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ABSTRACT 

Background: 

Genetic skin diseases, or genodermatoses, are a diverse group of heritable (Mendelian) 

diseases that make about one-third of all monogenic diseases, with over 1,000 genes 

currently being associated with cutaneous manifestations. About 50% of genetic skin 

diseases are inherited as autosomal recessive (AR) disorders. The phenotypic impacts of 

genodermatoses are diverse, including epidermolysis bullosa (keratinization disorder), 

albinism (pigmentary disorder), ichthyosis (hereditary cornification disorders), hypotrichosis 

(hair loss disorder), and dysplasias of ectoderm etc. The routine diagnosis of genetic skin 

diseases is complicated due to phenotypic and genetic heterogeneity. Consanguineous 

marriages have become a common practice in a culturally rich and religious country like 

Pakistan, which become the main driver of disease risk like monogenic disorder (autosomal 

recessive) in the upcoming generations. It has been predicted that almost 82.5% of Pakistanis 

have consanguineous marriages due to which Pakistani population is considered as a 

goldmine in the field of genetic skin research.  

Method: This study is basically concerned with genetic mutation analysis of  fifteen 

families (A-O) affected with four major rare hereditary skin disorders which includes 

Epidermolysis bullosa (A, B, C, D, E, F, G), Ichthyosis (H, I, J, K), hypotrichosis (L, M) 

and oculocutaneous albinism (N, O). Linkage analysis and Whole Exome Sequencing 

(WES) approach was used to identify the pathogenic sequence variants in probands. The 

segregation of these variants in other participants was confirmed by Sanger sequencing. 

Results: The study results in detection of 13 novel and 2 known gene variants in 15 families 

(A-O) affected with four rare genetic skin disorders included in the dissertation. These 

mutations includes seven novel variants in five disease causing genes of epidermolysis 

bullosa i-e nonsense mutation in COL17A1: NM_000494.3: c.4041T>G: p.Tyr1347Ter in 

family A, a nonsense mutation in COL17A1:NM_000494.4: c.3067C>T: p.Gln1023Ter in 

family B, a deletion mutation in PLEC: NM_201380.3:c.1284_1286delGCT: 

p.L429Sfs*30 in family C, a missense variant in COL7A1: NM_000094.3: c.7034G>A, 

p.Gly2345Asp in family D, a frame shift mutation in COL7A1: NM_000094.3: c.385del: 

p.His129MetfsTer18 in family E, a splice region variant in LAMA3 NM_198129.2:  
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c.8043G>A:p.Ser2681 in family F, and a frame shift variant in LAMB3 

NM_000228.3:c.561delG: p.Lys188Argfs*9 in family G,  four novel gene variants in four 

different genes of ichthyosis that includes a splice donor site variant in TGM1 

NM_000359.2: c.2088 + 1G > A in family H,  a missense mutation in SULT2B1 

NM_177973.1: c.419C>T: p. Ala140Val in family I, a splice site variant in SPINK5 

NM_001127698.1:c.882+1G>T in family J ,and a nonsense variant in FLG   

NM_002016.1:c.6109C > T: p. Arg2037Ter in family K, one known and one novel 

mutation in two genes of hypotrichosis including a missense variant in LARP6 

NM_001162497.1: c.436G>A: p.Gly146Arg in family L and splice site deletion mutation 

DCAF1 NM_025000.3: c.1423-1_1425delGACA in family M and one known and one 

novel mutation in two different genes of oculocutaneous albinism including a missense 

variant in OCA2 NM_000275.2:c.2458 T>C (p.Ser820Pro) in family N and a novel splice 

site   variant in TYRP1 NM_000550.2: c.1408+5 G>C) in family O.

Conclusion: This study unravels the molecular basis of the fifteen families of four rare human 

skin disorder of Pakistani origin and validates the involvement of COL17A1, PLEC, COL7A1, 

LAMA3, LAMB3, TGM1, SULT2B1, SPINK5 , FLG, DCAF17, LPAR6, TYRP1 and OCA2 in 

the aetiology of these diseases. To the best of our knowledge, all the new mutations identified 

in this study are first of their kind to demonstrate novel gene variants causing various forms 

of EB, ichthyosis, hypotrichosis and albinism in homozygous state both globally and in 

Pakistani population. The identified variants confirm the vital role of these genes in the 

morphogenesis of skin and its associated appendages. Various bioinformatics tools like 

Polyphen-2 programme, MutationTaster, PROVEAN, SIFT, I-Mutant 3.0, PhD-SNP, 

MutPred2, and Varsome, etc were used to predict the likely impact of these mutations on 

protein structure and function which predict them to be pathogenic and disease causing in 

most of the cases. These findings will expand the mutation spectrum of associated diseases, 

help in confirmation of the diagnosis, and allow a more accurate prognosis and a proper 

genetic counseling of the patients and their family members. Furthermore, it will also help in 

the development of the latest diagnostic testing and gene editing technologies which will have 

the potential to improve the diagnosis and therapeutics in inherited disorder.

Keywords: Epidermolysis bullosa; Ichthyosis; hypotrichosis; albinism; Whole Exome 

Sequencing; autosomal recessive.



 

vii 

 

ACKNOWLEDGEMENT 

All glories and praises to Almighty Allah, Al Hakeem, Al Aleem, who created the universe 

and bestowed upon the man kind knowledge and wisdom to search for secrets and explore 

the natural phenomenon for the benefit of mankind. All my respects, gratitude and 

countless Darood on the Holy Prophet Hazrat Muhammad (ملسو هيلع هللا ىلص), who is forever a source of 

guidance and knowledge for the entire mankind till the end. I pay my heartiest thanks to 

my most affectionate parents, my father Late Aurangzeb Khan and my mother Khalida Zeb 

for their un-matchable love, moral support and prayers. My special thanks to my beloved 

husband, Dr Ijaz Ahmad, and all my sweet children without the support of whom I will not 

be able to accomplish my task. Thanks for their unconditional love, care, patience and 

encouragement throughout my journey. I am indeed ineffable to mention my appreciation 

to all my family members, brothers and sisters. 

I am obliged to express my sincere gratitude to my honorable supervisor and Head of 

Department, Department of Biochemistry, Prof. Dr. Rubina Nazli, whose scholastic 

guidance, kind interest and valuable suggestions proved crucial in the smooth completion 

of my PhD studies and related research. Work. I am greatly privileged  to express my 

profound sense of reverence to my co- supervisor, the true legend, Dr Saadullah Khan, 

Associate professor, Department of Biotechnology and Genetic Engineering, KUST, 

Kohat, for his continuous support, guidance, and helpful leadership in all the time of 

research and writing of this thesis. I express my deepest gratitude to my supervisors, Dr. 

Sadia Fatima, associate professor and Dr Sami Siraj, associate professor, IBMS for their 

kind guidance and sincere advises.  

I present my heartfelt thanks to Prof Dr Zia ul Haq, Vice Chancellor, Khyber Medical 

University, Dr. Inayat Shah, Director, Institute of Basic Medical sciences, Khyber 

Medical University who provided us a perfect, amicable and constructive research 

environment. I must appreciate the friendly and cooperative attitude of my lab seniors and 

junior fellows, especially Sher Alam Khan for their continuous co-operation and useful 

suggestions. I wish to thank the Higher Education Commission (HEC), Islamabad 

Pakistan, for awarding indigenous PhD fellowship to conduct this research work.



 

viii 

 

 

TABLE OF CONTENTS 

Dedication ........................................................................................................................................ ii 

Certificate ........................................................................................................................................ iii 

Declaration ...................................................................................................................................... iv 

Abstract ............................................................................................................................................ v 

Acknowledgement .......................................................................................................................... vii 

Table of Contents .......................................................................................................................... viii 

List of Figures ................................................................................................................................ xii 

List of Tables .................................................................................................................................. xv 

List of Abbrivations ....................................................................................................................... xvi 

List of Publication .......................................................................................................................... xx 

1:INTRODUCTION......................................................................................................………....   1 

1.1 Human Skin ....................................................................................................................... ……2 

1.1.1 Skin Architecture ..................................................................................................................... 2 

1.1.2 Skin Appendages ..................................................................................................................... 4 

1.2 Genetic Skin Disorders ............................................................................................................. 6 

1.3  Epidermolysis Bullosa ............................................................................................................. 6 

1.3.1  Background ............................................................................................................................ 6 

1.3.2 Classification of EB.. ............................................................................................................... 7 

1.3.2.1 Epidermolysis bullosa simplex ............................................................................................ 9  

1.3.2.1.1 Sub types of Epidermolysis bullosa simplex  ................................................................... 9  

1.3.2.2 Dystrophic Epidermolysis Bullosa ..................................................................................... 11  

1.3.2.2.1 Sub types of Dystrophic epidermolysis bullosa  ............................................................. 11  

1.3.2.3 Junctional Epidermolysis Bullosa ...................................................................................... 13  

1.3.2.3.1 Subtypes of Junctional epidermolysis bullosa ................................................................ 14  

 1.3.2.4 Kindler Syndrome  ............................................................................................................ 15  

1.4 Ichthyosis ................................................................................................................................ .16 

1.4.1  Nonsyndromic Ichthyoses ......................................................................................... ……...17 

1.4.1.1  Common Ichthyoses ......................................................................................................... 17  

1.4.1.2  Autosomal recessive congenital ichthyoses  .....................................................................17  



 

ix 

 

1.4.1.3 Keratinopathic Ichthyoses ……......................................................................................... 19 

1.4.2  Syndromic Ichthyosis .......... ……………………………………………………………….20 

1.4.2.1  Netherton Syndrome ......................................................................................................... 20  

1.5 Hypotrichosis (HYPT) ............................................................................................................ 20 

1.5.1 Non syndromic isolate Hereditary Hypotrichosis ................................................................. 20 

1.5.1.1 Autosomal Recessive Isolated Hypotrichosis…................................................................. 21  

1.5.1.1.1 Localized Autosomal Recessive Hypotrichosis 1............................................................ 21  

1.5.1.1.2 Localized Autosomal Recessive, Hypotrichosis 2........................................................... 21  

1.5.1.1.3  Localized Autosomal Recessive Hypotrichosis 3 ...........................................................22  

1.5.1.2 Atrichia, with Papular Lesions ........................................................................................... 22  

1.5.1.3  Hypotrichosis with, Recurrent Skin Vesicles..................................................................... 23 

1.5.1.4  Autosomal Recessive, Wooly Hair.................................................................................... 23 

1.5.2 Syndromic Hypotrichosis ................................................................................................. .....23 

1.6 Albinism ................................................................................................................................... 24 

1.6.1  Melanin Synthesis Pathway .................................................................................................. 24 

1.6.2 Oculocutaneous Albinism regulatory component, MC1R .................................................... 26 

1.6.3  Classification of Albinism .................................................................................................... 27 

1.6.4.1  Non-Syndromic OCA Types............................................................................................. 28 

1.6.4.1.1   Oculocutaneous Albinism Type 1 (OCA1)................................................................... 28 

1.6.4.1.2 Oculocutaneous Albinism Type II (OCA2).................................................................... 28  

1.6.4.1.3  Oculocutaneous Albinism Type III (OCA3).................................................................. 29  

1.6.4.1.4  Oculocutaneous Albinism Type IV (OCA4).................................................................. 29 

1.6.4.1.5  Oculocutaneous Albinism Type V (OCA5)................................................................... 30  

1.6.4.1.6  Oculocutaneous Albinism Type VI (OCA6).................................................................. 30  

1.6.4.1.7  Oculocutaneous Albinism, Type VII (OCA7)……….................................................... 30 

1.6.4.2  Syndromic OCA............................................................................................................... 30 

1.7  Consanguineous  Marriages in Pakistani Population ..................................................... …31 



 

x 

 

1.8  Homozygosity mapping ......................................................................................................... 31 

1.9  Molecular diagnosis of genodermatoses............................................................................... 32 

1.10  Aims and Objectives of present study ................................................................................ 33 

CHAPTER 2 ................................................................................................................................. 34 

MATERIAL AND METHODS ................................................................................................... 34 

2.1  Study Approval ...................................................................................................................... 34 

2.2  Pedigrees construction of family........................................................................................... 34 

2.3  Clinical Examination and Collection of Blood Samples ..................................................... 35 

2.4  Genomic DNA extraction and assessment of quality and quantity ................................... 35 

2.4.1 Genomic DNA Extraction using Organic Method (Phenol-Chloroform Method) ................ 35 

2.4.2  Gentra Puregene, Genomic DNA Extraction Kit ................................................................. 36 

2.4.3 Agarose gel electrophoresis ................................................................................................... 37 

2.4.4  Quantification of Extracted DNA and Polymerase Chain Reaction .................................... 37 

2.5 Techniques used for Genotyping ........................................................................................... 38 

2.5.1 Linkage Study method ........................................................................................................... 38 

2.5.2 Whole Exome Sequencing (WES) ........................................................................................ 41 

2.5.3 Segregation analysis of variants ............................................................................................ 46 

2.5.4 Mutations analysis ................................................................................................................. 46 

2.5.5 Prediction of Mutation Effect ................................................................................................ 47 

2.5.6 Protein Structure Prediction .................................................................................................. 47 

3.5.7 Multiple Sequence Alignment of human protein with its orthologs ..................................... 48 

3.CHAPTER : ...................................................................................................................................  

STUDY OF SEVEN PAKISTANI FAMILIES AFFECTED WITH EPIDERMOLYSIS 

BULLOSA ............................................................................................................................. 52 

3.1 BACKGROUND ..................................................................................................................... 52 

3.2  RESULTS ............................................................................................................................... 53 

3.2.1  Family A ............................................................................................................................... 53 

3.2.2  Family B ............................................................................................................................... 57 

3.2.3  Family C ............................................................................................................................... 62 

3.2.4  Family D ............................................................................................................................... 66 

3.2.5  Family E ............................................................................................................................... 70 

3.2.6  Family F. .............................................................................................................................. 73 



 

xi 

 

3.2.7  Family G ............................................................................................................................... 76 

3.3 DISSCUSSION ........................................................................................................................ 80 

CHAPTER 4 .....................................................................................................................................  

STUDY OF FOUR PAKISTANI FAMILIES AFFECTED WITH HEREDITARY 

ICHTHYOSIS ..................................................................................................................... 88 

4.1 BACKGROUND ..................................................................................................................... 88 

4.2.RESULTS ................................................................................................................................ 89 

4.2.1   Family H .............................................................................................................................. 89 

4.2.2   Family I ............................................................................................................................... 92 

4.2.3   Family J ............................................................................................................................... 96 

4.2.4   Family K .............................................................................................................................. 99 

4.3 DISCUSSION ........................................................................................................................ 104 

CHAPTER 5 .....................................................................................................................................  

STUDY OF TWO PAKISTANI FAMILIES AFFECTED WITH HEREDITARY 

HYPOTRICHOSIS ........................................................................................................... 108 

5.1 BACKGROUND ................................................................................................................... 108 

5.2 RESULTS .............................................................................................................................. 109 

5.2.1   Family L ............................................................................................................................ 109 

5.2.2   Family M ........................................................................................................................... 113 

5.3  DISCUSSION ....................................................................................................................... 119 

CHAPTER 6 ............................................................................................................................... 123 

STUDY OF TWO PAKISTANI FAMILIES AFFECTED WITH OCULOCUTANEOUS 

ALBINISM ........................................................................................................................ 123 

6.1 BACKGROUND ................................................................................................................... 123 

6.2  RESULTS ............................................................................................................................. 124 

6.2.1  Family N ............................................................................................................................. 124 

6.2.2  Family O ............................................................................................................................. 127 

6.3  DISCUSSION ....................................................................................................................... 130 

7. CONCLUSION ....................................................................................................................... 134 

References .................................................................................................................................... 136 

    Publications ........................................................................................................................ …….178 

   Turnitin report .................................................................................................................... …….181 



 

xii 

 

 

 

LIST OF FIGURES 

 

Figure 1.1:   Cross section of human skin……………………………………………..………....  5 

Figure 1.2:   Epidermis five substratum-layers……………………………………………….….. 5 

Figure 1.3:   The cutaneous dermal–epidermal junction…………………………………...…..… 8 

Figure.1.4:   Classification of non-syndromic inherited ichthyosis………………………..….… 16 

Figure 1.5:   Eumelanin and pheomelanin synthetic pathway………………………………....... 25 

Figure 1.6:   The trans-membrane MC1R (melanocortin-1 receptor)…………………………...  26 

Figure.3.1:   Pedigree of the Family “A” ………………………………………………...….…...55                                                                                                                                                                 

Figure.3.2:   Clinical phenotypes of epidermolysis Bullosa in the family A ………….……......  55 

Figure.3.3:   Hypothetical structure of human chromosome 10, COL17A1 gene and sequence  

                    chromatogram of  exon 52 of COL17A1 gene in family A…………………….… .. 56 

Figure 3.4:   Multiple Sequence Alignment of Human Tyr1347 with its Orthologs………...….. 56 

Figure 3.5:   Three-dimensional full-length model of Collagen alpha-1(XVII)………………….57 

Figure 3.6:   Pedigree of the Family “B” ……………………………………………….....……. 59                                                                                                                                                                 

Figure 3.7:   Clinical phenotypes of epidermolysis Bullosa in the family B ………….……....... 59 

Figure 3.8:   Hypothetical structure of human chromosome 10, COL17A1 gene and sequence  

                     chromatogram of  exon 45 of COL17A1 gene in family B……………………..…. 60 

Figure 3.9:   Multiple Sequence Alignment of Human Gln1023 with its Orthologs……….…...  60 

Figure 3.10:  Pedigree of the Family “C” ………………………………………………....…….. 64                                                                                                                                                                 

Figure 3.11:  Clinical phenotypes of epidermolysis Bullosa in the family C ………….……......  64 

Figure 3.12:  Hypothetical structure of human chromosome 8, PLEC gene and sequence 

                     chromatogram of  exon 9 of PLEC gene in family C………………..………......... 65 

Figure 3.13:  Multiple Sequence Alignment of Human Leu429 with its Orthologs……..……..  65 

Figure. 3.14: Crystal structure of the plakin domain of PLEC1…………………...…………..... 66 

Figure. 3.15: Fluctuations of wild type and mutant PLEC1…………………………………..… 66 

Figure 3.16:  Pedigree of the Family “D” ……………………………………………...........….  68                                                                                                                                                                 



 

xiii 

 

Figure 3.17:  Clinical phenotypes of epidermolysis Bullosa in the family D ………….…….....  68 

Figure 3.18:  Hypothetical structure of human chromosome 3, COL7A1 gene and sequence   

                    chromatogram of  exon 91 of COL7A1 gene in family D………….………….…….69  

Figure 3.19:  Multiple Sequence Alignment of Human Gly2345 with its Orthologs……..…..... 69 

Figure 3.20:  Pedigree of the Family “E” ……………………………………………............... .. 71                                                                                                                                                                 

Figure 3.22:  Clinical phenotypes of epidermolysis Bullosa in the family E …………….…... ... 72 

Figure 3.22:  Hypothetical structure of human chromosome 3, COL7A1 gene and sequence    

                    chromatogram of  exon 3 of COL7A1 gene in family E………….……..………..... 72 

Figure 3.23:  Multiple Sequence Alignment of Human His129 with its Orthologs…………..... 73 

Figure 3.24:  Pedigree of the Family “F” ……………………………………………................. 74                                                                                                                                                                 

Figure 3.25:  Clinical phenotypes of epidermolysis Bullosa in the family F ………….……...... 75 

Figure 3.26:  Hypothetical structure of human chromosome 18, LAMA3 gene and sequence   

                     chromatogram of  exon 61 of LAMA3 gene in family F…………………………... 75 

Figure 3.27:  Multiple Sequence Alignment of Human Ser2681 with its Orthologs…..……....  76 

Figure 3.28:  Pedigree of the Family “G” ……………………………………………............…. 78                                                                                                                                                                 

Figure 3.29:  Clinical phenotypes of epidermolysis Bullosa in the family G ………….……...... 78 

Figure 3.30:  Hypothetical structure of human chromosome 1, LAMB3 gene and sequence      

                    chromatogram of  exon 5 of LAMB3 gene in family G……………………...….. ….79 

Figure 3.31:  Multiple Sequence Alignment of Human Lys188 with its Orthologs…..……….... 79 

Figure 4.1:   Pedigree of the Family “H” …………………………………….……….................. 91                                                                                                                                                                 

Figure 4.2:   Clinical phenotypes of ichthyosis in the family H ……………………….……...... 92 

Figure 4.3:   Hypothetical structure of human chromosome 14, TGM1 gene and sequence        

                    Chromatogram of TGM1 gene in family H……………………………………...…...92 

Figure 4.4:   Pedigree of the Family “I” …………………………………….…….…................... 95                                                                                                                                                                 

Figure 4.5:   Clinical phenotypes of ichthyosis in the family I ……………………….……......... 95 

Figure 4.6:   Hypothetical structure of human chromosome 19, SULT2B1 gene and sequence      

chromatogram of exon no 3 of SULT2B1 gene in family I…………………….........96 

Figure 4.7:   Multiple Sequence Alignment of Human Ala140 with its Orthologs…..………….. 96 

Figure 4.8:   Pedigree of the Family “J” …………………………………….……….................... 98                                                                                                                                                                 



 

xiv 

 

Figure 4.9:   Clinical phenotypes of ichthyosis in the family J ……………………….………..... 99 

Figure 4.10:  Hypothetical structure of human chromosome 5, SPINK5 gene and sequence      

                     chromatogram of SPINK5 gene in family J…………………………….…….......….99 

Figure 4.11:  Pedigree of the Family “K” …………………………………….………..............…101                                                                                                                                                                 

Figure 4.12:  Clinical phenotypes of ichthyosis in the family K ……………………….…….......102 

Figure 4.13:  Hypothetical structure of human chromosome 1, FLG gene and sequence          

chromatogram of exon no 3 of SULT2B1 gene in family K………………….….....102 

Figure 4.14:  Multiple Sequence Alignment of Human Ala140 with its Orthologs…..…….…....103 

Figurer. 4.15: (a) Homology model of SULT2B1 and FLG protein…………………….………..103 

Figure 5.1:   Pedigree of the Family “L” …………………………………….………...............…111                                                                                                                                                                 

Figure 5.2:   Clinical phenotypes of ichthyosis in the family L ……………………….……........111 

Figure.5.3:   Haplotype of family L ……………………………………………..………….........112 

Figure 5.4:   Hypothetical structure of human chromosome 13, LPAR6 gene and sequence           

                    Chromatogram of exon no 7 of LPAR6 gene in family L……………………….......112 

Figure 5.5:   Multiple Sequence Alignment of Human with its Orthologs…..……………........113 

Figure.5.6:   Structural changed induced by creating Gly146Arg mutation by using PyMOL......113 

Figure 5.7:   Pedigree of the Family “M” …………………………………….……….............…116                                                                                                                                                                 

Figure 5.8:   Clinical phenotypes of ichthyosis in the family M ……………………….……......119  

Figure 5.9:   Hypothetical structure of human chromosome 2, DCAF17 gene and sequence           

                    Chromatogram of DCAF17 gene in family M……………………….......................119 

Figure 6. 1:  Pedigree of the Family “N” …………………………………….……….............…125                                                                                                                                                                 

Figure 6.2:   Clinical phenotypes of ichthyosis in the family N ……………………….……......126 

Figure 6.3:   Hypothetical structure of human chromosome 15, OCA2 gene and sequence          

                     Chromatogram of exon no 24 of OCA2 gene in family N………………………....126 

Figure 6.4:   Multiple Sequence Alignment of Human Ser820 with its Orthologs…..……….....127 

Figure 6.5:   Pedigree of the Family “O” …………………………………….………..............   129                                                                                                                                                                 

Figure 6.6:   Clinical phenotypes of ichthyosis in the family O ……………………….……......129 

Figure 6.7:   Hypothetical structure of human chromosome 9, TYRP1 gene and sequence    

                     Chromatogram of TYRP1 gene in family O……………………..............................130 



 

xv 

 

 

 

LIST OF TABLES 

 

Table. 1.1: Reclassification of EB and other disorders with skin fragility ………………………  8 

Table. 1.2: Clinical subtypes of epidermolysis bullosa simplex (EBS)…………………………..10 

Table. 1.3: Clinical subtypes of dystrophic epidermolysis bullosa (DEB)……………………….13 

Table. 1.3: Clinical subtypes of juncional epidermolysis bullosa (JEB)…………….………..….15 

Table. 2.1:  List of microsatellite markers used in autosomal recessive hair loss disorders……..49 

Table. 2.2:  Primer used for sequencing and amplification of LPAR6 (P2RY5)………………....  50          

Table. 2.3:  Primer sequences used for amplification and sequencing of genes segregated           

 in family A-K,,M,N,O …………………………………………………………...… 50 

Table. 3.1:  List of COL17A1 premature termination codons identified so far……………..……61                                        

Table. 3.2:  COL7A1, LAMA3 and LAMB3 variants Information…..……………………...…… 80 

Table. 3.3:  Pathogenicity detection of COL7A1, LAMA3 and LAMB3 variants……….…….….80 

Table. 4.1:  Bioinformatics analysis of the identified sequence variants in four Pakistani  

                   ichthyosis families………………………………………………………………..... 104 

Table. 5.1:  Clinical and laboratory features of affected individuals in studied family M…....... 116 

 

 

 

 

 

 

 

 



 

xvi 

 

 

 

LIST OF ABBREVIATIONS 

 

 

ALDH3A2                           Aldehyde dehydrogenase 3 family member A2 

APMR                                Alopecia with mental retardation syndrome 

APL                                    Atrichia with popular lesions 

AR                                  Autosomal recessive 

ARCI                                  Autosomal recessive congenital ichthyoses 

ARWH                               Autosomal recessive wooly hairs 

BMZ                                Basement membrane zone 

BMPs                                 Bone morphogenetic proteins 

CNS                                   Central nervous system 

COL17A1                           Collagen Type 17 

COL7A1                             Collagen-Type-VII Alpha-1 

CI                                       Congenital ichthyosis 

CIE                                Congenital ichthyosiform erythroderma 

dNTP                                  Deoxynucleoside Triphosphate 

DNA                                   Deoxyribonucleic acid 

DOPA                                 Dihydroxyphenylalanine 

DDEB                                 Dominant Dystrophic epidermolysis bullosa 

DEB                                 Dystrophic epidermolysis bullosa 



 

xvii 

 

EBS-gen intermediate        EBS-generalized intermediate 

EBS-gen severe                  EBS-generalized severe 

EBS-loc                     EBS-localize 

EBS–MD                            EBS with muscular dystrophy 

EBS–PA                             EBS with pyloric atresia 

EEM syndrome                  Ectrodactyly and macular degeneration syndrome 

ERT                                Enzyme replacement therapy 

EB                                      Epidermolysis bullosa 

EBS                                    Epidermolysis bullosa simplex 

EKV                                   Erythrokeratodermia variabilis 

EDTA                                Ethylenediamine-tetraacetic acid 

FALDH                              Fatty aldehyde dehydrogenase 

HGMD                               Human gene mutation database 

HI                                       Harlequin ichthyosis 

HM                                Homozygosity mapping 

HYPT                                 Hypotrichosis 

HJMD                                Hypotrichosis with juvenile macular dystrophy 

IPS                                     Ichthyosis prematurity syndrome 

IV                                Ichthyosis vulgaris 

JEB                                    unctional epidermolysis bullosa 

KID                                    Keratitis ichthyosis deafness 

KPI                                     Keratinopathic ichthyoses 

LI                                        Lamellar ichthyosis 

LAMA3                               Laminin Alpha-3 



 

xviii 

 

LAMB3                               Laminin Beta-3 

LAMC2                               Laminin Gama-3 

LRRs                                   Leucine-rich repeats 

LAH1                                  Localized autosomal recessive hypotrichosis 1 

LAH2                                  Localized autosomal recessive hypotrichosis 2 

LAH3                                  Localized autosomal recessive hypotrichosis 3 

LPAR6                                Lysophosphatidic acid receptor 6 

MgCl2                                 Magnesium Chloride 

MC1R                                 Melanocortin-1 receptor 

MEDOC                             Mendelian disorders of cornification 

MAF                                 Minor allele frequency 

NCBI                                  National Centre for Bioinformatics 

NGS                                    Next Generation Sequencing 

OA                                      Ocular albinism 

OCA                                   Oculocutaneous albinism 

PTC                                 Premature termination codon 

PCR                                    Polymerase chain reaction 

PDB                                    Protein Data Bank 

RDEB                                 Recessive Dystrophic epidermolysis bullosa 

ROH                                   Regions of homozygosity 

SNP                                    Single nucleotide polymorphism 

SLS                                     Sjögren-Larsson syndrome 

 SLC24A5                             Solute Carrier Family 24, Member 5 

SLC45A2                     Solute Carrier Family 45, Member 2 



 

xix 

 

SC                                       Stratum corneum 

SG                                 Stratum granulosum 

SL                                        Stratum lucidum 

SS                                        Stratum spinosum 

SULT2B1                             Sulfotransferase Family 2b-Member1 

TGM1                                   Transglutaminase 1 

TYR                                      Tyrosinase 

TYRP1                                  Tyrosinase Linked Protein 1 

WSS                                  Woodhouse Sakati syndrome 

WH                                       Wooly hairs 

WES                                     Whole exome sequencing 

WGS                                  Whole genome sequencing 

XLRI                                    X-linked recessive ichthyosis 

 

 

 

 

 

 

 

 

 

 

  



 

xx 

 

LIST OF Publications 

 

 

1. Fozia, F., Nazli, R., Bari, A., Nasir, A., Ullah, R., Mahmood, H. M., Sohaib, M., Alobaid, 

A., Ansari, S. A., Basit, S. and Khan, S. (2021) 'Novel Homozygous Mutations in the Genes 

TGM1, SULT2B1, SPINK5 and FLG in Four Families Underlying Congenital Ichthyosis', 

Genes (Basel), 12(3). 

 

2. Fozia, F., Nazli, R., Bibi, N., Khan, S. A., Mohammad, N., Shakeeb, N., Khan, S., Jelani, 

M. and Wasif, N. (2021) 'Whole exome sequencing confirms molecular diagnostics of three 

Pakhtun families with autosomal recessive epidermolysis bullosa', Frontiers in pediatrics, 

9, 793. 

 

3. Fozia F., Shah, K.,  Nazli,  R., Alam Khan, S., Ahmad, i., Mohammad, N., Khan, S., Alotaibi, 

A. (2021)‘Novel Splicing site mutation in DCAF17 gene causing Woodhouse-Sakati 

Syndrome  in a Large consanguineous Family’ ( Under review in Journal of clinical 

laboratory analysis). 

 

 

 

 

 

 

 

 

 

 

  

 



 

1 

 

 

1. Introduction 

Genetic disorders along with hereditary skin illnesses are commonly prevalent in Pakistan 

because of high frequency of consanguineous marriages  (Hamamy 2012). This is primarily 

due to a lack of knowledge about hereditary illnesses, proper way genetic counseling and 

availabilities of carrier testing facilities in Pakistan. Proper and timely diagnosis of genetic 

skin illness is utmost important for the disease pathogenesis, predictable complications, 

and proper way of genetic counseling. Due to complexity of phenotypic representation of 

many skin disorders, a multidisciplinary approach is needed in form of physical, clinical 

and molecular investigations to reach at an ultimate diagnosis of skin diseases.  

So far, diagnosis of human genetic skin diseases stood as a great challenge for the clinicians 

as well as geneticists because of its nonspecific inconstant clinical manifestations and 

highly overlapping phenotypes presentations. Because a large number of genetic variations 

are involved in human diseases, especially in rare type of Mendelian disorders, genetic 

analysis studies focus on identifying genetic variations in various organisms. (Stranneheim 

and Wedell 2016). Latest developments in molecular genetic technology particularly whole 

exome sequencing (WES), and microarray, have amazingly enhanced documentation of 

genetic factors involved in inherited disorders and assure a faster, low-priced and more 

inclusive diagnosis, providing an extended mutation database and eventually 

revolutionized  treatment strategies. These advanced techniques have helped researchers to 

understand the multifaceted mechanisms associated with regulation of the skin along with 

its appendages. Numerous causative genes for a variety of syndromic and non-syndromic 

skin diseases have been uncovered through molecular analysis and diagnosis. Due to the 

high number of cousin marriages and extensive pedigrees, the Pakistani community is a 

gold mine research related to genetic disorders especially hereditary skin diseases. 

However,  this area has been neglected  is third world countries like Pakistan due to many 

reasons like unawareness of the community about the disease background, rarity of the  

occurrence, low literacy rate of population and  lack of research resources in this sector.  

There has recently been some progress in the identification of new variations and genes for 

monogenic skin illnesses. 
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1.1 Human Skin  

Skin, the outermost covering in all humans, is the first line of defense. It experiences a 

lifetime regeneration to provide physical, immunological care and homeostasis. Being the 

largest human organ ( approx 6% of the total body mass.), it  harbors all major vital support 

systems including blood, nervous, muscles, playing a central role in  sustaining normal 

homeostasis immune surveillance, UV protection, lubrication and pigmentation, sensory 

perception, and thermoregulation (Tobin 2006). 

Ectodermal appendages, which include hair, nails, teeth, and exocrine glands, are structural 

elements derived from the uppermost layer (ectoderm) (Langton et al. 2017). Skin illnesses 

called genodermatoses are caused by a disruption of this highly calibrated homeostatic 

system. 

1.1.1 Skin Architecture 

Broadly, skin is divided into two essential layers; (Figure 1.1) an external non-

vascularized, stratified epithelium layer called the epidermis and an another layer of 

connective tissue layer lying beneath the epidermis known as the dermis. A basement 

membrane separate it from epidermis. There is another subcutaneous fatty layer, lying 

beneath the dermis, which is known as the hypodermis. These layers differ from each other 

in their depth, size, durability and function (Chuong et al. 2002).  

Epidermis, the outer most layer, is a stratified, squamous epithelium that ends at the 

mucocutaneous junctions e.g, mouth, it consists of five major strata of keratinocytes which 

produces keratin including from top to bottom, stratum corneum (corneocytes), stratum 

lucidum, stratum granulosum (layer of non-dividing keratinohyalin), stratum spinosum  

and stratum basale respectively(Figure 1.2) (Lai-Cheong and McGrath 2009). Only the 

skin of palms and soles contains stratum lucidum. The continuous layer called the stratum 

basale is  typically one cell thick, although in epidermis and glabrous skin, it can be 2-3 

cells thick (McGrath et al. 2004). Stratum corneum (SC) serves the physical barrier 

function, the  chemical/biochemical barrier role is accomplished by the hydrolytic 

enzymes, lipids,  macrophages and antimicrobial peptide whereas the immune system's 

cellular and humoral elements are the primary drivers of adoptive barriers (Proksch 2008). 

Keratinization/cornification is a well-organized process that converts undeveloped 
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germinative keratinocytes (stratum basale) to fully differentiated (stratum corneum) 

cornified cell layer (Candi et al. 2005, McLafferty et al. 2012). The mature keratinocytes 

from the SC are continuously been shed by the process called desquamation. A balance 

between the proliferation rate in SB and desquamation maintains the normal thickness of 

epidermis (Candi et al. 2005). This whole process, starting from SB through SC and 

desquamation, is predicted to take about 26 days (Matsui and Amagai 2015). Various 

factors including adjacent mesenchymal tissue and its function, extracellular matrix 

components, epidermal and transforming growth factors, calcium, and retinoids are known 

to regulate the epidermal differentiation process (Shetty 2012). These layers make the 

epidermis impermeable preventing dehydration, invasion of foreign entities and protecting 

against harmful UV radiations.  In addition to keratinocytes, epidermis also harbor other 

different varieties of cell types which includes melanocytes (pigmentary cells), Langerhans 

and Merkel (immunological and sensory) cells respectively. These three types of cells 

make up 5% of the epidermis, while keratinocytes, which are neatly organized in layers, 

make up the other 95% (Lai-Cheong and McGrath 2009). Keratinocytes are joined by 

Different kinds of cellular junctions are present between keratinocytes and  provide 

mechanical, biochemical and signaling connections among the these cells (Garcia et al. 

2018). 

Dermis is a biologically complex layer that can absorb stress and is found directly 

underneath the epidermis and originates from mesenchymal layer. The dermal layer  

provides physical support and main nutrients source to the epidermis. It is supplied with 

lymph vessels, glands, hair follicles and nerve ending (Pringle et al. 2002). Dermis, the 1-

2 mm thick basal layer of skin, can be demarcated into an upper ‘papillary’ and a lower 

‘reticular’ segment. The papillary dermis is made up of weakly organized collagens (type 

I and type III), whereas the reticular dermis has highly ordered collagens (Woodley 2017). 

Cellular and interstitial components make up the dermis. In the dermis, there exists an 

approximately 1.5 ×106 thermoregulatory units (sweat glands). Dermis and epidermis are 

separated by the extracellular matrix basement membrane. During embryonic 

development, significant contact between epithelial and mesenchymal layers manifests as 

site-specific skin extensions known as appendages of skin, which include, nails, hairs, 

eccrine glands mammary glands, and sweat glands. Each ectodermal appendage's 
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development and function are ensured by the expression of a very specific set of genes 

(Lai-Cheong and McGrath 2009).  

 Embedded in the dermis are sebaceous and sweat glands that release sebum and sweat, 

respectively, the main function of whom is to keep the integument hydrated and supple 

(McLafferty et al. 2012). The dermis contains avasculature system, composed of two 

interconnected networks of arterioles and vanules: deep plexus and superficial plexus 

located in the lower dermal region and the upper/superficial area just underneath the 

papillary dermis, supplying blood for nutrition and  independent vessel network of 

lymphatic system that aids the dermis to get rid of foreign materials and unwanted 

macromolecules (Montagna 1974).   

Hypodermis (subcutaneous) is the layer of skin beneath the epidermis (subcutaneous). 

The subcutis, or innermost boundary of the skin, is in depth extension of the dermis 

composed of adipose cells and connective tissue that form a deep layer of varying 

thicknesses including about 80% of all body fats. Here fats are arranged into fatty lobules 

which serve as insulators and helps as a last source of  energy in the event of times of 

starvation. It associates the underlying skeletal component to the dermis (Freinkel and 

Woodley 2001).  

1.1.2 Skin Appendages  

Morphogenesis of ectodermal appendages including hair, teeth, nails and sweat glands 

depends on communications between epithelium and mesenchyme facilitated by a 

preserved set of signal producing  molecules (Figure 1.1). The ectoderm appendages share 

multiple features during development (Biggs and Mikkola 2014). Many of the same genes 

and signaling networks are required during these early stages of development. As a result, 

mutations in those genes frequently result in comparable abnormalities in several skin 

appendages. A small number of signal inducing pathways which includes the Wnt, 

hedgehog, TNF, FGF, and TGF families, mediate connection between epithelium and 

mesenchyme which are controlled by downstream transcriptional regulators (Mikkola 

2007). 
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Figure. 1.1:  Cross section of human skin. The three main layers, subcutaneous fatty tissue 
(hypodermis), dermis, and epidermis are shown, as well as the eccrine sweat gland (on the 
right).(Tavakolpour et al. 2017) 

 

  

Figure.1.2: Epidermis five substratum-layers: basale, spinosum, granulosum, lucidum, 

and corneum. (Reproduced from Pinterest and Encyclopedia Britanica, Inc.) 
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1.2 Genetic Skin Disorders   

Inherited monogenic, polygenic, and chromosomal skin diseases are referred to as 

genodermatoses. Genodermatoses are a diverse group of rare diseases that make about one-

third of all monogenic diseases (Scriver 2001). The underlying genetic defects of 

genodermatoses classified into three broad groups: (1) single gene disorders (monogenic 

or Mendelian traits); (2) chromosomal disorders; and (3) complex traits (polygenic or 

multifactorial disorders) related to other abnormalities like ocular problems, neurologic, 

gastrointestinal, musculoskeletal and cardiovascular defects (Priolo et al. 2000, Feramisco 

et al. 2009). The phenotypic impacts of genodermatoses are diverse, including 

keratinization and pigmentary abnormalities, epidermolysis bullosa, albinism, ichthyosis, 

alopecia, and dysplasias of ectoderm. About 560 distinctive disorders of skin and its related 

appendages have been demarcated by Online Mendelian Inheritance in Man (OMIM) 

database.  (Feramisco et al. 2009).  

This study is basically concerned with genetic analysis of families affected with four major 

rare hereditary skin disorders i-e, Epidermolysis bullosa, Ichthyosis, hypotrichosis and 

oculocutaneous albinism.  

1.3 Epidermolysis Bullosa  

1.3.1 Background 

The dermis-epidermis relationship is stabilized by numerous anchoring molecules present 

in the cutaneous basement membrane, zone (BMZ). It consists of anchoring fibrils, 

hemidesmosomes, and anchoring filaments forming an intersecting network that extends 

from the basal keratinocytes' internal environment to the dermal epidermis, basement 

membrane, and dermis below. Anomalies in the network's construction can lead to brittle 

skin at the cutaneous-BMZ level.  This results in a phenotypic condition called 

Epidermolysis Bullosa, (EB).  

Epidermolysis bullosa  is a distinct set of rare genetic disorder presented as moderate to 

severe epithelial tissues fragility along with blisters and erosions following minor trauma 

(Fine 2010). EB is considered an orphan disease affecting about half a million people 

around the world especially children (Uitto et al. 2016). The signs of disease typically 

appear at or shortly after birth and persist throughout the life or may appear  at adolescence 
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or early adult life, and in some variants, blistering recovers with increasing age. Most of 

the children with severe EB expire after few weeks of birth due to fragile and denuded skin 

complications e.g infections and metabolic imbalance. Mucous membranes such as mouth, 

nasopharynx, ocular region, gastrointestinal tract, and genitalia may become affected and 

blisters may result scarring (Watkins 2016). Patients with EB may experience fusion of 

their digits that  leads to clubbed hands and feet and may undergo amputation (van 

Scheppingen et al. 2008). Various extracutaneous anomalies are also describes in EB 

patients which include corneal erosions, development of esophageal structures, enamel 

hypoplasia, scarring alopecia,  erosions in the tracheal epithelium, congenital pyloric 

atresia and muscular dystrophy (Fine et al. 2014). 

 Mutation in any of twenty known genes (KRT5, DSP, KRT14, DST, EXPH5, JUP, PLEC, 

TGM5, KLH24, PKP1, LAMA3, LAMB3, LAMC2, ITGA3, ITGA6, ITGB4, CD151, 

COL17A1, COL7A1 and FERMT1) can cause inherited EB. Protein of all these genes 

usually exist within basement membrane zone ("dermoepidermal junction") or 

keratinocyte of the skin (Figure 1.3) (Fine et al. 2008, Uitto et al. 2017, Has et al. 2020). 

About half a million people are affected with EB, globally (Kearney et al. 2020). Both 

males and females are equally affected with EB, with an incidence of 8 per 1,000,000 live 

births (Tabor et al. 2017).  

1.3.2 Classification of EB  

There are four primary forms of EB dependent on place of blister development: (a) 

There are more than 30 distinct subtypes of EB as indicated by the phenotypic types of 

EB characteristics, the pattern of inheritance and mutation analysis (Fine et al. 2014).  
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Figure. 1.3: The cutaneous dermal–epidermal junction (Bardhan et al. 2020). 
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1.3.2.1 Epidermolysis bullosa simplex  

Epidermolysis bullosa simplex is the widely recognized subtype of EB (75–85 % of all 

cases) (Gostyńska et al. 2015) in which level of cleavage is mainly intraepidermal. EBS 

is autosomal dominantly inherited; In Western countries, autosomal recessive inheritance 

is rare, although it is common in other parts of the world. (Takeichi et al. 2015, Intong 

and Murrell 2012). It is usually the mildest form of the disease, although some generalized 

subtypes may be severe especially in early infancy (Watkins 2016). Estimated global 

prevalence of EBS ranges from 1 in 30,000 to 1 in 50,000 (Fine et al. 2000). Since the 

previous classification, two new genes, KLHL24 (He et al. 2016) and CD151 

(Vahidnezhad et al. 2018b)  have been discovered, extending the EBS spectra; yet, a small 

percentage of cases remain genetically inexplicable (Table.1.2). 

1.3.2.1.1 Epidermolysis bullosa simplex sub types.  

Following are the subtypes of EBS.  

a) EBS-localize (EBS-loc),  named as Weber-Cockayne disease, is the most frequent 

subtype of EBS (Fine et al. 1999) which  manifests in early childhood with blistering  

restricted to hands and feet that rarely scar. However, in case of  sufficient trauma  another 

surface of skin  may also blister (Intong and Murrell 2012).  

b) EBS-generalized severe (EBS-gen severe), also called Dowling- Meara (DM), present 

as generalized herpetiform blistering since birth, erosions, milia, scaring and can involve 

the mucous membranes, hair and the nails (Dowling and Meara 1954). 

c) EBS-generalized intermediate (EBS-gen intermediate), previously named as EBS 

Koebner, presents with non-herpetiform blistering and erosions, on any area of skin 

(Koebner 1886) without involvement of  soles and palms, differentiating them from 

individual affected with EBS, localized (Fine 2010).  

d) EBS with muscular dystrophy (EBS–MD) involves blistering soon after birth with 

progressive muscle weakness in later stages of life (second half of the 1st decade of life or 

during the adolescence). Affected individuals mostly die in their 3rd decade of life due to 

weakened intercostal muscles (Uitto et al. 1996).  However, some families showed 
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significantly delayed onset and slow progression of muscular dystrophy (Pulkkinen et al. 

1996).  

e) EBS with pyloric atresia (EBS–PA) involves blistering in neonatal period and 

gastric abnormalities, mainly duodenal or pyloric atresia. Early postnatal death of 

patients can occur due to extreme skin fragility and gastric abnormalities. However, 

some patients manifest relatively mild cutaneous symptoms with improvement with 

age, and treatment of the PA with mild blistering phenotype enable a patient to grow 

and develop to adulthood (Nakamura et al. 2005). 

f) EBS-Ogna is autosomal dominant form characterized by easy bruisability, 

hemorrhagic blistering, and onychogryphosis (nail deformity) without another organ 

involvement (Koss-Harnes et al. 2002) 

Other rare basal EB subtypes which are clinically significant include autosomal recessive 

EBS (Salih et al. 1985). EBS with mottled pigmentation (EBS-MP)(Bruckner-Tuderman 

et al. 1989), and EBS with circinate migratory blistering (Gu et al. 2003). 
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1.3.2.2 Dystrophic Epidermolysis Bullosa  

DEB is caused by sequence variations in collagen type VII, which can be autosomal 

dominant or recessive (Christiano et al. 1994). COL7A1 is present in anchoring fibrils 

beneath lamina dense at the skin's dermal-epidermal BMZ. The severity of the illness 

phenotype is determined by the location and the mutation nature. Polymorphic 

modifications, in addition to deleterious sequence mutations, are also responsible for 

various phenotypic appearances (Table 1.3) (Titeux et al. 2008). 

About 25% of the cases of EB cases comprise of DEB expressed as blisters formations  

below the cutaneous-BMZ lamina densa,  blister and scar formation in gastrointestinal 

tract, erosion of cornea, nails dystrophy and alopecia with scar formation (Fine et al. 1999). 

DEB can be inherited in a recessive or dominant fashion, with the recessive form (RDEB) 

having a more severe phenotypic presentation than the dominant form (DDEB); 

nonetheless, the two variants have a lot of phenotypic overlap. DEB is characterized by 

blistering formation followed by scarring, both in the skin and in mucosal linings along 

with milia in blister healing areas. In the most severe cases of RDEB, secondary 

extracutaneous complications are frequent. All subforms of DEB ensue as a result of 

mutations in the gene encoding collagen VII, COL7A1 α-1 (COL7A1gene: MIM 120120) 

gene, mapped on 3p21.1, the chief element of the anchoring fibrils at the cutaneous-BMZ. 

Main sub variety of DEB are described below. 

1.3.2.2.1 Sub types of Dystrophic epidermolysis bullosa   

The three common subtypes as well as other rare subtype of DEB are described below 

(Fine et al. 2008).  

a) DDEB, generalized patient presents generalized blistering at birth olong with milia, 

scarring, and nail dystrophy with the passage of time. In these patients, involvement of 

mucous membrane is rare, and the teeth are normal. Esophageal stricture formation after 

progressive dysphagia, occur due to recurrent esophageal blistering and erosions (Fine et 

al. 2008) .  

b) RDEB, generalized severe (formerly named as the Hallopeau–Siemens type) is the 

most devastating of all the sub-forms of DEB. The disease is characterized by generalized 

blistering extensive scarring, pseudosyndactyly and rarely hypopigmentation or 
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hyperpigmentation (Bruckner-Tuderman 2010). Mucous membranes of esophagus, anal 

canal, eyes and oral cavity are mainly involved (Fine et al. 2014), oral feeding difficulties 

due to mucosal involvement and esophageal stenosis (Fine et al. 2008). Eye problems 

includes  scars, abrasions, ectropion and blisters of the eyelids, and conjunctival blisters 

(Figueira et al. 2010). Patients develop osteoporosis, failure to thrive, anemia and delayed 

puberty due to chronic inflammation, infection and poor nutrition. Extracutaneous 

manifestations include involvement of other body organs part, e.g. heart, genitourinary 

tract, gastrointestinal tract, and kidneys (Fine and Mellerio 2009). Patients rarely survive 

after 30 years of life due to high probability of developing severe kidney complications 

and aggressive squamous cell carcinoma (Intong and Murrell 2012). 

c) RDEB, generalized intermediate (formerly named as RDEB, generalized other or non-

Hallopeau–Siemens type (Fine et al. 2014). Symptoms of this type  are similar to those of 

RDEB-gen sev but relatively with less severe blistering  (Bruckner-Tuderman 2010) and 

better prognosis of patient. Mostly affected individuals survive to adulthood with lesser 

degree of pseudosyndactyly, and some are even able to give birth. Regular check-up of 

these patients is mandatory due to high risk of developing squamous cell carcinoma (Fine 

and Mellerio 2009). 

d) DDEB, acral is rare localized variant in which involvement of skin is primarily 

restricted to the hands and feet without pseudosyndactyly (Fine 2010).  

e) DDEB, nails only is characterized by dystrophy of nails as indicated by name without 

involvement of skin fragility or blisters induced by trauma (Dharma et al. 2001).  

f) RDEB, inversa represents as generalized blistering present at birth and during early 

stage of infancy (van den Akker et al. 2011). Later in infancy or childhood, the most 

prominent  blistering sites are  mucous membranes, body flexures and axis (Shinkuma 

2015).  

g) Pretibial DDEB and Pretibial DREB  are rare subtypes of localized DEB involve 

recurrent blistering, ulceration, and hypertrophic scars restricted to the pretibial area, as 

well as varied nail dystrophy (Hamada et al. 2009). 
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h) DDEB pruriginosa and RDEB pruriginosa are an extremely rare variants of DDEB 

which are characterized by  following features: nodular prurigo-like lichenified lesions,  

intense pruritus, and nail dystrophy (McGrath et al. 1994). 

i) RDEB centripetalis is another extremely rare variant of DDEB with characteristics 

centripetal progression of  blister development and scarring (Fine et al. 1985) . 

j) Bullous dermolysis of the newborn (BDN)  is the variant of DEB with both dominant 

and recessive inheritance pattern. Patients presents subepidermal blistering at birth which 

tend to decrease with age. Most of the lesions begin to heal within several months after 

birth with scarring and pigmentation (Hashimoto et al. 1985). About fifty cases of BDN 

have been reported and more than 10 pathogenic mutations have been identified (Diociaiuti 

et al. 2016). 

 

 

Junctional epidermolysis bullosa (JEB) is a rare and more serious form of EB, presenting 

around 5% of patients in which blisters formation occur in lamina lucida layer of the BMZ 

(Fine et al. 2014). In all JEB subtypes, the characteristic clinical sign is the enamel hypoplasia 

resulting in pits on the thin enamel surfaces of few or all tooth (Wright et al. 1993). It is useful 

diagnostic tool after primary tooth eruption (Fine 2010). The two main variants of JEB are 

Herlitz Junctional EB (H-JEB) and non-Herlitz Junctional EB (nH-JEB), and the targeted 
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proteins include laminina‑332, α6 β4 integrin, collagen XVII, and α3 integrin subunit (Fine 

et al. 2014). JEB is transmitted in an autosomal recessive manner and is caused due to genetic 

defects in   hemidesmosome-anchoring filaments. In the pathophysiology of JEB, sequence 

variations in seven genes have been discovered so far (Table 1.4). 

1.3.2.3.1 Subtypes of Junctional epidermolysis bullosa  

a) H-JEB (also known as severe generalized JEB) occurs due to lack of expression of 

laminin‑332 and is lethal in early years of life. Erosion over large areas and granulation tissue 

around periorificial areas are the main features of H-JEB. In some cases, ocular, 

gastrointestinal tract, tracheolaryngeal and renal systems may be involved. Nail, enamel and 

hair defects are common, and blisters mostly heal with scarring (Intong and Murrell 2012)  

b) Non-herlitz JEB (nH-JEB) or JEB-other is a harmless type presented as widespread 

blister formation with the involvement of mucous membranes, the scalp, and nail dystrophy. 

Hypopigmentation or depigmentation after inflammation may be visible in some patients 

(Fine 2010). Prognosis of disease in  nH-JEB patients are usually better due to reduced rather 

than absent expression of type XVII collagen, or laminin‑332,  or α6 β4 integrin (Intong and 

Murrell 2012).  

c) JEB inverse is a rare subtype of JEB characterized by relatively severe blisters formation 

and erosions restricted to intertriginous, sites of skin, vagina and esophagus (Fine et al. 2008).  

d) JEB with pyloric atresia (JEB-PA) is associated with generalized blistering at the time of 

birth, congenital pyloric atresia and rare chances of atresia in other different parts of the 

gastrointestinal tract (Fine et al. 2008). Patients of this type are at high risk of developing 

genitourinary tract congenital anomalies, and neonatal or juvenile death (Fine 2010).  

e) Laryngo-onycho-cutaneous (LOC) syndrome or Shabbir syndrome is classified as a JEB 

variant (Fine et al. 2008). The clinical signs include chronic skin ulcers, early onset of 

hoarseness, enamel hypoplasia, tooth anomalies and periodic loss of both fingernails and 

toenails. Premature demise of patient can occur due to respiratory tract obstruction as a result 

of granulation tissue development in the larynx, epiglottis and trachea (Kiritsi et al. 2013). 
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1.3.2.4 Kindler Syndrome   

Kindler syndrome (MIM 173650)  is a rare variant of skin disorder characterized  by acral 

blister formation and sensitivity to light in childhood along with subsequent cutaneous 

atrophy, dystrophic nails, progressive poikiloderma, webbing of the digits, gingival 

infection, and mucosal lesions of the esophagus, vaginal, and urethral mucosa culminating 

in narrowing and stenosis  (Jobard et al. 2003). In this EB type, blister formation occurs in 

many levels within BMZ and/or underneath the BMZ with increased risk of developing 

non-melanocytic skin tumor (Siegel et al. 2003). Kindler syndrome results from genetic 

defects in fermitin family member 1 (FERMT1; MIM 607900) gene, encoding fermitin 

family homolog 1 (kindlin-1), a focal adhesions intracellular protein (Jobard et al. 2003). 

The FERMT1 gene encodes for the KIND1 protein that is involved in keratinocyte adhesion 

regulation as well as cutaneous stem cell proliferation and differentiation. 

Middle East has shown a higher prevalence and incidence of some EB subtypes (Abu Sa'd 

et al. 2006), which reflects an increased frequency of consanguinity among some, close 

subpopulations in these regions. In the current study, seven Pakistani family affected with 

epidermolysis bullosa were recruited to find the molecular basis of this disease through 

whole exome sequencing and Sanger sequencing.   
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1.4 Ichthyosis  

Ichthyosis is derived from the Greek word "ichthys," which means "fish." It is a collection 

of cornification disorders that are clinically and genetically diverse. It refers to any type of 

chronic topical roughness and skin scaling, usually in conjunction with erythema, xerosis 

skin cleavage (fissures) and severe itching. It is associated with suprabasal epidermolysis 

in certain rare types. Mode of transmission of Ichthyoses includes autosomal dominant, 

autosomal recessive and X-linked trait. Other  related expressions  comprise of  

erythroderma, recurrent infections,  palmoplantar keratoderma and hypohidrosis 

(Marukian and Choate 2016). Majority of the inherited disorders of keratinization are 

caused by monogenic mutations and follow standard Mendelian patterns of inheritance, 

therefore these disorders are also termed as Mendelian disorders of cornification 

(MEDOC). Ichthyosis is caused by fifthy different types of gene sequence variants which 

disturbed many different cellular pathways including lipid biosynthesis, DNA repair, 

adhesion and desquamation. A consensus classification for ichthyoses has been created 

based upon the inheritance mode, clinical manifestations and disease pathophysiology. 

According to which ichthyoses can be divided into two main forms namely nonsyndromic 

form (the monogenic disorders limited to epidermis/skin) and syndromic form (along with 

associated extracutaneous manifestations) (Oji et al. 2010). 
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1.4.1 Nonsyndromic Ichthyoses  

Nonsyndromic ichthyosis is divided into four main groups based upon inheritance mode, 

incidence rate and molecular involvement (Figure 1.4), these includes: 1) Common  

Ichthyoses (KPI) and 4) Other, subforms (e.g. peeling skin disease) (Takeichi and Akiyama 

2016) .  

1.4.1.1 Common Ichthyoses  

Common ichthyoses refers to X-linked recessive ichthyosis (XLRI) and ichthyosis vulgaris 

(IV). 

 

Ichthyosis vulgaris (IV) (MIM 146700) is the highly  prevalent form of ichthyosis, 

affecting around 1/250 of all newborns. (Marukian and Choate 2016) . Clinically, it is 

presented as  generalized xerosis along with rough and dry skin, mostly evident on  

extremities’ extensor regions, chest and abdomen. Mostly IV is associated with 

palmoplantar hyper linearity and keratosis pilaris. IV is inherited as a semi-dominant trait 

and is caused by mutation in filaggrin (FLG; MIM 135940) gene, which play a crucial part 

in the epidermal maturation and skin barrier creation (Smith et al. 2006). 

 

It is second widely common kind of ichthyosis, X-linked recessive ichthyosis (MIM 

308100), affecting 1/2000 to 1/6000 men globally (Lykkesfeldt et al. 1984). It is manifested 

in adults as huge plate-like polygonal scales, strongly adhered to epidermis. Clinically 

represented by dark brown or gray scales mostly present on flexure surfaces, scalp, neck, 

trunk, abdomen and widespread skin dryness. XLRI is linked with pathogenic mutation in 

gene steroid sulfatase (STS), which is mapped to Xp22.31 chromosome. STS is a 

microsome membrane bounded enzyme, responsible for  cholesterol, estrogens and 

androgens metabolism (Alperin and Shapiro 1997).  

 

This (ARCI) is the most complicated form of Ichthyosis, with an occurrence rate of 1 in 

200,000 births (Richard and Bale 1993). ARCI is divided mainly into three subforms: 1) 
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Lamellar ichthyosis (LI), 2) Harlequin ichthyosis (HI) and 3) Congenital ichthyosiform 

erythroderma (CIE). ARCI has been linked to deleterious sequence variations in thirteen 

genes so far, including TGM1, ABCA12, ALOX12B, ALOXE3, CYP4F22, SULT2B1, 

CASP14, SDR9C7, NIPAL4, LIPN, CERS3, ST14 and  PNPLA1 (Youssefian et al. 2017). 

1.4.1.2.1 Lamellar Ichthyosis   

Lamellar ichthyosis (MIM 242300) is characterised by varying degrees of hyperkeratosis 

palmoplantar along with  keratoderma, as well as dark thickened  brownish to gray  scales 

covering the face, face, flexor regions, trunk, and scalp, hypohidrosis, eyelid ectropion, hair 

loss, and redness. At birth, most newborns are protected by a collodion membrane. The 

histological findings of LI patient’s skin demonstrates obvious hyperkeratosis with minor 

parakeratotic cells and normal to mildly thickened granular layer (Akiyama et al. 2003) 

Pathological variants in nine genes are known to be associated with pathogensis of LI 

including TGM1, CERS3, ABCA12, ALOX12B, ALOXE3, NIPAL4, CYP4F22, PNPLA1 

and LIPN. Among them , most of the variants  are implicated with TGM1 (Takeichi and 

Akiyama 2016). TGM1 codes for transglutaminase-1, an 817-amino-acid protein that 

belongs to the transglutaminase (TGM1) family which is a Ca2+-dependent, membrane 

bounded enzyme that have an important function of  the production of keratinized cell 

covering (Farasat et al., 2009).  

 

CIE, also termed as epidermolytic hyperkeratosis (MIM 113800), is an autosomal recessive 

genetic ichthyosis. Extensive scaling and erythroderma are present, but there is no blisters 

formation. At birth, most of the newborns with CIE are covered with a collodion membrane 

(Williams and Elias, 1985). Formation of scaling and erythroderma usually related with 

eclabium, ectropion, nail dystrophy and keratoderma (Akiyama et al, 2003). CIE patient’s 

skin histological findings displays hyperkeratosis, a mild to moderate thickening of stratum 

granulosum, small amount of acanthosis (Akiyama, 1998). The pathogenesis of CIE has 

been linked to pathological mutations in the TGM1, ABCA12, ALOX12B, ALOXE3, 

CERS3, NIPAL4, CYP4F22, LIPN, and PNPLA1 genes. 
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1.4.1.2.3 Harlequin Ichthyosis  

The most serious and deadly form of congenital ichthyosis is called harlequin ichthyosis 

(MIM 242500). Presence of huge thick scales along with significant ectropion, eclabium, 

and flattening of the ears are all clinical signs of HI. Scanty skin development ensues in 

utero, together with second trimester hyperkeratosis. The epidermis of the afflicted fetus 

has typical ultrastructural abnormalities such as aberrant lamellar granules (Dale and Kam, 

1993). HI is usually caused by Null mutations, in a lipid transporter protein coding gene 

called ABCA12 gene. In epidermal keratinocytes, ABCA12 functions as a lipid transporter. 

Defects in ABCA12 cause the skin's lipid barrier function to deteriorate, resulting in HI 

(Akiyama et al., 2005).  

1.4.1.2.4 Minor types  

In addition to the three major kinds of ARCI, certain uncommon subtypes have been 

identified including, Ichthyosis in a bathing suit (BSI), ichthyosis-prematurity 

syndrome (IPS) and self-improving collodion babies (SICB). A new collective term 

called “pleomorphic ichthyosis” is suggested for these phenotypes which are 

presented by severe hyperkeratosis at their neonatal stage that later on renovates into 

much milder phenotypes (Vahlquist et al. 2010, Pigg et al. 2016).   

1.4.1.3 Keratinopathic Ichthyoses  

Keratinopathic ichthyoses (KI) is a catch-all term for a variety of ichthyoses caused by 

keratin gene sequence variations. Keratinopathic ichthyosis is demarcated by superficial 

fragile skin, erythroderma, neonatal widespread blisters, hyperkeratosis and palmoplantar 

keratoderma. KI consist of epidermolytic ichthyosis (EI), autosomal recessive 

epidermolytic ichthyosis (AREI), congenita1 reticular ichthyosiform erythroderma 

(CRIE),  ichthyosis Curth-Macklin (ICM), epidermo1ytic nevi (EN), annular epidermolytic 

ichthyosis (AEI). Majority of KI disorders are inherited as an autosomal dominant pattern, 

but autosomal recessive inheritance has also been documented. KRT1, KRT2 and KRT10 

pathological  variations are known to be linked to the disease (Takeichi and Akiyama 

2016). 
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1.4.2 Syndromic Ichthyosis  

In syndromic ichthyoses, more other one organ systems are involved in addition to the 

cutaneous implication. In syndromic ichthyoses, several anomalies in the 

cardiovascular system, CNS, endocrine system, and skeletal system can be seen, which 

are linked to the genes implicated (Oji et al. 2010). 

The syndromic types of ichthyosis consist of Netherton syndrome, keratitis ichthyosis 

deafness (KID) syndrome and Sjögren-Larsson syndrome, Dorfman-Chanarin syndrome 

and Ichthyosis follicu1aris with photophobia and atrichia. 

 

NS is a type of syndromic type of ichthyosis with rare autosomal recessive inheritance. 

Clinically it is presented by ichthyosiform dermatosis, atopic diathesis and hair shaft 

anomalies. Netherton syndrome occurs due to pathological mutations in gene SPINK5 

(MIM 605010), which is linked to chromosome 5q31q32. SPINK5 encoding protein called 

15-domain serine protease inhibitor, is mainly present in parathyroid glands, thymus, 

stratum spinosum, trachea, follicles of hairs and the tonsils 

 (Chavanas et al. 2000).  

 

1.5 Hypotrichosis (HYPT)    

Hypotrichosis includes a set of disorders with clinical diversity and is categorized by scanty 

or absent scalp hairs and from other body. Hypotrichosis is represented as an isolated entity 

or it may be related to other organ system anomalies. The associated characteristics include 

hearing impairment, intellectual disability, retinal degeneration and nails and skin 

deformities. Hypotrichosis may follow an autosomal recessive, or autosomal dominant 

mode of inheritance. HYPT is further categorized into two groups based on hair loss 

presence as an isolate entity or in conjunction with other disorders. 

1.5.1 Non syndromic isolate Hereditary Hypotrichosis  

Isolated hypotrichosis is a category of non-syndromic genetic hair loss diseases that can be 

passed down through generations in an autosomal recessive, or autosomal dominant 
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manner. Many different forms of isolated hereditary hypotrichosis loci have been found 

and linked to various chromosomes up to this point. (Basit et al. 2015).  

1.5.1.1 Autosomal Recessive Isolated Hypotrichosis  

In recent years, several genes and locations for the autosomal recessive isolated 

hypotrichosis variant have been traced to several chromosomes in humans. Non-syndromic 

autosomal recessive hypotrichosis is linked to a number of genes including DSG4 

(desmoglein-4), (Kljuic et al. 2003), LIPH (lipase-H); (Kazantseva et al. 2006), HR 

(hairless), (Ahmad et al. 1998), lysophosphatidic acid receptor 6 (LPAR6); (Pasternack et 

al. 2008), desmocollin-3 (DSC3); (Ayub et al. 2009) and DSP (desmoplakin); (Jan et al. 

2015). Autosomal recessive wooly hairs (Ansar et al. 2015) has been related to sequence 

variant in KRT25 (Keratin-25; MIM 616646). Similarly, two additional loci have been 

linked to chromosome 7p21.3p22.3 (Basit et al. 2010) and chromosome 10 at q11.23-22.3; 

(Naz et al. 2010) for autosomal recessive hypotrichosis. 

1.5.1.1.1 Localized Autosomal Recessive Hypotrichosis 1  

People with localized autosomal recessive ,hypotrichosis 1(LAH1) may have hair on their 

scalp at birth, although scanty hair grows back following ritual shaving (Rafique et al. 

2003). Eyebrows and eyelashes are sparse to non-existent in the affected individuals; 

although, pubic and axillary hairs are normal (John et al. 2006). Hairs on the beard are 

normal in affected men, however hairs on the extremities are missing. (Schaffer et al. 

2006). LAH1 pathogenesis is linked to DSG4 gene (Kljuic et al. 2003), coded by 18q12.1 

(Whittock and Bower 2003). It encodes desmoglin-4, a desmosomal cadherin superfamily 

member and is responsible for cellular adhesions and contributes in hair follicular 

differentiation and growth. According to HGMD Professional, 2021.2, twenty one 

mutation has been reported in DSG4 gene so far. 

1.5.1.1.2 Localized Autosomal Recessive, Hypotrichosis 2  

The scalp is covered by scarce woolly hair to delicate thin hairs in localized autosomal 

recessive, hypotrichosis 2 (LAH2) (Ali et al. 2007). Eyebrows, eyelashes, axillary hair and 

other bodily hairs, are sparse to missing in affected people. Beard hairs of affected men, on 

the other hand, typically occur normal. In a consanguineous Pakistani family, autozygosity 

.  (Aslam et al. 2004).  
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LIPH was identified as a causative gene in the locus, LAH2, after further molecular 

investigation (Kazantseva et al. 2006). LIPH has a protein product called phospholipase 

A1 which is responsible for the formation of acyllysophosphatidic acid ( lysophosphatidic 

acid receptor ligand) from phosphatidic acid. According to HGMD Professional, 2021.2, 

thirty three mutation has been reported in LIPH gene so far. 

 

Individuals affected with LAH3 have fine delicate, curly wooly hairs which have a slow 

growth. After ceremonial removal, the hair regrowth is scanty, with progressive shedding 

and replenished by fine curly light colored hairs whereas the hairs of  eyelashes, eye brows, 

pubic and axillary region are bare normal (Azeem et al. 2008). First, genetic code 

autozygosity mapping identified a chromosomal stretch 13q14.11–21.32, for LAH3 (Wali 

et al. 2007), followed by subsequent  recognition of  mutation in LPAR6 gene, mapped to 

locus LAH3 (Shimomura et al. 2008). LPAR6, and LIPH, both are situated in the hair 

follicles, inner root sheath and are related to the regulatory pathways of differentiation and 

growth of hair follicles (Pasternack et al. 2009). Uptil now, about twenty eight mutations 

has been identified in the LPAR6 according to HGMD Professional, 2021.2.   

 

APL is characterized by generalized or localized (irreversible) hair loss mainly related with 

frequent diffuse follicular keratinus papules predominantly affecting face, extremities and 

scalp. Autosomal recessive or pseudo-dominant mode of inheritance is followed by APL 

(Zlotogorski et al. 2002). Pathogenic sequence variations in the Hairless gene (HR; MIM 

225060) have been related to APL symptom (Ahmad et al. 1998). HR gene is confined to 

8 (8p21) chromosome and codes for a transcription corepressor for a variety of nuclear 

receptors, with the hair follicle, epidermis, and brain showing the most expression. 

According to HGMD Professional, 2021.2, fifty-six mutation has been reported in HR gene 

so far. 
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 1.5.1.3 Hypotrichosis with, Recurrent Skin Vesicles  

In a consanguineous Afghani family, Ayub (Ayub et al. 2009) observed an unusual form 

of hypotrichosis in which the affected individuals have normal scalp hairs at the time 

of birth but shed after a few weeks, and grew back following ritual shaving. Presence of 

watery fluid filled vesicles on scalp and other parts of body are detected in the affected 

patients. Genome wide auto zygosity mapping linked the disease to chromosome 18q 

which on further sequencing revealed a sequence variant in the DSC3 gene. DSC3's protein 

product belongs to the family of desmosome, which assist in maintaining integrity of 

tissues by connecting neighboring cells via desmosome junctions (Thomason et al. 2010) 

1.5.1.4 Autosomal Recessive, Wooly Hair  

ARWH is a non-syndromic type of hair disorder expressed as tightly curled hair with 

limited growth. Ansar (Ansar et al. 2015) observed two consanguineous families with 

woolly hair phenotypes from Pakistan. The affected family member's scalp hair is soft, 

short, and scant at first, but gradually transforms into tightly cropped hair. Eyelashes were 

scanty, but eyebrows were normal. There were no further ectodermal or systemic 

abnormalities found. A missense mutation   found in KRT25 (MIM 616646) that segregates 

with autosomal recessive woolly hair in both families after linkage mapping and exome 

analysis. According to HGMD Professional, 2021.2, five mutation has been reported in 

KRT25 gene so far. 

1.5.2 Syndromic Hypotrichosis   

Various syndromes have also been identified in addition to non-syndromic hair loss 

diseases in which hair abnormalities coexist with a variety of clinical characteristics such 

as neurological, cardiac, and ophthalmic abnormalities, as well as problems in other 

ectodermal tissues (Sprecher 2010, John et al. 2006) along with hypogonadism and 

neuroendocrine abnormalities. (Alazami et al. 2008).   

Woodhouse Sakati syndrome (WSS) is genetic hair loss disorder which is manifested as 

hypotrichosis along with other systems abnormalities including hearing loss, diabetes 

mellitus,  learning difficulties, hypogonadism and extrapydamidal symptoms (Alazami et 

al. 2008, Shah et al. 2020). In numerous families of Woodhouse Sakati syndrome 
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characteristics, sequence mutations in cul4 and ddb1 associated factor 17; (DCAF17) have 

been linked to this condition. A nuclear protein is encoded by DCAF17 which is found in 

skin, liver and brain and is many responsible for multiorgan system clinical symptom 

presentation in WSS individuals.  

1.6 Albinism  

Albinism is derived from the word ‘albus’ (Latin word) meaning "white." It is a set of 

genetic developmental diseases characterized by decreased or absent melanin biosynthesis 

(Summers et al. 1996), confined to hairs, eyes or skin (Khan et al. 2015) and responsible 

for color presentation of these organs. Melanin production occur in a complex metabolic 

pathway by means of an enzyme called tyrosinase (Kirkwood 2009). Genetic defects in 

those genes which encodes for the proteins,  involved in formation, metabolism and 

distribution of melanin by a specific types of cells known as melanocytes are responsible 

for albinism phenotypes (Cross 2009). Diagnosis of albinism can be made clinically by the 

detecting hypopigmentation in the hairs, skin and finding ocular manifestations. The mode 

of inheritance of most of the albinism cases is autosomal recessive (Tomita and Suzuki 

2004, Grønskov et al. 2007). Melanocytes situated in epidermis and hair bulb basal layer, 

produces melanin of 2 types, a darker variety called eumelanin and a red or yellow Variety 

known as pheomelanin (Solano 2014), with pheomelanin/ eumelanin ratio greater in fair 

complexion persons and low in dark complexion individuals. Eumelanin has a greater 

power than pheomelanin to protect the skin from UV radiation harm (Brash 2016) 

(Figure:1.5)  

1.6.1 Melanin Synthesis Pathway 

Tyrosine is converted into dihydroxyphenylalanine (DOPA) with the help of a copper 

containing bifunctional enyme called tyrosinase. This DOPA is changed to DOPA-quinone 

(Shimao 1962). If at that point, deficiency of tyrosinase occurs, it will lead to DOPA 

deficiency and subsequently melanin pigment deficiency (Ray et al. 2007). These reactions 

are implicated in tyrosine and melanin biosynthesis pathways. Endoplasmic reticulum 

generate enzyme tyrosinase which is then transported by means of vesicles producing 

melanin pigment to melanosomes (Prota 1980) (Figure 1.5). 
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1.6.2 Oculocutaneous Albinism regulatory component, MC1R  

Melanocytes contain a G protein coupled receptor family member called  melanocortin-1 

receptor which maintain the activity of melanin producing enzymes namely TYR and 

TYRP1 to produce normal pigmentation and also play a role in regulation of pathways 

involved in damage caused by UV light (Lin and Fisher 2007, Le Pape et al. 2008, Ito 2009) 

The MC1R gene is located at chromosome 16p24.3. Pathogenic sequence variants of  

MC1R gene are prevalent in many populaces and linked to clinical presentation of red hairs 

and  melanoma of skin (Sengupta et al. 2010, Akey et al. 2001) (Figure:1.6). 
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1.6.3 Classification of Albinism 

Albinism can be classified into two main variety known as ocular albinism (OA) and 

oculocutaneous albinism (OCA). In OA, there is reduced pigment production in epithelium 

of retina sparing the hairs and skin whereas depigmentation is also observed in skin, hairs 

and eyes in OCA type (Khan et al. 2015). 

 1.6.4 Oculocutaneous Albinism (OCA) 

Autosomal recessive oculocutaneous albinism is the commonest type of the 

hypopigmentation diseases (Tomita and Suzuki 2004). OCA is a defective pigment 

producing disorder caused by a error in the melanin synthesis pathway of melanin pigment 

which results in skin, hair and retinal epithelium hypopegmintation. OCA Patients are 

presented with diverse clinical symptoms,  which including golden whitish hair, white 

(milky) complexion, and retinal cell degeneration along with other visual symptoms which 

includes decreased visual acuity, visual acuity, iris transillumination, hypopigmentation of 

retinal pigmentary epithelium, photoreceptor rod cell deficit, refractive errors,  

photophobia, foveal hypoplasia, fundus hypopigmentation and nystagmus (Kamaraj and 

Purohit 2014). 

There are seven different varieties of OCA (OCA1-OCA7). It can be recognized 

morphologically by variations in hair, skin, and eye color, as well as genotypically by the 

genes implicated. However, autosomal recessive inheritance mode is followed in most of 

the cases of OCA (Kamaraj and Purohit 2014, Grønskov et al. 2007). OCA is divided in 

two broad forms including non-syndromic and syndromic form. Up till now, seven OCA 

genes have been identified for non-syndromic OCA (TYR, SLC24A2, C10ORF11, 

SLC45A2, TYRP1, OCA2 and MCIR), as well as an uncharacterized OCA5 locus while   

AP3B1, HPS1, HPS3, DTNBP1, HPS4, PLDN, HPS6, LYST, HPS5, BLOC1S3, MYO5A, 

MLPH and RAB27A are just a few of the genes that cause syndromic OCA (Wei et al. 2013, 

Gul et al. 2019). The most frequently occurring albinism genes mutations in the world's 

population, including the Pakistani population, are OCA2 and TYR. (Gul et al. 2019). 
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1.6.4.1 Non-Syndromic OCA Types 

1.6.4.1.1   Oculocutaneous Albinism Type 1 (OCA1) 

OCA1 is a subtype of OCA occur due to genetic defects in the tyrosinase (TYR) gene. This 

gene is linked to 11 chromosome q14.3 (Tomita et al. 1989). The TYR gene is composed 

of five exons which codes for a protein made up of  529-amino-acids (Kwon et al. 1987). 

Tyrosinase, an enzyme having a critical action in the manufacture of melanin in special 

cells known as melanocytes, is encoded by the TYR gene. 

 hair (Giebel et al. 1991a, Sundaresan et al. 2004). It has a prevalence rate of about 1 in 

every 40,000 people (Inagaki et al. 2004). OCA1 individuals have pale hair, eyelashes, and 

eyebrows as clinical characteristics. Iris color can range from pink to pale blue, and 

amelanotic nevi can appear (Tomita et al. 1989). 

1.6.4.1.1.2   Oculocutaneous Albinism Type IB (OCA1B) 

OCA1B, often known as yellow albinism, has a decreased tyrosinase activity rate. As a 

result, some people are born with white hair that gradually turns blond or yellow with 

progressive age (Giebel et al. 1991b). OCA1B patients have blue eyes, however some 

darker groups may have brown eyes. The range of their visual acuities is 6/18 to 6/120. 

(Sundaresan et al. 2004) After one or three years, these patients' hair and skin regain some 

pigment (Tomita et al. 1989). 

1.6.4.1.2 Oculocutaneous Albinism Type II (OCA2) 

OCA2/P mutations induce clinical expression of the OCA2 which is a sub variant of OCA. 

(Kwon et al. 1987). This gene is linked 15 chromosome 11.2-q12, consisting of 23 coding 

exons. The OCA2 gene codes for an 838-amino-acid protein (Lee et al. 1995). OCA2 

albinism has a less severe clinical spectrum than OCA1 albinism, although the phenotypic 

presentation of the two variety coincide (Lee et al. 1994). The OCA2 produced a protein 

which is associated with tyrosinase location and melanosome synthesis.  (Durham-Pierre 
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et al. 1994). OCA2 protein consist of 12 transmembrane domains along with integral 

melanosomes with a 110-kDa size (Grønskov et al. 2007, Gao et al. 2017).clinically it 

presents as milky white skin with light brown, blond or light yellow hair (NLM, 2019b) 

and visual acuity in a range of 20/25 and 20/200 (Lewis 2017).  

1.6.4.1.3 Oculocutaneous Albinism Type III (OCA3) 

OCA3 occurs as a result of pathogenic variants in the Tyrosinase Linked Protein 1 (TYRP1) 

gene. (Boissy et al. 1996). The OCA3 gene is found on 9 (9p23) chromosome which also 

houses the gene TYRP1. This gene codes for a 536-amino-acid enzyme and is made up of 

8 exons that cover 17 kb of genomic DNA. Tyrosinase hydroxylase activity is present in 

this enzyme and is involved in converting melanin into  a monomer (5,6-dihydroxyindole-

2- carboxylic acid). Clinically individuals with  OCA3 presents as brown irises (Grønskov 

et al. 2007), red hair and reddish-brown skin (Boissy et al. 1996). TYRP1 protein converts 

L-tyrosine to a minor fraction of DOPA and acts as a  tyrosinase activity cofactor (Kamaraj 

and Purohit 2014). The protein that causes OCA3 symptoms shares a striking similarity 

with tyrosinase. It functions as a  tyrosinase stabilization (Manga et al. 2000), play a role 

in  melanosome structure preservation (Johnson and Jackson 1992) and melanocytes 

proliferation determination (Sarangarajan et al. 2000). Several genetic defects have been 

documented in TYRP1 gene including, non-sense, missense, and splice site mutation 

(Manga et al. 1997, Nelwan 2017, Carss et al. 2017). The majority of people with OCA3 

disease are from Southern Africa (Manga et al. 1997) but certain variants have also been 

found in African Americans (Boissy et al. 1996) and in Pakistani families (Jaworek et al. 

2012).  

1.6.4.1.4 Oculocutaneous Albinism Type IV (OCA4) 

The OCA4 phenotype is caused by a mutation in Solute Carrier Family 45, Member 2 

(SLC45A2). MATP is another name for this gene. The gene SLC45A2 encodes the "P" 

protein and is found on chromosome 5p13.2 in the OCA4 variety of OCA. The level of 

skin pigmentation varies from minimal to normal but does not change significantly from 

childhood to maturity, and the hair darkens with age. These patients visual acuity ranges 

from 20/30 to 20/400 in a 20/100 to 20/200 range (Adam et al.).  
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1.6.4.1.5 Oculocutaneous Albinism Type V (OCA5) 

OCA5 phenotypic traits found in a Pakistani family affected with OCA. OCA5 has a 

cytogenic site on chromosome 4q24, which was determined using genome - wide linkage 

analysis, but the candidate gene has yet to be identified (Kausar et al. 2013). White skin, 

photophobia, reduced visual acuity, golden-colored hair, nystagmus and foveal hypoplasia 

are some of the clinical characteristics. There are no other clinical traits that have been 

discovered (Kamaraj and Purohit 2014). 

1.6.4.1.6 Oculocutaneous Albinism Type VI (OCA6) 

The Solute Carrier Family 24 (Sodium/Potassium/Calcium Exchanger), Member 5 

(SLC24A5) gene causes the OCA6 type of albinism which has nine exons and is situated 

on 15 chromosome q21. A solute carrier protein is produced by this gene. This gene 

regulates intracellular calcium signaling in melanosomes as well as calcium homeostasis, 

which is required for protein transfer to melanosomes during melanin formation (Lamason 

et al. 2005). 

1.6.4.1.7 Oculocutaneous Albinism, Type VII (OCA7) 

OCA7 is a new type of OCA associated with mutations in the C10orf11 gene with 

a chromosomal location at 10q22.2-q22.3 (Grønskov et al. 2013). The C10orf11 gene 

produces a protein (with 198-amino-acid) with LRR C terminal (LRRCT) domain and three 

leucine-rich repeats (LRRs). LRRs are  family of proteins that comprises members with a 

variety of functions, such as brain development, RNA processing, assembly of extracellular 

matrix assembly, cell signaling and adhesion (Bella et al. 2008). 

1.6.4.2 Syndromic OCA 

Several genes are involved in the development of syndromic OCA. i.e. BLOC1S3, , 

MYO5A, HPS5,  RAB27A, HPS6, PLDN, DTNBP1, HPS3, , MLPH, HPS4, LYST, AP3B1 

and HPS1 (Wei et al. 2013). Albinism is associated with a number of other syndromes, 

including Hermanskye Pudlak syndrome, which is induced by HPS1-9 gene mutation and 

Chédiake Higashi syndrome, which is generated by a mutation in LYST and is accompanied 

by an immunological illness (Montoliu et al. 2014). Griscelli Syndrome and Waardenburg 

Syndrome type II (WS2). All of these except WS2, shows an autosomal recessive mode of 

inheritance (Lee et al. 1994).  
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1.7 Consanguineous Marriages in Pakistani Population  

Cousin marriages comprises, the most common form of matrimony, with about half of 

the world's population participating (20-50 percent of marriages) (Bittles and Black 2010) 

especially in Asian countries like Pakistan (Jones and Gavin, 2010). It has been reported 

in previous studies that in Pakistan 60% marriages were consanguineous out of which 

80% were first cousins. There is a considerable rise in neonatal morbidity and mortality 

in populations where consanguinity is common. Consanguineous marriages are on the 

rise in Pakistan, owing to religious, cultural, and tribal differences among various ethnic 

groups (Schulpen et al. 2006, Hamamy 2012). The high rate of consanguinity in the 

Pakistani population is the main cause of recessive genetic abnormalities, as evidenced 

by the fact that roughly 700 newborns are born with genetic defects as a result of cousin 

marriages every year. Previous research has shown that for the discovery of new diseasing 

producing genes, highly conserved consanguineous, inbred, and isolated and inbred 

families suffering from genetic illnesses are considered as a goldmine. (Iqbal¹ et al. 2016). 

1.8 Homozygosity mapping  

Genetic skin disorders are a diverse group of inherited single gene, (Mendelian) disorders, 

with cutaneous symptoms which are related to over 1,000 genes. About 50 percent of 

inherited skin illnesses have autosomal recessive (AR) inheritance. Due to the presence of 

genetic and phenotypic heterogenicity along with presence of diverse genes and /or novel 

subtypes of ailment, the exact diagnosis of skin diseases is difficult (Mizrachi-Koren et al. 

2006). When it comes to genetic mapping of AR Mendelian illnesses, homozygosity 

mapping (HM), was the dominant approach employed since years. NGS technologies like 

as WES and WGS combined with modern ‘bioinformatics’ filtering approaches have made 

homozygosity mapping a potent tool for discovering disease-associated genes (Ott et al. 

2015). It prevents expensive screening tests, such as biochemical tests for detection of 

genodermatoses with metabolic causes or immunohistochemistry and skin biopsy used for 

detection of epidermolysis bullosa (Vahidnezhad et al. 2018a). Homozygosity Mapping   

utilize the fact that a common ancestor likely passed on two recessive duplicates of a 

mutant allele from the parents (consanguineous) to their offspring. As both alleles arise 

from a common same ancestor and are similar so called as ‘identical-by-descent’ alleles. 

Due to intact transmission of chromosomal regions, the affected individuals have a 
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chromosomal area flanked by the disease locus having tandemly homozygous by decent 

genetic markers. The principle behind the HM method is, searching  of genetic regions of 

homozygosity (ROHs) in the DNA of the patients, which may vary from a few to several, 

megabase pairs (Mb), and  subsequently identification of the areas that encodes a mutant 

gene associated with rare recessive disorders. If a large family consist of more than one 

affected members by a specific disease phenotype then it is required to search for ROHs 

that are exclusively common to and detected in all affected members and are not spotted in 

parents and other healthy nearby relatives (Alkuraya 2012). HM can be used alone to map 

causal genes prior to Sanger sequencing for mutation analysis, or by combining with NGS, 

it increases the detection rate of mutation. It can reveal the pathogenicity of mutations that 

were previously undetected, for instance deep intronic, or missense variations with 

unknown relevance. 

1.9 Molecular diagnosis of genodermatoses 

Most genodermatoses occur early, during the neonatal period, infancy or early childhood, 

some conditions may appear later in life during adolescence or adulthood. Diagnosis of 

genodermatoses has been a major challenge and requires both clinical and investigational 

correlation to reach a diagnosis. Sometimes, even with comprehensive investigations, a 

definitive diagnosis cannot be achieved. Clinicians and biologists are interested in 

identifying harmful sequence variants in Mendelian illnesses for molecular diagnostics 

and studying the mechanism of disease and the gene function. Next Generation Sequencing 

(NGS) bring revolution in the field of genetics and diagnosis of diseases. With the arrival 

of new investigational methods such as (NGS), which is not only successfully identify the 

molecular basis of many genodermatoses but also play significant part in  confirmation of 

disease in patients with clinical suspicion of genodermatoses (Maruthappu et al., 2014; 

Mcgrath 2017; Sarig and Sprecher 2017). Sanger sequencing is the method of choice, for 

candidate genes sequencing, whereas next-generation sequencing is the cutting-edge 

technology for identification for pathogenic variants in complete coding areas (Whole 

Exome Sequencing) or the entire genome (Whole Genome Sequencing). WES is the most 

cost-effective and widely utilized method for analyzing hereditary diseases. This will aid 

in a better understanding of disease causes, the establishment of genotype-phenotype 

associations, and the development and adoption of effective therapeutic strategies. 
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The objective of the current study was to characterize the genetic defects of four rare skin 

disorders identified in Pakistani population and to investigate these disorders at clinical 

and molecular levels.  For this study, fifteen Pakistani families from various rural areas 

were selected. Seven families were affected by epidermolysis bullosa, four by ichthyosis, 

two by hypotrichosis, and two by oculocutaneous albinism. We used linkage analysis and 

next generation sequencing technology (whole exome sequencing) to identify potential 

pathogenic candidate variants in affected families. Main objectives of the study are:   

• To analyze the mode of inheritance of the disease phenotype by clinical 

assessment. 

• To perform homozygosity mapping of genetic skin disorders in our community 

with the aim to reveal the known genomic variants accountable for these diseases. 

• To perform whole exome sequencing to identify diseased genes and their 

pathogenic sequence variants responsible for these inborn skin diseases. 

• To reveal the consequence of those pathogenic genetic alteration on protein 

structure and function through bioinformatics, analysis. 

 

 

 

 

 

 

1.10 Aims and Objectives of present study 
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The dissertation presents a clinical and genetic analysis of fifteen Pakistani families 

suffering from skin diseases. After review and approval by Graduate Study Committee 

(GSC), this research proposal was approved by the Advanced Studies and Research Board 

(ASRB) under: DIR/KMU-AS&RB/HM/000887, (Annexure 1) and Ethical Board under:  

Dir/KMU-EB/HM/000741 (Annexure 2). The study was carried out in the                                                                                                                                              

……………………………………………………………                                                         and  

 

Technology (KUST),   Kohat. All the participants in the study gave their informed 

consent. Consent was obtained from both parents in case of minors for genetic analysis 

and publication of data. Photographs were also taken from the affected members.  

2.2 Pedigrees construction of family    

Fifteen families of skin disorders (A-O) were identified in different regions and districts 

of Pakistan. The families were visited at their homes to obtain information about the 

affected individuals' family history and clinical symptoms. The pedigree of each family 

was sketched using Haplopainter software after detailed interviews with the family's elder 

men and women. In several cases, the families near neighbors were interviewed to 

confirm the facts provided.  Males were symbolized by squares, while females were 

symbolized by circles, and the symbols were filled to show disease status. Individuals 

within the generation were assigned Arabic numerals, whereas subsequent generations of 

the family were assigned roman numerals. A horizontal line linking two 

persons represented marriage between them, whereas a double horizontal line represented 

consanguineous marriage. Vertical lines were used to represent offspring, and a horizontal 

line was created at the end of the descent line to connect the symbols for sibling 

representation. 

              CHAPTER 2 

 MATERIAL AND METHODS   

    
2.1 Study Approval   

Institute of Basic Medical Sciences    , Khyber Medical University (KMU), Peshawar,    

Pakistan     
Department of Biotechnology and genetic engineering, Kohat University of Science and 

Pakistan     
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2.3 Clinical Examination and Collection of Blood Samples  

Each family's affected members were clinically evaluated in a local government hospital, 

and dermatologists carefully check for any skin abnormalities (Annexure 3). Blood 

samples were drawn using 3 ml, 5 ml, or 10 ml (Becton Dickinson) Syringes and instantly 

transferred to ethylenediamine-tetraacetic acid (EDTA) vacutainers. Until extraction of 

DNA, these were kept at 4°C.  

 2.4 Genomic DNA extraction and assessment of quality and quantity  

Blood specimens were processed  to extract genomic DNA using a manual organic 

approach (Sambrook and Russell) and/or a commercially available kit (Gentra, puregene, 

genomic DNA extraction, kit, Qiagen, Inc. Valenica, CA, USA) according to 

manufacturer's guidelines. 

 

 Before starting extraction of DNA, the blood tubes containing samples, were kept at 25°C 

(room temperature) for about an hour.  750µl  of blood was pipetted in 1.5ml of 

microcentrifuge tube (Axygen, Union, USA) and  mixed with an equivalent volume of 

solution A. The tube was carefully inverted many times and kept at room temperature for 

about 15 minutes. Centrifugation of the tube was carried out in centrifuge machine for 1 

minute at 13,000 rpm. The supernatant phase was discarted with special care and solution 

A (400µl) was used for resuspension of pellet. Again, centrifugation of the tube 

containing solution was carried out at 13000 rpm for 1 minute The resuspension of nuclear 

pallet was done using  in of solution B (400 µl ), proteinase K(11µl) (Thermo Fisher, 

scientific, USA), and 20% SDS (12µl) (ROTH, Karlsruhe, Germany) and incubated at 

37°C for  24 hours.  On the next day, solution C and solution D was taken in equal 

proportion (500 µl each) and poured in the tube containing the sample. Through mixing 

and centrifugation was performed at 13000 rpm for 10 minutes.  The upper aqueous phase 

was separated with great care and shifted to a new eppendorf (microcentrifuge) tube, to 

which solution D (500µl) was added and centrifugation was performed again for 10 

minutes at 13000 rpm. Once again the supernatant aqueous layer was collected and 
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transferred to a new tube. Precipitation of DNA from the sample was done by mixing it 

with 55µl of 3 M sodium acetate (pH 6) and of ice chilled isopropanol. Elongated threads 

of DNA was visible after inverting the tube 5 to 6 times and a DNA pellet was settled at 

the bottom of tube after centrifugation at 13000 rpm for 10 minutes. The aqueous phase 

is discarded gently, and the pallet was treated with ice chilled 70 percent ethanol (200 µl) 

(Columbus Chemical Industries, Inc., Columbus) followed by centrifugation for seven 

minutes at 13000 rpm. After that the ethanol was discarded gradually, the tube containing 

the pellet was placed in an incubator for half hour at 65°C to vaporized the ethanol. Now 

200µl of TE (Tris-EDTA) buffer (Sigma-aldrich, St. Louis, MO, USA) was poured to the 

same eppendorf tube. TE buffer completely dissolved the pellet by an overnight 

incubation at 37°C.  The sample containing extracted DNA was kept at -20°C for future 

use in research process. 

2.4.2 Gentra Puregene, Genomic DNA Extraction Kit  

In an eppendrof tube ( Axygen Inc, California, USA) 300 µl of human blood was pipetted 

and mixed with 900µl of  RBC lysis solution, the mixture  containing tube was inverted 

several time and place at room temperature for about a minute followed by centrifugation 

at 13000 rpm for 20 seconds to generate WBC pellet. After centrifugation, the sample's 

supernatant was carefully removed, leaving around 10 µl of solution and a pellet of 

WBCs. The tube was vortexed repeatedly to disperse the WBC pellet in the fluid. The 

next step was to pour lysis solution (300µl) into the mixture tube and vortex it vigorously. 

Precipitation of protein was achieved by adding protein precipitation solution in a 

quantity of 100µl to the sample, followed by vertexing and centrifugation for about a 

minute at 13,000 rpm. The supernatant aqueous phase was pipetted gently and poured 

into a new microcentrifuge tube.  To the same solution chilled isopropanol in a measured 

amount of 300µl is added and DNA was precipitated by vertexing and centrifugation of 

the solution again for a minute at 1300 rpm. The aqueous phase was carefully removed 

after centrifugation, and cold 70 percent chilled ethanol (300 µl) was used for purification 

of the pellet. The pellet was then placed in a vacuum concentrator for 10 minutes at 30°C 

to get dried. Once the residual ethanol get vaporized, DNA hydration solution was added 

to the eppendrof tube in an amount of 100µl to proper thawing of pellet. The tube was 
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incubated at 65°C for 5 minutes to completely dissolve the DNA sample, and then the 

sample was kept at 4°C.  

2.4.3  

The extraction of genomic DNA extraction was confirmed by 1 % agarose gel. 50 ml 1 

% agarose gel was made by combining 0.5 g DNA grade agarose (cat. # 75000-500, 

Invitrogen) with 50 ml 1X TBE (Tris-Borate (0.89 mM), EDTA (0.03M), pH=8.3) and 

heating for about 2 minutes. To the molten agarose , ethidium bromide (10 mg/mL, 

Invitrogen, CA, USA) was mixed at a concentration of 0.5 ng/l to intercalate with and 

therefore stain the DNA. The molten slurry was put into a comb-lined casting tray and 

allowed to solidify at room temperature. To make the DNA heavier and settle down in the 

wells on the gel when loaded, it was treated with a loading dye which is made by mixing 

40 percent sucrose with 0.25 percent bromophenol blue. The DNA was loaded into the gel 

with loading dye, electrophoresed at 110 volts for 20 minutes, and then visualised using a 

UV transilluminator (UV3CL; ExtraGene, Taiwan). 

2.4.4 Quantification of Extracted DNA and Polymerase Chain Reaction  

Nanodrop-1000 spectrophotometer (Thermo Scientific, Wilmington, USA) was used for 

quantification of isolated DNA, 260nm optimal density and then diluted up to 40 ng/µl. 

A 25 µl reaction mix was then prepared for polymerase chain reaction by mixing different 

chemicals in the following concentrations, forward and reverse primer (0.6 µl ), (one unit) 

of Taq DNA polymerase enzyme (MBI Fermantas, Life Sciences, York, UK)( 0.4µl), 

deoxy nucleoside triphosphate (dNTPs) mix in an amount of 0.5 µl, 2.3µl of MgCl2, 10X 

KCl buffer (2.5 µl), one µl of DNA sample and PCR water (17.7 µl). Centrifugation of 

the tube was done for 5 seconds to ensure full mixing. Then a thermocycler was used to 

carry out the polymerase chain reaction (AB Applied Biosystem) by the following steps 

;1) A single cycle of 5 minutes denaturation at 95°C, 2) Subsequent  40 cycles of 

denaturation  for  one minute each at 95°C, 3) primer annealing for one minute at 55-

62°C, 4) primer extension for a minute  at 72°C,  5)  At 72°C, a final polymerization cycle 

of 10 minutes was undertaken. 

 

Agarose gel electrophoresis 
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2.5 Techniques used for Genotyping 

Two genotyping techniques were used for processing all the studied fifteen families. Each 

of this technique was followed by Sanger sequencing, which led us to characterize all the 

families successfully on molecular basis.. 

2.5.1 Linkage Study method 

This is a PCR-based genotyping and is mainly based on identifying the variations in DNA 

fragments by using the PCR.  

Principle of the method is based on the concept of genetic homozygous region that has 

inherited into the patients from their parents without any change during meiosis called 

“region of homozygosity (ROH)”. Detection of this region that contains the mutated gene 

causing the recessive traits is referred to as linkage. 

Family L linkage testing was done by using, microsatellite markers, closely linked to the 

already reported disease causing loci/genes. The markers having heterozygosity more than 

70 percent were chosen from “2nd-generation  

                                  (Matise et al. 2007) and were used linkage finding.  

2.5.1.1 Concentrations and Volumes of Chemicals used in PCR Amplification 

A 25ul reaction volume taken in a 200 ul reaction tube, was used for PCR amplification 

including, MgCl2 2.3ul (25 mM, Thermo Fischer Scientific, UK), 10X PCR buffer 2.5ul 

(Thermo Fischer Scientific, UK), dNTPs mix 0.5ul (20 mM, Thermo Fischer Scientific, 

UK), Taq DNA polymerase 1unit (Thermo Fischer Scientific, UK), 0.3ul of each primer 

(Macrogen, Korea), PCR water 17.6ul (Invitrogen, Life Technologies Limited, UK) and 

1ul (4ug) of diluted human gDNA.  

2.5.1.2 Standard Optimized PCR Conditions used 

The standard optimized PCR conditions used, include, initial denaturation (1st cycle) at 

95oC for 8 mints, Cycles: denaturation at 95oC for 1.30 mints, annealing at 53-60oC for 

1.30 mints, extension at 72oC for 1.30 mints and final extension at 72oC for 10 mints, 

keeping the cycles range upto 35. The PCR products stained with ethidium bromide were 

run on polyacrylamide gel (PAGE; apogee, Vertical Gel Electrophoresis System, V16-2, 

combined,linkage map of, the human Pakistan     

Genome, build 36.2” 



 

39 

 

Baltimore, MD 21224, USA). The genotypes were visualized and photographed by using 

electrophoretic documentation and analysis system. 

The microsatellite markers used for both linkage analysis and exclusion of the family L 

are listed in Table 2.1. 

2.5.1.3 Mutation Analysis  

After a family's linkage had been established, a potential gene inside the linkage 

autozygous area was sequenced using the chain termination reaction method. Candidate 

gene selection in the linkage intervals was based on the gene's role in creating disease 

symptoms, the kind of the tissue in which the gene expresses, the gene's involvement in 

the primary cellular pathway if published, and the protein's subcellular location if 

documented. ClustalW (www.ebi.ac.uk/clustalw/) was used as a sequence alignment tool 

for checking the evolutionary conservation of amino acids in different mammalian species. 

2.5.1.4 Candidate Gene Sequencing (Sanger Sequencing)  

In order to identify potential sequence variant in the linked region, the already reported 

gene was sequenced in family L.  

2.5.1.5 Primers designing  

To screen the candidate gene in the patients of family L, primers were designed manually 

from the flanking regions of each exon of candidate gene. Reference sequence was 

downloaded from                                                                                                  The 

uniqueness and efficiency of the primers was accessed using Ensemble Blast/Blat tool 

(www.ensembl.org/Multi/Tools/Blast) and in silico polymerase chain reaction (PCR) tool 

of  

bin/hgPcr). The primer sequences used for the amplification and sequencing are listed in 

Table 2.2.   

2.5.1.6 PCR amplification   

PCR reactions were performed on thermocycler Multigene  Optimax (Labnet International, 

Inc). 50 µl of PCR reactions were prepared and run the thermocycler to get enough DNA 

for DNA sequencing. PCR reaction mix contained 25 µl of GoTaq 2X green master mix 

(Promega Inc., USA), 18 µl PCR water, 3 µl genomic DNA, and 2 µl of each of 20 pmol/µl 

concentrated forward and reverse primers. The thermocycler conditions used were: initial 

University, of California, Santa,Cruz (UCSC) genome, browser (genome.ucsc.edu/cgi- 

Ensembl genome browser (http://www.ensembl.org/index.html). 



 

40 

 

denaturation at 95ºC for 5 minutes followed by 35 cycles of 95ºC for 1 minute, 40-60ºC 

(mentioned for each primer set in Table 2.1-4) for 1 minute, 72ºC for a calculated time 

depending upon the size of fragment flanked by the primers (on average 1 minute for 1 kb 

fragment), and at the end of the 35th cycle a final extension at 72ºC for 10 minutes. 

Amplification of specific genomic fragments was checked by running the product on 2% 

agarose gel (prepared as described in section 2.2.2, except the concentration of agarose 

was doubled).   

 

Purification of PCR products was done by using Thermo Scientific GeneJET PCR 

purification kit (cat. # K0702) using the standard protocol of the kit. Binding buffer was 

added to the PCR products in 1:1 volume, mixed and transferred to a GeneJET purification 

column after the color has been changed from green to yellow. The column was centrifuged 

at 13000 rpm for 1 minute. PCR amplified DNA fragments were retained by the membrane 

of GeneJET columns, so the flow through was discarded and column was placed in the 

collection tube. Retained DNA was washed by adding 700 µl of wash buffer to the column 

followed by centrifuging the columns and discarding the flow through. The vacant 

purification column was centrifuged again at 13000 rpm for a minute to completely remove 

the wash, buffer. The GeneJET purification, column was then transferred to a new 

centrifuge tube (1.5 ml). Elution of DNA was done by addition of elution buffer (20µl) to 

the column center followed by centrifugation for a minute at a maximum speed. The PCR 

fragments Purification was confirmed by examining them on a 2% agarose gel and 

quantifying them using QuantiFluor® ONE dsDNA system.  

2.5.1.8 DNA sequencing  

Following purification, the PCR products were subjected to sequencing.  The sequencing 

reactions were performed using Big Dye terminator cycle sequencing kit V3.1 (PE Applied                                                                                                 

.                                                          products of whom were subsequently analyzed through 

Applied Biosystems 3730XL Automated DNA analyzer. 10µl PCR reaction mix for 

sequencing contained 1.5 µl of mix, 1.5 µl 5X sequencing buffer (PE Applied Biosystems, 

Foster City, CA, USA), 5.5 µl of PCR water, 1 µl DNA (to a final concentration of 5-20 

ng), and 1 µl of each of 20 pmol/µl concentrated forward and reverse primers (depending 

Biosystems, Foster City,CA,USA) , 

2.5.1.7 Purification of PCR 

products  
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on the DNA strand to be sequenced). The thermocycler conditions used were;  initial 

denaturation at 95ºC for 5 minutes followed by 30 cycles of 95ºC for 30 seconds, 50-55ºC 

(depending on the template) for 10 seconds, and 60 ºC for 4 minutes, and last stage  30th 

cycle, final extension for ten minutes at 60ºC. At the end of sequencing reaction, 65 ul of 

chilled 100% ethanol was added and incubated at room temperature for 10 to 15 minutes 

to let the extension products precipitate. The samples were then centrifuged at 13000 rpm 

for 22 minutes and supernatants discarded to separate out the precipitated extension 

products in the form of pellets. The pellets were washed by mixing with 250 µl of 70% 

ethanol followed by centrifugation. Supernatants were discarded and the pellets were dried 

in incubator at 37ºC followed by resuspending the pellets using 20µl of HDF (Hi-Di 

formamide) (PE Applied Biosystems, Foster City, CA, USA). The samples were then 

electrokinetically injected into Applied Biosystems 3730XL automated DNA analyzer and 

analyzed (Applied Biosystems). 

2.5.2 Whole Exome Sequencing (WES)  

In order to uncover the pathologic genetic variants in the remaining fourteen families, DNA 

samples of one affected member of each family, was analyzed by Whole Exome 

Sequencing (WES). After passing the quality control criterion, DNA libraries were 

constructed, enriched and then sequenced on Illumina HiSeq4000 as follows:   

2.5.2.1 Quality control for WES  

The genomic DNA extracted by the procedure mentioned in Section 2.2 was subjected to 

quality control analysis prior to exome sequencing. It was checked for different aspects 

including DNA quantity, quality and size.   

2.5.2.1.1 Quantification of DNA  

Picogreen (Invitrogen, cat. # P7589) kit was employed for the quantification of DNA. To 

generate a DNA standard curve, DNA stock solution (2 μg/mL) was first diluted to 

different concentrations with TE keeping the final volume 1000 μl and then added with 

1000 μl of Quant-iT reagent and incubated for 5 minutes at room temperature in dark. The 

sample’s fluorescence was then measured using PerkinElmer Victor3 plate reader and a 

standard curve was generated for DNA concentrations versus fluorescence. DNA samples 
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to be quantified, were processed simultaneously with the standards employing the same 

protocol, the fluorescence measured and concentration calculated from the standard curve. 

2.5.2.2 Quality of DNA  

Quality and size of the DNA was assessed through gel electrophoresis. Gel electrophoresis 

revealed knowledge about the presence or absence of DNA, presence of impurities like 

proteins (the band would be smeared in the presence of impurities) or RNA (visible at the 

bottom), and damaged DNA (numerous bands present with the band of interest). The 

samples were also accessed by their optical density (OD) and made sure to have an OD 

260/280 ratio of 1.8 – 2.0.   

2.5.2.3 Library preparation and capture  

For WES, library was prepared from the DNA using SureSelect V4 kit (Agilent 

Technologies, Santa Clara, CA, USA) as per the manufacturer’s guidelines . Following is 

a summary for the steps employed during library preparation;  

2.5.2.4 DNA shearing and amplicons purification  

The DNA was sheared into 150-200 bp fragments using by ultrasonication. 3 µg of purified 

DNA diluted in 1X Low TE Buffer to a final volume of 120 µl was subjected to sonication 

using E220 sonicator (Adaptive Focused Acoustics; Covaris, MA, USA) preset to the 

optimal shearing conditions of 200 cycles/burst for 430 seconds. The fragmentation was 

confirmed by running the DNA on a 2% agarose gel. Afterwards, homogenized Agentcourt 

AMPure XP reagent (Beckman Coulter Life Sciences Brea, CA, USA) was added to the 

sheared DNA, vortexed and kept in incubator at 25˚C, for 5 minutes.  The mixture, was 

then replaced on a magnetic stand, to set for about 1-2 minutes. The clear supernatant, was 

discarded and the magnetic beads with bounded DNA fragments were washed with 70% 

ethanol. The washed beads were air dried and added with 50 µl of nuclease-free water to 

de-bind the DNA from the beads. The tubes were again placed on the magnetic stand to 

separate out the rehydrated DNA (now in supernatant) from the magnetic beads.  

2.5.2.5 Ends repair and adaptors binding  

The purified DNA fragments were subjected to PCR amplification using reagents provided 

with SureSelect V4 kit as per the manufacturer’s guidelines. 10 µl of 10X end-repair buffer, 
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50 µl DNA sample, 1.6 µl of dNTPs mix, 5.2 µl enzyme mix and 94.8 µl of nuclease-free 

PCR water were mixed and placed in thermal cycler, for 30 minutes, at 20˚C. The end-

paired DNA, was then purified with 180 µl of AMPureXP reagent as described in the 

previous section and rehydrated in 32 µl of nuclease-free water. The purified DNA was 

then subjected to adenylation by mixing the DNA with 10X Klenow polymerase buffer, 

exo(-) Klenow (3 µl) and PCR water (46 µl) and incubating the mixture at 37˚C for 30 

minutes. Once again, the adenylated DNA was purified from the PCR mixture by the 

procedure mentioned earlier. In order to attach adaptors (universal primers), 28.5 µl of the 

DNA was then mixed with SureSelect adaptor oligo mix (10 µl), the 5X T4 DNA ligase 

buffer (10 µl) and PCR water (38.5 µl) and incubated at 20˚C for 15 minutes and purified 

again with AMPure XP reagent, thus, an adaptor-ligated DNA library was obtained.  

2.5.2.6 Amplification  

This library was amplified using 15 µl of the library solution, 1.25 µl of SureSelect primers, 

1.25 µl SureSelect ILM indexing pre-capture PCR reverse primer, 10 µl of 5X Herculase-

II reaction buffer, 1 µl of                                                                  ,0.5 µl of 100 mM dNTPs 

mix, and 21 µl of PCR water. The thermal cycler program used for amplification included 

an initial denaturation at 98˚C for 2 minutes followed by six cycles of denaturation (98˚C 

for 30 seconds), annealing (65˚C for 30 seconds) and extension (72˚C for 1 minute) and at 

the end of the sixth cycle a final extension at 72˚C for 10 minutes. The amplified DNA was 

assessed for quality by running on a 2100 Bioanalyzer (Agilent, CA, USA) using DNA 

1000 kit (50671504) according to the manufacturer’s specifications.  

2.5.2.7 Hybridization 

The samples were completely lyophilized and then rehydrated in 3.4 µl of nuclease free  

Water. Three rows of the thermal cycler were labeled as 1, 2, and 3. The DNA samples 

were subjected to denaturation by mixing with 5.6 µl block mix, and incubation at 95˚C 

for 5 minutes in the middle row (row 2).  After 5 minutes the temperature was decreased 

to 65˚C. In row 1, 40 µl of hybridization buffer was loaded and placed in incubator, at 65˚C 

for 5 minutes. Whereas, in row 3, 7 µl capture library mix was placed in incubator at 65 

˚C for 2 minutes. After incubation for the appropriate times, the mixtures in row 1 and 2 

Herculase-II fusion DNA polymerase    



 

44 

 

were transferred to the capture library mix in row 3. The three mixtures were prepared as 

per the manufacturer’s guidelines.   

2.5.2.8 Capture of the hybridized DNA  

The hybridized DNA library was then captured on Dynabeads MyOne streptavidin  

T1 (Life Technologies 65602) magnetic beads, that were washed thrice with SureSelect 

wash-2 buffer and binding buffer prior to use.  The mixture was supplemented with 

hybridization buffer and incubated at 65 ˚C followed by incubation at room temperature 

for 30 minutes. The supernatants were separated on a magnetic stand and the beads were 

resuspended in 500 µl of wash 1 solution and incubated at room temperature for 15 

minutes. Then the beads were washed thrice with 500 µl of wash 2 solution and incubated 

at 65 ˚C for 10 minutes. At the end of the third wash, the beads were eluded with of elution 

buffer (50 µl ), followed by vertexing and incubation for 10 minutes at room temperature. 

The beads were separated on a magnetic stand and the supernatants (now containing DNA) 

was transferred to a 1.5 ml tube containing neutralization buffer (50 µl) and mixed through 

pipetting.    

2.5.2.9 Final amplification  

Indexes were added to the hybridized libraries through PCR amplification using 14 µl of 

the captured DNA, 10 µl of 5X Herculase II reaction buffer, 1 µl Herculase II fusion DNA 

polymerase, 1 µl PCR primer (Index 1-16), 1 µl SureSelect ILM indexing forward PCR 

primer, 0.5 µl of 100 mM dNTPs mix, and 22.5 µl PCR water. The thermocycler was set 

to undergo an initial denaturation at 98˚C for 2 minutes followed by 6 cycles of 

denaturation (98 ˚C for 30 seconds), annealing (65 ˚C for 30 seconds), and extension (72 

˚C for 1 minute). At the end of the sixth cycle a final extension of 10 minutes at 72˚C was 

performed. The amplified products were purified using AMPure XP reagent and eluted 

using elution buffer, provided with the kit.    

2.5.2.10 Multiplex sequencing  

The pool of libraries generated through SureSelect V4 was subjected to multiplex 

sequencing by Illumina HiSeq4000 (Illumina, San Diego, California, USA). For the 

sequencing, clusters were constructed using HiSeq cluster kit V4 (cat. # PE-401-4001) as 
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per the manufacturer’s protocols. The DNA fragments were hybridized by the addition of 

hybridization buffer (HT1 provided with the kit) and denatured at 96˚C followed by 

addition of washing buffer (HT2). The mixture was then supplemented with Amp premix 

(AMP1) and template extension was performed at 20˚C for 90 seconds which was again 

followed by the addition of HT2. The hybridized DNA was subjected to bridge 

amplification by 35 cycles of denaturation (initiated by the addition of formamide AT1), 

annealing (by AMP1) and extension (with AMX1). Eventually, HT2 and HT1 were added.   

The generated clusters were then linearized and sequenced employing HiSeq SBS kit V4 

(cat. # FC-401-4002). The clusters were amplified using AMP Manifold and HT1 buffer 

and the products linearized by the addition of LMX1 mix and placed in incubator, for 30 

minutes, at 38˚C, followed by the addition of HT2 buffer. The mixtures were then incubated 

with the blocking mix and washed. The DNA strands were then denatured by adding 0.1N 

NaOH and the sequencing primers hybridized preceded by washing with the provided 

buffers. Thus, the first sequence read was obtained. Extensive cycling of the above 

procedure (linearization, blocking, and hybridization) by the HiSeq sequencer generated a 

large amount of read sequences that were on average 101bp long.  

2.5.2.11 Mapping reads to reference and finding variants (analysis softwares)  

Several softwares were used to process the large number of reads generated by the 

sequencer into readable form. Burrows-Wheeler alignment tool (BWA) (version bwa-

0.7.10) was employed to map the sequence reads to the reference genome. BWA consists 

of three algorithms used for reads of different length: BWAbacktrack (for 100 bp or smaller 

reads), BWA-SW and BWA-MEM (for longer reads ranging from 70 bp to 1 Mbp). Picard 

(version picard-tools-1.118) was used to mark and remove duplicated reads while GATK 

or Genome analysis toolkit (Version GATK3.v4) was used for SNP or indel variants 

calling. Genes affected by the variant, its effect on gene product, variant’s location and 

comparison of the data with other databases were performed using SnpEff (version 

SnpEff_v4.1).   

2.5.2.12 Shortlisting of variants  

Out of the large number of variants identified, the most probable causal variants were 

shortlisted by the following criteria:   
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• Initially, the variants predicted not to affect the protein structure i.e. intronic (except 

splice site variants) and synonymous variants were filtered out.  

• Afterwards, all the variants found in the genes already associated with four diseases 

under study or variants found in the genes having 5 folds higher expression in skin 

than other tissues were selected, and the rest were filtered out.  

• Then, variants compatible with the autosomal recessive mode of inheritance i.e. or 

compound heterozygous or homozygous were carefully chosen.   

• The minor allele frequency (MAF) of the selected varitants   in South Asians (SAS) 

population were confirmed from Ensembl genome browser, ExAC Database, and 

         1000Genomes (http://www.internationalgenome.org/) and shortlisting was done on 

          the bases of having unknown allele frequency or MAF <0.01.                                                                                                                                                                   

• Lastly, the effect of the variants on the protein structure was predicted using 

PolyPhen 2                                                                     PROVEAN 

(www.jcvi.org/cms/home/) and MutationTaster (www.mutationtaster.org/). The 

variants with higher predicted impact on the protein structure that would affect the 

function of the protein were selected for further analysis [Castellana and Mazza 

2013].   

2.5.3 Segregation analysis of variants  

All the identified fourteen variants in different genes including, TGM1, SULT2B1, 

SPINK5, FLG, COL17A1, PLEC, LAMA3, LAMAB3, COL7A1, DCAF17, OCA2 and  

TYRP identified, were checked for segregation with the disease phenotypes within the 

respective families by Sanger sequencing as explained in section 2.5.1.4.  The primers 

along with the PCR conditions used for all fourteen identified variants are listed in Table 

2.3 respectively.  

2.5.4 Mutations analysis  

The sequencing data generated was visualized and compared to the reference genome 

sequence, to look for any potential variation from the reference, using BioEdit sequence 

alignment editor (Version 7.0.5.3). Reference sequence was downloaded from Ensemble 

genome database and National Centre for Biotechnology Information (NCBI) genome   

(genetics.bwh.harvard.edu/pph2), SIFT (sift.jcvi.org/), 
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2.5.5 Prediction of Mutation Effect   

Polyphen-2 programme (http://genetics.bwh.harward.edu/pph/), MutationTaster, 

PROVEAN, SIFT, I-Mutant 3.0, PhD-SNP, MutPred2, and Varsome, etc were used 

to predict the likely impact of these mutations on protein function. ClustalW 

(www.ebi.ac.uk/clustalw/) was used as a multiple sequence alignment tool for checking 

the evolutionary conservation of amino acids in different mammalian species. 

2.5.6 Protein Structure Prediction  

Homology modelling techniques were used to create three-dimensional structures of 

human proteins. The NCBI database [http://www.ncbi.nlm.nih.gov/] was used to collect 

protein sequences. Protein Data Bank was used to import the data (PDB). The wild type 

proteins homology models were created using the PDB structures as a template. The 

mutant structures were then created by altering a specific residue  (Zhang et al. 2011). 

Molecular Operating Environment (MOE) was used to create the models. Using the 

Boltzman weighted randomised technique, a chain of separate protein models was 

created, each with its own logic for managing sequence insertions and deletions (Fechteler 

et al. 1995). A model with the best MOE packing score was picked from these 

independent models for further mutational investigation. PYMOL viewer 

(http://www.pymol.org) was used to visualize the structure. 

2.5.6.1 Three-dimensional protein models of COL17A1 and PLEC1 

Homology modelling of COL17A1 was performed through I-Tasser server (Zhang 2008), 

and the structures were validated through MolProbity server (Chen et al. 2010). COL17A1 
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predicted model was subjected to geometry optimization and refinements. Subsequently, 

the stereochemistry and validity of predicted COL17A1 model was measured through 

Ramachandran plot that showed 97.8% favoured conformations therefore representing 

worth of the predicted model stereochemistry. Next, the functional domain characterization 

of COL17A1 was predicted using, InterPro (https://www.ebi.ac.uk/interpro), SMART 

(smart.embl-heidelberg.de/) and Pfam (http://pfam.xfam.org/). The three-dimensional 

structure of the PLEC plakin domain was retrieved through PDB with PDBID: 2ODU and 

was refined via GROMACS available in Chimera. Molecular dynamics (MD) simulation 

was performed using standard parameters (Abraham et al.). All the systems were 

neutralized by addition of sodium and chloride ions in appropriate amount. The steepest 

descent method for 5000 steps was used to minimize energy for stable conformations. All 

MD simulations were performed at 30 ns under constant temperature (300 K) and pressure 

(1 ATM) with Particle-Mesh Ewald simulation (Linse and Linse 2014) to analyze 

electrostatic interactions. RMSD and RMSF plot of the resulted dynamics trajectories were 

calculated to assess the stability and fluctuations.  

3.5.7 Multiple Sequence Alignment of human protein with its orthologs 

The evolutionary conservation, of the novel single amino acid variation, was examined in 

candidate gene product orthologs using Claustal W 

(https://www.ebi.ac.uk/Tools/msa/clustalw/), Hinxton, Cambridgeshire, CB10 1SD, UK. 
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Table. 2.1: List of microsatellite markers used in autosomal recessive hair loss disorders to evaluate 

linkage to already known genes involved 

 

 

★genetic distance (centiMorgan) and ✚physical distance (mega base pairs)  
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No. Gene Primer Sequences (5' to 3') Length 

(bp) 

Product 

Size (bp) 

Tm 

°C 

01 LPAR6-EX-7-1F CTGAATCCCAAAGGAGACTG 20 563 57.3 

02 LPAR6-EX-7-1R CTGAGGCATTGTTACCCTG 19 56.7 

03 LPAR6-EX-7-2F  CACGGAATTGGCCATTTG 18 585 56.6 

04 LPAR6-EX-7-2R GGTACATTGTCCTTACTGCT 20 57.0 

05 LPAR6-EX-7-3F TGGTTAACTGTGATCGGAGG 20 643 58.0 

06 LPAR6-EX-7-3R AAGTTCTGTCCCAGTGAGTCC 21 57.7 

  

  

 

N, O 

No. Gene Primer Sequences (5' to 3') Length 

(bp) 

Product 

Size (bp) 

Tm 

°C 

01 TGM1-EX-13F CCTGTAAGTGCTCCTTACCC 

 

20 777 56.4 

02 TGM1-EX-13R GGAAGACGACATTGGTGAG 

 

19 56.5 

03 SULT2B1-EX-3F  GCTCGATTTCTCCCAACAG 19 363 58.4 

04 SULT2B1-EX-3R GCTAGATCAGAGTCAGGCACA 21 58.2 

05 SPINK5-EX-10F TTTGGGAACTGGAATGTCTT 20 576 57.1 

06 SPINK5-EX-10R TTGCCTCCATATACAGCTAGAA 22 56.8 

07 FLG-EX-3F AGTCTTCCTCTCGTGGACA 19 416 55.7 

08 FLG-EX-3R CTGATCATAATGGGATCCTTG 21 57 

09 COL17A1-EX-52F CTCTCCACCGAGATCTGAGC 20 554 60.10  

10 COL17A1-EX-52R CCTGCCTGCTTGATTCTGTC 20 60.94  

EX= Exon, F = Forward primer, R = Reverse primer, bp = Base pair, Tm = Melting temperature and 

 °C = Degree centigrade  
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11 PLEC-EX-9F AGACGTGGATGTCCCTCAG 19 478 58.60 

12 PLEC-EX-9R GATTGGTAGATGCCCTTGGA 20 59.89 

13 COL17A1-EX-45F GACCCTTCTCCTTGCCACTA 20 390 59.28 

14 COL17A1-EX-45R ACACACTCCCACTGCCCTAC 20 60.03 

15 COL7A1-EX-91F CTGTCTCTCCAGTGGCCTA       19  583     56.40   

16 COL7A1-EX-91R CCCAGATGTGGTGAGAAAC       19   56.32   

17 COL7A1-EX-3F CCTGATACCCGTAACCCTCA 20 457     59.81 

18 COL7A1-EX-3R CCCAGATGTGGTGAGAAAC 20     59.87 

19 LAMA3-EX-61F CAGCACCATTATCCCTTTTC  20 385 57.2 

20 LAMA3-EX-61R  

TCCCTCAGTTAACATCCATAAG 

22  55.9 

21 LAMB3-EX-5F CCTTTCTCCCGAGTTCACTG 20 493 59.84 

22 LAMB3-EX-5R TCCTTCCTCAGCAAAGAGGAT 21 60.33 

23 DCAF17-EX-14F AGCAGCGTTGGCAATAGAAT 20 489 59.87 

24 DCAF17-EX-14R GAGAATGTGCCATGCAGATAA 21 58.74 

25 OCA2-EX-24F CAAAGGTGCTAAGGCCATGT 20 558 60.1 

26 OCA2-EX-24F CAAACTGTGTTTAGCCTCAGGA 22 59.4 

27 TYRP1-EX-7F TTGGATGCCTTTAGAACTCA 20       384 56.0 

28 TYRP1-EX-7F TCAAATTCCTTCCCTTATCC 20 55.71 
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4. CHAPTER 

STUDY OF SEVEN PAKISTANI FAMILIES AFFECTED 

WITH EPIDERMOLYSIS BULLOSA 

 

3.1 BACKGROUND 

Epidermolysis bullosa (EB) is a collection of friable skin diseases, which exhibit various 

degrees of blisters caused by minimal mechanical trauma disrupting the dermoephithelial 

junction. The phenotypic presentation of EB depends upon the location of defect within the 

skin and its molecular cause to develop peeling, wounds, blisters, erosions and scars, 

ulceration of skin and mucosa. More than 30 subtypes based on clinical outcomes, inheritance 

and molecular aberrations (Fine et al. 2014). The prevalence of EB vary in different 

populations of the world (Bardhan et al. 2020) however, overall 19.6 per one million live 

births has been recorded (Fine 2016). According to the latest subdivision and  classification 

of EB four clinical types, have been well-defined based upon the place of blister development 

in the skin  i.e. (1) EB simplex  (EBS), (2) junctional EB (JEB), (3) dystrophic EB (DEB) and 

(4) Kindler syndrome (Has et al. 2020). Separation of tissues occur at the level of epidermis 

(EBS), or in the lamina lucida (JEB), or, in the sublamina densa (DEB). Multiple cleavage 

planes occur in a mixed variety called Kindler syndrome. 

Pathogenic variations in twenty genes have been identified so far causing various types of 

EBs; the causative genes (KRT14, KRT5, DST, DSP, JUP, EXPH5, PKP1, PLEC, TGM5, 

KLH24, LAMC2, LAMB3, LAMA3,  ITGA3, ITGB4,  ITGA6, FERMT1, CD151, COL7A1 and 

COL17A1) segregate both in autosomal dominant and recessive forms (Has et al. 2020, Uitto 

et al. 2018). It is difficult to precisely define the type and subtype of EB in the clinic, especially 

in infants, which is important for prognosis, genetic counselling, and patient care. (Sybert 

2010). Recently, Lucky and colleagues reported the use of EBSEQ (NGS-based diagnostic 

assay) that can simultaneously screen all genes known to play vital role in epidermolysis 

bullosa pathogenicity. These NGS technologies are more accurate, time saving and more 

economic as compared targeted Sanger sequencing of selected candidate genes (Bardhan et 

al. 2020, Al-Zahrani et al. 2019, Serafi et al. 2015). 
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In this study, we applied WES approach for the genetic diagnosis of EB patients in seven 

families from different provinces of Pakistan. 

3.2 RESULTS 

 

3.2.1 Family A   

(Junctional Epidermolysis Bullosa (Intermediate autosomal recessive JEB) 

JEB-affected Family A was selected from the Swat district of Pakistan's Khyber Pakhtunkhwa 

province. The pedigree was made using information received from parents (Figure 3.1). 

Family A had two affected girls (V-1 and V-2) of six- and two-years ages, respectively (Figure 

3.2). They were born to cousin marriage and the family had multiple cousin marriages; 

however, their previous ancestral generations do not show any history of similar patients. The 

pedigree analysis revealed autosomal recessive inheritance. The clinical evaluation of affected 

members was done at local, Government hospital. This study included four members of the 

affected  family: two parents (IV-1 and IV-2) and two affected daughters (V-1 and V-2). 

3.2.1.1 Clinical features 

The affected girls were born with normal vaginal delivery after 38 weeks gestation. The 

younger (V-2)(Figure3.2a, b) has mild symptoms of junctional epidermolysis bollusa (JEB), 

while the elder sister (V-1) had developed more severity. Patient V-1 had generalized growth 

retardation below the 4th percentile for her age and delayed milestones. Skin showed trauma 

induced blistering and erythematous bullous associated with crusting and scarring which 

diminished with age along with sparse scalp hairs, dystrophic hand and toenails and planter 

hyperkeratosis. She also demonstrates severe dental caries, oral mucosal blisters and 

hypoplasia of enamel. Her generalized skin blisters were more protuberant over the region of 

forehead, the neck, hands and arms, abdomen, thighs, groin area and the legs. She was anemia 

had dysphagia, weak muscles (proximal and distal) and recurrent infections (skin, respiratory 

and urinary track) (Figure 3.2c, e, f, g, h). 

3.2.1.2   Whole Exome Sequencing and filtration of variants  

DNA of the proband (V-1) was evaluated by WES. Initially, variants of panel of genes already 

reported with EB were selected and further categorized on basis of their effect on protein 
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structure. Further filtration, based on their uniformity with autosomal recessive inheritance 

pattern (compound heterozygous or homozygous)  and MAF < 0.01 in Ensembl and ExAC 

database, identified a novel nonsense pathogenic sequence variant in exon no  52 of collagen 

17A1 gene (COL17A1: NM_000494.3: c.4041T>G: p.Tyr1347Ter). 

3.2.1.3   Segregation analysis  

Sanger sequencing confirmed identified variant c.4041T>G in the proband (V:1). Afterwards, 

the variant was screened in parents (IV-1 and IV-2) and found to cosegregate within the family 

with the phenotype of disease. Patients (V-1, V-2) were carrying the variation in homozygous 

state (Figure 3.3Ca) whereas parents (IV-1 and IV-2) were heterozygous for mutant allele 

(Figure 3.3Cb). The variant c.4041T>G creates a premature termination codon at 1347 

position of amino acids, which is expected to cause loss of normal protein function. A 

synonymous variant at this position (c.4041T>C; p.Tyr1347Ter) has been reported with an 

extremely low frequency (2.48x10-5) in the large population cohorts (GenomAD: 

https://gnomad.broadinstitute.org/). However, the c.4041T>G variant of COL17A1 is novel 

and has not been reported before (HGMD Professional 2021.2). 

3.2.1.4 In silico analysis  

Three-dimensional full-length model of COL17A1 was predicted with C-score of 0.9 and Tm 

score of 0.7, which describe the good quality model for further analysis. The p.Y1347* was 

mapped in the ectodomain at c-terminus of collagen XVII (Figure 3.5a). The premature 

termination resulted in deletion of 151 amino acid of ectodomain and loss of active N-

glycosylation site at 1421 position (Figure 3.5b). N-glycosylation of ectodermal domain is 

vital step in correct plasma membrane trafficking of  collagen XVII (Franzke et al. 2006)   and 

deletion of glycosylation site may lead to accumulation in extracellular environment and 

ultimately cause the disease. Figure 3.4 displays multiple sequence alignment of Human 

Tyr1347 with its orthologs, showing its evolutionary conservation through different species. 

The homozygous premature termination codons identified in this study cause complete 

function loss through the mechanism of                                   mRNA decay (Peltz et al. 1993). 

 

Nonsense-mediated  
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                                                 Epidermolysis Bullosa in (autosomal) recessive mode. 
Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 
respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 
asterisk labeled members indicates the individuals which are available for the studies. 

 

 

Figure. 3.2:  Clinical phenotypes of epidermolysis Bullosa in the family A. Female patients (V-1)(c, e, f, g, h) and 

(V-2)(a, b) from “Family A” demonstrate classical features of Intermediate JEB. Skin showed trauma induced 

blistering and erythematous bullous associated with crusting and scarring, more protuberant over the region of 

forehead , the neck, hands and arms, abdomen, thighs, groin area and the legs (a-h), along with sparse scalp 

hairs (e), dystrophic hand and toenails and planter hyperkeratosis (g, h). She also demonstrates severe dental 

caries, oral mucosal blisters and hypoplasia of enamel (f). 

Figure. 3.1: Pedigree of the Family “A”, segregating   
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Figure. 3.3:  (A) Illustrates hypothetical structure of human chromosome 10. The COL17A1 gene resides on 

chromosome 10q25.1, shown by red box. (B) The hypothetical presentation of COL17A1 gene, comprising of 56 

exons. (C) represents  sequencing analysis of exon 52 of COL17A1 gene in family A showing a novel homozygous 

alteration  (c.4041T>G; p.Tyr1347Ter) in the affected sibling (V-1) born to cousin marriage; (a) affected (V-1)  (b) 

obligate carriers or parent (IV-1) (c) wild type or unrelated healthy control; arrow indicate positions of the 

nonsense mutation. 

 

Figure 3.4: Multiple Sequence Alignment of Human Tyr1347 with its Orthologs, showing its evolutionary 

conservation through different species. 
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Figure. 3.5: Three-dimensional full-length model of Collagen alpha-1(XVII). (a) Wild type protein shown in 
ribbon model with each domain shown in its respective color. (b) Mutant Collagen alpha-1(XVII) with deletion 
of c-terminal 151 residues (c) Superimposed image of wild and mutant Collagen alpha-1(XVII) (red). 

  

3.2.2 Family B (Intermediate autosomal recessive Junctional EB) 

The family B affected with JEB was recruited from Kohat District of Pakistan. The family 

history was collected from family members for pedigree construction (Figure 3.6).  The family 

consisted of four generations and two affected members (IV-1, IV-3). The proband (IV-1) 

affected with JEB was born to the phenotypically normal couple (III-1 and III-2) who were 

first cousins. A total of 4 members of the family take part in this study, including two 

unaffected parents (III-1 and III-2), one unaffected sibling (IV-2) and one alive affected 

sibling (IV-1).  

3.2.2.1 Clinical features 

Family B had an affected boy of six years age (IV-1) at the time of this study. Another affected 

child of this family (IV-3) had died in early infancy due to failure to thrive. The proband       

IV-1 was clinically diagnosed as intermediate form of JEB. He was born after normal vaginal 

delivery after full term gestation. He had generalized skin blisters affecting face, hands, trunk 

and legs Skin showed trauma induced blistering and erythematous hemorrhagic bullous in 

response to slight trauma. Blister formation decreased in intensity and healed with 

development of minimal scars or malia. Both finger and toenails were dystrophic along with 
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planter hyperkeratosis. Patient also exhibited dental caries, enamel hypoplasia, oral musical 

blisters formation, anemia and dysphagia (Figure 3.7).   

3.2.2.2 Whole Exome Sequencing and filtration of variants 

WES of the patient (IV-1) DNA was performed in which variants were checked for the genes 

previously reported for EB. The selected variants were further shortlisted based on their MAFs 

from Ensembl and ExAC databases and those having unknown allele frequency. This 

filtration criteria identified a nonsense mutation (COL17A1:NM_000494.4:c.3067C>T: 

p.Gln1023Ter) in homozygous form in the 45th exon of COL17A1. 

3.2.2.3   Segregation analysis  

Sanger sequencing confirmed identified variant (c.3067C>T) in COL7A1 in the proband 

(IV:1). Afterwards, the variant was screened in parents (III:1 and III:2) and unaffected sibling 

(IV-2) and found to cosegregate within family with disease phenotypes. Patient (IV:1) was 

carrying the mutation in homozygous state (Figure 3.8Ca), whereas parents (III:1 and III:2) 

and unaffected sibling (IV-2) were heterozygous for mutant allele (Figure 3.8Cb). This variant 

c.3067C>T in COL17A1 creates a stop codon in exon 52 and may cause complete function 

loss through the mechanism of                                                        (Peltz et al. 1993). 

3.2.2.4 In silico analysis 

 MutationTaster predicted this variant (c.3067C>T) to be “disease causing”. In addition, 

c.3067C>T mutation is registered in HGMD (PMID: 9012408), (PMID: 25525159) with non-

Herlitz JEB in heterozygous state but in this study this mutation is reported for the first time 

in homozygous state (Table 3.1). Figure 3.9 displays multiple sequence alignment of Human 

Gln1023 with its orthologs. Red arrow showing its evolutionary conservation through 

different species. 

 

 

  

Nonsense mediated mRNA decay  
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                                                                                                 epidermolysis Bullosa in autosomal recessive mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. 

 

 Figure. 3.7:  Clinical phenotypes of epidermolysis Bullosa in the family “B”. An affected member (IV-1) from 

“Family B” shows the typical clinical phenotypes of Intermediate autosomal recessive Junctional EB 

(Intermediate JEB). Skin showed trauma induced blistering and erythematous hemorrhagic bullous in response 

to slight trauma affecting face, hands, trunk and legs (a-d). 

Figure. 3.6: Pedigree of the Family “B”, segregating      



 

60 

 

 

Figure. 3.8:  (A) Illustrates hypothetical structure of human chromosome 10. COL17A1 gene resides on 

chromosome 10q24.3, shown by red box. (B) The hypothetical presentation of COL17A1 gene, comprising of 

56 exons. (C) demonstrates  sequencing analysis of exon 45 of COL17A1 gene in family B showing a novel  

homozygous premature stop codon mutation (c.3067C>T p.Gln1023*) in the affected sibling (IV-1) born to a 

consanguineous union; (a) affected (IV-1)  (b) obligate carrier or parent (IV-2)  (c) wild type or unrelated 

healthy control; ; solid red arrows indicate position of the nonsense mutation. 

 

Figure. 3.9: Multiple Sequence Alignment of Human Gln1023 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 
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 3.2.3 Family C   (Intermediate autosomal recessive epidermolysis bullosa simplex)  

Family C with EBS intermediate clinical phenotype, belonging to Swabi , Pakistan was 

ascertained in this study. Pedigree was made according to the information from the members 

of family (Figure 3.10). The family showed a total of two individuals presented with the 

disorder. The consanguineous couple (III-1, III-2) had seven descendants, two (IV-3, IV-5) 

of whom were affected with the disorder. Detailed examination of the phenotypic features of 

the patients was performed at local Government hospital. 

 3.2.3.1   Clinical features 

Family C had two affected (15-year-girl IV-3 and 13-year-boy IV-5). Both were born with 

normal vaginal delivery and were diagnosed clinically for epidermolysis bollusa simplex, 

intermediate form. The patients had fragile blisters and peeling of skin especially on the groin 

and leg regions (Figure 3.11). Their skin showed spontaneous blistering on face, hands, trunk 

and extremities which healed leaving scars which become less prominent with time. Their 

nails were dystrophic, and teeth had caries. They had hoarseness of voice and planter 

hyperkeratosis along with recurrent skin and respiratory tract infections. Mental disability or 

any other systemic illness was not illustrated in these individuals. 

3.2.3.2 Whole Exome Sequencing and filtration of variants 

WES of the proband (IV-3) DNA was performed in which  initially, variants in already known 

genes of EB were carefully chosen that were further assorted based on their effect on the 

structure of protein by choosing, missense, nonsense,  indels, frameshift, and splice site 

variants. These mutations were then filtered based on whether they were homozygous or 

compound heterozygous for autosomal recessive inheritance. They were screened for their 

MAF using Ensembl and ExAC databases and those with unknown allele frequency or MAF 

< 0.01 were selected. This filtration revealed a novel deletion variant in exon no 9 of plectin 

gene (PLEC: NM_201380.3: c.1284_1286delGCT: p.L429Sfs*30) (HGMD Professional 

2021.2). 

3.2.3.3 Segregation analysis  

The selected c.1284_1286delGCT variation of PLEC was confirmed in homozygous state in 

the patient IV-3 through Sanger sequencing (Figure 3.12a). The variant cosegregate within 
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the family with the disease phenotype. Consistent with the autosomal recessive inheritance 

pattern, parents (III:1 and III:2) were heterozygous for the c.1284_1286delGCT variation 

(Figure 3.12b) while unaffected siblings(IV:2) was homozygous for wild type (Figure 3.12c). 

The homozygous variant c.1284delGCT in PLEC deletes three nucleotides altering the normal 

reading frame and creates a premature termination codon after 30 amino acids from the point 

of deletion. This deletion in the non-repeat region and can change the length of protein which 

may disrupt protein function through the mechanism of nonsense-mediated mRNA decay 

(Peltz et al. 1993) 

3.2.3.4   In silico analysis 

Figure. 3.13 displays multiple sequence alignment of Human Leu429 with its orthologs. 

Red arrow shows its evolutionary conservation through different species. The PLEC 

variant (p.L429Sfs*30) affects reading frame in the N-terminal globular domain of PLEC 

1 protein which harbor actin (Fuchs et al. 1999)  and integrin β4 (Rezniczek et al. 1998) 

binding domains. The p.Leu429 lies in the plakin domain of protein plectin and p.Leu429 

Serfs30* is predicted harmful by Mutpred (Pagel et al. 2019) with score of 0.567. So, the 

identified non-frameshift deletion variation might affect the binding of PLEC1 with its 

well-known binding partners thus leading to pathological phenotype (Figure 3.14). MD 

simulations revealed a high fluctuation among the amino acids of wild type and altered 

PLEC proteins with reduced hydrophobicity which indicated disability of the altered 

protein (Figure. 3.15). 
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                                                                                                     epidermolysis Bullosa in autosomal recessive mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. 

 

Figure. 3.11: Clinical phenotypes of epidermolysis Bullosa in the family C. An effected Patient IV-5* from 

“Family C” shows classical representation of Intermediate autosomal recessive Epidermolysis bullosa simplex 

(Intermediate EBS). The skin showed spontaneous fragile blisters and peeling of skin especially on face, hands, 

trunk, groin and leg regions (extremities) which heals with minimal scar and malia formation (a-c). 

Figure. 3.10.   Pedigree of the Family “C”, segregating   
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Figure 3.12: (A) Illuminates hypothetical structure of human chromosome 8 encoding PLEC gene on 

chromosome q24, shown by red box. (B) The hypothetical presentation of PLEC gene, consisting of 32 exons. 

(C) represents  sequencing analysis of exon 9 of PLEC gene in family C showing a novel, homozygous 3bp 

Deletion mutation  (c.1284_1286delGCT; p.Leu429Serfs*30) in the affected sibling (IV-5) born to a 

consanguineous union; (a) wild type or unrelated healthy control  (b) obligate carrier or parent (III-1)  (c) affected 

(IV-5); The solid red lines represent positions of the deletion mutation. 

 

Figure. 3.13: Multiple Sequence Alignment of Human Leu429 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 



 

66 

 

 

Figure. 3.14: Crystal structure of the plakin domain of PLEC1: (a) domian A, B and C shown in ribbon 

representation with equilant alpha helices in each domain. (b) Leu429 located in subdomian A shown in 

zoom view (c) Zoom view of superimposition of wild type and mutant PLEC1. 

  

Figure. 3.15: Fluctuations of wild type and mutant PLEC1. (a) Dynamic trajectories at different nano scale 

shown in respective colures. (b) RMSF plot to show fluctuations of wild type (blue) and mutant (red) 

PLEC1 protein.  

 

3.2.4 Family D   (Recessive Dystrophic EB, generalized severe type)  

The family D was recruited from Karachi city of Sindh, Pakistan. The family history was 

collected to construct pedigree (Figure 3.16). The family, consisted of five generations, had 

three affected individuals (IV-3, IV-5, and V-2). ). The pedigree showed autosomal recessive 

mode of inheritance in a family D.  
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3.2.4.1 Clinical features 

A 4 years old boy (V-2) had a history of abnormal blister formation on the skin, erosions and 

atypical scarring with erythematous hyperkeratotic papule and keloids affecting his trunk , 

arms, hands,  feet, elbows, knees and genitalia (Figure 3.17). He had nail dystrophy, small 

nails and anonychia (Figure 3.17a,c). His mother gives history of fragile erythematous 

blistering skin since birth which does not improve with time. He also has fusion-induced 

mitten abnormalities of the hands and toes, as well as joint contractures, palmoplantar 

keratoderma, oral mucosal blisters with feeding difficulties, hypoplasia of dental enamel, 

carious teeth, pseudo syndactyly and growth delay. There is history of frequent inflammations 

of the eyes, skin, gastrointestinal and respiratory system.  

3.2.4.2   Whole Exome Sequencing and filtration of variants   

DNA of the proband (V-2) was subjected to WES in which initially, nonsense, missense, 

frameshift, indels and splice site variants in the genes already reported with EB were selected 

and were further filtered based on autosomal dominant inheritance pattern. Finally, variants 

were shortlisted on the basis of unknown allele frequency or MAF<0.01 from Ensembl and 

ExAC. This filtration criteria identified a novel missense variant (COL7A1: NM_000094.3: 

c.7034G>A, p.Gly2345Asp) in exon 91 of COL7A1.   

3.2.4.3   Segregation analysis  

Sanger sequencing confirmed identified variant (c.7034G>A) in the proband (V-2). 

Afterwards, the variant was screened in parents (IV-1 and IV-2) and found to cosegregate 

within family with phenotype of disease. Patient (V:2) was carrying the mutation in 

homozygous state (Figure 3.18Ca), whereas parents (IV-1, and IV-2) were heterozygous, for 

mutant allele (Figure 3.18Cb). The homozygous variant c.7034G>A on COL7A1 changes an 

amino acid Gly to Asp at codon 2345 in exon 91(Table 3.2). 

3.2.4.4   In silico analysis   

SIFT and Polyphen2 and Fathmm predicted the variant c.7034G>A to be “damaging, likely 

pathogenic by Varsome and MutPred, disease causing by Mutation Taster and deleterious by 

PROVEAN. It also shows decrease stability by MUPRO (Table 3.3). Figure. 3.19 displays 

multiple sequence alignment of Human Gly2345 with its orthologs in different species. 
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                                                                                                    Epidermolysis Bullosa in autosomal mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. 

 

Figure. 3.17: Clinical phenotypes of epidermolysis Bullosa in the family D. An effected Patient V-2 from “Family 

D” shows classical representation of  Recessive Dystrophic EB, generalized sever type with abnormal blistering 

of the skin, erosions and atypical scarring with erythematous hyperkeratotic papule and keloids affecting his 

trunk ,arms, hands,  feet, elbows, knees and genitalia (a-c). He had nail dystrophy and small nails anonychia (a). 

He also has fusion-induced mitten abnormalities of the hands and toes, as well as joint contractures, pseudo 

syndactyly and growth delay (a-c).  

Figure. 3.16.   Pedigree of the Family “D”, segregating   



 

69 

 

 

Figure3.18: (A) Demonstrates hypothetical structure of human chromosome 3 encoding COL7A1 gene on 

chromosome q21, shown by red box. (B) The hypothetical presentation of COL7A1 gene, consisting of 118 

exons. (C) represents  sequencing analysis of exon 91 of COL7A1 gene in family D showing a (novel)  missense 

variant (c.7034G>A, p.Gly2345Asp) in the affected sibling (V-2) born to a consanguineous union; (a) affected 

(V-2)  (b) obligate carriers or parent(IV-1)  (c) wild type or unrelated healthy control; The solid red lines 

represent positions of the novel  missense mutation. 

 

Figure. 3.19: Multiple Sequence Alignment of Human Gly2345 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 
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  3.2.5 Family E (Recessive Dystrophic EB, generalized severe type) 

The family E affected with DEB was recruited from Nowshera District of Khyber Pakhtun 

Khwa, Pakistan. Pedigree was created on the based on of information imparted by elder 

members of the family (Figure 3.20). The family consist of five generations in which three 

members were affected with DEB (V-1.V-3 and V-4). Inheritance of the disease from 

unaffected parents into the affected members clearly shows autosomal recessive inheritance 

mode in the pedigree (Figure 3.20). The clinical checkup of the patients was performed by 

an expert dermatologist at local Government hospital. 

3.2.5.1 Clinical features 

The proband (V-1) demonstrates abnormal generalized blistering of the skin and extensive 

scarring of the whole body. Opening of the mouth is restricted along with ankyloglossia and 

feeding difficulties. The limbs show nail dystrophy in form of onychomadesis and 

onycholysis, atrophic scarring, malia, pseudo syndactyly and restriction of movement due 

to flexion contracture of joints. Other findings include corneal and conjunctival blistering, 

anemia, constipation, muscle pains, growth delay and chronic infections of respiratory, 

gastrointestinal and urogenital system (Figure 3.21).  

3.2.5.2   Whole Exome Sequencing and variants filtration  

 WES of the patient (V-1) DNA was performed in which initially, variants were checked for 

the genes previously linked with EB. The selected variants were further shortlisted based on 

their MAFs from Ensembl and ExAC databases and those having unknown allele frequency. 

This filtration criteria revealed a Frameshift mutation NM_000094.3:c.385del 

(p.His129MetfsTer18) in homozygous form in the 3rd exon of COL7A1 (Table 3.2).  

3.2.5.3   Segregation analysis  

The selected c.385del mutation of COL7A1 was confirmed in homozygous state in the 

patient V-1 through Sanger sequencing (Figure 3.22c), co-segregateing within the family 

with the disease phenotypes. Exhibiting autosomal recessive mode of inheritance, parents 

(IV:1 and III:2) and unaffected sibling (V:2) were in heterozygous state for the c.385del 

mutation (Figure 3.22b). The homozygous variant c.385del on COL7A1 deletes nucleotides 

'C' from exon 3 which creates frameshift change in protein coding sequence. 
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 3.2.5.4   In silico analysis     

The deletion is expected to cause protein truncation, resulting in loss of normal function of 

protein through nonsense-mediated mRNA decay. The mutation is predicted to be “disease                                 

.                                                                                              (Table 3.3). Figure. 3.23 displays 

multiple sequence alignment of Human His129 with its orthologs showing its evolutionary 

conservation through different species. 

  

 

  

 

                                                                                                   epidermolysis Bullosa in autosomal mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. 

Figure. 3.20.   Pedigree of the Family “E”, segregating    

causing” by Mutation Taster and Pathogenic by VarSome 
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Figure. 3.21: Clinical phenotypes of epidermolysis Bullosa in the family “E”. Two effected Patients V-1 and V-4 
from “Family E” present cardinal signs of recessive dystrophic EB, generalized sever type with abnormal 
generalized blistering of the skin and extensive scarring of the whole body (a-f). The scalp hairs are thin and 
spares (f). The limbs show nail dystrophy in form of onychomadesis and onycholysis(c,d), atrophic scarring, 
malia,(a,b,c,f),  pseudo syndactyly and restriction of movement due to flexion contracture of joints (a,c,d,e). 

 

Figure. 3.22: (A) Demonstrates hypothetical structure of human chromosome 3 encoding COL7A1 gene on 
chromosome q21, shown by red box. (B) The hypothetical presentation of COL7A1 gene, consisting of 118 
exons. (C) represents  sequencing analysis of exon 3 of COL7A1 gene in family E showing a  frameshift 
mutation c.385del (p.His129MetfsTer18) in homozygous form in the affected sibling (V-1) born to a 
consanguineous union; (a) wild type or unrelated healthy control (b) obligate carriers or parent(IV-1)  (c) 
affected (V-1)  ; The solid red lines represent positions of the novel frameshift mutation. 
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Figure. 3.23: Multiple Sequence Alignment of Human His129 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 

3.2.6 Family F (JEB generalized intermediate, previously known as non-HerlitzJEB). 

The JEB affected family F belong to Karachi district of the Sindh, Pakistan. Pedigree was 

drawn from information given by the members of family (Figure 3.24). The family F had two 

affected offspring, one affected female (VI-3) and one affected male (VI-5), from unaffected 

consanguineous parents (V-1 and V-2) .The pedigree shows autosomal recessive pattern of 

inheritance. The phenotypic checkup of affected individuals was performed at local 

Government hospital. 

3.2.6.1 Clinical Features 

 In family F, a fifteen years old girl (VI-3) and a seven years old boy (VI-5) show phenotypic 

features of JEB. Their parents give history of blister formation since birth. On clinical 

examination both of them demonstrate abnormal blistering of the skin with erythematous base 

and atrophic scarring especially near the joints and extensor surfaces of the limbs, At six 

months, they acquired facial erosion and subungual granulation tissue, as well as severe 

hoarseness of voice. Granulation tissue formation beneath the finger and toenails leads to their 

abnormal detaching and cause onychomadesis and onycholysis (Figure 3.25).Other findings 

include dental anomalies, hypoplasia of dental enamel, carious teeth, planter hyperkeratosis, 

scanty scalp hairs and eye lashes and palmer hyperhidrosis. 

3.2.6.2   Whole Exome Sequencing and filtration of variants  

DNA of the proband (VI-5) was subjected to WES, in which initially, variants of panel of 

genes already reported with EB were selected and further categorized on basis of their effect 

on protein structure. Further filtration, on basis of their uniformity with autosomal recessive 

inheritance pattern (compound heterozygous or homozygous)  and MAF < 0.01 in Ensembl 

and ExAC database, revealed a potential novel Splice region variant NM_198129.2:  

c.8043G>A (p.Ser2681) in exon 61 of LAMA3 gene (Table 3.2). This variant occur at the 
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splice region and although the coding protein is not changed but the change of the last 

nucleotide of exon no 16 at the splice site, influences the pre-mRNA splicing, resulting in 

aberrant splicing at the splice region. This is the reason for calling this variant as a splice 

region mutation.  This variant was confirmed in trans by trioexome sequencing. 

3.2.6.3   Sanger sequencing  

Mutation screening identified single nucleotide Splice region variant c.8043G>A in 61th exon 

of LAMA3 producing a splice region mutation without any amino acid change. The affected 

male (VI:5) and affected female (VI:3) both were homozygous for this splice site mutation 

(Figure 3.26c) whereas parents (V:1 and V:2) were heterozygous carrier (Figure 3.26b). The 

variants were not found in 100 control subjects and an inhouse database of 50 exomes. 

3.2.6.4   In silico analysis  

In silico prediction tools predicted that this variant influenced pre-mRNA splicing, resulting 

in aberrant splicing. This variant is classified as uncertain significance according to the 

recommendation of ACMG/AMP guideline. It is also predicted to be disease causing by 

Mutation Taster, damaging by Fathmm and Pathogenic by VarSome (Table 3.3). The 

evolutionary conservation Human Ser2681 protein through different species is shown in 

Figure 3.27.   

   

                                                                                                    Epidermolysis Bullosa in autosomal mode. 
Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 
respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 
asterisk labeled members indicates the individuals which are available for the studies. 

Figure. 3.24.   Pedigree of the Family “F”, segregating   
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Figure. 3.25: Clinical phenotypes of epidermolysis Bullosa in the family F . Two effected Patients VI-3 and VI-5 from “Family F” presents 
classical signs of Intermediate JEB. The affected member VI-5 shows abnormal blistering of the skin with erythematous base and atrophic 
scarring especially near the joints and extensor surfaces of the limbs (a-d), He also exhibit facial erosion and granulation tissue formation 
around the mouth (a) The granulation tissue beneath the finger, toenails leads to onychomadesis and onycholysis. (b) Along with planter 
hyperkeratosis and palmer hyperhidrosis (c). 

 
Figure. 3.26:  (A) Shows hypothetical structure of human chromosome 18 encoding LAMA3 gene on chromosome 18q11.2, shown by 
red box. (B) The hypothetical presentation of LAMA3 gene, consisting of 75 exons. (C)  represents sequencing analysis of exon 61 of 
LAMA3 gene in family F showing a potential novel Splice region variant c.8043G>A (p. Ser2681) in the affected sibling (VI-5) born to a 
consanguineous union; (a) wild type or unrelated healthy control; (b) obligate carrier or parent (V-1) (c) affected (VI-5); The solid red 
lines represent positions of the Splice region mutation. 
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Figure. 3.27: Multiple Sequence Alignment of Human Ser2681 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 

 

3.2.7 Family G (JEB generalized severe, formerly known as Herlitz JEB)  

A highly inbred family G, affected with autosomal recessive JEB generalized severe was 

recruited from Sialkot, Pakistan.  Family information was collected from the elders of the 

family and pedigree was drawn based on the information obtained which clearly supports 

autosomal recessive inheritance pattern (Figure 3.28). The family had five individuals 

descended from a non-consanguineous marital cross of healthy individuals (VII-1 and VII-

2), three of whom (VIII-1, VIII-4, and VIII-5) were affected with the disorder. The two 

affected members, a male (VIII-1) and a female (VIII-4) died before induction in the present 

study at the age of one and a half and four months of birth respectively. The patient (VIII-5) 

was examined in detail by a dermatologist at the local Government hospital. The affected 

proband also died after blood has been drawn for analysis at the age of two years.  

3.2.7.1 Clinical features 

The clinical manifestation of two-years-old (VIII:5) affected with Herlitz JEB was first 

noticed shortly after delivery, manifesting as blisters on the hands and feet, following severe 

blistering all over body. At the time of examination, she demonstrated excessive trauma and 

pressure induce persistent blistering, erosions, and crusting of the entire skin of the body. The 

excessive mucosal granulation tissue especially below the tongue, cause a hoarse cry and 

difficulty in feeding and breathing along with dental anomalies and hypodontia. The skin was 

fragile with erythematous ulcerative lesions which bleed profusely especially around of the 

mouth, eyes, ears, neck, chest limbs and the back. She also showed nail dystrophy, 

palmoplantar hyperkeratosis, hypertrichosis, anemia, sever growth delay and was prone to 

repeated skin, respiratory and gastrointestinal infections (Figure 3.29).She cannot cope with 
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these devastating effects and died at the age of two years. His elder brother and sister were 

capitulated to death after one and a half and four months of birth due to same clinical findings. 

3.2.7.2   Whole Exome Squencing and filtration of variants   

WES of the proband (VIII-5) DNA was performed in which initially, variants in the genes 

already associated with EB were selected that were further sorted according to their effect on 

the protein structure by selecting nonsense, missense, frameshift, indels and splice site 

variants. These variants were further filtered on the basis autosomal recessive inheritance 

pattern i.e. homozygous or compound heterozygous. They were sorted based on their MAF 

from Ensembl and ExAC database and those with MAF < 0.01 and unknown allele frequency. 

This filtration showed a homozygous frameshift variant NM_000228.3:c.561del p. 

(Lys188Argfs*9) in 5th exon of LAMB3. The variants were not found in 100 control subjects 

and an inhouse database of 50 exomes. The mutation was not found in Genome Aggregation 

Database (gnomAD), Exome Sequencing Project (ESP), 1000Genome project (1000G) and 

CentoMD® (latest database available) and thought to be novel according to our knowledge 

(Table 3.2).   

3.2.7.3   Segregation analysis  

Sanger sequencing confirmed identified variant (c.561del) in the proband (VIII-5). 

Afterwards, the variant was also screened in parents (V-1 and V-2) and the normal twin sister 

(VII-1, VII-2) and was found to cosegregate within the family with phenotype of disease. 

Patient (VIII-5) was carrying the mutation in homozygous state (Figure 3.30c), whereas 

parents (VII-1 and VII-2) and normal sisters (VIII-2, VIII-3) were heterozygous for mutant 

allele (Figure 3.30b). The LAMB3 variant c.561del p.(Lys188Argfs*9) creates a shift in the 

reading frame starting at codon 188. The new reading frame ends in a stop codon 8 positions 

downstream. Loss of function is the known disease-associated mechanism for this gene. 

3.2.7.4   In silico analysis   

It is classified as likely pathogenic (class 2) according to the recommendations of 

CENTOGENE and ACMG. It is also predicted to be disease causing by Mutation Taster and 

Pathogenic by VarSome (Table 3.3). The evolutionary conservation of human Lys188 through 

different species is shown in figure 3.31. 
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Figure. 3.28: Pedigree of the family “G”, segregating epidermolysis Bullosa in autosomal mode. 
Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 
respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 
asterisk labeled members indicates the individuals which are available for the studies. 
Monozygotic twins (identical) are indicated by two diagonal vertical lines originating from the same point. 

 

 

Figure. 3.29: Clinical phenotypes of epidermolysis Bullosa in the family G. One affected Patients VIII-5 from 
“Family G” presents typical characteristics of JEB generalized severe (formerly known as Herlitz JEB). She 
demonstrated excessive trauma and pressure induce persistent blistering, erosions, and crusting of the entire 
skin of the body (a-f). The oral cavity displays, abnormal blister formation along with granulation tissue formation 
specially below the tongue, resulting in  difficulties in feeding, and breathing, dental anomalies and hypodontia 
(a,b,c). The skin was fragile with erythematous ulcerative lesions which bleed profusely especially around of the 
mouth, eyes, ears, neck, chest limbs and the back (a-f). 
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Figure. 3.30: (A) Shows hypothetical structure of human chromosome 1 encoding LAMB3 gene on 

chromosome q32.2, shown by red box. (B) The hypothetical presentation of LAMB3 gene, consisting of 23 

exons. (C) represents  sequencing analysis of  5th exon of LAMB3 gene in family F showing a homozygous 

frameshift variant  c.561del p.(Lys188Argfs*9) in the affected sibling (VIII-5) born to a consanguineous union; 

(a) wild type or unrelated healthy control; (b) obligate carrier or parent (VII-1)  (c) affected (VIII-5)  ; The solid 

red lines represent positions of the frameshift mutation 

 

Figure. 3.31: Multiple Sequence Alignment of Human Lys188 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species
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3.3 DISSCUSSION 

EB is classified into four main types according to cleavage level in skin at the 

ultrastructural level and more than 30 subtypes based on clinical outcomes, inheritance 

and molecular aberrations (Fine et al. 2014).  Epidermolysis bullosa (EB) patients have 

a lifetime suffering and management complications especially in Pakistan where health 

Table. 3.2:  COL7A1, LAMA3 and  LAMB3  variants Information 

Gene Variant Chr 

Chr. 

positio

n 

Variant 

type 

Cyto 

band 

GenBank 

 

Ref 

Seq 

Alt. 

Seq 

RS 

ID/dbSNP 

UniPro

t ID 

MAF 

gnomA

D 

MAF 

gnomAD 

south 

Asian 

COL7A1 
c.7034G>A; 

p.Gly2345Asp 
3 

4860946
8 

 

SNV 

3p21.
31 

  

NM_0000

94.3 
C T NR Q02388 NR NR 

COL7A1 

c.385delG; 

p.His129Metfs

Ter18 

3 
4863101
1 

Deletion 
3p21.
31 

NM_0000
94.3 

G - NR Q02388 NR NR 

LAMA3 
c.8043G>A; 

p.Ser2681 
18 

2150101

8 
SNV 

18q11

.2 

NM_1981
29.2 

 

G A 

rs1002717
654  

 

Q16787 

0.00000
796 

 

NR 

LAMB3 

c.561delG; 

p.Lys188Argf
s*9 

1 
2098077
95 

Deletion 

1q32.
2 

 

NM_0002
28.3 

 

C - 

rs1057516
947 

 

Q13751 NR NR 

 

  

         Ta        Table.3.3:  Pathogenicity detection of COL7A1, LAMA3 and LAMB3 variants 

Gene Variant MT PolyPhen2 MUPRO Fathmm VarSome PROVEAN MutPred SIFT 

COL7A1 c.7034G>A; 
p.Gly2345Asp 

Disease 

causing 
Possibly 

Damaging 

Decrease 

stability 

Damaging Likely 

pathogenic 

Deleterious Pathogenic Damaging 

COL7A1 c.385delG; 

p.His129MetfsTer18 

Disease 

causing 

NA NA NA Pathogenic NA NA NA 

LAMA3 c.8043G>A; 

p.Ser2681 

Disease 

causing 

NA NA Damaging Pathogenic NA NA NA 

LAMB3 c.561delG; 

p.Lys188Argfs*9 

Disease 

causing 

NA NA NA Pathogenic NA NA NA 
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care facilities are poorly available. Rare genetic diseases are more frequent in this 

population due to lack of genetic testing and poor information to the diseased families.  

The COL17A1 gene is situated on chromosome no 10q24.3, consists of 56. Exons. It codes a 

transmembrane protein, collagen XVII, protein which is a trimer, of three 180kDa (XVII) 

chains, with a 466 amino acid intracellular N-terminal domain towards the cytosol, a 23 amino 

acids transmembrane stretch, and  the lamina densa of the basement membrane (Giudice et al. 

1992). The ectodermal domain comprising of  15 collagenous (COL) subdomains, is intruded 

by 16 non-collagenous sequences (NC) and is also shed proteolytically  from the cell surface  

with the help of ADAMS proteinases resulting in, shorter more stable extracellular matrix 

protein (Franzke et al. 2005). Thus, from functional point of view, collagen XVII serves a  

dual  role, as a receptor of cell surface and  as a matrix element which cause the basal 

keratinocytes adherence to the basement membrane. 

The basic role of type XVII collagen as a molecule of adhesion  is performed  by, tight 

connections with different  hemidesmosomal protein complexes  in different types of epithelia 

namely Transitional,  stratified and pseudostratified and epithelia in different body part (e.g., 

ocular conjunctiva, skin, corneal  basement membrane, oral mucosa , upper esophageal 

epithelium and bladder  transitional epithelium etc.). Type XVII collagen, is also accountable 

for follicular stem cells maintenance, cellular migration and cellular polarity (Natsuga et al. 

2019). Similarly, Type XVII collagen is also found to be present  in the stem cells of hair 

follicles and its proteolytic degradation accounts for age-related hair fall ,which makes it an  

important  targeted candidate involve in age-related.alopecia, and explains the origin of 

definitive hair loss in JEB patients (Matsumura et al. 2016, Tanimura et al. 2011). Clinically 

the patients in families A and B present with  blistering tendencies of moderately sever 

manner, associated with distinctive extracutaneous.manifestations, which includes dystrophic 

nails , loss of eyelashes, patchy scarring alopecia of the scalp, dental anomalies and a 

compromised life quality. These findings are also stated in previous studies of JEB (Gatalica 

et al. 1997, Nakano et al. 2002, Darling et al. 1997, Hintner and Wolff 1982). Previous studies 

suggests that COL17A1 missense / nonsense mutation have more aggressive course of 

phenotypic representation as compares to splice site mutation. Furthermore, these variations 

in different phenotypes are also modulated by certain environmental conditions including 

trauma, level of physical activity, modifiers and certain epigenetic factors. The genotype 
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phenotype relationships in  the JEB patients proposes that about 12–25% of the normal levels 

of Type XVII collagen  are sufficient enough to provide a certain degree of  stability to the 

skin and consequently amend the phenotype (Has et al. 2018, Kiritsi et al. 2011). Among the 

therapeutic strategies evolved so far for COL17A1 premature termination codon-mutations, 

readthrough compounds and Exon skipping-approaches, are the one which seem to be more 

consistent in improving the life quality, skin stability and wound healing process. But still 

progress is to be made in this regard for invention of other cutting-edge, therapeutic 

possibilities (Condrat et al. 2018, Kowalewski et al. 2016). 

Family A had two affected girls (V-1 and V-2) with symptoms of junctional epidermolysis 

bullosa (JEB), Their Skin showed trauma induced blistering and erythematous bullous 

associated with crusting and scarring along with sparse scalp hairs, dystrophic nails, planter 

hyperkeratosis, oral musical blisters and hypoplasia of enamel. (Figure 3.2), anemic, 

dysphagia, muscle weakness and recurrent infections (skin, respiratory and urinary track). 

WES analysis identified a novel nonsense variant in collagen 17A1 gene (COL17A1: 

NM_000494.3: c.4041T>G: p.Y1347*), expected to cause loss of normal protein function.  

The proband IV-1 of Family B was clinically diagnosed as intermediate form of JEB. He had 

generalized skin blisters affecting face, hands, trunk and legs (Figure 3.7). Both finger and 

toenails were dystrophic along with planter hyperkeratosis along with dental caries, enamel 

hypoplasia, oral musical blisters formation, anemia and dysphagia. WES analysis and Sanger 

sequencing identified a homozygous COL17A1:NM_000494.4:c.3067C>T: p.Q1023*) 

variant which creates a premature stop codon in exon 45 (Figure 3.8) and may lead to 

complete loss of function through the mechanism of “nonsense-mediated mRNA decay” 

(Peltz et al. 1993). MutationTaster predicted this variant (c.3067C>T) to be “disease causing” 

(Table 3.3). In addition, c.3067C>T mutation is registered in HGMD (PMID: 9012408), 

(PMID: 25525159) with non-Herlitz JEB in heterozygous state but in this study this mutation 

is reported for the first time in homozygous state (Table 3.1).  

Plectin has, a characteristic dumbbell-like.structure with a N- and C-terminal, globular 

domains and a. central rod domain (Wiche et al. 1991) It acts as a multi-task.linker protein 

and a signaling .scaffold that acts as a central molecule to organize the structural and 

functional. Configuration of filamentous cytoskeletal system thereby contributes as an 
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important mechanical stress bearing tissue due to its crucial biomechanical properties. The 

gene mutations, in the human plectin.gene (PLEC) are located on chromosome 8q24 and 

results in several forms of rare human hereditary disorders (stated as “plectinopathies”), 

namely, autosomal recessive EBS with muscular dystrophy (EBS-MD, MIM #226670), EBS-

MD with. myasthenic features (EBS-MD-MyS), limb girdle muscular dystrophy type2Q 

(LGMD2Q, MIM #613723), EBS with pyloric atresia (EBS-PA, MIM #612138), and the 

autosomal dominant variant EBS-Ogna (Winter and Wiche 2013, Bolling et al. 2011, Wiche 

et al. 1983, Charlesworth et al. 2013, Pulkkinen et al. 1996, Wiche et al. 1991, Elliott et al. 

1997, Wiche and Winter 2011, L et al. 2013). PLEC codes the cytolinker protein plectin, 

which is a multi- domain large sized protein (l >500 kDa), of the plakin family communicating 

various components of cytoskeleton, and expressed mainly in skin, muscle, mucous 

membranes, gut, heart tissue, brain and stratified and simple squamous epithelia (Rezniczek 

et al. 2010, Winter and Wiche 2013, Bolling et al. 2011, Wiche et al. 1983). The phenotypic 

presentation of   PLEC mutations includes, mucocutaneous blistering, muscular dystrophy, 

pyloric atresia, and, cardiomyopathy(Winter and Wiche 2013, Bolling et al. 2011, Wiche et 

al. 1983, Charlesworth et al. 2013). In skin, plectin is located into the inner plaque of the 

hemidesmosomes, at the site of interactions with intermediate filaments (Smith et al. 1996).  

Family C had two affected members, diagnosed clinically for epidermolysis bullosa simplex- 

intermediate form. The patients had fragile blisters and peeling of skin especially on the groin 

and leg regions (Figure 3.11). Their skin showed spontaneous blistering on hands, trunk and 

extremities which healed leaving scars which become less prominent with time. Their nails 

were dystrophic, and teeth had caries. They had hoarseness of voice and planter 

hyperkeratosis along with recurrent skin and respiratory and urinary tract infections as 

reported in other studies (Babić et al. 2010, Kunz et al. 2000, Schara et al. 2004).  Mental 

disability or any other systemic illness was not illustrated in these individuals. 

 WES analysis and subsequent Sanger Sequencing confirmed a novel variant in plectin gen 

(PLEC: NM_201380.3: c.1284_1286delGCT: p.L429Sfs*30) (Figure 3.12). The homozygous 

variant c.1284delGCT in PLEC deletes three nucleotides altering the normal reading frame 

and creates a premature termination codon after 30 amino acids from the point of deletion. 

This deletion may disrupt protein function through the mechanism of nonsense-mediated 

mRNA decay. The PLEC variant (p.L429Sfs*30) affects reading frame in the N-terminal 
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globular domain of PLEC 1 protein which harbor actin and integrin β4 binding domains. MD 

simulations revealed a high fluctuation among the amino acids of wild type and altered PLEC 

proteins with reduced hydrophobicity causing disability of the altered protein (Figure3.15) 

All types of DEB are caused by genetic defects of the COL7A1 translating type VII collagen 

(Varki et al. 2007). It is a main constituent of the anchoring fibril , situated underneath the 

basement membrane of the dermis, ensuring steady adhesion of dermis with epidermis 

(Shinkuma et al. 2011). Type VII collagen is coded by COL7A1, spanning 118 exons on 

3p21.10 chromosome. The mRNA transcript of ~ 8.9 kb produce procollagen α1 (VII) chain 

consisting of 2,944 amino acids (Varki et al. 2007). The three main structure of each 

polypeptide chain are: a collagenous triple helix encoded by exons 29 to 112, an amino 

terminus (NC-1) encoded by exons 2 to 28 and a carboxyl terminus (NC-2) encoded by exons 

113 to 118 (Christiano et al. 1994). In severe generalized RDEB, homozygous or compound 

heterozygous mutation in COL7A1 produce premature termination codons. This leads to 

absence of anchoring fibril production due to degradation of abnormally truncated 

polypeptides. Less severe types of mutations in COL7A1 leads to irregularities in the resulting 

polypeptide that affects structure of COl7A1 in RDEB-gen other patients (Castiglia and 

Zambruno 2010). Fritsch (Fritsch et al. 2008) created a transgenic mouse model with 

contingent inactivation of COl7A1 expression, that results in a COl7A1 hypomorphic animal 

expressing about 10% of normal COl7A1 and clinical symptoms that closely resembles human 

recessive abnormalities, such as, nail dystrophy, skin fragility, growth retardation and 

pseudosyndactyly. 

Family D was diagnosed as epidermolysis bullosa Recessive Dystrophic EB, generalized 

sever type which is a rare subtype of DEB associated with variants of COL7A1. Clinically it 

is featured by One of the four subtypes of EB is the dystrophic variant (DEB) (OMIM: 131750 

and 226600) characterized by sublamina densa blistering leading to erosions, poorly healing. 

Chronic ulcers, and extensive scarring, particularly at the sites of trauma on the hands and 

feet.(Fine et al. 2014). The proband a 4 years old boy (V-2) in Family D had a history of 

abnormal blister formation on the skin, erosions and atypical scarring with erythematous 

hyperkeratotic papule and keloids affecting his trunk (Figure 3.17),arms, hands,  feet, elbows, 

knees and genitalia. He also had nail dystrophy, mitten deformities, pseudosyndactyly and 

dysphagia as described in previous studies (Fine and Mellerio 2009, Bruckner-Tuderman 
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2010) WES revealed a novel  missense variant c.7034G>A, p.Gly2345Asp in exon 91 of 

COL7A1(Table 3.2). This variant c. 7034G>A is predicted to be disease producing by 

Mutation Taster, “damaging” by, Polyphen-2, SIFT and Fathmm, Pathogenic by VarSome 

and MudPred with decrease stability by MUPRO (Table 3.3). 

In family E, a homozygous Frameshift mutation c.385del (p.His129MetfsTer18) in the 3rd 

exon of COL7A1 gene was identified by WES which results in generalized severe RDEB in 

the affected members of the family (Table 3.2).  The proband IV-4 demonstrates abnormal 

generalized blistering of the skin and extensive scarring of the whole body. Mucous 

membranes involvement is reported in these patients which mainly cause problems in oral 

feeding (Fine and Mellerio 2009), as observed in our patient, Opening of the mouth is 

restricted along with ankyloglossia and feeding difficulties. The limbs show onycholysis, 

polysyndactyly and restriction of movement due to flexion contracture of joints. The mutation 

c.385del is predicted to be disease causing by, MutationTaster and Pathogenic by VarSome 

(Table 3.3).  

Laminin-332 (previously known as laminin5/Kalinin/Ladsin/Epiligrin) is an adhesion protein 

of skin that belongs to multifunctional large trimeric glycoproteins family. Three genes 

(LAMA3, LAMB3 and LAMC2) encode Laminin-332 protein (Hamill et al. 2010) which has 

three components: the alpha, beta and gamma chains. The two major transcripts of LM-332 

are LAMA3A and LAMA3B. LAMA3A is expressed exclusively in human keratinocytes 

whereas LAMA3B1 and LAMA3B2 are expressed in hKCs and fibroblasts (McLean et al. 

2003). Laminin 332 function as supramolecular bridge between the epidermis basal 

keratinocytes and the underlying dermis. It binds the basal keratinocytes surface with 

basement membrane of the dermis and epidermis through specific interactions with 

hemidesmosomal integrin a6β4 and in the focal adhesions with a3β1. On the side of dermis, 

it helps to make association between the anchoring fibrils and basement membrane by binding 

to collagen VII (Rousselle et al. 1997). In addition to the laminin 332 structural role, it also 

regulates cellular behavior by transmission of information into keratinocytes through the 

integrins (a6β4 and a3β1) (Van Agtmael and Bruckner-Tuderman 2010).   

LAMA3, located on chromosome 18 (18q11.2), comprises 76 exons which produce 5 

alternative transcripts. The LAMA3A has a length of 1,724 amino acids encoded by 39 to 76 
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exons whereas LAMA3B has a length of 3,333 amino acids encoded by 1 to 38 exons and 40 

to 76 exons (Hamill et al. 2010). JEB was first linked to mutations in the LAMC2 gene of the 

LM-332 (Fassihi et al. 2005). LAMB3 is the most prevalent JEB mutation, accounting for 70% 

of all JEB mutations (Pfendner et al. 2007). Premature termination codon (PTC) mutations in 

LM-332 genes are the most common mutations linked with H-JEB, whereas missense or 

probable splice site mutations in trans are the most common mutations associated with nH-

JEB as in this study (Pulkkinen and Uitto 1999, Nakano et al. 2002). There are also some 

reports of  complete  paternal  uniparental  isodisom of chromosome in H-JEB patients 

(Pulkkinen et al. 1997, Fassihi et al. 2005, Takizawa et al. 2000).  Clinically, JEB has been 

divided into Herlitz (H-JEB) and non-Herlitz (nH-JEB) variants; the former type is 

characterized by premature demise of the affected individuals usually within the first year of 

life, while the latter patients have a life-long blistering tendency, which, however, does not 

usually affect their overall lifespan.   

Among the two affected members of family F, a fifteen years old girl (VI-3) and a seven years 

old boy (VI-5) show phenotypic features of JEB (JEB-gen intermediate). On clinical 

examination both of affected (IV-3, IV-5) members demonstrate abnormal blistering of the 

skin with erythematous base and atrophic scarring facial erosion (Figure 3.25) and subungual 

granulation tissue along with severe hoarseness, onychomadesis and onycholysis dental 

anomalies, planter hyperkeratosis, scanty scalp hairs and eye lashes and palmer hyperhidrosis. 

Similar finding are also presented in other studies (Bruckner-Tuderman et al. 1995, Darling 

et al. 1997, Fine et al. 2007). WES revealed a potential novel Splice region variant c.8043G>A 

(p.Ser2681) in exon 61 of LAMA3 gene which has not been reported previously to the best of 

our knowledge. Previously, patients with PTC mutations in LAMA3 gene in both alleles with 

relatively mild clinical presentation of consistent with non-Herlitz JEB, have been reported 

(Nakano et al. 2002, Shimizu et al. 1998). In sillico prediction tools predicted that this variant 

influenced pre-mRNA splicing, resulting in aberrant splicing which is classified as uncertain 

significance according to the recommendation of ACMG/AMP guideline. The mutation 

c.8043G>A is predicted to be disease causing by MutationTaster, Pathogenic by VarSome 

and Damaging by Fathmm (Table 3.3). 

A two-years-old   (IV-4) affected female proband of family G shows clinical manifestation of 

Herlitz JEB just after birth in form of blisters formation on hands and feet followed by sever 
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persistant blistering, erosions, and crusting of the entire skin of the body. Abnormal blistering 

and excessive granulation tissue formation resulting in difficulties in feeding, dental 

anomalies, hypodontia. a hoarse cry, repeated skin, respiratory and gastrointestinal  infections 

(Figure 3.29) as also presented in previous studies (Fine et al. 2008, Laimer et al. 2010). She 

died at the age of two years. His elder brother and sister were capitulated to death due to same 

clinical findings. WES filter a homozygous frameshift variant c.561del p.(Lys188Argfs*9) in 

5th exon of LAMB3. The LAMB3 variant c.561del p.(Lys188Argfs*9) creates a shift in the 

reading frame starting at codon 188 which ends in a stop codon 8 positions downstream 

resulting in  Loss of function. The majority of LAMB3 mutations are expected to result in 

premature stop codons, decay of mRNA and synthesis of truncated unstable polypeptides or 

no protein (Pulkkinen et al. 1997, Laimer et al. 2010). The mutation c.561del is predicted to 

be “disease causing” by MutationTaster and Pathogenic by VarSome (Table 3.3). 
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CHAPTER 4 

STUDY OF FOUR PAKISTANI FAMILIES AFFECTED 

WITH HEREDITARY ICHTHYOSIS 

 

4.1 BACKGROUND 

Congenital ichthyoses are a large group of genetic abnormalities having defective 

cornification of the skin as a hallmark. The clinical features of all ichthyoses are diverse and 

highly variable including extensive scaling of the skin, hyperkeratosis associated with 

variable erythema, xerosis, pruritus, sweating impairment, and suprabasal epidermolysis 

(Vahlquist et al. 2018). Ichthyoses are categorized into nonsyndromic/isolated and syndromic 

forms, based on their pathophysiology, clinical manifestations, and mode of inheritance. They 

are inherited in autosomal recessive, autosomal dominant, and X‐linked forms (Vahlquist et 

al. 2018, Oji and Traupe 2009). 

Nonsyndromic ichthyoses are categorized into four major groups on the basis of  manner 

of inheritance, incidence rate, and genomic complicity: 1) common ichthyoses, 2) 

autosomal recessive congenital ichthyoses (ARCI), 3) keratinopathic ichthyoses (KPI), and 

4) additional types (e.g. peeling skin disease) (Takeichi and Akiyama 2016). In 

nonsyndromic ichthyoses, the stratum granulosum and stratum corneum are malformed 

and do not exhibit their normal characteristics, that can be distinguished based on their 

clinical manifestations, histological findings, structural and biochemical abnormalities of 

the epidermis as well as genetic etiology (Schmuth et al. 2007, Kuramoto et al. 2002). 

Syndromic ichthyoses have also been reported in the literature including, combination with 

extracutaneous findings such as hair, nails, teeth, bones, exocrine glands, neurologic signs, 

trichothiodystrophy, and other associated manifestations. Netherton syndrome (OMIM: 

256500), Sjogren‐Larsson syndrome (OMIM: 270200), Dorfman‐Chanarin syndrome 

(OMIM: 275630), ichthyosis follicularis (OMIM: 308205), and keratitis ichthyosis 

deafness (KID) syndrome (OMIM: 148210) are some syndromic forms of ichthyoses (Oji 

et al. 2010). Different genes and their sequence variants which are involved and concerned 

with ichthyoses, cellular disruption pathways including DNA repair, lipid biosynthesis, 
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adhesion, and desquamation along with many other pathways. (Oji et al. 2010, El-Sayed et 

al. 2018, Schmuth et al. 2013, Fischer 2009). The identification of sequence variants as the 

cause of genetic diseases has been made very easy and faster by next‐generation 

sequencing (NGS) approaches.  

In underdeveloped nations like Pakistan, the occurrence of autosomal recessive congenital 

illnesses like ichthyoses is substantially higher due to the high trend of consanguineous 

marriages. In this chapter of my thesis, report 10 ichthyosis patients from three 

consanguineous and a non-consanguineous Pakistani family, exhibiting  typical phenotypes 

of ichthyosis, were segregated with two homozygous splice site variants in TGM1 and 

SPINK5, a homozygous missense variant in SULT2B1, and a homozygous nonsense variant 

in FLG, respectively, identified through the whole exome sequencing (WES) approach. 

4.2. RESULTS 

 4.2.1   Family H  

 (Lamellar ichthyosis) 

The family H affected with severe congenital lamellar Ichthyosis was recruited from Mardan 

District of Khyber Pakhtunkhwa, province of Pakistan. Pedigree was constructed based on 

the interview from well informed elder members of the respective families (Figure 4.1). The 

autosomal recessive mode of inheritance was assumed as shown by the pedigree presentation. 

The pedigree shows, four generations, with three members affected with Ichthyosis (IV:2. 

IV:3 and IV:4).  The patients were clinically examined at local government hospital. 

4.2.1.1 Clinical features  

In Family H, two sisters (IV‐2 and IV‐3) aged 8 and 6 years, respectively, were born to their 

healthy parents at 40 weeks of gestation, with no history of lamellar ichthyosis in the family. 

Both of these sisters were born as collodion babies and now the extremities have broad, dark 

brown, plate‐like scales and small adherent facial and trunk scales (Figure 4.2a, b, d, e, f). The 

underlying skin was diffusely erythematous. Other symptoms include hyperlinearity of the 

palms and soles, diffuse clubbing of fingernails, eclabium, ectropion, allergic 

rhinoconjunctivitis, normal scalp hairs with whitish thick seborrheic flakes, scanty eyebrows, 

no eyelashes, and chronic otitis media. Their teeth appeared normal. They were also suffering 

from pruritus, anhidrosis, heat intolerance, lack of skin elasticity, and recurrent skin 
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infections. The skin infections exacerbate in winter and alleviate in summer. The third 

affected male infant (IV‐4) was also born with the collodion membrane but died after 40 days 

of delivery due to failure to thrive (Figure 4.2c). Five of the available family members (III-1, 

III-2, IV-2, IV-3 and IV-4) take part in the present study.  

4.2.1.2   Whole Exome Sequencing and filtration of variants  

DNA of the proband (IV-2) was subjected to whole exome sequencing, in which initially, 

variants of genes already reported with congenital Ichthyosis were selected and further 

categorized on basis of their effect on protein structure. Further filtering based on their 

adherence to the autosomal recessive inheritance pattern (homozygous or compound 

heterozygous). And MAF < 0.01 in Ensembl and ExAC database, revealed a potential rare 

novel splice donor site variant (NM_000359.2: c.2088 + 1G > A) in exon 14 of TGM1 

(OMIM: 190195; 14q12, c.2088 + 1G > A) in affected members of the family. 

4.2.1.3   Segregation analysis  

In Family H, a novel homozygous splice site mutation in the splice donor site of intron 13 

(c.2088 + 1G > A) in TGM1 was identified. The variant was found to co-segregate with the 

phenotype of disease within the family. Three patients (IV-2. IV-3 and IV-4) were carrying 

the mutant allele in homozygous state (Figure 4.3Ca).whereas the normal individuals (II-1 

and II-2 and 1V-1) were heterozygous for the mutation carrying allele (Figure 4.3 Cb ). To 

the best of our knowledge, this variant in TGM1 has neither been documented in gnomAD 

(Koch 2020) nor in HGMD (Stenson et al. 2020) , in Clinvar  (Pérez-Palma et al. 2019) and 

Pakistan Genetic Mutation Database (PGMD) (Qasim et al. 2018), thus is predicted to be 

novel.  

To exclude the possibility of polymorphism for novel mutations, 100 unrelated ethnically 

matched healthy controls were screened, which eliminated the risk of these novel mutations 

being nonpathogenic polymorphisms.  

4.1.2.4   In silico analysis  

The identified variant was analyzed in silico by using MutationTaster, VarSome CRYP-SKIP 

to predict the effect of the variant c. 2088 + 1G > A which predict it to be Disease causing 

with a probability of 1, Pathogenic and PCRE= 0.31 (probability of cryptic splice site 
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activation) respectively . It results in the disruption of the splice donor site of TGM1 and a set 

of 54 nucleotides (+8454 to +8509) are deleted, which in turn leads to an in‐frame pathogenic 

deletion of 18 amino acids ranging from 679 to 696 (Table 4.1). 

 

 

 

 

Figure. 4.1: Pedigree of the family “H” segregating with ichthyosis in autosomal recessive mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. Deceased individuals are 

shown by a slash through the symbol presenting them. 
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 Figure. 4.2: Clinical phenotypes of Ichthyosis in the family H. Female patients IV-2 and IV-3 (a, b, d-f) from family 

H  showing classical features of Lamellar ichthyosis and (c) newborn IV-4 from the same family with collodion 

membrane. Patients IV-2 and IV-3 have broad, dark brown, plate‐like scales on extremities and small adherent 

facial and trunk scales (a, b, d, e, f). The underlying skin was diffusely erythematous. Other symptoms include 

hyperlinearity of the palms and soles with diffuse clubbing of fingernails(b, e), eclabium, ectropion, allergic rhino 

conjunctivitis, scanty eyebrows, no eyelashes (a, d), normal scalp hairs with whitish thick seborrheic flakes (f). 

 

Figure 4.3: (A) Illustrates hypothetical structure of human chromosome 14. TGM1 gene resides on chromosome 

14q12, shown by red box. (B) The hypothetical presentation of TGM1 gene, comprising of 15 exons. (C)  

represents sequencing analysis of TGM1 gene in family H showing a novel splice site mutation involving a 

homozygous G→A transition in the splice donor site of exon 13 (c.2088+1G>A) in the affected sibling (IV-2) born 

to a consanguineous union; (a) shows sequence of an affected (IV-2) member; (b) shows sequence of an 

unaffected heterozygous carrier (III-2) in family H.  
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4.2.2   Family I (Autosomal recessive congenital ichthyosis (AR) 

Family I affected with ARCI was recruited from Hungu District of Khyber Pakhtunkhwa of 

Pakistan. The pedigree was created using information received from parents (Figure 4.4). The 

family had three affected descendants (III-2, III-4, and III-5) of nonconsanguineous 

unaffected parents. Detailed phenotypic examination of patients was performed by an expert 

dermatologist at a local Government hospital. Samples of venous blood samples were 

collected from 4 family members in total, including two patients (III‐2, III‐4) and two healthy 

individuals (II‐4, III6) in Family I. 

4.2.2.1 Clinical features 

Both the affected members (III‐2) and (III‐4) of Family I, presenting an autosomal recessive 

congenital ichthyosis (ARCI) phenotype, were born to their healthy unrelated parents through 

normal vaginal delivery at 38 weeks of gestation with no history of ARCI disease in the 

family. Both exhibited generalized scaling consisting of medium‐sized brown to grayish 

scales on the body (Figure 4.5). Hyperkeratotic plaques ranged from mild‐to‐moderate grades 

around the trunk. A few areas such as the face, ears, and middle part of the palms, soles, 

axillary region, and the popliteal fossa were normal. They also showed keratoderma, 

eclabium, ectropion, pruritus, anhidrosis, atopic dermatitis, heat intolerance, and decreased 

elasticity of the skin. The condition improves in hot weather but exacerbates during the cold 

season. The patients had no cardiovascular and ophthalmologic complications.  

4.2.2.2   Whole Exome Sequencing and filtration of variants  

DNA of the proband (III-2) was processed through whole exome sequencing which DNA was 

performed, in which  initially, reported genes of  congenital ichthyosis were screened and 

further filtered on basis of their effect on protein structure such as missense, splice site, 

nonsense, indels and frameshift  variants  to find out potential variants. A novel homozygous 

missense mutation (NM_177973.1: c.419C>T; p. Ala140Val) in exon no 3 of SULT2B1 was 

identified. This variant was shortlisted on basis of its consistency with autosomal recessive 

inheritance pattern i.e. homozygous or compound heterozygous and MAF < 0.01 in Ensembl 

database.  
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4.2.2.3   Segregation analysis  

Presence of the variant, c.419C>T, in homozygous state in the proband was confirmed by 

Sanger sequencing followed by screening of four members of the family for the variant 

(Figure 4.6C). The results showed that the variant co-segregated with the disease phenotype 

in an autosomal recessive manner within the family. Both the affected individuals (III‐2, III‐

4) were homozygous for the genetic variation (Figure 4.6Ca). The single available parent (II-

4) is heterozygous for the mutant allele (Figure 4.6Cb), while the normal sibling (III-6) was 

homozygous, for the wild type allele at that position. The variant was not found in 100 control 

subjects and an inhouse database of 50 exomes. To the best of our knowledge, SULT2B1 

variant identified in family I in this study, has never been documented in homozygous state 

in ichthyosis families both globally and in the South Asian subcontinent including Pakistani 

population before.  

4.2.2.4   In silico analysis  

In Family I, a novel homozygous missense mutation (c.419C > T; p. Ala140Val) in SULT2B1 

identified variant was analyzed in silico by using different pathogenicity detecting tools which 

predict this variant (c.419C > T; p. Ala140Val)  as damaging and disease causing with Disease 

causing probability of 0.99 and Probable damaging score of 1.000 respectively (Table 4.1)  

Here, the Ala140 residue at the loop region does not directly bind Adenosine‐3’‐5’‐

diphosphate in the crystal structure described by Lee et al (Lee et al. 2003). However, the 

comparative study of the wild and mutant protein (p. Ala140Val) displays a difference in 

distance between the PAP and active site residues. The new Val140 residue very likely 

disrupts this binding by displacing Arg147 and Arg274, strengthening the norm that missense 

mutations quite possibly cause the disease by disrupting the association between SULT2B1 

and its cofactor “PAP” (Figure 4.15a–d). The evolutionary conservation of Human Ala140 

through different species is shown in Figure 4.7. 
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Figure. 4.4: Pedigrees of the family “I”, segregating with ichthyosis in autosomal mode. Consanguineous 

marriages are denoted by double lines. Squares and circles indicates males, and females, respectively. Filled 

shapes show affected members while clear shapes symbolize unaffected individuals. The asterisk labeled 

members indicates the individuals which are available for the studies. Deceased individuals are shown by a 

slash through the symbol presenting them. 

 

Figure. 4.5: Clinical phenotypes of Ichthyosis in the family I .Both the affected members (III‐2) and (III‐4) from 

“Family I” presents typical characteristics  of an autosomal recessive congenital ichthyosis (ARCI) phenotype,. 

They exhibits generalized scaling consisting of medium‐sized brown to grayish scales on the body along with 

pruritus, anhidrosis, atopic dermatitis, heat intolerance, and decreased elasticity of the skin 
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Figure. 4.6: (A) Illustrates hypothetical structure of human chromosome 19. SULT2B1 gene resides on 

chromosome q13.33, shown by red box. (B) The hypothetical presentation of SULT2B1 gene, comprising of 7 

exons. (C) ) shows partial sequence of exon-3 of SULT2B1 in (a) an affected (III-2) and (b) in an unaffected 

member (II-4) of family I, presenting a novel homozygous missense variant (c.419C>T;p.Ala140Val) in affected 

(III-2) member. The solid red arrow indicates positions of the missense mutation. 

 

Figure. 4.7: The multiple sequence alignment of human Ala140 residue (red arrow) with other species. 

 

4.2.3   Family J (Netherton Syndrome)  

The congenital Ichthyosis affected family was ascertained from Karak district of Khyber 

Pakhtunkhwa of Pakistan. The history of family was collected, and pedigree was drawn based 

upon the information delivered by the family elders (Figure 4.8). The family J had three 

affected off springs (IV:1, IV-2  and IV-4) from unaffected consanguineous parents (III:1 and 

III:2).  
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4.2.3.1 Clinical features 

The analyzed individuals (IV‐1 and IV‐2) in this family are affected with Netherton syndrome. 

One male baby died after 2 weeks of birth before inclusion in the study. The clinical 

manifestations of the affected individuals were strongly suggestive of NS (Figure 4.9). The 

female patient (IV‐2) (28 years old), presented mild erythematous scales on her body. The 

number and severity of lesions had progressively increased in adulthood. Physical 

examination revealed alopecia, white flake‐like lesions on her scalp, eclabium, ectropion, thin 

eyebrows, absent eyelashes, numerous slightly erythematous grey/white eczematous‐like 

localized patchy skin lesions and desquamative plaques, absent body hair, hypohidrosis, 

diffuse palmoplantar keratoderma, and heat intolerance [Figure 4.9 (f–h)]. The patient also 

suffered from pruritus, severe scratching lesions, often causing restlessness and sleeplessness, 

atopic dermatitis, allergic rhinitis, and recurrent skin and systemic infections which especially 

flared up in winter. The other affected member (IV‐1) (31 years old male), has similar clinical 

features but with less severity as compared to those of her sister [Figure 4.9 (a-d)]. Both the 

patients displayed normal intellect with no evidence of any other systemic manifestations. 

4.2.3.2 Whole Exome Sequencing and filtration of variants   

WES of the proband (IV-1) DNA was performed in which initially, variants in the genes 

already linked to Ichthyosis were considered and further sorted out according to their effect 

on the protein structure. These variants were further filtered by their consistency with 

autosomal recessive inheritance pattern (homozygous or compound heterozygous). They were 

sorted based on their MAF from Ensembl and ExAC database and those with MAF <0.01 and 

unknown allele frequency. This filtration revealed a homozygous splice site variant (    

NM_001127698.1:c.882+1G>T) of SPINK5 gene causing Netherton Syndrome. To the best 

of our knowledge, SPINK5 variant identified in family J in this study, has never been 

documented in homozygous state in ichthyosis families both globally and in the South Asian 

subcontinent including Pakistani population before.  

4.2.3.3 Segregation analysis  

Sanger sequencing confirmed identified variant (c.882+1G>T) in the proband (IV:1). 

Afterwards, the variant was screened in other affected member (IV-2) and in parents (III:1 

and III:2) and found to cosegregate within family with the phenotype of disease. Patients 
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(IV:1, IV-2) were carrying the variation in homozygous state (Figure 4.10Ca), whereas 

parents (III:1 and III:2) were heterozygous for mutant allele (Figure 4.10Cb). These variants 

were not found in 100 control subjects and an inhouse database of 50 exomes. 

 

 

Figure. 4.8: Pedigrees of the family “J”, segregating with ichthyosis in autosomal recessive mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. Deceased individuals are 

shown by a slash through the symbol presenting them. 
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              Figure. 4.9: Clinical phenotypes of Ichthyosis in the family J . A male (IV-1) and a female (IV-2) patients of Family J shows the 

typical clinical phenotypes of Netherton syndrome. The female patient IV‐2 (28 years old), presented mild erythematous 

scales on her body. Physical examination revealed alopecia, white flake‐like lesions on her scalp, ectropion, thin eyebrows, 

absent eyelashes (e), numerous erythematous grey/white eczematous‐like localized patchy skin lesions and desquamative 

plaques, absent body hair, hypohidrosis, diffuse palmoplantar keratoderma, and heat intolerance (f-g). The other affected 

member IV‐1 (31 years old male) has similar clinical features but with less severity as compared to her sister (a-d). 

 

Figure. 4.10:  (A) Presents hypothetical structure of human chromosome 5. SPINK5 gene resides on chromosome 5q32, 

shown by red box. (B) The hypothetical presentation of SPINK5 gene, comprising of 33 exons. (C) ) shows a partial DNA 

sequence of SPINK5 gene representing (a) novel homozygous splice donor site variant (c.882+1G>T) in an affected member 

(IV-1) (b) in a heterozygous carrier (III-1) of family J. The solid black arrow indicates positions of the splice site mutation. 
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4.2.4 Family K (Ichthyosis vulgaris type) 

The family K was recruited from Kohat district of Khyber Pakhtunkhwa, Pakistan. The family 

history was collected to constructed pedigree (Figure 4.11). The four-generation family had 

three affected individuals (IV-2, IV-3 and IV-8). ). The pedigree demonstrate autosomal 

recessive manner of inheritance in a family K. 

4.2.4.1 Clinical Features 

 The affected females (IV‐3 and IV‐8) and the affected male (IV‐2) of Family K displaying 

ichthyosis vulgaris phenotypes, were born to healthy consanguineous parents with congenital 

erythroderma, mild peeling and dryness of the skin with moderate severity especially, in the 

groin region and lower legs. On examination, both the members showed generalized mild, dry 

and whitish to light brown scaly flakes on the skin, prominent on the extensor surfaces of 

limbs, lower abdomen, foot and soles. Whitish seborrheic plaques were also visible on the 

extremities. The affected individuals also showed erythema of skin, keratoderma, pruritus, 

atopic dermatitis, allergic rhinitis, allergic rhinoconjunctivitis, hypohidrosis, heat intolerance, 

and recurrent infections (Figure 4.12).  

4.2.4.2 Whole Exome Sequencing and filtration of variants   

DNA of the proband (IV-2) was subjected to WES in which initially, the genes already 

reported with Ichthyosis were chosen and were carefully filtered on the basis of autosomal 

recessive inheritance pattern. Finally, variants were shortlisted on the basis of unknown allele 

frequency or MAF<0.01 from Ensembl and ExAC. This filtration criteria results in 

identification of a nonsense variant (NM_002016.1:c.6109C > T; p. Arg2037Ter) in exon no 

3 of FLG gene. 

4.2.4.3   Segregation analysis  

Segregation analysis of this variants was performed with the help of Sanger sequencing in 

affected members (IV-2, IV-3 and IV-8) and healthy unaffected parents (III-1 and III-2). The 

proband (IV-2) inherits this variant from both unaffected parents in homozygous state. 

Homozygosity is also confirmed in other affected members (IV-3 and IV-8). And found to 

cosegregate within family with the disease phenotype (Figure 4.13Ca) whereas parents (III:1 
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and III:2) were heterozygous for mutant allele (Figure 4.13Cb). These variants were not found 

in 100 control subjects and an inhouse database of 50 exomes.  

4.2.4.4   In silico analysis   

The pathogenicity detecting tool predicted the variant (c.6109C > T; p. Arg2037Ter) to be 

“disease causing with score of 1.0. A premature stop codon is induced in the transcript of the 

mutant at position 2037, hence, the last 2024 amino acids are not produced and translation 

stops at 2037 position, leading to the loss of normal protein function (Figure 4.15e). The 

Arg2037Ter variant has not been reported earlier in the homozygous state in the South Asian 

subcontinent including Pakistan. The evolutionary conservation of Human Arg2037 through 

different species is shown in Figure 4.14.  

 

 

 

Figure. 4.11: Pedigree of the family “K”, segregating with ichthyosis in autosomal mode. Consanguineous 

marriages are denoted by double lines. Squares and circles indicates males, and females, respectively. Filled 

shapes show affected members while clear shapes symbolize unaffected individuals. The asterisk labeled 

members indicates the individuals which are available for the studies. Deceased individuals are shown by a slash 

through the symbol presenting them. 
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Figure. 4.12:  Clinical phenotypes of Ichthyosis in two affected patients IV-2 and IV-8 of Family K with phenotypic features 

of Ichthyosis Vulgaris. These patients present with congenital erythroderma, mild peeling and dryness of the skin with 

moderate severity especially, in the groin region and lower legs. (b, c). On examination, both the members showed 

generalized mild, dry and whitish to light brown scaly flakes on the skin, prominent on the extensor surfaces of limbs, 

lower abdomen, foot and soles (b, c).Whitish seborrheic plaques, were also visible on the extremities (c). The affected 

individuals also showed erythema of skin, keratoderma and atopic dermatitis ( b,c,d). 

 

Figure. 4.13: (A) Presents hypothetical structure of human chromosome 1. FLG gene resides on chromosome 
q21.3, shown by red box. (B) The hypothetical presentation of FLG gene, comprising of 3 exons. (C) It shows a 
partial sequence of exon-3 of FLG with homozygous nonsense variant in the FLG (c.6109C>T; p.Arg2037Ter); (a) 
in an affected member (IV-2) and (b) sequence of an unaffected heterozygous carrier (III-1). The solid black arrow 
indicates positions of the nonsense mutation. 
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Figure. 4.14: Multiple Sequence Alignment of Human Arg2037 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 

 

 

Figurer. 4.15: (a) Homology model of Wild and (b) mutant type of SULT2B1 protein. Residue at position 140 

are shown in stick model. (c) The superimposed structure of wild (green color) and mutant (yellow color) 

SULT2B1. (d) The zoom-up view of PAP binding site in wild type and mutant display difference in distance 

which suggest the p.Ala140Val may contribute to the cofactor binding. (e) Homology model of FLG from 

residue 1960-2854. The residue Arg2037 are shown with sphere representation. The orange color ribbon is 

absent in the p.Arg2037Ter (mutant form). 
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4.3 DISCUSSION 

In this study, we recruited a total of 10 ichthyosis patients from four unrelated Pakhtoon 

families from different regions of Khyber Pakhtunkhwa (KP), Pakistan. Detailed clinical and 

physical examination revealed abnormal phenotypes such as abnormal scaling and erythema 

of the skin, keratoderma and hyperlinearity of the palms and soles, alopecia, pruritus and 

atopic dermatitis, etc., caused by pathogenic variants in four different genes (TGM1, 

SULT2B1, SPINK5, and FLG) identified by WES. Previous studies have shown that all these 

four genes are involved in causing different types of ichthyosis (Tani et al. 2020, Erden et al. 

2020, Kim et al. 2017, Fioretti et al. 2020). 

Here, we present a comprehensive report of clinical and molecular characterization of 

ichthyosis Family H of Pakistani origin, showing the clinical hallmarks of a lamellar form of 

autosomal recessive congenital ichthyosis. The affected members showed typical phenotypes 

including the presence of collodion membrane during birth, along with large and thick, dark‐

brown plate‐like adherent scales on the face, ears and extremities. In Family H, a novel 

homozygous splice site mutation in the splice donor site of intron 13 (c.2088+1G>A) in TGM1 

was identified. The variant (c.2088+1G>A) was found to co-segregate with the phenotype of 

Table. 4.1:  Bioinformatics analysis of the identified sequence variants in four Pakistani ichthyosis families 

Family 

no 

Gene OMIM cDNA 

change 

Amino acid 

change 

Mutation 

taster  

PROVEAN SIFT PolyPhen2.0 I-

Mutant 

VarSome CRYP-

SKIP 

H TGM1 190195 c.2088+1G>A NA Diseasing 

causing 

Prob: 1 

NA NA NA NA Pathogenic 

 

PCRE = 

0.31 

I SULT2B1 604125 c.419C>T p.Ala140Val Disease 
causing 

Prob:  

0.99 

 

Deleterious  

score: -

3.726 

Tolerated 

 

Probably 
damaging 

Score:  1.000 

Protein 
stability 

decreases 

NA NA 

J SPINK5 605010 c.882+1G>T NA Disease 

causing 

Prob:   

0.99 

NA NA NA NA Pathogenic PCRE = 

.06 

K FLG 135940 c.6109C>T p.Arg2037Ter Disease 

causing 

Prob: 1 

NA NA NA NA NA NA 

Abbreviations; NA: not applicable, PCRE: Probability of cryptic splice site activation 
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disease within the family. Three patients (IV-2. IV-3 and IV-4) were carrying the mutant allele 

in homozygous state (Figure 4.3Ca).whereas the normal individuals (II-1 and II-2 and 1V-1) 

were heterozygous for the mutation carrying allele (Figure 4.3Cb ).  The TGM1 is located on 

chromosome 14q12 and comprises 14,095 bp in size (2454 bp coding sequence), and houses 

15 exons (GenBank NM_000359.2). The protein (90 kDa) encoded by TGM1 has many 

functional domains including Transglut N (117–235 aa), Transglutaminase/protease‐like 

homologs domain (TGc) (348–468 aa), and Transglut C domain (587– 691 aa and 699–796 

aa) (Alallasi et al. 2019). The variant identified in our patients is positioned in the Transglut 

C domain that speculatively leads to protein aberrations and affects the enzymatic activity, 

explaining a dramatic development of postnatal epidermal cornification. The TGM1 

functionally provides instructions for making a transglutaminase 1 (TGase1) enzyme. TGase1 

is one of the  eight catalytic transglutaminases recognized in humans and present in the 

epidermis (Kim et al. 1992). It is involved in the formation of epidermis by cross‐linking 

soluble cytoplasmic proteins onto the plasma membrane that provides strength and stability 

to the epidermis layer (Candi et al. 1995). A x‐hydroxyceramide is then covalently bound to 

CCE, a process that also involves TGm‐1 (Nemes et al. 1999). The crucial Ne‐(c‐glutamyl) 

lysine cross-linking of preservative proteins, such as involukrine and loricrin, is catalysed by 

TGase1 which also helps in attachment of long chain omega‐hydroxyceramides to involucrin 

by ester bond during the formation of the CCE. The CCE provide protection against infective 

agents and loss of water by providing a mechanical barrier (Robinson et al. 1997). TGM1 

mutations are the predominant and most convincing causes of autosomal recessive congenital 

ichthyosis (ARCI; OMIM: 190195, 242100, 242300), a rare, nonsyndromic and 

heterogeneous disorder of cornification, having three distinct clinical subtypes, including, 

lamellar ichthyosis (LI; OMIM: 242300), harlequin ichthyosis (HI; OMIM: 242500) and 

congenital ichthyosiform erythroderma (CIE; OMIM: 242100) (Fachal et al. 2012). Based on 

the previous studies, TGM1 has been one of the most common candidates responsible for LI 

(Alallasi et al. 2019, Fachal et al. 2012, Takeda et al. 2018, Farasat et al. 2009, Xiong et al. 

2015). Knockout studies on TGM1 in mice have shown erythematous and translucent tight 

skin, a prominent sign of a collodion membrane (Farasat et al. 2009, Xiong et al. 2015, 

Matsuki et al. 1998). Neonatal TGM1−/− knockout mice have displayed severe feeding 
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difficulties and consequently died within 4–5 h of birth because of severe dehydration 

(Matsuki et al. 1998).  

The genetic analysis of Family I showed a novel (homozygous) missense variant (c.419C>T; 

p. Ala140Val) in SULT2B1, revealing its lethal role in the causation of ARCI. The variant 

present in our patients is in the sulfotransferase domain that may affect the protein physiology 

and stability. The SULT2B1 (OMIM: 604125) is located on 19q13.33 and has seven coding 

exons. Previous literature and studies on the model organisms have shown that genetic 

alterations in the SULT2B1 have been strongly associated with ARCI (Heinz et al. 2017, He 

and Falany 2007, Youssefian et al. 2019). Heinz et al. (2017) reported four mutations 

including nonsense, missense, and splice‐site in three unrelated ichthyosis families using 

WES and multigene panel screening approaches (Heinz et al. 2017). Another group of 

researchers reported a cohort of 125 ARCI consanguineous families for screening the genetic 

alterations. They used a targeted NGS panel comprising 38 ichthyosis related genes and found 

pathogenic variants in the SULT2B1 (Fachal et al. 2012). SULT2B1 provides cholesterol 

sulfate, an active regulator of the keratinocyte differentiation, and thus has a pivotal role in 

homeostasis and barrier function of the human skin. 

 Affected individuals in Family J showed the main phenotypes of Netherton syndrome (NS; 

OMIM: 256,500), including congenital ichthyosiform erythroderma, persistent atopic 

manifestations and high levels of serum immunoglobulin E (IgE) in the blood. The disease is 

very severe, painful and fatal in the case of infants and newborns (Özyurt et al. 2019). A novel 

homozygous splice site variant (c.882+1G>T) in SPINK5 was identified in this family, which 

in its mutated form causes the NS phenotypes. In understanding the pathogenesis of the 

disease, Spink5 knock‐out murine models have been important and have driven NS patient 

investigations. They have recognized kallikreins as the main LEKTI targets. In particular, the 

unopposed operation of kallikrein‐related peptidase 5 (KLK5) plays a crucial role in initiating 

a dual biological cascade that has major impacts on the integrity and permeability of the skin 

barrier and also triggers skin inflammation and allergy through PAR‐2‐dependent and PAR‐

2‐independent pathways (Erden et al. 2020, Chavanas et al. 2000). SPINK5 is located on 5q32 

and has 34 coding exons. The SPINK5 variant found in our patients exhibited a very close 

clinical match with those of the patients described in the previous literature (Mizuno et al. 

2005, Renner et al. 2009, Hachem et al. 2006).  
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Molecular analysis of Family K identified a novel nonsense variant (homozygous) (c.6109C 

> T; p. Arg2037Ter) in three affected siblings in FLG, causing ichthyosis vulgaris phenotypes 

in its mutated form. The effect of the induced stop codon at amino acid position 2037 would 

cause the protein truncation and likely be targeted by nonsense‐mediated mRNA decay 

(NMD) (Maquat 2004). FLG has been found in association with different clinical 

manifestations such as asthma, eczema, atopic dermatitis, and ichthyosis vulgaris. FLG is 

located on 1q21.3, consisting of three coding exons. FLG is involved in several metabolic 

processes, e.g., acts as a hub in driving an intricate chain of interrelated functions, in the 

development of structural and chemical barriers, skin hydration, and regulation of epidermal 

homeostasis (Perusquía‐Ortiz et al. 2013). In the mammalian epidermis, the FLG protein plays 

a chief role in the aggregation of keratin intermediate filaments. Firstly, it is produced in the 

form of a precursor polyprotein molecule in the keratohyalin granules and then is 

proteolytically processed into the filaggrin molecules (Perusquía‐Ortiz et al. 2013, Seidl-

Philipp et al. 2020). Further studies on knockout models have described that FLG protein is 

crucial for the development of the skin barrier and genetic alterations in the FLG lead to major 

predisposing factors for atopic disorders (Park et al. 2015).  
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CHAPTER 5 

STUDY OF TWO PAKISTANI FAMILIES AFFECTED 

WITH HEREDITARY HYPOTRICHOSIS 

 

5.1 BACKGROUND 

Hereditary hair loss disorders are a category of hereditary disorders marked by decreased or 

complete absence of hair, scanty scalp hairs, eyelashes, eyebrows, and bodily hair. Hereditary 

hair loss can be a standalone condition, or it can be linked to problems in other organs and 

tissues. Intellectual incapacity, retinal degeneration, hearing impairment and nail and skin 

deformities are among the related disorders. There have been seventeen different forms of 

solitary hair loss illnesses recognized so far. Seven genes have been discovered that cause 

autosomal dominant hair loss (CDSN, APCDD1, KRT71, SNRPE, KRT72, U2HR, and 

RPL21). Similarly, seven genes (DSG4, DSC3, HR, LPAR6, LIPH, KRT25, and DSP) have 

been linked to distinct human chromosomes for autosomal recessive hair loss disorders. This 

included HR (Zlotogorski et al. 1998, Ahmad et al. 1998), DSC3 (Ayub et al. 2009) , KRT25, 

associated with ARWH of the scalp (Ansar et al. 2015) and DSP, with non-syndromic alopecia 

(Jan et al. 2015) in Pakistani families. Similarly, three genetically diverse variants of LAH 

with phenotypic resemblance similarities have been linked to different human chromosomes: 

LAH1 to 18q12.1 (Kljuic et al. 2003), LAH2 to 3q27.3 (Aslam et al. 2004) and LAH3 to 

13q14.11–q21.32 (Wali et al. 2007) caused by mutations in DSG4 (Kljuic et al. 2003), LIPH 

(Kazantseva et al. 2006) and LPAR6 (Pasternack et al. 2008, Shimomura et al. 2008) 

respectively. Among these genes, sequence variants in two genes has been reported to cause 

the autosomal recessive wooly hairs, LPAR6 and LIPH (Shimomura et al. 2008, Pasternack 

et al. 2009, Shimomura et al. 2009, Kurban et al. 2010, Khan et al. 2011, Mahmoudi et al. 

2012, Liu et al. 2013, Tanahashi et al. 2014, Mehmood et al. 2015, Sharif et al. 2017, Khan 

et al. 2019). 

Up till now, four genome-wide substantial loci for androgenetic alopecia (AGA) have been 

found on chromosomes 2q35, 3q25.1, 5q33.3, and 12p12.1. (Heilmann et al. 2013). The genes 

for three other autosomal recessive forms of hair loss diseases are yet to be discovered. (Basit 

et al. 2010, Jan et al. 2015). 
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In addition to the solitary hair loss illnesses mentioned above, syndromic hair loss disorders 

have been reported, in which hair anomaly is coupled with anomalies in other ectodermal 

appendages, as well as neurological, cardiac, ophthalmic problems, hypogonadism and 

neuroendocrine expressions. (Alazami et al. 2008, Nousbeck et al. 2008). Examples are 

Woodhouse Sakati Syndrome (MIM 241080), Zimmermann– Laband syndrome (MIM 

135500), Coffin–Siris syndromes (MIM 135900), Cornelia de Lange syndrome (MIM 

122470) and Wiedemann-Steiner syndrome (MIM 605130).  

Two families (L,M) with hair anomalies are presented in this part of the thesis. Affected 

members in family L presents isolated hair loss disorders, while affected members in family 

M shows syndromic form of hair loss disorders, showed features of hypotrichosis, intellectual 

disability, hearing impairment, microcephaly with history of cardiac abnormalities and 

diabetes mellitus in family.  

5.2 RESULTS 

 

 5.2.1 Family L  

(Localized Autosomal Recessive Hypotrichosis 3) 

Family L with hypotrichosis (Figure 5.1), consisting of five-generation and  exhibiting 

autosomal recessive mode of inheritance, was sampled from Karak district of  Khyber Pakhtun 

khwa province of Pakistan. The family history was collected to construct pedigree (Figure 

5.1). The family have two affected individuals (V-1, V-2) but the male member V-1 died in 

early infancy due to failure to thrive. The pedigree showed autosomal recessive mode of 

inheritance in a family L.  

5.2.1.1 Clinical Features 

The affected female (V-2) had curly hairs present on the scalp at birth, but regrowth was very 

scanty after ceremonial shaving, done one week after birth. The affected individual showed 

characteristic features of wooly hairs (a type of hypotrichosis) with thin fragile curly hairs on 

scalp with patchy hair loss. Patient demonstrate normal  growth of eyebrows, eyelashes  and 

other body parts hairs including axillary and pubic hairs (Figure 5.2).She also demonstrated 

presence of large fat nodules on the extensor surface of extremities. In the affected individuals, 

other ectodermal traits such as teeth, nails, and perspiration were normal. Face dysmorphisms, 
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neurological issues and any other systemic manifestations were not observed. The 

heterozygous carrier individuals had normal growth of hairs on the scalp and other body parts 

and were clinically identical to those with normal genotypes. Blood samples from five family 

members were provided for this investigation, including one affected sister (V-2), her normal 

siblings (V-3, V-4), and parents (IV-1, III-3). 

 

5.2.1.2 Genotyping and Sequence Analysis of LPAR6 

Linkage in the family L was investigated using microsatellite markers linked to already 

detected genes responsible for phenotypes of hypotrichosis which includes  DSG4 and DSC3 

linked 18q12.1-q12.2 chromosome (D18S1133, D18S847, D18S47, D18S456, D18S877), 

LIPH  linked to 3q27 chromosome (D3S3592, D3S1530, D3S1602, D3S3583, D3S1617), 

LPAR6 linked to 13q14.11-q23.21 chromosome (D3S164, D13S273, D13S153, D13S118,  

D13S165), and HR linked to 8p21chromosome  (D8S1752, D8Sl 786,  D8S280, D8Sl733, 

D8S1861). The connection of family L to the LPAR6 gene on chromosome 13q21.3 was 

confirmed by gel bands on a polyacrylamide gel (Figure 5.3). Subsequently, using the 

genomic DNA, the sequencing of LPAR6 gene was done in an affected member (V-2) (Figure 

5.4c), two unaffected members (V-3. V-4) (Figure 5.4a) and parents IV-1, III-3) (Figure 

5.4b) from the said family. In affected members of the family, sequence analysis 

indicates homozygous single base pair substitution, of G to A at nucleotide position, 436 

(c.436G>A), resulting in a change of glycine amino acid to arginine at codon 146 

(p.Gly146Arg) (Figure 5.4c). The variant is not found in 100 control subjects and an inhouse 

database of 50 exomes. 

5.2.1.3 Insilico Analysis 

Protein  sequence analysis by PolyPhen (http://genetics.bwh.harvard.edu/pph/), protein 

prediction tool used for analysis of protein sequence  predicts that glycine to arginine amino 

acid substitution (p.Gly146Arg) may have a damaging effect on P2Y5 structure with a PSIC 

(Position specific independent counts) score Of 0.97. Structural changes using PyMOL 

(Figure 5.6) and evolutionary changes through different species are also evident (Figure 5.5). 

Evolutionary changes through different species are also evident (Figure 5.5). 

http://genetics.bwh.harvard.edu/pph/
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Figure. 5.1: Pedigrees of the family “L”, segregating with autosomal recessive hypotrichosis.. Consanguineous 

marriages are denoted by double lines. Squares and circles indicates males, and females, respectively. Filled 

shapes show affected members while clear shapes symbolize unaffected individuals. The asterisk labeled 

members indicates the individuals which are available for the studies. Deceased individuals are shown by a slash 

through the symbol presenting them. 

 

Figure. 5.2: Clinical phenotypes of Hypotrichosis in family L. The affected member V-2 demonstration typical 
features of hypotrichosis including Sparse, thin, short, rough, dry, lighter in color scalp hairs. The affected 
individual V-2 showed characteristic features of wooly hairs ( a type of hypotrichosis) with thin fragile  curly, 
Sparse, thin, short, Rough, dry, lighter in color  hairs on scalp with patchy hair loss (a, e) Patient demonstrate 
normal  growth of eyebrows, eyelashes  and other body parts hairs including axillary and pubic hairs.  
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Figure.5.3: Haplotype Of family L, segregating (autosomal recessive) hypotrichosis. Haplotypes are shown 
underneath each symbol for genotyped individuals. Disease interval is flanked by (markers) DI3S164, D13S152 and 
DI3S165 illuminating that affected individual (V-2) is homozygous, whereas unaffected parents (IV-1, III-3) and sibs 
(V-3, V-4) are heterozygous carriers. 

                                                                     
Figure.5.4:  (A) Presents hypothetical structure of human chromosome 13. LPAR6 gene resides on chromosome 
13q14.11-q23.21, shown by red box. (B) The hypothetical presentation of LPAR6 gene, comprising of 7 exons. (C) It 
shows a partial sequence of exon 7 of LPAR6 gene showing a substitution of G with Α at nucleotide 436 (c.436G>A, 
p.Gly146Arg) from (a) a control individual, (b) a heterozygous carrier (IV-1) and (c) a homozygous affected individual 
(V-2). The solid red indicates positions of the missense mutation.  
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Figure. 5.5: Multiple Sequence Alignment of Human Gly146 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 

 

 

Figure.5.6: Structural changed induced by creating Gly 146 Arg mutation by using PyMOL, (Haq et al, 2018). 

 

 

 5.2.2 Family M  

(Woodhouse–Sakati syndrome) 

A large consanguineous pedigree including five affected siblings, (IV-1 , IV-2 , IV-3 , IV-4 , 

IV-5), showing WSS phenotypes was sampled from Kohat district of Khyber Pakhtunkhwa, 

Pakistan.  Pedigree was drawn according to the details taken from family members (Figure 

5.7). Family M had three affected girls (IV-1, IV-2 and IV-5) and two affected boys ( IV-3 

and IV-4)  respectively. They were born to cousin marriage and the family had multiple cousin 

marriages; however, their previous ancestral generations do not show any history of similar 

patients. The analysis of pedigree demonstrate that the disease is inherited by autosomal 

recessive pattern. The phenotypic evaluation of affected members was done at local 
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Government hospital. Total seven members of the family including two parents ( III-1, III-2) 

and two affected daughters (IV-1, IV-2, IV-3, IV-5 and IV-6)  take part in this study. 

5.2.2.1 Clinical Features  

 Specialized clinicians examine and confirmed the presence of alopecia, intellectual disability, 

hypogonadism, mild sensory neural deafness, delayed speech and language development and 

extra pyramidal features in affected members of the family (Table 5.1). Hair loss disorder in 

the affected patients was defined by the presence of sparse, thin, short, dry, lighter in color 

scalp hairs,that breaks easily, scanty eyebrows, and absence of axillary and pubic region hair. 

Nails and teeth are normal. They also display sensory neural deafness and intellectual 

disability of mild severity. Facial dysmorphism in the form of elongated face, flat occiput, 

prominent supraorbital ridge, hypertelorism and prominent nasal bridge were observed in 

affected members of the family (Figure 5.8). The affected female individuals (IV-1, IV-2) 

confirmed occurrence of hypogonadism during puberty. During adolescence, both the sisters 

experienced failure of development of secondary sexual characters along with infantile uterus, 

primary amenorrhea and breast hypoplasia. They also exhibit precocious skin aging, early 

onset diabetes mellitus and flattened T waves on ECG. Biochemical investigation shows 

increase serum follicle-stimulating hormone (FSH) and, luteinizing hormone (LH) levels and 

decrease prolactin, estradiol and cholesterol levels. They also showed glycated hemoglobin 

(HbA1C) levels within the range of uncontrolled glycemia. The two affected male individuals 

(IV-3, IV-4) also demonstrate underdevelopment of secondary sexual characters and external 

genitalia. The 14 years old male individual (IV-3) shows blepharospasm, decrease  levels of 

IGF-1 and increase serum cholesterol (Table 5.1), while the other male patient (IV-4) exhibit 

extra pyramidal manifestations like those mentioned earlier in patients suffering from WHS 

(Alazami et al. 2010, Habib et al. 2011, Ali et al. 2016, Shah et al. 2020). He displayed 

myogenic contractures with stiffed muscles, blepharospasm, camptodactyly, spastic 

quadriplegia, choreoathetosis dysarthria, dystonia and dysphagia, microcephaly with history 

of Seizure since childhood along with incontinence. Radiological investigations such as 

computed tomography, (CT) and magnetic resonance imaging (MRI) of the affected 

members, were not accessible for analysis. Previous family history of hypertension and 

diabetic is reported by the parents. The anticipated heterozygous carriers present in the family 
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were asymptomatic and showed phenotypic and genotypic appearance similar to normal 

population. 

5.2.2.2 Whole Exome Sequencing and filtration of variants  

DNA of  all the members were subjected to WES, which initially, variants of panel of genes 

already reported with hypotrichosis were selected and further categorized on basis of their 

effect on protein structure such as nonsense, missense, frameshift, indels and splice site 

variants. Further filtration based on their consistency with autosomal recessive inheritance 

pattern (homozygous or compound heterozygous) and MAF < 0.01 in Ensembl and ExAC 

database or centogene database. CENTOGENE detected 

chr2:172337483_172337486delGACA, which is located at splicing site acceptor site deletion 

mutation (c.1423-1_1425delGACA) in DCAF17 (NM_025000.3) gene mapped on 

chromosomes 2q22.3–2q35. The sequence variant c.1423-1_1425del has never been reported 

in public databases including gnomAD, 1000 genome, Exome sequencing project, CentoMD 

and 100 inhouse Pakistani exomes 

5.2.2.3 Segregation analysis  

Sanger sequencing confirmed identified variant c.1423-1_1425del in the proband (IV:1). 

Afterwards, the variant was screened in parents (III-1 and III-2) and found to cosegregate 

within family with the phenotype of disease. Patients (IV-1, IV-2, IV-3 and IV-5) were 

carrying the variation in homozygous state (Figure 5.9Cc), whereas parents (III-1 and III-2) 

were heterozygous for mutant allele (Figure 5.9Cb). The mutation detected in this study is a 

deletion mutation at splicing acceptor site, so most probably this will lead to exon skipping, 

however, if the splicing does occur then due to deletion of the two nucleotides from the coding 

region, there will be frameshift. So, in each case probably a truncated protein will be 

translated, which lack/altered residues after 474, results in a function less protein. 

5.2.2.4 In silico analysis 

The mutation (c.1423-1_1425delGACA) in DCAF17 is predicted to be disease causing by 

mutation taster. Also, the variant flanking sequence is highly conserved in different species, 

which is confirmed by PhastCons and PhyloP (0.3 to 5.4) scores. 
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Figure. 5.7: Pedigree of the family M segregating Woodhouse–Sakati syndrome phenotypes in an autosomal 

recessive mode. Consanguineous marriages are denoted by double lines. Squares and circles indicates males, 

and females, respectively. Filled shapes show affected members while clear shapes symbolize unaffected 

individuals. The asterisk labeled members indicates the individuals which are available for the studies. 

Table.5.1: Clinical and laboratory features of affected individuals in studied family M. 

+, presence of feature; −, absence of sign; NA, not available. 

Clinical Features Affected Members 

ID in Pedigree IV-1 IV-2 IV-3 IV-5 IV-6 

Sex Female Female Male Male Female 

Age (years) 18 16 14 11 9 

Height (cm)   188 185 192 152 92 

Weight (kg)   60 59 58 55 48 

Ectodermal Appendages      

Hair Abnormalities      

Sparse, fine, short and fragile scalp hair + + + + + 

Scanty eyebrows + + + + + 

Sparse eyelashes - - - - - 

Body hairs Normal Normal Normal Normal Normal 

Axillary hairs - - - NA NA 

Pubic hairs - - - NA NA 

Nails disorders - - - - - 

Anodontia  - - - - - 

Hypoplasia of dental enamel  - - - - - 
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Precocious skin aging  + + - - - 

Palmer and planter hyperkeratosis - - - - - 

Ocular Findings       

Keratoconus  - - - - - 

Neurological Features       

Sensorineural Deafness Moderate Mild Mild Moderate Mild 

Intellectual disability Mild Mild Mild Moderate Mild 

Extrapyramidal Features       

Dystonia  - - - + - 

Blepharospasm  - - + + - 

Choreoathetosis  - - - +  

Dysarthria  - - - + - 

Dysphagia - - - + - 

Spastic quadriplegia - - - + - 

Myogenic contractures - - - + - 

Seizure 
History in 
childhood 

History in 
childhood 

- + - 

Delayed speech and language 
development 

+ + + + + 

Microcephaly - - - + - 

Endocrine features      

Hypogonadism  + + + + + 

Failure of secondary sexual characters 
development  

+ + + + + 

Breast hypoplasia + + - - - 

Widen Intermammillary distance + + + + + 

Infantile Uterus with absent 
menstruation 

+ + - - - 

Diabetes mellitus + + - - - 

Thyroid Normal Normal Normal Normal Normal 

Other features      

Facial dysmorphism  Triangular shaped 
elongated face 

+ + + + - 

Flat occiput  + + + + + 

Prominent supraorbital ridge + + + + - 

Hypertelorism  - - - - - 

Prominent nasal root + + + + - 

Incontinence - - - + - 
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Camptodactyly - - - + - 

Acanthosis nigricans  - - - 

- 

 

 

- 

ECG Changes  Flattened T wave + + - - - 

Laboratory tests       

IGF-1 (ng/ml)  28.09 33.67 51.04   

Thyroxin (T4) ug/ml  8.87 11.62 9.64 NA NA 

TSH (uU/ml)  2.786 1.025 3.778 NA NA 

LH (mIU/ml) 18.55 24.32 6.95 NA NA 

FSH (mIU/ml) 77.64 59.03 4.26 NA NA 

PRL (ng/dl) 35.67 46.12 92.0 NA NA 

Testosterone (ng/ml) NA NA 10.3 NA NA 

Estradiol (pg/ml) 49.66 54.92 NA NA NA 

hbA1C (%)  7.8% 7.6% 5.8% NA NA 

Serum cholesterol (mg/dl) 294 288 263 NA NA 
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Figure. 5.8: Clinical phenotypes of Woodhouse–Sakati syndrome in family“M”. The affected individuals, member 
IV-1 (a, b), member IV-2 (c, d) and member IV-3 (e, f) demonstration typical features of WHS Syndrome including  
Sparse, thin, short, Rough, dry, lighter in color scalp hairs, Facial dysmorphism,  Triangular shaped elongated 
face, flat occiput, Prominent supraorbital ridge, Hypertelorism, Prominent nasal root and failure of secondary 
sexual characters development.
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Figure. 5.9: (A) Presents hypothetical structure of human chromosome 2. DFAC17 gene resides on chromosome 

q31.1, shown by red box. (B) The hypothetical presentation of DFAC17 gene, comprising of 14 exons. (C) It shows 

a partial sequence of exon13-intron14 of DFAC17 gene identifying a splicing site deletion c.1423-

1_1425delGACA; (a) shows the homozygous wild allele in the unaffected brother (IV‐6), (b) shows the 

heterozygous mutant allele in the carrier (III‐1) and (c) shows the homozygous mutant allele in the affected 

member (IV‐1). The solid red arrow indicates positions of the splice site mutation. 

 

5.3 DISCUSSION 

The nonsyndromic isolated hair disorders called Woolly hair/hypotrichosis (WH/H) is a 

hereditary disorder characterized by slowly growing short, sparse, and curly hair reaching 

only a few centimeters in length. Based on related features, WH/H can be grouped into 

syndromic and non-syndromic forms. In syndromic forms, the related features include ocular 

anomalies (Taylor 1990), cardiomyopathy (Ramoğlu et al. 2017), palmo-plantar keratoderma 

and skin fragility (Boyce et al. 2012). The non-syndromic forms are divided into three major 

subtypes: a localized form (woolly hair nevus) and two generalized forms including 
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‘autosomal dominant hereditary, woolly hair’ and ‘autosomal recessive woolly hair’ (Singh 

et al. 2012, Basit et al. 2015). Keratin 71 (KRT71) (Fujimoto et al. 2012) and keratin 74 

(KRT74) gene mutations are linked to autosomal dominant WH/H (Wasif et al. 2011). While 

autosomal recessive WH/H is associated with mutations in genes lipase-H (LIPH) and 

lysophosphatidic acid receptor 6 (LPAR6) (Mehmood et al. 2015, Ahmad et al. 2018). 

In family L, screening the LPAR6 gene revealed a previously described missense variant 

(c.436G>A p.Gly146Arg) in affected member (IV-2). The p. Gly146Arg substitution is in the 

fourth Transmembrane domain of the P2Y5 gene. Analysis of the protein sequence by protein 

prediction tool PolyPhen (http://genetics.bwh.harvard.edu/pph/) shows that glycine by 

arginine amino acid substitution (p.Gly146Arg) may have a damaging effect on P2Y5 

structure with a PSIC (Position specific independent counts) score of 0.97. ). Clustal Omega 

analysis demonstrate high conservation of mutated glycine residue at position 146 in Other 

P2Y5 orthologs (Figure 5.5). The LPAR6 (lysophosphatidic acid receptor 6) encodes P2Y5 

protein with 366 amino acids,  four extracellular domains (E1;1-19 amino acids, E2;80-92 

amino acids, E3;155-181 amino acids, E4;254-272 amino acids), four cytoplasmic domains 

(C1;47-55 amino acids, C2;113-133 amino acids, C3;210-227amino acids, C4;293-344 amino 

acids) and seven proposed  hydrophobictransmembrane regions (TM1;20-46 amino acids, 

TM2;56-79 amino acids, TM3;93-112 amino acids, TM4;134-154 amino acids, TM5;182-209 

amino acids, TM6;228-253 amino acids, TM7;273-292 amino acids)  

(http://au.expasy.org/uniprot/P43657). LIPH and LPAR6 codes for proteins involved in the 

formation of cell membranes component  “2-acyl-lysophosphatidic acid” and oleoyl-Lalpha-

Lysophodphatidic acid (LPA) which acts as ligand for the P2Y5 a G-protein-coupled receptor 

(GPCR) (Jelani et al. 2008). The expression of LPAR6 gene take place in both Henle’s and 

Huxley’s layers of hair follicle (Shimomura et al. 2008) and together with LIPH gene is 

involved in hair growth cycle differentiation and regulation (Pasternack et al. 2009). LPAR6 

has expression in several tissues including placenta, thymus, spleen, prostate, and hair. 

Apoptosis, muscular contraction, and cell migration are all aided by the P2Y5 protein in 

combination with certain fatty acids. (Herzog et al. 1996). Protein structure for zebrafish 

LPAR6 with 63% identity has recently been determined (PDB: 5XSZ) (Taniguchi et al. 2017).  

To date, 28 different sequence variations in LPAR6 have been reported as the underlying cause 

of hypotrichosis and/or woolly hair phenotype in different ethinic groups of the world 

http://au.expasy.org/uniprot/P43657


 

121 

 

(http://www.hgmd.cf.ac.uk/ac/index.php. This variant has previously been described as 

disease causing for hypotrichosis by many studies (Azeem et al. 2008, Shimomura et al. 2009, 

Liu et al. 2013, Sharif et al. 2017, Ahmad et al. 2018, Khan et al. 2019). In conclusion, our 

findings extend the spectrum of known LPAR6 mutations in the Pakistani population and 

further support a crucial role of LPAR6 in hair growth and texture in humans.  

In affected members of the Family M under study, neuroendocrine and ectodermal features, 

of variable degrees were observed. All the affected individuals demonstrate sparse and fine 

scalp hair,that breaks easily, less dense eyebrows, and absence of axillary, and pubic region 

hair. However, eyelashes in affected homozygotes were indistinguishable from normal 

individuals in the family. Mild to moderate sensorineural hearing loss, delayed speech and 

language development and intellectual disability were also noted in affected members of the 

family.  Most prominent extrapyramidal features were noted in affected brother (IV-5) such 

as dystonia, choreoathetosis, dysarthria, dysphagia, spastic quadriplegia, myogenic 

contractures, seizure and microcephaly. The affected individual IV-3 and IV-5 also showed 

blepharospasm. Among the endocrine features all the affected members showed 

hypogonadism, failure of secondary sexual characters development and widen 

intermammillary distance, also, in elder affected sisters, breast hypoplasia, infantile uterus 

with absent menstruation and diabetes mellitus were noted. Affected individuals also showed 

variable degree of facial dysmorphism which is rarely reported in individuals with WSS 

phenotypes. In elder affected sisters (IV-1 and IV-2) flattened T wave was recorded in ECG. 

For laboratory tests samples were available of three affected members including two females 

(IV-1 and IV-2) and one male (IV-3). The laboratory tests showed perturbance in LH, FSH, 

PRL, estradiol, IGF-1 and serum cholesterol in affected sisters IV-1 and IV-2, respectively. 

However, the level of thyroxin and TSH were normal. In affected brother IV-3 most of the 

laboratory tests showed normal rang such as LH, FSH, thyroxin, TSH, Testosterone except 

elevated serum cholesterol and decreased IGF-1 levels (Table 1).    

The mutation (c.1423-1_1425delGACA) in DCAF17  detected in this study is a deletion 

mutation at splicing acceptor site, so most probably this will leads to exon skipping, however, 

if the splicing does occur then due to deletion of the two nucleotides from the coding region, 

there will be frameshift. So, in each case probably a truncated protein will be translated, which 

lack/altered residues after 474, results in a function less protein .It is also predicted to be 
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disease causing by mutation taster. Previously, twenty-four different variants are reported in 

DCAF17 gene in people of different ethnicity including,  Arabic, Turkish ,Pakistani, Indian, 

Italian and, French and among them only six mutations are splice site variants  however, this 

is the first splicing site deletion mutation ever reported.  

 

The exact mechanism of action of the disease is still unknown because of deficiency of 

knowledge regarding the precise functioning of the DCAF17 protein. However, based on the 

hypothesis of Alazami  (Alazami et al. 2008), the DCAF17 mutations, disrupts the cell  

nucleolus, which in turn causes inadequacies in synthesis of ribosomes, cell cycle regulation, 

process of cellular ageing, signal recognition, processing of small‐RNA, transport of mRNA  

and even in apoptosis (Boisvert et al. 2007). Distraction of these process in our patients may 

results the development of WSS phenotypes.. Its expression is abnormal in different body 

parts including skin, liver, brain, and seminiferous tubules, without any conclusive in vitro 

demonstration, in islet cells. Studies infer possible defects of islet cell   because of low level 

of C-peptide and a pancreas atrophy, but further animal-based, studies are obligatory to 

explain these finding (Rachmiel et al. 2011). Similarly the DCAF17 knockout mice generated 

by gene targeting shows that the DCAF17 mice produced decrease number of sperm, with 

abnormal shape and significantly, low motility. Histological examination, of the testis shows 

impairment of spermatogenesis with presence of vacuoles and, sloughed cells, in the 

seminiferous tubules. Disruption of DCAF17 caused asymmetric acrosome capping, impaired 

nuclear compaction and abnormal round spermatid to elongated spermatid transition. These 

studies demonstrate the crucial role of DCAF17 in spermiogenesis and infertility (Gurbuz et 

al. 2018).  Mutation identification in the DCAF17 gene is useful for the confirmation the 

diagnosis of WSS, predominantly in those young patients, in whom the distinctive symptoms 

of this syndrome have not yet fully established. 

(http://www.hgmd.cf.ac.uk/ac/all.php).   

http://www.hgmd.cf.ac.uk/ac/all.php
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CHAPTER 6 

STUDY OF TWO PAKISTANI FAMILIES AFFECTED 

WITH OCULOCUTANEOUS ALBINISM 

 

6.1 BACKGROUND 

Melanosomes are the cellular organelle  that in which melanin pigment is synthesized, 

storaged, and transported to various other tissues including retinal pigment epithelium cells 

(RPE), skin and stria vascularis of the inner ear in mammals (Wasmeier et al. 2008). For 

optimal functioning, melanocytes works under the control of specific multiple gene regulatory 

networks (D'Mello et al. 2016). Individuals with insufficient or no pigmentation are more 

likely to develop ultraviolet-mediated skin abrasions and are more vulnerable to develop 

lethal illnesses such as skin carcinoma and melanoma. (Brenner and Hearing 2008). 

Oculocutaneous albinism (OCA) is a disorder of pigmentation which is presented as lack of 

pigmention or defective melanin production in the skin, eyes, and hair follicles (David 2013). 

Clinical characteristics of OCA include milky white skin, whitish to golden hairs, and retinal 

cells deterioration (Gul et al. 2017), photophobia, nystagmus, strabismus, foveal hypoplasia 

and visual deficits(Biswas and Lloyd 1999). Globally, it affects one in every 17,000 people, 

means one in 70 people are in OCA allele carrier state (Grønskov et al. 2007). 

Oculocutaneous albinism is further divided into Non-syndromic OCA and Syndromic OCA. 

Till now seven genes have been implicated with non-syndromic form OCA including (TYR, 

TYRP1, OCA2, SLC45A2, SLC24A5, C10ORF11, and MC1R) and an uncharacterized locus 

(OCA5) (Gul et al. 2017). The protein products of these OCA genes are associated with 

melanin biosynthesis pathway (Khan et al. 2015). Amongst all identified genes, TYR and 

OCA2 are the most commonly reported genes in world populations, including Pakistani 

families (Jaworek et al. 2012, Shahzad et al. 2017). 

Herein this  study, we applied WES approach for the genetic diagnosis of OCA patients in 2 

families, N and O  from Khyber Pakhunkhwa  province of Pakistan, identifying a known and 

a new mutations in TYR and TYRP1 genes. 
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6.2 RESULTS 

 

6.2.1 Family N   

(Oculocutaneous Albinism Type II (OCA2)) 

Family N for the present study, was recruited from Karak District of Khyber Pakhtunkhwa, 

Pakistan. Pedigree of the family (Figure 6.1) was constructed according to the information 

provided by elder members of the family which displays autosomal recessive mode of 

inheritance. Family N is a four-generation consanguineous family which had eight members 

in total with five members (III-1, III-2, IV-4, IV-5, IV-6) participating in this study. Out of 

these five individuals, two were affected female sisters (IV-5, IV-6) while the Parents (III-1, 

III-2) and one unaffected sibling (IV-4) have phenotypically normal appearance. Blood is 

drawn from all the five members for further analysis. Affected individuals were evaluated at 

district hospital Karak, Khyber Pakhtunkhwa province, for a thorough clinical assessment. 

6.2.1.1 Clinical features 

Both the patients had similar phenotype and were born to first-cousin healthy parents after 

normal pregnancy by normal vaginal delivery with no postnatal complications.  Phenotypes 

and clinical symptoms include yellowish golden blond hairs , pinkish white colored skin, 

greyish blue colored  iris, photophobia, nystagmus, strabismus, decreased visual acuity, 

hypersensitivity to sunlight  and recurrent chest infections. There is no history of any other 

systemic complication (Figure 6.2)   

6.2.1.2 Whole Exome Sequencing and variants filtration  

DNA of the proband (IV-5) was subjected to whole exome sequencing in which initially, 

variants of genes already reported with Albinism were selected and further categorized on the 

basis of their effect on protein structure Further filtration, on the basis of  their consistency 

with autosomal recessive inheritance pattern i.e. compound heterozygous or homozygous  and 

MAF < 0.01 in Ensembl and ExAC database, revealed  a homozygous missense variant OCA2 

NM_000275.2:c.2458 T>C (p.Ser820Pro) on OCA2 that results in a change of an amino acid 

Serine to Proline at codon 820 in exon 24 of OCA2. It has been reported with an extremely 
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low frequency in the large population cohorts (GenomAD) 

(http://genomad.broadinstitute.org). 

6.2.1.3   Segregation analysis  

The missense variants of OCA2, c.2458 T>C (p.Ser820Pro) identified in homozygous state in 

the proband (IV-5) and other affected sister (IV-6) of family N (Figure 6.3Ca) were verified 

through Sanger sequencing. Both patients (III-1 and III-2) and unaffected sibling (IV-4) of 

the family, were heterozygous carriers for c.2458T>C variant. (Figure 6.3Cb). The variation 

c.2458 T>C results in substitution of proline at 820 position in place of Serine (p.Ser820Pro). 

The identified variant was also not present in a cohort of 100 ethnically matched controls. 

6.2.1.4   In silico analysis   

The mutation c.2458 T>C was predicted to be probably damaging, disease causing and 

delirious by SIFT, Polyphen2, Mutation taster and Provean respectively. This homozygous 

variation of OCA2 c.2458 T>C (p.Ser820Pro) would be expected to lead to oculocutaneous 

Albinism, type II (autosomal recessive). The evolutionary conservation of Human Ser820 

through different species is shown in Figure 6.4. 

 

Figure. 6.1: Pedigree of the family “N”, segregating oculocutaneous albinism in autosomal mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. Deceased individuals are 

shown by a slash through the symbol presenting them. 

http://genomad.broadinstitute.org/
http://genomad.broadinstitute.org/
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Figure. 6.2:  Clinical phenotypes of oculocutaneous albinism in family N. Both the affected member IV-5  and IV-

6 demonstration cardinal features of oculocutaneous albinism with yellowish golden blond hairs , pinkish white 

colored skin, greyish blue colored iris, Photophobia, nystagmus, strabismus, decreased visual acuity, 

hypersensitivity to sunlight  (a-c).    

  

Figure. 6.3:  (A) Shows hypothetical structure of human chromosome 15 encoding OCA2 gene on 

chromosome 15q11.2-q12, shown by red box. (B) The hypothetical presentation of OCA2 gene, consisting of 

24 exons. (C) represents  sequencing analysis of exon 24 of OCA2 gene in family N showing a  homozygous 

missense variant c.2458T>C on OCA2 that results in a change of an amino acid Ser to Pro at codon 820 in the 

affected sibling (IV-5) born to a consanguineous union; (a) shows wild type or unrelated healthy control; (b) 

obligate carrier or parent (III-1)  (c) shows affected (IV-5) ; The solid red lines represent positions of the 

missense mutation. 
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Figure. 6.4: Multiple Sequence Alignment of Human Ser820 with its Orthologs. Red arrow showing its 

evolutionary conservation through different species. 

 

6.2.2 Family O 

(Oculocutaneous Albinism Type III (OCA3)) 

Family O affected with OCA was recruited from South Waziristan district of Khyber 

Pakhtunkhwa of Pakistan. Pedigree was drawn according to the information provided by the 

parents which is consistent with autosomal recessive mode of inheritance (Figure 6.5). The 

family had two affected descendants (IV-2 and IV-6) of consanguineous unaffected parents 

(III-1, III-2). Detailed phenotypic examination of patients was performed by an expert 

dermatologist at a local Government hospital. In Family O, venous blood samples were taken 

from four members of the family: two parents (III-1, III-2), one healthy individual (IV-1) and 

one affected individual (IV-6). 

6.2.2.1 Clinical features 

The affected member (IV-6) of Family O, presenting an autosomal recessive, oculocutaneous, 

albinism, type III phenotype, was born to their healthy consanguineous parents through 

normal vaginal delivery at 38 weeks of gestation with no history of OCA in the family. Both 

the affected individuals displayed the cardinal clinical features of OCA with golden red hairs, 

pinkish white colored skin, greyish blue colored iris, photophobia, nystagmus, strabismus, 

myopia, decreased visual acuity, and freckles on sun exposed areas and hypersensitivity to 

sunlight. On direct ophthalmoscopy, clinical evaluation of affected patients revealed signs of 

foveal hypoplasia and a hypopigmented albinotic fundus. There were no associated systemic 

illness manifestations in any of the patient (Figure 6.6).  
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6.2.2.2   Whole Exome Sequencing and variants filtration  

DNA of the proband (IV-6) was subjected to WES in which initially, variants in the genes 

already reported with albinism were selected and were further filtered based on autosomal 

dominant inheritance pattern. Finally, variants were shortlisted on the basis of unknown allele 

frequency or MAF<0.01 from Ensembl and ExAC. This filtration criteria identified a 

homozygous splice site intron variant NM_000550.2: c.1408+5 G>C  in TYRP1 gene resulting 

in Oculocutaneous Albinism, type III (Autosomal recessive). It has been reported with an 

extremely low frequency in the large population cohorts with gnomAD MAF of 0.00003600 

with no homozygotes in Asian or world population (GnomAD) 

http://genomad.broadinstitute.org). Here in this study it is present for the first time in 

homozygous state. 

6.2.2.3   Segregation analysis  

Segregation analysis of the variant c.1408_+5 G>C in TYRP1 gene was performed with the 

help of Sanger sequencing in an affected individual (IV-6)  and healthy individuals including 

two parents ( III-1, III-2) and one healthy individuals (IV-1). The affected members (IV-6) 

was homozygous for the Splice site variant (Figure 6.7c). He inherited this variant from 

unaffected parents (III-1, III-2) in heterozygous state (Figure 6.7b). The healthy sibling (IV-

1) had a wild type allele in homozygous state (Figure 6.7a). 

6.2.2.4   In silico analysis   

Multiple lines of computational evidence predict that this variant influences the alterative 

splicing. This variant is classified as uncertain significance according to the recommendation 

of ACMG/AMP guideline. 

 

 

 

http://genomad.broadinstitute.org/
http://genomad.broadinstitute.org/
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Figure. 6.5: Pedigree of the family O, segregating oculocutaneous albinism in autosomal recessive mode. 

Consanguineous marriages are denoted by double lines. Squares and circles indicates males, and females, 

respectively. Filled shapes show affected members while clear shapes symbolize unaffected individuals. The 

asterisk labeled members indicates the individuals which are available for the studies. Deceased individuals are 

shown by a slash through the symbol presenting them. 

 

     Figure. 6.6: Clinical phenotypes of oculocutaneous albinism in family O. The affected member IV-6 

demonstration typical features of oculocutaneous albinism with  golden  red hairs , pinkish white colored skin, 

greyish blue colored  iris, Photophobia, Nystagmus, Strabismus, myopia, decreased visual acuity, freckles on sun 

exposed areas and hypersensitivity to sunlight (a-d). 



 

130 

 

 

 

Figure. 6.7:  (A) Shows hypothetical structure of human chromosome 9 encoding TYRP1 gene on chromosome 

9p23, shown by red box. (B) The hypothetical presentation of TYRP1 gene, consisting of 8 exons. (C) 

represents sequencing analysis of TYRP1 gene in family O showing a homozygous splice site intron variant 

c.1408_+5 G>C in TYRP1 gene in the affected sibling (IV-6) born to a consanguineous union; (a) shows wild 

type or unrelated healthy control; (b) shows obligate carrier or parent (III-1) (c) shows affected (IV-6); The 

solid red lines represent positions of the splice site mutation. 

 

6.3 DISCUSSION 

Oculocutaneous albinism type 2 (OCA2) is an autosomal recessive type of albinism, formerly 

known as brown oculocutaneous albinism, caused by mutations in the OCA2 gene (MIM 

203200) is coding for the P-protein mapped to 15q11.2-q12 (Ramsay et al. 1992). Mutations 

in the OCA2 gene (also called P-gene) results in OCA2 phenotype (Rinchik et al. 1993). The 

OCA2 gene have 24 exons (23 coding), span around 345 kb of genomic, DNA. It is highly 

polymorphic (Lee et al. 1995) and in humans, it take part in pigmentation (Sturm et al. 2003, 

Jannot et al. 2005). The P protein is encoded by this gene, which is a 110-kDa integral 

melanosomal protein consisting of 838 amino acids and have 12 ( predicted) transmembrane 
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domains (Grønskov et al. 2007, Rosemblat et al. 1994). During melanin synthesis, in the 

melanocytes, the P protein acts as a precursor protein, and acts as a key control point to 

determine variations of different ethnic skin color. Tyrosinase and tyrosinase-related protein 

1 (TYRP1) are transported and sorted out to plasma membrane with the help of OCA2 

(Rosemblat et al. 1998, Chen et al. 2002). Since birth, people with OCA type 2 have had pale 

skin, red hair, and blue or green eyes (Johanson et al. 2010). Risk of developing Sun-induced 

skin malignancies is more in patients suffering from OCA2 mutations. 

Family N Study participants with congenital non-syndromic OCA type II were found in the 

Karak district of Pakistan's Khyber Pakhtunkhwa province. The affected members were born 

to normal parents who were cousins in relation, and the pedigree was compatible with an 

autosomal recessive inheritance mode. The people who were afflicted showed signs and 

symptoms of OCA, yellowish golden blond hairs , pinkish White colored skin, greyish blue 

colored  iris, Photophobia, Nystagmus, Strabismus, decreased visual acuity, hypersensitivity 

to sunlight  and recurrent chest infections. Exome sequencing identified a novel missense 

mutation c.2458 T>C (p.Ser820Pro) in OCA2 gene which co-segregated appropriately. In 

silico analyses were undertaken using various mutation prediction tools which suggested that 

this variant was deleterious. 

In Pakistan, TYR and OCA2 variations are the most common causes of OCA, comprising 

of around a third of all known OCA variants. The OCA2 variant revealed in present study have 

similar phenotypic representation as described earlier in various studies which presents the 

most commonly associated OCA2 variants present in Pakistani population in detail (Shahzad 

et al. 2017, Arshad et al. 2018, Gul et al. 2019, Sajid et al. 2021) The missense variants 

c.2458T>C; p.Ser820Pro detected in homozygous state here in this study is reported earlier 

by Arshad et al, 2018. 

Type III OCA is an autosomal recessive disorder caused by TYRP1 gene mutations. OCA3, 

also known as rufous/red albinism2, is a form of OCA that is less prevalent (Mártinez‐García 

and Montoliu 2013). OCA3 affects one out of every 8,500 people in Africa, although it is 

extremely rare in Asiatic and Caucasian populations. Reduced melanin production or 

complete loss of melanin in hairs, eyes, and skin are symptoms of OCA3. Optical 
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inconsistencies are not visible all the time, maybe because hypopigmentation is insufficient 

to change the development (Grønskov et al. 2014). 

The human TYRP1(MIM 115501) (GenBank NM_000550) is mapped on 9p23 and is 

structural similarities to TYR (del Marmol and Beermann 1996), consists of 8 exons (seven 

coding and one non-coding) that span nearly 15–18 kb of genomic DNA. The tyrosinase 

related protein-1 gene encodes a protein with a molecular weight of 75 kDa. TYRP1 has 537 

amino acids. This protein is responsible for maintaining the tyrosinase protein's stability and 

modifying its catalytic function during the manufacture of melanin. This gene is also involved 

in the maintenance of melanosome organization and has an impact on the proliferation and 

death of melanocytes (Kamaraj and Purohit 2013). Mutations in TYRP1 cause partial OCA as 

affected individuals typically accumulate reddish pigment in their hair and skin. Individuals 

typically have red-bronze skin, red or brown to beige hair, and blue or brown irides (Boissy 

et al. 1996, King et al. 1985, Rooryck et al. 2006). OCA3 mutation was only reported in Black 

populations until recently, when a TYRP1 mutation was found in a Caucasian person of 

European descent. Caucasian individuals display yellow cutaneous pigmentation and yellow-

gold hair with orange highlights (Rooryck et al. 2006). 

Family O with congenital non-syndromic OCA type III was enrolled from South Waziristan, 

District of the Khyber Pakhtunkhwa province of Pakistan. Both affected persons were born 

to unaffected parents who were consanguineous, and the pedigree was compatible with an 

autosomal recessive inheritance mode. Both persons who were impacted had the classic signs 

and symptoms of OCA with  golden red hairs, pinkish white colored skin, greyish blue colored  

iris, Photophobia, Nystagmus, Strabismus, myopia, decreased visual acuity, freckles on sun 

exposed areas and hypersensitivity to sunlight along with foveal hypoplasia and a 

hypopigmented albinotic fundus on direct ophthalmoscopy. Exome sequencing identified a 

novel homozygous splice site intron variant (c.1408+5 G>C) in TYRP1 gene resulting in 

Oculocutaneous Albinism, type III in family O which co-segregated appropriately. Multiple 

lines of computational evidence predict this variant influences the alterative splicing. This 

variant is classified as uncertain significance according to the recommendation of 

ACMG/AMP guideline. 
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Mutations in TYRP1 typically result in reddish brown or golden hair with orange highlights 

as represented in present study. Previous reports on the TYRP1 gene revealed a 22-base-pair 

deletion (c.647_668del) in a Pakistani family, which is predicted to cause a frameshift that 

results in a truncated (p.Glu216Glyfs*42) TYRP1 protein. Till now, 66 mutations in the 

TYRP1 gene have been added in the human genome mutation database  

 

Two missense and one stop mutation in TYRP1 (c.256 G>T; p.Asp86Tyr; c.1067 G>A; 

p.Arg356Gln; c.1532 C>T; p.Glu512*) have also been reported in Pakistani families (Boissy 

et al. 1996, Rooryck et al. 2006, Shahzad et al. 2017).  Previously only  two splice site variant 

mutations  in TYRP1  gene, c.1261+1G>A (Carss et al. 2017) and c.1262+5G>A (Schmidt-

Küntzel et al. 2005),  have been reported worldwide so far, here we present the third splice 

site donor mutation in TYRP1 gene and nevertheless, this is the first report publishing splice 

site donor  mutation in TYRP1 gene detected in Pakistani family. However, the clinical 

features of the affected members are same as reported earlier, which supports the genotype–

phenotype association. To the best of our knowledge, the mutation describe in this study is a 

novel splice site mutation, reported for the first time in homozygous state worldwide. This 

variant in TYRP1 has neither been documented  in HGMD (Stenson et al. 2020), nor  in 

Clinvar  (Pérez-Palma et al. 2019) and Pakistan Genetic Mutation Database (PGMD) (Qasim 

et al. 2018), thus predicted to be novel.  

 

 

 

 

 

 

 

 

(http://www.hgmd.cf.ac.uk/ac/all.php). 

http://www.hgmd.cf.ac.uk/ac/all.php
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7. CONCLUSION 

7.1 Limitation of study: 

In this study of patients suffering from EB or ichthyosis, skin biopsy for 

immunohistochemistry confirmation is not performed. In children skin biopsy is not 

recommended, which is off course in the better interest of the diseased patients and family 

members, as it is painful procedure and EB/ ichthyosis affected patients already suffer from 

bruising skin injuries. Such invasive procedures will further deteriorate their condition. 

7.2 Future Prospective  

Research in the field of genetic skin disorders, have a great importance for the patients 

themselves, helping them in proper family planning and prenatal diagnosis. Using in vitro 

systems and animal models, future clinical trials and laboratory studies will enable us to 

elucidate the pathogenicity sequence of these genetic skin diseases that will contribute to a 

broader understanding of the genetic, molecular, and pathophysiological aspects of these four 

skin disorders and will lead to the discovery of novel treatments. 

7.3 Conclusion 

Parental consanguinity is a main risk factor, with 0.25–20 percent increased likelihood of 

acquiring recessive allele-related genetic abnormalities (Bittles 2001). Consanguineous and 

first cousin marriages are quite popular in Pakistan, accounting for 60% and 80% of all 

weddings, respectively (Khan et al. 2015). As a result of the increasing incidence of 

consanguineous marriages, recessive traits develop more frequently and are possibly often 

misdiagnosed. In numerous countries, including Pakistan, a lack of understanding regarding 

inter-familial marriages and their link to genetically inherited illnesses is a major roadblock 

to research and treatment of these disorders. As a result, there is a need to raise local awareness 

about the detrimental effects of cousin marriages as well as to learn more about the underlying 

genetic mechanism that causes genetic diseases. In such a circumstance, Next Generation 

Sequencing technologies such as WES and WGS are the preferred stat of the art molecular 

diagnostic tool for quick and efficient diagnosis of single gene disorders. Here in this study 

we used a combined approach of linkage analysis and WES technology to reveal the genetic 

basis of fifteen families affected with both non syndromic and syndromic forms of four rare 

autosomal recessive hereditary skin disorders including epidermolysis bullosa, ichthyosis, 
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hypotrichosis and oculocutaneous albinism. Our results showed seven novel mutations in five 

disease causing genes of epidermolysis bullosa which includes two nonsense mutations in 

COL17A1 (c.4041T>G: p.Tyr1347Ter) and  (c.3067C>T: p.Gln1023Ter), a deletion mutation 

in PLEC (c.1284_1286delGCTT: p.Leu429Serfs*30), a  missense variant in COL7A1 

(c.7034G>A: p.Gly2345Asp), a frameshift mutation in COL7A1 (c.385del 

(p.His129MetfsTer18), a splice region variant in LAMA3 (c.8043G>A (p.Ser2681),  and a 

frameshift variant in LAMB3  (c.561del p.(Lys188Argfs*9),  four novel mutations in four 

different genes of ichthyosis including, a splice donor site variant (c.2088 + 1G > A) in TGM1,  

a missense mutation (c.419C > T: p. Ala140Val) in SULT2B1, a splice site variant (c.882 + 

1G > T) in SPINK5,and a nonsense variant (c.6109C > T: p. Arg2037Ter) in FLG, one novel 

and one known mutation in two genes of hypotrichosis, which includes a novel splice acceptor 

site deletion mutation (c.1423-1_1425delGACA) in DCAF1 and a missense variant 

(c.436G>A: p.Gly146Arg) in  LARP6, one novel and one known mutation in two different 

genes of oculocutaneous albinism including a novel splice site intron  variant (c.1408_+5 

G>C) in TYRP1, and a missense variant (c.2458T>C: p.Ser820Pro) in  OCA2. Various 

bioinformatics tools like Polyphen-2 programme, MutationTaster, PROVEAN, SIFT, I-

Mutant 3.0, PhD-SNP, MutPred2, and Varsome, etc were used to predict the likely impact of 

these mutations on protein structure and function which predict them to be pathogenic and 

disease causing in most of the cases. To the best of our knowledge, all the new mutations 

identified in this study are first of their kind to demonstrate novel gene variants causing 

various forms of EB, ichthyosis, hypotrichosis and albinism in homozygous state both 

globally and in Pakistani population. Our findings expand the mutation spectrum and add to 

the knowledge on clinical heterogeneity associated with these gene variants. Despite of the 

absence of precise treatment, establishment of such genetic testing laboratory methods will 

help in confirmation the diagnosis, allow a more accurate prognosis and a proper genetic 

counseling of the patients and their family members. It also helps in accurate prenatal 

diagnosis for parents of at‐risk individuals to facilitate decision making about the continuation 

of the next upcoming pregnancy (Schorderet et al. 1997, Pigg et al. 2000), especially in a 

region like Pakistan. Furthermore, the latest technologies of gene editing (CRISPR/Cas9) 

have the potential to improve the therapeutics in inherited disorders specially EB patient 

(Izmiryan et al. 2016, Hainzl et al. 2017).   
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Annexure: 3: Patient Investigation Performa   

 

 

Institute of basic medical sciences 
peshawar  

NO: KMU/IBMS/ 2019/                       Date: 01/02/2019   

Patient Investigation Performa

FAMILY ID: ______________ INDIVIDUAL’S ID: _______________ 

Inclusion criteria: 

a. Parent’s cousin marriage: Yes/NO

b. Relation of parents: _______________________________ 

c. Number of affected: _______________________________

 

1. Demographic and physical measurements: 

a. Age: _______________________________ 

b. Gender: _______________________________ 

c. Weight: _______________________________ 

d. Height: _______________________________ 

e. Head circumference: _______________________________ 

 

2. Disease history:  

a. Initial/early complaint: _______________________________ 

b. Age of onset: _______________________________ 

c. 

Current skin disease status/previous 

episode 

    

_______________________________ 

d. Any diagnostic test of skin done: YES/NO 

e. If yes, please indicate the result: _______________________________ 

f. Family history _______________________________ 

g. Any medical/surgical treatment done: YES/NO 

 

3. Skin findings/observations:  

a. Site,size and shape of lesion of Lesion   

b. Rash/Itching YES/NO  

c. Provoking or relieving factors YES/NO 

d. Tenderness YES/NO 

e. Bleeding YES/NO 

f. Seasonal effect YES/NO 

g. Blister formation YES/NO 

h. Swelling YES/NO 
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Institute of basic medical sciences 
peshawar  

 
NO: KMU/IBMS/ 2019/                       Date: 01/02/2019   

   

k. History of previous episodes in the past? _________________________________ 

       l. Currently any associated infection _________________________________ 

4. Systemic findings:  

a. Hearing: NORMAL/ABNORMAL 

b. Speaking: NORMAL/ABNORMAL 

c. Facial dysmorphism: PRESENT/ABSENT (NORMAL) 

d. Teeth structure and count: NORMAL/ABNORMAL 

e. Bone deformities: PRESENT/ABSENT 

f. Hair abnormalities PRESENT/ABSENT 

g. Number and structure of hand’s fingers: _________________________________ 

h. Number and structure of foot’s fingers: _________________________________ 

i. Ocular complications: _________________________________ 

 

j. Other assessments (speech, intellectual, behavior etc.): 

            _____________________________________________________________________ 

5. Diagnostic test record (available/not available): 

a. Skin Biopsy YES/NO ( ________________ ) 

b. Genetic testing YES/NO ( ________________ ) 

c. X-Rays YES/NO 

d.   ECG: YES/NO 

e. MRI/CT scan: YES/NO 

 ________________________________________________________________________ 

6. Diagnosis by dermatologist (if done): Remarks/probable diagnosis: 
 

       ________________________________________________________________________ 

7. Any other relevant information: 
      _________________________________________________________________________ 

 

FAMILY ID: ______________                              INDIVIDUAL’S ID: ______________ 


