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Abstract

During 2005-2008 apple plants of different varieties showing proliferation symptoms were observed in diverse areas of
north eastern Italy, Hungary and Serbia. PCR/RFLP analyses showed that all the samples were infected with
‘Candidatus Phytoplasma mali’. In the 16S plus spacer region two phytoplasma profiles (P-1 and P-Il) were
distinguished. P-1 profile was detected in reference strains AP, AT1, AT2, in samples from Serbia, and in the majority
of samples from Trentino; the P-Il profile was prevalent in samples from Veneto; both profiles were identified in
samples from Hungary, in some cases together in single samples. The analyses of rpl22-s3 genes allow the
identification, in all the samples showing a P-I profile, the presence of phytoplasmas belonging to rpX-A subgroup,
while in the samples showing a P-I1 profile it was possible to distinguish the other three reported rpX subgroups. In the
majority of samples from the Veneto region phytoplasmas belonging to rpX-D subgroup were identified, while rpX-B
and rpX-C subgroups were identified only in a few samples from Trentino and Veneto regions, respectively. Further
RFLP analyses on AP13/AP10 amplicons differentiate among strains belonging to the rpX-A subgroup: the samples
from Serbia show AP profiles, while those from Trentino show AT-2 profiles. In the samples from Hungary the
presence of AT1, AT2, and AP profiles was identified.
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Introduction

Apple Proliferation (AP) is a phytoplasma disease found only in Europe, reported for the first time in Veneto in the
fifties (Rui, 1950).1ts major impact on agriculture is that the infected plants continue to vegetate producing small and
unmarketable fruits. Affected apple cultivars are almost all those present in the main apple growing areas of Europe
(Refatti and Ciferri, 1954; Bovey, 1961; Brcak et al., 1972; Minoiu and Craciun, 1983; Bliefernicht and Krczal, 1995,
Marcone et al., 1996a), like Golden Delicious, and Renetta of Canada grafted on different rootstocks. Recently the
disease was also reported in Hungary (Del Serrone et al., 1998) and in Serbia (Duduk et al., 2008). AP is one of the
most important phytoplasma diseases of apple, affecting almost all cultivars, reducing size (by about 50 %), weight (by
63-74 %) and quality of fruit, as well as reducing tree vigour and increasing susceptibility of the plants to powdery
mildew.

Apple is the main host of ‘Candidatus Phytoplasma mali’, the agent of AP (Seemdiller and Schneider, 2004). The
disease can be observed on cultivars or on rootstocks, as well as on wild and ornamental Malus. ‘Ca. P. mali’ was found
in hazelnut (Corylus spp.) (Marcone et al., 1996b), cherry (Prunus avium), apricot (P. armeniaca) and plum (P.
domestica) (Mehle et al., 2007).

Two insect species, Cacopsylla melanoneura and C. picta, have been reported as AP vectors in Italy (Frisinghelli et al.,
2000; Tedeschi et al., 2002). Whereas C. picta appears to be the main vector in Germany (Jarausch et al., 2003; Mayer
at al., 2008). Another leafhopper, Fieberiella florii Stal (Homoptera: Cicadellidae), has been implicated as a vector of
AP in Germany (Krczal et al., 1989) and recently, also in Italy (Tedeschi and Alma, 2006).

Although in Europe AP disease affects most or all varieties of apple trees, it is caused by a relatively homogeneous
pathogen in which strains or subtypes were identified by PCR/RFLP of AP10 and rpS3 gene (Jarausch et al., 2000;
Martini et al., 2008).

To further evaluate the possibility to correlate molecular polymorphism with geographical distribution of AP strains
three regions of the AP genome; the 16S rDNA, spacer region and beginning of 23S (Khan et al., 2002; Casati et al.,
2007), the ribosomal protein (rp) gene sequences rpl22 and rps3, and the nitroreductase gene (Martini et al., 2008;
Bertaccini et al., 2008; Jarausch et al., 2000; 2004) were studied in selected strains from different geographic areas.
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Material and methods

During 2005-2008 apple plants belonging to diverse varieties and showing proliferation symptoms were observed in
different areas of northeastern Italy, Hungary and Serbia. Selected plants were employed for sampling (Table 1) in
particular: six from Hungary collected in a small field destroyed by AP, near to the Austrian border (samples H-1
trough H-6). Two from Serbia (RS-135 and RS-151) collected in Bela Crkva where the disease was only observed in a
few plants. Fourteen samples were collected in ltaly, three in different areas of the Trentino region (I-TN1 to I-TN3)
where the disease is epidemically present for more than 15 years, and another 11 samples from Veneto region (Table 1)
in areas where the disease was observed in 2007. As reference strains the three AP strains reported in the literature as
AP-15, AT-1 and AT-2 were employed; AT-2 was a strain isolated from Golden Delicious apple kindly provided by S.
Grando (E. Mach Foundation, S. Michele all’Adige, TN; Italy) while AP-15, AT-1 are from the phytoplasma collection
at DiSTA (Bertaccini, 2003).

Tab. 1 Results of RFLP analyses and the diverse phytoplasma genomic sequences to characterize AP strains from different
geographic origin.

Strain Primers F1/B6 Primers AP13/AP10 Primers rpAP15f/rpAP15r

acronyms Hpall Faul Group Recal Hincll Group Alul Group
H-1 - - nd A A AT2 A rpXx-A
H-2 A+B A PI+PII - - nd A rpxX-A
H-3 B A PIl B B AP A rpX-A
H-4 A+B A PI+PII B A AT1 A rpx-A
H-5 A+B A PI+PII B B AP A rpx-A
H-6 A A PI B B AP A rpX-A
RS-135 A A PI B B AP A rpXx-A
RS-151 A A PI B B AP A rpX-A
I-VE11 B A PIl - - nd Cc rpX-C
1-VE12 A A PI - - nd A rpxX-A
I1-VE14 A A PI A A AT2 A rpXx-A
I1-VE16 B A PIl B A AT1 C rpX-C
1-VE22 B A PII - - nd D rpX-D
1-VE27 B A Pl B A AT1 D rpX-D
1-VE28 B A PIl - - nd D rpX-D
1-VE30 B A PIl - nd D rpX-D
I-VE31 B A PIl - - nd D rpX-D
1-VE32 B A PIl - - nd D rpX-D
1-VE34 B A PIl - - nd D rpX-D
I-TN1 A A PI A AT2 A rpX-A
I-TN2 A A PI - - nd A rpX-A
I-TN3 B A Pl - B nd B rpX-B
AP-15 A A PI B B AP A rpX-A
AT-1 A A PI B A AT1 B rpX-B
AT-2 A A PI A A AT2 A rpX-A

nd, group not determined

Leaves and young apple shoots were collected from June to October and nucleic acid was extracted from fresh leaf
midribs and phloem by a chloroform/phenol procedure (Prince et al., 1993) or by a CTAB procedure (Angelini et al.,
2001).

16S ribosomal DNA plus spacer region: Direct PCR amplification with P1/P7 universal phytoplasma primer pair (Deng
and Hiruki, 1991; Schneider et al., 1995), amplifying 16S rDNA, the spacer region between 16S and 23S rDNA and the
5’ portion of 23S rDNA, was performed. Nested PCR amplification was carried out on P1/P7 amplicons diluted 1:30 in
sterile distilled water with R16F2/R2 (Lee et al., 1995) and F1/B6 (Davis and Lee, 1993; Padovan et al., 1995) primer
pairs. Each 25 pl PCR reaction mix contained 2.5 pl 10X PCR buffer, 0.8 U of Taq polymerase, 0.2 mM dNTPs, 1.5
mM MgCI2 and 0.4 pM each primer. PCR conditions were: 35 cycles (Biometra, Uno Thermoblock, Gottingen,
Germany as thermal cycler), 1 min (2 min for the first cycle) denaturation step at 94 °C, 2 min for annealing at 50 °C
and 3 min (10 min for the last cycle) for primer extension at 72 °C. Samples with the reaction mixture lacking a DNA
template were included in each experiment as negative controls. PCR products were subjected to electrophoresis in a 1
% agarose gel and visualized by staining with ethidium bromide and UV illumination. Three ul of PCR product was
digested using Sspl and Rsal restriction enzymes for R16F2/R16R2 amplicons following the instructions of the
manufacturer (Fermentas, Vilnius, Lithuania). Further strain characterization was carried out using RFLP analyses with
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Hpall and Faul restriction enzymes on F1/B6 amplicons. The comparison of restriction patterns obtained with those of
control strains was carried out after electrophoresis through a 5 % polyacrylamide gel in 1X TBE buffer followed by
staining with ethidium bromide and visualization under an UV transilluminator.

Ribosomal protein (rp) gene sequences rpl22 and rps3: RpS3 gene was amplified in direct PCR reactions using primers
rpAP15f/rpAP15r. This detection method is specific for ‘Ca. P. mali’ and can distinguish up to four different RFLP-
subtypes (rpX-A, B, C and D) (Martini et al., 2008). PCR conditions were as follows: initial denaturation for 2 min at
94 °C; 40 cycles (1 min at 94 °C, 45 s at 55 °C and 90 s at 72 °C); final extension for 8 min at 72 °C. Negative control
and visualization of results were carried out as described above. Three ul of PCR products were digested using Alul
restriction enzyme following the instructions of the manufacturer (Fermentas, Vilnius, Lithuania). The restriction
patterns were then observed as described above.

Non ribosomal DNA fragment: For the amplification of the non-ribosomal DNA fragment (nitroreductase-like gene,
Jarausch et al., 2000) a semi-nested PCR assay was employed using as a template the PCR product of the initial
amplification diluted 1:30 with primers AP8/AP10 followed by primers AP13/AP10. The PCR cycle was as follows:
95°C for 1 min, followed by 45 cycles with 94 °C for 1 min, 53 °C for 45 sec, 72 °C for 1.30 min, the extension of last
cycle was at 72 °C for 8 min. Three pl of PCR products were digested using enzymes Rcal and Hincl following the
instructions of the manufacturer (Fermentas, Vilnius, Lithuania). The restriction patterns were then compared as
described above.

Results

Nested PCR amplification with R16F2/R2 primers followed by RFLP analyses with Rsal and Sspl allow to confirm that
all samples analyzed were infected with ‘Ca. P. mali’ (data not shown). Also primers F1/B6 amplified all tested
samples in nested PCR assays and RFLP analyses on these amplicons distinguished two phytoplasma profiles (P-1 and
P-I1) (Figure 1). P-1 profile was detected in reference strains AP, AT1, AT2, in samples from Serbia, in one sample
from Hungary, in two out of the three samples from Trentino, and in two out of the 11 samples from Veneto. The P-II
profile was detected in the majority of samples from Veneto and in samples from Hungary, however the majority of the
latter samples show both profiles together (Table 1).
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Fig. 1 Polyacrylamide gel showing RFLP profiles with Hpall of nested-PCR amplicons amplified from selected
samples from Serbia, Hungary and Italy (see list in Table 1) with primers F1/B6. Control samples AP15,
AT1 and AT2, apple proliferation strains from Germany and from Italy (16SrX-A). M, marker phiX174
Haelll digested, fragment sizes in base pairs (top to bottom): 1,353; 1078; 872; 603; 310; 281; 271; 234;
and 194.

The RFLP analyses of rpl22-s3 genes allowed identification, in all the samples showing P-1 profile the presence, of
phytoplasmas belonging to rpX-A subgroup, while in samples showing P-11 profile it was possible to distinguish the
other described rp subgroups. The rpX-B and rpX-C subgroups were identified in one of the samples from Trentino and
in the two samples from Veneto respectively, while in the majority of samples from Veneto subgroup rpX-D was
identified (Figure 2, and Table 1).
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Fig. 2 Polyacrylamide gel electrophoresis of RFLP results from selected positive samples (see Table 1) obtained
with Alul restriction enzyme on amplicons from rp primers. Control samples AP15, AT1 and AT2, apple
proliferation strains from Germany and from Italy (16SrX-A). M, marker phiX174 Haelll digested,
fragment sizes in base pairs (top to bottom): 1353, 1078, 872, 603, 310, 281, 271, 234, and 194.

Further RFLP characterization on AP13/AP10 amplicons differentiates among strains belonging to rpX-A subgroup: the
two samples from Serbia showed AP profiles, while those from Trentino and the only positive among the two samples
from Veneto showed AT-2 profiles. In the samples from Hungary the presence of AT1, AT2, and AP profiles was
confirmed without the rp strain being identified. (Table 1).

Discussion

The combined use of the three molecular markers employed in this study allows the differentiation of ‘Ca. P. mali’
strains according to geographical and, in some cases, also with epidemic distribution. The polymorphism detected in the
16S ribosomal region plus spacer region was shown to be related to a restriction site located inside the spacer region in
agreement with a recent finding (Casati et al., 2009), therefore not relevant to phytoplasma classification but reliable for
AP strain characterization. It was shown that in the Trentino areas where the disease is at epidemic levels, these three
molecular markers show a high homogeneity in their RFLP profiles (Bertaccini et al., 2008) indicating a possible link of
the epidemic to one phytoplasma strain. Strain variability was detected in samples from Veneto, and the presence of
mixed AP strains was observed in the Hungarian samples. Strains showing rpX-D profile were found in several apple
growing areas of Veneto region, surrounding areas where the disease is starting to show epidemic tendencies. The
combined use of these molecular markers allows differentiating ‘Ca. P. mali’ strains according to their geographical and
epidemic distribution.

In several orchards of Veneto vector monitoring by yellow sticky traps was carried out and C. melanoneura was
consistently detected, while F. florii was erratically found, and only one specimen of C. picta was captured. Work is in
progress to further detect and differentiate these phytoplasma strains in insect vectors and alternative host plants and
relate these findings to the epidemiology of the phytoplasma diseases.

Literature

Angelini, E.; Clair, D.; Borgo, M.; Bertaccini, A.; Boudon-Padieu, E.; 2001: Flavescence dorée in France and Italy -
occurrence of closely related phytoplasma isolates and their near relationships to palatinate grapevine yellows and an
alder yellows phytoplasma. Vitis 40, 79-86.

Bertaccini, A.; 2003: http://137.204.42.130/person/collectionseptember_2003.pdf.

Bertaccini, A.; Paltrinieri, S.; Martini, M.; Fisichella, M.; Ermacora, P.; Fontanari, M., De Salvador, R.; 2008: Comparison of
different detection systems for apple proliferation phytoplasmas in Trentino (North Italy). Acta Horticulturae 781, 453-
458.

Bliefernicht, K.; Krczal, G. 1995. Epidemiological studies on apple proliferation disease in Southern Germany. Acta
Horticulturae 386, 444-447.

Bovey, R.; 1961: Apple proliferation disease. Proceedings of the 4° Symposium on virus Disease of Fruit Trees in Europe,
Lynby 25-30, July 1960, 46-54.

Brcak, J.; Kralik, O.; Seidl, V.; 1972: Mycoplasmas in apple trees infected with the proliferation disease. Biologia Plantarum
14(6), 427-429.

Julius-Kihn-Archiv, 427, 2010 181



21st International Conference on Virus and other Graft Transmissible Diseases of Fruit Crops

Casati, P.; Stern, A.; Spadone, P.; Calvi, M.; Bulgari, D.; Bianco, P.A.; Belli, G.; 2007: Molecular diversity in ‘Candidatus
Phytoplasma mali” in Lombardia. Bulletin of Insectology 60(2), 359-360.

Casati, P.; Quaglino, F.; Tedeschi, R.; Spiga, F.M.; Alma, A.; Spadone, P.; Bianco, P.A.; 2009: Identification and molecular
characterization of ‘Candidatus Phytoplasma mali” isolates in North-western Italy. Journal of Phytopathology doi:
10.1111/j.1439-0434.2009.01581.x

Davis, R.E.; Lee 1.-M.; 1993: Cluster-specific polymerase chain reaction amplification of 16S rDNA sequences for detection
and identification of mycoplasmalike organisms. Phytopathology 83, 1008-1011.

Del Serrone, P.; La Starza, S.; Krizbai, L.; Kolber, M.; Barba, M; 1998: Occurrence of apple proliferation and pear decline
phytoplasmas in diseased pear trees in Hungary. Journal of Plant Pathology 80(1), 53-58.

Deng, S.; Hiruki, C.; 1991: Amplification of 16S rRNA genes from culturable and nonculturable Mollicutes. Journal of
Microbiology Methods 14, 53-61.

Duduk, B.; Paltrinieri, S.; Ivanovi¢, M.; Bertaccini, A.; 2008: Phytoplasmas infecting fruit trees in Serbia. Acta Horticulturae
781, 351-358.

Frisinghelli, C.; Delaiti, L.; Grando, M.S.; Forti, D.; Vindimian, M.E.; 2000: Cacopsylla costalis (Flor 1861), as a vector of
apple proliferation in Trentino. Journal Phytopathology 148, 425-431.

Jarausch, W.; Saillard, C.; Helliot, B.; Garnier, M.; Dosba, F.; 2000: Genetic variability of apple proliferation phytoplasmas as
determined by PCR-RFLP and sequencing analysis of a non-ribosomal fragment. Molecular and Cellular Probes 14,
17-24.

Jarausch, B.; Schwind, N.; Jarausch, W.; Krczal, G.; Seemdiller, E.; Dickler, E.; 2003: First report of Cacopsylla picta as a
vector for apple proliferation phytoplasma in Germany. Plant Disease 87, 101.

Jarausch, W.; Schwind, N.; Jarausch, B.; Krczal, G.; 2004: Analysis of the distribution of apple proliferation phytoplasma
subtypes in a local fruit growing region in Southwest Germany. Acta Horticulturae 657, 421-424.

Khan, A.J.; Botti, S.; Al-Subhi, A.M.; Gundersen-Rindal, D.E.; Bertaccini, A.F.; 2002: Molecular identification of a new
phytoplasma associated with alfalfa witches'-broom in Oman. Phytopathology 92(10), 1038-1047.

Krczal, G.; Krczal, H.; Kunze, L.; 1989: Fieberiella florii (Stal) - a vector of the apple proliferation agent. Acta Horticulturae
235, 99-104.

Lee, I.-M.; Bertaccini, A.; Vibio, M.; Gundersen, D.E.; 1995: Detection of multiple phytoplasmas in perennial fruit trees with
decline symptoms in Italy. Phytopathology 85, 728-735.

Marcone, C.; Ragozzino, A.; Del Serrone, P.; Aloj, B.; Barba, M.; Seemdller, E.; 1996: Detection of apple proliferation and
pear decline in Southern Italy. Petria 6, 149-157.

Marcone, C.; Ragozzino, A.; Seemdiller, E.; 1996b: Association of phytoplasmas with the decline of European hazel in
southern Italy. Plant Pathology 45, 857-863.

Martini, M.; Ermacora, P.; Falginella, L.; Loi, N.; Carraro, L.; 2008: Molecular differentiation of ‘Candidatus Phytoplasma
mali’ and its spreading in Friuli Venezia Giulia region (North-East Italy). Acta Horticulturae 781, 395-402.

Mayer, C.J.; Vilcinskas, A.; Gross, J.; 2008: Pathogen-induced release of plant allomone manipulates vector insect behavior.
Journal of Chemical Ecology 34(12), 1518-1522.

Mehle, N.; Brzin, J.; Boben, J.; Hren, M. Frank, J.; Petrovi¢, N.; Gruden, K.; Dreo, T.; ZeZlina, I.; Seljak, G.; Ravnikar, M.;
2007: First report of 'Candidatus Phytoplasma mali' in Prunus avium, P. armeniaca and P. domestica. Plant Pathology
56(4), 721.

Minoiu, N.; Craciun, C.; 1983: Electron microscopy detection of apple rubbery wood pathogens and colbalt-therapy of
infected fruit trees. Acta Horticulturae 130, 313-315.

Padovan, A.C.; Gibb, K.S.; Bertaccini, A.; Vibio, M.; Bonfiglioli, R.E.; Magarey, P.A.; Sears B.B.; 1995: Molecular detection
of the Australian grapevine yellows phytoplasma and comparison with a grapevine yellows phytoplasma from Emilia-
Romagna in Italy. Australian Journal of Grape and Wine Research 1, 25 31.

Prince, J.P.; Davis, R.E.; Wolf, T.K.; Lee, |.-M.; Mogen, B.D.; Dally, E.L.; Bertaccini, A.; Credi, R.; Barba, M.; 1993:
Molecular detection of diverse mycoplasmalike organisms (MLOs) associated with grapevine yellows and their
classification with aster yellows, X-disease and elm yellows MLOs. Phytopathology 83, 1130-1137.

Refatti, E.; Ciferri, R.; 1954: La virosi del tipo ‘scopazzi’ in vivai di melo. Annali Sperimentazione Agraria 8, 1543-1556.

Rui, D.; Ciferri, R.; Refatti, E.; 1950: La virosi degli scopazzi del melo nel veronese. Notiziario delle malattie delle piante 13,
7-11.

Schneider, B.; Seemiller, E.; Smart, C.D.; Kirkpatrick, B.C.; 1995: Phylogenetic classification of plant pathogenic
mycoplasmalike organisms or phytoplasmas. In: Molecular and Diagnostic Procedures in Mycoplasmology, pp. 369-
380. Ed. S. Razin and J.G. Tully. San Diego, CA: Academic press.

Seemiiller, E.; Schneider, B.; 2004: ‘Candidatus Phytoplasma mali’, ‘Candidatus Phytoplasma pyri’ and ‘Candidatus
Phytoplasma prunorum’, the casual agents of apple proliferation, pear decline and European Stone Fruit yellow,
respectively. International journal of Systematic and Evolutionary Microbiology 54, 1217-1226.

Tedeschi, R.; Alma, A.; 2006: Fieberiella florii (Homoptera: Auchenorrhyncha) as a vector of ‘Candidatus Phytoplasma
mali’. Plant Disease 90, 284-290.

Tedeschi, R.; Bosco, D.; Alma, A.; 2002: Population dynamics of Cacopsylla melanoneura (Homoptera: Psyllidae), a vector
of apple proliferation phytoplasma in Northwestern Italy. Journal of Economic Entomology 95, 544-551.

182 Julius-Kuhn-Archiv, 427, 2010





