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ABSTRACT

A nearly-finished sequence of the human genome was published in 2004 (IHGSC,
2004). The task ahead is now to complete the structural and functional annotation of
the genome. Although much progress is being made in annotating the coding part of
the genome, identification of regulatory regions remains a challenge in current
genomics. The aim of this thesis is to identify and characterise promoters and other
regulatory elements in a 10 Mb region on human chromosome 20q12-13.2. This
region was chosen because of (i) its biological importance, as it is associated with a
number of medical conditions such as type II diabetes and obesity (ii) the availability
of a detailed transcription map of the region, which is particularly valuable for the

experimental and computational analyses carried out in this study.

Firstly, I describe the identification and characterization of core promoter elements
using computational methods. Here, promoters are studied at the sequence and
structural level in an attempt to discover novel signals for promoter identification in
silico. Candidate promoters are also correlated to genomic features and expression

data from two cell lines, HeLa S3 and NTERA-2 clone D1.

In the subsequent chapter, I describe the systematic validation of annotated
(candidate) promoters using dual luciferase reporter assays in the two cell lines, HeLa
S3 and NTERA-2 clone D1. Analyses include the assessment of promoter activities in
synergy with the SV40 enhancer. The differential response of core promoters to the
enhancer is then associated with the presence of transcription factor binding motifs

predicted by a transcription factor binding motif prediction program (MAPPER).

In the final results chapter, I present my findings in chromatin immunoprecipitation
(ChIP) studies carried out on an in-house spotted DNA array. This array was

constructed with 2kb overlapping plasmid clones spanning 3.5 Mb of the investigated
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region (gene rich segment; 72 protein-coding genes). ChIP analyses (both cell lines,
each in triplicate) included 7 antibodies against modified histones, one antibody
against RNA polymerase II and one antibody against the transcription factor CTCF to
investigate the histone code and transcriptional activity of the region in two cell lines.
Additionally, the sequence features of potential distal regulatory elements are studied

in silico to recognize any common features of such elements.
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The small heat map on the left displays the H3K4me3 signals of 2 kb distances of the
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Figure 5.36 The genomic positions of 12 CTCF enriched regions (blue track) listed in Table 5.12
together with the H3K4me and H3K4me2 enriched regions in HeLa S3 (red track) and NTERA-
D1 (green track) cells which are seen as potential distal regulatory elements. The region shown
here covers the ~3.5 Mb region spanning from 42,274,163 to 45,850,636 bp. The gene annotations
are taken from UCSC Genome BrOWSET.........ccveiieiiiiieiieniieie ettt nnees 233

Figure 5.37 A region that contains the intronic enhancer of house-keeping ADA gene (shown with the
red arrow) and a possible insulator element (blue box in “Insulators” track) that can block the
activity of this intronic enhancer on the tissue-specific promoter of WISP2 gene. "Enhancers H”
and “Enhancers N” track displays the regions that are enriched with H3K4me and H3K4me2 in
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Figure 5.38 An insulator trap reporter vector construct where the candidate insulator is placed between
H19 promoter and SV40 enhancer and promoter-enhancer activity is monitored by toxin-A
reporter gene. In order to discriminate a possible silencing activity of the candidate fragment,
hygromycin gene is placed its downstream and the cells transfected with this construct is screened
With hygromycin antiDIOTIC. .. ...eeueetieiieeieeiieteee ettt ettt e sttt e et e st e e enteeneesseeneeas 234

Figure 5.39 The region spanning from 43,100,000 to 43,425,000 bp where there are five candidate
insulators shown as blue boxes on the insulator track. There are two more tracks, displaying
H3K4me and H3K4me2 enriched regions in HeLa S3 (Enhancers H track) and NTERA-D1
(Enhancers_N track) as possible cis-acting regulatory elements. ............ccceeeeeeeeneereesieneeneennens 235

Figure 5.40 CTCF regions that falls within intronic regions shown in the blue track. Red and green
tracks display the H3K4me and H3K4me?2 enriched regions in HeLa S3 and NTERA-DI1 cells
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Figure 5.41 The enrichment difference between Rabbit IgG (negative control) (top) and H4Ac (bottom)
antibodies on a small section of the custom-made array in NTERA-D1 cells. The green enriched
spot on the bottom array carries upstream sequence of PKRCBPI. .........cccovvevveiieieeieeeaeennen. 240

Figure 5.42. Enrichment profile of Sp1 on a subsection (the same section as in Figure 5.32) in NTERA-

Figure 5.43 Enrichment levels on SLC12AS5 gene with antibodies recognizing H3K4me2, H3K4me3,
H3Ac and H3K27me3 together with the annotation of the gene taken from Ensembl Genome
BIOWSET. ..t s 243

Figure 5.44. Enrichment profile across HNF4A4 in HeLa S3 and NTERA-D1 cells. The annotation is
reproduced from UCSC genome browser. Green arrow denotes P2 promoter and pink arrow
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A cytosine nucleotide immediately followed by a guanine

LIST OF ABBREVIATIONS
PCR Polymerase Chain Reaction
E. coli Escherichia Coli
DD Double distilled
EDTA Ethylene diamine tetraacetic acid
TE Tris — EDTA
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CTD C-terminal domain
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dGTP 2’-deoxyguanosine 5’-triphosphate
dTTP 2’-deoxythymidine 5’-triphosphate
DMEM Dulbecco’s Modified Eagle Medium
FBS Foetal Bovine Serum
IVT In Vitro Translation
CMV Cytomegalovirus
Sv40 Simian Virus 40
TSS Transcription Start Site
CpG

nucleotide on DNA sequence
FirstEF First Exon Finder
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