Genotypic variants of MYP2 locus:
Analysis for association with high myopia

THESIS

SUBMITTED FOR THE AWARD OF

DOCTOR OF PHILOSOPHY
(Biochemistry)

SHABHAT RASOOL

DEPARTMENT OF BIOTECHNOLOGY

FACULTY OF BIOLOGICAL SCIENCES
UNIVERSITY OF KASHMIR, 2013



DEPARTMENT OF BIOTECHNOLOGY
FACULTY OF BIOLOGICAL SCIENCES
UNIVERSITY OF KASHMIR

DECLARATION

| solemnly declare that the research work entitled, “Genotypic variants of
MYP2 Locus: Analysis for association with High Myopia”, presented in the
thesisis an original piece of work submitted for the award of Ph.D degree
in Biochemistry. This work has not been submitted in part or in full for

any other degree or diploma.

Shabhat Rasool

CERTIFICATE OF ORIGINAL AVTHORSHIP

The work contained in this thesis entitled, “Genotypic variants of MYP2
Locus: Analysis for association with High Myopia”, is the bonafide research
work of Ms. Shabhat Rasool, and is worthy of consideration for the

award of Doctor of Philosophy in Biochemistry.

Prof. Khurshid Igbal Andrabi Dr Khalid Mgjid Fazili
Supervisor Head



ACKNOWLEDGEMENTS

Praiseworthy is the Almighty Allah, The Creator of all the creations, benevolent and merciful, who
paved the paths for my success and guided me to the right.

Gratitude is the hardest of all emotions to express, there is no word capable of
conveying what one feels until we reach the world where thoughts can be adequately
expressed in words. 7o my esteemed guide and mentor, Professor K. I. Andrabi, Dean Research,
University  Of Kashmir, I offer my most sincere thanks for rendering incessant help in the
preparation and completion of this thesis, further his heartening guidance reflects his incessantly
pains taking endeavour in the direction of realizing his deep longing for rendering my work free
from creeping foibles. Besides I extremely feel grateful for his able instruction in respect of my
work mirroring his deep erudition and academic acumen. “Sir” I can never forget your support and
heartening guidance that make me accomplish this piece of worR,

It is equally obligatory, on my part to thank the concerned ophthalmologist, Dr. Sabia Rashid for
rendering a hand of cooperation by providing the samples which were imperative for this research
work, Further I extend my thanks to high myopic Kashmiri people who actively took part in this
study.

The faculty members of the Department Dr. Khalid Majid Fazili (Head of the Department), Dr.
Rayees Qadiri, Dr. Mehboob-ul-Hussain, Dr. Ehtisham-ul-Hag, Dr. Firdous Ahmad Khanday and
Mr. Bilal Ahmad Reshi deserve a word of appreciation for their timely help and cooperation.

I owe my sincere thanks to Dr. Tariq Rashid Jan for helping me in analyzing the data statistically.

I offer my thanks to Firdous for her help with timely arrangement of chemicals and other utilities.
I am equally thankful to Arifat for her friendly and valuable suggestions.

I am sincerely thankful to “Virus” group for helping in formatting the thesis finally. I further
thank them for their valuable suggestions.

I would like to acknowledge Mr. Mujtaba I Mr. Hussain, (Information officers, Bioinformatics)
for their timely help and assistance.

I offer a special note of thanks to my friends Rifat, Gazalla, Muneesa, Deeba, Meenu, Qulsum
and Shazia for their sweet company, friendly attitude and help during the course of my research
work, Special thanks to Rifat for making me comfortable in times of stress.

Being very lucky to have a friend like you in my life, consider you to be the Almighty’s blessing to
me. I whole heartedly thank you Rubiya for all time help and support and for being such a nice
friend, who has always been there whenever I felt in need. Thank you, dear Sameer for bearing us

in times when we Rept you waiting for hours.

I feel indebted to Rubiya’s father Professor G.H. Dar for his valuable and constructive

suggestions.

I convey special thanks to Mehvish, Rehana, Rabiya, Tahir, Quasin, Mujeeb, Khurshid, Mudasir
for helping me time to time at each step. Here I would like to say that without the help of you all,
I could have not been able to meet the deadline for the submission of this thesis. Once again I



thank you for everything, for your cooperation, help and emotional support. I am really thankful
to Almighty for surrounding me with such wonderful people.

I collectively offer my sincere thanks to all my lab mates, juniors and seniors; Nishawar,
Tabassum, Tanveer sir, Sumaira, Asma, Hina, Rafiya, Qurat, Insha, Zeenat, Irfana Taseem,
Shoaib, Mushtaq, Danish, Asif, Javed, Arif, Asrar, younis and Ajaz for all time help and
maintaining a homely atmosphere in the lab. Special thanks to Shafat and Ajaz-Noor for being so
cooperative and helpful.

I offer my special thanks to the non-teaching staff of the Department of Biotechnology, especially
Isaq sir.

I offer my most sincere thanks to my uncle Professor G.N. Zargar for his valuable suggestions in
formulating the thesis finally.

I would like to acknowledge my belated mother-in-law, whom I feel is worthy of remembrance as
her eternal love and blessings push me ahead to achieve my goal (May Allah give her place in
Heaven. .. Ameen).

It is hard to express in words my gratitude to dear Papaji whose everlasting help and support
helped me to reach my destination. I further extend my thanks to all the family members for
making home a lively place to live in.

I sincerely thank my dear sweet Mansha for all love, care, support and intimate help.

Nothing like parents in this world, parents are the ultimate gifts of God to everybody. “Jannat”
really lies beneath the feet of parents, they are like angles that are always there to feel your pain
and make you refreshed and free of all the pains. I would like to acknowledge my dear parents
without whose support, love and blessings I would have been nowhere. I am invariably indebted
to my dear reverant parents whose inexorable love and affection along with their parental
guidance has proved a great source of inspiration that enthused me to go ahead with this meagre
task of mine.

I really can never put in words my love and affection to my dear lovely and sweet sisters Hafsa
and Rafiya and dear Sahibjaan for their constant help and moral support and I thank my dear
little Angels Areeb, Arsh and Eshal for filling my life with joy and happiness and being so patient
to bear me when I was not able to attend them. I can never pay them for what they did for me, I
can only pray to God to Reep them the most happy, healthy and evershining.

Finally, I Would, like to place on record my heartfelt deep gratitude to my affectionate husband
Dr. Tahir whose erudite pedagogical qualities enthused and inspired me to work, with frolic
unfaltering mind failing which I would not have been able to complete my research work, Dr
Saab I cannot express in words how much thankful I am to you. I thank God a zillion times for
bestowing me with a partner like you.

Shabhat Rasool



CONTENTS

Chapter No. Page No.
Abstract I-ii
1 INTRODUCTION 1-6
2 REVIEW OF LITERATURE 7-22
2.1. Myopia: Insights and Challenges
2.2. Abstract

2.3. Myopia Overview
2.4. Classification of Myopia
2.4.1. Simple Myopia
2.4.2.Anisometropic myopia
2.4.3.Simple myopic anisometropia
2.4.4.Nocturnal Myopia
2.4.5.Pseudo myopia
2.4.6.Induced myopia
2.4.7.Degenerative myopia
2.5. Etiology of Myopia
2.6. Symptoms and associated Complications
2.7. Refractive parameters
2.8. Ocular morbidity
2.9. Prevaence and Economic Impact
2.10. Environmental vs Genetic factors
2.11. Anima Models
2.12. Molecular Genetics
2.13. Candidate Genes
2.14. Ethnicity
2.15. Therapeutic interventions
3 MATERIAL AND METHODS 23-32
3.1. Methodology
3.1.1. Sample collection
3.1.2. DNA extraction from blood
3.1.3. Agarose gel eectrophoresis
3.1.4. Determining the concentration and purity
of isolated genomic DNA
3.2. PCR Amplification
3.2.1. Purification of PCR products



3.2.2. Purification using glass beads (SiO,)
3.3. CSGE (Conformation Specific Gel
Electrophoresis)
3.3.1.Protocol for performing CSGE:
Preparation of 12% Acrylamide Gel
3.3.2. Running the gel
3.3.3. Silver Staining of the gel
3.4. DNA Sequencing
3.4.1 Sequencing of purified PCR products
3.5. Statistical Analysis
3.6. Sequence submission for 3D modeling
3.6.1. Viewing the PDB files and free energy
calculations
4 RESULTS 33-72
Section —1
4.1. TGFB1 Codon 10 Polymorphism Contributes to
High Myopia in an Ethnic Kashmiri Population
from India
4.2. Abstract
4.3. Introduction
4.4. Materials and Methods
4.4.1. Subjects
4.4.2. Methodology
4.5. Results
4.5.1. Insilco prediction results
4.6. Discussion
Section — 2
4.7. Intronic variants of TGIF1 (variant-008) have a
potential to associate with high myopia in ethnic
kashmiri population
4.8. Abstract
4.9. Introduction
4.10. Methodology
4.11. Results and Discussion
4.11.1. Statistical analysis
4.11.2. Conclusion



Section —3
4.12. A novel G26A mutation in 5' half of TGIF1 gene
associates with high myopia in ethnic Kashmiri
population from India
4.13. Abstract
4.14. Introduction
4.15. Materias and Methods
4.15.1. Subjects
4.15.2. Methodology
4.16. Results
4.17. Discussion
Section —4
4.18. Polymorphic variants of candidate genes in the
MYP2 locus have potential to associate with
high myopiain ethnic Kashmiris
4.19. Abstract
4.20. Introduction
4.21. Materias and Methods
4.21.1 Study design
4.21.2. Participants
4.21.3 Methodol ogy
4.22. Results
4.22.1. Insilico prediction results
4.23. Discussion
BIBLIOGRAPHY
SUPPLEMENTARY DATA
APPENDICES

73-95
P-XXXIV
i-Xiv




LIST OF ABBREVIATIONS

AD Autosomal dominant

AEL Axial eyelength

bp Base pair

CIA Chloroform Isoamyl Alcohol

CSGE Conformation sensitive gel electrophoresis
D Dioptre

DLGAP1 Large Drosophila homolog associated protein 1
dNTP Deoxyribose nucleotide triphosphate

ECM Extracellular matrix

EMILIN2 Elastin microfibril interfacer 2

HGF Hepatocyte growth factor

IOL Intraocular lenses

Kb Kilobase

LOD Log of odds

MMP Matrix metalloproteinases

MYOM1 Myomesinl

MY P2 nonsyndromic autosomal dominant high myopia Locus
M Molar

mg Milligram

ml Millilitre

mM Millimolar

ng Nanogram

°C Degree centrigrade



pm

rpm
SDS
SER
SNP
TAE
Taq

TE
TGIF1
TGF p1

uv

Hg

ul

Picomolar

Revolutions per minute

Sodium Dodecyl Sulfate

Spherical Equivalent Refraction

Single Nucleotide Polymorphism

Tris acetate ethylene diamine tetra acetae
Thermus aquatiqus

Tris-ethylene diamine tetra acetate
Transforming Growth Factor p-induced factorl
Transforming Growth Factor Beta-1
UltraViolet

Volt

Microgram

Microlitre

Micromolar



LIST OF TABLES

Table No. Titleof the Tables Page No.
2.1 Showing Possible Etiologies of Myopia by Classification 11
3.1 Primer characteristics 26
3.2 Giving volume and final concentration of different reagents 27
used in amplification process

3.3 PCR Cycling Parameters X= Different for different primer 27
sets, respectively

3.4 Volume & fina concentration of different reagents used in 30
the preparation of 12% acrylamide gel

4.1 Polymorphism detected in Exon 1 of TGF1 gene in ethnic 39
Kashmiri Population

4.2 Comparison of the distribution of aleles and genotypes of 40
TGFB1 gene polymorphism at codon 10 in heathy and high
myopic subjects

4.3 Comparison of the distribution of aleles and genotypes of 40
TGFB1 gene polymorphism at codon 25 in heathy and high
myopic subjects.

4.4 Comparison of the distribution of aleles and genotypes of 41
TGFB1 gene polymorphism at codon 52 in heathy and high
myopic subjects

4.5 Polymorphism found in intronic region of TGIF1 in ethnic 46
High Myopia affected Kashmiri population

4.6 Genotype & alele frequencies of TGIF1 gene mutation in 55
cases and controls  Pearson’s chisquare

4.7 Association of TGIF1 gene alterations with clinical variables 56
in high myopia affected patients

4.8. Genotype and alele frequencies of MYP2 locus gene 66
polymorphisms in cases and controls

4.9 Association of DLGAPL gene dterations with clinica 67
variables in high myopia affected patients

4.10 Association of EMILIN2 gene dterations with clinica 67
variables in high myopia affected patients

411 Association of MYOM1 gene aterations (coding region) 68
with clinical variablesin high myopia affected patients

412 Association of intronic MYOM1 gene alterations with 69

clinical variablesin high myopia affected patients




LIST OF FIGURES

Fig. No.

Title of the Figures

Page No.

21
22

2.3

31

4.1

4.2

4.3

4.4

4.5

Depicts the refractive status of a nearsighted/myopic eye
Change in blur circle size following an increment in axia growth.
The solid eye bal boundry indicates the origina boundry of the
sclera, the dashed boundry indicates the boundry with an increment
in ocular growth. Dots on boundries indicate the positions of nodes
in the retina region of interest. For myopic defocus (focal plane
located in front of retina), incremental changes in growth result in
increased blur circle size at nodes in the retina region. For
hyperopic defocus (focal plane located behind reting), incremental
changes in growth result in increased blur circle size. Hyperopic
defocus will cause myopia due to excessive axial growth, while
myopic defocus will cause relative hyperopia due to reduced growth
Ideogram of chromosome 18 highlighting known candidate genes
within the MY P2 interval
Detection of mutations by using conformation-sensitive gel
electroporesis (CSGE). One band appears in the norma sample,
while additional bands appear in the case of the patient. The
additional slow or differentially migrating bands represent
heterodulplx DNA species. Source website: nstitutoroche.es
Heteroduplex analysis of TGFBl1 amplicons (237bp) by
conformation sensitive gel electrophoresis. Heteroduplexes were
seen as shown in the above fig; wells (3, 5, 6) show samples with
G>C variation while lanes (8, 9, 12) show samples with C>T
variation as confirmed by sequencing. Lane 4 shows the separation
pattern of 1kb DNA marker with first band corresponding to 250bp.
Samples loaded in rest of the lanes donot show any base variation on
sequencing
Representative chromatograms indicating a) normal sequence b)
sequence variants T>C, T>G & G>C in TGIF1 gene

Representative CSGE gel showing heteroduplex bands in all lanes
except lanes, 1,2 3,4,6 and 7
Representative partial chromatogram of 2a) Norma sample 2b)
affected sample showing G>A mutation at codons 26 in TGIF1 as
indicated by arrow
Representative partial chromatograms of affected samples showing
sequence variations in DLGAP1 (a) and (b), EMILIN2 (¢) and
MYOM1 (d, e, f, g, h) indicated by arrows

9
16

18

29

37

46

55




Abstract




Abstract

Abstract

Identification of genes involved in the progression of myopiais largely hampered by
challenges inherent in mapping genes due to high prevalence, genetic heterogeneity,
and wide clinical spectrum of the condition. Genetic mapping studies have identified
a least 24 chromosomal loci suspected of harboring genes for myopia progression,
MY P1-MY P24 of which MYP2 is considered to be a strong candidate gene locus.
Environmental and genetic factors together are attributed to explain the spectrum of
geographical and population dependent variations in the incidence of high myopia.
Incidently researchers have come up with controversial results with regard to the
association of MYP2 locus despite a varied spectrum of polymorphic changes
reported in the genes harboured by the locus. The controversy is largely attributed to
population heterogeneity. The purity of genetic traits associated with Kashmiri
population is likely to minimize the influence of mixed risk/resistance alleles to
reliably establish their potential association.

One of the three SNPs observed in codon 10 of TGFB1 showed a significant
difference between patients and control subjects (rs1982073: p genotype=0.003, p
allele=0.001). There were no statistically significant differences between patients and
control subjects for the other two SNPs, rs1800471 at codon 25 and a novel variant at
codon 52.

In TGIF1 three adjacent novel intronic variations (T>C/A; p=0.04: T>G; p=0.02:
G>C; p=0.01) and one novel missense sequence variation G26A (p = <0.001) were
observed that show possible association with high myopia. G26A aso segregates with
gender and degree of myopia (p = 0.05).

DLGAP1I gene reveaed a total of two polymorphic variations among which G507A
(P=1) was novel and one reported polymorphic variation G517A with a significant
(P=<0.001) occurrence in affected population. G517A show association with gender
and degree of myopia (p=<0.0001).

A previously reported variant T451C observed in EMILINZ2 gene did not appear to
associate with disease phenotype.

MYOM1 showed five polymorphic variations; two in coding region (G333A;
P=<0.0001: G341C; P=0.005) and three intronic (G>A; P=< 0.0001: G>T & C>G; P=



Abstract

< 0.001) that potentially segregate with the disease phenotype. G333A shows a
statistically significant association with gender (p = 0.01) and degree of myopia (p =
0.01) while G341C does not associate with any of the clinical parameters. Among
intronic variations, G>T (rs55779127) and C>G (rs8096379) showed significant
association with degree of myopia (p=<0.0001 & p=<0.001). The assessment of the I-
TASSER predicted protein structure showed change in energy for almost all mutants
compared to wild type proteins. The results are indicative that the energy changes due

to these polymorphic variations may have significant functional consequences.
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Chapter — 1 Introduction

yopia, the most prevalent multifactorial ocular disorder, is characterized by
I\/l refractive error and retinal defocus resulting in decreased visua acuity. High
or pathological myopia (RE > 6D) is associated with blinding conditions like
glaucoma, macular  degeneration, retina  detachment, and choroidd
neovascularization, which when left untreated may eventually cause permanent vision
loss (Young, 2009). High myopia is the fourth common cause of irreversible
blindness (Sandhya, et al., 2011), that occurs due to excessive axia growth of the eye
for which active remodeling of the ocular sclera has been shown to play a crucia role
(McBrien & Gentle, 2003; Rada, et al., 2006). In simple terminology, myopia is a
refractive error of the eye that causes focused image to fall anterior to the retinal
photoreceptor layer of the eye (Scavello, et al., 2005). Ocular refractive components
precisely undergo coordinated physical aterations during ocular growth, to attain and
maintain normal emmetropic visual acuity, so that image focuses directly on retina
plane (Wildsoet, 1997). Any discordance between axial length and other optical
refractive components, such as corneal and lenticular curvatures would result in
ametropia and blurred visua acuity (Zhou, et al., 2006). Myopia can be detected by
visual acuity testing, retinoscopy, autorefraction, or photorefraction during vision
screening or clinical examination (Goss, et al., 1997). People with myopia can be
classified in two groups, those with low to modest degrees of myopia (referred to as
“simple” or “school” myopia, 0 to - 6 dioptres) and those with high or pathological
myopia (greater than - 6 dioptres). Simple myopia can be corrected with spectacles or
contact lenses, whereas high myopia, also referred to as pathologica myopia,
represents a significant public health burden due to associated ocular complications,
which may result in substantial vision loss and even blindness (Su, et al., 2010; Saw,
et al., 2005). The complications associated with high myopia render it to be one of the

leading causes of blindness in the world. Myopia-related blindness, in contrast to
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Chapter — 1 Introduction

other causes, often afflict people earlier in life when they may dtill be active

professionally adding to the agony even more (Jacobi, et al., 2005).

It is considered to be a complex, multifactorial condition in which severa
nongenetic/environmental components like near work, excess illumination, nutritional
deficiencies, mechanical stress and mental stress, along with the genetic components
influence normal emmetropisation mechanisms of the eye contributing to ocular
refraction in myopia (Feldkamper & Schaeffel, 2003). Genetic studies have identified
24 gene loci for myopia till date providing an array of potential candidate genes, but

have failed to identify any single causative mutation (Ng et al., 2009).

Myopia is the most prevaent ocular disorder globaly being on rise and reaching
epidemic proportions. In Asia, the prevalence is 1% to 5%, even ranging to 9.1% in
some regions (Wong, et al., 2000). Considerable increase in myopia prevaence has
been observed in East Asian countries like Japan, Singapore, Taiwan and China (Saw,
2003; Xu, et al., 2005). The prevalence varies moderately in Western countries,
ranging from 16% in Australia and 18% in Netherlands, to an average value of 25% in
USA among adults (Kempen, et al., 2004). Asian population seems to be more
affected than Western populations, over 38% of urban adults from Singapore China
(Wong, et al., 2000) and up to 80% of teenagers (16—18 years old) in urban Taiwan
(Lin, et al., 2004) are myopic. The prevaence is 4.5% in populations of Western
European origin (Kempen, et al., 2004) as compared to 8%—-9% (Wong, et al., 2000;
Iwase, et al., 2006) in Eastern Asian adults over the age of 40 years.

The prevaence in India is found to be 19% with 4% in Kashmir (Ahmed, et al.,
2008). Ahmed | et al, 2008, reported effect of age, gender and socioeconomic
conditions on myopia prevalence and showed an increase in its prevalence with
increased age (3.76% in the age group of 6-10, 4.9% and 6.16% in age groups 11-15
and 16-22). Additionaly Girls on average were 1.52 times more likely to have
myopia than boys. The prevaence of myopia among girls was 5.54% compared with
3.6% in boys. Socioeconomic conditions also had an impact on the prevaence of
myopiawith only 3.23% students from medium and high socioeconomic strata having
cb cr567tcb cr567t myopia, it was about three times more in students from low
socioeconomic strata (8.60 %) (Ahmed, et al., 2008).

@ Doctoral Thesis (2013) Shabhat Rasool 2
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The treatment options investigated include various types of spectacles and contact
lenses, refractive surgery, pharmaceutical agents like atropine and pirenzepine.
Experimental evidences show that most of the therapies have small benefits that either
last for a relatively short period of time or have significant side effects (Gwiazda,
2009). World Health Organization set goa to eliminate preventable blindness
associated with high myopia by year 2020 (Dandona & Dandona, 2001). High
prevalence of myopia and its prominence as a public health problem emphasize the
importance of understanding the mechanisms of eye growth and finding effective
treatments to slow down its progression (Gwiazda, 2009). Laser refractive surgery as
amyopia-related cost was estimated to be 4.6 billion dollars for United Statesin 1990
(Javitt & Chiang, 1994). Stambolian et al., estimated this to be doubled by year 2005
(Stambolian, et al., 2005; Paget, et al., 2008).

Studies of high myopia in anima models have demonstrated that increasing eye size
facilitated by remodeling of sclera as one of the most important etiologies in the
progression of myopia associated pathologies (Lin, et al., 2009). The wide spectrum
of myopia-associated disorders strongly argues for an etiologically heterogeneous
nature of myopic refractive errors, where multiple factors with genetic and epigenetic
effects contribute at different stages during development (Feldkaemper & Schaeffel,
2003). There is a long-standing dispute on the relative role of genetic versus
environmental factors in the development of myopia (Saw, et al., 2000). Strategies to
limit the problem of multiple gene and gene-environment interaction confounding the
results in the genetic mapping of myopia are therefore necessary (Ibay, et al., 2004).
The concept that environmenta factors influence ocular development has been well
established in epidemiological and experimental animal studies (Saw, et al., 2002;
Schaeffel, et al., 1988). The frequent manifestation of myopia during school and
college years, as well as in some occupations requiring intense and prolonged near
work, has suggested the critical role of near vision stimulus in the development of
myopia. Although the precise nature of this stimulus remains elusive, one current
theory isthat alag in accommodation shifts the image focus during near vision behind
the retina (Schor, 1998).

Despite the recognized importance of visual experience in the development of myopia
there is abundant evidence for genetic factors determining refractive development
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(Francois, 1961; Zadnik, et al., 1994). First, high myopia prevalence in developed
Asian countries compared with the Western world suggests a genetic susceptibility to
myopia development. Further, myopic parents are more likely to give rise to offspring
with myopia than non-myopic parents (Goldschmidt, 1981). This finding has been
confirmed by recent large-scale epidemiological studies, according to which heritable
factors account for 80% of juvenile myopia development (Muitti, et al., 2002). Strong
evidence for the role of inheritance is al'so provided by twin studies (Teikari, et al.,
1991; Hammond, et al., 2001), where in identical twins display a higher similarity in
their refractive status than fraternal twins (Jacobi, et al., 2005).

Identification of genes involved in the development and progression of complex
disease like myopia has been hampered by challenges inherent in mapping genes due
to high prevaence, genetic heterogeneity, and wide clinical spectrum of the condition
(Chen, et al., 2007). Genetic mapping studies have identified at least 24 chromosomal
loci suspected of harboring genes for myopia progression (Ng, et al., 2009). Among
them, 11 have been implicated in high myopiaviz., MYP1- MYP5, MY P11, MYP12,
MYP13, MYP15, MYP16, MYP18 (Nalasamy, et al., 2007; Zhang, et al., 2005;
Zhang, et al., 2006; Wojciechowski, et al 2006; Naiglin, et al., 2002; Paluru, et al.,
2003; Paluru, et al., 2005; Young, et al., 1998a; Young, et al., 1998b; Young, €t al.,
2001; Nishizaki, et al., 2009; Lam, et al., 2008) and seven in myopia viz., MY P6—
MY P10, MYP14, MY P17 (Hammond, et al., 2004: Stambolian, et al., 2004; Ciner, et
al., 2008). Five of these loci viz., MYP2, MYP3, MY P6, MY P10, MY P13 have been
confirmed through replication analysis in independent family studies (Zhang, et al.,
2007; Lam, et al., 2003; Stambolian, et al., 2006; Klein, et al., 2007; Nurnberg, et al.,
2008).

MY P2 is a candidate locus of the nonsyndromic autosomal dominant high myopia
first identified by Young, Ronan, Drahozal et al. (1998) who performed a genome-
wide linkage analysis for myopia susceptibility loci in 8 multigenerational families
with an autosomal dominant mode of myopia (more than —6.00 diopters), and showed
a significant linkage to 18p. Haplotype analysis further refined this myopia locus to a
7.6 centi-Morgan (cM) interval between markers D18S59 and D18S1138 on
18p11.31. Afterwards Young et al. (2001) narrowed the candidate region to the
interval of 0.8 cM between markers D18S63 and D18S52. This locus on chromosome
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Chapter — 1 Introduction

18p11.31 is believed to harbour genes involved in sclera formation or regulation
thereby making it most preferential locus with potentia to harbor the candidate genes
for the disease (Young, 2004: Yamane, et al., 2007). The genes localized to MY P2
locus may be expressed in retina and influence growth of sclera (Wallman, 1993).
Genes that map to MYP2 critical region include clusterin-like 1 (CLUL1), elastin
microfibril interfacer 2 (EMILINZ2), lipin 2 (LPIN2), myomesin 1 (MYOM1), myosin
regulatory light chain 3 (MRCL3), myosin regulatory light chain 2 (MRLC2),
transforming growth B-induced factor (TGIF), large Drosophila homolog associated
protein 1 (DLGAPL), and zinc finger protein 161 homolog (ZFP161) (Scavello, et al.,
2005).

The relationship between MY P2 locus genes and scleral remodeling during the
development of myopia has come to be established of late (Honda, et al., 1996;
Kusakari, et al., 2001), due primarily to the evidence that genes existing in the locus
are expressed in retina and influence the growth of sclera (Wallman, 1993). The
reason for prioritizing these genes is that they are important for constituent
organization and maintenance of connective tissue function. This hypothesis emanates
mainly from animal studies of experimental myopia as the induction of myopia in
juvenile animals by form deprivation demonstrates a visual feedback mechanism in
eye growth control. Experiments indicate this neural control mechanism to be partly
localized to retina, but how retinal signals directly control the growth of the outer
coats of the eye is presently unknown. Mutational screening of MY P2 locus genes
like MYOM1, EMILIN2, TGIF, DLGAP1, CLUL1, LPIN2, MRCL3, MRLC2,
ZFP161 detected polymorphic variations in al these genes but none of the mutations
segregated with the affected status (Scavello, et al., 2005). Additionally, recent
studies investigated the association of single-nucleotide polymorphisms (SNPs) of the
TGFB1 gene and high myopia but produced conflicting results (Hayashi, et al., 2007).
Numerous studies indicate the association of series of SNPs in these genes with high
myopiain populations like Chinese living in Hong Kong and Italian Sardinian cohorts
(Heath, et al., 2001), whereas certain other studies have found no such association,
(Young, 2009). Earlier mutational screening study of MYP2 locus genes reports
negative association of genes like EMILIN2, TGIF, CLUL1 and MLCB with high
myopia (Young, 2004; Scavello, et al., 2005). However the locus has shown

@ Doctoral Thesis (2013) Shabhat Rasool 5



Chapter — 1 Introduction

significant association with high myopia in two Chinese families (Lam, et al., 2002)
and Consistent association of this locus with high myopiais aso reported in an Italian
population (Heath, et al., 2001; Lam, et al., 2003). This inconsistency in association
has largely been attributed to population heterogeneity, wherein purer ethnic cohorts

tend to associate with the disease phenotype more frequently than the others.

The purity of genetic traits associated with a population like Kashmiri could serve as
an ideal study group to establish any possible association of such SNPs with the
disease. This population would minimize the influence of mixed risk/resistance alleles
influencing the outcome of the study. Further the identification of the MYP2
genotypes will not only provide insight into the molecular basis of high myopia, but
will aso help identify pathways that are involved in eye growth and development. In
addition, this information may implicate other genes as possible myopia disease gene
candidates (Scavello, et al., 2005). Information derived from this effort will be useful
for submissions to the ever growing SNP database and other researchers screening for
myopia candidate genes in this interval may wish to avoid repeat screening of those
genes that have been excluded. Additionaly identification of the implicated genes for
myopia susceptibility will provide a fundamental molecular understanding of how
myopia occurs, that may possibly lead to directed physiologic (e.g., pharmacologic or
gene therapy) interventions.
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2.2. Abstract

Myopia development is a consequence of mismatch between the power of optica
components and the axial length of the eye. Lower grades of myopia (< -6 diopters)
are not associated with blinding conditions but higher or pathological grades often
associates with blinding conditions like macular degeneration, retinal detachment and
glaucoma. Ethnic diversity plays a great role in the development of myopia and
comparative prevalence rates of high myopia from diverse parts of the world show
considerable variability. ldentification of candidate genes for high myopia is
hampered by challenges inherent in mapping genes due to high prevalence, genetic
heterogeneity, and wide clinical spectrum of the condition. Genetic mapping studies
have identified at least 24 chromosomal loci suspected of harboring genes for myopia
progression. MY P2 is a candidate locus for nonsyndromic autosomal dominant high
myopia. Environmental and genetic factors are attributed to explain the spectrum of
geographical and population dependent variations in the incidence of high myopia.
Researchers over the world have come up with controversia results regarding the
association of MYP2 locus genes, MYOM1, EMILIN2, TGIF, DLGAP1, CLUL1,
LPIN2, MRCL3, MRLC2, ZFP161 with high myopia. These genes show variation
both in the profile and frequency of mutations reported for high myopia subjects, the
world over. The treatment options investigated include various types of spectacles and
contact lenses, refractive surgery, pharmaceutical agents like atropine and
pirenzepine. Experimental evidences show that most of the therapies have small
treatment benefits that last for arelatively short period of time or have significant side
effects. High prevalence of myopia and its prominence as a public health problem
emphasize the importance of understanding the mechanisms of eye growth and

finding effective treatments to slow down its progression.
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2.3. Myopia Overview

Myopia is most prevalent multifactorial ocular disorder, characterized by refractive
error (RE) and retinal defocus resulting in decreased visual acuity. It defines a state of
refraction where only nearby objects can be focused to produce a clear retinal image.
In other words, myopia occurs when overall optical power of the eye exceeds that
required for the axial length of the eye as a result light rays entering the eye are over-
convergent and the retinal image is focused in front of retina (Hung, et al., 2010).The
prevalence has been increasing mostly in East Asian countries like Japan, Singapore,
Taiwan and China (Saw, 2003; Xu, et al., 2005). High myopia (RE >6D) is associated
with vision threatening pathologies like glaucoma, macular degeneration, retinal
detachment, and choroida neovascularization, which may eventually lead to
permanent vision loss if left untreated, making it fourth most common cause of
irreversible blindness (Y oung, 2009). The prevalence of high myopiain Asiais 1% to
5%, even ranging to 9.1% in some regions (Wong, et al., 2000). Severd
environmental factors such as near work, excessive illumination, nutritional
deficiencies, mechanical stress and mental stress, along with genetic factors influence
normal emmetropisation mechanisms of the eye making it a complex, multifactorial
disorder (Feldkamper & Schaeffel, 2003). Till date 24 gene loci have been identified
for myopia providing an array of potential candidate genes, but unfortunately failed to
identify single causative mutation (Ng, et al., 2009). Excessive axial growth of the
eye and active remodeling of ocular sclera has been shown to play a crucia role in
myopia progression (McBrien & Gentle, 2003; Rada, et al., 2006).

The World Health Organization has grouped myopia and uncorrected refractive error
with cataract, macular degeneration, infectious disease, and vitamin A deficiency
among the leading causes of blindness and vision impairment in the world (Fredrick,
2002; Parargjasegaram, 1999). In terms of physical optics, myopia is mismatch of the
optical power of the eye and its axia length so that parallel rays from distant objects
are brought into focusin front of the retina.
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Myopic Distance

Blurred image focussed
in front of retina

Eye is too long/or
cornea is too steep

Figure 2.1. Depicts the refractive status of a nearsighted/myopic eye

Refractive errors are expressed as the power of corrective lens expressed in diopters
(dpt.) that is necessary to bring image back onto the retina. In case of myopia negative
lens reduces total optical power of the eye, higher the negative value, greater is the
degree of myopia. The refractive status of human eye is determined by refractive
powers of cornea and lens and axial length of the globe. Humans and most animals
are born with moderate hyperopic errors caused by short axial length of the eye. Axial
elongation is regulated by the process of emmetropization during eye growth that
matches the refractive components to axial length to produce normal vision (Troilo &
Wallman, 1991). Low and moderate refractive errors frequently result due to
mismatch of refractive components of the eye, while the magnitude of these
components fall generally into the range of normal distribution (Sorsby, et al., 1962a).
Whereas in high myopia usually the axia length is out of normal limits. Besides this
morphological distinction different types of myopia have been distinguished clinically
(Jacobi, et al., 2005). Juvenile-onset myopia mostly devel ops between the ages of 10
and 16 years, whereas pathol ogic myopia begins to develop in the perinatal period and
is associated with rapid refractive error myopic shifts before 10 to 12 years of age
(Curtin, 1985; Curtin, 1970; Grosvenor, 1987; Mantyjarvi, 1985).

2.4. Classification of Myopia

2.4.1. Smple Myopia

Axial length and optical power are inversely correlated in emmetropic eyes,
(Stenstrom, 1948; Sorsby, et al., 1957; Alphen, 1961; Araki, 1962; Francois & Goes,
1977; Larsen, 1979). Eyes with simple myopia (refractive error of less than 6
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diopters) are either too long for optical power or optically more powerful for axial
length.

2.4.2. Anisometropic myopia

Anisometropic myopia or anisomyopia is a condition in which degree of myopia is

unequal in two eyes.
2.4.3. Simple myopic anisometropia

The condition in which one eye is emmetropic and the other is myopic is known as
Simple myopic anisometropia. It is not significant clinicaly until the difference
between the two eyes reaches about 1 D (Goss, et al., 1997).

2.4.4. Nocturnal Myopia

Nocturnal or night myopia is primarily due to increased accommodative response
associated with low levels of light as it occurs only in dim illumination. In this
condition a person has difficulty to see in low illumination areas having normal
daytime vision. Here far point of an individual's focus varies with the level of light.
This type of myopia is caused due to dilation of pupil to accommodate more light
(Leibowitz & Owens, 1975; Owens & Leibowitz, 1976; Epstein, 1983; Hope &
Rubin, 1984).

2.4.5. Pseudo myopia

Overgtimulation of the eye's accommodative mechanism or ciliary spasm causes
increase in refractive power resulting in a condition caled pseudo myopia; it is so
named because the patient only appears to have myopia due to an inappropriate
accommodative response (Goss & Eskridge, 1987; Alexander, 1940; Stenson &
Raskind, 1970).

2.4.6. Induced myopia

Exposure to pharmaceuticals, increase in glucose levels, nuclearsclerosis in addition
to other anomal ous conditions result in Induced myopia. The encircling bands used in
the repair of retinal detachments may induce myopia by increasing the axial length of
the eye (Vukojevic, et al., 2005).
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2.4.7. Degenerative myopia

Degenerative myopia also known as pathological or progressive myopia is associated
with high refractive error in addition to subnormal visual acuity after correction
(Cline, et al., 1997). It worsens over time and has been reported as one of the main
causes of visual impairment. It is very common in Chinese, Japanese, Arab, and
Jewish people (Li, et al., 2002; Verma & Singh, et al., 2005).

2.5. Etiology of Myopia

There is compelling evidence that both environmental and genetic factors are
involved in the etiology of myopia (Bear, 1991). The role of environment in myopia
progression, represented by near visual activity remains debatable (Multti, et al.,
1996), however recent analysis of the contribution of near work and parental history
of myopia shows that parental history makes the greater contribution (Mutti, et al.,
2002). Near work explains little variance in the refractive error, in the range of 2% to
12% (Angle & Wissmann, 1978; Angle & Wissmann, 1980; Richler & Bear, 1980;
Zadnik, et al., 1994).

Table 2.1. Showing Possible Etiologies of Myopia by Classification.

Type of Myopia Etiologies

Simple Myopia 1. Inheritance

2. More near work activities

3. Unknown
Nocturnal Myopia 1. Dark focus of accommodation
Pseudomyopia 1. Accommodative disorder

2. High exophoria

3. Cholinergic agonist agents
Degenerative Myaopia 1. Inheritance

2. Retinopathy of prematurity

3. Interruption of light passing through ocular media
Induced Myaopia 1. Agerelated nuclear cataracts

2. Exposure to sulfonamides and other

pharmaceutical agents
Variability in blood sugar level

w

Source: Goss DA, et al., 1997

2.6. Symptoms and associated Complications
Blurred distance vision is the most common symptom associated with myopia

Distance blur is constant in simple and pathologic myopia, while in nocturnal myopia,
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it occurs only in dim light conditions. In pseudo myopia, the blurred distance vision
may be constant or intermittent with occurrence of greater distance blur after near
work while in induced myopia it varies from transient to constant, depending upon the
causative condition (Hirsch, 1945; Crawford, et al., 1945; Peters, 1961). Patients with
nocturnal myopia mostly suffer difficulty in driving and blurred distance vision at
night. The common sign of pseudo myopia is more minus power on manifest
refraction than on cycloplegic refraction. This additional minus power is hard to
eliminate with standard refraction procedures. Pathological myopiais congenital or of
early onset and corrected visua acuity may be reduced due to pathological changesin
the posterior segment (Curtin, 1985; Karlin & Curtin, 1976; Curtin, 1977; Levy, et al.,
1977; Curtin, 1982; Shapiro & Chandra,1985; Hoffman & Heath, 1987; Goldschmidt,
et al., 1990; Celorio & Pruett, 1991).

Patients with degenerative myopia are more likely to have retinal detachment than
patients with hyperopia, and the risk for retinal detachment increases with increase in
degree of myopia (Perkins, 1979). High myopia affected individuals mostly have
different forms of glaucoma and loss of vision can occur at lower intraocular
pressures when the patient is myopic (Perkins, 1960a; Perkins & Jay, 1960b; Daubs &
Crick, 1981; Perkins & Phelps, 1982). All these associated pathol ogies together make
high myopia one of the leading causes of blindness in the United States, United
Kingdom, and Canada (MacDonad, 1965; Sorsby, 1972; Hatfield, 1975; Curtin,
1985).

2.7. Refractive parameters

To understand myopia it is necessary to have a basic knowledge of the eye's focusing
system: cornea, lens, and retina. Cornea is a tough, transparent, dome-shaped tissue
that covers the front of the eye and lies in front of iris. Lens is transparent, double-
convex structure located just behind the iris. Retinais a thin membrane lining the rear
of the eyeball. Light-sensitive retina cells are destined to convert incoming light rays
into electrical signals which are sent through the optic nerve to brain, to interpret the
images (Fallon, 2007). In normal vision, parallel rays of light entering the eye are bent
by cornea and lens focusing precisely on the retina, providing a crisp, clear image.

Whereas in myopic eyes, the focusing power of the cornea and lens is too strong with
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respect to length of eyeball and light rays are bent too much so that they converge in
front of retina. This inaccuracy is called refractive error. Several studies (Curtin,
1985; Alphen, 1961; Curtin & Karlin, 1971; Jansson, 1963) have shown that the
refractive status of an eye is determined primarily by axial eye length (AEL). The
average refractive error at birth is approximately 1 to 2 diopters (D) of hyperopia, and
AEL approximately measures 17 mm. By adulthood, the AEL grows to about 24 mm
resulting in little change in refractive error, because the radius of curvature of the
corneaincreases and the refractive power of the lens decreases (Curtin, 1985; Sorsby,
et al., 1962).

2.8. Ocular morbidity

High myopia is associated with progressive and excessive elongation of the globe,
accompanied by degenerative changes in the choroid, sclera, Bruch’s membrane,
retinal pigment epithelium, and neural retina (Young, 2004). Myopia occurs
frequently in association with infant prematurity (Palmer, et al., 1994) and has been
linked to juvenile chronic arthritis (JCA) (Fledelius, et al., 2001). A more serious
ocular involvement is feared in either of the conditions, i.e. retinopathy of prematurity
following preterm birth and anterior uveitisin JCA. In anumber of inherited X-linked
retinal disorders like retinitis pigmentosa linked to the RP2 and RP3 locus
(corresponding to Xpll.23 and Xp21.1, respectively) (Flaxel, et al., 1999;
Y okoyama, et al., 2001) and X-linked congenital stationary night blindness (CSNB1,
CSNB 2) (Pusch, et al., 2000; Strom, et al., 1998), moderate to high degrees of

myopia are frequently observed both in carrier females and affected males.
2.9. Prevalence and Economic | mpact

Myopia the most common eye disorder and significant ocular health burden is
associated with increased risk of vision loss around the world (Fredrick, 2002). The
prevalence varies by country and by ethnicity, reaching as high as 70-90% in Asian
populations (Curtin, 1985; Leibowtiz, et al., 1980). Nearly epidemic levels (up to
80%) have been reported in Hong Kong (Lam & Goh, 1991; Yap, et al., 1993;
Edwards, 1999; Lam & Edwards, 1999), Singapore (Tan, et al., 2000; Wong, €t al.,
2000; Hui-Min, et al., 2001), Taiwan (Lin, et al., 1998; Lin, et al., 1999) and Japan
(Matsumura & Hirai, 1999). The prevaence varies between 30- 40% in Europe and
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America and 10-20% in Africa (Katz, et al., 1997). Myopia affects 25% population in
United States (Burton, 1990). Economically myopia is a burden to society due to
expenses for regular eye examinations, cost of spectacles and contact lenses and
refractive surgery charges. The prevalence of myopia has been estimated at roughly
25% of adultsin the United States, with associated costs of examination and treatment
in excess of $4.6 billion (Javitt & Chiang, 1994; Sperduto, et al., 1983; Jones, et al.,
2007).

2.10.Environmental vs Genetic factors

Epidemiological and experimental animal studies add support to the concept that
environmental factors influence ocular development. Myopia development during
school and college years and in some occupations requiring prolonged near work,
suggests the critical role played by near vision stimulus in the development of myopia
(Stambolian, et al., 2006). Although precise nature of this stimulus remains elusive
one current theory suggests that lag in accommaodation shifts the image focus during
near vision behind the retina (Schor, 1998), which is consistent with the observation
that myopia can readily be induced in animals experimentally by hyperopic defocus,
i.e. by fitting concave lenses. The chicken/egg dilemma in myopia pathogenesis is
highlighted by the concurring theory that assumes the opposite, i.e. that excessive
instead of insufficient accommodation results in axial elongation by exerting
mechanical pressure on the eye wall (Morgan, 2003; Jacobi, et al., 2005). Evidences
support the notion that genetic factors play an important role in the development of
high myopia (Feldkamper & Schaeffel, 2003; Tang, et al., 2008; Y oung, et al., 2007;
Schaeffel, et al., 2003; Wang, et al., 2008). Myopic parents more often give rise to
myopic children than nonmyopic parents. Also, multiple studies with twins confirmed
the higher similarity in identical twins compared to fraternal twinsin terms of myopia
development. Myopia susceptibility genes should be screened to identify possible
alelic association of these genes with the expression of the disease. Genetic
polymorphic studies provide the most information with respect to elucidating the
mechanism for myopia progression (Stambolian, et al., 2006; Han, et al., 2006; Lin, et
al., 2006).
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2.11.Animal Models

Animal studies in juvenile and newborn monkeys, chick models, and tree shrew have
revealed emmetropization mechanism that normally maintains a match of AEL to
optical power so that photoreceptors are in focus for distant objects. All studies add
support to the observation that eye growth is affected by the quality of visua
experience in early period of life. In anima models of myopia, active remodeling of
sclera plays a crucial role in axial elongation (McBrien & Gentle, 2003; Rada, et al.,
2006). Scleral remodeling involves reduced production of extracellular matrix which
results from reduced production of collagen and proteoglycans and from increased
collagen degradation aong with concomitant increased activity of matrix
metalloproteinase 2 (MMP2) and a reduction in the activity of tissue inhibitors of
MMP. Transforming growth factor p (TGF) together with its receptor expressed in
eye tissues (Saika, 2006) also regulates the proliferation of fibroblasts and production
of collagen, MMP2, and tissue inhibitors of MMP (Overal, et al., 1989).
Experimentally induced myopia is achieved by many ways, such as lens-induced
optical defocus, form deprivation and restricted visual environment conditions
(Sherman, et al., 1977; Troilo & Walman, 1991; Wallman & Mc Fadden, 1995z;
Wallman, et al., 1995b; Wildsoet, 1997; Norton, 1999; Raviola & Wiesel, 1985;
McBrien & Norton, 1992). Lens-induced optical defocusis based on shifting the eyes
focal plane posteriorly (with minus lenses) or anteriorly (with plus lenses) (Figure
2.3). Negative lenses cause axial elongation of the eye, which continues until retinal
location shifts by the amount that almost matches the shift of the focal plane (Irving,
et al., 1991), however positive lenses act inversely to decrease the axial length
elongation rate in tree shrews (Siegwart & Norton, 1993) and chicks (Irving, et al.,
1995). The concept of recovery from induced myopia emerged after it was reported
that induced chick axia elongation due to form deprivation showed recovery when
patterned light was restored in young anima groups (Walman & Adams, 1987;
Young, et al., 2007).
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Figure 2.2. Change in blur circle size following an increment in axial growth. The solid eye ball
boundry indicates the original boundry of the sclera, the dashed boundry indicates the boundry with an
increment in ocular growth. Dots on boundries indicate the positions of nodes in the retinal region of
interest. For myopic defocus (focal plane located in front of retina), incremental changes in growth
result in increased blur circle size at nodes in the retinal region. For hyperopic defocus (focal plane
located behind retina), incremental changes in growth result in increased blur circle size. Hyperopic
defocus will cause myopia due to excessive axial growth, while myopic defocus will cause relative
hyperopia due to reduced growth.

2.12.Molecular Genetics

Genetic mapping for a complex common disorder like myopia has been progressive,
an X-linked recessive form of myopia has been mapped and designated the first
myopialocus, MY P1 (Schwartz, et al., 1990). Young et al studied several medium to
multigenerational families with autosoma dominant high myopia and reported
significant linkage to chromosome 18p11.31, MY P2 locus (Y oung, et al., 1998a) and
12g23.1-24, MYP3 locus (Young, et al., 1998b) and long arm of chromosome 17
(Paluru, et al., 2003). Niaglin reported a novel locus for autosomal dominant high
myopia on 7936 (Naiglin, et al., 2002). Fourth aytosomal dominant locus on
chromosome 17¢21-g22 (MYP5) was determined in a large multigenerationa
English-Canadian family (Paluru, et al., 2003). Paluru, et al., 2005, identified
autosoma dominant high myopia locus on chromosome 2937 in a large,
multigenerational white US family. Loci on chromosome Xq23-g25 and 4q have also
recently been identified by Zhang, et al. (Zhang, et al., 2006; Zhang, et al., 2005) in
ethnic Chinese families. Eight additional regions (14q, 4022-028, 8g22.2, 10922,
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11923, 13922, 14932, and 17qter) showed nomina linkage evidence. Hammond, et
al., 2004 evaluated 221 dizygotic twin pairs with moderate myopia and found
significant linkage to 4 loci, with a Maximum LOD score of 6.1 on

chromosomel1lpl3 and a recent study group (Wojciechowski, et al., 2006) found
significant evidence for linkage of refractive error to a novel quantitative trait locus

on chromosome 1p36 in an Ashkenazi Jewish population (Young, et al., 2007).
2.13.Candidate Genes

In addition to enhancing our understanding of the underlying biology of myopia, a
better understanding of genetic factors in myopia might lead to improvements in
prediction of myopia onset, treatment and prevention. Identification of the genetic
factors involved in complex traits is complicated by the involvement of a number of
genes, genetic epistasis, and population heterogeneity. Despite these issues, severa
research groups have made strides in the last eight years towards identification of
genetic regions of interest with respect to myopia. The studies have been of families
with histories of pathological myopia (Muitti, et al., 2007). These regions include
18p11.31 in eight American (Young, et al., 1998a) and 15 Chinese families (Lam, et
al., 2003a) , 17g21-22 in an English/Canadian family (Paluru, et al., 2003) , 12g21-23
in a Germar/Italian family (Young, et al., 1998b), 7936 in 21 French and two
Algerian families (Naiglin, et al., 2002; Muitti, et al., 2007) and 2g37.1 in an
American family of Northern European extraction (Paluru, et al., 2005). Linkage
analysis studies have also implicated association of various chromosomal loci with
high myopia including MY P2 locus on chromosome 18p11.31. This locus is believed
to harbour genes involved in sclera formation and regulation (Y oung, 2004) thereby
making it most preferential locus with potential to harbor the candidate gene for the
disease. MY P2 locus has been screened and multiple candidate genes for high myopia
identified within this critical region and within the other mapped loci by Young et al.
Some genes have been excluded based on screening results. There are 9 known and 6
hypothetical genes considered to be candidates based on mapped position within
MY P2 interval. All sequences within this region have been labeled as “finished”, and
there are no known gaps within the interval. The genes (Figure) that map to the MY P2
critical region include clusterin-like 1(CLUL1), eastin microfibril interfacer 2
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(EMILIN2), myomesin 1 (MYOML), lipin 2 (LPIN2), myosin regulatory light chain 3
(MRCL3), myosin regulatory light chain 2 (MRLC2), large Drosophila homolog
associated protein 1 (DLGAPL), transforming growth B-induced factor (TGIFS) and
zinc finger protein 161 homolog (ZFP161) (Scavello, et al., 2005).

18
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Figure 2.3. Ideogram of chromosome 18 highlighting known candidate genes within the MY P2
interval.

These genes are important for constituent organization and maintenance of connective
tissue function and are additionally expressed in retina and influence the growth of
sclera (Wallman, 1993). This retinal hypothesis emanates mainly from animal studies
of experimental myopia. The induction of myopia in juvenile animals by deprivation
of form vison demonstrates a visual feedback mechanism in eye growth control.
Experimental work indicates that this neural control mechanism is at least partly
localized to the retina, but how retinal signals directly control the growth of the outer
coats of the eye is presently unknown. Transcription factors and regulatory genes
expressed in retinalike CLUL1, MRLC2, MRCL3, TGIF, ZFP161 and DLGAPL may
play arolein regulating eye growth (Scavello, et al., 2005).

EMILIN proteins are a group of extracellular matrix multimeric glycoproteins
(Colombatti, et al., 2000) including EMILIN1, EMILIN2 and Multimerinl,
Multimerin2. They share four protein domains. C-terminal C1lg domain, collagenous

domain, coiled-coil domain and N-terminal cysteine-rich domain (EMI domain). The
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domain organization suggests shared in addition to some specific functions for each of
these EMILIN proteins. The proline-rich domain of EMILIN2 provides structural
flexibility and unique protein-protein interaction sites. EMILIN2 most closely
resembles EMILIN1 (Doliana, et al., 2001), sharing 70% and 75% identity at N- and
C-terminal domains, respectively. C1q is the target recognition domain of the
classical pathway of complement activation and a connecting link between innate and
acquired immune systems (Hayward, et al., 1995). The C1g domains bind to form
homo and hetero-multimers. EMILIN2 forms heterotrimers with EMILIN1 and
partialy co-localizeswith EMILIN1 in cell culture (Sa& Hoover-Plow, 2011).

EMILIN2 encodes for an elastic fiber interacting protein that confers elasticity to the
extracellular matrix (Doliana, et al., 2001). It spans 68 kb and has 9 exons encoding a
4009 bp transcript. It has a unique multimodular organization with C1g-like globular
domain at the C terminus, a short collagen-like region, a long segment of about 650
residues with a high potential for forming coiled-coil a-helices, and a cysteine rich
domain at N-terminus. It is deposited extracellularly as a fine network and broadly
expressed in connective tissues having cell adhesion promoting functions and is
particularly abundant in blood vessels, skin, heart, lung, kidney, and cornea (Bressan,
et al., 1983; Colombuatti, et al., 1988). The expression profile, pro-adhesive functions,
and domain characteristics are suggestive of its fundamental role in the process of
elastogenesis in association with other extracellular matrix constituents (Doliana, et
al., 2001). This may be an important association in scleral wall elasticity seen in high
myopia. Mutation screening of EMILINZ2 resulted in 8 polymorphisms, 4 silent, 1
missense, and 3 were in the untransilated region (UTR). None of these
polymorphisms segregated with the affected status (Scavello, et al., 2005).

MYOML1 dternatively known as skelemin is a 36 exon gene spanning 128 kbps.
Protein being structural constituent of cytoskeleton is thought to integrate the thin and
thick filaments while conferring elasticity to M-band of sarcomere in striated muscle
(Wang, 1985; Maruyama, 1986; Trinick, 1991). It is a member of immunoglobin
super family (Price & Gomer, 1993) binding extracellular matrix proteins (Diamond,
et al., 1991). MYOM1 may aso play an important role in the assembly and
stabilization of myofibrils (Speel, et al., 1998). Mutation screening of this gene
(Scavello, et al., 2005) resulted in 39 polymorphismss, out of which 5 were silent, 4
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missense, 29 Intronic, and 1 in UTR. Eight of the polymorphic variations were novel
but none of these segregated with the disease status. Myomesin 1, like other
myofibrillar proteins contains structura modules with strong homology to either
fibronectin type 111 (motif 1) or immunoglobulin C2 (motif 11) domains. Myomesin 1
and myomesin 2 each have a unique N-termina region followed by 12 modules of
motif 1 or motif Il, in the arrangement 1-11-1-1-1-1-1-11-11-11-11-11. Further the two
proteins share 50% sequence identity in this repeat-containing region. The head
structure formed by these 2 proteins on one end of the titin string extends into the

center of the M band (Entrez Gene).

TGIF is a 46 kb DNA binding homeo-domain protein containing 10 exons and
belongs to three amino acid loop extension homeobox family (Wotton, et al., 1999a;
Wotton, et al., 1999b). It is a transcription repressor with multiple actions including a
role in retinoid-responsive transcription (Bertolino, et al., 1995). TGIF mutations are
associated with holoprosencephaly, a congenital craniofacial and brain anomaly
disorder (Overhauser, et al., 1995; Muenke & Beachy, 2000; Gripp, et al., 2000;
Chen, et al., 2002; Scavello, et al., 2005). Genetic evidence supporting a role for
TGIF in myopia pathogenesis came from analysis of a Chinese cohort where six
single nucleotide polymorphisms (SNPs) were significantly associated with high
myopia (Lam, et al., 2003b). However, a significant association with this gene could
not be replicated in a second Chinese case control study of high myopia population
(Li, et al., 2003). A Japanese case control study of high myopia individuals aso
analyzed this gene by using 13 SNPs across the TGIF gene and failed to identify
significant association (Hasumi, et al., 2006).Till date, it was only in Caucasians that
coding regions, and intron/exon boundaries of TGIF were sequenced in 10 cases (< -
6.00 D) from European high-myopia families and 10 unrelated emmetropic control
individuals (0.00 D). Surprisingly no significant sequence variants were detected in
the high myopia subjects compared to controls (Scavello, et al., 2005). Currently
published studies of TGIF gene have concentrated on the myopia phenotype
(refraction) asthetrait of interest (Pertile, et al., 2008).

DLGAPL (DISCS large associated protein 1. also known as DAPL or GKAP) is a
member of the PSD95 domain containing family of molecules that are collectively

known as “chapsyns’ for their function as channel associated proteins. Chapsyns are
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known to have one to three conserved domains: a binding domain found in the amino
(NH2) or the carboxyl (COOH) regions, a sulfhydryl (SH3) group, and a guanylate
kinase domain in the carboxyl region (Kim, et al., 1997). It is known to be highly
enriched in synaptosomal preparations of the brain in addition to its presence in the
post synaptic density (NCBI). Mutation screening of this gene resulted in 3
polymorphisms, 2 silent, and 1 missense. One polymorphic variation was novel and
none of these segregated with the affected status (Scavello, et al., 2005).

2.14.Ethnicity

Ethnicity makes a great contribution to the development and progression of myopia.
Indeed, it is the ethnic diversity that appears to distinguish different popul ations with
regard to prevalence. Myopia is the most prevalent ocular disorder globally that is on
rise reaching epidemic proportions. Singapore has the dubious reputation of having
the highest prevalence in the world. Whereas the prevalence of myopia in the United
States is estimated to be 25%, and the prevalence in India to be 19%, in the Asian
cities of Singapore, Hong Kong and Taiwan, prevalence rates of myopia are
considerably higher (Sperduto, et al., 1983; Dandona, et al., 1999). A study of 4,000
Taiwanese schoolchildren revealed myopia prevalences to be 40% at age 12 years,
and 70% at age 15 years (Lin, et al., 1988). All these studies provide evidences for the
ethnic background of the disease (Tan, 2004).

2.15. Therapeutic interventions

The prevaence of myopia has been estimated at 25% with increasing trends toward
surgical correction the most widespread surgical procedure for the correction of
myopia has been laser in situ keratomileusis (Hamilton, et al., 2004, Duffey, et al.,
2004). It provides a safe and effective procedure for the surgical correction of myopia,
but it also carries a number of potentia limitations in the treatment of eyes with high
myopia (-8.0 diopters), including corneal ectasia, severe night glare and worsened
best corrected visual acuity (BCVA) (El Danasoury, 1998; Oshika, et al., 1999;
Seiler, et al., 1998; Stulting, et al., 1999). These concerns have prompted the
expansion of refractive surgery options to include other procedures, like
photorefractive keratectomy, clear lens extraction and phakic intraocular lens (I0L)
implantation. Photorefractive keratectomy initially showed great promise, but recent
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studies citing poor long-term stability of BCVA and visual disturbances from excess
corneal ablation and smaller opticd zones have blunted enthusiasm for
photorefractive keratectomy, which uses older and conventional excimer lasers
(Hersh, et al., 1998; Pop & Payette, 2004; Tahzib, et al., 2007). Newer excimer lasers
and wave front guided ablations have shown promise and there is renewed interest in
performing surface ablation for high myopia (Bilgihan, et al., 2004, Kim, et al., 2004;
O'Brart, et al., 2006). Clear lens extraction has also been employed for many years
for the correction of high myopia but has some significant complications limiting its
widespread adoption, the primary concern being an increased risk of retinal
detachment (Fernandez-Vega, et al., 2003; Kubaogclu, et al., 2004; O'Brien, et al.,
2002). Severa categories of phakic 10Ls, including posterior chamber lenses, angle-
supported anterior chamber lenses and iris-fixated lenses are available. The most
promising type of phakic IOL istheirisfixated lens (Silva, et al., 2008).
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3.0. Chemicals & Reagents

Chemicals and reagents used were of standard analytical molecular biological
grade unless otherwise specified (Supplrmentary data: S1.1-S1.10)

3.1. Methodology
3.1.1. Sample collection

A total of 423 venous blood samples (247 with high myopia of > -6D and 176 healthy
controls) were recruited for the study (Sample details, Annexure I-V11). During the
survey for high myopia, subjects were recruited from S.H.M.S. (Ophthal mology
Unit) as well from our Ophthalmologist’s clinic. Informed consent was obtained
from the study subjects after an explanation of the nature and possible
consequences of the study. Criteria for selection included a history of onset of
myopia in all affected subjects, with degree of myopia more than -6D in one or
both eyes. Individuals were excluded if there was known ocular disease such as
retinopathy, cataract or if they had a known genetic disease associated with
myopia, such as Stickler or Marfan syndrome. Non-Kashmiri and non-Muslim
subjects were also excluded. The control subjects had no or very little degree of

myopiain one or both the eyes.

An ophthalmologic examination of the participating subjects was performed by
our ophthalmologist. The ophthalmologic evaluation included measuring visual
acuity, keratometry, and retinoscopy, a slit lamp examination of the anterior
segment, fundus examination and measurement of axial length. Auto refraction
was taken and A-scan was done on both eyes. Subjects were encouraged to narrate
al the details relevant to this study. This included age of the subject, history of
onset of myopia, any associated ocular complications and information regarding

close work.

Venous blood samples were collected in 0.5M EDTA for DNA extraction and high
molecular weight DNA was extracted by proteinase K method (Blin, et al., 1976)
and Salting out method (Nasiri, et al., 2005)
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3.1.2. DNA extraction from blood
I. DNA extraction using proteinase K

5 ml EDTA treated blood was taken in a 50 ml sterile falcon tube. To it 15 ml of
lysis solution was added, followed by the incubation at -20°C for 30 minutes.
After incubation, it was centrifuged at 3000 rpm for 10 minutes at 4°C. The
supernatant obtained at this step was discarded and the pellet was washed three
times by adding 5 ml of erythrocyte lysing buffer and steps 4 and 5 were repeated.
Now 10 ml of SE buffer (75mM NaCl; 20mM NaEDTA; pH 8.0) and proteinase
K (100ug/ml) were added to the pellet and mixed, followed by the addition of 2 ml
of 10% SDS.

The tube was left for overnight incubation at 37°C in awater bath. After overnight
incubation, Equal volume of TE equilibrated phenol was added to the tube and
mixed gently on overhead shaker for 20 minutes followed by centrifugation at
4000 rpm for 10 minutes at 4°C. The Supernatant obtained at this stage was taken
in fresh sterile falcon tubes with the help of micropipette fitted with wide bored tip
and equal volume of phenol and CIA (1:1) was added (CIA=Chloroform-
isoamylalcohol; 24:1).This mixture was shaken on overhead shaker for 20 minutes
and steps 11 and 12 were repeated. Now equal volume of CIA was added to the
supernatant and the mixture was shaken on overhead shaker for 20 minutes and
steps 11 and 12 repeated again.

Now 1/10 volume of chilled 3M sodium acetate solution and 2.5 volumes of
chilled absolute ethanol or equal volume of isopropanol was added to the
supernatant and mixed gently. White thread like precipitate of genomic DNA
appearing at this step was transferred to 1.5 ml microfuge tube and centrifuged at
6000 rpm for 5 minutes. The pellet obtained was washed twice with 500ul of 70%
ethanol and recentrifuged. Further, DNA pellet in the microfuge tube was allowed
to dry at room temperature and finally the air-dried pellet was dissolved in 500 pl
of autoclaved ddH,O and incubated at 65°C for 10 minutes. The DNA solution
thus obtained was stored at -20 for further use.
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1. DNA extraction by modified salting out method

5 ml EDTA treated venous blood was taken in 50ml sterile falcon tubes and
mixed with 8 ml of lysis buffer and the tubes were incubated on ice for 10
minutes, followed by centrifugation for 5 minutes at 2500 g (4 °C).The
Supernatant was discarded and to the pellet, 300ul of 10mM tris-HCI , pH 8 was
added. Pellet was released from the bottom of the tube by vortexing, followed by
Centrifugation for 15 minutes at 7000 g. The supernatant was again discarded.
Now to the pellet 330ul of 10mM tris-HCI, pH 8 and 330ul of laundry powder
solution (conc. 30mg/ml) and a glass bead was added in each tube. Vortexing was
done for 1 minute followed by addition of 250ul of 5 or 6 M NaCl and vortexed

for another 20 seconds.

Then it was centrifuged for 5 minutes at 15000g. The supernatant was transferred
carefully to fresh 1.5ul microfuge tubes with the help of micropipettes and equal
volume of 96% ethanol was added to the supernatant for precipitation. Then DNA
precipitate was retrieved carefully and washed 2-3 times with 500ul of 70%
ethanol. Then the precipitated DNA pellet was alowed to air dry at room
temperature. Then air dried pellet was dissolved in mq water or Tris—HCI, pH=8.
It was incubated for 5 minutes at 70°C, followed by storage at -20°C.

3.1.3. Agarose gel electrophoresis

Agarose gel eetrophoresis (Aaiji et al., 1972) was carried out to establish the quality
of the genomic DNA using 0.8% agarose and for comfirming the specificity of the

amplicon on 1.5% agarose.

Agarose gel was prepared by dissolving 0.4g agarose in 50 ml 1x TAE and allowed to
cool to 50-60°C before adding ethidium bromide to afina concentration of 0.5 pg/ml.
The gel solution was mixed by gentle swirling. The solution was poured into an
electrophoresis plastic tray (with seded edges) with comb inserted and gel was
allowed to cool for approximately 20 min. Then 200ng of DNA sample was mixed
with 1ul of loading dye and loaded in to the slots of submerged gel using a
micropipette, using 1x TAE as running buffer. A DNA marker was loaded in the last
lane. Electrophoresis was carried out at 100 volts for 40 minutes. DNA band pattern

was visualized by placing the gel under UV light in a transilluminator and
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photographed (Supplementary data Fig. S2). The samples showing bright, intact
bands with no fragmentation or shearing and without any apparent contamination

or streaking were chosen for further analysis.
3.1.4. Determining the concentration and purity of isolated genomic DNA

The concentration of genomic DNA was determined by measuring the absorbance
at wavelength 260nm against a blank using double beam spectrophotometer. DNA
samples were diluted (1:100) with distilled water before recording the absorbance.
The absorbance of 1 OD at 260 nm is approximately equivalent to 50ug/ml of ds
DNA. The formula for the calculation of DNA concentration is depicted below.

DNA conc. (ng/ml) = ODg x dilution factor x 50 ug/mil.

Purity of extracted genomic DNA was established by OD2g,/OD2gp .The samples
having this ratio between 1.7-1.9 are considered pure and free from contamination.

3.2. PCR Amplification

PCR amplifications were carried out in a reaction volume of 50ul containing 50-
100ng of genomic DNA, 200 uM of each dNTP, 0.6 pm of each primer, and 1.0 unit
of Tag polymerase in Tag Buffer containing TrissHCI, KCI, (NH4).SO,4, 1.5mM
MgCl,; pH 8.7). The primer details and PCR protocol and programme are given in
table 3.1, 3.2, and 3.3 respectively.

Table 3.1. Primer characteristics

. . Product
Gene Exon Primer Sequence Annealing size(bp)
F; 5 GCCTCCCCACCACACCAG 3
TGRpL 1 R; 5 ATCCTGTCCAAGCTGCGGC 3 60 231
2 F; 5 CCCAAATTGTCTATCGGTG 3 54 047
TGIE R; 5 GACTAGGTTCAAGCCAATG 3
6 F; 5 GGGAATAAGTGAGGGGCTCT 3 60 472
R; 5 CCTGAACCAGTCGCAAAGTT 3
F; 5 CTGGAGTCGCAGGCCGTGGAAGCG 3
DLGAPI 4 R; 5 ACATGGGTGGTATCTTGTTCCTGG 3 67.8 300
5 F; 5'GTCCACGGCATCCAAGCAGACCAC 3 678 223
R; 5 TGTTTTCCTCAGGGACAGGCG 3 ’
4 F; 5 CATGAAGTTGTTTACACTTCAACTTAC 3 63 260
MYOM1 R; 5 CTCAGTGTGATCACACAGCAT TG(,3 3
19 F; 5 TGCTTCTACACCTGCTTCTA CAG 3 56 259
R; 5 TTATATTCAGATAGCACACATTGA 3
29 F; 5 CCATTTCCTTTCAACCAGAAAGGG 3 52 218
R; 5 CATACATCTGCATG CCCTCCTGG 3
F; 5 TTGGTCAACAGATCAAGACATTGGACC3
EMILINZ 4 R; 5 GAACGCTCCCCAGACGGTCTTCCAGAG 3 66.7 300
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Table 3.2.Giving volume and final concentration of different reagents used in amplification process

Reagent Final concentration Volumerequired

Taq Buffer (10X) 1X 50ul
dNTP mix (2mM) 0.2Mm 50ul
Forward Primer 10 pmoles/pl 0.4 pmoles/pl 2 pl

Reverse Primer 10 pmoles/pul 0.4 pmoles/pl 2 pl

Taq DNA Polymerase 5U/ul 0.01 unity/ pl 0.1 pl
Genomic DNA 50-100ng 20ul
MilliQ water 33.9 ul
Total Volume 50.0 pl

Table 3.3. PCR Cycling Parameters X= Different for different primer sets, respectively.

STEP TEMPERATURE (°C) TIME
Initial Denaturation 94 10 min
Denaturation 94 45sec
Annealing X 45 sec 35 Cycles
Extension 72 45 sec
Final extension 72 5min

To check the concentration and the quality of the PCR products, a 5ul aliquot
was analysed on (1.5%) agarose gel (Supplementary data Fig. S3).

3.2.1. Purification of PCR products

Prior to sequencing, PCR products were purified. For the purification, PCR
products were mixed with loading dye and loaded on 2% agarose gel and run at
100 volts for amost 60 minutes. The bands were visualized under UV
transilluminator. Sharp and specific bands (compared with marker run on same
gel) were excised from the gel with a sharp sterilized surgical blade and purified

either using the kit or with glass beads.
3.2.2. Purification using glass beads (SiO,)

Each excised gel piece was weighed and 3 volumes of sodium iodide were added.
The tubes were incubated in a water bath at 45-55°C for 5 minutes or till the gel
melts completely. The tubes were gently shaken during this process and 10-15 pl
of glass milk was added to each tube and incubated on ice for 15 min, vortexing
dlightly 2-3 times during incubation. Then the tubes were centrifuged in a
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microfuge at maximum speed for 45 sec and the supernatant was discarded. Now
to the glass milk pellet, 500ul of Wash buffer was added to resuspend the pellet
completely by vortexing, followed by centrifugation at 14,000 rpm. This washing
step was repeated twice. Third time washing was done without resuspending the
pellet. After washing, the pellet was allowed to air dry. The air dried pellet was
reconstituted in appropriate volume of MilliQ water to adjust the concentration

range between 25-50ng/ul. Purified PCR products were stored at -80 °C till
sequencing.
3.3. CSGE (Conformation Specific Gel Electrophoresis)

Amplicons were subjected to heteroduplex assay for which heteroduplex formation
was accomplished by denaturing the PCR products (100-200ng) at 95°C followed
by random annealing at 68°C. The heteroduplexes were analysed on a 10%/12%
acrylamide gel using standard conformation sensitive gel electrophoresis (CSGE)
protocol (Ganguly, et al., 1993). The gel was silver stained according to standard

procedure.

There are at least two principles on which the CSGE method works. First, single-base
mismatches can produce conformational changes in the double-stranded DNA,
leading to the differential migration of heteroduplex and homoduplex. Second, mildly
denaturing solvents in an appropriate buffer can intensify the conformational changes
produced by single-base mismatches, resulting in the increased differential migration
of heteroduplexes and homoduplexes. The CSGE method involves heteroduplex
anaysis of PCR products in a novel, mildly denaturing polyacrylamide gel matrix
using a different cross-linker, bis-acrolyl-piperazine, instead of the conventional bis-
acrylamide. Essentially, the protocol involves amplification of the entire coding
region in small fragments and analyzing them by CSGE. The presence of additional
slow or differentially migrating bands in comparison to normal sample indicates the
presence of heteroduplex bands, which are suggestive of presence of mutation
(Supplementary data Fig. $4). The samples that show heteroduplex bands have to be
sequenced to locate and identify the nature of mutations (Lakhotia and
Somasundaram, 2003).

@ Doctoral Thesis (2013) Shabhat Rasool 28



Chapter — 3

Material and Methods

Key

Yellow = normal sequence

Green = mutant sequence
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Step 5: In mutation scanning, variant DMA segments (e, those segments associated with heteroduplex
farmation) may be subjected ta further testing, such as seguence analysis, to identify the sequence
alteration (mutation]).

Figure 3.1. Detection of mutations by using conformation-sensitive gel electroporesis (CSGE). One
band appears in the normal sample, while additional bands appear in the case of the patient. The
additional slow or differentially migrating bands represent heterodulplx DNA species. Source website:
nstitutoroche.es.

3.3.1. Protocol for performing CSGE: Preparation of 12% Acrylamide Gel

A 0.75-mm thick gel with 15-well comb prepared with 12% polyacrylamide (99:1
ratio of acrylamide to 1,4-bis(acryloyl) piperazine), 10% ethylene glycol, 15%
formamide, 0.1% 0.07%  N,N,N’,N’-
tetramethylethylenediamine in 0.5x TTE buffer (44 mM Tris/14.5 mM Taurine/0.1
mM EDTA buffer, pH 9.0) was prepared, using the protocol given in (Table 3.4)

ammonium  persulfate, and
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Table 3.4. Volume & final concentration of different reagents used in the preparation of 12%
acrylamide gel

Component Volume (ml)
Acrylamide Mix 9
Ethylene Glycol 3
Formamide 4.5
20X TTE (pH 9.0) 0.75
Double Distt. Water 12.429
10% APS 0.3
TEMED 0.021

Total Volume 30 ml

3.3.2. Running the gel

The optima polymerization time was about 1hr. PCR products containing
heteroduplexes were mixed with 3 pl of 10x stock loading buffer (10x stock
solution of 30% glycerol, 0.25% bromophenol blue, 0.25% xylene cyanol FF). The
gel was pre-electrophoresed for 45min. Samples were separated by
electrophoresis at room temperature on a maxiformat apparatus (Biorad; 20 x 16
mm, with 1mm thickness) using 0.5x TTE as the electrode buffer. The samples
were electrophoresed at 150 volts overnight (16-18 hours), after electrophoresis,
the gel was silver stained and photographed (Supplementary data Fig. $4).

3.3.3. Silver Staining of the gel

The silver staining technique (Bassam & Gresshoff, 2007) is an efficient method
for visualizing DNA fragments and other organic molecules. This method
measures DNA in picogram concentrations reliably, further integrity of the
protocol is proved by its simple implementation and fast approach. The staining of
the polyacrylamide gel was done on a clean plastic tray. Sufficient volume of
fixing solution was poured in to the tray to cover the gel completely. For fixation,
tray containing the gel was kept on rocking platform for about 10 minutes.
Following the fixation, the solution was decanted carefully without touching the
surface of gel. Washing was done with double distilled water for 2 minutes,
keeping the gel tray on rocker. The wash step was repeated two times for a total of

three washes. After the completion of washing steps, formaldehyde solution was
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added to completely cover the gel and placed on rocking platform for 10 minutes
after which the solution was removed completely. Now silver nitrate solution was
added to the gel in the staining tray, and kept on rocking platform for ~20 minutes.
Staining was followed by decanting carefully without touching the gel surface.
The gel was briefly rinsed to remove residual silver solution from its surface for
10 seconds. Chilled developer solution (4°C) was added to the gel in the staining
tray, and the tray was agitated throughout image devel opment which takes from 3-
10 minutes. Then the developer solution was decanted carefully without touching
the gel surface. To stop the reaction, the developer stop solution was added to the
gel in the staining tray, gel being kept in stop solution for 5-10 minutes. Finally,
the stop solution was decanted carefully without touching the gel surface and the
gel was again rinsed with double distilled water. The gel was dried and covered
with cellophane wrap for preservation.

3.4. DNA Sequencing

The concentration of purified PCR products was again approximated by intensity
comparison on an agarose gel, with that of the corresponding molecular weight
marker band. Product concentration was adjusted between 20 to 50ng by adding
appropriate volume of MilliQ water.

3.4.1 Sequencing of purified PCR products

Sequencing was done commercially using the services of Scigenom Cochin,
Kerala. DNA sequences of the amplicons were obtained in fasta and pdf formats.
For analysing of the sequencing data in fasta format, software programs Clustal X
version 2 (for sequence alignment; Supplementary data Fig. S5A, S5D, S5H, S5K,
SEN, S5P, S5S, S5V) (Thompson, et al., 1997; Larkin, et al., 2007) and Chromas
Pro Version 1.49 beta 2 (for detailed inspection of the individual chromatograms,
Supplementary data Fig. S5B, S5C, S5E-S5G, Sbl, SbJ, S5L, S5M, S50, S5Q,
S5R, S5T, S5U, S5W- S5Y), were used. The pdf file of each DNA sequence was
used for visual inspection of the sequencing chromatogram using Acrobat Reader
8.0.
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3.5. Statistical Analysis

Genotypes were obtained by direct counting with subsequent calculation of allele
frequencies. Statistical analysis was undertaken using the x* test and significance
value (p). A p value of <0.05 was considered significant. Adherence to the Hardy-
Weinberg equilibrium constant was tested using the y* test with one degree of
freedom. Odds ratio and confidence interval was also calcul ated.

3.6. Sequence submission for 3D modeling

The amino acid sequence of the protein in fasta format obtained from (NCBI)
(www.ncbi.nlm.nih.gov) was submitted to an automated server (I-TASSER)
(zhang.bioinformatics.ku.edu/I-TASSER) for 3D structure prediction (Zhang, 2007b;
2008). The server furnishes the predicted 3 D structure in a pdb format.

| TASSER server furnished five PDB files in each case, wild type and mutant,
representing the probable tertiary structures of the protein, with C-Scores,
respectively. C-score is a confidence score for estimating the quality of predicted
models by I-TASSER. C-score is typically in the range of [-5, 2], where a C-score of

higher value signifies amodel with a high confidence and vice-versa.
3.6.1. Viewing the PDB filesand free energy calculations

Swiss PDB Viewer was used for viewing pdb files and computing the free energy
(Supplementary data Fig. S6.1-S6.3 & table S6.1-S6.3) of the predicted 3D structures
(Camacho, et al., 2000; Camacho, et al., 2003; Comeau, et al., 2004).
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4.1. TGFp1 Codon 10 Polymorphism Contributes to High Myopia in an
Ethnic Kashmiri Population from India

Shabhat Rasool*, Ishfaq Ahmed®, Rubiya Dar*, Sheikh Gazalla Ayub®, Sabia Rashid?, Tariq Jan®, Tahir
Ahmed”, Niyaz A Naikoo®, Khurshid |. Andrabi*

Departments of Biotechnology® & statistics® University of Kashmir; Ophthalmology Unit, Govt.
Medical College®; Department of General Medicine, Sub-District Hospital Kangan®; Immunology &
Molecular Medicine SKIMS®, Jammu and Kashmir, India.

Biochem Genet: 2013, 51(3) 323-333

4.2. Abstract

This study looks at novel variants of the TGFB1 gene and their potential association
with high myopia in an ethnic population from Kashmir, India. Allele frequencies of
247 Kashmiri subjects (from India) with high myopia and 176 ethnically matched
healthy controls were tested for Hardy—Weinberg disequilibrium. The genotype and
alele frequencies were evaluated using chi-square or Fisher’s exact tests. One of the
three SNPs in codon 10 showed a significant difference between patients and control
subjects (rs1982073: p genotype=0.003, p allele=0.001). There were no statistically
significant differences between patients and control subjects for the other two SNPs,
rs1800471 at codon 25 and a novel variant at codon 52. SNP rs1982073, substituting
proline with leucine, appeared to associate with high myopia significantly (p< 0.05).
Insilico predictions show that substitutions are likely to have an impact on the
structure and functional properties of the protein, making it imperative to understand

their functional consequencesin relation to high myopia.

Key words: Myopia; Ethnic; Polymorphism; CSGE; TGF31; Novel

4.3. Introduction

Development of myopia is a consequence of an incongruity between the power of
optical components and the axial length of the eye (Wensor, et al., 1999). While lower
grades of myopia (< -6 diopters) are not associated with blinding conditions, higher or
pathological grades with a refractive error of >-6 diopters often associate with
blinding conditions like macular degeneration, retina detachment and glaucoma (Lin,
et al., 2006). Ethnic diversity plays a great role in the progression of myopia reaching
as high as 70-90% in some parts of Asia, 30-40% in Americans and Europeans and
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upto 20% in Africans (Chow, et al., 1990; Lin, et al., 2006). Comparative prevalence
rates of high myopia from different parts of the world show considerable variability,
but still confirm that it affects a significant proportion of the population in different
countries (Wang, et al., 1994; Curtin, 1970; Tokoro & Sato, 1982; Lin, et al., 1988;
Wilson & Woo, 1989; Fledelius, 1988; Paluru, et al., 2005). The prevalence in India
is found to be 19%, with 4% in Kashmir (Ahmed, et al., 2008). Ahmed, et al., 2008
aso, reported the effects of age, gender, and socioeconomic conditions on the
prevalence of myopia and showed an increase in myopia prevalence with increased
age (3.76% in the age group of 6-10, 4.9% and 6.16% in age groups 11-15 and 16-
22). Additionaly, girls on average were 1.52 times more likely to have myopia than
boys (5.54% of girls and 3.6% of boys). Socioeconomic conditions had an impact on
the prevalence of myopia. While only 3.23% students from medium and high
socioeconomic strata had myopia, it was about three times more in students from low

socioeconomic strata (8.60 %).

Despite many decades of research there is little knowledge about the precise
molecular defects and abnormal biochemical pathways that result in myopia. It is a
highly prevalent and complex phenotype involving both genetic and environmental
factors (Ibay, et al., 2004).

Recent studies have mapped 14 genomic loci associated with myopia (MY Plon
Xg28, MYP2 on chromosomel8p, MYP3 on chromosome 129, MYP4 on
chromosome 7q, MY P5 on chromosome 179, MY P6 on chromosome 22912, MY P7
on chromosome 11p13, MY P8 on chromosome 3926, MY P9 on chromosome 4q12,
MYP10 on chromosome 8p23, MYP11l on chromosome 4qg22—q27, MYP12 on
chromosome 2g37.1, MYP13 on Xg23-925, and MYP14 on chromosome 1p36)
(Paluru, et al., 2005; Hammond, et al., 2004; Naiglin, et al., 2002; Paluru, et al.,
2003; Schwartz, et al., 1990; Stambolian, et al., 2004; Wojciechowski, et al., 2006;
Young, et al., 1998a; Zhang, et al., 2006; Inamori, et al., 2007). A high heritability of
myopia does not mean that environmental factors have no effect on the development
of myopia Close visua work in childhood has been hypothesized as an
environmental risk factor for myopia progression (Saw, et al., 2001). Initialy one of

the studies indicated a strong association between myopia and nightlight exposure
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(Quinn, et al., 1999) but recent research has shown contradictory results (Saw, et al.,
2001; Zadnik, et al., 2000; Gwiazda, et al., 2000; Guggenheim, et al., 2003).

Myopia develops mainly because of excessive elongation in axial dimension rather
than changes in corneal or lens power in human beings (Zadnik, 1997). In animal
models of myopia, active remodeling of sclera plays a crucial role in axia elongation
(McBrien & Gentle, 2003; Rada, et al., 2006). Scleral remodeling involves reduced
production of extracellular matrix which results from reduced production of collagen
and proteoglycans and from increased collagen degradation along with concomitant
increased activity of matrix metalloproteinase 2 (MMP2) and a reduction in the
activity of tissue inhibitors of MMP. Transforming growth factor p (TGFB) together
with its receptor expressed in eye tissues (Saika, 2006) also regulates the proliferation
of fibroblasts and production of collagen, MMP2, and tissue inhibitors of MMP
(Overdl, et al., 1989). TGFB is an obvious player in the regulation of scleral
remodeling and accordingly has been implicated in the development of myopia (Zha,
et al., 2009). TGFp exists in three isomeric forms (TGFB1, TGF32, and TGF33), and
during myopia development the expression of TGF31 was found to be reduced in an
isoform and time-specific manner in the sclera (Kusakari, et al., 2001) and
retina/choroid (Song, et al., 2000) of chickens whereas the TGFB2 level increased in
both the retina/choroid and sclera of the chickens (Kusakari, et al., 2001; Song, et al.,
2000). Cultured human retinal pigment epithelial cells have been shown to express
atleast TGFB1 and TGFB2 isoforms (Lam, et al., 2003; Andrew, et al., 2004;
Tanihara, et al., 1993; Seko, et al., 1995). TGFB1 belongs to a family of polypeptides
that display a broad range of multifunctional activities like transcriptional activation
and increase in synthesis and secretion of matrix proteins (Guggenheim & McBrien,
1996). It is encoded on chromosome 19q13.1-g13.3 and contains seven exons (Patel, et
al., 2005). Recent studies investigated the association of single-nucleotide
polymorphisms (SNPs) of the TGFB1 gene and high myopia but produced conflicting
results (Hayashi, et al., 2007). Our study servesto clarify this relationship with a case-

control design and ethnic purity of our population.
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4.4. Materialsand Methods
4.4.1. Subjects

Preliminary conclusions by evaluation of 48 samples during pre doctoral work
(M.Phil, Thesis Shabhat Rasool), were validated using a larger sample size of 423
samples (247 with high myopia of < -6D and 176 healthy control subjects, Annexure
I) recruited from the local hospital (Ophthalmology unit) as well as from our
ophthalmologist’s clinic. Although we were interested in doing afamilia study, it was
very difficult to find ample numbers of families with high myopia. We therefore
designed a case control study. Informed consent was obtained from the study subjects
after an explanation of the nature and possible consequences of the study. Criteriafor
selection included a history of onset of myopia in all affected subjects. Individuals
were excluded if any ocular disease such as retinopathy, cataract was known or if they
had a known genetic disease associated with myopia, such as stickler or Marfan
syndrome. An ophthalmic examination of the participating subjects was performed by
our ophthalmologist. Ophthalmic evaluation included measuring visual acquity,
keratometry, retinoscopy, dit lamp examination of the anterior segment, fundus
examination and measurement of axial length. Auto refraction was taken and A- scan
was done on both eyes. Subjects were encouraged to narrate all the details relevant to
this study. This included age of subject, history of onset of myopia, any associated
ocular complications and information regarding close work. The study was approved

by Research Ethics Committee.
4.4.2. M ethodology
4.4.2.1. Polymerase chain reaction

Genomic DNA was extracted from whole blood samples using standard protocols.
PCR reactions were carried out in a total volume of 50 pl, Containing 50-100 ng
genomic DNA, 2-6 pmole of each primer, 1x PCR buffer (Sigma Aldrich) and 0.5
units of Tag DNA polymerase (Sigma Aldrich). The following primer sequences were
used for amplification: 5-GCC TCC CCACCA CAC CAG-3 (sense) and 5-GCC
GCA GCT TGG ACAGGA T-3' (antisense) (Lin, et al., 2006). Expected PCR product
of 237 bp was generated successfully (Supplementary data, Fig. S3i). The PCR
cycling conditions involved: one cycle of denaturation at 95 °C for 5 min, 30 cycles of
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denaturation at 95 °C for 45 s, annealing at 59 °C for 45 s, and extension at 72°C for
45 s, and one final 6 min elongation cycle at 72°C. PCR products were then purified
using purification kit or Nal.

4.4.2.2. Conformation sensitive gel electrophoresis (CSGE)

Purified PCR products were subjected to denaturation and renaturation procedures for
generation of potential heteroduplexes and analyzed by CSGE strictly as described by
Ganguly, et al., 1993. This mutation detection technique has many advantages over
other techniques like SSCP and PTT. Samples with unusual mobility during these
assays were finally sequenced to confirm the presence of sequence variations along
with controls (Fig. 4.1). CSGE conditions described by Ganguly, et al., for amplicons
ranging from 200 to 800 bp were able to detect 60 out of 63 single-base mismatches.
Still, the migrating bands in this method are sometimes less clear and could lead to
human error in reporting results. Therefore, sequencing of the samples screened with
CSGE isrelied on to provide accurate results, (Blesa, et al., 2004).

I-lomoduplom

1 2 3 4 5 6 7 8 9 10 11 12 13

Figure 4.1. Heteroduplex analysis of TGFB1 amplicons (237bp) by conformation sensitive gel
electrophoresis. Heteroduplexes were seen as shown in the above fig; wells (3, 5, 6) show samples with
G>C variation while lanes (8, 9, 12) show samples with C>T variation as confirmed by sequencing.
Lane 4 shows the separation pattern of 1kb DNA marker with first band corresponding to 250bp.
Samples loaded in rest of the lanes donot show any base variation on sequencing.

4.4.2.3. Sequence analysis

Sequence results obtained in fasta and pdf formats were analyzed using ClustalX
version 2 software (Thompson, et al., 1997; Larkin, et al., 2007) and by Chromas Pro
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version 1.49 beta 2 software for the detailed inspection of individual chromatograms
(Supplementary data, Fig. S5V-S5Y).

4.4.2.4. Statistical analysis

Genotypes were obtained by direct counting with subsequent calculation of allele
frequencies. Statistical analysis was undertaken using the y° test and significance
value (p). A p value of <0.05was considered significant. Adherence to the Hardy-
Weinberg equilibrium constant was tested using the y° test with one degree of
freedom. Odds ratio and confidence interval were also calcul ated.

4.4.2.5. Inslico analysis

The amino acid sequence of the protein in fasta format obtained from (NCBI)
(www.ncbi.nlm.nih.gov) was submitted to an automated server (I-TASSER)
(zhang.bioinformatics.ku.edu/I-TASSER) for 3D structure prediction (Zhang, 2007b;
Zhang, 2008). The server furnishes predicted 3D structure in a pdb format. Swiss
PDB Viewer was used for viewing pdb files and computing the free energy of the
predicted 3D structures (Camacho, et al., 2000; Camacho & Gatchell, 2003; Comeau,
et al., 2004).

45. Reaults

Two missense variants C/T (rs1982073) and G/C (rs1800471) at codons 10 and 25
respectively corresponded with previously reported SNPs in public databases. A silent
variation G/A at codon 52 observed in the study population appeared to be novel
(Table 4.1). Genotype analysis of individual variants revealed the presence of both

heterozygous and homozygous genotypes.
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Table 4.1. Polymorphism detected in Exon 1 of TGFB1 gene in ethnic Kashmiri Population

Codon wildtype Observed base  Amino acid
Position rsno nucleotide pair change change Chromatogram
------ l - - - - -
Codon10 1982073 C T rotoLen  nf\af\u Al
!5-,3-,94':-—,—--!
."n" M .fﬂll -"". . -'-"- o Y n .-""' e A
Codon25 1800471 G C ArgtoPro Ll A A AN WV
CGC-:,—.{ 4 TCC TG
i fl o]
Codon52  Novel G A stent U WYYV VYV T

Subtle and statistically significant (p alele = 0.001, p genotype = 0.003; y’alele =
10.36, x’genotype = 11.451; OR = 1.59; Cl (95%) = 1.9-2.11; Table 4.2) difference
in the genotypic frequency for codon 10 variant was indicative of its possible
association with high myopia, while the relative frequency of occurrence of variants
at codon 25 (p allele = 0.107, p genotype = 0.17; y%allele = 2.59, y°genotype = 3.46;
OR = 0.78; CI (95%) = 0.59-1.05; Table 4.3) and codon 52 (p alele = 0.310, p
genotype = 0.629 ; y?allele = 1.032, y°genotype = 0.928; OR = 1.16 ; Cl (95%) =
0.86-1.58; Table 4.4) for high myopes was found to be statistically insignificant,

when compared to their occurrence in healthy controls.

4.5.1. Insilco prediction results

TGFB1 was modeled by I-TASSER to obtain its PDB structure and analysis (energy
calculations) was done using PDB Viewer (Supplementary data, Fig. S6.4, Table
S6.4).

4.6. Discussion

Diverse populations have presented inconsistent profile of association data owing
largely to heterogeneous nature of the subject populations while TGFB1codon 10 (rs
1800470) polymorphism has been found to associate with high myopia in Taiwanese
Chinese showing strong association of CC genotype with high myopia (Lin, et al.,
2006).
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Table 4.2. Comparison of the distribution of alleles and genotypes of TGFB1 gene polymorphism at
codon 10 in healthy and high myopic subjects

Geneallele&  Control (n=176) Affected (n=247) 0 Cl
genotype x
variants 3 % : % value (95%)
C 116 (33) 217 (44)
10.36  0.001*
T 236 (67) 277 (56)
cc 15 (8.52) a1 (16.60) 1.9-2.11
CT 86  (4886) 135  (54.66) 11451 0.003*
TT 75 (42.62) 71 (28.74)

*Statistically significant

Table 4.3. Comparison of the distribution of alleles and genotypes of TGFB1 gene polymorphism at
codon 25 in healthy and high myopic subjects.

Geneallele&  control (n=176)  Affected (n=247) , - cl
genotype X value (95%)
variants n % n %

G 237 (67) 306 (62)
2.59 0.107
c 115 (33) 188 (38)
GG 77 (43.75) 9%  (38.87) 0.59-1.05
GC 83  (47.16) 114 4615 346 017
cC 16 (9.09) 37 (14.98)
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Table 4.4. Comparison of the distribution of alleles and genotypes of TGFB1 gene polymorphism at
codon 52 in healthy and high myopic subjects.

Geneallele&  control (n=176)  Affected (n=247) , cl
value OR

genotype 4 p (95%)
variants n % n %

G 246 (70) 361 (73)

1.032 0.310

A 106 (30) 133 (27)

GG 90 (51.14) 136  (55.06) 116  0.86-1.58

GA 66 (37.50) 91 (36.03) 0928 0.629

AA 20  (11.36) 22 (8.91)

A later study by (Hayashi, et al., 2007) on TGFB1 gene polymorphism in high myopia
revealed no significant association with high myopia excluding TGFB1 as a candidate
gene for myopia in Japanese population. However a recent study of TGFB1
polymorphism in high myopia affected Chinese subjects of Hong Kong revealed the
association of 4 SNPsin the 5' half of the TGFB1 locus with high myopia. This study
could successfully replicate the positive finding of Lin, et al., 2006, supporting the
association of TGFB1 gene with myopia susceptibility (Zha, et al., 2009; Sandhya, et
al., 2011). Kashmiri population representing a homogeneous cohort of common
ethnicity provided an opportunity to revalidate the significance of TGFp1 sequence
variants (if any) for defining their relevance in the pathogenesis of the disease.

Genetic polymorphisms have widely been in use to test the association of a gene with
a commonly seen and multifactorial disease instead of single gene disease. Since
nucleotide polymorphism is not strong enough to result in a letha phenotype, this
alele will not eventualy disappear or reach frequency equilibrium without any
selective disadvantage for individuals. Since ethnic differences do exit, it is
imperative to substantiate or dispute the relevance of such polymorphism in
genetically purer cohorts. To date, variations in several genes have been reported to
associate with high myopia but only a few studies have been replicated successfully.
Our study is a kind of replication study (Lin, et al., 2006; Zha, et al., 2009)
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associating TGFB1 codon 10 polymorphism with high myopia in a population
wherein heterogeneity effects seen in other populations are neutralized to a large

extent.

Investigating the genetics of common and complex disorders such as myopia remains
one of the great challenges in human genetics. Myopiais considered to be a complex
and multigenic condition involving several overlapping signaling pathways, each
mediated by a group of distinct genes. Therefore, studying the genetic polymorphisms
of myopiarelated genes can further clarify the relationship between genetics and
myopia. This association has helped increase our knowledge of prevention and
treatment of myopia. The relationship between TGFpland sclera remodeling during
the development of myopia is well established (Honda, et al., 1996; Kusakari, et al.,
2001). TGFB1 has been analyzed as a candidate gene because of its differentia
expression in experimental chicken myopia (Jobling, et al., 2004) and its functiona
relation with TGIF (Chen, et al., 2003). In the earlier study, only one (rs1982073 at
codon 10, 29T/C, LeulOPro) was analyzed and reported to be associated with high
myopia | in a Chinese population living in Taiwan, P = 0.001 (Lin, et al., 2006). At
the same time, 10 SNPs (rs1982073 not included) and related haplotypes in TGFS1
were analyzed in 330 Japanese patients with high myopia and 330 control subjects,
but none of them was associated with high myopia (Hayashi, et al., 2007) and a
further study on TGFB1 was suggested (Wang, et al., 2009).

Our study adds support to the idea that the codon 10 polymorphism of the TGF 1
gene contributes to the pathogenesis of myopia. Further investigation is needed to
establish the precise role played by TGFB1 in the development of high myopia
especialy in the context of codon 10 polymorphism. Insilico predictions show higher
energy states for both codon 10 (-8931.029kj/mol) and codon 25 (-8102.402kj/mol)
variants as compared to wild type protein (-9573.964kj/mol) and protein that has both
variations together (-9501.950kj/mol), which may affect the stability of the protein.
Since these SNPs change the energy state of the protein, an interference with the
functional properties and stability of the protein may be possible. Further studies are
needed to eucidate the actual affect of these changes on protein structure and
function. Genes further up- and downstream of TGF1 aso need to be investigated, as
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it is likely that a number of genes will form the genetic background in individuals

with myopia, upon which environmental factorswill act, to give rise to myopia.

In conclusion, we observed that the frequency of the C allele at codon 10 of TGF31
was higher in the high myopia group than in the control group. People who have
CCICT genotypes at codon 10 may be at greater risk for developing high myopia
(Table 4.2). Therefore, we conclude that TGFB1 codon 10 polymorphism is associated

with high myopia and is a candidate genetic marker of the disease.
Acknowledgements

This work was supported by Department of Biotechnology, Ministry of Science and
Technology, and grants to SR by Department of Science and Technology, New Delhi,
under Y oung Women Scientist scheme (Project No:- SR/IWOS-A/LS-232/2007).

‘3 Doctoral Thesis (2013) Shabhat Rasool 43




Section 2




Chapter — 4 Results: Section 4.2

4.7. Intronic variants of TGIF1 (variant-008) have a potential to associate

with high myopiain ethnic kashmiri population

SRasool, T Jan? Khurshid I. Andrabi*
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4.8. Abstract

This study aims to look at novel variants of TG1F1 gene and explore their potential
association with High Myopia in an ethnic population from kashmir (India). 52
Kashmiri subjects (from India) with high myopia and ethnically matched 18 healthy
controls were enrolled. Genomic DNA was prepared from peripheral blood. Allele
frequencies were tested for Hardy—Weinberg disequilibrium. The genotype and allele
frequencies were evaluated using the y2 tests or the Fisher exact tests. Mutational
screening of TGIF1 in 52 high myopia affected and 18 normal controls from Kashmir
revealed a total of three novel, heterozygous and adjacent sequence variations;
T>C/A, T>G & G>C in the intronic region immediately after exon 2 boundry of this

variant.

Key words: Myopia, Ethnicity, Polymorphism, CSGE, TGIF1

4.9. Introduction

Myopia is the most common eye disorder which remains a significant ocular health
problem associated with increased risk of visua loss around the world (Fredrick,
2002) . High myopia considered as more advanced type of myopia may lead to
degenerative changes in the eye (degenerative myopia) leading to blindness and often
afflicts, people earlier in life when they may still be active professionally (Jacobia,
2005). The wide spectrum of myopia-associated disorders strongly argues for an
etiologically heterogeneous nature of myopic refractive errors, where multiple factors
with genetic and epigenetic effects contribute at different stages during development
(Feldkamper & Schaeffel, 2003). The concept that environmental factors influence
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ocular development has been well established in epidemiological and experimental
animal studies (Saw, 2002). Despite recognized importance of visua experience in
the development of myopiathere is abundant evidence for genetic factors determining
refractive development (Francois, 1961). First, higher myopia prevaence in
developed Asian countries compared to the western world suggests a genetic
susceptibility to myopia development. Further, myopic parents are more likely to give
rise to offsprings with myopia than non-myopic parents (Goldschmidt, 1981).
Linkage studies have mapped at least eight loci (MYP1, MYP2, MYP3, MY P4,
MYP5, MYP1l, MYP12, and MYP13) responsible for high myopia with
Mendelian inheritance (Young, 2004). TGIF1 is expressed in sclera, retina, cornea,
and optic nerve and competitively inhibits binding of the retinoic acid receptor to a
retinoid-responsive promoter (Young, 1998a).

It is possible that mutations in TGIF1 gene may alter its function and hence the phase
of eye development, thus making it a potentia candidate gene to study High Myopia.
One study has disregarded TGIF1 as potential contributor to the disease (Scavello, et
al., 2004) athough it has been associated with high myopia wherein six single
nucleotide polymorphisms (SNPs) appear to associate with the disease in a Chinese
cohort (Lam et al., 2003). However, association could not be replicated in a second
Chinese case control study of high myopia individuas (Li, et al., 2003). Another
study with Japanese subjects failed to identify association of this gene with high
myopia (Hasumi, et al., 2006). This discrepancy has largely been attributed to ethnic

variations in the genetics of this disease.
4.10. M ethodology

Kashmiri population being a pure ethnic group provides an ideal scenario to
substantiate the contribution of TGIF1 (if any) in the development of high myopia. 52
high myopic and 18 normal controls of Kashmiri ethnicity were recruited for TGIF1
polymorphism studies (Annexure I1). DNA was isolated from venous blood samples
and amplified by polymerase chain reaction (Supplementary data, Fig. S3g). PCR
products were purified and screened for mutations by heteroduplex assay employing
CSGE (conformation sensitive gel electrophoresis). Samples showing differentia

mobility on CSGE were sent out for commercial sequencing. Sequences were
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analysed using different software programmes like Chromas pro and Cluatal X2.

After analyzing the data, we observed three novel and adjacent intronic SNPs with

potential to have a bearing on the etiology of the disease.

4.11. Results and Discussion

Mutational screening of TGIF1 (variant-008, Transcript ID-ENST00000552383) in 52
high myopia affected and 18 normal controls from Kashmir revealed a total of three

novel and adjacent sequence variations, T>C/A, T>G & G>C (table 4.5) in the

intronic region immediately after exon 2 boundry of this variant.

Table 4.5. Polymorphism found in intronic region of TGIF1 in ethnic High Myopia affected

Kashmiri population

Wild
S.No . SNP SNPtype Codon Position L ocation
nucleotide

1 T T/ICor A Novel Intronic Chr.18-3418281

2 T TIG Novel Intronic Chr.18-3418281

3 G G/IC Novel Intronic Chr.18-3418281

. . . . . . . 210 200 210
T T T ; 2 ; T G c E“ G
a) Chromatogram showing normal | b) Chromatogram showing T/C, T/G &
sequence G/C variations

Figure 4.2. Representative chromatograms indicating a) normal segquence b) sequence variants T>C,

T>G & G>CinTGIF1 gene.
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All the three variations found in heterozygous state (Fig. 4.2., Supplementary data
Fig.S5P-S5R). First variation T>C/A (T changed to either C or A depicted by dual
peaks) was observed at a frequency of 4/18 in normal controls and 26/52 affected
samples. Second variation T>G was aso present in both control and affected samples
at a frequency of 8/18 in controls and 38/52 in affected samples. Sequence variation
G>C was not observed in normal controls but was found in affected samples only at a
frequency of 14/52. All the three adjacent variations were found to be present together
in 10 samples, which were all affected.

4.11.1. Statistical analysis

The relative frequency of occurrence of variants for SNP T>C/A (p allele = 0.08, p
genotype = 0.04; y’dlele = 3.06, y°genotype = 4.07; OR = 2.66; Cl (95%) = 0.86-
8.23) shows statistical significance of genotype (TC). Likewise the frequency of
occurrence for T>G variant (p alele = 0.11, p genotype = 0.02; y’alele = 2.48,
y’genotype = 4.80; OR = 0.49; Cl (95%) = 0.20-1.19) also shows significance of
genotype (TG) and for G>C variant only p value could be calculated (p alele = 0.02;
p genotype = 0.01) which is statistically significant (Chisquare is calculated only if all
the expected cell frequencies are equal to or greater than 5).

TGIF has been implicated to be the candidate gene for high myopia by Single
Nucleotide Polymorphism (SNP) studies. We examined the hypothesis that
polymorphisms within TGIFL may influence the susceptibility of ethnic Kashmiri
subjects to high myopia. The polymorphismsin TGIF1 studied here revea significant
association with an increased risk of having high myopia in Kashmiri patients when
compared with control group. These results suggest that there exists high complexity
of genetic background for our high myopic population and TGIF has a considerable
effect on myopia onset and severity. Future work is needed to investigate other
variants of TGIF and the recently reported candidate genes like TGFf1 and HGF.

4.11.2. Conclusion

Although p values for these intronic variations come out to be significant sample size
needs to be increased further to establish the potential of these variants in the etiology
of high myopia
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4.12. A novel G26A mutation in 5' half of TGIF1 gene associates with high

myopiain ethnic Kashmiri population from India
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4.13. Abstract

This study aims to look at novel variations of TG1F1 gene and explore their potential
association with High Myopia in an ethnic population from Kashmir (India). 120
Kashmiri subjects (from India) with high myopia and ethnically matched 114 healthy
controls were enrolled. Genomic DNA was prepared from peripheral blood. Allele
frequencies were tested for Hardy—Weinberg disequilibrium. The genotype and allele
frequencies were evaluated using the y2 tests or the Fisher exact tests. In this study,
we found a novel mutation G26A (GAT to AAT) in 5 haf of TGIF1 gene (p.
aspartic acid > asparagine) at a frequency of 62% (74/120, p = <0.0001). Mutation
appear to associate with high myopia significantly (p = <0.001) as it happens to be
present only in myopic samples, it shows statistical significance for its association
with gender and degree of myopia (p = <0.05). Additionally, in Silico predictions
show that mutation likely has an impact on structure and functional properties of

protein.
Key words. Myopia, Ethnic, mutation, CSGE, TG1F1, Novel
4.14. Introduction

Development of myopia is a consequence of mismatch between the power of optical
components and the axial length of the eye (Wensor, et al., 1999). Lower grades of
myopia (<-6 diopters) are not associated with blinding conditions but higher or
pathological grades with a refractive error of <-6 diopters often associates with
blinding conditions like macular degeneration, retinal detachment and glaucoma (Lin,
et al., 2006). Ethnic diversity plays a great role in the development of myopia
reaching as high as 70-90% in some parts of Asia, 30-40% in Americans and
Europeans and upto 20% in Africans (Lin, et al., 2006; Chow, et al., 1990).
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Comparative prevalence rates of high myopia from diverse parts of the world show
considerable variability, but still confirm that it affects a significant proportion of the
population in different countries (Wang, et al., 1994; Curtin, 1970; Tokoro, 1982; Lin,
et al., 1988; Wilson & Woo, 1989; Fledelius, 1988; Pauru, et al., 2005). The
prevalence in India is found to be 19% with 4% in Kashmir (Ahmed, et al., 2008).
Ahmed et al, reported effect of age, gender and socioeconomic conditions on myopia
prevalence and showed an increase in its prevalence with increased age (3.76% in the
age group of 6-10, 4.9% and 6.16% in age groups 11-15 and 16-22). Additionally
Girls on average were 1.52 times more likely to have myopia than boys. The
prevalence of myopia among girls was 5.54% compared with 3.6% in boys.
Socioeconomic conditions also had an impact on the prevalence of myopia with only
3.23% students from medium and high socioeconomic strata having cb cr567tcb
cr567t myopia, it was about three times more in students from low socioeconomic
strata (8.60 %) (Ahmed, et al., 2008).

Despite many decades of research there is scarce knowledge about the precise
molecular defects and abnorma biochemical pathways that result in myopia
progression. It is a highly prevalent and complex disorder involving both genetic and
environmental factors or it may be interplay of both genetic and environmental factors
(Ibay, et al., 2004).

Recent mapping studies have identified 24 chromosomal loci suspected of harboring
genes for myopia progression (Ng, et al., 2009). Among them, 11 have been
implicated in high myopia viz., MYP1- MYP5, MYP11, MYP12, MY P13, MY P15,
MY P16, MYP18 (Nallasamy, et al., 2007; Zhang, et al., 2005; Zhang, et al., 2006;
Wojciechowski, et al 2006; Naiglin, et al., 2002; Paluru, et al., 2003; Paluru, et al.,
2005; Young, et al., 1998a; Young, et al., 1998b; Young, et al., 2001; Nishizaki, et
al., 2009; Lam, et al., 2008) and seven in myopia viz., MYP6-MY P10, MY P14,
MY P17 (Hammond, et al., 2004; Stambolian, et al., 2004; Ciner, et al., 2008). Five of
theseloci viz., MYP2, MYP3, MY P6, MY P10, MY P13 have been confirmed through
replication analysis in independent family studies (Zhang, et al., 2007; Lam, et al.,
2003; Stambolian, et al., 2006; Klein, et al., 2007; Nurnberg, et al., 2008). A high
heritability of myopia does not mean that environmental factors have no effect on the
development of myopia. Near work activities in childhood have been hypothesized as
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environmental risk factors for myopia progression (Saw, et al., 2001). Initially one of
the study indicated a strong association between myopia and nightlight exposure
(Quinn, et al., 1999) but recent research has reported contradictory results (Saw, et
al., 2001; Zadnik, et al., 2000; Gwiazda, et al., 2000; Guggenheim, et al., 2003).

Myopia develops mainly because of excessive elongation in axial dimension rather
than changes in corneal or lens power in humans (Zadnik, 1997). Whereas in animal
models of myopia, active remodeling of sclera plays acrucia role in axial elongation
(McBrien & Gentle, 2003; Rada, et al., 2006). Scleral remodeling involves reduced
production of extracellular matrix resulting from reduced production of collagen and
proteoglycans and from increased degradation of collagen along with concomitant
increased activity of matrix metalloproteinase 2 (MMP2) and a reduction in the
activity of tissue inhibitors of MMP. Transforming growth factor f (TGFS) together
with its receptor expressed in eye tissues (Saika, 2006) also regulates the proliferation
of fibroblasts and production of collagen, MMP2, and tissue inhibitors of MMP
(Overdll, et al., 1989).

MY P2 is a candidate locus of the nonsyndromic autosoma dominant high myopia
first identified by Young, Ronan, Drahozal et al. (1998) who performed a genome-
wide linkage analysis for myopia susceptibility loci in 8 multigenerational families
with an autosoma dominant mode of myopia of more than —6.00 diopters, and
showed a significant linkage to 18p region and its functional role in ocular
development (Yamane, et al., 2007). There are 9 known and 6 hypothetical genes
considered to be candidates based on mapped position within the MYP2 interva
which include clusterin-like 1(CLUL1), elastin microfibril interfacer 2 (EMILIN2),
lipin 2 (LPIN2), myomesin 1 (MYOM1), myosin regulatory light chain 3 (MRCL3),
myosin regulatory light chain 2 (MRLC2), transforming growth B-induced factor
(TGIFL1), large Drosophila homolog associated protein 1 (DLGAPL), and zinc finger
protein 161 homolog (ZFP161) (Scavello, et al., 2005). The genes belonging to this
locus may also be expressed in retina and influence the growth of sclera (Wallman,
1993).

TGIF1 is expressed in sclera, retina, cornea, and optic nerve and competitively

inhibits binding of the retinoic acid receptor to a retinoid-responsive promoter
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(Young, et al; 1998; Young, 2004; Scavello, et al., 2004; Bertolino, et al., 1995;
Pertile, et al., 2008). It is possible that mutations in TGIF1 gene may alter its function
and hence the phase of eye development, thus making it a potential candidate gene to
study High Myopia.

4.15. Materialsand Methods
4.15.1. Subjects

A total of 234 subjects (120 with high myopia of > -6D and 114 hedthy control
subjects; Annexure 3) were recruited from local hospita (Ophthalmology unit) as
well from our ophthalmologist’s clinic. Although authors were interested in doing a
Familial kind of study but it happened to be very difficult to find ample number of
families with high myopia making authors to design case control study. Informed
consent was obtained from the study subjects after an explanation of the nature and
possible consequences of the study. Criteria for selection included a history of onset
of myopia in al affected subjects. Individuals were excluded if there was known
ocular disease such as retinopathy, cataract or if they had a known genetic disease
associated with myopia, such as stickler or Marfan syndrome. An ophthamic
examination of the participating subjects was performed by our ophthalmologist.
Ophthalmic evaluation included measuring visual acquity, keratometry, retinoscopy,
dit lamp examination of the anterior segment, fundus examination and measurement
of axial length. Auto refraction was taken and A- scan was done on both eyes.
Subjects were encouraged to narrate al the details relevant to this study. This
included age of subject, history of onset of myopia, any associated ocular
complications and information regarding close work. The study was approved by

Research Ethics Committee.
4.15.2. M ethodology
4.15.2.1. Polymer ase chain reaction

Genomic DNA was extracted from whole blood samples using standard protocols.
PCR reactions were carried out in a total volume of 50ul, Containing 50-100ng
genomic DNA, 2-6 pmole of each primer, 1x PCR buffer (Sigma Aldrich) and 0.5

units of Tag DNA polymerase (Sigma Aldrich). Following primer sequences were
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used for amplification: 5-GGGAATAAGTGAGGGGCTCT -3 (sense) and 5-
CCTGAACCAGTCGCAAAGTT -3 (antisense). Expected PCR product of 472 bp
was generated successfully (Supplementary data, Fig. S3h). The PCR cycling
conditions involved: one cycle of denaturation at 95°C for 5 min, 30 cycles of
denaturation at 95°C for 45 s, annealing at 60°C for 45 s, and extension at 72°C for 45
s, and one final 6 min elongation cycle at 72°C. PCR products were then purified
using purification kit or Nal.

4.15.2.2. Conformation sensitive gel electrophoresis (CSGE)

Purified PCR products were subjected to denaturation and renaturation procedures for
generation of potential heteroduplexes (Fig 4.3) and analyzed by CSGE (Ganguly, et
al., 1993). Samples that showed unusual mobility during these assays were finally
sequenced to confirm the presence of seqguence variations along with controls
(Scigenom, Cochin). This mutation detection technique has many advantages over
other techniques like SSCP and PTT, Samples with unusual mobility during these
assays were finally sequenced to confirm the presence of sequence variations along
with controls (Macrogen, Korea). CSGE conditions described by Ganguly et al. for
amplicons ranging from 200 to 800 bp were able to detect 60 out of 63 single-base
mismatches. But still the migrating bands in this method are sometimes less clear and
could lead to human error in reporting results, a serious disadvantage for an accurate
identification of novel mutations. So sequencing is a must for the samples screened
with CSGE to provide accurate results, although it definitely lowers the sequencing
expenses (Blesa, et al., 2004).

4.15.2.3. Sequencing

Samples that showed presence of heteroduplex bands were sent for sequencing to

confirm the presence and nature of sequence variations.
4.15.2.4. Sequence analysis

Sequence results obtained in fasta and pdf formats were analysed using ClustalX
version 2 software (Thompson, et al., 1997; Larkin, et al., 2007) and by Chromas Pro
version 1.49 beta 2 software for the detailed inspection of individual chromatograms
(Supplementary data, Fig. S5S-S5U).

Doctoral Thesis (2013) Shabhat Rasool 53



Chapter —4 Results: Section 4.3

4.15.2.5. Statistical analysis

Genotypes were obtained by direct counting with subsequent calculation of allele
frequencies. Statistical analysis was undertaken using the y° test and significance
value (p). A p value of <0.05 was considered significant. Adherence to the Hardy-
Weinberg equilibrium constant was tested using the y* test with one degree of

freedom. Odds ratio and confidence interval was also calculated.
4.15.2.6. Insilico analysis

The amino acid sequence of the protein in fasta format obtained from (NCBI)
(www.ncbi.nlm.nih.gov) was submitted to an automated server (I-TASSER)
(zhang.bioinformatics.ku.edu/I-TASSER) for 3D structure prediction (Zhang, 2007;
Zhang, 2008). The server furnishes predicted 3D structure in a pdb format. Swiss
PDB Viewer was used for viewing pdb files and computing the free energy of the
predicted 3D structures (Supplementary data, Fig. S6.3 & Table S6.3).

4.16. Results

In this study, finally DNA sequencing was used to confirm the results of heteroduplex
assays (Fig. 4.3). No previously reported mutations were detected in this study. A
novel mis-sense G>A mutation (Fig. 4.4) at codons 26 was identified in 5 half of
TGIF1 gene (variant-003, ensemble). An interesting finding of our study was novelty
of the mutation. The mutation G26A (p. aspartic acid > asparagine) which has not
been reported till date was present at a frequency of 62% (74/120).

12345678 910 1112131415

Figure 4.3. Representative CSGE gel showing heteroduplex bands in all lanes except lanes, 1,2 3,4,6
and 7.
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Figure 4.4. Representative partial chromatogram of 2a) Normal sample 2b) affected sample showing
G>A mutation at codons 26 in TGIF1 asindicated by arrow.
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A subtle and statistically significant (p = <0.001; Table 4.6) difference in the alelic
frequency for this mutation was indicative of its possible association with high
myopia, Furthermore it could be associated with gender and degree of myopia (p =
0.01 and p = < 0.0001, Table 4.7) with the frequency of GA genotype significantly
higher in females with degree of myopia more than -6 diopters.

Insilico prediction results show that calculated energy for wild type protein is more (-
5820.186 kj/mol) compared to mutant protein (-6595.593kj/mol). This change in
energy of mutant protein is suggestive of affecting the protein tertiary structure which
may in turn have some impact on protein function. Therefore, further studies are

needed to elucidate the actual role of this mutation on protein structure and function.

Table 4.6. Genotype & alele frequencies of TGIF1 gene mutation in cases and controls  Pearson’s
chisquare

i Genotype & Cases (%) Controls P 2
variation _ (%) X
allele n=120 n=114 value
GG 46 (38%) 114 (100%)
GA 74 (62%) 0 (0%)
g. 429G>A AA 0 (0%) 0 (0%)
G 166 (69%) 228 (100%)
A 74 (31%) 0 (0%) <0.001 835
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Table 4.7. Association of TGIF1 gene aterations with clinical variables in high myopia affected
patients

TGIF126 G>A P value OR
Parameters E—

2 0,
GG GA+AA (1) (95% C1)
Age
<30 years 85 39 1.0 0.9832
>30 years 75 35 0) (0.5661-1.7075)
Sex
Male 94 30 <0.01 0.4787
Female 66 44 (6.74) (0.2732-0.8387)
Degr ee of myopia
<-6 114 0
6t0-12 22 33 <?i%g())l NA
>-12 24 36

NA: Not applicable

4.17. Discussion

Diverse populations have presented inconsistent profile of association data owing
largely to heterogeneous nature of the subject populations. Genetic polymorphisms
have widely been in use to test the association of a gene with a commonly seen and
multifactorial disease instead of single gene disease. Since nucleotide polymorphism
is not strong enough to result in a lethal phenotype, this allele will not eventually
disappear or reach frequency equilibrium without any selective disadvantage for
individuals. Since ethnic difference do exit, it is imperative to substantiate or dispute
the relevance of such polymorphism in genetically purer cohorts (Lin, et al., 2006;
Zha, et al., 2009).

Investigating the genetics of common and complex disorders such as myopia remains
one of the great challenges in human genetics. Myopia is considered to be a complex
and multigenic condition involving several overlapping signaling pathways, each one
mediated by a group of distinct genetic profiles. Therefore, studying the genetic
polymorphisms of myopia-related genes can further clarify the relationship between
genetics and myopia. The association between myopia and various genetic markers
has helped increase our knowledge of prevention and treatment of myopia (Honda, et
al., 1996; Kusakari, et al., 2001).

One of the studies has disregarded TGIF1 as potential contributor to the disease
(Scavello, et al., 2004) although it has been associated with high myopia in a Chinese
population where six SNPs showed statistically significant association (Lam, et al.,
2003) but the association could not be replicated in a second Chinese case control
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study of high myopia polpulace (Li, et al., 2003). A Japanese study failed to identify
association of this gene with high myopia (Hasumi, et al., 2006). This inconsistency
has largely been attributed to ethnic variations in the genetics of high myopia.
Kashmiri population being a pure ethnic group provides an ideal scenario to
substantiate the contribution of TGIF1 (if any) in the development of high myopia.
234 high myopic and 114 normal controls of Kashmiri ethnicity were recruited for
TGIF1 polymorphic studies. Two genotypes GG & GA for codon 26 mutation
occurred at a frequency of 100%: 0.00% in the control group vs 38%:74%, in high
myopia group. A subtle and statistically significant (p = <0.001; Table 4.6) difference
in the allelic frequency was indicative of its possible association with high myopia.
Furthermore mutation was significantly associated with gender and degree of myopia
(p = 001 and p = < 0.0001, table 4.7) with the frequency of GA genotype
significantly higher in females with degree of myopia more than -6 diopters. The
calculated energy for wild type protein is more (-5820.186 kj/mol) compared to
mutant protein (-6595.593kj/mol). This change in energy of mutant protein is
suggestive of affecting the protein tertiary structure which may in turn have some
impact on protein function. Therefore, further studies are needed to elucidate the
actual role of this mutation on protein structure and function.

Additionally the mutation is present in coding sequence of the gene affecting the
physico-chemical properties of the protein causing change from polar negatively
charged aspartic acid to polar & neutra amino acid asparagines. Further studies are
however, needed to rule out the actual affect of the mutation on protein structure and
function. Focused investigation is needed to establish the precise role played by
TGI1F1 in the high myopia development especially in the context of the above
observed mutation.
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4.18. Polymorphic variants of candidate genes in the MYP2 locus have
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4.19. Abstract

This study ams to look at polymorphic variations in MYP2 candidate genes
DLGAPL, MYOM1 and EMILINZ in a pure ethnic High Myopia affected population
from Kashmir (India). Thisis in continuation with our recent analysis of TGFp1 and
TGIF1 genes to screen all the MY P2 locus genes for their relevance to high myopia.
115 Indian Kashmiri subjects with high myopia and ethnically matched 112 healthy
controls were recruited. Genomic DNA was extracted from whole blood samples
using standard protocols, followed by PCR, CSGE and sequence analysis of
DLGAPL, MYOM1 and EMILIN2 present in MYP2 locus. Genotype frequencies
were tested for Hardy—Weinberg disequilibrium. Total of 8 polymorphisms were
observed represented by 2 missense, 3 silent and 3 intronic variants. A novel G507A
(P=1) was observed in DLGAPLin addition to one reported polymorphic variation
Gb517A with a significant (P=<0.001) occurrence in affected population. A previously
reported variant T451C observed in EMILINZ2 gene did not appear to associate with
disease phenotype. MYOM1 showed five polymorphic variations; two in coding
region (G333A; P=<0.0001: G341C; P=0.003) and three intronic (G>A; P=< 0.0001:
G>T & C>G; P= < 0.001). Insilico predictions show energy changes in variant

proteins that are indicative of their affect on protein function.
Conclusions

Candidate genes present in MYP2 locus have a potential to associate with high

myopia.

Key words: Myopia, Ethnic, Polymorphism, CSGE, EMILIN2, DLGAP1, MYOM1,
Novel
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4.20. Introduction

Myopia is a prevaent multifactorial ocular disorder worldwide, characterized by
spherical error of refraction (RE) and retinal defocus that results in decreased visua
acuity. The prevalence of myopia has been increasing in recent decades, especialy in
East Asian countries such as Japan, Singapore, Taiwan and China (Saw SM, 2003;
Xu, et al., 2005). High or pathological myopia (RE > 6D) is a progressive form with
increased risk for serious complications such as glaucoma, macular degeneration,
retinal detachment, and choroidal neovascularization, which when left untreated, may
lead to permanent vision loss (Young, 2009). In Asia, the prevalence of high myopia
is 1% - 5%, even ranging to 9.1% in some regions (Wong, et al., 2000). Laser
refractive surgery as a myopia-related cost was estimated to be 4.6 billion dollars for
United States alone in 1990 (Javitt & Chiang, 1994). It is considered to be a complex,
multifactorial condition in which several nongenetic/environmental components such
as near work, excess illumination, nutritional deficiencies, mechanical stress and
mental stress, along with the genetic components influence normal emmetropisation
mechanisms of the eye contributing to ocular refraction in myopia (Feldkamper &
Schaeffel, 2003).

There is a long-standing dispute on the relative role of genetic versus environmental
factors in the development of myopia (Saw, et al., 2000). The concept that
environmental factors influence ocular development has been well established in
epidemiological and experimental animal studies (Saw, 2002; Schaeffel, 1988). The
frequent manifestation of myopia during school and college years, as well asin some
occupations requiring intense and prolonged near work, has suggested the critical role

of anear vision stimulus in the development of myopia.

There is abundant evidence for genetic factors determining refractive development
(Francois, 1961; Zadnik, et al., 1994). First, higher myopia prevalence in developed
Asian countries compared with the Western world suggests a genetic susceptibility to
myopia development. Further, myopic parents are more likely to give rise to offspring
with myopia than non-myopic parents (Goldschmidt, 1981). This finding has been
confirmed by recent large-scale epidemiological studies, according to which heritable

factors account for 80% of juvenile myopia development (Muitti, et al., 2002). Strong
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evidence for the role of inheritance is also provided by twin studies (Teikari, et al.,
1991; Hammond, et al., 2001), where in identical twins display a higher similarity in
their refractive status than fraternal twins (Jacobi, et al., 2005).

Genetic mapping studies have identified at least 24 chromosomal loci suspected of
harboring genes for myopia progression (Ng, et al., 2009). Among them, 11 have
been implicated in high myopia viz., MYP1- MYP5, MYP11, MYP12, MYP13,
MY P15, MY P16, MY P18 (Nallasamy, et al., 2007; Zhang, et al., 2005; Zhang, et al.,
2006; Wojciechowski, et al., 2006; Naiglin, et al., 2002; Paluru, et al., 2003; Paluru,
et al., 2005; Young, et al., 1998a; Young, et al., 1998b; Young, et al., 2001;
Nishizaki, et al., 2009; Lam, et al., 2008) and seven in myopia viz., MY P6-MY P10,
MYP14, MYP17 (Hammond, et al., 2004; Stambolian, et al., 2004; Ciner, et al.,
2008). Five of these loci viz.,, MYP2, MYP3, MYP6, MYP10, MYP13 have been
confirmed through replication analysis in independent family studies (Zhang, et al.,
2007; Lam, et al., 2003; Stambolian, et al., 2006; Klein, et al., 2007; Nurnberg, et al.,
2008).

MY P2 is a candidate locus of the nonsyndromic autosoma dominant high myopia
first identified by Young, Ronan, Drahozal et al. (1998) who performed a genome-
wide linkage analysis for myopia susceptibility loci in 8 multigenerational families
with an autosoma dominant mode of myopia of more than —6.00 diopters, and
showed a significant linkage to 18p. The maximum lod score was 9.59, with marker
D185481. Haplotype analysis further refined this myopia locus to a 7.6 centi-morgan
interval between markers D18S59 and D18S1138 on 18p11.31. Afterwards Y oung et
al. (2001) narrowed the candidate region to the interval of 0.8 cM between markers
D18S63 and D18S52. This locus on chromosome 18p11.31 is believed to harbor the
genes involved in sclera formation or regulation thereby making it most preferentia
locus with potential to harbor the candidate genes for the disease (Young, 2004;
Yamane, et al., 2007). This locus has been screened and multiple candidate genes for
high myopia identified within MY P2 critical region and within the other mapped loci
(Young, 2004).

Genes that map to MYP2 critical region include clusterin-like 1 (CLUL1), elastin
microfibril interfacer 2 (EMILINZ2), lipin 2 (LPIN2), myomesin 1 (MYOM1), myosin
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regulatory light chain 3 (MRCL3), myosin regulatory light chain 2 (MRLC2),
transforming growth B-induced factor (TGIF), large Drosophila homolog associated
protein 1 (DLGAPL), and zinc finger protein 161 homolog (ZFP161) (Scavello, et al.,
2005).

The role of these genes stands established in sclera remodeling (Honda, et al., 1996;
Kusakari, et al., 2001) for their influence in the growth and maintenance of sclera
(Walman, 1993). Several studies produced conflicting results for association of
single-nucleotide polymorphisms (SNPs) in MYP2 locus genes and high myopia
(Young, 2004; Scavello, et al., 2005; Heath, et al., 2001). Our study serves to clarify
this relationship with a case-control design and ethnic purity of our population. We
focus to analyze specific fragments of candidate genes such as EMILIN2, DLGAP1
and MYOML1 in our ethnic population.

4.21. Materialsand M ethods

4.21.1 Study design

This study was conducted at the University of Kashmir, Srinagar (India) between
2010 and 2012. The Ethical Committee has approved the study. All patients signed

the written informed consent.
4.21.2. Participants

115 Kashmiri subjects (from India) with high myopia and ethnically matched 112
healthy controls were enrolled for the study from local hospital (Ophthalmology unit)
as well from our ophthalmologist’s clinic (Annexures IV-VII). Informed consent was
obtained from the study subjects after an explanation of the nature and possible
consequences of the study. Criteriafor selection included a history of onset of myopia
in al affected subjects. Individuals were excluded if there was known ocular disease
such as retinopathy, cataract or if they had a known genetic disease associated with
myopia, such as stickler or Marfan syndrome. An ophthamic examination of the
participating subjects was performed by our ophthamologist. Ophthalmic evaluation
included measuring visual acquity, keratometry, retinoscopy, dit lamp examination of
the anterior segment, fundus examination and measurement of axial length. Auto

refraction was taken and A- scan was done on both eyes. Subjects were encouraged to
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narrate all the details relevant to this study. This included age of subject, history of
onset of myopia, any associated ocular complications and information regarding close

work. The study was approved by Research Ethics Committee.
4.21.3 M ethodology
4.21.3.1. DNA extraction from blood

Deoxyribonucleic acid (DNA) extraction of Samples of both high myopia affected
and normals was carried out by standard procedures like phenol-chloroform extraction
and salting out. Extracted DNA was dissolved in tris-EDTA buffer for further use.

4.21.3.2. Polymer ase chain reaction

PCR reactions were carried out in a total volume of 50ul, Containing 50-100ng
genomic DNA, 2-6 pmole of each primer (primers listed in table 3.2.methodology
section), 1x PCR buffer (Sigma Aldrich) and 0.5 units of Tag DNA polymerase
(Sigma Aldrich). The PCR cycling conditions involved: one cycle of denaturation at
95°C for 5 min, 30 cycles of denaturation at 95°C for 45 s, annealing at *t°C (* =
different annealing temperatures for different primer sets)for 45s, and extension at
72°C for 45 s, and one final 6 min elongation cycle at 72°C. PCR products of the
expected sizes generated (Supplementary data, Fig. S3a-S3f) were then purified using
purification kit or Nal.

4.21.3.3. Conformation sensitive gel electrophoresis (CSGE)

Purified PCR products were subjected to denaturation and renaturation procedures for
generation of potential heteroduplexes and analyzed by CSGE (Ganguly, et al., 1993).
Samples with unusual mobility during these assays were finally sequenced to confirm
the presence of sequence variations along with controls (Scigenom, Keral a).

4.21.3.4. Sequencing

Samples that showed presence of heteroduplex bands were sent for sequencing to

confirm the presence of sequence variations.
4.21.3.5. Sequence analysis

Sequence results obtained in fasta and pdf formats were analysed using ClustalX
version 2 software (Thompson, et al., 1997) and by Chromas Pro version 1.49 beta 2
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software for the detailed inspection of individual chromatograms (Supplementary
data, Fig. S5A-S50).

4.21.3.6. Statistical analysis

Statistical analysis was undertaken using the x° test and significance value (p). A p
value of <0.05 was considered significant. Adherence to the Hardy-Weinberg
equilibrium constant was tested using the y° test with one degree of freedom. Odds

ratio and confidence interval was also calcul ated.
4.21.3.7. Insilico analysis

The amino acid sequence of the protein in fasta format obtained from (NCBI)
(www.ncbi.nlm.nih.gov) was submitted to an automated server (I-TASSER)
(zhang.bioinformatics.ku.edu/I-TASSER) for 3D structure prediction (Zhang, 2007;
Zhang, 2008). The server furnishes predicted 3D structure in a pdb format. Swiss
PDB Viewer was used for viewing pdb files and computing the free energy of the
predicted 3D structures (Camacho, et al., 2000; Camacho & Gatchell, 2003; Comeau,
et al., 2004).

4.22. Results

This study identifies sequence variants in DLGAPL, EMILIN2 & MYOML1 in a pure
ethnic kashmiri population. Prior to DNA sequencing samples were screened for the
presence of mutations by Conformation Sensitive Gel Electrophoresis (CSGE) and
only those samples were sent out for commercial sequencing that showed differential
migration on heteroduplex assay by CSGE (Supplementary data, Fig. $4).
Heteroduplex analysis was done to minimize the sequencing load although the results
are not 100% but still huge sequencing burden is definitely relaxed to a great extent.

Mutational screening revealed atotal of 8 polymorphic variations five of which were
exonic and three were intronic. DLGAP1 gene revealed a total of two polymorphic
variations. Out of which one G>A variation at codon 507 (Fig.4.5a) happens to be
novel and mis-sense changing polar negatively charged amino acid Glutamic acid
(Glu; E.) to polar and positively charged amino acid Lysing(K). It was present in all
the samples, controls (109/109; (100%) and affected (115/115; 100%) in
heterozygous state (GA). Second reported (rs3745051) synonymous & heterozygous
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polymorphic variation G>A at codon 517 (Fig. 4.5b) was present only in affected
samples at a frequency of 38/109 (35%). None of the normal controls (115) showed
this polymorphism. A subtle and statistically significant (p = <0.001; Table 4.8)
difference in the aldlic frequency for codon 517 variation indicates its potential
association with high myopia, While the relative frequency of occurrence of variation
a codon 507 (p = 1; Table 4.8) in high myopes was found to be statistically
insignificant, when compared to their occurrence in healthy controls. The DLGAP1
codon 507 polymorphism was not associated with age, gender and the degree of
myopia and the frequency of GA genotype was amost equally distributed between
cases and controls of al age groups among both genders (Table 4.9). G>A
polymorphism at codon 517 however, showed significant p vaues for gender and
degree of myopia with the distribution of GA genotype significantly higher in high
myopic females with < 30 years of age (p = < 0.0001, Table 4.9).

b) 0 d)

a)

e f) 0) h)

Fig. 4.5. Representative partial chromatograms of affected samples showing sequence variations in
DLGAP1 (a) and (b), EMILIN2 (c) and MYOM1 (d, €, f, g, h) indicated by arrows

Polymorphic analysis of exon 4 of EMILIN2 revealed a total of one reported
(rs3810067) synonymous polymorphic variation, (T>C) at codon 451. It was observed
in heterozygous state (Fig. 4.5¢) in 22/115(19%) high myopia affected samples and
28/107 (26%) controls. The observed allele frequency of this variation was not in
Hardy—Weinberg equilibrium (P = 0.24, Table 4.8). However the polymorphism
showed statistical significance (p = 0.03, Table 4.10) for gender with occurrence of
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heterozygous genotype TC more among females than males, yet did not seem to
associate with age and degree of myopia (p = > 0.05, Table 4.10).

Mutational screening of specific fragments of MYOML1 in 112 high myopia affected
and 110 normal controls revealed a total of two reported polymorphic variations in
coding region. Codon 333G>A (Fig. 4.5d) synonymous variation with rs2230162 was
present in 28/112 (25%) affected samples in both homozygous 14/112 (12.5%) and
heterozygous states in 14/112 (12.5%). In controls only heterozygous state (GA) was
observed in 46/110 (42%) samples evaluated. The G>C non-synonymous variation at
codon 341 (Fig.4.5e) was observed in all samples 222/222 (100%; controls and cases)
in both homozygous and heterozygous states. The homozygous state in affected
samples was found in 96/112 (86%) and heterozygous in 16/112 (14%). In controls
homozygous state was present in 76/110 (69%) while heterozygous state was
observed in 34/110 (31%) samples.

The observed genotype frequency of both the polymorphic variations at codon 333
and 341 was in Hardy—Weinberg equilibrium (P = <0.0001 & p = 0.003, Table 4.8).
The MYOM1 G>A polymorphism at codon 333 shows a statistically significant
association with gender (p = 0.01, Table 4.11) and degree of myopia (p = 0.0005,
Table 4.11) with the frequency of GA genotype significantly higher in males with
degree of myopia above -6 diopters. The observed genotype frequency of all the three
intronic variations of MYOML1 was in Hardy—Weinberg equilibrium (P = <0.0001,
Table 4.8). Intronic variation G>A rs17177479 (Fig.4.5f) does not associate with any
of the clinical parameters (p>0.05, Table 4.12), however other two intronic
polymorphisms G>T rsb5779127 (Fig.4.59) and C>G rs8096379 (Fig.4.5h) show
statistical significance (p < 0.0001, Table 4.12) for the degree of myopia.
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Table 4.8. Genotype and alele frequencies of MY P2 locus gene polymorphisms in cases and controls

Cases (%)

Controls (%)

P 2
Genel variation Genotype n= 112 n=110 P value X
MYOM1
GG 84 (75%) 64 (58%)
GA 14 (12.5%) 46 (42%) <0.0001 33.75
rs2230162 g.44094G>A AA 14 (12.5%) 0 (0%)
G 182 (81%) 174 (79%)
A 42 (19%) 46 (21%) 0.56 0.33
GG 0 (0%) 0 (0%)
GC 16 (14%) 34 (31%)
rs8099021 ¢.44117G>C ccC 96 (86%) 76 (69%)
G 16 (7%) 34 (16%) 0.005 7.67
C 208 (93%) 186 (84%)
GG 98 (87%) 84 (76%)
GA 0 (0%) 26 (24%) <0.0001 41.06
rsl7177479 g.44140G>A AA 14 (13%) 0 (0%)
G 196 (87%) 194 (88%)
A 28 (13%) 26 (12%) 0.82 0.05
n=113 n=112
GG 0 (0%) 112 (100%)
GT 15 (13%) 0 (0%)
rsb5779127 g. 107905G>T T 98 (87%) 0 (0%)
G 128 (57%) 224 (100%)
T 98 (43%) 0 (0%) <0.001 124.1
ccC 15 (13%) 112 (100%)
CG 98 (87%) 0 (0%)
rs8096379 g.107926C>G GG 0 (0%) 0 (0%)
C 128 (57%) 224 (100%)
G 98 (43%) 0(0%) 0.001 124.1
n=115 n= 107
TT 93 (81%) 79 (74%)
EMILIN2 rs3810067 g. 44502 TC 22 (19%) 28 (26%)
T>C CcC 0 (0%) 0 (0%)
T 208 (90%) 186 (87%)
C 22 (10%) 28 (13%) 0.24 137
n=109 n=115
GG 0 (0%) 0 (0%)
GA 109 (100%) 115 (100%)
DLGAPL g.726179G>A AA 0 (0%) 0 (0%)
G 109 (50%) 115 (50%) 10 0
A 109 (50%) 115 (50%) '
GG 71 (65%) 115 (100%)
GA 38 (35%) 0 (0%)
rs3745051 g.726211 G>A AA 0 (0%) 0 (0%)
G 180 (82%) 230 (100%)
A 38 (18%) 0 (0%) <0.001 4338
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Table 4.9. Association of DLGAP1 gene alterations with clinical variables in high myopia affected
patients

DLGAP1
P value OR DLGAP1517G>A P value OR
Parameters 507G>A , ,
o) (9% ClI) o) (95% ClI)
GG GA+AA GG GA+AA
Age
<30 years 0 121 99 22 0.07 2.1481
NA NA
>30 years 0 103 87 9 (3.39) (0.9392-4.9131)
Sex
Mae 0 115 109° 6 <0.0001 0.1325
NA NA
Femae 0 109 77 32 (23.15) (0.0528-0.3322)
Degr ee of myopia
<-6 0 115 115 0
<0.0001
-6t0-12 0 58 NA NA 37 21 NA
(48.4)
>-12 0 51 34 17

NA: Not applicable

Table 4.10. Association of EMILIN2 gene aterations with clinical variables in high myopia affected
patients

Parameters EMILIN2 451T>C P value OR
TT TC+CC 0R) (95% CI)
Age
91 26 10 0.9643
<30 years
(0.02) (0.5133-1.8114)
>30 years 81 24
Sex
Male 99 20 0.03 0.4916
Female 73 30 (4.8) (0.2588-0.9337)
Degr ee of myopia
<-6 79 28
0.35
-6t0-12 47 13 NA
(2.04)
>-12 46 9

NA: Not applicable
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Table 4.11. Association of MYOM1 gene alterations (coding region) with clinical variables in high
myopia affected patients

MYOM1 333 P value OR MYOM1 341 P value OR
Parameters G>A @) (95% CI) G>C (95%Cl)
GG GA+AA X 0 GG GC+CC °
Age
0
<30 years 82 38 0.56 0.8496 120
NA NA
(0.33) (0.4856-1.4864)
>30 years 66 36 0 102
Sex
Mae 69 48 0 117
21137 (1.1879-3.7611) NA NA
Female 79 26 0 105
Degr ee of myopia
<-6 64 46 0 110
0.01
-6t0-12 42 18 NA 0 60 NA NA
(8.52)
>-12 42 10 0 52

NA: Not applicable
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Table 4.12. Association of intronic MY OM1 gene alterations with clinical variablesin high myopia affected patients

MYOM1 MYOM1 MYOM1 rsl7177479
P value OR P value OR OR
Parameter srs55779127 G>T rs8096379C>G G>A P value
09 (95% ClI) %) (95% CI) (95% CI)
GG GT+TT CC CG+GG GG GA+AA ()

Age

<30years 69 52 0.84 0.9502 70 51 0.64 0.8836 96 24 1.438

0.40

>30years 58 46 (0.04 (0.56021.6119) 57 47 (0.21) (0.5209-1.4989) 86 16 (0.6698-2.696)

Sex
Male 72 46 011  og@544(0.3851- 68 50 0.71 0.9038 94 23 0.80 1.2666
Female 55 52 (2.47) 1.112) 59 48 (0.14) (0.5332-1.532) 88 17 (0.45) (0.6346-2.5278)
Degr ee of myopia
<-6 112 0 112 0 84 26
<0.001
-6to-12 8 52 <0.0001 NA 7 53 NA 52 8 0.10(4.72) NA
172)
>-12 7 46 a72) 8 45 46 6
NA: Not applicable
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4.22.1. Insilico prediction results

MY P2 locus genes were modeled by I-TASSER to obtain the PDB structures and
analysis (energy calculations) was done using PDB Viewer. The assessment of the |-
TASSER predicted protein structure showed higher energy for mutant protein
(20206.113 kj/mol) compared to wild type protein (23265.684kj/mol) in DLGAP1
(Supplementary data, Fig. S6.1 & Table S6.1). While in case of MYOM1 wild protein
showed higher energy (-9702.442 kj/mol) as compared to mutant (-11496.317kj/mol)
for codon 341G>C variation (Supplementary data, Fig. S6.2 & Table S6.2).

4.23. Discussion

Despite compelling evidence about environmental contribution, genetic predisposition
remains a strong ally for myopia. Relevance of genetic factors in myopia has been
substantiated by various twin and familia studies indicating correlations between
refractive error in parents and siblings (Teikari, et al., 1989). Various autosomal and
X-linked loci have been found to be associated with pathological myopia. However,
the contribution of the genes on these loci has not been established with regard to the
development of myopia. The genes in these loci cannot be solely responsible for the
development of myopia in different ethnic groups with wide variability of the
prevalence of myopia, difficulty here is the uncertainty surrounding environmental
influences and genetic factors in the equation. Ideally, one set of genetic factors will
interact with one set of environmental influences to produce identical outcomes, but it
is unknown whether this is aways the case. Candidate genes that map to MY P2 locus
show expression in eye tissues (Lam, et al., 2003) and are important for constituent
organization and maintenance of connective tissue function. The genes belonging to
this locus may also be expressed in retina and influence the growth of sclera
(Wallman, 1993). This retinal hypothesis emanates mainly from animal studies of
experimental myopia. The induction of myopia in juvenile animals by deprivation of
form vision demonstrates a visual feedback mechanism in eye growth control.
Experimental work indicates that this neural control mechanism is at least partly
localized to the retinaitself, but how retinal signals directly control the growth of the
outer coats of the eye is presently unknown (Scavello, et al., 2005).
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Diverse populations have presented inconsistent profile of associating data owing
largely to heterogeneous nature of the populations studied. Previous mutational
screens for MY P2 locus candidate genes like MYOM1, EMILIN2, TGIF, DLGAPL,
CLUL1, LPIN2, MRCL3, MRLC2, ZFP161 did identify polymorphic variationsin all
these genes but none of the mutations segregated with the affected status (Scavello, et
al., 2005).Numerous other studies did however; indicate the association of series of
SNPs in these genes with high myopia in populations like Chinese and Italian
Sardinian cohorts (Heath, et al., 2001), whereas certain other studies have found no
such association (Young, 2004; Scavello, et al., 2005). Surprisingly the locus has
been shown to have significant association with high myopiain two Chinese families
(Lam, et al., 2002) and Consistent association of this locus with high myopia is also
reported in an Italian population (Heath, et al., 2001; Lam, et al., 2003). Population
from Kashmir represents a homogeneous cohort of common ethnicity and provided an
opportunity to revalidate the significance of MY P2 locus candidate gene variations (if

any) for defining their relevance in the pathogenesis of the disease.

DLGAPL (DISCS large associated protein 1) functions as a channel associated
proteins. It is known to be highly enriched in synaptosomal preparations of the brain,
and is present in the post synaptic density (Entrez Gene).The novel polymorphic
variation G507A in DLGAPL observed in our study group which is apparently
population specific, does not however segregate with the disease phenotype while an
additional reported sequence variant G517A appeared to associate significantly (p =
0.0001).

EMILIN2 an elastic fiber interacting protein confers elasticity to the extracellular
matrix (Doliana, et al., 2001). Broadly expressed in connective tissues with cell
adhesion promoting functions, it is deposited extracellularly and is abundant in blood
vessels, skin, heart, lung, kidney, and cornea (Bressan, et al., 1983; Colombatti, et al.,
1988). The expression profile, pro-adhesive functions, and the domain characteristics
suggest its fundamental role in the process of elastogenesis in association with other
extracellular matrix constituents (Bressan, et al., 1983) providing an important
association in scleral wall elasticity seen in high myopia with elongated axial lengths
(Scavello, et al., 2005). A previoudly reported EMILINZ variant T451C observed in
our cohort failed to associate with the disease in agreement with general contention.
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MYOML1 is a structural constituent of cytoskeleton thought to integrate the thin and
thick filaments and confer elasticity to the M-band of sarcomere in striated muscle
(Wang, 1985; Maruyama, 1986; Trinick, 1991). Two reported polymorphic variations
observed in the coding sequence of MYOM1 G333A & G341C segregated with the
affected phenotype (P=<0.0001 & P=0.003) alongside other reported intronic
variations observed in MYOM1 (G>A; P=< 0.0001: G>T & C>G; P= < 0.001).
Insilico predictions show change in energy state of variant proteins that are indicative
of their affect on protein stability and function.

Our study adds support to the idea that the MY P2 locus candidate gene polymorphism
contributes to the pathogenesis of myopia. It would however, need focused
investigation to establish the precise role played by these genes in the devel opment of
high myopia. Since these SNPs appear to change the energy state of protein indicated
by insilico analysis, abiological corroboration would be needed to elucidate the actual
affect of these changes on the function of these proteins. Genes further up- and
downstream aso need to be investigated, to present a cumulative genetic profile

influenced by genetics and environment in the genesis of high myopia.
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S1. Chemicals & Reagents

S1.1. Chemicals

Chemical Name

Absolute ethanol

Company

Jiangsu Huaxi International

Acrylamide Sisco Research Laboratories (SRL)
Acetic Acid Spectrochem
Agarose SRL
Ammonium Chloride Qualigens
Ammonuim persulphate SRL
Ammonium acetate Qualigens
Bisacrylamide Qualigens
Betaine Sigma
Bromophenol Blue Sigma
Chloroform Qualigens
Dimethyl sulfoxide Biogene
Dithiothritol Sigma
Ethidium Bromide Spectrochem
Ethylene diamine tetra acetate Himedia
Ethylene Glycol Qualigens
Formamide Amresco
Formaldehyde BDH (MERCK, India)
Glycerol Qualigens
Isoamy! alcohol Qualigens
Magnesium Acetate SRL
Phenol Sigma, SD Fine
Pottassium bicarbonate Qualigens
Sodium acetate CDH
Sodium bisulphite CDH
Sodium chloride SD Fine
Sodium dodecy! sulphate CDH
Sodium hydroxide SD Fine
Silver nitrate CDH
Sucrose Qualigens
Taurine Fluka (Sigma Aldrich)
TEMED (Tetramethylethylenediamine) Hi Media
TrisBase Qualigens
Xylene cyanol FF Bangalore GENEI
Enzymes:
Tag Polymerase Fermentas
Proteinase K Biogene
Miscelllaneous M aterials
100 bp DNA Ladder Fermentas
dNTP mix Fermentas
Tag Buffer Fermentas
Hindlll digest DNA marker Fermentas
S1.2. Reagents
S1.3. Reagents for DNA Extraction
1X TrisEDTA (TE) (pH 8).
Lysis buffer.
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Proteinase K.

TE saturated phenol.

TE saturated phenol-chloroform-isoamylalcohol (25:24:1).
Chloroform-isoamylalcohol (24:1).

3 M Sodium acetate solution (pH 5.2).

Absolute ethanol.

70 % Ethanol.

96% Ethanol

6M NaCl

Detergent

S1.4. Reagents for Agarose Gel Electrophoresis
1.5 % Agarose.

1X Tris Acetae EDTA (TAE).

Ethidium bromide.

S1.5. Reagentsfor DNA Amplification

dNTP mix (dATP, dTTP, dGTP, dCTP in equal molar concentrations)
Primers (Forward and Reverse)

Tag polymerase

Tag Buffer (Tris-HCI, KCI, (NH,4),S0,, 1.5mM MgCl,) (pH 8.7)

S1.6. Reagentsfor PCR Purification

2 % Agarose.

Tris Acetae EDTA (TAE)

Sodium iodide solution (Sodium iodide, sodium bisulphate).
Glass milk (Nitric acid treated Glass beads).

Wash buffer (Tris HCI pH 7.4 and Absolute Ethanol in 1:1 ratio).

S1.7. Reagents for Conformation Sensitive Gel Electrophoresis
40 % Acrylamide Mix (99:1).

Ethylene Glycaol.

Formamide.

20X TrisTaurine EDTA (TTE) (44 mM Tris, 14.5 mM Taurine,
0.1mM EDTA buffer, pH 9.0).

10% Ammonium persul phate.

TEMED.

10X Stock loading buffer (10X stock solution of 30%, Glycerol, 0.25%, Bromophenol blue, 0.25%
Xylene cyanol FF).

0.5X TTE as Electrode buffer.

S1.8. Reagents for_Silver Staining

Fixing Solution (10% Absolute Ehanol, 1% Acetic acid).

Staining Solution (0.4 % Silver Nitrate).

Developing Solution (1.2% Sodium hydroxide, 1ul/ml Formaldehyde).
Reaction Stop Solution (10% Acetic acid)

S1.9.Instruments

Slit Lamp, Autorefractor/autokeratometer, A-ultrasonography, Streak retinoscope, Fundus camera
Centrifuge, Eppendorf, Microfuge, Thermocycler, Electrophoresis set, Wealter Corp Taiwan, Gel-
doc,ImageMaster VDS, Incubator Memmert Germany, UV-Vis spectrophotometer Scimadzu
Japan, Vortex-2 GENIE Science Industries Inc., USA,White/Ultraviolet Transilluminator Bio Doc
ITTM system USA, Waterbath

S1.10. Computer softwar e used
Chromas.MFC. Version 2.22, Technelysium Pty Ltd, USA.
Chromas Pro. Clustel 1X, Primer 3.

Doctoral Thesis (2013) Shabhat Rasool i



Supplementary Data

S2. Genomic DNA

<+— 233kb

Figure S2. Genomic DNA extracted from blood samples run on 0.8% agarose gel. Lane 8 shows
separation pattern of Hind III digested A DNA and sample DNA was run in the remaining lanes.

S3. Amplification

500 bp 300 bp 500 bp 300 bp

12345678910111213141516171819 202122 1 2 3 4 5 6 7 8 9

S3a

500 bp 223 bp 500 bp 260 bp
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500 bp 259 bp 218 bp 500 bp
B T T T W
! I
— ! l - =
— s W —— - -
— .

1 2 3 4 5 6 7 8
S3i

Figure S3. DLGAP1 (S3a), EMILIN2 (S3b), MYOM1 Exons 2 (S3c), 4 (S3d), 19 (S3e) and 29 (S3f),
TGIF1 exon2 (S3g) & 6 (S3h) and TGFB1 exonl (S3i) amplification products with 100 bp/1kb DNA
ladder as marker. Lane 1 shows the separation pattern of DNA ladder in all the gel pictures while rest

of the lanesin each gel show analysis of 5ul aliquot of PCR product.
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4. Heteroduplex analysis

|

1 2 3 4 56 7 8 9 12345678 910 11 12 13
S4b)

= L ']
-__nla-__,__e._

1234567 891011 12131415 1 2 3 4 5 6 7 8 9

<4—

— m -
e ﬂ [
i =dl | £ |
1 2 3 4 5 6 7 8 9 10
He)
ﬁiﬁﬁu g :
1 2 3 4 56 7 89 10 11 1 2 3 4 5 6 7 8 9
SAf) S4g)

Figure $4. Heteroduplex analysis of different amplicons by conformation sensitive gel electrophoresis.
Different heteroduplex patterens (indicated by arrows in the above fig.'s) were obtained which were
suggestive of the presence of variation. Fig. S4c & $S4d shows the CSGE pattern of normal controls
while Fig. $4a, $4b, HAe, SAf & SAg show the heteroduplex analysis of myopia samples for DLGAPL,

EMILIN2 & MYOML1.
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S5. Sequencing

1) DLGAP1

PF T211.pl DO7 2011

PF_T211.p1_D06_2011
PF T211.pl D08 2011
PF_T211.p1 _DOS_2011
PF T211.pl D04 2011
PF_T211.pl _D03_2011
PF_T211.p1_DO1_2011
PF T211.pl D02 2011

— |er 211,01 D07 2011

pF T311.pl DOE_2011
pF_T211.pl DOE_2011
PE_T211.pl_DO5S_2011
PE_T211.pl_D04_2011
PE T211.pl D03 2011
pF T211.pl DO1 2011
pF T311.pl DOZ_2011

LHRRAK Ak RER .

pF T211.pl DOT 2011

pF T211.pl DO 2011
pF T211.pl DO8 2011
pF T211.pl DO5 2011
pF T211.pl D04 2011
pF T211.pl DO3 2011
pF T211.pl DO 2011
pF T211.pl D02 2011

pF T211.pl DOT 2011

PE_T211.pl_DO6_2011
PE_T211.pl_DOB 2011
PF_T211.pl_DO5 2011
PE_T211.pl_DO4 2011
PE_T211.pl_D03 2011
PF_T211.pl D01 2011
PF T211.pl DO2 2011

pF T211.p1 DOT 2011

PF T211.pl D06 2011
PF T211.pl DO8_ 2011
pE T211.pl DOS 2011
PE T211.pl D04 2011
PE_T211.pl_D03_2011
PE_T211.pl_D01_2011
FE_T211.pl_D0Z_2011

pF T211.pl DOT 2011

PE_T211.pl_DO6_2011
PE_T211.pl_DOB_2011
BF_T211.pl_DO5_2011
pF T211.pl D04 2011
pF T211.pl DO3 2011
pF T211.pl DO1 2011
PE_T211.pl_D02_2011

Figure S5A. Representing the multiple sequence alignment of samples generated from
Exon 4 (DLGAPL) amplification. The fasta sequences of samples were aligned with the
reference sequence (pointed out by black arrow head), using Clustal X software, SNPs are
indicated by arrows.
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Figur e S5B. Representative chromatogram of a normal sample for DLGAPL.
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Figure S5C. Representative chromatogram of affected sample, showing novel SNP at codon 507
& reported SNP with rs3745051 at codon 517 in heterozygous state in exon4 of DLGAPL.
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[ ]
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2) EMILIN2

abi_E2 EF_T323.P2 Raw
i E13_EF_T323.P2_Raw
i E11 EF T323.P2 Raw
REF
abi_E3_EF_T323.P2_Raw
abi_E9 EF_T323.P2_Raw
abi_E6_EF_T323.P2_Raw
i E10_EF_T323.P2_Raw
abi_E4_EF_T323.P2_Raw
i E14 EF T323.P2 Raw
abi_E7_EF_T323.P2_Raw
t_E12 EF T325.P1 Raw
abi_E1_EF_T323.P2_Raw
abi_E8_EF_T323.P2 Raw
abi_ES_EF_T323.P2_Raw

abi_EZ_EF_T323.P2_Raw
kbi_E13 EF_T323.F2_Raw
kbi E11 EF T323.P2 Raw

REF
abi_E3_EF_T323.FZ_Raw
abi_E9 EF_T323.P2_Raw
abi_E6_EF_T323.P2_Raw
kbi E10 EF T323.P2 Raw
abi_E4_EF_T323.P2_Raw
abi E14 EF T323.P2 Raw
kabi_E7_EF_T323.P2_Raw
kpt_E12_EF_T325.P1 Raw
abi E1 EF _T323.P2 Raw
abi_Ef_EF_T323.P2_Raw
ahi FS FF T37% P? Raw

B *, . * kk ok L kEE hkkkww k| LEEER
I.andrabi_E2 EF T323.F Bea B

.andrabi_E13_EF_T323.H
.andrabi_E11_EF_T323.H

I.andrabi_E3_EF_T323.F
I.andrabi_E9_EF_T323.F
I.andrabi E6 EF T323.F
.andrabi_E10_EF_T323.H
I.andrabi_E4_EF_T323.F
.andrabi E14 EF T323.H
I.andrabi_E7_EF_T323.F
rabi.rpt_E12_EF_T325.0
I.andrabi E1 EF T323.F
I.andrabi_E2_EF_T323.F
I.andrabi_ES_EF_T323.F

Figure S5D. Representing the multiple sequence alignment of samples generated from Exon 4
(EMILIN2) amplification. The fasta sequences of samples were aligned with the reference
sequence (pointed out by black arrow head), using ClustalX software, SNPs are also indicated by
black arrows
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Figur e S5E. Representative chromatogram of normal sample, exon 4 EMILIN2.
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Figure S5F. Representative chromatogram of an affected sample showing synonymous SNP T>C at
codond51 (rsrs381006) in EMILIN2 exon 4.
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3) MYOM1

Figure S5G. Representative chromatogram of affected sample for exon 2 of MYOM1
showing sequences in bad format
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Ah_ kAR RREE AR % AR % _Aww

hndrabi Q1 QF 7323.P2 Raw

drabi_Ql0_QF T323.P2 Raw
drabi Q14 QF T323.P2 Raw
hndrabi Q2 _QF 7323.P2_Raw

hndrabi_Q7 QF 7323.P2 Raw

hndrabi_5 QF T323.P2 Raw

Andrabi_3_QF T323.P2_Raw
andrabi_Q9 QF T323.F2_Raw

drabi_Q13 QF T323.P2 Raw
andrabi @B QF T323.P2_Raw
Andrabi_Q6_QF T323.P2_Raw
drabi_Ql1_QF T323.B2 Raw
drabi_Q12_QF_T323.P2_Raw
hbi.zpt Q4 QF T325.P1 Raw

ndrabi_Q1_QF T323.P2Z_Raw
drabi_Q10_QF T323.P2Z_Raw
drabi_Q14_QF T323.P2_Raw
ndrabi_Q2 QF T323.P2 Raw

ndrabi_Q7_QF T323.P2 Raw

ndrabi_Q5_QF T323.P2 Raw

ndrabi_@3_QF T323.P2_Raw
ndrabi_Q9_QF T323.P2_Raw

ref
drabi_Q13_QF T323.P2_Raw
ndrabi_QB_QF T323.P2_Raw
ndrabi_Q6_QF T323.P2 Raw

indrabi Q1 QF T323.P2 Raw u | =
drabi_Q10_QF T323.P2_Raw | [------—-] B Gl - s H
drabi_Q14_QF_T323.F2_Raw u |
andrabi Q2 QF T323.P2 Raw | -——----—f e L | -]
andrabi_Q7_QF_T323.P2_Raw 1T TERE-C- - =
andrabi_QS_QF T323.P2 Raw Bty -]
hndrabi Q3 QF T323.22 Raw v - -
kndrabi_QO_QF_T323.P2_Raw

ref

drabi_Q13_QF_T323.P2_Raw
hndrabi Q8 QF T323.P2 Raw
andrabi_Q6 QF T323.P2_Raw
drabi_Q11 QF T323.P2 Raw
drabi Q12 QF T323.F2_Raw
sbi.rpt_Q4_QF_T325.F1_Raw

ndrabi_Ql_QF T323.P2_Raw

drebi_Q10_QF_T323.P2 Raw
drabi_gl4_QF T323.P2 Raw
ndrabi Q2 QF T323.P2 Raw

ndrabi_Q7_QF T323.P2_Raw

ndrabi Q5 QF T323.P2 Raw

ndrabi_Q3 QF T323.P2 Raw
ndrabi_QO QF T323.P2 Raw

drabi_Ql3 QF T323.P2 Raw
ndrabi Q8 QF T323.P2 Raw
ndrabi_Q6 QF T323.P2 Raw
drabi_Ql1_QF_T323.P2_Raw
drabi_Q12 QF T323.P2 Raw
kbi.rpt_Q4 QF T325.P1 Raw

Figure S5H. Representing the multiple sequence alignment of samples generated from Exon
4 (MYOM1) amplification. The fasta sequences of samples were aligned with the reference

sequence (pointed out by black arrow head), using ClustalX software, SNPs are also
indicated by black arrows.
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Figure Sbl. Representative chromatogram of exon 4 MYOM1 for a Normal sample under
Evaluation
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Figure S5J. Representative chromatogram of affected sample, showing reported SNPs at
codons 333 & 341in exon 4 MYOM1 & reported intronic SNP immediately after exon 4 of
MYOM1.
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DLk RRIK RoikRR kAR

£_S1_SF_T325.P1 Raw
| S10_SF_T325.P1 Raw
i S SF T323.P2 Raw
i S5 _SF T323.P2 Raw
i_S4_SF_T323.P2_Raw
ref
t _S3 SF TEZS.PliF.aW

t_ST_SF_T325.P1 Raw

t_S9_SF_T325.P1_Raw
| s11_sF_T325.P1_Raw

t_S1_SF_T325.P1_Raw
| S10_SF_T325.P1 Raw
i_S6 SF T323.P2 Raw

fi_S5_SF_T323.P2_Raw
fi_S4_SF_T323.P2 Raw
ref
t_S3_SF_T325.P1 Raw

t 857 SF T325.P1 Raw

t_S1_SF T325.P1 Raw
| S10_SF_T325.P1 Raw
i S6_SF T323.P2 Raw
fi_S5_SF_T323.P2 Raw
i 5S4 SF T323.P2 Raw
ref

t_s1_SF_T325.P1 Raw ct
| s10_SF_T325.P1_Raw | |- I
fi_S6_SF_T323.P2_Raw | |------

i 55 _SF T323.P2 Raw | ——-——- T8 - BT
i_54_SF_T323.P2_Raw | ——-———— ]

ref ] w
t_S3_SF_T325.P1 Raw | |-—--—- i
t_ST_SF_T325.P1 _Raw | |-—--——-—-
f_S0_SF_T325.P1_Raw
| 511_SF T325.P1 Raw

Figure S5K. Representing the multiple sequence alignment of samples generated from Exon
19 (MYOM1) amplification. The fasta sequences of samples were aligned with the reference
sequence (pointed out by black arrow head), using Clustal X software, SNPs are also indicated
by black arrows.
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Figure S5L. Representative chromatogram of exon 19 MYOML1 for a Normal sample
under evaluation.
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Figure S5M. Representative chromatogram of affected sample, showing two intronic
SNPs with rs55779127 and rs8096379 immediately after exon 19 boundry in MYOM1
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H.I.andrabi_z2_ZF T
d.I.andrabi 28 ZF T
H.I.andrabi_26_ZF T
d.I.andrabi 27 ZF T

.I.andrabi 213 zF T

d.I.andrabi 23 ZF T
H.I.andrabi_z5_ZF T
.I.andrabi_2z12_ZF T
ndrabi.rpt_zl ZF T
d.T.andrabi_zl_ZF T
.I.andrabi 211 ZF T
H.I.andrabi 24 ZF T
ndrabi.rpt_24_ZF T

H.T.andrabi 22 zF T
d.T.andrabi z8 zF T
H.T.andrabi 26 zF T
d.T.andrabi 27 zF T
.I.andrabi 213 zF T

d.I.andrabi z3 zF T
H.I.andrabi_z5 ZF T
. I.andrabi_z12 zF T
ndrabi.rpt_z1 _ZF T
d.I.andrabi z1 zF T
.I.andrabi 211 2F_T
d.I.andrabi 24 2F T
pndrabi.rpt_Z4 ZF T

d.I.andrabi z2 zF T
d.T.andrabi_z8_ZF T
d.I.andrabi 26 ZF T
H.T.andrabi 27 ZF T

. I.andrabi_213_ZF T

d.I.andrabi_2z3_ZF T
[.I.andrabi_25_ZF T
.I.andrabi z12 ZF T
pndrabi.rpt_z1_ZF T
d.I.andrabi 21 ZF T
.I.andrabi z11 zEF T
[d.I.andrabi_2z4_ZF T
andrabi.rpt 24 ZF T

.andrabi_z2 zF T
.andrabi_z8 ZF T
.andrabi_z6_ZF_T
.andrabi_z7 ZF T
.I.andrabi 213 ZF T

HOHOH A

d.
d.
d.
d.

d.I.andrabi 23 ZF T
d.I.andrabi z5_zF T
.I.andrabi_212_ZF T
pndrabi.rpt_21_ZF T
H.I.andrabi zl ZF T
.I.andrabi_z11 ZF T
H.I.andrabi 24 ZF T
andrabi.rpt z4 ZF T

Figure S5N. Representing the multiple sequence alignment of samples generated from Exon
29 (MY OM1) amplification. The fasta sequences of samples were aligned with the reference
sequence (pointed out by black arrow head), using Clustal X software.
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Figure S50. Representative chromatogram of affected sample, no SNP or mutation found in
thisexon (MY OM1, exon 29)
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TGIF1

* kkkhkhkkhkhkk * %k * kkkAkkkd

|R23-FP.abl 3234
|R1Z-FP.abl 950
R13-FP.abl 362
Rl6-FP.abl 43¢
R15-FP.abl &71
(R18-FP.abl 55¢
rerfrance
|RZ1-FP.abl 323
'R11-FP.abl 5173
|RZZ-FP.abl 223
R17-FFP.abl &&Z

|R23-FP.abl 323
' R1Z2-FF.abl 3250
(R13-FP.abl 362
' R16-FFP.abl 43¢
R15-FP.abl 671
' R18-FFP.abl 55§
rerfrance
(R21-FP.abl 223
' R11-FP.abl 513
|R2Z2-FP.abl 223
R17-FP.abl ©63

|RZ3-FP.abl 324
|R12-FP.abl 850
|R13-FP.abl 362
' R16-FP.abl 43¢
' R15-FP.abl 671
| R18-FP.abl 558
rerfrance
|R21-FP.abl 324
'R11-FP.abl 513
|R22-FP.abl 223
| R17-FP.abl 662

Ak AkA Ak A hk

RZ3-FP.abl 322
Rlz-FP.abl 550
R13-FP.abl 362
Rle-FP.abl 43¢
R15-FP.abl &71
R1l8-FP.abl 55&
rerfrance
RZ1-FP.abl 322
'R11-FP.abl 513
|R22-FP.abl 223
R17-FP.abl &6z

Figure S5P. Representing the multiple sequence alignment of samples generated from Exon 2
amplification. The fasta sequences of samples were aligned with the reference sequence from NCBI
indicated by black arrow using Clustal X software. SNPSsindicated by black arrows.
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Figure S5Q. Representative chromatogram of a normal sample under evaluation for exon 2
TGIF1.
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Figure S5R. Representative chromatogram of affected sample, showing three adjacent novel
intronic variations after exon 2 junction TGIF1, indicated by black arrow.
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shid T10 TF T
shid T11l TF T
rshid T1_TF_T
rshid T&_TF T
rshid TE8_TF_T
shid T12 TF T

rshid T5_TF T
rshid T7_TF_T
rshid T4 _TF T
shid_T13_TF_T

shid T10_TF T
shid T11 TF T
rshid T1_TF_T
rshid T6 _TF_T
rshid T8 _TF_T
shid T12_ TF T

rshid TS _TF_T
rshid T7_TF_T
rshid T4 _TF_T
shid T13_TF_T

shid T10_TF_ T

u
o
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H
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H
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w
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o
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rshid T8_TF T
shid T12 TF T

rshid_T5_TF_T
rshid_T7_TF_T
rshid T4_TF_T
shid T13_TF T

shid T10 TF T
shid T11_TF T
rshid T1_TF_T
rshid T6é_TF_T
rshid T& TF_ T
shid T12 TF_ T

rshid TS_TF_T
rshid T7 TF T
rshid T4 TF_T
shid T13 TF T

shid T10 TF T
shid_T11_TF T
rshid T1_TF T
rshid Té TF T
rshid T8 TF T
shid_T12_TF T

rshid TS TF T
rshid T7_TF_T
rshid T4_TF T
shid T13 TF T

shid T10 TF T
shid T11 TF T
rshid T1 TF T
rshid Té TF T
rshid T8 TF T
shid T12 _TF T

rshid T5 TF T
rshid T7 TF T
rshid T4 TF T
shid T13 TF T

Figure S5S. Representing the multiple sequence alignment of samples generated from Exon 6
amplification. The fasta sequences of samples were aligned with the reference sequence from NCBI
indicated byblack arrow using Clustal X software. SNPs are also indicated by black arrows.
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Figure S5T. Representative chromatogram of a Normal sample, TGIF1 exon 6 under
evaluation
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Figure S5U. Representative chromatogram of affected sample, showing anovel mutation G>A
at codon 26 of TGIF1in heterozygous state.
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Figure S5V. Representing the multiple sequence alignment of samples generated from TGF31 Exon 1
(amplification. The fasta sequences of samples were aligned with the reference sequence available
sample (pointed out by black arrow head), using Clustal X software, SNPs are indicated by red arrows.
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Figure S5W. Representative chromatogram for normal sample under evaluation (TGFB1, exonl)
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Figure S5X. Representative chromatogram of affected sample showing SNP at codon 10 and
25, TGFB1 exon 1.
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Figure S5Y. Representative chromatogram of affected sample showing heterozygous G>A SNP
at codon 52 asindicated by arrow.
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S6. Insilco predictions

S6a)

Figure S6.1. S6a) Wild type and S6b) mutant protein models of DLGAP1 predicted by I-TASSER

Table S6.1. Table shows the total energy of the I-TASSER predicted DLGAPL tertiary structures
calculated by Swiss PDB Viewer. Model mutant 1 has higher energy compared to wild type lof
DLGAPL.

S.No. Protein model Name C-score Energy
1 Wildtype 1 -1.65 -23265.684
2 Mutant 1 -1.49 -20206.113

Doctoral Thesis (2013) Shabhat Rasool XXXi



Supplementary Data

S6e) S6d)

Figure S6.2. S6c¢) Wild type and S6d) mutant protein models of MY OM 11 predicted by I-TASSER

Table $6.2. Table shows the total energy of the I-TASSER predicted MYOM1 (Exon 4) tertiary
structures calculated by Swiss PDB Viewer. Model mutant 1 has lower energy compared to wild

type 1.

S. No. Protein model Name C-score Energy kj/mol
1 Wildtype 1 -0.04 -9702.442
2 Mutant 1 -1.37 -11496.317
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S6f)

Figure S6.3. S6e) Wild type and S6f) mutant protein models of TGIF1 (exon 6) predicted by |-
TASSER

Table S6.3. Table shows the total energy of the I-TASSER predicted TGIF (Exon 6) tertiary
structures calculated by Swiss PDB Viewer.

S. No. Protein M odel C-Score Energy kj/mol
1 Wildtype 1 -0.42 -5820.186
2 Mutant -0.47 -6595.593
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Figure S6.4. S6g) Wild type and mutant protein models of TGFB1 (exon 1) predicted by I-
TASSER. Structures with incorporated SNP C>T (S6h), G>C (S6i) & with both SNPs C>T & G

to C (S8J).

Table S6.4. Table shows the total energy of the I-TASSER predicted TGFB1 (exon 1) tertiary
structures calculated by Swiss PDB Viewer.

S. No. Protein M odel C-Score Ener gy kj/mol
1 Wildtype 1 -2.64 - 9573.964kj/mol
2 Mutant, C>T -2.64 -8931.029kj/mol
3 Mutant, G>C -2.75 -8102.402kj/mol
4 Mutant, C>T + G>C 221 -9501.950kj/mol
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Annexure- | M72 19 Case | -14 [T/T] GIG | GIA

Sample D[ Age (Yrs) | Status | Degree [SNP1] SNP2 | SNP3 M73 54 Case | -20 |T/T| GIG | GIA
Fis2 5 cae T o1 lciel ac T ac M74 43 Case | -14 |T/T| GIG | GIA
F256 13 Case | 11 _|CiC| GIC | GIG M75 27 Case | -18 [T/T| GIG | GIA
F253 20 Case %6 _|cic| 6Ic | GIG M76 32 Case 7 _|[TM]| GIG | GIA
F3r3 15 Case 5 Tocl o T o6 M77 37 Cae | -85 |T/T| GIG | GIA
F34 11 Case %6 |cic| GIc | GIG M78 45 Case 9 [TM]| GIG | GIA
Fas2 2 Case | 65 |CIC| CIC | GIG M79 48 Case | -14 |TIT| GIG | GIA
F4s5 15 Cae T 775 ToicT ol T oG M80 14 Case | -244 |CIT| GIG | GIA
F5S5 35 Case | -10 |C/IC| GIG | GIG M8l 34 Case | -16 |CIT| GIG | GIA
F7s5 A Cae T 3 Toicl o o M82 66 Cae | -17 |CIT| GIG | GIA
Fos4 18 Case 9 |ciIc| GIG | GIG M4 22 Case | -15 |CT| GIG | GIA
F10S2 47 Case | -10 |CIC| GIG | GIG M85 17 Case | -27 |CIT| GIG | GIA
F3SL 2 Case | -13 |CIC| GIG | GIA M86 13 Case | -22 |CIT| GIG | GIA
F43 18 Cae 12 ToicT oo T G M87 22 Cae | -16 |C/T| GIG | GIA
F5S1 0 Cae | 56 ol e T oA M88 25 Case 9 |ciT| GIG | GIA
F5510 5 Case | -135 | CIC| GIG | GIA M89 35 Case 8 |CIT| GIG | GIA
F5S1L 5 Case 6 |cic| GIG | GIA M90 60 Case | -13 [CT| GIG | GIA
F656 3B Case | -16.25 |CIC| GIG | GIA Mo1 51 Case | -25 |CIT| GIG | GIA
F6S7 33 Case | -23 |CIC| GIG | GIA M2 45 Case | 63 |C/IT| GIG | GIA
F7S3 14 Case | 28 |CIC| GIG | GIA M3 32 Case | -17 |CIT| GIG | GIA
F76 6 Case 24 |CIC| GIG | GIA M94 16 Case 21 |CIT| GIG | GIA
F8SsL 60 Case 7 |cic| GIG | GIA M5 8 Case | -2 |CIT| GIG | GIA
F8s3 > Cae | 19 Toicl oic T oA M96 56 Case | -198 |CIT| GIG | GIA
F8s4 29 Case | -10 |CIC| GIG | GIA M7 17 Case 6 [TM]| GIG | GIA
F8s5 27 Case | -12 |CIC| GIG | GIA M98 27 Case 7 _|TT| GIG | GIA
FOSL 45 Case | 65 |CIC| GIG | GIA M99 33 Case | -10 |T/T| GIG | GIA
F104 25 Case 6 _|cic| GIG | GIA M 100 64 Case | -15 [T/T| GIG | GIA
M1 20 Case o Tccl e T GaA M101 10 Cae | 12 |T/T| GIG | GIA
M2 7 Cas 5 ool oe T am M102 19 Cae | -13 |T/T| GIG | GIA
M3 > Cae 0 TcicT oo T G M103 32 Cae | 19 |T/T| GIG | GIA
M 5 Case s ool e T GaA M 104 24 Case | -205 |T/T| GIG | GIA
M5 8 Cae 13 ToicT oo T G M 105 55 Cae | -16 |T/T| GIG | GIA
M6 65 Case = Teel oo T oA M 106 a7 Case 8 _|TT| GIG | GIA
M7 %5 Case o Tccl o T GA M107 26 Case 6 |T/T| GIG | GIA
M8 20 Cae 6 ToicT oo T G M 108 33 Case 9 [TT| GIG | GIA
M9 2 Cae 10 ToicT oo T oA M 109 2 Case | -10 |T/T| GIG | GIA
M10 20 Cae | 65 TocT oo T G M 110 19 Cae | -13 |T/T| GIG | GIA
M1l 2 Cas % ool oe T o M111 41 Case | -11 |T/T| GIG | GIA
M12 8 Case % Tccl e T GA M112 27 Cae | -15 |T/T| GIG | GIA
M13 57 Cas ~ ool o6 T an M113 33 Cae | 25 |T/T| GIC | GIG
M14 16 Cae | 20 TcicT ol T G M 114 37 Cae | 32 |T/T| GIC | GIG
M15 3 Cae | 18 ToicT e T oA M115 22 Cae | -18 |T/T| GIC | GIG
M16 20 Cae 11 TonT oo T G M116 45 Cae | 22 |TIT| GIC | GIG
M17 o1 Cae T 13 Tom T aie T oA M117 25 Cae | -15 |T/T| GIC | GIG
M18 A Cae 12 TomrT oo T G M118 23 Cae | 20 |T/T| GIC | GIG
M19 2 Cae | 15 Tl o T oA M119 18 Case | 26 |T/T| GIC | AA
M20 0 Cae T 10 o oie T oA M120 40 Case | 30 |T/T| GIC | AA
M21 = Cae 11 TonrT oo T G M121 67 Cae | 12 |T/T| CIC | AA
M22 20 Cae | 18 Tomr T o6 | Ga M122 63 Case | 21 |T/T| CIC | AA
M23 18 Case 8 |CIT| GIG | GIA M123 44 Case 6 |TT| CciC | AA
M 24 %5 Cae 0 T T oo T Ga M 124 12 Case | -10 |T/T| CiC | AA
M25 18 Cae T 20 77 cic T oA M125 21 Case | -13 |T/T| CiC | AA
M26 58 Cas B 77l o6 T an M126 53 Cae | -11 |T/T| ciC | AA
M27 13 Case | 13 |T/T| GIG | GIA M127 64 Case | -2 [TM| CIC | AIA
M 28 > Case % 197 o T GA M128 2 Case | -14 |T/T| CiC | AA
M29 65 Cas 5 77l ee T an M129 23 Case 7 _[tm| cic | AA
M30 5 Cae | 6 77 ol | GaA M 130 25 Case | -10 |T/T| CIC | AA
M3l 2 Cae T 12 77 e T oA M 131 18 Case | 20 |T/T| Cic | AA
M32 27 Case | 10 |T/T| GIG | GIA M132 58 Case -8 _[cm| cic | AA
M33 > Cae T 11 77 cc T oA M133 13 Cae | -13 |CIT| CiC | AA
M34 20 Cae T 12 T cic T G M 134 27 Cae | -18 |CIT| CIC | GIG
M35 42 Case | -11 |T/T| CIC | GIA M135 32 Case 7 _|cm] cc | GIG
M40 20 Cae T 14 77 cc T oA M136 37 Cae | -85 |CIT| CIC | GIG
M4L 29 Cas 5 771 ce T o6 M 137 45 Case 9 _|cT| cc | GIG
M43 2 Case = TT7T ce T o6 M 138 48 Cae | -14 _|CIT| CIC | GIG
M46 7 Cas o 77 ce T aa M 139 14 Case | -244 |CIT| CIC | GIG
M48 %6 Cae T 5 T cic T oG M 140 34 Cae | -16 |CIT| CIC | GIG
MB5L > Cae T 18 7T cic T AR M141 66 Cae | -17 |CIT| GIC | GIG
M54 70 Cae T 1 AT cic T AR M 142 30 Cae | 68 |CIT| GIC | GIG
M57 16 Cae | 19 |T/T| CIC | AA M143 22 Case | -15 [CT| GIC | GIG
M58 15 Case | -12 |T/T| CIC | AA M144 17 Case | -27 |CIT| GIC | GIG
M64 5 Cae T 0 TTAT cic T AR M 145 13 Cae | 22 |CIT| GIC | GIG
M65 o Cae T 10 77 cc T AR M 146 22 Cae | -16 |CIT| GIC | GIG
M 66 21 Case | -13 |T/T| CIC | AIA M 147 25 Case -9 |cm] Gic | GG
M67 53 Case | 11 |T/T| ciIc | GIG M148 35 Case 8 [cm| GIC | GIG
V68 o e T 22 T oic o M 149 60 Cae | 13 |CIT| GIC | GIG
M69 2 Cae T 14 T Gl T oG M 150 51 Cae | 25 |CIT| GIC | GIG
M70 23 Case =~ TT7T o6 T oo M 151 45 Cae | 63 |CIT| GIC | GIG
M71 02 Case o 97 cie T oG M152 32 Cae | -17 |CIT| GIC | GIG
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M153 16 Case 21 |CIT| GIC G/G M 248 26 Case -12 |C/T| GIC GIG
M154 8 Case -32 _|CIT| GIC GIG M 249 27 Case 25 [CIT| GIC GIG
M 155 56 Case -198 [C/T| GIC G/G M 250 28 Case -23 |C/T| GIC GIG
M 156 17 Case -6 CIT| GIC GIG M251 50 Case -11 [CIT| GIC GIG
M157 27 Case -7 CIT| GIC GIG M252 44 Case -14 [CIT| GIC GIG
M158 33 Case -10 |C/IT| GIC G/G M 253 32 Case -15 |C/T| GIC GIG
M159 64 Case -15 |CIT| GIC GIG M 254 19 Case -13 [CIT| GIC GIG
M 160 10 Case -12 |CIT| GIC G/G M 255 20 Case -11 |C/T| GIC GIG
M161 19 Case -13 |CIT| GIC G/G M 256 33 Case -8 CIT| GIC GIG
M162 32 Case -19 |[CIT| GIC GIG F1S3 21 Control | -0.75 [T/T| GIC GIG
M163 24 Case -205 [C/IT| GIC G/G F232 39 Control | NIL [T/T| G/C GIG
M164 55 Case -16 |[C/IT| GIC GIG F2%4 18 Control | NIL [T/T| GIC GIG
M165 47 Case -8 CIT| GIC GIG F2S5 16 Control | NIL [T/T| GIC GIG
M 166 26 Case -6 CIT| GIC G/G F2s7 10 Control | NIL [T/T| CIC AIA
M167 33 Case -9 CIT| GIC GIG F382 26 Control | NIL [T/T| CIC AIA
M168 67 Case -12 |CIT| GIC G/G F3S6 7 Control | NIL |[T/T| CIC AIA
M169 54 Case -9 CIT| GIC G/G F44 20 Control | -1.75 | T/T| GIC AIA
M170 22 Case 24 |CIT| GIC GIG F582 58 Control | NIL [T/T| GIC AIA
M171 28 Case -13 |CIT| GIC G/G F557 28 Control | NIL |[T/T| G/C GIG
M172 16 Case -7 CIT| GIC GIG F589 7 Control | NIL [T/T| GIG GIG
M173 12 Case -10 [CIT| GIC GIG F6S2 55 Control -15 [T/T| GIG GIG
M174 9 Case -6 CIT| GIC G/G F782 33 Control | -0.05 [C/C| GIG GIG
M175 17 Case 23 |CIT| GIC GIG F7$4 12 Control | -025 [C/IC| GIG GIG
M176 48 Case -8 CIT| GIC G/G F832 52 Control | NIL [C/C| GIG GIG
M177 23 Case -23 |CIT| GIC GIG F8S7 21 Control | NIL [C/IC| GIG GIG
M178 54 Case -14 |CIT| GIC GIG F9s2 39 Control -05 [CIC| GIG GIG
M179 37 Case -7 CIT| GIC G/G N1 45 Control | NIL [C/C| GIG GIG
M180 28 Case 12 |CIT| GIC GIG N2 20 Control | NIL [C/IC| GIG GIG
M181 32 Case -17 _|CIT| GIC G/G N3 19 Control | NIL |C/C| GIG GIG
M182 61 Case -13 |C/IT| GIC G/G N4 34 Control | NIL [C/C| GIG GIG
M183 40 Case -9 CIT| GIC GIG NS 30 Control | NIL [C/IC| GIG GIG
M184 31 Case -88 |C/T| GIC G/G N6 45 Control | NIL [C/C| GIG GIG
M185 15 Case 25 |CIT| GIC GIG N7 38 Control | NIL [C/IC| GIG GIG
M 186 62 Case -6 CIT| GIC GIG N8 24 Control | NIL [C/IC| GIG GIG
M187 60 Case 27 _|CIT| GIC G/G N9 32 Control | NIL [C/C| GIG AIA
M188 45 Case -9 CIT| GIC GIG N10 40 Control | NIL [C/IC| GIG AIA
M189 20 Case -6 CIT| GIC G/G N11 56 Control | NIL |[T/T| GIG AIA
M190 13 Case -12 |CIT| GIC G/G N12 50 Control | NIL |[T/T| GIG AIA
M191 43 Case 25 |CIT| GIC GIG N13 17 Control | NIL [T/T| GIG AIA
M192 26 Case -23 |CIT| GIC G/G N14 35 Control | NIL |[T/T| GIG AIA
M193 32 Case -12 |CIT| GIC GIG N15 18 Control | NIL [T/T| GIG GIG
M194 25 Case -10 [CIT| GIC GIG N16 42 Control | NIL [T/T| GIG GIG
M195 9 Case -16 |C/T| GIC G/G N17 22 Control | NIL |[T/T| GIG GIG
M196 61 Case 11 |[CIT| GIC GIG N18 36 Control | NIL [T/T| GIG GIG
M197 22 Case -7 CIT| GIC G/G N19 33 Control | NIL [C/T| GIG GIG
M198 56 Case 24 |CIT| GIC G/G N20 21 Control | NIL [C/T| GIG GIG
M199 28 Case -15 |CIT| GIC GIG N21 40 Control | NIL [C/T| GIG GIG
M 200 12 Case 21 |CIT| GIC G/G N22 42 Control | NIL [C/T| GIG AIA
M201 21 Case 22 |CIT| GIC GIG N23 28 Control | NIL [C/T| GIG AIA
M202 15 Case -14 |CIT| GIC GIG N24 30 Control | NIL [C/T| GIG AIA
M 203 14 Case -8 CIT| GIC G/G N25 22 Control | NIL [C/T| GIG AIA
M 204 18 Case -6 CIT| GIC GIG N26 27 Control | NIL [C/T| GIG AIA
M 205 13 Case -10 |C/IT| GIC G/G N27 16 Control | NIL [C/T| GIG AIA
M 206 21 Case ;11 |CIT| GIC G/G N28 26 Control | NIL [C/T| GIG AIA
M 207 43 Case ;11 |[CIT| GIC GIG N29 31 Control | NIL [C/T| GIG AIA
M 208 44 Case -13 |CIT| GIC G/G N30 19 Control | NIL [C/T| GIG AIA
M 209 23 Case -30 [CIT| GIC GIG N31 24 Control | NIL [C/T| GIG GIG
M210 16 Case 22 |CIT| GIC GIG N32 37 Control | NIL [C/T| GIG GIA
M211 20 Case -12 |CIT| GIC G/G N33 18 Control | NIL [C/T| GIG G/IA
M212 22 Case -13 |[CIT| GIC GIG N34 45 Control | NIL [C/T| GIG GIA
M214 35 Case -10 |C/IT| GIC G/G N35 31 Control | NIL [C/T| GIG G/IA
M215 38 Case 25 |CIT| GIC G/G N36 25 Control | NIL [C/T| GIG G/IA
M 230 40 Case -27 _|CIT| GIC GIG N37 31 Control | NIL [C/T| GIG GIA
M231 45 Case -14 |C/T| GIC G/G N38 14 Control | NIL [C/T| GIG G/IA
M232 60 Case -19 |[CIT| GIC GIG N39 8 Control | NIL [C/T| GIG GIA
M 233 32 Case -20 |[CIT| GIC GIG N40 8 Control | NIL [C/T| GIG GIA
M 234 25 Case -23 |CIT| GIC G/G N41 19 Control | NIL [C/T| GIG G/IA
M 235 22 Case 22 |CIT| GIC GIG N42 26 Control | NIL [C/T| GIG GIA
M 236 65 Case -18 |C/T| GIC G/G N43 25 Control | NIL [C/T| GIG G/IA
M 237 54 Case -13 |CIT| GIC GIG N44 57 Control | NIL [C/T| GIG GIA
M 238 23 Case -17 _|CIT| GIC GIG N45 28 Control | NIL [C/T| GIG GIA
M 239 19 Case -11 |CIT| GIC G/G N46 37 Control | NIL [C/T| GIC G/IA
M 240 32 Case -18 |[CIT| GIC GIG N47 65 Control | NIL [C/T| GIC GIG
M241 58 Case -10 |C/IT| GIC G/G N48 19 Control | NIL |[C/T| G/C GIG
M 242 44 Case -9 CIT| GIC G/G N49 21 Control | NIL [C/T| CIC GIG
M 243 21 Case -8 CIT| GIC GIG N50 19 Control | NIL [C/T| CIC GIG
M 244 17 Case -13 |CIT| GIC G/G N51 21 Control | NIL [C/T| CIC GIG
M 245 20 Case -11 |CIT| GIC GIG N52 26 Control | NIL [C/T| CIC GIG
M 246 15 Case -13 |[CIT| GIC GIG N53 13 Control | NIL [C/T| CIC GIG
M 247 22 Case -9 CIT| GIC G/G N54 17 Control | NIL [C/T| CIC GIG
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N55 25 Control | NIL _[C/T| CIC GIG N135 56 Control | NIL [T/T| GIC GIG
N56 27 Control | NIL [C/T| CIC GIG N136 28 Control | NIL [T/T| GIC GIG
N57 43 Control | NIL [C/T| CIC GIG N137 22 Control | NIL [T/T| GIC GIG
N58 11 Control | NIL [C/T| CIC GIA N138 11 Control | NIL [T/T| GIC GIG
N59 55 Control | NIL [C/T| GIC GIA N139 9 Control | NIL [T/T| GIC GIG
N60 46 Control | NIL [C/T| GIG GIA N140 43 Control | NIL [T/T| GIC GIG
N61 30 Control | NIL [C/T| GIG GIA N141 56 Control | NIL [T/T| GIC GIG
N62 22 Control | NIL [C/T| GIG GIA F1s1 50 Control | 025 [T/T| GIC GIG
N63 15 Control | NIL [C/T| GIG GIA F1s4 18 Control | NIL [T/T| GIC GIG
N64 42 Control | NIL [C/T| GIG GIA F2s1 45 Control | -0.75 [T/T| GIC GIG
N65 60 Control | NIL [C/T| GIG GIA F3s5 9 Control | NIL [T/T| GIC GIG
N66 46 Control | NIL [C/T| GIG GIA F4s1 37 Control | NIL [T/T| GIC GIG
N67 30 Control | NIL [C/T| GIG GIA F5S3 40 Control | NIL [T/T| GIC GIG
N68 22 Control | NIL [C/T| GIG GIA F5S6 31 Control | NIL [T/T| GIC GIG
N69 15 Control | NIL [C/T| GIG GIA F5S8 27 Control | NIL [T/T| GIC GIG
N70 52 Control | NIL [C/T| GIG GIA F6S1 58 Control | NIL [T/T| GIC GIG
N71 44 Control | NIL [C/T | GIG GIA F6S3 40 Control | NIL [T/T| GIC GIG
N72 26 Control | NIL [C/T| GIG GIA F634 38 Control | NIL [T/T| GIC GIG
N73 32 Control | NIL [C/T| GIG GIA F6S5 37 Control | NIL [T/T| GIC GIG
N74 24 Control | NIL [C/T| GIG GIA F7s1 33 Control | -0.75 [T/T| GIC GIG
N75 56 Control | NIL [C/T| GIG GIA F8S6 24 Control | NIL [T/T| GIC GIG
N76 27 Control | NIL [C/T| GIG GIA F9s3 21 Control | NIL [T/T| GIC GIG
N77 12 Control | NIL [C/T| GIG GIA F10S1 53 Control | -05 [T/T| GIC GIG
N78 14 Control | NIL [C/T| GIG GIA F10S3 29 Control | NIL [T/T| GIC GIG
N79 21 Control | NIL [C/T| GIG GIA F10S5 22 Control | NIL [T/T| GIC GIG
N80 19 Control | NIL [C/T| GIG GIA
N81 40 Control | NIL [C/T | GIG GIA
N82 36 Control | NIL [C/T| GIG GIA
N83 22 Control | NIL [C/T | GIG GIA
N84 33 Control | NIL [C/T | GIG GIA
N85 47 Control | NIL [C/T| GIC GIA
N86 62 Control | NIL [C/T| GIC GIA
N87 20 Control | NIL [C/T| GIC GIA
N88 69 Control | NIL [C/T| GIC GIG
N89 67 Control | NIL [C/T| GIC GIG
N90 51 Control | NIL [C/T| GIC GIG
N91 49 Control | NIL [C/T| GIC GIG
N92 25 Control | NIL _[C/T| CIC GIG
N93 32 Control | NIL [C/T| CIC GIG
N94 19 Control | NIL [C/T| CIC GIG
N95 20 Control | NIL [C/T| GIC GIG
N96 16 Control | NIL [C/T| GIC GIG
N97 67 Control | NIL [C/T| GIC GIG
N98 55 Control | NIL [C/T| GIC GIG
N99 25 Control | NIL [C/T| GIC GIG
N100 20 Control | NIL [C/T| GIC GIG
N101 49 Control | NIL [C/T| GIC GIA
N102 23 Control | NIL [C/T| GIC GIA
N103 32 Control | NIL [C/T| GIC GIA
N104 52 Control | NIL [C/T| GIC GIA
N105 30 Control | NIL [T/T| GIC GIA
N106 41 Control | NIL [T/T| GIC GIA
N107 63 Control | NIL [ T/T| GIC GIA
N108 14 Control | NIL [T/T| GIC GIA
N109 61 Control | NIL [T/T| GIC GIA
N110 55 Control | NIL [T/T| GIC GIA
N111 23 Control | NIL [T/T| GIC GIA
N112 18 Control | NIL [T/T| GIC GIA
N113 17 Control | NIL [T/T| GIC GIA
N114 33 Control | NIL [T/T| GIC GIA
N115 41 Control | NIL [T/T| GIC GIA
N116 24 Control | NIL [T/T| GIC GIA
N117 50 Control | NIL [T/T| GIC GIA
N118 25 Control | NIL [T/T| GIC GIA
N119 19 Control | NIL [T/T| GIC GIA
N120 22 Control | NIL [T/T| GIC GIA
N121 48 Control | NIL [T/T| GIC GIA
N122 67 Control | NIL [T/T| GIC GIG
N123 31 Control | NIL [T/T| GIC GIG
N124 47 Control | NIL |[T/T| GIC GIG
N125 28 Control | NIL [T/T| GIC GIG
N126 38 Control | NIL [T/T| GIC GIG
N127 42 Control | NIL [T/T| GIC GIG
N128 19 Control | NIL [T/T| GIC GIG
N129 47 Control | NIL [T/T| GIC GIG
N130 31 Control | NIL [T/T| GIC GIG
N131 20 Control | NIL [T/T| GIC GIG
N132 46 Control | NIL [ T/T| GIC GIG
N133 54 Control | NIL [T/T| GIC GIG
N134 39 Control | NIL [T/T| GIC GIG
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Annexure- I
Age
SampleID | (Yrs) | Gender Status Degree SNP1 SNP2 | SNP3
M 48 26 F Cases -15 T/C,T/IA T/T GIC
M51 25 M Cases -18 TICTIA | TIT GIC
M54 70 F Cases -11 TI/IC,TIA TIT GIC
M57 16 M Cases -19 T/C,T/IA T/T GIC
M58 15 M Cases -12 TICTIA | TIT GIG
M 64 35 M Cases -10 T/C,T/IA T/T GIG
F1s2 45 F Cases -21 TICTIA | TIT GIG
F2Ss3 20 F Cases -6 TICTIA | TIT GIG
F2S6 13 F Cases -11 T/C,T/IA T/T GIG
F5S10 5 M Cases -135 TICTIA | TIT GIG
F5S811 5 M Cases -6 T/C,T/IA T/T GIG
F7S5 8 F Cases -25 T/C,T/IA T/T GIG
F8S3 25 M Cases -19 TICTIA | TIT GIG
F9S1 45 M Cases -6.5 T/C,T/IA T/T GIG
Fo4 18 F Cases -9 TICTIA | TIG GIG
M1 30 F Cases -9 TICTIA | TIG GIG
M2 17 F Cases -8 T/C,T/IA T/G GIC
M3 22 M Cases -10 TICTIA | TIG G/C
M4 35 F Cases -8 T/C,T/IA T/G GIC
M5 48 M Cases -13 T/C,T/IA T/G GIC
M6 65 M Cases -7 TICTIA | TIG G/C
M7 25 F Cases -9 T/C,T/IA T/G GIC
M8 40 F Cases -16 TICTIA | TIG G/C
M9 32 M Cases -10 TICTIA | TIG G/C
M10 20 M Cases -6.5 T/C,T/IA T/G GIC
M11 22 M Cases -6 TICTIA | TIG GIC
M12 38 M Cases -6 T/T T/G GIG
M13 57 F Cases -7 T/T T/G GIG
M14 16 M Cases -20 TT TIG GIG
M15 13 M Cases -18 T/T T/G GIG
M16 40 M Cases -11 TT TIG GIG
M17 21 M Cases -13 TT TIG GIG
M18 8 F Cases -12 T/T T/G GIG
M19 22 M Cases -15 TT TIG GIG
M20 40 F Cases -10 T/T T/G GIG
M21 35 F Cases -11 TT TIG GIG
M22 20 F Cases -18 TT TIG GIG
M23 18 M Cases -8 T/T T/G GIG
M24 25 M Cases -10 TT TIG GIG
M25 18 M Cases -20 TIT TIG GIG
M 26 58 M Cases -8 T/T T/G GIG
M27 13 M Cases -13 TT TIG GIG
M28 25 M Cases -6 T/T T/G GIG
M29 65 F Cases -6 TT TIG GIG
M 30 35 F Cases -16 TT TIG GIG
M31 24 M Cases -14 T/T T/G GIG
M32 27 F Cases -10 TT TIG GIG
M33 22 F Cases -11 T/T T/G GIG
M34 40 F Cases -12 T/T T/G GIG
M35 42 M Cases -11 TT TIG GIG
M40 30 M Cases -14 T/T T/G GIG
M41 29 M Cases -8 TT TIG GIG
N1A 18 F Controls -0.25 TT T/T GIG
F2S1 45 M Contrals -0.75 T/T T/T GIG
F2s2 39 F Controls NIL TT T/T GIG
F4S1 37 M Contrals NIL T/T T/G GIG
F44 20 F Contrals -0.75 T/T T/G GIG
F5S3 40 M Controls NIL TT TIG GIG
F6S2 55 F Contrals -0.5 T/C,T/IA T/G GIG
F6s4 38 M Controls NIL TICTIA | TIG GIG
F7s1 33 M Controls -0.75 TICTIA | TIG GIG
F7S2 33 F Contrals -0.05 T/C,T/IA T/G GIG
F74 12 F Controls -0.25 TT TIG GIG
F9S3 21 M Contrals N.A T/T T/T GIG
F10S3 29 M Contrals NIL T/T T/T GIG
F10S5 22 M Controls NIL TT T/T GIG
F24 18 F Contrals NIL T/T T/T GIG
F2s5 16 F Controls NIL TT T/T GIG
F2s7 10 F Controls NIL TT T/T GIG
F3S2 26 F Contrals NIL T/T T/T GIG

F = Female, M = Male
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Annexurelll M73 54 F case -20 GIA

Age M74 | 43 F case 14| GIA

ID_ | (Yrs) | Gender | Status | Degree |SNP1 M75 | 27 F case 18 | GIA
M48 | 26 F case -15 | GIA M76 | 32 F case -7 GIA
M51 25 M case 118 GIA M77 37 F case -85 G/A
M54 | 70 F case 11 | GA M78 | 45 F case -9 GIA
M57 16 M case -19 GIA M79 48 F case -14 GIA
Mss | 15 M powy > oA M80 | 14 F case 244 | GIA
M64 | 35 M case 10 | GA ML | 34 F case 16 | G/A
FIiS2 | 45 F case 21 | GIA M8z | 66 M case 17 | GIA
E2S3 20 E case 6 GIA M83 30 M case -6.8 GIA
F2S6_| 13 F case 11| GIA ma4 | 22 M case 15 | GIA
F5510 | 5 M case 135 | GIA mes | 17 M case 21 | GIA
F5S11 | & M case -6 GIA mes | 13 M case 22 | GIA
F7S5 8 F case _25 GIA M87 42 M case -16 G/A
F8s3_| 25 M case 19 | GIA M8 | 25 M case 9 | GIA
FosL | 45 M case 65 | GIA Mg9 | 35 M case -8 | GIA
Fos4 18 F case 9 GIA M90 60 M case -13 G/A
M1 30 F case -9 GI/A M9l 51 M case -25 G/A
M2 7 3 powy = oA M2 | 45 M case 63 | GIG
M3 22 M case 210 GIA M93 32 M case -17 GIG
Ma 5 r Py n CIA M94 | 16 M case 21| GIG
M 18 M povy 23 oA M95 8 M case 32| GIG
M6 65 M pv = GIA M9% | 56 M case 198 | GIG
M7 25 E case 9 G/IA M97 17 M case -6 G/G
M8 40 F case 16| GIA M98 | 27 M case -7 GIG
M9 = M powy 0 ToA M9 | 33 M case 10 | GIG
M10 | 20 M case 65 | GIA M100 | 64 M case A5 | GG
M11 22 M case -6 GI/IA M101 10 M case -12 G/IG
M12 38 M case 6 GIA M102 19 M case -13 GIG
M13 57 F case -7 GIA M103 32 M case -19 G/G
M14 16 M case -20 G/IA M104 24 M case -205 GIG
M15 13 M case -18 GIA M105 55 M case -16 GIG
M16 40 M case 11| GIA M106 | 47 M case -8 GIG
M17 21 M case 13 GIA M107 26 M case 6 GIG
M18 5 F pvy > oA M108 | 33 M case 9 |GG
M19 22 M case -15 GIA M109 22 F case -10 GIA
M20 20 E case 10 GIA M110 19 F case -13 G/A
M21 35 E case 11 GIA M111 41 F case -11 GIG
M22 20 F case -18 GIG M112 27 M case -15 G/G
M23 18 M case 8 GIG M113 33 M case -25 G/IG
M24 25 M case 210 GIG M114 37 M case -32 GIG
M25 18 M case -20 G/IG M115 42 M case -18 GIG
M 26 58 M case -8 GIG M116 45 F case 22 GIG
M27 13 M case -13 GIG M117 25 F case -15 GIG
M28 25 M case 6 GIG M118 23 F case -20 GIG
M29 65 F case 6 GIG M119 18 F case -26 GIG
M30 35 F case -16 GIG M120 40 F case -30 G/G
M31 24 M case 14 GIG M121 67 M case -12 G/G
M2 | 27 F Py 0 Ton NIA | 18 F control | -025 | GIG
M33 22 E case 11 GIG F2S1 45 M control -0.75 GIG
M3a | 20 F pv 2 oo F2S2 | 39 F control NIL | GIG
M35 42 M case 11 GIG F4s1 37 M control NIL GIG
M40 30 M case 14 GIG F44 20 F control -1.75 GIG
ML 29 M pv 3 GG F553 | 40 M control NIL_| GIG
M43 32 F case 7 GIG F6S2 55 F control -15 GIG
M6 | 17 3 povy 3 e F64 | 38 M control NIL_| GIG
M49 17 E case 23 GIA F7S1 33 M control -0.75 GIG
M52 | 14 F povy 2 T GA Fr2 | 33 F control | -005 | GIG
M55 22 E case 14 GIA F7s4 12 F control -0.25 GIG
M50 38 E case 7 GIA F9S3 21 M control N.A G/G
Mss | 61 F Py 8 T GA F10S3 | 29 M control | NIL | GIG
M 60 55 E case 9 GIA F10S5 22 M control NIL GIG
vMer | 3 F pv 27 T GA F2s4 | 18 F control NIL_| GIG
M62 63 E case 21 GIA F255 16 F control NIL G/G
M63 44 E case 6 GIA F2s7 10 F control NIL GIG
M65 12 E case 210 GIA F3S2 26 F control NIL GIG
M66 21 F case 13 GIA F3S6 7 F control NIL GIG
M67 53 E case 11 GIA F532 58 F control NIL GIG
vMes | 6 F pv 2 T GA F557 | 28 F control NIL_| GIG
M69 22 E case 14 GIA F539 7 F control NIL GIG
M70 23 E case 7 GIA FIsSl 50 M control -0.25 GIG
M71 62 E case 9 GIA F1$4 18 M control NIL GIG
M72 19 E case 14 GIA F3s5 9 M control NIL GIG
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F556 31 M control NIL G/G N90 51 M control NIL G/G

F5S8 27 M control NIL GIG N91 49 M control NIL GIG

F6S1 58 M control NIL G/G N92 25 F control NIL G/G

F6S3 40 M control NIL GIG N93 32 F control NIL GIG
N1 45 F control NIL GIG N94 19 F control NIL GIG
N2 20 M control NIL G/G N95 20 M control NIL G/G
N5 30 F control NIL GIG N96 16 M control NIL GIG
N7 38 F control NIL G/IG N97 67 M control NIL G/IG
N10 40 M control NIL GIG N98 55 M control NIL GIG
N21 40 F control NIL G/G N99 25 F control NIL G/G
N24 30 F control NIL GIG N100 20 F control NIL GIG
N3 19 M control NIL G/G N101 49 F control NIL G/G
N4 34 M control NIL G/IG N102 23 F control NIL G/IG
N6 45 M control NIL GIG N103 32 F control NIL GIG
N8 24 M control NIL G/G N104 52 F control NIL G/G
N9 32 M control NIL GIG

N12 50 F control NIL GIG F = Female; M = Mae

N13 17 F control NIL G/G

N14 35 F control NIL G/G

N16 12 F control NIL GIG

N23 28 F control NIL GIG

N25 22 M control NIL G/G

N26 27 M control NIL GIG

N29 31 M control NIL G/G

N30 19 F control NIL GIG

N31 24 F control NIL GIG

N32 37 F control NIL G/IG

N33 18 F control NIL GIG

N34 45 F control NIL GIG

N35 31 F control NIL GIG

N36 25 F control NIL G/G

N38 14 F control NIL GIG

N39 8 F control NIL GIG

N41 19 F control NIL G/G

N42 26 F control NIL GIG

N43 25 F control NIL GIG

N44 57 F control NIL GIG

N45 28 F control NIL GIG

N46 37 M control NIL GIG

N47 65 M control NIL G/G

N50 19 M control NIL GIG

N51 21 M control NIL GIG

N52 26 M control NIL G/G

N53 13 M control NIL GIG

N54 17 M control NIL GIG

N55 25 M control NIL G/IG

N56 27 M control NIL GIG

N57 43 M control NIL GIG

N58 11 M control NIL G/G

N59 55 M control NIL G/G

N64 2 M control NIL GIG

N65 60 M control NIL G/G

N66 46 F control NIL GIG

N67 30 F control NIL GIG

N68 22 F control NIL G/IG

N69 15 F control NIL GIG

N70 52 F control NIL G/IG

N71 44 M control NIL GIG

N72 26 M control NIL G/G

N73 32 M control NIL GIG

N74 24 M control NIL G/G

N75 56 M control NIL G/G

N76 27 M control NIL GIG

N77 12 M control NIL G/IG

N78 14 M control NIL GIG

N79 21 M control NIL GIG

N80 19 M control NIL G/G

N81 40 M control NIL GIG

N82 36 M control NIL GIG

N83 22 M control NIL G/IG

N84 33 M control NIL G/G

N85 47 M control NIL GIG

N86 62 M control NIL G/G

N88 69 M control NIL GIG
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AnnexurelV M79 48 F Case -14 G/A GIG

Age M80 14 F_ | Case | 244 | GIA | GIG

SampleID | (Yrs) | Gender | Status | Degree | SNP1| SNP2 M81 i F | Case | 16 |GIA| GIG
M5 %6 F T cae | a5 TGAT GG M82 66 M_ | Case | -17 | GIA | GIG
M51 25 M | Case | 18 |GIA]| GIG M83 30 M_| Case | -68 | G/A| GIG
M54 70 F Cae | -11_| GIA | GIG Ma4 22 M Case | -15 |G/A | GIG
M57 16 M Case | -19 | GIA | GIG M85 17 M Case | -27 | G/A | GIG
M58 15 M_ | Case | -12 | GIA| GIG M86 13 M_| Case | -2 |GIA]| GIG
I 5 M T cae T 10 Taoa oo M87 22 M_| Case | -16 | GIA | GIG
Fis2 45 F Case | 21 | GIA | GIG Mé88 25 M Cae | -9 |GA| GG
F2s3 20 F |[Cae| 6 [GA]GIG M9 35 M_| Case | -8 |GA]| GG
F256 13 F | Cae | -11 | GIA]| GIG M90 60 M_| Case | -13 | G/A| GIG
F5510 5 M_| Case | 135 | GIA | GIG M91 51 M_| Case | -25 |GIA| GIG
Fesil 5 M T cae T 6 Taoal oo M92 45 M_ | Case | 63 | GIA | GIG
7 s F T cae | 25 T oA GG Ma3 2 M_ | Case | -17 | GIA | GIG
F8s3 25 M | Case | -19 | GIA | GIG M94 16 M_| Case | -21 |G/A]| GIG
FoS1 5 M Case | -65 | GIA | GIG M95 8 M Case | -32 | GIA | GIG
Fosa 18 F T cae | 9 TGAT GG M9 56 M_ | Case | -198 | GIA | GIG
M1 20 F Teae I 9 Tonl oo M97 17 M_ | Case | -6 | GIA| GIG
M2 7 F T cae | 8 TGaT GG M98 27 M | Case | 7 |GIA| GIG
M3 > M T cae T 0 Toa Glo M99 33 M | Case | -10 |GIA| GIG
Ma 5 T cae | 8 TGAT GG M100 64 M | Case | -15 | GIA | GIG
M5 15 M T cae T 13 Taa G M101 10 M_ | Case | -12 | GIA| GIG
M6 5 M Tcae T 7 Toal oo M102 19 M | Case | -13 | GIA | GIG
M7 % T cae | 9 ToaT GG M103 2 M_| Case | -19 | GIA | GIG
M8 70 F T Cae | 6 T GA T GG M104 24 M_ | Case | 205 | GIA | GIG
M9 2 M Tcae T 10 Tcal oo M105 55 M | Case | -16 | GIA | GIG
M10 20 M_| Case | 65 | GIA | GIG M 106 A7 M_|Case | -8 |GIA]| GIG
M1l 2 M Tcae T % Toal oo M107 26 M | Case | -6 | GIA| GIG
Mi2 8 M T e T 5 Toal oo M108 33 M_ | Case | 9 |GIA| GIG
M13 =7 T cae | 7 Toal GG M109 22 F [ Case | -10 |[GIA| GIA
Mid 5 M Tcae T 20 Toal oo M110 19 F | Case | -13 | GIA| GA
Mi5 e M T cae T 18 Taal oo NIA 18 F_ |contro | -025 | GIA | GIG
M16 40 M Case 11 GI/A GIG F2S1 45 M control -0.75 GIA GIG
M17 21 M Tcae T 13 Toal oo F2s2 39 F_ |contrd | NIL | G/A | GIG
Mis 5 T cae | 12 TG T GG F4st 37 M_ |contro | NIL | G/A | GIG
M19 2 M Tcae T 15 Toal oG Fas 20 F_ |contrd | -0.75 | GIA | GIG
M20 20 T cae | 10 TGA T GG F553 40 M_ |contro | NIL | G/A | GIG
M21 35 F Case 11 GIA GIG F6S2 55 F control -0.5 GIA GIG
M22 20 F T cae | 5 1 cA T GA F6s4 38 M_ |contro | NIL | G/A | GIG
M23 5 M T cae T 8 Taal GA F7sL 33 M_ |contro | -0.75 | GIA | GIG
M 130 25 F Case -10 GI/A GIA F7S2 33 F control -0.05 GIA GIG
M3l 18 F T Cae | 20 TGal GA F7sa 12 F_ |contrd | -025 | GIA | GIG
M132 58 F T Cae | 8 TGl GA Fos3 21 M_ |contro | NA | G/A | GIG
M133 R F T cae | 13 1 cAl GaA F103 29 M_ |contro | NIL | G/A | GIG
M28 %5 M T cae T 6 Toal Ga F10S5 22 M_ |contro | NIL | G/A | GIG
M29 65 F Case -6 GI/A GIA F24 18 F control NIL GIA GIG
M30 = F T cae | 6 1 cA T GA F255 16 F_ |contrd | NIL | G/A | GIG
M3l o M T coe T 12 TGa GA F2s7 10 F_ lcontrd | NIL | GIA | GIG
M32 27 F Case -10 GI/A GIA F3s2 26 F control NIL GIA GIG
M33 > F T Cae | 12 TGal GA F356 7 F_ |contrd | NIL | G/A | GIG
™34 20 F T Cae | 12 Taal GA F552 58 F_ |contrd | NIL | GIA | GIG
M35 5 M T cae T 1 1 cA Tl GaA F557 28 F_ [contrd | NIL | G/A | GIG
M40 20 M T Coe T 14 TGl GA F559 7 F_ |contrd | NIL | GIA | GIG
M4l 29 M Case -8 GI/A GIA FIS 50 M control -0.25 GIA GIG
M23 2 F Teae | 7 oAl GaA F1s4 18 M_ |contro | NIL | G/A | GIG
M6 7 F T Cae | 9 Tail GA F3s5 9 M_ |contro | NIL | G/A | GIG
M 49 17 F Case .23 GIA GIA F556 31 M control NIL GIA GIG
M52 o F T Cae | 12 TGAl GA F558 27 M_ |contro | NIL | G/A | GIG
MES 2 F T Cae | 12 Taal GA F6SL 58 M_ |contro | NIL | G/A | GIG
M50 8 F Tcae 7 oAl GaA F6S3 40 M_ |contro | NIL | G/A | GIG
M59 6l F T Cae | 185 TGl GA N1 45 F_ |contrd | NIL | GIA | GIG
M 60 55 F Case 9 G/A GIA N2 20 M control NIL GIA GIG
M6L 3 F Teae | =0 1 cal GaA N5 30 F_ |contrd | NIL | G/A | GIG
M62 3 F T Cae | 21 TGl GA N7 38 F_ lcontrd | NIL | GIA | GIG
M63 ) F T Cae | 6 TGAl GA N10 40 M_ |contro | NIL | G/A | GIG
M6S o F T Cae | 0 TGl GA N21 40 F_ |contrd | NIL | GIA | GIG
M6G 21 F T Cae | 13 Taal GA N24 30 F_ |contrd | NIL | GIA | GIG
M67 3 F T cae | 11 1 cA Tl GaA N3 19 M_ |contro | NIL | G/A | GIG
M63 o1 F T Cae | 22 Taal G N4 34 M_ |contro | NIL | G/A | GIG
M69 22 F Case 14 G/A GIA N6 45 M control NIL GIA GIG
M0 23 F Teae | 7 oAl GaA N8 24 M_ |contro | NIL | G/A | GIG
ML 2 F T Cae | 9 Tail GA N9 2 M_ |contro | NIL | G/A | GIG
M72 5 F T cae | 2 1 GA T GaA N12 50 F_ |contrd | NIL | GIA | GIG
M73 7 F T Cae | 20 TGl GA N13 17 F_ |contrd | NIL | GIA | GIG
M74 3 F T Cae | 12 TGA T GG N14 35 F_ |contrd | NIL | GIA | GIG
MT5 7 F T cae | 8 Ton o N16 2 F_ [contrd | NIL | G/A | GIG
M76 2 F T cae 7 ToaT GG N23 28 F_ |contro | NIL | GIA | GIG
M77 37 F Case -85 GIA GIG N25 22 M control NIL GIA GIG
M78 55 F Teae | 9 Tonl oo N26 27 M_ |contro | NIL | G/A | GIG
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N29 31 M control NIL G/A | GIG N73 32 M control NIL G/A | GIG
N30 19 F control NIL GIA | GIG N74 24 M control NIL G/A | GIG
N31 24 F control NIL G/A | GIG N75 56 M control NIL G/A | GIG
N32 37 F control NIL GIA | GIG N76 27 M control NIL G/IA | GIG
N33 18 F control NIL GIA | GIG N77 12 M control NIL G/IA | GIG
N34 45 F control NIL G/A | GIG N78 14 M control NIL G/A | GIG
N35 31 F control NIL G/IA | GIG N79 21 M control NIL G/IA | GIG
N36 25 F control NIL G/A | GIG N80 19 M control NIL G/A | GIG
N38 14 F control NIL G/A | GIG N81 40 M control NIL G/A | GIG
N39 8 F control NIL GIA | GIG N82 36 M control NIL G/A | GIG
N41 19 F control NIL G/A | GIG N83 22 M control NIL G/A | GIG
N42 26 F control NIL GIA | GIG N84 33 M control NIL G/A | GIG
N43 25 F control NIL GIA | GIG N85 47 M control NIL G/A | GIG
N44 57 F control NIL G/A | GIG N86 62 M control NIL G/A | GIG
N45 28 F control NIL GIA | GIG N88 69 M control NIL G/IA | GIG
N46 37 M control NIL G/A | GIG N90 51 M control NIL G/A | GIG
N47 65 M control NIL G/A | GIG N91 49 M control NIL G/A | GIG
N50 19 M control NIL GIA | GIG N92 25 F control NIL G/IA | GIG
N51 21 M control NIL G/A | GIG N93 32 F control NIL G/A | GIG
N52 26 M control NIL GIA | GIG N4 19 F control NIL G/A | GIG
N53 13 M control NIL GIA | GIG N95 20 M control NIL G/IA | GIG
N54 17 M control NIL G/A | GIG N96 16 M control NIL G/A | GIG
N55 25 M control NIL GIA | GIG N97 67 M control NIL G/A | GIG
N56 27 M control NIL G/A | GIG N98 55 M control NIL G/A | GIG
N57 43 M control NIL G/A | GIG N99 25 F control NIL G/A | GIG
N58 11 M control NIL G/IA | GIG N100 20 F control NIL G/A | GIG
N59 55 M control NIL G/A | GIG N101 49 F control NIL G/A | GIG
N64 42 M control NIL GIA | GIG N102 23 F control NIL G/IA | GIG
N65 60 M control NIL G/IA | GIG N103 32 F control NIL G/A | GIG
N66 46 F control NIL G/A | GIG N104 52 F control NIL G/A | GIG
N67 30 F control NIL GIA | GIG N105 30 F control NIL G/IA | GIG
N68 22 F control NIL G/A | GIG F = Female, M = Male

N69 15 F control NIL G/A | GIG

N70 52 F control NIL GIA | GIG

N71 44 M control NIL GI/A GIG

N72 26 M control NIL G/IA | GIG

Doctoral Thesis (2013) Shabhat Rasool viii




Annexure -V

AnnexureV M75 27 F Case -18 T/T

Sample M76 32 F Case -7 TIT
ID  |Age(Yrs)| Gender | Status | Degree | SNP1 mM77 37 F Case -85 TIT
M48 26 F Case -15 TIT M78 45 F Case -9 T/T
M51 25 M Case -18 TIT M79 48 F Case -14 TIT
M54 70 [S Case 11 TIT M 80 14 F Case -24.4 TIT
M57 16 M Case -19 TIT M8l 34 F Case -16 TIT
M58 15 M Case -12 T/T m82 66 M Case -17 T/T
M64 35 M Case -10 TIT M83 30 M Case -6.8 TIT
F1S2 45 F Case 21 T/T Mm84 2 M Case -15 T/T
F2S3 20 F Case -6 TIT M85 17 M Case -27 TIT
F2S6 13 F Case -11 T/T M86 13 M Case 22 T/T
F5S10 5 M Case -135 T/T m87 42 M Case -16 T/T
F5S11 5 M Case -6 TIT M 88 25 M Case -9 T/T
F7s5 8 F Case 25 T/T M89 35 M Case -8 T
F8S3 25 M Case -19 T/T M90 60 M Case -13 T/T
F9S1 45 M Case -6.5 TIT M9l 51 M Case -25 TIT
Fo9s4 18 [S Case 9 TIT M92 45 M Case -6.3 TIT
M1 30 F Case -9 TIT M93 32 M Case -17 TIT
M2 17 [S Case -8 TIT M94 16 M Case -21 T/T
M3 22 M Case -10 TIT M95 8 M Case -32 TIT
M4 35 [S Case -8 TIT M 96 56 M Case -19.8 TIT
M5 48 M Case -13 TIT M97 17 M Case -6 TIT
M6 65 M Case -7 T/C M98 27 M Case -7 T/T
M7 25 F Case -9 T/C M99 33 M Case -10 TIT
M8 40 [S Case -16 TIC M 100 64 M Case -15 TIT
M9 32 M Case -10 T/C M101 10 M Case -12 TIT
M10 20 M Case 6.5 T/IC M 102 19 M Case -13 T/T
M11 22 M Case -6 T/C M 103 32 M Case -19 TIT
M12 38 M Case -6 TIC M 104 24 M Case -20.5 TIT
M13 57 F Case -7 T/C M 105 55 M Case -16 TIT
M14 16 M Case -20 TI/IC M 106 47 M Case -8 T/T
M 15 13 M Case -18 T/IC M 107 26 M Case -6 TIT
M 16 40 M Case -11 TIT M 108 33 M Case -9 T/T
M17 21 M Case -13 TIT M 109 22 F Case -10 TIC
M18 8 [S Case -12 TIT M 110 19 F Case -13 T/C
M19 22 M Case -15 TIT M111 41 F Case -11 TIT
M 20 40 [S Case -10 TIT M112 27 M Case -15 T/T
M21 35 F Case -11 TIT M113 33 M Case -25 TIT
M22 20 [S Case -18 TIT M114 37 M Case -32 T/T
M23 18 M Case -8 TIT M115 42 M Case -18 TIT
M 130 25 F Case -10 T/T M121 67 M Case -12 T/T
M 131 18 F Case -20 TIT N1A 18 F control -0.25 TIC
M132 58 F Case -8 TIT F2S1 45 M control -0.75 TIC
M 133 13 F Case -13 TIT F232 39 F control NIL TIC
M28 25 M Case -6 TIT F4S1 37 M control NIL TIC
M29 65 F Case -6 TIT F44 20 F control -0.75 TIC
M30 35 F Case .16 TIT F5S3 40 M control NIL TIC
M31 24 M Case -14 TIT F6S2 55 F control -0.5 TIC
M32 27 F Case -10 TIT F64 38 M control NIL TIC
M33 22 E Case 11 TT F7S1 33 M control -0.75 TIC
M34 40 E Case 12 /T F7s2 33 F control -0.05 T/C
M35 42 M Case -11 TIT F74 12 F control -0.25 TIC
M40 30 M Case -14 TIT F9S3 21 M control N.A TIC
M41 29 M Case -8 TIT F10S3 29 M control NIL TIC
M43 32 F Case -7 TIT F10S5 22 M control NIL TIC
M46 17 F Case 9 TIT F2s4 18 F control NIL TIT
M49 17 F Case .23 TIC F2S5 16 F control NIL TIT
M52 14 F Case 12 TIC F2S7 10 F control NIL TIT
M55 22 F Case -14 TIC F3s2 26 F control NIL TIT
M50 38 F Case 7 TIC F3S6 7 F control NIL TIT
M59 61 F Case .18 TIC F552 58 F control NIL TIT
M60 55 F Case 9 TIC F5S7 28 F control NIL TIT
M61 43 F Case .17 TIC F539 7 F control NIL TIT
M62 63 F Case 21 TIC FIS 50 M control -0.25 TIT
M63 14 F Case -6 TIC F14 18 M control NIL TIT
M65 12 F Case -10 TIC F3S5 9 M control NIL TIT
M66 21 F Case .13 TIT F5S6 31 M control NIL TIT
M67 53 F Case 11 TIT F5S8 27 M control NIL TIT
M68 64 F Case .22 TIT F6S1 58 M control NIL TIT
M69 22 F Case 14 TIT F6S3 40 M control NIL TIT
M70 23 F Case -7 TIT N1 45 F control NIL TIT
M71 62 F Case 9 TIT N2 20 M control NIL TIT
M72 19 F Case -14 TIT N5 30 F control NIL TIT
M73 54 F Case -20 TIT N7 38 F control NIL TIT
M74 43 F Case -14 TIT N10 40 M control NIL TIT
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N21 40 F control NIL TIT N58 11 M control NIL TIT
N24 30 F control NIL TIT N59 55 M control NIL TIT
N3 19 M control NIL TIT N64 42 M control NIL TIT
N4 34 M control NIL TIT N65 60 M control NIL TIT
N6 45 M control NIL TIT N66 46 F control NIL TIT
N8 24 M control NIL TIT N67 30 F control NIL TIT
N9 32 M control NIL TIT N68 22 F control NIL TIT
N12 50 F control NIL TIT N69 15 F control NIL TIT
N13 17 F control NIL TIT N70 52 F control NIL TIT
N14 35 F control NIL TIT N71 44 M control NIL TIT
N16 42 F control NIL TIT N72 26 M control NIL TIT
N23 28 F control NIL TIT N73 32 M control NIL TIT
N25 22 M control NIL TIT N74 24 M control NIL TIT
N26 27 M control NIL TIT N75 56 M control NIL TIT
N29 31 M control NIL TIT N76 27 M control NIL TIT
N30 19 F control NIL TIT N77 12 M control NIL TIT
N31 24 F control NIL TIT N78 14 M control NIL TIT
N32 37 F control NIL TIT N79 21 M control NIL TIT
N33 18 F control NIL TIT N80 19 M control NIL TIT
N34 45 F control NIL TIT N81 40 M control NIL TIT
N35 31 F control NIL T/C N82 36 M control NIL TIT
N36 25 F control NIL T/C N83 22 M control NIL TIT
N38 14 F control NIL T/C N84 33 M control NIL TIT
N39 8 F control NIL T/C N85 47 M control NIL TIT
N41 19 F control NIL T/C N86 62 M control NIL TIT
N42 26 F control NIL T/C N88 69 M control NIL TIT
N43 25 F control NIL T/C N90 51 M control NIL TIT
N44 57 F control NIL T/C N91 49 M control NIL TIT
N45 28 F control NIL T/C N92 25 F control NIL TIT
N46 37 M control NIL T/C N93 32 F control NIL TIT
N47 65 M control NIL T/C N94 19 F control NIL TIT
N50 19 M control NIL T/C N95 20 M control NIL TIT
N51 21 M control NIL T/C N96 16 M control NIL TIT
N52 26 M control NIL T/C N97 67 M control NIL TIT
N53 13 M control | NIL T/IT F=Femae M = Male

N54 17 M control NIL TIT

N55 25 M control NIL TIT

N56 27 M control NIL TIT

N57 43 M control NIL TIT
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Annexure VI M79 | 48 | F [Cae| -14 | GIG | CIC | GIG

Sample | Age M80 | 14 | F | Case | 244 | GIG | CIC | GIG
ID__ | (Yrs) |Gender| Status | Degree| SNP1 | SNP2 | SNP3 M8 | 34 | F |Case| -16 | G/G | C/IC | GIG
v T 2T F Tcael 5 TG T ce Tao M82 | 66 | M | Case | -17 | GIG | CIC | GIG
M5L | 25 | M [ Case | -18 | GIG | CIC | GIG M8 | 30 | M |Case | -68 | GIG | CIC | GIG
M54 | 70 | F | Case | -11 | GIG | CIC | GIG mMe4 | 22 | M |Case| 15 | GIG | CIC | GIG
M57 | 16 | M | Case | -19 | GIG | CIC | GIG M85 | 17 | M | Case | -27 | GI/G | CIC | GIG
M58 | 15 | M | Case | -12 | GIG | CIC | GIG M86 | 13 | M | Cae | -2 | GG | CIC |GG
ver T3 T M Tcoe 10 Too T oo Taoo M87 | 42 | M | Case | -16 | GIG | CIC | GIG
FIS2 | 45 | F | Case | 21 | GIG | CIC | GIG M8 | 25 | M |Case| -9 | G/G | CIC |GIG
F23 | 20 | F [Cae | 6 | GIG | CIC | GIG M8 | 35 | M |Cawe | 8 | GG | CIC |GG
F2S6 | 18 | F [ Case | 11 | GIG | CIC | GIG MO | 60 | M | Case| -18 | GIG | CIC | GIG
F5510 | 5 | M | Case | -135 | GIG | CIC | GIG Mol | 51 | M | Case | -25 | GIG | GIC | GIG
F5S11 | 5 | M | Cae | -6 | GIG | CIC | GIG M92 | 45 | M | Case | 63 | GIG | GIC | GIG
s T 8 T F Tcae | 25 oG o Too M93 | 32 | M | Case | -17 | GIG | CIC | GIG
F83 | 25 | M [ Case | 19 | GIG | CIC | GIG Mo4 | 16 | M | Case | -21 | G/G | C/IC | GIG
FOSL | 45 | M | Case | 65 | GIG | CIC | GIG MO5 | 8 | M | Case| -3 | GIG | CIC | GIG
Foa T 18 T F Tcae | © T o/ o T M9% | 56 | M | Case | -198 | GIG | CIC | GIG
Mi T30 T F Tcae | o T oo | ce oo M97 | 17 | M |Cae| 6 | GIG | CIC | GIG
M2 T 17T F Tcae T & oG | oc oo M98 | 27 | M |Case | -7 | AIA | CIC | AIA
M3 T 22 T ™M Tcae | 10 [ oG | oc oG M9 | 33 | M |Case | 10 | AIA | CIC | AIA
va T3 T F Tcae T 8 oG [ oc oo M100 | 64 | M [ Case | -15 | A/A | CIC | AIA
VM5 T2 T ™M Tcae | 13 T oG | oc oo MI1IOL | 10 | M [ Case | -12 | AIA | CIC | AIA
Ve T & T ™M Tcae | = T oo o 1o M102 | 19 | M [Case | 13 | GIA | CIC | AIA
M7 T2 T F Tcae T 9 oG | oc oo M103 | 32 | M [Case | -19 | GIA | CIC | AIA
M 20 T F Tcae | 16 oG | oc oG M104 | 24 | M | Case | 205 | A/A | CIC | GIG
Vo T 32 T ™M Tcae | 10 T o o oo M105 | 55 | M | Case | -16 | A/A | GIC | GIG
M10 | 20 | M | Case | 65 | GIG | CIC | GIG M106 | 47 | M |Case| 8 | GIA | GIC |GIG
ML T2 T M Teae T 6 o T oe Too M107 | 26 | M [Cae | 6 | GIA | GIC | GIG
V2 T3 T M e 5 T oo oo Too M108 | 38 | M [Cae | © | GIA | GIC | GIG
V13 T57 T F Teae T 7 T oG o Too M109 | 22 | F | Case | -10 | GIA | CIC | GIG
iz T 16 T M Tcae T 20 T o T o Too M110 | 19 | F [Case | -13 | GIA | CIC | GIG
v T 13 T M Tese 8 Too T oo Too Ml | 4L | F [Case | -11 | AIA | GIC | AIA
M6 T 20 T M Tcae T 2 T o/ e Tae Mil2 | 27 | M | Case | -156 | AIA | GIC | AIA
vz T 21 T M Teae T 15 o T oe Taoo M2l | 67 | M | Case | -12 | GIA | GIC | GIG
Ve T 8 T F Tceme 12 Too oo Too NIA | 18 | F |contro| 025 | G/G | CIC | GIG
VMo T 22 T M Tcae | 5 o T oe Too F2SL | 45 | M [contro| -075 | G/G | CIC | GIG
20 T 20 T F Teae T 10 T oG T oe Too F252 | 39 | F |contro| NIL | G/G | CIC | GIG
M21 35 F Case -11 GIG GIC GIG F4S1 37 M control NIL GIG CiC GIG
M2z T 20 T F Teae | 15 o T o Too F4s4 | 20 | F [contro| -1.75 | GIG | CIC | GIG
v2s T 18 T v Tee 8 T oo oo Too F553 | 40 | M [contro| NIL | G/G | CIC | GIG
M 130 25 F Case -10 GIG c/C GIG F6S2 55 F control -15 GIG CiC GIG
vzl T 18 T F Tcoe T 20 T oo T oe Taoe F654 | 38 | M [contro| NIL | G/G | CIC | GIG
vizz T 58 T F Teae T 3 T oo e Taoo F7SL | 38 | M |contro| -0.75 | GIG | CIC | GIG
Mizm T 13 T F Tcae | 13 T oc T o Too F7s2 | 33 | F [contro| -005 | G/G | CIC | GIG
v T2 T M Tceae T 6 T a2 T o Tan F7s4 | 12 | F [contrd| -025 | GIG | CIC | GIG
M 29 65 F Case -6 A/A c/C AJA F9S3 21 M control N.A GIG GIC GIG
VM3 T3 T F Tcae T 6 T AA T o T AR FI0S3 | 29 | M J[contro| NIL | G/G | GIC | GIG
V3l T 22 T M Tcae T 2 T AA T oic T AR FI0S5 | 22 | M [contro| NIL | G/G | GIC | GIG
M 32 27 F Case -10 G/A c/C AJA F234 18 F control NIL GIG GIC GIG
va3s T2 T F Tcoame T 12 Toa T oe AR F2S5 | 16 | F [contro| NIL | G/G | GIC | GIG
VMas T 20 T F Tcae T 12 T aa T cic TG F257 | 10 | F [contro| NIL | G/G | GIC | GIG
v T2 T M Teae T 1 T a2 T o6 Too F352 | 26 | F [contro| NIL | G/G | GIC | GIG
Va0 T30 T M Tcoae T 4 T aa T oe Too F3%6 | 7 | F |contro| NIL | GIG | GIC | GIG
M41 29 M Case -8 G/A GIC GIG F5S2 58 F control NIL GIG GIC GIG
v T2 T F Teae T 7 T oa T o Too F557 | 28 | F [contro| NIL | G/G | GIC | GIG
v T 17 T F Tee o T on T oc Too F550 | 7 | F |contro| NIL | GIG | GIC | GIG
M 49 17 F Case .23 GIG c/C GIG FIsl 50 M control | -0.25 GIG GIC GIG
vz T2 T F Tee 12 Too T oo Taoo FIS4 | 18 | M [contro| NIL | G/G | GIC | GIG
Ms T2 T F Tceae | 4 T oG o Taoe F3S5 | 9 | M [contro| NIL | G/G | GIC | GIG
Mo T 38 T F Teae T 7 T o oo Too F556 | 3L | M [contro| NIL | G/G | GIC | GIG
v T 61 T F Tee T 8 Toe T oo Too F558 | 27 | M [contro| NIL | GI/G | GIC | GIG
6o T 55 T F Tcae | = T 6ic | cic Tae F6SL | 58 | M [contro| NIL | G/G | GIC | GIG
Vel 23 T F Teae T 7 T o T oe Too F653 | 40 | M [contro| NIL | G/G | CIC | GIG
ve: T 635 T F Tcoae T 21 T oG T o Too NI | 45 | F [contro| NIL | G/A | CIC | GIA
M 63 44 F Case -6 GIG c/C GIG N2 20 M control NIL G/A CiC G/IA
ves T2 T F Tceme T 0 ToG T oo Taoo N5 | 3 | F [contro| NIL | G/A | CIC | GIA
Ve T 21 T F Tcae T 13 T oG | ce Taoe N7 | 38 | F |contro| NIL | G/A | CIC | GIA
ver T 53 T F Toae | 1 o T oe Too NIO | 40 | M [contrd| NIL | GIA | CIC | GIA
vee T 62 T F Tcoae T 22 T oG T oe Too N2L | 40 | F |contrd| NIL | GIA | CIC | GIA
M 69 22 F Case -14 GIG c/C GIG N24 30 F control NIL G/A CiC G/IA
Mo T 23 T F Teae T 7 T o T oe Taoo N3 | 19 | M [contrd| NIL | G/A | CIC | GIG
vl T 62 T F Tee o T oo oo Taoo N4 | 34 | M |contro| NIL | G/A | CIC | GIG
vz T 19 T F Teae | 2 T o T o T N6 | 45 | M [contrd| NIL | G/A | CIC | GIG
M3 T2 T F Teae T 20 T oo T oe Taoo N8 | 24 | M [contrd| NIL | G/A | CIC | GIG
vM7a T3 T F Tcae | 12 T oG o Taoe N9 | 3 | M |contro| NIL | G/A | CIC | GIG
vE T 22 T F Teae | 8 o oo Too Ni2 | 50 | F [contrd| NIL | GIA | CIC | GIG
V76 T2 T F Tee 7 T oo oo Too NI3 | 17 | F |contrd| NIL | GIA | CIC | GIG
M77 37 F Case -85 GIG c/C GIG N14 35 F control NIL G/IA CiC GIG
Ve T4 T F Teae T 9 o T oe Too NI6 | 42 | F |contrd| NIL | GIA | CIC | GIG
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N23 28 F control | NIL G/A C/C GIG N69 15 F control | NIL GIG G/IC GIG
N25 22 M control | NIL GIA C/C GIG N70 52 F control | NIL GIG GIC GIG
N26 27 M control | NIL G/A C/C G/A N71 44 M control | NIL GIG CIC GIG
N29 31 M control | NIL GIA C/C GIA N72 26 M control | NIL GIA C/IC G/A
N30 19 F control | NIL GIA C/C GIA N73 32 M control | NIL G/A C/IC G/A
N31 24 F control | NIL G/A C/C G/A N74 24 M control | NIL G/A CIC G/A
N32 37 F control | NIL GIA C/C GIA N75 56 M control | NIL GIA C/IC G/A
N33 18 F control | NIL GIG C/C G/A N76 27 M control | NIL G/A CIC G/A
N34 45 F control | NIL GIG C/C GIG N77 12 M control | NIL G/A CIC G/A
N35 31 F control | NIL GIG C/C GIG N78 14 M control | NIL GIA (o7} G/A
N36 25 F control | NIL GIG C/C GIG N79 21 M control | NIL G/A CIC GIG
N38 14 F control | NIL GIG C/C GIG N80 19 M control | NIL G/A (o7} GIG
N39 8 F control | NIL GIG C/C GIG N81 40 M control | NIL GIA (o7} GIG
N41 19 F control | NIL GIG C/C GIG N82 36 M control | NIL G/A CIC GIG
N42 26 F control | NIL GIG C/C GIG N83 22 M control | NIL G/A C/IC GIG
N43 25 F control | NIL GIG C/C GIG N84 33 M control | NIL G/A CIC GIG
N44 57 F control | NIL GIG C/C GIG N85 47 M control | NIL G/A CIC GIG
N45 28 F control | NIL GIG C/C GIG N86 62 M control | NIL GIA C/IC GIG
N46 37 M control | NIL GIG C/C GIG N88 69 M control | NIL G/A CIC GIG
N47 65 M control | NIL GIG C/C GIG N90 51 M control | NIL GIA (o7} GIG
N50 19 M control | NIL GIG GIC GIG N91 49 M control | NIL GIA C/IC GIG
N51 21 M control | NIL GIG GI/IC GIG N92 25 F control | NIL G/A CIC G/A
N52 26 M control | NIL GIG GIC GIG N93 32 F control | NIL GIA (o7} G/A
N53 13 M control | NIL GIG GIC GIG N94 19 F control | NIL G/A CIC G/A
N54 17 M control | NIL GIG GIC GIG N95 20 M control | NIL G/A C/C G/A
N55 25 M control | NIL GIG GIC GIG N96 16 M control | NIL GIA (o7} G/A
N56 27 M control | NIL GIG GIC GIG N97 67 M control | NIL GIG CIC G/A
N57 413 M control | NIL GIG GIC GIG N98 55 M control | NIL GIG C/IC GIG
N58 11 M control | NIL GIG G/C G/IG N99 25 F control | NIL G/IG C/IC GIG
N59 55 M control | NIL GIG GIC GIG N100 20 F control | NIL GIG CIC GIG
N64 42 M [control| NIL GIG GIC | GIG F = Femae M = Male

N65 60 M control | NIL GIG GIC GIG

N66 46 F control | NIL GIG G/C GIG

N67 30 F control | NIL GIG GIC GIG

N68 22 F control | NIL GIG GIC GIG
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Annexure VII M79 48 F Case -14 GIT CIG
Age M80 v | F Case | 244 | GIT | CIG
Sample D | (Yrs) |Gender | Status | Degree | SNP1| SNP2 M81 A | F Cae | -16 |GIT | C/G
Va8 % | F Cae |~ 5 Tom oG M82 6 | M Case | -17 | GIT | CIG
M51 % | M Case | -18 | GIT | CIG M83 0 | M Case | -68 |GIT | C/G
M54 0 | F Case 11| GIT | CIG Ma4 2 | M Case 15 | GIT | CIG
M57 6 | M Case | -19 | GIT | CIG M85 17 | M Case | -27 |GIT | CIG
M58 5 | M | Case | 12 |GIT | CIG M86 13 | M | Case | -22 | GIT| CIG
M6a B 1 M Cae T 10 Tom oG M87 2 | ™ Case | -16 | GIT | CIG
Fis2 45 | F Case | 21 | GIT| CIG M8 5 | M Case 9 | GIT| CIG
F2s3 20 | F Case 6 | GIT | CIG M89 35 | M Case -8 | GIT | CIG
F256 B3| F Case | -1 | GIT | CiC M90 60 | M Case | -13 |GIT | CIG
F5S10 5 M Case | -135 | GIT | CIC M9L 51 | M Case | -25 |GIT | CIG
F5S11 5 M Case 6 | GIT | cIc M92 5 | M Case | 63 | GMT | C/G
s 3 F Cae T 25 Tom | oic M93 2 [ ™ Case | -17 | GIT | CIG
Fes3 % | W Case | 19 |G| cic Mo4 6 | M Cae | -21 |GIT | C/G
FosL 5 [ ™ Case | -65 | GIT | CIC M95 8 M Cae | -32 |GIT | CG
Fosz 8 | F Case 5 ToT oo M9 56 | M Case | -198 | GIT | CIG
M1 0 | F Cae o Tor oo M97 7M™ Case 6| GIT | CIG
M2 7 T F Cose s ToT 1 oo M98 27 [ ™ Case 7 _lGlc| cie
M3 2 T M Cae | 10 Tom [ oG M99 B[ M Case | -10 |GIG| CIG
M4 % 1 F Cose s ToT 1 oo M0 | 64 | M Case | -15 | GIG | CIG
M5 8 M Cae | 3 Tom [ oG M101 0™ Case | -12 | GIG | CIG
M6 Y, Ca = Tor T oc M102 9 ™ Case | -13 | GIG | CIG
M7 = 1 F Cose o ToT oo M103 2 [ ™ Case | -19 | GIG | CIG
E 0 | F Cae | 6 Tom [ oG M4 | 24 | ™ Case | 205 | GIT | CIG
MO 2 | M Cae T 10 Tom oG M105 5 | M Case | -16 | GIT | CIG
M10 20 [ ™ Case | -65 | GIT | CIG MI106 | 47 | M Case 8 | GIT| CIG
M1l 2 T M Ca % Tomr oG M107 2% | M Case -6 | GIT | CIG
M12 3 1 M Cose % ToT 1 oo M108 3B | M Case 9 |G| cic
M13 5 1 F Cose = ToT 1 oo M109 2 | F Case | -10 |GIT | CIG
YEV BT ™ Cae | 20 Tom oG M110 9| F Case | -13 | GIT | CIG
M15 B ™ Cae T 8 Tom oG M1l | 41 | F Case | -11_|GIG | CIC
M16 0 ™ Cae | 11 Tom [ oG M112 27 [ ™ Case | -15 | GIG | CiC
M17 21 M Cae T 13 Tom oG M113 3B | M Case | -25 | GIG | CIC
M18 3 F Cae T 12 Tom oG M121 67 | ™ Case | -12 | GIT | CIG
M19 2 T M Cae | 15 Tom oG NIA 8 | F |contrd | 025 | GIG | CIC
M20 0 T F Cae T 10 Tom oG F2s1 45 | M | contro | -075 | GIG | CIC
M21 35 F Case -11 GIT CIG F2S2 39 F control NIL GIG CiC
M22 0 | F Cae | 18 Tom oG F4s1 37 | M |contrd | NIL | G/G | CIC
M23 TR Cose s ToT 1 oo F4sa 20 | F |ocontrd | -175 [ GIG | cic
M 130 25 F Case 210 GIT CciG F5S3 40 M control NIL GIG CiC
M131 s T F Cae T 20 Tom oG F6s2 55 | F |contrd | -15 | G/G | CiC
Mizz | s | F Cose s ToT 1 oo F654 3 | M |contrd | NIL | G/G | cic
M133 =T F Cae | 13 Tom oo F7Sl 38 | M |contrd | 075 | GIG | CIC
M28 % T ™ Cose % 1o oo F7s2 38 | F_ |contrd | 005 | GIG | CIC
M 29 65 F Case -6 GIG CIG F74 12 F control -0.25 GIG CiC
M30 = T F Cae | 16 Too oG Fos3 21 | M_|cotrd | NA [ GI/G | CIC
M3l A T ™ Cae T 12 TGiG 1 oG FI0S3 | 20 | M |contrd | NIL | GIG | CIC
M 32 27 F Case -10 GIG CIG F10S5 22 M control NIL GIG CiC
Ma3 > T F Cae T 11 Toicl oG F2sa 8 | F |contrd | NIL | GIG | CIC
Maa 0 1 F Cae | 12 Tom oG F2s5 16 | F |contrd | NIL | GIG | CIC
M35 2 M Cae | i1 Tom oG F2s7 10 | F Jcontrd | NIL | GIG | CIC
M40 20 ™ Cae | 14 Tom oG Fas2 26 | F |contrd | NIL | G/G | CIC
M4l 29 M Case 8 GIT CciG F3S6 7 F control NIL GIG CiC
M3 2 | F Case ~ToT oG F552 58 | F |contrd | NIL | G/G | CiC
M6 7T F Cose o ToT oo F557 28 | F |contrd | NIL | G/G | cic
M49 17 F Case 23 GIT CciG F5S9 7 F control NIL GIG CiC
M52 T F Cae T 12 Tom oG FIS 50 | M |contrd | 025 | GI/G | CiC
M55 > | F Cae | 14 Tom oG Fis4 8 | M [contrd | NIL | GIG | CIC
M50 38 E Case 7 GIT cIG F3S5 9 M control NIL GIG C/C
M59 61 T F Cae T 8 Tom oG F556 31 | M |contrd | NIL | G/G | CIC
M 60 55 F Case -9 GIT CIG F5S8 27 M control NIL GIG CiC
M61 5 F Cae T 17 Tom oG F6S1 58 | M |contrd | NIL | G/G | CiC
M62 s T F Cae T 21 Tom oG F6S3 40 | M [contro | NIL |GG | cic
M63 24 F Case 6 GIT ciC N1 45 F control NIL GIG CiC
V65 2 | F Cae T 0 Tom T oic N2 20 | M_|contrd | NIL_ | G/G | CIC
V66 21 | F Cae | 13 Tom | cic N5 30 | F locontrd | NIL [ G/G | cic
M67 3 T F Cae | 11 Tom T cie N7 38 | F |cord | NIL | G/G | CiC
V68 o T F Cae T 22 Tom T oic N10 40 | M | contro | NIL | G/G | cIc
M 69 22 F Case 214 GIT ciC N21 40 F control NIL GIG CiC
M70 3 | F Case > ToT oo N24 30 | F |ocontrd | NIL | G/G | CiC
M71 o | F Cose o ToT 1 oo N3 9 | M [contrd | NIL | GIG | CIC
V72 o T F Cae | 14 Tom oG N4 3 | M |contrd | NIL | G/G | CiC
M73 s | F Cae T 20 Tom oG N6 45 | M | conro | NIL | GI/G | CIC
M7a = F Cae | 14 Tom oG N8 24 | M |ocontrd | NIL |GG | cic
M5 > T F Cae | 18 Tom oG N9 32 | M |contrd | NIL | G/G | CiC
M76 2 T F Cose = ToT 1 oo N12 50 | F |ocontrd | NIL | G/G | Cic
M77 37 F Case -85 GIT CIG N13 17 F control NIL GIG CiC
M78 5 | F Cae o Tor oo N14 3 | F |ocontrd | NIL | G/G | CIC
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Annexure - VII

N16 42 F control NIL G/IG | CIC N70 52 F control NIL G/G CiC
N23 28 F control NIL GIG | CIC N71 44 M control NIL GIG CiC
N25 22 M control NIL G/IG | CIC N72 26 M control NIL G/G CiC
N26 27 M control NIL GIG | CIC N73 32 M control NIL GIG CiC
N29 31 M control NIL GIG | CIC N74 24 M control NIL GIG CiC
N30 19 F control NIL G/IG | CIC N75 56 M control NIL G/G CiC
N31 24 F control NIL GIG | CIC N76 27 M control NIL GIG CiC
N32 37 F control NIL G/IG | CIC N77 12 M control NIL G/G CiC
N33 18 F control NIL G/IG | CIC N78 14 M control NIL G/G CiC
N34 45 F control NIL GIG | CIC N79 21 M control NIL GIG CiC
N35 31 F control NIL G/IG | CIC N80 19 M control NIL G/G CiC
N36 25 F control NIL GIG | CIC N81 40 M control NIL GIG CiC
N38 14 F control NIL GIG | CIC N82 36 M control NIL GIG CiC
N39 8 F control NIL G/IG | CIC N83 22 M control NIL G/G CiC
N41 19 F control NIL GIG | CIC N84 33 M control NIL GIG CiC
N42 26 F control NIL G/IG | CIC N85 47 M control NIL G/G CiC
N43 25 F control NIL G/IG | CIC N86 62 M control NIL G/G CiC
N44 57 F control NIL GIG | CIC N88 69 M control NIL GIG CiC
N45 28 F control NIL G/IG | CIC N90 51 M control NIL G/G CiC
N46 37 M control NIL GIG | CIC N91 49 M control NIL GIG CiC
N47 65 M control NIL GIG | CIC N92 25 F control NIL GIG CiC
N50 19 M control NIL G/IG | CIC N93 32 F control NIL G/G CiC
N51 21 M control NIL GIG | CIC N94 19 F control NIL GIG CiC
N52 26 M control NIL G/IG | CIC N95 20 M control NIL G/G CiC
N53 13 M control NIL G/IG | CIC N96 16 M control NIL G/G CIC
N54 17 M control NIL GIG | CIC N97 67 M control NIL GIG CiC
N55 25 M control NIL G/IG | CIC N98 55 M control NIL G/G CiC
N56 27 M control NIL GIG | CIC N99 25 F control NIL GIG CiC
N57 43 M control NIL G/IG | CIC N100 20 F control NIL G/G CIC
N58 11 M control NIL G/IG | CIC N101 49 F control NIL G/G CiC
N59 55 M control NIL GIG | CIC N102 23 F control NIL GIG CiC
N64 42 M control NIL GIG CI/C F=Femae M = Made

N65 60 M control NIL G/IG | CIC

N66 46 F control NIL GIG | CIC

N67 30 F control NIL G/IG | CIC

N68 22 F control NIL GIG | CIC

N69 15 F control NIL G/IG | CIC
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