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An enriched preparation of chromosomal DNA of the myco-
plasmalike organism (MLO) associated with apple proliferation
(AP) disease was obtained by CsCl buoyant density gradient
centrifugation of the total DNA extracted from periwinkle plants
infected with AP. The MLO-enriched DNA was digested with
HindIII or EcoRI restriction enzymes. The fragments were ligated
into plasmids pBR322 or pBR329 and amplified in Escherichia
coli. Nineteen recombinant plasmids, each containing a different
AP-MLO DNA fragment, were obtained. Four of these fragments
were radioactively labeled and evaluated as probes for the
detection of the AP-MLO in plant material. All four probes
hybridized with DNA extracted from apple trees or periwinkle
plants infected with the AP-MLO but not with DNA from
correspondingly healthy plant material. Also, no hybridization

was observed with DNA from plants infected by MLOs associated
with 18 different plant diseases, with DNAs of two other
mollicutes, including Spiroplasma citri, and with the extract
from apple trees infected by rubbery wood disease. The probes
detected the DNA of the AP-MLO in 7-15 ng of DNA from
periwinkle infected with AP and in 15-30 ng of DNA from tissue
of apple infected with AP. All five symptomatic apple trees
examined and one of three asymptomatic apple trees gave a
positive hybridization reaction with the probes. Southern
hybridization of one of the probes with HindIII-restricted DNA
from two different geographic and plant host isolates of the AP-
MLO (grown in either periwinkle plants or apple trees) revealed
the presence of a restriction fragment length polymorphism that
indicates the occurrence of genetically different strains.

Additional keywords: apple proliferation mycoplasmalike organism, cloning mycoplasmalike organism DNA, detection of
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Apple proliferation (AP), a serious disease of apple trees
in southern regions of Europe, is associated with a myco-
plasmalike organism (MLO). All attempts to culture the
AP-MLO in cellfree media, as with all other plant MLOs,
have failed. For that reason, the detection of MLOs in
plants has been performed by electron and fluorescence
microscopy. These techniques are nonspecific and do not
differentiate the organisms associated with the various
MLO diseases of plants. Differentiation and characteriza-
tion have been based on symptomatology, host range, and
specificity of pathogen transmission by insect vectors. Light
microscopic methods usually are not sufficiently sensitive
for routine diagnosis, especially for MLOs associated with
woody plants.

The development of specific and more sensitive detection
procedures, such as serological techniques and nucleic acid
hybridization, have been delayed by difficulties in obtaining
the antigens and DNA of the nonculturable MLO
pathogens. Several approaches have recently been used for
isolating MLO-enriched DNA from infected plants and
leafhopper vectors. Lee and Davis (1988) and Sears et al.
(1989) enriched the MLOs prior to DNA extraction; Kollar
et al. (1990) isolated total DNA from infected plants and
separated the MLO DNA from host plant DNA by
bisbenzimide-CsCl buoyant density gradient centrifuga-
tion. Restriction fragments of MLO-enriched DNA have
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been cloned; MLO-specific sequences have been selected
for use in detecting and differentiating MLO DNA in plant
extracts and/or RNA probes have been developed from
chromosomal DNA of the western X MLO (Kirkpatrick
et al. 1987; Lee et al. 1988), tomato big bud MLO (Davis
et al. 1988), and elm yellows MLO (Davis et al. 1988).
Probes have also been made from chromosomal and/or
extrachromosomal DNA of the aster yellows MLO (Lee
and Davis 1988; Kuske and Kirkpatrick 1990), maize bushy
stunt MLO (Davis et al. 1987), periwinkle little leaf MLO
(Bertaccini et al. 1990), and the MLO causing phyllody
and virescence in Oenothera hookeri T. & G. (Sears et al.
1989).

In this study, we report the cloning of AP-MLO DNA
obtained by bisbenzimide-CsCl buoyant density gradient
centrifugation. The bisbenzimide fluorescence stain,
Hoechst 32258, binds preferentially to the adenine-
thymine-rich DNA, characteristic of MLOs, thereby
lowering the DNA buoyant density. After centrifugation,
the MLO DNA appears as a well-separated band in the
gradient (Kollar et al. 1990). Cloned DNA fragments of
AP-MLO DNA were used to detect and differentiate
various isolates of AP-MLOs.

MATERIALS AND METHODS

Isolates of Mollicutes. The AP-MLOs in this study were
obtained from different sources: one was transmitted
(Marwitz et al. 1974) by dodder from an apple tree in
Heidelberg, Germany, to periwinkle (Catharanthus roseus



L.) and perpetuated in greenhouse-grown periwinkles by
grafting. The others were from naturally infected or graft-
inoculated apple trees grown on rootstock MM 106 in
experimental orchards at Bordeaux.

Periwinkle-maintained MLOs associated with the
following diseases were included in this study: tomato
stolbur, clover phyllody, and cabbage chloranty, all
collected by J. Gianotti (INRA, St. Christol les Ales,
France) in southern France; gladiolus phyllody, obtained
from G. T. N. De Leeuw (Phytopathologisch Labor-
atorium, Baarn, The Netherlands); the New Jersey strain
of eastern aster yellows, provided by R. F. Whitcomb
(USDA, Beltsville, MD); witches’-broom disease of lime
trees from Oman (Bové er al. 1988); periwinkle virescence,
collected by W. Heintz (Biologische Bundesanstalt,
Dossenheim) at Dossenheim; periwinkle virescence,
collected by C. E. Friboury in Lima, Peru; stolbur of red
pepper, collected by D. Sutic (University of Zagreb,
Yugoslavia) in Yugoslavia; safflower phyllody from Israel,
originally provided by M. Klein (Volcani Center, Bet
Dagan, Israel); yellowing of Plantago coronopus L. and
virescence of primrose, collected by M. Marwitz
(Biologische Bundesanstalt, Berlin) in Berlin; European
aster yellows from Germany (Marwitz and Petzold 1972);
virescence of Diplotaxis erucoides (L.) DC, collected in
Spain (Moreno et al. 1985); and sandal spike from India
(Dijkstra and Lee 1972).

Other nonculturable pathogens used in hybridization
studies were the Cuscuta odorata latent MLO maintained
in periwinkle (Heintz 1989) and the apple rubbery wood
agent maintained in the apple cultivar Lord Lambourne.
The latter disease has been reported to be induced by an
MLO (Beakbane er al. 1971). DNAs from maize plants
infected with the maize bushy stunt MLO, provided by
M. J. Davis (University of Florida, Fort Lauderdale), and
from periwinkle infected with the dwarf strain of western
aster yellows, provided by B. C. Kirkpatrick (University
of California, Davis), were also tested in these hybridization
studies.

In addition, Spiroplasma citri (strain R8A2, ATCC
27556) and two strains of Mollicutes (F7 and F28) isolated
from plant surfaces (Bonnet 1989; Saillard et al. 1987) were
included for comparison. They were cultivated in BSR
medium (Bové and Saillard 1979).

Purification of AP-MLO DNA. Extraction and
purification of AP-MLO DNA were conducted as described
by Kollar et al. (1990). Briefly, the DNA was extracted
from diseased periwinkles by using the cetyltrimethyl-
ammonium bromide (CTAB) procedure (Murray and
Thompson 1980). The MLO DNA was separated from host
plant DNA by repeated bisbenzimide-CsCl density gradient
centrifugation as described previously (Kollar et al. 1990).

Construction of DNA probes. Four micrograms of AP-
MLO DNA was digested with 80 units of HindIII or EcoRI
restriction enzymes (Bethesda Research Laboratories,
Gaithersburg, MD) at 37° C for 5 hr. The solution was
treated twice with an equal volume of phenol-chloroform-
isoamyl alcohol (50:48:2) saturated with TE buffer (10 mM
Tris-HCI, 1 mM EDTA, pH 7.8) and once with an equal
volume of chloroform-isoamyl alcohol (24:1). The DNA
fragments were precipitated from the aqueous phase by

adding one-tenth volume of 3 M sodium acetate and 2
volumes of ethanol (96%) at —70° C for 2 hr. They were
recovered by centrifugation at 100,000 X g for 2 hr at
4° C, dried under vacuum, and dissolved in 60 ul of sterile
water, One hundred nanograms of HindIII-digested DNA
was ligated with 200 ng of HindIIl-linearized plasmid
pBR322. The same quantities were used in ligation of EcoR1
DNA fragments to EcoRI-digested pBR329. Ligation (0.5
units of T4 DNA ligase, Appligene, Strasbourg, France)
was conducted at room temperature for 5 hr in a final
volume of 100 ul. One third of each ligation mixture was
used to transform competent Escherichia coli cells (strain
HB101) prepared by the procedure described by Hannahan
(1983).

Ampicillin-resistant and tetracycline-sensitive colonies
that were obtained after cloning at the HindIII site of
plasmid pBR322 and ampicillin-resistant and chlor-
amphenicol-sensitive colonies resulting from cloning at the
EcoRI site of plasmid pBR329 were identified. The
recombinant plasmids were purified according to Birnboim
and Doly (1979). The HindIII- or EcoRI-digested plasmids
were analyzed by 0.7% agarose gel electrophoresis, and
plasmids containing a DNA insert of 2 kilobase pairs (kbp)
or longer were selected. The bands corresponding to the
insert DNA were excised, and the DNA was eluted from
the agarose gel on a GeneClean column (Bio-101, La Jolla,
CA) following the procedure of Vogelstein and Gillespie
(1979). The eluted DNA was labeled by random priming
with [a-?P]dCTP (Amersham Corporation, Arlington
Heights, IL), providing a specific activity of 2 X 10’ cpm
per microgram of insert DNA. Inserts hybridizing only
with DNA from periwinkle plants infected with the AP-
MLO and not with DNA from healthy plants were saved
for subsequent studies.

Extraction of DNA for hybridization. Midribs, shoots,
and roots of healthy and infected periwinkle plants and
the bark of healthy and diseased apple shoots were used
to extract large amounts of DNA following the procedure
of Murray and Thompson (1980), with some modification.
The plant material was frozen in liquid nitrogen,
lyophilized, and stored at room temperature. Five grams
of lyophilized plant tissue was ground to a fine powder
in a Waring blender. The powder was then dispersed in
40 ml of extraction buffer (50 mM Tris-HCI, pH 8.0, 10
mM EDTA, 700 mM NaCl, 1.8% CTAB, 0.1%
dithiothreitol) and incubated for 30 min at room temper-
ature or at 55° C. For incubations at room temperature,
sodium dodecyl sulfate (SDS) was added to a final
concentration of 1.0%, and the lysate was incubated at
55° C for an additional 30 min. The DNA was extracted
three times with an equal volume of chloroform-isoamyl
alcohol (24:1). After centrifugation (5,000 X g, 15 min),
one-tenth volume of extraction buffer containing 10%
CTAB was added to the aqueous phase. The DNA was
precipitated at room temperature with 1 volume of
precipitation buffer (50 mM Tris-HCI, pH 8.0, 10 mM
EDTA, 1% CTAB), and the CTAB-DNA complex was
recovered by centrifugation at 4,000 X g for 10 min. The
pellet was washed four times with 96% ethanol to remove
CTAB and dried under vacuum. The dried pellet was then
dissolved in 10 ml of TE buffer. In some cases, the dissolved
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pellet was treated with RNase (50 ug/ml), followed by
proteinase K (50 pg/ml) and SDS (0.5%) at 37° C for
1 hr. The DNA was recovered by centrifugation after three
treatments with chloroform-isoamyl alcohol and precip-
itation with 96% ethanol at —20° C. The resulting pellet
was suspended in 5 ml of sterile water and kept at —20° C.
The DNA concentration was estimated spectrophoto-
metrically at 260 nm. From 5 g of lyophilized tissue,
approximately 2 mg of DNA was extracted from periwinkle
plants and 1 mg of DNA from apple shoots.

For detection of the AP-MLO by dot hybridization, the
extraction procedure was simplified. Two hundred fifty
milligrams of fresh periwinkle or apple plant material was
ground in liquid nitrogen, and the nucleic acids were
extracted as described above, except for the omission of
the RNase, proteinase K, and SDS treatments. The final
pellet, which usually contained 3-5 ug of DNA, was
dissolved in 50 ul of sterile water.

DNA from the culturable mollicutes was obtained as
described by Carle et al. (1983).

Dot hybridization. DNA was denaturated with 50 mM
methyl mercury at room temperature for 10 min. Twofold
serial dilutions of DNA in sterile water were prepared.
Both the undiluted and diluted denatured DNAs were dot
blotted (20 ul per spot) on a nitrocellulose sheet presoaked
in 5X SSC (1X SSC = 0.15 M NacCl, 0.015 M sodium
citrate, pH 7.0). The filters were air-dried and then baked
at 80° C for 2 hr under vacuum. The filters were pre-
hybridized for 2 hr at 37° C in a solution containing 50%
formamide, 5X SSC, 5X Denhardt’s solution (1X = 0.02%
Ficoll, 0.02% polyvinylpyrrolidone, and 0.02% bovine
serum albumin), 1% SDS, and 200 pg/ml of denatured
salmon sperm DNA. For hybridization, the solution was
replaced by a buffer obtained by adding 10% sodium
dextran sulfate and heat-denaturated **P-labeled DNA
(2 X 10 cpm per milliliter) to the prehybridization buffer.
After overnight hybridization at 37° C, the filters were
washed three times at room temperature for 15 min with
2X SSC containing 1% SDS and twice at 60° C for 30
min with 0.1X SSC containing 1% SDS. The filters were
then air-dried and exposed to X-ray film (Fuji RX) for
48 hr with an intensifying screen (Du Pont, Wilmington,
DE, Chronex).

Southern blot hybridization. Two micrograms of DNA
from healthy or infected plants was digested with HindIII
or EcoRI restriction endonucleases, electrophoresed in
0.7% agarose gels, alkali-denaturated (0.2 N NaOH in 0.5
M NacCl for 45 min), and transferred to nitrocellulose filter
paper according to Southern (1975). The filters were then
baked at 80° C for 2 hr, prehybridized at 37° C, and
hybridized with *’P-labeled probes as described in the
previous section. After washing, the filters were dried and
exposed to X-ray film for 48 hr with an intensifying screen.

Restriction mapping of the cloned inserts. Four selected
cloned inserts were excised from the pBR322 or pBR329
recombinant plasmid and digested with HindIIl, EcoRI,
EcoRV, Hincll, Clal, Accl, Pstl, Rsal, Sphl, Hpal,
BamHI1, Pvull, or Ddel restriction endonucleases, used
singly or in combination, according to the supplier’s recom-
mendations. The resulting fragments were analyzed by
electrophoresis in 0.7% agarose gels.
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4’-6 Diamidino-2-phenylindole (DAPI) test. Samples
from young apple shoots collected in September were fixed
in glutaraldehyde. Frozen microtome sections (20 um) were
stained with DAPI and examined for the presence of MLOs
by fluorescence microscopy as described by Seemuiller
(1976).

RESULTS

Cloning and screening of MLO-specific fragments. The
transformation of E. coli cells with the ligation mixtures
resulted in a total of 325 ampicillin-resistant colonies.
Recombinant plasmids were detected in 247 colonies, 19
with inserts of 2 kbp or longer. None of these inserts cross-
hybridized with each other.
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Fig. 1. Dot hybridization of the four **P-labeled DNA probes 1,H87,
IH196, IH184, and IEI0 with DNA from periwinkle plants infected with
apple proliferation disease (IP) or apple trees infected with apple
proliferation disease (IT) and with DNA from healthy periwinkle (HP)
or apple (HT).



In dot hybridization, the inserts of all 19 recombinant
plasmids reacted with DNA from periwinkle plants infected
with the AP-MLO but not with DNA from healthy plants.
The inserts of recombinant plasmids pH87 (3.9 kbp), pH184
(3.1 kbp), and pH196 (3.7 kbp), resulting from ligation
of HindIll fragments in pBR322, and of recombinant
plasmid pE10 (5.5 kbp), resulting from ligation of an EcoRI
fragment in pBR329, were selected for further work. The
corresponding inserts were designated I,H87, TH184,
IH196, and IE10, respectively.

Dot hybridizations between the four inserts used as
probes and total DNA from healthy periwinkle plants and
apple trees and periwinkle and apple infected with the AP-
MLO are shown in Figure 1. None of the probes hybridized
with DNA from healthy plants but all reacted with DNA
from periwinkle or apple infected with the AP-MLO. The
strongest signal was obtained with probe IE10 and the
weakest with I,H87. The probes detected AP-MLO DNA
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Fig. 2. Southern blot hybridization of the four **P-labeled DNA probes
1,H87, IH196, IH184, and IE10 with DNA from periwinkle plants infected
with apple proliferation disease (IP) or apple trees infected with apple
proliferation disease (IT) and with DNA from healthy periwinkle (HP)
or apple (HT). The DNA in panels A, B, and D was digested with HindIII,
and in C it was digested with EcoRI.

in as little as 7 to 15 ng of total DNA from infected peri-
winkle plants and in 15 to 31 ng of total DNA from infected
apple trees.

The four inserts were also used in Southern blot hybrid-
ization experiments. Total DNA from healthy periwinkle
plants and apple trees and periwinkle and apple infected
with the AP-MLO was restricted with HindIII (Fig. 2A,
B, and D) or EcoRI (Fig. 2C) and hybridized with one
of the four probes, namely I,H87 (Fig. 2A), IH196 (Fig.
2B), IH184 (Fig. 2D), or IE10 (Fig. 2C). Hybridization
occurred only with DNA from periwinkle plants and apple
trees infected with the AP-MLO. No hybridization was
obtained with DNA from healthy plants. With probes
I,H87, IH196, and 1E10, the length of the AP-MLO DNA
fragment from both diseased periwinkle and apple that
hybridized with the respective probes was identical to the
length of the cloned DNA insert used as a probe (Fig.
2A, B, and C). However, with probe IH184 (Fig. 2D),
the hybridization patterns obtained with DNA isolated
from periwinkles and apple infected with the AP-MLO
were different. With DNA from infected periwinkle, the
restriction fragment detected by hybridization had a length
identical to that of the probe (3.1 kbp), whereas the length
of the DNA fragment from infected apple that hybridized
with the probe was considerably shorter (2.2 kbp).

Homology to other mollicutes. Total DNA from peri-
winkle plants infected with the MLOs associated with
tomato stolbur, cabbage chloranty, clover phyllody,
gladiolus phyllody, and witches-broom disease of lime trees
and from an apple tree affected by rubbery wood was
hybridized in dot blot experiments with the four probes.
No hybridization was observed (data not shown). Also,
no hybridization occurred with DNA of S. citri and two
other strains of Mollicutes, F7 and F28 (data not shown).
The DNAs from periwinkle or maize infected with the 12
remaining MLOs listed in Materials and Methods were
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Fig. 3. Partial restriction map of the four inserts obtained by cloning
HindIII restriction fragments in pBR322 (IH87, IH196, and 1H184) or
an EcoRI fragment in pBR329 (IE10). The recombinant plasmid pH87
produced two HindIIl fragments, a and b: fragment a, [, H87 (1.4 kilobase
pairs [kbp]), has no restriction site for the endonucleases tested and was
not used in hybridization, and fragment b, I,H87 (3.8 kbp), contains
Accl, EcoRV, Rsal, and Hinell sites. A denotes Accl; C, Clal; E, EcoRI;
E,, EcoRV; H, Hindlll; Hy;, Hincll; P, Pstl; and R, Rsal.
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hybridized in Southern blots with probe IH196. No
hybridization was detected (data not shown).

Partial restriction maps of the cloned MLO DNA. The
partial restriction maps of the four inserts are shown in
Figure 3. Plasmid pH87 produced a 1.4-kbp HindIII
fragment (I;H87), which contained no restriction site for
any of the endonucleases tested, and a 3.9-kbp HindIII
fragment (I,H87) that possessed two Rsal sites and three
unique sites (Accl, Hincll, and EcoRYV). In insert TH196,
two unique sites for Hincll and Accl were identified. Insert
IH 184 contained two Rsal sites and unique sites for PsfI
and Clal. The EcoRI fragment IEI0 had two sites for
HindIII and Hincll and a unique site for EcoRV. No cuts
occurred with the other enzymes tested.

Detection of the AP-MLO in proliferation-affected trees.
Probes IE10 (Fig. 4A) and IH196 (Fig. 4B) were used in
dot hybridization experiments to detect DNA of AP-MLO
in total DNA of naturally infected or experimentally
inoculated apple trees. Strong hybridization signals were
obtained with DNA from the diseased tree used as a positive
control (Fig. 4, lane a). No hybridization was observed
with DNA from healthy plant material (Fig. 4, lane b).

The DNA samples of the eight trees selected for testing
were spotted on lane c. Trees 1, 2, 4, 5, 6, and 7 were
experimentally infected with the AP-MLO by graft
inoculations with infected shoots from various naturally
infected apple trees. DNA samples from trees 1, 2, 4, and
7 each gave a strong hybridization signal with the two
probes. Tree 5 gave a weak signal, while tree 6 failed to
react. Trees 3 and 8 were both exposed to natural
contamination in the field. Only tree 3 showed symptoms

A B
DNA(ng) a b ¢ DNA(ng) @ b ¢
1000 @ 1 1000 @
500 i |2 500 | 2
250 @ | 3 250 9 3
125 ® 4 125 ¢ 4
62 ¢ 5 62 o 5
3 g 6 31 6
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Fig. 4. Detection of the DNA from the mycoplasmalike organism
associated with apple proliferation disease in total DNA of apple trees
by dot hybridization with the probes IE10 (A) and IH196 (B). In lane
a is DNA from a diseased apple tree spotted in a dilution series. In
lane b is DNA from a healthy apple tree spotted in a dilution series.
Inlanec, 1, 2,4, 5, 6, and 7 indicate DNA samples from graft-inoculated
trees; 3 and 8 represent DNA samples from naturally infected apple trees.
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of AP; it was the only one of the two where hybridization
with both probes, IE10 and IH196, was observed.

Table 1 presents the results of the study of the correlation
between symptom expression and tests performed to
confirm the presence of AP-MLOs.

Each of the trees that developed AP symptoms gave
a positive hybridization signal and had a positive DAPI
test (trees 1, 2, 3, 4, and 7). Symptomless tree 5 was weakly
positive by hybridization but negative in the DAPI test.
Symptomless trees 6 and 8 were found to be negative in
both hybridization and DAPI tests.

DISCUSSION

The first attempts to detect MLOs in plants were made
when heterologous rRNA gene probes from animal
mycoplasmas and plant spiroplasmas became available.
They proved to be unsuitable for that purpose because
they hybridize with the rRNA genes of chloroplasts (Nur
et al. 1986). Subsequently, fragments of chromosomal and
extrachromosomal DNA of several MLOs were found that
did not share homology with the DNA of healthy plants
or spiroplasmas. The specificity of the cloned fragments
for the detection of MLOs varies considerably. Probes such
as those cloned from the DNA of the aster yellows MLO
can recognize different MLOs (Lee and Davis 1988). Other
probes, including fragments of the DNA of western X MLO
and the elm yellows MLO, have a narrower detection range
(Kirkpatrick er al. 1987; Davis et al. 1988).

The results we have described here indicate that probes
made with the cloned DNA fragments of the AP-MLO
have a narrow detection range and little affinity for the
DNA of MLOs of herbaceous hosts. Probes of the AP-
MLO detected several sources where the AP-MLO was
the presumed pathogen, but did not hybridize with the
DNA of MLOs associated with 18 different MLO diseases,
most of which occur in herbaceous hosts. The 19 AP-MLO
DNA probes obtained in this study did not cross-hybridize
and showed no hybridization with the pMC5 probe
corresponding to the rRNA gene of Mycoplasma capri-
colum (data not shown). However, an earlier study showed
that the probes do share homology with the DNA of the
MLO associated with apricot chlorotic leaf roll (Bonnet
et al. 1990). This is not surprising, since Llacer et al. (1980)

Table 1. Correlation between symptom expression and the 4’-6 diamidino-
2-phenylindole (DAPI) test and dot blot hybridizations

Hybridization
Tree M
no. Infection®  Symptoms®  DAPItestt  IE10  [H196
1 E b + +++ 4+
2 E + + ++ 4+
3 N + + ++ ++
4 E + ++ +++
5 E - - + +
6 E - - = -
7 E + + 44+ ++
8 N - - - -

“E, experimental; N, natural.

*No (—), weak (+), and moderate (++) symptoms.

“No (—), weak (+), and moderate (++) DAPI reactions.

“No (—), weak (+), intermediate (+-+), and strong (+-++) dot blot hybrid-
ization signals.



provided evidence that AP and apricot chlorotic leaf roll
are induced by closely related organisms.

One probe (IH184), when used in Southern hybridiza-
tion, detected DNA fragments of different sizes in an isolate
originally collected from an apple tree in Heidelberg and
in an isolate obtained from an apple tree grown in
Bordeaux. Such a restriction fragment length poly-
morphism could result from mutations that occurred during
maintenance of the AP-MLO in the experimental host,
C. roseus. On the other hand, the two isolates may actually
be genetically different strains. Naturally occurring AP-
MLO strains that differ significantly in virulence have been
reported by Kunze (1976).

The probes we have developed have been shown to be
suitable for sensitive detection of the AP-MLO. They
detected the organisms in all five of the symptomatic trees
tested and in one among the three inoculated but
asymptomatic trees. This result is slightly better than that
obtained with the DAPI procedure, which is considered
to be a sensitive detection procedure. The failure to detect
the MLOs in asymptomatic trees may be due to the MLO
colonization behavior, which is closely related to symptom
expression. The AP-MLO overwinters in the roots and
recolonizes the stem in spring when new phloem is being
formed. Recolonization is usually constant in the first few
years after the disease becomes evident, and symptom
expression is observed during that period. Later, the
organisms often fail to reinvade the stem, or the population
is reduced, or they are unevenly distributed. Under these
conditions, trees do not develop symptoms (Seemdtiller
et al.1984). In our study, the two symptomless trees in
which MLOs were not detected may not have been
colonized in the stem.
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