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Abstract 

A cloned dehalogenase gene, conferring the abi l ity to degrade the herbicide 

da l apon ,  was  i nt roduced in to  wh ite c lover  and  tobacco u s i n g  

Agrobacterium-mediated transformation. The objectives o f  this study can be 

d ivided into three parts. The first part consists of the evaluation of genetica l ly 

transformed white clover and tobacco plants for their level of resistance to dalapon , 

determination of the heritabi l ity of the introduced transgene at different stages of 

growth ,  and identification of the segregation pattern of the transgene. The second 

part consists of the study of the quantitative inheritance of the transgene in 

transgenic tobacco plants . The third part consists of a determination of the number 

of copies of the transgene integrated into the genome of a transgenic tobacco l ine,  

inheritance of the transgene over successive generations and analysis of steady 

state levels of mRNA of the transgene in  leaf tissue . Relationships between the 

levels of transgene m RNA and the degree of resistance of these plants to dalapon 

were also assessed . 

The resistance of genetica l ly transformed wh ite clover and tobacco plants 

to dalapon was studied under both in vitro and g reenhouse conditions using 

different experimental designs. I n  the in vitro stud ies , both wh ite clover cal lus l ines 

and tobacco seedl ings showed resistance to h igh concentrations of dalapon.  The 

level of res istance of the tobacco plants to dalapon was studied under greenhouse 

conditions using six transgenic l ines and one non-transgenic control l ine. The 

non-transgenic l ine was unable to grow at dalapon levels greater than 6.0 kg ha-1 , 

while the majority of the transgenic l ines were able to grow at a herbicide level of 

48.0 kg ha-1 . There were significant differences between the transgenic tobacco 

l ines in their resistance to the dalapon . 

The heritabi lity of necrosis, leaf length , leaf width and stem height characters 

were estimated at various levels of dalapon. The heritabi l ity of dalapon resistance 

for developed transgenic tobacco plants at various levels of dalapon was h igh .  The 

heritabi lity of dalapon resistance for the characters under study decreased with 

increasing dalapon levels, with the lowest values of heritabi l ity occurring at the 

highest level of dalapon (48 kg ha-1 ) . The leaf length and leaf width characters had 

the highest heritabil it ies, while the necrosis and stem height characters had the 

lowest heritabil it ies. The effect of time and the interaction between time and 

herbicide concentration as environmental factors where lowest for the leaf length 
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and leaf width characters, whi le the t ime effect was highest for the stem he ight 

character. The interaction between t ime and the effects of dalapon were h ighest 

for the necrosis character. The heritabi l ity of dalapon resistance in transgenic 

tobacco seedl ings grown in vitro was sign ificantly lower than in  plants, indicating 

either a low expression of the transgene or a high effect of environmental factors 

for plants at an early stage of growth. The segregation ratio (resistant:susceptible 

phenotype) for the transgenic l ines was 3 : 1 ,  and� test results demonstrated the 

involvement of single gene inheritance for the l ines. 

Quantitative inheritance studies of the transgene in tobacco plants using 

generation means with s ix generations and 9x9 fu l l  d ial lel mating designs revealed 

that the additive component of variation was greater than the dominance 

(hemizygosity) component of variation .  The hemizygosity effect was partial and 

towards the dalapon resistant phenotype. There was sign ificant inter-al le l ic 

interaction (epistasis), either between the host plant alle le(s) and the dehalogenase 

transgene or between copies of the transgene. The non-sign ificance of reciprocal 

effects in the dial le l table analysis revealed a lack of materna l  or cytoplasmic 

effects. The analysis of general combining abi lity and specific combining abi l ity in 

the dial le l  table ind icated that the majority of transgenic parents had significant 

general combin ing abi l ity effect (g .c .a .  effects) towards the resistant phenotype, 

while the non-transgenic parents showed significant g .c .a .  effects towards the 

susceptible phenotype. The progeny derived from crosses between resistant 

transgenic parents and susceptible, non-transgenic parents showed significant 

s .c .a .  effects towards the resistant phenotype. In contrast, progeny derived from 

crosses between the susceptible, transgenic parent and non-transgenic parents, as 

wel l  as progeny derived from crosses between non-transgenic parents showed 

significant s .c .a .  effects towards the susceptible phenotype. 

In molecular studies of the copy number of the transgene at d ifferent 

generations of one transgenic tobacco l ine, the transgenic plants were shown to 

conta in  two closely l inked copies of the transgene at a single locus ,  whereas the 

non-transgenic plants were shown to lack the transgene. lt was also shown that 

the transgene was stably intemated into the plant genome in  successive 

generations and that rearrangement of the integrated transgene d id not occur. A 

dehalogenase-specific mRNA was detected in total RNA extracted from leaves of 

the transgenic plants. Although al l  of the transgenic plants conta ined the same 
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gene, they showed significant variation in the accumulation of deha!ogenase­

specific m RNA. In control, non-transgenic plants no dehalogenase-specific mRNA 

was detected. Although the level of the deha!ogenase-specific mRNA in 

transformed plants varied considerably between the lines, was no significant 

differences between the individual plants within the lines. 

In a two phase selection experiment, some transgenic ca!!us lines exhibited 

a dissimilarity in expression of the dehalogenase gene and the neomycin 

phosphotransferase I! gene, conferring kanamycin resistance, used in these 

experiments as a second selectable marker. Some of the genetically transformed 

cells selected on medium containing kanamycin, when transferred onto medium 

containing dalapon, did not show resistance to dalapon. Similarly, when 

transformed ce!!s selected on medium containing dalapon were transferred onto 

medium containing kanamycin, some of the callus lines did not show resistance to 

kanamycin. These results show that in some cases selection for one of the 

transferred genes does not result in expression of the other, non-selected, 

transferred gene. 
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