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Distribution and molecular characterization
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Abstract

During summer and autumn in the years 2005 and 2006, extensive surveys were carried out in important pome fruit production
provinces Isparta, Yalova and Ankara in order to determine presence and diffusion of ‘Candidatus Phytoplasma mali’ in Turkey.
201 symptomatic and nonsymptomatic samples were taken from apple orchards and analyzed by double antibody sandwich en-
zyme linked immunosorbent assay (DAS-ELISA), 4’-6’-diamino-2-phenyleindole (DAPI) staining, and polymerase chain reaction
(PCR) followed by restriction fragment length polymorphism (RFLP). Universal and AP group specific primers were used in
PCR. RFLP analysis was performed with Rsal and Sspl enzymes on the positive PCR products. According to the results, 8 apple
trees were found ‘Ca. P. mali’ infected and RFLP results show that there were no differences between the isolates. Best of our

knowledge, this is the fist report of ‘Ca. P. mali’ in Turkey.
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Introduction

Apple proliferation (AP) is the most important phyto-
plasma disease of Malus species in many pome fruit
growing areas in Europe (Kunze, 1989; Jarausch et al.;
2000). It was first reported in Italy (Rui et al., 1950).
The pathogen, ‘Candidatus Phytoplasma mali’
(Seemiiller and Schneider 2004), belongs to the 16SrX
group (apple proliferation) and is phylogenetically re-
lated to phytoplasmas causing pear decline and Euro-
pean stone fruit yellows.

Pome fruit production is commercially important in
Turkey with 3 million tons production, and apple pro-
duction has an important portion with 2.5 million tons
annually. Because of the increase of the use of imported
fruit trees, symptoms related to ‘Ca. P. mali’ have in-
creased in apple orchards. Small fruits, enlarged stip-
ules, rosette form growing on shoots and autumn blos-
som have been observed at apple orchards recently. The
objectives of this study were to verify the presence and
to characterize ‘Ca. P. mali’ in Turkey.

Materials and methods

During 2005 and 2006 extensive surveys were carried
out in summer and autumn in commercial and experi-
mental apple orchards in the important pome fruit pro-
duction provinces of Isparta, Yalova and Ankara in or-
der to verify ‘Ca. P. mali’ presence. Shoot and leaf sam-
ples were taken from a total of 201 apple trees which
showed enlarged stipules, rosette formed growth of
shoots, small fruits and autumn blossom symptoms.
Samples were chosen from local and common varieties.
DAS-ELISA, DAPI staining and PCR analyses were
performed to all plant samples for the detection and
identification of ‘Ca. P. mali’. DAS-ELISA was per-
formed with a commercial monoclonal anti IgG kit to

fresh midribs according to the manufacturer instruc-
tions. ELISA plates were analyzed in an ELISA reader
at 405 nm. DAPI staining was applied to 3-5 pm thick
fresh midribs and wood sections of samples according
to the procedure of Seemiiller and Kirkpatrick (1996).
Stained tissues were analyzed under fluorescence mi-
croscope.

Nucleic acid was extracted following the procedure
developed by Lefort et al. (1998). After nucleic acid ex-
traction from phloem tissue of midribs and the tissues
under the bark, direct PCR with ribosomal universal
primer pair P1/P7 (Deng and Hiruki, 1991, Smart et al.,
1996) and nested PCR with 16F2/R2 (Lee et al., 1995)
and fO1/rO1 (Lorenz et al, 1995) AP group specific
primer pairs were performed. RFLP analysis was done
with Rsal and Sspl enzymes on the positive PCR prod-
ucts. An Italian ‘Ca. P. mali’ isolate was used as posi-
tive control.

Results

No positive reaction was found after DAS-ELISA, ex-
cept for the positive control of the kit. After DAPI stain-
ing, phloem tissues from 8 samples were observed shiny
under fluorescence microscope.

Results of the PCR and RFLP analyses were analyzed
by electrophoresis and visualized on image analysis sys-
tem. The universal and group specific primer pairs am-
plified expected-size PCR products in 8 apple samples.
RFLP analysis of these 8 positive PCR products re-
vealed the same restriction pattern as the positive con-
trol. Out of 201 samples, 193 samples gave negative re-
sults with all methods performed. Starkrimson, Krim-
son, Starking, Granysmith and Gloster were found as
infected varieties. These positive samples were col-
lected in Isparta and Ankara provinces. However, ‘Ca.
P. mali’ was not observed in the samples from Yalova.



Discussion

In this study, apple trees showing phytoplasma disease
symptoms in Turkey were analyzed for ‘Ca. P. mali’
presence. The results show that AP infection in Turkey
is limited and the local varieties are free from the infec-
tion. Phytoplasmas isolated from the infected trees
showed the same restriction patterns as the positive con-
trol of ‘Ca. P. mali’. The lower incidence of ‘Ca. P.
mali’ in Turkey might be due to the preferential use of
local cultivars. The causal agent spreads by vectors and
grafting. There is no report or knowledge about insect
vectors in Turkey yet. The pathogen probably has been
introduced by infected imported plant material. The
typical symptoms of infected trees were autumn blos-
som, rosette growing of shoots and enlarged stipules.
The AP like symptoms of healthy trees might be caused
by nutrition deficiency. It is known that zinc deficiency
cause rosette growing on shoots. According to the re-
sults obtained with the different detection methods, the
commercial AP phytoplasma IgG kit is not suitable to
detect the Turkish ‘Ca. P. mali’ isolates. DAPI staining
is a fast and easy method to detect the phytoplasma in
infected samples. We found that the most reliable
method was PCR-RFLP to detect the infection and iden-
tify the pathogen as well.
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