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Multilocus typing (MLT) was performed on 72 phytoplasma strains obtained from grapevine samples and
Hyalesthes obsoletus specimens collected in different Bois noir-infected vineyards, on six phytoplasma
strains maintained in the periwinkle reference collections and on a colony obtained from cultivation of a
'Candidatus Phytoplasma solani' strain derived from the STOL periwinkle reference collection sample.
RFLP analyses of tuf, secY, groel and Stamp genes allowed to differentiate 8 lineages in the 72 field-
collected grapevine and H. obsoletus samples. In some cases there was a good consistency in the MLT
profiles of lineages detected in the grapevine and those identified in H. obsoletus indicating the presence of
phytoplasma populations shared between the two hosts. On the other hand, the lineages identified in the six
“stolbur” strains in collection in periwinkle were all different from those in the vineyard collected samples.
The partial molecular characterization of the colonies obtained from the STOL strain after its isolation in a
chemically defined medium shows Stamp gene congruence with those of the original strain maintained in
micropropagation.

Bois noir (BN) phytoplasmas are transmitted
by cuttings and predominantly by Cixiidae
(Auchenorrhyncha), therefore the study of the
epidemiology of the disease is difficult. Disease
management of outbreaks and the differentiation
of phytoplasma populations in vineyards is of
utmost importance. The characterization of BN
phytoplasmas was performed in several grapevine
growing areas by multilocus sequence analysis on
diverse genes. However, very often a consistent
differentiation of phytoplasma populations in

specific geographic areas was difficult to achieve.
This problem could be linked to the molecular
markers selected for the differentiation studies,
as some of the employed molecular markers are
subjected to a high environmental selection pressure
and can therefore be problematic for epidemiologic
research. Due to the absence of markers directly
linked to BN pathogenicity, the use of diverse
marker combinations might allow the following of
epidemics. Thus, in the present study a multigene
characterisation of 'Ca. P. solani' strains from
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different sources was carried out by collective RFLP
typing of tuf, secY, groel and Stamp genes in order
to detect their possible usefulness as combined
markers in the study of BN epidemiology.

MATERIAL AND METHODS

Seventy-three ‘Candidatus Phytoplasma solani’
strains from grapevine and Hyalesthes obsoletus
samples collected in vineyards located in Northern
Italy and Serbia (Table 1) were employed. “Stolbur”
reference strains maintained in periwinkle were
STOL (from Serbia), ASLO (from Slovenia)
STOLC, STOL-PO, STOL-CH, MOL (from France).
DNA from colonies grown in chemically defined
medium after isolation from STOL periwinkle in
micropropagation (CoNTALDO et al., 2012) was also
used. Total nucleic acids were extracted from 1 g
of midribs and phloem scrapes of infected samples
maintained at -20 °C with a chloroform/phenol
method, while H. obsoletus samples maintained
in -20 °C were extracted by a CTAB procedure
(ANGELINI et al., 2001). Amplicons produced on 16S
rDNA (GunperseN and LEg, 1996), Stamp (FABRE et

OF ‘CANDIDATUS PHYTOPLASMA SOLANI’

al., 2011), and secY (LEE et al., 2010) genes were
subjected to RFLP analyses with Trull. RFLP on
groEL gene was performed on nested amplicons
obtained with STOLgroesF/STOLstampR followed
by AY groelF/STOLgroelR2 primers (MiTroviCet al.,
2011, 2012 and 2013) with Trull. The tuf gene was
amplified in a nested PCR procedure using primer
pairs tuflf/r/TufAYf/r and TufINT1{/TufINT4r
(LANGER and MAIXNER, 2004) and amplicons were
subjected to the RFLP analyses with Hpall.

RESULTS AND DISCUSSION

The overall RFLP profiles on four phytoplasma
marker genes were obtained from 35 grapevine and
15 H. obsoletus samples collected in vineyards as
shown in Table 1. Eight lineages were differentiated
by RFLP analyses. In 22 field samples not all the
four genes could be amplified even if ‘Ca. P. solani’-
related phytoplasmas were identified by RFLP
analyses on 16S ribosomal gene. The analysis of
5 cixiid and 17 grapevine samples resulted only in
amplification of two to three genes, while Stamp was
amplified in all samples (Fig. 1). Moreover the rate

M1 2345 6 7 89101112131415161718 P

Fig. 1. Polyacrylamide (6.7 %) gel showing RFLP profiles of Stamp gene amplicons digested with Trull. M,
Marker DNA phiX174 HindIII digest; P, Marker DNA pBR322 Mspl digested. From 1 to 18 grapevine samples
showing 3 of the differential profiles identified on the amplicon from this gene.
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of amplification was decreasing from amplification
of tuf to secY and groEL genes. In the latter, only
9 out of 22 samples were amplified, confirming the
reported reduced sensitivity in detection of primers
other than those amplifying 16S rDNA and is also in
agreement with the expected amplicon length. While
in the amplicons of the Stamp gene five different
restriction profiles were differentiated by Trull,
two profiles were distinguished in the tuf gene by
Hpall, two in the groEL gene by Trull and three
profiles were shown by the same enzyme in secY
gene (Table 1). Overall, 8 lineages could be obtained
by the different combination of restriction profiles
in the samples from vineyards. Three profiles were
only detected in one sample from grapevine or H.
obsoletus (lineages I, IV and XI); profile X was
only detected in 2 grapevine samples from Serbia.
The profile IIT was detected in H. obsoletus from
Italy as well as in grapevine samples from different
localities in Serbia, while the profile VI was present
in 7 grapevine samples, two of which are from
Serbia and the rest from different provinces of the
same Italian region (Emilia-Romagna). On the other
hand the profile V was found in both grapevine and

OF ‘CANDIDATUS PHYTOPLASMA SOLANI’

H. obsoletus in the same Italian region at the time
of an epidemic of BN. The results obtained are in
agreement with previous results (CoNnTaLDO et al.,
2009, 2011, 2012 and 2013; MitrovicC et al., 2013)
and indicate that the MLT of these 4 genes could
be useful as combined markers in the study of BN
epidemiology under field conditions.

It is important to underline that none of the tested
reference strains maintained in periwinkle in
micropropagation showed the profiles detected in
the field collected samples, but the overall lineage
profiles showed to be consistent with the geographic
origin of the strains (i.e. France, Slovenia and
Serbia). The STOL strain colonies grown on agar
media after isolation in broth medium tested positive
on both, 16S ribosomal and Stamp genes. The RFLP
profiles and their sequences obtained after direct
sequencing in both directions with primers used
for amplification confirmed the presence of STOL
DNA, in agreement with the previously reported
cultivability of this phytoplasma strain (CONTALDO et
al., 2012 and 2015).

Table 1: Characteristics of the 'Ca. P. solani' containing samples, RFLP profiles on the four phytoplasma genes

employed and lineages obtained

Acronym | Sample ORIGIN Lineages
from tuf Stamp secY groEL

CHSM1 grapevine | Veneto B B B B I

CHSM2 grapevine | Veneto B A A A II

2 E2 H. obsole- [ Veneto B A A A 11
tus

H.023 H. obsole- [ Emilia Ro- | B A A A II
tus magna

H.0.7 H. obsole- [ Emilia Ro- | B A A A II
tus magna

H.0.9 H. obsole- | Emilia Ro- | B A A A II
tus magna

H.0.3 H. obsole- | Emilia Ro- | B A A A II
tus magna

H.o. 13 H. obsole- | Emilia Ro- | B A A A II
tus magna

H.o. 19 H. obsole- | Emilia Ro- | B A A A 11
tus magna

H.o. 17 H. obsole- | Emilia Ro- | B A A A II
tus magna

2 El H. obsole- | Veneto B B B A 111
tus
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Acronym | Sample ORIGIN Lineages
from tuf Stamp secY groEL

Aleks. grapevine | Serbia B B B A 11

122/10

Bela Cr. grapevine | Serbia B B B A 111

132/10

Bela Cr. grapevine | Serbia B B B A 111

134/10

Radmil. grapevine | Serbia B B B A 11

191/09

Radmil. grapevine | Serbia B B B A 11

192/09

3E H. obsole- | Veneto A A B A v

tus

Ra9818 grapevine | Emilia Ro- | A A A A \Y
magna

Ra 9912 grapevine | Emilia Ro- [ A A A A \Y
magna

Ra%9910 grapevine | Emilia Ro- | A A A A \%
magna

Ra 9830 grapevine | Emilia Ro- | A A A A \%
magna

Ra9801 grapevine | Emilia Ro- | A A A A \%
magna

Ra9804 grapevine | Emilia Ro- | A A A A A"
magna

Ral4486 grapevine | Emilia Ro- | A A A A \%
magna

Ra9709 grapevine | Emilia Ro- [ A A A A A"
magna

Ra9707 grapevine | Emilia Ro- | A A A A A"
magna

Ra9802 grapevine | Emilia Ro- | A A A A A"
magna

REV8 grapevine | Emilia Ro- [ A A A A v
magna

REV10 grapevine | Emilia Ro- | A A A A A%
magna

REV13 grapevine | Emilia Ro- [ A A A A \Y%
magna

MOV27 grapevine | Emilia Ro- | A A A A \Y
magna

FE9805 grapevine | Emilia Ro- | A A A A \%
magna

FC10044 | grapevine |Emilia Ro- | A A A A v
magna

BO14394 |grapevine |Emilia Ro- | A A A A A%
magna
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Acronym | Sample ORIGIN Lineages
from tuf Stamp secY groEL
B0O9866 grapevine | Emilia Ro- [ A A A A A"
magna
H.0.2 H. obsole- | Emilia Ro- | A A A A A%
tus magna
H.o. 16 H. obsole- | Emilia Ro- | A A A A v
tus magna
H.0.5 H. obsole- | Emilia Ro- | A A A A Vv
tus magna
H.o. 4 H. obsole- | Emilia Ro- | A A A A v
tus magna
H.o. 7b H. obsole- [ Emilia Ro- | A A A A A%
tus magna
Ra9827 grapevine | Emilia Ro- | B B A A VI
magna
FE9806 grapevine | Emilia Ro- | B B A A VI
magna
FE9810 grapevine | Emilia Ro- | B B A A VI
magna
BO9870 grapevine | Emilia Ro- | B B A A VI
magna
B0O9867 grapevine | Emilia Ro- | B B A A VI
magna
Aleks. grapevine | Serbia B B A A VI
125/10
Smeder. grapevine | Serbia B B A A VI
66/11
STOL-CH | periwinkle | France B C C A vl
MOL periwinkle | France B C C A VII
STOL-C periwinkle | France B C C A VII
STOL-PO | periwinkle | France B C C A vl
ASLO periwinkle | Slovenia B D C A VIII
STOL periwinkle [ Serbia B A/B C/B A IX
STOL Colony Periwink- | - A - - *
le-Serbia
Bela Cr. grapevine | Serbia B E B A X
144/10
Kréedin grapevine | Serbia B E B A X
93/10
Smeder. grapevine | Serbia B B A B X1
69/11
CHCAI1 grapevine | Veneto - A A A n.d.
SA H. obsole- | Veneto - A A A n.d.
tus
4 Al H. obsole- | Veneto - A A A n.d.
tus
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Acronym | Sample ORIGIN Lineages
from tuf Stamp secY groEL

H.0.9 H. obsole- [ Emilia Ro- | - B A A n.d.
tus magna

4 A7 H. obsole- | Veneto A A - A n.d.
tus

CH2 grapevine | Veneto B A - - n.d.

PiGrul grapevine | Veneto B A - A n.d.

PiGru2 grapevine | Veneto B A - A n.d.

4 A12 H. obsole- | Veneto B A - - n.d.
tus

Aleks. grapevine | Serbia B A - A n.d.

123/10

Aleks. grapevine | Serbia B E - A n.d.

127/10

Bela Cr. grapevine | Serbia B A B - n.d.

130/10

Bela Cr. grapevine | Serbia B B - - n.d.

131/10

Bela Cr. grapevine | Serbia B B - - n.d.

140/10

Bela Cr. grapevine | Serbia B B B - n.d.

142/10

Bela Cr. grapevine | Serbia B B B - n.d.

143/10

Bela Cr. grapevine | Serbia B B - - n.d.

145/10

Krcedin grapevine | Serbia B A B - n.d.

95/10

Smeder. grapevine | Serbia B E - - n.d.

65/11

Smeder. grapevine | Serbia B B B - n.d.

67/11

Smeder. grapevine | Serbia B B - - n.d.

68/11

Smeder. grapevine | Serbia B B - - n.d.

70/11
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