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ABSTRACT

Parkinson's is a progressive, tremor-characterized, neurodegenerative
disease. Parkinson’s being second most affecting neuro-related disease after
Alzheimer's and most adults develop the disease at around 60 years of age, but
some have an early-onset of disease and forms of Parkinson's are inherited where
certain forms have been related to uniqgue gene mutations that can be genetic or
environment associated but are not understood completely. This study concentrates
on existing data from various repositories to find and predict SNP level severe
damages in genes of Parkinson’s disease especially in 3 of the important genes
SNCA, LRRK2, PARKY. SNPs of the retrieved genes were analyzed by in-silico tools
like SIFT, SNAP, iMutant suite, MetaSNP, Mutation Taster; Algorithms like CADD,
DANN and various functions to determine the changes in structural and functional
aspects. Sorting out only for harming and deleterious SNPs in all the 3 genes finally
landed with 11 variants in PARK7, 4 variants in SNCA and 5 variants in LRRK2 which
actually has an impact on functional level from initial set of 1000+ variant counts.
Homology modeling using Swiss Model and validation using PROCHECK was done
and further visualization for structure related studies were performed in HOPE server.
Further, Stability related studies were done using all the data from various
computational tools from which variants like R156, P73 in PARK7; E123K in SNCA
and R1628, L1795 in LRRK2 were found to be damaging to great extent. Furthur
extensive analysis required onto these variants and variants A107P in PARK7, K96l
in SNCA and N2261L in LRRK2 had a positive impact on the protein stability which
also requires separate study on how mutation increases the stability of diseased

protein.

Keywords: Parkinson’s Disease, SNPs in Parkinson, Mutations in Parkinson’s,

Early onset of Parkinson.
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CHAPTER 1
INTRODUCTION

1.1 BASIC INFORMATION

Parkinson's disease (PD) is a neurodegenerative disease that primarily affects the
substantia nigra's dopamine-producing neurons. In most cases, signs manifest
progressively over time. Because of it's diversity of the condition, the progression of
symptoms varies a little from person to person. The cause is still an unknown.
Dopamine is a neurotransmitter that aids in movement. This loss of dopamine is the
reason treatments aim to boost dopamine levels in the brain. Although there is no
cure, there are a variety of treatment options available, including medications and
surgery. While Parkinson's disease is not fatal in and of itself, it can cause serious
complications. Parkinson's disease has been seen in some families for several
generations, suggesting that some forms of the disease are hereditary. Many
researchers believe that genetic factors play a role in Parkinson's disease. Many
scientists believe that genetic factors play a part in the progression of Parkinson's
disease. Parkinson's disease causes both motor and non-motor symptoms such as
depression, constipation, and deterioration of taste and smell. The progression of
idiopathic Parkinson's disease is slow and variable. The Hoehn and Yahr scale is
frequently used by doctors to track the progression of a disease over time. The scale
was first used in 1967, and it included stages zero through five, with zero indicating
no signs of Parkinson's disease and five indicating advanced PD. Researchers
believe that alphasynuclein build-up plays a role in the development of Parkinson's
disease, and that new treatments could be developed based on this theory or on
genetic level medications. Medications that increase or mimic the effects of dopamine
in the brain help to reduce movement symptoms. Levodopa is a commonly prescribed
drug. Many people find that levodopa is less effective at controlling their symptoms
after few years. Medications as surgical type, such as Deep brain stimulation use a
small device like pacemaker which when implanted below the skin of the chest to
make some electrical signals to a part of the brain that controls movement via very

thin wires.



1.2 SIGNS, SYMPTOMS & TREATMENT

Parkinson's disease (PD), characterized by four cardinal signs: postural instability,
bradykinesia, rigidity and tremor. Other non motor symptoms include: trouble
sleeping in comfortness and timings, bladder problems, change in sex drive,
increased saliva production, fluctuation in weight, visual disturbances, fatigue,
cognitive issues, such as trouble remembering things or frequent confusion with
Motor symptoms being a part of diagnosis and are also a major symptom for
detection for patients of all ages. These can include: resting tremor, or constant
shaking movement even when relaxed, rigid muscles & balance problems all over.
Certain genes are associated with early onset Parkinson’s but entire genetics haven'’t
been analyzed or known yet. Environmental causes of the condition may include
exposure to chemical toxins such as certain insecticides, fungicides, and herbicides
as reported by various researchers but there is still no proper analysis results yet on
the causes and diagnosis. There is no single test to detect Parkinson’s. A diagnosis
may be difficult and take a while. Blood tests and other imaging tests, such as an MRI
scan, don’t diagnose Parkinson’s. A DaTscan to visualize your brain’s dopamine
levels and it will help confirm diagnosis. However, they may be used to rule out other
conditions. Researchers have reported that many changes happen in the brains of
patients with Parkinson's disease, although it's still unclear why these changes
happen in patients. These changes like higher amount of lewy bodies and Clumps of
substances within brain cells are microscopic markers of PD. Researchers believe
these Lewy bodies holds an important parameter in causing Parkinson's disease.

Alpha-synuclein is found in enormous amount inside the Lewy bodies.

1.3 GENES INVOLVED

So concentrating on most reported genes LRRK2, SNCA & PARK7 might provide
some deep insights into SNPs affecting stability & functions in population. Various
Bioinformatics Methods / Tools and publicly available repositories & data are used to
explore various nsSNPs / Mutations which might provide better insights into genetics

based Early Onset Parkinson’s disease and aid for future association studies.



CHAPTER 2

LITERATURE SURVEY:

2.1 INTRODUCTION

Sara Bandres-Ciga, MonicaDiez-Fairen, Jonggeol JeffKim, Andrew B.Singleton
(2020) reported that in last few decades, PD genetics has evolved a lot, from the
reports and research questioning the Parkinson Disease genetics role to an
enhanced integration and understanding on its impact on PD probability, initiation,
response and growth to treatment, as well as presence of casual comorbidities and
phenotypic etiologies make it difficult to detect the genetics of Parkinson disease. But
only a fraction of the heritability is known and the relation between genetics and PD
pathology is barely understood due to complications in detecting variants. The
nascent initiative to expand this study at scale and to promote ethnic interest in PD
genetics research would not only eradicate structural health gaps but also facilitate

exploration of the missing pieces of PD genetics.
2.2 DJ-1/ PARKY:

Masanori Hijioka , Masatoshi Inden , Daijiro Yanagisawa , Yoshihisa Kitamura (2017)
reported that three pathogenic variant mutations of DJ-1 (L166P, D149A and M26l)
have been reported to disrupt stability & form improper structures and moreover lead
to a loss of function. The administration of wild-type DJ-1 protein represses the
neurological disruption associated with Parkinson's disease in rats. Moreover, in
studies focusing DJ-1 as the causing stage in PD, components that have the capacity
of binding to DJ-1 and research regarding has been made previously to find more
information about the binding specifically at C 106 residue and it has been confirmed
that it does exert some therapeutic effects and also has a link to disorders such as

Parkinson's disease and Alzheimer's disease.

Ludmila P Dolgacheva , Alexey V Berezhnov, Evgeniya | Fedotova, Valery P
Zinchenko, Andrey Y Abramov(2019) reported that DJ-1 protein has many numerous
roles to protect dopaminergic neurons against neurodegeneration in Parkinson's

3



disease. Wild type PARK7 can act as an antioxidant and also as an oxidative stress

SEensor.

Ricardo Taipa, Conceicdo Pereira, Inés Reis, Isabel Alonso, Antonio Bastos-Lima,
Manuel Melo-Pires, Marina Magalh&des(2016) reported that DJ-1 is a largely
expressed protein that participates in the protection of cells over oxidative stress from
various pathways. Recent work shows that DJ-1 can directly bind to a-synuclein
mono- and oligomers, successfully reducing dimerization and reversing a-synuclein

dependent cellular toxicity.

Eng-King Tan , Lisa M Skipper (2007) reported that the frequency of these gene
mutations will vary according to origin, background and to the genetic variant and
target population. A gene dose impact is seen in certain cases, and the phenotype of
some of the mutation carriers closely fits standard PD. Penetrance of each of the

repetitive mutations is insufficient and may vary with age.

Sapna Pandey(2019) reported that Mutation of two genes, DJ-1 and retromer
complex factor gene are linked with disorders like Parkinson and Huntington's
disease. DJ-1 gene located at 1p36 chromosomal position and has been implicated in
Parkinson Disease pathogenesis by many pathways and also been reported by many
researchers having its effect in including mitochondrial impairment and oxidative
damage. DJ-1 D149A mutant complexes become more compact and shows the
structural disruption and loss of protein function which in turn probably leading to a

cause for PD affected with no context to onset type.

Darren J Moore , Li Zhang, Ted M Dawson, Valina L Dawson (2003) reported that
the crystal structure of human PARK7 shows that it occurs in a homo-dimeric shape,
but the L166P variant only exists as form of monomer. The L166P mutation confers
highly reduced protein stability in PARK7 as been reported by various researchers,
due to the rapid degradation of 20S/26S proteasome. The L166P mutant variant
shows an harmful / deleterious motive to interaction studies and also to structure
homo-oligomers. Compared to that, one of the most reported variants M26l mutation

did not emerge to severely affect the protein stability, or even the capacity of DJ-1 to



form homo-oligomers. These properties of the L166P mutation which lead to the loss
of DJ-1 function and are likely to be the underlying cause of early onset PD as a

report says in patients of the Italian kindred.

Mariaelena Repici, Kornelis R. Straatman, Nadia Balduccio, Francisco J. Enguita,
Tiago F. Outeiro, and Flaviano Giorgini (2018) reported that the E64D mutant variant
of DJ-1 holds the potential to create homodimers. However, though wild-type DJ-1
dimers are balanced under oxidative stress conditions, we find that the E64D
mutation inhibits this stabilization. The widely studied L166P variant mutated protein

is briefly able to interrupt formation and also doesn’t form wild-type homodimers.
2.3 SNCA:

Suzanne Lesage, Alexis Brice (2009) reported that Point mutations in the a-synuclein
(SNCA) gene cause a rare dominant form of Parkinson Disease in irregular and
inherited cases. Mutations in the leucine-rich repeat kinase 2 (LRRK2) gene
contribute to more of a general cause of autosomal dominant PD. In addition,
susceptibility variants that contribute to PD have been identified in several
populations, such as polymorphisms in the SNCA, LRRK2 genes and heterozygous

mutations in the B-glucocerebrosidase (GBA) gene.

Nevra Alkanli, Arzu Ay(2018) reported that there is a correlation between the
likelihood of PD development and SNCA levels, and it is suggested that SNCA level
Is a significant predictor in PD diagnosis. Various polymorphisms have been
established in the 5" and/or 3' UTR regions of the SNCA gene, and as a result of
these polymorphisms, differences occur in the binding of transcription factors. The
identification of the roles of SNCA gene polymorphisms in PD development may allow

the development of new methods for the treatment of PD.

Todd L Edwards(2010) reported that SNPs in SNCA (rs2736990, p-value = 6.7 x 10-
8; genome-wide adjusted p = 0.0109, odds ratio (OR) = 1.29. G vs. A allele,
population attributable risk percent (PAR percent ) = 12 percent ) were genome-wide

important. No other SNPs were genome-wide essential in this analysis. This study



confirms that SNCA is a significant gene whose usual variant are influencing risk of
PD.

2.4 LRRK2:

Fernando Cardona , Marta Tormos-Pérez, Jordi Pérez-Tur (2014) reported that the
LRRK2 gene (Leucine-Rich Repeat Kinase 2) is defective in a significant number of
reports of autosomal dominant Parkinson's disease instances till now and in some
rare cases of LOPD. LRRK2 is a huge, complicated protein that comprises multiple
interaction domains: armadillo, ankyrin, leucine-rich repeats and WD40 domains; two
catalytic domains: ROC-GTPase and serine/threonine kinase; and a COR domain

(unknown function).

Currently, the evaluation of PD is based on professional criteria, aided neuroimaging
as MRI or PET. Understanding the pathogenesis of the EOPD may be contributing to
improving diagnostics and effectiveness of pharmacotherapy. Further studies on gene

level variants may help in diagnosing primary research.

Jodo Paulo Lima Daher (2017) reported that Mutations in the a-synuclein and
LRRK2-encoding genes have been linked with traditional results in clinical and
pathologic PD. LRRK2 tends to play a major role in the pathogenesis of PD as it is
associated with a-synuclein pathology and other proteins involved in
neurodegeneration. Thus, LRRK2 dysfunction can effect or have an impact on the
accumulation of a-synuclein and its pathology through a lot of pathomechanisms
altering signaling pathways and cellular functions including autophagy, immune
system, retromer complex modulation and vesicle trafficking. A report suggests that

abnormal a-synuclein accumulation can be tackled with novel LRRK2 inhibitors.

Suganya Selvaraj, Shanmughavel Piramanayagam (2019) reported that Genetic
researches in PD have contributed to the recognition of several monogenic variants of
the condition and of many genetic hazard factors raising the potential to experience
the neuron degeneration. Under such circumstances, molecular examination is the
most widely recommended method for individuals to detect the condition by molecular

testing. Pedigree and population analyses reported several risk genes and loci were
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linked to dopamine deficiency. During the past decade, few genes have been
discovered that are significant in autosomal recessive and autosomal dominant type
of PD. Whole genome linkage screening to identify chromosomal regions related to
the likelihood of PD or the time of PD beginning. While SNCA mutation variants have
been reported to start PD for lot of years, the process by which these variants
contribute to disease remains poorly known. It is assumed that abnormal
accumulation of the protein contributes to cell destruction and eventually neuronal
death. However, more study is required to understand how mutations and
multiplication in SNCA happens in Parkinsonism. In certain Parkinson’s patients with
LRRK2 mutated variant gene, have been detected with rare neuropathology in which
it had involved diffuse Lewy bodies unlike most normal reports of over production, in
the brain stem, front temporal lobar degeneration with intranuclear incorporations &
pathological accumulation in neurofibrillary tangles. Moreover, LRRK2 gene was
highly expressed in immune cells. Recent research shows that, in early stages of life,
the extended LRRK2 action may ensure against opportunistic pathogenic infection
however it can increase the chances of activating Parkinson’s Disease. DJ-1 can be
useful as a biomarker to neurodegenerative disorder. Comparatively DJ-1 induced
PD tends to be very rare, there are not enough trials to say about the patients if

they got diagnosed with PD owing to the genotype based mutation of the DJ-1 gene.

Justus C. Dachsel, Matthew J. Farrer(2010) reported that Pathogenic Lrrk2 mutations
p.R1441C/G/H (Roc), p.Y1699C (COR), p.12012T, p.G2019S, and p.12020T (MAPK)
and risk factors p.R1628P (COR) and p.G2385R (WD40) affect the formation of Lrrk2
in different ways. It is also reported that it has an effect on operational and functional
impacts on LRRK2. The chances of disease conferred by Lrrk2 p.G2019S is almost
10-fold greater than conferred by p.G2385R. Nevertheless, most LRRK2 mutations
eventually lead to the same phenotype and theoretically by the same pathogenic
mechanism, whereby 1 mutant Lrrk2 molecule is all it takes to change the properties
of the entire complex, leading to a dominant effect. The pathogenic LRRK2 mutations
occurrences in patients with Parkinson show the importance of a genetic
predisposition in this seemingly oddly neurodegenerative disorder. Nevertheless,

Parkinson Disease is also considered a multi factorial disorder as it is caused by a
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variety of environmental, genetic and stochastic factors, for patients which age
remains a major factor. Disease incidence may have been more correctly measured
for Lrrk2 p.G2019S but remains a hypothesis rather than a certainty. These findings
affirm the association of LRRK2 with neurodegeneration, and identify a common

mutation correlated with dominantly inherited Parkinson's disease.
2.5 SNPs:

A single nucleotide polymorphism usually short formed to SNP is a modification of
any single nucleotide that happens at any given location in the genome. Each and
every variant is present to some amount of degree within a population. (Miller RDet
al., 2005). For eg, In the genome, A nucleotide may appear in lot of base position in
majority of population but certain set of people have C in the place of A forming
Minority, meaning presence of SNP in that location. C and A are two possible allele
for this specific role in that location. SNPs result in a broad variety of diseases
(Altshuleret al., 2000). A single base mutation in the APOE (apolipoprotein E) gene is
correlated with a lower risk for alzhiemer's disease. Single nucleotide polymorphisms
might occur inside coding sequences of genes, non coding sections of genes. Often
even seen in the regions of non coding parts. The SNPs inside a coding sequence
do not actually alter the amino acid sequence of the protein owing to degeneracy of
genetic code (Delportet al., 2008). The SNPs in the coding area are of two forms.
They are synonymous and nonsynonymous SNPs. Synonymous SNPs are those
which do not alter the protein sequence, whereas nonsynonymous SNPs modify the
sequence of protein. The nonsynonymous SNPs again are of two forms : missense

and nonsense.
2.6 EOPD:

Roy N Alcalay, Cheryl Waters (2010) reported that EOPD is known to be a complex
disorder, which suggests that it is linked with the influence of several genes in
association with lifestyle and environmental causes. Standard autosomal dominant
and autosomal recessive genetic concepts may not completely occur in EOPD. Most

autosomal dominant mutation carriers may not develop the disorder, indicating



inadequate penetrance (e.g., LRRK2 and potentially synuclein), though some
autosomal recessive genes may significantly raise the risk of EOPD even though only
one copy of the mutated gene is inherited. In 1997, a-synuclein (SNCA) was
described as the first gene linked to EOPD. Synuclein is a significant component of
Lewy bodies, which is a pathological characteristic in lewy body accumulation of PD
and EOPD. Gain-of-function variants, duplications, and triplications have all been
discovered in EOPD patients, with a long family background. However, there are just
a few cases reported in the literature, and penetrance estimates differ. In one study,
just 33% of duplication carriers in a single family developed PD. Carriers with gain-of-
function mutations and copy number variance (CNV) in the genome, unfortunately,
are at risk of developing dementia. According to one study, gene dosage can
influence the intensity of the EOPD phenotype. Triplication carriers were more likely
than replication carriers to develop EOPD and dementia, although duplication carriers
were more likely to develop late-onset PD. Single-nucleotide polymorphisms (SNPs)
in the promoter region of SNCA have been implicated in the pathogenesis of PD
through genome-wide interaction studies (GWAS). SNPs associated with EOPD are
still unkown to large extent. The correlation between mutations in DJ-1 and Early
Onset of Parkinson’s Disease was discovered in 2003 in two European families.
Mutations in DJ-1 are less frequent and are very uncommon in Asian patients with
PD. DJ-1 mutations has been reported in a study of genotyped 89 individuals of
American region, a single heterozyogote was found. DJ-l-associated EOPD is
characterized as being close to PRKN65 and indistinguishable from idiopathic EOPD.
One research found normal olfaction in DJ-1 carriers close to PRKN carriers, but the
amount of mutation carriers was low. The relationship between LRRK2 mutations
and PD was first discovered in 2004. In comparison to the other PARK genes, the
occurrence of LRRK2 mutations is almost equivalent in EOPD and late-onset PD. The
most widely recorded LRRK2 mutation, G2019S (nt. 2877510G?A), is present in up to
1 percent of spontaneous and 4 percent of hereditary PD cases worldwide. However,
up to 39 percent of Northern African Arab and 18.3 percent of Ashkenazi Jewish
individuals with PD carry the mutation. The 12020T mutation reported in Japanese
patients and the R1441C, Y1699C in Caucasians, have been identified in that study.



The expression of LRRK2-related PD is heterogeneous, although it is normally
consistent with positive response to treatment with dopamine agonists and levodopa
and can be complicated further by dyskinesia. Thirty-four LRRK2 G2019S carriers
and their analysis suggest that it might have an impact on onset of EOPD events.
Disease characteristics between the groups were comparable, except that LRRK2
carriers were less prone to suffering from tremor and were more likely to exhibit the
postural instability gait difficulty motor phenotype (PIGD). There were no other
physiological variations between carriers and non-carriers, including other
manifestations of PIGD (e.g. poorer motor function and cognitive impairment) (e.g.
worse motor performance and cognitive impairment). Gan-Or and others have
observed that carriers with G2019S mutations were more prone to emerge with gait
deficiency compared with glucocerebrosidase (GBA) mutation carriers. Studies with
LRRK2 carriers (not limited to EOPD cases) documented impaired olfaction. There
were different results on anatomy, but most cases showed Lewy body pathology. In
summary, though not only limited to early onset of PD, the LRRK2 mutation is among
the most prominent genetic mutation that can be found in EOPD cases with and
without a family history of PD. Fortunately, the same medications and other
therapeutic strategies helpful in older patients may be particularly successful in
young-onset PD. Those making use of drugs has to pay attention to the potential for
long-term consequences such as dyskinesias. Due to this, many physicians suggest
that levodopa usage should either be limited or that a dopaminergic agonist be used

along with it. Young-onset PD has an increased chance to be a genetic condition.

Jack Kelly , Rana Moyeed , Camille Carroll , Diego Albani , Xinzhong Li (2019)
reported that PD and AD share substantial common DEGs and pathways, and
recognizes novel genes, upstream regulators and pathways which may be effective

targets for therapy in both diseases.
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CHAPTER 3

AIM & SCOPE:
3.1 AIM AND OBJECTIVE
3.1.1 AIM

Analyzing SNCA, LRRK2 & PARKT7(AIl Parkinson associated) genes with various
Bioinformatics Methods / Tools and publicly available repositories & data to explore
various nsSNPs / Mutations which might provide better insights into genetics based

Onset of Parkinson’s disease and aid for future association studies.

3.1.2 OBJECIVE
- To identify gene mutations associated with Parkinson’s disease

- To find the mutations, structural and functional impact on the protein using various

tools and databases.

- To perform Visualization and stability changes related studies

3.2 SCOPE

Parkinson’s disease is second most affecting neurodegenerative disease after
Alzheimers and its origin is tied with environmental & genetic factors in most cases.
Many research have reported that many of the reported cases have genetic basis and
especially in the early onset, genetics plays very important role. So analyzing the
genes associated with parkinson’s and its genetics to scrutinize for damage causing
variants might help in studies related to analysis of disease even as early in diagnosis
stage and also for other researchers. These data can also be helped in building for a
disease prediction analysis and further can also be linked to mechanism level in

various instances.
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CHAPTER 4

METHODOLOGY

4.1 DATA COLLECTION:

Information regarding all the variants have been retrieved initially from Genome
Viewer dbSNP. Structures from PDB has been used to refer with homology
structured. Amino acid based variants are retrieved from dbSNP, SWISS-VAR,
SWISS PROT, PMD etc...

4.2 EVALUATIONG SNP EFFECTS
4.2. PredictSNP2:

“A Unified Platform for Accurately Evaluating SNP Effects by Exploiting the Different

Characteristics of Variants in Distinct Genomic Regions"

Methods have numeric ratings but not binary predictions of the deleteriousness of
variations or belief scores that may be more readily interpreted. three databases
covering various forms of disease-related variations, which were split into five
categories: (i) regulatory, (i) synonymous, (iii) missense, (iv) nonsense variants, and
(v) splicing. These datasets were used to create category-optimal decision with a
characteristic threshold and to test six methods for prioritizing the variants: CADD,
GWAVA, FunSeqg2, FATHMM, FitCons and DANN. The findings obtained for the five
best-performing tools were then incorporated into a consensus ranking. Additional
comparative analysis found that in the case of missense variants, protein-based
predictors do better than DNA sequence-based predictors. The tool was used to find
the effects on SNPs in various algorithms and a meta score to filter out if they are
damaging or not. The web server is publicly open to the community at

http://loschmidt.chemi.muni.cz/predictsnp?2.

4.2.1 CADD:

CADD is a method for “scoring the deleteriousness of single nucleotide variants as

well as insertion/deletions variants in the human genome.” Although several variant
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annotation and rating methods are around, most annotations appear to manipulate a
particular knowledge category (e.g. conservation) and/or are limited in nature (e.g. to
missense changes) (e.g. to missense changes). Thus, a widely applicable metric that
objectively weights and incorporates diverse knowledge is required. Combined
Annotation Dependent Depletion (CADD) is a system that incorporates several
annotations into one metric through comparing variants that escaped natural selection
with simulated mutations. CADD can quantitatively prioritize deleterious, functional,
and illness causal variations through a broad variety of functional types, impact
genetic architectures and sizes and can be used prioritize causal heterogeneity

across both scientific and clinical settings.

4.2.2 DANN:

Combined annotation-dependent depletion (CADD) is an “algorithm built to annotate
both coding and non-coding versions, and has been shown to outperform other
annotation algorithms. CADD trains a linear kernel support vector machine (SVM) to
distinguish evolutionarily derived, likely benign, alleles from simulated, likely
deleterious, variants. DANN uses the same feature set and training data as CADD to
train a deep neural network (DNN)”. DNNs can catch non-linear interactions among
features and are better suited than SVMs for with a large number of samples and
features. DANN manages about a 19 percent relative reduction in the error rate and
about a 14 percent relative boost in the region under the curve (AUC) metric over
CADD’s SVM technique.

4.2.3 FATHMM:

Functional Analysis by Hidden Markov Models. A high-throughput web-server capable
of forecasting the practical effects of all coding variants, i.e. non-synonymous single
nucleotide variants (nsSNVs), and non-coding variants of the human genome. “A

species-independent approach with optional species-specific weightings for the
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estimation of the physiological effects of protein missense variants. Using a model
weighted for human mutations”, It furthur obtained accuracy accuracies that
outperformed standard prediction approaches. FATHMM may be easily extended to
high-throughput/large-scale human and nonhuman genome sequencing programs
with the additional advantage of phenotypic result associations. Unweighted /
species-independent approach interrogates sequence conservation by the basic
amino acid probabilities matched by the internal match states of many HMMs
describing the arrangement of homologous sequences and conserved protein

domains. http://fathmm.biocompute.org.uk.

4.2.4 FunSeq?2:

Identification of noncoding drivers from thousands of somatic modifications in a
normal tumor is a complex and unresolved task. FunSeqgz2, to annotate and prioritize
these mutations. The architecture integrates an adjustable data background
combining large-scale genomics and cancer tools with a simplified variant-
prioritization pipeline. “The pipeline has a weighted scoring scheme combining: inter-
and intra-species conservation; loss- and gain-of-function events for transcription-
factor binding; enhancer-gene linkages and network centrality; and per-element
recurrence through samples. Regulatory mutations may trigger transcriptional
alterations through either loss-of or gain-of- function effects”. Loss-of-function events
in the motifs of transcription factor binding are likely to cause effects which might
cause deleterious mutants. Variants lowering the position weight matrix (PWM)
scores may theoretically modify the binding power of transcription factors, or even
abolish the binding. The structure consists of a module to detect motif-breaking
events - identified as variants decreasing PWMs. It is mixture of FERP, 1000

Genomes, and several other data sources.
4.3 SECONDARY LEVEL STUDIES FOR AMINO ACID VARIANTS
4.3.1 SNAP:

The analysis of genome-wide association findings is startled by linkage disequilibrium

between alleles around. “A scalable bioinformatics query platform for single-
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nucleotide polymorphisms (SNPs) to classify and to annotate nearby SNPs in linkage
disequilibrium (proxies) dependent on HapMap”. By providing functionality to produce
graphical plots for these statistics, the SNAP server can enable analysis and
comparison of genome-wide interaction research findings, and the design of fine-
mapping studies (by delineating genomic regions related variants and their proxy).
SNAP is freely accessible at http://www.broad.mit.edu/mpg/snap, along with
documents. For each question SNP, SNAP returns all proxy SNPs (after applying
filters), annotated by physical and genetic location, recombination rate, r2, D' and
neighboring genes. Tool was used to filter out SNPs in proxies and damaging SNPs.
The server may also produce relationship plots and graphical plots of proxies for a
specific SNP, or for a pair of SNPs.

4.3.2 SIFT:

“SIFT predicts whether an amino acid replacement influences protein function
depending on sequence homology and the physical properties of amino acids”. SIFT
may be extended to spontaneously occurring nsSNP polymorphisms and insilico
based induced missense mutations in laboratories. An nsSNP could theoretically
influence the role of the protein, ultimately altering the carrier's phenotype. This
protocol outlines the use of the ‘Sorting Tolerant From Intolerant (SIFT) algorithm in
predicting when an AAS affects protein work. To determine the impact of a
substitution, SIFT assumes that essential position in a protein sequence have been
conserved in evolution and so the substitutions at these positions on sequence can
influence protein function. Thus, by utilizing sequence homology, SIFT estimates the
results of all potential substitutions at - spot in the protein sequence. Reference SNP
ids (rs ids) may be used as feedback. Each variant In the study was corporate to find

the properties and changes for the replacement in our variants. https:/sift.bii.a-

star.edu.sg.
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4.3.3 SNPdbe:

An nsSNP practical impacts archive. Each non-synonymous SNP (nsSNP) switches
one amino acid in the gene product (single amino acid substitution). This transition
will either impact protein function or be neutral in that regard. Most polymorphisms
neglect experimental annotation of their functional effect. SNPdbe-SNP database of
results, with predictions of computationally annotated practical impacts of SNPs.
Database entries reflect nsSNPs in doSNP and 1000 Genomes collection, as well as
variants from UniProt and PMD. SAASs come from >2600 organisms; 'human' is the
most prevalent. The effect of each SAAS on protein function is predicted using the
SIFT and SNAP algorithms and supplemented with experimentally derived
function/structure knowledge and disease associations from PMD, OMIM and
UniProt. SNPdbe is regularly modified and conveniently supplemented with new

sources of intelligence. SNPdbe accessible at http://www.rostlab.org/services/snpdbe.

4.4 TOOLS FOR FILTERING AND FINDING PRIME VARIANTS
4.4.1 MirSNPs:

“A database of polymorphisms altering miRNA target sites, detects miRNA-related
SNPs in GWAS SNPs and eQTLs”. Numerous single nucleotide polymorphisms
(SNPs) correlated with a lot of diseases have been reported through genome-wide
interaction studies (GWAS) and expression quantitative feature loci (eQTLS) studies.
However, few of these SNPs have explicit biochemical roles. Recent studies
suggested that the SNPs within the 3'UTR regions of susceptibility genes could cause
complex traits/diseases by influencing the role of miRNAs and these are the targets of
MirSNPs. MirSNP (http://cmbi.bjmu.edu.cn/mirsnp), which is a list of human SNPs in
predicted miRNA-mRNA binding sites of over 414,510+ SNPs that could impact
MIRNA-mRNA binding sites. Annotations were applied to these SNPs to predict
whether an SNP inside the target site will decrease/break or enhance/create a
MIRNA-MmRNA binding site. MirSNP may classify the putative miRNA-related SNPs
from GWAS and eQTLs researches and provide the way for subsequent practical

researches.

16


http://www.rostlab.org/services/snpdbe

4.4.2 MutationTaster2:

Mutation prediction for the deep-sequencing age. evaluates the pathogenic potential
of DNA sequence alterations. It is designed to predict the functional consequences of
not only amino acid substitutions but also intronic and synonymous alterations, short
insertion and/or deletion (indel) mutations and variants covering intron-exon
boundaries. MutationTaster2 contains all freely accessible single-nucleotide
polymorphisms (SNPs) and indels from the 1000 Genomes Project2 (hereafter
referred to as 1000G) as well as recognized disease variants from Clinvar3 and
HGMD Public. MutationTaster2 dynamically maps the variant to all suitable genes
and transcripts, analyzes the variant in all of them and shows a table summarizing the
estimates for all transcripts and specific data for each transcript. , MutationTaster2
uses a Bayes classifier to make predictions. the software automatically identifies and
categorizes confirmed polymorphisms and known disease mutations. In a real world
example using exome info, the application yielded a false positive rate of 1 percent for
homozygous alterations. This tool can be used to filter out disease causing and
predict disease variants and also info if it is available on 1000G.

https://www.mutationtaster.org

4.4.3 |-Mutant Suite:

[-Mutant is a suite of Support Vector Machine dependent predictors implemented in
an unusual web server. It provides the potential to predict automatically protein
stability changes upon single-site mutations beginning from protein sequence alone
or protein structure when available. Moreover it offers the possibility to determine
human deleterious Single Nucleotide Polymorphism beginning from the protein
sequence alone. Tool can be used to find out about stability of the structure.
http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cqi
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4.4.4 PROVEAN:

“A tool to predict the functional effect of amino acid substitutions and indels. A web
server to predict the functional effect of single or multiple amino acid substitutions,
insertions and deletions using the prediction tool PROVEAN”. The server provides
rapid analysis of protein variants from any organisms, and also supports high-
throughput analysis for human and mouse variants at both the genomic and protein
levels. The web server is freely available and open to all users with no login
requirements at http://provean.jcvi.org. The tool provides online access to the function
of the stand-alone PROVEAN software package distribution. Its primary function is to
provide a prediction for a protein sequence originated from any organisms. The tool
accepts amino acid variations and in protein sequence as input, performs a BLAST
search to identify homologous sequences (supporting sequences), and generates
final PROVEAN scores. As a general binary cutoff predictions for normal analysis, the
cutoff for PROVEAN scores was set to —2.5 for high balanced accuracy. However,
users can reapply their own cutoffs for their analysis to achieve either higher
sensitivity or higher specificity especially when analyzing novel organisms. Used to
find if the structure is deleterious and to what extent it is.

http://provean.jcvi.org/index.php

4.4.5 SNPs & GO:

Predicting disease associated variations using GO terms. The most investigated
SNPs are missense mutations resulting in residue substitutions in the protein.
“‘SNPs&GO collect in an unique framework information derived from protein
sequence, 3D structure, protein sequence profile, and protein function”. The vast
number of human SNPs available in the data bases poses the question of relating
protein mutant variants in databases to diseases. “Server uses different sources of
information, including that from the Gene Ontology annotation to predict if a given
variation can be classified disease-related or neutral”. SNPs&GO was trained on a set

of 38460 mutations and tested with a cross-validation procedure over sets in which
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similar proteins were kept in the same dataset also for the calculation of the LGO
score, as derived from the GO data base. The performance is also increasing, At
increasing input degree of complexity, indicating that on top of sequence profile also
LGO, derived from the protein GO annotation, is a key added benefit for

distinguishing disease-related polymorphisms from neutral ones.
4.4.6 MetaSNPs:

Meta-predictor of disease causing variants. the number of human genetic variants
stored into the publicly accessible databases has been growing exponentially. The
new edition of dbSNP, for example, includes ~50 million validated Single Nucleotide
Variants (SNVs) (SNVs). SNVs make up much of human diversity and are also the
leading causes of disorder. The non-synonymous SNVs (nsSNVSs) result in single
nucleotide or amino acid substitutions and can influence protein structure, sometimes
causing disease. While several methods for the identification of nsSNV effects have
already been developed, the consistent growth in annotated data is offering the
potential to improve prediction accuracy. A novel methodology for the identification of
disease-associated nsSNVs (Meta-SNP) that incorporates four known methods:
PANTHER, SIFT, PhD-SNP, and SNAP. Meta analysis of all algorithms to find out if it

is disease causing and its prediction. https://snps.biofold.org/meta-snp/

4.4.7 PANTHER:

EVOLUTIONARY ANALYSIS OF CODING SNPS. “Estimates the likelihood of a
particular nonsynonymous (amino-acid changing) coding SNP to cause a functional
impact on the protein”. It calculates the length of time (in millions of years) a given
amino acid has been preserved in the lineage leading to the protein of interest. The

longer the preservation time, the greater the likelihood of functional impact.
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4.4.8 PhD-SNP:

Predictor of human Deleterious Single Nucleotide Polymorphisms, PhD-SNP is based
a SVM-based classifier. PhD-SNP is optimized to predict if a given sinle point protein
mutation can be classified as disease-related or as neutral polymorphism and
requires inputs as protein sequence, Position, Altered residue, Prediction method,
Multi SVM model prediction.

4.5 HOMOLOGY MODELING AND STRUCTURAL ANALYSIS
4.5.1 SWISS MODEL.:

Homology modeling of protein structures and complexes. Highly autonomous
workflows and servers simplify and standardize the homology modelling process, also
enabling users without a specialized computational background to produce accurate
protein models and have convenient access to modelling data, their visualization and
analysis. Functionality has been applied to the modeling of homo- and heteromeric
structures. Starting from the amino acid residues of the protein complexes, both the
stoichiometry and the general composition of the system are inferred by homology
modeling. SWISS-MODEL is freely available at https://swissmodel.expasy.org.

4.6.2 PROCHECK in SAVES 6.0:

The PROCHECK suite of programs includes a quantitative check on the
stereochemistry of a protein structure. Its outputs include a variety of plots in
PostScript format and a detailed residue-by-residue listing. These provide an
assessment of the overall consistency of the structure as contrasted with well defined
frameworks of the same specification and also illustrate areas that may require further
investigation. The PROCHECK programs are useful for evaluating the accuracy not
only of protein complexes in the course of being resolved but also of existing systems
and of those having modelled on known functions and properties. The most important
parameter which is being tested in this work is for the homology model
protein structure regions and whether they are correct based on the percentage of

residues in all regions. https://saves.mbi.ucla.edu
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4.6 VISUALIZATION AND STABILITY CHANGES
4.6.1 DISCOVERY STUDIO:

Molecular visualization is a key aspect of the analysis and communication of
modeling studies. A graphics visualization tool for viewing, sharing, and analyzing
protein and modeling data BIOVIA Discovery Studio Visualizer was used for
interactive 3D visualization when HOPE server was unavailable due to no perfect

model and in case of models generated with in silico tools for analysis.
4.6.2 HOPE SERVER:

‘HOPE is an easy-to-use web service that analyses the structural effects of a point
mutation in a protein sequence. The process starts by Input protein sequence and the
mutation details and HOPE will collect and combine available information from a
series of web services and databases and will produce a report, complete with
results, figures and animations”. HOPE goes through a complex process to analyse
the mutant of interest and has results from BLAST, UniProt, Reprof, Decision Tree
and its report with homology modeling & information regarding 3D structure and
stability and changes in amino acid state. Project HOPE has been tested by running a
number of previously analyzed cases. HOPE's results has been compared with the
results of our manual analysis and with the results of the well-know PolyPhen and
SIFT methods.
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5.RESULTS & DISCUSSION:
5.1 PARKY:

dna level INITIAL VARIANTS: 63 variants taken genome viewer & aa level: 41

variants from snpdbe

63 variants from gene variants were loaded into predictsnp2. Tools used in
predictsnp2 are CADD, DANN, FunSeq2, GWAVA. Filtered further to 13 gene

variants with deleterious, harming,and been analyzed insilico further.

Each entry is posted into mutationtaster. 3 OF THEM(7962844,7969370, 7984932
NOT REPORTED IN 1000G) Noted. Then, MIRSNP analysis to find for miRNA-
MRNA binding sites were analyzed. SNPs and GO Tool — Meta SNP tool used on 3
prime leads, found probability, then mixed with prime variants from aminoacid level(b)

line.

From snpdbe, AA initial 41 variants been filtered to 15 variants which are probably
effecting, further filtered based on SNAP and SIFT scores. Imutant Suite analysis
done for all 15 variants and then provean analysis for all 15 variants. 3 were neutral
whereas all other were deleterious. 12 prime variants were analyzed in snps & go tool
to find from all 3 tools PhD-SNP, PANTHER, SIFT, SNAP combined analysis. Based

on MetaSNP results, 8 of them have been taken.

Combining 8 from (b) and 3 form (a) gene level variants, All have been modeled in
SWISS model, studied for PROCHECK analysis. All 11 were in favored regions for
about 90+ percent of residues. Then analyzed in HOPE server to study conservation
of mutant and wild-type, domain region changes, amino acid changes, stability and
amino acid characteristics as a comparison between wild-type and mutant with

images of 3D structure visualizing the structural changes and its effects.
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1 7584531 ri368420450 6 A FUNC=exaniz EXON=nonsynonymous SNV PSNPE=teltaria PSNAS=1.0- PSHPC=0.87 CADIDE=teleter CAODS=19.0:CADDC=0.52 CANNE=dele DANNS=(,53 CANNCD).TO FATE=
1 754871 74315354 G A FUNC=exoniz EXON=nansymonmous SNV PSNPE=releterio SNPS=1.0- PSNPC=).82 CADDE=deleter CACIDS=21.6 CADDC=0.57 DANNE=dele DANNS=C)9: CANNC=0. T4 FATE=
1 7564581 28938172 T C FUNC=exoniz EXON=nansymonmos SNV PSNPE=releterio PSNPS=0.45 PSNPC=0.59 CADDE=neutral CACIDS=12.61CADDC=0.7L CANNE=dele DANNS=.9: CANNC-0. 1 FATE=
1 756286 74315951 G A FUNC=exoniz EXON=nansynonsmous SNV PSNPE=deletario SNPS=1.0- PSNPC=0,82 CADDE=deleter CACIDS=24/6 CADDC=0.59 CANNE=dele DANNS=.9: CANNC-0.67 FATE=
17565428 74315353 G C FUNC=exoniz ENON=nansymonsmous SNV PSNPE=teleterio PSNPS=0.54 PSNPC=0.73 CADDE=deleter CADIDS=23.0 CADDC=0.58 CANNE=net DANNS=.93 CANNC-0.51 FATE=
1 7504530 74315332 A C FUNC=exoniz EXON=nansynonsmous SNV PSNPE=deleterio PSNPS=0.53 PSNPC<0.73 CADDE=neutral CADIDS=15.3¢CADDCH0.54 DANNE=dele DANNS=0.33 CANNC-0.67 FATE=
1 TS4ETI 7315354 G A FUNC=exoniz EXON=nansynonjmas SNV PSNPE=deleterio PSNPS=1.0 PSNPC=0,82 CADDE=deleter CADIDS=2L6 CADDC=0.57 DANNE=dele DANNS=.53 CANNCAD. 4 FATE=
1 7964581 289812 T C FUNC=exoniz EXON=nansynonjmas SNV PSNPE=deletario PSNPS=0.45 PSNPC=0.55 CADDE=neutra CADIDS=12.61CADDC=0.7L CANNE=dele DANNS=.53 CANNCAD. L FATE=

filter for exonic and non synonymous

TS=0.9C FATC=0,5¢ FUNE=el FUNS=3,0 FUNC=0.6 GIAVAE= GWAVAS= GWAVAC-049
TS=0.95 FATC=0,6° FUNE=tel FUNS=3,0 FUNC=0.6 GIAVAE= GWAVAS= GWAVAC-06L
TS=0.95 FATC=0, 76 FUNE=tel FUNS=3,0 FUNC=0.6 GIVAVAE= GWAVAS=GWAVAC-06L
T5=0.38 FATC=0.7° FUNE=0el FUNS=3,0 FUNC=D.6 GIVAVAE= GWAVAS= GWAVAC-0L
T5=0.92 PATC=0,66 FUNE=teliFUNS=3,0 FUNC=D.6 GIVAVAE= GWAVAS= GWAVAC-D.61
| FATS=0.9€ FATC=0,61 FUNE=deli FUNS=3.0 FUNC=0.6 GIWAVAE= GWAVAS=GIAVAC-0.50
TS=0).9¢FATC=0,6¢ FUNE el FUNS=3.0 FUNC=0.6 GIAVAE= GWAVAS= GWAVAC-0 65

f

f

f

f

f

f

:FATS=D.92FATC=0.5¢ FUNE=tel FUNS=3,0 FUNC=0.6 GIVAVAE= GWAVAS=GWAVAC-065
TS=0.95 FATC=0,6° FUNE=el FUNS=3,0 FUNC=0.6 GIAVAE= GWAVAS= GWAVAC-06L
TS=0.95 FATC=0. 76 FUNE=tel FUNS=3,0 FUNC=0.6 GIAVAE= GWAVAS= GWAVAC-06L
TS=0.95 FATC=0,6¢ FUNE=tel FUNS=3,0 FUNC=0.6 GIVAVAE= GWAVAS=GWAVAC-06L
T5=0.3 FATC=0,6 FUNE=tel FUNS=3,0 FUNC=0.6 GIAVAE= GWAVAS= GAVAC-0.53
FATS=0.92FATC=0.3¢FUNE=el FUNS=3.0 FUNC=0.6 GIWAVAE= GWAVAS=GWAVAC-0.69

Fig. 5.4. Top filtered variants in initial gene level variants of PARKY

Mutation Taster Result
7962844 http://www Jcgi-h Taster/MutationTasterg9. CGG[T/CICATCCR transcript stable id text=ENSTO0000: PARK7&transcript stable id radio=ENSTG00O0O: type=gDNA
7969370 http://www b Taster/MutationTaster69. snippet=CTAC[C/TJAGGAGA transcript stable id text=ENST000OD: PARK7&transcript stable id_radio=ENSTO00DO: type=CDS
7984932 http://www. b Taster/MutationTasterss. GAC[G/A]GCC transcript stable id text=ENSTO000O: RK type=gDNA

Fig. 5.5. Gene level mutations haven’t been reported in 1000G.
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Mutation
KaR
ML
v
M261
R28Q
395
CA46A
465
RaSH
V1A
534
53§
ASET
E64D
P660
79T
RO8D
RIS
61005
LoV
ALOIT
C106A
106D
1068
AL07P
T110A
F119C
H126A
K130R
K132
M1V
NI35D
T140A
RU4SH
D19A
61505
RISW
E163K
L166P
ALT1S
AT

dosNP

15190738218
15147698459
5147698459
rs74315351
15142405016
rs137853051
N/A

N/A
r5145727515

15114601558
rs74315353
5145093684
rsi5601537
rs71653613
15182164240

rs145196092
rs15577037
N/A

N/A

15148682310
1574315352
N/A
1551772692
1574315354
1528938172
N/A
rs71653622

Gene  Organism Sequenc mds

PARKT
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PARKT
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PARKT
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Fig. 5.6.

SHAPprediction SNAPscore SNAFRI  SIFT prediction SIFTscore Pssmwt Percwt Psicwt Fsemmt Percmt Psicrnt Hydrophobicity

effect
effect
fect
fect
ffect
ffet
fect
effect
ffect
ffet
fect
fect
ffect
effect

Mutation
Aot
Cl06D
Aoz
RLS6W
LL66P
R2EQ
ROEW
(165
FL19C
HL26A
D149A
M251
Cl06A
G1508

dbshp
NA
A

15145156092
1561772692
IS8%EL72
rsJ2405015
1sL82E424)

N
N
N

157431352
rs7431351

N
N

human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human
human

Initial variants- amino acid level

MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebh¢ effect
MASKRAL 2f169ebh¢ effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebb¢ effect
MASKRAL 2f169ebb¢ effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebb¢ effect
MASKRAL 2f169ebb¢ effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebb¢ effect
MASKRAL 2f169bbs ro effect
MASKRAL 2f169bbs ro effect
MASKRAL 2f169bb¢ effect
MASKRAL 2f169bb¢ effect
MASKRAL 2f169ebbs effect
MASKRAL 2f169ebbs effect
MASKRAL 2f169ebbs effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs effect
MASKRAL 2f169ebbs effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs effect
MASKRAL 2f169ebhs effect
MASKRAL 2f169ebhs effect
MASKRAL 2f169ebhs effect
MASKRAL 2f169ebhs effect
MASKRAL 2f169ebh¢ effect
MASKRAL 2f169ebbs ro effect
MASKRAL 2f169ebbs ro effect

2
2
)
1
>
67
8
n
49
0
4
3
6
3
47
47
13
30
5
N
£
7
8
7
58
&5
5
63
7
43
3
59
3
4
6
%
3
3
54
38
0

§ effect 0 -1
§ effect 0 10
§ effect 0 2
3 effect 0 4
S effect 0 4
1 effect 0.1 4
3 effect 0.01 3
T effect 001 10
Deffect 001 1
§ effect 0.1 1
6 effect 0.01 6
Leffert 02 1
T effect 0.2 10
4 effect 0.4 3
SwissProt SwissVar
VARIANT VAR 020493
NUTAGEN NjA
NJA N/A
NiA NA
VARIANT VAR 020438
N/A N/A
N/A N/A
MUTAGEN NjA
CONFLICT NJA
MUTAGEN N/A
VARIANT VAR_020496
VARIANT VAR (20491
MUTAGEN N/A
VARIANT VAR_020497

4 noeffect
4 noeffect
3 no effect
1 effect
2effect
6no effect
0no effect
2 no effect
4 noeffect
0no effect
0 noeffect
0 noeffect
6 noeffect
3 noeffect
4 noeffect
4 noeffect
1 noeffect
3 effect
0 effect
2 no effect
5 effect
7 effect
8 effect
7 effect
5 effect
6 no effect
2effect
6 effect
0 noeffect
4 noeffect
4 noeffect
5 no effect
3 no effect
0 no effect
6 effect
4 effect
3 effect
3 no effect
5 effect
3 no effect
7 no effect

0.06
0.26
0.

0.01

0.7
0.86
0.7z

0.6
0.46
0.52
0.52
0.85
032
0.38
038
057
0.01
0.02
018

0.02

0.01

0.01
0.01
0.2z
075
038
0.7z
074
012
0.01
0.04

0.14

0.76
0.56

Velume Charge Grantham score - Average neterozygosity Mulant site Features
6 -0.75% wt 18 (ronolar), mt:-0.7 (polar)  wt 88.6 tiny), mt: L16.0 smell]  wt: neutral, mt: neutral BN/ NjA
4 -1.206 wt: 25 (colar), mt:-3.5 {polar) vt 108.5 (small), mt: 1111 (small) - wt: neutral, mt: negetive 154Nk PTM: Cysteine sulfinicacid |
0 -0.904 wt: 18{rongolar), mt:-L6 (nonpolar)  wt: 88,6 tiny), mt: 112.7 smell]  wt: neutral, mt: neutral 70(0) N/A
0 1412 wt 4.5 (ooler), mt-09 {nonpelar)  wt: 1734 bulky), mt: 278 (kulky)  wi: postive, m: neutral 1010500(0) N/A
1 -1.436 wt: 38 (rongolar), mt: L6 (nonpolar) - wt: 166.7 (bulky), mt: 112.7 (small} - wt: newtral, mt: neutral 980(0) N/A
5 0.296 wt:-4.5 (ooler), mt:-3.5 {nolar) wt 1734 (bulky), mt: 1438 (Eulky)  wt: positive, mt: neutral 430,000(0.015) NjA
1 1627 wit-4.5 (ooler), mt:-0.9 {nonpclar)  wt: 1734 bulky), mt: 2278 (Eulky)  wi: postive, m: neutral 1010(0) N/A
3 t: 25 (polar), mt:-0.8 (olar) wit: 108.5 (small), mt: 890 (tiny)  wt: neutral, m: neutral 12Nk PTM: Cysteine sulfinicacid |
5 <0225 wit: 28 (rongolar), mt: 25 (poler)  wt: 189.9 bulky), mt: 1085 (small)  wt: neutral, mt: neutral 15Nk N/A
5 -L176 wt:-3.2 (ooler), mt: 18(ronpolar)  wt: 1532 (bulky), mt:88.6 (tiny]  wh: neutral, m: neutral 86 N/A ACTIVE SITE: Frobable
3 054 wt-3.5 (ooler), mt: 18 (ronpolar) w1101 (small), mt:88.5 (tiny]  wt: negative, mt: neutral 126 0.002(0.033) N/A
3 0,364 wt: 19(rongolar), mt: 45 (nonpolzr)  wt: 1629 (bulky), mt: 166.7 (culky)  wt: newtral, mt: neutral 00(0) N/A
7 072wt 25(polar), mt: 13 (nonpolar) vt 1085 (smal), mt: 8.6 tiny]  wk: neutral, mt: neutral 195N/A PTM: Cysteine sulfinicacid |
3 -0.001 wt-04 (nonoclar), mt:-0.8 (pclar)  wt: 60.L tiny), mt: 39.0 tiny) wt: neutral, mt: neutral 6N/ NjA
100)Genomes Gene Protein Destrition Crganism Sejuence me3 SNAP pradiction SNAPscore SNAPR,
N/A PARKT 093497 Farkinson disease pihuman  NASKRALVILAKGAEEM 2169 bb349 eaeBddostiisaesrca. effect 8
NA PARKT 093497 Farkinson disease pihuman  NASKRALVILAKGAEEM 2169 bb349 eaedd9stisaesrcla ffect “
NjA PARKT NE_003133 Farkinson disease pihuman  MASKRALVILAKGAEEM 2f169ebb3491eaeBdddsbd53657c3a effect b
NjA PARKT WF_003183 Farkinson disease pihuman  NASKRALVILAKGAEEM 2f159bb349 eaeBidos6iisesTcaa effect 3
NA PARKT P_007193, 099497 Farkinon disease pihuman  NASKRALVILAKGAEEM 2169 bb349 eaedid9ssisaesrcda; effect %
NjA PARKT NP 003153 Fakinson disease pihuman  MASKRALVILAKGAEEM 2159 bb345 1 eaeBddS56d33657c3a effect 5
fes PARKT WP 003183 Farkinson disease pihuman  MASKRALVILAKGAEEM 2159 bb349 eaeBdd9s6ids3es7ca ffect 10
N/A PARKT 09397 Farkinson disease pihuman  NASKRALVILAKGAEEM 2169 bb349 eaedid9s6iaaesrea; ffect 5
NjA PARKT %3697 Parkinson disease pihuman  MASKRALVILAKGAEEM 21169 bb9491eaeB!d356d53657c3a effect 5
N/A PARKT 033697 Farkinson disease pihuman  MASKRALVILAKGAEEM 21159%bb349 eaeBdds6d53657c3a effect i3
fes PARKT WF_003193, Q39497  Parkinson disease pihuman  MASKRALVILAK GAEEM 2f16%ebb3491eaeB4adsedsaesicdal effect 5
NjA PARKT NE_003193, 099497  Parkinson disease pihuman  MASKRALVILAKGAEEM 2f13%ebb3491eaeBdadS6dS365Tc3a effect U
N/A PARKT 033697 Farkinson disease pihuman  MASKRALVILAKGAEEM 21159%bb349 eaeBdds6d53657c3a effect i
NA PARKT Q9397 Farkinson disease pihuman  NASKRALVILAKGAEEM 2f159bb349 eaeBidos6iisesTcaa effect '

6 58
3 6
3 6
1 3
4 25
0 8
3 5
3 5
2 0
0 6
0 2
0 2
1 5
2 12
3 12
2 u
3 u
3 u
4 5
1 12
4 6
10 58
10 58
10 58
2 13

1477
1.691
1.891
165
2353
0.107
1195
1195
1454
0.082
0.595
0.595
0.164
0.057
0114
0824
0338
0338
0337
0.502
1483
311
3211
3211
1593
0.362
-0.466
2063
0.505
0.696
0.188
0.329
0.134
1018
161
0.967
1482
0.856
1218
0.009
0.053

7
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SNAP pre SNAP sco SNAP RI SIFT pred SIFT scor Pssmwt Percwt Psicwt Pssmmt Percmt Psicmt  Fydroph Voume  Charge

Grantham score  Average heterozygosity

23 0.371 wt:-39 (pwt: 1686 w: positve, mt: positive %00)

7 : 150000 (0.015)
9 210000 0.015)
3 w00(0)

5 420.0002.015)
8 9%0(0)

13 0.1 wt25 (powt: 1085 wt:neutral, mt 195 N/A

20 -0.261 Wt 25 (powt: 1085 w neutral, mt: nzutrs) 112 N/A

12 1969 wti45 (pwt: 1734 wt: posttve, mt: neutral 20000 (0.015)
7 058 whi42 (newt: 1400 wt: neutrsl, mt: nzutrsl 64 N/A
8 -0.63wt:25 (prwt: 1085 wh: neutrsl, mt: nzutral 195 N/A
5 D453 wt: 25 (prwt: 1085 wh: neutrsl, mt: nzutral 112 N/A
5 0529 wt: 18 newt:88.6 ({wt: neutrsl, mt: nzutral £ 0.009 (1.067)

14 0.27 wi:-35 (pwt: 1384 wt: negative, mt: negative 450(0)

6 0452 wt:-16 (nwt: 1127 wh: neutrsl, mt: nautral 76.0.000 (0.015)

10 0.783 wt: 18 (nowt:88.6 (fwt: neutral, mt: nautral 56.0(0)

9 D762 wh:-45 (pwt: 1734 wt: positive, mt: neutral 420017 0.0%2)
1 637 wh:-45 (pwt: 1734 wt: positive, mt: neutral 1010(0)
4 0508 wh:-0.4 [nwt:60.1 fwt: neutrs, mt: nautral 56 N/A
7 0.3% wt: 38 newt: 1667 wt: neutral, mt: nzutral 32N/
6 0753 wt: 18 newt:88.6 ({wt: neutral, mt: nautral S N/A
7 0472 wt: 25 (pewt: 1085 wh: neutrsl, mt: nzutral 155 N/A

41206 wh: 25 (powt: 1085 wi: neutral, mit: n2gative 154 N/A
3 0123 wt: 25 (powt: 1085 wt: neutral, mt: nautral 1IN/

0 0.904 wt: 18 (nowt:88.6 ({wt: neutral, mt: nautral 2700)

14 0.5 wt:-07 (pwt: 1161 wt:neutral, mt: nautral 580(0)
5 0225 Wt 2.8 (nowt: 1899 wt: neutral, mt: nautral 205 N/A
5 1176 wi:-32 (pwt: 1532 wt: neutral, mt: nzutral 86 N/A
9 0206 wi:-39 (pwt: 1686 WE: positive, mt: positive 2 N/A

14 0.642 w39 (pwt: 1686 w: positve, mt: negarive 56 N/A
6 0175 w13 (nwt: 2ANA
6 0304 w35 (pwt: 2 NA
5 038 w07 (pwt: 58 N/A
4 0.005 wi 45 (pwt: 20000 (2.015)
3 0564 wi:-35 (pwt: 1111 wt: negative, m: neutral 126 0,002 (0.033)
3 D.00L wi:-0.4 (nwt:60.1 (1wt: neutral, mt: nautral 56 N/A
0 1412 wi:-45 (pwt: 1734 wt: positive, mt: neutral 1010.500()

1 DA% wi:-35 (pwt: 1384 wh: negative, mt: posiive 5€.0(0)
1 1.4% w38 9%0(0)
2 s wtLs(n 95 N/A
3 0,346 wt: L8 (newt:88.6 (1wt: neutrsl, mt: nzutrsl € 0.001 (2.026)

variants of PARK7

Fig. 5.7 Variants filtered based on SNAP and SIFT scores
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Imutant result

AloaT
C106D
ALOTR
R156W
L166P
R2B8C
ROBW
C1065
F119C
HI1264A
D1494
mM261
C1O64A

_ http://gpcr.biocomp.unibo.it/oldpredictors/I-Mutant/Mut24340/cutput.

http://gpcr.biocomp.

unibo.it/oldpredictors/I-Mutant/Mut22905/cutput.

html

http:/gpcr.bioccomp.

unibo.it/oldpredictors/I-Mutant/Mut22748/cutput.

html

hitp:/fgpcr.biccomp.

unibo.it/oldpredictors/I-Mutant/Mut23055/cutput.

html

hitp://gpcr.biocomp.

unibo.it/oldpredictors/I-Mutant/Mut23199/output.

html

http://fgpcr.biocomp.

unibo.itfoldpredictors/I-Mutant/Mut23221/cutput.

html

http:/gpcr.bioccomp.

unibo.it/oldpredictors/I-Mutant/Mut23293/ocutput.

html

hittp:/fgpcr.biocomp.

unibo.it/oldpredictors/I-Mutant/Mut23376/output.

html

hitp:/gpcr.biocomp.

unibo.it/oldpredictors/I-Mutant/Mut23525/output.

html

hittp:/fgpcr.biocomp.

unibo.itfoldpredictors/lI-Mutant/Mut23663/output.

html

http://gpcr.biocomp.

unibo.it/oldpredictors/I-Mutant/Mut24962/output

-html

http://gpcr.biccomp.

unibo.it/oldpredictors/I-Mutant/Mut23881/output

-html

hitp://gpcr.biocomp.

unibo.it/oldpredictors/I-Mutant/Mut24031/output

-html

hitp://gpcr.biocomp.

unibo.it/oldpredictors/I-Mutant/Mut24059/cutput

.html

html

SWM2: INC/DEC, RI

A10AT Decrease,7
C106D Decrease,d
ALOTP Increase, 3
R1LS6W Decrease, 4
L16GoP Decrease, 8
R28C Decrease, 8
RO3W Decrease,5
C106S Decrease, b
F119C Decrease, 4
H126A DECREASE, 6
D1494 Decrease,8
M261 Decrease, 7
C1o68 Decrease, 4
IGESOSIN DECREASE, 5
w20a Decrease,3
p73L Decrease, 8

Fig. 5.8. IMUTANT suite results for filtered variants of PARK7

PROVEAN Prediction

score

(cutoff= -

DDG VALUE PREDICTIOMN

-0.6
-0.55
-0.04
-0.27
-1.75
-0.85
-0.19
-0.53
-1.36
-0.58
-1.07
-0.52
-0.42

-1.5
-1.11
-0.82

C106D
C1065

C106A
H126A
R156W
D14%A
L166P
Ato7e
G1505
A104T
R28Q
R9BW
F119C
M261

2.5
-11.719 Deleterious

-9,704 Deleterious

-8.646 Delsterious
-6,812 Deleterious
-6.438 Deleterious
-6.328 Deleterious
-6.225 Deleterious
-4.863 Deleterious
-4,628 Delsterious
-3,923 Deleterious
-3,739 Deleterious
-3,47 Deleterious
-1.09 Neutral
-0.767 Neutral

PROVEAN  Prediction (cutoff= -

score gi5
V20A -3,285 Deleterious
P73L -9,846 Deleterious

Fig. 5.9. PROVEAN results for filtered variants of PARK7
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Sequence File: fileseq.seq

Mutation  PANTHER  PhD-SNP SIFT SWAP Meta-SHP  RI  Profile

M251 NA Disease Disease Disease Disease 4 F[M]=11% F[I]=1% Nali=433
g.002  0.578  0.715
Disease Disease Disease 5 F[R]=95% F[Q]=1% Nali=437
8.000  0.695  0.766
Disease Disease Disease 3 F[R]=8% F[W]=0% Nali=443

R28Q NA

R98W Disease

2.714 8.028  0.625  0.651

AO4T  Disease Disease Disease Disease 6 F[A]=90% F[T]=1% Nali=445
2.762 8.000  0.785  0.806

Cl05A  Disease Disease Disease Disease 6 F[C]=95% F[A]=1% Nali=445
2.743 8.032  0.798  0.815

C105D  Disease Disease Disease Disease 8 F[C]=95% F[D]=0% nNali=445
2.922 8.000  0.875  0.890

1085 Disease Disease Disease Disease Disease 7 F[C]=98% F[S]=1% Nali=445
2.780  6.959  ©.012  0.818  0.874
Alo7P  Disease Disease Disease Disgase Disease
2.816  6.932  8.008  0.755  0.877
F119C Neutrzl Disease Disease Disease Disease 5 F[F]=9% F[C]=0% Nali=438
2,375  @.582  @.012  0.610  0.730
HI26A Disease Disease Disease Disease Disease
2.650  @.545  8.012  0.735  0.765
DI45A Meutrel Disease Disease Disease Disease

@

F[A]-84% F[P]-0% Nali=446

F[H]=24% F[A]=0% Nali=441

o

F[D]=81% F[A]=1% Nali=431

8.463 8.018 0.815 0.789

G155 MNeutral Disease Disease Disease 3 F[G]=67% F[S]=2% Nali=429
2.357 8.042  0.720  0.648

RISEW  Disease Disease Disease Disease 6 F[R]=55% F[u]=0% Nali=442
2.877 8.012  0.632  0.779

L166P Disease Disease Disease Disease 8 F[L]=69% F[P]=0% Nali=44e
2.984 8.002  0.765  0.879

V2eA NA Disease Disease Disease 3 F[V]=41% F[A]=1% Nali=428

- 2.032 0.578 0.645
P73L Disease Disease Disease Disease Disease
2.951 8,931 2.002 0.715 0.821
61585 Meutrzsl Disease Disease Dissase Disease
2.357 8.766 .04 0.728 0.648

-

F[P]=97% F[L]-0% Nali=444

F[6]=67% F[S]=2% Nali=429

Sequence File: fileseq.seq

Mutation Prediction RI Probability Method

R28Q Disease 9 8,032 PhD-SHP: F[R]=95% F[Q]=1% Nali-437
R28Q Unclassified WA NA  PANTHER: F[R]=NA  F[Q]-NA

R28Q Disease 4 0,718 SNPs&GD

ROgH Neutral 2 .41  PhD-SHP: F[R]=8% F[W]=8% Nali=444
RO8H Disease 4 0.714  PANTHER: F[R]=13% F[u]=6%

RA8H Neutral 6 0,178 SNPs&GO

Aledt Disease 7 0.854  PhD-SNP: F[A]=98% F[T]=1% Nali=445
AedT Disease 5 0.762  PANTHER: F[A]-86% F[T]-Z%

Aledt Disease 5 0.728  SNPs&GO

C186A Disease 9 8,025 PhD-SHP: F[C]=96% F[A]=1% Nali-445
(1064 Disease 5 0.748  PANTHER: F[C]=85% F[A]-2%

C186A Disease 7 8.827  SNPs&Go

106D Disease 9 8.972  PhD-SHP: F[C]=96% F[D]=8% Nali=445
106D Disease  § 0922 PANTHER: F[C]=85% F[D]=6%

1860 Disease 8 0.917  SNPs&GO

1865 Disease 9 0.954  PhD-SHP: F[C]=96% F[S]=1% Nali=445
1065 Disease 6 0.780  PANTHER: F[C]-85% F[S]-1%

(10865 Disease 7 0.868  SNPs&GO

Ala7p Disease 9 8,032 PhD-SHP: F[A]=84% F[P]-8% Nali-446
Ale7p Disease 6 0.816 PANTHER: F[A]=75% F[P]-1%

Ale7p Disease 6 8.789  SNPs&Go

H1264 Disease 1 9.546  PhD-SHP: F[H]=24% F[A]=% Nali=441
H1264 Disease 3 0.650 PANTHER: F[H]=45% F[A]=1%

H126A Disease 2 0.604  SNPs&GO

1494 Disease 7 0.861 PhD-SNP: F[D]=81% F[A]=1% Nali=431
1494 Neutral 1 0.463  PANTHER: F[D]=45% F[A]=3%

D1494 Disease 1 0.548  SNPs&GO

61565 Disease 5 8.766  PhD-SHP: F[G]=67% F[S]=2% Nali-420
61585 Neutral 3 8.357 PANTHER: F[G]=29% F[S]=4%

41565 Neutral 1 8.454  SNPsRGo

RI56H Disease 6 8.791 PhD-SHP: F[R]=55% F[W]=8% Nali=442
R156H Disease 8 0.877 PANTHER: F[R]=48% F[u]=6%

R156H Disease 1 0.564  SHPs&GO

L166P Disease 9 8.933  PhD-SHP: F[L]=69% F[P]=6% Nali=440
L166P Disease 8 0.004  PANTHER: F[L]-75% F[P]-8%

L166P Disease 7 0.833  SNPs&GO

Fig. 5.10. MetaSNP, SNPs & GO results of PARK7
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HOPE SERVER:
1. R28Q

Download

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

vigs v

Download

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.11.1

2. A104T

Close-up of the mutation. Both the wild-type and mutant side chain are shown in green and red respectively. The rest of the
protein is show in grey.

Y »

Close-up of the mutation, same colours as animation 1. The animation shows alternating the wild-type side chain and the mutant
side chain
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m&
Close-up of the mutation. Both the wild-type and mutant side chain are shown in green and red respectively. The rest of the
protein is show in grey.

Close-up of the mutation, same colours as animation 1. The animation shows alternating the wild-type side chain and the mutant
side chain,

Fig. 5.1.11.2

3. C106A:

¥ 4

r

Download

4

Close-up of the mutation. Both the wild-type and mutant side chain are shown in green and red respectively. The rest of the

protein is show in grey.

P

Download‘

Close-up of the mutation, same colours as animation 1. The animation shows alternating the wild-type side chain and the mutant
cide chain

Fig. 5.1.11.3.
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4. C106D:

Kise

Close-up of the mutation, The protein is coloured grey, the side chains of both the wild-type and the mutant residue are shown
and coloured green and red respectively.

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.1.11.4

5. C106sS:

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.1.11.5

31



6. A107P

L A SN

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

x|
T

Download

DovnigadiiiN
Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.1.11.6.

7. L166P:

Download ,

Close-up of the mutation. The protein is coloured grey, the side chains of both the wild-type and the mutant residue are shown
and coloured green and red respectively.

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.1.11.7.
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8. R156W:

Downjbad

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.1.11.8.

9. G150S

wnIoad’/ E

Close-up of the mutation. The protein is coloured grey, the side chains of both the wild-type and the mutant residue are shown
and coloured green and red respectively.

.

-

s
Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

1

Fig. 5.1.11.9.

33



10.V20A

Download

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Do

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.1.11.10

11.P73L:

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type

and the mutant residue are shown and coloured green and red respectively

B

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild type
and the mutant residue are shown and coloured green and red respectively

Fig.5.1.11.11
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5.2 SNCA:

In Genome browser, searched for gene, Genome viewer, Collected all clinical and
cited variants for gene. Downloaded sSNPs. Sorted into 297 total SNV. All 297
loaded into predictsnp2. Filtered out for nssyn and exonic mutations. 26 had possible

deleterious.. 3 exonic mutations were filtered harmful. Totally 8 were remaining.

TOTALLY 76 TAKEN FROM SNPDBE. 42 HAVE EFFECT ACCORDING TO SNAP,
BASE ON SIFT 5 CENT EFFECT, filtered out for syn exonic mutataions.. 4 prime
exonic mutations found. iMutant server used on 4 & provean analysis has been done
for all of them. Further, MetaSNP analysis is done for finding disease causing
probabilities. HOPE server couldn’t be used for visualization as there is no stable
available structure, So SWISS model homology modelling is performed for all variants
& Discovery studio is used to show differences in structure and correlate with results

from HOPE server.

4,89706976,A,G  4,89726434,AG 4,89757647,G,C 4,89782082,AT 4,89801720,C,A 4,89822180,C,G 4,89835399,C,T 4,89841046,A,C 4,89724520,T,G 4,89729235,G,T
4,89711617,G,T 4,89726489,AC 4,89757647,G,A 4,89782082,A,G 4,89805385,C,T 4,89824305,A,C 4,89835399,C,G 4,89842109,AG 4,89724520,T,A 4,89729235,G,A
4,89711617,G,C  4,89731983,C,T 4,89761176,G,T  4,89782082,A,C 4,80808451,AT 4,89824556,G,A 4,89835399,C,A 4,89842552,AT 4,80724523,C,T 4,89822254,A,6
4,80711617,G,A 4,80733513,G,C 4,89761176,G,C 4,80784213,AT 4,80808451,AG 4,80824082,T,C 4,89835580,C,G 4,89842552,A,C 4,80724591,AG 4,80822254,A,C
4,80713401,AT 4,80733513,GA 4,80761176,G,A 4,80784213,AG 4,80808596,T,G 4,80825315,G,T 4,89836121,G,A 4,80843548,C,T 4,80724732,G,A 4,80822265,T,C
4,80713401,AG 4,89733852,T,C 4,89761353,C,;T  4,89784213,A,C 4,80808596,T,C 4,89825315,G,A 4,89836158,AT 4,80843548,C,A 4,80724926,C,T 4,80822265,T,A
4,89713401,A,C 4,89733852,T,A 4,89761420,A,G6 4,89786796,T,G 4,89808596,T,A 4,89825685,A,G 4,89836158,AG 4,89844062,C,T 4,89724951,G,A 4,89822301,C,A
4,89713869,T,C  4,89736035,C,T 4,89762017,T,G  4,89786796,T,C 4,89810558,A,G 4,89826032,G,A 4,89836243,G,C 4,89844062,C,G 4,89725303,T,C 4,89822309,T,C
4,89713869,T,A  4,89736340,C,T 4,89762017,T,C  4,89788500,G,C 4,80812518,A,G 4,89826600,C,T 4,89836243,G,A 4,89844129,AT 4,89725318,TA 4,89822336,C,T
4,89715410,G,A 4,89742391,T,C 4,89762017,T,A  4,89788500,G,A 4,80813384,T,G 4,89826600,C,G 4,89836243,G,T 4,89844129,AG 4,89725339,A,G 4,89828136,A,C
4,80715859,AT 4,80742301T,A 4,89763127,AT 4,80790619,T,C 4,80813577,A,G 4,80826600,C,A 4,89836354,T,C 4,80844129,AC 4,89725341,C,T 4,80828149,C,T
4,80715859,A,G  4,80743643,C,T 4,80763127,AG 4,80791360,G,A 4,80813577,A,C 4,80827044,T,G 4,89836354,T,A 4,80845835,T,C 4,80725341,CA 4,80828150,C,A
4,89716450,G,A 4,89744890,C,T 4,89766356,C,T  4,89791478,T,C 4,89813810,G,C 4,89827044,T,C 4,89836584,C,A 4,89845044AG 4,89725341,C,G 4,89828154,C,T
4,89718364,G,T 4,89744890,C,A 4,89766356,C,6  4,89791913,G,T 4,89813810,G,A 4,89827044,T,A 4,89836689,T,C 4,89845044,A,C 4,89725550,T,A 4,89828156,A,C
4,89718364,G,C  4,89745140,G,A 4,89766776,G,T 4,89791913,G,A 4,89814855,A,T 4,89827337,T,G 4,89836689,T,A 4,89846282,C,T 4,89725581,A,C 4,89828159,C,T
4,89718364,G,A 4,89747463T,C 4,89766776,G,C 4,89794080,C,T 4,80814855,A,C 4,89827337,T,C 4,89836694,C,T 4,89847220,CA 4,89725595,A,G 4,89828170,C,T
4,80720180,T,C  4,80747463TA 4,80766776,G,A 4,80795026,C,T 4,80815366,T,C 4,80827337,T,A 4,80836604,C,A 4,80848271AG 4,80725626,A,C 4,80835560,A,G
4,80720189,T,A 4,80750519,AT 4,80760981,T,G  4,80795026,C,G 4,80815366,T,A 4,80827495,C,T 4,89837238,G,T 4,80851700,AC 4,89725735,G,A 4,80835580,C,G
4,80721313,AT 4,89750519,A,C 4,80760981,T,C  4,80795865,A,T 4,80815434,C,T 4,80827495,C,G 4,80837238,G,C 4,80854061,A,T 4,80725768,AT 4,80836947,G,A
4,89721972,C,T  4,89752619,AG 4,89769981,T A  4,89795865,A,G 4,89815434,C,A 4,89827981,AT 4,89837238,G,A 4,89854061,A,G 4,89725998,A,C 4,89836961,C,T
4,89721993,C,G  4,89752619,AC 4,89770386,T,C  4,89798041,AT 4,89815772,G,A 4,89828149,C,T 4,89837794,AT 4,89855014,G,T 4,89726035,G,T 4,89836976,C,T
4,89721993,C,A  4,89753280,G,A 4,89771317,T,G  4,89798041,A,C 4,80818104,AT 4,89828154,C,T 4,89837794,AG 4,89855014,G,C 4,89726035,G,A 4,89836978,A,6
4,89721993,C,T  4,89753300,T,G 4,89771317,T,C  4,89798041,A,G 4,80818104,AG 4,89828156,A,C 4,89837896,G,T 4,89855014,G,A 4,89726127,G,A 4,89837065,C,T
4,80724520,T,G  4,80753300,T,C 4,80771317,T,A 4,80798045,AT 4,80818388,C,T 4,80828170,C,T 4,89837896,G,C 4,80724127,G,T 4,89726163,T,A 4,80837155,C,T
4,80724520,T,A 4,80753300,TA 4,80772325,C,G  4,80798045,A,G 4,80818388,C,A 4,80832326,G,A 4,89838736,AG 4,80724298,G,A 4,89726351,C,T 4,89837155,C,G
4,89724523,C,T  4,89754087,AT 4,89773346,A,G  4,89800409,A,G 4,89818841,T,A 4,89834579,G,A 4,89838736,AC 4,89724337,G,A 4,89726351,C,A 4,89837187,T,G
4,89725735,G,A 4,89754087,AG 4,89773436,T,G  4,89800486,C,T 4,89810727,G,A 4,89834788,A,G 4,89839070,AT 4,89724351,T,G 4,89726417,C,T 4,89837210,C,T
4,89726127,G,A 4,89757390,G,T 4,89775184,A,G  4,89800486,C,G 4,89820622,A,T 4,89834926,T,G 4,89839070,A,C 4,89724359,G,A 4,89726455,C,T

4,89726252,G,A 4,89757390,G,A 4,89776006,T,C  4,89801282,G,A 4,80820622,A,G 4,89835040,C,T 4,89839677,C,T 4,89724401,G,T 4,89726489,A,C

4,80726425,C,T  4,80757647,G,T 4,80779010,C,G  4,89801720,C,T 4,80822180,C,T 4,89835270,G,C 4,80839677,C,A 4,80724401,G,A 4,80726643,G,A

Fig. 5.12. Initial all gene variants of SNCA
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Chr.

Pos rsiD
4 898268149 rs1048938 C
4 89828154 . C

4 89828170 rs1048938 C
4 89835580 rs1048938 C

4 89828154 . C
4 89822265 . T
4 89822301 . C

4 89828170 rs1048938 C
4 89835580 rs1048938 C
4 89729235 . G
4 89828156 rs2011069 A
4 89729235 rs1451383 G
4 89822254 A
4 89822265 . T
4 89828149 rs1048938 C
4 89828156 rs2011069 A

Initial

DANNC=0.91
DANNC=0.69
DANNC=0.72
DANNC=0.73
DANNC=0.69
DANNC=0.60
DANNC=0.70
DANNC=0.72
DANNC=0.73
DANNC=0.67
DANNC=0.91
DANNC=0.73
DANNC=0.87
DANNC=0.67
DANNC=0.91
DANNC=0.91

FATE=neut
FATE=dele:
FATE=dele:
FATE=dele:
FATE=dele:
FATE=dele:
FATE=dele
FATE=dele:
FATE=dele:

Mutant

FUNC=exc EXON=nonsynonymaus SNV
FUNC=exc EXON=nonsynonymous SNV
FUNC=exa EXON=nonsynonymaous SNV
FUNC=exa EXON=nonsynonymaous SNV
FUNC=exc EXON=nonsynonymaus SNV
FUNC=exg EXON=nonsynonymaous SNV
FUNC=exq EXON=nonsynonymaous SNV
FUNC=exc EXON=nonsynonymaous SNV
FUNC=exc EXON=nonsynonymous SNV
FUNC=exa EXON=nonsynonymaus SNV
FUNC=exc EXON=nonsynonymaus SNV
FUNC=exc EXON=nonsynonymous SNV
FUNC=exa EXON=nonsynonymaous SNV
FUNC=exa EXON=nonsynonymaous SNV
FUNC=exc EXON=nonsynonymaus SNV
FUNC=exc EXON=nonsynonymous SNV

o= o 0o 4 o0 oo 4 > = 4 o 44 - —

FATS=0.05 FATC=0.85 FUNE=del¢ FUNS=3.0
FATS=0.92 FATC=0.55 FUNE=del¢ FUNS=3.0
FATS=0.94 FATC=0.63 FUNE=del¢ FUNS=3.0
FATS=0.99 FATC=0.78 FUNE=del¢ FUNS=3.0
FATS=0.92 FATC=0.55 FUNE=del¢ FUNS=3.0
FATS=0.97 FATC=0.72 FUNE=neu FUN5=2.0
FATS=0.99 FATC=0.83 FUNE=del¢ FUNS=3.0
FATS=0.94 FATC=0.63 FUNE=del¢ FUNS=3.0
FATS=0.99 FATC=0.78 FUNE=del¢ FUNS=3.0
FATE=neut FATS=0.87 FATC=0.63 FUNE=del¢ FUNS=3.0
FATE=neut FATS=0.44 FATC=0.73 FUNE=neu FUN5=2.0
FATE=dele’ FATS=0.89 FATC=0.5€ FUNE=dele FUNS=3.0
FATE=neut FATS=0.03 FATC=0.93 FUNE=neu FUNS5=2.0
FATE=dele’ FATS=0.94 FATC=0.62 FUNE=neu FUNS5=2.0
FATE=neut FATS=0.05 FATC=0.85 FUNE=del¢ FUNS=3.0
FATE=neut FATS=0.44 FATC=0.73 FUNE=neu FUNS5=2.0

PSNPE=ne: PSNPS=-0.6 PSNPC=0.75 CADDE=neutral

PSNPE=de| PSNPS=1.0 PSNPC=0.82 CADDE=deleteriou CADDS=23.6
PSNPE=de| PSNPS=1.0 PSNPC=0.82 CADDE=deleteriou CADDS=25.7
PSNPE=de| PSNPS=1.0 PSNPC=0.82 CADDE=deleteriou CADDS=22.6
PSNPE=de| PSNPS=1.0 PSNPC=0.82 CADDE=deleteriou CADDS=23.6
PSNPE=de| PSNPS=1.0 PSNPC=0.87 CADDE=deleteriou CADDS=25.1
PSNPE=de| PSNPS=1.0 PSNPC=0.87 CADDE=deleteriou CADDS=32.0
PSNPE=del PSNPS=1.0 PSNPC=0.82 CADDE=deleteriou CADDS=25.7
PSNPE=de| PSNPS=1.0 PSNPC=0.82 CADDE=deleteriou CADDS=22.6
PSNPE=ne! PSNPS=-1.0 PSNPC=0.89 CADDE=deleteriou CADDS=20.3

PSNPE=ne: PSNPS=-1.0 PSNPC=0.91 CADDE=neutral
PSNPE=ne: PSNPS=-0.0 PSNPC=0.65 CADDE=neutral
PSNPE=ne: PSNPS=-1.0 PSNPC=0.89 CADDE=neutral
PSNPE=ne: PSNPS=0.0; PSNPC=0.63 CADDE=neutral
PSNPE=ne: PSNPS=-0.6 PSNPC=0.75 CADDE=neutral
PSNPE=ne: PSNPS=-1.0 PSNPC=0.91 CADDE=neutral

CADDS=14.46 CADDC=0.6: DANNE=neuti DANNS=0.20 DANNC=0.91
CADDC=0.5¢ DANNE=delet DANNS=0.99 DANNC=0.69
CADDC=0.6: DANNE=delet DANNS=0.99 DANNC=0.72
CADDC=0.5: DANNE=delet DANNS=0.99 DANNC=0.73
CADDC=0.5¢ DANNE=delet DANNS=0.99 DANNC=0.69
CADDC=0.6 DANNE=delet DANNS=0.99 DANNC=0.60
CADDC=0.8: DANNE=delet DANNS=0.99 DANNC=0.70
CADDC=0.6: DANNE=delet DANNS=0.99 DANNC=0.72
CADDC=0.5 DANNE=delet DANNS=0.99 DANNC=0.73
CADDC=0.5; DANNE=neuti DANNS=0.98 DANNC=0.67
CADDS=0.014 CADDC=0.9: DANNE=neuti DANNS=0.42 DANNC=0.91
CADDS-=18.38 CADDC=0.5t DANNE=neuti DANNS=0.97 DANNC=0.73
CADDS=0.002 CADDC=0.9: DANNE=neuti DANNS=0.86 DANNC=0.87
CADDS=18.45 CADDC=0.5{ DANNE=neuti DANNS=0.98 DANNC=0.67
CADDS=14.46 CADDC=0.6: DANNE=neuti DANNS=0.20 DANNC=0.91
CADDS=0.014 CADDC=0.9: DANNE=neuti DANNS=0.42 DANNC=0.91

FUNC=0.62
FUNC=0.62
FUNC=0.62
FUNC=0.62
FUNC=0.62
FUNC=0.62
FUNC=0.61
FUNC=0.62
FUNC=0.62
FUNC=0.e1
FUNC=0.60
FUNC=0.61
FUNC=0.62
FUNC=0.62
FUNC=0.62
FUNC=0.60

Fig. 5.13 Filtered variants in gene level if SNCA

exonic and nssyn

89828154 .

C

GWAVAE=neutri GWAVAS=0.24
GWAVAE=neutri GWAVAS=0.26
GWAVAE=neutri GWAVAS=0.25
GWAVAE=? GWAVAS=0.36
GWAVAE=neutri GWAVAS=0.26
GWAVAE=neutri GWAVAS=0.13
GWAVAE=? GWAVAS=0.23
GWAVAE=neutri GWAVAS=0.25
GWAVAE=? GWAVAS=0.36
GWAVAE=? GWAVAS=0.46
GWAVAE=neutr; GWAVAS=0.16
GWAVAE=? GWAVAS=0.46
GWAVAE=neutri GWAVAS=0.21
GWAVAE=neutri GWAVAS5=0.13
GWAVAE=neutri GWAVAS=0.24
GWAVAE=neutri GWAVAS=0.16

GWAVAC=0.61
GWAVAC=0.58
GWAVAC=0.60
GWAVAC=0.48
GWAVAC=0.58
GWAVAC=0.52
GWAVAC=0.50
GWAVAC=0.60
GWAVAC=0.48
GWAVAC=0.47
GWAVAC=0.65
GWAVAC=0.47
GWAVAC=0.54
GWAVAC=0.52
GWAVAC=0.61
GWAVAC=0.65

89828170
89835580
BO822265 .
898225301 .

rs1048938 C
rs1048938 C

T
C

ABE B A B
044

Fig. 5.14. Final gene level variants
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Mutation dbSNP

L9V
E300
E40K
D416
Va4A
1571
F73L
R78W
VIN
P8IN
Di12v
G114D
L178W
N1855
S188F
S200L
N2035
P206A
S22L
D227N
12310
E235G6
F263C
S306P
A363T
T38N
R402H
AT
Vaell
V483A
M4851
R536C
T538M

FS36C
T538M
G5540
KS75T
REE0
EEUG
RB21C
KE2ER
ABATP
ARG
E70E0
E7080
METIV
oG
ATUT
L726M
RT3H
SN
L739F
Se0iP
RB0EH
E81Y
REEs0
METIS
GOgEE
AS15E
S3A
AZ0F
YIS
Sd24
E4BK
ABIT
ATBE
ATER
SH7A
PIrT
E123K
Y125F
w27
S1294
W13F
T 13EF
AP
E4B
ASIT
4 rH

Fig. 5.15 SNCA amino acid level variants

Gene

1528655310 SNCAIP
1518305655 SNCAIP
1518779505 SNCAIP
N/A SNCAIP
1556285021 SNCAIP
1518384281 SNCAIP
1514217202 SNCAIP
1514591951 SNCAIP
N/A SNCAIP
N/A SNCAIP
N/A SNCAIP
1514810009 SNCAIP
1514637430 SNCAIP
1513934663 SNCAIP
N/A SNCAIP
N/A SNCAIP
1514438472 SNCAIP
N/A SNCAIP
1514759464 SNCAIP
1514036649 SNCAIP
1514429177 SNCAIP
156867105 SNCAIP
1514029529 SNCAIP
1511135614 SNCAIP
1514503892 SNCAIP
1514494983 SNCAIP
1514568702 SNCAIP
1514192030 SNCAIP
1518551861 SNCAIP
1515069529 SNCAIP
N/A SNCAIP
1514344033 SNCAIP
1514714722 SNCAIP

rs 43440334 SNCAIP
red7147229 SNCAIP
rsW7524026 SNCAIP

MA SNCAIP
re4492699 SNCAIP
hA ShCAIP

rs28937532 SNCAIP
rs2593705 SHCAIP
rz 9789738 SNCAIP
hA SNCAIP
MA SNCAIP
rsBE712196  SNCAIP
rz139256839 SNCAIP
hia SNCalP
rsM468222 SNCAIP
3180907131 SNCAIP
rsMESI5227 SNCAIP
rsMEEIE740 SNCAIP
rsWII96E67 SWCAIP
heA SNCAIP
reM0E50272 SNCAIF
rs¥7533379 SNCAIP
relE0746854 SHCAIP
rs19U82320 SNCAIP

LY SHCAIP
hA SHCAIF
hiA ShCA
rs104893878 SNCA
A SHCA
MA ShCA

rs104893875 SNCA
rel04893877 ShCA

A ShCA
MA ShICA
NA ShCA
reW513EI72 SHCA
MA SHCA
A SHCA
rel3I055637 SNCA
NA SNCA
MNA ShCA
MNA SNCA

re104833878 ShCA
rs1D4B93875 SNCA
rs104B33877 SHCA

Protein
NP_0054:synuclein human
NP_0054! synuclein human
NP_0054¢synuclein human
NP_0054¢synuclein human
NP_0054:synuclein human
NP_0054! synuclein human
NP_0054¢synuclein human
NP_0054¢synuclein human
Q9Y6HS  synuclein human
Q9Y6HS  synuclein human
NP_0054¢ synuclein human
NP_0054:synuclein human
NP_0054:synuclein human
NP_0054¢synuclein human
Q9Y6HS  synuclein human
NP_0054:synuclein human
NP_0054! synuclein human
NP_0054¢synuclein human
NP_0054* synuclein human
NP_0054:synuclein human
NP_0054! synuclein human
NP_0054¢ synuclein human
NP_0054¢synuclein human
NP_0054:synuclein human
NP_0054! synuclein human
NP_0054¢synuclein human
NP_0054¢synuclein human
NP_0054¢synuclein human
NP_0054¢synuclein human
NP_0054¢ synuclein human
NP_0054:synuclein human
NP_0054¢synuclein human
NP 0054 svnuclein human

NP_00545 syrwclein burnan
NP_00545 syrwiclein uman
NP_00545 syrwiclein buman
NP_00545 syrwiclein uman
NP_00545 syrwclein human
QYEHS  spruclein buman
NP_00545 syrwclein buman
NP_00545 syrwiclein human
NP_00545 syrwiclein Fuman
QIYEHS  syruclein human
OSYEHS  syrwclein human
NP_00545 syrwiclein human
NP_00545 syrwiclein Fuman
08VEHS  syrwclein human
MP_00545 syruclein human
MP_00545 syruclein human
NP_00545 syruclein human
NP_00545 syrwiclein human
NP_00545 syrwclein buman
O8VEH5  syruclein human
MNP_00545 syruclein buman
NP_00545 syrwclein human
NP_00545 syruclein buman
NP_00545 syrwclein human
NP_00545 suruclein buman
Q8YEH5  syruclein human
ADD4TS4  alpha-syn buman
MP_00033 alpha-syn buman
P37840. A alpha-spn hurnan
AD047S4  alpha-sun buman
NP_00033 alphs-spn hurnan
NP_00033 alpha-sun buman
A015334  alpha-spn human
A015334  alpha-sun human
AD0ATS4  alpha-spn human
NP_00033 alpha-sun buman
NP_00033 alpha-syn human
P37640, A alpha-syn human
NP_00033 alpha-sun human
ADDATSA  slpha-syn buman
P37840. A slpha-sun Fuman
P37840_ 4 alpha-syn urman
NP_00329 alpha-sun burman
NP_00529 alpha-syn human
NP_00329 alpha-sun urman

Descriptic Organism Sequence md5

MEAPEYLI0107d19¢ no effect
MEAPEYLI 0107d19c effect
IVEAPEYLI 0107d19c effect
MEAPEYLI 0107d19¢ effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI 0107d19c effect
IVEAPEYLI 0107d19c effect
MEAPEYLI 0107d19¢ effect
MEAPEYLI0107d19¢ effect
VEAPEYLI 0107d19c effect
IVEAPEYLI 0107d19c effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI0107d19¢ effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI 0107d19¢ effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI0107d19¢ no effect
VEAPEYLI 0107d19c effect
MEAPEYLI 0107d19¢ no effect
MEAPEYLI 0107d19¢ effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI 0107d19c effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI0107d19¢ effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI 0107d19¢ effect
MEAPEYLI0107d19¢ effect
MEAPEYLI0107d19¢ no effect
IVEAPEYLI 0107d19c effect
MEAPEYLI0107d19¢ no effect
MEAPEYLI0107d19¢ no effect
VEAPEYLI0107d19c effect

ME APE™1 0007d18c2! no effect
MEAPEY] 0907c13c2! effect
ME APE™1 0M07d18c2! effect
MEAPEYL 09071322! ro offect
ME APEY1 0007d18c2! no effect
MEAPE'] 0007c13c2! effect
ME APEY1 0007d19c2! effact
MEAPE'] 0M07cf13c2! effect
MEAPEYL 0907c1322! ro effect
ME APE™Y1 0M07d18c2! effect
MEAPEY] 0007c19c2! effect
ME APEY1 0M07d18c2! no effect
MEAPEYL 000719c2! ro effect
ME APEY1 0007d18c2! effact
ME APE Y1 007cf18c2! no effect
ME APE Y (0719:2! o effect
ME AFE Y1 007cf18c2! no effect
MEAPEY 007c19:2! o sffect
ME AFE Y1 0007cf18c2! effect
MEAPEYL 00719021 effect
ME APE Y (007d18c2! o effect
MEAPEYI 00071921 effect
ME AFEY 0007c15c:2! effect
ME AFE Y1 0007 15c2! effect
ME APEY 0007c13c2! effect
ME AFE Y1 00071521 effect
MODYFMKI 90cchedZt effect
MOVFMKI 90cche82t effect
MOVFMK S0cc5e82E no effect
MOVFMKI 90cche82k o effect
MOVFMK S0cc5e82t effect
MOVFMKI 90ce5e82E ro effect
MOVFMK S0cc5e82t no effect
MOVFMKI 90005282k ro effect
MOVFMK S0cc5e82E no effect
MDYFMKI 90cc5e82LE ro effect
MOVFMKI 90cc5e82E effect
MOVFMK S0cc5ea2t effect
MOVFMKI 90cc5e82k effect
MOVFMK S0cc5e82E no effect
MOVFMK) 900582k effect
MOVFMK] 0cc5e82t effect
MOVFMEK) 9cF872bac effect
MDVFMK 9cf872bac no effect
MDVFMKI 9cFB72bac ro effect

0
5
28
1
-1
29
R
34
51
Bl
36
6

7
26
-23
=35

43
13
56
29

W
-47
3R
<32
74
74
23

3

Ell
4
35

8
EL
27
-44
42

69
-51
-15
-£5

38
bl
2
-29

0
L]

0 effect
0 effect
2 effect
2 effect
1 no effect
2 effect
3 effect
3 effect
5 effect
3 effect
3 effect
0 no effect
2 effect
3 no effect
4 effect
4 no effect
2 no effect
3 effect
0 effect
0 effect
6 no effect
3 no effect
5 no effect
3 effect
5 no effect
6 no effect
0 effect
1 effect
3 effect
0 effect
0 no effect
0 effect
1 effect

0 effect
1 effect
2 effect
2 o effect
3 no effect
2 no effect
4 effect
1 effect
5 o sffect
2 effect
1 effect
1 effect
4 ro sffect
3 effect
3 o effect
7 no effect
7 o effect
2 o effect
2 effect
3 effect
0 effect
3 effect
4 efferct
3 effect
0 o effect
1 effect
3 effect
2 effect
4 o effect
4 ro effect
0 o effect
B o effect
5 no effect
1 o effect
& no effect
6 o effect
3 effect
1 no effect
1 effect
2 o effect
0 o effect
1 no effect
1 o effect
0 no effect
7 o effect

0
0
0.02
0.01
049
0.04

o oo oo

0.06
0.03
031

0.19
0.38
0.03
0.03

02
031
0.08
0.02
0.14
0.86

0.01
0.04

034
0.01
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1303
1381
1.06
1149
0.869
1.109
1.869
1.805
1378
1917
1508
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1.124
104
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1479
1443
0523
179
0.286
1116
1.158
0.922
1077
0518
0.884
0.235
0.131
0.273
0.887
0.258
0.553
22 028
9 0.553
56 0438
B 0.982
' 15
Ll 0.e02
42 18
34 1044
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FE 1]
42 0109
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20 0329
14 -0006
33 0.243
b 0.285
56 1334
* 1033
32 1422
52 137
66 1805
8 1479
oo 0.976
46 0.605
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86 0739
45 1
3 0.473
50 135
2 D432
2  0m
2z 0.273
6 0z7
27 0157
86 1523
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& 1238
3 0%
40 1484
00 16ES
86 0E3
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0
0
1
1

0.093 wt: 3.8 (n wt: 166.7 wt: neutri
0.064 wt: 3.5 p wt: 138.4 wt: negati
0372 wt: -3.5 (pwt: 1384 wt: negati
0.669 wt: -3.5 (fwt: 111.1 wt: negati
0.77 wt; 4.2 (n wt: 140.0 wt: neutri
-0.183 wt: 45 (n wt: 166.7 wt: neutr
0132 wt: 2.8 (n wt: 189.9 wt: neutrs
-0.849 wt: -4.5 (wt: 1734 wt: positit
-0.807 wt: 4.2 (n wt: 1400 wt: neutr
-0.582 wt: -1.6 (rwt: 112.7 wt: neutre
-0.802 wt: -3.5 (pwt: 111.1 wt: negati
0.65 wt: -0.4 (rwt: 601 wt: neutr
-0.788 wt: 3.8 (n wt: 166.7 wt: neutr
0.611 wt: 3.5 (pwt: 114.1 wt: neutri
-0.746 wt: -0.8 (f wt: 89.0 { wt: neutrs
0.359 wt: 0.8 (f wt: 89.0 ( wt: neutri
0.904 wt: 3.5 (pwt: 114.1 wt: neutri
0433 wt: -16 (rwt: 112.7 wt: neutr
-0.812 wt: -0.8 (f wt: 89.0  wt: neutrs
0.051 wt: 3.5 (wt: 111.1 wt: negatl
0.857 wt: 3.8 (n wt: 166.7 wt: neutri
0.697 wt: 3.5y wt: 138.4 wt: negati
1484 wt: 2.8 (n wt: 189.9 wt: neutr:
0,556 wt: -0.8 (f wt: 89.0 { wt: neutr
0.679 wt: 1.8 (n wt: 8.6 ( wt: neutri
0.7 wt:-0.7 (pwt: 116.1 wt: neutr:
-0.886 wt: -4.5 ( wt: 173.4 wt: positit
-0.098 wt: 1.8 (n wt: 88.6 ( wt: neutr
0.425 wt: 4.2 (n wt: 140.0 wt: neutri
0461 wt: 4.2 (n wt: 140.0 wt: neutr
-0.014 wt: 1.9 (n wt: 162.9 wt: neutr
0.376 wt: 4.5 (; wt: 173.4 wt: positi
0.858 wt: 0.7 (rwt: 116.1 wt: neutrs

3200
00(
56.0(0
94 N/A

)
)
)

64 0(0)

80(0)

22 0,004 (0.044)
101 0,000 (0.015)

133 VA
91 N/A
152 N/A

94 0,000 (0.015)
61 0.000 (0.015)
46 0,000 (0.015)

155 N/A
145 NfA

46 0,002 (0.033)

27 N/A

145 0,002 (0.033)
230,000 0.015)

113 0,000 (0.015)
98 0,005 (0.049)

205 0,001 (0.021)
740,500 (0)
58 0,000 (0.015)
£5 0,003 (0.039)
29 0,000 (0.015)
58 0,000 (0.015)
20(0)
640,000 (0.015)

10 N/A

180 0.000 (0.015)
810,000 (0.015)

1

0.376 wt: -4.5 (prwt 734 [t wt positive

0859 wt: -0.7 [powt TI6.1{ =1 wt newtral

0.0 wt: =04 rucwt B [Eir wt eutral

04265 wt: -39 [powt BOE [t wt positiv

1358 wk: -4.5 [prwt 734 (£ wt positive

0,653 wt: <35 [prwt. 1384 (£ wt negaiin
45;

0771 wh -85 [powt 734 [k wh positive
0,338 wt: -39 (prwt BRE (Ewh positivi
147wt 18 (o wt G596 (1wt meutral
0,233 vt 18 (ros wt B35 [ wt neviral
D002 wt: -25 (prwh T304 (E wi megatin
0887 vt <35 (oo wh 1284 [E wh negatin
0.472 w19 (s wk 52,9 (£ wt revitral
059 w35 [powt T (=r wh megativ
0,337 wit: 18 (nor wt: 886 [t w neutral
D.646 wt: 38[no wh 166.7 (£ vt meutral
1734 wt: -4.5 [prwt 73.4 (E wt positiv
D912 vt -0.8 ot wt B30t wt: reutral
0174 vt 38[no wk 167 [k wt neutral
-0.572 wit: -0.8 (o wt: B9.0 [t wi: meutral
1483 wt; 45 [powt 173.4 [k wh positive
-0.777 wit: -3.5 (powt 130.4 (E wh negstis
0.067 wit: -4.5 (o0 w1734 (£ wit: positiv
0105wt -35 (powt 1141 st wt neutral

0.7 wit: -0.4 [ro wt 60.1(kr wi: reutral
-0.463 wit: 18 nor wi B8 6 (n wi: neutral
0,463 wt: -0.8 (oo wt 89.0 (b wt: neutral
-0.899 wt: 18 (nor wt 836 (i wt neutral
0.552 wt: -13 [pc wt 1936 [k vt neutral
0.077 wit: -0.8 (oo wh B30 [t wit: nevtral
0.365 wh -35 [prwt 1384 (£ wt negstis
0.734 wt: 18 (moe wi 836 [t wt meutral
0.208 wt: 18 [ror wt 88 6 [t vt neutral
0.757 wet: 18 (noe wt 686 (i wt: neutral
0.323 wt 0.8 [prwt B30t wt reutral
-022 wt -16 [nc wt TI27 [ vt newtral
0012wt <35 (o wt: 138.4 (E wh negalis
-0.234 wt: -13(pe wt 1836 [k wt nectral
D.EZ6 wt: 1.9 [rnor wh 2.9 [k wh neutral
D485 wt: -0.B [px wh 890 [l wt reLtral
-0.043 wt: -13(pe wt 1936 (£ wt: meutral
0186 wt: 13 [pc wt 936 (E wt neutral
1013 vt 18 (ron wt. BELE (1wt rectral
0067 wt: -3.5 [pr wh T304 [ wt regatis
0,679 vt 18 (ron wt BLE [ wt rectral

180 0,000 {0.015)
10,000 [0.075)
94 0.004 (0.044)
78 MA
43 0.002(0.028)
38 A

180 0.009 (0.067)
26 0,000 [0.01)
7000
60 1A
29 WA
28 0.0% (0.087)
210,01 (0.094)
94 1A
58 0.000 (0.015)
B0
23 0,000 (0.015)
46 0,000 (0.015)
22 0,000 (D.015)
74 N
29 0,025 (0.908)
121 0,001 (0.021)
43 0,000 (D.015)
46 0(0)

95 WA

07 1A
93 NA
27 0(0)

2 MA
33 A
56 0(0)
58 0(0)

07 1A
12 A
33 A
38 0.001(0.027)
56 A
22 A
10 0(0)

93 A
2 MA
22 A
7 0m
56 0 (0)
58 0(0)
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Fig. 5.16. SNCA filtered from aa level variants

Imutant Suite

aa filtered Gene Filtered

S9A Decrease,6 -0.39 Neutral G510 Decrease4 -0.91 Decrease stability
F123K  Decrease,b -0.62 Decrease stability E46K  Decrease,8 -0.69 Decrease stability
M127]  Decrease,3 -0.41 Neutral 084V Decrease,1 -0.21 Neutral

A30P Decrease,0 -0.1 Neutral K96l Increase,2 0.49 Increase

Provean

Variant  PROVEAN sc Prediction (cutoff=-2.5) Variant  PROVEAN sc Prediction (cutoff=-2.5)

S9A -2.708 Deleterious E46K -3.48 Deleterious

E123K -1.592 Neutral G51D -2.3 Neutral

M1271 -0.566 Neutral G684V -4,323 Deleterious

A30P -4.536 Deleterious K96l -5.573 Deleterious

Fig. 5.17. SNCA iMutant & Provean result
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Meta-SNP: Meta-predictor of disease causing variants
Cite: capriotti et al. BMC Genomics 2013. Suppl 3:52.
WEB: http://snps.biofold.org/meta-snp

Sequence File: fileseq.seq

Mutation
S9A

A3ep

E123K

M1271

Mutation: WT+POS+NEW

PANTHER
Neutral
0.181
Disease
0,786
Neutral
0.302
Neutral
0.187

PhD-SHP
Neutral
0.365
Disease
0.687
Neutral
0.299
Neutral
0.146

SIFT
Disease
0.030
Disease
0.030
Neutral
0.090
Neutral
0.130

WT: Residue in wild-type protein
POS: Residue position
NEW: New residue after mutation

Prediction:

Neutral: Neutral variants
Disease: Disease causing variants
Outputs: Value reported under each prediction
PANTHER: Between @ and 1. (If »8.5 mutation is predicted Disease)
PhD-SNP: Between @ and 1. (If »8.5 mutation is predicted Disease)
SIFT: Positive Value (If >@.85 mutation is predicted Neutral)
SNAP: Qutput normailzed between @ and 1 (If 8.5 mutation is predicted Disease)
Meta-SNP: Between @ and 1. (If »@.5 mutation is predicted Disease)
RI: Reliability Index between @ an 10
F[X]: Frequency of residue X in the sequence profile
Nali: Number of aligned sequences in the mutated site

SNAP Meta-SNP  RI
Disease  MNeutral 3

0.665 0.348
Disease Disease 3
0.660 0,658
Disease MNeutral 7
0.640 0.153
Disease Neutral 8
0.515 0.101

Meta-SNP: Meta-predictor of disease causing variants
Cite: Capriotti et al. BMC Genomics 2@813. Suppl 3:52.
WEB: http://snps.biofold.org/meta-snp

Sequence File:

Mutation
E4BK

G51D

G4V

K961

Mutation:

fileseq.seq

PANTHER PhD-SNP
Neutral Disease
0.363 B.682
Disease Neutral
0.593 @.404
Disease  MNeutral
0.639 @.385
Disease Neutral
0.734 @.38%
WT+POS+NEW

SIFT SNAP
Neutral Neutral
@.18e 0.500
Disease Disease
2.93e 0.675
Disease Disease
@.04@ 0.635
Disease Disease
@.e40 0.660

WT: Residue in wild-type protein
POS: Residue position
NEW: MNew residue after mutation

Prediction:
Neutral: Neutral variants

Disease: Disease causing variants

Outputs: Value reported under each prediction
PANTHER: Between © and 1. (If »>0.5 mutation is predicted Disease)
PhD-SNP: Between @ and 1. (If »>@.5 mutation is predicted Disease)
SIFT: Positive Value (If »9.05 mutation is predicted Neutral)
SNAP: Output normailzed between © and 1 (If »8.5 mutation is predicted Disease)
Meta-SNP: Between @ and 1. (If »8.5 mutation is predicted Disease)

RI: Reliability Index between @ an 10

F[X]: Frequency of residue X in the seguence profile

Mali: Number of aligned sequences in the mutated site

Meta-SNP
Disease
8.585
Disease
9.529
Disease
9.530
Neutral
9.435

Fig. 5.18. MetaSNP results of SNCA

profile
F[S]=100% F[A]=0%

F[A]=100% F[P]=0%

F[E]=80% F[K]=0%

F[M]=42% F[1]=0%

Profile
F[E]=68%

F[6]=45%
F[G)=77%

F[K]=71%
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F[D]=0%
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Expand all annotations

PhD-SNP  PolyPhen-1 PolyPhen-2 SIFT SNAP

Annotation  Mutation GRCh38/hg38
| 4 A30P 87 % 88 % 82% 74 % 81% 9% 81%
| 4 E46K 2% 84 % 73% 67 % 43% 79% 81%
G51D 61% 88 % 68 % 67 % 1% 79% 62%
Gaav 61% 7% 51% 74% 81% 79% 61%
Kosl 87 % 82% 2% 74% 45% 79 % 81%

Fig. 5.19 Predictsnpl results of SNCA

HOPE SERVER:

1. A30P
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Fig. 5.20.1
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2. E123K
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Fig. 5.20.2

3. S9A
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o B RE S X . - '+

BEo
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Fig. 5.20.3

4. E46K

Fig. 5.20.4
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5. G51D

Fig. 5.20.5

6. G84V

Fig. 5.20.6
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7. K96l

Fig. 5.20.7

5.3. LRRK2:

Initial data has been taken from dbSNP with total of 571 variants in SNPs. All of them
have been loaded into predictsnp2. 308 non-synonymous exonic found. Rigorous
filtering for finding deleterious resulted in 178 variants after sorting. After futrhur
filtration based on algorithm scores and sorting, 40 variants were taken further into
Mutation Taster 2 tool. Of all the inputs, only 9 of them were both disease causing

and haven’t been reported in 1000G.

216 results from snpdbe are further filtered into 56 with ones which are not validated.
All of those entries into iMutant and only 38 of them had minimum threshold to
decrease stability. Further from 38, only 28 of results were taken further based on RI
and scores. 28 are incorporated into provean tool, 14 came out deleterious and

probably del- neutral with mild chances of being deleterious
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All of the results from MutationTaster and amino acid level filtered were put into
metaSNP. Only 5 of them were harmful and further they were put into HOPE server,
which gave results for all of them but only visualization was done for 2 of the variants
in main LRRK2 domain. For other 3 leads, Homology modelling has been done in
SWISS model and then Discovery studio was used to visualize and correlate the

results with HOPE server.

1D40508,6,C 1A0M06106A 12402523841 1240801167 12403086186 124031530614 1240322458 T,C 10A03S1680,6A 12 A368111AG 12402203646,C 120051369 GA 12,40084885,1.C 12A03I00C,T 10A03068,CA 10403635016,
DAI08GA 1AMS6AT DA5N16GA LAMILGA 1A00B632,CA 1LA0MS09CA ANEECA DAIBINNGA 1A6RIAT 1AIBI0GA 1A0SI0I8GA 10,40085466,6A 12A03N0616A AR5 6 1A36496,T
DA088,6T 1AMSTIAC DABTHLAG 1ABNILGA 14008636 1LASTIAT ABBISIAG DABSITBAG 1LABRIDAG 1ANBIHGA LABLT 1LASIH6AG 14305156 1ARB6TC 140364896,
DA05088,6A 1AMSNTC DASTINTC DADBMELAT 12A00863A,C 1240MSG79AG 10432046 14050304 TC 1D ABGRIDAC 12ADLSI06A 1LA0DS6T006A 1400855697 12A03105616A 1403306067 1040364836,
DAIS10,6A 1A03668T,C LAISTHLTC ABELAG 12403086757 12409008 T,C LARDI5AG AIISMIOGA 12AMEBNOCT 140205556,CT 12A005TMQTC 12400983664 1ADMIVTEGC 12400006 12400648507,C
LA06TC 12A043668TA LAZS0TAG LA0BIATC 12403091086 12403000327 DAGRIA0S6TC LAGRSEIIGAT 124036RIT0CT 124000560867 1LA0DSOTISTG 1LA0SB33CT 12403139766 LLA0332706A 124036086,
DAES,CA 1AMBIGT DAIBKBAT DABTIAG 1400900864 1AN0RNCE DABBIGT AREUSCT 1DABEIOCA 140562564 1ANBETISTC 1488306 ARUIGCT 12A0B0LGA 1A06T012T A
DABGA AMSBHCE DAIIAG LABIEEAG 1A09NCT 1ARNGLCA DABBIGT ARSET 145680561 14020066 1LANSETISTA 14058196 140314101CT 140335205,CT 1A0367050A,6
140255%,CT 12400498507 14025957864 140870441 12403091746,C 12403000461 LAG32TG6A 1435166 12403680356A 1L0007013,6,T 104025955AT 12400584886 1240304101,CA 12,40885927C 12403681487
1A05563TC 1A09850CA DAE06AG ADBTIGLAG 12400917464 124030004 GA 1DA08TTC 1A39%5,CT 1DA036380TA 12A0070136,C 1LA0S9578GA 124008812546 1DA031566TA LLADNBS9LTA LABTIAG
DATA 1LA0MSET5GA DAIHTAG 1A0TCT 140309185,6,A 12403000567 1ARIB416,6,C 1AIBSUILAG 124036008667 1L4007013,6,A 1240059708GA 124005921264 1A0ILLTG 12,40BH0BCA 1240385147 6
1D40568,6T 1408881T,C 1DAD6%898,C6 1249%15,6A 124009206, T 1240320043,6,C 12403350316, 124036%35,CT 1 03685016,1 124020990564 12006380646 12,40089255,1.C 12A0315611T,C 10A030%6LT,C 1240238488A,6
DAISERGA 1AMB6T DAERIECA 1ADIGC 1L4009205,C 12A000B6A DARSIRGT DARGMNCT 1DABEE06C 1LA0B1T8GA 1ANIET5AG 124030086646 LAELLTA 12,40H0807C 12403039527
DABBBAG LAMEBGA DAISNGA 1ADINGA 1LANB0AG6 124300860 1ARAS0S,6A 1AB6HESTC 12AB08016A 1500856347, 124026389806 12403040046 1240319957T,C 1240404006 A 12403000417
DABBIAC DABINGA DADIELTC 1ARGT 1ABINMSCT 1DAMOLAG DABSUGCT DABEHEGA 1DAT6CA 1AGECT 1LABHIECA 1A00AM06T 1A3N0957TA 1AIUNLTL 1DA30816,A
DAZEMAC DABINGCT DAINAGC LADIKGA 1AMMMCT 1ANNAG LAMIBLTC DABCHIBAGC LABETIATC 1L4007985T,C 1ATILAT 12403040006C 1ADMNETC 1240HMIGAT 124052667 A
LA0TC ASIFHIAG LAZISITGC DABERAT IARINCE 1ARMAG LLAM0B0TC LABEILGA 1AB687ATA 1LA0BTHSTA 1LANSTHOLAC 124030488046 124032003201 LLA00TBLTC ABIMIBAG
DAEEUTC 1ASI66CA DAZTNTC DADNERAG LARINUCA 1A0097TC DAMMIOGA DABEULGA 1ATRGT ABNEAT 1AKTAGT 14005766 1403003206 1A0ME563,6T 1AE1606,
DABCT ASIIGT DATITC DADIMAG 1410564 1LAR009TA 1AMA4TC ABCSOTC 1246807 1300800766 124027460064 124030846767 140300033,CA 12406644 T 1240367988, T
104035606,CT 1LA0SI396A 1ATTS68AC 1AIIATG 1ATBINGCT 1A03IIIAG 1DMMMILGA 1AEIAGA 1 ABEUAG 1AIBTT,G 1A00TMS9AG 1240308467 6,C 12403000436 LATGBEAAG 10A8906,A
DAIEHE,C6 1A CA DAZOSTG 1AI6TC 1ARINSOGT 1AIIAAG DAMMIAT DABBITAT 103680547 1AIBFITE 1A0UTTIS60A 12,4009481,GA 12403200436 A0S LAISLIRG,T
DATRSTC 1LASIA%CT DAZI0STA 14009086667 140306164 1LARIZATC AMGRAAT LABBITAG 1403686 CT 1AIBILTC 1LA0TTS33TC 1LA0NBAIBAG 124030004367 124008506 1240090866,6,7
DABTRTA 1ASI056A DATRIAAG 1AINTC IABIMTLAG 1AITACT 1DAMGIAG 1A6ANECT 1) ABGNTCT 1AIBSITA 1A0TTSEBAC 1A00S63)CA 1DA0TLAG 1ADEACT 1ARINT 6T
DAIDRTSAT 1AIN6AG LAIRETCT DASMEAG 134005156 12AMIIALAG 1AIMBASYGC 1AIIGASSGCE 12AMGR51CT 12,400543,C 12A00TBIS4AG 124000900067 1240320097T,C 12,408561,6,C 12402587T,C
LABNTEAG LASINGA LAZRITAG LADNEIAG 1IAR050GT 1ARIALAC 1AM526A LLABRISSECA 14036900016 124040503,CA LLA0DTRIGTCT 124030900964 1240320088TA 1240385616 1403635286
A00503,CT 1A00SI958AT 1040898971 1040095066,6A 12400050664 12403200067 10A048475,A6 AT 1LA036300T.C 124005946,C 1L A0TRISTAG 1240903145, 12403001136 100350873 C
140056,CA 1ADSIBBAC 1ABITCT DADSSIAT 1L4000554,6,A 1243006AC 1AMB4CT DABCEOAG 12AB69053T,C 1L00M3556A,T 104008239867 124030907460 1403000076 12403515727 A
10400005%,6,C 140052968 GA 1240083855,6,A 1240095566,A6 13,40310561,6,A 1240310066 1240351534,C6 1AI6S04,CT 12A69211TA 12,00043668T,C 124008327 AC 1240309074 6A 14030111406 12, 403515 T
ADAR0YTC 1A05I978CT 1DADB085,CA 1A0564TC 124006526 1240300077 1DAS5L53 CA AGTOILTA 1403600976 1240668T A 1040089897 12,40%09185,G,A 1240301816 1240515856
12400804,CT 1ASI978CT 1A890TC 1ADSTAC 1403096T,C 1240303706 124035153706 LAB6TOR0TC 1040364746 1240STSSAT 1040080116, 12,40309006,CT 12403010181A,C 1240351667,CA
40551,6A 1AGI5A6 1A303952,CA 1A005TT6CT 1240309766,C 124030007 CA 10403505106 1DA036T0A4CT 10 A000RI8CT 12A0MSTSOAG 100084011 GA 12,40308205,A.C 12A0301500,6A 12403516067
ADEERLGT 1ASI0CT DABMN0GA LANSTELTA 1403097664 1A0086A DASLSTITA DABSTIACA DANMATE LATNAG 1ANBMELAT 14009380CA 140320371 1A051680,6.C
DABENAG LASSINAG LAUANMAG ANSTILCE 1ABMNGT 1LABIMTGT LASSLSTSCT ABEISIAG 1LANMTC 140M9854CT 1LANBMELAG 1LA0MMCT 12403203706 1240351680,6
DABENAC 1AGI6AG 1ABAG DADNTLGA 1ADNLGA DAIMTGA DAELH0GT DAB6TEEAGA 1ARAT 1AIMIACA 1ANBIATC 1A0MMCE DARNICA DABITIAG
DAICT 1ASSI96AC LAAIAC LADNSUETA 140N GA 1AIMAG LAISLSHGA LABGTHSGA 1LAMBIAC 1ADALTC 1LA0BTIGLAG 1240MMMCA 12403220386A LLADG616AT
14058366, 14005521064 1430404067 12403086206 1340304056, 124030213TAC 1240351585,6,A 124086T86LT.C 1240015078 12,00208925,6,T 1240083624,6,C 124031043564 14030004767 1240362607
1A0503,CT 1A0086055T,C 1A304040,6,C 1DA0N0R6T6T 12AI3M062A,6 1240320364 T.C 1DA0SSL6086T LAS6TROBAC 1DA02IG00GA 1240936 1240620 GA 1240910436, 12403200476 1DA6670C,A
140503,06 124009606676 1A0304076,6,C 1240308467,6,C 1240304001,CT 1240300386,61 14035167,CA 1A6T13TC 124000890, 1300050273,6,A 12400836446 124031009760 1A0300386,6,T 12,40363040,CT
140586 T 1LA0IB66AG MBS GA 1AIRTGAG 1AI3I0LCA 14030038664 1DABSL680,6T 1A6T8I3TA 1A606,C 1AISIIEIAG 140094 1240310437 GA 124030203866 12403635266

Fig. 5.21 Initial DbSNP variants of LRRK2
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#CHROM POS D REF

n 40259578 1520200966
n 40278167 rs281865CC
n 40283897 rs344109€C
n 40298346 1511134116
n 40302866 rs281865CA
n 40305791 rs464000CC
n 40308481 1572546326
1 40310450 rs7468145C
1 40310515 rs281865CA
1 40314059 rs339589CC
1 40323260 1528186506
1 40323270 . 6
n 40340361 rs281865CT
n 40340380 rs3401562T
n 40340400 rs346375E G
n 40340404 1535870227
n 40259578 1520200966
n 40278167 rs281863CC
n 40283897 rs344109¢C
n 40298346 1511134116
n 40302866 rs281865CA
1 40305791 rs454000CC
1 40308481 1572546336
1 40310450 rs7468145C
1 40310515 rs281865CA
1 40314059 rs339589CC
n 40323260 1528186506
n L:PEY G
n 40340361 rs281865CT
n 40340380 rs3401562T
n 40340400 rs346375¢6
n 40340404 rs358702: T
n 40243579 rs1500306A
n 40274381 T
n 40305871 G
1 40320054 rs2005805 6
1 40320094 . A
1 40323297 . T
1 40328416 . 6
1 40343475 A
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INFO

FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=2: CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=2¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.( PSNPC=0.{ CADDE=d¢ CADDS=2; CADDC=0. DANNE=d DANNS=0, DANNC=0.71
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,C PSNPC=0.¢ CADDE=d¢ CADDS=3¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,( PSNPC=0.¢ CADDE=d¢ CADDS=1¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.71
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,C PSNPC=0.¢ CADDE=d¢ CADDS=2¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.70
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,C PSNPC=0.¢ CADDE=d¢ CADDS=3 CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.¢ CADDE=dk CADDS=3: CADDC=0. DANNE=d DANNS=0.DANNC=0.75
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.¢ CADDE=dk CADDS=2: CADDC=0. DANNE=d DANNS=0.DANNC=0.75
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.( PSNPC=0.¢ CADDE=de CADDS=1¢ CADDC=0. DANNE=d DANNS=0. DANNC=0.70
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.( PSNPC=0.¢ CADDE=dk CADDS=2 CADDC=0. DANNE=d DANNS=0.DANNC=0.75
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.PSN CADDE=d: CADDS=2: CADDC=0. DANNE=d DANNS=0. DANNC=0.67
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=24 CADDC=0. DANNE=d DANNS=0 DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=24 CADDC=0. DANNE=d DANNS=0 DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=3£ CADDC=0. DANNE=d DANNS=0. DANNC=0.74
FUNC=2x0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1CPSN CADDE=tk CADDS=2; CADDC=0. DANNE=d DANNS=0,DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1. PSNPC=0.{ CADDE=d¢ CADDS=2: CADDC=0. DANNE=d DANNS=0, DANNC=0.73
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,C PSNPC=0.¢ CADDE=d¢ CADDS=2¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,( PSNPC=0.¢ CADDE=d¢ CADDS=2: CADDC=0. DANNE=d DANNS=0, DANNC=0.71
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,C PSNPC=0.¢ CADDE=d¢ CADDS=3¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1,( PSNPC=0.¢ CADDE=d¢ CADDS=1¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.71
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.( PSNPC=0.¢ CADDE=de CADDS=2f CADDC=0. DANNE=d DANNS=0. DANNC=0.70
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.PSN CADDE=d: CADDS=3: CADDC=0. DANNE=d DANNS=0. DANNC=0.75
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.¢ CADDE=dk CADDS=3: CADDC=0. DANNE=d DANNS=0.DANNC=0.75
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.¢ CADDE=dk CADDS=2: CADDC=0. DANNE=d DANNS=0.DANNC=0.75
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.( PSNPC=0.¢ CADDE=de CADDS=1¢ CADDC=0. DANNE=d DANNS=0. DANNC=0.70
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=2; CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=2; CADDC=0. DANNE=d DANNS=0. DANNC=0.67
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=24 CADDC=0. DANNE=d DANNS=0 DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=24 CADDC=0. DANNE=d DANNS=0 DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.{ CADDE=d¢ CADDS=3¢ CADDC=0. DANNE=d DANNS=0, DANNC=0.74
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1, PSNPC=0.¢ CADDE=d¢ CADDS=2 CADDC=0. DANNE=d DANNS=0, DANNC=0.75
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1, PSNPC=0.¢ CADDE=d¢ CADDS=2: CADDC=0. DANNE=d DANNS=0 DANNC=0.66
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1, PSNPC=0.¢ CADDE=d¢ CADDS=2: CADDC=0. DANNE=d DANNS=0 DANNC=0.60
FUNC=gx0 EXON=nonsynonymous SNV PSNPE=de PSNPS=1, PSNPC=0.¢ CADDE=d¢ CADDS=2: CADDC=0. DANNE=d DANNS=0 DANNC=0.60
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.( PSNPC=0.¢ CADDE=de CADDS=2 CADDC=0. DANNE=d DANNS=0. DANNC=0.70
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.( PSNPC=0.¢ CADDE=de CADDS=2¢ CADDC=0. DANNE=d DANNS=0. DANNC=0.70
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.¢ CADDE=de CADDS=2 CADDC=0. DANNE=d DANNS=0. DANNC=0.50
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.¢ CADDE=de CADDS=2f CADDC=0. DANNE=d DANNS=0. DANNC=0.68
FUNC=exa EXON=nonsynonymous SNV PSNPE=de PSNPS=1.C PSNPC=0.¢ CADDE=dk CADDS=2: CADDC=0. DANNE=d DANNS=0. DANNC=0.60

FATE=(ele FATS=0.91 FATC=0.5¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.65
FATE =(ele FATS=0.97 FATC=0.5¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.65
FATE =tele FATS=0,51 FATC=0,5¢ FUNE=deli FUNS=3,0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.57
FATE=dele FATS=0,7 FATC=0,6¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS=GWAVAC=0.53
FATE=dele FATS=0,87 FATC=0,65 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.64
FATE =dele FATS=0,¢ FATC=0.7: FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.65
FATE=dele FATS=0,¢ FATC=0.7¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.58
FATE=dele FATS=0.94 FATC=0.6 FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.50
FATE=dele FATS=0.92 FATC=0.5¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.53
FATE=dele FATS=0.91 FATC=0.5¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.51
FATE=dele FATS=0.94 FATC=0.6 FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.55
FATE=dele FATS=0.9% FATC=0.6 FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.53
FATE =dele FATS=0.97 FATC=0.5¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.59
FATE=dele FATS=0.97 FATC=0.71 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.60
FATE =tele FATS=0.9¢ FATC=0.7¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.59
FATE=dele FATS=0.97 FATC=0.71 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.60
FATE =dele FATS=0,1 FATC=0,5¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.63
FATE=dele FATS=0,2 FATC=0,5¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.65
FATE=dele FATS=0,1 FATC=0,5¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.57
FATE=dele FATS=0,7 FATC=0,6¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS=GWAVAC=0.53
FATE=dele FATS=0,87 FATC=0,65 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.64
FATE=dele FATS=0.9% FATC=0.7: FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.65
FATE=dele FATS=0.95 FATC=0.7 FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.53
FATE=dele FATS=0.94 FATC=0.6 FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.50
FATE=dele FATS=0.92 FATC=0.5¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.53
FATE=dele FATS=0.91 FATC=0.5¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.51
FATE =(ele FATS=0.94 FATC=0.6: FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.55
FATE =dele FATS=0.95 FATC=0.65 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.58
FATE =dele FATS=0.97 FATC=0.5¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.59
FATE=dele FATS=0.97 FATC=0.71 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.60
FATE =dele FATS=0,8 FATC=0.7¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.59
FATE=tele FATS=0,7 FATC=0.71 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.60
FATE=dele FATS=0,5¢ FATC=0,6¢ FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE=GWAVAS= GWAVAC=0.50
FATE=dele FATS=0,55 FATC=0,65 FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS=GWAVAC=0.51
FATE=dele FATS=0,9¢ FATC=0.8: FUNE=deli FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS=GWAVAC=0.51
FATE=dele FATS=0.95 FATC=0.8: FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.51
FATE=dele FATS=0.95 FATC=0.8: FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.51
FATE=dele FATS=0.95 FATC=0.8 FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.50
FATE=dele FATS=0.97 FATC=0.7¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.50
FATE=dele FATS=0.5C FATC=0.5¢ FUNE=del FUNS=3.0 FUNC=0.6 GWAVAE= GWAVAS= GWAVAC=0.51

Fig. 5.22 Filtered using PredictSNP2 for synonymous and exonic

MUTATIONTASTER

POS
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40278167 C
40283897 C
40298346 G
40302866 A
40305791 C
40308481 G
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40314059 C
40323260 G
40323270 G
40340361 T
40340380 T
40240400 G
40340404 T
40283897 C
40302866 A
40305791 C
40308481 G
40310450 C
40310515 A
40314059 C
40243579 A
40274881 T
40305871 G
40320054 G
40320094 A
40323297 T
40328416 G
40348475 A

GO orTo0A0 AP0 60 40 > 00 F 4 46 A4 > 00> 4>

rolgi-birutaonTasterhd dationT. ripget=CTTCIG/AJAG Chransorial stable id ERKZitranseinl_stable id tupe=LD)
yotegi-bii i T e g T ICITIRTE Ttranserint stable id tet=ENST I | FFK tup=gl
rgtegi-hirtMutationTastedMtationT: rippet=TCTC/GAJSA TR it _stable_id BRK: tupe=gDl;
..... Best from mutation taster
40259578 G A R506Q
40278167 C T A716V
refegi-biriMutationTastertuitionT: rippet= TATRTTIGTIAAT Adtranseriol_stable id FFK type=gDh; 40298346 G A R1067Q
40323260 G T L1870F
40305871 G A M12881
40320054 G C E1632Q
40320094 A G Y1645C
40323297 T C F1883L
roleghbiriutaionTasterh teionT: rippet-TRAAATIGIAL teble id | FFK top=gh
rlegi-biriMutatinn T asterh tatineT: - GATRTG(RC] table id] BRK: tupe=gDN
rgegi-birMutationTastedM tationT: T[4G]CATE Thiranseript stable_id, RHE tupe=gDh)
uglegi-bintutationTastepMutationT: nippet=CAGAGITCITTCT Ciranseriph stable id, FRE tupe=gDhl
rogi-biruiatorTasterhd daionT ripgel-GTETT table id FRK; fupe=lll

Fig. 5.23. Mutationtaster2 result and sorting: Finally 9 filtered of LRRK2
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Fig. 5.24. Initial aa level(b) after sorting based on SIFT and SNAP
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Fig. 5.25. iMutant Suite results of LRRK2
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LB80O5R -3.188 Deleterio
us
L1273V -2.544 Deleterio
us
L119P -2.666 Deleterio
us
N1437H -4.138 Deleterio
us
P1262A -3.607 Deleterio
us
L1870F -2.855 Deleterio
us
R1728H -2.57 Deleteria
us
L1795F -3.422 Deleterio
us
Ti612A -2.811 Deleterio
us
R1628P -2.736 Deleterio
us
C2139S -4.948 Deleterio
us
G60aD -3.204 Deleterio
us
L212S -2.148 HNeutral
LA37S -2.379 HNeutral

Fig. 5.26. PROVEAN results for LRRK2
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Fig. 5.27. MetaSNP and final prime variants results for LRRK2
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HOPE SERVER RESULTS:

1. L119P

[RVORNRPRIRN'..tion Recrptoe Lipme Inecwc o cutes | X ray | My Vools

- e BDaE ®* X D T ——

-

Fig. 5.28.1.
2. L437S

Conservation
Only this residue type was found at this position. Mutation of a 100% conserved residue is usually damaging for the protein

The mutant and wild-type residue are not very similar. Based on this conservation information this mutation is probably damaging to the
protein

Your mutant residue is located near a highly conserved position

Domains
Interpro Domain Gene Ontology Term Broad Gene Ontology Term
Armadillo-Type Fold IPR016024 None None
Armadillo-Like Helical IPR011989 None None

Amino Acid Properties

The wild-type and mutant amino acids differ in size.

The mutant residue is smaller, this might lead to loss of interactions
The hydrophobicity of the wild-type and mutant residue differs

Hydrophobic interactions, either in the core of the protein or on the surface, will be lost

Images

Due to a lack of structural information, HOPE cannot generate pictures

Fig. 5.28.2.
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3. L1273V

Conservation
Only this residue type was found at this position. Mutation of a 100% conserved residue is usually damaging for the protein.

The mutant residue, however, has some properties in common with the wild-type residue. This mutation might occur in some rare cases, but
it's more likely that the mutation is damaging to the protein.

Your mutant residue is located near a highly conserved position.

Domains
Interpro Domain Gene Ontology Term Broad Gene Ontology Term
Leucine Rich Repeat 4 IPR025875 None None
Leucine-Rich Repeat, Typical Subtype IPR0O03591 None None
Leucine-Rich Repeat Domain Superfamily IPR032675 None None
Leucine-Rich Repeat IPR001611 Protein Binding GO:0005515 Molecular_Function GO:0003674

Binding G0:0005488

The mutated residue is located in a domain that is important for binding of other molecules. Mutation of the residue might disturb this
function.

Amino Acid Properties
The wild-type and mutant amino acids differ in size.

The mutant residue is smaller, this might lead to loss of interactions.

Images

Due to a lack of structural information, HOPE cannot generate pictures.

Fig. 5.28.3

4. R1628P

Download

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

/L,

Do

lose-up of the mutation. Both the wild-type and mutant side chain are shown in green and red respectively. The rest of the
protein is show in grey.
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Download a

Close-up of the mutation. The protein is coloured grey, the side chains of both the wild-type and the mutant residue are shown
and coloured green and red respectively.

Download

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively.

Fig. 5.28.4.

5. L1795F

e A M

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and coloured green and red respectively

Download A

Close-up of the mutation (seen from a slightly different angle). The protein is coloured grey, the side chains of both the wild-type
and the mutant residue are shown and cok d green and red

Fig. 5.28.5.

52



5.4 DISCUSSION:
5.4.1 PARKY:

Compared to other genes involved in Parkinson’s disease, PARKY7, also known as
DJ-1 is less explored. DbSNP has around 7365 results for PARK7, with 11 being
pathogenic and 2 being likely pathogenic and 140 of them are missense. As the input
is taken for initial analysis, using CADD, DANN, FATHMM, FunSeq2, GWAVA,; All the
entries are individually sorted out for predictions on all the algorithms.
MutationTaster2 is used to find if the change predicts any disease and found out 3 of

them which haven’t been reported in 1000G yet.

Starting with aa level variants from various sources, Rigorous filtering based on SIFT
scores and then SNAP scores have been done to filter out for prime factor variants.
Rigorous sorting is being done having the success rate of insilico application’s
success rate in mind. Both iMutant Suite gave Stability Decrease for 14 variants and
PROVEAN results were deleterious for 12 variants. One Odd thing is the A107P
mutant, which predicted a disease and is deleterious but is also having the protein’s
stability increased, by iMutant Suite. It should probably be an effect of the variants on
C106 region, which is one of the most studied variant having multiple mutations into
various residues as it is highly conservative, it causes severe damage to protein
function & interaction. There should be a link between the C106 region’s importance
and Stability increase in A107 region which can be studied further. Later, the results
of MetaSNP stated that 11 of them were harmful overall and they were subject to
Homology Modelling. All the models were also inspected in PROCHECK algorithm in
UCLA’s SAVES v6.0 web server which resulted in about 90-95% of residues falling in
core and allowed regions. HOPE server also gave extensive results on amino acid

changes, stability changes, info about domain, region and more.

Out of all 11, the most affected by stability, function and other factors were mutations
in C106 region(C106 ->A, D, S), L166P, R156W, P73L. C106 and L166P have been
reported earlier in many studies, but insilico studies suggests even the R156 and P73
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can also have dangerous impact on the protein and further studies employed with

another set of tools are required to confirm them.

5.4.2 SNCA:

“SNCA” in DbSNP results over 26870 mutations and 133 of them are missense and
only 5 of them were pathogenic. SNCA is reported to be a prime region for
parkinson’s disease onset & progression as reported by various studies, but
analyzing SNCA is a tough task as it is a disoriented protein and doesn’t have a
stable structure. As the data been collected from DbSNP, Using PredictSNP2, all the
algorithms have been acted on them to find out the status. Further resulted in 26
possible deleterious on rigorous filtering out of which only 3 of them were in exonic
region & are non synonymous. Due to SNCA being dis oriented, MutationTaster2
couldn’t be used on to analyze if they are disease causing and have they been
reported. Further, alternatives have been tried to use but in vain. This gives a scope
to work further in future on specific tools targeting proteins like SNCA which are

probably not properly understood and requires extensive studying.

From amino acid variations from various sources, SNAP server filtered 42 and based
on SIFT with 5 percent effect threshold, 4 of them have been filtered. Those variants
have been analyzed in iMutant and Provean, which both of them kind of gave mixed
results which didn’t have any proper correlation as how it works generally for all other
analysis in genes. Based on that, All the variants from gene level filtered and amino
acid level filtered have been analyzed in metaSNP. Another tool by name
PredictSNP1 was used, which incorporated MAPP, PhD-SNP, Polyphen scores to
analyze how harmful the mutant is. HOPE server couldn’t be utilized to its maximum
as it can only be helpful in visualization if there is a proper structure. All the variants
have been homology modelled but PROCHECK in SAVES v6.0 had only 80-90% in
allowed region, which is considered a borderline for analysing modelled proteins.
Information regarding amino acid changes, interaction in domains and regions were

studies in HOPE server.
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Variant A30P has various effects on stability but it has been reported earlier in
different studies, but E123K variant also has effect on protein due to bond formation
and this should play important role in interactions with other parts and requires further
analysis. Variant S9A didn’t have major effects but had minimum effect predictions to
disturb the region. Surprisingly, A variant K96l increases the stability by larger extent
which is not the case in all other variants. This requires separate study on why it

increases the stability at that region even being deleterious.

Other variants like E46K which had a bulky effect of change in structure and stability
which also caused loss/ disruption of function in main region. The G51D structure
gets bigger and changes the way the region functions, disturbances in interaction,
stability degrade the potential but not very harmful as compared with other variants.
G84YV variant predicted as deleterious and harmful by various tools but didn’t have a
much effect while studying for changes in stability and didn’t have negative effects
due to variation, as predicted by various algorithms. Whereas the K96l mutant doesn’t
have major change in structure and its variation affects the least to structure

compared to all the mutant structures

5.4.3 LRRK2:

LRRK2 had a total of 571 variants from dbSNP is gene level and after loading all into
predictSNP2, filtered down to 178 and then rigorously filtered to 40 variants. When all
of them were loaded into MutationTaster, 9 of them were never reported in 1000G

and have never been studied further too.

Initially starting off with 216 amino acid level mutations, and only taking ones that are
not validated, 56 of them were filtered and analyzed using iMutant and PROVEAN
tools. Since there were lot of inputs, Reliability Index and the scores were taken into
account to filter out only to important residues. 28 of them decreased stability. Further
in provean, 14 came out as deleterious. Incorporating amino acid and gene level

prime variants into MetaSNP, finally 5 of the variants which have been predicted
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harmful and causing serious damage have been filtered and studied in HOPE server.

PROCHECK also had above 86% in core region and more in allowed regions.

Out of these 5, R1628P variant seems to be the most harmful and serious change of
all stability change analysis it has on its domain and region. Also the L1795F on the
main region of LRRK2 will have serious effects on functionality based on predictions
from these tools. LRRK2 has lot of domains to analyze for and requires more in depth
studies on its effects and function. Unexpectedly, the variant N22611 shows massive
increase in stability(increase as +1.01) which generally for a mutation would be
negative. This is something which requires further analysis on what is causing this
effect. For L119P location, the mutation disrupts the a-helix structure and so the

whole region stability changes happen.

L437S mutant in present in armadillo domain and is highly conserved. Mutant and
wild type have lot of structural differences and also lead to loss of interaction and
proper functionality, stability. Mutant is smaller than wild-type and the variant is highly
damaging. L1273V is present in repeats of LRRK, mutation is usually damaging as it
is in conserved region but this unexplored region of this vast protein has lot of
properties in common with the wild type and mutant, which indicates that this
shouldn’t affect the protein to much extent but it can also affect and lead to loss of

interaction.
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CHAPTER 6
CONCLUSION & FUTURE WORK:

Three of the most important genes have been analyzed using various
databases and bioinformatics tools. The idea behind using numerous tools is that can
be further be used to form a more structured protocol as most of the planned tools
were under maintenance or non workable in project work period. So finally this
structured workflow starting from gene level and amino acid level variants into joining
the prime variants from different tools to further classify and then model and analyze
them can be incorporated into a single click pipeline for mass analysis in other

studies.

Analysis using this protocol resulted in 11 variants of PARK7, 7 in SNCA and 5 in
LRRK2 of which few of them haven'’t ever been reported. In silico analysis of these
genes have resulted in data that might effect the functioning in vivo which just cannot
be confirmed by computational studies. Further correlation with other wet lab studies

are required to match with all the computational results.

Some distinctive results in the study are increase in stability as detected by iMutant
Suite in N2261 in LRRK2, K961 in SNCA & A107P in PARKY surprisingly increases
with positive effect even being deleterious & harmful. The act at A107 can be
explainable as C106 region being one of the most studied and very highly
conservative and damaging position affecting stability and function and also been
reported in various patients. The other 2 positions in 2 genes results need to be
worked further onto why the increase in stability happens. By constructing a
Structured Protocol from all the mentioned tools, This process can also be automated
and possibly made simple by integrating into a pipeline. All the data obtained from the
study can be possibly made into part of disease prediction analysis at gene level

studies.
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