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Introdution

Phytoplasmas are wall-less prokaryotes asso-
ciated with diseases in numerous plant species
worldwide (Lee et al., 2000). In nature they are
transmitted by phloem-sucking insects. Yellowing,
decline, witches’ broom, leaf curl, floral virescence
and phyllody are the most conspicuous symptoms
associated with phytoplasmas, although sometimes
infections are asymptomatic. Since phytoplasmas
cannot be cultured in vitro, molecular techniques
must be used for their diagnosis and characteriza-
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tion. The titer of phytoplasma cells in the phloem
of infected plants varies according to the season
and the plant species, and it is often very low in
woody hosts. This is a major obstacle in the diag-
nosis of these phytopathogens.

Diagnosis of phytoplasmas is routinely done by
PCR and can be divided into three phases: total
DNA extraction from symptomatic tissue; PCR
amplification of phytoplasma-specific DNA; char-
acterization of the amplified DNA by RFLP analy-
sis or nested PCR with group-specific primers.

Total DNA extraction from symptomatic tissue

Different protocols for total DNA extraction
have been reported for the detection of phytoplas-
mas (Ahrens and Seemueller, 1992; Prince et al,
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1993; Daire et al, 1997; Zhang et al, 1998; Green
et al., 1999). The main goal of each protocol is to
concentrate phytoplasma DNA while reducing
enzyme-inhibitory plant polyphenolic and
polysaccharide molecules. Most of the protocols
involve a phytoplasma enrichment step followed
by total DNA extraction, but some authors also
suggest to add a proteinase digestion step. The
efficacy of some of these protocols in extracting
phytoplasma DNA from different plant materi-
als has been tested recently. Palmano (2001) used
competitive PCR to compare three protocols in
the diagnosis of phytoplasma DNA from herba-
ceous hosts. She evaluated different parameters
(DNA yield, execution time, execution difficulty,
need for hazardous reagents) and ranked the
protocols tested, showing that a phytoplasma
enrichment step though making the protocol
more laborious and time-consuming, was neces-
sary to obtain reliable diagnostic results. She
suggested that any differences found in the phy-
toplasma DNA concentration with a given extrac-
tion procedure from herbaceous hosts were due
to the phytoplasma strain under analysis, to the
proper identification of the plant part used for
sampling and to variations in phytoplasma ti-
tre. At about the same time, Pasquini and co-
workers (2001) used nested PCR to evaluate
three protocols for total DNA extraction from fla-
vescence dorée (FD) infected grapevines. Follow-
ing an examination of protocol characteristics
(detection efficacy, execution time, number of
diagnostic PCRs, need for hazardous reagents,
execution difficulty, maximum number of extract-
ed samples per day per operator, cost) they came
to the conclusion that a phytoplasma enrichment
procedure was needed to consistently improve
detection of FD from infected woody hosts. An
enrichment step also improved phytoplasma di-
agnosis in insect vectors, although, possibly due
to the high titre of the bacteria in the insect body,
diagnostic PCR produced acceptable results even
when total DNA was prepared with a quick boil-
ing extraction procedure (Marzachì et al., 1998).

Reliable diagnosis of phytoplasmas also de-
pends upon storage conditions of collected sam-
ples. Storage of phytoplasma-infected insects at
-20°C under acetone instead of ethanol very sub-
stantially increased the detection of bacteria (Bo-
sco et al., 2002).

PCR amplification of
phytoplasma-specific DNA

DNA/DNA hybridization methods were report-
ed in the nineties as lending itself to the detec-
tion of phytoplasmas, but PCR is at present the
diagnostic technique of choice. Different sequences
in the phytoplasma genome have been targeted
to design universal and group-specific primers.
Until recently (Liefting and Kirkpatrick, 2003)
few sequence data were available for the phyto-
plasma genome, therefore most PCR primers de-
signed for detection were located on a few availa-
ble genes: the ribosomal operon gene, the elonga-
tion factor genes and the ribosomal protein genes.
Group-specific phytoplasma primers were also
occasionally located on genome portions, most of-
ten from the random cloning of a phytoplasma
genome for which no obvious function had been
predicted (Daire et al., 1997; Clair et al., 2000;
Marzachì et al., 2000). Other authors have de-
signed universal primers for diagnosis located on
the sequence of plasmids hosted by phytoplasmas
(Goodwin et al., 1994).

Universal primers based on the ribosomal oper-
on showed varied effectiveness in amplifying the
target DNA of phytoplasma-infected plants and
insects (Marzachì et al., 1998). In 1994 Goodwin
and co-workers designed phytoplasma universal
primers on the sequence of pPSA45, an aster yel-
lows phytoplasma plasmid known to share se-
quence homology with extra-chromosomal DNA
from other phytoplasmas. These primers consist-
ently amplified a band of the expected size from
periwinkles infected with taxonomically different
phytoplasmas. They also allowed detection of phy-
toplasmas in leafhoppers with minimal sample
preparation (Goodwin et al., 1994; Bosco et al.,
2002), although no amplification was obtained from
FD-infected Scaphoideus titanus, and low effective-
ness was reported in detecting apple proliferation
(AP) phytoplasma in infected psyllids (Bosco et al.,
2002). The ribosomal operon sequence has also
been targeted to design primers for the specific
detection of phytoplasmas belonging to defined
taxonomic groups (Lee et al., 1994, 1995; Marcone
et al., 1996a, b; Smart et al., 1996). These primers
are now widely used in nested PCRs following a
first amplification round driven by universal ribos-
omal primers. Since phytoplasmas occur in low ti-
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tre in the phloem tissues of their host-plants and
their concentration may be subjected to seasonal
fluctuations, a nested PCR is often required for
diagnostic purposes.

The choice of primer sets for phytoplasma diag-
nosis by nested PCR mostly depends on the phyto-
plasma we are looking for. Universal ribosomal
primers nested with group-specific primers are
extremely useful when the phytoplasma to be di-
agnosed belongs to a well-defined taxonomic group.
Nested PCR with a combination of different uni-
versal primers can improve the diagnosis of un-
known phytoplasmas present with low titer in the
symptomatic host. In this case, the detected phy-
toplasma is identified by restriction fragment
length polymorphism analysis of the amplicon.

Phytoplasma group-specific primers have also
been designed on ribosomal protein and elongation
factor gene sequences (Gundersen et al., 1996; Sch-
neider et al., 1997; Marcone et al., 2000). These
primers, together with 16S RNA sequence analy-
sis, have also been used to group phytoplasmas into
a monophyletic clade within the class Mollicutes.
Phytoplasma group-specific primers have also been
designed on genomic sequences for which no spe-
cific function could be predicted. These primers
were used to detect phytoplasmas belonging to spe-
cific clusters (Daire et al., 1997; Clair et al., 2000;
Jarausch et al., 2000a, 2000b; Marzachì et al.,
2000).

Variations of the basic PCR protocol concern
methods to avoid purification of DNA before PCR,
and alternatives to nested PCR assays. Immuno-
capture PCR protocols have been reported for the
diagnosis of AP (Heinrich et al., 2001), while direct
hybridization of total phytoplasma-infected insect
DNA with a plasmid-derived probe detected group
I phytoplasmas with a sensitivity ranging from 53
to 83% depending on the vector species (Bertin et
al., 2003). Other alternatives to nested PCR as-
says have recently been reported, the most impor-
tant of which are probably PCR-ELISA, PCR-dot
blot and real time PCR. PCR-ELISA has been de-
veloped for phytoplasmas belonging to different
taxonomic groups (Poggi Pollini et al., 1997; Marza-
chì et al., 2000) and shows good sensitivity with
both herbaceous and woody hosts. Different ap-
proaches have been followed to develop PCR-dot
blot systems. With this assay, PCR amplified prod-
ucts are detected using molecular hybridization

with a parental probe. Several combinations of
primers/probe have been developed for the diag-
nosis of phytoplasmas in plants and insects using
a plasmid-based system (Goodwin et al., 1994), a
non ribosomal stolbur-specific system (Marzachì et
al., 2000) and a ribosomal-based system (Bertin et
al., 2003). Real time PCR protocols have recently
been suggested for the diagnosis of FD and bois
noir phytoplasma in field-collected symptomatic
grapevines as well as for insect vectors (Marzachì
et al., 2003) and for AP-associated phytoplasma
(Baric and Dalla Via, 2004).

Literature cited

Ahrens U. and E. Seemüller, 1992. Detection of DNA of plant
pathogenic mycoplasmalike organisms by a polymerase
chain reaction that amplifies a sequence of the 16S
rRNA gene. Phytopathology 82, 828–832.

Baric S. and J. Dalla-Via, 2004. A new approach to apple
proliferation detection: a highly sensitive real time PCR
assay. Journal of Microbiological Methods 57(1), 135–
45.

Bertin S., S. Palermo, C. Marzachì and D. Bosco, 2003. A
comparison of molecular diagnostic procedures for the
detection of aster yellows phytoplasmas (16Sr-I) in leaf-
hopper vectors. Phytoparasitica 32(2), 141–145.

Bosco D., S. Palermo, G. Mason, R. Tedeschi, C. Marzachì
and G. Boccardo, 2002. DNA-based methods for the de-
tection and the identification of phytoplasmas in insect
vector extracts. Molecular Biotechnology 22, 9–18.

Clair D., A. Frelet, G. Aubert, E. Collin and E. Boudon-
Padieu, 2000. Improved detection of flavescence dorée
and related phytoplasmas in the elm yellows group in
difficult material, with specific PCR primers that am-
plify a variable non ribosomal DNA fragment. In: Pro-
ceedings of the 13th International Conference on Virus-
es of Grapevine, March 12–17, 2000, Adelaide, Austral-
ia.

Daire X., D. Clair, W. Reiner and E. Boudon-Padieu, 1997.
Detection and differentiation of grapevine yellows phy-
toplasmas belonging to the elm yellows group and to
the stolbur subgroup by PCR amplification of non-ri-
bosomal DNA. European Journal of Plant Pathology
103, 507–514.

Goodwin P.H., B.G. Xue, C.R. Kuske and M.K. Sears, 1994.
Amplification of plasmid DNA to detect plant patho-
genic mycoplasmalike organisms. Annals of Applied
Biology 124, 27–36.

Green M.J., D.A. Thompson and D.J. MacKenzie, 1999.
Easy and efficient DNA extraction from woody plants
for the detection of phytoplasmas by polymerase chain
reaction. Plant Disease 83(5), 482–485.

Gundersen D.E., I.M. Lee, D.A. Schaff, N.A. Harrison, C.J.
Chang, R.E. Davis and D.T. Kingsbury, 1996. Genomic
diversity and differentiation among phytoplasma



231Vol. 43, No. 2, August 2004

Molecular diagnosis of phytoplasmas

strains in 16S rRNA groups I (aster yellows and relat-
ed phytoplasmas) and III (X-disease and related phyto-
plasmas). International Journal of Systematic Bacteri-
ology 46(1), 64–75.

Heinrich M., S. Botti, L. Caprara, W. Arthofer, S. Strom-
mer, V. Hanzer, H. Katinger, A. Bertaccini and M. Laim-
er Da Câmara Machado, 2001. Improved detection
methods for fruit tree phytoplasmas. Plant Molecular
Biology Reporter 19, 169–179

Jarausch W., C. Saillard, J.M. Broquaire, M. Garnier and
F. Dosba, 2000a. PCR-RFLP and sequence analysis of a
non-ribosomal fragment for genetic characterization of
European stone fruit yellows phytoplasmas infecting
various Prunus species. Molecular and Cellular Probes
14(3), 171–179.

Jarausch W., C. Saillard, B. Helliot, M. Garnier and F. Dos-
ba, 2000b. Genetic variability of apple proliferation
phytoplasmas as determined by PCR-RFLP and se-
quencing of a non-ribosomal fragment. Molecular and
Cellular Probes 14(1), 17–24.

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

Lee I.M., R.E. Davis and D.E. Gundersen-Rindal, 2000.
Phytoplasma: phytopathogenic mollicutes. Annual Re-
view of Microbiology 54, 221–55.

Lee I.M., D.E. Gundersen, R.W. Hammond and R.E. Davis,
1994. Use of mycoplasmalike organism (MLO) group-
specific oligonucleotide primers for nested-PCR assays
to detect mixed-MLO infections in a single host plant.
Phytopathology 83, 834–842.

Liefting L.W. and B.C. Kirkpatrick, 2003. Cosmid cloning
and sample sequencing of the genome of the uncultiva-
ble mollicute, Western X-disease phytoplasma, using
DNA purified by pulsed-field gel electrophoresis. FEMS
Microbiological Letters 221(2), 203–11.

Marcone C., I.M. Lee, R.E. Davis, A. Ragozzino and E.
Seemüller, 2000. Classification of aster yellows-group
phytoplasmas based on combined analyses of rRNA and
tuf gene sequences. International Journal of Systemat-
ic and Evolutionary Microbiology 50(5), 1703–1713.

Marcone C., A. Ragozzino, B. Schneider, U. Lauer, D. Smart
and E. Seemüller, 1996a. Genetic characterization and
classification of two phytoplasmas associated with spar-
tium witches’-broom disease. Plant Disease 80, 365–371.

Marcone C., A. Ragozzino and E. Seemüller, 1996b. Detec-
tion of an elm yellows-related phytoplasma in eucalyp-
tus trees affected by little-leaf disease in Italy. Plant
Disease 80, 669–673.

Marzachì C., L. Galetto and D. Bosco, 2003. Real time PCR

detection of BN and FD from field collected symptomatic
grapevines. In: Proceedings of the 14th International
Conference on Viruses of Grapevine, September 12–17,
2003, Locorotondo (Bari), Italy, 56.

Marzachì C., F. Veratti and D. Bosco, 1998. Direct PCR
detection of phytoplasmas in experimentally infected
insects. Annals of Applied Biology 133, 45–54.

Marzachì C., F. Veratti, M. d’Aquilio, A. Vischi, M. Conti,
and G. Boccardo, 2000. Molecular hybridization and
PCR amplification of non-ribosomal DNA to detect and
differentiate stolbur phytoplasma isolates from Italy.
Journal of Plant Pathology 82(3), 201–212.

Oshima K., S. Kakizawa, H. Nishigawa, H.Y. Jung, W. Wei,
S. Suzuki, R. Arashida, D. Nakata, S. Miyata, M. Ugaki
and S. Namba, 2004. Reductive evolution suggested
from the complete genome sequence of a plant-patho-
genic phytoplasma. Nature Genetics 36(1), 27–29.

Palmano S., 2001. A comparison of different phytoplasma
DNA extraction methods using competitive PCR. Phy-
topathologia Mediterranea 40, 99–107.

Pasquini G., E. Angelini, R. Benedetti, A. Bertaccini, L.
Bertotto, P.A. Bianco, F. Faggioli, M. Martini, C. Marza-
chì and M. Barba, 2001. Identificazione del fitoplasma
della flavescenza dorata della vite. “Armonizzazione
della diagnosi della flavescenza dorata della vite (FD)”.
In: Proceedings POM Project A32. December 4–7, 2000,
Locorotondo (Bari), Italy, 921–940.

Poggi Pollini C., L. Giunchedi and R. Bissani, 1997. Immu-
noenzymatic detection of PCR products for the identifi-
cation of phytoplasmas in plants. Journal of Phytopa-
thology 145, 371–374.

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

Schneider B., K.S. Gibb and E. Seemüller, 1997. Sequence
and RFLP analysis of the elongation factor Tu gene used
in differentiation and classification of phytoplasmas.
Microbiology 143, 3381–3389.

Smart C., B. Schneider, C. Blomquist, L. Guerra, N. Harri-
son, U. Ahrens, K. Lorenz, E. Seemüller, and B. Kirk-
patrick, 1996. Phytoplasma-specific PCR primers based
on sequences of the 16S-23S rRNA spacer region. Ap-
plied and Environmental Microbiology 62, 2988–2993.

Zhang Y.P., J.K. Uyemoto and B.C. Kirkpatrick, 1998. A
small-scale procedure for extracting nucleic acids
from woody plants infected with various phytopatho-
gens for PCR assay. Journal of Virological Methods
71(1), 45–50.

Accepted for publication: July 21, 2004


