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Abstract of a thesis submitted in partial fulnIment of the requirements for the Degree 

of M.Sc. (plant Breeding and Biotechnology). 

GENETIC ENGINEERING FOR ANTIBACTERIAL 

ACTIVITY IN LETTUCE (Lactuca sativa L.) 

by 
/ 

Charles Ampomah-Dwamena 

Lettuce crop is affected by bacterial diseases (both in the field and in storage) with severe 

,consequences which can be mitigated through improving disease resistance in lettuce. The 

numerous constraints associated with sexual crosses in lettuce render novel gene transfer 

via genetic manipulation a suitable method for lettuce· improveinent. This study was 

undertaken to transfer three chimaeric genes encoding antibacterial peptides into lettuce 

and to ascertain the effectiveness of these peptides in enhancing bacterial disease 

resistance. 

Genetic manipulation of plants requires a good regeneration ability of genotypes in tissue 

culture, to ensure recovery of complete transformed plants. Twenty-two lettuce genotypes 

belonging to several morphological groups were thus screened for their regeneration 

response to defined tissue culture conditions and selection of amenable genotypes for 

genetic manipulation. Genotypic variation was observed in callus, shoot and root 
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production in vitro; two lettuce genotypes Bambino (a crisphead) and Cobham Green (a 

butterhead) with good tissue culture response were subsequently chosen for· 

Agrobacterium-mediated transformation. 

Two binary vectors carrying chimaeric genes (with T4 lysozyme, magainin IT coding 

sequences) were obtained from Crop & Food Research, Lincoln; these vectors had 

pBINPLUS (a recently constructed binary plasmid) as the backbone. A third binary vector, 

similar in structure to the two others, with a chimaeric gene encoding Shiva-l (a cecropin 

B analogue) was successfully constructed. 

The three vectors, pBINPLYS, pBINMGN and pBINPLUSH (encoding T4 lysozyme, 

magainin IT and Shiva-l respectively) in Agrobacterium strain AGLI were used for the 

transformation of Bambino and Cobham Green. Two transformation treatments: a delay of 

5 days (after co cultivation) before explants were transferred to kanamycin selection· 

medium and an immediate transfer of explants to selection medium were studied for their 

effect on transformation frequency. Successful regenerated tr@sformed plants of Cobham 

Green were obtained in this study; however, attempts to transform Bambino proved futile 
! 

and no regenerated transformed shoots of Bambino were obtained. The specific reasons for 

the failure to transform Bambino are unknown but crisphead lettuce genotypes are often 

recorded as being recalcitrant to Agrobacterium-mediated transformation. The delayed 

selection treatment gave higher transformation frequencies in Cobham Green than the 

immediate selection treatment. Polymerase Chain Reaction (PCR) with specific npt IT 

oligonucleotide primers confirmed the presence of the selectable marker gene in all the 22 

putative transgenic plants recovered. An inheritance study on the selfed progeny of 
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transformed lines, confirmed transmission of the kanamycin resistance and pointed to a 

single insertion of the npt II gene in most of the transformed lettuce lines. 

The presence of the antibacterial genes was established in all the transformed plants, by 

PCR. The presence and effectiveness of the antibacterial peptides were determined by an in . 

vitro assay and greenhouse evaluation of pathogen resistance in seedlings. Crude leaf 

extracts from selected transformed lines and control of untransformed Cobham Green were 

added to cultures of Erwinia carotovora subsp. carotovora and Xanthomonas campestris 

pv vitians to establish their effect on the growth of the pathogens. Growth of pathogens in 

cultures with crude extracts from transformed lines was inhibited while extracts from the 

control showed no such effect on the growth of the pathogens. In the greenhouse, selfed 

progeny of transformed lines and untransformed control were inoculated with the two 

lettuce pathogens to assess their response to disease development. Overall,delayed 

symptoms and reduced disease severity characterised the inoculated transformed lines, 

compared to the control seedlings. The potential of the antibacterial genes to effectively 

improve the resistance of bacterial diseases in lettuce was evident in these assays. 

Keywords: lettuce, callus index, shoot index, standard genotype, pBINPLUS, 

pBINPL YS, pBINMGN, pBINPLUSH, Agrobacterium, genetic engineering, T4 lysozyme, 

magainin II, Shiva-l, cecropin B, polymerase chain reaction, antibacterial activity 
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CHAPTERl. 

Literature review 

1.1 Importance and origin of lettuce 

Lettuce (Lactuca sativa L.) is a cool season leafy vegetable grown in nearly all continents. 

It is consumed mainly as fresh, raw salad vegetable with the exception of stem lettuce 

which is cooked before eaten; few reports, however suggest it can be also used as a tobacco 

substitute (Ryder, 1986). Nutritionally, it rates low among other vegetable crops; 95% of 

the crop contains water with varying amounts of phosphorus, iron, sodium and potassium, 

depending on the morphological type. Cos and Leaf lettuces have higher levels of ascorbic 

acid, vitamin A and calcium (Pink and Keane, 1993). 

Lettuce belongs to the family Compositae, the tribe Cichoreae and the genus Lactuca. The 

genus Lactuca was reported to have about three hundred species, though few are correctly 

documented (Ryder, 1979). Many of these names were later identified to be synonymous 

(De Vries, 1990). Earlier, Lindqvist (1960) recognised about a 100 species while Ferakova 

(1977) listed 70 species under the genus. Seven chromosome levels are observed in the 

genus; 2n = 10, 16, 18,32, 34, 36~ 48. 

Lettuce is believed to have originated from the Mediterranean. Evidence from Egyptian 

tomb paintings indicates that it was cultivated before 4500 BC, from where it spread to 

Greece and Rome. The earlier forms grown in ancient Egypt are morphologically described 

as Cos lettuce (Lindqvist, 1960). 
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There is a general theory that cultivated lettuce originated from Lactuca serriola. The 

significant differences observed between them have been attributed to accumulation of 

mutations due to selection (De Candolle, 1959). The possibility of cultivated lettuce 

originating from hybrids between Lactuca serriola and other Lactuca species, has been 

propounded (Helm, 1954; cited by Lindqvist, 1960). Three different theories are advanced 

concerning the origin of cultivated lettuce: that it originated from wild forms of Lactuca 

sativa; through direct descent from Lactuca serriola, or through hybridization between 

different species, including Lactuca serriola. 

Lactuca serriola and Lactuca sativa are found to be closely related and completely cross-

compatible thus supporting the inferences drawn on the relationship between them (De 

Vries, 1990); a second wild species (in addition to L. serriola) is believed to have also 

contributed to the evolution of Lactuca sativa (Kesseli et al., 1991). 

1.2 Morphological types 

Lettuce classification is based on leaf shape and heading characteristics, though recently 

they have also been classified according to cropping seasons (Curtis et al., 1994). There are 

six broad morphological types (Michelmore and Eash, 1986). Crisphead cultivars, 

characterised by tightly folded and brittle textured leaves. The heads are usually large and 

heavy and are the most extensive and preferred type grown in most consumer countries, 

such as USA. The butterhead types, also known as cabbage lettuce, have relatively small 

heads which are loosely folded. They are characterised by their broad, oily, crumpled 

leaves and vary in size, colour and appearance. The leaf type, are of minor importance in 
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commercial lettuce production and have relatively short shelf life. They do not fonn heads 

and produce a rosette of leaves. Cos types have elongated leaves, which are coarse and 

tough and fonn loaf-shaped heads. The Latin types also have loose heads and elongated 

leaves while the stem types are characterised by thickened elongated stems. 

1.3 Genetics and Breeding 

The chromosome number of lettuce and three close wild relatives of cultivated lettuce, 

Lactuca serriola, L. virosa and L. saligna; have been detennined as 2n=2x=18 

(Michelmore and Eash, 1986; Ryder, 1986). These four species according to cytogenetic 

studies, fonn a useful breeding group that is reproductively isolated from the rest of the 

genus. 

~ohary (1991) summarised the taxonomic and genetic infonnation available on wild 

relatives of the crop; these included: Lactuca aculeata; Lactuca altaica; Lactuca 

azerbaijanica; Lactuca dregeana; Lactuca georgica; Lactuca scarioloides; Lactuca 

serriola. These seven wild relatives were described as morphologically close to cultivated 

lettuce. Based on morphological resemblance and interfertility among some, they were 

categorised as the primary gene pool of cultivated lettuce. L. saligna was classified under a 

secondary gene pool and L. virosa in a tertiary gene pool. 

Lettuce has a relative short life cycle, fully self fertile and a higher rate of natural self 

pollination with moderate space requirement. These are useful features in breeding 

programmes. However, the structure of the lettuce flower obligates self-fertilization 

making it relatively difficult to obtain hybrids. 
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The cornmon breeding objectives in lettuce include breeding for resistance to diseases, 

pests and postharvest disorders, unifonnity in head fonnation and maturation, and 

adaptation to specific environments (Pink and Keane, 1993). 

1.4 Diseases of lettuce 

Several diseases caused by fungi, bacteria, viruses and nematodes have been identified to 

affect lettuce in the field and in storage. These include lettuce mosaic virus, big vein 

disease; lettuce drop by Sclerotinia species, anthracnose, downy mildew; root knot disease 

caused by Meloidogyne sp. Other abiotic diseases such as tipburn and russet spotting also 

affect lettuce (Campbell, 1985). Bacterial diseases also have major economic impact on 

lettuce production and these include, bacterial leaf spot and head rot, corky root rot and 

bacterial soft rots (patterson et al., 1986). Bacterial leaf spot and head rot are caused by 

Xanthomonas campestris pv vitians and is characterised by circular, translucent, water 

soaked lesions that become dark brown. Depending ,on severitx of infection, the crop may 

be rendered unmarketable. Corky root rot is caused by a Gram negative bacterium 

Rhizomonas suberifaciens (Van-Bruggen et al., 1989). Symptoms include brown banded 

lesions which occur on the taproots, giving the roots a corky appearance. Severely affected 

plants become stunted, chlorotic and wilted. Bacterial soft rot of lettuce is a postharvest 

disease caused mainly by Erwinia carotovora and Pseudomonas marginalis (persley et al,. 

1989; Patterson et al., 1986). These two are secondary pathogens, wound invading and 

usually cause the disease in storage or transit. Possible avoidance methods include 

maintaining storage temperatures close to one degree Celsius and preventing injury to the 

crop during harvest. 
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The residual effects of chemicals in crops has rendered their use in controlling secondary 
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.. '"---.: 
pathogens particularly undesirable. The inherent ability of plants to withstand attack from 

pathogens therefore, is the preferred method of disease control (Stephens, 1990). Disease 

resistance can be obtained in cultivated crops through the introgression of genes; breeding 

r ~-__ '.' ~C_' 

for such resistance has been one of the most important objectives in vegetable breeding 

(Kalloo, 1988). Conventional breeding methods have limitations in achieving such 

objectives in lettuce. The gene pool of lettuce within which it is cross compatible, is 

limited and require transfer of genes from other sources for further improvement against 

diseases. The obligate self-fertilising nature of lettuce hinder such crosses, where genes are 

available, between itself and wild species. 

1.5 Disease resistance in lettuce 

Disease resistance and stress tolerance affect potential crop losses and are indirectly 

responsible for yield, hence the introduction of resistance genes through genetic 

manipulation remains an important breeding objective. 

Disease resistance in plants is multifaceted involving structural and chemical components, 

some of which are preformed while others are inducibly produced in response to pathogen 

infection (Kleen, 1992; Moffat, 1992). Physical barriers such as cell wall, cuticle, root 

pericycle; biosynthesis of compounds such as phytoalexins, glucanases, and chitinases 

which are antagonistic to pathogens; and hypersensitive response, characterised by the 

death of plant cells in the vicinity of an invading pathogen, all act to defend plants against 

pathogenic diseases. 
, 'J:"-- -~-_-.' --,< 
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1.5.1 Breeding for disease resistance 

The conventional procedures for the production of genetic variability involve crosses 

between plants with complementary traits, selection of superior genotypes and further 

development to give a new cultivar. This requires large numbers of plants in each program 

as well as careful examination of individual plants and their progeny. In species with 
, , .. ,:." 

- 'f:"':> -::;-~--:,~ ~~~.~ .. ! 

narrow genetic base, obtaining such variability is limited. Useful genes may be available in 

wild or distantly related species, but their usage are accompanied with internal and external 

breeding barriers. In lettuce, difficulties in obtaining hybrids from crosses with wild 

Lactuca species have been reported (De Vries, 1990; Maisonneuve et al., 1995). 

Wild La.ctuca species offer a valuable source of genes for genetic improvement, which 

could be transferred to the cultivated crop. Resistance genes for lettuce mosaic virus, turnip 

mosaic virus, powdery mildew, downy mildew, bidens mottle virus (which are 

economically important diseases of lettuce) have been identified (Robinson et al., 1982). 

Lactuca serriola has been identified as source of resistance to downy mildew (Crute and 

Johnson, 1976). L. virosa is reported to be resistant to the leaf aphid and L. saligna 

resistant to the cabbage looper (Ryder and Whitaker, 1976; Eenink et al., 1982). Cultivars 

of lettuce with resistance to brown blight, downy mildew, lettuce mosaic, tipburn have 

been released for cultivation (Ryder, 1986). 

The difficulty in obtaining sexual crosses between various Lactuca species and the long 

period required to obtain new cultivars from introgression of genes from wild species, are 

drawbacks in improving lettuce crop. The introduction of genetic variability into plant 
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genomes and the use of cell culture methods have become imperative m lettuce 

improvement programmes. 

1.6 Cell Culture 

..r",' In vitro techniques offer substantial ways of improving crops, through genetic 

manipulation and rapid propagation of genetic materials. Successful manipulation of crops 

in vitro require their complete regeneration into mature plants and this is widely 

established for many crops species. The provision of appropriate in vitro conditions in an 

axenic environment enables an individual cell to grow and divide in a self regulating 

manner, regenerating into a whole organism. This capacity of a single cell to regenerate the 

phenotype of the complete and differentiated organism from which it is derived, is known 

as totipotency. It is a special characteristic of cells in young tissues and meristem and it 

requires the cells to acquire a meristematic characteristic, irrespective of its origin (Mantell 

et at., 1985). 

Totipotent cells, given their meristematic properties, are able to produce whole organisms 

given the right environmental conditions. In tissue culture, several factors influence 

regenerative response of explants; these include: the type and status of explant, the 

genotype of the donor plant from which the explant is taken, the composition of culture 

media and variations in culture environment. 

Explants can be induced, under enabling conditions to produce callus, an essential tissue in 

most plant cell culture systems. Its importance in plant tissue culture is proven by the 

-., ,- ... - . <,'. 
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ability to be maintained in vitro by routine subculture and manipulated to cause cell 

differentiation into organised tissues and whole plants. 

Developmental pathways in differentiation resulting in the fonnation of recognisable 

tissues require cells with the morphogenetic potential and can occur with or without the 

proliferation of undifferentiated tissues. The two pathways discernible during 

.'ro_.O·-r-_" -. '--- - < morphogenesis, can both be controlled in vitro. Organogenesis in vitro describes a variety 

of complex developmental sequences which result from the experimental manipulation of 

plant parts in the formation of roots and shoots. The sequences mayor may not include an 

intermediate callus phase, which has its own advantages and disadvantages when employed 

in culture (Hicks, 1980). 

Callus can be induced to differentiate into whole plants by inclusion of appropriate growth . 

regulators in growth medium and the right culture environment (Mantell et al., 1985). 

Callus cells, under such induction, are often unstable in terms of chromosome constitution 

and result in plants with different genetic constitution (Sheridan, 1975; D'Amato,. 1977). 

For example, differences in morphological characters observed among regenerated 

seedlings of alfalfa, were traced to genetic mutation during the callus phase (Johnson et al., 

1980). This suggests that, to maintain the genetic fidelity of clones for propagation 

purposes, the callus phase of the regenerative pathway should be avoided. However 

indirect organogenesis remains an important regenerative pathway for several crops (Hicks, 

1980; Mantell et al., 1985). 

Development of morphogenetic tissues can also occur through the fonnation of bipolar 

adventive embryoids under the appropriate nutritional and honnonal conditions. The 
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'-; .. fonnation of somatic embryoids from somatic tissues follows through pro-embryoid, 

globular and torpedo stages. Somatic embryogenesis parallels that of zygotic embryos and 

depending on the species it can occur indirectly from a callus phase or directly from 

explant tissues (parrot et al., 1992). Direct embryogenesis may occur from cells which are 

predetermined to become embryo producing before their transfer to culture or tissues 

related to their active role in nutrient transport (Sharp and Evans, 1982; Hepher et al., 

1988). Somatic embryogenesis is influenced by explant type and age, genotype and the 

growth honnones. For different crop species, the preferred explant type and age differs; 

however the growth substances used show a degree of similarity. The auxin, 2, 4, 

dichlorophenoxyacetic (2,4-D) has been the most widely used in stimulating embryogenic 

response (Bhaskaran and Smith, 1990; Parrot et al., 1992). Other auxin types, such as 

naphthalene acetic acid (NAA), kinetin, benzyladenine have also been used .. 

Somatic embryogenesis is reported to be the preferred pathway of regeneration in cereal 

tissue culture (Bhaskaran and Smith, 1990). The choice ofthe .morphogenetic pathway, in 

most studies, however seem subjective and may be dependent on the plant type or purpose 

of study. 

1.6.1 Influence of explant on regeneration 

The most suitable explants for tissue culture are those in which there is a large proportion 

of either meristematic tissue present or cells which retain an ability to express totipotency. 

Senescing tissues therefore would rarely give successful culture due to the diminishing 

regeneration potential of tissues with plant maturation or age of the plant. 

r}::1~~~~t~~G 
~ . " .. - - , -'.:.~. 
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The explant types, age and size used successfully in lettuce tissue cultures have varied; 

however, cotyledon explants are the most widely used with a greater degree of success. 

Other· explant types used include young expanded leaves, protoplasts and apical segments. 

In lettuce, four day old cotyledons cut into 4 pieces and 5 day old whole cotyledons have 

been employed in successful plant regeneration (Michelmore et al., 1987; Enomoto et al., 

1990). These studies were on genetic transformation and little emphasis was put on the 

regeneration potential of explants. Lettuce regeneration from explants of different age have 

shown that successful regeneration decreases with age (Torres et al., 1993). The age of 

explants used in this experiment ranged from 24 to 120 hours after germination. No shoots 

were recovered from explants of 96 hours after germination and over; shoot regeneration 

was highest among 24-48 hours old explants. This result demonstrated a sharp difference 

with that of Michelmore et al., (1987) and Enomoto et· al., (1990), cited above. 

Notwithstanding, lettuce cotyledons more than 120h after germination have been used in 

some regeneration experiments, producing callus, buds and shoots (Doerschug and Miller, 

1967; Kadkade and Seibert, 1977). Growth regulators ·used in these regeneration studies 

varied and could account for the contrasting observations.· 

Other explant types have been used in successful regeneration to obtain lettuce explants. 

Alconero (1983) used young expanded leaves from 1-2 month old seedlings to obtain soft 

friable callus and later shoots. Koevary et al. (1978) used apical segments of expanded and 

non-expanded buds for regeneration of lettuce in tissue culture and successfully obtained 

shoots and roots. Lettuce regeneration from leaf protoplasts have been reported (Berry et 
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a/., 1982; Engler and Grogan, 1982; Matsumoto, 1991), though plating efficiency ranged 

from as low as 0.1 % to 34.4%. 

Younger tissues are not invariably the best explants; callus may form more. readily on 

explants from fully grown plants than from young seedlings or cotyledons (Wickham et ai., 

1980). Webb and Torres (1984) investigated factors controlling organogenesis using whole 

lettuce cotyledons with age ranging from 3 to 10 days old. Root and shoot regeneration 

decreased as the age of explant increased with 10 day old explants performing poorly. The 

results, generally, substantiated the notion that regenerability of explants decreases with 

increase in age. However, 4-day old cotyledons were superior in shoot and root production 

compared to younger tissues. The meristematic condition or the availability of totipotent 

cells in an explant, could be the influencing factor and may be genotype dependent. 

1.6.2 Genotypic influence on culture regeneration 

Many genotype-dependent effects are caused by interaction between the plant genotype 

and the cultural environment. Plants of varying genotypes require specific media or 
, . 

environmental conditions that favour their regeneration, hence media and culture 

conditions often need to be varied from one genotype to another. The preferred method of 

micro-propagating new plants is best determined by experiment; either through the 

optimisation of the culture conditions for selected genotypes or by screening for those 

favoured by a given medium and environment. 

George (1993) noted that the behaviour of plant tissues in vitro, in processes such as callus 

formation and morphogenesis seem to be under an over-riding genetic control, with other 
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factors exerting only a mmor effect. This assertion is not fully supported by other 

regeneration studies in which factors, such as explant age and condition, media 

composition, environmental factors have had significant influence; though genotypic 

effects remained formidable (Trolinder and Xhixian, 1989; Paterson and Everett, 1985; 

Ranch et al., 1985). 

Regeneration in plant tissue culture is genetically controlled and can be improved through 

breeding (Balatero et al., 1995; Sarrafi et al., 1996). The variation in response to 

regeneration among genotypes may be due to genetic differences in production of 

endogenous hormone levels, which in combination with the exogenous plant growth 

regulators in the medium, elicits the regenerative response (Bhaskaran and Smith, 1990). 

Response to plant hormones is genotype dependent in PhaseD Ius species and controlled by 

a single dominant gene (Mok and Mok, 1977; Mok et al., 1980). In some rice genotypes, 

results from diallel crosses suggested that low regeneration ability is dominant; with 

significant additive and dominant effects (Tsukahara et al' 1 1995). The importance of 

genotype in regulating regeneration in vitro and the choice of suitable genotypes for 

manipulative studies is thus important and critical (Niederwieser and Staden, 1990). 

In lettuce, there is evidence to the effect of genotype on regeneration. Regenerating lettuce 

protoplasts under same culture conditions, have showed significant cultivar differences in 

plating efficiencies (Matsumoto, 1991). Lettuce genotyp.es give different responses to 

tissue culture, in terms of callus, shoot or root production (Alconero, 1983; Xinrun and 

Conner, 1992; Curtis et al., 1994). The assessment of genotype regeneration in lettuce prior 

to their genetic manipulation, is therefore justified. 

12 
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1. 7 Genetic transformation of plants 

Rapid methods of creating genetic variability in plant species, their selection and testing 

has been necessitated by the indispensable need for new and improved crop cultivars. 

Introduction of genes from other sources into plants require somatic cell techniques and 

these have included: Agrobacterium-mediated transformation, viral vectors, polyethylene 

glycol mediated transformation, electroporation, micro-injection and biolistics (Kumar and 

Davey, 1991). 

Vectors based on viral genomes, have ability to replicate in plant cells to achieve high copy 
I 

numbers, which favours high transformation efficiency. However, they are limited by their 

inability to integrate into the host genome thus reducing transmission to sexual offspring 

(potrykus, 1990). Precise insertion of foreign gene sequences is also required to avoid 

disturbing the expression mechanism of viral vectors (Futterer et al., 1990). The inherent 

characteristics of a particular virus, such as genome structure, mode of expression, impose 

restrictions on its use as a vector (Walden, .1989). These and limited sp·ace available for 

foreign DNA cloning may be responsible for the limited use of vectors based on viral 

genomes. 

DNA mediated gene transfer methods usually make use of isolated protoplasts to obtain . 

transformed cells. Though stable transformed plants have been obtained with these 

methods in a number of species, the major limitation is with plant regeneration in 

protoplasts cultures (Steinbiss and Davidson, 1989; Weissinger, 1992; Maisonneuve et al., 

1995). The use of protoplasts is laborious and time consuming and unrelated genetic 

abnormalities can occur during plant regeneration as a result of long periods in cell culture 

13 



(Conner and Meredith, 1989). Agrobacterium-mediated transfonnation usually involves 

tissues which encounter little problem during regeneration but difficulties are encountered 

when used in some plant taxa, especially monocotyledonous species. However, it is the 

most widely used method of plant transfonnation (Grevelding et at., 1993). 

1.8 Agrobacterium-mediated transformation 

Agrobacterium is a soil-borne organism which has long been identified to infect plants 

through wound sites. Two common species of Agrobacterium are known in this type of 

infection; Agrobacterium tumefaciens and A. rhizogenes causing crown gall and hairy root 

diseases respectively. A third species, Agrobacterium rubi, is mentioned but with little 

significance in the genetic engineering process (Grant et at., 1991). The infections are 

characterised bya neoplastic . growth-like proliferation of the wounded tissue by A. 

tumefaciens, and hairy root fonnation at wounded sites of the tissue by A. rhizogenes. 

Susceptibility to Agrobacterium infection has been found in cominoncrop plants such as 

potato, cotton, alfalfa, oilseed rape, sugar beet etc. Dicotyledonous plants are generally 

found to be receptive to the organism; in contrast many monocotyledonous plants remain 

recalcitrant to Agrobacterium infection. There are, however, reports of some 

monocotyledonous species transfonned by Agrobacterium (De Cleene and de Ley, 1976; 

Conner and Dommisse, 1992). The reason for this contrast in susceptibility, between 

dicotyledonous and monocotyledonous plants is not clear, but could be due to the inherent 

difference in production of compounds which are identified to trigger the transfonnation 

process (potrykus, 1990). 

14 
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1.8.1 Ti plasmid 

Tumour (or hairy root) induction and opine synthesis during infection are associated with 

the presence within the Agrobacterium of a plasmid of about 200-250 kb in size; the 

tumour inducing, Ti, plasmid found in A. tumefaciens (and the root inducing, Ri plasmid in 

A. rhizogenes). Four regions of homology exist in all strains of the Ti plasmid; these are 

the transferred DNA (T-DNA), the virulence region (vir), origin of replication and the 

conjugative transfer region (Armitage et al., 1988). During tumour formation, a defined 

sequence of Ti plasmid, the T -DNA is transferred to the plant cell and integrated into the 

plant nuclear genome which can then be expressed. This transfer is mediated by the genes 

in the virulence region (Chilton et al., 1977; Lemmers et al., 1980; Thomashow et al., 

1980). The T-DNA region is flanked by 25 bp direct repeats and the endpoints of 

integrated T-DNA in the plant genome are found close to these sequences. 

1.8.2 The transformation process 

Agrobacterium transformation is preceded by the establishment of contact between the 

organism and the plant cell. The attachment to plant cells occur in a polar way by a single 

bacterium or in clusters, and this is mediated by the chromosomal virulence loci which are 

expressed in a constitutive fashion (Gheysen et al., 1989). Primary cell walls of rapidly 

dividing cells are preferred by the bacterium; compounds produced in only actively 

growing and wounded plant cells, such as acetosyringone, have been identified to be 

responsible for inducing virulence functions in Agrobacterium (Bolton et al., 1986). 

Induction of virulence gene expression occurs during co-cultivation of Agrobacterium with 

wounded plant cells and during incubation of the organism in plant cell exudates. This 
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stimulates the expression of the inducible virulence genes, triggering Agrobaeterium to 

initiate plant cell transfonnation. Wounding may also induce potentially competent cells in 

wound-adjacent cell layer to become competent for regeneration. and transfonnation 

(Potrykus, 1990). The activation of virulence gene expression involve extracellular 

recognition by Agrobaeterium, of a chemical attractant or nutritive source for the organism. 

The extracellular signal is then transmitted intracellularly, to activate the genes in the 

virulence region. Acetosyringone interacts with vir A gene products, which become 

responsible for the transmission of the signal resulting in the activation of the vir G gene 

product. The vir G protein then activates the rest of the vir genes B, C, D and E 

sequentially (Stachel et al., 1985; Zambryski, 1992). 

The oncogenic genes (one) encoded by the Ti plasmid are not required for the transfer of 

the T -DNA and can be removed without affecting the ability of transfer. Consequently the 

virulence genes (vir) function in trans to the T-DNA; Agrobaeterium carrying an 

attenuated or whole Ti plasmid, plus a binary vector with an inserted gene within the T-

DNA borders of the Ti plasmid can be used to transfer foreign genes to plant cells 

(Zambryski et al., 1983; Clare, 1990). 

1.8.3 T-DNA transfer and integration 

Virulence gene induction leads to the appearance of single-stranded nicks within the T-

DNA border sequences and the excision of a single-stranded linear T-DNA molecule 

(Stachel and Zambryski, 1986; Albright et al., 1987). The left and right borders of the T-

DNA are conserved sequences that are of significance in the DNA transfer system. The 

~~~?~5f~?~~~?f~ ._ .. , .... , ..... -.: 
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right border of a Ti plasmid is believed to be the startpoint of the T-DNA transfer with the 

left border acting as breakpoint (Wang et al., 1984; Zambryski, 1992). 

The nicking of the borders is caused by vir D specific products and the generated T -DNA 

_ ,_, _,~ _ L. 

traverses the bacterial cell membrane, the bacterial cell wall, the plant cell wall, the plant 

,'r':,":'--
cell and nuclear membrane. This is mediated through the formation of aT-complex formed 

by the T-DNA and virulence specific proteins (Zambryski, 1992). 

The fmal step in Agrobacterium transformation of plant cells is integration of the T-DNA 

strand into plant cell DNA. T-DNA insertions occur randomly into any chromosome but 

transcriptionally active regions are presumably more accessible and preferred (Ambros et 

al., 1986; Herman et al., 1990). The mechanism ofT-DNA integration into plant cell DNA 

is thought to be analogous to recombination events involving integration of viral or 

transfected DNA in m~alian cell (Zambryski, 1992). The 5' end of the T -strand invades 

a nick in the plant DNA; partial pairing between both ends of the T -DNA and plant DNA 

occur due to short stretches of homology. The plant DNA further unwinds to form a gap 

which is followed by small deletion of plant target DNA. The T-DNA ends are then ligated 

to the plant DNA ends. A subsequent nick in the other plant DNA strand is followed by a 

gap repair and DNA synthesis occurs using the T -strand as template resulting in the final 

integration 

1.8.4 Agrobacterium vectors 

Agrobacterium vector systems are classified into cointegrate and binary vectors. Binary 

vectors are based on plasmids that can replicate in both E. coli and Agrobacterium, and 
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contain the T-DNA border sequences (Draper et at., 1988). Binary and cointegrate vectors 

differ by the relative position of the transfer DNA with respect to the virulence genes (vir). 

The cointegrate vectors have the virulence genes physically linked to the transfer DNA on 

the same plasmid and acting in cis, while binary vectors have the vir, on separate plasmid, 

acting in trans. 

Cointegrate vectors have high stability in Agrobacterium, however detailed knowledge of 

the Ti plasmid is required for its manipulation and there is relatively low rate of cointegrate 

formation (Grant et at., 1991). Binary vectors are independent of the Ti plasmids in 

Agrobacterium and have high frequency of introduction into Agrobacterium. They are 

currently used to the virtual exclusion of cointegrate vectors because of their ease of 

construction (Draper et at., 1988). The vector pBIN19 is one of the most widely used 

binary vectors in Agrobacterium-mediated plant transformation (Bevan, 1984; Draper et 

at., 1988). 

Desirable qualities of Agrobacterium binary vectors include: a smaller plasmid size with 

origins of replication for Agrobacterium and high copy number in E. coli; multiple cloning 

sites close to the right border, for DNA insertions between T-DNA borders; screenable or 

selectable marker gene located near the left border; and unique rare restriction sites. 

The left junctions ofT-DNA insertions are found to end at different sites within the 25 bp 

repeat suggesting that the left T-DNA border is not an exact boundary, though the right 

border appears to be precise (Zambryski et at., 1982; Kwok et at., 1985). Gene sequences 

positioned close to the right border, therefore l1ave a high fidelity during integration. 

Positioning the gene of interest between the right border and the selectable marker genes 
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provides a greater probability that the gene of interest has been successfully integrated with 

the T-DNA (Van Engelen et al., 1995). The presence of unique rare restriction sites 

facilitates subsequent Southern analyses of the integrated gene in the plant genome. 

1.9 Agrobacterium-mediated transformation procedures 

Plant transformations usmg Agrobacterium have followed a common trend, with 

modifications based on several factors. The basic requirement is the establishment of 

contact between wounded explant surfaces and the Agrobacterium vector, through co-

cultivation in vitro. Co-cultivated explants are transferred to medium containing 

antibiotics, to suppress the growth of Agrobacterium and also select for cells that have 

been transformed. This is then followed by regeneration of transformed plants and 

subsequent confirmation of gene integration (Horsch et al., 1988). 

1.9.1 Agrobacterium strains 

Different strains of Agrobacterium exist with different virulence systems. Strains can be 

classified as octopine, nopaline, agropine, mannopine, etc. depending on the opines 

produced. Octopine and the nopaline types are commonly used; ego an octopine type 

plasmid is pTiAch5 and its T-DNA deleted derivative pAL4404. A supervirulent Ti 

plasmid, pTiBo542, is found in Agrobacterium strain A281 (Komari et al., 1986). 

The virulence systems of different Agrobacterium strains have common functions, leading 

to plant transformation. However, strain and cultivar specificity occur and some strains 

may give rise to more efficient transformation on some plant species than others. The 

19 



. choice of Agrobacterium strain, plant genotype combination is thus important (De Kathen 

and Jacobsen, 1990). 

L9.2 Co-cultivation 

Inoculation of explants with Agrobacterium cultures, subjects plant tissues to the selective 

agent used in the bacterial medium prior to the transformation process and could result in 

low transformation frequencies. Resuspension of Agrobacterium cells in a medium devoid 

of antibiotics before explant inoculation, has been widely used (An et at., 1986). Different 

concentrations of Agrobacterium have been found to affect transformation frequency. High 

conqentration of the bacteria result in submaximal rates of transformation due to stress on 

plant cells by such numbers. Very low concentrations may result in nire transformation, 

due to insufficient numbers of the bacterial cells (Michelmore et at., 1987). 

The use of stimulants such as acetosyringone; feeder or nurse cultures and preconditioning 

of explants by preculture have been employed in transformations. The use of 

acetosyringone mostly increases transformation rate (Sheikholeslam and Weeks, 1987; 

Rotino, et at., 1992). However, it was reported to decrease transformation rate, in Pisum 

sativum (De Kathen and Jacobsen, 1990). The use of feeder or nurse cultures may have 

. positive influence on transformation, by favouring regeneration but they are not absolute 

neccesity for adequate transformation frequency (Michelmore et at., 1987; Horsch et at., 

1988; Curtis et at., 1994). 

The period of co-cultivation during transformation has varied for different studies. This is 

an important factor because it affects transformation results. Prolonged co-cultivation 
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period, to a certain extent, leads to high transfonnation frequency. A positive linear 

relationship was observed between co-cultivation period and transfonnation rate, however, 

after more than 5 days explant abortion resulted from bacterial overgrowth (De Kathen and 

Jacobsen, 1990). Two days of co cultivating explants with Agrobacterium appears to be the 

optimum for many plant species, including; tobacco (Horsch et al., 1988); potato (Visser et 

al., 1989; Filho et al., 1994); Phaseolus vulgaris (Marrioti et al., 1989); Chinese cabbage 

(Jun et al., 1995); Solanum gilo (Blay and Oakes, 1996). This is an optimum period for cell 

transfonnation by Agrobacterium while preventing excessive overgrowth of bacteria on the 

explants. The growth of Agrobacterium cells therefore, presents a limiting factor on length 

of co-cultivation period. 

1.9.3 Selection of transformants 

Stable integration of foreign genes into plant genome occurs at a much lower frequency, 

during transfonnation; therefore a method for identifying transfonned cells is necessary. 

Transfer of selectable marker genes alongside an agronomic gene, is a convenient way of 

identifying these transfonned cells. Presence of selectable marker genes in cells, confer 

resistance to particular selective agents, which are toxic to wild type cells and thus allow 

preferential growth of those rare transfonned cells. The selectable functions on most 

transfonnation vectors are antibiotic resistance which have been engineered to be 

expressed constitutively (Annitage et al., 1988). Genes affording protection against 

specific herbicides have also been used succesfully as dominant selectable markers. The 

choice of a marker gene is very important since different plant species vary in sensitivity to 

21 



selective agents (Draper et al., 1988). A number of selectable marker genes are available 

(Table 1). 

Reporter genes are coding units whose products are easily assayed and therefore provide a 

rapid and definitive study of gene expression. They can be fused to a promoter of interest 

and their expression used to assay promoter function. Their quick transient assays are 

useful in optimisation of transformation procedures. Common examples include: 

chloramphenicol acetyltransferase (CAT), octopine and nopaline synthase, ~-glucuronidase 

(GUS), ~-galactosidase, luciferase genes. 

The concentration of the active ingredient required to exert stringent selection pressure 

vary for type of antibiotic, plant genotype and regeneration conditions. Higher 

concentrations may affect regeneration of transformed plants while low concentrations may 

. result in false positives. An optimum concentration is one that enables the quick 

identification of transformants while rigorously selecting against non-transformed tissues. 
~": ...... -~" 

In potato transformation, the following concentratIons· of antibiotics~ 100 mg/l 

spectinomycin, 300 mg/l streptomycin, 50 mg/l kanamycin and 100 mg/l rifampicin, have 

been used in selection (Filho et al., 1994). 

The selection of transformed cells after co cultivation with Agrobacterium can be delayed 

while Agrobacterium overgrowth on explants is controlled with appropriate antibiotics. 

This will allow plant cells to develop further, before selection is applied. Such extended 

period may favour more cells in contact with Agrobacterium to be transformed. This 

method was used in the transformation of potato, and found to be effective (Conner et al., 

1991). 
-'-.---'-,,;'~, ~:~ - - - 1 
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Table 1. Selectable marker genes and agents. 

Marker gene 

bar 

Bleomycin resistance 

Chloramphenicol 

acetyltransferase 

mutant acetolactate synthase 

5-enolpyruvylshikimate-3-

phosphate synthase 

Selective agent used 

bialaphos phosphinothricin 

bleomycin 

chloramphenicol 

chlorsulfuron 

glyphosate 

Hygromycin phosphotransferase hygromycin B 

6' Gentamicin acetyltransferase kanamycin, gentamicin 

Dihydrofolate reductase methotrexate, trimethoprim 

Reference 

De Block et al. (1987); Hartman 

I (1994) 

I Hille et al. (1986) 
i 

De Block et al. (1985) 

Haughn et al. (1988) 

Della-Cioppa et al. (1987); 

Fillati et al. (1987) 

I Draper et al. (1988) 

I Gossel. et al. (1994) 

I DeBlock et al. (1984); Draper et 

al. (1988) 

Neomycin phosphotransferase II neomycin, kanamycin, 

paromomycin 

G418, Bevan et al. (1983); Torbert et 

I al. (1995). 

I Perez-Gonzalez et al. (1989) Paromomyciti acetyltransferase 

(phosphotransferase) 

Phenrnedipham carbamate 

hydrolase 

Phleomycin resistance 

Streptomycin 

phosphotransferase 

Dihydropteroate synthase 

Lysopinedehydrogenase 

paromomycin 

phenrnedipham 

phleomycin 

streptomyicn 

sulfonamides 

toxic amino acid analogues 

ego homo-arginine 
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Streber et al. (1994) 

Perez et al. (1989) 

Jones et al. (1987); Maliga et al. 

(1988) 

Guerineau et al. (1990) 

Van Slogteren et al. (1982); 

Dahl and Tempe' (1983) 
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1.10 Confirmation of gene transfer 

Putative transgenics, once obtained, are confinned by detecting the presence and 

expression of the transferred gene in the plant genome. This step allows identification of 

plants that may have escaped through the selection process without the transferred gene. 

Common methods used to detect gene integration include molecular biology tools, such as 

Polymerase Chain Reaction (PCR) and Southern blot hybridization. 

Southern blot hybridization allows DNA fragments corresponding to a particular probe to 

be identified directly from a digest of the genome, using restriction enzymes. The digested 

product is electrophoresed on agarose gel and the DNA bands are denatured to give single 

stranded DNA. The denatured fragments in gel are blotted onto a nitrocellulose paper and 

hybridised in situ with specific radioactive probe The target fragments are then identified 

by autoradiography. It is an ultimate proof of stable integration of T-DNA into genomic 

DNA (Southern, 1975). Southern blotting, in addition, gives information on the copy 

number of the transferred gene and whether mUltiples ~e taildemly linked. 

PCR is an in vitro method for the enzymatic synthesis of specific DNA sequences. Two 

specific oligonucleotide primers, with complementarity to sites on the target DNA, 

hybridise to the opposite strands and flank the region of interest. peR is effective in 

screening putative transgenics plants for the presence of the trans gene because of its 

specificity and the minute amount of template DNA required (Erlich et al., 1988; Saiki et 

al., 1988). It is a repetitive series of cycles involving template denaturing, primer annealing 

and the extension of the annealed primers by a DNA polymerase. The product at the end of 

each cycle serves as a template for the next, resulting in exponential increase in the amount 
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of the target DNA produced. Polymerase chain reaction is affected by several factors and 

requires optimization, especially in the temperatures used for the reaction steps. 

Both Southern blot analysis and PCR have been used extensively, to conftrm the 

integration of speciftc DNA segments in genomes. 

1.11 Detection of expressed genes 

The expression of genes can be· ascertained through, detection of the gene product using 

enzyme assays; utilising speciftc antibodies to bind to the protein through 

immunodetection techniques (western analysis), or isolating speciftc RNA transcripts 

originating from the transferred gene (northern blot analysis) or PCR using reverse 

transcriptase. Other methods include in vitro screening of transformed progeny for the 

expressed gene, in the presence of appropriate selective agent (herbicides, pesticides, etc.); 

or the activity of isolated proteins against target agents. 

Chloramphenicol acetyltransferase (CAT) inactivates chloraniphenicolby acetylation at 

two sites within the antibiotic molecule (Scott et al., 1988). The CAT assay protocols 

exploit the fact that non-acetylated and acetylated chloramphenicol display differential 

solubilities in chloroform and can be easily identified. Kanamycin phosphorylation by 

neomycin phospho transferase II can occur using radioactively labelled phosphorous; which 

is detectable by autoradiography (McDonell et al., 1987). A number of assays, fluorometric 

assay, in situ localization, and histochemical assay are also available for detecting p-

glucuronidase (GUS) expression (Jefferson et al., 1987; Scott et al., 1988). 
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1.12 Lettuce transformation 

The various genetic transformation methods are of potential use in lettuce improvement, 

though few have been used routinely. 

Transgenic lettuce plants have been obtained tb!ough electroporation with plasmid DNA 

(Chupeau et al., 1989). The yield of transformed plants in this study was limited by the 

number of transformed protoplasts and by the rate of regeneration from selected colonies. 

Similarly, the potential use of other DNA mediated transfers to plants is hampered by 

plating efficiencies and regeneration difficulties associated with the use of pro top lasts 

(Weissinger, 1992). These have rendered the use of Agrobacterium vectors, the most 

effective method for lettuce transformation (Michelmore et al., 1987). 

Lettuce is not a natural host for Agrobacterium species but its susceptibility to artificial 

'inoculation of Agrobacterium species has allowed gene transfer via Agrobacterium 

(Michelmore et al., 1987). Several critical factors i~uence Agrobacterium transformation 

of lettuce. High bacterial concentrations result in submaximal rates of transformation while 

low concentrations may result in infrequent callus and rare regeneration. Two days of 

co cultivating explants with Agrobacterium has been found to be optimal for the lettuce 

cultivar Cobham Green and also with the cultivar Southbay (Michelmore et aI., 1987; 

Torres et al., 1993). Prolonged co-cultivation periods result in overgrowth of bacterium 

and subsequent decrease in shoot regeneration (Enomoto et al., 1990). 

Kanamycin remains the most preferred antibiotic for selection in lettuce transformation. 

The intensity of selection has varied slightly among experiments. An optimal concentration 

of 50 mg/l was determined for selection in lettuce by Michelmore et al. (1987). Lower 
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concentrations allowed the growth of untransfonned control while higher concentrations 
.~.,:.·'·'i . -, .:,:.,. 

inhibited tissue growth. In another experiment involving a different lettuce genotype, 25 

mgtl of kanamycin was sufficient to cause bleaching and subsequent death of 

untransfonned tissues (Torres et al., 1993). A higher concentration of 100 mg/l of 

kanamycin was recommended as more efficient in selecting transfonned from non" 

transfonned shoots than with a concentration of 50 mg/l (Curtis et al., 1994). The optimal 

intensity of selection may be dependent on the genotype and its response to the selective 

agent used. The timing of selection has been detennined largely by the length of the co" 

cultivation period. However, the imposition of selection can be independent of co" 

cultivation period (Conner et al., 1991). The effect of varying the timing of selection while 

controlling bacteria overgrowth, has not been examined in lettuce transfonnation. 

Genotypic variation in response to transfonnation is evident in studies involving lettuce. 

Several lettuce cultivars belonging to the various morphological categories, have been 

involved in the transfonnation studies mentioned.' However, cultivarsbelonging to the 

crisphead category are found to be particularly recalcitrant to Agrobacterium 

transfonnation (Michelmore et al., 1987). Some crispheads have been transfonned, though; 

these include Southbay, a crisphead cultivar, which had previously failed in response to 

other transfonnation protocols (Torres et al., 1993). A genotype independent 

transfonnation protocol for lettuce, recently reported, was used for thirteen cultivars 

belonging to various categories. Here, genotypic differences were also observed in their 

transfonnation response (Curtis et al., 1994) . 

.... 
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Genes that have been involved in lettuce transfonnation are mainly marker genes such as 

npt II, ~-glucuronidase gene, chloramphenicol acetyltransferase gene (Michelmore et al., 

1987; Chupeau et al., 1989; Torres et al., 1993). Other genes that have been transferred 

include: a stress and salicyclic acid inducible protein (Enomoto et al., 1990); a sweet 

protein, monellin, gene (penarrubia et al., 1992); rolAB genes from A. rhizogenes (Curtis 

et al., 1996a
); a pathogenesis related ~-glucanase gene for inducing male sterility (Curtis et 

al., 1996b
); and a coat protein gene for protection against lettuce mosaic potyvirus (Dinant 

et al., 1997). 

The transfer of genes anticipated to confer disease resistance in lettuce has been limited 

though potential of such genes has been found in crops like potato and tobacco (Jaynes et 

aI., 1987; Anzai et al., 1989; Destefano-Beltran et al., 1990; Montanelli and Nascari, 

1990). 

1.13 Engineering disease resistance 

There are potential ways by which disease resistance can be developed in lettuce· using 

genetic engineering. A number of genes conferring resistance to viral diseases have been 

identified. The coat protein gene of viruses produce immunologically detectable virus coat 

protein when expressed in transgenic plants. The virus coat protein in plant cells interferes 

with the uncoating of an incoming virus and results in delayed and reduced disease 

symptoms (Wu et al., 1990). Such resistance may be specific to the partiCUlar virus or 

effective against several other unrelated viruses (Anderson et al., 1989). The 54-kDa gene 

of TMV encoding putative component of the viral replicase confers resistance to several 
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related TMV strains (Golemboski et al., 1990). The use of virus satellite RNA genes and 
-J;, . -~.-~ 

nucleocapsid protein gene have also yielded transgenic plants with resistance to viral 

diseases (Harrison et al., 1987; Gielen et al., 1991). 

Pathogens that cause diseases by producing phytotoxins have the capacity to detoxify these 

compounds. Genes encoding the detoxification enzymes can thus be engineered into plants 

to protect them from the effects ofthese toxins (Anzai et al., 1989; Fuente-Martinez et al., 
:;-,,'\' 

1992). However, such genes may be toxin specific and thus more genes will be required 

against the different toxins produced by pathoge~s. Pathogenesis related proteins 

(produced in plants) degrade cell walls of disease causing microbes and the genes 

responsible for these proteins encode enzymes, such as chitinases, a-amylases, 

peroxidases, ~-fructosidases, which are secreted into the apoplastic space. The use of these 

genes can confer resistance to several pathogens, however their use will require a deeper 

understanding of the exact biochemical activities responsible for the control of pathogens, 

the nature of the regulatory feedback loops of elicitors, inducers, repressors and transacting 

factors at the molecular level (Harms, 1992). 

The use of genes encoding antimicrobial proteins can divulge resistance to bacteria and 

fungal diseases in plants (Jaynes et al., 1987; Destefano-Beltran et al., 1990). Several of 

such genes conferring bacterial disease resistance have been identified and isolated. Their 

mode of action against bacteria may be lytic or bacteriostatic (Destefano-Beltran et al., 

1990). Humoral immunity in the Giant silk moth (Hyalophora cecropia) results in the 

production of at least three novel classes of bactericidal proteins: attacins, cecropins and 

lysozymes (Hultmark et al., 1980). Other bactericidal peptides have been isolated, with 
--·,·"-'.:.--.",-r'< 
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varying potency against bacteria pathogens. The lysozyme gene from the T4 bacteriophage 

is known for its antibacterial activity. The Andropin gene from Drosophila melanogaster 

(Samakovlis et al., 1991) has a moderate antibacterial activity against Gram positive 

. bacteria; however, little or no activity is observed against Gram negative bacteria. 

Tachyplesin, isolated from the horseshoe crab Tachypleus tridentatus (Nakamura et al., 

1988) and magainins from the African clawed frog, Xenopus laevis (Zasloff, 1987) were 

found to inhibit growth of some Gram positive and negative bacteria by fonning 

complexes with bacterial lipopolysaccharides. Apidaecins, isolated from honey-bees are 

active against a range of Gram negative bacteria (Casteels et al., 1989). 

The cecropins are highly active against Gram positive and Gram negative bacteria with a 

lytic activity against bacteria cell wall (Boman, 1991). They are described as the most 

potent of the three classes of bactericidal peptides induced in Hyalophora cecropia (Jaynes 

et al., 1987; Destefano-Beltran et al., 1990). Apple seedlings transformed with Shiva-l 

(Cecropin-B analogue) exhibited delayed symptoms and reduced· disease severity after 

inoculation with Pseudomonas solanacearum (Norelli et al., 1993). Contrastingly, the 

expression of cecropin peptide in transgenic tobacco did not reduce disease severity by 

Pseudomonas syringae pv tabaci (Hightower et al., 1994). Cecropin B peptide was found 

to be degraded by endogenous proteinases in tobacco (Florack et al., 1995); this could 

account for the contrasting observations in its effectiveness. The effect of these peptides 

and their expression may differ with respect to plant genotype. Antibacterial resistance has 

also been induced in potato plants using T4 lysozyme via Agrobacterium transformation 
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and its expression reduced maceration of tissues when inoculated with Erwinia carotovora 

(During et al., 1993). 

·1.14 Aim and objectives 

The overall aim of this thesis is to transform lettuce with three antibacterial genes (T4 

lysozyme, Shiva-l and magainin IT) and to evaluate their effectiveness against disease-

inducing pathogens. 

The specific objectives of this study are to: 

1. Define the genotypic response of lettuce to tissue culture regeneration and select 

amenable cultivars for genetic manipUlation studies. 

2. Construct a transformation vector with a chimaeric gene encoding an antibacterial 

protein. 

3. Transfer the chimaeric genes encoding antibacterial peptides to lettuce cultivars via 

Agrobacterium-mediated transformation . 

. 4. Confirm gene integration, through molecular techniques and gene expression by 

ascertaining protein activity against target pathogens. 
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CHAPTER 2 

Genotypic variation in tissue culture response of lettuce (Lactuca sativa L.) 

Abstract 

Twenty-two lettuce genotypes belonging to different morphological groups were screened 

for their response to regeneration in tissue culture. A shoot regenerative medium, 

consisting of SH salts and vitamins, supplemented with 0.1 mg/l IAA, 0.5 mg/l kinetin, 

0.05 mg/l zeatin, 30 g/l sucrose and 7 g/l bacteriological agar at pH 5.8 was used. Response 

in tissue culture measured by callus production, root and shoot regeneration were generally 

found to be statistically dependent on the genotype of lettuce used. Callus and Shoot 

indices were generated for all genotypes as indicators of performance. The use of Bronze 

Mignonette as a standard genotype enabled batches of genotypes to· be compared in 

successive experiments. This approach detected minor variations among experiments and 

allowed the culture performance of all genotypes to be ranked. No. correlation was 

observed between Callus index and Shoot index, and the variation in performance of 

genotypes was not statistically linked to their morphological groups. Genotypes that 

showed good shoot regeneration in tissue culture, included Bambino and Iceberg 

(crisphead types); Cobham Green and Sweet Butter, (butterhead type), Simpson Elite (leaf 

type), and Rosalita and Paris White (cos types). 

'.;. .... _._.r._ ... _ ... _ .. 
.... > .. ;.: 
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Introduction 

Lettuce (Lactuca sativa L.) is a cool season leafy vegetable which is grown worldwide 

(Michelmore and Bash, 1986; Patterson et ai., 1986). Though of relatively low nutritional 

value, lettuce is a high valued, economically important vegetable crop with diverse uses 

(Michelmore et al., 1987; Toleman, 1987). 

Various genetic manipulation and cell culture methods have been employed to improve 

lettuce; each requiring a sufficient level of regenerability to achieve the desired result. 

Somac1onal variation has been observed in cultured lettuce plants derived from callus 

(Sibi, 1976; Brown et al., 1986). Direct transfer of foreign DNA into lettuce protoplasts 

was obtained through electroporation using plasmid DNA (Chupeau et al., 1989); however 

low regeneration frequency was found to be partly responsible for the small number of 

transgenic plants recovered. Berry et al. (1982) observed that efficiency of plant 

regeneration from pro top lasts of lettuce was dependent on several factors which account 

for the low regeneration rate. Somatic hybridization between cultivated lettuce and the wild 

Lactuca species was achieved using protoplast electro fusion (Matsumoto, 1991), though, 

genotypic differences were noted in the plating efficiency of the hybrid cells obtained. 

Agrobacterium-mediated transformation method as a means of introducing foreign genes 

into lettuce is known and has been successfully utilised (Michelmore et al., 1987; Torres et 

al., 1993; Curtis et ai., 1994; Dinant et al., 1997). 

The success of these genetic manipUlation methods, as tools for crop improvement, 

depends on the response to regeneration in tissue culture of plant genotypes. In such 

experiments, the primary objective is to obtain mature plants with transferred genes or 
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desired traits. Therefore explants of genotypes chosen must have the regenerative capacity 

to undergo morphogenesis into complete plants. Variations in the response of genotypes to 

regeneration in tissue culture have been reported for most plant species including lettuce 

(Ranch et ai., 1985; Enomoto et ai., 1990; Xiirrun and Conner, 1992; Curtis et ai., 1994). It 

is therefore important to determine the regenerative response of genotypes and explants to 
-' -,',.,'" 

,,'--,\-1·,':1'0-

-:';l:~ ~'':': ,-. r, -: x . .':, be used in such experiments. This can be accomplished through optimisation of 

regeneration medium for specific genotypes, or by screening for highly amenable 

genotypes on a particular tissue culture medium. 

An improved culture medium for the regeneration of a wide range of lettuce genotypes has 

been recently defined (Xinrun and Conner, 1992). However, several lettuce cultivars 

identified to have high regeneration capacity on this medium, could not be successfully 

transformed with Agrobacterium tumefaciens (Conner et ai., 1992). It is therefore 

important to screen further lettuce cultivars to identify additional genotypes with high 

regeneration capacity for subsequent genetic manipulation experiments. 

In this chapter the tissue culture response of an extensive range of lettuce genotypes 

belonging to different morphological groups was investigated with respect to callus, shoot 

and root production. The objective was to define the genotypic response to regeneration in 

tissue culture of lettuce and to select best genotypes for genetic transfonnation 

experiments. 
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Materials and Methods 

Seeds of lettuce cultivars used (Table 1) were surface-sterilised with 70% ethanol for 30 

seconds, transferred to a solution of 1 % NaCIO with 2 drops of Tween 20 detergent per 

litre for 30 minutes, then rinsed 2-3 times with sterile distilled water. Seeds of each 

genotype were sterilised separately and germinated on medium containing SH salts and 

vitamins (Schenk and Hilderbrandt, 1972); supplemented with 30 g/l sucrose, 7g/1 of 

bacteriological agar. 

Two days after germination, healthy cotyledons of uniform size were excised, 

longitudinally cut into two segments and placed on a regeneration medium consisting of 

the seed germination medium, supplemented with 0.1 mg/l (0.57 IlM) indole acetic acid, 

0.5 mg/l (2.32 IlM) kinetin and 0.05 mg/l (0.23 f.lM) zeatin (Xinmn and Conner, 1992) . 

. Ten half-cotyledons were placed in each culture vessel and after 20 days the explants were 

transferred to fresh regeneration medium of same composition for a further 20 days. 

The pH of all media was adjusted to 5.8 prior to addition of agar. Except for zeatin, which 

was filter sterilized and added after autoclaving, all the components were sterilized by 

autoclaving at 121°C, 103 kPa for 15 minutes. Molten media in 50 ml aliquots were then 

dispensed into ethylene oxide pre-sterilised plastic pottIes of size 85 rom diameter x' 35 rom 

height. All cultures were incubated at 23-24 °c with 16 hour photoperiod supplied by cool-

white fluorescent lamps (70-85 Ilmollm2 /sec). 
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Table 1. Lettuce cultivars and their sources 

Morphological type Cultivar name Seed source 

Crisphead Bambino Yates, NZ 

Iceberg Burpee and Co. USA 

Mainspring Crop and Food Research, NZ 

Mini- Green Chas H. Lilly Co. USA 

Nevada Chas H. Lilly Co. USA 

New York Head Chas H. Lilly Co. USA 

Prize Head Kings Seeds, NZ 

South Bay University of Florida, USA 

Butterhead Bronze Mignonette Watkins Seeds, NZ 

Cobham Green UC Davis, USA 

Lollo Biondo Kings Seeds, NZ 

Lollo Rosso Kings Seeds, NZ 

Sangria Kings Seeds, NZ 

Sweet Butter Kings Seeds, NZ 

Leaf Black Seeded Simpson Kings Seeds, NZ 

OakLeaf Kings Seeds, NZ 

Red Salad Bowl Fothergills Seeds, Australia 

Royal Oak Leaf Kings Seeds, NZ 

Simpson Elite Kings Seeds, NZ 

Tango Kings Seeds, NZ 

Cos Paris White Kings Seeds, NZ 

Rosalita Kings Seeds, NZ 

The cultivars used in this study belonged to four morphological groups and were obtained 

from various sources (Table 1). 
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Regeneration was assessed through observations and measurements at the end of the 
-."'1'; 

culture periods. Explants showing regeneration and the type of response, such as callus or 

shoot, were noted. Observations made at the end of the second culture period included the 

kind of callus (such as friable or compact), position of callus growth (at the edges or over 

the surface ofthe explant), colour of the callus and the explant tissue, presence of roots and 

colour change in medium. 

The measurements taken were, frequency of explants producing different amounts of callus 

. ;1 
(classified into Limited, Moderate or Extensive when 20%, 20-50% and >50%, 

respectively, of explant surface is covered with callus proliferation), frequency of explants 

with shoots and roots and the number of shoots per explant. 

The study was conducted in a series of experiments, each including the genotype Bronze 

. Mignonette as a standard. Each batch was analysed separately. An internal control of 

Bronze Mignonette cultivars, propagated in different environments and years, was 

undertaken under uniform culture conditions. 

Callus production in each experiment was analysed using Chi-square test of independence 

to ascertain the influence of genotype. To enable comparison among genotypes, a callus 

being the numbers of explants producing Limited (L), Moderate (M) and Extensive (E) 

callus. The values 1, 2, and 3 were assigned to the L, M, E categories respectively. The 

frequency of explants with shoots, roots and the mean number of shoots per explant in each 

experiment were transformed with either LoglO (x + 1) or .y(x + 1) to equate variances and 

analysed using Analysis of Variance. As an estimate of the tendency to produce shoots and 
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the intensity of shoot production for each genotype, a shoot index (8I), was generated for 

each genotype using the fonnula: (~ njX)lNt; nj refers to the number of explants producing 

shoots in ith replicate; X, the category of shoots produced depending on the number per 

explant (0=0, 1-2=1,3-4=2,5-6=3, 7-8=4 >8=5) and Nt, the total number of explants used 

for each genotype. 

Results 

Observations on callus produced by the lettuce genotypes revealed differences in 

qualitative characteristics such as colour of callus produced, softness and uniformity of 

development over explant surface (Figure 1). These were observed to be highly dependent 

on genotype. The type of callus produced by the genotypes were characterised into friable 

~allus, identified by soft textured proliferation on explants and compact callus which was 

hard and crusty in nature. Generally, extensive callus production was associated with 

friable callus while compact callus, when observed was in limited amounts on explants. 

The amount of callus produced by explants of genotypes varied markedly between 

genotypes (Table 2). Chi-square analysis of independence on callus production confirmed 

significant effect of genotype on the amount of callus produced. The proportion of explants 

producing shoots and roots showed marked variation between genotypes (Figure 2). The 

mean number of shoots produced per explant was also strongly influenced by genotype 

(Table 3). 
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Figure 1. Callus production on explants of different lettuce cultivars in tissue culture. Differences 

in amount of callus and qualitative characteristics were observed among genotypes. 
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Table 2 Callus production on cotyledons of lettuce genotypes 

Genotypes Name Number of Limited Moderate Extensive Chi-square 

code explants probability 

Bambino Bbn 60 65.0 35.0 0 

Red Salad Bowl RSB 60 85.0 15.0 0 <0.001 

South Bay SBy 80 86.0 14.0 0 

Bronze Mignonette BMg 70 70.0 28.5 1.5 

Black Seeded Simpson BSS 50 32.0 42.0 26.0 

Lollo Biondo LBd 50 34.0 48.0 18.0 

Lollo Rosso LRs 30 36.7 40.0 23.3 

Mainspring MSp 40 15.0 52.5 32.5 <0.01 

OakLeaf OLf 40 20.0 30.0 50.0 

Royal Oak Leaf ROL 50 6.0 38.0 56.0 

Tango Tgo 40 52.5 45.0 2.5 

Bronze Mignonette BMg 50 36.0 38.0 26.0 

Paris White PWh 60 5.0 36.7 56.7 

Prize Head PzH 60 13.0 47.0 40.0 

. Rosalita Rsl 70 13.0 26.0 61.0 

Sangria Sgr 60 0.0 25.0 75.0 <0.01 

Simpson Elite SEI 80 67.5 31.0 1.5 

Sweet Butter SBt 69 20.0 37.0 43 

Bronze Mignonette BMg 50 28.0 62.0 10.0 

Cobham Green CbG 100 5.0 35.0 60.0 

Iceberg IcB 80 60.0 39.0 1.0 

Mini Green MnG 80 74.0 25.0 1.0 <0.001 

Nevada Nvd 80 59.0 35.0 6.0 

New York Head NYH 90 42.0 41.0 17.0 

Bronze Mignonette BMg 100 44.0 49.0 7.0 

Percentages of total explants producing limited (+), moderate (++) or extensive (+++) callus, 

which were observed as 20%, 20-50%, and >50% of explant surface covered with callus 

proliferation. The total number of explants on which fmal measurement were in replicates of 10 

explants (half cotyledons) each. The chi-square probability of independence showed highly 

significant effect of genotype in each experiment. 

40 



" 

{ 
) 

" ~- ~ 

;.; 
,"'. 

::!i~l~:t~:'U}<L: .~; 
: ; <~~.~ .~~ ',1 

........ ". 

.,' 
.. ': .... 

"" 

" .... 
80 

70 

60 

J!! 50 
j 
~ 40 
'0 
lit 30 

20 

10 

0 
Bbn RSB SBy BMg 

Experiment 1 

60 

70 

60 

J!! 50 
j 
~ 40 
'0 
~ 30 

20 

10 

0 
PWh PzH Rsl Sgr SEI SBt BMg 

experiment 3 

- 80 

70 

60 

j 50 

~ 40 GO 

'0 
lit 30 

20 

10 

o . . 
BSS LBd LAs· MSp OU ROL Tgo . BMg 

experiment 2 

60 \ 

70 

60 

J!! 50 
j 
~ 40 
'0 
lit 30 

20 

10d 

0" 
CbG IcB MnG Nvd NYH BMg 

Experiment 4 

Figure 2. Explants producing shoots (open bars) or roots (hatched bars) for genotypes in each experiment. Probability values for effect of genotype on % 

of explants producing shoots or roots after Analysis of variance were as follows: «0.001, <0.05); «0.001, <0.05); «0.001, <0.001) and 
(>0.05, <0.001) for experinients 1,2,3 and 4 respectively. 
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Table 3. ANOV A for "Number of Shoots per explant" by Genotype 

Experiment 1 Experiment 2 Experiment 3 Experiment 4 

Mean Squares 2.27 0.39 0.25 0.92 

Probability <0.01 <0.001 <0.001 <0.05 

F value 5.77 32.85 6.29 2.31 

Genotypes Means Genotypes Means Genotypes Means Genotype 

Bronze Mignonette 1.0"" Bronze Mignonette 1.7'0 Bronze Mignonette 0.6DC Bronze Mignonette 

Bambino 1.8' Black S. Simpson 1.88 Prize Head 1.9ab Cobham Green 

Red Salad Bowl 0.30 Lollo Biondo 1.3b Rosalita l.4a Iceberg 

South Bay 1.2b Lollo Rosso 1.4ab Sangria 0.00 Mini-Green 

Mainspring 0.30 Simpson Elite 1.38 Nevada 

OakLeaf 0.00 Sweet Butter 0.700 New York Head 

Royal Oak Leaf 0.00 Paris White 1.3ab 

Tango 1.6ab 

Analysis of Variance was used to test the statistical ~ignificance of genotype on the number of 

shoots produced per explant, after transformation of data by"l/(X + 1) or LoglO (X + 1) where 

appropriate. The mean number of shoots per explant was determined from the total number of 

shoots counted per the number of explants used in the experiment. These were separated by 95% 

Confidence Intervals of the means based on pooled standard deviations, using Minitab Statistical 

Package. Values with same letter in a column are not significantly different from each other at 

0.05 probability level. 
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Callus index ofthe genotypes, as a measure of comparable callus production, in the various 
-,",".",--, 

experiment also showed detectable differences among genotypes (Table 4).There was no 

significant linear correlation between Callus Index and Shoot Index as measures of callus 

and shoot production (Figure 3) .. Analyses to detennine· the relationship between 

morphological type and perfonnance of genotypes, in callus, shoot or root production 

: .-;:. 
-. -:-.-"- .,' - -.~. "0 -I:" revealed non-significant statistical associations (P>O.05). 

In the subsequent experiment involving five seed lots of Bronze Mignonette (produced in 

different years and environments) statistical analyses showed no significant effect of the 

various seed sources on callus production, shoot and root production (Table 5). 
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Table 4. Indices and relative ranking of genotypes for tisue culture performance 

Genotype Callus Index (CI) Shoot Index (SI) Adjusted CI Adjusted SI 

Bambino 1.40 0.53 1.07 5.89 

Red Salad Bowl 1.10 0.03 0.85 0.33 

South Bay 1.10 0.25 0.85 2.78 

Bronze Mignonette 1.30 0.09 1.00 1.00 

Black Seeded Simpson 1.94 0.80 1.02 1.48 

loBo Biondo 1.84 0.52 0.97 0.96 

loBo Rosso 1.87 0.63 0.98 1.16 

Mainspring 2.18 0.05 1.15 0.09 

OakLeaf 2.30 0.00 1.21 0.00 

Royal Oak Leaf 2.50 0.00 1.32 0.00 

Tango 1.50 0.50 0.79 0.93 

Bronze Mignonette 1.90 0.54 1.00 1.00 

Prize Head 2.27 0.23 1.25 5.75 

Sangria 2.75 0.0 1.51 0.0 

Simpson Elite 1.34 0.31 0.74 7.75 

RosaHta 2.48 0.56 1.36 14.00 

Paris White 2.49 0.25 1.37 6.25 

Sweet Butter 2.23 0.18 1.23 4.50 

Bronze Mignonette 1.82 0.04 1.00 1.00 

Cobham Green 2.55 0.19 1.56 3.17 

Iceberg 1.41 0.31 0.86 5.16 

Mini Green 1.27 0.19 0.78 3.17 

Nevada 1.47 0.09 0.90 1.50 

New York Head 1.75 0.18 1.07 3.00 

Bronze Mignonette 1.63 0.06 1.00 1.00 

Callus Index (CI), was calculated using the fonnular (niL + n2M + n3E)/ (nl + n2 + n3); nh n2 and n3 being the 

numbers of explants producing Limited, Moderate and Extensive callus. Shoot Index, SI, was generated for 

each genotype using the fonnular: ~ niX)/N1; ni refers to the number of explants producing shoots in ith 

replicate and X, the category of shoots produced depending on the number per explant (0=0, 1-2=1, 3-4=2, 

5-6=3,7-8=4 >8=5). 'Adjusted C1' and S1', the ratio ofCI or SI of each genotype to that of the standard 

(Bronze Mignonette) in each experiment. 
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Table 5. Callus production and indices of Bronze Mignonette types 

% of explants producing callus 

Typesa Limited Moderate Extensive X~ CI SI 
probability 

YIEI 16.0 76.0 8.0 1.92 0.06 

YIE2 32.5 55.0 12.5 1.80 0.13 

YIE3 26.0 64.0. 10.0 >0.05 1.84 0.10 

Y2E3 17.5 75.0 7.5 1.90 0.15 

Y3E3 17.5 82.5 0.0 1.83 0.05 

~e different seed lots of Bronze Mignonette tested were produced in different years (Y) and in 

different environments (E). E" Crop & Food Research Ltd., Christchurch, New Zealand; ~, 

private greenhouse, Christchurch; E3, Watkins Seed company, New Zealand. 
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Figure 3. Scattergram between Callus Index and Shoot Index of all genotypes used in the study. 

Statistical analyses established little or no correlation between these two parameters (R2 

= 1.7%, P> 0.05). 
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Discussion 

In general, culture conditions remained constant between experiments. Bronze Mignonette 

was chosen as a standard genotype in this study based on its intermediate performance, hi 

an earlier regeneration study (Xinrun and Conner, 1992). It was therefore suitable in 

identifying superior as well as inferior performances in other cultivars. 

Screening a large number of genotypes to ascertain their responses, in experiments, can be 

limited by space and time; which can introduce error variations. Tissue culture responses 

are affected by several factors, some of which cannot be measured or controlled (George, 

1993). Therefore, groupmg genotypes into batches with a standard to evaluate the 

performances of other genotypes in a given group is essential in such experiments. This is 

analogous to screening a large number of genotypes for their resistance to diseases, where 

grouping genotypes into batches, each including a standard as a check to evaluate their 

responses, is generally regarded as appropriate (Yang and Venna, 1992). 

Bronze Mignonette as a standard revealed some differences among experiments in this 

study (Tables 2 and 3); thus detecting the effect of subtle variations in culture conditions, 

that are incidental to such experiments. Analysing the results separately for each group was 

therefore necessary to avoid inter-experimental variation. 

The experiment involving different seed sources of Bronze Mignonette was performed to 

test the possible effect of different seed sources and environments under which seeds of 

genotypes are produced, thereby justifying the approach in this study of screening 

genotypes from different sources (Table 1). No obvious differences were observed in the 
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qualitative characters of the Bronze Mignonette from the different seed sources. Statistical 

analyses showed no effect of the different seed sources on the regeneration of the genotype. 

Lettuce is a highly inbreeding crop (Pink and Keane, 1993); breeding under different 

environmental conditions is likely to effect little or no change in the genetic constitution of 

genotypes. 

Chi-square analyses of callus production showed that amount of callus produced was 

dependent on the genotype of lettuce. Explants within genotypes also produced different 

amounts of callus. The intra-genotypic variation observed in the replications is consistent 

with results obtained by Xinrun and Conner (1992) and Curtis et al. (1994). Clear 

genotypic differences in the culture response of lettuce cotyledons were obtained in both of 

these studies. Callus Index calculated as a measure of callus production enabled 

comparison among genotypes and was useful in detecting differences in the perfonnance of 

the standard genotype over experiments. This measure enabled the ranking of all the 

genotypes based on the perfonnance of the standard in each ,group (Table 4). 

Shoot regeneration in culture indicated diverse response among genotypes. Some 

genotypes showed early shoot development ego Bambino, a crisphead cultivar, produced 

shoots within fourteen days in the first culture medium. In this respect, it was distinct from 

the other genotypes, in which shoots were not noticed until the second culture period. 

Some genotypes, such as Bronze Mignonette, Red Salad Bowl, showed little tendency to 

produce shoots while Sangria produced no shoots in the regeneration medium. The 

medium used (SH salts and vitamins, 0.1 mg/l IAA, 0.5 mg/l kinetin, 0.05 mg/l zeatin, 

30g/1 sucrose and 7g/1 agar) was designed for shoot regeneration (Xinrun and Conner, 
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1992) but some genotypes also produced roots. For Bronze Mignonette and Nevada the 

percentage of explants producing roots was higher than that for shoots while genotypes like 

Cobham Green, Mini-Green, Sangria and Red Salad Bowl did not produce roots. The 

tendency of various genotypes to produce shoots and/or roots further illustrates the strong 

genotypic variation of lettuce to organogenesis. Shoot and root production in culture is 

mown to be strongly influenced by the ratio of cytokinin to auxin in the culture medium 

used (Skoog and Miller, 1957). The results of this study suggest that the genetic 

component is also critical to organogenic response in tissue culture. 

In a similar tissue culture study with lettuce by Xinrun and Conner (1992), the genotype 

Bronze Mignonette gave a rather high percentage of explants producing shoots and is 

contrasted by the results obtained in this experiment. Culture conditions used were similar 

i.e. same media composition, temperature, light source and photoperiod. This gives an 

indication of the importance of subtle differences in environment on tissue culture 

response, which may be beyond experimental control. Thi~ is also evident in the variation 

between experiments detected during this study. Minor variations III lighting and 

temperature could be an important factor. 

The rather weak correlation between Callus Index and Shoot Index (Figure 3) establishes 

that amount of callus produced has little or no influence on the tendency or rate of shoot 

regeneration in tissue culture. 

Genotypic effects in tissue culture were observed in all measured characters in this study. It 

was clearly evident in the measure of explants producing shoots or roots. The primary 

objective of this study was to identify genotypes with high potential for adventitious shoot 
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regeneration. Bambino showed a high shoot regeneration capacity. Other genotypes with 

comparable regeneration capacity were, Iceberg, South Bay (crisphead), Cobham Green, 

Rosalita (cos) cultivars. Bronze Mignonette perfonned rather poorly, both in shoot and in 

callus production in contrast to a previous study. This emphasizes the higher shoot 

regeneration potential of the cultivars identified in this study compared to those identified 

earlier (Xinrun and Conner, 1992). The genotypes considered to have the highest potential 

for regeneration in tissue culture, and selected for genetic transfonnation experiment were 

Cobham Green and Bambino. 
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Gene cloning into Agrobacterium vector system 

Abstract 

A chimaeric gene, including a Shiva-l gene sequence, encoding an antibacterial protein 

(cecropin B analogue) was cloned into a binary vector plasmid (PBINPLUS) to be used in 

Agrobacterium mediated transformation. The gene insert was isolated. from a pUC18 

cloning vector, using restriction enzymes EcoRI and HindIll. A ligation reaction between 

the chimaeric gene insert (1.46 kb) and digested pBINPLUS vector (12.39 kb) resulted in a 

13.85 kb plasmid, pBINPLUSH, which was used to transform Escherichia coli strain 

DH5a.. The presence of the chimaeric gene insert was determined by screening E. coli 

cells, based on the lacZ' region, on IPTG, X-gal plates. Plasmid isolation and digestion 

confirmed the presence of the cloned insert within the T-DNA border sequences of the new 

binary vector. Competent cells of Agrobacterium .strain, ACiLl, were then transformed 

with pBINPLUSH and its presence assessed through selection of AGLI cells on 

kanamycin containing LB plates. Digestion of the isolated plasmid, gave the expected 

DNA fragment sizes of 1.46 kb and 12.39 kb, confirming the presence of the correct 

plasmid vector. 
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Introduction 

Agrobacterium-mediated gene transfer has revolutionised plant biotechnology via the 

introduction into crop plants of specific characteristics that are of interest to agriculture and 

industry (Angenon and Montagu, 1992). It is undoubtedly the most developed system for 

the transfer of foreign genes into plants, despite its limitations in monocotyledonous plants 

(Steinbiss and Davidson, 1989). Agrobacterium tumefaciens, referred to as nature's plant 

genetic engineer, has long been recognised as a natural vector for the transfer of DNA to 

plant cell genome (Lazo et al., 1991). 

The Ti plasmid of Agrobacterium tumefaciens provides the means of transferring specific 

segments of DNA, the T -DNA, into plants. This transfer is effected by the virulent genes 

found on the Ti plasmid which recognises the DNA sequences bordering the T-DNA. 

These properties of the Ti plasmid allow for the cloning of isolated DNA fragments for 

transfer to plants. The position of the vir genes that control this transfer does not 

necessarily, have to be on the same plasmid as the DNA to be transferred (Zambryski et al., 

1983; Conner and Meredith, 1989; Clare, 1990). This has enabled the use of binary vector 

systems, which carry cloned genes within T-DNA border sequences, for transfer into plant 

genome (Draper, et al., 1988). Binary vectors exploit the observation that when the 

virulence region and the T-DNA region are on separate plasmids, the vir genes can act in 

trans to effect the transfer of T -DNA to plants. Genes producing desirable characteristics, 

therefore can be isolated, modified for transfer and expressed in plants. The oncogenic 

genes on the Ti plasmid can be physically replaced with desirable agronomic genes to 

obtain cointegrate vectors. 
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Gene cloning provides the opportunity of making specific and desirable genes, isolated 

from sources that would otherwise be inaccessible, available for introduction into plant 

genome and for their expression. A large number of vector constructs and regulatory 

sequences that allow for such gene transfer and expression in plants using Agrobacterium 

are available (Annitage et at., 1988). The choice of vectors and Agrobacterium strain in a 

transformation experiment are essential, as they influence transformation frequency 

(Schmidt and Wilmitzer, 1988; Becker, 1990; Owens Y de Novoa and Conner, 1991). In 

this study, the Agrobacterium strain, AGL1, carrying the hypervirulent, attenuated tumor-

. ..... inducing plasmid pTiB0542 (Lazo et at., 1991) and a recently constructed binary cloning 

vector, pBINPLUS, found to yield high frequency of transgenic plants (Van Engelen, et at., 

1995) were used. 

The overall aIm of this research study was. to transform lettuce genotypes with 

antimicrobial genes anticipated to confer resistance to bacteria diseases. Two vectors, 

similarly constructed and each coding for a different antibacterial protein(magainin II and 

T4 lysozyme) were obtained from Crop & Food Research, Lincoln, for this purpose. The 

aim of this chapter, therefore, was to construct and obtain in the same Agrobacterium 

strain, a third binary vector encoding antimicrobial cecropin B analogue (Shiv~-I) similar 

to the two chimaeric genes available, for genetic transformation of lettuce. . 

The objectives of this chapter were: 

1. To clone a chimaeric gene construct encoding Shiva-l, into a binary vector with a high 

transformation frequency, pBINPLUS. 
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2. To transform and obtain in Agrobacterium strain, AGLl, the engineered transformation 

vector. 

Materials and Methods 

Bacteria strains and plasmids 

Escherichia coli strain DH5a., harboured the plasmid vector pUC18 which carried a 1.46 

kb chimaeric gene insert within the cloning site. The gene insert coded for Shiva-l protein. 

Agrobacterium tumefaciens strain AGLl, with a resident hypervirulent but attenuated Ti 

plasmid, pTiBo542 was used (Lazo et at., 1991). Both organisms were obtained from Crop 

& Food Research, Lincoln, New Zealand. A binary vector plasmid, pBINPLUS (12.39 kb 

in size) and. possessing a multiple cloning site with a lacZ' region (Figure 1), was utilised 

for the gene cloning 01an Engelen et at., 1995). 

Bacterial growth and selection 

The medium used for bacteria growth was Luria broth (5 gil NaCI; 10 gil Bactotryptone; 5 

gil Yeast extract). Aliquots of 40 ml were dispensed into 100 ml Erhlymeyer flasks and 

autoclaved at 103 kPa, 121°C for 15 minutes. The solid growth medium was obtained by 

adding 15 grams of bacteriological agar to one litre of liquid LB medium before 

autoclaving. Molten· media were dispensed into Petri-dishes (90 mm diameter x 14 mm 

high). Blue-white selection plates were prepared by adding 100 mgll kanamycin, 2% X-gal 

and 2% IPTG to LB solid medium. E. coli cells were streaked on the plates and allowed to 

incubate at 37°C for 24 hours. 
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Figure 1. The plasmid map ofpBiNPLU~ vector .. The multiple cloning site (MeS) withiIi the 

lacZ' region includes the pUC19 multiple cloning site and a few rare restricti'on sites 
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Plasmid Isolation 

Selected E. coli and A. tumefaciens colonies, carrying the appropriate plasmid vectors, 

were cultured overnight in 40 ml of Luria Broth (LB), supplemented with 100 mg/l of 

selection agent. These were incubated at 37°C on a gyratory shaker at 280 rpm. The DNA 

isolation method used was based on the alkaline lysis method described by Sambrook et al. 

(1989). 

The overnight cultures were dispensed into tubes and centrifuged at 5,000 g at 4°C for 10 

minutes. The pellet was resuspended in 5 ml of solution I (50 mM glucose, 25 mM Tris-

HCI, pH 8.0; 10 mM EDTA, pH 8.0) and incubated on ice for 5 minutes. Ten ml of freshly 

prepared solution II (0.2 N NaOH; 1% sodium dodecyl sulphate) was added to each tube 

and incubated at room temperature for 5 minutes. A 7.5 ml of solution ill (3 M potassium 

acetate; 11.5% glacial acetic acid; pH 4.8) was then added to each tube and incubated on 

ice for five minutes. 
~ __ ~:-_..i. _,'';~ _ 

The sample was centrifuged for 20 minutes at 12,000g at 4,IlC and the supernatant was 

passed through miracloth. A 5 ml volume of 50% PEG, 0.5M NaCI was added to the 

supernatant and incubated on ice for one hour. This was followed by centrifuging at 12,000 

g, 4°C for 20 minutes. The supernatant was decanted carefully and the pellet (plasmid) was 

resuspended in 0.5 ml of sterile water. RNase was added to a concentration of 20 J.tg/ml 

and the sample was left at room temperature for 15 minutes and passed through a "Magic 

DNA clean up column" following manufacturer's (Promega) instruction. Plasmid DNA 

was eluted in 50 J.tl of water and stored at -20°C. 

~~;~:~::~~t~~:~:~ 
;::~.:'.;:~~.! ,:, .".<': 
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Plasmid Restriction 

The restriction enzymes EeoRI and HindITI were used to digest pBINPLUS and pUC 18 

with the gene insert. A total reaction volume of 20 J.11 was prepared for each sample as 

follows: 2.0 J.11 of each plasmid DNA (250 ng/J.1I), 0.2 ~l of EeoRI (10 units/J.1I), 0.2 J.1lof 

HindITI (10 units/J.1I), 2.0 J.11 of lOX restriction buffer B [10mM Tris-HCI; 5 mM MgCI2; 

100 mM NaCI; 1 mM ~-mercaptoethanol; pH 8.0] and 15.6 J.11 distilled water. The samples 

were incubated at 37°C for one and a half hours in Eppendorftubes; the digested products 

were analysed on electrophoretic gel. The enzymes and reagents used were manufactured 

by Boehringer Mannheim. 

Recovery of DNA insert 

The digested sample of pUC 18 with insert, was run on a 1% electrophoretic gel prepared 

from 0.4 g 'low melting point' agarose in 40 ml of IX TBE (89 mM Tris borate, 89 mM 

Boric acid, 2 mM EDT A), at 80 V for 45 minutes. Ethidium bromide (0.2 J.1g/ml) was used 

for staining DNA fragments in gel. The separated DNA fragments were viewed under UV 

light (320 nm) on a transilluminator with a photographing device and the sizes of the 

fragments were conflrmed by comparing to the molecular marker bands of I kb ladder 

(Boehringer Mannheim). The gene insert band was cut out ofthe gel using a sterile scalpel. 

The weight of the agarose piece was determined and 0.04 volume of 25X Agarase buffer 

(750 mM BisTris, 250 mM EDTA) added. The tube was incubated for 15 minutes in a bath 

at 65°C. This was followed by the cooling of the molten agarose to 45°C and 1 unit of 

- '- "\"- ,-.! ~ ", " , 
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DNAse-free Agarase was added per 100 mg of agarose. The soluti~n was carefully mixed 
·--l 

with a pipette tip and incubated at 45°C for one hour for the Agarase to cleave the agarose. 

A tenth volume of3 M sodium acetate at pH 5.5 was added to mixture; this was incubated 

on ice for 15 minutes. It was then centrifuged at 4°C for 15 minutes in a micro centrifuge to 

precipitate the oligosaccharides. The supernatant was removed and 3X volume of ice cold 

. ethanol added, followed by centrifugation at 13,000 rpm in a micro centrifuge for 20 

minutes. The supernatant was then carefully discarded using a micro pipette and the DNA 

pellet dried. 

Ligation 

A ligation reaction between the EcoRI and Hindill digested product of the pBINPLUS 

vector and the isolated gene insert was set up in a total reaction volume of 20 III including: 

2.0 III of ligation buffer; 1.0 III aliquot of T4-DNA ligase; 2.0 III of digested pBINPLUS 

DNA (200 ng/Ill); 2.0 III chimaeric gene insert DNA (250 ng/Ill) and 13 III of water was 

added. The sample was incubated at 14°C for 36 hours to enable ligation between the ends. 

The ligated product was run on a gel to confinn ligation and also the band size. 

Preparation of competent E. coli DH5cx. cells 

A starter culture of DH5cx. in 5 ml of LB was groWn overnight at 37°C. One ml of the 

overnight culture was diluted into 100 ml of LB supplemented with 10 mM MgCI2• This 

was incubated at 37°C with shaking until about an ODsoo of 0.5 was obtained and then 

centrifuged at 5,000 rpm, 4°C for 5 minutes. The pellet was resuspended in 50 ml of ice 

cold TMC (10 mM Tris-HCl, pH 7.5; 10 mM MgCI2, 50 mM CaCI2). The resuspension 
. '" .. ..:-:,-;;; 
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was left on ice for 15 minutes and centrifuged at 5,000 rpm for 5 minutes at 4°C. The pellet 

was resuspended in 8 ml of TMC with 15% glycerol and aliquots of 500 ~l was used in 

transformation or stored in -80°C freezer for later use. 

Transformation of competent DH5a. 

Competent Escherichia coli cells (200 ~l) were added to plasmid DNA in an Eppendorf 

tube and stored on ice for 45 minutes. The mixture was heat shocked at 42°C for exactly 2 

minutes, then put back on ice. This was diluted into one ml of LB medium and cultured 

with shaking at 37°C for 100 minutes. 200 ~l of the sample was plated onto each of three 

Petri-dishes containing solid LB medium with 100 mg/I kanamycin, 2% X-gal and 2% 

IPTG. Non-transformed DH5a. cells were plated onto the same medium as a control. The 

plates were incubated overnight at 37°C. 

Preparation of competent AGLI cells 

'-.":,-" ---'--' This was based on the protocol of Hofgen and Wilmitzer (1988). An overnight culture of 

Agrobacterium tumefaciens strain AGLI was diluted in 200 ml of YEB (l.Ogll yeast 

extract, 5.0g/1 beef extract, 5.0g/1 peptone, 5.0g/1 sucrose, 0.5g/1 MgS04.7H20; pH 7.0) 

medium and maintained at room temperature for 3-4 hours. The growing cells were 

centrifuged at 3000 g for 20 minutes at 4°C. The pellet was washed in 10 ml pre-cooled TE 

(10 mM Tris-HCI, pH 7.5; 1 mM EDTA) and resuspended in 20 ml fresh YEB medium. 

500 ~l aliquots were stored in 15% glycerol at -80°C for use in transformation. 
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Transformation of AGLI cells 

Competent cells were thawed slowly on ice prior to transformation. About 200 J.lI of the 

competent cells were mixed with 1.0 J.lg of the plasmid DNA and the sample incubated on 

ice for 5 minutes. The mixture was frozen in liquid nitrogen for 5 minutes, thawed at 37°C 

for 5 minutes and then put back on ice. One ml of LB was added to the mixture 

immediately and incubated for 4-5 hours at 28°C. The samples were plated on LB selection 

plates containing 100 mg/l kanamycin. Non-transformed AGL1 cells were plated onto 

same medium as control. Plasmid DNA was isolated from selected cells and confIrmed 

through restriction digestion. 

Results 

Plasmid vector construction 

The EcoRI and HindIII digestion ofpUC18 carrying the chimaeric gene insert resulted in 

two DNA fragment bands of sizes 1.46 kb (chimaeric gene insert) and 2.60 kb (plasmid 

DNA vector) observed on electrophoretic gel. In the digestion of pBINPLUS with same 

restriction enzymes one single DNA fragment band, of size 12.39 kb was observed on the 

gel. 

The recovery of the plasmid insert from the low melting point gel yielded about 10 J.lg 

DNA which was diluted to give a concentration of 0.5 J.lg/J.ll. The ligation reaction between 

the digested pBINPLUS and the chimaeric gene insert resulted in a single DNA fragment 

band of size 13.85 kb on the electrophoretic gel (Figure 2). 

60 



Selection and screening of Escherichia coli strain DRS a., transformed with the constructed 

plasmid vector, on kanamycin and IPTGIX-gal plates resulted in blue and white cell 

colonies. 95% of the colonies observed were white. No cell colonies were obtained with 

the control of non-transformed E. coli cells on this medium. Plasmid isolation from the six 

selected white colonies of E. coli on these plates yielded the plasmid DNA of the correct 

sizes for the pBINPLUS backbone and the Shiva-1 chimaeric gene following restriction 

digestion using EcoRI and HindUI (Figure 3). 

Transformation of AGLI 

The obtained plasmid vector was used to transform Agrobacterium strain AGL1. Cells of 

Agrobacterium strain AGL1, transformed with the constructed plasmid vector were 

obtained through selection on kanamycin containing LB medium. No cell colonies were 

<?btained on the control plates of non-transformed AGL1 cells. Isolated plasmid from 

transformed AGL 1 cells gave the expected DNA fragment bands of 1.46 kb for the 

chimaeric gene insert and 12.39 kb for the cloning vector following restriCtion with EcoRI 

and HindIII. 

The DNA band sizes, 1.46 kb, for the gene insert and 12.39 kb, for pBINPLUS vector 

obtained, thus confirmed the transformation of AGL1 with the plasmid vector, pBINPLUS 

with gene insert. Transformed AGL1 cells were cultured overnight and stored in glycerol at 

The plasmid vector, pBINPLUS carrying the chimaeric gene insert, encoding Shiva-1 

protein, will be known and referred to as pBINPLUSR . 

. ~:'". ".~. ,.-."", .. 
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1 2 3 4 5 6 7 

6108 bp 
~ 5090 bp 

1636 bp 

Figure 2. Electrophoretic gel assessment of pBINPLUSH (13.8 kb) isolated from six selected 

colonies of Escherichia coli (lanes 1-3 , 5-7). Lane 4 contains 1 kb DNA ladder. 



2 3 4 5 6 7 

~4072 bp 
~3054 bp 

~1636 bp 

~ 1018 bp 

Figure 3. EeoR! and HindUI digestion of pBINPLUSH, isolated from selected colonies of 

transformed DH5a (Lanes 1-3, 5-7). Lane 4 contains 1 kb DNA ladder. The 

approximate sizes of the fragment bands obtained were 12.3 kb representing the 

pBINPLUS vector DNA and 1.4 kb insert containing the Shiva-1 gene insert. 
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Discussion 

Escherichia coli is a preferred orgamsm for most gene cloning experiments due to 

attributes that allow for quick assessment of cloned genes. The greatest variety of cloning 

vectors exist for use with E. coli as the host organism (Brown, 1990). E. coli cells are 

quick growing and allow for rapid propagation of the recombinant DNA molecule 

introduced. The organism also enables the use ofIPTG and X-gal plates for easy screening 

of cells with or without cloned inserts. 

The Agrobacterium strain AGL1, used in this study, carried the hypervirulent, attenuated 

tumour-inducing plasmid pTiBo542 (Lazo et al., 1991). The pBINPLUS cloning vector, 

unlike most vectors, carried the selectable marker gene (npt II) close to the left T-DNA 

border. This feature is expected to reduce the possibility of obtaining transgenic plants with 

the selectable marker but without the gene of interest (Van Engelen et al., 1995). It also 

has a higher copy number in E. coli, rare restriction sites around the multiple cloning site 
,'.'-, - . 

that allow for easier analysis of T-DNA insertions in plant genomes and a lacZ' gene to 

facilitate the detection of DNA insertion events. 

The multiple cloning sites of pUC 18 includes restriction sites for EcoRI and HindIII 

enzymes flanking the gene of interest (Shiva-l). The use of EcoRI and HindID enzymes for 

DNA digestion generated ends that were not compatible, eliminating the possibility for the 

cloning vector to religate without the insert. It also permitted the correct orientation of the 

insert within the vector. 

~-' .. ~ - . '." "" 
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The plasmid vector pUC 18 with chimaeric gene insert had a total size of 4.0 kb. The 

EcoRI IHindIII digestion resulted in two distinguished fragments on the LMP agarose gel. 

The 1.46 kb DNA insert chimaeric gene comprised of a nopaline synthase (NOS) 

terminator region at the 3' end (0.39 kb), Shiva-l coding sequence (0.12 kb) fused to a pre-

PRS protein from tobacco (75 bp) and AMY leader sequence (38 bp) with a 35S promoter 

from Cauliflower Mosaic Virus (0.85 kb) at the 5' end. The use ofLMP gel in separation 

of DNA fragments made it easier for the recovery of the DNA gene insert after the 

digestion. Agarase was used in cleaving the agarose, releasing the DNA trapped in it. 

The single DNA band observed on gel after the digestion of pBINPLUS with the two 

restriction enzymes (EcoRI and HindIII) is because the smaller fragment (48 bp), migrated 

beyond the electrophoretic gel. The use of EcoRI and HindIII for the digestion of both 

pUC18 and pBINPLUS vectors allowed ligation of ends in a particular orientation during· 

the cloning of the chimaeric gene insert (1.46 kb) into pBINPLUS. The lacZ' region in the 

pBINPLUS vector allowed the screening of E. coli cells for disruption of the region or 

otherwise, as a result the cloning. The multiple cloning sites of the vector are within this 

region, cloning of the insert resulted in disruption of the lacZ' region and the cell colonies 

with such disruptions appeared white on the plates containing IPTG inducer and X-gal 

substrate. Selection with kanamycin was carried out on the same plates. The blue colonies 

that were observed indicate cells transformed with vectors with undisrupted lacZ' region. 

This could be due to pBINPLUS vectors that were not digested by the two restriction 

enzymes since. the ends generated by EcoRI and Hindill digestion were not expected to 

allow religation without insert. 
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.. '. Truncations can occur during gene insertions into plasmid vectors; their isolation and 

digestion with enzymes provide the means of establishing the correct vector size. 

Transformation of E. coli cells with the ligated plasmid vector, pBINPLUSH, was 

successful as indicated by the proportion of white colonies observed on the IPTG and X-

gal plates. Moreover, the six white colonies selected randomly from the plates, when 

further analysed gave the expected DNA fragments (Figure 3). The resulting DNA 

fragment bands from the digestion of isolated plasmid from E. coli, 1.46 kb for the 

chimaeric gene insert and 12.39 kb for the cloning vector, confirmed the successful 

construction of pBINPLUSH. 

In the transformation of AGLI cells with the pBINPLUSH vector, a small number of cell 

colony growths were obtained on the kanamycin selection plates as compared to the 

transformation of E. coli strain DH5a.. Plasmid isolation from selected colonies were of the 

correct size (13.85 kb) and digestion with restriction enzymes EcoRI and HindIII yielded 

the expected DNA fragments, 1.46 kb for the cbimaeric insert and 12.39 kb for the 

pBINPLUS cloning vector. The results from the electrophoretic gel analyses carried out 

during this experiment confirm that Agrobacterium cells with the' Shiva-l chimaeric gene 

and a selectable npt II marker gene, cloned between left and right T-DNA border sequences 

have been obtained. The left and right border sequences are recognised by the virulence 

genes present in the resident Agrobacterium disarmed Ti plasmid. The transformed 

Agrobacterium cells were inoculated in LB medium with 100 mgll kanamycin and stored 

in glycerol at a temperature of -80°C. 
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·' ._ ~ .•.• ~ .' J A successful cloning of Shiva-l chimaeric gene insert into pBINPLUS vector and a 

subsequent transfonnation of Agrobacterium strain AGLI was achieved in this study. Two 

similarly constructed Agrobacterium transfonnation vectors with T4 lysozyme and 

. magainin IT genes were obtained from Crop & Food Research, Lincoln. These three vectors 

were used in the transfonnation oflettuce cotyledons in the next chapter . 
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CHAPTER 4 

Agrobacterium-mediated transformation of lettuce (Lactuca sativa L.) 

Abstract 

Agrobacterium-mediated transformation was attempted for two lettuce cultivars with 

high regenerative potential in tissue culture: Bambino (crisphead) and Cobham Green 

(butterhead). Binary vectors based on pBINPLUS, with either of three chimaeric genes 

encoding T4-Lysozyme, magainin II and Shiva-I proteins, were transferred to 

Agrobacterium strain AGL I. All three vectors have a neomycin phosphotransferase II 

(npt II) selectable marker gene, conferring resistance to kanamycin, situated close to the 

left T-DNA border. 

Following co-cultivation of lettuce cotyledons with Agrobacterium, putative transgenic 

shoots were observed for Cobham Green, but not for Bambino. A treatment involving a 

delay of 5 days on timentin containing medium, before explants were.transferred to 

kanamycin supplemented medium, proved more effective in producing vigorous 

growing transformed shoots for Cobham Green. 

Polymerase Chain Reaction (PCR) on DNA isolated from the putative transgenic plants 

confIrmed integration of transferred genes into lettuce genome. SpecifIc oligonucleotide 

primers, for the npt II gene, were used to amplify the gene. Segregation analysis on the 

selfed progeny, with regards to kanamycin sensitivity, showed monogenic inheritance in 

seven of eight lines analysed. 
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Introduction 

Lettuce crop is afflicted by several diseases; the prevalent ones, by fungal pathogens. 

Bacteria diseases also attack lettuce, both in the field and in storage (patterson et al., 

1986). Examples are leaf rot caused by Xanthomonas campestris pv. vitians and leaf 

soft rot, by Erwinia carotovora subsp. carotovora. These diseases reduce the market 

value of the crop and result in substantial losses. Chemical control of such diseases are 

often associated with residue problems in plant tissues and the environment, thus 

making inherent resistance to diseases in plants much desirable. 

However, the lack of disease resistance genes in germplasm and lor their presence in 

distantly related species, limits gene introgression through sexual crosses and traditional 

breeding. Genes for resistance against certain lettuce fungal diseases, particularly 

Bremia lactucae, have been identified in wild Lactuca species (Crute and Norwood, 

1981) however, little has been reported of resistance genes for bacteria diseases in the 

gene pool of lettuce. In addition, the limited number of seeds produced per cross, 

difficulty in producing hybrids as a result of the self pollinating nature, the 

incorporation of undesirable traits, and the long periods required to obtain the final 

desired variety are some of the problems encountered in lettuce breeding (Robinson et 

al., 1982). Due to the constantly evolving nature of disease pathogens, breeding for 

disease resistance require more efficient methods which allow introduction of novel 

genes by genetic engineering. 
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Cloning of genes and their introduction into plant genomes through genetic 

manipulation methods offer the prospect~ of transcending barriers encountered in sexual 

crosses. The identification and isolation of gene sequences encoding antibacterial 

peptides has enhanced the effort against bacterial diseases. Genes encoding a number of 

such peptides are available for introduction into plants via genetic manipulation 

methods (Jaynes et al., 1987; Casteels et al., 1989; Zasloff, 1987; Nakamura et al., 

1988; Samakovlis et al., 1991). The different peptides have varying potency against 

bacteria pathogens and may also be dependent on the plant species into which they are 

introduced. In this study, cloned chimaeric genes containing sequences for T4lysozyme, 

Shiva-l (a cecropin B analogue) and magainin ilproteins were used. 

The different methods of genetic manipulation in plants have varying successes in their 

use in crop improvement, however, Agrobacterium-mediated transformation is a well 

developed system for genetic manipulation of plants. It is widely utilised and has a 

greater degree of success in obtaining regenerate,d transformed plants (Conner and 

Meredith, 1989; Angenon and Montagu, 1992; Zambryski, 1992). Agrobacterium-

mediated transformation has been successfully used and remains an effective method for 

gene transfer to several lettuce cultivars (Michelmore et al., 1987; Torres et al., 1993; 

Curtis et al., 1996ab
; Dinant et a/., 1997). The success of obtaining transformed cells, 

expressing the transferred gene, is influenced by a number of factors. Extended co-

cultivation of ex plants and Agrobacterium results in increased frequency of transformed 

plants but this is limited by the growth of Agrobacterium on explants (De Kathen and 

Jacobsen, 1990). The overgrowth of Agrobacterium on explants, however, can be 
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controlled with antibotics while delaying the imposition of selection (Conner et al., 

1991); the effect of delaying selection on transformation frequency, was compared in 

this study. 

The objectives of this experiment were to: 

1. Transform two lettuce cultivars, Cobham Green (butterhead type) and Bambino 

( crisphead type) with three chimaeric genes encoding antibacterial peptides. 

2. Determine the effect of delaying selection, after co-cultivation of explants and 

Agrobacterium, on transformation frequency. 

3. Confirm the integration and inheritance of the transferred genes in the lettuce 

genome. 

Materials and Method 

Bacterial strain and vectors 
-,.": ' 

Agrobacterium tumefaciens strain AGL1, with a hypervirulent, tumour-inducing 

plasmid, pTiBo542, from which the T -region DNA sequences have been precisely 

deleted (Lazo et al., 1991) was transformed with three binary vectors: pBINPLUSH, 

pBINPL YS and pBINPMGN. The plasmid vectors pBINPLUSH, pBINPL YS and 

pBINPMGN carried, within the polylinker site ofpBINPLUS (Van Engelen et al., 

1995) chimaeric gene constructs encoding Shiva-l, T4-Lysozyme and magainin II 

proteins respectively (Figure 1). The Shiva-l and magainin II chimaeric genes were 

under control of a 0.85 kb CaMV 35S promoter and a 0.39 kb nopaline synthase (NOS) 
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tenninator. The T4 lysozyme gene waS under control of a 0.40 kb CaMV 35S promoter 

and a 0.22 kb CaMV 35S polyadenylation tenninator sequence. A neomycin 

phosphotransferase gene (nos-npt II-nos) was situated close to the left border of the T-

DNA region, in each binary ~ vector. A bacterial expressed npt ill gene present in 

pBINPLUS, outside the T -DNA region, provided a means of selecting for the presence 

of the binary vectors in the bacteria. 

Cell colonies of Agrobacterium vectors were selected on solid Luria Broth (LB) 

medium, containing 100 mg/l of kanamycin, grown at 28°C, for 72 hours. Single 

cqlonies were cultured overnight in 40 ml of LB liquid medium containing 100 mg/l 

kanamycin, at 280 revolutions per minute and temperature of 28°C. Log phase growing 

cells were pelleted by centrifuging at 5,000 rpm, the pellet was then diluted in 400 ml of 

SH medium of salts and vitamins. 

Genotypes and explants 

Lettuce genotypes, Cobham Green (butterhead) and Bambino (crisphead) were used in 

this experiment. Seeds were surface-sterilised, washed and genninated as described in 

chapter 2. Two-day old unifonn cotyledons (excised from genninated seedlings) were 

longitudinally cut into half segments and used as explants for Agrobacterium co-

cultivation. 

Media 

The seed gennination medium consisted of SH salts and vitamins, 30 g/l sucrose, 7 g/l 

bacteriological agar. Co-cultivation of explants and Agrobacterium vectors was done on 
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shoot regeneration medium, made up of SH salts and vitamins, 30 g/l sucrose, 7g/1 

bacteriological agar, 0.1 mg/l IAA, 0.5 mg/l kinetin and 0.05 mg/l zeatin. The selection 

medium for shoot regeneration included 50 mg/l of kanamycin and 200 mg/l of 

timentin. The selective rooting medium included the seed germination medium 

supplemented with 50 mg/l kanamycin and 100 mg/l timentin. 

All media preparations were sterilised by autoclaving at 121°C, 103 kPa for 15 minutes; 

except where zeatin, kanamycin or timentin were included. These were filter sterilised 

and added after autoclaving. 

Transformation procedures 

Half cotyledon explants were inoculated with the 1: 1 0 dilution of Agrobacterium culture 

by fully immersing explants in a Petri-dish containing the inoculum for 10 minutes. 

Explants were blotted dry with clean sterilised Whatman filter paper and were 

co cultivated for two days on shoot regeneration medium followed by transfer to 

selective shoot regeneration medium. In· an alternative treatment, explants were 

transferred to regeneration medium containing only timentin at 200 mg/l for five days, 

after co-cultivation, before transfer to the selective regeneration medium. In both 

treatments, explants were transferred to fresh selective medium every two weeks. Data 

were taken on the number of explants producing shoots on selection medium and the 

number of putative transgenic shoots produced with each treatment. Putative 

transformed shoots were excised and placed on fresh shoot selective medium for three 

weeks and then transferred to selective rooting medium. 

:~~:U§~~;g 
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After rooting, the putative transfonned shoots were transferred to kanamycin free 

medium containing SH salts and vitamins, for further growth. The plants were then 

topped to remove all leaves and the gelled medium washed from their roots in tepid 

water. They were planted into pots, 36 cm2 x 7 cm deep and subsequently transferred to 

pots of78 cm2 x 9 cm deep, containing soil mix (Conner et al., 1994). 
-'".:" 

Plant DNA isolation 

Genomic DNA was isolated from leaf tissues obtained from the individually grown 

putative transgenic plants. The CT AB method for DNA isolation (Doyle and Doyle, 

1990) was employed. Fresh leaf tissues were ground in 10 ml of preheated (60°C) 

CTAB isolation buffer [2% (w/v) CTAB, 1.4 M NaCI, 0.2% (v/v) ~-mercaptoethanol, 

20 roM EDTA, 100 roM Tris-HCI, (PH 8.0)]. Samples were incubated in a waterbath at 

90°C for 30 minutes, with gentle swirling of tubes. An equal volume· of chlorofonn-

isoamylacohol (24:1; v/v) was added to the samples in tubes and mixed gently by 

······',i inverting tubes. Samples were centrifuged at 8,000 rpm for 10 minutes; the aqueous 

phase was transferred to fresh centrifuge tubes and two-third volume of cold 

isopropanol added. These were then centrifuged at 6,000 rpm for 5 minutes. The 

supernatant was discarded and the DNA pellet resuspended in 25 ml of wash buffer 

[76% (v/v) ethanol, 10 roM ammonium acetate] for an hour. The samples were then 

centrifuged again at 6,000 rpm for 5 minutes to re-pellet the DNA. The pellet was 

dissolved in 400 J.lI ofTE (10 roM Tris-HCI, 1 roM EDTA, pH 8.0). An equal volume of 

phenol-cWorofonn-isoamylacohol (24:1:1, v/v) was then added to the tubes and gently 

mixed. These were centrifuged briefly at 10,000 rpm in a microcentrifuge. The aqueous 
''-~ ... '-
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phase was removed and this step repeated. Two-third volume of cold iso-propanol was 

then added to the aqueous phase and centrifuged at 14,000 rpm to precipitate the DNA. 

DNA pellet was dissolved in 100 ~l ofTE. RNase A was added to a fmal concentration 

of 10 ~g/ml and incubated at 37°C for 30 minutes. The samples were diluted with sterile 

distilled water, 7.5 M ammonium acetate was added to a final concentration of 2.5 M 

and twice volume of cold ethanol (100%) added. Samples were then centrifuged at 

14,000 rpm in a refrigerated micro centrifuge. The DNA pellets were air dried and 

resuspended in TE. 

___ ,. _,~ ~'I C ,J,""" 
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Polymerase Chain Reaction for npt II gene 

The PCR mixtures were prepared using Expand TM High Fidelity PCR System, 

manufactured by Boehringer Mannheim, including a thermostable DNA polymerase 

~xture containing Taq DNA polymerase and Pwo DNA polymerase (isolated from the 

thermophilic Thermus aquaticus and Pyrococcus woesei, respectively). Two 
. -' .. ~ , ' , : 

~ ~ i' ... t. • 

oligonucleotide npt II primers: 5'-ATGACTGGGCACAACAGACAATCGCTGCT-3' 

(primer A); 5'-GCTATCAGGACATAGCGTTGGCTACCCG-3' (primer B) were used in 

the amplification. 

A total reaction volume of 25 ~l for each sample was prepared in 500 ~l PCR tubes, as 

follows: 0.3 ~l of 3.5 unitslJ.lI DNA polymerase mixture, 1.25 ~l each of 20 ~M npt II 

primer A and primer B, 2.5 J.ll of PCR buffer containing magnesium (lOX), 2.0 ~l of 2.5 

mM PCR nucleotide mix, 2.0 ~l of 50 ~g/ml of genomic DNA and 15.7 ~l of sterile 

distilled water. 
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Samples were placed in automated PCR thermo cycler for 40 cycles of 94°C for 1 

minute, 60°C for 1 minute, 72°C for 2 minutes and a post-treatment of 72 °c for 5 

minutes. A control with DNA from a non-transgenic Cobham Green and a blank of no 

DNA were included. 

Gel electrophoresis 

PCR products were run on an electrophoretic gel for visual assessment. A 2% agarose 

gel was prepared using 1.0 g of agarose in 50 ml of IX TBE (0.089 M Tris borate, 0.089 

M Boric acid, 0.002 M EDTA). These were put in 100 ml flask and heated gently for 

agarose to dissolve. The molten agarose was cooled in a gel tray with an inserted comb, 

to create wells. 15.0 J.lI of each PCR product was mixed with 3.5 J.ll of loading dye and 

loaded into the wells. A 5.0 J.lI of 2.0 J.lg/J.lI DNA molecular marker III (Boehringer 

Mannheim), mixed with dye was loaded alongside samples. An electric field of 80 volts 

was applied to the gel, in a tank filled with TBE, and allowed to run for 60 minutes. Gel 

was then immersed in 50 ml of 0.5 J.lg/ml ethidium bromide solution for 30 minutes, to 

stain the DNA bands. The DNA bands in gel were viewed under long wave ultraviolet 

light and a photograph taken. 
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FigUre 1. The three cbimaeric genes, used in' thi,s transfo~tion were cloned into ,the multiple 
cloning site within the lacZ' regio!lofpBINPLUS. The T4lYSOzyme gene'Was fuSed .. . . . 
to barley a.-amylase signal peptide (SP) under cauliflower m~aic virus (358) 
promoter and a polyadenylati6n siSnat. The Shiva·l and magainin n genes were 
fused to 5' leader of 00 and a signal peptide trom the tobacco PR·S gene (pre-
pRS) under expression control of a 0.89 kb 358 promoter and a nopaline synthas~ 
(NOS) terminating sequence. 



Inheritance and expression of npt II gene 

Seeds obtained from natural self pollination of the transfonned plants were surfaced-

sterilised and sown on seed gennination mediwn as described above. Three days after 

germination, seedlings were transferred to a mediwn of SH salts and vitamins, 30 gil 
· .-••. ' ! ~ 

.. , 
sucrose, 7 gil bacteriological agar, with 50 mgll kanamycin. Non-transgenic Cobham 

Green seedlings, were included as control. The number of seedlings showing resistance 

or susceptibility to kanamycin were recorded and tested with chi-square for goodness of 

fit to the expected 3: 1 segregation ratio. 

Results 

There were no regenerated transfonned shoots obtained with thecultivar Bambino. All 

of the 198 explants of Bambino inoculated with the three Agrobacterium vectors 

became necrotic and appeared brownish at the cut edges, after their transfer to 

kanamycin selection medium. These were later. bleached· completely on the selection 

medium. Bambino explants, in the delayed selection treatment, showed callus growth 

during the delayed period; their subsequent transfer to selection medium gave no 

transfonned shoots. Regenerated transfonned shoots were obtained with Cobham 

Green, in both of the transfonnation procedures. Inoculated explants showed restricted 

growth compared to explant regeneration on kanamycin-free medium. The control of 

uninoculated explants were completely bleached on the kanamycin containing medium 

(Figure 2). 

:~c{~r~fW;: 
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The proportion of explants observed with regenerated shoots on selection medium was 

greater for the delayed selection treatment than the immediate selection. Although, this 

effect was relatively minor, it was consistent across all three vectors, used (Table 1). 

More importantly, the total number of shoots excised during selection· and the number 

of putative transgenic shoots fmally recovered (after the subsequent transfers to 

kanamycin selection medium) was greater for the delayed selection than the immediate 

selection treatment. Putative transgenic shoots recovered from the delayed selection 

treatment exhibited vigorous growth in culture. 

The overall transfonnation frequency, calculated as percentage of explants producing 

shoots on selection medium, was 31.3% for pBINPLYS, 13.2% for pBINMGN and 

27.3% forpBINPLUSH. 

The peR with the specific oligonucleotide npt II primers resulted in a 600 bp DNA 

fragment in all the transgenic genomic samples used. No DNA fragment band was 

observed with the control genomic DNA (Figure' 3). Some unexpected DNA bands 

were, however, obtained from the amplification. The 600 bp fragment corresponded to 

the expected fragment size of the amplified npt IT gene. 

"":'.·.·v ~.-'..-
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Table 1. Outcome of Agrobacterium-mediated transformation of Cobham Green 

cultivar. 

Selection Total number Number of Number of Number of 
treatments1 Vectors of ex plants explants shoots excised putative 

inoculated - selected2 on selection transgenic 
medium shoots 

T4 lysozyme 30 9 22 2 

Immediate Magainin II 16 1 2 2 

selection Shiva-l 30 4 4 0 

T4 lysozyme 34 11 26 8 

Delayed Magainin II 21 4 8 1 

selection Shiva-l 36 6 14 9 

1. Inoculated explants were either transferred to kanamycin selection medium immediately 

after co-cultivation (immediate selection) or transferred to medium containing timentin for 

5 days, before subsequent transfer to selection medium (delayed selection). 

2. The number of explants observed with regenerated shoots on selection medium. 
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~ 1375bp 

~947 bp 
~831 bp 

~ 564 bp 

Figure 3. Electrophoretic gel assessment of peR amplification using npt II oligonucleotide 

primers. The 600 bp fragment (arrowed) is the result of the amplified npt II gene and 

was observed in all the putative transformed lines. The lanes 11 and 12 contained the 

blank and control samples, respectively. Additional fragment bands were also 

observed in some of the lines (Lanes 3, 5 and 18). Lanes 16 and 26 contained DNA 

molecular marker III (Boehringer Mannheim). 



In the inheritance study, seedlings from the transfonned lines segregated for kanamycin 
- \. ','.,: '", ; -; '. '~ 

1._"-'1-- J resistance (Figure 4). Non-transfonned Cobham Green seedlings, transferred to 

kanamycin containing medium (as control) all showed kanamycin sensitivity and with 

bleached leaves. A chi-square goodness of fit test revealed that all the lines, except for 

one, did not significantly differ from the 3: I segregation ratio expected for a single 

integration of the T -DNA (Table 2). More sensitive seedlings than expected were 

observed in transgenic line 17. The segregation in three of the lines (Line 13, 14 and 19) 

though not statistically different from the expected ratio was found to be marginal or 

with a rather small probability of confonnity. 

Seeds obtained from natural selfing of transfonned lines and untransfonned Cobham 

Green were grown in a containment greenhouse to observe any morphological changes 

in transfonned lines. No abnonnalities or changes in morphological characteristics were 

found in the transfonned lines compared to the control. However, two lines transfonned 

with T4 lysozyme were characterised by poor see4 gennination and lack of vigour in 

seedling growth (Figure 5) . 

. -.-.' ... -..... -:-"'. ," .~-

83 



-.--. : 

., . 
::~,;~::}?;): 
. --~- .,.,_.'. _ .. " 

Table 2. Segregation of npt II gene in selfed progeny of transformed plants. 

Transgenic line KanR seedlings Kans seedlings X2 statistic3 Probabilityb 

12 40 13 0.006 90%<p<95% 

13 44 9 1.817 10%<p<20% 

14 33 18 2.882 5%<p<10% 

17 33 20 4.580 2%<p<5% 

19 32 18 3.226 5%<p<10% 

20 39 11 0.240 50%<p<70% 

21 39 11 0.240 50%<p<70% 

22 41 11 0.410 50%<p<70% 

a Chi-square goodness of fit to 3:1 segregation ratio; kanamycin resistant (KanR): kanamycin 
.. (K s) sensIttve an . 

. b The probability, p, that the observed ratio conformed to the expected 3:1 ratio . 
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Figure 4. Segregation of progeny seedlings of transformed plants on 50 mg/l kanamycin 

containing medium. All the control seedlings showed sensitivity to kanamycin 

(right). 



Figure 5. Picture of transfonned and control Cobham Green seedlings in soil. Poor seed 

gennination and lack of vigour were observed in orne T4 lysozyme transfonned 

lines (L YS). 



Discussion 

The three binary vectors used for Agrobacterium-mediated transformation of lettuce 

were similar in structure, except for differences in the size and DNA sequence of the 

chimaeric genes. The promoter for the lysozyme gene was a 0.40 kb CaMV 35S 

sequence with a 0.22 kb CaMV 35S polyadenylation terminating sequence; a 0.85 kb 

CaMV 35S promoter and 0.39 kb NOS terminator sequence in pBINPMGN and 

pBINPLUSH. The sizes of the binary vectors were 13.69, 13.80 and 13.85 kilobasepairs 

for pBINPLYS, pBINPMGN and pBINPLUSH respectively. 

The choice of explant type, age and size, as well as the media used, were based on the 

earlier tissue culture experiments (chapter 2), where the selected genotypes showed 

good response in similar conditions. Bambino and Cobham Green are both highly 

. amenable to tissue culture and have the genetic potential for regeneration compared to 

other lettuce cultivars (Ampomah-Dwamena et al., 1997). The resuspension of the 

Agrobacterium cells, in the liquid medium of SH salts and vitamins, prior to explant 

inoculation was appropriate to avoid the lettuce explants from being subjected to a 

higher (100 mg/l) concentration of kanamycin from the bacterial culture medium. 

The concentration of kanamycin used in the plant selection medium (50 mg/l) was 

chosen to avoid extensive inhibition of callus formation while providing rigorous 

selection for kanamycin resistance (Michelmore et al., 1987). Observed callus 

production on selection medium was not as prolific as found in explants regenerated on 

kanamycin-free medium. This was apparently due to the effect of the antibiotics, as 

relatively few cells were expected to proliferate on the selection medium. 
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Bambino, a crisphead lettuce, could not be successfully transformed in this experiment. 

Crisphead cultivars have been identified to be recalcitrant to Agrobacterium-mediated 

transfonnation, suggesting genotypic variation in response to transfonnation 

(Michelmore et al., 1987). Notwithstanding,· there are a few reports on successful 

Agrobacterium-mediated transformation of crisphead lettuce. South Bay cultivar, a 

crisphead, has been transformed using Agrobacterium-mediated method with 

acetosyringone as a stimulant (Torres et al., 1993). Some genotypes categorised as 

either 'crisp' or 'head' cultivars were among those transformed using Agrobacterium-

mediated method by Curtis et al. (1994). Here, clear genotypic differences were also 

observed for gene transfer and integration, with some of the crisp or head cultivars 

being recalcitrant. Genotypic variation in response to Agrobacterium-mediated 

transfonnation procedures have been reported in other crops. The. potato cultivars 

~Aracy' and 'Baronesa' could not be transformed, using a procedure that was successful 

with the cultivar 'Mantiqueira' (Filho et al., 1994). Snyder and Belknap (1993) also 

observed that the efficiency of potato transformation with Agrobacterium, was genotype 

dependent. However, a transformation procedure for potato, using leaf discs, had earlier 

been reported as genotype-independent (De Block, 1988). 

The proportion of explants with indication of producing shoots on selection medium 

coupled with the number oftransfonned shoots finally obtained, clearly showed that the 

delayed selection treatment was more effective than the immediate selection treatment. 

The delay in imposing selection can be compared to extended co-cultivation period, as 

examined by Torres et al. (1993); where prolonged co-cultivation of 4-5 days had an 
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inhibitory effect on shoot regeneration. Longer periods of co-cultivation results in 

overgrowth of the Agrobacterium cells on the explant but the transfer of inoculated 

explants to medium containing timentin (in this study) controlled the growth of the 

bacterium while delaying the imposition of selection. The survival of cells in selection. 

medium depends on the stable integration and expression of the marker gene and this 

could be favoured by the further delay in applying selection. The mechanism ofT-DNA 

transfer involves induction of vir gene expression, with sequential events leading to 

integration and expression of the transferred gene in the host plant (Stachel and 

Zambryski, 1986). The success thus may be influenced by duration of cocultivation. 

Agrobacterium cells are known to persist in tissues after their inoculation, well after 

treating with antibiotics (Matzk et al., 1996); a delay in imposing selection therefore 

could lead to an increased number of cells· being transformed and able to express the 

'gene. Delaying selection on inoculated explants allows development of cells and favours 

quick regeneration. In this study, more callus growth was observed on explants on 

which selection was delayed than on the immediate selection medium. The regeneration 

ability of transformed cells could be enhanced by delaying selection. 

The initial development of shoots on selection medium was more frequent than the 

number of putative transformants finally recovered (Table 1); subsequent transfers to 

fresh kanamycin selection medium identified escape plants by their bleached appearance 

when in contact with kanamycin. Escape plants may occur as a result of low level 

expression by intercellular Agrobacterium still present in the explants protecting cells in 

the vicinity by degrading the selective agent. Some parts of the explants may be in poor 

":~: ~~.::; ~ :?~~. ~~~~ ~:: .' .. , .... -...... -,"' 
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contact with the selective agent in the medium (due to possible protection by callus) and 

may result in regeneration of non-transformed cells. Transient expression in plant cells 

may also allow non-transformed cells to survive and regenerate on selection medium . 

. The frequent transfer of recovered shoots to fresh selection medium therefore reduced 

the number of false positives that could have survived. While the number of escape 
,,".' 

plants, eliminated in the subsequent transfers, was observed to be greater in the delayed 

selection treatment, the percentage escapes was higher for the immediate selection 

treatment (Table 1). More putative transgenics were therefore recovered with the 

delayed selection than with the immediate selection treatment. 

In the amplification of the integrated npt IT gene, the primers under the optimised 

conditions used were expected to give a 600 bp fragment. The presence of this fragment 

in all the treatment samples and its absence in the control genomic DNA, confirmed 

integration of the npt IT gene in the genome of all the putative transgenic plants. The 

additional fragments observed could be a result of re-arrangement in the transferred 

gene, deletions or tandem arrangements as found to occur in some T -DNA insertions 

(Hepburn et al., 1983; Kwok et al., 1985). Additional fragments can also result in peR 

amplification products when low annealing temperatures are employed; the annealing 

temperature of 60°C used in this study, was the expected optimum for the primers used. 

The results obtained in the screening of progeny from the transformed plant on 

kanamycin-supplemented medium, showed that the npt II gene was inherited in a 

Mendelian manner, in segregation ratios expected for insertion of a single dominant 

gene (Umbeck et al., 1989; Maiti et al., 1989; Enomoto et al., 1990). The prior 
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gennination of the seeds before their transfer to kanamycin containing medium, 

prevented the inhibition of seed gennination by the selective agent and allowed nonnal 

unifonn seedlings from all the lines to be used in the assays. 

The greater than expected number of sensitive seedlings observed in line 17 may be 

attributable to downregulation in gene expression (Schmidt and Willmitzer, 1988). Gene 

silencing via mechanisms such as methylation of cytosines in DNA, production of 

antisense transcripts and ectopic gene pairing (Meins Jr and Kunz, 1994) in the npt II 

gene may be responsible for the greater number of sensitive seedlings observed in line 

17. Gene silencing is observed more frequently as soon as two or more sequences with a 

certain degree of homology are present in the same genome (Matzke et al., 1994). This 

may occur between multiple gene copies that are closely linked or arranged in tandem 

arrays and between homologous genes ~t allelic or non-allelic locations. The ratio 

observed in this line confonned to a 1: 1 ratio which can be interpreted as a homology-

induced silencing of the marker gene in the homozygous state. 

In lines 14 and 19, th~ marginal probabilities ofthe expected ratio gives indication of an 

unusual trend. In both lines, there were relatively more sensitive seedlings than would 

be expected (Table 2). Though inheritance studies established a single locus for 

kanamycin resistance, there is still the possibility of multiple T -DNA copies in tandem 

repeats at the same insertion site. Michelmore et al. (1987) detected multiple insertions 

of the npt II gene in lettuce, using Southern hybridization, though segregation analyses 

were consistent with a singly inserted dominant gene. The transmission of kanamycin 
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resistance observed in the inheritance further confinned integration of the transferred 

gene. 

In this study, successful transfonnation of Cobham Green with binary T-DNA vectors in 

Agrobacterium has been achieved. The preserice of the npt II gene gives a high 

probability that the other linked genes have been also integrated. This is inferred from 

the position of the npt II gene in the T-DNA, which was close to the left T-DNA border 

(Zambryski, 1992; Van Engelen et al., 1995). The delay in imposition of selection after 

co-cultivation of explants, was found to be very effective in producing transgenic shoots 

despite increased number of escapes. 
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CHAPTERS 

Integration and expression of antibacterial genes 

Abstract 

Polymerase chain reaction technique, using specific oligonucleotide primers, was used to 

confinn integration of the chimaeric genes encoding antibacterial peptides (T 4 lysozyme, 

magainin IT and Shiva-l) in the genome of the transfonned lettuce plants. All the npt II 

transfonned plants also carried the linked antibacterial gene. Expression of the antibacterial 

genes was ascertained by the activity of their products on bacterial pathogens. Crude leaf 

extracts from transfonned and untransfonned lines were used in an in vitro assay of peptide 

activity against two lettuce pathogens: Erwinia carotovora subsp. carotovora and 

Xanthomonas campestris pv vitians. Leaf extracts from selected T4 lysozyme, magainin II' 

and Shiva-l transfonned lines had an inhibitory effect on the growth of the pathogens 

compared to extracts from untransfonned control, plants. Seedlings oftransfonned lines, 

inoculated with the pathogens in the greenhouse, exhibited delayed disease symptoms and 

reduced disease severity compared to the control seedlings. 
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· ." .. Introduction 

The final phase of a plant transformation process involves the stable integration and 

subsequent expression of the transferred gene. Selection of transformed cells expressing 

'-"-'1 
the phenotype of a selectable marker gene and confirmation of its integration, give a high 

probability that the gene of interest (present in the T-DNA) has been fully integrated. 

However, a problem often associated with transformation is the rearrangement of the T-

DNA during its insertion into the plant genome, therefore an unselected gene of interest 

may not be present in the transformant as an intact gene (Hepburn et at., 1983; Kwok et at., 

1985; Lassner, 1989). Besides, the expression of a transferred gene is influenced by several 

factors. The successful integration and expression of a gene of interest, therefore, must be 

confirmed in selected transformed plants. 

Two common bacteria pathogens, Erwinia carotovora subsp. carotovora and Xanthomonas 

campestris pv vitians (which cause soft rot and leaf rot, respectively, in lettuce) can result 

in severe crop losses (Campbell, 1985). The most desirable and effective strategy of 

preventing such economic losses has been the incorporation of disease resistance genes 

into commercially acceptable cultivars (Kleen, 1992). Such improvement through sexual 

crosses has been limited to genes that exist in one relatively small group of related species 

and associated with genetic recombination between genomes. Genetic engineering, 

however, overcomes these drawbacks and greatly expands the potential of obtaining 

disease resistance in plants, via several approaches (Jaynes et at., 1987; Harms, 1992). 

Introduction of genes encoding antimicrobial peptides, identified from various sources, into 

.' ~ ,', ...... ' 
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plant genome may significantly enhance a crop plant's natural resistance to bacterial 

pathogens (Boman et al., 1991; Montanelli and Nascari, 1991; During et al., 1993). 

In this chapter, the objectives were to ascertain the successful integration of the 

antibacterial genes in the genome of the transfonned lines obtained and to examine 

antimicrobial activity of the expressed gene products against two pathogens of lettuce 

(Erwinia carotovora subsp. carotovora and Xanthomonas campestris pv vitians). 

Materials and Methods 

Confirmation of gene integration 

DNA isolated from transfonned lines (as described in chapter 4) was used in this 

experiment. Oligonucleotide primers, specifically designed for Cauliflower mosaic virus 

(CAMV) 35S promoter, CAMV 35S3' terminator and NOS3' tenninator sequences were 

used in the amplifications. The primer sequences were as follows: 

5' CAGTCTCAGAAGACCAAAGGG 3' (35S promoter) 

5' TTATCTGGGAACTACTCACAC 3' (35S tenninator) 

5' GCGGGACTCTAATCATAAAAA 3' (NOS tenninator) 

PCR mixtures were prepared in a reaction volume of 25 pol for each sample. This included: 

deoxynucleotide triphosphates (dNTPs), PCR buffer with MgCI2, Taq DNA polymerase, 

(Boehringer Mannheim); and the designated primers for each gene sequence (Table 1) . 

. -..... , .. : 
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Table 1. peR reagents and concentrations used. 

Reagent Stock concentration Volume taken Final Concentration 

PCR buffer (with MgCI2) lOX (15 mM) 2.5 JlI IX (1.5 mM) 

dNTPs 2.5mM 2.0 JlI 200 JlM 

Primers 1,2 20 JlM 1.25 JlI 1JlM 

Taq DNA polymerase 5 unitslJlI 0.2JlI LOU 

DNA template 50 Jlglm1 2 JlI 4.0 Jlglml 

Sterile distilled H2O -- 15.7 JlI --

For the T4 lysozyme gene (with primers from the 35S promoter and 35S terminator), a 

cycle of 95°C for 1 minute, 5SoC for 1 minute, 72°C for 2 minutes and post-treatment of 

, . ... 72°C for 5 minutes, was employed in the amplification. The reaction cycle 95°C (1 

minute), 56°C (1 minute), 72°C (2 minutes) final extension of 72°C (5 minutes) was used 

for the amplification of both Shiva-1 and magainin II genes (using primers from the 35S 

promoter and NOS terminator). 

A negative control of DNA from uritransformed Cobham Green, as well as a blank sample 

containing PCR reagents but no DNA were included in all the samples. PCR products were 

electrophoretic ally run on a 2% agarose gel, stained with ethidium bromide (0.5 Jlglml) for 

visual assessment under ultraviolet light. 
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Figure 1. Maps of the three chimaeric genes transferred into Cobham Green shoWing the expected size of the amplified fragment The marked 
positions designate the primer annealing sites (b, c) and their location from the ends of the gene (a, d). For explanations to 
abbreviations in diagram, refer to Figure 1 of chapter 4. 
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In vitro antibacterial assay 

Selfed progeny seedlings of selected transgenic lines and untransfonned Cobham Green 

were grown in tissue culture medium [SH salts and vitamins, 30 gil succrose, 7 gil 

bacteriological agar, pH 5.8] with no added antibiotics: Fresh leaves (0.5 g) were excised 

from 30-40 seedlings of -each line, after 4 weeks. These were freeze dried with liquid 

nitrogen (30 ml per sample) in a mortar and ground to fine debris. Samples were 

transferred into centrifuge tubes and 200 III of phosphate buffered saline, PBS (0.14M 

NaCl; 0.003M KC1; 0.008M Na2HP04; 0.002M KH2P04; pH 7.4) added. The mixtures 

were vortexed briefly and put on a shaker for 5 minutes. Samples were centrifuged at 6,000 

rpm for 6 minutes to pellet the debris and the supernatant (crude leaf extract) transferred to 

fresh Eppendorf tubes. 

Single cell colonies of Erwinia carotovora and Xanthomonas campestris were cultured 

overnight, in LB medium at 28°C, 280 rpm. Overnight cultures of pathogens were diluted 

to a standard concentration (determined by plating an aliquot) and _ used in all the 

treatments. 150 JlI of the diluted pathogen culture was put in fresh sterile Iml Eppendorf 

tubes and 100 Jll of crude leaf extracts added. Two replications of each treatment were 

included. The samples were incubated at 28°C, at 240 rpm. Control samples included 

bacterial culture with crude leaf extracts from non-transfonned Cobham Green, and PBS 

only. After 36 hours of incubation, 10 III from each sample was plated on LB solid 

medium; further aliquots were plated after an additional 24 hours. The number of bacterial -

colonies on each plate were counted and the mean calculated for each treatment sample . 

•. • <,'-'';, 
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The mean number of colonies for the control samples were detennined from 10-8 dilutions 

of the bacterial culture. 

Evaluation of pathogen resistance in seedlings 

Seeds from selected transgenic lines and untransfonned Cobham Green were sown in 12-

plug cavity trays with individual cells of 3 cm2 x 5 cm deep, containing fonnulated soil 

mix (Conner et al., 1994). After gennination, seedlings were thinned to one per cell and 

left to grow in containment greenhouse. Five-week old seedlings were wounded in the 

leaves by perforating with sterile needles and inoculated with two bacterial pathogens. 

Overnight cultures of Erwinia carotovora subsp. carotovora (lCMP 1475) and 

Xanthomonas campestris pv vitians (ICMP 6461) were diluted with a solution of SH salts 

to obtain a concentration of 2 x 104 colony fonning units per ml. Each seedling of 4-6 

leaves was inoculated with 100 f.ll of the bacterial dilution. Inoculated seedlings were 

transferred to humidity chamber (RH 70-80%) after 5 days. Disease development and 

severity of symptoms were compared with control seedlings. 

Results 

peR for antibacterial genes 

The peR amplification of the antibacterial genes resulted in fragments of size 1.20 kb for 

the T4 lysozyme transfonned lines (Figure 2); 0.74 kb. for the magainin II transfonned 

lines (Figure 3) and a 0.79 kb fragment from the Shiva-l transfonned lines (Figure 4). 

These were the expected fragment sizes from amplification of the genes with the specific 
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primers (Figure 1). No observed amplified DNA fragment was observed with the control of 

untransfonned Cobham Green and the blank samples included in the amplification 

procedures. 

Antibacterial activity in leaf extracts 

In the in vitro assay, the growth of Erwinia carotovora subsp. carotovora and 

Xanthomonas campestris pv vitians, was restricted in the cultures with crude extracts from 

transfonned lines. The number of colony forming units determined after incubation with 

extracts was significantly lower in transformed lines. There was uninhibited cell growth 

observed in the control as colony formation was not significantly different from the PBS 

added culture. Colony fonning units of Erwinia carotovora counted in the treatments (after 

36 hours of incubation) was less than the initial concentration used, except in the controls 

(Table 2). There was a marked reduction in colony growth after 60 hours of incubation 

with· no colonies observed in cultures involving the T4 lysozyme and magainin II 

transfonned lines (Figure 5) . 
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1636bp 

1018 bp 

517bp 

1 5 10 14 

Figure 2. peR amplification of the T4 lysozyme gene in transformed lines. Lanes 2-11 contained 

amplified DNA fragment (1.20 kb) from transformed lines; lanes 12 and 13 carried 

blank and control DNA samples respectively; lanes 1 and 14, 1 kb DNA molecular 

ladder. 



~1636 bp 

~1018 bp 

~ 517 bp 
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Figure 3. peR amplification of the magainin II gene resulted in 0.74 kb band (lanes 2-4). No DNA 

band was observed with the blank and control samples (lanes 5, 6). Lanes 1 and 7 

carried 1 kb DNA ladder. 
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517 bp 

396 bp 
344 bP 

Figure 4. Amplification of the Shiva-l chimaeric gene. A resultant 0.79 kb DNA fragment 

obtained from the samples (Lanes 1-5 , 7-10). Lane 6 contained 1 kb DNA ladder; lanes 

11 and 12, blank and control samples respectively. 



Table 2. Colony growth (cfu/ml) of Erwinia carotovora subsp. carotovora (ICMP 

1475) in cultures supplemented with crude leaf extrace. 

Lines To Tl T2 

Non-transfonned 8.3 x 103 1.6 X 107 1.1 X 1010 

8 (magainin II) 8.3 x 103 4.1 X 103 0 

12 (T41ysozyme) 8.3 x 103 13.5 X 103 0 

13 (Shiva-l) 8.3 x 103 4.8 X 103 8 X 102 

a Crude leaf extracts were isolated from the transformed lines as well as untransformed Cobham 

Green (control). To refers to the initial concentration of bacteria before incubation; T\; 36 hours 

T 2; 60 hours of bacterial incubation with extracts 
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Figure 5. Colony growth of Erwinia carotovora subsp. carotovora after treatment with crude leaf 

extracts from untransformed Cobham Green (extreme left) and lines transformed with 

antibacterial genes after T\ (36 hours) and T2 (60 hours) of incubation. 



Response to pathogen inoculation 

In the greenhouse assay of pathogen testing, differences in susceptibility to Erwinia 

carotovora subsp. carotovora and Xanthomonas campestris pv vitians were observed 

between control seedlings and those of transformed lines. Overall, delayed symptoms and 

reduced disease severity were demonstrated in seedlings of transformed lines as compared 

to the control (Figure 6). 

Figure 6. Seedlings of Shiva-l transformed (S) and control of untransformed (C) Cobham Green, 

four weeks after their inoculation withXanthomonas campestris pv vitians. 



Discussion 

The molecular evidence obtained from the PCR amplification of the antibacterial gene 

sequences, confinned their integration in the. transfonned lines. This was provided by the 

presence of the expected amplified DNA bands in the transfonned lines and their absence 
• "~ '" I • 

in the control. The presence of the intact antibacterial gene in all the lines found to possess 

the npt II gene could be attributed to the physical position of the antibacterial gene relative 

to the marker gene, on the T-DNA. The marker gene was proximate to the left T-DNA 

border; since T-DNA integration is more precise on the right border than the left border, 

there is a higher likelihood of cotransfer of the gene of interest (Zambryski et ai., 1982; 

Deroles and Gardner, 1988; Van Engelen et ai., 1995). 

The lines used in the in vitro pathogen assay were selected from the transfonned lines for 

each antibacterial gene with good seed production. The activity of the crude leaf extracts 

-',',. I (from the transfonned lines) on the in vitro growth of the pathogens, as compared to the 

control, established the presence and effectiveness of the expressed antibacterial genes. 

Crude leaf extracts from lines transfonned with antibacterial genes have been used to 

demonstrate the control of bacterial growth in vitro by antibacterial peptides (Montanelli 

and Nascari, 1991). Selfed progeny seedlings from selected transfonnants were however, 

used in this study; these were grown in culture without kanamycin or any antibiotic 

included in the medium. The likelihood of any residual effect of such antibiotics (in the 

seedlings) on the pathogens, was eliminated. The potential of the antibacterial genes and 

the activity of the peptides in enhancing disease resistance (in lettuce) is thus emphasised 

by the results obtained in this assay. 
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The action of synthetic antimicrobial peptides on bacterial pathogens of potato has been 

demonstrated recently (Wilson and Conner, 1995). In that study, cecropin peptides were 

found to control bacterial growth more effectively than Magainin peptides. Complete 

inhibition of cecropins against Erwinia isolates was determined at a concentration of 37.5. 

~glml of active ingredient. Equal weight of fresh leaves was taken from each of the lines 

used for leaf extraction (in this study) but the concentration of the peptides in the leaf 

extracts, was undetermined. This would depend on the level of expression of the gene and 

the actual proportion of the (30-40) segregated seedlings carrying the expressed gene, 

which may differ among lines (During et at., 1993). T4 lysozyme, magainin II and Shiva-1 

are reported to display antibiotic activity against numerous Gram-negative and Gram-

positive bacteria (Zasloff, 1987; Destefano-Beltran et at., 1990; During et at., 1993). 

Symptoms of bacteria soft rot caused by Erwinia carotovora (soft, wet and slimy rot of 

leaves) and leaf rot by Xanthomonas campestris (characterised by water-soaked spots and 

yellowing of leaves) were observed in inoculated seedlings of the transformed as well as 

control plants. However, the extent of disease development was reduced in the transgenic 

lines compared to the control. A proportion of the seedlings in the transgenic lines were 

expected to be lacking the antibacterial genes due to segregation of the trans genes; this 

made assessment very difficult. A uniform population of transformed seedlings, such as a 

true breeding homozygous line, would be more suitable for disease assessment. 

In this chapter, integration of the antibacterial genes (gene of interest) their expression and 

effectiveness against bacterial pathogens as well as their potential to induce disease 

resistance in lettuce plants were established. 
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General Discussion 

6.1 Background 

Plant diseases can be disruptive to agricultural production, often with disastrous 

consequences resulting in substantial economic and ·social impact; for instance the 

infamous Irish potato famine of 1845-1860 (Jaynes et al., 1987). The natural ability of 

plants to resist attack by pathogens has been widely and successfully exploited as a disease 

control strategy and is a prime objective in most plant breeding programmes. Traditional 

breeding through sexual crosses has been beneficial in this direction, however, the goal of 

any breeder basically is to provide new genetic material with minimal rearrangement to the 

genome of the preferred genotype. The specific targeting of single or a few genes that 

control a character and the small changes that result in the host genome after gene 

transfers, have made genetic engineering a preferred technique for crop improvement. 
. . 

Improving genetic disease resistance has thus taken the turn of searching for broad 

principles that may be used to protect a wide range of plant species against disease causing 

agents (Moffat, 1992). Disease resistance (of all the strategies to control plant pathogens) is 

the least expensive, of low risk to humans and the environment, and a dependable form of 

control (Stephens, 1990). Enhancing the self defence mechanism of plants, through genetic 

engineering, may reduce the use of cherillcals in disease control and result in a positive 

effect on the environment and humans. Useful application of genetic engineering in crop 

improvement has involved enhanced quality, resistance to pathogens, insects and 

controlled reaction towards herbicides. 
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The goal of this research was to transform lettuce with genes encoding antibacterial 

..... _-_. 

> I 
peptides, to ascertain their effectiveness against bacterial pathogens and their potential to 

> confer disease resistance in lettuce plants 

6.2 Summary of fmdings 

The ultimate objective of any plant genetic manipulation procedure is to obtain regenerated 

transformed plants. Cells undergo stress during manipulation which may affect their 

regeneration; good regeneration ability is thus a prime requisite of genotypes chosen for 

genetic manipulation. Though tissue culture performances can be continuously improved 

through non-genetic factors, such as optimising culture conditions, extensive testing of 

culture conditions may be required to effectively overcome genotypic dependency of tissue 

culture response (even for a few genotypes). Screening of plant genotypes to ascertain their 

response to regeneration conditions is a viable alternative. This has been carried out in 

~:~ ;'.~~'.'-:-"~ ~::'! several crops and genetic factors are found to be fundamental in the determination of in 
" _., ." I 

"-."! 

vitro responses (Henry et ai~, 1994). 

The observations made during the regeneration of genotypes (in this study) confirmed 

genotypic influence on cell growth characteristics of lettuce in tissue culture (Xinrun and 

Conner, 1992; Curtis et ai., 1994). The ranking of callus production into the three 

categories, limited, moderate and extensive (chapter 2) was appropriate, as a measure of the 

different amounts of callus produced on explants of the same genotype. The subsequent 

derivation of callus index (CI) as a single measure of callus proliferation enabled 

comparisons and detected differences among the genotypes. Good callus producing 
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genotypes were easily identified, nevertheless, shoot regeneration in vitro was of primary 

importance in detennining response of genotypes to tissue culture. This was defmed by the 

number of explants producing shoots and number of shoots per explant, with significant 

differences observed among the genotypes. The Shoot index (SI) also, gave a single 

measure of the tendency to produce shoots and the intensity of shoot production on 

explants. CI and SI, both provided a summarised description of the genotypes response to 

tissue culture. 

The absence of significant correlation between CI and SI indicated that amount of callus 

produced had little influence on shoot production. Callus growth and shoot regeneration 

may be independently controlled by different genes as was reported in rice by Tsukahara et 

al. (1995). Further, while significant genotypic effects were evident in the measured 

characteristics, these were found to be independent of the morphological groups to which 

the genotypes are classified. The genes controlling regeneration in lettuce may also be 

independent of those responsible for determining the morphological characteristics. 

The method utilised in the regeneration study was convenient for screening large number 

of genotypes in batches while taking into account the subtle changes that may accompany 

such procedure. The standard genotype (Bronze Mignonette) included in all the 

experimental batches, came from a single packet of seed; the differences observed in its 

performance (in the batches) were attributed to uncontrolled environmental factors such as 

fluctuations in temperature, photoperiod etc. during the experimental period. 

The cloning of the chimaeric gene encoding Shiva-l into pBINPLUS vector was to provide 

a third binary vector to be used in the transformation of lettuce cultivars. Two binary 
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vectors with chimaeric genes encoding T4 lysozyme and magainin II, cloned into the 

multiple cloning sites of pBINPLUS, were available. The third binary vector was 

constructed similarly to the other two, to avoid any variation in structure that could result 

in differences during transformation. A distinguished feature of these vectors. was the 

position of the selectable marker gene, which was close to the left T-DNA border of 

pBINPLUS. The left junction of integrated T -DNA varies over at least 70 bp with much 

less variation on the right (Zambryski et al., 1982). The mechanism ofT-DNA integration 

and subsequent stabilisation is thus precise at the right border and imprecise on the left 

border. The position of the selectable marker gene to the left T-DNA border; in the binary 

vector, provide a greater chance that genes close to the right border are present in cells 

where the marker gene is integrated. 

In the transformation of the two lettuce cultivars (Bambino, Cobham Green), the 

recalcitrance of Bambino to transformation confirmed genotypic variation in response to 

Agrobacterium ·transformation of lettuce as observed by. Michelmore et al. (1987). 

. Crisphead cultivars were particularly noted for this response. The dead cells that 

characterised the explants of Bambino after their transfer to kanamycin selection medium 

suggested a hypersensitive response by the wounded cells to the selective agent. Where the 

explants were left to stay longer on kanamycin-free medium, regenerated shoots were 

obtained but these were found to be kanamycin sensitive after their transfer to selection 
, 

medium. The rapid response, therefore, could not be attributed to the presence of 

Agrobacterium cells in the tissues. Bambino has a good shoot regeneration capacity in 
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tissue culture and transfonned cells would be expected to. regenerate without total 

inhibition by the selective agent. 

The cultivar Cobham Green was responsive to transfonnation by both the delayed and 

immediate selection treatments. Delaying selection on inoculated explants resulted in more 

transfonned shoots and was established as an effective method for increased transfonnation 

frequency in plants. All putative lines obtained after selection were confinned as positive 

transfonnants using the molecular technique, PCR. The rigorous selection procedure 

implemented which involved several transfers to kanamycin containing medium 

contributed to this, by eliminating false positives. 

The polymerase chain reaction (PCR) is a powerful technique for amplifying specific 

sequences from genomic DNA and can be used to examine the integrity of foreign DNA in 

~ansgenic plants. The amplified fragments are easily visualised on ethidium bromide 

stained agarose gels. Results from PCR are, however, easily influenced by imperfect 

amplification conditions and contaminated reagents. When using the npt II primers for 

PCR reactions unexpected DNA bands were observed in the amplified product of some 

transfonned lettuce lines. Such bands have been observed in other studies and attributed to 

imperfect amplification conditions or a possible result of T-DNA re-arrangements and 

deletions during insertions (Lassner, et al., 1989; Christey and Sinclair, 1992). The 

presence of the expected DNA band (600 basepairs) in the amplified product of all the 

transfonned lettuce lines and the absence of this band from the untransfonned plant 

provided molecular evidence of integration of the npt II gene. Transmission of the 
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kanamycin resistance to the progeny of transfonned plants (as observed in the inheritance 

study) further confinned integration of the npt IT gene. 

Segregation of T -DNA in the progeny of transfonned plants is dependent on the number 

of loci into which the T-DNA is inserted during the initial transfonnation event (Herle-

Bors et at., 1988). In addition, factors that influence gene expression may have an effect on 

the results obtained from inheritance analysis. The npt IT gene was inherited as a dominant 

character in a Mendelian manner and was consistent with results from other studies on the 

npt IT gene (Maiti et at., 1989; Umbeck et at., 1989). The 3:1 segregation ratio observed in 

the progeny of transfonned lines implies a single insertion of the T-DNA in the plant 

genome; nevertheless, multiple but linked insertions of a gene could give similar results 

(Michelmore et at., 1987). 

Differences in the frequency of transfonned explants and the number of transfonned shoots 

obtained with the binary vectors, were evident. The T4 lysozyme gene gave a higher 

frequency in both assessments. The binary vectors differed slightly in size; pBINPL YS had 

a smaller size compared to pBINMGN and pBINPLUSH. The promoter and tenninator 

sequences of the T4 lysozyme differed from the magainin IT and Shiva-l genes, however 

the npt IT gene, whose phenotype was used for the selection of transfonned explants had 

the same promoter and terminator sequences in all the vectors. Transfonnation frequency 

can be influenced by several factors and may include the size of binary vector (An et at., 

1986; Rotino et at., 1992). 

The in vitro assay of peptide action (using the leaf extracts) confinned the potency of the 

expressed proteins resulting from the inserted genes. This provides evidence for the 
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potential control of diseases caused by Erwinia carotovora and Xanthomonas campestris in 

the transgenic lettuce. The activity of peptides against pathogens is known to be 

stoichiometrical rather than catalytical (Boman, 1991). Their effectiveness against disease 

. incidence will depend on the level of gene expression, accumulation and concentration of 

the peptide produced in the plant genome which may differ among transformed lines even 

with'same promoter sequences (During et al., 1993). The seedlings used in the greenhouse 

assay were segregated progeny and therefore a proportion of them were expected to be 

susceptible to the pathogens, as the control. Severity of symptoms and disease incidence 

was greater in the control seedlings than was observed in the transgenic lines. The 

elimination of non-transgenic seedlings among the progeny could have been achieved by 

their prior growth on kanamycin-supplemented medium. However, this was not done to 

prevent the residual effect of kanamycin (in the cells) on the pathogens. Nevertheless, such 

selection of seedlings followed by selfing will result in a population more suitable for 

assessing disease resistance. 

6.3 Contributions of this thesis 

The analyses of callus proliferation and regeneration using a standard genotype accounted 

for effect of subtle variations, typical of tissue culture experiments. Such variations, if 

unchecked may introduce error and result in wrong assessment. The calculated callus and 

shoot indices and the adjusted values provided for concise measurement and comparisons 

of tissue culture response of genotypes. These can be altered to suit specific experimental 

circumstances. The indices also provided an overall illustration of relationship between 

callus, shoot production and morphological categories. 
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The binary transformation vector pBINPLUSH is a new construction based on an efficient 

plasmid cloning vector. The delayed selection method of transformation, employed by 

Conner et al. (1991) was demonstrated to have positive effect on transformation frequency; 

this can be easily used in other crops. A few useful genes have been used to transform 

lettuce as at the time of this research (Curtis et al., 1996a
; Curtis et al., 1996b

; Dmant et al., 

1997). This work reports the first successful transfer and expression of antibacterial genes 

in lettuce and therefore establishes a potential for obtaining bacterial disease resistance in 

lettuce. The antibacterial peptides encoded by the gene have little or no harmful effect on 

eukaryotic cells, according to Boman (1991). Thus they can be a useful part of the primary 

defense against bacterial infections in lettuce. 

Generally, the aim and objectives of this thesis have been achieved. The difficulties 

encountered, such as failure to transform Bambino cultivar, insufficient assessment of 

disease resistance in transgenics, present new challenges to be tackled in further research. 

An efficient transformation protocol for crisphead cultivars need further investigation to 

enable transfer of useful genes into the most preferred lettuce types. A detailed 

examination of gene expression of transferred genes in lettuce, effect of expressed products 

on host cells and on disease incidence is very important and needs attention. 

A significant contribution to obtaining bacterial disease resistance in lettuce has been made 

in this research study and further development (as suggested) could ultimately result in an 

improved lettuce cultivar. 
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