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Abstract

ABSTRACT

Skeletal dpplasia are a heterogeneous group of diseases characterizeA by generalized

shuctural abnormality of bone and cartilage growth A number of growth and

morphoge,lretic factors that regulate osteoblast and osteoclast activity are involved in bone

development and modeling. Mutations in gernes encoding these proteins result in clinically

diverse and geneticallyheteroge,neous group of genetic disorders, collectively known as skeletal

dysplasia. There has been substantial progress in identification of molecular defects responsible

for skeletal deformities and the genetic defects in 316 out of 456 conditions included in skeletal

dysplasia have beeir associated with mutations in one or more of 226 ditrerent genes. The

inheritance fashion in skeletal dpplasia may be autosomal dominant, autosomal recessive, or X-

linked. The frequency of skeletal disorders increases with successive inteimarriages in a

generation. In pakistani population consanguineous marriages are coulmon due to social, ethnic

and taditional customs.

In the prese,lrt study two families (A and B) showing clinically distinct autosomal recessive

hereditary skeletal dysplasia were evaluated genetically. Affected individuals of family A

showed autosomal recessive achondroplasiq with no other associated abnormality. In family B

the affected individuals showed autosomal recessive Idiopathic scoliosis. Technique of

homozygosity mapping was used to hack the ge,lre responsible for autosomal recessive

skeletal dysplasia in both families. In homozygosity mapping with pollmorphic

microsatellite markers, family A and B were exclude from the known loci involved in

Achondroplasia and Adolescent Idiopattric scoliosis respectively which signifies the

involvemexrt of a novel gene in causing skeletal dysplasia in both these families.

Attempt to identifu the novel gene responsible for Achondroplasia and Adolescent

Idiopathic scoliosis will shed light on the mechanism of pathogenesis and subsequently open

the way for effective treatment of these skeletal disorders.
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Chapter 1 Introduction

INTRODUCTION

The hpman skeleton is an e,ndoskeleton composed of bones Q06),cartilage and three tlpes of

cells, osteoblasts, osteoclasts and chondrocytes. Bone is a tlpe of mineralized connective

tissue that gndergoes a process of renewing. During this process, old bones are desfioyed and

new ones are formed .Cartilage is an elastic tlpe of connective tissue that constitutes the parts

of the skeleton that can't be totally rigtd, due to the necessity of body moveme'lrts

(Savarirayan and Rimoin, 2}}2).Thehuman skeletal syste,m has two sub division" axial and

appe,ndicular skeleton. The a:rial skeleton consisS of 80 bones, that includes bones of skull,

vertebral column and thoracic cage. The appendicular skeleton comprises of 126 bones of

upper and lower limbs as well as pelvic and pectoral grdl"s

Besides zupporting the organism, Skeletal System is responsible for sther important

functions. The major ones are:

o Provides protection to vital internal organs;

o Se,lrre as mechanical base of the move'ment;

o Storage reservoir of essential minerals, as calcium and magnesium;

o Hematopoietic organ - continuous production of blood cells.

(Kornak and Mundlos.,2003).

1.1 SKELETAL DYSPLASIA

The skeletal dysplasia are a heterogeneous Soup of genetic disorders chuacterized by

abnormal developme,nt of bone and cartilage. The pattern of inheritance of skeletal

dysplasia can be autosomal dominant, autosomal recessive, or X linked disorders.

Although individually rare, prevalence rates of the skeletal dysplasia at birth is

estimated to be l/5000 live births. They manifest with short stature (mainly

disproportionate), neurological complications, degenerative joint disease, abnormalities

in development and maintenance of appendicular and axial skeleton (Ornitz and

Marie.,2002).The clinical severity ranges from relatively mild to severe and lethal

conditions. These disorders can be divided into four main groups.

I.1.1. OSTEODYSPLASIA

The osteodysplasia is characterized either by osteosclerosis or osteopeniq in

osteosclerosis, abnormal increase in the density of bone tissue occurs, where as osteope,lria

Mapping of human hereditary skeletal dysplasia candidate genes in consanguineous families



Introduction

is characterizdby lower bone mineral density (Hurst et a1.,2005).

1.1.2. Chondrodysplasia

The chondrodysplasia is characterized by abnormality in developme,nt of cartilage

especially at ends of long bones results in short stature dwarfism (Mortier, 2001).

1.13. I)ysostoses

Dysostoses is malformations of single bones or in combination, because of abnormal

ossification.These disorders include polydactyl, spdactyly and Triphalangism (Zelzer

and Olson,2003).

1.1.4. Reduction

Reduction is referred to a condition in which a secondary malformation of bones takes

place (Schramm et a1.,2009).

1,2. Diagnostic Approaches for Skeletal Dysplasia

Diagnosis of skeletal dysplasia is based on radiographic, biochemical, clinical, and

molecular criteria However molecular mechanisms have improved clinical diagnosis and

providing reproductive choices for patieirts and their families (Jarc et al., 2005).

Clinical examination

In the difterential diagnosis of skeletal disorders, the short stature is observed,

whether it is proportionate or disproportionate.The proportionate short

stature shows that condition is due to non-skeletal dysplasia defects like

endocrine or metabolic disorders.While patients of skeletal dysplasia have

disproportionate short stafure. In clinical examination, various features

like patient a5e at disease onset, malformed features, specific skeletal

deformations and inheritance of the disorder should be investigated.

Radiology

Radiographic investigation is of major importance in defining the skeletal disease.

Bone density should be examined decreased or increased changes should be noted.

Initial location of the shortening of the limb, Metaphyseal, diaphysela, €,piphyseal

t

Mapping of human hereditary skeletal dysplasia candidate genes in consanguineous families 2



Chapter 1 Introduction

inegularity and vertebral column shape should be determined. In addition

biochemical analysis of blood and tissue samples such as cartilage or bone should

be performed (Tuysuz .,2004).

1.3 CLASSIFICATION OF SKELETAL DYSPLASIAS

In most osteochondrodysplasia there is a generalized abnormality in linear

skeletal growth and in some disorders there are concomitant abnormalities in organ

syate,ms other than the skeleton. Mutations responsible for skeletal dysplasia may

cause defects, in the synthesis of strtrctural proteins and in metabolic pathways,

degradation of macromolecules, growth factors, receptors and tanscription factors.

@eborah et a1.2009). In the 1960, heterog€neity of genetic skeletal disorders eircouraged a

team of professionals to organize a nome,nclatue called "Constitutional (or intrinsic)

disorders of bone". Renisions have beeir made ta 1977, 1983,1992, and 1997. Earlier, the

classification of skeletal disorder were purely clinical. Later, pathogenetic infomration of

various phenotlryes had mabled spranger (1992) to classified 200 different skeletal

dysplasia phenotlpes on the basis of clinical, radiological and molecular criteria.

International Skeletal Dysplasia Society (ISDS) was established in 1999 to deal with

the growing complexity of information and to guarantee a proper clinical, radiological

and molecular representation of skeletal dysplasia. Heirce the need to develop a

standardized classification and nomeirclature sptem led to the foundation of INCDB

(International Nome,nclatures of Constitutional Diseases of Bones) (Mortier., 2001).

According to recent classification of skeletal dpplasia 456 different conditions were

documented and placed in 40 groups according to their molecular, biochemical and

radiographic evaluation. Out of them 316 were identified to be cause by mutations in

one or more of 226 drtrerent genes. These 40 groups are placed under te,n large

families (Warman et a1.,2010).

13.1 FGFR3 Chondrodysplasia Group of Disorders

13.1.1 FGFR-3 gene

The FGFR3 gene is located on chromosome 4p16.3 that eircodes for a protein, the

fibroblast growth factor recqrtor 3. In humans FGFR-3 represents a me,mber of tans

membrane tyrosine kinases receptor family soafaining 4 major FGF receptors (FGFR1-4)

Map,ping of human hereditary skeletal dysplasia candidate genes in consanguineous families
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that bind fibroblast growth factors (FGFs) with variable affinity (Colvin et a1.,1996). A

full-length FGFR protein consists of a glycosylated exfiacellular region composed of three

immunoglobulinJike domains, a single hydrophobic hansme,mbrane segment and a

cytoplasmic tyrosine kinase domain. The FGFR3 ge,lre contains 19 exons and 18 inhons.

The FGFR3 gene is spaning 16 kb,comprises of 11 kb inhonic region, 4.2kb of exonic

sequences, and 1.5 kb of the S/-untanslated region (Ana et al., 1997). Ligand binding

leads to dimerization of two monomeric FGFRs as a result phosphorylation of tyrosine

residues occurs and starts a cascade of signaling mechanism that ultimately influences

skeletal development through regulation of cartilage growth ,as shown in Figrre I.1 (Vajo

et a1.,2000). In different tissues and in different developmental stage, variety of dimers

combinatiors are possible, this diversity plays an important role in skeletal differentiation.

FGFR3 is actually negative regulator of skeletal growth, which resfticts the length of the

epiphyseal plates of long bones via inhibition of chondrocyte proliferation (Richette et al.,

2008). The role of the FGFR3 (IVIM# 134934) in bone development was revealed in

lgg4,whe,n Shiang et al. reported a mutation in FGFR3 in achondroplasia patient (Shiang

et a1.,1994). FGFR3 chondrodysplasia group of disorders are;

13.1.2 Achondroplasia

Achondroplasia(ACH;MIM#100800)isthemostcommontJPeofdwarEsmwitha

prevalence rate 1:15,000 tol:40,000 tive births. It is an autosomal dominant disorder

that results from a de novo mutation in The FGFR| geire. It is characterized by short

stature with disproportionately short limbs, macrocephaly, three pronged fingers

(trident) and characteristic facial features with depressed nasal bridge, frontal bossing

and mid-face hypoplasia (Trotter and Hall,2005). Most individuals with ACH a G-to-A

fiansition mutation at that nucleotide 1138 of the FGFR3 gene. In the same nucleotide

G>C transversion was also identified. These mutations result in substifution of

arginine for a glycine residue at position 380 (Gly380Atg) in the FGFR3 protein. (Vajo

et a1.,2000; Heuertz et a1.,2006).

1.3.1.21 Diagnosis of ACII

ACH can be diagnosed on the basis of physical, radiographic and histopathologys findings.

Characteristic features of ACH can be detennined by X-rays, ulnasound and other imagng

techniques. With the help of ulhasound imagng, the ACH can be diagnosed before birth.

v
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Specific characteristics of achondroplasia are detectable during preguancy using ultasound

and ge,netic t6ts, like abnormally large head size of infant. If doctor suspects

achondroplasia, genetic tests may be performed . These tests look for the defective FGFR3

ge,ne in a sample of anrniotic fluid. However ACH after birth can be diaguosed by using

blood tests and by X-ray to examine length of child bone (Martinez et a1.,2010).

?
1.3.1.2.2. Strategies for treating Achondroplasia

.c

I 3.1.2.2.1. FGFRI} kinase inhibitors

This approach is based on fact that FGFR3's kinase activity is important for its activation

and signaling, os a result cherrical inhibition kinase activity has been purposed to

block FGFR3 inhibitory effects and regain normal skeletal development. It has bee,n

zuccessful for cancer therapy, but in case of ACH teahent there is problein of cross

reactivitS Because of similarity in tyrosine kinase domain structure in all receptor

tyrosine kinase (RTK) sub families, so chemicals for kinase inhibition of FGER3 also

inhibits other RTks. Consequently Aiezer et al. rcported symthesis of FGFR3 selective

inhibitors. The chemical inhibitor restore normal limb bones growth in cultured knock-

in mouse of achondroplasia. However, this approach has not beeir reported in live mice

(Laederich and Horton .,2012).

I 3.1.2.2.2 Monoclonal antibodies

This approach is purposed ,after the treahne,nt of breast cancer patients with monoclonal

antibody ( fiastuzumab). Trastuzumab binds to the HER2 and reverses its adverse

effects on cancer cells. Howev€r, there are reports on syrthesis of FGFR3 specific

antibody to preve,lrt its ligand-induced activation however, but successful stimulation of

bone growth in vivo has not been yet tested. Activating FGFR3mutations promote

proliferation of the tumour cells in bladder cancer. However blocking antibodies

effectively prevents tumour cells proliferation, provide evidences regarding usefulness of

this shagety in treatment of Achondroplasia (Laederich and Horton .,2012).

13.1.2.2.3 RNAi

The basic purpose of RNAi technique to use here, is to preve,nt the expression of

FGFR3 mutated gene by inhibition of its mRNA transcripts translation. RNAi initiated

by micro RNAs (miRNAs), that join up to form short RNA duplexes. These duplexes
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along with RNA-induced silencing complexes binds to and inhibit target transcripts

.This process can also be triggered by artificial RNA that mimics e,ndogeneous miRNA,

that are known as siRI.{A (small interfering RNA).So expression of any ge,ne can be

prevented by designing specific artificial RNA. The clinical application of RNAi in

achondroplasia is to specifically block mutant FGFR3 allele, while leaving normal

FBFR3 allele. As many clinical hials for Achondroplasia are underway, but still some

iszues need to be addressed, such as method of siRNA detvery and stability of siRNA

and to ensure selective silencing of mutant allele (Laederich and Horton.,20l2).

1.3.1.2.2.4. Hsp90 inhibition

Modification of chaperones to enable the manipulation of mutated proteins has been

tested both in vitro and in vivo on model animal for therapeutic potential. The emphasis

has been on chaperone Hsp90 because of easily accessible functional inhibitors of Hsp90

chaperone . Blocking the function of Hsp90 triggers the degradation of its 'specific

protein, , this provides basis of utility of these inhibitors in cancer to sile,lrce oncogenes in

model animals . However the recognition of FGFR3 specificity to chaperone Hsp90

shows that sigualing of FGFR3 is depended on Hsp90 .So it need to detennine whether

Hsp90 inhibitors can block FGFR3 in achondroplasia. However there are few

publications on influence of Hsp90 inhibitors on bone growth (Laederich and Horton.,

2012).

1.3.1.2,2.5 Other Therapeutic Approaches

For ACH include growth hormone adminishation and a surgical procedures known as

disfiaction osteoge,nesis (DO).While hormone heabne,nt is useful in HCH but much less

effective in ACH, as it may increase body size disproportionately and it is very costly.

Additionally DO is a very long and painful treatment that seriously affects the patient's

quality of life. Currently DO has been combined with the fiansplantation of bone marow-

derived mese,lrch5anal stem cells in an effort to decrease the treafuent duration by

accelerating bone formation (Martinez et a1.,2010).

1.3.1.3 Hypochondroplasia

Hlpochondroplasia (HCH) is a autosomal dominant geiretic disorder . Geireral phenotypic

characteristic.s of HCH similar to those of ACH , but in case of HCH phenotlpic severity is

less. Its characteristic features include shortening of the limbs, narow spinal cord, short
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fingers and shorte,ned tubular bones . Both achondroplasia and hypochondroplasia are allelic,

based on the similarities in their phenotlrye .HCH is caused by a Cl620AlG mutation in

FGFR3 ge,ne, that result in Asn540lp zubstitution in tyrosine kinase domain of FGFR3 .

Another mutation resulting in FGFR3 Ile538Val zubstitution is also confirmed in ltalian

hlpochondroplasia patients (Vajo et al., 2000).

I 3.1.4 Thanatophoric dysplasia(TD)

Thanatophoric dpplasia is more oommon neonatal lethal skeletal dysplasia with an

incide,nce betwee,n 1/33,000 and 1t47,000 live births. It is characterized by shortening of

limbs, macrocqthaly, short stature with craniofacial abnormalities, nalrow thorax , culed

feinur and flattened vertebral bodies .Thanatophoric is a Greek word which means "Death

bearing". It is an autosomal dominant disorder. Death of affected infants usually occurs

because of respiratory faiture and survival cases are rare (Horton., 2006). TD has been

divided into two tlpes on the basis of pattern of bone deformity.

1.3.1.4.1. Thanatophoric dysplasia Tlpel GDI)
Thanatophoric dysplasia Type I (TDD is more common subtlpe and is characterized by

curved fe,murs and humeri with a normal skull. This autosomal dominant disorder is

caused by missense or stop codon mutations in exhacellular or infiacellular domains of

FGFR3 gene. Almost 12 nonsense mutations have been yet discovered in the FGFRj gene

which are involved in TDI. All these mutations added cysteine residue in extracellular

domain of FGFR3 gene. The most comm on FGFR3 gene mutati on (c.742C>T), that leads

to substitution of arginine by cysteine ot 248 position of FGFR3 protein (R248C) in the

extracellular domain of FGER3 protein (Noe e/ a1.,2010).

I 3.1.4.1 Thanatophoric dysplasia (TDII)

Thanatophoric dysplasia Tlpe II is less oorlmon and severe than TDI , characterizedby

relatively shaight long bones and a clover leaf skull.TD II is caused by single mutation in

FGFR3 gelrre (c.1948A>G), that leads to substitution of lysine by glutamic acid at 650 amino

acid in tyrosine kinase 2 domain of FGFR3 protein (Noe el a1.,2010).

13.1.5 SADDAI\ dysplasia

SADDAN dysplasia was originally named SSB dysplasia, for skeletal, skin, and brain

dysplasia because these three syste,ms are affected in this condition. It is characterizedby

exteme short stature, unusual bowing of leg bones, acanthosis nigricans, a small chest

with short ribs and curved collar bones, short and broad fingers, and folds of exha skin on
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arms and legs and delay in developme,nt of intellectual and motor skills . A progressive

skin disorder acanthosis nigricans develops in childhood, characterizedby thick,dark and

velvety skin. A novel mutation Al949T in the FGFR3 Bne , leading to (Lys650Met) has

bee,lr reported in patients with SADDAI.{ dysplasia . Many of the features of SADDAN

are similar to those see,n in thanatophoric dysplasia but it difters in severity and like

TD I it is not lethal (Tavormina et a1.,1999).

l.3.l.6.Craniosynostosis disorders

FGFR3 gene mutations are not only involved in achondroplasia group disorders,however

craniosynotosis skeletal disorder are also linked with mutations in FGFR3 gene.Two

common cranioslmostosis disorders are, Muenke coronal cranioslmostosis and Crouzon

slmdrome with acanthosis nigricans.

1.3.1.6.1Muenke coronal craniosynostosis

Mue,nke coronal craniosynostosis autosomal dominant disorder, and characterized by

radiographic abnormalities ofhands and feet like, coned eprphysis ,fused carpal and tarsal, and

thimble like middle phalanges. It is caused by C749G mutation n FGFR3 ge,ne that results in

substitution of proline by arginine on 250 position of FGFR3 protein (Pro250Arg) in the

extacellular domain.Considerable heterogeneity in phenotype has been observed in

individuats with this disorder, as in some.patie,nts developmental delay, hearing loss and

mental retardation has also observed @ellus et a1.,1996; Muenke et a1.,1997)'

1.3.1.6,2 Crouzon syndrome with acanthosis nigricans.

Crouzon syr.drome is characterized by cloverleaf skull, hlpertelorism, parrot- beaked

nose, lnderdevelopment of maxillary bone, short upper lip, and dentofacial abnormalities.

It is mainly caused by mutations in FGFR2 but recently a Gll72A mutation has been

identified in FGFR3gene that leads to zubstitution sf fanine by Glutamine (Ala39lGlu)

in the hansmembrane domain of FGFR3 protein,recognized in individuals with

phenotypes of Crouzon cranios5mostosis in association with acanthosis nigricans.

(Schweitzer et al., 2001).
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FIGURE 1.1 A putative model for FGFR3 signaling. The receptor is shown with

both a extracellular and intracellular domain. Binding of the ligand (FGF) to the

receptor in the presence of heparan sulfate proteoglycans, results in receptor

dimerization and autophosphorylation of several FGFR3 tyrosine residues in the

cytoplasmic domain, which stimulates tyrosine kinase activity. These

phosphorylated tyrosine residues provide a means to recruit and phosphor-

ylate other molecules, frrrthering the FGFR3 signal transduction pathway.

Recent studies have shown that mutations in the FGFR3 gene can allow

constitutive, ligand-independent activation of the receptor. For the common

achon-droplasia and TD mutations, this leads to the activation of Statl and cell

cycle inhibitors, eventually leading to cell growth arrest (Yjo et a1.,2000).v
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1.3.2 SCOLIOSH

Scoliosis is a three dimensional defomrity of vertebral column, consisting of lateral curvature

spine and rotation of the vertebrae. Scoliosis may occur only in the thoracic area or lumbar

region, but mainly occu$t in the thoracolumbar area (betwee,lr the thoracic and lumbar area) .

The sevoity of scoliosis depends on the exteirt of the qpinal cunrature and the angle of the

vertebrae rotation.. In addition ,large scoliotic curue may cause putnonary abnormalities, that

in swere condition may lead to heart failure. (Irobisch et a1.,2010)

I 3.2.1 Classification of Scoliosis

Depending on underlying cause, scoliosis can be classified broadly as, Congenitalt

Neuromuscular, Syndrome-related and Idiopathic scoliosis (Janicki and ALnan ,2007).

1.3.2.1.1Congenital

It is due to inborn vertebral deformities, that usually involve abnormalities in formation

and developme,nt of vertebra (absent or fused vertebrae), the condition become evident as

curvature of spine (Giampietro .,2012).

1.3.2.1.2 Neuromuscular

In this case scoliosis may develop as secondary to neuromuscular/neurological disease

such as cerebral palsy, Duchenne's muscular dyshophy, Friedreich ataxra,and spinal

muscular ahophy (Janicki and ALnan.,2007).

1.3.2.1.3 Syndrome-related

This tlpe of scoliosis occurs along with syndromes, like Marfan slmdrome and Ehlers-

Danlos slmdromes .

1.3.2.1.4 Idiopathic Scoliosis

Idiopathic scoliosis is a malforrmation of spine of unknown etiology, characterized by

spinat curvature and vertebrae rotation (Good.,2009).

1.3.2.1.4.1 Classification of Idiopathic Scoliosis

Idiopathic scoliosis is categorized on the basis of patient's age at the time of disease

onset:
o infantile Idiopathic scoliosis (Birth to age 3),

!€
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juvenile Idiopathic scoliosis (ages 3 to 9), and

adolescent Idiopathic scoliosis (ages l0 to l8).

Infantile curves may be associated with, asynmetrical distortion of the skull, hip

dysplasia, heart disease and neuroaxial abnormalities, and usually 80% cases resolve itself

spontaneously and need no fi'eatuent. On the other hand, Juvenile scoliosis effects the

body during developmental years so it has ability to deform funk leading to severe

cardiac or respiratory problems. If left untreated, qrves that reach 30" are nlmost always

progressive (Trobisch et a1.,2010\

Scoliosis is often categorized on the basis of shape of the curye, either structural or

nonstruchrral.

l.3.2.l.5Nonstructural scoliosis

Nonstnrctural (functional) scoliosis involves a side to side spine curve,without twist it is

caused by poor posture, muscle spasm and difference in leg length.

13.2.1.6 Structural scoliosis

Structural scoliosis characteized by a curved spine, with rotation of spine and is usually

caused by an unknown factor (idiopathic) or a disease or syndrome.

13,2.2 Adolescent idiopathic sco[osis (AIS)

Adolescent idiopathic scoliosis (AIS) is a complex spinal abnormality along with axial

rotation ,of unknown cause and characterizedby lateral curvature >10o

(Czerzel et al .,1978)

1.3.2.2.1Prevalence

Idiopathic form of scoliosis is less common in infants and in childhood, its occurrence in

children up to age 15 of aboutl%oto2o/o. And its prevalence is 8% in adults of 25age,

incidence rate rises to almost 68% n 60 to 90 aged persons. The probability of

adolescent scoliosis progression depurds on Cobb angle, if a Cobb angle is in range of

20" then probability of progression becomes llYo to 20%. However Cobb angle

reaterthan 20" along with under developed bones in adolescents , the probability of

progression become 70Yo or greater (Edery et al.,20ll).

o

a
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1.3.2.2.2 Symptoms

AIS is usually painless deformity. Adolescent idiopathic scoliosis characterize by

disproportionate shoulder (one shoulder elevated than other) uneven waist line, hips

asymmetry and difference in limbs size., although there is no movement problem in

AIS (Wise et al .,2008).

1.3.2.2.3. Diagnosis of AIS

AIS is diagnosed on the basis of physical exarnination and radiographic criteria Accurate

diagnosis requires the whole vertebral coh.rmn X-ray of patient with standing posture.

However shoulder s)tnmetry can be observed by taking in account the clavicles and

iliac crests . The severity of scoliosis is determined by measuring the Cobb angle. Cobb

angle can be detennined by observing the tilting of two vertebral bodies from horizontal

axis . A Cobb angle of greater than l0o is identified as diseased, but it is considered

scoliosis onlywhen rotational deviation is also observed (Ocaka et a1.,2007).

1.3.2.2.4. Theatm ent of AIS

Adolescent idiopathic scoliosis can be feated by taking in account characteristics like

age of patient, severity and position of the curve. Treatment includes:

o Observation,
o Bracing,
o Surgery

Patients with mild curves that is between 0-20 degrees are observed periodically on a 4

to 6 month basis .Patients radiographs are taken to observe exte,nt of curve

progression.However patients with risk for progression and large size curves

almost 20 to 40 degrees and that are at during rapid growth phase are treated with

brace. Purpose of bracing is not to fieat the curve but to inhibit curve

progression. The beneficial effects of a bracing is based on maximum duration the

patient wears the brace. The brace is recommended to be worn betwee,n 16 and 23

hours a day ard continued to use until growth has completed. Surgery is usually

indicated for curves greater than 40o in a AIS patients and for curves that progress

despite bracing. The main purpose of surgery is to not only prevent curve progression

but also to correct he spinal curvature. Depending on curye nature, curye flexibility and

position of curve, surgical treatment of scoliosis can be used in many ways

G
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(Adobor et a1.,2014).

1.3.2.2.5 Idiopathic Scoliosis related Genes

Involve,ment of genetic and environme,ntal factors in idiopathic scoliosis have beeir

identified by various techniques.The candidate ge,nes for idiopathic scoliosis have been

identified in model animals. These genes play role in various stages of spinal

developme,lr! howwer the ntrmber of candidate genes will continue to inctease . Allelic

mutations in candidate gexres may be cause of the idiopathic scoliosis. Advancement in

research will be helpful to recognize the candidate gens involved in these

disorders.These candidate genes are identified in signaling pathways , intracellular sigual

transduction, encodes various mafrix proteins, and involved in mahix metabolism

(Shangguan et a1.,2008). However for the several yeani , the contribution of candidate gene

in the developme,nt of idiopathic scoliosis have been extensively studied.

SNTG1 (Gamma-l -syntrophin)

Investigation of mutations in exons of SNTGI gene in 152 idiopathic scoliosis patients

have shown a 6-bp deletion in exon l0 in one patient and a2-bp insertion/deletion in

two patie,nts (Giampieho et a1.,2003). However these mutations has not been identified

in 480 control chromosomes. Thus, SNTGlgene plays role in maintenance of posture

and conhibute towards developmeirt of idiopathic scoliosis (Wise et al .,2008).

Aggrecan

Aggrecan is a proteoglycan constitue,nt of disc mahix .The inadequate production of

aggrecan in growth plate of vertebrae , leads to development of idiopathic scoliosis. This

shows that malfunction of aggrecan B@€ , may be one of the cause of idiopathic scoliosis

(Gorman et a1.,2012).

CHDT (Chromodomain-helicase-I)NA-binding gene 7)

Ge,nome wide scans of 52 families was conducted, and identified that CHDT gene

polymorphisms are involved in idiopathic scoliosis. The possible SNP loci are contained

within a 116-kb region of CHDT ge,ne. Since grrls are mainly atrectd by idiopathic scoliosis,

the association betweeir pollmorphism of estrogen receptor ge,ne and swerity of idiopathic

scoliosis was identified and revealed the average Cobb's angle of genotlpe )O( and Xx is
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bigger than the xx genotlpe also the risk of operation is higher. Few studies proposed that

malfunction of CHDT gene in the postnatal period, mainly in adolesceirt , mEY disturb

normal skeletal developme,lrt and contibutes to spinal abnormality (Wise et a1.,2008).

MESP1 AND MESP2

Both MesPl and MesP2 are helixJoop- helix fianscription factors. Studies conducted in

zebrafish have showed that interaction of these genes with the fibroblast growth factor

receptor is important in establishment of the anterior-posterior polarity of growing

somite (Shangguan et a1.,2008).

Paxl (Paired box gene 1)

Paxl is localizd,on 20p11.Paxl plays roleindiffqentiationof sclerotomgso its

dpfunction results in vertebral abnormalities. Mutation analysis of Paxl gene has revealed

mutations in three alleles in model mouse. However mutations in these alleles result in

decrease or inhibition of Pail ge,lre orpression, that ultimately leads to under dwelopnent of

the anteriorvertebral ele,me,lrt (Gorman et a1.,2012).

BMP-7 @one morphogenic gene 7)

Bone morphoge,nic protein are component of bone mafiix, and represe,nts fiansforming

growth factor-B. Mice carrying both mutant BMP-7 allele shows skeletal abnormalities,

like lack of lumbar vertebrae and absre of union of neural spines of the atlas, twelfth

thoracic and first sacral vertebrae. Mutant mice lacks ossification centers. So the BMP-

7 protein plays important role in ossification process (Gorman et a1.,2012).

Ky (t<yphoscoliosis peptidase)

The Ky gene eircodes a novel muscle specific protein, localized on chromosome 9. A

deletion mutation has been identified ky/ky mice that results in preinature stop codon at

position 125. Myosin light pollpeptide kinase is situated in this region so it may be a

candidate gene for idiopathic scoliosis (Shangguan et a1.,2008).

LMXIA thomeobox transcription factor 1, alpha)

Lmxla serves a role in differentiation of cells in the cenhal nervous system and in
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developing vertebrae. Lmxla maps to a region, lq22-q23atd are immediate structures

during early cenhal nelvous syste,m development (Wise et a1.,2008).

Sn[2 (Single-minded homolog 2)

gim2 related to a family of transcription factors , located on htrman chromosome

2lq22.2,charactenzed by a basic helixJoop-helix- domain, that is similar to 67.6

region of mouse chromosome 16. Malfunction of Sim2 in mice leads to development

of idiopathic scoliosis characterize by uneven vertebrae and ribs , 6 4 result death of

mice occurs readily after birth because of respiratory failure. Sim2 have role in later

stages of vertebral development, because Sim 2 expresses in vertebral body rrot in somites.

So it is postulated that excessive growth of ribs i1 $im2 dysfunction mice is a cause

of idiopathic scoliosis (Gorman et a1.,2012).

BPTF (bromodomain PIID finger transcription factor)

The bromodomain motif of BPTF is highly conse'lrred, have role in protein protein

interaction. BPTF plays an important role in development of vertebrae during early

ontogenesis . Malfunction of BPTF during adolescen! along with other factors could lead

to development of idiopathic scoliosis (Shangguanet a1.,2008)'

MATNI( Matrilin l,cartilage matrix protein)

MAINI is largely expressed in cartilage and is located at 1p35.The linkage analysis was

conducted s1 sample of 81 hios, 6 o result linkage disequilibrium was identified among

the mahilin-l (MAINI) gene and idiopathic scoliosis. Each frios consist of both pare'nts

and their daughter/son, all were affected of idiopathic scoliosis. [n all tios, amplification

of a specific microsatellite marker possessing region of MAINI gene was carried out

by polynerase chain reaction . In this way, three polynorphisms 103 bp, 101 bp and 99

bp, were observed , while the fiansmission of only l03bp allele become evident. Thus,

MAINI gene involve in the idiopathic scoliosis (Gorman et al-,2012).

v
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1.4 OBJECTTYES

Skeletal dysplasia are group of complex disorders and full understanding has not yet been

developed, due to involve,rnent of multiple factors and heterogeneous nature of disorders.

Clinical presentation of patients with small differences in different patients can mislead in

diagnosis of accurate phenotlpe .So it will be useful to go for genetic study. The aim sf

study was to gain knowledge about genetic mechanism involved in development of

skeletal disorders. The main objectives of study are:

l. To identiff the loci involved in Inherited Skeletal Dysplasia in Pakistani

population by linkage analYsis.

2. Ssreen out the genes for the identification of any seque,lrce variants in affected

members.

-
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Materials and Methods

2.1 Study subject

The aim of prese,nt study was to identiff the gene/ loci involved in Inherited Skeletal

Dysplasia. Two Pakistani famities (A and B) having synptoms of skeletal disorders were

located and sampled for this purpose. The study was comme,nced after getting the approval

from Ethicat and Review committee of International Islamic University Islarnabad,

Pakistan.

Z.ZEamilies l{istory and Analysis

Blood specimens and related infonnation of both Families were obtained by visiting at

their homes. Skeletal deformities and other abnormalities of affected individuals were

noted and analyzed. Information like number of af[ected individuals and farnily history

was obtained. Parents signed the consent form and had no objection in tei:ns of blood

acquisition and publishing ofphotographs of the affected individuals.

2.3 Pedigree Construction and Interpretation

Based on the information obtained from guardians like number of affected and normal

individuals and existence of consanguinity, pedigrees were drawn by the method described

by (Bennett et al., 20O8).Generation numbers indicated by Roman numerals and

individuals within a generation were represe,nted by Arabic numerals. The individual

numbers labeted with asterisks indicated the samples collected for this study.In a pedigree

affected female and males were indicated by filled circles and squares, respectively.

Crossed synbols represented the deceased individuals. Double lines betweeir individuals

showed consanguineous malriage.

2.4 Blood Acquisition

Blood samples of all available both affected and normal individuals were obtained

through 10 ml sterilized syringes by venous route. Blood samples were transferred to

the vacutainer having ethylenediaminetetaacetic acid (BD Vacutainer@ K3 EDTA,

Franklin Lakes NJ, USA) and stored at4"C. (Ptri er al.,2009).
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2.5 EXTRACTION OF GENOMIC DNA

Ge,nomic DNA from blood samples was extacted by the standrd Phenol-Chloroform method.

2.5.1 Phenol-Chloroform method.

Using standard Phenol-Chloroform method, ge,nomic DNA from blood samples was

extracted by following protocol. . To 5 ml whole blood sample (EDTA, heparin, cihate)

three volgmes of RBC lysis buffer ( 15 ml ) was added, shaked ge,ntly, mixed by vortexing

, incubated for 30 min on ice, and centrifuged at 1200 rpm for 10 min at 4oC. Supernatant

was removed, resuspend the pellet by adding l0 ml lysis buffer and centrifuged at 1200

rpm(4"C) for 15min. Again supernatant removed , resuspend the pellet by adding 5 ml

STE-buffer , vortexed and dropwise 250 pl l0% SDS added .Finally lOpl proteinase K

(l0mg/ml) added and incubated overnight at 55oC in a waterbath .

Next day ,equal volume of phenol added (equilibrated with Tris, pH 8) to the tube and

mixed by inverting, ,incubated for l0 min on ice . The tube was cenfiifuged at 3200 rpm

for 40 min at 4oC. Aqeous layer was separated, hansferred into a new tube, then equal

volume of chloroform:isoamyl alcohol( 5 ml) added , ge,lrtly shaked, incubated on ice for

l0 mirU and centrifuged at 3200 rpm for 40 min at 4oC. Supe,matant was separated and

fiansferred into a new tube, 200 pl sodium acetate GH 5.2) and 5 ml isopropanol was

added, gently shaked until pellet visualized, that was the precipitated DNA. Now stored

that aqueous layer containing pellet at -20'C overnight.

Next day cenfiifugation was carried out at 3200 rpm at (4'C) for 50 min. The supematant

was discarded, and resuspended in 5ml 70Yo ethanol, and the pellet was tapped gently,

followed by cenhifugation at 3200 rpm for 40 min at 4 'C, supe,r:ratant gently decanted.

The pellet was airdried overnight, and the dried pellet was rezuspe,nded in 300 pl lx TE

buffer and frozen at -20"C or -80"C for storage. Composition of solutions glven in table

2.1 (Sambrook et a1.,1989).
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Table 2.1 Composition of solutions

e

Solutions Composition Purpose

Cell -Lysis buffer KHCO3 lgrolL

NH4CL 8.29gElL

0.5M EDTA0.34gm

Cell lysis buffer cleaves the

cell me,mbrane and exposes

chromatin material of
nucleated cells.

STE Buffer 3MNacl33.3ml

lM Tris-HCl4.0ml

0.5M EDTA 2.0 ml

STE buffer provides saline

e,nvironment to newlY exPosed

chromatin material.

DNA Dissolving Buffer l0mM Tris-HCl

0.1mM EDTA

This butrer is used for
dissolving the DNA.

l0%sDs SDS 10g

Distilled water 50ml

IO%SDS helps in Protein

degradation.

Chloroform-Isoamyl Ncohol Chloroform 480m1

Isoamyl alcohol20ml

It is used to separate Protein
and polysaccharides from
DNA
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2.6. DNA CONCENTRATION AI\D PURITY DETERMINATION

A quantitative spechophotomehic analysis of DNA was perfiormed using a Nano drop

specfiophotometer. The Nano Drop NDJOOO specfiophotometer uses a patented syste'm

that holds -l pl of sample without the need for haditional containment devices such as

cuvettes and capillaries. Absorbance was measured at wavelengths of 260 and 280nm

(Azoo and Azso, r€spectively). The absorbance quotient (ODzoo/ODzso) provides an estimate

of DNA purity. An absorbance quotie,nt value of 1.8 < ratio (R) < 2.0 was considered to be

good, purified DNA. A ratio of <1.8 is indicative of protein contalnination, where as a

ratio of >2.0 indicates RNA contamination.

2.7 DNA INTEGRITY

The genomic DNA integrity was determined by arrrlyzing DNA samples on a lo/o agarose

gel by melting 0.5 g of agaxose in 50ml lX TBE in microwave oven for l-2 minutes.5 pl

ethidium bromide was added to gel to stain the DNA. The DNA was mixed with loading

dye and loaded into wells of agarose gel. The elechophoresis was performed at 120 volts

for 30 minutes then visualized under UV trans illuminator and results were recorded by

using gel docume'lrtation.

2.8 POLYMERASE CHAIN REACTION

Genomic DNA was diluted to 40-50 nglpl for Polynerase chain reaction (PCR).. A 25 pl

reaction mixture was takeir in a 0.5 ml reaction tube containing2.5 pl of 10 X (NH4)2SO4

buffer, 1.5 pl (1 mM) MgCl2,0.3 pl of each primer, 0.5 pl (0.2 mM) of dNTP mix, I pl

of diluted genomic DNA (40-50 rylpl),o.2 pl of Taq DNA polymerase and 18.7 pl of

PCR water.The reaction mixture was cenhifuged for few seconds to mix it thoroughly.

The standard thermal cycle conditions used included one cycle of denaturation at 96oC for

5 minutes, followed by 40 cycles of amplification each consisting of 3 steps: denaturation

of DNA into single strand at 95'C for one minute, annealing or hybridization of

microsatellite markers to their comple,mentary seque,nc€s on either sides of target

sequence at 50-60"C for one minute, and final exte,nsion for 10 minutes at 72"C.T\e

exte,nsion step included initial denaturation cycle for one minute at 95oC, 48 cycles

with 30 seconds denaturation at 95oC, 30 seconds annealing with progressively lowering

te,mperature from 70 to 53"C atarate of loC every third cycle and a primer extension of
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40 seconds at72"C, followed by 15 additional cycles with an annealing terrperature of

58oC and final exteirsion at 72"C for ten minutes (Frey et a1.,2008)

2.9 LINKAGE ANALYSIS

The families included in this research work were subjected to linkage analysis. Highly

pollmorphic microsatellite markers (average heterozygosity > 75o/o) flanking the known

gexres loci involved in hereditary skeletal dysplasia were used. Microsatellite markers

used for linkage analysis are given in Table 2.2 and2.3.

2.10 GEL ELECTROPHORESIS

2.10.1 PoLYACRYLAMIDE GEL E LE C TROPHORE SI S (PA GE)

8olo non-de,naturing polyacrylamide gel was used for the resolution of amplified PCR

products . The gel was prepared by mixing 13.5m1 of 30o/o acrylamide solution, , 5ml 10

X Tris-Borate-EDTA (Tris0.89 M, Borate 0.89 M, EDTA 0.02 M), 350 pl l0% APS

(Ammonigm persulphate) ,25 pl TEMED (N, N, N', N'-Teha methylethylene diamine)

and 50 ml distilled water in a beaker . The gel solution was poured between two cleaned

glass plates hetd apart by a spacers of 1.5 mm thickness. A comb was inserted from top in

the gel and allowed to dry for hatf an hour .The PCR DNA product was mixed with 5pl

bromophe,nol blue dye (0.25% bromopheirol blue n 40% sucrose solution) and then

electrophoresis was performed at 100 volts for almost 3 hours in vertical gel

elecfiophoresis apparatus (W'hatnan, Biomeha, Gottingen, Gennany) ,that was inserted in

lX Tris-Borate-EDTA buffer. The gel was dipped in ethidium bromide (10 pdmD

solution for staininB , and visualized on UV hans illuminator (Biomefrq Gottinge,n,

Germany). The gel photograph was taken by using elechophoresis analysis system DC

290 (Kodak, Digital Sciences, New York, USA).

s-

tF'
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Table2.2 List of microsatellite markers used to test linkage to genes involved in
Achondroplasia.

s. No Gene Chromosome Markers cM

I FGFRS
tr'ibroblast Growth tr'actor Receptor3 4p16.3

D452936 0.61

D4S43 2.86

D4St27 3.6

D4S179 3.99

D452957 5.72

D4S3023 6.54

D452925 7.17
D4S394 14.94

2 NPRUZ

Natriuretic Peptide RecePtor B 9p2l-pl2

D9SI67E 54.78

D9S3l9 55.51

D9Sl118 57.01

D9Sl817 59

D9Sl874 61.38

D9S55 62

D95773 64.28

D9Sl I l0 69

3 MaIl2Kl
Mitogen Activated Protein Kinase 1

9C
D9S5O 60.81

D95229 62.66

D9Sl879 66.89

DgSI5 67.37

D9S1806 69.4

4 NPPC
Natriuretic peptide C

2q37.1
D2S22l3 236.47

D2S396 237.40

D2S23t7 237.74

D25427 240.12

D252344 241.t0
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Table 23 List of microsatellite markers used to test linkage to loci involved Adolescent

Idiopathic Scoliosis (AIS).

Locus Chromosomal Location Markers cM

N1 19p13.3
Dl95894 13.95

Dl95l034 18.21

Dl95567 22.98

Dl95884 23.69

D19S9l6 27.33

Dr95865 28.23

Dt9s22l 32.91

rs2 17pll.2

Dt75839 41.92

Dl75l856 ,9.76

Dl751843 45.95

Dt7S2t96 47.28

Dl75842 49.4

Dt75783 s0.54

D1751878 51.2

Dl751800 53.14

rs3 8q12

D8Sl47l 122.32

D85565 123.01

D8S592 124.85

D85527 125.12

D8St99 126.4

rs4 9qll.2-34.2
D9Sl105 119

D9St776 123.79

D9Sl68s 132.42

D9S29l 139

D9S766 142

D9Sl793 149.91

N5 17q25.3-qter
D1751847 122

D1751806 125

D175784 127.8

D17S9l4 131.07

Dl75668 t33.61
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RESULTS

3.1 FAMILY A

Family A with autosomal recessive achondroplasia, was collected from Islamabad. This is

a four ge,neration pedigpee. Five merubers of the familyA were available for blood

sampling. These include three affected individuals, two males (IV-l, TV-2) and one fe'male

GV4).One of the affected male individual had deceased as illustrated in figrre 3.1. All

three affected individuals showed achondroplasia (MM: 100800). No other abnormality

was found in the affected individuals (Fig.3.2 a and b). Pedigree analysis revealed that

parorts and one sibling of affected individuals were nonnal, also the individuals were

affected irrespective of their sex suggesting that in this family achondroplasia is inherited in

autosomal recessive mode. Blood samples of two affected and three normal individuals

were collected for the present study.

3.2 FAMILY B

Family B resides in distict Sawabi, I(hyber Pukhtunkfiwa Pakistan. The pedigree was

constructed after careful investigations with family elders to avoid any elror. The parents of

affected individuals are cousins to each other. This is a four generation pedigree . Ten

me,mbers of the family B were available for blood sampling. These include three

affected individuals, out of the,m two were male (IV-l ,lV-2) and one was fe,male (fV-6)

as illushated in figure 3.3. Affected individuals exhibit Adolescent Idiopathic Scoliosis

(MM: 181800), characlqized by curved spine,shoulders asynmetry and uneve,n hips with

no other complications (Fig.3.4 a,b and c) . Pediggee analysis revealed that pareirts and

three siblings of affected individuals were noflnal, which suggest that in this family

Adolescent Idiopathic Scoliosis has autosomal recessive mode of inheritance. Blood

samples of three affected and seven normal individuats were collected for the prese,nt study.

3.3 Mapping of genes/loci involved in Achondroplasia

Ge,netic linkage analysis was performed to check fts linkage in particular family with known

ge,ne and loci involved in achondroplasia Family A was tested for ge,netic linkage of fotr

known gexres including, FGFR3, NPR2, MaP2Kl and NPPC. Higtrly pollmorphic

microsatellite markers were used for investigation of linkage of family A with known genes.

Using standard PCR reaction and polyacrylamide gel electophoresis, ge,notlping analysis w.Nl

caried out as discussed in materials and method section. Amplified PCR products were

visualized after staining the gel with ethiditrm bromide and genotlpes were assigned by visual
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inspection. The particular family is considered linkd to the respective ge,ne, if homozygous

banding pattern for mutant allele was obsenred for affected individuals,heterozygous banding

patte,m in carriers, and homozygous banding pattern for wild tlpe allele in normal individuals,

whereas the corresponding family is considered as excluded, if heterozygous banding patte,m

for mutant allele is shown in affec,ted individuals. In family A five DNA samples, including

three normal (m-7, III-8, IV-3) and trno affected (IV-I, M) were subjected for genotlping..

Analysis of results showed that the family A was not linked to any of four genes checked for

linkage,as illustated in figure.s 3.5-3.3l.This suggests the involve,rnent of a novel ge'ne yet

to be discovered as responsible for achondroplasia in this family.

3.4 Mapping of GenesAoci Involved in Adolescent Idiopathic Scoliosis

Genetic linkage analysis was performed to check the linkage in particular family with known

ge,lre and loci involved in Adolesce,nt idiopathic scoliosis. Family B was tested for genetic

linkage of five known loci including, ISl, IS2,IS3 ,IS4 and IS5.Using standard PCR reaction

and polyacrylamide gel electrophoresis ,genotlping analysis was carried out by using highly

Polynorphic microsatellite markers. In family B, DNA sample of five normal individuals

(III-3,III-4,[V-3,ry-4,IV-5) and three affected individuals (IV-l, IV-2 ,w-6) were tested for

linkage by tping microsatellite markers for respective loci. Analysis of results showed that

the family B was not linked to any of five loci checked for linkage,as illustrated in figures

3.32- 3.62.This suggests the involveme,nt of a novel gene yet to be discovered as responsible

forAdolescent idiopathic scoliosis in this family.
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Figure 3.I Pedigree drawing of the farrily A segregating autosomal recessive

achondroplasias. Affected males and females are indicated by filled

sqlrar€s and circles, respectively. Crossed symbols indicate the

deceased individuals. The individual numbers labeled with asterisks

indicate the samples available for this study
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Figure 3.2 (a).An affected individuat (IV-l) of family A,showing characteristic features of

Achondroplasia,short limb dwarfism, frontal bossing ,macrocephaly and depressed nasal

bridge.

Figure 3.2(b).An affected individual GV4) of family A,showing characteristic features of

Achondroplasia,bowed legs,disproportionate shor stature and protruding chest.

Mapping of human hereditary skeletal dysplasia candidate genes in consanguineous families 27



Chapter 3 RESULTS

.\

il

ilt
I

'\
-

IV

ilt-7

tv-1 tv-z lv-3 lv-4 lv-s lv-6

Figure 33 Pedigree drawing of the family B segregating autosomal recessive

Idiopathic Scoliosis. Affected males and females are indicated by filled

squaxes and circles, respectively. Crossed synbols indicate the deceased

individuals. Double lines between individuals represent consanguineous union.

The individual numbers labeled with asterisks indicate the samples available

for this study
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Figure 3.4 (a).An affected individual of AIS GV-l) of family B, showing characteristic

features of adolescent idiopathic scoliosis, spinal deformity, lateral curoature,

disproportionate shoulder and uneven hips.

Figure 3.4: (b).An affected individual of AIS W-2) of family B showing characteristic

features of adolescent idiopathic scoliosis, spinal deformity, lateral curoature,

disproportionate shoulder and trunk asymmetry.
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L}
g Figure 3.4 (c).An affected individual of AIS (IV-6) of family B:
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Familv A: FGFR 3(4p163)

l2

1: Normal ( III-7) 4: Normal ( IV-3)

2: Normal (III-8) 5: Affected (fV-4)

3: Affected (fV-l)

Figure 3.5: Elecfiopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D452936 at 0.61 cM on chromosome 4p16.3- The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

1: Normal ( III-7) 4: Normal ( fV-3)

2: Normal (III-8) 5: Affected (M)
3: Affected (fv-l)

Figure 3.6: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D4S43 at 2.86 cM on chromosom e 4p16.3. The Roman

numerals indicate the generation number of the individuals wirhin pedigree while Arabic

numerals indicate their positions within a generation.
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v

Familv A

1: Nonnal ( UI-7) 4: Normal ( fV-3)

2: Normal (III-8) 5: Affected (IV-4)

3: Affected (fv-l)

Figure 3.7: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D4Sl27 at 3.6 cM on chromosome 4p16.3. The

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.

Familv A

l: Normal ( III-7) 4: Nonnal ( fV-3)

2: Nornal (III-8) 5: Affected (fV4)

3: Affected (IV-l)

Figure 3.8: Electopherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D4S179 at 3.99 cM on chromosome 4p16.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv A

Figure 3.9: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D452957 at 5.72 cM on chromosome 4p16.3. The Roman

numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.

Familv A

1: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

4: Normal ( IV-3)

5: Affected (M)

4: Norrnal ( fV-3)

5: Affected GV-4)

?

l: Nonnal ( III-7)

2: Normal (UI-8)

3: Affected (fv-l)

Figure 3.10: Elecfropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D4S3023 at 6.54 cM on chromosome 4p16.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv A

d

Figure 3.11: Electropherogranr of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D452925 at 7.17 cM chromosome 4p16.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

l: Normal ( III-7)

2: Nonnal (III-8)

3: Affected (IV-l)

4: Normal ( fV-3)

5: Affected 0V4)

4: Normal ( fV-3)

5: Affected (IV-4)

1: Normal ( UI-7)

2: Normal (III-8)

3: Affected (IV-l)

figure 3.12: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D4S394 at 14.94 cM chromosome 4p16.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv A: I\PR2 (9p21-pl2)

)

Figure 3.13: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9Sl678 at 54.78 cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

1: Nonnal ( III-7)

2: Normal (III-8)

3: Affected (fV-1)

1: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

4: Normal ( IV-3)

5: Affected (IV-4)

4: Normal ( fV-3)

5: Affected (IV-4)

Figure 3.142 Elechopherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D9S319 at 55.51 cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.4
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Familv A

Figure 3.15: Elechopherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D9S11l8 at 57.01 cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

1: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

l: Normal ( III-7)

2: Normal (III-8)

3: Affected (IV-l)

4: Normal ( fV-3)

5: Affected (fV-4)

4: Nornal ( IV-3)

5: Affected 0V4)

Figure 3.16: Elecfiopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9S1817 at 59cM chromosome 9. The Roman numerals

indicate the generation number of the individuals within pedigree while Arabic numerals

indicate their positions within a generation.
/

Mapping of human hereditary skeletal dpplasia candidate ge,nes in consanguineous families 36



Chapter 3 Results

Familv A

Figure 3,17t Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9S1874 at 61.38 cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

l: Normal ( III-7)

2: Normal (III-8)

3: Affected (IV-l)

4: Normal ( fV-3)

5: Affected GV4)

4: Normal ( fV-3)

5: Affected (IV4)

1: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

J

Figure 3.18: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9S55 at 62cM chromosome 9. The Roman numerals

indicate the generation number of the individuals within pedigree while Arabic numerals

indicate their positions within a generation.
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Familv A

l: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

4: Normal ( fV-3)

5: Affected (IV4)

Figure 3.19: Electropherogram of ethidium bromide stained 8o/o non-de,naturing

polyacrylamide gel for marker D95773 at 64.28cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

l: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

4: Normal ( fV-3)

5: Affected GV4)

Figure 3.202 Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9Sll10 at 69cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

4
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Familv A: MaP 2Kl (9c)

t2

Figure 3.21t Elecfiopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9S50 at 60.81 cM chromosome 9. The Roman numerals

indicate the generation number of the individuals within pedigree while Arabic numerals

indicate their positions within a generation.

Familv A

1: Normal ( III-7)

2: Normal (nI-8)

3: Affected (IV-l)

l: Normal ( III-7)

2: Nonnal (III-8)

3: Aftected (IV-l)

4: Normal ( IV-3)

5: Affected GV4)

4: Normal ( fV-3)

5: Affected (fV4)

Figure 3.22: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D95229 at 62.66 cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv A

Figure 3.23: Elecfiopherogram of ethidiun bromide stained 8% non-denaturing

polyacrylamide gel for marker D9Sl879 at 66.89 cM chromosome9q22.32.T\e Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

1: Normal ( III-7)

2: Normal (III-8)

3: Affected (IV-l)

l: Normal ( III-7)

2: Normal (III-8)

3: Affected (fV-1)

4: Normal ( fV-3)

5: Affected (IV-4)

4: Normal ( fV-3)

5: Affected (IV-4)

Figure 3.24: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9S15 at 67.37 cM chromosome 9. The Roman numerals

indicate the generation number of the individuals within pedigree while Arabic numerals

indicate their positions within a generation.
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Familv A

1: Norrral ( III-7)

2: Nonnal (III-8)

3: Affected (fv-l)

4: Normal ( fV-3)

5: Affected (IV-4)

Figure 3.25.. Electropherogram of ethidium bromide stained 8o/o non'denaturing

polyacrylamide gel for marker D9Sl806 at 68.39 cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

1: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

4: Normal ( IV-3)

5: Affected (IV-4)

Figure 3.26: Elecfiopherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylarnide gel for marker D9S1876 at 69.4 cM chromosome 9. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv A: NPPC (2q37.1)

I

Figure 3.27t Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D2S22l3 at 236.47 cM chromosome 2. T\e Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv A

l: Normal ( III-7)

2: Normal ([I-8)

3: Affected (fV-l)

l: Normal ( III-7)

2: Normal (UI-8)

3: Affected (IV-l)

4: Normal ( fV-3)

5: Affected (fV-4)

4: Normal ( IV-3)

5: Affected GV-4)

-J

Figure 3.282 Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D2S396 at 237.40 cM chromosome 2. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv A

Figure 3.292 Elecfiopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D2S23l7 at 237.74 cM chromosome 2.T\e Roman

numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.

Familv A

1: Norrral ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

1: Normal ( III-7)

2: Normal (III-8)

3: Affected (fv-l)

4: Normal ( IV-3)

5: Affected (IV-4)

4: Nonnal ( fV-3)

5: Affected (fV-4)

Figure 3.30: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D25427 at 240.12 cM chromosome 2. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
-=
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Familv A

Figure 3.31: Elecfopherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D2S23M at 241.10 cM chromosome 2. The Roman

numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.

Familv
B:IS1

l: Normal ( nI-7)

2: Nornal ([I-8)

3: Affected (IV-l)

4: Normal ( IV-3)

5: Affected GV4)

5: Normal ( fV-3)

6: Normal (fV4)

7: Normal ( fV-5)

8: Affected ( IV-6)

1: Normal (III-3)

2: Normal ( III-4)

3: Affected GV-l)

4: Affected GV-2)

rg

Figure 3.32: Electropherogram of ethidium bromide stained 8% non-de,naturing

polyacrytamide gel for marker D19S894at 13.95 cM chromosomel9pl3.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Figure 3.33: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl9Sl034 at 18.216 cM chromosomel9pl3.3 The

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generatio

Familv B

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected (IV-2)

5: Normal ( fV-3)

6: Normal (fV-4)

7: Normal ( fV-5)

8: Affected ( fV-6)

5: Normal ( IV-3)

6: Normal (fV-4)

7: Normal ( IV-5)

8: Affected ( fV-6)

1: Normal (III-3)

2: Normal ( UI-4)

3: Affected (fv-l)

4: Afitected 0V-2)

Figure 3.342 Electopherogram of ethidium bromide stained 8% non-de,naturing

polyacrylamide gel for marker Dl9S567at 22.98 cM chromosome 19p13.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv B

l: Normal (III-3)

2: Nonnal ( III-4)

3: Affected (fv-l)

4: Affected (IV-2)

5: Normal ( IV-3)

6: Normal (fV'4)

7: Normal ( fV-5)

8: Affected ( IV-6)

G

tr'igure 3.35: Electropherograrn of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D19S884 at 23.6 cM chromosome 19p13.3 The Roman

numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a ge'neration.

Familv B

I

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected (IV-2)

5: Normal ( fV-3)

6: Normal (IV-4)

7: Normal ( IV-5)

8: Affected ( fV-6)

Figure 336: Electropherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker Dl9S9l6 at 27.33 cM chromosome 19p13.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Figure 3.372 Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D19S865 at 28.23cM chromosome 19p13.3. The

Roman numerals indicate the generation number of the individuals within pedigree

while Arabic numerals indicate their positions within a generation'

l: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected GV-2)

1: Normal (III-3)

2: Nonnal ( III-4)

3: Affected (IV-l)

4: Affected (IV-2)

5: Normal ( fV-3)

6: Normal (fV-4)

7: Normal ( fV-5)

8: Affected ( fV-6)

5: Normal ( fV-3)

6: Normal GV-4)

7: Normal ( fV-5)

8: Affected ( fV-6)

Figure 3.38: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl9S22l at32.9l cM chromosome 19p13.3. The Roman

numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.
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Figure 339: Electropherogram of ethidium bromide stained 8o/o non-de,nanring

polyacrylamide gel for marker D17S1856 at 39.76 cM chromosome l7pl1. The

Roman numerals indicate the generation number of the individuals within pedigree

while Arabic numerals indicate their positions within a generation.

Familv B

l: Normal (III-3)

2: Nornal ( UI-4)

3: Affected (IV-l)

4: Affected (fV-2)

5: Normal ( fV-3)

6: Normal (fV4)

7: Normal ( IV-s)

8: Affected ( fV-6)

5: Norrral ( fV-3)

6: Normal (fV4)

7: Normal ( fV-5)

8: Affected ( fV-6)

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected (fV-2)

Figure 3.40: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D17S839 at 41.92 cM chromosome l7pll. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation
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Figure 3.41: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl7Sl843 at 45.95 cM chromosome lTpl l. The Roman

numerals indicate the ge,neration number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.

Family B

l: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected (fV-2)

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected (IV-2)

5: Normal ( fV-3)

6: Normal (fV-4)

7: Nonnal ( fV-5)

8: Affected ( fV-6)

5: Normal ( fV-3)

6: Normal (M)
7: Norrnal ( IV-5)

8: Affected ( IV-6)

Figure 3.422 Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl7S2l96 at 47.28cM chromosome l7pl1. The

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate theirpositions within a generation
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Figure 3.432 Electropherogram of ethidium bromide stained 8% non-de,lraturing

polyacrylamide gel for marker Dl7S842 at 49.4 cM chromosome l7pl l' The

Roman numerals indicate the generation number of the individuals u/ithin pedigree

while Arabic numerals indicate their positions within a generation.

Familv B

l: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected GV-2)

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (fV-1)

4: Affected (IV-2)

5: Normal ( fV-3)

6: Normal (fV-4)

7: Normal ( IV-5)

8: Affected ( fV-6)

5: Normal ( fV-3)

6: Normal (fV-4)

7: Normal ( fV-5)

8: Affected ( IV-6)

Figure 3.44t Elecfiopherogram of ethidium bromide stained 8% non-deiraturing

polyacrylamide gel for marker Dl7S783 at 50.54 chromosomelTpll. The Roman

numerals indicate the generation number of the individuals vTirhin pedigree while Arabic

numerals indicate their positions within a generation.
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Family B

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected GV-2)

5: Normal ( IV-3)

6: Nornal (fV-4)

7: Norrral ( IV-5)

8: Affected ( fV-6)

Figure 3.45: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl7Sl878 at 51.2 cM chromosomelTpll. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

1: Normal (III-3) 5: Nonnal ( fV-3)

2: Normal ( III-4) 6: Normal (IV-4)

3: Affected GV-l) 7: Nonnal ( IV-s)

4: Affected (fV-2) 8: Affected ( IV-6)

Figure 3.46t Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D17S1800 at 53.l4cM chromosome l7pl1. The Roman

numerals indicate the generation number of the individuals withinpedigree while Arabic

numerals indicate their positions within a generation.
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Familv B:IS3

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected (IV-2)

5: Normal ( fV-3)

6: Nonnal0V4)

7: Normal ( fV-5)

8: Affected ( fV-6)

€

Figure 3.472 Elechopherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D8Sl47l at 122.32 cM chromosome 8q12. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positiont qrithin a generation.

Familv B

I

l: Nonnal (III-3) 5: Normal ( fV-3)

2: Normal ( III-4) 6: Nornal (fV4)

3: Affected GV-l) 7: Normal ( fV-5)

4: Affected GV-2) 8: Affected ( fV-6)

Figure 3.48: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D8S565at 123.01 cM chromosome 8q12. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate theirpositions within a generation.
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Familv B

Familv B

l: Normal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected (fV-2)

5: Normal ( fV-3)

6: Nornal (fV-4)

7: Norrral ( fV-5)

8: Affected ( IV-6)

Figure 3.492 Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D8S592 at 124.85 cM chromosome 8q12. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate theirpositions within a generation.

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected (fV-2)

5: Normal ( fV-3)

6: Normal (fV4)

7: Normal ( IV-5)

8: Affected ( fV-6)

Figure 3.50: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D8S527at 214.40 cM chromosome 2q34q36. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions wi+hin a generation.
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Familv B

I

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected GV-2)

5: Normal ( fV-3)

6: Normal GV-4)

7: Normal ( fV-5)

8: Affected ( IV-6)

Figure 3.51: Electropherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D8Sl99 at 27.33 cM chromosome 19p13.3. The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.

Familv B IS4

I

1: Normal (III-3)

2: Nonnal ( UI-4)

3: Affected (fv-l)

4: Affected (fV-2)

5: Normal ( IV-3)

6: Normal GV4)

7: Normal ( fV-5)

8: Affected ( fV-6)

Figure 3,522 Electopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker DgSll05 at 119 cM chromosomel9pl3.3 The Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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figure 3.53: Elecfropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9Sl776 at 123.79 cM chromosome9q3l.2'34.2. T\e

Roman numerals indicate the ge,lreration number of the individuals within pedigree while

Arabic numerals indicate their positions within a generations.

l: Normal (III-3)

2: Nornal ( III-4)

3: Affected (IV-l)

4: Affected (fV-2)

5: Nonnal ( fV-3)

6: Normal GV-4)

7: Normal ( fV-5)

8: Affected ( fV-6)

5: Normal ( fV-3)

6: Norrral (fV4)

7: Normal ( fV-5)

8: Affected ( IV-6)

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected (fV-2)

Figure 3.542 Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9S1685at 132.42cM chromosome 9q31.2-34.2The

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.
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Figure 3.55: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D9S290 at 139.74cM chromosome9q3l.2'34.2. The

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a geireration

Familv B

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected (IV-2)

1: Normal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected GV-2)

5: Normal ( IV-3)

6: Normal (fV-4)

7: Normal ( IV-s)

8: Affected ( fV-6)

5: Normal ( fV-3)

6: Normal GV-4)

7: Nornal ( fV-5)

8: Affected ( fV-6)

Figure 3.56: Electropherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D9S766at 142 cM chromosome9q3l.2-34.2. T\e Roman

numerals indicate the generation number of the individuals within pedigree while Arabic

numerals indicate their positions within a generation.
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Familv B

I

l: Normal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected (fV-2)

5: Normal ( IV-3)

6: Normal (fV4)

7: Normal ( IV-5)

8: Affected ( fV-6)

Figure 3.572 Electropherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker D9S1793 at 149.91 cM chromosome9q3l.2-34.2. T\e

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.

Familv
B:IS5

1: Normal (III-3) 5: Normal ( IV-3)

2: Normal ( III-4) 6: Normal (IV4)

3: Affected (fv-l) 7: Normal ( fV-5)

4: Affected (fV-2) 8: Affected ( fV-6)

Figure 3.58: Electropherograrn of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl7Sl847 at 122 cM chromosomel7q25.3-qter. The

Roman numerals indicate the generation number of the individuals within pedigree while
Arabic numerals indicate their positions within a generation.
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Familv B

l: Normal (III-3)

2: Normal ( III-4)

3: Affected GV-l)

4: Affected (N-Z)

5: Normal ( fV-3)

6: Normal (fV-4)

7: Normal ( fv-s)

8: Affected ( IV-6)

Figure 3.59: Elechopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker D17S1806 at 125 cM chromosome 17q25.3-qter The

Roman numerals indicate the generation number of the individuals qrithin pedigree

while Arabic numerals indicate their positions within a generation.

Familv B

1: Nonnal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected (IV-2)

5: Normal ( rv-3)

6: Normal (IV-4)

7: Nonnal ( rv-5)

8: Affected ( rv-6)

Figure 3.60: Electropherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl7S784 at 127.8 cM chromosomelTq25.3-qter. The

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation.
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Family B

I

Figure 3.61: Elecfiopherogram of ethidium bromide stained 8% non-denaturing

polyacrylamide gel for marker Dl7S9l4 at 131.07 cM chromosomel7q25.3-qter. The

Roman numerals indicate the generation number of the individuals within pedigree

while Arabic numerals indicate their positions within a generation.

1: Nonnal (III-3)

2: Normal ( III-4)

3: Affected (fv-l)

4: Affected GV-2)

l: Normal (III-3)

2: Normal ( III-4)

3: Affected (IV-l)

4: Affected (IV-2)

5: Normal ( fV-3)

6: Normal (fV4)

7: Normal ( fV-5)

8: Affected ( fV-6)

5: Normal ( fV-3)

6: Normal (IV4)

7: Normal ( fV-5)

8: Aftected ( fV-6)

Figure 3.62'. Elecfiopherogram of ethidium bromide stained 8o/o non-denaturing

polyacrylamide gel for marker Dl7S668 at l33.6lcM chromosomel7q25.3-qter The

Roman numerals indicate the generation number of the individuals within pedigree while

Arabic numerals indicate their positions within a generation
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Discussion

Skeletal dpplasia are a goup of heteroge,neous genetic disorders associated with a

ge,neralized abnormality of skeletal growth affecting bones and cartilage. Today, there are

more than 456 well charucteized skeletal dysplasia classified primarily on the basis of

clinical, radiographic, and molecular criteria. Genetic disorders involving the skeletal

slatem arise from distubances in the complex processes of skeletal developmentn growth

and homeostasis (Warman et a1.,2010). A variety of genes are expressed during normal

development of skeleton in different stages of growth plate, chondrocyte developme,nt,

and their protein products play crucial roles in cell differentiation or patterning (Mcinnes

and Michaud., 2008). Skeletal dysplasia are caused by genetic mutations and can run in

families. Often the disorders appear without any fmily history of skeletal dysplasia.

According to Warman et al (2010), 316 out of 456 different conditions of skeletal

dysplasia were associated with mutations in one or more of 226 differefi genes.

Involvement of many genes in skeletal development makes it difficult to delineate the

role of an individual ge,ne in aparticular genetic skeletal dpplasia. @eborah et a1.2009)

In the present study, two families (A and B) with different types of skeletal dysplasia were

included and subjected to linkage analysis. Affected individuals in family A showed

characteristic features of achondroplasia ,disproportionately short limbs, macrocephaly,

three pronged fingers (trident) and characteristic facial features with depressed nasal

bridge, frontal bossing and mid-face hlpoplasia (Trotter and Hall, 2005). No other

associated abnormality was found in affected individuals. Adolescent idiopathic scoliosis

(AIS) was phe,notlpe of family B , characttize by complex spinal abnormality along

with axial rotation ,of unknown cause and lateral curvature >L}"(Czeizel et a|.,1978).No

other associated abnormality was found in affected individuals and consanguineous

marriages were obserrred in family B.

To track the ge,ne responsible for monogenetic recessive skeletal dysplasia, homozygosity

mapping technique was used. Homozygosity mapping is based on the principle that a

particular portion of genome of siblings from consanguineous marriages would be

homozygous because of identity by descent (IBD). One-sixteenth part of genome of

offspring from first cousin marriages is expected to be homozygous (Sheffield et al.,

re95).
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That particular region of homozygosity is random between different offsprings of these

cousin marriages except for a definite disease locus that is exclusively shared and

corlmon between all affected siblings.

Linkage analysis was carried out on two families (A and B) by typing highly

polynorphic microsatellite markers to candidate ge,nes, involved in respective hereditary

skeletal dysplasia. If a family showed a convincing linkage to a candidate gene the,n

sequencing analysis would be performed to identifr any pathogenic sequence

variant.Genobping of family A with autosomal recessive achondroplasias was carried out

by tlping microsatellite markers to, FGFR3, NPR2, MaP2Kl and NPPC genes. FGFR3

is most important gene involve in achondroplasias. FGFR3 is actually negative regulator

of skeletal growth, which resfricts the length of the epiphyseal plates of long bones via

inhibition of chondrocyte proliferation. Mutation in FGFR3 gene causes achondroplasia

and range of skeletal dysplasia disorders (Nchette et a1.,2008).While NPR2, MaP2Kl

and NPPC ge,nes are less coulmon in achondroplasias.Genotyping with highly

pollmorphic microsatellite markers for investigation of linkage with known genes

showed that affected individuals were heterozygous for different combinations of parental

alleles, thus excluding linkage to known hereditary candidate genes in family A. This

concluded that a novel gene must be responsible for causing achondroplasia in family A.

In family B, ge,notlping with highly polymorphic microsatellite markers for investigation

of linkage with known adolescent idiopathic scoliosis loci showed that heterozygosity for

different combinations of pare,ntal alleles in affected individuals. Thus family B was

excluded from known loci involved in idiopathic scoliosis, suggesting the involvement of

a novel geire in adolescent idiopathic scoliosis of family B.

Aim of the prese,nt study was to identiff the genes/ loci involved in inherited skeletal

dysplasia and to investigate disease pathoge,nesis at molecular level. It will help to

develop a sommunity-ge,nerated knowledge base that will significantly improve

diagnosis, fieahen! manage,ment and understanding of skeletal dysplasia and related

disorders. This study will zupport an international network of patients, clinicians and

researchers seeking a better understanding of skeletal dysplasia and provides further

insight in molecular pathogenesis and target for treatue,nt.
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