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ABSTRACT

Conditions for regenerating random amplified polymorphic DNA (RAPD)
markers using the polymerase chain reaction (PCR) were optimized for date palm
DNA. The importance of the optimization of this technique to obtain reproducible
RAPD patterns and it's applicability is discussed. Using date palm DNA it was
possible to identify adequate conditions for reproducible RAPD amplifications. The
standard reaction developed included: 25-30 ng of DNA extracted using a CTAB-
based protocol, 3 mM MgCI2, 0.4 IlM primer, 200 IlM of each dATP, dGTP, dCTP
and dTTP and with 0.5 U of PrimeZyme DNA polymerase per 25 IIIPCR reaction.

ADDITIONAL INDEX WORDS: Phoenix dactylifera, Optimization.

INTRODUCTION

RAPDs have been successfullyused in conventional DNA fingerprinting in plants
(Caetano-Anolles et al., 1991).However a commonly experienced problem with RAPD
analysis, is its poor reproducibility (e.g. Devos and Gale, 1992). Since the final product
is derived from exponential amplification of the template DNA, minor differences in
amplification efficiencies can result in large differences in the overall product pattern
and yield. It is therefore essential to optimize the PCR to obtain reproducible and
interpretable results. This is particularly important when RAPD is used as a diagnostic
tool.

The PCR conditions for RAPD analysis can be optimized by varying the many
components, namely, type and concentration of thermostable polymerase,
deoxynucleotide triphosphates, Mg2+ ions, primer and DNA template concentration,
and other reaction factors such as primer annealing, primer extension, denaturation time
and temperature. All these factors can influence a PCR reaction, and this is exacerbated
by the fact that not all processes and mechanisms involved in such reactions are as yet
understood fully (Wolff et al., 1993).

Here we report on investigations into several components of the PCR reactions
used for generating RAPD profiles from genomic DNA of date palm (Phoenix
dactylifera L.) with a view to developing a reliable fingerprinting method for variety
identification especially for evaluating plants at juvenile stages of growth.

MATERIALS AND METHODS

Plant materials

Date palm leaves used for DNA extraction were collected from an adult tree
(approximately 25 years old) of "Ahrdane" variety (accession Number 102 ) grown in
the INRA (Institut National de la Recherche Agronomique) experimental station of
Zagora, Morocco.
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Date palm DNAs and PCR materials

Date palm DNA was extracted from mature leaves using a CTAB based
procedure described earlier by Aitchitt et al. (1993). The integrity and concentration
of the DNA samples were detennined by agarose gel electrophoresis (on a 0.6%
agarose gel in TAE buffer; 1x TAE = 40 mMTris,40 mMglacialaceticacid, 1mM
EDTA) and ethidium bromide fluorescence using A.DNA as size and concentration
markers. The DNA concentrations were then verified by UV spectrophotometry.

PCR amplifications were carried out on a Techne PHC-3 dry bloc thennal
cycler in heat tolerant HiTemp polycarbonate plates (Techne, Cambridge, UK). The
standard 25 JlI PCR reaction mixture consisted of 50 ng of template DNA, 2.5 mM
MgCl2 I U thennostable DNA polymerase, 200 JlMdNTPs (of each dATP, dCTP,
dGTP and dTTP) with 0.4 JlM primer in Ix reaction buffer supplied with the
respective polymerases.

The different polymerases tested included Taq polymerase from Thermus
aquaticus (Promega, NBS), "Vent" polymerase from Thermus litora/is (New
England Biolabs), Tjl polymerase from Thermusjlavus (Promega) and "PrimeZyme"
from Thermus brockianus (Biometra)

The random 10-mer primers were purchased from Operon Technologies
(Alameda, California USA). A master mix of all the common components was
prepared and only the varying components were adjusted individually so that any
experimental error would be evenly distributed throughout all treatments. All the
reactions were carried out in duplicates, triplicates or repeated to estimate
experimental error. The reactions were assembled on ice and overlaid with
approximately 40 JlI of mineral oil to prevent evaporation. The standard PCR
conditions used for testing the different parameters consisted of a preliminary 4 min
denaturation at 950 C followed by 35 cycles of 1min at 940 C, 1 min at 350 C and 2
min at 72°C or 740 C (depending on the enzyme), using the fastest possible transition
between each temperature. The amplification finished with an incubation at 720 C for
10 min, followed by a 40 C soak until recovery.

Agarose gel electrophoresis

Amplification products were separated by electrophoresis on 2.0% agarose
gels in 1x TAE buffer at 30 V for 16h. The gels were stained with ethidium bromide
(0.5 Jlg/ml for 20 min with.shaking) destained in water (20 min) and visualised by
UV transillumination. The gels were photographed using the Polaroid MP4 camera
system and 665 film (with negative) for further interpretation and analysis.

RESUL TS AND DISCUSSION

The alterations in the different parameters tested had varying degrees of
influence on the RAPD patterns and its reproducibility. The relative importance and
effects of these parameters on RAPD amplification are presented and discussed
below.
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DNA concentrations

An efficient and robust protocol for RAPD analysis should be reasonably
resistant to variations in template concentrations. For most species of plants, good
results have been achieved using 50 to 100 ng in 50 IIIreaction mixtures (Caetano-
Annolesetal., 1991).

In our experiments identical profiles were obtained over a range of
concentrations of template DNA from 2.5 ng to 25 ng in 25 IIIreaction. However,
when the template DNA concentration was raised to 50 ng to 100 ng per reaction
extra low molecular weight bands appeared, although the relative intensity of the
other products was not affected. In contrastto someotherstudies(Williamset al.,
1990), experiments with date palm DNA showed that the limits to template DNA
were not narrow and that the patterns obtained were relatively constant even over a
40-fold difference in concentrations (Fig. 1). Similar observations have been reported
for chrysanthemum DNA where amplification was relatively constant between 1 and
500 ng template DNA (Wolff et al., 1993). These results suggested that DNA
quantification might not be critical or even necessary when a standard DNA
extraction and purification procedure is used with set amounts of fresh weight
tissues. This is particularly important when large numbers of samples have to be
analysed. The fact that small quantities of DNA are sufficient for PCR amplification
and that polysaccharides, which are common contaminants in DNA preparations, are
unlikely to affect the PCR reactions (Demeke and Adams, 1992), indicates that
RAPD analysis can be performed effectively using a mbre crude DNA preparation.
Such "minipreps" methods have been developed and reported as suitable for RAPD
analysis for other species such as rice and maize (Oard and Dronavalli, 1992),
Brassica napus (Deragon and Landry, 1992), Brassica oleracea (Kresovich et al.,
1992). A "miniprep" method was developed for date palm during the current study
that proved suitable for RAPD analysis. This extraction procedure was possible only
when the tissue used wassoft in vitro producedmaterial(resultsnot shown).It will
be useful to develop such a miniprep approach on mature date palm tissues which are
fibrous and rich in polyphenolics. This will enable the screening of large number of
samples from adult palms.

MgCl2 concentrations

Magnesium is an essential component of PCR reactions and affects the
quality of RAPD profiles obtained (Munthaly et al., 1992). It is known to affect
primer annealing and template denaturation, enzyme activity and fidelity and the
formation of primer-dimer artefacts (Saiki, 1988). Generally, increasing amounts of

Mg2+ will result in the accumulation of non-specific amplification products,
although insufficient Mg2+ will reduce the yield (Williams et al., 1993). The use of>
I mM MgCl2 has been reported to be generallynecessaryforgoodlevelsof DNA
amplification in bacterial and plant DNAs (Bassam et al., 1992). Typically MgCl2
concentrations range from 1-8mM in most RAPD analyses reported in the literature.
Concentrations as high as 5 mM have been used successfully in RAPD analyses of
plant species such as poplar (Castiglione et al., 1993). In the present study,
amplification products were detected when MgCl2 concentrations ranged from 0.5 to
6 mM. For example Figure 2 shows the result for one primer (OPIll) where the
number of detectable products increased from two (600 bp and 2 kb) at 1 mM to at
least six (from 300 bp to 2 kb) at 2.5 mM..From 4 to 7 mM, amplification of the
larger fragments decreased. Profiles obtained using 2.5 to 3.5 mM MgCl2 were
similar. Concentrations of 6 to 7mM of MgCl2 amplified only small molecular
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weight products (Fig. 2). MgCl2 concentration was therefore important for the RAPD
pattern obtained, but had only a minor influence on the yield of amplified DNA.
Similar observations have been reported in RAPD studies on other plants (e.g.
chrysanthemum,Wolffetal., 1993).

Thermostable polymerases and enzyme concentration

Since the initial use of a thermostable polymerase for PCR amplification
(MuIlis and Faloona, 1987), a large number of variants ofTaq (e.g. ampliTaq) and
thermostable polymerases from other organisms (e.g. Thermus brockianus, Thermus
flavus, Thermus litoralis, Thermus thermophilus, Thermococcus litoralis,
Thermotoga maritima) have been isolated and shown to be suitable for PCR
amplification of DNA. These enzymes have varying conditions for optimal
performance and amplification. The choice can also depend on the requirments of
the PCR experiment especially with respect to specificity, efficiency or fidelity
(reviewed by Cha and Thilly, 1993).

The major factors that governed our choice of enzymes were their availability,
potential efficiency and cost. The results obtained in the current study indicated that
all of the enzymes described in Materials and Methods amplified date palm DNA but
at different concentrations (results not shown). In the current study, 0.4 U of
PrimeZyme (Biometra) in a 25 ,.d reaction was sufficient for good amplification.
None of the other enzymes amplified at less than 1.5 U per 25 ~l reaction (data not
shown). For the primer OPI11 an increasing number of bands were observed with
increasing enzyme concentration and these bands were more distinct at concentration
above 2U in 25 ~l (Fig. 3). Devos and Gale (1992) reported a similar observation and
suggested that such extra bands were due to a non-specific amplification. Based on
our results, we opted to use PrimeZyme as the enzyme of choice in our standard
RAPD protocol. It must be pointed out that the efficiency of the same polymerase
can vary significantly depending on the nature of the target sequence, the primer
sequences, and the reaction conditions (Eckert and Kunkel, 1991). Therefore, the
efficiency of PrimeZyme reported here might not necessarily reflect the efficiency of
a different PCR that is carried out under different conditions.

Deoxynucleotide (dNTP) concentrations

The dNTP concentrations have often been reported as having little influence
on the patterns of DNA amplified. 100 to 200 ~M of each of the four nucleotides
have been quoted as being optimal for most reactions used in RAPD analyses
(WilIiams et al., 1990, Caetano-Anolles et al., 1991).

Figure 4 shows results with primer OPE20, where amplification products
were obtained using concentrations of 50 to 250 ~M dNTP. However, the profiles
and intensities of the products obtained were significantlyaffected. At 50 ~M, only
relatively small products « 1.6Kb)wereamplifiedandthe intensitiesof the bands
were poor. Similar results have been reported by Williams et al. (1993) where
concentrations < 100 ~M produced relatively fainter bands. With date palm DNA
extra bands of high molecular weight (>1.6 Kb) were amplified with increasing
concentrations of dNTPs. This also resulted in the concurrent loss of some of the low
molecular weight bands (between 300 bp and 1 Kb) and some of the weak
amplification products. The intensity of the higher molecular weight bands was
significantly greater at the highest concentrations (250 ~M). Based on the quality of
the amplification products (size, numbers, intensity), it would be tempting to use 250
flM dNTPs or more. However, it is known that dNTPs chelate magnesium and
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thereby change the effective optimal Mg2+ concentrations. Moreover high
concentrations of dNTPs increase the error rate of the polymerase; for instance,
millimolar quantities were found to actually inhibit Taq DNA polymerase (Gelfand,
1989). It is not clear if the observations in our experiments were a result of
interactions between dNTPs and MgCl2 resulting in a lower amount of available

Mg2+ and its effect on primer annealing.

Cycling parameters

The different PCR parameters, namely temperatures, durations and 'ramping'
of denaturation, annealing and extension steps, as well as the number of
amplification cycles can be altered to obtain optimal RAPD banding patterns. The
thermocycling conditions described in Materials and Methods and found to be
adequate for RAPD analysis of date palm DNA were arrived at either empirically or
based on product specifications provided by the suppliers.

The first 4 min at 95°C besides denaturing the DNA can also inactivate any
proteases that could still be in the DNA solution and would influence primer
extension reactions with PrimeZyme. This step does not affect the enzyme activity
because, PrimeZyme is highly thermostable (the halflife at 96°C is 2.5 hours). The
extension temperature of 72°C was as recommended by the manufacturer for optimal
activity of PrimeZyme. At this temperature, 2 rnin was sufficient for extension of
products up to 4 Kb. The annealing temperature set at 35°C was as recommended by
Operon Technologies. Annealing temperatures reported in the literature for arbitrary
short primers range from 34 to 36°C but can clearly be defined with more precision
depending on the melting temperature of each primer. Methods have been developed
to calculate the optimum annealing temperatures in a PCR reaction (Rychlik et al.,
1990). However these formulae are inaccurate for the short primers (c. 10 bases) used
in RAPD assay. Optimal annealing temperature for RAPD must consequently be
determined empirically. In the present study as little as 30 cycles of amplification
were sufficient to obtain amounts of DNA which could be detected by agarose gel
electrophoresis. The 35 cycles which were used in the standard amplification
protocol were chosen to minimize unspecific amplification products. Sampling of
PCR products has been recommended to be carried out during the exponential phase
(Cha and Thilly, 1993). This exponential phase of the reaction is defined as the
period during which the products accumulate in an exponential manner, beyond
which amplification often results in the production of unspecific bands. The
undesirable effects of over-amplification are presumably attributable to the fact that
as the number of cycles increases and more products are generated, some components
of the PCR could become limiting.

Conclusion

The reproducibility of RAPD amplification is known to be highly influenced
by experimental conditions (Devos and Gale, 1992; Wolff et al., 1993), but there is
usually a "window" through which reproducible results can be obtained (Bassam et
al., 1992; WiIliams et al., 1993). Using date palm DNA prepared using an earlier
procedure, it was possible to identify such a "window" for reproducible RAPD
amplifications. The standard reaction developed included; 25-30 ng of DNA
extracted using a CTAB-based protocol, 3 mM MgCI2, 0.4 J.1Mprimer, 200 J.1Mof
each dATP, dGTP, dCTP and dTTP and with 0.5 U ofPrimeZyme DNA polymerase
per 25 J.11PCR reaction. This powerful approach to detect polymorphism will provide
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a rapid molecular tool for various applications related to the molecular:,genetics
studies of the date palm.
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Figure 1. Effect of template DNA concentration on RAPD patterns.

Increasing amounts. of date palm DNA (CV Ahrdane) were amplified with primer
OPIl1 (5'ACATGCCGTG).

Lane C is a control with all the reaction components except template genomic DNA.
Lane M is a l-kb ladder size marker (BRL).

Figure 2. Effect of magnesium chloride concentration on RAPD patterns.

30 ng of date palm DNA (cv Ahrdane) were amplified with primer OPI11
(5'ACATGCCGTG). in reactions containing varying concentrations ofMg2+(0 to 7
mM).

Lane C is a control without template genomic DNA (2.5 mM MgCh). Lane M-lkb
ladder size marker (BRL).
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Figure 3. Effect of PrimeZymeconcentration on RAPD patterns.
30 ng of date palm DNA (cv Ahrdane) was amplified using primer OPIlI
(5'ACATGCCGTG) and the standard conditions described in Materials and Methods.
PrimeZyme polymerase (Biometra) was used at 0.4, I, 2, 3, and 4 unit per 2SJlI
reaction.

Each reaction was duplicated to estimate experimental error (except for 4U).
Lane CI and C2 are controls containing all the reaction components except either
template genomic DNA (Cl) or the enzyme (C2). Lane M-Ikb ladder size marker
(BRL).

Figure 4. Effect of dNTP concentration on RAPD patterns.
30 ng of date palm DNA (cv Ahrdane) was amplified using the standard conditions
described in Materials and Methods and four concentrations of dNTPs (50, 100,200
and 250 JlM). Lane M-Ikb ladder size marker (BRL).
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