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Figure 2. Transformation of maize plants using A. tumefacience harboring pCAMBIA3301. A: Dissected immature embryo (thick 
arrow) of maize seed (thin arrow). B: Callus induction on callus inducing medium. C: Embryogenic callus. D: Histochemical GUS 
assay of embryogenic callus. E: First step in plant regeneration of embryogenic callus. F: Regenerated transgenic maize plant. G: 
Regenerated plant in rooting medium. H: Rooted transgenic plant in the pot. 
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To select the most effective antibiotic for preventing 
bacterial overgrowth, three different antibiotics were 
tested. There are some reports on positive effects of 
Timentin on shoot regeneration from leaf discs, 
inhibitory effects of Cefotaxime on cotyledon explants 
regeneration and rooting of shoots [33, 34]. On the other 
hand, it was also shown that Timentin provided better 
protection against bacterial overgrowth than Cefotaxime 
and Carbenicillin [34-37]. In the present work, Timentin 
(a mixture of Ticarcillin and Clavulanic acid) was more 
effective than the others (Cefotaxime and Vancomycin 
+ Jentamycin) to suppress the overgrowth of three 
Agrobacterial strains and tissue necrosis was decreased 
by the use of Timentin (Table 2). 

Timentin is stable in solid agar medium and 
remained effective for at least 70 days [34]. Then using 
Timentin instead of Cefotaxime or Vancomycin + 
Jentamycin, the costs associated with antibiotic 
utilization are reduced. 

Therefore, it could be concluded that the influence of 
Timentin on tissue culture was negligible or positive as 
compared to those of Cefotaxime or other antibiotics. 
Then we recommended Timentin as a suitable antibiotic 
to elimination of Agrobacterial contamination in 
transformation process. On the other hand, however 
there are some reports on high efficient transformation 
using EHA105 strain but we could not control the 
overgrowth of the strain by these antibiotics. EHA105 is 
a supervirulant bacterium, which result in frequent 
bacteria overgrowth. The use of 250 mg/l of Timentin or 
Cefotaxime was effective in killing bacterial cells of 
strain LBA4404, but not those of strains EHA105 and 
EHA101. This bacterial overgrowth may be controlled 
by more concentration of the antibiotics. Therefore, we 
used LBA4404 as a suitable Agrobacterium strain in the 
following transformation experiments. 

In another experiment, we studied the effects of 
embryo size and pre-treatment culture on transformation 
frequency in S61 line as an efficient regenerable 
genotype of Zea mays. Embryo size has significantly 
effects on callus induction and plant regeneration in 
maize genotypes [38-40]. Therefore, genetic 
transformation of Zea mays may be related to embryo 
size explants. Our results demonstrated significant 
effects of embryo length/age on T-DNA delivery, callus 
induction and plant regeneration (Table 3). This may be 
attributed to physiological age of embryos. Small 
embryos with a proper physiological age have more 
embryogenic potential than the large ones, suggesting 
that embryos lose embryogenic competence with age. 
Moreover, changes in endogenous hormonal levels 
during embryogenesis sages may influence the control 
of cell cycle, and the co-ordination of cell division and 

DNA replication in immature embryos, and hence, 
transformation efficiency [41]. Therefore, the 
developmental stage of the embryo is an important 
factor in determining the success of maize 
transformation. However, calli obtained from larger 
embryos (>2.5mm) were showed significantly higher 
transient GUS expression levels but had lower 
regeneration frequencies than the smaller ones (<1.5 
mm) (Fig 2). 

The effect of wounding on gene transfer efficiency 
was analyzed by the evaluation of PPT resistant calli 
and histochemical analysis of transient GUS expression 
in embryos. The results showed that the wounded 
embryos produce more PPT resistant and GUS- positive 
calli than intact embryos (data not shown). The 
wounding allows the Agrobacterium efficiently infect 
the tissues by increasing in exposed surface, and stably 
transformed maize embryogenic tissue [42]. The 
wounding may also result in the active division of the 
cells and the accompanying DNA synthesis may 
enhance the incorporation of the T-DNA into the plant 
genome. 

Histochemical GUS assays were carried out on PPT 
resistant callus events to determine whether those 
expressing the bar gene also expressed the gus reporter 
gene. Because the gus gene in this construct contains an 
intron (Fig. 1), blue staining was indicative of plant 
rather than A. tumefaciens expression of the transgene. 
Therefore, we concluded that 1.5-2.5 mm embryos are 
more suitable as an explant in Agrobacterium mediated 
transformation of Zea mays. 

On the other hand, a 7-day preculture treatment 
significantly increased the number of green calli in 
selection medium (Table 3). The phase of the cell cycle 
influences stable transformation [43]. The formation of 
new and thin cell walls probably has effects on 
transformation efficiency, and may have influence in 
specific attachment capacity to Agrobacterium [44, 45].  

 
Table 3. The effects of embryo size and pretreatment culture 
on callus induction and plant regeneration in Zea mays 

Plant  
Regeneration 

Callus  
Induction 

Pretreatment  
Culture 

Embryo 
size (mm) 

Medium Medium + 0.5-2 

Low Low -  

High High + 2-3 

Medium Medium -  

Low High + 3-5 

Low Medium -  
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Table 4. The efficiency of Agrobacterium- mediated transformation using immature embryos of maize plants 

Frequency  
(A /B) % 

No. of positive PCR  
(gus/bar) Plants: (B) 

No. of Plants tested  
for  GUS 

No. of Embryogenic  
Calli:(A) Genotype 

6.45 4 9 517 S61 
- - 3 638 A188 
- - 2 422 HiIIB 

 
Therefore, preculture in a high hydrocarbonates and 
auxin medium can enhance transformation rate. 

Finally, based on the preliminary results, we studied 
the transformation of three lines (S61, A188 and HiIIB) 
of the maize. We used 1.5 - 2.5 mm embryos, A. 
tumefacience LBA4404 harboring pCAMBIA3301, 
pretreatment culture and Timentin antibiotic for 
pollution eliminations in transformation process. S61, 
A188 and HiIIB PPT resistant lines were regenerated in 
selection medium. Nine PPT resistant plants were 
regenerated from 517 embryogenic calli of S61 line. 
The numbers of regenerated PPT resistant plants were 
three for A188 and two for HiIIB lines (Table 4). 

DNA extracted from leaves of PPT resistant plants 
was used for amplification with primers to the bar and 
gus genes. The PCR reaction revealed the presence of 
the GUS fragment with expected length of 320 bp (Fig. 
3) and the BAR fragment with expected length of 520 
bp (Fig. 4) in the genomic of each putative transgenic 
plants. No amplified products were detected in non-
transformed control plants (Figs. 3, 4). The transfor-
mation frequency (the number of independent, PCR-
positive transgenic plants per 100 embryos infected) 
was 6.45% for S61 genotype (Table 4). Ishida and et al. 
[5] reported a transformation frequency between 5- 30% 
for A188 line using a super-binary vector. However, 
Frame et al. [18] reported 0% transformation frequency 
for A188 genotype. Therefore, based on the present 
results, S61 is a suitable line for genetic transformation 
of maize using A. tumefaciens. 

In conclusion, the major factors limiting Agrobac-
terium application for genetic transformation of maize 
are low frequency of plant regeneration from cultured 
tissues and a weak virulence of Agrobacterium in 
relation to cereals. The present study illustrated some 
prerequisites for Agobacterium mediated transformation 
of Z. mays. Our results demonstrated suitable maize 
genotype (S61), embryo size (1.5 - 2 mm), A. tume-
faciens strain (LBA4404), pretreatment culture, and 
appropriate antibiotic (Timentin) for Agrobacterium 
mediated transformation of Z. mays. The present results 
will be used for genetic transformation of maize using 
biotic and abiotic resistance genes. 

 

320 bp 

M    W    NT    P      T1    T2     T3    T4

 

Figure 3. The representative PCR analysis of genomic DNA 
to detect the presence of the gus gene in putative transgenic 
maize plants S61 line. PCR amplification of the 320-bp 
fragment of the gus gene. Lane M, Molecular weight marker; 
Lane W, Water (negative control); Lane NT, DNA from 
untransformed plant (negative control); Lane P, 
pCAMBIA3301 plasmid DNA (positive control); Lane T1-T4, 
DNA from independently transformed plants. 

 
       M       W      NT      P      T1    T2      T3      T4 

520 bp

 

Figure 4. The representative PCR analysis of genomic DNA 
to detect the presence of the bar gene in putative transgenic 
maize plants S61 line. PCR amplification of the 520-bp 
fragment of the bar gene. Lane M, Molecular weight marker; 
Lane W, Water (negative control); Lane NT, DNA from 
untransformed plant (negative control); Lane P, 
pCAMBIA3301 plasmid DNA (positive control); Lane T1-T4, 
DNA from independently transformed plants. 

References 
1. Armstrong C.L. The first decade of maize transformation: 

a review and future perspective. Maydica, 44:101–109 
(1999). 



Vol. 21  No. 1  Winter 2010 Takavar et al. J. Sci. I. R. Iran 

28 

2. Valdez-Ortize A., Medina-Godoy S., Valverde M.E., and 
Paredes-Lopez O. A transgenic tropical maize line 
generated by the direct transformation of the embryo-
scutellum by A. tumefaciens. Plant cell, tissue and organ 
culture, 91: 201-214 (2007). 

3. Fromm M.E., Morrish F., Armstrong C., Williams R., 
Thomas J., and Klein T.M. Inheritance and expression of 
chimeric genes in the progeny of transgenic maize plants. 
Bio/technol, 8: 833–839 (1990). 

4. Gordon-Kamm W.J., Spencer T.M., Mangano M.L., 
Adams T.R., Daines R.J., Strat W.G., O’Brian J.V., 
Chambers S.A., Adams J.W.R., Willets N.G., Rice T.B., 
Mackey C.J., Krueger W., Kausch A.P., and Lemaux P.G. 
Transformation of maize cells and regeneration of fertile 
transgenic plants. Plant Cell, 2: 603–618 (1990). 

5. Ishida Y., Saito H., Ohta S.H., Hiei Y., Komari T., and 
Kumashiro T. High efficiency transformation of maize 
(Zea mays L.) mediated by Agrobacterium tumefaciens. 
Nat Biotech, 14: 745–750 (1996). 

6. Frame B.R., Shou H., Chikwamba R., Zhang K., Xiang 
Z., Fonger C. Agrobacterium tumefaciens- mediated 
transformation of maize embryos using a standard binary 
vector system. Plant Physiol, 129: 13-22 (2002). 

7. Huang X.Q., and Wei Z.M. High-frequency plant 
regeneration through callus initiation from mature 
embryos of maize (Zea mays L.). Plant Cell Rep, 22: 
793–800 (2005). 

8. Shou h., Frame B.R., Whitham S.A., and Wang K. 
Assessment of transgenic maize events produced by 
particle bombardment or Agrobacterium-mediated 
transformation. Mol Breeding, 13: 201–208 (2004). 

9. Grimsley N., Hohn T., Davies J.W., and Hohn B. 
Agrobacterium-mediated delivery of infectious maize 
streak virus into maize plants. Nature, 325: 177-179 
(1987). 

10. Gould J., Devey M., Hasegawa O., Ulian E.C., Peterson 
G., and Smith R.H.   Transformation of Zea mays L. 
Using Agrobacterium tumefaciens and the Shoot Apex. 
Plant Physiol, 95: 426-434 (1991). 

11. Chan M.T., Lee T.M., and Chang H.H. Transformation of 
Indica Rice (Oryza sativa L.) Mediated by Agrobacterium 
tumefaciens.  Plant Cell Physiol, 33: 577-583(1992). 

12. Hiei Y., Ohta S., Komari T., and Kumashiro T. Efficient 
transformation of rice (Oryza sativa L.) mediated by 
Agrobacterium and sequence analysis of the boundaries 
of the T-DNA. The Plant J, 6: 271-282 (1994). 

13. Zhao Z.Y., Gu W., Cai T., Tagliani L., Hondred D., Bond 
D., Shroeder S., Rudert M., and Pierce D. High 
throughput genetic transformation mediated by 
Agrobacterium tumefaciens in maize. Mol Breeding, 8: 
323–333 (2001). 

14. Vega J.M., Yu W., Kennon A.R., Chen X., and Zhang 
Z.J. Improvement of Agrobacterium-mediated 
transformation in Hi-II maize (Zea mays) using standard 
binary vectors. Plant Cell Rep, 27: 297-305(2008). 

15. Ishida Y., Saito H., Hiei Y. and Komar T. Improved 
protocol for transformatlon of maize (Zea mays L.) 
mediated by Agrobacterium tumefiaciens. Plant 
Biotechnol, 20: 57- 66 (2003). 

16. Negrotto D., Jolley M., Beer S., Wench A.R., and Hansen 
G. The use of phosphomannose-isomerase as a selectable 

marker to recover transgenic maize plants (Zea mays L.) 
via Agrobacterium transformation. Plant Cell Rep, 19: 
798–803 (2000). 

17. Gordon-Kamm W., Dilkes B.P., Lowe K., Hoerster G., 
Sun X., Ross M., Church L., Bunde C., Farrell J., Hill P., 
Maddock S., Snyder J., Sykes L., Li Z., Woo Y., Bidney 
D., and Larkins B.A. Stimulation of the cell cycle and 
maize transformation by disruption of the plant 
retinoblastoma pathway. PNAS, 99: 11975–11980 (2002). 

18. Frame B.R., McMurray J.M., Fonger T.M., Main M.L., 
Taylor K.W., Torney F.J., Paz M.M., and Wang K. 
Improved Agrobacterium-mediated transformation of 
three maize inbred lines using MS salts. Plant Cell Rep, 
25: 1024–103 (2006). 

19. Lupotto E., Conti E., Reali A., Lanzanova C., Baldoni E., 
Allegri L. Improving in vitro culture and regeneration 
conditions for Agrobacterium-mediated maize 
transformation. Maydica, 49: 21–29 (2004). 

20. Zhang W., Subbarao S., Addae P., Shen A., Armstrong 
C., Peschke V., and Gilbertson L. Cre/lox-mediated 
marker gene excision in transgenic maize (Zea mays L.) 
plants. Theor Appl Genet, 107: 1157–1168 (2003). 

21. Hoekema A., Hirsch P.R., Hooykaas P.J., and 
Schilperoort R.A. A binary plant vector strategy based on 
separation of vir- and T-region of the Agrobacterium 
tumefaciens Ti-plasmid. Nature, 303 (12): 179–180 
(1983). 

22. Hood E.E., Helmer G.L., Fraley R.T., and Chilton M.D. 
The hypervirulence ofAgrobacterium tumefaciens, A281 
is encoded in a region pTiBo542 outside of T-DNA. J. 
Bacteriol, 168:1291–1301 (1986). 

23. Sambrook J., Fritsch E.F., and Maniatis T. Molecular 
Cloning: a Laboratory Manual, 2nd edn. Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, New York: 
(1989). 

24. Chu C.C., Wang C.S., Sun C.C., Hsu C., Yin K.C., and 
Chu C.Y. Establishment of an efficient medium for anther 
culture of rice through comparative experiments on the 
nitrogen sources. Sci Sinica, 18: 659-668 (1975). 

25. Murashige T., and Skoog F. A revised medium for rapid 
growth and bioassays with tobacco tissue cultures. 
Physiol Plant, 15: 473-497 (1962). 

26. Jefferson R.A., Kavanagh T.A., and Bevan M.W. GUS 
fusions: β-glucuronidase as a sensitive and versatile gene 
fusion marker in higher plants. EMBO J, 6: 3901–3907 
(1987). 

27. Dellaporta S.L., Wood J., and Hicks J.B. A plant DNA 
minipreparation. Plant Mol Biol Rep, 1: 19-21 (1983). 

28. Ogras T.T., and Gozukirmizi N. Expression and 
Inheritance of GUS Gene in Transgenic Tobacco Plants. 
Botany, 23:  297-302 (1999). 

29. Carvalho C.H.S., Bohorova N.E., Bordallo P.N., Abreu 
L.L., Valicente F.H., Bressan W., and Paiva E. Type-II 
callus production and plant regeneration in tropical maize 
genotypes. Plant Cell Rep., 17:73–76 (1997). 

30. Brettschneider R., Becker D., and Lörz H. Efficient 
transformation of scutellar tissue of immature maize 
embryos. Theor Appl Genet, 94:737–748 (1997). 

31. Rascón-Cruz Q., Sinagawa-García S., Bohorova N., 
Paredes-López. Accumulation, assembly, and digestibility 
of amarantin expressed in transgenic tropical maize. 



Agrobacterium Mediated Transformation of Maize 

29 

Theor Appl Genet, 108:335–342 (2004). 
32. D’Halluin K., Bonne E., Bossut M., Beuckeleer M., and 

Leemans J. Transgenic maize plants by tissue 
electroporation. Plant Cell, 4: 1495-1505 (1992). 

33. Nauerby B., Billing K., and Wyndaeler R. Influence of 
the antibiotic timentin on plant regeneration compared to 
carbenicillin and cefotaxime in concentrations suitable for 
elimination of Agrobacterium tumefaciens. Plant Sci, 
123: 169-177 (1997). 

34. Cheng M., Schnurr J.A., and Kapaun J.A., Timentin as an 
alternative antibiotic for suppression of Agrobacterium 
tumefaciens in genetic transformation. Plant Cell Rep, 17: 
646-649 (1998).  

35. Le V.Q., Belles- Isles J., Dusabenyagasani M., and 
Tremblay F.M. An improved procedure for production of 
white spruce (Picea glauca) transgenic plants using 
Agrobacterium tumefaciens. J Exp Bot, 52: 2089-2095 
(2001). 

36. Maneekard K., Rodaree R., and Chatchawankanphanich 
O. Effect of the antibiotic cefotaxime and timentin on 
regeneration of tomato after genetic transformation. 
Proceedings of 41st Kasetsart University Annual 
Conference, 3-7 February (2003). 

37. Jeyaramraja P.R., and Meenakshi S.N. Agrobacterium 
tumefaciens mediated transformation of embryogenic 
tissues of tea (Camelia sinensis O. Kuntze). Plant Mol 
Biol Rep, 23: 299a- 299i (2005). 

38. Green C.E., and Phillips R. L. Plant Regeneration from 
Tissue Cultures of Maize. Crop Sci, 15: 417-421 (1975). 

39. Todorova L., Kruleva M., Krapchev B., and Nedev T. 

Maize immature embryo culture. Maize Genet Coop 
Newsletter, 72: 76 (1998). 

40. Binott J.J., Songa J.M., Inida J., Njagi E.M., and 
Machuka J. Plant regeneration from immature embryos of 
Kenyan maize inbred lines and their respective single 
cross hybrids through somatic embryogenesis. Afr J 
Biotech, 7: 981-987 (2008). 

41. Pastori G.M., Wilkinson M.D., Steele S.H., Sparks C.A., 
Jones H.D., and Parry M.A.J. Age-dependent 
transformation frequency in elite wheat varieties. J Exp 
Bot, 52: 857-863 (2001). 

42. Stachel S.E., Messens E., Van Montagu M., and 
Zambryski P. Identification of the signal molecules 
produced by wounded plant cells which activate the T-
DNA transfer process in Agrobacterium tumefaciens. 
Nature, 318: 624–629 (1985). 

43. Villemont E., Dubois F., Sangwan R.S., Vasseur G., 
Bourgeois Y., and Sangwan-Norreel B.S. Role of the host 
cell cycle in the Agrobacterium-mediated genetic 
transformation of Petunia: evidence of an S-phase control 
mechanism for T-DNA transfer. Planta, 201: 160–172 
(1997). 

44. Mathis N.L., and Hinchee M.A.W. Agrobacterium 
inoculation techniques for plant tissues. In: Gelvin SB, 
Schilperoort, RA (eds), Plant molecular biology manual. 
Kluwer Academic Publ., Boston, 1-9 p (1994). 

45. Sangwan R.S., Bourgeois Y., Brown S., Vasseur G., and 
Sangwan-Norreel B. Characterization of competent cells 
and early events of Agrobacterium-mediated genetic 
transformation in Arabidopsis thaliana. Planta, 188: 439–
456 (1992). 


