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In Silico Study of the Transcriptional Factor Binding Site for Rhodopsin in 

Zebrafish (Danio rerio) 

ABSTRACT 

In silico study is a computational biological experiment simulation by means creating an 
artificial system that exhibit biological behaviour of the living system. In silico study had 
been used as one of the series of biological experiments, before conducting in vivo 
experiment. However, in silico have not much been used in the field area of researches 
in aquaculture species genetics. An important molecular protein in aqua genetic is 
rhodopsin. Rhodopsin is a photopigment presence in both animal and human. In 
zebrafish (Danio rerio) the presence rhodopsin is essential for its ability in vision. 
However, in some cases such as stress due to climate change for example severe hot 
season will cause bleaching of light exposure entering the retina. High exposure to light 
will cause destruction of rhodopsin. It is essential for the rhodopsin to be regulated in 
order to maintain or prevent it from lose its ability in vision and disrupt other biological 
processes. Thus, transcription factor binding site are essential to be studied to 
understand the regulation of rhodopsin. Zebrafish was used as model organism due to 
its established complete genome. This study was conducted by obtaining full genome 
sequence of rhodopsin in zebrafish at National Center for Biotechnology Information 
(NCBI) and using MatInspector software tool to obtain the suggested transcription factor 
binding site. From this study several transcription factor binding sites that was suggested 
from MatInspector was selected and discussed in further its regulation and its relation to 
the rhodopsin protein.  

Keywords: In silico, rhodopsin, zebrafish (Danio rerio), transcription factor binding site, 
protein. 
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Kajian In Silico Terhadap Tapak Pengikat Faktor Transkripsi untuk Rhodopsin di 

dalam Zebrafish (Danio rerio) 

ABSTRAK 

Kajian in silico adalah simulasi berkomputer eksperimen biologi yang mana sistem tiruan 
yang menggambarkan kelakuan sistem hidup biologi. Kajian in silico telah digunakan 
sebagai salah satu daripada siri eksperimen biologi sebelum melakukan eksperimen in 
vivo. Walau bagaimanapun, in silico tidak banyak digunakan dalam bidang penyelidikan 
genetik spesis akuakultur. Antara protin molekul yang penting dalam genetik akuakultur 
ialah rhodopsin. Rhodopsin adalah fotopigmen yang wujud di dalam genetik haiwan dan 
manusia. Di dalam zebrafish (Danio rerio), kewujudan rhodopsin adalah penting untuk 
keupayaannya dalam penglihatan. Walau bagaimanapun, dalam beberapa kes seperti 
tekanan akibat perubahan iklim misalnya musim panas yang teruk akan menyebabkan 
pendedahan cahaya yang tinggi memasuki retina. Pendedahan cahaya yang tinggi akan 
menyebabkan kemusnahan rhodopsin. Ia adalah penting bagi rhodopsin untuk dikawal 
selia bertujuan untuk mengekalkan atau menghalangnya daripada kehilangan 
keupayaannya dalam penglihatan dan mengganggu proses biologi yang lain. Oleh itu, 
tapak pengikat faktor transkripsi adalah penting untuk dikaji bagi memahami pengawalan 
rhodopsin. Zebrafish digunakan sebagai organisma model kerana genom lengkapnya 
telah ditetapkan. Kajian ini dijalankan dengan mendapatkan genom rhodopsin zebrafish 
yang lengkap di National Center of Biotechnology Information (NCBI) dan menggunakan 
alat perisian MatInspector untuk mendapatkan tapak pengikat faktor transkripsi yang 
dicadangkan. Melalui kajian ini, beberapa tapak pengikat faktor transkripsi yang 
dicadangkan dari MatInspector telah dipilih dan dibincangkan dengan lebih mendalam 
mengenai pengawalan dan hubungannya dengan protin rhodopsin. 

Kata kunci: In silico, rhodopsin, zebrafish (Danio rerio), tapak pengikat faktor transkripsi, 
protin. 
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CHAPTER 1  

INTRODUCTION 

 

 

1.1 Research Background 

 

 In the late 1940’s, the first computational biological experiment was carried out by 

John von Neumann who was a mathematician and computer architecture (Fernando, 

Goldstein & Husbands, 2015; New World Encyclopedia contributors, 2016). This 

computational biological experiment has been the astonishing solutions to broad 

complications regarding to the problems when conducting biological experiments which 

are involved with the use of animal as model organism. This computational biological 

experiment is called as in silico study, which work as alternative to the use of animal as 

model organism in various biological experiment (Sana Banu et al., 2015). Alongside 

with the tremendous growth of bioactivity databases, the computational biological 

experiment has been a powerful virtual screening tool to predict protein targets and for 

the development of new drug delivery systems (Geetha, Sivaram & Jayakumar, 2016; 

Koutsoukas et al., 2011). However, there are limited findings on in silico transcription 

factor binding site of molecular study (Mohd Ramli et al., 2012).  

 

 In aquaculture industry, the growth and adaptation to environmental changes of 

aquaculture species are very important. This is because nowadays, the climate changes 

all over the world are unpredictable. In order to maintain the growth and develop a stable 
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adaptation to the sudden climate changes, regulations of rhodopsin is one of the ways. 

This is because rhodopsin able to regulates physiological, behavioural and biochemical 

activities in vertebrates through photoreceptors.  Rhodopsin is a very interesting gene to 

be discussed and explore. Generally rhodopsin is a photopigment or light absorbing 

molecule that responsible in vision of fish (Magnoli et al., 2012). The level of rhodopsin 

regulations need to be in precise level as transgenic mice which there is specific level of 

rhodopsin regulation, if not the retinal will undergo degeneration (Sohocki et al., 2008). 

Retinal degeneration will lead to loss of visual function and disrupt other biochemical 

processes in the vertebrate body (Tan et al., 2001; Olsson et al., 1992). There are limited 

findings on in silico transcription factor binding site (Mohd Ramli et al., 2012) and the 

transcription factor binding site for a specific protein in zebrafish. Rhodopsin is selected 

due to its important role in development, maturity and functioning of the sensorial organ. 

Thus, this project will provide a set of data of transcription factor binding site for 

rhodopsin in zebrafish. This study also promotes further research on in vivo experiment 

by using the results of this in silico study. 

  

1.2 Problem Statement 

 

 In silico study is a powerful tool that requires minimum time and expenses to 

study gene regulation. However, its application is mainly restricted to human disease 

study. In silico approach should be applied on other animal studies in order to reduce the 

usage of experimental animal. 
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1.3 Objectives 

 

 The objective of the present study was to identify the transcription factor binding 

sites of rhodopsin in zebrafish. 

 

1.4 Scope of Study 

 

 A set of transcription factor binding site for rhodopsin protein data in zebrafish will 

be determined by conducting an in silico study.  
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CHAPTER 2  

LITERATURE REVIEW 

 

 

2.1 In silico study 

 

 In silico study is a biological experiment that carried out entirely in computer. It 

has become solutions to broad complications that have been through in previous 

biological experiment. Previous biological experiment had gone through several 

complications in obtaining information about living system, measuring systems with 

arbitrary precision and there are various measures that need to stress for before, during 

and after experiment practices (Fernando et al., 2015). 

 

 Since the first in silico study, many studies have been conducted using in silico 

method. One of the study is “In silico Models of Acute Inflammation in Animals” by 

(Vodovotz et al., 2006). Their study aimed to compare the use of animal models studies 

and mathematical model (Vodovotz et al., 2006). The experiment was conducted by 

constructing a mathematical model that resemble to the global tissue dysfunction and the 

action of cytokines and cells of the critical inflammatory response of the animal models. 

The comparison was made in other study which rats were affected by surgical trauma 

and were put under stress with extraction of various inocula of Escherichia coli. In this 

study, the researchers proposed that the mathematical model could be translated to 

human inflammation which bring several insights dynamics of acute inflammation or 
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trauma can be tested in vivo study, thus minimise the use of animal model (Vodovotz et 

al., 2006). 

 

 There have been vast previously experimental study of severe inflammation, 

using different animal models (Bier & McGinnis, 2008; Garrido, Figueiredo et al., 2004). 

However, the use of animal as model organism in laboratory experiment brings out to 

ethical value issues (Guither, 1998). There is one phrase which is, “humane endpoint” 

that is always used when using animals as model organism in experimental laboratory 

work. Humane endpoint refers to halting an experiment at any point in which 

discontinues the suffering of animal model. However, determining a humane endpoint 

could frustrate researchers on his study due to difficulty in deciding the animal suffering 

point and experiment end point (Nemzek et al., 2004). 

 

2.2 Zebrafish (Danio rerio) 

 

 Zebrafish or scientifically known as danio rerio is a tropical freshwater fish which 

a very practical model organism to investigate the gene function and vertebrate 

development. There are various benefits of using zebrafish as a model organism which 

is the genome of zebrafish has been completely sequenced through the Danio rerio 

Sequencing Project, the upgrowth of all dominant organs is notably fast, the stages of 

zebrafish growth are recorded in hours alternately with mouse which are recorded in 

days, a sexually mature female zebrafish able to lay hundreds of eggs in one breeding 

chance which is permitted for extra specimens to be studied. However, there are several 
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disadvantages of using zebrafish are zebrafish has late sexual maturity which is 3-4 

months instead of 2 months for mouse, zebrafish is a very sensitive animals which 

require a genuine house care and require well-controlled environment (Uchida, 2012). 

 

 Besides that, zebrafish is being used as model organism due to their unique 

combination of genetic tractability and morphological characteristics. In addition, 

zebrafish has diverse testament that proved the key role of this model organism in the 

research of circadian clock which is associated to the extra retinal photoreceptors-

melatonin production (Magnoli et al., 2012). Precisely, it is the most convenient model 

organism as it not requires large area and provide ample sample for research. Most 

importantly, zebrafish has full sequenced genome which allows scientists to create 

mutations up to 14000 genes in purpose to study their functions.  

 

 Other than that, adult zebrafish has the potential to reform any neuronal cell type 

in a successful way which is lost during retinal damage (Nelson et al., 2012). 

Furthermore, in studying vision of an organism, fish is the best model organism to 

investigate the evolution of vertebrate colour vision. This is because fish have the most 

advanced colour vision due to diverse photic environments in water (Tsujimura et al., 

2010).  

 

 According to Tsujimura et al. (2010), vertebrates have vast groups of cone visual 

cells in the retina. Every group has different absorption spectrum and contains visual 

opsins which are mainly come from various repertoires of colour sensors thus enabling 
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them to adapt the diverse photic environment in water.  The pineal gland of zebrafish 

plays important endocrine and neuronal roles which include the regulation of the 

zebrafish circadian clock through the melatonin secretion (Laurà et al., 2012). 

 

2.3 Rhodopsin 

 

 Light is one of the most essential signals for life in many biological processes and 

mechanisms. For instance, photosynthesis may not able to carry out and lead to the 

death of plants and subsequently will lead to death of other organisms. The responsible 

protein that involve in the capturing light energy and information is rhodopsin, the 

photoreceptor protein presence in most living organisms (Kato, Inoue, Kandori, & Nureki, 

2016). Many not know that rhodopsin is a very interesting photoreceptor protein to be 

discussed for due to its ion-translocating rhodopsins which involves both pumps and 

channels mechanism and its important role as capturing the light energy and information. 

Thus, making it the most studied photoreceptor protein recently (Kato et al., 2016). A 

study conducted by Nagloo, Hart and Collin (2017), repeated outcomes has prove that 

one of the crucial factors that contribute to increase in survival and growth of aquaculture 

species is visual environment which involves the visual system and visual ecology of the 

species.  

 However, the disability or degeneration of photoreceptor proteins will cause 

retinal neurodegenerative diseases that subsequently results in cone cell blindness and 

death (Hao et al., 2012). Continuous exposure to the intense light will causing the rod 

and cone cell death according to established protocols (Nelson et al., 2012).  
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 In the past centuries, the vertebrate has undergone evolution of some of their 

cells and molecular biology. As consequence to that, gene duplication has arisen due to 

this vertebrate evolution resulting in production of several opsin families. Opsin which is 

one of the important visual pigments which mainly divided into two large classes which 

are; non-visual opsin and visual opsin. Visual opsin comprises rhodopsin (rh1) and four 

cone opsin group; rhodopsin-like (rh2), short-wavelength sensitive 1(sws1), short-

wavelength sensitive 2 (sws2) and long-wavelength sensitive (lws). Non-visual opsin 

includes pinopsin, melanopsin and exorhodopsin. Visual opsin can be found at 

photoreceptor cells of the retina and its main role is to initiate the visual transduction 

cascade (Menon, Han, & Sakmar, 2001; Tsujimura et al., 2010). In this study, rhodopsin 

of opsin family will be focused in finding its transcription binding site.  

 

Figure 1.1: The rhodopsin structure. Picture was generated from (Biology, 2010). 
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 Rhodopsin is a photopigment or light-absorbing molecule that related to the 

vision of fish (Magnoli et al., 2012; “rho - Rhodopsin Danio Rerio,” n.d.). Rhodopsins can 

be divided into two classes which are microbial rhodopsins and animal rhodopsins 

(Gehring, 2014; Kato et al., 2016). Microbial rhodopsins consists of heterogenous group 

which are archeal light-driven ion pumps, sensory rhodopsins, halorhodopsins and 

bacterial rhodopsins from uncultured marine bacteria (fungal opsins, rhodopsins from 

cynobacteria and dinoflagelates, and channelopsins from green algae. Animal 

rhodopsins consists of G-protein-coupled receptors (GPCRs) (Gehring, 2014). A 

reviews, stated that rhodopsin can be found in the outer segment of pinealocytes (Bailey 

& Cassone, 2004; Laurà et al., 2012; Mano, Kojima, & Fukada, 1999; Okano et al., 2000; 

Vigh, Jotio, & Szkl, 1998). The pinealocytes are true cone like photoreceptor which has 

outer segment, inner segment and a basal pole containing the synaptic pedicles, 

arranged around a central lumen of the pineal gland (Allwardt & Dowling, 2001; Falco, 

1999; Laurà et al., 2012). Specifically, the outer segment of pinealocytes is build up by 

the lamellar stereocylium membranes which arise from a typical linking sterocylium 

characterized by 9+2 microtubules organization (Magnoli et al., 2012). According to 

Schihida and Matsuyama, rhodopsin is a G-protein coupled receptors (GPCRs) which 

contains apoprotein, opsin and chromophore (Magnoli et al., 2012). 

 

2.3.1 Relation of rhodopsin and melatonin 

 

 When light hits rhodopsin, it will excite and  play its function as photon absorption, 

trigger the cytoplasmic signalling cascade implying G proteins and their effectors give 
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rise in a decrease of intracellular cGMP concentration proceeding to the 

hyperpolarization of the photoreceptor cell (Terakita, 2005). 

 

 Meanwhile, melatonin is being released to the cerebrospinal fluid immediately 

after the synthesis and will foster the regulation of behaviours and physiological functions 

for instance, locomotors activity, rest and food intake, skin pigmentation, growth and 

reproduction (Falco, 1999). These two proteins, rhodopsin and melatonin are correlated 

to each other in playing role of individual protein as both of them are generated from 

pineal gland.  

 

2.3.2 Expression of rhodopsin in zebrafish 

 

 A study conducted by Magnoli et al., (2012), stated that the levels of rhodopsin at 

10 dpf reached values higher twice than those found in adult stage. In contrast in Day-

20, Day-30 and Day-40, the levels of the rhodopsin decrease significantly. The level of 

rhodopsin, continuously to decrease until it reaches negative parameter at Day-50. 

However, it begins to arise at Day-90. A study has been reported a finding of second 

rhodopsin-like gene (rh 1 -2) which, it only expressed at matured stage of zebrafish. 

Meanwhile, visual pigment rhodopsin (rh -1) is found at early stage of zebrafish life 

(Morrow, Lazic, & Chang, 2011). 
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2.4 Transcription factor binding site 

 

 Transcription factor is a protein that regulates gene expression and bind to DNA. 

Meanwhile, transcription factor binding site is a region where transcription factor binds. 

Transcription factor binding sites are a subset of DNA binding sites and it is a part of 

either promoter or enhancer region of a gene. An enhancer works best in binding the 

DNA, which they stimulate transcription at a higher rate than promoter does (Shannon, 

2017). 

 

 Identification of transcription factor binding site (TFBS) will help the further 

researchers on practicing the in vivo study. Transcription factor binding site (TFBS) is 

fundamental for the transcriptional control of gene expression in normal embryonic 

development, the creation and maintenance of tissue particular protein synthesis and the 

response to particular cellular signalling pathways. It is also vital for RNA splicing occur 

automatically after identifying TFBS thus produce corresponding protein (Latchman, 

1997). 

 

 There is one study that was successfully found a single enhancer region near the 

two red opsin genes of zebrafish. Consequently, it plays important role in their differential 

expression patter. This study proposed that both of the red opsin genes react in 

presence of enhancer in restricted manner. However, enhancer or transcription factor of 

rhodopsin or rh-1 have not been found. Thus, in this study will provide a set of enhancers 

or transcription factor for rhodopsin (Tsujimura et al., 2010). 
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CHAPTER 3  

MATERIALS AND METHODS 

 

 

3.1 Materials 

 

 This study does not require laboratory materials and expensive tools in carrying 

out in silico study. The most important tools that are required in this study are laptops 

and good internet access. The laptop is already owned by student and Universiti 

Malaysia Kelantan (UMK) has provided free internet access.  

 

 This in silico study requires the use of website and software tool. The website is 

no need to purchase and can be access online in free of charge. However, MatInspector 

software tool have a free trial for 30 days and after that purchase is required to further 

access it. The website that are being used, which is NCBI 

(https://www.ncbi.nlm.nih.gov/nuccore) and the software tool used is MatInspector 

software tool (https://www.genomatix.de/online_help/help_matinspector_help.html). 
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3.2 Methods 

 

 The in silico study begin by accessing the NCBI website to obtain rhodopsin 

protein sequence. Then, the TFBS of rhodopsin will be obtained from MATCH™ tool 

(https://www.genomatix.de/online_help/help_matinspector/matinspector_help.html). 

Through the suggested TFBS or enhancers proposed, the rhodopsin level will be 

induced.   
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CHAPTER 4  

RESULTS 

 

 

 The numbers of suggested TFBS for rhodopsin in zebrafish obtained from 

MatInspector software tool were 421 TFBS. MatInspector also provided additional 

information for the suggested TFBS which were Sequence name, Accession number, 

Gene symbol, Gene ID, Matrix family, Detailed family information, Matrix, Detailed matrix 

information, Tissue, opt., Start position, End position, Anchor position, Genomic start 

pos, Genomic end pos, Chromosome, Strand, Core similarity, Matrix similarity, Matrix 

similarity –opt., Evidence #, Evidence and Sequence.  Example of the first three 

suggested TFBS obtained from the MatInspector is as Table A.1 below.  

 

4.1 Selected Transcription Factor Binding Site  

 

 Among the 421 TFBS suggested by the MatInspector, this study will further focus 

on five TFBS selected. The selected TFBS is based on its approximate function with the 

rhodopsin function and its close regulation that can induce rhodopsin protein. In this 

study, the detailed family information and detailed matrix information of the selected 

TFBS will further discuss in the discussion section. The detailed family information is the 

full name for the matrix family, whilst the detailed matrix information is the full name for 

the individual matrix. 
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Table 4.1: The selected TFBS of rhodopsin in zebrafish. 

Detailed 

Family 

Information 

Detailed Matrix 

Information 

Start 

Position 

End 

Position 

Anchor 

Position 

Sequence 

Homeodomain 

transcription 

factors 

H6 family 

homeobox 1 / 

NKX5-3 

69 87 78 acctgctTTATtgtt

gcaa  

 

Bicoid-like 

homeodomain 

transcription 

factors 

Cone-rod 

homeobox-

containg 

transcription factor 

/ otx-like 

homeobox gene 

150 166 158 tttatTAATcaagg

gtt  

 

Heat shock 

factors 

Heat shock factor 

1 

327 251 339 gagacaactgcaG

GAAattactaag  

 

Signal 

transducer and 

activator of 

transcription 

Signal transducer 

and activator of 

transcription 3 

332 350 341 taatTTCCtgcagtt

gtct  

 

Serum 

response 

element 

binding factor 

Serum response 

factor 

428 446 437 gttcgctTATGcgg

gacct  
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CHAPTER 5 

 

DISCUSSION 

 

 

 Based on the findings obtained, there are five potential TFBS that can regulate 

rhodopsin selected. However, some of the TFBS were not mentioned in the subsection 

due to its similar matrix family with the TFBS mentioned earlier, though it is still 

discussed under its matrix family. These TFBS are briefly describes its role and relation 

in regulating the rhodopsin protein in zebrafish. 

 

5.1 Homeodomain transcription factors (H6 family homeobox 1 / NKX5-3) 

 

 Throughout early embryonic development, a large family of homeobox genes are 

responsible in the formation of many body structures (Homeoboxes, 2017). One of the 

homeobox transcription factors are homeobox 1 (hmx1), which responsible in eye 

development which belongs to the H6 family of homeobox proteins (“HMX1 H6 family 

homeobox 1 [ Homo sapiens (human) ],” 2017). The genes were revealed in the entire 

eye at 10 somite-of-stage (ss) and later at 18 ss in the dorsal part. Hmx1 plays role as a 

dimer and dimerization will occur when there is conserved SD1 (Marcelli, Boisset, & 

Schorderet, 2014). Other than that, this gene act as important task in the development of 

craniofacial such as eye and ear (Binss et al., 2009).   
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5.2 Bicoid-like homeodomain transcription factors (Cone-rod homeobox-

 containing transcription factor / otx-like homeobox gene) 

 

 Cone-rod homeobox (Crx) is an Otx-like homeodomain transcription factor which 

plays a crucial role in the development and maintenance of photoreceptors. Those 

photoreceptors need a precise regulated gene expression which conciliated by a network 

of photoreceptor transcription factors centered on Crx. The role of Otx was first 

discovered when the studies on Drosophila orthodenticle (Otd). Otd is a paired-type 

homeodomain protein which is crucial for the formation of eye, antenna and anterior 

brain in the fly. Otd also plays an important role in photoreceptor development where it 

regulates the expression of opsin genes (Hennig, Peng, & Chen, 2008).  

 

 Otx1 and Otx2 transcription factors are belonged to the orthodenticle (Otd) family 

which play crucial role on proper brain development during early and later events. The 

functions plays by Otx1 are involved in pituitary functions, corticogenesis  and sense 

organ development. Meanwhile, Otx2 is responsible in the early development of brain for 

proper anterior neural plate specification and organisation of primitive steak (Acampora, 

Gulisano, & Simeone, 2000).  

  

5.3 Heat shock factors (Heat shock factor 1) 

 

 Heat shock factors are inducible transcriptional regulators of genes encoding 

molecular chaperones and other stress proteins. It is also important for all organisms as 
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it plays a major role in order for an organism to survive when exposed to acute stress. 

Another important roles of this genes are it is responsible for the life-enhancing pathways 

and normal development (Åkerfelt, Morimoto, & Sistonen, 2010).  

 

5.4 Signal transducer and activator of transcription (Signal transducer and 

 activator of transcription 3) 

 

 Signal transducer is used during signal transduction process where it involves in 

transmission of molecular signals. These molecular signals will be transmitted from a 

cell’s exterior into its interior. It will then transmit within the cells by the secretion of 

hormones and other chemical factors. One of the molecular signals is sensory signals 

which are received from external environment for example light, taste, sound, smell and 

touch. The transmission of signals within the cells should be transmitted effectively by 

ensuring the cells communicate persuasively among them. It will result the potential of 

an organism to function normally towards the molecular signals (“Signal Transduction,” 

2003, “Signal Transduction,” 2017). 

 

 There are seven family members of Stat has been identified which are Stat1, 

Stat2, Stat3, Stat4, Stat6, Stat5a and Stat5b. These Stat proteins play a major role in 

innate and acquired immunity and also involved in a wide range of biological processes. 

Each Stat protein plays specific functions in the biological process of an organism. For 

example, Stat1 involved in the interferon γ receptor α-chain, Stat2 forms a complex with 

Stat1 after the stimulation of the interferon α/β receptor, Stat4 and Stat6 are responsible 
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for the interleukin-12 and interleukin-4 receptors, Stat3 involve in vast biological 

processes including differentiation of cells of the granulocytic lineages and 

macrophages, whilst Stat5a and Stat5b appear the distinctive overlapping for 

granulocyte colony-stimulating factor, prolactin, erythropoietin, stem cell factor and 

growth hormone (Aaronson & Horvath, 2002; Benekli et al., 2003). 

 

 Signal transducer and activator of transcription 3 (Stat3) is one of the 

transcription factors that play a major role in regenerating retinal damage which may due 

to laser injury, heat lesion and intense light. Stat3 functions by involving in the stem cell 

maintenance and tissue development. It stimulates both the bone morphogenic protein-

Smad pathway and the Notch signalling pathway by promoting neuronal stem cell 

renewal to drive astrogliogenesis. When an extracellular ligand binds a transmembrane 

receptor and continues with the phosphorylating tyrosine residues on the bound 

receptor, the Stat3 signalling pathways are triggered. The gene was regulated when the 

phosphorylated Stat3 dimer pass into the nucleus and binds DNA sequences (Nelson et 

al., 2012). 

 

 According to Tsareva et al. (2007), Stat3 bring about the most complex spectrum 

of cellular responses including survival, apoptasis and proliferation, depending on the 

tissue context. Stat3 is expressed only when the retinal is damaged and it is not 

presence in the undamaged retina (Nelson et al., 2012). A study was conducted by 

Nelson et al. (2007), to investigate the effect of expression Stat3 or Ascl1a to the 

photoreceptor cell death. The result of this study stated that the expression of Ascl1a 

and Stat3 proteins are unrestrictedly and correspond to each other during Müller glia 
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proliferation at the beginning of the neuronal regeneration of retina damage in adult 

zebrafish. This is because the Ascl1a is expressed in the proliferating Müller glia, whilst 

Stat3 is expressed in all Müller glia. Expression of Stat3 in the Müller glia along with the 

presence of Ascl1a and Lin28a are required in the regenerating of retinal damaged in the 

adult zebrafish by reentering the Müller glia cell cycle. 

  

5.5 Serum response element binding factor (Serum response factor) 

 

 Serum response factor (Srf) is a single highly conserved transcription factor 

during evolution (Davis et al., 2008; “UniProt: the universal protein knowledgebase,” 

2017; Vogel & Gerster, 1999). Srf was identified its mechanism as binding upon a serum 

stimulating HeLa cells to a motif called the serum response element (Sre) which is a 

short odf dyad symmetry located 300bp to the 5’ of the transcription initiation in the c-fos 

promoter (“UniProt: the universal protein knowledgebase,” 2017; Vogel & Gerster, 1999). 

It controls the expression of variety genes including cell growth and signalling, muscle 

differentiation, actin cytoskeletal organization and neuronal circuitry (Davis et al., 2008).  
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CHAPTER 6  

CONCLUSION AND RECOMMENDATION 

 

 

6.1 Conclusion 

 

 Based on findings obtained, there were five possible TFBS that can regulate 

rhodopsin in zebrafish. The five possible TFBS were Homeodomain transcription factors 

(H6 family homeobox 1 / NKX5-3), Bicoid-like homeodomain transcription factors (Cone-

rod homeobox-containing transcription factor / otx-like homeobox gene), Heat shock 

factors (Heat shock factor 1), Signal transducer and activator of transcription (Signal 

transducer and activator of transcription 3), and Serum response element binding factor 

(Serum response factor). Some of the TFBS was discussed indirectly in the subsection 

of Chapter 5 due to it belongs to the same matrix family with the TFBS mentioned earlier.  

 

 The most effective TFBS that can regulate rhodopsin in zebrafish efficiently is 

Bicoid-like homeodomain transcription factors (Cone-rod homeobox-containing 

transcription factor / otx-like homeobox gene). Crx is an Otx-like homeodoamain 

transcription factor plays a crucial role in the development of photoreceptors. 

Photoreceptors are regulated by various networks of photoreceptor transcription factors 

which centered on Crx. 
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6.2 Recommendation 

 

 As a recommendation, in silico study should be done more broadly in the field of 

molecular biology experiment before conducting in vivo study. This is because most 

molecular study will involve experimental animal as model organism in their research. 

The use of experimental animal as model organism in molecular experiment, will lead to 

the animal suffering due to uncertain determination of humane endpoint. However, this 

study will be more precise when further analysis is implemented in in vivo and study. 

This is because the suggested TFBSs will be further confirmed its regulation on the 

rhodopsin protein in zebrafish. Furthermore the best regulated TFBS can be confirmed 

its regulation while conducting the wet lab.  

 

 It is beneficial knowledge if there is more study on the regulation of TFBS of 

rhodopsin in zebrafish. Rhodopsin is not restricted to its relation in vision. It is also 

crucial in the growth development, other biological and chemical processes in an 

individual organism. 
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APPENDIX A 

 

 

 

Figure A.1: The complete genome sequence of rhodopsin in Danio rerio. Picture was 
generated from (Nucleotide [Internet], 2004). 
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Figure A.2: The results of transcription factor binding site for rhodopsin in zebrafish 1. 
Picture was generated from (K, 2005). 

 

 

 

Figure A.3: The results of transcription factor binding site for rhodopsin in zebrafish 2. 
Picture was generated from (K, 2005). 
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Figure A.4: The results of transcription factor binding site for rhodopsin inzebrafish. 
Picture was generated from (K, 2005). 

  

FY
P 

FI
AT



 

30 
 

Table A.1: Example of the first three suggested TFBS from the MatInspector software tool. 

Se
q. 
na
me 

Ac
ce
ss
io
n 

no
. 

Ge
ne 
sy
m
bo
l 

Ge
ne 
ID 

M
atr
ix 
Fa
mi
ly 

Detail
ed 

Family 
Inform
ation 

M
at
ri
x 

Detail
ed 

Matri
x 

Infor
matio

n 

Tissue O
p
t
. 

S
t
a
r
t 
p
o
s
i
t
i
o
n 

E
n
d 
p
o
s
it
i
o
n 

A
nc
ho
r 

po
sit
io
n 

Ge
no
mi
c 
st
art 
po
s 

Ge
no
mi
c  

en
d 

po
s 

Chr
om
oso
me 

St
ra
n
d 

C
o
r
e 
s
i
m
. 

M
at
ri
x 
si
m
. 

M
a
t. 
s
i
m
. 
–
o
p
t. 

Ev
id
en
ce 
# 

Ev
id
en
ce 

Seque
nce 

GX
P_3
320
877
(rh
o/z
ebr
afis
h) 

G
XP
_3
32
08
77 

rh
o 

30
29
5 

V$
D
M
RT 

DM 
domai
n-
contain
ing 
transcr
iption 
factors 
 

V
$
D
M
R
T
1.
0
1 
 

Doubl
esex 
and 
mab-3 
relate
d 
transc
ription 
factor 
1 
 

Embry
onic 
Structu
res 
Endocr
ine 
Syste
m 
Germ 
Cells 
Ovary 
Testis 
Uroge
nital 
Syste
m 

0
.
7
7 
 

4 
 

2
4 
 

14 
 

53
67
13
18 
 

53
67
12
98 
 

8 
 

+ 
 

0
.
9
3
4 

0.
7
9
2 

0
.
0
2
2 

0  caacct
ggctaa
aATG
Ttcat 
 

FY
P 

FI
AT



 

31 
 

 
GX
P_3
320
877
(rh
o/z
ebr
afis
h) 
 

G
XP
_3
32
08
77 
 
 

rh
o 
 

30
29
5 
 

V$
EV
I1 
 

EVI1-
myleoi
d 
transfo
rming 
protein 
 

V
$
E
VI
1.
0
7 
 

Evi-1 
zinc 
finger 
protei
n, 
carbo
xy-
termin
al zinc 
finger 
domai
n 
 

Adipos
e 
Tissue 
Antibo
dy-
Produc
ing 
Cells 
Blood 
Cells 
Bone 
Marro
w Cells 
Brain 
Central 
Nervou
s 
Syste
m 
Conne
ctive 
Tissue 
Erythro
cytes 
Hemat
opoieti
c 
Syste
m 
Immun

0
.
9 
 

1
6 
 

3
2 
 

24 
 

53
67
13
06 
 

53
67
12
90 
 

8 
 

- 1 
 

0.
9
5
6 
 

0
.
0
5
6 
 

0 
 

 tgctcA
AGAtg
aacatt 
 

FY
P 

FI
AT



 

32 
 

e 
Syste
m 
Nervou
s 
Syste
m 
Neuro
ns 
Thymu
s 
Gland 
 

GX
P_3
320
877
(rh
o/z
ebr
afis
h) 
 

G
XP
_3
32
08
77 
 

rh
o 
 

30
29
5 
 

V$
S
O
R
Y 
 

SOX/S
RY-
sex/tes
tis 
determ
inig 
and 
related 
HMG 
box 
factors 
 

V
$
S
O
X
9.
0
8 
 

SRY 
(sex-
deter
minin
g 
region 
Y) 
box 9, 
dimeri
c 
bindin
g 
sites 
 

Bone 
and 
Bones 
Cartila
ge 
Conne
ctive 
Tissue 
Embry
onic 
Structu
res 
Endocr
ine 
Syste
m 
Leydig 
Cells 

0
.
6
9 
 

2
2 
 

4
4 
 

33 
 

53
67
13
00 
 

53
67
12
78 
 

8 
 

- 0
.
7
5 
 

0.
8 
 

0
.
1
1 
 

0  gatCT
ATccc
agtgct
caagat
g 
 

FY
P 

FI
AT



 

33 
 

Nervou
s 
Syste
m 
Neuro
glia 
Skelet
on 
Testis 
Thyroi
d 
Gland 
Uroge
nital 
Syste
m 
 

 

 

 

FY
P 

FI
AT




