


















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�~�~�:�~�:�~� 
�;�:�:�~�.�:�'�.�;�:�~�~�.�!� ,:, .".<': 

56 



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). 
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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 . 

. " "~. 

:.: .. ' -.';'. ~ .. :.. ~ '. 

67 



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) . 

. -.-.' ... -..... -:-"'. ," .~-
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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. 

87 



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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5' 3' 

Shiva-l ehirn.aerie gene 

5' 
a 
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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 

1 2 3 4 5 6 7 

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. 



2 3 4 5 6 7 8 9 10 11 12 

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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