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Summary

In order to devise a procedure to be used as reference
for detection of grapevine phytoplasmas and monitoring of
Flavescence dorée, 12 combinations comprising three meth-
ods of plant DNA extraction and 4 procedures for amplifica-
tion in polymerase chain reaction of phytoplasma DNA were
examined in parallel using the same plant tissues infected
with phytoplasmas. In a first series tissues of periwinkles
(Catharanthus roseus) infected with phytoplasma isolates
of the Elm yellows group (16SrV) and maintained in the
greenhouse, were used. In a second series tissues of grape-
vines (Vitis vinifera) naturally infected with Flavescence
dorée or Palatinate grapevine yellows phytoplasma were
used. The DNA preparations obtained with each of the three
extraction procedures were used undiluted or serially di-
luted, as target DNA in the 4 nested-polymerase chain re-
actions. The results showed differences in the efficiency
among different methods of extraction as well as in the
sensitivity among the DNA amplification procedures, which
improved when DNA extracted from field grapevines was
diluted. After additional comparative validation on numer-
ous field-collected samples of GY-affected grapevines, the
quickest extraction procedure was selected for use in rou-
tine diagnosis, with nested-PCR amplification either of ri-
bosomal DNA or of the FD9 DNA fragment specific for
Flavescence dorée and other 16SrV group phytoplasmas.

Key words: phytoplasma, grapevine yellows,
Flavescence dorée, Elm yellows, 16SrV, diagnosis, DNA extrac-
tion, nested-PCR, ribosomal DNA, non-ribosomal DNA, Vitis
vinifera, Catharanthus roseus.

Introduction

Grapevine yellows (GY) are associated with several dif-
ferent phytoplasmas worldwide but cannot be identified on
the basis of symptoms. Phytoplasmas are obligate parasitic
phloem-restricted bacteria, which are transmitted by insect
vectors and propagated by vegetative multiplication of plant
material. Flavescence dorée (FD) is the more dangerous GY
and FD phytoplasma is a quarantine organism in the Euro-
pean Community (EC directive Nr 77/1993 modified 92/103),
because it is transmitted by a vine-feeding leathopper vec-
tor, Scaphoideus titanus Ball (SCHVESTER ef al. 1963) spread
out in many parts of the Western Mediterranean area
(Boupon-Papieu 2002). FD phytoplasma belongs to the Elm

yellows (EY) group (DAIRE et al. 1992, 1993, 1997 a; SEDDAS
etal. 1996) or 16SrV group, according to the classification of
SEEMULLER ef al. (1998) and LEE ef al. (1998), respectively.
Bois noir (BN) or Vergilbungskrankheit (VK), associated with
phytoplasmas of the stolbur (STOL) or 16SrXII group, is the
second economically important GY in Europe. The respec-
tive occurrence of FD and BN/VK are overlapping in south-
ern France, northern Italy and northern Spain. In addition,
BN also occurs in FD-free regions where the FD leathopper
vector is nevertheless present (BagioLiNi et al. 1968; BATLLE
et al. 2000; SELiak 2002). Moreover, other different phyto-
plasmas have also been associated with GY in Europe (DAIRE
et al. 1993; BERTACCINI et al. 1995; MAIXNER ef al. 1995 b;
MARCONE et al. 1996; Davis et al. 1997; SKoric et al. 1998)
and the USA, Australia and Israel (DAIRE ez al. 1993; PRINCE
etal. 1993; PADOVAN et al. 1995; Davis et al. 1997; TANNE and
ORENSTEIN 1997; GiBB et al. 1999; CONSTABLE ef al. 2002). In-
ternational exchange of plant material increases the risk of
long distance spreading of phytoplasma and of introduc-
tion of new vector insects.

Monitoring, control and sanitation measures of GY dis-
eases require sensitive and reliable diagnosis (MAIXNER et al.
1997). Amplification with polymerase chain reaction (PCR),
followed by restriction fragments length polymorphism
(RFLP) analyses of phytoplasma DNA has been developed
in the past decade and is the method of choice for
phytoplasma detection and characterization. Numerous
PCR-based detection procedures of phytoplasma DNA have
been developed, using various primers. Primers are univer-
sal or group-specific; they amplify with PCR a ribosomal
phytoplasma DNA fragment (SEARS et al. 1989; DENG and
Hiruki 1991; AureNns and SEEMULLER 1992; LEE et al. 1993;
ScHNEIDER et al. 1993; GiBB et al. 1995; MAIXNER et al. 1995 a;
PaDpOvAN ef al. 1995). Alternatively, a few primer pairs have
been designed to amplify with PCR group-specific fragments
of non-ribosomal DNA of phytoplasma (DAIRE et al. 1992,
1997 b; PapovaN et al. 1996).

However, a prerequisite of PCR amplification is the prepa-
ration of good quality DNA with a consistent yield from
phytoplasma-infected hosts. The titre and distribution of
phytoplasma in different parts of the plant depend on vari-
ety, age of infection and date of sampling (BERGES ef al.
2000). In addition, the concentration of phytoplasma can be
very low in woody plants such as fruit trees or grapevine
(KaRTTE and SEEMULLER 1991; DAIRE 1994). Moreover, elec-
tron microscopic studies have shown that phenolic com-
pounds accumulate and cell walls collapse in phloem sieve
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tubes containing high numbers of phytoplasma cells
(MEiGNoz et al. 1992; Crept 1994). Extraction methods must
separate the latter from tannins and cell debris to give ac-
cess to specific targets of diagnosis, such as phytoplasma
DNA (DAIRE 1994) or outer membrane proteins in ELISA tests
(CaupweLL and Kuszara 1992). Different methods for the
extraction of phytoplasma DNA have been described
(KirkpatrIcK et al. 1987; AHRENS and SEEMULLER 1992; PRINCE
etal. 1993; DAIRE et al. 1992, 1994, 1997 b; BERTACCINI et al.
1995; BarBa et al. 1998; ANGELINI et al. 2001; PALMANO, 2001).
They essentially followed one of the following strategies:
(1) an enrichment procedure was used to prepare a phyto-
plasma-rich pellet subsequently submitted to DNA extrac-
tion (KIRKPATRICK ef al. 1987; AHRENS and SEEMULLER 1992;
DAIRE et al. 1992, 1994; PRINCE et al. 1993; BERTACCINI et al.
1995; BARrBA et al. 1998); (2) a second group of extraction of
total DNA was used after grinding tissues in the presence of
a strong detergent (DAIRE et al. 1997 b; ANGELINI ef al. 2001).

The present work attempts to compare several proce-
dures described in literature and currently used in different
laboratories, for extraction of phytoplasma DNA from natu-
rally infected grapevines and for its further amplification
with PCR. These procedures were used in all combinations
for two limited series of plants in order to discriminate the
method of choice for routine use in surveys and control of
GY, especially of FD. Criteria of rapidity of treatment and
sample capacity of the procedures were also taken into ac-
count. Selected methods were then used after further im-
provements for numerous field-collected samples of GY-af-
fected grapevines.

Material and Methods

Plant and phytoplasma source:A
first series of tissue samples was taken on periwinkle
(Catharanthus roseus L.) or broadbean (Vicia faba L.) in-
fected with phytoplasmas and maintained in the greenhouse.
Six phytoplasma strains out of the 16SrV group (EY group)
were used: EY1, American elm yellows (isolated by W.A.
SincLATR, New York); ULW, European elm yellows (isolated
by G. MorvaN, France); FD70 and FD92, French strains of
FD (isolated by A. CaupwELL and J. LARRUE, France); HD1,
hemp dogbane yellows (isolated by H.M. GrirriTHs, New
York); ALY, Italian alder yellows (isolated by C. MARCONE,
Italy). In addition, AAY phytoplasma, American aster yel-
lows (Florida), belonging to the group 16SrI-B was used for
comparisons. FD70 was maintained on broadbean and all
other strains were maintained on periwinkle. Healthy con-
trol was from tissues of periwinkle seedlings grown in the
greenhouse.

A second series of tissue samples was taken from natu-
rally GY-affected grapevines (Vitis vinifera L.). Four grape-
vines of cv. Merlot collected in south-western France (Lot)
and 1 grapevine of cv. Cabernet Sauvignon collected in
southern France (Hérault) were affected by FD. In addition,
a greenhouse-maintained cutting of cv. Scheurebe was natu-
rally affected by Palatinate grapevine yellows (PGY) (kindly
supplied by M. MAIXNER, Bernkastel-Kues, Germany). PGY
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phytoplasmas belong to the 16SrV group (MAIXNER ef al.
1995 b; ANGELINT et al. 2001, 2003), but they are transmitted
to grapevine by the alder leathopper Oncopsis alni Schrank
(MAIXNER and REINERT 1999; MAIXNER et al. 2000). All dis-
eased grapevines showed typical symptoms at the moment
of sampling. Healthy cuttings of cv. Chardonnay (kindly
supplied by V. Tassart, ENTAV, Le Grau du Roi, France)
were used as negative control. AAY-infected periwinkle was
also taken as positive external control.

In further assays, numerous grapevine samples were
collected in GY-affected vineyards in different regions of
Italy (Tab. 6).

Groups of 10-20 leaves were taken on both periwinkle
and grapevine. The main veins of each leaf batch were care-
fully separated with a sterile scalpel blade on a disinfected
glass plate. They were then cut into 2-3 mm pieces and dis-
patched in 1 g aliquots that were stored at -80 °C until
processing for DNA extraction.

DNA extraction: Threedifferent methods were
used for extraction of DNA. The 8 samples in each of the
two series of plants described above (7 periwinkles and
1 broadbean or 6 grapevines plus AAY-periwinkle and
healthy periwinkle controls) were submitted simultaneously
to a single extraction procedure.

Method A was derived from DAIRE et al. (1997 b) with
modifications described by ANGELINI ef al. (2001): 1 g of
tissue was homogenized at room temperature in disposable
plastic sachets with a ball-bearing device (Tecam for Bioreba
AG, Basel, Switzerland) in 7 ml of CTAB buffer (3 % CTAB,
1 M Tris-HCI pH 8, 20 mM EDTA, 1.4 M NaCl) with the
extemporaneous addition of 0.2 % 2-mercaptoethanol; 1 ml
was transferred to an Eppendorf tube and incubated in a
water bath at 65 °C for 20 min. After extraction with 1 ml of
chloroform, nucleic acids were precipitated from the aque-
ous phase with an equal volume of isopropanol, collected
by centrifugation, washed with 70 % ethanol, dried, dis-
solved in 150 pl of TE buffer (10 mM Tris, | mM EDTA, pH
7.6) and stored at -20 °C until use.

Method B was a modified procedure of PRINCE ef al.
(1993). It included a first step of phytoplasma enrichment
and several stages of purification to obtain high quality
DNA,; 1 g of tissue was triturated with liquid nitrogen, then
with phosphate grinding buffer (PGB) (100 mM K,HPO,,
30 mM KH,PO,, 10 % sucrose, 0.15 % bovine albumin frac-
tion 'V, 2 % polyvinylpyrrolidone-10 (PVP-10), 25 mM ascor-
bic acid, pH 7.6) in a cold mortar maintained on ice. After
centrifugation for 20 min at 20,000 g, the resulting pellet was
resuspended in 1 ml of extraction buffer (100 mM Tris-HCl,
NaCl 250 mM, EDTA 100 mM), with the addition of 0.5 %
proteinase K and 1 % Sarkosyl. The suspension was incu-
bated at 55 °C for 1-2 h and centrifuged for 10 min at 7,500 g.
The pellet was dissolved in 0.6 volume of isopropanol, left
at -20 °C for 30 min and then centrifuged for 15 min at 7,500 g.
A new series of purification was performed with TE buffer
(750 ul), with the addition of 0.5 % proteinase K and 0.5 %
SDS and incubation at 37 °C for 1 h. Incubation lasted 10 min
at 65 °C after addition of 0.7 M NaCl (final concentration)
and of 100 pl of 10 % CTAB buffer containing 0.7 M NaCl.
Extraction was then carried out with three successive wash-
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ings with 1 ml of chloroform: isoamyl alcohol:phenol
(24:1:25), 1 ml of chloroform:isoamyl alcohol (24:1) and
0.6 ml of isopropanol, respectively. After precipitation over-
night at 4 °C, the pellet was washed with cold 70 % ethanol.
The final DNA pellet was dried, resuspended in 150 pl of
TE buffer and stored at -20 °C until use.

Method C described by BarBa et al. (1998) is a modifi-
cation of the method described by AHRENS and SEEMULLER
(1992). This method is a compromise of methods A and B. It
includes an enrichment step of phytoplasma but does not
use multiple purification steps of DNA; 1 g of tissue was
incubated at 4 °C for 15 min in 2 ml of PGB and then hom-
ogenized in a cold mortar using a pestle and sterile quartz
sand. After centrifugation at 2,500 g for 5 min, the pellet
was resuspended with 0.5 ml of 2 % CTAB buffer (2 %
CTAB, 100 mM Tris, 400 mM NaCl, 20 mM EDTA, pH 8)
and was further incubated in a water bath at 60 °C for 1 h.
Extraction was carried out with three successive washings
with 0.5 ml of chloro-form:isoamyl alcohol (24:1), 1 ml of
cold isopropanol and 1 ml of 70 % ethanol, respectively.
The pellet was suspended in 400 pl of TE buffer to which
900 pl of 95 % ethanol and 40 pl of 3 M sodium acetate
were added. After a final washing with 70 % ethanol, the
DNA pellet was dried, resuspended in 150 ul of TE buffer
and stored at -20 °C until use.

The total DNA content of final pellets in each extraction
procedure for each plant sample was measured using a TKO
100 Fluorometer (Hoefer Scientific Instruments, San Fran-
cisco, CA) after dilution in TEN (10 mM Tris, | mM EDTA,
100 mM NaCl) containing 10 % (w/v) bisbenzimide.

Primers and PCR conditions: DNA
amplification was performed in 20 pl total reaction volume in
a Biometra T3 thermocycler. DNA (undiluted or diluted in a
10-fold series up to 1:1,000,000), obtained for each plant sam-
ple with each of the 3 extraction methods, was assayed with
PCR amplification according to 4 different nested procedures.

Only DNA from A AY-infected periwinkle, used as posi-
tive control in the periwinkle series and in the grapevine
series, was used undiluted throughout the experiments. The
reaction mixture contained as template 1 pl of DNA (undi-
luted or diluted as specified above) or of the diluted (1:1000)
first amplification product, primers as specified below and
PCR reagents as described by SCHAFF et al. (1992), DAIRE et
al. (1997 a) and ANGELIN et al. (2001).
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Three ribosomal DNA fragments were obtained with
nested-PCR amplification using universal primers. The first
set of PCR primers was P1 (DenG and Hiruki 1991) and P7
(SMART et al. 1996). P1-P7 amplimers were then used as tar-
get DNA in nested-PCR amplification with the universal
primer pair for phytoplasmas US5/U3 (Lorenz ez al. 1995) (pro-
cedure 1) or with 16r758f/M23Sr (GiBB et al. 1995; PADOVAN
et al. 1995) (procedure 2). The length of the U5-U3 fragment
is about 860 bp and that of the 16r758f-M23Sr fragment is
about 1,050 bp.

In procedure 3, P1-P7 amplimers were also used as tar-
get DNA in a nested amplification assay using the 16SrV
group-specific ribosomal primer pair R16(V)F1/R1 (LEE et al.
1994). The resulting product R16(V)F1- R16(V)R1 is about
1,100 bp in length.

Procedure 4 was the nested-PCR amplification of the
FD9 non-ribosomal DNA fragment specific of 16SrV-group
phytoplasmas. Amplimers obtained with primers FD9f2/r were
used as target DNA in the nested amplification with primers
FD913/12 (ANGELINI ef al. 2001). The length of the fragment
FDO9f3-FDO9r2 is about 1,160 bp.

All the 24 DNA samples obtained from one series of
plants (8 plants x 3 extraction procedures) were amplified
simultaneously in the same thermocycler with one of the
PCR protocols described in Tab. 1. Final products (5 ul) were
analyzed by 1% agarose electrophoresis, stained with
ethidium bromide (EtBr) and visualized under a UV transillu-
minator.

Validation under routine condi -
tions: Amodification of PCR procedure 4 for the ampli-
fication of the FD9 fragment was added in further compari-
sons. In the latter procedure (procedure 4 b), annealing was
allowed for 40 s instead of 30 s and elongation was allowed
for 90 s instead of 75 s, in both the first and the nested
amplification runs. This procedure was applied in compari-
son with the 4 amplification procedures described previ-
ously, on DNA samples obtained with extraction method A
with tissues taken from 3 symptomatic grapevines collected
in Italy.

In another group of assays, DNA extraction methods A
and B and PCR procedures 3 and 4 b were combined on vein
tissues taken from 36 grapevines (5 non-symptomatic and
31 symptomatic) collected in different provinces of Italy.
Seven of the 31 symptomatic grapevines had been shown

Table 1

PCR conditions and different primer pairs used in the study

Primer pair Predenaturation  Denaturation Annealing Elongation Final elongation
P1/P7 92°C120s 92°C 45sec  57°C 45s 72°C 105 s 72 °C 5 min
us/U3 ” 92°C 30sec 57°C 30s 72°C 50s ”
16r758{/M23Sr 7 92°Co60sec 50°C120s 72°C 180 s ”
R16(V)F1/R1 7 92°C60sec  50°C120s 72°C 180 s ”
FD9f2/r 7 92°C 30sec  46°C30s 72°C 755 ”
FD913/r2 7 92°C 30sec  47°C30s 72°C 755 ”
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previously to be infected with a stolbur phytoplasma (BN
disease). DNA extraction method C was also performed on
vein tissues of 20 grapevines (2 non-symptomatic and
18 symptomatic) out of the group of 36 grapevines collected
from the field.

Results

Asarule, in all PCR assays, amplimers had the expected
size and no amplification was obtained from any healthy
control. A typical electrophoresis pattern is shown in the
Figure.

Undiluted DNA 1: 10 diluted DNA

M12 3456738

M12345¢678

T T

Figure: Agarose electrophoresis patterns of amplimers obtained in
nested-PCR procedure 2 (P1/P7 followed by 16Sr758f{/M23S
primer pairs) with DNA extracted from grapevines and periwinkle
control with the three extraction methods A, B and C. Left, undi-
luted DNA. Right, DNA diluted 1:10. M, 1 kb ladder. Lane 1-5,
FD-infected grapevines: 1-4, cv. Merlot; 5, cv. Cabernet Sauvignon.
Lane 6, PGY-infected cutting of cv. Scheurebe. Lane 7, undiluted
DNA from AAY-infected periwinkle as positive control. Lane 8,
healthy cutting of grapevine cv. Chardonnay.

Table 2

Average concentration (ng/ml) and standard deviation of DNA
samples obtained from periwinkle and grapevine with the DNA
extraction methods A, B and C

Host plant DNA extraction method

A B C
Grapevine 123.5432.5 31.8434.6 37438
Periwinkle 29244719 107.4+28.3 14.1483
Ratio 42.2% 29.6% 26.2%

DNA y ield: Tab.2 shows the average concen-
tration of DNA samples obtained with each extraction pro-
cedure from periwinkle and grapevine. A much higher con-
centration was obtained with method A, compared with
methods B and C which excluded most of nucleus and
chloroplast DNA. However, in the three occurrences, the
ratio of yield of grapevine DNA to periwinkle DNA was in
the same range, with a higher DNA concentration obtained
from periwinkle.

Comparison of time and cost of
extraction methods: MethodA lasted 2 h and
allowed to process 80 plant samples in 2 d. Only disposable
plastic sachets and a limited series of Eppendorf tubes were
used. Method B lasted 36 h and permitted to process 12
plant samples in 2 d. Method C lasted 8 h and permitted to
process 24 plant samples in 2 d. The latter two methods
required mortar and pestle, several containers and tubes
and numerous reagents.

Dilution trial of DNA from
experimental host plants: Tab.3shows
the sensitivity and rate of detection of phytoplasma in peri-
winkle. All combinations of the three DNA extraction meth-
ods A, B and C and of the 4 PCR procedures showed posi-
tive results up to dilution 1:1,000 of all DNA samples. When
ribosomal primers were used, detection was achieved up to
dilution 1:10,000 for all DNA samples and up to dilution
1:100,000 for all DNA samples obtained with extraction meth-
ods A and B. With the higher dilution of 1:1,000,000 of DNA
samples, the rate of detection with the nested-PCR assay
using 16r758f/M23Srprimers (procedure 2) was higher than
with the other ribosomal primers and combination with DNA
extraction method A was the most efficient.

Dilution trial of DNA from grape-
vines: Tab.4 shows the sensitivity and rate of detection
of phytoplasma in grapevine. Extraction methods A and B
always yielded better results than method C, regardless of
the PCR procedure used in combination. By contrast to ex-
perimental host plants (Tab. 3), a better rate of detection was
obtained in all cases when DNA samples were diluted 1:10
prior to amplification (Tab. 4, Figure). When ribosomal prim-
ers were used, detection was achieved from dilution 1:10 up
to dilution 1:1,000 with all DNA samples obtained with ex-
traction method A and altogether the best rate of detection
was achieved with 16r758f/M23S primers (Figure). Non-ri-
bosomal primers were less sensitive with high dilutions of
DNA. However, the rate of detection was 6/6 with dilutions
1:10 and 1:100 of DNA obtained with extraction method A.

Improvement of amplification of
the FD9 region of 16SrV-group
phytoplasmas: Tab.5 shows comparison of the
sensitivity and rate of detection obtained with the 4 PCR
procedures formerly devised and with procedure 4 b in addi-
tion, on DNA samples obtained with extraction method A on
three grapevine samples collected in a FD-affected vineyard
in Treviso (Italy). The rate and sensitivity of detection were
similar with procedure 4 b to those achieved with the three
procedures using ribosomal primers.

Validation on field samples: Tab.6
shows a comparison of results obtained with the 6 combina-
tions of DNA extraction methods A, B or C and of PCR pro-
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Table 3

Number of positive responses obtained among 6 phytoplasma-infected experimental host plants (5 periwinkles® and 1 broadbean)
with undiluted or diluted DNA preparations, according to the DNA extraction method (A, B or C) and the DNA amplification
procedure. Healthy controls showed no amplification product

Primer pair P1/P7 - USf/U3r  P1/P7-16r758f/M23Sr  P1/P7-RI16(V)FI/Rl  FD9f2/r - FD9{3/r2
(procedure 1) (procedure 2) (procedure 3) (procedure 4)

DNA dilution DNA extraction method

A B C A B C A B C A B C
1:1to 1:1,000 6 6 6 6 6 6 6 6 6 6 6 6
1:10,000 6 6 6 6 6 6 6 6 6 5 2 1
1:100,000 6 5 4 6 6 5 6 6 2 0 0 0
1:1,000,000 1 0 1 5 1 1 2 0 0 NT NT NT

) Positive control DNA from AAY infected periwinkle was used undiluted through all experiments and is not taken into
account in the table. All other phytoplasma belonged to group 16SrV and could be detected with all PCR procedures.
NT: not tested.

Table 4

Number of positive responses obtained among 6 FD- or PGY-diseased grapevines® with undiluted or diluted DNA preparations,
according to the DNA extraction method (A, B or C) and the DNA amplification procedure. Healthy controls showed no
amplification product

Primer pair ~ P1/P7 - U5Sf/U3r  P1/P7-16r758f/M23Sr  P1/P7-R16(V)FI/R1  FD9f2/r - FD9{3/r2

(procedure 1) (procedure 2) (procedure 3) (procedure 4)

DNA dilution DNA extraction method

A B C A B C A B C A B C
1.1 3 4 2 5 4 3 3 4 3 2 4 3
1:10 6 6 3 6 6 6 6 6 6 6 6 2
1:100 6 4 1 6 6 3 6 4 1 6 4 2
1:1,000 6 4 1 6 6 1 6 6 1 3 2 0
1:10,000 4 2 2 6 2 2 4 2 1 NT NT NT
1:100,000 2 0 0 2 1 0 3 0 0 NT NT NT

) Positive signals obtained in all gels with control undiluted DNA from AAY periwinkle are not taken into
account in the table.
NT: not tested.

Table 5
Number of positive responses obtained among 3 FD-diseased grapevines from the field with undiluted or diluted

DNA preparations obtained with DNA extraction method A and 5 DNA amplification procedures.
Healthy controls showed no amplification product

Nested-PCR amplification procedure

DNA P1/P7 - P1/P7 - P1/P7 - FD9f2/r - FD9f2/r -
dilution uU5/U3 16r758f/M23Sr R16(V)FI/R1 FDOf3/12 FD9f3/12
(procedure 1) (procedure 2) (procedure 3) (procedure 4) (procedure 4 b)?
1:1 3 3 3 3 3
1:10 3 3 3 3 3
1:100 3 3 3 3 3
1:1,000 3 3 3 0 3
1:10,000 3 3 3 0 3
1:100,000 0 0 0 0 1
1:1,000,000 0 0 0 0 0

) In procedure 4 b, annealing and elongation periods were allowed for a longer time as compared to conditions in procedure 4.
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Table 6

Comparison of detection of 16SrV-group phytoplasma in GY-infected grapevines from various regions in Italy,
using DNA extraction methods A, B and C and nested-PCR procedures 3 and 4 b

P1/P7 - FDOf2/r -
16S(V)F1/R1 FDOf3/r2
(Procedure 3) (Procedure 4 b)
Cultivar Geographic location Symptom DNA extraction method
observation (A,BorC)

A B C A B C
Bianchetta Belluno - Veneto Ab) - - - - - -
Pinot nero Treviso - Veneto A - - nt - - nt
Chardonnay Treviso - Veneto A - - - - - -
Barbera Alessandria-Piemonte A - - nt - - nt
Barbera Asti - Piemonte A - - nt - - nt
Chardonnay?® Aosta - Val D’ Aosta S - - nt - - nt
Chardonnay?® Aosta - Val D’ Aosta S - - nt - - nt
Vien de nus? Aosta - Val D’ Aosta S - - nt - - nt
Chardonnay?® Belluno - Veneto S - - nt - - nt
Chardonnay?® Treviso - Veneto S nt nt
Chardonnay?® Treviso - Veneto VS - - nt - - nt
Chardonnay?® Treviso - Veneto VS - - nt - - nt
Auxerrois Treviso — Veneto VS + + + + + +
Cabernet Sauvignon Treviso — Veneto VS + + + + + +
Cabernet Sauvignon Treviso — Veneto S + + + + + +
Chardonnay Treviso — Veneto S + + + + + -
Chardonnay Treviso — Veneto VS + + + + + +
Chardonnay Treviso — Veneto VS + + + + + +
Chardonnay Treviso — Veneto S + + + + + +
Chardonnay Treviso — Veneto VS + + + + + +
Gamay teinturier Treviso — Veneto VS + + + + + +
Guarnaccia Treviso — Veneto VS - + + + +
Manzoni bianco Treviso — Veneto VS + - + + + +
Malvasia Treviso — Veneto VS + + + + + +
Nerello Treviso — Veneto S + + + + + +
Prosecco Treviso — Veneto VS + + + + + +
Prosecco Treviso — Veneto S + + + + + +
Prosecco Treviso — Veneto S + + + + +
Prosecco Treviso — Veneto VS + - + + - +
Prosecco Treviso — Veneto VS + + + + + +
Cabernet Sauvignon Treviso - Veneto VS + + nt + + nt
Perera Treviso - Veneto VS + + nt + + nt
Prosecco Treviso - Veneto VS + + nt + + nt
Prosecco Treviso - Veneto S + + nt + + nt
Prosecco Treviso - Veneto S + + nt + + nt
Trebbiano Treviso - Veneto S + + nt + + nt
Positive for 16SrV-group phytoplasma /
FD-infected (tested) 2324 2124  18/18 2324 2324 17/18

3 grapevine that tested positive for a stolbur phytoplasma in a separate experiment (data not shown).
b A= asymptomatic, S= symptomatic, VS= very symptomatic. nt: not tested.

cedures 3 and 4 b, specific for 16SrV-group phytoplasmas,
on grapevines collected in different regions of Italy. Ac-
cording to the results described above, DNA was diluted
1:10 for use in the first amplification run and resulting

amplimers were diluted 1:1,000 for use in the nested-am-
plification run. No signal was obtained from 5 non-sympto-
matic grapevines and from 7 symptomatic grapevines that
had been tested positive for a stolbur phytoplasma in a sepa-



Routine diagnosis of phytoplasmas

rate assay (data not shown). Out of 24 FD-infected grape-
vines processed with methods A and B, 23 and 21, respec-
tively, scored positive with DNA extraction methods A or B
and ribosomal primers (PCR procedure 3), and 23 and 23
scored positive, respectively, with non-ribosomal primers
(PCR procedure 4 b). Out of 18 FD-infected grapevines pro-
cessed with method C, 18 scored positive with procedure 3
and 17 were tested positive with procedure 4 b.

Discussion

The present work is an exhaustive comparison between
combinations of methods for extraction of DNA and proce-
dures for DNA amplification with PCR, applied to detect
phytoplasmas in experimental host plants and naturally in-
fected grapevines. The aim was to devise an efficient, sensi-
tive and easy diagnosis method for GY that could be used
worldwide as reference in research and extension services
for the identification and monitoring of phytoplasmas and
especially of Flavescence dorée.

The results confirmed that periwinkle contained a much
higher titre of phytoplasma than grapevine and that detec-
tion of phytoplasma is more difficult in grapevine than in
periwinkle. With periwinkle, DNA extraction method A, which
did not use a pre-enrichment step of phytoplasma, was
shown to be as efficient as methods B and C, which used
one or two cycles of DNA purification after the preparation
of a phytoplasma-rich fraction of cell organelles. PALMANO
(2001) used competitive PCR to compare phytoplasma DNA
yield of the same three DNA extraction methods on periwin-
kles infected with Apple proliferation (AP) and Clover
phyllody (CP) phytoplasmas and showed minor variation
between methods. Our results on periwinkle are roughly in
agreement with the conclusion of the author, who also stated
that PCR detection procedures are more critical than extrac-
tion methods, as far as specificity is concerned. On the op-
posite, with grapevine, methods A and B were more efficient
in our experiments than method C but all three methods
yielded DNA preparations that contained inhibitors of the
PCR reaction. This was shown by the better rate of detec-
tion with any PCR procedure used, when target DNA was
diluted 1:10 than when used undiluted. The latter result is of
great relevance, since method A could be selected in the
end. In fact, method A is quicker and less expensive than the
two other methods and hence it is better adapted to routine
diagnosis, without a compromise to less efficiency. PAsQUINT
et al. (2001) came to a similar conclusion in a ring test con-
ducted by Italian laboratories using a few Italian grapevine
DNA samples extracted also with the same three methods.
Their slightly different results on the respective sensitivity
of the three methods could be due to the low number of
grapevines tested. An apparent discrepancy concerned the
use of extraction method C on grapevine samples. As a mat-
ter of fact, the rate of detection with PCR procedure 3 on
DNA extracts diluted 1:10 was as high in the dilution assay
as in the validation trial on random samples from the field.
When non-ribosomal primers were used with PCR proce-
dure 4 b, the rate of detection in the validation assay with
samples from the field submitted to DNA extraction method C
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was similar to that obtained with methods A and B, in con-
trast with results obtained in the dilution trial of grapevine
DNA when the original PCR procedure 4 was used.

The comparison between primer pairs combined in
nested-PCR assays showed that the highest sensitivity and
efficiency of detection, whether on highly diluted periwin-
kle DNA, or on grapevine DNA, was obtained with primer
combinations of procedure 2, using P1/P7 followed by
16Sr7581/M23Sr primer pairs. As a consequence, procedure
2 should be used, or alternatively procedure 1 (P1/P7 fol-
lowed by U5/U3 primer pairs), if a reliable wide range diag-
nosis of any GY-associated phytoplasma is required.

Amplification of the non-ribosomal fragment FD9 with
FD912/r followed by FD9f3/r2 primer pairs (procedure 4) was
less efficient and less sensitive than amplification of any of
the three ribosomal fragments, especially with grapevine
DNA. Nevertheless, the original procedure 4 permitted the
detection of phytoplasma in 6 out of 6 diseased grapevines
in the first series when target DNA was diluted 1:10 before
use. In addition, sensitivity and efficiency were improved in
the modified procedure 4 b with longer annealing and elon-
gation periods. Moreover, the latter procedure was as effi-
cient as procedure 3 (P1/P7 followed by R16(V)F1/R1 primer
pairs) for detection in grapevine samples from the field. PCR
procedures 3 and 4 b allowed the specific detection of group
16SrV phytoplasmas. Hence, when FD is specifically moni-
tored, the non-ribosomal primers for FD9 region might be
used with great confidence instead of ribosomal primers.

This latter conclusion is particularly important both for
epidemiological studies and for sanitation surveys. Actu-
ally, other studies have demonstrated the high potential and
relevance of FD9 DNA region of 16SrV-group phytoplasmas
for analysis of diversity within this group and especially in
molecular epidemiology studies of FD sensu stricto and FD-
related phytoplasmas (DAIRE ef al. 1997 b; ANGELINI ef al.
2001, 2003; MARTINI ef al. 2002). In addition, a recent work
has used the FD9 fragment to devise a nested-multiplex PCR
procedure for the simultaneous monitoring of FD- and BN-
(stolbur) related phytoplasmas (CLAIR ef al. 2003).

As a whole, the present work is an important contribu-
tion to the harmonization of efficient diagnosis of grapevine
phytoplasmas worldwide and to the development of meth-
ods that could be used in certification scheme of vine plant-
ing material.
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