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Abstract: Prunus species plants can be infected by eight ’Candidatus Phytoplasma’ (‘Ca. P.’) species classified to eight distinctive taxonomic groups: ‘Ca. P. prunorum’ (16SrX-B), ‘Ca. P. mali’ (16SrX-A), ‘Ca. P. pyri’ (16SrX-C), ‘Ca. P. asteris’ (16SrI), ‘Ca. P. aurantifolia’
(16SrII), ‘Ca. P. ziziphi’ (16SrV), ‘Ca. P. fraxini’ (16SrVII), ‘Ca. P. phoenicium’ (16SrIX) and two potentially new species: ‘Ca. P. pruni’
(16SrIII) and ‘Ca. P. solani’ (16SrXII). These agents occur incidentally in orchards and their impact on stone fruit production is lower
than ‘Candidatus Phytoplasma prunorum’. Hosts, geographic distribution, symptoms and insect vectors of these ‘Ca. P.’ species, methods of their identification, and control management are reviewed.
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Phytoplasmas are wall-less plant pathogenic bacteria
classified in the class Mollicutes transmitted from plant
to plant by grafting and phloem-feeding insects (Davis
and Lee 2000). In 2004, the name phytoplasma was adopted and is currently at Candidatus status (IRPCM 2004).
Classification of phytoplasmas is mainly based on the nucleotide sequence of the 16S rRNA gene (Lim et al. 1989;
Gundersen et al. 1994; Seemüller et al. 1994). Restriction
Fragment Lenght Polimorphism (RFLP) analysis of this
genome fragment made it possible to classify phytoplasmas into twenty-eight groups (16Sr groups), and more
than 50 subgroups (Lee et al. 1998b; Marcone et al. 2000;
Wei et al. 2007).
European stone fruit yellows (ESFY) disease is one
of the most devastating, quarantine phytoplasma disease
leading to economic damage in Prunus species throughout Europe and Asia Minor (Carraro and Osler 2003;
Marcone et al. 2010). ‘Candidatus Phytoplasma prunorum’
(‘Ca. P. prunorum’, 16SrX-B) and its association with ESFY
was reported in the author’s previous paper (Cieślińska
in press). Stone fruit trees can also be infected by phytoplasmas classified to groups other than the 16SrX groups:
aster yellows (16SrI), peanut witches’-broom (16SrII),
X disease (16SrIII), elm yellows (16SrV), ash yellows
(16SrVII), pigeon pea witches’ broom (16SrIX), and stolbur (16SrXII), as well as phytoplasmas belonging to the
two other subgroups (16SrX-A and -B) of the apple proliferation group. Some of these agents are distributed only
in Europe while others (phytoplasmas from 16SrIII, V, VII
and XII groups) were reported both in Europe and other
continents.
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Aster yellows group (16SrI, ‘Candidatus Phytoplasma
asteris’)
The occurrence of ‘Candidatus Phytoplasma asteris’
(Lee et al. 2004a) was reported in apricot, plum, nectarine, and Japanese plum in Italy (Lee et al. 1998a). This
agent caused apricot chlorotic leaf roll in apricot in Spain
(Schneider et al. 1993) and was also detected in peach,
apricot, European plum, sour cherry, sweet cherry, blackthorn and almond trees in the Czech Republic (Navràtil
et al. 2001; Fialová et al. 2004). Navràtil et al. (2001) showed
that in the Czech Republic sweet cherry showing stunting, leaf rolling, and yellowing and sour cherry trees with
small leaves, reduced vigor, and die-back were mainly
infected by ‘Ca. P. asteris’. This agent was also associated with cherry little leaf disease of sour cherry trees
in Lithuania showing shoot proliferation, small leaves,
and decline symptoms and was classified to a new subgroup 16SrI-Q (Valiūnas et al. 2009a). It was found that
sour cherry with bunchy little leaf growths and leaf drop
was infected by phytoplasma related to clover phyllody
(formerly 16SrI-C) (Jomantienne et al. 2011). Plum exhibiting symptoms of witches‘-broom, shoot proliferation
and abnormally small leaves, and sour cherry in Lithuania (Valiūnas et al. 2007) as well as mahaleb in Hungary
(Varga et al. 2001) were infected by phytoplasma strains
included into the 16SrI-B subgroup. Strains in the aster
yellows group share ≥ 97% similarity in their 16S rDNA
sequences (Lee et al. 2004a). Leafhopper species: Macrostelles, Euscelis, Scaphytopius, and Aphrodes are the major vectors of ‘Ca. P. asteris’ (Chiykowski 1991; Lee et al.
2004a).
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For diagnosis of ‘Ca. P. asteris’ using PCR, several
specific primer pairs based on the 16S rDNA sequence
of aster yellows phytoplasmas (16SrI) were designed so
far. Among them, R16(I)F1/R1 (Lee et al. 1994) is routinely used as a primer pair in nested PCR followed P1/
P7. Differentiation of ‘Ca. P. asteris’ strains after amplification of 16S rDNA fragment by nested PCR with universal primers P1/P7 followed by R16F2n/R16R2, is possible by using AluI, BfaI, HaeIII, HhaI, HinfI, HpaII, KpnI,
MseI, RsaI, Sau3AI, and TaqI restriction enzymes (Lee
et al. 1998b; Marcone et al. 2000; Valiūnas et al. 2007). Virtual RFLP analysis of the 16S rRNA gene for 16 strains of
‘Ca. P. asteris’ belonging to different subgroups, resulted
in two different restriction profiles after digestion with
HaeIII enzyme, and three various patterns when RsaI
endonuclease was used Valiūnas et al. (2009a). Profiles
after digestion with HaeIII enzyme of 16S rDNA fragment of phytoplasmas causing ChLL (cherry little leaf)
and ACLR (apricot chlorotic leaf roll) differed from each
other. RFLP result and phylogenetic analysis allowed the
classification of the ChLL phytoplasma strain to the new
established subgroup 16SrI-Q. Apart from 16S rRNA,
several other genes were analyzed using PCR/RFLP and
sequence analysis to identify molecular characterization
of aster yellows phytoplasma infecting Prunus sp. plants:
tuf (encodes the elongation factor) from apricot showing
apricot chlorotic leafroll symptoms (Schneider et al. 1993);
rp (encodes ribosomal proteins) operon genes for phytoplasma inducing cherry little leaf symptoms (16SrI-Q) in
sour cherry from Lithuania (Lee et al. 2004a). Based on
collective RFLP patterns of 16S rDNA and rp gene, the
phytoplasma from sour cherry exhibiting bunchy little
leaf growths was classified in subgroup 16SrI-R and new
rp subgroup rpI-O (Jomantiene et al. 2011).
Peanut witches’-broom group (16SrII, ‘Candidatus
Phytoplasma aurantifolia’)
Zreik et al. (1995) showed that the sweet cherry trees
growing in central regions of Iran, were infected with two
different phytoplasmas. ‘Ca. P. asteris’ was detected in the
trees with leaf roll, and witches’ broom symptoms. However, sequence analysis of 16Sr RNA gene and 16S-23S
intergenic spacer region indicated that sweet cherry trees
with little leaf and rosetting symptoms were infected
with phytoplasma related to ‘Candidatus Phytoplasma aurantifolia’ classified to the peanut witches’-broom group
(16SrII) (Zirak et al. 2010). The role of the insect vectors in
the outbreak of diseases in Iran is still unknown.
Virtual RFLP analysis of 16S rDNA with 17 restriction
enzymes was used for differentiation of phytoplasmas
from peanut witches’-broom group (16SrII) on 12 subgroups clustered in two ‘Ca. Phytoplasma’ species: ‘Ca. P.
aurantifolia’ and ‘Ca. P. australasia’ (Cai et al. 2008).
X-disease group (16SrIII, ‘Candidatus Phytoplasma pruni’)
Phytoplasmas classified to the X-disease group
(16SrIII), with the suggested name: ‘Candidatus Phytoplasma pruni’ (IRPCM 2004), were identified in the
USA in peach, sour cherry, and sweet cherry as well as
in chokecherry (Prunus virginiana L.) known as a reservoir host of this agent (Granett and Gilmer 1971; Lee et al.

1992; Kirkpatrick et al. 1995). The phytoplasma was also
detected in Italy, in declining cherry trees imported from
California (Paltrinieri et al. 2001; Landi et al. 2007). The
symptoms of sparse canopies, small leaves and small,
pointed fruits on sweet cherry, mazzard (Prunus avium),
Stockton Morello (Cerasus vulgaris) and Colt (P. avium x
P. pseudocerasus) trees grown in California were caused by
phytoplasmas from the X disease group (Uyemoto and
Luhn 2006). In contrast, this agent induced stem pits and
grooves at the scion-rootstocks junction, and declining
of the sweet cherry trees grafted on P. mahaleb (Uyemoto
1989). Peach infected with X-disease phytoplasma developed leaf symptoms consisting of chlorotic spots that
turned necrotic, drop out leaving a shot-hole appearance,
limb and scaffold branch dieback, poor fruit set and tasteless flesh. All these symptoms were found in chronically
infected trees (Uyemoto and Luhn 2006). Sour cherry
and sweet cherry infected by this agent in Lithuania developed leaf reddening and premature leaf drop, proliferation of branches and non-seasonal flowering (Valiūnas
et al. 2009b). X-disease phytoplasma (‘Ca. P. pruni’) is
transmitted by many leafhopper species (Lee et al. 2000).
Over ten species of these vectors were reported in the
USA where these agents cause high economic losses in
Prunus sp. orchards. Six species of leafhoppers: Colladonus, Fieberiella, Gyponoma, Norvellina, Paraphlepsius and
Scaphytopius were identified in Connecticut as the vectors
of ‘Ca. P. pruni’. It was evidenced that Paraphlepsius irroratus (Say) and other leafhopper species transmitted
peach X-disease phytoplasma from chokecherry to peach
(Rosenberger and Jones 1978).
Based on the 16S rRNA gene sequence Lee et al. (1994)
designed primers R16(III)F2/R1 for specific amplification
of phytoplasmas from X-disease group (16SrIII). RFLP
analysis using MseI, HhaI, HpaII, BfaI and Sau3AI restriction enzymes resulted in distinguish of phytoplasmas associated with X-disease of Prunus sp. from the reference
strains CX and WX (16SrIII-A) and allowed to classify
X-disease phytoplasmas into eight subgroups, A-H (Lee
et al. 1998b). Virtual RFLP analysis allowed for the division of the phytoplasmas causing X-disease into 19 subgroups (Zhao et al. 2009). rp (encodes ribosomal proteins)
operon genes were also analyzed using PCR/RFLP and
sequence analysis to identify and discriminate the
X-disease phytoplasmas in peach and chokecherry
(Gundersen et al. 1996). Southern blot hybridization was
a useful method for differentiation of phytoplasmas belonging to the X-disease group (Lee et al. 1992).
Significant reduction of X-disease symptoms in sweet
cherry orchards were achieved by cutting down the
symptomatic trees and spraying with diazinon to prevent the infected leafhoppers from leaving (Uyemoto
et al. 1998). The removal of infected plants and phytoplasma reservoir hosts is the most effective method in orchards. In California, eradication of cherry trees infected
with X-disease protected the orchards from spreading the
phytoplasma (Uyemoto et al. 1998). Treating cherry and
peach trees with a tetracycline antibiotic, which is bacteriostatic to phytoplasmas and inhibit their growth (Davis
et al. 1968), significantly reduced X disease in orchards
(Lee et al. 1987). Injection of phytoplasma-infected peach
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trees with an OTC hydrochloride solution resulted in
a remission of symptoms the following year (Thakur et al.
1998). It is important to point out, that without continuous use of the antibiotic, disease symptoms reappear.
Elm yellows group (16SrV, ‘Candidatus Phytoplasmas
ziziphi’)
‘Candidatus Phytoplasmas ziziphi’ (Jung et al. 2003)
was identified in sour cherry trees showing cherry lethal
yellows (CLY) symptoms in China and northern Italy (Lee
et al. 1995b; Zhu et al. 1998) as well as in apricot and cherry
plum with yellow, small and upward curled leaves in China (Yue et al. 2009; Hong et al. 2011). This agent was also
associated with peach yellows (PY) in India. The infected
trees showed chlorosis, upward rolling and occasional
red spotting of the leaves (Thakur et al. 1998). The presence of phytoplasmas related to the elm yellows group
was detected in several stone fruit trees grown in experimental orchards in Poland (Cieślińska et al. 2004). In nature, the phytoplasmas classified to the 16SrV group are
transmitted by different insect vectors (Lee et al. 2004b).
These agents share a 98.6–99.9% similarity, thus they
appear to be homogenous on the basis of 16S rDNA sequences (Lee et al. 1998b). Primers R16(V)F1/R1 (Lee
et al. 1994) can be used for specific amplification of 16S
rDNA fragment of phytoplasmas belonging to the 16SrV
group (elm yellows group): ‘Ca. P. ulmi’ (16SrV-A), ‘Ca. P.
ziziphi’ (16SrV-B), ‘Ca. P. vitis’ (16SrV-C). Phytoplasmas
classified to subgroups A and B can be distinguished by
using primers specific to subgroup 16SrV-B (Zhu et al.
1998) or by digestion of the PCR products amplified using R16F2n/R16R2 with RsaI and HpaII endonucleases.
In turn, BfaI enzyme distinguishes phytoplasmas of subgroups A and B from the agents classified to the 16SrV-C
subgroup (Lee et al. 1998b). On the basis of RFLP analysis of 16S ribosomal RNA gene, the causal agent of peach
yellows was classified to subgroup B of the 16SrV group
beside cherry lethal yellows and jujube witches’-broom
(JWB) phytoplasmas (Thakur et al. 1998). Lee et al. (2004b)
recommended using the elm yellows-group specific ribosomal protein primer pairs rp(V) F1/rpR1 followed by
rp(V)F1A/rp(V)R1Al for amplification of the rp gene operon of phytoplasmas classified to the elm yellows group
(16SrV). rp and secY (encodes protein involved in protein
secretion mechanism from bacteria) operons were used
for molecular characterization of ‘Ca. P. ziziphi’ from
sweet cherry with cherry lethal yellows symptoms (Zhu
et al. 1998; Lee et al. 2004b) and from peach with peach
yellow symptoms (Thakur et al. 1998). Members of 16SrVB associated with different plant hosts, were subdivided
on three ribosomal protein (rp) subgroups and three secY
subgroups (Lee et al. 2004b). The other strains belonging
to 16SrV could be differentiated from ‘Ca. P. ulmi’ (16SrVA) by restriction analysis of 16S rDNA with RsaI and BfaI
enzymes or using Tsp509I or MseI for digestion of rpl22rps3 ribosomal protein gene (Firrao et al. 2005).
Ash yellows group (16SrVII, ’Candidatus Phytoplasma
fraxini’)
Prunus sp. trees can be also infected by ‘Candidatus
Phytoplasma fraxini’. The occurrence of a 16SrVII-related
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phytoplasma strain was reported in China in sweet cherry
exhibiting fasciation (Li et al. 1997). Paltrinieri et al. (2003)
based on molecular biology methods, identified this phytoplasma in peach, in southern Italy. In Canadian Clonal
Genbank, five accessions of peach trees showing decline,
leaf reddening, yellowing, shortening of internodes,
witches’ broom and reduced fruit size were positively
tested for ‘Ca. P. fraxini’ (Zunnoon-Khan et al. 2010). It
was shown that the phytoplasma detected in peach trees,
in Canada, shared 99% 16S rDNA sequence identity with
‘Ca. P. fraxini’ (16SrVII). RFLP profiles after digestion of
R16F2n/R16R2-amplified products with AluI, RsaI and
MseI were similar to the patterns of the 16SrVII-A phytoplasma subgroup. Restriction enzymes HhaI and TaqI
differentiate ‘Ca. P. fraxini’ from the phytoplasmas classified to most of the other 16Sr groups (Lee et al. 1998b).
Pigeon pea witches’-broom group (16SrIX, ‘Candidatus
Phytoplasma phoenicium’)
‘Candidatus Phytoplasma phoenicium’ causing almond witches’-broom (Verdin et al. 2003) was identified
in almond, peach, and nectarine trees in the Middle East
(Abou-Jawdah et al. 2003). The phytoplasma induced
early flowering, stunted growth, leaf rosetting, dieback,
off-season growth, proliferation of slender shoots, and
witches’-brooms of infected almond trees. The disease
spread very fast in orchards. Peach and nectarine seedlings grown near an infected almond trees showed proliferation and/or leaf roll.
The primer pair, AlmF1/AlmR1 was defined by Verdin et al. (2003) for the specific amplification of the 16S
rDNA fragment of ‘Ca. P. phoenicium’. It was possible to
differ this agent from the other phytoplasmas classified
to 16SrIX group using RFLP with TruI i TaqI restriction
enzymes (Al-Saady et al. 2008).
Apple proliferation group (16SrX, ‘Candidatus Phytoplasma mali’ and ‘Candidatus Phytoplasma pyri’)
‘Ca. P. mali’ (16SrX-A) is the causal agent of apple proliferation disease but its host range is not limited only to
Malus species. Occurrence of ‘Ca. P. mali’ was described
in Japanese plum in Italy (Lee et al. 1995a), peach and
sweet cherry trees in Italy (Paltrinieri et al. 2001), sweet
cherry in the Czech Republic (Navràtil et al. 2001), sweet
cherry, apricot and plum in Slovenia (Mehle et al. 2007)
as well as in nectarine in Poland (Cieślińska and Morgaś
2011). The pathogen was identified in symptomatic as
well asymptomatic trees. Some of the infected peach and
plum bloomed later than healthy trees and showed weak
vigour. Sweet cherry showed stunting, leaf rolling, yellowing, wilting, floral and phloem necrosis and declining.
Some apricot positive tested for ‘Ca. P. mali’ exposed stem
necrosis and leaf wilting, and nectarine showed stunting,
chlorotic leaf roll, and premature reddening of the leaves.
In turn, ‘Ca. P. pyri’ (16SrX-C), which is essentially
associated with pear decline disease, was detected in
sweet cherry in Italy (Paltrinieri et al. 2001) and Poland
(Cieślińska and Morgaś 2011) as well as in peach trees
showing symptoms of leaf roll and yellowing in the
Czech Republic (Navràtil et al. 2001; Fialová et al. 2004).
Peach yellow leaf roll phytoplasma (PYLR), the disease
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of stone fruits in North America, is most closely related
to ‘Ca. P. pyri’ (99.6% identity of 16Sr RNA gene). For this
reason, PYLR is regarded as a subtype of ‘Ca. P. pyri’ (Seemüller and Schneider 2004). PYLR caused major losses
in peach, leading to rapid decline of the orchards in the
late 1970’s (Purcell et al. 1981). Its highest incidence was
found in California, in peach orchards adjacent to pear
orchards. Pear psyllids are the primary vectors of PYLR,
and transmit the phytoplasma from pear to peach trees
(Purcell et al. 1981; Blumquist and Kirkpatrick 2002).
Cacopsylla spp. transmit phytoplasmas from AP group
(16SrX) infecting pome and stone fruit trees (Blomquist
and Kirkpatrick 2002; Weintraub and Beanland 2006;
Weintraub and Wilson 2010).
The phytoplasmas from the apple proliferation group
(16SrX) can be distinguished from each other by obtaining unique restriction sites or their absence after digestion of 16S rDNA fragment with RsaI, SspI, BsaAI and
SfcI enzymes (Seemüller and Schneider 2004). The apple
proliferation group-specific primers: R16(X)F1/R1 (Lee
et al. 1995a) or f01/r01 (Lorenz et al. 1995) are also used in
the nested PCR for phytoplasmas belonging to the apple
proliferation group. If f01/r01 primers are used, the amplification products may be digested by BsaAI, SspI and
SfeI endonucleases for differentiation of these three phytoplasmas (Lorenz et al. 1995; Carraro et al. 1998). Realtime PCR was successfully applied for specific detection
and quantification of phytoplasmas from the apple proliferation group in stone fruit trees and insects (Jarausch
et al. 2004). Imp, pnp, aceF and secY markers were analyzed
for multilocus sequence typing (MLST) in the 16SrX phytoplasma taxonomic group (Danet et al. 2007). Besides
PCR/RFLP and real time PCR techniques, Southern blot
hybridization assay was also applied for differentiation
of phytoplasmas belonging to the apple proliferation
group (Kison et al. 1997; Kison and Seemüller 2001).
Stolbur group (16SrXII, ‘Candidaus Phytoplasma solani’)
Moliére disease in cherry trees is caused by phytoplasma with the suggested name ‘Candidaus Phytoplasma
solani’ (IRPCM 2004) which belongs to the stolbur group
(16SrXII) (Schneider et al. 1993; Marcone et al. 1999). This
phytoplasma was detected in cherry trees growing in
northern Italy (Paltrinieri et al. 2001, 2008). The leaves of
affected trees were curled, smaller, chlorotic and turned
red prematurely. Based on Polymerase Chain Reaction/
Restriction Fragment Length Polymorphism (PCR/RFLP)
analysis, the causal agent was classified to subgroup A of
the 16SrXII group. ‘Candidatus Phytoplasma australiense’
belonging to the same group (16Sr XII-B) was associated
with peach yellow leaf roll-like disease in Bolivia (Jones
et al. 2005). Many of the infected trees were dying or
showed symptoms of yellowing of the leaf margin and
rolling, drying and necrosis of the leaves, and proliferation of shoots.
Based on the virtual RFLP analysis of 16S rDNA of
stolbur phytoplasmas, it was possible to classify them
into seven subgroups associated with four ‘Candidatus
Phytoplasma’ species: ‘Ca. P. australiense’, ‘Ca. P. japonicum’, ‘Ca. P. fragariae’, phytoplasma with the suggested
name ‘Ca. P. solani’, and strawberry lethal yellows phy-

toplasma (Quaglino et al. 2009). Analysis of the tuf gene
was also used for molecular characterization of 16SrXIIA phytoplasma (stolbur group) from declining cherry in
Italy (Paltrinieri et al. 2001).
There are no effective cures for phytoplasmal diseases.
Thus, preventative measures such as using healthy plant
material, vector control, eliminating those plant hosts
which are a source of phytoplasmas etc. are increasingly
important in controlling phytoplasmal diseases. Sensitive
and reliable methods for detection of phytoplasmas are
essential for application of nonchemical measures to control phytoplasmal diseases.

REFERENCES
Abou-Jawdah Y., Dakhil H., El-Mehtar S., Lee I.M. 2003. Almond
witches’ broom phytoplasma; a potential threat to almond,
peach, and nectarine. Can. J. Plant. Pathol. 25 (1): 28–32.
Al-Saady N.A., Khan A.J. 2008. ‘Candidatus Phytoplasma omanense’, associated with witches’-broom of Cassia italica
(Mill.) Spreng. in Oman. Int. J. Syst. Evol. Microbiol. 58 (2):
461–466.
Blomquist C.L., Kirkpatrick B.C. 2002. Identification of phytoplasma taxa and insect vectors of peach yellow leaf roll
disease in California. Plant Dis. 86 (7): 759–763.
Cai H., Wei W., Davis R.E., Chen H., Zhao Y. 2008. Genetic diversity among phytoplasmas infecting Opuntia species:
virtual RFLP analysis identify new subgroups in the peanut witches’-broom phytoplasma group. Int. J. Syst. Evol.
Microbiol. 58 (6): 1448–1457.
Carraro L., Osler R. 2003. European stone fruit yellows: a destructive disease in the Mediterranean basin. Options Méditerranéennes, Série B, 45: 113–117.
Carraro L., Osler R., Loi N., Emancora P., Refatti E. 1998. Transmission of European stone fruit yellows phytoplasma by
Cacopsylla pruni. J. Plant Pathol. 80 (3): 233–239.
Cieślińska M. 2011 European stone fruit yellows disease and its
causal agent, ‘Candidatus Phytoplasma prunorum’ (in press).
Cieślińska M., Morgaś H. 2011. Detection and identification of
‘Candidatus Phytoplasma prunorum’, ‘Candidatus Phytoplasma mali’ and ‘Candidatus Phytoplasma pyri’ in stone
fruit trees in Poland. J. Phytopathol. 159 (4): 217–222.
Cieślińska M., Morgaś H., Jakubowski T. 2004. Phytoplasma
diseases of stone fruit trees in Poland. Acta Hortic. 657:
523–526.
Chiykowski L.N. 1991. Vector-pathogen-host plant relationships
of clover phyllody mycoplasmalike organism and the vector leafhopper Paraphlepsius irroratus. Can. J. Plant Pathol.
13 (1): 11–18.
Danet J.L., Bonet P., Jarausch W., Carraro L., Skorič D., Labonne
G., Foissac X. 2007. Imp and secY, two new markers for
MLST (multilocus sequence typing) in the 16SrX phytoplasma taxonomic group. Bull. Insect. 60: 339–340.
Davis R.E., Whitecomb R.F., Steere R.L. 1968. Remission of aster
yellows disease by antibiotics. Science 161 (2): 793–794.
Davis R.E., Lee I.M. 2000. Phytoplasma. p. 640–646. In: “Encyclopedia of Microbiology” (J. Lederberger, ed.). Academic
Press Inc., San Diego, USA, 909 pp.
Firrao G., Gibb K., Streten C. 2005. Short taxonomic guide to
the genus ‘Candidatus Phytoplasma’. J. Plant Pathol. 87 (4):
249–263.

Less common phytoplasmas infecting stone fruit trees
Fialová R., Navrátil M., Válová P., Lauterer P., Kocourek F.,
Poncarová-Voráčková Z. 2004. Epidemiology of European
stone fruit yellows phytoplasma in the Czech Republic.
Acta Hortic. 657: 483–487.
Granett A.L., Gilmer R.M. 1971. Mycoplasmas associated with
X-diseases in various Prunus species. Phytopathology
61 (8): 1036–1037.
Gundersen D.E., Lee I.M., Rehner S.A., Davis R.E., Kingsbury
D.T. 1994. Phylogeny of mycoplasmalike organisms (phytoplasmas): a basis for their classification. J. Bacteriol.
176 (17): 5244–5254.
Gundersen D.E., Lee I.M., Schaff D.A., Harrison N.A., Chang
C.J., Davis R.E., Kingsbury D.T. 1996. Genomic diversity and differentiation among phytoplasma strains in
16S rRNA groups I (Aster yellows and related phytoplasmas) and III (X-disease and related phytoplasmas). Int.
J. Syst. Bacteriol. 46 (1): 64–75.
Hong M., Zhang C., Li Z., Zhang J., Zhao Z., Song J., Wu Y. 2011.
Identification of Elm yellows phytoplasma in plum trees in
China. J. Phytopathol. 159 (1): 57–59.
IRPCM Phytoplasma/Spiroplasma Working Team – Phytoplasma taxonomy group. 2004. ‘Candidatus Phytoplasma’,
a taxon for the wall-less, non-helical prokaryotes that colonize plant phloem and insects. Int. J. Syst. Evol. Microbiol.
54 (4): 1243–1255.
Jarausch W., Pecerella T., Schwind N., Jarausch B., Krczal G.
2004. Establishment of the quantitative real-time PCR for
the quantification of apple proliferation phytoplasmas in
plants and insects. Acta Hortic. 657: 415–420.
Jomantiene R., Yhao Z., Lee I.M., Davis R.E. 2011. Phytoplasmas
infecting sour cherry and lilac represent two distinct lineages having close evolutionary affinities with clover phyllody phytoplasma. Eur. J. Plant Pathol. 130 (1): 97–107.
Jones P., Arocha Y., Antesana O., Montilliano E., Franco P. 2005.
First report of an isolate of ‘Candidatus Phytoplasma australiense’ associated with a yellow leaf roll disease of peach
(Prunus persicae) in Bolivia. Plant Pathol. 54, p. 558.
Jung H.Y., Sawayanagi T., Kakizawa S., Nishigawa H, Wei W.,
Oshima K., Miyata S., Ugaki M., Hibi T., Namba S. 2003.
‘Candidatus Phytoplasma ziziphi’, a novel phytoplasma
taxon associated with jujube witches’-broom disease. Int.
J. Syst. Evol. Microbiol. 53 (4): 1037–1041.
Kirkpatrick B.C., Uyemoto J.K., Purcell A.H. 1995. X disease.
p. 57–58. In” “Compendium of Stone Fruits Diseases” (J.M.
Ogawa, E.I. Zehr, G.W. Bird, D.F. Richie, K. Uriu, J.K. Uyemoto, eds.). APS Press, St. Paul, MN, USA, 128 pp.
Kison H., Kirkpatrrick B.C., Seemüller E. 1997. Genetic comparison of peach yellow leaf roll agent with European stone
fruit yellows phytoplasma of the apple proliferation group.
Plant Pathol. 46 (4): 538–544.
Kison H., Seemüller E. 2001. Differences in strain virulence of the
European stone fruit yellows phytoplasma and susceptibility of stone fruit trees on various rootstocks to this pathogen. J. Phytopathol. 149 (10): 533–541.
Landi F., Prandini A., Paltrinieri S., Mori N., Bertaccini A. 2007.
Detection of different types of phytoplasmas in stone fruit
orchards in northern Italy. Bull. Insectol. 60 (2): 163–164.
Lee I.M., Bertaccini A., Vibio M., Gundersen D.E. 1995a. Detection of multiply phytoplasmas in perennial fruit trees
with decline symptoms in Italy. Phytopathology 85 (6):
728–735.

439

Lee I.M., Davis R.E., Gundersen-Rindal D.E. 2000. Phytoplasma: phytopathogenic mollicutes. Ann. Rev. Microbiol. 54:
221–255.
Lee I.M., Gundersen-Rindal D.E., Bertaccini A. 1998a. Phytoplasma: ecology and genomic diversity. Phytopathology
88 (12): 1359–1366.
Lee I.M., Gundersen D.E, Davis R.E., Chiykowski L.N. 1992.
Identification and analysis of a genomic strain cluster of
mycoplasmalike organisms associated with Canadian
peach (western) X-disease, western X-disease, and clover
yellow edge. J. Bacteriol. 174 (20): 6694–6698.
Lee I.M., Gundersen D.E., Hammond R.W., Davis RE. 1994. Use
of mycoplasmalike organism (MLO) group-specific oligonucleotide primers for nested-PCR assays to detect mixedMLO infections in a single host plant. Phytopathology
84 (6): 559–566.
Lee I.M., Gundersen-Rindal D.E., Davis R.E., Bartoszyk I.M.
1998b. Revised classification scheme of phytoplasmas
based on RFLP analyses of 16S rRNA and ribosomal protein gene sequences. Int. J. Syst. Bacteriol. 48 (4): 1153–1169.
Lee I.M., Gundersen-Rindal D.E., Davis R.E., Bottner K.D., Marcone C., Seemüller E. 2004a. ‘Candidatus Phytoplasma asteris’, a novel phytoplasma taxon associated with aster
yellows and related diseases. Int. J. Syst. Evol. Microbiol.
54 (4): 1037–1048.
Lee I.M., Martini M., Marcone C., Zhu S.F. 2004b. Classification
of phytoplasma strains in the elm yellows group (16SrV)
and proposal of ‘Candidatus Phytoplasma ulmi’ for the
phytoplasma associated with elm yellows. Int. J. Syst. Evol.
Microbiol. 54 (2): 337–347.
Lee I.M., Zhu S., Gundersen D.E., Zhang C., Hadidi A. 1995b.
Detection and identification of a new phytoplasma associated with cherry lethal yellows in China. Phytopathology
85 (10), p. 1179.
Lee R.F., Nyland G., Lowe S.K. 1987. Chemotherapy of cherry
buckskin and peach yellow leafroll diseases: an evaluation
of two tetracycline formulations and methods of application. Plant Dis. 71 (2): 119–121.
Li H.H., Qiu B.S., Shi C.L., Jin K.X., Zhou Q., Huang X.J. 1997.
PCR amplification of 16SrDNA of phytoplasma associated
with cherry fasciated disease and RFLP Anal. Forest Res.
10: 478–481.
Lim P.O., Sears B.B. 1989. 16S rRNA sequence indicates that
plant-pathogenic mycoplasmalike organisms are evolutionarily distinct from animal mycoplasmas. J. Bacteriol.
171 (11): 5901–5906.
Lorenz K.H., Schneider B., Ahrens U., Seemüller E. 1995. Detection of apple proliferation and pear decline phytoplasmas
by PCR amplification of ribosomal and non ribosomal
DNA. Phytopathology 85 (7): 771–776.
Marcone C., Jarausch B., Jarausch W. 2010. Candidatus Phytoplasma prunorum, the causal agent of European stone fruit
yellows: an overview. J. Plant Pathol. 92 (1): 19–34.
Marcone C., Lee I.M., Davis R.E., Ragozzino A., Seemüller E.
2000. Classification of aster yellows-group phytoplasmas
based on combined analyses of rRNA and tuf gene sequences. Int. J. Syst. Evol. Microbiol. 50 (1): 1703–1713.
Marcone C., Neimark H., Ragozzino A., Lauer U., Seemüller E.
1999. Chromosome sizes of phytoplasmas composing major phylogenetic groups and subgroups. Phytopathology
89 (9): 805–810.

440

Journal of Plant Protection Research 51 (4), 2011

Mehle N., Brzin J., Boben J., Hren M., Frank J., Petrovič N.,
Gruden K., Dreo T., Žežlina I., Seljak G., Ravnikar M. 2007.
First report of ‘Candidatus Phytoplasma mali’ in Prunus avium, P. armeniaca and P. domestica. Plant Pathol. 56 (4), p. 721.
Navràtil M., Válová P., Fialová R., Petrová K., Fránová J.,
Nebesářová J., Poncarová-Voráčková Z., Karešová R. 2001.
Survey for stone fruit phytoplasmas in Czech Republic.
Acta Hortic. 550: 377–382.
Quaglino F., Zhao Y., Bianco P., Wei W., Casati P., Durante G.,
Davis R.E. 2009. New 16Sr subgroups and distinct SNP
lineages among grapevine Bois noir phytoplasma populations. Ann. Appl. Biol. 154 (2): 279–289.
Paltrinieri S., Bertaccini A., Lugaresi C. 2008. Phytoplasmas in
declining cherry plants. Acta Hortic. 781: 409–416.
Paltrinieri S., Davino S., Botti S., Davino M., Bertaccini A. 2003.
Identificazione molecolare di fitoplasmi associati ad un deperimento del pesco in Sicilia. p. 293–296. In: “Atti IV Convegno Nazionale sulla Peschicoltura Meridionale, 2003”
(T. Caruso, F.P. Marra, F. Sottile, eds.). 11–12 September
2003, Campobello di Licata ed Agrigento, Italy.
Paltrinieri S., Martini M., Stefani E., Pondrelli M., Fideghelli C.,
Bertaccini A. 2001. Phytoplasma infection in peach and
cherry in Italy. Acta Hortic. 550: 365–370.
Purcell A.H., Nyland G., Raju B.C., Heringer M.R. 1981. Peach
yellow leaf roll epidemic in Northern California: effects on
peach cultivars, tree age and proximity to pear orchards.
Plant Dis. 65 (4): 365–368.
Rosenberger D.A., Jones A.L. 1978. Leafhopper vectors of the
peach X-disease pathogen and its seasonal transmission
from chokecherry. Phytopathology 68 (5): 782–790.
Schneider B., Ahrens U., Kirkpatrick B.C., Seemüller E. 1993.
Classification of plant-pathogenic mycoplasmalike organisms using restriction-site analysis of PCR-amplified
16S rDNA. J. Gen. Microbiol. 139: 519–527.
Seemüller E., Schneider B. 2004. Taxonomic description of ‘Candidatus Phytoplasma mali’ sp. nov., ‘Candidatus Phytoplasma pyri’ sp. nov., ‘Candidatus Phytoplasma prunorum’ sp.
nov., the causal agents of Apple proliferation, Pear decline
and European stone fruit yellows, respectively. Int. J. Syst.
Evol. Microbiol. 54 (4): 1217–1226.
Seemüller E., Schneider B., Maurer R., Ahrens U., Daire X., Kison H., Lorenz K.H., Firrao G., Avinent L., Sears B.B. 1994.
Phylogenetic classification of phytopathogenic mollicutes
by sequence analysis of 16S ribosomal DNA. Int. J. Syst.
Bacteriol. 44 (3): 440–446.
Thakur P.D., Handa A., Chowfla S.C., Krczal G. 1998. Outbreak
of a phytoplasma disease of peach in the Northwestern Himalayas of India. Acta Hortic. 472: 737–742.
Uyemoto J.K. 1989. Union aberration of sweet cherry on Prunus
mahaleb rootstock associated with X-disease. Plant Dis.
73 (11): 899–902.
Uyemoto J.K., Bethell R.E., Kirkpatrick B.C., Munkvold G.P., Marois J.J., Brown K.W. 1998. Eradication as a control measure
for X-disease in California cherry orchards. Acta Hortic.
472: 715–721.
Uyemoto J.K., Luhn C.F. 2006. In-season variations in transmission of cherry X-phytoplasma and implication in certification programs. J. Plant Pathol. 88 (3): 317–320.

Valiūnas D., Jomantiene R., Davis R.E. 2007. Phytoplasmas detected in cultivated fruit plants in Lithuania. Bull. Insectol.
60 (2): 139–140.
Valiūnas D., Jomantiene R., Davis R.E. 2009a. Establishment of
a new phytoplasma subgroup, 16SrI-Q, to accommodate
a previously undescribed phytoplasma found in diseased
cherry in Lithuania. J. Plant Pathol. 91 (1): 71–75.
Valiūnas D., Jomantiene R., Ivanauskas A., Abraitis R., Graiciuno V., Staniene G., Zhao Y., Davis R.E. 2009b. First report
of a new phytoplasma subgroup, 16SrIII-T associated with
decline disease affecting sweet and sour cherry trees in
Lithuania. Plant Dis. 93 (5), p. 550.
Varga K., Kőlber M., Ember I., Erdős Z., Biró E., Paltrinieri S.,
Martini M., Bertaccini A. 2001. Identification of phytoplasmas infecting sour cherry in Hungary. Acta Hortic. 550:
383–388.
Verdin E., Salar P., Danet J.L., Choueiri E., Jreiijri F., El Zamar S.,
Gélie B., Bové J.M., Garnier M. 2003. ‘Candidatus Phytoplasma phoenicium’ sp. nov., a novel phytoplasma associated
with an emerging lethal disease of almond trees in Lebanon and Iran. Int. J. Syst. Evol. Microbiol. 53 (3): 833–838.
Wei W., Davis R.E., Lee I.M., Zhao Y. 2007. Computer simulated
RFLP analysis of 16S rRNA genes: identification of ten new
phytoplasma groups. Int. J. Syst. Evol. Microbiol. 57 (8):
1855–1867.
Weintraub P.G., Beanland L. 2006. Insect vectors of phytoplasmas. Ann. Rev. Entomol. 51: 91–111.
Weintraub P.G., Wilson M.R. 2010. Control of phytoplasma
diseases and vectors. p. 231–249. In: “Phytoplasmas. Genomes, Plant Hosts and Vectors” (P.G. Weintraub, P. Jones,
eds.). CAB International, 336 pp.
Yue H.N., Sun R.H., Wei T., Wu Y.F. 2009. First report of a 16SrV-B
group phytoplasma associated with a leafroll-type disease
of apricots in Northern China. J. Plant Pathol. 91 (2), p. 500.
Zhao Y., Wei W., Lee I.M., Shao J., Suo X., Davis R.E. 2009. Construction of an interactive online phytoplasma classification tool, iPphy Classifier, and its application in analysis
of the peach X-disease phytoplasmas group (16SrIII). Int.
J. Syst. Evol. Microbiol. 59 (10): 2582–2593.
Zhu S.F., Hadidi A., Gundersen D.E., Lee I.M., Zhang C.L. 1998.
Characterization of the phytoplasmas associated with
cherry lethal yellows and jujube witches’-broom in China.
Acta Hortic. 472: 701–714.
Zunnoon-Khan S., Arocha-Rosete Y., Scott J., Crosby W., Bertaccini A., Michelutti R. 2010. First report of ‘Candidatus Phytoplasma fraxini’ (group 16SrVII phytoplasma) associated
with a peach disease in Canada. Dis. Reptr. 21, p. 20.
Zirak L., Bahar M., Ahoonmanesh A. 2010. Characterization of
phytoplasmas related to ‘Candidatus Phytoplasma asteris’
and peanut WB group associated with sweet cherry diseases in Iran. J. Phytopathol. 158 (6): 63–65.
Zreik L., Carle P., Bové J.M., Garnier M. 1995. Characterization
of mycoplasma-like organisms associated with witches’broom disease of lime and proposition of a Candidatus taxon for the organism ‘Candidatus Phytoplasma aurantifolia’.
Int. J. Syst. Evol. Microbiol. 45 (3): 449–453.

