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ABSTRACT 
 

A fully functional gene is one of the most indispensable elements for perfect operational 

human machinery. Any anomaly in epigenetic mechanism or disturbance in gene 

expression through mutations can cause functional, developmental and structural 

abnormalities that are transmitted inheritably in human. Disease causing mutations 

involved in such genetic disorders are screened by molecular genetics and recent 

advancements in this field have facilitated investigators to understand the complex 

mechanisms regulating skin and its associated appendages.  

The present dissertation, a part of my PhD studies, describes clinical and molecular 

analysis of 18 consanguineous kindred (A-R) presenting various types of human skin 

disorders. Affected individuals in family A demonstrated clinical features of autosomal 

recessive hair loss including sparse hair on the scalp, sparse eyebrows and eyelashes, and 

papules formation on different parts of body. Human genome scan using 500 highly 

polymorphic microsatellite markers established linkage in the family to a novel 3.67 Mb 

region on chromosome 8p22. The maximum multipoint LOD score of 2.41 was achieved 

with five microsatellite markers mapped at chromosome 8p22. Three other families (B, C, 

D), exhibited clinical features of congenital atrichia with papular lesions (APL), mapped 

to the nearby hairless gene on chromosome 8p21.3. Mutational screening in patients of 

these three families failed to reveal any functional variant. 

Affected individuals in five families (E-I) showed clinical features of autosomal recessive 

hypotrichosis/woolly hair. Majority of the affected members exhibited sparse scalp hair, 

sparse eyebrows and eyelashes, and sparse thin hair on other parts of the body. Genetic 

mapping established linkage in two families (E, F) to the gene LIPH at chromosome 3q27 

and in three families (G, H, I) to LPAR6 on chromosome 13q14.11-q23.21. Sequence 

analysis of the gene LIPH revealed a novel deletion mutation (c.682delT; 

p.Leu228TrpfsX31) in exon 5 in affected individuals of the family E. Sequencing of the 

gene LPAR6 led to the identification of three recurrent missense mutations (p.Glu189Lys, 

p.Asp63Val, p.Ile188Phe) in family G, H and I.    

In the tenth family (J), affected members presented clinical features of autosomal recessive 

hypotrichosis including sparse thin light brown hair on the scalp, sparse eyebrows and 

sparse to absent eyelashes, and sparse hair growth on the chest, arms, legs and other parts 

of the body. Genetic mapping established linkage in the family to a 12.69 cM disease 
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interval, flanked by markers D10S1665 and D10S2337, on chromosome 10q11.23-22.3. 

Three genes (ZMYND17, KAT6B/MYST4, P4HA1), located in the candidate linkage 

interval, were sequenced in affected members of the family but failed to detect any 

functional sequence variant. 

Autosomal dominant form of hypotrichosis/woolly hair was observed only in two families 

(K, L) in the present investigation. Affected individuals in family K presented patchy hair 

loss leading to sparse thin hair on the scalp and normal growth of hair at beard, mustache, 

eyebrows and eyelashes. Affected individuals in the other family (L) presented tightly 

curled and twisted scalp hair entangling with each other. Eyebrows, eyelashes, mustache 

and beard hair were found normal in the affected individuals. Genotyping analysis 

established linkage in both the families to the genes KRT71-KRT74 mapped on 

chromosome 12q12-q14.1. Sequence analysis of the gene KRT74 detected a novel 

heterozygous missense mutation (c.1444G>A; p.Asp482Asn) in all the five affected 

members of family K. Sequencing of both the genes KRT71 and KRT74 in affected 

individuals of the family L however failed to detect sequence variants.   

The present study located in a remote area of the country a family (M) in which affected 

members showed features of hypotrichosis with juvenile macular dystrophy (HJMD). 

Genetic mapping showed linkage of the family to the gene CDH3 at chromosome 16q22.1. 

Subsequently, sequence analysis of the gene revealed a novel splice acceptor site mutation 

(c.IVS10-1 G→A) in all affected members of family. 

Two families (N, O) showed segregation of X-linked recessive isolated hypodontia.  

Affected incisors and to some extent canines and premolars with a variable expression 

were observed in patients of these two families. Genotyping showed linkage of the 

families to the gene EDA at chromosome Xq12-13.1. Mutational screening of the gene 

EDA revealed a missense mutation (c.1091T>C; p.Met364Thr) in family N but failed to 

detect potential sequence variants in family O. 

Autosomal recessive hypohidrotic ectodermal dysplasia (ARHED) was observed in 

affected individuals in two families (P, Q). All the affected members showed fine thin hair 

on the scalp and sparse to absent eyebrows and eyelashes, hypohidrosis, saddled-shaped 

nose, protruding prominent lips, only two teeth with conical shape and normal nails. 

Mapping analysis exhibited linkage of the families to the gene EDAR on chromosome 

2q11-q13. Subsequently, sequencing of the gene revealed two novel mutations: a missense 
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(c.1163T>C; p.Ile388Thr) in family P and insertion (c.1014insA; p.Val339SerfsX6) in 

family Q. 

In family R, the patients demonstrated phenotypes of isolated congenital bilateral clubbing 

of all finger- and toenails. The nails were shiny, thick, long and broad. Genotyping 

established linkage of the family to the gene HPGD at chromosome 4q32.3-q34.2. 

Sequence analysis of the gene identified a recurrent mutation (c.577T>C; p.Ser193Pro) in 

all affected members of the family. 
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INTRODUCTION 
 

At the surface of our body skin is the soft, largest and the most protective integumentary 

organ of the human body providing protection from the external and internal 

environmental challenges. It covers an average area of about 1.7 m2 and accounts for 16% 

of body mass of an average person (Wickett, 2004). Skin receives daily assaults, including 

harmful UV radiation from the sun, wounds and scratches. It tackles these attacks by 

undergoing continual self-renewal to repair damaged tissue and replace old cells (Fuchs, 

2007). Skin morphogenesis and homeostasis require an accurately controlled gene 

expression in a spatiotemporally specific manner (Yi and Fuchs, 2010).  

Several recently reported discoveries about genodermatoses have been made through an 

improved knowledge of the human genome, advances in molecular screening strategies 

and bioinformatics. Over more than 300 single gene skin disorders have been 

characterized at a molecular level. This allowed more accurate diagnoses of the skin 

disorder and helped to improve the strategies used for genetic counseling.  

Human Skin 

The human skin is primarily composed of three layers, a cellular stratified epidermis, 

dermis of connective tissue and fatty subcutis (hypodermis). 

Epidermis 

Epidermis is the outermost covering of skin, continuing proliferation and differentiation 

throughout life. The epidermis consists of five distinct layers, which from inside to outside 

are; stratum basale, stratum spinosum, stratum granulosum, stratum lucidum and stratum 

corneum (McGrath et al., 2004). The blood capillaries in association with arteriole and a 

venule are found below the epidermis. It provides protection to the internal organs, 

subliminal bones, muscles, ligaments, and having potency of sensation, storage, insulation, 

absorption, water resistance and temperature regulation (Odland, 1991; Wickett and 

Visscher, 2006). 

Dermis 

Below the epidermis, dermis is produced by mesenchymal cells that are migrating from 

other mesodermal regions. These mesenchymal cells generate the whole range of blood 

and connective tissue cells, including the mast cells and fibroblasts of the dermis and the 

fat cells of the hypodermis (Toma et al., 2001; McGrath et al., 2004).  
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Hypodermis 

The hypodermis, also known as subcutis, is a fatty layer lies just below the dermis and not 

the part of skin. It is composed of elastin and loose connective tissues and mainly 

possessing fibroblasts, macrophages and adipocytes (fats). Fat serves as wadding and 

insulator for the body (Odland, 1991; McGrath et al., 2004). 

Ectodermal Appendages Involved in Human Hereditary Skin Disorders 

During development of skin and associated ectodermal appendages, any anomaly in 

epigenetic mechanism or disturbance in gene expression through mutations can be 

responsible for functional, developmental and structural abnormalities in organisms. Such 

type of genetic abnormalities in any organism can be transmitted inheritably to the next 

upcoming generation. In human such disorders are known as human hereditary skin 

disorders. Among vertebrates hair, teeth, nails, and sweat glands are of the most important 

associates of ectodermal appendages.  

Hair 

Hair is a highly keratinized fibers covered with thin cuticle and filled with the intermediate 

filaments (IFs) surrounded by the matrix proteins. Its diameter varies between 40 and 150 

μm (Kajiura et al., 2006). It is produced by the hair follicle (HF) within the skin and 

eventually determines appearance by affecting the hair shaft’s structure and shape 

(Schlake, 2007). Hair has many useful biological functions like protection and dispersion 

of sweat gland products (e.g. pheromones) and regulation of body temperature. It also has 

psychosocial significance in our society, and patients suffering with hair loss or excessive 

hair growth often suffer tremendously (Paus and Cotsarelis, 1999).  

Hair Shaft and Hair Follicle 

The hair shaft is made up of three layers (medulla, cortex and cuticle) of dead and hard 

keratin protein. The middle cortex layer forms the majority of the hair shaft and cuticle is 

formed by tightly packed scales in an overlapping structure similar to roof tiles. A number 

of hair shaft anomalies such as trichothiodystrophy (TTD) (Price et al., 1980), menkes 

kinky hair syndrome (Menkes et al., 1962; Hart, 1983) and trichorrhexis nodosa (Pollitt et 

al., 1968) have been described in the literature. 

The hair follicle (HF) is an accumulative body containing numerous layers with variable 

functions. The HF is a lively structure generating hair during an elegantly regulated hair 

cycles (Sprecher, 2005). A projection produced on the hair follicle base, is like a finger 
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sticking at the bottom of stocking known as a papilla. It comprises capillaries, or tiny 

blood vessels, that involve in cells feeding (Hashimoto, 1970; Holbrook and Odland, 

1978). The living part of hair composed of quickly dividing cells known as a bulb, 

surrounded the papilla. During embryogenesis, HF development occurs through reciprocal 

interactions between the epidermal (epithelial) and dermal (mesenchymal) compartments 

(Millar, 2002; Cotsarelis, 2006). Dermal cells perform as inducers while epithelial cells as 

responders in the process of hair formation. The dermal portion of hair follicle can be 

divided into two compartments, the dermal papilla (DP) and dermal sheath (DS). The DP 

is positioned at the base of hair follicle (Paus and Cotsarelis, 1999; Yang and Cotsarelis, 

2010). 

The hair follicle is encircled by an inner and outer root sheaths, helpful in protection and 

molding of the emerging hair shaft (Langbein and Schweizer, 2005). The inner root sheath 

go along the hair shaft and ends below the sebaceous gland opening and sometimes an 

apocrine gland. While the outer root sheath prolongs up to the gland. Arrector pili muscle 

attached below the gland to a fibrous layer around the outer sheath, contracts and causes 

the hair to stand up (Cormack, 2001; Fuchs et al., 2001). In the past decade, considerable 

advancements have been made for identifying genes expressing within hair follicle 

involved in many hair loss disorders. Atrichia with papular lesions (APL) (Kanzler and 

Rasmussen, 1986; Ahmad et al., 1998a), localized autosomal recessive hypotrichosis 

(LAH1) (Kljuic et al., 2003; Rafique et al., 2003), localized autosomal recessive 

hypotrichosis (LAH2) (Aslam et al., 2004; Kazantseva et al., 2006; Ali et al., 2007), 

localized autosomal recessive hypotrichosis (LAH3) (Wali et al., 2007a), woolly 

hair/hypotrichosis simplex (Azeem et al., 2008; Pasternack et al., 2008; Shimomura et al., 

2008a) and hypotrichosis with recurrent skin vesicles (Ayub et al., 2009) are known as 

hair follicle disorders. 

Hair Follicle Morphology  

The mammalian HF is a complex structure composed of eight distinct cell layers 

(Langbein and Schweizer, 2005). The HF is an ectodermal appendage that resides in the 

skin and possesses extraordinary capability of self-renewal and undergoes a hair cycle that 

keeps on with adult life. Stem cells in the bulge region of the HF and dermal papilla cells 

play key roles in regulation of successive hair cycles (Wilson et al., 1994; Oshima et al., 

2001; Millar, 2002; Shimomura and Christiano, 2010a). Recent advances in molecular 

genetics have enabled the identification of many genes and pathways that are involved in 
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HF morphogenesis and cycling. Moreover, mutations in some of these genes are 

responsible for hereditary hair disorders in humans. Identifying genes involved in hair 

disorders has provided a better understanding of the crucial roles of these genes in HF 

morphogenesis, development, and hair growth in humans (Shimomura and Christiano, 

2010a). 

The initial signal derived from the dermis instructs the overlying epidermis to thicken, 

form a placode, and then a down growth into the dermis, known as the “hair plug”. From 

the epidermis a second signal instructs the dermis to form the dermal papilla, which 

stimulates the division of overlying epithelial derived matrix cells in the hair plug (Hardy, 

1992). The dermal papilla then stimulates the division of overlying epithelial derived 

matrix cells in the hair plug. These cells divide rapidly and differentiate into inner root-

sheath cells or hair-shaft cells, depending on their position in relation to the longitudinal 

axis of the follicle (Hardy, 1992). Those cells further away from these dividing cells begin 

to differentiate to form all the structures making up the mature hair (Irvine and Christiano, 

2001). 

The Hair Cycle 

The hair cycle are representing a remarkable model for stem cell quiescence, activation, 

regulation, cell-fate choice, differentiation, transit-amplifying, cell proliferation and 

apoptosis in a regenerative adult epithelial tissue (Paus and Foitzik, 2004). Several 

signaling pathways, such as Wnt signaling play crucial roles in HF development. After the 

HF generation, it undergoes magnificent cell kinetics, as illustrated by hair cycle all 

through postnatal span of life, which is composed of the anagen (growth) phase, the 

catagen (regressing) phase and the telogen (resting) phase (Paus and Foitzik, 2004).  

The time duration of each phase depends on the type and location of the hair follicle (Vogt 

et al., 2007). During each anagen phase, follicles produce an entire hair shaft from tip to 

root; during catagen and telogen, follicles reset and prepare their stem cells so that they 

can receive the signal to start the next growth phase and make the new hair shaft (Alonso 

and Fuchs, 2006). The anagenic hair shaft shares a highly stereotyped arrangement, 

encasing multicellular cortex by cuticular stratum of flattened cells, oftenly locating 

medulla stratum within the centre of cortex. Inner root sheath (IRS), the companion layer 

and the outer root sheath (ORS) are surrounding and supporting the hair shaft (Langbein 

and Schweizer, 2005). 
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The IRS constituting three discrete layers: the inner root sheath cuticular layer, the 

Huxley’s and the Henle’s layers. Within the hair bulb matrix cells actively proliferate and 

differentiate to give rise to all these cell layers, with the exception of the ORS. During 

differentiation of these HF compartments, keratin proteins are abundantly and 

differentially expressed and contribute to HF keratinization, leading to the formation of a 

rigid structure (Langbein and Schweizer, 2005). Desmosomes are formed between the 

cells and maintain the integrity of the HF through keratins linkage (Bazzi and Christiano, 

2007). 

Regulation of normal hair development, differentiation and proliferation in mammalian 

hair follicles are controlled by different molecular signaling pathways including Wnt/β-

catenin signaling, Shh and Bmp signaling, TNF signaling and Notch signaling.   

Teeth 

Teeth are specialized structural components of the craniofacial skeleton and are composed 

of three diverse mineralized tissues including enamel, dentin and cementum (Hu and 

Simmer, 2007). Teeth are ectodermal organs like hair, nail, skin, sweat glands and salivary 

glands. Teeth are comprised of three basic shapes, canines, incisors and multicuspids 

(molars and premolars). Though, each tooth in the upper and lower jaw quadrants is 

different, forming a possible eight different shapes per jaw (Sartaj and Sharpe, 2006). 

Tooth shape is established during early developmental stages by expression of different 

genes in different regions. Homeobox genes convey positional information to the cells that 

contribute in tooth development down particular morphogenetic pathways (Tucker and 

Sharpe, 2004).   

Almost all organs arise from germ cells, which are induced by reciprocal associations 

between epithelial and mesenchymal tissues in the developing embryo (Nakao et al., 

2007). In human embryo, teeth formation depends upon interaction between the oral 

ectodermal (epithilium) and the neural mesenchymal cells. During the 6th week of human 

development, a row of oral ectodermal cells congeals to make the dental lamina that 

produces numerous buds, occupy the underlying mesenchymal tissues. The epithelial 

section of buds evaginates to give rise a capsule-shaped enamel organ, with an inner 

portion of enamel reticulum and epithelium covering. The enamel organ wraps an 

intensified mesenchyme, the dental papilla (Thesleff, 2003). Then central parts of the 

dental papilla make the dental pulps (Thesleff, 2003; Bailleul-Forestier et al., 2008). Near 
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differentiated odontoblasts, epithelial cells differentiate into ameloblasts, and start to 

secrete enamel, an outer covering of the teeth (Bailleul-Forestier et al., 2008). 

Nails 

The nail is equipment that gives a tough keratinized shield over the dorsal surface of each 

digit. The nail is comprised of nail plate, nail bed, nail matrix and nail folds. It is 

biochemically and kinetically an active apparatus during the whole life (Silva et al., 2008). 

Nail plate is produced by the nail matrix located at the proximal part of the nail bed. When 

the nail is growing, the distal region of nail matrix participates in the development of the 

deeper layers of the plate (Zaias, 1963). Different problems are produce when disturbance 

of the distal nail matrix may occur in the deeper layers (ridging or splitting) and if the 

disruption produces in the proximal nail matrix, the complication will be more superficial 

(pitting) (Silva et al., 2008). 

Sweat Glands 

Sweat glands occur only in mammals, are exocrine in nature underlie the whole skin 

(Biedermann et al., 2010) and responsible for performing thermoregulatory role in body 

homeostasis (Nazzaro, 1989). Sweat glands are of two types, apocrine (at puberty 

secreting into hair follicles in the armpits, groin and areoles) and eccrine (distributed 

widely) (Folk and Semken, 1991; Biedermann et al., 2010). Sweat glands are made up of 

myoepithelial tissues, which help in secretion of accumulation by contractile squeezing 

under control of autonomous nervous system (Wilke et al., 2007; Schlereth et al., 2009). A 

human possesses 2-4 millions of sweat glands spreading throughout the whole skin. 

Following chest and scalp, soles and palms are holding the highest concentration of 

eccrine sweat glands (620/cm2) weighing about 30-40 µg (Biedermann et al., 2010). 

Absence or anomalies in sweat glands disturb the homeostasis and irregular temperature of 

the body in adults, while seizure and neural disorders in children (Schlereth et al., 2009). 

Human Skin Disorders 

Alopecias 

Alopecias (genetic hair loss) are a complex phenomenon that occurs as the result of any 

kind of disturbance/alteration in the genetic make-up of the genes/proteins involved in the 

hair development/morphogenesis (Hardy 1992; Rosenquist and Martin, 1996). Due to this 

genetic change hair loss may be occurred congenitally or during the lifetime of an 

organism after birth. Hair loss is quite common in humans and it may be due to multiple 
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factors both genetic and external. Alopecias in humans occur either as an isolated 

abnormality (non-syndromic) or in connection with defects in ectodermal and other 

structures (syndromic).  

Isolated Alopecias 

Congenital Atrichia (Atrichia with Papular Lesions) 

Congenital atrichia (MIM 209500) is a rare inherited autosomal recessive disorder 

characterized by atrichia at birth or flaking of normal scalp hair several months after birth 

with failure to regrow, sparse eyelashes and eyebrows, and lack of secondary pubic, 

axillary or body hair (Ahmad et al., 1998a). At progressive development of congenital 

atrichia, papular lesions are accompanied, usually between the age of 1 and 26 years, the 

disease is termed as atrichia with papular lesions (APL) (Ahmad et al., 1998a; Zlotogorski 

et al., 2002). Patients with APL have normal teeth, glands and nails.  

APL is caused by hairless gene (HR), mapped to chromosome 8p21.3. The hairless gene 

product is a transcriptional co-regulator with a single zinc-finger domain, which is highly 

expressed in the skin and brain (Cachon-Gonzalez et al., 1994; Thompson, 1996; Ahmad 

et al., 1998b). Pathogenic mutations in hairless (HR) gene were identified in many APL 

families and 43 mutations have been reported so far (Azeem et al., 2011). 

Monilethrix 

Monilethrix (MIM 158000) is described as an autosomal dominant congenital hair disease. 

Patients exhibit normal thickness of hair nodes but separated regularly by dystrophic 

constrictions. The internodes possess a high propensity to break, leading to alopecia, i.e., 

short stubble hair associated with follicular keratosis and perifollicular erythema. 

Monilethrix has been localized to type II keratin (hard keratins) gene cluster on 

chromosome 12q13 (Spence et al., 1979; Winter et al., 1997a; Winter et al., 1997b). 

Generally, point mutations are involved in the helix termination or initiation motifs in type 

II hair keratins hHb1, hHb3 and hHb6, which are expressed in hair cortex accounting 

(Whiting and Dy, 2006; Schweizer et al., 2007). Nail defects have been reported in some 

cases as well including nail abnormalities such as koilonychias, lamellar splitting and 

brittleness (Healy et al., 1995). 

Localized Autosomal Recessive Hypotrichosis 

Localized autosomal recessive hypotrichosis (LAH; MIM 607903) is a form of inherited 

hair loss affecting the scalp, trunk and extremities and largely sparing the facial, axillary 
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and pubic hair. Three clinically similar forms of LAH have been reported. LAH1 showed 

linkage on chromosome 18q12, caused by mutations in desmoglein 4 gene (DSG4), as 

well; other mutations have been identified in patients who have phenotypically 

monilethrix hairs (Schaffer et al., 2006; Schweizer, 2006; Zlotogorski et al., 2006; Wajid 

et al., 2007). DSG4 belong to desmosomal cadherins which form the core of desmosomes 

(adhesion structures often present in tissues such as skin epidermis and hair follicles) 

(Delva et al., 2009). In humans, seven desmosomal cadherins: four desmogleins (DSG1-4) 

and three desmocollins (DSC1-3), which contain five tandemly repeated extracellular (EC) 

domains, a single transmembrane region and a cytoplasmic domain (Kljuic et al., 2003). 

DSG4 protein is abundant in the hair follicle shaft cortex, where the abnormal phenotype 

is observed in LAH patients (El-Amraoui and Petit, 2010). 

LAH2 (MIM 607365), mapped on chromosome 3q27.3, is caused by mutations in the gene 

LIPH. The gene LIPH encodes a membrane-linked phosphatidic acid-selective 

phospholipase A1 (mPA-PLA1a), which forms 2-acyl lysophosphatidic acid (LPA), a lipid 

mediator with a variety of biological characteristics (Balazs et al., 2001; Moolenaar et al., 

2004;  Naz et al., 2009). Fifteen mutations in the gene LIPH have been reported so far. 

The gene LIPH is expressing in numerous tissues including kidney, testis, ovary, prostate, 

lung, colon, brain, pancreas, heart, spleen and hair follicle (Kazantseva et al., 2006). 

LAH3 (MIM 609239) has been mapped on human chromosomes 13q14.11-q21.32 

originally in two consanguineous Pakistani families (Wali et al., 2007a). Later LAH3 has 

been reported resulting from mutations in the gene LPAR6/P2RY5, a G protein coupled 

receptor (Azeem et al., 2008; Pasternack et al., 2008; Shimomura et al., 2008a; Pasternack 

et al., 2009; Tariq et al., 2009a; Horev et al., 2010; Kurban et al., 2010a; Khan et al., 

2011). The LPAR6, a member of the GPCRs, was lately deciphered as a key controller of 

hair follicle development and expresses in the Henle’s and Huxley’s layers (Pasternack et 

al., 2008; Shimomura et al., 2008a). It is likely to be involved in the maintenance of the 

structure of the hair shaft (Shimomura et al., 2008a).  

Ayub et al. (2009) mapped hypotrichosis and recurrent skin vesicles disorder (MIM 

613102) in a consanguineous family originated from Afghanistan to the desmoglein and 

desmocollin genes cluster on chromosome 18q12.1. Affected individuals in the family 

showed sparse scalp hair with fragile hair shafts and diffused vesicles on the scalp and 

body. A homozygous nonsense mutation in the gene DSC3 causing hypotrichosis with 

recurrent vesicles was identified in all affected members of the family (Ayub et al., 2009). 
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Mice carrying a targeted deletion of Dsc3 (Chen et al., 2008) and Dsg3 (Koch et al., 1998) 

develop defective hair anchoring in the telogen phase of growth cycle. These mice also 

show a skin phenotype that resembles pemphigus vulgaris (Schmidt and Koch, 2007; Chen 

et al., 2008).  

Recently, two novel autosomal recessive hypotrichosis loci have been mapped on 

chromosome 10q11.23-22.3 and 7p21.3-p22.3 (Naz et al., 2010; Basit et al., 2010). 

Affected members in the families mapped to these two chromosomal regions showed 

similar clinical features, compatible to other autosomal recessive hair loss disorders. 

Although, several genes have been sequenced but the potential sequence variants have not 

been identified so far in families mapped to the two novel loci (Naz et al., 2010; Basit et 

al., 2010).  

Marie Unna Hereditary Hypotrichosis 

Marie Unna hereditary hypotrichosis (MUHH; MIM 146550) is an uncommon autosomal 

dominant hair loss disorder with an equal gender distribution, characterized by coarse, 

wiry, twisted hair developed in early childhood and followed by the development of 

alopecia (Van-Steensel et al., 1999; Cai et al., 2009). Hair follicles are spectacularly 

reduced in number and hair shafts are deeply pigmented, with variable diameters, twisted 

and bent at odd angles (Roberts et al., 1999). Two loci have been mapped to chromosome 

8p21 and 1p21.1-1q21.3 for MUHH (Van-Steensel et al., 1999; Yang et al., 2005). 

MUHH can be caused by mutation in the 5-prime UTR of the gene HR (Wen et al., 2009; 

Ramot et al., 2010). To date, gene causing MUHH in families mapped to chromosomal 

region 1p21.1-1q21.3 has not been identified (Duzenli et al., 2009; Kim et al., 2010). 

Hypotrichosis Simplex 

Autosomal dominant hereditary hair loss disorders have been occurred from pathogenic 

mutations in monilethrix (MIM 158000) in type II hair keratins hHb1, hHb3 and hHb6, 

expressed in hair cortex accounting (Zhang et al., 2009), corneodesmosin (CDSN; MIM 

602593) (Levy-Nissenbaum et al., 2003), in the inhibitory upstream open reading frame 

(ORF) namely (U2HR) of the hairless (HR) (Wen et al., 2009; Mansur et al., 2010), APC-

downregulated-by-1 (APCDD1; MIM 607479) (Shimomura et al., 2010b),  and Keratin-74 

(KRT74; MIM 608248) (Shimomura et al., 2010c) genes. 

Hypotrichosis simplex (HS; MIM 146520, MIM 605389), a group of hereditary non-

syndromic isolated alopecias, affects males and females equally with variable degree of 
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body and scalp hair. HS is present either in generalized (defects involving all the body 

hair) form or localized (hair loss limited to the scalp only) form (Pasternack et al., 2008; 

Nahum et al., 2009). HS appeared congenitally or in early childhood succeeding into 

adulthood and can be transmitted both as an autosomal dominant or recessive trait 

(Sprecher, 2005; Horev et al., 2009; Nahum et al., 2009). Autosomal recessive form of 

hypotrichosis simplex (MIM 241900) is characterized by mutations in genes DSG4, 

LPAR6/P2RY5 and LIPH (Sprecher, 2005) while dominant HS (MIM 146520) is caused 

by mutations in the gene CDSN (corneodesmosin), consist of 529 amino acids, expressed 

exclusively in cornified stratified epithelia (Davalos et al., 2005). Firstly, HS locus was 

mapped at chromosome 6p21.3 (Betz et al., 2000) and pathogenic mutations responsible 

for HS were identified in the gene CDSN (Levy-Nissenbaum et al., 2003). Recently, a new 

locus for the disease mapped to chromosome 18p11.22 and identified a mutation (L9A) in 

the adenomatosis polyposis down-regulated 1 gene (APCDD1), a membrane-bound 

glycoprotein that is abundantly expressed in human hair follicles (Shimomura et al., 

2010b). 

Autosomal Dominant Woolly Hair/Hypotrichosis 

Hereditary hair loss disorders can also be inherited in an autosomal dominant mode and in 

human to date, four autosomal dominant loci have been mapped on different chromosomes 

and relative genes for all of them have been known. Based on the biochemical nature of 

keratins, they are divided in to acidic type I and basic to neutral type II keratins. Keratin 

type I gene cluster on chromosome 17q21.2 contains 28 keratins while type II keratin gene 

cluster on chromosome 12q13.13 contains 26 keratins (Arin, 2009). While autosomal 

dominant woolly hair/hypotrichosis (ADWH; MIM 194300) mapped on chromosome 

12q12-q14.1 (Shimomura et al., 2010c) and have been occurred from pathogenic mutation 

in gene KRT74 (MIM 608248) (Shimomura et al., 2010c; Wasif et al., 2011). 

Autosomal dominant woolly hair/hypotrichosis (ADWH) is a rarer disorder characterized 

specifically by tightly twisted curled hair or sparse scalp hair (hypotrichosis). Hitherto, it 

has been reported only in three large consanguineous Pakistani families linked to 12q12-

q14.1 possessing type II keratin gene cluster (Shimomura et al., 2010c; Wasif et al., 

2011). To date 3 pathogenic mutations (c.444C>G; Shimomura et al., 2010c) and (c.IVS8-

1G>A and c.1444G>A; Wasif et al., 2011) have been found in the gene KRT74 being 

responsible for autosomal dominant woolly hair/hypotrichosis phenotypes. KRT74 is 

encoding inner root sheath (IRS) specific epithelial keratin. Thus mutant proteins are 
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resulting into disruption of keratin intermediate filament formation, most likely in a 

dominant-negative manner (Shimomura et al., 2010c).  

Associated Alopecias 

Alopecia with Mental Retardation Syndrome 

Alopecia-mental retardation syndrome (APMR; MIM 203650) is a rare autosomal 

recessive disorder, clinically characterized by partial or complete hair loss and mild to 

severe mental retardation (John et al., 2006; Wali et al., 2006b, 2007b). It involves total 

alopecia of all regions of normal hair growth (scalp, eyelashes, eyebrows, pubic and 

axillary hair) from birth. To date three APMR loci have been mapped on chromosome 

3q26.33-q27.3 (John et al., 2006), 3q26.2-q26.31 (Wali et al., 2006b) and 18q11.2-q12.2 

(Wali et al., 2007b). However, genes causing APMR have not been reported yet.  

Hypotrichosis with Juvenile Macular Dystrophy 

Hypotrichosis with juvenile macular dystrophy (HJMD; MIM 601553) is uncommon 

autosomal recessive human genetic disorder characterized by short sparse scalp hair at 

birth and progressive macular degeneration that results in early blindness (Souied et al., 

1995; Sprecher et al., 2001; Indelman et al., 2005; Jelani et al., 2009; Kamran-Ul-Hassan 

Naqvi et al., 2010). HJMD result from mutations in the gene CDH3, which is located on 

human chromosome 16q22.1. The gene encodes the classic cadherin molecule P-cadherin 

i.e. responsible for calcium-dependent cell-cell adhesion (Sprecher et al., 2001).  

Digenic Hereditary Hair Loss 

Recently, the first digenic inheritance of an autosomal recessive form of hypotrichosis is 

reported in two unrelated large consanguineous Pakistani families mapped on 

chromosomes 12q21.2-q22 and 16q21-q23 (Basit et al., 2011). The autosomal region 

16q21-q23 contains gene CDH3. Mutations in this gene cause two different phenotypes, 

hypotrichosis with juvenile macular dystrophy (HJMD; MIM 601553) and ectodermal 

dysplasia, ectrodactyly and macular dystrophy (EEM) syndrome (MIM 225280) (Kjaer et 

al., 2005; Shimomura et al., 2008b). Affected members of both families were showing 

sparse to absent scalp hair. But fundus examination, electroretinography and 

electrophysiological tests of affected individuals of both the families revealed normal 

macular pigment epithelium and retina (Basit et al., 2011). In both of these families, two 

novel mutations, a single base pair homozygous insertion (c.1024_1025insG) in exon-9 

and deletion of four base pair (c.1859_1862delCTCT) in exon-13  have been identified in 
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the gene CDH3 located on chromosome 16q21-q23. A modifier gene, located on 

chromosome 12q21.2-q22, is suggested altering the HJMD phenotype (Basit et al., 2011). 

Androgenetic Alopecia  

Androgenetic alopecia (AGA) is a genetically determined disorder and is progressive 

through the gradual conversion of terminal hairs into indeterminate hairs and finally to 

vellus hairs. Patients with this disorder usually have a typical patterned distribution of hair 

loss (Richards et al., 2008). Androgenetic alopecia is characterized by shortened anagen 

phase and hair follicle miniaturization and is the most common form of hair loss. 

Androgenetic alopecia is also known in men as male pattern baldness and in women as 

female pattern hair loss. Variations in the androgenetic receptor gene (AR) on the X 

chromosome have been the only risk factor for androgenetic alopecia (Hillmer et al., 

2005). A genome-wide linkage study for AGA has identified several susceptibility loci, 

which include chromosomes 3q21-q29, 11q14-q25, 18p11-q23 and 19p13-q13 (Hillmer et 

al., 2008). 

Alopecia Areata (AA)   

Alopecia areata is a skin disorder wherein the body's autoimmune system suddenly begins 

to attack the hair follicles (Martinez-Mir et al., 2007). In alopecia areata hair loss is 

usually seen in patches on the head and or body and might progress to the complete hair 

loss from the head (alopecia totalis) and may even extend to result in loss of all hair on the 

head and body (alopecia universalis) (Martinez-Mir et al., 2007). Alopecia areata is the 

second most common cause of hair loss in humans, with a lifetime risk of 2% (Gilhar and 

Kalish, 2006). Histologically, all types of AA are characterized by the presence of a 

diffuse lymphocytic infiltrate around the hair follicle. Alopecia areata is a tissue-specific 

autoimmune disease but its molecular mechanism remains largely unknown. Under normal 

circumstances, hair follicle is an immune-privileged organ which expresses low levels of 

major histocompatibility complex (MHC) (Paus et al., 2005). However, AA shows a 

collapse of immune privilege, leading to destruction of hair follicle by lymphocytes. 

Family-based linkage study for alopecia areata has identified several susceptibility loci on 

chromosomes 6, 10, 16, and 18 (Martinez-Mir et al., 2007). One of these corresponds to 

the MHC locus on chromosome 6p, which supports the notion that alopecia areata (AA) is 

an autoimmune disorder. 
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Ectodermal Dysplasias 

Ectodermal dysplasias (EDs) constitute a heterogeneous group of genetic disorders 

comprising defects in two or more tissues of ectodermal origin: hair, teeth, nails, sweat 

glands. Ectodermal dysplasia may be pure ED i.e. characterized by ectodermal signs only, 

or syndromic ED, having ectodermal signs along with malformations of other structures. 

The pure EDs belong to two main categories: the anhidrotic ectodermal dysplasia (EDA) 

with absent or reduced sweating while the hidrotic ectodermal dysplasia (EDH) with 

normal sweating (Clouston, 1939; Shigli et al., 2005). Till now 200 different pathological 

and molecular conditions have been recognized as ectodermal dysplasias (Itin and Fistarol, 

2004).  

Ectodermal Dysplasia of Hair, Nail and Teeth  

Ectodermal dysplasia of hair, nail and teeth type is a rare autosomal recessive disorder 

typified by fine or sparse hair on the scalp, eyelashes and eyebrows either present or 

absent, abnormal and irregular teeth, dystrophic finger and toenails (Tariq et al., 2008a). A 

novel locus has been identified on chromosome 18q22.1-q22.3 in a Pakistani 

consanguineous family with abnormalities of the hair, nails and teeth without any other 

associated abnormality (Tariq et al., 2008a). Three candidate genes (CDH19, CDH9, 

ZNF407) were sequenced from the mapped region in the family but failed to identify 

functional sequence variant in patients (Tariq et al., 2008a). 

Ectodermal Dysplasia of Hair and Nail 

ED of hair and nail type (MIM 602032) is a rare congenital disease typified by 

trichodysplasia (hypotrichosis, partial or total alopecia) and dystrophy of finger and toe 

nails without any other associated anomaly. Various clinical types of pure hair and nail ED 

have been reported (Naeem et al., 2006a). Three autosomal recessive forms of hair and 

nail dysplasia in Pakistani families had been mapped on chromosomes 10q24.32-q25.1, 

12q13.13 and 17p12-q21.2 (Rafiq et al., 2005; Naeem et al., 2006a; Naeem et al., 2006b). 

Pathogenic sequence variants have been reported in the gene KRTHB5 (MIM 602767) 

located on chromosome 12q13 in families with ED of hair and nail type (Naeem et al., 

2006a, Shimomura et al., 2010d).  

Hypohidrotic Ectodermal Dysplasia 

Hypohidrotic ectodermal dysplasia (HED) in human is genetic anomaly characterized by 

sparse thin hair, flattened nose, thick lips, hypohidrosis and teeth deformity or hypodontia 
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(Bayes et al., 1998; Chassaing et al., 2006). X-linked HED (MIM 305100) is the most 

common form resulting from mutations in the gene EDA (MIM 300451), placed on Xq12–

q13.1 and encoding ectodysplasin, a member of the tumor necrosis factor (TNF) family 

(Kere et al., 1996; Ezer et al., 1999; Tariq et al., 2007a; Zhang et al., 2009a; Clauss et al., 

2010; Naqvi et al., 2011). Majority of the mutations in X-linked HED (XLHED) are 

missense mutations, but one fifth is insertions or deletions (Tariq et al., 2007a; Clauss et 

al., 2010). Rarely happens that mutations in the gene EDA cause isolated hypodontia (Tao 

et al., 2006; Fan et al., 2008; Naqvi et al., 2011). A small number of HED patients reveals 

also mixed patterns of inheritance, autosomal dominant (MIM 129490) and autosomal 

recessive (MIM 224900). Both of these types result from mutations in two functionally 

related genes EDA-A1 receptor (EDAR) located on chromosome 2q11-q13 (MIM 604095) 

and EDA-A1 receptor associated death domain (EDARADD) on chromosome 1q42.2-q43 

(MIM 606603) (Lind et al., 2006; Tariq et al., 2007a;  Azeem et al., 2009; Naqvi et al., 

2011). 

Odonto-Onycho-Dermal Dysplasia 

Odonto-onycho-dermal dysplasia (OODD) a rare autosomal recessive inherited form of 

ectodermal dysplasia exhibiting severe oligodontia, nail dystrophy, palmoplantar 

hyperkeratosis and hyperhidrosis (Adaimy et al., 2007; Bohring et al., 2009). The OODD 

caused by mutations in the gene WNT10A (MIM 606228), mapped to chromosome 2q35-

36.2. WNT10A belongs to Wnt family of growth factors; members of a large family of 

secreted cysteine-rich proteins. During embryogenesis it regulates cell to cell interactions. 

The Wnt genes encode small secreted proteins, 350-400 residues in length (Adaimy et al., 

2007). 

Oligodontia 

Change in the number and shape of teeth belong to the most common congenital 

anomalies in humans. The term an autosomal dominant oligodontia (MIM 604625), is 

applied when six or more teeth are missing (Stockton et al., 2000; Lammi et al., 2003). 

Oligodontia is correlated with numerous syndromes, such as different forms of ectodermal 

dysplasia (ED). Thus in ED, the existing teeth are often small, cone-shaped and typically 

lose their specific structure (Bailleul-Forestier et al., 2008).  

Any pathogenic mutations in homeobox gene MSX1 result into specific forms of 

hypo/oligodontia. Third molars and second premolars are the most commonly affected 

teeth (MIM 106600) (Vastardis et al., 1996). MSX1 is located on the chromosome 4p16.1 
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and consist of two exons (Kim et al., 2006). PAX9 a transcription factor gene, mapped to 

chromosome 14q12-q13, result into absence of the most permanent molars with or without 

hypodontia in primary teeth (Stockton et al., 2000; Bailleul-Forestier et al., 2008).  

X-linked Recessive Isolated Oligodontia 

X-linked recessive isolated oligodontia (MIM 313500) is congenital absence of teeth 

inherited in an X-linked fashion, which did not show other HED characteristics (Han et 

al., 2008). Locus has been identified at chromosome Xq12-q13.1 (Tao et al., 2006). Few 

mutations in the gene EDA (MIM 300451) causing X-linked recessive isolated oligodontia 

have been reported (Tao et al., 2006; Tarpey et al., 2007; Han et al., 2008; Rasool et al., 

2008; Azeem et al., 2009). 

Isolated Congenital Nail Dysplasia 

Isolated congenital nail dysplasia (ICND; MIM 605779) is a rare autosomal dominant 

condition characterized by thinning and impaired formation of nail plates, mostly of all 

fingernails and toenails (Hamm et al., 2000). Krebsova et al. (2000) mapped ICND on 

chromosome 17p13. 

Isolated Congenital Nail Clubbing  

Hereditary nail clubbing is an uncommon genodermatosis defined as bulging of nail plate, 

an enlargement of terminal segments of fingers and toes, resulting from proliferation of 

connective tissues between the phalanges and nail matrix (Myers and Farquhar, 2001). It is 

considered to be a result of the abnormal function of nail matrix during nail 

morphogenesis. Nail clubbing may be an isolated abnormality or associated with a 

systemic disease (Gudbjartsson et al., 2005). Mutations in the gene HPGD (MIM 601688), 

located on chromosome 4q32.3-q34.2, have been shown to be the cause of nail clubbing 

(Uppal et al., 2008; Tariq et al., 2009b). 

Inherited Anonychia 

Anonychia congenita (MIM 206800) is autosomal recessive disorder characterized by 

absence of nails or severe hypoplasia of all fingernails and toenails in humans. Anonychia 

may occur as an isolated anomaly or as a feature of hereditary syndromes (Blaydon et al., 

2006). Recently, a region of linkage on chromosome 20p13 have been identified and gene 

R-spondin 4 (RSPO4) (MIM 206800) showed a spectrum of mutations (Bergmann et al., 

2006; Blaydon et al., 2006; Bruchle et al. 2008; Chishti et al., 2008; Ishii et al., 2008; 

Wasif and Ahmad, 2012). RSPO4 spans approximately 44 kb of genomic DNA and 
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contains five exons that encoding a secreted protein of 234 amino acids (Kim et al., 

2006a). The R-spondin proteins are newly recognized secreted molecules involved in 

activation of beta-catenin signaling.  

Ectodermal Dysplasia Skin Fragility Syndrome 

Ectodermal dysplasia-skin fragility syndrome (MIM 604536) is a rare autosomal recessive 

inheritable disorder, the collection of abnormalities involving superficial skin fragility and 

developmental abnormalities of hair, nails and palmoplantar skin (McGrath et al., 1997, 

1999). It results from mutations in the gene plakophilin1 (PKP1), mapped to chromosome 

1q32. PKP1 is a component of desmosome cell-cell junctions and is a member of 

armadillo family of structural and signaling proteins, which contributes to the mechanical 

integrity and calcium stability of desmosome (South, 2004). Recently, new homozygous 

pathogenic mutation in the gene PKP1 has been identified (Tanaka et al., 2009). 

Ellis-Van-Creveld Syndrome 

Ellis-Van-Creveld (EVC; MIM 225500) syndrome is an autosomal recessive inconsistent 

dwarfism characterized by a tetrad of dental anomalies (hypodontia, neonatal teeth, 

premature tooth loss), cardiac malformations (single atrium and atrial septal defect), 

skeletal abnormalities (brachydactyly, postaxial polydactyly type A, short ribs, fusion of 

capitate and hamate, genu valgum and distal limb shortening) and nail dysplasia 

(Biggerstaf and Mazaheri, 1968; Taylor et al., 1984; Ruiz-Perez et al., 2003; Baujat and 

Le, 2007; Ume-E-Kalsoom et al., 2010; Hills et al., 2011; Shen et al., 2011). 

Cutis Laxa Syndrome 

Cutis laxa syndrome is a diverse group of congenital abnormalities of elastic fibers which 

are composed of elastin and microfibrillar components (Andiran et al., 2002). It can be 

inherited in an autosomal and X-linked pattern (Agha et al., 1978; Tassabehiji et al., 1998; 

Zhang et al., 1999). Cutis laxa syndrome is caused by occurrence of pathogenic sequence 

variants in at least eight genes including ELN, ATP7A, ATP6V0A2, PYCR1, LTBP4, RIN2, 

FBLN4 and FBLN5 (Jelani et al., 2010). Recently, genome scan in a large consanguineous 

Pakistani family using polymorphic microsatellite markers, revealed a novel locus for 

autosomal recessive cutis laxa syndrome mapped on chromosome 9q13-q21.32 (Jelani et 

al., 2010). Sequence analysis of several genes failed to reveal functional sequence variant 

in affected members of the family (Jelani et al., 2010). 
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Ectodermal Dysplasia-Cutaneous Syndactyly Syndrome 

Ectodermal dysplasia-cutaneous syndactyly syndrome (EDCS) is characterized by 

hypotrichosis, tooth enamel hypoplasia, hypoplastic nails, palmoplantar keratoderma, 

hyperhidrosis and bilateral partial cutaneous syndactyly (Tariq et al., 2009c). The locus for 

EDCS was mapped at chromosome 7p21.1-p14.3 in a Pakistani family. To date, no 

causative gene was identified at this locus. Recently, another novel locus for EDCS was 

mapped on chromosome 1q23.1-1q23.3 (Brancati et al., 2010; Jelani et al., 2011). 

Mutations in the gene PVRL4 have been reported to be the cause of EDCS (Brancati et al., 

2010; Jelani et al., 2011).  

Trichorhinophalangeal Syndromes 

The trichorhinophalangeal syndromes (TRPSs) are rarely occurring genetical disorders 

with dominant mode of inheritance (Tariq et al., 2008b). TRPSs are characterized by 

developmental facial defects including sparse scalp hair, sparse eyebrows, protruding ears, 

thin upper vermilion border, bulbous tip of pear-shaped nose, flat and elongated philtrum 

and deformity of selected bones (Rossi et al., 2007). Skeletal anomalies of the TRPS 

include cone-shaped epiphyses at the phalanges, short stature and hip malformations 

(Momeni et al., 2000; Ludecke et al., 2001). Three different types of TRPS have been 

described: TRPS I (MIM 190350), TRPS II (MIM 150230) and TRPS III (MIM 190351). 

Momeni et al. (2000) identified and mapped TRPS1 to chromosome 8q24.1. Several 

missense, deletions and nonsense mutations, identified in the coding region of the gene 

TRPS1 have been shown to be the cause of TRPS I (Gentile et al., 2003; Kaiser et al., 

2004; Rossi et al., 2007). 

TRPS II, in addition to the symptoms of TRPS I, also characterized by mental retardation 

and microcephaly or multiple cartilaginous exostosis. TRPS II is caused by de novo 

deletion of the two contiguous genes TRPS1 and EXT1 mapped at chromosome 8q24.1 

(Buhler et al., 1987).  

While TRPS III represented same the clinical symptoms as TRPS I, but associated with 

severe brachydactyly, growth retardation with progressive shortening of all the 

metacarpals and phalanges and some long bones (Ludecke et al., 2001). Mutations in exon 

6 of the gene TRPS1, affecting the functionality of the zinc-finger domain of TRPS1 

protein are responsible for causing TRPS III (Kobayashi et al., 2002; Tariq et al., 2008b; 

Piccione et al., 2009; Gai et al., 2011). 
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Palmoplantar Keratodermas (PPKs) Syndrome  

Palmoplantar keratodermas (PPKs) causing hyperkeratosis of palms and soles, are a highly 

diverse group of diseases. Mode of inheritance might be autosomal dominant, recessive, 

mitochondrial or possibly X-linked recessive pattern (Swensson et al., 1998; Bowden, 

2010). Three types of palmoplantar keratodermas with autosomal dominant mode of 

inheritance are already existed. Striate palmoplantar keratoderma I (PPKS1; MIM 148700) 

mapped at chromosome 18q12.1 (Hennies et al., 1995) caused by pathogenic allelic 

variant in gene DSG1 (MIM 125670) (Rickman et al., 1999; Hunt et al., 2001). While 

striate palmoplantar keratoderma II (PPKS2; MIM 612908) mapped at 6p24 (Armstrong et 

al., 1999) occurred by mutation in gene DSP (MIM 125647) (Armstrong et al., 1999). 

Whereas, striate palmoplantar keratoderma III (PPKS3; MIM 607654) mapped on 

chromosome 12q13.13 (Whittock et al., 2002) caused by pathogenic mutation in gene 

KRT1 (MIM 139350) (Whittock et al., 2002). A novel locus for autosomal recessive PPK 

has been identified on chromosome 3q27.2-q29 in a consanguineous Pakistani family, 

characterized severe bilateral involvement of palms and soles with minor nail 

involvement, severe fissuring with bleeding, painful walking, and problems in grasping 

(Khan et al., 2010). 

The study presented in the dissertation include clinical and molecular analysis of eleven  

families with autosomal recessive hair loss disorders, two families with autosomal 

dominant hair loss disorders and five families with different forms of ectodermal 

dysplasia. Linkage analysis was used to map the disease genes in the families. DNA 

sequence analysis was used to identify potential sequence variants in the disease genes. In 

one of the families with hair loss disorders, human genome scan identified a novel locus 

excluding hairless gene and flanking eighteen known functional genes at chromosome 8. 

Sequence analysis of the candidate genes led to the identification of five novel and five 

recurrent pathogenic mutations in the seventeen families.  
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Figure 1.1: The human skin and its appendages (Adapted from ScienceDirect.com; 

www.sciencedirect.com) 
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MATERIALS AND METHODS 
 

Approval of the Study 

The study, presented in the thesis, was approved by the Institutional Review Board Quaid-

i-Azam University Islamabad, Pakistan. Clinical and molecular characterization of several 

families with inherited skin disorders are presented here. Informed consent was obtained 

from patients and several unaffected members of the families who participated in the 

study. Affected individuals of the families were examined by expert dermatologists at 

local government hospitals.  

Families Ascertained for the Present Study 

For the work, presented here, thirteen consanguineous Pakistani families (A, B, C, D, E, F, 

G, H, I, J, K, L, M) with hereditary hair loss disorders and five families (N, O, P, Q, R) 

with ectodermal dysplasias were ascertained from different regions of Pakistan. Families 

demonstrating hereditary hair loss disorders included seven families (A, B, C, E, G, I, K) 

originated from Khyber Pukhtoonkhwa Province, three families (H, L, M) from Sindh 

Province, two families (F, J) from Punjab Province and one family (D) from Baluchistan 

Province of Pakistan. Families demonstrating various forms of hereditary ectodermal 

dysplasia included four families (O, P, Q, R) originated from different regions of Southern 

Punjab and one family (N) originated from Sindh Province of Pakistan. 

Construction of the Family Pedigrees 

For each of the eighteen families, studied here, pedigree was constructed following a 

standard method described by Bennett et al. (1995). The inheritance pattern of the disease 

was inferred by observing the mode of segregation or transmission within family. All the 

families were visited at their native residential places. In order to generate pedigrees, the 

relevant information pertaining to the family history, consanguinity among the family 

members and disease background were obtained from parents/guardians and elders of the 

families. The information thus obtained was crosschecked by interviewing neighbors and 

other distantly related members of the families. In the pedigree drawings male members 

are represented by squares and female members by circles. Affected individuals are 

represented by filled symbols and unaffected members by clear symbols. Symbols with 

cross lines indicate the deceased individuals. Double lines between married individuals 

represented consanguineous unions. Each generation is symbolized by Roman numerals (I, 
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II, III) while members within a generation are indicated by Arabic numerals (1, 2, 3). The 

individual numbers labeled with asterisks indicate the samples available for the study. 

Collection of Blood Samples 

For extraction of genomic DNA, peripheral blood samples were collected from both 

affected and unaffected members of the families, using 5 ml (BD 0.60 mm X 25 mm, 23 G 

X 1 TW) and 10 ml syringes (BD 0.8 mm X 38 mm 21 G X 11/2 TW) in 10 ml vacutainer 

tubes (BD Vacutainer® K3 EDTA, Franklin Lakes NJ, USA) and stored at 4°C. Blood 

samples from children (below 5 years) were collected using butterflies (BD, Franklin 

Lakes NJ, USA). 

Extraction of Genomic DNA 

Genomic DNA from peripheral venous blood samples was extracted using standard 

Phenol-Chloroform and GenEluteTM blood genomic DNA kit method (Sigma-Aldrich MO, 

USA). 

1. Phenol-Chloroform Method 

In a 1.5 ml microcentrifuge tube (Axygen Inc., CA, USA), equal volumes (750 ul) of 

blood and solution A [0.32 M Sucrose (BDH, England), 10 mM Tris pH 7.5 (BDH, 

England), 5 mM MgCl2 (Sigma-Aldrich MO, USA), 1% v/v Triton X-100 (Sigma-Aldrich 

MO, USA)] were added and kept at room temperature for 10-15 minutes. The tube was 

centrifuged for 1 minute at 13,000 rpm in a microcentrifuge (Eppendorf, Hamburg, 

Germany) and after discarding the supernatant, the pellet was resuspended in 400 μl of 

solution A. The tube was centrifuged again at the same speed and after discarding the 

supernatant, the nuclear pellet was resuspended in 400 μl of solution B [10 mM Tris pH 

7.5, 400 mM NaCl (BDH, England), 2 mM EDTA pH 8.0 (BDH, England), 12 μl of 20% 

SDS (BDH, England)] and 6 μl proteinase K (20 mg/ml) (Sigma-Aldrich MO, USA) and 

incubated at 37°C for 16-20 hours. 

On the following day, 0.5 ml of fresh mixture of equal volumes of solution C (Phenol, 

BDH, England) and D (24 volumes of Chloroform and 1 volume of Iso-amyl alcohol, 

BDH, England) were added to the tube, mixed thoroughly and centrifuged for 10 minutes 

at 13,000 rpm. The aqueous phase was transferred to a new microcentrifuge tube and 0.5 

ml of solution D was added and recentrifuged at 13,100 rpm for 10 minutes. Then aqueous 

phase was transferred to a new tube and 55 μl of sodium acetate (3 M, pH 6) and 500 μl of 

chilled (stored at -20˚C) iso-propanol (BDH, England) were added. Tube was then 
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inverted several times to precipitate the DNA and centrifugation was carried out again for 

ten minutes at 13,100 rpm. The supernatant was discarded without disturbing the DNA 

pellet. To the DNA pellet, 200 µl of chilled 70% ethanol (BDH, England) was added and 

centrifuged at 13,100 rpm for 7 minutes. The ethanol was discarded and DNA was dried 

by keeping the tubes at 45oC for 10 minutes in a vacuum concentrator 5301 (Eppendorf, 

Germany). The precipitated DNA was dissolved in 150-200 µl of DNA dissolving buffer 

Tris-EDTA (TE, Sigma-Aldrich MO, USA). The DNA samples was then kept in an 

incubator for a day to ensure complete suspension of DNA in the buffer and then stored at 

4°C in refrigerator. 

2. GenEluteTM Blood Genomic DNA Kit Method 

Prior to extract DNA, tubes containing blood were placed at room temperature for 5-10 

minutes. In a 1.5 ml of microcentrifuge tube (Axygen Inc, CA, USA), 200 μl blood, 20 μl 

of proteinase K (16.8 UI) and 200 μl of lysis solution C (GenEluteTM Sigma-Aldrich MO, 

USA) were vortexed thoroughly for 30 seconds. The homogeneous mixture was incubated 

at 55oC for 10 minutes. 200 μl of 100% ethanol (BDH, England) was then added to the 

lysate. The entire content of homogenized mixture was transferred to a freshly prepared 

miniprep binding column and centrifuged at 7,500 rpm for 1 minute. The eluting liquid 

was discarded and the column was placed into a new collection tube. Approximately 500 

μl of wash solution was added to the column and centrifuged again at 7,500 rpm for 1 

minute. The flow-through was discarded and the column was placed into a new collection 

tube of 2 ml. 500 μl of wash solution was added to the column and centrifugation was 

carried out at 12,000-13,100 rpm for 3-5 minutes. The flow-through was discarded and 

column was dried at 37oC for 5 minutes and placed into a new collection tube of 2 ml. 

Approximately 200 μl of elution buffer (EB) was added to the column and incubated at 

room temperature for 5 minutes. Then centrifugation was carried out at 7,000 rpm for 1 

minute to elute DNA. The eluted DNA was stored at 4oC. 

DNA Quantification and Polymerase Chain Reaction (PCR) 

DNA quantification was carried out by Nanodrop-1000 spectrophotometer (Thermo 

Scientific, Wilmington, USA) readings at optical density (OD) of 260 nm wavelength and 

diluted to 40-50 ng/μl. Then polymerase chain reaction (PCR) was performed using 40-50 

ng of human genomic DNA in 25 μl of reaction mixture containing 2.5 ml of 10X NH4SO4 

buffer, 1mM MgCl2, dNTPs mixture 0.2 mM, 10-20 pmol each primer, 1 unit Taq DNA 

polymerase (MBI Fermentas, Life Sciences, UK). Standard thermal cycle conditions used 



Chapter # 2                                                                                                                      Materials and Methods 
 

Identification of Genes Involved in Human Hereditary Skin Disorders                        22

consisted of one cycle of denaturation at 95°C for 5 minutes, followed by 40 cycles of 

denaturation at 95°C for one minute, annealing of primers at 48-63°C for one minute and 

primer extension at 65-72°C for one minute, and final extension at 65-72°C for ten 

minutes. The PCR was preformed in T3000 thermocycler (Biometra® Germany). 

Genetic Linkage Analysis 

1. Exclusion Mapping 

Initially, all the eighteen families, presented here, were tested for linkage to previously 

known genes involved in causing human hereditary skin disorders including hair loss and 

ectodermal dysplasias. Microsatellite markers (75% > average heterozygosity) flanking 

the genes of interest and used in the present study for exclusion mapping are listed in 

Table 2.1-2.2. Chromosomal location of the genes, considered for the analysis, was 

according to the National Center for Biotechnology Information (NCBI). Genetic and 

physical locations of microsatellite markers were according to the 2nd-generation 

combined linkage physical map of the human genome build 36.2 (Matise et al., 2007). 

2. Human Genome Scan 

Those families which failed to show linkage to the known genes were subjected to genome 

scan. For genome-wide scan, more than 500 STR (short tandem repeat) markers from 

Linkage Mapping Set (Invitrogen, San Diego, California, USA) were typed. These STR 

markers are located on 22 autosomes, and X and Y chromosomes and are spaced 

approximately 5-7 cM apart. The amplified PCR products were resolved on 8% non-

denatured polyacrylamide gel and stained with ethidium bromide. DNA ladders of 20-bp, 

50-bp, and 100-bp (MBI, Fermentas, Life Sciences, UK) were used to determine the allele 

sizes of the microsatellite markers.  

Agarose Gel Electrophoresis 

Amplified PCR products were analyzed on 1.5-2% agarose gel, which was prepared by 

melting 1.5-2 grams of agarose (Sigma-Aldrich Co., MO, USA) in 100 ml 1X TBE buffer 

(Tris 0.89 M, Borate 0.025 M, EDTA 0.032 M pH 8.3), in a microwave oven for few 

minutes. 10-12 µl ethidium bromide (final concentration 0.5 g/ml) was added to the gel 

to facilitate visualization of DNA after electrophoresis. PCR reaction products were mixed 

with bromophenol blue dye (0.25% bromophenol blue in 40% sucrose solution) and 

loaded into the wells. 50-100 bp DNA ladders (MBI, Fermentas, Life Sciences, UK) were 

used to determine the size of amplified products. Electrophoresis was performed at 125 
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volts for half an hour in 1X TBE buffer. Amplified PCR products were visualized by 

placing the gel on UV Transilluminator (Biometra, Germany). 

Polyacrylamide Gel Electrophoresis 

The amplified PCR products, obtained by typing microsatellite markers, were resolved on 

8% non-denatured polyacrylamide gel. Composition of 50 ml 8% polyacrylamide gel used 

included: 5 ml 10X Tris-Borate-EDTA (Tris 0.89 M, Borate 0.89 M, EDTA 0.02 M), 13.5 

ml 30% acrylamide solution, 29:1 ratio of acrylamide (MERCK, Germany) and N,N’ 

Methylene-bisacrylamide (BDH, England), 0.35 ml 10% APS (Ammonium persulphate) 

(Sigma-Aldrich Co., MO, USA), 20 µl TEMED (N, N, N’, N’-Tetra-methyl-ethylene-

diamine) (Sigma-Aldrich Co., MO, USA) and 31.13 ml distilled water. Gel solution was 

made in a 250 ml conical flask, and was poured in the space between two glass plates 

separated at a distance of 1.5 mm. After placing the comb, it was allowed to polymerize 

for 45 minutes at room temperature. Samples were mixed with 5-7 µl loading dye 

containing 0.25% bromophenol blue prepared in 40% sucrose solution and loaded into the 

wells. Electrophoresis was performed in a vertical gel tank of Whatman Biometra 

(Biometra, Germany) at 100 volts (30 mA) electric current for 120-150 minutes depending 

upon the size of amplified length. The gel was stained with ethidium bromide solution (5 

μg/ml), visualized on UV transilluminator (Biometra, Germany) and photographed using 

electrophoresis documentation and analysis system with the help of a Digital camera DC 

290 (Kodak, USA). 

Biostatistical Programmes for Genetic Linkage Mapping 

The Rutgers combined linkage physical map of the human genome (Matise et al., 2007) 

was used to determine genetic map distance for the microsatellite markers typed in human 

genome scan and fine mapping. The Mendelian errors and inconsistencies in genotyping 

data were eradicated using softwares of PEDCHECK (O'Connell and Weeks, 1998), 

PEDSTATS (Wigginton and Abecasis, 2005) and MERLIN (Abecasis et al., 2002). 

Haplotypes were constructed via SIMWALK2 (Sobel and Lange, 1996) and 

HAPLOPAINTER (Thiele and Nurnberg, 2005) was used for identifying the 

recombination events. Two-point and multipoint linkage analysis were carried out using 

MLINK program of FASTLINK computer package (Cottingham et al., 1993) and Allegro-

2 (Gudbjartsson et al., 2005), respectively. An autosomal recessive mode of inheritance 

with complete penetrance and disease allele frequency of 0.001 were assumed. In two-

point and multipoint analysis equal allele frequencies were assumed, as it was not possible 
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to estimate allele frequencies from the founders, since the markers were genotyped only in 

the family under study. 

Sequencing of Candidate Genes  

To search for underlying pathogenic sequence variants 15 genes including HR (MIM 

225060), U2HR (MIM 602302), DSG4 (MIM 607892), LIPH (MIM 607365), 

LPAR6/P2RY5 (MIM 609239), ZMYND17 (NM_001024593.1), KAT6B/MYST4 (MIM 

605880), P4HA1 (MIM 176710), CDH3 (MIM 114021), KRT71 (MIM 608245), KRT74 

(MIM 608248), APCDD1 (MIM 605389), HPGD (MIM 601688), EDA (MIM 300451) 

and EDAR (MIM 604095) were sequenced in the presented study. Selection of candidate 

genes, located in the linkage intervals, for screening was based upon the information 

pertaining to expression of the genes and their possible roles in generating the disease 

phenotype, available on National Center for Biotechnology Information (NCBI). The 

ontologies and the expression profiles of the candidate genes were verified by gene cards 

(http://www.genecards.org) and gene distiller (http://www.genedistiller.org).  

To search for potential sequence variants in the candidate genes, exons and splice junction 

sites were PCR amplified from genomic DNA using primers listed in Tables 2.3-2.17. The 

primers were designed using Primer3 version 0.4.0 software 

(http://frodo.wi.mit.edu/primer3/) (Rozen and Skaletsky, 2000). The protein sequences of 

pathogenic sequence variants and the evolutionary conservation of amino acids were 

confirmed through sequence alignment tool ClustalW (www.ebi.ac.uk/clustalw). 

First PCR 

The coding sequence and splice junction sites of the genes were PCR amplified in a 50 µl 

reaction containing 2.5 µl genomic DNA, 2.5 µl each primer, 5 µl PCR buffer, 4 µl 25 

mM MgCl2, 1 µl 10 mM dNTPs and 0.6 µl Taq DNA polymerase (one unit) (MBI 

Fermentas, UK). Thermo-cycling conditions were the same as described above. Amplified 

PCR products of DNA samples were analyzed on 2% agarose gel. Electrophoresis was 

performed at 110 volts (80 mA) for half an hour in 1X TBE buffer. The amplified PCR 

products, stained with ethidium bromide, were visualized by placing the gel on UV 

transilluminator (Biometra, Germany). 

First Purification 

The amplified products were purified using Gene JET™ PCR Purification Kit (Fermentas, 

EU). Binding solution (H1) of 200 µl (concentrated guanidine HCl, EDTA, Tris-HCl, and 
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isopropanol) was added to the amplification reaction and mixed thoroughly by a short 

centrifuge spin. The mixture was then transferred to a spin column containing silica-based 

membrane and subjected to centrifugation at 13,000 rpm for 1 min so that double stranded 

DNA adsorbed selectively to silica-based column. DNA polymerase, buffer, unreacted 

primers, proteins and dNTPs were removed using 500 µl alcohol-containing wash buffer 

(H2) (NaCl, EDTA, Tris-HCl). DNA was eluted in 25-30 µl Tris-EDTA buffer [10 mM 

Tris-HCl (pH 8.0), 0.1 mM EDTA] at 65°C and kept for 5 minutes at room temperature. 

The purified products were analyzed on 2 % agarose gel. 

Second PCR and Second Purification for CEQ8800 DNA Sequencer 

Sequencing PCR of purified products was prepared in 0.2 ml PCR tubes, by adding 3 µl of 

DTCS quick start kit, 1 µl of sequencing reaction buffer (Beckman Coulter, USA), 1 µl 

(20 ng) forward or reverse primer, 1-2 µl (20 ng) purified PCR product and 4-5 µl PCR 

water, totaling the final amount to 10 µl. The reaction mixture was taken through 

thermocycling conditions consisting of one minute of an initial DNA denaturation at 95ºC, 

followed by 30 cycles of amplification each consisting of 3 steps: 30 seconds at 95ºC for 

denaturation of DNA into single strand, 30 seconds for annealing at a temperature at 

which the primer is to hybridize or anneal and 4 minutes at 70ºC for extension of 

complementary DNA strands from the primers. This was followed by a final 10 minutes at 

70ºC for Taq DNA polymerase to synthesize any unextended strand left. 

After second PCR was performed, sample was purified again using ethanol precipitation 

protocol (POP6 Protocol). Eppendorf was labeled and fresh stop solution consisting of 1 

µl of 3M NaAc (PH 5.2), 1 µl of 100 mM Na2EDTA (PH 8) and 0.5 µl of 20 mg/ml 

glycogen was prepared. Sequencing products were transferred to 1.5 ml microcentrifuge 

tube, containing 2.5 µl of stop solution and 70 µl of 100% ethanol. Tubes were vortexed 

and centrifuge at 13,000 rpm for 20 minutes. Supernatant was removed and 150 µl of 70% 

ethanol was added into the tubes. Tubes were centrifuged at 13,000 rpm for 15 minutes. 

Supernatant was discarded and the samples were vacuum dried at low or without 

temperature for few min. The pellet was resuspended in 30 µl of sample loading solution 

(SLS) by vortex. Samples were loaded to sample loading tray and sequenced directly on 

CEQ8800 DNA sequencer (Beckman Coulter, USA).  

Few samples were sequenced on ABI Prism 310 DNA Sequencer (PE, Applied 

Biosystems, Foster City, CA, USA) using slightly different protocol as described above.   

 



Chapter # 2                                                                                                                      Materials and Methods 
 

Identification of Genes Involved in Human Hereditary Skin Disorders                        26

Sequence Variants Alignment  

Chromatograms from unaffected and affected individuals were compared with the 

corresponding control gene sequences from Ensemble Genome Browser database 

(http://www.ensembl.org/index.html) to identify any nucleotide base pair change. 

Sequence variants were aligned and identified via BIOEDIT sequence alignment editor 

version 6.0.7. When a potentially functional sequence variant was found, the respective 

exon was sequenced in other family members for whom DNA was available. 
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Table 2.1: List of microsatellite markers used to test linkage of the families to known 

genes involved in causing hair loss disorders 

No.                   Phenotype    Gene Chromosome   Markers    cM* 

1 Autosomal dominant woolly 

hair/hypotrichosis  

KRT74 

KRT71 

  12q12-14.1 D12S1701 

D12S339 

D12S1629 

D12S803 

D12S1618 

D12S1651 

D12S1691 

D12S1726 

64.12 

65.54 

66.94 

69.17 

70.68 

71.09 

75.14 

78.07 

2 Hereditary hypotrichosis simplex 

(HHS) 

 APCDD1 18p11.2 D18S1153 

D18S1150 

D18S378 

D18S1158 

D18S1116 

37.08 

37.42 

38.82 

38.88 

41.28 

3 Autosomal dominant 

hypotrichosis simplex of the scalp 

(HTSS1) 

CDSN 6p21.3 D6S265 

D6S273 

D6S2414 

D6S1701 

D6S1618  

53.32 

53.70 

54.89 

55.48     

56.26     

4 Autosomal recessive 

hypotrichosis with localized 

papular lesion 

None 7p21.3-p22.3 D7S2521 

D7S517 

D7S2201 

D7S1527 

D7S2514 

5.38 

6.96 

10.4 

12.54 

13.25 

5 Atrichia with papular lesions 

(APL)  

HR  8p21  D8S1116 

D8S560 

D8S298 

D8S1786 

D8S1733 

39.38 

39.68 

40.11 

41.41 

41.59 
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6 

 

Autosomal recessive 

hypotrichosis 

 

None 

 

10q.11.23-

22.3 

 

D10S676 

D10S1432 

D10S556 

D10S1136 

 

88.57 

93.70 

94.38 

95.77 

7 Localized autosomal recessive 

hypotrichosis (LAH1)  

DSG4  18q21.1  D18S478 

D18S877 

D18S965 

D18S49 

D18S36  

54.85 

56.26 

57.00 

57.6 

59.09 

8 Autosomal recessive 

hypotrichosis (LAH2/woolly hair) 

LIPH  3q27.1-3q27.2  D3S1521 

D3S3609 

D3S3592 

D3S1530 

D3S1602 

D3S3600 

204.6 

205.94 

206.82 

208.12 

209.79 

213.80 

9 Autosomal recessive 

hypotrichosis (LAH3/woolly hair) 

LPAR6  13q14.11-

q21.32  

D13S168 

D13S1307 

D13S273 

D13S1269 

D13S1325 

51.37 

52.00 

52.8 

53.19 

54.26  

10 Autosomal recessive 

hypotrichosis and recurrent 

vesicles on skin  

DSC3  18q21.1  D18S478 

D18S877 

D18S965 

D18S49 

D18S36  

54.85 

56.26 

57.00 

57.6 

59.09 

11 Hypotrichosis with juvenile 

macular dystrophy (HJMD) 

CDH3 16q22.1  D16S3393 

D16S3050 

D16S3095 

D16S2624

D16S3033 

84.13 

84.80 

87.61 

88.33   

89.73 
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12 Alopecia with mental retardation 

(APMR1)  

None  3q26.33-q27.3  D3S2314 

D3S1521 

D3S3592 

D3S1530 

D3S1602 

201.92 

204.6 

206.82 

208.12 

209.79 

13 Alopecia with mental retardation 

(APMR2)  

None  3q26.2-q26.32  D3S3523 

D3S3656 

D3S1574 

D3S3725 

D3S1556 

185.52 

186.74 

187.86 

188.36 

190.78 

14 Alopecia with mental retardation 

(APMR3)  

None  18q11.2-

q21.32  

D18S1108 

D18S1375

D18S866 

D18S877 

D18S536 

D18S1100 

50.00 

51.35 

52.19 

56.26 

60.90 

62.62 

15 Digenic inheritance of autosomal 

recessive hypotrichosis 

None  

 

 

 

 

CDH3 

12q21.2-q22  

 

 

 

 

16q21-q23.1 

D12S64 

D12S824 

D12S1719 

D12S1710 

D12S1064 

 

D16S397 

D16S3025 

D16S3096 

D16S752 

D16S3033 

95.12 

97.43 

100.11 

101.23 

102.09 

 

86.20 

86.57 

87.61 

88.19 

89.73 

*genetic distance (centiMorgan) is according to the second-generation combined linkage physical 

map of the human genome (Matise et al., 2007). 
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Table 2.2: List of microsatellite markers used to test linkage to known genes involved in 

ectodermal dysplasias 

No.             Phenotype Gene Chromosome Markers cM* 

1 X-linked Isolated hypodontia  

and hypohidrotic ectodermal 

dysplasia (XLHED) 

EDA Xq13.1 DXS8380 

DXS8040 

DXS8107 

DXS8052 

DXS8030 

56.66 

57.49 

58.67 

58.67 

59.18 

2 Ectodermal dysplasia/skin 

fragility syndrome 

PKP1 1q32.1 D1S456 

D1S2615 

D1S2655 

D1S1667 

216.53 

217.55 

218.81 

225.67 

3 Autosomal recessive 

hypohidrotic ectodermal 

dysplasia (ARHED) 

EDARADD 1q43 D1S235 

D1S517 

D1S285 

D1S404 

261.73   

263.64   

264.43   

273.30 

4 Autosomal recessive 

hypohidrotic ectodermal 

dysplasia (ARHED) 

EDAR 2q13 D2S274 

D2S2386 

D2S340 

D2S1889 

D2S1893 

118.34 

119.82 

121.41 

121.41 

122.12 

5 Odonto-onycho-dermal 

dysplasia 

WNT10A  2q35  D2S2248 

D2S1338 

D2S2244 

D2S163  

218.87 

220.78 

222.96 

225.03  

6 Autosomal recessive 

hypertrophic 

osteoarthropathy (HOA) HPGD 4q32.3-q43.2 

D4S2414 

D4S2910 

D4S2431 

D4S3035 

D4S3338 

171.2 

174.7 

176.8 

178.9 

181.3 
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7 Lacrimo-auriculo-dento-

digital syndrome  

FGF10  5p13-p12  D5S430 

D5S665 

D5S1396 

D5S1388 

65.30 

65.87 

66.41 

66.95 

8 Ectodermal dysplasia-

cutaneous syndactyly  

None  7p21.1-p14.3  D7S2562 

D7S2190 

D7S1808 

D7S2491  

35.75 

39.92 

42.92 

48.65  

9 Tricho-rhino-phalangeal 

syndrome  

TRPS1  8q24.12  D8S565 

D8S384 

D8S199 

119.68 

121.77 

123.12 

10 

Ectodermal dysplasia of hair 

nail locus 
None 

 

10q24.32-q25.1 

D10S1710     

D10S1267 

D10S1264 

D10S254 

D10S1741 

121.11   

122.40   

123.53   

124.14   

125.50 

11 Lacrimo-auriculo-dento-

digital syndrome  

FGFR2  10q26  D10S542 

D10S1722 

D10S1483 

D10S587 

141.57 

143.88 

145.95 

149.12 

12 Ectodermal dysplasia 

cleft/lip palate syndrome  

PVRL1  11q23-q24  D11S4104 

D11S924 

D11S994 

D11S925 

127.01 

128.16 

128.79 

130.70   

13 Ichthyosis with 

Hypotrichosis Syndrome 

ST14 11q24.3 D11S4150 

D11S4463 

D11S4131 

146.09 

150.29 

152.89 

14 Pachyonychia congenita 1 

and 2, Ectodermal dysplasia 

with pure hair-nail type  

KRT81, 

KRT83, 

KRT85, 

KRT86  

12q13  D12S270 

D12S1604 

D12S103 

D12S1724  

69.16 

70.68 

71.09 

72.13  
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15 
Isolated congenital nail 

dysplasia (ICND) 

None 17p13 D17S926 

D17S1840 

D17S1529 

D17S1528 

4.52 

5.64 

6.58 

9.44 

16 T-cell immunodeficiency, 

congenital alopecia and nail 

dystrophy  

WHN  17q11-q12  D17S841 

D17S1294 

D17S1800 

D17S798  

55.69 

56.07 

56.74 

58.69  

17 Tricho-dento-osseous 

syndrome  

DLX3  17q21.3-q22  D17S943 

D17S747 

D17S1865 

D17S752 

76.92 

79.29 

81.29 

82.62 

18 Hereditary nail dysplasia 

locus 

EVPL 17q25.1-q25.3 D17S1301 

D17S1839 

D17S1817 

D17S937 

115.63 

116.93 

117.94 

120.70 

*genetic distance (centiMorgan) is according to the second-generation combined linkage physical 

map of the human genome (Matise et al., 2007). 
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Table 2.3: List of primer sequences used to amplify the gene KRT74 
 

E
xo

n
 N

o.
                            KRT74 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1 GATAAAAGGAGGCAGCACTC TCACAGACCTACTCTCCTTC 718 bp 55 °C 

2 GTGGAGAGTCAAGACATGAGC AAGGGATGTGAGCTCCTGAC 469 bp 58 °C 

3 CTGTCACTAGCCTCTTACTGC GACTATGACTCCACCCTCAC 335 bp 58 °C 

4 AAAGCTTCAGGCAGCCTGAG ACTTCCATGGTCTCCTGGTG 395 bp 57 °C 

5 TGGATCCTAGCAGCCTATTG TTCCTTGAAGCCTTGGTTGG 403 bp 55 °C 

6 GAGGAGTGCTCTGAGTAATGG AGCTCTGATGGTAGGGTACC 526 bp 58 °C 

7 TCTGGTGTTGGCTTTGCAGC AAGCTGCCTCTGAGTTCACG 495 bp 57 °C 

8 AGGCGATAGTGTCAGTTTCG CAGAAACCTTCCCAAGACAG 292 bp 55 °C 

9 ACTACTGAGGGTGGTTCTGC GCTAAACCACGATGCAGACAG 471 bp 58 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.4: List of primer sequences used to amplify the gene KRT71  
 

E
xo

n
 N

o.
                            KRT71 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1 CACATATAAAGGCACCTGCC GATGTACCTACCTTGTCCAC 674 bp 55 °C 

2 TCTTTCAGCTCTATTGAGGAG TGACCAAGAACAATGCCCTC 446 bp 55 °C 

3 GCACCTGTATCTTCTGATGG TTTCTCTGCCTTCACCTTGC 296 bp 55 °C 

4 TGAAGAGAAGAGAGTGACTCC TTGGCTAACTGAGGGGTCTC 320 bp 57 °C 

5/6 AGCCTCCAAGATGGCATCAC TTGAGGCAGCGACCTCACTG 698 bp 58 °C 

7 AAGTGTGATGGTGTGTGTAG CTCTTCTGGATTGAGATGTG 433 bp 53 °C 

8 TTCCACAGGTGCCTGTTGGG TTGGCCATGGCTCTGCCATC 305 bp 59 °C 

9 ACCTCCCCACTCAGCTTCTC TGTATGGGAGCAGGACCAGC 431 bp 59 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 

 

Table 2.5: List of primer sequences used to amplify the gene APCDD1  
 

E
xo

n
 N

o.
                            APCDD1 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1 GCGCTGGAAATATGAAGAGAC TCATGGCAGTGTACAGTTGG 778 bp 59 °C 

2 GTGGTTGTTTGGCCTGATTC 
AAAGTCTCTGCATCTGAGAAC
C 

342 bp 59 °C 

3 AGAGTCTGGCCCATCGTC GCCATGATGCAGAATTCCC 532 bp 60 °C 

4 ATTTGCCGGAAGCATGTG TCCTGGGAACTCAGGCAG 322 bp 60 °C 

5 TCTAGTTAGAGTGTGGCCAGTG AAGGACAGTTCTCTGGCATTC 449 bp 58 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.6: List of primer sequences used to amplify the gene HR  
 

E
xo

n
 N

o.
                            HR Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

2.1 GCCTTACTGGTTTGAGCTGC TGAGATGGCCACCACTATGC 548 bp 58 °C 

2.2 TCCTGAGCACCCCAGACTCC CTTGGGGTTGACTGTGGGGC 614 bp 61 °C 

3.1 GAGGGCTTCAGTATTCTCCC AGTGGGTGGGTAGGATGAAC 494 bp 56 °C 

3.2 GAATCCTTGCCCGCTCTTCC CTGAGGAACTCCCAGAGAGC 757 bp 58 °C 

4 
CATCCTCAGACTCCCTGCTC TGGCTGTGTCTTCCTCCTGC 474 bp 59 °C 

5 
CTGCCACTCTCAGCAAGTGC CCTTAGGTCTAGGAGCTGGC 393 bp 58 °C 

6 
CTCTCCATGGAAGCTGCTCC GCCAACGAATGACCACAGGC 360 bp 59 °C 

7 
GCTGTGTCTCTATGTGACCC GGTGGTGAGTGTAGACCAAC 393 bp 56 °C 

8 
AGCTTCCCGTCTGATTGTCC GGGAATTAGCCTGATCCCAC 370 bp 57 °C 

9 
GGTAGAAGTCCATGAGCAAC AAGGTGTTTGGAGGCATGTC 421 bp 55 °C 

10 
TGCAGGAAAAGCAGTAGAGC ATGTTGGTGATGCGGTCATC 462 bp 56 °C 

11 
AGCGAATACACATGGCCTTC TAAGGGCAGTAGAACAGCTC 529 bp 55 °C 

12 
TCCCCGAGCTGTTCTACTGC ACAGGAGGAGACAGAACGGC 430 bp 60 °C 

13 
AGCGTAAGTGTCCCCAACAC ACATGAGAGTACCAGGGACC 358 bp 57 °C 

14 
CCTGGTACTCTCATGTTTGC TGGAATCAGAGAAGCGCTTC 358 bp 55 °C 

15 
ACTCCTGACCTCAGGTGATC TCCAGGCCTGAAAGGAAGTC 357 bp 56 °C 

16 
TCAGCATCCTGGTGCATGCC TTGGGTCTGTGCAGCTCACC 400 bp 61 °C 

17 
CTGCCCTTCAAGACTTGACC CTCAGTGACTTCAAGGCCTC 465 bp 56 °C 

18 
GAATCTGCTCTCTGAGAGCC AGGGTGGGATCTGCTATGTC 347 bp 56 °C 

19 
CTGGGATTACAGGTGTGAGC AGATCTTTTGGCAGGAGGGC 677 bp 57 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.7: List of primer sequences used to amplify the gene U2HR  
 

E
xo

n
 N

o.
                            U2HR Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1 GGGCACCCGCTCCCTAGC TCTCCCGCTCTGTCTGCTCA 230 bp 62 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 

 

 

Table 2.8: List of primer sequences used to amplify the gene DSG4 
 

E
xo

n
 N

o.
                            DSG4 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

2 GTATCCCAACCTGCTGTAGA AGAGATAGAGGACAGCAGCT 708 bp 55 °C 

3 CTCACACTGTAAGACACCTG GAGCAGTGAAGCCTGCAAAT 236 bp 50 °C 

4 TGGTAAAGAAACCCACTCCC TTTGGGTTCAGTCTGCCATG 362 bp 55 °C 

5 CTACAGTCTGAATTCACTGG CAAGTGTGGCTTTTTCTGTC 353 bp 55 °C 

6/7 GAATTCAGGAGAAGGCCAAC GTCCACACATAGGACAGAAC 751 bp 55 °C 

8 TCTCCTGATTGGACTATGGG GGCAGATTCTGTCTCTAAGG 378 bp 50 °C 

9 AACAGCGTATCTCCTGGACC GGGTAGAACAAACTGGCCAC 650 bp 55 °C 

10 AGTTTCGCACATTGTAGCTG TAAGGTGTTTAGGGCTTTCC 344 bp 55 °C 

11 CCTACAAGTTCCATGGCATC GGCAAGAACTGTGGAAACAG 406 bp 55 °C 

12 GCCCACCAAGGAATTTCCAT CCATGAACCTAACCATCCCA 411 bp 55 °C 

13/14 GTGACTTCCTAAACCGAGCA CCCAAAGAGACTGACAGACT 521 bp 55 °C 

15 CCAGCGCTGTTAAACCAACA AGGCCTACTACCATTGTGAG 314 bp 55 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.9: List of primer sequences used to amplify the gene LIPH  
 

E
xo

n
 N

o.
                            LIPH Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1 AAAGATCCTGAAAGGGTTGG CTATGGACTTAAGTTCACCG  333 bp 52 °C 

2 ATAGAACAGCACTCTTGCTTG GCTCACTGTAGCTATCTCTTG 529 bp 53 °C 

3 CTCCAAAGTCAACAGCCAGG CCACACTCAGAGAGGTTAGG 323 bp 54 °C 

4 TCATCCAGAAGGATCAAAGG TAGAGGAACCTGATCTGCTC 277 bp 51 °C 

5 TTCCTGCTTATACCTGGCAGG TCGTCTCAAACTCCTGACCTC 310 bp 56 °C 

6 AATACACTGAAAGAGCGCAGG GGATTACAGGCATGAGCCAC 433 bp 56 °C 

7 CTCTCAGAAGTGGTGGATAC TCCAGCTCCAAAGTTGATGC 327 bp 52 °C 

8 CTTTGCAGAGAAACCAGAGAG GCAACTAAGCAATAGTTCCCC 389 bp 54 °C 

9 TACCAGTGACTTGCAGGCTTC CCCATCATGTCCCTCATTGTG 377 bp 57 °C 

10 TGGGATTACAGGCATGAGTC ATGTGACATCCATAGGACGC 394 bp 55 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 

 

 

 

Table 2.10: List of primer sequences used to amplify the gene LPAR6/P2RY5  
 

E
xo

n
 N

o.
                            LPAR6/P2RY5 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1.1 CTGTTGAAGAACCCAGCGG CCCTGAGAGTGGGTAGACTG 690 bp 56 oC 

1.2 CTTCACAACACGGAATTGGC TGGGTACATTGTCCTTACTGC 595 bp 55 oC 

1.3 GGGTAACAATGCCTCAGAAG AAGTTCTGTCCCAGTGAGTC 590 bp 53 oC 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.11: List of primer sequences used to amplify the gene CDH3  
 

E
xo

n
 N

o.
                         CDH3 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1 TTTCTCCTCTAACCCAGAAC 
TTCCACCCTGAGGATCTTAC 
(1+2R) 

700 bp 55 °C  

2 TCTCCTCCTTCTCCAGGTAC 
TTCCACCCTGAGGATCTTAC 
(1+2R) 

310 bp 53 °C 

3 TCAGAGGACTCTTGTCAGTC CAGCTGAGGACTAACACTAC 213 bp 59 °C 

4 
GAGAGGATGTTGAGCATGTC 

GGAGAATCTGCTCACTGAAC 276 bp 61 °C 

5 GAGGACTCTTTGTCACAGTC GGGACATTTACAGTAGACAC 243 bp 53 °C 

6 GGCAAGTAGCCTTTAGTGTC GATACACAGCCAAGGAAATC 325 bp 57 °C 

7 GATACACAGCCAAGGAAATC TCTGCTCTCAGAGTCAGTTC 327 bp 59 °C 

8 GTTATGATAGGGAGAGATCC AGGTCACACAGCCATAGTGC 348 bp 56°C 

9 
CTGATAGTGCTGTGCTTCTC GGTACGATTCCTGGACTAGC 107 bp 59°C 

10 
ACATCTCAACTGTCCTGCAC CAAACGTTGGCCATGATCAC 405 bp 59 °C 

11 
TGCACCTGCTGCTTTAGGTC TTCCCACCTGTGGAGGAAAC 309 bp 59 °C 

12 
CTCAACTGGCATGTATGTGC TAGGAACGTGTGCAGAATCC 428 bp 61 °C 

13 
CATGTGGAAGCCGTATTCTC GCTCAAGGTAGAATCCAGTC 404 bp 60 °C 

14 
TACTGAGTGAGGACATCTGC ACTTGGTCAGTTGGTTGACC 324 bp 59 °C 

15 
TAGCCAAGTTAACCTCAAGC ACCACTCTGCAAGTGAGTTC 356 bp 59 °C 

16 
TGCACTGAGCACTTGCTGTC TCAGACTCATAGCCTGTCTC 398 bp 59 °C 

 
Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.12: List of primer sequences used to amplify the gene ZMYND17  
 

E
xo

n
 N

o.
                        ZMYND17 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

2 TGATAACCTGGGTCTGAGAG CTTACTCCTATGTCTCCCAC 559 bp 55 °C 

3 AAATGATGGCAGTGGGAGAC AAGCAATTCTCCCACCTCAG 515 bp 55 °C 

4 CATCAGCTCTCATTCCTCTC TTCCCTCCATGTTCACTCTG 410 bp 55 °C 

5.1 TTGGCAGAGTGAACATGGAG TGAAGTTGAGGTGCTCTGTG 545 bp 55 °C 

5.2 ATAGATGTTAGGAGGACTGG TCATCGTGGCTAACACAGTG 643 bp 54 °C 

6 CAAAGTGCTGGGATTACAGG AGAACATCCTCACCAGAAGG 447 bp 55 °C 

7 CTTGCTCATCTACCTTCTGG CAACAGAGCAAGACTCCATC 664 bp 55 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 

 

Table 2.13: List of primer sequences used to amplify the gene KAT6B/MYST4 
 

E
xo

n
 N

o.
                   KAT6B/MYST4 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

3.1 CAGTCTGGAATACTCTGTCC CTATGTTCTTCAGGGAGGAG 508 bp 55 °C 

3.2 CTATAAGGACCCAGACAACC ATTCTTGGCCAACCAGTGAG 612 bp 55 °C 

4 AGATTGTGCCACTGCACTAC ATGCAGACATCTCCACACTG 618 bp 55 °C 

5 GTTCATTGGCTAGCCTCATC GAAAGTGCACCAAGATCCTG 370 bp 55 °C 

6 GTCAAACTGCAACCAGGATC CAGAAGTATAGGGAAGGTGG 343 bp 55 °C 

7 TGACCTTAGTGATGGCTTCC ATCACAGCTACTGCCAACAG 525 bp 55 °C 

8.1 CCTGGAAGAACCATGACATG GCTGGACTTTTGTGAACTGG 669 bp 55 °C 

8.2 TACACCATCACCTGATGGTC AATCTGCCTAGCATCCTGTG 579 bp 55 °C 

8.3 
TATACCACTCAGGGACAGTC CCTAGTGTCACTACGAATGG 594 bp 55 °C 
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9 
ACTGCTGGATCTATGAGCAG AGACCAGCTGAGTCCATAC 503 bp 54 °C 

10 
AGGTAATGTTAGGTTGGTGC ATAGTTTGGGAAGCACTTGG 493 bp 53 °C 

11 
ACTCCTGATCTCAGGTGATC GCAGTCTGAATTTCAGTGCC 458 bp 55 °C 

12 
TCTGATTTGCCAGTGACAGC GCTCTGAACAAGAACCTGAG 487 bp 55 °C 

13 
GTAGTTGAGAGGCATGTCAG CAATCACTGAGCAGCAGTAC 483 bp 

55 °C 

14 
TGACTTAGAGTGCCACTGTC TGAGAGGGTACAGAACACTG 634 bp 

55 °C 

15 
GGATTCCAGTGTTCTGTACC GTCTTACCATGCAACCTCAG 468 bp 

55 °C 

16 
AGGTTCCTGAGATGATGCAG TTTCCTGTCACCGCACTAAC 708 bp 

55 °C 

17 
CAGAAGTCACCACGTGTAAG AGGGAGAGAAGCTTGTAAGG 576 bp 

55 °C 

18.1 
 TGCCTATATCCATGTGTTCC TCCTCAGGTTTGATGAGATC 624 bp 53 °C 

18.2 CTGACGAGCAGGTAACAGT
G 

CTTCTGTGCCTGTTCTCCTG 695 bp 57 °C 

18.3 AAGTGGAGAAGGAAGAGCT
G 

CCACTGTCTACGACTTGCTG 685 bp 56 °C 

18.4 CAACAGTCGGACCACAGTA
G 

TCACTCTGACCCATTCGCTC 632 bp 57 °C 

18.5 
AGCAGATGTCCAACATCAGC CACACTCATGTTCATGCCTC 740 bp 55 °C 

18.6 
CAAGCACAAGCTACCATGAC GTGTTCATGTAGCCGTGATG 560 bp 55 °C 

18.7 
TGAATGGGTACAGCATGTCC GCATTCACACCAATTGCTGG 352 bp 55 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.14: List of primer sequences used to amplify the gene P4HA1 
 

E
xo

n
 N

o.
                            P4HA1 Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

2 TGAGCCAAGATCACACCATG CATGGTGAGACCCTGTCTC 750 bp 55 °C 

3 CAGCATATCTGATTCATGCC CAACTGGCTTTGTAAGACTC 334 bp 53 °C 

4 TTGATTCTGCCAAGAGGATG ACAACACTGAACTGAACTGG 442 bp 53 °C 

5 GTCCTTAAGCAACACTAGGC CCTAAGAGAAAGGGAAGGTG 515 bp 55 °C 

6 GTTCTCTAGGTTCTGTGTCC ACAAGTAAAGCTCCTGACTTC 592 bp 55 °C 

7 TCACTCACAACAGCAACCTG GGTCTATGTTGCCTAAGCTG 481 bp 55 °C 

8 CTGAACATCCTGTTTGAGGC AGTAACTCCATTATGCTGAGG 488 bp 55 °C 

9 GCACAAGGTGACTGGAAGTG GTGACTTGAGCTGGTGACTG 322 bp 57 °C 

10 TCCTTCCCAACCTCTAACAG ACTTGACAGGCAAAGTGAGG 619 bp 55 °C 

11 
CATCTGTAGATATAGATCTGT
AC 

AAGATCGTGCTACTGCACTC 390 bp 56 °C 

12 CCACATAGCAAGACTCCATC TTATCTGCAGGTAGTGGCAC 492 bp 55 °C 

13 CTGAGTAGCATGTACCAACC ATGGTGACATGCACCTGTAG 450 bp 55 °C 

14 GGAGAATCACTTCAACCTGG GCACTTGTTTGGCTGAATCC 413 bp 55 °C 

15 ACGCACACAAGTGTGTACAC CATGGGATGAGGTTCATGAC 416 bp 55 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.15: List of primer sequences used to amplify the gene HPGD  
 

E
xo

n 
N

o.
                            HPGD Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

4 ACTTATGCCTCTGGATTAGG TTTGTGGTCCAAATTACC 174 bp 53 °C 

5 
GGAGGTATGTCATTTTTCCACC
T 

CTTAGGCTACTGAGTTTCACA
AAGC 

366 bp 59 °C 

6 
TATATTTTCTCCCAGAGAGTTT
GCC 

GTCATTGTTACATAGCTGGGA
GGAT 

449 bp 60 °C 

7 
CGTATTTCTAGTGTTGCTGTTC
TGA 

ATGATACCTTCTCTGCCTAAAT
TCC 

383 bp 60 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 

 

 
 
 
 
 
Table 2.16: List of primer sequences used to amplify the gene EDA  
 

E
xo

n
 N

o.
                            EDA Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

1 CCTGTCAGAGGTCGTGAAC GAGGTTGCTGAGTGCTCC 566 bp 57 °C 

2 
ATAAAATGGTTTGTACAGTGG
AGGG 

GGGTCTGTGGTGGACAGTATA
TAAG 

687 bp 60 °C 

3 
ACAGAATGGGGAGGTTTGATA
GT 

ATAAAAAGAAGGGCAGGGAG
AAG 

429 bp 60 °C 

4 CTGGGCAACAGAGCAGG GCTCTCAGGATCACCCACTC 319 bp 59 °C 

5 GTGAGGGGAAAAGGAAGTC TTAAAGGTGGCTCTAGCCTG 157 bp 57 °C 

6 CTGAGCAAGCAGCCATTAC TAGGCTGGGTGATTATTTGG 189 bp 57 °C 

7 CTGTTGCCTCGATTATTCTG CACCGGATCTGCATTCTG 240 bp 57 °C 

8 
CCCACCCTCTCTTTCCTC 
 

TAGAGGTTCTGGGAGTCCTG 374 bp 57 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 
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Table 2.17: List of primer sequences used to amplify the gene EDAR  
 

E
xo

n
 N

o.
                            EDAR Primers Sequence (5′→3′) 

P
ro

d
u

ct
 

   
(b

p
) 

 
  
 Ta 
(°C) 
 

Forward Primer (5′→3′) Reverse Primer (5′→3′) 

2 AAATAAAGGTAGCCAGACCC 
GAAGAGGCCAAGAAACAGT
C 

212 bp 56 °C 

3 GGAGTCACATGTGTTTCTAAGG CAACAATGCCACAAGCAG 248 bp 57 °C 

4 CCGAGTCCGTATGGTTTG CCTGCAGTATCCATGACCC 346 bp 57 °C 

5 TCTCTGCACCAGTCCCTG GACCGGCTCTTTCCTACAC 242 bp 57 °C 

6 CGTCTTTGAAGGTGGAGC TCATGATCATTTCCTCTCCTC 227 bp 56 °C 

7 AGTCCTGGAGGGAAGACC GAGAGCAGAAGCAGCGAG 459 bp 57 °C 

8 AACAGGAAGAGCAGGGTTG CTCAGGATCCACAGGACC 210 bp 57 °C 

9 CACAGGAGAACTTGTCAGGG TAGTCTTGCGGCTGTGAG 292 bp 57 °C 

10 GAGGATTTGCCTCCTTTCTAC CTCACAGGAGCCTCAGGG 212 bp 58 °C 

11 TTGACCTTCTATTGACTGTGAC AAGCCTTGATTCTTGGCAG 479 bp 56 °C 

Ta = optimal annealing temperature, °C = degree centigrade, bp = base pairs. 

 

 



Chapter # 3                                                                                                         Autosomal Recessive Hair Loss 

 

Identification of Genes Involved in Human Hereditary Skin Disorders 44

AUTOSOMAL RECESSIVE HAIR LOSS  

Autosomal recessive non-syndromic hair loss is an isolated type of hair loss, clinically 

manifested with symptoms including sparse to absent hair on scalp, sparse to absent 

axillary and body hair; and sparse to absent eyebrows and eyelashes. Recently, in human 

seven forms of autosomal recessive hair loss have been mapped on different chromosomes. 

It included congenital atrichia at 8p21 (Ahmad et al., 1998a; Nothen et al., 1998), 

localized hereditary hypotrichosis (LAH1; MIM 607903) at 18q12.1 (Kljuic et al., 2003; 

Rafique et al., 2003), autosomal recessive hereditary hypotrichosis/woolly hair (LAH2; 

MIM 604379) at 3q27.2 (Aslam et al., 2004), LAH3 (MIM 611452) at 13q14.11-q21.32 

(Wali et al., 2007a) and hereditary hypotrichosis with skin vesicles at 18q21.1 (Ayub et 

al., 2009). Two other chromosomal regions involved in autosomal recessive hypotrichosis 

have been mapped in consanguineous Pakistani families at chromosomes 10q11.23-q22.3 

(Naz et al., 2010) and 7p21.3-p22.3 (Basit et al., 2010). 

Up till now, four types of autosomal dominant hair loss disorders have been mapped at 

different chromosomal regions and the relevant genes have been acknowledged. That 

including genes CDSN (MIM 602593) at 6p21.3 (Levy-Nissenbaum et al., 2003), U2HR at 

8p21.3 (Wen et al., 2009; Mansur et al., 2010), APCDD1 (MIM 607479) at 18p11.2 

(Shimomura et al., 2010b) and KRT74 (MIM 608248) at 12q12-14.1 (Shimomura et al., 

2010c). 

In this chapter of the dissertation, clinical and molecular studies of ten families (A-J) with 

autosomal recessive types of hereditary hair loss have been described. All ascertained 

families belong to different remote areas of Pakistan. In all families, at least two affected 

individuals were clinically examined by Dermatologists and Medical Officers at Pakistan 

Institute of Medical Sciences (PIMS) Islamabad or at local government hospitals. 

In all ten families, genetic linkage mapping was carried out by typing highly polymorphic 

microsatellite markers to locate the causative genes involved in the disease. DNA sequence 

analysis of eight genes (ZMYND17, KAT6B/MYST4, P4HA1, HR, U2HR, DSG4, LIPH, 

LPAR6), positioned at different chromosomes, was performed to search for the potential 

sequence variants. In one family possibly a novel locus was mapped on human 

chromosome 8. 
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Family A 

Clinical Features of Affected Individuals 

Family A (Figure 3.1) studied at beautiful Swat valley of Pakistan. This is a large 

consanguineous four generation family consists of twenty members of which only ten are 

still alive. Five individuals (III-2, IV-1, IV-3, IV-5, IV-7) were affected with autosomal 

recessive form of hair loss. Ages of affected members ranged from 13 to 43 years at the 

time of a visit to the family. One normal member (IV-4) was not available for the present 

study. Clinical features of all affected members of the family were carefully examined by 

dermatologists at local government hospital. 

Peripheral venous blood samples were collected from five affected (III-2, IV-1, IV-3, IV-5, 

IV-7) and four unaffected individuals (III-1, III-3, IV-2, IV-6) of the family.  

Hair and Skin 

All five affected members of the family were born with sparse hair on the scalp. After 

ritual shaving, usually performed a week after birth, hair regrew but started falling again at 

the age of 5-16 years. Loss of hair started in a patchy pattern leading to present state of 

sparse hair on the scalp. Papules were observed on face, head and different parts of the 

body. Male patients of the family showed sparse growth of mustache and beard hair 

(Figure 3.2-3.3). Other skin abnormalities, facial deformities and neurological disorders 

were not observed in any individual of the family.  

Eyebrows and Eyelashes  

Eyebrows were normal but sparse to absent eyelashes were observed in all affected 

members of the family (Figure 3.2).  

Nails, Teeth, and Sweat Glands 

No malformation of nails, teeth, and sweat glands were observed in affected members of 

the family. 

Human Genome Scan in Family A  

Family A was initially tested for linkage to known genes, involved in human hereditary 

hypotrichosis, by genotyping highly polymorphic microsatellite markers (Chapter 2: 

Materials and Methods: Table 2.1). This included microsatellite markers linked to the gene 

HR on chromosome 8p21.3 (D8S1116, D8S560, D8S298, D8S1786, D8S1733), DSG4 on 

18q12.1 (D18S478, D18S877, D18S965, D18S49, D18S36), LIPH on 3q27.2 (D3S1521, 
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D3S3609, D3S3592, D3S1530, D3S1602, D3S3600), LPAR6 on 13q14.11-q21.32 

(D13S168, D13S1307, D13S273, D13S1269, D13S1325), autosomal recessive locus on 

10q11.23-q22.3 (D10S676, D10S1432, D10S556, D10S1136) and 7p21.3-p22.3 

(D7S2521, D7S517, D7S2201, D7S1527, D7S2514). 

After exclusion of the family from linkage to known genes, the family was subjected to 

human genome scan to search for a causative gene. The genome scan was carried out using 

more than 500 short tandem repeat (STR) microsatellite markers selected from linkage 

mapping set (Invitrogen Co, San Diego, CA, USA). These markers were spaced 

approximately at 5-7 cM distance on 22 autosomes, and X and Y chromosomes. 

DNA samples from five members including four affected (III-2, IV-1, IV-3, IV-5) and one 

unaffected (III-1) were used in the genome scan. The affected members showed 

homozygosity with 16 polymorphic microsatellite markers, including D1S513 (1p35.2), 

D3S3689 (3q25.1), D6S434 (6q16.3), D7S2474 (7p22.3), D8S1099 (8p23.2), D8S1827 

(8p22), D8S261 (8p22), D12S351 (12q21.33), D13S1256 (13q33.1), D13S261 (13q34), 

D16S3031 (16q21), D16S515 (16q23.1), D18S845 (18q21.2), D20S834 (20q11.23), 

D21S1256 (21q21.1) and D21S1914 (21q21.2). Upon genotyping DNA samples from 

remaining individuals of the family A, linkage to 14 of these microsatellite markers was 

excluded. Two markers, including D8S1827 (27.67 cM) and D8S261 (32.78 cM), mapped 

at chromosome 8p22, exhibited homozygous pattern of alleles in affected and 

heterozygous in unaffected members of the family. Region harboring these two markers 

was further saturated by typing 32 additional microsatellite markers (D8S1099, D8S277, 

D8S1706, D8S503, D8S516, D8S265, D8S552, D8S1106, D8S640, D8S1754, 

GATA151F02, D8S26, D8S511, D8S1731, D8S549, D8S254, D8S1715, D8S280, 

D8S258, D8S280, D8S1116, D8S298, D8S322, D8S1861, D8S136, D8S1786, D8S1733, 

D8S1752, D8S1734, D8S1989, D8S1771, D8S1048), selected from Rutgers combined 

linkage-physical map (Build 36.2) of human genome (Matise et al., 2007). Twenty two 

markers appeared non-informative; however twelve microsatellite markers were 

informative and considered for further analysis. Genotypes of genome scan and refined 

mapping markers in a confined region analyzed with PEDCHECK (O’Connell and Weeks, 

1998) and MERLIN (Abecasis et al., 2002) revealed no genotyping error. Results of two-

point and multipoint linkage analysis are given in Table 3.1. Maximum two-point LOD 

score of 2.02 at 0 recombination fraction (θ = 0.00) and maximum multipoint LOD score 

of 2.41 were accomplished for five highly polymorphic microsatellite markers including 
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D8S1827 (27.67 cM), D8S1731 (27.95 cM), D8S549 (27.95 cM), D8S254 (30.06 cM), and 

D8S261 (32.78 cM) along the disease interval. 

To define the disease-associated interval harboring a gene for hereditary hypotrichosis and 

papular lesions in family A, haplotypes using SIMWALK2 (Sobel and Lange, 1996) was 

constructed for fully informative microsatellite markers (Figure 3.4). The candidate 

homozygous region in family A is between markers D8S511 (27.67 cM) and D8S1145 

(32.78 cM). According to the physical map distance (Build 36.2), this disease-associated 

region (5.11 cM) corresponds to 3.67 Mb at chromosome 8p22. 

This disease interval contains 18 functional genes (FGF20, EFHA2, SLC7A2, SGCZ, 

CNOT7, MTMR7, HRF2, TUSC3, MSR1, FGL1, NAT1, NAT2, PCM1, VPS37A, MTUS1, 

ZDHHC2, PDGFRL, ASAH1). The gene hairless (HR) is located outside the region. 

However, to ensure that HR is not involved in causing hypotrichosis phenotype in this 

family, the gene was sequenced in two affected individuals of the family. The sequence 

analysis failed to detect potential sequence variants in the gene HR.   

Family B 

Clinical Phenotypes of Affected Individuals 

Family B (Figure 3.5) was studied from Hazara region of the Khyber Pukhtoonkhwa 

Province of Pakistan. In four generation family B only one member (III-1) showed the 

clinical features of atrichia with papular lesions (APL). Affected member underwent 

complete medical examination at local government hospital. 

Peripheral venous blood samples were collected from one affected (III-1) and five 

unaffected individuals (II -1, II-2, III-2, IV-1, IV-2) of the family B.  

Hair and Skin 

Affected member (III-1) of the family showed complete absence of hair on the scalp, 

eyebrows, eyelashes, pubic, pelvic, chest and other body parts. White papular lesions were 

observed on face, scalp, chest, arms and thighs in the affected individual (Figure 3.6).  

Teeth, Nails and Sweat Glands 

Teeth, nails and sweat glands were normal in the affected individual.  
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Family C  

Clinical Features of Affected Individuals 

A large consanguineous family C (Figure 3.7) showing congenital atrichia with papular 

lesions resides in district Haripur of Hazara division in Khyber Pukhtoonkhwa Province of 

the country. In four generation family, four members (III-5, IV-2, IV-3, IV-4) showed 

features of atrichia with papular lesions (APL). Clinically, heterozygous carriers were 

indistinct from unaffected individuals of the family. 

Peripheral blood samples were collected from three affected (IV-2, IV-3, IV-4) and six 

unaffected individuals (III-1, III-2, III-3, III-4, IV-1, IV-6) of the family.  

Hair and Skin 

All affected members of the family showed typical features of APL including shedding of 

scalp hair several months after birth with failure to regrow, sparse eyebrows and eyelashes 

and lack of secondary axillary, pubic or body hair (Figure 3.8). All affected members 

showed white papules on scalp and different body parts. No other skin abnormalities were 

noted.  

Teeth, Nails and Sweat Glands  

Teeth, nails and sweat glands were normal in the affected individuals. 

Family D 

Clinical Appearances of Affected Individuals 

Family D (Figure 3.9) with congenital APL was collected from Baluchistan Province of 

Pakistan. In this family, five members (III-1, III-6, IV-1, IV-3, IV-6) were affected. 

Clinically, heterozygous carriers were indistinct from unaffected members of the family. 

Blood samples were collected from four affected (III-1, III-6, IV-1, IV-3) and four 

unaffected members (III-3, III-4, IV-5, IV-7) of the family. 

Hair and Skin 

All five affected members exhibited complete absence of scalp hair, sparse to absent 

eyebrows and eyelashes, and absence of pubic, and chest hair. White papular lesions were 

observed on face, scalp, chest, arms and thighs of the affected members (Figure 3.10).  

Teeth, Nails and Sweat Glands 

Teeth, nails and sweat glands were normal in all affected members of the family. 
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Genetic Mapping of APL in Families B, C and D 

Considering the clinical features observed in all available affected members, linkage in all 

three families (B, C, D) were tested by genotyping microsatellite markers mapped to the 

gene hairless (HR) on chromosome 8p21.3. In family B one affected (III-1) and five 

unaffected individuals (II-1, II-2, III-2, IV-1, IV-2) were genotyped with eight 

microsatellite markers including three (D8S298, D8S1786, D8S136), which showed 

complete linkage of the family to the gene HR on chromosome 8p21.3 (Figure 3.11). 

In family C, four HR-linked microsatellite markers (D8S560, D8S298, D8S1786, 

D8S1733) showed homozygosity in all three affected members (IV-2, IV-3, IV-4) of the 

family. Six unaffected members (III-1, III-2, III-3, III-4, IV-1, IV-6) exhibited 

heterozygous pattern of alleles at these four markers (Figure 3.12). In the third family with 

APL, family D, four affected members (III-1, III-6, IV-1, IV-3) showed homozygous 

pattern of alleles with HR-linked microsatellite markers (D8S258, D8S1116, D8S560, 

D8S298). Four unaffected individuals (III-3, III-4, IV-5, IV-7) of the family revealed 

heterozygous pattern of alleles at these four markers (Figure 3.13). 

Screening HR  

To search for underlying pathogenic sequence variants, all the coding exons and splice 

junctions of the gene HR were PCR amplified from genomic DNA of affected and 

unaffected members of the three families (B, C, D). Purification of PCR amplified 

products were carried out using the Rapid PCR Purification System (Marligen Biosciences, 

Ijamsville, MD, USA) and sequenced directly in ABI Prism 310 automated DNA genetic 

analyzer, using Big Dye Terminator Cycle Sequencing Kit (PE Applied Biosystems USA). 

Mutational screening of the gene HR failed to detect functional sequence variants in all the 

three families. 

Family E 

Clinical Features of Affected Individuals 

Family E (Figure 3.14), demonstrating an autosomal recessive form of hypotrichosis as a 

single abnormality, was ascertained from Punjab province of Pakistan. Only two members 

(IV-1, IV-3) of the family were affected. Both affected members of the family underwent 

complete medical examination at local government hospital. Clinically, heterozygous 

carriers appeared indistinctive from genotypically unaffected members.  
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Blood samples were collected from two affected (IV-1, IV-3) and three unaffected 

members (III-1, III-3, IV-2) of the family.  

Hair and Skin 

Both the affected members (IV-1, IV-3) demonstrated sparse scalp hair, sparse eyebrows 

and eyelashes, and sparse thin hair on other parts of the body (Figure 3.15). No other skin 

anomaly was noted in the family. 

Teeth, Nails and Sweat Glands 

Teeth, nails and sweating were normal in the affected members of the family.  

Family F 

Clinical Features of Affected Individuals 

A large family F (Figure 3.16), demonstrating autosomal recessive form of hypotrichosis, 

was studied from Hazara division in Khyber Pakhtunkhwa province of the country. In four 

generation family, only 3 members (IV-1, IV-4, IV-6) were found affected with a 

condition of hair loss.  

Peripheral blood samples were collected from three affected (IV-1, IV-4, IV-6) and four 

unaffected members (III-1, III-2, III-3 and IV-2) of the family.  

Hair and Skin 

The affected individuals reported appearance of normal hair at birth, but after ritual 

shaving, which is usually performed 5-10 days after birth, thin sparse hair regrew on the 

scalp. Presently, the affected members showed sparse eyebrows and eyelashes and sparse 

thin hair on other parts of the body (Figure 3.17). Male affected members showed sparse 

thin beard and mustache hair. No other skin anomaly was noted in the family. 

Teeth, Nails and Sweat Glands 

All the affected members of the family showed normal teeth, nails and sweating. 

Genetic Mapping and LIPH Screening in Family E and F  

The two families, E and F, were tested for linkage to four genes involved in causing 

autosomal recessive form of APL and three similar autosomal recessive forms of 

hypotrichosis. These included the gene HR at chromosome 8p21.3 (D8S1116, D8S560, 

D8S298, D8S1786, D8S1733), DSG4 at LAH1 on 18q21.1 (D18S478, D18S877, 

D18S965, D18S49, D18S36), LIPH at LAH2 on 3q27.2 (D3S1521, D3S3609, D3S3592, 
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D3S1530, D3S1602, D3S3600) and LPAR6/P2RY5 at LAH3 on 13q14.11-q21.32 

(D13S168, D13S1307, D13S273, D13S1269, D13S1325).  

In family E, analysis of the genotyping data showed linkage of the family to microsatellite 

markers (D3S2314, D3S1521, D3S3609, D3S3578, D3S3583, D3S3592, D3S1530, 

D3S1617, D3S1602, D3S3628) linked to the gene LIPH on chromosome 3q27.2 (Figure 

3.18). Linkage in the other family F was also established to the gene LIPH on chromosome 

3q27.2 (D3S1530, D3S1602, D3S3600, D3S3628) (Figure 3.19). 

Subsequently, the gene LIPH was sequenced in affected and unaffected individuals of the 

two families. In family E, sequence analysis revealed deletion of T at nucleotide position 

682 (c.682delT) in exon 5 of the gene (Figure 3.20). This mutation resulted into a 

frameshift and generated a premature termination codon 92 bp downstream in exon 6 

(p.Leu228TrpfsX31). This mutation lies between β9 loop and lid loop domains of LIPH 

protein (Figure 3.21). In obligate carriers of the family, deletion mutation occurred in 

heterozygous form. The mutation was not found in unaffected individuals of family E and 

100 normal unrelated ethnically matched control members. In family F, sequence analysis 

failed to detect potential sequence variant. The sequence variant may be present in the 

regulatory sequences of the gene which were not sequenced in the present study.   

Family G 

Clinical Features of Affected Individuals 

A five generation family G (Figure 3.22), demonstrating autosomal recessive 

hypotrichosis, belonged to district Thatta of Sindh province of Pakistan. Three members 

(V-1, V-4, V-9) of the family showed features of hypotrichosis.  

Blood samples were collected from three affected (V-1, V-4, V-9) and five unaffected 

individuals (IV-1, IV-2, V-3, V-5, V-7) of the family.  

Hair and Skin 

All the three affected members of the family G presented sparse thin fragile scalp hair, 

sparse to absent eyebrows and eyelashes, and sparse hair at pubic, axillary and other parts 

of the body (Figure 3.23). No other skin anomaly was noted in affected members of the 

family. 

Teeth, Nails and Sweat Glands 

Teeth, nails and sweating were normal in affected members of the family. 
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Family H 

Clinical Features of Affected Members 

A four generation consanguineous kindred H (Figure 3.24), demonstrating autosomal 

recessive hypotrichosis, was ascertained from Hazara division of Pakistan. Seventeen 

members of the family contains four members (III-2, III-5, IV-2, IV-5) affected with 

hypotrichosis.  

Venous blood samples were collected from three affected (III-5, IV-2, IV-5) and four 

unaffected (III-1, III-4, IV-1, IV-3) members of the family.  

Hair and Skin 

In family H, the patients exhibited sparse fragile hair on the scalp, sparse eyebrows and 

missing eyelashes, and sparse thin hair on other body parts (Figure 3.25). Hairs were 

present at birth but after performing ritual shaving sparse regrowth of the hairs occurred.  

Teeth, Nails and Sweat Glands 

In all affected members of the family normal growth of teeth, nails and sweat glands were 

observed. 

Family I 

Clinical Features of Affected Individuals 

A five generation consanguineous family I (Figure 3.26), segregating autosomal recessive 

form of hypotrichosis, was scrutinized from Punjab Province of Pakistan. Nine members 

(III-4, IV-1, IV-2, IV-5, IV-6, IV-9, V-1, V-4, V-5) of the family were affected with 

hypotrichosis. Heterozygous carriers in family were clinically indistinguishable from 

genotypically normal members. 

Peripheral blood samples were collected from six affected (III-4, IV-1, IV-5, IV-9, V-1, V-

5) and six unaffected members (III-1, III-2, III-3, IV-4, IV-7, V-3) of the family.  

Hair and Skin 

Affected members showed presence of woolly hair on the scalp. Sparse eyebrows and 

eyelashes, and sparse hair were observed on other parts of the body (Figure 3.27). 

Teeth, Nails and Sweat Glands  

Teeth, nails and sweat glands showed normal development in all affected members of the 

family I.  
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Genetic Mapping and LPAR6 Screening in Families G, H and I 

The three families, G, H and I, were tested for linkage to three genes involved in causing 

autosomal recessive forms of hypotrichosis. These included the gene DSG4 at LAH1 on 

chromosome 18q21.1 (D18S478, D18S877, D18S965, D18S49, D18S36), LIPH at LAH2 

on 3q27.2 (D3S1521, D3S3609, D3S3592, D3S1530, D3S1602, D3S3600) and 

LPAR6/P2RY5 at LAH3 on 13q14.11-q21.32 (D13S168, D13S1307, D13S273, D13S1269, 

D13S1325).  

In family G, DNA samples from three affected (V-1, V-4, V-9) and five unaffected (IV-1, 

IV-2, V-3, V-5, V-7), in family H three affected (III-5, IV-2, IV-5) and four unaffected 

(III-1, III-4, IV-1, IV-3) and family H six affected (III-4, IV-1, IV-5, IV-9, V-1, V-5) and 

six unaffected members (III-1, III-2, III-3, IV-4, IV-7, V-3) were genotyped with the 

microsatellite markers. In all three families, microsatellite markers linked to the gene 

LPAR6/P2RY5 on chromosome 13q14.11-q21.32 showed homozygosity among the 

affected individuals. Haplotypes based on the genotyped data in each of the three families 

are presented in Figures 3.28-3.30. 

After establishing linkage to the gene LPAR6 on chromosome 13q14.11-q21.32, the gene 

was sequenced in two affected and one unaffected individuals of each of the three families. 

In all the three families, DNA sequence analysis revealed previously reported three 

missense mutations. In family G, sequence analysis detected G to A transition at 

nucleotide position 565 (c.565G>A) resulting in substitution of glutamic acid with lysine 

at amino acid position 189 (p.Glu189Lys) of the P2Y5 protein (Figure 3.31). In family H, 

sequence analysis identified A to T transversion at nucleotide position 188 (c.188A > T). 

This replaced aspartic acid with valine at amino acid position 63 (p.Asp63Val) of the 

protein (Figure 3.32). In the third family, I, linked to the gene LPAR6, sequence analysis 

detected T to A transversion at nucleotide position 562 (c.562A>T) resulting in 

substitution of isoleucine to phenylalanine at amino acid position 188 (p.Ile188Phe) of the 

P2Y5 protein (Figure 3.33). These three mutations were present in heterozygous states in 

obligate carriers in the respective families. Although, the non-polymorphic nature of the 

three mutations were previously reported (Azeem et al., 2008; Shimomura et al., 2008a; 

Tariq et al., 2009a) even then 100 additional control samples were sequenced and these 

mutations were not found outside the families. Positions of the mutations in the protein 

domains are shown in Figure 3.34. 
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Family J 

Clinical Features of Affected Members 

A consanguineous four generation family J (Figure 3.35) was originated from Swat valley 

of Pakistan. Two members (IV-1, IV-2) of the family presented features of autosomal 

recessive form of hypotrichosis. Clinically, heterozygous carriers were indistinguishable 

from genotypically normal members. 

Blood samples were collected from two affected (IV-1, IV-2) and four normal unaffected 

individuals (III-1, III-2, IV-3, IV-4) of the family.  

Hair and Skin 

The affected individuals of the family exhibited sparse thin light brown hair on the scalp, 

sparse to absent eyebrows and eyelashes, and sparse hair on the chest, arms, legs and rest 

of the body (Figure 3.36). No other skin anomaly was observed in the affected members of 

the family. 

Teeth, Nails and Sweat Glands 

Teeth, nails and sweat glands were normal in both the affected members of the family.  

Genetic Mapping and Mutation Screening in Family J 

The family J was tested for linkage to three known genes involved in causing autosomal 

recessive forms of hypotrichosis. These included the gene DSG4 at LAH1 on chromosome 

18q21.1 (D18S478, D18S877, D18S965, D18S49, D18S36), LIPH at LAH2 on 3q27.2 

(D3S1521, D3S3609, D3S3592, D3S1530, D3S1602, D3S3600) and LPAR6/P2RY5 at 

LAH3 on 13q14.11-q21.32 (D13S168, D13S1307, D13S273, D13S1269, D13S1325). 

Linkage in the family was also tested to a recently mapped hypotrichosis locus on 

chromosome 10q11.23-22.3 (Naz et al., 2010). DNA samples from two affected (IV-1, IV-

2) and four unaffected individuals (III-1, III-2, IV-3, IV-4) were genotyped with 

microsatellite markers. Four markers (D10S676, D10S1432, D10S556, D10S1136) 

showed homozygosity among the two affected individuals thus establishing linkage of the 

family on chromosome 10q11.23-22.3. The recombination event occurred between 

markers D101665 (85.86 cM) and D10S676 (88.57 cM) defining centromeric boundary 

and second recombination occurred between markers D10S1136 (95.77 cM) and 

D10S2327 (98.55 cM) mapping the telomeric boundary of linkage interval in individuals 

IV-1 and IV-2 of the family J (Figure 3.37). Thus the candidate homozygous interval in 
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family J is between markers D101665 (85.86 cM) and D10S2327 (98.55 cM) spanning 

12.69 cM region corresponding 9.41 Mb at chromosome 10q11.23-q22.3, according to the 

sequence base physical map (Build 36.2) (Matise et al., 2007). 

To search for underlying mutations, direct sequencing analysis of all the coding exons and 

splice junctions of three candidate genes (ZMYND17, KAT6B/MYST4, P4HA1) were 

sequenced in two affected and one unaffected member of the family. Mutational screening 

of the three genes failed to reveal any functional sequence variant. 

Discussion 

In the last decade, genetic mapping in consanguineous families showing variable forms of 

hair loss phenotypes, improved understanding of the disease pathogenesis at molecular 

level by discerning different physiological pathways involved in the hair growth. At least 

five genes involved in causing autosomal recessive forms of hypotrichosis have been 

identified using DNA from highly inbred populations. This included the gene hairless (HR) 

on chromosome 8p21.1 (Ahmad et al., 1998b; Cichon et al., 1998), desmoglein-4 (DSG4) 

and desmocollin (DSC3) on chromosome 18q12 (Kljuic et al., 2003; Ayub et al., 2009), 

lipase-H (LIPH) on chromosome 3q27 (Kazantseva et al., 2006), and G-protein coupled-

receptor (LPAR6/P2RY5) on chromosome 13q14 (Pasternack et al., 2008; Shimomura et 

al., 2008a). Two additional loci on chromosome 10q11.23-22.237 (Naz et al., 2010) and 

7p21.3-p22.3 (Basit et al., 2010) involved in generating hypotrichosis phenotypes have 

been identified recently. This further elucidated both genotypic and phenotypic variability 

in development of human hair.        

The present chapter describes clinical and molecular analysis of ten families showing 

features of autosomal recessive forms of hypotrichosis. The families were located in some 

of the remote areas of the country. Affected individuals in the families showed isolated 

(non-syndromic) forms of hypotrichosis, which were not associated with any other 

abnormality. Genetic linkage analysis mapped nine families (B-J) to known genes involved 

in autosomal recessive forms of hypotrichosis. Family A failed to show linkage to the 

known genes, therefore this was subjected to genome scan using microsatellite markers.  

Family A, described in the present chapter, is a large Pashto-speaking consanguineous 

Pakistani family showing features of hereditary hypotrichosis. The family consists of 5 

affected individuals with clinical manifestations of sparse hair on the scalp, arms and legs, 

and sparse to absent eyelashes and normal eyebrows. Thin beard and mustache hairs were 

observed in male affected individuals of the family. Papules were seen on face, head and 
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different parts of the body of the affected individuals. Genome scan mapped the family on 

chromosome 8p22. Maximum multipoint LOD score of 2.41 was achieved with several 

microsatellite markers (D8S1827, D8S1731, D8S549, D8S254, D8S261) along the disease 

interval. Haplotype analysis revealed the diseased linkage interval spanning 5.11 cM (3.67 

Mb) flanked by markers D8S511 (27.67 cM) and D8S1145 (32.78 cM), according to the 

Rutgers combined linkage-physical map of the human genome (Build 36.2) (Matise et al., 

2007). 

The candidate region of 3.67 Mb flanked by markers D8S511 (27.67 cM) and D8S1145 

(32.78 cM), mapped in the family A, is distal to the gene HR. The gene HR is flanked by 

markers D8S298 (40.11 cM) and D8S1861 (40.71 cM) at chromosomal location 8p21.3. 

The candidate region in the family A contains eighteen functional genes (FGF20, EFHA2, 

SLC7A2, SGCZ, CNOT7, MTMR7, HRF2, TUSC3, MSR1, FGL1, NAT1, NAT2, PCM1, 

VPS37A, MTUS1, ZDHHC2, PDGFRL, ASAH1). Based on the functional and expression 

data available at human genome database University of California-Santa Cruz (UCSC), 

nine genes (FGF20, EFHA2, SLC7A2, SGCZ, CNOT7, MTMR7, FGL1, VPS37A, 

ZDHHC2) can be considered for screening for potential sequence variants. However, none 

of these genes truly represents the strong candidates for the hypotrichosis phenotype 

observed in the family A and therefore not sequenced in the present study.    

In three families (B, C, D), demonstrating features of atrichia with papular lesion (APL), 

linkage was established to the gene HR on chromosome 8p21.3. The gene HR contains 19 

exons and spans a genomic distance of more than 14 kb (Ahmad et al., 1999). The gene 

HR in human encoding a putative zinc-finger transcription factor protein of 1189 amino 

acids and work at cellular transition from natal to postnatal stage of hair cycle (Ahmad et 

al., 1998a; Sprecher et al., 1998). Although HR is not related to N-CoR and SMRT by 

primary amino acid sequence, HR has similar functional properties. Critical properties 

common to nuclear receptor corepressors include: (1) interaction with nuclear receptors in 

the absence of hormone (ligand); (2) mediating repression by unliganded thyroid hormone 

receptors; (3) multiple independent domains capable of mediating repression (4) multiple 

domains comprised of conserved hydrophobic residues that mediate receptor interaction 

(5) interaction with HDACs. Work showing that HR shares these properties has 

established it as a bona fide nuclear receptor co-repressor. Any pathogenic variant or 

mutation in the gene HR result into anomaly or abnormality in the structure of HR protein 

and form truncated protein (Chen and Evans, 1995; Nagy et al., 1997; Guenther et al., 

2000; Huang et al., 2000; Jepsen and Rosenfeld, 2002; Xu et al., 2002; Privalsky, 2004). 
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To date, 47 different pathogenic mutations in affected individuals of various ethnic origins 

have been reported for the human gene HR (HGMD Professional 2011.4). 

Sequence analysis of all 19 exons and intron-exon boundaries of the gene HR in the three 

families (B, C, D) failed to identify disease causing sequence variants. Since mutations in 

the inhibitory upstream open reading frame (U2HR) of the gene HR have been reported 

causing autosomal dominant Marie Unna hereditary hypotrichosis (Cai et al., 2009; 

Duzenli et al., 2009; Wen et al., 2009; Mansur et al., 2010; Ramot et al., 2010), therefore 

this region was then sequenced but again no sequence variants were detected in the three 

families. It seems that the mutations are present in other unknown regulatory sequences of 

the gene HR. This has gain support from the fact that several other families mapped at HR 

in the laboratory failed to reveal disease causing sequence variants in the gene HR.  

Two families, E and F, demonstrating autosomal recessive hypotrichosis, mapped to the 

gene LIPH on chromosome 3q27.2. Affected individuals in both the families showed 

features of sparse scalp hair, and sparse eyebrows and eyelashes. DNA sequence analysis 

of the gene LIPH in affected and unaffected individuals in the families led to the 

identification of a novel disease causing mutation (c.682delT; p.Leu228TrpfsX31) only in 

family E. Since the regulatory sequences of the gene LIPH have yet to be characterized 

therefore the presence of the mutation in family F in such regions cannot be ruled out at 

this stage. 

The gene LIPH consists of 10 exons spanning 45-kb region on chromosome 3q27.2. The 

LIPH protein expressed strongly in the hair shaft, Huxley’s layer of inner root sheath (IRS) 

and outer root sheath (ORS) of hair follicle (Kazantseva et al., 2006). The 55 kDa LIPH 

protein possesses an N-terminal catalytic domain, containing three catalytic triads at amino 

acid positions 154, 178 and 248. Additionally, it contains 2 surface loops including β9 (12-

13 amino acids) and lid (7-12 amino acids), and 4 potential N-linked glycosylation sites. 

The triad ser154, asp178 and his248 are located in exon 3, 4 and 6, respectively. The 

surface loop β9 and part of the lid domain are encoded by exon 5 and 6 of the gene LIPH 

(Aoki et al., 2007; Jelani et al., 2008).  

The deletion mutation (c.682delT; p.Leu228TrpfsX31), identified in the family E, is 

located between β9 loop and the lid and changes the reading frame after incorporating 31 

amino acids, thereby eliminating lid peptide sequence needed for substrate recognition in 

association with β9 loop. Additionally, this mutation also eliminates critical his248 i.e. 

pivotal amino acid for lipase H catalytic triad (Kamran-ul-Hassan Naqvi et al., 2009). Till 
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to date, 15 different pathogenic mutations in affected individuals of families of various 

ethnic groups have been identified in the human gene LIPH (HGMD Professional 2011.4). 

Three consanguineous families (G, H, I), demonstrating autosomal recessive 

hypotrichosis/woolly hair phenotypes, mapped to the gene LPAR6 at chromosome 

13q14.11-q21.32. This gene was previously named as P2RY5. Affected members of the 

two families, F and G, presented features representing hypotrichosis while affected 

members of family H showed woolly scalp hair.  

DNA sequence analysis of the gene LPAR6 revealed three missense mutations including 

p.Glu189Lys in family G, p.Asp63Val in family H and p.Ile188Phe in family I. The gene 

LPAR6 encodes 344 amino acids P2Y5 protein. This contains four potential extracellular 

domains, four cytoplasmic domains and seven predicted hydrophobic transmembrane 

regions (http://au.expasy.org/uniprot/P43657). The mutation p.Asp63Val lies in the second 

transmembrane and the other two mutations p.Glu189Lys and p.Ile188Phe are located in 

the fifth transmembrane domains of the P2Y5 protein. These three mutations would 

probably affect binding of P2Y5 with its ligand lysophosphatidic acid (LPA). To date, 19 

mutations have been reported in the gene LPAR6 (HGMD Professional 2011.4). 

The two proteins P2Y5 and LIPH expressed in the IRS of HF, and involved in the same 

biochemical pathway of regulation of hair growth and differentiation (Pasternack et al., 

2009). Lipids are found to be in high concentration both on the surface of hair shaft cuticle 

and within the hair follicle, where lipid layer serves as a protective barrier for the hair shaft 

(Wertz, 1997). Takahashi et al. (2003), signifies the role of lipid in hair follicle. Mutations 

identification in the gene LIPH in different autosomal recessive hypotrichosis families 

established a role for lipid in hair follicle development. Using several in vitro assays 

Pasternack et al. (2008) have shown that lysophosphatidic acid (LPA), the product of 

lipase H (LIPH), interacts as ligand with P2Y5, encoded by LPAR6, to control the growth 

of hair. Expression of LPAR6 in suprabasal layers of the epidermis and both Henle’s and 

Huxley’s layers of inner root sheaths (IRS) of hair follicle (Shimomura et al., 2008a) 

suggest that mutations in the gene LPAR6 probably disrupt the structure of IRS of hair 

follicles. Both P2Y5 and LIPH share same cellular distribution with expression in inner 

root sheath (IRS) of the hair follicles. Though, precise cellular interaction and cytoplasmic 

cascade triggered by P2Y5 and LIPH is not known but both mutational and functional 

studies of the genes LIPH and LPAR6 propounds an integrated model in which these two 

genes along with the LPA are involved in regulation of hair follicle development. 
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The tenth family J, presented in this chapter, demonstrated autosomal recessive hereditary 

hypotrichosis. The family contains only two affected individuals and both showed sparse 

thin brown hair on scalp, chest, legs and arms. Eyebrows were brown and eyelashes black 

in the affected individuals. These features were previously observed in a family which 

mapped to a novel locus on chromosome 10q11.23-22.3 (Naz et al., 2010).  

Genotyping analysis established linkage in the family J on chromosome 10q11.23-22.3. 

This is the second family which showed linkage to chromosome 10q11.23-22.3. The 

candidate region harboring a gene for hypotrichosis in family J spans 12.69 cM region, 

flanked by markers D10S1665 (85.86 cM) and D10S2327 (98.55 cM). Earlier Naz et al. 

(2010) define the candidate region of 29.18 cM flanked by markers D10S538 (69.37 cM) 

and D10S2327 (98.55 cM) containing a gene for hypotrichosis on the same chromosomal 

region. Comparison of the haplotypes of the two families, family J in the present study and 

the family reported by Naz et al. (2010), delineate a candidate region of 12.69 cM (6.26 

Mb) for the hypotrichosis phenotype mapped on chromosome 10q11.23-22.3. The family 

J, although contains only two affected individuals, but narrowed down the candidate region 

for the gene responsible for generating hypotrichosis phenotype on chromosome 10q11.23-

22.3 by 16.49 cM.    

The linkage interval of 6.26 Mb for the hypotrichosis phenotype on chromosome 

10q11.23-22.3 contains several genes. In the present study only three candidate genes 

(ZMYND17, KAT6B/MYST4, P4HA1) were sequenced. The criteria of selection of genes 

for sequence analysis were based on data of their function and expression specifically in 

the skin, available at UCSC (University of California Santa Cruz) human genome 

database. 

Zinc finger, MYND-type containing 17 (ZMYND17; NM_001024593.1) is a zinc-finger 

gene encoding small protein domains of zinc-fingers that can synchronize with one or 

more zinc ions. It is classified into numerous different structural families functioning 

typically as interacting units involved in binding of RNA, DNA, proteins or smaller 

molecules. 

A human histone acetyltransferase gene, K (lysine) acetyltransferase 6B/MYST histone 

acetyltransferase (monocytic leukemia) 4 (KAT6B/MYST4; MIM 605880; 10q22.2) 

encoding a 1781 amino acids protein expressed ubiquitously in adult human tissues 

(Champagne et al., 1999). At N-terminus it contains a strong transcriptional repression 
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domain and at C-terminal a highly potent activation domain, and might be involved in both 

positive and negative transcriptional regulation. 

The gene prolyl 4-hydroxylase alpha-1 (P4HA1; MIM 176710) encodes a component of 

prolyl 4-hydroxylase, a pivotal enzyme in synthesis of collagen and constituted 2 identical 

α subunits and 2 ß subunits (Helaakoski et al., 1994). The encoding protein is one of the 

numerous different forms of α subunits, which provides major fraction of catalytic site of 

an active enzyme (http://genome.ucsc.edu/cgi-bin/hgGateway). 

Sequence analysis of these three selected genes did not detect functional sequence variants, 

thus involvement of these genes in causing hypotrichosis phenotype at this locus was 

excluded. However, as only splice sites and coding regions of the genes were sequenced, 

the possibility of the presence of functional sequence variants in the regulatory regions 

cannot be ruled out. Additional fine mapping and sequence analysis of the candidate genes 

at this locus are needed for identification of a gene involved in causing hypotrichosis.  
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Figure 3.1: Pedigree drawing of the family A segregating an autosomal recessive 

hypotrichosis and papular lesions. All affected members are indicated by filled symbols 

whereas unaffected members of the family by clear symbols. Crossed symbols indicate the 

deceased individuals. Double lines between individuals represent consanguineous unions. 

The individual numbers labeled with asterisks indicate the samples available for this study. 
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Figure 3.2: An affected individual (III-2) at 43 years of age in family A. Note sparse scalp 

hair and papules formation on face and head, normal eyebrows, sparse eyelashes, and 

sparse thin mustache and beard hair.  

 

 

     

 

Figure 3.3: A 43 year old affected individual (III-2) with papules on face (a) and a 22 year 

old affected member (IV-3) with sparse scalp hair and papular lesions on head and face 

(b). 
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Figure 3.4: Haplotype analysis of the family A segregating an autosomal recessive 

hypotrichosis with papular lesions. The disease-associated haplotypes are shown below 

each genotyped individual. Arrows indicate position of the first recombination occurring 

between markers D8S511 and D8S1827, defining telomeric boundary, and second 

recombination between markers D8S261 and D8S1145, mapping centromeric boundary on 

chromosome 8p22. The arrangement and position of polymorphic microsatellite markers is 

according to Rutgers combined linkage physical map built 36.2 (Matise et al., 2007). 
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Table 3.1: Multipoint and two point LOD score results between autosomal recessive 

hypotrichosis with papular lesions and genotyped microsatellite markers mapped on 

chromosome 8p22 in family A 

Markers     Distance  

cMa        Mbb 

 mpt Two point LOD score results at recombination fraction θ =  

0.00        0.01        0.05        0.10        0.20        0.30        0.40 

D8S1790 

D8S511 
D8S1827 
D8S1731 

D8S549 

D8S254 

D8S261 

D8S1145 
D8S1715 

D8S280 

D8S1786 

D8S1752 

26.35    13.11 

27.67    14.72 
27.67    14.86 
27.95    15.28 

27.95    15.69 

30.06    16.65 

32.78    17.87 

32.78    18.39 
36.29    19.83 

37.51    20.47 

41.41    22.48 

42.55    22.72 

-0.30 
-0.32 

 2.41 
 2.41 

 2.41 

 2.41 

 2.41 

-1.80 

-1.80 

-0.21 

-0.21 

-0.21 

-0.47       0.32        0.76        0.80        0.60         0.33        0.09 
-0.27      -0.25      -0.19       -0.13       -0.05       -0.02      -0.003 

 2.02       1.97        1.76        1.49         0.98        0.54        0.19 
 2.02       1.97        1.76        1.49         0.98        0.54        0.19 

 2.02       1.97        1.76        1.49         0.98        0.54        0.19 

 2.02       1.97        1.76        1.49         0.98        0.54        0.19 

 2.02       1.97        1.76        1.49         0.98        0.54        0.19 

-1.94     -1.04       -0.47       -0.27        -0.13       -0.07     -0.04 

-1.94     -1.04       -0.47       -0.27        -0.13       -0.07     -0.04 

-0.27     -0.25       -0.19       -0.13        -0.05       -0.02     -0.003 

-0.27     -0.25       -0.19       -0.13        -0.05       -0.02     -0.003 

-0.27     -0.25       -0.19       -0.13        -0.05       -0.02     -0.003 

cMa: average-sex distance in cM according to the Rutgers combined linkage-physical 

human genome map (Matise et al., 2007). 

Mbb: the physical position is based according to build 36.2 of the human genome 

(International Human Genome Sequence Consortium, 2001). 

mpt: multipoint LOD score, Markers D8S511 and D8S1145 in boldface flank the disease 

associated region. 
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Figure 3.5: Pedigree drawing of the family B with an autosomal recessive congenital 

atrichia with papular lesions (APL). An affected member (III-1) is indicated by filled 

symbol whereas unaffected members of the family by clear symbols. The individual 

numbers labeled with asterisks indicate the samples available for this study. 

 

 

 

 

Figure 3.6: An affected individual (III-1) in family B showing atrichia with papular 

lesions (APL). Note complete loss of scalp hair and complete absence of eyebrows and 

eyelashes. Papules are visible on the scalp and face.  
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Figure 3.7: Pedigree drawing of the family C segregating an autosomal recessive 

congenital atrichia with papular lesions. All affected members are indicated by filled 

symbols whereas unaffected members of the family by clear symbols. Crossed symbols 

indicate the deceased individuals. Double lines between individuals represent 

consanguineous unions. The individual numbers labeled with asterisks indicate the 

samples available for this study. 

 

 

            

 

Figure 3.8: An affected individual (IV-2) of family C representing congenital atrichia. 

Note complete absence of hair from the scalp, mustache, beard, eyebrows and eyelashes. 
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Figure 3.9: Pedigree drawing of the family D segregating congenital atrichia with papular 

lesions (APL). All affected members are indicated by filled symbols whereas unaffected 

members of the family by clear symbols. Crossed symbols indicate the deceased 

individuals. Double lines between individuals represent consanguineous unions. The 

individual numbers labeled with asterisks indicate the samples available for this study. 

 

 

 

 

Figure 3.10: An affected individual (IV-3) of family D showing phenotypes of congenital 

atrichia with papular lesions (APL). The patient shows complete absence of scalp hair, and 

sparse thin eyebrows and eyelashes. Papules can be seen on the scalp and face. 
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Figure 3.11: Haplotype analysis of the family B segregating atrichia with papular lesions 

(APL). The disease-associated haplotypes are shown below each genotyped individual. 

The region of homozygosity is flanked by markers D8S560 (telomere) and D8S1734 

(centromere).  Arrows indicate position of the gene HR lies between markers D8S298 and 

D8S1786. The arrangement and position of the polymorphic microsatellite markers is 

according to Rutgers combined linkage physical map built 36.2 (Matise et al., 2007). 
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Figure 3.12: Haplotype analysis of the family C segregating congenital atrichia with 

papular lesions. The disease-associated haplotypes are shown below each genotyped 

individual. The region of homozygosity is flanked by markers D8S282 (telomere) and 

D8S1734 (centromere). Arrows indicate position of the gene HR lies between markers 

D8S298 and D8S1786. The arrangement and position of the polymorphic microsatellite 

markers is according to Rutgers combined linkage physical map built 36.2 (Matise et al., 

2007). 
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Figure 3.13: Haplotype analysis of the family D segregating congenital atrichia with 

papular lesions. The disease-associated haplotypes are shown below each genotyped 

individual. The region of homozygosity is flanked by markers D8S1715 (telomere) and 

D8S1786 (centromere). Arrows indicate position of the gene HR, lies between markers 

D8S298 and D8S1786. The arrangement and position of the polymorphic microsatellite 

markers is according to Rutgers combined linkage physical map built 36.2 (Matise et al., 

2007). 
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Figure 3.14: Pedigree drawing of the family E with an autosomal recessive hypotrichosis 

(LAH2). All affected members are indicated by filled symbols whereas unaffected 

members of the family by clear symbols. Crossed symbols indicate the deceased 

individuals. Double lines between individuals represent consanguineous union. The 

individual numbers labeled with asterisks indicate the samples available for this study. 

 

 

                

 

Figure 3.15: An affected individual (IV-3) in family E showing features of autosomal 

recessive hypotrichosis. Note sparse hair on the scalp, and sparse eyebrows and eyelashes. 
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Figure 3.16: Pedigree drawing of the family F with an autosomal recessive hypotrichosis 

(LAH2). All affected members are indicated by filled symbols whereas unaffected 

members of the family by clear symbols. Crossed symbols indicate the deceased 

individuals. Double lines between individuals represent consanguineous union. The 

individual numbers labeled with asterisks indicate the samples available for this study. 

 

 

           

 

Figure 3.17: An affected individual (IV-1) of family F showing features of hypotrichosis 

(LAH2). Note sparse scalp hair, sparse thin eyebrows and absent eyelashes. 

 



Chapter # 3                                                                                                         Autosomal Recessive Hair Loss 

 

Identification of Genes Involved in Human Hereditary Skin Disorders 73

 

 

 

    

 

Figure 3.18: Haplotype analysis of the family E segregating an autosomal recessive 

hypotrichosis (LAH2). The disease-associated haplotypes are shown below each 

genotyped individual. Arrows indicate position of the gene LIPH, lies between markers 

D3S3578 and D3S3583. The arrangement and position of the polymorphic microsatellite 

markers is according to Rutgers combined linkage physical map built 36.2 (Matise et al., 

2007). 

 

 



Chapter # 3                                                                                                         Autosomal Recessive Hair Loss 

 

Identification of Genes Involved in Human Hereditary Skin Disorders 74

 

 

 

 

 

Figure 3.19: Haplotype analysis of the family F segregating an autosomal recessive 

hypotrichosis (LAH2). The disease-associated haplotypes are shown below each 

genotyped individual. The region of homozygosity is flanked by markers D3S3609 

(centromere) and D3S3628 (telomere) at chromosome 3q27.2. Arrows indicate position of 

the gene LIPH, lies between markers D3S3609 and D3S3592. The arrangement and 

position of the polymorphic microsatellite markers is according to Rutgers combined 

linkage physical map built 36.2 (Matise et al., 2007).  
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Figure 3.20: Automated DNA sequence analysis of the mutation c.682delT in exon 5 of 

the gene LIPH in family E: (a) a control individual, (b) a heterozygous carrier (IV-2) and 

(c) a homozygous affected individual (IV-3). A single base pair T in the control individual 

(a) is deleted in the affected individual (c). An arrow in (c) indicates position of the 

deletion of T. 

 

  SP                       α1            α2   β9  LID       α3

c. 682delT; p. Leu228TrpfsX31

S154 D178 H248

COOHNH2
 

Figure 3.21: Schematic view of LIPH protein. Arrow signifies position of the deletion 

mutation (c.682delT; p.Leu228TrpfsX31), located between β9 loop and LID domain of 

LIPH. SP (rose color) denotes signal peptide domain; β9 (light pink color) represents 

surface loop; LID (aqua color) denotes another surface loop of Lid domain and α1- α3 (tan 

color) denote catalytic triad residues (S154, D178 and H248) in the LIPH protein.  
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Figure 3.22: Pedigree drawing of the family G with an autosomal recessive 

hypotrichosis/woolly hair (LAH3). All affected members are indicated by filled symbols 

whereas unaffected members of the family by clear symbols. Crossed symbols indicate the 

deceased individuals. Double lines between individuals represent consanguineous union. 

The individual numbers labeled with asterisks indicate the samples available for this study. 

 

   

 

Figure 3.23: Two affected individuals (V-1, V-4) with an autosomal recessive 

hypotrichosis/woolly hair (LAH3) in family G. The patients present sparse scalp hair, and 

sparse thin eyebrows and eyelashes. 
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Figure 3.24: Pedigree drawing of the family H with an autosomal recessive 

hypotrichosis/woolly hair (LAH3). All affected members are indicated by filled symbols 

whereas unaffected members of the family by clear symbols. Crossed symbols indicate the 

deceased individuals. Double lines between individuals represent consanguineous union. 

The individual numbers labeled with asterisks indicate the samples available for this study. 

 

                 

 

Figure 3.25: An affected individual (III-5) with an autosomal recessive hypotrichosis 

(LAH3) in family H. Note sparse scalp hair, sparse beard hair, and sparse thin eyebrows 

and eyelashes. 
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Figure 3.26: Pedigree drawing of the family I with an autosomal recessive 

hypotrichosis/woolly hair (LAH3). All affected members are indicated by filled symbols 

whereas unaffected members of the family by clear symbols. Crossed symbols indicate the 

deceased individuals. Double lines between individuals represent consanguineous unions. 

The individual numbers labeled with asterisks indicate the samples available for this study. 

 

           

 

Figure 3.27: An affected individual (IV-1) with an autosomal recessive woolly hair 

(LAH3) in family I. The patient shows woolly hair on the scalp, sparse eyebrows and 

eyelashes.  
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Figure 3.28: Haplotype analysis of the family G segregating an autosomal recessive 

hypotrichosis/woolly hair (LAH3). The disease-associated haplotypes are shown below 

each genotyped individual. The region of homozygosity is flanked by markers D13S328 

(centromere) and D13S233 (telomere) at chromosome 13q14.2 in all affected individuals 

(V-1, V-4, V-9). Arrows indicate position of the gene LPAR6, lies between markers 

D13S153 and D13S273. The arrangement and position of the polymorphic microsatellite 

markers is according to Rutgers combined linkage physical map built 36.2 (Matise et al., 

2007). 
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Figure 3.29: Haplotype analysis of the family H segregating an autosomal recessive 

hypotrichosis/woolly hair (LAH3). The disease-associated haplotypes are shown below 

each genotyped individual. The region of homozygosity is flanked by markers D13S168 

(centromere) and D13S1228 (telomere) at chromosome 13q14.2 in all affected individuals 

(III-5, IV-2, IV-5). Arrows indicate position of the gene LPAR6, lies between markers 

D13S287 and D13S273. The arrangement and position of polymorphic microsatellite 

markers is according to Rutgers combined linkage physical map built 36.2 (Matise et al., 

2007). 
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Figure 3.30: Haplotype analysis of the family I segregating an autosomal recessive 

hypotrichosis/woolly hair (LAH3). The disease-associated haplotypes are shown below 

each genotyped individual. The region of homozygosity is flanked by markers D13S328 

(centromere) and D13S1305 (telomere) at chromosome 13q14.2, mapped in all affected 

individuals (III-4, IV-1, IV-5, IV-9, V-1, V-5). Arrows indicate position of the gene 

LPAR6, lies between markers D13S1307 and D13S273. The arrangement and position of 

polymorphic microsatellite markers is according to Rutgers combined linkage physical 

map built 36.2 (Matise et al., 2007). 
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Figure 3.31: Automated DNA sequence analysis of the missense mutation (c.565G>A; 

p.Glu189Lys) in the gene LPAR6 identified in the family G: (a) a control member, (b) a 

heterozygous carrier (IV-2) and (c) a homozygous affected member (V-1). Arrows indicate 

position of a homozygous substitution of G with A at nucleotide position 565 (c.565G>A; 

p.Glu189Lys) in the gene LPAR6. 
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Figure 3.32: Automated DNA sequence analysis of the missense mutation (c.188A>T; 

p.Asp63Val) in the gene LPAR6 identified in the family H: (a) a control member, (b) a 

heterozygous carrier (III-4) and (c) a homozygous affected individual (IV-5). Arrows 

indicate position of a homozygous substitution of A with T at nucleotide position 188 

(c.188A>T; p.Asp63Val) in the gene LPAR6. 
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Figure 3.33: Automated DNA sequence analysis of the missense mutation (c.562A>T; 

p.Ile188Phe) in the gene LPAR6 identified in the family I: (a) a control member, (b) a 

heterozygous carrier member (IV-4) and (c) a homozygous affected individual (V-1). 

Arrows indicate position of the homozygous substitution of A with T at nucleotide position 

562 (c.562A>T; p.Ile188Phe) in the gene LPAR6.  
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Figure 3.34: Schematic view of P2Y5 protein encoded by the gene LPAR6. Arrows 

indicate position of the missense mutation (c.188A>T, p.Asp63Val) in 2nd transmembrane 

domain (T2), detected in family H, and two other missense mutations (c.562A>T, 

p.Ile188Phe; c.565G>A; p.Glu189Lys) in 5th transmembrane domain, detected in family I 

and G. T1-T7 (aqua color) denote transmembrane domains; C1-C3 (light rose color) 

represent cytoplasmic domains and E1-E3 (red color) denote extracellular domains. 
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Figure 3.35: Pedigree drawing of the family J with an autosomal recessive hypotrichosis. 

All affected members are indicated by filled symbols whereas unaffected members of 

family by clear symbols. Crossed symbols indicate the deceased individuals. Double lines 

between individuals represent consanguineous union. The individual numbers labeled with 

asterisks indicate the samples available for this study. 

 

 

             

 

Figure 3.36: Two affected individuals IV-1 (a) and IV-2 (b) of family J with an autosomal 

recessive hypotrichosis. Both the patients present light brownish sparse scalp hair, normal 

eyebrows and sparse eyelashes. 
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Figure 3.37: Haplotype analysis of the family J segregating an autosomal recessive 

hypotrichosis. The disease-associated haplotypes are shown below each genotyped 

individual. The region of homozygosity is flanked by markers D10S1665 at centromeric 

and D10S2337 at telomeric end on chromosome 10q11.23-10q22.3 in both affected 

individuals (IV-1, IV-2). The arrangement and position of the polymorphic microsatellite 

markers is according to Rutgers combined linkage physical map built 36.2 (Matise et al., 

2007). 
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AUTOSOMAL DOMINANT HAIR LOSS 

Several studies have shown that hair loss disorders are inherited both in autosomal 

dominant and recessive manners. To date, four autosomal dominant forms of hair loss 

disorders have been mapped on different human chromosomes and the corresponding 

genes have been identified. This includes corneodesmosin (CDSN; MIM 602593) (Levy-

Nissenbaum et al., 2003), inhibitory upstream open reading frame (ORF) namely (U2HR) 

of the hairless (HR) (Wen et al., 2009; Mansur et al., 2010), APC-downregulated-by-1 

(APCDD1; MIM 607479) (Shimomura et al., 2010b), and Keratin-74 (KRT74; MIM 

608248) (Shimomura et al., 2010c) genes.  

During search to locate families with hair loss disorders, two large families, K and L, 

showing autosomal dominant forms of hair loss were identified in remote areas of 

Pakistan. Clinical and molecular characterizations of both the families are described 

below.  

Family K and Clinical Features of Affected Individuals 

Family K (Figure 4.1) belongs to Hazara division of Khyber Pukhtoonkhwa Province. A 

large five generation consanguineous Pakistani family contains fourteen individuals 

affected with hair loss disorder. Four affected members (II-1, II-5, III-1, III-4) were 

deceased whereas five other affected individuals (IV-2, IV-3, IV-6, IV-7, V-7) were not 

available for the study. Five affected individuals (IV-4, IV-5, V-3, V-5, V-6) of the family 

provided information about the type of hair loss disorder. Dermatologists at the local 

government hospital diagnosed the hair loss condition compatible to hypotrichosis. Mode 

of inheritance of the disorder was autosomal dominant. 

Blood samples were collected from five affected (IV-4, IV-5, V-3, V-5, V-6) and four 

unaffected individuals (IV-1, V-1, V-2, V-4) of the family. All affected members of family 

K showed the clinical phenotypes of an autosomal dominant hair loss possessing 

compatibility with a condition of hypotrichosis on the scalp. 

Hair 

All the affected members were born with sparse to absent hair on the scalp. After ritual 

shaving, usually performed a week after birth, hair regrew but started falling again at the 

age of 3-5 years in a patchy hair loss pattern leading to present state of sparse hair on scalp 
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(Figure 4.2). Affected male individuals of the family showed normal mustache and beard 

hair. Hair on rest of the body was found normal in all the affected members of the family. 

Eyebrows and Eyelashes  

Except in an affected individual (IV-4), eyebrows and eyelashes appeared normal in rest 

of the affected individuals. 

Nails, Teeth, and Sweat Glands 

Normal growth of nails, teeth, and sweat glands were observed in the affected members of 

the family. 

Skin  

No other skin problem was observed in any affected individual of the family.   

Family L and Clinical Features of Affected Individuals 

Family L (Figure 4.3) belongs to district Thatta of Sindh Province of Pakistan. Six 

individuals in the family are affected with autosomal dominant woolly hair (ADWH) 

phenotype. Two affected individuals (II-1, II-3) of the family were deceased. Four other 

affected members (III-2, IV-1, IV-2, IV-4) appeared before the investigators and provided 

clinical and family history.  

Peripheral venous blood samples were collected from four affected (III-2, IV-1, IV-2, IV-

4) and three normal unaffected individuals (III-1, IV-3, VI-5) of the family.  

Hair 

All the four affected members showed tightly curled and twisted scalp hair restricted to 2-

3 inches in length, entangling with each other (Figure 4.4). Affected male individuals of 

the family showed normal mustache and beard hair. Hair on rest of the body was found 

normal in all the four affected members of the family. 

Eyebrows and Eyelashes 

Eyebrows and eyelashes appeared normal in the affected individuals. 

Nails, Teeth and Sweat Glands 

No malformation of nails, teeth and sweat glands were found in any affected member of 

the family. 
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Skin  

No other skin abnormality was noted in any member of the family.  

Genotyping and Mutational Analysis  

Based on the clinical features observed in the affected individuals of the two families, K 

and L, linkage in the families were tested by genotyping highly polymorphic microsatellite 

markers linked to seven genes involved in causing autosomal dominant hair loss disorders. 

This included CDSN on chromosome 6p21.3, U2HR on 8p21.2, APCDD1 on 18p11.22, 

KRT71 and KRT74 on 12q13.13, KRT81, KRT83 and KRT86 on 12q13. Both the families 

showed linkage to highly polymorphic microsatellite markers (D12S1629, D12S368, 

D12S803, D12S1618, D12S1651, D12S1724,  D12S1691, D12S1056) linked to the genes 

KRT71-KRT74 mapped on chromosome 12q12-q14.1 (Figure 4.5, 4.6).  

To search for potential sequence variants, two genes KRT74 and KRT71 were initially 

sequenced in two affected and one unaffected individuals of the families. Upon identifying 

the sequence variant, the same was searched in rest of the affected and unaffected 

individuals of the families. Nine exons of the gene KRT74 and five of KRT71 and splice 

junction sites were PCR amplified from the genomic DNA of affected and unaffected 

members of the two families. Purification of PCR amplified products was carried out 

using the Rapid PCR Purification System (Marligen Biosciences, Ijamsville, MD, USA) 

and were sequenced directly in ABI Prism 310 automated DNA genetic analyzer (Applera, 

Foster City, CA, USA), using the Big Dye Terminator Cycle Sequencing Kit (PE Applied 

Biosystems USA). BioEdit sequencing alignment tool (BioEdit version 6.0.7) was used to 

align the sequence of each amplicon with wild type standard sequence of KRT74 (Ensembl 

accession ID: Human ENST00000305620) and KRT71 (Ensembl accession ID: Human 

ENST00000267119) obtained from Ensembl Genome Browser 

(http://www.ensembl.org/Homo_sapiens/Gene). 

In family K, sequence analysis revealed a novel heterozygous missense mutation 

involving G nucleotide to A nucleotide transition at cDNA position 1444 (c.1444G>A) 

occurring in exon 9 of the gene KRT74 in all the five affected members of family K 

(Figure 4.7). This heterozygous mutation resulted into substitution of an aspartate (acidic) 

to asparagine (neutral)  amino acid residue at position 482 (p.Asp482Asn). All the four 

unaffected members of family K exhibited wild type sequence. To ensure the non-

polymorphic nature of the missense mutation identified in family K, was verified by 

screening 300 healthy unrelated unaffected ethnically matched control individuals.   
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Sequence analysis of the genes KRT71 and KRT74 failed to detect functional sequence 

variant in affected individuals of family L. 

Discussion 

Cytoskeletal proteins are playing pivotal role in the structural developments of an 

organism. Keratins clusters are one of the most important cytoskeletal proteins, providing 

mechanical support and stability to the epithelial cell and tissues formation. Keratins have 

functional role in regulation, cell growth, apoptosis, tissues remodeling and wound 

healing. The human keratin gene family contains 54 distinct functional genes, which are 

categorized into epithelial keratins, hair keratins and keratin pseudogenes (Schweizer et 

al., 2006). Based on the biochemical nature of keratins, they are divided in to acidic type I 

and basic to neutral type II keratins. Keratin type I gene cluster on chromosome 17q21.2 

contains 28 keratins while type II keratin gene cluster on chromosome 12q13.13 contains 

26 keratins (Arin, 2009). Out of 54 functional keratin genes exist in humans, 21 keratin 

genes are involved in hair texture and hair follicle formation.  

In humans, mutations in 21 hair keratins and hair follicle specific epithelial keratins are 

associated with hereditary disorders including generalized epidermolysis bullosa simplex 

(EBS; MIM 131900) (Bonifas et al. 1991; Dong et al. 1993), bullous congenital 

ichthyosiform erythroderma (BCIE; MIM 113800) (Cheng et al. 1992; Chipev et al. 1992; 

Rothnagel et al. 1992), epidermolytic palmoplantar keratoderma (EPPK; MIM 144200) 

(Coleman et al. 1999; Kon et al. 2006), pachyonychia congenita type 1 (PC1; MIM 

167200) (Bowden et al. 1995; McLean et al. 1995), pachyonychia congenita type 2 (PC2; 

MIM 167210) (Smith, 2004; Xiao et al. 2004), monilethrix (MIM 158000) (Winter et al. 

1997a,b; van Steensel et al. 2005), ectodermal dysplasia of hair and nail type (MIM 

602032) (Naeem et al. 2006a), autosomal dominant woolly hair (Shimomura et al. 2010c, 

Wasif et al., 2011). Disorders of other body tissues/organs such as Meesmann corneal 

dystrophy, White sponge nevus of Cannon, and liver disease are also caused by mutations 

in keratins (Richard et al. 1995; Rugg et al. 1995; Irvine et al. 1997; Porter and Lane, 

2003; Nielsen et al. 2008). 

Recently, two mutations including a missense (p.Glu440Lys) and a splice site (c.IVS8-

1G>A) in the gene KRT74 have been reported causing autosomal dominant woolly hair in 

two large Pakistani families (Shimomura et al. 2010c; Wasif et al., 2011). A missense 

mutation (p.Asp482Asn), identified in family K in the present study, is the third mutation 

reported in the gene KRT74 (Table 4.1). Interestingly, the clinical features of tightly curled 
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and twisted scalp hair observed in affected individuals of the other two families reported 

by Shimomura et al. (2010c) and Wasif et al. (2011) were not observed in affected 

individuals of the family K. Infect affected individuals of the family K carrying a missense 

mutation showed clinical features representing hypotrichosis with sparse hair on scalp. 

The gene Keratin-74 (KRT74) is composed of nine exons encoding 529 amino acids K74 

protein. Like other keratins, K74 protein is composed of N-terminal head domain (1-139 

amino acids), the central � helical rod domain (140-449 amino acids) and C-terminal tail 

domain (450-529 amino acids). Approximately sixty-six (66) amino acids encoded by 

exon-9 are involved in the formation of functional tail domain 

(www.uniprot.org/uniprot/Q7RTS7). The missense mutation (p.Asp482Asn) identified in 

the present family K resides in tail domain of K74 protein (Figure 4.8). Substitution of 

aspartic acid with asparagine can create an additional site for N-linked glycosylation 

resulting in modification of the protein chains. Considering the effect of missense 

mutations p.Glu440Lys in KRT74 and p.Gly464Val in KRT71 (Shimomura et al. 2010c), it 

is more likely that the missense mutation (p.Asp482Asn) also potentially affect the keratin 

intermediate filament formation. 

As reviewed by Schweizer et al. (2007) expression of human hair keratins and hair follicle 

specific epithelial keratins is restricted to different layers of hair follicle. At least nine type 

I (KRT39, KRT34, KRT36, KRT33a, KRT33b, KRT37, KRT38, KRT31, KRT35) and four 

type II keratins (KRT86, KRT83, KRT81, KRT85) express in various parts of hair follicle 

cortex. The expression of few type I (KRT39, KRT40, KRT32, KRT35) and type II keratins 

(KRT82, KRT85) is restricted to cuticle layer. The inner root sheath (IRS) specific keratins 

are expressed in different layers of IRS. Three type I keratins (KRT25, KRT27, KRT28) 

express in Henle and Huxley layers and cuticle of IRS while expression of another type 1 

keratin (KRT26) is restricted to IRS cuticle. A type II keratin KRT71 shows expression in 

all three layers of IRS while KRT74 expression is restricted to Huxley layer and KRT73, 

KRT72 express in IRS cuticle. A type II keratin KRT75 expresses in companion layer of 

hair follicle. The IRS is a critical structure supporting the hair shaft (Langbein et al., 

2003). Recently, Shimomura et al. (2010c) have reported that K74 specifically expresses 

in Huxley layer, which is playing an important role in hair follicle structural maintenance. 

These authors further predicted that disruption of K74 results in a collapse of keratin 

intermediate filament complex which effect the growth and elongation of hair shaft. 
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Figure 4.1: Pedigree drawing of the family K segregating autosomal dominant 

hypotrichosis. All the affected members are represented by filled symbols while clear 

symbols are for normal unaffected individuals of the family. Crossed symbols indicate the 

deceased individuals. Double lines between individuals represent consanguineous unions. 

The individual numbers labeled with asterisks indicate the samples available for this study. 

 

 

               

 

Figure 4.2: Presentation of two affected individuals (V-3 and V-5) of family K 

segregating autosomal dominant hypotrichosis. Both the individuals showed sparse hair on 

scalp, and normal beard and mustache hair.  
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Figure 4.3: Pedigree drawing of the family L segregating autosomal dominant woolly 

hair. All the affected members are represented by filled symbols while clear symbols are 

for normal unaffected individuals of the family. Crossed symbols indicate the deceased 

individuals. Double lines between individuals represent consanguineous union. The 

individual numbers labeled with asterisks indicate the samples available for this study. 

 

 

                 

 

Figure 4.4: Presentation of two affected individuals IV-1 (a) and IV-2 (b) of family L 

with autosomal dominant woolly hair. Note sparse hair on the scalp, sparse eyebrows and 

eyelashes, and normal beard and mustache hair. 
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Figure 4.5: Haplotypes analysis of the family K segregating autosomal dominant 

hypotrichosis. The disease-associated haplotypes are shown below each genotyped 

individual. Arrows indicate the position of the gene KRT74 lies between markers 

D12S1651 and D12S1691. The arrangement and position of microsatellite markers is 

according to Rutgers combined linkage physical map built 36.2 (Matise et al., 2007). 
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Figure 4.6: Haplotype analysis of the family L segregating autosomal dominant woolly 

hair. The disease-associated haplotypes are shown below each genotyped individual. 

Arrows indicate the position of the gene KRT74 lies between markers D12S1618 and 

D12S1724. The arrangement and position of the microsatellite markers is according to 

Rutgers combined linkage physical map built 36.2 (Matise et al., 2007). 
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Figure 4.7: Sequence analysis of exon 9 of the gene KRT74 mutation (c.1444G>A) in 

family K: (a) an unaffected member of the family showing homozygous wild-type 

sequence, (b) an affected member of the family showing heterozygous status of the 

missense mutation. Arrows represent position of the nucleotide change G>A in each panel.  

 

 

 

                    Head

c. IVS8-1 G>A

                                Rod                      Tail

p. Asp482Asn

COOHNH2

 p. Asn148Lys

 

Figure 4.8: Schematic representation of the human K74 protein. Position of the mutation 

(p.Asp482Asn), identified in family K (the present study) is highlighted, and those 

reported earlier are shown. Three domains including Head (tan color), Rod (rose color) 

and Tail (light turquoise color) of K74 protein are shown.  
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Table 4.1: Mutations in the gene KRT74 reported so far  
 

Phenotypes Mutation cDNA 
Change 

Protein 
Change 

Change 
Effect 

Reference 

ADWH Missense  c.444C>G p.Asn148Lys Amino acid 

substitution 

Shimomura et 

al., 2010 

ADWH Splice site  c.IVS8-

1G>A 

Exon 9 

skipping 

Protein 

truncation 

Wasif et al., 

2011 

Hypotrichosis Missense  c.1444 G>A p.Asp482Asn Amino acid 

substitution 

Wasif et al., 

2011, this study 

ADWH: Autosomal dominant woolly hair; KRT74: Keratin 74 
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HYPOTRICHOSIS WITH JUVINILE MACULAR DYSTROPHY 

Hypotrichosis with juvenile macular dystrophy (HJMD; MIM 601553), is an autosomal 

recessive human inherited disorder, caused by mutations in the P-cadherin encoding gene 

CDH3, positioned on human chromosome 16q22.1. Mutations in the gene CDH3 also result 

in ectodermal dysplasia, ectrodactyly and macular dystrophy syndrome (EEM; MIM 

225280). Affectees of both these disorders present thin hair and retinal macular dystrophy 

though individuals affected with EEM syndrome also show the distinctive characteristics of 

split hand/foot malformations (SHFM).  

The P-cadherin encoding gene CDH3 contains 16 exons encompassing 55 kb on human 

chromosome 16q22.1. It is a member of classical cadherins that produces the trans-

membrane core of adheren junctions (Kremmidiotis et al., 1998; Sprecher et al., 2001; 

Indelman et al., 2002, 2007). The CDH3 protein expresses in wide variety of tissues 

including hair follicle, pigmented epithelia of retina, and limb bud (Muller-Rover et al., 

1999). Numerous studies have shown the association of P-cadherin and E-cadherin, encoding 

by genes CDH3 and CDH1, respectively, in biological mechanisms such as cell recognition, 

hair follicle morphogenesis, cell signaling and limb development (Goodwin and Yap, 2004; 

Shimomura et al., 2008b). A transcription factor p63 is involved in regulation of the P-

cadherin protein (Shimomura et al., 2008b), which is a key regulator of broader cell adhesion 

gene expression programs (Carroll et al., 2006). Interestingly mutations in the gene p63 are 

also responsible for non-syndromic and syndromic forms of split hand/foot malformations 

(Ianakiev et al., 2000). Similarities in phenotypic features of patients with mutations in the 

two genes CDH3 and p63 envisage that interaction between these two are playing vital role 

in the development of hair follicle and limb bud (Shimomura et al., 2008b). 

Clinical Features of Family M with HJMD 

Family with an autosomal recessive hypotrichosis and juvenile macular dystrophy (HJMD), 

designated M for the study, has been ascertained from a remote area of Sindh province of 

Pakistan (Figure 5.1). As shown in the pedigree, the family consists of four generations 

containing six affected (II-2, II-3, III-1, III-2, IV-2, IV-3) and two unaffected (IV-1, IV-4) 

individuals.  
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Hair Abnormalities 

Affected individuals of the family were born with thin scalp hair that had limited growth 

throughout life. In two affected females (IV-2, IV-3), scalp hairs were completely absent at 

the time of birth (Figure 5.2 a-b). Thin and sparse eyebrows and eyelashes, and total absence 

of pelvic and pubic hair were observed in the affected members of the family. Skin, teeth, 

bones, fingernails and toenails showed normal growth in the affected members. 

Fundus Examination 

Affected members reported weakness and progressive loss of the eyesight at the age of 16-20 

years. Marked deterioration of the epithelial macular pigment was observed during fundus 

examination of the two patients (II-3, III-1) of the family. 

Electrophysiological and Electroretinography Tests 

Electrophysiological and electroretinography tests exhibited abruption and reduction in wave 

amplitude in affected individuals (II-3, III-1) and revealed severe retinal dysfunction. The 

patients also reported time-dependent and gradual deficit in visual acuity. 

Genetic Mapping and Sequencing CDH3 

Considering the clinical features of affected individuals of the family M, it was tested for 

linkage to P-cadherin gene CDH3 mapped on chromosome 16q22.1. Several polymorphic 

microsatellite markers (D16S3393, D16S3050, D16S3095, D16S2624, D16S3033), flanking 

the gene CDH3, were typed in six affected (II-2, II-3, III-1, III-2, IV-2, IV-3) and two 

unaffected individuals (IV-1, IV-4) of the family.  The microsatellite markers used in 

genotyping were fully informative and all six affected individuals were homozygous with 

these markers, suggesting linkage of the family to CDH3. Disease-associated haplotypes 

generated using SIMWALK2 (Sobel and Lange, 1996) are presented in Figure 5.3. 

Haplotypes showed that linkage interval, flanked by markers D16S2620 (82.53 cM) and 

D16S3051 (92.75 cM), was 10.22 cM (13.15 Mb) according to Rutgers combined linkage-

physical map of the human genome build 36.2 (Matise et al., 2007). 

After establishing linkage of the family M to the gene CDH3 mapped on chromosome 

16q22.1, the gene was sequenced in all six affected and two unaffected individuals of the 

family. All sixteen exons and splice junctions sites of the gene CDH3 were PCR amplified 

from genomic DNA of affected and unaffected individuals of the family using primers 

designed from intronic sequences of the gene (Table 2.11, Materials and Methods). The 

amplified PCR products were purified using the Rapid PCR Purification System (Marligen 
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Biosciences, Ijamsville, MD, USA) and sequenced in an ABI Prism 310 automated DNA 

sequencer, using Big Dye Terminator Cycle Sequencing Kit (PE Applied Biosystems, Foster 

City, CA, USA) following dideoxy chain termination method. Sequence variants were 

identified via BIOEDIT sequence alignment editor (BioEdit version 6.0.7).  

Sequence analysis of the gene CDH3 in the affected individuals of the family revealed 

transition of a nucleotide G to A at splice acceptor site of intron 10 (c.IVS10-1 G→A). The 

mutation was present in the heterozygous state in obligate carriers of the family (Figure 5.4) 

(Kamran-Ul-Hassan Naqvi et al., 2010). In order to substantiate that the mutation does not 

represent a neutral polymorphism in this population, a panel of 100 controls unrelated 

unaffected individuals with same ethnicity, was analyzed for the mutation and it was not 

identified outside the family. The mutation identified in the family represents a novel splice 

site mutation. 

Discussion 

Cadherins are cell-cell adhesion transmembrane glycoproteins that form Ca+2 dependent 

intercellular junctions and play an essential role in the development and maintenance of adult 

tissues and organs (Conacci-Sorrell et al., 2002). The cadherin family is divided into 

different subfamilies, including the classical E-cadherin encoded by gene CDH1, P-cadherin 

encoded by gene CDH3, N-cadherin encoded by gene CDH2 and N-cadherin 2 encoded by 

gene CDH12, each signifying a specific tissue distribution (Takeichi, 1988; Offermanns and 

Rosenthal, 2008). 

Anomalies in two classes of cadherins, E and P, have been shown to be linked to several 

isolated or syndromic forms of hair abnormalities. P-cadherin is a major constituent of the 

classical cadherins and cell-cell adhesion. During embryogenesis it expresses in the hair 

follicle placode and the matrix region in postnatal hair follicles, consistent with the 

hypotrichosis observed in the setting of HJMD and EEM (Jamora et al., 2003; Bergman et 

al., 2004; Shimomura et al., 2010e). Hypotrichosis and macular dystrophy are common in 

both HJMD and EEM. Nevertheless, a striking difference is the presence of ectrodactyly/split 

hand and foot malformation in EEM. Furthermore, the identical mutations in different 

patients give rise to both phenotypes (Kjaer et al., 2005), raising the possibility of modifier 

genes influencing disease expressivity and may be linked close to the gene CDH3. E-

cadherin and P-cadherin exist close together on human chromosome 16 and are expected to 

inherit together except if rare recombination events occur. Being a classical cadherin, E-

cadherin may be one of the modifier genes by means of compensation. Recently, it has been 
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shown that during limb development, both E- and P-cadherin are co-expressed in the apical 

epidermal ridge (Shimomura et al., 2008b). 

Shimomura et al. (2010e) suggested a modifier role for E-cadherin which might explain why 

some patients with P-cadherin mutations have normal limb development. In contrast, an 

overlapping of E- and P-cadherin expression is not seen in the retina or hair follicle. In the 

hair follicle, initially E-cadherin expression is elevated, but as the placode starts to form, the 

E-cadherin levels fall markedly and P-cadherin increases parallely (Jamora et al., 2003). The 

downregulation of E-cadherin and the overexpression of P-cadherin persist throughout hair 

follicle development (Muller-Rover et al., 1999). E-cadherin is expressed in the corneal 

epithelium whereas P-cadherin is involved in development of the eye, in particular the retinal 

pigmented epithelium (Xu et al., 2002a). Hence, E-cadherin cannot substitute for P-cadherin 

in hair follicle and retina, which may explain why all patients with P-cadherin will have 

combined hypotrichosis and macular dystrophy while only some have ectrodactyly/split hand 

and foot malformation (Shimomura et al., 2010e). 

To date, 15 mutations including 4 deletions, 3 missense, 1 insertion, 3 nonsense and 4 splice 

sites have been reported in the gene CDH3 in patients with HJMD (Figure 5.5; Table 5.1). In 

the present study, the mutation (c.IVS10-1 G →A) reported in the family M, is the third 

splice site mutation identified in the gene CDH3 and is predicted to cause out of frame 

skipping of exon 11 and generates a pre-termination codon in exon-12. As a result it is 

possible that this mutation generates a truncated protein lacking most of the essential 

domains of CDH3 protein (Kamran-Ul-Hassan Naqvi et al., 2010). Alternatively, CDH3 

mRNA containing a pre-termination codon might be abolished due to nonsense-mediated 

decay (Maquat, 1999). Previously two missense mutations (p.Arg503His, p.Glu504Lys) were 

found in exon 11 of CDH3 in Arab Israeli and English families, providing indirect evidence 

that the deficiency of P-cadherin may lead to abnormal hair formation by interfering with β-

catenin function. These mutations affect a highly conserved fourth extracellular domain of 

CDH3 protein (Indelman et al., 2003; Indelman et al., 2007). 

The P-cadherin CDH3 protein consists of 5 extracellular domains (EC1-EC5), a 

transmembrane region and a short intracellular tail (Figure 5.5) (Yagi and Takeichi, 2000). 

The EC4 domain encoded by DNA sequence of exon-11 contains a DRE sequence motif, 

playing vital role in binding of P-cadherin to Ca+2 and establishing the folding conformation 

of the P-cadherin. The folding conformation in turn persuades cell-cell adhesion activity 

(Boggon et al., 2002). The splice site mutation (c.IVS10-1 G →A), reported here in family 
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M, probably disturbs the mechanisms of cell-cell adhesion which are important for normal 

development of hair follicle, retinal pigment and other ectodermal appendages.  
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III-3III-2*III-1*

I-1 I-2

II-2* II-3* II-4

I-3 I-4

 

 

Figure 5.1: Pedigree drawing of the family M with autosomal recessive hypotrichosis with 

juvenile macular dystrophy (HJMD). Affected individuals are represented by filled symbols 

while unaffected family members by clear symbols. Symbols with crossed lines indicate the 

deceased individuals. Double lines between the individuals represent consanguineous union. 

The individual numbers labeled with asterisks indicate the samples which were available for 

the present study. 

 

 

                

 

Figure 5.2 a-b: Clinical presentation of HJMD in an affected individual (III-1) of the family 

M. Note sparse hair on scalp, and sparse eyebrows and eyelashes.  
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Figure 5.3: Haplotype analysis of the family M segregating autosomal recessive 

hypotrichosis with juvenile macular dystrophy (HJMD). The disease-associated haplotypes 

are shown below each genotyped individual. The region of homozygosity in affected 

individuals is flanked by microsatellite markers D16S2620 (centromere) and D16S3051 

(telomere) on chromosome 16q22.1. Arrows indicate the position of the gene CDH3 lies 

between markers D16S3095 and D16S2624. Genetic distance of the microsatellite markers 

depicted in centiMorgan is according to Rutgers combined linkage physical map of the 

human genome built 36.2 (Matise et al., 2007). 
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Figure 5.4 a-c: Automated DNA sequence analysis of exon 10 of the gene CDH3 mutation 

in family M: (a) a control individual, (b) a heterozygous carrier individual (IV-1), (c) a 

homozygous affected individual (II-3). A single base pair G in control individual (a) is 

substituted into A in the affected individual (c). Arrows indicate position of substitution of G 

nucleotide. 

 
 
 
 
 
 



Chapter # 5                                                                                   Hypotrichosis with Juvenile Macular Dystrophy 

 

Identification of Genes Involved in Human Hereditary Skin Disorders 107

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SP ProP        EC1             EC2              EC3              EC4              EC5

c. IVS10-1 G>A

 TM      IC     

c.IVS10-1 

p.Gly706ValfsX53

p.Tyr615X

p.His575Arg

p.Glu504Lys

p.Arg503Hisp.Gly277AlafsX20

p.Arg221X

p.Thr164AsnfsX7

c.IVS12-2 A>G

IVS2+1 

p.Glu155ArgfsX6

p.Met327IlefsX23

p.Leu168X

 
 

 

Figure 5.5: Schematic view of P-cadherin (CDH3) protein. Arrows indicating positions of 

the mutations reported in the gene CDH3 so far. SP (rose color) denotes signal peptide 

whereas ProP (tan color) represents propeptide domain. Five extracellular domains (EC1-

EC5) are boxed in lime. Transmembrane and intracellular domains are boxed in sky blue and 

red, respectively.  
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Table 5.1: Mutations in the gene CDH3 demonstrating HJMD phenotype 
 
 

Phenotypes Mutation cDNA 
Change 

Protein Change Change 
Effect 

Reference 

HJMD Deletion  c.981delG p.Met327IlefsX23 FS and PTC Sprecher et al., 2001 

HJMD Missense  c.1508G>A p.Arg503His Amino acid 

substitution 

Indelman et al., 2002 

HJMD Deletion  c.462delT p.Glu155ArgfsX6 FS and PTC Indelman et al., 2003 

HJMD Nonsense  c.503T>A p.Leu168X PTC Indelman et al., 2003 

HJMD Deletion  c.829delG p.Gly277AlafsX20 FS and PTC Indelman et al., 2003 

HJMD Deletion  c.2112delG p.Gly706ValfsX53 FS and PTC Indelman et al., 2003 

HJMD Nonsense c.1845T>A p.Tyr615X PTC Indelman et al., 2005 

HJMD Nonsense  c.661C>T p.Arg221X PTC Indelman et al., 2007 

HJMD Missense c.1510G>A p.Glu504Lys Amino acid 

substitution  

Indelman et al., 2007 

HJMD Missense c.1724A>G p.His575Arg Amino acid 

substitution 

Indelman et al., 2007 

HJMD Splice site  IVS2+1G>A Exon 2 skipping Protein 

truncation  

Indelman et al., 2007 

HJMD Insertion c.490insA p.Thr164AsnfsX7 FS and PTC Shimomura et al., 

2008 

HJMD Splice site  IVS10-1G>T Exon 11 skipping  Protein 

truncation  

Jelani et al., 2009,  

HJMD Splice site IVS10-1G>A Exon 11 skipping  Protein 

truncation  

This study 

HJMD Splice site  IVS12-2A>G Exon 13 skipping Protein 

truncation 

Shimomura et al., 

2010 

 

HJMD: Hypotrichosis with juvenile macular dystrophy; CDH3: P-cadherin 3 gene; FS: frame shift; PTC: 

premature termination codon 
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ECTODERMAL DYSPLASIAS 

Ectodermal dysplasias (EDs) constitute a heterogeneous group of genetic disorders 

comprising defects in two or more tissues of ectodermal origin: hair, teeth, nails, sweat 

glands and skin. More than 200 different pathological conditions have been illustrated 

under the banner of ectodermal dysplasia. To date more than 62 EDs have been studied at 

the molecular level and the causative genes in few of them have been identified. However, 

molecular genetics of ectodermal dysplasia is poorly understood because of genetic 

heterogeneity and clinical overlap among various ED conditions (Visinoni et al., 2009). 

Discovery of the responsible genes for different forms of EDs is feeding to understand 

molecular roots and signaling pathways involved in the development of different 

epidermal appendages. 

In this chapter of the dissertation, clinical and molecular analysis of three different types 

of ectodermal dysplasias, identified in five Pakistani families (N, O, P, Q, R), have been 

described.  

Family N and Clinical Features of the Affected Individuals  

A large Pakistani family N (Figure 6.1), segregating X-linked recessive isolated 

hypodontia, was ascertained from Punjab Province of Pakistan. In four generation family 

N, five members (III-7, IV-1, IV-5, IV-6, IV-8) showed features of hypodontia. All the 

affected individuals were available at the time of the study. 

Blood samples were collected from five affected (III-7, IV-1, IV-5, IV-6, IV-8) and seven 

unaffected members (III-1, III-2, III-5, III-6, IV-3, IV-4, IV-12) of the family.  

Teeth and Hair 

All the five affected members exhibited features of hypodontia mainly affecting incisors 

and to some extent canines and premolars with a variable expression (Figure 6.2). Hair at 

the scalp, beard and mustache were normal in the affected members of the family. 

Eyebrows and eyelashes were normal too in the affected members. 

Skin, Sweat Glands and Nails 

Skin abnormalities were not observed in the patients. All the affected individuals reported 

normal sweating. Nails were normal too. 
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Family O and Clinical Features of the Affected Members 

Family O (Figure 6.3) with X-linked isolated hypodontia was found in a remote area of 

Punjab Province of the country. In this family, seven members (III-2, IV-3, IV-5, V-3, V-

4, V-5, V-6) were affected with isolated form of hypodontia. One affected member (III-2) 

was deceased while another affected member (V-6) was not available for the present 

study.  

Blood samples were collected from five affected (IV-3, IV-5, V-3, V-4, V-5) and five 

unaffected members (IV-1, IV-4, IV-6, V-1, V-2) of the family.  

Teeth and Hair 

All the affected members of family O showed features of hypodontia affecting mainly 

incisors and canines, and variably affecting the premolars (Figure 6.4). Hair on scalp and 

other body parts were normal. Eyebrows and eyelashes were normal too. 

Skin, Sweat Glands and Nails 

In all the affected members other ectodermal appendages including skin, nails and sweat 

glands were normal.  

Mapping X-linked Hypodontia in Family N and O 

Considering mode of inheritance and clinical features of isolated hypodontia observed in 

affected members, linkage in the two families, N and O, was tested by typing 

microsatellite markers linked to the gene ectodysplasin-A (EDA) mapped on Xq12-q13.1. 

In family N, five affected (III-7, IV-1, IV-5, IV-6, IV-8) and seven unaffected (III-1, III-2, 

III-5, III-6, IV-3, IV-4, IV-12) and in family O, five affected (IV-3, IV-5, V-3, V-4, V-5) 

and five unaffected individuals (IV-1, IV-4, IV-6, V-1, V-2) were genotyped with four 

microsatellite markers (DXS8380, DXS8040, DXS8107, DXS8052). The markers 

genotyped in the two families were fully informative. Both the families demonstrated 

linkage to four microsatellite markers (DXS8380, DXS8040, DXS8107, DXS8052) 

flanking the gene EDA on chromosome Xq12-13.1. Two-point linkage analysis, carried 

out using the MLINK program of the FASTLINK package (Cottingham et al., 1993), 

revealed maximum LOD score of 3.02 (θ = 0) for DXS8052 in family N (Table 6.1) and 

3.00 (θ = 0) for DXS8052 in family O (Table 6.2). 
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Screening EDA  

To search for underlying mutations, all the eight coding exons of the gene EDA and splice 

junction sites were PCR amplified from genomic DNA of affected and unaffected 

members of families N and O. PCR products were purified using the Rapid PCR 

Purification System (Marligen Biosciences, Ijamsville, MD, USA) and were sequenced in 

an ABI Prism 310 automated DNA genetic analyzer, using Big Dye Terminator Cycle 

Sequencing Kit (PE Applied Biosystems USA) as described in Chapter-2 (Materials and 

Methods).  

In family N, sequence analysis revealed a missense mutation in exon 9 of gene EDA 

involving a T to C transition at nucleotide position 1091 (c.1091T>C) in all five affected 

males (III-7, IV-1, IV-5, IV-6, IV-8) and in heterozygous state in four female carriers (III-

2, III-5, IV-4, IV-12) (Figure 6.5). The single base-pair change (c.1091T>C) resulted in a 

methionine to threonine substitution at amino acid position 364 (p.Met364Thr) in the TNF 

homology domain of EDA protein (Figure 6.6). Sequence analysis of the gene EDA in 

affected members of the family O failed to detect potential sequence variant. However, 

this does not exclude the possibility of the presence of the sequence variant in regulatory 

regions of the gene EDA, which were not sequenced in the family O.  

Family P and Clinical Features of the Affected Individuals 

A consanguineous Pakistani family P (Figure 6.7), segregating autosomal recessive form 

of hypohidrotic ectodermal dysplasia (ARHED), was found in a remote area of Punjab 

Province of the country. This four generation family contains three members (II-3, IV-1, 

IV-4) affected with HED. One affected individual (II-3) was deceased thus only two 

affected individuals (IV-1, IV-4) were available for the present study.  

Venous blood samples were collected from two affected (IV-1, IV-4) and five unaffected 

individuals (III-1, III-2, III-3, IV-2, IV-3) of the family.  

Hair 

Affected individuals of the family showed fine thin hair on the scalp and sparse to absent 

eyebrows and eyelashes (Figure 6.8). 

Skin and Sweat Glands 

The skin was dry and showed hypohidrosis (diminished sweating). 
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Teeth and Nails 

Only two teeth with conical shape were present in the affected individuals (Figure 6.8). 

The nails were normal in the affected individuals. 

Others  

Saddled-shaped nose and protruding prominent lips were observed in both the affected 

individuals (Figure 6.8). 

Family Q and Clinical Features of the Affected Members 

A consanguineous four generation family Q (Figure 6.9) was ascertained from Punjab 

Province of Pakistan. Out of total fourteen members of the family Q, three (II-1, III-3, IV-

3) were affected with hypohidrotic ectodermal dysplasia (HED) but only two of them (III-

3, IV-3) were available for the present study. Both of these affected members of the family 

underwent medical examination at local government hospital. Clinically, heterozygous 

carriers were indistinct from unaffected normal individuals of the family.  

Peripheral blood samples were collected from two affected (III-3, IV-3) and four normal 

unaffected individuals (III-1, III-2, IV-1, IV-2) of the family.  

Hair and Teeth  

Affected members of the family showed sparse thin hair on scalp (Figure 6.10). Both the 

male affected members (III-3, IV-3) had sparse beard and mustache hair. Congenital 

hypodontia (complete absence of the teeth) were observed in both the individuals.  

Eyebrows and Eyelashes  

Sparse to absent eyebrows and complete absence of eyelashes were observed in the 

affected individuals of the family (Figure 6.10). 

Skin, Sweat Glands and Nails 

The skin in the patients was dry and thin. Both the patients showed diminished and 

reduced sweating of eccrine sweat glands (hypohidrosis). Growth of nails was normal in 

the patients. 

Others 

Prominent thick protruding lips and flattened bridge of the saddled nose with ozena were 

observed in the affected individuals (Figure 6.10). 
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Mapping Hypohidrotic Ectodermal Dysplasia in Family P and Q 

Genomic DNA was extracted from blood samples collected from two affected (IV-1, IV-

4) and five unaffected individuals (III-1, III-2, III-3, IV-2, IV-3) of family P, and two 

affected (III-3, IV-3) and four unaffected individuals (III-1, III-2, IV-1, IV-2) of family Q 

using GeneEluteTM blood genomic DNA kit (Sigma-Aldrich, USA) as described in 

Materials and Methods (Chapter 2). For PCR amplification DNA was diluted to 40-50 

ng/ul.  

Considering mode of inheritance of the disease and phenotypic features of the affected 

individuals in the two families, P and Q, linkage was searched by genotyping 

microsatellite markers linked to genes ectodysplasin-A receptor (EDAR) mapped on 2q11-

q13 (D2S340, D2S1889, D2S1893, D2S1891) and ectodysplasin-A receptor associated 

death domain (EDARADD) mapped on 1q42-q43 (D1S235, D1S2850, D1S517, 

D1S1149). The microsatellite markers genotyped in both affected and unaffected members 

of the families were fully informative and established linkage of the families to the gene 

EDAR on chromosome 2q11-q13. Disease interval of 4.77 cM, flanked by markers 

D2S2386 and D4S2269, and 4.66 cM, flanked by markers D2S274 and D2S1892, was 

mapped in family P and Q, respectively (Figure 6.11, 6.12).  

Screening EDAR 

All twelve exons and splice junctions of the gene EDAR were PCR amplified from 

genomic DNA of all the available affected and unaffected members of the two families 

(Figure 6.13-6.16). Purification of PCR amplified products was carried out using the 

Rapid PCR Purification System (Marligen Biosciences, Ijamsville, MD, USA) and 

sequenced directly in ABI Prism 310 automated DNA genetic analyzer, using the Big Dye 

Terminator Cycle Sequencing Kit (PE Applied Biosystems, Foster City, CA, USA) as 

described in Materials and Methods (Chapter 2).  

In family P, sequence analysis in the affected individuals revealed a novel missense 

mutation involving a T to C transition at nucleotide position 1163 (c.1163T>C) in exon-12 

of the gene EDAR (Figure 6.13). This missense mutation lies in a highly conserved death 

domain of EDAR substituting a conserved isoleucine with threonine at amino acid 388 

(p.Ile388Thr) (Figure 6.14, 6.16).  

In family Q, sequence analysis in affected individuals detected an insertion of A after 

nucleotide number 1014 (c.1014insA) in exon 11 of the gene EDAR (Figure 6.15). This 
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insertion resulted in a frameshift and formation of premature terminating codon, 6 codons 

downstream in exon 12 (p.Val339SerfsX6) of the gene EDAR. The insertion mutation lies 

in a highly conserved cytoplasmic topological domain of EDAR protein (Figure 6.16).  

The two mutations (p.Ile388Thr; p.Val339SerfsX6) were found in heterozygous state in 

obligate carriers in the respective families. To ensure that the two novel mutations 

identified in the present families do not represent neutral polymorphism in the population, 

a panel of 200 unrelated unaffected ethnically matched control individuals was screened 

and the mutations were not identified outside the families.  

Family R and Clinical Features of the Affected Members 

Family R originates from district Khairpur of Sindh Province of Pakistan. Four generation 

consanguineous family R consists of three individuals (III-1, IV-1, IV-5) affected with 

autosomal recessive isolated congenital nail clubbing (Figure 6.17). Peripheral venous 

blood samples were collected from three affected (III-1, IV-1, IV-5) and four unaffected 

individuals (III-2, III-3, III-4, IV-3) of the family.  

Affected members exhibited congenital bilateral clubbing of all finger- and toenails 

(Figure 6.18). No associated abnormality was found in any affected individual of the 

family. The nails were shiny, thickened, long and broad (Figure 6.18). Neurological and 

systemic conditions (lung and heart) were not reported in any affected individual. All the 

three affected members have normal skin and sweating. Nail clubbing was not observed in 

heterozygous carrier individuals of the family.  

Mapping Isolated Nail Clubbing in Family R  

Affected individuals of the family clearly presented a condition of isolated congenital nail 

clubbing. Therefore, DNA extracted from blood of all three affected (III-1, IV-1, IV-5) 

and four unaffected members (III-2, III-3, III-4, IV-3) of the family was genotyped with 

microsatellite markers linked to the gene hydroxyprostaglandin dehydrogenase (HPGD) 

mapped on chromosome 4q32.3-q34.2 (D4S2414, D4S2910, D4S2431, D4S3035). The 

microsatellite markers were fully informative and established linkage of the family to the 

gene HPGD (Figure 6.19). 

Screening HPGD  

All the seven coding exons and splice junctions of the gene HPGD were PCR amplified 

from genomic DNA of affected and unaffected members of the family. Sequencing of the 
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amplified products was carried out as described in Materials and Methods (Chapter 2). 

Sequence analysis of exon 6 of the gene HPGD revealed a homozygous T to C transition 

at nucleotide position 577 (c.577T>C) in affected members of the family (Figure 6.20). 

This transition resulted into an exchange of a highly conserved hydrophilic polar 

uncharged serine with an aliphatic non-polar cyclic proline at amino acid position 193 

(p.Ser193Pro) of the 15-PGDH protein (Figure 6.21). This mutation was not found in 

unaffected members of family R and 200 unrelated healthy ethnically matched control 

individuals. 

Discussion 

The present chapter of the dissertation described clinical and molecular analysis of three 

forms of hereditary ectodermal dysplasias, observed in five Pakistani families (N, O, P, Q, 

R), collected from different parts of the country. Affected members in two families, N and 

O, showed X-linked form of isolated hypodontia, in family P and Q autosomal recessive 

hypohidrotic ectodermal dysplasia and in family R isolated congenital nail clubbing 

(ICNC).   

In two families, N and O, all the affected individuals were males showing clinical features 

compatible with isolated form of hypodontia. Mode of transmission of the disorder was 

clearly X-linked. In both the families, linkage was established to the gene EDA mapped 

previously on chromosome Xq12-q13.1 (Srivastava et al., 1996; Kere et al., 1996). 

Screening of the gene EDA led to the identification of a missense mutation (p.Met364Thr) 

in family N. Sequence analysis however failed to detect potential sequence variant in EDA 

in the other family O. Since regulatory sequences of the gene EDA were not sequenced 

therefore possibility of the presence of potential sequence variant in such regions cannot 

be excluded. 

According to human gene mutation database (HGMD; 2011.4) 204 mutations in the gene 

EDA have been identified. Most of the mutations detected in the gene EDA resulted into 

HED, whereas only few reported mutations caused isolated hypodontia (Tao et al., 2006; 

Tarpey et al., 2007; Han et al., 2008; Li et al., 2008; Rasool et al., 2008; Azeem et al., 

2009; Song et al., 2009; Ayub et al., 2010; Kurban et al., 2010b; Mues et al., 2010). 

A missense mutation (p.Met364Thr), identified in the gene EDA in family N, was reported 

previously in another Pakistani family by Rasool et al. (2008).  Both the families belong to 

the same ethnic group but from different regions of the Punjab province and have no 

family relations. The Met364 residue is a highly conserved residue (Monreal et al., 1999) 
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and localizes to the outer surface of the crystal structure at the bottom of β-strand G of 

EDA (Hymowitz et al., 2003). In EDA protein, the Met364Thr mutation substitutes a long 

non-polar methionine with a bulky and shorter polar threonine. This replacement is 

expected to affect the hydrophobic relations with the neighbor hydrophobic and non-polar 

side chains of Ile260, Leu266, and Leu271. Rasool et al. (2008) previously described that 

Met364Thr substitution partially interferes with overall structure of the EDA protein. This 

may lead to diminished stability for the EDA homo-trimer and/or diminished affinity for 

their target receptors. Existence of the same mutation in unrelated families is suggestive of 

the scattering of ancestral chromosomes in diverse regional populations through common 

ancestors. George Grieson’s classification (1927) is a supportive evidence to illustrate the 

hypothesized relationship among these ethnic groups. According to this classification 

Urdu, Punjabi, Hindko, Siraiki, Sindhi, Hindi, Kashmiri, Balochi, Kurdish, Shina and 

Pashto linguistic populations are descendents of a common proto Indo-Aryan ancestors. 

Two families, P and Q, investigated in the present study, showed linkage to the gene 

EDAR on chromosome 2q11-q13. Affected individuals in both the families presented 

features compatible with hypohidrotic ectodermal dysplasia. The clinical findings of the 

affected individuals in both the consanguineous families are similar to those reported 

previously (Naeem et al., 2005; Tariq et al., 2007b), including defective development of 

hair, teeth and eccrine sweat glands. Sequence analysis of the gene EDAR led to the 

identification of a missense mutation (p.Ile388Thr) in family P and an insertion mutation 

(p.Val339SerfsX6) in family Q.    

Mutations in four genes including EDA, EDAR, EDARADDD and WNT10A accounted for 

most of the cases with HED/EDA (Cluzeau et al., 2011). The phenotypes associated with 

mutations in genes EDA, EDAR and EDARADD are consistent and indistinguishable, 

however clinical expression of mutations in the gene WNT10A is highly variable. The 

EDAR gene encodes 448 amino acid protein, which is a member of tumor necrosis factor 

receptor (TNFR) family containing an N-terminal signal peptide, an extracellular domain, 

a single transmembrane region and an intracellular death domain. According to Human 

Gene Mutation Database (HGMD, 2011.4), 41 mutations in the gene EDAR have been 

reported to date. In all such cases it has been shown that mutant sequence variants in the 

gene EDAR result in hypohidrotic ectodermal dysplasia with varying degree of 

abnormalities of teeth, hair and eccrine sweat glands (Naeem et al., 2005; Chassaing et al., 

2006; Tariq et al., 2007b; Chang et al., 2008; Megarbane et al., 2008; RamaDevi et al., 
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2008; Valcuende-Cavero et al., 2008; van der Hout et al., 2008; Azeem et al., 2009; Wasif 

et al., 2010; Naqvi et al., 2011). 

The missense mutation (p.Ile388Thr), identified in the family P, is likely to obstruct the 

protein function by disturbing the EDA1-EDAR-EDARADD signaling pathway. 

However, the insertion mutation (p.Val339SerfsX6), identified in the family Q, and 

causing frameshifting and introducing premature termination codon in the spliced mRNA 

is very likely to result in aberrantly spliced EDAR mRNA, which may be degraded by the 

nonsense mediated mRNA decay (NMRD) machinery (Urlaub et al., 1989). Although 

patient’s in the two families are carrying different mutations in the gene EDAR, no 

difference in the severity of the phenotype was observed and no clear genotype phenotype 

correlation emerged. However, severity of the phenotypes observed in family P and Q was 

comparable to other cases with autosomal recessive HED carrying mutations in the gene 

EDAR. Earlier, Chassaing et al. (2006) also described that patients with two recessive 

mutations suffered from anhidrosis and involved the abnormalities of hair, teeth, skin and 

face, while patients with autosomal dominant HED suffered from hypohidrosis and 

display more variable expressivity.  

The fifth family (R), presented here, represents a very rare form of isolated congenital nail 

clubbing (ICNC). This is the second family ever reported in which the nail clubbing was 

not associated with any other defect. Uppal et al. (2008) however described three families 

in which nail clubbing was associated with periostosis, acro-osteolysis, painful joint 

enlargement and skin manifestations. This condition was named as Primary Hypertrophic 

Osteoarthropathy (PHO). Further, these authors identified disease causing mutations in the 

gene HPGD encoding NAD+ dependent 15-hydroxyprostaglandin dehydrogenase (15-

PGDH) mapped on chromosome 4q32.3-q34.1. In an independent study, Tariq et al. 

(2009b) mapped a family with isolated congenital nail clubbing (ICNC) on chromosome 

4q32.3-q34.1 and identified a missense mutation (p.Ser193Pro) in the gene HPGD.      

The gene HPGD contains seven exons spanning 31 Kbps of genomic DNA on 

chromosome 4q34.1. The gene encodes a 266 amino acids 15-PGDH protein with a helical 

structure (Ensor et al., 1990; Krook et al., 1990; Pichaud et al., 1997). It is a pivotal 

member of catabolic short-chain dehydrogenases/reductases (SDR) enzyme family 

involved in regulation of prostaglandin metabolism, and is a dimeric enzyme made up of 

two identical subunits with a variety of substrates such as prostaglandins, hydroxyl fatty 

acids and lipoxins and specifically NAD+ as a coenzyme  (Tai et al., 2002). In the skin of 
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human and mouse, prostaglandin E2 (PGE2) and prostaglandin F2a (PGF2a) are the 

pivotal prostaglandins (Narumiya et al., 1999). PGE2 has been implicated as a mediator in 

a number of physiological systems including intracellular pressure, transport of renal 

water, salt and gastric acid secretion (Anggard, 1966). 15-PGDH, resides in cytosol, 

catalyzing initially the catabolism of prostaglandin and relevant eicosanoid, 15-hydroxyl 

group oxidation, resulting into a reversible inactivation of these biologically active 

compounds into inactive 15 keto-metabolites exhibiting very limited biological functions 

(Ensor and Tai, 1995; Okita and Okita, 1996).  

Various amino acids of human 15-PGDH are critically important for enzyme activity. At 

amino acid positions 12, 16, and 18 are present three glycine residues, in the putative 

coenzyme binding site, possessing a ‘‘Rossmann fold’’ framework with a conserved 

pattern of glycine (GlyXaaXaaXaaGlyXaaGly) occurred close to the N terminal. Tyr-151 

and Lys-155 residues, positioned within the motif of TyrXaaXaaXaaLys close to the SDRs 

central part and serine 138 are crucial for 15-PGDH catalytic activity (Jo¨rnvall et al., 

1995; Ensor and Tai, 1996). It was proposed that the C terminal region is pivotal for the 

interaction of the enzyme with prostaglandin substrates than with the co-enzyme (Zhou et 

al., 2001). A three dimensional model for ternary 15-PGDH-NAD+-PGE2 envisaged the 

presence of a deep cleft between a core domain and a small lobe. This cleft is presumed to 

be the binding site for PGE2. The core domain consists of seven stranded parallel beta- 

sheets (A-G), each one flanked by a helices (A-I), similar to the ‘‘Rossmann fold’’ 

framework of SDR family (Tai et al., 2006). 

To date, 11 mutations in the gene HPGD have been reported (Figure 6.21). Uppal et al. 

(2008) reported three novel mutations (p.Ala140Pro; p.Val78GlnfsX11; p.Leu59ValfsX8) 

in Pakistani, Bangladeshi and Polish families. Two novel variants (p.Gly18Cys; 

p.Glu40fsX31) in the gene HPGD were detected by Seifert et al. (2009) in European 

families. Tariq et al. (2009b) reported a novel missense mutation (p.Ser193Pro) in a 

Pakistani family with ICNC phenotypes. Another novel variant (p.Met1Leu) was reported 

by Yuksel et al. (2009) in a family of Turkish origin. First splice-site mutation 

(c.217+1G>A) in HPGD was detected by Sinibaldi et al. (2010) in a Moroccan family 

whereas second novel splice-acceptor mutation (c.325-1G>C) was found in a British 

family by Diggle et al. (2010). Recently, Bergmann et al. (2011) reported two novel 

variants (p.Glu40X; p.Thr188Ile) in HPGD in families of European origin. 
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The missense mutation (p.Ser193Pro), identified in family R in the present study, was 

reported earlier by Tariq et al. (2009b) in another Pakistani family. This mutation lies in 

the 11th helix (amino acid 193-195) of 15-PGDH protein 

(http://www.expasy.org/uniprot/P15428). Protein modeling of 15-PGDH by Uppal et al. 

(2008) revealed that serine 193 is part of a network of hydrogen bonds lining the 

hydrophobic reaction cavity of 15-PGDH protein. Generally, the entrance of proline (helix 

breaker) inside a helix diminishes the helical stability by generating a slim bend due to the 

absence of the hydrogen bond; thus, it is envisaged that the mutation p.Ser193Pro will 

possibly interrupt the structure of 11th helix of 15-PGDH and inactivate the enzyme. Since 

15-PGDH can metabolise several substrates, signifying altered metabolism of different 

molecules that might be the reason of clinical phenotypic variations in affected individuals 

with isolated congenital nail clubbing (ICNC).  
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Figure 6.1: Pedigree drawing of the family N with an X-linked isolated hypodontia (IH) 

syndrome. Males and females are symbolized by squares and circles, respectively. 

Affected members are represented by filled symbols whereas unaffected members are 

indicated by clear symbols. Carriers are represented with stars and minuscule symbols. 

Crossed symbols indicate the deceased individuals. Double lines between individuals 

represent consanguineous union. The individual numbers labeled with asterisks indicate 

the samples available for this study. 

 

    

  

 

Figure 6.2: Two affected individuals IV-1 (a,b) and IV-8 (c) in family N with X-linked 

isolated hypodontia. Both the patients show abnormal/mis-shaped incisors and canines.  
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Figure 6.3: Pedigree drawing of the family O with an X-linked isolated hypodontia 

syndrome. Males and females are symbolized by squares and circles, respectively. 

Affected members are represented by filled symbols while unaffected members are 

indicated by clear symbols. Carriers are represented with star and minuscule symbols. 

Crossed symbols indicate the deceased individuals. Double lines between individuals 

represent consanguineous union. The individual numbers labeled with asterisks indicate 

the samples available for this study. 

 

 

 

 

Figure 6.4: Affected individuals V-3 (a), V-4 (b) and V-5 (c) in family O with X-linked 

isolated hypodontia. All the three patients show affected incisors and canines.   
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Table 6.1: Two-point LOD score results between isolated hypodontia in family N and the 

microsatellite markers flanking the gene EDA mapped on chromosome Xq12-q13.1    

  

Markers cM LOD score at recombination fraction θ = 

0.00 0.01 

DXS8380 
 
DXS8040 
 
DXS8107 
 
 DXS8052 
 
DXS8030 

56.66 
 
57.49 
 
58.67 
 
58.67 
 
59.18 
 

    0.46 
 
    1.83 
 
    1.86 
 
    3.02 
 
     -0.72 
 

     0.93 
 
     1.67 
 
     1.69 
 
    2.79 
 
    -0.12 

    

*Average-sex distance in cM according to Rutgers combined linkage-physical human 

genome map (Matise et al. 2007). 

 

 

 

 

Table 6.2: Two-point LOD score results between isolated hypodontia in family O and the 

microsatellite markers flanking the gene EDA mapped on chromosome Xq12-q13.1    

 

Markers cM LOD score at recombination fraction θ = 

0.00 0.01 

DXS8380 
 
DXS8040 
 
DXS8107 
 
 DXS8052 
 
DXS8030 

56.66 
 
57.49 
 
58.67 
 
58.67 
 
59.18 
 

    0.46 
 
    1.86 
 
    1.90 
 
    3.00 
 
    -0.77 
 

     0.93 
 
     1.69 
 
     1.75 
 
    2.75 
 
    -0.14 

 

*Average-sex distance in cM according to Rutgers combined linkage-physical human 

genome map (Matise et al., 2007). 
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Figure 6.5: Automated DNA sequence analysis of exon 9 of the gene EDA mutation 

(c.1091T>C; p.Met364Thr) identified in family N: (a) a control individual, (b) a 

heterozygous carrier individual (IV-4), (c) a homozygous affected individual (IV-1). 

Arrows indicate substitution of T with C at nucleotide position 1091 (c.1091T>C). 

 

 

                                  

 p. Met364Thr

COOHNH2 C H ET  ( TNF H )

p.Arg65Gly p.Thr338Met

p.Arg334His

p.Gln331His

p.Arg289Cys

p.Ala259Glu

p.Val365Ala

p.Asp316Gly

p.Gln358Glu  

Figure 6.6: Schematic representation of the human EDA protein structural and functional 

domains. Position of the missense mutation (p.Met364Thr), identified in the family N, and 

other mutations causing isolated hypodontia and reported earlier in the gene EDA, are 

indicated by arrows. CT (light green color) denotes cytoplasmic topological domain; HT 

(light rose color) represents helical transmembrane while ET (rose color) denotes 

extracellular topological domain possessing TNF homology domain (TNF H).  
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Figure 6.7: Pedigree drawing of the family P with an autosomal recessive hypohidrotic 

ectodermal dysplasia (HED). Males and females are symbolized by squares and circles, 

respectively. Affected members are represented by filled symbols whereas unaffected 

individuals are indicated by clear symbols. Crossed symbols indicate deceased individuals. 

Double lines between individuals represent consanguineous union. The individual 

numbers labeled with asterisks indicate the samples available for this study. 

 

 

 

 

Figure 6.8: Clinical features of an eleven year old affected individual (IV-1) with HED in 

family P. The affected individual presented fine hair on the scalp, sparse to absent 

eyebrows and eyelashes, a flattened nose, prominent lips, permanent conical teeth, 

hyperpigmentation and periorbital wrinkling. 
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Figure 6.9: Pedigree drawing of the family Q with an autosomal recessive hypohidrotic 

ectodermal dysplasia (HED). Males and females are symbolized by squares and circles, 

respectively. Affected members are presented by filled symbols while unaffected 

individuals are indicated by clear symbols. Crossed symbols indicate the deceased 

individuals. Double lines between individuals represent consanguineous union. The 

individual numbers labeled with asterisks indicate the samples available for this study. 

 

 

 

 

Figure 6.10: Clinical features of nineteen years old affected male (IV-3) with HED in 

family Q. The patient shows sparse scalp hair, sparse beard and mustache, absent 

eyebrows and eyelashes, a saddle nose, hyperpigmentation, prominent lips and periorbital 

wrinkles. Teeth are completely missing.  
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Figure 6.11: Haplotype analysis of family P segregating autosomal recessive hypohidrotic 

ectodermal dysplasia (HED). The disease-linked haplotypes are shown below each 

genotyped individual. Region of homozygosity is flanked by markers D2S2386 at 

centromeric and D2S2269 at telomeric end of chromosome 2q11-q13 in affected 

individuals (IV-1, IV-4). Arrows indicate the position of the gene EDAR lies between 

markers D2S1893 and D2S1891. The arrangement and position of polymorphic 

microsatellite markers is according to Rutgers combined linkage physical map built 36.2 

(Matise et al., 2007). 
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Figure 6.12: Haplotype analysis of the family Q segregating an autosomal recessive 

hypohidrotic ectodermal dysplasia (HED). The disease-linked haplotypes are shown below 

each genotyped individual. Region of homozygosity is flanked by markers D2S274 at 

centromeric and D2S1892 at telomeric end of chromosome 2q11-q13 in the affected 

individuals (III-3, IV-3). Arrows indicate the position of the gene EDAR lies between 

markers D2S1893 and D2S1891. The arrangement and position of polymorphic 

microsatellite markers is according to Rutgers combined linkage physical map built 36.2 

(Matise et al., 2007). 
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Figure 6.13: Automated DNA sequence analysis of exon 12 of the gene EDAR revealed a 

novel missense mutation in family P: (a) a control member, (b) a heterozygous carrier 

member (III-1), (c) a homozygous affected member (IV-1). Arrows signify position of a 

missense mutation in which T is substituted by C at nucleotide position 1163 (c.1163T>C; 

p.Ile388Thr) in the affected individuals. 

 

                

 

Figure 6.14: Partial amino acids sequence comparison of the death domain (DD) of the 

human EDAR with other orthologs. A highlighted Isoleucine (I) residue is conserved in 

several species. In family P this conserved residue is changed to Threonine (T). Sequences 

were obtained from ENSEMBL and analyzed using BioEdit v7.5.03. 
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Figure 6.15: Automated DNA sequence analysis of exon 11of the gene EDAR detected a 

novel insertion mutation in family Q: (a) a control member, (b) a heterozygous carrier 

member (III-2), (c) a homozygous affected member (IV-3). Arrows indicate position of 

the insertion of A after nucleotide number 1014 (c.1014insA; p.Val339SerfsX6) in the 

affected individuals. 
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 p. Ile388Thr

COOHNH2 ET HT CT T1 T2 T3 DD 

 p. Val339SerfsX6  

 

Figure 6.16: Schematic representation of structural and functional domains of EDAR 

protein. Arrows indicate position of missense mutation (c.1163T>C; p.Ile388Thr) detected 

in family P and insertion mutation (c.1014insA; p.Val339SerfsX6) in family Q. ET (tan 

color) denotes extracellular topological domain possessing TNFR-Cys 1, 2 and 3 repeats 

(T1, T2, T3); HT (light rose color) represents helical transmembrane domain and CT (light 

green color) denotes cytoplasmic topological domain having also death domain (DD). 
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Figure 6.17: Pedigree drawing of the family R with autosomal recessive isolated 

congenital nail clubbing (ICNC). Males and females are symbolized by squares and 

circles, respectively. Affected members are represented by filled symbols while unaffected 

individuals are indicated by clear symbols. Crossed symbols indicate the deceased 

individuals. Double lines between individuals represent consanguineous union. The 

individual numbers labeled with asterisks indicate the samples available for this study. 

 

                          

 

Figure 6.18: Clinical features of an affected male (IV-5) of family R with ICNC 

phenotypes, showing clubbing of finger nails (a,b) and clubbing of toe nails (c,d). 
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Figure 6.19: Haplotype analysis of the family R segregating an autosomal recessive 

isolated congenital nail clubbing (ICNC). The disease-associated haplotypes are shown 

below each genotyped individual. The region of homozygosity is flanked by markers 

D4S2414 at centromeric and D4S3338 at telomeric end of chromosome 4q32.3-q34.2 in 

affected individuals (III-1, IV-1, IV-5). Arrows indicate the position of the gene HPGD 

lies between markers D4S2910 and D4S2431. The arrangement and position of 

polymorphic microsatellite markers is according to Rutgers combined linkage physical 

map built 36.2 (Matise et al., 2007). 
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Figure 6.20: Automated DNA sequencing analysis of the gene HPGD mutation identified 

in the family R: (a) a control member, (b) a heterozygous carrier member (III-2) and (c) a 

homozygous affected member (IV-5). Arrows indicate position of a homozygous 

substitution of T with C at nucleotide position 577 (c.577T>C) in exon 6 of the gene 

HPGD. 
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Figure 6.21: Schematic representation of 15-HPGD protein. Arrows indicate position of a 

missense mutation (p.Ser193Pro), detected in the family R, and other mutations reported 

earlier in the gene HPGD. Chain (light rose color) represents the chain domain consisting 

of alpha- helices, beta-strands and u-turns. 
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CONCLUSION 
 

A genetic disorder is a condition originated by anomalies in genes or chromosomes. 

Applications of molecular genetics techniques in human and model organisms have 

supported in discovering the genes causing several human skin disorders. Most of these 

disorders are rare and affect one person in every several thousands or millions. In a 

country like Pakistan, due to ethnic, cultural and religious customs or due to geographic 

segregation, consanguinity has lead to exclusive large kindreds with undescribed 

symptoms providing opportunities to characterize these at clinical and molecular levels.  

The study presented in the dissertation includes collection of 18 large consanguineous 

families, with various types of skin disorders, from remote regions of the country. Twelve 

of these families presented disorders involving loss of hair from scalp and other body 

parts. In ten of these families, the hair loss condition segregated in autosomal recessive 

manner while in the other two autosomal dominant manner. Six other families, presented 

here, included one with hypotrichosis and juvenile macular dystrophy (HJMD), two with 

X-linked isolated hypodontia, two with hypohidrotic ectodermal dysplasia and one with 

congenital nail clubbing. 

Genetic mapping using microsatellite markers mapped a novel hypotrichosis locus in the 

vicinity of hairless gene (HR) on chromosome 8p22. Identification of the gene at this locus 

would probably detect mutations in all those families mapped to hairless gene but failed to 

reveal any sequence variant.  

DNA sequence analysis led to identification of a novel mutation (p.Leu228TrpfsX31) in 

the gene LIPH, three previously reported mutations in LPAR6 (p.Glu189Lys, p.Asp63Val, 

p.Ile188Phe) and a novel variant (p.Asp482Asn) in KRT74 in families showing non-

syndromic hypotrichosis. One of the families with hypotrichosis mapped to chromosome 

10q11.23-22.3. This is the only second family mapped to this locus, which reduced the 

candidate region for the gene causing hypotrichosis by 16.49 cM. In a family exhibiting 

hypotrichosis with juvenile macular dystrophy (HJMD), sequence analysis detected a 

novel variant (c.IVS10-1 G→A) in the gene CDH3 mapped on chromosome 16q22.1.  

In five other families showing abnormalities in other ectodermal appendages including, 

teeth, nails and sweating, sequence analysis led to the identification of a recurrent variant 

(p.Met364Thr) in the gene EDA, two novel variants (p.Ile388Thr; p.Val339SerfsX6) in 

EDAR and a recurrent variant (p.Ser193Pro) in HPGD.     
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Over the past few years use of molecular genetics techniques led to improved knowledge 

of human heritable skin disorders and disease causing mutations have been identified in 

several genes. This progress has resulted in improved diagnosis and helped the families 

with refined genetic counseling. Although, presently no specific therapy is available for 

treatment of such disorders but the work in this area led the scientists to understand better 

in using molecular strategies including gene therapy.      
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