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Abstract

Wheat improvement through genetic transformation has huge potential to meet its ever growing demand.
Various methods have been devised and used to achieve this goal. The list includes methods like
electroporation, micro-injection, liposome-mediated, biolistic and the Agrobacterium tumefaciens-mediated
transformation method. Electroporation is effective method of DNA delivery into the target cells however it can
be applied to protoplasts only. This has been main disadvantage as protoplast cultures for most of the cereals are
strongly genotype dependent and difficult to obtain. Microinjection method, to some extent, is considered
targeted gene delivery method. Its use has been limited, so far, for cereal transformation. Moreover it demands
highly skilled personals and sophisticated technology. Stable transgene integration has been reported with
liposome mediated gene transfer method. Like electroporation, this technique also relies on protoplasts culture
which has been its obvious limitation. Genetically modified plants have been developed through particle
bombardment method. It has been second most popular method adopted for wheat improvement. However this
technique leads to integration of multiple copies of transgene at single locus that ultimately results in gene
silencing. Agrobacterium tumefaciens-mediated transformation method is most famous method and frequently
used for developing transgenic plants, mainly due to its advantages like simple integration pattern, being less
laborious, and cost effective. In recent years significant progress has been made to successfully employ this
method for transformation of monocotyledonous plants. However, in the case of wheat, involvement of tissue
culture has been main hurdle so far, which is mainly because of recalcitrant nature of wheat. In past few years,
improved methods have been developed that bypass in vitro culturing during transformation method.

Introduction

According to different estimates and analyse, by year 2050, grain production needs to be increased at an
annual rate of 2%, to meet human demands (Umer et al., 2008). This increase in production can possibly be
increased by two ways; either through increasing the area of crop production or through increasing the yield
potential of cultivable wheat varieties. The former option is not feasible as growing population also needs more
space for housing and other needs. However, the option is achievable through the use of advance scientific
knowledge and techniques (Sramkova et al., 2009). Human beings started wheat improvement right after its
domestication. In early days farmers used to select plants for large grains and other desirable characters. After
gaining better knowledge they started to cross desirable plants to get hybrids with known properties. Wheat
breeding started in nineteenth century, when single line varieties were developed through selection of plants
with desired properties. First disease resistant variety, using conventional breeding technique, was developed by
Norman Borlaug and his team. Japanese dwarf variety Norin 10 was crossed with disease resistant variety to
produce semi dwarf disease resistant and high yield varieties of wheat (Borloug, 1953). This achievement is the
base of “Green Revolution”.

A significant increase in yield and development of resistant varieties is unlikely to be attained only through
conventional breeding. In recent years, recombinant DNA technology has become a powerful tool for crop
improvement. Biotechnology not only increases the efficiency of conventional breeding techniques, but also
opens the door for controlling key traits through genetic manipulation. Some uncultivated and closely related
varieties of wheat have genes for better quality traits. Although some of these genes have been integrated into
wheat genome for genetic improvement, however neither wheat germplasm nor its close relatives are likely to
contain the wide variety of genes that would be required to meet future demands. Therefore, novel methods and
approaches must be explored to integrate useful genes from any organism (plants, animals or microorganisms)
to attain the dramatic yield improvements.

Various DNA delivery methods have been used for integration and expression of foreign gene into wheat
genome. In the following sections these methods will be discussed in brief.
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Electroporation: Electro-permeabilization or electroporation is used to create small holes in plasma membrane
of the cells. These temporary holes permit the cell to uptake foreign substance that may be a piece of DNA,
molecular probe or any drug. After a short period of time, pores will reseal automatically. Intensity of electric
current is an important factor determining the success of the experiment. An increase in electric voltage may
cause cell damage. By applying controlled intensity of electric field and cell’s exposure to it, cell damage can be
avoided. Electroporation has been proved to be applicable gene transfer method for plants, microbes and
animals (Haliloglu et al; 2004). Using electroporation as a transformation tool, significant success has been
achieved with cereals like maize and rice (Formm et al., 1986, Yang et al., 1988). It was used to produce
herbicide resistance wheat plants, through anther culture-derived embryos as explant (Haliloglu et al; 2004).
The electroporation has no effect on regenerable capacity of transformed cells. Being genotype independent it
can be used to transform large varieties of plants. Electroporation is simple and effective method with high
DNA delivery rate. It can be used to deliver DNA into large number of cells within a very short time (Kathleen
et al.,, 1992). However, in plant research main drawback of electroporation-mediated gene transfer is its
dependence on protoplasts. Protoplast cultures for most cereals are difficult to obtain and strongly genotype
dependent. Thus, success of electroporation technique for wheat transformation is limited (Harris et al., 1988).

Microinjection: In microinjection method the desired gene is injected into the nucleus of the cell (Floras et al.,
1981). This approach, to some extent, is considered targeted gene delivery method. Cultured tissues, that
encourage continued development of immature structures, provide cellular targets for transformation. These
immature structures may include immature embryos, meristems, immature pollen, isolated ovules, embryogenic
suspension, cultured cells etc (Brown and Thorpe., 1995, Akin-ldowu et al., 2009). The main disadvantage of
this technique is the production of chimeric plants with only a part of the plant transformed. Frequencies of
somaclonal variations are high with this method of plant transformation (Peschke and Phillips, 1992). When
cells or protoplasts are used as targets in the technique of microinjection, glass micropipettes each with 0.5-
10pm diameter tip are used for transfer of macromolecules into the cytoplasm or the nucleus of a recipient cell
or protoplast (Floras et al., 1981). Recipient cells are artificially bound to a surface (cover slip or slide) for
injecting foreign DNA into the cell (Mercer et al., 1982). Although success rate is high but microinjection
transformation demands highly skilled personals, more over it is expensive and slow. This technique could not
be successfully repeated with cereals (Potrykus, 1991).

Liposome mediated gene transfer: In this technique, large number of plasmids is enclosed in small lipid bags
called liposome. Liposome transfer genes on fusion with protoplast; that is mediated using chemicals like PEG
(polyethylene glycol). DNA enters the protoplasts due to endocytosis of liposome. As plasmids carrying foreign
DNA are enclosed in lipid bags; it provides protection to foreign DNA/RNA from nuclease digestion.

Using liposome-mediated method, npt-11 gene, under the control of 35S CaMV promoter, was introduced
into protoplast of hexaploid wheat. Chimeric gene was transferred through PEG-mediated DNA uptake.
Transformed protoclones show high kanamycin, geneticin and neomycin resistance. Treated protoplast shows
transformation frequency between 1 and 2.25 x 10~° (Mathur et al., 1995).

Besides other advantages, liposome mediated gene transfer method results in stable gene integration.
However its big disadvantage has been large number of rearrangements taking place in the host genome
(Marsan, 1993).

Particle bombardment: Biolistics approach of transformation involves coating of naked DNA on submicron
particles of tungsten or gold. Linear or plasmid both forms of DNA are used in particle bombardment. Gold or
tungsten DNA coated particles are bombarded at high velocity into recipient cells (Sanford, 1988; Sanford et al.,
1993). DuPont discovered first helium driven particle bombardment system. That was marketed as PDS1000/He
by BioRad. Other devices such as the particle inflow gun and the ACCELL electrical discharge technology have
also been used successfully for micro-projectile bombardment. Chloroplast and mitochondrion genomes have
also been successfully engineered through biolistics approach (Sanford et al., 1993). Effective DNA-transfer has
also been reported using Escherichia coli or Agrobacterium cells as micro-projectiles (Rasmussen et al., 1994).
Particle bombardment effectively distributes DNA over a wide area of the target tissue and is relatively
genotype independent. However, several parameters must be optimized for particular explants including the
microprojectile type, size and quantity. Helium pressure, propellant force, and target distance of accelerating
device also contribute to success of stable DNA integration. Efficiency and stability of integrated DNA can be
improved by controlling device parameters (Altpeter et al., 1996; Ingram et al., 1999; Perl et al., 1992; Harwood
et al., 2000; Rasco-Gaunt et al., 1999).

Although biolistics transformation method is base for many other effective wheat transformation methods
(Sparks and Jones, 2004), but complex transgene integration patterns cause problems in consequent analysis.
Particle bombardment integrates various copies of foreign gene at single locus that ultimately results in gene
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silencing (Kohli et al., 2003; Sparks and Jones, 2004). Using particle bombardment, transgenic wheat plants,
expressing high molecular weight glutenin subunit, were successfully developed (Yao et al., 2006).

Agrobacterium-mediated transformation: Soil borne pathogen Agrobacterium tumefaciens is causative agent
of crown gall disease. It has ability to transfer a small segment of its DNA (T-DNA) into the host cell’s genome.
Agrobacterium tumefaciens-mediated method is a preferred and method of choice due to unique advantages like
the ability to transfer larger DNA segments, minimal probability of rearrangement, insertion of fewer copies of
inserted genes, and simple, low cost technology (Dai et al., 2001; Smith et al., 1995). Initially Agrobacterium
tumefaciens-mediated genetic transformation method was limited to dicotyledonous plant species; in early
1980’s first transgenic plants were developed through this method (Gasser and Fraley, 1989). In late 1980’s and
through 1990s many dicotyledonous plant species had been successfully transformed through Agrobacterium
method. In spite of having wide range of hosts Agrobacterium does not infect monocots in general. After
successful demonstration in dicotyledonous plant, efforts began to transform monocotyledonous plants through
Agrobacterium-mediated transformation method. To date successful transformation events have been reported
for monocotyledonous plants with the addition of phenolic compound acetosyringone and with the use of
hypervirulent strains (Buck et al; 2007). The first breakthrough was achieved in 1994, with successful
transformation of rice; the first amongst cereals (Hiei et al., 1997). Now focus was shifted on wheat, one of
main staple crop throughout the world. Finally success was achieved in 1997 when first Agrobacterium-
mediated wheat transformation was reported by Cheng et al., since then many groups have made different
attempts to develop an efficient protocol for wheat transformation (Cheng et al., 1997).

Agrobacterium-mediated transformation can be carried out either with or without involvement of tissue
culture. In former method, suitable explants are grown on proper medium for callus induction. The calli are
infected with Agrobacterium, successful transformants are selected and regenerated to obtain transgenic plants.
The latter method doesn’t involve any in vitro culturing and includes techniques like floral dip, seed inoculation
method etc.

Agrobacterium mediated transformation via tissue culture: As described above, Transformation through
tissue culture firstly involves culture of explant on artificial medium to induce callus formation. The callus is
further infected with Agrobacterium containing gene of interest. The Agrobacterium-mediated transformation of
wheat was first reported in 1997 by Cheng et al, who used immature embryos and embryogenic calli in a tissue-
culture system to produce fertile transgenic wheat plants. Based on Southern blot analysis of 26 events,
approximately 35% of the transgenic plants received a single copy of the transgene (Cheng et al. 1997).

The major limitation in improvement of wheat transformation through Agrobacterium is the successful
regeneration of plant from transformed callus (He et al; 2010). So, this method is limited to some varieties of
plants; that can be regenerated easily. Transformation frequency of wheat can be enhanced by manipulating the
factors influencing T-DNA delivery e.g Agrobacterium cell density, inoculation period, surfactants and
induction chemicals in inoculation media (Zeb et al., 2009).

Agrobacterium-mediated transformation without tissue culture: Agrobacterium mediated transformation
has not yet become an established and robust method for genetic transformation of wheat because it is strictly
genotype dependent. This is mainly due to the large differences in the abilities for callus induction and
regeneration among wheat varieties (Supartana et al., 2005; Jones 2005). For most of the wheat varieties callus
induction and subsequent cell culture has not been possible till to date. Owing to these limitations, in past
decade, few techniques have been devised that does not rely on tissue culturing. These techniques include floral
dip method and seed inoculation method.

Floral dip method: A floral transformation protocol for wheat was introduced by Zale et al., (2009). It is a
simple method that bypasses tissue culture technique. The spikes at different developmental stages were, twice,
dipped in suspension of Agrobacterium tumefaciens carrying the gene of interest. Transformation was found to
be more efficient when spikes were 6-7 cm long and enclosed in sheath. This corresponds to mid to late uni-
nucleate microspore stage (4-7 days before anthesis). Few independent transformants of Crocus wheat were
created through this method with transformation efficiency of 6.8%. Molecular analysis of transformants
showed transgene stability in three to six generations (Zale et al., 2009).

In floral dip method, flower developmental stage is critical factor for successful transformation of wheat
(Zale et al., 2009).

In planta method: A new Agrobacterium-mediated “in planta” transformation protocol has recently been
reported by few workers (Razaq et al., 2010; Supartana et al., 2005). This method involves transformation of
embryo by making small holes in pre-soaked seeds and introducing the solution of Agrobacterium carrying gene
of interest. Different methods have been devised for wounding the seeds e.g. sonication, needle prick and
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vacuum infiltration (Chen et al., 2010). In a recent report, embryos of mature seeds were incised with sharp
blade, after removing the seed coat. Processed seeds were pricked with a bunch of acupuncture pins dipped in
Agrobacterium solution harbouring gene of interest (Razaq et al., 2010). The inoculated seeds were allowed to
mature into seedlings, transferred to pots and exposed to natural environment (Razaq et al., 2010; Chen et al.,
2010). Seeds were collected from transformants and selected on the basis of antibiotic resistance. “In planta”
transformation method overcomes the disadvantages of the conventional Agrobacterium-mediated
transformation methods that rely on successful in vitro culturing. “In planta” transformation method is
applicable to wheat varieties that are recalcitrant to regeneration, which is its greatest advantage (Supartana et
al., 2005).
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