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Abstract 
 

An orthogonal experimental design L16 (45) was used to optimize Agrobacterium-mediated transformation of cotyledon and stem 

explants of Solanum lycopersicum L. cv ‘Zheza No.905’. Five factors influencing transformation efficiency including stage of 

explants, preculture, Agrobacterium density, infection time and co-cultivation duration were evaluated using the carotenoid 
biosynthetic gene CsZCD (Crocus zeaxanthin 7,8-cleavage dioxygenase), with an aim to establish a high-throughput transformation 

protocol for tomato. The result showed that the optimal transformation protocol for cotyledon explants consisted of 8-9 day age of 

seedling, 2 days of preculture, an Agrobacterium suspension of OD600 = 0.6, 3 days of con-cultivation and an infection time of 20 min. 

For stem explants, the protocol included 4-5 day age of seedling, 3 days of preculture, an Agrobacterium suspension of OD600 = 0.6, 
4-day con-cultivation and an infection time of 15 min. Under these conditions, the transformation efficiency of the cotyledon and 

stem reached 26.33% and 28.00%, respectively. This protocol is also suitable to another local cultivar ‘Shengya’with transformation 

efficiency of 19.33% and 23.33%, respectively. 

 
Keywords: Tomato transformation; Agrobacterium tumefaciens; Orthogonal design; CsZCD gene.  

Abbreviations: BA_6-benzyladenie; CsZCD_Crocus zeaxanthin 7,8-cleavage dioxygenase; LSD_least significant difference; MIC_ 

minimum inhibitory concentration; MS_Murrashinge and Skoog; NAA_naphthaleneacetic acid; NPTII_neomycin 

phosphotransferase II gene; PCR_polymerase chain reaction. 

 

Introduction 

 

Tomato (Solanum lycopersicum L.) is a major vegetable crop 
widely cultivated throughout the world and a genetic model for 

improving other dicotyledonous crop plants (McCormick et al., 

1986, Ling et al., 1998), and is of great interest because 

variation in the carotenoid biosynthetic pathway can be readily 

observed by the accumulation of various carotenoid 

biosynthetic intermediates. Agrobacterium-mediated 

transformation has succeeded in the introduction of foreign 
genes into plants (Arshad et al.,2014;Wang et al., 2010), and 

antibiotics are widely used to suppress or eliminate 

Agrobacterium tumefaciens  infecting in vitro cultures in 

tomato transformation in order to select transgenic tissues when 
its presence is no longer required, because the multiplication 

and rooting rates of the cultured plants can be reduced or 

induced to death with microbial contaminants (Grzebelus and 

Skop, 2014; Cassells, 1991). Moreover, elimination of 

Agrobacterium in transgenic plants is a pre-requisite to prevent 

gene release when these plants are transferred to the soil 

(Estopà et al., 2001; Barrett et al., 1997). Cefotaxime highly 

resistant to β-lactamases is the most commonly antibiotics 
employed to eliminate Agrobacterium from cultures (Farzaneh 

et al., 2013; Chevreau et al., 1997; Labia et al., 1986), and 

inhibits bacterial cell wall synthesis (Wang et al, 2010; Holford 

and Newbury, 1992), and did not have negative effects on bud 
regeneration when leaf explants were cultured (Chevreau et al., 

1997). Kanamycin is the selection agents most widely used for 

plant transformation. The corresponding resistance gene (nptII) 

encoding an aminoglycoside 3’-phosphotransferase inactivates 
kanamycin by phosphorylation (Bowen, 1993). However, uses 

of these antibiotics to select transgenic shoots highly rely on  

 

 

 

the species, with escapes (false-positive shoots) being one of 
the major problems (Estop`a et al., 2001). In 

Agrobacterium-mediated tomato transformations, 

transformation frequencies are not only related to 

Agrobacterium density, co-cultivation time, and infection time, 

but also correlated with the explants, such as the seedling age 

and pre-cultivation time. Optimization of transformation proto-

cols using an orthogonal experimental design reduces the 
number and cost of experiments, shortens selection time of the 

protocol, and increases transformation frequencies (Guo et al., 

2012). Therefore, in this study, the factors influencing 

transformation efficiency such as type of explants, pre-culture, 
Agrobacterium density, infection time and co-cultivation 

duration were evaluated, using the carotenoid biosynthetic 

genes CsZCD encoding a chromoplast enzyme that initiates the 

biogenesis of these apocarotenoids by cleaving zeaxanthin (Qiu 

et al., 2007), with an aim to establish a high-proficiency 

transformation protocol for tomato through analyses resulting 

from orthogonal design. 

 

Results and Discussion 

 

Effect of cefotaxime and kanamycin on growth suppression of 

Agrobacterium tumefaciens 

 

When Agrobacterium .tumefaciens cultured on MS with 

different cefotaxime concentrations, inhibitory effect on 

bacterial growth was observed at up 200mg/l after 2 days (Fig 
1). 300mg/l of cefotaxime had shown less percentage of colony 

formation of Agrobacterium tumefaciens after 2 days (12%).  

   

http://www.ncbi.nlm.nih.gov/pubmed/?term=Grzebelus%20E%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Skop%20L%5Bauth%5D
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   Table1 Composition of the various media. 

Medium GM LM PMc PMs SMc SMs RM 

MSB5 salts 0.5X 1X 1X 1X 1X 1X 0.5X 

Sucrose 1% 3% 3% 3% N N 3% 

Glucrose N N N N 1% 1% N 

Agar 0.6% N 0.6% 0.6% 0.6% 0.6% 0.6% 

pH 5.8 5.8 5.8 5.8 5.8 5.8 5.8 

AgNO3 (mg/L)   2.0 3.0 2.0 3.0  

Vc  (mg/L)   100 100 100 50  

NAA (mg/L) - - 0.1 0.2 0.1 0.2 0.1 

BA 2.0mg/L - - + + + + + 

Cefotaxime( mg/L) - - - - 400 400 - 

Kanamycin(mg/L) - - - - 50 60 50 
   *N:Null 

Figure 1 Effect of different concentration of cefotaxime on the growth of Agrobacterium tumefaciens
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However, the bacterial growth was not observed at the 

concentration of cefotaxime 400 and 500 mg/l after 2days and 

till 2 weeks (Fig 1). From these observations it is concluded 

that the cefotaxime at up 400 mg/l completely inhibited the 
growth of bacteria. The results showed that 400 mg/l 

cefotaxime significantly decreased the callus induction and 

shoot generation (Table 3), and kanamycin at the concentration 

of 50 mg/l and 60 mg/l significantly inhibits callus induction, 
and shoot regeneration in the non-transformed tomato plantlets 

of cotyledons and stems, respectively (Table 4). Thus, 400 mg/l 

cefotaxime and 50 mg/l kanamycin were found to be the MIC 

for the selection of transformed callus and adventitious shoot 

buds from cotyledon explants, and 400 mg/l cefotaxime and 60 

mg/l kanamycin found from stem explants.  

 

Optimization of Agrobacterium-mediated tomato 

transformation 

 

The optimum level of each factor can be got by comparing M1, 

M2, M3 and M4 (Table 5-6). The extreme deviation (R) was 
indicated in Table 5-6. R in columns showed the interaction 

effect on tomato efficiency, which can not be neglected. It was 

found that combination is better for them. By calculation, 8-9 

day age of seedling + 2 days of preculture + an Agrobacterium 
suspension of OD600 = 0.6 + 3 days of con-cultivation + an 

infection time of 20 min is the best combination for cotyledon 

explants. Whereas, the best combination for stem explants is 

4-5 day age of seedling + 3 days of preculture + an 
Agrobacterium suspension of OD600 = 0.6 + 4 days of 

con-cultivation + an infection time of 15 min. ANOVA was also 

shown in Table 5-6. The five factors, namely age of seedling, 

preculture duration, Agrobacterium density, infection time and 
co-culture condition, had significantly different effects on 

transformation efficiency (P<0.01). For cotyledon explants, age 

of seedlings had the largest effect on transformation efficiency, 

followed by preculture duration, Agrobacterium density, 

conculture condition and infection time. For stem explants, 

preculture duration had the largest effect on transformation 

efficiency (P<0.05), followed by Agrobacterium density, age of 

seedlings, conculture condition and infection time. 
 

Selection and regeneration of transformants 

 

The non-transformed explants of both leaf and stem lost their 
green colour and failed to develop callus and adventitious shoot 

buds when cultured in their correspondent selection medium. 

However, , the transformed explants of both leaf and stem 

produced calli (Figure 2C) and shoot buds in their 

correspondent selection medium after 3 days (Figure 2A) and 4 

days (Figure 2B) of con-cultivation, respectively, and 

subsequently the adventitious shoots were developed from 

shoot buds in their selection medium (Figure 2D). Regeneration 
shoots were induced to root for about 4 weeks which were the 

main transformants (Figure 2E).The transformed shoots were 

successfully rooted in the root induction medium containing 50 

mg L−1 kanamycin (Figure 2 E,F,G). The transformants were 
evaluated for the presence of the transformed T-DNA. The 

well-rooted transformed shoots were separated from the media 

and successfully hardened and acclimatized in the green house 

conditions (Figure 2 H,I).  
 

Genotypic effect on transformation efficiency 

 

The cotyledon explants of three tomato cultivars were used to 
evaluate the genotype effect on transformation efficiency with 

combination of the five factors including seedlings age of 8-9 

days, pre-cultured for 2 days, the concentration of bacteria 

(OD600 = 0.6), con-cultivation duration of 3 days, infection time 
of 20 min. Whereas, the combination of the five factors for 

stem explants included seedlings age of 4-5 days, pre-cultured 

for 3 days, the concentration of bacteria (OD600 = 0.6), 

con-cultivation duration of 4 days, infection time of 15 mins. 
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  Table 2. Orthogonal design for Agrobacterium-mediated transformation protocol of tomato L16(45). 

Orthogonal 

combination 

Age of seedlings Preculture 

time (days) 

Bacterium 

density 

(OD600) 

Bacterium 

infection time 

(min) 

Co-cultivation time 

(days) 

1 2-3 0 0.2 5 1 

2 2-3 1 0.4 10 2 

3 2-3 2 0.6 15 3 
4 2-3 3 0.8 20 4 

5 4-5 1 0.2 15 4 

6 4-5 0 0.4 20 3 

7 4-5 3 0.6 5 2 
8 4-5 2 0.8 10 1 

9 6-7 2 0.2 20 2 

10 6-7 3 0.4 15 1 

11 6-7 0 0.6 10 4 
12 6-7 1 0.8 5 3 

13 8-9 3 0.2 10 3 

14 8-9 2 0.4 5 4 

15 8-9 1 0.6 20 1 

16 8-9 0 0.8 15 2 

 

 
Fig 2. Adventitious shoot regeneration from putatively transformed cotyledon of tomato cv. ‘Zheza No.905’, in selection medium. 

(A) 3 days of con-cultivation of cotyledon explants after absorbing the bacterial suspension; (B) 4 days of con-cultivation of stem 

explants after absorbing the bacterial suspension; (C) Callus induction after 3 weeks of culture of . tomato cv.‘Zheza No.905’; (D) 

Adventitious shoot bud induction after 8 weeks of culture of tomato cv.‘Zheza No.905’.; (E) Root induction after 4 weeks in the 
putatively transformed shoots of tomato cv.‘Zheza No.905’; (F) Root induction after 4 weeks in the putatively transformed shoots of 

tomato cv ‘Shengya’; (G) Root induction after 4 weeks in the putatively transformed shoots of tomato cv‘Fudan’; (H) Hardened 

transformed tomato plantlet.cv. ‘Zheza No.905’; (I) Hardened transformed tomato plantlet.cv. ‘Shengya’. 

 
Among the three cultivars ‘Zheza No.905’, ‘Fudan’ and 

‘Yasheng’ tested, the cotyledon and stem from ‘Zheza No.905’ 

showed the significantly maximum transformation efficiency 

with 26.33% and 28.00%, respectively. The cotyledon and stem 
from ‘Fudan’ produced the lowest transformation efficiency 

with 7.67% and 13.33%, respectively. (Figure 3). 

 

Molecular analysis of transformed tomato plantlets 

 

The transformants from ‘Zheza No.905’ (Lane 6-8) and 

‘Shengya’ (Lane 12-14) showed the predicted band for CsZCD 

gene. However, the predicted band could not be detected in the 
transformants from ‘Fudan’ (Lane 9-11). Non-transformed 

plants of ‘Zheza No.905’ (Lane 3), ‘Fudan’ (Lane 4) and 

‘Shengya’ (Lane 5) showed no amplification (Figure 4).  In 

summary, the optimal transformation protocol for cotyledon 

explants consisted of 8-9 day age of seedling, 2 days of 

preculture, an Agrobacterium suspension of OD600 = 0.6, 3 days 
of con-cultivation and an infection time of 20 min. For stem 

explants, the protocol included 4-5 day age of seedling, 3 days 

of preculture, an Agrobacterium suspension of OD600 = 0.6, 4 

days of con-cultivation and a 15 min. infection. Under these 
conditions, the transformation efficiency of the cotyledon and 

stem reached 26.33% and 28.00%, respectively. This protocol 

is also suitable to another local cultivar ‘Shengya’with 

transformation efficiency of 19.33% and 23.33%, respectively. 
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 Table 3. The effect of different concentration of cefotaxime on the generation of tomato explants. 

Cefotaxime 

(mg·L-1) 
Callus percentage（%） Regeneration percentage（%） 

Cotyledon Stem Cotyledon Stem 

0 93.67+5.13aA 89.33+2.52aA 74.67+5.13aA 74.33+2.52aA 
100 94.00+3.46aA 85.33+4.73abA 65.67+4.93abAB 71.00+1.73abAB 

200 87.33+9.61abAB 83.00+4.6135abA 65.67+3.21abAB 64.67+4.16bcAB 

300 83.33+6.43abAB 76.67+7.10bA 62.67+8.96bAB 65.67+2.52bcAB 

400 75.67+5.69bB 74.67+6.66bA 55.33+6.43bBC 61.67+3.79cB 
500 57.67+8.39cC 76.67+9.07bA 43.00+7.21cC 51.33+5.51dC 

 
 

Figure 3 Effect of different cultivars on transformation efficiency
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Table 4. The effect of different concentration of  kanamycin  on the survive of tomato cotyledon and stem. 

Type of explants Kanamycin 

(mg·L-1) 

No. of explants No. of explant 

with callus 

Callus percentage

（%） 

Vigor and survival 

of the explants 

Cotyledon 0 120 112 94.00±3.46aA ++++ 

 20 120 74 62.33±6.66bB +++ 

 40 120 12 9.33±3.08cC + 

 50 120 0 0.00±0.00cC - 

 60 120 0 0.00±0.00cC - 

Stem 0 120 105 86.00±2.00aA ++++ 

 20 120 84 61.33±6.51bB +++ 

 40 120 36 32.33±10.02cC ++ 

 50 120 2 1.67±0.58dD + 

 60 120 0 0.00±0.00dD - 

+ shows the vigor of explant. The more number of +, the better the vigor is.- shows non survival of explants. 

 

 

 
Fig 4. Analysis of the CsZCD gene in regenerated transgenic plants. Agarose gel of PCR-amplified 200bp CsZCD fragment M: 

2000bp marker; 1:plasmic; 2:empty; 3:untransformed control ‘Zheza No.905’; 4: untransformed control ‘Fudan’; 5: untransformed 

control ‘Shengya’; 6-8: independent transgenic plants of ‘Zheza No.905’; 9-11: independent transgenic plants of ‘Fudan’; 12-14: 

independent transgenic plants of ‘Shengya’. 
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Table 5. Results of orthogonal test on the factors affecting the Agrobacterium-mediated transformation protocol of cotyledon of 

‘Zheza No.905’. 

Orthogonal 

combination 

Age of 

seedlings 

Preculture 

time (days) 

Bacterium 

density 

 (OD600) 

Bacterium 

infection time 

(min) 

Co-cultivation 

time (days) 

Transformation 

efficiency (%) 

1 2-3 0 0.2 5 1 0.33±0.58i 

2 2-3 1 0.4 10 2 1.33±1.53hi 
3 2-3 2 0.6 15 3 16.33±4.51bcd 

4 2-3 3 0.8 20 4 4.00±1.00ghi 

5 4-5 1 0.2 15 4 11.00±2.00ef 

6 4-5 0 0.4 20 3 13.33±1.53cde 
7 4-5 3 0.6 5 2 4.33±1.53ghi 

8 4-5 2 0.8 10 1 7.00±1.00fg 

9 6-7 2 0.2 20 2 14.33±1.53cde 

10 6-7 3 0.4 15 1 6.67±1.53fgh 
11 6-7 0 0.6 10 4 18.67±1.53bc 

12 6-7 1 0.8 5 3 12.67±3.21de 

13 8-9 3 0.2 10 3 21.00±2.65b 

14 8-9 2 0.4 5 4 27.00±7.00a 

15 8-9 1 0.6 20 1 28.67±6.03a 

16 8-9 0 0.8 15 2 18.00±2.65bcd 

M1 5.50 12.67 11.67 11.08 10.67  

M2 9.00 13.50 12.08 11.92 9.58  
M3 13.08 16.17 17.00 13.17 15.75  

M4 23.67 8.92 10.50 15.08 15.25  

R 18.17 7.25 6.50 4.00 6.17  

F 110.82
＊＊

 16.05
＊＊

 14.74
＊＊

 5.41
＊＊

 17.65
＊＊

  

M mean of frequencies at a certain level of each factor. e.g., M1 in the age of seedling column represents the mean transformation efficiency when age of seedling was at 

the level one (2-3 day age of seedling). R extreme deviation, i.e. maximum value of M minus minimum of M for each factor. Values in transformation efficiency column 

are means ± SD. Values followed by different letters indicating significant difference between treatments (P < 0.05). ** shows significant difference at P = 0.01 among age 

of seedlings, Agrobacterium density, infection time, con-cultivation time. 

 

 

 

Table 6. Results of orthogonal test on the factors affecting the Agrobacterium-mediated transformation protocol of the stem of 
‘Zheza No.905’. 

Orthogonal 
combination 

Age of 
seedlings 

Preculture 
time (days) 

Bacterium 
density 

 (OD600) 

Bacterium 
infection time 

(min) 

Co-cultivation 
time (days) 

Transformation 
efficiency (%) 

1 2-3 0 0.2 5 1 1.67±1.53i 

2 2-3 1 0.4 10 2 14.00±1.00def 

3 2-3 2 0.6 15 3 17.67±1.53cd 

4 2-3 3 0.8 20 4 24.67±2.08b 
5 4-5 1 0.2 15 4 15.33±3.05cdef 

6 4-5 0 0.4 20 3 11.67±2.08fg 

7 4-5 3 0.6 5 2 34.33±2.08a 

8 4-5 2 0.8 10 1 16.33±2.08cde 
9 6-7 2 0.2 20 2 13.67±1.53efg 

10 6-7 3 0.4 15 1 27.67±3.51b 

11 6-7 0 0.6 10 4 19.00±2.00c 

12 6-7 1 0.8 5 3 11.67±1.53fg 
13 8-9 3 0.2 10 3 17.00±2.00cde 

14 8-9 2 0.4 5 4 10.00±1.00g 

15 8-9 1 0.6 20 1 15.33±3.05cdef 

16 8-9 0 0.8 15 2 6.00±1.00h 
M1 14.50 9.50 12.00 14.17 15.17  

M2 19.25 14.00 15.75 16.50 16.92  

M3 17.83 14.50 21.33 16.58 14.42  

M4 12.08 25.67 14.58 16.42 17.17  
R 7.17 16.17 9.33 2.42 2.75  

F 34.26
＊＊

 154.41
＊＊

 50.58
＊＊

 4.46
＊
 5.85

＊＊
  

M mean of frequencies at a certain level of each factor. e.g., M1 in the age of seedling column represents the mean transformation efficiency when age of seedling was at 

the level one (2-3 day age of seedling). R extreme deviation, i.e. maximum value of M minus minimum of M for each factor. Values in transformation efficiency column 

are means ± SD. Values followed by different letters indicating significant difference between treatments (P < 0.05). ** shows significant difference at P = 0.01, * at P = 

0.05 among age of seedlings, Agrobacterium density, infection time, con-cultivation time. 
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Discussion 

 

Antibiotics sensitivity 

 
To develop a rapid and efficient Agrobacterium-mediated 

transformation method for tomato, the antibiotic cefotaxime is 

commonly explored for counter-selection of Agrobacterium 

(Wang et al., 2010; Hackelford and Chlan, 1996; Ellis et al., 
1989). This antibiotic, at concentrations required for bacteria 

control, is not detrimental to the plant tissue in vitro (Wang et 

al., 2010). The effect of different cefotaxime concentrations on 

Agrobacterium tumefaciens growth was investigated to 
determine the optimal counter-selection conditions for 

Agrobacterium-mediated transformation of tomato. The results 

showed that cefotaxime is quite effective for inhibiting the 

growth of EHA105 at the relatively low concentration of 200 
mg/l. The concentration of 400 mg/l cefotaxime in the medium 

not only effectively eliminated Agrobacterium growth, but also 

inhibited tomato differentiation, indicating that cefotaxime 

could be used as counter-selection of Agrobacterium in the 

Agrobacterium-mediated transformation of tomato. Kanamycin 

is an effective aminoglycosidic antibiotic used widely as a 

successful selective agent of transformed tomato plantlets 

ranges from 50 (Sivankalyani V. et al., 2014; Kaur and Bansal, 
2010; Riggs et al., 2001) to 100 mg/l (Rai et al., 2013). In our 

study, kanamycin 50 mg/l and 60 mg/l completely blocked 

regeneration from untransformed explants of cotyledon and 

stem, respectively, and therefore, could be used to select for 
transformed cells. This result is in consistent with the findings 

of indian mulberry, Morus indica cv. K2 (Bhatnagar and 

Khurana, 2003). 

 

Main factors influencing the transformation efficiency of  

Tomato 

 

Transformation of various tomato cultivars was previously 
reported, and the various transformation frequencies were 

obtained from 6% in cv. Pusa Ruby (Vidya et al., 2000), 

10-13% in Rio Grande (Safdar and Mirza, 2014) to 40% in cv. 

Micro-Tom (Qiu et al., 2007; Sun et al., 2006). Transformation 
efficiency is controlled by multiple factors such as 

Agrobacterium density, infecting time, co-cultivation time, 

which must be investigated to optimize the transformation 

procedure. The results of our study indicated that among the 
three factors, bacterial suspension concentration had the 

strongest effect on transformation in every combination. A 

bacterial suspension concentration with OD600=0.6 optimized 

the transformation efficiency. Different bacterial optical 
densities were documented in various tomato cultivars by using 

different Agrobacterium strains (Sivankalyani et al., 2014; 

Singh et al., 2011; Gao et al., 2009; Qiu et al., 2007; Sun et al., 

2006; Krasnyanski et al., 2001; Pozueta-Romero et al., 2001; 
Van Roekel et al., 1993). The second factor influencing 

transformation was co-cultivation time: too long a time resulted 

in multiplied bacteria and too short a time decreased 

transformation frequency. In our study, 3-day for cotyledon 
explants and 4-day for stem explants was an appropriate time 

span for co-cultivation, which differs from times documented 

elsewhere (Carolina and Francisco, 2004; Frary and Van Eck, 
2005; Kou et al., 2007). These differences may be resulted 

from the genotypes of tomato and the use of different plant 

tissue. As for duration of Agrobacterium infection, 20- minute 

for cotyledon explants and 15-minute for stem explants was an 
optimum time of dipping the bacterial suspension. The present 

study showed that 4-5 day and 8-9 day age of seedling was 

optimum for the transformation of tomato ‘Zheza No.905’, and 

played more important role than pre-cultivation of explants 

where 2-day for cotyledon and 3-day for stem obtained the 

highest transformation efficiency. The orthogonal test showed 

that age of seedling played more important role in tomato 

transformation than bacterial suspension concentration did. A 
high-throughput transformation protocol was established for to-

mato ‘Zheza No.905’ using orthogonal design. The protocol 

presented here is useful for introducing functional genes into 

these plants.  
 

Molecular confirmation 

 

To confirm the presence of the CsZCD gene in putative 
transgenic plants, PCR was performed using its primers. 

Among the tested plants, six plants (three plants from ‘Zheza 

No.905’ and three plants from ‘Shengya’ exhibited the 200 bp 

band corresponding to CsZCD gene. However, the predicted 
band could not be detected in the transformants from ‘Fudan’ 

(Lane 9-11 in Fig 4), which might be resulted from that the 

concentration of cefotaxime was too low for explants of 

‘Fudan’ to remove the Agrobacterium cells and the resulted 

adventitious shoots were somehow infected with these cells. 

Several authors reported similar results when regenerating 

transgenic shoots after Agrobacterium infection (Dolatabadi et 

al., 2014; Peña et al., 2008; Estop`a et al., 2001). 

 

Materials and Methods 

 

Plant materials, culture media and growth condition 

 

The seeds of main tomato (Solanum lycopersicum L.) varieties 

‘Zheza No.905’, ‘Shengya’, ‘Fudan’, purchased from the local 

market (Qiaobei Seed Company of Fuzhou), were surface 
sterilized according to Qiu et al. (2007). The sterilized seeds 

were germinated on Murrashinge and Skoog (MSB5) 

germination medium (GM). Seeds were sown in a Magenta box 

and germinated at 25 ± 2℃ during a 16h light period. All media 

component are shown in Table 1.  

 

Bacterial strains and plasmids 

 

One binary vectors CsZCD containing a selectable marker 

neomycin phosphotransferase II gene (NPTII) that confers 
resistance to antibiotic kanamycin, and one Agrobacterium 

helper EHA105 were used. Plasmid were maintained in E.coli 

and bacteria were grown overnight in LB according to Qiu et al. 

(2007). 
 

Sensitivity of explants to antibiotic 

 

Various concentrations of kanamycin (0, 20, 40, 50, 60 mg L−1) 
and cefotaxime (0, 100, 200, 300, 400, 500 mg L−1) were used 

to test the sensitivity of cotyledon and stem explants, which 

were cultured in selection medium (SMc and SMs, respectively) 

containing respective diverse concentrations of kanamycin and 
cefotaxime. The minimum inhibitory concentration (MIC) of 

the cefotaxime and kanamycin was used for initial selection 

procedure. Medium without antibiotic was used as a positive 

control. The treatment was continued till the tissue became 
necrotic by sub-culturing at regular intervals of 30 days. Each 

experiment was carried out in triplicate. 

 

Transformation procedure 

 

All steps involving tomato transformation were the same as 

those presented by Qiu et al. (2007). Agrobacterium culture 

was centrifuged and the pellet was resuspended in liquid 
medium (LM) and density was set to different OD600. The 
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cotyledons and stem explants from aseptically grown seedlings 

were excised and infected (Swing the plate gently) with 

Agrobacterium tumefaciens strain EHA105 harbouring CsZCD 

gene. They were blotted dry on sterile paper and the cotyledons 
explants were placed upside up onto selection medium for 

cotyledons (SMc) and stem (SMs). Approximately 40 explants 

were placed on a single Petri dish (Ø9cm). The explants were 

sub-cultured to the same medium every four weeks. Eight 
weeks later, shoots were excised and transferred to rooting 

medium (RM). The cultures were incubated at 25 ± 2℃ under 

16h photoperiod. After 4 weeks, the well-rooted plantlets were 
transferred to pots containing soil:sand:vermiculite (1:1:1 ratio). 

Hardened transformants were maintained in the green house 

conditions. 

 

PCR analysis 

 

Plasmids were isolated using the Biocolors Prep Mini Kit 

(Biocolors, Shanghai, China) according to the protocol 
provided by the manufacturer. DNA was purified using the 

Biocolors Gel Midi Kit (Biocolors, Shanghai, China) according 

to the manufacturer’s instructions. 

The PCR reaction condition was selected according to Qiu et 
al. (2007). The primers 5’-GTCGAGTTTCGTGATG-3’ and 5’- 

CCAGTGAATTCCCGATCTAGTAAC-3’ were used for the 

CsZCD gene amplification. The predicted sizes of amplified 
DNA fragments were  200 bp. PCR  was carried out in 25 μl 

volumes containing 2.5 μL 10× PCR buffer with MgCl2, 800 

μM  of dNTP mixture, 0.8 μM of each primer, 0.625 U Taq 

polymerase (Biocolors), and 2μl of sample DNA. The reaction 
mixture was subjected to the following reaction conditions: a 5 

min denaturation step at 94˚C, 35 cycles of 30 s at 94˚C, 30 s at 

58˚C, 1 min at 72˚C. The amplified fragment were 

electrophoresed on a 1.0% (w/v) agarose gel, using Tris-borate 
buffer (containing 1.3M Tris, 0.7M Boric acid and 24.5 mM 

EDTA, pH8.4).  

 

Experimental design and statistical analysis 

 

Five factors were studied using a 16 (45) orthogonal design 

(Table 2). These factors are the age of seedlings, pre-culture, 

bacterium density, infection time and co-cultivation time. 
Optimal conditions for transformation efficiency were 

determined based on five parameters at four different levels. 

Every orthogonal combination contained 120 explants, and 

each experiment was repeated triple. Transformation frequency 
was recorded according to Qiu et al. (2007). Results are 

presented as means ± SD. Capital letters and small letters show 

the least significant difference (LSD) test at 0.01 and 0.05, 

respectively. ANOVA (Analysis of Variance) was carried out by 
SPSS and F value is shown. 
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