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Abstract

ABSTRACT
Neurodegenerative movement disorders (NDMDs) is a heterogeneous group of
neurological diseases which are caused by selective loss or death of neurons and
distinct involvement of functional systems defining movement disability. Proteins
with altered physicochemical properties are deposited in the human brain in NDMDs.
Not only neurons but glial cells also accumulate these proteins. Intra or extra-cellular
Accumulation of structurally deformed and physiologically impotent protein result in
the death of neurons as well as glial cells. Neurons are the functional building blocks
of the central nervous system, which includes the brain and spinal cord. Mature
neurons are post-mitotic and therefore incapable of self-renewal. Morphologically a
typical neuron has cell body and processes (Axons and dendrites) which mediate
synaptic communication. Glial cells have complex processes extending from their cell
bodies; they are generally smaller than neurons. They lack axons and dendrites, do not
participate directly in synaptic interactions and electrical signaling, although their
supportive functions help define synaptic contacts and maintain the signaling abilities
of neurons. NDMDs are incurable and debilitating conditions that result in
progressive degeneration and or death of neurons and associated cells.
Parkinson‘s disease (PD) is the most common NDMD. Pathologically PD is a
complex disease of the mid brain, primarily affecting the substantia nigra (SN) which
is densely populated with dopaminergic neurons. The death of SN neurons results in
loss of smooth and coordinated skeletal muscle movement. Parkinson‘s disease is
generally considered complex and multifactorial disease. Rarely PD runs as a
Mendelian trait in families. The familial form of PD is considered to be monogenic.
Diverse genetic strategies have been employed to understand genetic risk factors and
causes in sporadic and familial forms of PD.
Since the genetics of sporadic and familial forms of PD and other NDMDs has not
previously been investigated in Pakistan, the objective of this study was to elucidate
the role of common genetic risks such as variants in the SNCA, LRRK2, DJ1, CYP2D6
genes in sporadic PD in the Pakistani population and to identify genetic causes of
familial PD and other NDMDs in Pakistan.
In summary a case-control study, was done and total of 374 subjects including 174
clinically diagnosed PD patients and 200 ethnically matched healthy controls to find
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the possible genetic associations and risk factors for Parkinson‘s disease in this
population sample. Allele specific PCR and PCR-RFLP was used for screening of
previously reported pathogenic single nucleotide polymorphisms (SNPs) in SNCA,
LRRK2, DJ1 and CYP2D6 genes. Randomly 20% samples were selected for
bidirectional Sanger sequencing to confirm the results.
No association was observed for commonly reported variants e.g., rs104893875
(G>A), rs104893877 (G>A), rs104893878(C>G) in the SNCA, rs34805604 (A>G),
rs33939927(C>G/T), rs35870237 (T>C), rs34637584 (G>A), rs34778348 (G>A), in
the LRRK2 and rs74315354 (G>A) in the DJ1. A strong association was observed in
case of rs3892097 (G>A) in the CYP2D6. An increase in the risk of Parkinson by two
fold (OR: 2.9; 95% CI 1.5 to 5.50, p = 0.02) was calculated for carriers of rs3892097
(G>A) risk allele (A-allele).
Whole genome sequencing and segregation analysis was carried out for three PD
families (A, B and C) an atypical Parkinsonian family (D), a Wilson‘s disease family
(E) and one family with rare movement disease with periventricular white matter
neurodegenerative changes (F). Family (A) with autosomal dominant PD cosegregated

with

GBA

(exon9:c.T1301C:p.434L>P)

and

PSAP

(exon5:c.A470G:p.157N>S) a novel coinheritance of the two genes. Family (B) cosegregated with SEMA6A (exon10:c.G860C:p.287G>A) novel gene (mutation) in
autosomal dominant Parkinson‘s disease. Family (C) co-segregated with AAK1
(exon17:c.C2312G p.771P>R) novel gene (mutation) in autosomal recessive
Parkinson‘s disease. One family with atypical Parkinson‘s disease Family (D) cosegregated with CSF1R (c.1237G>Ap.G413S) a novel mutation with reported gene
for leukodystrophy and atypical Parkinson‘s disease. An autosomal recessive family
(E) with Parkinson‘s like symptoms revealed recurrent mutation ATP7B (c.2930C>T
p.T977M) for Wilson‘s disease. One family (F) with autosomal recessive movement
disorder co-segregated with GPR56 g.57654049 G>C splice site mutation and PCLO
exon3:c.G2473A:p.A825T. Minigene assay exclude the splice site mutation in the
GPR56

g.57654049

G>C.

Thus

a

novel

mutation

in

PCLO

(exon3:c.G2473A:p.A825T) co-segregated in this family.

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population Page xiv

List of Publications
The research work presented in this thesis contributed in publication of the following
articles.
1. Anwarullah Anwarullah; Muhammad Aslam, PhD; Mazhar Badshah, MBBS,
FCPS Neurology; Rashda Abbasi, PhD; Aneesa Sultan, PhD; Kafaitullah
Khan, PhD; Nafees Ahmad Jakob von Engelhardt. Further evidence for the
association of CYP2D6*4 gene polymorphism with Parkinson‘s disease: a
case control study. Genes and Environment 2017; DOI : 10.1186/s41021-0170078-8
2. Anwarullah A, Paramasivam N, Abbasi R, Khan K, Sultan A, Schlesner M,
von Engelhardt J, Ahmad N, Aslam M.A report of whole-genome sequencing
in neurologic Wilson's disease. Neurol India. 2017 May-Jun;65(3):629-631.
doi: 10.4103/neuroindia.NI_1274_16. PMID: 28488633.
3. Anwarullah, Aneesa Sultan, Muhammad Asad Usmani, Maliha Ghaffar, Johar
Ali, Mazhar Badshah Nafees Ahmad. Absence of SNCA polymorphisms in
Pakistani Parkinson‘s disease patients. Journal of the Pakistan Medical
Association, 2017.Accepted
4.

Muhammad Aslam, Anwarullah Anwarullah, Nagarajan Paramasivame,
Mehmet Ali Öztürk, Rashda Abbasi, Aneesa Sultan, Mazhar Badshah, Nafees
Ahmad, Rebecca Wadee, Jakob von Engelhardt. Whole genome sequencing
identifies concurrent heterozygosity of lysosomal genes PSAP and GBA cosegregating

with

familial

Parkinson‘s

disease.

BMC

Medical

genetics2017;(submitted)

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page xv

Chapter 1

Introduction

1. Introduction
1.1. Neurodegeneration
A progressive loss of the nerve cells known as neurodegeneration is the main aspect
of large number of diseases that comes under the umbrella of ―neurodegenerative
diseases‖.
Different underlying mechanisms like stroke, traumatic, metabolic brain injury,
neurotoxins and genetics are associated with neurodegeneration. The degeneration of
different parts of the brain manifest as clinical entities. Some of these are common
neurodegenerative diseases like Alzheimer‘s and Parkinson‘s disease while others are
rare. Initial clues into the mechanisms of neurodegeneration have only recently been
discovered.

Many

studies

have

demonstrated

that

proteins

with

altered

physiochemical properties are deposited in the human brain during the early stages of
neurodegeneration. These precipitated proteins alter the biochemical pathways
leading to either dysfunction or death of neurons. It has also been elucidated that not
only neurons but the glial cells also accumulate these protein leading to
neurodegeneration (Carrell and Lomas, 1997).

1.2. Neurodegenerative movement disorder
The group of diseases, which affects parts of the brain that control the movement of
the body, is referred as neurodegenerative movement disorders (NDMDs). All the
movements of body are controlled by complex systems of neurons in the brain. For
example, coordinated and smooth movements of the body are produced and controlled
by certain region of the brain collectively known as motor control system. The motor
control system receives signals from sensory motor input and integrates, organizes
and directs the motor output. The network includes sensory receptors, spinal cord,
brain stem, cerebellum, thalamus, basal ganglia, and cerebral cortex Figure 1.
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Figure 1: The regions of the brain involved in the control of skeletal muscles
movement.
(Adopted from Jacob L. Driesen, Ph.D)

1.2.1.

Clinical symptoms & signs

Although all the NDMDs have altered movement, yet they are slightly different with
respect to clinical motor symptoms (e.g., tremors, dystonia, chorea, tics etc) and the
part of the brain affected. This slight differentiation of the movement provide basis for
the differential diagnosis and together with clinical symptoms observed are major
contributors in the diagnosis of NDMDs. However, since there are considerable
overlaps in clinical symptoms of some NDMDs the establishment of right diagnosis is
often challenging. The example of the differential diagnosis based on clinical
symptoms of NDMDs is illustrated in the following table 1.
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Table 1: Sign and symptoms of some neurodegenerative movement disease.
Movement

Speed/Phenotype

Location

Hallmark Disease

Rest Tremor

4–6 Hz

Arms/legs

Parkinson's disease

Postural Tremor

6–12 Hz

Hands

Essential Tremor

Intention Tremor

2–5 Hz

Arms/legs

Cerebellar lesions

Dystonia

Tonic

Any part

Torticollis

Dystonia

Patterned

Any part

Torticollis

Stereotype

Slow, semi- rhythmic

Any part

Tardive dyskinesia

Stereotype

Slow, semi- rhythmic

Any part

Restless legs syndrome

Proximal limbs

Brain lesion
Huntington's disease

Athetosis

Slow, irregular
"writhing"

Chorea

Fast, irregular

Any part

Myoclonus

Fast, Simple

Any part

Myoclonus

Fast, Simple

Any part

Cerebral hypoxia

Tics

Fast, Patterned

Face>neck, shoulders

Tourette's syndrome

1.2.2.

Juvenile myoclonic
epilepsy

Prevalence of the Neurodegenerative movement diseases

With advances in science and technology the life expectancy of the people increases.
This long life increases the elder population of the world. As older age is the risk
factor for many neurodegenerative diseases, the incidence of the NMDs increases day
by day. In developed world the affected population is about 2% (Hardy and Orr,
2006). These neurodegenerative diseases include Ataxia, dystonia, essential tremor,
Huntington diseases, multiple system atrophy, myoclonus, Parkinson‘s disease,
Progressive Supranuclear Palsy (PSP) Secondary Parkinsonism, Hereditary Spastic
Paraplegia, Wilson‘s disease and Pontocerebellar hypoplasia. Increasing incidence of
the neurodegenerative disease raises burden on economy (Luengo-Fernandez et al.,
2012).
Parkinson‘s disease is the second most prevalent neurodegenerative disease and the
incidence of Parkinson disease increases with age. The incidence rate is about 4% at
the age of ≥85 years, while it is 1- 2% between 65-85 years of age. Globally, the
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prevalence of Parkinson‘s disease is almost similar with no specific regional
preferences (de Rijk et al., 2000).
About 6 million people are affected with neurological diseases worldwide. These
diseases are also common in Pakistan and about 4-5% people are affected (Wasay et
al., 2010). High prevalence of neurological disease in Pakistan needs to be
investigated, therefore Parkinson‘s disease with some other rare neurodegenerative
diseases were investigated in this study.

1.2.3.

Pathophysiology of neurodegenerative movement disorders

Neurodegenerative movement disorders have different biochemical pathways leading
to a cumulative cellular-damage. The neuronal loss occurs in these diseases in
anatomical related functional systems like pyramidal, extrapyramidal, limbic cortices
and motor system. The clinical symptoms are based on the affected area of the brain
(Relja, 2004). Research on the neurochemistry, synaptic transmission and
neurobiology found that not only the affected neurons are the cause of pathology but
the associated cells like glial cells are also involved (Maragakis and Rothstein, 2006).
Furthermore Different neurotransmitters are released by different population of
neurons. Estimation of the impairments of neurotransmitter is indicative of the
involvement of specific population of neurons. The particular finding of
neurotransmitter of help in the elucidation of specific neurons gives imperative
insights to pathogenesis and the genetics of neurodevelopment, and endogenous and
exogenous neurotoxins (Relja, 2004). It is general perceptive that different
neurodegenerative diseases are caused by different pathological pathways. The
underlying mechanism to the brain injuries and neurodegeneration is either a risk
(environmental and genetic) or cause (genetic mutation, physical injury, medication
etc.). Single gene contributes differentially to the process of neurodegeneration with
respect to severity of affect, and the underlying pathology. In rare neurodegenerative
diseases the Mendelian pattern of inheritance is followed, mutation in causative gene
is responsible for phenotype while in more common neurodegenerative diseases the
cumulative effect of the genetic factor or the genetic and environmental factors
produce symptoms (Spires and Hannan, 2005). The factors which increase the
likelihood of diseases are known as risk factors. The risk factors of the
neurodegenerative diseases are describe briefly as follows.
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Diagnosis of Neurodegenerative movement disorders

Movement disorders are clinically complex, often variable and multi-symptomatic
conditions and sometime presenting with overlapping symptoms. Therefore accurate
diagnosis and correct identification of the disease is difficult, even experience
movement disorder clinician and experts, some misinterpret the clinical finding and
establish wrong diagnosis. In spite of the fact correct clinical examination and finding
is necessary for many reasons. First, the correct identification of the type of
movement disorder is necessary for planning the subsequent diagnostic process. No
specific biomarkers and diagnostic procedures that can accurately diagnose the
disease. Many diagnostic tests are available (Piccini and Whone, 2004; Seppi and
Poewe, 2010), but these are much costly and time-consuming, and most of them are
invasive. Furthermore, these procedure only add to the diagnosis, often mislead the
diagnosis without clinical and biomarker information, especially at the earlier stages
of the disease. Covering up clinical vulnerability behind a wide battery of auxiliary
investigations (the 'scattergun' approach) is by and large unrewarding a direct result of
the huge scope of potential analysis. Once the type of the movement disorder is
identified correctly then investigational work-up to reach the accurate diagnosis can
be significantly simplified as it becomes more focused. The accurate diagnosis also
depends upon the correct classification with added prognostic value. For example,
early Parkinson‘s disease is mislabeled by essential tremor, but added clinical
information makes the prognosis clear. Moreover, the genetic investigation for several
movement disorders for example, Huntington disease [HD], Dystonia, ataxia and
Parkinson‘s disease [PD] make the diagnosis easier and precise. Accurate
classification leading to the appropriate diagnosis may also be helpful for the patient‘s
family. Last, the differential diagnosis in different types of movement disorder with
overlapping symptoms is important for the correct treatment. Unfortunately, the
diagnostic workup is normally seen as being troublesome, is much of the time
delayed, and usually prompts misdiagnosis. Patients with movement disorder often
present with unusual symptoms, they can be misdiagnosed as having a psychogenic
disease. The work-up for movement disorder includes clinical examination, scans of
the brain functional and mutation screening(Abdo et al., 2010).

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 5

Chapter 1

Introduction

1.1.1. Risk factors of Neurodegenerative movement diseases
A risk factor is any attribute, characteristic or exposure of an individual that increases
the likelihood of developing a disease. Two types of risk are associated with
neurodegenerative movement disease describe below.
1.1.1.1. Environmental Factors
The environmental risk factors includes increasing age, gender, oxidative stress,
endocrine conditions, stroke, inflammation, diabetes, hypertension, smoking,
depression, head trauma, tumors, infection, vitamin deficiencies, immune and
metabolic conditions, and chemical exposure. The environmental risk factors explain
the cause of the disease where there is no evidence of genetic involvement.
Neurodegenerative diseases are thought to be multi-factorial and environmental
factors increases the risk of

disease in genetically predisposed individuals

(Verstraeten et al., 2015). Studies have reported the gene-environment driven
neurodegenerative diseases. Genetic predispositions may increase likelihood of the
disease by accumulation of the toxic compounds and its derivatives in neurons leading
to the degeneration and death. Several studies have shown an association of the
genetic alteration in the detoxifying enzymes (Cannon and Greenamyre, 2013).
Neurotoxin of agriculture pesticide, increase the risk of Parkinson‘s disease and other
neurodegenerative diseases. PTP (1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine) a
toxic compound is the common cause of Parkinsonism among the drug abusers
(Brown et al., 2005). CYP2D6*4 is such an environmentally influenced enzymes.
This enzyme is involved in the detoxification of the xenobiotics and toxins. Mutation
in the gene increases the risk of Parkinson‘s and other neurodegenerative disease (Lu
et al., 2013).
1.1.1.2. Genetic Factors
Single nucleotide polymorphism and common variants which increase the chances of
the neurodegeneration are the genetic risk factors for neurodegenerative diseases. The
pathophysiology of these diseases is complex, therefore the penetrance of the
environmental factors has to be included (Migliore and Coppedè, 2009). Many
association studies on non-familial cases of the neurodegenerative disease suggest
involvement of genetic factors. In spite of the fact that an exhaustive efforts in
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searching the environmental factors of these NDMs fails to achieve; thus
epidemiological proof for a relationship between environment induce factors and
neurodegenerative diseases is not clearly understandable yet (Bertram et al., 2005).
To elucidate the genetics cause of the neurodegenerative disease, worldwide and
region specific prevalence is necessary. In common neurodegenerative disease both,
risk factor and the disease causing gene or mutation is searched, while in rare diseases
the causative mutation is elucidated.

1.1.2. Neurodegenerative movement disorders and Pakistan
Neurodegenerative diseases are common all over the world with 6.5% prevalence.
These diseases are more prevalent in lower income countries like Pakistan as
compared to the developed countries. The burden of neurodegenerative disease is
increased in the developing countries due to increased life expectancy and better
diagnostic facilities

(Wasay et al., 2010). The epidemiological data

of

neurodegenerative disease are available for some countries but limited data based on
single hospital-based studies are available for Pakistan that do not represent the
community (Khealani and Baig, 2006). World Health Organization (WHO) for the
first time excluded neurodegenerative diseases from the epidemiological studies. The
major reason for exclusion was lack of a validated screening tool for neurological
diseases in local language (personal communication). Later on WHO neurosciences
program devised a questionnaire and simple clinical tests to be carried out by health
workers followed by assessment by neurologists (World Health Organization, 1981).
This tool has not been tested and validated in Pakistan.

1.3. Major neurodegenerative movement diseases
1.3.1.

Parkinson’s disease

James Parkinson was the first neurologist who reported the disease in ―An essay on
the shaking palsy‖. Subsequent studies on the prevalence of the disease, reported
Parkinson‘s disease the most prevalent and neurodegenerative disorder after
Alzheimer and most common NDMD. The hall mark of the pathology is the death of
dopaminergic neurons in the substantianigra that decreases the density of
dopaminergic neurons. The pathological feature includes protein aggregates called
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lewy bodies in the post mortem brain slices (Calabresi et al., 2007; Lang and Lozano,
1998)
Parkinson‘s disease is known to be the old age disease and the risk of disease
increases with the age. However young onset Parkinson‘s disease and juvenile
Parkinson‘s have been reported. The incidence rate is about 4% at the age of ≥85
years, while it is 1-2% between 65-85 years of age and rare <1% is juvenile
Parkinson‘s disease. Late onset Parkinson‘s disease is slightly more prevalent in the
European population as compared to the other population (Pringsheim et al., 2014).
Parkinson‘s disease is diagnosed by the assessment of the clinical history and
symptoms. The diagnosis can be aided by imaging like MRI and fMRI. The clinical
symptoms include Tremor at rest, Rigidity, Akinesia (or bradykinesia), Postural
instability, flexed posture and freezing (Jankovic, 2008). The severity of the disease is
assessed by the different scoring system likes Hoehn and Yarn staging of Parkinson‘s
disease and united Parkinson‘s disease rating scale.
Parkinson‘s disease was commonly considered to be sporadic and environmentally
induced pathology but the genetic investigations unravel the fact of genetic
involvement in the disease pathogenicity. Genetic risk loci and exposure to
environmental toxins are considered as underlying phenomenon of sporadic PD
(Chade et al., 2006; Thomas and Flint Beal, 2007). According to Farrer (Farrer,
2006); 10-15% of Parkinson‘s patients have familial aggregation that approaches
Mendelian segregation in autosomal dominant or autosomal recessive pattern.
Linkage and co-segregation studies have been applied on such familial PD cases and
identified about 16 genetic loci as monogenic etiological factors. A schematic
diagram (Figure 2) illustrates the causative gene and risk loci with cellular pathways
involved in sporadic and familial PD.
1.3.1.1. Genetics of familial PD
The genetics of familial PD is also heterogeneous. PD follows both Mendelian and
non-Mendelian inheritance in families. The Mendelian mode of inheritance is either
autosomal recessive or autosomal dominant. X linked and other non-Mendelian
familial PD is a very rare condition. Loci/genes of some familial PD are described
below.
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Autosomal dominant inheritance

PD as the common and debilitating disease attracted the interests of medical
researchers and scientist to investigate the underlying pathology and genetic cause of
the disease. The investigation of genetic cause is of more of interest in large and
multigenerational families where affected members are many and found in every
generation. In such large and mutigenerational families the underlying genetic cause
is dominant. The fact is reflected from the investigation that the first gene/mutations
discovered in PD were dominant. These first investigations were carried out in large
families after complete clinical and genetic investigation. A single copy of disruptive
mutation inherited either from father or mother is adequate to cause the disease. Such
type of inheritance is easy to track and is fully according to Mendelian laws. Some
causative dominant mutation and genes are described below.
i.

SNCA (Park1/Park4)

The alpha synuclein (SCNA) gene is located on the long arm (q) of chromosome 4.
Mutations in SCNA were identified cause of Parkinson‘s disease for the first time in
autosomal dominant families. The gene encodes alpha synuclein protein which is the
main component of lewy bodies and is expressed in different regions of the brain
including substantia nigra, cerebral cortex and hypothalamus

(Spillantini et al.,

1997). Lewy bodies are densely stained proteins and the hallmark pathology of
Parkinson‘s disease. The mutated alpha synuclein leads to the accumulation of
abnormal proteins in substantia nigra. This accumulation of abnormal protein enhance
the death of dopaminergic neurons in substantia nigra and responsible for the
pathology (Wakabayashi et al., 2012). The biochemical composition of this
aggregated protein was identified to be alpha synuclein. In the post mortem brain
slices these aggregates appear as densely stained with hematoxilin and eosin (H&E)
stain aggregates (Spillantini et al., 1998). The encoded protein is composed of 140
amino acids and consists of three domains which is present in the cytosol. Functional
implication of the protein is not completely understood however its involvement in

synaptic vesicle formation, interaction with cytoskeletal proteins and axonal
transport is proven (Alim et al., 2002). Commonly reported mutations of the SNCA
include E40H, A53T and A30P. Duplication and triplicate of the entire gene has also
been identified (Zarranz et al., 2004). Although mutation in SNCA is the rare cause of
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Figure 2: The pathogenesis of Parkinson‘s disease involved cellular processes.
Large numbers of genes and mutations have been identified as cause of Parkinson‘s disease in familial
cases or polymorphisms have been identified as risk factors for sporadic Parkinson‘s disease. The
protein encoded by gene is required for the integral cellular processes, the disruption of which might be
the underling mechanism of pathology of Parkinson‘s disease. (Adopted from Kalia and Lang, 2015).
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PD which account for <1% yet it has been found the cause of PD in certain Caucasian
and Asian families and along with sporadic patients. The prevalence of Mendelian
familial SNCA mutations is extremely low, although the true prevalence of familial or
‗sporadic‘ PD is difficult to estimate (D. Berg et al., 2005; Zarranz et al., 2004).
ii.

Leucine-rich repeat kinase 2 (LRRK2)

Mutations in LRRK2 gene is linked with autosomal dominant Parkinson‘s disease.
LRRK2 encoded leucine repeat rich kinase is thought to be involved in the
intracellular function; however, the mechanism is not fully understood (Zimprich et
al., 2004a). It is highly expressed in the brain with little amount in other tissues.
Genome scanning of the uncovered fact elucidates that region of the chromosome to
be involved in neurodegeneration and pathology is located on the q arm (q12) of
chromosome 12. Further investigation uncovered the fact that LRRK2 is located at the
position and is responsible for both familial and sporadic Parkinson‘s disease
phenotype with or without complexity. The frequency of LRRK2 mutation ranges
from 5-15 in familial with 1% in sporadic PD (Di Fonzo et al., 2006; Healy et al.,
2008a; Nichols et al., 2005). Earlier in 2002, the leucine-rich repeat kinase 2 (LRRK2)
mutation was documented in an autosomal dominant Japanese family with
Parkinsonism (Zimprich et al., 2004a) although some other cases evolving with
mutations later in years (Kachergus et al., 2005).
Numerous Studies on different population of Parkinson‘s patients around the world
reported mutation in LRRK2 gene. R1441C, R1441G, Y1669C, G2019S and I2020T
are the pathogenic missense mutation which disrupt the function of protein (Mata et
al., 2006; Taylor et al., 2006). Statistical analysis showed that 10% of familial
Parkinson‘s disease is due to mutation in LRRK2 gene (Di Fonzo et al., 2006; Johnson
et al., 2007; Khan et al., 2005; Mata et al., 2005; Paisán-Ruíz et al., 2008).
G2019S LRRK2 mutation is the most frequently identified mutation associated with
Parkinson‘s disease in European and Arab population (Lesage et al., 2006) but it is
nearly absent in Asian population. This mutation has been reported with highest
frequency among the PD associated mutation which is ~41% in sporadic PD and
~37% in participants of the familial PD. Apart from the fact that some %age of the
normal/ healthy controls were also found with the same mutation in

Northern

African-Arab population (Healy et al., 2008a).
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Eukaryotic translation initiation factor 4-gamma (EIF4G1)

An investigation of mutigenerational with multiple affected larger family, belonging
to northern area of France with presumptive autosomal-dominant mode of inheritance
and late onset late-onset Parkinsonism revealed linkage to the region of chromosome
having EIF4G1 for first time. Targeted sequencing found that A1205H mutation in
EIF4G1 is the underlying cause of disease. The same change was also reported in
multiple families from France, Ireland, Italy and United States. Haplotype analysis in
these families indicated the common founder effect of this mutation. After finding the
mutation, large cohort of PD patients were screened for the EIF4G1 gene mutation.
This exposed further mutations (A502V, G686C, S1164R, and R1197W) in PD cases;
that were absent in control group (Chartier-Harlin et al., 2011).
iv.

VPS35

Vacuolar protein sorting 35 (VPS35) is the most frequently mutated gene after
LRRK2, responsible for Parkinson‘s disease in autosomal dominant families. In a
study of large Swiss family, whole exome sequencing documented the mutation
D620N in VPS35 gene (Vilarino-Guell et al., 2011). In one family from the United
States, whole genome sequence analyses found P316S mutation, but the genetic
indication for the pathogenicity of this mutation persisted debatable (Zimprich et al.,
2011). Clinical characteristics including psychosis, dementia and learning disabilities
have been presented in the Swiss family.
b.

Other genes of uncertain significance

Some additional mutations have been tested in PD families, but still remain
inconclusive. The implication of these genes for PD looks indeterminate at present.
One possible explanation is that the co-segregation of the mutations and disease in the
early families may have ensued by chance, because the same mutations were also
found in the normal controls suggesting non pathological variations. Instead, they
may denote particularly rare happenings, only noticeable in single families ("private
mutations"), or the negative results from replication challenges on moderate numbers
of patients may have dejected other groups to pursuit for mutations in these genes.
Uncommonness by itself does not oppose the potential pathogenicity; as rare variants

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 12

Chapter 1

Introduction

put a significant role in global PD occurrence in a population. The most important and
well-studied genes are, UCH-L1, ATP13A2, PARK14, GIGYF2 and HTRA2.
i.

UCHL-1

Ubiquitin C-terminal hydrolase-L1 (UCHL-1) is highly expressed in the brain. The
gene encode an enzyme which is responsible for the cleavage of ubiquitin (Liu et al.,
2002). A missense mutation (I93M) in the gene was reported in a sibling pair from
German Parkinsonian family (Leroy et al., 1998), but the fact that mutation is
disruptive or non-disruptive is still controversial (D. G. Healy et al., 2004).
Furthermore, the T18 allele of a polymorphism (S18T) has been reported to be
inversely associated with sporadic PD (Carmine Belin et al., 2007; Maraganore et al.,
2004)
ii.

ATP13A2

Mutation in ATP13A2 is a rare condition which is responsible for autosomal recessive
early PD. The gene was mapped on chromosome 1p36 which suffers from several
missense and splice site mutation causing Parkinson‘s disease (Di Fonzo et al., 2007).
iii.

PARK14

PARK14 encode a calcium independent phospholipase which is critical for cell
membrane homeostasis. Several missense mutations were linked with autosomal
recessive familial Parkinson‘s diseases (Morgan et al., 2006). PARK14 was also
reported in sporadic PD in Chinese population (Gui et al., 2013).
iv.

GIGYF2

Linkage analysis revealed park 11 loci on the long arm ―q‖36-37 of chromosome 2 in
PD family. Further analysis revealed the involvement of GIGYF2 gene, which
encodes the GRB10-interacting GYF protein 2, a component of the insulin signaling
pathway (Lautier et al., 2008). The gene and the mutation is considered to be
equivocal or uncertain significant that mention gene or any other variant have not
been found in any PD family so far (Bras et al., 2009). However, gene has been
reported in other neurodegenerative disease.
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HTRA2

HTRA2 gene encodes a serine protease which is transferred from mitochondria to
cytosol upon stimulation. Mutation in HTRA2 causes autosomal dominant PD. Two
types of missense mutations were identified, G399S is a mutation that causes PD
while A141S is being displayed as genetic risk factor (Strauss et al., 2005).
c.

Autosomal Recessive Parkinson’s disease genes

In autosomal recessive pattern of PD, heterozygous/carrier asymptomatic parents is
having affected along with normal or carrier offspring. In recessive pattern of
inheritance a copy of the same mutation from both the parents (father and mother) is
required to cause the disease or in other case a compound heterozygous mutation may
also be the cause of the disease.
In difference with the dominant pattern genes, very few mutations are determined for
the involvement in the pathogenicity, while numerous of recessive mutations in PD
genes have been explored in association studies with PD. Some of these are rather
common, have been tested and well known from many studies. While others have
only been detected in one or a few patients, and their implication is difficult to
determine. Some examples of the autosomal recessive genes/Mutations are listed
below.
i.

PARK2

Autosomal recessive Parkinson‘s disease is caused by mutation in Parkin gene also
known as PARK2. The gene encodes protein; ubiquitous ligase which is
predominantly present in the cytosol (Shimura et al., 2000). The PARK2 was mapped
on chromosome 6q26 with many mutations causing familial PD. However, there are
also certain evidences of sporadic Parkinson‘s disease (Kitada et al., 1998).
The mutations in this gene were revealed in various families with several numbers of
siblings from Japan and Turkey, who had an uncharacteristic clinical syndrome
initially, originated as an early-onset Parkinsonism with diurnal fluctuation
(EPDF)(Yamamura et al., 2000).
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Phosphatase and

tensin

homolog-induced putative kinase1

(PINK1)
Mutations in PINK1gene were reported for juvenile, familial Parkinson‘s disease. The
encoded protein is located at the mitochondrial membrane and acts against oxidative
stress (Brooks et al., 2009). Decreasing concentration or functionally altered protein
leads to ischemic changes in brain and nervous tissues causing PD.
In a large multi generation Italian family, mutation in PINK1 was initially mapped by
linkage analysis. The family had autosomal recessive pattern of inheritance and early
onset PD. The involvement of the gene and locus was repeated and confirmed in other
studies from Europe and across the world in early onset autosomal recessive families
(Valente et al., 2002).
Linkage analysis from eight Asian families of early onset autosomal recessive
Parkinson‘s disease also confirms the findings in European families. The disease was
noted in these families to be levodopa responsive and slow in progress (Hatano et al.,
2004).
iii.

DJ1

DJ-1 is the most important gene composed of 8 exons and encodes a protein which is
involved in neurosignaling. It is highly expressed in the astrocytes (Bandopadhyay et
al., 2005). The expression of DJ-1 is not limited to astrocytes but also found in the
glial and neuronal cells of different brain regions including substantia nigra (Kotaria
et al., 2005; Shang et al., 2004) Disruptive genomic changes have been reported in
autosomal recessive Parkinson‘s diseases (Bonifati et al., 2003). The DJ-1 linked
Parkinsonism is early onset with variable phenotype predominantly dementia and
amyotrophy Parkinsonism (Abou-Sleiman et al., 2003; Djarmati et al., 2004).
Mutation of DJ-1 with PD or other neurodegenerative disease is less common and
rare.
1.3.1.2. Genetics of sporadic PD
Apart from the mentioned mutations and loci there are also certain genetic risk factors
which are responsible for sporadic forms of Parkinson‘s disease. The identification of
genetic risk is done by conduction of case control association studies at smaller scale,
while genome wide association is done on a larger scale to identify possible genetic
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factor in different population. Disease causing mutations are always rare; linkage
analysis and related techniques including whole genome sequencing is done to find
these mutations while the variants of genetic risk are much more common and some
inducible factor may contribute to cause disease. Because the genetic risk is not so
much aggressive as compared to the mutation status; therefore, these studies usually
require large number of patients (suspected population) and control groups. Another
unbiased approach to search for screening the risk factors is genome-wide association
studies. These risk factors have been studied through genetic association studies like
GBA, and MAPT etc.
GBA is responsible for Goucher disease when there are homozygous or compound
heterozygous mutations, while single heterozygous mutation is being marked to be a
genetic risk factor for PD (Mao et al., 2013). Similarly, variations in MAPT are
known risk factors for Progressive Supranuclear Palsy, certain basal degenerative
process and is important cause of dementia and related pathologies (Borroni et al.,
2011). While according to Skipper et al., (2004) MAPT locus mapped as genetic risk
factor for PD. MAPT encodes tau Protein which is required for the maintenance and
integrity of cytoplasm of neuronal cells. Less different production of that protein is
responsible for the loss of neuronal function and development of disease.
1.3.1.3. Atypical Parkinson’s Disease
A heterogeneous group of neurological diseases characterized by atypical
Parkinsonian features are collectively termed as atypical Parkinsonism. These atypical
symptoms include autonomic dysfunction, cortical sensory loss, dystonia,
amyotrophy, myoclonus, apraxia, ataxia, early falls, gaze palsy, and failure to
dopamine therapy (Stamelou and Hoeglinger, 2013). The diagnosis of the atypical
Parkinsonism is difficult, because of the overlapping symptoms, variability in
phenotype and unavailability of the specific diagnostic tests.
Leukoencephalopathy, vascular Parkinsonism, Parkinson plus syndrome and
demyelinating disease like central pontine and extrapontine myelinolysis are the
examples of atypical Parkinsonism (Scholz and Bras, 2015).
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Leukoencephalopathy

Leukoencephalopathy is a heterogeneous group of diseases of white matter. The most
important type of Leukoencephalopathy is hereditary diffused leukoencephalopathy
with spheroids (HDLS). The disease is inherited in an autosomal dominant fashion
and the typical age of onset is fourth or fifth decade of life with the onset age ranges
from 15-78 years. Like other neurodegenerative diseases the phenotype is highly
variable. The patients have different symptoms for example seizures, dementia,
personality/behavioral changes, spastic paraplegia, Parkinsonian features, and
dystonia (Sundal et al., 2012; Wider et al., 2009). In brain biopsy or autopsy lesions in
white matter with focal swelling of an axon known as axonal spheroids are the
pathological hallmarks of the disease.

HDLS is a rare, progressive adult-onset

neurodegenerative disease; for the first time identified in Swedish family with a
heterozygous mutation in the CSF1R gene (Axelsson et al., 1984). After first report,
many other scientists worked on additional kindreds and sporadic HDLS patients in
other population (Wider et al., 2009).
The disease is inherited in autosomal dominant pattern and heterozygous mutation in
the CSF1R gene causes the pathology.
Structure and function of CSF1R
The region of ―q‖ arm of chromosome 5 is occupied by CSF1R gene. The human
CSF1R gene is around 60kb and is composed of 2 introns and 22 exons at minus
strand. The gene encodes transmembrane protein which is 972 amino acid long and
belongs to the tyrosine kinase receptor family. The average molecular mass is
108KDa. However, post-translational modifications that include glycosylation,
phosphorylation and N-linked oligosaccharides acquisition increase the molecular
mass of the protein.
CSF1R is activated when the CSF-1 binds with it. After activation the CSF1R form
homodimers and the cytoplasmic domain get activated by autophosphorylation of the
tyrosine. The phosphorylated CSF1R continues the phosphorylation of the other
proteins and subcellular enzymes Src, PLC- γ PI (3) K, Akt and Erk (Hamilton, 1997;
Yeung and Stanley, 2003). CSF1R is expressed in the cultured neurons and in brain
but predominantly it is expressed in the microglial cells (Akiyama et al., 1994; Wang
et al., 1999). Copy number variation and point mutation resulting in the activated
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CSF1 receptor have been associated with certain pathologies like hematological
malignancies and renal-cell carcinomas (Ridge et al., 1990). White matter disease is
caused by mutations which affect the tyrosine kinase domain establishing a fact that
HDLS is one of the microgliopathy (Rademakers et al., 2011).

1.3.3.

Dystonia

Dystonia is a group of neurodegenerative movement disorder characterized by
sustained muscle spasm, contraction twisting and repetitive movements. Dystonia is
initiated or often worsened with voluntary action and muscle activation (Albanese et
al., 2013). The symptoms of dystonia are variable according to severity of the disease.
Cramping of the foot, involuntary pulling of the neck, uncontrollable blinking and
speech difficulties are the common symptoms of dystonia.
Dystonia are classified on the basis of etiology (Primary and secondary), onset age
(early and late onset) and affected body regions (generalized dystonia, focal dystonia,
multifocal dystonia, segmental dystonia and hemidystonia) (Tarsy, D.; Simon, 2006).
The primary dystonia is further classified into autosomal dominant, autosomal
recessive, and X linked dystonia. Mutation in the DYT1 gene causes autosomal
dominant dystonia, DYT2 causes autosomal recessive and DYT3 causes X linked
dystonia.

1.3.4.

Ataxia

Ataxias are heterogeneous group of neurodegenerative movement disorders which
affect the brain, brainstem and spinal cord. Ataxias are clinically characterized by
slowly progressive movement disability speech, and a wide based, uncoordinated,
unsteady gait. Incoordination of gait is often associated with poor coordination of
hands, speech, and eye movements (Jayadev and Bird, 2013).
Ataxias are further classified on the basis of mode of inheritance. These are autosomal
dominant, autosomal recessive, X linked and mitochondrial (Durr, 2010; Finsterer,
2009; Soong and Paulson, 2007).
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Wilson’s Disease

Wilson‘s disease (WD) is a rare autosomal recessive disorder of altered copper
metabolism first described as hepatolenticular degeneration. Dr Samuel Alexander
Kinnier Wilson‘s was the first who describe the disease for the first time in 1912
(Wilson, 1912). After 1912 many researches were carried out on the biochemical and
pathophysiological aspects (Cumings, 1945), while other scientists made contribution
by exploring the genetics of the disease (Loudianos et al., 1999; Yamaguchi et al.,
1993). The altered copper metabolism due to the disease affects mainly the liver and
brain. It also affects the other organs like kidneys and eyes to a lesser extent.
Excessive deposition of copper in the brain may result in death of the neurons and
may cause neurological manifestation. The predominant neurological features include
symptoms of PD and dystonia. The Parkinsonian features includes bradykinesia, rest
tremors, ataxic gait and neuropsychiatric symptoms like hypomnesia, dysgnosia, and
personality abnormalities (Lorincz, 2010; Machado et al., 2006). Excessive copper
deposition in the liver causes hepatolenticular degeneration and cirrhosis of the liver.
Copper does also deposit in the sclera of the eye which is prominent as rusty brown
ring. This ring is known as Kayser-Fleischer ring (KF) ring, after the name of the two
German physicians Dr Bernhard Kayser and Dr Bruno Fleischer. The KF ring is a
good sign of the WD but some time the development of the KF ring is delayed or
either absent and therefore it is nonspecific for the diagnosis of Wilson‘s disease.
Although the KF ring is a significant sign of WD, it is not entirely specific for
diagnosis. The deposition of copper in the other organs also causes organ specific
symptoms. For example, its deposition in bones and joints may cause osteoarthritis
and in cardiac tissues may cause cardiomyopathy. Its altered metabolism may also
affect the kidneys resulting the nephritis or nephrotic syndrome (Roberts and
Schilsky, 2003).
The disease is inherited in autosomal recessive pattern and homozygous mutation in
the ATP7B gene causes the pathology.
Structure and Function of ATP7B
ATP7B gene encoding ATPase copper transporting beta poly peptide is located on the
q arm of chromosome 13 (Frydman et al., 1985). Different types of genetic mutations
have been identified in the ATP7B gene of WD patients, the majority of which affect
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the transmembrane domain of the protein. These defects include missense mutation,
insertion, deletion, splice site and point mutations. The prevalence of these mutations
is different in different populations along with rare mutations. For example two
ATP7B point mutations H1069G and G1267A are more common in Europeans and
North Americans. These two mutations account for 38% of Wilson‘s Disease cases in
these populations (Thomas et al., 1995). The genotype of Indian population is well
studied and they found that seven recurrent haplotypes are common in different
chromosomes accounting for 58%, and four mutations in the ATP7B gene which
accounts up to 37% of the Wilson‘s disease mutations (Gupta et al., 2005).
Information of the predominant mutations is consequently helpful in accomplishing
quick mutational screening and molecular diagnosis. There are two modifier genes
COMMD1 and ATOX1. COMMD1 is responsible for canine WD while ATOX1 is
responsible for the trafficking of the Wilson‘s disease protein (Schiefermeier et al.,
2000). Altered function of ATP7B caused by mutation or changes of ATP7B genes
prompts WD, portrayed by hepatotoxicity and neurological degeneration. Mutations
of this gene further cause change of the amino acid sequence connected with
modifications of protein structure and capacity, trailed by copper aggregation in liver
(de Bie et al., 2007). The functional loss of ATP7B gene results in the production of
apoceruloplasmin, which is rapidly degraded in plasma, resulting in diminished
copper transporting capacity (Desai and Kaler, 2008). In WD patients, due to
mutation in the ATP7B gene, the absorbed copper from liver cannot be excreted to
bile. As the mutated gene results in inefficient protein product, its function to excrete
excessive copper is blocked. So accumulation of copper increases in the liver and
causes death of the hepatocytes resulting in cirrhosis. After excessive accumulation in
the liver it is transported to other organs like brain, cornea and kidneys. In the brain its
accumulation causes the death of the neurons, in kidneys its excretion causes
nephrosis and in cornea deposition of the copper causes visual loss (Roberts, 2011;
Strausak et al., 2001). Several neuropathological changes occur in the Wilson‘s
disease. These include loss of nerve cells, demyelination of the putamen,
globuspallidus, and dentate nucleus. Hyperplastic changes in the astrocytes of the
cerebral cortex, brain stem, basal ganglia and cerebellum are the predominant
neuropathology of Wilson‘s disease (Lorincz, 2010).
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Pontocerebellar Hypoplasias

A century ago Brun used the term ―Pontocerebellar Hypoplasia‖ for a brain
developmental disease. Alternatively dwarfed growth of cerebellum was named
Cerebellar Hypoplasia. Seven years later Brouwer found out that the pathology is not
limited to hypoplasia, rather progressive neurodegeneration is the key element in the
pathology (Brouwer, 1924). Subsequent reports described that the pathology is not
limited to atrophy of the cerebellum but also involve flocculi, vermis and dentate
neuclus (Koster, 1926). Continued research and refinement in the diagnosis changed
the definition of the disease. Now Pontocerebellar Hypoplasias is described a group of
heterogeneous disorder characterized by prenatal onset neurodevelopmental and
neurodegenerative diseases. The hallmark pathology includes small cerebellum, brain
stem and neurodegeneration in these parts of the brain. The disease is clinically
characterized by variable group of symptoms including cognitive and motor
disabilities. The symptoms are also accompanied by seizure. The course of disease
worsens with age which indicates the underlying mechanism of neurodegeneration
rather than hypoplasia of cerebellum (Namavar et al., 2011). The phenotype of the
disease is highly variable and six types of hypoplasia have been described on the basis
of clinical and imaging information.
Pontocerebellar hypoplasia-1 is also known as spinal muscular atrophy with
pontocerebellar hypoplasia. The underlying pathology is ventral horn cell
degeneration and pontocerebellar hypoplasia (Barth, 1993). Splice site variant of the
VRK1 gene on chromosome 14q32 was reported in one Ashkenazi Jewish origin
family (Renbaum et al., 2009). The gene encodes an enzyme serine-threonine kinase,
highly expressed in the brain. The enzyme regulates cell cycle, organize chromatin
and nuclear envelope (Klerkx et al., 2009).
Pontocerebellar hypoplasia-2 is neurodegenerative disease characterized by
progressive cerebral atrophy and microcephaly. The clinical features include chorea,
dyskinesia, dystonia and seizures (Barth, 1993). The disease is progressive which
causes early death, typically occuring in late infancy or early childhood. The disease
causing mutation (A307S) occurs in the TSEN54 which is considered to be the
founder mutation and most frequently reported. Rare mutations in the TSEN2,TSEN34
and SEPSECS gene have also been reported (Budde et al., 2008). TSEN54 is highly
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expressed in cerebellar inferior olivary, dentate, and pontine neurons during
pregnancy suggesting role in the development of neuronal population in these parts of
the brain (Maricich et al., 2011).
Pontocerebellar hypoplasia-3 is a neurodegenerative disease characterized by
cerebellar hypotrophy and microcephaly. The clinical symptoms of the disease
include movement disability, dystonia, seizure and hyperflaxia. A genetic locus has
been identified in one family from Omani origin. The analysis showed a linkage on
chromosome 7q11-21 with maximum multipoint lod score 3.23 (Rajab et al., 2003).
The causative mutation and gene have not been elucidated till now.
Pontocerebellar hypoplasia-4 is prenatal onset rare neurodegenerative disease
characterized by congenital contractures, dysmorphism, hyperekplexia, hypertonia,
infantile encephalopathy, and early death. The pathology includes cerebellar and
olivopontine atrophy (Hevner, 2007). The pathology is similar to the pathology of
pontocerebellar hypoplasia-2 suggesting that the two types of the disease are same.
The suggestion is supported by the fact that the most common TSEN54 mutation
(A307S substitution) has also been found in the patients of type 4 (Budde et al.,
2008).
Pontocerebellar hypoplasia-5 was reported in a non-consanguineous family with three
severely affected patients (Patel et al., 2006). The clinical features were similar to the
feature of type 4 with additional features like micrognathia, contractures, and
camptodactyly. The pathology includes olivopontocerebellar atrophy with normal
cerebellum and degenerated vermis is the distinguishing pathology of the disease.
With course of disease neurodegeneration of the basal ganglia, thalamus, and
midbrain continues causing the symptoms more severe (Maricich et al., 2011).
Pontocerebellar hypoplasia-6 is a rare neurological disease reported in Sephardic
Jewish family with three affected individuals. The clinical features of the patients
include recurrent apnea, hypotonia seizure and dystonia. Linkage analyses identify the
locus on chromosome 6q16.1(Edvardson et al., 2007). Fine mapping and search for
the mutation elucidate an intronic variant of RARS2. The gene encodes mitochondrial
arginyl-tRNA synthetase. The mutation was found to encode a short transcript that
causes reduction in the arginyl-tRNA synthetase. Functional studies have shown that
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short transcript preferentially affect the brain because of a tissue-specific vulnerability
of the splicing machinery.
The underlying mechanism for the pathology of the all types of Pontocerebellar
hypoplasia is atrophy of cerebellar cortex, the dentate, inferior olivary and ventral
pontine nuclei with progressive neurodegeneration. The symptoms of the disease are
variable indicating differential involvement of the brain parts.

1.4. Genetic Approach to Study Neurodegenerative Diseases
Different genetic methods are used to trace the pathogenic changes in the genome
with respect to phenotype. These methods are mainly of two types i.e., Case control
and genome wide association studies used to find the risk of disease in sporadic
disease (Labbé and Ross, 2014). In familial disease different methods are used to
track inheritance of the causative mutation. The commonly used methods are
described below.
a. Linkage analysis
Genetic linkage analysis is used to find segregation of the trait in pedigrees to track
coinheritance, suggesting the region of chromosome involved in disease. In this
method highly polymorphic microsatellite markers are used to track the chromosome
region that may contain gene for the trait of interest (Tassin et al., 1998).
b. Whole Genome Sequencing
Sequencing the entire genome of the organism is known as whole genome
sequencing. Whole genome sequencing has been remarkably successful in finding the
causes of Mendelian and rare diseases. Mendelian studies require more than one
unrelated affected individuals with disease or linkage evidence in at least one family.
In rare genetic diseases where single patient is available for analysis, whole genome
sequencing has been used to identify mutation (Choi et al., 2009; Worthey et al.,
2011). Complex diseases are caused by a combination of genetic, environmental and
lifestyle factors. Complex diseases have variable phenotype and it is difficult to
ascertain phenotype and analyze them genetically. These patients commonly give an
extensive variety of clinical elements and stay undiagnosed by methods that are based
on the suspicion of a Mendelian disease. Neurodegenerative diseases have

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 23

Chapter 1

Introduction

additionally intricate and variable phenotype; accordingly entire genome sequencing
was done in our familial cases.
Neurodegenerative disease is the interest because the world population is getting older
which increase the incidence of the neurodegenerative diseases. For example
Parkinson‘s disease is common throughout the world including Pakistan. Although
epidemiological studies have been conducted, but genetic studies on Parkinson‘s and
rare neurodegenerative disease have not yet been done in Pakistan. Since no
molecular genetics studies have been done in Pakistan. This study was designed to
find out the

genetic basis of Parkinson‘s and rare neurodegenerative diseases in

Pakistani population.

1.5. Objective of the study
The Specific aims and objectives of the study were to;
1. Identify the genetic factors underlying movement disorder in Pakistani
population.
2. Investigate the mutations/polymorphisms associated with the susceptibility to
PD.
3. Provide genetic counseling to the affected families in order to reduce the
burden of neurodegenerative movement disorders specifically and inherited
disorders in general.
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Materials & Methods

2.1. Materials & Supplies
2.1.1.

Equipment

Table 2: List of Equipment
Equipment

Product

Manufacturer

Agarose-Gel

Power Supply

Amersham Pharmacia

electrophoresis

Tank

Biotech, Uppsala, Sweden

Centrifuge

Avanti J25

Beckman Coulter, USA

5810/5810 R

Eppendorf Hamburg,
Germany

DNA-Sequencer

3130 Genetic Analyzer

Applied Biosystems, Foster,
CA 94404, USA

HiSeq X Ten

Illumina

Illumina Inc. USA

Analytical Balance

SBC22

Scaltec

Instruments

GmbH,

Robert-Bosch-Breite

10;

37079; Göttingen, Germany
Gel

documentation model

Fisher Scientific, USA

system
Heating plate

VLM Metalblock

VLM GmbH,
Bielefeld, Germany

Incubators

model

Heraeus GmbH, Hanau,
Germany

Laminar

Flow Esco

Portland, Oregon

cabinet
Microscope

Nikon

Siemensstraße
D-63755

24
Alzenau

Germany
Microwave

AEG Micromat

AEG Micromat GmbH
Frankfurt, Germany
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NanoDrop

pH Meter

ND-1000

Thermo

Fisher

Scientific

Spectrophotometer

Waltham, MA, USA

PH-200

Weender Landstrasse 94-108
Gottingen 37075 Germany

MicroPipette

Pipetman

Pipette aid

(2µl,

10µl, Gilson S:A.S., Villiers-le-Bel,

20µl, 200µl,1ml)

France

PIPETBOY acu 2

INTEGRA Biosciences
AG ,Zizers. Switzerland

Spectrophotometer

BioPhotometer Eppendorf Eppendorf GmbH, Hamburg,
Germany

Thermal cycler

Mastercycler® nexus

Eppendorf GmbH, Hamburg,
Germany.

HybaidPxE

Thermo

Fisher

Scientific Waltham, MA, USA
Vaccutainers

10 ml

Becton,

Dickinson

and

Company
Franklin Lakes, New Jersey,
USA
Vortex

vortex mixer neolab

Neolab, Bloomberg, Germany

Water bath

water bath GFL

GFL Gesellschaftfür
Labortechnik

GmbH,

Burgwedel, Germany
Water

purification MilliQbiocel

system

2.1.2.

Millipore, Schwalbach,
Germany

Chemicals

Table 3: List of Chemicals
Chemical

Catalog number

Manufacturer

Agarose

9012-36-6

Sigma-Aldrich, Steinheim, Germany

Ampicillin

11593027

Thermo Electron(Karlsruhe) GmbH
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Boric Acid

10043-35-3

Sigma-Aldrich, Steinheim, Germany

Bromphenol blue

115-39-9

Sigma-Aldrich, Steinheim, Germany

Difco LB-agar Miller

BD

Becton, Dickinson and Company
Franklin Lakes, New Jersey, USA

EDTA

139-33-3

Sigma-Aldrich, Steinheim, Germany

Ethanol

BD

Becton, Dickinson and Company
Franklin Lakes, New Jersey, USA

Ethidiumbromide

1239-45-8

Sigma-Aldrich, Steinheim, Germany

Ficoll 400

26873-85-8

Sigma-Aldrich, Steinheim, Germany

Formamide

75-12-7

Sigma-Aldrich, Steinheim, Germany

IPTG (Isopropylthio-β- 367-93-1

Sigma-Aldrich, Steinheim, Germany

D- Galactoside)
X-gal

7240-90-6

Sigma-Aldrich, Steinheim, Germany

β-Mercaptoethanol

60-24-2

Sigma-Aldrich, Steinheim, Germany

HiSeq

X

Ten SY-412-1001

sequencing

Illumina5200

Illumina

Way

(formerly 5200 Research Pl) San
Diego, CA, USA

2.1.3.

Consumables

Table 4: List of consumables
Item

Product ID

Manufacturer

ART® self-sealing
Pipette tips

barrier pipette tips

Sigma-Aldrich, Steinheim, Germany

ART
PCR tubes

Eppendorf, Hamburg, Germany

2ml & 1.5 ml

Becton Dickinson GmbH, Heidelberg

15 ml&50 ml

Germany

UVetta

Eppendorf, Hamburg, Germany

Petri plates

Cell culture dishes

Sigma-Aldrich, Steinheim, Germany

Weighing boats

A230

Tubes

Disposable
cuvettes

Carl Roth GmbH & Co. KG,
Karlsruhe, Germany
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Commercial Kits

Table 5: List of commercial kits
Kit

Catalogue number

Company

1 Kb Ladder

SM0311

Thermo

Electron

GmbH,

Karlsruhe, Germany
100 bp ladder

N3231S

New England Biolab, UK

DH5α

18265017

Invitrogen,

Darmstadt,

Germany
Polyfect transfection Kit

11668019

Invitrogen,

Darmstadt,

Germany
psSPL3 vector

https://www.addgene

DKFZ, Heidelberg, Germany

.org/vectordatabase/4202/
RNA extraction

MCR85102

Epicentre,

Madison,

WI,

U.S.A.
TOPO®-TA cloning

451641

Thermo

Electron

GmbH,

Karlsruhe, Germany
TruSeq Nano DNA library Illumina

Illumina Inc. USA

2.1.5. Enzymes
Enzyme

Catalogue number

Manufacturer

Taq DNA Polymerase

10966034

Thermo

Electron

GmbH,

Karlsruhe, Germany
dNTPs

18427013

Thermo

Electron

GmbH,

Karlsruhe, Germany
EcoRI

R6011

Promega Biosciences, LLC.,
San Luis Obispo, CA, USA

Proteinase K

25530049

Thermo

Electron

GmbH,

Karlsruhe, Germany
Quick Ligase (DNA)

M0202 L

New England Biolabs, UK

RNase A

AM2269

Thermo

Electron
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Karlsruhe, Germany

RNase free DNaseI

AM2222

Thermo

Electron

GmbH,

Karlsruhe, Germany
XhoI

R6161

Promega Biosciences, LLC.
San Luis Obispo, CA, USA

2.1.6.

Primers

Table 6: Details of primer sequences and expected product size for identification of
risk loci
Expected
SNP

Primers ID

Sequence (5' > 3')

product

size

(bp)
SN-75-CF

GGCCCCGGTGTTATCTCAT

SN-75-CR

AATTCAAAGCCCTCATTATTCTTGG

SN-75-GF

TTGTAGGCTCCAAAACCATGG

SN-75-CF

GGCCCCGGTGTTATCTCAT

SN-75-CR

AATTCAAAGCCCTCATTATTCTTGG

SN-75-AR

CACCATGCACCACTCCCTT

SN-75-CF

GGCCCCGGTGTTATCTCAT

SN-75-CR

AATTCAAAGCCCTCATTATTCTTGG

SN-77-AF

GGAGTGGTGCATGGTGAGA

SN-75-CF

GGCCCCGGTGTTATCTCAT

SN-75-CR

AATTCAAAGCCCTCATTATTCTTGG

SN-77-GR

GCACAATGGAGCTTACCTGTAGC

SN-78-CF

TCCGTGGTTAGGTGGCTAGA

SN-78-CR1

CACACGTTCACATTCACCTACCT

SN-78-CR2

ACCCTCTTTTGTCTTTCCAGC

SN-78-CF

TCCGTGGTTAGGTGGCTAGA

SN-78-CR1

CACACGTTCACATTCACCTACCT

SN-78-GF

ACCAAACAGGGTGTGGCAGAAGCAG

LK2-04-CF

TGAGTCCTCTTTGATGCTGTTC

LK2-04-CR

TTGTACAACTTAGAGGGCCTGG

LK2-04-GR

TCTCAAGGGGGAGCAGAC

LK2-04-CF

TGAGTCCTCTTTGATGCTGTTC

LK2-04-CR

TTGTACAACTTAGAGGGCCTGG

Control = 307

CTTGTGACTAGAAATAAAATATCAGC

A allele = 211

Control = 587
G allele = 270

rs104893875

rs104893877

rs104893878

rs34805604

LK2-04-AF

Control = 587
A allele = 356

Control = 587
A allele = 247

Control = 587
G allele = 381

Control = 529
C allele = 347

Control = 529
G allele = 227

Control = 307
G allele = 141

GA
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LK2-27-CF

GGCATGAAGATGGGAAAGG

LK2-27-CR-1

ACCAGCCTACCATGTTACCTTG

LK2-27-GF

GTGTCTTTCCCTCCAGGATG

LK2-27-CF

GGCATGAAGATGGGAAAGG

LK2-27-CR-1

ACCAGCCTACCATGTTACCTTG

LK2-27-CR-2

CAGGGGAAGAAGAAGCACG

LK2-27-CF

GGCATGAAGATGGGAAAGG

LK2-27-CR-1

ACCAGCCTACCATGTTACCTTG

LK2-27-TF

TGTGTCTTTCCCTCCAGGATT

LK2-37-CF

GCAGATACCTCCACTCAGCC

LK2-37-CR-1

TCAGTAGGGTCACGGCCA

LK2-37-TF

GCAAAGATTGCTGACTACGCAT

LK2-37-CF

GCAGATACCTCCACTCAGCC

LK2-37-CR-1

TCAGTAGGGTCACGGCCA

LK2-37-CF

GCAGATACCTCCACTCAGCC

LK2-37-CF

GCAGATACCTCCACTCAGCC

LK2-37-CR-1

TCAGTAGGGTCACGGCCA

LK2-84-AF

TGCAAAGATTGCTGACTCCA

LK2-37-CF

GCAGATACCTCCACTCAGCC

LK2-37-CR-1

TCAGTAGGGTCACGGCCA

LK2-84-GR

CTACAGCAGTACTGAGCAATGCC

LK2-48-GF

GGATAAGAAAACTGAAAAACTCTCTG

LK2-48-CR

TTGTACAACTTAGAGGGCCTGG

LK2-48-CF

TATGCAGCTTTCAGTGATTCC

LK2-48-AR

CACACGTTCACATTCACCTACCT

PK7-54-CR

GGCCTGGGACCAGCTACA

PK7-54-CR

CATTCAGGGCTTCAACAATTGTAG

2D61BF

GCATTTCCCAGCTGGAATCC

2D62AR

CCGGCCCTGACACTCCTTCT

2D67BR

GGCGAAAGGGGCGTCC

2D61BF

GCATTTCCCAGCTGGAATCC

2D62AR

CCGGCCCTGACACTCCTTCT

2D68BR

GGCGAAAGGGGCGTCT

Control = 523
A allele = 253

Control = 523
G allele = 308

Control = 523
C allele = 254

Control = 736
G allele = 644

rs35870237
Control = 736
A allele = 356

Control = 736
A allele = 645

rs34637584
Control = 736
G allele = 133

C allele = 347
rs34778348
G allele = 227

rs34805604

Control = 587

Control = 587
G allele = 270

rs3892097
Control = 587
G allele = 381

Note: The pairs of primers written in bold was also used for sequencing.
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Table 7: Details of primer sequences and expected product size for Sanger sequencing
Annealing
Gene

Coordinate

Primer Sense

Temp.

Sequence

60oC

TGTAAAACGACGGCCAGTGGTATTTAAGGCAG

Forward Primer
AAK1

69723170

260
60 C
Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTACTTGAAATACCAG
AGAACCATCTGA

40829167

496
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCGTCCATGCAAGACC
AGGGAGA

60oC
Forward Primer

TGTAAAACGACGGCCAGTCTGGTCTGGTTGCCA
CCGTAAA

17328531

537
o

60 C
Reverse Primer

ATP7B

CAGGAAACAGCTATGACCAAACTTACCTAGATT
TACTTGGTGTTATTGCT

60oC

ATP13A2

52520550

Size (bp)

AACTTTCTACAAGG
o

APBB2

Product

AGTCTCCA
60oC

Forward Primer

CAGGAAACAGCTATGACCGGCCTAGAGCCCAT

TGTAAAACGACGGCCAGTGTGGCTCTCAGGCTT
TTCTCTCA
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60oC
Reverse Primer

TGAAGTTGGA
60oC

Forward Primer
ATXN1

TCATCGT
496
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTTGTAAAGCAAAAAT
CACATGGAGCT

92537354

465
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCGGCCATGATAGGTT
ATTTTGTGATGA

60oC
Forward Primer

TGTAAAACGACGGCCAGTGACACGTGCGGGCC
AGAT

13318774

491
o

60 C
Reverse Primer

CELSR3

CAGGAAACAGCTATGACCCCCCGTGCAGTACGC
TCAC

60oC

CACNA1A

TGTAAAACGACGGCCAGTGAGCGTGTGTGGGA

16327915
o

ATXN3

CAGGAAACAGCTATGACCGGAAACCTGTAGGA

48699263

CGTGTCT
60oC

Forward Primer

CAGGAAACAGCTATGACCTCTTCCTCCCAATCC

TGTAAAACGACGGCCAGTGTAGTTGTACTGCGG
AAACTGC
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60oC
Reverse Primer

CACCA
60oC

Forward Primer
COL4A1

TGACTCCTTA
500
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTGTTCCCAGCGCCAGC
ATGT

149449827

505
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCCTCACCAACACCACC
TGATTCTC

60oC
Forward Primer

TGTAAAACGACGGCCAGTATCTCTGACGTGGAT
AGGAGGT

42524939

491
o

60 C
Reverse Primer

DDHD1

CAGGAAACAGCTATGACCGCAGTAGTGTGCTTT
GGGTGTAG

60oC

CYP2D6

TGTAAAACGACGGCCAGTCAGAATCACACTACC

110864822
o

CSF1R

CAGGAAACAGCTATGACCCGAGCTGGATTCAG

53619551

GCACAA
60oC

Forward Primer

CAGGAAACAGCTATGACCTGATGGGCAGAAGG

TGTAAAACGACGGCCAGTCCTCCTTGTAGAACC
AGCGTACCT
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60oC
Reverse Primer

CATAAC
60oC

Forward Primer
DUSP27

AACTCAAG
274
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTCAGGAGCAGGGTGT
TAGGTAATG

22274431

268
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCTCATTTTCCTGGAGG
ATAAACAAGGC

60oC
Forward Primer

TGTAAAACGACGGCCAGTATACTGTCATTGCTG
GTGAAATCAG

212576777

504
o

60 C
Reverse Primer

ERCC6

CAGGAAACAGCTATGACCAGGGTCATGAAGAG
CAGTCAGA

60oC

ERBB4

TGTAAAACGACGGCCAGTGCCTGTCTCCTCTAG

167086657
o

EEF2K

CAGGAAACAGCTATGACCCACGGAGCCCCGAG

50678453

GGACAAGT
60oC

Forward Primer

CAGGAAACAGCTATGACCTCGATTTTAATGCAG

TGTAAAACGACGGCCAGTGTGTGGAATTCGAGT
TCCTTCAAAC
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60oC
Reverse Primer

GCATTGATGAAAAG
60oC

Forward Primer
FLVCR1

TTTTG
262
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTTGCTTATGTTGGTGC
CTTCCAACT

81388010

516
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCCCATCGAATTACTGC
TTCAAAGACA

60oC
Forward Primer

TGTAAAACGACGGCCAGTCATTGCCCTCACCGG
TTTAGC

155205043

505
o

60 C
Reverse Primer

GBA

CAGGAAACAGCTATGACCTGATGCCTATAAACA
TCCAGACACAG

60oC

GBA

TGTAAAACGACGGCCAGTCAGCCTGACCGTGGT

213062577
o

GAN

CAGGAAACAGCTATGACCATCTGGTGATGAAA

155205581

GAGGGCG
60oC

Forward Primer

CAGGAAACAGCTATGACCACTTCAGGTGAGTG

TGTAAAACGACGGCCAGTTGTAAAACGTGTCCT
TGGTGATGTC
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60oC
Reverse Primer

CCTCTTAC
60oC

Forward Primer
GBE1

GCATCAGTTG
534
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTACTTTTTGTAAGAAC
CATTGTCAGTCA

46874418

515
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCAGTGTTCTCTGAGTC
TTTTTGTTCAT

60oC
Forward Primer

TGTAAAACGACGGCCAGTGTCAGGTTGGCCCCT
GCAAG

57654049

501
o

60 C
Reverse Primer

HTT

CAGGAAACAGCTATGACCGATCCATCATTTTCT
TTTGCATTCTGT

60oC

GPR56

TGTAAAACGACGGCCAGTTCCCACAATTATCAT

81719999
o

GPR116

CAGGAAACAGCTATGACCAAGCAGACCTCAGA

3237353

ACACCTG
60oC

Forward Primer

CAGGAAACAGCTATGACCCGGGAACACACCTC

TGTAAAACGACGGCCAGTAGTGGGCCAGTTTTG
ACTTGGT
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60oC
Reverse Primer

TACTCCAG
60oC

Forward Primer
IKZF4

TACTC
258
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTTTGTCCTCCCTTGAG
CCTTTCC

235894181

519
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCGCTACAAGTCCTGG
ATGGTCACT

60oC
Forward Primer

TGTAAAACGACGGCCAGTTAGTGCCACAAAAG
TGAGCATAGC

168810845

512
o

60 C
Reverse Primer

PARK2

CAGGAAACAGCTATGACCCCAGACCACACAGC
TCAGATTTAT

60oC

MECOM

TGTAAAACGACGGCCAGTGGCCAATGCTACCCC

56427034
o

LYST

CAGGAAACAGCTATGACCCAACCCTGACCAGG

162206909

TAAGGAAAAGC
60oC

Forward Primer

CAGGAAACAGCTATGACCTGTCACAATAGAGG

TGTAAAACGACGGCCAGTCAATTCCTTCATTCC
CCAGAACTTT
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60oC
Reverse Primer

CCTCCAATTT
60oC

Forward Primer
PCLO

GGCTTG
274
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTCAGCGCCTCCTTCTT
GAGCG

73673463

537
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCGACGTGGACCCGGA
CCTGAA

60oC
Forward Primer

TGTAAAACGACGGCCAGTCTTCTCACACTGCCT
GGCAGC

2341883

462
o

60 C
Reverse Primer

PPFIA2

CAGGAAACAGCTATGACCAGTCACAAGCTGAA
GAGAAAACAAC

60oC

PEX10

TGTAAAACGACGGCCAGTGACCCTTTTGGCATT

82764393
o

PDZRN3

CAGGAAACAGCTATGACCGTAGTTCATTGAGTG

81675225

CTCATAGG
60oC

Forward Primer

CAGGAAACAGCTATGACCTCTTTCCATGTGGCC

TGTAAAACGACGGCCAGTTCTGTCTTCTAGACG
TCCATTTTTG
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60oC
Reverse Primer

AGGCAGATGCT
60oC

Forward Primer
PSAP

CAGGGA
508
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTAGTTTGAAAATTACT
GCCTTGCAAGA

173916552

514
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCGCCCCTCACCTCAGA
GGTTTAAAA

60oC
Forward Primer

TGTAAAACGACGGCCAGTCAATTTTCAGTCAGT
TGCAAATATGGT

115822547

541
o

60 C
Reverse Primer

SHISA3

CAGGAAACAGCTATGACCTGGTTAGGCACTCGG
ATTGGG

60oC

SEMA6A

TGTAAAACGACGGCCAGTTGCAGAGTCACGCA

73588740
o

RC3H1

CAGGAAACAGCTATGACCCCAATCATTTTCAAT

42403209

CACAGCCTTA
60oC

Forward Primer

CAGGAAACAGCTATGACCCTCTGTATTAAATGC

TGTAAAACGACGGCCAGTTTCTCCTTTGCCAGG
GCTGA
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60oC
Reverse Primer

ATGTCCAGTAAAA
60oC

Forward Primer
SLC36A1

ATGTCTC
256
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTCAGGGTCCGGGTTCG
ATC

31500224

270
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCAAACAGGTCAGCCT
GCTGAG

60oC
Forward Primer

TGTAAAACGACGGCCAGTTCTTGTCTGTTGCAG
AGTGAAGCA

150175148

539
o

60 C
Reverse Primer

SPG11

CAGGAAACAGCTATGACCGGTGCCCTTTAGGGA
AAAACAAG

60oC

SMIM3

TGTAAAACGACGGCCAGTTGAGCAGGCTTGGA

150858889
o

SLC5A2

CAGGAAACAGCTATGACCAGCAATATAGCTGA

44949427

GATTCAGCA
60oC

Forward Primer

CAGGAAACAGCTATGACCTTGAAAGCTTCTCAG

TGTAAAACGACGGCCAGTATATAAAAGGTAGC
CAGTGGTCAGT
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60oC
Reverse Primer

TCAGTCTTC
60oC

Forward Primer
SPRTN

AAGCCTGTGA
523
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTGGTCACTGTAGGGTC
CCCCTG

2189831

498
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCACAACTCCTGGTTAG
GCACGTA

60oC
Forward Primer

TGTAAAACGACGGCCAGTTGGGAGACAATGAA
GGAGGGAGA

56827706

585
o

60 C
Reverse Primer

TMEM67

CAGGAAACAGCTATGACCTGATGATTCCAGAA
GTGACGTACT

60oC

TIMELESS

TGTAAAACGACGGCCAGTTATCAGTTCTGAAGG

231483670
o

TH

CAGGAAACAGCTATGACCGGCTTGCCTCAGTTT

52872000

ATTTCTGTC
60oC

Forward Primer

CAGGAAACAGCTATGACCTCTCCAGGCCTCATC

TGTAAAACGACGGCCAGTAGATCAGTCAACAA
TGAAAATTTCTTTATAGGAT
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60oC
Reverse Primer

CTCTTGGCTTTGTCT
60oC

Forward Primer
TMEM67

AATTCAGTGCAG
546
60 C

Reverse Primer

Forward Primer

TGTAAAACGACGGCCAGTGGCAAACACTACTG
GGAGCT

89806445

344
o

60 C
Reverse Primer

CAGGAAACAGCTATGACCCCTTGTCATCTGTGG
CCAG

60oC
Forward Primer

TGTAAAACGACGGCCAGTCCACTGGCTTGGAGG
GACAAATC

91247166

431
o

60 C
Reverse Primer

USP6

CAGGAAACAGCTATGACCCAATGTCACAGAGC
CCCAATCA

60oC

TTC7B

TGTAAAACGACGGCCAGTATGTTATTTTGACTG

94793970
o

TRIM49C

CAGGAAACAGCTATGACCTACAATAATCTTTTC

5037239

AGCATCAT
60oC

Forward Primer

CAGGAAACAGCTATGACCCCAGACTCTGAGGG

TGTAAAACGACGGCCAGTAAAAGCAGCTTTCTG
CAGAAGGAAA
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60oC
Reverse Primer

TTTGCTGTT
60oC

Forward Primer
WHSC1

CAGGAAACAGCTATGACCTTGCGTGTGATTTTC

TGTAAAACGACGGCCAGTCTCACACACTTGGCC
GCATTTAA

1959686

534
60oC
Reverse Primer

CAGGAAACAGCTATGACCGTCACCCCAACCCTT
CTCTAA
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Table 8: List of primer for minigene assay for GPR56 splice site mutation.
Gene

Primer Name

GPR56-spl-F1

Primer Sense

Forward
Primer

Annealing
Temperature
60oC

Sequence

Product
Size (bp)

GAGAATTCCTCAGAGAGAAGAATGAGCAGG
664

GPR56-spl-R1

GPR56-spl-F2

Reverse
Primer
Forward
Primer

60oC

GACTCGAGTGAACTAGACCTGAGGGATGG

60oC

GAGAATTCGGACTCAGCACCTAAGGGTC

GPR 56

888
GPR56-spl-R2

GPR56-spl-F2b

Reverse
Primer
Forward
Primer

60oC

GACTCGAGAGTACCCTGAACAGGCCAAG

60oC

GAGAATTCAGGAGAGAGGTGCTGAAGTC
394

GPR56-spl-R3

Reverse
Primer

60oC

GACTCGAGTGGAGCAATGATGAAGCCAC
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2.1.7.

Software &Bioinformatics tools

Table 9: List of Bioinformatics tools & software
Software / Tool
1000

Website

Genome http://www.1000genomes.org

Project
ANNOVAR
Chromas

http://annovar.openbioinformatics.org/en/latest

version http://chromas.software.informer.com/2.4

2.13
Logistic

http://statpages.org/logistic.html

Regression
NCBI

https://www.ncbi.nlm.nih.gov

Novoalign

www.novocraft.com

Online

http://www.oege.org/software/hardy-weinberg.html

Encyclopedia

for

Genetic
Epidemiology
studies
Picard

http://sourceforge.net/projects/picard

PolyPhen

http://genetics.bwh.harvard.edu/pph2

SIFT

http://sift.jcvi.org

Snap gene viewer

http://www.snapgene.com/products/snapgene_viewer

software

social http://www.socscistatistics.com/tests/chisquare/Defaµlt2.aspx

science statistics
UCSC

genome http://hgdownload.cse.ucsc.edu/goldenPath/hg19/bigZips

Browser
Ensembl

genome http://asia.ensembl.org/index.html

browser 86
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Microsatellite markers

Table 10: List of microsatellite markers used to test linkage to gene/loci involved
in autosomal dominant Parkinson’s disease.
Chromosome

Gene

Marker

cM

Amplified
length bps

4q21.21

SNCA

D4S3003

91.79

241-255

D4S2963

91.79

244-260

D4S2964

92.85

159-197

D4S3243

92.85

170-171

D4S3011

94.04

245-257

D4S2922

94.04

258-268

D4S3010

94.04

168-176

D4S395

97.07

113-137

D4S2298

97.17

149-161

D4S1538

97.77

149-161

D4S2361

98.09

149-164

D4S1534

98.67

146-158

D4S2409

100.03 248-268

D4S2284

100.28 287

D4S2462

100.28 280-294

D4S2622

100.28 336

D4S1542

100.28 215-219

D4S2929

101.45 105-133

D4S1563

102.36 214-234

D4S2460

102.36 157-191

D4S2371

103.85 185

D4S2461

103.85 175-185

D4S1544

104.42 243-251

D4S3245

104.42 116

D4S410

104.77 214-220

D4S1089

105.21 117-133
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LRRK2

D4S3006

105.39 167-177

D4S414

105.65 237

D4S423

105.65 103-125

D12S1631

52.9

161-185

D12S333

53.95

240-250

D12S290

53.95

149

D12S87

54.21

142-168

D12S1681

54.21

227-235

D12S1698

54.21

98-142

D12S1648

54.64

90-144

D12S61

55.22

99-104

D12S1584

55.46

159-179

D12S1621

55.74

175-201

D12S345

56.07

209-238

D12S1692

56.12

245-261

D12S2080

56.45

172-200

D12S59

56.87

164-179

D12S331

56.87

175-181

D12S2194

57.32

250-262

D12S1048

57.32

209-229

D12S1668

57.55

236-260

D12S1065

57.9

198

D12S1589

58.32

168-172

D12S1592

58.32

238-280

D12S1653

58.32

207-227

D12S291

59.2

149

D12S1301

59.2

100-120

D12S1663

59.2

209-253

D12S1687

59.2

163-169

D12S1713

61.47

149-183

D12S85

61.69

105-125

D12S1701

62.85

83-101
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Table 11: List of microsatellite markers used to test linkage to gene/loci involved
in autosomal recessive Parkinson’s disease
2p13

Unknown

D2S2231

88.45

229-269

D2S380

88.45

229-253

D2S2293

88.68

112-122

D2S2235

88.68

170-176

D2S136

88.81

91-111

D2S296

88.93

156-170

D2S1257

89.02

390

D2S134

89.27

196-216

D2S290

89.38

197-223

D2S166

90.27

236-246

D2S1336

90.42

241-261

D2S379

90.42

178-188

D2S1772

90.42

153

D2S2349

90.42

192-210

D2S2368

90.42

88-112

D2S282

90.42

200-212

D2S285

90.99

189-211

D2S2171

91.02

242-250

D2S101

92.11

86-96

D2S1779

92.11

127-155

D2S358

92.79

147-175

D2S2152

93.27

132-144

D2S327

93.93

123-133

D2S2115

93.93

88-102

D2S303

93.93

131-144

D2S2113

93.93

166-204

D2S292

94.09

180-192

D2S443

94.09

223-255
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PINK1,

D2S2604

95.35

250

D2S291

97.28

180-202

D2S2977

97.28

210-246

D2S99

97.98

192

D2S2112

97.98

118-136

D2S1374

98.2

128-152

D2S2110

98.28

129-143

D2S1394

98.28

156-174

D2S2111

98.28

208-220

D2S145

98.28

248-275

D1S170

39.87

217

D1S2144

41.2

195

D1S3669

41.2

179-211

D1S1592

42.02

243

D1S2826

43.06

123-141

D1S2644

45.33

215-231

D1S3726

46.4

127-142

D1S483

46.71

222-228

D1S552

46.87

244-260

D1S378

46.97

155

D1S2647

47.05

177-193

DJ1,
ATP13A2
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2.2. Methods
2.2.1.

Study subjects

The subjects included in this study were clinically diagnosed sporadic PD patients,
familial PD and neurodegenerative movement disorder (NMDs) patients. Normal
healthy controls, normal healthy sibling and their parents were also included in the
study. The complete family and the relevant medical history were recorded on the
patient‘s information form and they were invited to participate in this study. After
getting informed written consent, they were examined and followed longitudinally by
neurologist at the outpatient‘s clinics. The study was approved by the ethical
committee of IBGE, Islamabad, Pakistan and Advanced Studies & Research Board,
Quaid-i-Azam University, Islamabad, Pakistan.
To access the severity of the disease neurological examination was done for every
patient according to the unified criteria for staging of Parkinson‘s Diseases (Goetz,
2003). Differential diagnosis was also established by the clinical neurologist. Patients
that did not meet the criteria for the clinical diagnosis of PD and NMDs were
excluded from the study. The control participants were also examined by the
neurologist for any neurological disorder; those who had any neuropathology were
excluded from the study.

2.2.2.

Study Design

To elucidate the genetic architecture of the neurodegenerative diseases in Pakistani
population a study was designed. This study consisting of identification of the risk
loci associated with sporadic Parkinson‘s disease and the identification of the
causative genes/ mutation in the familial neurodegenerative diseases.
Samples for the case-control association study were collected during 2012-2014. The
aim of the study was to investigate the association between LRRK2, SNCA, PARK2
and CYP2D6 genes polymorphisms and the risk of Parkinson‘s disease. In this study,
174 Parkinson‘s disease patients and 200 healthy control subjects were enrolled from
different ethnic group predominantly Punjabi and Pathan. A group of healthy, age and
Gender matched individuals were included as control in the study. The inclusion and
exclusion criteria were also applied on both patients and control population. Study
subjects were evaluated by physical and clinical history. The inclusion criterion was
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differentially diagnosed cases of Parkinson‘s disease with Unified Parkinson's disease
rating scale. The exclusion criterion was secondary Parkinsonism and drug induced
Parkinsonism applied for patients. Control subjects were from the same ethnic region
and were also examined by the neurologist for any neurological disorder; those who
had any neuropathology were excluded from the study.
Physical, clinical and demographic data were collected and a questionnaire was filled
from each participant through personal interview by trained neurologist and health
professionals.
To identify the causative genes/mutation six families of neurodegenerative movement
disorder were recruited. These families were recruited from distant and remote areas
of Pakistan. All families were diagnosed based on the available clinical information,
with the prominent phenotype of a neurodegenerative disorder. There was rigidity in
either of the limbs or in both. The steps were short and there were difficulty in
walking.

Tremors or resting tremors were accompanied by spasticity. Their

movement difficulty was also assessed by Unified Parkinson's disease rating scale,
Hoehn and Yahr scale, for Parkinson‘s disease. The Fahn-Marsden dystonia scale was
applied to assess the severity of dystonia.
The phenotype of the diseases was documented by clinical and differential evaluation
after complete neurological examination.

2.2.3.

Pedigrees construction and mode of inheritance analysis

The details of the clinical history for all NMDs families were retrieved from the
hospital record. The pedigrees were constructed in the outpatient clinic of Pakistan
Institute of Medical Sciences Islamabad, using standardized symbols. The details of
the Pedigree were provided by visiting attendant of the family. Normal male is
represented by blank squares while female is represented by circles. The affected
male and females is represented by filled square and circle respectively. Participant
with an unknown affected status is represented by blank square or circle with question
mark inside. The marriage line is represented by horizontal line between a square and
circle. The vertical line down from the marriage line is used to represent children. A
pair of diagonal lines connected at single point at parents, offspring line is used to
denote fraternal twins. The deceased individual is represented by respective square or
circle crossed by a diagonal line. The proband is indicated by an arrow pointing to the
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particular affected participant (The word propositus is used to denote male and
proposita is used to denote female). In the laboratory, the pedigrees were drawn by
using CeGat Pedigree Chart Designer (2.2) (http://pedigree.cegat.de/). This software
is outfitted with an instinctive graphical interface and is adequately efficacious to
draw even intricate consanguineous families. The mode of inheritance for NMDs
families were analysed after constructions of pedigrees.

2.2.4.

Samples collection

5ml venous blood sample was collected from all the subjects in acid-citrate-dextrose
vaccutainers. All the blood samples were stored at +4 to +8ºC until DNA extraction.

2.2.5.

Nucleic acid extraction

2.2.5.1. Genomic DNA extraction
The phenol-chloroform method was used to extract the genomic DNA from venous
blood in a stepwise procedure (Sambrook et al., 1989).
Red blood cells (RBCs) were lysed by mixing 5ml blood with 15ml of the lysis buffer
(three volume of the blood) and were incubated on ice for 30 minutes. After ice
incubation the tubes were centrifuged for 15 minutes at 4oC to separate lymphocytes
from the lysed RBCs. The supernatant was discarded and the step repeated until white
pellet was obtained. The cells pellet was resuspended in 4.75ml STE buffer (saline tris
EDTA) and added 250µl of 10% sodium dodecyl sulfate (SDS) and 20µl of 20mg/ml
enzyme proteinase K. The tubes were kept for incubation at 55ºC overnight. After
overnight incubation equilibrated phenol (pH 8.0) in equal volume was added to each
sample, mixed well and incubated on ice for 10 minutes. The tubes were centrifuged
at 32000 rpm for 30 minutes. The proteins were precipitated at the interface of the
liquid layer and yellow phenol layer. The aqueous layer was transferred with cut tips
to separate labeled tubes. A solution of isoamyl alcohol (24:1) was used to remove the
traces of phenol. Five milliliter of chilled mixture of chloroform and isoamyl alcohol
with (24:1) was added to each sample, incubated on ice for 10 minutes and
centrifuged at 3200 rpm for 30 minutes. The supernatant was transferred into separate
tubes with cut tips. To remove RNA from the DNA solution RNase (10mg/ml) was
added to each sample and incubated at 37ºC for 2 hours. To remove RNase, 250ml of

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 52

Chapter 2

Materials & Methods

10% SDS and 20µl proteinase K was added to the tubes and the tubes were incubated
at 55ºC for 60 minutes. Proteinase K was removed by adding equal volume of phenol
to each sample and incubated on ice for 10 minutes. The tubes were centrifuged at
3200 rpm for 30 minutes the supernatant was transferred into separate tubes. Five ml
of chilled chloroform: isoamyl alcohol (24:1) was added to each sample, incubated on
ice for 10 minutes and centrifuged at 3200 rpm for 30 minutes. The supernatant was
transferred into separate tubes with cut tips. The DNA was precipitated by adding
500µl of 10M ammonium acetate and equal volume of chilled isopropanol. The
samples were placed at -20ºC overnight to maximize precipitation. On the following
day the samples were centrifuged at 3200 rpm for 60 minutes at 4ºC and the
supernatant was discarded. The precipitated DNA was washed with 5ml of chilled
70% ethanol. After washing the precipitated DNA was air dried. The DNA pellet was
then re-suspended in 200-300 µl of Tris buffer (10 mM; pH 8.0).
The concentration of the DNA was measured by NanoDrop (Wilfinger et al., 1997)
and DNA dilution of 100ng/ µl was prepared for downstream processes.
2.2.5.2. Plasmid extraction
QIAprep® Spin Miniprep Kit was used to isolate the Plasmid by following
experimental procedure.
The extraction started by concentrating 1ml of the culture in 2ml eppendorf. The cells
were concentrated by centrifuging at ≥13000 rpm for 1 minute and supernatant was
discarded. The cells were resuspended in 250μl Buffer P1 (containing LyseBlue
reagent at 1:1000 and RNAse A) by vortexing to form a homogeneous mixture. To
lyse the cells 250µl of P2 (Lysis Buffer) was added and mixed by inverting the tubes
4-5 times. To precipitate the cell debris and protein 300µl of neutralizing buffer was
added to the mixture. The precipitated protein and cell debris was separated by
centrifugation at ≥13000 rpm for 10 minutes. The supernatant was added to the
GenElute Miniprep column and was centrifuge at ≥13000 rpm for 1 minute. The flowthrough was discarded and the column was washed with PE buffer. The flow-through
was again discarded and the column was centrifuged to decant the wash buffer
completely. The column was placed in 1.5ml eppendorf tube and 50µl of elusion
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buffer was added. The column was incubated for 1 minute at room temperature and
then centrifuge at 14000 rpm for 2 minutes.
2.2.5.3. RNA extraction
The medium was decanted from the wells and the cells were washed with pre-cold 1X
PBS thrice. MasterPure™ RNA Purification Kit was used as follows. The cells were
lysed with 300µl of Tissue and Cell Lysis Solution containing 1µl of 50ug/µl
Proteinase K. The cells along with lysis solution were transferred to 1.5µl eppendorf
tubes. The tubes were incubated at 65oC for 15 minutes. The tubes were then
transferred to ice and incubated for 5 minutes. To precipitate protein, 175µl of MPC
solution was added and vortexed vigorously for 10 seconds. The precipitated protein
was separated by centrifugation at 4oC for 10 minutes at 13000 rpm. The supernatant
was transferred to clean 1.5µl eppendorf tube and 500µl of isopropanol was added to
precipitate nucleic acids (DNA and RNA). The tubes were centrifuged at 13000 rpm
at 4oC for 10 minutes. The supernatant was discarded and all the residual isopropanol
was removed with pipette. The DNase1 solution was diluted with 1x DNase buffer
and 200µl of diluted solution was added to each tube. The precipitated nucleic acids
was resuspended and incubated at 37oC for 30 minutes. After incubation the 2x T and
C lysis solution (tissue and cell lysis) was added and vortexed for 5 seconds. Two
hundred µl of MPC solution was added and vortexed for 10 seconds. The tubes were
incubated for 5 minutes on ice. The precipitated debris and DNA was pellet down by
centrifuging at 13000 rpm for 10 minutes at 4oC. The supernatant was carefully
transferred to clean RNase free tubes. Five hundred µl of isopropanol was added to
the tubes and inverted several time to precipitate the RNA. The RNA was pellet down
by centrifuging at 13000 rpm for 10 minutes at 4oC. The isopropanol was discarded
carefully and RNA was washed twice with 70% ethanol. All the residual ethanol was
removed with pipette and the RNA was dissolved in 20µl TE buffer.

2.2.6.

Basic Molecular Biology techniques

2.2.6.1. Primer Designing
The primers were designed using Primer3 Plus online tools for each SNP (Untergasser
et al., 2007). Allele specific primers were designed manually. The sequences of the
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primers were tested using NCBI primer BLAST to ensure that they were unique to the
target region. The list of the primers is given in materials table 6.
2.2.6.2. Designing/ Selection of M13 tailed primer for Sanger sequencing
To investigate the segregation of mutation obtained from whole genome sequencing,
both normal and patients of the family were re-sequenced by Sanger sequencing. For
the Sanger sequencing M13 tailed primers were selected from the already designed
primers

of

the

Thermo

Fisher

scientific

(https://www.thermofisher.com/order/genome-database/browse/pcr-sequencingprimers/) table 7.
2.2.6.3. Polymerase Chain Reaction (PCR)
The PCR was performed to amplify 1.8 kb region of CYP2D6 gene. The longer region
were then used further for allele specific PCR to genotype CYP2D6*4. PCR was
performed in a total volume of 25μl as per following recipe.
Reagents

Volume μl

DNA sample (100ng/µl)

5

NH4 (10X) buffer

2.5

MgCl2 (25mM)

2

Forward primer (10μM) 2D61BF

1

Reverse primer (10μM) 2D62AR

1

dNTPs (2.5mM)

2

DNAase free water

11.8

Taq polymerase (5U/μl)

0.2

The cyclic conditions for PCR was as; the denaturation at 93ºC for 1 minute,
annealing was at 60ºC for 30 second and extension was at 72ºC for 5 minutes with the
total of 28 cycles with one cycle of final extension at 72ºC for 10 minutes. The PCR
generated products were separated on 2% agarose gel electrophoresis to confirm
amplification.
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Polymerase chain reaction with M13 tailed primers of the familial
samples

PCR was performed in a total volume of 20μl reaction volume including 2µl of
50ng/µl genomic DNA, 13.5µl PCR grade water, 2µl NH4 buffer (10X), 0.8µl MgCl2
(50mM) (Thermo Fisher Scientific), 0.8µl dNTPs (5mM), 0.12µl Taq polymerase
(Thermo Fisher Scientific) and 0.4µl each forward and reverse primers. The PCR was
performed on the eppendorf Thermal cycler (Mastercycler® nexus X2 series). The
reactions were incubated at 94°C for 3 minutes, followed by 30 cycles of 94°C for 15
seconds, annealing at 60°C for 20 seconds and 72°C for 30 seconds, then extended to
72°C for 5 minutes and preserved at 15°C. The sequences of the primers are shown in
table 7.
b.

PCR for Exon Skipping and confirmation by Sanger sequencing

PCR was performed with the forward primer from Exon 1 of the plasmid and reverse
primer from the exon 2 of plasmid for mutant control and empty vector (Vector
controls). The products of PCR were separated by prestained 1.5% agarose gel
electrophoresis. The band was cut with sharp knife and the product was purified with
QIAquick® Gel Extraction Kit –Qiagen. Bidirectional Sanger sequencing was done
for all the samples.
c.

RT-PCR

For cDNA synthesis High-Capacity cDNA Reverse Transcription Kits (applied bio
system) was used. The c.DNA was prepared as following master mix recipe and PCR
cyclic conditions.
PCR was performed in a total volume of 20μl reaction volume including 2µl of 10X
RT Buffer, 0.8µl 25X dNTP Mix (100 mM), 2µl of 10X RT Random Primers, 1µl
MµltiScribe™ Reverse Transcriptase, 4µl of Nuclease-free H2O and 10µl RNA. The
PCR was performed on the eppendorf Thermal cycler (Mastercycler® nexus X2
series). The reactions were incubated at 25°C for 10 minutes, followed by 37°C for
120 minutes, and final step 85°C for 5 minutes. The c.DNA was stored at -80°C.
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d.

Allele Specific PCR

Selected hot spots were genotyped by Allele specific polymerase chain reaction
(PCR). PCR was performed in a total volume of 20μl reaction including 1µl of
100ng/µl genomic DNA, 12.12µl PCR grade water, 2µl NH4 buffer (10X), 1.25µl
MgCl2(25mM) (Thermo Fisher Scientific), 1µl dNTPs (2.5mM), 0.25µl TaqDNA
polymerase (Thermo Fisher Scientific) and 1.5µl each forward and reverse primers.
Both normal allele and mutant allele were amplified with respective primer pairs in
separate tubes. The details of the primer combination and their expected size are
shown in table 6. The PCR program used for allele specific PCR is shown below.

2.2.6.4. Agarose gel electrophoresis
To resolve and analyze PCR product 2 % (w/v) agarose gel was used. The gel was
prepared

by

dissolving

2gm

of

Agarose

in

100

ml

Tris

Acetate

ethylenediaminetetraacetic acid (EDTA) (TBE) buffer (5X TBE=54gm Trisbase, 27.5
gm of boric acid, 20 ml of 0.5 M EDTA pH 8.0) and 30 µl 10 mg/mL Ethidum
bromide solution (Sambrook and Russell, 2001). Bromophenol blue (0.25% (W/V)
bromophenol blue, 0.25% (W/V) xylene cyanol FF, 15% (W/V) Ficoll 400) was used
as loading and tracking dye. To determine the size of the product 100bp marker was
used. Electrophoresis was performed at voltage of 120-150 by using power pack 3000
(BioRad laboratories) for 35 minutes and gel was observed under documentation
system. The genotypes were assigned according to the size of the band.
2.2.6.5. Polyacrylamide Gel Electrophoresis
The PCR amplified products were further resolved on 8% non-denaturing
polyacrylamide gel (PAGE) for allele identification. The solution for Acrylamide gel
was prepared by mixing of their components (enlisted below) in an appropriate
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proportion and was poured into PAGE assembly consisting two glass plates separated
by spacer. The spacer used between the plates was 1.5 mm thick. Sample wells were
made by inserting comb between the plates and the gel assembly was allowed to
polymerize the gel overnight. After polymerization of the gel the assembly was
installed in a vertical gel tank (model V16-2, Life Technologies, USA). 1X TBE was
used as running buffer. The PCR products were mixed with loading dye and loaded
into the wells. Hundred volts (30 mA) current was applied for electrophoresis four
hours depending upon the size of amplified product. After electrophoresis ethidium
bromide solution (0.5µg/ml) was used to stain the gel. The alleles were assigned after
visualization in gel documentation system (Syngene, UK) to acquire digital images.
The images obtained were further analyzed for scoring alleles of each participant of
the studied families.
To prepare 8% non-denaturing Polyacrylamide Gel 50 ml for one gel plate the
following recipe was used.
Reagents
Acrylamide solution 30%
Methylenebisacrylamide)

Volume
(29

g

acrylamide,

1

g

NN‘- 13.5 ml

TBE (10X)

5 ml

Ammonium persulphate (APS) 10%

350 μl

TEMED (N, N, N‘, N‘-Tetra Methyl Ethylene Diamine)

17.5 μl

Distilled water

31.13 ml

2.2.6.6. Purification of PCR Product
The amplified product was transferred to 1.5µl eppendorf tubes. 2.5µl 5M ammonium
acetate and 120µl absolute ethanol was added to each tube. The tubes were inverted
several times to precipitate DNA. The tubes were incubated on ice for 20-25 minutes
to enhance DNA precipitation of DNA. After incubation the tubes were centrifuge at
14000 rpm for 20 minutes to pellet down DNA. The supernatant was discarded and
the pellet was resuspended in 100µl of 70% ethanol to wash DNA. The tubes were
again centrifuged at 14000 rpm for 15 minutes. The supernatant was discarded and the
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DNA pellet was air dried. The precipitated DNA was re-suspended in 15µl autoclaved
deionized distilled water.
2.2.6.7. Purification of the PCR product from Gel
The cut slices were transferred to the appropriately labeled 2 ml eppendorf tubes. The
PCR amplified DNA was extracted using MinElute Gel Extraction Kit (250) Qiagen.
The details are as follows;
One ml of QG buffer was added in to the tubes containing the gel slice and was
heated at 50oC to melt the gel for 10 minutes. During heating the tubes were vortexed
shortly to enhance solubilization of the gel. After the gel dissolve completely, 750µl
of the tube content were transferred to QIA quick column and centrifuged at 13000
rpm for 1 minute. The flow through were discarded and the remaining gel/DNA
solution were transferred again to the columns and were centrifuged at 13000 rpm for
1 minute. Again the flow through were discarded and 500µl of QG buffer was added
to the columns and centrifuged at 13500 rpm for 1 minute. After centrifugation the
flow through from the tubes were discarded, and 750µl of PE buffer was added to the
column. The columns were again centrifuged at 13500 rpm for 1 minute. The waste
from the collection tubes were discarded and again centrifuged at 13500 rpm for 1
minute to remove the residual buffer.
After centrifugations the columns were transferred to appropriately labeled 1.5ml
eppendorf tubes and 20µl of EB buffer was added to the tubes. The tubes were
incubated at room temperature for 1 minute and then centrifuged at 14500 rpm for 2
minutes. After centrifugation the purified PCR product were collected and stored at 20C. The product was used for sequencing PCR.
2.2.6.8. Genotyping
Genotyping is the process of determining genetic variants of an individual.
Genotyping can be performed through a variety of different methods, depending on
the variants.
The risk loci, gene environment interaction loci, and the causative mutations were
genotyped by different genotyping assays mention below.

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 59

Chapter 2
a.

Materials & Methods
PCR-RFLP

PCR-RFLP is the power full technique to find out known mutation. This is
combination of two techniques; the PCR and RFLP. In first step the PCR was
performed in a total 20μl reaction volume including 1µl of 100ng/µl genomic DNA,
12.12µl PCR grade water, 2µl NH4 buffer (10X), 1.25µl MgCl2 (25 mM) (Thermo
Fisher Scientific), 1µl dNTPs (2.5mM), 0.25µl Taq polymerase (Thermo Fisher
Scientific) and 1.5µl each forward and reverse primers.
While in second step the PCR products were digested in a 15µl of reaction volume.
Restriction enzyme (Taq1) 0.5µl, buffer (1X) 1.5µl and water 1.5 µl was added to
12µl PCR products, for restriction digestion of rs74315354. The reaction mixture was
incubated for 20 hours at 50oC (Annesi et al., 2005).
b.

KASP™ Genotyping Assay

Genotyping of the rs34778348 (G>A), rs34637584 (G>A), [rs33949390 (T>C),
(exon9:c.T1301C:p.L434P)] and (exon9:A470G) PSAP was performed by a
commercial company, KBiosciences (LGC Genomics, Teddington, United Kingdom).
They designed and optimized the genotyping assay based on real time PCR. The assay
is based on the principle of fluorescent resonance energy transfer (FRET) system.
This is very sensitive method for indel detection (http://www.lgcgenomics.com/kaspoverview).
Allele specific amplification is the basic chemistry of the KASP SNP genotyping.
Two allele specific forward primers and one common reverse primer are used in the
KASP amplification assay. The 3 prime ends are complimentary to the SNP allele and
the 5 prime ends have a non-complimentary tail.

The tail sequences are

complimentary to the probe (reporter, quencher oligonucleotide) each labeled with
different fluorophore. During PCR, when the donor and acceptor fluorophore come
close to each other, the acceptor fluorophore become excited and fluorescence is
produced. The resultant fluorescence can be detected in real time PCR.
PCR was performed in a total volume of 10µl reaction. The reaction mix containing
20ng/µl 5µl template DNA, 2X master mix 5µl and primer mix 0.14µl in 96 well
plates. The plates were sealed with heat by using Kube™ heat sealer. The PCR was
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carried out on Peltier block-based thermal cycler (LGC Genomics, Teddington,
United Kingdom). The KASP™ PCR is two steps PCR; initially the plate was
incubated at 94oC for 14 minutes to activate the hot start Taq activation.

The

annealing was done in 10 cycle by incubating the reaction at 94°C for 20 seconds
followed by 60 seconds at a temperature between 65-57°C (with the reverse
touchdown of 0.8°C). The final extension step was performed at 94°C for 20 seconds
immediately followed by a lower temperature of 57°C for 60 seconds. After the
successful PCR the readings were noted and the SNP,s were assigned using
KlusterKaller™ software that uses dual emission data imported from a fluorescent
reader

to

generate

a

cluster

graph

for

each

assay

(http://www.kbioscience.co.uk/software/klustercaller.html).
c.

Analysis of the Results using KlusterKaller™

KlusterCaller™ is used to assign the genotype in a graphical view. In this software the
data obtained from fluoresce of HEX and FAM is plotted on the y- and x -axes
respectively. The passive reference dye (ROX) is used to normalize the acquired data
by dividing FAM and HEX values by the passive reference value for respective well.
This correction remove the variable due variation in the volume of liquid. The cluster
samples are obtained and the genotypes is then ascertain based on cluster generated.
The passive reference adds more accuracy by normalizing and tighter cluster
generation; as a result high quality data is obtained.
d.

Genotyping using short tandem repeat (STR) markers

Highly polymorphic microsatellite (STR) markers were used for linkage analysis. The
genotyping was performed by PCR (Polymerase Chain Reaction) using STR markers
through standardized procedure. The, the microsatellite markers were selected from
genetic

map

for

genotyping,

for

each

locus

from

the

Marshfield

(http://www.bli.uzh.ch/BLI/Projects/genetics/maps/marsh.html). The microsatellite
markers are listed in table 10 and 11.
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2.2.6.9. DNA sequencing
The process of determining the nucleotides of the DNA fragment is known as DNA
sequencing. Two types of DNA sequencing were used for the determination of the
DNA sequences given below.
a.

Sanger Sequencing

Sanger sequencing, named after the scientist ―Frederick Sanger‖ who develop the
method for the first time in 1977 is used to know the sequence of DNA. The method
is also known as chain-termination sequencing because of the underlying
methodology. In this method DNA polymerase is used to amplify fragments of DNA
with modified nucleotides - specifically, dideoxynucleotides (ddNTPs), and then
sequencing the fragments.
In the present study the fragments containing mutations were amplified by PCR and
bidirectional sequencing was done to confirm the results. The Sanger sequencing was
performed as follows.
i.

Sequencing reaction

The purified products were used for sequencing PCR. The sequencing PCR was
carried out in 10µl of reaction including 5µl of purified PCR product, 2µl, 5X
Sequencing Buffer 2µl big dye BigDye® Terminator v3.1 (Applied Biosystems,
USA) and 1µl forward or reverse primer. The PCR was carried out for both strands in
separate tube for each sample.
The cyclic condition were 95°C for 3 min, followed by 30 cycles of 94°C for 30 sec,
annealing at 64°C for 30 sec and 72°C for 60 sec. The final extension at 72°C for 5
min were carried out and preserved at 4°C.
ii.

Purification of sequencing reaction

The amplified product was transferred to 1.5µl eppendorf tubes. A single stranded
DNA was precipitated by adding 2.5µl of 125mM Ethylene diamine tetra acetic acid
(EDTA) and 30µl absolute pre-chilled ethanol. The tubes were inverted several times
and then incubated on ice for 20-25 minutes to enhance DNA precipitation. After
incubation the tubes were centrifuge at 14000rpm for 20 minutes to pellet down DNA.
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The supernatant was discarded and the pellet was re-suspended in 100µl of 70%
ethanol to wash DNA. The tubes were again centrifuged at 14000rpm for 15 minutes.
The supernatant was discarded and the DNA pellet was air dried in dark.
ABI big dye xterminator purification kit was used for the purification of the products
according to manufacturer instruction. There are two types of solutions in the kit
XTerminator™ Solution and SAM™ Solution. The XTerminator™ Solution
scavenges the unincorporated dideoxydNTPs and free salts from the reaction while
the SAM™ Solution enhances the reaction of the XTerminator™ Solution.
10µl of the XTerminator™ Solution and 45 µl of the SAM™ Solution were added to
the well and were sealed. The sealed tubes were heated at 160 °C for 1.5 seconds and
vortexed for 1 minute. The tubes were centrifuged at 1000Xg for 2 minutes. The
supernatant was run on ABI 96-capillary 3730XL Sequencer.
iii.

Sequencing

The precipitated labeled single stranded DNA was re-suspended in 10µl of
HiDiformamide, (Applied Biosystems, USA). The resuspended labeled DNA was
transferred into loading plate and incubated at 95°C for 5minutes. After incubation the
plate was put immediately on ice and loaded onto capillary sequencer ABI-3130
Genetic Analyzer (Applied Biosystems, USA) machines to read the sequence. The
machine separates the fragments on the basis of charge to mass ratio. The labeled
ddNTP which are terminated are read as a base sequence. As soon as the fragments
reach the detection window, a laser beam excites these dyed molecules that are
collected from all 96-capillaries at once, separate them spectrally which further
focused onto a CCD camera. Color readout is produced by highly sophisticated
optical and electronic devices which is translated, with the help of sequence analysis
software, into a sequence. The data obtained from the sequencer was analyzed using
Chromas version 2.13 (Technelysium, Australia) and ClustalW (Larkin et al., 2007);
http://www.ebi.ac.uk/Tools/clustalw/).
b.

Whole Genome Sequencing

Whole genome sequencing was performed at the in-house genome sequencing facility
of the German Cancer Research Center (DKFZ) using Illumina TruSeq Nano DNA
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Kit and sequencing HiSeq X Ten (Illumina) sequencer. Systematic procedure
involved from library preparation to sequencing is given below.
i.

Library preparation

Whole genome sequencing requires a library of the DNA to be sequenced. Library
preparation is several step procedure which is describe step by step below.
ii.

Fragmentation and cleaning up of the DNA

The concentration of the DNA was measured by fluorometer and the DNA was
normalized with Resuspension Buffer (RSB) to final volume of 52.5µl in a DNA
plate. The DNA was transfered to separate covaris tubes and centrifuged at 280g for
five minutes. The DNA was fragmented using the covaris according to manufacturer
instruction. The tubes were centrifuged again at 280g for 5 seconds. Fifty µl of the
supernatant were transferred to the corresponding well of the Covaris Fragmentation
Plate (CSP). Sample Purification Beads (SPBs) were vertexed well until the SPBs
dispersed completely. Eighty µl of the SPB was transferred to each well and was
mixed thoroughly by shaking at 1800 rpm for 2 minutes and then pipetted up and
down. The beads along with the DNA were incubated at room temperature for 5
minutes. Again the plate was centrifuged at 280g for 1minute. After centrifugation,
the plate was placed on magnetic stand and waited until the liquid was clear. All the
supernatant were removed and discarded. Then it was washed by adding 200µl freshly
prepared 80% ethanol and incubated on magnetic stand for 30 seconds. Again the
supernatant were discarded. The washing step was repeated twice. After last wash the
residual ethanol were removed completely by using 20µl pipette. The plate was air
dried by placing on magnetic stand for 5 minutes. After drying 62.5µl of RSB were
added to each well and mixed well by shaking at 1800 rpm for 2 minutes and pipetted
up and down. Then it was again incubated at room temperature for 2 minutes. After
incubation the plate was again centrifuged at 280g for one minute and placed on
magnetic stand and waited until the supernatant became clear. Then 60µl of the
supernatant was transferred to the corresponding well of the (Insert Modification
Plate) IMP plate.
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Repair Ends and Select Library Size

The plate was incubated at 30°C for 30 minutes in thermal cycler with lid at 100°C.
After incubation the plate was transferred at 4°C and End Repair Mix (ERP2) was
added to each well and mixed thoroughly by shaking at 1800 rpm for 2 minutes and
then pipetted up and down. After mixing the plate was centrifuged at 280g for 1
minute and incubated at 30°C micro heating system with heated lid closed for 30
minutes and then placed on ice. Then the plate was incubated in a thermal cycler for
20 minutes at 25°C, followed by 10 minutes at 70°C.
iv.

Remove Large DNA Fragments

Sample Purification Beads were dispersed by vortexing and diluted with PCR grade
water to 160µl per 100µl of end repaired sample. One hundred and sixty µl of the
diluted SPB were added to each well and then mixed thoroughly by shaking at 280g
for 2 minutes and pipetted up and down. Then the plate was placed at magnetic stand
and waited until the liquid was clear. The clear supernatant were transferred to the
corresponding well of the Clean Up End Repair Plate (CEP plate).
v.

Remove Small DNA Fragments

To remove small DNA fragments 30µl of the undiluted SPB were added to each well
of the plate and then mixed again by shaking at 280g for 1 minute and pipette up and
down. The plate was placed at magnetic stand and waited until the liquid was clear.
The supernatant was removed and discarded. The content of the plate was washed
twice by adding 200µl 80% ethanol to each well and incubated at magnetic stand for
30 seconds. All the supernatant were removed and air dried. Twenty micro liter of
RSB was added to each well and were mixed again. Then it was incubated at room
temperature for 2 minutes. After incubation the plate was centrifuged at 280g for one
minute and then placed on magnetic stand until the liquid was clear. 17.5µl of the
supernatant was transferred to the Adapter Ligation Plate (ALP plate).
vi.

Adenylate 3ʹ Ends

To stop ligation to each other during the adopter ligation reaction a single 'A'
nucleotide is added to the 3' ends of the blunt fragments. On the 3' end of the adapter a
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corresponding single 'T' nucleotide is used for ligating the adapter to the fragment by
a complementary overhang.
The ATL plate was centrifuged at 600g for 53 seconds and 12.5µl of ATL was added
to each well and then mixed thoroughly by shaking at 1800 rpm for 2 minutes and
pipetted up and down. After mixing the plate was centrifuged at 280g for 1 minute.
The plate was incubated at 37oC in micro heating system with closed lid for 30
minutes, then at 70oC for 5 minutes and place on ice for 5 minutes. The plate was
transferred to thermal cycler and ATAIL70 program as follows was run. After
ATAIL70 program the plate was centrifuged at 280g for 1 minute.

vii.

Ligate Adapters

The ends of the DNA fragments are ligated by multiple indexing adapters, to prepare
them for hybridization onto a flow cell.
Two and half µl of RSB were added to the plate followed by 2.5µl of LIG2 and 2.5µl
of DNA adapters. After adding the reagents the plate was mixed well by shaking at
1800 rpm for 2 minutes and pipetted up and down. After mixing the plate was
centrifuged at 280g for 1 minute and incubated on micro heating system at 30oC for
10 minutes and placed on ice. The plate was shifted to the thermal cycler and LIG
program was run as follows.
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The ligation reaction was stopped by adding 5µl of STL buffer in each well and was
mixed thoroughly by shaking at 1800rpm for 2 minutes and pipetted up down. The
plate was again centrifuge at 280g for 1 minute.
viii. Clean Up Ligated Fragments
The ligated fragments were cleaned in two step procedure, the details are given
below.
In first round 42.5µl of SPB was added and mixed well. The plate was incubated at
room temperature for 5 minutes followed by centrifugation at 280g for 1 minute.
After centrifugation the plate was placed on magnetic stand until the supernatant
became clear. All the supernatants were removed carefully and 200µl freshly prepared
80% ethanol were added.
The plate was again placed on magnetic stand for 30 second and the supernatant were
removed. Fifty two and half µl of RSB were added and mixed thoroughly. The plate
was incubated at room temperature for 2 minutes followed by centrifugation at 280g
for 1 minute. The plate was placed at magnetic stand and waited until the supernatant
became clear. Fifty µl of the supernatants were transferred to the corresponding well
of Clean Up ALP Plate (CAP plate).
The procedure was repeated again by adding 50µl SPB in the second round and new
supernatant was collected in new plate.
ix.

Enrichment of DNA Fragments

Twenty five µl of the sample were transferred to the PCR tubes and were placed on
ice. Five µl PCR Primer Cocktail (PPC) were added and mixed thoroughly. After
mixing the tubes were centrifuged at 280g for 1 minute and placed in thermal cycler.
The PCRNano program was run as follows.
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Clean Up Amplified DNA

The tubes were centrifuged at 280g for 1 minute and 47.5μl of (DNA Adapters) DAP
along with SPB were added to the tubes. The reactions were mixed and incubated at
room temperature for 5 minutes. The tubes were placed on the magnetic stand to clear
the liquid. The supernatants were removed and discarded. The contents of the tubes
were washed with freshly prepared 80% ethanol as describe previously. The tubes
were air dried and 32.5µl RSB were added to each well. The reactions were mixed
and incubated at room temperature for 2 minutes. After incubation the tubes were
centrifuged at 280g for 1 minute and placed on magnetic stand till the supernatant
became clear. Thirty µl supernatant was transferred to Target Sample Plate (TSP1
Plate).
xi.

Quantification, Quality check and Normalization of Libraries

It is important to create optimum cluster density in each sample to get highest quality
sequencing on Illumina sequencer. For the optimum cluster density the concentration
of the DNA library should be known. The libraries were quantified with KAPA
Library Quantification Kits for Illumina sequencing according to manufacturer
instructions.
To check the quality of libraries it was diluted with water at 1:100 and 1 µl of the
diluted DNA library was run on Agilent Technologies 2100 Bioanalyzer. The QC
passed DNA templates was normalized to 10nM in the Diluted Cluster Template plate
(DCT plate) for cluster generation.
xii.

Cluster Generation

The library was loaded into the flow cell to generate cluster. The lawn of surfacebound oligos which were complementary to the library adapters were used to capture
the fragments. Bridge amplification was used for the amplification of distinct clonal
clusters. After cluster generation, the templates were ready for sequencing.
xiii. Sequencing
Illumina uses sequencing by synthesis technique. Modified dNTPs are incorporated
and the chain is terminated after the addition of nucleotide. All the reversible
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terminator bound dNTPs compete for incorporation, therefore specific dNTP attaches
to the sequence as compared to the other technology (Bentley et al., 2008; Ross et al.,
2013). Millions of templates are spread on solid surface allowing million reactions
simultaneously. The dNTPs are labeled therefore addition of dNTP emit fluorescence
light allowing recording by camera. The images and uniform length sequences are
then analyzed.
c.

NGS data analysis

The quality of data was evaluated by checking the quality control (QC). The QC
passed data was analysed through a series of bioinformatics programs. The programs
include alignment, duplicate removal, SNP, indel calling, annotation and functional
analysis given below in detail.
i.

Quality control

The sequencing data obtained from HiSeq 2.0 was stored in a FASTQ file. This is a
text based format which store nucleotide sequence with their corresponding quality
scores. The quality score is recorded as ‗Phred‘ for each base call. The ‗Phred‘
measure the probability of the incorrectly called base.
ii.

Alignment/Mapping

The data obtained from the NGS is in fragments. Reference genome is used to map
the reads to a sequence. Six billion paired end reads in different length with maximum
length of 2x 100bp are generated by HiSeq 2000. The data obtained from NGS
reaches to 600Gb. Speedy and high memory alignment algorithms have been
developed to handle huge data obtained from NGS and to align against the reference
genome. Therefore different algorithms are available which are different in speeds
and accuracy of finding small variations in the submitted genome. Multiple steps are
involved in the alignment of a sequence through these algorithms. At first these
algorithm finds the sets of fragments quickly which align accurately to the reference
sequence. Then more accurate alignment algorithms are run on the subset of mapping
location. Auxiliary data structure such as indices for the reference sequence or read
sequences are used to speed up the process of alignment. In the selection of alignment
program three issues must be considered.
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While mapping short reads to reference genome pair ambiguity should be considered.
This problem can be solved by using paired-end reads for whole genome sequence
(Lee and Schatz, 2012).
Mismatches mapped to the reference sequence should not be considered and as a
consequence mutations which are found in these sequences should be discarded from
further analysis.
During library preparation PCR is used, due to a number of copies multiple reads
from one template might be originated which interfere in the variant calling statistics.
This problem can be solved by removing PCR duplicates after alignment in the whole
genome sequencing studies.
The Novoalign (www.novocraft.com) was used to align paired end small reads to
continuous reads. The reference sequences were downloaded from UCSC genome
browser (http://hgdownload.cse.ucsc.edu/goldenPath/hg19/bigZips/). The sequence
obtained from the Novoalign was indexed with the reference sequence. Novoalign
uses fasthashing Needleman-Wunsch algorithm as an index to align globally at
optimum level. Up-to 7 bp gaps in a single end read and up-to 50 bp in paired end
reads are allowed in Novoalign. The Novoalign finds the position of accurate hits on
the sequence. Then it scans the hit positions and sorts them according to the
chromosomal coordinate. As determined in library preparation the expected size of
these sequences were 300bp. Novoalign also calculates the quality score which is
required to find the correct variation and excludes the sequencing errors. It uses
phred-scaled probability to search the whole assembly to find incorrect variations.
The accuracy of probability depends on the length of the aligned sequence, the rare
aligned region, the number of mismatches and gaps of the sequence. The quality
check is important to differentiate between the real SNPs and erroneous mismatch.
iii.

PCR duplicate removal; Samtools and Picard

The sequence obtained from the Novoalign is in BAM format. The Samtools
(http://samtools.sourceforge.net/) is a package of software for changing the alignment
formats SAM to BAM and vice versa. The Samtool also convert file from the other
SAM or BAM format. The sequence was changed to SAM format and used in the
downstream analysis process. The Samtool was also used for SNP and small indel
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calling (SNP calling, indel calling). The duplicate sequence which was generated
during

PCR

amplification

was

removed

by

using

Picard

(http://sourceforge.net/projects/picard/). Picard is a Java based software which uses
SAM or BAM file and searches for the similar coordinate sites in the sequence and
removes it from the sequence. After removing the duplicate, it forms a single
sequence having no duplicates. The Picard also calculates the percentage of the
duplicates in the PCR and coverts into a separate file.
iv.

SNP Calling

SNPs can be found by comparing the SAM/BAM file to the reference genome. After
calling, the SNP a list is generated based on the quality of Phred mapping. The SAM
format file was converted to BCF (binary version) of VCF (Variant Call Format)
having all the information of the sequence (Danecek et al., 2011). The samtool
compiles the information of quality based on phred and sequence alignment to the
reference sequence, collects information on the form of SAM format. While the BCF
file is used for actual SNP calling. The file was converted to BCF file and Bcftools
was used to call SNPs. The SNPs were enlisted by converting the BCF file to VCF
file. At the end of SNP calling, varFilter script was used to find the erroneously called
variant.
v.

Indels Calling

Indels calling was performed by Dindel (Albers et al., 2011) a software used to find
small insertion/deletion in the NGS data. The Dindel uses the BAM file and tests that
these indels are accurate or the sequencing errors by realigning candidate haplotypes.
Dindel finds the indels in four steps; First Dindel locates the indels in the BAM file.
Then the candidate indels obtained in stage I, are grouped into windows of ∼ 120 bp
into a realign window-file. The Dindel then makes haplotype for each indel to the
indel of the BAM file and realign these sequences to the candidate haplotypes. Then
at last it compiles the results from all the windows, call indels and save the file in
VCF format.
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Annotation

The data was annotated with ANNOVAR. The ANNOVAR is software which uses a
number of databases to annotate the variation functionally. GRCh37 was used for
annotation in our sequence. It identifies the variants from databases, for example,
dbSNP, (from NCBI), allele frequency (1000 Genome Project) The SIFT/PolyPhen
/LRT/ MutationTaster/ Mutation Assessor/ FATHMM/ MetaSVM/ MetaLR scores,
find intergenic variants with GERP++ 272 score < 2, or many other annotations on
specific mutations.

2.2.7.

Molecular cloning Techniques

To test the effect of mutation in predicted splicing error in one gene, the mutated and
normal sequence was cloned and tested for splicing. The details of cloning are given
below.
2.2.7.1. Ligation of PCR fragments into TA cloning vector
TOPO® TA Cloning® is highly efficient cloning kit for the insertion of PCR
amplified target of interest. Digestion of vector and PCR product is not required.
Topo cloning is a single step 5-15 minute‘s procedure. The plasmid pCR™2.1TOPO® vector is a linear vector having 3´-thymidine (T) overhangs for TA Cloning,
covalently bound topoisomerase I and a special Taq polymerase. The Taq polymerase
does not require template, add the deoxyadenosine (A) to the 3´ ends of PCR
products. The free 3´ deoxythymidine (T) residues ligate with the PCR product
efficiently. The topoisomerase I of the Vaccinia virus is used in this kit. The enzyme
perform duel function i.e., it act as restriction enzyme by cleaving the duplex DNA at
specific pentameric5´-(C/T)CCTT-3 site and then rejoin with the free thymidine at the
3´ end. The energy for the bond formation is obtained from the cleaving of the
phosphodiaster bond at the 5´.
TA topo cloning was done for subclonig using TOPO® TA Cloning® Kit from
Invitrogen. Four µl purified PCR product was mixed with1µl topo vector and 1µl salt
solution (1.2 M NaCl 0.06 M MgCl2). The reaction mixture was incubated for 15
minutes at room temperature. The incubated product was used for transformation.
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2.2.7.2. Transformation
DH5α competent cells stored at -80oC were thawed on ice. The TOPO® cloning
reaction was mixed with competent cells and incubated on ice for 20 minutes. After
incubation a heat shock was given at 42oC in water bath for 45 seconds. The cells
were transferred immediately on ice to prevent damage. One ml of LB broth without
ampicillin was added to the cells. The cells were incubated with shaking (200rpm) at
37oC for 60 minutes. During incubation 40µl of 40mg/ml X-gal and 40ul of IPTG was
spread on each LB plate and incubated at 37°C. After incubation the cells were
centrifuged at 2000rpm for 3 minutes to concentrate the cells. The supernatant was
discarded and the cells were inoculated on the pre-warm selection LB agar plates. The
plates were incubated overnight at 37oC.
Next day the plates were observed for growth of the cells. Three ml LB broth with
ampicillin was added to the glass tubes. Carefully single transformed colony was
picked up with sterile tip and was put into the glass tube. The tubes were incubated at
37oC with 200rpm shaking for 8 hours. The growth of the culture was checked by
observing turbidity of the media.
2.2.7.3. Subcloning into pSPL3
Sequence of the GPR56 was retrieved from the Ensemble genome browser 84. The
site of the mutation was marked and the primers flanking intronic region was
designed manually. A recognition sequence from the XbaI and EcoR1 restriction
enzymes were added to the forward and reverse primers respectively. Two pairs of
primers were designed to amplify different fragments.
PCR was carried out to amplify the region of interest in both the normal and affected
person. The products were separated using 2% agarose gel. The gel was visualized
using low intensity gel documentation; the band of interest was cut and excised. The
amplified region was purified with gel purification kit. The PCR product was used for
subcloning.
After confirmation of the correct sequence, the pSPL3Vector; the extracted plasmid
was digested with EcoRI and XbaI with following recipe. The reactions were
incubated at 37oC for 2 hours. The digested products were resolved with 2% agarose
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gel electrophoresis. The gel was illuminated at low intensity UV-transilluminator and
the required band was cut with sharp clean knife. The cut band was purified by gel
extraction kit (describe previously). The purified products were used for ligation and
transfection.
Reagents

pSPGL

Mini prep plasmid Control

Mini prep plasmid Patient

dH2O

17µl

-

-

DNA

4µl

22

22

Buffer Tango

6µl

6µl

6µl

EcoR1

1µl

1µl

1µl

XbaI

1µl

1µl

1µl

a.
Sequence

Creating Vector
of

the

pSPL3

vector

was

retrieved

from

http://tools.thermofisher.com/content/sfs/vectors/pspl3_seq.htm and the map was
constructed using snap gene Viewer.
b.

Ligation

Three µl of the pSPL3 digested purified product was mixed with 7µl each patient and
control purified product in separate tubes. Ten µl of quick ligase buffer and 1µl of
quick ligase enzyme was added to each tube. The tubes were incubated at room
temperature for 20 minutes.
c.

Transformation

The ligated products were used for transformation. The transformed E coli was
cultured on LB agar plate and incubated at 37oC. On the following day single colony
was picked up and used for culture in 3ml liquid broth. Again mini prep was carried
out and sequencing was done to confirm that correct sequence is inserted in to the
vector. The remaining 2ml liquid culture corresponding to correct sequence was used
for maxi-prep culture in 250ml LB media.

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 74

Chapter 2

2.2.8.

Materials & Methods

In vitro splicing assay

2.2.8.1. Cell culture
HEK293 cells were trypsinized and plated in 24 well plates for 48 hour to obtain
appropriate cell density (50-80% confluent). Dulbecco‘s Modified Eagle‘s Medium,
supplied with 10% fetal bovine serum, and antibiotics were used to grow the cells in
the presence of 5% CO2 and 5% humidity at 37°C.
2.2.8.2. Transfection of cells
Plasmid vector pSPL3-GPR56-C (Mutant), pSPL3-GPR56-3 (Normal) and pSPL3
(empty vector) was used for transfection of HEK293 cells. The cells were trypsinized
and grown in 24 well plate for 48 hours to obtain appropriate cell density (50-80%
confluent). Dulbecco‘s Modified Eagle‘s Medium, supplied with 10% fetal bovine
serum, and antibiotics were used to grow the cells in the presence of 5% CO2 and 5%
humidity at 37°C. On the day of transfection, 1ug of plasmid DNA was mixed 1µl of
Lipofectamine LTX™ in growth medium of total 250µl volume. The reaction mixture
was incubated at room temperature for 30 minutes to make DNA- Lipofectamine
LTX™ Reagent complexes. The transfection complex was added along with a Green
Fluorescent Protein (GFP) vector to plate. The plate was swirled to achieve even
distribution of the complexes. The cells were incubated in the presence of 5% CO2
and 5% humidity at 37°C for 48 hours. After 48 hours the cells were visualized with
fluorescent microscope (Nikon Eclipse E600, USA) to observe for transfection.
2.2.8.3. Harvesting of cells
The medium was decanted from the wells and the cells were washed with pre-cold 1X
PBS thrice. The washed cells were collected in clean sterilized eppendorf tube.
MasterPure™ RNA Purification Kit was used for RNA isolation.

2.2.9.

Statistical Analysis

In our association studies different statistical analyses were done. The details of the
statistics used in this thesis are given below.
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2.2.9.1. Hardy-Weinberg equilibrium
Hardy-Weinberg is statistical equation which is used in population genetics to find out
differences in allele and genotype frequency. The law was first described in 1908 by
two scientists G. H. Hardy and Wilhelm Weinberg. The law states that there is no
difference between the expected and observed allele and gene frequency. There are
certain conditions that a population will obey the law; if the population is large, there
is no gene flow between populations, mutations are negligible, individuals are mating
randomly and natural selection is not operating on the population.
According to the rule of association studies the control population should obey the
law of equilibrium at significant level, while the diseased population should deviate
from the law.
We applied the hardy-Weinberg law in our association studies by using the online
software

Online

Encyclopedia

for

Genetic

Epidemiology

studies

(http://www.oege.org/software/hardy-weinberg.html;(Rodriguez et al., 2009).
2.2.9.2. Chi-Square Test
The chi-square statistics is used to test the hypothesis. There are usually two
hypotheses; Null hypothesis describes that there is no association between the
exposed and disease group while alternative hypothesis states that there is significant
association between the exposed group and disease. If the value of the Chi-Square is
high, it means that there is significant association between the exposed group and
disease and vice versa.
In our association studies we use Chi-Square test to find the association between the
exposed group and genotype and allele using online software social science statistics
(http://www.socscistatistics.com/tests/chisquare/Defaµlt2.aspx).
2.2.9.3. Odds Ratio
The odds ratio (OR) is a statistical value to compare the probability of certain events
between two groups. The odds ratio is used in many comparison studies e.g. in
genetic case control studies. The odds ratio (OR) calculates the relative risk of allele
or genotype. More than one value of the odds ratio indicate the risk of the disease
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with certain allele or genotype, while value less than one for the odds ratio indicates
the protecting effect of the allele or genotype. The validity of the calculation is purely
based on the population sample to be investigated, thus the samples size determine the
accuracy of the sample size. Therefore to insure accuracy the OR is calculated with
95%confidence interval (CI). If the OR is greater than ―1‖ the genotype or allele is
determine to increase risk of disease significantly. On the other hand if the OR value
is less than ―1‖ the allele or genotype in question is determine to be protective in case
group.
To find out odds ratio to calculate the degree of risk or protection odds ratio with 95%
interval

was

calculated

using

online

software

Logistic

Regression

(http://statpages.org/logistic.html)
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Results

3.1. Epidemiology of NDMDs in Pakistan
One hundred seventy four Parkinson‘s disease patients and six families of
neurodegenerative movement disorders were included in this study. Two hundred
normal controls were included in the hot spot screening and association studies.
Demographic and clinical data were recorded and interpreted.

3.2. Clinical Symptoms of NDMDs patients
Neurodegenerative movement disorders are difficult to diagnose because of
overlapping symptoms. However, they all had difficulty in movement. The group of
sporadic Parkinson‘s disease was analyzed and used for the association studies.
Among the 174 Parkinson‘s disease n=124 (83.78%) were male and n=50(33.78%)
were female as shown in the figure 3.

3.3. Distribution of patients according to the onset of disease:
The patients were distributed among the groups according to the onset age of disease.
There were n=101(68.24%) patients with late onset Parkinson‘s disease. The male
n=77(52.1%) and female were n=4(2.7). The early onset Parkinson‘s patients were
n=45(30.40%) with n=28(18.91%) male and n=17(11.48) female. There were total
n=5(3.4%) patients with juvenile Parkinson‘s Diseases. The male were n=3(2.02%)
and female were n=2(1.35) as shown in figure 4.

3.4. Distribution of patients according to the stage of disease:
According to the modified Hoehn and Yahr Scale the patients were classified into
seven groups to assess the severity of the disease as shown in figure 5. There were
n=2(1.35%) patients in stage 1 and n=5(3.37%) in stage 1.5; all were male and no
female in stage 1 and 1.5. There were total n=24(16.21%) patients in stage 2 with
male n=20(13.51%) and female n=4(2.70). The stage 2.5 were having n=13(8.78%)
with n=9(6.08%) and female n=4(2.70%). There were n=32(21.62%) patients in stage
3 with male n=22(14.86%) and female n=10(6.75). the stage 4 were having
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n=31(20.94%) with n=17(11.48%) and female n=14(9.45%), while in stage 5 there
were n=45(30.40%) patients with male n=34(22.97%) and female n=11(7.43%).

Figure 3: Gender wise distribution of the Sporadic Parkinson’s disease.

Figure 4: Distribution of patients according to the onset of diseases.

Figure 5: Distribution of patients according to the stage of disease.
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3.5. Identification of genetic risk factors in sporadic PD
To identify the genetic risk of Parkinson‘s disease in the selected Pakistani population
case control studies were done for the previously reported hot spots and frequently
reported loci.

3.5.1.

Association analysis of sporadic Parkinson’s disease with

variants in SNCA, LRRK2, PARK7and CYP2D6 genes
SNCA, LRRK2, PARK7and CYP2D6 gene single nucleotide variants (SNPs)
previously been associated with sporadic PD in several studies worldwide including
some Asian populations were genotyped. Genotyping of three SNCA SNPs;
rs104893875 (G>A), rs104893877 (G>A) rs104893878 (G>C) five LRRK2 SNPs;
rs34805604 (A>G), rs33939927 (C>G/T), rs35870237 (T>C), rs34637584 (G>A),
rs34778348 (G>A), one PARK7; rs74315354 (G>A) and one CYP2D6 rs3892097
(CYP2D6*4) was performed. These SNPs were selected due to their higher overall
contribution to PD susceptibility (Odds ratio 0.67-17) and their prevalence in different
populations including some Asian population (Gopalai et al., 2014; Rubio et al.,
2012). We did not observe SNCA, LRRK2, PARK7 variants in our population
suggesting the possible absence of the variants in our population figure (6, 7, and 8).
We found only CYP2D6 variant rs3892097 as risk factor in Pakistani population
figure 9. Genotyping results for rs3892097 (CYP2D6*4) in CYP2D6 gene are shown
in Table12. The data was analyzed statistically to find association and calculated the
risk for the disease.
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Figure 6: Ethidium bromide stained 2% agarose gel showing genotype pattern of
(A) rs104893875 (G>A), (C) rs104893877 (G>A) and (E) rs104893878 (G>C)
polymorphism of the SNCA.
The letter ―Control‖ and ―G‖ on the left side of gel image indicate control and allele specific band
respectively. Specific allele bands for respective SNP are mentioned on the top of the gel image. No
band was seen on the minor allele side of SNPs. Sanger sequencing electropherogram of (B)
rs104893875 (G>A), (D) rs104893877 (G>A) and (F) rs104893878 (G>C). The position of variation is
shown with arrow. The codons are mentioned on the top of each electropherogram. The gel images A,
C and E are the representative of the entire cohort analysed

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 81

Chapter 3

Results

Figure 7: Ethidium bromide stained 2% agarose gel showing genotype pattern of
(A) rs34805604 (A>G), (C) rs33939927 (C>G/T), (E) rs35870237 (T>C) (G)
rs34637584 (G>A) and (I) rs34778348 (G>A) polymorphism of LRRK2.
The letter ―Control‖ and ―G‖ on the left side of gel image indicate control and allele specific band
respectively. Specific allele bands for respective SNP are mentioned on the top of the gel image. No
band was seen on the minor allele side of SNPs. Sanger sequencing electropherogram of (B)
rs34805604 (A>G), (D) rs33939927 (C>G/T), (F) rs35870237 (T>C) (H) rs34637584 (G>A) and (J)
rs34778348 (G>A). The position of variation is shown with arrow. The codons are mentioned on the
top of each electropherogram. The gel images A, C, E, G and I are the representative of the entire
cohort analysed
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Figure 8: Genotyping of the DJ1 rs74315354 (G>A), polymorphism by PCRRFLP (A) and validation of genotypes by Sanger sequencing (B).
The position of variation is shown with arrow. The codons are mentioned on the top of each
electropherogram
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3.5.1.1. Statistical analysis of rs3892097 (CYP2D6*4)
a.

Goodness-of-fit test for Hardy-Weinberg equilibrium

The χ2 value for disease group was 23.17 and the P value was 0.000001 similarly the
χ2 value for control group was 0.45 and the P value was 0.51 this show no deviation
from the Hardy-Weinberg genetic equilibrium for the genotypic distribution of
CYP2D6*4; 1846G >A in case and control groups.
In the analyzed CYP2D6*4; 1846G >A, major (GG) genotype was with highest
frequency, the ―GA‖ heterozygote was found to be in modest frequency and the minor
allele (AA) genotype was with lowest frequency.
b.

Statistics for disease Association

Pearson‘s chi-square test was used to find the association between the disease and
SNP. The chi-square value was calculated between the groups GA/AA against
reference genotype (GG) genotype. The chi square value shows a significant
association (χ2=4.8, P value=0.02). The chi square value was also calculated between
the reference allele ―G‖ and minor allele ―A‖ allele to find the association. The allele
was also found to be significantly associated with the disease (χ2=10.02, P
value=0.001).
The PD and controls were grouped according to age of onset of disease in PD group
and the results were compared. The GA, AA genotype and A allele frequencies were
higher in the late‑onset PD group than in the control group (>50 years of age) and the
difference was statistically significant (χ2=7.60, P value= 0.0058; χ2=9.03, P value=
0.002)
The PD and controls were grouped gender wise and then the results for genotypes and
allele were compared. The ―A‖ allele were significantly associated while the genotype
association was not significant in male group (χ2=5.16, P value=0.023; χ2=2.92, P
value= 0.08). Similar results were found for female, the allele were significantly
associated while the genotype association was not significant in female group
(χ2=5.12, P value=0.023; χ2=1.19, P value=0.27). The details of statistics analysis are
given in table 12.
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Risk assessment

The odds ratio was calculated to find the risk of the disease for the genotype and
allele. The ―A‖ allele increased the risk for PD more than two fold (OR: 2.52; 95%
CI: 1.40 – 4.52; p = 0.001). A comparison of the genotype frequencies under a
dominant model (GA+AA vs. GG) also indicated an increase in the risk of PD (OR
=2.02; 95% CI =1.07-3.78; p = 0.02) figure 10. There was no ―AA‖ genotype in
control group. Therefore the OR cannot be calculated for a recessive genetic model
(GG+GA vs. AA).
The odds ratio was calculated to find the risk of PD occurrence in late onset. The risk
of occurrence of PD was higher for individuals carrying the A allele than those
without the A allele (OR: 2.9; 95% CI = 1.5 - 5.50, p = 0.02) figure 11. There was
no ―AA‖ genotype in control group. Therefore the OR cannot be calculated for a
recessive genetic model (GG+GA vs. AA). The risk in early onset Parkinson‘s and
juvenile Parkinson‘s disease could not be calculated because of the smaller number of
patients in these groups.
The finding of this case control studies are applicable to the ample range of patients
with Parkinson‘s disease, whereas previous reports of CYP2D*4 poor metabolizer
(PM) have only reported an association of PM phenotype with Parkinson‘s disease
(Halling et al., 2008). The proportion of heterozygous among patients with
Parkinson‘s disease were almost similar and they were not significantly different from
control group, this highlight the fact that normal CYP2D6 allele acts in dominant
manner and act as protective genetic contributor against Parkinson‘s disease.
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Figure 9: Genotyping of the CYP2D6 rs3892097 (G/A) polymorphism by an
allele-specific PCR assay and validation of genotypes by Sanger sequencing.
Two PCR reaction was performed using the 1.8 kb fragment of CYP2D6 harboring rs3892097 (G>A)
polymorphism as template amplified in first step PCR. A common forward primer and allele specific
reverse primers for G-Allele and A-Allele was used in 2nd step PCR. The presence of 577-bp DNA
fragment indicated ―G‖ or ―A‖ allele. Participants 1 to 5 are homozygous for the G-allele, participants
6 and 7 are homozygous for the A-allele and Participants 8 is heterozygous. Sanger sequencing of
homozygous GG heterozygous GA and homozygous AA genotypes are shown below.
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Figure 10: The risk of Parkinson’s disease.
The reference was considered normal homozygous genotype and its value is 1. The OR is represented
by bullets while 95% confidence interval obtained from the statistical analysis of the genotype was
shown by whiskers.

Figure 11: The risk of late onset Parkinson’s in disease.
The reference was considered normal homozygous genotype and its value is 1. The OR is represented
by bullets while 95% confidence interval obtained from the statistical analysis of the genotype was
shown by whiskers.
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Table 12: Statistical analysis of CYP2D6*4
Comparison of the CYP2D6*4; 1846G > A frequency between the PD and Control group
Genotype frequency, n (%)

Allele frequency, n (%)

GA
Heterozygous AA Homozygous
Group

Cases (n)

GG Wild Type

Mutant

Mutant

G

A

PD

174

145 ( 83.33)

21(12.03)

8( 4.5)

311(89.36)

37(10.63)

Controls

200

180 (90.0)

18( 9.0)

0(0)

378(94.5)

18(4.5)

Comparison of the CYP2D6*4; 1846G > A frequency in the PD and control groups with different age
Genotype frequency, n (%)

Allele frequency, n (%)

GA
Heterozygous AA Homozygous
Group

Cases (n)

GG Wild Type

Mutant

Mutant

G

A

Early Onset PD(<50>20years)

32

26 (81.25)

3(9.37)

3(9.37

55(98.43)

9(1.56)

Controls

4

3(75)

1(25)

0(0)

7(100)

1(0)

97 (96.53)

18(13.79)

5(3.44)

212(88.33)

28(13.20)

Late Onset PD (Age >50 years) 120

Comparison of the CYP2D6*4; 1846G >A in PD group and control group with different gender
Genotype frequency, n (%)
GA
Group

Cases (n)

GG Wild Type

Allele frequency, n (%)
AA Homozygous

Heterozygous Mutant
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Male PD

124

103(83.06)

16(12.90)

5(4.03)

222(89.51)

26(10.48)

Male Controls

116

109(93.96)

10(8.62)

0(0)

228(98.27)

10(4.31)

Female PD

50

42(84.0)

5(10.0)

3 (6)

89(89)

11(11)

Female Controls

82

75(88.23)

8(10)

0(0)

158(96.34)

8(4.87)
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3.6. Identification of genetic mutation in familial PD
To identify the causative genes six families of neurodegenerative movement disorder
were enrolled in this study. The families were identified in the outpatient clinic of
Pakistan institute of medical sciences Islamabad. The pedigrees were constructed and
a number was assigned.

3.6.1.

Family A

3.6.1.1. Pedigree analysis
A family designated as ―A‖ with Parkinson‘s disease phenotype, resides in district
Abbottabad of Khyber Pakhtunkhwa province of Pakistan. They belong to Abbasi
family. The family was uneducated due to the lake of facilities and low income. They
were doing business in local market and shopkeeper by profession for their livelihood.
The family ―A‖ was traced back to three generations which consists of nineteen
individuals, among them eleven were alive and eight were deceased at the time of
invitation to participate in the study (Figure 12). The affected members were three and
all of them were males (II:4, II:5, III:6). Individual III:6 was first presented with
movement difficulty and tremors and diagnosed with Parkinson‘s disease, During
clinical examination and collecting information he recorded family positive family
history and therefore he was labeled as proband. The proband helped in invitation of
the remaining family members for clinical examination. The generation II and III of
the pedigree is having the affected persons while the clinical record of generation I
could not be traced out. The proband also have one brother affected at late age but
were deceased at the time of data and blood collection. Pedigree analysis is strongly
suggestive of autosomal dominant prototype of heritage. Blood samples from seven
individuals were collected. Five among them were normal (III:3, III:4, III:5, III:7 and
III:9), while two were affected (II:4 and III:6).
3.6.1.2. Clinical findings
Two siblings (II:4, III:6) developed clinical signs and symptoms of Parkinson‘s
disease. The five other siblings had no clinical symptoms. Four of the seven
participants (two males and two females III:3, III:4, III:5, III:7 and III:9) were
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diagnosed at the time of initial neurological examinations, without exhibiting any
clinical symptoms.
The proband reported that he is having gait problems for the last 6month. His birth
and developmental histories were unremarkable; however he reported a positive
family history with at least two additional first degree family members (deceased
father and paternal uncle of the proband III: 6) with known clinical diagnosis of PD
and another reportedly affected pedigree member (deceased grandfather of the
proband III: 6) whose age of onset, clinical history and cause of death could not be
verified. The available clinical histories and age of onset were similar in all affected
members indicating high penetrance of the underlying genetic cause. On examination,
the proband III: 6had decreased facial expression and 1/4 hypophonia, 2/4
bradykinesia and 1/4 rigidity bilaterally on UPDSR-III scale. These symptoms were
more prominent on the right side with no tremor. Brain MRI, EEG and serological
investigations including 24 hour urine copper and serum ceruloplasmin were
unremarkable for the living affected pedigree members. The detail clinical symptoms
and score are shown in table 17.
3.6.1.3. Identification of disease gene
In the present study, the family ―A‖ was excluded for the known loci by conventional
linkage analysis (section: 2.2.6.8). Following exclusion the proband was selected for
Whole-genome sequencing (WGS). The whole genome sequencing was done in the
core facility of German Cancer Research Center (DKFZ). The data were analyzed
(section: 2.2.6.9). Whole genome sequencing (WGS) identified ~ 4.9 million unique
variants per genome, against the alignment of Reference assembly GRCh37 (98%).
The variation includes 3.9 million single-nucleotide variants (SNVs) and 0.8 million
variation either insertion or deletions (Indels). Those rare variants (n=133,627)
coding, splicing and regulatory having minor allele frequency MAF <0.01 were
analysed further. These were further prioritized on the basis of involvement of the
candidates‘ gene and integration of available clinical and genetic information. To
this end, we considered variants (1) complying with the presumed mode of
inheritance in the family, (2) severity prediction by SIFT (Ng and Henikoff, 2003),
PolyPhen2 (Adzhubei et al., 2010) and CADD (Kircher et al., 2014), and (3) absent in
family control. Thereby, we identified mutations (table 13) in eleven genes in family
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A. Sanger sequencing of genomic regions harboring candidate variant was performed
for all available family members.
3.6.1.4. Sanger sequencing and Segregation of mutation with GBA and
PSAP
For confirmation of mutations in additional affected family members and segregation
analysis bidirectional Sanger sequencing was performed using corresponding M13tailed pre-designed primer pairs purchased from Thermo Fisher Scientific, Inc.
(Walthman, MA). CACNA1A, FLVCR1, GBE1, PEX10 PSAP and GBA (table13)
were sequenced in all the participant of the study.
The mutation (exon9:c.T1301C:p.L434P) in the GBA segregates with the disease.
This is a recurrent mutation and is involved in Gaucher's disease in homozygous state,
but is reported as risk factor in heterozygous state for Parkinson‘s disease (Nichols et
al., 2009). According to Li et al., (2014) GBA p.L434P heterozygous mutation causes
Parkinson‘s disease in two families (Li et al., 2014). The mutation in family was
found in the affected participant (II:4 and III:6) while normal participants (III:3, III:4,
III:5, III:7 and III:9) were found to carry the reference sequence as shown in the
figure 13 A.
To determine the frequency of GBA c.1448T>C allele in PD patients and controls
genotyping was performed with KASPTM-technology (KBioscience/LGC Genomics).
Bidirectional Sanger sequencing was performed on randomly picked PD case and
control samples (n=20 per group) to confirm the genotyping results.
As PSAP gene translated into a long peptide prosaposin, which after cleavage in the
post translational modification gives rise to saposin A, saposin B, saposin C and
saposin D. The saposin C act as co factor to the glucocerebrosidase enzyme and the
pathology due to the deficiency of saposin C are described, and hence proved that
alter or deficiency of saposin C is additive factors in patients with neuropathic
Gaucher disease (Sun et al., 2005).
A heterozygous mutation (c.A470G:p.N157S) in the exon5of the PSAP gene was also
found in the NGS data of the proband. For confirmation of c.A470G:p.N157S PSAP
mutation in additional affected family members and segregation analysis bidirectional
Sanger sequencing was performed using corresponding M13-tailed pre-designed
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primer pairs purchased from Thermo Fisher Scientific, Inc. (Walthman, MA). The
mutation in family was found in the affected participants (II:4 and III:6), while
healthy participants (III:3, III:4, III:5, III:7 and III:9) were found to carry normal
reference sequence as shown in the figure14 A.
To determine the frequency of c. 470 A>G allele in PD patients and controls
genotyping was

performed

with

KASPTM

-technology (KBioscience/LGC

Genomics). Bidirectional Sanger sequencing was performed on randomly picked PD
case and control samples (n=20 per group) to confirm the genotyping results.
3.6.1.5. Conservation Analysis
The missense mutation (exon9:c.T1301C) GBA replaces lysine with a proline
(:p.434L>P). Lysine is evolutionary conserved among mammalian and other species
in this position figure 13 B
The missense mutation (exon9:A470G) PSAP replaces lysine with a proline
(:p.157N>S). Asparagine is evolutionary conserved among mammalian and other
species in this position figure 14 B.

Figure 12: Pedigree of family A with Parkinson’s disease.
Males are represented by squares and the females are represented by circles. The affected participants
are represented by filled square and circles. A line crossing the square or circle indicates the deceased
individual.
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Table 13: Genes and mutation from the whole genome sequencing for family A.
Variant

Wild

Gene

ID

Type

chromosome

Position

type

Mutant

Comments

ATXN1

Novel

Indel

6

16327915

A

ATGC

Excluded

CACNA1A

Novel

SNP

19

13318774

T

G

Excluded

CC2D2A

Novel

SNP

4

15539708

G

T

Excluded

FGF14

Novel

SNP

13

102375225

T

C

Excluded

FLVCR1

Novel

SNP

1

213062577

G

A

Excluded

GBA

Reported

SNP

1

155205043

A

G

Cosegregated

GBE1

Novel

SNP

3

81719999

G

T

Excluded

JPH3

Novel

Indel

16

87637893

C

CCTG

Excluded

PEX10

Novel

SNP

1

2341883

C

G

Excluded

PNKD

Novel

SNP

2

219204841

C

A

Excluded

PSAP

Novel

SNP

10

73588740

T

C

Cosegregated
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Figure 13: (A) Mutation analysis of the (exon9:c.T1301C:p.434L>P) GBA.
The position of mutation is shown with arrow. The codons are mentioned on the top of each
electropherogram. The heterozygous mutation is segregated with Parkinson‘s disease. II:4 and III:6 are
the affected heterozygous while III:3, III:4, III:5, III:7 and III:9 are homozygous normal.(B)
Evolutionary conservation of GBA p.L434P Lysine amino acid in other orthologs.
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Figure 14:(A) Mutation analysis of the (exon5:c.A470G:p.157N>S) PSAP
heterozygous mutation is segregated with Parkinson’s disease.
The position of mutation is shown with arrow. The codons are mentioned on the top of each
electropherogram II:4 and III:6 are the affected heterozygous while III:3, III:4, III:5, III:7 and III:9 are
homozygous normal. (B) Evolutionary conservation of PSAP p.157N>S asparagine amino acid in other
orthologs.
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Family B

3.6.2.1. Pedigree analysis
A family referred as ―B‖ with Parkinson‘s disease phenotype, are the resident of
district Kohat of Khyber Pakhtunkhwa province of Pakistan. Most of the people living
there belong to famous Khattak family. The family was highly educated and in most
of the cases the income is based on government service. All the members of the
family were economically stable and educated.
The family ―B‖ was traced back to three generations which consists of fifteen
individuals, among them ten were alive and five were deceased at the time of
invitation to participate in the study (Figure15). Patient III:2 was first identified with
late onset Parkinson disease stage 3 according to Hoehn and Yahr staging for
Parkinson‘s disease. During clinical examination and collecting information he
recorded family positive family history and therefore he was labeled as proband. The
proband helped in invitation of the remaining family members for clinical
examination. The proband has one affected brother. Pedigree analysis is strongly
suggestive of autosomal dominant prototype of heritage. Blood samples from nine
participant were collected including seven normal (II:4, II:5, III:1, III:2 and
III:5,III:6,III:7 and two affected (III:3 and III:4).
3.6.2.2. Clinical findings
Two siblings (III:3 , III:4) developed clinical signs and symptoms of Parkinson‘s
disease. The five other siblings

(III:1, III:2, III:5 III:6, III:7) had no clinical

symptoms. Seven of the nine participants (three males and four females) were
diagnosed at the time of initial neurological examinations, without exhibiting any
clinical symptoms.
The proband reported that his right hand is tremoring for the last 6-7 months. His birth
and developmental histories were unremarkable; however he reported a positive
family history with at least five additional first degree family members (deceased
father, paternal uncle paternal Aunt and alive affected brother) with known clinical
diagnosis of PD and another reportedly affected pedigree member (deceased
grandfather of the proband III: 3) whose age of onset, clinical history and cause of

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population

Page 97

Chapter 3

Results

death could not be verified. The record of the clinical history of the proband was
retrieved from the hospital record. The mentioned age of onset of disease was 40
years and he was diagnosed for stage 3 Parkinson‘s disease with 85 UPDRS score.
The details of the UPDRS score was not found in the hospital record. The available
clinical histories were similar in all affected members indicating high penetrance of
the underlying genetic cause. On examination, the proband III: 3 had decreased facial
expression and 1/4 hypophonia, 1/4 bradykinesia and 1/4 rigidity bilaterally on
UPDSR-III scale. These symptoms were more prominent on the right side with
predominant tremor. Brain MRI, EEG and serological investigations including 24
hour urine copper and serum ceruloplasmin were unremarkable for the living affected
pedigree members. The detailed clinical symptoms and score are shown in table17.
3.6.2.3. Identification of disease gene
In the present study, the family ―B‖ was excluded for the known loci by conventional
linkage analysis (section: 2.2.6.8). Following exclusion, the proband was selected for
Whole-genome sequencing (WGS). The whole genome sequencing was done in the
core facility of German Cancer Research Center (DKFZ). The data were analyzed
(section: 2.2.6.9). Whole genome sequencing (WGS) identified ~ 4.9 million unique
variants per genome, against the alignment of Reference assembly GRCh37 (98%).
The variation includes 3.9 million single-nucleotide variants (SNVs) and 0.8 million
variation either insertion or deletions (Indels). Those rare variants (n=133,627)
coding, splicing and regulatory having minor allele frequency MAF <0.01 were
analysed further. These were further prioritized on the basis of involvement of the
candidates‘ gene and integration of available clinical and genetic information. To
this end, we considered variants (1) complying with the presumed mode of
inheritance in the family, (2) severity prediction by SIFT (Ng and Henikoff, 2003),
PolyPhen2 (Adzhubei et al., 2010) and CADD (Kircher et al., 2014), and (3) absent in
family control. Thereby, we identified mutations (table 14) in fourteen genes in family
B. Sanger sequencing of genomic regions harboring candidate variant was performed
for all available family members.
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3.6.2.4. Sanger sequencing and Segregation of mutation with SEMA6A
For confirmation of mutations in additional affected family members and segregation
analysis bidirectional Sanger sequencing was performed using corresponding M13tailed pre-designed primer pairs purchased from Thermo Fisher Scientific, Inc.
(Walthman, MA). ATP13A2, ATXN3, COL4A1, SYNE1, TTC7B, WHSC1, RC3H1,
PDZRN3, MECOM, LYST, SPRTN, MECOM CELSR3 and SEMA6A were sequenced
in all the participants of the study.
The mutation (exon10:c.G860C:p. 287G>A) in the SEMA6A segregates with the
disease Figure 16 A. This is a novel gene linked to the young onset Parkinson‘s
disease in this family. This gene is highly expressed in the brain. The transmembrane
Semaphorin-6A (SEMA6A) interacts with the trans-membrane proteins Plexin-A4
and Plexin-A2. SEMA6A, Plexin-A4 and Plexin-A2 along with SEMA6B, together
function in axon guidance (Faulkner et al., 2008; Rünker et al., 2008).
3.6.2.5. Conservation Analysis
The missense mutation ((exon10:c.G860C:p.287G>A) SEMA6A replaces glycine with
arginine (:p.G287A). Glycine is evolutionary conserved among mammalian and other
species in this position figure 16 B.

Figure 15: Pedigree of family B with Parkinson’s disease.
Males are represented by squares and the females are represented by circles. The affected participants
are represented by filled square and circles. A line crossing the square or circle indicates the deceased
individual.
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Table 14: Genes and mutation from the whole genome sequencing for family B.
Wild
Gene

Variant ID Type Chromosome Position

ATP13A2 Novel

SNP 1

type Mutant

17328531 C

T

Comments
Excluded

CCTGCTGCTG
CTGCTGCTGC
92537354
ATXN3

Novel

CELSR3 Novel

Indel 14
SNP 3

C

TGCTGCTG

Excluded

48699263 G

T

Excluded

COL4A1 rs138269346 SNP 13

110864822 A

G

Excluded

SEMA6A Novel

SNP 5

115822547 C

G

Cosegregated

SYNE1

Novel

SNP 6

152623012 C

T

Excluded

TTC7B

Novel

SNP 14

91247166 C

T

Excluded

WHSC1 Novel

SNP 4

1959686

C

T

Excluded

RC3H1

Novel

SNP 1

173916552 C

G

Excluded

PDZRN3 Novel

SNP 3

73673463 C

T

Excluded

MECOM Novel

SNP 3

168810845 G

A

Excluded

LYST

Novel

SNP 1

235894181 T

C

Excluded

SPRTN

Novel

SNP 1

231483670 C

T

Excluded

MECOM Novel

SNP 3

48699263 G

T

Excluded
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Figure 16:(A) Mutation analysis of the (exon10:c.G860C:p.287G>A) SEMA6A
showed that heterozygous mutation is segregated with Parkinson’s disease in
family B.
III:3 and III:4 are the affected heterozygous while II:4, II:5III:1, III:2, III:5, III:6 and III:7 are
homozygous normal. The position of mutation is shown with arrow. The codons are mentioned on the
top of each electropherogram.(B) Evolutionary conservation of SEMA6A p.287G>A glysine amino acid
in other orthologs.
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Family C

3.6.3.1. Pedigree analysis
A family referred as ―C‖ with Parkinson‘s disease phenotype, are the resident of
district Kohat of Khyber Pakhtunkhwa province of Pakistan. Most of the people living
there belong to famous Khattak family. The family was highly educated and in most
of the cases the income is based on government service. All the members of the
family were economically stable and educated.
The family ―C‖ was traced back to three generations which consists of nineteen
individuals, among them eleven were alive and eight were dead at the time of data
collection (Figure17). There were two affected participant; one male and one female
(III:1, III:4). Patient III: 1was first identified with late onset Parkinson‘s disease stage
3 according to Hoehn and Yahr staging for Parkinson‘s disease. During clinical
examination and collecting information he recorded family positive family history and
therefore he was labeled as proband. He helped in invitation of the remaining family
members for clinical examination. The proband had only one sister who was affected,
and two normal brothers Pedigree analysis is strongly suggestive of autosomal
recessive prototype of heritage. Blood samples were collected from six participant of
the study, among them four were normal (II:1, II:5, III:2, III:5 and two affected (III:1
and III:4).
3.6.3.2. Clinical findings
Two siblings developed clinical signs and symptoms of Parkinson‘s disease. The two
other siblings had no clinical symptoms. Four of the six participants were diagnosed
at the time of initial neurological examinations, without exhibiting any clinical
symptoms.
The proband developed unilateral rigidity and right hand resting tremors in the
previous year. His birth and developmental histories were unremarkable; however, he
reported a positive family history with his sister‘s known clinical diagnosis of PD 6
years ago. Both the affected participants have nearly same age of affection indicating
high penetrance of the underlying genetic cause. On examination, the proband III: 1
had decreased facial expression and 1/4 hypophonia, 3/4 bradykinesia and 3/4 rigidity
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tremors in action and rest tremors 4/4 unilaterally on UPDSR-III scale. These
symptoms were more prominent on the right side. Brain MRI, EEG and serological
investigations including 24 hour urine copper and serum ceruloplasmin were
unremarkable for the living affected pedigree members.
The detail clinical symptoms are shown in table 17.

Figure 17: Pedigree of family C with Parkinson’s disease.
Males are represented by squares and the females are represented by circles. The affected participants
are represented by filled square and circles. A line crossing the square or circle indicates the deceased
individual.

Table 15: Genes and mutation from the whole genome sequencing for family C.
Chrom

Wild

Gene

Variant ID

Type

osome

Position

type

Mutant

Comments

ERBB4

rs76603692

SNP

2

212576777

A

C

Excluded

EIF4G1

rs35629949

SNP

3

184045397

C

G

Excluded

PARK2

rs150562946

SNP

6

162206909

G

A

Excluded

TH

Novel

SNP

11

2189831

G

A

Excluded

SPG11

rs312262720

Indel

15

44949427

CAT

C

Excluded

IKZF4

Novel

SNP

12

56427034

G

A

Excluded

AAK1

Novel

SNP

2

69723170

G

C

Cosegregated

TIMELESS

Novel

SNP

12

56827706

G

T

Excluded

EEF2K

Novel

SNP

16

22274431

G

A

Excluded

USP6

Novel

SNP

17

5037239

G

A

Excluded

PPFIA2

Novel

SNP

12

81675225

G

A

Excluded
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3.6.3.3. Identification of disease gene
In the present study, the family ―C‖ was excluded for the known loci by conventional
linkage analysis (section: 2.2.6.8). Following exclusion the proband was selected for
Whole-genome sequencing (WGS). The whole genome sequencing was done in the
core facility of German Cancer Research Center (DKFZ). The data were analyzed
(section: 2.2.6.9). Whole genome sequencing (WGS) identified ~ 4.9 million unique
variants per genome, against the alignment of Reference assembly GRCh37 (98%).
The variation includes 3.9 million single-nucleotide variants (SNVs) and 0.8 million
variation either insertion or deletions (Indels). Those rare variants (n=133,627)
coding, splicing and regulatory having minor allele frequency MAF <0.01 were
analysed further. These were further prioritized on the basis of involvement of the
candidates‘ gene and integration of available clinical and genetic information. To
this end, we considered variants (1) complying with the presumed mode of
inheritance in the family, (2) severity prediction by SIFT (Ng and Henikoff, 2003),
PolyPhen2 (Adzhubei et al., 2010) and CADD (Kircher et al., 2014), and (3) absent in
family control. Thereby, we identified mutations (table 15) in eleven genes in family
C. Sanger sequencing of genomic regions harboring candidate variant was performed
for all available family members.
a.

Sanger sequencing and Segregation of mutation with AAK1

For confirmation of mutations in additional affected family members and segregation
analysis bidirectional Sanger sequencing was performed using corresponding M13tailed pre-designed primer pairs purchased from Thermo Fisher Scientific, Inc.
(Walthman, MA). A list of genes ERBB4, EIF4G1, PARK2, TH, IKZF4, TIMELESS,
EEF2K, USP6, PPFIA2, SPG11 and AAK1were sequenced in all the participant of the
study.
The mutation (exon17:c.C2312G:p.771P>R) in the AAK1 segregated with the disease
figure 18 A. This is a novel gene linked to the late onset Parkinson‘s disease in this
family. This gene is highly expressed in the brain. AAK1 is required for the Axon and
spine development. Site directed mutagenesis and rat brain studies have shown that
mutated AAK1 when expressed in primary hippocampal neuronal culture showed low
density of axon and dendrites (Ultanir et al., 2012). AAK1 protein is also required for
the clathrin-mediated synaptic vesicles formation. Thus the mutated AAK1 is
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incapable of vesicle formation leading to the pathology in C elegans model (Usenovic
et al., 2012).
b.

Conservation Analysis

The missense mutation AAK1exon17:c.C2312G replaces proline with arginine
(p.771P>R) in a position is evolutionary conserved among mammalian and other
species in this position figure 18 B.

A

B

Figure 18: (A) Mutation analysis of the (exon17:c.C2312G:p.771P>R) AAK1
showed that homozygous mutation is segregated with Parkinson’s disease in
family C.
III:1 and III:4 are the affected homozygous while II:1, III:5 are normal and II:5, III:2are carrier. The
position of mutation is shown with arrow. The codons are mentioned on the top of each
electropherogram.
B Evolutionary conservation of AAK1 p.771P>R proline amino acid in other orthologs.
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Family D

3.6.4.1. Pedigree Analysis
A family referred as ―D‖ with Parkinson‘s disease phenotype, lives in district
Rawalpindi Punjab province of Pakistan. They belong to the famous Rajput family.
The family had educated background and was electrician by profession.
The family ―D‖ was traced back to three generations which consists of sixteen
individuals, among them eight were alive and eight were deceased at the time of
invitation to participate in the study (Figure19). The affected participants of the study
were four, among them three were females and two were males. Individual II:4 first
reported to the hospital with gait difficulty and diagnosed with Parkinson‘s disease,
therefore, therefore he was labeled as proband and he helped to invite the remaining
members of the family to participate in the study. The generation II and III of the
pedigree is having the affected persons while the clinical record of generation I could
not be traced out. The proband also has two sisters affected at late age but were
deceased at the time of data and blood collection. The proband II:4 had one affected
daughter. She developed Parkinson‘s at the age of 33 years. Pedigree analysis is
strongly suggestive of autosomal dominant prototype of heritage. The blood samples
were collected from four participant of the family D, among them two were normal
(II: 3, III: 1) and two affected (II: 4 III: 2).
3.6.4.2. Clinical findings
Two siblings (II:4, III:2) developed clinical signs and symptoms of Parkinson‘s
disease. The four other siblings had no clinical symptoms. Two of the four
participants (both males) were diagnosed at the time of initial neurological
examinations, without exhibiting any clinical symptoms.
The proband (II: 4) developed bradykinesia and difficulty in walking one year ago.
His birth and developmental histories were unremarkable; however he reported
a positive family history with at least three additional first degree family members
(deceased sisters and alive daughter) with known clinical diagnosis of PD. The
clinical history of the proband was retrieved from hospital record. The mentioned age
of onset of disease was 69 years and he was diagnosed of stage 3 Parkinson‘s disease
with 115 UPDRS score. The available clinical histories were similar in all affected
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members indicating high penetrance of the underlying genetic cause. On examination,
the proband II: 4 had decreased facial expression and 1/4 hypophonia, 2/4
bradykinesia and 2/4 rigidity bilaterally on UPDSR-III scale. There was history of
loss of postural reflexes, difficulty in initiating the steps and small steps and low
memory. The severity of the memory status was found out by Mini-Mental state
examination. The score was 27/30 indicating mild memory loss.

Figure 19: Pedigree of family D with A-typical Parkinson’s disease.
Males are represented by squares and the females are represented by circles. The affected participants
are represented by filled square and circles. A line crossing the square or circle indicates the deceased
individual.

3.6.4.3. Magnetic Resonance Imaging (MRI)
MRI scans of the proband reveal multiple Hyperintense non-confluent abnormal
signal foci predominantly in Bi-frontal deep white matter. Few similar abnormal
signal foci in subcortical white matter of left parietal region as well as Right sided
external and extreme capsules in T2 weighted and FLAIR sequences were also
observed. The Basal ganglia including lentiform nuclei, caudate as well as mid-brain
and pons appear to be spared. Associated is atrophied corpus callosum more
pronounced in its body region adjacent to posterior cingulate gyrus. There was also
generalized brain atrophy predominantly in the frontal and parietal regions as evident
by prominent sulci & ventricular chain Figure 20.
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3.6.4.4. Identification of disease gene
In the present study, the family ―D‖ was excluded for the known loci by conventional
linkage analysis (section: 2.2.6.8). Following exclusion the proband was selected for
Whole-genome sequencing (WGS). The whole genome sequencing was done in the
core facility of German Cancer Research Center (DKFZ). The data were analyzed
(section: 2.2.6.9). Whole genome sequencing (WGS) identified ~ 4.9 million unique
variants per genome, against the alignment of Reference assembly GRCh37 (98%).
The variation includes 3.9 million single-nucleotide variants (SNVs) and 0.8 million
variation either insertion or deletions (Indels). Those rare variants (n=133,627)
coding, splicing and regulatory having minor allele frequency MAF <0.01 were
analysed further. These were further prioritized on the basis of involvement of the
candidates‘ gene and integration of available clinical and genetic information. To
this end, we considered variants (1) complying with the presumed mode of
inheritance in the family, (2) severity prediction by SIFT (Ng and Henikoff, 2003),
PolyPhen2 (Adzhubei et al., 2010) and CADD (Kircher et al., 2014), and (3) absent
in family control. Thereby, we identified mutations (table 16) in twelve genes in
family D. Sanger sequencing of genomic regions harboring candidate variant was
performed for all available family members.
a.

Sanger sequencing and Segregation of mutation with CSF1R

For confirmation of mutations in additional affected family members and segregation
analysis, bidirectional Sanger sequencing was performed using corresponding M13tailed pre-designed primer pairs purchased from Thermo Fisher Scientific, Inc.
(Walthman, MA). ATXN1, ATXN3, DDHD1, ERCC6, GAN, HTT, MLC1, NOP56,
SLC5A2, SMPD1, TMEM67 and CSF1R were sequenced in all participants of the
study. The mutation (exon8:c.G1237A:p. 413SG>S) in CSF1R segregates with the
disease figure 21 A.
b.

Conservation Analysis

The missense mutation (c.1237G>A) in CSF1R replaces Glycine with a Serine
(p.G413S). Serine is evolutionary conserved among mammalian and other species in
this position figure 21B.
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Figure 20: MRI scan of the proband (A-F) of HDLS cases with CSF1R mutations
T2 FLAIR MRI images T2-weighted MRI image.
A, B: Localized, periventricular, deep and subcortical white matter lesions (WML), indicated with
arrows. C,D: Bilateral frontoparietal WML involving periventricular, deep, and subcortical areas with
U-fiber sparing. E, F: Involvement of the corticospinal tracts bilaterally (arrows) at the level of the
mesencephalon.
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Table 16: Genes and mutation from the whole genome sequencing of family D
Gene

Variant ID Type Chromosome Position

ATXN1

rs11969612 SNP 6

Wild type Mutant

16327915 A

C

Comments
Excluded

CGCTGCT
GCTGCT
ATXN3

Novel

Indel 14

92537353 C

GCTGCT

Excluded

CSF1R rs34951517 SNP 5

149449827 C

T

Cosegregated

DDHD1 Novel

SNP 14

53619551 T

C

Excluded

ERCC6 Novel

SNP 10

50678453 T

G

Excluded

GAN

Novel

SNP 16

81388010 A

G

Excluded

HTT

Novel

SNP 4

3237353

C

T

Excluded

MLC1

rs11568178 SNP 22

50512731 C

T

Excluded

NOP56

Novel

SNP 20

2638849

A

C

Excluded

SLC5A2 Novel

SNP 16

31500224 T

C

Excluded

SMPD1 Novel

Indel 11

6411930

CCTGGCG Excluded

TMEM67 Novel

SNP 8

94793970 C

C

T

Excluded

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population Page 110

Chapter 3

Results

Figure 21: (A) Mutation analysis of the (exon8:c.1237G>A: p.G413S) CSF1R.
The heterozygous mutation is segregated with Parkinson‘s disease. II: 4 and III: 2 are the affected
heterozygous while II:3 and III:1 homozygous normal. The position of mutation is shown with arrow.
The codons are mentioned on the top of each electropherogram. (B) Evolutionary conservation of
CSF1R p.G413S, Glycine amino acid in other orthologs.
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Table 17: Summary of the clinical findings of the Parkinsonian features of the
families AB, C and D
Family A
Generation-case
Symptoms and Clinical Details

II:4

III:6

III:7

Age of onset of Disease

65 Years

65 Years

60 Years

Hoehn and Yahr scale Stage

Stage IV

Stage 2.5

U

UPDRS Score

144

82

7

Mentation, Behavior, Mood

+++

+

0

Speech problems

++

+

0

Sialorrhoea

++

0

0

Tremor

+

+

+

Rigidity

+++

++

+

Gait difficulty

+++

++

+

Postural instability

++++

++

0

T/G Score

<1

<1

1

T/P Score

<1

<1

1

Bradykinesia

++++

+++

0

On–off phenomena

U

N

N

Freezing

U

+

0

Falls

U

+

0

l-dopa-induced dyskinesia

U

N

0

Wearing off

++

+

N

Other complications

+++

++

N

Family B
Generation-case
Symptoms and Clinical Details

II:1

III:3

III:4

Age of onset of Disease

40 Years

25 Years

25 Years

Hoehn and Yahr scale Stage

3

1

1

UPDRS Score

85

12

9

Mentation, Behavior, Mood

U

0

0

Speech problems

U

0

0

Sialorrhoea

U

0

0
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Tremor

U

+

+

Rigidity

U

+

+

Gait difficulty

U

0

0

Postural instability

U

0

0

T/G Score

U

>1

>1

T/P Score

U

>1

>1

Bradykinesia

U

0

0

On–off phenomena

U

N

N

Freezing

U

N

N

Falls

U

N

N

l-dopa-induced dyskinesia

U

N

N

Wearing off

U

0

0

Other complications

U

0

0

Family C
Generation-case
Symptoms and Clinical Details

III:1

III:4

Age of onset of Disease

61 Years

55 Years

Hoehn and Yahr scale Stage

2

3

UPDRS Score

78

97

Mentation, Behavior, Mood

0

+

Speech problems

0

0

Sialorrhoea

0

0

Tremor

+++

+++

Rigidity

++

++

Gait difficulty

++

++

Postural instability

++

++

T/G Score

<1

<1

T/P Score

<1

<1

Bradykinesia

+

++

On–off phenomena

0

0

Freezing

0

0

Falls

0

0

l-dopa-induced dyskinesia

0

+

Wearing off

0

+

Other complications

0

0
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Family D
Generation-case
Symptoms and Clinical Details

II:4

III:2

Age of onset of Disease

69 Years

33 Years

Hoehn and Yahr scale Stage

3

2

UPDRS Score

78

97

Mentation, Behavior, Mood

++

+

Speech problems

0

0

Sialorrhoea

0

0

Tremor

+

+

Rigidity

+++

+

Gait difficulty

+++

+

Postural instability

+++

+

T/G Score

<1

<1

T/P Score

<1

<1

Bradykinesia

+++

+

On–off phenomena

0

0

Freezing

++

0

Falls

+

0

l-dopa-induced dyskinesia

0

0

Wearing off

0

0

Other complications

0

0
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Family E

3.6.5.1. Pedigree Analysis
A family referred as ―E‖ with Wilson‘s disease phenotype, are the resident of district
Shangla, Khyber Pakhtunkhwa province of Pakistan. They are descendants of the
Gujjar family. The family had low economical status and farmer by profession. The
family is poor and cannot afford the expenses of education, so the family is
uneducated.
The family ―E‖ was traced back to two generations which consists of seven
individuals, all of them are alive (Figure22).Two members were affected both were
male. Individual II:1 was first diagnosed with Wilson‘s disease, therefore, therefore
he was labeled as proband and he provide all the clinical and genetic information of
the family E. Generation II of the family had affected persons. The proband (II:1) had
one affected brother. Pedigree analysis is strongly suggestive of autosomal recessive
prototype of heritage. Blood samples from five individuals including parents (I:1, I:2)
two affected and one normal brother (II:1, II:2, II:3) of family E were collected.
3.6.5.2. Clinical findings
Expert neurologists in the hospital examine all the affected members of family
members for neurological signs. It revealed that affected members of the family have
rest tremor, rigidity, flexed posture, bradykinesia, loss of postural reflexes and
difficulty in initiating the steps. The detailed clinical symptoms and score are shown
in table 19. To establish differential diagnosis examination of the KF ring was carried
out. Complete blood picture and serum ALT was done to exclude the possibility of
the Wilson‘s disease. As the disease was neurological Wilson‘s disease, it was
difficult to differentiate on the basis of clinical examination. The patient was labeled
as Juvenile Parkinson‘s disease by neurologist on the basis of Parkinsonian features
and absence of KF ring and other investigation.
3.6.5.3. Identification of disease gene
The proband was selected for analysis. The whole genome sequencing was done in
the core facility of German Cancer Research Center (DKFZ) (section: 2.2.6.9). The
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data was analyzed (section: 2.2.6.9). Whole genome sequencing (WGS) identified ~
4.9 million unique variants per genome, against the alignment of Reference assembly
GRCh37 (98%). The variation includes 3.9 million single-nucleotide variants (SNVs)
and 0.8 million variation either insertion or deletions (Indels). Those rare variants
(n=133,627) coding, splicing and regulatory having minor allele frequency MAF
<0.01 were analysed further. These were further prioritized on the basis of
involvement of the candidates‘ gene and integration of available clinical and
genetic information. To this end, we considered variants (1) complying with the
presumed mode of inheritance in the family, (2) severity prediction by SIFT (Ng
and Henikoff, 2003), PolyPhen2 (Adzhubei et al., 2010) and CADD (Kircher et al.,
2014), and (3) absent in family control. Thereby, we identified mutations (table
18) in eight genes in family E. Sanger sequencing of genomic regions harboring
candidate variant was performed for all available family members.
a.

Sanger sequencing and Segregation of mutation with ATP7B

Analyzing the data results a number of mutations were observed as shown in table 18.
For selecting the candidate genes for further analysis the pedigree was reconsidered
and homozygous mutations were selected. Two genes ATXN3 and ATP7B were
selected and investigated through Sanger sequencing. Trinucleotide repeat in ATXN3
is responsible for spinocerebellar ataxia and 18 to 35 trinucleotides were found to be
non-pathogenic. Although the remaining individuals were screened for the
trinucleotide but their numbers were not in the range of pathogenic repeats.
The second homozygous mutation was found in the ATP7B (c.2930C>T) gene. The
ATP7B c.2930C>T mutation was screened by PCR amplification and direct DNA
sequencing of the identified target region from DNA of both normal and affected
individuals of family. In the proband II:1, and affected individual II:2, homozygous
mutations was confirmed. The mother, father and unaffected sibling were all found to
be heterozygous for the c.2930C>T mutation. This is a recurrent mutation resulting in
a substitution of Threonine to methionine at position 977 of its protein. The mutation
is found in the exon 13.
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Figure 22: Pedigree of Family E with Wilson’s disease.
Males are represented by squares and the females are represented by circles. The affected participants
are represented by filled square and circles. A line crossing the square or circle indicates the deceased
individual.

Table 18: Genes and mutation from the whole genome sequencing for family E.
Chrom

Wild

Gene

Variant ID Type osome Position

ATP7B

Known

SNP 13

type

52520550 G

Mutant

Comments

A

Cosegregated

CCTGCTGC
ATXN3

Novel

Indel 14

92537354 C

TGCTGCTG Tested

BSCL2

Novel

Indel 11

62458141 TCTC T

Not Tested

JPH3

Novel

Indel 16

87637893 C

CCTG

Not Tested

RPGRIP1L Novel

SNP 16

53729243 A

G

Not Tested

SMPD1

Novel

SNP 11

6415628

C

T

Not Tested

TSEN2

Novel

SNP 3

12544913 A

T

Not Tested

VPS37A

rs17502618 SNP 8

17132441 A

T

Not Tested
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Figure 23: (A) Sanger sequencing confirmation of the ATP7B c.2930C>T variant
in the family members.
Affected individuals (II: 1 and II: 2) are homozygous for c.2930C>T (p.T977M) mutation (indicated by
an arrow), whereas parents and unaffected sibling are heterozygous for this variant. (B) Eye images of
affected individuals II:1 and II:2. Kayser-Fleischer ring in indicated by an arrowhead.
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Table 19: Clinical details of the patients of family E
Feature

Case ID
II.1

II:2

Gender

M

M

Age at onset of disease

21

19

Laboratory findings

Hemoglobin = 11.5 g/dL

Hemoglobin = 13.2 g/dL

TLC = 8600

TLC = 7900

No liver disease

No liver disease

ALT = 40 IU/L

ALT = 36 IU/L

Ceruloplasmin = 3 mg/dL

Ceruloplasmin
tested

Hepatic symptoms

Ocular symptoms

Neurological symptoms

§

not

No Kayser-Fleischer rings No
Kayser-Fleischer
§
at first presentation
rings
at
first
§
presentation
No sunflower cataracts

No sunflower cataracts

Parkinson-like gait*

Parkinson-like gait

(Bradykinesia,
rigidity)
Psychiatric symptoms

=

Negative

tremor, (Bradykinesia,
rigidity)

tremor,

Negative

AT first presentation Kayser-Fleischer rings was absents it develops after one year
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Family F

3.6.6.1. Pedigree Analysis
A family referred as ―F‖ with Movement disability, lives in district Okara of Punjab
province of Pakistan. They are the descendants of the Arain tribe. The family belongs
to upper middle class socioeconomic status. Some of the family members are
educated up-to matric level while most of the family members are uneducated. The
family is very much interested to maintain the family structure therefore they are
involved in consanguineous marriages.
The family ―F‖ was traced back to four generations which consists of twenty-one
individuals, among them seven were alive and fourteen were deceased at the time of
invitation to participate in the study (Figure 24). Two sisters in the family were
affected. The patient V: 2 was first presented altered gait and therefore, therefore she
was labeled as proband and she helped in tracing this disease in the family F. The
generations V have the affected sisters as indicated in the pedigree. Pedigree analysis
is strongly suggestive of autosomal recessive prototype of heritage. Blood samples
from five individuals were collected including the parents (IV:1, IV:2) and one
normal brother (V:1) of the affected participants (V:2, V:3).
3.6.6.2. Clinical findings
Expert neurologists in the hospital examine all the affected members of family
members for neurological signs. It revealed that mild developmental delay was
apparent within the first years of life of the affected members of the family.
Neurological examination revealed mild spasticity, brisk deep-tendon reflexes, widebased gait, exotropia, and nystagmus on vertical end gaze.
3.6.6.3. Magnetic Resonance Imaging (MRI)
The MRI scan of both patients reveal mild almost symmetrical white matter
dysmyelinating changes along the bodies and posterior horns of lateral ventricle with
mild changes adjacent to the frontal horns of lateral ventricles. These linear abnormal
white matter signals give tigroid pattern figure 25.
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Figure 24: Pedigree of family F with motor deficit.
Males are represented by squares and the females are represented by circles. The affected participants
are represented by filled square and circles. A line crossing the square or circle indicates the deceased
individual.

Figure 25: MRI scan of the affected participant indicating the hyperintense areas
of the brain.
V:2 (A,B) and V:3 (C,D) T2 weighted and FLAIR sequences show symmetrical white demyelination in
periventricular region adjacent to the frontal horns, bodies and atrium of lateral ventricles. Symmetrical
periventricular white matter demyelination indicated with arrows.
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3.6.6.4. Identification of disease gene
In the present study, the family ―F‖ was excluded for the known loci by conventional
linkage analysis (section: 2.2.6.8). Following exclusion the proband was selected for
Whole-genome sequencing (WGS). The whole genome sequencing was done in the
core facility of German Cancer Research Center (DKFZ). The data were analyzed
(section: 2.2.6.9). Whole genome sequencing (WGS) identified ~ 4.9 million unique
variants per genome, against the alignment of Reference assembly GRCh37 (98%).
The variation includes 3.9 million single-nucleotide variants (SNVs) and 0.8 million
variation either insertion or deletions (Indels). Those rare variants (n=133,627)
coding, splicing and regulatory having minor allele frequency MAF <0.01 were
analysed further. These were further prioritized on the basis of involvement of the
candidates‘ gene and integration of available clinical and genetic information. To
this end, we considered variants (1) complying with the presumed mode of
inheritance in the family, (2) severity prediction by SIFT (Ng and Henikoff, 2003),
PolyPhen2 (Adzhubei et al., 2010) and CADD (Kircher et al., 2014), and (3) absent
in family control. Thereby, we identified mutations (table 20) in nine genes family
F. Sanger sequencing of genomic regions harboring candidate variant was performed
for all available family members.
the mutations (table 20) were identified and verified by bidirectional Sanger
sequencing.
a.

Sanger sequencing and Segregation of mutation with GPR56
g.57654049 G>C splice site and PCLO genes

For confirmation of mutations in additional affected family members and segregation
analysis, bidirectional Sanger sequencing was performed using corresponding M13tailed pre-designed primer pairs purchased from Thermo Fisher Scientific, Inc.
(Walthman, MA). A list of genes DUSP27, GPR116, JPH3, NEFH, NKX2-1,
PPP2R2B, SISHA3 GPR56 and PCLO were sequenced in all the participants of the
study.
The mutation (g.57654049 G>C splice site) GPR56 and (exon3:c.G2473A:p.A825T)
in PCLO segregated with the disease figure 26 A. The GPR56 is involved in
polymicrogyria and PCLO is involved in pontocerebellar hypoplasia.
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b.

Functional Analysis of the GPR56 g.57654049 G>C splice site
mutation

The splice site mutation was tested by minigene assay. The DNA was amplified by
PCR and the insert was prepared. The vector containing mutation was transfected into
HEK293 cells. The cells were cultured, mRNA isolated and cDNA was prepared for
RT-PCR amplification. The splicing for two types of fragment insert was tested.
There were two normal and two mutant type vectors. The normal and mutant type (A)
having the fragment containing only exon2, while the type (B) had the fragment
containing exon 2 and 3 both. The cDNA from both type A and B of the normal and
mutated sequence and empty vector were separated by 2% agarose gel
electrophoresis. Both normal and mutated fragments were of the same band size. The
bands were cut with knife and purified bands were sequenced. Both normal and
mutated fragment had the same sequence as shown in figure 27. Hence from the same
band size and sequencing results it was proved that there is no defect in splicing and
GPR56 g.57654049 G>C is non-pathogenic. In vitro analysis of the GPR56
g.57654049 G>C and co segregation of the PCLO exon3:c.G2473A:p.A825T is
suggestive of novel mutation.
c.

Conservation Analysis

The missense mutation (exon3:c.G2473A) PCLO replaces arginine with threonine
(p.825A>T) in this position is evolutionary conserved among mammalian and other
species in this position figure 26 B.
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Table 20: Genes and mutation from the whole genome sequencing for family F
Variant
Gene

ID

DUSP27 Novel

Type Chromosome Position
SNP

1

Wild type

167086657 G

Mutant Comments
A

Excluded

TTGCTGC
GPR116

Novel

Indel 6

46874418 TGCTGC

T

Excluded

GPR56

Novel

SNP 16

57654049 G

C

Cosegregated

CCTG
JPH3

Novel

Indel 16

87637893 C

NEFH

Novel

SNP

22

29885806 T

A

Excluded

NKX2-1

Novel

SNP

14

36986913 A

T

Excluded

PCLO

Novel

SNP 7

82764393 C

T

Cosegregated

CTG

Excluded

AGCTG
PPP2R2B Novel

Indel 5

146258290 A

CTGCT Excluded

SHISA3

SNP

42403209 C

T

Novel

4

Excluded
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Figure 26: (A) Mutation analysis of the (exon3:c.G2473A:p.A825T) PCLO
showed that homozygous mutation is segregated with movement deficit disease in
family F.
V:2 and V:3 are the affected homozygous while IV:1, IV:2 and V:1 are carrier The position of mutation
is shown with arrow. The codons are mentioned on the top of each electropherogram. B: Evolutionary
conservation of exon3:c.G2473A:p.A825T showed that Alanine is highly conserved in the position.
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Figure 27: The minigene assay of the GPR56 g.57654049 G>C shows no

effect on splicing indicated by the amplified PCR and sequencing of the
c.DNA.
Both constructs wild type and mutant type A, do have the sequence of exon 2 shows no
difference in splicing as indicated by the band size of 262 bp. The empty vector also has the
same size 262bp as indicated by C. The construct B of both the wild type and mutant have the
sequence of Exon 2 and 3 of the gene. It also does not show any affect on splicing as
indicated by the lane B of both the wild type and mutant band size. The results were also
confirmed by sanger sequencing as shown.
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Discussion

Neurodegenerative diseases are a heterogeneous group of diseases caused by the
death of neurons and glial cells due to toxic accumulation of abnormal protein,
impaired metabolism and removal of accumulated proteins (Soto, 2003). These
diseases are caused by either genetic alteration or by a combination of genetic and
environmental risks. Furthermore these diseases follow the classical Mendelian and
non-Mendelian pattern of inheritance hence are classified as multi-factorial diseases.
Some of the neurodegenerative diseases are more common and are prevalent in
certain populations than the others. Parkinson‘s and Alzheimer disease is more
common while others are rare neurodegenerative diseases (Lila, 2007). The present
study includes Parkinson‘s disease both sporadic and familial, as well as rare
neurodegenerative movement disorders in Pakistani population. One hundred and
seventy four patients of sporadic Parkinson‘s disease, two hundred normal controls,
three families of Parkinson‘s disease, one a-typical Parkinson‘s disease, one family of
neurological Wilson‘s disease and one family of rare neurodegenerative movement
disorder was included in this study.

4.1. Clinical and demographic factors in Pakistani PD patients
The sporadic Parkinson‘s disease was used for the elucidation of the risk loci and
families were analyzed to find the causative gene in Pakistani population. The clinical
and demographic data of the patients were also recorded and analyzed. Among 174
PD patients 124(83.78%) were males and 50(33.78%) were females. The low
frequency in female as compared to the male may be due to the neuro-protection by
estrogen and x-linkage of the genetic risk factors (Wooten et al., 2004). This finding
is consistent with previous reports (Falcone et al., 2011; Khealani and Baig, 2006;
Van Den Eeden et al., 2003; Wooten, 2004). The patients were distributed among the
groups according to the disease onset age (Ferguson et al., 2016). There were
101(68.24%) patients with late onset Parkinson‘s disease. The early onset Parkinson‘s
patients were 45 and 5(3.4%) patients were with juvenile Parkinson‘s disease. Late
onset PD is more prevalent than early onset as reported previously (Van Den Eeden et
al., 2003).
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According to the modified Hoehn and Yahr Scale the patients were classified into
seven groups to assess the severity of the disease. There were 2(1.35%) patients in
stage 1, 5(3.37%) in stage 1.5, 24(16.21%) in stage 2, 13(8.78%) in stage 2.5,
32(21.62%) in stage 3, 31(20.94%) in stage 4 and 45(30.40%) in stage 5. The
increased numbers of patients were in later stages of the disease because of the lack of
awareness and treatment facilities in Pakistan.

4.2. Risk loci of PD in Pakistani Patients
SNCA, LRRK2, PARK7 and CYP2D6 gene single nucleotide variants (SNPs)
previously associated with sporadic PD in several studies worldwide including some
Asian populations. Genotyping of three SNCA SNPs; rs104893875 (G>A),
rs104893877 (G>A), rs104893878 (G>C) five LRRK2 SNPs; rs34805604 (A>G),
rs33939927 (C>G/T), rs35870237 (T>C), rs34637584 (G>A), rs34778348 (G>A),
one PARK7; rs74315354 (G>A) and one CYP2D6 rs3892097 (CYP2D6*4) was
performed. These SNPs were selected due to their higher overall contribution to PD
susceptibility (Odds ratio 0.67-17) and their prevalence in different populations
including some Asian population (Gopalai et al., 2014; Rubio et al., 2012). The results
of each gene are discussed below separately.

4.2.1.

SNCA

SNCA (Alpha-Synuclein) protein is highly expressed in the brain. The postulated
function of the proteins is vesicle formation for the storage and transportation of
dopamine. The dopamine is a neurotransmitter which is required for smooth and
coordinated movement of the body. Mutated α-Synuclein cannot make vesicles and
thus forms aggregates which are hallmark of Parkinson‘s disease (Pandey et al.,
2006). rs104893875 (G>A) polymorphism was first linked with Parkinson‘s disease
in a multi-generational Spanish family (Zarranz et al., 2004). Similarly, rs104893877
(G>A) was first reported in Swedish family with the disease (Puschmann et al., 2009).
The same polymorphism was also found in small Korean family confirming the
evidence of pathogenesis (Ki et al., 2007). rs104893878 (G>C) was first reported in a
family suggestive of autosomal dominant Parkinson‘s disease. The PET scan of the
family harboring the rs104893878 (G>C) polymorphism showed decreased F-DOPA
uptake into the caudate nucleus and putamen. Hypo-metabolism was also found in
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frontal, parietal and left temporal cortex. Clinical re-evaluation confirmed the memory
loss and decrease in intelligence (Krüger et al., 2001).
Therefore these three variations were selected to study the role of SNCA in the
Pakistani population. A case-control study was done. All the patients and controls
were screened for the mentioned SNPs but no polymorph was detected in either
patients or controls. The absence of polymorphism in the SNCA gene was also
reported previously in the Indian population (Gai et al., 2014). The absence SNCA
polymorphisms in Indian and Pakistani population could be due to the related
geographical and ethnic distribution. The absence of polymorphism in the SNCA gene
was also reported previously in another Indian study (Nagar et al., 2001). Studies
from the United States (Chan et al., 1998), the United Kingdom (Warner and
Schapira, 1998) and Russia (Illarioshkin et al., 2000) also reported that SNCA
polymorphisms are not the cause of PD in those populations. In a Greek population,
the absence of polymorphisms in SNCA suggest no role of this gene in PD
(Xiromerisiou et al., 2007). Lack of SNCA polymorphisms was also reported in a
study from a European population (Vaughan et al., 1998). In a study on the Chinese
Han population, the absence of SNCA polymorphisms has also been reported (Deng et
al., 2014). The absence of polymorphisms in the Indian, Chinese and Pakistani
population suggest the general absence of SNCA polymorphisms in Asian population.
The presence, absence and geographical or ethnic distribution of polymorphisms is
not limited to SNCA only but has also been reported in other genes. Li et al., (2005)
reported the geographic and ethnic distribution of two polymorphisms (D/N394 and
L/I272) of the Parkin gene in sporadic Parkinson‘s disease (Li et al., 2005). Similarly,
Binia et al., (2014) and Wang et al., (2016) reported the ethnic and geographical
distribution of the MTHFR polymorphism (Binia et al., 2014; Wang et al., 2016).
Such geographical distribution of SNPs also helps to identify the ancestries (Sampson
et al., 2011). To our knowledge this is the first study suggesting the absence of SNCA
polymorphisms in the Pakistani population in PD patients. Thus SNCA
polymorphisms have a very limited role in causing PD if any.

4.2.2.

LRRK2

LRRK2 belongs to the protein family known as ROCO family. This class of protein is
composed of multi-domain which consists of ROC (ROS of complex protein) domain.
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This domain of proteins is composed of nearly 200-250 amino acids. Next to the ROC
(ROS of complex protein) domain, is COR (C terminal of ROC) which is composed
of 300-400 amino acids. Kinase domain is the next connecting domain to ROC and
COR domains. Various protein-protein interaction motifs (WD domain) are also an
important domain of the ROCO proteins. The SNPs rs34637584 and rs35870237 lie
in the kinase domain of the protein and affect the activation segment of the kinase
resulting in pathology. The kinase domain phosphorylates and activates the other
proteins to interact with each other. Its polymorphism was not detected in any
individual. All patients and controls were homozygous for the major allele and none
of the sample was positive for minor allele. The SNPs rs34805604 and rs33939927
are present in the LRRK domain. These polymorphisms were also not detected in any
individual. All patients and controls were homozygous for the major allele.
In the present study I have tried to dissect the role of LRRK2 as a candidate and
susceptibility genes in PD pathogenesis among Pakistani population. The most
common genetic SNPs in sporadic and familial Parkinson were selected and screened
in a cohort of 174 sporadic Parkinson‘s disease patients and 200 ethnically matched
controls. We did not find any of these screened SNPs. rs34805604 (A>G) was not
found in our cohort of patients which is similar to Polish (Bialecka et al., 2005),
Taiwanese (Lu et al., 2005), and Indian studies (Punia et al., 2006). The SNP is
common in Europeans and Japanese population (Berg et al., 2005; Zimprich et al.,
2004b). Similarly rs33939927 (C>G/T) was also absent in the studied group of
patients, the findings are consistent with portuguese and Indian population (Bras et
al., 2005; Sadhukhan et al., 2012b). These results are similar to Eastern India and
North Indian studies (Sanyal et al., 2010). Portuguese population also evident with
only one of the above mention variant highlighting its absence (Bras et al., 2005).
These studies supports the results of present study, as no variant was detected for
rs33939927 (C>G/T). rs35870237 (T>C) was also not found in the studied
population, similar findings were reported from India (Sadhukhan et al., 2012b;
Sanyal et al., 2010). The absence of rs35870237 was also reported in Taiwanese (Lu
et al., 2005), Polish (Bialecka et al., 2005) and North Indian population (Punia et al.,
2006). Contrary to these findings the SNP is common in Japanese and Europeans
population (Berg, 2005; Funayama et al., 2002; Zimprich et al., 2004b). rs34637584
(G>A) is the most common genetic determinant of the Parkinson‘s disease in both
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familial and sporadic cases. In African Arabs, rs34637584 (G>A), is 40% (Lesage et
al., 2006) but the same variation is absent in Pakistani population. The findings of this
study are similar to the previously published reports from Chinese (Tan et al., 2007)
and Indian populations (Punia et al., 2006). rs34778348(G>A) variation was not
found in this study; however, it is common in Chinese (Tan et al., 2005) and
Malaysian (Gopalai et al., 2014) population but is absent in European Population
(Healy et al., 2008b)
Since most LRRK2 polymorphisms appear to be limited to certain populations in
various geographical locations indicate different ancestry and founder effect (Zabetian
et al., 2006), explains their absence in Pakistani population.
The presence of LRRK2 mutation is different in different population and origins.
Since LRRK2 is the major contributor of pathology in both sporadic and familial
Parkinson‘s disease. The role of LRRK2 cannot be excluded in causing or increasing
the risk of Parkinson‘s disease. However, to establish the screening of LRRK2 as
diagnostic/risk marker needs population specific studies and genetic investigation.
This study highlighting the possibility of the absence of LRRK2 mutation in Pakistani
population hence the screening of LRRK2 in Pakistani PD cases may not be helpful.

4.2.3.

PARK7

DJ1 rs74315354 (G>A) mutation was first identified in Italian family with
Parkinsonism dementia complex. The mutation co-segregated in the family along with
(g.168_185dup) mutation in the promoter region of the DJ1 gene (Annesi et al.,
2005). The study of the DJ1 mutation in the Indian cohort of Parkinson‘s patients
reported different mutations. An Indian study of DJ1 mutations on 308 Parkinson‘s
patient reported the presence of A98G variant associated with Parkinson‘s disease
(Sadhukhan et al., 2012a). The same mutation was also found in control group in
Asian and European populations. The variation was suggested to be associated with
the risk of Parkinson‘s disease in both Indian and European population (Klein et al.,
2005; Sadhukhan et al., 2012a).
As genetic variations in DJ1 gene may cause PD and related disorders, therefore PD
patients in this study were screened for rs74315354 (G>A). A case-control study was
done in 174 patients and 200 age, gender and ethnically matched controls. We did not
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detected any patient or control with the rs74315354 (G>A) polymorphism either in
heterozygous or in homozygous condition. The absence of rs74315354 in the DJ1 was
also reported in a multiethnic study in Chinese, Malaysian and Indian population (Tan
et al., 2004). The absence of this polymorphism in previously mentioned populations
suggests the lack of this polymorphism in Asian population.
The absence of mutation in familial Parkinson‘s disease and small cohort of patients
were also reported in Asian and European origin (Healy et al., 2004). The rareness of
the mutations in DJ1 gene in Parkinson is evident from an American study where only
one patient was carrying frame shift mutation in the first exon and rs74315354 (G>A)
was not detected in any patient. The absence of the mutation in Asian ethnicity and
origin, and segregation and association of the mutation in Italian family is suggestive
that mutation in DJ1 gene is limited to certain ethnic groups.
However, screening for one SNP cannot exclude the probability of the other SNPs in
Pakistani population. Further, screening of the whole gene through sequencing will be
helpful in elucidating the role of DJ1 gene in Parkinson‘s disease in Pakistani
population.

4.2.4.

CYP2D6

CYP2D6 is belongs to the bigger gene family of cytochrome P450. The enzymes and
its isozyme are involved in the metabolism of a variety of substances, both exogenous
and endogenous (Sachse et al., 1997). It is a well known fact and reported previously
that CYP2D6 is expressed predominantly in the liver and plays an important role in
the metabolism of different therapeutic drugs. These includes antidepressants,
analgesic neuroleptics and antiarrhythmics (Cholerton et al., 1992).
As the major organ CYP2D6 enzyme is liver and it is involve in detoxification of
drugs; it is the point of question that how a liver enzyme can be the cause of disease
related to brain (PD) ? Further elucidation and finding answer to the question revealed
that it is involve both in the inactivation of the environmental neurotoxins,
metabolism of the neuro-hormones and signaling molecules. A partial c.DNA that
have 100% sequence homology to CYP2D6 recently been isolated from the nucleus
accumbens, substantia nigra and caudate nucleus in man; docking and other functional
studies find that with neuronal dopamine transporter (Miksys et al., 2002). Individuals
homozygous or heterozygous for CYP2D6 mutations may therefore have lower rates
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of CYP2D6 mediated chemical metabolism in the brain and altered dopamine
homoeostasis.
As CYP2D6 is involved in the detoxification of numbers of chemicals and
endogenous substances, Suzuki et al., (1992) reported the detoxification of
neurotoxins MPTP and 1, 2, 3, 4-tetrahydroisoquinoline (Suzuki et al., 1992).
CYP2D6 *4 is a common variant of the CYP2D6 gene in which G>A shift in exon4
CYP2D6 *4 (1846G>A) occur; encode the enzyme with poor metabolic activity.
Functionally impotent CYP2D6 enzyme may lead to impair metabolic activity, thus
accumulating neurotoxins which damage neuronal cells and ultimately the death of
neurons and other brain cells. Hence carrier of genetically defective CYP2D6
increases the risk of PD and other neurodegenerative diseases.
The present study also proved that CYP2D6*4‖A‖ allele increases the risk of PD in
the studied population. Two reasons are; (1) as Pakistan is agricultural country and the
use of these insecticides and pesticides are common. (2) Other reason of the defective
allele is that CYP2D6*4‖A‖ is common type of poor metabolizer in Pakistani
population (Bashir, 2017).
Some studies reported a modest increase in the risk of Parkinson disease associated
with the CYP2D6 *4 allele, in French population (Lucotte et al., 1996).
The results presented here are consistent with the study in Japanese population where
an increase in risk (∼5 fold) for PD was associated with this polymorphism (Yokota
et al., 1993). Another study in Japanese population showed no association between
the mutant CYP2D6 *4 (1846G>A), and Parkinson disease (Furuno et al., 2001).
Studies in the Caucasians also failed to find such association with the disease (Elbaz
et al., 2004; Kurth and Kurth, 1993; McCann et al., 1997). These results are contrary
to our findings. Higher frequency of CYP2D6 *4 (1846G>A), in PD as compared to
controls were also reported (Singh et al., 2010). This shows that mutant CYP2D6*4 is
a risk factor for Parkinson‘s disease. A study on Korean population found no
association between CYP2D6 *4 (1846G>A), and Parkinson‘s disease (Woo et al.,
2001). The contradiction of findings reported here and previously reports could be
due to difference in population ethnicity.
The CYP2D6*4 defective allele has been reported to be over-represented in patients
with PD (Armstrong et al., 1992). The results are consistent with results of this study.
On the other hand Atkinson et al (Atkinson et al., 1999) found no association between
the CYP2D6 *4 (1846G>A) polymorphism. The results of the mentioned study are
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contrary to the results of this study. In 1999 Bon et al., demonstrated that CYP2D6*4
is associated with a rapid progression of PD resulting in significantly lower survival
in the mutant group (Bon et al., 1999). In Taiwani population there is no significant
difference of the mutant allele between the disease and control group. They also did
not found any association between the CYP2D6*4 (1846G>A) and Parkinson‘s
disease (Lo et al., 1998).
The differences in the results from various reports are mainly because of two reasons;
one is sample size and second is differences in ethnicity. Polymorphism behaves
differentially for the susceptibility of specific disease among different population
because its affects are inducing by environmental, and sociodemographic distribution.
Although there are some studies showing no association between CYP2D6 *4
(1846G>A) and Parkinson‘s disease; however, the present study clearly it is proved
that CYP2D6*4(1846G>A) polymorphism is associated statistically significant and it
increases the risk of PD and hence genetically susceptibility marker for PD in the
studied population.
In fact CYP2D6 polymorphism may influence the pathogenesis of Parkinson‘s disease
in other population as well and identification of CYP2D6 genotype may help in the
identification of people who are at increased environmental risk and endogenous
contributors that cause Parkinson‘s disease especially in Pakistan.

4.2.5.

Conclusion:

Case controls studies are designed to find the risks of the disease in specific
population. They are comparatively quick, easy and less expensive. They are
considered helpful in studying the genetic causes of sporadic disease, where the
causative genetic alteration is difficult to elucidate (Lewallen and Courtright, 1998).
In case of neurodegenerative diseases like PD the incidence is very low and the
familial aggregation of the disease is rare. Therefore case control study in such
disease is informative to find out the genetic risk of the disease. On the other hand
case controls studies have some limitation. The patients and controls to be selected are
only the representative samples and therefore can subject to bias (Daly and Day,
2001).
The case control studies designed as part of the study was desirable to find the genetic
risk of PD in Pakistani population. All these case controls studies are first in Pakistani
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population. These case controls studies have been performed nearly in all population
yet, there were no study from Pakistani population. Moreover surprisingly the most
frequently reported genetic risks were found absent in Pakistani population. The only
environmentally driven genetic risk (CYP2D6*4) was found to be involve in causing
PD in Pakistani population. Although the mention studies were informative yet they
have some limitation. Screening the frequently reported loci or risk does not exclude
the entire genetics risk; therefore screening of all the genome on slightly bigger cohort
of sample will be helpful in elucidating the genetic risks in Pakistani population.

4.3. Identification of genetic mutations in familial PD
Familial cases of neurodegenerative movement disorders were also included in the
study to find the causative genes in Pakistani familial cases. For this purpose six
families of neurodegenerative disease were included in this study.

4.3.1.

Family A

Family (A) suggestive of autosomal dominant Parkinson‘s disease was investigated
for the responsible gene/mutation. Whole genome sequencing of the proband and
subsequent screening of the remaining participants of the study with Sanger
sequencing found co inheritance of the heterozygous mutation in the GBA and PSAP
gene. Functionally both PSAP and GBA are cooperatively engaged in the sphingolipid
metabolism whose defects lead to lysosomal dysfunction according to a proposed
mechanism of neurodegeneration in PD (Piccinini et al., 2010).
Enzymatic activity of acid beta-glucosidase (GBA) diminishes due to PD associated
GBA mutations, including p.L444P identified in this family. It is proposed that a
diminished lysosomal sphingolipid metabolism resulting from reduced GBA activity
changes membrane lipid composition and affects sorting and trafficking of lysosomal
cargoes leading to an unhealthy buildup of cellular proteins and lipids promoting
neurodegeneration (Hein et al., 2008, 2007; Manning-Boǧ et al., 2009). Some
individuals with severe GBA mutations in GBA linked PD families do not express
Parkinsonism and penetrance estimates of heterozygous GBA mutations in autosomal
dominant PD are typically low (Anheim et al., 2012; Rana et al., 2013). This suggests
that additional genetic or epigenetic factors that may influence the lysosomal lipid
metabolism in PD. Consistent with this hypothesis we identified rare variant
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(p.N157S) in PSAP that coinherit with PD in a family also segregating p.L444P in
GBA.
The PSAP gene codes for a lysosomal protein (Prosaposin, PSAP) which acts as the
precursor for sphingolipid activator proteins (SAPs or Saposins A-D). The SAPs are
essential cofactors for the lysosomal enzymes involved in degradation of membraneanchored sphingolipids including the GBA (Grabowski, 2001; Matsuda et al., 2007;
O‘Brien and Kishimoto, 1991). Co-occurrence of PSAP and GBA mutations in PD
patients therefore represent functionally cooperating genetic factors in PD.
Proteolytic cleavage of PSAP into SAPs is mediated by lysosomal Cathepsins
(Gopalakrishnan et al., 2004). Nascent PSAP binds to Procathepsin D and this
complex is trafficked to lysosomes where Procathepsin D matures into Cathepsin D
and acts upon PSAP to release four SAPs. The amino acid position 157 is highly
conserved. Proteolytic cleavage in this region is essential for generation of SAPs
(Hiraiwa et al., 1997; Leonova et al., 1996). Future studies will clarify how p.N157S
variant affects lysosomal trafficking or processing by Procathepsin and Cathepsin D
respectively and its influence on the lysosomal enzymes (e.g., GBA).
The same mutation in homozygous state is linked to the Gaucher disease. The
glucocerebrosidase gene encodes the lysosomal hydrolase glucosylceramidase and
deficiency of the enzyme is responsible for the accumulation of alpha synuclein in
brain causing Parkinson‘s disease. Further, elucidation of the role of GBA mutation
and PD has been reported in a largest multicenter analysis. The center participated in
the study was included from USA, , Israel, Asia and Europe (Sidransky et al., 2009).
The role of GBA mutation in Parkinson‘s disease is little controversial. As many
mutations in GBA is associated with increased risk of Parkinson‘s disease but do not
segregate with familial Parkinson‘s disease, suggesting the role of additional genetic
factors that contribute to the disease. A highest odds ratio of 28.0 has been reported
in rare GBA mutations with PD indicating of strong risk factor (Lesage et al., 2011;
Sidransky

et

al.,

2009).

Li

et

al

(Li

et

al.,

2014)

reported

that

(exon9:c.T1301C:p.L434P) and p.G64V cosegregated in familial Parkinson‘s disease.
The results of this study are similar to the finding of the Nichols et al (Nichols et al.,
2009) because the (exon9:c.T1301C:p.L434P) mutation was found in both affected
individual in heterozygous state and all the other family members were normal and
had no mutation. Cosegregation of (exon9:c.T1301C:p.L434P) mutation was also
reported in families by Mitsui et al (Mitsui et al., 2009). So far, mutations in GBA are
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considered as disease risk in different populations. Aharon-Peretz et al reported a
mutation p.N370S, the mutation is reported as having strong association with type I
Gaucher disease and Parkinson‘s disease in Jewish population (Aharon-Peretz et al.,
2004). The p.E326K mutation was reported as a risk factor for Parkinson‘s disease in
British population (Duran et al., 2013). The combination of genetic and racial
differences contribute toward the risk of disease at varying degree (Lesage et al.,
2011; Nishioka et al., 2011; Sidransky et al., 2009). In spite of the fact that GBA
mutation affect differentially with the racial and regional distribution, the results
presented here emphasize that GBA mutation is a more strongly associated with
familial PD rather than sporadic PD. Although differences in findings exist due to
ethnic and geographical distribution; however, the study setup also has some role. The
French studies showed a higher penetrance because the selected patients were first
degree family members and carriers of GBA mutation (Anheim et al., 2012). The risk
of PD was estimated to be high (5.5%) among the first degree family members
(Marder et al., 2003). Gaucher disease patients of GBA carriers reported a high
penetrance of PD in Spanish population. The higher penetrance of PD among the
Spanish patients may be due to more damaging GBA mutation (Giraldo et al., 2011).
All studies reported so far indicates that GBA mutations carriers increase the risk of
PD as compared to the non carrier. The risk increase proportionally to the older age,
the estimated PD risk is 1.0–1.5% at age 65 and at the age between 75 and 85 is
~4.9%. Li et al, (Li et al., 2014) reported higher frequency of the GBA heterozygous
mutation in PD, thus highlighting the fact that heterozygous GBA mutations are also
the cause familial PD with different penetrance.
Rest tremors, bilateral rigidity, postural instability and mild cognitive impairment
were the predominant clinical feature in the family reported here. Nichols et al
(Nichols et al., 2009) reported psychiatric and cognitive dysfunction in Parkinson‘s
disease associated with GBA mutation. The finding that carrier or the affected of GBA
mutation have cognitive decline and psychiatric symptoms in addition to difficulty in
movement and symptoms of PD have also been reported in several studies (Alcalay et
al., 2012; Sidransky et al., 2009; Winder-Rhodes et al., 2013). Clark et al., (2009)
also reported that carrier of GBA mutation are strongly associated with dementia and
Lewy bodies assisted dementia (Clark et al., 2009). In fact the finding of the GBA
mutation in PD is reported with different finding highlighting the involvement of
additional contributing factors that enhance PD.
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In conclusion a rare coinheritance of heterozygous mutations in PSAP and GBA genes
(p.N157S and p.L444P respectively) in a family with likely autosomal dominant PD
were found in Family A. We propose that these mutations confer a cooperative
influence on PD inheritance in this family. Our finding adds more support to the
hypothesis that lysosomal dysfunction is a major pathogenic mechanism is PD.

4.3.2.

Family B

The family (B) exhibit autosomal dominant young onset Parkinson‘s disease.
Conventional linkage analysis in this family was found non-informative; therefore,
WGS was carried out for two affected and one normal participant. The data were
analyzed and a list of plausible candidate gene was obtained. All the genes and
mutations were screened in the family by Sanger sequencing. The Sanger sequencing
showed the co-segregation of the missense mutation in SEMA6A gene.
The SEMA6A gene occupies a position on chromosome 5 at ―q‖ arm, which encode a
transmembrane protein SEMA6A. SEMA6A belongs to the family of semaphorin
proteins. These semaphorins are involved in the neuro-signaling in different brain
regions. Semaphorin is a receptor family of similar proteins which is activated by
particular signaling molecule known as plexin. Plexin A4 binds to SEMA6A to
initiate neuro-signaling for cell migration and exons guidance (Pasterkamp, 2012).
In the cerebellar granule cells, the SEMA6A signals via Plexin A2 to prevent
migration of motor neurons cell bodies from the ventral nerve route. The signal also
restrict the corticospinal projections (Bron et al., 2007; Faulkner et al., 2008; Rünker
et al., 2008). In developing hippocampus, signals from both SEMA6A and SEMA6B
restrict mossy fiber projections via Plexin A4 (Suto et al., 2007; Tawarayama et al.,
2010).
The expression and functional studies of the SEMA6A and PlxnA2 in NIH3T3 cells
showed that these encodes interacting proteins and play a role in many cellular and
subcellular processes. The cells transfected with mutant form of the SEMA6A do not
interact with Plexin A2. The surface area of the cells increase with numerous
filopodia and show altered morphology. Functional elucidation of SEMA6A in the
cells showed that it plays a role in the neuronal disaggregation of the cells which is
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required for the axonal and dendritic distribution, length and morphology (PerezBranguli et al., 2016).
Further studies to explore the role of SEMA6A domains showed that cytoplasmic
domain is not only vital for the axonal guidance but mutation in the cytoplasmic
domain has dominant negative effect on the function of SEMA6A.
The downstream analyses of the SEMA6A showed that it interacts with multiple
cytoplasmic proteins like tyrosine kinase, Abl and phosphatases. This interaction with
subcellular proteins is involved in cell morphology, adhesion and migration (Bradley
and Koleske, 2009).
So far, mutation in SEMA6A has not been reported with Parkinson‘s disease. This
finding of the missense mutation (exon10:c.G860C:p. 287G>A) in the Parkinson‘s
disease is a novel report. The expression and functional analysis suggest possible
mechanism of neurodegeneration in Parkinson‘s disease. Two studies indirectly
support the finding and involvement of SEMA6A in Parkinson‘s disease. In
2005Maraganore et al., reported the association of SEMA5A variants with Parkinson‘s
disease in a large cohort of patients (Maraganore et al., 2005). The report supports the
current findings because the SEMA6A and SEMA5A belong to the same protein
family. Both proteins are expressed in the brain and are involved in the neurosignaling for different physiological functions.
Similar functional analysis proved that SEMA5A is a receptor protein which is
involved in the neurogenesis and apoptotic processes through plexin-B3 (Artigiani et
al., 2004).
It has been proven that semaphorins play a role in the mesencephalic dopaminergic
neuron development (Kawano et al., 2003). Semaphorins are the positive mediators of
apoptosis induced by dopamine. Antagonist of semaphorins inhibits dopamine
induced apoptosis (Shirvan et al., 2000, 1999). The abnormal expression of
semaphorin in Alzheimer disease that share etiological, pathological and clinical
features with Parkinson‘s disease also support the findings (Hirsch et al., 1999). In rat
model of Parkinson‘s disease the neuroprotective effects of VEGF may be mediated
by inhibiting the semaphorin; highlighting the role of semaphorin (Yasuhara et al.,
2004).
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The treatment of Parkinson‘s disease targeting semaphorin has not been investigated
so for. The finding of SEMA6A in PD family together with cell biology and animal
experiments support the research in developing the therapies targeting semaphorin.
Specifically SEMA6A interact with plexin A4, and plays a role in different neuronal
pathways (Pasterkamp, 2012). Recently missense mutation in plexin A4 gene has
been reported in German autosomal dominant Parkinson‘s disease family. They also
explored the gene in large cohort of sporadic Parkinson‘s disease patients along with
controls. The missense mutation has been segregated with high penetrance. Moreover
some non-coding variants were also found in sporadic cohort of patients (Schulte et
al., 2013). The finding of mutation in the plexinA4 gene supports the finding of
missense mutation in the SEMA6A in the same phenotype. Cell, and animal studies on
these interacting proteins are also evident of the involvement of the pathway in
neurodegeneration.
Animal study on the function of SEMA6A along with neurodevelopment further
elucidates the additional function like neural plasticity and related functions in adults.
The defect in the neural plasticity was found in the cerebellum and corticospinal tract
(Andreasen and Pierson, 2008; Douaud et al., 2007; Gowen and Miall, 2007; Shukla
et al., 2010; Thomann et al., 2009). The mutant SEMA6A was also found to alter
dopaminergic neuron in different brain regions. SEMA6A is a modulator of dopamine
level in the brain affecting the locomotion. In 2011 Runker et al., reported
hyperlocomotion and ataxic gait in SEMA6A mutant and knock out mouse (Runker et
al., 2011). The behavioral studies in SEMA6A knock out and knock down mouse
models shows typical Parkinsonian feature. These mice showed difficulty in initiating
the moment and hyperlocomotion in forelimbs.
All these arguments support that SEMA6A mutation can cause Parkinson‘s disease.
The involvement of the SEMA6A in Parkinson‘s disease has not been reported
previously. This is the first report of an autosomal dominant Parkinson‘s disease
family with SEMA6A mutation.

4.3.3.

Family C

Whole genome sequencing of the family (C) revealed a novel gene responsible for the
Parkinson‘s disease. Homozygous missense mutation in AAK1 gene was found in the
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affected individuals while the normal participants of the study were carriers for the
mutation. AAK1 is located on chromosome 2 which encode an enzyme adaptor protein
2-associated kinase. The AAK1 protein is a member of serine/threonine kinase family
which phosphorylates AP2M1 protein, a subunit of clathrin adopter complex involved
in the endocytic pathway (Conner and Schmid, 2002; Henderson and Conner, 2007;
Ricotta et al., 2002). Expression studies showed that the AAK1 is highly expressed in
the brain (Henderson and Conner, 2007). Mutation analysis studies showed that
AAK1 is required for the normal axon development and synapse formation. In
primary hippocampal neurons culture, the neurons expressed with mutated AAK1
gene have smaller axons and less synapses as compared to the neurons expressing
normal AAK1 gene (Ultanir et al., 2012). The role of AAK1 in the clathrin mediated
endocytosis is well established, while its role in the developing axons is still to be
elucidated.
In the dopaminergic neurons alpha-synuclein is required for the pre synaptic transport
of dopamine. The diminished function of alpha synuclein causes the precipitation of
alpha synuclein in the neurons, leading to the death of neurons and decreasing the
signal transduction (Snead and Eliezer, 2014).
In 2012 Usenovic et al., reported the interacting proteins of the alpha synuclein in C.
elegans and its role in the neurodegeneration. They found that loss of functions of
ATP13A2 and its interacting partner increase the aggregation of alpha synuclein and
increase the neurodegeneration (Usenovic et al., 2012). Further the C elegans model
of Parkinson‘s disease elucidates the role of ATP13A2 in the a-syn-mediated toxicity
and the vesicular trafficking of the dopamine at the synapse (Gitler et al., 2008). The
ATP13A2 have other interacting partner which is involved in the clathrin mediated
endocytosis. Mutation and knock-down studies of the interacting partner found that
AAK1 is involved in clathrin mediated endocytosis and neurodegeneration. The
finding that the yeast homologue of the AAK1 protein is responsible for ER-to-Golgi
transport and vesicular fusion added to the findings (Barrowman et al., 2003; Matern
et al., 2000). The presence of phosphorylation site on the yeast homologue Prk1p
confirms its role in the endocytosis. Study on actin destabilization by Prk1p done at
the endocytic zone adds to its role in endocytosis (Toshima et al., 2005). A similar
mechanism of actin destabilization could underlie the loss of dendritic spines in
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AAK1-SD-expressing hippocampal neurons. Thus, several lines of evidence suggest
that AAK1 regulates intracellular vesicle trafficking.
The function and down-regulation of AAK1 gene was also studied in mouse model of
Parkinson‘s disease in 2009 by Bossers et al., They reported that down-regulated
AAK1 shows the decrease in number of dopaminergic neurons in the substantia nigra.
They also noted that density of the dopaminergic neurons decreases more in pars
compacta as compared to substantia nigra (Bossers et al., 2009).
The impression that mutated AAK1 is responsible for the pathology of Parkinson‘s
disease or neurodegeneration is evident from many studies indirectly. Nrg1-ErbB4
pathway has been implicated in the axon guidance, neuronal migration and synapse
formation during development. The pathway is also involved in the synaptic plasticity
and neuronal survival in adults neuron (Mei and Xiong, 2008). Identification of the
interacting partner proteins and modulators of the pathway found that downregulation of AAK1 lead to pathology and alteration in the synaptic pathway (Kuai et
al., 2012).
In the substantia nigra transport of dopamine between the synapse is required for
signaling. Dopamine is transported from pre-synaptic cells to post-synaptic cells
through intracellular vesicles which are made up of alpha synuclein protein. Numbers
of proteins are required for the transport of vesicles and endocytosis. An AAK1
protein is also important intracellular protein. The AAK1 protein has three domains;
the adoptin protein interacting domain is required for the intra cellular cargo function.
The role of AAK1 in endocytosis was tested in hippocampal neuron, where AAK1
enriched in regions that are involved in clathrin mediated endocytosis. The interacting
partner of AAK1 was tested in the HeLa cells and it found that AP2 co-localized with
AAK1 (Conner and Schmid, 2002). While dissecting the role of GAK in Drosophila it
was found that AAK1 interact with the µ2 subunit of AP-2 and play a role in clathrin
mediated endocytosis (Zhang et al., 2005).
The homozygous mutation exon17:c.C2312G:p.P771R in the family C is located in
the alpha-adoptin interacting region. The structural and functional prediction and the
conservation analysis suggest that the mutation is pathogenic and disrupt the pathway
of clathrin mediated endocytosis.
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Family D

Whole Genome Sequencing of the family (D) reveals a heterozygous mutation in the
CSF1R gene. Clinical examination reveals parkinosonian features. The MRI
examination reveals the diffuse signals of degeneration in deep white matter including
substantia nigra. The clinical findings are suggestive of atypical Parkinsonism of
Hereditary diffuse leukoencephalopathy with spheroids as underlying mechanism. Atypical Parkinsonism is a group of heterogeneous neurological diseases which results
in Parkinsonian feature. The primary Parkinsonian feature is also accompanied by
other non-parkinsonian features, like leukoencephalopathies, amyotrophy, gaze palsy,
cortical sensory loss, alien limb phenomenon or failure to respond to dopaminergic
treatment (Fogel et al., 2014). The atypical Parkinsonism has a variety of phenotype
and overlapping symptoms therefore accurate clinical diagnosis is difficult.
Leukoencephalopathies, a subgroup of atypical Parkinsonism, are clinically and
pathologically heterogeneous white matter diseases.
Hereditary diffuse leukoencephalopathy with spheroids and orthochromatic
leukodystrophy are neurodegenerative and complex diseases which present with
variable and overlapping clinical and genetic involvement. Recent investigation
exploring the genetic cause of the pathologically proven hereditary diffused
leukoencephalopathy with spheroids showed that mutation in the CSF1R gene is the
underlying cause of the disease. So screening of the mutation in the CSF1R gene can
be used as a diagnostic test (La Piana et al., 2014; Rademakers et al., 2011).
HDLS is a disease of overlapping symptoms, even members of the same family
present with different symptoms, so the differential diagnosis in diseases having
overlapping symptoms e.g typical and atypical Parkinsonism, spasticity and other
movement disorders. The patients were diagnosed Parkinson‘s disease clinically,
highlighting the ambiguity on the basis of clinical evaluation of HDLS. The
ambiguity in the diagnosis on the basis of clinical evaluation has been reported
previously (Rademakers et al., 2011).
We identified a novel missense mutation in the CSF1R gene in a Pakistani family with
leukoencephalopathy presenting as adult-onset movement disability. Bioinformatics
analysis showed that mutation in CSF1R gene disrupts the function of the tyrosine
kinase domain of the protein. Sanger sequencing of the two affected members of the
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family for which DNA was available carried the mutation; the normal member does
not have the mutation. Searching large-scale genome and exome sequencing
databases found that the mutation is novel and has not been reported before for
HDLS. Complete segregation analysis showed mutation in the CSF1R gene causes
HDLS. The clinical features of the proband and affected individual were hypokinesia,
rest tremors, difficulty in initiating the steps, mild dystonia of the limbs and postural
instability; there were few pyramidal or extrapyramidal signs.
The age of onset of the disease varied in different generations in this family. The age
of onset of the disease in the first generation was late onset while the onset age in the
recent generation was early onset ranging from 43 to 54 years. The first symptom of
the disease in this family was hypokinesia and rest tremors. Konno et al. review 73
HDLS cases from 54 families (T. et al., 2013) The mean duration of the disease was
6 years ranging from 2-19 years and the mean age of onset of the disease was 45
years. Contrary to our reported family the most common symptom of the previously
reported families is cognitive impairment which accounts around 64.3% cases. The
variability of the phenotype reveals the complexity of the disease and difficulty in
diagnosis. The symptom profile of the present cases are different from the reported
case in which the initial symptom is the cognitive impairment (Ahmed et al., 2013)
while in our family the initial symptoms were hypokinesia and rest tremors and the
difference in the onset of disease. The age of onset of the disease and duration of the
disease seems to have no relation with the type of mutation and change in amino acid.
However there is a significant association between onset age and duration of the
disease. If the disease occurs at earlier age the duration of the disease is longer as
compared to the older age where other contributing factors also play role. More
studies on the HDLS may reveal the phenotype–genotype correlations.
Most of the mutation in the CSF1R gene disrupt tyrosine kinase domain of the CSF1R
protein. The exons 12 to 22 of the CSF1R gene encode the domain. In the downstream
signaling

tyrosine

kinase

domain

is

responsible

for

CSF1R-dependent

phosphorylation, thus disruption the function of the domain may be the underlying
pathology for HDLS HDLS (Pridans et al., 2013).
In silico analysis of, both PolyPhen-2 and SIFT to predict pathogenicity confirm that
these mutations are pathogenic. The mutation was searched in a large scale genome
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and exome sequencing databases (dbSNP132; 1000 Genomes Project, March 2012
release) showed that the mutation is novel and has not been reported previously.
Further mutation analysis of this gene is indispensable to prove this hypothesis.
Morphological changes with axonal spheroids are a major finding of the other
neurodegenerative disease, for example, accumulation of iron in the brain which is
caused by mutations in the PAK2 and PLA2G6 genes (Kruer et al., 2011; Paisán-Ruiz
et al., 2012). Axonal spheroids are composed of degenerated proteins, disrupted
subcellular organelles, neurofilaments and disrupted mitochondria (Ali et al., 2007;
Kinoshita et al., 2012). Because microglial proliferation and differentiation in the
brain are mainly controlled by CSF1R gene; therefore, dysfunction of microglia may
play a major role in the pathogenesis of HDLS (Rademakers et al., 2011). Recent
information from CSF1R-knock out (CSF1R−/−) mice additionally propose novel roles
of CSF1R, for example, regulation of brain development (development of the cortex)
by impacting propagation and apoptosis of neocortical ancestors and separation of
particular excitatory neuronal subtypes, which might likewise be applicable for HDLS
pathogenesis (Nandi et al., 2012).
Due to scarce information about the clinical picture and mutation investigation on
HDLS, an association between the phenotype and genotype is hard to establish.
Definite rules for hereditary testing are likewise hard to set up; we propose that
CSF1R sequencing ought to be considered in all patients with adult-onset disease with
white matter variations on T2-weighted MRI combined with unspecific symptoms of
cognitive impairment and movement disorders (mainly lower limb spasticity) and a
history of depression and headaches, irrespective of family history.
This report highlights the difficulty in diagnosing HDLS and atypical Parkinsonism.
Before the genetic testing both patients were diagnosed as Parkinson‘s disease. The
patients were diagnosed according to the modified Hoehn and Yahr scale for
Parkinson‘s disease. Targeted sequencing or investigation of CSF1R gene mutation
now provides a clue toward the diagnosis of atypical Parkinsonism.
With the advances in sequencing and analysis technologies whole-genome or exomesequencing can be performed quickly and at the cost no greater than the cost of single
gene tests with the added advantage of identifying novel mutations or novel disease
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mechanisms. We therefore suggest that next-generation sequencing be considered as a
diagnostic tool in cases with atypical Parkinson‘s disease.

4.3.5.

Family E

Family (E) suggestive of autosomal recessive Parkinson-like gait disorder was
selected for whole genome sequencing. The whole genome sequencing reveals
(c.2930C>T; p.T977M) in the ATP7B a recurrent mutation of Wilson‘s disease.
Wilson‘s disease is a devastating disease yet early analysis and successful treatment
can forestall disease progression in symptomatic patients (Mak and Lam, 2008). The
potential problem is that the symptoms of the Wilson‘s disease are diverse and it is
difficult to make the diagnosis certain on the basis of clinical picture (Riordan and
Williams, 2001; Schilsky, 2009). Defect in copper metabolism due to the mutation in
ATP7B gene is the underlying pathological pathway that leads to accumulation of
copper in the liver, cornea and the brain. The deposition of the copper results in death
of neurons in different parts of the brain (Desai and Kaler, 2008; Madsen and Gitlin,
2007). Most of the patients present the symptoms in the early ages, but some patients
present the symptoms at later stages. The primary manifestation of the Wilson‘s
disease is hepatic involvement but later on neurological symptoms developed. But
some time the neurological manifestation are predominant feature, making the
diagnosis difficult (Craxì, 2011). The family presented here has two affected
individual with neurological symptoms and absence of primary hepatic symptoms.
The KF ring was absent and parkinsonian features were predominant.
The hepatic involvement was excluded by testing liver enzymes and total blood.
Similar presentation of neurological Wilson‘s disease have also been reported
previously in 2005 and 2009 (Brewer, 2005; Svetel et al., 2009).
The biochemical test like serum ceruloplasmin is not a definitive diagnostic parameter
because it remain normal in ten percent (10%) patients and low in more than twenty
(>20%) percent patients. In majority of the cases the Kayser-Fleischer rings caused by
deposition of copper in the cornea can easily be observed by an ophthalmologist using
a slit lamp and thus diagnosing Wilson‘s disease.
There are many scoring system for the diagnosis of neurodegenerative diseases.
Similarly WD can be diagnosed by an International scoring system (Ferenci et al.,
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2003), but still differential diagnosis between the overlapping symptomatic diseases is
difficult to reach definitive diagnosis (Youn et al., 2012).
Although genetic testing in itself can ascertain the diagnosis, but there are more than
500 mutations reported in ATP7B gene (Kenney and Cox, 2007). The distribution of
the mutation is somewhat affected by geographical distribution. For example H1069Q
mutation is more prevalent in eastern and northern European populations (Firneisz et
al., 2002; Møller et al., 2011). Caca et al studied H1069Q among 82WD patients;
homozygous in 32 patients (39%), heterozygous in 39 patients (48%) with a total 63%
allele frequency (Caca et al., 2001). A study on thirty nine Hungarian families found
H1069Q mutation in 27/42 WD patients (64.3%) in which, 9 patients were
homozygous mutant while 18 were heterozygous mutant (Firneisz et al., 2002). The
oriental populations, such as Chinese, Korean and Japanese have a high allele
frequency of R778L in WD patients. Nearly 37.9% of allele frequency was found in
Korean WD patients (Yoo, 2002), 27% in Japanese (Okada et al., 2000) and 28-44%
in Chinese WD patients (Wu et al., 2001). It is difficult to screen the patients for all
the mutation especially in a population which does not have reported mutations. It is
also difficult to screen the siblings of a WD patient, those who do not have identified
mutations; as the altered copper metabolism may also occur in heterozygous carriers.
The detection of the mutations in the index patient and searching for the same in the
siblings can resolve this problem. The whole gene analysis of ATP7B and capillary
sequencing is informative in clearly diagnosed patients (Coffey et al., 2013).
Whole exome and Sanger sequencing is less informative in developing countries
especially where there is no report available from the population and lack of accurate
diagnostic facilities. In developing countries whole genome sequencing can be helpful
in the diagnosis of the genetic disease with ambiguous phenotype. Since the diseasecausing mutations may occur in the whole length of the gene and any exon could be
affected, the genetic examination by classical methods is ponderous and timeconsuming. Our study clearly shows the great benefit of NGS. To our knowledge, this
is the first report of WD in Pakistani family. In this family we report the recurrent
mutation (ATP7B:c.2930C>T p.Thr977Met). This is missense mutation which is
clearly predicted to affect the sixth transmembrane segment (TM6) of ATPase
function of ATP7B, due to change in amino acid (Aggarwal et al., 2013).
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Family F

Family (F) with movement disorder was selected for genetic study. Clinically the
affected members of the family represent difficulty in movements. The clinical
features include dystonia and difficulty in movements but there was no history of
progression. The MRI findings were suggestive of leukodystrophy. Clinical features,
MRI findings and genetic involvement were all suggestive of novel degenerative
disorder affecting the trafficking of the neurotransmitter hence affecting the
movement of the body.
The family was selected for Whole genome sequencing. The whole genome
sequencing and further Sanger resequencing of the remaining family members
elucidated mutations in two genes. GPR56 g.57654049 G>C and PCLO
exon3:c.G2473A:p.A825T segregate in the family. Function analysis of the GPR56
g.57654049 G>C splice site mutation revealed that mutation is non-pathogenic and
does not affect splicing, while the mutation in the PCLO is suggestive as pathogenic.
PCLO is a unique gene of vertebrates which encode large presynaptic cytoskeletal
proteins. The protein is required for synaptic vesicle regulation and act as transporter
of the neurotransmitter (Cases-Langhoff et al., 1996; Rubin, 2000). Presynaptic Factin which is required for the synaptic vesicle formation is regulated and controlled
by piccolo protein. Inactivity of the piccolo protein may affect the neurotransmitter
release (Waites et al., 2011). It is interesting to note that PCLO mutation not only
affects the synaptic neurotransmission but also demyelination of the periventricular
white matter. Another active zone component, piccolo and bassoon has been reported
recently; which are structurally similar to piccolo protein is involved in the
ubiquitination of synaptic proteins and eventually degeneration of synapses (Waites et
al., 2013). PCLO is an integral protein required for the synaptic plasticity that
prevents

apoptosis

which

otherwise

leads

to

increased

apoptosis

and

neurodegeneration (Leveille et al., 2010). Similar example of the inhibitory protein of
apoptosis is GRID2, the dysfunction of which leads to disruption of the synapse and
cerebellar atrophy in humans (Hills et al., 2013). Mice lacking exon 14 of the PCLO
gene have been reported showing modest decrease in the post natal survival and
weight but do not show the vigorous structural changes (Mukherjee et al., 2010).
Although the neuroanatomical details are lacking; however, the mouse phenotype is
much milder than the phenotype of this family. PCLO isoform of mouse that express
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in retinal photoreceptor and bipolar ribbon cells lack exon 14 (Waites et al., 2011);
(Regus-Leidig et al., 2013). The difference can easily explain phenotypic variation
and differential expression of PCLO gene in human. The affected participant of the
study had dystonic features and difficulty in movements. Homozygous missense
mutation has already been reported in similar consanguineous family with possible
diagnosis of PCH3 (Durmaz et al., 2009). However, the MRI finding of the affected
participant of the family is suggestive of Leukodystrophy. The dystonic phenotype of
the affected participant, homozygous mutation in PCLO gene and MRI finding of
leukodystrophy is suggestive of the novel mutation with novel phenotype. Functional
analysis of the PCLO gene in mouse model may further elucidate the mechanism of
function and neuroanatomical changes in the animal.

4.4. Conclusion:
The polymorphisms in most frequently reported risk loci which include SNCA,
LRRK2 and DJ1 were found absent in the study group highlighted the ethnic and
geographical distribution of these risks. Only the environmental induced genetic
variant “CYP2d6*4” was found to increase the risk of disease more than two fold.
The whole genome sequencing of the three Parkinson‘s families revealed the
involvement of three novel genes. Two rare neurodegenerative movement diseases are
caused by novel mutations and one family with recurrent mutation in Wilson‘s
disease.
Neurodegenerative diseases are multifactorial and complex group of disease. Mostly
these diseases have overlapping clinical feature making the diagnosis difficult. In such
cases whole genome sequencing provides quick and reliable method of findings
genetic variation.

4.5. Future Prospective:
Research on the identification of genes/mutation in inherited disorders helps in
identification of disease carriers. Further, elucidation of genetic mutations leads to
structural and functional analysis in order to understanding pathology and
pathophysiology of the disease. Such developments are necessary in managing
inherited disorders through genetic counseling and reducing the burden of inherited
disorders.
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Appendix:
I.

Scales in Parkinson’s disease

Introduction
The UPDRS (Unified Parkinson‘s disease rating score), Hoehn & Yahr and Schwab
& England are the clinical assessment scales to assess the severity of the Parkinson‘s
disease commonly. These scales are used objectively to assess the severity and type of
individual patient‘s disability at a specific time laps. Each scale score is an impression
of ailment load on the individual patient and is valuable in depicting malady
movement and treatment reaction with time.
The UPDRS is scored from a total of 195 points; higher scores reflect worsening
disability.
A. Modified Hoehn and Yahr staging
Stage 0

No signs of disease

Stage 1

Unilateral disease

Stage 1.5

Unilateral plus axial involvement

Stage 2

Bilateral disease, without impairment of balance

Stage 2.5

Mild bilateral disease, with recovery on pull test

Stage 3

Mild to moderate bilateral disease; some postural instability;
physically independent

Stage 4

Severe disability; still able to walk or stand unassisted

Stage 5

Wheelchair bound or bedridden unless aided
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B. Schwab & England Activities of Daily Living scale
Completely independent. Able to do all chores w/o slowness, difficulty, or

100%

impairment. Essentially normal. Unaware of any difficulty.
Completely independent. Able to do all chores with some degree of

90%

slowness, difficulty and impairment. May take twice as long. Beginning to
be aware of difficulty.
Completely independent in most chores. Takes twice as long. Conscious

80%

of difficulty and slowing.
Not completely independent. More difficulty with some chores. X 3-4 as

70%

long in some. May spend a large part of the day with chores.
Some dependency. Can do most chores, but exceedingly slowly and with

60%

much effort. Errors, some impossible.

50%

More dependent. Help with 1/2 of chores. Difficulty with everything.

40%

Very dependant. Can assist with all chores but few alone.
With effort, now and then does a few chores alone or begins alone. Much

30%

help needed.

20%

Nothing alone. Can do some slight help with some chores. Severe invalid.

10%

Totally dependent, helpless. Complete invalid.
Vegetative functions such as swallowing, bladder and bowel function are

0%

not functioning. Bedridden.

C. Unified Parkinson’s Disease Rating Scale
I.

Mentation, Behavior & Mood
1. Intellectual impairment

0 = none
1 = mild, consistent forgetfulness
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2 = moderate, difficulty with complex problems
3 = severe, disorientation for time & place
4 = severe, help with personal care. Cannot be left alone
2. Thought disorder
0 = none
1 = vivid dreaming
2 = ―benign" hallucination with insight retained
3 = hallucination or delusions without insight
4 = persistent hallucination, delusions, or florid psychosis
3. Depression
0 = not present
1 = periods of sadness or guilt > normal, never sustained for days/weeks
2 = sustained depression for >1 week
3 = vegetative symptoms (insomnia, anorexia, weight loss)
4 = vegetative symptoms and suicidal thoughts
4. Motivation/Initiative
0 = normal
1 = less assertive than usual, more passive
2 = loss of initiative/disinterest in elective activities
3 = loss of initiative/disinterest in routine activities
4 = withdrawn, complete loss of motivation
II.

Activities of Daily Living
5. Speech
0 = Normal

1 = Mildly affected
2 = Moderately affected. Sometimes asked to repeat statements
3 = Severely affected. Frequently asked to repeat statements
4 = Unintelligible most of the time
6. Salivation
0 = Normal
1 = Slight saliva excess. Some night-time drooling
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2 = Moderately excessive saliva; minimal drooling
3 = Marked excess saliva with some drooling
4 = Marked drooling, requires constant tissue/handkerchief
7. Swallowing
0 = Normal
1 = Rare choking
2 = Occasional choking
3 = Requires soft food
4 = Requires nasogastric tube or gastrostomy feeding
8. Handwriting
0 = Normal
1 = Slightly slow or small
2 = Moderately slow/small; all words are legible
3 = Severely affected; not all words are legible
4 = The majority of words are not legible
9. Cutting food and handling utensils
0 = Normal
1 = somewhat slow and clumsy, but no help needed
2 = Can cut most foods slowly; some help needed
3 = Food must be cut by someone, but can still feed slowly
4 = Needs to be fed
10. Dressing
0 = Normal
1 = Somewhat slow, but no help needed
2 = Occasional assistance with buttons, arms in sleeves
3 = Considerable help, can do some things alone
4 = Helpless
11. Hygiene
0 = Normal
1 = Somewhat slow, no help needed
2 = Help to shower/bathe
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3 = Assistance for washing hair, brushing teeth & hair
4 =Foley catheter or pads
12. Turning in bed & adjusting bed clothes
0 = Normal
1 = Somewhat slow & clumsy, no help needed
2 = Turns alone or adjusts sheets, but with difficulty
3 = Can initiate, but not turn or adjust sheets alone
4 = Helpless
13. Falling
0 = None
1 = Rare falling
2 = Occasionally falls, < 1 per day
3 = Falls on average once per day
4 = Falls > once per day
14. Freezing when walking
0 = None
1 = Rare freezing; may have start-hesitation
2 = Occasional freezing when walking
3 = Frequent freezing. Occasional falls resulting
4 = Frequent falls from freezing
15. Walking
0 = Normal
1 = Mild difficulty. May not swing arm or may drag leg
2 = Moderate difficulty, but requires no assistance
3 = Severe disturbance, requires assistance
4 = Cannot walk, even with assistance
16. Tremor (Symptomatic complaint in any body part)
0 = Absent
1 = Slight & infrequently present
2 = Moderate; bothersome to patient
3 = Severe; interferes with many activities

Molecular Genetic Study of Neurodegenerative Movement Disorder in Pakistani Population Page 191

Appendix
4 = Marked; interferes with most activities
17. Sensory complaints relating to parkinsonism
0 = None
1 = Occasional numbness, tingling or aching
2 = Frequent numbness, tingling or aching
3 = Frequent painful sensations
4 = Excruciating pain
III.

Motor examination
18. Speech
0 = Normal

1 = Slight loss of expression, diction or volume
2 = Monotone, slurred but understandable
3 = Marked impairment, difficult to understand
4 = Unintelligible
19. Facial expression
0 = Normal
1 = Minimal hypomimia, could be ‗poker face‘
2 = Definite diminution of expression
3 = Moderate hypomimia; lips parted some of the time
4 = Masked or fixed faces; lips parted ¼ inch or more
20. Tremor at rest

a) Right upper limb
0 = Absent
1 = Slight, infrequently present
2 = Mild amplitude & persistent or moderate & intermittent
3 = Moderate amplitude, present most of the time
4 = Marked amplitude, present most of the time
b) Left upper limb
0 = Absent
1 = Slight, infrequently present
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2 = Mild amplitude & persistent or moderate & intermittent
3 = Moderate amplitude, present most of the time
4 = Marked amplitude, present most of the time
c) Right lower limb
0 = Absent
1 = Slight, infrequently present
2 = Mild amplitude & persistent or moderate & intermittent
3 = Moderate amplitude, present most of the time
4 = Marked amplitude, present most of the time
d) Left lower limb
0 = Absent
1 = Slight, infrequently present
2 = Mild amplitude & persistent or moderate & intermittent
3 = Moderate amplitude, present most of the time
4 = Marked amplitude, present most of the time
21. Action or posture tremor of hands

a) Right hand
0 = Absent
1 = Slight, present with action
2 = Moderate in amplitude, present with action
3 = Moderate in amplitude, with posture holding & action
4 = Marked in amplitude; interferes with feeding
b) Left hand
0 = Absent
1 = Slight, present with action
2 = Moderate in amplitude, present with action
3 = Moderate in amplitude, with posture holding & action
4 = Marked in amplitude; interferes with feeding
22. Rigidity (judged on passive movement of major joints with patient
relaxed in the sitting position)
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a) Rigidity - neck
0 = Absent
1 = Slight, detectable only with mirror movements
2 = Mild to moderate
3 = Marked, but full range of movement easily achieved
4 = Severe, range of movement achieved with difficulty
b) Rigidity – Right upper limb
0 = Absent
1 = Slight, detectable only with mirror movements
2 = Mild to moderate
3 = Marked, but full range of movement easily achieved
4 = Severe, range of movement achieved with difficulty
c) Rigidity – left upper limb
0 = Absent
1 = Slight, detectable only with mirror movements
2 = Mild to moderate
3 = Marked, but full range of movement easily achieved
4 = Severe, range of movement achieved with difficulty
d) Rigidity – right lower limb
0 = Absent
1 = Slight, detectable only with mirror movements
2 = Mild to moderate
3 = Marked, but full range of movement easily achieved
4 = Severe, range of movement achieved with difficulty
e) Rigidity – left lower limb
0 = Absent
1 = Slight, detectable only with mirror movements
2 = Mild to moderate
3 = Marked, but full range of movement easily achieved
4 = Severe, range of movement achieved with difficulty
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23. Finger taps (patient taps thumb with index finger in rapid succession
with widest amplitude possible)
a) Finger taps - Right hand
0 = Normal
1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
b) Finger taps - Left hand
0 = Normal
1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
24. Hand movements (Patient opens & closes hands in rapid succession with
widest amplitude possible)
a) Hand movements – Right hand
0 = Normal
1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
b) Hand movements – Left hand
0 = Normal
1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
25. Rapidly alternating hand movements (pronation-supination movements
with as large an amplitude as possible)
a) Rapidly alternating hand movements – Right hand
0 = Normal
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1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
b) Rapidly alternating hand movements – Left hand
0 = Normal
1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
26. Leg agility (rapid heel tapping. Amplitude ≥ 3 inches)
a) Leg agility – Right heel
0 = Normal
1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
b) Leg agility – Left heel
0 = Normal
1 = Mild slowing and/or reduction in amplitude
2 = Definite & early fatiguing; occasional arrests
3 = Frequent hesitation in initiation or arrests in movement
4 = Can barely perform the task
27. Arising from a chair (patient’s arms across chest)
0 = Normal
1 = Slow; or may need more than 1 attempt
2 = Pushes self-up from arms of seat
3 = May fall back or try more than once to get up
4 =Unable to arise without help
28. Posture
0 = Normal erect
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1 = Slightly stooped; could be normal for older person
2 = Moderately stooped; can be slightly leaning to 1 side
3 = Severely stooped with kyphosis; can be moderately leaning to one side
4 = Marked flexion with extreme abnormality of posture
29. Gait
0 = Normal
1 = Walks slowly, short steps but no festination
2 = Walks with difficulty but without assistance; festination, short steps or
propulsion
3 = Severely disturbed gait; requires assistance
4 =Cannot walk even with assistance
30. Postural stability (pull test, may have practice runs)
0 = Normal
1 = Retropulsion, but recovers unaided
2 = Absence of posture response, would fall if not caught
3 = Very unstable, spontaneous loss of balance
4 = Unable to stand without assistance
31. Body bradykinesia & hypokinesia (slowness, hesitancy, decreased arm
swing, small amplitude & poverty of movement)
0 = None
1 = Minimal slowness, deliberate character, possibly reduced amplitude
2 = Mild slowness, poverty or small amplitude of movement
3 = Moderate slowness, poverty or small amplitude of movement
4 = Marked slowness, poverty or small amplitude of movement
IV.

Complications of therapy (in the past week)

DYSKINESIAS
32. Duration: What proportions of the waking day are dyskinesias present?
0 = None
1 = 1 – 25% of the day
2 = 26 – 50% of the day
3 = 51 – 75% of the day
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4 =76 – 100% of the day
33. Disability: How disabling are the dyskinesias?
0 = Not disabling
1 = Mildly disabling
2 = Moderately disabling
3 = Severely disabling
4 =Completely disabled
34. Painful dyskinesias: How painful are the dyskinesias?
0 = None
1 = Slight
2 = Moderate
3 = Severe
4 =Marked
35. Presence of early morning dystonias
0 = No
V.

1 = Yes

CLINICAL FLUCTUATIONS
36. Are any ‘off’ periods predictable as to timing after medication dosing?
0 = No

1 = Yes

37. Are any ‘off’ periods unpredictable as to timing after medication dosing?
0 = No

1 = Yes

38. Do any of the ‘off’ periods come on suddenly (seconds)?
0 = No

1 = Yes

39. What percentage of the waking day is the patient ’off’ on average?
0 = None
1 = 1 – 25% of the day
2 = 26 – 50% of the day
3 = 51 – 75% of the day
4 =76 – 100% of the day
VI.

OTHER COMPLICATIONS
40. Does the patient have anorexia nauseas or vomiting?
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0 = No

1 = Yes

41. Does the patient have any sleep disturbance?
0 = No

1 = Yes

42. Does the patient have symptomatic orthostasis?
0 = No

II.
S/No

1 = Yes

Mini-Mental State Examination (MMSE)
Question

Maximum
Score

1

―What is the year? Season? Date? Day? Month?‖

5

2

―Where are we now? State? County? Town/city? Hospital?
Floor?‖

5

3

The examiner names three unrelated objects clearly and slowly, 3
then the instructor asks the patient to name all three of them. The
patient‘s response is used for scoring. The examiner repeats them
until patient learns all of them, if possible.

4

―I would like you to count backward from 100 by sevens.‖ (93, 5
86, 79,72, 65, …), Alternative: ―Spell WORLD backwards.‖ (DL-R-O-W)

5

―Earlier I told you the names of three things. Can you tell me what 3
those were?‖

6

Show the patient two simple objects, such as a wristwatch and a 2
pencil, and ask the patient to name them.

7

―Repeat the phrase: ‗No ifs, ands, or buts.‘‖

8

―Take the paper in your right hand, fold it in half, and put it on the 3
floor.‖ (The examiner gives the patient a piece of blank paper.)

9

―Please read this and do what it says.‖ (Written instruction is
―Close your eyes.‖)

10

―Make up and write a sentence about anything.‖ (This sentence 1
must contain a noun and a verb.)

11

―Please copy this picture.‖ (The examiner gives the patient a blank 1
piece of paper and asks him/her to draw the symbol below. All 10
angles must be present and two must intersect.)
Total score

1

1

30
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Interpretation of MMSE Scores
Score

Degree
of Formal
Impairment
Assessment

Psychometric Day-to-Day
Functioning

25-30

Questionably
significant

If clinical signs of cognitive
impairment are present, formal
assessment of cognition may be
valuable.

20-25

Mild

Formal assessment may be Significant effect. May
helpful to better determine require some supervision,
pattern and extent of deficits
support and assistance.

10-20

Moderate

Formal assessment may be Clear impairment. May
helpful if there are specific require
24-hour
clinical indications.
supervision

0-10

Severe

Patient not likely to be testable.

May have clinically
significant
but
mild
deficits. Likely to affect
only most demanding
activities of daily living.

Marked
impairment.
Likely to require 24-hour
supervision
and
assistance with ADL.
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