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Summary

Among the grapevine diseases, Flavescence dorée
(FD) is considered to be one of the greatest threats for
grapevine cultivation throughout Europe. In Italy,
where several major outbreaks of FD have occurred
in the past, the disease is still mainly restricted to the
northern regions and is under mandatory regulation.
In 2011 the disease was recorded for the first time in
southern Italy, in several vineyards located on the isle
of Ischia (Campania). In order to determine the FD-re-
lated phytoplasma infecting these grapevines, molecu-
lar investigations were carried out on grapevine sam-
ples collected from several FD infected vineyards. The
16S rDNA/spacer region and the FD9 non-ribosomal
fragment (secY gene) were investigated using a PCR/
RFLP based method; a nucleotide sequence analysis
of the FD9 amplified fragments was also carried out.
The RFLP profiles obtained from all the analyzed sam-
ples showed the presence of FD-D phytoplasma type,
on both 16S and secY genomic regions. Sequencing of
the FD9 fragments showed a 99 % nucleotide sequence
identity among the tested isolates and the various FD-D
strains retrieved from the NCBI database.
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Introduction

Of the grapevine diseases of phytoplasmal etiology,
commonly denoted as Grapevine yellows (GY), Flaves-
cence dorée (FD) is considered to be one of the greatest
threats for grapevine cultivation in Europe. The FD-agent
phytoplasma is efficiently transmitted by the insect vector
Scaphoideus titanus Ball, and can cause devastating epi-
demics making it of quarantine importance. In Italy, sev-
eral major outbreaks of FD have been reported in several
regions in the north (BELLI ef al. 2010), and the disease
is under mandatory regulation. Except for the occasional
record in central Italy - Tuscany (BErTaccINI ef al. 2003),
Marche (Crepi et al. 2002) and Umbria (NATALINI et al.
2005) - the presence of FD is still mainly restricted to the
north, according with the natural spreading area of the in-
sect vector.

In the other grape-growing areas of central and south-
ern Italy, disease monitoring has never revealed the pres-
ence of FD phytoplasma in grapevine showing typical
GY symptoms, and only Stolbur phytoplasma (16SrXII-A
subgroup), the causal agent of Bois noir (BN), has been
identified. The vector S. titanus was found in a few central
(Latium and Abruzzo) and southern (Campania and Basili-
cata) regions (Vigaiani 2002, 2004, Romanazzi et al. 2007,
Bacgnotr et al. 2008), where the insect probably arrived as
eggs carried by grapevine propagation material, however
its presence has never been associated with FD epidemics.
Only in 2011 an outbreak of FD was recorded in south-
ern Italy, in various vineyards located on the isle of Ischia
(Campania region), where individuals of S. titanus were
also identified (GriFro et al. 2011).

According to the most comprehensive and widely ac-
cepted phytoplasma classification system, FD is associated
with two molecularly diverse phytoplasma types, FD-C
and FD-D, both classified in the 16SrV (Elm yellow) ri-
bosomal group, but assigned to the distinct subgroups
16SrV-C and —D respectively, on the basis of nucleotide
differences found on 16S rRNA gene (MARTINT ef al. 1999).
The genomic region including the entire 16S rDNA and the
spacer region between 16S and 23S rRNA genes has been
specifically used to differentiate these two FD-related phy-
toplasmas by a polymerase chain reaction (PCR)/restric-
tion fragment length polymorphism (RFLP) based method
described in MARTINI ef al. (1999).

This differentiation has also been confirmed on other
more variable genomic regions. The ribosomal fragments
encoding for the proteins L22 and S3 (rplV and rpsC genes)
and the FD9 non-ribosomal fragments (secY gene) have
been widely employed to characterize FD-related phyto-
plasma isolates from different geographical origins and
to assess further molecular variability within the 16SrV-C
and -D subgroups (DAIRE ef al. 1997, ANGELINI et al. 2001,
MARTINI et al. 2002, ARNAUD ef al. 2007, Bort and BERT-
acciNt 2007, QuacLiNo et al. 2010).

With all these molecular approaches, the geographi-
cal distribution of FD phytoplasma strains that occur in
grapevine growing areas of different European countries
has been assessed. In Italy, both FD types are currently
present in most of the viticulture areas where FD is com-
mon (BErTACCINI et al. 2008), whereas the occasional find-
ing of FD in central Italy has always been associated with
the FD-C type.
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To date, no information has been available regarding
the FD-related phytoplasmas infecting grapevine in the
outbreak on Ischia. In order to determine the FD types,
molecular investigations were carried out on grapevine
samples collected from FD-infected vineyards located on
the island and the results are reported here. The 16S rDNA/
spacer region and the FD9 non-ribosomal fragment were
investigated by PCR/RFLP analysis. In addition, a nucle-
otide sequence analysis of the FD9 amplified fragments
was carried out.

Material and Methods

Source of material and DNA extrac-
tion: Ten symptomatic grapevine samples belonging to
local and international varieties were collected in Septem-
ber 2012 from four commercial vineyards located in two
different places in the south-west of Ischia where the first
GY symptoms (Fig. 1) were observed in 2009 and the pres-
ence of FD phytoplasma was ascertained in 2011 (GRrirFo
et al. 2011). The geographical origin and variety of the col-
lected samples are listed in the Table.

DNA from naturally FD-C and -D infected grapevines
(Veneto, north Italy), EY1 (Elm yellow, 16SrV-A) from
periwinkle, SAY (Aster yellow, 16SrI-B) from periwinkle

(both kindly provided by the University of Milan, Italy)
and STOL (Stolbur, 16SrXII-A) from tomato (CRA-PAV,
Rome, Italy) were used as phytoplasma reference con-
trols. To perform the molecular analyses, total nucleic
acid (TNA) was preliminary extracted from each sample
starting with 0.5 g of fresh leaf midribs powdered in liquid
nitrogen, following the procedure described in MARzACHI
et al. (1999), with some modifications. DNA extracts were
dissolved in 100 pl of sterile deionized water. For the PCR
amplification, 2 pl of 10 fold diluted extracts were used.

FD detection and differentiation on
16S rDNA/16S-23S spacer region: To
confirm the presence of FD in all collected samples and
to verify the occurrence of other common phytoplasmas
associated with GY symptoms (16Srl-B, 16SrXII-A), ex-
tracted DNAs from each sample were preliminary ampli-
fied in nested PCR with the primer pairs R16(V)F1/R1 and
R16(I)F1/R1 (LEE et al. 1994) after a direct amplification
with the universal primers P1 (DenG and Hirukr 1991) and
P7 (ScHNEIDER et al. 1995). Reaction mixture and PCR
conditions are detailed in Pasquini et al. (2001). Amplified
fragments obtained from R16(V)F1/R1 nested PCR were
then digested overnight at 37 °C with the Bfal (Biolabs)
restriction enzyme and submitted to RFLP analyses in or-
der to distinguish FD (16SrV-C/D) from Elm yellow (EY)
phytoplasma (16SrV-A).

Fig. 1: Typical GY symptoms on 'Shiraz' (left) and 'Biancolella’ (right) from the monitored vineyards located on the isle of Ischia.

Table

Number and origin of the FD isolates molecularly characterized

Isolate  Vineyard

Vineyard

Variety Town
no. no. age
223V 1 Grenache 16 Forio (Cuotto)
224V 1 Grenache 16 Forio (Cuotto)
225V 1 Grenache 16 Forio (Cuotto)
226V 2 Biancolella 10 Forio (Campotese)
227V 2 Biancolella 10 Forio (Campotese)
228V 3 Biancolella 10 Forio (Campotese)
229V 3 Biancolella 10 Forio (Campotese)
230V 3 Biancolella 10 Forio (Campotese)
231V 4 Shiraz 9 Forio (Campotese)
232V 4 Shiraz 9 Forio (Campotese)

"FD isolates whose FD9 sequence was deposited in GeneBank.
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To determine the FD type (FD-C or D), P1/P7 direct
PCR-amplicons from all FD positive samples were further
amplified in the same conditions with the primers 16Rsq¢
(GiBB et al. 1995) and M23SR g, (PADOVAN ef al. 1995),
which cover a fragment of 1,050 bp including the entire
16S rDNA, the spacer region between 16S and 23S rDNA
up to the beginning of the 23S rDNA. The obtained ampli-
cons were then submitted to RFLP analysis after overnight
digestion with Tagl (Biolabs) endonuclease, following the
protocol specified in the manufacturer’s instructions.

RFLP analysis was performed on the digested ampli-
cons after separation of the fragments by electrophoresis
on a 5 % polyacrylamide gel in TBE1X buffer. The RFLP
profiles were visualized under UV light after staining in
ethidium bromide.

FD differentiation on FD9 non-ribos-
omal fragment and sequencing: For specific
amplification of the FD9 non-ribosomal DNA fragment,
the primer pairs FD9f2 (ANGELINI ef al. 2001)/FD9r (DAIRE
et al. 1997) and FDI9f3/FD9r2 (ANGELINI ef al. 2001) were
used in direct and nested PCR, respectively, following the
conditions reported in the literature (ANGELINI et al. 2001).
Nested PCR amplicons (1,150 bp size) were then submit-
ted to RFLP analysis and sequencing. For the RFLP analy-
sis, amplicons were digested separately with A/ul (Biolabs)
and Msel (Biolabs) restriction enzymes, according to the
manufacturer’s instructions.

Nucleotide sequences analyses of the FD-9 amplified
fragments from all tested isolates were performed after
multiple-sequence alignments with CLUSTAL W (THomp-
SON et al. 1994). Comparison with sequences retrieved
from the GeneBank was performed using BLAST (ALT-
scHUL et al. 1997) on the NCBI server (http://www.ncbi.
nlm.nih.gov/BLAST/).

Results

FD detection and differentiation on
16S rDNA/16S-23S spacer region: Direct
PCR with primers P1/P7 did not show any band except for
the reference positive controls. Amplified fragments of an
expected size (1,100 bp) were obtained from all tested sam-

Fig. 2: Polyacrylamide gel (5 %) showing the RFLP profiles
obtained from 16R .. /M23SR -nested PCR amplicons after
digestion with Tagl restriction enzyme. Lines 1-10: grapevine
samples; line 11: FD-D positive control; line 12: FD-C positive

control; line 13:EY1; line 14: DNA marker (size 100 bp).

ples in R16(V)F1/R1 nested PCR, whereas no bands were
observed in R16(I)F1/R1 nested PCR, except for SAY and
STOL reference controls. RFLP analysis of R16(V)F1/R1
amplicons after digestion with Bfal restriction enzyme
showed an identical profile to those of a 16SrV-C and D
reference phytoplasmas in all the analyzed samples.

As expected on the basis of R16(V)F1/R1 nested PCR,
amplicons of an appropriate size (1,050 bp) were also ob-
tained from all samples when amplified with the universal
primer pair 16R.,/M23SRq,, after direct amplification
with P1/P7 primers RFLP analysis performed on 16R,;
/M23SR ., amplicons after digestion with 7agl endonu-
clease showed the presence of a RFLP profile that refers to
those of the 16SrV-D reference control in all the samples
tested (Fig. 2).

FD differentiation on FD9 non-ri-
bosomal fragment and sequencing: FD9
fragments of an expected size (1,150 bp) were obtained in
nested PCR by employing the primer pair FD9{3/FD9r2
from all the analyzed samples (Fig. 3). RFLP analysis per-
formed on these fragments after digestion with A/ul and
Msel endonucleases revealed the presence of one single
type of RFLP profile for each considered enzyme, in all
the tested samples, which always corresponded to the one
exhibited by the 16SrV-D reference control (Fig. 4).

Nucleotide sequence analysis performed on the FD9f3/
FDO9r2 amplified fragments from all investigated isolates
showed an identity percentage of 100 % with each other.
When compared with nucleotide sequences from the NCBI
database, a 99 % identity was found among these isolates
and several FD-D strains including the FD-D strain from
Slovenia, first detected in Orientus ishidae (HM367597),
FD92 from France (AF458384), and FD-D from Italy
(AY 197685). Nucleotide sequences of FD9-fragments of
four FD isolates (223V, 226V, 229V, 232V), representative
of different tested varieties and vineyards (Table), were
deposited in GeneBank with the following accession num-
bers: KC960449, KC960450, KC960451, KC960452.
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Fig. 3: Agarose gel showing the PCR amplicons obtained with
the primer pairs FD9{2/FDOr (top) and FD9f3/FD9r2 (bottom) in
direct and nested PCR respectively, from the analyzed samples.
Lines 1-10: grapevine samples; line 11: EY1; line 12: FD-C posi-
tive control; line 13: FD-D positive control; line 14: DNA marker
(size 1Kb); line 15-16: water controls.
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Fig. 4: Polyacrylamide gel (5 %) showing the RFLP profiles obtained from FD9f3/FD9r2-nested PCR amplicons after digestion with
Alul (left) and Msel (right) restriction enzymes. Lines 1-10: grapevine samples; line 11: FD-D positive control; line 12: FD-C positive

control; line 13: EY1; line 14: DNA marker (size 100 bp).

Conclusions

The presence of FD-related phytoplasma in sympto-
matic grapevines from the isle of Ischia, previously report-
ed by Grirro et al. (2011), was confirmed in this molecular
investigation. Analysis of the conserved 16S rRNA gene
showed the presence of an FD-related phytoplasma in all
the tested samples and clearly ruled out possible infection
by Stolbur phytoplasma associated with BN, the other ma-
jor widespread GY disease in all vine-growing areas of
Italy.

Molecular characterization of the identified FD iso-
lates performed on the 16S rRNA/spacer region highlight-
ed the presence of an FD-D phytoplasma type (16SrV-D
subgroup) in all symptomatic grapevines, irrespectively of
their origin and variety. The same result was obtained by
molecular characterization based on PCR/RFLP and se-
quence analysis performed on secY, which is more variable
than the 16S rRNA gene. RFLP analysis of the FD9-ampli-
fied fragments digested with Msel and Alul endonucleases
revealed an identical profile in all the tested isolates, which
always corresponded to the FD-D reference strain (MARTI-
NI et al. 1999), thus indicating that there was no variability
among them in this genomic region.

FD-D phytoplasma type, associated with the first out-
breaks recorded in the Veneto region (northern Italy) in the
1990s is considered to be the most virulent strain and is
widespread in the grape growing areas of northern Italy
(BerTACCINI ef al. 2008). Outside these geographical ar-
eas, only FD-C has been detected to date and this is the
first finding of FD type D in Italian vineyards a long way
from the northern grape-producing areas. Considering the
geographical isolation of the vineyards located on the isle
of Ischia from the rest of the country, the introduction of
both FD-D phytoplasma and its vector can be probably ex-
plained by long-distance movement.

The ability of FD-D to be transmitted by S. titanus
has been experimentally demonstrated, as for FD-C (Mor1
et al. 2002). Although no data are available yet on the in-
fectivity of the S. fitanus population identified on Ischia,
the simultaneous presence of an aggressive FD-D phyto-
plasma type and the specific insect vector highly increases

the risk of epidemics, posing a serious threat for the local
viticulture.

In 2011, when FD was first recorded, infected plants
were promptly eradicated, adhering to Italian phytosani-
tary legislation. However, in 2012 new infected plants were
found in other areas and eradication of the whole vineyards
seems necessary in order to contain the epidemic.

As this new outbreak is restricted to an island, the other
grape-growing areas of southern Italy, which are currently
FD-free, do not appear to be directly threatened. However,
this clear example of the long-distance propagation of a
disease, reinforces the important role played by human
trading activities in spreading pathogens and insects.
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