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Growing apples is an important part of fruit 
production in the Czech Republic. Apple trees are 
one of a wide spectrum of phytoplasma hosts. An 
important disease caused by phytoplasma is ap-
ple proliferation (G������� et al. 1968; A���� et al. 
1972; B���� et al. 1972; C������� 1973; P������ & 
M������ 1976). It is one of the most severe apple 
diseases, as both quantity and quality of the yield 
are affected (B������ et al. 1963; S���� 1971; S���� 
& K�������� 1977). Phytoplasmas associated with 
the disease belong to the quarantine organisms 
(EPPO/CABI 1997). The disease is present in most 
pome fruit areas of Europe, particularly in south-
ern and Central Europe. The current situation of 
apple proliferation disease is known in detail in 
Germany, where investigations on the geographic 
distribution and epidemiology have been carried 
out (F���� & B������ 1982; B���������� & K��-
��� 1995). S�������� et al. (1998) revealed that in 
large areas of Germany a high percentage of trees 
in low-intensity orchards is infected. 

Typical conspicuous symptoms of the disease 
are shoot proliferation (witches’ brooms) and ab-
normally enlarged and distinctly dentate stipules. 
However, the symptom expression of infected apple 
trees can vary considerably over a period of several 
years. This variability is related to the colonisation 
behaviour of causal phytoplasmas (S�������� et al. 
1984), climate and growing conditions (S�������� 
et al. 1998). 

Phytoplasmas associated with apple proliferation 
disease could also occur in trees with symptoms 
other than typical proliferation, such as redden-
ing of leaves and rubbery wood (B��������� et al. 
2001). In addition to such non-specific symptoms, 
possible latency must be considered. S�������� et 
al. (1984) proved a latent phytoplasma infection 
by successful transmission (grafting) of an apple 
proliferation agent from non-symptomatic apple 
trees. 

In this study, we report results of the screening 
for phytoplasma occurrence in samples of apple 
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trees collected from selected growing areas of the 
Czech Republic.

MATERIALS AND METHODS

Material. In co-operation with the State Phy-
tosanitary Administration, visual inspections were 
carried out in apple growing areas of east Bohe-
mia, central and south Moravia from 1999 to 2002 
(Figure 1). Apple trees from intensive orchards, 
nurseries, and private gardens were investigated 
for the presence of proliferation symptoms and 
enlarged stipules. Samples were taken during the 
vegetation season from all trees with symptoms. 
Several apple trees with rubbery wood symptoms 
and a few randomly selected non-symptomatic 
trees were also included in the study. Altogether, 
49 trees (cultivars: Fiesta, Golden Delicious, James 
Grieve, Lord Lambourne, Ontario, Parména, Rubín, 
Šampion and unknown) were examined for the 
presence of phytoplasmas. Three shoot samples 
per tree were used for the analyses.

by Dr. E. Seemüller, Biologische Bundesanstalt für 
Land- und Forstwirtschaft, Dossenheim, Germany) 
as a positive control. 

Detection of phytoplasmas by PCR. Universal 
primers derived from 16S rRNA gene were em-
ployed for the detection of phytoplasmas in apple 
trees. Direct PCR assays were performed using 
fU5/rU3 (L����� et al. 1995). PCR assays were also 
carried out using the primer pair R16F1/R0 (L�� et 
al. 1995). Products were diluted (1:10) with sterile 
deionised water and re-amplified with the primer 
pair R16F2/R2 (L�� et al. 1995) in nested-PCR. Tubes 
with the reaction mixture devoid of DNA templates 
were included in PCR experiments as a negative 
control and DNA extracts from plants of Catha-
ranthus roseus L. infected with AP phytoplasma 
(AT isolate) as a positive control. PCR products 
were analysed by electrophoresis through a 1.5% 
agarose gel and stained with ethidium bromide. 
DNA bands were then visualised with an UV 
transilluminator.

Identification of phytoplasmas by RFLP 
analysis. Phytoplasma identities were revealed 
by RFLP analysis of amplified fragments of 16S 
rDNA. Nested-PCR products obtained with the 
primer pair R16F2/R2 were subjected to digestion 
with selected restriction endonucleases. 15 µl of 
each PCR product was digested separately with 
RsaI and BfmI (Fermentas, Lithuania) according 
to the instruction of the manufacturer at 37°C 
overnight. The restriction products were sepa-
rated by electrophoresis through 3% MetaPhor 
agarose (FMC, USA) gel stained with ethidium 
bromide and then visualised with an UV transil-
luminator. RFLP patterns of samples were com-
pared with corresponding restriction profiles of 
phytoplasmas that are important in the Czech 
Republic, i.e. apple proliferation phytoplasma 
(AP), European stone fruit phytoplasma (ESFY), 
pear decline phytoplasma (PD) and aster yellows 
phytoplasma (AY). 

RESULTS AND DISCUSSION

Using fU5/rU3 primer pair in direct-PCR, re-
spectively R16F1/R0 and R16F2/R2 primer pairs 
in nested-PCR, phytoplasma infection was dem-
onstrated in all trees with apparent proliferation 
symptoms. In addition, phytoplasmas were found 
in half the trees with rubbery wood symptoms, 
and in three of seven trees without symptoms 
(Table 1).
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Regions: 1 – Jičín; 2 – Hradec Králové; 3 – Olomouc; 
4 – Přerov; 5 – Blansko; 6 – Prostějov; 7 – Brno; 8 – Znojmo; 
9 – Břeclav; 10 – Hodonín; 11 – Uherské Hradiště. Triangles 
indicate locations where apple proliferation phytoplasma 
was present

Figure 1. Apple growing areas inspected for apple pro-
liferation in the Czech Republic. Larger circles represent 
growing areas over 200 ha of apple tree orchards; smal-
ler circles represent growing areas up to 200 ha

DNA isolation. The isolation of DNA followed 
the procedure of A����� and S�������� (1992), 
using the axial phloem tissue of apple trees. In 
addition, DNA extracts were obtained from plants 
of Catharanthus roseus L. infected with apple prolif-
eration phytoplasma (AT isolate kindly provided 
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Phytoplasmas infecting apple trees were distin-
guished by digesting R16F2/R2 PCR fragments. 
RFLP analysis revealed the same band patterns for 
products of amplification obtained from trees with 
proliferation symptoms, those with rubbery wood 
symptoms, and trees with no symptoms (Figure 
2a,b). The patterns corresponded to the profile 
of apple proliferation phytoplasma – subgroup 
16SrX-A (L�� et al. 1998).

Selected apple trees were repeatedly sampled 
and examined by nested-PCR employing R16F1/R0 
and R16F2/R2 primer pairs. Such re-testing showed 
the reliable detection of phytoplasma in samples 
obtained from apple trees with shoot prolifera-
tion symptoms through the vegetative season of 
2000 as well as during the other years. However, 
there was also a scattered distribution of a few 

PCR positive samples in the groups of trees with 
rubbery wood symptoms and of those without 
symptoms (Table 2). 

Our results showed that phytoplasma diagnosis 
using PCR has been reliable in trees with suffi-
ciently distinct symptoms of proliferation. Only 
a low number of trees with apparent proliferation 
symptoms were included in the study, and it should 
be noted that these were found mainly in private 
gardens. The scarcity of trees with proliferation 
symptoms would indicate a good health condi-
tion of intensive apple tree orchards of the tested 
growing areas. However, the positive detection of 
phytoplasma in some trees that appeared healthy 
shows the probability of a relatively high incidence 
of apple proliferation phytoplasma infection in a 
latent form. This, together with the gaps in our 
knowledge of the epidemiology of apple pro-
liferation disease and the uncertain importance 
of vectors (R������ et al. 1986; S�������� 1990) 
present a phytosanitary risk for both production 
orchards and nurseries. In Germany, S�������� et 
al. (1998) found a high percentage of phytoplasma 
positive samples in apple trees from low-intensity 
orchards. The authors discussed the reasons for 
the differences in incidence between low-intensity 
and high-intensity orchards, and attributed it to 
fewer insecticide applications in the former. In 
the Czech Republic, a change in the incidence of 

Table 1. Results of tests for phytoplasma in apple trees 
from selected growing areas in the Czech Republic 
during 1999–2002

Symptoms
Number of trees

tested phytoplasmas present

Proliferation 24 24

Rubbery wood 18 9

None 7 3

Lane 1 – apple tree with proliferation symptoms; Lane 2 – tree with rubbery wood symptoms; Lane 3 – tree with no 
symptoms. Control isolates: Lane 4 – apple proliferation phytoplasma; Lane 5 – pear decline phytoplasma; Lane 6 – Eu-
ropean stone fruit phytoplasma; Lane 7 – aster yellows phytoplasma; Lane 8 – marker 100 bp DNA ladder, fragment 
sizes in base pairs from top to bo�om: 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200

Figure 2. RsaI (a) and BfmI (b) restriction profiles of 16S rDNA amplified with primer pair R16F2/R2 from selected 
apple trees showing different symptoms
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apple proliferation can be expected if there is an 
increase in the number of low-intensity orchards 
in marginal apple growing areas and of those with 
organic production.

Apple trees with symptoms of rubbery wood 
disease were also included in the study. The present 
data do not confirm an association between the 
incidence of rubbery wood symptoms and infection 
with apple proliferation phytoplasma. However, 
positive phytoplasma tests within the group show 
that apple trees with rubbery wood symptoms may 
be a further source of apple proliferation phyto-
plasma. There have been some indications that 
trees with those symptoms may be affected by 
phytoplasma  (B������� et al. 1971). More recently, 
the molecular evidence for phytoplasmas in apple 
trees with rubbery wood symptoms has been dem-
onstrated by B��������� et al. (1998). The authors 
classified the phytoplasmas in trees with rubbery 
wood as members of the aster yellows phytoplasma 
group (L�� et al. 1998), with the only exception of 

a mixed infection of aster yellows phytoplasma 
and apple proliferation phytoplasma. 

In this study, phytoplasma of the same iden-
tity – apple proliferation phytoplasma (subgroup 
16SrX-A) – was detected in all positively tested 
trees. B��������� et al. (2001) found that apple trees 
with different symptoms (including apple prolifera-
tion symptoms and rubbery wood symptoms) can 
harbour a relatively wide spectrum of phytoplasmas. 
However, they also pointed out that the association 
between recorded symptoms and the presence or 
type of phytoplasma is not very clear.
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Souhrn

F������ R., N������� M., V����� P. (2003): Přítomnost fytoplazem u jabloní v České republice. Plant Protect. 
Sci., 39: 7–12.

Pomocí polymerázové řetězové reakce za použití primerů amplifikujících oblast genu pro 16S rRNA byla sledována 
přítomnost fytoplazem u jabloní s příznaky proliferace, gumovitosti a u bezpříznakových jabloní. Fytoplazmy 
byly detekovány u všech stromů vykazujících příznaky proliferace. Pozitivní testy na přítomnost fytoplazem 
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u jabloní gumovitých a bezpříznakových naznačují možnost poměrně vysokého výskytu latentní infekce. Analýzou 
délkového polymorfismu restrikčních fragmentů byla u všech infikovaných stromů zjištěna stejná fytoplazma 
– fytoplazma proliferace jabloně (podskupina 16SrX-A). 

Klíčová slova: příznaky proliferace; bezpříznaková infekce; příznak gumovitosti; PCR; RFLP 
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