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	 Neurogenomics is an interdisciplinary field that focuses on studying the genetic 
fundamentals of neurodegenerative diseases, seeking to understand how genetic variations 
contribute to the onset, progression, and severity of diseases such as Alzheimer's and 
Parkinson's diseases. This review aims to investigate and critically assess the evolving roles 
of neurogenomics and molecular technologies in the understanding, early identification, and 
treatment advancement for Alzheimer's and Parkinson's diseases. Neurogenomics aims to find 
specific genetic mutations, polymorphisms, and epigenetic variables to provide new therapeutic 
targets and potential biomarkers for early diagnosis. Molecular diagnosis plays a pivotal role 
in identifying genetic risk factors and distinguishing between different neurodegenerative 
conditions. This article seeks to emphasize recent progress in gene expression profiling, 
biomarker identification, and transgenic model research, while addressing the therapeutic 
significance of tools such as PCR, ISH, and Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR). The study highlights how the integration of genomic techniques with 
molecular biomarkers can enhance disease prognosis, patient stratification, and individualized 
therapy approaches for neurological diseases.

Keywords: Alzheimer's disease; Neurodegenerative diseases; Neurogenomics;
Molecular Diagnosis; Parkinson's disease.

	 Neurogenomics is the intersection of two 
different branches, neuroscience and genomics. 
This has emerged as a critical discipline in 
identifying the genetics and molecular framework 

for numerous neurodegenerative diseases (ND).1  

Neurogenomics becomes helpful in the detection 
of genes related to neurological diseases and 
studying the transgenic models of neurological 
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diseases. According to recent studies, the study 
of neuropathology at the molecular level has 
become much easier due to neurogenomics. In-situ 
hybridization (ISH) and polymerase chain reaction 
(PCR) are vital methodologies in the investigation 
and diagnosis of neurological disorders, including 
Parkinson’s and Alzheimer’s diseases. ISH enables 
researchers to identify and localize specific gene 
mutations or aberrant RNA expression directly 
inside brain tissue samples, offering insights into 
disease-associated cellular alterations. For instance, 
ISH can assist in identifying modified expression 
of genes associated with neurodegeneration. PCR 
is employed to amplify and analyze specific DNA 
or RNA sequences, facilitating the identification 
of genetic risk factors (like mutations in the APP, 
PSEN1, or LRRK2 genes) and assisting in the 
monitoring of molecular alterations associated 
with disease progression. These techniques are 
essential for comprehending the molecular origins 
of neurodegenerative diseases to promote early 
detection and developing of targeted therapies.
	 The imprints of neurogenomics are quite 
significant in molecular neuropharmacology as 
it assists in encoding different genes related to 
neurotransmitter receptors and ion channels, 
leading to a better understanding of the mechanism 
of action of drugs, that facilitates better drug 
development. Additional possible applications of 
neurogenomics are the investigation of genetic 
anomalies in neurological diseases, the analysis of 
gene expression within the central nervous system 
(CNS), and the imaging of gene expression in the 
CNS.2 Neurogenomics examines the expression and 
regulation of genes inside the neurological system 
in both normal and pathological states. Changes in 
gene expression can elucidate the critical molecular 
processes that are disturbed in neurodegenerative 
diseases. Neurogenomics has facilitated a more 
sophisticated approach to neurodegenerative 
diseases through enhanced diagnostic instruments. 
The identification of biomarkers using genetic 
analysis of patient samples, including cerebrospinal 
fluid or blood, facilitates precise illness detection. 
1,3,4 Molecular diagnostics refers to the clinical use 
of molecular technology pertaining to DNA and 
RNA to elucidate, diagnose, and monitor human 
diseases. 
	 The objective of this study is to investigate 
and critically assess the evolving roles of 

neurogenomics and molecular technologies in the 
understanding, early identification, and treatment 
advancement for Alzheimer’s and Parkinson’s 
diseases. This article seeks to emphasize recent 
progress in gene expression profiling, biomarker 
identification, and transgenic model research, 
while addressing the therapeutic significance of 
tools such as PCR, ISH, and Clustered Regularly 
Interspaced Short Palindromic Repeats (CRISPR). 
The study highlights how the integration of 
genomic techniques with biomarker can enhance 
disease prognosis, patient stratification, and 
individualized therapy approaches for neurological 
diseases.5

Neurodegenerative disorder
	 Neurodegenerative diseases are intricate 
conditions that cause deterioration of the structure 
and functioning of the CNS, which leads to 
diminished quality of life and distressing symptoms. 
Neurodegenerative diseases lead to irreversible 
damage to the CNS, resulting in motor impairments. 
Neurodegenerative illnesses result in detrimental 
outcomes such as memory impairment, diminished 
motor control, and decreased communication 
abilities, all of which substantially diminish the 
quality of life.1 Neurodegenerative diseases impact 
millions globally, with aging being the primary 
contributing factor to the onset of all varieties of 
these conditions. Although the gene expression 
linked to neurodegenerative diseases occurs, the 
timing and severity of neurodegeneration are 
contingent upon the surrounding environment.6

	 A m o n g  t h e  b r o a d  r a n g e  o f 
neurodegenerative diseases, several are recognized 
for their distinctive clinical characteristics and 
significant societal impact. Diseases such as 
Parkinson’s, Alzheimer’s, amyotrophic lateral 
sclerosis, and Huntington’s are marked by a 
progressive degeneration of a significant quantity 
of neurons, unlike the selective and static neuronal 
loss caused by metabolic or toxic conditions. 
Neurodegenerative illnesses are frequently 
marked by the aggregation of certain proteins and 
anatomical vulnerability. These illnesses exhibit 
numerous fundamental mechanisms linked to 
increasing neuronal malfunction and demise, 
including proteotoxic stress, oxidative stress-related 
programmed cell death, and neuroinflammation.7 
In these diseases, there is an accumulation of 
proteins with changed physicochemical properties, 
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referred to as misfolded proteins. Certain illnesses, 
such as spastic paraplegia and certain variants of 
spinocerebellar ataxia, do not exhibit identifiable 
protein inclusions using existing detection 
methodologies. A novel notion known as prion-
like spreading suggests that proteins linked to 
neurodegenerative illnesses disseminate throughout 
the brain. Cell culture and animal models have been 
utilized in neurodegenerative disease research to 
illustrate that cells internalize pathogenic proteins 
and subsequently transmit them to adjacent cells.6

	 The primary obstacle in the development 
of pharmaceuticals for neurodegenerative illnesses 
is the blood-brain barrier (BBB). Notwithstanding 
numerous triumphs achieved by surgical and highly 
invasive procedures, their clinical adoption remains 
restricted due to apprehensions regarding their 
long-term effects, particularly the possible harm 
to the blood-brain barrier (BBB). Nanotherapeutics 
are being developed as viable alternatives for 
reversing neurodegeneration, having the capability 
to traverse the blood-brain barrier. 6

Alzheimer’s disorder (AD) 
	 Dementia encompasses a wide range 
of cerebral illnesses marked by a progressive 
deterioration in cognitive abilities, ultimately 
resulting in heightened death rates. The predominant 
kind of dementia includes AD. This disorder results 
in a gradual decline of cognitive functions, with 
loss of memory as the most common early sign. 
Neuropathologically, AD is defined by neuronal 
degeneration in particular brain parts, namely 
the medial temporal lobes, and temporoparietal 
association cortices. The actual cause of AD has 
not been confirmed yet, but a well-known theory 
named as “amyloid hypothesis” explains the 
cause of AD. According to this proposition, the 
aggregates of amyloid-beta (Aß) plaques play 
the primary role in the disease mechanism and 
progression of AD. Due to the ongoing research 
on this disorder, the focus has been shifted to 
another potential pathogenesis of AD, but still 
the “amyloid hypothesis” remains the most 
renowned concept of AD.8 The other pathogenic 
characteristic of AD is the intracellular buildup of 
hyperphosphorylated tau protein, resulting in the 
formation of neurofibrillary tangles. Tauopathies 
are a class of neurological diseases characterized 
by the pathological accumulation of tau protein in 
the brain. Tauopathy is a key characteristic of AD 

that leads to synaptic dysfunction and neuronal 
degeneration. Tauopathies encompass more than 
AD, including conditions like frontotemporal 
dementia and progressive supranuclear palsy.9 
	 Currently, over 50 million Alzheimer’s 
disease sufferers globally, anticipated to quadruple 
every five years, possibly affecting nearly 152 
million people by 2050.10 A patient suspected of 
having Alzheimer’s disease must go through a 
series of examinations, including a neurological 
test, an MRI (magnetic resonance imaging) of the 
brain, and vitamin B12 laboratory testing. Vitamin 
B12 deficiency leads to elevated homocysteine 
levels, which cause brain damage via oxidative 
damage, enhanced calcium influx, and apoptotic.11 
	 Alzheimer’s disease biomarkers are 
divided into two categories: those that indicate 
brain amyloid pathology (such as PET and CSF 
amyloid-beta levels) and those that represent 
neuronal damage. CSF tau proteins are neuronal 
injury biomarkers, as is fluorodeoxyglucose 
(FDG)-PET for assessing cerebral metabolism and 
magnetic resonance imaging (MRI) for detecting 
brain shrinkage.12

Alzheimer’s disease Neuropathology
	 Individuals suffering from AD exhibit 
two types of alterations: positive lesions, marked 
by accumulation of neurofibrillary tangles, 
amyloid plaques, and negative lesions, marked 
by pronounced atrophy due to the loss of neural 
tissue, neuropil, and synapses. Extracellular 
aggregates of beta-amyloid protein (Aß) known 
as senile plaques display various architectural 
forms, such as neuritic, dispersion, dense-cored, 
and typical compact plaques. The ß-secretase 
and ã-secretase proteolytic enzymes promote Aß 
deposits production from the amyloid precursor 
protein (APP). Diverse kinds of Aß monomers may 
coalesce to generate soluble oligomers as well as 
amyloid plaques that can propagate into the brain. 
The abnormal filaments, neurofibrillary tangles, at 
a specific stage, intertwine to create paired helical 
filaments (PHF) as well as aggregates at neural 
perikaryal cytoplasm, axon, and dendrites, leading 
to the destruction of tubulin-associated proteins and 
cytoskeletal microtubules.12

Biomarkers of AD
	 Biomarkers play a significant role in 
the clinical management of Alzheimer’s disease, 
enabling early and precise diagnosis, tracking 
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disease progression, forecasting therapeutic 
response, and differentiating Alzheimer’s from 
other dementias, thereby enhancing personalized 
and timely interventions. The biomarker of AD is 
classified into categories such as amyloid pathology, 
Tau pathology biomarkers and Presenilin (PSEN) 
mutation.
Amyloid pathology
	 The Aß component accumulation is a 
crucial process in the development of the amyloid 
plaques. Aß peptides arise from the breakage of 
APP, the processing of APP is shown in Figure 
1. The senile plaques are developed due to Aß 
fragments accumulation. Extracellular deposits of 
Aß protein (senile plaques) can take various forms, 
including diffuse,  neuritic, classic,  dense-cored, 
and compact. Proteolytic enzymes like ß-secretase 
and ã-secretase help produce Aß deposits from 
APP.12 APP is a type I membrane protein with 
eight isoforms due to alternative splicing. Neurons 
produce APP695, while microglia create APP751 
and APP770. A soluble extracellular domain with 
an NH2 terminal and an intracellular COOH 
terminal segment (AICD) of 83 amino acids 
(C83) is produced by á-secretase and processed 
by ã-secretase. Beta-secretase has two cleavage 
sites, with the main one in the Aâ region, producing 
an 89-amino-acid AICD (C88). An intracellular 
segment featuring the Aß region (C99) results from 
the alternate position. The ã-secretase cleaves the 
C99 fragment, resulting in the Aß1-40 and Aß1-42 
peptide variants, along with additional fragments.13 
Biomarkers of cerebrospinal fluid (CSF) for 
detecting AD include the measurement of Aß42 
content in CSF utilizing antibody-based methods 
such as ELISA enzyme-linked immunosorbent 
assay and antibody-independent methods like 
spectrometry. Recent discoveries indicate that 
patients with AD exhibit reduced quantities of 
Aß42 in their cerebrospinal fluid. The reduction 
in Aß42 indicates the peptide aggregation in the 
brain, resulting in the formation of senile plaques, 
as demonstrated by postmortem findings and in-
vivo amyloid PET imaging.9

Tau pathology
	 The  microtubule  protein, Tau  located 
in axons, is involved in axonal movement and 
microtubule assembly. Typically, each mole of 
tau protein has 2-3 moles of phosphorus. Tau 
possesses six isoforms that differ in the number 

of microtubule linkages in repeats.13 The tau gene 
is found on the 17thchromosome at band location 
17q21 and comprises 16 exons. Tau protein is 
classified as a microtubule-associated protein 
(MAP), characterized by its heat resistance and 
minimal susceptibility to acid treatment. This 
characteristic of tau protein arises from its low 
secondary structure composition. The tau protein 
typically exists in an unfolded conformation. Due to 
the extreme flexibility and varied conformations of 
disordered proteins, nuclear structure spectroscopy 
is the sole viable approach that offers high-
resolution imaging. This enables the acquisition 
of a comprehensive backbone assignment for 441 
residues of tau, the longest isoform of tau protein 
found in the human CNS.14

	 T h e  e x c e s s i v e  a g g r e g a t i o n  o f 
phosphorylated tau in disease-specific inclusions 
serves as a pathogenic indicator in both primary 
and secondary tauopathies. Research on post-
translational changes (PTM) of Alzheimer’s disease 
(AD) tau concentrates on detergent-insoluble tau 
present in neurofibrillary tangles (NFT), regarded 
as a primary characteristic of AD. NFT tau 
can be enhanced via detergent along with acid 
extraction, facilitating the isolation of insoluble, 
accumulated tau from the AD patient’s brain.15 
In Alzheimer’s disease, the usual function of tau 
protein in maintaining an orderly cytoskeleton 
within the axonal process is compromised due to its 
diminished ability to connect to microtubules. Post-
translational modifications (PTMs) are regarded 
as the primary reason for the dysfunction of tau 
protein, however, the precise explanation remains 
a subject of contention. The tau phosphorylation 
modulates its binding capacity to microtubules, 
however, normal phosphorylation levels are 
essential for good tau functionality, whereas 
hyperphosphorylation results in the loss of its 
biological activity. The longest version of tau 
protein, consisting of 441 amino acids, contains 
around 80 possible phosphorylation sites for serine 
or threonine. In instances of pathological tau 
protein, the aberrant phosphorylation of tau may 
occur from tau kinase(s) or the downregulation of 
tau phosphatase(s), however, these factors are not 
mutually exclusive. Several enzymes have been 
assessed, with particular emphasis on kinases that 
are considered pivotal in the context of protein 
kinase A (PKA) and calcium/calmodulin-dependent 
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protein kinase II (CaMK-II), among which 
glycogen synthase kinase 3 beta (GSK-3ß) was 
regarded as the most significant in phosphorylation 
processes. Patients with AD exhibit abnormally 
phosphorylated cytosolic tau (AD P-tau), which 
is not linked to tubulin or facilitates microtubule 
assembly, hence losing its biological function. 
The hyperphosphorylated tau protein intertwines 
to create paired helical filaments, resulting in the 
formation of neurofibrillary tangles (NFT).14

Presenilin (PSEN) mutation
	 Neurogenomics discovered mutations 
in the PSEN1, PSEN2, and APP genes that 
are connected to increased sensitivity to 
Alzheimer’s disease. Homeologous genes PSEN1 
and PSEN2 are recognized by vertebrates. To 
assemble a biologically active ã-secretase (GS) 
complex, which cleaves amyloid precursor 
protein (APP), Nicastrin,  presenilin enhancer 
2 (PEN-2),  and  anterior  pharynx-defective 1 
interact  with  presenilins  (PSEN1  and  PSEN2).  
Recently, approximately 300 distinct pathogenic 
variants have been found in the PSEN1 gene.  The 
PSEN1 gene mutations are mainly responsible for 
familial Alzheimer’s disease (FAD). The PSEN1 
protein functions as a component of the catalytic 
subunit of ã-secretase (GS). Aß40 is associated 
with around 90% of individuals suffering from 
Alzheimer’s disease. The influence of PSEN1 on 

Aß40 production has been elucidated through two 
possibilities. According to the amyloid hypothesis, 
mutations in PSEN1 initiate disease pathogenesis 
by increasing Aß42 production. This theory is 
supported by research indicating that minor clinical 
PSEN1 mutations result in elevated plasma levels 
of Aß40, contributing to FAD. Additionally, there 
is one more theory that is presenilin hypothesis, 
which states that PSEN1 mutations may lead to the 
essential presenilin function loss in the brain, hence 
precipitating dementia and neurodegeneration in 
FAD. 
	 There are 38 known PSEN2 mutations, 
resulting in the increased activity of ã-secretase 
(GS). elevated Aß42/40 ratios, an increased Aß42 
concentration, and extracellular Aß40 reduction.  
Excluding the Lys306f and Glu26fs frameshifts, 
most PSEN2 mutations are nonsynonymous. 
Mutations in PSEN2 result in an extended disease 
duration and a delayed age of onset. In addition to 
FAD, mutations in PSEN2 are also implicated in 
other neurodegenerative diseases. 16

Parkinson’s disease (PD)
	 Parkinson’s disease is among the most 
common movement problems and a frequent 
neurodegenerative ailment. The defining hallmarks 
of PD are neuronal mortality at substantia nigra, 
resulting in striatal dopamine insufficiency and the 
buildup of á-synuclein in intraneuronal inclusions. 

Fig. 1. Represents the Amyloid precursor protein (APP) processing by 
á-and ã-secretase (A) or by â-and ã-secretase (B) pathways
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Fig. 2. Genome analysis and NGS applications using technology platforms, data analysis, and applications. 
Figure has been reproduced/adapted with permission from Satam H, Next-Generation Sequencing Technology: 

Current Trends and Advancements, Biology, MDPI, 2023, https://doi.org/10.3390/biology13050286. Permission 
granted by Creative Commons attribution licence. 23

Additional pathogens of Parkinson’s disease include 
oxidative stress, mitochondrial malfunction, 
cellular calcium dysregulation, neuroinflammation, 
and abnormalities in many neurotransmitter 
systems. The primary motor characteristics of PD 
include slowness of movement (bradykinesia), 
stiffness, and rest tremor. In addition to these, 
Parkinson’s disease is linked to a diverse array of 
non-motor symptoms that augment the total illness 
burden. The significant non-motor symptom of 
PD is Cognitive impairment, occurring six times 
more frequently in affected persons than in the 
healthy population. Parkinson’s disease patients’ 
cognitive impairment varies from subjective 
cognitive deterioration (SCD) to moderate 
cognitive impairment (PD-MCI) to dementia. 
SCD signifies the condition wherein individuals 
sense a deterioration in their cognitive abilities. 
SCD is not associated with any acute incident. 
Conversely, PD-MCI is a cognitive impairment 
identified by an informant or a clinician, linked 
to cognitive abnormalities evident in formal 
neuropsychological assessments or a global 

cognitive abilities scale. PDD is characterized by 
abnormalities in executive functions, attention, 
visuospatial skills, and memory.17

	 Parkinson’s disease is characterized by the 
accumulation of á-synuclein protein aggregates in 
the neurons of the substantia nigra, referred to as 
Lewy bodies and Lewy neurites. The Queen Square 
Brain Bank clinical diagnostic criteria for PD focus 
on the levodopa-responsive motor phenotype 
and neuronal degeneration in the substantia 
nigra and caudate and putamen dopaminergic 
denervation.  PD can be seen as a genetic disorder 
in a specific context, where certain patients possess 
characteristic uncommon variations that result in 
familial disease, and in a broader context, where 
many patients exhibit a polygenic predisposition to 
the disease. Three recognized autosomal dominant 
genes (SNCA, LRRK2, and VPS35) and three 
recognized autosomal recessive genes (PRKN, 
PINK1, and DJ1) are identified as causative factors 
of Parkinson’s disease.18
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Fig. 3. Schematic diagrams indicate the potential methods for detecting and cleaving target DNA via CRISPR-
Cas9. Figure 3 has been reproduced/adapted with permission from Jafar Nouri Nojadeh, CRISPR/Cas9 genome 

editing for neurodegenerative diseases, Excli, 2023, https://doi.org/10.17179/excli2023-6155. Permission granted 
by Creative Commons attribution license.26

Biomarkers of PD
Imaging biomarkers
	 Various imaging technologies, including 
Magnetic Resonance Imaging (MRI), Transcranial 
Sonography, and Single Photo Emission Computed 
Tomography, are employed to detect structural 
alterations in the brain. The methods for evaluation 
include measuring dopamine transporter 
concentration, vesicular monoamine transporter 
level, postsynaptic dopamine receptor levels, 
aromatic amino acid decarboxylase activity, and 
proteins (á-synuclein, tau) or iron in the brain. 
A unique substantia nigra dopaminergic neuron 
aggregation called nigrosome-1, is observable with 
high-resolution MRI; the characteristic ‘swallow-
tail’ morphology of a healthy nigrosome-1 is 
absent in Parkinson’s disease. Standard routine 

structural magnetic resonance imaging scans may 
have limited utility in diagnosing Parkinson’s 
disease, however, advanced MRI scans are 
potentially beneficial for supporting diagnosis of 
the condition.19

Genetic biomarkers
	 Genome-wide association research 
(GWAS), linkage analysis, and exome sequencing 
have identified around 28 chromosomal loci 
associated with hereditary types of Parkinson’s 
disease (PD), of which 18 are part of the PARK 
family, designated as Park 1/4, 2, 3, 5, 6, etc. 
Mutations in the loci of these genes can result 
in monogenic variants of familial Parkinson’s 
disease that have recessive or autosomal dominant 
inheritance. The LRRK2 (PARK8) mutation and 
SNCA (PARK1/4) mutation, which generate 



989 Sinha et al., Biomed. & Pharmacol. J,  Vol. 19(Spl.), 982-993 (2026)

á-synuclein, are monogenic variants of PD that 
cause autosomal dominant PD. SNCA mutations 
are rare, although duplication and triplication of 
the locus can cause familial Parkinson’s disease, 
especially in triplication cases.18

Biochemical markers
	 A diverse array of molecules has been 
analysed in blood, cerebrospinal fluid, and 
biological fluids, including dopamine and its 
metabolites, different amine and amino acid 
neurotransmitters, oxidative damage markers, 
neuropeptides, purine metabolites including 
uric acid, inflammatory markers, BDNF, and 
microRNAs. Brain-derived neurotrophic factor 
(BDNF) is a neurotrophin, important for neuronal 
development, survival, and proliferation.  The 
BDNF levels variation in the cerebrospinal fluid 
and blood among PD patients are intricate and 
inconsistent, rendering BDNF unsuitable as a 
possible biomarker. Purine derivative uric acid 
may be an indicator of risk and diagnostic for 
Parkinson’s disease. Recent research indicates 
that diminished levels of uric acid in the blood 
and cerebrospinal fluid serve as a biomarker for 
PD. The dopamine and its metabolites reduction 
in CSF and blood highlight the decline of central 
dopaminergic activities, which correlates with 
motor impairment.  Conserved short RNAs 
called miRNAs influence gene expression post-
transcriptionally. The deregulation of miRNAs 
may serve as a crucial indicator for diagnosis. 
A further possible application of miRNA is the 
reestablishment of miRNA composition modified 
in illness. Modulating the levels of altered miRNA 
can facilitate repair.20

Alpha-synuclein as a biomarker
	 Alpha-synuclein is a small, inherently 
disordered protein. Their aggregation results in 
the creation of Lewy bodies. The detection of 
á-synuclein is regarded as a marker in the PD 
diagnosis (19). Alpha-synuclein is primarily 
located in the presynaptic vesicles. It is related to 
the synuclein family. Alpha-synuclein constitutes 
1 % of the proteins in the neuronal cytoplasm. 
The mutant alpha-synuclein protein (A30P and 
A53T disease mutations) associated with familial 
Parkinson’s disease has been demonstrated to 
possess structural deficiencies in membrane 
binding, resulting in modifications to the protein’s 
binding characteristics.18 Multiple family variants 

of Parkinson’s disease exhibit elevated expression 
of alpha-synuclein attributed to SCNA gene 
duplication, including A30P, E46K, H50Q, A53E, 
and A53T. Various mutations and undesirable 
biomolecular conditions cause alpha-synuclein to 
misfold and transform into amyloid fibrils abundant 
in beta sheets.21

	 Cerebrospinal fluid is an optimal 
biological fluid for identifying biomarkers 
associated with Parkinson’s disease.  Multiple 
studies indicate that changes in á-synuclein levels 
in the CSF indicate PD. Individuals suffering from 
PD show elevated alpha-synuclein oligomer levels 
relative to age-matched controls. Multiple system 
atrophy (MSA) can be distinguished from PD 
through CSF alpha-synuclein, phosphorylated tau, 
FMS like tyrosine kinase 3 ligand (FTL3). Post-
translational changes of alpha-synuclein influence 
its solubility and increase its susceptibility to 
accumulation. Phosphorylation at Ser129 is 
regarded as the most prevalent pathogenic post-
translational alteration of alpha-synuclein, as 
shown by mass spectrometry.19  Alpha synuclein is 
proposed to modulate the distribution of synaptic 
vesicles and the dimensions of presynaptic 
terminals. High alpha-synuclein levels interact 
with the soluble N-ethylmaleimide-sensitive 
factor attachment protein receptor (SNARE) 
protein complex to modify endoplasmic reticulum-
Golgi vesicular trafficking, impede priming, and 
decrease synaptic connection, reducing dopamine 
and glutamate neurotransmission. Most of alpha-
synuclein’s effects depend on membrane binding. 
The combination of both order and disorder of 
alpha-synuclein configurations at the membrane 
surface may affect protein function and produce 
aggregation.21

Advances in Genomic Technologies
	 The improvement in DNA sequencing 
over the last few decades has fundamentally 
transformed the concepts of gene sequencing and 
tagging. Conventional techniques such as Sanger 
sequencing were laborious and expensive, although 
they established the groundwork for genetic 
analysis. The new Next-generation sequencing 
(NGS) technology has significantly enhanced our 
comprehension of human genomes. The NGS 
has instigated a paradigm change in personalized 
medicine, cancer genomics, and uncommon illness 
diagnoses. 
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Next-Generation Sequencing (NGS)
	 The NGS has revolutionized the 
understanding of genome structure, functionality, 
and dynamics. NGS can sequence several million 
DNA fragments at once, providing genetic 
variation, genome, and gene expression data. NGS 
has provided us with accessible and thorough 
genome sequencing, as well as advancements in 
metagenomics, epigenomics, and other genomic 
research. Illumina, Pacific Biosciences, and 
Oxford Nanopore NGS technology enable parallel 
reading of millions to billions of DNA fragments, 
revolutionizing genomics. This possibility opens 
new pathways for understanding genetic variability, 
gene expression, epigenetic alteration, and 
microbiological diversity. There have been three 
generations of gene sequencing: the first generation 
(Sanger sequencing), the second generation, and 
the third generation (the most recent progress in 
gene sequencing).  NGS analyzes DNA using three 
distinct methodologies: entire genome sequencing, 
whole exome sequencing, and targeted sequencing, 
as shown in Figure 2.22

Whole genome sequencing
	 This method examines an individual’s 
full DNA sequence through genomic analysis. It 
describes a patient’s genome, such as regulatory 
regions, genes, and non-coding elements. Cancer 
research, uncommon genetic illness, population 
genetics, and innovative eukaryotic and prokaryotic 
genome assembly are the principal uses of whole 
genome sequencing.22

Whole-exome sequencing (WES) 
	 This sequencing method captures and 
sequences the exome, the protein-coding part of 
the genome. The exome contains most pathogenic 
mutations despite being only 1-2% of the genome.22

Targeted sequencing panels 
	 This technique concentrates on a limited 
selection of certain genes for purposes such as 
diagnosis, therapy monitoring, and prognosis. 
Profiling various clinical samples with reduced 
tumor concentration and DNA quality, such as 
circulating tumor DNA and formalin-fixed paraffin-
embedded specimens, yields superior sequencing 
depth compared to non-next-generation sequencing 
approaches like PCR.22

CRISPR-based tools
	 Quantitative polymerase chain reaction 
(qPCR) has been extensively utilized for nucleic 

acid-based diagnostics. The adaptability and 
strength of PCR render it an exceptionally 
useful instrument for identifying DNA and RNA 
biomarkers, as shown in Figure 3. Nonetheless, the 
expense of chemicals utilized in PCR is substantial, 
and the methodology necessitates advanced 
laboratory facilities and equipment. Consequently, 
to circumvent the exorbitant costs and complexities 
associated with existing standards, it became 
imperative to devise a technique superior to PCR. 
CRISPR-based diagnostics, utilizing clustered 
regularly spaced short palindromic repeats, possess 
the capability to meet all these requirements. 
CRISPR systems are key to a microbial adaptation 
process that recognizes foreign nucleic acids by 
sequence and eliminates them via endonuclease 
activity related to Cas enzymes. The initial 
CRISPR-based diagnostic techniques were mostly 
developed with Cas9 variations to identify double-
stranded DNA. Cas9 has three mechanisms: 1) 
guide-directed restoration of damaged proteins 
by inactive catalytic Cas9 supporters, 2) Cas9-
mediated cleavage of Protospacer Adjacent Motif 
(PAM) containing patterns, and 3) Non-targeted 
DNA strand unwinding to serve as an aiming site 
for isothermal amplification. 24 The principal genes 
identified in the etiology of AD are APP, PSEN1, 
and PSEN2. Among these, PSEN1 mutations are 
the principal cause of FAD (dominant autosomal 
mutation) and lead to the early development of the 
condition. PSEN1 mutation is associated with high 
Aß42 level. The CRISPR/Cas9 method possesses 
the capability to efficiently correct autosomal 
dominant mutations. A recent study indicated 
that the CRISPR-Cas9 technique can target the 
PSEN1M146L allele associated with Alzheimer’s 
disease, thereby restoring the altered Aß42/40 ratio 
that contributes to the progression of the diseases. 
	 The á-synuclein expression is intricately 
associated with the SNCA gene. The missense 
mutation Ala52Thr (A53T) in SNCA is recognized 
as a significant contributor to the early PD 
generation. A recent study revealed that the 
CRISPR-Cas9 method can eliminate the A53T-
SNCA gene, thereby dramatically ameliorating 
PD conditions, including the overproduction 
of á-synuclein, neurodegeneration, and motor 
symptoms associated with the disorder.25
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Combining Neurogenomics with molecular 
technologies
	 The incorporation of neurogenomics into 
neurological illnesses has markedly enhanced 
our capacity to comprehend, diagnose, and 
manage various neurodegenerative conditions. 
Neurological illnesses include a diverse range of 
conditions such as epilepsy, autism, AD, PD, and 
other dementias. Genetic diagnostic approaches 
have seen increased utilization in recent years 
owing to technological advancements. These 
technologies have transformed the area of 
neurology by enabling more precise diagnosis, 
treatment, and prognosis. The application of NGS 
technology, including whole genome sequencing 
(WGS), has facilitated the identification of genetic 
variants associated with numerous neurological 
diseases. The advancement of technology has 
enhanced diagnosis and propelled the profession 
of medicine towards personalized treatment. This 
personalized treatment can be predicated on the 
individual’s genetic composition. The integration 
of machine learning (ML) and artificial intelligence 
(AI), advanced neuroimaging, renders the future 
of molecular techniques hopeful. The merging 
of neurogenomics and molecular has enabled 
extensive genetic analysis and improved diagnoses 
for neurological illnesses.27

Challenges and Future Perspective 
	 The prospects of NGS possess significant 
potential for enhanced gene sequencing. The 
next sequencing platforms will require reduced 
quantities of input DNA and reagents, hence 
facilitating gene sequencing. These technologies 
will become increasingly portable, facilitating 
enhanced diagnostic applications. Fields such as 
clinical diagnosis, cancer, and microbial genomics 
are being transformed by NGS. In the future, it is 
expected to have a major effect in areas involving 
single-cell genomics, disease mechanisms, a 
greater understanding of biological processes, 
and personalized treatment techniques. Ongoing 
technology advancements and cost reductions will 
render NGS technologies more economical and 
accessible, hence allowing their integration into 
everyday clinical practices. 23

	 The domains of synthetic biology, 
medicines, diagnostics, and metabolic engineering 
have been transformed by the CRISPR 
advancements. This groundbreaking technology 

has surpassed earlier methods, including ZEN 
(zinc finger nuclease) and TALEN (transcription 
activator-like effector nuclease) by reducing 
toxicity and non-target effects. Since the emergence 
of CRISPR-Cas variations, they have been 
effectively utilized in prokaryotes and eukaryotes 
for various applications, including the treatment 
of human diseases like as cardiovascular disease, 
cancer, sickle cell anemia, and cystic fibrosis. 
Challenges persist with advanced technology, 
including: 1) off-target effects, 2) efficiency of 
HDR, and 3) delivery of the CRISPR-Cas system. 
4) Ethical considerations of gene editing in human 
embryos. Overall, CRISPR-Cas technology has 
emerged as an optimal instrument for several 
diagnostic applications. Advancements in gene 
editing technologies are unveiling novel pathways 
for accurate gene modification in many prokaryotic 
and eukaryotic organisms.28  Overall, progress in 
gene therapy, stem cell regeneration techniques, 
and precision medicine, specifically á-synuclein 
targeting, LRRK2 inhibitors, and CRISPR 
genome editing, offers potential for modifying 
disease development and enhancing patient 
outcomes. Furthermore, the utilization of digital 
health systems and neuroimaging is improving 
patient surveillance and individualized treatment 
approaches.

Conclusion

	 In conclusion, Neurogenomics is 
significant in transforming the understanding and 
treatment of neurodegenerative disorders. The 
incorporation of next-generation sequencing (NGS) 
technologies has facilitated the identification of 
genetic variations responsible for Alzheimer’s 
Disease (AD) and Parkinson’s Disease (PD). 
Molecular biomarkers are essential for early and 
precise diagnosis. In AD, cerebrospinal fluid (CSF) 
indicators such as reduced Aâ42 and increased 
phosphorylated tau (p-tau181 and p-tau217) levels 
signify amyloid pathology and neurofibrillary 
tangles. 
	 In Parkinson’s disease, the alpha-
synuclein seed amplification assay (áSyn-SAA) 
has surfaced as a promising diagnostic instrument. 
Research has shown that áSyn-SAA can detect 
misfolded á-synuclein in cerebrospinal fluid with 
a sensitivity of 87.7% and a specificity of 91.9%. 
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	 The use of CRISPR-Cas9 to excise the 
A53T mutation in the SNCA gene, linked to 
early-onset PD, has demonstrated enhancements 
in diminishing á-synuclein aggregation and 
alleviating motor symptoms in preclinical animals. 
The integration of Neurogenomics, biomarker 
identification, and gene-editing technologies 
signifies a new epoch in precision medicine. 
These developments improve diagnostic precision 
and facilitate early intervention while also 
establishing a foundation for tailored therapy 
approaches designed to modify the progression of 
neurodegenerative disorders.
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