
 

1 

 

 

 Dottorato di Ricerca in 

Genetica, Biologia Molecolare e Cellulare 

XXIX  Ciclo – A.A. 2013-2016



 

2 

 

  



 

3 

 

Abstract 



 

4 

 

 



 

5 

 

Acknowledgements 



 

6 

 



 

7 

 

Table of Contents 
Abstract ......................................................................................................................................................... 3 

Acknowledgements ....................................................................................................................................... 5 

Abbreviations .............................................................................................................................................. 11 

1 Introduction ........................................................................................................................................ 12 

1.1 Ocular developmental disorders ................................................................................................. 14 

1.1.1 Microphthalmia/Anophthalmia/Coloboma Spectrum........................................................ 15 

1.1.2 Anterior Segment Dysgenesis (ASD) ................................................................................... 15 

1.2 Inherited retinal degeneration (IRD) ........................................................................................... 16 

1.2.1 Retinitis Pigmentosa (RP) .................................................................................................... 16 

1.2.2 Leber congenital amaurosis (LCA) ....................................................................................... 17 

1.2.3 Stargardt macular degeneration (STGD) ............................................................................. 17 

1.3 Whole Exome Sequencing .......................................................................................................... 19 

2 Aims of the research ........................................................................................................................... 21 

3 Materials and methods ....................................................................................................................... 22 

3.1 Recruitment of Subjects and Collection of Samples. .................................................................. 22 

3.2 NGS experiments ........................................................................................................................ 23 

3.2.1 Sample preparation ............................................................................................................ 23 

3.2.2 Whole exome sequencing (WES) analysis........................................................................... 24 

3.2.3 Annotation, interpretation of data and Filtering approaches ............................................ 25 

3.2.4 Variant validation (Sanger sequencing analysis) ................................................................. 26 

3.2.5 Qualifying variants in genes already implicated in similar phenotypes ............................. 27 

4 Results ................................................................................................................................................. 30 

4.1 Clinical details ............................................................................................................................. 30 

4.2 The results of Exome Sequencing. .............................................................................................. 32 

4.2.1 Syndromic inherited eye diseases ....................................................................................... 35 

4.2.2 Non-syndromic or Isolated inherited eye diseases ............................................................. 46 

5 Discussion ............................................................................................................................................ 55 

5.1 Novel disease-causing variants explaining the phenotypes in our cohort ................................. 56 

5.2 Recurrent  disease-causing variants ........................................................................................... 60 

5.3 Individuals without molecular diagnosis .................................................................................... 63 



 

8 

 

5.4 NGS limitations ........................................................................................................................... 66 

6 Conclusions and perspectives ............................................................................................................. 68 

 ................................................................................................................................................... 70 

List of original manuscripts ......................................................................................................................... 79 

 

  



 

9 

 

Table of Figures 

 

Figure 1-1: Schematic section through an adult human eye ...................................................................... 14 

Figure 1-2: Mapped and Identified Retinal Diseases gene 1980-2016 ....................................................... 18 

Figure 3-1: Overall target-enriched sequencing sample preparation workflow ........................................ 25 

Figure 4-1: Pedigrees of the families studied ............................................................................................. 30 

Figure 4-2: Exome sequencing identified a novel homozygous mutation in RAB3GAP1 in the family (F01)

 .................................................................................................................................................................... 37 

Figure 4-3: Exome sequencing identified a novel homozygous mutation in STRA6   in the family (F02) ... 38 

Figure 4-4: Family pedigree and transmission of the Compound heterozygouse mutations (c.4027C>T 

and c.3134G>T) in the CDH23 gene in the family F03 ................................................................................ 39 

Figure 4-5: Family pedigree and transmission of De novo heterozygous mutations in the CHD7 gene in 

family F04 .................................................................................................................................................... 42 

Figure 4-6: Family pedigree and Clinical features of the patients (II:2) in the family F05 .......................... 43 

Figure 4-7: Family pedigree and Clinical features of the patients (II:1) in the family F06 .......................... 45 

Figure 4-8: Family pedigree and transmission of   homozygous mutations in the GUCY2D gene in family 

F07 ............................................................................................................................................................... 46 

Figure 4-9: Family pedigree and transmission of the Compound homozygous mutations (c.1040T>C and 

c.10817A>G) in the USH2A gene in family F08 ........................................................................................... 49 

Figure 4-10: Family pedigree and transmission of the Compound homozygous mutations (c. 797C>A and 

c. 823-17G>C) in the TULP1 gene in family F09 .......................................................................................... 50 

Figure 4-11: Family pedigree and transmission of the homozygous mutations (c. 5087G>A; p. 

Ser1696Asn), in the ABCA4 gene in family F10 ........................................................................................... 53 

Figure 4-12: Family pedigree and transmission of the heterozygote mutations (c. 780dup (p. 

Asp261Argfs*45) in the  FOXC1 gene in family F11 .................................................................................... 54 

 

 

 

file:///C:/Users/Iman/Desktop/thesis-noor-first%20draft%20(Repaired)%20-%20MyCopy.docx%23_Toc465631569


 

10 

 

Index of Tables 

Table 3-1: Overview of the gene list of our method ................................................................................... 28 

Table 3-2: Sequences and characteristics of primers used for mutation analysis. ..................................... 29 

Table 4-1: Clinical features of all cases study ............................................................................................. 31 

Table 4-2: Causative variants—allele frequencies in public databases, conservation, and prediction 

categories. ................................................................................................................................................... 33 

 

  

file:///C:/Users/Iman/Desktop/thesis-noor-first%20draft%20(Repaired)%20-%20MyCopy.docx%23_Toc465631589
file:///C:/Users/Iman/Desktop/thesis-noor-first%20draft%20(Repaired)%20-%20MyCopy.docx%23_Toc465631590
file:///C:/Users/Iman/Desktop/thesis-noor-first%20draft%20(Repaired)%20-%20MyCopy.docx%23_Toc465631592
file:///C:/Users/Iman/Desktop/thesis-noor-first%20draft%20(Repaired)%20-%20MyCopy.docx%23_Toc465631592


 

11 

 

Abbreviations 



 

12 

 

1 Introduction 



 

13 

 



 

14 

 

1.1 Ocular developmental disorders  

 





 

15 

 

1.1.1 Microphthalmia/Anophthalmia/Coloboma Spectrum 

1.1.2 Anterior Segment Dysgenesis (ASD) 



 

16 

 

1.2 Inherited retinal degeneration (IRD) 

1.2.1 Retinitis Pigmentosa (RP) 



 

17 

 

1.2.2 Leber congenital amaurosis (LCA) 

1.2.3 Stargardt macular degeneration (STGD) 



 

18 

 

 





 

19 

 

1.3 Whole Exome Sequencing 



 

20 

 



 

 

 

2 Aims of the research 



 

22 

 

3 Materials and methods 

3.1 Recruitment of Subjects and Collection of Samples. 



 

23 

 

 

3.2 NGS experiments  

3.2.1 Sample preparation 



 

24 

 

3.2.2 Whole exome sequencing (WES) analysis 



 

25 

 

3.2.3 Annotation, interpretation of data and Filtering approaches 

 




 

26 

 

3.2.4 Variant validation (Sanger sequencing analysis)  



 

27 

 

3.2.5 Qualifying variants in genes already implicated in similar phenotypes  



 

28 

 





 

29 

 

 



Tm: melting temperature; Ta: annealing temperature . Tm: comes from Primer3Plus 
 

 



 

30 

 

4 Results 

4.1 Clinical details 

 





 

31 

 





 

32 

 

4.2 The results of Exome Sequencing. 



 

33 

 



 



 

34 

 



 

35 

 

4.2.1 Syndromic inherited eye diseases 

4.2.1.1 Autosomal Recessive 



 

36 

 



 

37 

 

 





 

38 

 

 





 

39 
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