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Genetic transformation of cauliflower  (Brassica oleracea 
var .botrytis) using  Agrobacterium tumefaciens  as a vector for 
improved stress resistance. 

Fadil Al-Swedi 

Cauliflower (Brassica oleracea var. botrytis) is described as a recalcitrant plant to 

genetic transformation processes especially Agrobacterium-mediated and as an 

extremely low frequency event then it requires a large amount of explants for this 

procedure to succeed. This thesis describes the development and refinement of a 

mass propagation system for cauliflower micropropagation and its use for 

overcoming recalcitrance to genetic transformation. 

Shoot meristematic tissue was taken from the curd of cauliflower and used to 

establish in-vitro cultures in liquid medium. Explants were cultured in a Murashige 

and Skoog (MS) medium containing various plant growth regulators combinations to 

induce shoot regeneration and which were optimised to be 2 mg L-1 (9.29 � M��

kinetin and 1 mg L-1(4.9 � M� IBA. Shoots were cultured for 4–6 weeks to obtain 

rooted plants, which were then suitable for weaning and subsequently produce fully-

developed in-vivo plants in pots in soil with a 95%+ success rate.  

A procedure for detection of the presence of insert DNA in recombinant plasmids in 

individual Agrobacterium tumefaciens strains was refined. Cauliflower was 

transformed using the EHA105 strain of A. tumefaciens harboring the binary vector 

pPRTL2 plasmid carrying the antioxidant gene Ascorbate peroxidase (APX) for 

increased stress resistance coupled with neomycin phosphotransferase II (nptII) for 

resistance to kanamycin and � -glucuronidase (GUS) as a marker gene. Selection 

was carried out in MS medium containing kanamycin (50 mg L-1), and surviving 

tissues were then tested by histochemical GUS assay. 



                                                  University of Plymouth 

IV 
 

Agrobacterium-mediated plant genetic transformation requires a two-step process for 

its success: selection and regeneration of transformed tissues, and the elimination of 

the transformation vector (Agrobacterium). This study used carbenicillin and 

cefotaxime in MS media to eliminate A. tumefaciens, at selection levels of 25 and 50 

mg L-1 kanamycin. Kanamycin severely reduced explant growth and regeneration of 

control cultures at concentrations as low as 10 mg L-1 and completely inhibited shoot 

organogenesis at 50 mg L-1. 

The integration of APX gene into putative transformant lines was confirmed using 

GUS and leaf disc assays. Genomic integration of the gene cassette was optimised 

using PCR analysis with primers flanking npt II and CaMV promoter regions. The 

stable integration of the APX gene in the putative transgenic plants was detected 

using PCR at 478bp.  The result confirmed the first report of transformation with APX 

gene in Brassica oleracea.  Thus, a protocol for effective Agrobacterium-mediated 

genetic transformation of cauliflower was optimized.   

Transformed and control lines were sub-cultured many times on maintenance 

medium over 2 years without any loss of the transgene and then tested for salt 

resistance as in-vitro and in-vivo plants using a leaf disc assay. Control plants had 

little or no NaCI resistance whilst transformed plants showed varying degrees of 

resistance. Analysis of APX gene expression under salt treatment showed that 

putative transgenic cauliflower survived salinity stress compared with control plants. 

Non-acclimated and acclimated in-vivo plants were also assessed for resistance to 

frost. Both non-acclimated and acclimated APX transformed lines showed improved 

frost resistance compared to controls. The results clearly confirmed that NaCI and 

frost resistance were stable traits attributable to improved APX expression. 
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1.1 Plant Genetic Improvement 

1.1.1  Plant Breeding 

Since the earliest domestication of crop plants nearly 10,000 years ago farmers and 

growers have improved their crops by selection to create higher yielding, more 

disease resistant Land Races (Fischer and Edmeades, 2010). During the 20th 

century the understanding of genetics emerged and plant breeding techniques have 

been used which systematically recombine the genetic traits within a species to 

develop specific varieties with even more yield potential and disease resistance 

(Brown, 2002). 

Plant breeding has been a remarkably successful strategy to increase the yield of 

crops (Stuber et al., 1999). This includes increased resistance to disease, pests and 

tolerance to stress. It has been estimated that 50% of the yield increase in field crops 

during the last 50 years is attributable to the improvement of genetic factors and the 

other 50% has resulted from agronomic practices comprising chemical treatment 

(pesticides), fertilizers and other husbandry practices (Tanksley and McCouch, 

1997).  

However, there are many limitations to plant breeding for instance; genetic linkage, 

complex traits, poly genes and as for  time scales, many breeding experiments such 

as back crossing and pedigree selection need a very long time of several 

generations or several years to identify useful selections with the potential to become 

a new varieties (Devi, 2003 ). Furthermore, many plant breeders are reporting that 

that annual crop yield gain from plant breeding is slowing down and there is a fear 

that, for the staple crops, yields are plateauing.   This has turned the attention of 

plant breeders towards new molecular breeding techniques including genetic 

modification. 
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Molecular breeding is the term used to represent the breeding methods that are 

coupled with genetic engineering techniques. These breeding methods have been 

used to make plant breeding more efficient and targeted in order to meet the food 

demands of the growing world population and the challenges of the need for 

improved crop production and yields. The future development in agricultural yields is 

going to rely heavily on the use of molecular breeding programmes. Linkage analysis 

which deals with the studies to correlate the link between molecular markers and a 

desired trait is an important aspect of molecular breeding programmes and 

molecular breeding involves breeding using molecular markers linked to defined 

traits. A molecular marker is a DNA sequence in the genome which can be located 

and identified and is linked (closely situated) to a gene of interest in the breeding 

programme; therefore molecular markers can be used to identify particular locations 

in the genome. Gene flow is the transfer of genetic materials between plants and is 

also known as introgression. One of the main concerns of the use of GM crops is the 

worry that new genes in GM crops will escape by introgression and affect the natural 

plant populations in the environment. Research indicates that such gene transfer is 

affected by many factors such as the stability of genes, hybrid fertility and size of 

crop and the presence of close relative weed populations in the field (Barton and 

Dracup, 2000). 

Since 1998 agriculture has been exposed in various parts of the world to bitter 

debates about the cultivation of genetically modified crops. These debates have 

included discussion of political, scientific, economic, and religious institutions and 

moreover the debates have been applied to areas such as the research laboratory, 

legislature and companies. In 1995-96, transgenic potato and cotton plants were 

used commercially for the first time in the USA. By the year 1998-99, five other major 
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transgenic crops cotton, maize, canola, soybean, and potato were introduced to the 

farmers. These varieties accounted for about 75% of the total area planted with 

crops in the USA. There are still a lot of concerns regarding the harmful 

environmental and hazardous health effects of transgenic plants and there is 

continued resistance to their wide-scale introduction in Europe (Andow and Zwahlen, 

2006). 

1.1.2 Mutations 

In the absence of desired agronomic characteristics within a cultivated species, a 

common and efficient tool to create new genetic variability is mutagenesis. Mutants 

have been included in germplasm collections or used in breeding programs to 

improve the yield or eliminate yield reducers. As a complementary approach to 

breeding activities, this method provides an opportunity to improve a cultivar for a 

particular trait without disrupting the genotype or breaking desirable linkages 

between existing genes. 

Mutation is a basic source of variation in most breeding material which may occur in 

a modern cultivar, a landrace, a plant accession, and wild related species or in an 

unrelated organism. Among the mutants released as cultivars, 12% were resistant to 

biotic stress (pathogen and parasites) and only 6% were tolerance to abiotic stress 

(freezing, salinity, drought, alkalinity, high humidity and high soil fertility)(Chen and 

Murata, 2002). 

Mutation can be induced by the use of mutagens which may be either physical or 

chemical, and both have been used in conventional plant programmes often in 

conjunction with in-vitro selection methods. The majority of chemicals used to induce 

mutation in plant cell cultures can be placed in two groups, base analogous and 
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alkylating agents. Alkylating agents include N-nitrose-N-ethyl urea (NEU), N-nitrose-

N-methyl urea (NMU), alkyl sulphate and nitrogen mustard. NEU or NMU is a bio-

functional agent that requires metabolic activation to a reactive metabolite (Charlotee, 

1976). NEU or NMU alkylate nucleophilic organic macromolecules include DNA 

where they can induce depurination and depyrimination as well as mono-adduct 

formation. Both NEW or NMU have been shown to induced gene mutation(deletion), 

transition mutation, unscheduled DNA synthesis (UDS), sister chromatid 

exchange(SCE) and they can also induced  DNA-DNA and DNA protein 

crosslink(Kamra, 1971, Collin, 1990). 

1.1.3   Plant Tissue Culture 

Plant tissue culture can be defined as the culture of plant cells, tissue and organs 

under aseptic condition (Smith, 2012). Tissue culture involves placing 

decontaminated excised small pieces of plants (explants) into growth promoting 

media. Explants can be taken from various sites on a plant or pieces of a plant 

(propagule). Typically explants contain a meristem (apical, lateral) which is able to 

be broken from dormancy in the tissue culture process. The artificial sterile media 

used in tissue culture contain minerals, sugar, vitamins, hormones and typically 

agar(James et al., 1996). Cell and tissue culture techniques offer a number of 

advantages not available in conventional selection and breeding procedures 

currently used to enhance tolerance of plants to stress environments and have 

tremendous potential for crop improvement. The use of tissue culture is now a well-

established technique in plant breeding and selection (George et al., 2008). The 

collection of tissue culture techniques can be directed either towards the production 

of identical plants (cloning or micropropagation) or to induce variability (soma-clonal 

variation and mutation induction). Plants can be propagated from numerous explants 
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including leaf sections, anthers, meristems, or even isolated single cells and 

protoplasts and whole plants, callus or liquid cell suspension cultures can be 

established. 

Techniques of plant tissue culture are generally useful in crop improvement 

programs through: 1- propagation in-vitro; 2-meristem culture for virus elimination; 3-

secondary product synthesis; 4- production of haploid plants from cultured anthers; 

and 5- development of new varieties via cellular or molecular genetics  (Brown and 

Thorpe, 1995). Tissue culture gives a chance to study various morphological, 

biochemical and molecular genetic effects on abiotic stress because the plant 

material can be treated uniformly in a controlled environment with controlled nutrient 

conditions (Epstein and Rains, 1987). 

A key factor in the application of plant tissue culture techniques to plant improvement 

is the development of efficient protocols for the regeneration of plants from cells, 

tissue and organs and their subsequent transition to in-vivo plants(Debergh, 1990). 

Plants can be regenerated from plant cells or tissues through organogenesis or 

embryogenesis depending on the plant developmental state, culture medium and 

conditions. Organogenesis involves the differentiation of organs, initially as root or 

shoot primordia.  

Several factors have been reported to affect regeneration in-vitro such as culture 

medium, explant source, growth regulators and the use of antibiotics. Each of these 

factors and their relationship to regeneration will be discussed in detail.  

Plant growth regulator is the common term applied to some biochemical products 

produced in particular tissues or organs of plants and which, despite their small 

amount, play an important role in plant morphogenesis and development. Auxin, 
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cytokinins and gibberellins are the three major groups of plant growth regulator and 

synthetic versions of these are used in different stages of plant tissue culture such as 

callus induction, differentiation, shoot or root initiation, shoot elongation and plant 

regeneration.   

Growth regulators are used to support a basic level of growth but are equally 

important to direct the developmental response of the explant or its derived cell lines. 

Early in tissue culture research it was established that a relative high auxin: cytokinin 

ratio induced root formation in tobacco callus, while a high cytokinin: auxin ratio 

favoured shoot production (Skoog and Miller, 1957). The balance between the two 

sorts of regulator that are required for different purposes can be generally 

represented as in (Plate1.1). Relative proportions of auxin and cytokinin do not, 

however, always produce the typical results shown in (Plate1.1) and require 

empirical optimization for each species and sometimes for each variety within a 

species. A balance between auxin and cytokinin growth regulators is most often 

required for the formation of adventitious shoot and root meristems (Berleth and 

Sachs, 2001, Jordan et al., 2006). The requisite concentrations of each type of 

regulant differ greatly according to the type of plant being cultured, the culture 

conditions and the compounds used.  
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Plate  1.1.  Relative amount of auxin and cytokinin that is ofte n required to bring 
about some kinds of morphogenesis. Source: (Fakhrai  1990). 

 

Many observations of organ formation in cultured tissues support the hypothesis that 

localized meristematic activity precedes the organized development of shoot and 

roots (Torrey, 1966, Jiang and Feldman, 2005). In general, buds can be initiated 

from callus or from cut edges of explants in the presence of high cytokinin: auxin 

ratio (Helena V., 1976, Banno et al., 2001, Sharma and Anjaiah, 2000, Helenice et 

al., 2003). In some species, the addition of cytokinins to the medium fails to induce 

shoots, suggesting that the accumulation of endogenous auxin or other plant growth 

regulators may result in an inhibitory effect on organogenesis which cannot be 

reversed by exogenously applied hormones (Khalid M, 2002). In these cases 

additional hormones may be required or the culture conditions changed, including 

nutritional and physical factors to unblock the onset of the process. The culture 

conditions for root production varies considerably; usually a high concentration of 

auxin is favored to enhance root production, but in some cases exogenous auxin is 

inhibitory (Thomas and Street, 1970, Hou et al., 2004). 

Ethylene is gaseous plant growth regulators that can be produced during plant tissue 

culture and accumulate in culture vessels and influence growth and development. 
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Production rates and concentrations may be critical and may have varying effects on 

different stages of tissue culture (Chi et al., 1994). Work with Brussels sprout 

(Brassica oleracea var. gemmifera) suggests that endogenous ethylene may inhibit 

callus growth and silver nitrate was found to be essential for maintaining callus 

cultures as well as improving regeneration (Sethi et al., 1990). In the same way, 

(Kuvshinov et al., 1999) found that high concentrations of silver nitrate led to partial 

necrosis of turnip rape explants during long culture periods and silver ions have 

bacterial activity. However, even concentrations as high as 15 mg L-1 silver nitrate 

did not have a negative effect on transformation of Brassica rapa ssp. oleifera. 

Explant tissue is another important factor affecting regeneration. For some species, 

only certain parts of the plant can respond in culture. In these plants, regions of 

actively dividing cells seem to respond more readily than others e.g. immature 

embryos of strawberry have been extremely useful plantlets have been regenerated 

Wang et al. (Wang et al.). However, in some other plants, e.g. excised embryos, 

hypocotyls young roots, petioles, peduncles and protoplasts are the most responsive 

explants (Ammirato, 1986). In many cases, younger tissues have been found to 

produce more uniform regeneration from differentiated cells (Karp, 1995). A variety 

of explants including curd, hypocotyls and cotyledons has been tested for their ability 

to induce shoots of cauliflower. Meristems are the basic unit used in plant micro-

propagation; they are most genetically stable part of a plant and consequently the 

most suitable for production of true-to-type propagules. Micro-propagation using curd 

meristems has been used for some time to maintain cauliflower parent lines (Crisp 

and Walkey, 1974), for the production of virus free cauliflower and  for the early 

screening of curd quality (Crips and Gray 1979), for chemical mediated mutagenesis 

(Fuller et al., 2006a), the development and induction of mutants (Eed, 2001), and 
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transgenic cauliflower plants (Kieffer, 1996). The technique of curd meristem micro-

propagation for cauliflower clonal propagation is now well established but extensive 

studies have led to the development of a new technique for rapid mass production of 

cauliflower propagules from fractionated and graded curd (Torres, 1980a, Kieffer et 

al., 1995b, Kieffer et al., 1995a). 

To initiate growth of the explants it is important to provide basic nutrients within the 

media which usually contains a mixture of salts which provide the essential macro 

and micro elements as well as a carbon source (sugar). The most widely used of the 

formulations available is that Murashige and Skoog media (Murashige and Skoog 

1962; Jansen et al., 1989). Culture medium effects on regeneration have been 

demonstrated by numerous studies. MS medium satisfies the nitrogen requirement 

in many species because of the presence of high concentrations of inorganic nitrate 

(Reinert. et al., 1967).  

One of the biggest challenges to plant tissue culture is the suppression of microbial 

growth in the nutrient rich medium.  Avoiding such contamination requires the use of 

contaminant-free explants and dissection and culture procedures which are aseptic.  

Nevertheless, contamination can still occur and antibiotics may be used. The use of 

antibiotics in culture media has recently become more widespread with the 

emergence of antibiotic resistance genes as selectable markers in transformation 

experiments and transformation systems. In addition, co-cultivation of A. tumefaciens 

requires the use of an antibiotic to kill the bacteria at the end of the infection stage of 

the process. The antibiotics kanamycin, gentamycin and tetracycline have been 

found to be inhibitory to plant cell or tissue growth at comparatively low 

concentrations. Fiola et al. (1990) indicated that the addition of 10 mg L-1 or higher of 

kanamycin sulfate to Rubus cotyledon regeneration medium drastically reduced the 
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growth and organogenesis of explants. The use of rifampicin at 50 mg L-1 in tissue 

culture medium effectively controlled bacterial contaminants without affecting the 

growth of explants culture of Helianthus tuberosus (Phillips et al., 1981). Mathias and 

Mukasa, (1987a) investigated the effect of Cefotaxime on callus initiated from 

immature embryos of four barley cultivars. Callus growth was up to 45% greater on 

Cefotaxime than on control medium and the frequency of regenerating calli was 

increased by up to 80%.  

In summary, the ability of explant tissues to regenerate plantlets is primarily related 

to the growth regulator composition of the culture medium although the other factors 

which have been discussed in this section should also be considered in the 

development of protocols for plant regeneration. Further details are overviewed 

specifically for tissue culture of cauliflower later in this thesis.  

1.1.4 Plant Genetic Transformation 
 

Until recently, the only available techniques to genetically improve agricultural crops 

were sexually hybridization and induction of mutations. In the last 2 decades, 

dramatic progress has been made in the application of recombinant DNA technology, 

including direct gene transfer to plants (Puddephat et al., 1999) and (Robledo-Paz et 

al., 2004). Plant genetic transformation opens new discovery techniques in crop 

science to regenerate modified plants from a single cell or organ tissue (Abdul et al 

2009). 

Transformation was first achieved by inoculating plants with a wild-type 

Agrobacterium tumefaciens strain and a disarmed strain consisting of nptII and hpt 

genes. Cauliflower mosaic virus (CaMV) derived sequences were used to promote 

the expression of that gene transfer in an attempt to measure the resistance ability to 
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CaMV infection. Integration of the bacterial T-DNA was detected and whilst CaMV 

gene transcripts were detected in all plants the amount of RNA transcripts seemed to 

be very low in most transgenic plants (Ding et al., 1998).  Most GM plant research 

aims for the addition of genes of interest with the expressed aim of heterologous 

gene expression to improve protection against disease, weeds and pests (Hassanali 

et al., 2008). 

A genetically modified (GM) crop is defined as a new technique of modern 

biotechnology applied especially in the agricultural sector and involves the 

introduction of one or more desirable genes added to the target existence plants 

complement of thousand genes    to obtain a new plant with desirable characters. 

Genetically modified crops provide many probabilities to the future as new 

knowledge increases and more production of food with high quality and quantity 

widespread over the whole over the world is demanded (Ken et al., 2005).  

The science of genetic engineering is described as the characteristic of organisms 

modified by manipulation of genetic engineering (DNA) and transformation of specific 

gene(s) to target plants to obtain a new variety (Uzogara 2000). 

GM strategies are being developed to overcome problems caused due to biotic 

stress (viral, bacterial infections, pests and weeds) and abiotic stresses (drought, 

frost, heat, salt, U.V.). Increased plant tolerance to environmental stresses by 

increased resistance to abiotic stresses includes stress induced by herbicides, 

temperature (heat, chilling and freezing), drought, salinity, ozone and intense light. 

These environmental stresses result in the destruction or deterioration of crop plants 

which leads to reduced crop productivity. Several strategies have been used and 

developed to build resistance in plants against these stresses. 
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Genetic engineering of plants is much easier than that of animals. There are several 

reasons for this: (1) there is a natural transformation system for plants (the bacterium 

Agrobacterium), (2) plant tissue can dedifferentiate (a transformed piece of the leaf 

may be regenerated to a whole plant), and (3) plant transformation and regeneration 

is relatively easy to achieve.  

The soil bacterium Agrobacterium tumefaciens is closely related to Agrobacterium 

rhizogenes, which induces hairy root disease of dicotyledonous plants. (A. 

tumefaciens (meaning tumour-making) can infect wounded plant tissue, transferring 

a part of a large plasmid, the T-DNA region of the Ti (tumour-inducing) plasmid, to 

the plant cell. The T-DNA randomly integrates into the chromosome of the plant. The 

integrated part of the plasmid contains genes for the synthesis of (1) food for the 

bacterium (opines), and (2) plant hormones (tumour inducing). Genes from the Ti 

plasmid that are integrated in the plant chromosome are expressed at high levels in 

the plant because they have constitutive promoters. The overproduction of the plant 

hormones leads to continued growth of the transformed cells, causing plant tumours 

or galls. Rapid, cancerous growth of the transformed plant tissues has obvious 

advantageous to the bacterium because each tumour cell produces more opines 

which is a growth substrate for the bacterium.  

The Ti plasmid can be genetically modified by deleting the genes involved in the 

production of opine and the plant hormones ("disarmed"), and inserting a gene that 

can be used as a selectable marker. Selectable marker genes that are commonly 

used generally code for proteins involved in the breakdown of plant toxic antibiotics, 

such as kanamycin or hygromycin and thereby impart antibiotic resistant to a 

transformed plant. Genes of interest that has been characterised, isolated and 
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synthesised can theoretically also be inserted into the Ti plasmid in series with the 

antibiotic resistance genes. In principle, one can thus transform any plant tissue, and 

select transformed plants carrying the gene of interest by screening for antibiotic 

resistance. However, unfortunately there are some complications: (1) it has proven 

difficult to transform some species of plant and these are termed to be recalcitrant to 

transformation by Agrobacterium and monocots (grasses, etc.) are commonly 

recalcitrant, and (2) regeneration of whole plants from tissue cultures of all species is 

not always possible. 

A number of genetically engineered plant varieties have been developed and 

common traits that have been introduced by transformation include herbicide 

resistance, increased virus tolerance, or decreased sensitivity to insect attack (most 

notably by transformation with the Bt toxin) (Dutton et al., 2002). At the beginning of 

this area of science, most of such genetically engineered plants were tobacco, 

petunia, or similar species with a relatively limited agricultural application. However, 

during the past two decades it has now become possible to transform major staples 

such as corn and rice and to regenerate them to a fertile plant (Christou, 1995). 

Increasingly, the transformation procedures used do not depend on A. tumefaciens. 

Instead, DNA can be delivered into the cells by small, µm-sized tungsten or gold 

particles coated with DNA (Christou et al., 1988). The particles are fired from a 

device that works similar to a shotgun (Messing et al., 1981). The modernized device 

uses a sudden change in pressure of Helium gas to propel the particles, but the 

principle of "shooting" the DNA into the cell remains the same (Sanford, 1990). This 

DNA-delivery device is nicknamed the "gene gun", and has also been shown to work 

for DNA delivery into chloroplasts as well ('Neill.O et al., 1993). Over the last several 

years, use of the "gene gun" has become a very common method to transform 
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plants, and has been shown to be applicable to virtually all species investigated. For 

example, transformation of rice by this method is now routine (Christou, 1997). This 

is a very important development as rice is the most important crop in the world in 

terms of the number of people critically dependent on it for a major part of their diet 

(Khush, 2005).  

Another method to insert foreign genes into cereals is by electroporation: a pulse of 

electricity is used to produce self-repairing holes in protoplasts and DNA can 

penetrate through these holes. However, it is often very difficult to regenerate fertile 

plants from protoplasts of many species including cereals. Nonetheless, significant 

advances in overcoming these practical difficulties have been made more recently. 

Now even transgenic trees have been created (Petri and Burgos, 2005) for example, 

the gene for a coat protein of the plum pox virus has been introduced into apricot 

(Câmara Machado et al., 1994).  

Essentially all major crop plants can be (and have been or are being) genetically 

engineered and the procedures are now becoming routine and the frequency of 

success is very high. Even though genetically engineered crops are more costly than 

conventionally bred ones, they have been readily accepted by some governments 

such as the USA, Canada, Brazil and China for more than 10 years and their farmers 

are provided with the tangible benefits can be demonstrated. Most of the traits 

marketed in these countries are for herbicide resistance and insect resistance (using 

Bt). However, it is questionable whether the farmers in poorer countries can come up 

with the funds to "try out" and use these new crops and legislation restricting their 

use is common across the world. Another issue in this respect is how genetically 

engineered crops are perceived by the consumer. Even though in the US there is 
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little resistance to such crops as long as the products can be shown to be safe and 

advantageous, in other countries (for example in Europe) genetically modified foods 

are received poorly by the consumer. It is unlikely that there is a rational sound basis 

for this rather hostile reaction of the consumer, as most crop plants are the result of 

human manipulation through centuries of breeding and may have been treated with 

harmful herbicides and pesticides. Time and education will need to be invested to 

provide consumers and consumer advocates with a balanced opinion on the 

acceptability of the origin of their foods. One area of particular concern for some 

people is the lack of labelling of genetically engineered foods, and legislation may be 

introduced to address this issue (Klintman, 2002). On the other hand, as so many 

commodity plants such as soybean and corn are genetically modified and the nature 

of the genetic modification is not necessarily easy to explain, it may be simpler to 

label those foods that are guaranteed free of "genetically modified organisms" or 

their products. Several plant biotechnology companies have increased their efforts to 

provide information regarding the full, global scope of impacts of plant biotechnology 

(Brookes  and Barfoot, 2007). 

The Agrobacterium genus includes primarily saprophytic bacterial species that live in 

the soil micro flora, where they usually occur in the rhizosphere (Escobar and 

Dandekar, 2003). Four Agrobacterium species cause neoplastic diseases on 

numerous plants: “crown gall” caused by Agrobacterium tumefaciens (Plate1.2), 

“cane gall” caused by A. rubi, “hairy root” caused by Agrobacterium rhizogenes and  

lastly, a new species, A. vitis, was recently described to cause tumors and necrotic 

lesions on grape vine and a few other plant species (Gelvin, 2003, Matthysse, 2006). 

Virulent Agrobacterium species infect some hundreds of different plant species. 

These are commonly woody and herbaceous dicotyledons, but moreover 



Chapter One                                                                    University of Plymouth 

17 
 

monocotyledons can be infected  (Otten et al., 2008). A. rhizogenes has captured 

some attention and has found its use as a tool for genetic transformation (Nilsson 

and Olsson, 1997, Taylor, 2006) for the production of secondary metabolites linked 

to pharmaceutical manufacturing, in the hairy root structures (Guillon et al., 2006, 

Srivastava and Srivastava, 2007). Amongst the four above-mentioned species, A. 

tumefaciens is by far the greatest essential and most studied. Crown gall was first 

defined in 1853 as a neoplastic disease affecting some plant species. Ten years 

later, Smith and Townsend (1907) reported Bacterium tumefaciens (now A. 

tumefaciens) as the causal agent of crown gall disease in the perennial species 

Bellis perennis. For a long period, scientists could not understand the mechanisms of 

crown gall tumor formation. Early theories were finally rejected, and the interest in 

crown gall generally decreased until the tumorous structures were proposed to form 

as a result of a “tumor-inducing principle” (TIP). Altering the common host cells to 

tumor cells happened when TIP was transferred from the Agrobacterium to the host 

cells (Braun, 1947). Later, in the 1970’s it was confirmed that TIP in fact is the T-

DNA (transferred-DNA) region of the Agrobacterium Ti (tumor-inducing) plasmid that 

is integrated into the host genome in the crown gall tumor cells (Chilton et al., 1977). 

The discovery that Agrobacterium is “transforming” its host in order to create crown 

gall tumors represented a defining moment in Agrobacterium study, and following 

detections ultimately established this bacteria as a model system for horizontal gene 

transfer and, most significant, as a device for plant transformation. 
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Plate  1.2.  A. tumefaciens  is a soil borne pathogen responsible for Crown Gal l 
disease, affecting many higher species of plant  (“Courtesy Missouri Botanical 
Garden”). (Copyright permission granted-copyright c learance centre). 

 

The molecular basis of genetic transformation of plant cells by Agrobacterium has 

now been mostly determined and it is well known that a specific region, namely the 

T-DNA from the tumor-inducing (Ti) plasmid, is transferred and stably integrated into 

the plant nuclear genome (Gelvin, 2003). 

In order to become appropriate for laboratory purposes, the Agrobacterium strains 

used today required to be engineered from selected wild-type strains. Some of the 

natural features of the Ti plasmid had to be entirely removed (e.g. genes responsible 

for tumor development and opine biosynthesis in planta), whereas the characteristics 

of some transformation machinery components had to be increased and further 

improved.  

The basis for the biotechnological use of Agrobacterium in genetic transformation 

lays in the T-DNA structure and functions. In this way the natural wild type 

oncogenes and opine synthase genes from the T-DNA can be exchanged by genes 

of interest (Lacroix et al., 2006, Klee et al., 1987). Consequently, any DNA located 

between the borders will be transferred to the host cell. Though, because the T-DNA 

is not able to mediate its own transfer, being only the load vehicle, other bacterial 

features needed also to be altered. The vir genes, residing on the virulence region of 

the Ti plasmid, are required for the T-DNA transfer and integration. Altering their 
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regulation (Ankenbauer, 1991) and copy number (Rogowsky et al., 1987) proved to 

be suitable for increasing transformation efficiency (Klee et al., 1987). Thus the size 

of the T-DNA that can be mobilized into plants could be enlarged (Hamilton et al., 

1996). While induction and expression level of vir genes could be a limiting step for 

efficient transformation of some plant species (Klee et al., 1987), new data show that 

transformation efficiency does not always associate with the vir gene expression, 

suggesting a more complex correlation (Gelvin, 2003).  

The ability of vir genes to act in trans led to the development of binary and super-

binary transformation vectors, as a major step toward increasing the range of 

species that are agreeable to Agrobacterium-mediated transformation (Lee et al., 

2008). Despite these successes, there are still many economically essential crop 

species and trees that remain recalcitrant to Agrobacterium-mediated transformation. 

The transformation process is a result of a “cooperative project” between 

Agrobacterium and its host, much effort is now directed toward understanding the 

host’s influence. 

Plant transformation becomes more important because of cultivar improvements and 

a study of genetic features as well as tissue culture improvement.  Rao et al., (2009) 

suggest that plant genetic engineering opens new discovery techniques in crop 

science to regenerate plants from a single cell or organ tissue. Plant transformation 

becomes more important because of cultivar improvements and a study of genetic 

features as well as tissue culture improvement. There are many innovative avenues 

using transformation of genes to the plants (Plate 1.3) by A) Agrobacterium 

tumefaciens, C) Gene gun as described before. In addition to transformation of 

genes by chemicals (Plate 1.3B), the uptake and expression of DNA is greatly 

enhanced by polybrene–spermidine combination treatment and therefore the 
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recovery of non-chimeric germ line transgenic cotton plants (Wagdy and Sawahel, 

2001). To deliver plasmid DNA into cotton suspension culture obtained from 

cotyledon-induced callus, polybrene and/or spermidine treatments were used. Main 

transformant cotton plants were regenerated and evaluated by � -glucuronidase 

assay and DNA hybridization by using transforming plasmid (pBI221.23) contained 

the selectable hpt gene for Hygromycin resistance and the screenable Gus gene. 

Finally transformation of pollen grains (Plate 1.3D) has shown the great function in 

agriculture molecular breeding by transformation method via the pollen-tube pathway 

(Song X, 2007). The pollen-tube pathway (PTP) can be applied to foreign DNA to cut 

styles shortly after pollination and DNA reaches the ovule by flowing down the 

pollen-tube. The reported transformation of rice was applied by PTP (Luo and Ray, 

1988).  Wheat(Mu et al., 1999),  soybean (Hu and Wang, 1999).  

                          

 

                                 

Plate�1.3. Schematic overview of gene transformation thro ugh a) 
Agrobacterium, B) Chemical, C) gene gun, D) pollen- tube Cited by (Rao et al., 
2009).(copyright permission granted-copyright clear ance centre).  

 

An advantage of gene transfer is the potential of adding a single new character to a 

proven genotype and thus avoiding the slow process of classical breeding. 

A B 

C D 
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Furthermore, it allows movement of genes across sexual barriers and from one life 

form to another i.e., from bacteria or animal to plants. 

Although several techniques have been published, the Agrobacterium-mediated 

transformation system has proven to be the most commonly used protocol for the 

introduction of new genes into dicotyledonous plants (Kuginuki and Tsukazaki, 2001). 

Using this system, several genes have been successfully introduced and expressed 

in Brassica plants (Cardoza and Stewart, 2003a, Cao and Earle, 2003a, Cheng et al., 

2003a). Genetically engineered cotton plants containing the oxidative stress-related 

gene for the production of the enzyme ascorbate peroxidase (APX) have already 

been tested in field trials and dry land agriculture, the altered plants showed 

increased production.   

The ability to manipulate the level of specific enzymes of this pathway using gene 

transfer technology can be used to improve the stress tolerance of economically 

important plants.  

1.1.5 Reporter genes  

All transformation system requires a reporter gene to aid selection of transformation 

and to confirm the transfer of the T-DNA and a widely used non-selectable reporter 

marker is the GUS gene. This gene was constructed by attaching the beta-

glucuronidase gene to either a 35S CaMV, nopaline synthase or lacz promoter, and 

to a fragment containing the polyadenlation signal of the nopaline synthase gene of 

the A. tumefaciens Ti plasmid (R A Jefferson et al., 1987, Jefferson, 1987). The GUS 

gene is one of the most frequently used reporter genes because it is extremely 

stable and has sensitive assays for the enzyme (Jefferson, 1987). It may be assayed 

at any physiological pH, with an optimum between 5.2 and 8.0. The GUS gene is 
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usually used in a gene fusion and this means that GUS coding sequence is under 

the direction of the controlling sequence of another gene. Usually the GUS gene is 

under control of the promoter of the 35S small ribosomal subunit of the cauliflower 

Mosaic virus. The GUS gene has proven to be a useful reporter as its enzyme 

activity can be easily detected by formation of a blue precipitate in the presence of 

the substrate X-Gluc (5-bromo-4-chloro-3-indoyl-D glucuronic acid) in histochemical 

assays, by fluorometry in the presence of 4-methylumbelliferyl glucuronide (MUG), or 

spectrophotometrically using p-nitrophenylglucuronide as substrate. However, the 

GUS gene is not ideal for all plants as in some cases the background beta-

galactosidase level is high enough to make it difficult to detect chimeric � -

galucuronidase by enzymatic methods.  

Details about using PCR as a technique for the detection of desired genes in A. 

tumefaciens and evaluate the integration of resistance genes (APX and SOD) in 

cauliflower by using GUS gene will be discussed later. The unique interaction 

between the bacterium and its host plant has been well studied at the transcriptome, 

but not at the metabolic level (Plate 1.4).  

 

 Plate  1.4.  Brassica rapa  to infection disarmed and tumor-inducing strains o f 
A. tumefaciens (Simoh et al., 2009).  
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The presence of phenolic compounds exuded by wounded cells induced 

transcription of genes in virulence (vir) region of plasmid (which is referred to transfer 

(T) region). The T-DNA transferred to the plant genome using the mechanisms in fig 

(1. 4) Ti plasmid contains genes that code production amino acids called opines and 

plant hormones (auxin and cytokinin). In the same way, A. rhizogenes transfers Ri T-

DNA include formation of hairy roots in infected sites.      

1.1.6   Antibiotics  

Antibiotics have been used to eliminate Agrobacterium after co-cultivation, 

meanwhile   antibiotics specifically inhibit prokaryotic cell wall synthesis and kill 

bacteria (Ogawa and Mii, 2004) and show little harmful effect on eukaryotic plant 

cells (Pollock et al., 1983). Mathias and Mukasa (1987) investigated the effect of 

Cefotaxime on callus initiated from immature embryos of four barley cultivars. Callus 

growth was up to 45% greater on Cefotaxime than on medium and frequency of 

regenerating calli were increased by up 80%. In addition, co-cultivation of 

Agrobacterium tumefaciens requires the use of an antibiotic to kill the bacteria. Until 

now, standard antibiotics, e.g., Carbenicillin and Cefotaxime have commonly been 

used for elimination of Agrobacterium. A number of researchers presented other 

antibiotics, such as amoxicillin coupled with other antibiotics, singly or together with 

clavulanic acid (Timentin) (Schroeder et al., 1993), Later they selected highly active 

antibiotics against A. tumefaciens strains EHA105 have been selected in vitro 

(Ogawa and Mii, 2004). However, the toxicities of these antibiotics to plant tissues in 

addition to A. tumefaciens have rarely been reported (Okkels and Pedersen, 1988). 

Furthermore the effects of these antibiotics on Agrobacterium used in planta as well 

as their effects on shoot regeneration of cauliflower leaf explants has been examined. 

As the final goal of the research series, successfully introduced the new antibiotics 
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into the Agrobacterium-mediated transformation of cauliflower. The results suggest 

that application of new antibiotics for Agrobacterium mediated transformation is a 

simple and efficient strategy to improve and create transformation systems for a wide 

range of plant species possibly with reduced costs for eliminating the bacterium. 

The use of antibiotics in culture media has led to the emergence of antibiotic 

resistance genes as selectable markers in transformation systems. Kanamycin, 

gentamycin and tetracycline have been found to be inhibitory to plant cell or tissue 

growth at relatively low concentrations. Fiola et al., (1990) indicated that the addition 

of 10 mgL-1 or higher kanamycin sulphate to Rubus cotyledon regeneration medium 

extremely reduced the growth and organogenesis of explants. 

The use of rifampicin at 50 mgL-1 in tissue culture medium effectively controlled 

bacterial contaminants without affecting the growth of explants culture of Helianthus 

tuberosus (Jin Kim  1993).  

1.1.7 Commercial Crop Biotechnology 

In 1994 the Company Calgene produced the first commercial type of genetically 

modified crop, the FlavrSavrTM tomato. Since then other types of GM crops have 

appeared usually with the characteristics of herbicide resistance or insect resistance 

and the production of these genetically modified crops has increased year on year at 

an annual rate of over 10% per annum (Figure 1.1). 1n 1994 the cultivated area of 

GM crops was 1.7 million hectares and this increased to 11 million hectares by 1997 

and to 44.2 million hectares in 2000 and it exceeded 200 million hectares in 2012. 

The countries which cultivate genetically modified crops included Argentina, 

Australia, Bulgaria, Canada, China, France, Germany, Mexico, Romania, Spain, 

South Africa, Ukraine and the United States of America (James 2011).  
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 Figure  1-1. Global area of biotech crops cultivati on (James 2011) (copyright 
clearance granted).  

 

The development of crops resistant to biotic and abiotic stress will be critical for food 

production in developing countries by the year 2025, if not now. Thomson (2003) has 

a potential development in both transgenic and other technology. In developing 

countries the discussion about the importance of GM crops that leads to an increase 

in food production with good quality and lower price. The scarcity of food in 

developing countries with high prices which affect most people’s income which is a 

real concerned; therefore the application of new crop varieties needs a comfortable 

biological security legislations for those crops and economical expertise, but the 

availability of organizations working for the establishment for management, and 

watching the GM crop applications. In conclusion most GM crops are concerned with 

herbicides tolerance, the resistance of GM crops to biotic and abiotic stress 
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conditions. GM crops are reducing the cost of crop production (Hayes, 2005). The  

techniques applying to different types of plant depending depends on the type of 

plants if dicotyledonous or monocotyledon (Fromm et al., 1985). 

It is predicted that there are many possible advantages of using genetically modified 

plants in developing countries; firstly higher productivity of plants, secondly reduction 

of agriculture input costs, thirdly farmer income increases, fourthly  improvements in 

human health and environmental conditions. The first generation group of genetically 

modified crops improved the ability of these crops to decrease the costs and 

increase nutritional value. Furthermore there is intense interest in the production of 

rice rich in iron and vitamin A as well as production of potatoes with high starch 

content and the production of corn and potatoes with vaccines through oral intake 

and the production of corn which can grow in very stressful conditions, and the 

production of safe oils for health from soybeans and canola. 

The risk from the production of genetically modified crops occurred by an application 

of any type of new technology. There are many expected risks for instants; the risk 

produce from entrance of material causes the allergic and decrease the nutritional 

value of foods as well as possibility of transfer the genes from GM crops in cultivated 

area to the wild crops. In addition to the possibility of increase the resistance of 

insects and pest to the pesticides and insecticides that produced from GM crops. 

The poisoning probably extended to unexpected living organisms therefore the 

importance of establishment or produce legislations and regulator rules which in this 

case prevent or reduce. The responsibility of scientists who discovered this 

technology also the workers on this field who responsible from health security, 

community and environmental protection. There are many risks produced not from 

this technology exactly but the gap extended to developing new technology 
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comfortable with the needed of poor people and make them using easy of this 

technology (i.e. the gap between developed and developing countries). 

What are the advantages of GM foods? 

The world population has now reached 6 billion people and is expected to double in 

the next 50 years. GM foods promise to meet this need in a number of ways: 

�  The production of high-quality food must increase with reduced inputs 

because of the increasing in people living on this world (Tester and Langridge, 

2010). 

�  Poor people depend on rice as the main staple diet in many third world countries but 

often suffer  from malnutrition (Khush et al., 2012). However, rice does not 

contain adequate amounts of all necessary nutrients to prevent malnutrition. 

Genetically engineered rice can contain additional vitamins, minerals and 

nutrient deficiencies could be improved. The common problem in the third 

world countries is blindness due to vitamin A deficiency. "Golden" rice 

containing an unusually high content of beta-carotene (vitamin A) (Tang et al., 

2012) is an example of how GM crops can be used against malnutrition. Since 

this rice was funded by the Rockefeller Foundation, a non-profit organization, 

the Institute offers the golden rice seed free to any third world country that 

requests it.  

�  Pharmaceuticals Medicines and vaccines frequently are costly to produce and 

sometimes in third world countries require special storage conditions. Edible 

vaccines developed by researchers are working in tomatoes and potatoes 

(Daniell et al., 2001). These vaccines will be much easier to store, ship, and 

manage than traditional injectable vaccines. 
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�  Herbicide tolerance for some crops, physical means such as tilling it is not 

cost-effective to remove weeds, thus farmers will regularly spray large 

quantities of different herbicides to destroy weeds, a time consuming - and 

expensive process. Genetically-engineered crop plants resistant to herbicide 

could help prevent environmental damage by reducing the amount of 

herbicides needed as in soybeans (Preston, 2002) . 

�  Pest resistance; insect pests can cause staggering crop losses, leading to 

financial loss for farmers and starvation in developing countries. Annually, 

many tons of chemical pesticides are used by farmers. Consumers do not 

wish to eat food that has been treated with pesticides because of potential 

health hazards, and run-off of agricultural wastes from extreme use of 

pesticides and fertilizers can be toxic to the water supply and cause harm to 

the environment. Growing GM foods such as B.t. corn can help eliminate the 

application of chemical pesticides and reduce the cost of bringing a crop to 

market (Barton et al., 1987, Daniell et al., 2001).  

�  Disease resistance; Plant biologists are working to create plants with 

genetically-engineered resistance to many diseases (viruses, fungi and 

bacteria) that cause plant diseases. (Dahleen et al., 2001, Scorza et al., 

2001). Caiy (2012) described one of the most serious diseases in cotton 

Verticillium dahliae (a soil-borne pathogen) which causes Verticillium wilt, 

deleteriously influencing crop’s quality and production.   

�  Cold tolerance Sensitive seedlings can be destroyed by unexpected frost. An 

antifreeze gene from cold water fish has been introduced into plants such as 

tobacco and potato (Kenward et al., 1999). 
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�  Drought tolerance/salinity tolerance; as the world population grows and more 

land is used for housing instead of food production; farmers will need to grow 

crops in locations previously unsuited for plant cultivation.  Creating plants 

that can withstand long periods of drought or high salt content in soil and 

groundwater will help people to grow crops in formerly inhospitable places 

(HX Zhang, 2001).  

How does genetic engineering compare to traditional  breeding? 

Although the goal of both genetic engineering and traditional plant breeding is to 

improve an organism’s traits, there are some key differences between them. 

I. While genetic engineering manually moves genes from one organism to 

another, traditional breeding moves genes through crossing to obtaining 

offspring with the desired combination of traits. 

II. Using traditional breeding. The product is half from each original. Therefore, 

half of the genes in the offspring of a cross come from each parent. 

III. Breeding together with the generation of transgenic plants, has led to the 

production of commonly used transgenic cultivars in several main cash crops, 

such as cotton, maize, soybean, and canola. The opportunity to generate 

unique genetic variation in Genetic engineering that is either has very low 

heritability or absent in the sexually compatible gene pool as described by 

(Wang and Brummer, 2012).  

IV. Traditional breeding is effective in improving traits; however, when compared 

with genetic engineering, it does have disadvantages. Since breeding relies 

on the ability to mate two organisms to move genes, trait improvement is 

basically limited to those traits that already exist within that species.  


































































































































































































































































































































































































































































































































