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Abstract

In the present study high efficiency Agrobacterium tumefaciens mediated transformation
system of wheat (Triticum aestivum L.) cv. Ingilab-91 was developed by exploiting bacterial
culture density and acetosyringone concentration. Agrobacterium strain EHA101 harboring binary
vector plG121Hm, containing gene for GUS activity and hygromycin resistance was used in
transformation experiments. Different optical densities (0, 0.25, 0.5, 0.75 and 1.0) of bacterial
suspension and different concentrations (0, 50, 100uM) of acetosyringone were evaluated in
transformation studies. Maximum transformation efficiency (4.16%) was obtained with bacterial
suspension of O.D.eoonm = 0.5. Contamination could not be controlled when O.D.eoonm = 0.75 and 1
was used. In case of concentration of acetosyringone, 100uM was found to be better for
transformation where transformation efficiency was 15.62%. Transformation results were
confirmed with GUS analysis.

Introduction

Wheat (Triticum spp.) is a grass of family Poaceae that is cultivated worldwide.
Wheat is the most widely grown cereal crop in the world (Zhou et al., 2003). It is an
annual and self pollinated plant. Globally, it is the second largest cereal crop behind
maize. A number of environmental factors such as temperature, moisture, soil and light
intensity affect the growth and yield of wheat. Generally in Pakistan, sowing starts from
October and continues up to the end of December, but the optimum sowing time is the
month of November. It is harvested from April to May (Shah et al., 2003). Wheat is
particularly useful crop in terms of human nutrition as it contains good levels of proteins
and carbohydrates (The Columbia, Electronic encyclopedia, 2006).

Ingilab-91 is cultivated in 70% of irrigated area of Punjab. It was released in 1991
and was obtained by cross of two parent varieties, WL711 and CROW °S’. It is high
yielding disease resistant, lodging resistant and general purpose variety suitable for rich
soils under normal and late planting (Mujahid, 2004).

Wheat breeders have been able to introduce desirable traits that increase the grain
yield and minimize the crop loss. In recent years biotechnology is emerging as one of the
latest tools in agricultural research and is contributing towards the development of novel
methods to genetically alter and control plant development, performance and its products
(Patnaik & Khurana, 2001). Protocols for regenerating whole plants from single cells or
clumps of cells were first generated over three decades ago. Today, these protocols form
the basis of micro-propagation technologies that are relatively simple and widely used
(Wambugu & Kioime, 2001).
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Ozgen et al., (1998) cultured immature and mature embryos of 12 common winter
wheat (Triticum aestivum) genotypes to develop an efficient method of callus formation
and plant regeneration from mature embryo culture, and to compare the responses of both
embryo cultures. Rashid et al., (2002) investigated effects of media, growth regulators
and genotype for callus induction, maintenance and regeneration in wheat (Tritcum
aestivum L. cvs. Chakwal 86, Rawal 87). Shah et al., (2003) evaluated the most suitable
concentration of growth regulators i.e., 2, 4-D, IAA, BAP and Kn for callus induction, its
proliferation and regeneration in seed explants of wheat (Triticum aestivum L). Alizadeh
et al., (2004) developed a new, simple and efficient method for multiple shoot
regeneration of wheat. Turhan & Baser (2004) used five media supplemented with
different concentrations of NAA and 2, 4-D growth regulators and two different mature
embryo sources were tested in order to obtain the best wheat callus formation. Filippov et
al., (2006) studied the effects of different factors on the embryogenesis and plant
regeneration from mature embryos of Russian spring and winter genotypes.

Genetic transformation is the process of introducing genes into plants by methods
which by-pass the sexual seed production process. Transformation of cereal crops is
powerful research tool for gene discovery and function to investigate genetically
controlled traits and is becoming a key element in the process of varietal improvement
(Jones et al., 2005). Wheat was among the last of the major crops to be transformed, with
the first fertile transgenic plants being reported a little over a decade ago (Vasil et al.,
1992). Furthermore, transformation still remains more difficult for wheat being more
genotype dependent and having lower efficiency. Consequently, the transformation
technology for wheat is still far from routine or optimized (Shewry & Jones, 2005).
Genetic engineering is of significant interest for improving productivity and grower
profitability (Zhou et al., 2003). Successful production of transgenic wheat by
microprojectile bombardment or Agrobacterium mediated transformation techniques has
been reported by several research groups (Demeke et al., 1999).

Agrobacterium tumefaciens has played a major role in the development of plant
genetic engineering. It accounts for about 80% transgenic plants produced so far (Wei et
al., 2000). Plant transformation mediated by Agrobacterium tumefaciens, a soil plant
pathogenic bacterium, has become the most used method for the introduction of foreign
genes into plant cells and the subsequent regeneration of transgenic plants.
Agrobacterium tumefaciens has the exceptional ability to transfer particular DNA
segment (T-DNA) of the tumor inducing (Ti) plasmid into the nucleus of infected cells
where it is then stably integrated into host genome and transcribed, causing the crown
gall disease (de la Riva et al., 1998).

Cheng et al., (1997) first reported the success of Agrobacterium mediated
transformation in wheat using immature embryos, pre-cultured immature embryos and
embryogenic calli to produce fertile transgenic plants. Brettell et al., (1998) transformed
wheat using Agrobacterium tumefaciens with reporter genes GUS and GFP and
transformed callus tissue were obtained by applying selection with bialaphos. McCormac
et al., (1998) demonstrated transfer of T-DNA from Agrobacterium tumefaciens and
Agrobacterium rhizogenes to cells of wheat and barley following the inoculation of
immature embryos and immature embryo-derived callus. Peters et al., (1999) transformed
wheat (cv. Chinese Spring) tissues using Agrobacterium tumefaciens and a new plasmid
modular vector, pMVTBP. Amoah et al., (2001) reported the efficient transformation of
inflorescence tissue of wheat variety, using the Agrobacterium strain AGLI harboring the
binary vector pAL156.
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Sarker & Biswas (2002) used different explants such as mature and immature
embryos, seeds, endosperms, leaves, shoot bases and root tips of four local wheat
varieties and evaluated them for their in vitro callus induction and regeneration as well as
Agrobacterium mediated genetic transformation. Wang et al., (2002) transformed
immature embryos and embryo-derived calli from two cultivars of winter wheat, using
three strains of Agrobacterium tumefaciens. Hu et al., (2003) developed Agrobacterium
mediated transformation system with glyphosate selection for the large scale production
of transgenic plants. Wu et al., (2003) used immature embryos from range of wheat
varieties and the Agrobacterium strain AGL1 to investigate and optimize major T-DNA
delivery and tissue culture variables. The aim of the present study was to develop high
efficiency Agrobacterium tumefaciens-mediated transformation protocol for wheat.
Successful plant regeneration from cells, organs or tissues is one of the important steps in
application of biotechnology for crop improvement.

Materials and Methods

Mature embryos of wheat, Triticum aestivum L. cv. Ingilab-91, were used throughout
this study for callus induction, regeneration and transformation. Transformation was
carried out with Agrobacterium tumefaciens strain EHA101 containing binary vector
plG121Hm. It contains GUS gene as reporter gene and hygromycin resistance gene as
selectable marker. Bacterial suspension of different optical densities (O.Ds) i.e., 0.25, 0.5,
0.75 and 1.0 at 600nm were used for co-cultivation and different concentrations of
acetosyringone i.e., 0, 50 & 100uM were used at the time of co-cultivation and in the co-
cultivation plates to check its effect on transformation efficiency. After 15 days of
selection, embryo derived calli were incubated in X-Gluc solution containing 1mg/l 5-
bromo 4-chloro 3-indolyl B-D-glucuronidase, 0.5% triton X-100, 20% methanol and
50mM Sodium phosphate buffer (pH 7.0). The reaction mixture was incubated at 37°C
for 2-3 days. The calli were examined under microscope.

Results and Discussion

Effect of bacterial culture density: Bacterial cultures of different optical densities
(O.Ds) i.e., 0.0, 0.25, 0.5, 0.75 and 1.0 at 600nm were used in the present study to
investigate its effect on transformation efficiency of wheat cv. Ingilab-91. At O.D.so0nm =
0.0 and 0.25, none of the explant was transformed. Maximum transformation efficiency
(12.5%) was observed at O.D.g00nm = 0.5. These results are supported by Hu et al., (2003)
and McCormac et al., (1998) who used Agrobacterium cell density O.D.soonm = 0.5 and
obtained maximum transformation efficiency (4.4%). In case of O.D.goonm = 0.75 and 1.0,
the transformation efficiency was 4.07% and 0.0% respectively and excessive bacterial
growth was observed at these higher levels of bacterial cultures (Table 1, Fig. 1), as a
result of which explants died. Sarker & Biswas (2002) obtained maximum transformation
efficiency with EHA105 having an O.D.soonm = 0.75. Wang et al., (2002) obtained
maximum transformation efficiency when bacterial cell density O.D.goonm = 1.0 was used.
Ke et al., (2002) transformed wheat and barley immature embryos with Agrobacterium
having an O.D.soonm = 1.5. Amoah et al., (2001) transformed inflorescence tissue of wheat
using bacterial culture density O.D.soonm = 2.0. All these reports are quite in contrast to
present study.
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Fig. 1. Photographic presentation of Agrobacterium tumefaciens mediated transformation of wheat
using bacterial culture density O.D.eoonm = 0.5 and 50uM acetosyringone.

a: Untransformed mature embryos at O.D. soonm = 0.25

b: Co-cultivation of mature embryos with Agrobacterium (O.D.soonm = 0.5)

¢: Explants on selection medium containing 50mg/l hygromycin

d: Transgenic plant originating from transformed mature embryo derived callus

e: Transgenic plant of wheat (Triticum aestivum L.) cv. Ingilab-91

f: GUS expression of explants.
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Table 1. Effect of bacterial culture density on transformation of wheat.

BCD GUS +ve TE
600 nm NE SCH G&P PSC CTG (NBS) (%) PF
0 96 Nil Nil Nil 10 0 0 Nil
0.25 96 Nil Nil Nil 10 0 0 Nil
0.5 96 66 44 68.75 10 14 125 12
0.75 96 24 15 25 10 21 4.17 3
1.0 96 9 4 9.37 10 26 0 0

BCD = Bacterial culture density, NE = No. of explants, SCH = Selected calli on hygromycin, G&P
= Growth and proliferation of calli, PSC = Percentage of Selected calli, CTG = Calli tested for GUS,
TE = Transformation efficiency (%), PF = Plantlet formation, NBS = Number of Blue spots

Table 2. Effect of different concentrations of acetosyringone on transformation of wheat.

CA GUS +ve TE
QM) NE SCH G&P PSC CTG (NBS) PF (%)
0 96 3 1 3.12 10 0 0 0
50 96 57 36 59.37 10 22 6 6.25
100 96 62 49 64.58 10 29 11 11.46
150 96 77 58 80.21 10 36 15 15.62
200 96 54 35 56.25 10 39 7 7.29

CA = Concentration of acetosyringone, NE = No. of explants, SCH = Selected calli on hygromycin,
G&P = Growth and proliferation of calli, PSC = Percentage of Selected calli, CTG = Calli tested for
GUS, NBS = Number of Blue spots, PF = Plantlet formation, TE = Transformation efficiency (%)

Effect of Acetosyringone concentration: Acetosyringone is an alcoholic compound that
enhances the Agrobacterium infection and T-DNA delivery process. Different
concentrations of Acetosyringone i.e., 0, 50, 100, 150 and 200uM were used at the time
of co-cultivation and in the co-cultivation plates. No transformation was observed with
0.0puM acetosyringone. When 50uM of Acetosyringone was used, 59.37% of calli were
selected on hygromycin and transformation efficiency 6.25% was observed.
Transformation efficiency was increased with the increase of Acetosyringone
concentration up to 150pM and maximum transformation efficiency (15.62%) was
observed at 150 uM concentration (Table 2, Fig. 1). In previous studies, McCormac et
al., (1998) and Ke et al., (2002) used 100uM Acetosyringone and found that presence of
Acetosyringone increased the efficiency of transformation. Beyond the level of 150uM
an abrupt decrease was observed in transformation efficiency and only 7.29% of the calli
were transformed at Acetosyringone concentration of 200uM. our results are in contrast
with Amoah et al., (2001) who added Acetosyringone to final concentration of 200uM
and obtained increased transformation efficiency.

GUS Assay: The mature embryos after 15 days of selection were tested for transient
GUS expression. In case of O.D.soonm = 0 and 0.25, no GUS expression was observed. In
case of O.D.soonm = 0.5, 4 blue spots per callus were observed. Although the GUS
expression increased when O.D.goonm = 0.75 and 1.0 was used, but formation of
transformed plants was low due to bacterial contamination. In absence of
Acetosyringone, no GUS expression was observed while an increase in GUS expression
was observed with the increase of Acetosyringone concentration (Fig. 1).



4188 HAMID RASHID ET AL,

References

Alizadeh, H., M.R. Naghavi, M. Omidi and B. Saatian. 2004. Effect of plant growth regulators
on direct shoot regeneration of wheat (Triticum aestivum). New directions for a diverse
planet: Proceedings of the 4™ International Crop Science Congress Brisbane, Australia, 26
Sep-1 Oct 2004.

Amoah, B.K., H. Wu, C. Sparks and H.D. Jones. 2001. Factors influencing Agrobacterium-
mediated transient expression of uid A in wheat inflorescence tissue. Journal of Experimental
Botany, 52(358): 1135-1142.

Brettell, R., S. Tingay, X. Gu, D. McElroy, S. Feig, M. Wang, S. Thoronton and N. Bohorova.
1998. Agrobacterium-mediated transformation of barley and wheat. Plant and Animal Genome
VI Conference, Town and Country Hostel, San Deigo, C A, Jan, 18-22. pp. 370.

Cheng, M., J.E. Fry, S. Pang, H. Zhou, C.M. Hironaka, D.R. Duncan, T.W. Conner and Y. Wan.
1997. Genetic transformation of wheat mediated by Agrobacterium tumefaciens. J. Plant
Physiology, 115: 971-980.

de la Riva, G.A., C. Ayra-Pardo, J. Gonzalez-Cabrera and R. VAazquez-Padrén. 1998.
Agrobacterium tumefaciens: a natural tool for plant transformation. Electronic Journal of
Biotechnology, 1(3): 1-16

Demeke, T., P. Hucl, M. Béga, K. Caswell, N. Leung and R.N. Chibbar. 1999. Transgene
inheritance and silencing in hexaploid spring wheat. J. Theor. Appl. Genet., 99: 947-953.

Filippov, M., D. Miroshnichenko, D. Vernikovskaya and S. Dolgov. 2006. The effect of auxins,
time exposure to auxin and genotypes on somatic embryogenesis from mature embryos of
wheat. Plant Cell, Tissue and Organ Culture, 84(2): 100192-100201.

Hu, T., S. Metz., C. Chay, H.P. Zhou, N. Biest, G. Chen, M. Cheng, X. Feng, M. Radionenko, F.
Lu and J. Fry. 2003. Agrobacterium mediated large scale transformation of wheat (Triticum
aestivum L.) using glyphosate selection. Plant Cell Reports, 21: 1010-1019.

Jones, H.D., A. Doherty and H. Wu. 2005. Review of methodologies and a protocol for the
Agrobacterium mediated transformation of wheat. Plant Methods, 1: 5.

Ke, Xia-Yi., A.C. McCormac, A. Harvey, D. Lonsdale Chen Dong-Fang and M.C. Elliot. 2002.
Manipulation of discriminatory T-DNA delivery by Agrobacterium into cells of immature
embryos of barley and wheat. J. Euphytica, 126: 333-343.

McCormac, A.C., H. Wu, M. Bao, Y. Wang, R. Xu., M.C. Elliott and Chen Dong-Fang. 1998.
The use of visual marker genes as cell specific reporters of Agrobacterium-mediated T-
DNA delivery to wheat (Triticum aestivum L.) and barley (Hordeum vulgare L.). J.
Euphytica, 99: 17-25.

Mujahid, Y. 2004. Personal Communication, Wheat Program, NARC.

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

Ozgen, M., M. Turet, S. Altinok and C. Sancak. 1998. Efficient callus induction and plant
regeneration from mature embryo culture of winter wheat (Triricum aestivum L.) genotypes.
Plant Cell Reports, 18(3-4): 331-335.

Patnaik, D and P. Khurana. 2001. Wheat biotechnology: A minireview. Electron. J. Biotechnol.,
4(2): 94-100.

Peters, N.R., S. Ackerman and E.A. Davis. 1999. A modular vector for Agrobacterium mediated
transformation of wheat. Plant Molecular Biology Reporter, 17: 323-331.

Rashid, H., R.A. Ghani, Z. Chaudhry, S.M.S. Naqgvi and A. Quraishi. 2002. Effect of media, growth
regulators and genotypes on callus induction and regeneration in wheat (Triticum aestivum). J.
Biotechnology, 1(1):49-54.

Sarker, R.H. and A. Biswas. 2002. In vitro plantlet regeneration and Agrobacterium-mediated
genetic transformation of wheat (Triticum aestivum L.). Plant Tissue Culture, 12(2): 155-165.

Shah, M.1., M. Jabeen and I. llahi. 2003. In vitro callus induction, its proliferation and regeneration
in seed explants of wheat (Triticum aestivum L.) var. LU-26S. Pakistan Journal of Botany.
35(2): 209-217.



BACTERIAL CULTURE DENSITY ON AGROBACTERIUM IN WHEAT 4189

Shewry, P.R and H.D. Jones. 2005. Review Paper. Transgenic wheat: where do we stand after the
first 12 years. Annals of Applied Biology, 147: 1.

Turhan, H. and |. Baser. 2004. Callus induction from mature embryo of winter wheat (Triticum
aestivum L.). Asian Journal of Plant Sciences, 3(1):17-19.

Vasil, V., A. Castillo, M. Fromm and I. Vasil. 1992. Herbicide resistant fertile transgenic wheat
plants obtained by micro-projectile bombardment of regenerable embryogenic callus.
Biotechnology, 10: 667-673.

Wambugu, F and R. Kioime. 2001. The benefits of biotechnology for small-scale banana farmers in
Kenya, ISAAA Briefs No. 22. Ithaca, NY: International Service for the Acquisition of Agric-
biotech Applications.

Wang, Y.Q., X.G. Xiao and A.M. Zhang. 2002. Factors affecting Agrobacterium-mediated
transformation of wheat (Triticum aestivum L.). Yi Chuan Xue Bao., 29(3): 260-265.

Wei, L., G. Guangqin and Z. Guochang. 2000. Agrobacterium-mediated transformation: state of the
art and future prospect. Chinese Science Bulletin, 45(17): 1537-1545.

Wu, H., C. Sparks., B. Amoah and H.D. Jones. 2003. Factors influencing successful Agrobacterium
mediated genetic transformation of wheat. Plant Cell Reports, 21(7): 659-668.

Zhou, H., J.D. Berg, S.E. Blank, C.A. Chay, G. Chen, S.R. Eskelsen, J.E. Fry, S. Hoi, T. Hu, P.J.
Isakson, M.B. Lawton, S.G. Metz, C.B. Rempel, D.K. Ryerson, A.P. Sansone, A.L. Shook,
R.J. Starke, J.M. Tichota and S.A. Valenti. 2003. Field efficacy assessment of transgenic
Roundup Ready wheat. Crop Science, 43:1072-1075.

(Received for publication 8 December 2009)



