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ABSTRACT: Tomato (Lycopersicon esculentum) is one of the most important vegetable crops and a 
genetic model for improving other dicotyledonous crop plants. Agrobacterium mediated gene 
transformation method is considered as an effective method for transferring foreign genes into plants. 
cefotaxime, commonly used for elimination of Agrobacterium tumefaciens during plant transformation. In 
high concentrations of cefotaxime, a decrease in regeneration, reducing the number of shoots and 
chlorosis were observed. We examined the effect of FeEDDHA on shoot regeneration from cotyledon 
explants in Falat CH cultivar. When applied during multiplication, FeEDDHA reduced chlorosis, 
increased the percentage of regeneration and the number of adventitious shoots. Therefore replacement 
of FeEDTA by FeEDHHA in media  reduced the negative effects of cefotaxime. 
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INTRODUCTION 
 

 Agrobacterium-mediated transformation is an effective and widely used method to introduce DNA into 
dicotyledonous plants. The successful elimination of Agrobacterium from regeneration media in transformation 
protocols is important for the successful recovery of transgenic cells and tissues. Carbenicillin and cefotaxime have 
been commonly used as effective antibiotics for elimination or suppression of Agrobacterium cells (Mathias and 
Boyd, 1986; Tang, 2000; Alsheikh, 2002). They have a broad spectrum of activity against both Gram-positive and 
Gram-negative organisms, and function by blocking the cell wall mucopeptide biosynthesis, by inhibiting the cross-
linking of peptidoglycan by binding and inactivating of transpeptidases; cefotaxime is a cephalosporin antibiotic with 
a broad spectrum of activity, low eukaryote toxicity, and effective at low doses (Mathias and Boyd, 1986), making it 
particularly attractive as a selective agent in plant tissue cultures. But  both carbenicillin and cefotaxime reduced 
callus growth, shoot regeneration and transformation efficiency when they were used in high concentration either 
alone or in combination, e. g., cefotaxime up to 500 mg P

1 
and carbenicillin at 250-1000 mg P

1
 (Lin, 1995; 

Vergauwe al., 1996a;Nauerby, 1997). Silva and Fukai (2001) reported that the success in transgenic plant 
regeneration relies on the fine balance of four points, such as (1) the plant, (2) the Agrobacterium, (3) selection 
agent and (4) the agent for eliminating Agrobacterium. Low concentration of cefotaxime enhanced shoot 
regeneration in wheat (Mathias and Boyd, 1986; Borrelli et al., 1992) maize (Danilova. and Dolgikh, 2004) apple 
(James et al., 1989) and strawberry (James, 1990). However  regeneration efficiency was reduced by  increasing 
the concentration of cefotaxime. Reduction of regeneration in high concentration of cefotaxime was reported in 
various plants including tomato (Ling, 1998), chrysanthemum (Silva and Fukai 2001), maize, apple, rice and wheat 
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and inhibits in common snapdragon (Holford and Newbury, 1992) and tobacco (Nauerby, 1997). Cefotaxime at 
higher concentration seriously inhibit callus growth of papaya (Yu, 2001).  
 Agrobacterium-mediated transformation and regeneration of variety of tomato cultivars was first reported by 
McCormick, since 1986, numerous groups have published many protocols for transformation of tomato. However, 
tomato is still considered more difficult to transform than species such as Petunia hybrida and Nicotiana tabacum. 
The overgrowth of Agrobacterium was observed on tomato shoot regeneration medium containing cefotaxime even 
at high concentration up to 500 mg/l in some genotypes of tomato. Followed by reduction of regeneration and 
chlorosis of  regenerated shoots was observed in high concentration of cefotaxime. 
 FeEDDHA, When applied in MS medium reduced chlorosis, increased content of chlorophyll and iron. Addition 
of FeEDDHA to regeneration medium increased the percentage of regenerating leaves in some cultivars and the 
number of adventitious shoots .Chelate FeEDDHA, when added to the regeneration medium, significantly 
increased the regeneration of raspberry cultivars (Zawadzka and Orlikowska, 2006). Also in ‘Malling Seedling’, an 
increase of regeneration efficiency was observed using the combinations of FeEDTA + FeEDDHA, at pH 4.6 
(Zawadzka and Orlikowska, 2006). Chlorosis has also been reported for in vitro cultured shoots of Pyrus (Dolcet-
Sanjuan, 1990), Rhododendron  (Anderson, 1984) and Rosa (Horn, 1992) grown on FeEDTA-containing medium. 
In addition, iron deficiency is often observed in calcifugous plant species such as Azalea, Citrus, Rhododendron, 
Vaccinium corymbosum L., Vitis and deciduous fruit trees grown in the field or in the greenhouse (Mengel and 
Kirkby, 1978).  In summary, iron deficiency in 'Moneyway' cultures can be overcome either by addition of fast 
yellow 9 or by the replacement of FeEDTA by FeEDDHA. The use of FeEDDHA is more effective. It is tempting to 
assume that the replacement of FeEDTA by FeEDHHA in media will also  improve the in vitro culture of other plant 
species that are susceptible for iron deficiency, such as the above mentioned plants. 
 In this study, specific medium has been used for regeneration of tomato after transformation for the first time. 
In fact this medium is a MS modified medium in which the FeEDTA has been replaced by FeEDDHA  as iron 
source. FeEDDHA is more photostable than FeEDTA, and therefore, chlorosis will be reduced if FeEDTA is 
substituted by FeEDDHA. 
 

MATERIALS AND METHODS 
 

 The seeds of tomato cv Falat CH were obtained from seed and plant improvement institute. Seeds were 
surface sterilized in a 50-ml tube in a few ml of 70% ethanol for one min. After removal of ethanol, 40 ml of 10% 
commercial bleach containing one drop of Tween20 was added and seeds were sterilized for 20 minutes. After 
three washings with sterile distilled water, seeds were transferred to culture bottle containing sterile Murashige and 
Skoog (MS) basal medium and incubated for 3 days in dark room for germination then were transferred to growth 
chamber with a 16 h photoperiod and 25°C±2. The cotyledons of 7-10 days old seedlings were used as explants in 
this experiment. To study the effect of various cefotaxime concentrations on elimination of Agrobacterium and 
regeneration efficiency, different concentrations of cefotaxime (100 – 500 mg/l) individually was added  to shoot  
induction  medium  (SIM) containing  MS + 0.1 mg/l IAA + 1.0 mg/L Zeatin. Also to study the effect of FeEDDHA on 
reduction of negative effects of high concentration of cefotaxime, in second group replacement of FeEDTA by 
FeEDHHA in SIM was applied. For transformation experiments, the cotyledonary explants were submerged in 
bacterial suspension using cocultivation method. Present investigations were carried out using A. tumefaciens LBA 
4404 harboring a binary vector containing AtSOS3 (salinity tolerance gene). After cocultivation for three days, the 
explants were shifted onto SIM supplemented with different concentrations of cefotaxime.  All the cultures were 
incubated at 25

0
C under 16h photoperiod. 

 
RESULTS AND DISCUSSION 

 
 The effect of Cef (100-500 mg/l) was studied on cotyledon regeneration ability and bacterial suppression (Fig 1 
& 2).  The percentage of explants regeneration was reduced gradually from 100 to 500 mg/l Cef.  Very less 
percentage (5%) of explant regeneration was observed at 500 mg/l Cef (Fig 1). Only one shoots per explant were 
induced at the same concentration of Cef.  
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Figure 1. Effect of different concentration of cefotaxime on the regeneration percentage of tomato 

 
 When A.tumefaciens cultured on  MS  with  different concentrations of Cef, showed inhibitory effect on 
bacterial growth at up 300mg/l even after 14 days too (Fig 2). In 300mg/l of cefotaxime had shown less percentage 
of colony formation of A.tumefaciens after 5 days (12%) and increased upto 50% within two weeks (Fig 2). 
However,   at   400 and 500  mg/l   it  showed maximum bacteriostatic effect, even after two weeks of culture the 
bacterial growth was not observed (Fig 2). It was observed that at high concentration of all antibiotics used (400 
and 500 mg/l) completely inhibited the growth of bacteria after 5 days and till two weeks. 
    

 
Figure 2. Effect of different concentration of cefotaxime on the Agrobacterium tumefaciens  growth 

  
 From these observations it is concluded that the cefotaxime at up 400 mg/l have completely inhibited the 
growth of bacteria. Hence the effect of this antibiotic on regeneration of explants was also studied. The cefotaxime 
showed lethal effect at 400 mg/l where the regeneration ability was found to be less (2-3 shoots per explant). Also 
chlorosis in regenerated shoots was observed in 400 mg/l cefotaxime. 
 All the antibiotics tested, showed a negative effect on growth of A.tumefaciens.  Cef in culture medium showed 
inhibition effect on multiple shoots induction at higher concentrations (Fig.1). Similar results were observed by Ling, 
(1998) in tomato with the use of Cef. In many  transformation experiments the transformed cells of tomato were 
reported to be most sensitive to antibiotics in selective media (as selective media consists of two different 
antibioticsone is used to eliminate Agrobacterium and other is to eliminate the untransformed cells). An ideal 
antibiotic for inhibiting Agrobacterium species should be highly effective, inexpensive and very importantly without a 
negative effect on plant growth and regeneration (Cheng, 1998).  Similarly in our observations we have found that 
Cef at all the concentrations tested (100-500mg/l) had resulted a dramatic decrease in production of number of 
shoots per explant compared to control therefore Cef  had a negative effect on plant growth and regeneration and 
we were used FeEDDHA to reduction of these negative effects. Negative effects of Cef on induction of multiple 
shoots have already been reported in carrot and Antirrhinum majus (Okkels and Pedersen, 1998).  
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 Second group of media which contains FeEDDHA instead of FeEDTA had significant results. The addition of 
FeEDDHA to the regeneration medium increased the percentage of regeneration and number of shoots per 
explants even at 500 mg/l concentaration of cefotaxime (Fig 3 and 4). The presence of FeEDDHA in the medium 
also resulted in elimination of regenerated shoot cholorosis. 
 

 
Figure 3. comparision of regeneration percentage in FeEDTA contain medium and FeEDDHA contain medium in different 

concentration of cefotaxime 
 

 
Figure 4. comparision of number of shoots per explant in FeEDTA contain medium and FeEDDHA contain medium in different 

concentration of cefotaxime 

 
 Replacement of FeEDTA by FeEDDHA in some medium resulted in the development of green shoots for more 
than three months. The occurrence of chlorosis was not pH related since the pH of medium with FeEDTA or 
FeEDDHA had not changed after six weeks of growth. Addition of the light absorbing dye fast yellow 9 to medium 
with FeEDTA also resulted in green shoots with higher chlorophyll content. It is suggested that FeEDDHA is a more 
photostable chelate than FeEDTA, resulting in a higher availability of iron for the shoots. 
 

CONCLUSION 
 

 In this study it was found that high concentrations of cefotaxime had negative effect on regeneration and shoot 
growth. On the other hand, was determined to replace the FeEDTA with FEEDDHA reduces the negative effects of 
cefotaxime. Therefore, using of FeEDDHA in the shoot regeneration medium of tomato, in various transformation 
methods will increase the transformation efficiency. 
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