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SUMMARY 

The advent of DNA sequencing has significantly accelerated biological research and 

discovery. Complete genomic sequences, together with approximately 20,000–25,000 

annotated genes in the human genome, analysed through contemporary bioinformatic 

technology, must be functionally annotated by up-to-date biological methods to assign genes 

to pathways and functions. During my PhD, I combined in vivo and in vitro studies, together 

with the power of bioinformatics, to dissect gene functions under different contexts.  

The fundamental basis of my PhD research is utilizing a system called transposon 

mutagenesis. Transposons are mobile genetic elements that represent a large portion of the 

repetitive sequences in the human genome. In in vitro cell culture studies, I developed a novel 

system called ‘Slingshot’ that is based on the piggyBac transposon system, which is capable 

of randomly mutagenizing the genome of many cell types in a ‘gain-of-function’ or ‘loss-of-

function’ manner. Using this system, I performed drug resistance screens in the mouse 

embryonic stem cells. Subsequently, several drug transporter genes were identified in these 

screens that provide drug resistance to puromycin and the anti-cancer drug vincristine. I have 

also validated the efficiency of this transposon system using human somatic cell lines.  In the 

in vivo studies, in collaboration with other colleagues, a Tel-AML1 knockin mouse was 

generated to model childhood acute lymphoblastic leukaemia (cALL) that is characterized by 

a chromosomal translocation which results in the expression of a TEL-AML1 fusion protein. 

When crossed with the Sleeping Beauty transposon mice for cooperative mutations, some of 

these Tel-AML1 mice derived the appropriate type of B cell leukaemia under tumour watch 

analysis. Another conditional Brd4-NUT mouse model for human midline carcinoma was 

generated using a similar knockin approach. Although this model did not transmit through the 

germ line for in vivo studies, in vitro experiments have revealed a strong cell growth arrest 

phenotype associated with the Brd4-NUT expression. 

In addition, to provide better analysis of insertion sites for the transposon studies, I have 

developed an online web-based tool called ‘iMapper’, which analyzes large numbers of 

transposon integration sites from sequence reads and maps them to the appropriate Ensembl 

genome. I have successfully used this bioinformatics tool to analyze the insertion sites in 

sequence reads generated by my own experiments. This online resource is freely accessible 

and could facilitate the analyses of sequence reads and mapping of insertion sites for 

mutagenesis studies performed world-wide. 
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