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ABSRTACT

Intellectual disability (ID) is a neurodevelopmental condition affecting 1-3% of the world’s
population. Genetic factors play a key role causing the congenital limits in intellectual
functioning and adaptive behavior. The heterogeneity of ID makes it more problematic for

genetic and clinical diagnosis. NGS facilitates the diagnosis of ID families.

To accomplish the research objectives of the smdy, 10 autosomal recessive ID families were
analysed. Total numbers of samples were 60, out of those samples 19 were affected individuals.
All ten families’ probands were tested for FMR1 mutation. after exclusion of fragile X
syndrome, WES was performed to identify, pathogenic variants, and small insertion/deletons
on the affected individual of these families. Analysis of WES results in probands from MR-6
and MR-9 identified potential candidate gene causing [D. In family MR-6, SLITRK3 gene was
sharing homozygous truncated mutation (p.E606X) on chromosome 3, in all three affected
individual reported to be involved in synapse and neurotransmitter, In family MR-9 SDCBP?
gene also known as syntenin 2 gene sharing homozygosity among all affected probands.
However, in both these families functional experiments are in progress to confirm these
findings. In family MR-4 WES sequencing analysis identified novel missense mutation
(p-P202L) in VPS33, a gene previously reported for ID. as the likely caose of ID in this farmly
as well. The mutation was observed in both affected sibling and obligate carriers but not in
healthy member of the family or in the population controls (n=100). In Family MR-5, novel
missense homozygous mutation (p.R545C) in NARS gene at chromosome 18 involved in D
was observed in the affected sibling but not in healthy sibling. Family MR-7 exome analysis
was performed a novel missense variant (p.H440Y) in GLB/ gene on chromosome 3 was
identified and the mutation impact was checked through in-silco analysts and mutation was
further conformed by using segregation analysis of the family. All the affected siblings were
homozygous and healthy sibling have normal allele. Family MR-& WES analysis was
performed after the data filtration and bioinformatics analysis a novel autosomal recessive
missense mutation {p.T320K) in MLCJ gene was identified on chromosome 22. WES analysis
of two families” (chapter 10) resulted mutation (¢.T2C; p.MIT) in SEPSECS gene at
chromosome 4 disturbing start codon. SEPSECS gene mutations have been associated with

Xiv



delayed development and ID. In families AS105 and AS110, novel nonsense variant (p.Q863X)

was identified in PIDD/! gene on chromosome 11 by using whole exome sequencing.
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Chapter 1: Introduction

Brain is the control center of our whole body. Our brain consists of three different parts and each
parts has specific role. Cerebrum composed of left and right hemispheres and it is largest part of
the brain. Cerebrum performs higher function like vision and hearing, speech and control of
movement. Cerebrum also play role in thinking planning and understanding the language. The
second part of the brain is cerebellum, Cerebellum has important role in balance, motor control
but also involved in emotional functions. The third part of the brain is brainstem. Brainstem
consists of midbrain, pons and medulla. These parts has role in breathing maintain body
temperature and also perform wake and sleep functions. Our brain is connected with our body
through spinal cord. Midbrain, hindbrain and spinal cord make central nervous system by (Miller
et al., 2008). Nervous system is made up with specialized cells known as neurons and supporting
cells known as glia cells. Neuron receive signal from sensory organs and transmit these signal to
the targeted organs. Signaling pathways of neurons connected through nervous system. It consists
of central nervous system (CNS) and peripheral nervous system (PNS). CNS comprised with
brain and spinal cord, brain and CNS controls the body and regulates diverse function including
organs in the body (Fitzgerald and folran, 2012). Genes controlling neuronal and brain

functioning, variations in these genes Ieads to certain brain anomalies.

Intellectnal disability is heterogamous group of genetic disorders described as significant
impairments in intellectual and cognitive functioning, adaptive behaviour which occurs before
<18 years of age (Palmer ef al., 2014). 1D is also defined as an overall mielligence quotient 1Q
score lower than 70, associated with low functioning in adaptive behavior, such as social
communication and daily life skills (Varcarolis, 2016). [D has emotional impact and affects | to
3% people in the world with higher prevalence in less developed nation as compared to
developed countries (Maulik ef al., 2011; Musante and Ropers, 2014). The prevalence ratio of
neurodevelopmental disorders slightly higher 1n less developed countries due to limited resources
causing malnutrition in children and poor health facilities of the countries are the factors of ID.
Consanguineous marriages is a contributing factor of the higher prevalence ratio of ID in
Pakistan, Iran, Sadie Arabia, Nigeria and money other countries (Mokhtan and Bagga. 2005;
Ropers and hamel, 2005). ID diagnosis is difficult because of its heterogeneity. ID diagnosis

involved clinical examination of the patients, including medical history. birth defects, medical
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history of the probands and [Q assessment. The child’s with profound [D are identified in the first
two years of age because they fail to achieve normal motor development. The most commonly
used IQ test distinguishes two main categories of ID, patiént with mild [D 1Q range between 50
and 70, and severe ID with an IQ below 50 (Chelly es al., 2006). Clinician also performs
neurological examination CT scan or MRI to detect structural malformation of the brain
(Moeschler and Shevell, 2014). The genetics etiology of ID is highly heterogencous, large
chromosomal abnormalities, submicroscopic copy number variants, and most severe forms
occurs when mutations arises in single genes (Peron er al., 2013: Musante and Ropers, 2014).
The causes of majority ¢ases of ID unknown and known factors of ID includes environmental and
social factors, malnutrition, chemical and radiation exposures, multiple pregnancies, postnatal
infections and insufficient medical facilities (Riaznddin et @l., 2017; Harripaul ef al., 2018). The
remaining 50% ID patients are associated with inbred background of which 10-12% are X-linked
ID, the remaining are thought to be caused by the autosomal dominant and autosomal recessive
ID, as well as chromosomal abnormalities (Ropers and hamel, 2005; Hu et a/., 2016). Intellectual
disability divided in syndromic and non syndromic types. Syndromic-ID is linked with multiple
characteristics and newrological abnormalities while non-syndromic forms have no additional
features. Non-syndromic x-linked ID extensively studied in the past few years (Chiwrazzi ez al.,
2008). X-linked ID is more prevalent in male as compared to female (Ropers and Hamel, 2005).

So far 140 x-linked genes have been reporied causing x-linked ID in male (Schirwani et al.,
2018; Neri et al., 2018). Recently 405 families with x-linked ID investigated through exom
sequencing. Exome sequencing of these families reveals 7 novel x-linked ID genes in 19 families
(Hu et al., 2016). Genes with autosomal recessive traits appear to be more commen for causing
non syndromic ID in consanguineous population. On the basis omim and SysID database
(http://sysid.cmbi.umen.nl/) 399 genes causing antosomal recessive ID. Before 2006 only three
genes show linkage with autosomal recessive ID these genes are CC2D/A, CRBN and PRSS12
(Basel-Vanagaite ez al., 2006). Afierwards a large scale comprehensive sequencing approach was
used to report novel pathogenic genes and variants in extended families. These studies farther
elevated through NGS methods. In the vears of 2011, homozygosity mapping and WES
sequencing was carried out on multiple inbred families with autosomal recessive ID. In this study
through next generation sequencing twenty three reported and. fifty novel candidate genes

reported with autosomal recessive ID (Najmabadi er al., 2011). Multiple Sandi Arabian
“
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consanguinsous families with different neurological disorders was studied and exome sequencing
of resulted thirty three new candidate genes involved in different neurological disorders,
(Alazami et al., 2015). WES analysis of large group of kindred Pakistani families with ID shows
30 novel candidates’ genes and 30 affecting reported ID gene in 60 families, (Riazuddin et-4l.,
201°7).

%
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2. PROBLEM STATEMENT

Intellectual disability is a disorder of mental health. People who suffer from intellectual disability
have moch more difficult than others in leaming new things, and understand the concepts, face
problem solving difficulties, concentration and memory. Thus, they need additional support to
learn and achieve their full potential, People with ill mental health have the same rights and
responsibilities as other members of the society.

The research is focused on the families based study at genetic level to identify the responsible
genes involved in intellectual disability. Pathogenic variants affects genes and these affected
genes leads to diseases, new born child’s inherits these diseases from parents, errors oceurs in
genes due to unknown reasons. Examples of genetic diseases are Autosomal recessive intellectual
disability in inbreeding families.

3. OBJECTIVE OF THE RESEARCH WORK

In this research study, probands selected from Pakistani families with intellectual diszbility
underwent clinical diagnosis of ID. The research project covered probards discase inheritance
pattern, phenotypes of the patients and genetic testing for the correct diagnosis.

Objectives of the work:

3.1 To identify the gene(s) involved in the Intellectnal Disability
3.2 To determine the putative variables segregating with disease
3.3 Mutational analysis through bioinformatics determie the mutation impact

eSS TEE—sss———————
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Chapter 2: Review of Literature
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Chapter 2: Review of Literature

2.1  Classification of Neurological Disorders

WHO gives classification of all known human diseases including the genetic disorders of nervous
system and central nerves system (CNS). All mewmber state of WHO agree io use the international
classification of diseases. Person cognitive functioning assessed through 1Q test. Normal IQ level
is above 70, mild IQ level range between (IQ: 50-70) and sever IQ level range between (IQ: 20-
40) (WHQ, 1993). The etiology of 1D is genefic, non-genetic and environmental. Poverty
malnutrition and use of aleohol alse contribute to the disease, ID caused by enviromnental factors
such as chemical/bio hazardous ageuts, exposures to chemicals at the time of pregnancy for
example direct contacts with radiations that may cause ID. Another reason, such low neutrinos
diets, cultwral deprivation towards female child’s, and disease during childhood including
measles, meningitis, head injury and environmental toxins also cause nerve damages and stop
growth of the nervous system, leading to ID (Winnepenninckx er ¢/., 2003). Mutation in single
genes prenatal birth of child and abnormalities in chromosome also leads to intellectual disability.
The etiological factor of ID is very broad and shown in Figure 2.1. Multiples Genetic factors
involved in pathogenicity of disease such as epigenetic changes, a number of factors including
obesity, high fasting glucose and many other metsbolite, repeat of genetic codes and disease of
mitochondria (Mclaren and Bryson, 1987). A core group of 40 non syndromic autosomal
recessive ID gene(s) identified (Musante and Ropers, 2014), through the integration of new genes
may be derived from path of these essential 40 known genes. Through this identification it will
possible to understand the mechanisms involved in intellectual fimctioning of brain (Les ef o,
2012). Environraental factar such as pollutants zlso play rofe in ID and excessive use of alcohol
also play,

h
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2.2 Diagnosis of Neurological Disorder

The diagnosis of Intellectual Disability is two steps process, in first step a detailed clinical

evaluation is performed and the 2nd step is based on genetic testing ¢.g whole exome sequencing.

2.2.1 Clinical Finding of Intellectual Disabiliry

Clinical findings of ID are very complex, mulidiscipliary approach applied for the diagnoses.
Diagnoses are based on family clinical records, birth history and complication during birth and
family pedigree. Diagnosis also based on assessment of 1Q level of patient. One third of
diagnoses were conformed on the bases of clinical history in ID patient. Those Patients who are
not diagnoses on the bases of clinical and physical examination but clinical and physical
examination provide first step for further investigation to conform the ID in patients.
Examinations of ID patients are based on MRI and CT scan tests deteet gray matters and atrophic
changes in certain part of the brain. Both the test result scans of the brain are taken to check the
changes in brain and certain structural malformation also observed through MRI (van Karnebeek
et al., 2005). Automated pattern recognition system also used to identify neurological condition.
Patient with neurological disorders also have gait disturbances (Stolze er a/., 2004). A neural
network constructed to observe the changing pattems of certain part of brain when observed
against wild type brain image (Brandt e al., 2012).

2.2.2  Genetic Screening

Genetic testing of ID first step involves identification of defects at chromosomal level that cause
several types of neurological anomalies. Linkage analysis, chromosome analysis, copy number
variation (CNVs). duplications and translocation mapping are performed on the bases of clinical
observation. Chromosome-banding method also knows as Cytogenetic technique performed for
chromosomal screening, multiplex amplifiable probe hybridization and in situ labeling also nsed
for chromosomal screening (Xu and Chen, 2003). Comparative genomic hybridization method
applied to study the chromosomal copy number variation. [t provides sufficient information about
chromosomal changes including chromosomal losses and gains covering the entire genome

(Weiss ef al., 1999). Telemetric rearrangement of chromosomes also associated with Intellectual

e e |
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disability (ID). Telomere region deletion cannot be detected through conventional cytogenetic
technigues. In situ labeling prints a new technique used to detect telemetric changes in ID
patients (Bonifacio er al., 2011). In recent years advanced techniques replace the conventional
identification methods for the detection of genetic disorders. Microarrays used for the analysis of
whole genome for copy no changes to find our deletion and duplication (Conghlin ez ai., 2012).
Exom sequencing used for large cohorts which outcomes help detection of new loci involved in

neurological disorders (Riazuddin et al., 2017).

2.3 Chromuasomal Aberration

Genetic cause of ID was established for many years on the basis of identification of Down
syndrome as & chromosomal abnormality. Intellectnal research is to focus on to find out smaller
chromosomal abnormalities that are linked with intellectual disabihty disease (Raymond and
Tarpey, 2006). Chromosomal aberrations are responsible for ID cases. Changes at chromosomal
level include numerical changes, partial changes and micro-deletions (Curry ef al., 1997).
karyotyping analysis and FISH technique only find out up to 10% cases of itellectual disability
(Stankiewicz er al., 2007).

2.3.1 Numerical Aberration

A numerical chromosomal defect occurs due to monosomy or polyploidy in either cases deletion
or addition of chromosomes from the normal set of 46. Chromosomal aberrations are detected by
counting the chromosomes and arranging them in to set of nommal 46 from blood cells under a
microscope. Polyploidy are limited to Patus and Edwards syndromic condition known as trisomy
13 and trisomy 18. Down syndrome is major source of ID. Patau’s syndrome and Edwards’
syndrome have some common characteristic. Patan's and Edwards syndrome affected patient and
children severely mentally retarded and died at some stage after birth. Chromosome 13. 18 and
21 contain less no of genes than any other chromosomes in genome, these three genes are gene
poorest chromosomes in genome. Autosomal chromosome with monosomy is very fatal at the
embryonic stage of life by (Winnepenninckx et af., 2003). The main focus is to know the
molecular mechanism and to make available better treatment for the patients and their families.

Karyotyping analysis of the chromosomes gives clear picture of deletion or addition of 5 to 10
. ____ . |
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Mb genetic material from chromosomes. Gain or loss of short segment of DNA leads to
developmental abnormality during embryonic stage (Barber, 2003).

2.3.2 Microdeletions

During the early 1990 microdeletions of the genome only detected with fluoresconce m sitn
hybridization (FISH) and Microdeletions cannot be detected with visible light microscopy. Some
common microdeletion syndrome also detected with in site hybridization (FISH) and these
syndromes are Williams and Prader Willi deletion symdrome. These syndromes are also
associated with ID (Raymond and Tarpey, 2006). Cytogenetic analysis leads to identification of
loss 7.50 Mb chromosomal locations 18q?, similarly deletion of copy no in the TCF4 gene
causing [D in eight year girls with microcephaly, slow development of motor skills and
stereotypical movements of hands. The deletion ocours during the developmental stages and
clinical syatptom disturbing many organs, founds in Pitt Hopkins syndrome (OMIM: 610954)
(Stavropoulos er al., 2010},

2.4 Abpormalities in Single Geries

Single gene disorders are classified on their heredity pattern. Different type of inheritance pattern
causes mutation in single gene for example x-linked diseases. Gemes thal cause diseases
identified on the bases of familics study. Antosomal dominant pattern of disorder ig more lethal
and unlikely to appesr in the population. New mutation arises from diseased genes and discase
gene therefore dependent of the new mutation rate for autosomal dominant type. of inheritance.
Novel genes identified from the screening of individuals with ID. Some deletion and point
mutation analysis in single gene that is ample to originate the disease phenotype for example
Smith-Magenis syndrome (Slager er al., 2003). Linkage analysis is use to identify causes of
autosomal recessive intellectual disability in inbreed families. Significant oumber of mtosomal
recessive genes involved to cause Intellectual disability, the reporting of these new genes has
been slow. Homozygosity mapping is method to report novel genes that causing autosomel
recessive ID for the identification of the new genes families with autosomal recessive candition
are required (Basel-Vanagaite er al., 2006).

—_—— e = =
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2.4.1 X-linked Intellectual Disability

X-linked genes acconnts for 10-12% of the male with ID (Ropers and Hamel, 2005). X-linked ID
is a common in male's population, clinically and genstically heterogeneous disorder. Genstic
defect was reporied in NLGNY (neurcligin 4, X linked; OMIM 300427) and NLGN3 (neuroligin
3; OMIM 300366) in two brother that are linked with ID and sutism, (Jamsin ef g, 2003). After
2007 several nove! genes linked with X-linked ID reported in literatures so for. HUWE! 1 novel
micro duplication reported on chromosome Xpl1.22 in six unrelated families with X-linked ID
with (MIM 300697), This study shows that HI/WE! point mutations are linked with X-linked ID
(Faryen ef al., 2008). During the last decades miore than 140 X-chromosome ID have be reported
and identification of these genes suggests that further genes or loci are yet be identified (Hu efal.,
2016).

2.5 Autosomal Recessive [D

Autosomal recessive II) is common but causative genes, genotype—phenotype correlations are not
fully understood. The heterogeneity of ARID and non-syndromic conditions marks it problematic
fo categories many families with similar genetic defect in order to achieve proper classification of
ID (Marangi ef l, 2013). ARID ariscs in both syndromic and non syndromic condition.
Syndromi¢ type is linked with neuwrologic and skeletal disorder. Non-gyndromic. type causes
leaming disability, cognitive problems and intellectual dysfuctioning. Genes linked with non-
syndromic types under studies to understand the normal variation in intelligence. When mutation
arise in non-syndromic ID genes then these gene can create difference in learning ability without
the existence of neural aberration. Distinction in IQ is linked with mutated genes causing
varlations in cognifive functioning. It is possible to compare mutated genes that causing ID with
wild type gemes to check the IQ of probands. More than 40 genes are associated with
nonsyndromic ID (Musante and Ropers, 2014). On the basis of OMIM and SIS ID data bases
{http://sysid.cmbi.umen.nl/) so far 399 genes reported involved with autospmal recessive ID.

2.5.1 PR§S12 Geue

PRSS12 OMIM no (MIM# 606709) is the first reported gene also known as Protease serine 12,
which is invojved in autosomal recessive ID identified in an Algerian family. PRSS/2 pene has
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total {13) exon, and this gene is mapped on chromosome 4q26. PRSSI2 gene expresses serine
protease neuro-trypsin, which function in neuwronal growth. Mutation in this gene causes
autosomal recessive non-Syndromic ID. In situ hybridization studies of neuro-trypsin was
checked in human fetal brain and elevated level of gene expression was observed in period of 3
month of gestation, Few base-pair deletion in exon seven of PRSS]2 gene was observed in all
affected proband with homozygous condition. All the patients in early two years of life were
normal growth and development afier two years neurological deterioration was observed in
patients and their IQ was than below 50, and these children effected with ID (Molinari et al.,
2002).

2.82 CRBN gene

The (CRBN;, MIM: 609262) pene was mapped in consanguineous German with non syndromic
ID. Genes encodes ATP- dependant cereblon that is role in expression and assembly of Ca2+-

activated K+ channels which control neurol excitability (Jo ez al., 2005).
252 CC2DI4 gene

The (CC2D1{A; MIM: 610055) gene was reported in consanguineous family that is responsible to
cause NS-ARID. This gene contains 31, exon and mapped on chromosome 19p13 and express C2
domain protein, | A protein. Mouse brain embryos encode CC2D /A4 protein. Frame shift mutation
caused loss of 3589 base pairs starting from non-coding region intron 13 and stopping at intron
16 of CC2D1A gene leads to stop codon and truncated protein sequence was observed in all
affected individual (G408fsX437) (Basel-Vanagaite ef al., 20006).

2534 MED23 Gene

The MED23 (MIM: 605042) gene 15 a mediator complex and regulate expression of protein
coding gene. This gene contains 29 exon and located on ¢chromosome 6q23.2. Missense mutation
reported in this gene (p. R617Q) show co-segregation with non-syndromic autosomal recessive
ID. A transcriptional defect of this gene was apparent when cell obtained from proband with

neurological diseases (Hashimoto ez al., 2011).

235 TRAPPCY Gene
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TRAPPCY (MIM # 611966) gene is located on chromosome 3g24.3. Study of conssnguineous
Israeli Arab family, brain scan examination of probands displays malformations in axonal
connectivity, Through homozygosity mapping a new genetic locus has been mapped for
autosomal-recessive II} in this study loss of fanctional variation R475X in exon 7 at nucleotides
position ¢.1422C>T was reported from threz girls. This study show imporiant roles of TR4PPCY
in human brain development defects (Mochida er al., 2009). Variant was reported in TRAPPCY
gene in an extended consanguineous Pakistani family (Mir ef d¢f, 2009). Novel pathogenic
variants were identified in two Kalian sisters causing gene loss of function (Marangi et af. 2013).

2.5.6 TECR Gene

TECR gene with OMIM no (MIM # 610057) it located on chromosome 19p13. A missense
variant {p.P182L) was reported on exon & of TECR gene. Reported mutation change the amino
acid Jeucine with proline at amino acid position 182 in ZECR gene (Caliskan ef al., 2011).

2.5.7 MANIBI Gene

MANIB} gene OMIM no (MIM # 604346) was mapped on chromosome 9q34,3 and reported
from Iranian and Pakistani families. The MANIBI gene encodes enzyme associated with
development of glycan’s in secretory pathways. In this gene missense mutation was reported at
nucleotide position (c.G1189A) in 3 families from Pakistan (Rafiq e 2/, 2011). Stop codon
variant identified in two patienis (¢.G1418A) were botne in inbred Pakistani family (Rafiq et al.,
2011).

258 TUSC3 Gene

TUSC3 gene OMIM no (MIM# 601385) mapped on chromosomal pesition 5122, This gene fonn
protein that performs several function magnums uptake and function in embryonic development,
Nenctotide variant in this genes are causing (ARID) autosomal recessive intellectnal disability
(Garshasbi er af., 2008),

%
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1589 §ST3GALSZ Gene

ST3GAL3 (MIM: 606494) gene mapped on chromosomal position 1p34. ST3GAL3 gene locus
MRT4 previously identified to associate with autosomal recessive ID. It encodes protein beta-
galactosidase-2, 3-sialyitransterase-Il and this protein found in golgi membrane. This protein is
responsible for attaining and maintaining higher cognitive functions. Two different variants
reported in two families from Iran by using next generation sequencing. Iranian family with [D
identified with a homozygous mutation in exon 14 ¢.1108G-T reported (Hu ef /., 2011).

2510 SEPSECS Gene

SepSecS gene (MIM: 613811) located on chromosome no 4p15.2 play role in the production of
SepSecS enzyme. SepSecS enzyme help in the formation of tRNA, it’s required for the formation
of protein selenocysteine (Sec). Selenocysteine protein plays important for the fonction of
neurons and important for the normal bramn development. Mutation in SepSecS gene causing
profound mental retardation first time reported in two probands of Jewish Iraqgi ancestry (Ben-
Zeev et al., 2003). Mutation p.Y334C and compound heterozygous mutation p.A239T causing
intellectual disability and pontocerebellar hypoplasia type reported in patients of Iraqi and
Moroccan ancestry (Agamy et al., 2010}, Sepsecs gene mutation p.N489V was reported in Jordan
family causing Intellectual disability {Makrythanasis et al., 2014).

2511 GLB?! Gene

GM1 gangliosidosis (MIM# 230500) located on chromosome 3p22.3, is a lysosomal storage
disorders of the GLB! gene (Suzuki, 1995; Caciotti er al., 2005). The prevalence of GM
gangliosidosis is 1 in 100,000 to 300,000 at birth (Regier and Tifft, 2013). GM gangliosidosis
classified into four distinct types. Type 1 (MIM: 230500) GM1 gangliosidosis invoived with
cardiac involvement, early age of onset, hypotonia. Type 2 (MIM: 230600} disease phenotype
characterized by slow progress of neurodegeration, seizures, muscle weakness. Type 3 (MIM:
230650) GM gangliosidosis less severe than type 1 and 2 (Callahan, 1999; Suzuki er af., 2011).
Morquio B (MIM: 253010} disease occurs due to the lack of B-galactosidase and it is an allelic
from of GM1 ganghosidosis (Sohn ef al,, 2012). Morquio B phenotypically characterized by

cardiac involvement, manifest skeletal anomalies augmenied urinary secretion of keratan sulfate,
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no sign of CNS involvement is appeared (Suzuki ef ¢/, 2011). GMI gangliosidosis caused due to
the storage of GM1 gangliosides and glycol-conjugates in the central nerves system {CNS). To
date;, total 185 variants were reported in GLBJ gene (www.hgmd.cfac.ok).

1512 MLCT

Megatencephalic lenkoencephalopathy (MECI} (MIM: 604004) located on chromosome
22¢13.33, autosomal recessive disorder with disease occwrrence ratio 1 out of 7,663. MLCI
characterized by macrocsphaly, slow start of neural indicators with ataxia, late decline of
cognitive functioning and mild intellecinal degeneration (Van der Knapp e al., 1995; Leegwater
et al., 2001; Bonkowsky et al., 2010). MLC1 probands MRI test shown sub-cortical cyst in the
frontal temporal area of the brain (Van der Knapp et al,, 2012). MLC! occurs due to the defects
in MLCI (Topen et al., 2000) and GlialCAM (Lopez-Hemandez ez ai., 2011)., It encodes amino
acid and contains 8 Tran’s membrane domains. MLC] gene regulates water and ions homeastasis
10 control the flow of fluids into cells to strength the cell adhesion in brain cells (Brignone ef al.,
2015).

2513 ¥PS53

VP553 geno (MIM: 61585]) located on chromosome 17p13.3, is a part of golgi associated retro
grade protein (GARP) complex and function as tethering molecule between tans golgi network
and endosome. Complex function to transport lysosomal from late ensomes to the TGN,
retrograde sorting receptors degrade the retrograde vesicles and act as recycling machinery in
TGN (Siniossoglou and Pelham, 2001; Comibear et g, 2003; Pérez-Victoria et al,, 2008).
Accumulations of lysosomal vesicles lead to the swelling with in the TGN due to dysfuctioning
of tethering between lysosomal vesicles anid GARP complex (Liewen ¢t al., 2005). The disease
causing mechanism for FPS53 mutation leading to the PCH? disorder is poorly understood. So
for only two mutations of ¥PS53 gene are reported in literature that causing PCH2,

2.5.14 NARS

m
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NARS gene (OMIM: 108410) belongs to group of enzyme known as aminoacyl-tRNA synthetase.
These enzymes involved in the formation of protein to provide energy to tRNSs with their
associated amino acids. Aminoacyl-tRNA synthetases (ARSs) highly expressed to ensure the
correct translation of genes into proteins (Rajendar ez g/., 2018; Lee ef al., 2018). ARSs enzymes
have very important function and it is highly expressed enzyme, but mutation in ARSs gene lined
with various human diseases including this gene have been associated with combined oxidative
phosphorylation deficiency (Meyer-Schuman, and Antonellis, 2017), like mutation in YARS can
cause. charcot marie tooth disease type c is a non-canonical function (Jordanova er al,, 2006).
Variants in the tRNA synthetases gene have been linked with diseases including mitochondrial
myopathy (YARS2? [MIM 610957]), deafness (LARSZ [MIM 604544]), Jerikoencephalopathy
(MARS2 [MIM 609728]) (Oprescu & al., 2017).

2.7 Antosomal Dominant ID

ADID is the most common due to genetic defects at the time of birth, Some CNV (copy-riumber
variations) are also leads to intellectual digability. Genetic disorders such as tuberous sclerosis,
neurofibromatosis and myotonic dystrophy were associated with autosomal dominant intellectual
disability (Nelson, 2010), causes of non-syndromic autosomal dominant ID is not fully
understood yet. Methyl binding domain 5§ gene (MBDS5; MIM: 611472) on chromosome 2¢23.1 is
associated with amtosomal dominant ID. SNP microarray analysis of this gene shows a 200Kb
delétion remove 6 exon from female, with sandal-toe and epilepsy (Wagenstaller ef af,, 2067).
AD imtellectual disability genes on chromosome 6p21.3 contain (SynGAP]) that activate synapse
(Hamdan ef al., 2009). SYNGAPI {(MIM: 603384} encodes SynGAP, part of the NMDR.
complex was first checked because of hetetozygous mutations in SynGAP were identified in
mouse models and experimental data shows having trouble with talking and learning (Hamdan et
al., 2009). Variants in (SHANK2; MIM: 603290) have been reported in autosomal dominant ID,
Patients with autosomal dominant ID also observed with autistic features, Variants in SHANK2
on 11q13 reported through CNV analysis and gene sequencing method on large autism and
antosomal dominant ID causing families (Berkel ef &l., 2010,

T e ——
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2.8 Metabolic Causcs of Intellectnal Disability

The metabolic causes of ID are not fully understood. Nonnal brain functioming is also not fully
understood yet and the defects of brain also not fully understood. In some disorders, the
functioning and pathways are known for example phenylketonuria (PKU) but the brain disqrders
functioning are not known so for. The result for treated PKU, galactosemia, homocystinuria, and
Iysosomal disorders is not fully successful, Less familiar disorder with seizure including partial
assembly of serine or creatine, harmful glucose carriage into the hrain, defects causing
malformations, includes Smith Lemli Opitz (SLO) syndrome and the congenital disorder of
CDGs (glycosylation) play important role in delayed growth and developmental. Rare diseases
with seizures or without seizures and disorders with deformities may primarily assume to be
generic condition cansing delayed development. Metabolic brain imaging magnetic resonance
spectroscopy (MRS) also shows the map of biochemical abuormality within the brain (Kahler and
Hahey, 2003). Many disorder originated due to abnormalities in the mitrochondrial genome for
example Urea Cytle Disorders (Rohrbach and Clarke, 2007). Recently 2 study was performed on
213 patients with neurometabolic disorders and the patients were diagnosed percentage wise
majority of the patients were male (54.3%). More than 71.4% of parent's patieals with
neurometabolic disorders were bom in consanguineons marmriages. More than 85% patients
identified with developmental delay and 55% of patients suffering with different types of
seizures. More than 200 patients with multiple neurometabolic disorders were diagnosed
(Karimzadeh et al., 20156).

m
Muhammad Ilyas, Reg. No. 46-FBAS/PHDBT/F15 Page 18







Mapping Autosomal Recessive Intellectual Disability in Consanguineous Families
sl e ———

Chapter 3: Materials and Methods

3.1  Ethical Approvail

The research work was carried out under the ethical standards and assent by the board of
advanced studies and research (BASAR) International Islamic University Islamabad (IIUI),
Pakistan by following the rules of Helsinki Principle.

3.2 Patient Cohorts

Families were enrolled on the basis of ID diagnosis. Written consent obtained from all the
participants’ including patient and parental guardian to collect detailed description of genetic
relationships of the probands and healthy family members, Pedigrees of families was drawn on
the basis of families’ genetic history and no of probands present in families. Male and female
individual was shown in square and circle comrespondingly. Filled symbols of pedigree were
representing affected individuals. 5 ml Blood samples were taken from all families members and
stored in in BD vacationer EDTA (ethylene diamine tetra acetic acid) fubes., Patient’s clinical

assessment was performed at local consultants.

33 DN A Isolation

Genomic DNA isolated from whole blood in the Human Molecular Genetic Lab department
biological science at international Islamic University using a standard organic method (phenol
chloroform method). In short, 3ml of human blood is added in 25ml of lysis buffer in a 50 ml
falcon tube contains (NHscl 8.29 gram in 155mM concentration Khco3 Igram in 10mM
concentration, EDTA 200ul in 0.5M concentration), incubated for 30 mints on ice, incubation
step help cell lysis after cell lysis centrifugation was performed on 1200 rpm for 8 to 10 mints at
4°%. The pellet is left in the tube after discarding the supernatant from the tube. Pellet is
suspended again with 5ml lysis buffer, incubated for 10 mints. In next step centrifugation were
performed at 1200 rpm for 10 mints at 4 centigrade again and all supernatant 1s discorded leaving
on the pellet. 4.75 ml of STE buffer contains {(Sodium, Tris, EDTA) mixed in the tube containing
the sample and vortexing is performed to mix the pellet, 250 ul of 10% of SDS was added in
sample drop wise while slowly vortexing the sample. In the end 10ul proteinase K (PK) was
added in tube and tube was placed on shaking water bath for overnight at 55%. Next day sample
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260/230nm. Absorbance wavelength of 260/280 considered equal to 1.8 and 260/230 equal to 2.0
represents clean DNA, The DNA concentration less than 1.7 specify the existence of protein
contamination and ratios higher than 2 indicate the presence of phenol contamination. Maximum
2ul DNA is pipetted on to a measurement pedestal of the nanodrop. When the upper pedestal
brought into contact with liquid sample that is on the lower pedestal, then flash lamp light cross
through the liquid sample meanwhile a spectrometer analyze the light passing through the sample
and the DNA concentration that is calculated and displayved in ng/pl.

35 Genotyping

Genetic defects identified with genotyping including defects causing intellectual disability in
families for this linkage analysis were performed by using STR markers map the genes causing
autosomal recessive ID and presence or absence of fragile X-linked syndrome involvement in the
families was also checked using triplet repeat PCR test. Genotyping was done by using STR
markers. Microsatellite (STR) markers were obtained from the genetic location database (LBD)
department of psychiatry university hospital Zurich, Switzerland.

36 Polvmerase Chain Reaction

Genomic DNA of 40ng concentration was used in PCR reaction, which was prepared from stock
solution. PCR amplification of STR markers was performed using 10puL thermo scientific dream
taq green master mix (2x) reaction volume of 20y, containing 2ul of 40ng genomic DNA, 6ulL
DH,0, 1uL of each primer and 10pL dream taq green master mix (2x} . PCR programming set
for 35 cycles with following temperatures; 96°C for 4 mints for, 35°C for 40 sec, 72% for 40sec,
and in final step extension temperature run at 72% for 7 mints. Another PCR was performed for
selected variants after NGS data filtration using Roche Applied Sciences Faststart mastermix,
tota] reaction mixture of 15uL contains 7.5ul Faststart mastermix, SpL DH»Q and 0.75pL of
each primer forward and reverse. PCR reaction mixture is mentioned in Table 3.2. The thermal

cycling conditions are mention in the Table 3.3.
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Table 3.2: Master mix for PCR.

S No Solution Quantity

1 DNA 2 ul

2 10x PCR buffer 1l

3 50mM MgCl12 03 ut
4 dNTP 0.8 ul
5 Tag 0.2 pl
6 Forward Primer 0.3 ul
7 Reverse Primer 0.3 pl
8 dH20 5.1 pl

Table 3.3: PCR Conditions for linkage analysis.

Conditions Temperatuares Time Cycle
Initial denaturation 96"C 5 mints 1x
Denaturation 94°¢ 30 sec 35x
Annealing 55% 45 sec
Extension 72% 30 sec
Final Extension 72% 7 mints 1x

3.7 Polyacrylamide Electrophoresis

Amplified DNA sample were checked on 8% poly-acrylamide gel (Table 3.4), Poly acrylamide
gel recipe was mixed in cylinder containing 50 ml of poly-acrylamide gel, 40 ul aps and 50 u!
TEMD. The cylinder mixture solution was poured in electrophoresis glass plates. Comb for wells
creation was placed between two glass plate and electrophoresis plate left for gel solidification at
room temperature. The plate of PCR products was prepared and 6x loading dye, added in to the
each wells of the plate containing DNA. The PCR product loaded into the wells and run starts for
180 minutes depending upon size of the STR markers at 80 watts. Once the electrophoresis

processes completed then gel was stained with ethidium bromide (10 mg/mL) for visualization of

m
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3.9  Agrose Gel Electrophoreses

Appropriate amount of agarose powder was taken, for 1.5% gel; 1.5g agrose weighted and
transfer in 100 m! of TBE buffer in flask. The flask was covered with saran wrap, and was placed
in microwave for 1-2 mints. The flask was visually checked to see agarose gel is properly melted.
After melting the gel, gel was cool down for 5-10 mints and then 2ul of 10 mg/ml ethidium
bromide was added in gel. After epoling gel was poured in gel caster; bubble was removed from
the surface of the gel by using micopipette tip. The comb was removed from the gel after the
solidification and 3ul of per product, 3 ul of 6X loading dye was loaded into eacg wells of gel.
DINA ladder of 100bp was alse loaded alongside the DNA samples.

3.1¢ PCR Product Purification

PCR product was cleaned with two different methods. In Pakistan per cleanup was performed
with precipitation method, while in UCL institute of neurology per cleanup was performed with
enzymatic method,

3.10.0 Precipitation Method

Per product was purified with ammonium acetate and absolute ethanol. For 15 ul of per product
purification 3ul of 5mM ammonium acetate and 30ul of absolute was used. Tubes were placed on
chill container for 20 minutes. After precipitation tubes were placed in eentrifuge machine for
centrifugation at 12000rpm for B minutes, after centrifugation waste was removed from the mbe
and DNA washing done with 70% ethanol (100 pl). Again centrifugation was performed at
13000 rpm for 10 mints, supernatants discarded. The genomic DNA was left for drying purposes
for 1 hour. The dried samples were resuspened in 15 pl of deionized water, The purified product
was used for sequencing PCR.

3.102 Emnzymatic PCR Cleanup

Por product was also cleaned with emzymatic solution. The enzymatic mixture is made up with
exo nuclease and alkaline phosphatase (Thermo scientific). The mixture removes unused dNTPs,
single stranded DNA from per products. The per cleanup recipe is made in volume of 2ml in tube
containing 100u! exonuclease 1, 400pl Fast-Alkaline phosphatase (AP) and 1500l of ultra-pure

%
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water, The tabe is placed at -20°C for the use of longer period of fime. In order to clean the per
prodixct 2.8ul of the enzymatic solution was added in 7ul of por product in per plate, Por cleanup
is performed on the PCR machine at 37°C for 30 mints followed by 80°C for 15 mints.
Sequencing resction was performed for specific targeted genes variants by using cither forward
or reverses primers. The sequeacing reaction per product contains following chemicals in the
ratio of big dye terminator v3.1 (0.5 pl) 5x sequencing buffer {Applied Biosystems) (2ul), 1pl of
p. forward or p. reverse at 10 pmol/pl and clean 2pl DNA and 4.5jul of PCR grade water. The per
plate centrifuged briefly before running on the thermal cycler. The Applied Biosystems optimized
per program used to run the sequencing plate.

3.11  Purification Methods for Sequencing Reaction

Por product was purified with precipitation method in haman malecular genetic 1ab ipternational
Islamic university Islamdabad and Sephadex method was used to clean the sequencing reaction, in
UCL institute of neurology queen square London.

3.11.1 Precipitation Method

For each 10 pl sequencing reaction product purification 1.5 pl of 250 mM EDTA and 601 99.9%
ethano! was used. The sequencing reaction placed on ice for 20 mints. Centrifugation performed
at 12000 rpm for 12 mints and supematants were discarded from the tubes. 30p1 of 70% ethanol
was added in each tube for washing purposes, The samples were resuspened by using vortex.
Centrifugation was performed again at 12000 rpm for 5 mints, supernatant were castoff, DNA
tubes left for drying at room temperature. After drving, the DNA samples was mixed with in 10
pl of Hidi formamide.

3.11.2 Sephadex Purification Method

Alternately sequencing reaction was purified with Sephadex method. Sequencing plate prepared
by consuming 2.9g Sephadex and 45ml of nltra-pure water in 50 ml falcon tube. The solution was
thoroughly mixed and left at room temperamvre for at least 25-30 for eomplete hydration. Once
the solution was hydrated properly, then 350 ul of solution was poured to 96 wells fiber filter
plate size of 0.66mm. The plate was fixed on the empty collection for the purpose of
centrifugation and plate was centifuged for 3 mints at 700xg. The 96 well filter plates again was

Q
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place on new filter plate. The sequencing reactions were transfer onto Sephadex columns by
using multi channels pippet. The plate ere centrifuged for 5 minutes at 910xg. Sequencing
reaction filtered out from Sephadex colummns and was collected in new sequencing plate. Before
putting the plate in sequencer each well of the plate was filled with liquid. Sequencing plate was
sealed and ready to go to the sequencer.

3,12 Sanger Sequencing For Co-Scgregation Analysis

Sequencing plate map was designed on excel sheet and copied into the Sanger sequencing
machine. Sequencing plate was placed on a 3730 genetic DMA analyzer manufactured by applied
Biosystems, Foster City, CA, USA. Result was analyzed on Sequencher develop by gene codes
corporation, MI, USA.

313 Next Generation Sequencing (NGS)

Next Genération sequencing has assisting research work and providing high through put data.
NGS can read millions of sequence clusiers base by base throngh addition of necleotides,
fluorescence reading and dye cleaving See figure 2.1,

314 WES Seguencing

DNA samples are sent 10 the Macrogen South Korea for exome sequencing at commercial level.
The sequencing samples were made by following the preparation guide line of the Agilent
SureSelect Target Enrichment Kit. The constructed libraries were sequenced with Nlumina
HiSeq4000 platform sequencer. The lllumina SureSclect target enrichment kit has 10X depth
coverage of 93% of a DNA sample. All samples exome sequences were aligned to the mapping
referenced genomeGRCH37.

3.14.1 WES Library Preparation

Genomic DNA samples were prepared by following the guide lines of SureSelect target
enrichment system capture method. SureSelect biotinylated ocRNA baits hybridized with genornic
DNA. Region of interest selected through using magnetic streptavidin beads.

m
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3.14.2 Clustering and Sequencing

Ihmina sequencing platform uses a unique bridge amplification method to create clonal cluster,
clonal cluster process occurs front side of the sequencing plate (flow cell).8equencing plate cell
coataining of million mnique clusters, adapter ligated fragments are also attached with flow <ell
surface. Adapter ligated fragment treated with regents for polymerase base extension. Polymerase
based fragments extension start on the presence of all four nucleotides to achieve higher accuracy
in clustering and sequencing.

3.15 Biocinformatics Pipeline for WES

The exome sequencing was performed on the selected families™ probands only. The data
generated from exome sequencing was filtered through with different bicinformatics sofiware's
for further analysis. Bioinformatics tools was used in data filtration was shown in flowing figure
below.

;;;‘ 3.16.1 BCL File Format Data

f* The output file format of NGS data is BCL file. BCL file is binary file that contains base calls per
N cycle and the guality of the base call for every cycle sequenced by the sequencer.

3.16.2 Fastq Files

NGS raw sequencing data is available in the Fastq file format for bicinformatics analysis. Exome
sequencing raw data were analysed by using FASTQC web based platform available online
(lattp://bivinformatics. babraham.ac.uk/projects/fastqn/). Fastq data consist of four different lines
for single read. First line of single reads start with “@" characters. The second line consist
sequencing data, third lines contains only “+* symbol. Fourth lings contain quality score for each
sequence read.

m
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3.17 Romozygosity Mapping

Online homozygosity mapper used on consanguineous families fo identify antosomal recessive
alleles shared by the affected probands. For Homozygosity mapping a web based Homozygosity
mapper was used that allows to directly uploading the VCF file generated after bioinformatics
pipeline of WES data. Homozygosity mapper detects homozygous region shared by probands of
consmmguincous families and display the region graphically. Shared region candidate genes were
checked with Gene Distiller to find out the most causative gene that also must be present in

exome file as well.

3.18 Tools for Predicting the Funetional Effect of Genetic Variants

There are numerous tools for predicting pathogenicity of gepetic variants, For these studies
different tools have been used to calculate pathogenic score of filtered variants. Exome file
contains know variants, synonymous variants, arfifacts varianis genersted from sequencing errors
and coonmon polymorphism in general population. The exome excel file filtered and we have
selected only rare missense, non-senses, and splice site variants. The frequency of <0.001% was
applied for rare variants search at 1000gp see {figure 2.2). The GERP and CADD score was also
accounted for pathogenicity of variaats. The exac browser, mutation tester and other relevant data
bases also applied on all the selected probands for rare variants. In this thesis filtering on a minor
allele frequency of ID segregating according to aufosomal recessive pattern was applied,
Temaining variants were evalnated (regardless of priority).  After removing all non-informative
variants around about 50 to 30 variants left with greater impact that might be have some kind of
pathogenic effects. These variants forther searched in deta base like OMIM data bases, gnomad
data base, Mutation Tester for further confirmation. The filtration criteria of variants was shown
in the following figure no.

3.19 3D-Meodeling of Mutations

Protein three dimensional modeling software and web based on line software provides plate
forms to perform the Insilco modeling of mutated protein generuted afier WES sequencing and
conformed to co-segregation analysis. ln-silico analysis of mutated protein gives us the insight
and impact of mutation on protein. By using Swiss modeling wild type and mutated protein

structured was generated to oheck the impact of mutation in this study.
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Chapter4: Results

Chapter 4.1: Novel FVPS53 Variant Causing PCCA2 in Consanguineous
Pakistani Family

4.1.1 iptroduction

PCH2 is a disorder that affects the development of the brain, development delay, lack of motor
skills, microcephaly and intellectual disability manifested by thie progressive cerebello cerebral
atrophy (PCCA). There are two main type of ponotocersbellar hypoplasia (PCH). PCHI is
caused by variant in SepSecS gene. SepSecS gene (OMIM # 613009) described in Moracean
families with progressive microcephaly, profound ID and generalized tonic clonic seizures (Ben-
Zeev et al., 2003; Agamy ef al., 2010). PCH2 (MIM: 277470) is caused by variant in VPS53
gene (Feinstein et al., 2014). The clinical symptoms of the PCH2 are includes, microcephaly,
developmental delay, intellectual disability and spasticity, some patients also suffer with seizures
and lack of motor skill (Hady-Cohen er al., 2018). VPS53 gene (MIM; 615851). associated with
golgi associated retrograde protéin complex that act as tethering complex between endosomes
and trans golgi network. It is required for the maintenance of the cycling of mannose-6-phosphate
(M6F) receptors between the trans golgi network (TGN) and endosomes {Conibear and Stevens,
2000). GARP involved in the lysosomal transport of late ensomes to the TGN, lysosomal vesicles
transported from late ensomes to TGN via GARP complex (Figure 1), retrograde sorting
receptors localized in TGN degrade the retrograde vesicles and act as recycling machinery
(Simiossoglon and Pelham, 2001; Conibear er al., 2003; Pérez-Victoria et al, 2008).
Accumulations of lysosomal vesicles lead to the swelling with in the TGN duc 1o dysfuctioning
of tethering between lysosomal vesicles and GARP complex (Liewen et al., 2005). GARP
complex interact with Rab and SNARE proteins to permote retrograde transport to the TGN
{Licwen ¢ al, 2005). One of the subunit of GARP complex VPS5] is aiso act as facilitator
between tethering and fusion machinery (Conibear ez al., 2003). The SNARE protein make
interaction with 5 primer end of the vps53, vps34 subunits, its interaction with retrograde vesicles
also requires 3 prime end of the small subunit vps53. Mutation in the 3 pritme end of the VPS53
halts retrograde vesicles transportation (Vasan ef a/,, 2010). In fact GARP complex retrograde

e — ]
Muhammad Ityas, Reg. No. 46-FBAS/PHDBT/F15 Page 34










Mapping Autosomal Recessive Intellectual Disability in Consanguineous Families
— - —— 1
4.1.3 Clinical Details

The family (MR-4) with two probands (IV: 2 and IV: 5 see Figure 4.1.2) were the second and
fifth children of healthy, consanguineous parents of Pakistani origin. Both start walking
independently at the age of 14 to 15 months respectively. The proband (IV: 2) age was 12 years
old at the time of medical examination. At 5 years of age. she developed maximum one seizure
per day up to five minntes of duration. Type of seizure considered as generalized tonic-
clonic seizure (GTC) and atonic seizure. Detailed clinical investigation suggests she has
avoidance and fearful behavior, consciousness and alert responsive, able to talk. She has normal
posture, normal fundoscopy, no speech problem, no involuntary movement, no
hepatosplenmegaly and cardiac involvement. Brain CT Scan demonstrated subtle hypodensity in
gray matter more marked in left basal ganglia (Data not shown here). She is diagnosed with
familial intellectual disability by the local neurologist. The time of clinical examination proband
(IV: 5) was 9 year old and at 7 years of his age he developed multiple seizures per day. Type of
seizure considered as focal motor. Detailed clinical investigation suggests he has aggressive
behavior, no facial dysmorphic feature, head size is normal. He has normal posture, normal
fundoscopy, no cerebellar signs, no involuntary movement, no hepatosplenmegaly and cardiac
involvement. Brain CT Scan demonstrated cerebellar atrophic changes, giant cistema magna.
Electroencephalogram test results demonstrated hypsarrhythmia pattern. He initially diagnosed
with familial intellectual disability by the local neurologist.

4.4.4 Genetic Analysis

4.1.4.I Linkage Analysis

DNA from all affected individuals as well as unaffected individual was analysed. Homozygous
genetic variants were hypothesized on the bases of pedigree. Intellectual disability knows as
heterogeneous group of genetic disorder in which many genes are involved. Linkage analysis was
performed using STR markers for most prevent genes causing intellectual disability in Pakistani
population. Subjected family shows no linkage with targeted gene by using STR markers. After
excluding reported pathogenic genes the probands DNA subjected to WES analysis,

L . . _ __ _ = "
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4.1.4.2 Whole Exome Analysis

To identify underlying genctic causes the family probands selected for whole exome sequencing,
WES results of the probands (IV: 2 and IV: 5) come up with 137626 and 132172 variants,
respectively with read depth around 60x including intronic and exomic variants. Tnitially all
intronic vadants were rtemoved. Exome analysis fargeted honiozygoug or compound
heterozygous nop-synonymous, framshift, splice site and coding indel variant with allelic
frequencies of less than <0.001% in the 1000 genome project (1000genomes.org), exac data base
(www.exae.broadinstitute.org). The variants with allelic frequencies <0.001% were shortlisted
figure 3.3. For further conformation filtered varianis were checked in the human protein atlas
data base (htips://www.proteinatlas.org/) for elevated level of expression of variants in brain both
at RNA and protein level as compared 1o other organs or tissues. Selected variants also searched
in OMIM (hitps://www.omim.org’), data base far any other disease association. All five variants
putative score were checked in mutation taster (hitp:/fwww.mntationtaster.org/), GERP and
CADD phred pathegenic score was also checked by using ensembl variant effect predictor tool
(https://asia ensembl.org/Tools/VEPF). Only five variants met these filtration criteria in both
probands (TV: 2 and IV: $). Ouf of these variants, three variants were non-synonymous and two
were frame shift variamts mentioned in table 4.1.1. Of these filtered variants only FPSS53 gene
involved with profound intellectual disability, progressive cerebello-cerebral atrophy considered
as neurodegenerative disorder. VPS53 vatiant was not present in 1000 genome project data base.
Genemic evolutionary rate profiling (GERP) score of FPS33 pene variant considered as highly
conserved. Mutation taster score for this variant is also considered as deleterious. FPS53 variant
selected for segregation analysis in family.

Muhammad Ilyas, Reg. No. 46-FBAS/PHDBT/F15 Page 38







LT A [ Ly BRSNS L LA R R W R LT R Y e LRI R LR Wil LA L uluul.illll.y inL \.-UIJJHIIEHIIJLUUJ B OCRELRLIIND

e e ———————————————

4.1.4.3 Co-segregation Analysis

€A

[S






Mapping Autosomal Recessive Intellectual Disability in Consanguineous Families
e e s — e = e S e e

4.1.6 Discussion

Filtered rare variants (Table 4.1.1) selected for co-segregation analysis. Only VPS353 variant was
co-segrepated with in family (MR-4) and a novel missense mutation at nucleotide position
¢.C605T in exon 8, substitutes the amino acid proline (CCA) with the leucine CTA (p.P202L).
VP853 gene is located on chromosome 17 and consisting of 18 exons. Mutation was conformed
to control sample of the population (n=100) and pathogenic score of mutation was checked by
using bioinformatics tool like mutation taster and polyphen. The mutation was not present in
public databases like exac, gnomad and the Z score of this mutation is 1.77 which is considered
to be pathogenjc mutation (https:/gnomad broadinstitute.org/). The genomic evolutionary rate
profile (GERP) score for this mutation is 3.83 that is considered as conserved gene, and the gene
does not tolerate mutation, GERP score abave 2 to be considered as conserved for specific gene
(Coaper &t al.,2005). The Golgi associsted retrograde protein complex (GARP) consists of four
subunits, FPSS3, VPS§52, VPS54 and ang2, The GARP complex plays an important role to direct
retrograde vesicles from endosomes to trans Golgi network (TGN} (Conibear and Stevens, 2000;
Liewen ez al., 2005). Retrograde protein fimction as degradation of lysosomal serting receptor
from endosomes to TGN. Dysfuctioning of tethering between retrograde vesicles and GARP
complex results accumulation of lysosomal receptor molecules with in the TGN leads to swelling
of lysosomes (Conibear and Stevens, 2000; Liewen ez al., 2005). Rab and SNARE fusion protein
is localized in the TGN, GARP complex interact with these proteins, VPS5/ of GARP complex
act as mediator between tethering and fusion machinery (Conibear et a/., 2003). The SNARE
protein requires region specific interaction with GARP complex subunit. SNARE protein
interacts with N-terminal regions in the VPS53, VPS54 subunits and its interaction with
retrograde vesicles also. requires c-terminal region of the VPS53 subunit of GARP complex.
Mutation in the c-terminal region of the VPS33 halts retrograde vesicles transportation (Vasan ez
al., 2010). Previously reported mutation c.A2084; p. (gln695arg) substitutes the arginine with
glycine at the conserved c-terminal region of VPS53 gene. Splice site mutation ¢.1556+5 G>A
result truncated protein with dysfunctioned VPS53 and GARP complex. GARP complex act as
tethering factor for retrograde, non-functional GARP complex leads to-deposition and swelling of
CD63 vesicles. CD63 is located in lysosomal membrane. Reported work snggests that mutation
in ¥PS53 subunif may leads to Iysosomal siorage discase or either non-lysosomal disorder like
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Chapter 4.2: Novel Mutation in NARS gene Cause Neurodevelopment Delay,
Seizures and Neuropathy Phenotype

4.2,1 Introdnetion

Aminoacyl-tRNA synthetases (ARSs) group of enzymes that are essential in the first step of gene
transiation into protein. The interfusion of tRNA to related amino acid required for the synthesis
of gene into protein, This specific transformation is accomplished with multiple enzymes kanown
as aminoacyl IRNA synthetases {ARSs), which are vastly expressed to ensure the correct
translation of genes into proteins (Rajendar ef al.,, 2008; Lee er al., 2018). The amino acylation
reaction of protein was involved in two step reaction. In first step Amino acid, ARSs, and ATP
reactant comverts into aminoacyl adenylate and pyrophosphate products. In the second siep
adenylate comjugated amino acid residue placed on to 3 end of tRNA. The linkage formation
between the amino acid and 3-OH (Hydroxyl group) in the ribosome ring establish the aminoacyl
tRNA which act as a substrate in the protein translation during the reaction {Ibba and Soll, 2000).
Despite the pre and post transfer proof reading sbility -of the ARSs enzymes, random mischarging
of enzymes creates translational errors of protein during reaction. The coupling of tRNA to
cognate amino acid is performed by group of ARSs enzymes. Each specific amino acid has
designated (ARS) enzyme to catalyze a bond with a cognate tRNA. ARSs family consist of 37
genes, 17 genes fimotionally expressed in the cytoplasm, 17 genes expressed in the mitochondria
and the remaining 3 genes encodes bi-functionally proteins that change tRNA (Antonellis and
Green, 2008; Meyer-Schuman er 4l, 2017). ARSs enzymes are divided info two classes, The
class 1 enzymes are further divided into class a, b, and ¢ and their classification based on the
sequence conservation. The class 1 consists of monomers or dimers with catalytic domain that is
built of parallel B-sheet. The class 2 enzymes consist of dimers or tetramers with conserved
motifs and cataiytic domain composed of anti-parallel b-sheet. The function of the class 1 and 2
enzymes is to attach the amino acid to the hydroxyl group for transesterification (Guo f al.,
2010). The classification of (ARSs) genes hegins with one letter code of the amino acid that is
designated for enzymes followed by (ARS), mitochondrial and cytoplasmic enzymes denoted
with AARS and A4RS2 for mitochondria aminoacyl tRNA synthetase. The function of ARSs
enzymes is vital and highly expressed but, mutations in ARS gene reported with multiple human
diseases in both recessive and dominant manners. Molecular mechanisms of ARSs recessive

Muhammad Ilyas, Reg. No. 46-FBAS/PHDBT/F135 Page 44




Mapping Autosomal Recessive Intellectual Disability in Consanguineous Families
I e e e~ g v e — T ——

disease clearly express loss of function at genetic and finctional level, Mutations in patient’s
leads to loss of ARSs gene function resulted impaired profeins. Molecular mechanisms of
autosomal dominant disease causing mutations in ARSs gene are not clear. Autosomal dominant
mutation in five genes (Y4RS. GARS, AARS, HARS, and WARS) encoding amino acyl tRNA
synthetase cause dominani phenotypes (Meyer-Schurhan, and Antonellis, 2017}, like mutation in
YARS cansing Charcot-Marie-Tooth disease type C is a non-canonical fanction {Jorddnova ef al.,
2006). It is still tmportant to find out if loss of non-conical function is the cause of ARSs related
neuropathy i patients. Most of the mutation causing neuropathy shows functional impainment
rather than gain of enzymatic function (Oprescu ef al., 2017). So it is supposed that gain of
canonical function not causing ARSs related neuropathy (Meyer-Schuman and Antonellis, 2017F),
Impaired ARSs functions in dominant neuropathy studied with yeast complementation assays
implicated those ARSs mutations causing neuropethy deficits with tRNA charging (Oprescu et
al., 2017). ARSs missense mutations associated with newropathy show damaging outcome the
gene function, implicated that the deleterious effect is a pant the disease pathogenesis in probands
(Meyer~-Schuman and Antonellis, 2017). Interestingly, disease phenotypes includes late onset
neuropathy to more severe neuropathy and some progressive syndromes (Antonellis and Green,
2008; Meyer-Schuman ez 4., 2017). NGS technology makes rapid the diagnosis of genetic
disorders; however, many disorders with genetic background still required to be solved. The gene
encodes ARSs have gain attention over the last few years due 1o the identification of mutations in
these enzymes cawsing neurological disorders. Mutations in the {RNA synthetases are causing
multiple disease ¢.g. mitochondrial myopathy (YARS2, MIM: 610957]), hearing loss (ZARSZ;
MIM: 604544), leukoencephalopatiry (MARS2 [MIM: 609728]) (Opresou et af., 2017). By using
WES sequencing we identified one family with two affecied individuals that have autosomal
recessive homozygous mutations in the asparaginyl-tRNA synthetase genie (NARS). Patients were
negative for other genetic causes of neurodevelopmental disorders. The clinical phenotype in
patients comsisted of microcephaly, global developmental delay, intellectual dissbility,
dysmorphism, neuropathy and seizures.

%
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4.2.3 Clinical Details

NARS gene family (MR-5) with two probands {IV: 1 and IV: 4) were the first and fourth children
of healthy, consanguineous Pakistani parents from district khanewsl, Punjab. The proband {IV: 1)
age was 21 months at the time of examination at that time she was not able to walk and was
bedridden. She has developmental regression at the age of 9 months. She has normal posture,
normal fundoscopy, able to speak few words only, no involuntary movement, no
hepatosplenmegaly and cardiac involvement. The head size of the proband was 46 cm at the time
of cxamination and considered as microcephaly. Brains MRI scan demonstrated cerebral
emational changes with reduced periventricular deep white matters, Clinically she was diagnpsed
with leukodystrophy disease. The probarnid (TV: 4) age was three years at the time of examination;
he was not able to walk and was bedridden. He has developmental regression at early age when
he was only 6 months old. He developed maximum ten seizures per-day when he was only 1.5
years old . Type of seizure considered as gemeralized tonicclonic seizure (GTC). He has
decercbrate posture, normal fundoscopy, no speech, no involuntary movement, no
hepatosplenmegaly and cardiac involvement. The head size of the proband was 45.5 c¢m at the
time of examination and considered as microcephaly. Brains MRI scan demonstrated abnormal
deep white matter signals involving subcortical prominent ventricular extra vent spaces. An
electroencephalogram result shows diffuse slewing of background activity. Climically he was
diagnosed with lenkodystrophy disease by the local neurologist.
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4.2.4 Genetic Analvsis

4.2.4.]1 Linkagze Analysis

DNA from all affected family members as well as unaffected family members were analyzed.
Homozygous genetics variants were hypothesized on the bases of pedigree. Intellectnal disability
knows as heterogeneous group of genetic disorder in which many genes are involved. Linkage
analysis was performed using STR markers for most prevent genpes causing intellectual disability
in Pakistani population. Subjected family shows no linkage with targeted gene by using STR
markers. After excluding reported pathogenic genes the probands DNA subjected to WES

analysis.
4.2.4.2 Whole Exome Analysis

To identify underlying genetic causes the family probands selected for whole exome sequencing.
WES results of the probands (IV: 1 and IV: 4) come up with 137626 and 132172 variants
respectively with read depth around 100x including intronic and exonic variants. Initially all
intronic vanants were removed, Exome analysis targeted homozygous or compound
heterozygous non-synonymous, framshift. splice site and coding inde! variant with allelic
frequencies of less than <0 001% in the 1000 genome project (1000genomes.org), exac browser
(http://exac.broadinstitute.org). The variants with allelic frequencies <0.001% were shortlisted
figure 4.2.2. For further conformation filtered variants were checked in the human protein atlas
data base (hitps://www.proteinatlas.org’) for elevated level of expression of variants in brain both
at RNA and protein level as compared to other organs or tissues. Selected variants also searched
in OMIM (https://www.omim.org/), data base for any other disease association. All eight variants
putative score were checked in mutation taster (http://www.mutationtaster.org/), GERP and
CADD phred pathogenic score was also checked by using ensembl variant effect predictor tool
(hitps://asia.ensembl.org/Tools/VEP). Only eight variants met these filtration criteria in both
probands (IV: 1 and IV: 4). Ont of these variants six variants were non-synonymous and one was
frame shift variant mentioned in Table 4.2.1. Of these filtered variants only NARS gene involved
with neurodevelopment delay, seizures and neuropathy phenotype. NARS vanant was not present

in 1000 genome project data base. Genomic evolutionary rate profiling (GERP) score of NARS
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4.2.7 Discussion

In this study missense variant reported in ancient tRNA enzyme asparaginyl4RNA. synthetase
gene (NARS), There was 2 hotspot of homozygous recessive mutations located at p. R545C,
within the last 40AA of the S48AA NARS gene with a severe clinical phenotype and death in
childhood. The N- and C-terminus region mutation numbers, clusters and phenotypes suggests
these are functionslly important regions of the gene and disruption of ATP-binding/catalytic
domain is critical in NARS. The mutation effect on NARS gene would seem to be widespread in
the CNS and PNS as affected individuals had a broad neuwrodevelopmental phenmotype
characterized by motor and intellectual developmental delay, microeephaly, and scizures. The
spectrumn of diseased is severe in the p.R545C homozygous mutation. Mutdtion in the t{RNA
synthetizes functions exclusively in the cytoplasm, and many tRNA synthetase cofactors linked
with multiple human diseases. Mutations in the tRNA synthetases connected with many human
disease including the mid brein and hypo- tayelination diseases. Aspartyl tRNA synthetase
(DARS) gene with OMIM NO (MIM: 603084), non-syndromic deafness causing XARS gene,
cytoplasmic AARS-encoding genes leads to newrodegeration of the PNS system e.g, tooth nerves
pain, Glycyl-tRNA synthetase gene 44RS {Omim: 601065), and KARS (Omim: 601421} ARSs
have been associsted with neurodevelopmental disotders and epilepsies e.g. Aspartyl tRNA
synthetase gene (DARS), AIMP (OMIM: 260600), AARS (Omim: 601065), AARS2 (Omim:
615889), DARS2 (MIM; 611105} (Oprescu ef ai., 2017). O4RS gene [MIM: 803727], were
identified intwo families with clinical phenol types such as progressive microcephaly,
developmental delay, seizures, diffuse atrophy of the cerebral cortex (Zbang er al., 2014).
Mutations in 31 ARSs genes causing autosomal recessive disorders that show wide range of
clinical phenotypes including early onset epileptic encephalopathy, myoclonic epilepsy. global
developmiental delay, microcephaly and seizures (Qprescu er al, 2017). The pattern of
inheritance of thesc diseascs was either dominant or recessive. Research is needed to identify
more newopathy-associated ARSs mutations and loci and functional studied also needed o
understand the full mechanism of dominant neuropathy mutation. Animal model study showing
loss of funictional affects will be important to define if additional studies needed to understand the
pathogenicity of disease. It is important to decide if single enzyme or gene e.g. MARS is causing
axonal newropathy in dominant manners and to conform the disease animal model to neuropathy
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Chapter 4.3: Candidate Gene SLITREK3 Mutation Cansing Autosomal
Recessive Intellectual Disability

4 3.1 Introduction

Synapse is @ junction between two fieurotransmitters, these neurotransmittets pass from
presynaptic terminal to postsynaptic terminal via synapses. Different molecules involved in the
multistep growth of synapse (Shen and Seheiffele, 2010; Siddiqui and Craig, 2011). Synaptic cell
adhesion miolecules (CAM), neurologing and SLITRK3 molecnles are neurotransmitters. CAMs
are a membrane protein essential for the development of synapse conneciion. Newrologins and
SLITRK3 molecules bind with presynaptic protein tyrosine phosphates to mediate trans-synaptic
proteins in CNS (Missler ¢f af., 20125 Lu et al, 2017}, SLITRX3 a irans-membrane protein and
has six different iso-forms with leucine-rich repeat domains (Aruga and Mikoshiba, 2003).
Mutations in SLITRK! are causing Tousette’s syndrome (Abelson et al., 2005). SLIRTK2 gene
variants are associated with schizophrenia (Piton er al, 2011). These stady implicated that
SLITRK3 gene regulate synapse development and functions throughout the brain. SLITRK3 act as
inhibitory synapses development and tyrosine phosphates act as a presynaptic receptor for
SLITRK3. Direct contact of SLITRK3 with exons induced inhibitory presynaptic differentiation
throagh trans binding to exons tyrosine phosphates in the brain. In-vitro and in-vivo study of
SLIRTK3 mice model implicated that SLITRK3 proteins oaly act as inhibitory synapses
(Takehashi et /., 2012). SLITRK3 membrane protein also requires for the maturation of
GABAergic neurotransmitter (Yun li et af., 2017). GABAergic neurotransmitter acts as inhibitory
peurotransmitier in the central pervous system (CNS) in the mammalian brain. GABA
nearotransmitter mediates inhibitory affects through distine? receptors, GABA,, GABAg and
GABA¢ (Bormann, 2000), Two type of inhibitory action take place in the CNS, phasic ighibition
and tonic inhibition (McQuail ef el 2015). GABA is synthesized from enzyme glutamate and
transported to presynaptic terminal along the exon and eaptured to vesicles (Gonzadlez-Burgos
el al., 2009). Depolarizetion of membrane cause the mlease of GABAergic neurotransmitters
from presynaptic vesicles into the syfiaptic cleft. Release of neurotransmitters cause also activates
receptor molecules on the postsynaptic membrane and the aitivation of postsynaptic membranes
cause phasic inhibition in hippocampus of the mammalian brain (Farrant and Nusser, 20035). In
the central nerves sysiem balance between excitetory and inhibitory synapses required for the
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brain fanctioning. Imbalance excitatory glutamate synapses end inhibitory GABAergic
neurotransmifter was found fo be pathogenic and cause neurological disorders (Kehrer er ol
2008). GABAergic neurotransmitters are contro] neuronal excitation and act as inhibitory source
in the brain. Dysfuctioning of GABAergic neurotransmitter cause neurological disorders (Ko et
al., 2015). Newologins and SLITRK3 are important for GABAergic synapses formation in the
hippocampus (Chih er af, 2005). Dysfuctioning of these two molocules increase seizures
susceptibility in patients (Li ef al., 2017). In our studied family we identify a stop gain mutation
that was found to disturbing the balance between excitatory and inhibitory synapse. Imbalance of
excitatory and inhibitory synapses is the possible cause of the disease in our patients.

4.3.2 Family Background

The Slitck3 family (MR-6) was enrolled from the children hospital Multan, distt Multan Punjab
Pakistan. Family pedigree was construcied after interviewing the parents and necarby blood
relatives. Blood samples were collected from the family members both affected and nomal, The
informed consent was obtained from all the members of the family and affected child informed
consent was also taken from their pareats. The study was approved from the (BASR) Board of
Advanced Study and Research and ethical committee of International Islamic universiiy.
Pedigree of the family of was shown in below Figure 4.3.1.
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Figure 4.3,1: Family pedigrec representing the three probands (IV: 1, IV:3 and IV: 4). Pedigree
squares symbolizing the male individuals and circle denotes the female individuals in the family,
All the filled square and circle denotes the probands and double line specifies consanguineous
marriage. The crossed line on the square and circle denotes deceased individeals,

4.3.3 Clinieal Details

The family (MR-6) with three probaads (IV; 1, IV: 3 and IV: 4 Figure 4.3.2; while IV: 4 pic was
not included here) were the first, third and fourth children of healthy, consanguineous Pakistani
parents from distriet Muzfar Ghar, Punjab. Proband (TV: 1) start walking independently at the age
of 13 months. The proband (IV:1) age was 4 years when first came for clinica! examination. He
developed maximum five seizures per day up to 1-2 minutes of duration at the age of 2 years,
Type of seizure considered as generalized ®nic-clonic seizure (GT) and extensor spasm, Detailed
clinical investigation suggests he has no behavior problems. but only able 10 1alk few words. He
has normal posture, notmal fundoscopy, no hvohmtary movement, no hepatosplenmegaly and
cardiac involvement. Brain CT Scan demonstrated as unremarkabic. He was diagnosed with
familial inteliectual disability. developmental delay with epilepsy by the local neyxologist, The
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proband (TV: 3) age was 3 years at the time of clinical examination. A{ the 18 months of age, he
developed maximum 7-8 seizures per day up to 4-5 mimutes of duration. Type of seizure
considered as GTC. During the clinical investigation his behavior was nommal, no facial

" dysmorphic feature, his head size is 44cm considered as microcephaly. He has normal pasture,

normal fundoscopy, fio cerebellar signs. no involuntary movement, no hepatosplenmegaly and
cardiac involvement. Flectroencephalogram test demonstrated encephalopathy, He was
diagnosed with familial intcllectual disability, global developmental delay by the local
neurologist. The proband (IV: 4) age was 5 years when she went for clinical examinatjon, She
developed maximum 10 seizures per day up to 5 minutes of duration only when she was 6
months old. Type of seizure considered as GTC. She has no behavior problem, no facial
dysmorphic feature, her head size was normal. She has normal posture, normal fandoscopy, no
cerebellar signs, no involumery movement, no hepatosplenmeégaly and cardiac involvement. She
was able 1o talk just few words with non-responsive cognition. Brain CT Scan read as
unremarkable electroencephalogram test demoustrated focal encephalopathy activity from left
parental area. She was diagnosed with familial intellectual disability, global developmental delay
by the local neurologist.

{Iv:

“»y
L

J

Figare 4.3.2: Phenotypic representation of the proband (IV: 17 and (IV: 3}, during clinical
investigation behavior of both the probands normal and they have no facial dysmorphic feature.

m
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4.3.4 Genetic Analysis
4.34.1 Linkage Analysis

DNA from all affected family members as well as unsffected family members were analyzed.
Homozygous genefics variants were hypothesized on the bases of pedigree. Intellectual disability
knows as heterogeneons group of genetic disorder in which many genes are involved. Linkage
analysis was performed using STR markers for most prevent genes causing intellectyal disability
in Pakistani population. Subjected family shows no linkage with 1argeted gene by using STR
markers. After excluding reported pathogenic genes the probands DNA subjected to WES
apalysis.

4.3.4.2 Whole Exome Analysis

To identify underlying genetic causes the family (MR-6) probands selected for whole exome
sequencing. WES results of the probands (TV: 1, TV: 3 and TV: 4) core up with 90382, 89732 and
90832, variants respectivily with read depth around 100x including intronic and exonic variants.
Initially all intronic variants were removed from the exome file. Exome analysis targeted
homozygous or compotind heterozygons non-synonymous, fiamshift, splice site and coding indel
variant with allelic frequencies of less than <0.001% in the 1000 genome project
{1900genomes.org), exac browser (www.exac.broadinstitute.org). The variants with allelic
frequencies <0.001% shortlisted figare 4.3.3. For forther conformation filtered variants checked
in the human profein ailas data base (https:/Awww.proteinatlas.org/) for elevated level of
expression in brain both at RNA and protein level as compared to other organs or tissues.
Selected variants also searched in OMIM (https://wwwr.omim.org/), data base for any other
disease zssociation. All five variants pathogenic score checked in wtation taster data base
(kettp://www mutationtaster.org/), GERP and CADD phred pathogenic score checked by using
ensembl online tool Only four variants met these filtration criteria in probands (IV: 1. IV: 3 and
IV; 4). Two variants were non-synonymous and 2 were frame shift variants mentioned in table
43.1, Of these filtered vanzmts only SLITRK3 gene involved with [D. SLJTRK3 vatiant was not
present in 1000 genome project data base. Genomic evolutionary rate profiling (GERP) score of
SLITRK3 gene variant considered as highly eonserved. Mutation taster scors for this variant show
deleterious. SLIFRK3 variant selected co-segregation anal ysis,
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4.2.6 Bioinformatics Analysis
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4.3.7 Discussion

Nomnal development of excitatory and -inbibitory synapses is esseatial for normal brain
functioning and cognitive processing. Distorted growth of these synapses leads to the
nenrological disorders. Diffevent type of intemeurons colicetively establish diverse inhibitory
synapses onto cell with long exon known as principal newrons in the brain (Talahashi e: ai.,
2012), GABAsergic interneurons transmit inhibitory synaptic signal to. neurons in the CNC and
keep balance between excitatory and inhibitory synapses (Huang e el., 2007; Cline, 2005).
hmbalance between excitatory and inhibitery synapses is the pessible causes of neuralogical
disorders (Rubenstein and Merzenich, 2003; Wassef ¢f @l., 2003; Mochler, 2006). Maturation of
GABAergic requires interneurons molecules NL2 and SLITRK3 in the hippocampus (Chih ef al.,
2004; Yim ef af, 2013). SLITRK3 is integrel membrane proteins with leucine rich domain
function as connecting molecule when neuron eross from pre-synapse and inter into post-synapse
area that control inhibitory synapse development with receptor tyrosine phosphatase (Takahashi
et al,, 2012). SLITRK?3 variant causes imbalance between excitatory and inhibitory synapses that
affect the brain functioning as described above. In this family WES analysis of three affected
sibling was performed and four variants were selected for co-segregation {Table 4.3.I).
Sequencing of the variants has identified a novel stopgair mutation (ENST00000475390; exon2:
c.G1816T:p.E606X) in SLITRK3 gene as the cause of disease in this family. Amino acid
Glutanic acid (E) is replaced with stop codon (X) resulted truncated protein. Co-segregarion
analysis conformed all three affected sibling were bomozygous while their parents were
heterozygous (Figure 4.3.4). The mutation is not presenf in databases like HGMD, exac browser,
Gnomad datz base. In-silico analysis of mutation implicated strong evidence that mutation is
disease causing for this family. Combined annotation dependent depletion (CADD) score for this
variant is 38, considered as pathogenic: (Rentzsch ez af., 2018). GERP scotre for this mutation is
(5.76); suggest that mutation is present in highly conserved region in the gene and this gene is
imolerant for the moutation. Mutation taster predicts that the variant is damaging as well for
SLITRK3 gene. Protein modeling of the SLITRK3 gene reveals major structural change in the
protein model dne to the stopgain resuited truncated protein structure. The common symptoms in
this family were intellectual disability, developmental delay and epilepsy. Head circumference in
one of the patient was smaller than normal head size and patieat considered as microcephaly.

%
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Chapter 4.4: Mutation in GLB! Gene Causing Rare Autosomal Recessive
GM1 Gangliosidosis Disease in Pakistani family

4.4.1 Introduction

Mutation in GLB1 gene canse autosomal recessive lysosomal storage disorders known as GM]
gangliosidosis (Suzuki, 1995; Caciotti ef al.. 2005). The prevalence of Gangliosidosis vary from
country to country, global prevalence ratio at birth about to be 1 in 100,000 to 300,000 (Regier,
2013). The incidence of GM1 gangliosidosis in Brazil has been 1 in 17,000 (Severini ez al.; 1999}
and in Maltese Islands 1 in 3700 live birth ratic (Lenicker ef al., 1997). GMI gangliosidosis
clinically can be classified into distinct phenotypes. Type 1 (MIM: 230500y GM] gangliosidosis
involved with cardiac involvement, early age of onset, hypotonia, severe degeneration of CNS
and leads to death with in first 2 years of life. Type 2 (MIM: 230600) disease phenotype
characterized by slow progress of neurodegeration, seizures, muscle weskness. The ealy
diagnosis of type 2 GM1 gangliosidosis is challenging due to slow progress of disease. Type 3
(MIM: 230650) GM1 gangliosidosis is less pathogenic than type 1 and 2 (Callakan, 1999; Swzuki
et ai., 2011). Morquio B (MIM: 253010} pathogenie comdition occurs due to variation in GLB!
gene due to the deficiency of B-galactosidase and it is an allelic from of GM1 gangliosidosis
(Sohr ef al., 2012). Morquic B phenotypically characterized by cardiac involvement, manifest
skeletal anomalies augmented urinary secretion of keratan sulfate, no sign of CNS involvement is
appeared (Suzuki et al., 2011). Morquic B patients’ phenotypes similar with GMI gangliosidosis
as phenotypes described dbove. Another disorder of galactosiahidosis (MIM# 256540) is a defect
die to the combined deficiency of b-galactosidase and neuraminidase (Azzo et af., 1992). The
clinical phenotype of galactosiglidosis in some extent shows simifarities with gangliosidosis.
Disease phenotypes GM1 gangliogidosis were including severe neuraminidase deficiency instead
of fracriond] sherage of the beta galactosidase enzyme (Brunetti-Pierri and Scaglia, 2008} GM1
gangliosidosis caused due to the storage of GM1 gangliomdes and glycol-conjugates in the
central nerves system (CNS). The moleoular mechanisms of the discase pathogenesis are not
fully understood yet. Demyelination and apoptosis of neurons tagether with micro-gliasis, astro-
gliosis are detected around the vacuolation in the brain (Tessitore et af., 2004). To date, total 185
mutations have been reported in the GLR] gene (www.hgmd.cf ac.ik). Novel mutation described

in this section cansing GM1 gangliosidosis in consanguineous family.
m
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4.4.2 Background

The selected family {(MR-7) was enrolled from the children hospital Muitan. distt Multan Punjab
Pskistan. Family pedigree was constructed based on the information provided by the parents and
nearby blood relatives. Blood samples were collected from the family members both affected and
healthier. The informed consent was obtained from all the members of the family and affected
child informed consent was also taken from their parents, The study was approved from the
(BASR) Board of Advanced Study and Research and ethical committee of international lslamic

university Islamabad, Pakistan. Pedigree of the family of was shown in below Figure 4.4.1

] O

I 4
;4 | 94 U3 [P}

O g m e

V1 N2 N3 V.4 (V.3

Figure 4.4.1; Family pedigree representing the two probands (I'V: 4 and IV: 5). Pedigree squares
symbolizing the male individuals and circle designates the female individuals in the family. All
the filled square and circle denotes the probands and double line specifies consanguineons
marriage. The crossed line on the square and circle represents deceased individuals

4.4.3 Clinical Derails

The clinical manifestations of the family (MR-7} correlates with the identified mutation, in this
family two probands (IV: 4 and IV: 5) were the fourth and fifih children of healthy,
consanguineous parents from Pakistan. The proband (IV: 4) a 3 years old boy was brought for

_
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medical examination in the neurology section of the children complex hospital Multan Pakistan
due to the developmental regression and seizures. He developed seizures at the age of 1.5 years,
maximum 10 seizures per day. Type of seizure considered as generalized tonic-clonic seizure
(GTC). He gradually lost his motor skill and became bed ridden and his mental ability decreased
with course of time. Detailed clinical investigation suggests his head sire is (45.5 cm} copsidered
as microcephaly. He has decerebrate posture, vormal fundoscopy, not able to talk, no involutitary
movement, no hepatogplenmegaly and cardiac involvement. Brain MRI Scan demonstrated
abnormal deep white mater signal in subcortical, prominent ventricular and extra vent spaces.
EEG result shows diffuse slowing of background activity (See Figure 4.4.2). The proband (IV:.5)
age was 21 months at the time of clinical examination. Detailed clinical investigation suggests
she has developmental regression and the regression started at the age of 9 months, she has no
behavior, no facial dysmorphic feature. She has normal posture, normal fundoscopy; no
cerebellar signs, no myoluntary movement, no hepatosplenmegaly and cardiac involvement. She
is not able to walk (bed ridden), able to talk just few words, head circumferences is (46 ¢cm) noted
as microcephaly, Brain MR1 Scan demonstrated cerebellar emotional changes with reduced
periventricular deep white matter (See Figure 4.4.2, TV: 5).

Figure 4.4.2: Brain MRI Scan of (IV: 4) demonstrated abnormal deep white mater signal and
brain MRI of {IV: 5) demonsirated cerebellar emotional changes with reduced periventricular
deep white matter.

4.4.4 Genetic Analysis

4.4.4.1 Linkage Andivsis

e "~ ]
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DNA from all affected family (MR-7) members as well as unaffected family members were
analyzed. Homozygous genetics variants were hypothesized on the bases of pedigree. Intellectual
disability knows as heterogeneous group of genetic disorder in which many genes are involved.
Linkage analysis was performed using STR markers for most prevent genes causing intellectual
disability in Pakistaai population. Subjected family shows no linkage with targeted gene by using
STR markers. After excluding reported pathogenic genes the probands DNA subjected to WES

analysis.

4.4.4.2 Whole Exome Analysis

To identify underlying genetic causes the family probands selected for whole exome sequencing.
WES results of the probands (TV: 4 and IV: 5) come up with 78683 and 78321 variants
respectively with read depth around 100x including intronic and exonic variants. Initially all
intronic varants were removed, Exome analysis targeted homozygous or compound
heterozygous non-synonymous, framshift, splice site and coding indel variant with allelic
frequencies of less than <0.001%5 in the 1000 genome project (1000genomes.org), exac browser
{www.exac.broadinstitute.org). The variants with allelic frequencies <0.001% were shortlisted
figure 4.4.3. For further conformation filtered variants were checked in the human protein atlas
data base (https://www.proteinatlas.org/} for elevated level of expression of variants in brain both
at RNA and protein level as compared to other organs or tissues. Selected variants also searched
in OMIM (https://www.omim.org/), data base for anv other disease association. All five variants
putative score were checked in mutation taster (htip://www.mutationtaster.org/). GERP and
CADD phred pathogenic score was also checked by using ensembl variant effect predictor tool
(https://asia.ensembl.org/Tools/VEP). Ounly five variants met these filtration criteria in both
probands (IV: 4 and [V: 3). Out of these variants three variants were non-synonvmous and two
were frame shift variants mentioned In table 4.4.1, Of these filtered variants only GLBI1 gene
involved with accumulation of GM1 gangliosides in brain, abnormal deep white mater signal in
subcortical area of the brain considered as neurodegenerative disorder. GLB1 variant was not
present in 1000 genome project data base. Genomic evolutionary rate profiling (GERP) score of
GLBI géﬂe variant considered as highly conserved. Mutation taster score for this variant is also
considered as deleterious. Sequencing performed to check the co segregation of the family with
GLBI1 gene.
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4.4.8 Discussion

GLAI gene encodes an enzyme called beta galactosidase. B-galactosidase Jocated in lysosomes
and acts as a degrading component of few molecules such as keratan sulfate, glycolipids and
GM1 gangliosides within lysosomes. The accumulation of GMI1 gangliosides. glycolipids and
keratan sulfate leads to the lvsosomal storage disease due 1o the deficiency of dissaluteness of B-
galactosidase enzyme (Kannebley ef a/.. 2015; Sandhoff and Harzer. 2013). The structure of B-
galactosidase enzyme consists of three domains, TIM barrel domaint, b-domain| and b-domain
2. Trosephosphate isomerase (TIM) barrel domain consist of (49-359) amino acid residues,
while the b-domain 1 is stait from amino acid 397-514 and the b-domain 2 (545-647) amino acid
residue (Ohto er af., 2012). More than 185 mutations was reported in GLB7 gene have been
reported. nonsynonymous mutation, small inseriion and deletion mutations from all around the
world (Stenson et al., 2017). Here we performed WES to identify pathogenic mutations in two
sibling were born of consanguineous Pakistani family (MR-7) with early onset of developmental
regression at the age of 6 month. WES analysis was performed. afier data filtration we selected
six variants for Sabger sequencing to conform the segregation. We identified novel
noNsyNonymous homozygous mutation n GLB! gene on
(ENSTO00000307363:exon13:c.C1318T:p.H440Y), where aminc acid histidine (CAC) was
replaced with amine acid tyrosine (TAC) {figure 4.4.4), Our identified mutation was present in
B-domain ] of the b-galactosidase structure. B-domain consists of four beta sheets, mutations in
the protein core region causing large structural changes in the protein structure of the b-
galactosidase enzymes. These mutations may be affecting the degrading activity in lysosomes.
Our reported variant is not present in public data bases like 1000gp, exac browser and gnomad
data bases. In-silico study of this mutation generates high scores of deleteriousness, combined
annotation dependent depletion (CADD) score (26) suggest that variant is pathogenic (Rentzsch
et al., 2018). GERP score for this mutation is (3.50); suggest thar muiation is present in highly
conserved region in the gene. Mutation Taster predicts thai the variant is damaging, Polyphen?
predicts that the variant js pathogenic. A novel missense homozygous mutation in GLB/ gene,

co-segregating with the disease phenotypes was identified in two siblings see figure 4.4.5.
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Muhammad Ilyas, Reg. No. 46-FBAS/PHDBT/F15 Page 74



Mapping Autosomal Recessive Intellectual Disability in Consanguineous Families

Chapter 4.5: Novel Variant in MLC!/ gene Causing Megalencephalic

Leukoencephalopathy with Subcortical Cysts
4.5.1 Introduction

Megalencephalic leukoencephalopathy MLCI (MIM: 604004) is a autosomal recessive disorder
with prevalence ratio 1 in 7663 live births, characterized by macrocephaly, with slow onset of
progressive neurological signs including ataxia, slow onset of degradation of motor functioning
and mild mentat degeneration (Van der Knaap ez al.,1995; Leegwater et al., 2001; Bonkowsky ¢
tal., 2010). Affected individual with MLC! contains subcortical cysts and white matters in the
anterior temporal region of the brain (Van der Knaap er 4l., 2012). Brain MRI used for the
diagnosis and presence of white matters in cercbral and subcortical cysts, specifically, in the area
of temporal region of the brain, but often also in the frontal and parietal parts of the brain.
Regardless of these severe neuro-radiological anomalies, MLC! presents a clinical evolution
milder than other infantile forms of leukodystrophy with lysosomal defects. Brain biopsy analysis
shows porous white matters associated in the presence of many fluid follicle that protecting
medullary sheaths (Pascual-Castroviejo et al., 2005). Variants in MLC1 and GHalCAM are leads
to MLC disease (Topcu ef al., 2000; Lopez-Hemandez ef al., 2011). Approximately 75% MLC
patients are genetically identified with homozygous or compound heterozygous varants in the
MLCI gene. MLC1 gene is localized in astrocyte glial cell and Bergmann glia cell arca and
express in brain (Ilja et al., 2005; Teijido et al., 2004). The GlialCAM gene synthesis cell
adhesion proteins, it is highly expressed and functional in the brain especially in CNS (Lopez-
Hemandez er al., 2011). GlialCAM act as molecular chaperons and mediates chloride channels
cle-2 (Jeworutzki et al., 2011). MLC! gene encodes 377 amino acid and contains eight
transmembrane domains. The function of the human MLC! gene is not fully elucidated, it
connects neighboring astroglial cells at junctions, and the role of MLCI at cell junction is
unknown. The brain alterations detected in MLCI patients, large amount of protein expression
found in glial cells have led to hypothesize that this gene regulates ions and water homeostasis
and control the flow of fluids into cells to strength the cell adhesion (Brignone et al., 2015). Here,
using WES we identified a novel homozygous mutation in Pakistani family causing autosomal
recessive mutations in the MLCJ gene. Patient was previously negative for other genetic causes

of neurodevelopmental and neurological disorders.
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4.5.2 Background

The selected farnily (MR-8) was enrolled from the children hospital Multan, distt Multan Punjab
Pakistan. Family pedigree was constructed based on the information provided by the parents and
nearby blood relatives. Blood samples were collected from the family members both affected and
healthier. The informed consent was obtained from all the members of the family and affected
child informed consent was also taken from their guardians. The siudy was approved from the
(BASR) Board of Advanced Study and Research and ethical committee of International Islamic
university Islamabad, Pakistan. Pedigree of the family of was shown in below Figure 4.5.1

O

[:1 12
11 a2 3 4
4
1 n2
V1 2 V3

Figure 4.5.1: Family pedigree representing the proband {IV: 2) and healthy (IV: 3). Pedigree
squares symbolizing the male individuals and circle denotes the female individuals in the family.
All the filled square and circle denotes the probands and double line specifies consanguineous

marriage. The crossed line on the square and circle denotes deceased individuals
4.3.3 Clinical Details

A 7 year old patient (IV: 2) was the child of healthy coasanguineous parents from district Mian

Chanu Punjab. Her birth weight was 2.2 kg and head circumference 4Icm. she developed
= ____________________________ _ ____ __ __________ ________________________________________________ .}
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4.5.4 Genetic Analysis

4.54.]1 Linkage Analysis

Inteliectual disability knows as heterogeneous group of genetic disarder in which many genes are
invotved. DNA from all affected family members as well as unaffected family members wore
analyzed. Homozygous genetics variants were hypothesized on the bases of pedigree. Intellectual
disability knows as heterogeneous group of gensgtic disorder in which many genes are involved.
Linkage analysis was performed nsing STR markers for most prevent genes causing intellectual
disability in Pekistani population. Subjected family shows no linkage with targeted gene by using
STR markers. After excluding reported pathogenic genes the probands DNA subjected to WES

4.5.4.2 Whole Exoine Analysis

To identify underlying genetic causes the family probands selected for whole exome sequencing.
WES results of the probands {TY: 2) come up with 78963 variants with read depth around 100x
including intronic and exonic variants. Initially all intronic variants were removed. Exome
analysis targeted homozygous or compound heferozygous non-synonymous, framshift, splice site
and coding indel variant with allelic frequencies of less than <0.001% in the 1000 genome project
{100Dgenomes.ory), exac data base {www.exac broadinstitute.org). The variants with allelic
frequencies <0.001% were shontlisted figure 4.5.3. For further conformation filtered variants
were checked in the human protein atlas data base (https://www.proteinatias.org) for elevated
level of expression of variants in brain both at RNA and protein level as compared fo other
organs or tissues. Selected variants also searched in OMIM (https.#/www.omim.org/), data base
for any other disease association. All 15 variants putative score were checked in mutation taster
(http://wowrw mutationtaster.org/), GERP and CADD phred pathogenic score was also checked by
using ensembl variant effect predictor tool (https://asia.ensembl.org/Tools/VEP). Only 15
variants met these filiration criteria in proband (IV: 2). Al the variants were non-Synonymous
table 4.5.1. Of these filtered variants only MLC/ gene involved with white matter changes and
with subeortical cysts in the bilateral anterior temporal region of the brain, MLCJ variant was not
present in 1000 genome project data base. Genomic evolutionary rate profiling (GERP) scare of

Q
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4.5.7 Discassion

Mutation in MLC] gene leads to the condition of megalenvephalic leukaencephalopathy with
subcortical cysts in brain (Vau der Knaap er af.. 1993). More than 80 matations was reported in
MLCI gene so far. MLC! affect brain development and motor function in patients with
movement and seizures problems (https://ghr.nlm.nih.gov/zene/MLCTéconditions). Mutations ia
MLCT are a kmown cause of megalencephalic Ienkoencephalopathy with subeprtical cysts. In this
study we analysed Pakistani consanguineous family with one affected patient. WES analysis was
performed on the patient after data filtration we sclected fificen variants for di-deoxy sequencing
to validate the co-segregation of the family to disease gene, We identified novel missense
mutation m MLC] gene on (ENST00000311597:exon11:¢.C959A:p. T320K), where amino acid
threonine (ACG) was replaced with amino acid lysine (AAG) (figuwre 4.5.3) The
c.CO39A:p. T320K MLCT mntation has not been reported previously in public database like exac
browser and gnomad. In-silico study of this mutation generates high scores of deleteriousness.,
combined annotation dependent depletion (CADD) score (30) suggest that variant. is pathegemic
{Rentzsch er of., 2018). GERP score for this mutation is (4): suggest that this gene is not tolerated
mutation. Mutation Taster score conform that mutation is ¢causing disease, SIFT and Polyphen2
score also couform mutation leading to disease. MLC} gene plays role in the synthesis of 2
protein that is bighly expressing in bram. MLCF# protein present in specialized type brain cells
known as glial cells. These cells protect and maintain nerve cells in the brain. MLC? prowein
functions at junctions thar-connect glial cells. Gial cell adhesion molecules (GlialCAM) is a beta
subunit of MLCI, interact with MLC] (Favre-Kontula of af. 2008; Lopez-Hernandez et ..
2011). GlialCAM act as escort molecule to bring MLCJ molecule to cell-cell junction. Mnration
in glialCAM cause trafficking defect 6f MLCY. it is not able to reach cell-cell fonction withowi
glialCAM (Lopez-Hernandez 2/ al.. 2011). Protein modeling of the wild type abd motated protein
was performed (Figure 4.5.5). The risk of MLCY disease is incressed due to the prevalence of
consapguinecus marriages. Molecular testing of MLC! gene i5 necessary to control the disease
and prenatal diagnosis of the disease in kindred families is impertan.

m
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Chapter 4.6: Homozygous Mutation in SDCBP2 Gene Causing Intellectual

Disability in large Consanguineous Pakistani Family.
4.0.1 Introduction

Syodecan binding protein (SDCBP) gene also known as syntenin is 2 multifimetional adapter
protein involved in. various range of functions, including trafficking of transmembrane protzins,
cell adhesion, neural, and synaptic development, expressing in a different type of cells and
invoived in exosomes biogenesis (Dasgupta et al.,, 2013; Friand et al. 2015). SDCBP gene
mapped on the chromosome 8p12 and contains 9 coding exons (Gross, 2014). This gene was first
discovered when it binds to the cytoplasmic domains of the syndecans in experiment of yeast-2-
hiybrid screen for protein (Grootjans et al., 1997). SDCBP protein is ¢omposed with 298 amino
acid residues, this gene also contain two PDZ domains, PDZ1 domain start from the amino acid
114 to 193 and PDZ2 domain start from the amino acid 198 to 273 (Philley et al., 2016). SDCBP
has been locdlized in the vell ta cell adhesion sites, microfilaments and in the nnclevs, The
elevated ievel of expressions of SDCBP/Synfenin was observed in fetal kidney, liver, and brain
and lower level of expression were ohserved in all other tissues (Zimmermann et al., 2001). PDZ
domain of SDCBP protein was act as an intracellular binding partner of glycine transporter 2. C-
terminal amino acid residues of glycine transporter 2 and the PDZ2 domain of SDCBP interact to
regaiate the presynaptic localization of glycine transporter-2 to glycine releasing inhibitory
interneurons known as glyeine-rgic neurons (Olmo er @l., 2004). Tt is also involve in the
formation and controlling of'neuronal structure of membrane (Hirbec et ol., 2004). Trafficking of
nearoglis cefls along with exons is an imporiant pre-requirement for myelination, but the
mechanisms of oligodendrocyte trafficking is not fully understood yet. Proteoglycan NG2 is
involved in oligodendrocyte migration. PDZ domain protein symtenin interacts with NG2 to
facilitate the migration and that syntenin is necessary for regular transportation (Chatterjee ef 21,
2008). Receptor Ephrin B beiongs to enzyme tyrosine kinase family, play role in systeniafized
postsynaptic development of the brain interacting to different recepior of glutamate. Receptors
Epkrin BI and B2 involved in presynaptic development via SDCBP (Muclefland et al., 2009).
Newrological problems and disorders such as multiple sclerosis (MS) and stroke, blood brain
dysfactioning is véry important event. The role of micro-RNA 155 was observed as negative
regulator, Micro-RNA 155 modulated brain endothelial barrier function by targeting focal

e ——— e e
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adhesion components SDCRP/syntenin profein and it is also identified as a critical miRNA in
neuroinflammation at the blood brain barmier (Lopez-Ramirez ef al., 2014). Here, we are
reporting  homozygous non-synmonythouys mutation camsing neurological problems in
consangnineous Pakistani family.

4.5.2 Background

The sclected family (MR-9) was enrolled from the Distt hospital Dera Ghazi Xhan, distt Dera
Ghazi Khan Punjsb Pakistan. Family pedigree was constructed based on the information provided
by the parents. Research consent forms taken from family and affected children research
participants forms obtainied from guardians. Research work approved from etinical and {BASR)
committes of Interational Islamic University (IIUT) Islamabad. Pedigree of the family of was
shown in below Figure 4.6.1.
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4.6.3 Clinical Details

The nine member family (Fignre 4.6.1) was sampled from rajan pur distt Punjab. In this family
one female daughter (Ifl: 4) was wnaffected and she develop normal milestones. Four affected
patients were present in this family-(II%: 1, 01: 2, TV: 1 and IV: 2). Proband (TTl: 1) age was 30
years, with delayed milestones. In addition he can speak very late and had some fdcial
dysmorphic featuwes. Clinical analysis exhibited his 1Q Jevel was very low (ID: 23-35). He had no
respiratory, genital and other problem. The probsnd (II: 2) was 20 years old female, with
developmental delay, behaviors problems. She can speak only few words. Clinieal examination
was not performed on this patient. The proband (IV: 1) was 9 years old when he brought for
medical examination. He developed 2-3 seizures per day at the age of 2 years op to 4-5 minates
of duration. Detailed clinical investigation suggests he has avoidance and aggressive behavior
and not able to talk. He has normal posture, normal fundoscapy, no involuntary movement, no
hepatosplenmegaty and cardiac involvement. Brain C'T Scan demonstrated gray matter more
marked in basal ganglia. He has also some teeth anomalies.

The proband (T¥: 2) age was 7 years, when he was brought in the hospital for examination. He
has developmental delay and delayed milestones. He has aggressive behavior, no facial
dysmorphic feature, head size is normal. He has normal posture, normal fimdoscopy, no
cerebellar signs, no involuntary movement, no hopatosplenmegaly and cardiac involvement. He
starts walking 14 months of age. His blood count test and biochemical tests were correct. Brain
MR demonstrated large ventricles than normal, no other symptoms appeared during the analysis.
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4.64 Genetic Analysis

4.6.6.1 Linkage Apalysis

DNA from all affected family members as well as unaffected family members were analyzed,
Homozygous genetics variants were hypothesized on the bases of pedigree. Intellectual disability
knows a3 heterogeneous group of genetic disorder in which many genes are involved. Linkage
analysis was performed nsing STR markers for most prevent genes causing intellectual disability
in Pakistani population. Subjected family shows no linkage with targeted gene by using STR
markers. After excluding reported pathegenio gemes the probands DNA subjected to WES
analysis.

4.6.6.2 Whole Exome Analysis

To identify underlying genetic causes the famnly swo (I11: 1 and TV: 2) probands was selected for
whole exome sequencing. WES results of the probands (ITI: 1 and I'V: 2) yields 86544 and 86123
variants respectively with read depth around 100x covering all introni¢ and exonic variants.
Initialty all ineremic vanants were removed. Exome analysis targeied homozygous or compound
heterozygous non-synonymous, framshift, splice site and coding indel variant with allelic
frequencies of less than <0.0019% in the 1000 genome project (1000genomes.org), exsc data base
{wwiv.exac.broadinstituie), The varients with allelic frequencies <0.001% were shortlisted figore
46.3. For further eonformation filtered variants were checked in the human protein atlas data
base (kittps://www,proteinatlas.org’) far high level of expression of variants in brain both at RNA
and proteiti level as compared to other organs or tissnes. Filtered variants also searched in
PubMed and OMIM (https:/www,omim.org/), data base for any other discase association and
phenotypes. All & variants putative score wete checked in mutation taster
(hitkp=//www.iitationtaster.org/), GERP data bases. CADD phired pathogenic score was also
checked by using ensembl variant effect predictor ool (hripsi//asia.ensembLorg/Toals/VEP),
Only 6 variants met these filtration criteria in both probands (III: 1 and TV: 2). Out of these
varianits 4 variants were non-synonymons and one was frame shift variants mentioned in table
4.6.1, Off these filtered vanants only SDCBP2 gene variant co-segregating with family probands,
SDCBP2 variant was present in 1000 genome project data base but before this no homozygosity
was repotted with this specific variant. Genomic evolutioniary rate profiling (GREPP) score of
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4.6.7 Discussion

Here. we are reporting a missense mutation in the syndecan binding protein gene (SDCBPJ), in
Pakistani epnisanguineons famiily. The clinical phenotypes of patients are development delay,
speech problem, facial dysmorphic features and seizures. SDCBP2 genes is belongs to the
syndecan binding protein gene family, SDCBP2 gene is multi-functional invelved in cell- cell
adhesions, exome biogenesis. neurotransmifter, neural, and synaptic development. Two patients
wete selected for exome sequencing, the data analysis of exome sequencing revealed six variants
sharing homozygous variants (Table 4.6.1). All the variants score were checked by using
bivinformatics mutation prediction tools., The muiation ¢.G556T: p.D186Y was present in exac
browser, but no homozygosity was reported for this specific mutation in exac data base and
genome aggregation databsse {gnomAD). That mutation is presented in highly conserved
location on the gene according to the genomic evolutionary rate profiling (GERP) prediction
scote (4.3). In silico evaluation of the mutation prediction throngh, SIFT, Mutation Taster,
Polyphen? and Mutation Taster as *deletetious’ and ‘disease causing’, aceordingly, Afier exome
filtrations and bioinformatics analysis Deleoxy sequencing method used io confarm co-
segregation of this specific mutation to probands. Sanger sequencing conform the segregation all
probands sharing homozygous alleles while parents' are heterozygons and healthier child was
showing normal allele (Figire 4.6.5), One hundred cortrol samples dlso selected from this ethnic
group fo check whether the variant present in 100 control sample or not, control samples tested
negative for thus variant as well. More over SDCBP2/syntemn gene is involved in neuronal and
pre synaptic development, mutation in this gene may leads to the dysfuctioning of nesronal and
pre synaptic development thet causing the disease in this family. SDCBP2/syntenin genes contain
two PDZ domains, PDZ] domait and PDZ2 domains. SDCEP PDZ-domain 1 and 2 inieracts
with mitiple proteins inclnding EphrinB1 and B2, ghutamate raceptor, neurofascin a multiple
proteins and has séveral intracellvlar functions (McClelland et af., 2009, Beckman and Coffer,
2008). Receptor ephrinBl (EphB) is coordinate with glutamate receptor to directs the post
synaptic development, control dendritic filopidial and mediate spinal formation. Ephrin receptor
is play role in the formation of pre-synapse with SDCBP2 association (Mcclelland et al., 2009),
By using web base bioinformatics tool STRING we check the ‘protein-protein interaction of
SDCBP?2 gene. The protein-protein interaction (Figure 4.6.6) of SDCBP2 revealed that this gene
is interacting with CNTNAP2 gene thar contributes to the association of axonal domains 2t nodes

m
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of ranvier by maintaining voltage gated potassium channels at the juxtaparanedal region. We
believe this gene is disease causing for this family because of its diverse function and its
interaction with CNTNAF? gene that is associated with pitt-hopkins like syndrome 1 and autism
susceptibility 15, Functional work also will be performed for the: conformation of this gene
pathogenic nature in this family. Moreover, other probands and families with similar vatiants
¢:G556T: p.DIBGY helps 1o clarify whether or not it is pathogenic. MLLT10 gene varian:
(NM_001195626: ¢.G1587C; $.Q529H) Sanger sequencing will be performed for co-segregation
analysis,

e e ——
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Chapter 4.7: Start Loss Mutation Causing Progressive Cerebelio-Cerebral

Atrophy in Autosomal Recessive Intellectual disability Families

In this Chapter, two families (MR-10A and B) with congenital intellectual disability were

selected for genetic analysis. The detail depiction of these familics is explained below.

4.7.1 Introduction

Progressive cerebello-cerebral atrophy PCCA (MIM: 613009) is an autosomal recessive disorder
of profound intellectual disability, spasticity. and microcephaly (Ben-Zeev er af., 2003). PCCA
type 1 is caused by the mutation in the phosphoserine-tRNA-selenocysteine (SepSecS) gene
(Hady-Cohen ez al., 2018). SepSecS was the first gene reported to cause PCCA (Agamy e al.,
2010). SepSecS is a ubiquitously expressed enzyme involved in the formation of tRNA that
enhances the formation of selenocysteine molecule in final reaction (Puppala er al., 2011). The
trace element selenium (S¢) is found in proteins as selenocysteine (21st amino acid) funetion as
an essential micronutrient in the diet. Selenocysteine is distinct from other amino acids and
synthesized on the cognate tRNA in all domains of life (Palioura et af., 2009). The selenocysteine
biosynthesis mechanism in humans has been interpreted (Yuan er al., 2006), SepSecS enzyme in
complex with the tRNA molecule transfer selenocysteine to the tRNA®® and tRNA®* provided
details insights into the reaction mechanism (Palioura er al., 2009). Selenocysteine biosynthesis
is a tree step biosynthesis process. In first step seryl-tRNA synthetase attach serine molecule to
tRNAS* in reaction. In second step Ser-tRNAS® converted into o-phosphoseryl tRNA in the
presence of co-factor pyridoxal phosphate. In the final step of reaction O-phosphoseryl tRNA
converted into Sep-tRNA* in the presence of enzyme SepSecS that converted into
selenocysteine protein (Figure: 4.7.1) (Agamy er al., 2010).

tRNA™ SerdRNA™ P Sec{RNA™
‘Ser Se
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Figure 4.7.1: adopted from (Agamy ef al, 2010), Three step reaction biosynthesis of
selenocysteine protein, Selenocysteine is distinctive amino acid and synthesized on the cognate
tRNA.

Previously research groups reported that mutations in human sepsecs gene caused progressive
cerebello-cerebral atrophy (PCCA) and term also associated with pontocerebellar hypoplasia type
2 (PCH2). But recently study reported that PCH! caused by the mutation in the sepsecs gene and
PCH? is caused by the mutation in the ¥PS553 gene (Hady-Cohen ef al,, 2018). Total 6 mutations
have been reported in the sepsecs gene, 4 were missense, one splicing and one deletion mutation
(http://www hgmd.cf ac.uk/ac/gene.php?gene=SEPSECS). Whole exome seguencing was
performed on two Pakistani families with similar phenotypes, WES sequencing revealed a start
codon mutation ¢,T2C, p.M1T in the SepSecS gene in two Pakistani families.

4.7.2 Family A

The SepSecS family A was enrolled from the Distret hospital Dera Ghazi khan, Punjab Pakistan,
Family pedigree was constructed on the bases of information provided by blgod relatives. Blood
samples were collected from the family members both affected and normal. Written consent
taken from members and affected child informed consent was also taken from their parents. The
study was approved from the (BASR) Board of Advanced Study and Researoh and ethical
committee of International Islamic university Islamabad. Pedigree of the family of was shown in
(Figure 4.7.2).
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4.7.3 Clinical Details

The SepSecS family A having 2 affected male (IV-2 and IV-4} with cognitive impairment. Both
patient IQ has very low. The proband (IV: 2) 26 years old when brought of clini¢al examimation,
Medical history of patient (TV: 2) revealed when he was ¢ month old, he developed seizures.
Type of seiznre considered as generalized tonic seizure (GT). Detailed clinical investigation
suggests he has feeding problem, not able to talk. He presented dysmorphic facial feature with
broad nasal root and pointed nose, pointed chin, long narrow face and slight webbing of the neck
{Figure 4.7.3 (IV: 2)}. He was diagnosed with familial intellectual disability, developmental
delay by the local nearologist. The proband (IV: 4) age was 23 years at the time of clinical
examination, At the 18 months of age, he developed maxinum 3 seizures per day up to 63
minutes of duration. Type of seizure considered as GTC. Duning the clinical investigation his
behavior was aggressive, he presented facial dysmorphic feature including, long face, pointed
nose, and broad chin {Figure 4.7,3 (IV: 4)}. He has normal fundoscopy, no hepatosplenmegaly
and cardiac involvement. He has no speech with non-responsive cognition. He was diagnosed
with familial intellectual disability, developmental delay by the Jlocal neurologist
Electroencephalogram test demonstrated progressive slowing of the background in both the
probands (IV: 2 and TV: 4). Brain CT Scan revealed progressive a trophy, cerebral white matier
and decreased level of choline in the cerebellar hemispheres it both patients (Data not shown
here).

IvV: 2 4

Figare 4.7.3: The probands (IV: 2} and (I¥: 4) have aggressive behavioz, developmental delay
problem, facial dysmorphic feature including, long face, pownted nase, and broad chin.
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4.7.4 Genetic Analysis

4.7.4.1 Linkage Analysis

DNA from all affected family members as well as unaffected family members were analyzed,
Homozygous genetics variants were hvpothesized on the bases of pedigree. Intellectual disability
knows as heterogeneous group of genetic disorder in which many genes are involved. Linkage
analysis was performed using STR markers for imost prevent genes causing intellectual disability
in Pakistani population. Subjected family shows no linkage with targeted gene by using STR
markers. After excluding reported pathogenic genes the probands DNA subjected to WES

analvsis.
4.7.4.2 Whole Exome Analysis

To identify underlying genetic causes the family probands selected for whole exome sequencing.
WES results of the probands (IV: 2 and IV: 4) come up with 133672 and 133932 variants
respectively with read depth around 100x including intronic and exonic variants. Initially all
intronic variants were removeéd. Exome analvsis targeted bomozygous ot compound
heterozygous non-synonymous, framshift, splice site and coding indel variant with allelic
frequencies of less than <0.001% in the 1000 genome project (1000genomes.org), exac data base
{www.exac.broadinstitute.org). The variants with allelic frequencies <(.001% were shartlisted
fignre 4.7.3. For further conformation filtered variants were checked in the human protein atlas
data base (hitps://www.proteinatlas.org/) for elevaied level of expression of variants in brain both
at RNA and protein Jevel as compared to other organs or tissues. Selected vanants also searched
in OMIM (https://www.omim.org/), data base for any other disease association. All five variants
putative score were checked in mutation taster (htip://www.mutationtaster.org/). GERP and
CADD phred pathogenic score was also checked by using ensembl vanant effect predictor tool
(hitps://asia.ensembl.org/ Tools/VEP). Only five variants met these filtration criteria in both
probands (IV: 2 and IV: 4). Out of these variants three variants were non-synonymous and two
were frame shift variants mentioned in table 4.7.1. Of these filtered variants only SepSecS gene
involved with profound intellectual disability. progressive cerebello-cerebral atrophy considered
as neurodegenerative disorder. Two SepSecS variant was present in 1000 genome project data

base. Genomic evolutionary rate profiling (GERP) score of SepSerS gene variant considered as

m
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4.7.8 Genetic Analysis
4.7.8.1 Linkage Analysis

DNA from all affected family members 2s well as unaffected family members were analvzed.
Homozygous genetics variants were hypothesized on the bases of pedigree. Intellectual disability
knows as heterogeneous group of genetic disorder in which many genes are involved. Linkage
analysis was performed using STR markers for most prevent genes causing intellectual disability
in Pakistani population. Subjected family shoews no linkage with fargeted gene by using STR
markers, Afier excluding reported pathogenic genes the prebands DNA subjected to WES

analysis.
4.7.8.2 Whole Exome Analvsis

To identify underlying genetic causes the family probands selected for whole exome sequencing.
WES resulis of the probands (TV: 1) come up with 89561 variants with read depth around 100x
including intronic and exonic variants, Initially all intronic variants were removed. Exome
analysis targeted homozygous or compound heterozvgous non-synonymous, framshift, splice site
and coding indel variant with allelic frequencies of less than <0,001% in the 1000 genome project
(1000genomes.org). exac dats base (www.exac.broadinstitute.org). The variants with allelic
frequencies <0.001% were shorilisted figure 4.7.9. For further conformation filiered variants
were checked in the human protein atlas data base (https://www.proteinatlas.org’) for high level
of expression of vanants in brain both at RNA and protein level. Selected variants also searched
in OMIM (https://www.omim.org/), data hase for any other disease association. All eight variants
putative score were checked in mutation taster (http://www.mutationtaster.org’). GERP and
CADD phred pathogenic score was also checked by using ensembl variant effect predictor tool
(https://asia.ensembl.org/Tools/VEP). Only eight variants met these filtration criteria in proband
{(IV: 1). Oul of these variants five varianis were non-svnonymous and two were frame shift
variants mentioned in Table 4.7.2. Of these filtered vanants only SepSeeS gene involved with
profound imteliectual disability. progressive cerebello-cerebral atrophy  considered  as
neurodegenerative disorder. Only two SepSecS variant was present in 1000 genome project data

base. Genomic evolutionary rate profiling (GERT) score of SepSecS gene variant considered as

-
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4.7.10 Discussion

Mutation in the SepSccS gene (OMIM: 163811) causing autosomal recessive ID and the
mechanism of the SepSecS gene is well understood: sepsecs gene provides instruction for making
sepsecs enzyme, The sepsecs enzyme is participates in the formation of tRNA molecule. This
tRNA molecules play role in the formation of selenocysteine (sec) (Yuan et al.. 2006). Complex
formation between SepSecS gene with tRNA molecules provide key insights into the biosynthesis

pathway of selenocysteine protein (Palioura ¢r al., 2009).

In both the families WES analysis has leads 1o the identificatton start loss mutation in the
SepSecS gene exon 1: ¢T2C, p.MIT at the start codon in the following transcript
(ENSGO000001(9618), amino acid methionine replaced with amino acid threonine, This variant
was segregated with selected families, two affected individual (TV: 2 and IV: 4) from family A
sharing homozygous region and while the 3 siblings was heterozygous. In Family B one affected

patient was sharing homozygous allele while the parents were heterozygous for this variant,

The identified variant in SepSecS gene is disease causing variant for both the families. Both
famnilies’ panent sharing similar phenotype and sample were collected from the same village.
Sanger sequencing was performed on other variants (Table 4.7.1 and Table4.7.2) selected from
patients exome data to check the segregation but none of the variants segregating with under
studied families. Families’ phenotypes were similar with our family phenotypes and carrving
sepsecs gene mutations as reported in literature (Agamy er al.. 2010). So for there were four
different mutations reported in literature that causing mutation in the sepsecs gene, A
homozygous substitution mutation in the exon 8 of the SepSecS gene ¢. G1001A replacing amino
actd Tyrosine (tyr334) with amino acid Cysteine (Cys334) in a conserved residue (Bee-Zeev ef
al., 2003: Agamy ¢t a/., 2010). Compound heterozygous mutation in which amino acid Alanine
(ala239) was replaced with amino acid threonine (thr239) in the exon 6 of the sepsecs gene. The
compound heterozygons mutatioa causes dysfuotioning of two alpha helices of the sepsecs gene
(Agamy er al.. 2010). A homozygous mutation ¢.T1466A in exon 11 of the sepsecs gene was
reported in 3 sibling of consanguineous Jordanian family. This reported mutation was replacing
amine acid asparagine (asp489) with amine acid valine (val489). A nonsense mutation tyrosine
(p.tyr429*} was reported in sepsecs pene causing cerebellocerebral a trophy (Makrythanasis ef

al.. 2014). However, if our reported variant is not disease causing variants for the family. then
e e _______________ _________ __
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there are number of consideration required first other families may need 1o be studied with start
loss homozygous SepSecS mutations. We need fo test further variant especially
(PGAP2:NM_01448%:exon5:c. TGC615AGC:p,C2058) in family, disease associated with PGAP2
gene is hyperphosphatasia with intellectual disability and in second family we need to test 2
frameshift deletion (NM_001244390:eran?ic.407_409del:p.E137Gfs*11) in NUDT2 gene
involved in intellectual disability and developmental delay. Whole genome analysis (WiGS) may
be required to further explore the families.
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Chapter 4.8: Candidate Intellectual Disability Gene (PIDD) Causing Loss of

Function Mutation in Pakistani Families
4.8.1 Study Statement

Two Families AS105 and AS110 described in this chapter, both the families’ clinical phenotvpes
related with intellectual disability, global developmental delay. Sequencing analysis of both the
families resulted same loss of function mutation ¢.2587C>T; p.Q863X in p53-induced death
domain protein (PIDD1/PIDD) gene. Both the families’ results was published in (Mol
Psychiatry) with our research collaborator (Harripaul et al., 2018).

4.8.2 Families Back Ground
4.8.2.1 Family 4S105

Family AS105 figure (4.8.1A) belongs to (Khanabad), District Lower Dir, Khyber Pakhtunkhwa.
Family AS105 was having intellectual disability phenotypes and global developmental delay.
Family consist of 6 members from the second and third generation of the pedigree (1I: 1, I1: 2, III:
1, III: 2and III: 4), including two affected members (IT1: 2 and III: 3), both the affected probands
share common phenotypes. The patients (HI: 2) 1Q is range severe (1Q: 35-40 to 50-55) and she
was 6 years old at the time of medical examination. The proband (III: 3) age was 4 years at the
time of medical examination. He has cognitive problems and facing difficulties to pay attention

towards things.

4.8.2.2 Family AS11¢

Family AS110 (figure 11.1A) belongs to (village Bagh), District Lower Dir, Khyber
Pakhtunkhwa. Family consists of 11 members, 8 were suffering with intellectual disability
ranging from mild to severe. Most of affected individvals sharing similar phenotypes, with mild
facial dysmorphic features. Blood sample of the available affecied and normal individual
collected from the families and consent was obtained from the individual as well as probands
guardians. DNA extraction and molecular genetic analysis was performed in human molecular

genetic lab.

L. _ __________  _  _ ___ _ _ ]
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4.8.3 Genetic Analysis
4.8.3.1 Linkage Analysis

DNA from all affected members as well as normal members of both the families were extracted
and analyzed through standard protocol. Homozygous geetics variants were hypothesized on the
bases of pedigree. Linkage analysis was performed in both the families with STR markers known
for mapping ID gene in Pakistani population, Subjected families were shows no linkage with
targeted gene by using STR makers. After excluding reported pathogenic genes the probands
DNA subjectixl to WES analysis,

4.8.3.2 WES Analysis

WES analysis was performed in affected probands (II: 2) of farnily AS105 and proband (IV= 3) of
family AS110 using sequencing facilities at Centre for Addiction and Mental Health (CAMH),
Toronto Canada. WES data of both families affected probands was analyzed and all the benign
variants inchuding synonymous, intronic, and UTR variants were removed from the exome file.
Exome data was filtered and rare variants only selected with allelic frequency <0.001%.
Homozygous or compound heterozygous non-synonymous, framshift, splice site and coding indel
variant with allelic frequencies of less than <Q.001% in the 1000 genome project
(1000genomes.org), exac browser (http:/exac.broadinstitute.org) see (table 4.8.1) was selected
for further analysis. Only c.2587C>T variant in PIDD gene was checked in the human protein
atlas data base (https://www.proteinatlas.org/) for high level of expression in brain both at RNA
and protein level. Selected variant also searched in OMIM (hitps://www.omim.org/), data base
for any other disease association. PIDD gene variant pathogenic score were checked in mutation
taster (http://www.mutationtaster.org’), GERP and CADD phred pathogenic score was also
cbecked by using emsemb] variant effect predictor tool (https://asia.ensembl.org/Tools/VEP)
(Table 4.8.1). CADD score of this variant was (39), a score of higher than 20 or equal 20
indicates deleterious of mutation (Rentzsch ef of,, 2018).

m
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4.8.5 Discussion

Exome data revealed a novel loss of function (nonsense) variant in new candidate 1D gene
(PIDD). The only loss function mutation identified in both families was located in the PIDD gene
at chromosome 11. It consisted in a G to A transition at nuclestide 2587 (c.2587G<A), leading w
the protein truncation p.Q863X. The variant was cross checked in online data basis for further
confinpation, It was predicated to be pathogenic by different in-silico methods, was not
previously reported and was not found in any data base including. exac data basg. The mutation
was then examined in lecal population normal individusls and found to be absent in control
samples {n=100), further supporting its pathogenicity.

PIDDJ gene mitations was never been reported before in intellectual disabdlity families. This
gene forms PIDDosome complex that activates CASP2 and triggers apoptosis. This complex
contains death domain (DD) protein and adaptor protein RAIDD, mutation in death domain stops
the apoptosis process (Tinel and Tschopp, 2004). PIDD death domain also associated with other
death domain proteins particularly with CRADD death domain. CRADD. gene (MIM: 614499)
have been associated with non syndromic autosomal recessive intellectual disability
(Puffenberger er al., 2012) and this Joss of function mutation support the involvement of PIDD-
related pathways in the efiology of ID. CRADD gene loss of function and reduced caspase 2 play
important role in neuronal apoptosis, reduced neuronal apoptosis may leads to some human brain
neuronal storage disorders like megalencephaly (Mirzaa and Poduri, 2014). Human brain cortical
malformations caused by reduced apoptosis, inipact of reduced apoptosis in brain development
previously described in different studies like in caspase 3 (Kuida and Zheng, 1996) and caspase 9
{(Hakem and Hakem, 1998). CRADD signaling needed for the normal growth of brain neocortex
and cognitive function. CRADD signaling also reduced level of caspase facilitated apoptosis
during human brain development:can result malformation in brain (Di Donato et al., 2016).
Therefore, given the role PIDDosomme complex associated with oflier death domains and play role
in triggering CASP-2 and neuronal apoptosis. Mutation in PIDD gene may disrupt the
functioning of apoptosis or easp-2 activates for nommal brain functioning. In conclusion this study
describes the role of PIDD gene associated with intellectusl disability.

%
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Chapter 5: Conclusion and Future
Perspective
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Chapter 5: Conclusion and Future Perspective

Current research focused on the identification of new candidate genes and novel mutation causing
imtellectual disability in consanguineous Pakistani families. The aim was to use linkage analysis
and WES {0 identify the etiologies of [D families from Pakistani population. Through the work
on these ID families, successfully identified the causal variants,

The key finding of the currents research includes the identification of three ID causing genes.
SLITRK3 gene involves in the pre synaptic and post sytaptic neuronal activities and play role in
neurotransmitters. SDCBP gene is the syndecan binding protein gene involves in the trafficking
of transmembrane protein, newronal and synaptic development. F/DDJ gene encodes induced
death domain protein; mutation in death domaing halts the interaction of death domain proteins
with, other proteins especially RAIDD gene death domain protein associated with ID. In other
families, five novel mutations identified including. four missense mutation in four different genes
and one start loss mutation in two families.

In future, genetic testing of ID will be gignificant for the diagnosis of ID patients. Early diagnosis
will help the families regarding the treatment and management of the disease. Genetic testing of
ID will also help the families in terms of genetic vounseling but further knowledge needed to
increase our understanding about brain functioning. Through genetic testing it will be possible to
describe phenotypes on the basis of genotypes of the probands. On time diagnosis will be help to
distinguish the psychiatric and genetic problems of the ID patients. Proper genefic counscling
centers are required for the management of ID in Pakistani population. Drugs wrials in amimal
model of ID give hope for the better treatment of ID which will be possible in near future,

In addition, many of the genes causing ID are likely to have founder effects that may be causing
ID in Pakistani population, accelerating diagnosis of those genes and revealing carrier status to
help family planning in future.

Gathering of correct phenoiypes, mainly in the context of 1D are very important and will help in
correct diagnosis, Lastly the coliaboration between Newrogenetic research groups will help to
find owt new genes and cavsal varianis causing ID. Moreover 1D should be treated in a

comprehensive manner and patients suffering with ID should be provided social benefits that
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today are not present for them. ID must be included in the political, social and economic agenda

at government level to formulate the policies to prevent the disease.
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Consent form in English

Name of Participant:

DOB:

Sample 1D:

Research Participant Informed Consent

Subject of stady: - Mapping Autesomal Recessive Intgllectual Disability in Consanguineous
Families

Researchers: DR. Asif Mir Email: asif mir@iin.edu.pk
Muhammad llyas  Cell No: +923346928212

Purpose of the Research:

We hope to use this study to help us find genes that may predispose to, intelloctual disability
and/or associated neurogenetic disorders. Intellectual disability (ID) causes are unknown in more
than 50% of individuals or we know very little about ID disorder. Other 50% ID is caused by the
genetic factors inoluding aneuploidies, copy no vartions and mutation in specific genes. Genetic
studies of the genes involved in these conditions or finding of the new genes involved in these
condition are Jikely to further our understanding of the basis of Intellectual Disability. The
outcome of this research covers the possible identification of new gene(s) involved in disease and
help to understand the gene therapy and possible treatment of the disease.

Description of the Research:

1. If yon are agreeing to participate our research then we may ask you to provide information 1o
us.

o  Past Medical history
o Behsvior and development of the affected individual
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2. If you agree 1o participate, a trained health care professional will take blood sample (20-30 cc
or 5 M1} from your or your child. This blood will be used to look at the pattern of changes in
DNA
Potential Harms:

There may be a small amount of bleeding when blood is taken from a vein and there may be
slight discomfort and bruising or redness that will usually disappear in a few days.

What are the risks of the study?

During the course of the study. if we identify any information that may have clinical significance
to your child, one of the investigators will contact you and your child about these observations
and arrangemenis will be made for counselling and assistance for you and your child in
understanding the personal and family significance should you need it. This knowledge could
cause psychological stress to you, your child, and your family. In rare cases, knowing about a
presence of a genetic problem might possibly affect vou and your child’s health and/or life
insurance coverage in the future. The interpretation of the genetic information will depend in part
on the family information that you have provided. If the results of genetic tests do not fit with the
information that you have given about your family, it may be that the test is faulty, or that the
family information that you gave is wrong. For example, this might happen if the parents do not
mention that their child was adopted, or that the biological father is different from the apparent
father.

Potential Benefits:

Your child and your family may or may not benefit from participating in this stody. It is possible that
we will be able to identify the molecular or genomuc cause of the intellectual disability disorder in
your family, which may help with treatment options; this study may help other patients and their
famnilies, while we cannot know this for sure.

Confidentiality:

We will respect you & your child’'s privacy. No infonmation about who you and your child 1s
will be given to anyone. We will put a copy of this research consent form in your child’s patient
b __________________________ __ _______________________________________________ __ _______________________________ _1
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health records. The data produced from this study will be stored in & secure, locked location.
Only members of the research team will have access to the data. Following completion of the
research study the data will be kept as long as required. Published study results will not reveal
your child's identity. No information that reveals you or your child's identity will be released or
published without your consent. In addition, information regarding the results of this research
may become part of your child's health record if relevant to his or her medical care. The DNA
isolated from yow/your child's blood will be stored indefinitely with the number codes, so that as
new genes are discovered, which are involved in Intellectnal Disability, this DNA can be used to
continne the research.

Participation in Research

If you choose to have you /your child take part in this study, you can withdraw from the study at
any time. Your withdrawal from research will not affect the care and treatment of your child in
Pakistan in any way.

Consent:

By signing this form, [ agree that:

Yon have explained this study to me. You have answered sl tny questions,

You have explained the possible harms and benefits (if any) of this study.

I understand that I have the right to refuse take part in the study and the right to stop at
any time. My decision about taking part in the srudy will not affect my child’s healith care
at Hospital.

I am free naw, and in the future, to ask questions about the study.

I understand that no information about who my child iz will be given to anyone or be
published without first asking my permission.

My child will provide a blood sample and both parents {when available) will provide
Blood or saliva samples.

Specific Code will be Assign to every DNA sample

Blood samples used as a source of DNA, and stored indefinite time, for research into the
penetics of Intellectual Disability.
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B.J. Mapping autosomal recessive intellectual disability: combined microarray and exome
sequencing identifies 26 novel candidate genes in 192 consanguineous families. Nature
Molecular psychiatry. 2018 Apr;23(4):973-84. LF: 12.38

s Ilyas M, Mir A, Efthymiou S, Houlden H. The genetics of intellectual disability:
advancing technology and gene editing. F1000Research. 202G;9. LF: 2,64
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