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Regulation of average length of complex PCR product
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ABSTRACT 10x ligation buffer (NEB), 4ul of 10 uM adapter (Fig. 2A),

4 ul of deionised water and ful (2—4 U) of T4 DNA ligase
(NEB). The ligation reaction was allowed to proceed for 16 h
at 16'C or 3 h at room temperature, then stopped by heating at
70°C for 10 min. The ligation mixture was diluted 10-fold in

A method to achieve the preference towards longer
products during PCR is described. The extent of this
preference can be adjusted by slight variation of the

PCR conditions. Being combined with the natural water and Jul of the dilution was taken for subsequent PCR in
tendency of PCR to amplify shorter fragments more a total volume of 20-3@l. The PCR mixture containedxl
efficiently than longer ones, it allows one to regulate Advantage KlenTaq Polymerase Mix with provided buffer
the average length of the complex PCR product over (Clontech), 20QuM dNTPs and an adapter-specific primer in
a very wide range to make it most suitable for further appropriate concentration. The cycling profile (18-22 cycles;
manipulations. The technique can be used for amplify- Hybaid OmniGene thermocycler, tube control mode) was:
ing any complex DNA sample. 95°C, 7 s; 65C, 20 s; 72C, 2 min for the distal primer and:

95°C, 7 s; 72C, 2 min for the proximal primer.

In the model experiment, when the original cDNA sample
INTRODUCTION was obtained by restriction endonuclease digestion, the protocol
In recent years the techniques for PCR amplification of longvas similar but did not include stages of polishing and phos-
DNA fragments advanced significantly, especially with thephorylation.
invention of enzyme mixtures for ‘long and accurate PCR’ (1).
fStlII, there is awell—}(nown tendency of PCR to a_mpllfy shor_’[erRESULTS AND DISCUSSION
ragments more efficiently than longer ones. This is especially
noticeable during the amplification of complex DNA mixtures principle of the method

containing more than one fragment. Such a situation arises durlnlg : " I
the preparation of amplified cDNA samples (2), during thelt Was observed that, under certain conditions, amplification

amplification of cDNA ends (3-5) and during PCR-basednVvolving a single primer (‘'single-primer PCR’) was Iess_ efficient
genome walking (6). In all of these cases the bias toward!®" Shorter molecules than for longer ones (7). This can be
shorter DNA fragments may pose significant problems duringXPlained by the following (Fig. 1): a DNA fragment being
subsequent cloning and analysis of the PCR product. To avofymplified by a single primer contains inverted terminal repeats
them, we developed a technique for introducing specific PCKITRS) corresponding to the primer sequence. Thus, in a single-

conditions favouring the amplification of longer products fromStranded form of this molecule its ends are represented by
a complex DNA sample. complementary sequences which tend to anneal to each other,

the process competing with primer annealing. Evidently, the
shorter the molecule, the higher the probability for its ends to
MATERIALS AND METHODS meet and anneal and, therefore, the stronger the competition.

For complex DNA samples obtained by PCR (for example, One specific case of a single-primer PCR should be mentioned
product of RACE or total cDNA amplification), the original Which is the situation leading to PCR-suppression effect (PS-effect;
PCR product was ‘polished’ by adding 4 U of T4 DNA 2,5,6). It occurs when the original ITR is about double the
polymerase to the completed PCR reaction (total volume 20length of the PCR primer. In this case, the intramolecular
30 pl) followed by incubation at 37C for 15 min. Then the annealing is so much more efficient than primer annealing that
DNA was purified using QIAquick Spin PCR purification kit the amplification becomes completely (or, for very long fragments,
(QIAGEN) and eluted with 10 mM Tris—HCI, pH 8.0 to obtain almost completely) suppressed. When the ITRs equal the PCR
the DNA in a final concentration of ~10 ng!/ Since the PCR  primer in length, several factors can be identified (except the
primers lacked 5'-phosphate groups essential for ligation, thiength of the fragment) which affect the final outcome of the
PCR product was phosphorylated. Purified DNA samplgl{8 competition. One of them is the GC-content of the ITR (and
was mixed with 1ul of 10x ligase buffer [containing ATP, therefore of the primer). When the ITR and primer are rep-
New England Biolabs (NEB)] andil (5 U) of T4 polynucleo- resented by an oligo-dT stretch with a 5'-heel, only the shortest
tide kinase. The phosphorylation reaction was allowed to profragments (up to 300-400 bp) are suppressed (7). Meanwhile,
ceed for 30 min at 3T, then stopped by heating at’@for  as we demonstrate in the present work, with a very G/C-rich
10 min. The ligation reaction was performed in the same tub&€fR and primer the suppression effect can be observed on
by adding the following components to the reactionullof  longer fragments as well. But the most crucial parameter of the
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Figure 2. Application of the proposed technique to the model system—
lambda DNA digested byindll. (A) Oligonucleotides used in this work.

(B and C) Amplification of the ligation mixture using distal and proximal
adapter-specific primers respectively. On both panels: lane M contains 1 kb
DNA ladder (Gibco BRL); lana/hll, the product of digestion (original DNA
sample); other lanes, products of amplification using the corresponding primer
in the concentration indicated above the langdy).

mostly self-annealing mostly primer annealing
suppressed amplification effective amplification

Figure 1. Schematic outline of the proposed method.
of the primer throughout the PCR and therefore true PCR-
suppression effect was expected, meaning that only very long
fragments could be amplified. The second variant involved
proximal adapter-specific primer (Fig. 2A): in this case after
single-primer PCR is primer concentration: its decrease shiftéhe first successful primer annealing and elongation the ITRs
the equilibrium towards intramolecular annealing and therefordyecame equal to the primer in length, and therefore less pressure
the lower the primer concentration, the more pronounced is th@n the shorter fragments was expected.
suppression. This parameter can be easily varied to regulate tk')?odel experiment
degree of suppression. )

Thus, by means of attaching the ITRs to the complex DNAWe tested the method on a model system using the DNA of
sample and amplifying it using a single ITR-specific primer inPhage lambda digested byndll (a set of fragments from ~200
different concentrations, the two opposite PCR preferences-0 4500 bp long) as a complex DNA sample whose average length
the ‘natural’ one towards shorter products and the introducey@S 10 be regulated. After the ligation of the pseudo-double-
one towards longer products—can be combined in differe trande_d adap}er, an gllquot of the I|g§tt|on mixture was put into
proportions. As we show here, by using this approach it i CR with a distal (Fig. 2B) or proximal (Fig. 2C) adapter-

; ecific primer in different concentrations. It was demon-

g?/se}sr;tabsigoerregﬁézte the average length of the PCR product ngﬁated that with distal primer only the longest bands of the
As for the way of attaching ITRs to a sample of DNA fragments pattern I(Ior_lger :[[Ean h~ 3.t5 Iﬁ) (?t"?m l?e ampl:cfle%cvl\éhlle é\"tr}[
the ligation of pseudo-double stranded adapter (2,6; Fig. 2 roxima’ primer the shorest imiing ‘ength of a produc

d h X | suitable f DNA | an be varied from ~0.6-0.8 to 2.5-3 kb. The correlation
seemed to us the most universal, suitable for any Sampi§enyveen the primer concentration and the degree of suppression is

The adapter is an equimolar mixture of two oligos of differentyy 4y the same in parallel experiments (data not shown), provided
length, the shorter being complementary to the 3' terminal pagh the adapter and primers have the same sequence. Thus, the
of the longer one. During the ligation reaction these 0ligosyata presented in Figure 2 can be used as calibration charts for

anneal to each other, forming a blunt end recognised by ligasgpoosing a primer and its concentration for a particular task
and the longer oligo becomes attached to the DNA fragment byaquiring length regulation.

its 3'-end (at both termini of the fragment). The shorter oneis =~
not ligated because it lacks a 5'-phosphate group (as well as tAgplications of the method

longer one). The DNA stretch complementary to the longegye found this simple technique especially useful in two particular
oligo is filled in’ by Taq polymerase at the beginning of sub- cases. The first one is a difficult situation during RACE, when
sequent PCR. the cDNA end amplification results in a number of specific
In our work we used the 48-base-long adapter. Such a larggoducts, of which only the longest one represents the complete
adapter length allowed us to test two possible variants of singlecopy. The presence of several 5'-truncated cDNA variants is
primer PCR. The first one involved distal adapter-specificquite common during 5-RACE of very long transcripts, and
primer (Fig. 2A): in this case the ITRs were double the lengthithey are the first to suffer from incomplete reverse transcription
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is usually too weak for excision and purification from the agarose
gel. The excision of the band followed by its re-amplification
also may not work well because the contaminating fragments,
which are much shorter, still would be preferentially amplified.
Meanwhile, with the help of our technique, the longest frag-
ments of this complex mixture can be easily obtained (Fig. 3A,
lane 1).

Another convenient application of the technique is the
preparation of amplified total cDNA for library construction
purposes. Despite the fact that contemporary techniques for
cDNA amplification produce samples with more or less natural
length distribution (2), there still can be the over-representation
of shorter cDNAs as a result of cloning of such samples,
because shorter fragments are more effectively ligated into
vector. Thus, the cDNA sample should be somewhat biased
towards longer cDNAs to obtain natural length distribution
upon cloning. This bias can be introduced by using our
technique (the variant involving proximal adapter-specific
primer), as is demonstrated in Figure 3B.

Figure 3. Applications of the described techniqua) Extraction of the longest
fragments from a complex RACE product. Lane M, 1 kb ladder (Gibco BRL);
lane 0, original RACE product (a planarian cDNA for C-type lectin protein), ACKNOWLEDGEMENTS
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In the PCR the proximal primer was used in QU8 concentration.
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