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ABSTRACT
Chen, J., Chang, C. J., and Jarret, R. L. 1992. DNA probes as molecular markers to monitor

the seasonal occurrence of walnut witches-broom mycoplasmalike organism. Plant Dis. 76:1116-
1119.

A rapid and sensitive method was developed to monitor the occurrence of walnut witches™
broom (WWB) mycoplasmalike organism (MLO) in infected walnut (Juglans nigra) trees. Walnut
leaf tissues from both asymptomatic and symptomatic trees were collected monthly during
the growing seasons of 1990 and 1991 and freeze-dried. Southern blots of CTAB-extracted
DNA without endonuclease digestion were used for hybridization with **P-labeled chromosomal
and extrachromosomal WWB MLO DNA probes. The presence of WWB MLO DNA was
detected in DNA extracts from a single tree at least | mo prior to the seasonal appearance
of WWB symptoms when extrachromosomal DNA probes, but not chromosomal DNA probes,
were used. Also, hybridization results and observation of symptom development indicate that
WWB MLO may not be uniformly distributed within infected walnut trees. Results from two-
dimensional electrophoresis experiments suggested that there were two double-stranded, circular,

extrachromosomal DNA molecules, approximately S and 1.5 kb.

Black walnut (Juglans nigra L.), one
of the most valuable American forest
trees, is grown for its beautiful foliage,
superior quality wood, and edible nuts.
Black walnut is distributed from Massa-
chusetts to Florida and west to Minne-
sota and Texas (21). Walnut witches’-
broom (WWB) disease is found through-
out the walnut-growing area (16). The
disease is endemic to the United States
and presents a serious problem when
growing walnuts for either pleasure or
profit (12). Yield and quality of nuts may
be severely affected by WWB; also, the
disease causes brittleness in the wood,
making limbs highly susceptible to storm
damage (4,16).

WWB disease was first reported in
1932 in Delaware (20). Later, the disease
was associated with infection by myco-
plasmalike organisms (MLOs) (1,15). In
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addition to causing WWB in black wal-
nut trees, MLOs are the probable cause
of witches’-broom disease in other spe-
cies of Juglans (16). Knowledge of this
disease is limited. Diagnoses of WWB
have relied on symptomatology, graft
transmissibility, and the observation of
MLO bodies by transmission electron
microscopy (1,9,15), techniques that are
relatively insensitive or laborious, or
both. The inability to cultivate MLOs
in vitro has greatly hindered the study
of them. In addition, MLOs associated
with tree diseases are usually more diffi-
cult to study than those associated with
diseases of herbaceous plants, because of
the difficulties in isolating MLO DNA
from woody tissues and because of the
perennial (seasonal) growth habit of the
host plants.

We describe a simple and sensitive
method, employing WWB MLO DNA
probes (2), to monitor the seasonal
occurrence of WWB MLO in infected
walnut trees. The conformational struc-
ture of the WWB MLO extrachromo-
somal DNAs was also investigated.

MATERIALS AND METHODS
Preparation of DNA samples. Four
black walnut trees (J. nigra) from two
locations on the campus of the Georgia
Experiment Station, Griffin, were used
for this study. We previously reported
that symptomatic tissues consistently
gave positive results by using WWB
DNA probes (2). In this study, except
for the conformational study of extra-
chromosomal DNA or that of using
WWB MLO-positive controls, only
asymptomatic twigs were sampled; twigs
on some branches, however, expressed
WWB symptoms late in the growing sea-
son. Trees 1 and 2 (site 1), with their
diameters at breast height of approxi-
mately 60 cm, have been showing witches’-
broom symptoms since 1983. Four lower
branches of each tree were selected and
marked for this study. Trees 3 and 4 (site
2), with their diameters at breast height
of about 24 cm, have never been observed
with witches’-broom symptoms. One
twig was randomly sampled from each
tree. Sites 1 and 2 were about 800 m apart.
Samples were collected at monthly
intervals during 1990 and 1991, begin-
ning in April, when the young shoots
began to resume active growth through
September or October, by which time
most of the leaves had fallen off. On each
sampling date, approximately 50 g of
small twigs were harvested from trees
with a pole pruner and frozen at —20 C
within 1 hr after sampling. Samples were
freeze-dried for 2-3 days. Dried leaves
were powdered with a coffee grinder.
DNA was extracted with CTAB buffer
as previously reported (2), with slight
modifications. Tissue powder (1 g) was
added to 20 ml of preheated (at 65 C)
CTAB buffer and incubated at 65 C for
30 min. The mixture was extracted by
emulsification with an equal volume of
chloroform-isoamyl alcohol (24:1, v/v)



for 5 min. Following centrifugation at
6,500 g for 5 min at room temperature,
the aqueous phase was transferred to a
clean tube and mixed with an equal
volume of isopropanol. DNA was col-
lected by centrifugation at 6,500 g for
5 min. at room temperature and dis-
solved in 0.5 ml of TE (100 mM Tris-
HCI, pH 8.0, and | mM EDTA). DNA
concentrations were estimated by the
minigel method (14). Methods for clon-
ing WWB MLO DNA are described
elsewhere (2). Three extrachromoso-
mal DNA clones, namely, pWWBJ4,
pWWBIJI0, and pWWBJI14, with the
insert sizes of 1.63, 1.80, and 1.53 kb,
respectively, and one chromosomal
DNA clone, pWWBT68, with an insert
size of 0.94 kb, were used as probes
throughout the study. Either the entire
recombinant plasmid or the MLO DNA
insert alone was used for DNA hybridiza-
tion experiments.

WWB MLO detection. Ten ug of each
sample DNA was electrophoresed in a
0.8% agarose gel at 6 V/cm, using IX
TAE (40 mM Tris-acetate, | mM EDTA,
pH 7.0) buffer. DNA in gels was visual-
ized by UV light after staining with ethid-
ium bromide, then blotted by the method
of Southern (17) as described by Sam-
brook et al (14) to nylon membranes
(Bio-Trans, ICN Nutritional Biochemi-
cals, Cleveland, OH) for use in hybrid-
ization experiments. Probe DNA was
labeled with ¥P dCTP (Du Pont, Wil-
mington, DE) by using random oligo-
primers (Random Primer DNA labeling
system, BRL Life Technologies Inc.,
Gaithersburg, MD). Membranes were
prehybridized at 65 C for 4 hr. Following
addition of the probe (approximately 200
ng of DNA), hybridizations were per-
formed at 65 C for 18 hr. Membranes
were washed once in 2X SSC (sodium
chloride-sodium citrate) + 0.1% SDS
(sodium dodecyl sulfate) for 30 min (at
65 C) and twice in 0.1X SSC + 0.1%
SDS for 30 min (at 65 C) (14), and were
exposed to Kodak X-Omat AR film with
intensifying screens at —130 C for 24 hr.

Conformational structure of WWB
MLO extrachromosomal DNA. Two-
dimensional agarose gel electrophoresis
(8) was used to separate open circular
(OC) and closed circular (CC) conforma-
tional forms of the WWB MLO extra-
chromosomal DNA. Ten pg of total
DNA from infected walnut tissue was
electrophoresed in a 0.8% agarose gel at
4 V/cm for 3 hr, stained with ethidium
bromide, and viewed under UV light. The
excised gel slice containing the electro-
phoretic DNA profile was exposed to 254
nm UV light (Eprom Eraser, Model DE-
4, UVP, Inc. San Gabriel, CA) for 5 min.
The treated agarose block was then em-
bedded into a second gel and electro-
phoresed as before at 90° to original
orientation. The position of extrachro-
mosomal DNAs was located by UV
illumination after ethidium bromide

staining. To confirm the locations of the
extrachromosomal DNAs, the final gel
was blotted to a nylon membrane and
probed separately with *P-labeled extra-
chromosomal DNA clones as described
above.

RESULTS AND DISCUSSION

Impurities in crude DNA preparations
can greatly interfere with DNA-DNA
hybridizations (11). We alleviated this
potential problem by using agarose gel
electrophoresis to separate the sample
DNA from impurities, thereby increasing
the sensitivity of pathogen detection
(Figs. 1 and 2).

Figure 1A and B illustrates the detec-
tion of MLO in tree 2 at site 1, using
pWWBT68 chromosomal MLO DNA
probe. Hybridization occurs with high-
molecular weight DNA, with smearing
tails. These smears probably resulted
from the shearing of MLO chromosomal
DNA during the extraction procedure
plus the very rapid separation during
electrophoresis.

DATE APRIL, 30
BRANCH 13

DATE

BRANCE

The extrachromosomal DNA probe
pWWBJ10 gave a much stronger hy-
bridization signal with DNAs from
infected walnut tissues in the detection
of the pathogens than did the chromo-
somal DNA probe (Figs. | and 2). This
is possibly due to a higher copy number
of the low molecular weight extrachro-
mosomal DNA (2,3).

Cloned plasmids or extrachromoso-
mal DNAs have been used as probes for
detection of the plant pathogens Xantho-
monas campestris pv. campesiris (Pam-
mel) Dowson (6), Erwinia amylovora
(Burrill) Winslow et al (5), and many
other environmentally important bacte-
ria, such as Bacillus pumilus Meyer and
Gottheil (7), Shigella spp., Escherichia
coli (Migula) Castellani and Chalmers
(19), Lactobacilli (18), and several iso-
lates that degrade 4-chlorobiphenyl (13).
Klein et al (10) reported that when used
for detection of sugarcane white leaf
MLO, extrachromosomal sugarcane
white leaf MLO DNA probes were 100
times more sensitive than cloned chro-
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Fig. 1. Southern blot detection of walnut witchesbroom mycoplasmalike organism (WWB
MLO) DNA in DNA extracts from an infected black walnut tree (#2) at site | with WWB
MLO chromosomal DNA probe pWWBT68 during April-October in (A) 1990 and (B) 1991.
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mosomal DNA probes.

Davis et al (3) reported the incon-
sistency of extrachromosomal DNA to
maize bushy stunt MLO. We observed
the inconsistency in 1990 when positive
detection of MLOs occurred only by use
of chromosomal DNA probe (Figs. 1A
and 2A; branch 3 from 31 August, branch
2 from 29 September, and branch 2 from
20 October). However, this inconsistency
was not found in 1991 (Figs. 1B and 2B).
One possible explanation is that walnut
trees may sustain multiple infections by
several WWB MLO isolates, not all of
which necessarily contain extrachromo-
somal DNA. Alternatively, the seasonal
titer of extrachromosomal DNA may
fluctuate within populations of the WWB
MLO.

Four low-molecular-weight extrachro-
mosomal DNA bands were observed in
electrophoretic profile of undigested
DNA from WWB-infected walnut tis-
sues. The four visible DNA bands, desig-
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Fig. 2. Southern blot detection of walnut witches-broom mycoplasmalike organism (WWB
MLO) DNA in DNA extracts from an infected black walnut tree (#2) at site 1 with WWB
MLO extrachromosomal DNA probe pWWBIJI0 during April-October in (A) 1990 and (B)

1991,
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nated as bands 1, 2, 3, and 4, are illus-
trated in Figure 3A. Two-dimensional
electrophoresis of these bands indicated
that bands | and 3 represent OC forms,
and bands 2 and 4 are the CC forms,
of extrachromosomal elements (Fig. 3B).
Staining with ethidium bromide and
exposure to UV, light creates nicks on
the extrachromosomal DNA, which
convert CC form to OC form (8). Only
a portion of band 2 CC form was con-
verted to OC form by this treatment. In
contrast, all the band 4 CC DNA was
converted to the OC form (Fig. 3B).
These data suggested that there are two
circular extrachromosomal DNA mole-
cules associated with WWB MLO. Bands
1 and 2 represent two conformational
forms of an extrachromosomal DNA
estimated to be about 5 kb, and bands
3 and 4 are two forms of a about 1.5
kb element. The relationship of the two
extrachromosomal DNA molecules has
not been determined, although all three

extrachromosomal DNA probes were
able to hybridize to the two molecules,
indicating that these two extrachromo-
somal DNA molecules share a high de-
gree of sequence similarity.

DNA samples from trees 3 and 4 at
site 2 always tested negative for MLOs
and both trees were asymptomatic
throughout the 1990 and 1991 seasons.
The two symptomatic trees at site |
differed in the severity of their disease
infection. Tree 1 at site 1 developed a
few symptomatic twigs on the upper
branches late in the season (September)
of both years. Symptoms were never ob-
served in the lower four branches ex-
amined, nor were the MLOs detected in
these tissues utilizing any of the DNA
probes, suggesting that there was very
low or no titer of MLOs in these four
branches. In contrast, symptomatic twigs
from the higher branches consistently
gave positive results to both chromo-
somal and extrachromosomal DNA
probes (data not shown), confirming the
association of the disease symptoms with
the presence of WWB MLOs (1,2).

Using extrachromosomal probes,
WWB MLO was detected from tree 2
at site 1 in June of 1990 (Fig. 2A), but
obvious disease symptoms were not pres-
ent until early August, In 1991, WWB
MLO was detected in May (Fig. 2B), and
WWB symptoms developed in late June.
In contrast, the chromosomal DNA
probe did not detect the presence of
WWB MLO infection before the occur-
rence of symptoms elsewhere in the tree.

Early detection of infection is very
important for WWB MLO disease con-
trol, since prompt eradication has been
suggested as the most effective treatment
(16,20). The identification of the path-
ogen, regardless of the presence of symp-
toms, is also significant for WWB MLO
indexing (16). The WWB MLO extra-
chromosomal DNA probes are poten-
tially useful for early detection of the
WWB MLO, but the relationships be-
tween the extrachromosomal DNA
elements and their MLO hosts need to
be clarified. The chromosomal DNA
probe used is not as sensitive as extra-
chromosomal DNA probes but is still
able to detect MLO DNA from asympto-
matic tissue, suggesting chromosomal
DNA probes can also be valuable for
disease indexing.

Electron microscopy is a sensitive
method for detecting MLOs. In practice,
however, the basis for selection of sam-
ples for electron microscopy generally
depends upon the expression of the dis-
ease symptoms, Large-scale MLO screen-
ings, using electron microscopy, is both
time-consuming and expensive. On the
other hand, hybridization assays are
more versatile and specific, enabling effi-
cient large-scale samplings. In addition,
fresh samples can be stored at —20 C
for several months before use. This is
especially convenient for studies in which



Fig. 3. Two-dimensional agarose gel electrophoresis of a DNA extract from black walnut shoots
affected by walnut witches-broom (WWB) disease. Numbers on the right are DNA size markers
from EcoRI-HindIII digested A DNA. (A) Presence of low molecular WWB mycoplasmalike
organism extrachromosomal DNA bands (1-4) revealed by UV illumination of the gel after
ethidium bromide staining. Because of the photographic process, a considerable loss of resolution
of bands 3 and 4 has occurred. (B) Southern blot hybridization with pWWBJI10 probe to
the two-dimensional agarose gel revealing the open circular and closed circular forms of WWB

extrachromosomal DNA elements.

the occurrence of the pathogen must be
evaluated at frequent intervals.

Three (branches 1, 2, and 3) of four
branches on symptomatic tree 2 at site
| developed WWB symptoms as the
season progressed and tested positive for
the MLO (Figs. I and 2). Branch 4 never
showed WWB symptoms during 1990
and 1991 and consistently tested negative
for WWB MLO. The presence of WWB
MLO within tissues also varied from twig
to twig of the same branch (Figs. | and
2). Symptom observation also appeared
to reflect the uneven distribution of
WWB MLO in the infected tree.
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