion  of viral and t ransposon integrat ion 
sites, and the retrieval and sequencing of unclonable  DNA. 
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