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Abstract: The incidence of crown gall disease recently has been gradually increased in Egyp-
tian vineyards and grapevine nurseries. Twelve isolates of tumorigenic bacteria were isolated
from grapevines galls which collected from ditTerent areas in Egypt. The isolates were identi-
fied as Agrobacrerium vitis based on their reaction with a monoclonal antibody raised to A,
vitis, their ability to induce galls and necrosis on grapevine, their reactions o standard bio-
chemical and physiological tests and also by polymerase chain reaction amplification of spe-
cific Ti plasmid using polygalacturonase specific primers. All isolates were able to induce
galis on grapevine. The isclates differed between itsell in host range. All of these isolates
except two were able to induce galls on kalanchoe, sunflower, dalura, tobacco and cheno-
podium. Only 5 isolates produced galls on tomato. All isolates caused necrosis on grapevine
explants. The genelic diversity was evaluated for these isolates by comparing DNA samples
using multiplex PCR with 3 Specific primer pairs, They segregated into three main groups, the
first group that is isolates carrying octopine type Ti plasmids; the second group that is isolates
carrying vitopine Ti plasmids and the third group that is isolates carrying both octopine and
vitopine type Ti plasmids. To our knowledge, this is the first report on the identification of A.

vitiy in Egypl.
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1986). Since vineyard soils have been excluded as a source of
infection with A. vitfs, spreading of the disease can bec prevented

1. Introduction

Crown gall is one of the most impertant bacterial diseases
of grapevines worldwide and is especially debilitating on
cultivars of vitis vinifera (Burr et al 1998). Agrobacterium
vitis is the predominant species that causes the disease, al-
though A. rumefaciens is occasionally isolated from infected
vines (Szegedi et al 2005). Typically, infections are initiated
at wound sites on trunks and canes that are caused by freez-
ing temperatures or other cultural practices. In addition to
crown gall discase, A. vitis induces electrolyte leakage and
strong necrotic lesions on the roots of grapevine (Burr ¢t al
1998 and Stover et al 1997).

Transmission of 4. vitis, that is adapted to living in the
vascular system of grapevine plants, occurs by vegetative
propagation of infected cuttings {Tarbahk and Goodman,
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by utilization of pathogen- free propagation material (Tarbah and

Goodman, 1986).
Four major T-DNA structures have been characterized in

strains of 4. vitis. They differ by their numbers of T-DNAs (de-
lineated by characteristic border sequences) and by gene composi-
tion (Burr and Otten, 199%). Strains are often referred to by the
type ol opine synthase genc or genes they carry on their Ti plas-
mids (i.e., nopaling [N], vitopine [V], or oclopine and cuccu-
mopine {OCD. The OC strains arc further grouped depending on
whether their T-DNA TA region is large (OL) or small (OS). Phy-
logenetic models of 4. vitis Ti plasmids have been developed by
Otien et al (1992) that are based on T-DNA structures, homology
of oncogenes to those on other Ti plasmids, and the pattern of
insertion by various insertion sequence {IS) elements. It was dis-
covered that the type of Ti plasmid that is carried by an 4. vitis
strain is highly correlated with the restriction fragment fingerprints
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derived from its intergenic spacer region (ITS) that lays be-
tween the 16s and 23s rRNA genes (Otten ef al 1996). Simi.
lar correlation was shown between Ti plasmid type and re-

striction fragment fingerprinls generated from the 5 region of

the 23 gene (Momoel et al 1998). The purposes of this study
were 10 isolation of Agrobacterium vitis from intected grape-
vine and study the characteristic diversity between its isolates
using conventional tests and PCR technique.

2. Materials and methods
2.1. Isolation of Agrobacterivum vitis

Vineyards and nurseries of grapevine (Fitis spp.) were in-

spected for crown gall occurrence in field trips made to dil-
ferent areas in Egypl. Samples of newly developed galls [rom
infected plants were collected, placed in plastic bags, and
“transported 1o the aboratory. Plant samples were washed
under running tap waler to remove adhering soil particles,
surface-sterilized by dipping into 0.5% v:iv sodium hypochlo-
rite Tor 2 min, rinsed 3 times with sterile distilled water
(SDW), and blotted dry on sterile filter paper. Small portions
were aseptically removed from each sample and placed in
few drops of SDW in a mortar and pestle for maceration. The
resulting suspension was left to stand for 30 min, and then
loopfuls of the gall suspensions were streaked on RS medium
(Roy and Sasser, 1983). Inoculated plates were incubated at
28°C until bacterial growth developed. Colonies consisient
with A, witis morphology (opaque red center, domed, mucoid,
white translucent margin) afier 5 days on RS medium were
streaked on potato dextrose agar {PDA). lsolates still resem-
bling A. vitis were saved for further characterization. All
isclates were maintained on PDA slants.

2.2. ldentification of Agrobacterium vitis

2.2.1. Specific monoclonal antibody

isolates that produced typieal cotony (ypes on RS d -

PDA media were evaluated Jor their reaction to an AL vifis-
specific monoclonal antibody designated ALF21-ID3G7CS
(Bishop et at 1989). Colonies grown for 48 hr on 323 me-
divm (Kado et al 1972} were sampled by collecting a mass
of cells on the flat end of a sterile toothpick and suspending
the cells in 100 pl of sterile distilled water adjusted 1o A600
nm = 0.1, about 10 el /ml. These suspensions (4 pl cach,
applied as two superimposed 2-4l spots, | spoL/cm:) WIS Qir
dried on nitrocellulose membranes. Membranes were blocked
by slowly shaking in PBSTM (PBST + 3% nonlat dry milk)
for 30 min. They then were incubaled for 1 br in | pg of
AbF21-1D3G7C8 (Epitomics) per milltliter of PBSTM. The
membrane was washed three times (3 min each) in PBSTM
(100 pl /em® of membrane) and then incubated | hr in goat
antimouse [gG-alkaline phosphatase conjugate (Sigma) di-
luted 1:400 in PBSTM. Antibody incubations were carvied
out in heat-sealable plastic bags lo minimize reagent velume.
After washing in PBST three times, the membrane was inco.
bated with enzyme substrate/dye sohution of 330 pg of ni-
troblue tetrazolium and 167 pg 3-bromo-4-chloro-3-indolyl
phosphate per milliliter of 100 mM Tris-1CL, 100 mM NaCl,
50 mM MgCps, pH 9.5. Afler adequate color developed (10-
20 min), the reaction was stopped by washing the membrane
in 20 mM Tris-HCL, 0.5 mM Na,EDTA. pll 7.5. A negative

contro! was included, consisting of the same procedure as above
but omitting the monoclonal antibody incubation.

2.2.2. Tumorigenicity

The ability of the bacterial isolales to induce galls was tested
on stems of sunftower (Helianthus annuu, cv. Giza 1), daura (Dg-
tura stramoninmy), tobacco (Nicotiana tabacum cv. White Burley),
kelanchoe (Kalanchoe daigremontiana), tomato {Lycopersicon
escufentum cv. Castlerock), chenopodium (Chenopodium album)
and grapevine (Vitis vinifera cv. Flame seedless) by the needic
prick inoculation method. Inoculum was prepared by suspending a
looptul of bacterial growth trom a 28-hr-old PDA slant culture
into 2 ml distilled water. Plants grown in a greenhousc were inogu-
lated at 5-8 sites per internode by pricking through a drop of inoc-
ulum with a needle. The pathogenicity was determined 30 days
afler inoculation based on gall formation at the site of pricking.
Regard to the severity of isolales, only one isolale was selected as
a representalive from the pathogenic ones derived from each dis-
eased grapevine,

2.2.3. Ability to induction grape necrosis

The ability of isolates to cause necrosis (Burr ¢t a] 1987) wus
determined on grape shoot explants. Actively growing shoots from
potted vines in the grecnhouse were harvested, and then surtace
disinlected by submersion in 10% bleach for 10 min foltowed by
rinsing thoroughly with sterile distilled water. Internadal sections
{about 7 mm in length} were cul and supported vertizally in 1 %
water agar in Petri dishes. The exposed ends of the explants were
inoculated with 2 pl of agueous bacterial suspensions made Lo
oplical density {OD) 600 = 0.1 {abow 10* CFU/mil). Three ex-
plants were used as a control, one untreated, one treated with ster-
ile distilled water and one treated with A. tumefaciens (isolated
from rose). The appearance of necrosis was recorded after 72 hr.
Assays were repeated at least once.

2.2.4. Bioehemicul and physiologicsi fests

Isolates that reacted positively with the antibody and produced
zalts on any of the indicator plants were further compared with a
standard set of biochemical and physiological wests that ditferenti-
ate tumorigenic Agrobacterium spp. {Moore ¢t al 2001). These
include evaiuation of 3-ketolactose production, alkaline reaction in
litmus miilk, growth an 2 and 5% NaCl, prowth at 36°C, acid pro-
duction from enythritol and melezitose, alkali production rom
matlonic acid and L-tarturie acid. Isolates were also evaluawed Tor
production of polygalacronase (Rodriguez et al 1991) and en-
doglucanase (Ophel et sl 1990). All experiments were repeated at
least onee.

2.2.5. Polymerase chain reaction (FCR)

The multipiex PCR was conducted with three different primer
pairs that amplily characteristic fragment sizes trom genes from .
vitis. The PGE/PGR primers amiplifying the chromosomal pulyga-
Lacturonase gene pefid (Szegedi and Bottka, 2002) were used 1w
identify A vitis tsolates and o distinguish them trom A, runefa-
ciens (Table, 1), The Opine types of ¢ach isolite were determined
in paraltel using primers designed according 10 the octopine,
nopaline and vitopine synthase pene sequences of L. vifis, Specitie
primers VIRFI, / VIRFR; and VIRD2S4H5, / VIRD2ZSAR 3,
destgned by Bini et al (2008) on sequences of octopine, nopaline
and vitopine synthase genes of 4. witis were used,
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DNA extraction {rom bacterial cultures

All dgrobacterimn isolates were rotinely cultured on
potato semi-synthetic agar wedivm {(Kawaguchi et al 2005),
which contained (per liter of distilled water) 300 g of potato,
0.5g of Ca(NOy), . 4H,0, 2g of Na,HPO, . 12H,0, 5g of pep-
tone. 2(tg of sucrose. and 15g of agar (plt 6.8-7.0). Cells
from colonies on this medium were suspended in 20p) sterile
distitled witer. The suspension was hieated ol 95°C for 10
min and cooled for 5 min on e, The suspension was centri-
[gred at 12000 rpme for 2 min and the resulting supernatants
were usced as lemplates for PCR. Al DNA samples were
stored ai -20°C.

PCR amplification

PCR amplification of the target scquences was per{ormed
in a reaction velume of 25 nt containing 1X bufler. 3 mM
MgpCl,, 200 pM each dNTP, 0.3 pM tor primers VIRFE/
VIRVR: and VIRD2SIF, o/ VIRD2S 4R a6, 0.4 pM Tor prim-
ers PGE-PGR. 5% DMSO. 0.02U/p1 DNA polymerase (Go-
Tag Flexi DNA polymerase, PROMEGA) and 5 pl of tem-
plate DNA prepared in 0.1% Tween-20. PCR experiments
were performed in a 9700 Perkin-Elmer thermal cycler ac-
cording o the following conditions: pre-denaturation 94°C |
min: 40 x 94°C | min. 60°C 1 min, 72°C 1 min: final exten-

sion 72°C 3 min.
Gel electrophoresis

Three pl of the PCR products, mixed with 7 pl of (6x)
bromopheno! blue as a loading dye, were separated by hori-
zontal agarose electrophoresis in 1x TBE buffer (Promega),
2% {w:v) LE aparose (Promega, USA) containing 1 pg ml”'
cthidium bromide. The marker molecular weight was 100 bp
ladder (Promegn). The electrophoresis reaction was per-
formed a1t 75 V for 90 mir and the bands were visualized
with o UV trinsilluminator and photographed.

3. Results
3.1. Isolation of Agrobacterium vitis

Typical colonics of A, vitis were recovered from almost
vineyvard and nurserics samples cotlected from various grape-
vine growing areas in Egypt. In all. a lot of isolates were
recovered that resembled A. vitis by producing typical colo-
nies on RS and PDA media. Colonies resembling 4. wvitis
appeared afer 4 days at 28°C as convex and slightly mucoid
with red centers and white margin (Fig. 1; Teft), Resembling
A. vitis colonies were transferred 1o potato dextrose agar
(PDA). Isolales exhibited typical growth of A. vitis on PDA
{convex. glistening, circular with an entire edge, and white to
heige in color) after 48 br ot 28°C (Fig. 1: right).

3.2. Identification of Agrobacterium vitis
3.2.1. Specific monoclonal antibody
From several isolates that produced typical colonies on

RS medinm, only 18 isolates reacled positively with the A
vitis antibody, Positive response with the immunoblot proce-

dure was indicated by a dark purple spot on nitrocellulose mem-
branes. Negative responses gave ¢ither no spot or a faint spot not’
uoticeably darker than the negative control.

3.2.2. Tumorigenicity

Of 18 isolates reacled positively with the A. vitis-specific anti-
bady. ondy [2 isolales were able to induce wumor on inoculated
hosts. All ol the 12 isolales were found to be timorigenic on grape
(‘Table, 2). Symptoms appenred on grape shoots | month alter
they were inoculated as swelling (umors having a light brown
color started at the wound siles (Fig. 2; A and B) then by the time
the tumors become solid and gradually turned to dark brown in
color (Fig. 2; C and D). All of the isolales except Av8 and Avil
were found to be tumorigenic on sunflower (Fig. 3; 1), datura
(Fig. 3; 2). tobacco (Fig. 3; 3), kalanchoe (Fig. 3; 4) and Cheno-
podium (Fig. 3; 6) after 10-30 days (Table, 2). Only the isolates
named AvB, Av9, Av10, Avll and Av 12 produced galls on tomato
(Fig. 3: 5). The plants of k. daigremontiana respond relatively
readily and rapidly to inoculslion of Agrobacterium isolates by
producing tumors on stem, leaves and detached leave in as few as
10 davs. The causative organism was readily reisolated from the
infected plants showing galls resulted from the pathogenicity tests.

3.2.3. Ability to induction grape necrosis

All isolates were identified that caused necrosis phenotypes on
grape explants (Fig, 4). Severity of necrosis differed between iso-
lates which some isolates (Av: 1. 4, 6, 7, 8. 12) caused a black
necrosis with poze within 48 L, whereas the others caused less
necrosis (brown in color with less or no ooze). No necrosis was
occurring on the control explants. By streaking cut ends of the
explanis on RS medium, the standard colonies of 4. vitis were
readily appeared after 3 days.

3.2.4. Biochemical and physiological tests

Results of the tests used to characterize 12 isolates are shown
in (Table, 3). No variation among isolates was observed and ali
isolates conformed closely to establish set of biochemical and
physiotogical tests results expected for A. vitis. These isolates
produced polygalacturonase and endoglucanase, oxidized lactose
to 3-ketolactose, produced acid as a result of erythritol and melezi-
tose oxidation, grew on NA medium supptemented with 2% NaCl
and did not with 5%, did not grow at 36°C and produced alkali
from litmus milk. malonic acid, and L-tartaric acid.

3.2.5. PCR reactions

A, vitis was [urther identified by PCR using the pehd gene-
specific PGF/PGR primer followed by identification: of opine
types (specilic primers, VIRFF/VIRFF, and VIRD2S54F;; /
VIRD2S4R34). Multiplex PCR with primer pair VIRFF/VIRFR,
detected octopine but did not detect vitopine isolates of A. vitis.
Opposite results were abtained  wsing VIRD2S4F; 4/
VIRD2S4R 3, primer that amplified the corresponding sequences
from vitopine isolates only, All of the analysed isolates amplified
a product of appropriate 466 bp with pehd gene-specific primers.
Also, all isolates carried vir gene sequences according to the re-
suts of multiplex PCR (Fig. 5). Of the 12 vir posilive isolates, 4
isolates designated Av 1. Av 2, Av 9 and Av 10 had octopine-type
and 6 isolates designated Av 3, Av 4, Av 6. Av 7. Av 11 and Av
12 bad vitopine-type. Two isolates. named Av 5 and Av 8 was
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Fig. 3. Tumors on sunflower (1), datura (2), tobacco (3), kalamhoe {4}. tomato (5) and Chenopodium (6) resulted

from artificial inoculation by A. vitis

Fig. 4. Mecrosis on grape explants resulted from
artificial inoculation by 12 isolates of A. viris. Control
explants (center); Cl= untreated C2= treated with
sterile distilled water C3 = treated with A. fumefa-

ciens

Fig. 5. Muitiplex PCR with primer pairs PGF/PGR. (466 bp), VIRFF 1/VIRFR2 (352 bp)
VIRD284FT16/ VIRD2ZS4R 1036 (320 bp) using pure cultures of 4. vifis. Lane 1: isolate
Avl(octopine); lane 2: isolate Av2 [octopine); lane 3: isolate Av3 (vitopine); lane 4:
Av43 (vitopine); lane 5: Av5 (octopine and vitopine); lane 6: Avé (vitopine); lane T:
Av7 (vitopine); lane 8: Av8 (octopine and vitopine); lane 9: Av® (octopine); lanel0
Av10 (octopine); lane 11 Avl L{vitopine); lanelZ Av12{vitopine); lane 13: H20, nega-
tive control. M: 100 bp ladder, PROMEGA
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Table 1. Primers used fﬁfﬁ@iﬁiﬁuﬁ'prmmm vitis isolates by PCR.

i
$'GGOGCAGGATGCGTTTTTGAGY
5*GACGGCACTGGGGCTAAGGATS*

5 TCG TGA TGG GTA TAC GET ACG L

H *'x‘h‘:rﬂ?gmeafr{. v.‘.ﬂ’.l'ﬂmpme 5" GAC CGC ﬁMhCﬂ:TGCChG A #
itk munsqg 9T $GAGCCTGTATIGACGATGTC:

All primers were synihesized by UCDMA Senices, University of Calgary, Albena, Canada

Table 2. Host rang ul‘r!g}'@'a&&ﬂcﬂum wiris isolates obtained from grapevine in Egypt
r.ﬁ g Ykl ¥ n 3 ‘l

+ = positive reaction. - -lh't resclion.

+ = posilive mcuun. LEar iw: reaction,



132

L. Tolba and M.F, Zaki

positive for the presence of both virD2 and virl sequences
and aiso for both actopine and vitopine synthasces. None of all
isolate had nopaline type indicates that Egyplian isofales
probahly do nol carry nopaline type T plasmids,

4. DISCUSSION

Tumorigenic isclates of 4. vitis were isolated from
grapevine galls cotlected from commercial vineyards located
in differemt arcas i Egypt. The isolates produced typical
colonies on RS mediam, reacted positively with the .. vitis
atiboddy, produced polygalacturonase and endoghueanasc.
and mduced necrosis on grape explants. They also conformed
closely to the established set of biochemical and physiologi-
cal tests that are used (o differentiate A, vivis from other 4gro-
bacterivm spp. In Bergey's Manual 1984 (Kersters and De
Ley, 1984), the genus dgrobacterivm is divided into 4 spe-
cics mainly on (he basis of the pathogenicity and the types of
symplouns induced on plants. Namely the genus consists of
cronn-gall-forming 1. fumefaciens, hairy-root-inducing .
Hrizogenes, non-pathogenic A, radiobacter and tumoripenic
A rubi which were isolated from Rubus spp. In addition,
there are 2-3 genetically and phenotypically dilTerent groups
in cach species oxcept for 4. rubi (Kersters et al 1973),
which arc assigned to biovars |, 2 and 3. Thus two steps are
required to identify agrobacteria: the first are to analyze the
pathogeuicity which distinguishes species. and the second to
study the bacteriological propertics that differentiate biovars
(Kersters and De Ley, 1984). The grapevine isolales were
found to belong to A. vitis; since they were agrobacteria iso-
laled from galls and produced galls on grapevine. As for their
cultural, physiological and biochemical characteristics, they
were different fron the isolates belonging to A, twnefaciens
Biovars | and 2 in many characteristics, but pave similar reac-
tions to those of biovar 3 (A, vitis) described in Kersters and
De Ley (1984,

in the previous reports on crown gall diseases, A. tonefa-
ciens biovars 1 and 2 have already been detected in Egypt ER-
Helaly et al (1969). However. this is the first report. to our
knowledge. on the identification of biovar 3 (J. viris) in
Egypt. Although only 4. vitis could be isolated from grape-
vings in the present work, A frmefacions biovar 1 or 2 as
well as 3 (A vitis) was recovered from the sanmwe host in
Greece. [ungary, erc. (Panagopoulos et al 1978). Further
research is needed to determine whether cauwsal agents of
grapevine crown gall other than biovar 3 occur in Egypt.

The host range is not limited to grapevines in most cases
but includes a variely of dicotyledonous plants. Strains may
be tumorigenic or nontumorigenic. but to date no rhizogenic
isolates have been described. All isolates that have been
tested are also capable of causing the necrosis on grapevine
described by Burr and Otten (1999).

All of the isolates were found 1o be tumorigenic on grape
but differs between itself in its pathogenicity to other hosts.
This difference in host range is interesting and is one indica-
tion of the diversity among the isolates. Host range differ-
ences between A. vitis isolates have been previously reported
and arc known to be associated with Ti plasmid structures.

For example. isolates carrving the type of Ti plasmid (with small
TA region) have a limited host range compared with those with
large TA regions (Keaul et al 1984).

Other potential host specificity-related factors include the pro-
duction of polygalacturonase (PG) and endoglucanase (McGuire
et al 1991}, PG, which has been studied more extensively, is asso-
ciated with induction of grape nccrosis and was identified as a
virtlence factor since a PG-minus mutant was impaired in ability
to induce tumors ot grape and (o attach te grape roots (Rodriguez
et al 1991). The pehd gene trom A. vitis, which encodes for PG,
was cloned and sequenced and the enzyme was compared to PGs
from other microorganisms. The A, vitis enzyme is more similar to
I’Gs produced by the plant pathogenic bacleria Ralstonia solana-
cearum and Erwinia carotovora than it is to those from Aspergil-
s niger and Lycopersicum esculentun (Herlache et al 1997) The
A vitis PG released dimers. trimers, and monemers from polyga-
tictoronic acid and caused less clectrolyte leakage from potato
tubers than did PGs from £ carorovora and R. solanacearum.

Aovins typically couses gatl formation on grape trunks at or
above graft unfons. 1t is most interesting that galls are rarely ob-
scrved on roots. bul instead the bacterium induces a grape specific
necrosis. Tumorigenic and nontumotigenic 4. vitis strains induce
necrosis within 24-48 h on roots of alt Firis species, but not on
other plants that have been examined (Burr et al 1987). Recently,
it has been determined thai necrosis is also induced on shoot ex-
plants and grape leaves. that induction is inoculum dependent, and
that genes for necrosis are carried on the baclerial chromosome
(Burr and Otten, 1999). Therefore, A. vitis induced necrosis is
different from the necrosis reported for certain A, tmefaciens
strains, which appears to be related to hormone toxicity and is
associnted with different Ti plasmid genes (Pu and Goodman,
1992} ’

A wiris strains are classified into three taxonomical groups
based on Ti plasmid-encoded opine markers, a5 octopine-,
nopaling-, and vilopine-tvpe strains. Of these, octopine strains are
found most commonly in grapevine accounting for 60-75 % of
isolates (Burr et al 1998). Since the introduction of thermostable
DNA polymerase and automaled thermocyelers (Saiki et al 1988),
PCR has rapidly become a basic diagnostic and identification pro-
tocol in plant pathology as well (Louws et at 1999). Early studies
to identity Agrobacterivn with PCR used pure bacterial cullures lo
determine the suitability of primers which were usually designed
on the basis ol Ti plasmid vir region-, or T-DNA sequences (Haas
et al 1995). The pelid specific PGF and PGR primers (Szegedi
and Bottka, 2002) were combined with primers designed lor virF
and virD2 sequences (Bini et al 2008). The pehd-specific se-
quences allowed distinguishing 4. vitis from A. mmefaciens
(Szegedi and Bottka, 2002), The virF” gene is a host range factor
that occurs on the octopine-Lype Ti plasmids of A. rumefaciens and
octopine and nopaline-type Ti plasmids of 4. vitis {Schrammeuer
et al 1998). The protein product (IirF) of this gene is transferred
inte plant cell during transformation and contributes to the depro-
teinization of T-DNANIrE2 complex prior to its integration into
the plant nuclear DNA (Tzfira et al 2004), Multiplex PCR with
these primers proved to be suitable 10 unambiguously detect all the
assayed 4. vitis strains and to partjally discriminate among their
different pTi plasmids, since virf-specific primers detected all
oclopine and nopaline strains whereas vird22 gene primers detected
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all vitopine strains. 'CR results with opine synthase-specific
primers showed that four (33.3 %) of the A, viris isolaes
helonged to the octopine and six (50%) belonged o the vi-
toping group, Nopaline type isolates were not found. These
resulls are not in accordance with previously published data
for strains (Burr et al 1998) and field tumors (Szegedi,
2003). Formerly octopine-lypes were reporied to be the most
prevalent opine-type in A, vitis populations (~60 %), and
nopaline types were also reported (~30%) to exceed vitopine
ones (~H) %), lnterestingly, two A, viris isolates {Av3 and
Av&) were found to be positive for both virD)2 and virf
genes, as well as for vitopine and oclopine synthase genes.
Bini et al (2008) founded as this result with the strain IBV-
BO 5372 and they hypothesized that this strain might harbor
two distinet Ti plasmids, one coding f{or vitopine and the
other for octopine-markers. The dual opine character of these
isolates can be explained by the different incompatibility
vitopine pTis (Szegedi et al 1996).
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