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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 unique 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, PARK7. 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, K96I 

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. 
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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. 
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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/ PARK7: 

Masanori Hijioka , Masatoshi Inden , Daijiro Yanagisawa , Yoshihisa Kitamura (2017) 

reported that three pathogenic variant mutations of DJ-1 (L166P, D149A and M26I) 

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

sensor. 

Ricardo Taipa, Conceição Pereira, Inês Reis, Isabel Alonso, António Bastos-Lima, 

Manuel Melo-Pires, Marina Magalhães(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 M26I mutation 

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

João Paulo Lima Daher (2017) reported that Mutations in the α-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 α-synuclein pathology and other proteins involved in 

neurodegeneration. Thus, LRRK2 dysfunction can effect or have an impact on the 

accumulation of α-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 α-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. Dächsel, Matthew J. Farrer(2010) reported that Pathogenic Lrrk2 mutations 

p.R1441C/G/H (Roc), p.Y1699C (COR), p.I2012T, p.G2019S, and p.I2020T (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 
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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-1-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 I2020T mutation reported in Japanese 

patients and the R1441C, Y1699C in Caucasians, have been identified in that study.  
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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 & PARK7(All 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, (ii) 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, FunSeq2, 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/predictsnp2. 

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 

http://loschmidt.chemi.muni.cz/predictsnp2
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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 



14 
 

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 FunSeq2: 

Identification of noncoding drivers from thousands of somatic modifications in a 

normal tumor is a complex and unresolved task. FunSeq2, 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-

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

 

 

https://sift.bii.a-star.edu.sg/
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 dbSNP 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-mRNA binding site. MirSNP may classify the putative miRNA-related SNPs 

from GWAS and eQTLs researches and provide the way for subsequent practical 

researches. 

http://www.rostlab.org/services/snpdbe
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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 I-Mutant Suite: 

I-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.cgi  

 

 

https://www.mutationtaster.org/
http://gpcr2.biocomp.unibo.it/cgi/predictors/I-Mutant3.0/I-Mutant3.0.cgi
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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 

http://provean.jcvi.org/index.php
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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 (nsSNVs) 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. 

 

 

https://snps.biofold.org/meta-snp/
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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  

https://swissmodel.expasy.org/
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.  



22 
 

 

 

Fig. 4.1 Overall Workflow 
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5. RESULTS & DISCUSSION: 

5.1 PARK7: 

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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Fig. 5.1 Initial Variants from DbSNP- PARK7 

 

 

 

 

 

 

 

 

Fig. 5.2 PredictSNP2 summary for all algorithms 
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Fig. 5.3. Results from PredictSNP2 to filter for exonic and non synonymous 

mutations 

 

Fig. 5.4. Top filtered variants in initial gene level variants of PARK7 

 

 

Fig. 5.5. Gene level mutations haven’t been reported in 1000G.  
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Fig. 5.6. Initial variants- amino acid level variants of PARK7 

 

 

Fig. 5.7 Variants filtered based on SNAP and SIFT scores 
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Fig. 5.8. iMUTANT suite results for filtered variants of PARK7 

 

 

Fig. 5.9. PROVEAN results for filtered variants of PARK7 



28 
 

 

 

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

1. R28Q 

 

Fig. 5.11.1 

2. A104T 
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Fig. 5.1.11.2 

 

 

3. C106A: 

 
Fig. 5.1.11.3. 
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4. C106D: 

 
Fig. 5.1.11.4 

 

 

 

5. C106S: 

 
Fig. 5.1.11.5 
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6. A107P 

 
Fig. 5.1.11.6. 

 

 

 

 

7. L166P: 

 
Fig. 5.1.11.7. 
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8. R156W: 

 

 
Fig. 5.1.11.8.  

 

 

9. G150S 

 

 
Fig. 5.1.11.9. 
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10. V20A 

 
Fig. 5.1.11.10 

 

 

11. P73L: 

 

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. 

 

 

 

Fig. 5.12. Initial all gene variants of SNCA 
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Fig. 5.13 Filtered variants in gene level if SNCA 

 

 

Fig. 5.14. Final gene level variants 
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Fig. 5.15 SNCA amino acid level variants 
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Fig. 5.16. SNCA filtered from aa level variants 

 

 

 

Fig. 5.17. SNCA iMutant & Provean result 
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Fig. 5.18. MetaSNP results of SNCA 
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Fig. 5.19 Predictsnp1 results of SNCA 

 

HOPE SERVER: 

1. A30P 

 

 
Fig. 5.20.1 
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2. E123K 

 
 

 
Fig. 5.20.2 

 

3. S9A 
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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. K96I 

 
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. 

 

 

Fig. 5.21 Initial DbSNP variants of LRRK2 
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Fig. 5.22 Filtered using PredictSNP2 for synonymous and exonic 

 

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 

 

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 

 

 
Fig. 5.28.1.  

 

2. L437S 

 

 
Fig. 5.28.2. 
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3. L1273V 

 

 
 

Fig. 5.28.3 

 

4. R1628P 
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Fig. 5.28.4. 

 

 

 

5. L1795F 

 

Fig. 5.28.5. 
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5.4 DISCUSSION: 

5.4.1 PARK7: 

Compared to other genes involved in Parkinson’s disease, PARK7, 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 K96I 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. 

G84V 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 K96I 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 N2261I 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 N226I in LRRK2, K96I in SNCA & A107P in PARK7 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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