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Abstract

The molecular and physiological phenotype of a gene depends not only on the
structure and properties of the protein it codes for, but on the regulation of the
magnitude and timing of expression of that protein in the cell. The role of the
promoter in gene regulation can be seen as an integrator of the numerous intra- and
extra-cellular signals that influence the levels of transcription factors in the nucleus,
with the output being the level of transcriptional initiation. The identification of
transcription factor binding sites and promoter polymorphisms with real functional
consequences continues to elude purely computational methods, and more
experimental data is needed before this state of affairs is changed. In this project, I
have re-sequenced the majority of promoters on human chromosome 22 from a panel
of 48 unrelated individuals, generating a set of 807 promoter SNPs with associated
genotype information. I then developed a novel high-throughput cloning strategy
utilizing Gateway technology to produce a library of cloned promoter fragments, and
applied this to generate a set of 293 promoter haplotypes from 84 different promoters.
The functional significance of the promoter differences was assayed by luciferase
reporter assays in HT1080, TE671, HEK293FT and HeLa cell lines. This revealed
significant levels of sequence-dependent variation in promoter efficiency, with at least
22% of promoter SNPs having functional consequences. The performance of
currently-known putative regulatory elements in retrospectively predicting functional
variation was assessed, and found to be wanting. An expansion of upregulatory
promoter mutations was noted in the population used, which has implications for the
understanding of gene regulatory evolution. Analysis of the whole genome expression
profiles of the four cell lines confirmed a qualitative correlation between promoter
activity and in vivo gene expression, but also indicated that the presence of a known
transcription factor binding site could often be ruled out as the mechanism for a
functional promoter polymorphism. This study is the most detailed analysis to date of
high throughput promoter assays, and is suitable for scaling up to genome-scale

functional SNP discovery.
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