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Abstract

Apple trees showing branch malformation were repeatedly found at different
locations in low-intensity orchards in the Czech Republic. Transmission electron
microscopy and nested polymerase chain reaction revealed the presence of
phytoplasmas. RFLP analyses allowed classifying the detected pathogens in the
phytoplasma aster yellows group, subgroup 16SrI-C in 12 trees, single (11 plants)
or mixed with phytoplasma belonging to 16SrI-B subgroup (one plant).
Phytoplasmas of apple proliferation group (16SrX-A subgroup) were identified in
cv. ‘Mat ino’. Apple tree cv. ‘P eštické R žové’ was infected by phytoplasmas of
16SrX-A and 16SrI-B subgroups. No pathogenic organisms were detected in
asymptomatic apple trees.
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Introduction

Apple trees show a number of different diseases syndromes, many of uncertain
etiology. There is now good evidence of phytoplasma infection associated with ap-
ple proliferation (Lorenz et al. 1995). The molecular evidence for phytoplasmas in
apple trees with rubbery wood symptoms has been demonstrated by Bertaccini et
al. (1998). Also rickettsia-like particles were visualised by electron microscopy in
leaf pedicels of ‘Golden Delicious’ apple with proliferation disease (Petzold et al.
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1973) and in xylem of apple tree with rubbery wood symptoms (Minoiu and Cra-
ciun 1983). Transmission electron microscopy was used to verify the presence of
phytoplasmas in the sieve tubes of apple trees with branch malformation and mo-
lecular methods for analysis of 16S rRNA gene sequence were applied to identify
the pathogen(s).

Materials and methods

Apple trees showing mild waving to severe twisting of some shoots and
branches alone or in combination with shoot proliferation, enlarged stipules, re-
duced growth habit and fruit malformation were found at different locations in
low-intensity orchards in Southern Bohemia [locality (cultivar/number of trees
examined): Boršov nad Vltavou (unidentified/5), Jamné (‘Mat ino’/1, ‘P eštické
R žové’/1, ‘Starkrimson’/1, ‘Zlatá Reneta’/1, unidentified/1), ímov (‘Golden
Delicious’/2, ‘James Grieve’/1, ‘Pr svitné Letní’/1)]. The symptoms started to be
obvious on a new growing shoots usually in August and survived for the whole life
of the plants (Table 1). Specimens were collected from both symptomatic and
asymptomatic shoots and branches of diseased plants and from healthy looking ap-
ple trees [T ísov (‘Rubín’/3)].

Ultrathin sections from tissues of leaf and stipule midribs and stems of symp-
tomatic trees (cvs ‘Mat ino’ and ‘P eštické R žové’) were prepared and examined in
a Jeol 1010 transmission electron microscopy (Jeol, 78290, Croissy Sur Siene,
France). The same procedure was applied to samples of healthy looking apple trees.

Phloem tissues of leaves and young branches of 14 symptomatic apple trees,
phytoplasma reference strains (16SrI-B, 16SrI-C, 16SrIII-B, 16SrX-A) and tissues
of healthy periwinkle were subjected to DNA extraction. The primer pair P1 and
P7 was used to prime the amplification of 1.8 kbp fragment of 16S ribosomal RNA
(rRNA) gene, the spacer region between the 16S and 23S rRNA gene, and the start
of the 23S rRNA gene of the phytoplasma genome. 20 ng of each DNA preparation
in water were added to PCR reaction mix (Schaff et al. 1992) in a final reaction
mixture volume of 25 l. The DNA was amplified by 35 cycles in a MJ Research
thermocycler (Watertown, MA, USA). These PCR products were diluted with ster-
ile distilled water (1:39) prior to amplification by nested PCR using R16F2n/R2
primer pairs. 8–12 l of each positive nested PCR product were separately digested
from R16F2n/R2 amplicons obtained from the apple samples and the control
ones. Digestions were carried out with 2.5 U of AluI, HhaI, MseI, KpnI, RsaI restric-
tion enzymes for at least 16 h following the instructions of the manufacturer. The
restriction fragment length polymorphism (RFLP) profile of digested DNA was
analysed by electrophoresis through 2% agarose gel, stained in ethidium bromide,
and photographed under UV at 312 nm using a transilluminator. RFLP patterns
were compared with those obtained using the phytoplasma controls in this study
and with RFLP patterns previously published (Lee et al. 1998).
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Results

Transmission electron microscopy observation revealed the presence of a few
pleomorphic microorganisms resembling phytoplasmas in phloem tissues of both
symptomatic trees examined. The majority of particles were ovoid or spherical
with visible membrane but without cell wall. Their size varied from 200 to 570 nm
in diameter. Accumulation of isometric virus-like particles and severe chloroplast
degeneration was observed in phloem parenchyma cells of cv. ‘P eštické R žové’.
No phytoplasmas neither viruses were detected in the healthy controls.

When the primer pair R16P1/P7 was used in direct PCR assays, no visible am-
plification products were obtained with any of the apple templates. A DNA frag-
ment of 1.2 kb was produced from symptomatic apples when the invisible PCR
products were reamplified with the primer pair R16F2n/R2 in nested-PCR assays.
DNA fragments of the expected sizes were amplified from positive controls, when
both primer pairs were used. No amplification products were observed in the nega-
tive controls with any of primers used. RFLP analysis showed that apple
phytoplasma isolates from 11 trees had a pattern identical to each other and to the
control clover phyllody phytoplasma (16SrI-C subgroup). Mixed infection of
phytoplasmas belonging to 16SrI-C and 16SrI-B subgroups was detected in one
plant. Phytoplasmas attributed to the 16SrX-A subgroup were detected in cv.
‘Mat ino’ with enlarged stipules of leaves growing on mild and severe twisted
sprouts near the soil level. Apple tree cv. ‘P eštické R žové’ was infected with
phytoplasmas of 16SrX-A and 16SrI-B subgroups (Table 1).
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Table 1
Phytoplasma identification with PCR/RFLP analyses on apple samples

Cultivar Locality Date of collection Symptoms RFLP

‘Starkrimson’ Jamné XI 2003 ST I-C

Unidentified Boršov XI 2003 ST I-C

Unidentified Boršov XI 2003 ST I-C

Unidentified Boršov XI 2003 ST I-C

Unidentified Boršov V 2004 ST I-C, I-B

‘Golden Delicious’ ímov IX 2003 ST, D, FM I-C

‘Golden Delicious’ ímov IX 2003 ST, D, FM I-C

‘James Grieve’ ímov IX 2003 ST, D, FM I-C

‘Průsvitné Letní’ ímov IX 2003 ST, D, FM I-C

Unidentified Jamné XI 2003 ST, P I-C

Unidentified Boršov XI 2003 ST, P I-C

‘Zlatá Reneta’ Jamné XI 2003 ST, P I-C

‘P eštické R žové’ Jamné XI 2003 ST, P, M I-B, X-A

‘Mat ino’ Jamné VII 2003 STS, S X-A

D – dwarf growth habit, FM – fruit malformation, M – leaf mosaic, P – shoots proliferation, S – en-
larged stipules, ST – shoots twisting, STS – twisting of sprouts near the soil level.



Discussion

According to our knowledge, there is no evidence for similar symptoms of
branches and shoots waving or twisting in the literature. Considering that in all 14
apple trees examined, phytoplasmas were detected, it seems that these pathogens
may have played a key role in the development of the symptoms mentioned. More-
over, a synergetic effect of viruses cannot be excluded. The phytoplasmas of
16SrI-C and 16SrI-B subgroups are spread worldwide and associated with phyllody
and virescence of many herbaceous plant species. The only report (Bertaccini et al.
1998) demonstrated the presence of mixed phytoplasma infection including mem-
bers of 16SrI-B, 16SrI-C and 16SrX-A subgroups, in two apple trees with prolifera-
tion disease symptoms from the Czech Republic and in one apple tree with rubbery
wood originating from the United Kingdom. Our results suggest that infection by
phytoplasmas belonging to 16SrI-C subgroup in apple trees may be more wide-
spread, particularly in the Czech Republic, than it was previously thought.
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