JOURNAL OF NEMATOLOGY

VOLUME 20

JANUARY 1988

NUMBER 1

Journal of Nematology 20(1):1-8. 1988.
© The Society of Nematologists 1988,

DNA lIsolation and GC Base Compositio‘n’ of Four
Root-knot Nematode (Meloidogyne spp.) Genomes'

E. C. PaBLEO, A. C. TRIANTAPHYLLOU, AND W. E. KLOOS?

Abstract: Phenol extraction and cesium trifluoroacetate ultracentrifugation were compared for
efficiency in the extraction of DNA from eggs and second-stage juveniles of four species of Meloi-
dogyne. The second method proved to be more satisfactory in that it yielded larger amounts of DNA,
shortened the extraction period, and reduced sample handling by eliminating phenol and ether
extraction and RN Ase treatment. It also made possible the extraction of DNA: from more than one
sample at a time. The mean base compositions (% GC) of the total DNA of M. incognita, M. javanica,
M. arenaria, and M. hapla, as determined by thermal denaturation tests, were quite similar, as they
ranged only between 31 and 33%. Similarly, the thermal stability of the DNA of all four species

covered a narrow range from 82.97 to 83.63 C.
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The root-knot nematodes, Meloidogyne
spp., constitute one of the most important
groups of plant-parasitic nematodes. They
cause substantial damage to most agricul-
tural crops. An effort has been made dur-
ing the last 10 years to understand better
the root-knot nematodes through exten-
sive studies of their biology, taxonomy, cy-
togenetics, biochemistry, and other as-
pects. The International Meloidogyne
Project (IMP) has played a considerable role
in this effort (28). A large number of pop-
ulations originating from many parts of the
world have been critically compared with
regard to their morphology, host prefer-
ences, mode of reproduction, chromosome
numbers, and various isoenzyme systems
(10-12,14,32,33). Investigations on such a
large scale have demonstrated extensive bi-
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ological diversity among root-knot nema-
todes, which undoubtedly is an expression
of the changes that have occurred in their
genome.

In this paper, we report our initial at-
tempt to investigate the root-knot nema-
tode genome at the molecular level. We
have compared two methods of DNA iso-
lation: phenol extraction and cesium tri-
fluoroacetate (CsTFA) ultracentrifuga-
tion. Further, we have determined the base
composition and thermal stability (Tm) of
the DNA of single populations of four Me-
loidogyne species.

MATERIALS AND METHODS

One population of each of the four most
common root-knot nematode species—i.e.,
M. incognita, M. javanica, M. arenaria, and
M. hapla—was used in this study. Species
identifications were made on the basis of
morphology (9), host range (27,31), en-
zyme phenotypes (11), chromosome num-
ber, and mode of reproduction (83). Stock
cultures of each population were main-
tained on tomato (Lycopersicon esculentum
Mill. cv. Rutgers) grown under normal
greenhouse conditions. Each population
was periodically propagated on about 30
plants for the harvest of large numbers of
eggs. Roots with mature egg masses were
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harvested 65-70 days after inoculation.
The eggs were dislodged from the roots
by clorox extraction (15), and the resulting
egg suspension was passed through a series
of 200-mesh and 500-mesh sieves. Eggs
were further separated from the remain-
ing plant and soil debris by centrifugation
in a 20 and 40% (w/v) stepwise sucrose
(nonreagent grade) gradient at 1,250 g for
15 minutes. They were thoroughly washed
on a 500-mesh sieve to remove the sucrose,
concentrated by gravity sedimentation at
4 C, and stored in 1-ml portions in labeled
vials at —20 C.

Phenol extraction of DNA: Phenol extrac-
tion was patterned after the methods em-
ployed by Marmur (20) and Kirby (17), as
modified by Emmons et al. (8). Frozen eggs
were ground to a paste in a mortar with
pestle. One to two milliliters of extraction
buffer (0.1 M Tris, 0.1 M EDTA, 0.2 M
NaCl; pH 8) was added to the paste and
the suspension was refrozen in the mortar.
The frozen material was scraped lightly
with a rapid motion using a metallic spat-
ula, reground, mixed with 1-2 ml extrac-
tion buffer, and refrozen. This procedure
was repeated three times to ensure suffi-
cient disruption of the eggshells and the
cuticles of juveniles of embryonated eggs.
Sodium dodecyl sulfate was added to a con-
centration of 4% (w/v), and the suspension
was incubated for 3 hours at 37 C with
occasional agitation. To further lyse the
cells, proteinase K was added to a concen-
tration of 200 ug/ml, and the suspension
was incubated for another 30 minutes at
50 C with occasional agitation.

Phenol extraction was done by mixing
an equal volume of the suspension with
redistilled phenol saturated with the ex-
traction buffer and centrifuging the mix-
ture at 4,600 g in a fixed angle rotor head
for 5 minutes at 4 C. The upper aqueous
phase was subjected to two more cycles of
phenol extraction, and the remaining
phenol was removed by three cycles of di-
ethyl ether extraction. This was done by
mixing the aqueous solution with an equal
amount of ether and then centrifuging for
5 seconds at 324 g. Excess ether was re-

moved by gently blowing the surface of the
solution with nitrogen. The nucleic acids
(DNA and RNA) in the aqueous solution
were precipitated by adding one part of 3
M sodium acetate containing 0.001 M
ethylenediaminetetraacetic acid (EDTA) to
nine parts of the solution and two parts of
95% ethanol at —20 C for 1 hour or over-
night. The precipitated nucleic acids were
pelleted by centrifugation at 8,100 g for
20 minutes and then dried under vacuum.
The pellet was resuspended in 1-2 ml ex-
traction buffer, and the RN A was removed
by digestion with 200 ug RNAse at 37 C
for 1 hour, followed by phenol and ether
extraction and ethanol precipitation. Fur-
ther purification of the DNA was done by
hydroxyapatite (HA) column chromatog-
raphy (4). All DNA preparations were
stored frozen in 0.12 M sodium phosphate
containing 0.001 M EDTA at pH 6.8.

Cesium ultracentrifugation: CsTFA was
used similarly to cesium chloride and ce-
sium sulfate (1,13). Each method of ultra-
centrifugation uses a salt cushion with the
buoyant density of the DNA being extract-
ed.

Eggshells and larval cuticles were dis-
rupted as described. For further lysis of
cells and tissues, the homogenates were in-
cubated with 60 ug elastase, 0.5 ml CGsTFA
(from 134 g CsTFA in 100 ml stock solu-
tion)/ml eggs, and sufficient sarkosyl to ob-
tain a final concentration of 8% (w/v), at
50 C for 20 minutes. The CsTFA was added
10 minutes after the start of incubation.
Ethidium bromide was added to a concen-
tration of 40-50 ug/ml and 3.5 ml of the
preparation was added onto 1.5 ml of a
cushion of CsTFA in extraction buffer
(density of 1.60 g/ml) in a polyallomer cen-
trifuge tube. The suspension was centri-
fuged at 150,000 g in a swinging bucket
rotor (Sorvall TH-641) for 16 hours at 20—
25 C. After centrifugation, the UV-flu-
orescent DNA band at the interface be-
tween the cushion and the suspension was
removed with a 16-gauge syringe needle.
The DNA was precipitated with two vol-
umes of 95% ethanol, washed with 70%
ethanol, resuspended in 0.12 M sodium
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phosphate containing 0.001 M EDTA, pH
6.8, and stored at —20 C.

Determination of DNA purity: Presence of
protein contamination in DNA prepara-
tions was determined by the ratios of ab-
sorbance at Asgy/Asgo and Aggy/ Asge, and
the equation “protein(mg,/ml) = 1.45E., —
0.74E,q,”" where E,q and E.g, are absor-
bances at 260 and 280 nm wavelengths
(22,35). The quality of the DNA prepa-
rations was further determined by the
shape of the hyperchromic shift and the
percentage of hyperchromicity during
thermal denaturation of the DNA (4). Hy-
perchromicity is the increase in absorbance
at 260 nm during thermal denaturation.

Determination of percent GC content and
thermal stability: Tests were performed in
a Gilford Model 2527 quartz-cuvette ther-
moprogrammer system. Each cuvette was
loaded with a DNA sample in 0.14 M so-
dium phosphate buffer (pH 6.4) at an ap-
proximate concentration of 65-75 ug/ml.
Several DN A preparations and a reference
blank containing buffer were analyzed at
the same time to check experimental vari-
ation.

Thermal denaturation was carried out
at increments of 1 C from 50 to 100 C,
with a I-minute dwell time for every tem-
perature increase. The increase in absor-
bance at 260 nm was recorded at a dwell
time of 3 seconds in a Gilford spectropho-
tometer equipped with Gilford analog mul-
tiplexer (Model 6046) and a recorder set
for scale absorbance of 0.6. The Tm was
graphically determined for each sample
from the mid-point of the thermal dena-
turation profile, and the respective base
composition (% GC) was calculated using
the formula GC = 2.44(Tm — 81.5 ~16.6
log M), where M is the molarity of the cat-
ion in the buffer (19).

REsULTS

DNA isolation: A critical step in extract-
ing DNA from nematodes is disruption of
eggshells, as well as cuticles of juveniles and
adults. Satisfactory results were obtained
by the physical method of freezing, scrap-

ing, and grinding in a mortar with a pestle.
The incorporation of elastase, CsTFA, sar-
kosyl, and proteinase K was effective in lys-
ing the cells once eggshells and cuticles were
disrupted. The use of elastase without pro-
teinase K also gave high yields of DNA.,

Good thermal denaturation profile could
not be obtained for DNA isolated by phe-
nol extraction. When the preparation was
purified in a hydroxyapatite column, two
fractions were separated, one containing
double-stranded and the other single-
stranded DNA (Fig. 1). DNA prepared by
the CsTFA ultracentrifugation method did
not need further purification, and the ther-
mal denaturation test revealed a sharp
transition from double-stranded to dena-
tured DNA over a narrow range of tem-
peratures (Fig. 1). A white, milky, opaque
band was observed near the DNA band in
CsTFA preparations. This band, which
could be removed by a 21-gauge syringe
needle, dissolved faster than the DNA band
in Tris-EDTA buffer, whereas the DNA
band appeared glassy while being dis-
solved.

All DNA preparations isolated by phe-
nol extraction had a ratio of absorbance of
2.02 at 260,/280 nm, while those isolated
by CsTFA ultracentrifugation had absor-
bance ratios of 2.00 at 260,/280 nm and
2.32 at 260/230 nm.

DNA yield from the four species studied
was similar and varied only with the meth-
od of isolation. CsTFA ultracentrifugation
yielded consistently larger amounts of DNA
(350-600 ug DNA /ml of packed eggs) than
phenol extraction (200-250 ug/ml of
packed eggs).

Percentage of GC and thermal stability: The
Tm of the DNA preparations of M. incog-
nita, M. javanica, M. arenaria, and M. hapla
ranged from 82.97 C to 83.63 C (Fig. 2).
The base compositions calculated from
these Tm values revealed a homogeneity
of GC content percentage ranging from
31.0% to 32.6% (Table 1). The reference
bacterial DNA of Staphylococcus cohnii subsp.
2 gave a consistent thermal stability of 82.5
C in all runs and had a regular S-shape
thermal denaturation profile.
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Fic. 1. Thermal denaturation profiles of Meloidogyne arenaria DNA preparations in 0.12 M sodium phos-
phate (NaH,PO,-Na,HPO,), pH 6.8. DNA was isolated by phenol extraction and CsTFA ultracentrifugation.

ds, double-stranded; ss, single-stranded.

DiscussioN

The difficulty in lysing eggshells of Me-
loidogyne species was observed previously
by Bird and McClure (3). Treatment of
eggs with chitinase, trypsin, and collage-
nase did not cause pronounced changes in
eggshell morphology as seen under the light
and electron microscopes. Similarly, cuti-
cles of Tylenchorhynchus dubius treated with
chitinase, papain, and lipase were less rigid,
more laterally folded and had deeper stria-
tions, but remained intact (24). Cox et al.
(6) found that elastase could digest the sol-
uble collagen fraction and the resistant
noncollagen protein of the cuticle layers of
Caenorhabditis elegans. Other structural
components, however, still held the cuticle
relatively intact. In our experiment, we ob-
served that the same enzyme did not digest
the eggshells and the cuticles of juveniles
of root-knot nematodes. The eggshell of
root-knot nematodes contains a chitinous
layer, lipoproteins, and glycoproteins that
together form a structure very resistant to
enzymes (3). The basal layer of the cuticle
of Meloidogyne juveniles contains a nonsolu-

ble collagen which is also resistant to en-
zymes (26). Mechanical disruption of egg-
shells and juvenile cuticles was required for
efficient extraction of DNA in our exper-
iments.

Behme and Pasternak (2) observed a sat-
ellite band in DNA preparations from the
free-living, Turbatrix aceti. Distinctive light
scattering observed in the Schlieren optical
system that was eliminated by alpha amy-
lase treatment indicated that the band con-
tained polysaccharides. Its buoyant density
of 1.688 g/cm® was very close to that of
the DNA of the other free-living nema-
todes they investigated, which ranged from
1.695 to 1.703. Because of polysaccharide
contamination, thermal denaturation data
could not be obtained in 7. aceti. Bands
containing polysaccharides in DNA prep-
arations from nematodes possibly contain
protein-linked carbohydrates or other
complexes, as do similar preparations from
bacteria (7). In our experiments, good
thermal denaturation profiles could not be
obtained for DNA isolated by phenol ex-
traction.,

In the thermal denaturation tests, a 23—
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F1c. 2. Thermal denaturation profiles of DNA in 0.14 M NaH,PO,-Na,HPO,, pH 6.4, from four species
of Meloidogyne and a Staphylococcus cohnii reference. DNA samples were isolated by CsTFA ultracentrifugation.
The temperatures indicated in the figures are the thermal stabilities of the different DNA and correspond

to the mid-point of the denaturation profiles.

27% increase in hyperchromicity was ob-
served in DNA preparations obtained by
CsTFA centrifugation (Fig. 2). The ob-
served increase in hyperchromicity is ac-
ceptable, according to Britten et al. (4). In
CsTFA ultracentrifugation, the RNA is
pelleted at the bottom of the centrifuge
tubes and is effectively separated from the
DNA which bands at the interface of the
two GsTFA solutions. No gradual or early
rise of the thermal denaturation profile was
observed in DNA preparations isolated by
this method. This implies that there was
no RNA and denatured DNA which would
have caused an early rise of the profile (4).
Therefore, RNA and denatured DNA are
not major contaminants of DNA prepa-
rations isolated by CsTFA ultracentrifu-
gation. A band in CsCl gradients similar to
our opaque band in GsTFA DNA prepa-
rations has been attributed to the presence

of polysaccharides (5). The suspected poly-
saccharide band can be easily removed from
centrifuge tubes with a 21-gauge syringe
needle, whereas polysaccharides in DNA
preparations isolated by phenol extraction
can be eliminated effectively only through

TasLe 1. Base composition (% GC) of nematode
DNA.

Species % GC Reference
Caenorhabditis elegans 36.0 (30)
Caenorhabditis briggsae 36.0 (2)
Panagrellus silusiae 44.0  (2)
Panagrellus redivivus 44.0 (2)

Rhabditis anomala 42.0 (2)

Turbatrix aceti 40.0 (2

Ascaris suum 38-41 (16)
Meloidogyne incognita 32.6  Present study
Meloidogyne javanica 31.2  Present study
Meloidogyne arenaria 32.0  Present study
Meloidogyne hapla 31.0  Present study
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a HA column. We did not determine the
identity or amount of polysaccharide con-
tamination in our DNA preparations, but
the sharp transition of the thermal dena-
turation profiles suggests that there was no
significant contamination.

DNA prepared by the CsTFA ultracen-
trifugation method did not need further
purification, and the thermal denaturation
test revealed a sharp transition from ds
DNA to ss DNA over a narrow range of
temperatures (Fig. 1). This pattern of ther-
mal denaturation indicated the presence of
clean, intact ds DNA. During ultracentrif-
ugation, the trifluoroacetate ions promote
the hydration and solubilization of both
nucleic acids and proteins (34). The nucleic
acids band at lower densities than proteins,
however, and this property leads to their
effective disassociation from proteins dur-
ing CsTFA centrifugation. Absorbance ra-
tios indicate that protein contamination in
the DNA preparations isolated by both
methods was neligible (35). The values re-
sulting from the equation of Mayr-Harting
etal. (22) also revealed that the DNA prep-
arations contained insignificant protein
contamination.

In addition to higher DNA yield and pu-
rity, CsTFA ultracentrifugation was pref-
erable to phenol extraction because it
shortened the extraction period and re-
duced handling of the samples by elimi-
nating phenol and ether extractions and
RNAse treatment. Also, it made possible
the extraction of DNA from more than
one sample at a time.

The regular S-shaped thermal denatur-
ation profiles of DNA from the four Me-
loidogyne species and S. cohnii indicated a
uniform distribution of nitrogenous bases
in the DNA molecule (Fig. 2). This shape
was observed in all DNA preparations from
the four species of root-knot nematodes.
The formula used in determining the GC
content applies to buffers containing Na*
and K+ cations in the range of 0.01-0.20
M salt concentration in buffered solutions
near neutrality. The sodium phosphate so-
lution that was used was buffered to pH
6.4 and is within the linear relationship

between the logarithm of salt concentra-
tion and Tm allowed by the formula GC =
2.44(Tm — 81.5 — 16.6 log M) (19,29).
The relationship is such that the higher
the salt concentration in the buffer, the
higher the Tm. In our experiments, we
observed that the Tm increased by 5 C
when there was a change from 0.18 to 0.42
M Na* cationic concentration in the buff-
er. When sodium citrate buffer was used
during thermal denaturation experiments,
the Tm decreased by 16.35 C but the for-
mula appropriate for this buffer, GC =
(Tm — 53.9)2.44 (19), gave similar base
compositions as those obtained with 0.14
M sodium phosphate buffer.

The base composition is known for only
seven nematode species, belonging to five
genera (Table 1) (2,16,25,30). Lee et al.
(18) first recognized the possibility of using
DNA base analysis as a taxonomic aid and
suggested that base composition could be
employed as an index of genetic related-
ness. Indeed, subsequent analyses of bac-
terial DNA demonstrated that forms that
are genetically closely related have similar
DNA base composition (21,23). Platzer (25)
suggested that base composition studies
may be helpful in separating nematodes
into genera and families.

The striking similarity in DNA base
composition observed among the four
species of Meloidogyne examined in this
study suggests a high similarity in nucleo-
tide sequences of their DNA., Consequent-
ly, it may be concluded that the genomes
of the four Meloidogyne species have under-
gone only a conservative type of diversifi-
cation. Nonetheless, these species exhibit
considerable morphological, biological, and
cytogenetic diversity. They have different
host preferences and show various ecolog-
ical adaptations. M. hapla is primarily a dip-
loid species that reproduces by amphimixis
or mejotic parthenogenesis, whereas M. in-
cégnita, M. javanica, and M. arenaria are
polyploid and reproduce by obligatory mi-
totic parthenogenesis (33). Apparently, the
conservative diversification of the genome
has not precluded an accumulation of gene
and chromosomal mutations that have
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brought about the extensive biological and
cytogenetic evolution in the genus Meloi-
dogyne.
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