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ABSTRACT 

 

It is an established fact that genetic disorders are one of the most important threats to 

human health. Several genetic disorders have been described clinically but their etiology 

is still unidentified and mysterious. The molecular basis for most of them is also 

unknown. With the advancement in the field of molecular biology different powerful 

techniques have been developed to understand the molecular basis of hereditary 

disorders. This would help in the subsequent identification of causative genes and 

mutations. 

Blindness and visual impairment due to genetic disorders are more common in 

developing countries like Pakistan than in developed countries. Retinitis pigmentosa (RP) 

is a major form of incurable blindness affecting one out of 4000 people worldwide. This 

highly heterogeneous disease has numerous inheritance patterns with the end result of 

partial to complete irreversible blindness. Another ocular disorder called fundus 

albipunctatus (FAP) also has some symptoms similar to RP like night blindness. In FAP 

this night blindness occurs in childhood but it remains stationary and day vision is not 

affected as in the case of RP where constriction of day vision occurs gradually.   

 The present study was aimed to analyze families with ocular disorder. Families with 

autosomal recessive hereditary retinitis pigmentosa were used for mapping the disease 

genes and mutations. Seven consanguineous unrelated families (RP8, RP9, RP11, RP12, 

RP13, RP14 and RP16) with inherited RP were ascertained from different regions of 

Pakistan. The mode of inheritance in all families was inferred as autosomal recessive. 

The strategy used for this study was candidate gene approach. Linkage analysis was 

performed by PCR using STR (short tandem repeats) microsatellite markers for the 

known loci/genes. Direct sequencing (next generation sequencing) of the PCR products 

was carried out for identification of pathogenic mutations.                        

In the present study linkage to crumbs homolog 1 (CRB1) gene on chromosome 1q31.3 

was confirmed in family RP12. A novel missense mutation in human CRB1 gene has 

been found after sequence analysis of exon 6 of the CRB1 gene at nucleotide position 
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1459 (c.1459T>C). At protein level this mutation resulted in a substitution of proline for 

serine at amino acid 487 (p.Ser487Pro). It was inferred that mutation in this gene is 

strong enough to cause autosomal recessive retinitis pigmentosa. 

After the initial screening of autosomal recessive retinitis pigmentosa loci for family 

RP13, it was evident that there was no involvement of retinitis pigmentosal loci in the 

disease phenotype and it was a rare case of fundus albipunctatus, with RDH5 gene defect 

as the underlying cause. The family RP13 showed linkage to retinol dehydrogenase 5 

(11-cis/9-cis) RDH5 gene after homozygosity mapping. A novel missense mutation at 

nucleotide position 602 (c.602 C>T) was identified after next generation sequencing of  

exon 4 of the RDH5 gene .This mutation resulted in substitution of phenylealanine for 

serine at amino acid 201 (p.Ser201Phe) of the RDH5 gene. The mutations in RDH5 

gene are related to fundus albipunctatus (FAP). This is an exceptional form of stationary 

night blindness, it was deduced that mutation in this gene was responsible for autosomal 

recessive FAP in this family. The family RP14 showed exclusion to all the known genes 

and loci of RP. It was inferred that a novel locus/gene is responsible for causing RP in 

this family. The strongest candidate gene was RY2R which was earlier involved in cardiac 

disorder. Fine mapping in future would confirm the involvement of this gene in RP. 

Four families (RP8, RP9, RP11 and RP16) with some of the common selected loci/gene 

showed heterozygosity for the different combinations of the parental alleles in both 

affected and normal individuals after the linitial linkage. This heterozygosity confirmed 

exclusion to five selected known loci or genes on different chromosomes associated with 

autosomal recessive RP. Since many genes and loci are involved in this disease and 

genotyping using vertical polyacrylamide gel electrophoresis (PAGE) is a time taking 

and laborious method so commonly found genes in RP were initially selected which 

showed exclusion.On the basis of these exclusions it was inferred that a novel locus/gene 

or mutation is involved in these families which could be identified by SNP affymetrix 

array technique and sequencing. Many loci/genes/mutations are yet to be identified for 

this phenotype. It would be helpful in future to understand the disease prognosis. This 

research will also provide a smooth way for carrier screening, genetic counseling and 
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prenatal diagnosis. This study may help gaining insight into the genetic causes underlying 

these disorders, to improve the clinical management and prevention.  
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Chapter 1      

INTRODUCTION 

According to Pakistan economic survey 2011-2012, the estimated population of Pakistan 

is more than 187 million. Most of the population lives in villages and in small scattered 

areas. In Pakistan, cousin marriages are very common and 80% are between first cousins 

(Jabber et al., 1998; Hussain et al., 2001). Consanguineous individuals share at least one 

common ancestor in the previous or past few generations. Due to this factor there is better 

chance of two related individuals sharing a common disease variant and both of them 

passing it on to the child. Consequently people have an increased risk of recessive genetic 

disorders and the increased level of morbidity and mortality was seen among the 

offsprings of consanguineous parents (Khoury and Massad, 2000; Tamim et al., 2003).  

A number of studies have focused that consanguinity elevates the mortality levels as 

inbreeding results in congenital defects and recessive genetic disorders (Tamim et al., 

2003; Schulpen et al., 2006). The affected families were having multiple numbers of 

affected individuals due to poor knowledge about the hereditary abnormalities. Such 

families are selected and considered best for linkage analysis to find out the gene that is 

responsible for some trait (disease) in an individual.  

The disease due to abnormalities in human genome is called genetic disorder. As a result 

of these disorders, proper functioning or production of specific protein by the gene is 

impaired. Ultimately the gene involved will express itself abnormally i.e. may express 

less or its protein will function improperly. These abnormalities have most of the time 

observable effects and manifest the disease. These diseases transmit from generation to 

generation and hence are termed as genetic disorders. Generally speaking, genetic 

disorders are classified in four different types monogenic, mitochondrial, chromosomal 

and multifactorial (Amudha et al., 2005). Multifactorial, complex or polygenic disorders 

are due to defects in multiple genes. Difference in lifestyle and environmental factors are 

the causes of polygenic disorders. Autoimmune disease, Acquired Immune Deficiency 

Syndrome (AIDS) is a polygenic phenotype because it results due to variety of genetic 

and environmental factors (Wandstrat and Wakeland, 2001). 



 

2 

 

Chromosomal disorders are caused by defects in chromosomal structure and number. The 

absence or addition of chromosome results in this abnormality. A person having three 

copies of chromosomes with total of 47 chromosomes instead of normal 46 chromosomes 

is diagnosed as Down's syndrome also known as trisomy 21 (Hassold, et al., 1995). 

Mitochondrial disorders, which are not so common, result from non chromosomal 

abnormality in the mitochondrial DNA. Single gene, Mendelian or monogenic disorders 

are due to mutations in single gene and are inherited in simple Mendelian pattern. 

Monogenic disorders are not so common but have importance in a sense that they can be 

tools to understand the disease phenomena. Until now, there is no proper treatment of 

genetic disorders. By understanding the function of normal and abnormal proteins, drug 

discovery would be feasible. There are more than 6,000 known single gene disorders 

having ratio of 1 in 200 births. Various eye disorders, sickle cell anemia, cleft palate and 

phenylketonuria are some of reported monogenic disorders (http://www.genome.gov). 

The mode of inheritance of monogenic disorders is classified as autosomal dominant, 

autosomal recessive and X-linked. When autosomes (non sex chromosomes) are involved 

for carrying defective gene from one to other generation, it is termed as autosomal mode 

of inheritance. This is further classified into autosomal recessive and autosomal 

dominant. When both copies of mutated genes are required to cause abnormality, the 

disease is termed as autosomal recessive. When only one copy of mutated gene results in 

disease phenotype it means the disease is following autosomal dominant mode of 

inheritance. Mutations on the X chromosome are the cause of X-linked disorders. These 

are further categorized into X-linked dominant and X-linked recessive (Mckusick, 1994). 

Ocular disorders are more common in developing countries than in developed countries. 

Poverty is the root cause of blindness in Pakistan. Low literacy rate and poor access to 

eye care services are the major contributory factors (Gilbert et al., 2008). According to 

2006 statistics 114,000,0 adults are blind in Pakistan. A survey in 2006 presented an 

alarming situation showing vision impairment to be as high as 2.7% in the adult Pakistani 

population. There is high prevalence of blindness in provinces of Punjab and Baluchistan 

as compared to Khyber Pakhtoon Khaw Province (KPK). Variation also exists in rural 

http://www.genome.gov).the/
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and urban areas with 3.8% and 2.5% respectively. Visual impairment is more common 

among the elderly, uneducated and rural population of Pakistan (Jadoon et al., 2006).  

Overall, the genetic disorders vary between different populations and countries. The 

occurance of genetic disorders in developing countries like Pakistan is quite significant. 

To overcome the alarming situation proper treatment and management of disorders is 

recommended (El-Shanti, 2001). 

Ocular disorders result from any abnormality in the function of eye. Eye is a complex 

sense organ of human body. It is comprised of three layers the outer, middle and the inner 

layer. The cornea and sclera are present in the outer layer. The function of the cornea is 

refraction and transmission of the light to the lens and the retina. The protection of eye 

against infection and any damage is also due to cornea. The sclera maintains the shape of 

the eye by forming connective tissue coat which provides protection to the eye from 

internal and external forces. The connecting point of cornea and the sclera is the limbus. 

The conjunctiva is transparent mucous membran which coveres the visible part of sclera. 

The iris, the ciliary body and the choroid forms the middle layer of the eye. The main 

function of iris is to provide proper light to retina. The ciliary body maintains shape of 

the lens and choroid provides nutrients and oxygen to outer layer of retina. The inner 

layer comprises of most important part of retina which is involved in capturing and 

processing of light. The vitreous humour, the aqueous humour and the lens are three 

transparent structures which are surrounded by the ocular layers (Willoughby et al., 

2010). 

When light enters the eye the lens focuses it onto the retina. This focusing starts the 

process of human vision. The retinal cells are polarized cells and capture the photons of 

light. The outer segment (OS), inner segment (IS) and cell body are constituents of these 

cells. The OS contains rhodopsin. This G-protein is present at two places in the plasma 

membrane, around the OS and within the membrane of outer segment. This protein is 

extensively found in vertebrates. The visual process starts when the light is absorbed by   

rhodopsin. The rhodopsin contains opsin and a chromophore. The conversion of 11-cis 

retinal to all-trans retinal is initiated when absorbtion of light by rhodopsin takes place. 

This process is known as isomerisation.  
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For continuation of visual process the continuous production of 11-cis retinal from all-

trans retinol is required in the epithelium of retina. The enzyme that catalyzes this 

process is isomerohydrolase (Redmond et al., 1998; Daiger et al., 2007). This activated 

rhodopsin interacts with transducin and GTP-binding protein. The enzyme 

phosphodiesterase initiates a second-messenger signaling pathway. 

Any abnormality in functioning of eye structures results in ocular disorders. Among the 

most common eye disorders are cataract, glaucoma, night blindness or retinitis 

pigmentosa and a less common disorder fundus albipunctatus. Retinitis pigmentosa (RP) 

is an inherited eye disorder causing damage to the retina. In this disease retina is 

degenerated progressively starting from mid-periphery, approaching to fovea and macula. 

The major symptoms of RP are night blindness known as nyctalopia and narrowing of 

visual field which ends up in tunnel vision. The end result is complete and irreversible 

blindness (Hartong et al., 2006). The reason for blindness is that the rods and cone 

photoreceptors are affected which undergo apoptosis resulting in blindness (Marigo, 

2007). Loss of photoreceptor cells cause loss of visual acuity and also reduction in the 

thickness of outer nuclear layer. The symptoms of the disease usually start in the early 

teenage and by the age of 40 to 50 years severe visual impairment occurs (Hamel, 2006). 

The frequency of disease is 1:3000 to 1:7000 people worldwide (Haim 2002; Veltel et al., 

2008; Stefano et al., 2011). Statistically the number of men affected from this disease 

may be more than women because X-linked RP is expressed in males only. There are 

some genes which cause the disease in certain specific populations e.g. USH3 gene which 

causes type III Usher syndrome is an unusual gene but it is widespread in Jews (Stefano 

et al., 2011). 

RP is a very heterogeneous inherited ocular disorder. Different diseases result due to 

different mutations in the same gene and the same transmutation can result in different 

phenotypes. Due to this complexity in RP genetics the exact phenotype-genotype 

correlations are not yet possible. The classical example in this regard is mutations in 

RHO gene which generally show autosomal dominant inheritance pattern but some time 

recessive pattern is also seen. While, occasionally this abnormality in RHO gene merely 

results nyctalopia. Same is the case of RPGR gene which is a recessive gene having X-
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linked inheritance prototype. In general it is expressed in males but females suffering 

from RP due to mutation in RPGR gene have also been reported (Berger et al., 2010). 

RP is categorized into three stages based upon degeneration of the photoreceptor cells. 

The early stage of RP starts in first few years of the life. Night blindness is the main 

symptom. Diagnosis is difficult at this stage. Fundus (the internal part of eye opposite to 

the lens including retina, optic disc, macula fovea and posterior pole) and color vision 

seemed to be normal (Cassin and Solomon, 1990). The disease at this stage is confirmed 

only by electro retinogram. In mid stage of RP patient experiences nyctalopia and 

becomes photophobic. Fundus examination shows the thin pigmentary deposits in the 

mid periphery, with retinal atrophy. Retinal vessels narrow down with paller optic disc. 

In the end or final stage patient experiences peripheral vision loss which ends up in 

tunnel vision. Fundus examination at this stage shows extensive pigmentary deposits 

reaching the macular area and thin vessels with pale optic disc. The ERG is non 

recordable. The disease progression is slow at this stage (Hamel, 2006). 

The first causative gene of RP, Rhodopsin (RHO) was identified in 1990 (Dryja, et. al., 

1990). After that, it was established that non syndromic RP is extremely heterogeneous 

disorder. Many genes are responsible for this disorder and upto 40 genes have been 

identified to date (Stefano et al., 2011). The most common ones are ABCA4 and RP1 

responsible for 30 to 60% of autosomal recessive (arRP). CRX and GUCY2D cause 

autosomal dominant RP (adRP) and RPGR causes about 2/3 of X-linked RP. These genes 

initiate photo transduction mechanism by instructing the proteins involved in this 

(Maubaret et al., 2005).  

RP is not only restricted to eye yet several other organs may be involved in case of 

syndromic forms. Most frequently occurring syndrome is Usher syndrome which usually 

shows its symptoms before puberty.  Due to this syndrome 1:12,000 – 1:30,000 people in 

different countries are deaf and blind. 10-30% of all cases of arRP are due to Usher 

syndrome (USH). This disease has three types; type I (USH1) has more adverse effects 

having severe deafness. Type II (USH2) has moderate deafness with retinal degeneration 

after 30 to 40 years of age. Type III (USH3) has variation in the disease onset and hearing 

response. Five USH1 genes and three USH2 genes have been reported up till now, while 
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USH3 is rare one and is population specific, found only in Jews and Finns (Millan et al., 

2011). 

Next to Usher syndrome is Bardet biedl syndrome (BBS). Among less frequently 

occurring syndromes are Senior Loken syndrome (SLS). In this syndrome, along with 

sever RP; there is renal abnormality which requires transplantation. Four genes coding 

proteins, nephronophthisis (NPHP1, NPHP2, NPH3, NPHP4) are known to be 

responsible for this disease (Saunier et al., 2005). Deafness with progressive nephritis is 

termed as alport syndrome. RP associated with short stature, mental disability, abnormal 

size of hands, is termed as Cohen syndrome. COH1 is known to be the causative gene 

which controls vesicular trafficking (Kolehmainen et al., 2003).  

Heart block and external ophthalmoplegia are associated with Kearns-Sayre syndrome. In 

these cases retinal degeneration is the main cause of vision loss (Natarajan, 2011). 

Deposition of crystals in cornea with short stature manifests Cystinosis. The name 

cystinosis is given due to cystine accumulation in different body parts leading to 

hypothyroidism, diabetes mellitus, and renal failure. The gene (CTNS) is responsible for 

cystinosis. This gene encodes a protein (cystinosin) which is involved in cystine 

transportation (Town et al., 1998). Methylmalonic aciduria with Homocystinuria, 

abetalipoproteinemia and Bietti's disease are some of other examples of syndromic RP. 

There are different strategies which slow down the progression of RP, daily oral vitamin 

A administration for a long time period is one of them (Berson, et al., 1993). Taking a 

diet which is rich in Omega-3 and containing docosahexaenoic acid also showed positive 

results (Berson, et al., 2004). Another way to slow down the development of RP is 

administration of particular growth factors therapy as recommended by study of animal 

models. The ciliary neurotrophic factor encapsulated cell technology is also suggested by 

researchers but is still controversial (Tao et al., 2004). Currently no treatment is available 

to cure the disease.   

Another eye disorder having resemblance with RP is Fundus albipunctatus (FAP). This is 

an unusual form of congenital stationary night blindness (CSNB). FAP-causing mutations 

were first identified in 11-cis retinol dehydrogenase (RDH5) gene. This gene is primarily 

present in the retinal pigment epithelium (RPE) (Yamamoto et al., 1999). The clinical 
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diagnosis is confirmed if and when a number of small yellow -white patches on the 

retinal border are present (Yamamoto et al., 1999). The patient takes much time in 

adopting dark environment. This time limitation is due to deficiency of 11-cis 

chromophore in rod photoreceptors. The main gene involved in this disorder is RDH5. 

Due to mutation in this gene white patches on the retinal margin appear (Jang et al., 

2001).  

The impairment in the visual function is mainly due to cone dystrophy (Shang et al., 

2002). This dystrophy occurs due to decreased supply of 11-cis retinal to the cones 

(Liden et al., 2001). Fundus albipunctatus resembles with Retinitis punctata albescens 

(RPA) and Retinitis pigmentosa. There is slight difference in the disease menefestation. 

In all the three disorders patient suffers with night blindness.The difference is that in RP 

irreversible loss with constriction in day vision is present while in FAP patients have 

history of late recovery. In RPA this recovery is also lacked (Yamamoto et al., 1999). In 

RPA both rods and cones are affected while FAP occurs mainly due to cone dystrophy. 

The 9-cis-β-carotene as an oral supplement is advised for the treatment of this disease 

which has satisfactory results (Rotenstreich et al., 2010).  

For patients having significant vision loss, stem cell transplantation is currently 

considered the best option (Chader et al., 2009). After diagnosis, the family history 

should be taken and genetic counseling is recommended, as it is a genetic disorder. 

Prenatal diagnosis should perform in families having history of RP. It is very important to 

identify the causative genes. This would help to unravel mechanism of action of genes 

which will aid to find treatment.  

 

 1.1         OBJECTIVES OF THE STUDY 

 To classify families with autosomal recessive Retinitis pigmentosa. 

 To exclude families for all identified RP loci/genes/mutations. 

 To spot novel loci/genes/mutations involved in excluded families. 

 To disseminate this information for improved treatment strategies   

prevention/control of these disorders through: mutation detection, carrier 

screening, prenatal diagnosis and genetic counseling. 
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Chapter 2 

REVIEW OF LITERATURE 

2.1 Human Genetics 

The understanding of genetics has become possible due to efforts of a number of 

researchers in different scientific disciplines. Many scientists have contributed, but one 

gene-one enzyme hypothesis by Beadle and Tatum was an important step. The hypothesis 

gave the idea that proteins are made by genes (Beadle and Tatum, 1941). This idea gave 

birth to the field of biochemical genetics. By the early 1950’s it was, therefore; clear by 

Avery, his co workers Hershey and Chase that genes are nucleic acids which direct 

protein synthesis (Avery et al.,1944; Hershey and Chase, 1952). Watson and Crick 

proposed the structure of DNA (Watson and Crick 1953). Shortly thereafter, the 

enzymology of DNA was done and the role of two major enzymes, DNA polymerase and 

DNA-dependent RNA polymerase was understood (Lehman et al., 1958). This discovery 

aided in understanding of transcription (transfer of information from DNA to RNA) and 

the role of messenger RNA.  

The extraordinary information about human physiology, development and evolution 

resides in human genome. The human genome is the largest and first vertebrate genome 

to be extensively sequenced so far [(HGP); (Lander et al., 2001; Venter et al., 2001)]. 

Human genome is comprised of 3.1 billion base pairs (bp) which are organized in 23pairs 

of chromosomes, 22 autosomes (non sex chromosome; same in males and females) and 

two sex chromosomes, X and Y. The molecule encoding genetic information is 

deoxyribonucleic acid (DNA) which is located in nucleus. DNA carries information and 

gives specific characteristics to all individuals. DNA is a double helical molecule 

consisting of large polymers of phosphate, sugar (deoxyribose) backbone and attached 

nitrogenous bases, adenine (A), cytocine (C), guanine (G) and thymine (T). A 

nitrogenous base attached to sugar residue is called nucleoside and a nucleoside forms 

basic repeat units of DNA strand. It is called nucleotide after its attachment to phosphate 

group (Strachan and Read 2004). Genes are chromosomal segments which contain 

information for functional polypeptide. The location of genes on chromosome is called its 

locus (plural: loci). A well defined locus serves as a genetic marker. Non coding 
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segments of the genes are called introns while coding sequences are called exons (Nelson 

and Cox, 2008). Human genome consists of 30,000–40,000 protein-coding genes [(HGP); 

(Lander et al., 2001; Venter et al., 2001)].   

The conversion of DNA into functional proteins is explained by the central dogma. It is 

comprised of three major steps replication, transcription and translation. The copying of 

parental DNA to daughter DNA is called replication. The genetic information in DNA 

does not convert directly to protein but first it is converted to RNA, the second step called 

transcription. Synthesized RNA is further processed and non coding segments are 

removed which result in formation of mature messenger RNA (mRNA). This mRNA is 

used as a template for protein synthesis in a process known as translation, the third and 

the final step (Strachan and Read 2004). This translated protein performs its specific tasks 

after modification (Deloukas et al., 1998). 

2.2 Genetic polymorphism 

When comparison of the genomic DNA sequences of any two individuals was done, there 

were considerable differences in the sequence at several points on the entire genome. 

These genetic variations have numerous forms. The simplest form is known as single 

nucleotide polymorphism (SNP) (Bentley, 2000). The variation in DNA sequence, even 

in a single nucleotide, is called single nucleotide polymorphisms (SNPs). Various genetic 

and environmental factors contribute the variations in human phenotype (Weatherall, 

2000). SNPs are the most abundant form of genetic variations (Brookes, 1999). They play 

a key role in the study of the human genome (Sripichai and Fucharoen, 2007). These may 

be used as markers for building of genetic maps. These maps are used in association 

studies, for locating and identifying genes of functional importance. To study whole-

genome-mapping a set of 3,000 biallelic SNP markers would fulfill the requirement 

(Eichelbaum et al., 2006). The variations due to SNPs occurs approximately every 500-

1,000 bases in DNA. This shows that there are several million SNPs in the human 

population (Kohane, 2002).  

The second most common variation may result from the insertion or deletion of a section 

of repetitive sequences of DNA. This results in expansion or contraction of repeated 

nucleotide patterns. This phenomenon is called variable number of tandem repeat 
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polymorphisms (VNTRs) (Bentley, 2000). The disease which occurs due to variation in 

genetic makeup is termed as genetic disease. The variation or mutation in single or 

multiple genes is the cause of genetic disorder. 

2.3 Difference in mutation and polymorphism  

The variation in DNA sequence is referred as mutation and occasionally termed as 

polymorphisms. A mutation is described as any variation, modification or alteration in 

sequence of DNA other than normal. It means that the mutation has converted a normal 

allele into rare and abnormal one. In contrast, a variation in DNA sequence that is 

common in the population is known as polymorphism. In this case the standard sequence 

is not a single allele instead there are two or more equally acceptable alternatives. The 

arbitrary cut-off point between a mutation and a polymorphism is 1 per cent. That is, to 

be classed as a polymorphism, the least common allele must have a frequency of greater 

than 1per cent in the population. If the frequency is lower that this, the allele is regarded 

as a mutation (Brookes, 1999).  

2.4 Strategies for identification of disease causing gene 

Different approaches have been used for identification of disease causative gene in the 

past. The purpose of all these was to identify the candidate gene and further sequencing 

of gene for disease causing mutation. There are two major approaches to map the genes 

involved in disease; linkage analysis and association studies. In both of these approaches 

genetic markers (SNPs or microsatellite) are used. 

 2.4.1 Linkage Analysis 

Linkage Analysis is used to locate genes on human genome. More precisely the gene, 

under investigation, is a gene that is responsible for some trait in an individual. The 

analysis of co-segregation of genetic loci in the pedigrees is known as parametric or 

model-based linkage analysis. Loci residing close to each other and present on the similar 

chromosome set apart more frequently together than loci on unlike chromosomes. 

Segregation of loci on unlike or different chromosomes would be just coincidentally. If 

two loci on the same chromosome are very distant it would result in the breakup of co-

segregation. So recombination fraction (the likelihood of recombination among two loci 

during meiosis) is very important in studying the parametric linkage. The genotyping and 
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segregation study of genetic markers would help to infer their position on the genome and 

to map genetic markers, disease or trait loci (Teare and Barrett 2005).  

The loci are thought to be linked if during meiosis, recombination occurs with a 

likelihood of below 50% (Burton et al., 2005). There are certain hot spots 1 to 2kb long, 

on the chromosomes where 95% of recombination takes place (Jeffreys et al., 2001).  

Since crossovers occur, it is not always the case that the inheritance pattern of a trait 

follows exactly the same pattern as that of a marker. Due to this fact we have to see how 

closely the inheritance patterns of a trait and a marker resembles each other. For this 

purpose LOD score is calculated. 

2.4.2 Logarithm of Odds (LOD) Score  

Morton (1955) proposed method for LOD score analysis used in linkage studies. To 

analyze large pedigrees Elston and Stewart (1971) devised method while Ott proposed a 

method for automated calculation of likelihood (Ott, 1974). This approach has been 

remarkably successful for 50 years in identifying disease genes for Mendelian disorders 

(Rice et al., 2008). Generally linkage is explained in terms of logarithm of the odds 

(LOD) score. This score is a function of the recombination fraction (θ) calculated in cM. 

The positive and greater than two values show linkage or co-segregation. Conventionally, 

the value of positive 3 was accepted as major confirmation of linkage and negative scores 

show no or weak linkage (Tear and Barrett, 2005).  

2.4.3 Genetic Association Studies 

Genetic association studies are used to classify and catagorize genetic variants relating to 

specific disorder. These high resolution studies use statistical multiple hypothesis in 

pedigrees. These studies give positive results in case of Mendelian monogenic disorders. 

For the identification of genetic variants associated to intricate or complex abnormalities 

these studies are not very successful, because interaction of different genes and 

environment is involved. The genetic association studies is a powerful tool helping in 

genotyping of over a million of markers and this number is escalating day by day (Cabras 

et al., 2011). It is assumed that one of the markers typed in association study will be 

responsible for contributing variation in disease i.e. DNA polymorphism (Risch and 

Merikangas 1996).  

http://www.ncbi.nlm.nih.gov/pubmed/8801636
http://www.ncbi.nlm.nih.gov/pubmed/8801636
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2.4.4 Genome Wide Association Study 

The most recent approach for investigating genetic variants in human genome is genome 

wide association studies (GWAS). This test is designed to investigate association 

between markers, across the genome. Generally 300,000 or additional markers are used 

that are fairly polymorphic and are extended across the entire genome. The genome-wide 

approach is considered unbiased because this approach is hypothesis free. There is no 

existing hypothesis about a particular gene or locus and no prior knowledge about gene 

type and phenotype association. The null hypothesis is considered which means no 

detectable association exists (Hardy and Singleton, 2009). In contrast association analysis 

identifies relationship between alleles and disease by comparison of frequency of alleles 

between affected individuals and matching healthy controls. We may get false positive 

results because several hundred thousand to million markers are genotyped. To overcome 

this problem and to create significant results of genome wide scanning a p-value of 5×10
8
 

equivalent to 0.05 was proposed (Risch and Merikangas, 1996).  

2.4.5 Haplotypes 

Polymorphisms in the genome located close together in a series are termed as haplotypes. 

The valuable information for genetic (linkage analysis and association) study is obtained 

by haplotyping in pedigrees (Gao and Hoeschele 2008). Haplotypes can also be defined 

as linkage disequilibrium (LD). The LD is a measure of co-segregation, correlation or 

association of two separate loci on the same chromosome more often than expected by 

random segregation in a population. Early recombination events are due to LD between 

two sites and are very significant in human genetics and evolutionary biology. The 

recombination events are distributed unevenly throughout the human genome (de Massy 

B, 2003). The size of haplotype blocks varies between different populations with range of 

few kilo base-pairs to more than 100 kb. The average size of Africans ancestry was noted 

11 kb while it was 22 Kb in Asian and European population (Gabriel et al., 2002; Slatkin, 

2008). 

2.5 Present Investigations 

The present study is aimed for mapping the disease genes in autosomal recessive 

inherited eye disorder, Retinitis pigmentosa. Genetic abnormalities are very frequent and 
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widespread in Pakistan than other countries owing to high consanguinity. This makes 

Pakistan very suitable for the study of hereditary disorders. Large inbred Pakistani 

families are potentially very strong and ideal candidates for linkage studies and for 

localization of disease gene.  

Monogenic disorders are very common in Pakistan because of local tradition of cousin 

marriages, low literacy rate, poverty, lack of knowledge about genetic disorders, absence 

of genetic counseling and poor facilities of prenatal diagnosis. Linkage analysis of 

Pakistani families with inherited eye disorders like retinitis pigmentosa, aphakia and 

glaucoma have resulted in the identification of novel chromosomal loci and mutations 

(Anjum et al., 2010; Paunescu et al., 2007; Riazuddin et al., 2010; Yang et al., 2002). 

2.6 Autosomal recessive inherited disorders 

For autosomal recessive disorders, an individual is affected only when two mutated 

copies of the gene are inherited, one from each parent. The parents are usually unaffected 

and carriers i.e. both of them carry one abnormal gene. Two normal but carrier 

individuals have a 25% chance to have an affected child. Examples for this type of 

disorders are Cystic fibrosis, Tay-Sachs disease and number of eye disorders like cataract 

and retinitis pigmentosa.  

2.7 Anatomy of the Eye 

Eye is a complex sense organ which is formed both from the ectoderm and mesenchyme. 

The ectoderm derived from neural tube forms retina, the nerve fibers of optic nerve and 

smooth muscles of iris. The surface ectoderm on side of head forms corneal and 

conjunctival epithelium, lens and the lacrimal glands. The mesenchyma forms the cornea, 

sclera, choroid, iris, part of vitreous body and cell lining the anterior chamber. The orbit, 

lids and sclera are the protective structures of eye. The two orbits, also called sockets, are 

present at the front of the skull (Snell and Lemp, 1997). 

2.7.1 The eyeball 

The eye ball is situated in the orbital cavity. This cavity gives not only protection but also 

provides a tough bony structure for six extrinsic muscles which help in ocular movement. 

The eye ball is comprised of two different spheres having different sizes. The anterior 

segment is transparent and smaller than the posterior segment which is opaque. The 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Anjum%2BI%5bauth%5d


 

14 

 

eyeball is made up of three layers; the fiberous layer, the vascular pigmented layer and 

the nervous layer. The fiberous layer consists of an opaque part sclera posteriorly and a 

transparent and clear part cornea, anteriorly (Snell and Lemp, 1997). 

2.7.2 The cornea  

The flattened dome shaped and transparent structure present in front of the pupil and iris 

is called cornea. This is unique tissue in the sense that it has only nerve fibers (mostly 

sensory nerves) while no blood vessels are present (Muller et al., 2003). The transparent 

cornea serves as a filter too. Its diameter is approximately 11 mm (0.43 inch) and 

thickness is 500 μm in the center, and 700 μm at the periphery (Rufer et al., 2005). The 

transparency and strength to the cornea is provided by collagen fibrils. Almost 90% of 

the cornea is comprised of collagen fibrils which forms a layer known as stroma. The 

rest of 10% cornea is made by other four layers the descemet’s membrane, the 

epithelium, bowman’s layer and the endothelium. The corneal epithelium, much like the 

epithelium of the skin, serves as a barrier to all the foreign bodies. If injury occurs to 

epithelium it heals quickly with no scar formation.  

After epithelial layer there comes bowman’s layer and then the stroma. About 90% of the 

corneal thickness is due to stroma. Next to stroma is descemet’s membrane which is a 

thin (12 μm) membrane and protects stroma. The fourth layer is endothelium which is 

only one cell thick layer and its function is corneal dehydration which ultimately is 

responsible for transparency of the cornea. As endothelium has direct contact with 

aqueous humor, any damage to it will result in the corneal edema (Farjo et al., 2009). 

Increased light scattering and cloudy cornea may result due to edema and in case of 

extreme conditions the swelled stroma will result in complete opacity of the cornea 

(Jones and Jones, 2001; Liesegang, 2002; Morris et al., 2007). 

2.7.3 The Sclera 

The sclera is opaque and forms five-sixth of the eye ball posteriorly. The sclera is white 

in the adults while gives a bluish tinge in children. The yellowish tinge in the elderly 

people is due to deposition of fat (Snell and Lemp, 1997).    
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2.7.4 The aqueous and vitreous humor  

Two types of fluids called aqueous and vitreous humor are present in the eye. These are 

continuously produced by the ciliary body. Vitreous humor is produced in vitreous 

chamber. It is gel-like structure made up of collagen fibrils in association with hyaluronic 

acid. The anterior and posterior chambers are filled with aqueous humor. These 

transparent fluids provide nutrients and support to the eye and maintain intraocular 

pressure (Kaufman and Alm, 2003). 

2.7.5 The iris and the crystalline lens 

The part of eye which gives color to the eye and blocks excess light from entering the eye 

is called iris. Behind the iris is a magnifying glass which helps in focusing light and is 

called the lens. It is comprised of three layers: the outer layer cortex the middle layer and 

central layer nucleus. The suspensory ligaments called zonule keep the lens at its place. 

Children have soft lens as compared to adults which have hard and less pliable lens. After 

40 years of age the lens faces difficulty in "rounding out" and the persons feel difficulty 

in focusing on near objects. This condition is known as pressbyopia (Snell and Lemp, 

1997). 

2.7.6 The Retina 

The transparent and thin part of the eye having layers of photoreceptors, supporting cells 

and nerves is called retina. The retina is the sight center of the brain, where the most 

important part, the vision takes place (Nippon et al., 2007). The six major classes of 

neural retina are the photoreceptors, horizontal cells, bipolar cells, ganglion cells, 

amacrine cells and the mullerian glia. The neural cells are arranged in different layers of 

neurons. The retina contains10 layers with average thickness of 250 μm. Out of these ten 

layers the most important are photoreceptor and the ganglion nerve layer (Masland, 

1986). These layers are: 

 The ganglion cell layer 

 The inner and outer nuclear layer 

 Photoreceptor layer 

 The nerve fiber layer 

 The inner and the outer plexiform layer 
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 The inner and the external limiting membrane 

 The retinal pigment epithelium 

2.7.6.1 The ganglion cell layer  

This layer is comprised of the nuclei of ganglion cells. Ganglion cells are multipolar cells 

and their dendrites synapse with the axons of bipolar and amacrine cells. Axons of 

bipolar cells forms nerve fiber layer and also these are the axons of ganglions cells which 

make up the optic nerve (Masland, 1986). 

2.7.6.2 The inner and outer nuclear layer 

 Nuclei together with surrounding cell bodies (perikarya) of bipolar cells make the inner 

nuclear layer. The outer and the inner plexiform layers are present at both sides of the 

inner nuclear layer. The cell bodies of rods and cones cells constitute the outer nuclear 

layer which lies close to RPE (Miller and Newman 2005). 

2.7.6.3 Photoreceptor layer 

This layer consists of two types of photoreceptors, the rods and cone cells that are the 

most sensitive part of the eye. Photo transduction and modificion of photons of light into 

electrical signals are main function of these photoreceptors. The pigments are present in 

the membranes of the outer segment discs of the photoreceptors. The pigments of cones 

give absorption peaks in the blue, green or yellow parts of the spectrum.  Rod pigments 

give absorption peak in the blue-green part of the spectrum. The cones are adapted to 

bright light and can resolve fine detailed and color vision. The density of rods and cones 

is not same in all parts of the retina. Rods are absent at fovea however their number 

rapidly increases towards the periphery. Cones however are most dense at the fovea but 

their number rapidly decreases towards the periphery. Both rods and cones have a long 

slender shape. 

2.7.6.4 The nerve fiber layer   

The bundling of fibers from the ganglion cells and the site of origin of optic nerve forms 

the nerve fiber layer. These nerve fibers which are actually axons of the ganglion cells 

converge at optic disc. These axons become myelinated after they have passed through 

the lamina cribrosa and entered the substance of optic nerve (Snell and Lemp, 1997).   

 

http://en.wikipedia.org/wiki/Bipolar_cells
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2.7.6.5 The inner and the outer plexiform layer 

This inner layer connects the bipolar cells axons and dendrites of the ganglion cells that 

are the final neuronal element of the eye. The outer plexiform layer is fabricated with 

projections of rods and cones cells. These cells make synapse between dendrites of 

bipolar and the photoreceptor cells (Snell and Lemp, 1997).   

2.7.6.6 The inner and the external limiting membrane 

This membrane serves as the footplates of muller cells that fuse together to form the inner 

limiting membrane of the retina. Muller cells fill all the space of neural retina not 

occupied by the axons (Snell and Lemp, 1997). The inner segment of the photoreceptors 

is separated from their cell nucleus by external limiting membrane. It is actually site 

between the photoreceptor outer segments and rest of the structure (Snell and Lemp, 

1997).   

2.7.6.7 The retinal pigment epithelium (RPE) 

The outre most layer of the retina which is light absorbing is called retinal pigment 

epithelium (RPE). This layer is formed by the single layer having cubical cells. The RPE 

is a layer of cells between the retina and choroid. The speckled and the reflected light is 

absorbed by the melanin which is a black pigment in the RPE. The waste products 

produced by the photoreceptor cells are processed and disposed off by RPE.  As we grow 

older the RPE sometimes becomes unable to discard this waste. This deposition of waste 

(drusen) results in distortion of retina resulting dry macular degeneration.   

2.8 Optic disc and optic nerve 

Retina is continuous to the optic nerve that enters the retina from the nasal side known as 

optic disc. The diameter of the optic nerve is 1.5mm and is insensitive to light so referred 

as blind spot. After passing through these layers light reaches the photoreceptors which 

send it back to ganglion nerves. The light then passes to the retinal surface and to the 

optic disk forming the optic nerve which captures photons of light and image processing 

by the brain starts. Each optic nerve is comprised of approximately 1.2 million nerve 

fibers (Snell and Lemp, 1997).   
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Figure 2.1 Structure of eye and the ocular barriers. 

Tear film is the primary physiologic barrier against the instilled drugs. The drug transport 

to the anterior chamber takes place through cornea (I). The retinal pigment epithelium 

and the retinal capillary endothelium are the main barriers for systemically administered 

drugs (II). Intravitreal injection is an invasive strategy to reach the vitreous (III). The 

administered drugs can be carried away from the anterior chamber either by venous blood 

flow after diffusing across the iris surface (1) or by the aqueous outflow (2). Drugs can be 

removed away from the vitreous through diffusion into the anterior chamber (3) or by the 

blood–retinal barrier (4). Adapted from (Barar et al., 2009) 

2.9 Photoreceptor Cells 

Photoreceptor cells are special type of neuron cells that are present at the back of retina 

and help in photo transduction. Photoreceptor cells play important role in light processing 

as they convert light into the signals that can stimulate the biological process. 

Photoreceptor cells are of two types, rods and cones. Structurally both cells are slightly 
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different as rods are narrower than cones but chemical process of photo transduction is 

similar. The entire retina contains about 92 million rods cells (Curcio et al., 1990) and six 

million cones cells in the human eye (Osterberg, 1935). 

2.9.1 Rods  

Rods are slim and elongated cells. These cells are extremely sensitive to light (specially 

scattered light) and can be triggered by a small number of photons (Hecht et al., 1942). 

The loss of rods causes night blindness. Rods have low visual acuity as compared to 

cones. Rods help in peripheral vision and also in low light conditions. These cells have 

more pigments as compared to cones so they can detect in dim and lower light (Kandel et 

al., 2000).  

2.9.2 Cones 

Cones are in conical shape. The outer segment of the cone is like a comb. These are 

present in the center of the retina. Cone cells are shorter than rod cells but wider and 

tapered. These cells have larger number of photons so requires bright light for the 

production of the signals to the brain. Cones are responsible to see colored and fine image 

(Birch et al., 1999). The central vision is due to the pigmented area of the retina called 

macula while extreme central vision is due to fovea which is a small pit located within 

central macula.  

2.10 The visual process  

When the light is incorporated or absorbed in the outer segment of photoreceptor cells the 

visual process starts. The five chief classes of retinal neurons interact and do the 

subsequent encoding (Dowling, 1987). This interaction of neurons encodes the   

information. The ganglion cells further process this information and send it to central 

visual pathway (Kaneko, 1973). A large number of glial cells located in retina are 

responsible for normal retinal functions. The most important glial cells are muller cells 

involved in neurotransmitter, metabolite metabolism, and chromophore recycling. RPE 

cells are indispensable for proper functioning of neural retina. These include the 

phagocytosis of outer photoreceptor segments, the storage and transport of vitamin A 

derivatives (retinoids), recycling of the visual pigment and many other functions (La 

Cour, 2003). 
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2.10.1 Activation and deactivation mechanism of the visual pigment 

The visual pigment is comprised of a protein opsin and a chromophore which is a 

derivative of vitamin. The visual cycle relies on 11-cis-retinal which is a chromophore 

obtained from vitamin A. This chromophore makes the absorption of light possible in the 

visible range. Binding of this chromophore with opsin results in a visual pigment, which 

is sensitive to light. Several enzymatic steps are involved in production of 11-cis-retinal 

thus called the visual or retinoid cycle. These processes take place in photoreceptor cells 

and the adjoining RPE. 11-cis retinal is converted to all trans retinal by light activation 

(Rohrer et al., 2005). The deactivated structure of rhodopsin (Rh) makes it certain that 

the light has been detected.  

The deactivation process of rhodopsin starts by several phosphorylations catalyzed by 

rhodopsin kinase. These phosphorylations are followed by the binding of a protein 

(arrestin) which results in termination of activated rhodopsin. After that binding the 

detachment of chromophore (alltransretinal) from the opsin and restoration through RPE 

or muller cells takes place (Mata et al., 2002). The conversion of 11cis retinol to 11-cis 

retinal regenerates the photo pigment. This process occurs in cone photo receptors but not 

in rod photo receptors (Jones et al., 1989).  

2.10.2 Phototransduction cascade 

The activation of the rhodopsin triggers the attachment of a chain of membrane-linked 

proteins in phototransduction. Transducin is the primary protein to attach. It belongs to G 

family of proteins and helps in signal amplification processes. The binding results in 

activation of phosphodiesterase (PDE), the enzyme hydrolysing 3'5' cyclic guanyl 

monophosphate (cGMP). The enzyme cGMP controlles the cation access in the outer 

section of photoreceptor. The cation channels close with the hydrolysis of cGMP and 

causes hyper polarisation of photoreceptors (Fesenko et al., 1985; Cibis et al., 2001; 

Kaufman and Alm 2003). The guanylate cyclase enzyme is required for the production of 

cGMP and the enzyme activity is modified by a calcium-sensitive enzyme, guanylate 

cyclase activation protein (GCAP) also called recoverin. The cGMP level is stabilized by 

Guanylate cyclase (Stryer, 1991; McBee et al., 2001). 
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2.11 Retinitis Pigmentosa (RP)  

Retinitis pigmentosa (RP; MIM 268000) is the most widespread and frequent inborn 

retinal disintegration or degeneration (Rosenberg, 2003). RP is one of the leading causes 

of irreversible blindness. In this ocular disorder retina is damaged. The deposition of the 

pigments on retina indicates that the inflammation has aggravated (Phelan and Bok, 

2000). In RP, pigments deposit predominantly in the peripheral retina, sparing the central 

retina (Hamel, 2006). RP is affecting 1 in 3,000 to 5,000 people worldwide (Veltel et al., 

2008).  

Donder was the first person who gave the description of fundus and used the term 

Retinitis pigmentosa (Donder 1857). The disease results due to degeneration of retinal 

photoreceptor cells (rods and cones). The disease is also called as rod-cone dystrophy due 

to primary deterioration of rod cells followed by the cone cells (Hamel, 2006). As the 

retina slowly degenerates and progressively loses its ability to broadcast images to the 

brain, so there is a progressive loss of vision. The electroretinogram (ERG) recordings of 

affected individuals even in the early stages of RP will be abnormal or non-detectable 

(Bird, 1995). 

2.11.1 Main reasons for retinal degeneration  

Retina could be damaged due to number of reasons; there could be defects in the visual 

pigments or abnormality in the proteins required for photoreceptor function. Any 

impairment in the enzymes involved in initiating visual transduction will also result in 

Retinitis pigmentosa. The disease would also result due to mutations in different catalytic 

units of phosphodiesterase (PDE), peripherin and the cyclic nucleotide gated channel 

proteins. Some of the proteins which are altered by gene mutations are arrestin, rhodopsin 

kinase, transducin and proteins forming the voltage gated calcium channel. Although 

there is a great heterogeneity of genetic mutations in retinal dystrophy, the common end 

result of all forms of the disease is photoreceptor death and functional blindness 

(Kalloniatis and Fletcher, 2004). 

 

 

 

http://www.ncbi.nlm.nih.gov/omim/268000


 

22 

 

2.11.2 RP inheritance patterns  

RP, a genetic disorder is highly heterogeneous having several modes of inheritance. Non-

syndromic cases are inherited either as autosomal dominant (ad), autosomal recessive (ar) 

X linked (XL), simplex or multiplex pattern (Haim 2002; Massof et al., 1990; Stefano et 

al., 2011). Autosomal means that autosomes are responsible for carrying disease causing 

genes. Depending on the variants (alleles) involved, autosomal form is subdivided into 

autosomal dominant and autosomal recessive (ar) forms. In autosomal dominant form of 

RP only one affected allelic copy of the gene on autosome is sufficient to cause disease. 

In case of ar form of RP, both the allelic copies of the gene must be mutant to cause 

disease. The arRP is also extremely heterogeneous because several genes and loci have 

been reported so far and still there is a large gap in our knowledge regarding arRP. 

Simplex mode of inheritance means that a family is having one affected or diseased 

person where as multiplex means minimum of two members in a family must be 

suffering from a disorder (Kalloniatis and Fletcher 2004). Increased paternal age is 

responsible for autosomal dominant mutations (Kaplan et al., 1990).  Autosomal 

recessive RP accounts for approximately 20% to 30% cases of RP (Stefano et al., 2011). 

2.11.3 Genetics of RP 

RP has complex genetics having heterogeneous mode of inheritance and transmission. 

The disease is the result of large number of mutations in more than forty genes. Most of 

the genes express themselves either in RPE or the photoreceptors (stefano et al., 2011). 

2.11.4 Autosomal Recessive RP 

About 50% cases of RP are sporadic and most of them are recessive in nature (Jay, 1982). 

About30 genes and loci are associated with autosomal recessive RP. Majority of these 

genes are uncommon and are responsible for 1% or fewer cases. However, RPE65, 

PDE6A, PDE6B and RP25 are responsible for 2-5% of cases (stefano et al., 2011).   

2.11.4.1 RPE65 

One of the common cause of autosomal recessive RP is the mutation in Retinal pigment 

epithelium 65 (RPE65; MIM 180069) gene. This gene is present in retinal pigment 

epithelium and is an isomerohydrolase. It is required for renewal of the visual pigment 

and is essential for photoreceptors mediated vision. In the visual cycle the reactions 
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occurring in RPE are catalyzed by RPE65. No rhodopsin was detected when RPE65 was 

absent or deficient due to mutation. Over 60 different mutations have been identified in 

the RPE65 gene responsible for about 2% of autosomal recessive RP and 16% of LCA 

patients (Samardzija et al., 2008).   

2.11.4.2 PDE 6 complex 

The heterotetrameric phosphodiesterase (PDE) complex has central importance. This 

complex plays an important role in photo transduction cascade. This complex has one α, 

one β and two γ subunits. Accordingly these are classified as PDE6A, PDE6B and 

PDE6G. Mutation in phosphodiesterase 6A, cGMP-specific, rod, alpha (PDE6A, MIM: 

180071) resulted in arRP. This gene is expressed in the outer segment of retinal rod cells. 

The whole complex is involved in regulating the intracellular cGMP levels.This regulated 

level is achived by hydrolyzing cGMP whenG protein coupled receptors in cones and 

rods are activated by light (Tsang et al., 1998).  

Dryja et al. (1995) repoted five unknown mutations after studying four families suffering 

from this disorder and concluded that the transformation in PDE6A gene was co 

segregating with disease. It was concluded that the cGMP binding and the catalytic 

domains were affected frequently. Later on it was confirmed that second most common 

cause of arRP (after mutations in the USH2A gene) is mutation in phosphodiesterase 6B 

(PDE6B) genes. About 8% of all reported arRP cases are due to defects in PDE6. 

Recently, in a case of autosomal-recessive early onset of RP a mutation (c187+1G>T) in 

the PDE6G gene encoding the gamma subunit of the rod cGMP phosphodiesterase was 

confirmed (Dvir et al., 2010). 

2.11.4.3 ABCA4 

The ATP-binding cassette, sub-family A member 4 (ABCA4 MIM: 601691) gene, was 

first time reported as the Stargardt-causing gene in 1997. Later on   it was identified that 

mutation in this gene resulted in malfunctioning of protein, causing some forms of RP 

(RP19) and some cone-rod dystrophies (Allikmets et al., 1997; Martinez-Mir et al., 1997; 

Cremers et al., 1998; Gerber et al., 1998; Rozet et al., 1998, 1999).  

Maugeri et al. (2000) concluded after screening of patients from Germany and 

Netherland that mutation in this gene results in autosomal recessive cone-rod dystrophy.  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM&cmd=Search&doptcmdl=Detailed&term=?180071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM&cmd=Search&doptcmdl=Detailed&term=?601691
http://www.ncbi.nlm.nih.gov/pubmed/10958761
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2.11.4.4 ZNF513  

Zinc finger protein 513 (ZNF513, MIM 613598) has a vital role in maintenance of 

photoreceptor, the regulation of genes involved in photoreceptor-specific reactions and in 

the growth of eye. In the retina, this gene is located in three places, outer nuclear layer, 

inner nuclear layer and photoreceptors. ZNF513 is involved in retinal development by 

regulating the transcriptional mechanism. Homozygous missense mutation in ZNF513 

gene was found to be the reason of arRP in a family belonging to Pakistan. This missense 

mutation was previously associated with chromosome 2p22.3-p24.1. It was observed that 

size of eye, rod and cone opsin’s expression and thickness of retina were reduced when 

ZNF513 gene in zebra fish was knocked down. The photoreceptors were lost as a result 

of these changes. On the basis of these results it was suggested that arRP will result when 

there will be mutation in the ZNF513 gene (Li et al., 2010). 

2.11.4.5 MERTK 

The mertyrosine kinase protooncogene (MERTK, MIM 604705) gene located on 

chromosome 2q at 13.4 cM (17 Mb) was linked to arRP. The mutation was identified in a 

Pakistani family in exon 4 on c.718G/T after sequencing. The cause of ocular disorder in 

this family was premature termination of p.E240X (Shahzadi et al., 2010). 

In a study of consanguineous Moroccan family suffering from RP, after sequencing of 

MERTK a novel homozygous mutation in exon 17, c.2323C>T, leading to p.Arg775X 

was identified. The unaffected individuals were heterozygous. These findings lead to the 

conclusion that mutation in MERTK gene ends up in severe arRP (Ksantini et al., 2012). 

RPE phagocytosis and death of photoreceptors occur when there is mutation or absence 

of MERTK gene. MERTK gene therapy controlled this situation. This was confirmed 

when AAV8 Y733F vector having human MERTK cDNA was expressed in RCS rats. 

Electroretinographic responses from transgenic eyes were same as that of normal eye. It 

was concluded that tyrosine-mutant AAV8 vectors give excellent therapeutic outcomes 

and gene therapy could rescue individuals from RPE phagocytosis with MERTK 

associated RP (Deng et al., 2012). 
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2.11.4.6 CRX 

Paunescu et al. (2007) studied a two generation family in Germany having a novel CRX 

mutation. They showed that complex heterozygous mutation (c.816delCACinsAA) in 

cone-rod homeobox containing gene (CRX, MIM 602225) resulted the modification in 

terminal amino acids. This mutation was the cause of cone rod dystrophy (CRD). The 

patients had night blindness with progressive vision loss.  

2.11.4.7 MAK 

Stone et al. (2011) determined the expression of disease in autosomal recessive retinitis 

RP attributed to mutations in the male germ cell-associated kinase gene (MAK, MIM 

154235). Rod cone dystrophy was found in all the patients. There was some resemblance 

between autosomal dominant RP and MAK form of arRP disease expression. This 

similarity in phenotypes suggested that there is some interaction among MAK and RP1 in 

the photoreceptor cilium. A missense homozygous mutation in GNAT1, p.D129G, was 

identified from chromosome 3, region p22.1-p14.3 after genome wide scanning in a 

consanguineous Pakistani family. GNAT1 is present in the retina and is expressed 

approximately at 7
th 

day after birth. It was concluded that mutation in GNAT1 is 

responsible for autosomal recessive stationary nyctalopia (Naeem et al., 2012). 

2.11.4.8 RP25 

Some rare mutations for arRP are specific for specific populations. RP25 locus was found 

responsible for 10-20% cases of arRP in Spainish population (Barragan et al., 2008).  

2.11.4.9 BBS8 gene 

The splice site mutation in BBS8 gene results in non syndromic retinitis pigmentosa. The 

trait was mapped to a 5.6 Mb region, after performing genome-wide scan of a Pakistani 

consanguineous RP family. The unidentified BBS8 exon was identified by subsequently 

sequencing of candidate transcripts. The abnormal allele segregated with the disorder 

caused the elimination of 10 amino acid sequence from the protein. It was suggested that 

these amino acids play a major and important role in BBS8 gene and any abnormality in 

this gene results in RP (Riazuddin et al., 2010). 

http://www.ophsource.org/periodicals/ophtha/article/S0161-6420(06)01472-2/abstract
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2.11.5 Autosomal Dominant RP 

So far, mutations on 22 different genes have been identified to cause autosomal dominant 

RP (stefano et al., 2011). 

2.11.5.1 RHO 

Rhodopsin (RHO, MIM 180380) encodes the light-sensing G protein-coupled receptor in 

the membranes of rod photoreceptors, the neurons particular or specific for night vision. 

The first heritable cause for autosomal dominant RP was the abnormal function because 

of mutation in RHO gene (Dryja et al., 1990). The majority of autosomal dominant RP 

cases were found due to mutations in RHO gene (Seyedahmad et al., 2004).  Nathans and 

Hogness cloned rhodospin gene and mapped it on 3q21-qter chromosome (Nathans and 

Hogness, 1984). In 1989, Mc Williams localized a gene to 3q21-qter. This gene was 

found to be tightly linked to rhodopsin gene (McWilliams et al., 1989, Dryja et al., 1990, 

Farrar et al., 1991).  

Gandra et al. (2008) identified two novel mutations in RHO pre-mRNA processing factor 

31(PRPF31), and a splice site mutation, in an isolated case of RP. They estimated 

frequencies of mutations in isolated and adRP patients in population of India.  It was 

shown that 4% of isolated and2% of adRP cases were due to mautaion in RHO. Ross 

produced transgenic miniature pigs expressing human P23H RHO mutation. Six 

transgenic founders were clinically examined using full-field electroretinography 

(ffERG) and genotyping was done. All animal models showed abnormal ffERG. The 

inheritance pattern in offspring was autosomal dominant. When mRNA analyses were 

done 80% of total RHO was mutant P23H. They concluded that mutation in Pro23His 

(P23H) rhodopsin (RHO) was responsible for most of cases of adRP (Ross et al., 2012). 

2.11.6 X linked RP 

In 1984 first gene causing RP was identified and localized for X linked RP 

(Bhattacharya, 1984). Photoreceptor degeneration was found to be the ultimate cause of 

RP (Cailliau et al., 1994). RPGR and RP2 are two major genes which account for more 

than 80% of the X linked RP (Stefano et al., 2011). 
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2.11.6.1 RPGR 

Retinitis pigmentosa GTPase regulator (RPGR; OMIM 312610) gene was found 

responsible for X-linked RP in most of families. When the retinal structures of patients 

suffering from X-linked retinitis pigmentosa (XLRP) owing to mutations in RPGR were 

investigated, all the retinal structures were found abnormal. The outer nuclear layer 

(ONL) of fovea was thin and reduced in advanced disease stages. There was normal or 

hyper thick inner retinal layer in case of loss of outer layer. These changes occurred due 

to remodeling of neuronal glial retinal cells as a result of loss of photoreceptor cells 

(Aleman et al., 2007). Due to frame shift mutation in ORF15 gene (ORF15+577_578 

delAG) the premature truncation of the RPGR protein resulted. This was found to be the 

reason of severe RP in males of a Chinese family. The female carriers were recessive 

without an RP phenotype having moderate to high myopia. These findings suggested that 

RPGR mutation resulted in X-linked RP (Neidhardt et al., 2008).  

Ji et al. (2010) selected the Chinese families suffering from X-linked Retinitis 

pigmentosa (XLRP). In four families suffering from XLRP they identified three deletion 

mutations in RPGR gene. They also identified two mutations in RP2 gene while studying 

two chinies families having (RP) and severe myopia. They concluded that these 

mutations were the cause of XLRP.  

A number of syndromic disorders resulted when there was mutation in RPGR gene. 

These mutations lead to hearing disorders, respiratory problems and cone-rod dystrophy 

(Ghosh et al., 2010). Most of retinal degenerations and blindness are due to mutations in 

RPGR. 70% of XLRP is due to mutation in this gene (Abigail et al., 2011). 

2.11.6.2 RP2 

The Retinitis pigmentosa (RP2, MIM 300757) gene has similarity with human cofactor C. 

This cofactor has important role in beta-tubulin folding. About 10-15% cases of XLRP 

are due to mutations in this gene (Veltel and Wittinghofer, 2009). 

2.11.6.3 COD1 

When the patients of X-linked cone dystrophy 1 (COD1, MIM 304020) were clinically 

analysed the gradual loss of visual acuity, moderate to high myopia, defect in color vision 
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especially in red color and affected cone and rod responses in ERG were observed 

(Mantyjarvi et al., 2010).  

This gene was mapped in a region where RPGR gene was located. Most of these 

mutations occurred in ORF15 which is purine-rich exon having 567 amino acids. When 

two families suffering from this phenotype (XLRP) were mapped, it was discovered that 

there occurred two mutations in ORF15 of RPGR gene. These mutations terminated the 

translation due to frame shift mutation in one family. In second family five amino acids 

were deleted which resulted in premature termination of protein. Finally it was concluded 

that RPGR mutation was the cause of both X-linked RP and specific cone dystrophy 

(Yang et al., 2002).  

2.11.7 Signs and Symptoms of RP  

Persons suffering from RP demonstrate typical retinal conditions. Most frequent 

complaints from patients are peripheral vision loss and night blindness (Marmor et. al., 

1983) difficulty in adopting dark environment, constriction of visual field and disturbance 

in colour perception especially blue and yellow (Marmor et al., 1983).  Fundoscopy and 

ERG revealed abnormality in retinal pigmentation, pale optic disc, impairment in the 

function of photoreceptor cells i.e. rods and cones, narrowing of retinal arteries and 

depigmentation of retinal pigment epithelium (Pagon. 1988).  Massof and co-workers 

reported two general categories of RP, Type 1 and Type 2 RP. Patients having Type 1 RP 

show nyctalopia and preferential loss of rod sensitivity in childhood followed by visual 

field loss. Patients suffering with Type 2 RP have abnormality in both rod and cone cells 

they suffer nyctalopia late in life especially in adulthood (Massof and Fiukelstein 1981).  

Yang et al. (2002) stated that the hereditary retinal disorder X-linked cone dystrophy is 

characterized by three major symptoms photophobia, diminished color vision and 

disturbance in central vision. The cone dystrophy is distinct from Retinitis pigmentosa in 

a sense that in RP peripheral vision is disturbed leading to tunnel vision and night 

blindness. 

2.11.8 Clinical Description of RP 

RP is long lasting disease passing from generation to generation. This disease can be 

divided into three stages depending upon the degeneration of the photoreceptor cells. 
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2.11.8.1 Early stage of RP  

In early age of life, symptoms in the form of visual field defect appear in the patient. 

Early diagnosis at this stage is difficult by fundus examination. The patients do not show 

the initial symptoms in the form of mild night blindness. Electro retinogram (ERG) is an 

important test for early diagnosis of RP (Hamel, 2006).  

2.11.8.2 Mid stage of RP 

In this stage, symptoms of RP become very clear and patient experiences loss of vision 

during night time having difficulty in night driving. Eventually, the person becomes 

solitaire and avoids going to unfamiliar places. Patient feels problem during diffuse 

weather and becomes photophobic. Visual activity decreases and reading become 

difficult. The narrowing of vessels becomes prominent. ERG recording usually becomes 

impossible due to scotopic conditions. Mild periphery scotomas enlargement towards 

periphery and macular area were observed in this stage (Hamel, 2006). 

2.11.8.3 End stage of RP  

At the end stage, vision of patient loses upto considerable limit and only few degree of 

visual field left. It becomes very hard to read without glasses. The deposition of pigments 

increases around the macular area. The vessels become very thin. ERG recording was not 

possible at this stage. Finally the vision field diminishes. At this stage the central vision 

completely diminishes making it impossible for patient to read anything (Hamel, 2006). 

2.11.9 Syndromic retinitis pigmentosa 

A number of syndromes are associated with retinitis pigmentosa.  

2.11.9.1 Usher syndrome  

Most frequently occurring syndrome is Usher syndrome, which causes deafness ranging 

from mild to medium. There are some evidences in which the deafness occurred during 

the first decade and became worst with the passage of time. Mutations in at least 11 genes 

are causative of Usher syndrome (Roux, 2005). The prevalence of Usher syndrome is 

about 14% of all syndromic RP cases (Boughman et al., 1983). 
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2.11.9.2 Bardet Biedl syndrome 

Next to Usher syndrome is Bardet biedl syndrome (BBS). One out of 150,000 people are 

affected with this syndrome worldwide. Phenotypically these persons suffer from obesity, 

mental abnormality accompanied with kidney failure polydactyly and hypogenitalism. 

(Dollfus et al., 2005; Hichri et al., 2005). The Fundus abnormality and macular 

degeneration along with retinal dystrophy are clinical findings of this syndrome. 

Mutations in 14 genes have been found responsible for this disease (Heon et al., 2005; 

Azari et al., 2006).  

Some rarely occuring forms of syndromic RP are; 

2.11.9.3 Senior Loken synndrome  

This syndrome occurs less frequently along with sever RP there is renal abnormality 

which requires transplantation). Four genes (NPHP1, NPHP3, NPHP 4, NPHP5) are 

known to be responsible for this disease (Saunier et al., 2005).               

 2.11.9.4 Cohen syndrome 

RP associated with short stature, mental disability, abnormal size of hands, is termed as 

Cohen-syndrome. COH1 is known to be the causative gene which controls vesicular 

trafficking (Kolehmainen et al., 2003). 

 2.11.9.5 Cystinosis 

The deposition of crystals in cornea with short stature manifests Cystinosis. The name 

cystinosis is given due to cystine accumulation in different body. The gene (CTNS) is 

responsible for cystinosis. This gene encodes a protein (cystinosin) which is involved in 

cystine transportation (Town et al., 1998). Following e are some metabolic diseases 

which are associated with RP 

 2.11.9.6 Methylmalonic aciduria with homocystinuria 

Methylmalonic aciduria with homocystinuria is due to genetic defects in enzymes which 

metabolize vitamin B12.  In very rare cases macular atrophy is seen with attenuation of 

vessels.  
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2.11.9.7 Abetalipoproteinemia (Bassen Korntzweig disease) 

 In this form of syndromic RP the symptoms include dysfunctioning of the parts of the       

nervous system resulting staggering gate, reduced levels of plasma lipids and pigments     

on retina. 

2.11.9.8 Bietti's disease  

The fundus and cornea have microcrystalline deposits. The causative gene encodes a 

form of cytochrome P450 (Li et al., 2004). 

2.11.10 Diagnosis 

Two types of tests i.e. fundoscopy or ophthalmoscopy and electroretinography (ERG) are 

very important for the confirmation of RP. 

2.11.10.1 Ophthalmoscopy  

Fundoscopy or ophthalmoscopy is the examination of eye posteriorly with the aim to get 

a wider view of retina and vitreous of eye. The normal fundus has clear outline with 

centrally located pale optic cup. The macula of normal retina is dark with bright red 

arteries and veins having purplish colour. Findings of fundoscopy examination are 

narrowing of retinal vessels, loss of retinal pigment epithelium, attenuation of retinal 

vessels and optic disc having paler appearance. On the basis of these changes the 

ophthalmologist can deduce that this is the condition of long standing retinal 

degeneration. By examining the fundus, RP patients could be distinguished from other 

retinal dystrophies having similar symptomps but distinctive retinal changes (Hamel, 

2006). 

2.11.10.2 Electroretinography (ERG) 

ERG is highly sensitive diagnostic key test. This test is of particular importance for 

asymptomatic patients having normal fundus at early stages of the disease or having 

variable penetrance as in case of autosomal dominant forms. Electro retinography is the 

transmission of visual signals to the brain in the form of series of electrical impulses. 

These electrical signals are generated in photoreceptor cells and reach to their final 

destination retina after passin through a variety of glial and neural cells. These signals 

creat charged environment in retina. This electrical activity is measured through a very 

sensitive instrument electroretinogram. Through electroretinography the functional status 

http://en.wikipedia.org/wiki/Nervous_system
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of photoreceptor cells is measured and the status of progression of disease is confirmed 

(Fishman, 1985). 

For confirmation of disease the examination should be repeated one or two years after it 

has been first recognized. ERG involvement in recording by stimulation of light was first 

described by Holmgren in 1865 in frog nearly 47 years ago. It has also been reported that 

in response of light, two waves appear in eye (Gotch, 1903). Further study by Einthoven 

and Jolly (1908) described the response of ERG in the eye in the form of three waves. 

These three waves were classified as a, b and c waves. However, another positive wave 

(d-wave) of cornea sometimes was found on the end of flash light. 

The ‘a’ wave shows the photoreceptors activity and photo transduction. The ‘b’ wave 

reflects the effect of neurons on muller cells. It originates from the middle of retina 

showing the second order neuron’s activity. Changes in the concentration of extracellular 

potassium level in subretinal spaces result in transient change of radial current in the glial 

or muller cells. As a result of these changes b waves originate with a transient increase in 

extracellular concentration of potassium (Niemeyer, 2002). The a and b waves are 

followed by c wave. These waves reflect the balance between retinal pigment epithelium 

(RPE) positive response and the negative response of muller cells due to change in 

concentration of potassium as a result of light evoked responses (Steinberg et al., 1980). 

2.11.11 Management including treatment 

Currently, no treatment or therapy is available which could stop the evolution of this 

ocular disorder or restore the vision. However, by adopting some strategies the 

degenerating process would slow down and complications could be avoided. 

2.11.11.1Vitamino therapy  

The therapy through vitamins for the treatment of RP is known as Vitamino therapy 

.Vitamins A and E are mostly used in this therapy. Their trophic and anti-oxidant effects 

protect the rod and cone cells. Berson and colleagues suggested that daily intake of 

vitamin A or vitamin E slows down the progression of RP. For 5-12 years 15,000 units of 

vitamin A and 400 units of vitamin E daily are recommended. This intake slowed down 

the loss in ERG amplitude (Berson et al., 1993). 1200mg docosahexaenoic acid (DHA) 
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was given daily with vitamin A. The disease progression was delayed by taking DHA, 

but it was not effective for more than 2 years (Berson et al., 2004). 

2.11.11.2 Light protection 

The statistics from animal studies indicated that some hereditary types of this ocular 

disorder are dependent on light up to a certain extent (Naash et al., 1996; Cideciyan et al., 

2005). Light protection is a way that slows down this disease. Patients suffering from 

retinal abnormalities are suggested to wear sunglasses. Sunglasses usually help in 

minimizing the photophobia and discomfort caused by glare. The modification in 

progression rate of RP is still a question (Stone et al., 1999). 

2.11.11.3 Hyperbaric oxygen (HBO) 

High oxygen level is seen to be helpful in modification of ERG but does not alter the 

disease natural course. It was seen that in advance stages of RP, HBO had detrimental 

effects (Vingolo et al., 1998). 

2.11.11.4 Genetic counseling 

After confirmation of the disease, the history of patient should be taken through family 

survey. Genetic counseling is very important in case of congenital disorders.  Since RP is 

a genetic disorder so it is strongly recommended to brief the persons having history of 

disease and going to start family. They can avoid the risk of having an affected child by 

avoiding consanguineous marriages. A complete phenotypic diagnosis is very important 

when family history is absent or in case of sporadic outbreaks (Hamel, 2006). 

2.11.11.5 Antenatal diagnosis (amniocentesis or chorionic biopsy) 

Prenatal diagnosis is helpful and is advised for families having history of this disease. 

Families having the history of severe RP and early onset should go for prenatal diagnosis 

(Hamel, 2006). 

2.11.12 Future treatments 

Research is going on to identify the causative genes. The aim of research is to understand 

the disease mechanisms and to find efficient treatments. Currently these treatments are 

not applicable in humans. All these experiments have done on animal model. 
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2.11.12.1 Gene therapy 

Gene therapy is assumed the simplest way to treat the cause of the disease. This strategy 

is more feasible for recessively inherited mutations like RP where disease phenotype 

appears due to the absence of a gene product. Vision was restored through surgical 

administration of Adeno Associated Virus (AAV) vectors carrying the RPE65 cDNA in 

the subretinal space (Acland et al., 2001; Acland et al., 2005). 

2.11.12.2 Transplantation of RPE  

Transplantation of RPE photoreceptors and stem cells is another area of active research. 

Epiretinal and subretinal are two main types of retinal implants. Patients of RP were able 

to see spots of coloured light by direct stimulation of retina using epiretinal implants  

( Kajiwara et al.,1994). The positive response of RPE and photoreceptor cells was seen in 

most of animal suffering from Leber congenital amaurosis LCA (Acland et al., 2001; 

Acland et al., 2005). The gene replacement therapy showed positive response for quite a 

few years after a single treatment of RPE65. The vision restoration after transfer of gene 

of the blind eye was outcome of this therapy (Bainbridge et al., 2008; Cideciyan et al., 

2008). Transplantation of RPE has shown slight increase in visual acuity also (Radtke et 

al., 2004). 

2.11.12.3 Pharmacological treatment 

In cases of known physiological mechanism the treatment through drugs of known 

toxicity may be a good choice. These drugs can correct the defect or help in inhibition of 

various effectors. In several animal models of RP, calcium-channel blockers have been 

tested (Frasson et al., 1999). But the success rate was not good (Pawlyk et al., 2000). The 

restoration of rod activity in an Rpe65 mouse model of LCA was achieved through the 

supply of 9-cis retinal (Radu et al., 2004). In future there is hope for more 

pharmacological treatments with exploration of mechanisms of the various forms of RP. 

2.11.12.4 Neuro protection using growth factors 

Intake o f growth factors in some animals model have good efficacy. These factors have 

very short life so were given in situ. Some of commonly used growth factors with 

excellent results are; glial-derived neurotrophic factor (GDNF), cardiotrophin-1, brain-
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derived neurotrophic factor (BDNF) and basic fibroblast growth factor (bFGF) (Uteza et 

al., 1999). 

Attempts have also made for gene transfer of GDNF but some side effects like retinal 

neovascularization and cataract have seen. Similarly in several animal models, CNTF 

which excellently preserves retinal integrity has shown to decrease response of retinal 

ERG by unknown toxic mechanism (Liang et al., 2001). The research is enduring to see 

whether this factor will be proficient in other forms of retinopathies or not. In view of the 

ongoing research efforts for devising treatment for RP it can be envisaged that some 

definite treatment options will be available for RP patients in next 5-10 years. Restoration 

and halting vision loss in all forms of RP might need many decades of research (Hartong 

et al., 2006). 

Another disorder involving rod and cone dystrophy is Fundus albipunctatus. This 

disorder has resemblance with RP in a sense that the persons affected by this disorder 

also suffer from night blindness but this condition is stationary. There is no tunnel vision 

in FAP as compared to RP in which there is constriction of vision.In RP rods cells are 

damaged more than cone cells where as in FAP cone dysfuntioning is high. 

2.13 Fundus albipunctatus  

Fundus albipunctatus (FAP; MIM 136880) is a mild and comparatively unusual form of 

congenital stationary night blindness (CSNB). FAP-causing mutations were first 

identified in RDH5, which is expressed primarily in the retinal pigment epithelium (RPE) 

(Yamamoto et al., 1999).  In a study of two consanguineous Pakistani families suffering 

from FAP it was demonstrated that retinol dehydrogenase 5 (RDH5) was located on the 

homozygous region on chromosome 12. A novel deletion mutation, 

c.913_917delGTGCT in one family and a missense mutation, c.758T>G (p.Met253Arg), 

in second family was identified (Ajmal et al., 2005). 

2.13.1 Signs and symptoms 

The disease is characterized by the manifestation of several small yellow -white patches 

in the perimacular area and the retinal margin (Yamamoto et al., 1999). Patients with 

FAP were having difficulty in adopting dark environment taking more time than normal 

persons. The extremely long dark adaptation times are due to the deficient 11-cis 

http://omim.org/entry/136880
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chromophore in rod photoreceptors. The characteristic white retinal spots in this disorder, 

which presumably represent local accumulation of retinoids, are due to the loss of RDH5 

function (Jang et al., 2001). In this disorder the visual function of cone is disturbed with 

later onset of cone dystrophy and the individuals suffering from this disorder had 

nyctalopia from childhood (Miyake et al., 1992; Shang et al., 2002)    

 2.13.2 Genetics of FAP  

The inheritance pattern of FAP is autosomal recessive. The major reason of this ocular 

disorder is mutations in the 11-cis retinol dehydrogenase (RDH5) gene. This gene is 

expressed mainly in the retinal pigment epithelium (Yamamoto et al., 1999). There are 

34 mutations which have been identified in this gene uptil now (Sergounioti et al., 2011) 

2.13.3 Main function of RDH5 gene  

RDH5 gene contains 318 amino acids which are highly conserved between different 

species (Simon et al., 1996). This gene is located in the smooth endoplasmic reticulum 

(Farjo et al., 2009). This gene is involved in regeneration of the visual chromophore 11-

cis-retinaldehyde (11-cis-RAL) from all-trans-retinaldehyde (all-trans-RAL). This all-

trans-RAL is required for activation of photoreceptors (Travis et al., 2007). The RDH5 

gene is involved in the oxidation of 11-cis-retinol to 11-cis-RAL. Recently, FAP was 

found associated as compound heterozygous mutation carrier of RPE65 gene (Schatz et 

al., 2011). The deficiency of 11-cis chromophore in rod photoreceptors is the cause of 

tremendously long dark adaptation times. If the white retinal spots appear in this disorder 

due to accumulations of retinoids, it depicts that RDH5 gene has lost its function (Jang et 

al., 2001). The degeneration of cones also occurs due to decreased supply of 11-cis 

retinal to the cones (Liden et al., 2001).  

2.13.4 Clinical findings 

The distinguishing characteristic of FAP from Retinitis punctata albescens is that FAP 

patients have late recovery of dark-adaptation whereas in RPA this recovery is lacked. 

The ERG recordings in both the cases showed attenuation in rod and cone responses 

(Yamamoto et al., 1999).  In a study of patients belonging to Israel four novel 

(c.343C>T, c.242delTGCC, p.R54X, c.242delTGCC) and one already reported (c.565 G> 

A) RDH5 mutations were identified in patients of FAP (Pras et al., 2012). 



 

37 

 

2.13.5 Pharmacological treatment  

In a study of mouse model 9-cis-retinal was proved to be beneficial in mice having 

mutation in RDH5 (Maeda et al., 2006). In other experiment when patients of fundus 

albipunctatus were treated through 9-cis-β-carotene in form of capsules for 90 days it 

resulted in improvement of this retinal disorder. This improvement was confirmed after 

examining the results of peripheral visual field and rod recovery rates. On the basis of 

these results it was inferred that an intake of 9-cis β-carotene will be helpful in dark 

adaptation in humans having RDH5 mutations (Rotenstreich et al., 2010). The ongoing 

research at molecular level has made the diagnosis of hereditary diseases possible.  
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Chapter 3 

MATERIALS AND METHODS 

3.1 Selection of Families 

Approval for this study was obtained from Institutional Ethical Committee, National 

Institute for Biotechnology and Genetic Engineering (NIBGE) Faisalabad, Pakistan. 

Seven consanguineous Pakistani families with ocular disorder retinitis pigmentosa (RP) 

were ascertained from different areas of Pakistan. After having information about 

families suffering from RP field trips were arranged for collection of blood samples. The 

purpose and benefits of this research project were briefly explained to the participants of 

study. All families were visited at their homes after having their consent. The relevant 

clinical information was collected by using standardized questionier or performa. The 

informations gathered about clinical data were; the time and age of onset of vision loss, 

symptoms, severity of vision loss, loss of vision in siblings, vision status of parents, 

grand parent’s aunts and uncles. The history of patients was taken by interviewing the 

elders of family, relatives, affected and normal individuals to minimize the chances of 

having other abnormalities like renal and hearing problems. Photographs of all the 

affected members were taken for record. The ophthalmologist also took the history from 

patients and examined them. Night blindness was the complaint in all the cases of RP. All 

these families were following Mendelian inheritance pattern i.e. autosomal recessive and 

all were predicted as monogenic. There was no evidence of having RP due to 

environmental causes. 

3.2 Pedigrees/Family charts 

After family selection, during field trips pedigrees were drawn using standard procedure 

(Bennett et al., 1995). Pedigrees help to have inference at genetic level and to confirm the 

mode of inheritance. The pattern of inheritance of the disease was deduced by observing 

the mode of segregation or transmission within family. The exact genealogical 

relationship for the affected individuals was obtained through extensive personal 

interviews of the elders of families. In the drawn pedigrees the male were represented by 

squares and the females by circles. The clear symbols represent normal while the filled 
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symbols show affected individuals. Each generation was denoted by Roman numerals. 

The individuals within a generation were designated Arabic numerals. A number 

enclosed within a symbol indicates the number of sibs, male or females. The symbols that 

have horizontal bars above them denote individuals who were present and willingly 

participated in the study. Symbols with a line across them denote deceased individuals. A 

double marriage line represents consanguinity. Pedigree was drawn using Cyrillic 

software 2.1.3 (Cherwell Scientific Publishing Ltd, Oxford, UK). 

3.3 Families studied 

Seven consanguineous Pakistani families suffering from ocular disorder RP were studied. 

3.3.1 RP8 

This consanguineous family was sampled from Pakpatan Tehsil Arif wala, Punjab province, 

Pakistan. This family has total of two affected individuals born from consanguineous 

marriages. Pedigree analysis suggested autosomal recessive mode of inheritance as the 

consanguineous parents were phenotypically normal. The degree of disease was severe as 

the affected individuals have become completely blind even they cannot detect the flash 

of light. Blood samples of six individuals were taken, III-1 and III-2 consanguineous 

parents, IV-1, IV-2 the affected ones and IV-3, IV-4 the normal siblings.  
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Figure 3.1: Pedigree of familyRP8 with an autosomal recessive mode of inheritance 

 Solid symbols represent affected subjects, while the open symbols represent normal 

individuals. A number enclosed within a symbol indicates the number of sibs. A bar 

indicates the subjects from whom blood was collected for molecular analysis and they 

were also physically examined. The age of onset of disease was mid 30's in parents while 

in affected children it appeared in second decade of life. 

3.3.2 RP9 

This family was identified from Qasoor district of Gohar Jageer located in province 

Punjab. Blood samples of 10 participants of study were taken. RP9-3 had partial loss of 

vision at 8 years of age having no color vision presenting a case of cone rod dystrophy. In 

all the other affected individuals there was a gradual loss of vision which started at 18 

years of age with a history of night blindness. The vision was completely lost at 35 to 40 

years of age in all the affected individual of this family. The Parents of affected 

individuals were phenotypically normal. 
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Figure 3.2: Pedigree of family RP9 with an autosomal recessive mode of inheritance. 

Solid symbols represent affected subjects, while the open symbols represent normal 

individuals. A bar indicates the subjects from whom blood was collected for molecular 

analysis and they were also physically examined. The age of onset of disease was 30 to 

40 years. 

3.3.3 RP11 

This family was identified from Ahmad pur Sharqia district of Bahawalpur located in 

province Punjab. This family had only four affected children (three male and one 

female). Parents of affected children were first degree cousins. Parents were normal upon 

clinical examination with normal vision. Blood sampling from 13 individuals was done 

for molecular study. The individuals (IV-1, IV-2, IV -3, IV -4, IV -5, and IV-6) are the 

normal parents, V -1,V-3,V-5, V-6 are affected ones and V-2, V-4 and V-7 are normal 

children. The two of affected individuals (V-5, V-7) were at the mid stage of RP having 

history of night blindness (nyctalopia). The other affected individual V -1 was at the end 

stage of disease having small degree of vision complaining the tunnel vision and 

peripheral vision loss with a few degree of retaining visual field around the fixation point. 
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Figure 3.3: Pedigree of family RP11 with an autosomal recessive mode of inheritance 

 Solid symbols represent affected subjects, while clear symbols represent normal 

individuals. A bar indicates the subjects from whom blood was collected for molecular 

analysis and they were also physically examined.the onset of disease was between 20 to 

30 years. 

3.3.4 RP12 

A large consanguineous Pakistani family belonging to Lower dir of province Khyber 

Pakhtoonkhwa (KPK) was investigated and identified with RP. The inheritance pattern 

was autosomal recessive as parents were normal showing no symptom of disease. The 

affected individuals in this family gradually lost their vision. The disease started with the 

classical symptom of RP night blindness, followed by the tunnel vision. The patients 

complained that they cannot see the things in periphery. The blood samples of 10 

individuals were collected with 3 affected and 7 normal samples. 
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Figure 3.4: Pedigree of family RP12 with an autosomal recessive mode of inheritance 

 Solid symbols represent affected subjects, while clear symbols represent normal 

individuals. A bar indicates the subjects from whom blood was collected for molecular 

analysis and they were also physically examined. The age of onset of disease was first 

decade of life. 

3.3.5 RP13 

This large six generation consanguineous Pakistani family belonging to Lower dir of 

province Khyber Pakhtoonkhwa (KPK) was investigated for RP. Since this family had 

the history of stationary night blindness and visual field constriction was not a complaint 

so this was reffered as a case of Fundus albipunctatus (FAP). The inheritance pattern was 

autosomal recessive as parents were normal showing no symptom of disease.This family 

had two affected individual. Blood samples of five individiuls were collected with 2 

affected and 3 normal samples.  
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Figure 3.5: Pedigree of family RP13 with an autosomal recessive mode of   

inheritance 

Solid symbols represent affected subjects, while clear symbols represent normal 

individuals. A bar indicates the subjects from whom blood was collected for molecular 

analysis and they were also physically examined. The age of onset of disease was first 

decade of life. 

3.3.6 RP14 

A large, five generation consanguineous Pakistani family was ascertained with four 

affected individuals suffering from RP. The family was identified from Jangal khail 

Kohat, Pakistan. It appeared in autosomal recessive manner (Figure 3.6). There were two 

affected male and two affected female with normal parents. Individuals V-2 and V-3 had 
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the history of peripheral vision loss which ended up in tunnel vision. The patient V-6 had 

night blindness, the typical symptom of RP. 

 

 

 

Figure 3.6: Pedigree of family RP-14 with autosomal recessive Retinitis Pigmentosa.  

Solid symbols represent affected subjects, while clear symbols represent normal 

individuals. A bar indicates the subjects from whom blood was collected for molecular 

analysis and they were also physically examined. The age of onset of disease was 25 to 

30 years in V-2 and V-3 and late 30's in V-4and V-6.  

3.3.7 RP16 

This large consanguineous family was identified in Gojar Khan, Rawalpindi of Punjab 

province. Sampling trip was arranged for the family and pedigree was drawn carefully by 

taking all required information from affected individuals and their parents. Consanguinity 

was found in the family. Pedigree analysis showed its autosomal recessive mode of 

inheritance (Fig 3.7). The family history of six generations was taken from different family 

members. Blood samples of available affected and normal individuals were taken with three 
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affected and three normal individuals. General clinical examination was made and standard 

questionnaires were filled for all affected members. All the affected individuals had typical 

symptoms of RP, having problem with glare from bright lights, difficulty seeing in poor 

light i.e. outdoors at dusk and loss of peripheral vision. 

 

 

Figure 3.7: Pedigree of family RP16with autosomal recessive Retinitis Pigmentosa.  

Solid symbols represent affected subjects, while clear symbols represent normal 

individuals. A bar indicates the subjects from whom blood was collected for molecular 

analysis and they were also physically examined. The age of onset of disease was 30 to 

35 years in all the affected individuals. 

 3.4 Blood Sampling 

After having informed consent from all family members taking part in study, venous 

blood samples were obtained from available healthy and affected members and their 

parents. Sterilized 10mL syringes (0.7 x 40mm, 0.22 x 11/2 inch) were used to take 

blood. The blood was transferred to potassium EDTA containing vacutainers and 
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immediately dispatched to Human Molecular Genetics laboratory (HMGL) of NIBGE 

Faisalabad. The samples were then stored at -20°C for further analysis. 

3.5 Extraction of Genomic DNA  

The standard phenol: chloroform method also known as the organic method was used for 

the extraction of human genomic DNA from the peripheral blood samples (Sambrook et 

al.,1989). 

3.5.1 DNA Extraction Protocol 

Following the standard Phenol: Chloroform protocol, 750μl of peripheral blood was 

taken in 1.5mL microcentrifuge tubes (Eppendorf, Germany) and an equal volume of 

solution A (32M sucrose; 10mM Tris (pH 7.5); 5mM MgCl2 and 1% v/v Triton X-100) 

was added. After mixing the contents properly, the mixture was left at room temperature 

for 10 minutes. The tubes were then centrifuged for 1 minute at 13,000 rpm as a result of 

which a pellet was formed. The supernatant was discarded and the pellet was resuspended 

in 400μl of solution A. The tubes were again centrifuged at 13,000 rpm for 1 minute. The 

supernatant was discarded and the resulting pellet was dissolved in 400μL of solution B 

(10mM Tris-HCl pH 7.5; 400mM NaCl and 2mM EDTA pH 8.0 Bioredicals, LLC, 

Germany) by vigorous shaking of the tubes. The tubes were then left for incubation after 

adding 25μL of 10% SDS and 8μL of proteinase K at 37ºC overnight, or at 65ºC for three 

hours. A 500μL fresh mixture of equal volumes of solution C (400μL phenol, 10mM 

Tris, Hydroxyquinaline and β-mercaptoethanol) and solution D (Isoamylalcohol; 

Chloroform1:24) was made and added to the incubated samples. After thorough mixing, 

the tubes were subjected to microcentrifuge at 13,000 rpm for 10 minutes. The upper 

aqueous phase formed as a result of centrifugation was separated from the lower protein 

layer and collected in a fresh microcentrifuge tube. An equal quantity of solution D was 

added and again centrifuged for 10 minutes at 13,000 rpm. The aqueous phase was again 

collected in a new tube to which 55μL of 3M sodium acetate (pH 6) was added. The 

DNA was precipitated by adding an equal volume (approx. 500μL) of ice-cold 

isopropanol and gently inverting the tube several times. The double helical DNA string 

was observed at this stage. The tubes were again centrifuged at 13,000 rpm for 1 minute 

to precipitate the DNA. The supernatant was carefully discarded without disturbing the 
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DNA pellet. DNA pellet was washed with 350μL of ice-cold ethanol and vacuum dried to 

get rid of excess ethanol. Finally the dried and purified DNA was dissolved in 

appropriate volume of double distilled deionized water. 

3.5.2 Quality check of purified DNA 

The quality of the genomic DNA was tested by running the samples on 1% agarose           

gel, stained by 0.5μg/mL ethidium bromide.  

3.5.3    Quantification of purified DNA 

Genomic DNA was quantified using NanoDrop
TM 

1000Spectrophotometer at 260 nm 

wave length. 

3.6 Selection of STR Markers   

A short tandem repeat polymorphism (STRP) occurs when homologous STR loci differ 

in the number of repeats between individuals. By identifying repeats of a specific 

sequence at specific locations in the genome, it is possible to create a genetic profile of an 

individual. For selection of genes and their markers literature was reviewed, genes 

already reported in literature were selected on the basis of priority to those (candidates) 

which appeared in genetic disorder for same disease from same geographical region or 

part of the world. STR markers were selected by human Genome Browser 

(http://www.genomebrowser.org). Marker’s physical position, locus and other attributes 

were selected using Human Genome Browser. The optimization of temperature was done 

for polymerase chain reaction. After temperature optimization for primers PCR recipe 

was optimized. 
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                           Table 3.1: STR Markers used for linkage analysis. 

 

3.7 Polymerase chain reaction (PCR) 

Polymerase chain reaction (PCR) was performed using a standard protocol in order to 

amplify genomic fragments for linkage analysis using microsatellite markers. PCR was 

carried out in 0.2mL tubes (Axygen USA) having capacity of 25μL total reaction 

mixture. The reaction mixture was prepared by adding 1.0μL samples DNA dilution, 

2.5μL 10 X PCR buffer  750mM Tris-HCl (pH 8.8 at 25°C), 200mM (NH4)2SO4, 0.1% 

Tween 20), 1.5μL Mgcl2, 2 μL dNTPs (Invitrogen San Diego, USA) 0.3μL of each 

forward and reverse primer (e-oligos manufactured by gene link) and 0.2 μl Taq DNA 

polymerase (Fermentas EU and Vivantis). After centrifugation, the reaction mixture was 

then gone through thermocycling condition consisting: 5 minutes of 94
0
C for template 

Marker Locus Genes Primers (5' to 3') Gene Phyical Position Annealing 

Temp. 
0
C 

D1S2816_F 

D1S2816_R 

 

1q31-q32 CRB1 TTCCCCAAATGTATTACTGC 

AAAGGAGTACCCAATCCCAG 

Chr1:197,237,408-197,  

447,584 

55.5
0
C 

D1S2840_F  

D1S2840_R  

           

1q31-q32 CRB1 GACAAGTCATCTTACACCTCAGT

TC 

CCAACATAATTTCTGGGCTG 

Chr1:197,237,408-197, 

447,584 

57
0
C 

D1S1183-F 

D1S1183-R 

1q31-q32 CRB1 TCTTCATTTTTTTCTCTCCTC 

ACAAACTCTGAAGCTGAAGA 

Chr1:197,237,408-197, 

447,584 

57
0
C 

D1S2813_F 

D1S2813_R 

1p22.1 ABCA4 CTTTTGACTCACTGGAAGACAT 

CCCCACCGTATCTGGTAT 

Chr1:94,458,396-94, 

586,705 

55.5
0
C 

D1S2849_F 

D1S2849_R 
1p22.1 ABCA4 AGCTGAGATCGTGCCA 

TCCCTAACCCTCCAGAACT 

Chr1:94,458,396-94, 

586,705 

56
0
C 

D2S1896_F 

D2S1896_R 
 

2q14.1 MERTK GAGTTGCAATTATAAGCCATTG 

GCACAAGAGTGTCCCTGA 

Chr2:112,656,191-112, 

786,945 

55
0
C 

D2S160_F 

D2S160_R 

2q14.1 MERTK TGTACCTAAGCCCACCCTTTAGA

GC 

TGGCCTCCAGAAACCTCCAA 

Chr2:112,656,191-112, 

786,945 

60
0
C 

D4S405_F 

D4S405_R 
4p12-cen CNGA1 ATCAGGAGATGTTGCCTTGC 

CAGGGCTATGATTGGATGTC 

Chr4:47,937,996-

47,983,550 

60
0
C 

D4S1592_F 

D4S1592_R 
4p12-cen CNGA1 GATTGTACCACTGCCCTCC 

CCACCATACCTGGCCTTG 

Chr4:47,937,996-

47,983,550 

59°C 

D8S532_F 

D8S532_R 
8q11 RP1 GCTCAAAGCCTCCAATGAC 

GACTTCGTGATCCACCTGC 

Chr8:55,528,627-55, 

543,394 

57
0
C 

D8S260_F 

D8S260_R 
8q11 RP1 AGGCTTGCCAGATAAGGTTG 

GCTGAAGGCTGTTCTATGGA 

Chr8:55,528,627-55, 

543,394 

57
0
C 
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denaturation followed by 35 cycles of amplification each consisting of 3 steps; one 

minute at 94
0
C for DNA denaturation; one minute at 55-63 

0
C for primer to hybridize or 

anneal to their complementary sequences on either side of the target sequence; and one 

minute at 72
0
C for extension of complementary DNA strand from each primer. Final 5 

minutes at 72
0
C for Taq polymerase to synthesize any unextended strands left. PCR was 

performed using Programmable Thermal Cycler PTC-06 (ICCC).                                           

 

                   Table 3.2: Thermocycling conditions used for regular PCR 

 

          

 

 

 

 

 

 

3.8 Gel Electrophoresis 

Horizontal and vertical, both types of gel electrophoresis were used during the study 

3.8.1 Horizontal Gel Electrophoresis 

Horizontal gel electrophoresis was not only used for checking the quality of purified 

DNA but also to separate and analyze the amplified PCR products. 1-2% agarose gel was 

made by melting 1-2grams of agarose (Green agarose product, hydra gene USA) in 100 

mL 1X TBE buffer (0.89M Tris-Borate, 0.025M EDTA) in a microwave oven for 2-5 

minutes. The mixture was then cooled under tap water to bring the temperature down to 

around 37ºC. The reason for cooling the mixture is that 0.5μg/mL ethidium bromide used 

for visualization of DNA, would degrade if the mixture will be hot. The gel was poured 

in the casting tray and combs were inserted to make wells for loading of samples. The gel 

was allowed to cool and the DNA/PCR products were loaded in the wells after mixing 

with the loading dye bromophenol blue (sucrose 40g, bromophenol blue 0.25g, distilled 

Steps Temperature Time 

Lid Temperature 105 
0
C  

Denaturation of DNA 94 
0
C 5 min 

(for first 

5cycles) 

(For the next 35 cycles) 

1-Denaturation of DNA 94 
0
C 1 min 

2-Annealing of primers 55-63 
0
C 1 min 

3-DNA amplification 72 
0
C 1 min 

Completion 72 
0
C 5 min 
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H
2
O till 100mL). The electrophoresis was done at 100 volts for about half an hour in 1X 

TBE buffer. The gel was placed under UV transilluminator (Life Technology, USA) to 

analyze the DNA/PCR products.   

3.8.2 Vertical or Polyacrylamide gel electrophoresis (PAGE) 

PCR products amplified by markers without fluorescent labeling were resolved through 

vertical gel electrophoresis. Non denaturing polyacrylamide gel (8%) was used for 

resolution of the PCR products. Gel was made by dissolving 27mL 30% acrylamide 

solution (29g acrylamide, 1g N,N methylene-bis-acrylamide), 10mL of 10 X TBE, 0.7mL 

of 10% ammonium per sulphate (APS) and 35μL TEMED in 63.3mL water. The 

polyacrylamide gel solution was poured between two glass plates held apart by spacers of 

1.5mm thickness. After inserting the well comb, gel was allowed to polymerize for 40-60 

minutes at room temperature. Amplified products obtained by PCR were mixed with 

loading dye (bromophenol blue) and loaded into the wells. Electrophoresis was 

performed in TBE buffer at 100 volts for 1-3 hours depending on the size of PCR 

product. The gel was stained with 10mg/mL ethidium bromide solution to visualize 

amplification. After staining the gel bands were visualized and photographed using gel 

documentation system (Uvipro Platinum 2.0). The PAGE was performed by using Dual 

Adjustable, Slab Gel Unit Model no. DASG-250. Adjustable from 125mm - 280mm, 

manufactured by C.B.S Scientific Co. 

3.9 Linkage studies 

3.9.1 Linkage to candidate gene loci 

The search for a disease gene begins with linkage analysis. By means of linkage analysis 

we can trace the genetic defects behind disease in inbred families and find out the rough 

location of diseased gene. The Initial step was to link the disease gene/locus with already 

known genes or loci by using highly polymorphic microsatellite markers (e-oligos by 

gene link) within gene regions. Table 3.1 summarizes microsatellite markers located in 

the region of known loci, which were used as initial analysis for genetic linkage in 

families with ocular disorder. Selected microsatellite markers had an average 

heterozygosity of >70%. Genotyping of these markers was performed as described earlier 

in Polymerase Chain Reaction (PCR).  
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3.9.2 LOD Score Calculations 

MLINK program of FASTLINK computer package was used to calculate two point LOD 

score at different values of θ assuming an autosomal recessive mode of inheritance for 

families affected with autosomal recessive inheritance. Equal male to female 

recombination rate, full penetrance and a disease allele frequency of 0.001 was selected. 

Equal allele frequencies of the genotyped markers were used in the calculations.  

3.10 Genome wide Screening 

Genome wide search was performed by homozygosity/ autozygousity mapping (Lander 

and Kruglyak, 1995). Homozygosity mapping is employed in rare recessive diseases as a 

useful tool due to the fact that recessive disease alleles appear homozygous in families 

due to intact genetic segments inherited as a result of consanguinity. The families showed 

linkage whole genome sequencing was done. 

 Next-generation sequencing (NGS)  

Genomic DNA of the families RP12 and RP13 were analysed by Roche 454 sequencing 

technology (next-generation sequencing, NGS) using a Roche Genome Sequencer FLX 

system.  

 DNA from these families was converted into sequence data through four primary steps:  

1– DNA sample preparation;  

2 – Proprietary process to load DNA sample onto beads;  

3– Sequencing DNA on Genome Sequencer FLX instrument 

4 –Analysis of the genome 

1. Sample Preparation  

Starting with whole genome DNA or targeted gene fragments, the initial step in the 

process employed by 454 Sequencing System was universal library preparation for 

available samples. The first step was breaking of the “double-helix” DNA ladder into 

shorter double-stranded fragments of approximately 400 to 600 base pairs. The next step 

was to attach adapters to the DNA fragments. Finally, the double-stranded DNA 

fragments were separated into single strands. A single library preparation provided 

enough material for numerous sequencing runs of the Genome Sequencer FLX™ System. 
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2: Loading DNA Sample onto Beads  

The DNA library fragments were then put onto micron-sized beads. As a result of the 

amplification of the DNA fragments, the signals produced during the sequencing step 

were easily detectable. The DNA library fragments along with capture beads and enzyme 

reagents in a water mixture were injected into small, cylindrical plastic containers containing 

synthetic oil. These materials were then vigorously shaked and as a result of this shaking water 

mixture formed droplets around the beads, called an emulsion. Typically, most droplets that 

contain DNA will contain only one DNA fragment. The water mixture includes an enzyme that 

causes the single and isolated DNA fragment in each droplet to be amplified into millions of 

copies of DNA. This reaction is also known as a polymerase chain reaction, or PCR. A single 

DNA fragment was amplified into approximately ten million identical copies as a result of this 

reaction. The beads were screened from the oil and cleaned after the completion of PCR reaction. 

Those beads having no DNA were eliminated and those having more than one type of DNA 

fragment were filtered out during sequencing signal processing.  

3: Sequencing  

The 454 Sequencing™ process uses sequencing by synthesis approach to generate 

sequence data. In sequencing by synthesis, a single-stranded DNA fragment is copied 

with the use of an enzyme making the fragment double stranded. Starting at one end of 

the DNA fragment, the enzyme sequentially adds a single nucleotide that is the match of 

the nucleotide on the single strand. Nucleotides were paired one by one as the enzyme 

moves down the single stranded fragment to extend the double-helix ladder structure. 

Following the separation and amplification of DNA strands with library preparation and emPCR 

kits, the DNA-capture beads were placed on PicoTiterPlate™ for sequencing. Each PicoTiterPlate 

comprises 1.6 million wells of 75 picoliter volume. The diameter of the wells is designed so that 

only a single capture bead will fit into each well. After the wells on the PicoTiterPlate were filled 

with capture beads containing the fractured and amplified DNA strands along with many small 

enzyme beads, the plate was placed into the 454 Sequencing System which is capable of washing 

the PicoTiterPlate with various reagents including the A, C, G and T nucleotides. The four 

nucleotides are flowed sequentially in four washes over the PicoTiterPlate. When these 

nucleotides were incorporated onto the DNA strands, the bead-bound enzymes contained in each 
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PicoTiterPlate well converted the chemicals generated during nucleotide incorporation into light 

in a chemi-luminescent reaction similar to that used by a firefly. 

4: Analysis of the Genome 

About 99% of the target regions were sequenced with an average coverage of 86-fold. 

About 97% of the regions of interest were covered more than 10-fold, about 96% more 

than 15-fold. NGS data analysis was performed using Roche GS Reference Mapper- 

(version 2.6) as well as JSI Medical Systems software (version 3.5)..  

 Data generated by 454 Sequencing™ on the Genome Sequencer FLX (GS FLX) has the 

unique advantage of high throughput combined with longer read length to create a more 

complete picture of the human genome. Putatively pathogenic differences between the 

wildtype sequence (human reference genome according to UCSC Genome Browser: 

hg19, GRCh37) and the patient´s sequence were validated using polymerase chain 

reaction (PCR) amplification followed by conventional Sanger sequencing. These 

differences could include insertions or deletions of one or several bases or more extensive 

DNA rearrangements. This information is critical for understanding what makes each 

individual unique and offers new understanding for improving human health. 

In short after fragmentation of the genomic DNA the genomic regions of all coding exons 

as well as the corresponding exon-intron transitions were enriched using the 

Roche/NimbleGen sequence capture technology. They were amplified and sequenced 

simultaneously. The differences between the wildtype sequence (human reference 

genome according to UCSC Genome Browser: hg19, GRCh37) and the patient´s 

sequence were validated using PCR amplification followed by conventional Sanger 

sequencing. For family RP 14 SNP genotyping was carried out using the Gene Chip 

Human Mapping 250K array (Affymatrix) with NSP1 enzyme according to 

manufacturer’s protocol (www.affymatrix.com). Following enzyme digestion with NSP1, 

genomic DNA (250 ng) was ligated to adaptors that recognized the cohesive four base 

pair overhangs. Fragments of different sizes/lengths obtained by restriction enzyme 

digestion were substrates of adapter ligation. Adapter-ligated DNA fragments ranging in 

size from 200-1100 bp were amplified by adapter sequences and recognized by generic 

http://www.affymatrix.com/
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primer. Amplification of DNA was followed by fragmentation, labeling and hybridization 

to Gene Chip Human Mapping 250K array (Affymatrix), scanned by using scanner and 

analyzed on computer. Array image data was acquired and analyzed with Affymetrix 

Gene Chip Operating Software (GCOS).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

56 

 

Chapter 4 

RESULTS 

4.1 Genetic linkage studies 

The initial linkage study was done for some of the commonly reported or known loci. 

Highly polymorphic microsatellite markers were used to find out linkage or exclusion. 

For genotyping the microsatellite markers used were: D1S2816 and D1S2840 for 1q31-

q32 locus; D1S2813 and D1S2849 for the locus 1p22.11; D2S1896 and D2S160 for 

2q14.1locus; D4S405 and D4S1592 for 4p12-cen locus; D8S532 and D8S260 for the 

locus 8q11. The oligoneucleotide sequences were obtained from the Genome Database 

(http://www.ncbi.nlm.nih.gov) for the amplification of microsatellite markers. Initially, 

all the seven families suffering from ocular disorder, autosomal recessive Retinitis 

pigmentosa and Fundus albipunctatus were tested for linkage analysis with selected 

microsatellite repeats markers (Table 3.1). Five out of seven families showed exclusion 

for the commonly reported gene/loci while two families showed linkage to already 

known loci. 

4.2 Linkage study in family RP8 

The family RP8 was tested for linkage to five commonly reported known RP loci (Table 

3.1). The initial screening was done for gene CRB1 at 1q31-q32; ABCA4 at 1p22.1; 

MERTK at 2q14.1; CNGA1 at 4p12-cen and RP1 at 8q11. This four generation pedigree 

was comprised of two patients of autosomal recessive retinitis pigmentosa belonging to a 

single consanguineous Pakistani family as shown in figure 3.1. The affected individuals 

(Figure 3.1) were present in the generation IV of the pedigree. Selected markers used in 

the present study had an average heterozygosity greater than 70%. Genotyping was 

carried out using samples of individuals III-1, III-2, IV-1, IV-2, IV-3 and IV-4. Analysis 

of microsatellite marker was carried out using a standard PCR reaction and 

electrophoresis in 8% non-denaturing polyacrylamide gel. Microsatellite markers were 

visualized by staining the gel with ethidium bromide and genotypes were assigned by 

visual inspection of the gel under UV light in gel documentation system. Gel 

documentation assay (Figure 4.1-4.5) obtained by genotyping the markers from within 

http://www.ncbi.nlm.nih.gov/


 

57 

 

the known loci revealed that the affected individuals in RP8 are heterozygous for the 

different combination of the parental alleles, indicating exclusion of linkage to known 

loci and genes.  

 

Figure 4.1: Gel electrophoresis of RP8 with marker D1S2813.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2813 and geneABCA4 showing heterozygosity in RP8. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.2: Gel electrophoresis of RP8 with marker D8S260.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D8S260 and RP1 gene showing heterozygosity in RP8. The Roman numbers 

indicate the generation number of the individuals within a pedigree while the Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 
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Figure 4.3 Gel electrophoresis of RP8 with marker D4S405. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D4S405 and CNGA1 gene showing heterozygosity in RP8. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.4: Gel electrophoresis of RP8 with marker 2S1896. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker 2S1896 and MERTK gene showing heterozygosity in RP8. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

 Figure 4.5: Gel electrophoresis of RP8 with marker marker D1S2840. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2840 and CRB1gene showing heterozygosity in RP8. The Roman 
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numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

4.3 Linkage study in family RP9 

This five generation pedigree was comprised of six patients of autosomal recessive 

Retinitis pigmentosa belonging to a single consanguineous Pakistani family as shown in 

figure 3.2. The blood samples of six affected and three normal individuals were taken.  

The affected individuals are present in the generation III, IV and V of the pedigree 

(Figure 3.2). The family was tested first for linkage using microsattellite markers tightly 

linked to the 5 loci associated with arRP. The candidate genes include CRB1 gene 

(markers D1S2816 and D1S2840) ABCA4 gene (markers D1S2813 and D1S2849) 

MERTK gene (markers D2S1896 and D2S160) CNGA1 gene (markers D4S405 and 

D4S1592) RP1 (markers D8S532 and D8S260) Selected markers used in the present 

study had an average heterozygosity greater than 70%. Genotyping was carried out using 

samples of individuals III:1, III:4, III:5, IV:1, IV:3, IV:4, IV:6, IV:7, and V:3 (Figure 

3.2). Gel documentation assay (Figure 4.6-4.10) of genotyping the markers from within 

the known loci showed heterozygosity in affected individuals of family. The principle of 

linkage analysis is that all diseased individuals will be homozygous for the marker that is 

adjacent to the gene responsible for the disorder while unaffected or carrier individuals 

will be heterozygous (Smith, 1953). So the similar pattern of all members of RP 9 lead to 

the conclusion that these genes are not involved in causing RP. 

 

 Figure 4.6: Gel electrophoresis of RP9 with marker D1S2849. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2849 and gene ABCA4 showing heterozygosity in RP9. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 
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Figure 4.7: Gel electrophoresis of RP9 with marker D8S532. 

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D8S532 and RP1 gene showing heterozygosity in RP9. The Roman numbers 

indicate the generation number of the individuals within a pedigree while the Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.8: Gel electrophoresis of RP9 with marker D4S1592.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker marker D4S1592 and CNGA1gene showing heterozygosity in RP9. The 

Roman numbers indicate the generation number of the individuals within a pedigree 

while the Arabic numbers indicate their positions within a generation (A=affected; 

N=normal). 
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Figure 4.9: Gel electrophoresis of RP9 with marker D2S160.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D2S160 and MERTK gene showing heterozygosity in RP9. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

     

Figure 4.10: Gel electrophoresis of RP9 with marker D1S2816.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2816 and CRB1gene showing heterozygosity in RP9. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

4.4 Linkage study in family RP11 

This five generation pedigree belonging to Bahawalpur was comprised of three affected 

individuals of autosomal recessive Retinitis pigmentosa of single consanguineous 

Pakistani family as shown in figure 3.3. Blood samples of three available affected and 

eight normal individuals were taken. The diseased persons are present in the Vth 

generation of the pedigree (figure 3.3). The samples used for genotyping were IV-1, IV-

2, IV -3, IV -4, IV -5, IV-6 V: 1, V: 2, V: 4, V-5 and V- 7.  Gel documentation assay 

(Figure 4.11-4.15) obtained by genotyping the markers from within the known loci 
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revealed that the individuals suffering from RP in this family are heterozygous for the 

different combination of the parental alleles, indicating exclusion of linkage to the known 

loci and genes. 

 

 

Figure 4.11 Gel electrophoresis of RP11 with marker D1S2813.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2813 and geneABCA4 showing heterozygosity in RP11. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.12: Gel electrophoresis of RP11 with marker D8S260. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D8S260 and RP1 gene showing heterozygosity in RP11. The Roman numbers 

indicate the generation number of the individuals within a pedigree while the Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

 

Figure 4.13: Gel electrophoresis of RP11 with marker D4S405.  
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Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D4S405 and CNGA1gene showing heterozygosity in RP11. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.14: Gel electrophoresis of RP11 with marker 2S1896.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker 2S1896 and MERTK gene showing heterozygosity in RP11. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.15: Gel electrophoresis of RP11 with D1S2840.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2840 and CRB1gene showing heterozygosity in RP11. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

4.5: Linkage study in family RP12 

This large seven generation pedigree was comprised of three affected individuals of arRP 

of single consanguineous Pakistani family as shown in figure 3.4. Blood samples of three 

available affected and seven normal individuals were taken. The affected individuals 

from whom blood samples were taken are present in the generation VI and VII of the 

pedigree. Genotyping was carried out using samples of individuals III-3, III-4, V-5, V-6, 
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VI-1, VI -2, VI -4, VI-6, VII-1 and VII-2. Initial linkage study in this family was done 

using five selected known RP loci (Table3.1).  

The initial linkage analysis of the affected individuals (VI-2, VI-4 and VII-1) of family 

RP12 exhibited homozygosity with the marker D1S2840 linked to gene (Crumbs 

homolog 1 (Drosophila)) at chromosome 1q31-q32 (Fig 4.20). Further confirmation was 

done by genotyping of this family with marker D1S2816 which is closely linkedto the 

human CRB1 gene on chromosome 1q31-q32. The three affected members were found 

homozygous for these markers. Additionally, the seven unaffected members were found 

to be heterozygous carriers. These results confirmed the linkage to CRB1 gene on 

chromosome 1q31-q32 (Figure 4.16- 4.20). 

 

 

 Figure 4.16: Gel electrophoresis of RP12 with marker D1S2813.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2813 and gene ABCA4 showing heterozygosity in RP12. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.17: Gel electrophoresis of RP12 with marker D8S260.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D8S260 and RP1 gene showing heterozygosity in RP12. The Roman numbers 

indicate the generation number of the individuals within a pedigree while the Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 
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Figure 4.18: Gel electrophoresis of RP12 with marker D4S405.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D4S405 and CNGA1gene showing heterozygosity in RP12. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.19: Gel electrophoresis of RP12 with marker D2S1896. 

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D2S1896 and MERTK gene showing heterozygosity in RP12. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

Figure 4.20: Gel electrophoresis of RP12 with marker D1S2840.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2840 and CRB1gene showing homozygosity in affected individuals of 

family RP12. The Roman numbers indicate the generation number of the individuals 

within a pedigree while the Arabic numbers indicate their positions within a generation 

(A=affected; N=normal). 
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Figure 4.21: Pedigree drawing and haplotype of chromosome 1q markers of family 

RP1. Alleles forming the risk haplotype are shaded black, and alleles not co-segregating 

with RP are shown in white.  

4.6: Mutation analysis in RP12 family 

Gene Name:    CRB1 (Crumbs homolog 1 (Drosophila)) 

Mutation at cDNA level:  c.1459T>C  

Mutation at protein level:              p.Ser487Pro or p.S487P 

Ensemble Gene ID:               ENSG00000134376 

Ensemble transcript ID:  ENST00000367400  

4.6.1 Mutation screening of human CRB1 gene in family RP12 

The genomic regions of all coding exons of 31 known arRP (413 exons) and 16 known 

LCA genes (215 exons) as well as the corresponding exon-intron transitions were 

enriched, amplified and sequenced simultaneously. Next-Generation Sequencing (NGS) 

data analysis was performed. Putatively pathogenic differences between the wild type 

sequence (human reference genome according to UCSC Genome Browser: hg19, 

http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000134376
http://www.ensembl.org/Homo_sapiens/Transcript/Sequence_cDNA?db=core;g=ENSG00000134376;r=1:197170592-197447585;t=ENST00000367400
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GRCh37) and the patients sequence were validated using polymerase chain reaction 

(PCR) amplification followed by conventional Sanger sequencing. Chromatograms were 

also analyzed by using computer program Sequencher v.4.1.2 (Gene Codes Corporation). 

The comparison of chromatograms of normal and affected individuals with the 

corresponding control gene sequences were done for the identification of abnormal and 

deviant nucleotide base-pair. The sequence of control gene was taken from public 

databases (http://www.ncbi.nlm.nih.gov/, www.ensembl.org/). The LOD score of this 

family was approximately 3.1. 

In the family RP12 a single base pair change at position 1459 (c.1459T>C) in Crumbs 

homolog 1 (Drosophila) (CRB1) gene was found after sequence analysis of the PCR 

products analogous to exon 6. This novel missense mutation resulted in a substitution of 

serine to proline amino acid at codon 487 (p.Ser487Pro). The mutation was present in 

homozygous state in all individuals suffering from RP and in heterozygous state in the 

phenotypically normal but carriers of the family (Figure 4.23-4.27). 

4.6.2 Sequence of cDNA of CRB1 gene. 
 

TGTAAGTAGGGTGGGACAGAGATGGCACCTGGGGGTTCTGAGGCACCCGCTCCTCTCTGAGACAGACAGGG

ATCAGGAGCCGGACTGGGACCAGACCACCAGCAACACACCAGAGGATGTTCTCTAAATAAGACCATGGCAC

TTAAGAACATTAACTACCTTCTCATCTTCTACCTCAGTTTCTCACTGCTTATCTACATAAAAAATTCCTTT

TGCAATAAAAACAACACCAGGTGCCTCTCAAATTCTTGCCAAAACAATTCTACATGCAAAGATTTTTCAAA

AGACAATGATTGTTCTTGTTCAGACACAGCCAATAATTTGGACAAAGACTGTGACAACATGAAAGACCCTT

GCTTCTCCAATCCCTGTCAAGGAAGTGCCACTTGTGTGAACACCCCAGGAGAAAGGAGCTTTCTGTGCAAA

TGTCCTCCTGGGTACAGTGGGACAATCTGTGAAACTACCATTGGTTCCTGTGGCAAGAACTCCTGCCAACA

TGGAGGTATTTGCCATCAGGACCCTATTTATCCTGTCTGCATCTGCCCTGCTGGATATGCTGGAAGATTCT

GTGAGATAGATCACGATGAGTGTGCTTCCAGCCCTTGCCAAAATGGGGCCGTGTGCCAGGATGGAATTGAT

GGTTACTCCTGCTTCTGTGTCCCAGGATATCAAGGCAGACACTGCGACTTGGAAGTGGATGAATGTGCTTC

AGATCCCTGCAAGAACGAGGCTACATGCCTCAATGAAATAGGAAGATATACTTGTATCTGTCCCCACAAT 

TATTCTGGTGTAAACTGTGAATTGGAAATTGACGAATGTTGGTCCCAGCCTTGTTTAAAT 

GGTGCAACTTGTCAGGATGCTCTGGGGGCCTATTTCTGCGACTGTGCCCCTGGATTCCTG 

GGGGATCACTGTGAACTCAACACTGATGAGTGTGCCAGTCAACCTTGTCTCCATGGAGGG 

CTGTGTGTGGATGGAGAAAACAGATATAGCTGTAACTGCACGGGTAGTGGATTCACAGGG 

ACACACTGTGAGACCTTGATGCCTCTTTGTTGGTCAAAACCTTGTCACAATAATGCTACA 

TGTGAGGACAGTGTTGACAATTACACTTGTCACTGCTGGCCTGGATACACAGGTGCCCAG 

TGTGAGATCGACCTCAATGAATGCAATAGTAACCCCTGCCAGTCCAATGGGGAATGTGTG 

GAGCTGTCCTCAGAGAAACAATATGGACGCATCACTGGACTGCCTTCTTCTTTCAGCTAC 

CATGAAGCCTCAGGTTATGTCTGTATCTGTCAGCCTGGATTCACAGGAATCCACTGCGAA 

GAAGACGTCAATGAATGTTCTTCAAACCCTTGCCAAAATGGTGGTACTTGTGAGAACTTG 

CCTGGGAATTATACTTGCCATTGCCCATTTGATAACCTTTCTAGAACTTTTTATGGAGGA 

AGGGACTGTTCTGATATTCTCCTGGGCTGTACCCATCAGCAATGTCTAAATAATGGAACA 

TGCATCCCTCACTTCCAAGATGGCCAGCATGGATTCAGCTGCCTATGTCCATCTGGCTAC (rs59598360) 

ACCGGGTCCCTGTGTGAAATCGCAACCACACTTTCATTTGAGGGCGATGGCTTCCTGTGG (c.1459T>C) 
GTCAAAAGTGGCTCAGTGACAACCAAGGGCTCAGTTTGTAACATAGCCCTCAGGTTTCAG 

ACTGTTCAGCCAATGGCTCTTCTACTTTTCCGAAGCAACAGGGATGTGTTTGTGAAGCTG 

http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?type=rs&rs=rs59598360
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GAGCTGCTAAGTGGCTACATTCACTTATCAATTCAGGTCAATAATCAGTCAAAGGTGCTT 

CTGTTCATTTCCCACAACACCAGCGATGGAGAGTGGCATTTCGTGGAGGTAATATTTGCA 

GAGGCTGTGACCCTTACCTTAATCGACGACTCCTGTAAGGAGAAATGCATCGCGAAAGCT 

CCTACTCCACTTGAAAGTGATCAATCAATATGTGCTTTTCAGAACTCCTTTTTGGGTGGT 

TTACCAGTGGGAATGACCAGCAATGGTGTTGCTCTGCTTAACTTCTATAATATGCCATCC 

ACACCTTCGTTTGTAGGCTGTCTCCAAGACATTAAAATTGATTGGAATCACATTACCCTG 

GAGAACATCTCGTCTGGCTCATCATTAAATGTCAAGGCAGGCTGTGTGAGAAAGGATTGG 

TGTGAAAGCCAACCTTGTCAAAGCAGAGGACGCTGCATCAACTTGTGGCTGAGTTACCAG 

TGTGACTGCCACAGGCCCTATGAAGGCCCCAACTGTCTGAGAGAGTATGTGGCAGGCAGA 

TTTGGCCAGGATGACTCCACTGGTTATGTCATCTTTACTCTTGATGAGAGCTATGGAGAC 

ACCATCAGCCTCTCCATGTTTGTCCGAACGCTTCAACCATCAGGCTTACTTCTAGCTTTG 

GAAAACAGCACTTATCAATATATCCGTGTCTGGCTAGAGCGCGGCAGACTAGCAATGCTG 

ACTCCAAACTCTCCCAAATTAGTAGTAAAATTTGTTCTTAATGATGGAAATGTCCACTTG 

ATATCTTTGAAAATCAAGCCATATAAAATTGAACTGTATCAGTCTTCACAAAACCTAGGA 

TTTATTTCTGCTTCTACGTGGAAAATCGAAAAGGGAGATGTCATCTACATTGGTGGCCTA 

CCTGACAAGCAAGAGACTGAACTTAATGGTGGATTCTTCAAAGGCTGTATCCAAGATGTA 

AGACTAAACAACCAAAATCTGGAATTCTTTCCAAATCCAACAAACAATGCATCTCTCAAT 

CCAGTTCTTGTCAATGTAACCCAAGGCTGTGCTGGAGACAACAGCTGCAAGTCCAACCCC 

TGTCACAATGGAGGTGTTTGCCATTCCCGGTGGGATGACTTCTCCTGTTCCTGTCCTGCC 

CTCACAAGTGGGAAAGCCTGTGAGGAGGTTCAGTGGTGTGGATTCAGCCCGTGTCCTCAC 

GGAGCCCAGTGCCAGCCGGTGCTTCAAGGATTTGAATGTATTGCAAATGCTGTTTTTAAT 

GGACAAAGCGGTCAAATATTATTCAGAAGCAATGGGAATATTACCAGAGAACTCACCAAT 

ATCACATTTGGTTTCAGAACAAGGGATGCAAATGTAATAATATTGCATGCAGAAAAAGAG 

CCTGAATTTCTTAATATTAGCATTCAAGATTCCAGATTATTCTTTCAATTGCAAAGTGGC 

AACAGCTTTTATATGCTAAGTCTGACAAGTTTGCAGTCAGTGAATGATGGCACATGGCAC 

GAAGTGACCCTTTCCATGACAGACCCACTGTCCCAGACCTCCAGGTGGCAAATGGAAGTG 

GACAACGAAACACCTTTTGTGACCAGCACAATTGCTACTGGAAGCCTCAACTTTTTGAAG 

GATAATACAGATATTTATGTGGGAGACAGAGCTATTGACAATATAAAGGGCCTGCAAGGG 

TGTCTAAGTACAATAGAAATCGGAGGCATTTATCTCTCTTACTTTGAAAATGTTCATGGT 

TTCATTAATAAACCTCAGGAAGAGCAATTTCTCAAAATCTCTACCAATTCAGTGGTCACT 

GGCTGTTTGCAGTTAAATGTCTGCAACTCCAACCCCTGTTTGCATGGAGGAAACTGTGAA 

GACATCTATAGCTCTTATCATTGCTCCTGTCCCTTGGGATGGTCAGGGAAACACTGTGAA 

CTCAACATCGATGAATGCTTTTCAAACCCCTGTATCCATGGCAACTGCTCTGACAGAGTT 

GCAGCCTACCACTGCACATGTGAGCCTGGATACACTGGTGTGAACTGTGAAGTGGATATA 

GACAACTGCCAGAGTCACCAGTGTGCAAATGGAGCCACCTGCATTAGTCATACTAATGGC 

TATTCTTGCCTCTGTTTTGGAAATTTTACAGGAAAATTTTGCAGACAGAGCAGATTACCC 

TCAACAGTCTGTGGGAATGAGAAGACAAATCTCACTTGCTACAATGGAGGCAACTGCACA 

GAGTTCCAGACTGAATTAAAATGTATGTGCCGGCCAGGTTTTACTGGAGAATGGTGTGAA 

AAGGACATTGATGAGTGTGCCTCTGATCCGTGTGTCAATGGAGGTCTGTGCCAGGACTTA 

CTCAACAAATTCCAGTGCCTCTGTGATGTTGCCTTTGCTGGCGAGCGCTGCGAGGTGGAC 

TTGGCAGATGACTTGATCTCCGACATTTTCACCACTATTGGCTCAGTGACTGTCGCCTTG 

TTACTGATCCTCTTGCTGGCCATTGTTGCTTCTGTTGTCACCTCCAACAAAAGGGCAACT 

CAGGGAACCTACAGCCCCAGCCGTCAGGAGAAGGAGGGCTCCCGAGTGGAAATGTGGAAC 

TTGATGCCACCCCCTGCAATGGAGAGACTGATTTAGGAGCATTGTGTCCCTTCGAGATGG 

GGATCCACACACTGTGAATGTGATGACTGTACTTCAGGTATCTCTGACATACCTGACAAT 

GTTAATCTGCAACTGGGATTACACTGGAACTACAGGAATGATTCCTTTGACCACCTTAAA 

AACTTTCACAGTGGTTCCGCTCGACACCATTGTTTTATTATATTATATCAGCCAATTGCA 

AAAAAAGTCTGTGCCAGTAATTTCAGCCTTATAATTAGCAAAAACATCTTCCAGAGAATA 

AAGTCTTCTGTGGCTTTAGTGGCTATCACTGAAACTCTTTCCTCTTTTCAACCTGGGAAC 

AAATTTTAGTTTTCATTTTAGGTTTCTGTACTTTCTGTAGTTTCTGTGTAAACTGCCATA 

TGTTTACATGGAAACTACAGGAAAAAATTGGCTACATTTCTCACTTCTCCTATCATGTGG 

TCAAAGTTATTGTTGTATACCAGCGATGGGATGTATACTTTTGTCCTTCATTCATGGATT 

CAGAGAAAGCTCTGGGAATGACTTATGGTCCAAAAAAGTGACCCAATGGCAACAAATAAA 

AATTGAAATGCA 
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Figure 4.22: CRB1 cDNA with variant nucleotide (T) underlined. 

4.6.3 CRB1Protein Sequence  

 

 

 

MALKNINYLLIFYLSFSLLIYIKNSFCNKNNTRCLSNSCQNNSTCKDFSKDNDCSCSDTA 

NNLDKDCDNMKDPCFSNPCQGSATCVNTPGERSFLCKCPPGYSGTICETTIGSCGKNSCQ 

HGGICHQDPIYPVCICPAGYAGRFCEIDHDECASSPCQNGAVCQDGIDGYSCFCVPGYQG 

RHCDLEVDECASDPCKNEATCLNEIGRYTCICPHNYSGVNCELEIDECWSQPCLNGATCQ 

DALGAYFCDCAPGFLGDHCELNTDECASQPCLHGGLCVDGENRYSCNCTGSGFTGTHCET 

LMPLCWSKPCHNNATCEDSVDNYTCHCWPGYTGAQCEIDLNECNSNPCQSNGECVELSSE 

KQYGRITGLPSSFSYHEASGYVCICQPGFTGIHCEEDVNECSSNPCQNGGTCENLPGNYT 

CHCPFDNLSRTFYGGRDCSDILLGCTHQQCLNNGTCIPHFQDGQHGFSCLCPSGYTGSLC 

EIATTLSFEGDGFLWVKSGSVTTKGSVCNIALRFQTVQPMALLLFRSNRDVFVKLELLSG 

YIHLSIQVNNQSKVLLFISHNTSDGEWHFVEVIFAEAVTLTLIDDSCKEKCIAKAPTPLE 

SDQSICAFQNSFLGGLPVGMTSNGVALLNFYNMPSTPSFVGCLQDIKIDWNHITLENISS 

GSSLNVKAGCVRKDWCESQPCQSRGRCINLWLSYQCDCHRPYEGPNCLREYVAGRFGQDD 

STGYVIFTLDESYGDTISLSMFVRTLQPSGLLLALENSTYQYIRVWLERGRLAMLTPNSP 

KLVVKFVLNDGNVHLISLKIKPYKIELYQSSQNLGFISASTWKIEKGDVIYIGGLPDKQE 

TELNGGFFKGCIQDVRLNNQNLEFFPNPTNNASLNPVLVNVTQGCAGDNSCKSNPCHNGG 

VCHSRWDDFSCSCPALTSGKACEEVQWCGFSPCPHGAQCQPVLQGFECIANAVFNGQSGQ 

ILFRSNGNITRELTNITFGFRTRDANVIILHAEKEPEFLNISIQDSRLFFQLQSGNSFYM 

LSLTSLQSVNDGTWHEVTLSMTDPLSQTSRWQMEVDNETPFVTSTIATGSLNFLKDNTDI 

YVGDRAIDNIKGLQGCLSTIEIGGIYLSYFENVHGFINKPQEEQFLKISTNSVVTGCLQL 

NVCNSNPCLHGGNCEDIYSSYHCSCPLGWSGKHCELNIDECFSNPCIHGNCSDRVAAYHC 

TCEPGYTGVNCEVDIDNCQSHQCANGATCISHTNGYSCLCFGNFTGKFCRQSRLPSTVCG 

NEKTNLTCYNGGNCTEFQTELKCMCRPGFTGEWCEKDIDECASDPCVNGGLCQDLLNKFQ 

CLCDVAFAGERCEVDLADDLISDIFTTIGSVTVALLLILLLAIVASVVTSNKRATQGTYS 

PSRQEKEGSRVEMWNLMPPPAMERLI 

 

Figure 4.23: CRB1 Protein Sequence with mutation (p. Ser487Pro)   

The affected amino acid (S) is underlined at amino acid 487. 

The ensemble Protein ID is ENSP00000356370 

All the cDNA and protein sequences were taken from Ensembl genome browser 

(http://www.ensembl.org/index.html).  

 

 

 

 

 

 

 

http://www.ensembl.org/Homo_sapiens/Transcript/ProteinSummary?db=core;g=ENSG00000134376;r=1:197170592-197447585;t=ENST00000367400
http://www.ensembl.org/index.html
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A A C C A C A C T T T C A T T T G A G G G  
 

Figure 4.24:  Sanger chromatograms of wild type or control sample 

A A C C A C A C T T N C A T T T G A G G G  
 

 

Figure 4.25:  Sanger chromatograms of heterozygous carrier VI: 6 of family RP12  

 

A A C C A C A C T T C C A T T T G A G G G  
Figure 4.26:  Sanger chromatograms of homozygous affected individual VI-4 of 

family RP12.  

 

A A C C A C A C T T C C A T T T G A G G G  
 

Figure 4.27:  Sanger chromatograms of homozygous affected individual VII:1 of 

family RP12. Arrow is representing the site of mutation. 
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All these DNA sequence chromatograms (figure 4.23-4.27) are from exon 6 of 

CRB1 gene. These chromatograms are representing the novel missense mutation at 

nucleotide position 1459 (c.1459T>C).  

 

4.7: Linkage study in family RP13 

The family RP13, a six generation Pakistani family was tested for linkage. Initially micro 

sattellite markers tightly linked to the 5 loci associated with autosomal recessive RP were 

used. These markers were fully informative. Genotyping of this family was carried out 

using samples of individuals V: 1, V: 2, VI: 1, VI: 2 and VI: 3 (Figure 3.5). Analysis of 

microsatellite markers was done by PCR reaction and vertical electrophoresis. The gel 

documentation assay (Figure 4.28-4.32) obtained by genotyping the selected markers 

used in this study revealed the heterozygosity of diseased individuals of the family for 

different combination of the parental alleles.The normal individuals also revealed the 

same pattern and confirmed the exclusion of linkage to the selected known loci and 

genes. 

 

 

Figure4.28: Gel electrophoresis of RP13 with marker D1S2813. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2813 and gene ABCA4 showing heterozygosity in RP13. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 
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Figure 4.29: Gel electrophoresis of RP13 with marker D8S260. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D8S260 and RP1 gene showing heterozygosity in RP13. The Roman numbers 

indicate the generation number of the individuals within a pedigree while the Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 

 

Figure 4.30: Gel electrophoresis of RP13 with marker D4S405.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D4S405 and CNGA1gene showing heterozygosity in RP13. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 
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Figure 4.31: Gel electrophoresis of RP13 with marker 2S1896. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker 2S1896 and MERTK gene showing heterozygosity in RP13. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

 

Figure 4.32: Gel electrophoresis of RP13 with marker D1S2840.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2840and CRB1gene showing heterozygosity in RP13. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

4.7.1 Mutation screening of human retinol dehydrogenase 5 (11-cis/9-cis) 

RDH5 gene in family RP13 
Gene Name:    RDH5 (retinol dehydrogenase 5 (11-cis/9-cis)) 

Mutation at cDNA level  c.602C>T  

Mutation at protein level    p.Ser201Phe or p.S201F 

Ensemble Gene ID   ENSG00000135437 

Ensemble transcript ID  ENST00000257895 

 

http://www.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000135437
http://www.ensembl.org/Homo_sapiens/Transcript/Sequence_Protein?db=core;g=ENSG00000135437;r=12:56114151-56118489;t=ENST00000257895
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Genomic DNA of the affected and normal samples of family was analysed by Roche 454 

sequencing technology (next-generation sequencing, NGS) using a Roche Genome 

Sequencer FLX system. After fragmentation of the genomic DNA the genomic regions of 

all coding exons of 31 known arRP (413 exons, status 08/10) and 16 known LCA genes 

(215 exons) as well as the corresponding exon-intron transitions were enriched using the 

Roche/NimbleGen sequence capture technology, amplified and sequenced 

simultaneously. The comparison of chromatograms of normal and affected individuals 

with the corresponding control gene sequences were done for the identification of 

abnormal and deviant nucleotide base-pair. The sequence of control gene was taken from 

public databases (http://www.ncbi.nlm.nih.gov/, www.ensembl.org/).  

 The sequencing of complete coding portion and intron-exon boundaries of the retinol 

dehydrogenase 5 (11-cis/9-cis) RDH5 gene in affected and normal individuals of family 

RP13 was done. A single base pair change at position 602 (C to T) at cDNA level was 

seen after sequencing. It was a novel missense mutation. This mutation resulted in a 

substitution of phenyl alanine for serine in amino acid 201 (p.Ser201Phe) of 

the RDH5 gene. The affected individuals were homozygous and the obligate carriers were 

heterozygous for this mutation (Figure 4.35-4.37). The LOD score of this family was 

approximately 3.2 which confirmed the linkage with RDH5 gene as the positive and 

greater than two values show linkage or co-segregation. 

 

4.7.2 cDNA of RDH5  
GGACTTTGGCCTTAGCAGTAGTTAGTGTGGGAGGCTGGGAAGACTGGGAGCAGTCTCTTA 

AACAAAAGCAAAAGAATAAGCTTCGGGCGCTGTAGTACCTGCCAGCTTTCGCCACAGGAG 

GCTGCCACCTGTAGGTCACTTGGGCTCCAGCTATGTGGCTGCCTCTTCTGCTGGGTGCCT 

TACTCTGGGCAGTGCTGTGGTTGCTCAGGGACCGGCAGAGCCTGCCCGCCAGCAATGCCT 

TTGTCTTCATCACCGGCTGTGACTCAGGCTTTGGGCGCCTTCTGGCACTGCAGCTGGACC 

AGAGAGGCTTCCGAGTCCTGGCCAGCTGCCTGACCCCCTCCGGGGCCGAGGACCTGCAGC 

GGGTGGCCTCCTCCCGCCTCCACACCACCCTGTTGGATATCACTGATCCCCAGAGCGTCC 

AGCAGGCAGCCAAGTGGGTGGAGATGCACGTTAAGGAAGCAGGGCTTTTTGGTCTGGTGA 

ATAATGCTGGTGTGGCTGGTATCATCGGACCCACACCATGGCTGACCCGGGACGATTTCC 

AGCGGGTGCTGAATGTGAACACAATGGGTCCCATCGGGGTCACCCTTGCCCTGCTGCCTC 

TGCTGCAGCAAGCCCGGGGCCGGGTGATCAACATCACCAGCGTCCTGGGTCGCCTGGCAG 

CCAATGGTGGGGGCTACTGTGTCTCCAAATTTGGCCTGGAGGCCTTCTCTGACAGCCTGA 

GGCGGGATGTAGCTCATTTTGGGATACGAGTCTCCATCGTGGAGCCTGGCTTCTTCCGAA 

CCCCTGTGACCAACCTGGAGAGTCTGGAGAAAACCCTGCAGGCCTGCTGGGCACGGCTGC 

CTCCTGCCACACAGGCCCACTATGGGGGGGCCTTCCTCACCAAGTACCTGAAAATGCAAC 

AGCGCATCATGAACCTGATCTGTGACCCGGACCTAACCAAGGTGAGCCGATGCCTGGAGC 

ATGCCCTGACTGCTCGACACCCCCGAACCCGCTACAGCCCAGGTTGGGATGCCAAGCTGC 

TCTGGCTGCCTGCCTCCTACCTGCCAGCCAGCCTGGTGGATGCTGTGCTCACCTGGGTCC 



 

75 

 

TTCCCAAGCCTGCCCAAGCAGTCTACTGAATCCAGCCTTCCAGCAAGAGATTGTTTTTCA 

AGGACAAGGACTTTGATTTATTTCTGCCCCCACCCTGGTACTGCCTGGTGCCTGCCACAA 

AATAAGCACTAACAAAAGTGTATTGTTTAAAAAATAAAAAGAAGGTGGGCAGAAATGTGC 

CCAGTGGAA 

Figure 4.33: cDNA of RDH5 showing the variant nucleotide (C) underlined. 

 

4.7.3 RDH5 Protein Sequence 
MWLPLLLGALLWAVLWLLRDRQSLPASNAFVFITGCDSGFGRLLALQLDQRGFRVLASCL 

TPSGAEDLQRVASSRLHTTLLDITDPQSVQQAAKWVEMHVKEAGLFGLVNNAGVAGIIGP 

TPWLTRDDFQRVLNVNTMGPIGVTLALLPLLQQARGRVINITSVLGRLAANGGGYCVSKF 

GLEAFSDSLRRDVAHFGIRVSIVEPGFFRTPVTNLESLEKTLQACWARLPPATQAHYGGA 

FLTKYLKMQQRIMNLICDPDLTKVSRCLEHALTARHPRTRYSPGWDAKLLWLPASYLPAS 

LVDAVLTWVLPKPAQAVY 

Figure 4.34: Protein Sequence of RDH5 gene. The affected amino acid (S) is marked 

red and underlined at amino acid 201.  

4.7.4 Chromatograms of family RP13 

 

A T A C G A G T C T N N N T C G T G G A G  
Figure 4.35:  Sanger chromatograms of heterozygous individual (V:1) of family 

RP13. Arrow is representing the site of mutation 

 

A T A C G A G T C T T C A T C G T G G A G  
Figure 4.36 Sanger chromatograms of homozygous affected individual (VI:1) of 

family RP13. Arrow is representing the site of mutation 

A T A C G A G T C T T C A T C G T G G A G  
Figure 4.37 Sanger chromatograms of homozygous affected individual (VI:2) of 

family RP13. Arrow is representing the site of mutation 
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In all these DNA sequence chromatograms (Figure 4.35-4.37) from exon 4 of retinol 

dehydrogenase 5 (11-cis/9-cis) RDH5 gene the novel missense mutation at nucleotide 

position 602 (c.602 C>T) is seen. Arrow is representing the site of mutation in family 

RP13.  

4.8: Linkage study in family RP14 

The family RP14 was five generation Pakistani family tested for linkage using 

microsattellite markers tightly linked to the 5 loci related with autosomal recessive RP. 

Selected markers were highly polymorphic with an average heterozygosity greater than 

70%. Genotyping  of the samples IV:1, V:2, V:3, V:4 and V:6 of family RP14 was 

performed (Figure 3.6). It was confirmed from the gel documentation assay (Figure 4.38-

4.42) that this family is excluded for the known loci because the affected individualin 

RP14 are heterozygous for the different combination of the parental alleles.   

 

Figure 4.38: Gel electrophoresis of RP14 with D1S2813.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2813 and ABCA4 gene showing heterozygosity in RP14. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.39: Gel electrophoresis of RP14 with D8S260.  
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Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D8S260 and RP1 gene showing heterozygosity in RP14. The Roman numbers 

indicate the generation number of the individuals within a pedigree while Arabic numbers 

indicate their positions within a generation (A=affected; N=normal). 

    

Figure 4.40: Gel electrophoresis of RP14 with D4S405.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D4S405 and CNGA1 gene showing heterozygosity in RP14. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

 

Figure 4.41: Gel electrophoresis of RP14 with2S1896.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker 2S1896 and MERTK gene showing heterozygosity in RP14. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

Arabic numbers indicate their positions within a generation (A=affected; N=normal).  
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Figure 4.42: Gel electrophoresis of RP14 with D1S2840.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2840 and CRB1 gene showing heterozygosity in RP14. The Roman 

numbers indicate the generation number of the individuals within a pedigree while Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 
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Figure 4.43: Haplotype of family RP14 for a region on chrosome 1q43. The critical linkage 

interval is defined by the recombinations observed for markers SNP_A_1989019 

(241.67cM) and SNP_A_4212410 (251.67cM). 
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Figure 4.44: Haplotypes of affected individuals of RP14 on long arm 1q43 of 

chromosme 1. The minimum linkage region is defined by markers, SNP_A_1989019 

(241.67cM) and SNP_A_4212410 (251.67cM). 
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Figure 4.45: Haplotype of of RP14 on long arm 1q43 of chromosme9. The linkage 

region is bounded by markers SNP_A_1842680 (95.40cM) and SNP_A_2108986 

(117.45cM). 
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Figure 4.46: Haplotype of family RP14 on long arm 9q22.31-9q32 of chromosme 9. 

The linkage region is bounded by markers SNP_A_1842680 (95.40cM) and 

SNP_A_2108986 (117.45cM). 

 

 

 

 

 



 

83 

 

 

Table 4.1:  Summary of genome wide scan of RP 14. 

Location of  

chromosome 

Border Position in bp Position in cM 

Upper Lower 
Upper 

Borer 

Lower 

Border 

Upper 

Border 

Lower 

Border 

 

1q42.3– 1q43 

 

SNP_A-

1989019  

rs7554650

    

SNP_A-

4212410  

rs1049541

3  

232,941,

363 

236,750,172 241.67 251.67 

 

9q22.31–9q32 

 

 SNP_A-

1842680  

rs1406201

    

SNP_A-

2108986  

rs1324927

    

93,591,5

03  

114,784,383 95.40 117.45 

 

Genome-wide linkage analyis by 250K sty array of RP 14family shows two homozygous 

regions on chromosome number 1 and 9. The region on chromosme 1 was mapped on 

long arm 1q43 (Fig 4.43 - 4.44) surrounded by two SNPs, SNP_A-1989019 (rs7554650) 

and SNP_A-4212410 (rs10495413), with a LOD score of approximately 2.6. This 

minimum linkage interval was of 3.8 Mb harbouring 30 genes. These genes were 

prioritized by using two different softwares, Endeavour and Genewandre. The results of 

both showed that the strongest candidate gene in this region was RYR2 (Table 4.2). 

The region on chromosme 9 was mapped on long arm 9q22.31-9q32 (Fig 4.45 - 4.46) 

surrounded by two SNPs, SNP_A-1842680 (rs1406201) and SNP_A-2108986 

(rs1324927), with a LOD score of approximately 2.6.  223 genes were found in this 

minimum linkage interval of 21.19 Mb. There are a number of candidate gene present in 

this region (Table 4.3). 
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Table 4.2 Prioritization of candidate genes of chromosme 1 by Genewandrer 

Rank 
Gene 

Symbol 
Score Start End 

1 RYR2 0.02953 235272324 236063910 

2 ACTN2 0.00804 234916421 234993862 

3 GGPS1  0.007456 233558375 233574469 

4 GNG4 0.006985 233777607 233880676 

5 ARID4B  0.005164 233396832 233558154 

6 LYST 0.003436 233890965 234096842 

7 EDARADD  0.003205 234624302 234714630 

8 MTR 0.002927 235025340 235130584 

9 TOMM20  0.002333 233339282 233358753 

10 NID1 0.001151 234205752 234295103 

11 ERO1LB 0.0008617 234447082 234511907 

12 TBCE 0.0008255 233597350 233678902 

13 ZP4 0.0001852 236112332 236120557 

14 LGALS8  0.000153 234748187 234779618 

15 HEATR1 0.0001326 234780593 234834436 

16 RBM34 1.21E-02 233361571 233391193 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=6262
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=88
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=9453
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=2786
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=51742
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=1130
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=128178
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=4548
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=9804
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=4811
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=56605
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=6905
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=57829
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=3964
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=55127
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=23029
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Table 4.3 Prioritization of candidate genes of chromosme 9 by Genewandrer 

Rank 
Gene 

Symbol 
Score Start End 

1 TEX10 0.09306 102104189 102154994 

2 IARS 0.08889 94012445 94095858 

3 TGFBR1 0.02951 100907232 100956294 

4 PTCH1 0.02292 97245084 97319067 

5 KLF4 0.01958 109286955 109291575 

6 NCBP1 0.01848 99435525 99475850 

7 BAAT  0.01633 103162889 103187107 

8 KIAA0368 0.01594 113162793 113286845 

9 CORO2A 0.01422 99926293 99994742 

10 ABCA1 0.01247 106583103 106730256 

11 XPA 0.01199 99477011 99499511 

12 IKBKAP 0.01022 110669620 110736216 

13 BICD2 0.008064 94513465 94566903 

14 TXN 0.007786 112046130 112058598 

15 SPTLC1 0.007101 93833247 93917510 

16 MUSK  0.006746 112470959 112603098 

17 
DNAJC25-

GNG10 

0.006587 113433486 113472329 

18 ALDOB 0.005888 103223478 103237925 

19 FANCC 0.005781 96901156 97119811 

20 NINJ1  0.004871 94923591 94936390 

21 GABBR2  0.004342 100090186 100511299 

22 LPAR1 0.003708 112675874 112840185 

23 UGCG 0.003685 113699026 113735259 

24 INVS 0.003663 101901331 102103246 

25 
PALM2-

AKAP2 

0.00359 111582397 111974612 

26 FBP1 0.003543 96405235 96441623 

27 NOL8  0.003035 94099460 94127658 

28 FKTN 0.002891 107360231 107443219 

29 HABP4 0.002816 98252234 98293438 

30 HIATL1  0.002795 96176653 96263022 

 

http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=54881
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=3376
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=7046
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=5727
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=9314
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=4686
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=570
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=23392
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=7464
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=19
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=7507
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=8518
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=23299
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=7295
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=10558
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=4593
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=552891
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=552891
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=229
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=2176
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=4814
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=9568
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=1902
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=7357
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=27130
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=445815
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=445815
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=2203
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=55035
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=2218
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=22927
http://www.ncbi.nlm.nih.gov/portal/query.fcgi?p$site=entrez&db=gene&cmd=Retrieve&dopt=full_report&list_uids=84641
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4.9: Linkage study in family RP16 

RP16 is a large consanguineous Pakistani family having seven generations pedigree. This 

family was having three affected individuals of autosomal recessive retinitis pigmentosa 

as shown in figure 3.7.  The diseased individuals are present in the generation IV of the 

pedigree. Genotyping of individuals IV:1, IV: 2,  IV: 3,  IV: 4, V:2 and V:1 was done 

(Figure 3.7). Gel documentation assay (Figure4.47 - 4.51) obtained by genotyping the 

markers revealed that the affected and normal individuals in the RP16 are heterozygous 

for the different combination of the parental alleles. The similar pattern of all members of 

RP 16 lead to the conclusion that these genes are not involved in the ocular disorder RP 

and confirmed exclusion of linkage to commonly reported known loci.  

 

Figure 4.47: Gel electrophoresis of RP16 with D1S2849. 

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2849 and gene ABCA4 showing heterozygosity in RP16. The Roman 

numbers indicate the generation number of the individuals within a pedigree while the 

The Arabic numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.48:  Gel electrophoresis of RP16 with D8S532.  

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D8S532 and RP1 gene heterozygosity in RP16. The Roman numbers indicate 

the generation number of the individuals within a pedigree while the The Arabic numbers 

indicate their positions within a generation (A=affected; N=normal). 
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Figure 4.49: Gel electrophoresis of RP16 with D4S1592. 

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D4S1592 and CNGA1 gene heterozygosity in RP16. The Roman numbers 

indicate the generation number of the individuals within a pedigree while the Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 

 

 

Figure 4.50: Gel electrophoresis of RP16 with D2S160. 

Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D2S160 and MERTK gene heterozygosity in RP16. The Roman numbers 

indicate the generation number of the individuals within a pedigree while the the Arabic 

numbers indicate their positions within a generation (A=affected; N=normal). 

 

Figure 4.51: Gel electrophoresis of RP16 with D1S2816. 

 Gel electrophoresis of ethidium bromide stained 8% non denaturing polyacrylamide gel 

for marker D1S2816 and CRB1 gene heterozygosity in RP16. The Roman numbers 

indicate the generation number of the individuals within a pedigree while Arabic numbers 

indicate their positions within a generation (A=affected; N=normal). 
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Chapter 5 

DISCUSSION 

Retinitis pigmentosa (RP, OMIM 26800) is a diverse type of genetic disorder. This 

heterogenous ocular disorder has mendalian mode of inheritance (Kaplan et al., 1990). 

The photoreceptors are lost progressively in this disease. The people suffering from this 

disorder ultimately become completely blind (Hamel, 2006). Non-syndromic or simple 

RP is inherited either as autosomal recessive, autosomal dominant or X-linked pattern. 

Autosomal dominant retinitis pigmentosa (adRP) constituetes 20% to 25% of all cases; 

autosomal recessive retinitis pigmentosa (arRP) comprises 15% to 20%; X-linked 

recessive RP ranges from 10% to 15%. The remaining 40% to 55% of cases, in which 

family record is missing, are termed as simplex RP (Boughman et al., 1980; Boughman 

et al., 1982; Jay et al., 1982; Inglehearn, 1998 and Stefano et al., 2011).  

According to the law of Mendalin inheritance, in arRP, both the parents have the affected 

gene. They have also unaffected children but the chance is only 25%. Since 

consanguinity strengthens the likelihood that a recessive trait will be manifested, 

autosomal recessive inheritance is thought to be most frequently inherited disorder (20% 

to 30%) in populations having consanguineous marriages (Kaplan et al., 1990). 

Eleven loci for RP disorders have been identified in consanguineous Pakistani families. 

Their molecular genetic causes have also been identified, which includes  LCA9 (Keen et 

al., 2003), RP32 (Zhang et al., 2005), SEMA4A (Abid et al., 2006), CC2D2A (Noor et 

al., 2008),  PROM1 (Zhang et al., 2007), RP29 (Hameed et al., 2001), RP25 (Khaliq et 

al., 1999), LCA5 (denHollander et al., 2007), RP1 (Riazuddin et al., 2005), PCDH15 

(Ahmed et al., 2003), and CDH23 (Astuto et al., 2002).  

In the past, many families do not show linkage to any reported loci, so it is predicted 

many more RP loci remained yet, to be identified. Due to the high frequency of this 

lifetime disorder, characterization of the disease on molecular level has become 

imperative. This will facilitate to formulate a policy to manage and overcome the disease 

in developing countries like Pakistan. Carrier screening will minimize the risk of having 

affected births.  
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Molecular genetic analysis of seven consanguineous RP families (RP8, RP9, RP11, 

RP12, RP13, RP14 and RP16) belonging to different regions of Khyber Pakhtoonkhwa 

(KPK) and Punjab province of Pakistan was performed in this study. The mode of 

inheritance of all families was autosomal recessive. Homozygosity mapping was used to 

identify the contributory gene because we can identify the principal genes causing 

autosomal recessive genetic disorders through this technique (Lander and Botstein, 

1987). This strategy was also preffered due to the fact that it locates the chromosomal 

regions showing homozygous segments, in a rapid and straightforward manner (Lander 

and Botstein, 1987; Miano et al., 2000).  

Since it was deduced that progeny of consanguineous parents are homozygous for genetic 

markers present near the disease gene (Smith, 1953), therefore large consanguineous 

Pakistani families with multiple affected individuals were selected. The mapping of 

recessive gene was done in the offsprings of consanguineous unions using homozygosity 

mapping. The offsprings of consanguineous matings have several centi-Morgans (cM) 

long homozygous region on both sides of the disease locus. The homozygosity mapping 

identifies these homozygous regions between each and every affected individual. 

Markers having greater than 70% heterozygosity were chosen for this study, as they 

could detect a homozygous segment upto 9 to 10 cM provided the markers are 1 cM apart 

(Genin et al., 1998; Broman and Weber, 1999).  

As RP is very heterogenous disorder involving many genes so screening for all the 

reported RP loci would have been very time taking for this study. Therefore, 

microsatellite markers of different chromosomes were selected on the basis of commonly 

occurring genes. In the present study all the seven (RP8, RP9, RP11, RP12, RP13, RP14 

and RP16) consanguineous families were tested initially for linkage with highly 

polymorphic selected microsatellite markers (Table 3.1). The linkage analysis of six out 

of seven families (RP8, RP9, RP11, RP13, RP14 and RP16) revealed that the affected 

individuals in these families are heterozygous for the different combinations of the 

parental alleles. The results showed exclusion to five selected known loci or genes on 

different chromosomes associated with autosomal recessive RP. It was inferred that a 

novel locus/gene/mutation is involved in these five families and the mutation in these 
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genes is strong enough to cause the described phenotype. It was proposed to use a 

comparatively straight forward approach like SNP array, to identify the homozygous 

regions directly. The linked family RP12 and two other families RP13 and RP14 were 

chosen for further molecular analysis. All the families were initially diagnosed with RP. 

The initial screening of autosomal recessive Retinitis pigmentosa loci for RP13 revealed 

that there was no RP involvement in this family. It was a case of congenital Fundus 

albipunctatus (FAP). In this family linkage to already reported gene retinol 

dehydrogenase 5 (11-cis/9-cis) RDH5 gene was identified. This gene was, thus, 

sequenced using over lapping sequencing markers covering the genomic regions of all 

coding exons as well as the corresponding exon-intron transitions. The sequence analysis 

of exon 4 of the RDH5 gene revealed a novel missense mutation at nucleotide position 

602 (c.602 C>T). This mutation resulted in substitution of phenylealanine for serine at 

amino acid 201 (p.Ser201Phe) of the RDH5 gene. The diseased individuals of this family 

were homozygous while phenotypically normal (carriers) individuals showed 

heterozygsity for this mutation (Figure 4.35-4.37). It was inferred that mutation in this 

gene was responsible for autosomal recessive RP in this family. The estimated LOD 

score of this family was 3.2 which strongly confirmed linkage to RDH5 gene. 

RDH5 gene belongs to RDH family of genes and contains 318 amino acids which are 

extremely conserved between different species (Simon et al., 1996). This gene is located 

in the smooth endoplasmic reticulum where it takes part in chromophore regeneration and 

the 11-cis retinal synthesis (Farjo et al., 2009). The deficiency of this gene leads to 11-

cis retinol accumulation in the RPE. This accumulation will reduce 11-cis retinal in the 

photoreceptors which will ultimately result in the faulty rod and cone photoreceptor cells 

(Driessen et al., 2000). 

The visual cycle is dependent on 11-cis-retinal, a chromophore obtained from vitamin A. 

This chromophore is located in rhodopsin and cone opsins. It helps in the absorption of 

light in the visible range. Binding of this chromophore with opsin forms a visual pigment 

which is sensitive to light. 11-cis-retinal is produced after several enzymatic steps in 

visual or retinoid cycle. These processes take place in photoreceptor cells and the 

adjoining RPE. So it is obvious that RDH5 gene is essential for proper functioning of 
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visual cycle (Rohrer et al., 2005). Any abnormality in the functioning of this gene will 

result in a disorder related to vision. 

The mutations in RDH5 gene are cause of Fundus albipunctatus (FAP) which is an 

exceptional form of stationary night blindness. In this ocular disorder the regeneration of 

cone and rod photopigments is delayed. FAP-causing mutations were first identified 

in RDH5, which is expressed primarily in the retinal pigment epithelium (RPE) 

(Yamamoto et al., 1999). To date, 34 RDH5 mutations have been reported. Most are 

missense mutations; however, a few frameshift and in-frame mutations have been 

reported (Sergouniotis et al., 2011). In our study the novel mutation found (c.602 C>T) 

was also missense mutation. 

The family RP12 showed linkage to crumbs homolog 1 CRB1 gene. The crumbs homolog 

1 (CRB1; MIM: 604210) is a protein  which is encoded by the CRB1 gene in humans 

(den Hollander et al, 1999). The crumbs CRB1gene was identified in Drosophila at first 

and encodes a large transmembrane protein required for maintenance of apico-basal cell 

polarity and adherens junction in embryonic epithelia. Human CRB1 and its two 

paralogues, CRB2 and CRB3 are highly conserved throughout the animal kingdom. The 

mutation in the CRB1 gene results in morphological defects and light-induced 

degeneration of photoreceptor cells. This gene is present to the sub-apical region adjacent 

to the adherens junction complex at the outer limiting membrane in the retina. CRB1 is 

located on chromosome 1q31.3 containing 12 exons (Hanein et al, 2004). Mutations 

causing amino acid substitutions in the human CRB1 gene, the human homologue of 

Drosophila Crumbs, can lead to Leber congenital amaurosis (LCA), classic and Retinitis 

pigmentosa type 12, and Retinitis pigmentosa with coats-like exudative vasculopathy 

(Cremers et al., 2002; den Hollander et al., 1999).  

The CRB1 protein contains 19 epidermal growth factor-like domains, three laminin A 

globular-like domains, a transmembrane domain and a 37 amino acid cytoplasmic tail 

with an C-terminal ERLI motif (den Hollander et al., 1999; Tepass et al., 1990). This 

gene is located on chromosome 1q31.3 containing 12 exons. The inheritance pattern of 

RP due to CRB1 mutations is autosomal recessive (Hanein et al, 2004). The patients 

suffering from autosomal recessive eye disorders, like RP and Leber congenital 

http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Gene
http://jcs.biologists.org/content/117/18/4169.long#ref-4
http://jcs.biologists.org/content/117/18/4169.long#ref-5
http://jcs.biologists.org/content/117/18/4169.long#ref-5
http://jcs.biologists.org/content/117/18/4169.long#ref-35
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amaurosis (LCA) were having mutations in the Crumbs homologue 1 (CRB1) gene. This 

was confirmed in a study of patients suffering from RP, when nine mutations were 

identified in CRB1 gene (den Hollander et al, 2004). Two novel mutations in CRB1 gene; 

p.Cys948Tyr and p.Trp822ter were also identified in a Spanish family suffering from 

arRP (Riveiro- Alvarez et al, 2008).  

We have reported the association/linkage of arRP phenotype family RP1 with CRB1, a 

gene previously associated with arRP because the three affected members were found 

homozygous for thes markers D1S2840, D1S2816 and D1S1183 additionally, the seven 

unaffected members were found to be heterozygous carriers.  The classical features of RP 

upon ophthalmological examination of the affected individual showed attenuation of 

arterioles, bony pigmentation on peripheral and mid peripheral regions of retina and 

pallor optic disc. These symptoms were reported to be present in all the individuals who 

suffer from RP. For confirmation of linkage and mutation detection, the CRBI gene was 

sequenced by Roche 454 sequencing technology (next-generation sequencing, NGS) 

using a Roche Genome Sequencer FLX system. It was established in our study that CRB1 

gene is involved in RP after sequence analysis. In the family RP12 mutational analysis of 

exon 6 of the CRB1gene revealed a novel missense mutation at nucleotide position 1459 

(c.1459T>C). This mutation resulted in a substitution of proline for serine at amino acid 

487 (p.Ser487Pro). The mutation was present in homozygous state in all affected 

individuals and in heterozygous state in the obligate carriers of the family (Figure 4.23-

4.27). It was inferred that mutation in this gene is strong enough to cause arRP in this 

family.  

The family RP14 did not show linkage to any reported gene causing arRP. SNP 250K sty 

array technique was used as RP is extremely heterogeneous disorder and this is a 

relatively simple approach to identify the homozygous regions directly. This family 

showed two homozygous regions on chromosome number 1 and 9 

with a LOD score of approximately 2.6. This minimum linkage interval of homozygous 

regions of chromosome one was of 3.8 Mb harbouring 30 genes and of chromosome 

number 9 was of 21.19 Mb with 223 genes. The strongest candidate gene on the 

chromosome number one was prioritized using two different softwares, Endeavour and 
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Genewandrer. Both showed Cardiac Ryanodine Receptor RYR2 as the strongest candiadte 

gene.This gene was previously reported to be involved in cardiac disorders. There was a 

very long list of candidate genes on chromosome number nine as this region was larger 

than chromosome number one. At present fine mapping is in progress to confirm the 

novel locus and gene.  

The limitation of such type of genetic study is that we require a large family with 

minimum of three affected individuals. We have to rely on the information given by the 

relatives of the family that could be incorrect some time. The problem of compound 

heterozygosity is also a limitation to such type of studies. Since a large number of 

disease-causing mutations have been identified for Retinitis pigmentosa, so mutations in 

many different genes can cause the same phenotype and different mutations in the same 

gene could cause varied phenotypes. Even the screening of reported RP loci could have 

been beyond the scope of this study. So heterogeneity is also a limitation.  

A comparatively straight forward approach should be used as was applied in this study 

utilizing SNP 6.0 array, by which the homozygous regions could directly be identified. At 

present microsatellite markers are being employed to identify the exact locus.  

The identification of causative genes and their mutations in RP families analyzed in this 

study may help to develop improved strategies of genetic counseling for Pakistani 

families with RP and FAP. Since it is conceivable, that many loci are yet to be identified 

for RP so discovery of novel genes with novel protein would lead to greater therapeutic 

advancement.  

In future proper carrier screening and prenatal diagnosis using molecular biology 

techniques may also provide a rapid and reliable method to prevent affected births in 

carrier couples. This would help to irradicate the disease. Gaining insight into the genetic 

causes underlying this disorder would greatly contribute to unravel ad understand the 

genetic background and disease mechanism and this would ultimately aid in the 

prognosis of RP and FAP. The molecular analysis would help to reveal new proteins with 

important function in the eye which would lead to greater understanding of eye function 

and may offer new avenues for therapeutic inventions. Very vast research is currently 

being performed both in the United States and internationally. A promising treatment 
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aimed at preserving cones, is in a phase I clinical trial. This involves a protein known as 

rod- derived cone viability factor (RdCVF). It has preserved vision in several preclinical 

studies. 

Other promising research involves synthetic nucleic acid nanoparticles, growth factors 

such as ciliary neurotrophic factor, gene therapy with recombinant adeno-associated 

virus, and stem cell therapy. Scientists and ophthalmologists are also investigating retinal 

transplants and artificial retinal implants. 

As we acquire more knowledge about gene function, treatment for hereditary diseases 

including RP will become available. If as few as 5% of cones can be kept alive, a person 

with RP can continue to function independently.  

We can conclude that this research work may prove helpful to study gene function and 

learn more about the pathophysiology of diseases studied. This study can lead to better 

understanding of genetics behind RP that will contribute to improved diagnostics, risk 

assessment, therapeutic strategies and to develop improved treatment models for these 

disorders. The genetic counseling to the carrier families will also help in reduction of 

affected births born with inherited ocular disorders in the Pakistani population. In brief 

this study would help the clinical geneticists to direct and improve the services given to 

the patients suffering from retinal disorders. 

 

 

 

 

 

 

 

 

 

 

 

 



 

95 

 

Chapter 6 

Summary 

Genetic disorders are more frequent in Pakistan as compared to other countries. The main 

reasons for this high frequency are exceptional population structure and high trend of 

consanguinity. Autosomal recessive inheritance is said to be more in populations where 

the rate of consanguineous marriages is high. So the arRP is the most widespread and 

frequent inborn inherited type, accounting for approximately 20% to 30% of all cases of 

RP. About 30 genes and loci are associated with autosomal recessive RP. Due to this 

enormous heterogeneity, the diagnosis of RP at molecular level is not an easy job. 

Enormous numbers of mutations have been identified in each gene of RP and variety of 

genes are involved in causing the identical phenotype. This makes the mutations 

detection, a laborious, expensive and lengthy process. The advances in molecular 

genetics and use of new techniques have made it possible to explore the disease causing 

gene and mutation in shorter time span.  

The present study was aimed to map the disease genes in autosomal recessive inherited 

eye disorders Retinitis pigmentosa In the present study seven highly consanguineous 

families (RP8, RP9, RP11, RP12, RP13, RP14 and RP16) demonstrating isolated 

hereditary ocular disorder Retinitis pigmentosa were identified from different parts of 

Pakistan. The inheritance pattern in all families was autosomal recessive. A minimum of 

two microsatellite markers from each of the candidate regions of loci were genotyped in 

all the available individuals of the seven families. A total of 52 DNA samples from seven 

families were taken for this study. Family RP8 had two affected individuals. The disease 

was very severe as the affected individuals were completely blind even they cannot detect 

the flash of light. The blood samples from two affected and four normal available 

individuals were collected. Family RP9 has six available affected and three normal 

persons from whom sampling was done. In family RP11 blood sampling from 11 

individuals (three affected and eight normal) was done for molecular study. The RP12 

was a large five generation consanguineous Pakistani family. The blood samples of 10 

individuals were collected with 3 affected and 7 normal samples. In the family RP13 

which was a case of Fundus albipunctatus sampling from two affected and three normal 
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available individuals was done. RP14 was also a five generation consanguineous 

Pakistani family and sampling from four affected individuals and one normal person was 

done. RP16, a large seven generation family had three affected individuals. Genotyping 

of six samples of this family was done including three affected and three normal samples. 

All the affected individuals had typical symptoms of RP. 

The linkage analysis was performed by PCR using the selected STR (short tandem 

repeats) microsatellite markers for the known loci. For genotyping the microsatellite 

markers used were: D1S2816 and D1S2840 for 1q31-q32 locus and CRB1gene; D1S2813 

and D1S2849 for the locus 1p22.11 and ABCA4 gene; D2S1896 and D2S160 for 

2q14.1locus and MERTK gene; D4S405 and D4S1592 for 4p12-cen locus and CNGA1; 

D8S532 and D8S260 for the locus 8q11 and RP1. Six out of seven families initially 

showed exclusion for the selected markers.We inferred that a novel locus/gene may be 

involved in these families and sequencing will reveal this novel or already reported 

locus/gene or mutation.  

One family RP12 showed linkage to already reported gene. Since Retinitis pigmentosa is 

tremendously heterogeneous (40 genes identified so far) so even the screening of reported 

RP loci would be a time taking and laborious task. For this disease phenotype a 

comparatively simple and rapid approach was the application of SNP array because in 

this technique the homozygous regions could directly be identified. After homozygosity 

mapping two out of five families showed linkage to already reported loci/genes.  

The family RP12 was linked to Crumbs homolog 1(CRB1) gene. The LOD score of this 

family was approximately 3.1 which confirmed the linkage with CRB1gene as the 

positive and greater than two values show linkage or co-segregation. 

The linkage confirmed the involvement of this gene in RP. For the identification of 

disease causing mutations direct sequencing of the PCR products was carried out.The 

sequence analysis of the PCR products of exon 6 exposed a single base pair change at 

position 1459 (c.1459 T >C). This missense mutation resulted in a serine to proline 

amino acid substitution at codon 487 (p.Ser487Pro). This mutation was in homozygous 

state in all affected individuals and in heterozygous state in the carriers of the family.  
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The family RP13 showed linkage to retinol dehydrogenase 5 (11-cis/9-cis) RDH5 gene. 

The LOD score of this family was approximately 3.2 which confirmed the linkage with 

RDH5 gene. The Sanger sequencing was performed for identification of known or novel 

mutation. After sequence analysis of exon 4 of the RDH5 gene a novel missense mutation 

at nucleotide position 602 (c.602 C>T) was identified. This mutation resulted in 

substitution of phenylealanine for serine at amino acid 201 (p.Ser201Phe) of 

the RDH5 gene. The presence of mutation in homozygou state in affected individuals and 

heterozygous state in carriers of the family further confirmed the involvement of RDH5 

gene in the diseased phenotype. It was inferred that mutation in this gene was responsible 

for autosomal recessive fundus albipunctatus (FAP) in this family.  

The family RP14 showed exclusion to all the known genes involved in RP depicting that 

a novel gene is involved in this family causing RP phenotype. Genome-wide linkage 

analyis by 250K sty array of RP14 family showed two homozygous regions on 

chromosome number 1 and 9. Exome sequencing is in progress to confirm the novel 

gene. The strongest candidate gene was Cardiac Ryanodine Receptor (RYR2) which was 

prioritized using two different softwares, Endeavour and Genewandrer. This gene was 

previously involved in cardiac diseases. Fine mapping is in progress to confirm the exact 

location of the gene.  
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