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Detection and visualisation of nucleic acids is integral chimera anneals and extends
to genome analyses. Exponential amplification pro-

. . . P-fTSP 2nd cycl
cedures have provided the means for the manipulation Ompocne template specific

primer extends and

of nucleic acid sequences, which were otherwise

. . . |_|§ - ESSSS  incorporates the

inaccessible. We describe the development and P /TSP complementary universal

application of a universal method for the labelling of primerseduence

any PCR product using a single end-labelled primer. LUP 3rd to final

Amplification was performed in a single reaction with E > == Abundant lablled univera

the resulting amplicon labelled to a high specific complementary binding sites

activity. The method was adapted to a wide range of Figure 1. Schematic representation of the method for universal primer labellin
PCRs and significantly reduced the expense of such ongNA émpliﬁcation pF;oducts. Thin lines are newly synthesisgd DNA whileg
analyses. the thick lines depict template strands. Only one strand of the genomic DNA is

. hown in the first cycle. During the first cycle the universal primer
At present, there are several methods for the amplification of DNéequence-template specific primer (UP-fTSP) is incorporated. The comple-

and RNA. Constant to the myriad of protocols and applicationsnentary sequence to the UPS (cUP) is synthesised during the second cycle via
of nucleic acid amplification technologies, however, is the labellingehain extension from the opposing template specific primer (rTSP). Successive
of amplified DNA sequences. Labelling of DNA fragments, for cycles of PCR afford the annealing and incorporation of the labelled universal
successive visualisation, is achieved using a variety of stains or i™e" (UP)
the incorporation of fluorescent, luminescent, radioactive or other-
wise chemically modified nucleotides. Alternatively, the newlyany sequence found in current DNA sequence datal#aséhkié
synthesised DNA is labelled as a result of incorporation’ of Fesign eliminated non-specific cross-reactivity with the target
end-labelled, specific oligonucleotide primers. Primer labellinggenome. PCR product labelling was achieved by including the
as opposed to direct incorporation, has been shown to be mdabelled primer sequence as a chimeric extension on one of the
useful for the specific labelling of DNA amplification productstwo genome specific primers (Fitj). During the first cycles of
(1). In particular, the primer labelling of DNA amplification DNA amplification the genome specific-labelling primer sequence
fragments is widely practised for the analysis of microsatellite archimera is incorporated intde novosynthesised DNA. The
other tandemly repeated sequences of eukaryotic genomes. Automplementary sequence to this chimera being the template for
mated fragment analysis, based on the detection of fluorescent dytes, actual 5end-labelled primer. High levels of labelled primer
enables the rapid screening of sequence polymorphisms at multipleorporation were achieved by limiting the quantity of chimeric
genomic loci. Intrinsic to these analyses are the specific primepsimer to between 1/10th and 1/1000th that of the labelled
which flank variable repeats and other polymorphic sequencedigonucleotide. Essentially, the chimeric primer was only
The expense, however, of producing a new, fluorescently-taggeshjuired for the initial introduction of a priming site into the target
primer for each of the thousands of potentially informative loci igenome sequence for the successive labelling reactiori @igls
prohibitive. We have designed and developed a single, universs).
priming system for the highly specific labelling of DNA amplifica- To illustrate the feasibility of this method we have radioactively
tion products. In addition to the application to high resolutiorfFig. 2B) and fluorescently (FIi®A—F) labelled a human (CA)
genome mapping, this method was applied to the sensitive argbeat. An amplification product of the cyanobacterial phycocyanin
automated detection of other polymorphic sequences, includingne was also labelled and the profile of partial restriction digest
RFLPs. fragments determined (Fi@G). In addition, the phycocyanin
The procedure we describe is based on a triplex-primed PCgene was labelled via prokaryaticsituPCR (data not show8).
employing two genome, or template, specific primers and a thidonditions for the described PCRs were not altered from
labelled, universal primer. The labelled primer could be designetfeviously described conditions) (other than the addition of a
to have a unique sequence, exhibiting insignificant homology thimeric primer at reduced concentrations and the third, labelled
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Figure 2. Effect of altering the ratio of template specific-labelling primer
chimera to a universal labelling primeA)( The quantity of amplified "160 180 '200 220 240 ‘260 280 300 330 340 3o 30 40 420 440 4do
phycocyanin gene (30 cycles) from the cyanobactekilicrocystisSNIES111
(4) using 10 pmol forward primer (BL with 1 pmol reverse chimera s 2000
(PCaURP) and 10 pmol labelling primer (URP) (lane 2), 1 pmakBRP and
no URP (lane 3), 0.1 pmol BORP and no URP (lane 4), and 0.1 pmol 1000
PCoURP and 10 pmol URP (lane 5). URP is the universal reverse sequencing
primer labelled with TAMRA (ABI, Foster City, CA). Lane 1 is the molecular

weight markerpX174Hadll (Boehringer Mannheim, Germany) and the 2%
agarose gel in TAE was stained with ethidium bromiBIrfcorporation of
[a-32P]dATP end-labelled URP into the microsatellite locus D18S363 (GDB  Figure 3. Automated electrophoresis and detection of universal primer labelled
number 195027) from a heterozygous individual. Twenty pmol of forward PCR fragmentsA), (B) and C) Amplicons of the (CA) dinucleotide repeat
primer (D18S363F) combined with 20 pmol (lane 1), 2 pmol (lane 2) and 0.2 Jocus D18S363 (GDB number 195021),((E) and £) Amplicons from the
pmol (lane 3) of the reverse chimeric primer (D18S363R-URP) and 20 pmol same three individuals at the (GAJinucleotide repeat locus D7S435 (GDB
of end-labelled URP. number X54566). Primer ratio used was 1:10 (forward chimeric primer:reverse
primer) with incorporation of the universal forward primer end-labelled with
TAMRA (ABI). (G) Selective partial digest of the phycocyanin amplicon (4)

primer. Thermal cycling parameters were not altered in reponsfE T EE e e e chimencaniversal
to the mc_r_easeﬁim .Of t.he chimeric template-specific primer an_d primer rgtio of 1:10. The uni\)//ersal primer was labelled with TAMRA (ABI).
non-specific amplification products were absent from the describegragment sizes, in bp, are indicated for each peak.
applications.

Therefore, instead of obtaining a new fluorescently labelled set
of primers for each new loci of interest, two unlabelleled primergyanobacteria anih situ PCR in biofilms of heterotrophic
were synthesised, specific to the genome sequence, with dfigcteria. Further potential applications include the labelling of
primer extend_ed to contain the_umversal priming adapter sequenpiNA generated by RAPD-, RFLP-, capture, and in-cell PCRs, as
Universal primers, as described here, may be any arbitrafyell as sequencing reactions.
sequence which is compatible with the PCR conditions employed
and not being present within the template genome’s DNA sequenf&&CKNOWLEDGEMENTS
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product labelling %), necessitates a single PCR with no
interruptions to the cycling programme.
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