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Abstract

The use of Randomly Ampliflied Polymorphic DNA (RAPDs) has continued to grow for the
last several years. A quick assessment of their use can be estimated by searching PubMed at the
National Library of Medicine with the acronym RAPD. Since their first report in 1990, the number of
citations with RAPD in them has increased from 12 in 1990, to 45 in 1991, to, 112 in 1993, to, 130 in
1994, to 223 in 1995, to 258 in 1996, to 236 in 1997, to 316 in 1998, to 196 to date (August 31) 1999.
The utilization of 10-mers for mapping or fingerprinting has many advantages. These include a
relatively low cost, no use of radioactivity, easily adapted to automation, requirement for very small
amounts of input DNA, rapid results, existing data bases for many organisms, and low cost equipment
requirements. In conjunction with a derived technology such as SCARs (sequence characterized
amplified regions), it can provide cost effective and thorough methods for mapping and fingerprinting
any genome. Newer methods based on microarray technology may offer powerful but expensive
alternative approaches in determining genetic diversity. The costs of arrays should come down with
time and improved production methods. In the meantime, RAPDs remain a competent and cost
effective method for genome characterizations.

1. INTRODUCTION

1.1. Randomly Amplified Polymorphic DNA (RAPD)

The use of Randomly Amplified Polymorphic DNA (RAPDs) has remained relatively
steady for the last several years. A quick assessment of their popularity can be measured by
searching PubMed at the National Library of Medicine with the acronym RAPD. Since their
first report in 1990, the number of citations with RAPD in them has gone from 12 in 1990, to
45 inl991, to, 112 in 1993, to, 130 in 1994, to 223 in 1995, to 258 in 1996, to 236 in 1997, to
316 in 1998, to 196 to date (August 31, 1999). Operon RAPD 10-mer Kits contain 10-base
oligonucleotide primers for use in genetic mapping [1] and DNA fingerprinting [2]. Operon
Technologies presently has 1,200 different 10-base primers in stock. The primers have been
used to generate polymorphic markers in many species including humans, mice, lettuce and
various bacteria. These primers are packaged in kits of 20 sequences each and are designated
"Kit A" through "Kit Z," "Kit AA" through "Kit AZ," and "Kit BA" through "Kit BH." The
sequences were selected randomly, with the requirement that their (G+C) content is 60% to
70%, and that they have no self-complementary ends.

1.2. Principle of technique

A single 10-base oligonucleotide primer is used to amplify genomic DNA. A DNA
amplification product is generated for each genomic region that happens to be flanked by a
pair of 10-base priming sites (in the appropriate orientation), which are within 5000 base pairs
of each other. Amplification products are analyzed by electrophoresis. Genomic DNA from
two different individuals often produce different amplification fragment patterns. A particular
DNA fragment which is generated for one individual but not for another represents a
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DNA polymorphism and can be used as a genetic marker. These markers are inherited in a
Mendelian fashion (1). In mapping studies, the segregation of these markers among the
progeny of a sexual cross can be used to construct a genetic map. In fingerprinting studies, the
banding patterns are compared directly to allow strain determination, usually without the need
to correlate band differences with particular properties.

2. METHODS

Each Operon 10-mer sample tube contains enough primer for approximately
1000 amplification reactions. Each 10-mer sample tube should be resuspended in sterile
water. For long term stability, we recommend that you subdivide each 10-mer sample into
several aliquots, dry each aliquot, and store at -20°C. Use clean disposable plasticware for all
transfers. The actual methods have not changed significantly in the last several years.

For DNA amplification, the following conditions are those originally recommended
by Williams et al. [1]: Amplification reactions are performed in a volume of 25 uL
containing 10 mM Tris-Cl, pH 8.3, 50 mM KC1, 2 mM MgCl2, 0.001% gelatin, 100 uM
each of dATP, dCTP, dGTP, and dTTP, 5 picomoles [resuspend in 1 ml of water, and use
1 uL per reaction] of a single 10-base primer, 25 ng of genomic DNA, and 0.5 units of Taq
DNA polymerase (Perkin Elmer Cetus). Amplification should be performed on a top
quality thermal cycler programmed for 45 cycles of 1 minute at 94°, 1 minute at 36°, and
2 minutes at 72°. Amplification products are analyzed by electrophoresis in 1.4% agarose
gels and detected by staining with ethidium bromide. Other published methods recommend
an annealing temperature between 33° and 35°.

Nadeau et al. [9] have recommended slightly different conditions than those of the
original procedure. They recommend the use of 25 picomoles of primer [resuspend in 200 JLXI

of water and use 1 ul per reaction] and 100 ng template (a 5-fold and 4-fold increase over
Williams' recommendations [1], respectively). These conditions may improve the
reproducibility of the results of this method.

3. RESULTS AND DISCUSSION

3.1. Number of amplification products

The number of different amplification products for each reaction depends upon the
primer sequence, the genomic sequence, and the genome size. Assuming that the priming
sites are randomly distributed throughout a genome, probability theory predicts that the

number of amplification products will be approximately 2.5 x 10"9 x G, where G is the size of
the haploid genome in base pairs. For example, lettuce has a haploid genome size of
approximately 2 x 109 base pairs, so the above formula predicts that a typical reaction should
yield between 5 and 10 bands, depending on the extent of genetic heterozygosity. This
prediction is in close agreement with actual results in lettuce obtained by Michelmore et al.
[5]. However, for much smaller genome sizes, such as that of E. coli (G = 4 x 106 base pairs),
the above formula predicts that most primers should generate no bands at all. Nevertheless,
several laboratories have reported multiple amplification products from prokaryotic DNA.
Such results can only be explained on the basis of mismatch between the primer and the DNA
template [1].
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The polymorphisms are caused by one to a few nucleotide changes in one of the
priming sites, insertions or deletion of DNA between priming sites, or rearrangements of the
DNA encompassing the amplified region. The RAPD technique usually calls for the use of
one 10-mer for each reaction, and this works well for most eucaryotic genomes. Some
investigators have been successful in utilizing two different 10-mers for the generation of
distinctive markers, and this is particularly true in organisms with small genomes (i.e.
bacteria). However, multiplexing with many 10-mer primers has not been very fruitful in
generating great numbers of polymorphic bands per reaction with most genomic DNAs.

3.2. Naming of primers and markers

In order to prevent ambiguity in the naming of primers from different sources, Operon
attaches the prefix "OP" to the names of all of its primers. For example, the fourth sequence
in Kit H is labeled "OPH-04." To refer to a specific polymorphic amplification product, we
recommend the convention used by Paran et al. [3], which is to add a subscript denoting its
size to the primer name. For example, an 800 bp amplification product produced by primer
OPAC-01 would be called "OPAC-Olgoo"

3.3. Troubleshooting

Not all amplifications products arise from perfect pairing between primer and DNA
template. Amplification products arising from mis-pairing may still be reproducible and may
be useful genetic markers. However, we suspect that these mismatched markers are more
sensitive to slight changes in the temperature cycle, so we strongly suggest using identical
amplification conditions when comparing results.

The DNA amplification method described above is unusual in that it uses very short
(10-base) primers, which have less specificity than longer primers. As a result, this method is
quite sensitive to small variations in the temperature cycle, particularly the annealing
temperature. Since the actual temperatures delivered to the tubes by different thermal cyclers
may differ significantly, it is often necessary to refine the recommended temperature program
in order to optimize this method to your particular thermal cycler. If no amplification products
are seen, it may be necessary to adjust temperatures downward. If too many products are seen,
it may be necessary to adjust temperatures upward.

Occasionally, a "smear" of amplification products is observed, and this may be
converted to discretely sized bands by adjusting the concentration of the polymerase, the
primer, or the genomic DNA.

It is important that your genomic DNA is relatively free of single strand breaks since
such breaks will prevent amplification. Treat your genomic DNA very gently to prevent
shearing. In particular, avoid repeated boiling or freeze-thawing of your genomic DNA
samples.

Although we have chosen oligonucleotide sequences, which do not have self-
complementary ends, some of our 10-mers are still capable of forming complicated secondary
structures, which can lead to the production of amplification artifacts. These artifacts tend to
appear only if one intentionally omits the genomic DNA to test a "reagent blank." These
artifacts have now been directly observed [10]. Fortunately, most artifacts are not produced
when genomic DNA is included.
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3.4. Uses in genetic mapping

Of those kits already tested, our customers report getting useful genetic markers from
about 50% to 98% of our 10-mer sequences, depending on the species. A variety of mapping
and fingerprinting strategies, which employ this technique have appeared in the scientific
literature and are listed below [1-10]. This technology has been reviewed by Rafalski et al.
[6]. The 10-mers have also been useful in generating information that can be utilised for other
mapping technologies. For example, diagnostic 10-mer amplification products can be
deciphered by DNA sequencing and this sequence information can be used for designing
longer sequence characterised primers that can be used in additional PCR reactions to
generate sequence characterised amplified regions (SCARs).

Other commonly used mapping procedures include restriction fragment length
polymorphism (RFLP), simple sequence repeats (SSR) and amplified fragment length
polymorphism (AFLP). RFLP is limited to yielding very few data points per reaction and the
original procedure involved the use of radiolabeled probes. SSR requires prior sequence
knowledge and yields a small number of data (3-10) per reaction. AFLP does not require
prior sequence knowledge and generates a higher number of data points per reaction.
However, the cost of an AFLP reaction is estimated to be $ 7.50 and the equipment needed to
effectively use this technology is in excess of $ 80 000.00. RAPD technology generates 4 to
15 data points per reaction, requires no prior sequence knowledge; but is limited to detection
of dominant markers. However, the cost of a RAPD reaction is substantially lower ($ 1.50)
than an AFLP reaction and does not require a large investment in capital equipment.

Other genetic methods that have been recently developed based on microarray
technology raise the hope of relatively cost effective methods for detecting single nucleotide
polymorphisms (SNPs), genotyping and strain identification. For a review of the microarray
technology see the supplement to Nature Genetics [11]. Identification of novel DNA variants
can be performed by printing high-density arrays composed of oligonucleotides. One can
construct a 'tiling' array to scan for a target sequence for each mutation by using overlapping
sequences. Each overlapping 25-mer in the sequence is covered by four complementary
oligonucleotide sequences that differ only by having A, C, G or T substituted in the central
position. An amplified product containing the expected sequence will hybridize best to the
expected target, whereas a sequence variation will alter the hybridization pattern. Such tilling
arrays have been used to detect variants in specific genes like p53 as well as viral geneomes
such as HIV. The approach has also been used for larger segments of DNA. For example
more than 2 Mb of genomic DNA was scanned for SNPs by using a set of more 100 tilling
arrays [12]. This offers powerful but not perfect methods to scan large segments of DNA for
polymorphisms. High throughput methods using these tilling arrays will detect homozygous
variants but may miss heterozygotes, so are by no means foolproof in detecting variants.
Other array designs can be used for performing genotyping analysis. Microarrays are
powerful but currently very expensive, however, mass production of arrays can substantially
lower their costs.

4. SUMMARY

The use of 10-mers for mapping or fingerprinting has many advantages. These include a
relatively low cost, no use of radioactivity, easily adapted to automation, requirement for very
small amounts of input DNA, rapid results, existing data bases for many organisms, and low
cost equipment requirements. The RAPD technique is not an end-all solution for mapping and
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should be thought as one of the tools than can be used. In conjunction with a derived
technology such as SCARS, it can provide cost effective and thorough methods for mapping
and fingerprinting any genome. Newer methods based on microarray technology may offer
powerful but expensive alternative approaches in determining genetic diversity. The costs of
arrays should come down with time and improved production methods. In the meantime,
RAPDs remain a compotent and cost effective method for genome characterizations.
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