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Abstract: Molecular marker techniques have been widely used for cultivar identification of
inbred date palms (Phoenix dactylifera L.; Arecaceae) and biodiversity conservation.
Isolation of highly pure DNA is the prerequisite for PCR amplification and subsequent use
such as DNA fingerprinting and sequencing of genes that have recently been developed for
barcoding. To avoid problems related to the preservation and use of liquid nitrogen, we
examined sterile sand for grinding the date palm leaves. Individual and combined effects of
sodium chloride (NaCl), polyvinylpyrrolidone (PVP) and lithium chloride (LiCl) with the
cetyltrimethylammonium bromide (CTAB) method for a DNA yield of sufficient purity and
PCR amplification were evaluated in this study. Presence of LiCl and PVP alone or
together in the lysis buffer did not significantly improve the DNA yield and purity
compared with the addition of NaCl. Our study suggested that grinding of date palm leaf
with sterile sand and inclusion of NaCl (1.4 M) in the lysis buffer without the costly use of
liquid nitrogen, PVP and LiCl, provides a DNA yield of sufficient purity, suitable for PCR
amplification.
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1. Introduction
Most of the plant DNA isolation methods including commercial kits require grinding of the plant
material in liquid nitrogen. By virtue of this, any tissue immersed in liquid nitrogen instantly becomes
brittle solid to facilitate crushing into powder, with an additional advantage of maintaining the tissue at
low temperature. However, the grinding step in liquid nitrogen may be omitted for soft, easy-to-grind
materials such as flower-petals [1]. Date palm (Phoenix dactylifera L.; Arecaceae), a long-lived
dioecious monocotyledon, plays an important socioeconomic role in the Middle East. Date palm leaves
are hard, fibrous and the extraction of genomic DNA from the leaves is difficult. To avoid the
problems related with the preservation and use of liquid nitrogen, acid-washed sand or glass powder
were used for grinding the leaves of date palm [2]. DNA has also been extracted using sand from many
genera of rain forest plant species [3]. In many small laboratories of developing countries, liquid
nitrogen is not always available. Storage and maintenance of liquid nitrogen is also difficult. The
highly versatile cetyl trimethylammonium bromide (CTAB) method has been used for the extraction of
DNA from various plant materials [4].
There are three main contaminants associated with plant DNA that can cause considerable
difficulties when conducting PCR experiments: polyphenolic compounds, polysaccharides and RNA.
Presence of phenolic pool like quercetin, isorhamnetin heterosides, (+)-catechin, (-)-epicatechin,
5-caffeoylshikimic acid (dactylifric acid) and its positional isomers (3-caffeoylshikimic acid and
4-caffeoylshikimic acid) that are present in the leaves of date palm [5] may interfere with the
successful isolation of PCR amplifiable DNA. Inclusion of sodium chloride (NaCl) with the lysis
buffer has been used for removing polysaccharides [6]. Likewise, polyvinylpyrrolidone (PVP) has been
recommended for removal of polyphenolic compounds [7] and lithium chloride (LiCl) for RNA [3].
Recently, a combination of NaCl, PVP and LiCl has been used with the CTAB method for the
isolation of genomic DNA from coniferous tissues (Taxus baccata) [8]. However, the individual
effects of NaCl, PVP and LiCl as well as their typical combinations have not been tested for optimal
isolation of genomic DNA from plant tissues. In this study, we have examined the individual and
combined effects of NaCl, PVP and LiCl in conjunction with the basic CTAB protocol. Our main
objective was to optimize a simple, inexpensive and rapid procedure for DNA isolation from tough
leaves (date palm) without compromising the yield and purity of DNA.
2. Materials and Methods
2.1. DNA Extraction
Fresh leaf of date palm (100 mg) was placed in a sterile mortar. Sterile sand (50 mg) and 500 µL of
lysis buffer (Table 1; lysis buffers A to E) were added separately to the sterile mortar. Leaf sample was
finely crushed using mortar and pestle and allowed to dry at room temperature for about 5 min.
Crushed leaf sample with sand (100 mg) was transferred into a 1.5 mL eppendorf tube. The same lysis
buffer (1,000 µL) that was used for grinding the leaf was added to the tube and vortexed briefly. The
tube was then kept in a water bath at 60 °C for 30 min. After mixing by brief vortex, the tube was
centrifuged at 9,500 g for 5 min. An aliquot of supernatant (200 µL) was transferred to a new tube,
taking care to avoid carryover of any dirt or debris. An equal volume (200 µL) of chloroform: isoamyl
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alcohol (24:1) was added and the tube was shaken gently top to bottom for 5 min followed by
centrifugation at 9,500 g for 5 min. The supernatant (200 µL) was transferred to a new tube and sodium
acetate (3.0 M; 20 µL) plus cold isopropanol (500 µL) were added gently and the tube was kept in the
freezer for 5 min followed by centrifugation at 11,500 g for 10 min. The resulting supernatant was
discarded and 500 µL of 70% cold ethanol was added and vortexed briefly. After centrifugation at
7,000 g for 5 min, the supernatant was discarded and the tube contents were air dried at room
temperature. DNA was eluted with 100 µL of TE buffer and kept at 4 °C for further use. Experiments
were conducted with 4 individual replicates.
Table 1. Constituents of lysis buffers (100 mL, pH 8.0).
Lysis
Buffer
A
B
C
D
E

Main components
Trizma (1.21 g) + Na2EDTA (0.4 g) + CTAB (2.0 g)
Trizma (1.21 g) + Na2EDTA (0.4 g) + CTAB (2.0 g)
Trizma (1.21 g) + Na2EDTA (0.4 g) + CTAB (2.0 g)
Trizma (1.21 g) + Na2EDTA (0.4 g) + CTAB (2.0 g)
Trizma (1.21 g) + Na2EDTA (0.4 g) + CTAB (2.0 g)

Additives
NaCl (8.12 g)
NaCl (8.12 g)
NaCl (8.12 g)
NaCl (8.12 g)

PVP ( 2.0 g)
LiCl ( 0.2 g)
PVP (2.0 g) + LiCl (0.2 g)

Trizma (Sigma-Aldrich), 2-amino-2-hydroxymethyl-1,3-propandiol [Tris(hydroxymethyl) aminomethane;
Na2EDTA, ethylinediamine-N,N,N2,N2-tetra-acetic acid disodium salt; CTAB, cetyl trimethylammonium
bromide; NaCl, sodium chloride; PVP, polyvinylpyrrolidone; LiCl, lithium chloride; -, no additives.

2.2. DNA Quantification
The purity and quantity of isolated DNA were determined spectrophotometrically
(GeneQuant-1300; GE Healthcare, UK). Optical density (OD) values at 230, 260 and 280 nm
were recorded.
2.3. RAPD-PCR Analysis of Isolated DNA
Ready-To-Go RAPD analysis beads (GE Healthcare, UK) were used for RAPD-PCR analysis. PCR
reaction mixture of 25 µL contained a single bead, 25 pmol of a single RAPD primer, 100 ng of
template DNA and sterile distilled water. The bead contained thermostable polymerase (AmpliTaq™
DNA polymerase and stoffel fragment, dNTPs (0.4 mM each), BSA (2.5 μg) and buffer [3 mM MgCl2,
30 mM KCl and 10 mM Tris, (pH 8.3)]. The primer used in this study was a 10-mer of arbitrary
sequence (5’-GTTTCGCTCC-3’; GE Healthcare, UK).
PCR reaction was performed using a Veriti thermal cycler (Applied Biosystems). PCR condition
included 1 cycle of 95 °C for 5 min, followed by 45 cycles of 95 °C for 1 min, 36 °C for 1 min and
72 °C for 2 min. A long (20  14 cm) 1.5% agarose gel using 1x TBE buffer containing 0.5 µg/mL of
ethidium bromide was used for electrophoresis purposes. Gel image was visualized using Proxima C16
Phi+ (Isogen Life Science) UV transluminator and Opticom (version 3.2.5, OptiGo) imaging system.
Gel image analysis and the sizes of RAPD bands were determined using 100 base-pair ladder
(GE Healthcare) and TotalLab (TL100 1D; version 2008.01) software. Only amplicons that occurred in
all replicate sample amplifications were used in the analysis.
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2.4. Data Analysis
OD values of DNA extracted by different lysis buffers were analyzed by ANOVA. Amplified
fragments of RAPD-PCR were scored as present (1) or absent (0). Only clear and major bands were
scored [9]. Pairwise comparisons based on the proportion of shared bands and bootstrap values
(1000 replications) were calculated using the program Free-Tree [10].
3. Results and Discussion
3.1. DNA Yield and Purity
Effects of different buffers on DNA yield and purity are illustrated in Figure 1. The results showed
that different buffers that we examined for the extraction of DNA provided significantly different
levels of yield and purity. DNA extracted with the buffers B, C and D produced a higher yield
compared with buffers A and E (Figure 1, upper panel). The ratio of ODs at 260 nm and 280 nm is
commonly used to assess the purity of DNA with respect to protein contamination, since proteins (in
particular, the aromatic amino acids) tend to absorb at 280 nm. The method dates back to 1942, when
Warburg and Christian showed that this ratio is a good indicator of nucleic acid contamination in
protein preparations [11]. A ratio of ~1.8 is generally accepted as pure DNA. If the ratio is appreciably
lower, it may indicate the presence of protein, phenol or other contaminants that absorb strongly at or
near 280 nm. We observed that the ratio of OD values at 260/280 nm were more or less similar (1.7 to
1.9) for all the buffers except buffer A (Figure 1, middle panel). A secondary measure of nucleic acid
purity is based on the ratio of OD values at 260 nm and 230 nm. The 260/230 values for pure nucleic
acid are often higher than the respective 260/280 values. Expected 260/230 values are commonly in the
range of 2.0–2.2. If the ratio is appreciably lower than expected, it may indicate the presence of
contaminants which absorb at 230 nm. Ethylenediaminetetraacetic acid (EDTA), carbohydrates and
phenol absorb near 230 nm. We found that OD values of 260/230 nm for DNA-extraction using buffers
B and D (1.8 to 1.9) were significantly different compared with the others (Figure 1, lower panel).
3.2. PCR Amplification
RAPD-PCR was conducted to examine the amplification of the isolated DNA by different lysis
buffers. DNA isolated by lysis buffers B, C and E showed satisfactory amplifications in PCR. The
fingerprint we obtained by using the DNA extracted by these buffers provided higher resolution than
those using buffers A and D which did not result in the expected PCR products (Figures 2 and 3). The
UPGMA tree constructed using the Jaccard method form the RAPD fingerprinting profile placed buffer
B, C and E in the same cluster and separated them from buffers A and D (Figure 3). DNA isolated by
using the lysis buffers B, C and E produced 9 clear bands whereas buffers A and D produced
2 (509 and 327 bp) and 6 (1225, 725, 400, 336, 327 and 243 bp) bands, respectively
(Figure 2). DNA isolated with buffers B, C and E shared the band of 1225, 986, 937, 894, 725, 400,
336, 327 and 243 bp. Therefore, these seem to be the typical fingerprinting bands of date palm
produced by the primer and PCR-conditions used for the experiment. DNA extracted with buffer D
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was lacking band 986, 937 and 894 bp bands. DNA isolated with buffer A shared only one band
(327 bp) with the other lysis buffers used in this study.
Figure 1. Effect of different lysis buffers (A, B, C, D and E) on DNA yield (i) and purity
(ii and iii) from mature date palm leaf. Bar represents standard error of the mean. OD,
Optical density; * Yield, F = 7.14, P = 0.002; ** OD value (260/280 nm), F = 41.54;
P = 0; *** OD value (260/230 nm), F = 15.77, P = 0; Values expressed by different letters
on the bars are significantly different (Tukey test, 5% level).
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Figure 2. RAPD-PCR product profiles of extracted DNA from mature leaves of date palm
using different lysis buffers. Lane M, 100 bp molecular weight marker; lanes A to E,
different lysis buffers. Arrow indicates the 800 bp position.

3.3. Effect of PVP, LiCl and NaCl
PVP has long been used to bind the polyphenolic compounds and LiCl for removing RNA [12]. In
general, PVP is used to purge polyphenols [7] and may promote precipitation of the phenolic
compounds [13,14]. PVP forms complex hydrogen bonds with polyphenolic compounds which can be
separated from DNA by centrifugation [7]. The presence of polyphenolic compounds was observed to
be reduced by using PVP in the DNA extraction procedure [15]. However, our study showed that
inclusion of PVP (buffer C) in the lysis buffer did not significantly improve the DNA yield or purity
compared with NaCl alone (buffer B) (Figure 1). However, RAPD profiles were similar for both the
buffers B and C (Figures 2 and 3).
In order to eliminate RNA from the extracts, LiCl has been used in lysis buffers to selectively
precipitate the large molecules of RNA. This selective precipitation is more advantageous than
RNAase treatment, in which the RNA is enzymatically degraded into smaller units, but not removed
from the extracts [3,16,17]. Our study showed that inclusion of LiCl (buffer D) did not differ from
inclusion of NaCl alone (buffer B) in terms of DNA yield and purity (Figure 1) and RAPD
fingerprinting results also showed that inclusion of LiCl (buffer D) in the lysis buffer provided less
resolution than inclusion of NaCl alone (buffer B) (Figures 2 and 3). Combination of PVP and LiCl
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(buffer E) in the lysis buffer produced less DNA yield and purity (Figure 1). However, RAPD results
were similar in buffers B and C (Figures 2 and 3). Among the contaminants, polysaccharides are
difficult to separate from DNA [18]. Polysaccharides interfere with several biological enzymes such as
polymerases, ligases and restriction endonucleases [19,20] and the removal of polymerase inhibitors
such as polysaccharides favors DNA amplification by PCR [6,15,21]. However, several polymerases
for PCR have hit the market in the last decade with typical advantages including robustness against all
kinds of inhibitors. Further studies are warranted to evaluate these polymerases for PCR amplification
of plant DNA.
Figure 3. UPGMA tree constructed using the Jaccard method showing the relationships
among isolated DNA using different lysis buffers based on RAPD profiles. Bootstrap
values (expressed as percentages of 1000 replications) >50% are shown at branch points.

This study showed that the addition of higher molar concentration of NaCl (1.4 M) alone (buffer B)
in the lysis buffer provided better yield and purity compared with the addition of PVP and LiCl (buffers
C, D and E) (Figure 1). Thus, the presence of NaCl in the lysis buffer seems to play an important role
for the yield of DNA, purity and PCR amplification as buffer A (without addition of NaCl) failed to
produce higher yield, purity and RAPD-PCR fingerprinting resolution (Figures 1–3). Inclusion of NaCl
alone in the lysis buffer provided significantly better results compared to the addition of LiCl and PVP
(Figure 1). High molar concentration of NaCl inhibits co-precipitation of the polysaccharides and DNA
[12]. Most of the polysaccharides remove effectively in a single high-salt precipitation at
1.0-2.5 M NaCl. However, at very high concentrations, such as 3.0 M NaCl, the salt precipitates out of
solution. NaCl (1.0 M) facilitates the removal of polysaccharides by increasing their solubility in
ethanol so that they did not co-precipitate with the DNA [6]. However, higher concentrations of NaCl
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(more than 2.5 M) were found to be more effective [15]. Presence of LiCl and PVP alone or together in
the buffer did not improve the DNA yield and purity compared with the addition of NaCl alone.
4. Conclusion
In conclusion, this study suggests that grinding of date palm leaves with sterile sand and inclusion of
NaCl (1.4 M) in the lysis buffer without the costly use of liquid nitrogen, PVP and LiCl, provides a
DNA yield of sufficient purity, suitable for PCR amplification and subsequent use.
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