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Abstract

ABSTRACT
Epilepsy is a mysterious problem of nervous system. It has been reported in
earliest times of human history. The epilepsy syndromes are hard to define; they are
so heterogeneous phenotypically that diagnosis becomes a problem for clinicians.
Two or more unprovoked seizures are criteria to diagnose epilepsy in any patient.
Along with environmental factors, genetics plays a significant role in causation of
epilepsy. Inherited epilepsy when reported with other anomalies is called an epilepsy
syndrome. In inherited epilepsy syndromes, efforts have been made to identify the
disease-causing gene mutations in humans. In this study, seven families were
identified with affected individuals showing neurological symptoms including
epilepsy. They include two families (Families A & B) with Lafora Disease (LD), One
family (Family C) with Hereditary Spastic Paraplegia 26 (HSP26), One family
(Family D) with Bainbridge-Ropers Syndrome (BRS), One family (Family E) with
Chorea-Acanthocytosis (ChAC) and two families (Families F & G) with epilepsy and
neurological signs. By using different next generation sequencing platforms, causative
mutations were identified in four families.
Lafora epilepsy disease (LD; MIM 254780) is myoclonic epilepsy having
autosomal recessive inheritance. The onset is from late childhood to early adolescent.
EPM2A, NHLRC1 and PRDM8 genes have been identified previously to be mutated
in affected individuals with LD. The families, A and B are unrelated consanguineous
families belong to Pakistan showing features of LD. Affected members in both
families have, generalized tonic clonic seizures, cognitive decline, and intellectual
disability with ataxia. Lafora Disease was diagnosed by both histo-pathological
analysis of the skin biopsy and electroencephalogram. Illumina TruSight One
ix
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Sequencing Panel covering 4813 OMIM genes was done for family A. We identified
a homozygous mutation c.T94G; p.W32G of EPM2A gene which was found cosegregated in this family through Sanger sequencing. Bi-directional sequencing was
done for both EPM2A and NHLRC1 genes in family B but no mutation was identified.
Hereditary Spastic Paraplegias (HSPs) is a group of heterogeneous disorders
characterized with progressive spasticity and weakness of the lower limbs sometimes
combined with additional neurological like ataxia, epilepsy, neurodegenerative and
neurodevelopmental disorders. HSPs have more than seventy types. Family C belongs
to Kingdom of Saudi Arabia (KSA) having consanguineous union. The affected
individuals have episodic ataxia with myokemia and microcephaly. The index case
presented with episodic ataxia with myokemia, proximal muscle weakness, preserved
DTR and intact cognition. Genetic analysis identified a novel missense homozygous
mutation in B4GALNT1, c.C1358G:p.P453R by using whole exome sequencing of the
two affected individuals in the family (HSP26; MIM 609195). The mutation was cosegregated in the family by bi-directional sequencing. Bainbridge-Ropers syndrome
(BRS; MIM 615485) is a rare genetically inherited disorder with severe
developmental delay, feeding problems, short stature, epileptic seizures in some
patients, characteristic facial appearance. Family D is non-consanguineous family
belonging to Republic of South Korea. The index case is affected male who was
presented to clinic with global developmental delay, myoclonic seizures and
dysmorphic features. His myoclonic seizures made it suspicious case of Lafora body’s
disease. Whole exome sequencing was done, and data analysis found a de-novo
substitution deletion mutation in ASXL3 gene: c.1314_1316delinsA:p.S439Rfs*7/+
that was confirmed by bi-directional Sanger sequencing and was absent in his parents.
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Abstract
Chorea-Acanthocytosis (MIM#200150) is a rare progressive disorder
associated with neurodegeneration. The mutations in VPS13A gene are reported to
cause the disease. The clinical features are loss of cognitive and locomotor functions
with severe tics. In Family E, a three generation pedigree from Pakistan, clinical
diagnosis of the affected members revealed phenotypes of episodes of seizures, tics,
hyperactive behavior, tongue and lip bites with psychiatric problems. Through whole
genome Copy Number Variation (CNV) data analysis, a ~1.2 Kb deletion was
identified in VPS13A gene already implicated in Chorea-Acanthocytosis, and found
co-segregated with disease phenotype in this family through Sanger sequencing.
Two other families with multiple affected individuals (Families F and G),
showed multiple neurological deficits including epilepsy. Whole exome sequencing
and extensive data analysis was unable to find segregation of potential selected
variants in respective families. These results show the limitations of WES for
identification of disease gene causing mutations in complex epilepsy syndromes. In
future, whole genome sequencing would be used to resolve these cases.
At present, bioinformatics tools are playing critical roles in prediction and
analysis of the disease associated variants. We selected 32 epilepsy associated risk
loci (available online) from six Genome Wide Association Studies (GWAS) to predict
proxy Single Nucleotide Polymorphisms (SNPs), from SNAP tool based on linkage
disequilibrium. These results were then used as input data for RegulomeDB; a
software for understanding of regulatory elements in human genome to predict their
potential functional roles in epilepsy. Only 10 SNPs returned with significant scores,
indicating the regulatory function. Structural insights of the human B4GALNT1
protein were predicted by In-silico studies. One signal peptide and one trans
membrane domain predicted in human wild type B4GALNT1 protein with aliphatic
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index of 92.76 and theoretical (iso-electric point) pI of 8.93. The protein showed
interaction with different proteins including ST8SIA5, SLC33A1 and GLB1. Impact
of all reported missense mutations in B4GALNT1 (in cHSP26 phenotype) has shown
the decrease in stability of protein.
Next generation sequencing along with bioinformatics analysis is growing
field of clinical genetics to precisely diagnose the heterogenous inherited disorders
like epilepsy syndromes. The present study will help genetic counseling of the
families. It also has impact on establishment of clinical genetics studies in families
with complex epilepsy syndromes and to understand molecular mechanisms involved
in these disorders.
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CHAPTER 1
INTRODUCTION
1.1 Brief Overview of Nervous System
Nervous system has function of co-ordination of voluntary and involuntary
actions and transmission of signals among different parts of the human body. It
comprises of two components, (i) central nervous system (CNS) and (ii) peripheral
nervous system (PNS). At cellular level, the nervous system is made up of neurons or
nerve cells as basic structural and functional units. Because of specific structural
organization neurons perform the functions of signals transmission in the form of
electrochemical waves with the help of neurotransmitters. Neurotransmitters are
released at specific junctions called synapses. The synaptic signals from the neurons
may excite, inhibit or modulate different cells in the human body. For structural and
metabolic support of neurons, nervous system also has glial cells or glia. Structurally
neurons have axons originating from the soma (cell body of the neuron) to the
synapses. Axons also encompass distant regions and have synaptic connections, e.g.
CNS and spinal cord (Mai and Paxinos, 2011). Collective bundles of neurons
travelling through the body are termed as nerves. There are many different types of
neurons like sensory neurons; involve in transmission of physical signals, motor
neurons; convert neuronal signals to functional signals by activation of glands or
muscles and interneurons; connect two different neurons (Araque and Navarrete,
2010; Ransohoff and Engelhardt, 2012; Fields, 2015).

1
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The main functions of glial cells include nutrition, support and protection of
neurons. Glial cells also have tasks of maintaining homeostasis in the neurons, myelin
sheath (electrical insulation for rapid and appropriate nerve impulses propagation)
formation and roles in signal transmission. Those glial cells producing myelin sheath
in CNS are termed as oligodendrocytes and in PNS, Schwann cells. Other important
function of glial cells is to abolish pathogens and eliminate dead neurons (Araque and
Navarrete, 2010).
1.1.1 Parts of Central Nervous System
The CNS is a complex system containing both brain and spinal cord. The
human brain is divided into cerebrum comprising of primary motor and sensory
cortex and basal ganglia. The frontal lobe monitors general intellect and motor
control, temporal lobe has roles in auditory input and interpretation, parietal lobe has
roles of general sensory input and interpretation, occipital lobe has control over visual
input and interpretation while insular lobe is involved in diverse functions usually
linked to emotion and self-perception. Diencephalon comprises of thalamus and
hypothalamus. It is involved in conduction of nerve impulses (Mai and Paxinos,
2011).
1.1.2 Nerve Impulses and Neurotransmitters
Neurons function because of membrane potential that is established across the
neuronal membrane. There is unequal distribution of ions on both sides of the nerve
cell membrane, with the cell interior negative as compared to cell exterior. The
stimuli alter this potential difference by opening specific ion channels like sodium ion
channels and wave of depolarization established along the neuronal cell and action
potential develops. When action potential reaches near its peak the sodium channel
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closes and potassium channel opens permitting ions to move out and cell restores the
normal potential (Gutkin and Ermentrout, 2006).
Endogenous chemical messengers that transmit signals from neurons to target
cells through synapses termed as neurotransmitters. Neurotransmitters are stored in
the synaptic vesicles before release into the synaptic cleft. After action-potential
trigger at synapse specific neurotransmitters are released. These neurotransmitters
cross the synaptic gap and then bind to specialized receptors either in the post
synaptic neuron membrane or on cell surface. Based on activities of
neurotransmitters,

they

are

divided

into

two

main

classes,

excitatory

neurotransmitters exerting excitatory effects and enhance firing of action potential
and inhibitory transmitters exerting inhibitory effects and decreasing action
potential. Some of neurotransmitters have both excitatory and inhibitory effects
depending upon type of receptor where they reside. They are also divided into
small

molecule

and

peptide

neurotransmitters.

Most

of

the

peptide

neurotransmitters also have hormonal functions. Gamma Amino Butyric Acid
(GABA), acetylcholine, nitric oxide, ATP and amino acid neurotransmitters are
small molecule neurotransmitters. Pro-opiomelanocortin (POMC) is precursor for
numerous

peptide

neurotransmitters

and

about

50

different

peptide

neurotransmitters are known (Korf, 1981; Gasnier, 2000; Cohen-Cory, 2002).
Sometimes neurotransmitters are also classified based on receptor that are
activated after binding of the neurotransmitters either an ionotropic or metabotropic
receptor. Ionotropic receptors gave rise to ligand gated ion channels while
metabotropic receptors trigger signal transduction after binding of peptide,
hormone receptors involving a second messenger. G-protein coupled receptor
(GPCR) family constitute many metabotropic receptors. Acetylcholine and
3
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glutamate are examples of neurotransmitters that bind to multiple receptors both
ionotropic and metabotropic (Rho and Storey, 2001; Boehm and Kubista, 2002).

1.2 Introduction of Epilepsy Syndromes
1.2.1 Epilepsy Past and Present
In ancient Babylonian books first definition of epileptic seizures has been
found > 500 BC years (Wilson and Reynolds, 1990). In earliest records symptoms of
the conditions are same as described in present day epilepsy but the etiology was
referred to as supernatural or demon’s powers. In old Chinese medical history,
condition is known as generalized convulsive disorder. With combined progressive
efforts of clinical and basic research, information about epilepsy syndromes has been
collected, during past two centuries to understand this ailment. The condition is still
considered as stigma for patients and families throughout the world (Chaudhary et al.,
2011; McNeil et al., 2012). Now it is a well-documented fact that epilepsy is a
disorder of nervous system with large number of different manifestations involving
psychiatric problems, anxiety, mental retardation, behavioral issues and physical
impairments.
Epilepsy is not considered as disease with similar symptoms rather a complex
syndrome with different clinical manifestations. If we define it at very basic level it
has components of seizures, followed by epileptogenesis and recurrent unprovoked
seizures (Fisher et al., 2014). The common explanation to seizure is an imbalance
between excitation and inhibition of neuronal trafficking molecules termed as hyperexcitability. Seizures may last for seconds to minutes and prolonged in case of status
epilepticus. “International League Against Epilepsy (ILAE)” has formulated a
conceptual definition for epilepsy and epileptic seizures in 2005 (Fisher et al., 2005).
For a brief period, neurons of the brain have abnormally excessive activity causing
4
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abnormal signs or symptoms. Epilepsy syndromes are brain disorders inclined to
generate epileptic seizures with other morbidities of neurobiological and
psychological functions. Epilepsy syndromes are also responsible for cognitive and
socio-economic burden. In 2014 the definition was reformulated into more
translated/practical form as disease of brain, must having two or more unprovoked
seizures with time range of 24 hours. It can be one unprovoked seizure with
possibility of risk of recurrence of two unprovoked seizures further in period of ten
years (Fisher et al., 2014) with different classification for seizure type has been
revised (Fisher et al., 2017).
1.2.2 Incidence, Prevalence and Etiology of Epilepsy Syndromes
Epilepsy syndromes are considered as common disorders of neurological
problems with estimated 70 million affected people worldwide (Leonardi and Ustun,
2002; Ngugi et al., 2010). In general population of developing countries, the rate of
incidence and prevalence of epilepsy syndromes is much higher than developed
countries. In developed countries about 30-50/100, 000 per year cases of epilepsy are
registered, with prevalence of 7 out of 1000 people and in developing countries
prevalence is 10/1000 per year (Aziz et al., 1994; Zarrelli et al., 1999; Kotsopoulos et
al., 2002; Olafsson et al., 2005). Epilepsy syndromes have been associated with large
number of brain abnormalities. There are different etiologies like genetic,
environmental, metabolic and neoplastic are associated with epilepsies, seizures and
epilepsy syndromes (Bhalla et al., 2011; Bhalla et al., 2012). During past two decades
with the advancements of high throughput next generation sequencing technologies
many new genes have been identified causing genetically inherited epilepsy
syndromes. A huge amount of data is also available indicating the association of both
genetic factors and acquired factors causing majority of epilepsies (Heron et al., 2007;
5
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Shorvon, 2011). Epilepsy is also a comorbidity with psychiatric problems and
disorders of behavior in wide range of people. Incidence and cases of depression,
bipolar disorders and schizophrenia have been reported in the literature.
Psychopathological disorders have also been associated with temporal lobe epilepsy.
Depression compromises the life quality of the epilepsy patients more than seizures. It
also makes them less responsive to medications and more prone to suicidal attempts
or thoughts. Anxiety in epileptic patients have been reported frequently but studied
less with major effects on the life quality (Swinkels et al., 2005; Christensen, 2007;
Ngugi et al., 2010; Bragatti, et al., 2011; Jones et al., 2016).

1.3 Classification of Epileptic Seizures
Although ILAE has anticipated new revised classification and terminology
system for epilepsies and seizures (Berg et al., 2010) it has not been approved because
of later years debates (Panayiotopoulos, 2011; Luders et al., 2012; Panayiotopoulos,
2012). ILAE proposals from 1981and 1989 are also in routine use globally for the
classification of epileptic seizures. Epileptic seizures are defined as partial,
generalized or unclassified; based on signs, symptoms and electroencephalographic
findings.
Partial seizures originate in the part of cerebral hemisphere. In case of simple
partial seizures patients do not have impairment of consciousness but have
autonomous, psychic, special sensory, somatosensory or motor manifestations. While
complex partial seizures have characteristics of impaired consciousness along with
similar symptoms to simple partial seizures. Complex partial seizures (CPSs) may
directly have started as CPSs or simple partial seizures and then evolve to CPSs.
Generalized seizures are initiated with the involvement of the bilateral
hemisphere. These primary seizures further progress to secondary generalized tonic
6
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clonic seizures. Generalized seizures further may be of myoclonic type that are
instigated by swift muscle contractions termed as positive myoclonus or by brief
lapses of contraction termed as negative myoclonus. Clonic, tonic-clonic and atonic
seizures are characterized by muscles stiffening and jerking movements. Absences
seizures generally last just a few seconds and are characterized by a blank or "absent"
stare and atypical absences seizures. All secondary seizures have impairment of
consciousness and mild motor symptoms.
The new classification of epileptic seizures by ILAE has not documented any
fundamental change is rather flexible and transparent. This is an operational
classification system founded from 1989 and 2010 ILAE classification schemes.
Following standings are abolished; psychic, complex partial, simple partial,
secondarily generalized and dyscognitive. Following terms with bilateral versions are
also documented clonic, focal tonic, atonic, epileptic spasms and myoclonic seizures.
Some new generalized types of seizure terms have been added, like epileptic spasms,
myoclonic-atonic, myoclonic absence and clonic-tonic. Secondarily generalized have
been replaced by bilateral tonic-clonic seizure (Fisher et al., 2016).

1.4 Diagnostic Criteria for Epilepsy Syndromes
Early correct diagnosis of epilepsy is important for long-term prognosis and
treatment options. After onset of the first seizure the patients are initially seen for
epilepsy by specialist clinician if diagnosis is complicated second opinion from
pediatric/adult physician within two weeks might be obtained. Basic approach is to
identify the seizure as epileptic and then to differentiate as focal or generalized. Then
diagnostic workup is followed to identify the cause or type of epilepsy syndrome if
possible. Electroencephalography (EEG), recording of the brain waves perceived by
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electrodes placed on the scalp is conducted to diagnose abnormal electrical activity of
the brain.
Brain scans, positron emission tomography (PET), computed tomography
(CT) and magnetic resonance imaging (MRI) are also used for identification of any
structural abnormalities and lesions within brain. Functional MRI (fMRI) and PET are
also used by some doctors to monitor activity of the brain and abnormalities in the
brain. A new scan method that locates the seizure foci is called single photon
emission computed tomography (SPECT). Magnetoencephalogram (MEG) also in
clinical use to deep scan the brain by magnetic signals without use of electrodes.
Abnormal biochemical processes of the brain are also detected by magnetic resonance
spectroscopy (MRS).
Medical history with detailed examination and investigation of signs,
symptoms, seizure duration and video recording during attack is one of the best
method to diagnose epilepsy and its type. Blood tests are also used to diagnose
metabolic and genetic causes of the epilepsy syndromes. Different developmental,
neurological, and behavioral tests are also used to determine motor abilities, behavior,
and intellectual capacities of an affected person. The details are obtained from
https://www.mayoclinic.org/diseases-conditions/epilepsy/diagnosis-treatment/drc2035009820350098.

1.5 Underlying Molecular Mechanisms
Cell membranes of all living cells have integrated ion channels as
macromolecules which play crucial roles in synthesis of cellular energy and
stabilization of cellular osmotic state. In the nervous system ion channels play
important functional roles to excitable muscles and nervous tissues (Sigworth, 2003;
Moody and Bosma, 2005; Kullmann, 2010). Genes that encode functional ion
8
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channels and their integral interacting protein products are associated with inherited
neurological, neurodegenerative, muscular disorders and some cardiac problems if
mutated with many similar phenotypic features (Hedley et al., 2009; Ryan and Ptacek,
2010). The mode of inheritance is very important in pathophysiology of the disease
and in most of the cases heterogeneity in phenotypes might be detected because of
impact of other genes, variability in the penetrance and or environmental factors
(Kullmann, 2010).
The imbalance between excitation and inhibition has not been fully understood
in genetic epilepsies, because such epilepsies have loss of function mutations either in
excitatory or, inhibitory ion channels or with other associated components (Frank et
al., 2006; Macdonald and Kang, 2012; Carvill et al., 2014). Some epilepsies have
mutations in genes that are indirectly involved in excitation and inhibition, with
complete altered brain activity (Weckhuysen et al., 2013; Ran et al., 2015). In case of
acquired epilepsies, such imbalance is not demonstrated properly. In pilocarpine
model, inhibitory neuron damage is recompensed by enhancing GABAergic/and or
glutamatergic synapses (Sutula and Dudek, 2007; Zhang et al., 2009). Episodic
alteration of neuronal activity with other unclear mechanisms of brain states cause
seizures during sleep in the non-rapid eye movements because of mutations in
nicotinic cholinergic receptor (Ferini-Strambi, 2012).
Ictogenesis, propensity to develop seizure depends upon malfunctioned
synapses and postsynaptic neurons. Short term synaptic plasticity, may be underlying
cause of epilepsy or seizures. The dejection of inhibitory GABAergic synapses on
long axoned principal neurons or dejection of glutamatergic synapses on inhibitory
neurons lead towards ictogenic mechanisms. Similarly, facilitation of inhibitory or
glutamatergic synapses between principal neurons or inhibitory interneurons
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respectively are also cause of ictogenesis (Bracci et al., 2001; Jane, et al., 2009; Jirsa,
et al., 2014). Fusion of neurotransmitter vesicles with presynaptic membranes for
conduction of synapses requires calcium ions, presynaptic protein set and recycling of
neurotransmitters (Kaeser and Regehr, 2014). Dysfunctional synaptic plasticity
relevant to postsynaptic mechanisms involving the reuptake of neurotransmitters,
desensitization of receptors, or other mechanisms of synapse propagation also cause
ictogenesis. Mutations in presynaptic or postsynaptic functional protein products have
been verified as epilepsy cause (Kaeser and Regehr, 2014). Epilepsy has also been
caused by mutations in subunits of AMPA receptor regulatory family like stargazin,
ADAM22 and LGI1. Besides synaptic plasticity other mechanism for ictogenesis is
ion concentration dysregulation in between the cellular spaces. These ions are
calcium, chloride, potassium and protons, some widely distributed ion transporter or
trans-membranes proteins in the brain for maintaining homeostasis of ions are also
mutated in patients of epilepsy (Fukata et al., 2006; Rajakulendran, et al., 2012;
Veeramah et al., 2013; Deng, et al., 2014).

1.6 Next Generation Sequencing
Next generation sequencing (NGS) has emerged as high-throughput
sequencing technologies during the past decade. The basic process is clonal
amplification and parallel sequencing in a flow cell of single DNA molecules or
different DNA templates (Metzker, 2010). Sequencing is done either in an unceasing
real-time process or in a stepwise process and individuality of each template remains
intact and can be calculated from the total sequences that are generated in the process.
The high throughput quantitative and qualitative information of sequences is
generated making analyses much easier. NGS has got position of first method to
analyze genetic diseases on a large scale. The main breakthrough is targeted
10

Chapter 1

Introduction

resequencing of specific regions identified by genome wide association studies and by
linkage analyses of human genomes (Ding et al., 2008; McKernan et al., 2009; Park,
2009; Yohe and Thyagarajan, 2017).
1.6.1 Chemistry of Next Generation Sequencing
For the sequencing of clonally amplified products oligonucleotide probes,
labeled analogs of nucleotides or nucleotides are used on first wave platforms that are
combined in stepwise events that are monitored optically and changed
bioinformatically into the sequence. Different platforms use different chemistries e.g.
Illumina uses sequencing by reversible dye terminators, Roche 454 uses
pyrosequencing, SoLiD by Life Technologies uses sequencing by sequential ligation
of oligonucleotide probes. In Illumina platform, sequencing is done by using four
reversible fluorescently distinctive dye terminators at same time with introduction of
DNA polymerase in the flow cell. By emission of base explicit fluorescent spectra,
complementary base incorporation into distinct clusters is noted. After cleavage and
washing steps of dye entities sequential cycles lead to the elongation of chain by
introducing, incorporating and cleavage of dye terminator and polymerase.
In the Roche 454 GS-FLX platform and a newly introduced GS-Junior
platform pyrosequencing is done by addition of dCTP, dGTP, dTTP or dATP and
polymerase into the picotitre plate that contains clonally amplified template.
Pyrophosphate is released from each well with addition of complementary nucleotides
to the growing strand and light is generated in the well because of luciferase activity.
CCD cameras are used to optically capture luminescent spurts and intensity of the
luminescence used to directly determine incorporated nucleotides and homo-polymers
give stronger signals as compare to addition of single base and depend on length.

11
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Once the recording of incorporation is done, after wiping off the remaining
nucleotides from the flow cell whole process is again and again repeated (Margulies
et al., 2005; Yohe and Thyagarajan, 2017). The SoLiD platform uses sequencing by
ligation with mixtures of oligonucleotide probes that are fluorescently unique and
have specific degenerate nucleotides and interrogation nucleotides. After postannealing and ligation steps labeled part of each probe is sliced and wiped off after
recording of fluorescence. For generation of sequence reads interrogation of each base
is done twice in ligation sequencing and probe hybridization infer the sequence
(McKernan et al., 2009). The read lengths also vary among platforms as
pyrosequencing, Roche 454 longest read lengths are at 400 plus bases

1.7 Demographical Features of Pakistani Population
The Islamic Republic of Pakistan is located at the point of convergence of
South Asia, Middle East and Central Asia. In 2015 population of Pakistan was
estimated approximately 191.71 million with growth rate of 1.49%. From years 1990
to 2003, Pakistan has attained the attribute of second-most urbanized nation in South
Asia and 50% of Pakistanis are town dwellers. Pakistan has hosted largest number of
the refugees, also has society of multicultural groups with different ethnicities and
youth is in largest numbers among the world. Although all ethnic groups are divided
separately but share common history and inter-mingling from thousands or more
years. Because of consanguinity, Pakistan is major hub for origin and prevalence of
genetically inherited diseases.

1.8 Risk Factors for Prevalence of Genetic Diseases in Pakistan
According to Pakistan Demographic and Health Survey (PDHS) and a study
published in 1998, consanguineous marriage rate is very high (over 80%) in Pakistan,
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and remained unchanged from three to four previous decades, with coefficient of
breeding in the generations, 0.0331 and 0.0316 (Hussain and Bittles, 1998) For
clinical studies of rare genetic diseases, it is very important to understand inbreeding
and higher rates of homozygosity prevalence in families. Other factors like
geographical distribution, ethnicity, culture, religion low socioeconomic growth and
strong family bonds are also associated with cousin marriages. Lack of awareness
about increased risk of genetic diseases in rural areas is common reason for such
marriages. To date, many autosomal recessive genetically inherited diseases involving
brain abnormalities have been recognized from Pakistani families (Hassan et al.,
2007; Hassan et al., 2008; Rafiq et al., 2010; Rafiq et al., 2011; Kousar et al., 2011;
Habib et al., 2011; Nawaz et al., 2014; Rehman et al., 2015; Rafiq et al., 2015;
Chaudhry et al., 2015; Ullah et al., 2015) and number is still increasing day by day.
Cousin marriages have also been reported as a cause of neonatal death or small size
birth (SSB) rate (significant association of first degree cousin marriages and risk of
SSB in sample studied has been found) in a study published from Pakistan (Hussain
and Bittles, 1998; Zakar et al., 2014). Usman et al., have shown in a demographical
study conducted in 2007 that 62.9% of the patients in the study were from lower
socioeconomic background with more prevalence of epilepsy in rural areas and
affected male percentage was also higher (Usman et al., 2007). From Pakistan, a
study was conducted in 1997 to find out the psychological and stigmatization
problems of epileptic patients. Stigmatization has proven to be weakly associated with
epilepsy in the selected population-based study group, with problems to complete
daily responsibilities like job, school work or common household tasks (Aziz et al.,
1997).
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In a literature survey-based study in 2003 the epilepsy prevalence in Pakistan
was approximately 9.99/1000 with maximum prevalence in younger people with less
than 30 years of age. Etiology is more common in children and burden of epilepsy is
not completely assessed and understood with limited knowledge about epilepsy care
(Khatri et al., 2003). Nearly 80% consanguinity in Pakistan is very alarming in
reference to higher rate of genetic diseases and it is very necessary to introduce
premarital genetic counselling in hospitals under clinical geneticist supervision. At
some levels, premarital genetic testing has also been practiced in the Pakistan
(Aslamkhan, 2015). In year 2016 exome sequencing has revealed thirty novel
candidate genes causing intellectual disabilities in Pakistan (Riazuddin et al., 2016).
The study demonstrated use of the importance of consanguinity to identify the genetic
and molecular basis of heterogenous disorders. It is also presented as a step ahead
towards clinical diagnosis of genetically inherited diseases by utilizing next
generation sequencing techniques.
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Hypothesis and Statement of the Purpose:
Inherited Epilepsy Syndromes caused by gene mutations are rare worldwide, showing
a prevalence of 1 in 1500 to 1 in 2000 in Western populations (WHO, 2012). Multiple
affected members in a family with an inherited epilepsy syndrome put severe social
and economic burden on rest of the family members in particular and on society at
large. Localization of gene/s in these families and detection of mutation enables us to
identify carriers and to establish pre natal diagnosis. Purpose of initiating this research
is to identify the genetic causes of rare epilepsy syndromes (both known and novel
phenotypes) in families with multiple affected individuals. Successful identification of
the mutation will led to further studies involving characterization of the genotypephenotype correlations in the affected individuals and carriers. This would help
families regarding counseling for their future marital decisions.
Aims and Objectives of the Study:
Our aim was to identify clinical etiology present in the affected individuals with
epilepsy syndromes and to identify the disease-causing gene mutation. The study
objectives are listed below.
•

Identification of causative mutations in families with inherited epilepsy
syndromes.

•

Elucidation of risk loci/SNPs associated with inherited epilepsy through insilico approaches.
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Epilepsy syndromes are also termed as chronic neurological diseases, with
recurrent and unprovoked seizures. The worldwide prevalence of epilepsy is 0.5-1%
with 3% lifetime incidence. About 30% epilepsy patients are drug resistant with
critically affected quality of life (Hauser et al., 1993; Berg, 2009). Clinically epilepsy
syndromes are very heterogeneous with high economic burden in developing and
developed countries (Ngugi et al., 2010). In 1989, ILAE has proposed a classification
system for epilepsy syndromes that has recently been revised on the basis of
symptoms and etiology (Berg et al., 2010; Panayiotopoulos, 2011). There are two
main classes of epilepsy, symptomatic epilepsy: an acquired syndrome because of
acquired or congenital insults like infections, tumors or inflammation in the brain, and
idiopathic epilepsy: genetically caused epilepsy syndromes of about 40% of childhood
and 20% of adulthood cases (Steinlein, 1999). Molecular genetic analysis is playing
an encouraging role to find out the causative and susceptibility genes responsible for
genetic epilepsies. Epilepsy syndromes are characterized by different types of seizures
based on region of brain with seizure onset.
Neuropathology (cellular based / tissue studies) have played a vital part in
understanding

interactions

of

seizures

and

the

developing

brain.

Electroencephalography (EEG) is used to determine type of the seizures.

2.1 Idiopathic Generalized Epilepsies (IGE)
Idiopathic generalized epilepsies (IGE) has characteristic features of age
related generalized seizures. They also show specific patterns of generalized spike16
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wave discharges from electroencephalographic (EEG) patterns because of
malfunctioning of thalamocortical circuits (Nordli, 2005; Blumenfeld, 2005). In has
been found in the literature that idiopathic generalized epilepsies account for one third
of epilepsy syndromes. On basis of different seizures and disease onset age IGE can
be clinically divided into subclasses: (i) childhood absence epilepsy (CAE) and (ii)
juvenile absence epilepsy (JAE) with absence seizures, juvenile myoclonic epilepsy
(JME) with bilateral myoclonic seizures on awakening and epilepsy with generalized
tonic–clonic seizures alone (EGTCS) with generalized tonic–clonic seizures. Other
genetically originated epilepsies also exist and account for <10% (Nordli, 2005).
Identification of different genes causing rare monogenic IGEs, have been done and
most of them encoding ion channels for example, CHRNA4, GABRA1, KCNQ3,
KCNQ2 and SCN1A ((Nordli, 2005; Blumenfeld, 2005; Asadi-Pooya, Emami and
Sperling, 2013).
2.1.1 Idiopathic Generalized Epilepsies with Mendelian Inheritance
Generalized epilepsy with febrile seizures plus (GEFS+):
Generalized epilepsy with febrile seizures plus is defined as generalized
genetically inherited epilepsy syndrome having childhood onset with persistent febrile
seizures also afebrile seizures in the different members of the same family. First in
1997 GEFS+ was identified indicating autosomal dominant inheritance (Scheffer and
Berkovic, 1997).
Clinical spectrum of GEFS+ is very wide and comprises of febrile seizures
restrained to early childhood, febrile seizures plus (FS+), FS+ with atonic seizures,
myoclonic seizures, absences, and myoclonic astatic epilepsy. Intersection of febrile
and afebrile seizures has also been observed along with either only febrile or afebrile
seizures. Absence seizures are atypical and have extended interval. Childhood
17
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absence epilepsy and myoclonic astatic epilepsy also have FS, or afebrile seizures.
Phenotypically GEFS+ have mild to severe epilepsy, with even partial seizures. Other
associated phenotypes include normal intellectual levels with normal neurological and
neuro radiological examination. If seizures persist after 10-12 years, they are drug
resistant in most cases (Baulac et al., 1999; Singh et al., 1999).
Genetically GEFS+ is very heterogeneous and first locus with SCN1B gene
was recognized on 19 chromosome q arm (Wallace et al., 1998). Second locus with
SCNIA gene was identified on 2q. Mutations in another sodium channel subunit
SCN2A has also been reported localized on chromosome 2q. Sodium channels are
comprised of one enormous alpha subunit with all functional characteristics and two
beta subunits that are smaller and involved in inactivation processes. The mutations in
the both subunits of sodium channels lead towards continuous increase in the sodium
ions influx and ultimately enhance excitability of neurons that lead towards seizures
generation.
Mutations in GABAA receptor ion channel has also been identified to cause
GEFS+. This receptor involves gamma-aminobutyric acid in the inhibitory
transmission of nerve impulses. Mutations in γ2 subunit receptor known as GABRG2
on 5q34 has also been identified in the families with febrile seizures. In severity of the
disease SCN1A lead towards FS+ more frequently than in mutations of GABRG2
gene.

2.2 Lafora Disease
Lafora Disease (LD) is myoclonus epilepsy also known as progressive form of
disease. The pattern of inheritance is autosomal recessive (LD; MIM 254780). It is
neurodegenerative disease characterized by accumulation of lafora bodies;
intracellular inclusion bodies. These inclusion bodies give positive results for
18
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pathognomonic periodic acid-schiff (PAS) staining (Ganesh et al., 2006). Lafora
bodies are accrual of polyglucosan in different parts of the human body including
neurons, skin, heart, retina of eye and muscles (Andrade et al., 2003). Lafora Disease
onset is mostly early adolescent or sometimes childhood with different type of
seizures like myoclonic, absence and visual seizures and stimulus generated
generalized tonic clonic seizures. The key features of LD are progressive dementia,
dysarthria, psychosis, muscle wasting, amaurosis, cerebellar ataxia, mutism, and
respiratory failure finally instigating the death almost after one decade of the disease
onset. Main reason for death is either neurodegeneration or status epilepticus and
rarely cardiac arrest (Minassian, 2001).
In developed countries, progressive myoclonus epilepsies are relatively rare
but in the developing countries like in Asian and Mediterranean states, it is more
likely less rare because of high rate of within family marriages (Delgado‐Escueta,
Ganesh, and Yamakawa, 2001). In Pakistan rate of epilepsy (no data about prevalence
of epilepsy syndromes is present according to our best knowledge) occurrence is
higher. It is reported in 1994 that 10 in 1000 individuals are affected with the epilepsy
disease. But the condition is now being suspected more dangerous (Aziz et al., 1994).
Management and curative treatment is still a challenge for this disorder. No data is
available for prevalence of the epilepsy syndromes.
2.2.1 Mutation Spectrum of Lafora Disease
To date three loci have been identified causing the LD, including mutations in
the three genes, EPM2A, EPM2B and PRDM8 (Minassian et al., 1998; Serratosa et
al., 1999; Chan et al., 2004; Turnbull et al., 2012). EPM2A is located on chromosome
6q24 encoding laforin; protein product. The laforin is dual-specificity enzyme
phosphatase

with

N-terminal

functional
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NHLRC1(EPM2B) is located on chromosome 6p22.3. The protein product encoded by
EPM2B is malin is ubiquitin ligase specifically E3. It comprises of N-terminal RING
finger domain and six NHL domains on the C-terminus (Chan et al., 2004). A third
gene PRDM8 has also been located on 4q21.21 chromosome position and encodes a
protein of unknown function. The proposed function of PRDM8 is interactions with
both malin and laforin with expression in childhood-onset sub form of Lafora Disease
(Turnbull et al., 2012).
Mutations in EPM2A could cause about 60% of the LD families while
NHLRC1 is mutated in rest of 20%-30% families. Role of PRDM8 gene is also
proposed. EPM2B-associated LD course with milder and slower progression than
EPM2A associated LD (Guerrero et al., 2011; Ferlazzo et al., 2014). There also exist
genetic heterogeneity and different kind of mutations causing variable onset and
progression of disease. Therefore, it is not an easy task to develop genotypephenotype correlations. Clinically LD has two: (1) classic LD started in adolescence
with stimuli sensitive myoclonic, tonic clonic, absence and occipital seizures. Further
leading towards dementia and quick progressive neurological decline. Mutations in
EPM2A: exon 4 were associated with classic LD; and (2) atypical LD starts in
infantile with learning disorders and epilepsy with rapidly developing nerve
impairment. Atypical LD is caused because of mutations in EPM2A:exon 1
(Gomez‐Abad et al., 2007; Jara-Prado et al., 2014).
PRDM8 protein is found in vertebrates only with expression in brain and
muscles. The function of PRDM8 is not known fully but in some studies, it has been
found that PRDM8 has role in the neuronal circuit assembly (Ross et al., 2012). It
also has function of rod and-cone bipolar (CB) cells survival (Jung et al., 2015).
PRDM8 is comprised of 5 domains, one PR domain, one nuclear localization signal
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(NLS) and three zinc finger domains. Only in one study mutation in PRDM8
c.T781Cp.F261L has also been found to cause lafora disease. It also regulates the
concentration of lafora disease enzymes in the cytoplasm (Turnbull et al., 2012). The
so far reported mutation in exon 1 of the EPM2A are provided in the table 2.1.
2.2.2 Pathophysiology of Lafora Disease
Impairment in the neurodevelopment of the GABAergic neurons of cerebral
cortex has been exposed in laforin knockout mice before the development of the
lafora bodies. Suggesting this impairment as one of the major cause of LD
pathogenicity (Ortolano et al., 2014). Brain of laforin deficit mice illustrated the
involvement of the autophagy related endosomal and lysosomal pathways in the
neuropathology of LD. Glycogen accumulation might be acting as main factor to
enhance the neurodegeneration in the mice model (Puri et al., 2012; Duran et al.,
2014). For pathophysiological understanding of LD, in 2015 it has been hypothesized
that malin and laforin may act as pro-survival factors. The loss of function of these
proteins might cause neurodegeneration through pro-apoptotic activator of p53 named
as Hipk2. Both cellular and animal models of LD showed the same results.
Accumulation of glycogen is also identified as one factor for the neurodegeneration
and impairment of autophagy in lafora animal model (Duran et al., 2014; Upadhyay et
al., 2015). In LD patients link between autophagy and mitochondrial impairment has
been studied. Oxidative stress responses in altered redox conditions are also reported
to play a significant role in the LD pathophysiology (Roma-Mateo et al., 2015).
2.2.3 Genotype-Phenotype Correlations
It is difficult to develop a clear genotype-phenotype correlation in the LD
because of locus heterogeneity and compound heterozygotes in some combinations.
Different care levels in different countries may also influence the complications and
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longevity of the LD. Controversial data is available for relation of the phenotype to
the disease within the individuals of the same ethnic background. Even with same
pathogenic variant phenotypes, may vary or remain very similar (Gomez‐Abad et al.,
2007; Turnbull et al., 2008). Onset of the disease also vary within members of the
same family or among the members of the different families (Lohi et al., 2007; JaraPrado et al., 2014). Substitution mutations identified so far in EPM2A: exon are given
in table.2.1.

2.3 Complex Hereditary Spastic Paraplegia 26
Hereditary spastic paraplegias are heterogeneous ailments, they present with a
range of associated pathologies with overlapping phenotypes (Finsterer et al., 2012).
The complex genetic background and overlapping phenotypes are the main hurdles in
correct clinical and genetic diagnosis of the hereditary spastic paraplegia. Lower limb
spasticity is the main feature of this disorder because of dysfunctional pyramidal tract
and degeneration of the largest nerve fibers in the corticospinal tracts and posterior
columns. There are three main types of HSPs with additional neurological or
psychiatric symptoms (Palau and Arpa, 2016). This group of disorders is known to
have complex genotype-phenotype correlations. HSPs has an autosomal both
dominant and recessive, de-novo, mitochondrial and X-linked inheritance. Main
features of HSP include extensor planter response, hyperactive deep tendon reflexes
(DTR), vibration sense mild loss, variable urine desire. Additional complications like
cerebellar ataxia, retinopathy, peripheral neuropathy, extrapyramidal manifestations
cognitive decline epilepsy and abnormalities on MRI are also associated with cHSP
(Finsterer et al., 2012). HSP is considered amongst the most genetically diverse
disorders of all inherited disorders, with more than 70 loci and genes identified to date
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(Fink, 2013; Kara et al., 2016). Detailed description of different types of HSP with
autosomal recessive inheritance pattern are provided in the table 2.2.
The genes known to underlie HSP encode proteins with assorted cellular and
biological functions, therefore there are many defective pathways in the pathogenesis
of this disease. The prevalence of the HSPs is in range of 1.8/105 for autosomal
recessive and autosomal dominant cases (Ruano et al., 2014).
Mutations in B4GALNT1 cause the Complex Hereditary Spastic Paraplegia26: either compound heterozygous or homozygous (HSP26# 601873), with location
on the chromosome 12q13. HSP26 has autosomal recessive inheritance. The
characteristic features of the disease are onset at the first 20 years of life with
abnormal gait, spasticity of the lower limbs and weakness of the muscles. In some
cases, spasticity of upper limbs has also been reported. The disease phenotype is
further delineated by additional features like, peripheral neuropathy, intellectual
disability, dysarthria, extrapyramidal signs, cortical atrophy and cerebellar signs with
slow progressive condition (Boukhris et al., 2013).
2.3.1 Genotype-Phenotype Correlation of B4GALNT1 Mutations
It is not easy to establish a clear genotype-phenotype correlation in the
cHSP26 and so far, reported mutations in the B4GALNT1 gene. In the Central
Nervous System of mammals, gangliosides structure and their expression level is
highly conserved, four gangliosides predominate GM1, GD1a, GD1b and GT1b
(Schnaar, 2010).

Beta-1-4-Nacetyl-galactosaminyl transferase 1 (GalNAc-T):

GM2/GD2 synthetase. It has functional roles in expression of GM2 and GD2
gangliosides. GalNAc-T has roles in synthesis of asialo, a, b, c series gangliosides and
derivatives (Lloyd and Furukawa, 1998). Mutations of B4GALNT1 cause loss of GM3
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synthetase activity. Further affect a vital subdivision point in GSL synthesis path and
other signaling paths of nervous system (Simpson et al., 2004; Boukhris et al., 2013).

2.4 Bainbridge-Ropers Syndrome
Bainbridge-Ropers Syndrome (BRS; OMIM 615485) has recently been
described as rare syndrome. It is caused by sporadic truncating and splicing mutations
in Additional Sex Combs-Like 3 (ASXL3) gene (Bainbridge et al., 2013). The
characteristic features in affected individuals are delay in global development,
hypotonia, problems with feeding, dysmorphic features, language acquirement delays,
intellectual disability and failure to thrive (Bainbridge et al., 2013; Dinwiddie et al.,
2013) In mammals ASXL family is homologues of drosophila Additional sex combs
(Asx). The family members have been implicated in the enhancement of transcription
regulation by two subunits Polycomb-group (PcG) and Trithorax-group (TrxG)
complexes. This family contains three members ASXL1, ASXL2, and ASXL3 with
distinct subdomains like ASXN, ASXH, ASXM1, ASXM2 and a PHD finger. These
different domains interact with BAP1 (BRCA1 Associated Protein 1), EZH2
(Enhancer of Zeste 2 Polycomb Repressive Complex 2 Subunit) and NCOA1
(Nuclear Receptor Coactivator 1). The ASXM2 domain and PHD finger domain
interact with nuclear receptors and WTIP. BAP1 is a nuclear ubiquitin carboxyterminal hydrolase (UCH): class of deubiquitinating enzyme. The EZH2 is a histone
methyltransferase and form the catalytic component of the polycomb repressive
complex-2 (PRC2) that has function of initiating epigenetic silencing of genes to
decide cell fate. EZH2 specifically methylates nucleosomal histone H3 (Russell and
Graham, 2013). These genes mutations are reported to cause congenital disorders,
autism and also human cancers. ASXL3 missense mutations have been implicated in to
cause autism disorders while sporadic dominant truncating and splicing disrupting
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mutations in ASXL3 gene have been found in BRS (Bainbridge et al., 2013;
Srivastava et al., 2016; Balasubramanian et al., 2017). Mutations in ASXL1 gene has
been associated to cause Bohring-Opitz syndrome (BOS). Both BRS and BOS have
some common clinical signs.

2.5 Chorea-Acanthocytosis (ChAc)
Chorea-Acanthocytosis (ChAc) is rare neurodegenerative syndrome. It is
characterized with features of chorea, psychiatric symptoms like tics, tongue biting
and orofacial dyskinesia (Rampoldi, Danek and Monaco, 2002; Benninger et al.,
2016). Dysmorphological red blood cells with neurological symptoms first reported in
1967 then large number of patients were reported in following years with ChAc (Estes
et al., 1967; Levine, Estes, and Looney, 1968). First time locus for ChAc on
chromosome 9q21 was identified in 1997 (Rubio et al., 1997). Then disease causing
gene was identified in the 2001. ChAc is recessive disorder caused by mutated
VPS13A gene. VPS13A is located on chromosome 9q21 and spans ~250kb region.
Two splicing variants transcript A: exons 1–68, 70–73 (GenBank Accession No.
NM_033305) and transcript B: exons 1–69 (GenBank Accession No. NM_015186)
have been reported (Rampoldi et al., 2001; Rampoldi et al., 2002). The VPS13A gene
encodes the chorein protein with molecular weight of 360 kDa. The identified
mutations mostly reduce the levels of chorein or terminate the protein product
(Dobson‐Stone et al., 2004).
Disease onset is from adult age of 30-50 years with unclear pathophysiology.
It has been found that VPS13A is evolutionary well conserved with orthologues in
different organisms (Velayos-Baeza et al., 2004). VPS13A is member of VPS13
proteins family. It has four members in the humans named VPS13A to D. They
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contain an N-terminal chorein domain with unknown function. Mutations in other
VSP13 members are also identified to cause other disorders (Nakada et al, 2015;
Lesage et al., 2016). Functions of VSP13 family members are not clear in humans, in
different organisms VSP13 members are involved in degradation pathways of
lysosomes.
Role of human VSP13A in autophagy has been suggested by experiments
done in human epithelioid cervix carcinoma cells (Samaranayake, Cowan, and
Klobutcher, 2011). In S. cerevisiae, VSP13 has function of trafficking of multiple
proteins and control the phosphatidylinositol-4-phosphate levels to help in membrane
morphogenesis (Park and Neiman, 2012). It has also been demonstrated recently that
VPS13 is necessary for integrity of the mitochondria in yeast (Park et al., 2016). In
mice models, attempts are made to understand the functions of VSP13A in relation to
human brain. Drosophila melanogaster model for ChAc has showed phenotypes like
human ChAc disorder. All these studies are helping in the identification of functions
of human chorein protein with relation to ChAc disorder (Vonk et al., 2017).
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Table 2.1: Substitution mutations identified in exon 1 of EPM2A.
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Table 2.2: Summary of different autosomal recessive types of hereditary
spastic paraplegias.
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Table 2.2: Summary of different autosomal recessive types of hereditary
spastic paraplegias.
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CHAPTER 3
MATERIALS AND METHODS
3.1 Ethical Approval of Study
Study entitled “Gene Mapping in families with inherited epilepsy syndromes”
was approved from internal review board of ASAB, NUST, Pakistan with approval
no. IRB# 010.

3.2 Identification of Families and Clinical Examination
Different neurology departments in hospitals of Pakistan were visited to
identify the families having multiple affected individuals with epilepsy syndromes. A
total of twenty families were identified. Pedigrees were drawn. Written informed
consent was obtained from families. A total of seven families were recruited in the
study.

3.3 Pedigree Analysis and Blood Collection
Pedigrees were drawn and analyzed independently. Same cross questionnaire
was filled by every available individual of each family, provided in annexure 1 and 2.
From the consignee individuals either affected or unaffected, blood was collected.
Blood was withdrawn with the help of 10 cc (mL) syringes (BD 0.60 mm) and
collected into 10 cc (mL) vacutainer tubes (BD K2-EDTA) and stored at 4°C.

3.4 DNA Extraction
For extraction of DNA one of the following methods were used.
1. Extraction of DNA by using commercially available kit
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2. Extraction of DNA by organic preparation, phenol-chloroform method
3.4.1 DNA Extraction by ArchivePure DNA Blood Kit
From stored whole blood of available members of each family DNA was
extracted by using ArchivePure DNA Blood Kit, Catalog No: 2300730” according to
the manufacturer. instructions. To lyse the cells, 300 µL whole blood was added to
1.5 mL micro-centrifuge tube having 900 µL RBC lysis solution. Then samples were
incubated at room temperature for 1 minute and gently inverted as well. Samples were
then centrifuged for 20 seconds at 16,000 x g. After centrifugation, all supernatant
except visible white cell pellet and 10–20 µL of the residual liquid was removed.
Those tubes were vortexed for 10 seconds and white cells were re-suspended in the
residual liquid. To these samples 300 µL of cell lysis solution was added and cells
were lysed properly by gentle pipetting. Then 1.5 µL RNase A solution was mixed in
each sample separately and incubation was done for 15 minutes at 37°C. Proteins
were precipitated from cell lysate by placing samples on ice for one minute and
adding 100 µL of protein precipitation solution. The solution was mixed to the cell
lysate by vigorous vertexing at high speed for 20 seconds. Then centrifugation at
16,000 x g for 1 minute was done. The precipitated proteins were visible as tight, dark
brown pellet. Supernatant with DNA was dispensed into a clean 1.5 mL microcentrifuge tube with already added 300 µL 100% isopropanol for precipitation of
DNA. Samples were mixed by inverting gently 5-6 times and centrifuged at 16,000 x
g for 1-minute, small white pellet of the DNA was visible. Supernatant was poured off
and isopropanol was drained by inverting tubes on clean, absorbent paper. DNA pellet
was washed by adding 300 µL of 70%. Centrifugation was done at 16,000 x g for 1
minute. Ethanol was dispensed carefully, and tubes were drained on clean absorbent
paper to air dry the DNA for 5 seconds. Then, 100 µL DNA hydration solution was
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added and samples were vortexed for 5 seconds at medium speed. Samples were
incubated at 65°C for 5 minutes for quick hydration. Optical density and
concentration of DNA were measured and DNA samples were stored at 4°C.
3.4.2 Organic Preparation (Phenol-Chloroform Method)
750 µL of blood was collected in 1.5 mL micro-centrifuge tube. Equal volume
of solution A [ (0.32 M Sucrose), (10 mM Tris with pH 7.5), (5 mM MgCl2), (1%
(v/v) Triton X-100)] was added to the blood and mixed well by inverting the tubes
several times. Then samples were left for 5-10 minutes at room temperature. After 10
minutes, tubes were centrifuged at 13,000 rpm in micro-centrifuge (Eppendorf 5417
C, Germany) for 1 minute. Supernatant was discarded and re-suspended the pellet in
400 µL of solution A. Samples were centrifuged at 13,000 rpm for 1 minute. Again,
discarded the supernatant and mixed the pellet with 400 uL of solution B, [(10 mM
Tris with 7.5 pH), (400 mM NaCl), (2 mM EDTA with 8.0 pH)], 12 µL of 20% SDS
and 5 µL Proteinase K (20 mg/mL, Invitrogen). These samples were incubated
overnight at 37°C in incubator. On following day samples temperature was
normalized to room temperature by keeping them on table top for some time and then
freshly mixed solution C (Chlorophyll) and D [chloroform: isoamyl-alcholo, (24:1)]
was added and mixed thoroughly. Incubated the samples at room temperature for 10
minutes and centrifuged at 13,000 rpm for 10 minutes. Upper, clear aqueous phase
was carefully collected and poured into new tube with equal volume of solution D and
centrifugation was done at 13,000 rpm for 10 minutes. Supernatant was carefully
transferred to new micro-centrifuge tube and 55 µL of 3 M sodium acetate with 6.0
pH was added along with equal volume of isopropanol to precipitate DNA by gently
inverting the tubes. DNA was pellet down after centrifugation at 13,000 rpm.
Discarded the supernatant and washed DNA with 200 µL of 100% ethanol with
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centrifugation at 13, 000 rpm for 7 minutes. Supernatant was discarded and air dried
the pellet. After 30 minutes suspended the dried pellet in 200 µL of Tris EDTA (TE)
buffer. DNA was stored at 4°C until further analysis.

3.5 Mutation Detection by TruSight One Sequencing Panel
For family A, targeted sequencing was carried out in proband using TruSight
one sequencing panel technique for neurological disorders genes with special interest
to epilepsy phenotype. Genomic DNA library preparation was done using enzyme
base assay. Target enrichment was done through Illumina TruSight one sequencing
panel following NGS using HiSeq 2500 [Illumina, Inc. San Diego, CA]. The kit
enriches 62,000 exons of 4,813 genes and produced collective target region of 12 Mb
size. For Nextera-based library preparation 100 ng of DNA was used according to
manufacturer’s protocols (Illumina). For adequate analytic sensitivity areas with
<15X coverage was routinely Sanger sequenced in targeted clinical panels (<50
genes) (Nelson et al., 2015). The DTCS Quick Start sequencing kit on CEQ8000
Genetic analyzer (Beckman Coulter, Fullerton, CA, USA) was done for product
termination Sanger sequencing to amplify exon 1 of EPM2A gene in family A as the
protocols described previously (Ullah et al., 2015).

3.6 Whole Exome Sequencing and Whole Genome Sequencing
For family C Whole Exome sequencing was done using DNA samples of II-1
and II-4 affected individuals at The Centre for Applied Genomics (Toronto, Canada).
The total genomic DNA was used as template. Exons were amplified with the Ion
AmpliSeq Exome Kit (Life Technologies) as per manufacturer’s directions followed
by Whole Exome Sequencing on the Ion Proton. Data analysis was done by Torrent
Suite version 4.2.1.0 and ANNOVAR was incorporated by use of custom pipeline to
annotate resulting variant calls.
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For family D Whole Exome Sequencing was also done only on II-1 patient's
DNA. the Agilent SureSelect Human All Exon V5 target enrichment kit was used for
that purpose further sequencing on Illumina HiSeq 2500 was performed. Bases calling
was done by use of bcl2fastq v2.17 and reads were mapped to the hg19 reference
sequence by use of Burrows-Wheeler Aligner backtrack algorithm (v0.5.9).
For Family E, DNA of affected individuals, III-1 and IV-8 (index case) were sent
for analysis by whole genome sequencing. Whole genome sequencing was done at The
Centre for Applied Genomics (Toronto, Canada) with total genomic DNA according to
standard protocols. Library preparation was completed from 100ng DNA using the
Illumina TruSeq Nano DNA Library Prep Kit and manufacturer’s directions were
followed. Then libraries were pooled in equimolar quantities and sequencing was done on
an Illumina HiSeqX platform according to Illumina’s suggested protocol to generate
paired-end reads of 150-bases in length. Illumina HiSeq Analysis Software (HAS) version
2-2.5.55.1311 was used for base calling and data analysis. Isaac alignment software (Isaac
alignment software: SAAC00776.15.01.27) was used to map the reads on hg19 reference
sequence. Isaac variant caller (Isaac Variant Caller (Starling): 2.1.4.2) were used to call
SNV (Single Nucleotide Variant) and small indel variants. Variants that have less than 1%
frequency in population databases were defined as rare variants. Read depth method using
programs ERDS (estimation by read depth with single-nucleotide variants) and CNVnator
with a window size of 500 bp were used to detect Copy Number Variations (CNVs).
CNVs with less than 1% frequency among unrelated, unaffected individuals who were
sequenced by use of same technology were defined as rare Copy Number Variants.
For families, G and F, Exome sequencing was performed at The Centre for Applied
Genomics (Toronto, Canada) with total genomic DNA of two affected individuals from
each family, following standard protocols. Library preparation was done using 500ng
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DNA using the Bravo Automated Liquid Handling Platform (Agilent Technologies) using
the protocol specified for 200ng DNA input. Exome capture was carried out using the
Agilent SureSelect Human All Exon V5 target enrichment kit followed by sequencing on
Illumina HiSeq2500 with high throughput mode and V4 sequencing chemistry (eight
barcoded samples sequenced per lane) following manufacturer’s instructions. Base calling
was performed using CASAVA v1.8.2 and reads were mapped to the hg19 reference
sequence using the BWA-backtrack algorithm from BWA v0.5.9. Duplicate reads were
removed using MarkDuplicates from Picard v1.79. Local read realignment around indels,
base quality score recalibration, and variant calling with UnifiedGenotyper were
accomplished using GATK v1.1-28. SNP calls were subjected to variant quality score
recalibration. Indel calls were discarded if they overlapped repeat masked regions, and
hard-filtered by variant call annotations QualByDepth (QD < 10.0), ReadPosRankSumTest
(ReadPosRankSum < -20.0), and Strand Bias (SB > -0.01). DeNovoGear v0.5.4 was used
for

prediction

of

de

novo

variants

as

recommended

on

its

website

https://github.com/denovogear/denovogear), with the exception that anomalous read pairs
were counted when calling variants with Samtools mpileup v0.1.19.

3.7 Data Analysis
The variant call file (VCF) produced by the annotation pipeline after whole
whole exome sequencing were obtained from The Centre for Applied Genomics
(Toronto, Canada). The files contained rare variants (<5% frequency) that were
exonic, splicing, downstream, upstream or UTR. They also included variants with
significant scores for spidex and dbscSNV (splicing predictors). For spidex, score
should be >2 or <-2 to be significant and for dbscSNV, both scores should be > 0.6 to
be significant. For CNVs, with less than 1% frequency among unrelated, unaffected
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individuals who were sequenced by use of same technology were defined as rare
Copy Number Variants.

3.8 Potential Variant Detection
Potential SNV or Indel variants were identified with homozygous and
heterozygous genotypes in affected individuals whose genomes were sequenced from
WES and WGS data. Potential variants were selected based on relevance to brain
function and expression in brain tissues after extensive online literature search or if
related phenotype already published. We removed all the sites found in the dbSNP
given that common SNPs are unlikely to result in disease causing events.

3.9 Polymerase Chain Reaction and Variant Confirmation
After identification of potential pathogenic variants polymerase chain reaction
was done to confirm the disease-causing mutation and segregation of variant in the
respective family. PCR reagents recipe is provided in the table 3.1. Primers were
designed to extent of least 200 bp upstream and downstream of the putative variant.
For validation Sanger sequencing was done. From genomic DNA candidate regions
were amplified in the affected as well as available unaffected and carrier members of
each family.
3.9.1 Primer Design
Primers were designed for specific variants selected in the respective gene
regions of families studied, using primer 3 software (http://frodo.wi.mit.edu/primer3/),
after retrieving the sequence of the gene from Ensemble The gene sequences were
retrieved from Ensemble (http://www.ensembl.org/Homo_sapiens/Info/Index?db=core)

human genome browser on 11th, February 2015, 09th, December 2015 and 05th,
January 2016. The settings for primer 3 software were: primer length of 22-25bp,
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annealing temperature between, 55°C -60°C with no hairpin loop and selfcomplementarity. GC contents were set from 45%-55%. UCSC primer blat and insilico PCR tools were used to check the specificity of the designed primers. Primers
with single product and spanning the region of potential pathogenic variant were
selected. Details of the primers are provided in the table 3.2.
3.9.2 PCR Amplification
Then amplification of different exons with selective variants was done by
polymerase chain reaction. For every PCR, final volume of reaction mixture was kept
20 µL. 10 ng/µL of genomic DNA was used as template with dNTPs mixture (2 mM
each). MgCl2 (25 Mm, 2 µL) with suitable quantity of taq polymerase buffer (5x),
forward and reverse primer for specific gene (10 pico-molar each) was used and then
thermo stable Taq polymerase 1 unit was added. Finally, reaction volume was made
20 µL by adding nuclease free (NF) water.
For amplification of different genes in PCR following conditions were set,
initial denaturation of DNA strands at 94°C for 4 minutes followed by 35 cycles of
amplification. Every cycle has denaturation at 94°C for 40 seconds with annealing
temperature of 58°C for 40 seconds and extension at 72°C for 40 seconds. then final
extension was set at 72°C for 10 minutes.
3.9.3 Analysis of Amplified Products using Agarose Gel Electrophoresis
For analysis of amplified PCR products, 1% agarose gel was used. 1X TAE
buffer was used to prepare the gel. The stock solution of 50X TAE buffer [ (242g Tris
Base), (100 mL of 0.5M EDTA), (57.1 mL glacial acetic acid) with 8.0 pH80 in
distilled water with final volume 1000 mL] was already prepared. One percent gel
was made by dissolving 0.4g of agarose in 40 mL of 1X TAE buffer and on heating in
microwave oven. The heated gel mixture was kept on room temperature to slightly
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cool-down. Then 3 µL of ethidium bromide (10 mg/mL) was added. After mixing
ethidium bromide the gel solution was transferred carefully to gel tray after adjusting
gel combs in gel cast. After solidification of the gel combs were removed in tank with
appropriate amount of 1X TAE buffer. Five µL of PCR amplified product with 2 µL
of 6X loading dye were loaded into gel wells with 1Kb ladder (Invitrogen). Then gel
was run in gel tank at 80 volts for 40 minutes. The gel was visualized in UV transilluminator and saved in gel documentation system (Wealtec, Sparks, USA). For
further use, remaining PCR product were stored at -20°C.
3.9.4 Sequencing and Analysis of Results
The amplified products were cleaned to remove remaining PCR reagents by
using microCLEAN, [Microzone cat.no. 2MCL-1 reagent] according to manufacturer
protocol. Equal volume 45 µL of microCLEAN was added to 45 µL of the sample and
incubated at room temperature for 5 m. After that samples were spun at 13,000 rpm in
micro-centrifuge for 7 minutes. Supernatant was removed and spin the samples briefly
to remove all the liquid. Resuspended the pellet in 15 µL of TE and rehydrated the
DNA at room temperature for 5 minutes. Then samples were sent to Macrogen, Korea
and Europhins America. Bilateral sequencing was done using both forward and
reverse primer for each gene. Sequencing results were analyzed by using FinchTV
software.

3.10 In-silico Studies
Identification of biological functions of risk loci associated with complex
epilepsy was done using in-silico approach.
single-nucleotide polymorphisms (SNPs) associated with epilepsy risk were
selected from already published Genome Wide Association Studies (GWAS). To our
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best knowledge 34 such SPNs associated with epilepsy were found in six studies. In
three studied SCN1A was reported and PTPPRD was reported in two other studies.
Other significant SPNs with the gene names found were [ATAD4, ADCY9,
AL354897.1, ARHGAP11B, CDK5RAP3, CHRM3, C1orf94, CBX1, COPZ2,
ELOVL4, FANCL, GOLIM4, GABRA2, GSTA4, hsa-mir-152, LPHN3, MMP8,
MAST4¸ NFE2L1, PLA2G4A, PNPO, PCDH7, SKAP1, SNX11, SH3BGRL2, VRK2,
ZNF385D and ZEB2] (Doherty, 2010; Guo et al., 2011; Steffens et al., 2012;
Kasperaviciute et al., 2013; Speed et al., 2014).
Selected SNPs were given as input to SNAP tool on May 7th, 2016, an online
freely accessible tool and SNPs in linkage disequilibrium (LD) were identified,
http://www.broad.mit.edu/mpg/snap/ (Johnson et al., 2008). We selected the
parameters of CEU population from available genomes of HapMap (3) and 1000
Genome Pilot 1. The queries SNPs were also selected as proxy SNPs of themselves
further these SNPs were not restricted by array. Search was completed with r2 ≥0.80,
r2 ≥0.90 and r2 ≥1.00 in linkage disequilibrium parameters for better understanding of
the LD for those selected SNPs. Proxy SNPs are provided in annexure table 1.
Results obtained from SNAP tool were filtered for repeated SNPs and put as
input to RegulomeDB, an online tool http://www.regulomedb.org/, accessed [May
08th 2016] for functional annotation (Guo et al., 2011). This user friendly, tool is
being used to attain functional annotation of SNPs in the non-coding genome. It used
the high-throughput data from the ENCODE Project (ENCODE Project Consortium,
2012) and from eQTL and NCBI Sequence Read Archive. It contains the information
of 962 sets of complete data, covering nearly 100 different types of tissues and cells.
The annotation results from RegulomeDB are provided in scores ranging from 1-6
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with relation to potential roles of the SNPs. Figure 3.1 is showing the methodology
used to predict biological functional annotation of epilepsy associated risk loci.
HSP26 is caused by mutations in B4GALNT1 with limited knowledge about
structure of protein. So, structural annotation of B4GALNT1 protein; was done.
Sequence of B4GALNT1 was saved from UniProt, using primary accession number
Q00973. BLASTp (Altschul et al., 1997) was used to search homologous sequences
with identified function. Multiple sequence alignment (MSA) of protein sequence of
human B4GALNT1 and 20 other orthologous protein sequences of various taxa was
accomplished by using ClustalX-v2.0 (Larkin et al., 2007). The parameters set was
10.00 for gap opening and 0.20 for gap extension multiple alignment penalties. The
table 3.3 contains the names of organisms and their UniProt ID.
Signal peptide and transmembrane regions with related orientations in wild
type B4GALNT1 were predicted by using http://www.cbs.dtu.dk/services/SignalP/
and https://www.ch.embnet.org/software/TMPRED_form.html respectively. Different
physical parameters like refractivity, mutability, hydrophilicity, bulkiness and
accessibility were predicted by using Expasy platform (http://web.expasy.org/
protscale. Post-translational modifications like glycosylation sites, kinase specific
phosphorylation sites and mannosylation sites were predicted by using server
(http://www.cbs.dtu.dk/services/).

The

selected

physiological

parameters

of

B4GALNT1 were validated by Protparam Server https://web.expasy.org/protparam/.
The protein-protein interactions of B4GALNT1 were predicted by using Search Tool
for Retrieval of Interacting Genes and proteins [STRING], https://string-db.org/. All
sites mentioned above were visited on 11th January 2017.
To predict secondary and tertiary structure of B4GALNT, protein data bank
(PDB) was searched using BLASTp. We could not get any suitable entry (having >
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37% similarity) to be used as template to model the structure. So, Phyre2.0 (Kelley et
al., 2015) was used to automated prediction of B4GALNT1 3-dimensional (3-D)
structure. The 3-D model generated by Phyre2 was exposed to energy minimization
utilizing UCSF Chimera (Pettersen et al., 2004), an extensible program to visualize
and analyze the molecular structures and related data, like maps, density,
supramolecular assemblies, docking results, sequence alignments, conformational
ensembles and trajectories. After energy minimization, the stereochemical quality of
the model was analyzed by PROCHECK (Laskowski et al., 1993) and ProSA
(Wiederstein and Sippl, 2007). The both tools are extensively used to analyze the
structure of modeled proteins. Based on the R-factor b = 20.0. and on resolution of N
= 2.0 Angstroms, PROCHECK provides the distribution of residues in different
regions. ProSA yields a z-score to show quality of model. The protein structure was
visualized by using VMD program (Humphrey et al., 1996). Then missense mutations
causing HSP26 from already published studies and one published later from our group
were selected (Boukhris et al., 2013; Harlalka et al., 2013) given in the table 3.4.
these mutations were inserted in predicted 3-D structure of B4GALNT1 protein using
Chimera. The stability change in protein with point mutations were predicted by IMutant2.0 (Capriotti et al., 2005). Changes imposed by mutations on structure of
B4GALNT1 were visualized by VMD after superimposing with the wild type
B4GALNT1. The methodology used to predict the B4GALNT1 protein structure and
effect of mutations is provided in figure 3.2.
All e-References are provided in annexure at the end of the thesis.
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Figure 3.1: Methodology used to predict the functional annotation of risk loci
associated with epilepsy syndromes.

Figure 3.2: Methodology used to predict structural insights of B4GALNT.
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Table 3.1: Reagent concentration used for PCR.
Reagents

Amount
(μL)

Forward primer (10 pmol/μL)

1

Reverse primer (10pmol/μL)

1

dNTP (2 mM)

2

Taq polymerase Buffer

2

MgCl2 (25 mM)

2

Taq polymerase

0.2

Double distilled water (ddH2O)

9.8

DNA (control or sample) or ddH2O

2

Total

20
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Table 3.2: Primers used for segregation of selected variants
Primer Name

Sequence 5'---3'

Annealing
Tempt. ˚C

EPM2A_E1_Fp
EPM2A_E1_Rp
EPM2A_E2_Fp
EPM2A_E2_Rp
EPM2A_E3_Fp
EPM2A_E3_Rp
EPM2A_E4_Fp
EPM2A_E4_Rp
EPM2A_4B_Fp
EPM2A-E4B_Rp
EPM2B_E1_1Fp
EPM2B_E1_1RP
EPM2B_E2_1Fp
EPM2B_E2_1Rp

CTCCAGAGACCAGGTCCAAG
AGGGACGCGGGCAAAAAGC
TCCATTGTGCTAATGCTATCTC
TCAGCTGCTTTGAGGATATTT
CCTGTGCCAGACTTAAAGGTT
GGGTTTCTCTGAAATACAGCAA
GAATGCTCTTTCCACTTTGC
GGCTCCTTAGGGAAATCAG
TTCAGTGGAGCTCAGAGGA
AGGGGAGCTGGACTTCACTTT
ACTGTGACCGTGACCGAGA
CACACCCCAAGGTAAGGAGA
GACTGCCATGTGGTTGTCAC
AAACAATTCATTAATGGCAGCA

58

B4GALNT1_E10_F
B4GALNT1_E10_R
ASXL3_E11_Fp
ASXL3_E11_Rp

AGAGGGTGGGAGCTGTCT
GAACTGTCTGGGTCCTGC
AAGGACGTTTCAGAGATGC
TTCTTCATGTGGGACTTCTG

58

ASB6_E5_Fp
ASB6_E5_Rp
COG4_E1_Fp
COG4_E1_Rp
COG4_E6_Fp
COG4_E6_Rp
NOTCH1_E2_Fp
NOTCH1_E2_Rp

TGAGAGTTGGTCACCATGAG
GCAGATCCACAATACTGAGAAC
TACTCCCGTGGAGAAACTG
AGTTCATTGGGCACTTCTGT
AGCATCTTTGGAAATCAGCA
CTGGTATGAGGGTGACCTTTC
CTCCAGAAGACAATGGCCTA
ACTCTGGGCAGAATGTTGAC

58
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Table 3.3: Details of different organisms used to predict conservation of B4GALNT1
The names and UniProt ID of 20 different organisms B4GALNT1 sequences.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Organism
Homo Sapiens (Human)
Mus Musculus (Mouse)
Rattus norvegicus (Rat)
Bos Taurus (Bovine)
Pongo abelii (Sumatran orangutan)
Pan troglodytes (Chimpanzee)
Cavia porcellus (Guinea pig)
Ictidomys tridecemlineatus (Thirteen-lined
ground squirrel)
Otolemur garnettii (Small-eared galago)
Mustela putorius furo (European domestic ferret)
Felis catus (Cat)
Chlorocebus sabaeus (Green monkey)
Oryctolagus cuniculus (Rabbit)
Gorilla gorilla gorilla (Western lowland gorilla)
Loxodonta africana (African elephant)
Xenopus tropicalis (Western clawed frog)
Sarcophilus harrisii (Tasmanian devil)
Myotis lucifugus (Little brown bat)
Macaca mulatta (Rhesus macaque)
Anolis carolinensis (American chameleon)

UniProt ID
Q00973
Q09200
Q10468
Q58DI2
H2NHU6
H2Q6B9
H0V0B3
I3LXY3
H0WRN5
M3XS92
M3VXW0
A0A0D9QXB5
G1T6R9
G3QTX7
G3TP11
F7CXM2
G3W2H9
G1NY68
F6R9K4
H9GCF5

Table 3.4: Selected substitution mutations used for structural insights of B4GALNT1.
Unpublished Mutation
c.C1358G (p. P453R)

Boukhris et al., 2013
c.C898T (p. R300C)
c.A1298C (p. D433A)
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CHAPTER 4
RESULTS
Recruited families belong to different areas of the Pakistan, Kingdom of Saudi
Arabia and Republic of South Korea. Pedigree with standard presentation are shown
along with results of respective families. Circles in the pedigrees represent the female
individuals, square represent the male individuals of the family, double lines represent
cousin marriages and affected individuals are represented by black filled circles or
squares. Generation numbers are represented with numeric numbers and individual
numbers are represented with roman numbers.

4.1 Family A
Family A belongs to Punjab province of Pakistan. The index case is female
individual of the family in fourth generation consanguineous parents. Details are
provided in the figure 4.1 pedigree of the family.
4.1.1 Clinical Details of Affected Individuals
Patient 1 (IV:1): The proband is female individual. At 14 years of age she
visited the neurology clinic on 9th July 2014 first time. She was having generalized
tonic-clonic seizures with previous history of 12 months. She was experiencing
cognitive deterioration with decline of walking and slurring of speech and single
jerks. She started to experience myoclonic jerks more frequently in coming months.
She also had action myoclonus. All four limbs are mild spastically weak with deep
tendon reflexes ++. Her symmetrical, plantar responses were bilateral flexor. The first
MRI of her brain was normal. Previously, EEG report illustrated poly spike,
generalized poly spike and wave discharges with a moderate background slowing. She
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was found negative for genotyping results of Wilson disease. She was taking,
Depakine 500 mg two tablets, Lamictal 100 mg, Revotril 2 mg and Kepra 250 mg
daily.
Clinically, she was expected to have progressive myoclonic epilepsy.
Auxiliary skin biopsy was taken and found positive for Lafora Disease. Her secondtime brain MRI has revealed mild cortical and subcortical atrophy. Medication were
reconsidered and Kepra was increased to 500 mg at morning and 250 mg at evening
and tablet Piracetam 800 mg was added. Her prognosis as LD patient was explained
to her family. In August 2014, she visited the clinic again with frequent myoclonic
seizures. New medication Zonegran 50 mg was added and slowly increased to 100
mg. But her 3-4 generalized tonic clonic seizures per month were persistent. To date,
she is taking capsule Zonegran 100 mg, Kepra 500 mg, Lamictal 100 mg, Depakine
500 mg, Rivotril 2 mg, Requip 800 mg and Depakine.
Patient 2 (IV:2): Second affected member is 12 years old male. He was also
examined by neurologist in November 2014 with 12 months, history of seizures. He
had first fit because of exertion after playing. He was directed to start Epival 250 mg.
His EEG recording exhibited generalized spike and wave discharges.
On clinical examination, he was alert and focused with normal gait and
speech. His cranial nerves exam was average. He has no limb weakness with ++ deep
tendon reflexes. His equal, plantar responses were bilateral flexor. Depakine was
added to his medication, 375 mg. In May 2015, he came again to clinic with
complaints of 2-3 myoclonic seizures. This time his EEG presented frequent
generalized poly spike and wave discharges and some symmetrical 6 Hz theta activity
seen over bilateral occipital regions. Depakene was increased to 500 mg one tablet.
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4.1.2 Genetic Analysis and Mutation Identification
In family A, through target sequencing a mutation (c.94T>G; p.32Trp>Gly) in
EPM2A gene was identified. By Sanger sequencing the mutation was co-segregated
and confirmed in the family. The mutation was present in homozygous genotype
c.94T>G in patient IV:1 and IV-2, the carrier parents (III:3) have heterozygous
genotype while unaffected sibling has (IV:3) the wild type genotype. The variant was
not present in 100 control chromosomes of the Pakistani ancestral population. The
results are illustrated in the figure 4.2.
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Figure 4.1: Pedigree of Family A. Black filled circles and squares represent the
affected females and males respectively. Unaffected males and females are indicated
by the unfilled squares and circles in the family. Single lines represent non-cousin
marriages and double lines represent the consanguious marriage. Generation number.
indicated by the Roman numbers and individual are represented by Arabic numbers.

Figure 4.2: Sequencing chromotograms of EPM2A mutation in family A. A:
Representing proband IV-1 with homozygous substitution mutation c.94T>G. B:
Representing heterozygous carrier III-3 (father). C: Representing unaffected sibling
IV-3.

with

homozygous

normal
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4.2 Family B
The pedigree of Family B is illustrated in the figure 4.3
4.2.1 Clinical Details of Affected Individual
Patient (IV:2): The proband is twenty-five years old female. She visited the
neurology department of the Shifa International Hospital, Islamabad, Pakistan in
March 2004 first time. At first visit she was presented with two-year history of
episodes of flashes of light like shining stars for 2-3 hours, persistent headache and
nausea. She experienced a single generalized tonic clonic seizure two days before the
visit while watching Television. Her EEG recordings showed focal spike wave
activity-primary generalized epilepsy. She was tall with medium built and studying in
8th grade having normal mental function. She also had normal speech and gait. Fundi
presented with mild temporal pallor bilaterally and she showed extra ocular
movements at full with normal focal limbs. On left side, deep tender reflexes were
decreased bilaterally with bilateral flexor planter responses. Differential diagnosis at
that time included Migraine with aura Vs occipital lobe epilepsy with normal brain
MRI without contrast. She was recommended to take tablet Topiramate with tablet
Epival. She had a second generalized seizure in April 2004, because she missed
Epival dose for 03 days. From April to August 2004, she only had myoclonic jerks/
single jerks and single atonic seizure improved by taking Rivotril. She had continued
seizures with weight gain while taking Epival, so Lamictal was added. In 2006 she
was suspected as case of progressive myoclonic epilepsy on the basis of second
neurologist opinion. In 2008, her epilepsy was intractable and suspected as Lennox
Gastaut syndrome. By 2009 she was experiencing few myoclonic jerks in week and 12 generalized tonic clonic seizures in one month. Gradually she was wheel chair
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bound. Her medication therapy was, Epival 375 mg BD, Lamictal 100 mg, Kepra 375
mg, Rivotril 2 mg, Phenytoin 150 mg and Mysoline 250 mg.
In December 2012, she had severe status epilepticus. She came to emergency
department of the hospital was intubated. Her brain EEG showed frequent generalized
epileptiform discharges. Capsule Zonisamide was added to her 5 medications due to
uncontrolled seizures. She recovered slowly and was put off the ventilator. Her
auxiliary skin biopsy was done and found positive for lafora bodies. She was
diagnosed as case of Lafora Disease. She visited the clinic in 2015, still taking
multiple anticonvulsants. She was having 1-2 generalized tonic clonic seizures per
month. Every morning she has multiple myoclonic seizures and became bed bound
with normal food intake with limited family communication. This individual showed
typical symptoms of Lafora Disease with progressive deterioration of neuronal
functions on long history of follow up with uncontrolled episodes of seizures attacks.
4.2.2 Genetic Analysis and Identification of Mutation
In family B, Sanger sequencing and analysis of the EPM2A and NHLRC1
genes revealed no pathogenic variant in the coding regions of the respective genes.
We were unable to analyze the DNA sample further for the PRDM8 gene because of
unavailability of the DNA and blood sample.
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Figure 4.3: Pedigree of Family B. Black filled circles and squares represent the
affected females and males respectively. Unaffected males and females are indicated
by the unfilled squares and circles in the family. Single lines represent non-cousin
marriages and double lines represent the consanguious marriage. Generation no.
indicated by the Roman numbers and individual are represented by Arabic numbers.
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4.3 Family C
The pedigree of family C is provided in figure 4.4.
4.3.1 Clinical Examination Details
The index case, born to a consanguineous couple, presented at age 5 showing
episodic ataxia with myokemia. He had 4 episodes between the age of 5-10; all
precipitated by a febrile illness. The first episode was preceded by upper respiratory
tract infection, he presented with fever, fatigue and inability to walk, work up
included CBC, Glucose CSF studies and MRI brain which were all normal. NCS
(Nerve Conduction Study) was consistent with a demyelinating peripheral
neuropathy, he was diagnosed to have Guillian Barre syndrome (GBS) and was
treated with a 5-day course of intravenous immunoglobulin IVIG therapy, he
recovered to base line 48 hours after symptom onset. The subsequent episode was
6months later, presented with fever ataxia and myokemia completely recovered
within 3 days on no treatment, the third episode was 6 months later and during this
episode he was treated as a post viral cerebellitis and received a 5-day course of IVIG.
The 4th episode was 3 months later and it self-resolved within 48h. In between the 3rd
and 4th episode the neurologic exam showed proximal muscle weakness with mild
ataxia; his muscles were well defined, deep tendon reflexes (DTRs) were preserved.
He subsequently had episodes at a rate of once to twice per year, they lasted up to 48h
and self-resolves. His neurologic exam remained the same with no progression.
Cognition was intact, brain MRI was normal and NCS showed evidence of peripheral
neuropathy. His Spastic Paraplegia Rating Scale score was 13/52. He has two sisters
who are lean and tall with relative microcephaly, small muscle bulk and proximal
muscle weakness, spastic gait and intermittent tip toe walking. At the 8th year of age
the elder sister had achilles tendon release surgery. However, she continues to have
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gait difficulties. Her Spastic Paraplegia Rating Scale score was 4/52. The other
brother remains healthy to present. The clinical features of all affected individuals are
provided in table 4.1.
4.3.2 Whole Exome Sequencing Results
There are three affected individuals in the family. Sanger sequencing was done
to investigate possible mutations in POLG and KCN1-A gene. But these were found
normal. Then, whole exome sequencing results of two affected members II-1 and II-2
were analyzed for coding regions. A single likely pathogenic missense variant was
selected as potential disease-causing variant with already published similar phenotype
to the patients. The selected missense variant was in exon 10 of the beta-1, 4-Nacetyl-galactosaminyl

transferase1,

B4GALNT1,

RefSeq

accession

number

(NM_001478: exon10) c.C1358G: p.P453R. This variant was present neither in 1000
human genome project nor in ExAC data base. Through Sanger sequencing, the
selected novel homozygous missense mutation in B4GALNT1 was confirmed and
found precisely co-segregating in the family with the phenotype of disease. The
affected individuals were homozygous for the variant and parents and one unaffected
sibling were heterozygous carriers as illustrated in the figure 4.5.
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Figure 4.4: Pedigree of Family C. Black filled circles and square represent the
affected females and male respectively. Unaffected males and females are indicated
by the unfilled squares and circles in the family. Double lines represent the
consanguious marriage. Generation no. indicated by the Roman numbers and
individual are represented by Arabic numbers. Because of family confidentiality
ancestor generations are not shown.
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Figure 4.5: Sequencing chromotograms of the of B4GALNT1 mutation in family C.
A: Representing the proband II-4 with homozygous substitution mutation c.1358G>C
in B4GALNT indicated by black arrow head. B: Representing the heterozygous carrier
I-1 (father) N as heterozygous peak, indicated by black arrow head.
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Table 4.1: Summary of clinical features of family C affected individuals.

Affected

Family C Clinical Features
2 girls
1 boy

Age at onset

8

5

Dysarthria

No

Mild

Spasticity

Mild

Moderate

Ataxia

No

Febrile

Reflexes

Normal

Normal

Muscle wasting

No

No

Behavior and cognition
Brain or spinal MRI
NCS/EMG

Normal
Normal
Normal

Normal
Normal
Axonal neuro-pathy

Mutation

c.C1358G;p.Pro453Arg
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4.4 Family D
Bainbridge Ropers Syndrome. The pedigree of family D is shown in figure 4.6.
4.4.1 Clinical Details
The proband at birth had 3.2kg weight with suspicious episodes of apnea, but
he did not visit hospital at that time. Clinical history has showed that he was unable to
walk at the age of five years. He also has history of developmental delay and mental
retardation. In 2004 his height was 95.2 cm, and body weight was 13kg. In 2013,
height was137.6 cm and body weight: 33.6kg, BMI was 17.7 kg/m2. He could walk at
the age of nine years. He has short stature, microcephaly with head circumference: 45
cm, <3 percentilegive SD), hypertelorism and hypoplastic face.
He has myoclonus, especially during sleep and hyperventilation with
myoclonus. In January 2015, he had height 142.8cm, and body weight 35.6kg. He has
intellectual disability. He cannot understand and express any language. There is no
eye contact. His Brainstem Auditory Evoked Potential (BAEP) was normal in 2015.
He does not have hypotonia but has severe psychomotor retardation and failed to
thrive. Hormone function test was done in 2013, which was normal. He has unusual
snoring, no swallowing difficulty, scoliosis, right high arched foot. In 2008, he
underwent surgery for foot deformity. There was no exact information what the
deformity was. In 2015, there was progressive myoclonus and hyperventilation. His
parents reported that he could not sleep because of myoclonus. In 2015, Brain MRI
and EEG findings were normal.
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4.4.2 Genetic Analysis and Identification of Disease Causing Gene Mutation
By whole exome sequencing data analysis of the proband, we identified a
heterozygous substitution-deletion mutation in the ASXL3 gene NM_030632: exon11:
c.1314_1316delinsA; p. S439Rfs*7.
4.4.3 Confirmation of Selected Variant
This mutation was not present in his parents. We confirmed the finding by
Sanger sequencing and was absent in both parents as shown in the figure 4.7. This
mutation was predicted to have pathogenic effects as after six amino acids truncation
of protein product occurs because of frame-shift affect.

Figure 4.6: Pedigree of the Family D. Black filled square represents the affected male
proband single child. Unaffected male and female parents are indicated by the unfilled
square and circle in the family. Single line represents non-cousin marriages.
Generation no. indicated by the Roman numbers and individual are represented by
Arabic numbers. Because of family confidentiality ancestor generations are not
shown.
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Figure 4.7: Sequencing chromotograms (Reverse sequence) of the of ASXL3
mutation in Family D. A: Representing the proband II-1 with heterozygous
substitution deletion mutation c.1314_1316delinsA; p.S439fs* in ASXL3 indicated by
black arrow head. B: Representing the homozygous normal I-1 (father).
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4.5 Family E
The pedigree of Family E is shown in the figure 4.8.
4.5.1 Clinical Details
The index case IV-8 was presented to neurology clinic in 2013 first time. She was
32 years old with one year history of hyperactive behavior, episode of tongue biting six
months later and 03 episodes of seizures one month prior to this consultation. She was
diagnosed as a case of epilepsy and migraine for last 03 years. She developed difficulty in
concentrating in daily activities as well as hyperactivity. She repeatedly getup and sitdown on her chair. She often bit her tongue while talking. She also had complained of 03
episodes of generalized tonic clonic seizures associated with tongue biting and
urinary/fecal incontinence. Last episode occurred during sleep. She had a history of first
degree relative with Huntington Disease (HD) like symptoms. At that time, she was taking
tablet Carbamazepine 400 mg in the morning and 200 mg at night, tablet Propranolol 80
mg in the morning and 40 mg in the evening, tablet Quetiapine 25 mg at night and
Citalopram 20 mg in the morning. On examination, higher mental function and speech was
normal. She had bilateral tosses, other cranial nerves were normal. Tone and power in all
four limbs were normal. Plantar responses were bilateral flexor. She suspected to have
Tourette syndrome. Tablet carbamazepine was increased to 400 mg BD (twice a day) and
antidepressants were tapered. When seen again in June 2013 she still had two generalized
tonic clonic seizures. Carbamazepine was increased to 400mg AM and 500 mg PM. She
was seen again in June 2014. Her HD genetic test was normal (27 repeats). She was
advised low dose Haloperidol with 0.5 mg BD. She was advised to continue escitalopram,
procyclidine and carbamazepine.
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4.5.2 Genetic Analysis and Identification of Disease-Causing Gene Mutation
Whole Genome Sequencing data was analyzed and no potential pathogenic
variant was found in the coding regions of two affected individuals, III-1 and IV-6.
Copy number variation data was analyzed and a de-novo single homozygous variant
was identified in the VPS13A gene as possible pathogenic variant. This results in
deletion of 1168bp deleting exon 8 and 9 at chr9:79827422-79828590; c.556_696del
on 9q21.2 in VPS13A gene. The deletion would possibly cause an in-frame deletion of
170 amino acids in VPS13A protein (p.T186_L232del). Confirmation of the deletion
was done by PCR amplification and Sanger sequencing and pattern of segregation
was also confirmed.
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Figure 4.8: Pedigree of the Family E. Black filled circles and squares represent the
affected females and males respectively. Unaffected males and females are indicated
by the unfilled squares and circles in the family. Single lines represent non-cousin
marriages and double lines represent the consanguious marriage. Generation no.
indicated by the Roman numbers and individual are represented by Arabic numbers.
Because of family confidentiality some unaffected members are not shown in the
pedigree.
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4.6 Family F
The pedigree of Family F is illustrated in the figure 4.9.
4.6.1 Clinical Examination and Clinical Details
The affected individuals were examined by expert neurologist at Shifa
International Hospital, Islamabad, Pakistan. The proband is a 25 years old male. He
has history of fits. He was born via normal delivery after full time pregnancy. He
walked at 1 ½ years of age and started speaking late after two years. He was having
normal growth and physical development, but he had poor cognition from early
childhood with severe behavioral problems. He was sent to school but was unable to
learn. Behavioral problems include throwing water on guests and did not know how to
react and respond to guests or family members. He has no understanding of
relationships, friendships and to money. He was initially treated with Epival, later
shifted to Tegral 200 mg BD. His seizures lasted for few minutes to 24 to 36 hours
and he was having 1 to 2 seizures per week at the time of his last clinical examination.
His parents are first cousin and one brother also has similar phenotype. On
examination, his height was 160 cm, weight 45 kg, BP was 110/70 and pulse 80/min
and regular, and afebrile. He had intellectual disability. He had a small stature lean
built and abnormal teeth. Fundi were normal, cranial nerve examination was normal.
He had no limb weakness. Deep tendon reflexes were ++ and symmetrical, plantar
responses were bilateral flexor. He appeared to be suffering from a congenital
syndrome with familial epilepsy and mental retardation. His tablet carbamazepine was
increased to 300 mg BD. He also advised to add tablet calcium 1 daily.
Individual IV-2:
He is 24 years old male and presented with a history of fits from second years
of age. He was born via normal generalized delivery after full term pregnancy but
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cried late. He walked at one year of age but started to speak at 1 ½ years of age. He
was sent to school but did not go beyond grade 1. He also has behavioral problem,
agitation, self-mutilation (punching the wall and anger). Behavioral problems include
throwing water on guests and was disturbed with the arrival of guests at home. He
was initially treated with Epival, later shifted to Tegral 200 mg BD. He still has one
seizure in 1-2 weeks. On examination, his height was 150 cm, weight 40 kg, BP was
110/70 and pulse 80/min and regular, and afebrile. OFC was 53 cm. He looks
mentally dull. He had a small stature lean built and abnormal teeth. Fundi were
normal, cranial nerve examination was normal. He had no limb weakness. Deep
tendon reflexes were ++ and symmetrical, plantar responses were bilateral flexor. He
appeared to be suffering from a congenital syndrome with familial epilepsy and
mental retardation. His tablet carbamazepine was increased to 300 mg BD. He was
advised to add tablet calcium 1 daily.
4.6.2 Whole Exome Sequencing Results
Whole exome sequencing data was analyzed for family F, members IV-1 and
IV-2. First potential pathogenic variant selected was PDE11A, NM_016953:
exon1:c.171delT:p.G57fs*. Upon PCR amplification and Sanger sequencing data
analysis this variant was excluded. Second selected variant ASB6, NM_177999:
exon5:c.C526T:p.Q176X was also excluded after Sanger sequencing data analysis.
Compound

heterozygous

variants

were

selected

in

COG4,

NM_015386:

exon1:c.C59T:p.P20L and exon6:c.A811G:p.I271V but they were also excluded after
bi-directional Sanger sequencing.
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Figure 4.9: Pedigree of the Family F. Black filled circles and squares represent the
affected females and males respectively. Unaffected males and females are indicated
by the unfilled squares and circles in the family. Single lines represent non-cousin
marriages and double lines represent the consanguious marriage. Generation no.
indicated by the Roman numbers and individual are represented by Arabic numbers.
Some members in the family are not shown in the pedigree because of confidentiality
concerns of the family.
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4.7 Family G
4.7.1 Clinical Details
The pedigree of family G is shown in the figure 4.10. The proband is a female
with clinically diagnosed primary generalized epilepsy at the age of 19 years. She is
50 years old now and has tonic colonic seizures. Her EEG showed Epileptiform
pattern with 3.5-4 Hz generalized sharp spike waves. She also has mild loss of
memory and behavioral problems. Her two children were also affected with the
similar phenotype. She has difficulty in bending of finger of her hands and has two
cuboidal fossae in right elbow.
4.7.2 Whole Exome Sequencing Results
Whole exome sequencing data was analyzed for family G members I-1 and II-2. The
selected variants; AGTPBP1: c.T2006C:p.I669T, and NOTCH1:c.G125A:p.G42D
were not segregated in the family.
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Figure 4.10: Pedigree of the family G. Black filled circles and squares represent the
affected females and males respectively. Unaffected males and females are indicated
by the unfilled squares and circles in the family. Single lines represent non-cousin
marriages and double lines represent the consanguious marriage. Generation no.
indicated by the Roman numbers and individual are represented by Arabic numbers.
Ancestors in the family are not shown in the pedigree because of confidentiality
concerns of the family.
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Part B: In-Silico Analysis
4.8 Biological Function Annotation
For biological function annotation of 34 selected SNPs from already published
Genome Wide Association Studies (provided in table 4.2) at r20.80 in SNAP. 288
proxy SNPs were identified. To well comprehend the association between query and
proxy SNPs, SNAP search was also run with r2 (0.90 and 1.0) threshold, with increase
of threshold no. of proxy SNPs decreased, 162 and 101 SNPs for r2 0.90 and r2 1.0
thresholds respectively. Then RegulomeDB scores gave no data for 131 SNPs and
157 SNPs has scores from 1–6, provided in the table 4.4. For better understanding of
RegulomeDB, annotation results different values and their potential functional
annotation is provided in the table 4.3. Ten SNPs with RegulomeDB score 1-3 were
considered significant. Interestingly, all 10 SNPs were not present in already reported
genome-wide significant SNPs. These SNPs and their related RegulomeDB scores are
given in the table 4.4. Three SNPs, rs612483, rs316128 rs375872 has score of 1f with
strong indication of regulatory roles. These SNPs were the intronic SNPs of GSTA4
gene. Two rs2678903 and rs2678905 SNPs score of 3a and 2b in the intronic region
of VRK2 gene with associated protein motifs Evi-1, Pou4f3, Nkx6-1 and IPF1. Three
SNPs with RegulomeDB score of 4 are GWAS associated, rs72823592/COPZ2,
rs2601828/ADCY9 and rs12720541/PLA2G4A. Forty-eight proxy SNPs have score 5
and 89 SNPs have score 6, among these, 4 were also GWAS loci rs1044352/ PCDH7,
rs39861/MAST4, rs61670327/LINCO1377 and rs2841498/LOC105376119. Thirteen
SNPs have regulomeDB score of 7 and predicted to have no regulatory functions but
might be having other functions. rs375872 has eQTL with global MAF score of
G=0.4499/2253. All these 10 SNPs with RegulomeDB score of 1-3 are novel
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predictions by SNAP tool and indicate that these might considered as important SNPs
according to regulatory function prediction and may implicated in future studies.

4.9 Structural Annotation of B4GALNT1
The human B4GALNT1 protein sequence used to perform systemic analysis is given
below.
MWLGRRALCALVLLLACASLGLLYASTRDAPGLRLPLAPWAPPQSPRRPELPDLAPEPRYAHI
PVRIKEQVVGLLAWNNCSCESSGGGLPLPFQKQVRAIDLTKAFDPAELRAASATREQEFQAFL
SRSQSPADQLLIAPANSPLQYPLQGVEVQPLRSILVPGLSLQAASGQEVYQVNLTASLGTWDV
AGEVTGVTLTGEGQADLTLVSPGLDQLNRQLQLVTYSSRSYQTNTADTVRFSTEGHEAAFTIR
IRHPPNPRLYPPGSLPQGAQYNISALVTIATKTFLRYDRLRALITSIRRFYPTVTVVIADDSDKPE
RVSGPYVEHYLMPFGKGWFAGRNLAVSQVTTKYVLWVDDDFVFTARTRLERLVDVLERTPL
DLVGGAVREISGFATTYRQLLSVEPGAPGLGNCLRQRRGFHHELVGFPGCVVTDGVVNFFLA
RTDKVREVGFDPRLSRVAHLEFFLDGLGSLRVGSCSDVVVDHASKLKLPWTSRDAGAETYAR
YRYPGSLDESQMAKHRLLFFKHRLQCMTSQ.

Multiple sequence alignment of human B4GALNT1 with twenty different taxa
protein gave 203 perfect, 121 high and 36 weak conserved residue groups.
4.9.1 Computational Analysis Results
One signal peptide and one trans-membrane domain predicted in human B4GALNT1
protein results are provided in figure 4.11. The accessibility, bulkiness, hydrophilicity,
flexibility, mutability and polarity of B4GALNT1 wild type protein were predicted by
expasy platform; Protscale Server evaluated the sequence of protein online and
provided results as per score values. Higher score values means more accuracy of
predicted parameters for B4GALNT1. The hydrophilicity has maximum score 0.840
at amino acid 315 and minimum score 0.314 at 11 and 12 amino acid. The
accessibility indicates the globular protein and transfer of free energy from inside to
outside maximum score at 13 amino acid, with 0.872 and minimum score 0.428 at
amino acid. The polarity value was maximum at 418 amino acid with score 0.669 and
minimum score 0.005 at 14 amino acid. The average flexibility score has maximum
value 0.880 at position 46 and minimum 0.273 at position 13. The relative mutability
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score was maximum 0.694 at position 230 and minimum 0.270 at amino acid position
332. The bulkiness value was maximum 0.866 and minimum 0.295 at amino acid
positions 35 and 84 respectively. Al these results are provided in the figure 4.12, A, B,
C, D, E and F.
4.9.2 Analysis of B4GALNT1 Post-Translational Modifications
No N-terminal acetylation and C-mannosylation sites were predicted in the
B4GALNT1. At three amino acid positions 79, 179 and 274, N-linked glycosylation
site was predicted (Mlinac et al., 2013). At four different amino acid positions 45,
115, 492 and 493 positions mucin type O-GalNAc glycosylation site was predicted.
Protein kinase A (PKA) sites were predicted at amino acid 19 and 183 positions.
Protein Kinase C (PKC) sites were predicted at amino acid positions 27, 103, 127,
186, 224, 226, 232, 280, 285, 305, 348, 443 and 470, one site of p38MAPK at amino
acid 210 was also found. No, site for Protein Kinase B (PKB) was predicted. At
different amino acid positions sites for CKI, cdc2, DNAPK, GSK3, RSK and SRC
were also predicted
Phosphorylation sites for Serine, threonine and tyrosine at different amino acid
positions are demonstrated in the figure 4.13A. The molecular weight was predicted
58882.38 Dalton with theoretical pI 8.93. Total 8322 number of atoms found in
B4GALNT1 with speculated formula; C2641H4165N745O759S12 with. The
estimated half-life of B4GALNT1 in-vivo was >10 hours in Escherichia coli, >20
hours in yeast, and in-vitro; in mammalian reticulocytes, 30 hours. The instability
index classified the B4GALNT1 an unstable protein with 47.15 score value. The
Grand average of hydropathicity (GRAVY) and aliphatic index were predicted -0.127
and 92.76 respectively.
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4.9.3 Protein-Protein Interaction Analysis
Protein-protein interactions predicted using STRING platform (Szklarczyk et
al., 2011) are illustrated in figure 4.13B. The protein predicted to make interaction
networks with GLB1, ST8SIA5 and SLC33A1. The ST8SIA5 showed maximum
interaction score 0.977.
4.9.4 Structure Prediction and Impact of Missense Mutations on the Predicted
Structure
For identification of both secondary and tertiary structure of B4GALNT1
Phyre2.0 program was used. It gave automated prediction of both structure and
function of B4GALNT1. Figure 4.14 depicts secondary structure with alpha and
transmembrane (TM) helices and beta strands conformation at each amino acid
residue of B4GALNT1. The 3D structure was modeled with six selected templates to
get maximum alignment coverage and confidence percentage identity of the structure
Final model gave results of 63% (335 out of 533 residues) residues being modelled
showing >90% accuracy. The 198 residues were modelled by ab initio. Then energy
minimization was done by Chimera and ProSA and PROCHECK were used to
evaluate the quality of final model. ROCHECK, identified 61.9% residues in the most
favored region and 32.2% were found in the additionally allowed regions (total 94.1%
residues). ProSA gave the model Z-score; -5.44. then VMD was used to visualize the
3D view of B4GALNT1 protein is illustrated in figure 4.15.
Next, from previous studies single missense mutations in B4GALNT1 causing
HSP26 were chosen and implanted in predicted protein model by Chimera program.
Any change in protein stability by these point mutations was predicted using IMutant2.0. the parameters selected to record the readings were pH 7.0 and
temperature 25°C.
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Wild type B4GALNT1 and mutated B4GALNT1 structures were superimposed to
find out and visualize, structural changes if any created by inserting mutations. No
visible change in structure was predicted except decrease in stability of the protein.
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Figure 4.11: Predicted signal peptide. (A) and transmembrane domain (B) of
B4GALNT1. X axis: amino acid sequence from N- to C-terminal. Y axis: computed
scores by each server.

74

Chapter 4

Results

Figure 4.12: Predicted physical features of B4GALNT1. Predicted accessibility (A),
hydrophilicity (B), flexibility (C), polarity (D), bulkiness (E) and relative mutability
(F) of B4GALNT1. X axis: amino acid sequence from N- to C-terminal. Y axis:
scores computed by each algorithm.
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Figure 4.13: Post-translational modifications and protein-protein interaction analysis
of B4GALNT1. (A) NetPhos Server was performed to predict generic
phosphorylation sites in B4GALNT1. X axis: amino acid sequence from N- to Cterminal. Y axis: values computed by the software. The values above the threshold
mean the most potential of phosphorylation. (B) Protein-protein interaction analysis
predicted for B4GALNT1.

Figure 4.14: B4GALNT1 secondary structure predicted by Phyre2.0. The figure
highlights the alpha helices, beta strands and transmembrane (TM) helices
correspondence to protein residue sequence. The confidence level, from low (0) to
high (9) with which the secondary structure was predicted is shown.
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Figure 4.15: Tertiary (3D) structure of B4GALNT1 predicted by Phyre2.0 as viewed
by VMD. The figure clearly shows different secondary structures present within wild
type B4GALNT1 protein.
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Table 4.2: GWAS Significant SNPs Selected for Analysis of Regulatory Function.
SNP ID

Locus

Genelocation
SCN1Aintronic
PCDH7downstre
am
VRK2,FA
NCLintronic
MMP8intronic
intergeni
c
SCN1Aintronic

Risk Reference
Allele
T
Consortium
TILAE 2014.
A
Consortium
TILAE 2014.

p-value

rs6732655

2q24.3

rs28498976

4p15.1

rs2947349

2p16.1

C

Consortium
TILAE 2014.

1 x10-8
(GGE)

rs1939012

11q22.2

T

Consortium
TILAE 2014.
Consortium
TILAE 2014.
Consortium
TILAE 2014.

GABRA2
intergeni
c
PCDH73_prime_
UTR
GOLIM4

G

Consortium
TILAE 2014.

2 x10-8
(GGE)
6 x10-8
(GGE)
1 x10-7
(Focal
epilepsy)
2 x10-7 (All
epilepsy)

rs55670112

5q22.3

rs12987787

2q24.3

rs535066

4p12

rs1044352

4p15.1

T

Consortium
TILAE 2014.

2 x10-7
(GGE)

rs111577701

3q26.2

C

2p16.1

Intergeni
c

C

4 x10-7 (All
epilepsy)
2 x10-9 (All
GGE)

17q21.32

SNX11,S G
KAP1,C
DK5RAP
3,PNPO,
ATAD4,C
OPZ2,hsa
-mir152,NFE
2L1,CBX
1non_codi
ng_transc
ript_exon
_variant

Consortium
TILAE 2014.
EPICURE
Consortium,
2012.
EPICURE
Consortium,
2012.

rs13026414

rs72823592

C
T
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Table 4.2: GWAS Significant SNPs Selected for Analysis of Regulatory Function.
rs10496964
2q22.3
ZEB2C
EPICURE
9 x10-9
intergeni
Consortium,
(GAE)
c
2012.
rs12059546
1q43
CHRM3- G
EPICURE
4 x10-8
intronic
Consortium,
(JME)
2012.
rs2717068
2p16.1
intergeni T
EPICURE
4 x10-7
c
Consortium,
(GAE)
2012.
rs771390
1p35.1
C1orf94- C
EPICURE
6 x10-7 (All
intergeni
Consortium,
GGE)
c
2012.
rs10030601
4q31.23
intergeni C
EPICURE
1 x10-6
c
Consortium,
(GAE)
2012.
rs11890028
2q24.3
SCN1AT
EPICURE
4 x10-6 (All
intronic
Consortium,
GGE)
2012.
rs12720541
1q31.1
PLA2G4 T
EPICURE
9 x10-6
AConsortium,
(GAE)
intronic
2012.
rs7587026
2q24.3
SCN1AA
Kasperaviciute et 3 x10-9
intronic
al., 2013.
(MTLEHS+F
S vs.
Controls)
rs2292096
1q32.1
CAMSAP NK
Guo Y, et al.,
1 x10-8
1L1-32011
primeUTR
rs492146
6p12.2
GSTA4A
Speed D et al.,
2 x10-7
intergeni
2013.
c
rs72700966-C 9p23
PTPRD- C
Speed D et al.,
3 x10-7
intronic
2013.
rs61670327
5p15.33
Regulator A
Speed D et al.,
7 x10-7
y region
2013.
rs143536437
15q13.2
ARHGAP C
Speed D et al.,
3 x10-6
11B2013.
intronic
rs11861787
16p13.2
Intergeni C
Speed D et al.,
3 x10-6
c
2013.
rs72698613
4q34.1
Intergeni A
Speed D et al.,
4 x10-66 x106
c
2013.
rs12744221
1q21.1
Intronic
C
Speed D et al.,
6 x10-6
2013.
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Table 4.2: GWAS Significant SNPs Selected for Analysis of Regulatory Function.
rs346291
6q14.1
AL13287 NK
Kasperaviciute D 3 x10-7
5.2,SH3B
et al., 2010.
GRL2,EL
OVL4non_codi
ng_transc
ript_exon
_variant
rs2601828
16p13.3
ADCY9- A
Kasperaviciute D 1 x10-6
intronic
et al., 2010.
rs2172802
4q13.1
LPHN3- NK
Kasperaviciute D 3 x10-6
intronic
et al., 2010.
rs2841498
9q21.33
AL35489 NK
Kasperaviciute D 4 x10-6
7.1et al., 2010.
intergeni
c
rs1490157
ZNF385
NK
Kasperaviciute D 5 x10-6
Det al., 2010.
intronic
rs2475335
9p23
PTPRD- NK
Kasperaviciute D 9 x10-6
intronic
et al., 2010.
(P-value for most strongly associated SNPs from GWAS along with information
describing context of p-value.)
NK: Not known
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Table 4.3: List of RegulomeDB Scores with Relevant Functional
Annotation.
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Table 4.4: Proxy SNPs with Most Significant RegulomeDB Scores.
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Table 4.5: The Changes in Protein Stability upon Missense Mutation.
Position

WT

New

Stability

RI

453

P

R

Decreased

7

300

R

C

Decreased

5

433

D

A

Decreased

7

284

K

N

Decreased

0

505

R

H

Decreased

7

*WT: Amino acid in Wild-Type Protein; New: New Amino acid after Mutation,
RI: Reliability Index

83

Chapter 5

Discussion

CHAPTER 5
DISCUSSION
Populations with consanguineous marriages like from Pakistan and many
other Asian countries are ideal for the study of genetic disorders including inherited
neurogenetic syndromes because of early age consanguineous marriages and large
family size (Riazuddin et al., 2016). Data about loci and genes for diverse genetic
disorders from Pakistani families is available. The studies consist of neurological
disorders, skin disorders and skeletal abnormalities. Limited data is available about
rare genetically inherited disorders like epilepsy syndromes.
Lafora Disease is neurodegenerative disease with early adolescent onset.
Clinically it has been presented with diverse features of ataxia, continuous seizures,
abnormal social interactions, and intellectual disability. Deterioration of neuronal
functions and loss of motor movements occurs at advanced stages of the disease
(Gentry, Dixon, and Worby, 2009). Globally, the approximate epilepsy prevalence is
8 in 1000 persons in general population with much higher load in developing
countries at rate of between 10 out of 1000 (Wang et al., 2008).
Families A and B are consanguineous Pakistani families found positive for
Lafora Disease through lafora bodies in skin biopsy and clinical symptoms. Lafora
bodies have obtained from skin biopsies either from outside of the axilla or from the
axilla. Remarkably, both locations have different cell type affected by the lafora
bodies, myoepithelial cells surrounding apocrine and ducts of eccrine glands are
affected. Histopathology is ideal diagnostic test for LD in the clinics with absence of
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DNA testing facilities. Andrade et al. also gave similar view that a biopsy of skin
outside the axilla should be ideal diagnostic tool for LD before genetic testing
(Andrade et al., 2003).
In affected kindred of the both families, EEG presented with frequent
generalized epileptiform discharge. Axillary skin biopsy was found positive in all
affected individuals. With genetic analysis in family A, mutation (c.94T>G;
p.32Trp>Gly) of EPM2A gene was identified. For family B, we did not find any
mutation in coding regions of the previously known LD genes (EPM2A and
NHLRC1). We have done detailed clinical and molecular investigation in both
families but were unable to find genetic cause in family B.
In LD different types of mutations like missense, insertions, frame-shift
mutations and micro-deletions, have been reported. All such mutations lead to
malfunctional laforin or malin, ultimately developing life threatening LD. Most
mutations reported in LD are missense affecting either dual phosphatase domain or
carbohydrate binding domain of laforin or affecting NHL repeats or RING domain of
malin. At time of search, about 73 mutations are reported in EPM2A gene about 40 of
them are missense mutations (HGMD Professional 2015.2),
Mutations in EPM2A gene are heterogeneous and diverse, reported from
different populations of the world like Arabic populations of the Middle East, Asian
populations like India, Japan, Korea, Pakistan and European/Caucasian populations.
All missense mutations are predicted to be loss of function mutations (Ganesh et al.,
2002). Mostly deletions in exon 3 of EPM2A gene have been reported from Indian
populations. While Arabic populations have larger deletions in the first exon of the
EPM2A gene (Ganesh et al., 2006; Singh and Ganesh, 2009)
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In family B, we were short of blood/DNA for the affected individual and due
to continuous life-threatening condition of affected individual, parents/guardians
refused to agree for re-sampling. So, sequencing of PRDM8 gene for a previously
identified mutation from Pakistan was not possible.
In family, C, the index case is a young boy presenting with acute onset
episodic ataxia, and myokemia preceded by fever. NCS showed peripheral
neuropathy; his parents are first cousins and he has two sisters who have gait
difficulties, one of which underwent tendon release surgery. The disease was difficult
to diagnose clinically so WES was done and a novel missense mutation was
confirmed in the Beta-1-4-Nacetyl-galactosaminyl transferase 1 (B4GALNT1) gene.
B4GALNT1 has function in the expression of glycosphingolipids (GSLs). Complex
gangliosides are glycosphingolipids containing sialic acid and produced by sequential
glycosylation. They have higher expression in brain as compared to all other parts of
the human body (Xu et al., 2010). The gangliosides (receptors for myelin associated
glycoprotein, MAG) involved in mediating cell-to-cell recognition, cell signaling and
cell physiology. One of the major cell-to-cell recognition system in brain mediated by
gangliosides is between myelin and axons (Schnaar, 2010). Most of the mutations in
B4GALNT1 can cause loss of GM3 synthetase activity distressing a vital point of the
biosynthesis of the GSL pathway and ultimately disturbing signaling pathways in the
CNS (Harlalka et al., 2013).
It has been revealed by three independent studies that HSP26 disease is caused
by novel homozygous truncating and missense mutations of B4GALNT1 in families
from different ethnic groups (Boukhris et al., 2013; Harlalka et al., 2013; Wakil et al.,
2014). The mutations are reported in consanguineous or unrelated families from
Europe, Asia, South and North America. In this gene, various type of mutations has
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been described including missense, duplications, insertions, deletions and frameshifts.
Gangliosides have higher level of conservation in their structures and expression
levels in the CNS of the mammals. GM3 synthase deficiency and cHSP (HSP26) are
two human inherited diseases caused by biosyntheses defects of the ganglioside
(Simpson et al., 2004). Both are complex neurological syndromes. GM3 synthase
deficiency presents with intractable epileptic seizures, while cHSP presents with
lower limb spasticity, cerebellar ataxia, retinopathy, peripheral neuropathy,
extrapyramidal manifestations cognitive decline, epilepsy and abnormalities on MRI
(Finsterer et al., 2012). Affected individuals in family C are presented with novel
phenotypes like ataxia with myokymia.
The index case of Family D was found positive for Bainbridge-Ropers
Syndrome (BRS). He was initially misinterpreted as Lafora Disease case because of
progressive myoclonic seizures at night. But EPM2A and NHLRC1 were found
normal and muscle biopsy was also showed negative results for lafora bodies. He
showed some novel clinical presentation like hyperventilation with athetosis. Novel
sporadic heterozygous mutation in the ASXL3 gene in exon 11 was cause of the
disease in the proband.
BRS is characterized by diverse clinical presentations in different patients
reported in literature so far. It includes distinct craniofacial dysmorphism and global
development delay along with microcephaly, autistic behavior, difficulty in language
learning and walking. Most of the mutations associated with ASXL3 and BRS are
truncating while one is de-novo splicing mutation (Bainbridge et al., 2013)
(Balasubramanian et al., 2017). We describe a novel substitution deletion mutation
that resulted in truncation of the protein product after six amino acids. All reported
mutations would lead towards the truncated protein expression retaining only exon 1
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to 10 having ASXN and ASXH protein domains and responsible for BRS pathomechanism (Dinwiddie et al., 2013; Russell and Graham, 2013; De Rubeis et al.,
2014).
About 50% of the BOS are caused by sporadic truncating mutations in the
ASXL1. As ASXL1 and ASXL3 both are members of the same family of the genes, so
the BOS and BRS patients share some common features like delay in the development
and feeding difficulties. It has been reported in a recent study by Srivastava et al.,
2016, that mutated ASXL3 mRNA transcripts were predisposed to nonsense-mediated
decay (NMD) and ASXL3 expression was found reduced. ASXL3 has also showed
interaction with BAP1 and functional role for ASXL3 in PR-DUB mediated
deubiquitination has also been predicted. So BRS has also been identified as first
single gene syndrome involving de-ubiquitination of H2AK119Ub1 (histone H2A
lysine 119) (Srivastava et al., 2016).
Hyperventilation with neurodevelopmental disturbance is reported in several
neurogenetic disorders, like Pallister-Killian, Joubert, Rett and Pitt-Hopkins
syndromes. Recently in Rett syndrome mice model, it was found that expression of
MECP2 largely in the medulla is obligatory for regular breathing (Huang et al., 2016;
Russell and Graham, 2013; Balasubramanian et al., 2017).
Choreo-acanthocytosis

(ChAc)

is

progressively

developing

rare

neurodegenerative syndrome. The overlapping clinical symptoms with other disorders
are serious diagnostic problem. The main features are various involuntary movements,
change in behavior, seizures, cognitive deterioration with polyneuropathy (Danek et
al., 2005). Earlier symptoms include choreoathetosis, tics, self-mutilation, obsessivecompulsive symptoms and orofacial dyskinesia with clinical manifestations of
dystonia, depression, parkinsonism, and lower motor neuron impairment (Rampoldi et
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al., 2002). Although it is inherited in autosomal recessive pattern but some dominant
cases are also reported (Walker et al., 2002). In later age spike like acantocytes might
be seen in most of the cases but are not specific diagnostic criteria (Sorrentino et al.,
1999).
ChAc is rare disease with about 800-1000 known cases, so prevalence is hard
to establish. Many mutations have been reported from Japan might be the cause of
founder effect (Ueno et al., 2001). We have reported the first family from Pakistan
with ChAc. The female patient IV- was came to hospital with epilepsy complains. She
was suspected and genetically tested for HD but found negative. Brain MRI and EEG
were conducted. With epileptic seizures, she started to have other psychiatric and
cognitive impairment problems. She has vocal tics and episodes of tongue bites while
talking. One of her family member III-1 has similar symptoms and other affected
family members when reached the late thirties or early twenties also have similar
symptoms. Interestingly, the diagnosis of ChAc at first site is proved to be difficult
because of heterogenous overlapping phenotypes with other diseases like McLeod
syndrome (Lossos et al., 2005; Asmi et al., 2005; Bader et al., 2010).
Whole genome sequencing was done and after data analysis no possible
candidate variant was identified. After review of literature, we found that copy
number variations (CNVs) are being reported in many epilepsy and autism families.
Data A novel CNV was identified in the VPS13A gene and was confirmed to
segregate in the family. This gene is previously implicated in acanthocytosis.
For families, F and G whole exome sequencing was done. All possible
selected variants were excluded after Sanger sequencing. Due to limitations of time
and money, we cannot go for whole genome sequencing in these families.
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A total 288 proxy SNPs were returned from SNAP tool and evaluated in
RegulomeDB. For 5 SNPs RegulomeDB result score was less than 3 that suggests a
higher degree association of these SNPs with possible regulatory roles and affect
binding. Only 3 of these 5 SNPs have score 1f and one, SNP has score of 2a and one
has score of 2b. Other five SNPs have score of 3a. Three proxy SNPs
rs375872/GSTA4, rs612483/GSTA4, and rs316128/GSTA4 with RegulomeDB score
of 1f are likely to affect binding and linked to expression of GSTA4. One of these
variant SNP rs316128, is in intronic regions while two others rs375872 and rs612483
have intergenic localization indicating their association with epilepsy through
regulatory network. One SNP including the GWAS significant SNPs rs375872 is
eQTL for GSTA4. The GSTA4 gene in human is about 18 kb, have seven exons,
located on the chromosome 6p12 (Desmots et al., 1998). GSTA4 mRNA was detected
in heart, brain, placenta, lung, liver, skeletal muscle, kidney and pancreas with highest
expression in brain, heart, placenta and pancreas (Desmots et al., 2001). This enzyme
has function for the detoxification of electrophiles and oxidative stress inducing
factors in the neurodegenerative diseases, cancers and liver diseases. Glutathione Stransferase alpha 4 (GSTA4) is a major superfamily GSTs member that are phase-II
drug-metabolizing enzymes. This alpha class encodes enzymes that have glutathione
peroxidase activity and involved to detoxify lipid peroxidation products and protects
neurons after injury (Hubatsch, Ridderstrom, and Mannervik, 1998). Calcium
signaling pathway, zinc ion binding and phosphatidylinositol signaling pathway are
associated with prognosis of epilepsy. These results may also illustrate need of further
studies to find any association between non-coding SNPs and epilepsy development
or prognosis.
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Proxy SNP affecting binding of the FOS motif rs6590986 returned with
RegulomeDB score 2a and rs2678905 has score of 2b. These both SNPs likely affect
the binding of the different motifs. As rs6590086 has bound motif FOS and Jundm2.
FOS is a transcription factor that regulates neuronal cell death and survival. Human
neuronal cell death may occur because of excite-toxicity in which excitatory amino
acids like glutamate cause neuronal cell death (Zhang et al., 2002). It is also studied in
the mice mutant model of FOS that these mice have seizures induced by kainic acid,
leading towards excitability of the neurons that ultimately leads towards neuronal cell
death. FOS is also involved in the regulation of kainic acid receptor and brain-derived
neurotrophic factor expression (Rogaev et al., 1993). Moreover, it is also a genetic
factor that regulates the mechanisms of the cells to mediate excitability and survival
of neurons. It is also involved in the fibrous dysplasia. These scores of the
RegulomeDB suggest this SNP affect binding of FOS motif that might regulate the
epilepsy pathogenesis. Jundm2 also known as JDP2 and has N-terminal domain, a
central basic region-leucine zipper domain, and a C-terminal domain. It also
transcription factor and involved in the interaction of the AP-1 transcription factor
complex (Johnson et al., 1997). While SNP rs2678905 affects binding of IPF1, Nkx61 and Pou4f3 motifs. IPF1transcription factor is involved in Diabetes mellitus and
known risk factors loci for liver and pancreatic diseases and cancers (Fajans, Bell, and
Polonsky, 2001) (Ma et al., 2008). While Pou4f3 has been associated with dominant
hearing loss (Weiss et al., 2003; Kim et al., 2013). Proxy SNP rs12596798 with
regulomeDB score of 3a affects protein motifs FOXC1, FOXC2, FOXJ2, FOXJ3 and
Brn2, rs2292095, rs2678903, rs986503 and rs572227 also came with regulomeDB
score of 3a and affects bindings of different protein motifs. Different subtypes of
forkhead proteins like FOXC1, FOXC2, FOXJ2, FOXJ3 and FOXD3 are already
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reported to be associated with complex genetically inherited diseases of eyes, brain
malformations and diabetes. All these SNPs mentioned above with RegulomeDB
scores of 1-3 predict their potential roles in epilepsy syndromes to be investigated in
near future. But the major genes in case of predicted regulomeDB score of 3a have
yet to be known and direct future goals for researchers to work on.
RegulomeDB is widely used database for variants annotation and their effects
on expression of the gene. But it also gives results of selected DNA binding elements
in some cells. 132 variants out of 288 examined variants came back with ‘‘No data,’’
score. We might not reason their contribution to the expression of the gene as
associated with Epilepsy pathogenesis.
Hereditary Spastic Paraplegia 26 is reported to cause by mutations in
B4GALNT1 gene also associated with Alzheimer’ s disease and diabetes type 1
(Boraska et al., 2009; Yamaguchi et al., 2016). The function of protein is unknown:
hypothesized as regulator of ganglioside expression. The structural insights of
B4GALNT1 protein were predicted by in-silico studies. In mammals, the protein is
reported to be conserved. we tried to investigate the structure of B4GALNT1 to
understand possible insights of the molecular mechanisms with associated disorders;
HSP26. One transmembrane domain and one signal peptide were predicted in human
B4GALNT1. Additionally, chemical and physical parameters were measured. The
aliphatic index was 92.76 showing negative factor for the augmented thermosstability of the globular protein. Different phosphorylation sites were found in the
B4GALNT1 protein when post-translational modifications were studied. When
interactions with different proteins were studied, strong interaction was shown with
GLB1 (galactosidase, beta-1), SLC33A1 (solute carrier family 33 (acetyl-coa
transporter), member 1) and ST8SIA5 (ST8 alpha-n-acetyl-neuraminide alpha-2,892
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sialyltransferase 5). Both GLB1 and SLC33A1 are reported to cause GM1gangliosidosis, spastic paraplegia 42 and neurodegenerative (Santamaria et al., 2007;
Lin et al., 2008).
These protein-protein interaction results also predict the role of B4GALNT1 in
ganglioside biosynthesis as previously reported. We also utilized computational
methods to predict the secondary and tertiary structure of B4GALNT1 protein. This
gave interesting results and effect of point mutations on predicted structure was found
not significant structural change, expect sowing the decrease in stability of the
protein. All mutations fall in conserved region of the protein residues. These
mutations might cause the functional impairments to protein reactivity or ligand
binding ability. B4GALNT1 impairments reported cause cancers and diabetes
(Boraska et al., 2009; Chen et al., 2010). Previous studies and present results
strengthen the knowledge about gangliosides roles in the neurodegenerative diseases
like HSP26.
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CONCLUSION AND FUTURE PROSPECTS
Two LD families depict heterogeneity of rare disorders in Pakistani
population. There were new phenotypic features found in the families, C and D
illustrating the potential of NGS to resolve such cases. In family F, there was
profound gap in the clinical description and disease gene mutation spectrum. It
directed us to emerging era of Clinical Genetic Diagnosis through NGS.
By use of in-silico approaches we have concluded that there are different
aspects of epilepsy syndromes to be investigated further for better understanding of
the disease. So, that we would be able to move forward for therapeutics of epilepsy
syndromes.
It is recommended to investigate the in-vivo impact of all identified mutations
on cellular functions of the respective proteins. In future, these studies would help in
establishment of clear phenotype-genotype relationship. The impact of all reported
mutations in respective families of the present study would be studied in disease
models to better understand the molecular mechanisms and further establish some
therapeutic strategies to cope the diseases. Whole Genome Sequencing is future task
to identify the mutations in the family F and G.
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Annexure 3
Table: Proxy SNPs for Reported GWAS Significant SNPs from SNAP Tool.
SNPs

Proxy

Chr.

SNPs

r2 ≥ 0.8
rs12720541

rs2475335

rs11890028

Proxy

Chr.

r2 ≥ 0.8

rs12720541

chr1

rs6683515

rs2475335

rs2475335

chr9

chr1

rs2475339

chr9

rs10911952

chr1

rs2498612

chr9

rs1474590

chr1

rs2475349

chr9

rs7519192

chr1

rs1322147

chr9

rs4651343

chr1

rs12744221

rs12128551

chr1

rs1490157

rs1490157

chr3

rs12720662

chr1

rs12491351

chr3

rs12144159

chr1

rs9839129

chr3

rs4650708

chr1

rs11710743

chr3

rs7555140

chr1

rs9881055

chr3

rs2475335

chr9

rs986503

chr3

rs2475339

chr9

rs4298061

chr3

rs2498612

chr9

rs9828403

chr3

rs2475349

chr9

rs72698613

rs1322147

chr9

rs11861787

rs11861787

chr16

rs11890028

chr2

rs11865847

chr16

rs13004083

chr2

rs12934978

chr16

rs10167228

chr2

rs11077309

chr16

rs4667867

chr2

rs12919774

chr16
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rs2841498

rs10930201

chr2

rs12596798

chr16

rs3812719

chr2

rs12918041

chr16

rs1461193

chr2

rs12920180

chr16

rs13421166

chr2

rs143536437

rs7580482

chr2

rs2172802

rs2172802

chr4

rs7574618

chr2

rs35550109

chr4

rs6432860

chr2

rs10018746

chr4

rs2126152

chr2

rs1846161

chr4

rs7601520

Chr2

rs2298771

chr2

rs11936885

chr4

rs4667862

chr2

rs2884771

chr4

rs2114760

chr2

rs7695783

chr4

rs1841547

chr2

rs6852150

chr4

rs2390322

chr2

rs17026528

chr4

rs1834840

chr2

rs2601828

rs2601828

chr16

rs536744

chr2

rs61670327

rs10063962

chr5

rs565348

chr2

rs771390

rs771390

chr1

rs577306

chr2

rs771400

chr1

rs545238

chr2

rs928693

chr1

rs567652

chr2

rs12028676

chr1

rs10497280

chr2

rs111577701

rs17744737

chr2

rs39861

rs39861

chr5

rs11884723

chr2

rs30731

chr5

rs2841498

chr9

rs258090

chr5

rs10030601
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rs2717068

rs2841494

chr9

rs28636

chr5

rs717817

chr2

rs346291

rs346291

chr6

rs3886275

chr2

rs1044352

rs1044352

chr4

rs13002041

chr2

rs16884451

chr4

rs2678910

chr2

rs4692500

chr4

rs1518395

chr2

rs1463847

chr4

rs6732310

chr2

rs16884471

chr4

rs2312147

chr2

rs16884473

chr4

rs2717054

chr2

rs7671046

chr4

rs2717055

chr2

rs1827141

chr4

rs1402398

chr2

rs3857021

chr4

rs2717018

chr2

rs535066

chr4

rs2683620

chr2

rs567926

chr4

rs1474215

chr2

rs561779

chr4

rs2717071

chr2

rs566776

chr4

rs12991325

chr2

rs517350

chr4

rs10166481

chr2

rs571576

chr4

rs13026830

chr2

rs534787

chr4

rs11898858

chr2

rs504696

chr4

rs10865304

chr2

rs572227

chr4

rs10496079

chr2

rs573400

chr4

rs7561842

chr2

rs522636

chr4

rs12990792

chr2

rs534459

chr4

rs2683634

chr2

rs554112

chr4

rs535066
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rs2678908

chr2

rs526805

chr4

rs2678905

chr2

rs537134

chr4

rs2717001

chr2

rs540363

chr4

rs2678903

chr2

rs1440133

chr4

rs2717002

chr2

rs502038

chr4

rs2465804

chr2

rs505474

chr4

rs2678880

chr2

rs548583

chr4

rs6545677

chr2

rs573935

chr4

rs2717076

chr2

rs543809

chr4

rs2953439

chr2

rs519869

chr4

rs10496078

chr2

rs10010493

chr4

rs1460255

chr2

rs279873

chr4

rs1402399

chr2

rs279867

chr4

rs2953441

chr2

rs279864

chr4

rs2717048

chr2

rs450571

chr4

rs6730037

chr2

rs1808851

chr4

rs2290867

chr2

rs279858

chr4

rs10496076

chr2

rs203656

chr4

rs2678901

chr2

rs279857

chr4

rs2717063

chr2

rs279856

chr4

rs2717023

chr2

rs279852

chr4

rs2717024

chr2

rs279851

chr4

rs2678889

chr2

rs532363

chr4

rs2717031

chr2

rs2083422

chr4
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rs2717036

chr2

rs183962

chr4

rs1401100

chr2

rs279843

chr4

rs2717040

chr2

rs279836

chr4

rs1568253

chr2

rs279837

chr4

rs6722461

chr2

rs279839

chr4

rs279840

chr4

rs492146
rs375872

chr6

rs279842

chr4

rs449690

chr6

rs279841

chr4

rs428957

chr6

rs279828

chr4

rs426169

chr6

rs189957

chr4

rs387853

chr6

rs10805145

chr4

rs419129

chr6

rs488447

chr4

rs405729

chr6

rs10496964

chr2

rs375887

chr6

rs17690892

chr2

rs316135

chr6

rs17741930

chr2

rs316128

chr6

rs1346343

chr2

rs385636

chr6

rs2162571

chr2

rs584124

chr6

rs4662386

chr2

rs612483

chr6

rs7565134

chr2

rs384505

chr6

rs1035837

chr2

rs12987787

rs10496965

chr2

rs55670112

rs767381

chr2

rs10496964

rs1453018

chr5

rs1427500

chr2

rs4618419

chr5

rs1427507

chr2

125

Annexures

rs7587026

rs12059546

rs4292441

chr5

rs12691696

chr2

rs11241298

chr5

rs6731249

chr2

rs10478214

chr5

rs7587026

chr2

rs4794321

chr17

rs10930205

chr2

rs12951323

chr17

rs6731869

chr2

rs1986693

chr17

rs580041

chr2

rs16953461

chr17

rs6432879

chr2

rs16954204

chr17

rs11896706

chr2

rs498918

chr2

rs16884473

chr4

rs13406905

chr2

rs1827141

chr4

rs11692675

chr2

rs3857021

chr4

rs557222

chr2

rs16884451

chr4

rs10188577

chr2

rs1044352

chr4

rs10168027

chr2

rs4692500

chr4

rs11691603

chr2

rs1463847

chr4

rs12059546

chr1

rs1827140

chr4

rs1110615

chr1

rs10003037

chr4

rs11935515

chr4

rs72823592

rs28498976

rs1939012
rs1940475

chr11

rs4580617

chr4

rs6590983

chr11

rs16884471

chr4

rs3765620

chr11

rs7587026

chr2

rs11225395

chr11

rs10930205

chr2

rs1939013

chr11

rs6731869

chr2
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rs3758857

chr11

rs580041

chr2

rs10750653

chr11

rs6432879

chr2

rs6590986

chr11

rs11896706

chr2

rs498918

chr2

rs2947349
rs2292096

rs2292096

chr1

rs13406905

chr2

rs2292095

chr1

rs11692675

chr2

rs12733378

chr1

rs557222

chr2

rs2275193

chr1

rs10188577

chr2

rs16830092

chr1

rs10168027

chr2

rs2275194

chr1

rs11691603

chr2

rs16847251

chr1

rs13026414

chr2

rs10494818

chr1

rs13012916

chr2

rs6658596

chr1

rs16847180

chr1

rs6660197

chr1

rs12742404

chr1

rs13026414

rs6732655
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e-References used in the study.
https://www.mayoclinic.org/diseases-conditions/epilepsy/diagnosis-treatment/drc20350098
http://www.who.int/bulletin/volumes/90/6/12-020612/en/
https://github.com/denovogear/denovogear),
(http://frodo.wi.mit.edu/primer3/)
(http://www.ensembl.org/Homo_sapiens/Info/Index?db=core)
http://www.broad.mit.edu/mpg/snap/.
http://www.regulomedb.org/
http://www.uniprot.org/
http://www.cbs.dtu.dk/services/SignalP/
https://www.ch.embnet.org/software/TMPRED_form.html
(http://www.cbs.dtu.dk/services/).
https://web.expasy.org/protparam/
https://string-db.org/
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