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Abstract 

 
Eye disorders can occur due to genetic variations that can be inherited. Autosomal 

recessive eye disorders are considered rare, but there prevalence increases 

significantly in regions where consanguineous marriages are common. The current 

study was designed to investigate the molecular basis of recessively inherited eye 

disorders in Pakistani population. After approval of this study from Bioethical 

Committee of Faculty of Biological Sciences, Quaid-i-Azam University, Islamabad 

Pakistan, various hospitals in different cities were visited and samples were collected 

from twenty primary congenital glaucoma (PCG) families, thirty-five retinal 

dystrophy families and one microphthalmia family with the help of ophthalmologists. 

Whole genomic DNA was extracted from each sample and Sanger’s sequencing was 

carried out for CYP1B1 gene in PCG patients while retinal dystrophy and 

microphthalmia samples were sent for next generation sequencing to screen for 

pathogenicity. The identified variants were checked for segregation in family 

members. Various in-silico tools such as PROVEAN, SIFT, Mutation taster, CADD, 

REVEL, PolyPhen-2, PANTHER and MutPred were used to analyze the 

pathogenicity of identified variants. 

In twenty consanguineous PCG families Sanger sequencing of CYP1B1 gene revealed 

nine disease causing variants included five missense variants c.457C>G, c.724G>C, 

c.516C>A, c.740T>A, c.1263T>A, two frameshift variants c.758-759insA, c.789dup 

and two silent variants c.1314G>A, c.771T>G. Out of these variants, six 

heterozygous and three homozygous variants were not reported before in any study. 

During molecular screening of these twenty families seven polymorphisms 

c.1347T>C, c.1294G>C, c.2244_2245insT, c.1358A>G, c.355G>T, c.142C>G and 

g.35710_35711insT were also identified one of which was not reported before 

(g.35710_35711insT). 

In thirty five retinal dystrophy families’ disease causing variant were identified in 

eighteen families by next generation panel sequencing and whole exome sequencing 

for four families. The eighteen variants identified in current study were c.842G>A in 

AGBL5 gene, c.847C>T in CERKL gene, c.1429C>T in GPR179 gene, c.874C>T in 

SAG gene, c.559T>C in RHO gene, c.281T>C in ARL6 gene, c.1252T>C, c.1728del 

and c.1459T>C in CRB1 gene, c.413-1G>A in CNGB1 gene, c.187C>T and 

c.1560C>A in USH2A gene, c.547C>T in NMNAT1 gene, c.5571_5576delins 

 
x 



CTAGAT in EYS gene, chr2:73775682-73814328 in ALSM gene, c.109del in PAX6 gene, 

c.471dup in SPATA7 gene, c.1163A>G in ACOX3 gene. Four variants c.1728del 

(p.Asp576GlufsTer20) in CRB1 gene, c.5571_5576delinsCTAGAT (p. Leu1858*) in EYS 

gene, c.471dup (p. Pro158Alafs*39) in SPATA7 gene and c.1163A>G (p.Asp388Gly) in 

ACOX3 gene are not reported earlier in any study. Three of these novel variants were 

homozygous except for c.1728del (p.Asp576GlufsTer20) that was found in heterozygous 

condition. One novel variant p. Pro158Alafs*39 was identified in two families RP 112 and 

RP 113. In family RP 073 a novel homozygous variant c.388C>T; p.Arg130Cys was 

identified in S1PR2 gene in three deaf and dumb family members who were found normal 

for retinal disorder. 

In congenital bilateral microphthalmia family, a previously reported stop gain variant 

c.720C>A; p. Cys240* was identified in FOXE3 gene during panel capture sequencing. 

This variant leads to early truncation of protein that cause developmental defects in size of 

eye socket and was segregated in recessive manner. The stop gain variant affected the 

exonic splicing enhancer sites and exonic splicing silencer sites and was found to be 100% 

conserved in similar species. 

This study provides insight into the highly heterogeneous spectrum of eye disorders in 

consanguineous families from Pakistan. Genetic counseling was provided to all enrolled 

families. In PCG families, identification of disease-causing variant in CYP1B1 gene in 

45% recruited families draw attention to the involvement of non- coding region of 

CYP1B1 gene and other genes like LTBP2, TEK, and MYO7A in our population. 

Identification of different gene mutations in eighteen inherited retinal dystrophy families 

and no variant in remaining seventeen recruited families stresses on need of whole genome 

sequencing of these families. Our findings necessitate effective screening of inherited eye 

disorders in Pakistani families using state of art technologies to reduce disease incidence in 

upcoming future through genetic counseling to refrain from practicing consanguinity and 

performing premarital screening as a control measure in upcoming generations. 
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OPA1 PEX1 PITPNM3 RD3 RPGR 

OPA3 PEX10 PLA2G5 RDH11 RPGRIP1 

OPN1LW PEX11B POMGNT1 RDH12 RPGRIP1L 

OPN1MW PEX12 PPT1 RDH5 RRAS2 

OPN1SW PEX13 PRCD RDH8 RS1 

OTX2 PEX14 PRKCZ REEP6 SAG 

PANK2 PEX16 PROM1 RGR SDCCAG8 

PAX2 PEX19 PRPF3 RGS9 SEMA4A 

PAX6 PEX2 PRPF31 RGS9BP SLC24A1 

PCDH15 PEX26 PRPF4 RHO SLC38A8 

PCYT1A PEX3 PRPF6 RIMS1 SLC4A7 

PDCL PEX5 PRPF8 RLBP1 SLC6A6 

PDE6A PEX6 PRPH2 ROM1 SLC7A14 

PDE6B PEX7 RAB28 RP1 SNRNP200 

PDE6C PFDN5 RAX2 RP1L1 SPATA7 

PDE6G PGK1 RB1 RP2 SRD5A3 

PDE6H PHYH RBP3 RP9 TCTN1 

PDZD7 PIN1 RBP4 RPE65 TCTN3 

TEAD1 TIMM8A TIMP3 TMEM126A 

 

TMEM138 

TMEM216 UNC119 MIR204 NBAS PROX1 

TMEM231 USH1C PLK4 PRDM13 BMP2 

TMEM237 USH1G PNPLA6 RTN4IP1 UCHL3 
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TMEM67 USH2A POC1B SLC25A46 LAMA1 

TOPORS VCAN PRPS1 SPP2 MAPKAPK3 

TPP1 VLDLR TUBGCP4 TRNT1 PITX1 

TREX1 VPS13B GPR143 FBN1 SF3B4 

TRIM32 WDPCP PLA2G6 CEP78 GNB3 

TRPM1 WDR19 TRAF3IP1 CWC27 HMX1 

TSPAN12 WFS1 C10orf11 ZGPAT TULP1 

TTC21B ZNF408 TYR IDH3A BMP4 

TTC8 ZNF423 APOB IFT81 EXOSC2 

TTLL5 ZNF513 AGBL5 FRMD7 HGSNAT 

TTPA CEP250 ADIPOR1 MC4R TUBGCP6 

TUB DRAM2 CTNNA1 MSX2  

 

2.4.4. Bioinformatics analysis:  

Sequencing data was processed by method defined by Wang et al., (F. Wang et al., 

2014). The fastq files generated were aligned to human reference genome hg 19 using 

bawa. GATK was used to recalibrate, realign reads and call variants. Following the 

ACMG standards variants were filtered against dbSNP, gnomAD 1000 Genomes 

Project and BCM-HGSC internal database. All the reported variants were identified 

by checking HGMD, ClinVar and LOVD databases. In silico tools were used to 

analyze the novel variants. Missense variants were analyzed based on sequence 

conservation and nonsense, splicing and frameshift variants were classified as 

potential loss of function alleles.  

2.4.5. Validation and segregation testing by Sanger sequencing: 

All the identified candidate variants were validated by Sanger testing using an ABI 

PRISM 3130 automated DNA analysis system (Applied Biosystems). Primer 3 plus 
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Figure 3.7: Chromatogram of family PCG 060 showing missense variant c.722T>A 

Identification of only a single heterozygous variant leaves space for molecular 

analysis of intronic region of CYP1B1 gene and other PCG related genes to identify 

other pathogenic variants in this family. Due to limited resources available for the 

study a more detailed molecular analysis could not be performed for PCG 060. 

3.2.4. Family PCG 062:  

Proband of family PCG 062 (figure 3.8) had bilateral primary congenital glaucoma 

and two heterozygous variants were identified in it (Table 3.1). On molecular analysis 

a missense variant c.1263T>A (p.Phe421Leu) and a silent variant c.1314G>A (p.=) 

was identified in exon 3 (figure 3.9). Both variants were not reported before in any 

study for primary congenital glaucoma. First variant c.1263T>A replaced 

phenylalanine at position 421 with leucine and was reported as deleterious (-5.43) by 

Provean (table 3.3).  

 

Figure 3.8: Pedigree drawing of family PCG 062.  
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