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ABSTRACT 

Enhancer is a distal regulatory element which plays a significant role in activating gene transcription. The 
hallmark of enhancer is critical, such that its spatiotemporal pattern in gene regulation has encouraged 
various research interests on this molecule. Enhancer identification has remained the greatest challenge as 
different enhancer possesses distinct function in different cell types. Nasalis larvatus which was indigenous 
in island of Borneo is a candidate species for us to explore its regulatory gene element due to some similarity 
that share within its genome and that of human. The main aim of this research is to isolate and clone 
potential enhancer sequence from Nasalis larvatus and subsequently analyse the transcription factor binding 
sites (TFBS) present in liver. Initially, putative enhancer was determined in-silico via the software 
iEnhancer-2L and strong enhancer of more than 500 bp was selected with at least 90% similarity as 
compared to other primates. Primers were designed for PCR amplification based on conserved domains from 
multiple alignments of four primate species. The amplicon was then cloned into pGL 3.0 basic vector 
modified with SV40 promoter insertion. The size of enhancer after sequencing was 795 bp which is deviated 
from expected size of 823 bp. Alignment analysis reveals that the enhancer was not conserve that it contains 
a number of nucleotide variations. The study of TFBS was then conducted by using MATCH"" programme 
and several liver specific TFBSs such as AP-l, cIEBP~, CHOP clEBPu, HNF-l, HNF-313 and NF-l. Finding 
of synonymous and non-synonymous nucleotide variation within TFBSs have given some novel insights on 
their relationship with gene expression output. Further enhancer activity determination is necessary to 
confirm the above status but due to time limitation it is not achievable. 

Keywords: Enhancer, i-Enhancer-2L, Nasalis larvatus, pGL3.0 Basic Vector, transcription factor 

ABSTRAK 

Enhancer merupakan unsur kawal atur distal yang penting da/am merangsang transkripsi gen. Ciri-ciri 
enhancer yang kritikal. misalnya corak spatiotemporal dalam perarturan gen telah menarik minat pelbagai 
penyelidik untuk mengkaji molekul ini. Proses dalam mengenalpasti enhancer masih bercabar disebabkan 
flmgsinya yang unik dalam jenis sel yang berbeza. Nasalis laryatus telah dicalonkan dalam kajian ini kerana 
ia bukan sahaja asli di kawasan Borneo malah sebahagian genomnya amat merupai dengan manusia. 
Tujuan kajian ini adalah untuk mengasingkan dan mengeklon enhancer daripada Nasalis larvatus serta 
membuat analisis tentang tapak lampiran laktor transkripsi yang wujud dalam sel hati. Pada mulanya. 
pemilihan enhancer dilaksanakan secara in-silico dengan menggunakan iEnhancer-2L dan kriteria untuk 
pilihan adalah berdasarkan kekuatan, saiz yang melebihi 500 bp serta mengandungi sekurang-kurangnya 90% 
persamaan dengan spesies primat yang lain. Sepasang primer telah direka berdasarkan domain terpelihara 
dalam "multiple sequence alignment" empat species primat untuk penggandaan melalui PCR. Pengganda 
itu telah diklon ke dalam pGL 3.0 vektor asas sisipan SV40 promoter. Keputusan sequencing menunjukkan 
saiz enhancer sebagai 795 bp yang amat melencong dengan jangkaan saiz 823 bp. Analisis penjajaran pula 
mendedahkan bahawa enhancer tidak dipelihara kerana wujudnya sebilangan variasi nukleotida. Program 
MATCli telah digunakan dan sebilangan tapak lampiran laktor transkripsi telah didapati seperti AP-1, 
dEBP8. CHOP dEBPa., HNF-1, HNF-3{J dan NF-1. Pendapatan bahawa variasi nukleotida yang sinomin 
dan tidak sinonim arnat mempengaruhi ekspresi gen. Ofeh itu, aktiviti enhancer harus diuji supaya status 
gen dapat disahkan tetapi ujian itu tidak dicapat disebabkan kekangan masa. 

Kata kunci: Enhancer, ,i-Enhancer-2L, Nasalis lqrvatus, pGL 3.0 vektor asas, faktor transkripsi 
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CHAPTER 1: INTRODUCTION 


Enhancer serves as a fundamental regulatory element for gene expression during. cell 

development and differentiation (Shlyueva et al., 2014). It helps to regulate the activity of 

RNA polymerase at promoter sequence through the formation of DNA looping to increase 

gene transcription (Cooper, 2000). The hallmark of enhancer is that it can stimulate 

transcription in spatiotemporal patterns, either upstream or downstream as well as in any 

distance and orientation (Maston et al., 2006). 

Transcription factors (TFs) compromise of wide range of proteins and their 

complex multiple interactions with particular DNA binding motif on enhancer have 

provided substantial function in regulating gene expression, either stimulate or repress 

gene transcription (Kranz et al., 2011; Makeev et al., 2003). An active enhancer is usually 

occupied by various TFs and thus this fact has been exploited to search for candidate 

enhancer (Maniatis et aI., 1987; Palstra & Grosveld, 2012). TFs are lineage-specific as 

well as developmental stage specific whereby inappropriate binding may lead to abnormal 

gene expression (Palstra et al., 2012). 

Nowadays, massive amount of genomic data has been made available into public 

domain such as GenBank database to facilitate data mining by biological researcher using 

computational techniques (Wang et al., 2013). Enhancer identification is now made use of 

these genomic data. Various software tools such as i-Enhancer 2L and DEEP were 

designed with different computational algorithms to determine putative enhancer sequence 

along entire genome (Shlyueva et al., 2014). The sets of algorithms are created based on 
, 

several enhancer features such as comparative genomic features, transcription factor 

binding motifs as well as epigenetic features (Wang et al., 2013). However, current 
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computational approach alone is not sufficient to validate an enhancer unless it has been 

experimentally tested to confmn its precision. 

Proboscis monkey (Nasalis larvatus) which was endemic to island of Borneo is a 

fascinating organism to be studied despite of its extraordinary morphology. From 

molecular viewpoint, the genomic structure of proboscis monkey was quite similar to that 

of human genome (Bigoni et al., 2003). Generally, its chromosome 18 is homologous to 

human chromosome 6 and has held much of the protein-coding gene information which is 

extensively useful in medical genetic research (MungaU et a!., 2003). Yet, the size 

proboscis monkey genome was almost identical to human genome size of approximately 

3000Mb (Rasko & Downes, 1994). There is still limited approach in study of gene 

regulatory elements in proboscis monkey, thus make it an interesting topic to be 

discovered. 

Currently, the knowledge gap in terms of gene regulatory element is still existed, 

especially enhancer due to its flexibility and undefmed spatiotemporal pattern in regulating 

gene transcription (Wang et aI., 2013). This research was generally focused on isolation 

and cloning of enhancer sequence to deal with the problem as mentioned. It is 

hypothesized that strong enhancer sequence is present in chromosome 18 of N larvatus 

and it is highly conserved among various primate species. Furthermore, it is expected that 

the enhancer can be cloned into a luciferase gene vector for subsequent assay application 

to study enhancer activity and their relationship to gene expression level. Advance study 

on this sequence is necessary to understand its mutation effect on regulating gene 

expression of an organism. Perhaps this information is meaningful in disease manifestation 

(Sakabe et al., 2012). 
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The objectives throughout the following research are: 

1) To isolate enhancer from Nasalis larvatus chromosome 18. 


2) To clone enhancer into pGL3.0 basic vector with SV 40 promoter insertion. 


3) To study the liver specific transcription factor binding sites embedded within enhancer 


sequence. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Enhancer 

Generally, enhancers are well-known as cis-acting DNA sequences which promote gene 

transcription (Pennacchio et ai., 2013). Enhancers were primitively identified by Walter 

Schaffuer in 1981 within a specific region of SV40 virus genome (Cooper, 2000). It 

contains two 72 bp repeats which facilitate viral replication and transcription in infected 

host cell (Levine, 2010). On the other hand, the first human enhancer was identified in 

mammalian B lymphocytes which modulated immunoglobulin (Ig) heavy chain gene 

expression (Levine, 2010). 

Enhancer which is typically measured 200bp to lkb in length is surrounded by 

cluster of transcription factors binding sites (TFBSs) that interact cooperatively to enhance 

gene transcription (Levine, 2010). Enhancer-bound transcription factors are responsible to 

recruit chromatin remodelling complexes for de-compaction of chromatin fibre so that 

DNA can access to other proteins easily (Ong & Corces, 2011). As a gene regulatory 

element, enhancer is also associated with specific repressor binding sites to restrict certain 

gene overexpression and subsequently to prevent gene mutation (Levine, 20 10). Enhancers 

are also found to carry epigenetic information in the form of specific histone modification 

for future gene expression and gene expression activation (Ong et ai., 2011). 

Enhancer grammar refers to spatial arrangement of TFBSs along the entire length 

of enhancer and this has led to introduction of two contrasting model namely 

enhanceosome and billboard model (Rubinstein & de Souza, 2013). The former model 

represents transcription factors that work synergistically in precise orientation for a 

functional enhancer activity whereas the latter model consist of transcription factor that 

bind in a more flexible order but still remain some of the enhancer function (Rubinstein et 
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al., 2013). Hence, both models indicate that distinct enhancer elements will play different 

roles in developmental gene expression and study on its transcription factor complexes can 

further aid in structure and functional analysis of enhancer sequence. 

Enhancer is modular such that a single promoter can be activated by several remote 

enhancer elements from distinct gene locus (Levine, 2010). Studies have shown that 

uncoupling process of enhancer from target genes is a key insight to understand 

evolutionary pattern within biodiversity (Levine, 2010). Although enhancer is evolutionary 

conserved, accumulation of random mutation will either produced novel enhancer or loss 

of enhancer that leads to changes over evolutionary pathway (Rubinstein et al., 2013). 

Mutation in particular enhancer sequence will alter gene expression which may 

bring along little or no consequences in other region. A significant example of enhancer 

changes but its function retain is best demonstrated in Drosophila species, whereby the 

different arrangement ofTFBSs within eve-skipped (eve) stripe 2 enhancer (S2E) can lead 

to equivalent gene expression pattern upon transfection into Drosophila melanogaster 

embryonic cell line (Rubinstein et al., 2013). 

Enhancer evolution generally involves phenotypic diversification within animal 

diversity due to regulatory gene mutation. For instance, marine stickleback contains bony 

spines in pelvic region to act as armour from enemy attack whereas freshwater stickleback 

usually lack of spine due to deletion of pelvic enhancer that regulating the Pitx1 gene 

(Chan et al., 2010). On the other hand, acquisition of novel enhancer could also result in 

innovation of new gene expression pattern; subsequently cause morphological variation 

between closely-related species. More detailed studies on enhancer mutation that lead to 

species evolution and adaptation should be conducted to establish genuine knowledge on 

gene regulatory mechanism. 
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2.1.1 Gene expression regulating mechanism by enhancer 

Throughout the studi es of numerous enhancers, it has concluded that this specific element 

typically regulates transcription in a spatiotemporal-specific pattern which means that they 

function independently of both the distance and orientation relative to promoter (Maston el 

al., 2006). Enhancer usually situated distally away from core promoter, about few 

hundreds kbp upstream or downstream in forward or backward orientation (Shlyueva el al., 

2014). 

The mechanism involved in regulating gene expression by enhancer over such long 

physical distance was well-demonstrated in Figure 2.1 as shown below. DNA looping 

model has contributed to thi s mechanism whereby the acti vated enhancer loops to core 

promoter regions by intervening DNA to regulate relea<>e of RNA polymerase II from 

promoter proximal-pausing site (Cooper. 2000). A rapid gene transcription is thus 

stimulated. According to Levine (201 0), the long range looping could be stabili zed by 

cohesin and non-coding RNAs to facilitate enhanccr-promOlcr interactions while the 

assembly of mediator complex initiate right after the looping to stimulate transcription. 

I ' '''ll\ 10<'1' 

I I 

Fig/ll"e 1.1. DNA looping mechanism wherchy ,he ac tiva ted dIsta l enhancer binds 10 the core promoter 
(TA T A.A,. box) by intervenin g of DNA strands. (Adapted fro m The Cdl: A M O/I!{.'ufar ilppm{lch (2"1 ed. ) by 
G. M. Cooper. 2000}. 
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2.1.2 Transcription factor binding sites (TFBS) 

Transcription factors (TFs) consists of wide range of proteins which will bind to cognate 

binding domain on enhancer to orchestrate specific gene expression (Krantz et al., 2011). 

Various characteristics have influenced TF binding to induce enhancer function, 

particularly the chromatin state of genomic locus, TF binding affInity and complex 

multiple interactions among TFs and that on enhancer to stimulate gene expression 

(Grossman et al., 2017). In past decade, characterization of several TF binding motifs were 

done in-vitro as well as genome-wide mapping of TFBS were done in-vivo (Badis et ai., 

2009; Johnson et ai., 2007). Furthermore, experimental approaches have allowed 

functional characterization ofenhancer activity by TF binding (Grossman et aI., 2017). 

However, scientists have revealed that only a small portion of potential TFBSs are 

occupied by their respective TFs in eukaryotic genomes and yet their substantial function 

are varied across cellular context (Spitz & Furlong, 2012). Hence, identifying and 

characterizing of TF interactions has proven difficult because question arises basically 

involved whether TFs bind to different functional elements and what kind of constraint on 

motif positioning has contributed to various interactions which further influence gene 

expression (Grossman et ai., 2017). In recent research as proposed by Grossman et al. in 

2017, the approach of systematically dissecting the features contributed to TF binding and 

enhancer activity had aided in identification potential TF interactions for functional 

characterization as well as revealing sets of grammatical rules governing the activity of 

gene regulatory elements (Grossman· et ai., 2017). This approach thus facilitates the 

understanding how gene expression works, either drives a normal biological processes or 

leads to aberrant gene expression with disease as an ultimate consequences (Grossman et 

ai., 2017). 
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TFBSs can actually playa pivotal role in predict enhancer activity whereby in a 

research done by Dogan et af. (2015), it indicates that TFBSs which occupied by key TFs 

can predict the enhancer activity more precise than histone modification and chromatin 

accessibility. 

2.2 Enhancer identification techniques 

Identification of enhancers is challenging and complex, one of the reasons is that the 

enhancer sequence can disseminate in any gene locus and orientation, thus resulting in 

more complex and huge searching effort (Pennacchio et af., 2013). Yet in this postgenomic 

era, identification of enhancers from enormous amount of genomic data is impossible 

without the aid from computational approaches. Nonetheless, computational methods are 

only considered to be an alternative to search for putative enhancer sequence. Instead, 

experimental approach for enhancer identification should not be abandoned to confirm the 

accurateness of predicted enhancer. 

2.2.1 Enhancer features for selection 

Chromatin immunoprecipitation followed by high-throughput sequencing (ChIP-seq) has 

become a widely used approach which allows mapping of genomic location of 

transcription factor binding and histone modifications in different cell types (Landt et af., 

2012). This method has developed more than a decade ago and still applying in today's 

research in abundant (Landt et af., 2012). ChIP-seq enables genome-wide identification of 

sequence-specific transcription factor binding sites (TFBSs) as well as other DNA binding 

proteins to localized gene regulatory element (Raha et af., 2010). According to Wang et af. 

(2013), ChIP-seq uses to measure the binding affinity between transcription factor and 

DNA sequences indirectly by calculating the number of transcription binding events. 
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Histone acetyltransferase P300 which is a co-activator belongs to a chromatin feature to 

indicate putative enhancer sequence (Zhu et al., 2013). 

Another way of estimating enhancer position is through the detecting of DNaseI 

hypersensitive site in which active enhancer are often found within these TFBSs (Liu et al., 

2016). Figure 2.2 has shown the DNaseI hypersensitive site for various regulatory 

elements. DNaseI hypersensitivity assay is initiated by de-compaction of chromatin to 

expose DNA binding site for transcription factor which in tum lead to increased 

susceptibility of wide-open DNA site to digestion by enzyme DNaseI (Lu & Richardson, 

2004). This kind of assay is not considered as an ideal model for predicting active 

enhancer because promoter region may also contain DNA hypersensitive site (Liu et al., 

2016). 

In addition, high-throughput sequencing of epigenomic feature by ChIP-seq was 

introduced whereby the level of histone modifications is mapped directly to predict 

enhancer location precisely (Pennacchio et aI., 2013). Some specific histone marks such as 

H3 lysine 4 monomethylation (H3K4mel), H3 lysine 4 trimethylation (H3K4me3) and H3 

lysine 27 acetylation (H3K27ac) are associated within active enhancer (Rubinstein et al., 

2013). The level of histone modification correlated to enhancer activity is well

demonstrated by elevated H3K4mel level and depleted H3K4me3 level (Wang et al., 

2013). 

Although experimental-based approach of evaluating transcription factor binding 

affinity and epigenetic characteristic can further indicate enhancer activity but this method 

is consider to be expensive and time-consuming. It is still essential to develop a more 

advance model, perhaps with the help of computational algorithms to achieve highly 

specific enhancer prediction (Wang et al., 2013). 
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Figure 2.2. A schematic drawi ng of DNase! hypersensi ti ve: site: in open chromati n region for enhancer site 
recogni tion. (Adapted from MoleClIlar Bios):ftems by Chen el al.. 2015). 

2.2.2 Genome wide search for enhancer 

Identification of enhancer at genome scale can be achieved by using phylogenetic footing 

to compare genome sequence of different species by relying on evolutionary conservation 

of non-coding regions across diverse species (Pennacchio et al., 2006). The idea of 

comparative genomic analysis was inspired by the evolutionary constraint whereby a 

functional DNA sequences such as enhancer usually evolve slower than those consist of 

non-functional sequence, thus facilitating in enhancer identificalion (Rubimtein et al., 

20J3). According to Cooper el al. (2004). evolutionary conserved regions within human 

genome arc interpreted to enrich with enhancer by comparing with the neutrally mutated 

sequences between human. rat and mice. 

Comparative genomic analysis is suit able to represent the potential of a locus to be 

an enhancer sequence within genome of particular species (Wang et al .. 2013). In genome-

wide srudies, the putati ve enhancer sequence was predicted also by identi fying their 

features, palticularly the chromatin modification structure by using current technological 

advances (Shlyueva et (tI.. 2014). The enhancer acti vit y is hard ly to detennine by just 

calcul at ing the conservation score (Pennacchio et (II .. 2006). Nonetheless. the knowledge 
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on evolutionary pattern is still limited for vast amount of species due to incomplete 

genome sequence alignment, thus making comparative genomic analysis a challenging 

task. 

2.2.3 Experimental approach for enhancer recognition 

A more mature development in scientific research has solved the complexity of 

determining enhancer sequence within wide genome. Originally, transgenic assay was 

applied to identify individual enhancer whereby the transgenic organisms or cell lines are 

assessed for reporter gene expression to evaluate transcriptional activity regulated by 

enhancer (Rubinstein et al., 2013). This technique involves cloning of candidate enhancer 

sequences upstream of a minimal promoter fused to a reporter gene (Rubinstein et aI., 

2013). 

By using this method for more sophisticated studies, it has found out that gene was 

actually controlled by several enhancers simultaneously (Rubinstein et at., 2013). For 

example, the expression developmental gene such as Sox2 gene from chicken embryo was 

regulated by 11 enhancers (Uchikawa et al., 2003). Although transgenic assay can provide 

such spatiotemporal expression information but it ended up to be laborious and costly, 

hence results in low throughput for genome-wide analyses (Banetji et al., 1981). 

2.2.4 Computational approach- rapid location of enhancer 

In the post-genomic era, enormous amount of biological data has been made available 

through various public domains such as GenBank database to facilitate rapid enhancer 

identification by computational approaches (Wang et al., 2013). The earlier computational 

algorithms were basically refer to evolutionary conserved functional DNA regions that 

evolve slower than non-functional one but the data per se is still insufficient to determine 
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