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SUMMARY

The occurrence of crown gall disease in Tunisian
vineyards was investigated. Crown gall symptoms were
detected in several vineyards in the northern and central
regions of the country but with low incidence (9.72%).
Different Agrobacterium species were isolated and characterized. Morphological characterization, molecular assays and pathogenicity tests were conducted to identify
Agrobacterium isolates. A set of 380 isolates with morphologically Agrobacterium-like colonies on MG medium was obtained from different parts of diseased vines
and rhizospheric soils. Eighty out of them were chosen
for detailed study in comparison with Agrobacterium
reference strains obtained from the French CFBP collection. Biovars 1, 2 and 3 were first distinguished on
the three semi-selective media 1A, 2E and 3AN respectively. Further, the isolates were differentiated by BOXPCR analysis. It revealed that 11 Tunisian isolates could
be identified as A. tumefaciens and four as A. vitis. The
assignment of six A. tumefaciens strains to genomic
species was achieved using the housekeeping gene recA.
Results confirmed those of the BOX-PCR analysis and
showed 99% similarity of three strains with the A.
tumefaciens G4 strain (CFBP7128) and a comparable
similarity (99%) of two strains was recorded with the A.
tumefaciens G4 strain (CFBP7126). A non pathogenic
strain was identified as A. tumefaciens G7 with 98%
similarity to CFBP 7129. Two strains were confirmed to
belong to the A. vitis by analysis of their 16S genes. The
virulence and tumourigenicity of these Tunisian isolates
were analyzed by vir-PCR and pathogenicity tests on
carrot disks and indicator plants. The study revealed a
relatively low percentage of highly tumourigenic isolates
in Tunisia. Only 16% of the 300 isolates tested on carrot disks proved to be highly tumourigenic (++) and to
form typical tumours around the cambium of carrot
slices, whereas 36%, induced not clearly discernible tumours (+). The rest of the strains (48%) were negative
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(-). Of the 80 isolates tested on indicator plants, only
two elicited tumours on tomato and tobacco plants. The
vir-PCR test of 10 strains revealed the pathogenicity of
five of them.
Key words: crown gall, grapevine, pathogenicity,
Agrobacterium vitis, A. tumefaciens.

INTRODUCTION

Agrobacterium are Alphaproteobacteria common in
most soils. They interact with plants in two aspects, either as saprophytes living in the root environment of numerous plants or as pathogens able to cause the crown
gall disease when they harbor a dispensable tumour-inducing plasmid (Ti plasmid) (Pitzscke and Hirt, 2010).
Agrobacterium taxonomy is still debated, and there is
a large disagreement concerning the classification of
Agrobacterium species and the genus itself (Farrand et
al., 2003; Young et al., 2006).
The genus name Agrobacterium was coined in 1942
(Conn, 1942). In 1977 Hooykaas et al. (1977) and
Genetello et al. (1977) showed that the Ti plasmid is
transferable by conjugation to plasmid-free agrobacteria, that become able to incite the development of
crown galls. Since then, the extant criteria for Agrobacterium classification, which was historically based upon
pathogenicity, could no longer be used to delineate
species. For instance, biovars, which are identified by
chromosomal genes rather than plasmids, were distinguished on the basis of their enzymatic profile. That is
why tumourigenic, rhizogenic and non-pathogenic
strains can be found within the same biovar (Keane et
al., 1970; Panagopoulos et al., 1978).
Agrobacterium isolates from a given host species
showed high biochemical and genetic diversity (Pionnat
et al., 1999). Chromosomal and plasmid diversity
(Nesme et al., 1992), opines (Dessaux et al., 1998) and
T-DNA diversity (Otten et al., 2008) were also recorded. Now, Agrobacterium nomenclature is subject to considerable modifications and the criteria that delineate
taxa include genomic information. According to Waine
et al. (1987) and Stackebrandt et al. (2002), to be a ho-
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mogenous genomospecies is the ultimate criterion to
validly delineate a bona fide species. It ensued that
Agrobacterium vitis (i.e. biovar 3), A. rubi and A. larrymoorei were validated as bona fide species (Ophel and
Kerr, 1990; Holmes and Roberts, 1981; Bouzar and
Jones, 2001). Biovar 1, however, is heterogeneous and
represents a species complex that includes ten genomospecies (Popoff et al., 1984) currently called genomovar
G1 to G9 (Mougel et al., 2002) and G13 (Portier et al.,
2006 ). It was proposed that the group of closely related
species corresponding to biovar 1 should be collectively
called “A. tumefaciens complex” to avoid confusion
with the genomic species G4, which must be validly
named A. radiobacter (Costechareyre et al., 2010; Shams
et al., 2012). Recently Lassalle et al., (2011) and Panday
et al. (2011) proposed the epithet fabrum and pusense
for homogenous species corresponding, respectively, to
genomovar G8 and genomovar G2. Costechareyre et al.
(2010) showed that modifications of the nomenclature
also take place at the genus level. Biovar 2 was proposed
to be classified in the genus Rhizobium, while all other
species were kept in the genus Agrobacterium. Pulawska
et al. (2012a, 2012b) suggested that, likely, there are several other Agrobacterium species, such as the newly described species, for which the epithet nepotum or
skierniewicense was proposed.
Crown gall, caused by the tumourigenic Agrobacterium, is widespread, mainly in temperate areas, and especially in Mediterranean countries (Rhouma et al., 2006).
During the 20th century crown gall became a major
bacterial disease of grapevine, both in nurseries and in
vineyards (Burr et al., 1987). Agrobacterium vitis is the
predominant species that causes the disease (Benjama et
al., 2002), although A. tumefaciens can occasionally be
isolated from infected vines (Burr and Katz, 1983).
An epidemiological survey of crown gall requires expert determination of the Agrobacterium species. Early
protocols for detection of agrobacteria in propagation
material included isolation of bacteria from plant samples on selective media, their identification by physiological and biochemical tests, and finally determination
of pathogenicity on test plants (Moore et al., 2001). The
introduction of PCR assays opened up new possibilities
for the rapid detection and identification of Agrobacterium in agriculturally important plants (Dong et al.,
1992). Primers for the amplification of pathogenic
strains have been designed on specific chromosomal
(Ponsonnet and Nesme, 1994), or Ti plasmid sequences,
including the vir-region (Haas et al., 1995; Sawada et
al., 1995) or T-DNA (Dong et al., 1992).
In Tunisia, crown gall caused by A. tumefaciens, is a
disease of stone fruit trees (Zouba and Hammami, 1988)
which has spread rapidly with the expansion of fruit tree
cultivation and the establishment of new nurseries without adequate phytosanitary standards. Tunisian growers
are now facing problems for the producing of crown

gall-free nursery stocks, largely due to lack of information on the disease and difficulties for identifying diseased stocks at an early stage. In spite of the preventive
measures, that are being taken, crown gall continues to
cause important damages in both nurseries and fields.
Although the Tunisian table grapes industry is economically important (11,000 ha representing 5.4% of
the total fruit tree production) and Agrobacterium is
known to be one of the economically important
pathogens associated with grapevines in many countries,
the presence of crown gall in Tunisian vineyards had not
been studied. Consequently, a study was carried out in
order to: (i) survey the occurrence of crown gall disease
in Tunisian vineyards; (ii) determine if Agrobacterium is
its causal agent, and which species (vitis or tumefaciens)
are involved in disease aetiology.

MATERIALS AND METHODS

Field survey. Since no official reports apparently exist on the occurrence and distribution of grapevine
crown gall infections in Tunisia, field surveys were carried out collecting samples in January through June
2010 from the most important viticultural areas from
the north (Mornag, Zaghouan and Tekelsa) and central
(Regueb and Kneis) parts of the country. In total, 72
vineyards and one peach orchard were inspected. Samples consisted of rhizospheric soils, crown galls, necrotic
canes and trunks with or without aerial galls.
Bacterial isolation from galls. Crowns, parts of
trunks and canes with typical galls were transported to
the laboratory in plastic bags within 48 h and Agrobacterium spp. were isolated as described by Schaad et al.
(2001). Galls were surface-sterilized for 10 min in 12%
household bleach and washed three times with sterile
distilled water (SDW). The surface of the galls was removed with a scalpel and small fragments of clean gall
tissue were triturated in 3-5 ml of SDW. After 30 min,
100 µl of the gall suspension were streaked on agarized
MG mannitol-glutamate (MG) medium. After incubation for 48 h at 28°C, typical Agrobacterium colonies
(smooth, translucent, convex with an entire edge) were
selected and purified three times on potato dextrose
agar (PDA) additioned with 5% CaCO3.
Bacterial isolation from rhizospheric soil. All samples were taken from the root zones of vines with fresh
or dried galls on their trunks. Samples collected in May
and June were taken beneath vines exhibiting fresh
galls. Several small soil samples containing roots were
collected from a 5- to 10-cm-depth around the base of
the vines, and were combined to make a total sample of
1 kg. Samples were refrigerated at 4°C until processing.
Soil samples were thoroughly mixed and 10 g subsam-
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ples were stirred in 100 ml SDW for 15 min, three serial
water dilutions were made and 100 µl spread on nutrient agar (NA) and MG media in 9 cm Petri plates (Burr
and Katz, 1983). Plates were incubated for 2 days at
28°C before suspect colonies of Agrobacterium were
collected, purified and tested for pathogenicity. A collection of 380 isolates resembling Agrobacterium was
obtained and maintained on PDA at 4°C and in sterile
water with 15% glycerol at -80°C.
Determination of tumourigenicity. Tumourigenicity
was determined on carrot disks and on tomato and tobacco plants. The appearance of tumours was recorded
up to 3 weeks after inoculation. The ability of isolates to
induce tumours was visually evaluated.
Commercial carrot (Daucus carota) samples were
peeled, surface-sterilized for 2 sec with 20% household
bleach followed by 2 sec in 70% alcohol and aseptically
cut into slices (5 mm thick). Three slices were placed on
damp sterile filter paper in a Petri dish, and overlaid
with 100-200 µl of 108 CFU ml-1 bacterial inoculum or
with tumour extracts and incubated at room temperature in the dark. Filter paper was periodically remoistened. For a month carrot slices were observed weekly
for tumour development from the meristematic tissue
around the central vascular system (Soriful et al., 2010;
Burr and Katz, 1983; Schaad et al., 2001).
Stems of six-week-old tomato plants (Lycopersicon esculentum) cvs Rio Grande and San Marzano and tobacco (Nicotiana tabacum) cvs Avana and Burley were
wounded with a sterile needle and fresh tumour extracts (Moore et al., 1988) or freshly cultured bacterial
suspensions (ca. 106 cells/ml) in SDW were smeared on
the wounds (Haas et al., 1991). Inoculated plants were
covered with plastic bags and kept in a greenhouse below 28°C to allow DNA transfer. Two days later, plastic
bags were removed and the plants were moved at temperatures of 23-30°C day/15-20°C night, with a 12 h
photoperiod and 80% relative humidity. Positive controls (as detailed in Table 3) were included and kept
separate from inoculated test plants. Reference bacterial
strains were: (i) A. vitis, CFBP 2738, CFBP 5523 and
CFBP 7076; (ii) A. tumefaciens, CFBP 7076, CFBP 42
and AR 125; (iii) A. rhizogenes, CFBP 999, CFBP 5520
and CFBP 7074; (iv) A. radiobacter, CFBP 5522; (v) A.

rubi, CFBP 5509 and CFBP 5521; (vi) A. larrymoorei,
CFBP 5473. Negative controls were inoculated with
SDW. Extracts from newly formed tumours were kept
in a freezer at -20°C, whereas tumours wrapped in tissue paper were stored in plastic bags at 4°C.
Strain comparison by PCR. Bacterial isolates that induced tumours on carrot slices and indicator plants
were characterized by molecular analysis in comparison
with international Agrobacterium spp. reference strains
(Table 3).
DNA extraction. Genomic DNA was extracted from
5 ml of overnight bacterial cultures grown at 27°C in
liquid Luria Bertani broth (LB) using a GenElute DNA
extraction kit (Sigma, USA) following the manufacturer’s instructions.
Genus and biovar affiliation by BOX-PCR. The BOX
1AR primer 5’-CTA CGG CAA GGC GAC GCT GAC
G-3’ was used (Versalovic et al., 1991), yielding amplified
products between 100 and 3500 bp. The master mix was
as reported in Table 1 and the PCR program comprised
an initial denaturation at 95°C for 2 min, 35 cycles at
94°C for 30 sec, annealing at 92°C for 30 sec, elongation
at 50°C for 1 min, and a final extension at 65°C for 8 min
performed in a thermocycler (GeneAmp PCR system
9600, Applied Biosystem, USA).
Data analysis. Amplicons were loaded onto a 1.5%
agarose gel for electrophoresis at 150 V for 10 min followed by 4 h at 120 V in TAE buffer (pH 8). The gel
was stained with ethidium bromide at 0.75 mg l-1 for 60
min. PCR runs were repeated two times. Each DNA
fragment with a different electrophoretic mobility was
assigned a position number and scored either 1 or 0
from 60 to 4000 bp depending on the presence or absence of a fragment, respectively, for this position. Data
were scored in a binary matrix and stored in Microsoft
Excel 2000. Cluster analysis was performed according
to the unweighted pair-group method with average linkages (UPGMA) exporting the output files to PHYLIP
3.6 software package (Felsenstein, 2004). Similarity coefficients were determined using the Dice coefficient
(Cirvilleri et al., 2006).

Table 1. BOX-PCR master mix.

Reaction
vol of 25 µ

5X
Gitschier
buffer

BSA 10
mg/ml

BOX-PCR
(µl)

5.00

0.40

117

DMSO

BOX
A1R

dNTP
mix
(10 mM
each)

Dream
Taq
(5 U/µl)

Ultra
pure
water

DNA
extract
25 ng/µl

Total

2.50

1.00

1.25

0.16

13.69

1.00

25.00
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Table 2. Vir-PCR master mix.

For a reaction
volume of 50 µl

10X PCR
Buffer

Primer r

Primer f

dNTP
mix

DreamTaq
(5 U/ml)

Ultra
pure
water

DNA
extract

Total

Per reaction

5.00

2.00

2.00

1.00

0.20

37.80

2.00

50.00

Determination of the presence of the Ti plasmid by
PCR. To determine the presence of the Ti plasmid in
the Agrobacterium isolates, a universal primer set (Haas
et al., 1995) based on oligonucleotides specific for the
endonuclease-encoding portion of the virD2 gene was
used. These oligonucleotides were used in two different
pairs (A-E’) and (A-C’) to produce PCR products of
338 bp and 224 bp, respectively (Haas et al., 1995).
Primer A: 5’-ATGCCCGATCGAGCTCAAGT-3’

Primer C’: 5’-TCGTCTGGCTGACTTTCGTCA
TAA-3’
Primer E’: 5’-CCTGACCCAAACATCTCGGCT
GCCCA-3’
PCR was performed in 0.5 ml microtubes in a final
volume of 50 µl containing the master mix reported in
Table 2 and following PCR program: an initial denaturation at 94°C for 1 min, 40 cycles of denaturation at
94°C for 1 min, annealing at 50°C for 1 min, and elon-

Table 3. Reference strains.

A.
larrymo
orei

A. rubi

A. radiobacter

A. rhizogenes
bv2

A.
tumefaciens
bv1

A. vitis bv3

Biovar

Strain

Isolation host

Isolation from

Country of origin

CFBP 2738

Vitis vinifera

Tumour

Greece

CFBP 5523Tyes

Vitis vinifera

Grape, gall

Australia

Cane gall

Spain

-

-

CFBP 7076
CFBP 42Tyes

Vitis vinifera cv.
Garnacha
Lycopersicon
esculentum

Genomic
group

G4
G6

AR125

Prunus persica

CFBP 999

Tunisia

Rubus sp.

-

USA

CFBP 5520 yes

Malus x domestica.

-

-

CFBP 7074

Vitis vinifera x
Vitis berlandieri cv.
41B.

crown gall.

Spain

T

G4-2
CFBP 5522Tyes

-

-

The Netherlands

CFBP 5509Tyes

Rubus ursinus var.
loganobaccus.

-

USA

Rubus sp.

Stem gall

Germany

CFBP 5521

CFBP 5473T yes
Ficus benjamina
USA
CFBP: Collection Française de Bactéries Phytopathogènes
AR : Collection of Dr Ali Rhouma (Institut National de la Recherche Agronomique de Tunisie (INRAT)
T
yes: Type strain
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RESULTS

gation at 72°C for 1 min, and a final extension at 72°C
for 5 min. Amplification products (338 and 224 bp for
the primers A-E’ and the primer A-C’, respectively)
were separated on a 1.2% agarose gel in TAE buffer at
120 V for 1 h, stained with 0.75 mg l-1 ethidium bromide, and visualized by UV light.

Occurrence of crown gall in Tunisian vineyards.
During the survey, a recent appearance of tumours on
certain vines was perceived. Seven of the 72 vineyards
inspected had crown gall symptoms. From these and
from the single peach orchard surveyed, a total of 68
samples were collected. Most of symptoms consisted of
crown gall-like galls at the graft union level (Fig. 1 A
and B), but samples were also collected from aerial
parts (Fig. 1 D) and soil. Other samples consisted of
stems and canes which showed necrosis and several
small galls (Fig. 1 E and F). These galls seemed to limit
plant vigour in some vineyards, but did not apparently
affect plant development in others (Fig. 1 C).

Sequence analysis of the rrs gene and the housekeeping gene. Depending to the BOX- PCR results and
in order to confirm the taxonomic position of isolated
strains and to assign them to genomic species, the
housekeeping gene recA of six A. tumefaciens strains
was sequenced. The 16S gene sequences of two A. vitis
strains were also obtained. The primers F2898recA and
F2899recA were used for A. tumefaciens-like strains as
described by Rhouma et al. (2006). The reaction mixture consisted of 1X Taq polymerase buffer, 2 µM
dNTPs, 1.5 Mm MgCl2, 10 µM primers, 2.5 U/ml Taq
polymerase (Invitrogen, USA) and 2 µl of fresh bacterial
cells suspension. The reaction conditions involved an
initial denaturation step at 94°C for 5 min followed by
30 cycles at 94°C for 45 sec, 58°C for 45 sec, 72°C for 1
min and a final extension step at 72°C for 5 min.
The 16S rRNA gene (rrs) was amplified by PCR with
primers F667-pArrs (AGAGTTTGATCCTGGCTC
AG) and F668-pH-rrs (AAGGAGGTGATCCAG
CCGCA) (Bruce et al., 1992). Standard PCR conditions
were 1 min DNA denaturation at 94°C, 1 min annealing
at 57°C, and 1 min extension at 72°C for 35 cycles. PCR
products were purified using the spin column DNA purification kit (Nucleospin II), following the manufacturers’ instructions. Purified fragments were sequenced by
Genoscreen company.
The BLAST program (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) was used to search for sequence similarities in
the DNA databases. Sequences were aligned using the
alignment option of SeaView4 program. BioNJ tree
were inferred using the distance methods in SeaView4
program. The tree was bootstrapped with 1000 replicates to assess the confidence limits of the branching.

Bacterial collection and classic identification tests. A
total of 380 typical Agrobacterium-like colonies were obtained. Circular, whitish and convex colonies with an
entire edge (Fig. 1 G) were selected on MG, a medium
that helped eliminating all fluorescent colonies that are
definitely not Agrobacterium. Isolates presenting surface
spreading were selected in particualr since A. vitis is
able to produce this characteristic surface spreading
phenotype. Strains of A. tumefaciens do not swarm on
media (Süle et al., 2009).
After purifications, 193 colonies isolated from tumours, necrosis and rhizospheric soils were chosen for
further tests based on most typical colony morphology.
On semi-selective media, 59 isolates grew on 3AN semiselective medium for A. vitis strains (Table 4). They presented circular, pink colonies with an entire edge, sometimes with red centers (Fig. 1 H). As reported in Table
4, fifteen mucoid, cupric colored colonies (Fig. 1 I)
were able to grow only on 1A semi-selective medium for
A. tumefaciens strains.
Pathogenicity on carrot. This simple test was carried
out with 300 isolates for discriminating tumourigenic
from non tumourigenic isolates. Tumourigenicity varied
from one strain to another. Sixteen percent of the iso-

Table 4. Number of strains growing on semi-selective media.
Origin

MG

3AN

1A

2E

> 1 or 0 SSM*

Grape soil

150

27

9

0

22

Grape tumour

110

14

0

1

47

Grape roots

70

6

1

0

34

Grape necrotic lesions

45

11

5

0

12

Peach tumour

5

1

0

0

3

*

119

Number of strains that grew on more than one semi-selective media or did not grow on
any of them.
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Fig. 1. A, B. Grapevine crown galls on canes and roots; C. Crown gall-infected vine at the graft union; D. Aerial tumour on a
grapevine cane; E and F. Necrotic aerial galls on grapevine canes; G. Agrobacterium colonies on MG medium; H. Agrobacterium
colonies on 3AN medium; I. Agrobacterium colonies on 1A medium; L, M and N. Tumours induced on carrot slices 15 days after
inoculation of a 48 h NA culture suspension of 108 CFU.ml-1.
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lates proved to be highly tumourigenic (++) and forming clear-cut tumours around the cambium (Fig. 1 L) of
carrot slices. Thirty-six percent, showed no evident tumours (+) (Fig. 1 M), but calli that could not always be
clearly distinguished by visual inspection alone. The rest
of the strains (48%) were negative (-) (Fig. 1 N). ATUN
1, ATUN 2, ATUN 4, ATUN 10, ATUN 11, ATUN 15,
ATUN 24, ATUN 27, ATUN 28, ATUN 31, ATUN 39,
ATUN 50, ATUN 51, ATUN52, ATUN69 and ATUN7
were some of the isolates that elicited clear-cut tumours
originating from highly proliferating cambium cells (Otten et al., 2008). Bacteria re-isolated from these well developed tumours produced similar outgrowths on carrot
slices after pure culture re-inoculation, thereby fulfilling
Koch’s postulates.
Repetitive extragenic palindromic (rep) PCR. BOXPCR genomic fingerprints were generated of selected
isolates that were positive in one of the former tests or
tumourigenic on carrot slices. The fine typing obtained
allowed the classification of Tunisian isolates on the basis of their genomic fingerprint patterns compared to

Fig. 2. Dendrogram showing genetic relationship between local isolates and the genomic species based on the BoxA1R
primers. ATUN are all local isolates, CFBP 42, AR 125, CFBP 7076 and CFBP 5509 are Agrobacterium reference strains.
CFBP 1670 is Pseudomonas savastanoi pv. savastanoi.

Abdellatif et al.

121

strains of international bacterial collection. Based on the
related dendrogram (Fig. 2), four groups, denoted A, B,
C and D, were distinguished.
Group A included eleven strains. Percentage of similarity, between strains ATUN 2, 4, 12, 15, 21, 28, 30, 32,
36, 60, 61 and the A. tumefaciens reference strains CFBP 42 and AR 125, was more than 65%. Therefore,
these strains were identified as potential A. tumefaciens.
Group B comprised strains ATUN 11, 16, 62 and 73
that were suspected to be A. vitis since they presented a
similarity coefficient of 54% with the reference strain
CFBP 7076.
Five strains (ATUN 78, ATUN 50, ATUN 27, ATUN
58; ATUN 57) were placed within the group C.
Within Group D, two strains ATUN 64 and ATUN
37 were found to cluster with the reference strains CFBP 5473 and CFBP 5509 (A. larrymorei and A. rubi respectively). These four strains could not be well separated by BOX- PCR and other tests should be performed
to further elucidate their taxonomic position.
ATUN 79, ATUN 77 and ATUN 24 were to be outgroup strains (non Agrobacterium), clustering with the
reference outlier strain Pseudomonas savastanoi.
The origin of the strains identified as A. tumefaciens
was as following: ATUN 15 and 30 were isolated from
galls collected from grapevine from two different regions Kneis and Gonna, respectively. Strains isolated
from necrotic stems and canes were ATUN 4, 28 and 36
from Gonna, which was the only area where such symptoms were seen. From rhizospheric soil of Regueb region, earlier recognized as highly contaminated by A.
tumefaciens, ATUN 12, 21 and 32 were isolated. From
peach samples taken from this same region A. tumefaciens strains ATUN 2, 60 and 61 were also recovered. A.
vitis isolates, ATUN 62 and 73, from grape galls were
both from Gonna. ATUN 11 from Kneis and ATUN 16
were isolated from rhizospheric grape soil from Regueb.
Gene sequencing and phylogenetic analysis. A dendrogram constructed with sequences of the housekeeping gene recA (Fig. 3) confirmed the results of BOXPCR analysis. Six strains of A. tumefaciens were kept for
partial recA sequencing. According to BLASTN algorithm ATUN2, ATUN60 and ATUN61 showed 99%
similarity with the A. tumefaciens G4 strain CFBP7128
while ATUN32 and ATUN36 were 99% similar with
the A. tumefaciens G4 strain CFBP7126. Strain
ATUN30 was identified as A. tumefaciens G7 with 98%
similarity to CFBP 7129.
The analysis of partial sequence of the rrs gene of A.
vitis strains ATUN 11, and ATUN 73 which were
sequenced confirmed their assignment to this biovar.
Determination of virulent isolates by vir-PCR. To
determine the virulence of 10 strains, positive for one of
the mentioned tests, genomic DNA extracts were used
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Fig. 3. Phylogenomic relatedness of Agrobacterium genomic
species. BioNJ trees were inferred using the distance methods
in SeaView4 program. The tree was bootstrapped with 1000
replicates to assess the confidence limits of the branching.

as templates for PCR assays with a couple of primers
targeting sequences of the Ti plasmid located within the
vir region. Fragments of 224 bp and 338 bp were amplified (not shown), the same as from reference strains. In
paticular, isolates ATUN 1, ATUN 27, ATUN 32,
ATUN 73 and ATUN 76 yielded amplicons corresponding to the vir-genes.
Determination of pathogenicity on indicator plants.
All reference strains known to be tumourigenic induced
tumour formation from the second week post inoculation (Fig. 4 A, B and C). However, only two (ATUN 73
and ATUN 76) of the 80 Tunisian isolates tested produced clear tumours on both tomato and tobacco plants
(Fig. 4 D and E) after three and four weeks, respectively. Both these isolates came from grapevine tumours collected at Gonna. ATUN73, identified as A. vitis, was recovered from the stem of an infected cv. Italia vine imported from Italy, thus representing the first record of a
pathogenic A. vitis isolate in Tunisian vineyards. ATUN
76, which belongs to a still unidentified bacterial species
, was recovered from the crown of a contaminated vine
of cv. Danuta also imported from Italy. The rest of the
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Fig. 4. A, B, and C. Tumour formation on tomato two weeks
after inoculation with a 48 h NA culture suspension of
Agrobacterium tumefaciens bv. 1 and 3, corresponding to reference strains CFBP 42, CFBP 5523 and CFBP 7076 from
Lycopersicon esculentum, Vitis vinifera and Vitis vinifera x Vitis berlandieri 41B, respectively; D and E. Tumour formation
on tomato and tobacco by Tunisian strains ATUN 73 and
ATUN 76 isolated from grapevine plants from the Gonna region from stem and crown, respectively.

78 isolates used in the inoculation trial appeared not to
be tumourigenic in both indicator plants, but the high
temperatures registered in the greenhouse where the inoculated plants were grown may have adversely affected
the results.
DISCUSSION

The present work has clearly demonstrated for the
first time the occurrence of crown gall disease in
Tunisian vineyards, providing experimental evidence
that symptoms and associated pathogen are present in
the field. Crown gall and Agrobacterium spp. had previously been investigated in fruit trees in this country
(Zouba and Hammami, 1988; Rhouma et al., 2004) and
it was shown that Tunisian soils are contaminated by A.
tumefaciens (Rhouma et al., 2008).
The first written record of crown gall attacks to
grapevines dates back to mid 18th century in France
(Fabre and Dunal, 1853). Subsequent findings showed
the worldwide distribution of this disease as documented by records from Europe (Spain, Germany, Italy and
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Table 5. Summary of morphological characterization, molecular and pathogenicity tests of selected isolates.

Strain

Original host
plant/organ

Semi-selective
medium

Carrot test

Box-PCR

recA

16S

VirPCR

Indicator
plants

ATUN1
ATUN2

G/N
P/T

1A
1A

+
+

ND
A. tumef.

ND
G4

ND
ND

+
_

_
_

ATUN4

G/N

ND

+

A. tumef.

ND

ND

ND

_

ATUN6

G/T

3AN

ND

ND

ND

ND

ND

_

ATUN8

S

3AN

ND

ND

ND

ND

ND

_

ATUN10

P/T

ND

+

ND

ND

ND

ND

_

ATUN11

G/T

ND

+

A. vitis

ND

A. vitis

ND

_

ATUN12

S

1A

ND

A. tumef.

ND

ND

_

_

ATUN15

G/T

3AN

+

A. tumef.

ND

ND

ND

_

ATUN16

S

3AN

ND

A. vitis

ND

ND

ND

_

ATUN17

S

1A

ND

ND

ND

ND

ND

_

ATUN18

S

3AN

ND

ND

ND

ND

ND

_

ATUN20

G/N

1A

ND

ND

ND

ND

ND

_

ATUN21

S

3AN

ND

A. tumef.

ND

ND

ND

_

ATUN24

G/T

3AN

+

ND

ND

ND

ND

_

ATUN27

G/N

1A

+

ND

ND

ND

+

_

ATUN28

G/N

ND

+

A. tumef.

ND

ND

_

_

ATUN30

G/T

3AN

ND

A. tumef.

G7

ND

ND

_

ATUN31

S

3AN

+

ND

ND

ND

ND

_

ATUN32

S

1A

ND

A. tumef.

G4

ND

+

_

ATUN36

G/N

1A

ND

A. tumef.

G4

ND

_

_

ATUN39

S

3AN

+

ND

ND

ND

ND

_

ATUN41

G/T

1A

ND

ND

ND

ND

ND

_

ATUN50

G/T

1A

+

ND

ND

ND

_

_

ATUN51

G/N

ND

+

ND

ND

ND

ND

_

ATUN52

S

ND

+

ND

ND

ND

ND

_

ATUN60

G/T

ND

ND

A. tumef.

G4

ND

ND

_

ATUN61

G/T

ND

ND

A. tumef.

G4

ND

ND

_

ATUN62

G/T

ND

ND

A. vitis

ND

ND

ND

_

ATUN63

S

3AN

ND

ND

ND

ND

ND

_

ATUN64

S

3AN

ND

A.

ND

ND

ND

_

ATUN68

S

3AN

ND

ND

ND

ND

ND

_

ATUN69

S

3AN

+

ND

ND

ND

ND

_

ATUN71

G/T

1A

ND

ND

ND

ND

ND

_

ATUN72

G/T

1A

ND

ND

ND

ND

ND

ATUN73

G/T

3AN

ND

A. vitis

ND

A. vitis

_
San
Marzano,
Avana,
Burley

ATUN76

G/T

ND

ND

ND

ATUN79

G/T

ND

+

ND

ND

ND

ND

ND

+

+

ND

G: grapevine; P: peach; T: tumour; N: necrosis; S: soil; ND: not done; +: positive response; -: negative response

San
Marzano,
Avana,
Burley
_
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Greece), the Middle East, North and South America,
China, Japan and South Africa (see among the others:
Hedgcock, 1910; Panagopoulos and Psallidas, 1973;
Süle, 1978; Burr et al., 1998; Haas et al., 1991). Symptoms observed on grapevine match those described by
Burr and Katz (1983) who noticed that galls usually occur on the trunk just above the ground level, although
aerial galls can be found up to 1 m above the soil. In
some vineyards, plants with crown gall show normal development whereas in others limited plant vigour is observed. The effect of this disease, caused by A. tumefaciens, on yield and vigour of numerous plant species has
been debated since the bacterium isolation from the
grapevine in Italy (Cavara, 1895).
Bacterial isolates from seven contaminated Tunisian
vineyards, proved to belong to the Agrobacterium tumefaciens/biovar 1 species complex or to Agrobacterium vitis/biovar 3 by both selective media and BOX-PCR
analysis. Furthermore, rrs sequencing confirmed the presence of the A. vitis strains and the recA sequence analysis
further permitted the unambiguous assignment of the A.
tumefaciens isolates to genomospecies G4, and G7. Molecular analyses allowed clustering of all Agrobacterium
spp. members in their respective genomospecies in agreement with findings by Costechareyre et al. (2010).
The association of these two biovars with crown gall
disease in grapevines was also reported by Argun et al.
(2002) in Turkey and earlier experiments by Burr and
Katz (1983) had shown the presence of both A. tumefaciens and A. vitis in grapevine galls, sap and
rhizosphere. Panagopoulos et al. (1978) reported that
some strains of A. tumefaciens are also tumourigenic on
grapes, where they elicit galls identical to those induced
by A. vitis. Szegedi et al. (2005) stated that grapevine
crown gall in Hungary was predominantly induced by
A. vitis, although A. tumefaciens could occasionally be
isolated. A comparable situation was reported from
Spain, France, Italy and the USA (Panagopoulos and
Psallidas, 1973; Süle, 1978; Burr and Otten, 1999;
Sawada et al., 1990).
While studying the pathogenicity (tumour-forming
ability) of Tunisian isolates in comparison with standard
Agrobacterium strains, some of them proved to be pathogenic on carrot disks and tomato plants. Soriful et al.
(2010) in Bangladesh identified virulent indigenous A.
tumefaciens strains from different dicotyledonous plants
using carrot disks where, as mentioned, tumours originate from dividing cambium cells (Otten et al., 2008)
Gall induction on tomato plants was first observed
by Burr and Katz (1983) after artificial inoculation with
A. vitis, a species of which both tumourigenic and non
tumourigenic strains were recovered in Japan from the
graft union of nursery grapevine stocks (Kawaguchi et
al., 2005). The determination of the virulence of 10
Tunisian isolates by vir-PCR confirmed the pathogenicity of five of them, in agreement with Bian et al. (2003)

and Kawaguchi et al. (2005), who were able to identify
virulent A. vitis strains using different primer sets.
In Tunisian vineyards the occurrence and persistence
of crown gall can be explained by the pre-existence of
the bacterium in the soil, considering that many peach
orchards have been pulled out and replaced in some
cases with vineyards (Rhouma et al., 2006). Nursery
productions are another likely source of contamination,
for of the main infection sources for grapevines is the
systemically (latently) infected propagating material
(Burr et al., 1998; Otten et al., 2008).
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