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ABSTRACT  
 Eleven tumorigenic Agrobacterium tumefaciens strains obtained from galled rose plants collected from 
different localities in Egypt were characterized based on their cultural, physiological and biochemical aspects, 
tumorigenicity and host range, moreover the molecular features and antibiotic sensitivity profile.  The isolates 
were found to be tumorigenic on rose and indicator plants that include kalanchoe, datura, tomato, tobacco and 
carrot slides. Regard to the biotyping tests, 3 isolates coincided well with the biotype 1 and 4 isolates coincided 
well with the biotype 2 whereas 4 of them showed biotype-intermediate characters. Identities of these strains 
were confirmed to be Rhizobium radiobacter (Agrobacterium tumefaciens) using the Biolog MicroPlates 
system. The host range of the isolates was assayed on 49 different plants species. All isolates were tumorigenic 
on 24 plants while they were none tumorigenic on 22 from these plants whereas they greatly varied in the 
tumorigenicity on 3 of these plants. The protein pattern of the obtained isolates was closely related. PCR 
amplification of the virD2 gene of the vir region using virD2A-virD2C and virD2A-virD2E primer pairs 
successfully amplified the target sequences, giving the specific bands for all the isolates with both primers. 
Using RB and ocs primer sets that amplifies the nopaline and octopine type respectively, 10 strains were found 
to be nopaline type whereas none of them was founded to be octopine type. Interestingly, one of these isolates 
did not have any band with the both primers. The isolates markedly varied in its response to antibiotics. All 
strains showed considerable susceptible response to ciprofloxacin, ofloxacin, norfloxacin and chloramphenicol 
whereas they showed considerable resistant response to cefaclor, cefixime and oxytetracycline. They were 
relatively resistant to nalidixic acid, nitrofurantoin and rifamycin and varied markedly in its response to 
vancomycin, streptomycin and erythromycin. 
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Introduction 

Agrobacterium tumefaciens [updated scientific name: Rhizobium radiobacter (Young et al.,2003) ] is 
the causal agent of crown gall disease; the common neoplastic disease of dicot plants, including many woody 
shrubs and various herbaceous plants including mainly stone and pome fruit-trees, grapevines, roses and 
ornamental plants (Rhouma et al., 2006). Agrobacterium tumefaciens can generally be found on and around root 
surfaces known as the rhizosphere. It can effectively be isolated from gall tissue, soil or water (Collins, 2001). 
Early protocols for detection of Agrobacteria in plant 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). Since a virulence assay for Agrobacterium typically takes 3-4 
weeks, several other methods have been developed, including serological tests (Bazzi et al., 1987; Ophel et al., 
1988; Bishop et al., 1989) and DNA hybridization (Burr et al., 1990).  

An early comprehensive review on the host range of crown gall reported 643 susceptible hosts 
(approximately 60% of the tested species) belonging to 93 families, mainly gymnosperms and dicotyledons (De 
Cleene and De Ley, 1976). On the other hand, only 3% of the tested monocotyledons (257 species belonging to 
27 families) were found to be susceptible to infection with A. tumefaciens based on tumor formation (De Cleene, 
1985). Further studies carried out with a large set of different agrobacteria showed that they can infect a much 
wider range of monocotyledons than thought previously (Conner and Dommisse, 1992).   

Since the late 1950s and early 1960s, molecular biologists have learned to characterize, isolate, and 
manipulate the molecular components of cells and organisms. The mainly components are proteins, the major 
structural and enzymatic type of molecule in cells and DNA, the repository of genetic information. Protein 
patterns have been used to provide valuable information about taxonomic relationships in a variety of organisms 
(Huisingh and Durbin, 1965).  The electrophoresis mobility's of whole cell proteins have been used to identify 
and classify the strains of Rhizobium and Agrobacterium (Roberts et al., 1980) 

The introduction of the polymerase chain reaction (PCR) in plant pathology opened up new 
possibilities for rapid detection and identification of Agrobacterium in agriculturally important plants. First 
studies were started in the early 90s (Dong et al., 1992; Schulz et al., 1993). Primers designed for the 
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amplification of pathogenic strains have been based on specific chromosomal (Ponsonnet and Nesme, 1994; 
Eastwell et al., 1995; Szegedi and Bottka, 2002), or Ti plasmid sequences including the vir-region (Ponsonnet 
and Nesme, 1994; Haas et al., 1995; Sawada et al., 1995) or T-DNA (Dong et al., 1992; Schulz et al., 1993; 
Haas et al., 1995; Kauffmann et al., 1996; Pulawska and Sobiczewski, 2005). 

Antibiotic susceptibility patterns or antibiogram can also be used to distinguish among different strains 
(Dudman and Heidelberger, 1972). Thus, an examination of antibiotic resistance degree of each strain is one of 
the most important matters for plant genetic engineering using "Agrobacterium-pTi host-vector system. 
Moreover, the results of antibiotic resistance in each biovar are usable for a supplementary classification of 
Agrobacterium  (Tanaka et al., 1995). 
Present study sought to demonstrate the distinguishing features of Agrobacterium tumefaciens strains that 
obtained from galled rose plants, which leads to fully characterization of these isolates in order to recognize the 
extent of mismatch and differences among themselves.      
 
Materials and Methods 
Isolation of Agrobacterium from galls  
 Samples of rose plants (Rosa gallica) showing tumors on the roots, crown region and shoots were 
collected from various nurseries and plantations that located in different regions in Egypt. Symptomatic 
materials were placed in plastic bags, transported to the laboratory and refrigerated until processed.  
For pathogen isolation, the tender galls were surface sterilized for 20 minutes in 1% sodium hypochlorite 
solution and rinsed several times in sterile distilled water (Moore et al., 2001) and then galls were diced into 
small cubes (1 cm3 approx.) with the help of a sharp sterilized scalpel. Two cubes were crushed in 5 ml of 
sterilized distilled water with the help of sterilized glass rod in a sterilized Petri plates to form the suspension 
that was kept undisturbed for 30 min to allow bacteria to diffuse into the water. A loopfuls of the resulted 
suspension were then streaked on three different semiselective media that designated, 1A (Schroth et al., 1965), 
2E (Brisbane and Kerr 1983) and RS (Roy and Sasser, 1983). Plates were incubated at 28°C and observed daily 
for 10 days and colonies resembling A. tumefaciens on different isolation media were picked up and streaked in 
potato dextrose agar (PDA) plates.  Colonies that exhibited typical growth of A. tumefaciens on PDA medium 
(convex, glistening, circular with an entire edge, and white to beige in color) after 48 h at 28°C were further 
streaked on PDA plates until all the colonies appeared homogeneous then transferred to PDA slants. After 
incubation at 28 °C for 3 days, the slants were then stored at 4°C for further studies. 
 

Isolates identification  

Morphological and microscopical tests 

 Colonies suspected of being A. tumefaciens were initially identified on 1A, 2E, RS and PDA media 
based on typical colony color and morphology. Microscopical features including cell shape, Gram staining, 
capsule formation, endospore formation, and motility were investigated according to Moore et al. (2001). 
Isolates that coincided with microscopical features of A. tumefaciens has been selected to be used in further 
testes. 
 

Tumorigenicity testing  

 Tumorigenicity of the selected isolates was tested on rose (Rosa gallica) and indicator plants that 
included kalanchoe (K. daigremontiana,), datura (D. stramonium) tobacco (Nicotiana tabacum cv. White 
Burley) and tomato (Lycopersicon esculentum cv. Castle Rock). Furthermore the carrot slices (Daucus carota) 
were also has been tested. 

Bacterial inoculums were prepared by suspending cells from 48 h-old cultures that grown on PDA 
medium at 28°C in sterile distilled water and adjusting the concentration spectrophotometrically to OD 0.1 at 
600 nm corresponding to about l08 CFU / ml (Bini et al., 2008). Plants were inoculated by placing bacterial 
suspension on the stem and shoots then repeatedly punctured through the inoculum with a fine sterile needle 
(Burr and Katz, 1983) then the inoculation sites were wrapped with parafilm and observed daily.  
The method of Burr and Katz (1983) were followed to testing tumorigenicity on carrot slices under laboratory 
conditions. Well-developed carrots slices were surface-sterilized with 20 % bleach, rinsed three times in sterile 
water, cut into slices and placed onto a sterile wet filter paper in sterile Petri dishes. The top of the slices were 
inoculated by spreading 150 µl of bacterial suspensions. A portion of slices were treated by sterile water only 
and served as a control. Plates were kept at room temperature in the dark and the filter paper was periodically 
remoistened by sterile water. Tumor formation and morphology was assessed weekly and recorded three weeks 
after the inoculation. The experiment was repeated three times to reduce any environmental effects on tumor 
formation. Presence of galls on any inoculated sites on either plants or carrot slices was considered as evidence 
of the tumorigenicity of the isolate. 
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Identity confirmation by Biolog system 
Carbon source utilization by tumorigenic isolates was determined using Biolog microplates comparing 

outputs to the MicroLog System 2 database, release 4.01B (Biolog, Inc., Hayward, Calif.). Isolates were 
identified using GN2 MicroPlates (Biolog), according to the instructions of the manufacturer. Identification was 
based on the similarity index of carbon source utilization by each isolate relative to that of identified reference 
strains in the Biolog GN database.  
 

Isolates biotyping  

 Tumorigenic isolates, which selected regarded to tumorigenicity test, were subjected to the standard set 
of biochemical and physiological tests that differentiate biotypes of Agrobacterium as described by Moore et al. 
(2001). The following testes were preformed: oxidase reaction, 3-ketolactose production, acid production from 
erythritol and sucrose, alkaline production from L-tartaric acid, growth on 2% and 5% NaCl, growth at 35ºC, 
citrate utilization and growth in ferric ammonium citrate broth. 
 

Host range  

  In addition to rose and indicator plants that used in tumorigenicity test, the ability of the bacterial 
isolates to induce tumors was tested on 49 different plant species belongs to 19 families. Inoculum of each 
isolate was prepared by suspending a loopful of bacterial growth from 48-h-old PDA slant culture into 2 ml 
distilled water. Plants grown in a greenhouse were inoculated at 5-8 sites by pricking through a drop of 
inoculum with a sterile needle (Burr and Katz, 1983). The tumorigenicity was determined 10-30 days after 
inoculation based on gall formation at the site of pricking. 
 

Protein profile  

Protein profile of 11 Agrobacterium tumefaciens isolates in addition to one isolate of Agrobacterium 
vitis (Tolba and Zaki, 2011) and one isolate of Agrobacterium larrymoorei (isolated and identified by Tolba 
I.H., unpublished data) was studied by SDS-PAGE analysis in order to study the electrophoretic variation in 
proteins and comparing the protein patterns within each other and within other Agrobacterium species. 
According to the method of Laemmli (1970), bacteria from 10 ml cell cultures grown in liquid mannitol medium 
(Roberts and   Kerr, 1974) were harvested by centrifugation at 3000 rpm for 20 min. The supernatant was 
discarded, and proteins from the cell envelope were extracted with 5 ml of 0.05 M Tris-HCl (pH 9.0) in the 
presence of 20 mM DTT, as a protease inhibitor and 20 mM bromophenol blue. The samples were denatured for 
10 min at 100°C and then centrifuged at 14000 rpm at 4°C for 5 min. The supernatant was used for 
electrophoreses separation. 

Gel slabs (20 cm wide, 10 cm long, and 3 mm thick) were made from 10 % acrylamide in the presence 
of 0.1% sodium dodecyl sulfate (SDS). Cross-linked polyacrylamide gels are formed from the polymerization of 
acrylamide monomer in the presence of N'-N'-methylene bisacrylamide (bis acrylamide) used as a cross linked 
agent. Polymerization of acrylamide is promoted by the addition of ammonium persulphate. The pore size of the 
gel is determined by increasing and decreasing the concentration of acrylamide in the solution. The solution was 
layered on the top of the separating gel after introducing a comb and allowed the get to set. The comb was then 
removed without distorting the shapes of the wells. The gel was installed in the electrophoretic apparatus 
carefully. The sample extract was injected into the wells. The electrode buffer was filled in tank and trapped air 
bubbles at the bottom of the gel were removed. The gel was run initially at 15 mA until the tracking dye 
travelled through the stacking gel. Then the current was increased to 30 mA until the tracking dye (bromophenol 
blue) reached the bottom of the gel. The gel was carefully removed and immersed in staining solution (reagent 
G) and kept for overnight incubation. After that, the gel was transferred into destaining solution (reagent H) to 
visualize the protein bands. 
 
PCR analysis  

The PCR test was conducted using four primer pairs (Table, 1) that amplify characteristic fragment 
sizes from genes of virulence and opine type of the same isolates, which were used in protein SDS-PAGE 
analysis. The virD2A/virD2C and virD2A/virD2E primers designed by Haas et al. (1995) were used to identify 
the Agrobacterium tumefaciens isolates. These primers amplify the highly conserved DNA sequences in the 
virD2 gene of the vir region on the Ti or Ri plasmid. Two sets of primers designed by Tan et al. (2003) were 
used to identify the nopaline and octopine types of A. tumefaciens isolates. The RB primer set (consisting of 
RBF and RBR) amplifies the nopaline type, and the ocs primer set (consisting of ocsF and ocsR) amplifies the 
octopine type of A. tumefaciens. 

All isolates were cultured on potato semisynthetic agar medium (Kawaguchi et al., 2005).  Cells from 
colonies grown on this medium were suspended in 20 μl sterile distilled water. The suspension was heated at 95 
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°C for 10 min and cooled for 5 min on ice. The suspension was centrifuged at 12000 rpm at 4°C for 2 min and 
the resulting supernatants were used as DNA templates for PCR. All DNA samples were stored at -20°C. 

The PCR cocktail contained 7μl of boiled cell supernatant, 20μM of each set of the primers, 200μM of 
each of the dNTP mixes (Perkin-Elmer), 2.5U Taq polymerase (Perkin-Elmer), 2μl of the 10 Buffer (100 mM 
Tris-HCl, 15mM MgCl2, 500mM KCl, pH 8.3) provided by the same supplier. The final volume was made up 
to 20 μl by adding sterilized distilled water. PCR cycles were as follows: (1) virD2A-virD2C and virD2AvirD2E  
primers; initial denaturation at 94°C for 1min, followed by a cycle profile of 94°, 50° and 72°C for 1min at each 
temperature. After 40 cycles, the final extension was allowed at 72°C for 5 min (Haas et al., 1995). (2) RBF-
RBR primers; 2min denaturation at 94°C, followed by 35 cycles at 94°C, 60°C and 72°C for 1min at each 
temperature. Final elongation was allowed at 72°C for 5min (Tan et al., 2003). (3) ocsF-ocsR primers; 3min 
denaturation at 94°C, followed by 35 cycles of the profile of 94°, 58° and 72°C, for 1min at each temperature. 
The final elongation was at 72°C for 5 min (Tan et al., 2003). Three μl of the PCR products, mixed with 7 μl of 
6x bromophenol blue as a loading dye, were separated by agarose electrophoresis in 1x TBE buffer (Promega), 
2% (w:v) LE agarose (Promega, USA) containing 1 μg ml-1 ethidium bromide. The marker molecular weight 
was 100 bp ladder (Promega). The electrophoresis reaction was performed at 75 V for 90 min and the bands 
were visualized with a UV transilluminator and photographed. 

 
Table.  1. Primers used for PCR test with the Agrobacterium tumefaciens isolates. 

Name 
(forward/reverse) 

Primer specificity Sequence 
Length of 
amplified 
fragment 

virD2A/ virD2C 
virD2 gene of the vir region on the Ti or Ri 
plasmid 

5’-ATGCCCGATCGAGCTCAAGT-3’ 
224bp 

5’-TCGTCTGGCTGACTTTCGTCATAA-3’ 

virD2A/ virD2E 
virD2 gene of the vir region on the Ti or Ri 
plasmid 

5’-TCGTCTGGCTGACTTTCGTCATAA-3’ 
338 bp 

5’-CCTGACCCAAACATCTCGGCTGCCCA-3’ 

RBF /RBR Nopalin type 
5’-TGACAGGATATATTGGCGGGTAA-3’ 200 – 206 

bp 5’-TGCTCCGTCGTCAGGCTTTCCGA-3’ 

ocsF /ocsR Octopin type 
5’-ATGGCTAAAGTGGCAATTTTGGG-3’ 

298 bp 
5’-TCAGATTGAASTTCGCCAACTCG-3’ 

 

Sensitivity to antibiotics 

Antibiotic susceptibility pattern of the identified isolates was determined by disc diffusion method 
using the Kirby-Bauer technique (Bauer et al., 1966). The test was performed using commercial antibiotic disk 
(Bioanalyse®) that include cefixime (5µg), cefaclor (30µg), ciprofloxacin (5µg), chloramphenicol (30µg), 
erythromycin (15µg), ofloxacin (5µg), oxytetracycline (30µg), nalidixic acid (30µg), norfloxacin (10µg), 
nitrofurantoin (300µg), rifamycin (30µg), streptomycin (10µg) and  vancomycin (30µg). The medium that used 
in the test was Mueller-Hinton agar (HiMedia® India). Prior to inoculation, a sterile cotton swab was dipped into 
appropriate l08 CFU/ml bacterial suspension prepared from cultures of the isolates that grown in nutrient broth 
at 27 °C for 48 h. The swab stick was then took out and squeezed on the wall of the test tube to discard extra 
suspension and used to lightly and uniformly inoculation of the agar surface. The antibiotic discs were placed 
equidistantly over the inoculated agar surface and pressed gently with the help of sterile forceps. Five replicates 
from each antibiotic have been used in separate plates. Inoculated plates were incubated at 28°C for 48 h. After 
incubation period, the plates were examined and measurements of zone of inhibition were recorded and 
tabulated to use it in the comparison between the isolates. Data were statistically analyzed using SPSS statistical 
software (version 19.0; SPSS Inc., Chicago, IL, USA).  
 
Results  
Isolation of Agrobacterium  

Attempts to isolation of Agrobacterium from galled samples resulted in obtain the targeted bacteria 
from the majority of these samples. Colonies that resembled Agrobacterium on different isolation media 
appeared after 4-6 days at 28°C (Fig.1). On 1A-medium, the colonies were convex, slightly mucoid and had 
faint purple color with transparent margins. On 2E-medium, Colonies were similar to that present on 1A 
medium but the color was green. On RS-medium, colonies were convex and slightly mucoid with red centers 
and white margins. By streaking the resembling Agrobacterium colonies on PDA medium, almost isolates 
exhibited typical growth of Agrobacterium (convex, glistening, circular with an entire edge, and white to beige 
in color) after 48 hr at 28°C (Fig.1). 
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Fig. 1. Appearance of putative Agrobacterium colonies on the isolation media and PDA  medium. 

 
Identification of Agrobacterium  
Microscopical tests 

On the bases of microscopic examination, many isolates were selected. The selected isolates were 
Gram-negative, rod-shaped, non-spore forming, capsulated and motile.  
 
Tumorigenicity testing 

Among the isolates that have been selected on the basis of morphological and microscopical characters, 
only 11 isolates that subsequently designated: 1B, 2A, 5A, 6A,7A, 10A, 23A, 1C, 9C, 11C and 29C (accession 
No. was given according to the respective collection time and location)  induced tumors on rose, indicator plants 
and carrot slices. 

On rose shoots, tumors appeared 1 month after inoculation as swellings having a light brown color 
started at the wound sites. Over time, the tumors gradually enlarged and develop an irregular, convoluted, rough, 
corky surface and a hard woody interior. The outer tissue gradually darkens (Fig. 2). On other inoculated plants, 
tumors appeared 10-15 days after inoculation as swellings in the wounded sites then increased in size and 
became fleshy (Fig. 3). All isolates induced tumors on all tested plants. The causative organism was readily 
reisolated from resulted galls on the inoculated plants.  

On carrot slices, symptoms appeared as tumors having a light brown color on inoculation region after 
14-21 days (Fig. 4). The causative organism was readily reisolated from resulted galls. 

 
Identity confirmation by Biolog system 

Analysis of selected isolates by the Biolog GN program confarmed that, identities of all isolates were 
Rhizobium radiobacter (Agrobacterium tumefaciens). The similarity of isolates to A. tumefaciens ranges from 
0.649 to 0.826 and probability to be A. tumefaciens ranged from 0.905 to 0.993. 
 

Isolates biotyping  

 As shown in Table (2), all the tested isolates reacted positively to oxidase, citrate utilization and acid 
production from sucrose and erythritol whereas thy reacted negatively to growth at 5% NaCl and growth on 
ferric ammonium citrate. In 3-ketolactose production test, only the isolate designated 23A reacted positively 
while the other showed negative reaction. In remained preformed tests (growth at 2% NaCl, alkali from tartaric 
acid and growth at 35 oC), the isolate obviously varied in thy response to each test. Regard to the reactions of the 
isolates to these tests, the isolates designated 5A, 10A and 9C showed similar reactions and coincided well with 
those reactions of biotype 1 whereas the isolates designated 1B, 6A, 7A and 23A showed similar reactions and 
coincided well with those reactions of biotype 2. The isolates designated 2A, 1C, 11C and 29C showed different 
reactions and thus they considered as biotype-intermediate isolates.   
  
Host range  

In addition to rose and indicator plants that were used in tumorigenicity test, tumor-inducing capability 
of 11 A. tumefaciens isolates were tested on 49 plant species belonged to 19 families (Table 3).  
The results showed that, all isolates were tumorigenic on  sunflower, marigold, pot marigold, annual baby's-
breath, aster, stock, sweet sultan, petunia, periwinkle, Kalanchoe serrata, Kalanchoe pinnata, castor, Datura 
metel, black nightshade, lesser green poinsettia, common purslane, milkweed, chenopodium, burning nettle, 
Sodom apple, squash fruit, potato, radish root,  flowering axis and turnip. On the contrary,  all isolates failed to 
induce tumors on chrysanthemum, European goldenrod, carnation, common violet, cape marguerite, common 
jasmine, Arabian jasmine, marguerite, floss flower , basil, clumping gazania, white frangipani, China rose, 
geraniums, coleus, gardenia, hollyhock, golden euryops, green amaranth, fleabane, pigeon pea and cape 
gooseberry. On the other hand, the isolates varied in its tumorigenicity on the three tested plants, zinnia, 
European radishes root and snapdragon. In the case of zinnia, the isolates designated 1B, 2A, 5A, 6A, 7A, 10A, 

http://en.wikipedia.org/wiki/Datura_metel
http://en.wikipedia.org/wiki/Datura_metel
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23A and 29C were tumorigenic whereas the others did not. In the case of European radishes, the isolates 
designated 1B, 7A, 23A, 1C, 9C, 11C and 29C were tumorigenic whereas the others were did not. In the case of 
snapdragon, the isolates designated 1B, 2A, 5A, 6A, and 23A were tumorigenic whereas the others were did not. 

  

Fig. 2. Tumor progression on rose shoot after artificial inoculatin by isolate 9C. 

 

 
 

 

Fig. 3. Tumors resulted from artificial inoculation of indicator plants by some selected isolates. 
 

 

Fig. 4. Tumor resulted from artificial inoculation of carrot slices by isolate 9C (A, 14 days and B, 21 days after 
inoculation). 
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Table  2. Biotypic differences between the tumorigenic Agrobacterium tumefaciens isolates 

 

Growth on 

NaCl 
3-

Ketolactose  

production 

Citrate 

utilization 

Oxidase 

reaction 

Alkali 

from 

tartaric 

acid 

Acid production from 
Growth 

at 35oC 

Growth in 

Ferric 

ammonium 

citrate 

Isolate 2% 5% Erythritol Sucrose 

1B - ** - - + + + ** + + - ** - 

2A + - - + + + + + - - 

5A + * - - + + -  * + + +* - 

6A - ** - - + + + ** + + - ** - 

7A - ** - - + + + ** + + - ** - 

10A + * - - + + - * + + + * - 

23A - ** - + + + + ** + + - ** - 

1C + - - + + + + + - - 

9C + * - - + + -  * + + + * - 

11C + - - + + + + + - - 

29C + - - + + + + + - - 

    + = Positive reaction   - = Negative reaction      *= similar reactions and coincided with biotype 1     

**= similar reactions and coincided with biotype 2 

 
Table   3. Tumor-forming ability of eleven Agrobacterium tumefaciens isolates on forty nine plant species.  

Tested plant 
Tumorability   

by isolates 
Tested plant 

Tumorability   
by isolates 

Amaranthaceae 
Chenopodium (Amaranthus viridis)                                     All 
Cock comb (Amaranthus cruentus)                                     Non 

Apocynaceae 
Periwinkle (Catharanthus roseus)                                    All  
Sodom apple (Calotropis procera)                                   All 
White Frangipani (Plumeria alba)                                  Non 

Asteraceae 
Aster (Callistephus chinensis)                                          All 
Cape marguerite (Dimorphotheca ecklonis)                     Non 
Chrysanthemum (Chrysanthemum indicum)                    Non 
Clumping Gazania (Gazania rigens var. rigens)              Non 
European goldenrod (Solidago virgaurea)                      Non 
Fleabane (Conyza linifolia)                                              Non 
Floss flower (Ageratum houstonianum)                           Non 
Golden euryops (Euryops pectinatus)                              Non 
Marguerite (Argyranthemum frutescens)                         Non 
Marigold (Tagetes erecta)                                                All 
Pot marigold (Calendula officinalis)                                All 
Sunflower (Helianthus annuus)                                       All 
Sweet Sultan (Centaurea moschata)                               All 
Zinnia (Zinnia elegans)                                                     8* 

Brassicaceae 
European radishes (Raphanus sativus)                             7* 
Radish (Raphanus sativus)                                              All 
Stock (Matthiola incana)                                                All 
Turnip (Brassica rapa)                                                    All 

Caryophyllaceae 
Annual baby's-breath (Gypsophila elegans)                    All 
Carnation (Dianthus caryophyllus)                                  Non 

Cucurbitaceae 
Squash (Cucurbita pepo)                                                  All 

Crassulaceae      
Kalanchoe (Kalanchoe pinnata)                                       All 

 Kalanchoe (Kalanchoe serrata)                                       All 

Euphorbiaceae 
Castor (Ricinus communis)                                      All 
Milk weed (Euphorbia peplus)                               All 
Poinsettia (Euphorbia heterophylla)                      All 

Fabaceae  
Pigeon pea ( Cajanus cajan)                                    Non 

Geraniaceae 
Geraniums ( Pelargonium peltatum)                       Non 

Lamiaceae 
Basil ( Ocimum basilicum )                                     Non 
Coleus (Coleus blumei )                                          Non 

Malvaceae 
China rose ( Hibiscus rosa-sinensis)                     Non 
Hollyhock (Alcea setosa)                                       Non 

Oleaceae  
Arabian jasmine ( Jasminum sambac)                   Non 
Common jasmine (Jasminum officinale)               Non 

Plantaginaceae  
Snapdragon ( Antirrhinum majus)                            5* 

Portulacacae 
Common purslane (Portulaca oleracea)                All 

Rubiaceae  
Gardenia (Gardenia jasminoides)                          Non 

Solanaceae  
Black nightshade (Solanum nigrum )                    All 
Cape gooseberry (Physalis peruviana)                 Non 
Datura (Datura metel) All 
Petunia (Petunia hybrida)                                      All 
Potato (Solanum tuberosum)                                 All 

Urticaceae 
Burning nettle ( Urtica urens L.)                           All 

Violaceae 
     Common violet ( Viola odorata)                            Non 

8* = 1B, 2A, 5A, 6A, 7A, 10A, 23A and 29C.      7* = 1B, 7A, 23A, 1C, 9C, 11C and 29 C.     5* = 1B, 2A, 5A, 6A and 23A. 

 
Protein profile  

Protein profile of 11 Agrobacterium tumefaciens isolates in addition to one isolate of Agrobacterium 
vitis and one isolate Agrobacterium larrymoorei was studied by SDS-PAGE analysis. The protein pattern of 
Agrobacterium tumefaciens isolates were closely related to each other indicated by the protein bands appeared 
in all the isolates. Protein bands from 212 to 14 kDa were observed in all isolates (Fig. 5). Some variation was 
observed in comparing the protein pattern of the isolates of Agrobacterium vitis and the isolate of 
Agrobacterium larrymoorei. The protein band approximately at 24 kDa were observed in Agrobacterium vitis 
isolate (1M) whereas the protein bands approximately at 36 and 21 kDa were observed in Agrobacterium 
larrymoorei isolate (6F). 
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Fig.  5.  Protein profile of eleven isolates of Agrobacterium tumefaciens (from 1B to 29C), one isolate of 

Agrobacterium vitis (1M) and one isolates Agrobacterium larrymoorei (6F). 
 

PCR analysis  
In PCR reactions, the universal primers virD2A-virD2E and virD2A-virD2C were used to amplify the 

highly conserved DNA sequences in the virD2 gene of the vir region in 11 Agrobacterium tumefaciens isolates 
in addition to one isolate of Agrobacterium vitis and one isolate Agrobacterium larrymoorei. 
Figure 6 shows the PCR amplification of the virD2 region in the tested isolates. In Fig. 6 A, PCR with the 
virD2A-virD2C primer pair yielded the expected 224-bp specific bands from all the tested isolates. Moreover, 
PCR with the virD2A-virD2E primer pair also successfully proliferated the targeted sequences giving a band 
338bp in length also from all isolates (Fig. 6 B). These results supporting further identity of the present isolates 
as A. tumefaciens. The RB primer set (consisting of RBF and RBR) which amplifies the nopaline type, and the 
ocs primer set (consisting of ocsF and ocsR) which amplifies the octopine type of A.  tumefaciens were used to 
emphasizing different opine types of the isolates.  

The results of the nopaline/octopine assay showed that, except the isolate 1B, all the tested isolates 
were determined to be nopaline type, including 1M (Agrobacterium vitis) and 1F (Agrobacterium larrymoorei) 
(Fig. 7). None of A. tumefaciens isolates were found to be octopine type (Fig. 8). Interestingly, isolate 1B did 
not have any band with the both primers whereas the A. vitis isolate gave the specific bands with the both 
primers. 

 
Sensitivity to antibiotics 

The antibiotic-resistance profile of Agrobacterium tumefaciens isolates were assayed using 13 different 
antibiotics. The results revealed that, the isolates markedly varied in its response to antibiotics (Table,4 and Fig. 
9). Generally, all isolates showed considerable susceptible response to ciprofloxacin, ofloxacin, norfloxacin and 
chloramphenicol whereas they showed considerable resistant response to cefaclor, cefixime and oxytetracycline. 
They were relatively resistant to nalidixic acid, nitrofurantoin and rifamycin whereas they varied markedly in its 
response to vancomycin, streptomycin and erythromycin.  
In the case of vancomycin (30 mcg) treatment, isolate designated 11C showed the highest susceptible response 
(inhibition zone =40 mm). Although, all the other isolates showed somewhat susceptible response, Isolates 
designated 1B, 9C, and 29C were significantly highly susceptible (inhibition zone = 34, 29, and 28 mm 
respectively) in comparing with other isolates. In the case of streptomycin (10 mcg) treatment, isolate 
designated 10A was completely resistant (inhibition zone = 0). In the other hand, isolates designated 1B, 6A, 
7A, 1C, 9C, and 11C were highly susceptible (inhibition zone = 40, 45, 46, 47, 43, and 40 mm respectively) 
where the others exhibit intermediate to weak susceptibility response. In the case of erythromycin (15 mcg) 
treatment, none of isolates was completely resistant. Regard to LSD, isolate designated 1B, 2A and 7A were 
highly susceptible (inhibition zone = 41, 37 and 37 mm respectively) whereas the other isolates showed 
different susceptibility responses (inhibition zone fluctuated between 34 and 18 mm).   
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Fig. 6 A.  PCR amplification using the virD2A-virD2C primers. Lane: M, 100-bp ladder marker; lanes: 1B, 2A, 

5A, 6A, 7A, 10A, 23A, 1C, 9C, 11C  and 29C, A. tumefaciens isolates; lane 1M, A. vitis and lane 6F, 
A. larrymoorei . 

 
Fig. 6 B.  PCR amplification using the virD2A-virD2E primers. Lane:  M, 100-bp ladder marker; lanes: 1B, 2A, 

5A, 6A, 7A, 10A,23A, 1C, 9C, 11C  and 29C, A. tumefaciens isolates; lane 1M, A. vitis and lane 6F, 
A. larrymoorei . 

 
Fig. 7.   PCR amplification using the RBF-RBR  primers. Lane: M, 100-bp ladder marker; lanes: 1B, 2A, 5A, 

6A, 7A, 10A, 23A, 1C, 9C, 11C  and 29C, A. tumefaciens isolates; lane 1M, A.vitis and lane 6F, A. 
larrymoorei .  

 
Fig. 8.  PCR amplification using the ocsF-ocsR primers. Lane: M, 100-bp ladder marker; lanes: 1B, 2A, 5A, 6A, 

7A, 10A, 23A, 1C, 9C, 11C  and 29C, A. tumefaciens isolates; lane 1M, A.vitis and lane 6F, A. 
larrymoorei . 
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Table. 4.  Effect of antibiotics on the growth of Agrobacterium  tumefacins isolates in vitro. 

Isolate 

*Mean of zone diameter ( nearest whole  mm) 

CIP 

5 µg 

OFX 

5 µg 

VA 

30 µg 

NA 

30 µg 

F 

300 µg 

CEC 

30 µg 

S 

10 µg 

NOR 

10 µg 

E 

15 µg 

CFM 

5 µg 

C 

30 µg 

RF 

30 µg 

T 

30 µg 

1B 47 45 34 11 21 9.0 40 40 41 10 44 17 11 

2A 40 33 18 24 - - 15 35 37 - 53 20 - 

5A 43 46 16 28 12 13 13 43 34 - 45 24 - 

6A 40 40 18 23 18 10 45 35 28 17 55 21 12 

7A 40 46 18 28 30 18 46 40 37 - 48 27 15 

10A 48 34 18 12 11 - - 32 26 - 35 16 - 

23A 40 43 21 21 13 - 17 40 27 14 45 25 9 

1C 38 36 17 20 28 10 47 38 23 - 40 15 11 

9C 45 44 29 16 17 - 43 43 18 - 35 15 11 

11C 40 40 40 26 15 - 40 33 30 - 45 24 12 

29C 45 30 28 15 24 10 30 25 30 - 40 3 10 

LSD between isolates = 6.2        LSD between antibiotics = 8.5        * = calculated from 5 replicates.  

CIP = Ciprofloxacin CEC= Cefaclor  C = Chloramphenicol  CFM= Cefixime E = Erythromycin  NA= Nalidixic Acid  
OFX= Ofloxacin S= Streptomycin    RF= Rifamycin   F= Nitrofurantoin    VA= Vancomycin       NOR = Norfloxacin     
T = Oxytetracycline   
 
 

 

 
Fig. 9. Sensitivity of Agrobacterium tumefaciens isolate 7A to different antibiotics. 
CIP = Ciprofloxacin 5 µg  CEC=  Cefaclor  30  µg  C = Chloramphenicol 30  µg  CFM=  Cefixime 5  µg    
E = Erythromycin 15  µg              NA=  Nalidixic Acid 30  µg  OFX= Ofloxacin 5  µg    S= Streptomycin  10  µg     
RF= Rifamycin 30  µg   F=  Nitrofurantoin   300 µg         VA= Vancomycin 30 µg  NOR = Norfloxacin 10  µg   
T = Oxytetracycline  30  µg    

 
Discussion   

The purpose of this study was to confine the characteristics of different virulent indigenous 
Agrobacterium tumefaciens isolates that isolated from rose plants. Characteristics, which include morphological 
and microscopical features, pathogenicity and host range, biochemical and molecular characters, moreover 
antibiotic-resistance profile were studied.  

Isolation process resulted in selection of many isolates that were tentatively suspected to be belonging 
to agrobacteria; since they were isolated from galls, formed typical colonies that resembled agrobacteria on 
different isolation media moreover they were Gram-negative, rod-shaped, non spore-forming, capsulated and 
motile. 

Pathogenicity test is the main criterion for the identification of plant pathogenic  
bacteria, that it illuminates and shortening the right way to selecting the targeted isolates. In particular, 
tumorigenicity is considered clear evidence on the belonging of the isolate to the genus Agrobacterium. 
Therefore, tumorigenicity test was conducted at the outset of the study in order to selecting the tumorigenic 
isolates. Among the selected isolates that were subjected to tumorigenicity test, only 11 isolates conformed 
closely to be belonging to agrobacteria; since they were produced galls on rose shoots, indicator plants and 
carrot slices. 

Based on their physiological and biochemical characteristics, our Agrobacterium isolates could be 
separated into three biotypic groups according to their reactions to standard protocol of Moore et al. (2001). The 
first group consisted of 3 isolates that corresponded with the characteristics of biotype 1. The second   group 
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consisted of 4 isolates that corresponded with the characteristics of biotype 2. The third group consisted of 4 
isolates that showed biotype-intermediate characters since their reactions to the different tests were found to be 
unlike the reactions of the above groups and also unlike the characteristics of biotype 3(Agrobacterium vitis).  
The status of Agrobacterium isolates can be discussed regarding to the different approaches to classification. 
Young et al. (2003) mentioned that, commentaries on approaches to bacterial classifications suggest that they 
can validly be based on different premises that lead to different nomenclatures. Phenetic classification is based 
on the overall similarities and differences between bacteria. Phylogenetic classification is based on the inferred 
ancestral relationships of bacteria. Polyphasic classification is based on a consensus of phenotypic data 
(gathered by all available methods) that is consistent with phylogenetic classification established using 16S 
rRNA or 23S rRNA sequence data. 

The host range of our indigenous Agrobacterium tumefaciens isolates were determined by artificial 
inoculation of 49 different plants as well as rose and indicator plants. The results showed considerable variation 
in their host range. These differences in host range are interesting and evident indication of the diversity among 
these isolates. This variation may be attributed to the nature of host plant and the isolate. As discussed before 
(Otten et al., 2008), the host range of Agrobacterium is determined by bacterial and plant factors. The former 
factor includes bacterial virulence genes and T-DNA oncogenes while the latter factor includes plant genes 
required for transformation and tumor formation. Smith and Hood (1995) reviewed that, besides the genetic 
factors, tissue type and physiological status of the plant may influence efficient transformation and tumor 
formation. For example, monocotyledons are known as non-hosts of Agrobacterium, but meristematic cells of 
several monocotyledons have been successfully transformed under laboratory conditions. Refer of the foregoing 
discussion; our data suggest the potential use of these newly characterized A. tumefaciens isolates in transient 
transformation assays with certain plant species. 

Protein profile of obtained Agrobacterium isolates was studied by SDS-P AGE analysis. The bands 
from 212 to 14 kDa were observed in all tested isolates.  The electrophoretic variation in proteins has been 
increasingly used in assessing genetic relatedness and in establishing evolutionary information about taxonomic 
relationships in a variety of organisms (Huisingh and Durbin, 1965; Ladizinsky & Hymowitz 1979 and Roberts 
et al. 1980). Based on the protein profile resulted in the present study, our agrobacterial isolates were closely 
related which indicated by the protein bands appeared in the protein pattern of all isolates. Hence, in order to 
ascertain the molecular variations among these isolates, more molecular studies have to be carried out. 

Since the introduction of thermostable DNA polymerase and automated thermocyclers (Saiki et al., 
1988), PCR has rapidly become a basic diagnostic and identification protocol in plant pathology. In the present 
study, the universal primers virD2A-virD2C and virD2A-virD2E were used to amplify the highly conserved 
DNA sequences in the virD2 gene of the vir region on the Ti or Ri plasmid. PCR with these primers 
successfully proliferate the target sequences giving the specific bands expected for these primers with all tested 
isolates. These results are supporting further identity of these isolates as A. tumefaciens.  

The PCR method developed by Tan et al. (2003) using two sets of primers (RBF-RBR and ocsF-ocsR) 
provides a rapid method for identifying nopaline or octopine type A. tumefaciens. The RBF-RBR primer set 
designed based on the nopaline type T-DNA right border and the nearby sequences of A. tumefaciens detecting 
the nopaline-type Ti plasmid. The ocsF-ocsR primer set derived from the ocs gene of the octopine type A. 
tumefaciens detecting the octopine type Ti plasmids. Our PCR results of the nopaline/octopine assay verified 
that, all isolates except one were determined to be nopaline type, including A. vitis and A. larrymoorei isolats. It 
is worth noticeable, there was no isolates of A. tumefaciens as well as A. larrymoorei isolate founded to be 
octopine type. Interestingly, we found the isolate named 1B belongs to neither the nopaline nor the octopine 
type. Tan et al. (2003) reported this case before. They suppose that, could have been some A. tumefaciens 
mutants or other conserved opine genes, but the real identity could not be confirmed by this method. Therefore, 
another method is necessary to confirm the opine identity of this isolate. Worth mentioning and is opposite to 
the former case, the A. vitis isolate founded to be positive with both primers.  This result is accordant with 
formerly published with some A. vitis strains (Bini et al., 2008; Tolba and Zaki, 2011). The dual opine character 
of these isolates can be explained by, this strain might harbor two distinct Ti plasmids, one coding for vitopine 
and the other for octopine.   

The antibiotic-resistance profile of our Agrobacterium isolates was assayed in the presence of 13 
different antibiotics.  The isolates strikingly exhibit different results in their antibiotic susceptibility pattern. 
Prove of this, all of these isolates were substantially resistant to cefaclor, cefixime and oxytetracycline and 
significantly susceptible to ciprofloxacin, ofloxacin, norfloxacin and chloramphenicol whereas they were 
relatively resistant to nalidixic acid, nitrofurantoin and rifamycin and varied markedly in its response to 
vancomycin, streptomycin and erythromycin. Antibiotic resistance means, the ability of a microorganism to 
withstand the effects of an antibiotic (Karthy et al., 2009). The question here, what is the necessity of this assay? 
The benefits of this assay have been critically discussed. Dudman and Heidelberger (1972) reported that, the 
antibiotic susceptibility patterns or antibiogram could be used to distinguish among different strains. Moreover, 
Jefferson et al. (1987) established that, in order to utilize Agrobacteria for the host-vector system, so called 
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"Agrobacterium-pTi host-vector system,", the antibiotic resistance of the bacteria needs to be investigated, 
because the bacteria harboring binary vectors can be selected by antibiotic resistance accompanied with the 
vector (Especially, ampicillin, chloramphenicol, kanamycin, streptomycin and tetracycline are usually used for 
selecting bacteria harboring vectors). On the other hand, in in vitro transformation technique such as the leaf 
disc inoculation method and the co-cultivation method, plant tissues, cells and/or protoplasts inoculated with 
Agrobacterium harboring binary vectors need to be removed from their inocula for establishing aseptic-tissue-
culture lines. An addition of antibiotics such as carbenicillin, rifampicin and/ or vancomycin into a plant tissue 
culture medium is indispensable for removing the inocula (Lichtenstein and Draper, 1985). Thus, an exam-
ination of antibiotic resistance degree of each strain is one of the most important matters for plant genetic 
engineering using "Agrobacterium-pTi host-vector system.  

From the above discussion, it is clear that, the biochemical studies, protein profile, DNA studies, host 
range and antibiotic sensitivity pattern showed a variations between these isolates and it may be concluded that, 
the obtained isolates of A. tumefaciens be treated as separate strains. 
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