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Abstract

DNA amplification by polymerase chain reaction was used to specifically detect phytoplasmas associated with
severe decline diseases of European stone fruits. PCR primers were designed according to the partial sequence of
a nonribosomal genomic fragment of European stone fruit yellows phytoplasmas obtained by direct sequencing of
a specific PCR product. A PCR assay was developed which resulted in specific amplification of a 237 bp-DNA
fragment from total DNA extracts derived from over 300 stone fruit samples. No PCR product was obtained
with DNA from healthy controls or plants diseased with various other phytoplasmas, e.g. the closely related
apple proliferation and pear decline phytoplasmas. Phytoplasma infection was checked in all samples by PCR
amplification with universal ribosomal primers. Detection rate with specific and universal primers was correlated
by 97%. European stone fruit yellows phytoplasmas were detected in samples of 114 out of 139 examined orchards
which represent the major stone fruit growing regions of France. Typical symptoms like chlorotic leaf roll in summer
and off-season growth in winter were correlated by 95% to the presence of phytoplasmas. However, phytoplasmas
were also detected in 51% of samples derived from trees showing non-specific symptoms. A comparison study
including 201 samples showed that 81% of the PCR-positive samples were also tested positive using fluorescence
microscopy with DAPI staining.

Introduction

All stone fruit species in the southern half of Europe,
are affected by severe decline diseases associated
with phytoplasmas (formerly called mycoplasma-like
organisms). Typical symptoms are yellowing and leaf
roll in summer and off-season growth in winter. Die-
back and a more or less rapid decline follow. The eco-
nomically most important diseases are apricot chlorotic
leaf roll (ACLR) on apricots (Morvan, 1977) and plum
leptonecrosis (PLN) on Japanese plums (Giunchedi et
al., 1982). Decline diseases of European plum are also
wide-spread in southern Europe (Dosba et al., 1991;
Poggi Pollini et al., 1995). A serious disorder has been
reported for cherry in the southwest of France (Bern-
hard et al., 1977). Phytoplasmas have also been found

on peach and almond showing yellowing and decline
(Poggi Pollini et al., 1993; Lederer and Seemüller,
1992).Prunusrootstocks are also severely affected by
the same disorders (Desvignes and Cornaggia, 1982;
Dosba et al., 1991; Dosba, 1992).

Cross inoculation experiments with phytoplasma
isolates of variousPrunusspecies demonstrated that
they are graft-transmissible within thePrunusgenus
and induce similar symptoms on differentPrunus
species (Dosba et al., 1991; Dosba, 1992; F. Dosba,
unpublished results). Southern hybridization studies of
Prunus-affecting phytoplasma isolates confirmed the
biological observations and showed that phytoplasmas
associated with diseases ofPrunusspecies in Europe
are genetically similar (Ahrens et al., 1993; Lorenz
et al., 1994). The name European stone fruit yel-
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lows (ESFY) phytoplasma has been proposed for these
organisms (Lorenz et al., 1994). RFLP analysis results
obtained with a PCR amplified nonribosomal fragment
of differentPrunus-affecting phytoplasma isolates sup-
ported these findings (Jarausch et al., 1994b; Jarausch
et al., 1994c). Our studies further confirmed that ESFY
phytoplasmas are closely related to apple proliferation
(AP) and pear decline (PD) phytoplasmas. According
to 16S rDNA restriction site and sequence analysis
of various phytoplasma isolates these three phytoplas-
mas form together the AP strain cluster. They are only
distantly related to most North American stone fruit-
affecting phytoplasmas which are regrouped in the X-
disease cluster (Schneider et al., 1993; Seemüller et
al., 1994). However, a recent report indicates that the
California peach yellow leaf roll phytoplasma is more
closely related to phytoplasmas of the AP strain clus-
ter than to those of the X-disease strain cluster (Kirk-
patrick et al., 1994).

Routine diagnosis of stone fruit diseases associat-
ed with phytoplasmas still refers to symptomatology
and biological indexing (Boýe and Desvignes, 1996).
DAPI (40,60-diamidino-2-phenylindole, 2HCl) stain-
ing in conjunction with epifluorescence microscopy
(Seem̈uller, 1976) is used to confirm the results.
However, these methods are non-specific and do not
allow the identification of the pathogen. As fruit tree-
affecting phytoplasmas rank among quarantine organ-
isms in Europe and North America,sensitive identifica-
tion techniques for these pathogens are required. How-
ever, the phytoplasmas occur in relatively low titers in
the tree and are often inconsistently distributed within
the phloem of the different organs. Furthermore, their
presence in the different parts of the tree is subject to
environmental and seasonal fluctuations. Under these
circumstances, only PCR technology meets the needs
of sensitive and reliable routine diagnosis of phyto-
plasmas affecting stone fruits. PCR detection is more
sensitive than microscopic, serological, and hybridiza-
tion methods (Schaff et al., 1992; Chen et al., 1993)
and proved to be very useful for phytoplasma-detection
in fruit trees (Ahrens and Seemüller, 1992; Jarausch et
al., 1994b; Jarausch et al., 1995; Lorenz et al., 1995).

16S rDNA sequence data has been widely used to
design universal or cluster-specific PCR primers which
allow detection of all known phytoplasmas or groups
of phytoplasmas, respectively (Ahrens and Seemüller,
1992; Lee et al., 1993; Namba et al., 1993; Davis
and Lee, 1993; Lorenz et al., 1995). However, RFLP
analysis is required to identify the pathogen. Attempts
to select pathogen-specific ribosomal primers for fruit

tree-affecting phytoplasmas were not very satisfacto-
ry because of cross reaction problems (Lorenz et al.,
1995). Therefore, sequence data derived from cloned
nonconserved chromosomal fragments of apple prolif-
eration phytoplasma were used to design AP-specific
PCR primers (Jarausch et al., 1994b; Lorenz et al.,
1995). In a next step cycle sequencing of PCR prod-
ucts has been successfully used to obtain PD-specific
primers (Lorenz et al., 1995). Some of these pathogen-
specific primers, however, were not able to detect all
strains of the pathogen (Lorenz et al., 1995).

Up to now, no pathogen-specific primers for ESFY
phytoplasmas have been obtained which would allow
the one-step PCR diagnostic of stone fruit diseases.
The objective of this study was therefore to develop a
PCR-based assay for the direct identification of ESFY
phytoplasmas suitable for routine diagnosis. The sen-
sitivity of the test was compared to DNA amplifica-
tion with universal primers and to phytoplasma detec-
tion by DAPI test or symptomatology. The developed
PCR assay was used to evaluate the epidemiological
situation in France based on the identification of the
pathogen. We report results of a great number of sam-
ples collected in the field during different vegetation
periods.

Materials and methods

Sources of naturally infected trees

Samples from naturally infectedPrunusspecies have
been collected or obtained from all major stone fruit
growing regions in France. In total, 139 orchards were
tested (see Figure 1). 400 samples were obtained from
8 differentPrunusspecies and from 3 different inter-
specific hybrids (see Table 1). Field-collected samples
of AP-diseasedMalus pumilaand PD-diseasedPyrus
communiswere used as controls.

Sources of experimentally maintained phytoplasma
strains

Different strains of ESFY phytoplasmas have been
maintainedin vitro on micropropagatedPrunus mar-
ianna GF 8-1 (Jarausch et al., 1994a; Lansac et al.,
1995). These strains are ECA-G32 (originPrunus
armeniaca), DBT (origin P. mariannaGF 8-1), RCL
(origin Prunus domesticaReine-Claude), FOURM
(origin P. domestica).
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Figure 1. (a) Map of France showing the departments with a surface area higher than 1000 ha planted withPrunus fruit trees (source:
Agreste, Donńees chiffŕees - Agriculture N� 70, 1995, French minstry of agriculture, fishery and alimentation); (b) Map of France showing the
departments prospected for phytoplasma infections ofPrunusfruit trees, the number of diseased orchards versus the number of tested orchards
is indicated. The departments tested were: Haute Corse (2B), Alpes-Maritimes (06), Drôme (26), Gard (30), Pyréńees-Orientales (66), Vaucluse
(84), Gironde (33), Landes (40), Lot-et-Garonne (47), Tarn-et-Garonne (82), Maine-et-Loire (49) and Meurthe-et-Moselle (54).

Different strains of AP-phytoplasmas have been
maintained on in vitro propagatedMalus pumila
(Jarausch et al., 1996). An English strain of PD-
phytoplasmas has been obtained on micropropagated
Pyrus communisfrom M.F. Clark (Davies and Clark,
1994).

Phytoplasma strains representing the primary phy-
toplasma groups defined by Schneider et al. (1993)
have been maintained on the experimental host
Catharanthus roseus(periwinkle) by periodic graft-
transmission. These strains are: aster yellows (AY)
from France, the Stolbur-like strain of Molières dis-
ease (MOL-P) from France, an aster yellows-like strain
named ACLR-L and transmitted in Spain by G. Llacer,
ash yellows (ASHY) from the USA, elm yellows (EY)
from France, a X-disease-like strain of flavescence
dorée of grapevine (FD-I) from Italy, and western X-
disease strain GVX from the USA. Further information
and references about the periwinkle-maintained isolats
used at Bordeaux is given in Jarausch et al. (1994b);
their classification has been studied and published by
Schneider et al. (1993).

Detection of phytoplasmas by DAPI test

DNA-specific DAPI (40,60-diamidino-2-phenylindole,
2HCl) staining in conjunction with epifluorescence
microscopy was used as described by Seemüller (1976)
to detect phytoplasmas in the sieve tubes of petioles of
symptomatic leaves. In total, 201 field-collected sam-
ples were analyzed (see Table 2).

Nucleic acid extraction

Field-collected samples consisted of branches from
symptomatic parts of the trees. From these branch-
es crude phloem-enriched tissue fractions were pre-
pared. DNA from phytoplasma strains used as con-
trols was obtained from petioles of diseasedCatha-
ranthus roseusor from diseasedin vitro propagated
plants. For total DNA extraction approximately 1.0 g of
this freshly prepared plant material was used. Nucleic
acids were isolated either according to the phytoplas-
ma enrichment procedure described by Ahrens and
Seem̈uller (1992) or to the simplified protocol pub-
lished by Maixner et al. (1995).
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Table 1. Origin and sample number of the differentPrunusspecies tested

N� of French department1

South Southwest Nord

Botanic species 2B 06 26 30 66 84 33 40 47 82 49 54 total

scion cultivars

P. armeniaca(apricot) 1 7 6 224 12 1 4 255

P. salicina(Japanese plum) 1 4 1 2 1 5 4 29 4 51

P. domestica(European plum) 6 2 4 12

P. persica(peach) 6 4 1 11

P. avium(sweet cherry) 12 12 24

P. amygdalus(almond) 2 1 1 4

rootstock cultivars

P. marianna(GF 8-1) 12 3 9 1 1 26

P. domestica 1 4 5

P. cerasifera(Myrobolan) 2 3 5

P. domesticax P. cerasifera 1 1

P. salicinax P. spinosa 2 1 3

P. persicax P. cerasifera 3 3

total 1 1 23 8 250 18 27 5 7 55 4 1 400

1 French departments prospected are: Haute Corse (2B), Alpes-Maritimes (06), Drôme (26), Gard (30), Pyréńees-
Orientales (66), Vaucluse (84), Gironde (33), Landes (40), Lot-et-Garonne (47), Tarn-et-Garonne (82), Maine-et-Loire
(49) and Meurthe-et-Moselle (54).

Sequencing and primer selection

To obtain primers specific for ESFY phytoplasmas,
an intergenic region of a homologous chromosomal
fragment of AP and ESFY phytoplasma was exam-
ined. The sequence of AP phytoplasma has been
previously obtained in our laboratory (Jarausch et
al., 1994b; GenBank data library accession number
L22217). Two primers selected in this AP phyto-
plasma sequence which cross-react with the homol-
ogous chromosomal fragment of ESFY phytoplas-
mas were used for PCR amplification of the cor-
responding intergenic region of ESFY phytoplasma.
Thus, primers AP3 (Jarausch et al., 1994b) and AP6
(Jarausch et al., 1995) were employed to amplify a 450
bp DNA fragment from total DNA extracts derived
from ACLR-affected plants. PCR was carried out as
described below; cycle conditions were 15 s at 95�C,
15 s at 54�C and 45 s at 72�C. Prior to sequenc-
ing PCR products were purified by WIZARD PCR-
Prep columns (Promega, Charbonnières, France). The
ESFY phytoplasma-specific PCR products were par-
tially sequenced by cycle sequencing using thefmol
DNA sequencing system (Promega, Charbonnières,
France) according to the manufacturer’s instructions.
Primers AP3 or AP6 were end-labelled with32P--ATP

and used in asymmetric PCR reactions under the above
mentioned conditions. Sequence reactions were ana-
lyzed on 6% Long Ranger (Bioprobe Systems, Mon-
treuil, France) sequence gel electrophoresis. Sequence
gels were exposed to X-ray film at room temperature.

Sequence data obtained for different ESFY phy-
toplasma isolates were compared to the homologous
sequence of AP phytoplasma. ESFY phytoplasma-
specific primers ECA1 and ECA2 were selected in
regions which exhibiteda maximumof sequence diver-
gence.

Detection of phytoplasmas by PCR

PCR amplification was carried out either with universal
ribosomal primers or with primers ECA1 and ECA2
synthesized on the basis of the sequence data obtained
in this study. From the ribosomal primers published by
Ahrens and Seem̈uller (1992) and Lorenz et al. (1995)
two combinations were used: fU5/rU3 and fU5/rU4.
Both primer pairs amplify a similar internal fragment
of the phytoplasma 16S rRNA gene.

With either primer pair 40 cycles were performed
in a GeneAmp PCR System 9600 (Perkin-Elmer, Nor-
walk, USA), preceded by a 1-min denaturation step at
95 �C and followed by an elongation step for 4 min



21

Table 2. Results of PCR detection of phytoplasmas in differentPrunussamples

Botanic species Typical Atypical Positive Positive Positive

symptoms symptoms universal PCR specific PCR DAPI test

scion cultivars

P. armeniaca 149/2551 106/2551 209/2552 208/2552 85/1363

P. salicina 45/51 6/51 46/51 46/51 26/26

P. domestica 4/12 8/12 6/12 4/12 0/6

P. persica 6/11 5/11 6/11 4/11 1/6

P. avium 0/24 24/24 0/24 0/24 0/10

P. amygdalus 2/4 2/4 2/4 1/4 0/1

rootstock cultivars

P. marianna 17/26 9/26 26/26 24/26 6/9

P. domestica 1/5 4/5 3/5 3/5 1/3

P. cerasifera 2/5 3/5 2/5 2/5 1/4

P. domesticax P. cerasifera 1/1 0/1 1/1 1/1 nt

P. salicinax P. spinosa 3/3 0/3 3/3 3/3 nt

P. persicax P. cerasifera 3/3 0/3 3/3 3/3 nt

total 233/400 167/400 307/400 299/400 120/201

positive PCR 221/2334 86/1674

95% 51%

1 number of symptomatic trees per total number of trees examined.
2 number of PCR-positive trees per total number of trees tested.
3 number of DAPI-positive trees per total number of trees tested.
4 number of PCR-positive trees per total number of symptomatic trees.

at 72�C. Cycle conditions were as follows: ribosomal
primers, 15 s at 95�C, 15 s at 55�C and 60 s at 72�C;
primer pair ECA1/ECA2, 15 s at 95�C, 15 s at 55�C
and 30 s at 72�C. Reaction mixtures of 20�l contained
10-100 ng total DNA, 0.5�M each primer, 125�M
dNTP, 1.5 mM MmgCl2, and 0.5 U Taq polymerase
(BRL-Life Technologies, Cergy Pontoise, France) in
the reaction buffer supplied by the manufacturer.

PCR amplification products (10�l) were analyzed
by 2% agarose gel electrophoresis. DNA was stained
with ethidium bromide and visualized on a UV transil-
luminator.

Results

Development of PCR primers specific for European
stone fruit yellows phytoplasmas

The cross reaction specificity of primers derived from
the sequence of a non-conserved chromosomal frag-
ment of AP phytoplasma was used to specifically
amplify by PCR the homologous chromosomal frag-
ment of ESFY phytoplasmas. Direct sequencing of

these PCR products yielded partial sequence data for
two isolates of ESFY phytoplasma: the reference
strain ECA-G32 and an isolate obtained from a nat-
urally infected apricot tree in the Pyréńees-Orientales
department in the south of France. No differences
were observed between these sequences.A comparison
with the corresponding sequence of AP phytoplasma
(Jarausch et al., 1994b) revealed two major regions of
genetic variation. Two primers were selected in these
regions: ECA1 (50-AAT AAT CAA GAA CAA GAA
GT-30) and ECA2 (50-GTT TAT AAA AAT TAA TGA
CTC-30). With regard to the AP phytoplasma sequence
primer ECA1 exhibits 50% mismatches and primer
ECA2 19%. Total DNA extracts from ESFY phyto-
plasma strains ECA-G32, RCL, DBT and FOURM,
maintained in their micropropagated host plantPrunus
mariannaGF 8-1 (Jarausch et al., 1994a; Lansac et al.,
1995), were used to test these primers in PCR reactions.
After 40 cycles with an annealing temperature of 55�C
a PCR product of the expected size (237bp)was consis-
tently obtained with template DNA of these reference
strains but not with DNA isolated from healthy plants
(data not shown). The specificity of the primers was
tested with DNA extracts obtained from plants natu-
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Figure 2. Results of DNA amplification with primers ECA1/ECA2 and template DNA prepared from periwinkle,in vitro propagated plants and
from differentPrunusspecies. The phytoplasma isolates represent major phytoplasma groups and subgroups according to the classification of
Schneider et al. (1993). AY = Aster yellows, MOL-P = stolbur-like strain of Molières disease, ACLR-L = aster yellows-like strain of Apricot
chlorotic leaf roll, ASHY = Ash yellows, EY = Elm yellows, WX = Western X-disease, FD-I = X-disease-like strain of Flavescence dorée, AP
= Apple proliferation, type AP fromMalus, AT = Apple proliferation, type AT fromMalus, PD-E = Pear decline fromPyrus/England, PD-F
= Pear decline fromPyrus/France, ECA-G32 = reference strain of Apricot chlorotic leaf roll, PARM =Prunus armeniaca, PARM-HC = P.
armeniacahealthy control, PPER =Prunus persica, PPER-HC =P. persicahealthy control, PSAL =Prunus salicina, PSAL-HC =P. salicina
healthy control, PDOM =Prunus domestica, PDOM-HC =P. domesticahealthy control, PMAR =Prunus marianna, PMAR-HC =P. marianna
healthy control, WC = water control, M = Molecular size marker (1kb ladder, Life Technologies, Cergy Pontoise, France).

Figure 3. Results of DNA amplification with primers ECA1/ECA2 and template DNA prepared from different field-collectedPrunusspecies
showing various symptoms. Lane 1 = ECA-G32, reference strain of Apricot chlorotic leaf roll, lanes 2-6 =Prunus salicina, lanes 7-9 =Prunus
domestica, lanes 10-13 =Prunus marianna, lanes 14-15 =Prunus persica, lanes 16-23 =Prunus armeniaca, lane 24 =Prunus amygdalus, M =
Molecular size marker (1kb ladder, Life Technologies, Cergy Pontoise, France).

rally or experimentally infected with the closely relat-
ed AP and PD phytoplasmas. For AP phytoplasmas,
in total 8 different isolates originating from France,
Germany and Italy which cover all AP phytoplasma
subgroups defined by Jarausch et al. (1994c) were test-
ed. Three PD-phytoplasma isolates from France and
England as well as 7 other phytoplasma strains, repre-
sentative for the genetic diversity of all known phyto-
plasmas, were included in the study.PCR amplification
was only achieved from samples derived from plants
infected with ESFY phytoplasmas (Figure 2 and data
not shown). No PCR product was obtained with any
other sample although PCR amplification with univer-
sal primers readily gave rise to phytoplasma-specific
PCR products with the diseased samples.

Detection of European stone fruit yellows
phytoplasmas in field-collected samples of different
Prunusspecies

During several vegetation periods 400 field-collected
samples have been obtained from differentPrunus
species. These samples represent 139 orchards cov-
ering a great part of the French stone fruit production
area (Figure 1). Six different stone fruit species grown
in France were tested as well as a range ofPrunus
rootstocks (Table 1). Samples were taken according
to visual diagnosis. In winter, premature break of leaf
buds and off-season growth are the most typical symp-
toms of stone fruit diseases associated with phytoplas-
mas. In summer, leaf chlorosis accompagniedwith leaf
roll is considered as typical symptom whereas chloro-
sis whithout leaf roll or leaf roll without leaf chlorosis
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Table 3. Correlation between symptom expression and DAPI or PCR detection of phytoplasmas infecting
Prunusspecies

DAPI+ DAPI- DAPI+ DAPI- n� DAPI+ PCR+

PCR+ PCR+ PCR- PCR- total total total

Typical symptoms 97/2011 17/201 0/201 6/201 120/201 97/1202 114/120

81% 95%

Atypical symptoms 19/2011 10/201 4/201 48/201 81/201 23/812 29/81

28% 36%

1 number of trees per total number of trees tested.
2 number of positive trees per total number of trees with typical or atypical symptoms, respectively.

are non-specific symptoms. Generally, diseased trees
show also die-back, limb necrosis, growth reduction
and decline, depending on the stage of disease. Typi-
cal symptoms like off-season growth and chlorotic leaf
roll were found on allPrunusspecies except sweet
cherries (Table 2). Cherry trees presumed to be affect-
ed by Molìeres disease (Bernhard et al., 1977) showed
die-back and decline.

Primer pair ECA1/ECA2 readily directed PCR
amplification of a specific DNA fragment with total
DNA extracts of trees showing typical symptoms.
Weaker signals were obtained in general from sam-
ples showing atypical symptoms or no symptoms at
all (Figure 3). Table 2 summarizes the results of PCR
detection of ESFY phytoplasmas in differentPrunus
species in France. Phytoplasmas were detected in all
Prunusspecies except cherries. Positive results of PCR
detection with primer pair ECA1/ECA2 enabled the
direct identification of these phytoplasmas as ESFY
phytoplasmas. Phytoplasma infections have been acer-
tained for all French departments studied (Figure 1).
In total, 114 out of 139 orchards were found to be
contaminated by ESFY phytoplasmas.

Sensitivity of detection

Sensitivity of phytoplasma detection in field-collected
samples is difficult to evaluate because the concentra-
tion of phytoplasma template DNA in total plant DNA
extracts is unknown. Therefore, in practical terms,
sensitivity of phytoplasma detection with primer pair
ECA1/ECA2 was compared to phytoplasma detection
with universal ribosomal primers using the same total
DNA extracts. As shown in Table 2, 307 out of 400
samples reacted positive in universal PCR whereas 299
of the same samples were found positive in specific
PCR. This represents a correlation of 97% and proves
the equal sensitivity of both PCR assays.

Furthermore, these results were compared to phyto-
plasma detection using DAPI test.Among the 201 sam-
ples tested with both techniques, 143 samples reacted
positive in specific PCR detection and 120 were con-
sidered to be positive by DAPI test (Table 2). That
means the sensitivity of DAPI test was only 81% of
that of PCR detection.

Correlation of symptom expression and presence of
phytoplasmas in the tree

At different seasons samples were preferentially tak-
en from symptomatic parts of a tree. So, the symp-
tom expression could be correlated to phytoplasma
detection by DAPI test or PCR. The results present-
ed in Table 3 were essentially obtained with samples
from apricot and Japanese plum (see Table 2). In these
species typical symptom expression is very clearly
marked by premature bud break in winter and chlorotic
leaf roll in summer. As already mentioned, other symp-
toms were classified as atypical. A correlation of 95%
was observed between the presence of phytoplasmas,
as revealed by PCR detection, and the expression of
typical symptoms. Again, 81% of these samples were
also tested positive with DAPI test. However, only 36%
of the samples showing atypical symptoms were found
to be infected by phytoplasmas. This value decreases
to 28% when DAPI test is employed.

An analysis of the PCR results obtained for all the
400 samples tested in this study gave nearly the same
result (Table 2): 95% of the samples showing typical
symptoms were tested positive by PCR. Nevertheless,
phytoplasmas were detected in 51% of samples show-
ing atypical symptoms.

Another aspect has to be emphasized: 108 sam-
ples derived from differentPrunusspecies have been
sampled and directly tested in the winter season. 105
samples, all showing typical off-season growth, were
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tested positive. This is the first report for a large num-
ber of differentPrunussamples which demonstrates
that ESFY phytoplasmas are present in sufficient con-
centrations in the aerial parts of the trees in winter to
be easily detectable by PCR.

Discussion

All cultivated stone fruit species in Europe suffer
from severe decline diseases associated with phyto-
plasmas which are considered as quarantine organ-
isms in Europe and North America. Nevertheless, reli-
able diagnostic tools for direct pathogen identification
in routine diagnosis are missing. There are several
reports which demonstrate that specific primers are
best chosen in the sequence of nonconserved chro-
mosomal fragments of phytoplasmas (Deng and Hiru-
ki, 1990; Schaff et al., 1992; Jarausch et al., 1994b;
Lorenz et al., 1995). However, selection of pathogen-
specific primers which exhibit no cross reaction prop-
erties proved to be very difficult for the closely related
phytoplasmas of the AP strain cluster (Jarausch et al.,
1994b; Lorenz et al., 1995; Firrao et al., 1994). In
the present study the cross reaction property of AP-
primers was used to obtain partial sequence data of
a non-coding region of ESFY phytoplasmas. Primers
ECA1 and ECA2, selected in regions of maximum
sequence heterogeneity among ESFY and AP phyto-
plasmas, proved to be very specific for ESFY phyto-
plasmas. No cross reactivity with various AP and PD
phytoplasmatarget sequences could be observed. DNA
from seven phytoplasma strains representing all oth-
er important 16S rDNA RFLP groups and subgroups
defined by Schneider et al. (1993) was likewise not
recognized by the primers.

As claimed by Lorenz et al. (1995), extensive test-
ing of specific primers is necessary for successful appli-
cation of PCR for diagnosis and substantial numbers
of field-collected samples need to be included when
assessing the usefulness of putative pathogen-specific
PCR primers. We feel our study fulfils this important
postulate. 299 out of 307 field collected, phytoplasma-
diseased stone fruit samples were tested positive by
ESFY-specific PCR. Furthermore, target DNA from
all reference strains maintained inin vitro propagat-
ed plants at Bordeaux was readily detected in specific
PCR. Thus, apparently all strains of ESFY phytoplas-
mas can be detected by PCR amplification with primers
ECA1/ECA2. This strongly supports the hypothesis
that all European stone fruit diseases with presumed

phytoplasma aetiology are associated with the same
pathogen which is genetically distinct from phytoplas-
mas belonging to the western X-disease strain cluster.

For routine diagnosis not only specificity but also
sensitivity of PCR detection is required. Compared to
the most sensitive detection of phytoplasmas in fruit
trees achieved by universal ribosomal primers (Ahrens
and Seem̈uller, 1992; Lorenz et al., 1995; Jarausch,
unpublished results) ESFY-specific PCR yielded a sim-
ilar sensitvity. Using DAPI test phytoplasmas were
detected in 81% of PCR-positive samples whereas
symptomatology allowed disease diagnosis of only
76% of these samples. Although these data demon-
strate already the higher sensitivity of PCR detection it
has to be kept in mind that samples have been chosen
after visual diagnosis and sampling has been direct-
ed to diseased or suspicous trees. Nevertheless, only
specific PCR enables the direct identification of the
pathogen.

In practice, samples to be tested in routine diag-
nosis by PCR will still be taken according to symp-
tomatology. In this regard, our study confirms for the
first time for a large number of field-collected samples
that typical symptoms of phytoplasma-associated dis-
eases in European stone fruits like off-season growth in
winter and chlorotic leaf roll in summer are highly cor-
related to the presence of ESFY phytoplasmas in the
tree. These symptoms are especially well expressed
by susceptible species like apricots, Japanese plums
and peaches. In more tolerant or more resistant culti-
vars ofP. domesticaandP. cerasiferapremature bud
break in winter may be absent and summer symptoms
may be solely leaf chlorosis together with a general
growth reduction. In these cases, as well as in reveal-
ing early infections, symptomatology remains uncer-
tain and PCR technology is necessary to confirm the
visual diagnosis. Among the 400 field-collected sam-
ples tested in this study phytoplasmas were detected
in over 50% of samples with doubtful symptoms. It
can be supposed that the percentage of phytoplasma-
diseased fruit trees in French orchards is much higher
than previously thought.

Our study demonstrates for a large number of
Prunussamples (105) the detectability of phytoplas-
mas in the aerial parts of the trees during winter. This
is in contrast to the situation in apple and pear where the
phytoplasmas seem to disappear from the aerial parts of
the trees in winter (Seem̈uller et al., 1984; Seem̈uller et
al., 1984b). The possibility to detect ESFY phytoplas-
mas in dormant wood in winter is of great importance
for routine detection procedures which will have to be
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used in quarantine, certification and clean stock pro-
grams as the vegetativelypropagated fruit trees are sold
throughout the world in form of dormant budwood.

A second aim of our study was to clarify the epi-
demiological situation of phytoplasma-associated dis-
eases affecting stone fruits in France. Since the dis-
covery by electron microscopy of phytoplasmas in
AP-diseased apple by Giannotti et al. (1968) several
decline disorders of stone fruits in France have been
attributed to phytoplasmas. Using electron microscopy
phytoplasma aetiology has only been confirmed for
ACLR on apricot and on rootstockP. mariannaGF
8-1 (Morvan et al., 1973), for peach decline on peach
and for isolate DBT onP. mariannaGF 8-1 (Dosba,
1992; Lansac, unpublished results). Therefore, most
reports concerning phytoplasma-associateddiseases of
stone fruits in France are based on symptomatology,
detection via biological indexing or non-specific DAPI
staining (Morvan, 1977; Desvignes and Cornaggia,
1982; Morvan, 1988; Dosba et al., 1991; Cornaggia et
al., 1994). Only recently, molecular DNA technology
enabled the identification of ESFY phytoplasmas in a
relatively few number of samples (Saillard et al., 1993;
Lorenz et al., 1994; Jarausch et al., 1994b; Jarausch
et al., 1995). However, the epidemiology of stone fruit
diseases with presumed ESFY phytoplasma aetiology
remains poorly understood. Alternative hosts of the
pathogen and vectors are still unknown.

To study the distribution of ESFY phytoplasmas
in French orchards samples have been obtained from
all major stone fruit growing regions of France and
represent all stone fruit species grown in France.
Because sampling has been directed by visual diag-
nosis and only few typical symptoms were found on
peach, almond and European plum, these species are
underrepresentated in our study. Although phytoplas-
mas have been detected in these species the econom-
ic impact of phytoplasma-associated diseases in these
cultures seems to be actually less important in France.
To our knowledge, this is the first report of phyto-
plasma infection of almonds in France. Phytoplasmas
have already been detected in declining almond trees
in Germany (Lederer and Seemüller, 1992).

No phytoplasmas have been detected in sweet cher-
ry trees although 12 trees were sampled in the Molières
region in the southwest of France where 20 years ago a
severe outbreak of a decline disease has been reported
(Bernhard et al., 1977). In the early 80es phytoplasma-
like particles have been observed by DAPI test in
cherry samples, but the phytoplasma aetiology of this
Moli ères disease has been only indirectly demonstrat-

ed by transmission experiments toPrunus marianna
GF 8-1 andCatharanthus roseus(Dosba et al., 1984).
Recent genetic analyses of these isolates revealed,
however, that theC. roseus-maintained isolate is of
Stolbur-type (Schneider et al., 1993; Jarausch unpub-
lished results) but theP. marianna-maintained isolate
is a member of ESFY phytoplasmas (Jarausch unpub-
lished results). Thus, more extensive sampling at dif-
ferent vegetation periods has to be done to confirm,
firstly, the association of phytoplasmas with Molières
disease and, secondly, to characterize the implicated
phytoplasma isolates or possible mixed infections.

Apricot and Japanese plum production, on the other
hand, is severely affected by phytoplasma-associated
diseases. In the Pyréńees-Orientales department about
80% of the mortality and decline observed on apricot
is due to ACLR (Cornaggia et al., 1994). The percent-
age of infected trees in old orchards varies between 60
and 96% depending on the cultivar (Broquaire, unpub-
lished data). Our study confirm these results based on
symptomatology: ESFY phytoplasmas associated with
ACLR have been found in 64 out of 80 orchards. The
presence of ESFY phytoplasmas in ACLR-diseased
trees was also easily revealed in all other apricot pro-
duction areas. Japanese plums are preferentially grown
in the Tarn-et-Garonne department. ESFY phytoplas-
mas were detected in samples from all 8 Japanese
plum orchards tested and the epidemiological situation
in this region is very similar to that in the Pyréńees-
Orientales department. As for the scion cultivars ESFY
phytoplasmas were also detected in the various root-
stock cultivars tested.

In conclusion, ESFY phytoplasmas are present in
all French stone fruit growing areas. There econom-
ic importance depends on the susceptibility of the
cultivars. The analysis of 400 field-collected sam-
ples proved that the specific PCR assay developed
in this study is a reliable method for routine diag-
nosis. The PCR assay is a prerequisite to detect early
infections in mother stocks and propagated material to
limit the spread of ESFY phytoplasma-associated dis-
eases by infected planting material. In searches for the
unkown vector of ESFY phytoplasmas as well as for
the unknown alternative host plants, pathogen-specific
PCR should provide a practical means to survey sub-
stantial number of individuals.
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