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Phytoplasmas are uncultivable prokaryotic wall-less pathogens belonging to the class
Mollicutes that inhabit plant phloem and insects. Their identification and classification is
difficult and mainly based on the polymorphism of their 16S rRNA gene sequences. Aster
yellows (AY; 'Candidatus Phytoplasma asteris') phytoplasmas (ribosomal subgroup 16SrI-P)
had been previously identified in several Populus nigra L. 'Italica' (Lombardy poplar)
trees from the urban area of Zagreb. The aim of this research was to examine phyto-
plasmosis distribution in the poplar tree population of the wider Zagreb urban area. Total
nucleic acids were extracted from leaf samples of 30 symptomatic and 4 asymptomatic
trees. Phytoplasma 16S rDNA was amplified in direct and nested PCRs by using universal
and group-specific primers. The pathogens were classified on the basis of 16S rDNA
amplicon RFLP analyses. Phytoplasmas belonging to the 16SrI ribosomal group (AY)
were detected in 12 out of 34 trees examined. In addition, a phytoplasma putative gene for
aa kinase was analyzed for positive samples. RFLP profiles from 10 samples were refer-
able to the phytoplasma 16SrI-P ribosomal subgroup previously found only in poplars
from Zagreb area. In two samples, unique restriction patterns were found, showing the
presence of molecular variability within this conserved gene region. In the northern and
north-western part of the area the infection was equally distributed, while in the southern
part of the city phytoplasmas were not detected in sampled trees. Further research, includ-
ing a search for potential insect vectors, is needed in order to indentify the ecological and
epidemiological implications of these diseases and their impact on the sanitary status of
ornamental trees in the city of Zagreb.
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Introduction

Phytoplasmas, formerly known as mycoplasma-like organisms (MLOs), are wall-less
plant pathogens from the class of Mollicutes which cause numerous diseases and high
losses in plant production worldwide. They have been detected in several hundred econom-
ically important plant species (LEE et al. 2000). Vectors responsible for phytoplasma trans-
mission in nature are insects of the order Hemiptera, primarily phloem-feeding leafhoppers
(Cicadellidae). Vector specificity varies from high, when phytoplasmas are transmitted by
only one or two vectors, to extremely low, when a specific phytoplasma can be transmitted
by up to 24, mostly polyphagous, leafhopper species (SEEMÜLLER et al. 2002, LEE et al.
2003). Another important feature of phytoplasma epidemiology is the wide plant host
range of some phytoplasmas. In combination with the above mentioned low vector speci-
ficity, this trait enables overlapping of plant hosts and vectors, which provides opportunity
for different phytoplasma species to interact and exchange genetic information (CHRISTENSEN

et al. 2005).
The phytoplasma genome is extremely reduced, lacking genes which have been consid-

ered essential for self-dividing organisms (OSHIMAet al. 2004, BAI et al. 2006). This feature
is probably the key to our inability to cultivate phytoplasma in axenic media. However, this
major obstacle to research has not completely discouraged researchers in this field. Major
advances were made in the late 1980 and early 1990 with the development of generic and
group specific phytoplasma primers based on the 16S rRNA gene. The use of molecu-
lar-based tools, such as polymerase chain reaction (PCR) and restriction fragment length
polymorphism analysis (RFLP) provided sensitive, reliable and relatively rapid diagnosis
of diseases associated with these wall-less prokaryotes (DAVIS et al. 1993, LEE et al. 1993).

With the increasing knowledge on the phytoplasma genes and their sequences, the clas-
sification of these prokaryotes advanced towards a delineation of their new taxonomic sta-
tus (IRPCM, 2004). Phytoplasmas were recently assigned to a novel genus 'Candidatus

Phytoplasma'. The designation Candidatus refers to organisms that cannot be cultivated in
pure cultures in vitro. This new classification takes into account the phylogenetic as well as
the biological/ecological characteristics of the organisms. So far, about thirty 'Candidatus

Phytoplasma' species have been described. (IRPCM 2004, AROCHA et al. 2005, SCHNEIDER

et al. 2005, LEE et al. 2006, VALIUNAS et al. 2006).

Hitherto, phytoplasmas infecting Populus nigra L. 'Italica' (Lombardy poplar) trees
have been detected by means of molecular biology tools in France (COUSIN 1996), Ger-
many (BERGES et al. 1997) and Croatia ([ERUGA et al. 2002). Phytoplasmas previously
found to infect Lombardy poplar trees in the city of Zagreb (Croatia) have been assigned to
a newly described ribosomal subgroup 16SrI-P (ribosomal group 16SrI; aster yellows) and
ribosomal protein subgroup rp-O on the basis of exhaustive analyses of several phyto-
plasma conserved genes. This new phytoplasma could be specific, infecting only Lom-
bardy poplar trees ([ERUGA et al. 2003). According to the new classification, Lombardy
poplar phytoplasma is still denoted as a 'Candidatus Phytoplasma asteris' member since
this taxon (16SrI ribosomal group) currently encompasses many isolates with equivalent
status at the species level. This could change in the future because the 16SrI phytoplasma
group is the most diverse and may consist of more than one species (FIRRAO et al. 2005).

Witches' broom is a typical symptom associated with phytoplasma infections of Lom-
bardy poplar trees (SHARMA and COUSIN 1986, COUSIN 1996). Besides witches' broom, sev-
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eral less specific symptoms regularly appear on affected poplar trees such as undersized
leaves, yellowing, sparse foliage, stunting and dieback (BERGES et al. 1997). Nearly all the
above mentioned symptoms were observed on the trees growing in the Zagreb urban area.
The first report on phytoplasma-associated diseases in the Lombardy poplar tree popula-
tion of Zagreb was made after analyzing a relatively small number of samples ([ERUGA et
al. 2002). Therefore, the aim of this research was to examine the distribution of Lombardy
poplar phytoplasmoses in the city of Zagreb on the basis of a larger group of samples to rep-
resent the wider urban area.

Materials and methods

Plant samples

In May 2003, symptomatic and asymptomatic leaf and branch samples from Populus

nigra L. 'Italica' trees were collected in the Zagreb urban area. Only two sampled trees ex-
hibited typical witches' broom symptoms, but the majority of Lombardy poplars developed
leaf yellowing, sparse foliage, dieback and undersized leaves (Tab. 1). Samples from 34
trees were collected from the lower parts of the trunks. Sampling was performed uniformly
throughout the city urban area, in order to provide clear data about the disease distribution
(Fig. 1). Phloem tissue from leaf midveins was dissected and stored at –80 °C prior to total
nucleic acids extraction.

Total nucleic acids extraction

Total nucleic acids (TNA) were extracted from approximately 500 mg of plant phloem
tissue by using CTAB buffer, following the procedure already described in [ERUGA et al.
(2003). The TNA concentration was measured by Beckman Spectrophotometer DU-64
(SAMBROOK et al. 1989) and the final concentration for PCR experiments was adjusted to 20
ng/mL.

Amplification of phytoplasma genes

Amplification of phytoplasma 16S rRNA gene: Polymerase chain reaction (PCR) was per-
formed for amplification of phytoplasma 16S rRNA gene by using phytoplasma-universal
primer pairs R16F1/R0 (LEE et al. 1995), R16F2n/R2 (GUNDERSEN and LEE 1996) and
16R738f/16R1232r (GIBB et al. 1995), as well as the primer pair R16(I)F1/R1 (LEE et al.
1994), specific for phytoplasma ribosomal groups 16SrI and 16SrXII. Direct PCR assay
was performed with R16F1/R0 primer pair. Obtained products were diluted 1:30 (v/v) with
sterile deionized water and used as templates in the nested PCR with primer pair
R16F2n/R2. In the second nested PCRs, products obtained from previous amplification
were diluted as mentioned above, and used as templates for two separate reactions using ei-
ther general (16R738f/16R1232r) or group-specific (R16(I)F1/R1) phytoplasma primers.

Amplification of phytoplasma putative gene for aa kinase: A putative gene for aa kinase
was amplified by using the primer pair BB88F1/R1 (GUNDERSEN et al. 1996) specific for
phytoplasma ribosomal 16SrI group and by using TNA extracted from positively-tested
samples as template in a PCR reaction.
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Tab. 1. Presence of phytoplasmosis-like symptoms and the phytoplasma 16S rRNA gene in the col-
lected Lombardy poplar samples from Zagreb.

sample location symptoms
Phytoplasma

16S rRNA gene

1 Maruli} square dieback +

2 Maruli} square irregular branching –

3 Maruli} square irregular branching, yellowing +

4 Ma`urani} square yellowing –

5 Ma`urani} square asymptomatic –

6 Ma`urani} square witches' broom, yellowing –

7 @itnjak asymptomatic –

8 »Konzum«, @itnjak dieback, yellowing –

9 @itnjak asymptomatic +

10 »Diona«, Feren{~ica yellowing +

11 High school, Volov~ica dieback, yellowing +

12
High school
»R. Bo{kovi}«, Feren{~ica

witches' broom, lesions +

13 »Konzum«, @itnjak dieback, yellowing –

14 High school, Volov~ica dieback, lesions –

15 Health centre Kruge dieback, yellowing –

16 Health centre Kruge dieback, yellowing –

17 Health centre Kruge dieback, yellowing –

18
Primary school
»Grigor Vitez«, Kruge

yellowing +

19
Primary school
»Vladimir Ru`djak«, Savica

dieback –

20
Primary school
»Vladimir Ru`djak«, Savica

dieback –

21 Settlement Folnegovi}evo undersized leafs –

22 Settlement Folnegovi}evo undersized leafs –

23 Settlement Folnegovi}evo dieback, yellowing –

24 Lake Bundek stunting –

25 Hippodrome extreme yellowing –

26 Shopping center Pre~ko yellowing –

27 Shopping center Pre~ko yellowing –

28 Shopping center Pre~ko yellowing +

29 Shopping center Pre~ko yellowing, leaf deformation +

30 Theatre »Tre{nja«, Selska road extreme yellowing +

31 The Street of Baron Filipovi} extreme yellowing +

32 The Street of Baron Filipovi}
extreme yellowing,
undersized leafs

+

33 Vrap~e yellowing, dieback –

34 Tre{njevka asymptomatic –
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Each reaction was performed in a total volume of 25 mL, containing 1.5 mL of reaction
buffer, 200 mM of dNTPs, 0.2 mM of each primer and 0.625 U of Taq-polymerase
(Eppendorf AG, Hamburg, Germany). In every PCR assay, a reaction mix devoid of DNA
template was included as a contamination control. All reactions were performed under con-
ditions already described ([ERUGA et al. 2003). The amplified fragments were analyzed by
electrophoresis in 1% agarose gels, stained with ethidium-bromide and visualized on a
UV-transilluminator (Sigma T 2202).

RFLP analysis

Products amplified by PCR assays were subjected to the restriction fragment length
polymorphism (RFLP) analysis. Two restriction endonucleases were used, Tru9I and TspEI
(Fermentas, Vilnius, Lithuania), according to the manufacturer's instructions. Digestion
was carried out for 16 hours at 65 °C. Restriction fragments were analyzed by electrophore-
sis in a 5% polyacrylamide gel, stained with ethidium-bromide and visualized on the
UV-transilluminator. RFLP patterns were compared with those of standard strains: STOL
(ribosomal subgroup 16SrXII-A, to be described as 'Ca. P. solani'), HYDB (ribosomal sub-
group 16SrI-B, 'Ca. P. asteris'), P (poplar isolate from ribosomal subgroup 16SrI-P ([ERUGA

et al. 2003). HYDB and STOL standard strains were obtained from Prof. Assunta Bertac-
cini, University of Bologna (IRPCM, 2004; http://137.204.42.130/person/collection-sep-
tember_2003.pdf).

Results

Symptoms

Lombardy poplar trees from Zagreb urban area were visually examined for phyto-
plasmosis-like symptoms during May 2003 (Tab. 1, Fig. 1). In the spring, the symptoms of
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Fig. 1. Distribution of phytoplasma infection in Lombardy poplar tree population of Zagreb urban
area. Locations of both positive (infected) and negative samples are indicated.
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phytoplasma infection are the most apparent (COUSIN et al. 1999). The majority of the sam-
pled poplars exhibited atypical symptoms of infections such as undersized leaves, yellow-
ing, sparse foliage, stunting and dieback. Only two trees in researched Zagreb urban area
showed witches' broom, a symptom that is typical of phytoplasma infection (BERGES et al.
1997). For the purpose of control, four samples, out of 34 in total, were collected from
asymptomatic trees and examined for the presence of phytoplasma.

PCR amplification

In the agarose gel electrophoreses performed after direct PCR by using the generic phy-
toplasma primer pair R16F1/R0 no bands were detected, with the exception of reference
strains HYDB and STOL (Fig. 2A). All PCR products were diluted and used as templates
in the first nested PCR performed by using the second general primer pair R16F2n/R2. This
nested PCR procedure was sensitive enough for obtaining visible amplicons from poplar
samples in the agarose gels (Fig. 2 B). The second nested PCRs performed by using two
different primer types (primer pairs 16R738f /16R1232r and R16(I)F1/R1) on the R16F2n/R2
amplicons resulted in visible bands (Fig. 2C and D). Out of 30 collected symptomatic sam-
ples, 11 were positive for the presence of phytoplasma 16S rRNA gene. Regarding four
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Fig. 2. Agarose gel electrophoreses of phytoplasma 16S rDNA PCR amplification products from
Lombardy poplar samples and positive controls. Detected fragments were obtained with
primer pairs: R16F1/R0 (A), R16F2n/R2 (B), R16(I)F1/R1 (C) and 16R738f /16R1232r (D). W

– negative (water) control; H – reference strain of ribosomal subgroup 16SrI-B; S – refer-
ence strain of ribosomal subgroup 16SrXII-A; 26–34 – samples, numbered as given in Table
1; M – marker FX174 HaeIII digested, fragment sizes in base pairs from top to bottom:
1353, 1078, 872, 603, 310, 281 and 271.
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asymptomatic samples, three of them tested negative for the presence of phytoplasma
DNA, while one of them, despite the absence of infection symptoms, tested positive. In the
case of 12 positivly-tested samples, another direct PCR was performed using the primer
pair BB88F1/R1 (GUNDERSEN et al. 1996) specific for phytoplasma ribosomal 16SrI group.
All PCR reactions provided visible bands in the agarose gel electrophoreses (not shown).

RFLP analyses

Amplified phytoplasma fragments obtained from Lombardy poplar tree samples, to-
gether with the amplified fragments of reference strains HYDB, STOL and P, were sub-
jected to the RFLP analysis with Tru9I (Fig. 3) and Tsp9I (not shown).

All restriction profiles of phytoplasma 16S rDNA amplified from 12 poplar tree ex-
tracts corresponded to the restriction profile of the ribosomal subgroup 16SrI-B reference
strain HYDB (Fig. 3), as well as the profiles of the phytoplasma previously isolated from
poplars in Zagreb urban area ([ERUGA et al. 2002).

Restriction profiles obtained from 10 amplicons of phytoplasma gene for putative aa
kinase were identical to the restriction profile of the ribosomal subgroup 16SrI-P ([ERUGA

et al. 2003), whilst profiles of two samples did not correspond entirely to either of the stan-
dard strains used. Molecular variability was observed in the analysis of both enzymes,
Tru9I and TspEI (Fig. 4).
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Fig. 3. Polyacrylamide gel showing the RFLP analysis of phytoplasma 16S rDNA fragments ob-
tained with general phytoplasma primer pair R16F2n/R2. Amplified 16S rDNA was di-
gested with Tru9I. H – reference strain of ribosomal subgroup 16SrI-B; S – reference strain
of ribosomal subgroup 16SrXII-A; 1, 3, 9–12- samples, numbered as given in Table 1; M –
marker, pUCBM21 digested with HpaII and with BraI + HindIII. Fragment sizes in base
pairs from top to bottom: 1114, 900, 692, 501, 489, 404, 320, 242, 190, 147, 124, 110.
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Discussion

Populus nigra L. 'Italica' is a very common ornamental tree growing in parks, along
roads and in other horticultural areas of the city of Zagreb. In 2002, there was a report on
the presence of phytoplasma infection in Lombardy poplar tree population of Zagreb urban
area, covering only a small area of the city ([ERUGA et al. 2002). Comprehensive analyses
also including phytoplasma conserved genes other than 16S rRNAenabled classification of
the detected pathogen into a newly described ribosomal subgroup 16SrI-P and ribosomal
protein subgroup rp-O ([ERUGA et al. 2003). In the spring 2003, a bigger and more repre-
sentative sampling was performed throughout the wider Zagreb urban area (Fig. 1).

Out of 30 collected symptomatic samples, 11 were positive for the presence of
phytoplasma 16S rRNA gene. In almost two-thirds of the samples collected from trees ex-
hibiting nonspecific phytoplasmosis symptoms, no phytoplasma DNA was detected (Tab.
1). There could be several reasons for such a result. Phytoplasmas could be present in a
very low titer in those trees thus making it impossible to detect the infection, which is not
unusual for woody plants (MARCONE et al. 1996a, b). Furthermore, disease development
and the distribution of phytoplasmas in the woody hosts can vary in the sampled tree por-
tion depending on numerous factors (tree size, age, general sanitary and metabolic status of
the plant host). In addition, environmental conditions can influence all the parameters men-
tioned above (COUSIN et al. 1999). There is also a possibility that nonspecific symptoms
could have been caused by other pathogens such as viruses, fungi or bacteria. Conversely,
in one asymptomatic sample, the presence of phytoplasma was detected. This was probably
the case of relatively recent, still latent infection, where symptoms had not appeared by the
time of sampling (BERGES et al. 1997).
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Fig. 4. Polyacrylamide gel showing the RFLP analysis of phytoplasma DNA fragments (putative
phytoplasma gene for aa kinase) obtained with specific primer pair BB88F1/R1. Amplified
fragments were digested with Tru9I (A) and Tsp9I (B). H – reference strain of ribosomal sub-
group 16SrI-B; P – poplar phytoplasma isolate belonging to ribosomal subgroup 16SrI-P; 18,

28 – 32 – samples, numbered as given in Table 1; M – marker same as in Fig. 3.
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Phytoplasma-infected trees were equally distributed throughout the northern and north-
-western part of the city. In the southern part of the city, situated along the Sava River,
phytoplasma infection was not detected in the scope of this research (Fig. 1). This distribu-
tion could indicate the transmission of the phytoplasmas from a primary focus in the north
or north-west part of the city. Phytoplasmosis development is dependent on, among other
environmental conditions, the irrigation level of the poplar growth area. Its incidence is
rare in well-irrigated areas, which corresponds to our findings in southern part of the city,
along the River Sava (COUSIN et al. 1999).

In the course of this research, specific vectors responsible for the disease transmission
were not found. However, the detection of vectors was reported in areas around Paris where
two leafhopper species, Rhytidodus decimusquartus and Tremulicerus vitreus, were identi-
fied as transmitters of phytoplasma infection in the Populus nigra L. 'Italica' population.
Since the specificity of the different leafhopper species to different species of poplar is well
known (COUSIN et al. 1999), R. decimusquartus and T. vitreus could also be potential vec-
tors in the case of phytoplasmosis of Zagreb poplars.

RFLP analyses of 16S rDNA revealed that all detected phytoplasmas belonged to the ri-
bosomal group 16SrI ('Candidatus Phytoplasma asteris'). Subjecting another phytoplasma
conserved gene (putative gene for aa kinase) to RFLP analysis enabled further classifica-
tion of phytoplasmas as members of 16SrI-P subgroup previously described only in Cro-
atian poplars. Samples from two poplars showed unique restriction patterns. To elucidate
whether those unique patterns represent a new subgroup or mixed profile of ribosomal pro-
tein gene regions, analysis of other conserved phytoplasma genes (tuf gene, ribosomal pro-
tein genes etc.) followed by sequencing is necessary.

The data on ornamental tree phytoplasma infection is not abundant, especially in com-
parison with crops and other plants important for human nutrition or even with herbaceous
ornamentals that have bigger economic importance (LEE et al. 2000). In addition to
Populus nigra L. 'Italica', several other Populus species and landscape trees were found to
be infected with phytoplasmas: P. alba L. (Cousin 1996), P. tremula L. (SEEMULLER and
LEDERER 1988), Fraxinus velutina (BRICKER and STUTZ 2004), Ulmus minor (MARCONE et
al. 1997), Eucalyptus spp. MARCONE et al. 1996a), Magnolia spp. (KAMINSKA et al. 2001).
Some of these trees are also common in Zagreb. It would be interesting to investigate the
incidence of phytoplasmoses in these trees, as well as their importance, if any, in the Lom-
bardy poplar-phytoplasma-vector pathosystems.

No effective and standard treatment of phytoplasma infected trees exists. There were
several attempts at antibiotic applications in order to free infected plants from phyto-
plasmas. Diseased Magnolia liliiflora plants, infected by aster yellow phytoplasma, were
treated with three different antibiotics. The repeated treatments of plants resulted in tempo-
rary remission of symptoms, but did not cure the disease (KAMINSKA and SLIWA 2003). Tet-
racycline treatment of Euphorbia pulcherrima was partially successful, since only one
plant exposed to the highest concentration of the antibiotic escaped phytoplasma infection
(BRADEL et al. 2000). Applying antibiotics to poplar trees in vivo is not manageable at pres-
ent, due to the lack of standardized procedure and high costs of the treatment. Other meth-
ods for controlling the infection could be detection and eradication of vectors together with
the removing of infected trees. These measures would be effective only if more details on
the Lombardy poplar phytoplasmosis molecular epidemiology are revealed. Hence, subse-
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quent research into phytoplasmoses in the Lombardy poplar tree population of the Zagreb
urban area should focus on identifying the potential insect vector and detecting phyto-
plasma diversity in the tree population. Identifying the preferential routes of disease trans-
mission and ecological factors that could affect pathogenesis, thus having impact on the
sanitary status of these trees, should also be considered.
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