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Abstract 
 

An efficient selection system and Agrobacterium mediated transformation for chickpea (Cicer 
arietinum L.) cotyledonary nodes were investigated. Effect of selective agents and antibiotics on 
multiple shoot and root induction of cotyledonary nodes and effects of mechanical injury and 
vacuum infiltration on transformation efficiency were evaluated. Selective agents and antibiotics 
were applied to explants at different concentrations for one month and numbers of regenerated 
shoots and roots were recorded. Kanamycin at 100 mg dm-3, hygromycin at 20 mg dm-3, 
phosphinotricin at 3 mg dm-3 and glyphosate at 5 mg dm-3 were found to be appropriate to select 
chickpea transformants. Lowest concentrations of all selective agents (50 mg dm-3 kanamycin, 10 
mg dm-3 hygromycin, 3 mg dm-3 phosphinotricin, 1 mg dm-3 glyphosate) totally inhibited rooting of 
the regenerated shoots. Among the Agrobacterium-eliminating-antibiotics, timentin significantly 
increased and carbenicillin significantly decreased shoot induction after 4 weeks of culture. On the 
other hand, cefotaxime at all concentrations significantly decreased root induction. Sulbactam, a β-
lactamase inhibitor, in combination with carbenicillin and cefotaxime displayed effective inhibition 
of Agrobacterium tumefaciens growth. Furthermore, selection procedure formulated in this study 
was used in chickpea transformation studies. Histochemical GUS staining was performed 4 and 16 
days after transformation to analyze putative transgenics. On the other hand, efforts were exerted 
on transformation to increase the efficiency. Mechanical injury prior to transformation and vacuum 
infiltration at 200 mm Hg for 40 min., during bacterial inoculation might be employed to increase 
the efficiency of chickpea transformation. 
 
Introduction 
 

Selection and recovery of transformed cells or tissues and elimination of 
Agrobacterium from the cultures require the use of selective agents and/or antibiotics. 
Genes encoding antibiotic resistance and herbicide tolerance are widely employed as 
selective markers to identify the rare transformed explants (de Vetten et al., 2003; Miki & 
McHugh, 2004). Selective agent concentration to be used in gene transfer should be 
optimized prior to transformation to determine agent effective on shoot and root 
regeneration and to determine lethal dose for each agent. 

The continued presence of Agrobacterium interferes with the growth, development, 
and rooting rates; and even it causes the necrosis of transformed explants (Tang et al., 
2004). Moreover, elimination of Agrobacterium from transformants is a prerequisite in 
preventing the possibility of gene release when these plants are transferred to soil (Barrett et 
al., 1997). Bacterial presence on putative transgenics may also result in false positives 
during molecular analyses. Most commonly used antibiotics for elimination of various 
strains of Agrobacterium are carbenicillin, cefotaxime and timentin (Nauerby et al., 1997). 
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Legume cotyledonary nodes (CN) were found to be one of the best responding 
explants in tissue culture; therefore, transformation procedures using CN were developed 
for various legumes such as soybean (Hinchee et al., 1988), lentil (Mahmoudian et al., 
2002), blackgram (Saini et al., 2003), and pigeonpea (Thu et al., 2003). To date a number 
of reports described genetic transformation of chickpea via Agrobacterium (Fontana et 
al., 1993; Kar et al., 1996; Krishnamurthy et al., 2000; Sarmah et al., 2004; Senthil et al., 
2004; Polowick et al., 2004; Tewari-Singh et al., 2004; Sanyal et al., 2005) or via 
microprojectile bombardment (Kar et al., 1997; Husnain et al., 1997). Explants used in 
these reports were mostly embryo axes devoid of root meristem and shoot apex. Chickpea 
CN explants were used in the study of Sanyal et al., (2005). 

Shoot regeneration from chickpea embryo axes was evaluated under various 
concentrations of kanamycin and phosphinotricin (PPT) (Krishnamurthy et al., 2000); 
however no comprehensive evaluation has been carried out on responses of chickpea CNs 
to the commonly employed selective agents. Effects of Agrobacterium eliminating 
antibiotics on different plant species (tobacco, wheat, barley, potato and apple) have been 
reviewed by Nauerby et al., (1997); however no literature data is available on chickpea. 

Therefore, in this study we investigated effects of four selective agents (kanamycin, 
hygromycin, PPT and glyphosate) and four Agrobacterium eliminating antibiotics 
(carbenicillin, cefotaxime, timentin, and augmentin) on multiple shoot and root induction 
in chickpea CN. Furthermore, effect of sulbactam, a β-lactamase inhibitor, in 
combination with other antibiotics on chickpea regeneration and effect of these 
antibiotics on A. tumefaciens growth were evaluated. On the other hand, Agrobacterium 
mediated transformation of chickpea CN was performed and the optimized procedure of 
selection was employed during transformation studies. Effects of mechanical injury and 
vacuum infiltration on transformation were also studied. 
 
Materials and Methods 
 
Preparation of plant material: A kabuli type chickpea (Cicer arietinum L.) cultivar 
Gökce (kindly donated by Exporter Unions Seed and Research Company) was used 
throughout the study. Seeds of chickpea were surface sterilized in 3% (v/v) Sodium 
hypochloride including 0.1% (v/v) Tween-20 for 90 min. Then they were rinsed in sterile 
distilled water five times and blotted dry on sterile filter papers. Dried seeds were placed 
onto half strength MS media (Murashige & Skoog, 1962) lacking vitamins and 
supplemented with 1.5% (w/v) sucrose and 0.6% agar (w/v). Germination was carried out 
at 24±2ºC in dark for 4 days. CNs were isolated from 4 days-old etiolated chickpea 
seedlings. The radicle and emerging shoot primordium were removed with single cuts 
leaving 5-6 mm of tissue on both sides of the node. Then the cotyledons were excised 
from the node, leaving 2-3 mm of tissue on explant (Fig. 1a). 
 
Bacterial strain and culture media: A. tumefaciens strain KYRT1 (Torisky et al., 1997) 
containing pTJK136 (Kapila et al., 1997) was used both to transform chickpea CNs and 
to determine the effect of antibiotics on bacterial growth. Yeast extract broth (YEB) 
containing nutrient broth (13.5 g dm-3), yeast extract (1 g dm-3), sucrose (5 g dm-3) and 
magnesium sulphate (2 mM) at pH 7.2 was used to grow A. tumefaciens KYRT1. The 
medium was supplemented with filter sterilized rifampin (100 mg dm-3), carbenicillin 
(100 mg dm-3), gentamicin (40 mg dm-3), streptomycin (300 mg dm-3) and spectinomycin 
(125 mg dm-3). Bacteria were grown in YEB at 200 rpm and 28±1ºC unless otherwise 
indicated. Binary vector pTJK136 carries an intron containing uidA (gusA) reporter gene 
and nptII selectable gene as plant selection markers. 
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Tissue culture studies: CNs were regenerated on MS media, supplemented with 3% 
(w/v) sucrose and 0.8% (w/v) agar. The media were prepared with distilled water and the 
pH was adjusted to 5.6-5.8. Media were sterilized at 121ºC for 20 min. Growth 
regulators, selective agents, antibiotic solutions and sulbactam (Pfizer) were filter 
sterilized with 0.2 µm pore sized filters (Sartorius, Minisart) and added freshly to the 
sterilized and cooled media. Multiple shoot induction from CNs and rooting of 
regenerated shoots were performed with 1 mg dm-3 of benzylaminopurine (BA) and 0.1 
mg dm-3 of indole butyric acid (IBA), respectively. The explants were cultured for 4 
weeks at 24±2ºC under light (100 µmol m-2 s-1) with a 16/8 h photoperiod. Number of 
shoots per CN, number of roots per shoot and rooting frequency (percent of shoots 
having roots) were recorded. 
 
Antibiotic sensitivity testing: To determine the effects of antibiotics on growth of A. 
tumefaciens cells, a modified agar diffusion test was used. An overnight grown culture 
was first diluted to a final OD600 of 0.8. 100 µL of this bacterial culture was spread on 
YEB media solidified with 1.5% (w/v) agar. Surface was air dried for about 5 min. Then 
sterile filter paper discs loaded with different concentrations of antibiotics were placed on 
the agar surface. The plates were incubated at 28±1ºC for 2 days. Diameters of growth 
inhibition zones were recorded. 
 
Transformation studies: The utilized transformation procedure was adopted from 
Mahmoudian et al., (2002). A. tumefaciens strain KYRT1 was grown overnight in liquid YEB 
(pH 5.6) supplemented with necessary antibiotics, 10 mM MES (2-[N-Morpholino] 
ethanesulfonic acid), and 20 µM acetosyringone (3’,5’-Dimethoxy-4-hydroxyacetophenone), 
till OD600 reaches to 0.8. Then the bacterial culture was centrifuged at 1,500g for 15 min at 
4ºC. The pellet was resuspended in MS (pH 5.6) lacking vitamins and containing 2% (w/v) 
sucrose, 10 mM MES and 200 µM acetosyringone, with OD600 value of 2.4-2.5. Then 
bacterial suspension was incubated for 60 min., at 24±2ºC under fluorescent lights. CNs were 
inoculated with bacteria in this suspension for 40 min., under the same conditions. Then CNs 
were blotted dry on sterile filter papers and placed onto MS media containing 1 mg dm-3 BA 
for co-cultivation, which was performed for 4 days at 24±2ºC under light with a 16/8 h 
photoperiod. 

Mechanical injury of CN was performed prior to bacterial inoculation, with a fine glass 
needle, by poking 6 to 8 times at each axillary region of cotyledonary petiole. To determine 
the effect of infiltration on transformation efficiency, mechanically injured CNs were 
vacuum infiltrated during inoculation of CNs with bacteria. Vacuum infiltration was 
performed for 40 min., at evacuation pressures of 200, 400 and 600 mmHg. 

Selection was performed with 100 mg dm-3 kanamycin and this concentration was 
decreased to 50 mg dm-3 during root induction. Elimination of bacteria was achieved by 
addition of 200 mg dm-3 carbenicillin, 400 mg dm-3 cefotaxime and 100 mg dm-3 
sulbactam to the regeneration media. For the analysis of putative transgenics, GUS 
histochemical staining (Jefferson, 1987) was performed 4 and 16 days after 
transformation. Results of GUS staining on 4th day, were recorded as number of shoots 
exhibiting GUS activity per CN and as percent of CN explants exhibiting GUS activity. 
On the other hand, results of GUS staining on 16th day, were recorded as GUS expressing 
area relative to the total surface area of tissues. This value of relative GUS positive area 
was measured by image analysis system (Zeiss® KS300). 
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Statistical analysis: All of the statistical analyses were carried out by using Minitab 13.0 
software. Means and standard error of means (SEM) were calculated with this software. 
One-way analysis of variance (ANOVA) at a 95% confidence interval (p<0.05) was used 
to detect variances in means and was used to investigate the relationship between 
response variables. 
 
Results and Discussion 
 

In this study, chickpea regeneration was performed via direct organogenesis using 
CN; and complete plant regeneration lasted for a total of 28 days starting from seed 
surface sterilization (Fig. 1a-c). First shoots emerged in 7-8 days of culture. Upon 
excision of previous ones, new shoots emerged from each axillary region each week. This 
continuous differentiation and absence of callus phase decreased the time required for 
regeneration and increased the number of regenerated plants. 1 mg dm-3 BA and 0.1 mg 
dm-3 IBA were found to be appropriate for multiple shoot induction from axillary 
meristems of CN and for root induction from regenerated shoots, respectively (data not 
shown). 
 
Effects of selective agents on multiple shoot induction: Multiple shoot induction under 
50 mg dm-3 kanamycin or 10 mg dm-3 hygromycin was significantly lower than control 
after 2 weeks of culture (Table 1). On the other hand, effects of inhibition were more 
drastic when 100 mg dm-3 kanamycin or 20 mg dm-3 hygromycin were used. Kanamycin 
and hygromycin are inactivated through phosphorylation. Chickpea might have non-
specific phosphotransferase activity, which might explain the regeneration of minimum 
numbers of shoots and which might result in background activity during transformation. 

PPT even at the lowest concentration (3 mg dm-3) totally inhibited shoot regeneration 
(Table 1). The explants were totally decolorized lacking chlorophyll synthesis. This lethal 
effect was observed even after 1 week of culture. Senthil et al., (2004) also observed 
shoot necrosis caused by 2.5 mg dm-3 PPT. Glyphosate at concentration of 5 mg dm-3 
significantly decreased the number of shoots regenerated from chickpea CN after 2 weeks 
of culture (Table 1). Shoots regenerated under the stress of high concentrations (5 mg dm-

3 or more) of glyphosate were shorter and less developed compared to ones regenerated 
on herbicide-free media. At such high concentrations of herbicide, shoot buds were 
formed but they did not develop into whole adventitious shoots. Inhibition of 
meristematic-tissue-elongation was also observed during selection after transformation of 
wheat (Hu et al., 2003). Glyphosate inhibits 5-enolpyruvylshikimate-3-phosphate 
synthase (EPSPS), a key enzyme of the shikimate pathway, which is required for the 
synthesis of aromatic amino acids and other compounds including vitamins, plant growth 
substances and lignin. Therefore, elongation of shoot buds might be inhibited because of 
depletion of such vital compounds. There are limited numbers of reports on effects of 
glyphosate on plant tissues in culture. Overall, these results might show that herbicides 
are better selective agents compared to antibiotics for chickpea transformation. 
 
Effects of antibiotics on multiple shoot induction: High frequency transformation 
using Agrobacterium depends not only on the efficiency of plant regeneration but also on 
the elimination of bacteria from transformed cells. According to the number of shoots per 
explant, augmentin and cefotaxime up to 600 mg dm-3 were determined to possess no 
effect on chickpea CNs (Table 2). Similarly augmentin was defined as an efficient 
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antibiotic for elimination of A. tumefaciens C58C1, in selection of Artemisia annua L. 
with no significant effect on explant (Vergauwe et al., 1996). At all concentrations, 
carbenicillin significantly decreased the numbers of shoots per explant after 4 weeks of 
culture (Table 2). Carbenicillin is a β-lactam antibiotic and phenylacetic acid, a naturally 
occurring auxin, is one of the breakdown products of carbenicillin. Auxin/cytokinin ratios 
in the media or explant might be altered as a result of carbenicillin breakdown. This 
might reduce shoot induction. Timentin, which is an effective inhibitor of bacterial 
growth (Cheng et al., 1998), possessed a positive effect on multiple shoot induction 
(Table 2). Formation of significantly increased numbers of shoots was observed after 2 
weeks at 300 mg dm-3. After 4 weeks of culture all concentrations of timentin resulted in 
significantly high numbers of shoots compared to control. Estopa et al., (2001) reported 
that 100 mg dm-3 timentin increased the number of shoots regenerated from carnation leaf 
explants, which well correlates with our findings. Although breakdown product of 
timentin is also an auxin-like compound, this product does not lead to toxic levels of 
auxin activity. On the contrary, this auxin-like compound might be stimulating shoot 
induction in chickpea CN. 

Antibiotics used in this study can be inactivated by β-lactamases of Agrobacterium. 
Therefore, a β-lactamase inhibitor, sulbactam (100 mg dm-3), was added into media to 
test its effects on explants. Compared to control, a significant decrease in number of 
shoots under all combinations was observed after 4 weeks of culture (Table 2). This 
decrease probably stems from the presence of carbenicillin in all 3 combinations. 
However numbers of shoots regenerated from CN were not significantly different among 
the all 3 combinations. Therefore, it might be stated that 100 mg dm-3 sulbactam does not 
have any influence on multiple shoot induction. On the other hand, concentrations of 
carbenicillin and cefotaxime might be reduced when sulbactam is supplemented, since it 
has no antimicrobial effect of its own and also has no inhibitory effect on multiple shoot 
induction. Similar effect of sulbactam was previously reported on selection of an 
endospermous legume guar (Joersbo et al., 1999). 

 
Effects of selective agents and antibiotics on root induction: All selective agents at 
minimum concentrations totally inhibited the root induction from regenerated shoots 
(Fig. 1d-g). Complete inhibition of rooting under kanamycin was consistent with the 
report of Estopa et al., (2001) in which non-transgenic carnation shoot tips were cultured 
with 150 mg dm-3 kanamycin. Polowick et al., (2004), indicated the importance of 
selective agents and increased the concentration of agent in root induction media for 
chickpea. Likewise Tewari-Singh et al., (2004) used 100 mg dm-3 kanamycin or 5 mg 
dm-3 PPT during chickpea rooting. 

For the explants cultured on antibiotic-free media, rooting frequencies were around 
85 to 90% and number of roots per shoot was around 5 (Table 2). Augmentin at all 
concentrations exhibited no significant change in root induction. On the other hand, 
cefotaxime, at all concentrations reduced the frequency of rooting and number of roots 
per shoot significantly (Table 2). Decreases in both parameters indicated that cefotaxime 
not only inhibited root growth but also inhibited formation of root primordia. 
Regenerated roots in the presence of cefotaxime were shorter and thicker; and shoots 
were less developed compared to the ones cultured in antibiotic-free media. These 
morphological changes are generally observed under abiotic stresses; indicating that 
cefotaxime might have toxic effects inducing stress response in plant tissues. Negative 
effects of cefotaxime on rooting efficiency of carnation shoot tips were also reported by 
Estopa et al., (2001). 
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Table 1. Effects of selective agents on multiple shoot induction. 
Selective agent  

(mg dm-3) 
# of shoots / explant 

(2 weeks) 
# of shoots / explant 

(4 weeks) 
Kanamycin   

0 2.13 ± 0.08a 3.13 ± 0.14a 
50 1.83 ± 0.08b 2.11 ± 0.10b 
100 1.48 ± 0.11c 1.66 ± 0.10c 
150 1.54 ± 0.11c 1.62 ± 0.11c 
200 1.50 ± 0.12c 1.57 ± 0.11c 

Hygromycin   
0 2.19 ± 0.07a 3.52 ± 0.13a 
10 1.71 ± 0.08b 2.22 ± 0.10b 
20 1.25 ± 0.11c 1.54 ± 0.10c 
30 1.15 ± 0.11c 1.43 ± 0.10cd 
50 1.06 ± 0.12c 1.22 ± 0.11d 

PPT   
0 2.17 ± 0.08 3.27 ± 0.14 
3 0 0 
5 0 0 
7 0 0 
10 0 0 

Glyphosate   
0 2.22 ± 0.07a 3.56 ± 0.13a 
1 1.86 ± 0.07b 2.74 ± 0.11b 
5 1.22 ± 0.11c 1.67 ± 0.10c 
10 1.12 ± 0.10c 1.37 ± 0.09d 
25 1.06 ± 0.12c 1.22 ± 0.11d 

Results are averages ± SEM of 4 independent experiments, which contain 15 explants for each 
concentration (n=60 for each concentration). Values in the same column indicated with same 
letter are not significantly different (p<0.05). 

 
Carbenicillin, only at 300 mg dm-3, and timentin at high concentrations (200 and 300 

mg dm-3) significantly reduced rooting efficiency of chickpea shoots. Effects of antibiotic 
and sulbactam combinations on root induction are presented in Table 2. All combinations 
significantly reduced the rooting frequency of chickpea shoots and number of roots per 
shoot. This sharp decrease was similar to one observed under cefotaxime alone; 
indicating that the decrease might be originating from the presence of cefotaxime. Any 
similar inhibitory effect of cefotaxime was not observed in multiple shoot induction. The 
possible reason for this might be the placement of CN onto media. CNs were inserted into 
media and emerging shoots were not in touch with the medium escaping from the toxic 
effects of the antibiotic. 
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Table 2. Effects of antibiotics on multiple shoot and root induction. 
Antibiotic 
(mg dm-3) 

# of shoots / 
explant (2 weeks) 

# of shoots / 
explant (4 weeks) 

# of roots / 
shoot 

rooting 
frequency (%)

Augmentin     
0 2.26 ± 0.08a 3.56 ± 0.10a 4.95 ± 0.25a 87.0 ± 3.8a 

200 2.18 ± 0.08a 3.61 ± 0.11a 4.89 ± 0.30a 86.4 ± 4.6a 
400 2.23 ± 0.07a 3.60 ± 0.12a 4.86 ± 0.27a 91.7 ± 7.9a 
600 2.25 ± 0.06a 3.62 ± 0.13a 4.94 ± 0.31a 85.7 ± 4.5a 

Cefotaxime     
0 2.23 ± 0.08a 3.52 ± 0.12a 5.32 ± 0.28a 90.5 ± 2.8a 

200 2.15 ± 0.08a 3.48 ± 0.13a 2.91 ± 0.25b 57.9 ± 4.2b 
400 2.20 ± 0.07a 3.47 ± 0.13a 2.83 ± 0.27b 54.6 ± 4.2b 
600 2.21 ± 0.07a 3.47 ± 0.13a 2.64 ± 0.28b 55.0 ± 9.6b 

Carbenicillin     
0 2.24 ± 0.08a 3.52 ± 0.08a 5.67 ± 0.31a 85.7 ± 4.1a 

100 2.13 ± 0.06a 3.23 ± 0.10b 5.61 ± 0.33a 81.8 ± 3.7a 
200 2.10 ± 0.07a 3.15 ± 0.10b 3.59 ± 0.24b 81.0 ± 6.9a 
300 2.16 ± 0.06a 3.12 ± 0.09b 3.25 ± 0.22b 57.1 ± 1.4b 

Timentin     
0 2.16 ± 0.07a 3.42 ± 0.08a 5.41 ± 0.34a 89.5 ± 3.7a 

100 2.23 ± 0.06a 3.81 ± 0.11b 5.32 ± 0.30a 86.4 ± 3.3a 
200 2.27 ± 0.06ab 3.93 ± 0.11b 3.86 ± 0.25b 70.0 ± 4.6b 
300 2.35 ± 0.07b 4.02 ± 0.10b 3.27 ± 0.24b 55.0 ± 5.0c 

Combinations     
Control 2.28 ± 0.08a 3.67 ± 0.09a 5.25 ± 0.27a 90.9 ± 8.3a 

200 C + 400 Cf 2.15 ± 0.06a 3.36 ± 0.09b 3.08 ± 0.23b 63.2 ± 3.3b 
200 C + 400 Cf + 100 S 2.13 ± 0.06a 3.25 ± 0.09b 3.08 ± 0.21b 61.9 ± 1.8b 
50 C + 100 Cf + 100 S 2.18 ± 0.06a 3.23 ± 0.09b 3.31 ± 0.26b 65.0 ± 5.0b 
Results are averages ± SEM of 4 independent experiments which contain 15 explants for each concentration 
(n=60 for each concentration) for multiple shoot induction and of 2 independent experiments which contain 
10 explants for each concentration (n=20 for each concentration) for root induction. Antibiotic-free media 
were used as control. Values in the same column indicated with same letter are not significantly different 
(p<0.05). (C: Carbenicillin; Cf: Cefotaxime; S: Sulbactam). 

 
Table 3. Effects of mechanical injury and vacuum infiltration on multiple shoot induction and 

histochemical GUS staining 4 and 16 days after transformation. 

Parameter 
# of shoots / 

explant  
(4th day) 

# of shoots exhibiting 
GUS activity / explant 

(4th day) 

% of explants 
exhibiting GUS 
activity (4th day) 

% of GUS 
expressing area 

(16th day) 
Mechanical injury     
Control 1.71 ± 0.05a 0a 0a 0a 
Not injured 1.58 ± 0.05ab 0.49 ± 0.06b 42.6 ± 4.1b 2.1 ± 0.4b 
Injured 1.47 ± 0.02b 1.21 ± 0.03c 78.6 ± 2.6c 14.9 ± 1.7c 
Vacuum infiltration     
Control 1.76 ± 0.06a 0a 0a 0a 
0 mm Hg 1.46 ± 0.03b 1.06 ± 0.04b 74.5 ± 3.6b 16.1 ± 2.4b 
200 mm Hg 1.41 ± 0.03b 1.16 ± 0.04b 79.1 ± 2.8b 16.3 ± 3.4b 
400 mm Hg 0.73 ± 0.02c 0.33 ± 0.02c 58.6 ± 2.8c 19.2 ± 4.8b 
600 mm Hg 0.34 ± 0.03d 0.10 ± 0.02d 47.7 ± 2.4d 20.2 ± 3.3b 
Results are averages ± SEM of 7 independent experiments which contain a minimum of 25 explants for 
control groups and 50-75 explants for treatments. In control groups, explants were not inoculated with 
bacteria. Values in the same column indicated with same letter are not significantly different (p<0.05). 
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Effects of antibiotics on A. tumefaciens: Efficiency of various antibiotics in controlling 
growth of Agrobacterium was tested using agar diffusion assay. According to the 
diameters of inhibition zones, it was found that A. tumefaciens was resistant to all 
concentrations of carbenicillin (Fig. 2) since it contains carbenicillin resistance gene 
(Torisky et al., 1997). Inhibition zones formed around the discs of augmentin, cefotaxime 
and timentin increased in a dose dependent manner. Among the three antibiotics; 
augmentin produced the narrower zones (8-15 mm) whereas cefotaxime produced the 
wider zones (32-42 mm) at all concentrations. Although the concentrations of both are 
equal (200, 400 and 600 µg) and augmentin contains clavulanic acid (a β-lactamase 
inhibitor), cefotaxime was found to be superior over augmentin in controlling A. 
tumefaciens (Fig. 2). A similar observation in inhibition of A. tumefaciens strain AGL1 
using disc diffusion assay was also reported by de Mayolo et al., (2003). Cefotaxime is a 
cephalosporin antibiotic where augmentin and timentin contains penicillin G group 
antibiotics. The methoxyimino moiety of cefotaxime confers stability to β-lactamases. 

Sulbactam presence exhibited a significant increase in effects of other antibiotics. 
Sulbactam (100 µg), when applied together with 200 µg carbenicillin and 400 µg 
cefotaxime, displayed a zone with a diameter of 47 mm (Fig. 2). Also a decrement in 
concentrations of carbenicillin to 50 µg and cefotaxime to 100 µg in the presence of 
sulbactam resulted in an effective inhibition. Effects of antibiotic combinations together 
with 100 µg kanamycin were also investigated since kanamycin and antibiotics are used 
together during selection of transgenics. Kanamycin (100 µg), carbenicillin (200 µg), 
cefotaxime (400 µg) and sulbactam (100 µg), when applied together, effectively 
controlled bacterial growth (Fig. 2); therefore, this combination might be employed after 
chickpea transformation. 
 
Transformation and analysis of putative transgenics: The optimized system of 
selection and bacteria removal was used after transformation of chickpea CNs with A. 
tumefaciens KYRT1. Results of histochemical GUS staining on 4th and 16th day are 
displayed in Table 3. Mechanical injury significantly increased the transformation 
efficiency. Injury of axillary region of CN increased the number of cells infected at this 
specific region. However, the relative GUS expressing regions were still smaller in area 
compared to total surface area of shoots. Although regenerated shoot number slightly 
decreased upon mechanical injury, number of GUS positive shoots per explant increased 
3 fold and frequency of GUS positive explants increased nearly 2 fold (Table 3). Injury 
also increased the surface area of tissues exhibiting GUS activity by 7 fold (Table 3). On 
the other hand, vacuum infiltration increased the efficiency of transformation only at 200 
mm Hg. Higher values of pressure (400 or 600 mm Hg) significantly decreased the 
number of regenerated shoots, number of GUS positive shoots and frequency of GUS 
positive explants (Table 3). These sharp reductions probably stem from the detrimental 
effects of vacuum or bacterial penetration derived by vacuum. Although GUS-positive-
surface-area of tissues increased slightly under 400 and 600 mm Hg, these increases were 
not significant compared to application of 200 mm Hg (Table 3). Overall, it might be 
concluded that mechanical injury prior to transformation and vacuum infiltration at 200 
mm Hg for 40 min., during bacterial inoculation might be employed to increase the 
efficiency of chickpea transformation. 
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