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Large numbers of templates for DNA sequencing can be
produced via PCR directly from plaques, colonies or genomic
DNA. Sequencing directly from PCR products has many
advantages over subcloning; the ability to PCR directly from
plaques or colonies removes the need for template preparation
and is highly amenable to automation. The main problem with
this approach is the subsequent purification of the amplified
products prior to DNA sequencing, especially since the sequence
quality is proportional to the purity of the template. This is
especially important when sequencing PCR products to identify
sequence polymorphisms.

The advantages of using magnetic particles in molecular and
diagnostic biology have been described previously (14). The use
of solid phase techniques has significantly increased over the past
few years as more biochemical methods have become adapted for
use with magnetic particles.
We introduce here a general method for producing quality

DNA sequencing template from PCR products. This procedure is
rapid and inexpensive ($0.15 per prep.). The method termed SPRI
(solid-phase reversible immobilization) avoids organic extrac-
tion, filtration and centrifugation steps (5). The SPRI method
employs a carboxyl coated magnetic particle manufactured by
PerSeptive Diagnostics, Cambridge, MA. (cat no #8-4125). We
discovered that these particles could reversibly bind DNA in the
presence of polyethylene glycol (PEG) and salt.

This solid phase has no streptavidin, making the use of
biotinylated primers or probes attached to the particles
unnecessary. When using biotinylated primers one must exercise
caution since excess primer will compete for streptavidin particle
binding (6). This in turn may also contribute to lower yield and
quality of the template.

Here we describe a general PCR isolation procedure which is
amenable to automation, rapid and yields double-stranded PCR
product suitable for DNA sequencing. The method is as follows.

PCR primers. Forward primers are tailed with -21M 1 3
sequences. TGTAAAACGACGGCCAGT (18 nt).

PCR reagents.
1. lOx PCR buffer [100 mM Tris-HCI (pH 9.3); 500 mM KCI;

15 mM MgCl2; 0.01% gelatin].
2. 10 mM dNTPs.
3. 10 ,tM forward and reverse primers.
4. 20 ng/,tl genomic DNA.

Figure 1. This gel shows an example of PCR products before and after
purification using SPRI. Lanes M are 200 ng OX 174 HaeIII digest, lanes I and
2 are one-tenth of a PCR product before and after SPRI purification, lanes 3 and
4 are one tenth of a PCR product spiked with 100 nmol of excess primer (36 nt)
prior to purification, lane 3 is before and lane 4 is after SPRI. Lanes 5 and 6 are
identical to lanes 3 and 4 using a different PCR product. Lanes 7 and 8 are 100
nmol excess primer (36 nt) before and after purification using SPRI.

Standard PCR reaction (50 jil).
1. 6.5 g1 PCR MIX [lOx PCR buffer, 5 ,tl; 10mM dNTPs, 0.5

,tl; Taq, 1 U; dH20 to add up to 6.5 g1.
2. 41 ,ul primer dilution [10 IIM F&R primers, 0.5 ,ul; dH2O,

40.5 1l].
3. 2.5 ,ul genomic DNA (50 ng).

PCR conditions (35 cycles). 96°C, 5 min; 96°C, 30 s; 57°C or
55°C, 2 min; 72°C, 2 min; 72°C, 5 min; 4°C.

Solid-phase reversible immobilizationfor the purification ofPCR
products (96-wellformat).

1. Wash 10 mg/ml carboxyl coated magnetic particles three
times with WASH BUFFER [0.5 M EDTA (pH 8.0)].

2. For each PCR reaction (50 pul), add 10 pl of washed particles
and 50 pl of HYB BUFFER (2.5 M NaCl/20% PEG 8000). Mix
well and incubate at room temperature for 10 min.

3. Place the microtitre plate on a magnet for 2 min and wash the
particles twice with 150 p1 of 70% EtOH.

4. Air dry for 2 min, and resuspend the particles in 20 pl of
ELUTION BUFFER [ 10mM Tris-acetate (pH 7.8)] and incubate
at room temperature for S min.

5. Magnetically separate the particles and remove the
supematant for testing and sequencing.
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ople 31 o'AGCG CCTAACTGGIG~(ATGGACAG ACMTGGGC7,'A GT3CCCACCC ATAGGrTG0GA TACAAAAGAC AGGCJ&AGGAA GGGrGTAGAAC CATCiAAAGAG GAATAGGC7G1 GTGACCCCAA,
ople 32 ¶1TACGCAGT0Y1 CCTAACTG~GG GGATOGGACAG ACAA¶D30GCA GTG3CCAACCC ATAGGGXGGA TACAAAAGAC AGGCAAGGAA GGGGTAGAAC CATCAAAGAG GAATAGGCTC, GTGACCCCAA
iLple 33 TTAGGCAGTG CCTAACTOGGG GGATGGACAG ACAATGGGCA GTOCCAACCC ATAGGGTGGA TACAAAAGAC AGGCAAGGAA GGGGTAGAAC CATCAAAGAG GAATAGGCTG GTGACCCCAlA
aLple 34 7T1ACGGAGTG CCTAACTGGG GGATOGACAG ACAATGGGCA GTGC-CAACCC ATAGGGLGGA TACAAAAGAC AGGCAAGGAJ GGGGTAGAAC CATCAAAGAG GAATAGGCTG GTGACCCCAA
aLple 35 TTACGCAGTG CCTAACTGGG GGATOGACAG ACAATGGGCA GTGCCAACCC ATAGGGTGGA TACAAAAGAC AGGCAAGGAA GG.GGTAGAAC CA'tAAAGAG GAATAGGCTG GTGACCCCAA
ople 36 T1TACGCAGTG CCTAACTOGG GGATIOGACAG ACAATP3GGCA GTGCCAACCC ATAGGG¶FGGA TACAAAAGAC AGGCAAGGAA GGGGTAGAAC CkOATAAGAG iGATAGGCTG GTGACCCCAA
eple 37 ITTAGGCAGTG CCTAACTGGG GGATGGACAG ACAATCGGGCA GTOCCAACCC ATAGGGTGGA TACAAAAGAC AGGCAAGGAA GGGGTAGAAC CATCAA?&GAG GAATAGGCTO GTGACCCCAA
eple 30 TITAGGCAGTG CCTAACTGGG GGATGGACAG ACAATGGGCA GTGCCAACCC ATAGGGTGGA TACA.AAGAC AGGCAAGGAA CGGGGTAGAAC CA¶IAAAGAG GAATAGGCTG GTGACCCCAA
kple 39 ¶TTAGGCAGTG CCTAACTGGG GGATGGACAG ACAATOGG(CA GTGCC-AACCC ATAGGGTGGA TACAAAAGAC AGGCAAGGAA GGGGTAGAAC CATCAMGAG GAATAGGCTG GTGACCCCAA
6Lple 40 rrITCAGCU U r 5 U 3 n ~ ~ fI h i~ nII U h i U GTGACCCCAA

9

1471 2750,

114o-i{CCTA CT GC GS3GATGGACA GACAATGGGCAGTGCCAACCCATA GGCY GOGAT ACAAAAGACAGGCAA G AA G TA GAACCATCAAA GAOGG AAT A466 CT

1455 2730

1451 27-21

Figure 2. Sequencing traces derived from three related individuals are aligned to show the reliability of calling heterozygous bases. The cycle sequencing reactions
of purified double-stranded SPRI purified PCR products were performed using AmpliTaq ES DNA polymerase (Applied Biosystems Division of Perkin Elmer, CA)
using dye-labeled -21 Ml 3 primers. The reactions were then run on an ABI 373A following the manufacturers protocols.

The SPRI PCR method binds DNA based upon size as shown
in Figure 1. This figure shows that for a 2 kb PCR product, the
final yield is 80-90% whereas the yield from a PCR primer <50 nt
in length is almost undetectable. We have shown previously that
the lower limit at which yields in excess of 80% are achieved is
200 bp, the maximum limit is in excess of 200 kb (BAC DNA
isolation).

Overall this solid-phase procedure is fast, simple and highly
automatable. Over the past year, this method has been used to
isolate >5000 PCR products for DNA sequencing, the majority of
which have been purified on our robotic systems. As shown in
Figure 2, the sequence data is of the highest quality, allowing the
identification of single base pair polymorphisms.
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