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Utility of Ethidium Bromide in the Extraction from Whole Plants
of High Molecular Weight Maize DNA1
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ABSTRACT

A procedure is reported for the isolation of high molecular weight maize
DNA from whole plant tissue. Nuclei are isolated in the presence of
ethidium bromide from leaf, node, and tassel or endosperm tissues and the
DNA is extracted and purified. The resulting DNA has a double-strand
molecular weight of about 125 kilobase pairs and a single-strand molecular
weight of about 125 kilobases. The DNA is cleavable by a number of
common restriction endonucleases.

The extraction of high mol wt DNA from whole plant tissue
presents many difficulties (1, 3, 7, 8, 10, 12, 15, 19, 26, 33): plant
nucleases (16, 20, 21), phenolic compounds (18, 32), cell walls (4,
12, 16, 29), and polysaccharide material (5). In the approach used
here, the plant DNA is extracted from nuclei isolated in the
presence of EtBr2. The DNA has a mol wt of 90 to 170 kbp, is
relatively free of single-strand breaks, and is cleavable by a
number of restriction enzymes.

MATERIALS AND METHODS

Plant Material. Corn seeds (Zea mays, L), inbred line W22rr,
were obtained from the Minnesota Crop Improvement Associa-
tion. Four- to 6-week-old plants (about 60 cm high) were har-
vested. A 20-cm portion of the plant containing the five to seven
uppermost nodes, the tassel, and the whorl of young leaves was
cut into small slices, frozen in liquid N2 in the field, and kept at
-80 C. To obtain endosperm material, 22-day-old kernels were
collected, frozen with liquid N2, and stored at -80 C.

Restriction Endonucleases. The restriction endonucleases used
in this study were obtained from Bethesda Research Laboratories,
Rockville, MD.

Isolation of Nuclei. The frozen plant material (50 g) was sus-
pended in liquid N2 and powdered with a Waring Blendor. Three
cycles of grinding, I min each, were applied. The frozen powder
was transferred in small portions into 250 ml MNIB at 0 C, while
being continuously stirred. The MNIB contains 0.4 M sucrose, 20
mM Tris-HCI (pH 7.6), 2 mM CaCl2, 2% w/v purified gum arabic
(15), and 4 mm n-octyl alcohol; in addition, 2 mg/ml PVP (Sigma:
PVP-360) (18, 32) and 400 ,tg/ml EtBr (13, 27) were added before
use. All subsequent operations were done at 0 to 4 C. Usually the
iced slurry was infused for 5 to 10 min (at times, as long as I h)
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2 Abbreviations: EtBr; ethidium bromide; Kbp, kilobase pair; Kb, kilo-
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under a partial vacuum (50 cm Hg), and then ground in a
Brinkman Polytron at maximum speed. The homogenate was
filtered through a 60-,im stainless steel screen. The residue was
suspended in 150 ml MNIB, reground, and refiltered. The total
suspension was filtered twice through a 60-,im and then through
a 25-jin Nitex nylon mesh (Tekto Inc., Elmsford, NY). After
centrifugation in the HL-4 rotor of the Sorvall GLC-1 centrifuge
at 450g for 10 min, the pellets were saved; the supernatant was
recentrifuged. The pellets were combined and resuspended in 60
ml MNIB and centrifuged at 300g for 10 min (HB-4 rotor). The
pellets then were resuspended in 60 ml MNIB (without PVP and
EtBr) supplemented with 0.15% v/v Triton X-100 (MNIB +
Triton). The suspension was centrifuged at 300g for 10 min; the
pellets were collected, washed in 30 ml MNIB + Triton, and
recentrifuged. The pellet was suspended with 25 ml of a buffer
containing 0.2 M sucrose, 10 mm Tris-HCl (pH 7.4), 2 mm CaCl2
(nuclear suspension buffer) and recentrifuged at 300g for 10 min.
The nuclei pellet was collected and washed in 20 ml nuclear
suspension buffer and recentrifuged. This step was repeated until
a clear supernatant was obtained (at least twice). The nuclei were
finally resuspended in 20 ml nuclear suspension buffer, a sample
for nucleus count was taken, and the suspension was divided into
2-ml portions and stored at -80 C.

Nucleus Count. The nuclei were stained with acetocarmin (0.5%
w/v in 45% acetic acid) and counted in a hemacytometer.
DNA Extraction. The nuclei were thawed, centrifuged, and

resuspended to give a concentration of 1 to 5 x 107 nuclei/ml. To
6 ml of the nuclei suspension, 4 ml 5 M NaCl were added. The
iced nuclei then were lysed by addition of 10 ml ice-cold buffer
containing 10 mM Tris-HCl (pH 8.5), 0.5% (w/v) SDS, 10 mm
Na2-EDTA, 10 mm NaCl and 200 jig/ml Proteinase K (E. Merck,
Germany). The suspension was kept on ice for 15 min and mixed
gently. The tube then was wrapped in aluminum foil and trans-
ferred to a 37 C incubator for 1 h, after which the sample was
slowly drawn into a 10-ml pipette about five times and then
rocked for 3 to 4 h at 37 C. The nuclei lysate then was transferred
to a prewashed, sterile dialysis bag and dialyzed overnight at 37 C
against 0.1 M NaCl, 20 mm Tris (pH 8.5), 1 mm EDTA (alkaline
buffer). The digested lysate was centrifuged at 20,000g for 20 min
at 0 C in an RC2-B Sorval centrifuge to remove most of the starch
grains and some of the polysaccharides. If there was a large
amount of starch, this step was repeated. The supernatant then
was placed in a conical glass tube and deproteinized for 15 min
with an equal volume of alkaline buffer-saturated phenol (v/v) at
room temperature. The mixture was slowly rocked to ensure
mixing. A volume of chloroform-isoamyl alcohol (24: 1, v/v) equal
to that of the phenol was added and the sample was extracted
again. The mixture then was centrifuged. Usually little if any
interphase was present. The upper phase was re-extracted as
above, twice more with chloroform-isoamyl alcohol alone, and
then chilled on ice and extracted at least six times with ice-cold
ethyl ether. The ether was evaporated and the A was measured at
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260, 280, and 230 nm. The concentrations of DNA were usually
in the range of 20 to 40 I.g/ml (this is equal to 30-40 .tg DNA/g
frozen tissue). The DNA samples for agarose gel electrophoresis
were dialyzed against 10 mm Tris (pH 7.4), 1 mM EDTA. The
DNA samples contained variable amounts of RNA.
DNA Extraction from 22-Day-old Kernels. The Pitout and

Potgieter method (29) was used with a few modifications. The
frozen kernels were ground in liquid N2 in a Waring Blendor for
2.5 min. The N2 was allowed to evaporate and the powder was
transferred to 3 x volume of buffer containing 1% (w/v) SDS, 0.1
M Tris (pH 9), and 5 mM EDTA supplemented with I M NaCl.
The slurry was filtered through a 120- and a 52-,um stainless steel
mesh. The filtrate was centrifuged, phenol extracted, and precip-
itated by ethanol as described by Pitout and Potgieter (29).

Electrophoresis. Horizontal slab gels were formed and run
essentially as described by Fangman (6). Seakem HGT(P) agarose
(Lot 10439 M.C., FMC Corp.) was used for gel concentrations of
0.10 to 0.25% (w/v), and Sigma agarose for higher percentage
agarose gels. The neutral electrophoresis buffer commonly used
contained 36 M Tris base, 3 mM NaH2PO4, 25 mm Na2EDTA (pH
7.8) and 0.5 ,ug/ml EtBr. The alkaline buffer for denatured DNA
contained 30 mM NaOH, 2 mM EDTA (24). The DNA was
denatured in 0.3 N NaOH. Samples of 30 t,l were loaded slowly
into wells and contained 10 mm Tris-HCl (pH 8), 10 mM
Na2EDTA (pH 8), 10% glycerol, and 0.016% (w/v) Bromocresol
green. Electrophoresis was carried out at room temperature at a
constant voltage (0.5 v to 1.0 v/cm for neutral gels, or 0.5 v to 2.0
v/cm for alkaline gels). The alkaline gels (run without EtBr) were
neutralized by soaking for about 2 h in 0.5 M Tris (pH 7),
containing I ,tg/ml EtBr. The gels were photographed with Pola-
roid 665 P/N film by using a shortwave UV illuminator (264 nm)
and a Wattern No. 23A filter, and the relative mobilities of the
various DNAs were determined (6, 24).

FIG. I. Neutral agarose gel of maize DNA purified from nuclei that
had been isolated in the presence or absence of EtBr. The samples of DNA
loaded in lanes 3, 4, 5, and 6 had been isolated with the use of EtBr; the
amounts of DNA loaded were about 30, 60, 90, and 120 ng, respectively.
The samples of DNA loaded in lanes 8, 9, 10, and 11 had been isolated
without the use of EtBr; the amounts of DNA loaded were 30, 60, 90, and
120 ng, respectively. Lanes I and 13 contain a mixture of 25 ng A DNA
and about 100 ng A DNA digested with Bam HI. The load for lane 2
contained a mixture of about 100 ng T5 DNA, 30 ng A DNA, 30 ng T7
DNA, and 100 ng A DNA cut with Bam HI. The load for lane 12 is similar
to lane 2 but did not contain A DNA. The size of the phage DNA standards
are 115 kbp for T5 DNA (11), 49 kbp for A DNA (2, 28), and 40 kbp for
T7 DNA (24). The A DNA cut with Bam HI was not heated and, therefore,
contains fragments of length 17.4, 12.3, 7.3, 6.5, and 5.5 kbp (9).

RESULTS

Extraction of DNA from Leaf, Node, and/or Tassel Tissues.
The utility of EtBr for the extraction of high mol wt DNA from
whole corn plant tissue was studied by conducting parallel exper-
iments in which nuclei were isolated from plant node, tassel, and
leaf tissues with or without EtBr present in the nuclei isolation
solution. To determine the mol wt of the native extracted corn
DNA and whether it contained large numbers of single-strand
breaks, the DNA preparations were analyzed on neutral and
alkaline agarose gels and sucrose gradients. Figure 1 shows a
neutral gel which compares the mol wt distribution of native corn
DNA isolated from nuclei isolated in the presence of EtBr (lanes
3 to 6) with that of DNA from nuclei isolated in the absence of
EtBr (lanes 8 to 11). Figure 2 shows an alkaline gel of the same
DNA preparations (lanes 3 to 5, with EtBr; lanes 6 and 7, without
EtBr). The results (Fig. 1) indicate that the native corn DNA
isolated in the presence of EtBr consists almost entirely of mole-
cules larger than 100 kbp (ranging from 90 to 170 kbp). The upper
molecular size was checked by other agarose gel runs with T4
DNA (171 kbp; ref. 14) as a marker (data not shown). In contrast,
the DNA isolated in the absence of EtBr appears to be very
heterogeneous in molecular weight (ranging from 10 to 140 kbp).
The fast-moving band in the corn DNA lanes in Figure 1 repre-
sents RNA that was present in these preparations.

Electrophoresis of denatured DNA in alkaline agarose gels can
be used to determine the mol wt of single-stranded DNA (24).
The single-stranded DNA extracted from nuclei isolated in the
presence of EtBr (Fig. 2, lanes 3 to 5) appears to be more uniform
and have a higher mol wt than DNA extracted in the absence of
EtBr (Fig. 2, lanes 6 and 7). The molecular size of the major
portion of the denatured DNA molecules exceeds 100 kb (Fig. 2,
lanes 3, 4 and 5) and the modal value of the distribution is 100 to

FIG. 2. Alkaline agarose gel of maize DNA. The samples of denatured
DNA loaded in lanes 3, 4, and 5 represent portions of the DNA shown in
lanes 3 to 6 of Figure 1 and had been isolated with the use of EtBr; the
amounts of DNA loaded were about 500, 1,400, and 2,100 ng, respectively.
The samples of DNA loaded in lanes 6 and 7 represent portions of the
DNA shown in lanes 8 to 11 of Figure 1 and had been isolated without the
use of EtBr; the amounts of DNA loaded were 500 and 2,100 ng, respec-
tively. Lane I contains denatured A DNA (about 200 ng) and lane 2
contains denatured T7 DNA (about 100 ng) as size standards.
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150 kb. The upper mol wt range was checked by other agarose gel
runs by using T5 DNA (115 kb, ref. 11) as a marker (data not
shown). In contrast, the mol wt of the single-stranded DNA
extracted from nuclei purified in the absence of EtBr were much
smaller (having a modal value of 20-40 kb) and were heteroge-
neous in size (Fig. 2, lanes 6 and 7). DNA isolated from corn
nuclei in the presence or absence of EtBr was also analyzed by
neutral and alkaline sucrose gradient centrifugation. A DNA (49
kbp; Refs. 2 and 28) was used as a standard. Most of the duplex
corn DNA isolated in the presence of EtBr had mol wt greater
than that of A DNA and ranged in size from 90 to 170 kbp. The
single-stranded corn DNA had a similar range of lengths, 90 to
170 kb.
These results were affected by alterations in the extraction

procedures. A key factor affecting the degradation of DNA iso-
lated in the absence of EtBr appears to be the time used to infuse
the cell fragments and purify the nuclei. The results shown in
Figures 1 and 2 were for cell fragments infused for 1 h at 0 C in
the absence of EtBr. By shortening this time to about 10 min,
much higher mol wt native DNA was obtained, almost the size of
the DNA extracted in the presence of EtBr. However, this DNA
contained a large number of single-strand breaks. There were a
few molecules as large as 110 kb but most were much smaller; the
modal value was below 45 kb. In contrast, lengthening the time of
infusion and/or nuclei isolation to I h did not seem to affect
markedly the mol wt of the DNA obtained from nuclei isolated in
the presence of EtBr.

Extraction of DNA from Kernels. Most of the native DNA
isolated from kernels (29) without the use of EtBr had a size
greater than 50 kbp; the range was from 20 to 115 kbp. After
denaturation by alkali, the average size of the single stranded
DNA molecules was only 30 kb and heterogeneous. This indicates
that the DNA preparation contained numerous "nicks" or breaks.
Pitout and Potgieter (29) had not characterized the single-strand
mol wt of their preparations.
Most of the DNA isolated from kernels in the presence of EtBr

was comparable in size to both the native and the single-stranded
DNA from the other tissues.

Restriction Endonuclease Cleavage of DNA. An important
requirement for the work here is that the DNA be cleaved by
restriction endonucleases (30). Eco RI, Bam HI, Sst I, Xba I, and
Bst I all showed complete digestion of the purified DNA asjudged
by the general size range of the DNA fragments and the number
and sizes of the rDNA fragments (D. Benton, unpublished data
on the restriction map of the rDNA region of maize). To detect
the rDNA fragments, the digests were transferred to nitrocellulose
(31) and hybridized with radioactive rRNA. In addition, asjudged
by the size range of the DNA fragments produced, Hinc II, Hind
III, Hpa II, and Alu I also appeared to digest the DNA prepara-
tions used here to completion.

DISCUSSION

The presence of EtBr during extraction of nuclei appears to
yield higher mol wt DNA. Ethidium bromide is known to inhibit
nuclease activity (13, 27), possibly by distortion of the helix (17).
This protection is especially important in preventing nicks or
breaks in the strands of the DNA duplex. This ability of EtBr to
protect the single-strand integrity of DNA appears to be inde-
pendent of the plant tissue used, at least for the four general types
of tissue used.
The DNA extracted from these purified nuclei that had been

isolated in the presence of EtBr has a double-strand mol wt of
about 125 kbp. In contrast, DNA isolated from nuclei prepared in
the absence of EtBr has a very heterogeneous mol wt, ranging
from 100 to 10 kbp with the major portion of the molecules being
less than 50 kbp in length. The purified DNA appears to be stable
during storage at 4 C for at least 6 months.
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The yields of nuclei obtained by this procedure range from I to
1.5 x 107 nuclei/g of frozen powdered leaf, node, and tassel tissue
which is in the range obtained by others (4, 15). The over-all
recovery ofDNA from the purified nuclei is estimated to be about
25 t 30% of the DNA in the powdered tissue. The amount of
RNA in our preparations varies from 5 to 15% by weight.
Our purified DNA is suitable for analysis by cleavage with a

number of restriction enzymes. These include Eco RI, Bam HI,
Sst I, Bst I, Xba I, Hinc II, Hind III, Hpa II, and Alu I. Other
restriction enzymes (e.g. Pst II, Sal I, Hae II, Hha I, Sma I, and
Xho I) did not appear to digest the DNA to completion at the
concentrations of enzymes used (1-3 units/[sg DNA; 1 to 3 h).

Ethidium bromide plays an important role in these experiments.
Precautions similar to those used for the handling of phenol were
used here, i.e. the grinding was done in a hood, gloves were worn,
and no pipetting was done by mouth. McCann and coworkers (23)
using the Ames test have reported EtBr to be a potent mutagen in
the Salmonella/microsome mutagenicity test. McCann and Ames
(22) strongly suspect that ethidium may be an animal carcinogen,
urge caution in its use, and suggest the use of propidium diiodide.
There is, however, no indication of in vivo animal or human
carcinogenicity of EtBr. McKinnell (25) has developed a dominant
lethal test for the determination of mutagenicity in which frogs
are used as the test animals. This test showed no statistically
significant effects of EtBr in the first generation offspring. When
compared to triethylene melamine, a known carcinogen, EtBr in
an approximately 1,000 times higher dosage (10 mg/kg) failed to
produce significant mutations (R. G. McKinnell, personal com-
munication).
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