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Abstract 

Genetic disorders are the leading cause of physical disabilities due to high rates of 

consanguinity, across the world. In Pakistan there is a tradition of consanguineous 

marriages, resulting in significant increase in the prevalence of genetic disorders i.e., 

mental retardation and primary microcephaly. Mental retardation, also known as 

intellectual disability (ID), is categorized by considerable limitations in both adaptive 

behaviors and cognitive function, developing before the age of 18. Whereas, 

dysequilibrium syndrome (DES) which is due to a mutations in the VLDLR gene, is a 

heterogeneous autosomal recessive genetic disease characterized by moderate to 

profound mental retardation. Primary hereditary microcephaly (MCPH) is a 

neurodevelopmental disorder characterized by reduction in brain volume. Additionally, 

microcephaly phenotype is linked with centrosomal proteins, pointing the importance 

of centrosome during embryonic brain development. This genetically heterogeneous 

disorder accompanied with mild to profound intellectual disability. Next generation 

sequencing (NGS) technologies have accelerated the process of identifying variants 

responsible for disease causation. In the current study, whole-exome sequencing (WES) 

was used as a method of choice because of the heterogeneous nature of disorders. 

Variants obtained from WES were prioritized based on their inheritance pattern, 

disease association, functional relevance and pathogenicity score predicted by different 

bioinformatics tools such as CADD, Mutation Taster and PolyPhen-2. All the variants 

were confirmed through Sanger sequencing to counter the errors. Total of 9 families, 5 

segregating the phenotype of MCPH and 4 families manifesting ID, were selected from 

various regions of Pakistan and studied by using different genomic approaches. Out of 

5 primary microcephaly families, pathogenic novel mutations of ASPM was identified 

in 4 families and remaining one family carries novel mutation in STIL. This gene 

encodes a centriole protein implicated in regulation of the mitotic spindle checkpoint. 

Genomic analyses of the four ID families revealed a novel missense mutation of 

VLDLR. Remaining three ID families showed three novel mutations in GDI1, NSUN2 

and LINS1 which we found associated with mental retardation in Pakistani families. 

The present study provides further insights regarding genetic heterogeneity of mental 

retardation and primary microcephaly in Pakistan. Therefore this data will not only be 

helpful to understand the molecular mechanism involved but to develop improve 

strategies for identification of potential therapeutic targets.  
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1. Background 
The field of genetics was revolutionized by the experiments of Gregor Mendel on pea 

plants, which defined the basic mechanism of inheritance patterns (Bateson and 

Mendel, 2013). After the completion of Human Genome Project in 2003 and very 

recently the 1000 Genomes Project, and the Exome Aggregation Consortium (ExAC) 

have boosted up research in the field of population genetics (Abecasis et al., 2010; 

Auton et al., 2015) and, the data obtained by these projects has not only offered 

information but also act as reference genome for polymorphisms and mutations, 

consequently enabled and facilitated researchers to indicate the genetic basis of 

inherited diseases in human. 

1.1 Human Genome 

Human genome comprises of double helical DNA molecules, composed of four 

different kinds of nucleotides; Adenine (A), Guanine (G), Cytosine (C) and Thymine 

(T). These nucleotides are attached through a strong phosphodiester bond, whereas 

complimentary nitrogenous bases (A -T and C - G) are linked through hydrogen bond, 

in the DNA strand (Watson and Crick, 1953). 

1.1.1 Genomic Variation and its Types 

Genetic variations are the changes in the DNA base sequence of an individual. 

Rearrangements of large chromosomal fragments (inversions, translocations), copy 

number variations (CNV), single nucleotide variants (SNVs) and short Indels 

(insertions or deletions), are various types of genetic variations. SNVs denote single 

nucleotide differences among different individuals and if the variation frequency of 

minor allele in a particular populationis ≥1% then the phenomenon is called as single 

nucleotide polymorphism (SNP) (Fay et al., 2001). SNPs, in human genome, are the 

most common genetic variations. SNVs are declared as a mutant and 85% of known 

mutations occur in the coding region of the genome. Indels and Substitutions are two 

main types of mutations. Indels are insertion and deletion of small fragments (1-50 bp) 

in genome (Fay et al., 2001). The expression of these variations can be beneficial, 

harmful or neutral, causing a certain type of genetic disorder (Feuk et al., 2006). Frame 

shift mutations arise from indels producing non functional protein. Substitution of one 

nucleotide with another may result in aberrations in the amino acids sequence encoding 

protein. 
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To substitute a nucleotide with another can result in abnormal codon sequence that 

consequently code for another amino acid causing missense mutation or it may cause 

non-sense mutation by inducing a stop codon, causing premature termination of protein 

(Nakamura, 2009). Rearrangements of chromosomal region and CNVs are forms of 

structural variants (Haraksingh and Snyder, 2013; Feuk et al., 2006). Whereas, CNVs 

exhibit increase or decrease in copies/number of a particular chromosomal region. 

There are more than 200,000 entries in the human genome mutation database while 20 

% of them comprises of indels. 

1.2 Human Genetic Disorders 

Human genome contains roughly 20,000-25,000 genes that are involved in the 

expression of our cell’s proteins (International Human Genome Sequencing 

Consortium, 2004). Monogenic disorders exhibit familial inheritance and can manifest 

as autosomal dominant or recessive, and sex-linked inheritance.  

Analysis of pedigrees with multiple affected individuals aids in determining the 

inheritance pattern of monogenic disorders. Monogenic diseases arise as a result of 

variations in a single gene having significant impact on the phenotype, in contrast with 

polygenic inheritance in which variations in multiple genes, each responsible for a 

small effect on the disease etiology and also altered by environmental factors (Lander 

and Schork, 1994). In single gene disorders, a specific variation may alter one or both 

copies of an autosomal gene producing recessive or dominant inheritance pattern 

respectively within families. 

Variations in the x and Y chromosome exhibit as X-linked or Y-linked inheritance. 

(Chial, 2008). A particular pathogenic mutation may cause a specific phenotype in 

patient. So, there is no specific inheritance pattern in such kind of diseases. The 

completion of human genome prompted the researchers to shift their focus from single 

gene disorders to polygenic inheritance. The impetus behind moving towards polygenic 

inheritance are many. 

1.3 Consanguinity and its relevance with Autosomal Recessive Disorders 

Marriages among close cousins or relatives are called consanguineous marriages. 

Though such kind of marriages are restricted in some regions of the world, but still 

20% of the global population practice it (Bittles, 1994), as introducing someone to the 
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family, out of their blood relatives, is regarded an unsecure act by interfering family’s 

privacy and of structure.. The probability of occurrence of disease causing rare variants 

is more in offspring of consanguineous marriages (Modell and Darr, 2002). Autosomal 

recessive disorders are strictly related with lineage and almost 69% of the families with 

first cousin marriages have genetic disease with recessive fashion of inheritance 

(Hamamy et al., 2007). Western and US Societies practiced such marriages during the 

mid-nineteenth century (Bittles, 2003; Ottenheimer, 1996). Marriages between 

biological relatives are still largely practiced in various Muslims countries (El-Kheshen 

and Saadat, 2013; Khoury and Massad, 1992). Whereas, in Pakistan the proportion of 

consanguineous marriages is one of the highest in the world i.e. almost 76% with more 

than 80% among first cousins (Hussain and Bittles, 1998; Hashmi, 1997).Due to 

reasons such as high traditional preference for consanguineous marriages, low literacy 

rate, unawareness, socio-economic burden and large family sizes has greatly enhanced 

the incidence of genetic disorders and, thus increased the probability. 

In Pakistan, a strong traditional preference for consanguineous marriages, large family 

sizes, unawareness and low literacy rate considerably increase incidence of genetic 

disorders and increase the likelihood for identification of novel disease genes and their 

causative variants. 

1.4 Intellectual Disability  

Intellectual disability (ID) is considered as significant limitations in both adaptive 

behaviors and cognitive function, developing before the age of 18 (Schalock et al., 

2010). Intelligence quotient (IQ) is the clinical measure for limitations in cognitive 

function. A score of 70 or below on testing scale indicates intellectual impairment 

(Diagnostic and Statistical Manual of Mental Disorders, DSM-V). 

Depending upon severity of the presenting phenotype, ID can be ordered into mild, 

moderate, severe, profound and unable to detect, considering the level of supplemented 

help and IQ scores. (Luckasson and Reeve, 2001). Currently, to categorize the severity 

of MR/ID, more attention has been given towards adaptive functioning like social, 

conceptual and practical skills) (Schalock and Luckasson, 2015). 
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1.5 Etiology of ID/MR 

The etiology of ID/MR is complicated, comprising genetic and environment risk 

elements; the latter includes exposure to toxins and certain diseases, and perinatal 

complications (Srourand Shevell, 2014). Presently, various genetic risk factors of 

Syndromic-ID have been elucidated, such as single gene mutations in Rett and Coffin–

Lowry and Fragile X syndromes, and chromosomal abnormality in Down syndrome 

(Delaunoy et al., 2001; Gecz et al., 1996; Gibbons and Higgs, 2000). On the contrary, 

understanding the etiology of NS-ID, is less advanced, due to a combination of 

complex environmental and genetic causative factors, difficulty in phenotyping of 

affected individuals and absence of sufficiently latest research technologies 

(Wieczorek, 2018). 

1.6 Incidence of ID/MR 

The incidence of ID/MR is about 1-2% of the world population with almost 60% of 

individuals with ID having a severe core activity restriction (Maulik et al., 2011). 

Previously, due to high incidence of ID in males compared to females, mostly S-ID 

cases were studied with a focus on X-chromosome (Stevenson and Schwartz, 2009). 

Whereas, due to reproductive disadvantage in affected individuals, Autosomal-

dominant inheritance of NS-ID is comparatively rare (Kaufman et al., 2010). 

1.7 Classification of MR 

Mental Retardations is classified as syndromic and non-syndromic intellectual 

disability. Pattern of inheritance of intellectual disability can be autosomal 

(dominant/recessive) and X-linked. Autosomal recessive mode of inheritance is 

responsible for approximately 25% of the total genetic cases (Higgins et al., 2004). 

Micro-deletions and duplications in chromosome have also been documented as the 

cause of ID. Autosomal dominant/recessive, and X-linked ID are heterogeneous and 

further categorized into syndromic intellectual disability (S-ID) which is characterized 

by either malformations, neurological/dysmorphisms anomalies, whereas, non-

syndromic intellectual disability (NS-ID) is only accompanied by the defect in 

cognitive abilities without any additional characteristics (Basel-Vanagaite, 2007). 

However, classification of NS-ID is more difficult to diagnose or may be less apparent 

in some individuals with ID and continues to attract a debate as subtle physical 
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dysmorphisms, and neurological and neuropsychiatric disorders (Valnegri et al., 2012). 

Nevertheless, in children and adult age groups, about50% ID is 

considered non-syndromic with no visible physical signs (Gecz and Haan, 2012). 

1.8 Genes Involved in ID/MR 

According to SysID database [http://sysid.cmbi.umcn.nl/, 654 mutated genes causing 

535 diseases related to intellectual disability, including 310 candidate genes. 

Autosomal recessive ID (ARID) appears to be more heterogeneous and it is expected 

that more than 3000 genes are involved in ID (Study et al., 2017).  

1.9 VLDLR and its relevance with Mental Retardation 

Dysequilibrium syndrome (DES) is a heterogeneous autosomal recessive genetic cause 

characterized by moderate-to-profound mental retardation, cerebellar hypoplasia, non-

progressive cerebellar ataxia, and delayed walk (Rasmussen, 1985). According to 

Boycott et al., 2005 DES is due to mutation in the VLDLR gene, present on 

chromosome 9. VLDLR is a member of low density lipoprotein receptor (LDLR OMIM 

606945) gene family and also take part in brain reeling signaling pathway. VLDLR 

directs the migration of neuroblast during the development of cerebellum and cebral 

coxter. T (Trommsdorff et al., 1999; Tissir and Goffinet, 2003). VLDLR together with 

ApoER2 has a vital role in migrating radial neurons present in the brain. Due to the 

absence of these receptors, the cortical neuronal sheets are inverted, resulting in failure 

of Purkinje cell migration, consequently cerebellar growth is stopped (Trommsdorff et 

al., 1999). 

1.10 Microcephaly 

The term microcephaly consists of two Greek words, “micro”from “mikros”, mean 

small, and “cephaly”from “Kephale”, mean head. Microcephalic patients exhibit small 

head size with prominent phenotype (Woods, 2004). 

1.11 Etiology of Microcephaly 

The primary etiology could be: a failure or reduction in neurogenesis of neurons, 

chromosomal disorder, pathogenic events prior to birth (eg, prenatal formation of 

porencephalic cysts due to ischaemia/hypoxia, or rare mitochondrial mutations), and 

occasionally at very early onset of degenerative process like Aicardi-Goutieres 

syndrome (Woods and Parker, 2013). There are some environmental causes like; 

http://sysid.cmbi.umcn.nl/
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intrauterine infections(first trimester cytomegalo virus (CMV) infection), fetal alcohol 

syndrome, malnutrition or hypothyroidism are some factors that must be excluded for 

diagnosis of autosomal recessive primary microcephaly, because these factors also 

cause microcephaly with mental retardation (Woods et al., 2005).Drugs taken during 

pregnancy; maternal phenylketonuria; birth asphyxia and prenatal radiation exposure 

forming the cause of the rare secondary microcephaly (Jackson et al., 1998). The 

autosomal recessive primary microcephaly has only a genetic cause without 

environmental factors. 

Among different populations around the world, many of the causative genes (MCPH1-

MCPH25) for the 25 loci mapped till now, code for kinetochore/spindle pole proteins 

or centriole/centrosome, are involved in cytokinesis, centrosome maturation, centriole 

biogenesis, kinetochore and centromere function. This represents that centrosome 

malfunction is one of the primary causes of MCPH (Jayaraman et al., 2018; Nano and 

Basto, 2017). 

Additionally, microcephaly phenotypes are linked with centrosome proteins (POC1A, 

PCNT, CEP63, NIN) developing a strong genetic relation between centrosome 

malfunction during development and the aetiology of microcephaly (Saade et al., 

2018). 

1.12 Incidence of Microcephaly 

MCPH is rare, with prevalence estimates between of 1:30,000 and 1:2,000,000 in 

European population, but much higher (One in 10,000) in some parts of Pakistan due to 

the high consanguinity rates (Woods et al., 2005). 

MCPH loci are various, but they are individually rare. More than 86% of the registered 

families exhibit mutations in one of the three genes (MCPH1, ASPM, WDR62), and 

most of these variants are nonsense, with loss of function.   However, no mutation was 

observed in known genes responsible for 20 to 30% of Pakistani and 40-60% European 

and American MCPH cases. Therefore, more genes and mechanisms associated with 

congenital microcephaly are supposed to exist and still to be identified (Zaqout et al., 

2018). 
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1.13 Classification of Microcephaly 

There are two types of microcephaly; primary and secondary microcephaly. Primary 

microcephaly is a static anomaly in which the growth of the brain is reduced during 

pregnancy (develops at prenatal stages), whereas in secondary microcephaly the brain 

size is normal at birth but subsequently fails to grow normally due to progressive 

neuro-degeneration. In contrast to primary microcephaly, the secondary microcephaly 

develops at postnatal stages (Woods, 2004). 

1.14 Primary Hereditary (MCPH) 

Primary hereditary microcephaly is a neurodevelopmental disorder characterized by 

reduction in brain volume, with an occipital-frontal circumference ≤−2 standard 

deviations (SD) that of the age and sex-matched population at birth. This genetically 

heterogeneous disorder leads to mild to profound intellectual disability (Woods and 

Parker, 2013) with normal height (except in minor cases where the MCPH1 gene is 

involved), weight and neurological functions (Cox et al., 2006; Nicholas et al., 2009). 

MCPH is inherited in autosomal recessive form and heterozygous carriers show no 

symptoms of disease. Through regular ultrasonography, primary microcephaly is 

detectable before 36th weeks of gestation period (Zaqout et al., 2017). Magnetic 

Resonance Imaging (MRI) of affected individuals presents normal brain, but smaller 

and simplified cortical area (Pang et al., 2008). 

1.15 Genes Involved in Microcephaly 

To date, variations in 25 different genes are known to be causative variants for 

autosomal recessive primary microcephaly (MCPH; OMIM phenotypic series: 

PS251200) (Perez, et al., 2019).  

1.16 Strategies for disease gene identification 

Diverse strategies were applied to locate disease causing variants in the genome, 

responsible for various disorders.. The last decades of the century saw positional 

cloning as the predominant approach for finding disease causing variants. 

Homozygosity mapping by Linkage analysis was used to elucidate the candidate 

chromosomal region or gene of affected individuals of large families (Collins, 1995). 

Identification of new genes causing ID is difficult due to syndromic condition of the 
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diseases in many families (Kürekçi and Dinçer, 2013). A brief introduction of the 

strategies involved in gene identification is discussed below.  

1.17 Homozygosity Mapping 

To locate the recessive variants present within inbred families, homozygosity mapping 

is used as a standard technique (Sukumaran et al., 2017; Martin et al., 2014). For 

homogygosity mapping, the DNA makers (either in the form of a single base pair 

changes called single nucleotide polymorphism (SNP) or variable number of repeats of 

two or more base pairs called microsatellites) used are natural variants present in the 

genome of individual (Vink and Boomsma, 2002). The methodology consists of 

genotyping, linkage analysis and targeted sequencing of samples. Prior to the 

availability of reference human genome, the region of interest was usually cloned for 

the targeted sequencing. These techniques were named as positional cloning, where 

homozygosity mapping was a crucial part (Teare and Santibanez, 2014).  

1.18 Next generation sequencing technologies (NGS) 

To establish a novel genetic basis of disease, in a research setting, DNA sequencing 

with next-generation sequencing technologies has proven to be an effective alternative 

to locus-specific and gene-panel tests (Rauch et al., 2012). 

To resolve the limitations of traditional gene identification methods, Next generation 

sequencing techniques (NGS) were introduced in the beginning of this century. These 

technologies have advantage over the Sanger sequencing method to sequence the whole 

human genome in considerably shorter time (Hedges et al., 2009). 

Next generation sequencing (NGS) also known as deep sequencing, massively parallel 

DNA sequencing or high-throughput sequencing. The NGS technologies at hand has 

shared features with massively parallel sequencing of DNA involving clonal 

amplification or single molecules. Specific separation of DNA molecules is carried out 

in a flow cell through successive ligation of oligonucleotide or repetitive cycle of 

polymerase chain reaction (PCR) (Behjati and Tarpey, 2013; Voelkerding et al., 2009). 

During synthesis step, multiple sequencing techniques have diverse mechanism and 

protocol. Applications of NGS are various; consist of target panel sequencing whole-

exome sequencing (WES) and whole-genome sequencing (WGS).  
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1.19 Whole-Exome Sequencing 

Advancement in the technique of whole exome sequencing and analytical approaches 

enabled the researchers to detect the disease causing variants in common as well as rare 

genetic disorders (Majewski et al., 2011). In Patients with suspected genetic disorders, 

whole-exome sequencing is the method of choise for the identification of molecular 

defects (Yang et al., 2013). Whole exome sequencing (WES) is selectively used for the 

sequencing of coding regions (180,000 exon) (Hedges et al., 2009). since most of the 

single nucleotide rare variants responsible for inherited diseases are found in the  

exonic part of the genome (Botstein and Risch, 2003) and it has the more likelihood of  

identification of   rare single nucleotide variants (Bamshad et al., 2011). 
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1.20 Research objectives 

The prime objectives of current research is to uncover the underlying molecular genetic 

causes of non-syndromic autosomal recessive mental retardation (NS-ARMR) and 

primary microcephaly (MCPH). 

Experiments were designed by using a blend of linkage analysis and whole-exome 

sequencing technology to search out novel pathogenic variants in affected cases of NS-

ARMR and MCP from various regions of Pakistan. 

The specific design of current research was: 

1. Characterization of Pakistani families segregating non-syndromic autosomal recessive 

mental retardation (NS-ARMR) and primary microcephaly (MCPH) by using 

molecular approaches. 

2. To investigate novel mutant loci and underlying causative gene variants in NS-ARMR 

and MCPH. 

3. Establishing carrier screening tests for the families at risk. 

4. To propose improved treatment strategies based on molecular knowledge generated in 

this study.  
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Chapter 2: MATERIAL AND METHODS 
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2. Material and Method 

2.1 Collection of Data 

Approval of genetic and clinical studies, carried out in current study, was taken from 

ethical department committee at International Islamic University Islamabad (IIUI).The 

ethical department committee of international Islamic university Islamabad provided 

the approval for collection of data for genetic and clinical studies for this 

research.Initially the researcher identified affected families in the field study of 

respective areas. The members of these families showed strange behavior, difficulty in 

learning, Reduced head circumference and decline in intelligence without apparent 

features of syndrome. All the families were contacted in their respective residence. 

Disease history of families were recorded by interviewing parents and pedigrees were 

drawn accordingly in accordance to published methods (Bennett et al., 1995). With 

prior family consent, local hospital physician was consulted for concerning basic 

clinical information of proband and diagnosis confirmation. The blood samples were 

drawn for genomic DNA purification. Circles and squares were used to represent the 

females and males respectively, in the pedigrees. Whereas, shaded circles and squares 

described affected individuals, and unshaded showed healthy individuals. On the other 

hand slanting line over the circle and square represented the expired individuals. 

Double lines represented the consanguinity, while each generation was represented by 

Roman numbers. Pedigree helped us in understanding the inheritance pattern of disease 

for each family and affected individual. 

2.2 Blood Sampled 

Blood samples were taken in 10ml syringes from affected and healthy individuals, and 

shifted to 10ml K EDTA vacutainer. Collected samples will be labeled with different 

identification number and stored at 39 °C, until further proceeding.  

2.3 Extraction of DNA  

Extraction of DNA from blood samples of families were processed by following 

Organic method of DNA extraction to recover the genomic DNA. 

2.3.1 Extraction of DNA by Phenol Chloroform method 

For DNA extraction, standard chemical solutions (A, B, C and D) were used. The 

composition of following chemicals are mentioned in annexure. 
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2.3.2 Method 

I. In 1.5 mL eppendorf tube half mL blood was taken with same volume of solution A. 

Placed solution mixture for 15 to 25 min at room temperature and kept vortexed 

regularly to get mix the solution A in blood. After that, sample mixtures centrifuged for 

30 sec at 13,000 Rpm. 

II. Supernatant discarded away after centrifugation. Carefully suspended and vortexed the 

pallet in 500 µL Solution A for 20min. 

III. Again centrifuged the solution mixture for 30 min at 13,000 Rpm. 

IV. After centrifugation carefully discarded the supernatant. Then 500 µL Solution B, 30 

µL proteinase k, and 10 µL of SDS solution were added in eppendorf tubes and 

vortexed for 15 to 20 sec to mixed solutions in pallets thoroughly. 

V. The mixture was incubated at 37 °C for 7 hours. Added 500µL solution D in solution 

mixture after the incubated time and centrifuged the solution mixture for 30 sec at 

13,000 Rpm. 

VI. Took new eppendorf tube and shifted about 700 µL supernatant volume. Later on, same 

volume of solution C was poured and mixed gently, and left the solution mixture for 4 

to 5 min. 

VII. Centrifuged the mixture for 30 sec at 13,000 Rpm. 

VIII. Again took new eppendorf tube, added 900 µL supernatant and then poured 800 µL 

cooled Iso propyl alcohol. Left mixture for 8 to 10 min to precipitate the DNA. 

IX. Centrifuged the mixture for 30 min at 13,000 Rpm, Added up 60 µL, 70% methyl 

alcohol after discarded the supernatant. Then added up 30µL absolute alcohol to further 

purify the DNA. 

X. Finally stored the DNA at 4 degree centigrade by adding 200µL TE buffer. 
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2.4 DNA Analysis 

2.4.1 Gel Electrophoresis 

Genomic DNA were analyzed by preparing 1% agarose gel in 60 mL 1X TBE buffer. 

To envisaged the DNA 2% EtBr solution mixture was added up. After that gel was 

transferred in cast and waited 15 to 20 min till the gel got solidified. Then by preparing 

2% agaorse gel, the amplified resultant PCR product was investigated on it. Before 

loading the DNA samples within the gel wells, prepared the samples of DNA for PCR 

by adding 2 to 3 µL bromophynol blue. Electrophoresis was carried out  in 1X TBE 

buffer at around 120 electric potential for 20 min. After electrophoresis, the gel was 

putting on Dolphin DOC to envisaged the result of PCR. 

2.4.2 Whole Exome Sequencing 

Whole exome sequencing is a tool of next generation sequencing technology to validate 

the changes in coding and non coding regions of genes. In Mendelian inheritance 

disorders, this technology exhibits the coverage for over 95% coding region, 

consequently responsible for 85% genetic mutations (Rabbani et al., 2014).  Whole 

Exom sequencing was performed in the selected families.  

The human genome consists of 1% exome with approximately 30 million bp (Ng et al. 

2009). The entire set of exome as a whole exome sequencing target is used by a probe 

hybridization method (Gnirke et al. 2009). In present research WES was performed in 5 

MCPH and one MR family (MCP158, MCP159, 15 MCP160, MCP163 and MCP166) 

and a family with NS-ASRMR. DNA Samples (1 μg) was taken from every affected 

person from each family, cause of disorder was consider to acquire the sequence. 

Before the enrichment step, sequence library was generated by using standard 

procedures. Laterally, a paired-end2 100- bp procedure was used to conduct the 

sequencing on an Illumina HiSeq 2000. The WES data was analyzed by using the 

existing channel (www.varbank.ccg.uni-koeln.de). Variants of great priority were 

confirmed further through Sanger Sequencing analysis technique. 

2.5 Sanger Sequencing 

After characterization of significant possible variants, With in the pedigree, variants 

from WES were confirmed using this technology. For the amplification of desired 
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region of gene, to designed flanking primers primer-3-plus (www.primer-3-

plus.com/cgi-bin/dev/primer.3.plus.cgi) tool was used. 

2.6 DNA Polymerase Reaction 

To amplify the target region, within the family, each individual template DNA was 

taken to carry out the PCR process.PCR was performed by adding DNA (50ng), 

0.025microliter of platinumTm Primer (0.3 µM-reverse & forward), Buffer, MgCl2 

(2mM), 1M Betaine, dNTPs (1Mm), polymeraze enzyme in 20µl reaction mixture. 

After amplification in PCR machine, regions of DNA run on 1.9% agaroze gel. In order 

to check the specificity and size of amplified fragments, DNA Ladders were used.   

2.7 Enzyme Purification 

To enzymatically purify the PCR products, experiment was performed by adding 

0.35µl exo-nuclease-I (19 U / µl from thermoscientific) & 0.9µl of thermosensitive 

basic phosphatase and 1µL of H2O along with 9µL PCR outcome, after 

amplification.Two successive cycles at 38 °C & 79 °C for 25 and 15 min, respectively, 

were observed to incubate the mixture product. 

2.8 PCR Sequencing Reaction 

For sequencing PCR reaction, purified outcome of PCR was homogenized with 2 µl 

reaction buffer (6X – 1 µl). Ready terminator reaction mixture, 5 µl H2O make 9 µl 

final volume. Reverse (1µl of 2mM) and forward (1µl of 2mM) primers reactions were 

performed separately. 

Reaction conditions for PCR completed in 25 rounds. Every round comprised of given 

three phases: 

I. Denatured the product for 10sec at 95 °C 

II. Hybridization of primers took place for 5 sec at 52 °C  

III. Amplification performed for 5 min at 58 °C 

 

 

 

 

http://www.primer-3-plus.com/cgi-bin/dev/primer.3.plus.cgi
http://www.primer-3-plus.com/cgi-bin/dev/primer.3.plus.cgi
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2.9 Ethyl-alchol Precipitation 

The resultant product of PCR sequencing reaction performed by below mentioned 

procedure; 

I. 29µL Ethyl-alcohol/sodium acetate added and mixed in each 9µL reaction mixture 

II. Centrifuged the reaction mixture at 3200rpm for 30min at 5 °C  

III. Sample plates poured and dried off by using tissue paper for 5min 

IV. In every well, 45µL ethyl-alcohol (70%) was added up 

V. Centrifugation was performed at 3200rpm for 9min at 4 °C  

VI. Sample plates poured and dried up by using tissue paper for 5min 

VII. Sample plates were centrifuged for 2min at 5000rpm 

VIII. Re-suspended the product samples in 10µL H2O 

AB13730xl DNA analyzer was used to sequence the prepared samples. Sequenced 

chromatographs were arranged and analysed by Sequence® V-6.0. 

2.10 In Silico Analysis 

To predict secondary and three dimensional protein models swiss model and I-Tasser 

(Roy et al., 2010; Zhang 2008) were used. Predicted models reliability was checked 

using RAMPAGE (Lovell et al., 2002). Models were visualized via UCSF Chimera 

(Pettersen et al., 2004).  
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Chapter 3: RESULTS 
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3. Results 

3.1 Family I 

The family was consanguineous with four individuals (III: 1 Father, III: 2 Mother, IV: 

1 abnormal daughter and IV: 2 normal son) from Pakistan (Fig 3.1).   Autosomal 

recessive mode of Mendalian inheritance   was observed in phenotypes. After obtaining 

consent blood samples were drawn from all members of this family. . 

3.1.1 Clinical features 

Proband of this family is a 38-year-old female (IV: 1), physical examination of the 

patient (Fig 3.2) showed small head circumference of -7 SD, height 53.8 inches, weight 

42 kg, facial distortion, normal vision, no motor and neurological delay. She was also 

found to be manifested by severe intellectual disability accompanied by speech 

impairment, low communication and social ability, or issues with daily life tasks like 

dressing or eating. No other anomalies were noted. Patients (IV:1) clinical variables are  

represented in the table 3.1. 

3.1.2 Molecular study 

Initially, Whole Exome sequencing analysis   of ASPM gene in family I, identified 

frame shift mutation (c.1615_1616delGA) in exon 3 (Fig 3.3). At protein level this 

deletion leads to change of Glu (GAA) with Arg (AGA) at amino acid 

position 539 and results in frame shifts of reading frame with the introduction of 

premature stop codon (p.(Glu539Argfs*15). This frame shift mutation found to be 

located in the c-terminus of ASPM corresponding loci in abnormal members of the 

family. Parents of abnormal individuals (III.1 & III.2) were obligate carriers. Parallel to 

Sanger sequencing, Genome wide linkage-analysis  was also performed by operating, 

Human Core Exome 12 v.1.1 array from Illumina (San Diego, CA) by genotyping 

available family members (patient along with her both parents). Approximately 40 

linkage regions were obtained with highest LOD score 1.33.  And one of them at 

chromosome 1 harbors ASPM (Fig 3.3). 
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Table 3.1: Clinical features of patients (IV: 1). 

Parameters Normal values Values noted in patient 

Weight (kg) 60 42 

Height (cm) 14 12 

BMI (kg/m2) 66.4 60.2 

OFC (cm) 55 46 

OFC (SD) NA -7 

Note: SD stands for standard deviation, NA means not available 
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Figure 3.1: Family I pedigree .circle and square represents female and males 

respectively Square shows males whereas circles show females. Shaded square and 

circle show affected individuals. The cross lined square or circle shows deceased 

individual and double line represents the consanguineous marriage. Asterisks indicate 

individuals subjected for Sanger sequencing. 

 

 

 

 

 

 

Figure 3.2: Photograph of affected individual (IV: 1) with sloping forehead and facial 

distortion 

IV: 1 
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Figure 3.3: Genome-wide graphical view of the homozygous regions obtained by 

genotyping the available family members. LOD score calculated by ALEGRO was 

1.33 at several regions of the genome, particularly at MCPH5 locus where ASPM 

resides. 

 

          

 

 

Homozygous mutant (IV: 1) 

 

 

 

Figure 3.4:  Sequence chromatogram of normal individual in upper panel, affected in 

middle panel and carrier in lower panel showing mutation (c.1615_1616delGA). 

  

Heterozygous carrier (III: 1) 

Wild Type  (IV: 2) 
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3.2 Family II 

This consanguineous family consists of five individuals (Fig 3.5). After informed 

consent, sample of blood from  these family members   (III:1 Mother, III:2 Father, IV:1 

affected son, IV:2 affected son and IV:3 unaffected son)  were  collected. Autosomal 

recessive mode of inheritance pattern showed by this family. 

3.2.1 Clinical feature 

Two abnormal male members of representing family (IV: 1 and IV: 2) manifesting 

microcephaly and severe intellectual disability (Fig 3.5 and 3.6).  Ages of patient’s 

were 31 (IV: 1) and 34 (IV: 2) years during the recording of data. Affected individual 

(IV: 1) showed head circumference (HC) of -6 SD, weight 58 kg, height 62.2 cm and 

showed hearing or speech problems, cognitive impairment, hyperactivity and 

difficulties in coordination and balancing but without any other ocular malformations. 

The second affected (IV: 2) person showed HC of -8 SD, height and weight was 61.3 

cm, 43 kg, respectively. He was blind and depicted developmental delay, microcephaly, 

failure to thrive, spasticity and ventriculomegaly. Clinical analysis and BMI of the both 

patients are mentioned in Table 3.2. 

3.2.2 Molecular study 

To find the genetic determinant(s) of this family, linkage analysis was performed by 

genotyping 4 individuals (2 affected and both parents) on Illumina (San Diego, CA), 

Human Core Exome 12 v.1.1 array. Maximum possible LOD score of 2.53 was 

obtained with homozygous regions at chromosome 1, 5, 7, 8, 9, and 14 (Figure 3.7). 

One of the linkage regions at chromosome 1 was delimited by rs3008588 (195,987,908 

bp, 207.99cM) and rs10900421 (204,646,295 bp, 218.38 cM). This 8.65 Mb, 

homozygous region contains several genes including ASPM. Therefore, sequence 

analysis of family 2 revealed a deletion of four nucleotide bases in coding region 18 of 

ASPM gene (c.8718_8721deITTTA)  detected in either   individuals of this family 

(IV:1 & IV:2  Fig 3.8). Either heterozygous parents shown mutation (III:1 and III:2) . 

This mutation alters CUU codon (Leu) with CGU codon (Arg) at position 2907 of 

ASPM, introducing early premature stop codon in subsequent 29 amino acids  

(p.Leu2907Argfs*30). 

 



Genetic Analysis of Families with Autosomal Recessive Non-Syndromic Mental Retardation and Primary Microcephaly Disorders 

 

Jamshaid Mahmood Baig, Reg. No. 29-FBAS/PHDBT/F14                                                                                                               Page  24 

 

 

 

 

 

 

 

Table 3.2 Clinical features of patients (IV: 1) & (IV: 2). 

Patient (IV: 1) Normal value Values of the patients 

Weight (kg) 65 58 

height (cm) 16 154 

BMI (kg/m2) 58.4 61.4 

OFC (cm) 50 45 

OFC (SD) NA -6 

Pateint (IV: 2)   

Weight (kg) 58 43 

height (cm) 165 152 

BMI (kg/m2) 64.3 66.7 

OFC (cm) 50 46 

OFC (SD) NA -8 

Note: SD stands for standard deviation, NA means not available 
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Figure 3. 5: Pedigree of four generations Pakistani family segregating primary 

microcephaly with two affected members. Asterisks indicate individuals subjected for 

genomic analyses. 

 

 

 

 

 

 

Figure 3.6: Photograph of affected individual (IV: 1) belong to Family II showing 

slopping forehead. 

 

 

 

 

 

 

IV: 1 
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Figure 3.7: Genome wide graphical representation of family II, with a maximum attainable 

LOD score 2.53. ASPM is located at second linkage zone of chromosome 1 demarcated by 

rs3008588 (195,987,908 bp, 207.99 cM) and rs10900421 (204,646,295 bp, 218.38 cM) 

harbor ASPM.  All the physical locations, are according to the NCBI genome build 37 

(GRCh37; hg19). 
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Figure 3.8 Sequence chromatogram of normal individual in upper panel, homozygous 

mutant in middle panel and carrier in lower panel showing mutation 

(c.8718_8721delTTTA). 

 

 

 

 

 

 

 

Heterozygous carrier (III: 1) 

Homozygous mutant (IV: 1) 

Wild type (IV: 3) 
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3.3 Family III 

Six generations consanguineous family was ascertained and consent was obtained from 

the concerned person of the family to collect blood samples and to conduct further 

study (Fig 3.9). Five random DNA samples, from 3 generations, were isolated (Fig 

3.9). Mode of inheritance of the disease manifested autosomal recessive pattern. 

3.3.1 Clinical feature 

The extended pedigree of this family has two patients (V: 1) and (VI: 1) (Fig 3.9). 

Proband (V:1) is 25-year-old female with a head circumference of 17.6 inches, height 

50.3 inches, weight 41 kg, sloping forehead, severe intellectual and social impairment 

as well as poor self-care skills. Another patient (VI:1) at the time of clinical 

examination was 9 year’s old. Head circumference of this male affected member was 

11.8 inches with normal facial features, slopping forehead, poor communication skills, 

learning problems and repetitive behavior (Fig 3.10).    

3.3.2 Molecular study 

Whole Exome sequencing, analysis of an affected individual, VI:1  of this family, 

revealed a nonsence mutation, c.3193C>T; p.(Gln1065*) of ASPM. This mutation 

revealed in exon 13 causes nonsence mutation of ASPM, replaces glutamine with stop 

codon (p.Gln1065*) at 1065 position (Figure 3.11). 
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Figure 3.9: Six generations Pakistani pedigree with two affected members born in the 

fifth and sixth generations. Asterisks indicate individuals subjected for Sanger 

sequencing.  

 

 

 

 

 

 

 

 

Figure 3.10: Photo of affected individual (VI: 1) showing microcephaly. 

 

VI: 1 
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Figure 3.11 Sanger traces taken from part of exon 13 of ASPM belong to normal individual in 

upper panel, wild type (V: 2) in middle panel affected (V: 1) and carrier (VI: 3) in lower 

panel showing mutation (c.3193C>T). 

 

 

 

 

 

 

 

Homozygous mutant (VI: 1) 

Heterozygous carrier (V: 3) 

Wild Type (V: 2) 
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3.4 Family IV 

This family consists of five generations where two affected members were born in the 

fifth generation (Fig 3.12). A male and a female affected member were born from 

presumably unaffected parents which depicts autosomal recessive inheritance pattern 

(Fig 3.12). 

3.4.1 Clinical features 

Proband (V:1) is a 12-year-old male showing sloping forehead which head 

circumference of 16.9 inches, weight was 21 kg, height 45 inches, suffer from primary 

microcephaly and was able to perform everyday task such as eating, dressing, walking, 

but poor communication and cognitive skills were observed.  

One affected female child (V: 3) of this consanguineous family also showed mild 

intellectual disability (Fig 3.13). She was facing difficulties to manage daily routine 

task but walked normally. Head was observed sloppy not consider to be normal size, 

because head circumference of the child was 13.9 inches. Other organs were observed 

normal and there was significant social interaction. 

3.4.2 Molecular study 

Initially, genome-wide linkage analysis was performed by genotyping the available 

individuals with the help of Illumina (San Diego, CA), Human Core Exome 12 v.1.1 

array. The parametric curve analyzed by ALLEGRO showed 17 peaks with maximum 

2.4, LOD score for such kind of pedigrees (Figure 3.14). Further analysis of the 17 

homozygous segments showed that one of these regions at chromosome 1 limited by 

marker rs9662128 (40,150,156 bp, 68.22 cM) and rs4575030 (54,024,808 bp, 78.28 

cM) contains STIL gene. 

Laterally, individuals DNA was subjected to perform whole Exome sequencing.. Data 

analysis revealed frame shift mutation due to the duplication of nucleotide T in STIL. 

This duplication of one bp (c.3759dupT) was found to be located in exon 17 (Figure 

3.15). At protein level this substitution leads to change of Pro (CCU) with Ser (AGU) 

At position 1254 (p. Pro1254Serfs*2) and causing frame shift which leads to premature 

stop codon. In both defective individuals, this mutation was existed in homozygous 

form/condition. (V: 1, V: 3), whereas, heterozygous state in parents (Fig 3.15). 
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Figure 3.12: Pedigree of Family IV ascertained from remote region of Pakistan.  

 

  

 

 

 

 

 

 

Figure 3.13 Images of abnormal individuals (V:1 boy and V:3 girl) showing slopping 

forehead which is a prominent feature of the primary microcephaly. 

 

 

V: 1 V: 3 
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Figure 3.14: Genome wide graphical MCPH 7 locus representation, parametric linkage analyses 

results and showing LOD scores 2.4, on chromosomes 1, 2, 3, 4, 5, 7, 12, 14, 16, and 20. STIL 

gene resides in the linkage region of chromosome 1. 
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Figure 3.15: Sequence chromatogram of normal individual (V: 2) in upper panel, affected in 

middle panel (V:1) and carrier in lower panel (IV:1) showing mutation (c.3759dupT). 

  

Wild type (V: 2) 

Homozygous mutant (V: 1) 

 Heterozygous carrier (IV: 1) 
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3.5 Family V 

A Consanguineous family belongs to Pakistan where consanguineous marriages are 

common. This family has unaffected parents (IV:1 Father and IV:2 Mother) with their 

three abnormal  children (V:1 affected son, V:2 affected daughter and V:3 affected son) 

(Fig 3.16). Blood samples were collected from these five selected individuals after 

obtaining consent for participation in this study.  

3.5.1 Clinical features 

At the time of clinical analysis, proband (V:1) of family V (Fig 3.17) was 25-year-old 

male, with body height 62 inches, weight 55 kg, and head circumference was 17.8 

inches. No facial distortion was observed and no evidence for other abnormalities such 

as delayed development and epilepsy. His social interactions were not normal,. Based 

on clinical observation, the patient (V:1) was having primary microcephaly with 

profound intellectual disability. 

Second affected individual (V:2) of family V is a 21-year-old female manifesting 

typical microcephaly along with facial dysmorphism. Further, we noted head 

circumference of 16.3 inches, height 48.5 inches and weight 46 kg. She was unable to 

perform daily tasks like eating, dressing, talking, walking. Social interaction was very 

weak. 

Blood sample was drawn from the third male patient age 17 year (V:3) of family V (Fig 

3.17). At that time his head circumference was 17.1 inches with sloppy forehead and 

enlarged face, height 58.9 inches, weight 50 kg, abnormal daily routine life and no 

interaction with public due to poor communication skills. 

The three patients (V:1 affected son, V:2 affected daughter and V:3 affected son) who 

showed classical MCPH and severe mental retardation  were selected for the study of 

genetic analyses.  

3.5.2 Molecular study 

Human Core Exome 12 v.1.1 array from illumina (San Diego, CA) was conducted to 

carry out homozygosity mapping. The calculation of parametric LOD score with 

ALLEGRO revealed 14 peaks with highest possible LOD score 1.2 (Figure 3.18). One 

of the homozygous segment at chromosome 1 carry ASPM. This linkage region is 

bounded by the makers rs2500097 (183,765,059 bp,199.19 cM) and rs10800790 
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(201,644,752 bp, 213.50 cM). Parallel to homozygoisty mapping, WES was also 

carried out on the DNA of one abnormal member. This analysis showed deletion of two 

homozygous nucleotides (c.8508_8509delAG) of ASPM in exon 18. All three (V:1, 

V:2, and V:3) abnormal individuals) were homozygous for this variant. This 

c.8508_8509delGA mutation changed the reading frame, consequently give rise to 

early premature stop codon, along the downstream 34 amino acids 

(p.(Lys2837Metfs*34)). This variation was existed in homozygous state in three 

abnormal individuals (V:1, V:2, and V:3), and heterozygous state in parents (Fig 3.19). 
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Figure 3.16: Family V pedigree representing autosomal recessive pattern of 

inheritance.  

 

 

 

 

 

 

 

Figure 3.17: Photographs of abnormal individuals (V:1, V:3 male and V:2 female) 

showing reduced head circumference. 

 

 

 

 

V: 1 V: 3 V: 2 
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Figure 3.18: Genome-wide graphical representation of MCPH5 locus; parametric linkage 

analysis demonstration LOD scores of 1.2, detected at chromosome 1, 3, 4, 8, 10, 12, 13, 14, 

15, 16, 17 and 20. ASPM is located within the second homozygous segment limited by 

rs2500097 (183,765,059 bp,199.19 cM) and rs10800790 (201,644,752 bp, 213.50 cM). All 

the physical locations, are according to the NCBI genome build 37 (GRCh37; hg19). 
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Figure 3.19: Sequence chromatogram of normal individual in upper panel, affected in 

middle panel and carrier in lower panel showing mutation (c.8508_8509delAGGA). 

  

Wild type (V: 4) 

Homozygous mutant (V: 1) 

Heterozygous carrier (IV: 1) 
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3.5.3 Discussion 

Microcephalic patients exhibit small head size which is an obvious feature of this 

inherited disorder (Woods, 2004). The primary etiology could be: a failure of 

neurogenic mitosis or reduction in the number of neuronal cells due to aneuploidy or 

apoptosis and cell cycle delay (Woods and Parker, 2013). Some of the environmental 

causes; intra-uterine infection (first trimester cytomegalo virus (CMV) infection), 

alcohol consumption during pregnancy, malnutrition or hypothyroidism are some 

factors. These elements should be excluded out during the diagnosis of autosomal 

recessive microcephalic patients. As these elements also responsible for microcephaly 

with mental abnormality (Woods et al.,2005). MCPH is rare, with prevalence estimates 

between of 1:30,000 and 1:2,000,000 in European population, but much higher (1 in 

10,000) in some parts of Pakistan due to high consanguini ty rates  (Woods et al., 

2005). 

ASPM gene carries the information for synthesizing a protein responsible for cell 

division. This particular protein is important for cell division in developing brain. 

Mutations in ASPM gene are linked with MCPH. ASPM protein involved in prior 

division of brain cells, consequently generate mature neuronal cells. This protein also 

assists in determining neurons number and brain size. 

In family I, we identified a frame shift mutation (c.1615_1616delGA) in exon 3 of 

ASPM (Fig3.4). At protein level this substitution leads to premature stop codon 

(p.(Glu539Argfs*15)). This frame shift mutation is found to be located in the N- 

terminus of ASPM and was present in homozygous state in affected individuals of the 

family.  

Sequence analysis of family II also revealed a frame shift mutation 

(p.(Leu2907Argfs*30)) due to deletion of four nucleotides (c.8718_8721deITTTA) in 

exon 18 (Figure 3.8) of ASPM detected in both affected individuals (IV:1 and IV:2) of 

this family.  

Whole-exome sequencing of one affected member of family III revealed a nonsense 

mutation (p.(Gln1065*)) of ASPM in both affected individuals (V:1, VI:1).  

https://en.wikipedia.org/wiki/Microcephaly
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In family IV whole-exome sequence was performed which shows nonsense mutation 

(p.(Pro1254Ser*fs2)) of STIL due to the duplication of one bp (c.3759dupT) in exon 17 

(Fig 3.15).  

Together with it, WES was also carried out for family V, on the DNA of one abnormal 

individual and analysis expressed deletion of two nucleotides (c.8508_8509delAG) of 

ASPM in exon 18. All three patients (V:1, V:2, and V:3) were homozygous for this 

variant. This c.8508_8509delAGGA (Figure 3.19) mutation changed the reading frame, 

consequently give rise to early premature stop codon, along the downstream 34 amino 

acids (p.(Lys2837Metfs*34)).  This variation was existed in homozygous state in three 

abnormal individuals (V:1, V:2, and V:3), and heterozygous state in parents (Fig 3.19). 

Five families were selected for microcephaly study. One patient from all families was 

subjected to exome sequencing. Exome sequence analysis was performed and variants 

selected for Sanger sequencing. All six variants were selected for segregation. STIL 

gene responsible for cytoplasmic protein coding, implicated in modulation of mitotic 

spindle check-point, whereas, mutation in this region leads to Microcephaly. STIL gene 

is associated with primary autosomal recessive microcephaly. 
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3.6 Family VI 

This was a large family with multiple affected individuals (Fig 3.20). Eleven affected 

members, six females and 5 males, were noted in this family. Four of them died due to 

unknown medical reasons. Affected members were born in the 3rd, 4th and 5th 

generations of the family. Samples were collected from abnormal and healthy 

individuals of this family, with the consent of family head. 

3.6.1 Clinical features 

Multiple individuals of family VI (Fig 3.21) were affected and available members at 

the time of sampling were (IV:10, IV:12 affected male, IV:11 affected female) and with 

their parent’s cousin marriage (III:5 mother, III:6 father).  Individuals (IV:10 affected 

male, IV:11 affected female) showed mental retardation, aggressive behavior, no skills 

for communication, and were unable to feed and dress themselves. Both individuals 

(age-19 and 17 years) have sloppy forehead; IV:10 has head circumferences of 17.3 

inches, height 58 inches, weight 55 kg and individual IV:11 has head circumference of 

16.9 inches, weight 42 kg, height 49 inches. Another patient (IV:12) had reduced head 

circumference of 16 inches at the age of 13 years (Fig 3.21). Weight of patient was 21 

kg and height of 46.6 inches. All abnormal individuals of this family also exhibited 

delayed language and aggressive behavior  

3.6.2 Molecular study 

Whole-exome sequence data analysis in family VI, identified mis-sense mutation 

(c.2104G>C; p.(Gly702Arg) of VLDR. At protein level this substitution leads to change 

of Gly (GGU) with Arg (AGA) at position 702 (p.(Gly702Arg)) (Figure 3.22). All the 

tested patients of this family were homozygous for this variant whereas both parents 

(III:5, III:6) were heterozygous (Fig 3.22). Among various species of vertebrates, 

Glycine is extremely conserved showing maximum functional significance (Fig 3.23). 
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Figure 3.20: Family VI pedigree with eleven abnormal individuals. 

 

 

 

 

 

 

 

 

Figure 3.21: Photos of the abnormal individuals (IV: 10 male, IV:11 female and V:11 

male) showing reduced head circumference. 

  

IV: 10 IV: 11 V: 11 
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Figure 3.22: Sequence chromatogram of normal individual in upper panel, affected in 

lower panel showing mutation (c.2104G>C). 

 

 

 

 

 

 

 

 

Figure 3.23: Conservation of glycine among different vertebrates. 

  

Wild Type (IV: 14)  

Homozygous affected (IV: 10) 
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A)       B) 

 

Figure 3.24: Zoomed 3D structure of VLDLR of human in ribbon presentation Sheets (shown 

in magenta color) and loops (shown in pink color). A) wild-type VLDLR. Glycine is present 

at position 702 shown in green color. B) Mutant VLDLR. Glycine is replaced by Arginine 

at position 702 shown in red color.  
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3.6.3 Discussion 

Mutations in VLDLR are reported to cause autosomal recessive congenital cerebellar 

ataxia and mental retardation (Ozcelik et al., (2008). Interestingly, this gene also 

showed association with Dementia (Okuizumi et al., 1995). Missense mutation 

identified in this study could be deleterious because the mutated nucleotide is the very 

last base of the exon 14 of VLDLR. Presumably, this change may result in the 

disruption of the normal splicing mechanism. Analysis of this variation in public 

databases of the genomic variations revealed this variant is not a polymorphism 

because it was absent not only in the dbSNP153 but also in gnomAD. Additionally, 

the mutant residue (p.(Gly702Arg)) is extremely conserved among different 

vertebrates (Figure 3.23) and this alteration is depicted to be deleterious and disease 

causing by number of in silico tools like Mutation Taster showed disease causing 

(score = 1.25), Polphen-2, probably damaging (score=1.000) and PROVEAN, 

deleterious (score= -5.783) and CADD score=35. 
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3.7 Family VII 

This family belongs to coastal area of Baluchistan, Pakistan. Four abnormal individuals 

(V: 2, V: 4, V: 5 and V: 6) were born due to consanguineous marriage (Fig 3.24). 

Among them autosomal recessive mode of inheritance was observed. For genetic study, 

blood samples were drawn from all family members, with their consent. 

3.7.1 Clinical features 

A 9-year-old male proband (IV-2) is was born with consanguineous parents (Fig 3.25). 

The pregnancy and delivery were uneventful. He had mild developmental delay, speech 

impairment and at the age of 26 months begin to walk independently.  When reached to 

eight months, patient showed poor vision and severe myopia (-12 diopters). No 

obvious dysmorphic features were found, except for prominent upper central incisors. 

Height and head circumference measurements were >-3 SD below mean for age and 

gender. The proband’s younger sister (IV- 4) with 7-year-old, showed universal 

developmental delay, mild to moderate mental retardation, vision abnormality, short 

stature and microcephaly. Clinical features of the family were shown in table 3.3. 

3.7.2 Molecular study 

Variant filtration and prioritization in family VII revealed a new splice site mutation of 

NSUN2, a known gene of MRT5 locus. The mutation replaces guanine (G) with 

adenine (A) at the canonical splice donor site, c.1601+1G>A, of NSUN2 situated in 

intron 14 of NSUN2 (NM_017755.5) and mutation was confirmed by performing 

Sanger sequencing (Fig 3.26). This splice variant is identified in intron 14 of NSUN2 

(Fig 3.27). In parallel to WES, this family was also subjected for homozygosity 

mapping. Linkage analysis revealed three peaks approaching theoretical highest LOD 

score of 1.8 on chromosome 4, 5 & 14. The breakpoints of these three resultant 

homozygous segments are confined by the flanking SNP markers rs1032673 (134.98 

cM; 129,465,489 bp) to rs2893315 (136.94 cM; 131,108,390 bp) at cytoband 4q28.2, 

rs10076494 (0.04 cM; 038,139 bp) to rs249264 (26.41 cM; 11,481,099 bp) at cytoband 

5p15.33-p15.2 and rs11623181 (110.31 cM; 101,642,015) to rs2078693 (120.19 cM; 

107,246,846 bp) at cytoband 14q32.32-q32.33. As expected, NSUN2 resides in one of 

the identified homozygous segment of 11.44 Mb at chromosome 5p15.33-p15.2. We 

also screened all three identified homozygous regions for the possibility of any 

additional variation(s) and the data analysis did not show any interesting pathogenic 
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variation. Next, we analyzed the influence of c.1601+1G>A mutation on the splicing 

mechanism by using different algorithms. Human Splicing Finder (HSF), Neural 

Network, Mutation Taster and Splicing Regulation Online Graphical Engine (SROOGLE), 

all predicted that the splice donor site of NSUN2 intron 14 is compromised. To check 

the mutation effect on gene, structure of protein was also predicted (Fig 3.28).  

  

http://sroogle.tau.ac.il/
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Table 3.3Clinical manifestations of the family carrying mutation in NSUN2. 

Family VII 

Clinical features V.2 V.4 

Age (Year) 10 12 

Gender Male Male 

Head circumference (cm) 50 52 

SD -2 -1 

Ht 126 140 

ID severity Mild Mild 

Motor development Normal Normal 

Speaking skills Normal Normal 
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Figure 3.25: Family VII pedigree having mutation in NSUN2. 

 

 

Figure 3.26: Photo of abnormal individual (V: 2) found mutated with NSUN2. 

 

 

 

 

V: 2 
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Figure 3.27: Segregation analysis of NSUN2 mutation. 

 

 

 

 

Figure 3.28: Genes structure of NSUN2 with all known mutations. Identified mutation 

in this study is shown with red color. Vertical black lines show coding exons drawn 

with scale whereas horizontal shows intron which are not drawn with scale. 
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Figure 3.29: Protein structure NSUN2 by using swiss model. 
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3.8 Family VIII 

The family was identified from the, coastal area of Baluchistan, Pakistan. Pedigree of 

the family was framed using the data and history given by the parents (Fig 3.29). Blood 

samples from all family members were transferred in EDTA tube. The consent for 

research participation was obtained from all the members of the family. In case of 

children or intellectually disabled individuals, consent was sought from legal guardians 

or parents. The study was approved from the Board of Advanced Study and Research 

Committee of International Islamic University Islamabad Pakistan (BASAR).  

3.8.1 Clinical features 

The male proband (IV-1; fig 3.30) of 17 years old, belong to consanguineous parents 

delivered with uneventful pregnancy.  Jaundice was noted at the age of one week that 

persisted for several months, however, was not severe to require admission to the 

hospital. He had psychomotor delay (walking acquired at 3 years and speech at 7 

years). Clinical examination revealed mild hypotonia, joint laxity and jaundice. There 

were no dysmorphic features and no history of seizures. The elder sibling (IV-2; fig 

3.30) is 17-year-old boy clinically observed with mild intellectual disability, speech 

impairment and without any history of neonatal jaundice. Clinical characteristics of the 

family are shown in Table 3.4. 

3.8.2 Molecular study 

Variant filtration and prioritization in family VIII revealed nonsense mutation 

(NM_001040616;c.2185A>T;p.(Lys729*)) of LINS1, a gene responsible for MRT27 

locus of intellectual disability. The substituted nucleotide is located within exon 7 (Fig 

3.32) of LINS1 and resulted in stop codon, which subsequently produces truncated 

protein, if synthesized, with the loss of 29 amino acids at the C-terminus. The Mutation 

was confirmed by performing co-segregation analysis which followed the proposed 

inheritance pattern which is autosomal recessive (Fig 3.31). Normal protein structure of 

the LINS1 gene was also predicted by using Swiss model (Fig 3.33)  
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       Table 3.4: Clinical characteristics of the family representing mutation in LINS1 

Family VIII 

Clinical features IV.1 IV.2 

Age 17 Year 14 Year 

Gender Male Male 

Head 

circumference 
NA NA 

ID severity Mild Mild 

Motor 

development 
Delayed Normal 

Speaking skills Delayed abnormal Delayed abnormal 

        Note: NA means not available 
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      Figure 3.30: Family pedigree representing the probands (IV:1 & IV:2).  

 

 

 

Figure 3.31: Photographs of patients (IV: 1 and IV: 2). 

 

 

 

IV: 1 IV: 2 
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Figure 3.32: Co-segregation analyses in comparing with normal control. Both parents 

(III: 1 and III: 2) heterozygous, (IV: 1 and IV: 2) are homozygous affected and Lower 

panel showing normal control. 

 

 

Figure 3.33: Genes structure of LINS1 showing all the identified mutations. Mutation 

shown in red is identified in current study. Vertical black bars denote coding exons 

and white show non-coding. Horizontal line shows intron.  

 

 



Genetic Analysis of Families with Autosomal Recessive Non-Syndromic Mental Retardation and Primary Microcephaly Disorders 

 

Jamshaid Mahmood Baig, Reg. No. 29-FBAS/PHDBT/F14                                                                                                               Page  57 

 

 

 

 

 

 

 

 

Figure 3.24 Wild-type protein structure of LINS1 was constructed by using Swiss 

modeling. 
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3.9 Family IX 

This family was screened from the coastal area of Baluchistan province. Family 

pedigree drawn on the basis of information provided by the parents and nearby 

relevants (Fig 3.34). Clinical history of the patients was obtained from the parents and 

blood relatives. From abnormal and healthy individual of family, blood samples were 

transferred in EDTA tube. Research participation consent was obtained from all the 

members of the family.  

3.9.1 Clinical features 

The male proband (IV-2) of 10-yearsold born in consanguineous parents. The 

pregnancy and delivery were uneventful. In the first two years of his life he achieved 

normal motor milestones and showed no noticeable speech delay or defects. He 

displayed mild intellectual disability and was enrolled in special education school. On 

examination, no dysmorphic features were noted and the measurements of head 

circumference and height were normal. The other affected girl (IV: 3) showing similar 

phenotypes as described above (fig 3.35) had similar phenotypes. Clinical 

characteristics of the affected members are presented in Table 3.5.  

3.9.2 Molecular study 

Screening of whole-exome sequencing data of family IX for causative mutation, 

resulting in recognition of mis-sense mutation (c.412C>T;p.(Arg138Trp)) in GDI1 

(NM_001493.2), originally considered as  causative gene of MRT41 locus. Mutant was 

validated by Sanger-sequencing of the family and mutation presented complete 

segregation with the family (Fig 3.36). The mutant nucleotide in the exon 5 of GDI1 

replaces a highly conserved arginine to tryptophan (Fig 3.37). PROVEAN, Polyphen-2 

& Mutation Taster predicted this change as, deleterious probably damaging and disease 

causing, respectively. Intriguingly, Human Splicing Finder (HSF) predicts that the 

mutation may alter the exonic splice enhancer (ESE) site. 
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Table: 3.5. Clinical feature of the family, mutation in GDI1. 

 

Family IX 

Clinical features IV.2 IV.3 

Age 9 Year 6 Year 

Gender Male Female 

Head 

circumference 

(cm) 

48 47 

SD -3 -6 

Height (cm) 110 98cm 

ID severity Mild-moderate Mild-moderate 

Motor 

development 
Delayed Normal 

Speaking skills NO NO 
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Figure 3.35: Pedigree of Family representing the probands (IV: 2 & IV: 3).  

                         

 

                      

Figure 3.36: Phenotype of abnormal individuals (IV: 2 and IV: 3). 

 

 

 

 

IV: 2 IV: 3 
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Figure 3.37 Sanger sequencing analyses of family showing co-segregation with mutation. 

Chromatogram showing wild type, homozygous affected (IV: 2) and heterozygous (III: 2) 

mutant. 

 

 

 

Figure 3.38: GDI1 structure with vertical black bars showing coding exons and 

horizontal line shows intronic regions. Mutation recognized in current study is shown 

in red color.  
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A)       B) 

 

Figure 3.39: Zoomed 3D structure of GDI1 of human in ribbon presentation. Helices (shown 

in cyan color), Sheets (shown in magenta color) and loops (shown in pink color). A) wild-

type GDI1. Arginine is present at position 138 shown in green color. B) Mutant GDI1. 

Arginine is replaced by Tryptophan at position 138 shown in red color.  
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Chapter 4: DISCUSSION 
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Discussion 

In current study, we recruited 9 families manifesting microcephaly & intellectual 

disability. We employed a series of genomic analyses like homozygosity mapping, 

whole-exome and Sanger-sequencing to uncover the genetic determinants. In addition 

to this, several in silico tools were consulted to anticipate the pathogenicity of screened 

out variants. Polymorphic nature of these genetic culprits was ruled out by looking them 

in public databases of genomic variants.  We identified and confirmed the association of 

three novel mutations of the GDI1, NSUN2 and LINS1 genes with ID in Pakistani 

families.  

We have reported novel mutation in family IX. So far total five mutation reported on 

GDI1 gene (Fig 3.37) (Strobl-Wildemann G., 2011). GDI1is an X-chromosomal gene 

and expressed primarily in neural tissues which encodes brain enriched protein Rab 

GDP dissociation-inhibitor α (aGDI) protein that contribute to vesicle shuttling by 

regulating the activity of Rab GTPases (Grosshans et al., 2006). Several animal model 

studies reported that the Gdi1 null mice showed damage associative learning process 

and attention, that plays a key role in cognitive impairment, noticed in XLID patients. 

As a matter of fact, in 2017 Lorenzo More and his colleagues provided strong evidence 

that the memory, interval-timing and learning and deficiencies noticed in Gdi1 null 

mice are primarily concerned with the reduced glutamatergic release in different brain 

parts (hippocampal, striatal, cortical and amygdala ) (Lorenzo M., 2017).  

In family VIII we have reported novel variant causing mutation in LINS1 gene. LINS1 

expressed in human brain, skeletal muscle, prostate, spleen and fetal kidney (Katoh, 

2002). Independent of scientific studies, they predicted that variations in LINS1 may 

cause the alteration of ELAV1 (HuR) (embryonic lethal abnormal vision) expression 

during differentiation of neurons, resulting in intellectual disability. Through 

complicated mechanisms, LINS1 has alterations effect of ELAV1 (HuR) expression that 

act as a RNA binding protein, attaches to 3-UTR domain of mRNAs to enhance the 

stability. In humans this gene act as an ortholog of embryonic lethal abnormal vision in 

fruit-fly and highly expressed in nucleus specially in all post mitotic neuron in early 

stages of differentiation in embryo . According to high expression of HuR messenger 

RNA in the human brain, any other regulatory process of ELAVI (HuR) in brain cells or 

shuttling between the cytoplasm and the nucleus will affect the cell cytoplasm of neuron 
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origin, localization to axons, and neurons differentiation. This leads to minimize the 

growth of commissural axon, consequently affecting the function of central and 

peripheral neuron. Moreover, indirectly LINS1 has effect on the foundation of anterior-

posterior axis in the brain through cooperation with beta-catenin that facilitate the axon 

proliferation and neural progenitor , synaptogenesis and dendritogenesis through 

Wingless-Type MMTV Integration Site Family, Member 1 (WNT-1) signaling 

mechanism, at various phases of neuron tissue development and regulation. Hence, a 

variation in WNT-1 signaling mechanism is probably accountable for intellectual 

disability (Vargas et al., 2014; Sheth J., 2017). In our case as a consequence to 

nonsense mutation of LINS1, the truncated protein led to the inhibition of protein 

production. Therefore, this variation has a pathogenic effect on the function of protein. 

This mutation is considered as fifth mutation in LINS1 that is associated with ID.  

In family VII we also reported novel mutation in NSUN2 gene. NSUN2 gene has a 

potential role in ID with six known mutations identified in different ethnicities. Current 

gene responsible for coding of methyl-transferase that catalyzes the formation of 5 

methylcytosine at C-34 of tRNA-leu (CAA) (Brzezicha B.,2006). During mitosis, 

methyl transferase enzyme has a critical molecular function in chromosomal 

segregation and in micro-tubular assembly (Blanco and Michaela Frye 2014). In short 

words, there are diverse mechanisms that play role of NSUN2 in ID. One of them is 

through the function of NSUN2 in regulation of protein translation that is required for 

synaptic flexibility, memory and learning. Therefore the absence of NSUN2 expression 

in fetal brain during critical stages of brain development by proteomic shifts will cause 

phenotype of ID in affected individuals (Hussain et al., 2009; Chi et al., 2013). The 

other process may involve in defected methylation of hemi-methylated DNA, which is 

also one of targets of NSUN-2 activity (Hong C 2004). Knockout model of NSUN2 

ortholog in Drosophila melanogaster showed behavioral changes and STM (severe 

short-term memory) defects (Tweedie S. 2009). At the present time, in our study we 

reported seventh mutation of NSUN2 that causes autosomal recessive intellectual 

disability as a consequence to impaired splice donor site.  
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Appendix 

         Composition of solution’s used in DNA extraction                         

1. Solution A: 0.32 M sucrose, 10 mM Tris pH 7.5, 5 mM MgCl2, 1% Triton X-100. 

2. Solution B: 10 mMTris pH 7.5, 400 mM NaCl, 2 mM EDTA pH 8.0. 

3. Solution C: Buffered phenol. 

4. Solution D: Chloroform (24 ml), Iso-amyl Alcohol (1ml).  

 


