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Abstract

Fifty DNA samples were recovered from infected wood tissue of 1 and 2-year-old grapevine (Vitis vinifera
L.) cultivars collected from several vineyards located in the Center of Tunisia. The strains were differentiated
using a Multiplex PCR assay with combination of pehA, virF and virD2 gene-specific primers which amplified the
corresponding fragments from nearly all strains and distinguished clearly between Agrobacterium vitis and A.
tumefaciens strains carrying octopine or nopaline pTis and A. vitis vitopine strains. The isolates were segregated
into three main groups, the first group carries octopine type Ti plasmids; the second vitopine type Ti plasmids and
the third group both octopine and vitopine type Ti plasmids. The polygalacturonase gene sequence from 10 isolates
showed 94-97% identity to the sequences of A. vitis previously deposited in NCBI GenBank database. Obtained
nucleotide sequences were submitted to Genbank under accession numbers from JX946285 to JX946294.
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Introduction

Crown gall is one of the most important bacterial diseases of
grapevine worldwide and is especially debilitating on cultivars of Vitis
vinifera [1]. It is widespread, mainly in temperate areas, and especially
in Mediterranean countries [2]. Agrobacterium vitis is the predominant
species that causes the disease, although A. tumefaciens is occasionally
isolated from infected vines [3]. Basically, the taxonomy of bacteria
belonging to Agrobacterium genus has been determined relying on
their phytopathogenic abilities. However, the loss or acquisition of
the tumour-inducing (Ti) or root-inducing (Ri) plasmid could lead
to a change of species status. Recently, on the basis of biochemical
features, agrobacteria were divided into 3 biovars, but this classification
did not correspond to the classification based on phytopathogenic
abilities. Further studies, mostly based on ribosomal genes, confirmed
that classification into biovars reflected phylogenetic relationships
and, consequently, agrobacteria were classified into five species: A.
radiobacter (biovar 1 strains), A. rhizogenes (biovar 2), A. vitis (biovar
3), A. rubi and A. larrymoorei [4].

Typically, infections are initiated at wound sites on trunks and
canes caused by freezing temperatures or other cultural practices. In
addition to crown gall disease, A. vitis induces electrolyte leakage and
strong necrotic lesions on the roots of grapevine [1,5]. Transmission
of A. vitis, that is adapted to living in the vascular system of grapevine
plants, occurs by vegetative propagation of infected cuttings [6]. In
fact, members of Agrobacterium spp. are known as soil-borne plant
pathogens, and soils are generally considered as sources for infection.
However, in the case of grapevine the systemically infected propagating
material is the main source of infection [7]. Since vineyard soils have
been excluded as a source of infection with A. vitis, spreading of the
disease can be prevented by utilization of pathogen-free propagation
material [6].

Four major T-DNA structures have been characterized in strains
of A. vitis. They differ by their numbers of T-DNAs (delineated by
characteristic border sequences) and by gene composition [8]. Strains
are often referred to by the type of opine synthase gene or genes carried

on their Ti plasmids (i.e., nopaline [N], vitopine [V], or octopine/
cuccumopine [OCD]). Since the OC strains carry two T regions in their
T-DNA, TA and TB, they are further grouped depending on whether TA
region is large (OL) or small (OS). The TA region is highly homologous
to the TL region of the octopine Ti plasmids of the biovar 1 strains and
has the same overall organization; the TB region id unique for o/c Ti
plasmids and carries a set of auxin genes and cucumopine synthase gene
[9]. Phylogenetic models of A. vitis Ti plasmids have been developed
by Otten et al. [10] that are based on T-DNA structure, homology of
oncogenes to those on other Ti plasmids, and the pattern of insertion
by various insertion sequence (IS) elements. It was discovered that the
type of Ti plasmid carried by an A. vitis strain is highly correlated with
the restriction fragment fingerprints derived from its intergenic spacer
region (ITS) which lays between the 16s and 23s rRNA genes [11].
Similar correlation was shown between Ti plasmid type and restriction
fragment fingerprints generated from the five region of the 23 gene [12].

Recent studies using specific primers designated to identify
Agrobacterium species isolated from grapevine showed failure of some
primers to distinguish clearly between A. tumefaciens and A. vitis and
between pathogenic and non-pathogenic isolates [13]. For example,
virC primers can detect pathogenic A. tumefaciens [14] but cannot
detect A. vitis [15]. Similarly, virD2 specific primers [16] which amplify
corresponding sequence of A. tumefaciens, failed to identify A. vitis
[17]. The aim of this study was to detect A. vitis and A. tumefaciens
and to distinguish between them using novel primers set [17] under
Multiplex PCR conditions and to assay the reliability of this method.
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Material and Methods
Sampling and DNA extraction

Several vineyards located in the region of “Regueb” in the center of
Tunisia were inspected for grapevine crown gall occurrence. Samples
of newly developed galls from the infected Vitis vinifera cultivars were
collected, placed in plastic bags and transported to the laboratory. Plant
samples were washed under running tap water to remove adhering
soil particles, surface-sterilized by dipping into 0.5% (v/v) sodium
hypochlorite for 2 min, rinsed three times with sterile distilled water
(SDW). Bacterial DNA was extracted from vascular tissue of galls, crown
and canes. 1 g of wood tissue was homogenized at room temperature
in a plastic mesh bags (provided by Sediag) with a ball-bearing device
in 10 ml of CTAB buffer (3% CTAB,1 M Tris-HCl pH 8, 20 mM EDTA,
1.4 M NaCl) with the addition of 0.2% 2-mercaptoethanol; 1 ml was
transferred to an Eppendorf tube and incubated in a water bath at
65°C for 20 min. After extraction with 1 ml of chloroform, nucleic
acids were precipitated from the aqueous phase with an equal volume
of isopropanol, collected by centrifugation, washed with 70% ethanol,
dried, dissolved in 100 pl of water and stored at -20°C until use.

Oligonucleotide primers

A combination of VIFE /FIRFR, and VIRD2S4F, /VIRD2S4R .
primers [17] was used in a multiplex PCR to detect the virF and virD2
regions in the most common opine types of A. vitis which are nopaline,
octopine and vitopine types [1,18]. In order to identify A. vitis strains
and differentiate them from the A. tumefaciens strains, PGF/PGR [15],
a polygalacturonase specific primer set was added to the mixture of the
multiplex PCR. PCR amplication of virE virD2 and pehA genes would
produce 382, 320 and 466 pb bands, respectively.

PCR amplification

The reaction were carried out in a reaction volume of 25 pl
containing 1X buffer, 3 mM MgClZ, 200 pM each dNTP, 0.3 uM for
primers VIRFF1/VIRFR2 and VIRD2S4F, /VIRD2SRR ., 0.4 uM for
primers PGF/PGR, 5% DMSO, 0.02 U/ul DNA Polymerase (Go Taq
Flexi DNA polymerase, PROMEGA) and 5 pl of template DNA. PCR
experiments were performed in a thermal cycler “Gene Amp PCR
System 9700 (Applied Biosystems). The amplification was started with
an initial denaturation step at 94° for 1 min, followed by 40 cycles at
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Figure 1: Multiplex PCR with primer pairs PGF/PGR (466 bp), VIRFF /VIRFR, (

382 bp) and VIRD2S4F, /VIRD2S4R

94°C for 1 min, 60°C for 1 min and 72°C for 1 min. Finally the reaction
was completed with an extension step at 72°C for 5 min. Samples were
analyzed after electrophoretic separation in ethidium-bromide stained
2.5% (w/v) agarose gels (10 pl of 1% ethidium bromide solution in 100
ml of 2.5% agarose). The PCR products gel was visualized under UV
light. Considering the PCR inhibitors possibly present in each DNA
sample, amplification with dilute DNA sample was performed if there
were no PCR products from the starting template.

Sequencing of pehA gene

Ten randomly selected isolates were subjected to PCR assay
targeting polygalacturonase gene with specific primers PGF/PGR.
The amplicons of pehA polygalacturonase gene resulted from PCR
amplification were sequenced. DNA sequencing was performed by
Genomic Platform service of PTP (Parco Tecnologico Padano, Lodi,
Italy). The nucleotide sequence data were assembled by employing
the Contig Assembling program of the sequence analysis software
BIOEDIT, version 7.0.0 [19] and blasted to compare their identity with
the sequence of A. vitis previously deposited in Gene Bank database
(Accession No.CP000633.1gb).

Nucleotide sequence accession numbers

Polygalacturonase gene pehA partial sequences were checked
manually and nucleotide arrangements at ambiguous positions were
clarified using both primer direction sequences. All sequences were
deposited in GenBank database under the accession numbers JX946285
(strain TUNAv1), JX946286 (TUNAv6), JX946287 (TUNAv7),
JX946288 (TUNAv13), JX946289 (TUNAv14), JX946290 (TUNAv30),
JX946291 (TUNAv34), ]X946292 (TUNAv36), JX946293 (TUNAv39)
and JX946294 (TUNAv40).

Results

Multiplex PCR with primers combination VIRFF /VIRFR,
designated to detect octopine/nopaline isolates of A. vitis, VIRD2S4F_ /
VIRD2S4R, ., which amplified the corresponding sequences from
vitopine isolates only and PGF/PGR, involved to amplify pehA gene of
A. vitis, showed that all of the analyzed isolates amplified a product of
466 bp with polygalacturonase gene-specific primers except one isolates
designated TUNAvV37 corresponding on A. tumefaciens. Furthermore,

the results of Mutiplex PCR (Figure 1) revealed that all isolates except
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320 bp) using DNA extracted from plants.
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1: isolates TUNAv1 (O); 2-6: isolates TUNAv2-6 (OV) ; 7: isolates TUNAV7 (V); 8: isolates TUNAv8 (O); 9: isolates TUNAV9 (OV); 10: isolates TUNAv10 (OV); 11:
isolates TUNAv11 (O); 12: isolates TUNAv12 (O); 13-28: isolates TUNAv13-28 (OV) ; 29 : isolates TUNAv29 (O) ; 30 : isolates TUNAv30 (O) ; 31 : isolates TUNAv31
(V) ; 32-36 : isolates TUNAV32-36 (OV) ; 37 : isolates TUNAt37 , A. tumefaciens (O); 38 : isolates TUNAv38 (O) ; 39 : isolates TUNAv39 (OV); 40 : isolates TUNAv40
(O); 41-43 : isolates TUNAv41-43 (OV); 44 : isolates TUNAv44 (O); 45-50 : isolates TUNAv45-50 (OV). +: positive control; NC: Negative Control. M: Invitrogen 1kb

plus (cat. 10787-018). a-j: sequenced pehA gene strains.
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TUNAv37 carry vir gene sequence. Among of the 49 vir positive isolates,
eight isolates had octopine-type and three isolates designated TUNAv
1, TUNAv7 and TUNAv31 had vitopine-type. Interestingly, thirty-eight
isolates were positive for the presence of both virD2 and virF sequences
(Figure 1) as well as for both octopine and vitopine synthases. None
of all the isolates had nopaline type indicating that Tunisian isolates
probably do not carry Bivar 3 nopaline type Ti plasmids.

Discussion

In this study, we collected 50 bacterial DNA samples from affected
plants collected from different vineyards located in the region of
“Regueb” in the center of Tunisia. All of the isolates except one were
found to be virulent, and 49 of them were assigned to A. vitis. Early
studies to identify Agrobacterium with PCR used pure bacterial cultures
to determine the suitability of primers which were usually designed
on the basis of Ti plasmid vir region or T-DNA sequences [16]. The
pehA specific PGF and PGR primers [15] were combined with the
primers designed for virF and virD2 sequences [17]. The pehA-specific
sequences allowed distinguishing A. vitis from A. tumefaciens [15]. The
virF is a host range factor that occurs on the octopine-type Ti plasmid
of A. tumefaciens and octopine and nopaline-type Ti plasmid of A.
vitis [20]. Multiplex PCR with these primers revealed to be suitable to
unambiguously detect all the assayed A. vitis strains and to partially
discriminate among their different pTi plasmids, since virF-specific
primers detected all octopine and nopaline strains whereas virD2 gene
primers detected all vitopine strains.

Agrobacterium vitis strains are classified into three taxonomical
groups based on Ti plasmid-encoded opine markers, as octopine,
nopaline and vitopine-type strains. Of these, octopine strains are found
most commonly in grapevine accounting for 60-70% of isolates [1].
PCR results with opine synthase-specific primers showed that eight
(16.33%) of the A. vitis isolates belong to the octopine groups and three
(6.12%) to the vitopine group. Nopaline type isolates were not found.
Interestingly, thirty-eight (77.55%) of the A. vitis isolates were found
to be positive for both virF and virD2 genes, as well as for vitopine and
octopine synthase gene. Bini et al. [17] reported similar results with
the strain IBV-BO 5372 and they hypothesized that this strain might
harbor two distinct Ti plasmids, one coding for vitopine and the other
for octopine-markers. Szegedi et al. [21] explained the dual opine
character of these isolates by the different incompatibility properties of
octopine and vitopine pTis.

The polygalacturonase gene sequence from 10 isolates designated
TUNAVv 1, 6, 7, 13, 14, 30, 34, 36, 39 and TUNAv 40 showed 94-97%
identity to the sequences of A. vitis previously deposited in NCBI
GenBank database (GenBank Accession No.CP000633.1gb). Based on
this preliminary study, we found that Tunisian vineyards occurs A. vitis
Biovar 3 strains octopine and vitopine utilizing. Although, only one
isolate of A. tumefaciens Biovar 1 was found in the present work among
the fifty isolates, A. tumefaciens Biovar 1 or 2 as well as 3 (A. vitis) was
recovered from the same host in Greece, Hungary, etc [22]. Further
research is needed to determine whether causal agents of grapevine
crown gall other than Biovar 3. Further research, by bacteria isolating
and examining additional strains, can also determine if strains that
carry Ti plasmids encoding the utilization of opine other than octopine
and vitopine also exist in the region.

Acknowledgement

This work was carried out in the Center of Biotechnology of Borj-cedria (CBBC,
Tunisia) and International Plant Analysis and Diagnostics Laboratory (Ipadlab,
Italy) and supported by grants from the Ministry of Higher Education and Scientific
Research of Tunisia.

References

1. Burr T, Bazzi C, Sule S, Otten L (1998) Crown gall of grape: Biology of
Agrobacterium vitis and the development of disease control strategies. Plant
Dis 82: 1288-1297.

2. Rhouma A, Boubaker A, Nesme X, Dessaux Y (2006) Plasmid and
Chromosomal Diversity of a Tunisian Collection of Agrobacterium tumefaciens
Strains. Tunisian Journal of Plant Protection 1: 73-84.

3. Szegedi E, Bottka S, Mikulas J, Otten L, Sule S (2005) Characterization of
Agrobacterium tumefaciens strains isolated from grapevine. Vitis 44: 49-54.

4. Bouzar H, Jones JB (2001) Agrobacterium larrymoorei sp. nov., a pathogen
isolated from aerial tumours of Ficus benjamina. Int J Syst Evol Microbiol 51:
1023-1026.

5. Stover EW, Swartz HJ, Burr TJ (1997) Crown gall formation in a diverse
collection of Vitis genotypes inoculated with Agrobacterium vitis. Am J Enol
Vitic 48: 26-32.

6. Tarbah FA Goodman RN (1986) Rapid detection of Agrobacterium tumefaciens
in grapevine propagating material and the basis for an efficient indexing
system. Plant Dis 70: 566-568.

7. Moore LW, Bouzar H Burr TJ (2001) In: Schaad, NW, Jones JB, Chun W
(Eds.). Laboratory Guide for Identification of Plant Pathogenic Bacteria.
American Phytopathological Society Press, St. Paul, MN.

8. Burr TJ, Otten L (1999) Crown Gall of Grape: Biology and Disease
Management. Annu Rev Phytopathol 37: 53-80.

9. Buchholz WG, Thomashow MF (1984) Comparison of T-DNA oncogene
complements of Agrobacterium tumefaciens tumor-inducing plasmids with
limited and wide host ranges. J Bacteriol 160: 319-326.

10. Otten L, Canaday J, Gérard JC, Fournier P, Crouzet P, et al. (1992) Evolution
of agrobacteria and their Ti plasmids--a review. Mol Plant Microbe Interact 5:
279-287.

11. Otten L, De Ruffray P, Momol EA, Momol MT, Burr TJ (1996) Phylogenetic
relationships between Agrobacterium vitis isolates and their Ti plasmids. Mol.
Plant Microbe Interact 9: 782-786.

12. Momol EA, Burr TJ, Reid CL, Momol MT, Hseu SH, et al. (1998) Genetic
diversity of Agrobacterium vitis as determined by DNA fingerprints of the 5'-
end of the 23S rRNA gene and random amplified polymorphic DNA. J Appl
Microbiol 85: 685-692.

13. Kumagai L, Fabritius AL (2008) Detection and Differentiation of Pathogenic
Agrobacterium vitis and A. tumefaciens in Grapevine using Multiplex Bio-PCR.
Proceedings of the 2" Annual National Viticulture Research Conference,
University of California, Davis, USA.

14. Sawada H, leki H, Matsuda | (1995) PCR detection of Ti and Ri plasmids from
phytopathogenic Agrobacterium strains. Appl Environ Microbiol 61: 828-831.

15. Szegedi E, Bottka S (2002) Detection of A. vitis by polymerase chain reaction
in grapevine bleeding sap after isolation on a semiselective medium. Vitis 41:
37-42.

16. Haas JH, Moore LW, Ream W, Manulis S (1995) Universal PCR primers for
detection of phytopathogenic Agrobacterium strains. Appl Environ Microbiol
61: 2879-2884.

17. Bini F, Kuczmog A, Putnoky P, Otten L, Bazzi C, et al. (2008) Novel pathogen-
specific primers for the detection of Agrobacterium vitis and Agrobacterium
tumefaciens. Vitis 47: 181-189.

18. Ridé M, Ridé S, Petit A, Bollet C, Dessaux Y, et al. (2000) Characterization of
plasmid-borne and chromosome-encoded traits of Agrobacterium biovar 1, 2,
and 3 strains from France. Appl Environ Microbiol 66: 1818-1825.

19. Hall TA (1999) BioEdit: a user-friendly biological sequence alignment editor
and analysis program for Windows 95/98/ NT. Nucleic Acids Symposium
Series 41: 95-98.

20. Schrammeijer B, Hemelaar J, Hooykaas PJ (1998) The presence and
characterization of a virF gene on Agrobacterium vitis Ti plasmids. Mol Plant
Microbe Interact 11: 429-433.

J Plant Pathol Microb
ISSN:2157-7471 JPPM, an open access journal

Volume 4 « Issue 5 » 1000175


http://www.vitis-vea.de/admin/volltext/e050435.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11411669
http://ajevonline.org/content/48/1/26.short
http://www.ncbi.nlm.nih.gov/pubmed/11701817
http://www.ncbi.nlm.nih.gov/pubmed/6090421
http://www.ncbi.nlm.nih.gov/pubmed/1515664
http://www.apsnet.org/publications/mpmi/BackIssues/Documents/1996Articles/Microbe09-782.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.1998.00581.x/full
http://www.ncbi.nlm.nih.gov/pubmed/7574623
http://www.vitis-vea.de/admin/volltext/e046317.pdf
http://www.ncbi.nlm.nih.gov/pubmed/7487020
http://beta.ttk.pte.hu/biologia/genetika/libr_gen/Bini2008.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10788345
http://jwbrown.mbio.ncsu.edu/JWB/papers/1999Hall1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9574510

Citation: Chebil S, Fersi R, Chenenaoui S, Abdellatif E, Durante G, et al. (2013) Occurrence of Agrobacterium Vitis Carrying Two Opine-Type
Plasmids in Tunisian Vineyards. J Plant Pathol Microb 4: 175 doi:10.4172/2157-7471.1000175

Page 4 of 4

21. Szegedi E, Czako M, Otten L (1996) Further evidence that the vitopine type 22. Panagopoulos CG, Psallidas PG, Alivizatos AS (1978) Studies on biotype 3 of
pTi's of Agrobacterium vitis represent a novel group of Ti plasmids. Mol Plant Agrobacterium radiobacter var. tumefaciens. Proc Int Conf Plant Pathol Bact
Microbe Interact 9: 139-143. 4:221-228.

J Plant Pathol Microb
ISSN:2157-7471 JPPM, an open access journal Volume 4+ Issue 5 + 1000175


http://www.apsnet.org/publications/mpmi/backissues/Documents/1996Abstracts/Microbe09-139.htm
http://www.cabi.org/isc/Default.aspx?site=144&page=2540&LoadModule11=CABISEARCHRESULTS&LoadAction=LoadAbstract&term=au%3A%22Panagopoulos%2C+C.+G.%22&AbstractSearchTerm=au%3A%22Panagopoulos%2C+C.+G.%22&query=au%3A%22Panagopoulos%2C+C.+G.%22&AbstractID=19791354610

	Title

	Corresponding author
	Abstract
	Keywords
	Introduction
	Material and Methods
	Sampling and DNA extraction
	Oligonucleotide primers
	PCR amplification
	Sequencing of pehA gene
	Nucleotide sequence accession numbers

	Results
	Discussion
	Acknowledgement
	Figure 1

	References



