Genetic basis of retinal degenerations

1 Introduction

1.1 Genetics
The word Genetics originated from the Greek word "Genetikos" which means "origin". In life sciences the genetic studies involve the study of variations and hereditary patterns found in living organisms. [1] Genetics can be entitled as the comprehensive study of genes, involving their function, location, effect, their product and inheritance since living organisms mostly display phenotypes which resemblance their ancestors as the offspring always inherits the genes from his/her ancestors.

The term "genetics" was introduced in 1906 and "genes" in 1909, however, the first step towards the understanding of genetics was taken much earlier by a Greek physician Hippocrates (459-355 B.C.). He for the first time proposed the developmental theory of heredity called "Pangenesis" which stated that "each part of the body produced particles that were collected in the reproductive organ and then passed on to the next generation". This notion of "pangenesis" was later on used by Charles Darwin (1809-1882) who for the first time described most of the elementary phenomena's in genetics of variation, heredity and development. [2] Darwin is thus recognized as the pioneer of transmissional genetics, developmental genetics and molecular genetics. [3]
1.1.1 Modern Genetics
The basis of modern genetics was first laid down by the monk Gregor Mendel in the 19th century who was later on given the title of "The founder of modern genetics". He performed experiments with pea plants and discovered that inheritance is controlled by "unit factors" or "elements", which we know today as "genes" and formulated the laws of inheritance (1865). Through his experiments he observed that traits were inherited in two patterns, as either recessive or dominant. [4] Later on it was established by Ernst Haeckel in 1866 that these heritable factors are located inside the cell's nucleus. Friederich Miescher in 1871 observed that these factors consisted of nucleic acid. In 1911 Thomas H. Morgan discovered that the Mendelian factors (genes) are located on threadlike chromosomes, he was awarded the Nobel Prize for his work in genetics, in 1933. [2] Oswald Avery in 1944 showed that Mendel's particles or genes were entirely made up of Deoxyribonucleic acid (DNA). In 1953 Francis Crick and James Watson described the double helix structure of DNA. [4]
1.2 Human Molecular Genetics
Mendel deduced the principles of heredity by observing the individual phenotypes resulting from appropriate breeding experiments. The information and results inferred from his laws led to a new branch of genetics, called molecular genetics, whose aim is to investigate all aspects of the gene, such as its structure and functions. The molecular approach provided geneticists with very powerful tools, the molecular markers, which opened exciting perspectives in many research fields [5]. Today we know that the information that defines us as a human is stored in our Genome. Genome is the total DNA content that resides within haploid cells of a human being. It includes nuclear as well as the mitochondrial DNA, (the Human genome comprises of 46 chromosomes) containing 30,000-40,000 protein coding genes which make up about 2% of the human genome. Other coding genes that are involved in coding of RNA's and components other than proteins also account for another 2% of the genome. The human genome is diploid i.e. there are two homologous copies of each chromosome. In each diploid human cell, there are 46 chromosomes except for the gametes, which contain a haploid genome with 23 chromosomes. There are 22 pairs of autosomes and one pair of sex chromosome. The sex chromosome determines the sex of the individual where a female has XX while males have XY. The remainder consists of noncoding regions comprising 96% of the genome, whose functions may include providing chromosomal structural integrity and regulating where, when, and in what quantity proteins are made [49]. The human genome contains many variations which are natural and are known as polymorphisms which are inherited by offspring from their parents and also arise spontaneously in nature and get distributed evenly in the population. The changes in DNA which are associated with diseases are referred to as mutations. The mutations might be in the intronic or exonic sequences of the gene, regardless of the position at which they occur they could be involved in manifestation of an inherited disorder.
1.2.1 Inherited Disorders
The inheritance of human traits is controlled by genes which are transferred from one generation to the next. A mutation in any of the genes controlling a trait is inherited generation after generation within a family thus resulting in an inherited disorder. Under many circumstances mutation in a single gene can account for a disease/discrete phenotype and this form of inheritance is termed as monogenic inheritance, while certain traits result due to the mutual action of a few (2-15) genes and is termed as oligogenic inheritance or result due to a large (>15) number of genes, which is termed as polygenic inheritance. The traits may result due to both genetic and environmental factors thus genotype and environmental interactions contribute to the phenotype. Phenotypes which result due to combined action of genetic as well as environmental conditions are termed as multifactorial inheritance (10.1). Most of the congenital genetic disorders (by birth) or the disorders that appear in the later stages of life are multifactorial. [An Intro to Human Mol. Genetics]
1.3 Characterization of Retinal Eye Disorders
Eye disorders are among the most prevalent multifactorial inherited disorders world-wide. Retinal disorders are clinically and genetically heterogeneous group of diseases. The proper clinical and genetic characterization is therefore essential to elucidate the disease phenotype. Clinical phenotypes are correlated with genetic variations to establish the molecular basis of the disease. This is done by taking into account the signs and symptoms manifested by the disease and by performing different diagnostic tests that help in the correct diagnosis of the disease. The disease phenotype can be characterized clinically and genetically.
1.3.1 Clinical Characterization of Inherited Retinal Diseases
Human eye (Fig 1.1 & 1.2) is a complex organ, prone to many diseases and disorders. Some common disorders of the eye include Cataract, Corneal Disorders, Optic Nerve Dystrophy and group of Retinal Dystrophies. Human Eye consists of many layers and components, and the "retina" (Fig 1.3) is one of the most important components of the eye. Retina is considered to be a specialized part of nervous system. It is highly sensitive to light and occupies the inner most part of the eye. Retina contains a photoreceptor layer which mainly comprises two types of photoreceptor cells, "Rods" and "Cones". [The Retina] The vision during dim light or in dark is reliant on rod photoreceptor cells which possess greater specificity for darkness, while cones mediate color vision and pattern recognition in bright light. A large number of phenotypes can

be observed and identified by directly examining the retina and the effects can be quantified using psychophysical measures like visual acuity, vision field, color contrast and retinal electrophysiology. Inability of the retina to perceive light due to degeneration of the retinal cells is a prime reason of hindrances in normal vision. Two common types of major retinal disorders are cone-rod dystrophy and rod-cone dystrophy.64
1.3.1.1 Cone-Rod Dystrophy (CRD)
One of the major type of retinal dystrophy is the Cone-rod Dystrophy (CRD) which is a progressive cone disease [PROM-1 & CRD Review 2007]. Approximately 1 out of every 40,000 individuals is affected by this disease worldwide. A typical progressive CRD starts with the degeneration of cone photoreceptor cells, followed with the degeneration of the rod photoreceptors [CRD 2004]. The early symptoms of the disease begin with decrease in visual acuity, color vision impairment, sensitivity of visual field which at later stages is followed by night blindness due to rod degeneration [CRD Review 2007, PROM-1]. Macular atrophy and attenuation of vessels in retina are observed in the fundus of the CRD patients [PROM-1]. The retinal response to the ERG shows that the photopic response is very much reduced in comparison with the scotopic response. [CRD 2004] One of the progressive forms of CRD is Achromatopsia. It is a form of cone dystrophy in which patients are unable to differentiate between colors. The patients have total color blindness, photophobia, nystagmus and reduced visual acuity resulting due to the absence or malfunctioning of cone photoreceptor cells. It is also referred to as rod monochromacy with a world-wide incidence estimated to be less than 1 in 30,000. The fundoscopy of an individual suffering with acromatopsia shows bull's eye macula and ERG of such patient demonstrates complete absence of cone response.
1.3.1.2 Rod Cone Dystrophy (Retinitis Pigmentosa)
The rod-cone dystrophy involves the progressive degeneration of rod cells which is followed by cone degeneration. This dystrophy is also referred to as "Retinitis Pigmentosa" (RP). The term "Retinitis Pigmentosa" (RP) refers to a group of retinal dystrophies and ocular disease featuring degeneration of rod and cone photoreceptors (Fig 1.4) [11, RP recent Review]. It is one of the most common inherited progressive retinal degenerative diseases which is characterized by formation and deposition of "bone-

spicule" in the retina. The prevalence of RP is one in 4000 worldwide [RP recent Review, 15], having variable age of onset, typically appearing in the second decade of life and at later stages of life it can progress to legal blindness. [14] The clinical characterization of RP is based mainly on presence of these symptoms in the patient:

1) Progressive Night Blindness.

2) Visual Field Loss.

3) Tunnel Vision.

4) Loss of central vision (at later stages of the disease).

In early stages of RP, night blindness (nyctalopia) is the most common symptom. Since RP is a progressive disease so onset of night blindness in most cases is followed by loss of peripheral visual field thus causing the characteristic tunnel vision. It has been estimated that the mean rate of loss of visual field in RP is approximately between 4.6%-13.5% /year [15].

In RP, the cells that are predominantly affected are rod photoreceptor cells that are sensitive to light and responsible for providing night vision. There is a bilateral symmetric loss of mid-peripheral visual field that gradually increases both centrally and peripherally. The progression of the disease ultimately leads to the degeneration of cone photoreceptor cells, resulting in reduced day vision and central visual acuity [14, RP recent Review].
1.4 Genetic characterization of Inherited Retinal Diseases
All inherited retinal disorders have genetic basis and are transmitted from parents to offsprings. These retinal disorders require "Genetic Mapping" for their complete categorization. Genetic diseases are usually divided into two groups, monogenic (Mendelian) and multifactorial (complex) disorders. Most of the retinal diseases are monogenic. RetNet (www.sph.uth.tmc.edu /Retnet/home.htm), is a database that provides information about the identified genes associated with eye disorders, to date the database has listed a total of 197 genes and loci that have been linked to retinal diseases. Out of these identified genes and loci a total of 152 genes have been shown to be associated with Retinal Disease. 43 genes and loci have been linked to RP, out of which 34 genes have been identified to be associated with Retinitis Pigmentosa.
1.4.1 Genetic Inheritance of retinal dystrophy
All of inherited eye diseases have a genetic basis and are transmitted from parents to their offsprings. Inherited retinal disorders like CRD and RP are caused by mutations in the genes which are involved in the regulation of cone and rod photoreceptor cells. The mode of inheritance in most of these genetic retinal disorders follows the Mendelian principle of inheritance i.e. "Inheritance of hereditary characteristics from parent organisms to their offspring". The mutated allele is transferred to affected offsprings from their carrier parents. However, different genes associated with retinal dystrophy have different pattern of inheritance which include autosomal dominant, autosomal recessive and X-linked, and in rare cases extra chromosomal mitochondrial inheritances have also been reported for retinal dystrophies []. Retinal diseases with monogenic condition have phenotypes, which in most cases is caused by an abnormality in a single gene. In addition to monogenic condition, retinal diseases also have complex multifactorial inheritance in which genetic and environmental factors together contribute to the disease etiology. [The Australasian Genetics Resource Book - © 2007]. In case of RP most of the phenotypes are monogenic and in some rare conditions multifactorial in nature.
1.4.1.1 Genetic Mode of Inheritance in CRD
Cone-Rod dystrophy is present in both syndromic and non-syndromic forms. Non-syndromic CRD is more prevalent than the syndromic form and is genetically heterogenous. Non-syndromic CRD is inherited in all autosomal dominant, autosomal recessive and X-linked mode of inheritance. There are 13genes that have been found to be associated with the CRD, out of which 10 genes have been cloned while the remaining 3 have been mapped. These genes on the basis of their function have been classified into four (1-4) different categories.

Mutation in four genes ABCA4, CRX, CRD's, GUCY2D have been found and reported to be major cause for CRD. Mutations in CRX mostly produces autosomal dominant CRD as mutations lead to alteration in homeobox protein CRX which plays a role in differenciation between rods and cones during development and also in maintaining the phenotypes of both rod and cones in the adult. Many genes have been found to be associated with non-syndromic CRD with autosomal recessive, autosomal dominant and X-linked pattern of inheritance. [CRD Rev 2007] Autosomal recessive CRD in most cases is caused due to mutations in the ABCA4 gene, whose main fuction involves the metabolism of the vitamin-A. Mutations in genes like CRX gene involved in controlling the cell differentiation and survival of rod and cone photoreceptor leads to autosomal dominant CRD. The X-linked CRD is caused mainly due to mutations in the RPGR gene, which is involved in opsin trafficking and particularly that of cone opsins. CRD is also a secondary syndromic due to mutations in genes causing syndromes like Bardet Biedl and Spinocerebellar Ataxia Type 7. Achromatopsia is a type of progressive CRD and is inheritance is in an autosomal recessive pattern. Mutations in three genes CNGA3, CNGB3 and GNAT2 genes have been found to be associated with achromatopsia. Both CNGA3 and CNGB3 are involved in regulation of cyclic nucleotide-gated (CNG) cationic channel representing the conductance channels located in cone photoreceptors that are activated by light. GNAT2 on the other hand is involved in coding of the α-subunit of the G-protein transducin where and the α-subunit couples to the excited visual pigments. On the basis of these observations achromatopsia is categorized as "channelopathy". However, more than 50% of the cases of achromatopsia are due to mutations in the CNGB3 gene. In addition a recently identified gene which is also linked to achromatopsia is PDE6C.
1.4.1.2 Genetic Mode of Inheritance in RP
It has been shown that typical RP has different modes of inheritance; most forms of RP are monogenic with classical inheritance patterns of autosomal dominant (adRP), autosomal recessive (arRP), X linked recessive/dominant (xlRP) or rare mitochondrial (maternal) inheritance [17], which have all been reported to be present in different populations. Complex digenic inheritance has also been reported for RP, inheritance modes like digenic diallelic, digenic triallelic and uniparental disomy have also been found to be associated with RP [17]. However, the "sporadic" group does not fall in any inheritance type and makes up a very small portion of the affected population [14, RP recent].
1.4.1.2.1 Autosomal recessive retinitis pigmentosa (arRP)
Studies have suggested that the most prevalent mode of inheritance in RP is autosomal recessive (arRP) which accounts for almost (50-60%) of all RP cases,[18] with the disease onset in the first decade of life [11]. The diseased phenotype is expressed in the offspring after inheritance of two defective alleles of any particular gene, one each from both the parents i.e. the patient is 'homozygous' for the recessive character. Since the carrier individuals have only one defective allele therefore they remain normal throughout their life. Consanguineous marriages increases the chance of inheritance of recessive condition in the offsprings [13].
1.4.1.2.2 Autosomal dominant retinitis pigmentosa
Generally autosomal dominant (adRP) form of the disease is the mildest form of RP. Patients suffering from adRP normally receive only one copy of the defective allele i.e. 'heterozygote' which is enough for the manifestation of the disease [65]. In certain cases, the age of onset has been observed to reach approximately 50 yrs. Variation in penetrance of the disease has also been observed [1]. The prevalence of adRP has been found to be approximately 30% to 40% of the total RP cases [ RPRe].

1.4.1.1.3X-Linked Retinitis Pigmentosa

Of all the RP forms X Linked (xlRP) has the most severe phenotype, manifestation of the disease onset is at an early age. [71] The progression of the visual loss is rapid and complete blindness can occur by the age of 30-40 years.
1.4.2 Genetic Mapping
After correct clinical characterization of the disease, the genetic analysis of the disease is performed. This involves the genetic mapping of the disease in order to locate the gene having the mutation. Once the chromosomal region harboring the disease gene is identified, candidate gene analysis is then performed which involves the physical mapping (DNA Sequencing of the coding exons including exon intron boundaries and promoter region) and bioinformatics analysis. Identification of a sequence variant simply does not mean that the identified mutation is responsible for disease. Expression analysis follows variant detection to confirm that the mutation is indeed involved in causing the disease. This is accomplished by assessing the protein or RNA encoded by the gene. The pathway in which the gene product is involved is ascertained and the effect produced by the altered gene product is deduced. Different protein modeling software packages are used to predict the structure and function of the variant gene product, thus further elucidating the complex pathways involved in human vision.
1.5 Genetic mapping of RP genes
Different methods have been used to map the loci and genes that are associated with retinal dystrophies. Two of the most common methods include "whole genome polymorphic microsatellite marker analysis" and the newly emerging technique "Single Nucleotide Polymorphism (SNP) based whole genome microarray analysis". SNP array is based on the genetic mapping through informative polymorphic microsatellite markers that cover the complete genome and involves the single nucleotide polymorphism (SNP) markers, which uses much more advanced technique, its applications are widespread and involves the use of SNP markers which cover the whole genome.
1.5.1 Polymorphic microsatellite markers
Microsatellite markers also known as Short Tandem Repeats (STRs) are the repetitive DNA sequences ranging in size from 2-4 base pairs in length and are designated as di, tri, and tetra nucleotide repeats. These repeats may occur in blocks of 2-40 units. Microsatellite markers are used in mapping techniques because they are polymorphic and dispersed throughout the genome. Genetic mapping for the identification of disease susceptibility locus is done by selecting flanking polymorphic microsatellite markers for the known RP loci/gene. All the family members of an RP family including affected and normal individuals are genotyped, the informative markers showing homozygosity in affected individuals in case of recessive inheritance and heterozygosity for dominant inheritance are used to make haplotypes of the family members. The haplotype is then used to calculate the LOD score, which is a statistical estimate of linkage which assesses whether two loci are likely to be located near to each other on same chromosome and therefore likely to be inherited together. LOD score of more than or equal to three is considered as significant for establishing linkage of the region with the disease condition. In case of exclusion (no linkage to a known locus) genome wide search is performed by genotyping microsatellite markers located at a distance of 10 centimorgan (cM). Identification of a novel susceptible homozygous region in affected individuals is than fine mapped by selecting closely spaced microsatellite markers located in that region. Locus boundary is defined by markers flanking the homozygous region in affected individuals. Markers showing LOD score of >3 are considered as linked markers. Genome wide search therefore results in finding a novel locus.
1.5.2 Microarrays
Microarray is one of the most advanced techniques, which is being employed in Molecular Biology. This high through-put technique is based on the identification of hybridized probes with the target (DNA, RNA, Protein sequence) in question. It has widespread application and is also used for the quantitative analysis of a gene by measuring the level of its expression. [Power Genome] The Genetic analysis of retinal dystrophy through microarray is based on the whole genome SNP array which allows the identification of susceptible region that harbors the gene causing a particular retinal disorder [systemic approach 2009].

In 1998, a new high throughput technique "SNP array" (Fig 1.5) was developed from previously established microarray for the purpose of genotyping (Table 1.1 depicts the history of SNP array). Due to considerable improvement in this technique over a decade, it has now become one of the most powerful and dependable genomic analysis tool. A total of 558 loci were present in the first SNP array containing SNP primer pairs from different loci. These primer pairs were combined in a single reaction and the DNA amplified by Polymerase Chain Reaction (PCR) was hybridized on the SNP array in order to confirm the genotype of 558 SNPs. However, the sample preparation for this technique is quite laborious and time consuming with a higher probability of non specific amplification. Whole genome sampling method for genotyping of the SNPs was later on developed by researchers at, Affymetrix in 2003, which used the amplified DNA products after being treated with a restriction enzyme. Amplification step was designed specifically for DNA fragments that were 400-800 b.p. in length and was done in order to ensure specific amplification of the fragments. However, this was performed only after the digestion of the amplified fragment had taken place and the primers had ligated to their respective DNA strands. This approach became the basis for SNP arrays, containing sample preparation kit and 10,000 SNP array allowing the analyses of thousands of SNPs simultaneously, these advancements increased the sensitivity and specificity of the technique. Since then SNP arrays are being used in different research projects including human tumor research, mapping of disease gene,
	Years
	Events

	1998
	First test of SNP array analysis (558 SNPs)

	2000
	First application of SNP array analysis on cancer

	2003
	Affymetrix developed 10K SNP array using single primer amplification of restriction enzyme digested genomic DNA

	2004
	SNP array validated for DNA copy number analysis.

	2004
	SNP array application whole genome amplified DNA samples

	2005
	Development of whole-genome genotyping approach which should be scalable for simultaneous analysis of all SNPs in the genome.

	2006
	Development of the high resolution karyotyping approach by combined SNP and 24-color FISH analyses


Table 1.1 Historical Stages of the SNP Array Technology and Application Development

and several expression studies. [15-17]. This genotyping technique when combined with genomic copy number analysis is very much helpful in cancer research and has proved useful in identification of novel genetic features in carcinomas such as acquired uniparental disomy (UPD) [7, 8]. Affymetrix has made necessary improvements in the last few years and has increased the resolution from 100K to 500K and this has been made possible by using different restriction enzymes which cut the DNA at specific sites. Microarray is dependent Microarray preparation, Probe preparation & hybridization, Low level information analysis and High level information analysis.
1.5.2.1 Microarray preparation
Microarrays are mostly prepared on glass, nylon or quartz substrate. Positioning of DNA sequence with appropriate nature on to the array is the most vital step in this process. Approximately half a million oligonucleotide sequences are added on to the GeneChip prepared by Affymetrix of the oligonucleotide prepared by Affymetrix GeneChips.
1.5.2.2 Probe preparation, hybridization and imaging
In the beginning step, RNA is isolated from the experimental and control samples after which cDNA copies of the mRNAs are synthesized using reverse transcriptase. The cDNA is further converted to complementary RNA by in vitro transcription and is also fluorescently labeled. This probe mixture is then cast onto the microarray resulting in hybridization between the RNAs and the molecules which are already affixed on to the microarray. Hybridization and probe washing is then performed and afterwards the substrate is visualized using appropriate system. GeneChips with a high density of nucleotides require very sensitive microscopic scanning of the chip. The signals observed are dependent upon the hybridization between the Oligonucleotide spots and the labeled RNA.
1.5.2.3 Low level information analysis
Microarray measures the fluorescence intensity of the spots on the array thereby measuring the level of expression of different genes. Microarray images are taken which are later on transformed into the gene expression matrix. This task is of great importance as:

1. The spots corresponding to genes should be identified.

2. The boundaries of the spots should be determined.

3. The fluorescence intensity should be determined depending on the background intensity.

Genetic Analysis through microarray can be performed for
i. Linkage analysis

ii. Association studies
1.5.3 Characterization through candidate gene analysis
Expression of many genes is involved in the correct functioning of the Retina most of these are involved in different pathways. Thus mutation occurring in any one of them can disrupt an entire pathway, leading to onset of the disorder. After identification of susceptible loci for RD and RP the candidate gene selection is done with the help of bioinformatics tools followed by DNA sequencing. Different databases including UCSC, MGI Genome Informatics and other web based information related to all of the selected candidate genes is retrieved. After identification of the candidate gene or genes which are expressed in the retina, sequencing of the selected genes is performed. Different sequencing approaches are used to obtain the sequence of interest in order to determine whether the sequence is normal or mutated. These sequencing techniques were established in 1970's and till date are considered as very useful and powerful technique of Molecular Biology, allowing genes to be analyzed at the nucleotide level. Two sequencing techniques available are the Sanger Sequencing and Maxam-Gilbert Sequencing with the former being more popular.
1.5.3.1 Sanger Sequencing Method
Fred Sanger proposed this technique which is also known as Dideoxynucleotide sequencing method, since this technique utilizes 2',3'-dideoxynucleotide triphospates (ddNTPs) as chain terminators that cause the elongation to stop when they are incorporated in the chain. This is due to their difference from deoxynucleotides, the normal substrate, as they possess a hydrogen atom at their 3' carbon atom rather than a hydroxyl group normally found in deoxynucleotide. The DNA chain elongation is terminated because ddNTPs lack the ability to form a phosphodiester bond with the next deoxynucleotide, which is necessary for the elongation of the nucleotide chain. The Sanger sequencing method has been modified to incorporate the dye labeled molecules that enable automated sequencing procedures to be used [bio.davidson.edu/Courses/Bio111/seq.html].
1.5.4 Characterization of RP Genes
The retinal proteins which are associated with RP (Table 1.2) are characterized on the basis of their function and their involvement in visual pathway. The number of RP related genes which are identified through candidate gene analysis are classified into four groups.

1) Those associated with the phototransduction cascade (e.g. RHO, Arrestin etc.)

2) Genes of the structural components of the retina (e.g. peripherin/RDS etc.)

3) Genes affecting the RPE/photoreceptor metabolism (ABCR, TIMP3 etc.)

4) Genes of retina (photoreceptor) specific transcription factors (CRX, PNR etc.)

Most of the proteins involved in the visual cascade are encoded by genes that are associated with RP. Proteins like (RHO, PDE6A & PDE6B, CNGB1, CNGA1, arrestin, guanylate cyclase activating protein 1B), are important for the photoreceptor structure (peripherin/RDS, ROM1), proteins presumably involved in trafficking (NRL, NR2E3, CRX), photoreceptor differentiation, in mRNA splicing (PRPC8, HPRP3, PAP1) and photoreceptor cell transcription factors [13]. A mutation in the nucleotide sequences of the genes encoding these proteins will result in the production of a protein that will contain a structural or functional defect. Modeling of these defected proteins using their amino-acid sequences is possible. Using many different prediction servers and softwares, we can now obtain an approximate idea of the structure of the protein of interest. CNG channel genes are very important due to their involvement in phototransduction cascades and have been found to be associated with RP in a number of cases.
	Inherited Pattern
	Gene Name
	Position
	REFERENCE

	ad RP
	CA4
	17q23.2
	Rebello 04

	ad RP
	CRX
	19q13.32
	Swaroop 99

	ad RP
	FSCN2
	17q25.3
	Zhang 07a

	ad RP
	GUCA 1B
	6p21.1
	Sato 04

	ad RP
	IMPDH1
	7q32.1
	Mortimer 08

	ad RP
	KHLH7
	7p15.3
	Friedman 09

	ad RP
	NR2E3
	15q23
	Sharon 03

	ad RP
	NRL
	14q11.2
	Yang-feng 92

	ad RP
	PRPF3
	1q21.2
	Xu 98

	ad RP
	PRPF8
	17p13.3
	Tartellin 96

	ad RP
	PRPF31
	19q13.42
	Vithana 03

	ad RP
	PRPH2
	6p21.1
	Travis 91a

	ad RP
	RDH12
	14q24.1
	Perrault 04

	ad RP
	ROM1
	11q12.3
	Sakuma 95

	ad RP
	RP1
	8q12.1
	Xu 96

	ad RP
	RP9
	7p14.3
	Sullivan 06

	ad RP
	SEMA4A
	1q22
	Rice 04

	ad RP
	SNRNP200
	2q11.2
	Li 09

	ad RP
	TOPORS
	9p21.1
	Papaaioannou 05

	ar RP
	ABCA4
	1p22.1
	Zhang 99

	ar RP
	CERKL
	2q31.3
	Aleman 09

	ar RP
	CNGA1
	4p12
	Dryja 95

	ar RP
	CNGB1
	16q13
	Bareil 01

	ar RP
	CRB1
	1q31.3
	den Hollander 01;

	ar RP
	EYS
	6q12
	Collin 08;

	ar RP
	IDH3B;
	20p13
	Hartong 08

	ar RP
	LRAT;
	4q32.1
	Thompson 01

	ar RP
	MERTK
	2q13
	Vollrath 01

	ar RP
	NR2E3
	15q23
	Escher 09;

	ar RP
	PDE6A
	5q33.1
	Dryja 99;

	ar RP
	PDE6B
	4p16.3
	Frasson 99;

	ar RP
	PRCD,
	17q25.1
	Goldstein 06

	ar RP
	PROM1
	4p15.32
	Zhang 07

	ar RP
	RBP3
	10q11.22
	den Hollander 09;

	ar RP
	RGR;
	10q23.1
	Morimura 99a

	ar RP
	RHO
	3q22.1
	Kijas 02

	ar RP
	RLBP1,
	15q26.1
	Eichers 02;

	ar RP
	RP1,
	8q12.1
	Sullivan 99;

	ar RP
	RPE65,
	1p31.2
	Hooser 00

	ar RP
	SAG
	2q37.1
	Nakazawa 98;

	ar RP
	SPATA7,
	14q31.3
	Zhang 03

	ar RP
	TULP1,
	6p21.31
	Milam 00

	ar RP
	USH2A
	1q41
	Bhattacharya 02

	Xlinked RP
	RP2;
	Xp11.23
	Pomares 09

	Xlinked RP
	RPGR
	Xp11.4
	Zito 03

	adRP Locus
	RP33
	2cen-q12.1
	Zhao 06

	ar RP loci
	RP22;
	16p12.3-p12.1
	Finckh 98

	ar RP loci
	RP28;
	2p16-p11
	Kumar 04

	ar RP loci
	RP29
	4q32-q34
	Hameed 01

	ar RP loci
	RP32
	1p21.2-p13.3
	Zhang 05

	X-linked RP loci
	RP6;
	Xp21.3-p21.2
	Breuer 00;

	X-linked RP loci
	RP23
	Xp22
	Hardcastle 00

	X-linked RP loci
	RP24;
	Xq26-q27
	Gieser 98

	X-linked RP loci
	RP34
	Xq28-qter
	Melamud 06


1.6 Bioinformatics Analysis

1.6.1 Protein Modeling
Since the advent of Bioinformatics and Computational Biology the process of solving biologically oriented problems has been the main focus of the scientific community. Since the last few decades genome sequencing has been utilized to obtain the sequence of amino-acid chain. However, in order to fully comprehend the biological role of these proteins, their structure must be known because the function of the protein is mostly determined by the protein's structure [6]. "Protein Three-Dimensional (3-D) Structure Prediction" is a very challenging task and requires the usage of very efficient and complex programming algorithms which use the amino acid sequence of the proteins as an input. The mode