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Abstract

A study was performed on Grape yellows from 2008-2010, in five commercial grapevine
growing regions in Romania. The presence of typical yellowing symptoms resembling Flavescence
dorée and Bois noir diseases, described in West Europe, and on other continents, were detected on Vitis
vinifera cvs. Chardonnay, Hamburg, Merlot, Feteasca regald, Cabernet Sauvignon, and Pinot Noir.
Natural foci with Convolvulus arvensis, with symptoms of stolbur, Cichorium inthybus and Taraxacum
officinale with symptoms of yellowing and virescence were detected in South of Romania and Trifolium
repens  with symptoms of clover phyllody and clover dwarf (aster yellows) were detected in
Transylvania. Insect vectors as Hyalesthes obsoletus,Reptalus panzeri, Dictyophara europaea,
Scaphoideus titanus, Macrosteles laevis and M. viridigriseus were detected also in natural foci. The
vector H. obsoletus collected from grapevine cultivars transmitted stolbur MLO to periwinkle plants. By
electron microscopy, on ultrathin sections, structures resembling cell wall deficient bacteria (MLOs,
phytoplasma) were detected in the sieve elements of grapevine, and in the sediment of purified material.
Using a polyclonal antiserum raised in rabbits with Aster yellows antigen, growth in artificial media,
an indirect dot blot immunoassay (ELISA) technique was used and etiological agent as stolbur and
aster yellows were identified. These results are first experimental proofs regarding the association of
stolbur and aster yellows with grape yellows in Romania.
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1. Introduction

Grapevine Yellows (GY) are known as catastrophic or destructive diseases in many
grape growing areas over the world and are associated with a cell wall deficient bacteria,
called formally mycoplasmalike organisms (MLOs) or phytoplasmas.

The GY is a syndrome that includes yellowing and reddening of leaves, depending of
cultivars of grape, followed by downward curling of leaves, lack or incomplete lignifications
and necrosis of shoots, abortion of inflorescences and shriveling of berries and degeneration
of plants. The first symptom of disease was discovered in France in 1957, named Flavescence
dorée (FD), suspected to be caused by a virus [1] and transmitted by insect vector Scaphoideus
titanus Ball [2]. A few years later it was established that the MLOs is probable the cause of
FD [3]. Similar diseases, with presumed MLOs etiology, were detected in Italy in 1973, called
"Giallumi della vite" or “Flavescenza dorata” [4, 5, 6]. Since then GY was detected in all
Europe, U.S.A [7], Chile [8, 9], Tunisia [10], South Africa [11] and Australia [12, 13].

In 1961 a new disease called Bois noir de la vigne (BN), different of FD, also
attributed to a virus, was detected in France [14] and in Germany, named
Vergilbungskrankheit [15]. This new disease agent is transmitted to grape by planthopper
Hyalesthes obsoletus Sign., the vector of stolbur disease agent of solanaceous plants in
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Europe [16, 17], also known as MLOs since 1968 [18], and then more investigated in Italy
[19, 20], Germany [21], Spain [22], Serbia [23] and Canada [24]. Both diseases (FD and BN)
have a similar simptomatology but different etiology and epidemiology [25]. In Europe, three
distinct FD strains cluster and group 16SrV MLOs were detected [26]. Around of Romania,
these diseases were detected in Bulgaria [27], Serbia [28], Hungary [29], Moldova [30] and
Ukraina [31]. In Romania, symptoms of GY were described in different counties and
attributed to a virus [32] or to stolbur MLO [33], but experimental investigations to proof the
nature of the causal agent were not performed by the authors.

Since yellowing alterations can be induced also by other causes, a research project was
initiated to investigate the symptoms on grape, natural foci associated with wild plants and
insect vectors and to establish the nature of the etiological agent in Romania.

2. Material and methods

2.1. Selection of the grapevine diseased material

The study was performed during 2008-2011, in five grapevine growing regions: Banu
Maracine (Oltenia), Bucharest area and Prahova Valley (Muntenia), Murfatlar (Dobrogea)
and Blaj (Transylvania). Different cultivars of grape were carefully analyzed to establish the
presence of typical yellowing or reddening symptoms resembling Flavescence dorée, Bois
noir or Aster yellows diseases described in Europe, North and South America, Africa and
Australia. The symptoms were recorded by Fujifilm Digital Camera FinePixS5700 and
shoots, bunch stems and pedicels were collected and used for MLOs purification, light and
electron microscopy or serology examination.

2.2. Field Surveys of Leafhoppers and Planthoppers vectors

The insect vectors were detected by yellows sticky traps placed in all grapevine areas
selected for investigations, from June to September. Vectors were also collected by sweep net
method on the bindweed (Convolvulus arvensis) from inside of grape areas and used for
experimental transmissions. Captured leafhoppers and planthoppers were counted and
identified to species [34].

2.3. Experimental transmission by vectors

Adults of Hyalesthes obsoletus planthopper used in experimental transmissions were
collected on the bindweed (Convolvulus arvensis) with symptoms in vineyards with
symptoms of GY in Dobrogea region (South-East of Romania). Groups of five-seven adults
were transferred on red periwinkle plants (Catharanthus roseus G.Don) before flowerage,
under individual cages in controlled conditions. The insects remained on the plants until they
died. The plants were maintained in the insect-proof room at 15-25°C, 8-16h photoperiod.

2.4. Purification of MLOs

To establish the morphological aspect of the disease agent, MLOs were purified only
from petioles and midribs of infected grape using the methods described before [35, 36]. All
green material along the midribs was removed with a razor blade and only shoots, without
leaves, petioles and midrib were retained and sectioned in small discs on sterile filter paper
and transferred in a sterile mortar with sterile MLOs buffer (0.1M phosphate buffer + 0.33 M
NaCl) supplemented with 0.5% sodium sulfite to prevent the oxidation process.

Using sterile pestel, the discs were gently pressed and ruptured with small dust of
carborundum and the MLOs were released into suspending buffer. The plant organelles
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(chloroplasts, nuclei, mitochondria, microbodies from companion cells or phloem
parenchyma) or other cell debris were removed by microcentrifugation for 5 min at 750g in
microfuge G Force 13 (Denver Instrument, Colorado). The MLOs were sedimented from
supernatant by centrifugation at 20.000g for 30 min in a Janetzki T 24D centrifuge, and the
pellets were resuspended in MLOs buffer and clarified by centrifugation for 5 min at 750g.
The purity of MLOs was appreciated by electron microscopy after negative staining with 3%
ammonium molybdate in dd water and stored at -20°C [37].

2.5. Electron microscopy investigations

For electron microscopy analysis of the plant material, midribs and petioles of plants
showing symptoms were double fixed with glutaraldehyde and osmium tetraoxide,
dehydrated in an acetone series (70-100%) and embedded in Epon 812. Ultrathin sections, cut
with a Tesla 490A ultramicrotome, were transferred on 300 mesh copper grids and examined
with Tesla BS 500 electron microscope [37].

2.6. Serological detection

An indirect dot blott ELISA method was performed on nitrocellulose membrane
(SIGMA-N-8017) having a 0.2 pm pore size [36]. The purified MLOs were pipetted as
SuL/spot on nitrocellulose strips 8/0.8cm. The strips were transferred in 10 ml volume plastic
tubes filled with blocking buffer warmed at 45°C (0,1M Tris-HCI, pH 8, supplemented with
4% bovine serum albumin -SIGMA B4287, 0.1% gelatin -Merck and 0.2% sodium azide) for
60 min. The blocking solution was removed and the strips were incubated in 1/10 dilution of
primary polyclonal antiserum for 5-8 hours or overnight. The primary antisera were raised in
rabbits using a culture on artificial media of 4ster yellows MLO [38]. Negative controls were
carried out by omitting the antigen or the primary antibody. The strips were washed several
times (10-15 min) with buffer to remove unbound antibody.

To detect antibodies bound to MLOs, the strips were introduced in tubes filled with
secondary antibodies (Goat anti-rabbit IgG - whole molecule) conjugated with Alkaline
Phosphatase-AP (SIGMA A3937). The strips were incubated over night in diluted secondary
antibodies (1/100). The membrane strips were thoroughly washed in dd water and the positive
reactions were identified using SIGMAFAST-BCIP/NBT substrate for AP (product no.
B0274, tablets substrate) for 5 min. A colorless zone appeared where the antigen was not
spotted (blank). The staining reaction was stopped by washing the strips with dd water.

3. Results and discussions
3.1. Evaluation of GY symptoms
In vineyards of the South part of Romania all cultivars of grapevine such as

Chardonnay, Hamburg, Cabernet Sauvignon, Riesling and Merlot were detected with
symptoms of GY (figs.1-3).
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Figure 1. Symptoms of yellowing on Chardonnay cv., (Tohani, Prahova Valey). Strong reduction and spoon like
aspect of leafs were always visible

Figure 3: a. Symptoms resembling of FD on Chardonnay with triangle aspect of leaves (Murfatlar); b.
Magnification from a; ¢. FD like symptoms on Cabernet Sauvignon (B. Maracine).

3.2. Evaluation of populations of insect vectors

Our investigations have showed that the grape yellows is a disease of natural foci. The
circuit in nature of GY MLOs is associated, in Romania, with two major components: insect
vectors and weeds that have origin inside and outside of grape growing areas. In 2009 and
2010 the following specific vectors, planthopper and leathopper species, associated with
Yellows MLOs were collected on yellow sticky traps in grapevine with symptoms of
yellowing and reddening: Hyalesthes obsoletus, Scaphoideus titanus, Reptalus panzeri,
Dictyophara europaea, Macrosteles laevis, Psamotteix striatus and FEuscelis variegatus.
These vectors were detected in association with Convolvulus arvensis with symptoms of
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stolbur, Cichorium inthibus, and Taraxacum officinale with symptoms of virescence and
proliferation and Trifolium repens with symptoms of clover phyllody and clover dwarf. These
plants can be donors or acceptors of MLOs through intermediate vectors, in natural foci. The
host range of MLOs coincides with the food and breeding plants of their insect vectors.
Expansion of these natural foci creates the possibility of mixed infection in grape with
different European Aster Yellows MLOs.

3.3. Experimental proof of transmission of stolbur agent to periwinkle plants

Several series of experimental transmissions were performed in 2009 and 2010 using
the stolbur vector, H. obsoletus, collected in grapevine from Murfatlar vineyard, Dobrogea
zone. Periwinkle (C. roseus) plants were used for detection of stolbur agent. Typical
symptoms for stolbur disease appeared on periwinkle plants two months from contact of
vector with healthy plants, in comparison with uninfected plants (Fig. 4a). The symptoms
evolved from normal plant (a) to chlorosis (b), shortening of plant (c), hypertrophy of calyx
and virescence of petals (d).

Figure 4.
a. Normal flower and b. Strong yellowing and c. Shortening of stem d. Hypertrophy of calyx
leaves of periwinkle spoonlike leafs (arrow) (arrow) and green petals (arrow)

Figure 5. Left: Normal leaf and flower. Right: Yellowing and leaf reduction with zigzag nervure; hypertrophy of
calyx and green petal (arrows) produced by stolbur to periwinkle

After two or three months, the leaves with strong symptoms of chlorosis become wilt
and fell down (fig.4c arrows). The modification of dimensions, color of leaves and alterations
of flowers are serially illustrated in figure 5.
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3.4. Electron microscopy detection

To establish the nature of etiologic agent, electron microscopic examination was performed on
ultrathin sections across shoots and petiole of grape showing symptoms of GY and on purified pellets.
Structures resembling mycoplasma were purified from symptomatic plants shoots and from leaf
midribs of different grapevine. Typical MLO cells (figure 6) were detected, similar with thus
purified and visualized by Giannoti [3] and Caudwell [39] associated with Flavescence dorée
in France. The purified MLO cells appear as round particles with or without filaments
developed by budding. The morphology of the agent is better visible on purified material than
on ultrathin sections (fig. 7).

Figure 6. Different aspect of particles of cwdb-phytoplasmas purified from grape, Chardonnay with yellow
symptoms: a. Round and filamentous particles, some in division or budding (arrows); b. A cell with long
filament; ¢. Numerous round particles and a filamentous cell with elementary body at end (arrow); d.
Development of filaments by budding from unit membrane of MLOs. Bar: 2 pm.

The presence of cell wall deficient bacteria (cwdb) in the sieve elements of grapevine
Chardonnay and Hamburg (fig. 7) and Pinot Noir were detected on ultrathin sections.

symptoms of yellowing illustrated in fig.1. Numerous particles of ewdb are visible in a sieve cell (arrow); b. A
sieve element of Hamburg grape vine (fig. 2) filled with cwdb. Bar = 1um. The small particles in image b
(arrows) are cross sectioned filaments or elementary bodies.

3.5. Serological proofs for aster yellows MLO in grapevine
Romanian Biotechnological Letters, Vol. 17, No. 3, 2012 7265
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The serological tests were performed on purified MLOs from grapevine and S. titanus
and visualized by electron microscopy. Indirect dot blot ELISA technique was performed and
two antisera were used: a primary antiserum produced in rabbits with European Aster
yellows, antigen isolated from barley [40] and growth in artificial media in our laboratory
from 1975, and a secondary antisera (goat antirabbits antisera conjugate from SIGMA) as is
detailed at material and methods.

The following grape cultivars were used for MLOs purification and detection by dot
blot technique as is illustrated in figure 8. The purified MLOs were spotted on nitrocellulose
strips as follows:

A: 1. Pinot Noir, Blaj; 2. Hamburg, Bucharest; 3. Riesling, Murfatlar; 4. MLOs from
Cacopsylla pyri vector of pear decline in Bucharest area; 5. Cabernet Sauvignon, Banu
Maréacine; 6. Blank (without antigen); 7. S. titanus;

B: 1. Healthy periwinkle; 2. Stolbur periwinkle (fig. 4¢); 3. Stolbur periwinkle (fig.
4d); 4. Feteasca neagrda, Tohani; 5. Chardonnay, Tohani; 6. Blank (without antigen); 7.
Beaujoules (original from France in Collection of UASVM Bucharest); 8. Aster yellows,
cultivated on artificial media;
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Figure 8A. Results of detection of Aster yellows MLO in grape
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Figure 8B. Results of detection of Stolbur MLO in periwinkle

B

The strong reaction is evident in figure 8A, on strip A, in positions 1-5 where AY was
detected in grape cultivars Pinot noir (1), Hamburg (2), Riesling (3) and Cabernet Sauvignon
(5). Negative reaction was observed in position 6 where the antigen was not spotted and a
weak reaction was obtained in position 7 with extract from S. tifanus. Similar reaction
appeared in position 4, where an extract from C. pyri was spotted. In figure 8B, position 1-3,
the reaction was negative for extract of healthy periwinkle (1) and for stolbur (2, 3), but
strong positive in positions 4 (Feteasca neagra) and 5 (Chardonnay). Position 6 was blank,
position 7 was positive for Beaujoules and position 8 for AY.

These results are the first experimental and clear proofs on the association of the AY
(16Sr1) and stolbur (16SrXII) with symptoms of grape yellows-type diseases in Romania. The
Aster yellows (AY) MLO isolated in artificial media and used by us to produce polyclonal
antisera in rabbits is identical with American Aster yellows (Tulelake strain) examined by Dr.
Ploaie in California, in laboratory of Prof. Freitag [41] and European Aster yellows observed
at Bratislava, in laboratory of Valenta [17]. These antibodies have been characterized not only
by the double diffusion in agar gel and immuno dot blot method but also by immunogold
labelling [42, 43] in periwinkle, on ultrathin sections.

The prevalence of AY MLO in grapevines with symptoms of GY was established after
1990 in Italy [44, 45], S.U.A. [46], Tunisia [10], South Africa [11, 47] and Australia [13]. The
MLOs groups 16SrI (Aster yellows) and 16SrXII (Stolbur) are considered analogous [5] but
are distinct by symptoms on periwinkle plants, in the same conditions of temperature and
humidity in greenhouse [48].
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Recent investigations based on heteroduplex mobility assay [49] and by RFLP
analysis of the amplicons obtained by PCR [50] established that those grapevines are infected
by numerous MLOs, including aster yellows. FD MLO is associated not only with grapevine
but also with clematis (Clematis vitalba) in natural foci [S1]. All MLOs have a name
according to the symptoms. Transmission of these agents on specific host plants as C. roseus
is recommended for comparative investigations in the same conditions, for characterization of
so called MLOs or phytoplasmas.

Purification of GY and other MLOs is easily performed if the osmotic pressure of
buffer is adjusted to osmotic pressure of sieve elements of phloem, were MLOs abundantly
grow [3, 35, 36]. Electron microscopy is essential for visualization of MLOs in sediments,
after purification from grape plants, and utilization in PCR of DNA purified from MLOs
instead of total DNA, that is a source of false positive results [52].

4. Conclusions

Grape yellows is a disease of natural foci caused, in Romania, by solbur and AY.

Acknowledgements:

This study was funded by Ministry of Research, Education and Innovation from
Romania within framework of the project PN II no. 52-130/2008-2011.

References

1. A. CAUDWELL, Deux années d’études sur la Flavescence dorée, nouvelle maladie grave de la Vigne,
Ann. Am. Des plantes 4, 359-393 (1957).

2. J. BONFILS, D. SCHVESTER, Les cicadelles (Homoptera: Auchenorrhyncha) dans leurs rapports avec la
vigne dans le Sud-Ouest de la France. Annales des épiphyties, 9: 325-336 (1960).

3. J. GIANNOTTI, A.CAUDWELL, C.VAGO, L. DUTHOIT, Isolement et purification de micro-organismes
de type mycoplasme a partir de vignes atteintes de Flavescence dorée. C. R. Acad. Sc. Paris, t. 268, 845-
847 (1969).

4. G.BELLI, A. FORTUSINI, R.OSLER., A. AMICI., Presenza di una malattia del tipo “Flavescence dorée”
in vigneti dell’Oltrepo pavese. Rivista di Patologia Vegetale, Serie IV, 9 (suppl.): 50-56 (1973).

5. G. BELLI, B. P. ATTILIO., P. CASATI, G. SCATTINI, La flavescenza dorata della vite in Lombardia.
Quaderni della ricerca, aprile ( 2002).

6. R. CREDI, F. TERLIZZI, G. STEMILLI, S. NARDI, R. LUGNESE, Flavescenza dorata della vite nelle
Marche. L ’Informatore Agrario-Verona, LVIII (22):61-64 (2002).

7. R.C.PEARSON, R.M. POOL, D. GONSALVES, M.C.GOFFINET, Occurrence of flavescence dorée-like
symptoms on White Riesling' grapevines in New York, U.S.A. Phytopathologia Mediterranea, 24:82-87
(1985).

8. A. BERTACCINL S. BOTTL N. FIORE, A. GAJARDO, J. MONTEALEGRE, Identification of a new
phytoplasma infecting grapevine with yellows in Chile. 15" Congress of IOM, Georgia, USA, 63-64
(2004).

9. A. GAJARDO, N. FIORE, S. PRODAN, S. PALTRINIERI,, S. BOTTI., A.M. PINO, A. ZAMORANO J.
MONTEALEGRE, A. BERTACCINI, Phytoplasmas associated with grapevine yellows disease in Chile.
Plant Disease, 93:789-796. (2009).

10. S. MHIRSI, S. ACHECHE, S. FATTOUCHA, G. BOCCARDO, M. MARRAKCHIB, N. MARZOUKIA,
First report of phytoplasmas in the aster yellows group infecting grapevine in Tunisia. Plant Pathology,
53:521 (2004).

11. M. ENGELBRECHT, J. JOUBERT, J.T. BURGER, First report of aster yellows phytoplasma in
grapevines in South Africa. Plant Disease, 94:373 (2010).

12. P.A. MAGAREY, M.F. WACHTEL, Australian Grapevine Yellows. Int. J. Tropical Plant Disease, 4:1-
14. (1986).

Romanian Biotechnological Letters, Vol. 17, No. 3, 2012 7267



P. G. PLOAIE, CONSTANTINA CHIRECEANU

13.

14.

15.

16.
17.
18.
19.
20.

21.

22.

23.

24.

25.

26.

217.

28.

29.
30.

31.

32.
33.

34.

35.

7268

A.C. PADOVAN, K.S. GIBB, A. BERTACCINI, M. VIBIO, R.E. BONFIGLIOLI, P.A. MAGAREY,
B.B. SEARS, Molecular detection of the Australian grapevine yellows phytoplasma and comparison with
grapevine yellows phytoplasmas from Italy. Australian Journal of Grape and Wine Research 1:25-31
(1995).

A. CAUDWELL, Etude sur la maladie du Bois noir de la vigne : ses rapports avec la Flavescence dorée,
Ann. Epiphyties 12, 3, 241-262 (1961).

M. MAIXNER, U. AHRENS, E. SEEMULLER, Detection of the German grapevine yellows
(Vergilbungskrankheit) MLO in grapevine, alternative hosts and a vector by a specific PCR procedure.
European Journal of Plant Pathology, 101 (3), 241-250 (1995).

K.S. SUKHOV, M.VOVK, Stolbur paslynovych. Moscow-Leningrad:Academy Nauk SSSR, 1-102,
(1949).

V. VALENTA, M. MUSIL, S. MISGA, Investigations on European yellows—type viruses. I. The stolbur
virus. Phytopathol. Z. 42, 1-38 (1961).

P. G. PLOAIE, R. GRANADOS, K. MARAMOROSCH, Mycoplasma like structures in periwinkle plant
with Crimean yellows, European clover dwarf, stolbur and parastolbur. Phytopathology, 58,1063, (1968).
R. CREDI, F. TERLIZZI, R. BISSANY, POLLINI POGGY, Presence e diffusione dei fitoplasmi del legno
nero e della flavescenza dorata della vite in Emilia-Romagno. Vignevini, 12:107-110 (2001).

R. CREDI, MLOs associated with a grapevine yellows disease occurring in Italy. Journal of
Phytopathology 141:113-124 (1994).

J. JOHANNESEN, B. LUX, KRISTINA MICHEL, A. SEITZ, M. MAIXNER, Invasion biology and host
specificity of the grapevine yellows disease vector Hyalesthes obsoletus, in Europe. Entomologia
Experimentalis et Applicata, 126:217-227 (2008).

A. BATLLE, J. SABATE, L. AMPARO, Epidemiology and detection of stolbur phytoplasma affecting
grapevine in Spain. Phytopathology, 95(6): 153 (2005).

S. KUZMANOVIC, M. MARTINI, F. FERRINI, P ERMACORA, M. STAROVIC, M. TOSIC, R.
OSLER, Stolbur and Flavescence dorée phytoplasmas present in grapevine in Serbia. Proceedings V
Congress of Plant Protection, Zlatibor, Serbia, November 22-26, 139 (2004).

M. ROTT, R. JOHNSON, C. MASTERS, M. GREEN, First report of Bois Noir phytoplasma in grapevine
in Canada. Plant Disease, 91:1682 (2007).

E. BOUDON-PADIEU, The situation of grapevine yellows and current research direction: distribution,
diversity, vectors, diffusion and control. /14" ICVG Conference, Locortondo, 12-17" September, 47-53
(2003).

A. GUILLAUME, S. MAHER MALEMBIC, S. PASCAL, B. PATRICK, M. MAIXNER, C. MARCONE,
E. BOUDON-PADIEU, X. FOISSAC, Multilocus Sequence Typing Confirms the Close Genetic
Interrelatedness of Three Distinct Flavescence Dorée Phytoplasma Strain Clusters and Group 16SrV
Phytoplasmas Infecting Grapevine and Alder in Europe. Applied and Environmental Microbiology, 73
(12):4001- 4010, (2007).

D. SAKALIEVA, S. PALTRINIERI, A. CALARI, A. BERTACCINI, Molecular identification of “bois
noir” phytoplasmas in grapevine in Bulgaria. Bull.of Insectology, 60 (2): 153-154 (2007).

S. KUZMANOVIC, M. MARTINI, P. ERMACORA, F. FERRIN, M. STAROVICI, M. TOSIC, L.
CARRARO, R. OSLER, Incidence and molecular characterization of flavescence dorée and stolbur
phytoplasmas in grapevine cultivars from different viticultural areas of Serbia. Vitis, 47 (2), 105-111,
(2008).

Z. DER, S. KOCZOR, B. ZSOLNAI, I. EMBER, M. KOLBER, A. BERTACCINI, A. ALMA,
Scaphoideus titanus identified in Hungary. Bull. of Insectology, 60 (2): 199-200,( 2007).

V. G. MARINESKU, Y. A. KALASHYAN, T. D. VERDEREVSKAYA, Grapevine yellows in Moldavian
SSR. In: Proceedings of the 10th meeting of ICVG, Volos, Greece: ORES Publishing, 218, (1991).

B. MILKUS, D. CLAIR, S. IDIR, N. HABILI, E. BOUDON-PADIEU, First detection of stolbur
phytoplasma in grapevines (Vitis vinifera, cv Chardonnay) affected with grapevine yellows in the Ukraine.
New Disease Reports, 10: (Aug. 2004 to Jan 2005).

C. RAFAILA, M. COSTACHE, Ingilbenirea aurie (Flavescence dorée), o boala noud a vitei de vie in
Romania. An. Institutului de Cercetari pentru Protectia Plantelor, 6:151-156, (1968).

I. V. POP, Stolbur mycoplasma a harmful pathogenic agent of grapevine in Romania (short
communication), Ann. University of Craiova, Vol. XIV (XLX), Seria: Horticulture, 395-396, (2009).

C. CHIRECEANU, P.G. PLOAIE, M. GUTUIE, 1. NICOLAE, C. STAN, M. COMSA, Detection of the
Auchenorrhyncha fauna associated with grapevine displaying yellows symptoms in Romania. Acta
Phytopathologica et Entomologica Hungarica, 46 (2), 255-262, (2011).

P.G. PLOAIE, Structures resembling cell wall deficient forms of bacteria associated with aster yellows
diseases and isolated in axenic culture. Rev. Roum. Biol. Végét. 28, 109-114 (1983).

Romanian Biotechnological Letters, Vol. 17, No. 3, 2012



Experimental proofs regarding the association of cell wall deficient bacteria (mycoplasmalike organisms,
phytoplasmas) with grapevine yellows disease in Romania

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

36 P. G. PLOAIE, Isolation and serological detection of apple proliferation phytoplasma group in
Romania. Annals of the Academy of Romanian Scientists (New series), Anniversary volume 1, 163-170
(2006).

P. G. PLOAIE, Z. PETRE, Introduction in electron microscopy with application in cellular and molecular
biology. Rumanian Academic Press, Bucuresti, 1-350, (1979).

P.G. PLOAIE, M. PERNEVAN, S. TATU, Producerea si caracterizarea antiserului pentru agentul clorozei
asterului folosind ca antigen cultura pe mediu sintetic. Buletinul de Protectia Plantelor 3, 3-6 (1988).

A. CAUDWELL, R. MEIGNOZ, C. KUSZALA, C. SCHNEIDER, J. LARRUE, A. FLEURY, E.
BOUDON, Purification immunologique et observation ultramicroscopique en milieu liquide de 1’agent
pathogéne (MLO) d’une jaunisse végétale, la Flavescence dorée de la vigne, C.R. Acad. Agr. France,
24:407-415 (1982).

P.G. PLOAIE, Aster yellows agent in Romania. Rev. Roum. Biol. Botanique 14 (5), 335-339 (1969).

J. H. FREITAG, Interaction and mutual suppression among three strain of aster yellows virus. Virology,
24:401 — 413 (1964).

P.G. PLOAIE, Immunological techniques by electron microscopy: development and applications for diag-
nostic. Proceedings of Illrd Balcan Congress on Electron Microscopy, Athens, Greece 18-22 Sept. 256-
260 (1989).

P. G. PLOAIE, MONIKA GAL, G. SOLCAN, S. TATU, Immunogold labelling of Aster yellows
mycoplasma like organism before anf after cultivation in artificial media. 13th International Congress on
Electron Microscopy 17-25 iulie, Paris. Abstracts of Papers p.1305-1306 (1994).

P. A. BIANCO, R. E. DAVIS, J. P. PRINCE, 1. M. LEE, D. E. GUNDERSEN, A. FORTUSINI, G.
BELLI, Double and single infections by aster yellows and elm yellows MLOs in grapevines with
symptoms characteristic of flavescence dorée. Rivista di Patologia Vegetale, Serie V, 3, 69-82 (1993).

P. A. BIANCO, R. E. DAVIS, P. CASATI, A. FORTUSINI, Prevalence of aster yellows (AY) and elm
yellows (EY) group phytoplasmas in symptomatic grapevines in three areas of northern Italy. Vitis,
35:195-199 (1996).

R. E. DAVIS, R. JOMANTIENE, E. DALLY, T. K. WOLF, Phytoplasmas associated with grapevine
yellows in Virginia belong to group 16Srl, subgroup A (tomato big bud phytoplasmas subgroup), and
group 16SrIll, new subgroup 1. Vitis, 37:131-137 (1998).

K. KRUGER, A. DE KLERK, N. DOUGLAS-SMIT, J. JOUBERT, G. PIETERSEN, M. STILLER, Aster
yellows phytoplasma in grapevines: identification of vectors in South Africa. Bull. of Insectology, 64: 137-
138 (2011).

P. G. PLOALIE, Cercetari asupra agentilor de tipul clorozelor izolati in Roméania. Teza de doctorat vol. I si
IL. Institutul de Biologie ,, Tr. Savulescu” al Academiei R.S.R. 280 p. (1970).

E. ANGELINI, E. NEGRISOLO, D. CLAIR, M. BORGO, E. BOUDON-PADIEU, Phylogenetic
relationships among Flavescence dorée strains and related phytoplasmas determined by heteroduplex
mobility assay and sequence of ribosomal and nonribosomal DNA. Plant Pathology, 52: 663—672 (2003).
P.A. BIANCO, P.CASATI, N. MARZILIANO, Detection of phytoplasmas associated with grapevine
flavescence dorée disease using real-time PCR.. J.of Plant Pathology 86 (3), 257-261, (2004).

L. FILIPPIN, J. JOVIC, T. CVRKOVIC, V. FORTE, D. CLAIR, I. TOSEVSKI, E. BOUDON-PADIEU,
M. BORGO, E. ANGELINI, Molecular characteristics of phytoplasmas associated with Flavescence dorée
in clematis and grapevine and preliminary results on the role of Dictyophara europaea as a vector. Plant
Pathology, 58 (5):826-837 (2009).

J. FRANOVA, Difficulties with conventional phytoplasmas diagnostic using PCR/RFLP analyse. Bull. of
Insectology, 64 (Supplement), 287-288 (2011).

Romanian Biotechnological Letters, Vol. 17, No. 3, 2012 7269




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


