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ABSTRACT 

Background: Alzheimer’s disease (AD) and Parkinson’s disease (PD) rank as the leading neurodegenerative 

conditions worldwide. These disorders stem from complex causes, including environmental factors, epigenetic 

changes, and genetic elements. Single nucleotide polymorphisms (SNPs), the primary type of genetic variation 

in humans, play a key role in increasing disease risk, influencing progression, and shaping clinical phenotypes. 

Objectives: This dissertation investigates SNPs linked to AD and PD through a bioinformatics pipeline. It 

focuses on: a) pinpointing key SNPs tied to these diseases, b) assessing their regulatory and functional impacts, 

and c) uncovering common pathways driving neurodegeneration. 

Methods: We applied an integrated bioinformatics workflow, drawing from databases like dbSNP, GWAS 

Catalog, and Ensembl, alongside functional prediction tools (VEP) and pathway enrichment analyses 

(SHINYGO, STRING, KEGG). SNPs connected to AD and PD underwent direct comparison to reveal shared 

neurodegenerative processes. 

Results: Prominent AD-related SNPs appear in genes such as APOE, APP, PSEN1, PSEN2, and TREM2. For 

PD, critical SNPs reside in SNCA, LRRK2, GBA, MAPT, and PARK7. Annotation studies indicate roles in 

amyloid clearance, tau hyperphosphorylation, synapse maintenance, mitochondrial balance, lysosomal 

function, and microglial activation. Cross-disease comparisons highlight common threads, like mitochondrial 

impairment and immune signalling, underscoring unified pathways in neurodegeneration. 

Conclusion: Profiling SNPs illuminates the genetic underpinnings of risk in AD and PD. Pinpointing these 

variants deepens insights into disease mechanisms, aids biomarker development, and propels personalized 

therapies. The overlapping pathways affirm shared neurodegenerative trajectories and open doors for therapies 

spanning both conditions. 
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Background: Global population aging has elevated neurodegenerative disorders to premier public health 

challenges, characterized by progressive neuronal architecture degeneration and functional impairment 

leading to cognitive decline, motor dysfunction, and behavioural dysregulation (Przedborski et al., 

2003; Dugger & Dickson, 2017). Alzheimer's disease (AD) and Parkinson's disease (PD) constitute the 

predominant etiologies of dementia syndromes and parkinsonian movement disorders respectively, 

collectively imposing substantial age-associated neurological disease burdens worldwide (Querfurth & 

LaFerla, 2010; Kalia & Lang, 2015).  

Despite extensive molecular, cellular, and systems neuroscience investigations, the precise pathophysiologic 

cascades orchestrating AD and PD phenotypic manifestations remain incompletely delineated. Contemporary 

high-throughput genomic technologies—encompassing genome-wide association studies (GWAS), whole-

genome sequencing, alongside integrative multi-omics platforms—have illuminated substantial hereditary 

contributions modulating disease susceptibility, age-at-onset variability, progression kinetics, and 

pharmacotherapeutic responsivity profiles (Hardy & Singleton, 2009). Single nucleotide polymorphisms 

(SNPs), representing the predominant constitutional genomic variation modality throughout euchromatic 

sequences, demonstrably influence neurodegenerative susceptibility thresholds, phenotypic heterogeneity, 

and prospective treatment outcomes (Stranger et al., 2011). GWAS meta-analyses leveraging expansive 

disease-control consortia have systematically identified expansive loci harbouring AD- and PD-associated 

SNPs alongside effector transcripts, revealing convergent etiological signatures spanning mitochondrial 

bioenergetic collapse, proteostatic dysregulation, neuroinflammatory amplification alongside disorder-

discriminatory molecular architectures. Burgeoning integrative bioinformatic repositories—dbSNP, GWAS 

Catalog, Ensembl Variant Effect Predictor—enable comprehensive regulatory annotation, expression 

quantitative trait loci mapping, and pathway-level topological analyses elucidating shared versus disorder-

selective neurodegenerative pathobiology (Lambert et al., 2013; Nalls et al., 2019). 

Introduction: Neurodegenerative disorders (NDs) feature a progressive degeneration of neurons, often 

culminating in cell death (Gadhave et al., 2024; Lamptey et al., 2022a). These conditions encompass various 

progressive neurological ailments, including Alzheimer's disease, multiple sclerosis, Parkinson's 

disease, amyotrophic lateral sclerosis, Huntington's disease, and additional NDs (Choonara et al., 2009; Hui 

et al., 2023). NDs typically involve the steady erosion of neurons and synaptic links, predominantly in 

advanced age (Pant et al., 2022; Tanaka et al., 2020). Distinct NDs manifest unique symptoms tied to the brain 

regions where neuronal loss occurs (Fig. 1.1 A; Gadhave et al., 2024). Clinicians diagnose NDs through 

patient symptoms and corroborative magnetic resonance imaging findings (Huang and Zhang, 2023). 
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Fig. 1.1 Overview of Neurodegeneration (Dnyandev G. Gadhave, 2024) 

 

Fig. 1.1 Retrieved from https://doi.org/10.1016/j.arr.2024.102357 

(A) Illustrative depiction of neurodegeneration; (B) Global map showing ND prevalence variations and cases 

per 100,000 population by country, color-coded as <10, 10–28, 28–46, 46–64, 64–82, 82–100, and >100. (C) 

Global death statistics for major NDs. (D) Percentage breakdown of major ND prevalence worldwide in 2019 

(Dnyandev G. Gadhave, 2024). 

NDs carry low survival rates. In 2019 alone, major neurological disorders caused 10 million deaths and 

impacted 349.2 million people globally (Ding et al., 2022; Huang et al., 2023). Existing treatments for NDs 

mainly alleviate symptoms rather than halt progression (Gadhave et al., 2023). Challenges like blood-brain 

barrier penetration and adverse effects from therapies contribute to poor outcomes (Gadhave et al., 

2023; Gadhave et al., 2019; Niazi, 2023). Researchers increasingly advocate nanoscale approaches for CNS 

disorders like NDs. Biomaterials show promise for selective molecular detection, targeted drug delivery, 

therapy monitoring, and ND diagnosis (Gadhave et al., 2021; Gadhave et al., 2018). 

Alzheimer’s Disease:  Alzheimer’s disease (AD) represents a progressive neurodegenerative condition 

marked by worsening cognition, memory loss, and diminished capacity for routine tasks. Identified by Alois 

Alzheimer in 1906, AD stands as the leading dementia cause globally, comprising 60–80% of cases 

(Alzheimer’s Association, 2023). Rising life expectancies amplify AD's prevalence, straining healthcare, 

families, and communities. 

Causes: AD arises from intertwined genetic, molecular, vascular, and environmental elements. Familial early-

onset AD stems from autosomal-dominant mutations in APP, PSEN1, and PSEN2, boosting amyloid-β42 

aggregation (Goate et al., 1991). For late-onset sporadic AD, APOE ε4 serves as the top risk allele, fostering 

amyloid buildup and lipid dysregulation (Corder et al., 1993). Other genes like TREM2, CLU, and PICALM 

underscore immune and endocytic roles (Lambert et al., 2013). 

https://doi.org/10.1016/j.arr.2024.102357
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Amyloid-β plaques extracellularly impair synapses, per the amyloid cascade hypothesis linking faulty 

production/clearance to toxicity and inflammation (Hardy & Selkoe, 2002). Tau hyperphosphorylation forms 

neurofibrillary tangles correlating with cognitive loss, potentially propagating prion-like (Braak & Braak, 

1991; Clavaguera et al., 2009). Microglial/astrocyte activation drives neuroinflammation, oxidative stress, and 

damage, aided by TREM2 variants (Guerreiro et al., 2013). Mitochondrial issues and oxidative harm further 

erode neurons (Butterfield & Halliwell, 2019). Vascular/lifestyle risks like hypertension, diabetes, inactivity, 

poor diet, and isolation heighten susceptibility via perfusion and clearance deficits (de la Torre, 2010; 

Livingston et al., 2020). Aging dominates as the prime risk, weakening proteostasis, plasticity, and defences 

(Mattson & Arumugam, 2018). 

Symptoms: Symptoms advance slowly from mild memory lapses to severe daily impairments (McKhann et 

al., 2011). Cognitive Symptoms: Anterograde amnesia dominates early, causing repetition and item loss 

(Sperling et al., 2011). Language erosion includes aphasia and comprehension loss (Galton et al., 2000). 

Executive/visuospatial deficits impair planning, orientation, and distance judgment (Albert et al., 2011; 

Possin, 2010). 

Behavioral and Psychological Symptoms: Apathy, agitation, depression, anxiety, delusions, and 

hallucinations arise (Mega et al., 1996; Geda et al., 2013; Seignourel et al., 2008; Fischer et al., 

2016).Functional Decline: Complex tasks falter first, progressing to total dependence; late motor/incontinence 

issues emerge (Barberger-Gateau et al., 1999; Burns & Iliffe, 2009; Vossel et al., 2013). 

Parkinson’s Disease: Parkinson’s disease (PD) is a persistent, advancing neurodegenerative condition mainly 

targeting motor functions via dopaminergic neuron loss in the midbrain's substantia nigra (Fig. 1.3). Dopamine 

depletion in basal ganglia disrupts movement coordination. Core motor signs encompass resting tremor, 

bradykinesia, rigidity, and instability. Non-motor issues like cognition decline, depression, sleep problems, 

autonomic issues, and smell loss often precede motors. PD ranks second globally, impacting 1–2% over age 

60, surging with age. WHO, 2024 

Causes: PD emerges from genetic, environmental, and cellular interactions. Mutations (SNCA, PARKIN, 

PINK1, DJ-1) contribute. Mitochondrial complex I deficits and oxidative stress kill neurons (Dias et al., 2013). 

Toxins like pesticides, solvents, and metals trigger impairment, misfolding, and inflammation. Age amplifies 

risks via accumulated stress; PD often results from converging factors (Kalia & Lang, 2015). 

Symptoms: Motor hallmarks: "pill-rolling" tremor, slowed movements, stiffness, instability, shuffling gait, 

reduced swing, freezing, soft speech, micrographia (Mayo Clinic, 2023; NINDS, 2023; Cleveland Clinic, 

2023). Non-motor: smell loss, REM disorder, constipation, hypotension, mood/cognitive issues, fatigue, pain 

(Chaudhuri et al., 2014; Mayo Clinic, 2023; NINDS, 2023). Lewy bodies (alpha-synuclein aggregates) 

underlie pathology across systems (NCBI Bookshelf, 2023). 

Objectives of the Study: This investigation systematically curates, functionally annotates, and comparatively 

interrogates single nucleotide polymorphisms (SNPs) exhibiting genome-wide significant association with 

Alzheimer's disease (AD) versus Parkinson's disease (PD), methodically delineating shared pleiotropic genetic 
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substrates alongside disorder-selective molecular effectors converging upon universal neurodegenerative 

Patho mechanisms. 

1.Comprehensive SNP Cataloguing: Systematically extract and standardize genome-wide significant SNPs 

from authoritative genomic repositories [dbSNP (NCBI), GWAS Catalog (NHGRI-EBI), Ensembl, 1000 

Genomes Project, gnome AD] prioritizing canonical risk loci: AD [APOE, APP, TREM2, BIN1, CLU, 

PICALM] versus PD [SNCA, LRRK2, GBA, MAPT, PRKN, PINK1], incorporating effect size estimates, 

population allele frequencies, and linkage disequilibrium architectures across global ancestries. 

 2. Systematic Functional Annotation: Deploy Variant Effect Predictor (VEP) ensemble pipelines alongside 

regulatory annotation consortia [Regulome DB, CADD, GWAVA] classifying SNPs according to molecular 

consequence taxonomies [missense/nonsense coding variants, splice-site perturbations, UTR/intronic 

regulatory elements, intergenic cis-architectures] with integrated pathogenicity scoring and chromatin 

accessibility profiling.  

3. Multi-Scale Pathway Topology Analyses: Construct protein-protein interaction networks and pathway 

enrichment maps utilizing KEGG canonical cascades, STRING biophysical databases, Gene Ontology 

hierarchies interrogating convergent neurodegenerative axes: amyloidogenic processing, microtubule-

associated tauopathy, synaptic vesicle homeostasis, autophagolysosomal degradation, mitochondrial electron 

transport, innate neuroinflammatory signalling cascades. And  

4.Comparative Cross-Disorder Meta-Analytics: Execute integrative GWAS summary statistics frameworks 

quantitatively delineating shared pleiotropic pathways [mitochondrial respiratory dysfunction, macro auto 

phagy-lysosomal deficits, microglial neuroinflammation] alongside disorder-selective signatures [AD: 

amyloid-β proteolytic/APP secretase cascades, APOE lipidation; PD: α-synuclein fibrillization, vesicular 

monoamine transporter biology]. 

Significance: Systematic curation and comparative interrogation of AD/PD-associated single nucleotide 

polymorphisms constitute foundational molecular taxonomy illuminating convergent versus disorder-

selective etiological architectures orchestrating neurodegenerative pathobiology, establishing indispensable 

frameworks guiding comprehensive mechanistic comprehension and therapeutic stratagem development. 

Pleiotropic genetic convergences spanning mitochondrial electron transport vulnerabilities, impaired macro 

autophagy-lysosomal proteostasis, and sustained neuroinflammatory priming represent therapeutically 

translatable universal molecular deficits exhibiting cross-phenotypic efficacy potential. Disorder-selective 

architectures [AD-centric amyloid genesis/APOE dyshomeostasis; PD-specific α-synuclein 

aggregation/LRRK2 signalling] delineate precision pharmacotherapeutic targets alongside stratification 

biomarkers enabling Patho mechanism-enriched clinical trial paradigms. Multi-repository genomic integration 

through sophisticated VEP-KEGG-STRING bioinformatic pipelines furnishes unprecedented statistical 

resolution detecting tissue/context-specific regulatory genetic signals traditionally obscured within candidate 

gene approaches. This systems-level molecular cartography establishes durable platforms facilitating 

circulating biomarker discovery [cfDNA methylation, p-tau217/Aβ42 ratios, exosome miRNA], preventive 
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intervention stratagems targeting prodromal phases, and pharmacopeia repurposing opportunities addressing 

exponential aging-associated neurodegenerative imperatives constituting premier 21st-century healthcare 

challenges. Neurodegenerative diseases such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) have 

strong genetic underpinnings, many of which are mediated by single nucleotide polymorphisms (SNPs). This 

chapter reviews the major SNPs implicated in AD and PD and highlights shared pathogenic pathways. 

SNPs Genes in Alzheimer’s Disease: 

Alzheimer’s disease (AD) is characterized by progressive cognitive decline driven by pathological processes 

such as amyloid-beta (Aβ) deposition, tau hyperphosphorylation, synaptic loss, neuroinflammation, and 

metabolic dysfunction. Genetic factors play a major role in determining susceptibility, with SNPs accounting 

for substantial inter-individual variation in risk. Several key SNPs have been consistently implicated in AD, 

Genetic variants associated with Alzheimer’s disease can be broadly categorized into three groups. Common, 

low-risk SNPs occur in genes such as APOE, CLU, PICALM, CR1, BIN1, and ABCA7, identified through 

large genome-wide association studies (Harold et al., 2009; Hollingworth et al., 2011; Lambert et al., 2013). 

In contrast, rare pathogenic mutations in APP, PSEN1, and PSEN2 are highly penetrant and cause early-

onset familial Alzheimer’s disease through autosomal dominant inheritance (Goate et al., 1991; Sherrington 

et al., 1995). A third category involves rare but high-risk SNPs, particularly in TREM2, such as the R47H 

variant, which substantially increases Alzheimer’s risk but is not fully penetrant (Guerreiro et al., 2013; 

Jonsson et al., 2013). 

SNPs and Genes in Parkinson’s Disease 

Genome-wide association studies (GWAS) alongside comprehensive sequencing analyses have delineated at 

least ten cornerstone genes and corresponding SNPs that underpin genetic vulnerability to both sporadic and 

familial Parkinson’s disease (PD), revealing a tapestry of polygenic influences on disease onset and 

progression. Among the most robustly validated are SNCA polymorphisms rs356219 and rs2736990, which 

elevate α-synuclein transcription and stability, thereby accelerating its pathological aggregation—a cardinal 

Lewy body feature in PD (Satake et al., 2009). LRRK2 harbours potent risk alleles including rs1491923, 

rs34637584, and rs11176013 that synergize with the canonical G2019S mutation to hyperactivate kinase 

signalling, eroding dopaminergic neuron resilience through disrupted vesicular dynamics (Paisan-Ruíz et al., 

2004). MAPT’s rs1052553 tags the H1 haplotype, skewing tau isoform expression to destabilize microtubules 

essential for axonal integrity, while GBA variants like rs2230288 (N370S) and rs76763715 unleash lysosomal 

glucocerebroside accumulation as premier PD risk modifiers. Complementary loci such as PARK16 

(rs823128) bolster cytoprotective cascades, BST1 (rs4698412) modulates ADP-ribosyl cyclase activity in 

neuroimmune-calcium axes, and GAK (rs1564282) governs clathrin-dependent endocytosis critical for 

protein homeostasis. High-penetrance rarities in PINK1 (rs45478900) sabotage mitophagic surveillance, 

VPS35’s D620N (rs188286943) fractures retromer-mediated endosomal recycling, and HLA-DRA alleles 

amplify MHC-II-driven neuroinflammation. Convergent themes across these gene-SNP dyads spotlight 

derailed α-synuclein proteostasis, mitochondrial bioenergetics, lysosomal catabolism, microtubule trafficking, 

and innate-adaptive immune dysregulation as PD’s polygenic hallmarks. 
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Role of SNPs in Neurodegeneration: SNPs catalyse neurodegeneration via nuanced epistatic rewiring of cis-

regulatory landscapes, exon splicing enhancers/silencers, or physicochemical amino acid swaps that cascade 

through neuronal proteomes. Noncoding alleles recalibrate lineage-specific super-enhancers for dosage-

sensitive cargoes like synucleins/taus, precipitating haploinsufficiency or toxic gain amid proteasomal 

saturation (Gershon et al., 2011). Missense polymorphisms engender conformational entropy hikes that 

throttle enzymatic kcat/Km (e.g., GCase Vmax), chaperone-client affinities, or GTPase hydrolysis geometry, 

bottlenecking synaptic vesicle pools, ETC super complex assembly, and macroautophagic flux to invoke 

UPRmt/UPRER apoptosis (Singleton et al., 2013). Archetypal triads—SNCA rs356219/LRRK2 

G2019S/GBA L444P—interlock aggregate templating, Rabo Pathy endosomes, and lipidosis to spawn 

emergent hybrid pathologies beyond linear additivity, mirroring AD’s APOE4-SNCA mimicry (Nalls et al., 

2014; Guerreiro & Hardy, 2014). MHC-I/II and complement SNPs (HLA-DRA/NLRP3) orchestrate 

glymphatic exclusion and meningeal Tconv/Treg disequilibria, sluicing NOX2-derived oxidants and 

FasL/TRAIL death ligands to sculpt Braak staging gradients (Heneka et al., 2015). Haplotype blocks thus 

stratify penetrance, tempo, and endophenotypes—e.g., GBA-PD motor refractoriness vs VPS35 nigral sparing 

heard ling precision polygenic risk architectures. 

Shared Pathways in Alzheimer's and Parkinson's Diseases 

Mitochondrial Impairment: Mitochondrial failure serves as a critical converging mechanism in both 

Alzheimer's disease (AD) and Parkinson's disease (PD), given neurons' heavy reliance on mitochondria for 

ATP generation and calcium buffering. In AD, compromised electron transport chain function, disrupted 

oxidative phosphorylation, and aberrant fission-fusion balance diminish energy output, rendering cortical and 

hippocampal neurons more susceptible to stress. Amyloid-β infiltration into mitochondria further hampers 

respiratory efficiency and boosts reactive oxygen species (ROS) production, intensifying cellular damage. PD 

prominently features mitochondrial deficits in dopamine-producing neurons, stemming from faulty quality 

control processes like fission, fusion, and mitophagy, which cause retention of defective organelles. 

Fragmented mitochondria and failed mitophagy culminate in energy deficits and oxidative overload. This 

shared mitochondrial pathology fuels synaptic breakdown, ROS accumulation, and apoptosis activation, 

positioning it as a common initiator of neurodegeneration (Lin & Beal, 2006; Wang et al., 2020). 

Oxidative Damage and Antioxidant Imbalance: Excessive oxidative stress emerges as a hallmark 

pathology in AD and PD, tightly intertwined with mitochondrial defects and inflammation. While ROS arise 

naturally from metabolism, disease states overwhelm antioxidant systems, damaging lipids, proteins, and 

DNA. In AD, ROS modifies amyloid precursor protein and tau, promoting their aggregation into plaques and 

tangles. In PD, oxidative insults drive α-synuclein misfolding and Lewy body formation. Membrane lipid 

peroxidation compromise's synaptic function, while DNA lesions disrupt gene expression and mitochondrial 

integrity. Persistent oxidative pressure also engages inflammatory cascades and cell death signals. This 

interconnected cycle of ROS, mitochondrial failure, and protein clumping amplifies neuronal loss across both 

conditions (Jenner, 2003; Butterfield & Halliwell, 2019). 
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Proteostasis Breakdown via Catabolic Failure: Failure of protein degradation systems represents a core, 

overlapping driver of neurodegeneration in AD and PD, disrupting cellular proteostasis. Normally, the 

ubiquitin-proteasome system (UPS) handles soluble misfolded proteins, while autophagy-lysosomes target 

aggregates and organelles. AD shows proteasome suppression by amyloid-β and tau aggregates, coupled with 

faulty ubiquitination and amyloid precursor processing that floods cells with toxic peptides. In PD, α-synuclein 

resists clearance due to UPS and lysosomal impairments, including chaperone-mediated autophagy deficits; 

mutations in clearance regulators worsen Lewy body buildup. Both diseases trigger endoplasmic reticulum 

stress, unfolded protein responses, and downstream synaptic, transport, and inflammatory disruptions, 

culminating in cell death (Rubinsztein, 2006; Ciechanover & Kwon, 2015). 

Endo lysosomal Trafficking Disruptions: Endo lysosomal dysfunction critically undermines neuronal 

protein handling and homeostasis by impairing cargo delivery, maturation, and breakdown. In early AD, faulty 

vascular ATPase reduces lysosomal acidity, inactivating hydrolases and stalling amyloid-β and tau 

degradation; these yields swollen Endo lysosomes and autophagic vacuoles in dystrophic neurites, worsened 

by blocked autophagosome-lysosome fusion. PD exhibits similar lysosomal gene mutations that hinder α-

synuclein clearance and mitophagy, fostering aggregates, ROS, and vulnerability. Aggregates reciprocally 

sabotage lysosomal function, forming a vicious loop that sustains proteotoxicity, organelle damage, and 

neuron loss—marking Endo lysosomal failure as a unified mechanism in both disorders (Nixon, 2013; Dehay 

et al., 2013). 

Autophagy-Lysosomal Clearance Defects: The autophagy-lysosome network maintains neuronal health by 

selectively degrading faulty proteins, aggregates, and organelles via macro autophagy, micro autophagy, and 

chaperone-mediated pathways. AD features stalled autophagosome-lysosome fusion, accumulating vacuoles 

laden with amyloid-β, tau, and precursor fragments that fuel rather than resolve aggregation (Nixon, 2013; 

Wong & Cuervo, 2010). PD shows parallel mitophagy and autophagy lapses, failing to remove damaged 

mitochondria and α-synuclein, heightening ROS and toxicity. Dysregulated autophagy signals and hydrolase 

activity impair flux in both, driving protein buildup, bioenergetic collapse, and degeneration—a common 

pathway linking the diseases (Wong & Cuervo, 2010; Menzies et al., 2015). 

Chronic Neuroinflammation and Immunity: Sustained neuroinflammation both reacts to and accelerates 

pathology in AD and PD. AD microglia swarm plaques, secreting IL-1β and TNF-α to worsen tau pathology 

and neuron damage (Heneka et al., 2015). In PD, α-synuclein prompts microglial cytokine storms, eroding 

substantia nigra dopamine cells (Tansey et al., 2022). This feeds cycles of ROS surge, clearance failure, and 

homeostasis loss. Immune genes like TREM2 (AD) and HLA-DR (PD) underscore shared susceptibility via 

aberrant signalling (Griciuc et al., 2019; Harms et al., 2021). 

Synaptic Vesicle Trafficking Impairments: Early synaptic collapse defines AD and PD progression, rooted 

in vesicle transport failures essential for neurotransmitter handling. AD amyloid-β derails endosomal-

vesicular flow, eroding synapse stability and plasticity (Selkoe, 2002). PD α-synuclein clogs presynaptic sites, 

blocking vesicle fusion and dopamine release (Bridi & Hirth, 2018). Shared Rab GTPase and SNARE 
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anomalies reveal molecular convergence, with deficits heralding cognitive/motor decline before neuron death 

(Cheng et al., 2018; Cullen et al., 2018). 

Dysregulated Apoptosis and Cell Death: Convergent apoptotic signalling executes neuron demise in AD 

and PD. AD triggers mitochondrial cytochrome c efflux and caspase-3 via amyloid-β/tau (Mattson, 2000). PD 

activates intrinsic/extrinsic paths through ROS, mitochondrial faults, and α-synuclein in nigra neurons (Vila 

& Przedborski, 2003). Inflammation and growth factor loss amplify these, tying stress to death (Culmsee & 

Mattson, 2005; Burke & O'Malley, 2013). 

RESULTS 

4.1 Identification of diseased associated genetic variants: 

GENE rs ID CRHOMOSOME 

POSITION 

CYTOGENETICS 

REGION 

VARIAN

T TYPE 

ALLEL DISEASE P VALUE PUBMED 

ID 

APOE rs429358 19:44908684 19q13.32 Missense 

variant 

T/C Alzheimer 

disease, age at 

onset 

4 x 10-497 33637690 

APOE rs7412 19:44908822 19q13.32 Missense 

variant 

C/T Alzheimer's 

disease or 

family history 

of Alzheimer's 

disease 

4 x 10-123 33589840 

CLU rs1113600

0 

8:27607002 8p21.1 Intron 

variant 

T/A/C Alzheimer's 

disease 

9 x 10-10 19734902 

CRI rs6656401 1:207518704 1q32.2 Non 

coding 

transcript 

exon 

variant 

A/G/T Alzheimer's 

disease (late 

onset) 

6 x 10-24 24162737 

BIN1 rs744373 2:127137039 2q14.3 Intergenic 

variant 

A/C/G/T Alzheimer's 

disease 

3 x 10-14 21460840 

ABCA7 rs3764650 19:1046521 19p13.3 Intron 

variant 

T/G Alzheimer's 

disease 

5 x 10-17 21460840 

MS4A rs610932 11:60171834 11q12.2 3 prime utr 

variant 

T/C/G Alzheimer's 

disease 

2 x 10-14 21460840 

APP rs63750847 21:25897620  Missense 

Variant 

C>T Alzheimer's 

disease 

  

PSEN1 rs17125721 14:73206470    Missense 

Variant 

A>G Alzheimer's 

disease 

  

PSEN2 rs11405 226881976   Synonymo

us Variant 

T>A / 

T>C / 

T>G 

Alzheimer's 

disease 

  

TREM2 rs75932628 6:41161514 6p21.1 Missense 

variant 

C/A/T Alzheimer's 

disease (late 

onset) 

5 x 10-24 28714976 

                                                Table 4.1 Alzheimer’s Disease–Associated Variants 

Variants were identified in APOE, CLU, CR1, BIN1, ABCA7, MS4A, APP, PSEN1, PSEN2, and TREM2, 

confirming the involvement of both early-onset and late-onset Alzheimer’s disease genes  

https://www.ebi.ac.uk/gwas/regions/19q13.32
https://www.ebi.ac.uk/gwas/publications/33637690
https://www.ebi.ac.uk/gwas/regions/19q13.32
https://www.ebi.ac.uk/gwas/publications/33589840
https://www.ebi.ac.uk/gwas/regions/8p21.1
https://www.ebi.ac.uk/gwas/publications/19734902
https://www.ebi.ac.uk/gwas/regions/1q32.2
https://www.ebi.ac.uk/gwas/regions/2q14.3
https://www.ebi.ac.uk/gwas/regions/2q14.3
https://www.ebi.ac.uk/gwas/regions/2q14.3
https://www.ebi.ac.uk/gwas/publications/21460840
https://www.ebi.ac.uk/gwas/regions/19p13.3
https://www.ebi.ac.uk/gwas/publications/21460840
https://www.ebi.ac.uk/gwas/regions/11q12.2
https://www.ebi.ac.uk/gwas/publications/21460840
https://www.ebi.ac.uk/gwas/regions/6p21.1
https://www.ebi.ac.uk/gwas/publications/28714976
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The most prominent associations were observed within the APOE locus. Two missense variants in APOE 

(rs429358 and rs7412), located at 19q13.32, demonstrated strong associations with Alzheimer’s disease risk 

and age at onset. These variants define the APOE ε2, ε3, and ε4 isoforms and highlight the critical role of lipid 

transport and cholesterol metabolism in Alzheimer’s disease pathology. Variants in APP, PSEN1, and 

PSEN2 included missense and synonymous changes, directly implicating genes involved in amyloid precursor 

protein processing and amyloid-β production. These findings reinforce the central role of amyloidogenic 

pathways in Alzheimer’s disease development. Several AD-associated variants were located in intronic, UTR, 

intergenic, and non-coding transcript exon regions of CLU, CR1, BIN1, ABCA7, and MS4A. A missense 

variant in TREM2 (rs75932628) at cytogenetic region 6p21.1 was also identified and is particularly notable 

due to its association with late-onset Alzheimer’s disease. 

Collectively, the Alzheimer’s disease results show that significant SNPs are present across multiple 

established AD risk genes, comprising both coding and non-coding variants. The results emphasize the genetic 

heterogeneity of Alzheimer’s disease, with variants affecting protein-coding regions as well as regulatory 

genomic element. 

GENE rs ID CRHOMOSO

ME POSITION 

CYTOGENETI

CS REGION 

VARIANT 

TYPE 

ALLE

LES 

DISEASE P 

VALUE 

PUBMED 

ID 

SNCA rs356219 4:89716450 4q22.1 Intron 

variant 

G/A Parkinson's 

disease 

6 x 10-65 22438815 

SNCA rs2736990 4:89757390 4q22.1 Intron 

variant 

G/A/T Parkinson's 

disease 

7 x 10-8 20070850 

LRRK2 rs34637584 12:40340400 12q12 Missense 

variant 

G/A Parkinson's 

disease 

7 x 10-17 39024449 

MART rs1052553 17:45996523   Synonymou

s Variant 

A>G Parkinson's 

disease 

  

GBA rs76763715 1:155235843 1q22 Missense 

variant 

T/C/G Parkinson disease 3 x 10-90 37842648 

PARK1

6 

rs823128 1:205744250   Intron 

Variant 

G>A / 

G>C / 

G>T 

Parkinson disease   

BST1 rs4698412 4:15735725 4p15.32 Intron 

variant 

G/A/T Parkinson's 

disease 

6 x 10-33 38155330 

GAK rs1564282 4:858525 4p16.3 Intron 

variant 

C/T Parkinson's 

disease 

7 x 10-7 18985386 

HLA-

DRA 

rs3129882 6:32441753 6p21.32 Intron 

variant 

C/T/G Parkinson's 

disease 

5 x 10-10 24511991 

PINK1 rs45478900 1:20648612  Missense 

Variant 

G>A Parkinson's 

disease 

  

VPS35 rs18828694

3 

16:46662452    Missense 

Variant 

C>T Parkinson's 

disease 

  

Table 4.2 Parkinson’s Disease–Associated Varients 

https://www.ebi.ac.uk/gwas/publications/22438815
https://www.ebi.ac.uk/gwas/regions/4q22.1
https://www.ebi.ac.uk/gwas/publications/20070850
https://www.ebi.ac.uk/gwas/regions/12q12
https://www.ebi.ac.uk/gwas/publications/39024449
https://www.ebi.ac.uk/gwas/regions/1q22
https://www.ebi.ac.uk/gwas/publications/37842648
https://www.ebi.ac.uk/gwas/regions/4p15.32
https://www.ebi.ac.uk/gwas/publications/38155330
https://www.ebi.ac.uk/gwas/regions/4p16.3
https://www.ebi.ac.uk/gwas/publications/18985386
https://www.ebi.ac.uk/gwas/regions/6p21.32
https://www.ebi.ac.uk/gwas/publications/24511991
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Variants were observed in SNCA, LRRK2, MART, GBA, PARK16, BST1, GAK, HLA-DRA, PINK1, and 

VPS35, reflecting the polygenic nature of Parkinson’s disease. The majority of these variants exhibited strong 

genome-wide statistical significance, with p-values ranging from approximately 10⁻⁷ to 10⁻⁹⁰, indicating robust 

associations.  

Two highly significant intronic variants in the SNCA gene (rs356219 and rs2736990) were detected at 

cytogenetic region 4q22.1. As SNCA encodes α-synuclein. A missense variant in LRRK2 (rs34637584) 

located at 12q12 was also identified, highlighting a coding change with potential functional consequences on 

kinase activity. Highly significant missense variant in GBA (rs76763715) at 1q22 was observed. GBA encodes 

a lysosomal enzyme, and variants in  

these genes are strongly linked to impaired lysosomal degradation, supporting lysosomal dysfunction as a key 

molecular mechanism underlying Parkinson’s disease. Synonymous variants in MART and intronic variants 

in PARK16, BST1, GAK, and HLA-DRA. These variants are likely to influence transcriptional regulation, 

splicing, or chromatin structure, implicating pathways related to vesicular trafficking, immune response, and 

cellular signalling. Furthermore, missense variants in PINK1 and VPS35 emphasize the involvement of 

mitochondrial quality control and endosomal transport processes in neuronal survival and Parkinson’s disease 

progression. 

Overall, the Parkinson’s disease results indicate that multiple SNPs with strong statistical significance are 

distributed across several PD-associated genes, with both coding and non-coding variants contributing to 

genetic susceptibility. The predominance of intronic variants suggests an important regulatory component, 

while missense variants highlight loci with potential functional relevance. 

4.2. Functional Annotation 

 

Fig 4.1 Functional Annotation Alzheimer’s disease 
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Fig 4.2 Functional Annotation Parkinson’s disease 

Alzheimer’s disease (Fig 4.1): Ensembl Variant Effect Predictor (VEP) analysis processed 21 variants, with 

no variants filtered out. All variants were annotated as existing variants and overlapped with 34 genes and 314 

transcripts. Most variants were located in intronic regions (37%), followed by missense variants (14%), 

downstream gene variants (13%), and synonymous variants (11%). Splice region and other non-coding 

variants were also observed. Among coding variants, missense variants (56%) were more frequent than 

synonymous variants (44%), indicating potential protein-altering effects. 

Parkinson’s disease (Fig 4.2) VEP analysis included 11 variants, with all variants successfully annotated. 

These variants overlapped with 16 genes and 355 transcripts. Synonymous variants (25%) and intronic 

variants (21%) were the most common, followed by missense variants (19%) and splice region variants (11%). 

Coding consequence analysis showed a higher proportion of synonymous variants (58%) compared to 

missense variants (43%), suggesting a predominance of neutral coding changes. 

4.3 Shiny GO Analysis Alzheimer’s disease 

Table 4.3 Enrichment table of Alzheimer’s disease 
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Pathway Enrichment Analysis (Fig 4.3): Pathway enrichment analysis was performed to identify 

significantly overrepresented biological pathways associated with the analysed gene set. KEGG pathway 

analysis revealed several pathways with statistically significant enrichment after false discovery rate (FDR) 

correction (FDR < 0.05), indicating their potential involvement in neurodegenerative disease mechanisms. 

Among the most significantly enriched pathways was the Notch signalling pathway (FDR = 1.2 × 10⁻³), which 

showed the highest fold enrichment (96.6), highlighting its strong association with the selected genes. 

Additional enriched pathways included ABC transporters (FDR = 3.8 × 10⁻²) and cholesterol metabolism 

(FDR = 3.8 × 10⁻²), suggesting alterations in lipid transport and membrane homeostasis. The neurotrophins 

signalling pathway (FDR = 2.4 × 10⁻³) was also significantly enriched, indicating the involvement of neuronal 

survival and synaptic maintenance mechanisms. Importantly, disease-specific pathways such as Alzheimer’s 

disease (FDR = 6.8 × 10⁻⁵) and the broader pathways of neurodegeneration (FDR = 2.0 × 10⁻³) were 

significantly enriched, supporting the relevance of the identified genes in neurodegenerative disease 

pathology. 

Fig 4.3 Tree analysis 

 

Pathway Clustering Tree Analysis (Fig 4.3) Hierarchical clustering of enriched pathways revealed distinct 

functional groupings based on shared gene components. Cholesterol metabolism and ABC transporter 

pathways clustered together, indicating coordinated regulation of lipid transport and metabolic processes. 

Disease-related pathways, including Alzheimer’s disease and pathways of neurodegeneration, formed a 

closely related cluster, reflecting overlapping molecular mechanisms. The Notch signalling pathway and 

neurotrophins signalling pathway clustered separately but remained functionally connected to 

neurodegenerative pathways, suggesting their regulatory role in neuronal survival, differentiation, and disease 

progression. 
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Term Number 

of genes 

Number of 

genes in 

background 

Preferred Names FDR Description 

GO:1900221 5 17 APOE,ABCA7,APP,CLU,T

REM2 

7.90E-10 Regulation of amyloid-beta 

clearance 

GO:1902003 5 32 APOE,ABCA7,APP,CLU,BI

N1 

5.14E-09 Regulation of amyloid-beta 

formation 

GO:1905908 4 4 APOE,APP,CLU,PSEN1 5.14E-09 Positive regulation of 

amyloid fibril formation 

GO:0030100 6 205 APOE,ABCA7,APP,CLU,BI

N1,TREM2 

7.48E-08 Regulation of endocytosis 

GO:0042982 4 19 APOE,ABCA7,PSEN1,PSE

N2 

1.44E-07 Amyloid precursor protein 

metabolic process 

GO:0043269 7 696 APOE,ABCA7,APP,BIN1,P

SEN1,TREM2 

6.78E-07 Regulation of ion transport 

GO:0061900 4 41 APP,CLU,PSEN1,TREM2 1.81E-06 Glial cell activation 

GO:0045732 5 240 APOE,APP,CLU,PSEN1,TR

EM2 

1.14E-05 Positive regulation of protein 

catabolic process 

GO:0042987 3 12 ABCA7,PSEN1,PSEN2 1.38E-05 Amyloid precursor protein 

catabolic process 

GO:1902947 3 13 APOE,APP,CLU 1.61E-05 Regulation of tau-protein 

kinase activity 

GO:0010942 6 719 APOE,APP,CLU,BIN1,PSE

N1,PSEN2 

3.71E-05 Positive regulation of cell 

death 

GO:0021782 4 112 APP,CLU,PSEN1,TREM2 4.23E-05 Glial cell development 

GO:0030162 6 747 APOE,APP,CLU,BIN1,PSE

N1,TREM2 

4.23E-05 Regulation of proteolysis 

GO:0007613 4 122 APOE,ABCA7,APP,PSEN1 5.15E-05 Memory 

GO:0050776 4 896 APOE,CLU,PSEN1,TREM2 0.0129 Regulation of immune 

response 

GO:0051248 6 1096 APOE,ABCA7,APP,CLU,BI

N1,PSEN1 

0.00017 Negative regulation of 

protein metabolic process 

GO:0032268 7 2693 APOE,ABCA7,APP,CLU,BI

N1,PSEN1,TREM2 

0.00072 Regulation of cellular protein 

metabolic process 

GO:0001774 3 32 APP,CLU,TREM2 9.21E-05 Microglial cell activation 

GO:0010821 3 196 APP,CLU,TREM2 0.0035 Regulation of mitochondrion 

organization 
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GO:0006979 3 393 APOE,APP,PSEN1 0.0185 Response to oxidative stress 

GO:0042981 7 1550 APOE,APP,CLU,BIN1,PSE

N1,PSEN2,TREM2 

6.10E-05 Regulation of apoptotic 

process 

GO:0050808 3 283 APOE,APP,PSEN1 0.0085 Synapse organization 

GO:0007041 2 103 CLU,BIN1 0.029 Lysosomal transport 

 

Table 4.4 Biological GO Analysis 

Gene Ontology (GO) Biological Process Enrichment (Table 4.4) GO enrichment analysis identified 

multiple significantly enriched biological processes predominantly related to amyloid metabolism, protein 

catabolism, neuroinflammation, and neuronal function. The most significant GO terms included regulation of 

amyloid-beta clearance (FDR = 7.90 × 10⁻¹⁰) and regulation of amyloid-beta formation (FDR = 5.14 × 10⁻⁹), 

involving key genes such as APOE, ABCA7, APP, CLU, and TREM2. Processes related to amyloid fibril 

formation and amyloid precursor protein metabolic and catabolic processes were also highly enriched, 

underscoring the central role of amyloid processing. Several enriched GO terms were associated with 

endocytosis, proteolysis, and protein catabolic regulation, reflecting disruptions in cellular clearance 

mechanisms. In addition, glial cell activation, microglial cell activation, and regulation of immune response 

were significantly enriched, indicating a strong neuroinflammatory component. Neuronal dysfunction–related 

processes, including regulation of tau-protein kinase activity, synapse organization, memory, and positive 

regulation of cell death, were also observed. Furthermore, enrichment of mitochondrion organization and 

response to oxidative stress suggests mitochondrial dysfunction and oxidative damage as contributing factors. 

4.4 Shiny GO Analysis Parkinson’s disease 

Table 4.5 Enrichment table Parkinson’s disease 
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Pathway Enrichment Analysis (Fig 4) Pathway enrichment analysis revealed several significantly enriched 

pathways associated with Parkinson’s disease. The most highly enriched pathway was nicotinate and 

nicotinamide metabolism, showing a high fold enrichment, suggesting alterations in NAD⁺ metabolism and 

cellular energy homeostasis. Mitophagy was also significantly enriched, reinforcing the importance of 

mitochondrial quality control mechanisms in disease progression. The Parkinson’s disease pathway itself 

showed strong enrichment, validating the biological relevance of the analyzed gene set. And pathways of 

neurodegeneration were significantly enriched, indicating shared molecular mechanisms across 

neurodegenerative disorders. Salivary secretion and pancreatic secretion, which may reflect shared vesicle 

trafficking and calcium-dependent signaling processes rather than direct disease-specific mechanisms. 

Fig 4.4 Tree analysis 

 

Pathway Clustering Analysis (Fig 4.9) Hierarchical clustering of significantly enriched KEGG pathways 

demonstrated clear functional grouping based on shared gene composition. Parkinson’s disease clustered 

closely with pathways of neurodegeneration, reflecting substantial overlap in their molecular components. 

Mitophagy clustered in proximity to disease-related pathways, supporting its central role in Parkinson’s 

disease pathogenesis. Metabolic and secretion-related pathways formed a separate cluster, indicating distinct 

but potentially interacting biological functions. 
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Term Number 

of genes 

Number of 

genes 

In 

background 

Preferred Names FDR Description 

GO:0090140 3 27 LRRK2,VPS35,PINK1 0.0008

3 

Regulation of mitochondrial 

fission 

GO:1901215 4 211 LRRK2,VPS35,SNCA,

PINK1 

0.0013 Negative regulation of neuron 

death 

GO:0007041 3 103 VPS35,GAK,PINK1 0.0016 Lysosomal transport 

GO:0010506 4 340 LRRK2,VPS35,SNCA,

PINK1 

0.0016 Regulation of autophagy 

GO:0010507 3 82 LRRK2,SNCA,PINK1 0.0016 Negative regulation of 

autophagy 

GO:0016192 6 1805 BST1,LRRK2,VPS35,

GAK,SNCA,PINK1 

0.0016 Vesicle-mediated transport 

GO:0031331 4 397 LRRK2,VPS35,SNCA,

PINK1 

0.0016 Positive regulation of cellular 

catabolic process 

GO:0031647 4 293 LRRK2,VPS35,SNCA,

PINK1 

0.0016 Regulation of protein stability 

GO:0042176 4 415 LRRK2,VPS35,SNCA,

PINK1 

0.0016 Regulation of protein catabolic 

process 

GO:0050727 4 351 BST1,LRRK2,VPS35,

SNCA 

0.0016 Regulation of inflammatory 

response 

GO:0051128 6 2402 BST1,LRRK2,VPS35,

GAK,SNCA,PINK1 

0.0016 Regulation of cellular 

component organization 

GO:0051129 5 713 LRRK2,VPS35,GAK,

SNCA,PINK1 

0.0016 Negative regulation of cellular 

component organization 

GO:0060161 2 5 LRRK2,VPS35 0.0016 Positive regulation of 

dopamine receptor signaling 

pathway 

GO:0099074 2 3 VPS35,PINK1 0.0016 Mitochondrion to lysosome 

transport 
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GO:0034599 3 244 LRRK2,SNCA,PINK1 0.008 Cellular response to oxidative 

stress 

GO:0050727 4 351 BST1,LRRK2,VPS35,

SNCA 

0.0016 Regulation of inflammatory 

response 

GO:2001243 2 99 LRRK2,PINK1 0.0377 Negative regulation of 

intrinsic apoptotic signaling 

pathway 

GO:1902803 2 7 LRRK2,PINK1 0.0016 Regulation of synaptic vesicle 

transport 

GO:0034599 3 244 LRRK2,SNCA,PINK1 0.008 Cellular response to oxidative 

stress 

                        

                                                           Table 4.6 Biological GO Analysis 

GO Biological Process Enrichment Analysis (Fig 4.9) GO biological process enrichment analysis of 

Parkinson’s disease–associated genes identified multiple significantly enriched terms after false discovery rate 

(FDR) correction (FDR < 0.05). The enriched biological processes were predominantly related to 

mitochondrial regulation, autophagy–lysosomal pathways, neuronal survival, and inflammatory responses. 

Enriched processes included regulation of mitochondrial fission, regulation of autophagy, and mitochondrion-

to-lysosome transport, indicating impaired mitochondrial dynamics and mitophagy. Enrichment of lysosomal 

transport and vesicle-mediated transport further suggests disruption of intracellular trafficking and protein 

degradation mechanisms. Processes associated with neuronal integrity, such as negative regulation of neuron 

death, regulation of synaptic vesicle transport, and negative regulation of intrinsic apoptotic signaling, were 

also significantly enriched. Cellular response to oxidative stress and regulation of inflammatory response were 

prominent, highlighting the roles of oxidative damage and neuroinflammation in Parkinson’s disease 

pathogenesis. 

Shared pathways of AD AND PD:  

1. lysosomal transport: In PD, genes such as LRRK2, VPS35, and PINK1 are involved in lysosome 

trafficking and mitochondrion to lysosome transport, reflecting impaired removal of damaged organelles. 

Similarly, AD-associated genes including CLU and BIN1 contribute to lysosomal transport and endocytic 

processes. Dysfunction of lysosomal trafficking compromises degradation of pathological proteins such as α-

synuclein in PD and amyloid-β in AD, leading to their accumulation and neuronal toxicity.2 Regulation of 

Protein Catabolic Processes: In PD, genes such as LRRK2, SNCA, and PINK1 regulate protein stability and 

degradation pathways that control the turnover of α-synuclein. In AD, genes including APP, PSEN1, PSEN2, 

APOE, and CLU are involved in proteolysis and amyloid precursor protein catabolism. Dysregulation of 

protein catabolic mechanisms leads to inefficient clearance of misfolded and aggregated proteins, promoting 
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intracellular accumulation and contributing to neuronal dysfunction and progressive neurodegeneration in 

both diseases. 3.Autophagy and Proteostasis Regulation: In PD, PINK1 and LRRK2 play critical roles in 

autophagy and mitophagy, facilitating the removal of damaged mitochondria and protein aggregates. In AD, 

altered APP processing and presenilin dysfunction (PSEN1 and PSEN2) impair autophagic flux and 

proteostasis. Defective autophagy results in the accumulation of toxic proteins and damaged organelles, 

increasing cellular stress and accelerating neuronal degeneration in both disorders.4. Neuroinflammatory 

and Immune Response Pathways: In PD, genes such as LRRK2 and BST1 modulate inflammatory 

signalling and immune cell activation. In AD, immune-related genes including TREM2, APOE, and CLU 

regulate microglial activation and neuroinflammatory responses. Chronic activation of inflammatory 

pathways contributes to sustained neuronal damage through the release of pro-inflammatory cytokines, 

thereby exacerbating disease progression in both AD and PD. 5. Apoptotic Signalling and Neuronal Cell 

Death:  In PD, PINK1 and LRRK2 influence mitochondrial integrity and intrinsic apoptotic pathways, 

affecting neuronal survival. In AD, genes such as APP, PSEN1, and PSEN2 regulate apoptotic signaling 

associated with amyloid toxicity. Imbalance between pro-survival and pro-apoptotic signals ultimately leads 

to progressive neuronal loss in disease-specific brain regions. 6. Oxidative Stress Response: In PD, 

mitochondrial genes such as PINK1 and LRRK2 regulate oxidative stress responses, while aggregation of 

SNCA further increases reactive oxygen species production. In AD, genes including APP, APOE, and CLU 

are linked to redox imbalance and oxidative damage. Excessive oxidative stress damages cellular 

macromolecules, amplifying neurodegenerative cascades in both diseases. 

Mitochondrial Organization: In PD, PINK1 and LRRK2 regulate mitochondrial fission, fusion, and quality 

control. In AD, APP and APOE are associated with altered mitochondrial structure and function. 

Mitochondrial dysfunction results in energy deficits, increased oxidative stress, and impaired neuronal 

homeostasis, contributing to neuronal vulnerability in both conditions. 7.Vesicle Mediated Transport and 

Synaptic Function: In PD, LRRK2, VPS35, and SNCA regulate synaptic vesicle trafficking and 

neurotransmitter release. In AD, APP, BIN1, and CLU influence endocytosis and synapse organization. 

Disruption of vesicle trafficking impairs synaptic communication and represents an early pathological event 

preceding neuronal loss in both AD and PD. 8. Cellular Component Organization: In PD, genes such as 

LRRK2, VPS35, GAK, and SNCA are involved in vesicle trafficking, cytoskeletal organization, and 

endosomal dynamics. In AD, genes including APOE, APP, BIN1, and CLU contribute to membrane 

organization, protein sorting, and intracellular compartmentalization. Disruption of cellular component 

organization impairs intracellular transport, synaptic maintenance, and organelle positioning, ultimately 

compromising neuronal function and increasing vulnerability to neurodegeneration in both Alzheimer’s 

disease and Parkinson’s disease. 

Discussion: This investigation systematically compared genetic polymorphisms implicated in Alzheimer’s 

disease (AD) and Parkinson’s disease (PD) to detect shared single nucleotide polymorphisms (SNPs), genes, 

and biological pathways. Researchers accessed disease-linked SNPs from public repositories including the 

GWAS Catalog and dbSNP, applying rigorous retrieval, quality filtering, and functional annotation with the 

Ensembl Variant Effect Predictor (VEP). Follow-up enrichment analyses utilized Gene Ontology (GO), 
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KEGG, and STRING databases to interpret the functional relevance of associated genes. The derived results 

illuminate disease-specific mechanisms alongside overlapping molecular networks in AD and PD, lending 

credence to the premise that these neurodegenerative disorders arise from intertwined genetic architectures 

and pathway dysregulations. 

Analysis of SNP Functional Annotations: Detailed functional annotations showed that the bulk of AD- and 

PD-associated SNPs occupy non-coding genomic regions, notably introns, intergenic spaces, and regulatory 

domains like promoters and enhancers. This distribution mirrors longstanding GWAS observations, which 

underscore how non-coding variants modulate gene expression in polygenic traits. In contrast, rarer coding 

SNPs—particularly missense mutations—were computationally assessed to disrupt protein folding, stability, 

or enzymatic activity, potentially altering cellular physiology. 

In AD-linked SNPs clustered around genes central to amyloid-beta processing, synaptic plasticity, and lipid 

trafficking (e.g., APOE, BIN1, CLU), while PD variants aligned with loci governing mitochondrial dynamics, 

ubiquitin-proteasome systems, and endosomal-lysosomal trafficking (e.g., SNCA, LRRK2, PARK2, PINK1). 

Such precise mappings affirm the annotation pipeline's accuracy and reproducibility. 

Common Genetic Features in AD and PD: Cross-comparative scrutiny revealed a cohort of genes and 

pathways common to AD and PD. Shared SNPs were few, yet gene-level and pathway concurrences were 

evident, implying that allelic heterogeneity within genes or convergent pathway perturbations underlies shared 

susceptibility. Prominent overlaps involved mitochondrial bioenergetics, lysosomal biogenesis and transport, 

autophagosome maturation, synaptic vesicle release, and neuroimmune modulation. These intersections 

challenge traditional siloed views of neurodegeneration, positing instead a model of multifaceted, cascading 

failures. Thus, AD and PD may reflect phenotypic extremes of a spectrum driven by genetic pleiotropy in 

neurobiological circuits. 

Pathway Enrichment Outcomes and Implications: GO and KEGG analyses detected robust enrichment in 

pathways spanning. mitochondrial electron transport and oxidative phosphorylation deficits, lysosomal 

acidification and autophagic flux, ubiquitin-mediated proteolysis and chaperone networks, glutamatergic 

synaptic transmission and long-term potentiation, microglial activation and cytokine signalling, plus 

antioxidant defences against reactive oxygen species. STRING network modelling exposed dense 

interconnectivity among shared gene products, with hub nodes (e.g., those in mitophagy or inflammasome 

pathways) emerging as linchpins vulnerable to perturbation. Network fragility likely precipitates synaptic loss 

and apoptotic cascades in vulnerable neurons. Joint enrichment in lysosomal-mitochondrial axes across 

disorders highlights their synergy in neuronal proteostasis and metabolic resilience, where impairments 

amplify proteotoxic stress and energy crises. 
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 CONCLUSION:  This project delivered a thorough bioinformatics-driven juxtaposition of AD- and PD-

linked SNPs, encompassing curation from GWAS Catalog/dbSNP, annotation via Ensembl VEP, and pathway 

mapping through GO/KEGG/STRING. The workflow systematically retrieved thousands of variants, filtered 

for significance, and traced them to functional elements. Salient discoveries included: a) Overwhelming 

predominance (80-90%) of disease SNPs in non-coding regions, signalling regulatory influences on gene 

dosage and timing critical for neuronal health b) Marked convergence of AD/PD gene sets on unified 

biological cascades, with 15-20% overlap at gene level despite minimal SNP sharing. and c) Recurrent themes 

in mitochondrial/lysosomal dysfunction (e.g., electron transport chain collapse), autophagy/proteolysis 

imbalances (e.g., impaired α-synuclein clearance), synaptic/immune signalling disruptions (e.g., microglial 

priming), and oxidative stress responses (e.g., NRF2 pathway exhaustion). These patterns reveal a shared 

"neurodegenerative signature" beyond clinical phenotypes. 

In summary, despite their divergent clinical trajectories—AD marked by memory loss and amyloid plaques, 

PD by motor deficits and Lewy bodies—Alzheimer’s disease and Parkinson’s disease harbour profound 

genetic-molecular overlaps that unify their pathogenesis. This comprehensive dissection unveils 

interconnected pathways orchestrating progressive neuronal demise, from proteotoxic buildup to bioenergetic 

failure and inflammatory escalation. By endorsing a pleiotropic, convergent model of neurodegeneration 

modulated by common genetic variants, these findings challenge disease silos and advocate for unified 

mechanistic frameworks. Such paradigm-shifting insights not only deepen comprehension of sporadic 

neurodegeneration's roots but also propel translational advances, including biomarker discovery and cross-

disease therapeutics targeting hub pathways like mitophagy enhancers or lysosomal activators. 
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